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HARRIS COMMUNICATIONS PRODUCTS 

As one millennium comes to a close and a new one approaches, a revolution is upon us. The telecommunications 
industry is experiencing rapid social and regulatory change throughout the world. Fueled by advancing technology, 
the upsurge of change is gaining momentum. Consumers now have access to technology that less than a decade 
ago only the military could afford. From Internet access to personal communications systems, consumers are 
demanding higher data rates and more bandwidth at lower costs. To address these needs Harris Semiconductor is 
developing highly integrated chip set solutions targeted for the communications market. 

This book is organized to help the reader quickly find solutions for their particular needs and applications. Section 1 
contains a listing of new products and Section 2 contains the table of contents and general information. Section 3 is 
dedicated to wireless communications products. In Section 3, you will find highly integrated solutions for 
applications such as wireless LAN and wireless local loop systems. Section 4 is dedicated to wired 
communications products. Here you will find integrated solutions for applications such as ISDN modems, cable 
telephony, wireless local loop, PABX, and key telephone systems. 

Section 5, our Standard Products Section, contains a broad range of communications products including Data 
Acquisition, Digital Signal Processing, Linear and Power Products. The breadth of this product line is so large only 
the first page of each data sheet is included in this section. Complete data sheets for Standard Products can be 
obtained from our Internet web site, http://www.harrls.com!, AnswerFax, the Harris Fulfillment Center, or your 
local sales office or authorized distributor. (See Section 10). 

Section 6 contains a listing of Development Tools including SPICE models, evaluation boards, macromodels, etc. 
Complete information about these tools is available from any of the above referenced sources. Section 7 is our 
application note section where we have reprinted in full a selection of our more popular application notes and tech briefs. 

Section 8 contains information about Harris' world class Quality and Reliability Program. Section 9 is where you will 
find packaging information on the products contained herein. Section 10 contains information on how to use Harris' 
on-line services to obtain data sheets and application notes. And last but not least, Section 11 contains a listing of 
our world wide sales offices. 

For complete, current and detailed technical specifications on any Harris devices, please contact the nearest Harris 
sales, representative or distributor office, listed in Section 11; or direct literature requests to: 

Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 

Melbourne, FL 32902 
Phone: 1-80CJ.442-7747 

Fax: 407-724-7240 

This catalog is an invaluable reference for engineers and technicians in the communications field. Please contact 
. your local sales office listed in Section 11 for further assistance. 

For a complete listing of all Harris Semiconductor products, please refer to the Product Selection Guide (PSG201; 
ordering information above). 

All Harris Semiconductor products are manufactured, assembled and tested under IS09000 quality systems certification. 

Harris Semiconductor products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design and! 
or specifications at any time without notice. Accotdlngly. the reader is cautioned to verify that data sheets are current before placing orders. 
Information furnished by Harris is beHeved to be accutate and reliable. However. no responsibility Is essumed by Harris or its subsidiaries for 
its use; nor for any Infringements of petants or other rights of third pertles which may result from its use. No license Is gtantad by implication 
or otharwise under any petent or petant rights of Harris or its subsidiaries. 
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COMMUNICATION 1 
NEW PRODUCTS 

An_erFAXSM 
PART NUMBER DESCRIPTION DOCUMENT NO. 

WIRELESS, SectIon 3 

PRISMTM Full Duplex Radio Front End For Voice and Data 4238 
ChipSet 

WIRED, SectIon 4 

HC5515 SLiC Subscriber Line Interface Circuit 4235 

HC5519 SLiC Subscriber Une Interface Circuit 4232 

HC5520 SLiC Subscriber Une Interface Circuit 4148 

HC5523 SLiC Subscriber Une Interface Circuit 4144 

HC5526 SLiC Subscriber Une Interface Circuit 4151 

DATA ACQUISmON, Section 5 

H15805 12-Bit, 5 MSPS AID Converter 3984 

H15808 12-Bit, 10 MSPS AID Converter 4233 

HI5731 12-Bit, 100 MSPS High Speed DIA Converter 4070 

HI5741 14-Bit, 100 MSPS High Speed DIA Converter 4071 

DIGITAL SIGNAL PROCESSING, Section 5 

HSP50110 Digital Quadrature Tuner 3651 

HSP50210 Digital Costas Loop 3652 

HSP50214 Programmable Downconverter 4266 

HSP50215 (Note) Digital Up Converter 

HSP50306 Digital QPSK Demodulator 4162 

HSP50307 Burst QPSK Modulator 4219 

NOTE: Coming soon. 
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COMMUNICATION _ 2 
TABLE OF CONTENTS AND GENERAL INFORMATION 
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Product Index by Family . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-8 

Communications Cross-Reference Guide .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 2-13 ~ ~ 

2-1 

~~ 
~8 





Alpha Numeric Product Index 
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CA3045 General Purpose NPN Transistor Array ............................................ . 5-24 

CA3046 General Purpose NPN Transistor Array ......................................•...... 5-24 

CA3081 General Purpose High Current NPN Transistor Array ................................. . 5-25 

CA3082 General Purpose High Current NPN Transistor Array ..........................•.•..... 5-25 

CA3083 General Purpose High Current NPN Transistor Array ............•.. , ..•............... 5-26 

CA3086 General Purpose NPN Transistor Array .......................•...•.•............... 5-27 

CA3096 NPNlPNP Transistor Array ................................••...•.•.•............. 5-28 

CA3096A NPN/PNP Transistor Array ..........................•............•.....•...•..... 5-28 u..~ 
Oz 

CA3096C 

CA3127 

NPN/PNP Transistor Array •.......................................••............. 

High Frequency NPN Transistor Array ..................... " ...... , •............... 

ww 
5-28 iiPz 
5-29 

~8 

CA3146 High-Voltage Transistor Array ...............•••...............................•.. 5-30 

CA3146A High-Voltage Transistor Array ...•........................................•....... 5-30 

CA3183 High-Voltage Transistor Array ......................................•.....•....... 5-30 

CA3183A High-Voltage Transistor Array ................................................... . 5-30 

CA3227 High-Frequency NPN Transistor Array For Low-Power Applications 
at Frequencies Up to 1.5GHz .........•.....••......••...........••.•......•..... 5-31 

CA3246 High-Frequency NPN Transistor Array For Low-Power Applications 
at Frequencies Up to 1.5GHz ...•..........................•..........•.......... 5-31 

CD22100 CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating) .••..•.. 4-184 

CD22101 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory .........•..........•...••..... 4-193 

CD221 02 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory ...•......•.•..•..............• 4-193 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.04818.448Mbls 
Transmission Applications ..................................•.•..•..•.......•.... 4-225 

CD22202 5V Low Power DTMF Receiver •.................................•.....•....•..... 4-245 

CD22203 5V Low Power DTMF Receiver ...................................•............... 4-245 

CD22204 5V Low Power Subscriber DTMF Receiver ..•.....•..............•..•.......•....... 4-251 
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CD22301 

CD22354A 

CD22357A 

CD22859 

CD22M3493 

CD22M3494 

CD74HC22106 

CD74HCT22106 

CX20201-1 
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CXD2306 
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HC5509A 1 R3060 

HC-5509B 

HC5513 

HC5515 

HC5517 

HC5519 

HC5520 

HC5521 
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CMOS Single-Chip, Full-Feature PCM CODEC ............ .... ... ................... 4-165 

CMOS Single-Chip, Full-Feature PCM CODEC ................ ......... ..•.. ... ..... 4-165 
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10-Bit, 160 MSPS Ultra High-Speed D/A Converter. . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 5-15 

10-Bit, 80 MSPS High Speed, Low Power D/A Converter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5-14 

10-Bit, 20 MSPS AID Converter. . . . . .. . . . . . . . . . .. . . . . .. . . . . .. . . . . . •• . .. . • .. • .. . .. 5-17 

SLiC Subscriber Une Interface Circuit .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .. 4-156 

SLiC Subscriber Une Interface Circuit ....................... . . . . . . . . . . . . . . . . . . . . .. 4-138 

SLiC Subscriber Une Interface Circuit. .. . . . . . . . . .. .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 4-147 

SLiC Subscriber Une Interface Circuit ....... '" ... ... . .. . . .. . .. . . . . . . .. . . . . . . .. . .. 4-129 

SLiC Subscriber Une Interface Circuit ........................ , . . . . . •. . .. . . .. . .. . .. 4-108 

SLiC Subscriber Une Interface Circuit. . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-117 

Subscriber Une Interface Circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-36 
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HFA3046 Ultra High Frequency Transistor Array ............................................ .. 5-39 
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HFA3127 Ultra High Frequency Transistor Array ............................................. . 5-39 
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HFA3524 2.5GHz/600MHz Dual Frequency Synthesizer ...................................... . 3-9 
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...------ Communications Cross-Reference Guide -----, 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

KT8592N SAMSUNG CD22100E P 

SSI22100CP SILICON SYSTEMS CD22100E P 

SSI22100lP SILICON SYSTEMS CD22100E P 

SSI22100MD SILICON SYSTEMS CD22100E P 

KT8592N SAMSUNG CD22100F P 

SSI22100CP SILICON SYSTEMS CD22100F P 

SSI22100lP SILICON SYSTEMS CD22100F P 

SSI22100MD SILICON SYSTEMS CD22100F P 

SSI22101lP SILICON SYSTEMS CD22101E 0 

SSI22101CP SILICON SYSTEMS CD22101E P 

SSI22101MD SILICON SYSTEMS CD22101E P 

SSI22101MD SILICON SYSTEMS CD22101F D 

SSI22101CP SILICON SYSTEMS CD22101F P 

SSI221011P SILICON SYSTEMS CD22101F P 

SSI221021P SILICON SYSTEMS CD22102E D 

SSI22102CP SILICON SYSTEMS CD22102E P 

SSI22102MD SILICON SYSTEMS CD22102E P 

MT8816AE MITELSEMI CD22M3494E D 

MT8816AC MITELSEMI CD22M3494E P 

MT8816AP MITELSEMI CD22M3494MQ D 

MT8816AP MITELSEMI CD22M3494SQ D 

SSI22301CP SILICON SYSTEMS CD22301E P 

SS1223011P SILICON SYSTEMS CD22301E P 

SS175T204-IP SILICON SYSTEMS CD22204E H 

CXD2306Q SONY HI5780JCQ H Local Technical Support 

CX20201A-1 SONY HI20201JCB H Local Technical Support 

CX20201A-2 SONY HI20201JCB P Extra Bit of Resolution 

CX20202A-1 SONY HI20201JCP H Local Technical Support 

NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-lor-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-lor-Pin Replacement 
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Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

CX20202A-2 SONY HI20201JCP P Extra Bit of Resolution 

CXD231 OAR SONY HI5710AJCO H Local Technical Support 

CA3046 SGS-THOMSON CA3045 P 

LM3045J NATIONAL SEMI CA3045F H 

8G3045J SILICON GENERAL CA3045F H 

SL3045C-DG GECPLESSEY CA3045F H 

CA3046 SGS-THOMSON CA3045F P 

SL3145C-DC GECPLESSEY CA3045F P Greater Breakdown Voltages 

LM3046N NATIONAL SEMI CA3046 H 

CA3046 SGS-THOMSON CA3046 P 

MC3346P MOTOROLA SEMI CA3046 P Full-55°C to 125°C Operation 

LM3046D NATIONAL SEMI CA3046M H 

MC3346D MOTOROLA SEMI CA3046M P Full -55°C to 125°C Operation 

SG3063 SILICON GENERAL CA3063 H 

ULN2063A SPRAGUE CA3063 P Full -55°C to 125°0 Operation 

ULN2063L SPRAGUE CA3063M P Full _55°C to 125°C Operation 

LM3086N NATIONAL SEMI CA3086 H 

CA3046 SGS-THOMSON CA3066 P 

ULN2086A SPRAGUE 0A3086 P Full-55°C to 125°C Operation 

LM3086M NATIONAL SEMI CA3086M H 

LM3086J NATIONAL SEMI CA3066F H 

CA3046 8GS-THOMSON CA3086F P 

SL3127C-DP GECPLESSEY CA3127E H 

CA3146P MOTOROLA SEMI CA3146E H 

LM3146N NATIONAL SEMI CA3146E P Enhanced "A" Version Offered 

ULN2046A-1 SPRAGUE CA3146E P Full -40°C to 85°C Operation 

ULN2046L-1 SPRAGUE CA3146M H 

LM3146M NATIONAL SEMI CA3146M P Enhanced "A" Version Offered 

SG3163N SILICON GENERAL CA3163E· P Identical Specs at 25°C 

NOTE: 0 = DIrect Replacement. E = Functionally Equivalent Pin-lor-Pin Replacement. Electrical specification review required. 
H = Harris Recommended Replacemant. P = Pin-lor-Pin Replacement 

2-14 



Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

ULN2083A-1 SPRAGUE CA3183E P Full -40°C to 85°C Operation 

SG3183D SILICON GENERAL CA3183M P Identical Specs at 25°C 

SL3227-DP GECPLESSEY CA3227E P Greater Breakdown Voltages 

SL3227IDC GECPLESSEY CA3227E P 

SL3227IDP GECPLESSEY CA3227E P 

SL3227NADC GEC PLESSEY CA3227E P 

SL3227NADP GECPLESSEY CA3227E P 

SL3227-MP GECPLESSEY CA3227M P Greater Breakdown Voltages 

SL3227IMP GEC PLESSEY CA3227M P 

SL3227NAMP GECPLESSEY CA3227M P 

SL3227IMP GECPLESSEY CA3227M96 P 

SL3227NAMP GECPLESSEY CA3227M96 P 

SL3245-DP GECPLESSEY CA3246E P Programmable Biasing Current 

SL3245-MP GECPLESSEY CA3246M P Faster AcqulsltlonILower Droop 

AD9621 SO ANALOG DEVICES HFA 11 00MJ/883 H Better Specs, VFB VB CFB 

AD9622SQ ANALOG DEVICES HFA1100MJ/883 H Better Specs, VFB VB CFB 

AD9623SQ ANALOG DEVICES HFA 11 00MJ/883 H Higher Speed, VFB VB CFB 

AD9624SQ ANALOG DEVICES HFA 11 00MJ/883 H Higher Speed, VFB VB CFB 

CLC401A8B COMLINEAR HFA 11 OOMJ1883 H BetterPerformanca 

CLC402A8B COMLINEAR HFA 11 00MJ/883 H Better Performance 

CLC404A8B COMLINEAR HFA1100MJI883 H BetterPeriormanca 

CLC406A8B COMLINEAR HFA 11 OOMJ/883 H BetterPeriormanca 

CLC409A8B COMLINEAR HFA1100MJ/883 H BetterPeriormance 

EL2171 J/883B ELANTEC HFA 11 00MJ/883 H BetterACs 

AD8001AN ANALOG DEVICES HFA1100MJI883 P 

AD8001SMD ANALOG DEVICES HFA 1100MJ/883 P 

CLC402AID COMLINEAR HFA 11 00MJ/883 P 

CLC402AJP COMLINEAR HFA1100MJI883 P 

CLC402A8D COMLINEAR HFA 11 00MJ/883 P 

NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-lor-Pin Replacement Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-lor-Pin Replacement 
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Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

CLC40GAIB COMLINEAR HFA 11 OOMJ/883 P 

CLC406AID COMLINEAR HFAll00MJ/883 P 

CLC406AJP COMLINEAR HFAll00MJ/883 P 

CLC406A8D COMLINEAR HFAll00MJ/883 P 

CLC409AID COMLINEAR HFAll00MJ/883 P 

CLC409AJP COMLINEAR HFA 11 OOMJ/883 P 

CLC409A8D COMLINEAR HFAll00MJ/883 P 

CLC446AJP COMLINEAR HFAll00MJI883 P 

CLC446A8B COMLINEAR HFAll00MJ/883 P 

CLC446SMD COMLINEAR HFAll00MJ/883 P 

CLC449AJP COMLINEAR HFAll00MJ1883 P 

CLC449A8B COMLINEAR HFAll00MJ1883 P 

CLC449SMD COMLINEAR HFAll00MJI883 P 

OPA648H BURR-BROWN CORP HFA 11 OOMJ/883 P 

OPA648P BURR-BROWN CORP HFA 11 OOMJl883 P 

OPA658P BURR-BROWN CORP HFAll00MJ/883 P 

OPA658PB BURR-BROWN CORP HFAll00MJ/883 P 

5962-9200401 MPX COMLINEAR HFAll00MJl883 P 

5962-9203301MPX COMLINEAR HFAll00MJ/883 P 

5962-9203401 MPX COMLINEAR HFA1100MJ/883 P 

5962-9459301 MPA ANALOG DEVICES HFAll00MJ/883 P 

AD9621AO ANALOG DEVICES HFAll00lJ H Better Specs, VFB vs CFB 

AD9622AO ANALOG DEVICES HFAll001J H Better Specs, VFB vs CFB 

AD9623AO ANALOG DEVICES HFAll00lJ H Higher Speed, VFB vs CFB 

AD9624AO ANALOG DEVICES HFAll00lJ H Higher Speed, VFB vs CFB 

CLC401AIB COMLINEAR HFAll00lJ H Better Performance 

CLC402AIB COMLINEAR HFAll001J H Better Performance 

CLC404AIB COMLINEAR HFAll00lJ H Better Performance 

CLC406AIB COMLINEAR HFAll00lJ H BetterPerfonnance 

NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-lor-Pin Replacement. Electricel specification review required, 
H = Harris Recommended Replacement, P = Pin-lor-Pin Replacement 
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Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

CLC409AIB COMLINEAR HFAll00lJ H Better Performance 

OPA644H BURR-BROWN CORP HFAll00lJ H Better Bandwidth 

OPA644HB BURR-BROWN CORP HFAll00lJ H Better Bandwidth 

OPA64BH BURR-BROWN CORP HFAll00lJ H 

ADBOO1AN ANALOG DEVICES HFAll00lJ P 

ADBOO1SMD ANALOG DEVICES HFAll00lJ P 

CLC402AID COMLINEAR HFAll00lJ P 

CLC402AJP COMLINEAR HFAll00lJ P 

CLC402ABD COMLINEAR HFAll00lJ P 

CLC406AID COMLINEAR HFAll00lJ P 

CLC406AJP COMLINEAR HFAll00lJ P 

CLC406ABB COMLINEAR HFAll00lJ P 

CLC406ABD COMLINEAR HFAll00lJ P 

CLC409AID COMLINEAR HFAll00lJ P 

CLC409AJP COMLINEAR HFAll00lJ P 

CLC409ABD COMLINEAR HFAll00lJ P 

CLC446AJP COMLINEAR HFAll00lJ P 

CLC446ABB COMLINEAR HFAll00lJ P 

CLC446SMD COMLINEAR HFAll00lJ P 

CLC449AJP COMLINEAR HFAll00lJ P 

CLC449ABB COMLINEAR HFAll00lJ P 

CLC449SMD COMLINEAR HFAll00lJ P 

OPA64BP BURR-BROWN CORP HFAll00lJ P 

OPA65BP BURR-BROWN CORP HFAll00lJ P 

OPA65BPB BURR-BROWN CORP HFAll00lJ P 

5962-9200401 MPX COMLINEAR HFAll00lJ P 

5962-9203301 MPX COMLINEAR HFAll00lJ P 

5962-9203401 MPX COMLINEAR HFAll00lJ P 

5962-9459301 MPA ANALOG DEVICES HFAll00lJ P 

NOTE: 0 = Direct Replacement. E = Functionally Equivalent Pin-lor-Pin Replacement. EIeC1rical speCification review required. 
H = Harris Recommended Replacement. P = Pin-lor-Pin Replacement 
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Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

CLC425AJP COMLINEAR HFAll00lP H VFBvsCFB 

CLC449AJP COMLINEAR HFAll00lP H 

EL2171CN ELANTEC HFAll00lP H BetterPeriormance 

OPA644P BURR-BROWN CORP HFAllOO1P H Better Bandwidth 

OPA644PB BURR-BROWN CORP HFA1100lP H Better Bandwidth 

OPA64BP BURR-BROWN CORP HFAll00lP H 

OPA65BP BURR-BROWN CORP HFAll00lP H Harris is Higher Icc 

OPA65BPB BURR-BROWN CORP HFA1100lP H Harris is Higher ICC 

ADB001AN ANALOG DEVICES HFAll00lP P 

ADB001SMD ANALOG DEVICES HFAll00lP P 

CLC402AID COMLINEAR HFAll00lP P 

CLC402AJP COMLINEAR HFAll00lP P 

CLC402ABD COMLINEAR HFAll00lP P 

CLC406AIB COMLINEAR HFAll00lP P 

CLC406AID COMLINEAR HFAll00lP P 

CLC406AJP COMLINEAR HFAll00lP P 

CLC406A8B COMLINEAR HFAll00lP P 

CLC406A8D COMLINEAR HFAll00lP P 

CLC409A1D COMLINEAR HFAll00lP P 

CLC409AJP COMLINEAR HFAll00lP P 

CLC409ABD COMLINEAR HFAll00lP P 

CLC446AJP COMLINEAR HFAll00lP P 

CLC446ABB COMLINEAR HFAll00lP P 

CLC446SMD COMLINEAR HFAll00lP P 

CLC449A8B COMLINEAR HFAll00lP P 

CLC449SMD COMLINEAR HFAll00lP P 

OPA648H BURR-BROWN CORP HFAll00lP P 

5962-9200401 MPX COMLINEAR HFA1100lP P 

5962-9203301 MPX COMLINEAR HFA1100lP P 

NOTE: D = Direct Replacement, E= Functionally Equivalent Pin-lor-Pin Replacement. Electrical specifICation review required, 
H = Harris Recommended Replacement, P = Pin-lor-Pin Replacement 
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Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

5962-9203401 MPX COMLINEAR HFA1100lP P 

5962-9459301 MPA ANALOG DEVICES HFA1100lP P 

CLC425AJE COMLINEAR HFA1100lB H VFBvsCFB 

CLC449AJE COMLINEAR HFA1100lB H 

EL2171CS ELANTEC HFA1100lB H Belter Performance 

OPA644U BURR-BROWN CORP HFA1100lB H Belter Bandwidth 

OPA644UB BURR-BROWN CORP HFA1100lB H Belter Bandwidth 

OPA64BU BURR-BROWN CORP HFA1100lB H 

OPA65BU BURR-BROWN CORP HFA1100lB H Harris is Higher Icc 

OPA65BUB BURR-BROWN CORP HFA1100lB H Harris is Higher Icc 

ADBOO1AR ANALOG DEVICES HFA1100lB P 

ADBOO1AR-REEL ANALOG DEVICES HFA1100lB P 

AD8001AR-REEL7 ANALOG DEVICES HFA11·001B P 

CLC402AJE COMLINEAR HFA1100lB P 

CLC406AJE COMLINEAR HFA1100lB P 

CLC409AJE COMLINEAR HFA1100lB P 

CLC446AJE COMLINEAR HFA1100lB P 

AD9620AD ANALOG DEVICES HFA1110lJ H Performance 

AD9630AQ ANALOG DEVICES HFA1110lJ H Performance 

CLC109AJB COMLINEAR HFA1110lJ H Belter AC and Video Specs 

CLC110AIB COMLINEAR HFA1110lJ H Belter Performance 

CLC111AIB COMLINEAR HFA1110lJ H Belter Video Specs 

AD9630AN ANALOG DEVICES HFA1110lP H Performance 

CLC109AJP COMLINEAR HFA1110lP H Belter AC and Video Specs 

CLC110AJP COMLINEAR HFA1110lP H Belter Performance 

CLC111AJP COMLINEAR HFA1110lP H Belter Video Specs 

EL2072CN ELANTEC HFA1110lP H Belter .Performance 

MAX405CPA MAXIM HFA1110lP H Belter AC Specs, Lower Power 

MAX405EPA MAXIM HFA1110lP H Better AC Specs, Lower Power 

NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-lor-Pin Replacement Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-lor-Pin Replacement 
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Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

AD9630AR ANALOG DEVICES HFA1110lB H Performance 

CLC109AJE COMLINEAR HFA1110lB H Better AC and Video Specs 

CLC111AJE COMLINEAR HFA1110lB H Better Video Specs 

EL2072CS ELANTEC HFA1110lB H Better Perfonnance 

MAX405CSA MAXIM HFA1110lB H Better AC Specs, Lower Power 

MAX405ESA MAXIM HFA1110lB H Better AC Specs, Lower Power 

CLCS01A8B COMLINEAR HFA1130MJ1883 H Better Performance 

CLC502A8B COMLINEAR HFA 1130MJ/883 H Better Performance 

CLCS01AID COMLINEAR HFA1130MJ/883 P 

CLC501AJP COMLINEAR HFA1130MJ/883 P 

CLC501AMD COMLINEAR HFA1130MJ/883 P 

CLC501A8D COMLINEAR HFA1130MJ/883 P 

CLC502AID COMLINEAR HFAl130MJ/883 P 

CLCS02AJP COMLINEAR HFAl130MJ/883 P 

CLC502A8D COMLINEAR HFAl130MJ1883 P 

5962-8997401PX COMLINEAR HFA1130MJ/883 P 

5962-9174301MPX COMLINEAR HFAl130MJlB83 P 

CLC501AIB COMLINEAR HFA1130lJ H Better Performance 

CLCS02AIB COMLINEAR HFA1130lJ H Better Performance 

CLCS01AID COMLINEAR HFAll30IJ P 

CLC501AJP COMLINEAR HFA1130lJ P 

CLC501AMD COMLINEAR HFAl130lJ P 

CLC501A8D COMLINEAR HFAl130lJ P 

CLC502AID COMLINEAR HFA1130lJ P 

CLC502AJP COMLINEAR HFA1130lJ P 

CLCS02A8D COMLINEAR HFA1130lJ P 

5962-8997401 PX COMLINEAR HFAl130lJ P 

5962-9174301 MPX COMLINEAR HFA1130lJ P 

CLCS01AJP COMLINEAR HFAl130lP H Better Performance 

NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-lor-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-lor-Pin Replacement 
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Communications Cross-Reference Guide 

COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

CLC502AJP COMLINEAR HFA1130lP H Better Performance 

CLCSOIAID COMLINEAR HFA1130lP P 

CLC501AMD COMLINEAR HFA1130lP P 

CLCS01A8D COMLINEAR HFA1130lP P 

CLCS02AID COMLINEAR HFA1130lP P 

OLC502A8D COMLINEAR HFA1130lP P 

5962-8997401PX COMLINEAR HFA1130lP P 

5962-9174301MPX COMLINEAR HFA1130lP P 

CLCS01AJE COMLINEAR HFA1130lB H Better Performance 

CLCS02AJE COMLINEAR HFA1130lB H Better Performance 

UPA103G NEC HFA3046B H 

UPA101G NEC HFA3101B H 

UPA102G NEC HFA3102B H 

UPA102G NEC HFA3102B96 P 

MMSF5N02HD MOTOROLA RF1K49157 E The Harris RF1K49157 has a 25% 
lower (better) rOS(ON) and a 50% 
higher (better) breakdown voltage. 

MMSF5N03HD MOTOROLA RF1K49157 E The Harris RF1K49157 has a 25% 
lower (better) rOS(ON). 

MMDF3N03HD MOTOROLA RF1K49086 E The Harris RF1K49086 has a 15% 
lower (better) rOS(ON). 

MMDF3N02HD MOTOROLA RF1K49086 E The Harris RFI K49086 has a 30% 
lower (better) rOS(ON) and a 50% 
higher (better) breakdown voltage. 

MMSF6N01HD MOTOROLA RF1K49157 E The RF1K49157 has a 150% (higher) 
breakdown voltage. 

MMDF4N01HD MOTOROLA RF1K49090 D 

MMDF2P01HD MOTOROLA RF1K49093 E The Harris RFI K49093 has a 30% 
lower (better) rOS(ON). 

MMDF2C01HD MOTOROLA RF1K49092 E The Harris RFI K49092 has a 30% 
lower (better) rOS(ON) lor the P-chan-
nel MOS and a 40% lower (better) 
rOS(ON) for the N-channel MOS. 

IRF7102 INT'L RECTIFIER RF1K49154 E The Harris RF1K49154 has a 20% 
higher (better) breakdown voltage. 

NOTE: D = Direct Replacement, E .. Functionally Equivalent Pin-lor-Pin Replacement. Electrical specification review required, 
H .. Harris Recommended Replacement. P .. Pin-lor-Pin Replacement 
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COMPETITOR HARRIS (NOTE) 
PART NUMBER COMPETITOR NAME PART NUMBER CROSS TYPE COMMENTS 

IRF7201 INT'L RECTIFIER RF1K49157 0 

NDS9410 NATIONAL SEMI RF1K49157 0 

NDS9945 NATIONAL SEMI RF1K49154 0 

NDS9955 NATIONAL SEMI RF1K49154 E The Harris RF1 K49154 has a 20% 
higher (better) breakdown voltage. 

SI9410DY SILICON IX RF1K49157 0 

SI9925DY SILtCONIX RF1K49090 E The Harris RF1 K49090 has a 40% 
lower (not as good as) breakdown 
voltage. 

RF1K49088 E The RF1 K49088 has a 50% higher 
(better) breakdown voltage and a 
20% higher (not as good as) rOS(ON)' 

SI9928DY SILICONIX RF1K49092 E The Harris RF1K49092 has a 40% 
lower (not as good as) breakdown 
voltage. 

SI9933DY SILICONIX RF1K49093 E The Harris RF1 K49093 has a 40% 
lower (not as good as) breakdown 
voltage and a 20% higher (not as 
good as) reS(ON)' 

SI9936DY SILtCONIX RF1K49086 E The RF1 K49086 has a 20% higher 
(not as good as) reS(ON)' 

SI9945DY SILICONIX RF1K49154 D 

SI9955DY SILICON IX RF1K49154 E The Harris RF1 K49154 has a 20% 
higher (better) breakdown voltage. 

NOTE: D = Direct Replacement, E = Functionally Equivalent Pin-lor-Pin Replacement. Electrical specification review required, 
H = Harris Recommended Replacement, P = Pin-far-Pin Replacement 
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COMMUNICATION 3 
WIRELESS COMMUNICATIONS 

Wlrel .. s Communications Selection Guide ....•.•••..........•.•..•...............•..•..•............ 

Wlrel'" Communications Date Shaete 

PRISMTM 2.4GHz 
ChipSet 

HFA3424 

HFA3524 

HFA3624 

HFA3724 

HSP3824 

HFA3925 

Direct Sequence Spread Spectrum Wireless Transceiver Chip Set ...••...............•.. 

2.4GHz - 2.5GHz Low Noise Amplifier ......•..•..............•••..•.•..........•.. 

2.5GHzl600MHz Dual Frequency Synthesizer ..........•...............•..••.•••..•. 

2.4GHz UpIDown Converter ..•.....•.........•.•.........••..........•.•.••.•.•• 

400MHz Quadrature IF ModulatorlOemodulator ..•..•.....•.••..•••.•....•.......•.• 

Direct Sequence Spread Spectrum Baseband Processor ...•...•••.••..•.•..•.......... 

2.4GHz - 2.5GHz 250mW Power Amplifier .......•..•.....•..•....•••..•.......•.•.. 

PRISMTM Full Duplex For Voice and Data .•.•......•..••••••••.••.•.••....•.•.......••.....•••.••.•.• 
Radio Front End 
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3-64 

3-104 

3-111 

AN9640 "Glossary of Communication Terms" (32 pages) la not Included in this date book, but Is available on the net at 
http://www. .. ml.harrls.comlappnotettlan964Ol and Harris AnawerFAX (407-724-7800) document' 99640. 
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r---- Wireless Communications Selection Guide ------, 

WIRELESS BUILDING BLOCKS 

AnswerFAX 
PART DOCUMENT 

NUMBER FUNCTION FEATURES PACKAGE NUMBER 

HFA3424 2.4GHz Low Noise Amplifier 14dB Gain, 1.9dB Noise FIgure SOle, T&R 4131 

HFA3524 2.5GHz/600MHz Dual Synthesizer Dual Modulus Prescaler 32/33 or TSSOP, T&R 4062 
64/65 

HFA3624 2.4GHz Up/Down Converter 1 OMHz to 400MHz IF Range SSOP, T&R 4066 

HFA3724 400MHz Quadrature IF 84dB gain, Programmable Low Pess TQFP, T&R 4067 
ModulatorlDemodulator FIlter 

HSP3824 Direct Sequence Spread Spectrum 16-Bit PN Code, 12dB Processing TQFP, T&R 4064 
Baseband Processor Gain, Data Rate up to 4 MBPS 

HFA3925 2.4GHz RF Power Amplifier P(1dB): +24dBm, Integrated TIA SSOP, T&R 4132 
Switch 
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Features 
o Provides Antenna-to-BItsTM Data Stream 

o Low Voltage Operation from 2.7V to 5.5V 

o 2.4GHz - 2.5GHz ISM Band Operation 
o Single Heterodyne Conversion 
o Programmable Antlallaslng and Shaping Filters 

o 10MHz to 400MHz IF Operation with RSSI 
o Autonomous Half Duplex Direct Sequence Modem 

o Selectable DBPSK, DQPSK Signalling 
o Antenna Diversity Selection 
o Direct Sequence Physical Layer (DS-PHY) 

o Differential Data Encoding/Decoding 
o Programmable 16-Blt PN Code 

o Data Rates up to 4 MBPS DQPSK 
o Powar Management Control 

o Low Profile PCMCIA-Compatlble Surface Mount 
Packaging 

Applications 
o Systems Targeting IEEE 802.11 Standard 

o PCMCIA Wireless Transceiver 
o WLAN RF Modems 

o TDMA Packet Protocol Radios 
o Part 15 Compliant Radio Links 

Typical Application Diagram 

PRISMTM 
2.4GHz Chip Set 
Direct Sequence Spread Spectrum 

Wireless Transceiver Chip Set 

\ \ 
.- I"C: • ;:> .-. --.- ... ~))) The Harris 2.4GHz PRISMTM chip 

set is a highly integrated five-chip 
solution for RF modems employing 

~
1M Description 

Direct Sequence Spread Spectrum 
(DSSS) signaling. Significant integration of transmit and receive 
functions employ 1I1e following ICs: complete Integrated DSSS 
engine, 1I1e HSP3824; a quadrature modulator/demodulator, 
integrated with an IF limiter amplifier with RSSI, the HFA3724; 
a combined LNAlMixer and upconverter/preamplifler, the 
HFA3624; a high performance, low noise amplifier for increased 
receiver sensitivity, the HFA3424; a dual synlhesizer, 1I1e 
HFA3524 and a monolithic RF power amplifier, the HFA3925. 
Each of the functions may be used indMdually or In any combi
nation in support of a variety of RF modem applications. 

The PRISMTM chip set is intended to support various data 
rates including systems targeting the proposed IEEE 802.11 
standard "Direct Sequence Physical layer (DS-PHY)". Differ
ential BPSK and QPSK signaling is employed with differen
tial encoding and decoding of packetized data. A PN 
sequence rate of up to 22 MCPS is supported for up to a 16 
chip PN code. Integrated programmable low pass filters are 
used on the HFA3724 to allow chip rates from 2.75 MCPS to 
22 MCPS. A flexible general purpose data and control inter
face is provided for parameter configuration and for transfer
ring data packets between the PHY and Media Access 
Control (MAC) layers. Data rates of up to 2 MBPS for 
DBPSK and 4 MBPS for DQPSK are supported. 

HFA3724 
(FILE' 4067) 

HFA3524 (FILE' 4062) 

NOTE: Required for systems tergetlng 802.11 spectflcattons. 

PRISMTM.the PRISM'" logo and Antenna·to-Bits'" are trademarks of Harris Corporation. 

CAUTION: These devices are senslUve to eleGlrostatlc discharge. Users should follow proper IC Handling ProcedUres. 
Copyright @Hams Corporation 1996 
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PRISMTItf 2.4GHz Chip Set 

Typical 802. 11 DS-PHY System Level Performance (Note 5) (Measured at a diversity antenna port) 

Receiver Transmitter 

• Frequency Range .............. 2.4GHz - 2.4835GHz • Frequency Range ............... 2.4GHz - 2.4835GHz 

• Step Size. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 1 MHz • Step Size .................................. 1 MHz 

• Cascaded Noise Figure .•.................... 6.8dB • Output Power ............................ +18dBm 

• Sensitivity .....•.. -93dBm, 1 MBPS, 8E-2 FER (Note 1) • Spurious Outputs .............. Targeting ISMl802.11 

-90dBm, 2 MBPS, 8E-2 FER (Note 1) • Transmit Spectral Mask ....... -32dBr at First Side-Lobe 

• Input Intercept Point .....•........••........ -17dBm • IF Frequency ..................•.......... 280MHz 

• IF Frequency ............................ 280MHz • Supply Voltage ........................ 2.7V - 5.5V 

• IF Bandwidth •............................ 17MHz General SpecHicatlons 

• Image Rejection ............................. 8OdB 
• Targeted Standard ..................... IEEE 802.11 

• Adjacent Channel Rejection. . . . . . . . . . • . . • . . .. >35dB 
• Data Rate ........................ 1 MBPS OBPSK 

• Supply Voltage ............ , .........•.. 2.7V - 5.5V 2 MBPS OOPSK 

• Range ........................ 4OOft Indoor (Note 2) 
3700ft Outdoor (Note 2) 

• RXITX Switching Speed . . . . . . . . . . . . . . . . . . . . . . . 21J.S 

• Standby Current 
- Mode 1: 240mA at 11J.S Recovery (Notes 3, 4) 

- Mode 2: 58mA at 251J.S Recovery (Notes 3, 4) 

- Mode 3: 47mA at 2ms Recovery (Notes 3, 4) 

- Mode 4: 33mA at 25ms Recovery (Notes 3, 4) 

• Active Mode Current ........................ 304mA 

NOTES: 

1. FER = Frame Error Rate or Packet Error Rate. 

2. Range Test using AND-C-107 omnldlrectlonal antenna. 

3. SUpply currant Includas AM79C930 MAC Processor. 

4. Recovery time is for the PRISMTM 2.4GHz Chip Set only and daas not Include programming latency Of the AM79C930 MAC Processor. 

5. Refer to Application Note AN9624 for more information on the ·PRISMTM DSSS PC Card Wireless LAN Description". 
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SEMICONDUCTOR 

January 1997 

Features 

• Low Noise Figure •••••.••••.•••••••..••••• 1.90dB 
• High Gain •.•...••.•••••..•••...•••••••••.• 14dB 

• Low Power Consumption ••••••••.••• 3V to 5V, 5mA 
• High Dynamic Range 
• DC Decoupled RF Input and Output 

• No External RF TUning Elements Necessary 

• Low Cost SOIC 8 Lead Plastic Package 

Applications 

• Systems Targeting IEEE 802.11 Standard 

• TOO Quadrature-Modulated CommunlceUon 
Systems 

• Wireless Local Area Networks 
• PCMCIA Wireless Transceivers 

• ISM Systems 
• TDMA Packet Protocol Radios 

• PCSlWlreless PBX 
• Wireless Local Loop 

Ordering Information 

TEMP. 
PART NUMBER RANGE ('IC) PACKAGE 

HFA3424IB -40 to 85 8 Ld sOle 

HFA34241B96 -40 to 85 , Tape and Reel 

Pinout 
HFA3424 
(SOIC) 

TOP VIEW 

GNDOa GND 
VSIAS 2 7 VDD 

RFIN 3 8 RFOUT 

GND 4 5 GND 

PKG. 
NO. 

M8.15 

PRISMTM and the PRISMTM logo are trademarks 01 Harris Corporation. 

HFA3424 

-_._"'-..... ))) 
r-I'C: • -;:, rI 

2.4GHz - 2.SGHz 
Low Noise Amplifier 

The Harris 2.4GHz PRISMTM 
chip set is a highly integrated 
five-chip solution for RF 

~
M Description 

modems employing Direct 
Sequence Spread Spectrum (DSSS) signaling. The HFA3424 
2.4GHz - 2.5GHz low noise amplifier is an optional chip that 
can be added to the five chips in the PRISMTM chip set. The 
HFA3424 offers increased sensitivity for systems targeting 
802.11 specifications. (See Figure 1, the Typical Application 
Diagram.) 

The Harris HFA3424 PRISMTM is a high performance low 
noise amplifier in a low cost sOle 8 lead surface mount 
plastic package. The HFA3424 employs a fully monolithic 
design which eliminates the need for external tuning 
networks. It can be biased using 3V or 5V supplies and has 
an option for biasing at higher currents for increased 
dynamic range. 

The HFA3424 is ideally suited for use where low noise 
figure, high gain, high dynamic range and low power 
consumption required. Typical applications include receiver 
front ends in the Wireless Local Area Network (WLAN) and 
wireless data collection markets in the 2.4GHz Industrial, 
Scientific and Medical (ISM) band, as well as standard gain 
blocks, buffer amps, driver amps and IF amps in both fixed 
and portable systems. 

Functional Block Diagram 

RFOUT 

EXTENDED RF IN 
BIAS 

CAl)TION: These devices are sensillve to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4131.2 
Copyright © Harris Corporation 1997 
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HFA3424 

Typical Application Diagram 

HFA3724 
(FILE# 4067) 

DSSS BASEBAND PROCESSOR 

PRISM'" CHIP SET FILE .4063 

FIGURE 1. TYPICAL TRANSCEIVER AMPLIFIER APPLICATIONS CIRCUIT USING THE HFA3424 

NOTE: Required for systems targeting 802.11 specifications. 

For additional information on the PRISMTM chip set, call 
(407) 724-7800 to access Harris' AnswerFAX system. When 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 

The four·digit file numbers are shown in Typical Application 
Diagram, and correspond to the appropriate circuit. 
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HFA3424 

Absolute Maximum Ratings Thermal Information 
Supply Voltage, Voo ••••••••...•.•••••.•.•..•..•••• +10Voc Thermal Resistance (Typical, Note 2) 9JA(0C/W) 
Input Power •.•.•••.•••••••.•.•.•••••.•..•....•.•. +17dBm SOIC Package •.••••••••••..•.••....••..•.. 165 
Supply Current (Note 1) •••.•...•.•••••.•..•...••••..• 30mA Maximum Storage Temperature Range ...•••...• -SSoC to lSOoC 

Maximum Lead Temperature (Soldering lOs) ...•..••••... 300°C 
Operating Conditions (SOIC - Lead Tips Only) 

Temperatura Range .......••••.•••...••..•••• -40°C to esoc 

CAUTION: Stresses abol'8 those listed In "Absolute MaxImum Rallngs" mey cause permanent damage to the dallice. This Is a stmss only mllng and OP8mtion 
of the dellice at these or any other conditions abowo those/ndlcatlld In thll OP8l8t1onal sections of this spac/flcatlon Is nor Implied. 

NOTES: 

1. Only if Pin 2 Is used to Increase current. 

2. 9JA Is measured with the component mounted on an evaluation PC board In Iree air. 

Electrical SpecHlcatlons TA = 25°C, Zo = son, voo = +5V, PIN = -3OdBm, 1= 2.45GHZ, VBIAS = Open Circuit 
Unless Otherwise Specified 

PARAMETER MIN TYP MAX UNITS 

LNA Input Frequency Range 2.4 - 2.5 GHz 

Gain 12 14 16 dB 

Noise Figure - 1.90 2.30 dB 

InputVSWR - 1.5:1 -
OutputVSWR - 1.5:1 -
Input Retum Loss - ~14.0 - dB 

Output Retum Loss - -14.0 - dB 

Output 1 dB Compression - 3 - dBm 

InputlP3 - 1 - dBm 

Reverse Isolation - 30 - dB 

Supply Current at Voo = 5V 3 5 7 mA 

Supply Range 2.7 - 5.5 V 

Typical Performance Curves 

I. 2.0 
TA=ZSoC TA-2SoC 

3V,SmA 

~ -18 _'.9 
1/ ~V,2OmA ID V ~ SV,SmA 

iii 

" 
II! ... th. i 14 

~ ~"' ~ 
Ii: 
III 

~ ~ 
.......... !II -............ , 

i 1.7 

~l 
12 1/ 3V,SmA ...... 

" 10 1.8 
2.2 2.3 2.4 2.6 2.8 2.7 2.40 2.42 2.44 2.48 2.48 2.50 

FREQUENCY (OHz) FREQUENCY (GHz) 

FIGURE 2. GAIN V8 FREQUENCY FIGURE 3. NOISE FIGURE V8 FREQUENCY 
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HFA3424 

Typical Performance Curves (Continued) 

1.51--~d---...Jt.:-----if7il~-+----I 

1.02 ... .2---2 .... .3---2 .... 4---2 ..... 5 ....... --.... 2 .... 6-----12.7 

FREQUENCY (GHz) 

4 
TA .. 250C 

2 

I -lo 

i 
-2 

-4 
2.40 

&V,20J 

&V,5mA 

~l 
2.42 2.44 2.48 2.48 

FREQUENCY (GHz) 

FIGURE 4. VSWR V8 FREQUENCY FIGURE 5. INPUT IPa V8 FREQUENCY 

18r---,----r--~r_--~--~ 
&V,SmA 

18~--_+---~--~~--~--~ 

10'-----.&.---~--~ ___ ....... __ __' 
2.2 2.3 2.4 2.5 2.6 2.7 

FREQUENCY (GHz) 

2.8 

~ 
3 

0 

~ 

7 

4 1; 
2.40 

asoc 

2SOC 

-4Q°C 

2.42 2.44 2.48 2.48 
FREQUENCY (OHz) 

-

2.50 

5V,SmA 

2.50 

FIGURE 6. GAIN V8 FREQUENCY FIGURE 7. NOISE FIGURE V8 FREQUENCY 

Typical Application Circuit 

VBIAS (PIN 2) 

NORMAL BIAS EXTENDED BIAS 

Open 30n To 35n To Ground 

PIN 2 ALLOWS FOR AN EXTERNAL RESISlOR 
RBB TO BE USED TO GROUND FOR AN OPTIONAL 

20mA CURRENT OPERATION. RECOMMENDED 
VALUES FOR THE CHIP RESISTOR ARE 30Q TO 350. 

15nH 
1t--.... - ....... 'TT1-- +VDD r---- RF SIGNAL OUTPUT 2.4GHz 

(500 TRANSMISSION LINE) 
SEE NOTE 2 

RF SIGNAL INPUT 2040Hz ~,:: 
(500 TRANSMISSION UNE) ____ __' 

SEE NOTE 2 
NOTE: 

3. No DC blocking capacitor required on LNA Input or oulput transmission lines. 

FIGURE 8. REFERENCE APPUCATIONITEST DESIGN SETUP SCHEMATIC: LOW NOISE AMPUFIER 
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Features 

• 2.7V to 5.5V Operation 

~ Low Current Consumption 

• Selectable Powerdown Mode Icc = 1 JJ.A 
Typical at 3V 

• Dual Modulus Prascaler, 32/33 or 64165 

• Selectable Charge Pump High Z State Mode 

Applications 

• Systems Targeting IEEE 802.11 Standard 

• PCMCIA Wireless Transceiver 

• Wireless Local Area Network Modems 

• TDMA Packet Protocol Radios 

• Part 15 Compliant Radio Links 

• Portable Battery Powered Equipment 

Functional Block Diagram 

OSCIN 

'INRF 

CLOCK ___________ ~ 

DATA---________ ~ 

HFA3524 
2.SGHz/600MHz Dual Frequency Synthesizer 

-_._ ......... ))) 
..... I'C:.~III ~

TM Description . 

The Harris 2.4GHz PRISMTM chip set is a 
highly integrated five-chip solution for RF 
modems employing Direct Sequence 

Spread Spectrum (DSSS) signaling. The HFA3524 800M Hz Dual 
Frequency Synthesizer is one of the five chips in the PRISMTM chip set 
(see the Typical Application Diagram). 

The HFA3524 is a monolithic, integrated dual frequency synthe
sizer, including prescaler, is to be used as a local oscillator for RF and 
first I F of a dual conversion transceiver. 

The HFA3524 contains a dual modulus prescaler. A 32/33 or 64/65 
prescaler can be selected for the RF synthesizer and a 8/9 or a 16117 
prescaler can be selected for the IF synthesizer. Using a digital phase 
locked loop technique, the HFA3524 can generate a very stable, low 
noise signal for the RF and IF local oscillator. Serial data is transferred 
into the HFA3524 via a three wire interface (Data, Enable, Clock). Sup
ply voltage can range from 2.7V to 5.5V. The HFA3524 features very 
low current consumption of 13mA at 3V. 

Ordering Information 
PART NUMBER TEMP. RANGE ('IC) PACKAGE I PKG. NO. 

HFA3524IA -40 to 85 20 LdTSSOP IM20.173 

HFA35241A96 -40 to 85 Tape and Reel 

1-------- DO IF 

IllllT 
LOCK 

Fo/LO 
DETECT 

FASTLOCK 
MUX 

DoRF 

~--------------~ .......... ~ 
PRISMTM and the PRISMTM logo are tlBdemarks 01 Harris CorpolBUon. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4062.4 
Copyright @ Harris CorpolBtlon 1997 
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Typical Application Diagram 

HFA3524 

HFA3724 
(FILE. 4067) 

SPREAD DPSK 
MOD. 

DSSS BASEBAND PROCESSOR 

HFA3524 (FILE' 4062) 

TYPICAL TRANSCEIVER APPLICAnON CIRCUIT USING THE HFA3524 

NOTE: Required for systems targeting 802.11 specifications. 

PRISMTI. CHIP SET FILE #4063 

For additional information on the PRISMTM chip set, call 
(407) 724-7800 to access Harris' AnswerFAX system. When 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 

The four-digit file numbers are shown In Typical Application 
Diagram, and correspond to the appropriate clrcuit.name a 
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Pinout 

Pin Descriptions 

PIN NUMBER PIN NAME 110 

VCC1 

2 Vp1 

3 DoRF 0 

4 GND 

S flNRF 

6 'iN RF 

7 GND 

8 OSCIN 

9 GND 

10 FdLD 0 

11 Clock 

12 Data 

13 LE 

14 GND 

15 fiN IF 

16 fiN IF 

17 GND 

18 DolF 0 

19 VP2 

20 VCC2 

HFA3524 

HFA3524 (TSSOP) 
TOP VIEW 

VCC1 ~~~ VCe:! 

vp1 ~ ~VP2 
DORF~ ~DOIF 

GND!4 ~ GND 

liN RF !4 ~ liN IF 

ilR RF [! I!!I J IR IF 

GND~ ~GND 
OSCsN~ ~ LE 

GND~ ~DATA 
FoilD m 1m CLOCK 

DESCRIPTION 

Power supply voltage input. Input may range from 2.7V to S.SV. VCC1 must equal VCC2. Bypass 
capacitors should be placed as close as possible to this pin and be connected directly to the 
ground plane. 

Power Supply for RF charge pump. Must be > V CC. 

Internal charge pump output. For connection to a loop filter for driving the input of an external Veo. 

Ground. 

RF prescaler input. Small signal input from the Veo-

RF prescaler complimentary input. A bypass capadtor should be placed as close as possible to 
this pin and be connected directly to the ground piane. Capacitor is optional with some loss of sen-
sitivity. 

Ground. 

Oscillator input. The input has a V crf2 input threshold and can be driven from an external CMOS 
or TIL logic gate. 

Ground. 

Multiplexed output of the RFIIF programmable or reference dividers, RFIIF lock detect signals and 
Fastlock mode. CMOS output (see Programmable Modes). 

High impedance CMOS Clock input. Data for the verious counters is clocked in on the rising edge, 
into the 22-bit shift register. 

Binary serial data input. Data entered MSB first. The last two bits are the control bits. High imped-
ance CMOS input. 

Load enable CMOS input. When LE goes HIGH, data stored in the shift registers is loaded into 
one of the 4 appropriate latches (control bit dependent). 

Ground. 

IF prescaler complimentary Input. A bypass capacitor should be placed as close as possible to 
this pin and be connected directly to the ground plane. Capacitor Is optional with some loss of 
sensitivity. 

IF prescaler input. Small signal Input from the Veo. 

Ground. 

I F charge pump output. For connection to a loop filter for driving the input of an external Veo. 

Power Supply for IF charge pump. Must be >V CC. 

Power supply voltage input Input may range from 2.7V to S.SV. VCC2 must equal VCC1. Bypass 
capacitors should be placed as close as possible to this pin and be connected directly to the 
ground plane. 
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Block Diagram 

7 
GND-

8 

10 

HFA3524 

FoLD _-----------------..1 

NOTES: 

........ _ .... _ .......... ...:;18:. DOIF 

1-. ..... _H'~ .... +-.;.17;., GND 

LE 

DATA 

2O-BIT SHIFT REGISTER CLOCK 

1. V CC1 supplies power to the RF prescaler, N-counter and phase detector. V CO2 supplies power to the IF prescaler, N-counter and phese 
detector, RF and IF R-counters along with the OSCIN buffer and all digital circuitry. V CC1 and V CC2 are separated by a diode and must 
be run at the serne voltage level. 

2. VP1 and VP2 can be run independently as long as Vp O!: Vcc. 
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Thermal Information Absolute Maximum Ratings 
Power Supply Voltage Thermal Resistance (Typical, Note 3) 9JA ("eNol) 

Vee .•••••..••..••••••.••...•••.•...•.•.. -0.3V to +6.5V 
Vp ....••••.....•......................•• -0.3V to +6.5V 

TSSOP Package........................... 130 

Voltage on Any Pin with GND = OV (VI) ...•...•••• -0.3V to +6.5V 
Maximum Storage Temperature Range (T s) ....••• -65"e to 150°C 
Maximum Lead Temperature (Soldering 4s) (T d .......... 2SOOC 

Operating Conditions 
Power Supply Voltage 

Vee ..••••••....••.••..••....•...•.......•• 2.7V to 5.5V 
Vp ..•.•.......••...••••••..•..••••••.•..•.•••• Vee to +5.5V 

Temperature (T A) ....•..•••...••...•......... -40"e to 85°C 

(TSSOP - Lead Tips Only) 

CAUTION: Stresses abo1l8 those listed In "Absolute MaxImum RaUngs" may cause permanent damage 10 the davfce. ThIs Is B stress only retlng and opetatlon 
of the devfce at these or any other conditions abo1l8 lhasa Indicated In the operational sections of this specification Is not implied. 

NOTE: 

3. 9JA is measured with the component mounted on an evaluation PC board In free air. 

Electrical Specifications vee = 3.0V, Vp = 3.0V, -40"e < TA < 85°C, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Power Supply Current lee 
RF+IF Vee = 2.7V to 5.5V - 13 - mA 

RFOnly Vee = 2.7V to 5.5V - 10 - mA 

Powerdown Current lee·PWDN Vee =3.0V - 1 25 jlA 

Operating Frequency fiN RF 500 - 2.5 GHz 

Operating Frequency fiN IF 45 - 600 MHz 

Maximum Oscillator Frequency fose 44 - - MHz 

Maximum Phase Detector Frequency f, 10 - - MHz 

RF Input Sensitivity PfIN RF Vee=3.0V -15 - +4 dBm 

Vee =5.0V -10 - +4 dBm 

IF Input SensHivity PfIN IF Vee = 2.7V to 5.5V -10 - +4 dBm 

Oscillator Sensitivity Vose OSCIN 0.5 - - Vp_p 

High Level Input Voltage VIH (Note) O.BVec - - V 

Low Level Input Voltage VIL (Note) - - 0.2Vee V 

High Level Input Current IIH VIH = Vee = 5.5V (Note) -1.0 - 1.0 jlA 

Low Level Input Current IlL VIL = OV, Vee = 5.5V (Note) -1.0 - 1.0 jlA 

Oscillator Input Current IIH VIH = Vee = 5.5V - - 100 jlA 

Oscillator Input Current IlL VIL = OV, Vee = 5.5V -100 - - jlA 

High Level Output Voltage VOH IOH = -500jlA Vee-0.4 - - V 

Low Level Output Voltage VOL IOL = 500jlA - - 0.4 V 

Data to Clock Set Up Time Ics See Data Input Timing 50 - - ns 

Data to Clock Hold Time IcH See Data Input Timing 10 - - ns 

Clock Pulse Width High tewH See Data Input Timing 50 - - ns 

Clock Pulse Width Low IcwL See Data Input Timing 50 - - ns 

Clock to Load Enable Set Up Time les See Data Input Timing 50 - - ns 

Load Enable Pulse Width lew See Data Input Timing 50 - - ns 

NOTE: Clock, Data and LE does not include fiN RF, fiN IF and OSCIN• 
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Charge Pump Specifications vee = 3.0V, Vp = 3.0V, -40oC < TA < 850C, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX 

Charge Pump Output Current IO()'SOURCE Voo = Vp/2, IcPO = HIGH (Note 4) - -5.0 -
100.SINK Voo = Vp/2, Icpo = HIGH (Note 4) - 5.0 -

IO()'SOURCE VOO = Vp/2, IcPO = LOW (Note 4) - -1.25 -
ID().SINK Voo = Vp/2, IcPO = LOW (Note 4) - 1.25 -

Charge Pump High Z State Current ID().HIGHZ 0.5V ~Voo~Vp - 0.5, -40oC <T < 850 C -2.5 2.5 

CP Sink vs Source Mismatch (Note 5) 1DQ.SINKvS Voo = Vp/2, TA = 250C - 3 10 
IO()'sOURCE 

CP Current vs Voltage (Note 6) 100vsVoo 0.5V ~ Voo ~ Vp - 0.5, T < 250C - 10 15 

CP Current VS Temperature (Note 7) loovsT Voo = Vp/2, -40oC < T < 850C - 10 -
NOTES: 

4. See Programmable Modes for ICP) description. 

5. 100 vs Voo = Charge Pump Output Current magnitude variation vs Voltage = 
[112 e(lill-1i3I})/[112 0 {iii I + 1i31J1o 100% and (1/2 01141- 1161)/[112 0 (II41 + 1161}) 0100%. 

6. IOO_SINK VS IDQ.SOURCE= Charge Pump Output Current Sink vs Source Mismatch = (1121-1151)/(112 0 (II21 + 115 I}) 0100%. 

7. 100 vs TA = Charge Pump Output Current magnitude variation vs Temperature = 
(112 at templ-1I2 at 250CI)/1I2 at 250CI 0 100% and (115 at templ-1I5 at 250CI)/1i5 at 250CI 0 100% . 

I 
I 

13 
12 
11 

G 14 

15 

18 

. 
rT-"': 

I I 

~' I I - I VOLTAGE 

: OFFSET &V 

I 

r--.- I 

I 
I 

/ /: 

" 
~) 

&V 

o &V Vp/2 Vp-&V Vp 

DO VOLTAGE 

11 = CP sink current at Voo = Vp - IN 14 = CP source current at Voo = Vp - IN 
12 = CP sink current at Voo = Vp/2 15 = CP source current at Voo = Vp/2 
13 = CP sink current at VOO = IN 16 = CP source current at Voo = IN 

FIGURE 1. CHARGE PUMP CURRENT SPECIFICATION DEFINITIONS 

CLOCK fiN 
DC l00pF 

I 

PC IPA~LI DATA I 
LE 

13dB I 
ATTN I 

UNITS 

mA 

mA 

rnA 

rnA 

nA 

% 

% 

% 

I 
FC ["F; Vee 

RF50Q 

"* 
FolD r- Vp 0.01p.F 

SMHU 835.8011.52 o II 
SIGNAL GENERATOR 12K OSCIN " 11 51 
10MHz EXT REF OUT HP5385A IN 

FREQUENCY 
38K i 2.2p.F i l00pF -!-100PF i 2.2p.F = I COUNTER 

-=~ = = 
2.7V_S.OV 

FIGURE 2. RF SENSITIVITY TEST BLOCK DIAGRAM 
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Typical Performance Curves 
15 

14 

13 

12 

! 11 
jl 

10 

8 

8 

7 
2.5 

8 

3.0 

I 

~.850C 

, 
T':25°C 

T=40"C 

3.5 4.0 4.5 

Vcclv) 

FIGURE 3. Icc va Vcc 

I I 

5.0 5.5 

,. I Vp.5.5V_ -, vp .2.7V 

. 
I , .. J.! Vp"J -

-8 o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

Do VOLTAGE IV) 

FIGURE 5. CHARGE PUMP CURRENT va Do VOLTAGE 
Icp=HIGH 

25 
.. 1 I .. 1_ 
II ••• SINK 

20 II. _ SOURCE 
II 
II 

l 15 

~ 
~ 

.. 
i; 

Vp =5.0V 
II: 10 ~ \ 

Vp;3.DV 

~ I, 

,~ ~ i II \ I , .... I~ ~ -~ r.:-::-~ ~ ....... 
5 

~ ~ 
o 0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5 

VOLTAGE OFFSET (V) 

NOTE: See charge pump current specification definitions. 

FIGURE 7. CHARGE PUMP CURRENT VARIATION 

1500 
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~ 1000 

~ 750 

Iii 500 
N 

~ 
.J"-

I 
J 
h~ 

./ 

""" J 
T.70OC -

L----- I 
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:z: 
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-250 

-500 
o 
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I 
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Do VOLTAGE IV) 

FIGURE 4. 100 HIGH Z STATE va Do VOLTAGE 

2.0 

1.5 

1.0 :c 
.! 0.5 

ffi 0 
! 
8 -0.5 
o 

Q ·1.0 

-1.5 

-2.0 

r Vp = 5.5V 

r Vp.2.7V 

Vp .2.7V/ VP.5.5r 

6 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 

Do VOLTAGE (V) 

FIGURE 6. CHARGE PUMP CURRENT va Do VOLTAGE 
Icp=LOW 

20 

15 

10 

l 5 

g 0 

;i oS 
!Il 
:I -10 

-15 

-20 

-25 

v~=3.0H y , 
~!. 

"" ....... 
."" 

Vp =5.0V--
~ 

~ :;;.-'" 

~ 
I 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

Do VOLTAGE (V) 

FIGURE 8. SINK va SOURCE MISMATCH va Do VOLTAGE 
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Typical Performance Curves (Continued) 

Marker 1 = 1GHz, Real = 101, Imaginary = -144 
Marker 2 = 2GHz, Real = 37, Imaginary = -54 
Marker 3 = 3GHz, Real = 22, Imaginary = -2 
Marker 4 = 500MHz, Real = 209, Imaginary = -232 

FIGURE 9. RF INPUT IMPEDANCE 

-10 

-15 

I -20 

~ 
-25 

i 40 
II) 
z 
III 45 

-40 

..,. 
~ ~ r---V~ 

Vcc = 2.7V 1"..00" 
-. L' 

-45 

",. ~ 

"", ~ 

1000 1200 1400 1600 1800 2000 2200 2400 2600 2600 3000 

FREQUENCY (MHz) 

FIGURE 11. RF SENSITIVITY V8 FREQUENCY 

o 

'" " ~5.sV -10 

I 
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.~ •••• ----•• __ I 

" •••••• \ 1--__ _ 

" ,.. \ '-'-" \ ................... .. .. " " "......, .......... \\ 
,/ ' .......... ,," " \ ''''''~ .. ,/ 1-...', ~ ........ -......... \ 

I , '... ...,,' \ i ( ..... "t-"":..', 

Marker 1 = 1 OOMHz, Real = 589, Imaginaty = -209 
Matker 2 = 200MHz, Real = 440, Imaginary = -286 
Marker 3 = 300MHz, Real = 326, Imaginary = -287 
Marker 4 = 500MHz, Real = 202, Imaginary = -234 
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FIGURE 10. IF INPUT IMPEDANCE 

\. 
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FIGURE 12. IF INPUT SENSITIVITY VB FREQUENCY 
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FIGURE 13. OSCILLATOR INPUT SENSITMTY V8 FREQUENCY 
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FuncUonalDescnpUon 
The simplified block diagram in Figure 14 shows the 22·bit 
data register, two 15·bit R Counters and the 15·blt and 18·blt 
N Counters (intermediate latches are not shown). The data 
stream is clocked (on the rising edge of Clock) Into the DATA 
input, MSB first. The last two bits are the Control Bus. The 
DATA is transferred into the counters as follows: 

C1 

0 

0 

1 

1 

CONTROL BITS 

C2 DATA LOCATION 

0 IR R Counter 

1 RF RCounter 

0 IFN Counter 

1 RFNCounter 

1--------- Do IF 

'iIOT 
~-----------~LOCK 

FoILD 
r-------------~DETECT 

FASTLOCK 
MUX 

1--------_ Do RF 

t .. RF 

CLOCK ____ ~::::::::::::~~~~~1 DATA ___________ ~ 

~----------------------~----~ 
FIGURE 14. SIMPLIFIED BLOCK DIAGRAM 

Programmable Reference Dlvldera (IF and RF R Countera) 

If the Control Bits are 00 or 01 (00 for IF and 01 for RF) data is transferred from the 22·bit shift register into a latch which sets 
the 15-bit R Counter. Serial data format is shown below. 

LSB 
J, 

(Control blts)I-I------ Divide ratio of the reference divider, R --------+_-

15-BH Programmable Reference Divider Ratio (R Counter) 

DIVIDE R R R R R R R R R R R R 
RATIO 15 14 13 12 11 10 9 8 7 6 5 4 

3 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 

• • . • . . • • • • • • • 
32767 1 1 1 1 1 1 1 1 1 1 1 1 

NOTES: 
8. Divide ratios less than 3 are prohibited. 

9. Divide ratio: 3 to 32767. 
10. R1 to R15: These bits select the divide ratio of the programmable reference divider. 
11. Data is shifted In MSe first. 
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HFA3524 

Programmable Divide (N Counter) 

The N counter consists of the 7 ·bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Con· 
trol Bits are 10 or 11 (10 for IF counter and 11 for RF counter) dala is transferred from the 22-blt shift register into a 4-bit or 
7-bit latch (which sets the Swallow (A) Counter) and an 11-bit latch (which sets the 11-blt programmable (B) Counter), MSB 
first. Serial data format is shown below. For the IF N counter bits 5, 6, and 7 are don't care bits. The RF N counter does not 
have don't care bits. 

LSB 
.j. 

MSB 
.j. 

(Control blts)I-\------ DMde ratio of the programmable dMder. N ------------+. \ program-j 

7-81t SWallow Counter Divide Ratio (A Counter) 

RF 

DIVIDE N N N N N N 
RATIO A 7 6 5 4 3 2 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

• • · . · . • 
127 1 1 1 1 1 1 

NOTES: 

12. DMderatio Ot0127 

13. B~A 

IF 

DIVIDE N N N N N N 
RAnOA 7 6 5 4 3 2 

0 X X X 0 0 0 

1 X X X 0 0 0 

• • · . • . • 
15 X X X 1 1 1 

x = Don't care condition 

N 
1 

0 

1 

• 
1 

N 
1 

0 

1 

• 
1 

11-81t Programmable Counter Divide Ratio (8 Counter) 

DIVIDE N N N N N N N N N N N 
RATIOB 18 17 16 15 14 13 12 11 10 9 8 

3 0 0 0 0 0 0 0 0 0 1 1 

4 0 0 0 0 0 0 0 0 1 0 0 

• • • • • • • • • . • . 
2047 1 1 1 1 1 1 1 1 1 1 1 

NOTES: 

14. Divide ratio 3 to 2047 (divide ratios less than 3 are prohibited). 

15. B~A 

Pulse Swallow Function 

fveo = [(P x B) + Al x fosofA 

fveo: Output frequency of external voltage controlled oscilla· 
tor (VCO) 

B: Preset divide ratio of binary 11-bit programmable 
counter (3 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter 
(0 SA S 127 {RF], 0 S AS 15 {IF], A S B) 

fose: Output frequency of the external reference frequency 
oscillator 

R: Preset divide ratio of binary 15-bit programmable ref· 
erence counter (3 to 32767) 

P: Preset modulus of dual modulus prescaler (for IF: P = 
8 or 16; for AF: P = 32 or 64) 

Programmable Modes 

Several modes of operation can be programmed with bits 
R16-A19 including the phase detector polarity, charge pump 
High Z State and the output of the FoiLD pin. The prescaler 
and powerdown modes are selected with bits N19 and N20 . 
The programmable modes are shown in Table 1. Truth table 
for the programmable modes and FoILD output are shown in 
Table 2 and Table 3. 

TABLE 1. PROGRAMMABLE MODES 

C1 C2 R16 R17 R18 R19 R20 

0 0 IF Phase IFlcPO IF Do IFLD IFFo 
Detactor Polarity Hi9hZ 

0 1 RFPhase RFlcPO RFDo RFLD RFFo 
Detector Polarity HighZ 

C1 C2 N19 N20 

1 0 IF Prasealer Powerdown IF 

1 1 RF Prescaler Powerdown RF 

3-18 



HFA3524 

TABLE 2. MODE SELECT TRUTH TABLE 

/liD (NOTE 16) IF RF (NOTE 17) 
POLARITY DO HIGH Z STATE IcPO PRESCALER PRESCALER POWERDOWN 

0 Negative Normal Operation LOW 819 32/33 Powered Up 

Positive High Z State HIGH 16117 64165 Powered Down 

NOTES: 

16. The Icpo LOW current state = 1/4 x IcPO HIGH current. 

17. Activation of the IF PLL or RF PLL powerdown modes result in the disabling of the respective N counter divider and debiasing of its re
spective fiN Inputs (to a high Impedance state). Powerdown forces the respective charge pump and phase comparator logic to a High Z 
State condition. The R counter functionality does not become disabled until both I F and RF powerdown bits are activated. The OSCIN 
pin reverts to a high impedance state when this condition exists. The control register remains active and capable of loading and latching 
in date during all of the powerdown modes. 

TABLE 3. THE FofLD (PIN 10) OUTPUT TRUTH TABLE 

RF R (19) 
(RFLD) 

0 

0 

X 

X 

X 

X 

0 

0 

X = Don't care condition 

NOTES: 

IF R (19) RFR (20) 
(IFLD) (RF Fo) 

0 0 

0 

0 0 

1 0 

0 0 

0 

1 0 

0 

0 

18. When the FoLD output is disabled, it is actively pulled to a low logic state. 

IF R (20) 
(IFFo) Fo OUTPUT STATE 

0 Disabled (Note 18) 

0 IF Lock Detect (Note 19) 

0 RF Lock Detect (Note 19) 

0 RFIIF Lock Detect (Note 19) 

1 IF Reference Divider Output 

0 RF Reference Divider Output 

IF Programmable Divider Output 

0 RF Programmable Divider Output 

Fastlock (Note 20) 

For Intemal Use Only 

For Intemai Use Only 

For Intamal Use Only 

Counter Reset (Note 21) 

19. Lock detect output provided to indicate when the VCO frequency is in 'ock". When the loop is locked and a lock detect mode is selected, 
the pins output is HIGH, with narrow pulses LOW. In the RFIIF lock detect mode a locked condition is indicated when RF and IF are 
both locked. 

20. The Fastiock mode utilizes the FoLD output pin to switch a second loop filter damping resistor to ground during fastlock operation. Ac
tivation of Fastiock occurs whenever the RF loop's Icpo magnitude bit #17 is selected HIGH (while the #19 and #20 mode bits are set 
for Fastlock). 

21. The Counter Reset mode bits R 19 and R20 when activated reset all counters. Upon removal of the Reset bits, the N counter resumes 
counting in "close" alignment with the R counter. (The maximum error is one presca/er cycle.) If the Reset bits are ectivated, the R 
counter Is also forced to Reset, allowing smooth acquisition upon powering up. 

Phase Detector Polarity 

Depending upon VCO characteristics, R16 bit should be set 
accordingly, (see Figure 15) . 

• When VCO characteristics are positive like (1), R16 
should be set HIGH. 

• When VCO characteristics are negative like (2), R16 
should be set LOW. 
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DATA ___ NJ1X CONTROL BIT: LSB 

(R1) CONTROL BIT: LSB 

CLOCK _JUL-

LE 

Ics- -
OR 

LE -,~ _______ _ 

NOTES: 

22. Parenthesis data indicates programmable reference divider data. 

23. Data shifted into register on clock rising edge. 

24. Data is shifted in MSB first. 

Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Vec:J2. The test waveform has an edge rate of 
O.6V1ns with amplitudes of 2.2V at Vee = 2.7V and 2.6V at Vee = 5.5V. 

FIGURE 16. SERIAL DATA INPUT TIMING 

f f f f L 
Ip 

u u u L 
Do nH I I I 

----I ~··---·--i-·-·z-·U':- ---··U --- --- LJ ---L-

NOTES: 

25. Phase difference detection range: -27t to +27t 

26. The minimum width pump up and pump down current pulses occur at the Do pin when the loop is locked. 

27. R16 = HIGH. 

FIGURE 17. PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS 
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Typical Application Example 

Vp DO IF 

19 18 17 

2 3 

Vcc Vp 

O.OII'F 
100pF T----"To ~ l00pF -i.0111f --::I... - -- -

NOTES: 

28. VCO is assumed AC coupled. 

HFA3524 

10pF 

.I--_-......,j~ IF our 

RIN (NOTE 29) 

HFA3524 

FIGURE 18. 

,----------0 ~c:ROLLER 
LE 

Fo/LD 
l00pF 

~ CRYSTAL OSCILLATOR 
510 INPUT 
(NOTE 30) . 

10pF 

1-<1...------11--- RFOur 

29. RIN increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 1 on to 200n depend
Ing on the VCO power level. fiN RF impedance ranges from 40n to loon. fiN IF impedances are higher. 

30. 50n termination is often used on test boards to allow use of extemal reference oscillator. For most typical products a CMOS clock is used 
and no terminating resistor is required. OSCIN may be AC or DC coupled. AC coupling is recommended because the input circuit provides 
Its own bias (see Figure 16). 

31. Proper use of grounds and bypass capacitors is essential to achieve a high level of perfonnance. Crosstalk between pins can be reduced 
by careful board layout. 

32. This is a static sensitive device. It should be handled only at static free work stations. 

l0011n 

OSCIN --4IC{;J--t 

FIGURE 19. 
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FIGURE 20. BASIC CHARGE PUMP PHASE LOCKED LOOP 

Application Information 
A block diagram of the basic phase locked loop is shown in The 3rd order PLL Open Loop Gain can be calculated in 
Figure 20. terms of frequency, CD, the filter time constants T1 and T2, 

Loop Gain Equations 

A linear control system model of the phase feedback for a 
PLL in the locked state is shown in Figure 21. The open loop 
gain is the product of the phase comparator gain (~), the 
veo gain (Kvcols), and the loop filter gain Z(s) divided by 
the gain of the feedback counter modulus (N). The passive 
loop filter configuration used is displayed in Figure 22, while 
the complex impedance of the filter is given in Equation 2. 

~~~ 
FIGURE 21. PLL UNEAR MODEL 

Do-..... lt--~1""R-2- YCO 

c11 I 
,ICZ 

-=- "=" 

FIGURE 22. PASSNE LOOP FILTER 

Open loop gain = H(s) G(s) = 9 1/9E 

= K. Z(s) Kvco/Ns 

Z(S) = s(C2. R2) + 1 

l(C1.C2. R2)+sC1 +sC2 

(Ea. 1) 

(Ea. 2) 

The time constants which determine the pole and zero fre
quencies of the filter transfer function can be defined as: 

T1 - R2 C1.C2 - .Cf+"C2 

and 

T2 = R2.C2 

(EO.3A) 

(EO.3B) 

and the design constants ~, Kvco, and N. 

-K+. KvcO(1 + jOl. T2) T1 
IG(s). H(s)ls = j. w = 2 • T2 

Ol C1.N(1+jOl.T1) 
(Ea. 4) 

From Equation 3 we can see that the phase term will be 
dependent on the single pole and zero such that the phase 
margin is determined in Equation 5. 

(Ea. 5) 

A plot of the magnitude and phase of G(s)H(s) for a stable 
loop, is shown in Figure 23 with a solid trace. The parameter 
+p shows the amount of phase margin that exists at the point 
the gain drops below zero (the cutoff frequency wp of the 
loop). In a critically damped system, the amount of phase 
margin would be approximately 45 degrees. 

If we were now to redefine the cut off frequency, wp', as dou
ble the frequency which gave us our original loop bandwidth, 
wp, the loop response time would be approximately halved. 
Because the filter attenuation at the comparison frequency 
also diminishes, the spurs would have increased by approxi
mately 6dB. In the proposed Fastlock scheme, the higher 
spur levels and wider loop filter conditions would exist only 
during the initial lock-on phase - just long enough to reap the 
benefits of locking faster. The objective would be to open up 
the loop bandwidth but not introduce any additional compli
cations or compromises related to our original design crite
ria. We would ideally like to momentarily shift the curve of 
Figure 23 over to a different cutoff frequency, illustrated by 
the dotted line, without affecting the relative open loop gain 
and phase relationships. To maintain the same gain/phase 
relationship at twice the original cutoff frequency, other 
terms in the gain and phase Equations 4 and 5 will have to 
compensate by the corresponding "1/W" or 1 Jw2" factor. 
Examination of Equations 3 and 5 indicates the damping 
resistor variable R2 could be chosen to compensate the "w" 
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FIGURE 23. OPEN LOOP RESPONSE BODE PLOT 
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CRYSTAL REFERENCE 
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DIVIDER 
MAIN 

CHARGE 
PUMP 

-.----- ... _----_ .... _---_ ... 
FIGURE 24. FASTLOCK PLL ARCHITECTURE 

terms for the phase margin. This implies that another resis
tor of equal value to R2 will need to be switched in parallel 
with R2 during the initial lock period. We must also insure 
that the magnitude of the open loop gain, H(s)G(s) is equal 
to zero at wp' = 2wp. Kvco, K., N, or the net product of these 
terms can be changed by a factor of 4, to counteract the vi
term present in the denominator of Equation 3. The K. term 
was chosen to complete the transformation because it can 
readily be switched between 1 X and 4X values. This is 
accomplished by increasing the charge pump output current 
from 1 rnA in the standard mode to 4mA in Fastlock. 

Fastlock Circuit Implementation 

A diagram of the Fastlock scheme as implemented in Harris 
Semiconductors HFA3524 PLL is shown in Figure 24. 
When a new frequency is loaded, and theRF Icpo bit is set 

high, the charge pump circuit receives an input to deliver 
4 times the normal current per unit phase error while an 
open drain NMOS on chip device switches in a second 
R2 resistor element to ground. The user calculates the 
loop filter component values for the normal steady state 
considerations. The device configuration ensures that as 
long as a second Identical damping resistor is wired In 
appropriately, the loop will lock faster without any additional 
stability considerations to account for. Once locked on the 
correct frequency,the user can return the PLL to standard 
low noise operation by sending an instruction with the RF 
Icpo bit set low. This transition does not affect the charge on 
the loop filter capacitors and is enacted synchronous with 
the charge pump output This creates a nearly seamless 
change between Fastlock and standard mode. 
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Features 
• Complete Receive/Transmit Front End 

• RF Frequency Range ••••••••••••• 2.4GHz to 2.5GHz 

• IF Operation •••••••••••••••••••• 10MHz to 400MHz 

• Single Supply Battery Operation. • • • • •• 2.7V to 5.5V 

• Independent Receive/Transmit Power Enable Mode 

Applications 
• Systems Targeting IEEE 802.11 Standard 

• PCMCIA Wlrele .. Transceiver 

• Wireless Local Area Network Modems 

• TDMA Packet Protocol Radios 

• Part 15 Compliant Radio Links 

• Portable Battery Powered equipment 

Pinout 
HFA3624 
(SSOP) 

TOP VIEW 

LNA..RX...Vccz 1 RX...PE 

GND 2 RX...Vcc 

LNA..RX...OUT 

LNA"RlLVCC1 5 

GND • 

LNA..RlUN 

PRE_TlLOUT LO_IN 

TXM....IF· 

HFA3624 
2.4GHz Up/Down Converter 

--.-~"""))) r- I"C: • ";> .-. O 
Description 

~ The Harris 2.4GHz PRISMTM chip 
set is a highly integrated five· 
chip solution for RF modems 
employing Direct Sequence 

Spread Spectrum (DSSS) signaling. The HFA3624 RFIIF 
converter is one of the five chips In the PRISMTM chip set (see 
Figure 1 for the typical application circuit). 

The HFA3624 UpIDown converter is a monolithic bipolar 
device for up/down conversion applications in the 2.4GHz to 
2.OOHz range. Manufactured in the Harris UHF1X process, 
the device consists of a low noise amplifier and down 
conversion mixer In the receive section and an up conversion 
mixer with power preamp in the transmit section. An energy 
saving power enable control feature assures isolation 
between the receive and transmit circuits for time division 
multiplexed systems. The device requires low drive levels from 
the local oscillator and is housed In a small outline 28 lead 
SSOP package ideally suited for PCMCIA card applications. 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGE ("C) PACKAGE NO. 

HFA3624IA -401085 28 LdSSOP M28.15 

HFA36241A96 -401085 Tape and Reel 

Block Diagram 

RX.,PE 

LNA"RlLOUT 
RXM....RF 

RXMJF+ 
RXM_IF· 

LNA..RlUN LO_BY 
LO_IN 

LOB 
PRE.-TlLOUT 

TXM.JF. 
TXM....IF+ 

PRE.-TlLIN TXM....RF 

TlLPE 

CAUTION: These devices are sensitive 10 alactrostallc discharge. Users should follow proper IC Handnng Procedures. File Number 4066.6 
Copyright C Harris Corporadon 1997 
PRISMTM and Iha PRISMTM logo are trademarks 01 Harris Corporation. 
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HFA3724 
(FILE# 4067) 

NOTE: Required for systems targeting 802.11 specifications. 

PRISM'" CHIP SET FlLE.4083 

FIGURE 1. TYPICAL TRANSCEIVER APPLICATION CIRCUIT USING THE HFA3624 

For additional information on the PRISMTM chip set, call 
(407) 724-7800 to access Harris' AnswerFAX system. When 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 

The four-digit file numbers are shown in Figure I, and corre
spond to the appropriate circuit. 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage .............................. -0.3V to +6.0V Thermal Resistance ('TYpIcal, Note 1) 
Voltage on Any Other Pin ..•.•....•...•..... -0.3 to Vee +O.3V 28 Lead Plastic SSOP .........•............. 

Package Power Dissipation at 70°C 

9JA (OC/IN) 
88 

Operating Conditions 28 Lead Plastic SSOP .............................. 0.9W 

Supply Voltage Range .......................... 2.7V to 5.5V 
Temperature Range •.....................• -400C S TA S 85°C 

Maximum Junction Temperature .....•................• 15O"C 
Maximum Storage Temperature Range •..•. ' . . -6500 S TA S 150°C 
Maximum Lead Temperature (Soldering 1 Os) ..•.......... 300°C 

(SSOP - Lead Tips Only) 

CAUTION: Stresses aboWi /hOSe listed in "Absolute Maximum Ratings" may cause psrmsnsnt damage to /he dsv/cs. This Is a sms only retlng and operation 
of /he device at /hese or any other condftlons aboWi/hose Indicated In /he operational sections of /hIs specification Is not 1fr¥)lled. 

NOTE: 

1. 9JA Is measured with the component mounted on an evaluation PC board In free air. 

Electrical Specifications Vee" +2.7V, LO. 2170MHz, IF = 280MHz, RF = 2450MHz, Zo = SOC, 
Unless Otherwise Specified 

ALL GRADES 

PARAMETER SYMBOL TEMP ("C) MIN TYP MAX UNITS 

LO INPUT CHARACTERISTICS (LO_IN = 2170MHzI-3dBm, RSLO = SOC, tested In both RX and TX modes, all unused Inputs and 
outputs are terminated into SOC) 

LO Input Frequency Range LO_f 25 2.0 - 2.49 GHz 

LO Input Drive Level LO_dr 25 -6 -3 3 dBm 

LO Input VSWR LO_SWR 25 - 1.18:1 2.0:1 -
RECEIVE LNA CHARACTERISTICS (LNA_RX_IN = 2450MHzI-25dBm, RS = RL = SOC, Receive Mode) 

Receive LNA Frequency Rang!! LNA . ..f 25 2.4 - 2.5 GHz 

LNA Noise Figure LNA-NF 25 - 3.5 - dB 

LNA Power Gain LNA_PG 25 13.5 15.5 - dB 

LNA Reverse Isolation (Source = 2450MHzI-25dBm) LNA_ISO 25 - 30 - dB 

LNA Output 3rd Order Intercept LNA..IP3 25 - 18 - dBm 
(LNA-RX_IN = 2449.9MHz, 2450.1 MHz 1-35dBm) 

LNA Output 1dB Compression LNA-P1D 25 - 5.5 - dBm 

LNA Input VSWR LNA-ISWR 25 - 1.85:1 2.2:1 -
LNA Input Retum Loss LNA-IRL 25 - 10.5 8.5 dB 

LNA Output VSWR LNA-OSWR 25 - 1.33:1 2.0:1 -
LNA Output Retum Loss LNA-ORL 25 - 17.0 9.5 dB 

RECEIVE MIXER CHARACTERISTICS (LO_IN .. 2170MHzI-3dBm, RXM_RF = 2450MHzI-25dBm, RSLO = SOC, RSRF" SOC, 
RLIF = SOC with extemal matching network (Note 2), Receive Mode) 

Mixer RF Frequency Range RXM_RFf 25 2.4 - 2.5 GHz 

Mixer IF Frequency Range RXM_IFf 25 10 - 400 MHz 

SSB Noise Figure (Note 3) RXM_NF 25 - 15 - dB 

Mixer Power Conversion Gain (Note 2) RXM_PG 25 4 6 - dB 

Mixer IF Output 3rd Order Intercept RXM_IP3 25 - 4.0 - dBm 
(RXM_RF = 2449.9MHz, 2450.1 MHz/-3Od9m) 

Mixer IF Output 1dB Compression RXM-P1D 25 - -5 - dBm 

Mixer RF Input VSWR (2.4GHz to 2.5GHz) RXM_SWR 25 - 1.5:1 2.0:1 -
Mixer RF Input Retum Loss RXM_IRL 25 - 14.0 9.5 dB 
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Electrical Specifications vee = +2.7V, LO = 2170MHz, IF = 280MHz, RF = 2450MHz, Zo = 50n, 
Unless Otherwise Speclfled (Continued) 

ALL GRADES 

PARAMETER SYMBOL TEMP ("C) MIN TYP 

IF Open Collector Output Resistance (IF = 280MHz) RXM_ROUT 25 - 1.5 

IF Open Collector Output Capacitance RXM_COUT 25 - 0.4 

Mixer LO to RF Isolation RXA..LOR 25 - 22 

MAX UNITS 

- kO 

- pF 

- dB 

RECEIVE LNAIMIXER CASCADED CHARACTERISTICS (-3dB Loss RF Image Filter between LNA and Mixer, LNA...RX_IN = 
2450MHz/-25dBm, RLIF = 250n external matching network, (Note 6» 

Cascaded Noise Figure CR>CNF 25 - 6.24 - dB 

Cascaded Power Gain CRX_PG 25 15 18 - dB 

Cascaded Input IP3 CR>UP3 25 - -14.1 - dBm 

Cascaded Input Compression Point CRX_P1D 25 - -23.2 - dBm 

Maximum Input Power CR>Cdr 25 - -4 dBm 
(Output may be gain compressed, but functional) 

TRANSMIT MIXER CHARACTERISTICS (LO_IN = 2170MHzI-3dBm, TXM_IF+ = 280MHzI-13dBm, RS1F = son, RSLO = 50n, 
RLRF = son, Transmit Mode) 

IF Input Frequency Range TXM_IFf 25 10 - 400 MHz 

IF Input Resistance (IF = 280MHz) TXM_RIN 25 - 3 - kO 

IF Input Capacitance (IF = 280MHz) TXM_CIN 25 - 0.5 - pF 

Power Conversion Gain (RS1F = 50n) TXM_PG50 25 -6 -3.4 - dB 

Power Conversion Gain (RS1F = 250n) (Notes 4, 5) TXM_PG250 25 -0.5 2.1 - dB 

Transmit Mixer LO Leakage TXM_LEAK 25 - -20 -18 dBm 

RF Output Frequency Range TXM_RFf 25 2.4 2.5 GHz 

TXM.-RF VSWR (2.4GHz to 2.5GHz) TXM_OSWR 25 - 1.25:1 2.0:1 -
TXM_RF Refum Loss TXM_ORL 25 - 19.0 9.5 dB 

Mixer Output 1 dB Compression TXM_P1D 25 - -10.5 - dBm 

Output SSB Noise Figure (RS1F = 50n) TXM_NF50 25 - 18.3 - dB 

Output 3rd Order Intercept (RS1F = 50n) TXM_IP3_50 25 - 1.1 - dBm 

Output SSB Noise Figure (RS1F = 250n) TXM_NF2SO 25 - 14.5 - dB 

Output 3rd Order Intercept (RS1F = 250n) TXM_IP3~0 25 - -1.5 - dBm 

TRANSMIT POWER PRE-AMP CHARACTERISTICS (PRE_IN = 2450MHzI-13dBm, RS = RL = 50n, Transmit Mode) 

Power Pre-Amp Frequency Range PRE_f 25 2.4 2.5 GHz 

Power Gain PRE_PG 25 10.8 12.3 - dB 

PRE~MP Output 1dB Compression PRE_P1D 25 - 5.6 - dBm 

PRUMP Noise Figure PRE_NF 25 - 5.7 - dB 

PRE~MP Output 3rd Order Intercept PRE_IP3 25 - 15.3 - dBm 

PRUMP Input VSWR (2.4GHz to 2.5GHz) PRE_ISWR 25 - 1.3:1 2.0:1 -
PRE_AMP Input Retum Loss PRE_IRL 25 - 17.7 9.5 dB 

PRE~MP Output VSWR (2.4GHz to 2.5GHz) PRE_OSWR 25 - 1.3:1 2.0:1 -
PRE_AMP Output Retum Loss PRE_ORL 25 - 17.7 9.5 dB 
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Electrical Specifications vee = +2.7V, LO = 2170MHz, IF = 280MHz, RF., 2450MHz, Zo" 500, 
Unless Otherwise Specified (Continued) 

ALL GRADES 

PARAMETER SYMBOL TEMP ("C) MIN TYP MAX UNITS 

TRANSMIT MIXERIPOWER PRE-AMP CASCADED CHARACTERISTICS (TXM_IF+ = 280MHzI-I3dBm, -3dB Loss RF lmege Riter with 
no LO suppression between Mixer and Transmit Amp, RL = 
500, RS1F = 2500 (Note 6» 

cascaded Power Gain CTx..PG 25 8 11.4 - dB 

cascaded Output PldB CT>CP1D 25 - -2.0 - dBm 

Cascaded Output NF CTx..NF 25 - 15 - dB 

Cascaded Output 3rd Order Intercept crx..IP3 25 - 7.1 - dBm 

cascaded LO Leakage CTX_LEAK 25 - -8.7 - dBm 

POWER SUPPLY AND LOGIC CHARACTERISTICS 

Voltage Supply Range Vee 25 2.7 - 5.5 V 

Transmit Mode Supply Current (Vee = 2.7V) TX_2.7Iee 25 46 49 52 mA 

Full - 64 - mA 

Receive Mode Supply Current (Vee = 2.7V) RX_lee 25 15.5 18 20.5 mA 

Full - 22.5 - mA 

Power Down CUrrent (Vee = 5.5V) Icc-PO Full - 0.3 10 I1A 
Logic Input Low Level V1L Full -0.2 - 0.8 V 

Logic Input High Level VIH Full 2.0 - Vee V 

Logic Low Input Bias CUrrent (VPE = OV, Vee = 5.5V) Ie-LO Full - - I I1A 
Logic High Input Bias Current (VPE = 5.5V, Vee = 5.5V) Ie-HI Full - SO ISO I1A 
TXIRX Power Enable Time (Note 7) PEt Full - 0.25 1 j1S 

TXIRX Power Disable Time (Note 7) PDt Full - 0.25 1 j1S 

NOTES: 

2. See Rgure 5 Test Circuit for 500 IF matching network component values. 

3. SSB (Single Side Band) NOise Figure measurement requires the use of an IF Reject/Hlghpess Filter between the Noise Source and the 
RXM_RF port. This filter prevents IF input noise from interfering with the Mixer IF output Noise Rgure Measurement. 

4. Transmit mixer measured with Impedance Transform Network 2500 at device to 500 at the source. Refer to Figure 5, pin 19. 

5. Implied limit, production measurement uses SOO termination at pin 19 (RS1F = 500). Typical trensmit conversion gain increase of 5.5dB 
with application circuit Figure 5 (RS1F = 2500). 

6. See Figure 2 for Typical Application Circuit. 

7. Enable/Disable Time Specifications are tested with the extemal component values shown in the Rgure 5 Test Circuit, with an IF frequency 
of 280MHz. Specifically the AC coupling capacitors on the TXM_IF+ and TXM_IF- pins are biased up to operating voltage from a fixed 
intemal current source at power up. Increasing these AC coupling capacitors above l000pF will slow Enable Time proportionately. 

POWER CONTROL TRUTH TABLE 

STATE Rx..PE TX_PE 

Power Down Low Low 
(Receive!Transmit Channels Power Down) 

Transmit Mode Low High 
(Receive Channel Power Down) 

Receive Mode High Low 
(Transmit Channel Power Down) 

Not Recommended High High 
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Pin Description 

PINS SYMBOL DESCRIPTION 

1 LN~RX_VCC2 Receive Channel Low Noise Amplifier Ou1put Stage Positive Power Supply. Use high quality decou-
piing capacitors right at the pin. A 5pF chip capacitor Is recommended. 

3 LNA_RX_OUT Receive Channel Low Noise Amplifier Ou1put (2400MHz to 2500MHz). The nominal impedance of 
500. over the operating frequency range, is achieved with an on chip narrowband tuned circuit. This 
pin requires AC coupling. 

5 LNA_RlCVcC1 Receive Channel Low Noise Amplifier Input Stage Positive Power Supply. Use high quality decoupllng 
capacitors right at the pin. A 200pF chip capacitor is recommended. 

7 LN~RX_IN Receive Channel Low Noise Amplifier Input (2400MHz to 2500MHz). The nominal Impedance of 500. 
over the oparating frequency range, is achieved with an on chip narrowband tuned circuit. This pin 
requires AC coupling. 

8 PRE_TlCOUT Transmit Channel Power Pre-Amplifier Ou1put (2400MHz to 2500MHz). The nominal Impedance of 
500. over the operating frequency range, Is achieved with on chip narrowband tuned circuit. This pin 
requires AC coupling. 

10 PRE_TlCVCC2 Transmit Channel Power Pre-Amplifier Output Stage Positive Power Supply. Use high quality decou-
piing capacitors right at the pin. A 200pF chip capacitor is recommended. 

12 PRE_TX_IN Transmit Channel Power Pre-Amplifier Input (2400MHz to 2500MHz). The nominal impedance of 500. 
over the operating frequency range, is achieved with an on chip narrowband tuned circuit. This pin 
requires AC coupling. 

14 PRE_TX_VCCl Transmit Channel Power Pra-Amplifier Input Stage Positive Power Supply. Use high quality decoupling 
capacitors right at the pin. A 200pF chip capacitor is recommended. 

15 TlCPE Transmit Channel Power Enable Control Input. TTL compatible input. Refer to "Power Control Truth Ta-
ble" on previous page. 

16 TX_Vcc Transmit Channel Positive Power Supply. Use high quality decoupling capacitors right at the pin. A 
200pF chip capacitor Is recommended. 

17 TXM_RF Transmit Channel Mixer RF Output (2400MHz to 2500MHz). The nominal Impedance of 500. over the 
operating frequency range, is achieved with an on chip narrowband tuned circuit. This pin requires AC 
coupling. 

19 TXM_IF+ Transmit Channel Mixer IF+ Input (1 OMHz to 4OOMHz). The TXM_IF+ and TXM_IF- pins form a high 
input impedance differential pair. Either Input (or both inputs for special applications) may be used for 
the I F signal. Typically the TXM_IF- pin Is bypassed to ground with a 470pF capacitor and the TXM_I F+ 
pin is AC coupled to the transmit IF signal. The high impedance input requires external termination. 
The specified Input Impedance is modeled as a resistor in parallel with a capacitor derived from 5 pa-
rameters at 280MHz. The input Impedance will increase at lower IF frequencies. 

This pin requires AC coupling. Increasing the AC coupling capacitor to larger than 1 OOOpF will degrade 
Transmit Enable Time. 

20 TXM_IF- Transmit Channel Mixer IF- Input (10MHz to 400MHz). The TXM_IF+ and TXM_IF- pins form a high 
Input Impedance differential pair. Either Input (or both for spacial applications) may be used for the IF 
signal. Typically the TXM_IF- pin is bypassed to ground with a 470pF capacitor and the TXM_IF+ pin 
is AC coupled to the transmit IF Signal. The high impedance input requires external termination. The 
specified input Impedance is modeled as a resistor In parallel with a capacitor derived from 5 param-
eters at 280MHz. The input Impedance will Increase at lower IF frequencies. 

This pin requires AC coupling. Increasing the AC coupling capacitor to larger than 1 OOOpF will degrade 
Transmit Enable Time. 

21 LO_IN Local Oscillator Input (2000MHz to 2490MHz). The LO_IN and LO_BY pins form a differential pair with 
a mutual broadband SOD Impedance. Refer to the LO_BY pin for details. The recommended LO power 
is -adBm, however usable performance Is obtained for the range -6dBm to +3dBm. The LO_IN pin re-
quires AC coupling. 

22 LO_BY Local Oscillator Input Bypass (2000MHz to 2490MHz). The LO_IN and LO_BY pins form a differential 
pair with a mutual broadband SOD Input impedance. The LO_BY pin can be used as a signal input, 
but may have sllghUy degraded performance due to a clamp circuit to GND. Typically the LO _BY pin Is 
bypassed to GND with a 5pF capacitor. The LO_BY pin requires AC coupling. 
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Pin Description (Continued) 

PINS SYMBOL DESCRIPTION 

23 RXM_IF- Receive Channel Mixer IF- Output (1 OMHz to 400MHz). The RXM_IF+ and RXM_IF- pins form a com-
plimentary open collector output driver pair. The open collector outputs require an extemalload to Vee 
not to exceed 500D, for the Single Ended I F case shown in Figure 3, or 1 kD for the Differential I F cases 
shown in Figures 2 and 4. This pin requires AC coupling. 

24 RXM_IF+ Receive Channel Mixer IF+ Output (10MHz to 400MHz) The RXM_IF+ and RXM_IF- pins form a com-
plimentary open collector output driver pair. The open collector outputs require an external load to Vee 
not to exceed 500D, for the Single Ended IF case shown In Figure 3, or 1 kD for the Differential IF cases 
shown in Figures 2 and 4. This pin requlras AC coupling. 

26 RXM_RF Receive Channel Mixer RF Input (2400MHz to 2500MHz). The nominal Impedance of 50D, over the 
operating frequency range, Is achieved with an on chip narrowband tuned circuit. This pin requires AC 
coupling. 

27 RlCVec Receive Channel Positive Power Supply. Use high quality decoupllng capacitors right at the pin. A 
200pF chip capacitor Is recommended. 

28 RlCPE Receive Channel Power Enable Control Input. TTL compatible input. Refer to ·Power Control Truth Ta-
ble" on previOUS page. 

2, 4, 6, 9, 11, GND Circuit Ground Pins (Oty 8). Internally connected. 
13,18,25 

Typical Application Circuits 

C14 

C15 

Vcc= 2.7V 

03dBl5On BPF 
245DMHz 

LFJ3O-D3B2442BDe4 
muRal. 

1c32 

03dBl5On BPF 
245DMHz 

LFJ3D'()3B2442BDe4 
muRata 

RECEIVE 
ENABLE 

IF OUTPUT 
r---------~~~~~Hz 

2500 

R5D 

~--~--~--~--~~I~ 
~~~~-+~I~---< 

037 R35 28DMHz,25Dn ~
IFINPUT 

2500 
~~-~I--+--

TRANSMrr 
ENABLE 

FIGURE 2. DIFFERENTIAL TO SINGLE ENDED IF OUTPUT TRANSLATION WITH 250D IF IMPEDANCE 
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Typical Application Circuits (Continued) 

Vee =2.7V 

C14 

RFINPUT 
2450MHz >"1 C41 

5~ ~~ ____ ~~~ 

RFOUTPUT M 
2450MHz...J C40 

50n 

C15 

-3dBl5On BPF 
2450MHz 

LFJ30-G3B2442B084 
muRalll 

RECEIVE 
ENABLE 

IF OUTPUT 

L:~~~~~~~----~--.--.• ~~~--~c&'1~·~~~~ 
...... R50 

~--+-~------~cq~ 
~~~==~-+-4CHI~(------<C~~~~ 

son 

C37 ::n HOMHz, HUn ;-r=: IF INPUT 

L---I!!IE;;;;:.;;.---n-t-

-3dBl5On BPF 
2450MHz 

LFJ30-03B2442B084 
muRalll 

TRANSMIT 
ENABLE 

FIGURE 3. SINGLE ENDED IF OUTPUT WITH 250n IF IMPEDANCE 
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Typical Application Circuits (Continued) 
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FIGURE 4. DIFFERENTIAL TO SINGLE ENDED IF OUTPUT TRANSLATION USING TRANSFORMER INTO 2500 
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Typical Application Circuits (Continued) 
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FIGURE 5. OPTIMIZED LAB EVALUATION CIRCUIT 

Typical Performance Curves 
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FIGURE 6. TRANSMIT PRE·AMP 1dB COMPRESSION FIGURE 7. TRANSMIT MIXER 1dB COMPRESSION 
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Typical Performance Curves (Continued) 
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FIGURE 8. PRE-AMPLIFIER ~1 LOG MAG 
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FIGURE 10. PRE-AMPUFIER S12 LOG MAG 
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FIGURE 12. LNA S11 LOG MAG 
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FIGURE 9. PRE-AMPLIFIER S21 LOG MAG 
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FIGURE 11. PRE·AMPLIFIER Sz2 LOG MAG 
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FIGURE 13. LNAS21 LOG MAG 
FORWARD GAIN 
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Typical Performance Curves (Continued) 
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FIGURE 14. LNA S12 LOG MAG 
REVERSE ISOLATION 
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FIGURE 16. TRANSMIT MIXER S22 LOG MAG 
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NOTE: TransmH mixer measured with Impedance Transform Net
work 2500 at device to 500 at the source. Refer to Rgure 5, pin 19. 

FIGURE 18. TRANSMrr MIXER CONVERSION 
GAIN va IF FREQUENCY SWEEP 
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FIGURE 15. LNA S22 LOG MAG 
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NOTE: Transmit mixer measured with Impedance Transform Net
work 2500 at device to SOO at the source. Refer to Figure 5, pin 19. 

FIGURE 17. TRANSMIT MIXER SI1 LOG MAG 
IF INPUT RETURN LOSS 
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FIGURE 19. RECEIVE MIXER S11 LOG MAG 
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Typical Performance Curves (Continued) 
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FIGURE 24. LOW NOISE AMPLIFIER GAIN va FREQUENCY 
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FIGURE 25. LOW NOISE AMPLIFIER IP3 va FREQUENCY 
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Typical Performance Curves (Continued) 
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FIGURE 27. PRE-AMPLIFIER GAIN VB FREQUENCY 
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FIGURE 28. PRE-AMPLIFIER RF OUTPUT 1 dB COMPRESSION FIGURE 29. RECEIVE MIXER GAIN VB RF FREQUENCY 
VB FREQUENCY FOR FIXED IF FREQUENCY 
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FIGURE 30. RECEIVE MIXER IP3 VB RF FREQUENCY 
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FIGURE 31. RECEIVE MIXER SSB NOISE FIGURE VB RF 
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Typical Performance Curves (Continued) 

-24.0 

.24.5 

·25.0 

·25.5 

TA .. 2S"c, LO_IN • -3dBm 

""" ,., 
1·28.0 
~ ~ 

~ 

~ 
r:~ 4.0Y, 5.5Y./. ~ 

~ ",--27.5 

-28.0 

·28.5 

·29.0 

~2.7V 
3.0Y 

2.02 2.07 2.12 2.17 2.22 2.27 2.32 
LO FREQUENCY (GHz) 

FIGURE 32. RECEIVE MIXER LO TO RF PORT LEAKAGE VB LO 
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NOTE: Transmit mixer measured with Impedance .Transform Net· 
work 2500 at device to 500 at the source. Refer to Figure 5, pin 19. 

FIGURE 34. TRANSMIT MIXER GAIN VB RF FREQUENCY 
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NOTE: Transmit mixer measured with Impedance Transform Net· 
work 2S00 at device to 500 at the source. Refer to Figure 5, pin 19. 

FIGURE 36. TRANSMIT MIXER SSB NOISE FIGURE 
ve RF FREQUENCY 
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FIGURE 33. RECEIVE MIXER LO TO IF PORT LEAKAGE vs LO 
FREQUENCY 
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NOTE: Transmit mixer measurad with Impedance Transform Net· 
work 2500 at device to SOO at the source. Refer to Figura 5, pin 19. 

FIGURE 35. TRANSMIT MIXER OUTPUT idB COMPRESSION 
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FIGURE 37. TRANSMIT MIXER LO TO RF PORT LEAKAGE 
VB LO FREQUENCY 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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FIGURE 49. RECEIVE MIXER IP3 va LO DRIVE 
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Typical Performance Curves (Continued) 
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FIGURE 50. RECEIVE MIXER SSB NOISE FIGURE vs LO DRIVE 
NOTE: Transmit mixer measured with Impedance Transform Net
work 250n at device to son at the source. Refer to Figure 5, pin 19. 
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FIGURE 51. TRANSMIT MIXER GAIN vs LO DRIVE 
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NOTE: Transmit mixer measured with Impedance Trensform Net· 
work 2500 at device to son at the source. Refer to Figure 5, pin 19. 

NOTE: TXM_IF Input matching network modified for each IF fre
quency as described in Table 1. 

FIGURE 52. TRANSMIT MIXER OUTPUT 1dB COMPRESSION FIGURE 53. TRANSMIT MIXER GAIN vs IF FREQUENCY 
vs LO DRIVE 

TABLE 1. TXM IF INPUT SOO TO 250n IMPEDANCE TRANSFORM CIRCUIT -
COMPONENT VALUES 

LO CAPACITORS IF BYPASS IFSHUNTC IFSERIESL 
IFFREQ C20,C28 C24, C21 C25 L4 

10MHz 5pF 0.111F 150pF 1.211H 

20MHz 5pF 0.02211F 68pF 680nH 

40MHz 5pF O.012I1F 33pF 330nH 

70MHz 5pF O.0068mF 18pF 180nH 

100MHz 7pF O.OO33mF 12pF 120nH 

200MHz 7pF 1000pF 3.9pF 68nH 

280MHz 10pF 470pF 1.5pF 47nH 

400MHz 10pF 330pF 0 33nH 

NOTE: Refer to Figure 5, pin 19. 
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Features 
• Integrates all IF Transmit and Receive Functions 

• BIUBd Frequency Range ••••••• 10MHz to 400MHz 

• IIQ Amplitude and Phase Balance •••••• O.2dB, 'Z' 
• 5th Order Programmable 

Low Pass Filter •••••••••••••••• 2.2MHz -17.6MHz 

• 400MHz UmlUng IF Gain Strip with RSSI •••• 84dB 

• Low LO Drive Level •••••••••••••••••••• -15dBm 

• Fast Transmit-Receive Switching •••••••••••• 11!8 

• Power Management/Standby Mode 

• Single Supply 2.7V to S.SV Operation 

Applications 
• Systems Targeting IEEE 802.11 Standard 

• TOO Quadrature-Modulated Communication 
Systems 

• Wlrel ... Local Area Networks 
.' PCMCIA Wireless Transceivers 

• ISM Systems 
• TDMA Packet Protocol Radios 

• PCSlWlreleas PBX 

• Wireless Local Loop 

Simplified Block Diagram 

LlMUN 

RSSI1 

PRISMTM and the PRISMTM logo are trademarks of Harris Corporation. 

--.-~ ... ))) .- I'C: • -;> ....... 

HFA3724 
400MHz Quadrature IF 

Modulator/Demodulator 

The Harris 2.4GHz PRISM'" chip set Is a 
highly integrated five..chip solution for RF 
modems employing Direct Sequence 

~ 
Description 

Spread Spectrum (DSSS) signaling. The 
HFA3724 400MHz Quedrature IF ModulatorlDemodulator Is one of the 
five chips in the PRISM'" chip set (see the Typical Application Diagram). 

The HFA3724 Is a highly integreted baseband converter for quedrature 
modulation applications. It featurea all the necessary blocks for baseband 
modulation and demodulation of I and Q signals. It has a two stage 
integrated IimHing IF amplifier with 84db of gain with a built in Receive 
Signal Strength Indicator (RSSI). Baseband antialiasing and shaping fil
ters are Integrated in the design. Four filter bandwidths are programmable 
via a two bH digHaI control Interface. In addition, these filters are continu
ously tunable over a ±20% frequency range via one external resistor. The 
modulator channel receives digital I and Q data for processing. To achieve 
broadband operation, the Local Oscillator frequency input is required to 
be twice the desired frequency of modulation/demodulation. A selectable 
buffered divide by 2 LO output and a stable reference voltage are provided 
for convenience of the user. The device is housed in a thin 80 lead TQFP 
package well suited for PCMCIA board applications. 

Ordering Information 
PART NUMBER TEMP. RANGE ("C) PACKAGE I PKG. NO. 

HFA37241N -4010 85 80 Ld TQFP I Q80.14x14 

HFA37241N96 -40 10 85 Tape end Reel 

CAUTION: These devices are sensl1fve to electrostatic dfSCharge. Users should follow proper IC HandNng Procedures. File Number 4067.4 
Copyright @Harrls Corporation 1997 
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Pinout 

L1M1_BYP+ 
L1MUN+ 
LIMUN-

L1M1_BYP
GND 
GND 
GND 
GND 

LPF_Vee 
2VREF 

LPF_BYP 
LPF_TXUN 

LPF_TXCUN 
LPF _RXCOUT 

LPF _RXQ_OUT 
LPF_SEL1 
LPF_SELO 

LPF_TUNE1 
LPF_TUNEO 

GND 

HFA3724 

80LEADTQFP 
TOP VIEW 

L1M2..RSSI 
RSSLRL2 
GND 
LIM2..0UT+ 
UM2..0UT
UM2..Vcc 
UM2..PE 
GND 
GND 
GND 
LO_GND 
MOD_IF_IN
MODIF_IN+ 
MOD_Vee 
MOD_LO_OUT 
MOD_Vee 
MODJ.O_IN 
MOD..RlLPE 
MOD_TlLIF_OUT 
MOD_TlLPE 



Block Diagram 

LPF _SEL1 --t------, 
LPF _SELO --1-----, 

LPF _RX I-r----...... ---, 
LPF_RXI+ 

LPF_RXQ+ 
LPF JlXQ-

MOD RX I-L~==1f==:::;-1 MOD.J!XI+ 

MOD_IFJN+ 
MDDJF_IN
UMa..OUT-
UM2..0UT+ 

NOTE: Vee. GND and Bypass capacitors not shown. 

HFA3724 

~I 
~I 
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Typical Application Diagram 

TYPICAL TRANSCEIVER APPUCATION USING THE HFA3724 

NOTE: Required for systems largeting 802.11 specifications. 

PRISM'" CHIP SET FILE '4063 

For additional information on the PRISMTM chip set, call 
(407) 724-7800 to access Harris' AnswerFAX system. When 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 

The four-digit file numbers are shown in Typical Application 
Diagram, and correspond to the appropriate circuit. 
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Typical Application Diagram (Targeting IEEE 802.11 Standard) 

... 
lOYOCOM 
TQS432 

~ 1--...... ----1 

560MHz 
yeo yeo (AUXILIARY) 

DUAL SYNTHESIZER 
HFA35241A 

TYPICAL APPLICATION DIAGRAM (TARGETING IEEE 802.11 STANDARD) 

NOTES: 

1. Input termination used to match a SAW filter. 

2. Typical bandpass filter for 280MHz. BW = 47MHz. a = 6. can also be used if desired after the second stage. 

3. Network shown for a typical -1OdBm Input at son. 
4. Output termination used to match a SAW filter. 

5. RrUNE value for a 7.7MHz cutoff frequency setting. 

680 
0.1 

ASSI 

11 ..., 

680 V 
TXQ 

13 UK 

6. LO buffer output termination Is needed only when the buffer Is enabled by pin 50 connected to GND. otherwise tie pin 46 to pin 47. 
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Pin Description 

PIN SYMBOL DESCRIPTION 

1 LIMCBYP+ DC feedback pin for Limiter amplifier 1. Requires good decoupllng and minimum wire length to a solid signal 
ground. 

2 LlMUn+ Non Irwertlng analog Input of Umlter amplifier 1. 

3 LIMUn- Irwertlng Input of Umlter amplifier 1. 

4 LIM1_BYP- DC feedback pin for Limiter amplifier 1. Requires good decoupllng and minimum wire length to a solid signal 
ground. 

5,6, GND Ground. Connect to a solid ground plane. 
7,8 

9 LPF_Vcc Supply pin for the Low pass filter. Use high quality decoupllng capacitors right at the pin. 

10 2VREF Stable 2V referenca IIOltege output for external applications. Loading must be higher than 10kn A bypass 
capacitor of at least 0.111F Is required. 

11 LPF_BYP Internal reference bypass pin. This Is the common voltage IY CM) used for the LPF digital thresholds. 
Requires 0.111F decoupllng capacitor. 

12 LPF_TXUn Low pass filter In phase (I) channel transmit input. Corwentlonal or attenuated direct coupling Is required 
for digital Inputs. (Note 7) 

13 LPF_TXCUn Low pass filter quadrature (0) channel transmit Input. Corwentional or attenuated direct coupling is required 
for digital Inputs. (Note 7) 

14 LPF _RXI_Out Low pass filter In phase (I) channel receive output. Requires AC coupling. (Note 8) 

15 LPF _RXO_Out Low pass filter quadrature (0) channel recaive output. Requires AC coupling. (Note 8) 

16 LPF_SeI1 Digital control input pins. Selects four programed cut off frequencies for both recaive and transmit channels. 

17 LPF_SeIO 
Tuning speed from one cutoff to another Is less than 1118. 
SEL1 SELO Cutoff Frequency SEL1 SELO Cutoff Frequency 
LO LO 2.2MHz HI LO 8.8MHz 
LO HI 4.4MHz HI HI 17.6MHz 

18 LPF_Tune1 These two pins are used to fine tune the Low pass filter cutoff frequency. A resistor connected between the 

19 LPF_TuneO 
two pins (RruNE) will fine tune both transmit and receive filters. Refer to the tuning equation In the LPF AC 
speCifications. 

20 GND Ground. Connect to a solid ground plane. 

21 LPF_RX..PE Digital Input control pin to enable the LPF receive mode of operation. Enable logic level Is High. 

22 LPF_TX...PE Digital input control pin to enable the LPF transmit mode of operation. Enable logic level Is High. 

23 LPF_TXO- Negative output of the transmit Low pass filter, quadrature channel. AC coupling is required. Normally 
connects to the inverting input of the quadrature Modulator (Mod3XO-), pin 40. 

24 LPF_TXO+ Positive output of the transmit Low pass filter, quadrature channel. AC coupling is required. Normally 
connects to the non Irwertlng Input of the quadrature Modulator (Mod_ TXO+), pln 39. 

25 LPF_TXI- Negative output of the transmit Low pass filter, In phase channel. AC coupling is required. Normally 
connects to the Inverting Input of the In phase Modulator (Mod_ TXI-), pin 38. 

26 LPF_TXI+ Positive output of the transmit Low pass filter, In phase channel. AC coupling is required. Normally connects 
to the non Irwertlng Input of the In phase Modulator (Mod_ TXI+), pin 37. 

27 LPF_RXQ- Low pass filter Inverting Input of the receive quadrature channel. AC coupling is required. This Input Is 
normally coupled to the negative output of the quadrature demodulator (Mod_RXO-), pin 36. 

28 LPF_RXO+ Low pass filter non Irwerting Input of the receive quadrature channel. AC coupling Is required. This Input Is 
normally coupled to the positive output of the quadrature demodulator (Mod_RXO+), pin 35. 

29 LPF_RXI- Low pass filter Irwertlng Input of the recalve In phase channel. AC coupling Is required. This Input is 
normally coupled to the negative output of the In phase demodulator (Mod_RXI-), pin 34. 
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Pin Description (Continued) 

PIN SYMBOL DESCRIPTION 

30 LPF_RXI+ Low pass filter non inverting input of the receive In phase channel. AC coupling Is required. This Input Is 
normally coupled to the positive output of the in phase demodulator (Mod_RXI-), pin 33. 

31,32 GND Ground. Connect to a solid ground plane. 

33 Mod_RXI+ In phase demodulator positive output. AC coupling Is required. Normally connects to the non inverting input 
of the Low pass filter (LPF _RXI+), pin 30. 

34 Mod_RXI- In phase demodulator negative output. AC coupling Is required. Normally connects to the Inverting Input of 
the Low pass filter (LPF _RXI-), pin 29. 

35 Mod_RXQ+ Quadrature demodulator positive output. AC coupling is required. Normally connects to the non Inverting 
Input of the Low pass filter (LPF _RXQ+), pin 28. 

36 Mod_RXQ- Quadrature demodulator negative output. AC coupling is required. Normally connects to the inverting input 
of the Low pass filter (LPF _RXQ+), pin 27. 

37 Mod_TXI+ In phase modulator non Inverting Input. AC coupling Is required. This input is normally coupled to the Low 
pass filter positive output (LPF _ TXI+), pin 26. 

38 Mod_TXI- In phase modulator inverting input. AC coupling Is required. This Input Is normally coupled to the Low pass 
filter negative output (LPF _ TXI-), pin 25. 

39 Mod_TXQ+ Quadreture modulator non inverting input. AC coupling Is required. This Input Is normally coupled to the 
Low pass filter positive output (LPF _ TXQ+), pin 24. 

40 Mod_TXQ- Quadrature modulator Inverting Input. AC coupling is required. This input is normally coupled to the Low 
pass filter negative output (LPF .;..TXQ-), pin 23. 

41 Mod_TX_PE Digital input control to enable the Modulator section. Enable logic level Is High for transmit. 

42 Mod_ TX_IF _Out Modulator open collector output, single ended. Termination resistor to Vee with a typical value of 31 an. 
43 Mod_RX_PE Digital input control to enable the demodulator section. Enable logic level Is High for receive. 

44 Mod_LO_ln Single ended local oscillator current input. Frequency of input signal must be twice the required modulator 
(2XLO) carrier and demodulator LO frequency. Input current is optimum at 200"~MS' Input matching networks 

and filters can be designed for a wide range of power and Impedances at this port. Typical Input Impedance 
Is 1300.This pin requires AC coupling. (Note 9) 
NOTE: High second harmonic content Input waveforms may degrede VQ phase accuracy. 

45 - Mo<CVcc ModulatorlDemodulator supply pin. Use high quality decoupllng capacitors right at the pin. 

46 Mod_LO_Out Divide by 2 buffered output reference from "Mod_LO_in" Input. Used for external applications where the 
modulating and demodulating carrier reference frequency is required. 500 single end driving capablllty.Thls 
output can be disabled by use of pin 50. AC coupling is required, otherwise tie to pin 47 (Vee). 

47 Mod_Vee Modulator/Demodulator supply pin. Use high quality decoupllng capacitors right at the pin. 

48 Mod_IF_ln+ Demodulator non Inverting Input. Requires AC coupling. 

49 Mod_IF In- Demodulator inverting input. Requires AC coupling. 

50 LO_GND When grounded, this pin enables the LO buffer (Mod_LO_Out). When open (NC) It disables the LO buffer. 

51,52, GND Ground. Connect to a solid ground plane. 
53 

54 LIM2_PE Digital Input control to enable the limiter amplifier 2. Enable logic level is High. 

55 L1M2..Vcc Limiter amplifier 2 supply pin. Use high quality decoupling capacitors right at the pin. 

56 L1M2_0ut- Positive output of limiter amplifier 2. Requires AC coupling. 

57 L1M2_0ut+ Negative output of limiter amplifier 2. Requires AC coupling. 

58 GND Ground. Connect to a solid ground plane. 
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Pin Description (Continued) 

PIN SYMBOL DESCRIPTION 

59 RSSI_RL2 Load resistor to ground. Nominal value is 6kn This load is used to terminate the LIM RSSI current output 
and maintain temperature and process variation to a minimum. 

60 LlM2_RSSI Current output of RSSI for the limiter amplifier 2. Connect in parallel with the RSSI output of the amplifier 
limiter 1 for cascaded response. 

61 LlM2_BYP+ DC feedback pin for Umiter amplifier 2. Requires good decoupllng and minimum wire length to a solid signal 
ground. 

62 LlM2_ln+ Non inverting analog Input of Limiter amplifier 2. 

63 LIM2.Jn- Inverting Input of Urnller amplifier 2. 

64 LlM2..BYP- DC feedback pin for Limiter amplifier 2. Requires good decoupllng and minimum wire length to a solid signal 
ground. 

65,66, GND Ground. Connect to a solid ground plane. 
67,68, 
69,70, 
71,72, 

73 

74 LIM1_PE Digital input control to enable the limiter amplifier 1. Enable logic level is High. 

75 LIMCVcc Limiter amplifier 1 supply pin. \,Ise high quality decoupling capacitors right at the pin. 

76 LIM1_0ut- Negative output of limiter amplifier 1. Requires AC coupling. 

77 LlMl_0ut+ Positive output of limiter amplifier 1. Requires AC coupling. 

78 GND Ground. Connect to a solid ground plane. 

79 RSSI_RLl Load resistor to ground. Nominal value is 6kn This load Is used to terminate the LIM RSSI current output 
and maintain temperature and process variation to a minimum. 

80 LIM1_RSSI Current output of RSSI for the limiter amplifier 1. Connect in parallel with the RSSI output of the amplifier 
limiter 2 for cascaded response. 

NOTES: 

7. The HFA3724 generates a lower sideband signal when the "I" input leads the "0" input by 90 degrees. 

8. For a reference LO frequency higher than a CW IF signal input, the "I" channel leeds the "0" channel by 90 degrees. 

9. The In-phase reference LO transitions occur at the rising edges of the 2XLO clock signal. Quadrature LO transitions occur at the failing 
edges. 180 degrees phase ambiguity is expected for carrier locked systems without differential encoding. 

TABLE 1. POWER MANAGEMENT 

TRANSMIT RECEIVE POWER DOWN 

LIMCPE 0 1 0 

LIM2..PE 0 1 0 

LPF_RX..PE 0 1 0 

MOD_RlLPE 0 1 0 

MOD_TlLPE 1 0 0 

LPF_TlLPE 1 0 0 
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Absolute Maximum Ratings 
Supply Voltage .•.•.........•••.••.••.....••• -0.3V to +6.0V 
Voltage on Any Other Pin ..........•.•..... -0.3V to Vee +0.3V 

Thermal Information 
Thermal Resistance (Typical. Note 10) 

TaFP Package ........................... . 
Package Power Dissipation at 70°C 

TaFP Package ................................... 1.1W 
Operating Conditions Maximum Junction Temperature (Plastic Package ......... 150°C 

Supply Voltage Range •..•......••..•.••..... +2.7V to +5.5V 
Temperature Range .............•...•.•..• -40°C S TA S B50C 

Maximum Storage Temperature Range ...... _65°C S TA S 150°C 
Maximum Lead Temperature (Soldering 10s) .....••...... 300°C 

( TaFP - Lead Tips Only) 

CAUTION: Stresses above those listed In "Absolute MBXlmum Ratings" may cause permanent damage to the device. This Is a stress only mUng and opemtlon 
of the device at these or any other conditions above those indicated in the opemtlonsl sections of this specification Is not implied. 

NOTE: 

10. BJA Is measured with the component mounted on an evaluation PC board in free air. 

DC Electrical Specifications vee = 2.7V to 5.5V. Unless Otherwise Specified 

(NOTE 11) 
TEST TEMP 

PARAMETER SYMBOL LEVEL rC) MIN TYP MAX UNITS 

Total Supply Current. RX Mode at 5.5V RXlee A Full - 70 105 rnA 

Total Supply Current. TX Mode at 5.5V TXlee A Full - 60 BO rnA 

Shutdown Current at 5.5V leCOFF A Full - O.B 2.0 rnA 

All Digital Inputs VIH (TTL Threshold for All Veel VIH A Full 2.0 Vee V 

All DigHallnputs VIL (TTL Threshold for All Vee) VIL A Full -0.2 O.B V 

High Level Input Current at 2.7V Vee. VIN = 2.4V IIHI A 25 - - BO JlA 
High Level Input Current at 5.5V Vee. VIN = 4.0V IIHh A 25 - - 400 JlA 
Low Level Input Current. VIN = O.BV IlL A 25 -20 +20 JlA 
RX to TXfTX to RX SwHching Speed (Figure 23) PEt B 25 - 2 - J1S 

Power DownlUp Switching Speed (Figure 23) PEtpd B 25 - 10 - J1S 

Reference Voltage VREF A Full 1.B7 2.0 2.13 V 

Reference Voltage Variation Over Temperature VREFT B 25 - BOO - IlVf'JC 

Reference Voltage Variation Over Supply Voltage VREFV B 25 - 1.6 - mVN 

Reference Voltage Minimum Load Resistance VREFRL C 25 10 - - kO 

NOTE: 

11. A = Production Tested. B = Based on Characterization. C = By Design 

AC Electrical Specifications, Demodulator Performance Application Targeting IEEE B02.11. Vee = 3V. Figure 23 
Unless Otherwise Specified 

(NOTE 12) 
TEST TEMP 

PARAMETER SYMBOL LEVEL rC) MIN TYP MAX UNITS 

IF Demodulator 3dB Umlting SensitlvHy (Note 13) D3db B 25 - -B4 - dBm 

IF Demodulator I and a Outputs Voltage Swing Dlasw A Full 350 500 700 mVp_p 

IF Demodulator I and a Channels Output Drive capability Doutz C 25 1.2 2 - kO 
(ZooT = 500) CMAX = 10pF 

IF Demodulator I/a Amplnude Balance. IRn = -70dbm at 500 Dabal A Full -1.0 0 +1.0 dB 

IF Demodulator I/a Phase Balance. IFln = -70dbm at 500 Dphbal A Full -4.0 0 +4.0 Degrees 

IF Demodulator Output Variation at -7Odbm to Odbm Input Dovar A Full -0.5 0 +0.5 dB 

IF Demodulator RSSI Noise Induced Offset Voltage (Note 14) Orssio B 25 - 5BO - mVoc 

IF Demodulator RSSI Voltage Output Slope (Note 15) Orssls B 25 - 15 - mV/dB 
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AC Electrical Specifications, Demodulator Performance Application Targeting IEEE 802.11, Vee = 3V, Agure 23 
Unless Otherwise Specified (Continued) 

(NOTE 12) 
TEST TEMP 

PARAMETER SYMBOL LEVEL (OC) MIN TVP MAX UNITS 

IF Demodulator RSSI DC Level, Pin = -30dBm (Note 15) Drssi_30 A Full 1.13 1.46 1.71 Voc 

IF Demodulator RSSI DC Level, Pin = -70dBm (Note 15) Drssi]O A Full 0.57 0.86 0.99 Voc 

IF Demodulator RSSI Linear DynamiC Range (Note 16) Drssidr B 25 - 60 - dB 

IF Demodulator RSSI Rise and Fall TIme from -3OdBm to Drssitr B 25 - 0.3 - j1S 
-5OdBm Input at 100pF Load 

NOTES: 

12. A = Production Tested, B = Based on Characterization, C = By Design 

13. 2XLO input = 572MHz, measure IF Input level required to drop the I and 0 output at 6MHz by 3dB from a reference output generated at 
IF input = -30dBm (hard limiting). LPF selected for 8.8MHz. This is a noise limited case with a BW of 47MHz. Please refer to the Overall 
Device Description,lF limiter. 

14. The residual DC voltage generated by the RSSI circuit due to a noise limited stage at the end of the chain with no IF Input. IF port 
terminated into 50n. Please referred to the Overall Device Description, IF limiter. 

15. Both limiter RSSI current outputs are summed by on chip 61<0 resistors in parallel. 

16. Range Is defined where the Indicated received input strength by the RSSI is ±3dBm accurate. 

AC Electrical Specifications, Modulator Performance Application Targeting IEEE 802.11, V cc = 3V, Figure 23 

Unless Otherwise Specified 

(NOTE 17) 
TEST TEMP 

PARAMETER SYMBOL LEVEL (DC) MIN TVP MAX 

IF Modulator 1/0 Amplitude Balance (Note 18) Mabal B 25 -1.0 0 +1.0 

IF Modulator VO Phase Balance (Note 18) Mphbal B 25 -4.0 0 +4.0 

IF modulator SSB Output Power (Note 19) Mssbpw A Full -12 -7 -4 

IF Modulator Side Band Suppression (Note 19) Mssbss A Full 26 33 -
IF Mod carrier Suppression (LO Buffer Enabled) (Note 19) Mssbcs A Full 28 30 -
IF Mod carrier Suppression (LO Buffer Disabled) (Note 19) Mssbcsl B 25 28 36 -
IF Modulator Output Noise Floor (Out of Band) MoutnO B 25 -132 -
IF Modulator VO 3dB Cutoff SELOII = 2.2MHz (Note 20) Msel1f A Full 1.8 2.2 2.5 

IF Modulator VO 3dB Cutoff SELOII = 4.4MHz (Note 20) Msel2f A Full 3.6 4.4 5.0 

IF Modulator 1/0 3dB Cutoff SELOII = 8.8MHz (Note 20) Msel3f A Full 7.3 8.8 9.8 

IF Modulator 1/0 3dB Cutoff SELOII = 17.6MHz (Note 20) Msel4f A Full 14.6 17.6 19.6 

IF Modulator Spread Spectrum Output Power (Note 21) Mdsspw B 25 -12 -7 -4 

IF Modulator Side Lobe to Main Lobe Ratio, LPF = 8.8MHz Mdsssl A Full 32 35 -
(Note 21) 

NOTES: 

17. A = Production Tested, B = Based on Characterization, C = By Design 

UNITS 

dB 

Degrees 

dBm 

dBc 

dBc 

dBc 

dBmlHz 

MHz 

MHz 

MHz 

MHz 

dBm 

dB 

18. Data is characterized by DC levels applied to MOD TXI and 0 pins for 4 quadrants with LO output as reference or Indirectly by the SSB 
characteristics. 

19. Power at the fundamental SSB frequency of two 6MHz, 90 degrees apart square waves applied at TXI and TXO inputs. V1H = 3.0V, 
V1L = 0.5V. LPF selected to 8.8MHz cutoff. 

20. Cutoff frequencies are specified for both modulator and demodulator as the filter bank Is shared and multiplexed for Transmit and Re
ceive. Data Is characterized by observing the attenuation of the fundamental of a square wave digital Input swept at each channel sep
arately. The IF output Is down converted by an extemal wideband mixer with a coherent LO Input for each of quadrature signals 
separately. 

21. Typical ratio characterization with RTUNE set to 7.7MHz, LPF selected for 8.8MHz. TXI and TXO Digital Inputs at two independent and 
aligned 11 M chlp/s, ~3_1 sequence code signals. 
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Typical Performance Curves, Demodulator (See Figure 23 Test Diagram) 
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Typical Performance Curves, Demodulator (See Figure 23 Test Diagram) (Continued) 
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Typical Performance Curves, Modulator (See Figure 23 Test Diagram) 
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FIGURE 13. TYPICAL SSB MODULATOR RESPONSE (NOTE 3 ON 
AC ELECTRICAL SPECIFICATIONS, MODULATOR 
PERFORMANCE TABLE, LO BUFFER ENABLED) 
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FIGURE 15. MODULATOR SSB SIDE BAND SUPPRESSION 
VARIATION va Vce AND TEMPERATURE 
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FIGURE 17. MODULATOR LO OUTPUT POWER (FUNDAMEN

TAL) va Vee AND TEMPERATURE 

3-54 



HFA3724 

Typical Performance Curves, Modulator (See Figure 23 Test Diagram) (Continued) 
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FIGURE 18. TYPICAL MODULATOR ItQ 3dB CUTOFF FRE· 
QUENCY CURVES 
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FIGURE 20. LPF CUTOFF FREQUENCYvs TEMPERATURE 
AND Vee (NOTE 4 ON AC ELECTRICAL SPECIFI· 
CATIONS, MODULATOR PERFORMANCE TABLE) 
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FIGURE 19. LPF CUTOFF FREQUENCY vs RTUNE, Vee = 3V, 
TA = 25°C 
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FIGURE 21. TYPICAL MODULATOR SPREAD SPECTRUM OUT· 
PUT 11M CHIPS/s, QPSK. ~UNE TO 7.7MHz, 
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FIGURE 22. TYPICAL MODULATOR SPREAD SPECTRUM OUTPUT WITH RroNE TO +20% OF 4.4MHz SETTING 
FOR ILLUSTRATION PURPOSES ONLY 
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Test Diagram (280MHz IF) 
vee 

0.1 

~ 
(NOTE 22) 

IF IN ;100.;·' r5a 

RSSI 

Design Information HFA3724 

Vee 

TABLE 2. POWER MANAGEMENT 

TRANSMIT RECEIVE POWER DOWN 

LlMCPE 0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

FIGURE 23. TEST DIAGJ;lAM (280MHz IF) 

NOTES: 

14°.001 RXLOUT 

11....z...PROBE 

" ...... _2VREF 

VO.1 

12 UK TXI 

TXQ 

...... _ ... 13 UK 50 

22. Input termination used to provide a 500 Impedance. Limiter Noise Figure .. 9dB for this configuration. 

23. Bandpass filter for 280MHz. BW = 47MHz. a = 6. 

24. Network shown for a typical ·1OdBm Input at 500. 

25. Matching network from 2500 to 500 at 280MHz. 

26. Attenuator is optional If TTL driver can drive 500. 
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Overall Device Description 
The HFA3724 is a highly integrated baseband converter for 
half duplex wireless data applications. It features all the 
necessary blocks for baseband modulation and 
demodulation of "I" and "0- quadrature multiplexing signals. 
It targets applications using all phase shift types of 
modulation (PSK) due to its hard limiting receiving front end. 
Four fully independent blocks adds flexibility for numerous 
applications covering a wide range of IF frequencies. A 
differential design architecture, device pin out and layout 
have been chosen to improve system RF properties like 
common mode signal Immunity (noise, crosstalk), reduce 
relevant parasitics and settling times and optimize dynamic 
range for low power requirements. Single power supply 
requirements from 2.7Voc to S.SVoc makes the HFA3724 a 
good choice for portable transceiver designs. 

The HFA3724 has a two stage integrated limiting IF amplifier 
with frequency response to 400MHz. These amplifiers 
exhibit a -84dbm, -3db cascaded limiting sensitivity with a 
built In Receive Signal Strength Indicator (RSSI) covering 
60db of dynamic range with excellent linearity. An up conver
sion and down conversion pair of quadrature doubly bal
anced mixers are available for "I" and "C" baseband IF 
processing. These converters are driven by an internal 
quadrature LO generator which exhibits a broadband 
response with excellent quadrature properties. To achieve 
broadband operation, the Local Oscillator frequency input is 
required to be twice the desired frequency for modulation! 
demodulation. Duty cycle and signal purity requirements for 
the 2X LO input using this type of quadrature architecture 
are less restrictive for the HFA3724. Ground reference input 
signals as low as -1SdBm and frequencies up to 900MHz 
(2XLO) can be used and tailored by the user. A buffered, 
divide by 2, LO single ended SOO selectable output is pro
vided for convenience of PLL designs. The receive channel 
mixers "I" and "C" quadrature outputs have a frequency 
response up to 30MHz for baseband signals and the trans
mit mixers are summed and amplified to a single ended 
open collector output with frequency response up to 
400MHz. 

Multiplexed or half duplex baseband Sth order Butterworth 
low pass filters are also included in the design. The "I" and 
"0- filters address applications requiring low pass and 
antialiasing filtering for external baseband threshold 
comparison or simple analog to digital conversion in the 
receive channel. During transmission, the filter is used for 
pulse shaping or control of spectral mask. 

Four filter bandwidths are programmable, (2.2MHz, 4.4MHz, 
8.8MHz and 17.6MHz) via a two bit digital or hardwired con
trol interface. These cut off frequencies are selected for opti
mization of spectrum output responses for 2.2SM, S.SM, 
11 M and 22M chips/sec respectively for spread spectrum 
applications (These rates can also be interpreted as symbol 
rates for'conventional data transmission). External process
ing correlators in the receive channel as in the Harris 
HSP3824 baseband converter, will bring the demodulation 
to lower effective data rates. As an example, the use of 11 M 
chips/sec, 11 chip Barker code using the 8.8MHz low pass 

filter in a CPSK type of modulation scheme will bring a post 
processed effective data rate to 1 M symboVsec or 2M bits! 
sec. Likewise, the use of a 2.4M chips/sec, 16 chip spread
ing code and the use of 2.2MHz filter can process an effec
tive data rate of 1S0K symbols/sec or 300K bits/sec. In 
addition, these filters are continuously tunable over a ±20% 
frequency range via one external resistor. This feature gives 
the user the ability to reshape the spectrum of a transmitted 
signal at the antenna port which takes into account any 
spectral regrowth along the transmitter chain. The modulator 
"I" and "C" filter inputs accept digital signal levels data for 
modulation and their phase and gain characteristics, includ
ing I I C matching and group delay are well suitable for reli
able data transmission. In the Receive mode and over the 
full input limiting dynamic range, both low pass filters outputs 
swing a SOOmVp_p baseband signal. 

Each block has its own independent power enable control for 
power management and half duplex transmiVreceive opera
tion. A stable 2V DC output and a buffered band gap refer
ence voltage are also provided for an external analog to 
digital conversion reference. 

Detailed Description 
(Refer to Block Diagram) 

IF Limiter 

Two independent limiting amplifiers are available in the 
HFA3724. Each one exhibits a broadband response to 
400MHz with 4SdB of gain. The low frequency response is 
limited by external components because the device has no 
internal coupling capacitors. The differential limiting output 
swing with a SOOO load is typically 200mVp_p at the 
fundamental frequency and is temperature stable. 

Both amplifiers are very stable within their passband and the 
cascaded performance also exhibits very good stability for 
any input source impedance. Wide bandwidth SAW filters for 
spread spectrum applications or any desired source 
impedance filter implementation can be used for IF filtering 
before the cascaded amplifiers. The stability is remarkable 
for such an integrated solution. In fact, in many applications 
it is possible to remove the bypass pin capacitors with no 
degradation in stability. The cascaded -1 dB and -3dB input 
limiting sensitivity have been characterized as -79dbm and 
84dbm respectively, for a SOO single ended input at 280MHz 
and with a 47MHz bandwidth interstage bandpass LC filter 
(refer to Figure 23, Test Diagram). The input sensitivity is 
determined to a large extent by the bandwidth of the inter
stage filter and input source impedance. 

The noise figure for each stage has been characterized at 
6dB for a 2S00 single end input impedance and 9dB for a 
SOO input impedance. These low noise figures combined 
with their high gain, eliminate the need for additional IF gain 
components. The use of interstage bandpass filtering is sug
gested to decrease the noise bandwidth of the signal driving 
the second stage. Excessive broadband noise energy 
amplified by the first stage will force the last limiting stage to 
lose some of its effective gain or "limit on the noise". The use 
of interstage filters with narrower bandwidths will further 
improve the sensitivity of the cascaded limiter chain. 
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The amplifier differential output impedance is 1400 (700 
single ended) which gives the user, the ability to design 
simple wide or narrow LC bandwidth Interstage filters, or 
tailor a desired cascaded gain by using differential 
attenuators. The filter can be designed with a desired "Q" by 
using the following relationship: 0 = RpI)(; where Rp Is the 
parallel combination of 1400 source resistance and the load 
(approximately 5000 when USing 5600 termination as in 
Figure 23, Test Diagram), and X is the reactance of either L 
or C at the desired center frequency. 

Another independent feature of the limiting amplifier is its 
Receive Signal Strength Indicator (RSSI). A Log-Amp 
design was developed which resulted in a current output 
proportional to the input power. The RSSI output voltage Is 
set by summing the two stages output currents, which are 
full wave rectified signals, to a common resistor to ground. 
This full wave rectified voltage can then be converted to DC 
by the use of a filter capaCitor in parallel with the resistor 
(The larger the capacitor value, the less the AC ripple with 
the expense of longer RSSI settling times). This 
arrangement gives the user the flexibility to set the dynamic 
voltage swing to any desired level by an appropriate 
resistance choice. Each stage has an available on chip 6KC 
low temperature coefficient resistor to ground for current 
output termination that can be used for convenience. The 
RSSI gives a ±3dBm accurate indication of the receive input 
power. This accuracy Is across a 60dB input dynamic range. 
The cascaded HFA3724 RSSI slope is of 5.0I1AldB. 

Quadrature Down Converter 

The quadrature down converter mixers are based in a 
Gilbert cell design. The input signal Is routed to both mixers 
in parallel. With full balanced differential architecture, these 
mixElrs are driven by an accurate internal Local Oscillator 
(LO) chain as described later. Phase and gain accuracy of 
the output baseband signals are excellent and are a function 
of the combination of LO accuracy, balanced device design 
and layout characteristics. Mainly used for down conversion, 
its input frequency response exceeds 400MHz with a 
differential voltage gain of 2.5. With a differential input 
impedance of 1 KC, the input compression point exceeds 
2Vp.p, which makes it suitable for use with the hard limiting 
output from the limiter amplifier chain or any low power 
external AGC application. The output frequency response is 
limited to 30M Hz for "I" and "0" baseband signals driving a 
4KC differential load. 

The HFA3724 down conversion mixers can generate two 
1 OM Hz, 90° apart signals, with the use of proper low pass 
filtering, and exhibits ±4° and ±O.5dB of phase and 
amplitude match for a input CW IF signal of 400MHz and a 
2XLO input of 780MHz. 

LO Quadrature Generator 

The In Phase and Ouadrature reference signals are 
generated by a divide by two chain internal to the device 
which drives both the up and down conversion mixers. With 
a fully balanced approach, the phase relationship between 
the two quadrature signals is within 90° ±40 for a wide 10 to 

400MHz frequency range. The reference signal input 
frequency needs to be twice the desired Internal reference 
frequency. The ground referenced 2XLO Input Is current 
driven, which makes the input power requirement a function 
of external components that can be calculated assuming the 
input impedance of 130n A typical Input current Value of 
200IlARMS is the only requirement for reliable LO generation. 
Figure 25 shows a typical 2XLO input network. 

Divide by two flip flop architectures for LO generation often 
require tight control of signal purity or duty cycles. The 
HFA3724 has an intemal duty cycle compensation scheme 
which eases the requirements of tight controlled duty cycles. 

In addition, a 500 LO buffer is available to the user for PLI.~s 
design reference. It substitutes a divide by two prescaler 
needed to bring the 2X LO frequency reference down. It is 
capable to drive 100mVp_p Into 500 and its frequency 
response is from 10MHz to 400MHz corresponding to a 
2XLO Input frequency response of 20MHz to 800M Hz. The 
LO buffer can be disabled by removing the ground 
connection to the pin LO GND. The quadrature generator Is 
always enabled for either transmit or receive modes. 

~ r: 47p 220 - : : I RMS = 2OO11A 

5CKl ~58 44 ~EQUIVALENT 
~. v130n 

........ 
FIGURE 25. MOD LO IN (2XLO) EQUIVALENT CIRCUIT 

Quadrature Up Converter 

The Ouadrature up converter mixers are also based on a 
doubly balanced Gilbert Cell design. "I" and "00 Up converter 
signals are summed and buffered together through a single 
end open collector stage. As with the demodulators, both 
modulator mixers are driven from the same quadrature LO 
generator. It features a ±4° and O.5dB of phase and 
amplitude balance up to 400MHz which are reflected into Its 
SSB characteristics. For "I" and "0- differential inputs of 
500mVp_p, goO apart, the carrier feedthrough or LO leakage 
is typical -30dBc Into 2500 with a sideband suppression of 
minimllm 26dBc at 400MHz. Carrier feedthrough can be fur
ther improved by disabling the LO output port (please refer to 
pin#50 description) or using a DC bias network as in Figure 
26. Featuring an output compression level of 1 Vp_p , the 
modulator output can generate a CW signal of typical -
10dbm into 2500 (158mVRMS) when differential DC inputs of 
500mVp_p (equivalent to applying ±125mV ground refer
enced levels from the DC bias quiescent point of the device 
input) are applied to both "I" and "0- inputs. Four quadrant 
phase shifts of the carrier output, like In Vector Modulator 
applications, can be set by proper choice of "I" and "Q" DC 
differential inputs, such that the square root of the sum of the 
squares of I and 0 Is constant. 

Although specified to drive a 2500 load, the HFA3724 
modulator open collector output enables user designed 
output matching networks to suit any application interface. 
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The nominal AC current capability of this port is of 
1.3mARMS, which is shared between the termination resistor 
and the load for I and Q differential DC inputs of SOOmVp_p 
as explained above. (Use 70.7% of this AC capability for I 
and Q quadrature signals in case of SSB generation). 

!1K!1K 1K 1K II~ 1- a:" 
FIGURE 26. CARRIER NULL BIASING 

Programmable Low Pass Filters 

These filters are implemented using a Sth order Butterworth 
architecture. They are multiplexed, i.e., the same filter bank 
is used for both transmit and receive modes. 

The filter block, in the transmit mode is set to accept digital 
(TTL threshold) input data for "I" and "Q" signals and is 
programmable with 4 frequency cutoffs: (2.2MHz, 4.4MHz, 
B.BMHz and 17.BMHz). Digital control pins are used to 
switch all programmed cutoff modes. The user can design a 
multi data rate transceiver or simply hardwire these inputs. 
An external resistor is used to fine tune the cut off 
frequencies for each setting within ~O% of the nominal 
value. This feature is often needed to fulfill requirements of 
spectral mask compliance at the antenna output. 

The "I" and -0" filter matching is within 2° for phase and 
0.25dB for amplitude at the passband. Group delay character
istics follow closely a theoretical Sth order Butterworth design. 

When in the receive mode, tha filters exhibit a OdB of gain 
with differential inputs and single ended outputs. 

In the transmit mode, the digital ground referenced "I" and 
"00 input signals are level shifted, shaped and buffered with 
constant driving differential outputs of S50mVp_p . 

Baseband Digital Interfacing 

Special precautions must be taken when interfacing the 
HFA3724 to a digital baseband processor: Large TTL signal 
swings, overshoots and current spikes, must be carefully 
considered when dealing with the generation of analog 
spread spectrum signals which are relatively much smaller in 
energy per bandwidth. 

In order to avoid distortion or spurious tones on the analog 
transmit path, it may be necessary to decrease and/or limit 
digital excursions as much as possible without 
compromising the specifications. Figure 27 shows a 
simplified block diagram of the Transmit digital inputs. 

FIGURE 27. SIMPUFIED BLOCK DIAGRAM OF THE TRANSMIT 
DIGITAL INPUTS 

Because of the input comparators high gain, a small over
drive of about ±1S0mV from the reference level of 1.2SV is 
all what is needed to reliably switch and level shift the "I" and 
-0" digital Signals. An external attenuator comprising of R1 
and R2 with termination in the available 1.2SV reference 
voltage pin (LPF BYP) can be calculated based on expected 
V1H and V1L inputs from a digital interface. Capacitive 
coupling must be avoided which could affect rise and fali 
times needed for proper overdrive speed of the comparators. 
Limiting the digital excursion on those pins greatly reduce 
the possibility of signal corruption at the transmit chain. 

Coupling Capacitors 

Capacitor coupling is used to tie all HFA3724 blocks together. 
Special bias is used to maintain the DC levels on both ends of 
coupling pins (capacitors) when the device Is changes from 
Transmitter to a Recaiver and vice versa. The capacitance val
ues must be chosen as a compromise to maintain proper fre
quency response and settling times (when the device is 
brought up from sleep mode or power down). 

3-S9 



Design Information HFA3724 

AC Electrical Specifications, IF Limiter, Single Stage Individual Performance Full Supply Range, TA = 250 C 

(NOTE 27) 
PARAMETER SYMBOL TEST LEVEL MIN TYP MAX UNITS 

IF Frequency Range (Min Limited by Bypass Capacitors) IFf A - - 400 MHz 

IF Voltage Gain IFvG A 39 45 dB 

IF Amp. Noise Figure at 250n Source Input IFNF B - - 7 dB 

Maximum IF Input, Single Ended IFlnmax B - - 500 mVp•p 

IF Differential Limiting Output (1 st Harmonic at soon IFVpp A 160 200 260 mVp.p 
Load) 

IF Voltage Output Variation at -4OdBm to -1 OdBm Input IFVppl A -0.5 - +0.5 dB 
Range, soon Load 

RSSI Slope, Current Output IFRSSlsl B 5.7 - IIAIdB 

RSSI Slope, Voltage Output at 6K Load IFRSSlv A 25 34 45 mVldB 

RSSI Output Voltage Compliance IFRSSlvc B - - Vee- V 
0.7 

RSSI DC Offset and Noise Induced Voltage at6K Load IFRSSlof A 200 400 600 mV 

RSSI Absolute Accuracy, VIN = -40dBm IFRSSla A -10 - +10 % 

RSSI Rise and Fall TIme at50pF Load (-2OdBm to -4OdBm IFRSSlt B - - 1 118 
Input) 

NOTE: 

27. A = Production Tested, B = Based on Characterlzstion, C" By Design 

TABLE 3. IF UMITER S11, 822 PARAMETER 

FREQUENCY SII (SINGLE ENDED) S22 (DIFFERENTIAL) 

50MHz 0.96 -4.00 0.45 

l00MHz 0.95 _8.00 0.45 

200MHz 0.91 _17.00 0.47 

300MHz 0.84 -26.00 0.50 

400MHz 0.80 -33.00 0.53 

AC Electrical Specifications, I/Q Down Converter Individual Performance Full Supply Range, 
TA =25°C 

(NOTE 28) 
PARAMETER SYMBOL TEST LEVEL MIN TYP 

Quadrature Demodulator Input Frequency Range QDf B 10 -
Demodulator Beseband VQ Frequency Range QDIQf C - -
Demodulator Voltage Gain at Frequency Range QDg A 6 8 

Demodulator Differential Input Resistance Orin C - I 

Demodulator Differential Input Capacitance Dcln C - 0.5 

3-60 

0.00 

3.00 

7.00 

9.00 

10.00 

MAX UNITS 

400 MHz 

30 MHz 

9 dB 
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AC Electrical Specifications, I/Q Down Converter Individual Performance Full Supply Range, 
TA = 25°C (Continued) 

(NOTE 28) 
PARAMETER SYMBOL TEST LEVEL MIN TYP MAX UNITS 

Demodulator Differential Output Level at 4K Load, QDdo A 400 500 560 mVp_p 
Input = 200mVp_p 

Demodulator Amplitude Balance QDab A -0.5 - 0.5 dB 

Demodulator Phase Balance at 200M Hz QDpb A -1.85 - 1.85 Degrees 

Demodulator Phase Balance at 400MHz QDPbl B -4 - 4 Degrees 

Demodulator Output Compression Voltage at 4K Load QDoc B - 1.25 - Vp_p 

NOTE: 

28. A = Production Tested, B = Based on Characterization, C = By Design 

AC Electrical Specifications, I/Q Up Converter and LO Individual Performance Full Supply Range, TA = 25°C 

(NOTE 29) 
PARAMETER SYMBOL TEST LEVEL MIN TYP MAX UNITS 

2XLO Input Frequency Range (2 X Input Range) LOin! B 20 - 800 MHz 

2XLO Input Current Range LOinz C 50 200 300 f1ARMS 

2XLO Input Impedance LOz C - 130 - 0 

Buffered LO Output Voltage, Single Ended BLOout A 80 100 - mVp_p 

Buffered LO Output Impedance BLOoutZ C - 50 - 0 

Quadrature IF Modulator Output Frequency Range QMLOf B 10 - 400 MHz 

IF Modulator I/Q Input Frequency Range QMIQf C - - 30 MHz 

IF Modulator Differentiall/Q Max Input Voltage QMdi C - 2.25 Vp_p 

IF Modulator Dlfferentiall/Q Input Impedance QMIQdz C - 4 kCl 

IF Modulator Differential Input capacitance Mein C - 0.5 - pF 

IF Modulator 110 Amplitude Balance QMIQac A -0.5 - 0.5 dB 

IF Modulator I/Q Phase Balance at 200MHz QMIQpac A -2 - 2 Degrees 

IF Modulator I/Q Phase Balance at 400MHz QMIQpl B -4 - 4 Degrees 

IF Modulator Output at SSB Into 500, I and Q, 500mVp_p QMIFo A -22 - -10.0 dBm 

I F Modulator carrier Suppression (LO Buffer Enabled) QMCs A 28 30 - dBc 

IF Modulator carrier Suppression (LO Buffer Disabled) QMCsl A 28 36 - dBc 

IF Modulator SSB Sideband Suppression at 200MHz QMSSBs A 28 - - dBc 

IF Modulator SSB Sideband Suppression at 400MHz QMSSBs B 26 - - dBc 

IF Output Level Compression Point QMIFPl C - 1.0 - Vp_p 

IF Modulator Interrnodulation Suppression QMIMsup B 26 - - dBc 

NOTE: 

29. A = Production Tested, B = Based on Characterization, C = By Design 
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TABLE 4. QUADRATURE MODULATOR S22 PARAMETER 

FREQUENCY S22 

50MHz 0.99 _2.8° 

100MHz 0.98 _6.5° 

200MHz 0.96 -12.3° 

300MHz 0.87 -25.1° 

400MHz 0.82 -30.8° 

AC Electrical Specification., TX Buffer Individual Performance Full Supply Range, TA = 25°C 

(NOTE 30) 
PARAMETER SYMBOL TEST LEVEL MIN TYP MAX UNITS 

TX LPF Buffer Serial Data Rata TXBral A - 11 22 MBPS 

TX LPF Buffer Digital Input Impedance LPFDz C 10 12.5 - lin 

NOTE: 

30. A = Production Tested, B .. Based on Characterization, C .. By Design 

AC Electrical Specifications, RXITX 5TH Order LPF Individual Performance Full Supply Range, TA .. 25°C 

(NOTE 31) 
PARAMETER SYMBOL TEST LEVEL MIN TYP MAX UNITS 

TXIRX LPF 3dB BandwIdth, SelO = 0; Sel1 = 0 LPF3dbO A 1.8 2.20 2.4 MHz 

TXIRX LPF 3dB Bandwidth, SeIO .. 1, Sel1 = 0 LPF3db1 A 3.6 4.40 4.8 MHz 

TXIRX LPF 3dB Bandwidth, SelO .. 0, Sel1 .. 1 LPF3db2 A 7.4 8.80 9.6 MHz 

TXIRX LPF 3dB Bandwidth, SeIO .. 1, Sel1 .. 1 LPF3db3 A 14.8 17.60 19.2 MHz 

TXIRX LPF SeIO, Sel1 Tuning Speed LPFsp B - - 1 lIS 

TXIRX LPF 3dB Bandwidth Tuning LPFtu A -20 · +20 % 

LPF Tune Nominal Resistance LPFTr B - 787 · n 

RX LPF Voltage GaIn LPFg A -1.0 0 1.0 dB 

AX LPF Single Ended OUtput Voltage. Swing al 211n Load LPFRXar B . 500 · mVp_p 

AX LPF Differantlallnpul Impedance LPFRXzi A 4 5 · lin 

TX LPF DHferentiai Digital Output Voltage SwIng al 4kn LPFTXo A 450 550 670 mVp'p 
Load 

TXlAX va Channel Amplitude Match LPFIQm A -0.5 · 0.5 dB 

TXIRX va Channel Phase Match LPFIQpm A -3 · 3 Degrees 

TXlRX LPF Total Hannonlc Distortion LPFTHD B . 3 · % 

NOTE: 

31. A = Production Tested, B = Based on Characterization, C .. By Design 
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TABLE 5. LOW PASS FILTER PROGRAMMING AND TUNING INFORMATION 

MODE 

BWO 

BW1 

BW2 

BW3 

LPFSEL1 LPFSELO 

0 0 

0 1 

1 0 

1 1 

'3dBNOMINAL'787 
'TUNE03dB = "::'::'=;R;;=':":':":;=--

TUNE 

TYPICAL f3dB va AtuNE 

f3dB 
(NOMINAL RruNe> 

2.2MHz 

4.4MHz 

8.8MHz 

17.6MHz 

>- +20% •••• •••• •••• •••• •••• •••• •••• •••• •••• • •• :.j. ;'-"'1--1 

! VV 
IE V I ........... ... pv. ................... . 
~ I~V 
2 [/1' 
Do -20% •••• •••• •••• •••• •••• •••• • •• ;-••••••••••• 

-30 ·25 ·20 ·15 ·10 -S 0 +Ii +10 +15 +20 +25 +30 

[(787 • Atu~NEl' 100% 

FREQUENCY RTUNE 

20% Low 984n 

Nominal 7870 

20% High 6560 

FIGURE 28. 

Typical Performance Curves, Individual Blocks 
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-I-"'" ...... 25" 

_-411" 

~ 
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FIGURE 29. SINGLE STAGE UMITER GAIN V8 FREQUENCY 
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Features 
• Complete DSSS Baseband Processor 

• High Data Rata ••.•••••••••••••••••• up to 4 MBPS 

• Processing Gain •••••••••••••••••••.• up to 12dB 

• Programmable PN Code •••••••••••• up to 16 Bits 

• Ultra Small Package ••••••••••••.•••. 7 x 7 x 1 mm 

• Single Supply Operation (33MHz Max) •• 2.7V to 5.5V 

• Single Supply Operation (44MHz Max) •. 3.3V to 5.0V 

• Modulation Method •••••••••.••• DBPSK or DQPSK 

• Supports Full or HaH Duplex Operations 

• On·Chip AID Converters for I/Q Data (3·Blt, 44 MSPS) 
and RSSI (6-Blt, 2 MSPS) 

Applications 
• Systams Targeting IEEE802.11 Standard 

• DSSS PCMCIA Wireless Transceiver 

• Spread Spectrum WLAN RF Modems 

• TDMA Packet Protocol Radios 

• Part 15 Compliant Radio Links 

• Portable Bar Code ScannersIPOS Terminal 

• Portable PDAlNotebook Computer 

• Wireless Digital Audio 

• Wireless Digital Video 

• PCNlWlreless PBX 

HSP3824 
Direct Sequence Spread Spectrum 

Baseband Processor 

----"'--"))) r- I'C: • -;:> ..... 
The Harris HSP3824 Direct 
Sequence (DSSS) baseband pro
cessor is part of the PRISMTM 

~
TM Description 

2.4GHz radio chipset, and contains 
all the functions necessary for a full or hail duplex packet 
baseband transceiver. 

The HSP3824 has on-board ADC's for analog I and Q inputs, for 
which the HFA3724 IF QMODEM is recommended. Differential 
phase shift keying modulation schemes DBPSK and DQPSK, 
with optional data scrambling capability, are combined with a pro· 
grammable PN sequence of up to 16 bits. Built-in flexibility allows 
the HSP3824 to be configured through a general purpose control 
bus, for a wide range of applications. A Receive Signal Strength 
Indicator (RSSI) monitoring function with on-board 6-bit 2 MSPS 
ADC provides Clear Channel Assessment (CCA) to avoid data 
collisions and optimize network throughput. The HSP3824 is 
housed in a thin plastic quad flat package (TQFP) suitable for 
PCMCIA board applications. 

Ordering Information 

TEMP. 
PART NO. RANGE ("C) PKG. TYPE PKG.NO. 

HSP3824VI -401085 48 LdTQFP Q48.7x7 

HFA3824V196 -401085 Tape and Reel 

Simplified Block Diagram Pinout 
HSP3824 (TQFP) 

DPSK 
DEMOD. 

PR0-
CESSOR 
INTER· 
FACE 

lie 
II: 

~II: 
zO 
~ll! 
i$B 
:!!iD. 

crRL 

TEST_CK 
TlCPE 

TXD 
TXCLK 

TlCRDY 
GND 

VDD 
RIW 
'CI 

VDO 
GND 

liN 

jJ m m ~ ~ J~ m m m m 

RXCLK 
RXD 
MD_RDY 
RX_PE 
CCA 
GND 
MCLK 

VDO 
RREI' 
ANTSEL 
AID_CAL 
SD 

cf I !il ~ I J!il J J!il ~ a 
CI>:> CI CI 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procadures. 
Copyright @HarTIs Corporellcn 1997 

File Number 4064.5 
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Typical Application Diagram 

RFPA 
HFA3925 

(FILE' 4132) 

HSP3824 

HFA3724 
(FILE' 4067) 

HFA3524 (FILE' 4062) 

TYPICAL TRANSCEIVER APPUCATION CIRCUIT USING THE HSP3824 

NOTE: Required for systems targeting 802.11 specifications. 

PRISMTII CHIP SET FILE .4083 

For additional information on the PRISMTM chip set, call 
(407) 724-7800 to access Harris' AnswerFAX system. When 
prompted, key in the four-digit document number (File #) of 
the datasheets you wish to receive. 

The four-digit file. numbers are shown in Typical Application 
Diagram, and correspond to the appropriate circuit. 
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Pin Description 

NAME PIN TYPE I/O DESCRIPTION 

Voo (Analog) 10,18,20 Power DC power supply 2.7V - 5.5V 

Voo (Digital) 7,21,29,42 Power DC power supply 2.7V - 5.5V 

GND (Analog) 11,15,19 Ground DC power supply 2.7V - 5.5V, ground. 

GND (Digital) 6,22,31,41 Ground DC power supply 2.7V - 5.5V, ground. 

VREFN 17 I "Negative" voltage reference for ADC's (I and Q) [Relative to VREFP) 

VREFP 16 I "PosItive" voltage reference for ADC's (I, Q and RSSI) 

liN 12 I Analog input to the internal 3-bit AID of the In-phase received data. 

QIN 13 I Analog input to the Internal 3-bit AID of the Quadreture received data. 

RSSI 14 I Receive Signal Strength Indicator Analog input. 

AID_CAL 26 0 This signal is used internally as part of the I and Q ADC calibration circuit. When the 
ADC calibration circuit is active, the voltage references of the ADCs are adjusted to 
maintain the outputs of the ADCs in their optimum range. A logic 1 on this pin indicates 
that one or both of the ADC outputs are at their full scale value. This signal can be 
integrated externally as a control voltage for an external AGC. 

TX_PE 2 I When active, the transmitter is configured to be operational, otherwise the transmitter 
is in standby mode. TX_PE is an Input from the external Media Accass Controller 
(MAC) or network processor to the HSP3824. The rising edge of TX_PE will start the 
internal transmit stete machine and the falling edge will inhibit the stete machine. 
TX_PE envelopes the transmit data. 

TXD 3 I TXD is an input, used to transfer serial Date or PreambleJHeader information bits from 
the MAC or network processor to the HSP3824. The data is received serially with the 
LSB first. The data is clocked in the HSP3824 at the falling edge of TXCLK. 

TXCLK 4 0 TXCLK is a clock output used to receive the data on the TXD from the MAC or network 
processor to the HSP3824, synchronously. Transmit data on the TXD bus is clocked 
into the HSP3824 on the failing edge. The clocking edge Is also programmable to be 
on either phase of the clock. The rate of the clock will be depending upon the 
modulation type and date rate thet is programmed in the signalling field of the header. 

T>LRDY 5 0 When the HSP3824 is configured to generate the preamble and Header information 
internally, T>LRDY is an output to the external network processor Indicating that 
Preamble and Header Information has been generated and that the HSP3824 is ready 
to receive the data packet from the network processor over the TXD serial bus. The 
T>LRDY returns to the Inactive stete when the TX_PE goes inactive indicating the end 
of the date transmission. T>LRDY is an active high signal. This signal is meaningful 
only when the HSP3824 generates its own preamble. 

CCA 32 0 Clear Channel Assessment (CCA) is an output used to signal that the channel is clear 
to transmit. The CCA algorithm is user programmable and makes its decision as a 
function of RSSI, Energy detect (ED), Carrier Sense (CRS) and the CCA watch dog 
timer. The CCA algorithm and its programmable features are described in the data 
sheet. 
Logic 0 = Channei is clear to transmit. 
Logic 1 = Channel is NOT clear to transmit (busy). 
NOTE: This polarity is programmable and can be inverted. 

RXD 35 0 RXD is an output to the external network processor transferring demodulated Header 
information and data in a serial format. The data Is sent serially with the LSB first. The 
data is frame aligned with MD_RDY. 

RXCLK 36 0 RXCLK is the clock output bit clock. This clock is used to transfer Header information 
and data through the RXD serial bus to the network processor. This clock reflects the 
bit rate In use.RXCLK will be held to a logic -0" stete during the acquisition process. 
RXCLK becomes active when the HSP3824 enters in the data mode. This occurs once 
bit sync is declared and a valid signal quality estimate is made, when comparing the 
programmed signal quaiity thresholds. 
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Pin Description (Continued) 

NAME PIN TYPE 110 DESCRIPTION 

MD_RDY 34 0 MO_RDY is an output signal to the network processor, indicating a data packet is 
ready to be transferred to the processor. MD_RDY Is an active high signal and It 
envelopes the data transfer over the RXD serial bus. MD~RDY returns to Its inactive 
state when there is no more receiver data, when the programmable data length 
counter reaches its value or when the link has been Interrupted. MD_RDY remains 
inactive during preamble synchronization. 

RX_PE 33 I When active, receiver Is configured to be operational, otherwise receiver is in standby 
mode. This Is an active high Input signal. 

ANTSEL 27 0 The antenna select signal chenges state as the receiver switches from antenna to 
antenna during the acquisition process in the antenna diversity mode. 

SO 25 1/0 SO is a serial bl-dlrecllonal data bus which is used to transfer address and data to/from 
the internal registers. The bit ordering of an 8-bit word Is MSB first. The first 8 bits 
during transfers Indlcata the registar address Immediataly followed by 8 more bits 
representing the data that needs to be written or read at that register. 

SCLK 24 I SCLK is the clock for the SO serial bus. The data on SO is clocked at the rising edge. 
SCLK is an input clock and it is asynchronous to the intemal master clock (MCLK)The 
maximum rate of this clock is 10MHz or the master clock frequency, whichever is 
lower. 

AS 23 I AS is an address strobe used to envelope the Address or the data on SO. 
Logic 1 = envelopes the address bits. 
Logic 0 = envelopes the data bits. 

RIW 8 I R/W Is an Input to the HSP3824 used to change the direction of the SO bus when 
reading or writing data on the SO bus. RIW must be set up prior to the rising edge of 
SCLK. A high level indicates read while a low level is a write. 

CS 9 I CS Is a Chip select for the device to activate the serial control port. The CS doesn't 
impact any of the other interfece ports and signals, i.e. the TX or AX ports and 
Interface signals. This is an active low signal. When inactive SO, SCLK, AS and RIW 
become "don't care" signals. 

TEST 0-7 37,38,39, 0 This Is a data port that can be programmed to bring out internal signals or data for 
40,43,44, monitoring. This data includes: Correlator phase and magnitude, NCO frequency 

45,46 offset estimate, and signal quality estimates. Some of the discrete signals available 
Include: Carrier Sense (CRS), which becomes active when Initial PN acquisition has 
been declared. Energy Detect (ED) which becomes active when the Integrated RSSI 
value axceeds the programmable threshold. Both ED and CRS are active high 
signals. These bits are primarily reserved by the manufacturer for testing. A further 
description of the test port is given at the appropriate section of this data sheet. 

TEST_CK 1 0 This is the clock that is used in conjunction with the data that is being output from the 
test bus (TEST 0-7). 

~ 28 I Master reset for device. When active TX and RX functions are disabled. If REm is 
kept low the HSP3824 goes Into lIle power standby mode. ~ does not alter any 
of the configuration register values nor It presets any of the reglstars Into default 
values. Device requires programming upon power-up. RESET must be inactive during 
programming of the devica. 

MCLK 30 I Master Clock for device. The maximum frequency of this clock is 44MHz. This Is used 
intemally to generate all other internal necessary clocks and Is divided by 1, 2, 4, or 8 
for the transceiver clocks. 

lOUT 48 0 TX Spread baseband I digital output data. Data is output at th8 programmed chip rate. 

QOUT 47 0 TX Spread baseband Q digital output data. Data Is output at the programmed chip 
rate. 

NOTE: Total of 48 pins; ALL pins are used. 
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External Interfaces 
There are three primary digital interface ports for the 
HSP3824 that are used for configuration and during normal 
operation of the device. These ports are: 
• The TX Port, which is used to accept the data that needs 

to be transmitted from the network processor. 
• The RX Port, which Is used to output the received demod

ulated data to the network processor. 
• The Control Port, which is used to configure, write and/or 

read the status of the internal HSP3824 registers. 

In addition to these primary digital interfaces the device 
includes a byte wide parallel Test Port which can be configured 
to output various Intemal signals and/or data (i.e. PN acquisi
tion indicator, Correlator magnitude output etc.). The device can 
also be set into various power consumption modes by external 
control. The HSP3824 contains three Analog to Digital (AID) 
converters. The analog interfaces to the HSP3824 include, the 
In phase (I) and quadrature (0) data component inputs, and the 
RF signal strength indicator input. A reference voltage divider is 
also required external to the device. 

ANALOG 
INPUTS 

TEST { 8 PORT '"--______ ... 

TX...PORT 

RlLPORT 

CONTROL..PORT 

FIGURE 2. EXTERNAL INTERFACES 

Control Port 
The serial control port is used to serially write and read data tol 
from the device. This serial port can operate up to a 10MHz 
rate or the maximum master clock rate of the device, MCLK 
(whichever is lower). MCLK must be running and RESET inac
tive during programming. This port is used to program and to 
read all internal registers. The first 8 bits always represent 
the address followed immediately by the 8 data bits for that 
register. The two LSBs of address are don't care. The serial 
transfers are accomplished through the serial data pin (SO). 
SO is a bidirectional serial data bus. An Address Strobe (AS), 
Chip Select (CS), and ReadlWrlte (RiW) are also required as 
handshake signals for this port. The clock used in conjunction 
with the address and data on SO is SCLK. This clock is pro
vided by the external source and it Is an input to the 
HSP3824. The timing relationships of these signals are illus
trated on Figure 3 and 4. AS is active high during the clock
ing of the address bits. RiW is high when data is to be read, 
and low when it is to be written. CS must be active (low) dur
ing the entire data transfer cycle. CS selects the device. The 
serial control port operates asynchronously from the TX and 
RX ports and it can accomplish data transfers independent 
of the activity at the other digital or analog ports. CS does 
not effect the TX or RX operation of the device; impacting 
only the operation of the Control port. The HSP3824 has 57 
internal registers that can be configured through the control 
port. These registers are listed in the Configuration and Con
trollnternal Register table. Table 1 lists the configuration reg
ister number, a brief name describing the register, and the 
HEX address to access each of the registers. The type indi
cates whether the corresponding register is Read only (R) or 
ReadlWrite (R/W). Some registers are two bytes wide as 
indicated on the table (high and low bytes). 

r- FIRST ADDRESS BIT IN r- FIRST DATABIT OUT 
• 7 6 5 4 3 2 1.0 7 6 5 4 3 2 o 7 6 5 4 

NOTES: 
1. Using falling edge SCLK to generate address/control and capture read data. 
2. The ~ is a synchronous intarface in reference to SCLK. There is at least one clock required before ~ transitions to its active state. 

FIGURE 3. CO!llTROL PORT READ TIMING 

7 6 5 4 3 2 0785432 o 7 6 5 4 
SCLI( 

I 

~----------------------------------~~~---
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TABLE 1. CONFIGURATION AND CONTROL INTERNAL REGISTER LIST 

CONFIGURATION REGISTER 
REGISTER NAME TYPE ADDRESS HEX 

CRO Modem Config. Register A RIW 00 

CR1 Modem Config. Register B RIW 04 

CR2 Modem Conflg. Register C RIW 08 

CR3 Modem Config. Register 0 RIW OC 

CR4 Internel Test Register A RIW 10 

CR5 Internal Test Register B RIW 14 

CR6 Internal Test Register C R 18 

CR7 Modem Status Register A R 1C 

CR8 Modem Status Register B R 20 

CR9 1/0 Definition Register RIW 24 

CR10 RSSI Value Register R 28 

CR11 ADC_CAL_POS Register RIW 2C 

CR12 ADC_CALNEG Register RIW 30 

CR13 TX_Spread Sequence (High) RIW 34 

CR14 TX_Spread Sequence (Low) RIW 38 

CR15 Scramble_Seed RIW 3C 

CR16 Scramble_Tap (AX end TX) RIW 40 

CR17 CCA-Tirner_TH RIW 44 

CR18 CCA_Cycle_ TH RIW 48 

CR19 RSSLTH RIW 4C 

CR20 RX_Spread Sequence (High) RIW 50 

CR21 RlLSpread Sequence (Low) RIW 54 

CR22 RX_S01_ ACO (High) Threshold RIW 58 

CR23 AX-S01_ ACO (Low) Threshold RIW 5C 

CR24 AX-SOC ACO (High) Read R 60 

CR25 AX-SOC ACO (Low) Read R 64 

CR26 AX-SOC Data (High) Threshold RIW 68 

CR27 RX-S01-S0C Date (Low) Threshold RIW 6C 

CR28 RX-SOC Data (High) Read R 
. 

70 

CR29 RX-SOC Data (Low) Read R 74 

CR30 RX-S02.. ACO (High) Threshold RIW 78 

CR31 RX-502- ACO (Low) Threshold RIW 7C 

CR32 RX-S02_ ACO (High) Read R 80 
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TABLE 1. CONFIGURATION AND CONTROL INTERNAL REGISTER LIST (Continued) 

CONFIGURATION REGISTER 
REGISTER NAME TYPE ADDRESS HEX 

CR33 RX-SQ2_ ACQ (Low) Read R 84 

CR34 RX-SQ2..Data (High) Threshold R/W 88 

CR35 RX-SQ2_Data (Low) Threshold R/W 8C 

CR36 RX-SQ2..Data (High) Read R 90 

CR37 RX-SQ2_Data (Low) Read R 94 

CR38 RX_SQ_Read; Full Protocol R 98 

CR39 Reserved (must load OOh) W 9C 

CR40 Reserved (must load OOh) W AO 

CR41 uw_nme OuLLength R/W A4 

CR42 SIG_DBPSK Field R/W AS 

CR43 SIG_DQPSK Field R/W AC 

CR44 RX..SER..Fleld R BO 

CR45 RX..LEN Field (High) R B4 

CR46 R>LLEN Field (Low) R B8 

CR47 RX..CRC16 (High) R BC 

CR48 RX_CRC16 (Low) R CO 

CR49 UW(Hlgh) R/W C4 

CR50 UW(Low) R/W C8 

CR5l TX_SER_F R/W CC 

CR52 T>LLEN (High) R/W DO 

CR53 T>LLEN (LOW) R/W 04 

CR54 T>LCRC16 (HIGH) R 08 

CR55 T>LCRC16 (LOW) R DC 

CR56 TX_PREM_LEN R/W EO 
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TXPort 
The transmit data port accepts the data that needs to be 
transmitted serially from an external data source. The data is 
modulated and transmitted as soon as It is received from the 
external data source. The serial data is Input to the 
HSP3824 through TXD using the falling edge of TXCLK to 
clock it in the HSP3824. TXCLK is an output from the 
HSP3824. A timing scenario of the transmit signal hand
shakes and sequence is shown on timing diagram Figures 5 
andS. 

The external processor initiates the transmit sequence by 
asserting TX_PE. TX_PE envelopes the transmit data 
packet on TXD. The HSP3824 responds by generating 
TXCLK to input the serial data on TXD. TXCLK will run until 
TX_PE goes back to its inactive state indicating the end of 
the data packet. There are two possible transmit scenarios. 

One scenario is when the HSP3824 internally generates the 
preamble and header information. During this mode the 
external source needs to provide only the data portion of the 
packet. The timing diagram of this mode is illustrated on Fig
ure S. When the HSP3824 generates the preamble inter
nally, assertion of TX_PE will initialize the generation of the 
preamble and header. T>LRDY, which is an output from the 
HSP3824, is used to indicate to the external processor that 
the preamble has been generated and the device is ready to 
receive the data packet to be transmitted from the external 
processor. The TX_RDY timing is programmable in case the 
external processor needs several clocks of advanced notice 
before actual data transmission is to begin. 

TlLPE~5 

TXD PREAMB~-HEADERJ LSB 

/, 
MSB OF LAST HEADER FIELD 

The second transmit scenario supported by the HSP3824 is 
when the preamble and header information are provided by 
the external data source. During this mode TX_RDY is not 
required as part of the TX handshake. The HSP3824 will 
immediately start transmitting the data available on TXD 
upon assertion of TX_PE. The timing diagram of this TX sce
nario, where the preamble and header are generated exter
nal to the HSP3824, is illustrated on Figure 5. 

One other signal that can be used for certain applications as 
part of the TX interface is the Clear Channel Assessment 
(CCA) signal which is an output from the HSP3824. The 
CCA is programmable and it is described with more detail in 
the Transmitter section of this document. CCA provides the 
indication that the channel is clear of energy and the trans
mission will not be subject to collisions. CCA can be moni
tored by the external processor to assist in deciding when to 
initiate transmissions. The CCA indication can bypassed or 
ignored by the external processor. The state of the CCA 
does not effect the transmit operation of the HSP3824. 
TX_PE alone will always initiate the transmit state indepen
dent of the state of CCA. Signals TX_RDY, TX_PE and 
TXCLK can be set individually, by programming Configura
tion Register (CR) 9, as either active high or active low sig
nals. 

The transmit port is completely independent from the opera
tion of the other Interface ports including the RX port, there
fore supporting a full duplex mode. 

55 

DATA PACKET :: MSBJ DUMMY BITS TO CLEAR MOD PATH 

NOTE: PreamblelHeader and Data is transmitted LSB first TX_RDY is inactive Logic 0 when ge~erated externally. TXD shown generated 
from rising edge TXCLK. 

FIGURE 5. TX PORT TIMING (EXTERNAL PREAMBLE) 

TlLPEJ : 
55 55 

TXD 

TlLRDY 

, , , 
PRE+MBL1~ HEADER 9 LSB 

i SS 4' , /' 
, MSB OF LAST HEII.DER FIELD , 
I I I I 

DATA PACKET :: MSB~ DUM!f BITS TO CLEAR MOD PATH 

55 

NOTE: PreambleIHeader and Data Is transmitted LSB first. TXD shown generated from rising edge TXCLK. TX...RDY generated from failing edge. 

FIGURE 6. TX PORT TIMING (INTERNAL PREAMBLE) 
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RXPort 
The timing diagram Figure 7 illustrates the relationships 
between the various signals of the RX port. The receive data 
port serially outputs the demodulated data from RXD. The 
data is output as soon as it is demodulated by the HSP3824. 
RX_PE must be at its active state throughout the receive 
operation. When RX_P.E is inactive the device's receive 
functions, including acqUisition, will be in a stand by mode. 

RXCLK is an output from the HSP3824 and is the clock for 
the serial demodulated data on RXD. MD_RDY is an output 
from the HSP3824 and it envelopes the valid data on RXD. 
The HSP3824 can be also programmed to ignore error 
detections during the CCITI - CRC 16 check of the header 
fields. If programmed to ignore errors the device continues to 
output the demodulated data in its entirety regardless of the 
CCITI - CRC 16 check result. This option is programmed 
through CR 2, bit 5. 

Note that RXCLK becomes active after acquisition, well 
before valid data begins to appear on RXD and MD_RDY is 
asserted. MD_RDY returns to its inactive state under the fol
lowing conditions: 

• The number of data symbols, as defined by the length field 
in the protocol, has been received and output through 
RXD in its entirety (normal condition). . 

• PN tracking is lost during demodulation. 

• RX..PE is deactivated by the external controller. 

MD_RDYcan be configured through CR 9, bit 6 to be active 
low, or active high. Energy Detect (ED) pin 45 (Test port), 
and Carrier Sense (CRS) pin 46 (Test port), are available 
outputs from the HSP3824 and can be useful Signals for an 
effective RX interface design. Use of these signals is 
optional. CRS and ED are further described within this docu
ment. The receive port is completely independent from the 
operation of the other interface ports including the TX port, 
supporting ther8tore a full duplex mode. 

RXCLK 

RlC..PE J 55 

CRS(TEST7) ~5 

FlXD 

PROCESSING 
PREAMBLElHEADER 

S5 

NOTE: MD_RDY aCtive after CRC16. 
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va ADC Interface 

The PRISM baseband processor chip (HSP3824) includes 
two 3-bit Analog to Digital converters (ADCs) that sample 
the analog input from the IF down converter. The I/O ADC 
clock, MCLK, samples at twice the chip rate. The maximum 
sampling rate is 44MHz (power supply: 3.3V· to 5.0V) or 
33MHz (power supply 2.7V to 5.5V). 

The interface specifications for the I and 0 ADCs are listed 
on Table 2 below. 

TABLE 2. I, Q, ADC SPECIFICATIONS 

PARAMETER MIN TYP MAX 

Full Scale Input Voltage (Vp.p) 0.25 0.50 1.0 

Input Bendwidth (-O.5dB) - 20MHz -
Input Capecitance (pF) - 5 -
Input Impedance (DC) 5kn - -
FS (Sampling Frequency) - - 44MHz 

The voltages applied to pin 16,VREFP and pin 17, VREFN set 
the references for the internal I and 0 ADC converters. In 
addition, VREFP is also used to set the RSSI ADC converter 
reference. For a nominal 500mVp_p , the suggested VREFP 
voltage is 1.75V, and the suggested VREFN is O.93V. VREFN 
should never be less than O.25V. Since these ADCs are 
intended to sample AC voltages, their inputs are biased 
internally and they should be capacitively coupled. 

The ADC section includes a compensation (calibration) cir
cuit that automatically adjusts for temperature and compo
nent variations of the RF and IF strips. The variations in gain 
of limiters, AGC circuits, filters etc. can be compensated for 
up to ±4dB. Without the compensation circuit, the ADCs 
could see a loss of up to 1.5 bits of the 3 bits of quantization. 
The ADC calibration circuit adjusts the ADC reference volt
ages to maintain optimum quantization of the IF input over 
this variation range. It works on the principle of setting the 
reference to insure that the signal is at full scale (saturation) 
a certain percentage of the time. Note that this is not an 
AGC and it will compensate only for slow variations in signal 
levels (several seconds). 

, 
,'----
\\ \ 

DATA MSB x 
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The procedure for setting the ADC references to accommo
date various input signal voltage levels is to set the reference 
voltages so that the ADC calibration circuit is operating at 
half scale. This leaves the maximum amount of adjustment 
room for circuit tolerances. 

Figure 8 illustrates the suggested interface configuration for 
the ADCs and the reference circuits. 
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FIGURE B. INTERFACES 

ADC Calibration Circuit and Registers 

The ADC compensation or calibration circuit is designed to 
optimize ADC performance for the I and a inputs by main
taining the full 3-bit resolution of the outputs. There are two 
registers (CR 11 AD_CAL_POS and CR 12 AD_CAL_NEG) 
that set the parameters for the internal I and a ADC calibra
tion circuit. 

Both I and a ADC outputs are monitored by the ADC calibra
tion circuit and if either has a full scale value, a 24-bit accu
mulator is incremented as defined by parameter 
AD_CAL_POS. If neither has a full scale value, the accumu
lator is decremented as defined by parameter 
AD_CAL_NEG. 

A loop gain reduction is accomplished by using only the 5 
MSBs out of the 24 bits to drive a D/A converter that adjusts 
the ADCs reference. The compensation adjustment is 
updated at 2kHz rate for a 2 MBPS operation. The ADC cali
bration circuit is only intended to remove slow component 
variations. 

The ratio of the values from the two registers CR11 and 
CR12 set the probability that either the I or a ADC converter 
will be at the saturation. The probability is set by 
(AD_CAL_POS)/(AD_CAL_NEG). 

This also sets the levels so that operation with either NOISE 
or DPSK is approximately the same. It is assumed that the 
RF and IF sections of the receiver have enough gain to 
cause limiting on thermal noise. This will keep the levels at 
the ADC approximately same regardless of whether signal is 
present or not. 

The ADC calibration voltage is automatically held during 
transmit in half duplex operation. 

The ADC calibration circuit operation can be defined through 
CR 1, bits 1 and O. Table 3 illustrates the possible 
configurations. 

TABLE 3. ADC CALIBRATION 

CR1 CR 1 ADC CALIBRATION CIRCUIT 
BIT 0 BIT 1 CONFIGURATION 

0 0 Automatic real time adjustment of reference. 
0 1 Reference set at mid scale. 
1 0 Reference held at most recent value. 
1 1 Reference set at mid scale. 

RSSI ADC Interface 
The Receive Signal Strength Indication (RSSI) analog signal is 
input to a 6-bit ADC, indicating 64 discrete levels of received 
signal strength. This ADC measures a DC voltage, so its input 
must be DC coupled. Pin 16 (VREFP) sets the reference for the 
RSSI ADC converter. VREFP is common for the I and a and 
RSSI ADCs. The RSSI signal is used as an input to the pro
grammable Clear Channel Assessment algorithm of the 
HSP3824. The RSSI ADC output is stored in an 8-bit register 
(CR10) and it is updated at the symbol rate for access by the 
extemal processor to assist in network management. 

The interface specifications for the RSSI ADC are listed on 
Table 4 below (VREFP = 1.75V). 

TABLE 4. RSSI ADC SPECIFICATIONS 

PARAMETER MIN TYP MAX 
Full Scale Input Voltage - - 1.15 
Input Bandwidth (O.5dB) 1MHz - -
Input Capacitance - 7pF -
Input Impedance (DC) 1M - -

Test Port 
The HSP3824 provides the capability to access a number of 
internal signals and/or data through the Test port, pins TEST 
0-7. In addition pin 1 (TEST_CK) is an output clock that can 
be used in conjunction with the data coming from the test 
port outputs. The test port is programmable through configu
ration register (CR5). 

There are 9 test modes assigned to the PRISM test port 
listed in the Test Modes Table 5. 

TABLE 5. TEST MODES 

MODE DESCRIPTION TEST_ClK TEST (7:0) 
0 Normal TXClK CRS, ED, "000", Initial 

Operation Detect, Reserved (1 :0) 
1 Correlator Test TXCLK Mag (7:0) 

Mode 
2 Frequency Test DCLK Frq Reg (7:0) 

Mode 
3 Phase Test DCLK Phase (7:0) 

Mode 
4 NCO Test Mode DCLK NCO Phase Accum Reg 
5 sa Test Mode LoadSa Sa2 (15:8) Phase 

Variance 
6 Bit Sync Test RXCLK Bit Sync Accum (7:0) 

Mode 1 
7 Bit Sync Test LoadSa sa (14:7) Bit Sync Ref-

Mode 2 Date 
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TABLE 5. TEST MODES (Continued) 

MODE DESCRIPTION TEST ClK TEST (7:0) 

8 AID Cal· Test AID CRS, ED, "0", ADCaI (4:0) 
Mode CAL_CK 

9 Reserved 
10 Reserved 

(OAh) 
11 Reserved 
12 Reserved 
13 Reserved 
14 Reserved 
15 Reserved 

Definitions 

Normal - Device in the full protocol mode (Mode 3). 

TXCLK - Transmit clock (PN rate). 

Initial Detect - Indicates that Signal Quality 1 and 2 (SQ1 
and SQ2) exceed their programmed thresholds. Signal qual
ities are a function of phase error and correlator magnitude 
outputs. 

ED - energy detect indicates that the RSSI value exceeds its 
programmed threshold. 

CRS - indicates that a signal has been acquired (PN acquisi
tion). 

Mag - Magnitude output from the correlator. 

DCLK - Data symbol clock. 

FrqReg - Contents of the NCO frequency register. 

Phase - phase of signal after carrier loop correction. 

NCOPhaseAccumReg - Contents of the NCO phase accu
mulation register. 

LoaclSQ - Strobe that samples and updates Signal Quality, 
SQ1 and SQ2 values. 

SQ2 - Signal Quality measure #2. Signal phase variance 
after removal of data, 8 MSBs of most recent\ 16-bit stored 
value. 

RXCLK - Receive clock (RX sample clock). Nominally 22MHz. 

BitSyncAccum - Real time monitor of the bit synchroniza
tion accumulator contents, mantissa only. 

SQ1 - Signal Quality measure #1. Contents of the bit sync 
accumulator 8 MSBs of most recent 16-bit stored value. 

AID_CaCck· Clock for applying AID calibration corrections. 

ADCal· 5-bit value that drives the D/A adjusting the AID ref· 
erence. 

External AGC Control 
The ADC cal output (pin 26) is a binary signal that fluctuates 
between logic levels as the signals in the I and Q channels 
are either at full scale or not. If the input level is too high, this 
output will have a higher duty cycle, and visa versa. Thus, 
this Signal could be integrated with an R-C filter to develop 
an AGC control voltage. The AGC feedback should be 
designed to drive It to 50% duty cycle. In the case that an 
external AGC is in use then the ADC calibration circuit must 
not be programmed for automatic level adjustment. 

Power Down Modes 
The power consumption modes of the HSP3824 are con
trolled by the following control signals. 

Receiver Power Enable (RX_PE,pin 33), which disables the 
receiver when inactive. 

Transmitter Power Enable (TX_PE, pin 2), which disables the 
transmitter when inactive. 

Reset (RESET, pin 28), which puts the recaiver in a sleep 
mode when it is asserted at least 2 MClKs after RX_PE is 
set at its inactive state. The power down mode where, both 
RESET and RX_PE are used is the lowest possible power 
consumption mode for the receiver. Exiting this mode 
requires a maximum of 101lS before the device is back at its 
operational mode. 

The contents of the Configuration Registers Is not effected 
by any of the power. down modes. The external processor 
does not have access and cannot modify any of the CRs 
during the power down modes. No reconfiguration is 
required when returning to operational modes. 

Table 6 describes the power down modes available for the 
HSP3824 (Vee = 3.5V). The table values assume that all 
other inputs to the part (MClK, SClK, etc.) continue to run 
except as noted. 

TABLE 6. POWER DOWN MODES 

Rll.PE Tll.PE RESET 22MHz 44MHz DEVICE STATE 

Inactive Inactive ActIve 3.5mA 7mA Both transmit and receive functions disabled. Device In sleep mode. 
Control Interface Is stili active. Register values are maintained. De-
vice will return to Its active stete within 10p.s. 

Inactive Inactive Inactive 37mA 50mA Both transmit and receive operations disabled. Device will become in 
Its active stete within 1 p.s. 

Inactive Active Inactive 37mA 50mA Receiver OIlerations disabled. Receiver will return In its active stete 
wlthlnlp.s. 

ActIve Inactive Inactive 42mA 62mA Transmitter operations disabled. Transmitter will return to its active 
state within 2 MClKs. 

lee Standby 3OO1lA All inputs at Vee or GND. 
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Reset 
The RESET signal Is used during the power down mode as 
described in the Power Down Mode section. The RESET 
does not impact any of the internal configuration registers 
when asserted. Reset does not set the device in a default 
configuration, the HSP3824 must always be programmed on 
power up. The HSP3824 must be programmed with RESET 
inactive. 

Transmitter Description 
The HSP3824 transmitter is designed as a Oirect Sequence 
Spread Spectrum OBPSKIDOPSK modulator. It can handle 
data rates of up to 4 MBPS (refer to AC and DC specifica
tions). The major functional blocks of the transmitter include 
a network processor interface, OBPSKIDOPSK modulator, a 
data scrambler and a PN generator, as shown on Agure 9. 

The transmitter has the capability to either generate its own 
synchronization preamble and header or accept the pream
ble and header information from an external source. In the 
first case, the transmitter knows when to make the OBPSK 
to OOPSK switchover, as required. 

The preamble and header are always transmitted as OBPSK 
waveforms while the data packets can be configured to be 
either OBPSK or OOPSK. The preamble is used by the 
receiver to achieve initial PN synchronization while the 
header includes the necessary data fields of the communi
cations protocol to establish the physical layer link. There is 
a choice of four potential preambleJheader formats that the 
HSP3824 can generate internally. These formats are 
referred to as mode 0, 1, 2 and 3. Mode 0 uses the minimum 
number of available header fields while mode 3 Is a full pro
tocol mode utilizing all available header fields. The number 
of the synchronization preamble bits is programmable. 

The transmitter accepts data from the external source, 
scrambles it, differentially encodes it as either ()BPSK or 
OOPSK, and mixes it with the BPSK PN spreading. The 
baseband digital signals are then output to the external IF 
modulator. 

The transmitter includes a programmable PN generator that 
can provide 11, 13, 15 or 16 chip sequences. The transmitter 
also contains a programmable clock divider circuit that 
allows for various data rates. The master clock (MCLK) can 
be a maximum of 44MHz. 

The chip rates are programmed through CR3 for TX and 
CR2 for RX. In addition the data rate is a function of the 
sample clock rate (MCLK) and the number of PN bits per 
symbol. 

The following equations show the Symbol rate for both TX 
and RX as a function of MCLK, Chips per symbol and N. 

N is a programmable parameter through configuration regiS
ters CR 2and CR 3. The value of N is 2, 4, 8 or 16. N is used 
internally to divide the MCLK to generate other required 
clocks for proper operation of the device. 

Symbol Rate = MCLK/(N x Chips per Symbol). 

The bit rate Table 7 shows examples of the relationships 
expressed on the symbol rate equation. 

The modulator is capable of switching rate automatically in 
the case where the preamble and header information are 
OBPSK modulated, and the data is DQPSK modulated. 

The modulator is completely independent from the demodu
lator, allowing the PRISM baseband processor to be used in 
full duplex operation. 
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TABLE 7. BIT RATE TABLE EXAMPLES FOR MCLK = 44MHz 

ADCSAMPLE 
DATA CLOCK TXSETUP CR3 RXSETUP 

MODULATION (MHz) BITS 4, 3 CR2 BITS 4, 3 

DQPSK 44 00(N=2) 00 

DQPSK 22 01 (N =4) 01 

DQPSK 11 10 (N = 8) 10 

DQPSK 5.5 11 (N= 16) 11 

OBPSK 44 00 (N-2) 00 

OBPSK 22 01 (N =4) 01 

OBPSK 11 10(N=8) 10 

OBPSK 5.5 11 (N= 16) 11 

HeaderliPacketDescripUon 
The HSP3824 is designed to handle continuous or pack
etized Direct Sequence Spread Spectrum (DSSS) data 
transmissions. The HSP3824 can generate its own preamble 
and header information or it can accept them from an exter
nal source. 

When preamble and header are internally generated the 
device supports a synchronization preamble up to 256 sym
bols, and a header that can include up to five fields. The pre
amble size and all of the fields are programmable. When 
internally generated the preamble is all 1 's (before entering 
the scrambler). The actual transmitted pattern of the pream
ble will be randomized by the scrambler if the user chooses 
to utilize the data scrambling option. 

When the preamble is externally generated the user can 
choose any desirable bit pattern. Note though, that if the pre
amble bits will be processed by the scrambler which will alter 
the original pattern unless it is disabled. 

The preamble is always transmitted as a DSPSK waveform 
with a programmable length of up to 256 symbols long. The 
HSP3824 requires at least 126 preamble symbols to acquire 
in a dual antenna configuration (diversity), or a minimum of 
78 preamble symbols to acquire under a single antenna con
figuration. The exact number of necessary preamble sym
bols should be determined by the system designer, taking 

HEADER 
CRIOBITS 

COUNT BIT 4 BIT 3 

N (Preamble) + 0 0 
16 (Header) BIts 

N (Preamble) + 0 
32 (Header) BIts 

N (Preamble) + 0 
48 (Header) Bits 

N (Preamble) + 
64 (Header) Bits 

DATA RATE DATA RATE DATA RATE DATA RATE 
FOR 11 FOR 13 FOR 15 FOR 16 

CHIPSIBIT CHIPSIBIT CHIPSIBIT CHIPSIBIT 
(MBPS) (MBPS) (MBPS) (MBPS) 

4 3.385 2.933 2.75 

2 1.692 1.467 1.375 

1 0.846 0.733 0.688 

0.5 0.423 0.367 0.344 

2 1.692 1.467 1.375 

1 0.846 0.733 0.688 

0.5 0.423 0.367 0.344 

0.25 0.212 0.183 0.171 

into consideration the noise and interference requirements In 
conjunction with the desired probability of detection vs prob
ability of false alarm for signal acquisition. 

The five available fields for the header are: 

SFD Field (16 Bits) - This field carries the 10 to establish 
the link. This is a mandatory field for the HSP3824 to estab
lish communications. The HSP3824 will not declare a valid 
data packet, even if It PN acquires, unless it detects the spe
cific SFO. The SFD field is required for both Internal pream
bleJheader generation and External preamblelheader 
generation. The HSP3824 receiver can be programmed to 
time out searching for the SFO. The timer starts counting the 
moment that initial PN synchronization has been established 
from the preamble. 

Signal Field (8 BHs) - This field indicates whether the data 
packet that follows the header is modulated as DSPSK or 
DQPSK. In mode 3 the HSP3824 receiver looks at the signal 
field to determine whether it needs to switch from OSPSK 
demodulation Into OQPSK demodulation at the end of the 
always OSPSK preamble and header fields. 

Service Field (8 Bits) - This field can be utilized as required 
by the user. 

Length Field (16 Bits - This field indicates the number of 
data symbols contained in the data packet. The receiver can 
be programmed to check the length field in determining 

HEADER---------.... ·I 
FIGURE 10. PREAMBLElHEADEAR MODES 
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when It needs to de-assert the MD_RDY interface signal. 
MD_ROY envelopes the received data packet as it is being 
output to the external processor. 

CCITT - CRC 16 Field (16 Bits) - This field includes the 16-
bit CCITT - CRC 16 calculation of the five header fields. This 
value is compared with the CCITT - CRC 16 code calculated 
at the receiver. The HSP3824 receiver can be programmed 
to drop the link upon a CCITT - CRC 16 error or it can be 
programmed to ignore the error and to continue with data 
demodulation. 

The CRC or cyclic Redundancy Check is a CCITT CRC-16 
FCS (frame check sequence). It is the ones compliment of 
the remainder generated by the modulo 2 division of the pro
tected bits by the polynominal: 

X16 + x12 + x5 + 1 

The protected bits are processed in transmit order. All CRC 
calculations are made prior to data scrambling. A shift regis
ter with two taps is used for the calculation. It is preset to all 
ones and then the protected fields are shifted through the 
register. The output is then complimented and the residual 
shifted out MSB first. 

When the HSP3824 generates the preamble end header inter
nally it can be cOnfigured into one of four link protocol modes. 

Mode 0 - jn this mode the preamble is programmable up to 256 
bits (all 1 's) and the SFD field is the only field utilized for the 
header. This mode only supports DBPSK transmissions for the 
entire packet (preamblelheader and data). 

Mode 1 - In this mode the preamble is programmable up to 256 
bits (a111's) and the SFD and CCITT - CRC 16 fields are used 
for the header. The data that follows the header can be either 
DBPSK or DOPSK The receiver and transmitter must be pro
grammed to the proper modulation type. 

Mode 2 - In this mode the preamble is programmable up to 256 
bits (a111's) and the SFD, Length Field, and CCITT - CRC 16 
fields are used for the header. The data that follows the header 
can be either DBPSK or DQPSK. The receiver and transmitter 
must be programmed to the proper modulation type. 

Mode 3 - In this mode the preamble is programmable up to 
256 bits (aU 1 's). The header In this mode is using all available 
fields. In mode 3 the signal field defines the modulation type of 
the data packet (DBPSK or DQPSK) so the receiver does not 
need to be preprogrammed to anticipate one or the other. In 
this mode the device checks the Signal field for the data 
packet modulation and it switches to DOPSK if it is defined as 
such in the signal field. Note that the preamble and header 
are always DBPSK the modulation definition applies only for 
the data packet. This mode is called the full protocol mode in 
this document. 

Figure 10 summarizes the four preambleJhead or modes. In the 
case that the device is configured to accept the preamble and 
header from an external source It still needs to be configured in 
one of the four modes (0:3). Even though the HSP3824 trans
mitter does not generate the preamble and header information 
the receiver needs to know the mode in use so it can proceed 

with the proper protocol and demodulation decisions. 

The following Configuration Registers (CR)are used to program 
the preamblelheader functions, more programming details 
about these registers can be found in the Control Registers 
section of this document: 
CR 0 - Defines one of the four modes (bits 4, 3) for the TX. 
Defines whether the .5FD timer is active (bit 2). Defines whether 
the receiver should stop demodulating after the number of sym
bols indicated in the Length field has been met. 
CR 2 - Defines to the receiver one of the four protocol modes 
(bits 1, 0). Indicates whether any detected CCITT - CRC 16 
errors need to reset the receiver (raturn to acquisition) or to 
ignore them and continue with demodulation (bit 5). Specifies a 
128-bit preamble or an 8~bit preamble (bit 2). 
CR 3 - Defines intemal or external preamble generation (bit 2). 
Indicates to the receiver the data packet modulation (bit 0), note 
that in mode 3 the contents of this register are overwritten by 
the information in the received signal field of the header. CR 3 
specifies the data modulation type used to the transmitter (bit 
1). Bit 1 defines the contents of the signaling field in the header 
to indicate either DBPSK or DQPSK modulation. 
CR 41 - Defines the length of time that the demodulator 
searches for the SFD before returning to acquisition. 
CR 42 - The contents of this register indicate that the transmit
ted data is DBPSK. If CR 4-bit 1 is set to indicate DBPSK mod
ulation then the contents of this register are transmitted in the 
signal field of the header. 
CR 43 - The contents of this register indicates that the transmit
ted data is DQPSK If CR 4-bit 1 is set to indicate DQPSK mod
ulation then the contents of this register are transmitted in the 
signal field of the header. 
CR 44, 45, 46, 47, 48 - Status, read only, registers that indicate 
the service field, data length field and CCITT - CRC 16 field val
ues of the received header. 
CR 49, 50 - Defines the transmit SFD field value of the header. 
The receiver will always search to detect this velue before it 
declares a valid data packet. 

CR 51 - Defines the contents of the transmit service field. 
CR 52, 53 - Defines the value of the transmit data length field. 
This value includes all symbols foliowing the last header field 
symbol. 
CR 54,55 - Status, read only, registers indicating the calculated 
CCITT - CRC 16 value of the most recently transmitted header. 

CR 56 - Defines the number of preamble synchronization bits 
that need to be transmitted when the preamble is internally 
generated. These symbols are used by the receiver for initial 
PN acquisition and they are followed by the header fields. 

The full protocol requires a setting of 128d = 80h. For other 
applications, in general increasing the preamble length will 
improve low signal to noise acquisition performance at the cost 
of greater link overhead. For dual receive antenna operation, 
the minimum suggested value Is 128d = 8Oh. For single receive 
antenna operation, the minimum suggested value is SOd = 5Oh. 
These suggested values include a 2 symbol TX power amplifier 
ramp up. If an AGC Is used, Its worst case settling time in sym
bols should be added to these values. 
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PH Generator Description 

The spread function for this radio uses short sequences. The 
same sequence is applied to fM3ry bit. All transmitted symbols, 
preamble/header and data are always spread by the PN 
sequence at the chip rate. The PN sequence sets the Process
ing Gain (PG) of the Direct Sequence receiver. The HSP3824 
can be programmed to utilize 11,13,15 and 16 bit sequences. 
Given the length of these programmable sequences the PG 
range of the HSP3824 is: 

From 1 0.41 dB (10 LOG(11)) to 12.04dB (10 LOG(16)) 

The transmitter and receiver PN sequences can are pro
grammed independently. This provides additional flexibility to 
the network designer. 

The TX sequence is set through CR 13 and CR 14 while the 
RX PN sequence is set through CR 20 and CR 21. A maximum 
of 16 bits can be programmed between the pairs of these con
figuration registers. For TX Registers CR13 and CR14 contain 
the high and low bytes of the sequence for the transmitter. In 
addition Bits 5 and 6 of CR 4 define the sequence length in 
chips per bit. CR 13, CR 14 and CR 4 must all be programmed 
for proper functionality of the PN generator. The sequence is 
transmitted MSB first. When fewer than 16 bits are in the 
sequence, the MSBs are truncated. 

Scrambler and Data Encoder Description 

The data coder the implements the desired OQPSK coding as 
shown in the DQPSK Data Encoder table. This coding scheme 
results from differential coding of the dibits. When used in the 
OBPSK modes, only the 00 and 11 dibits are used. Vector rota
tion is counterclockwise. 

TABLE 8. DQPSK DATA ENCODER 

'PHASE SHIFT DIBITS 

0 00 
+90 01 

+180 11 
-90 10 

The data scrambler is a self synchronizing circuit. It consist 
of a 7-bit shift register with feedback from specified taps of 
the register, as programmed through CR 16. Both transmitter 
and receiver use the same scrambling algorithm. All of the 
bits transmitted are scrambled, including data header and 
preamble. The scrambler can be disabled. 

Scrambling provides additional spreading to each of the 
spectral lines of the spread OS signal. The additional 
spreading due to the scrambling will have the same null to 
null bandwidth, but it will further smear the discrete spectral 
lines from the PN code sequence. Scrambling might be nec
essary for certain allocated frequencies to meet transmis
sion waveform requirements as defined by various 
regulatory agencies. 

In the absence of scrambling, the data patterns could con
tain long strings of ones or zeros. This is definitely the case 
with the a OS preamble which has a stream of up to 256 
continuous ones. The continuous ones would cause the 

spectrum to be concentrated at the discrete lines defined by 
the spreading code and potentially cause interference with 
other narrow band users at these frequencies. Additionally, 
the OS system itself would be moderately more susceptible 
to interference at these frequencies. With scrambling, the 
spectrum is more uhiform and these negative effects are 
reduced, in proportion with the scrambling code length. 

Figure 11 illustrates an example of a non scrambled trans
mission using an 11-bit code with OBPSK modulation with 
alternate 1 's and O's as data. The data rate Is 2 MBPS while 
the spread rate or chip rate is at 11 MCPS. The 11 spectral 
lines resulting from the PN code can be clearly seen in Fig
ure 11. In Figure 12, the same signal is transmitted but with 
the scrambler being on. In this case the spectral lines have 
been smeared. 
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FIGURE 12. SCRAMBLED DBPSK DATA OF ALTERNATE 
1 'sIO'. SPREAD WITH AN ii-BIT SEQUENCE 

Another reason to scramble is to gain a small measure of pri
vacy. The OS nature of the signal is easily demodulat~ with a 
correlating receiver. Indeed, the data modulation can be 
recovered from one of the discrete spectral lines with a narrow 
band receiver (with a 10dB loss in sensitivity). This means 
that the signal gets little security from the OS spreading code 
alone. Scrambling adds a privacy feature to the waveform that 
would require the listener to know the scrambling parameters 
In order to listen in. When the data is scrambled it cannot be 
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defeated by listening to one of the scrambling spectral lines 
since the unintentional receiver in this case is too narrow band 
to recover the data modulation. This assumes though that 
each user can set up different scrambling patterns There are 
9 maximal length codes that can be utilized with a generator 
of length 7. The different codes can be used to implement a 
basic privacy scheme. It needs to be clear though that this 
scrambling code length and the actual properties of such 
codes are not a major challenge for a sophisticated intentional 
interceptor to be listening in. This is why we refer to this 
scrambling advantage as a communications privacy feature 
as opposed to a secure communications feature. 

Scrambling is done by a polynomial division using a pre
scribed polynomial. A shift register holds the last quotient 
and the output is the exclusive-or of the data and the sum 
of taps in the shift register. The taps and seed are program
mable. The transmit scrambler seed is programmed by CR 
15 and the taps are set with CR 16. Setting the seed is 
optional, since the scrambler is self-synchronizing and it 
will eventually synchronize with the incoming data after 
flashing the 7 bits stored from the previous transmission. 

Modulator Description 
The modulator is designed to support both DBPSK and 
DQPSK signals. The modulator is capable of automatically 
switching its rate in the case where the preamble and header 
are DBPSK modulated, and the data is DOPSK modulated. 
The modulator can support date rates up to 4 MBPS. The pro
gramming details of the modulator are given at the introduc
tory paragraph of this section. The HSP3824 can support data 
rates of up to 4 MBPS (DOPSK) with power supply voltages 
between 3.3V and 5.0V and data rates of up to 3 MBPS with 
supply voltages between 2.7V and 5.5V. 

CONTINUOUS 
CCATOMAC 

ED 

CS 

Clear Channel Assessment (CCA) and 
Energy Detect (ED) Description 

The clear channel assessment (CCA) circuit Implements the 
carrier sense portion of a carrier sense multiple access 
(CSMA) networking scheme. The Clear Channel Assess
ment (CCA) monitors the environment to determine when it 
is feasible to transmit The result of the CCA algorithm is 
available in real time through output pin 32 of the device. The 
CCA state machine in the HSP3824 can be programmed as 
a function of RSSI, energy detected on the channel, carrier 
detection, and a number of on board watchdog timers to 
time-out under certain conditions. The CCA can be also 
completely by-passed allowing transmissions independent of 
any channel conditions. The programmable CCA in combi
nation with the visibility of the various internal parameters 
(I.e. Energy Detection measurement results), can assist an 
external processor In executing algorithms that can adapt to 
the environment. These algorithms can increase network 
throughput by minimizing collisions and reducing transmis
sions liable to errors. 

There are two measures that are used in the CCA assess
ment. The receive signal strength (RSSI) which measures 
the energy at the antenna and the carrier sense (CS), which 
is triggered upon valid PN correlation of the baseband pro
cessor (HSP3824). Both indicators are used since interfer
ence can trigger the signal strength indication, but it will not 
trigger the carrier sense. The carrier sense, however, is 
slower to respond than the signal strength and it becomes 
active only when a spread signal with identical PN code has 
been detected, so it is not adequate in itself. Note that the 
CS is also vulnerable to false alarms. The CCA looks for 
changes in these measurements and decides its state based 
on these measures and the time that has elapsed since the 

WATCHDOG TIMER 
RESET ON CCA = CLEAR 1+--- RESET 

RESET ON M m. TIMEOUT 

ED>THRESH 
ED>THRESH 
CS<11tRESH 
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CS > THRESH 
ED > 11tRESH 

DECISION ~B=:U~S~Y:--___________ -.I 

BUSY CNT<N 

CLEAR RESETCNT 
CNT.N 

FIGURE 13. CCA FUNCTIONAL FLOW DIAGRAM 
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channel was last clear. II a source of interfererice makes it machine has four basic states. The first state clears the CCA 
look like the channel is occupied, the circuit will detect a sig- when both the CS and ED are inactive. This indicates that 
nal without carrier and will wait a . proscribed time before ·.the channel is truly clear. 

deciding to transmit over the interference. The second state sets the CCA to BUSY when the CS is 
The receive signal strength Indlpation (RSSI) measurement· active and the ED is inactive. This corresponds to a channel 
is an analog input to the HSP3824 from the successive IF . where the signal just went away or dropped below threshold 
stage of the radio . .The RSSI ADCconverts it within the . ~ut the carrier is still being sensed. The third state sets the 
baseband processor and it cOmpares It to a programmSble CCA to BUSY and resets the cycle counter when the ED and 
threshold. This threshold is normally set to between -70 and CS are both active. This is an obviously busy channel. 
-8OdBm .. This measure is used in the aCquisition decision 

The fourth state increments the cycle counter if the CS is 
and Is also passed to the clear channel assessment logic. inactive and the ED is active, and sets the CCA to BUSY if 
The state diagram in Figure 13 shows the operation of the the count is less than N. This is where the channel has J·ust 
clear channel assessment state machine. 

had a new signal come up and the carrier has not yet been 
The energy detection (ED) signal is the digitized RSSI signal. aCquired or where an interferer turns on. 
The carrier sense (CS) input is derived from a combination of 
the Signal Quality 2 (SQ2) based on phase error and the Sig- II the cycle counter reaches N, the counter is reset and the 
nal Quality 1(SQ1) based on PN correlator magnitude out- CCA is set to CLEAR. This happens on interference that per
puts. Both Signal Quality measures and the ED input are slsts. lithe channel has interference, it may be low enough 

to allow communications. ThfI CCA state machine does differentiated to sense when they change. These change 
detectors and the watchdog timer TIME OUT output are com- not Influence any of the receive or transmit operations 
bined to initiate a clear channel assessment decision. within the HSP3824. The CCA algorithm output Is an 

Indlcstlon to the network processor. The processor can 
The CCA algorithm will always declare the channei busy if Ignora this Indicator and decide to have the HSP3824 
CS is active. If only ED is active the state machine will ini- transmit reg.Rl/ess of the state of CCA. 
tially declare a busy channel and at the same time it will start 
timing ED until it meets the programmed time out count. The Configuration registers effecting the CCA algorithm 
When the time out expires the state machine will declare the operation are summarized below (more programming details 
channel as being clear even if the ED is still active. This will on these registers can be found under the Control Registers 
prevent the transmitter locking out permanently on some section of this document). 
persisting interference. This time out period is programmable The CCA output from pin 32 of the device can be defined as 
by 2 parameters that define an inner count M and an outer active high or active low through CR 9 (bit 5). The RSSI 
count N. The total time out period is determined by the time threshold Is set through CR19. If the actual RSSI value from 
corresponding to the product of MxN. The value of the Inner the ADC exceeds this threshold then ED becomes active. 
counter M is programmable through CR 17 while the value of 
the outer counter N is programmable through CR 18. The The instantaneous RSSI value can be monitored by the exter
state machine cycles M times the N count before it asserts nal network processor by reading CR 10. The programmable 
CCA, declaring the channel as clear for transmission. Note thresholds on the two signal quality measurements are set. 
that the counters are automatically reset to restart the count through CR22, 23, 30, and 31. Signal Quality 1 and 2 thresh
when CS is detected to be active. In summary the CCA state ok:Is derive the state of the Carrier Sense. More details on SQ 

are included under the receiver section of this document. 

r---, SIGNAL QUALITY 1 

Q 

RXD 

FIGURE 14. DEMODULATOR BLOCK DIAGRAM 
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Finally, CR 17 and CR 18 are used to set the time out 
parameters before the CCA algorithm declares permission 
for transmission. 

Receiver Description 
The receiver portion of the baseband processor, performs 
ADC conversion and demodulation of the spread spectrum 
signal. It correlates the PN spread symbols, then demodu
lates the DBPSK or DQPSK symbols. The demodulator 
includes a frequency loop that tracks and removes the car
rier frequency offset. In addition it tracks the symbol timing, 
and differentially decodes and descrambles the data. The 
data is output through the RX Port to the external processor. 

A common practice for burst mode communications systems 
is to differentially modulate the Signal, so that a DPSK 
demodulator can be used for data recovery. This form of 
demodulator uses each symbol as a phase reference for the 
next one. It offers rapid acquisition and tolerance to rapid 
phase fluctuations at the expense of lower bit error rate 
(BER) performance. 

The PRISM baseband processor, HSP3824 uses differential 
demodulation for the initial acquisition portion of the pro
cessing and then switches to coherent demodulation for the 
rest of the acquisition and data demodulation. The HSP3824 
is designed to achieve rapid settling of the carrier tracking 
loop during acquisition. Coherent processing substantially 
improves the BER performance margin. Rapid phase fluctu
ations are handled with a relatively wide loop bandwidth. 

The baseband processor uses time invariant correlation to 
strip the PN spreading and polar processing to demodulate 

TX 

the resulting signals. These operations are illustrated in Fig
ure 14 which is an overall block diagram of the receiver pro
cessor. Input semples from the I and Q ADC converters are 
correlated to remove the spreading sequence. The magni
tude of the correlation pulse Is used to determine the symbol 
timing. The sample stream Is decimated to the symbol rate 
and the phase is corrected for frequency offset prior to PSK 
demodulation. Phase errors from the demodulator are fed to 
the NCO through a leadllag filter to achieve phase lock. The 
variance of the phase errors is used to determine signal 
quality for acquisition and lock detection. 

Acquisition Description 
The PRISM baseband processor uses either a dual antenna 
mode of operation for compensation against multipath inter
ference losses or a single antenna mode of operation with 
faster acquisition times. 

Two Antenna Acquisition 

During the 2 antenna (diversity) mode the two antennas are 
scanned in order to find the one with the best representation 
of the signal. This scanning is stopped once a suitable signal 
is found and the best antenna is selected. 

A projected worst case time line for the acquisition of a signal 
in the two antenna case is shown in Figure 15. The synchroni
zation part of the preamble is 128 symbols long followed by a 
16-bit SFD. The receiver must scan the two antennas to deter
mine if a signal is present on either one and, if so, which has 
the better signal. The timeline is broken into 16 symbol blocks 
(dwells) for the scanning process. This length of time is neces
sary to allow enough Integration of the signal to make a good 

POWER ......................................... . 
RAMP 

128 SYMBOL SYNC 

3. Worst Case Timing; antenna dwell sterts before signal Is full strength. 

4. Time line shown assumes that antenna 2 gets Insufficient Signal. 

FIGURE 15. DUAL ANTENNA ACQUISITION T1MELINE 
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acquisition decision. This wO,rst case time line example "1 uses a 78 symbol sequence with 2 more for power ramping 
assumes that the signal 'is present on antenna A1 only (A2 is of the RF front of the radio. This scheme deletes the second 
blocked). It further assumes that the signal arrives part way antenna dwells but performs the same otherwise. It verifies 
into the first A1 dwell such as to just barely miss detection. the signal after initial detection for lower false alarm proba· 
The signal and the scanning process are asynchronous and bility. 
the signal could start anywhere. In this timeline, it is assumed 
that all 16 symbols are present, but they were missed due to Acquisition Signal Quality Parameters 

power amplifier ramp up. Since A2 has insufficient signal, the Two measures of Signal quality are used to determine acqui· 
first A2 dwell after the start of the preamble also fails detec- sition and drop lock decisions. The first method of determln· 
tion. The second A 1 dwell after signal start is successful and a ing signal presence is to measure the correlator output (or 
symbol timing measurement is achieved. bit sync) amplitude. This measure, however, flattens out in 

Meanwhile signal quality and signal frequency measure- the range of high BER and is sensitive to signal amplitude. 
ments are made simultaneous with symbol timing measure. The second measure is phase noise and in most BER sce· 
ments. When the bit sync level, SQ1, and Phase variance narios it is a better indication of good signals plus it is insen· 
SQ2 are above their user programmable thresholds, the sig. sitive to signal amplitude. The bit sync amplitude and phase 

, nal is declared present for the antenna with the best signal. noise are integrated over each block of 16 symbols used in 
More details on the Signal Quality estimates and their pro. acquisition or over blocks of 128 symbols in the data demod· 
grammabllity are given in the Acquisition Signal Quality ulation mode. The bit sync amplitude measurement repre· 
Parameters section of this document. sents the peak of the correlation out of the PN correlator. 

Figure 17 shows the correlation process. The signal is sam· 
At the end of each dwell, a decision is made based on the rei· pled at twice the chip rate (i.e. 22 MSPS). The one sample 
alive values of the signal qualities of the signals on the two that falls closest to the peak is used for a bit sync amplitude 
antennas. In the example, antenna A 1 is the one selected, so sample for each symbol. This sample is" called the on·time 
the recorded symbol timing and carrier frequency for A 1 are sample. High bit sync amplitude means a good signal. The 
used thereafter for the symbol timing and the' PLL of the NCO early and late samples are the two adjacent samples and 
to begin carrier de-rotation and demodulation. are used for tracking. 

Prior to initial acquisition the NCO was inactive and DPSK The other signal quality measurement is based on phase 
demodulation processing was used. Carrier phase measure· noise and that is taken by sampling the correlator output at the 
ment are done on a symbol by symbol basis afterward and correlator peaks. The phase changes due to scrambling are 
coherent DPSK demodulation is in effect. After a brief setup removed by differential demodulation during initial acquisition. 
time as illustrated on the timeline of Figure 15, the signal Then the phase, the phase rate and the phase variance are 
begins to emerge from the demodulator. measured and integrated for 16 symbols. The phase variance 

is used for the phase noise signal quality measure. Low phase 
If the descrambler is used it takes 7 more symbols to seed 
the descrambler before valid data is available. This occurs in noise means a stronger received signal. 

time for the SFD to be received. At this time the demodulator Procedure to Set Acq. Signal Quality 
is tracking and in the coherent PSK demodulation mode It Parameters (Example) 
will no longer scan antennas. 

There are four registers that set the acquisition signal quality 
One Antenna Acquisition thresholds, they are: CR 22, 23, 30, and 31 

(RX_SQX_IN_ACQ). Each threshold consists of two bytes, 
When only one antenna Is being used, the user can delete high and low that hold a 16.bit number. 
the antenna switch and shorten the acquisition sequence. 
Figure 16 shows the single antenna acquisition timeline. It 
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These two thresholds, bit sync amplitude CR (22 and 23) 
and phase error CR (30 and 31) are used to determine if the 
desired signal is present. If the thresholds are set too "low", 
there is the probability of missing a high signal to noise 
detection due to processing a false alarm. If they are set too 
"high", there is the probability of missing a low signal to noise 
detection. For the bit sync amplitude, "high" actually means 
high amplitude while for phase noise "high" means high SNR 
or low noise. 

A recommended procedure is to set these thresholds individu
ally optimizing each one of them to the same false alarm rate 
with no desired signal present. Only the background environ
ment should be present, usually additive gaussian white noise 
(AGWN). When programming each threshold, the other 
threshold is set so that it always indicates that the signal is 
present. Set register CR22 to DOh while trying to determine 
the value of the phase error signal quality threshold for regis
ters CR 30 and 31. Set register CR30 to FFh while trying to 
determine the value of the Bit sync. amplitude signal quality 
threshold for registers 22 and 23. Monitor the Carrier Sense 
(CRS) output (TEST 7, pin 46) and adjust the threshold to pro
duce the desired rate of false detections. CRS indicates valid 
initial PN acquisition. After both thresholds are programmed in 
the device the CRS rate is a logic "and" of both signal qualities 
rate of occurrence over their respective thresholds and will 
therefore be much lower than either. 

PH Correlator Description 

The PN correlator is designed to handle BPSK spreading 
with carrier offsets up to ±50ppm and 11,13,15 or 16 chips 
per symbol. Since the spreading is BPSK, the correlator is 
implemented with two real correlators, one for the I and one 
for the Q channel.The same sequence is always used for 
both I an Q correlators. The TX sequence can be pro
grammed as a different sequence from the RX sequence. 
This allows a full duplex link with different spreading parame
ters for each direction. 

The correlators are time invariant matched filters otherwise 
known as parallel correlators. They use two samples per 
chip. The correlator despreads the samples from the chip 
rate back to the original data rate giving 10.4dB processing 
gain for 11 chips per bit. While despreading the desired sig
nal, the correlator spreads the energy of any non correlating 
interfering signal. 

Based on the fact that correlator output pulse is used for bit 
timing, the HSP3824 can not be used for any non spread 
applications. 

In programming the correlator functions, there are two sets 
of configuration registers that are used to program the 
spread sequences of the transmitter and the receiver. They 
are CR 13 and 14 for transmitter and CR 20 and 21 for the 
receiver. In addition, CR2 and CR3 define the sequence 
length or chips per symbol for the receiver and transmitter 
respectively. These are carried In bits 6 and 7 of CR2 and 
bits 5 and 6 of CR3. More programming details are given in 
the Control Registers section of this document. 

Data Demodulation and Tracking 
Description 

The signal is demodulated from the correlation peaks 
tracked by the symbol timing loop (bit sync). The frequency 
and phase of the signal is corrected from the NCO that is 
driven by the phase locked loop. Demodulation of the DPSK 
data in the early stages of acquisition is done by delay and 
subtraction of the phase samples. Once phase locked loop 
tracking of the carrier is established, coherent demodulation 
is enabled for better performance. Averaging the phase 
errors over 16 symbols gives the necessary frequency infor
mation for proper NCO operation. The signal quality is taken 
as the variance in this estimate. 

There are two signal quality measurements that are per
formed in real time by the device and they set the demodula
tor performance. The thresholds for these signal quality 
measurements are user programmable. The same two sig
nal quality measures, phase error and bit sync. amplitude, 
that are used in acquisition are also used for the data drop 
lock decision. The data thresholds, though, are programmed 
independently from the acquisition thresholds. If the radio 
uses the network processor to determine when to drop the 
signal, the thresholds for these decisions should be set to 
their limits allowing data demodulation even with poor signal 
reception. Under this configuration the HSP3824 data moni
tor mechanism is essentially bypassed and data monitoring 
becomes the responsibility of the network processor. 

These signal quality measurements are integrated over 128 
symbols as opposed to 16 symbol intervals for acquisition, so 
the minimum time to drop lock based with these thresholds is 
128 symbols or 128ms at 1 MSPS. Note that other than the 
data thresholds, non-detection of the SFD can cause the 
HSP3824 to drop lock and return its acquisition mode. 

Configuration Register 41 sets the search timer for the SFD. 
This register sets this time-out length in symbols for the 
receiver. If the time out is reached, and no SFD is found, the 
receiver resets to the acquisition mode. The suggested value 
is preamble symbols + 16 symbols. If several transmit pream
ble lengths are used by various transmitters in a network, the 
longest value should be used for the receiver settings. 

Procedure to Set Signal Quality Registers 

CR 26, 27, 34, AND 35 (RX_SQX_JN_DATA) are pro
grammed to hold the threshold values that are used to drop 
lock if the signal quality drops below their values. These can 
be set to their limit values if the external network processor 
Is used for drop lock decisions instead of the HSP3824 
demodulator. The signal quality values are averaged over 
128 symbols and if the bit sync amplitude value drops below 
its threshold or the phase noise rises over its threshold, the 
link is dropped and the receiver returnes to the acquisition 
mode. These values should typically be different for BPSK 
and QPSK since the operating point in SNR differs by 3dB. If 
the receiver is intended to receive both BPSK and QPSK 
modulations, a compromise value must be used or the net
work processor can control them as appropriate. 
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The suggested method of optimization is to set the transmit
ter in a continuous transmit mode. Then, measure the time 
until the receiver drops lock at low signal to noise ratio. Each 
of the 2 thresholds should be set individually to the same 
drop lock time. While setting thresholds for one of the signal 
qualities the other should be configured at its limit so it does 
not influence the drop lock decisions. Set CR 26 to OOh while 
determining the value of CR 34 and 35 for phase error 
threshold. Set CR 34 to FFh while determining the value of 
CR 26 and 27 for bit sync. amplitude threshold. 

Assuming a 108-6 BER operating point, it is suggested that 
the drop lock thresholds are set at 10803 BER, with each 
threshold adjusted individually. 

Note that the bit sync amplitude is linearly proportional to the 
signal amplitude at the ADC converters. If an AGC system is 
being used instead of a limiter, the bit sync amplitude thresh
old should be set at or below the minimum amplitude that the 
radio will see at its sensitivity level. 

Data Decoder and Descrambler 
Description 
The data decoder that implements the desired DOPSK cod
ing/decoding as shown in DOPSK Data Decoder Table 9. 
This coding scheme results from differential coding of the 
dibits. When used in the DBPSK modes, only the 00 and 11 
dibits are used. Vector rotation is counterclockwise. 

TABLE 9. DQPSK DATA DECODER 

PHASE SHIFT DIBITS 

0 00 

+90 01 

+180 11 

-90 10 

The data scrambler and de-scrambler are self synchronizing 
circuits. They consist of a 7-bit shift register with feedback of 
some of the taps of the register. The scrambler can be dis
abled for measuring RF carrier suppression. The scrambler 
is designed to insure smearing of the discrete spectrum lines 
produced by the PN code. 

One thing to keep in mind is that both the differential decod
ing and the descrambling when used cause error extension. 
This causes the errors to occur in groups of 4 and 6. This is 
due to two properties of the processing. First, the differential 
decoding process causes errors to occur in pairs. When a 
symbol error is made, it is usually a single bit error even in 
OPSK mode. When a symbol is in error, the next symbol will 
also be decoded wrong since the data is encoded in the 
change from one symbol to the next. Thus, two errors are 
made on two successive symbols. In OPSK mode, these 
may be next to one another or separated by up to 2 bits. 

Secondly, when the bits are processed by the descrambler, 
these errors are further extended. The descrambler is a 7-bit 
shift register with one or more taps exclusive ored with the 
bit stream. If for example the scrambler polynomial uses 2 
taps that are summed with the data, then each error is 
extended by a factor of three. Since the DPSK errors are 
close together, however, some of them can be canceled in 
the descrambler. In this case, two wrongs do make a right, 
so the observed errors can be in groups of 4 instead of 6. 

Descrambling is done by a polynomial division using a pre
scribed polynomial. A shift register holds the last quotient and 
the output is the exclusive-or of the data and the sum of taps in 
the shift register. The taps and seed are programmable. The 
transmit scrambler seed is programmed by CR 15 and the taps 
are set with CR 16. One reason for setting the seed is that it 
can be used to make the SFD scrambling the same every 
packet so that it can be recognized in its scrambled state. 

Demodulator Performance 

This section indicates the theoretical performance and typi
cal performance measures for a radio design. The perfor
mance data below should be used as a guide. The actual 
performance depends on the application, interference envi
ronment, RFIIF implementation and radio component selec
tion in general. 

Overall EblNO Versus BER Performance 

The PRISM chip set has been designed to be robust and 
energy efficient in packet mode communications. The 
demodulator uses coherent processing for data demodula
tion. Figure 18 below shows the performance of the base
band processor when used in conjunction with the HSP3724 
IF limiter and the PRISM. recommended IF filters. Off the 
shelf test equipment are used for the RF processing. The 
curves should be used as a guide to assess performance in 
a complete implementation. 

Factors for carrier phase noise, multipath, and other degra
dations will need to be considered on an implementation by 
implementation basis in order to predict the overall perfor
mance of each individual system. 

Figure 18 shows the curve for theoretical DBPSKlDQPSK 
demodulation with coherent demodulation as well as the 
PRISM performance measured for DBPSK and DOPSK. The 
losses include RF and IF radio losses; they do not reflect the 
HSP3824 losses alone. These are more realistic measure
ments. The HSP3824 baseband losses from theoretical by 
themselves are a small percentage of the overall loss. 

The PRISM demodulator performs at less than 3dB from the
oretical in a AWGN environment with low phase noise local 
oscillators. The observed errors occurred in groups of 4 and 6 
errors and rarely singly. This is because of the error extension 
properties of differential decoding and descrambling. 
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The PRISM baseband processor is designed to accept data 
clock offsets of up to ±25ppm for each end of the link (TX 
and RX). This effects both the acquisition and the tracking 
performance of the demodulator. The budget for clock offset 
error is 0.75dB at ±50ppm as shown in Figure 19. 
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The correlators in the baseband processor are time invariant 
matched fiiter correlators otherwise known as parallel corre
lators. They use two samples per chip and are tapped at 
every other shift register stage. Their performance with car
rier frequency offsets is determined by the phase roll rate 
due to the offset. For an offset of +50ppm (combined for both 
TX and RX) will cause the carrier to phase roll 22.5 degrees 
over the length of the correlator. This causes a loss of 
O.22dB in correlation magnitude which translates directly to 
EblNO performance loss. In the PRISM chip design, the corr
elator is not included in the carrier phase locked loop correc
tion, so this loss occurs for both acquisition and data. Figure 
20 shows the loss versus carrier offset taken out to +350kHz 
(120kHz is 50ppm at2.4GHz). 
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Imbalances in the signal cause differing effects depending 
on where they occur. In a system using a limiter, if the imbal
ances are in the transmitter, that is, before the limiter, ampli
tude imbalances translate into phase imbalances between 
the I and Q symbols. If they occur in the receiver after the 
limiter, they are not converted to phase imbalances in the 
symbols, but into vector phase imbalances on the composite 
signal plus noise. The following curve shows data taken with 
amplitude imbalances in the transmitter. Starting at the bal
anced condition, I = 100% of Q, the bit error rate degrades 
by two orders of magnitude for a 3dB drop in I (70%). 
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A Default Register Configuration 
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The registers in the HSP3824 are addressed with 14-bit num
bers where the lower 2 bits of a 16-bit hexadecimal address 
are left as unused. This results in the addresses being in 
increments of 4 as shown in the table below. Table 10 shows 
the register values for a default Full Protocol configuration 
(Mode 3) with a single antenna. The data is transmitted as 
DQPSK. This is a recommended configuration for initial test 
and verification of the device and lor the radio design. The 
user can later modify the CR contents to reflect the system 
and the required performance of each specific application. 
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TAl'lLE 10. CONTROL REGISTER VALUES FOR SINGLE ANTENNA ACQUISITION 

REGADDR 
REGISTER NAME TYPE IN HEX QPSK BPSK 

CRO MODEM CONFIG. REG A RIW 00 3C 64 

CRl MODEM CONFIG. REG B RIW 04 00 00 

CR2 MODEM CONFIG. REG C RIW 08 07 24 

CR3 MODEM CONFIG. REG 0 RIW DC 04 07 

CR4 INTERNAL TEST REGISTER A RIW 10 00 00 

CR5 INTERNAL TEST REGISTER B RIW 14 00 00 

CR6 INTERNAL TEST REGISTER C R 18 X X 

CR7 MODEM STATUS REGISTER A R lC X X 

CR8 MODEM STATUS REGISTER B R 20 X X 

I CR9 1/0 DEFINITION REGISTER RIW 24 00 00 
! 
I CR10 RSSI VALUESTATUS REGISTER R 28 X X 

CRll ADC_CAL_POS REGISTER RIW 2C 01 01 

CR12 ADC_CA~NEG REGISTER RIW 30 FD FD 

CR13 T>LSPREAD SEQUENCE(HIGH) RIW 34 05 05 

CR14 T>LSPREAD SEQUENCE (LOW) RIW 38 B8 B8 

CR15 SCRAMBLE_SEED RIW 3C 00 00 

CR16 SCRAMBLE_TAP (AX AND TX) RIW 40 48 48 

CR17 CC~TlMER_TH RIW 44 2C 2C 

CR18 CCA_CYCLE_TH RIW 48 03 03 

CR19 RSSI_TH RIW 4C lE lE 

CR20 RX_SPREAD SEQUENCE (HIGH) RIW 50 05 05 

CR21 R>LSREAD SEQUENCE (LOW) RIW 54 BB BB 

CR22 RX_SQC IN_ACQ (HIGH) THRESHOLD RIW 58 01 01 

CR23 AX-SOC IN..ACQ (LOW) THRESHOLD RIW 5C E8 E8 

CR24 AX-SQC OUT_ACQ (HIGH) READ R 60 X X 

CR25 AX-SQ1_ OUT_ACQ (LOW) READ R 64 X X 

CR26 AX-SQ1_IN_DATA (HIGH) THRESHOLD RIW 68 OF OF 

CR27 RX-S01-SQC IN_DATA (LOW) THRESHOLD RIW 6C FF FF 

CR28 AX-SOC OUT_DATA (HIGH)READ R 70 X X 

CR29 RX-SOC OUT _DATA (LOW) READ R 74 X X 

CR30 AX-SQ2_ IN..ACQ (HIGH) THRESHOLD RIW 78 00 00 
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TABLE 10. CONTROL REGISTER VALUES FOR SINGLE ANTENNA ACQUISITION (Continued) 

REGADDR 
REGISTER NAME TYPE IN HEX QPSK BPSK 

CR31 RX-S02- IN-ACO (LOW) THRESHOLD RIW 7C CA CA 

CR32 RX-S02_ OUT _ACO (HIGH) READ R 80 X X 

CR33 RX-S02_ OUT _ACO (LOW) READ R 84 X X 

CR34 RX-S02_IN_DATA (HIGH)THRESHOLD RIW 88 09 09 

CR35 RX-S02_IN_DATA (LOW) THRESHOLD RIW 8C 80 80 

CR36 RX-S02_ OUT_DATA (HIGH) READ R 90 X X 

CR37 RX-S02_ OUT_DATA (LOW) READ R 94 X X 

CR38 RX-SO_READ; FULL PROTOCOL R 98 X X 

CR39 RESERVED W 9C 00 00 

CR40 RESERVED W AD 00 00 

CR41 UW_ Time OuLLENGTH RIW A4 90 90 

CR42 SIG_DBPSK Field RIW A8 OA OA 

CR43 SIG_DOPSK Field RIW AC 14 14 

CR44 RX_SER_Field R BO X X 

CR45 RX_LEN Field (HIGH) R B4 X X 

CR46 RX_LEN Field (LOW) R B8 X X 

CR47 RX_CRC16 (HIGH) R BC X X 

CR48 RX_CRC16 (LOW) R CO X X 

CR49 UW-(HIGH) RIW C4 F3 F3 

CR50 UW_(LOW) RIW C8 AD AD 

CR51 TX-SER_F RIW CC 00 00 

CR52 TX_LEN (HIGH) RIW DO FF FF 

CR53 TX-LEN(LOW) RIW D4 FF FF 

CR54 TX_CRC16 (HIGH) R D8 X X 

CR55 TX_CRC16 (LOW) R DC X X 

CR56 TX_PREM_LEN RIW EO 80 80 
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Control Registers 
The following tables describe the function of each control register along with the associated bits in each control register. 

CONFIGURATION REGISTER 0 ADDRESS (Oh) MODEM CONFIGURATION REGISTER A 

Bit 7 This bit selects the transmit antenna, controlling the output ANT _SEL pin. It is only used in half duplex mode. (Bit 5 = 0) 
Logic 1 = Antenna A. 
Logic 0 = Antenna B. 

Bit 6 In singie antenna operation this bit is used as the output of the ANT _SEL pin. In dual antenna mode this bit Is ignored. 
Logic 1 = Antenna A. 
Logic 0 = Antenna B. 

Bit 5 This control bit is used to select between full duplex and half dupiex operation. If set for full duplex operation, the 
ANT _SEL pin reflects the setting of CRO bit 7 when TlCPE is active and reflects the receiver's choice when TlCPE is 
inactive. In full duplex operation, the ANT _SEL pin always reflects the receiver's choice antenna. 
Logic 1 = full duplex. 
Logic 0 = half duplex. 

Blt4,3 These control bits are used to select one of the four input Preamble Header modes for transmitting data. The preamble 
and header are DBPSK for all modes of operation. Mode 0 is followed by DBPSK data. For modes 1-3, the data can 
be configured as either DBPSK or DQPSK. This is a "don't care" if the header is generated extemally. 

MODE BIT 4 BIT 3 MODE DESCRIPTION 

0 0 0 Preamble with SFD Field. -

1 0 1 Preamble with SFD, and CRC16. 

2 1 0 Preamble with SFD, Length, and CRC16. 

3 1 1 Full preamble and header. 

Bit 2 This control bit is used to enable the SFD (Start Frame Delimiter) timer. If the time is set and expires before the SFD 
has been detected, the HSP38.24 will retum to its acquisition mode. 
Logic 1: Enables the SFD timer to start counting once the PN acquisition has been achieved. 
Logic 0: Disables the SFD Timer. 

Bit 1 This control bit enables counting the number of data bits per the length field embedded in the. header. Only used in 
header modes 2 and 3. Then according to the count it retums tha processor into its acquisition mode at the end of the 
oount. If length field Is OOOOh, modem will reset at end of SFD regardless of this bit setting. 
Logic 1 = Enable Length Time Out. 
LogiC 0 = Disabled. 

Bit 0 Unused don't care. 

CONFIGURATION REGISTER 1 ADDRESS (04h) MODEM CONFIGURATION REGISTER B 

Bit 7 When active this bit maintains the RXCLK and TXLK rates constant for preamble and data transfers even if the data 
is modulated in DQPSK. This bit is used if the extemal processor can not accommodate rate changes. This is an active 
high signal. The rate used is the QPSK rate and the BPSK header bits are double clocked. 

Bit6,5,4,3,2 These control bits ara used to deflne a binary count (N) from 0 - 31. This count is used to assert TlCRDY N - clocks 
(TXCLK) before the beginning of the first data bit. If this is set to zero, then the TlCRDY will be asserted immediately 
after the last bit of the Preamble Header. 

Bit 1 When active the intemal AID calibration circuit sets the reference to mid-scale. When inactive then the calibration cir-
cuit adjusts the raference voltage in real time to optimize I, Q levels. 
Logic 1 = Reference set at mid-scale (fixed). 
logic 0 = Real time reference adjustment. 

Bit 0 When active the AID calibration circuit Is held at its last value. 
Logic 1 = Reference held at the most recent value. 
Logic 0 = Real time reference level adjustment. 
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CONFIGURATION REGISTER 2 ADDRESS (08h) MODEM CONFIGURATION REGISTER C 

Bit7,6 These control bits are used to select the number of chips per symbol used In the I and Q psths of the receiver matched 
filter correlators (see table below). 

CHIPS PER SYMBOL BIT 7 BIT 6 

11 0 0 

13 0 1 

15 1 0 

16 1 1 

Bit 5 This control bit is used to disable the CRC 16 check. When this bit is set, the processor will accept the received packet 
and any packet error checks have to be detected extemally. The HSP3824 will remain In the receive mode until either 
the carrier is lost or th, network processor resets the device to the acquisition mode, or 1I,In modes 2 or 3, the length 
times out. 
Logic 1 = Disable receiver error checks. 
Logic 0 = Enable receiver checks. 

Bit4,3 These control bits are used to select the divide ratio for the demodulators receive chip clock timlng.The value of N is 
determined by the following equation: 
Symbol Rate = MCLKI(N x Chips per symbol). 

MASTER CLOCKIN BIT 4 BIT 3 

N .. 2 0 0 

N=4 0 1 

N=8 1 0 

N=16 1 1 

Bit 2 This control bit sets the receiver Into single or dual antenna mode. The Preamble acquisition processing length and 
whether the modem scans antennas Is controlled by this bit. If In single antenna mode, the ANT _SEL pin reflects CRO 
bit 6 otherwise It raflects the receiver's choice of antenna. 
Logic 0 = Acquisition processing Is for dual antenna acquisition. 
Logic 1 = Acquisition processing Is for single antenna acquisition. 

Bit 1,0 These control bits are used to indicate one of tha four Preamble Header modes for receiving data. Each of the modes 
includes different combinations of Header fields. Users can choose the mode with the fields that are more appropriate 
for their networking requirements. The Header fields that are combined to fonn tha various modes are: 
• SFDfleid 
• CRC16fieid 
• Data length field (indicates the number of data bits that follow the Header Information) 
• Full protocol Header 

INPUT MODE BIT 1 BIT 0 RECEIVE PREAMBLE· HEADER FIELDS 

0 0 0 Preamble, with SFD Field 

1 0 1 Preamble, with SFD, CRC16 

2 1 0 Preamble, with SFD Length, CRC16 

3 1 1 Preamble, with Full Protocol Header 

CONFIGURATION REGISTER 3 ADDRESS (OCh) MODEM CONFIGURATION REGISTER D 

I Bit 7 I Reserved (must set to "0"). 
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CONFIGURATION REGISTER 3 ADDRESS (OCh) MODEM CONFIGURATION REGISTER D (Continued) 

These control bits combined are used to select the number of chips per symbol used in the I and Q transmit paths (see 
table below). 

CHIPS PER BIT 6 BIT 5 

11 0 0 

13 0 1 

15 1 0 

16 1 1 

These control bits are used to select the divide ratio for the transmit chip clock liming. 
NOTE: The value of N Is determined by the following equation: Symbol Rate = MCLKI(N x Chips per symbol) 

MASTER BIT 4 BIT 3 

N=2 0 0 

N=4 0 1 

N=8 1 0 

N = 16 1 1 

This control bit is used to select the origination of PreambleJHeader Information. 
logic 1: The HSP3824 generates the Preamble and Header internally by formatting the programmed header 
Information and generating a neRDY to indicate the beginning of the data packet. 
Logic 0: Accepts the PreambleJHeader information from an externally generated source. 

This control bit Is used to indicate the Signal modulation type for the transmitted data packet. When configured for mode 
o header. or mode 3 and external header. this bit is ignored. See Register 0 bits 4 and 3. 
Logic 1 = DBPSK modulation for data packet. 

,Logic 0 = DQPSK modulation for data packet. 

This control bit is used to Indicate the signal modulation type for the received data packet Used only with header modes 
1 and 2. See register 2 bits 1 and O. 
Logic 1 = DBPSK. 
logic 0 = DQPSK. 

CONFIGURATION REGISTER 4 ADDRESS (10h) INTERNAL TEST REGISTER A 

These control bits are used to direct various Intemal signals to test port output pins. These internal signals are monl· 
tored to fault isolate the device at manufacturing testing. During normal operetion. the value Oh is recommended. This 
will result to the following signals becoming available at the output test pins of the device: 
Pin 46 (TEST7): carrier Sense (CRS). a logic 1 Indicates PN lock. 
Pin 45 (TEST6): Energy Detect (ED). a logic 1 Indicates thetthere is energy detected In the channel. The ED goes 
active when the RSSI exceeds the threshold level programmed by the user. 
Pin 1 (TEST _CK): PN cfock. 

CONFIGURATION REGISTER 5 ADDRESS (14h,18h) INTERNAL TEST REGISTER B 

These bits need to be programmed to Oh. They are used for manufacturing test only. 

CONFIGURATION REGISTER 7 ADDRESS (1Ch) MODEM STATUS REGISTER A 

This bit indicates the status of the neRDY output pin. neRDY Is used only when the HSP3824 generates the Pre· 
amble/Header data Internally. 
Logic 1: Indicates that the HSP3824 has completed lransmittingPreamble header information and is ready to accept 
data from the extemal source (i.e. MAC) to transmit. 
LogiC 0: Indicates !hat the HSP3824 Is In the process of transmitting Preamble Header Information. 

This status bit Indicates the antenna selected by the device. 
Logic 0: Antenna A Is selected. \ 

Logic 1: Antenna B is selected. 
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CONFIGURATION REGISTER 7 ADDRESS (lCh) MODEM STATUS REGISTER A (Continued) 

BitS This status bit Indicates the present state of clear channel assessment (CCA) which Is output pin 32. The CCA Is being 
asserted as a result of a channel energy monitoring algorithm that Is a function of RSSI, carrier sense, and time out 
counters that monitor the channel activity. 

Bit 4 This status bit, when active indicates Carrier Sense, or PN lock. 
Logic 1: Carrier present. 
Logic 0: No Carrier Sense. 

Bit 3 This status bit Indicates whether the RSSI Signal is above or below the programmed RSSI 6-blt threshold setting. This 
signal is referred as Energy Detect (ED). 
Logic 1: RSSI Is above the programmed threshold setting. 
Logic 0: RSSI Is below the programmed threshold setting. 

Bit 2 This bit Indicates the status of the output control pin MD_RDY (pin 34). It signals that a valid PreamblelHeader has 
been received and that the next available bit on the TXD bus will be the first data packet bit. 
Logic 1: Envelopes the data packet as it becomes available on pin 3 (TXD). 
Logic 0: No data packet on TXD serial bus. 

Bitt This status bit Indicates whether the extemal device has acknowledged that the channel Is clear for transmission. This 
is the same as the Input signal TlCPE on pin 2. 
Logic 1 = Acknowledgment that channel is clear to transmit. 
logic 0 = Channel Is NOT clear to transmit. 

Bit 0 This status bit Indicates that a valid CRC16 has been calculated. The CRC16 Is calculated on the Header information. 
The CRC16 does not cover the preamble bits. 
Logic 1 = Valid CRC16 check. 
Logic 0 = Invalid CRC16 check. 

CONFIGURATION REGISTER 8 ADDRESS (20h) MODEM STATUS REGISTER B 

Bit 7 This status bit is meaningful only when the device operates under the full protocol mode. I:rrors Imply CRC errors of 
the header fields. 
Logic 0 = Valid packet received. 
Logic 1 = Errors In received packet. 

Bit 6 This bit Is used to indicate the status of the SFD search timer. The device monitors the incoming Header for the SFD. 
If the timer, times out the HSP3824 returns to its signal acquisition mode looking to detect the next Preamble and 
Header. 
Logic 1 = SFD not found, retum to signal acquisition mode. 
logic 0 = No Urns out during SFD search. 

BitS This status bit is used to Indicate the modulation type for the data packet. This signal is generated by the header de-
tection circuitry in the receive interface. 
Logic 0 = DBPSK. 
Logic 1 = DQPSK. 

Bit 4 Unused, don't care. 

Bit 3 Unused, don't care. 

Bit 2 Unused, don't care. 

Bitt Unused, don't care. 

BitO Unused, don't care. 

CONFIGURATION REGISTER 9 ADDRESS (24h) 110 DEFINITION REGISTER 

This register is used to define the phase of clocks and other interface signals. 

Bit 7 This bit needs to always be set to logiC O. 

BitS This control bit selects the actlve level of the MD_RDY output pin 34. 
Logic 1 = MD_RDY Is active O. 
Logic 0 = MD_RDY Is actlve 1. 
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CONFIGURATION REGISTER 9 ADDRESS (24h) 110 DEFINITION REGISTER 

This control bit selects the active level of the Clear Channel Assessment (CCA) output pin 32. 
logic 1 = CCA active 1. 
Logic 0 = CCA active O. 

this control bit selects the active level of the Energy Detect (ED) output which Is an output pin at the test port, pin 45. 
Logic 1 = ED active O. 
Logic 0 = ED active 1. 

this control bit selects the active level of the carrier Sense (CRS) output pin which Is an output pin at the test port, pin 
46. 
Logic 1 = CRS active O. 
Logic 0 = CRS active 1. 

This control bit selects the active level of the transmit ready (T>LRDY) output pin 5. 
Logic 1 = T>LRDY active O. 
Logic 0 = T>LRDY active 1. 

This control bit selects the active level of the transmit enable (TlCPE) Input pin 2. 
Logic 1 = T>LPE active O. 
Logic 0 = T>LPE active 1. 

This control bit selects the phase of the transmit output clock (TXCLK) pin 4. 
logic 1 = Inverted TXCLK. 
Logic 0 = NON-Inverted TXCLK 

CONFIGURATION REGISTER 10 ADDRESS (29h) RSSI VALUE REGISTER 

This Is a read only register reporting the value of the RSSI analog Input signal from the on chip 6-blt ADC. This register 
Is updated at (chip rate/l1). Bits 7 and 6 are not used and set to Logic O. 
Example: 

BITS (0:7) RANGE 

RSSLSTAT 76543210 

00000000 OOh (Min) 

00111111 3Fh (Max) 

CONFIGURATION REGISTER 11 ADDRESS (2ch) AID CAL POS REGISTER 

This 8-blt control register contains a binary value used for positive Increment for the level adjusting circuit of the AID 
reference. The larger the step the faster the level reaches saturation. 

CONFIGURATION REGISTER 12 ADDRESS (30h) AID CAL NEG REGISTER 

This 8-blt control register contains a binary value used for the negative Increment for the level adjusting reference of 
the AID. The number Is programmed as 256 - the value wanted since it Is a negative number. 

CONFIGURATION REGISTER 13 ADDRESS (34h) TX SPREAD SEQUENCE (HIGH) 

This 8-blt register Is programmed with the upper byte of the transmit spreading code. This code Is used for both the I 
and a signalling paths of the transmitter. This register combined with the lower byte TX_SPREAD(LOW) generates a 
transmit spreading code programmable up to 16 bits. COde lengths permitted are 11, 13, 15, and 16. Right justified 
MSBfirst. 

SOME SUITABLE CODES 

LENGTH CR13 CR14 TYPE 

11 05 as Barker 

13 IF 35 Barker 

15 IF 35 Modified Barker 

16 IF 35 Modified Barker 
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CONFIGURATION REGISTER 14 ADDRESS (38h) TX SPREAD SEQUENCE (LOW) 

This 8-blt register is programmed with the lower byte of the transmit spreading code. This code is used for the I and Q 
signalling paths of the transmitter. This register combined with the higher byte TX_SPREAD(HIGH) generates the 
transmit spresding code programmable up to 16 bits. 
The example below illustrates the bit positioning for one of the 11 bit Barker PN codes. 
Example: 

Transmit Spreading Code 11-Bit Barker Word Right Justified MSB First. 

MSB LSB 

TlCSPREAD(HIGH) 15 14 13 12 11 10 9 8 

TX_SPREAD(LOW) 76543210 

11-blt Barker code XXXXX10110111000 

CONFIGURATION REGISTER 15 ADDRESS (3Ch) SCRAMBLER SEED 

This register contains the 7-blt (seed) value for the transmit scrambler which Is used to preset the transmit scrambler 
to a known starting state. The MSB bit position (7) is unused and must be programmed to a Lagle O. The example 
below Illustrates the bit pOSitioning of seed. 

CONFIGURATION REGISTER 16 ADDRESS (40h) SCRAMBLER TAP 

This register Is used to configure the transmit scrambler with a 7 -bit polynomial tap configuration. The transmit scram
bler is a 7-bi! shift register, with 7 conflgurable taps. A logic 11s the respective bit position enables that particular tap. 
The MSB bit 7 is not used and it is set to a Logic O. The example below illustrates the register configuration for the 
polynomial F(x) = 1 + X-4+X-7. Each clock is a shift left 

LSB 

Bits (0:7) 76543210 

Scrambler Taps 01001000 

CONFIGURATION REGISTER 17 ADDRESS (44h)CCA TIMER THRESHOLD 

This 8-bit register Is used to configure the period of the time-out threshold of the CCA watchdog timer. If the channel 
Is busy the timar counts until it reaches the programmed value and at that point it daclares that the channel is clear 
independent of the actual energy measured within the channel. This register is programmable up to 8 bits. 

Time (ms) = 1000. ~h;p5=e' where N Is the progremmable value of CR17. 

For example, for a chip rate of 11 MCPS and a desired timeout of -11 ms, N = 2ch. 

LSB 

Bits (0:7) 76543210 

00000010 02h(Mln) 

CCA..TIMEFLTH 11111111 FFh (Max) 

CONFIGURATION REGISTER 18 ADDRESS (48h) CCA CYCLE THRESHOLD 

This B-bit register Is used to configure how many times the CCA timar Is allowed to reach Its maximum count before 
the channel Is daclared clear for transmission Independent of the actual energy In the channel. This is an outer counter 
loop of the CCA timer. Each Increment represents a time out of the CCA timar. Use a value of 03h for a time out of 2 
CCA timer counts. 

MSB LSB 

Bits (0:7) 76543210 

00000010 2h; 1 CCA timer (Min) 

11111111 FFh; 256 CCA timer (Max) 
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CONFIGURATION REGISTER 19 ADDRESS (4Ch) RSSI THRESHOLD, ENERGY DETECT 

This register contains the value for the RSSI threshold for meaSuring and generating energy detect (ED). When the 
RSSI exceeds the threshold ED is declared. ED indicates the presence of energy in the channel. The threshold that 
activates ED is programmable. Bits 7 an 6 of this register are not used and set to Logic O. 

MSB LSB 

Bits (0:7) 76543210 

00000000 OOh (Min) 

RSSLSTAT 00111111 3Fh(Max) 

CONFIGURATION REGISTER 20 ADDRESS (SOh) RX SPREAD SEQUENCE (HIGH) 

This 8-bit register Is programmed with the upper byte of the receive despreadlng code. This code is used for both the 
I and Q signalling paths of the receiver. This register combined with the lower byte RX_SPRED(LOW) generates a 
receive despreadlng code programmable up to 16 bits. Right justified MSB first. See address 13 and 14 for example. 

CONFIGURATION REGISTER 21 ADDRESS (S4h) RX SPREAD SEQUENCE (LOW) 

This 8-blt register Is programmed with the lower byte of the receiver despreadlng code. This code Is used for both the 
I and, Q signalling paths of the receiver. This register combined with the upper byte RlLSPRED(HIGH) generatas a 
receive despreading code programmable up to 16 bits. 

CONFIGURATION REGISTER 22 ADDRESS (S8h) RX SIGNAL QUALITY 1 ACQ (HIGH) THRESHOLD 

This control register contains the upper byte bits (8 - 14) of the bit sync amplitude signal quality threshold used for 
acqUisition. This register combined with the lower byte represents a 15-blt threshold value for the bit sync amplitude 
signal quality measurements made during acquisition at each antenna dwell. This threshold comparison is added with 
the 802 threshold in registers 30 and 31 for acquisition. A lower value on this threshold will Increase the probability of 
detection and the probability of false alarm. Set the threshold according to Instructions In the text. 

CONFIGURATION REGISTER 23 ADDRESS (SCh) RX SIGNAL QUALITY 1 ACQ THRESHOLD (LOW) 

This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality threshold used for ac
quisition. This register combined with the upper byte represents a 15-blt threshold value for the bit sync amplitude sig
nal quality measuremant made during acquisition at each antenna dwell. 

CONFIGURATION REGISTER 24 ADDRESS (60h) RX SIGNAL QUALITY 1 ACQ READ (HIGH) 

This status register contains the upper byte bits (8 - 14) of the measured signal quality threshold for the bit sync am
plitude used for acquisition. This register combined with the lower byte represents a 15-blt value, representing the mea
sured bit sync amplitude. This measurement is made at each antenna dwell and Is the result of the best antenna. 

CONFIGURATION REGISTER 25 ADDRESS (64h) RX SIGNAL QUALITY 1 ACQ READ (LOW) 

This register contains the lower byte bits (0 - 7) of the measured signal quality threshold for the bit sync amplitude used 
for acquisition. This register combined with the higher byte represents a IS-bit value, of the measured bit sync ampli
tude. This measurement is made at each antenna dwell and is the result of the best antenna. 

CONFIGURATION REGISTER 26 ADDRESS (68h) RX SIGNAL QUALITY 1 DATA THRESHOLD (HIGH) 

This control register contains the upper byte bits (8-14) of the bit sync amplitude signal quality threshold used for drop 
lock decisions. This register combined with the lower byte represents a 15-blt threshold value for the bit sync amplitude 
signal quality measurements, made every 128 symbols. These thresholds set the drop lock probability. A higher value 
will Increase the probability of dropping lock. 

, 

CONFIGURATION REGISTER ADDRESS 27 (6Ch) RX SIGNAL QUALITY 1 DATA THRESHOLD (LOW) 

This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality threshold used for drop 
lock decisions. This register combined with the upper byte represents a 15-bit threshold value for the bit sync amplitude 
signal quality measurements, made every 128 symbols. 
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CONFIGURATION REGISTER 28 ADDRESS (70h) RX SIGNAL QUALITY 1 DATA (high) THRESHOLD READ (HIGH) 

BitsO-7 

BitsO-7 

BltsO-7 

BltsO-7 

BitsO-7 

BltsO-7 

Bits 0-7 

Bits 0-7 

Bits 0-7 

Bits 0-7 

BitsO-7 

This status register contains the upper byte bits (8-14) of the measured signal quality of bit sync amplitude used for 
drop lock decisions. This register combined with the lower byte represents a IS-bit value, representing the measured 
signal quality for the bit sync amplitude. This measurement is made every 128 symbols. 

CONFIGURATION REGISTER 29 ADDRESS (74h) RX SIGNAL QUALITY 1 DATA THRESHOLD READ (LOW) 

This register contains the lower byte bits (0-7) of the measured signal quality of bit sync amplitude used for drop lock 
declslons. ThIs register combined with the lower byte reprasents a 16-blt value, representing the measured signal qual
Ity for the bit sync amplitude. This measurement Is made evary 128 symbols. 

CONFIGURATION REGISTER 30 ADDRESS (78h) RX SIGNAL QUALITY 2 ACQ THRESHOLD (HIGH) 

This control register contains the upper byte bits (8-15) of the carrier phase variance threshold used for acquisition. 
This register combined with the lower byte represents a 16-blt threshold value for carrier phase variance measurement 
mede during acquisition at each antenna dwell and Is based on the choice of the best antenna. This threshold Is used 
with the bit sync threshold In registers 22 and 23 to declare acquisition. A higher value in this threshold will Increase 
the probability of acquisition and false alarm. 

CONFIGURATION REGISTER 31 ADDRESS (7Ch) RX SIGNAL QUALITY 2 ACQ THRESHOLD (LOW) 

This control register contains the lower byte bits (0-7) of the carrier phase variance threshold used for acquisition. 

CONFIGURATION REGISTER 32 ADDRESS (80h) RX SIGNAL QUALITY 2 ACQ READ (HIGH) 

This status register contalns the upper byte bits (8-15) of the measured signal quality of the carrier phase variance 
used for acquisition. This register combined with the lower byte generates a 16-blt value, representing the measured 
signal quality of the carrier phase variance. This measurement Is made during acquisition at each antenna dwell and 
Is based on the selected best antenna. 

CONFIGURATION REGISTER 33 ADDRESS (84h) RX SIGNAL QUALITY 2 ACQ READ (LOW) 

This stetus register contalns the lower byte bits (0-7) of the measured signal quality of the carrier phase variance used 
for acquisition. This register combined with the lower byte generates a IS-bit value, representing the measured signal 
quality of the carrier phase variance. This measurement is made during acquisition at each antenna dwell and Is based 
on the selected best antenna 

CONFIGURATION REGISTER 34 ADDRESS (88h) RX SIGNAL QUALITY 2 DATA THRESHOLD (HIGH) 

This control register contalns the upper byte bits (8-15) of the carrier phase variance threshold. This register combined 
with the lower byte represents a IS-bit threshold value for the carrier phase variance signal quality measurements 
made every 128 symbols. 

CONFIGURATION REGISTER 35 ADDRESS (8Ch) RX SIGNAL QUALITY 2 DATA THRESHOLD (LOW) 

This control register contalns the lower byte bits (0-7) of the carrier phase variance threshold. This register combined 
with the upper byte) represents a 16-bit threshold value for the carrier phase variance signal quality measurements 
mede every 128 symbols. 

CONFIGURATION REGISTER 36 ADDRESS (90h) RX SIGNAL QUALITY 2 DATA READ (HIGH) 

This status register contalns the upper byte bits (8-15) of the measured signal quality of the carrier phase variance. 
This register combined with the lower byte represents a IS-bit value, of the measured carrier phase variance. This 
measurement is made every 128 symbols. 

CONFIGURATION REGISTER 37 ADDRESS (94h) RX SIGNAL QUALITY 2 DATA READ (LOW) 

This register contalns the lower byte bits (0-7) of the measured signal quality of the carrier phase variance. This register 
combined with the represents a 16-bit value, of the measured carrier phase variance. This measurement is made every 
128 symbols. 

CONFIGURATION REGISTER ADDRESS 38 (98h) RX SIGNAL QUALITY 8-BIT READ 

This 8-blt register contains the bit sync amplitude Signal quality measurement derived from the 16-bit BIt Sync Signal 
quality value stored in the CR28-29 registers. This value Is the result of the signal quality measurement for the best 
antenna dwell. The signal quality measurement provides 256 levels of signal to noise measurement. 
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Bits 0-7 

BitsO-7 

BitsO-7 

BitsO-7 

BitsO-7 

BltsO-7 

HSP3824 

CONFIGURATION REGISTER 39 ADDRESS RESERVED 

I Reserved 

CONFIGURATION REGISTER 40 ADDRESS RESERVED 

I Reserved 

CONFIGURATION REGISTER 41 ADDRESS (A4h) SFD SEARCH TIME 

This register Is programmed with an 8-bit value which represents the length of time for the demodulator to search for 
a SFD In a receive Header. Each bit increment represents 1 symbol period. 

CONFIGURATION REGISTER 42 ADDRESS (ASh) DSBPSK SIGNAL 

This register contains an 8-bit value indicating the data packet modulation Is DBPSK. This value will be a OAH for full 
protocol operetion at a data rete of 1 MBPS, and is used in the trensmitted Signalling Field of the header. This value 
will also be used for detacting the modulation type on the received Header. 

CONFIGURATION REGISTER 43 ADDRESS (ACh) DQPSK SIGNAL 

This register contains the 8-bit value Indicating the data packet modulation is DQPSK. This value will be a 14h for full 
protocol operation at a data rate of 2 MBPS end is used in the transmitted Signalling Field of the header. This value 
will also be used for detecting the modulation type on the received header. 

CONFIGURATION REGISTER 44 ADDRESS (BOh) RX SERVICE FIELD (RESERVED) 

This register contains the detected received 8-bit value of the Service Field for the Header. This field Is reserved for 
the full protocol mode for future use and should be always a OOh.. ' 

CONFIGURATION REGISTER 45 ADDRESS (B4h) RX DATA LENGTH (HIGH) 

This register contains the detected higher byte (bits 8-15) of the received Length Field contained In the Header. This 
byte combined with the lower byte indicates the number of transmitted bits In the data packet. 

CONFIGURATION REGISTER 46 ADDRESS (BSh) RX DATA LENGTH (LOW) 

This register contains the detected lower byte of the received Length Field contained In the Header. This byte com
bined with the upper byte indicates the number of transmitted bits in the data packet. 

CONFIGURATION REGISTER 47 ADDRESS (BCh) RX CRC16 (HIGH) 

This register contsins the upper byte bits (8 -15) of the received CRC16 field Header. This register combined with the 
lower byte represents a 16-bit CRC16 value protecting transmitted header. The fields protected are selected by con
figuring the header control bits at configuration register 2. 

CONFIGURATION REGISTER 48 ADDRESS (COh) RX CRC16 (LOW) 

This register contains the lower byte bits (0-7) of the received CRC16 field Header. This register comblned with the 
uppar byte represents a 16-blt CRC16 value protecting transmitted header. The fields protected are salected by con
figuring the header control bits at configuration register 2, 

MSB loSB 

RX_CRCI6 1514131211109876543210 

RX_CRCI6(HIGH) 76543210 

R)CCRCI6(LOW) 7654321"0 

NOTE: The receive CRC16 Field protects the following fields depending 
upon the mode selection, as defined in configuration register 2. 

Mode 0 CRC16 not used 
Mode 1 CRC16 protects SFD 
Mode 2 CRC16 protects SFD, and Length Field 
Mode 3 CRC16 protects Signalling Field, Service Field, and Length Field 
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BitsO-7 

BltsO-7 

BitsO-7 

BitsO-7 

B1ts0-7 

BltsO-7 

B1ts0-7 

HSP3824 

CONFIGURATION REGISTER 49 ADDRESS (C4h) SFD (HIGH) 

This 8-blt register contains the upper byte bits (8-15) of the SFD used for both the Transmit and Receive header. This 
register combined with the lower byte represents the 16-bit value for the SFD field. 

CONFIGURATION REGISTER 50 ADDRESS (CBh) SFD (LOW) 

This 8-bil register conteins the upper byte bits (0-7) of the SFD used for both the Transmll and Receive header. This 
register combined with the lower byte represents the 16-blt value for the SFD field. 

CONFIGURATION REGISTER 51 ADDRESS (CCh) TX SERVICE FIELD 

This 8-bit register Is programmed with the 8-blt value of the Service Field to be transmitted in a Header. This field is 
reserved for future use and should be always a OOh. 

CONFIGURATION REGISTER 52 ADDRESS (DOh) TX DATA LENGTH FIELD (HIGH) 

This 8-bit register contains the higher byte (bits 8-15) of the transmit Length Field described in the Header. This byte 
combined with the lower byte indicates the number of bits to be transmitted in the data packet. CR 52153 should not 
be sello OOOOh. This value would cause Ihe modem to resel after SFD. 

CONFIGURATION REGISTER 53 ADDRESS (D4h) TX DATA LENGTH FIELD (LOW) 

This 8-bit register contains the lower byte bits (0-7) of the transmit Length Field described In the Header. This byte 
combined with the higher byte indicates the number of bits to be transmitted In the data packet, including the MAC 
payload header. CR 52/53 should not be set to OOOOh. This value would cause the modem to reset after SFD. 

CONFIGURATION REGISTER 54 ADDRESS (D8h) TX CRC16 (HIGH) 

This 8-bit register contains the upper byte (bits 8-15) of the transmitted CRC16 Field for the Header. This register 
combined with the lower byte represents a 16-bit CRC16 value calculated by the HSP3824 to protect the transmitted 
header. The fields protected are selected by configuring the header mode control bits at register address 02. 

CONFIGURATION REGISTER 55 ADDRESS (DCh) TX CRC16 (LOW) 

This 8-bit register contains the lower byte (bits 0-7) of the transmitted CRC16 Field for the Header. This register com
bined with the higher byte represents a 16-bit CRC16 value calculated by the HSP3824 to protect the transmitted 
header. The field~ protected are selected by configuring the header mode control bits at register address 02. 
configuration regISter 2r-________ -,. ____________ -, 

MSB LSB 

RX_CRCI6 1514131211109876543210 

RX_CRCI6(HIGH) 7 6 5 4 321 0 

76543210 

NOTE: The receive CRC16 Field protects the following fields depending 
upon the mode selection. as defined In register address 02. 

Mode 0 CRC16 not used 
Mode 1 CRC16 protects SFD 
Mode 2 CRC16 protects SFD, and Length Field 
Mode 3 CRC16 protects Signalling Field, Service Field, and Length Field 

CONFIGURATION REGISTER 56 ADDRESS (EOh) TX PREAMBLE LENGTH 

This register contains the count for the Preamble length counter. This counter is programmable up to 8 bits and rep
resents the number of preamble bits. This should be set at SOh for 1 antenna and 80h for dual antennas. 
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HSP3824 at 33MHz 

Absolute Maximum Ratings Thermal Information 
Supply Voltage ....•..•.•••••..............••••••..•. 7.0V Thermal Resistance (Typical, Note 5) BJA (,CIW) 
Input, Output or 1/0 Voltage •..•........ GNO -0.5V to Vee+0.5V 
ESO Classification •••..•.•.••..•............•••••. Class 1 

TQFP Package .. .. .. .. .. .. .. .. .. .. .. .. .. .. 80 
Maximum Storage Temperature Range ..•••••... -65"C to 1500 C 

Operating Conditions 
Maximum Junction Temperature ....................... 1500 C 
Maximum lead Temperature (Soldering 10s) .•.....•...•• 3000C 

Operating Voltage Range ..••............... +2.70V to +5.50V 
Operating Temperature Range .•..........•••... -40oC to 850C 

(lead TIps Only) 

Die Characteristics 
Gate Count ................................. 25,000 Gates 

CAUTION: Stresses above those listed In "Absolute Maximum RaUngs" may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other oonditions above those indicated In the operational sections of this specification Is not implied. 

NOTE: 
5. BJA Is measured with the component mounted on an evaluation PC board In free air. 

DC Electrical Specifications vee = 3.0V to 5.0V ±10%, TA =-40oC to 850C 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Power Supply Current leoop Vee = 3.5V, ClK Frequency 22MHz - 42 50 rnA 
(Notes 6, 7) 

Standby Power Supply Current leeSB Vee = Max, Outputs Not loaded - 1 2.5 rnA 

Input leakage Current II Vee = Max, Input = OVor Vee -10 1 10 j1A 

Output leakage Current 10 Vee= Max, Input = OVorVee -10 1 10 j1A 

logical One Input Voltage VIH Vee = Max, Min 0.7 Vee - V 

logical Zero Input Voltage Vil Vee = Min, Max - Vcc13 V 

logical One Output Voltage VOH 10H= -1mA; Vee = Min Vee-0•4 Vee-·2 - V 

logical Zero Output Voltage VOL 10l = 2mA, Vee = Min - .2 0.4 V 

Input Capacitanca ' C1N ClK Frequency 1 MHz. All measurements - 5 10 pF 

Output CapaCitance COUT referanced to GNO. TA = 250C, Note 7 - 5 10 pF 

NOTES. 
6. Output load 30pF.leeop = 5.5 + 4.7(V) + 3.7E -7 (V)(!); V = Volts, f= Freq. Example: 5.5 + 4.7(5.5) + 3.7E -7(5.5)(22E6) = n 
7. Not tested, but characterized at Initial design and at major procassldeslgn changes. 

AC Electrical Specifications vee = 3.011 to 5.0V ±10%, TA = -40°C to 85"C, (Note 8) 

33MHz 

PARAMETER SYMBOL MIN MAX UNITS 
ClK Period (MClK) IcP 30 - ns 
ClK High (MClK) IcH 9 - ns 
ClK low (MClK) tel 9 - ns 

Setup TIme to MClK (TXO) tS2 10 - ns 
Hold TIme from MClK (TXO) 4i2 20 - ns 

SClK Clock Period tp 100ns or MClK - ns 
SClKHlgh tH 20 - ns 
SClKlow ~ 20 - ns 

Set up to SClK (SO, AS, R/W, OS) tS1 20 - ns 
Hold Time from SClK (SO, AS, R/W, OS) 4i1 20 - ns 

SOOUT from SClK 101 - 30 ns 
Output Enable of Sd from RIW High tE1 - 20 ns (Note 9) 
Output disable of SO aiter RfijJ low ~1 - 20 ns (Note 9) 
TXClK, TXROY, I, Q from MClK 102 - 35 ns 
RXClK, MO_ROY, RXO from MCLK 103 - 35 ns 
TEST 0-7, CCA, AGC, from MCLK 104 - 40 ns 
ANSTEL, TEST _CK - - - -
OUTPUT Rlse/Fall - 10 ns (Note 9, 10) 

NOTES. 
8. AC tests perfonned with ~ = 4OpF, IOL = 2mA, and IOH = -1 rnA. Input referenos level all Inputs 1.5V. Test VIH = V CCo V1l = OV; VOH = VOL = V cd2. 
9. Not tested, but characterized at initial design and at mejor process/design changes. 

10. Measured from Vil to VIH• 
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I and Q AID AC Electrical Specifications 

PARAMETER MIN TVP MAX UNITS 

Full Scale Input Voltage (Vp.p) 0.25 0.50 1.0 V 

Input Bandwidth (·0.5dB) - 20 - MHz 

Input Capacitance - 5 - pF 

Input Impedance (DC) 5 - - kn 

FS (Sampling Frequency) - - 44 MHz 

RSSI AID Electrical Specifications 

PARAMETER MIN TVP MAX UNITS 

Full Scale Input Voltage (Vp-p) - - 1.15 V 

Input Bandwidth (O.5dB) 1MHz - - MHz 

Input Capacitance (DC) - 7pF - pF 

Input Impedance 1M - - MC 
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HSP3824 at 44MHz 

Absolute Maximum Ratings Thermal Information 
Supply Voltage .....•................................ 7.0V Thermal Resistance (Typical, Note 11) 9JA fClW) 
Input, output or VO Voltage ..........•. GNO -0.5V to Vee +D.5V TQFP Package ........ . . . . . • . . . . • . . . . . . . . . 80 
ESO Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Class 1 Maximum Storage Temperature Range .......... -65°C to 150°C 

Maximum Junction Temperature ....................... 150°C 
Operating Conditions Maximum lead Temperature (Soldering 108) ............. 300°C 

Operating Voltage Range ..................... +3.3V to +5.0V (lead TIps Only) 

Operating Temperature Range .................. -40OC to esoc 
Die Characteristics 
Gate Count .............••.................. 25,000 Gates 

CAUTION: Sffl/SSIIS abo"" /hoBe/lsted In "Absolute Maximum Ratings" may cause permanent dallllJg8 to the dall/ce. This Is a stress only rating and operation 
of /he dfWfce at these or any other conditions abo"" tIrosB Indicated In /he operational S8CtIons of this specification Is not Implied. 

NOTE: 
11. 9JA Is measured with the componant mounted on an evaluation PC board In free air. 

DC Electrical Specifications vee = 3.3V to 5.0V TA = -40° to 850C 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNrrS 

Power Supply Current lcoop Vee = 3.5V, ClK Frequency 44MHz - 62 79 mA 
(Notes 12, 13) 

See previous DC table for remaining DC specifications 

NOTES: 

12. Output load 3OpF, ICCOP = 5.5 + 4.7(V) + 3.7E -7 (V)(I); V = Volts, f = Freq. Example: 5.5 + 4.7(5.0) + 3.7E -7(5.0)(44E6) = 111 
13. Not tested, but characterized at Initial design and major process/design changes. 

AC Electrical Specifications vee = 3.3V to 5.0V, TA = -4QO to 85°, (Note 14) 

44MHz 

PARAMETER SYMBOL MIN MAX UNrrs 

ClK Period (MClK) tep 22.5 - ns 

ClK High (MClK) IcH 9 - ns 

ClK low (MClK) teL 9 - ns 

TXCLK, TXRDY, I, Q from MClK 102 - 25 ns 

RXCLK, MO_ROY, RXO from MCLK 103 - 25 ns 

TEST 0-7, CCA, AGe, from MClK 104 - 27 ns 

ANSTEl, TEST_CK - - - -
See previoua AC table for remaining AC specifications 

NOTE: 
14. AC tests performed with CL = 4OpF,IOL = 2mA, and IOH = -1mA. Input reference level all inputs 1.5V. TestV1H = Vee, V1L = OV; 

VOH = VOL = Vcd2. 

Test Circuit 

EQUIVALENT CIRCUIT 

NOTES: 
15. Includes Stray and JIG capacitance 
16. Switch S1 Open for leeSB and lcoop 

FIGURE 22. TEST LOAD CIRCUrr 
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Waveforms 

SCLK ____ ... 1 1 "----'L 
1
8'1-81,"' SD.AS.RIW.1lI--....:c(~::J_::>-;...----

to, 

SD (AS OUTPut) ___ >c: 

:-t.;~,G--~t-~~-

MCLK 

TXCLK 

MCLK 
-.....I 

RXCLK --+-... 
MDJlDY 

_--fool 

RXD 

FIGURE 23. SERIAL CONTROL PORT SIGNAL TIMING 

FIGURE 24. TX PORT SIGNAL T1MING 

NOTE: RXD is output one MCLK after RXCLK rising 10 provide daIS hold time. 

FIGURE 25. RX PORT SIGNAL TIMING 

MCLK __ """I I 
1+----1 104--

TEST 1).7. AGC. CCA. ANTSr;L, TEST_CK 
__ ....Jx ___ _ 

FIGURE 26. MISCELLANEOUS SIGNAL TIMING 
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~HARRlS \KJ SEMICONDUCTOR 

January 1997 

Features 

• Highly Integrated Power Ampllller with TIR Switch 
• Operates Over 2.7V to IV Supply Voltage 

• High Linear Output Power (P1dB: +24dBm) 
• Individual Gate Control for Each Ampllller Stage 
• Low Coat SSOP-26 Plastic Package 

Applications 
• Sy.tem. Targeting IEEE 802.11 Standard 
• TOO Quadrature-Modulated COmmunication 

Systems 
• Wlra .... Local Area Networks 
• PCMCIA Wireless Tranaceivera 
• ISM Syatem. 
• TDMA Packet Protocol Radio. 
• PCSlWlrel ... PBX 
• Wireless Local Loop 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGEfc) PACKAGE NO. 

HFA3925IA -401085 28 LdSSOP M28.15 

HFA39251A96 

Pinout 

GND 

RXOUT 

-4010 85 Tape and Reel 

HFA3925 
(SSOP) 

TOP VIEW 

VDDTR 

TIR CNTRL 

RFOUT 

GND 

VQ1 14 -... ____ .r-

PRISM'" and \he PRISM'" logo are trademarks of Harris Corporation. 

HFA3925 

-_._---.... ))) 
r-I"C:.~III 

2.4GHz - 2.5GHz 
_ 250mW Power Amplifier 

Description 
The Harris 2.4GHz PRISMTM 
chip set is a highly integrated 
five-chip solution for RF 
modems employing Direct 

Sequence Spread Spectrum (DSSS) signaling. The 
HFA3925 2.4GHz-2.5GHz, 250mW power amplifier is one of 
the five chips in the PRISMTM chip set (see the Typical Appli
cation Diagram). 

The HarriS HFA3925 is an integrated power amplifier with 
transmit/receive switch in a low cost SSOP 28 plastic pack
age. The power amplifier delivers +27dB of gain with high 
efficiency and can be operated with voltages as low as 2.7V. 
The power amplifier switch is fully monolithic and can be 
controlled with CMOS logic levels. 

The HFA3925 is ideally suited for QPSK, BPSK or other lin
early modulated systems in the 2.4GHz Industrial, Scientific, 
and Medical (ISM) frequency band. It can also be used in 
GFSK systems where levels of +25dBm are required. Typical 
applications include Wireless Local Area Network (WLAN) 
and wireless portable data collection. 

Functional Block Diagram 

TIR CN'rRL 

CAUTION: These davlcea are aanaltlve to electrostatic discharge. U8818 should follow proper IC HendUng Procedures. File Number 4132.3 
Copyright C Harris Corporation 1997 
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Typical Application Diagram 

HFA3925 

HFA3724 
(FILE. 4067) 

HFA3524 (FILE. 4062) 

TYPICAL TRANSCEIVER APPLICATION USING THE HFA3925 

NOTE: Required for systems targeting 802.11 specifications. 

OSSS BASEBAND PROCESSOR 

PRISM" CHIP SET FILE .4083 

For additional information on the PRISMTM chip set, call The four-digit file numbers are shown in the Typical Applica
(407) 724-7800 to access Harris' AnswerFAX system. When tion Diagram, and correspond to the appropriate circuit. 
prompted, key In the four-digit document number (File #) of 
the datasheets you wish to receive. 
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HFA3925 

Absolute Maximum Ratings Thermal Information 
MaxImum Input Power (Note 2) •..•.•.•.••......••••. +23dBm 
Operating Voltages (Notes 2, 3) •...•....•. VOO = 8V, VGG = -8V 

Thermal Resistance (Typical, Note 1) 9JA fClW) 
SSOP Package. • • • • . • • • . • • . • • • • • • • • . • • • . • • 88 

Maximum Storage Temperature Range .....•••.. -650C to 150°C 
Operating Conditions 
Temperature Range .•..............•.•...•••• -40°C to 85°C 

CAUTION: Stresses above those listed In "Absolute Max/mum Ratings" may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other conditionS above those Indicated In the operationsl IUlCtJons of this specification Is not implied. 

NOTE: 

1. 9JA Is measured wijh the component mounted on an evaluation PC board In free air. 

Electrical Specifications TA = 25°C, Zo = 500. VOO = +5V, PIN = -30dBm, f = 2.45GHz, Unless Otherwlsa Specified 

PARAMETER MIN TYP MAX UNITS 

POWER AMPLIFIER 

Linear Gain 27 28 32 dB 

VSWRlnlOut - 1.75:1 -
Input Retum Loss - -11.3 - dB 

Output Retum Loss - -11.3 - dB 

Output Power at Pld8 22.5 24.5 - dBm 

Second Harmonic at PldB - -20 0 dBc 

Third Harmonic at PldB - -30 -10 dBc 

100 at PldB (VOOl + V002 + VOO3) - 270 375 rnA 

NOTES: 

2. Ambient temperature (ToN = 2&oC. 

3. 1VOOI + IVGGI not to excaed 12V.-

Pin Description 
PINS SYMBOL DESCRIPTION 

1 GNO DC and RF Ground. 

2 GND DC and RF Ground. 

3 GND DC and RF Ground. 

4 GND DC and RF Ground. 

5 GND DC and RF Ground. 

6 GND DC and RF Ground. 

7 GND DC and RF Ground. 

8 RXOUT Output of T IR SWitch for receive mode. 

9 VG2 Negative bias control for the sacond PA stage, adjusted to set V002 quiescent bias current, which is 
typically 53mA. Typical voltage et pin = -o.75V. Input impedance: > lMOo 

10 GND DC and RF Ground. 

11 VOOl Positive bias for the first stage of the PA, 2.7V to 6V. 

12 GND DC and RF Ground. 

13 GND DC and RF Ground. 

14 VGl Negative bias control for the first PA stage, adjusted to sat VOOl quiescent bias current, which Is typ-
Ically 20rnA. Typical voltage et pin = -o.75V. Input Impedanca: > 1 MOo 

15 RFIN RF Input of the Power Amplifier. 

16 GND DC and RF Ground. 
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Pin Description (Continued) 

PINS SYMBOL DESCRIPTION 

17 VGS Negative bias control for the third PA stage, adjusted to set VODa quiescent bias current, which is typ-
Ically 9OmA. TypicallIOltage at pin = -O.95V. Input Impedance: > 1 MO. 

18 VOO2 Positive bias for the second stage of the PA. 2.7V to 6V. 

19-22 GND DC and RF Ground. 

23 VOOS Positive bias for the third stage of the PA. 2.7V to 6V. 

24 GND DC and RF Ground. 

25 RFOUT RF output of TIR switch and power amplifier for transmit mode. 

26 TIRCTRL OV for transmit mode, +5V for receive mode. 

27 VooTR VOO for TIR switch. 

28 GND DC and RF Ground. 

NOTE: Process veriation will effecl VGS IIOltage requirement to develop 90mA stage 3 quiescent current, typical range = -o.75V to -1.14V. 

Typical Performance Curves 
Po_r Amplifier Small Signal Performance NOTE: All data measurad at TA = 25°C and VG1, VG2 and VGS adjusted for first stage 
quiescent current of 20mA, second stage current of 53mA and third stage currant of 9OmA, respectively 

35 
~;4V VDD1 • VDD2. VDD3 ~~----~----~------r-----~-----' 

30 

iD 2I 
:!. 

~ 20 

15 

10 
2.0 

IV 

2.2 

~ "- ............. 
~ 

2.4 2.' 2.8 
FREQUENCY (GHz) 

FIGURE 1. LINEAR GAIN 

0 

-5 
iD 
:!. 

§ -10 
Z 
II: 

~ 
II: ·15 

3.0 
FREQUENCY (GHz) 

FIGURE 2. INPUT MATCH 

·202·~.o----~2~.2~--~2~A~--~~~.~--~2~.'~--~3.0 
FREQUENCY (GHz) 

FIGURE 3. OUTPUT MATCH 

Power AmplHler CW Performance at Various Supply Voltages NOTE: All data measurad at TA = 25°C and VG1, VG2 and VGS 
adjusted for first stage quiescent current of 53mA, second stage current of 70mA and third stage current of 90mA, respectively. 
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Typical Performance Curves (Continued) 

mr-----------------------~------~ 2.4SGHz, VDDI • VDDZ" VDD3 
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FIGURE 4. POWER OUTPUT 
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FIGURE 5. POWER ADDED EFFICIENCY 
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FIGURE 6. GAIN COMPRESSION 

Power Amplifier Temperatura Perfonnance NOTE: All date measured at TA = 25°C and VG1, VG2 and VG3 adjusted for first stege 
quiescent current of 20mA, second stege current of 53mA and third stege current of 90mA, respectively. 
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Typical Performance Curves (Continued) 

ii 
:!!. 
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FIGURE 9. GAIN COMPRESSION 

Power Amplifier Spurious Response at Various Supply Voltages NOTE: All data measured at TA = 25°C and VG1, VG2 and 
VG3 adjusted for first stage quiescent current of 20mA, second stage current of 53mA and third stage current of 90mA, respectively. 
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FIGURE 10. THIRD ORDER INTERMODULATION RATIO 
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FIGURE 11. SECOND HARMONIC RATIO 
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HFA3925 

Typical Performance Curves (Continued) 

TransmltIReceive Switch Performance NOTE: All data measured with Voo TR = +SV. TA = 2SoC. 

o 
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~ 
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r---- _ iii' 

15 :!!. 
z 
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-30 
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9 
~ -10 

II: 

~O~----~----~~--~~--~~----~. 2.0 2.2 2.8 2.8 3.0 
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FIGURE 13. RECEIVE MODE TIR INSERTION LOSSIISOLATION FIGURE 14. RECEIVE MODE TIR SWITCH MATCH 

Typical Application Example 

~~--""'------oOT/R CNTRL 

't---------II------o RF OUT 
(SOIl TRANSMISSION LINE) 

C26 
AX OUT 0-0 ----II t----.., 

(SOil TRANSMISSION LINE) 

~------.... ---..... - ..... --VDD3(+1 

vG2 (-) --JwV---_--_ ... 
,...... ... - ..... - .... -~VDD2(+1 

VDDl (+1 -""'1 ..... - ..... ---.... ----11' 
117}--..... --...... -...iV'!fv--oVQ3 (-I 

R1 

'------11---_0 RF IN 
(5OIl TRANSMISSION LlNEI 

EXTERNAL CIRCUITRY PARTS LIST 

LABEL VALUE PURPOSE 

C3-CS 22pF Bypass (GHz) 

C23.cZS 22pF DC Block 

C11'C16 1000pF Bypass (MHz) 

C1S.c22 O.D1IlF Bypass (kHz) 

R1. R6 1.Skn FET Gata Divider 

Rs.Rs Skn 
Network 

R2 121<0 

~ 1kn 

NOTE: All off-chlp components are low cost surface mount components 
obtainable from multiple sources. (0.020In x 0.0401n or O.03Oin x O.OSOln.) 
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PRISMTM 
Full Duplex Radio Front End 

PRELIMINARY 
November 1996 

Features 
• Provides Antenna-to-I/Q Baseband Stream 

• Low Voltag. Op.ratlon from 2.7V to 5.5V 

• 1.7GHz - 2.7GHz ISM Band Op.ratlon 

• Singi. Heterodyn. COnv .... lon 

• Programmable AntlaJlaslng and Shaping FiRe ... 

• 10MHz to 400MHz IF Op.ratlon with AGC 

• Transmit Varlabl. Gain Range •••••••••••••••• 60dB 

• Recelv. AGC Rang. • ••••••••••••••••••••••• 76dB 

• Chip Rat.s to 22M Chlp/s 

• Power Manag.ment Control 

• Low Profile PCMCIA-Compatlble Surfac. Mount 
Packaging 

Applications 

• Wireless LocaJ Loop Systems 

• PCMCIA Wlrel ... Transcelve ... 

• WLAN RF Modems 

• TDMAlCDMA Radios 

• Part 15 Compliant Radio Links 

• Full Duplex Point To Point Transcelv .... 

• PCM Repeater/Transcelve ... 

Typical Application Diagram 

--.- .... ~))) '-I-.c:.~r. 

For Voice and Data 

The Harris PRISMTM Full Duplex 
Radio Front End Chip Set is a 
highly Integrated 7 chip solution 

~
M Description 

for RF modems or transceivers 
employing quadrature modulation and demodulation. 
Significant Integration of independent transmit and receive 
functions employ seven ICs. The Receive chain consists of: 
The HFA3424121, two high performance, low noise LNA's 
which cover the 1.7GHz to 2.7GHz range; the HFA3661, a 
full frequency range combined second LNAldown converter 
mixer wHh an LNA bypass mode; the HFA3761, a 1 OMHz to 
400MHz, 82dB IF AGC amplifier with 76dB of dynamic 
range, integrated wHh a quadrature demodulator and 
selectable low pass filters. 

The Transmit chain includes: The HFA3763, a 10MHz to 
400MHz quadrature modulator integrated with selectable 
low pass shaping fiHers and an output stage with a gain con
trol range from 8dB to -35dB; the HFA3663164 are two IF to 
RF upconverters integrated with an output RF AGC amplifier 
with gain control range of 20dB to -1OdB; and the HFA3925, 
a monolHhic RF power amplifier. To complete the set, Harris 
offers a dual synthesizer for RF and IF local oscillator appli
cations, the HFA3524. Each of these functions may be used 
individually or in any combination of a variety of RF modem 
applications. 

This chip set is intended to support a variety of full duplex 
radio applications that employ modulation and demodulation 
archHectures requiring highly linear analog processing 
schemes. Harris also offers a complete line of high speed 
AID and D/A converters that can interface with this Full 
Duplex Chip Set. 

PRISM'" FULL DUPLEX CHIP SET 

.-----------------------------------------~ I 

HFA36114 (FlI. '4242) ._----------------------------------------. 
PRISMTM and the PRISMTM logo ara trademarks of Harris Corporation. 

CAUTION: These devices are sensJlJve to electrostatic discharge. users should follow proper Ie Handling Procedures. 
Copyright C HarriS Corporation 1996 
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PART NUMBER 

Status 

Replacement lor 

Application 

Longitudinal Balance 

Relay Drivers 

Ringing Schemes 

High, Low Voltage Op. 

Constant Voltage Feed 

Constant Current Feed 

Programmable Feed 

Loop Current (mA) 

t Rioop 20mA at 48V 

Thermal Management 

Tip and Ring Open 

Loop Current Detector 

GroundKsy Detector 

Ring llip Detector 

Zero Crossing Detedlon 

Thermal Shutdown 

Thermal Shutdown 
Detector 

On Hook Transmission 

Saturation Guard 

On-Chlp Transhybrld Bal. 

-4OOC 10 85°C 

Standard Packages 

AnswerFAX Doell 

ANALOG INTERFACE AT CENTRAL OFFICE SWITCH OR PBX SWITCH END 

HC-5502B11 HC-5504B11 HC-5524 

Released Released Released 

PABX PABX PABX 

58dB 58dB 58dB 

Ring Ring Ring+1 

Ext. Ext. Ext. 

X 

X X X 

X 

X 

30 40 20 to 60 

1400 1400 1600 

X 

X X X 

X X X 

X X X 

X 

X 

X X X 

X X X 

X X X 

PDIP PDIP PDIP 

PLCC PLCC PLCC 

SO SO SO 

266414127 2886/4125 2798 

SUC SUBSCRIBER UNE INTERFACE CIRCUITS 

HC-5509B 

Released 

Central 
Office 

58dB 

Ring + 1 

Ext. 

X 

X 

X 

20 to 60 

1600 

X 

X 

X 

X 

X 

X 

X 

X 

X 

PDIP 

PLCC 

SO 

2799 

HC5509A1R3060 HC5513B HC5523 

Released Released Released 

PBL3764 PBL.37641A 

Central Office 
Loop Carrier 

58dB 55dB 58dB 

Ring + 1 Ring Ring 

Ext. Ext. Ext. 

X X 

• X 

X X X 

X X X 

20 to 60 201060 20 to 69 
1800 2000 2000 

X X X 

X X X 

X X X 

X X X 

X X X 

X 

X X X 

X X X 

X X 

PLCC PDIP PDIP 

PLCC PLCC 

3675 3963 4144 

WIRED 
COMMUNICATIONS 

HC5526 HC5515 

Released Released 

PBL.3860 
PBL.386OA 

Central Office 
Loop Carrier 

PABX 

53dB 53dB 

Ring Ring 

Ext. Ext. 

X X 

X X 

X X 

201060 20 to 60 

2000 2000 

X X 

X X 

X 

X X 

X X 

X X 

X X 

X X 

PDIP PDIP 

PLCC PLCC 

4151 4235 

HC5517 HC5519 

Released Sampling 

ISDN Modems 
Central Office Cable 

Telephony 
Includes 

WLL 
Combo 

58dB 48dB 

1 Ring +2 

Ext. Ext. 

X 

X X 

X 

20 to 60 30 

Short Loop 1710 

X 

X X 

X X 

X X 

X 

X X 

X X 

X X 

X X 

X 

X 

PLCC MOFP 

SO 

4147 4232 

HC5520 

Sampling 

Central 
Office 

48dB 

Ring +2 

Ext. 

X 

30 

1710 

X 

X 

X 

X 

X 

X 

X 

X 

X 

MOFP 

PLCC 

4148 

i 

HC5521 I 
Sampling 

Central i 

Office 
PABX 

48dB 

Ring +2 

Ext. 

X 

30 

1710 

X 

X 

X 

X 

X 

X 

X 

X 

X 

MOFP 

PLCC 

4285 
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Wired Communications Selection Guide 

ANALOG INTERFACE AT CENTRAL OFFICE SWITCH OR PBX SWITCH END 

CMOSCODECs 
COMPLEMENTARY METAL-oXIDE SEMICONDUCTOR 

PART SUPPLY 
NUMBER FEATURES CLOCK RATES VOLTAGE PACKAGE 

NON-LINEAR ANALOG TO DIGITAL AND DIGITAL TO ANALOG CONVERTER FOR VOICE AND PCM (PULSE CODE MODULATION) SIGNALS 

CD22354A • Meets or Exceeds All AT&T 03104 Specs CCITT 64kHz to 2.1 MHz ±5V ±5% at 90mW 16 Lead DIP (E) 
(Il-Law) Recommendations (Max) 

CD22357A • Complete CODEC and Filtering Systems 

(A-Law) - No External Components for Sample-and-
Hold and Auto-Zero 

- Receive Output Filter with SIN XIX 
Correction and Additional 8kHz 
Suppression 

• Variable Data Clocks - From 64kHz to 2.1 MHz 
• Synchronous and Asynchronous Operation 
• TTL or CMOS Compatible logic 
• ESD Protection on All Inputs and Outputs 
• Adjustable Gain for Transmit Input 

CROSSPOINT SWITCHES 

11 FREQ. 
RON RoN RESPONSE CROSSTALK 

CONFIGU· TYP TYP TYP-3dB TYP-4OdB SUPPLY 
TYPE FEATURES RATION at12V at12V 14V 14V VOLTAGE PACKAGE 

BIMOS-E CROSSPOINT SWITCHES WITH CONTROL INPUT MEMORY 

CD22M3493 • Independent Address Latches 12 x 8 x 1 360 SO 45MHz 3MHz 4Vto16V 40 Lead 
CD22M3494 • Manual and Automatic Power- 16 x 8 x 1 CD22M3493 DIP (E) 

On Resets 4Vto 15V 44 Lead 

• Crosstalk: -9OdB (Min) at 10kHz CD22M3494 PLCC(N) 

• Parallel Input Addressing 
• HClHCT Ground-Referenced 

Inputs Available 
• 2kV Minimum ESD Protection 
• Latch-Up Current: 50mA Min 
• Pin and Functionally Compatible 

with the SGS M3493/M3494 
and Mltel MT8812/MT8816 

CMOS CROSSPOINT SWITCHES WITH CONTROL MEMORY 

CD221 00 • "Built-In" Control Latches 4x4x1 750 180 40MHz 1.5MHz 3Vto 18V 16 Lead 
• Large Analog Signal Capability DIP 

±Vool2 (E or F) 

• 10MHz Switch Bandwidth 
• High Linearity - 0.5% Distortion 

Typ alf = 1kHz. VIN = 5Vp_p • 
Voo = 10V. and RL = 1kn 

• Standard CMOS Noise 
Immunity 

• 100% Tested for Maximum Qui-
escent Current at 20V 
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CROSSPOINT SWITCHES (Continued) 

11 FREQ. 
RON RON RESPONSE CROSSTALK 

CONFlGU- TYP TYP TYP-3dB TYP-40dB SUPPLY 
TYPE FEATURES RATION at 12V at12V 14V 14V VOLTAGE PACKAGE 

C0221 01 • Strobed Control Input 4x4x2 7S0 80 40MHz 2.SMHz 3Vto 18V 24 Lead 

• 'Built-In" Latched Inputs DIP 

• Lerge Analog Signal capability 
(E or F) 

±Vool2 
• 10MHz Switch Bandwidth 
• High Unearity - 0.25% DIstortion 

Typatf= 1kHz, VIN = SVp•p , 

Voo - Vss = 10V, and RL = 1kO 
• Standard CMOS Noise 

Immunity 

C0221 02 • Seme as C0221 01 , but has 4x4x2 7S0 80 40MHz 2.SMHz 3Vto 18V 24 Lead 
SetlReset Flip-Flop Control DIP 
Input Instead of Strobad Control (E or F) 
Input 

C054174HC(T1 • 64 Analog Swltchas In en 8x8x1 640 2S0 6MHz 7MHz 2V to 10V 28 Lead 
22106 8x8x1 Array DIP (E) 

• On-Chip Line Decoder and 
Control /..!Itches 

• Automatic Power-Up Reset by 
Using a 0.1 J1F Capacitor at the 
MRPln 

• ~ Resistance 9S0 Max at 
Vcc= 4.SV 

• Analog Signal Capability Vool2 

NOTE: High Performance Analog Switches Mab1x for PBX, Studio, Audio Switching, and Multisystam Bus Interoonnects. 

ANALOG INTERFACE AT SUBSCRIBER END 

CMOS DTMF RECEIVERS 

OUTPUT 3-STATE SUPPLY 
TYPE FEATURES OUTPUT CODE VOLTAGE PACKAGE 

C022202 • Detects Either 12 or 16 Standard OTMF Signals 4-BIt Hexadecimal SV±10% 18 Lead DIP (El 

• Central-Office Quality or Binary Coded 2-

• No Front-End Band Splitting FIlters Requlrad of-8 

• Single, Low-Tolerance, SV Supply 
• Uses Inexpensive 3.S79545MHz Crystal for 

Reference 
• Excellent Speech Immunity 
• Synchronous or Handshake Interface 
• Three-State Outputs 

C022203 • Same as C022202, but also has Early Detect 4-Blt Hexadecimal SV±10% 18 Lead DIP (El 
Output or Binary Coded 2-

01-8 
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ANALOG INTERFACE AT SUBSCRIBER END 

CMOS DTMF RECEIVERS 

OUTPUT 3-STATE SUPPLY 
TYPE FEATURES OUTPUT CODE VOLTAGE PACKAGE 

CD22204 • No Front-End Band Splitting Filters Required 4-Bit Hexadecimal SV±10% 14 Lead DIP (E) 
• Single, Low-Tolerance, SV Supply Only 24 SOIC(M) 

• Three-State Outputs for Microprocessor-Based 
Systems 

• Detects all 16 Standard DTMF Digits 
• Uses Inexpensive 3.S79545MHz Crystal for 

Reference 
• Excellent Speech Immunity 
• Outputs In 4-Blt Hexadecimal Code 

CMOS DTMF TRANSMmERS 

OUTPUT SUPPLY 
TYPE FEATURES (MIN) VOLTAGE PACKAGE 

CD22859 • Mute Drivers on Chip 350mV Into 820 2.SVto 10V 16 Lead DIP (E) 
• Device Power can Either be Regulated DC or 

Phone Loop Current 
• Use of an Inexpensive 3.S79S45MHz TV Crystal 

Provides High Accuracy and Stability for All 
Fraquencies 

NOTE: Detects end Generates Special Tones for Standard Telephone Touch Tone Dialing Keypad. 

DIGITAL INTERFACE 

PCM LINE REPEATERS 

SUPPLY 
TYPE FEATURES OUTPUT VOLTAGE PACKAGE 

BIPOLAR 

CD22301 • Automatic Una Bulldout Buffered S.1V±5%, 18 Lead DIP (E) 
• For T1 1.S44Mblts/s Bipolar carrier System 30mAMex 

• For T148 2.37Mblts/s Ternary carrier 
System 

• For CCITT 2.048Mblts/s Bipolar carrier System 

NOTE: Digital to Digital Converter to Bolster end Reshape Digital PCM Signals Distorted by Long Transmission Over PCM Bus Unes. 
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PCM TRANSCODERS 

SUPPLY 
TYPE FEATURES OUTPUT CODES VOLTAGE 

HC-SS60 • Mode Selectable Coding 3.2mAat AMI (Tl and Tl C) SVat 10mA 
• North American and European Compatibility 0.4V B6ZS (T2) Typ 

• Simultaneous Encoding and Decoding B8ZS (Tl) 

• Asynchronous Operation 
HDB3 (PCM30) 

• Loop-Back Control 
• Transmission Error Detection 
• Alarm Indication Signal 
• Replaces MJ1440, MJ1471, and TCM2201 

Transcoders 

CD22103A • Simultaneous Encoding and Decoding 1.6mAat HDB3/AMI SV±10% 
• HDB3 Coding and Decoding for Data Rates from O.SV perCCITT at 100mA 

SOkbits/s to 10Mblts/s in a Manner Consistent G703Annex Max 
with CCITT G703 Recommendations Recommendation 

• HDB3IAMI Transmission Coding/Reception 
Decoding with Code Error Detection Is Per-
formed in Independent Coder and Decoder Sec-
tions 

• All Transmitter and Receiver Inputs/Outputs are 
TTL Compatible 

• Internal Loop Test Capability 

NOTE: Unipolar to Bipolar Digital to Digital Converter for More Efficient Long Une Transmission of digital PCM signals. 

GENERAL INTERFACE 

CVSD 
CONTINUOUS VARIABLE SLOPE DELTA MODULATOR 

CLOCK SUPPLY 
TYPE FEATURES RATES VOLTAGE 

HC-55564 • Modulator/Demodulator Functions 9kHz to 64kHz 3.3Vto6V 
• All Digital atl.SmA 

• Requires Few External Parts Max 

• Low Power Drain: 1.SmW Typical from Single 3V - 7V Supply 
• Time Constants Determined by Clock Frequency; No Calibration 

or Drift Problems; Automatic Offset Adjustmant 
• Half Duplex Operation Under Digital Control 
• Filter Reset Under Digital Control 
• Automatic Overload Recovery 
• Automatic "Quiet" Pattem Generation 
• AGC Control Signal Available 

NOTE: A Real Time Voice to Digital (Encoder) and Digital to Voice (Decoder) Convertar. 
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Digital Subscriber Line 

ADSL APPLICATION 

"CENTRAL OFFICE" 

"LOCAL LOOP" 

UP TO 17K FEET OF TWISTED PAIR 

~[;! 

• ADSL (Asymmetrical Digital Subscriber Line) Provides POTS and High 
Speed Data on ONE Existing Line 

• Does NOT Tie Up a Switched Circuit at Central Office 

• Data Rates to aMbits (Downstream) and to 256kbits (Upstream) 
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ADVANCE INFORMATION 
January 1997 

Features 

• 14-Blt DAC 

• Programmable Gain Stages 
- 48c:1B Programmable Gain on Receive Channel 

- 12dB Programmable Gain on Transmit Channel 

• Precision Laser Tuned Onboard Anti-Aliasing and 
Reconstruction FIHers 

• High Impedance MOS Inputs on Receive Channel 

• Transmit Channel Output Capable of Driving 2000 
Load at up to 12Vp_p 

Applications 

• DMT/CAPS ADSL 

• High Resolution Communications Applications 
Requiring up to 1 MHz Bandwidth 

Pinout 

HC6094 
ADSL Analog Front End Chip 

Description 
The AFE chip performs the Analog processing for the ADSL 
chip set. The transmitter side has a 14-blt DAC as well as 
reconstruction filters and a programmable gain stage. The 
receiver side has programmable gain stages and anti-alias
ing filters for driving the off chip AID. 

The DAC and the filters are laser trimmed to ensure 
accuracy. 

Ordering Information 

PART TEMP. 
NUMBER RANGE «<,C) PACKAGE PKG.NO. 

HC6094IN -40 to 85 44 Ld MaFP Q44.1Ox10 

HC6094 
(MQFP) 

TOP VIEW 
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CAUTION: These devices are senslllve to electrostatic dIScharge. Users should follow proper IC Handling Procedures. 
Copyright C Han1s Corporation 1987 
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HC6094 

Functional Block Diagram 
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HI5905 
ADVANCE INFORMATION 
January 1997 

Features 

• 5 MSPS Sampling Rate 

• Low Power 350mW at 5 MSPS 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power Input Bandwidth 

• TYpical SINAD >70dB at 1MHz 

• Low Latency 

• Internal Voltage Reference 

• TTL Compatible Clock Input 

• CMOS Compatible Digital Data Outputa 

Applications 

14-Bit, 5 MSPS AID Converter 

Description 
The HIS90S is a monolithic, 14-bit, Analog-to-Digital 
Converter fabricated in Harris' HBCIO BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth, low power consumption and excellent 
SINAD performance are essential. With a 100MHz full power 
input bandwidth the converter is ideal for many types of com
munication systems and document scanner applications. 

The HIS90S is designed in a fully differential pipelined 
architecture with a front end differential-in-differential-out 
sample-and-hold (SIH). The HIS90S has excellent dynamic 
performance while consuming 3S0mW power at S MSPS. 

Data output latches are provided which present valid data to 
the output bus with a latency of 4 clock cycles. The digital 
data outputs have a separate supply pin which can be pow
ered from a S.OV supply. 

• Asymmetric Digital Subscriber Line (ADSL) 
Ordering Information 

• Digital Communication Systems PART SAMPLE TEMP. PKG. 
NUMBER RATE RANGE ("C) PACKAGE NO. 

• Undersampllng Digital IF 
HI5905BIB 5 MSPS -40 to 85 44 LdMOFP 044.10xl0 

• Document Scanners 

• Reference Lltereture 
- AN9214 Using Harris High Speed AID Converters 

Pinout H15905 (MQFP) 
TOP VIEW 

8 ~ 8 
~liai5d~8ES~~ 
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NC D4 

DOND1 os 
NC D6 

AVcc D7 

AoND NC 
NC DVCC2 

NC DoND2 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handing Procedures. 
Copyright C Harris CorporetiOn 1997 

File Number 4259 
4-11 

i 
o 

eli 
w(,) a::_z 
~~ 

::E 
::E 

8 



Wireless Local Loop/ISDN Modems/Cable Telephony 
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January 1997 

Features 
• Thru-SLIC Open Circuit Ringing Voltage up to 

77VpEAJ(i54VRMS, 3 REN Capability at 44VRMS 

• Sinusoidal Ringing Capability 

• 01 Process Provides Substrate Latch Up Immunity 
when Driving Inductive Ringers 

• AdJustable On-Hook Voltage for Fax and AnswerIng 
Machine Compatibility 

• Resistive and Complex Impedance Matching 

• Programmable Loop Current Limit 

• Switch Hook and Adjustable Ring Trip Detection 

• Pulse Metering Capability 

• Single Low Voltage Positive Supply (+5V) 

Applications 

• Solid State Line Interface Circuit forWlreless Local Loop, 
Hybrid Fiber Coax, Set Top Box, Voice/Data Modems 

• Related Literature 
- AN9606, Operation of the HC5517 Evaluation Board 
- AN9607, Impedance Matching Design Equations 
- AN9628, AC Voltage Gain 
- AN9608, Implementing Pulse Metering 
- AN9636, Implementing an Analog Port for ISDN 

Using the HC5517 
- AN549, The HC-5502SJ4X Telephone Subscriber 

Line Interface Circuits (SLlC) 

Block Diagram 

TIP FEED 

TIP SENSE -2·WlRE 

HC5517 
Ringing SLiC 

Subscriber Line Interface Circuit 

Description 
The HC5517 is a ringing SLiC designed to accommodate a 
wide variely of local loop applications. The various applications 
include, basic POTS lines with answering machines and fax 
capabilities, ISDN networks, wireless local loop, and hybrid 
fiber coax (HFC) terminals. The HC5517 provides a high 
degree of flexibilily with open circuit tip to ring DC wltages, user 
defined ringing waveforms (sinusoidal to square wave), ring trip 
detection thresholds and loop current limits that can be tailored 
for many applications. Additional features of the HC5517 are 
complex impedance matching, pulse metering and transhybrid 
balance. The HC5517 is designed for use in systems where a 
separate ring generator Is not economically feasible. 

The device is manufactured in a high wltage Dielectric Isolation 
(01) process with an operating wltage range from ·16V, for off· 
hook operation and ·BOV for ring signal injection. The 01 
process provides substrate latch up immunity, resulting in a 
robust system design. Together with a secondary protection 
diode bridge and "feed" resistors, the device will withstand 
1000V lightning induced surges, in a plastic package. 

A thermal shutdown with an alarm output and line fault protec
tion are also included for operation in harsh environments. 

Ordering Information 
PART TEMP. 

NUMBER RANGEfC) PACKAGE PKG.NO. 

HC55171M ·401085 28Ld PLCC N28.45 

HC5517CM 01075 28Ld PLCC N28.45 

HC55171B ·4010 85 2880IC M28.3 

HC5517CB 010 75 28S0lC M28.3 

4-WlRE 
INTERFACE 
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CAUTION: These devices are sans~lve to electrostatic discharge. Usars should follow proper Ie Handling Procedures. 
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Absolute Maximum Ratings TA = 25°0 

Maximum Supply Voltages 

HC5517 

Thermal Information 
Thermal Resistance (Typical, Note 1) OJA (lC/W) 

(Vee) ............ , ..•.....••......•.....• -o.5V to +7V PLeo.................................... 67 
(Ved-(VBAT) .•.......••.....••.•...••............. 90V SOlO .•...... .... ..... .... ..... ..... ..... 70 

Relay Drtvers .. .. . . .. . .. .. .. .. .. .. . . . .. . .... -0.5V to + 15V Maximum Junction Temperature Plastic ........••....... 150°0 
Maximum Storage Temperature Range ..•...... • _65°0 to 1500e 

Operating Conditions 
Operating Temperature Range 

Maximum Lead Tempereture (Soldering 1 Os) ............. 300°0 
(SOlO, PLOC - Lead TIps Only) 

HC55171M, HC5517IB .••..•.••......••....• -4()0C to 65°C 
HC5S170M, HC55170B .......••....•........ . 0°0 to 7SoC 

Relay Drivers .. .. .. .. .. .. .. .. . • .. .. .. .. .. . . .. +SV to + 12V 
Ole Characteristics 
Transistor Count ..................................... 224 

Positive Power Supply (Vee) ....................... +SV ±5% Dlode Count ...•............•......•....••.....•.•... 28 
Negative Power Supply (VBAT) •..•.•••••....•.•.. -16V to -80V Ole Dimensions •.•...•••..•....•.......••..•.••. 174 x 120 

Substrate Potential .•.••.•..•.•.•••.....•.•..•....•.. VBAT' 
Process ....................................... Bipolar-DI 
ESD (Human Body Model) ............................ SOOV 

CAUTION: S/tNse8 above those listed In ·AbsoIute Maximum RaOngs" may cause permanent damage 10 the device. This Is a stress only 180ng and opel8tion 
of /he device at thsBe or any other conditions abo\llllho8e indicated In /he opel8tional SIIOtions of this spec/flcation Is not ,"",led. 

NOTES: 

1. OJA Is measured with the component mounted on an evaluation PC board in free air. 

2. All grounds (AGND, BGND) must be applied before Vee or VBAT. Failure to do so may result In premature failure of the pari. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

Electrical Specifications Unless OthenNlse Specified, 'l\'PicaI Parameters are at TA" 25°C, Min-Max Parameters are over 
Operating Temperature Range, VBAT. -24V, Vee = +5V, AGND = BGND = OV. All AO Parameters are 
specified at 6000 2-Wlre terminating Impedance. 

PARAMETER TEST CONDmONS MIN TYP MAX UNITS 

RINGING TRANSMISSION PARAMETERS 

VRING Input Impedance (Note 3) - S.4 - kn 

4-Wlre to 2-Wlre Gain VRING to Vt-r (Note 3) - 40 - VN 

AC TRANSMISSION PARAMETERS 

RX Input Impedance 300Hz to 3.4kHz (Note 3) - 108 - kn 

TX Output Impedance 300Hz to 3.4kHz (Note 3) - - 20 0 

4-Wlre Input Overload Level 300Hz to 3.4kHz RL .. 12000,6000 Reference +1.0 - - VPEAK 
(Note 3) 

2-Wlre Retum Loss Matched for 6000 (Note 3) 

SRLLO 26 35 dB 

ERL 30 40 dB 

SRLHI 30 40 - dB 

2-Wlre longitudinal to Metallic Balance Per ANSIIIEEE STD 455-1976 (Note 3) 58 63 - dB 
Off Hook 300Hz to 3400Hz 

4-Wlre longitudinal Balance Off Hook 300Hz to 3400Hz (Note 3) SO 55 - dB 

Low Frequency Longitudinal Balance ILINE" 40mA TA" 25°0 (Note 3) - 10 23 dBrnC 

longitudinal Current Capability ILINE = 40mA TA = 25°C (Note 3) - - 40 mARMS 

Insertion Loss OdBm at 1kHz, Referenced 6000 

2-Wlrel4-Wire (Includes external transhybrld - ±D.OS ±D.2 dB 
amplifier with a gain Of 3) 

4-WlreI2-Wlre - ±D.05 ±D.2 dB 

4-Wlrel4-Wlre (Includes extemal transhybrld - - ±D.25 dB 
amplifier with a gain Of 3) 

4-14 



HC5517 

Electrical SpecHlcatlons Unless Otherwise Speclfled, Typical Parameters are at TA " 25°C, Min-Max Parameters are over 
Operating Temperature Range, VBAT" -24V, Vee" +!iV, AGND. BGND" OV. All AC Parameters are 
speclfled at 6000 2-Wlre termlnetlng Impedence. (ContinUed) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Frequency Response 300Hz to 3400Hz (Note 3) Referenced to - ±O.02 ±O.06 dB 
Absolute Level at 1 kHz, OdBm Referenced soon 

Level Linearity Referenc8d to -10dBm (Note 3) 

2-Wlre to 4-Wire and 4-Wire to 2-Wire +3to-4OdBm - - ±O.OB dB 

-40 to -50dBm - - ±O.12 dB 

-50 to -55dBm - - ±O.3 dB 

Absolute Delay (Note 3) 

2-Wirel4-Wlre 300Hz to 3400Hz - - 1.0 j.LS 

4-WIre/2-Wire 300Hz to 3400Hz - - 1.0 j.LS 

4-Wirel4-Wlre 300Hz to 3400Hz - 0.95 1.5 j.LS 

Transhybrld Loss V,N =1Vp_p at 1 kH (Notes 3, 4) 30 40 dB 

Total Harmonic Distortion Reference Level OdBm at 600C - - -50 dB 
2-Wirel4-Wire, 4-Wire/2-Wire, 4-Wire/4-Wire 300Hz to 3400Hz (Note 3) 

Idle Channel Noise (Note 3) - 3 - dBrnC 
2-Wire and 4-Wire C-Message 

Psophometrlc (Note 3) - -87 - dBmp 

Power Supply Rejection Ratio (Note 3) 

Vee to 2-Wire 30Hz to 200Hz, At" 6000 20 40 - dB 

Vee to 4-Wlre 20 40 - dB 

VBAT to 2-Wire 20 40 - dB 

VBAT to 4-Wire 20 50 - dB 

Vee to 2-Wire (Note 3) 30 40 - dB 

Vee to 4-Wire 
200Hz to 16kHz, RL = 6000 

20 2B dB -
VBAT to 2-Wire 20 50 - dB 

VBAT to 4-Wire 20 50 - dB 

DC PARAMETERS 

Loop Current Programming 

UmltRange 20 - 60 mA 
(NoteS) 

Accuracy 10 - - % 

Loop Current During Power Denial At,,200C - ±4 ±7 mA 

Fault Currents 

TIP to Ground (Note 3) - 30 - mA 

RING to Ground - 120 - mA 

TIP and RING to Ground (Note 3) - 150 - mA 

Switch Hook Detection Threshold - 12 15 mA 

Ring Trip Comparetor Threshold 7.2 - 25 mA 

Thermal ALARM Output (Note 3) safe Operating Ole Temperature Exceeded 140 - 160 °c 

4-15 



HC5517 

Electrical Specifications Unless Otherwise Specified, "TYPical Parameters are at TA = 25°C, Min-Max Parameters are over 
Operating Temperature Range, VBAl = -24V, Vee" +5V, AGND = BGND = OV. All AC Parameters are 
specified at 6000 2-Wire terminating Impedance. (Continued) 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

Dial Pulse DIstortion (Note 3) - 0.1 0.5 ms 

Uncommitted Relay Driver 

On Voltage VOL IOL (RI5'l:j) = 30mA - 0.2 0.5 V 

Off Leakage Current - ±10 ±100 IlA 
TTUCMOS Logic Inputs (FO, F1, RS, m, RDI) 

logic '0' VIL 0 - O.B V 

Logic '1' VIH 2.0 - 5.5 V 

Input Current (FO, F1, RS, m, RDI) IIH,OVSVINS5V - - -1 IlA 
Input Current (FO, F1, RS, m, RDI) ilL, OV S VIN S 5V - - -100 IlA 
Logic Outputs 

Logic '0' VOL ILOAD = BOOJ1A - 0.1 0.5 V 

Logic '1' VOH ILOAD = 401lA 2.7 - - V 

Power Dissipation On Hook Vee = +5V, VBAl" -80V, RLOOP = 00 - 300 - mW 

Vee = +5V, VBAl = -48V, RLOOP = 00 - 150 - mW 

Power Dissipation Off Hook Vee = +5V, VBAl" -24V, RLOOP = SOOO, - 2BO - mW 
IL=25mA 

Icc Vee = +5V, VBAT" -BOV, RLOOP = 00 - 3 6 mA 

Vee = +5V, VBAl" -4BV, RLOOP = 00 - 2 5 mA 

Vee = +5V, VBAl = -24V, RLOOP = 00 - 1.9 4 mA 

IBAl Vee = +5V, VB- = -BOV, RLOOP = 00 -7 -3.6 - mA 

Vee" +5V, VB- = -48V, RLOOP = 00 -5 -2.6 - mA 

Vee = +5V, VB-" -24V, RLOOP = 00 -4 -1.B - mA 

UNCOMMITTED OP AMP PARAMETERS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Differential Input Reslstence (Note 3) - 1 - MO 

Output Voltage Swing (Note 3) RL = 101<0 - ±3 - Vp_p 

Small Signal GBW (Note 3) - 1 - MHz 

NOTES: 

3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec
IficaDon compliance. 

'4. For transhybrid circuit es shown In Figure 10. 

5. Application limitation based on maximum switch hook detect limit and metallic currents. Not a part limitation. 

4-16 



HC5517 

Functional Diagram 
PLCC/SOIC 

R 

R 

R 

RI2 

R/2O 
R 

~--------------~IR 

TSD 

~------------------iGK 

HC5517 TRUTH TABLE 

F1 FO ACTION 

0 0 Loop power Denial Active 

0 1 Power Down Latch RESET 

0 1 Power on RESET 

1 0 RI) Active 

1 1 Nonnal Loop feed 

Over Voltage Protection and longitudinal Current 
Protection 

TABLE 1. 

The SLiC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLiC will withstand longitudinal currents up to a 
maximum or 30mARMS, 15mARMS per leg, without any 
performance degradation 

PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T/GND 

RlGND 

5OI60Hz Current 

T/GND 

RlGND 

4-17 

TEST PERFORMANCE 
CONDITION (MAX) 

1 OIlS Rlsel ±10oo (Plastic) 
1000llS Fall 

101lS Rise/ ±1000 (Plastic) 
10001lS Fall 

101lS Rlse/ ±1oo0 (Plastic) 
1000llS Fall 

11 Cycles 700 (Plastic) 

Limited to 
10ARMS 

UNITS 

VPEAK 

VPEAK 

PEAK 

VRMS 



HC5517 

Circuit Operation and Design Information 

The HC5517 is a voltage feed current sense Subscriber Line 
Interface Circuit (SUC). This means that for long loop appli
cations the SUC provides a constant voltage to the tip and 
ring terminals while sensing the tip to ring current. For short 
loops, where the loop current limit is exceeded, the tip to ring 
voltage decreases as'a function of loop resistance. 

The following discussion separates the SUC's operation into 
its DC and AC path, then follows up with additional circuit 
design and application information. 

DC Operation of Tip and Ring Amplifiers 

SLiC In the Active Mode 

The tip and ring amplifiers are voltage feedback op amps 
that are connected to generate a differential output (e.g. if tip 
sources 20mA then ring sinks 2OmA). Figure 1 shows the 
connection of the tip and ring amplifiers. The tip DC voltage 
is set by an internal +2V reference, resulting in -4V at the 
output. The ring DC voltage is set by the tip DC output volt
age and an internal VBAT/2 reference, resulting in VBAT +4V 
at the output. (See Equation 1, Equation 2 and Equation 3.) 

VTIPFEEO = v C = ,-2V(R~2) = -4V 

VBAT( R) (R) VRINGFEEO = Vo = -2- 1 +R -VTIPFEED R 

VRINGFEEO = Vo = VBAT +4 

TIP Rll 

Voun, VAX 
GROUNDED FOR 
DC ANALYSIS 

(EO. 1) 

(EO. 2) 

(EO. 3) 

FIGURE 1. OPERA nON OF THE np AND RING AMPLIFIERS 

Current Limit 

The tip feed to ring feed voltage (Equation 1 minus 
Equation 3) is equal to the battery voltage minus 8V. Thus, 
with a 48 (24) volt battery and a 600n, loop resistance, 
including the feed resistors, the loop current is 66.6mA 
(26.6mA). On short loops the line resistance often 
approaches zero and the need exists to control the maxi
mum DC loop current. 

Current limiting Is achieved by a feedback network (Figure 1) 
that modifies the ring feed voltage (Vo) as a function of the 
loop current. The output of the Transversal Amplifier (TA) has 
a DC voltage that is directly proportional to the loop current. 
This voltage is scaled by R10 and R28. The scaled voltage is 
the input to a transconductance amplifier (GM) that 
compares it to an internal reference level. When the scaled 
voltage exceeds the Internal reference level, the 
transconductance amplifier sources current. This current 
charges C16 In the positive direction causing the ring feed 
voltage (Vo) to approach the tip feed voltage (Ve). This 
effectively reduces the tip feed to ring feed voltage (VT-R), 
and holds the maximum loop current constant. 

The maximum loop current is programed by resistors R10 
and R28 as shown in Equation 4 (Note: R10 is typically 
100kn). 

(EO. 4) 

o ,. 
VllP FEED = -4V--....... I I 

" 
I CONSTANT VOLTAGE I 
I REGION 

~ I I 
I I 

......... ~I I ,i,VAlNG FEED· -20V I 

CURRENT UMIT I I 
REGION ILOOP • 25mA I I 

-25 ..• 
o 250 500 750 

LOOP RESISTANCE (n) 

FIGURE 2. VT-R va RL (VSAT" -24V, iuMIT • 25mA) 

Figure 2 illustrates the relationship between VT-R and the 
loop resistance. The conditions are shown for a battery volt
age of -24V and the loop current limit set to 25mA. For a Infi
nite loop resistance both tip feed and ring feed are at -4V 
and -20V respectively. When the loop resistance decreases 
from infinHy to about 640n the loop current (obeying Ohm's 
Law) increases from OmA to the set loop current limit. As the 
loop resistance continues to decrease, the ring feed voltage 
approaches the tip feed voltage as a function of the pro
gramed loop current limit (Equation 4). 

4-18 



HC5517 

AC Voltage Gain Design Equations 
The HC5517 uses feedback to synthesize the impedance at 
the 2-wire tip and ring terminals. This feedback network 
defines the AC voltage gains for the SUC. 

The 4-wire to 2-wire voltage gain (VRX to VTR) is set by the 
feedback loop shown in Figure 3. The feedback loop senses 
the loop current through resistors R13 and R14, sums their 
voltage drop and multiplies it by 2 to produce an output volt
age at the VTX pin equal to +4Rs4IL. The VTX voltage is 
then fed into the -IN1 input of the SUC's intemal op amp. 
This signal is multiplied by the ratio RalRg and fed Into the tip 
current summing node via the OUT1 pin. (Note: the intemal 
VBATI2 reference (ring feed amplifier) and the Intemal +2V 
reference (tip feed amplifier) are grounded for the AC analy
siS.) 

The current into the oun pin is equal to: 

(EQ.5) 

Equation 6 is the node equation for the tip amplifier summing 
node. The current In the tip feedback resistor (IR) is given in 
Equation 7. 

(EQ.6) 

(EQ.7) 

The AC voltage at Vc is then equal to: 

(EQ.S) 

(EQ.9) 

and the AC voltage at Vo is: 

Vo = 4RsAIL(::J- VRX 
(EQ.10) 

The values for Rs and Rg are selected to match the imped
ance requirements on tip and ring, for more Information ref
erence AN9607 "Impedance Matching Design Equations for 
the HC5509 Series of SUCs". The following loop current cal
culations will assume the proper Rs and Rg values for 
matching a 600C load. 

The loop current (AIJ with respect to the feedback network, 
is calculated in Equations 11 through 14. Where Rs = 4OkC, 
Rg = 4OkC, RL = 600C, R11 = R12 = R13 = R14 = 50C. 

(EQ.11) 

Substituting the expreSSions for Vc and Vo 

AI = 2X(-4RsAIL~)+VRX) 
L RL +R11 +R12+R13+R14 

Equation 12 simplifies to 

2V RX - 400AIL 
AIL = SOO 

Solving for AIL results in 

VRX 
AIL = 600 

(EQ.12) 

(EQ.13) 

(EQ.14) 

Equation 14 is the loop current with respect to the feedback 
network. From this, the 4-wire to 2-wire and the 2-wire to 
4-wire AC voltage gains are calculated. Equation 15 shows 
the 4-wlre to 2-wlre AC voltage gain Is equal to one. 

(EQ.15) 

Equation 16 shows the 2-wlre to 4-wire AC voltage gain is 
equal to negative one-third. 

(EQ.16) 

Impedance Matching 
The feedback network, described above, is capable of syn
thesizing both resistive and complex loads. Matching the 
SUC's 2-wire Impedance to the load is important to maxi
mize power transfer and minimize the 2-wire retum loss. The 
2-wire retum loss is a measure of the similarity of the imped
ance of a transmission line (tip and ring) and the impedance 
at It's termination. It is a ratio, expressed in decibels, of the 
power of the outgoing signal to the power of the signal 
reflected back from an impedance discontinuity. 

Requirements for Impedance Matching 

Impedance matching of the HC5517 application circuit to the 
transmission line requires that the impedance be matched to 
points "A" and "B" in Figure 3. To do this, the sense resistors 
R11, R12, R13 and R14 must be accounted for by the feed
back network to make it appear as If the output of the tip and 
ring amplifiers ate at points "A" and "B". The feedback network 
takes a voltage that is equal to the voltage drop across the 
sense resistors and feeds it into the summing node of the tip 
amplifier. The effect of this is to cause the tip feed voltage to 
become more negative by a value that is proportional to the 
voltage drop across the sense resistors R11 and R13. At the 
same time the ring amplifier becomes more positive by the 
same amount to account for resistors R12 and R14. 
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FIGURE 3. AC VOLTAGE GAIN AND IMPEDANCE MATCHING 

The net effect cancels out the voltage drop across the feed 
resistors. By nullifying the effects of the feed resistors the 
feedback circuitry becomes relatively easy to match the 
impedance at-points "A" and "B". 

IMPEDANCE MATCHING DESIGN EQUATIONS 

Matching the Impedance of the SLiC to the load Is accom
plished by writing a loop equation starting at Vo and going 
around the loop to VC. The loop equation to match the 
Impedance of any load Is as follows (note: VRX = 0 for this 
analysis): 

-4RSAIL(::)+2RsAIL-AVIN + 

RLAIL +2RSAIL-4RSAIL(::)= 0 (EQ.17) 

(EQ.1B) 

(EQ.19) 

Equation 19 can be separated Into two terms, the feedback 
(-BRS(RslR9» and the loop Impedance (+4RS+RU. 

AV1N (Ra) AiL = -BRs R9 + 4Rs + RL 
(EQ.20) 

The result Is shown in Equation 20. Figure 4 is a schematic 
representation of Equation 15. 

FIGURE 4. SCHEMATIC REPRESENTATION OF EQUATION 20 

To match the impedance of the SLiC to the impedance of the 
load, set 

RL = BRs~:)+4Rs (EQ.21) 

If R9 is made to equal BRs then: 

RL = Ra+ 4Rs (EQ.22) 
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Therefore to match the HC5517, with RS equal to 50n, to a 
600!lload: 

Rg = SRs = S(SOO) = 4000 

and 

Rs = RL -4Rs = 6000 - 2000 = 4000 

(EQ.23) 

(EQ.24) 

To prevent loading of the VTX output, the value of Rs and Rs 
are typically scaled by a factor of 100: 

KRS = 4OkO KRg = 40kO (EQ.2S) 

Since the impedance matching is a function of the voltage 
gain, scaling of the resistors to achieve a standard value is 
recommended. 

For complex impedances the above analysis is the same. 

KRg = 40kO KRS = 100(Resistlve-200)+ Reactive 
100 

(EQ.26) 

Reference application note AN9607 ("Impedance Matching 
DeSign Equations for the HC5509 Series of SUCs") for the 
values of KRs and KRs for several worldwide Typical line 
Impedances. 

Tip-to-Ring Open-Circuit Voltage 

The tip-to-ring open-circuit voltage, VOC, of the HC5517 Is 
programmable to meet a variety of applications. The design 
of the HC5517 defaults the value of Voc to 

VOC=IVBATI-S 

The HC5517 application circuit overrides the default Voc 
operation when operating from a -80V battery. While operat
ing from a -80V battery, the SLIC will be in either the ringing 
mode or on-hook standby mode. In the ringing mode, VOC is 
designed to switch from OV (centering voltage) to -47V 
(Maintenance Termination Unit voltage). The centering volt
age is active during the ringing portion of the ringing wave
form and the Maintenance Termination Unit (MTU) voltage is 
active during the silent portion of the ringing signal. In the 
on-hook standby mode, the application circuit Is designed to 
maintain Voc at the MTU voltage. 

Centering Voltage Application Circuit Overview 

The centering voltage Is used during ringing to center the 
DC outputs of the tip feed and ring feed amplifiers. Centering 
the amplifier outputs allows for the maximum undistorted 
voltage swing of the ringing signal. Without centering, the 
output of each amplifier would saturate at ground or VBAT, 
minimizing the ringing capability of the HC5517. The 
required centering voltage, VC, is +1.8VoC when operating 
from a -80V battery. 

Centering Voltage Application Circuit Operation 

The circuit used to generate the centering voltage is shown 
in Figure 5. 

+5V 

RC __ ~~T2 

TO ZENER 
DIODEDll 

~----------------~ 

FIGURE 5. CENTERING VOLTAGE APPLICATION CIRCUIT 

The circuitry within the dotted lines is internal to the 
HC5517. The value of the resistor designated as R is 108kn 
and the resistor Rl20 is 5.4kn. The tip amplifier gain of 
20VN amplifies the + 1.8VoC at Vc to +36Voc and adds it to 
the internal4VoC offset, generating -4QVOC at the tip ampli
fier output. The -4QVOC offset also sums into the ring ampli
fier, adding to the battery voltage, achieving -40V at the ring 
amplifier output. 

Centering Voltage Design Equations 

The centering voltage (Vc) Is dependent on the battery 
voltage. A battery voltage of -80V requires a + 1.8VoC 
centering voltage. The equation used to calculate the 
centering voltage is shown below. 

(EQ.27) 

The DC voltage at the outputs of the centered tip and ring 
amplifiers can be calculated from Equation 28 and Equa
tion 29. 

(EQ.2S) 

(EQ.2S) 

The shunt resistor of the divider network, R1S, is not deter
mined from a design equation. It is selected based on the 
trade-off of power dissipation in the voltage divider (low 
value of R1S) and loading affects of the internal Rl20 resistor 
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(high value of R1B). The suggested range of R1B is between 
1.0kn and 2.0kn. The application circuit design equation 
used to calculate the value of R19 of the divider network is 
as follows: 

R _ (VCC-VC13-VC6-Vc)(R1s"RIN) 
19 - (VC+ Vcs)RIN+VCR1S 

(Ea. 30) 

where: V013 forward drop of 013, 0.63V. 

V06 forward drop of 06, O.54V. 

R1B is the shunt resistor of the divider, 1.1 kn. 

RIN is the input impedance of VRING, 5.4kn. 

Vc is the required centering voRage, 1.8V, VeAT = -SO\/' 

Vcc is the +5V supply. 

Centering Voltage Logic Control 

The pnp transistor T 2 is used to defeat the voltage divider 
formed by R19, R1B, 013 and 06' When T 2 is off (RC is logic 
high), +5VOC is divided to produce +1.8Voc at the VRING 
input. When T 2 is on (RC is logic low), its emitter base volt
age of +0.9VOC is divided resulting in +0.2V at the anode of 
06, hence reverse biasing the diode (06) and floating the 
VRING pin. 

MTU Voltage Application Circuit Overview 

According to Bellcore specification TR-NWT-OOOO57, an 
MTU voltage may be required by some operating compa
nies. The minimum allowable voltage to meet MTU require
ments is -42.75V, which is used by measurement equipment 
to verify an active line. Also, some facsimile and answering 
machines use the MTU voltage as an indication that the tele
phone is on-hook or not answered. In addition to the Bellcore 
specification, FCC Part 68.306 requires that the maximum 
tip to ground or ring to ground voltage not exceed -56.5V for 
hazardous voltage limitations. These two requirements have 
been combined and the resulting range is defined as the 
MTU voltage. The HC5517 application circuit can be pro
grammed to any voltage within this range using the zener 
clamping circuit. 

MTU Voltage Application Circuit Operation 

The circuit used to generate the MTU voltage is shown in 
Figure 6. 

~----HK-----~K----------~ 
I liP FEED OUTPUT I 
I 

RC 

FIGURE 6. RING FEED AMPLIFIER CIRCUIT CONNECTIONS 

The ring feed amplifier DC output voltage, VROC, is a func
tion of the internal VeAT/2 reference and external zener 
diode 011' When the magnitude of VBATI2 is less then the 

zener voltage, the zener is off and the input to the ring feed 
amplifier is VeAT/2. When the magnitude of VeAT/2 is 
greater than the zener voltage, the zener conducts and 
clamps the noninverting terminal of the ring amplifier to the 
zener voltage. 

Internal to the HC5517 are connections to the tip feed ampli
fier output and VeATI2 reference. The DC voltage at the tip 
feed output, VTOC, is a constant -4V during on-hook standby. 

MTU Voltage Design Equations 

The following equations are used to predict the DC output of 
the ring feed amplifier, VROC' 

IV~ATI<vz 

IV~ATI~vz VRCC = 2(-Vz+(VcE-VeE»+4 (Ea. 32) 

Where Vz is the zener diode voltage of 011 and VCE and 
VeE are the saturation voltages of T 2. Using Equations 31 
and 32, the tip-to-ring open-circuit voltage can be calculated 
for any value of zener diode and battery voltage. 

(VeAT) VOC = VTCc -2 -2- -4 (Ea. 33) 

VOC = VTDC-2(-Vz+(VCE-VeE»-4 

(Ea. 34) 

Figure 7 plots VOC as a function of battery voltage. The 
graph illustrates the clamping function of the zener circuitry. 
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FIGURE 7. Voc AS A FUNCTION OF BATTERY VOLTAGE 

MTU Voltage logic Control 

The same pnp transistor, T 2, that is used to control the cen
tering voltage is also used to control the MTU voltage. The 
application circuit uses T 2 to ground or float the anode of the 
zener diode 011' When RC is a logic low (T 2 on) the anode 
of 011 is referenced to ground through the collector base 
junction of the transistor. Current then flows through the 
zener, allowing the ring amplifier input to be clamped. When 
RC is a logic high (T 2 off) the anode of 011 floats, inhibiting 
the clamping action of the zener. 
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HC5517 Modes of Operation 

The four modes of operation of the HC5517 Ringing SLiC 
are ringing, on-hook standby, off-hook active and power 
denial. Three control signals select the operating mode of 
the SLiC. The signals are Battery Switch, F1 and Ring 
Cadence (RC). The active application circuit and active 
supervisory function are different for each mode, as shown 
in the Table 2. 

Mode Control Signals 

The Battery Switch selects between the -80V and -24V sup
plies. The Battery Switch circuitry is described in the "Opera
tion of the Battery Switch" section. A system alternative to 
the battery switch signal is to use a buffered version of the 
SHD output to select the battery voltage. Another alternative 
is to control the output of a programmable battery supply, 
removing the battery switch entirely from the application cir
cuit. F1 is used to put the SLiC in the power denial mode. 
RC drives the base of T 2, which is the transistor used to con
trol the centering voltage and MTU voltage. The three control 
signals can be driven from a TTL logic source or an open 
collector output 

RINGING MODE 

The ringing state, as the name indicates, is used to ring the 
telephone with a -SOV battery supply. The SLiC Is designed 
for balanced ringing with a differential gain of 40VN across tip 
and ring. Voltage feed amplifiers operating in the linear mode 
are used to amplify the ringing signal. The linear amplifier 
approach allows the system designer to define the shape and 
amplitude of the ringing waveform.· Both supervisory function 
outputs, SHD and RTD, are active during ringing. 

Spectral Content of the Ringing Signal 

The shape of the waveform can range from sinusoidal to 
trapezoidal. Sinusoidal waveforms are spectrally cleaner 
than trapezoidal waveforms, although the latter does result 
in lower power dissipation across the SLiC for a given rms 
amplitude. Systems where the ringing signal will be in prox
imity to digital data lines will benefit from the sinusoidal ring
ing capability of the HC5517. The slow edge rates of a 
sinusoid will minimize coupling of the large amplitude ringing 
signal. The linear amplifier architecture of the HC5517 
allows the system designer to optimize the design for power 
dissipation and spectral pUrity. 

Amplitude of the Ringing Signal 

Amplitude control is another benefit of the linear amplifier 
architecture. Systems that require less ringing amplitude are 
able to do so by driving the HC5517 with a lower level ringing 
waveform. Solutions that use saturated amplifiers can only 
vary the amplitude of the ringing signal by changing the neg
ative battery voltage to the SLiC. 

HC5517 Through SLIC Ringing 

The HC5517Is deSigned with a high gain input, VRING, that 
the system drives while ringing the phone. VRING is one of 
many signals summed at the inverting input to the tip feed 

amplifier. The gain of the VRING signal through the tip feed 
amplifier is set to 20VN. The output of the tip feed amplifier 
is summed at the inverting input of the ring feed amplifier, 
configured for unity gain. The result is a differential gain of 
40VN across tip and ring of the ringing signal. 

The ringing function requires an input ringing waveform and 
a centering voltage. The ringing waveform Is. the signal from 
the 4-wire side that Is amplified by the SLiC to ring the tele
phone. The centering voltage, as previously discussed, is a 
positive DC offset that is applied to the VRING input along 
with the ringing waveform. The HC5517 application circuit 
provides the centering voltage, simplifying the system inter
face to an AC coupled ringing waveform. 

·Rlnger Equlvefenca Number 

Before any further discussion, the Ringer Equivalence Num
ber·or REN must be discussed. Based on FCC Part 68.313 a 
single REN can be defined as 51<0, 7kn or 8kn of AC imped
ance at the ringing frequency. The ringing frequency is 
based on the ringing types listed in Table 1 of the FCC spec
ification. The Impedance of multiple REN Is the paralleling of 
a single REN. Therefore 5 REN can either be 1kn, 1.4kn or 
1.6kn. The 7kn model of a single REN will be used through
out the remainder of the data sheet. 

Ringing Waveform 

An amplitude of 1.2VRMS will deliver approximately 46VRMS 
to a 1 REN load, and 42VRMS to a 3 REN load. The ampli
tude is REN dependent and is slightly attenuated by the 
feedback scheme used for Impedance matching. The ringing 
waveform is cadenced, alternating between a 20Hz burst 
and a silent portion between bursts. Bellcore specification 
TR-NWT-OOOO57 defines seven distinct ringing waveforms or 
alerting (ringing) patterns. The following table lists each type. 

TABLE 1. DISTINCTIVE ALERTING PATTERNS 

INTERVAL DURATION IN SECONDS 

PATTERN RINGING SILENT RINGING SILENT RINGING SILENT 

A 0.4 0.2 0.4 0.2 0.8 4.0 

B 0.2 0.1 0.2 0.1 0.6 4.0 

C 0.8 0.4 0.8 0.4 

D 0.4 0.2 0.6 4.0 

E 1.2 4.0 

F 1±0.2 3±0.3 

G 0.3 0.2 1.0 0.2 0.3 4.0 

Figure 8 shows the relationship of the cadenced ringing 
waveform and the Battery Switch and RC control signals. 
Also shown are the states of the MTU voltage and the cen
tering voltage. 

The state of Battery Switch Is indicated by the desired bat
tery voltage to the SLiC. The RC signal Is used to enable 
and disable the centering voltage and MTU voltage. RC fol
lows the ring signal In that it is high during the 20Hz burst 
and low during the static part of the waveform. 
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FIGURE 8. RINGING WAVEFORM AND CONTROL SIGNALS 

Open Circuit Voltage During the Ringing Mode 

The mutually exclusive relationship of the centering voltage 
and MTU implies that both functions will not exist at the 
same time. During the silent portion of the ringing waveform 
the HC5517 application circuit meets the hazardous voltage 
requirements of FCC Part 68.306 by .forcing the MTU volt
age. Without the zener clamping solution, a programmable 
power supply would have to be designed. The Intervals listed 
in Table 1 would require the power supply to switch voltages 
and settle to stable operation well within 100ms. The design 
of such a power supply may prove quite a challenge. The 
zener solution provides a cost effective, low impact to meet
ing a wide variety of tip to ring open circuit voltages. 

Ringing Design Equations 

The differential tip to ring voltage during ringing, as a func
tion of REN, can be approximated from Equation 35. 

~RING (O.702)(200)VTRO] (EQ 35) 
VTR(RL)52XL"5.4e3 - (10Be3)RL -108e3 . 

The voltage VRING is defined as the rms amplitude of the 
Input ringing signal. VTRO Is the open circuit tip to ring differ
ential output voltage, calculated as VRING multiplied by the 
differential gain of 4OVN. The REN impedance Is shown as 
RL. Figure 9 shows the relationship of REN load to maxi
mum differential tip to ring rms voltage during ringing. The 
maximum ringing signal amplitude herein assumes an Infi
nltesource and sink capability of the tip feed and ring feed 
amplifiers. Due to the amplifier output deSign, the HC5517 is 
limited to 3 REN ringing capability for this reason. 

47.00 
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II: I! 
i~ 42.00 
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"'" ..... 

" " .......... ..... ;! 41.00 

40.00 "" 311.00 
1 REN 2REN 3REN 4REN 

FIGURE 9. MAXIMUM RINGING OUTPUT VOLTAGE 
(VRINO = 1.2VRMS) 

ON-HOOK STANDBY MODE 

5REN 

On-hook standby mode is with the phone on-hook (i.e., not 
answered) and ready to accept an Incoming voice signal or elec
tronic data. The HC5517 application circuit is designed to main
tain the MTU voltage during this mode of operation. During this 
mode, the SHD output is valid and the Ffi'I) output is invalid. 

OFF-HOOK ACTIVE MODE 

Off-hook active accommodates voice and data communica
tions, including pulse metering, with a battery voltage of 
-24V. The MTU voltage during this mode Is defeated by the 
zener clamp design regardless of the state of RC. It is impor
tant to have RC low to disable the ringing voltage. Only the 
SHD output is valid during this mode. 

POWER DENIAL MODE 

The HC5517 will enter the power denial mode whenever F1 
Is a logic low. During power denial, the tip and ring amplifiers 
are active. The DC voltages of both amplifiers are near 
ground, resulting in a maximum loop current of 7mA. Both 
the SRD and the R'fl) detector output are Invalid. 

Table 2 summarizes the operating modes of the HC5517 
application circuit. The table indicates the valid detectors in 
each mode as well as valid application circuit operation. 

TABLE 2. HC5517 APPLICATION CIRCUIT OPERATING MODES SUMMARY 

BATTERY DETECTORS VALID APPLICATION CIRCUIT VALID 

SWITCH F1 RC MODE mm 1m) MTU CENTERING 

·24V 0 0 Power Denial 

·24V 0 1 Invalid 

·24V 1 0 Off-Hook ActIve .J 
-24V 1 1 Invalid 

·SOV 0 0 Power Denial .J 
-SOY 0 1 Invalid 

-SOV 1 0 On-Hook Standby .J .J 
·BOV 1 1 Ringing (Note) .J .J 

.. NOTE: During Ringing, the §m output will be active for both on-hook and off-hook conditions. The AC current, for the on-hook condition, 
exceeds the §m threshold of 12mA. Valid off-hook detection during ringing Is provided by the mo output only. 
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Operation of the Battery Switch 

The battery switch Is used to select between the off-hook 
battery of -24V and the ringing/standby battery of -SOY. 
When T 1 is off (battery switch is logic low) the MOSFET T 3 
is off and the -24V battery is supplied to the SLiC through 
010. When Tl is on (battery switch is logic high) current 
flows through the collector of T 1 turning on the zener 09. 
When 09 turns on, the gate of the MOSFET is positive with 
respect to the drain (-SOV) and T 3 turns on. Turning T 3 on 
connects the -SOY battery to the SLiC through 07. This in 
turn reverse biases 010, isolating the two supplies. 

Transhybrid Balance (Voice Signal) 

The purpose of the transhybrid circuit is to remove the 
receive signal (V-REC) from the transmit signal (V-XMIT), 
thereby preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the COOEC) and by the inversion of the signal from the 
SLiC's 4-wire receive port (VRX) to the SLiC's 4-wire trans
mit port (OUT1). 

The external transhybrid circuit is shown in Figure 10. The 
effects of capacitors Cs, C7 and Ce are negligible and there
fore omitted from the analysis. The input signal (V-REC) will 
be subtracted from the output signal (V-XMIT) if 11 equals 12 
are equal and opposite in phase. A node analysis yields the 
following equation: 

V-REC + OUTI = 0 
R2 R3 

The value of R2 is then 

V-REC 
R2 = -R3· OUTI 

(EO.3S) 

(EO. 37) 

Given that OUT1 is equal to -1/3 of V-REC (Equation 16) and 
V-REC is equal to VTR (A4-Wire-2-Wire = 1, Equation 15), 
then R2 = 3R3. A transhybrid balance greater than 30dB can 
be achieved by using 1 % resistors values. 

HC5517 

EXTERNAL 
TRANSHYBRID CIRCUIT 

¥-REC 

I 
INCOMING 
AC TRANSMISSION 

SUMMING NODE CANCELS OUT 
INCOMING AC TRANSMISSION FROM 
OUT GOING TRANSMISSION 

I 
V-XMIT 

FIGURE 10. TRANSHYBRID CIRCUIT (VOICE SIGNAL) 

Transhybrid Balance (Pulse Metering) 

Transhybrid balance of the pulse metering signal is accom
plished in 2 stages. The first stage uses the SLiC's internal 
op amp to invert the phase of the pulse metering signal. The 
second stage sums the inverted pulse metering signal with 
the incoming signal for cancellation in the transhybrid ampli
fier. A third network can be added to offset both tip and ring 
by the peak amplitude of the pulse metering signal. This will 
allow both the maximum voice and pulse metering signals to 
occur at the same time with no distortion. 

Pulse Metering 

Pulse metering or Teletax is used outside the United States 
for billing purposes at pay phones. A 12kHz or 16kHz burst 
is injected into the 4-wire side of the SLiC and transmitted 
across the tip and ring lines from the central office to the pay 
phone. For mere information about pulse metering than cov
ered here reference application note AN960S "Implementing 
Pulse Metering for the HC5509 Series of SLlCs". 

Inverting Amplifier (Al) 

The pulse metering signal is injected in the -IN1 pin of the 
SLIC. This pin is the inverting input of the internal amplifier 
(AI) that is used to invert the pulse metering signal for later 
cancellation. The components required for pulse metering 
are Cs and Rs, are shown in Figure 11. The pulse metering 
signal is AC coupled to prevent a DC offset on the input of 
the internal amplifier. The value of Cs should be lOIlF. The 
expression for the voltage at OUT1 is given in Equation 3S. 

C6 RS 
VPM --fl-w.--. 

TO EXTERNAL 
TRANSHYBRID AMP 

c, Re 
~~~~~~~~ 

FIGURE 11. PULSE METERING PHASE SHIFT AMPLIFIER 
DESIGN 

Ra Ra 
VOUT1 = -VTX • Rg - VpM • Rs 

(EO. 38) 

The first term is the gain of the feedback voHage from the 
2-wire side and the second term is the gain of the injected 
pulse metering signal. The effects of Cs and Ceare negligi
ble and therefore omitted from the analysiS. 

The injected pulse metering output term of Equation 3S is 
shown below in Equation 39 and rearranged to solve for Rs 
in Equation 40. 

. Ra 0 VOUT1 (lnJ9cted) = VpM • R = 1 (E .39) 
s 

(EO. 40) 
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The ratio of Rs to Rs is set equal to one and results in unity 
gain of the pulse metering signal from 4-wire side to 2-wire 
side. The value of Rs is considered to be a constant since it 
is selected based on impedance matching requirements. 

Cancellation of the Pulse Metering Signal 

The transhybrid cancel.lation technique that is used for the 
voice signal is also implemented for pulse metering. The 
technique is to drive the transhybrid amplifier with the signal 
that is injected on the 4-wire side, then adjust its level to 
match the amplitude of the feedback signal, and cancel the 
signals at the summing node of an amplifier. 

NOTE: The CA741C operational amplifier Is ueed In the application 
as a "stand In" for the operational amplifier that Is traditionally located 
In the COOEC, where transhybrld cancellation is performed. 

Referring to Figure 3, VTX is the 2-wire feedback used to 
drive the internal amplifier (AI) which in turn drives the 
OUTI pin of the SLIC. The voltage measured at VTX Is 
related to the loop impedance as follOWS: 

-200 
VTX = ~.VPM·GpM 

L 
(EQ.41) 

For a 600n termination and a pulse metering gain (Gpu) of 
I, the feedback voltage (VTX) is equal to one third the 
injected pulse matering signal of the 4-wire side. Note, 
depending upon the line impedance characteristics and the 
degree of impedance matching, the pulse metering gain may 
dHfer from the voice gain. The pulse metering gain (Gpu) 
must be accounted for in the transhybrid balance circuit. 

The polarity of the slgnai at OUTI (Equation 38) Is opposite 
of Vpu allOWing the circuit of Agure 12 to perform the final 
stage of transhybridcancellation. 

FIGURE 12. CANCELLATION OF THE PULSE METEFiING SIGNAL 

The following equations do not require much discussion. 
They are based on inverting amplifier design theory. The 
voice path VRX signal has been omitted for clarity. All refer
ence designators refer to components of Figures 11 and 12. 

(EQ.42) 

The first term refers to the signal at OUTI and the second 
term refers to the 4-wire side pulse metering Signal. Since 
ideal transhybrid cancellation implies VTXO equals zero 
when a signal is injected on the 4-wire side, VTXO is set to 
zero and the resulting equation is shown below. 

(EQ.43) 

Rearranging terms of Equation 43 and solving for R4 results 
. in Equation 44. This is the only value to be calculated for the 
transhybrid cancellation. All other values either exist in the 
application circuit or have been calculated in previous sec
tions of this data sheet. 

(EQ.44) 

The value of R4 (Figure 12) is 12.37kn given the following 
set of values: 

Rs=4Okn 

R9=4Okn 

RL=600n 

R3= 8.25kn 

Rs=40kn 

GpM= 1 

Substituting the same values into Equation 41 and 
Equation 42, it can be shown that the signal at OUT 1 is 
equal to -213Vpu. This result, along with Equation 44 where 
R3 equals to 213R4, indicates the signal levels into the 
transhybrid amplifier are equalized by the amplifier gains 
and opposite in polarity, thereby achieving transhybrld 
balance at VTXO 

Additional Tip and Ring onset Voltage 

A DC offset is required to level shift tip and ring from ground 
and VSAT respectively. By design, the tip amplifier is offset 
4V below ground and the ring amplifier is offset 4V above 
VSAT. The 4V offset was designed so that the peak voice sig
nal could pass through the SLIC without distortion. There
fore, to maintain distortion free transmission of pulse 
metering and voice, an additional offset equal to the peak of 
the pulse metering signal is required. 

The tip and ring voltages are offset by a voltage divider 
network on the VRX pin. The VRX pin is a unity gain input 
designed as the 4-wire side voice input for the SLiC. 
Figure 13 details the circuit used to generate the additional 
offset voltage. 

R 

+5V 

~RESIDE 
R7 rCS VOICE INPUT 

TO VOICE INPUT OF 
TRANSHYBRID AMP 

FIGURE 13. PULSE METERING OFFSET GENERATION 

The amplifier shown is the tip amplifier. Other signals are 
connected to the summing node of the amplifier but only 
those components used for the offset generation are shown. 
The offset generated at the output of the tip amplifier is 
summed at the ring amplifier inverting input to provide a pos
itive offset from the battery voltage. The connection to the 
ring amplifier was omitted from Agure 13 for clarity, refer to 
Figure 3 for details. 

4-26 



HC5517 

The term VPMO is defined to be the offset required for the 
pulse metering signal. The value of the offset voltage is cal
culated as the peak value of the pulse metering signal. 
Equation 45 assumes the amplitude of the pulse metering 
signal is expressed as an rms voltage. 

(EO. 45) 

The value of Rs can be calculated from the following 
equation: 

Layout Guidelines and Considerations 

The printed circuit board trace length to all high impedance 
nodes should be kept as short as possible. Minimizing length 
will reduce the risk of noise or other unwanted signal pickup. 
The short lead length also applies to all high gain inputs. The 
set of circuit nodes that can be categorized as such are: 

• VRX pin 27, the 4-wire voice input. 

• -IN1 pin 13, the inverting input of the internal amplifier. 

(EO. 46) • VREF pin 3, the noninverting input to ring feed amplifier. 

• VRING pin 24, the 20VN input for the ringing signal 

The component labeled R is the internal summing resistor of 
the tip amplifier and has a typical value of 108kn. The value 
of R7 should be selected in the range of 4.99kn and 10kn. 
Staying within these limits will minimize the parallel loading 
effects of the internal resistor R on R7 as well as minimize 
the constant power dissipation introduced by the divider. 

Solving Equation 45 for 1VRMS results in a 1.414V require
ment for VPMO Setting R7 of Equation 46 to 10kn and sub
stituting the values for VPMO and R yields 23.2kn for RS' 
The value of Rs can be rounded to the nearest standard 
value without significantly changing the offset voltage. 

Single Low Voltage Supply Operation 
The application circuit shown Figure 15 requires 2 low 
voltage supplies (+5V, -5V). The following application offers 
away to make use of a 2.5V reference, provided with some 
CODEC, to operate the transhybrid balance amplifier from 
a single +5V supply. The implementation is shown in 
Figure 14. Notice that the three inputs from the SLiC must all 
be AC coupled to insure the proper DC gain through the 
CODECs internal op amp. The resistor Ra is not used for 
gain setting and is only intended to balance the DC offsets 
generated by the input bias current of the CODEC amplifier. 
If the DC offsets generated by the input bias currents are 
negligible, then Ra may be omitted from the circuit. Ca may 
be required for decoupling of the voltage reference pin and 
does not contribute to the response of the amplifier. r------- .. 

CODEC 
O.1J1F R2 

VRX-i R1 

~J1F IIJ 24.91cn 

OUT1 

O.1J1F 
VPM -I 

R.c 

FIGURE 14. SINGLE LOW VOLTAGE SUPPLY OPERATION 

• U 1 pin 2, inverting input of external amplifier. 

For multi layer boards, the traces connected to tip should not 
cross the traces connected to ring. Since they will be carry
ing high voltages, and could be subject to lightning or surge 
depending on the application, using a larger than minimum 
trace width is advised. 

The 4-wire transmit and receive signal paths should not 
cross. The receive path is any trace associated with the VRX 
input and the transmit path is any trace associated with VTX 
output. The physical distance between the two signal paths 
should be maximized to reduce crosstalk. 

The mode control signals and detector outputs should be 
routed away from the analog circuitry. Though the digital sig
nals are nearly static, care should be taken to minimize cou
pling of the sharp digital edges to the analog signals. 

The part has two ground pins, one is labeled AGND and the 
other BGND. Both pins should be connected together as 
close as possible to the SLiC. If a ground plane is available, 
then both AGND and BGND should be connected directly to 
the ground plane. 

A ground plane that provides a low impedance return path 
for the supply currents should be used. A ground plane pro
vides isolation between analog and digital signals. If the lay
out density does not accommodate a ground plane, a single 
point grounding scheme should be used. 
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Application Pin Descriptions 

PLCC SYMBOL DESCRIPTION 

1 AGND Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 

2 Vee Positive Voltage Source - Most Positive Supply. 

3 VREF Ring amplifier reference override. An external voltage connected to this pin will override the Internal 
VBATI2 reference. 

4 Fl Power Denial -A low active TTL compatible logiC control Input. When enabled, the output of the ring 
amplifier will ramp close to the output voltage of the tip amplifier. 

5 FO TTL compatible logic control input that must be tied high for proper SLiC operation. 

6 RS TTL compatible logic control input that must be tied high for proper SLIC operation. 

7 mm Switch Hook Detection - An active low TTL compatible logic output. Indicatas an offhook condition. 

8 RTD Ring Trip Detection - An active low TTL compatible logic output. Indicates an off-hook condition when 
the phone Is ringing. 

9 m TTL compatible logic control input that must be tied high for proper SLIC operation. 

10 ALM A TTL compatible active low output which responds to the thermal detactor circuit when a safe 
operating die temperature has been exceeded. 

11 ILMT Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a 
resistive voltage dMder. 

12 OUT1 The analog output of the spare operational amplifier. 

13 -INl The inverting analog input of the spare operational amplifier. Note that the non-Inverting Input of the 
amplifier is intemally connected to AGND. 

14 TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
SENSE resistor and ring relay contact. Functions with the RING terminal to receive voice signals from the 

telephone and for loop monHoring purposa. 

15 RING An analog input connected to the RING (more negative) side of the subscriber loop through a feed 
SENSE 1 resistor. Functions with the TIP terminal to receive voice signals from the telephone and for loop 

monHoring purposas. 

16 RING This Is an Internal sense mode that must be tied to RING SENSE 1 for proper SLiC operation. 
SENSE 2 

17 VAX Receive Input, 4-Wire Side - A high impedance analog input. AC signals appearing at this Input drive 
the Tip Feed and Ring Feed amplifiers deferentially. 

18 NU Not used in this application.Thls pin should be left floating. 

19 VTX Transmit OUtput, 4-Wlre Side - A low impedance analog output which represents the differential 
voltage across TIP and RING. Since the DC level of this output varies with loop current, capacitive 
coupling to the next stage Is necessary. 

20 RDI TTL compatible input to drive the uncommitted relay driver. 

21 ROO This Is the output of the uncommitted relay driver. 

22 BGND Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows Into this terminal. 

23 NU Not used in this application. This pin should be eHher grounded or left floating. 

24 VRING Ring signal Input (OV to 3VPEAK at 20Hz). 

25 TF This Is the output of the tip amplifier. 

26 RF This Is the output of the ring amplifier. 

27 VBAT The negative battery source. 

28 RTI Ring Trip Input - This pin Is connected to the external negative peak detector output for ring trip 
detection. 
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HC5517 (PLCC) 
TOP VIEW 

.JJI~il! 

ADI RDI 

ILMT VTX 
~~~rr.~~~~~r-
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Applications Circuit 

HC5517 

VREF 

F1 

FO 

RS 

11m 

"lITIS 
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HC5517 (SOIC) 
TOP VIEW 

• +5V. PULSE METERING OPTION 
• 9' · f· ... ·--
'Re • 
• • 0, 

VRX 171----~. --4~.-t ... 'lt-----------a V·REC 

'R7~ • Cs R1 +5V ·5V 

TIP _ .... -1IN1r-.... ---I14 TIP SENSE 

• ~. r~~=I-~h · ....... ,,::,,:.,,:!RZ U1 
2 .7 

~~r--'~~ ~~~--r-=--~~XMrr 

IUMT111-.... .J.I\M 

26RF RJR4 
16 RING SENSE 2 As 

R12 R14 
-IN113 

lie 
RING 15 RING SENSE 1 Olm 12 

H-+--+-~fv-"""~=-----11-1 -----~o V·TELETAX 
Ce 

Vee 2 Vee 
F14 

BAT RJl 
SWrrcH FOa +5V 

VREF3 
1AGND 

BGND 22BGNO 
D13 

'----111!~-+--_RC 

RDI20 

·24V 27VIAT Jm021 
De Cll 

VRING24 

HC5517 

-80V_ ........ --' 
L...-------_VRlNG 

ttDlode bridge optional for In-house use 

FIGURE 15. APPUCATION CIRCUIT 
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HC5517EVAL Evaluation Board Parts List 

COMPONENT VALUE TOLERANCE RAnNG COMPONENT VALUE TOLERANCE RAnNG 

SLiC HC5517 nla nla 0:1, C4, C15 O.lIlF 20% 50V 

Rl,R2 24.9kn 1% 1/4W C5,C7 lOIlF 20% 20V 

R3 8.251dl 1% 1/4W C6,C8 0.471lF 20% 20V 

R4 12.11dl 1% 1/4W Cg,C12 O.OlIlF 20% 100V 

Rs, As, Rg 401dl 1% 1I4W Cl0 1.01lF 20% 50V 

R6 (not provided) 23.21dl 1% 1/4W Cll l00JtF 20% 5V 

R7 (not provided) 101dl 1% 1/4W C13 O.lIlF 20% 100V 

Rl0 100kO 5% 1/4W C16 0.51lF 20% 50V 

Rll-14 50Q 1% 1/4W C17,C18 3300pF 20% l00V 

R15 47kO 1% 1/4W 01-4, ~, 06, 010 lN4007 100V,lA 

R16 1.5MO 1% 1/4W 05,06,012,013 lN914 l00V,lA 

R17 56.21dl 1% 1/4W 09 lN4744 15V,lW 

R18 1.11dl 1% 1/4W 011 lN5255 28V,ll2-
Wire 

R19 8250 1% 1/4W Tl NTE383 l00V,lA 

R22, R29, Rso, %1 10kO 5% 1/4W T2 2N2907 6OV,150mA 

R24 471dl 5% 1/4W T3 RFP2Nl00r 100V,2A 
equivalent 

R25-27 5600 5% 1/4W Fl, RC, BATTERY SPOT Toggle switches, center off. 

R26 201dl Potentiometer 1/4W Ul CA741COpAmp 

R21 471dl 5% 1/4W Textool Socket 228-5523 

Cl, C3,C14 O.OlIlF 20% SOV 
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....---------- Central Office -----------, 

CENTRAL OFFICE SWITCH 

OTHER UNE CIRCUITS 

USA ROW 

SLiCs HC5523 HC5519 
HC5513 (Note) HC5520 

HC5521 
HC5526 
HC5515 
HC-5509B 

COMBOs CD22354A CD22357A 

Transcoder HC5560 CD22103A 

Protection SGT06U13 SGT06U13 

NOTE: When used in fiber loop carrier applications. 
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ADVANCE INFORMATION 
January 1997 

Features 
• Complete A-Law Codec, Filter, and SLiC Functions 

with Serial Digital Control and Status Monitoring 

• 30mA Current Limit on Normal or Reverse Loop Feed 

• Constant Voltage (Resistance) Feed on Long Loops 

• On-Hook Transmission 

• Switch Hook Detection 

• User Selectable 2-Wlre Complex Impedance 

• User Selectable Receive Gain 

• User Selectable Transmit Gain 

• Ringing, Test-In, and Test-out Relay Drivers 

• Zero Crossing Ring Trip Detection and Ring Relay 
Release 

• Thermal Shutdown Protection 

• Meets CCITT/Chlna Transmission Requirements 

Applications 
• CO/PABX Line Circuits 

HC5519 
SLiC 

Subscriber Line Interface Circuit 

Description 
The HC5519 SLiC is designed to meet the technical require
ments of the China Telecommunications network. It provides 
many of the BORSCHT functions associated with a Central 
Office line circuit. 

The HC5519 consists of an A-Law CodeclFilter, a 2-wire 
interface circuit, an impedance control Circuit, a ringing con
trol circuit, a power management circuit, and a serial control 
interface circuit which is used to program and monitor the 
operation of the device. 

The integration of the line interface and .coder/decoder func
tions into a 80 pin MQFP surface mount package and standard 
value surface mount components avoids the need for costly 
hybrid packaging techniques and offers the superior reliability of 
an integrated solution for dense circuit board layouts. 

The SLiC combines Harris' patented Bonded Wafer 
Dielectrlcally Isolated fabrication techniques with a state of 
the art CMOS process to produce the world's most compact 
line circuit signal processing solution. 

Ordering Information 
TEMP. 

PART NUMBER RANGEfC) PACKAGE PKG. NO. 

HC5519CO 010 70 80LdMOFP 080. 14x20 

Pinout HC5519 (MQFP) 
TOP VIEW 

Block Diagram 

BCLKR 
84 BCLIO( 
63 MCLIO( 
62 mr 
61 FSR 
60 FSX 
511 
58 co 
01 CI 
58 eI 55 
54 ms 
53 
62 AGND 
61 BGND 
60 RGND 
49 VBAT 
46 vee 
47 VEE 
46 
46 
44 
43 
42 
41 

DR DX VFXI VFRO RX TX TX4W RN KZO 

~ ~ ~ ~ T 

~ 
I PROGRAMMING INTERFACE I 

PCM 
AID .. 

~ AND 

~ 
INTERFACE 

DlA r-::; 2-WlRE = INTERFACE -..... 
I 

~ STATUS AND 
-I TEST CONTROL L. 

CONTROL 
~ 

..... - RING -
~ ..... CONTROL -
~ 

1- BIAS 
BATTERY 

1- REFERENCE 
POWER -~ ..... MANAGEMENT --

1 1 1 1 1 
GNDD GNDA CP RDC CDC 

TIP 
TlPSEN 
RING6EN 
RING 

TA 
TB 

RD 
RBH 
RBL 
CRTD 

RPSB 
RPSR 

RPST 
RPSG 

CAUTION: These devices are sensitive to electroBlatlc discharge. Users should follow proper IC Handling Procedures. File Number 4232 
Copyright @ Harris Corporetlon 1997 
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January 1997 

Features 
• Normal and Reversed DC Feed 

• 30mA Current Limit 

• Ringing. Test-In. and Test-Out Relay Drivers 

• Thermal Shutdown Protection with Alert Signal 

• On-Hook Transmission 

• Selectable Transmit and Receive Gain Setting 

• Selectable 2-Wlre Impedance Matching 

• Zero Crossing Ring Trip Detection and Ring Relay 
Release 

• Parallel Digital Control and Status Monitoring 

• Protection Realstors Inside Feedback Loop Allows the 
Use of PTC Devlcea Without Impact on Longitudinal 
Balance 

Applications 
• PABXlCO Line Circuits 

Block Diagram 

TA 

TB TEST CONTROL l-

HC5520 
SLiC 

Subscriber Line Interface Circuit 

Description 
The HC5520 is a Monolithic Subscriber Line Interface Circuit 
(SLlC) lor Analog Subscriber Line cards in Central Office 
and PABX switches. 

The HC5520 provides a comprehensive set of features for 
these applications Including loop reversal, zero crossing 
ringing relay operation, long loop drive and a mutually inde
pendent setting of the receive and transmit gains, and the 
two wire impedance synthesis. An option is also provided for 
eliminating transhybrid balance on-chip. Advanced power 
management features combined with a small 44 lead MQFP 
package allow significant board space to be freed up for 
additional line circuits. 

The HC5520 is fabricated in a Harris state-of-the-art Bonded 
Wafer High Voltage process, providing freedom from tradi
tional JI latch-up phenomena without the use of additional 
power supply filtering components or substrate tie connec
tions. The very low parasitics and leakages associated with 
this process provide an exceptionally flat perlormance over 
frequency and temperature. -

Ordering Information 
TEMP. 

PART NUMBER RANGE «<,C) PACKAGE PKG.NO. 

HC5520ca 01070 44 Ld MQFP Q44.10x10 

HC5520CM 01070 44 LdPLCC N44.65 

RX Tx TX4W RN Kzo 

I I I I I 

I 4-WlRE INTERFACE I Zo I 
TSDO 
SHOO 
D2PRI 

D3PDI 

D4Rc1 
D5TBI 

DeTAr 

- HC5520 
l_.l - TIP 

TlPSEN 

RINGsEN 

RING 

AGND 

BGND 

RGND 

VBAT 

Vee 
VEE 

~ ,..... 
~ 
f-

~ 

~ 

~ 

~ 

~ 

LOGIC 

1 

BIAS BATTERY 
REFERENCE 

I 1 1 
Cp Roc Coc 

2-WIRE 
INTERFACE 

RING 

~ CONTROL 

'""""""-I POWER 
MANAGEMENT 

CAUTION: These devices are sensRlve to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Ccpyrlghl C Harris Corporation 1997 

4-34 

--
--
~ 

r---
1--0. 

r--
r--

RpSB 

RpSR 

RpST 

RpSG 

File Number 4148 



ADVANCE INFORMATION 
January 1997 

Features 

• Normal and Reversed DC Feed 

• 30mA Cunent Limit 

• Ringing, Test-In, and Test-Out Relay Drivers 

• Ground Key Detector with Seperate Logic Output 

• Thermal Shutdown Protection with Alert Signal 

• On-Hook Transmission 

• Selectable Transmit and Receive Gain Setting 

• Selectable 2-Wlre Impedance Matching 

• Zero Crossing Ring Trip Detection and Ring Relay 
Release 

• Parallel Dlgltel Control and Stetus Monitoring 

• Protection Resistors Inside Feedback Loop allows the 
use of PTC Devices without Impect on Longitudinal 
Balance 

Applications 
• PABXlCO Line Circuits 

Block Diagram 

TA 

TB D TEST CONTROL l-
GKoo 
SHOO 

D2PRI 

D3POI 

D4RCI 

DSTBI 

D8TAI 

AGND 

BGND 

RGND 
VBAl 

vee 
VEE 

1-
~ 
~ 
~ 
~ 

~ 
~ 
~ 
~ 

~ 

lOGIC 

l 

BIAS BATTERY 
REFERENCE 

1 1 1 
CP ROC CDC 

HC5521 
SLiC 

Subscriber Line Interface Circuit 

Description 
The HC5521 is a Monolithic Subscriber Line Interface Circuit 
(SLlC) for Analog Subscriber Line cards in Central Office 
and PABX switches. 

The HC5521 provides a comprehensive set of features for 
these applications including loop reversal, ground key detec
tion, zero crossing ring relay operation, long loop drive and a 
mutually independent setting of the receive and transmit 
gains, and the. two-wire Impedance synthesis. An option is 
also provided for eliminating transhybrid balance on-chip. 
Advanced power management features combined with a 
small 44 lead MQFP package allow significant board space 
to be freed up for additional line circuits. 

The HC5521 is fabricated in a Harris stete of the art Bonded 
Wafer High Voltage process, providing freedom from tradi
tional JI latch-up phenomena without the use of additional 
power supply filtering components or substrate tie connec
tions. The very low parasitics and leakages associated with 
this process provide an exceptionally flat perfOrmance over 
frequency and temperature. 

Ordering Information 
TEMP. 

PART NUMBER RANGE ("C) 

HC5521 CO 01070 

HC5521CM 01070 

RX TX TX4W RN KZO 

I J I I I 

I 4-WlRE INTERFACE I Zo 

T 1 
2-W1RE ~ 

INTERFACE ~ 
~ 

RING r--
f- CONTROL r--

~ POWER r--
MANAGEMENT r--

PACKAGE 

44LdMQFP 

44LdPLCC 

TIP 

TlPSEN 

RINGSEN 

RING 

RD 

RBH 

RBl 

CRTD 

RPSB 

RPSR 

RPST 

RPSG 

PKG.NO. 

Q44.1 Ox1 0 

N44.65 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4265 
Copyright @ Harris Corporation 1997 4-35 . 
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January 1997 

Features 
• 01 Monolithic High Voltage Process 

• Programmable Current Feed (20mA to 6OmA) 

• Programmable Loop Current Detector Threshold and 
BaHery Feed Characteristics 

• Ground Key and Ring trip Detection 

• Compatible with Ericsson's PBL3764 

• Thermal Shutdown 

• On-Hook transmission 

• Wide BaHery Voltage Range (-24V to -58V) 

• Low Standby Power 

• Meets TR-NWT-DOO057 Transmission Requirements 

• -400 C to 85°C Ambient Temperature Range 

Applications 
• Digital Loop Carrier Systems • Pair Gain 

• Fiber-In-The-Loop ONUs • POTS 

• Wireless Local Loop • PABX 

• Hybrid Fiber Coax 

• Related LHerature 
- AN9537, Operation of the HC5513126 Evaluation 

Board 

Block Diagram 

RlNGRLY 

HC5513 
SLIC 

Subscriber Line Interface Circuit 

Description 

The HC5513 is a subscriber line interface circuit which is 
interchangeable with Ericsson's PBL3764 for distributed 
central office applications. Enhancements include immunity 
to circuit latch-up during hot plug and absence of false sig
naling in the presence of longitudinal currents. 

The HC5513 is fabricated in a High Voltage Oielectrically 
Isolated (Oil Bipolar Process that eliminates leakage cur
rents and device latch-up problems normally associated with 
Junction Isolated (JI) ICs. The elimination of the leakage cur
rents results in improved circuit performance for wide tem
perature extremes. The latch free benefit of the 01 process 
guarantees operation under adverse transient conditions. 
This process feature makes the HC5513 ideally suited for 
use in harsh outdoor environments. 

Ordering Information 

PART TEMP. 
NUMBER RANGEfc) PACKAGE PKG.NO. 

HC5513BIM -40 to 85 28 LdPLCC N28.45 

HC5513BIP -40 to 85 22 LdPDIP E22.4 

4-WIRE -1 RING RELAY I 
DRIVER I r----'"""' INTERFACE 

DT 

DR 

np 

RING 

HPT 
HPR 

VIAT 

Vee 

VEE 

AGND 

BGND 

J RING TRIP 
DETECTOR 

-- 2-WlRE 

INTERFACE 
~ 

~ 

-
BIAS 

----

r- VFSIGNAL 
PATH 

-1 LOOP CURRENT b DETECTOR 

-1 b GROUND KEY 
DIGITAL 

DETECTOR 
MULnPLEXER 

CAUTION: These devices are senslltve to electrostatic dlschalg8. Users should follow proper IC Handnng Procadures. 
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Absolute Maximum Ratings 
Operating Temperature Range ......•...•.....• -400C to 110°C 
Power Supply (-400C:S; TA:S; 8S0C) 

Supply Voltage Vee to GND ......••••••.......•• O.SV to 7V 
Supply Voltage VEE to GND .................... -7V to O.SV 
Supply Voltage VeAT to GND .....•••..•....... -70V to O.SV 

Ground 
Voltage between AGND and BGND •••••........ -0.3V to 0.3V 

Relay Driver 
Ring Relay Supply Voltage •....•.•.......•.• OV to VeAT 7SV 
Ring Relay Current ...•••••......•••••.......•.•... SOmA 

Ring Trip Comparator 
Input Voltage ................................ VBAT to OV 
Input Current •...........•.....•••......•..• -SmA to SmA 

Digital Inputs, Outputs (Cl, C2, EO, El, 15'E'f) 
Input Voltage ................................ OV to Vee 
Output Voltage (15'E'f Not Active) ..•••••....••..•• OV to Vee 
Output Current (DET) ............................... SmA 

Tlpx and Rlngx Terminals (-40°C :s; TA :s; 8SoC) 
Tlpx or Ringx Voltage, Continuous (Referenced to GND) ,VBAT to 2V 
Tlpx or Ringx, Pulse < 1 Oms, TREP > lOs •.... VBAr-20Vto SV 
Tipx or Ringx, Pulse < lOllS, T REP> lOs ••... VBAT -40V to 10V 
Tipx or Ringx, Pulse < 2S0ns, TREP > lOs •... VBJ(T -70V to ISV 
Tlpx or Ringx Currant ...••..•..••.•••..•......••... 70mA 

Thermal Information 
Thermal ReSistance (Typical, Note 1) 

22 Lead PDIP Package ........•...••....••.... 
28 Lead PLCC Package ...................... . 

Continuous Dissipation at 70°C 
22 Lead PDIP Package ............................. I.SW 
28 Lead PLCC Package ............................ l.SW 

Package Power Dissipation at 70°C, t < lOOms, tREP > Is 
22 Lead PDIP Package ............................. 4W 
28 Lead PLCC Package ............................. 4W 

Derate above ...•.....•••........•.....•....•....... 70°C 
Plastic DIP Package .......................... 18.8mWI"C 
PLCC Package .............................. 18.8mWI"C 

Maximum Junction Temperature Range ••..•...•• _400C to 150°C 
Maximum Storage Temperature Range .••.....•. -65oC to IS00C 
Maximum Lead Temperature (Soldering lOs) .......•...... 300°C 

(PLCC - Lead Tips Only) 

Die Characteristics 
Gate Count ..•.•.•••...•••••....•. 543 Transistors, SI Diodes 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the davlce. This Is a stfflss only rating and operation 
of the device at these or any other conditions above those Indicated In the operatlonel sections of this specification Is not Implied. 

NOTE: 

1. 8JA is measured with the component mounted on an evaluation PC board In free air. 

Typical Operating Conditions 
These represent the conditions under which the part was developed and are suggested as guidelines. 

PARAMETER CONDmONS MIN TVP MAX UNITS 

Case Temperature -40 - 100 °c 

Vee with Respect to AGND -40°C to 8SoC 4.75 - 5.25 V 

VEE with Respect to AGND -40°C to 85°C -5.25 - -4.75 V 

VBAT with Respect to BGND -40°C to 85°C -58 - -24 V 

Electrical Specifications TA = -400C to 85°C, Vee = 5V ±5%, VEE = -5V ±5%, VBAT = -28V, AGND = BGND = Ov. Roel = ROC2 = 
41.2kO, Ro = 39kO, RSG = -, RFI = RF2 = on. CHP = 10nF, CDC = 1.5J.lF, Zt. = SOOc, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Overload Level 1 % THO, Zt. = BOOC, (Note 2, Figure 1) 3.1 - - VPEAK 

Longitudinal Impedance (TlplRlng) o < f < 100Hz (Nole 3, Figure 2) - 20 35 ClWire 

101 
1VRMS TIP VTX r-

TIP VTX - O<f<100Hz - T. 'Z1 19 

1-
'Z1 19 EL 

3000 VT 
C ~ Ry 

..&:':1. 6OOkO RL Ry .,!.. '\::I 2.16p.F 6000 6OOkO ....C'1 
3000 '=' VR 

IOCUIT -1 RRX 
23mA RRX ERX RING RSN ....., 

3OOkO -=!:-RING RSN "" 
29 18 

29 18 3OOkO LZT = VtlAr LZR-VWAR -
FIGURE 1. OVERLOAD LEVEL (TWO-WIRE PORT) FIGURE 2. LONGITUDINAL IMPEDANCE 
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Electrical Specifications TA = -400C to 85°C, vee = 5V ±5%, VEE = -5V ±5%, VBAT = -28V, AGND = BGND = OV, ROC1 = ROC2 = 
41.2kn, Ro = 39kn, RSG = 00, RF1 = RF2 = on. CHP = 10nF, CDC = 1.5IlF, ZL = soon. Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

LONGITUDINAL CURRENT LIMIT (TIPIRING) 

Off-Hook (Active) No False Detections, (Loop Current), - 20 mApEAJ<l 
LB > 45dB (Note 4, Figure 3A) Wire 

On-Hook (Standby), RL = 00 No False Detections (Loop Current) - 5 mApEAJ<I 
(Note 5, Figllre 3B) Wire 

3680 3680 

0- TIP RSN - @- TIP ASN I---
'J:7 16 8' 'J:7 16 

C 

f! f! ~r 
RD ROC1 

EL '" RD ROC1 

="'2.16"" 
-SV 41.2kn -SV 41.2kn 

RDC2 Coc = 2.18""T C 
RDC2 CDC 

0- RING Roc '~ @- RING Roc ~ 3880 26 m 14 41.2kn 1.511F = 3680 26 m 14 41.2kn 1.5"" = 

FlGURE3A.0FF-HOOK FIGURE 3B. ON-HOOK 

FIGURE 3. LONGITUDINAL CURRENT LIMIT 

OFF~HOOK LONGITUDINAL BALANCE 

Longitudinal to Metallic IEEE 455 - 1985, RLR, RLT = 3680 55 70 - dB 
0.2kHz < f < 4.0kHz (Note 6, Figure 4) 

longitudinal to Metallic RLR, RLT = 3000, 0.2kHz < f < 4.0kHz 55 70 - dB 
(Note 6, Figure 4) 

Metallic to longitudinal FCC Part 68, Pare 68.310 50 55 - dB 
0.2kHz < f < 1.0kHz 

1.0kHz < f < 4.0kHz (Note 7) 50 55 - dB 

Longitudinal to 4-Wire 0.2kHz < f < 4.0kHz (Note 8, Figure 4) 55 70 - dB 

Metallic to Longitudinal RLR, RLT = 3000, 0.2kHz < f < 4.0kHz 50 55 - dB 
(Note 9, Figure 5) 

4-Wire to Longitudinal 0.2kHz < f < 4.0kHz (Note 10, Figure 5) 50 55 - dB 

RLT 
RLT 

TIP VTX 
TIP VTX -t~ 

'J:7 111 

>mj 
'J:7 19 

j>n 
2.16J1F EL C Ry ~~ 

Ry 

pjr 600kn 
600kn 

2.18"" tVL RLR RAX ERX 
= RAX 

RING RSN .t RING RSN '" RLA 28 16 300kn -+ 300D 28 16 300kn 

FIGURE 4. LONGITUDINAL TO METALLIC AND FIGURE 5. METALLIC TO LONGITUDINAL AND 4-WIRE TO 
LONGITUDINAL'TO 4-WlRE BALANCE LONGITUDINAL BALANCE 

2-Wire Return Loss 0.2kHz to 0.5kHz (Note 11, Figure 6) 25 - - dB 
CHP=20nF 

0.5kHz to 1.0kHz (Note 11, Figure 6) 27 dB - -
1.0kHz to 3.4kHz (Note 11, Figure 6) 23 - - dB 
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Electrical Specifications TA = -40°C to 85°C, voo = 5V ±5%, VEE = -5V ±5%, VBAT = -28V, AGND = BGND = OV, R001 = R002 = 
41.21<0, Ro = 391<0, RSG = -, RF1 = RF2 = 00, CHP = 1OnF, Coo = 1.51lF, Zt. = 6000, Unless Otherwise 
Specified. All pin number references in the ligures reler to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS 

TIP IDLE VOLTAGE 

ActIve, IL = 0 

Standby, IL = 0 

RING IDLE VOLTAGE 

ActIve, IL = 0 

Standby, IL = 0 

4-WIRE TRANSMIT PORT (VTXl 

Overload Level (Zt. > 20kn, 1% THO) (Note 12, Figure 7) 

output Offset Voltage EG = 0, Zt. = -, (Note 13, Figure 7) 

output Impedance (Guaranteed by Design) 0.2kHz < I < 03.4kHz 

2- to 4-Wlre (Metallic to VTX) Voltage Gain 0.3kHz < I < 03.4kHz (Note 14, Figure 7) 

TIP 
71 

RING 
28 

VTX 
18 

RSNI-..... JoI.;~., 
18 311Dkn~ 

MIN 

3.1 

-60 

0.98 

TYP MAX UNITS 

-4 V 

<0 V 

-24 V 

>-28 V 

VPEAK 

60 mV 

5 20 n 

1.0 1.02 V/V 

FIGURE 6. TWO-WIRE RETURN LOSS FIGURE 7. OVERLOAD LEVEL (4-WlRE TRANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2-WIRE TO 4-WIRE 
VOLTAGE GAIN AND HARMONIC DISTORTION 

4-WIRE RECEIVE PORT (RSN) 

DC Voltage 

RX Sum Node Impedance (Guaranteed by 
Design) 

Current Gain-RSN to Metallic 

FREQUENCY RESPONSE (OFF-HOOK) 

2-Wire to 4-Wlre 

4-Wlre to 2-Wlre 

4-Wlre to 4-Wlre 

INSERTION LOSS 

2-Wire to 4-Wlre 

4-Wire to 2-Wire 

GAIN TRACKING (Ref = -1OdBm, at 1.0kHz) 

2-Wlre to 4-Wire 

2-Wlre to 4-Wlre 

IRSN=OmA 

0.3kHz < I < 3.4kHz 

O.3kHz < I < 3.4kHz (Note 15, Figure 8) 

OdBm at 1.0kHz, ERX = OV 
O.3kHz < I < 3.4kHz (Note 16, Figure 9) 

OdBm at 1.0kHz, EG = OV 
0.3kHz <f < 3.4kHz (Note 17, Figure 9) 

OdBm at 1.0kHz, EG = OV 
O.3kHz < I < 3.4kHz (Note 18, Figure 9) 

OdBm, 1kHz (Nota 19, Figure 9) 

OdBm, 1kHz (Note 20, Figure 9) 

-40dBm to +3dBm (Note 21, Figure 9) 

-55dBm to -4OdBm (Note 21, Figure 9) 
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HC5513 

Electrical Specifications TA = _40°C to 8SoC, V CC = SV ±5%, VEE = -SV ±5%, VaAT = -28V, AGND = BGND = OV, RDCI = RDC2 .. 
41.2kn, Ro = 39kn, RSG = ~, RFI = RF2 = 00. CHP = 10nF, COC = I.SfLF, Zt. = 6000. Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

4-Wire to 2-Wire -4OdBm to +3dBm (Note 22, Figure 9) -0.1 - 0.1 dB 

4-Wire to 2-Wlre -55dBm to -40dBm (Note 22, Figure 9) - ±a.03 - dB 

GRX = «(VTRI- VTR2)(300k»)I(-3)(600) 

Where: VTRI Is the Tip to Ring Vollege with VRSN = OV 
and VTR2 Is the Tip to Ring Vollege with VRSN = -3V 

VRSN"OV 

RRJ( 
ov;SN=-3V 

C 

F 
TiP RSN -I TIP VTX 
'Z1 16 300kn RL 

-~ 
27 19 

6Dem fly 
RL ROCI 600kn 

6000 41.2kn VTR ~I 
RDC2 Coc E~.~ RRX 

ERJ( 

'--- RING Roc t-::L 1I0lC«RL RING RSN ~ 28 14 41.2kn 1.5111' -=- 28 18 300kn 

FIGURE 8. CURRENT GAIN-RSN TO METALLIC FIGURE 9. FREQUENCY RESPONSE, INSERTION LOSS, 
GAIN TRACKING AND HARMONIC DISTORTION 

NOISE 

Idle Channel Noise at 2-Wire C-Messege Weighting (Note 23, - 12 - dBmC 
Figure 10) 

Idle Channel Noise at4-Wlre C-Message Weighting (Note 24, - 12 - dBmC 
Figure 10) 

HARMONIC DISTORTION 

2-Wlre to 4-Wire OdBm, 1 kHz (Note 2S, Figure 7) - -65 -54 dB 

4·Wire to 2-Wire OdBm, O.3kHz to 3.4kHz (Note 26, - -65 -S4 dB 
Figure 9) 

BATTERY FEED CHARACTERISTICS 

Conslent Loop Current Tolerance Il = 2S00l(RoCI + ROC2), 0.91l Il 1.lll rnA 
ROCX .. 41.2kn -40°C to 8SoC (Note 27) 

Loop Current Tolerance (Standby) Il = (VBAr3)/(Rl +1800), 0.81l Il 1.21l rnA 
-40°C to 85°C (Note 28) 

Open Circuit Voltage (VTIP - VRING) -40oC to 8SoC, (ActIve) 14 - 20 V 

LOOP CURRENT DETECTOR 

On-Hook to Off-Hook Ro = 39kn, ·40oC to 85°C . 372lRo 4651Ro 558/Ro rnA 

Off-Hook to On-Hook Ro = 39kn, -40°C to 85°C 325lRo 405IRo 485lRo mA 

Loop Current Hysteresis Ro = 39kn, _40°C to 8SoC 25IRO 60/RO 951RO mA 

GROUND KEY DETECTOR 

Tip/Ring Current Difference - Trigger (Note 29, Figure 11) 8 12 17 rnA 

TiplRing Current Difference - Reset (Note 29, Figure 11) 3 7 12 rnA 

Hysteresis (Note 29, Figure 11) 0 S 9 mA 
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Electrical Specifications TA = -400C to 85°C, vcc = 5V ±5%, VEE = -5V ±5%, VeAT = -28V, AGND = BGND = OV, ROC1 = ROC2 = 
41.21<0, Ro = 391<0, RSG = -, RF1 = RF2 = 00. CHP = 10nF, CDC = 1.5I1F, Zt. = 6000. Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

- TIP RSN 

TIP VTX 27 16 

~I 
27 19 

[.n 
RDC1 

RL Ry 41.21en 
600a &DOlen 

RDC2 CDC 

RAJ( ~ RING RDC ~ RING RSN 26 I)IT 14 41.21en 1.511F -=-
28 18 3OO1en .-+ , 

El.Cl.0,C2.1 

FIGURE 10. IDLE CHANNEL NOISE FIGURE 11. GROUND KEY DETECT 

RING TRIP DETECTOR (DT, DR) 

Offset Voltage Source Res = 0 -20 - 20 mV 

Input Bias Current Source Res = 0 -500 - 500 nA 

Input Common-Mode Range Source Res = 0 VBAT+l - 0 V 

Input Reslstanca Source Res = 0, Balanced 3 - MQ 

RING RELAY DRIVER 

VSATat25mA IOL=25mA 1.0 1.5 V 

Off-State Leakage Current VOH-12V - - 10 f1A 
DIGITAL INPUTS (EO, El, C1, C2) 

Input Low Voltage, VIL 0 - 0.8 V 

Input High Voltage, VIH 2 - VCC V 

I,:!put Low Current, IlL: Cl, C2 VIL=0.4V -200 - - f1A 

Input Low Current, IlL: EO, El VIL=0.4V -100 - - f1A 

Input High Current VIH= 2.4V - - 40 f1A 
DETECTOR OUTPUT (DE'f) 

Output Low Voltage, VOL IOL= 2mA - - 0.45 V 

Output High Voltage, VOH IOH = l001lA 2.7 - - V 

Intemal Pull-Up Resistor 10 15 20 kn 

POWER DISSIPATION 

Open Circuit State Cl =C2=0 - - 23 mW 

On-Hook, Standby Cl .. C2= 1 - - 30 mW 

On-Hook, Active Cl = 0, C2 = 1, RL = High Impedance - - 150 mW 

Off-Hook, Active RL=OQ - - 1.1 W 

RL=300Q - - 0.75 W 

RL=600Q - - 0.5 W 

TEMPERATURE GUARD 

Thermal Shutdown 150 - 180 °c 
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Electrical Specifications TA" -40°C to 85°C, VCC = 5V :1:5%, VEE" -5V :1:5%, VBAT" -28V, AGND" BGND = OV, ROC1 " ROC2" 
41.21<0, RO " 391<0, RSG "DO, RF1 = RF2 " 00, CHP " 10nF, COC " 1.5I1F, It. = 6000, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX 

SUPPLY CURRENTS (VBAT = -28V) 

Icc, On-Hook Open Circuit State (C1, 2 = 0, 0) - - 1.5 

Standby State (C1, 2 = 1, 1) - - 1.7 

ActIve State (Cl, 2" 0,1) - - 5.5 

lEE, On-Hook Open Circuit State (C1, 2 " 0, 0) - - 0,8 

Standby State (C1, 2 = 1, 1) - - 0.8 

Active State (C1, 2" 0,1) - 2.2 

IBAT' On-Hook Open Circuit State (Cl, 2 = 0, 0) - 0.4 

Standby State (Cl, 2 = 1, 1) - - 0.6 

ActIve State (C1, 2" 0,1) - - 3.9 

PSRR 

Vee to 2 or 4-Wlre Port (Note 30, Figure 12) - 40 -
VEE to 2 or 4-Wlre Port (Note 30, Figure 12) - 40 -
VBAT to 2 or 4-Wlre Port (Note 30, Figure 12) - 40 -

-48V SUPPLY .&:'l.. 10OmVRMS, 50Hz 1'0 4kHz 
5V SUPPLY - \,:7 

-5VSUPPLY I 
np VTX 
27 111 

l~ 
PSRR ,,20 loe (Vn/VIN) 

RL fir 
80IXl 500kn 

RAJ( 
RING RSN 

.~ 28 16 300kn 

FIGURE 12_ POWER SUPPLY REJECTION RATIO 

Circuit Operation and Design Information 
Constant Loop Current (DC) Path 

SLiC In the Active Mode 

UNITS 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

rnA 

mA 

dB 

dB 

dB 

The HC5513 is a current feed voltage sense Subscriber Line 
Interface Circuit (SLlC). This means that for short loop 
applications the SLIC provides a programed constant 
current to the tip and ring terminals while sensing the tip to 
ring voltage. 

The following discussion separates the SLiC's operation Into 
Its DC and AC path, then follows up with additional circuit 
and design Information. 

The DC path establishes a constant loop current that flows 
out of tip and into the ring terminal. The loop current is pro
grammed by resistors ROC1, RDC2 and the voltage on the 
Roc pin (Figure 13). The ROC voltage is determined by the 
voltage across R1 in the saturation guard circuit. Under 
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----_ .. __ ...... __ .... _-_ .......... . 

HC5513 

IVTX 

I 
IRSN 

RSG 

••••••• __ ••• ____ ••••••••• ___ • ____ • 1V 

FIGURE 13. DC LOOP CURRENT 

constant current feed conditions. the wltage drop across Rl 
sets the ROC voltage to -2.5V. This occurs when current 
flows through Rl into the current source 12' The ROC voltage 
establishes a current (IRSN) that is equal to VRocI(ROCl 
+ROC2)' This current is then multiplied by 1000. In the loop 
current circuit. to become-the tip and ring loop currents. 

For the purpose of the following discussion. the saturation 
guard wltage is defined as the maximum tip to ring wltage 
at which the SLiC can provide a constant current for a given 
battery and overhead witage. 

For loop resistances that result in a tip to ring wltage less 
than the saturation guard wltage the loop current is defined 
as: 

I = 2.5V x 1000 
L ROC1 + ROC2 

(EO. 1) 

where: IL = Constant loop current. 

ROCl and ROC2 = Loop current programming resistors. 

Capacitor COC between ROCl and ROC2 removes the VF 
signals from the battery feed control loop. The value of COC 
is determined by Equation 2: 

C = Tx(_l_+_l_) 
DC ROC1 ROC2 

(EO. 2) 

where T = 30rns 

NOTE: The minimum Coc value is obtained if ROC1 = ROC2 

Figure 14 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a on loop resistance 
both tip and ring are at VBATI2. As the loop resistance 
increases. so does the wltage differential between tip and 
ring. When this differential witage becomes equal to the 
saturation guard wltage. the operation of the SLlC's loop 
feed changes from a constant current feed to a resistive 
feed. The loop current in the resistive feed region is no 
longer constant but varies as a function of the loop 
resistance. 

VaAT ..... V.It.. 23mA, RSG = 21.4kn 
o SATURATION ___ T Vnp 

GUARO~TAGE ~ I 
CONSTANT CURRENT RESISTIVE FEED 

~DREGION REGION 

~ 
......... 
~ 

SATURATION .......... 

GUARD VOLTAGE ---
10 

o UK 
LOOP RESISTANCE (0) 

FIGURE 14. VTR V8 RL 

Figure 15 shows the relationship between the saturation 
guard wltage. the loop current and the loop resistance. Notice 
from Figure 15 that for a loop resistance <1.2kn (RSG = 
21.4kn) the SLiC is operating In the constant current feed 
region and for resistances> 1.2kn the SLiC is operating in the 
resistive feed region. Operation In the resistive feed region 
allows long loop and off-hook transmission by keeping the tip 
and ring wltages off the ralls. Operation in this region is trans
parent to the customer. 

50 

~ 
1&1 40 

2 
; 30 

I 20 

12 10 

I!: 

- VIAT. 048V. Rsa • 21 

L...- VIAT • -24v. Rsa • 00 

r-RES~FEED 
r- REG~ 

J 

f--CONST. ANT CURRENT 
EGlON FEEDR 

SATU RATION GUARD 
E, VTR .a8V VOLTAG 

--SATU RATION GUARD 
E.VTR,,13V VOLTAG 

I 
10 20 30 

LOOP CURRENT (rnA) 

4kn 
1.5kn 

2kn 
700Il 

<1.2kn I RRsa • 21.4kn 

<4OOn • RRSG • 000 
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The Saturation Guard circuit (Figure 13) monitors the tip to 
ring voltage via the transconductance amplifier Al' Algen
erates a current that Is proportional to the tip to ring voltage 
difference. 11 is internally set to sink all of Al'S current until 
the tip to ring voltage exceeds 12.SV. When the tip to ring 
voltage exceeds 12.SV (with no RSG resistor) Al supplies 
more current then 11 can sink. When this happens A2 ampli
fies its input current by a factor of 12 and the current through 
Rl becomes the difference between 12 and the output cur
rent from A2. As the current from A2 increases, the voltage 
across Rl decreases and the output voltage on ROC 
decreases. This results in a corresponding decrease in the 
loop current. The RSG pin provides the ability to increase the 
saturation guard reference vOltage beyond 12.SV. Equation 3 
gives the relationship between the RSG resistor value and 
the programmable saturation guard reference voltage: 

50105 
VSGREF = 12.S+-R-SG 

where: 

VSGREF = Saturation Guard reference voltage. 

RSG = Saturation Guard programming resistor. 

(EQ.3) 

When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated USing Equation 4: 

16.66 + 5 0105 1RSG 
V - R x ;:;--:-;p.--.,. .... --;~"" TR - L RL +(ROC1 + Roc2)/600 

where: 

VTR = Voltage differential between tip and ring. 

Rl = Loop resistance. 

For on-hook transmission Rl = 00, Equation 4 reduces to: 

50105 
VTR = 16.66+-R--SG 

(Ea. 5) 

The value of RSG should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without clipping 
the incoming or outgoing VF signal. A voltage margin of -4V 
on tip and -4V on ,ring, for a total of -8V margin, is recom
mended as a general guideline. The value of RSG is calcu
lated using Equation 6: 

R _ 50105 
SG-

( (ROCI + RoC2») 
qvBATI-VMARGIN)X 1 + SOOR -16.66V 

L (Ea. 6) 

where: 

VBAT = Battery voltage. 

VMARGIN = Recommended value of -8V to allow a maximum 
overload level of 3.1 V peak. 

For on-hook transmission Rl = 00, Equation 6 reduces to: 

(Ea. 7) 

SUC In the Standby Mode 

Overall system power is saved by configuring the SUC in the 
standby state when not in use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between lip to ground and ring to VBAT' This con
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SUC is configured in the active mode for voice 
transmission. The loop current in standby state is calculated 
as follows: 

where: 

Il = Loop current in the standby state. 

Rl = Loop resistance. 

VBAT" Battery voltage. 

(AC) Transmission Path 

suc In the Active Mode 

(Ea.S) 

Figure 16 shows a simplified AC transmission model. Circuit 
analysis yields the foilowing design equations: 

(Ea. 9) 

(Ea. 10) 

(Ea. 11) 

where: 

VTR = Is the AC metallic voltage between tip and ring. 
including the voltage drop across the fuse resistors RF. 

VTX = Is the AC metallic voltage. Either at the ground refer
enced 4-wire side or the SUC tip and ring terminals. 

1M = Is the AC metallic current. 

RF = Is a fuse resistor. 

ZT .. Is used to set the SUC's 2-wire impedance. 

VRX = Is the analog ground referenced receive signal. 

ZRX = Is used to set the 4-wire to 2-wire gain. 

EG = Is the AC open circuit voltage. 

Zl = Is the line impedance. 

(AC) 2-Wlre Impedance 

The AC 2-wire impedance (ZTR) is the impedance looking 
into the SUC, including the fuse resistors, and is calculated 
as follows: 

Let VRX = O. Then from Equation 10 

(Ea. 12) 
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TIP 

1 
1 
1 
1 
1 

ZTR .1 
1 

+ 

RING 

1M -
RF 

1M -
RF 

+ 
VTX 

HCSS13 ._-------_. .I --FIGURE 16. SIMPUFIED AC TRANSMISSION CIRCUIT 

ZTR is defined as: 

VTR 
ZTR = -1-

M 

Substituting in Equation 9 for VTR 

VTX 2RF o iM 
ZTR = 1M + -I-M-

Substituting in Equation 12 for VTX 

ZT 
ZTR = 1000 + 2RF 

Therefore 

ZT = 10000 (ZTR - 2RF) (EQ. 16) 

(EQ.13) 

(EQ.14) 

(EQ.1S) 

Equation 16 can now be used to match the SUC's imped
ance to any known line impedance (ZTR). 

EXAMPLE: 

Calculate ZT to make ZTR = 6000 in series with 2.1611F. 
RF=200. 

ZT = 1000 o (SOO + 1 -6 2 020) 
jco 02.1S 0 10 

ZT = 560kQ in series with 2.16nF 

(AC) 2-Wlre to 4-Wlre Gain 

The 2-wire to 4-wire gain is equal to Vrx/ VTR 

From Equations 9 and 10 with VRX = 0 

VTX ZT/1000 
A2 _ 4 = VTR = ZT/1oo0+2RF 

(AC) 4-Wire to 2-Wlre Gain 

The 4-wire to 2-wire gain is equal to VTRlVRX 

From Equations 9. 10 and 11 with EG = 0 

(EQ.17) 

VTR ZT ZL 
A4_2 = VRX = -ZRX 0 ZT 

1ooo+2RF+ZL 
(EQ.1B) 

For applications where the 2-wire impedance (ZTR. 
Equation 15) is chosen to equal the line impedance (ZU. the 
expression for 42 simplifies to: 

(AC) 4-Wlre to 4-Wlre Gain 

The 4-wire to 4-wire gain is equal to VTXNRX 

From Equations 9. 10 and 11 with EG = 0 

VTX ZT ZL +2RF 
A4 _ 4 = VRX = -ZRX 0 ZT 

1000+2RF+ZL 

Transhybrid Circuit 

(EQ.19) 

(EQ.20) 

The purpose of the transhybrid circuit is to remove the 
receive signal (VRxl from the transmit signal (VTX). thereby 
preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the CODEC) and by the inversion of the signal from the 
4-wire receive port (RSN) to the 4-wire transmit port (Vrx). 
Figure 17 shows the transhybrid circuit. The input signal will 
be subtracted from the output signal if 11 equals 12. Node 
analysis yields the following equation: 

The value of ZB is then 

VRX 
Zs = -RTX 0 VTX 

Where VRxNTX equals 11 A4-4 

(EQ.21) 

(EQ.22) 
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Therefore 

(Ea. 23) 

Example: 

Given: RTX = 20kn, ZRX = 280kn, ZT = 562kn (standard 
value), RF = 20n and ZL = 600n 

The value of Za = 18.7kn 

·····111 
I 
I VTX Rrx 

HC5513 

RSN 

... -.. 

~ -
lIt + 

VTX 

+ 
+ 

VAX 

+ 
CODECI 
FILTER 

FIGURE 17. TRANSHYBRID CIRCUIT 

Supervlso~Funcnons 

The loop current, ground key and the ring trip detector~ 
puts are multiplexed to a single logic output pin called DET. 
See Table 1 to determine the active detector for a given logic 
input. For further discussion of the logic circUitry see section 
titled "Digital Logic Inpuls". 

Before proceeding with an explanation of the loop current 
detector, ground key detector and later the longitudinal imped
ance, it is important to understand the dHference between a 
"metallic" and "Iongitudinar loop currents. FlQUre 18 illustrates 
3 different types of loop current encountered. 

Case 1 illustrates the metallic loop current. The definition of 
a metallic loop current is when equal currents flow out of tip 
and into ring. Loop current is a metallic current. 

Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current is a common mode 
current, that flows either Oul of or into tip and ring 
simultaneously. Longitudinal currents in the on-hook state 
result in equal currents flowing through the sense resistors 
R1 and R2 (Figure 18). And longitudinal cu~nts in the off
hook state result in unequal currents flowing through the 
sense resistors R1 and R2' Notice that for case 2, 
longitudinal currents flowing away from the SLlC, the current 
through R1 is the metallic loop current plus the longitudinal 
current; whereas the current through R2 is the metallic loop 
current minus the longitudinal current. Longitudinal currents 
are generated when the phone line is influenced by 
magnetic fields (e.g. power lines). 

Loop Current Detector 

Figure 18 shows a simplified schematic of the loop current 
and ground key detectors. The loop current detector works 
by sensing the metallic current flowing through resistors R1 
and R2' This results in a current (IRO) Oul of the transcon
ductance amplifier (gm1) that is equal to the product of gm1 
and the metallic loop current. IRO then flows out the Ro pin 
and through resistor RO to VEE' The value of IRO is equal to: 

IITIP-IRINGI IL (Ea. 24) 
IRO = 600 = 300 

The IRO current results in a voltage drop across Ro that is 
compared to an internal 1.25V reference voltage. When the 
voltage drop across Ro exceeds 1.25V, and the logic is con
figured for loop current detection, the DE'i' pin goes low. 

The hysteresis resistor RH adds an additional voltage effec
tively across RD causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking into account the hysteresis voltage, the typical value 
of RO for the on-hook to off-hook condition is: 

R _ 465 (Ea. 25) 

o - ION-HOOK 10 OFF-HOOK 

Taking into account the hysteresis voltage, the typical value 
of Ro for the off-hook to on-hook condition is: 

R _ 375 (Ea. 26) 
0- IOFF-HOOK to ON-HOOK 

A filter capacitor (CD) in parallel with Ro will improve the 
accuracy of the trip point in a noisy environment. The value 
of this capacitor is calculated using the following Equation: 

Co = ; (Ea. 27) 
o 

where: T = 0.5ms 

Ground Key Detector 

A simplified schematic of the ground key detector is shown 
in Figure 18. Ground key, Is the process in which the ring ter
minal is shorted to ground for the purpose of signaling an 
Operator or seizing a phone line (between the Central Office 
and a Private Branch Exchange). The Ground Key detector 
is activated when unequal current flow through resistors R1 
and R2' This results in a current (IGI() out of the transcon
ductance amplHier (gm2) that is equal to the product of gm2 
and the differential (ITIP -IRING) loop current. If IGK is less 
than the internal current source (11), then diode D1 is on and 
the outpul of the ground key comparator is low. If IGK is 
greater than the internal current source (11), then diode D2 is 
on and the Oulpul of the ground key comparator is high. With 
the outpul of the ground key comparator high, and the logic 
configured for ground key detect, the DET pin goes low. The 
ground key detector has a built in hysteresiS of typically 5mA 
between Its trigger and reset values. 
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FlGUflE 18. LOOP CURRENT AND GROUND KEY DETECTORS 

Ring Trip Detector 

Ring trip detection is accomplished with the internal ring trip 
comparator and the external Circuitry shown in Figure 19. 
The process of ring trip is initiated when the logic input pins 
are in the following states: EO = 0, E1 = 1/0, C1 = 1 and 
C2 = O. This logic condition connects the ring trip compara
tor to the DE'f output, and causes the Rlngrly pin to energize 
the ring relay. The ring relay connects the tip and ring of the 
phone to the external circUitry In Figure 19. When the phone 
is on-hook the DT pin Is more positive than the DR pin and 
the DE'f output Is high. For off-hook conditions DR is more 
positive than DT and DET goes low. When DET goes low, 
Indicating that the phone has gone off-hook, the SLIC is 
commanded by the logic inputs to go into the active state. In 
the active state, tip and ring are once again connected to the 
phone and normal operation ensues. 

Figure 19 illustrates battery backed unbalanced ring injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The DEf output will toggle at 20Hz because the DT Input Is 
not completely filtered by CRT. Software cah examine the duty cycle 
and determine if the DEl' pin Is low for more that half the time, if so 
the off-hook condition Is Indicated. 

RING 
RELAY 

.-------

I 
I RING TRIP 
I COMPARAlOR 
I 
I 
I 
I 

RINGRLY I 

HC5513 

FIGURE 19. RING TRIP CIRCUIT FOR BA1TERY BACKED RINGING 

Longitudinal Impedance 

The feedback loop described In Figure 20(A, B) realizes the 
desired longitudinal impedances from tip to ground and. from 
ring to ground. Nominal longitudinal impedance is resistive 
and in the order of 220. 

In the presence of longitudinal currents this circuit attenu
ates the voltages that would otherwise appear at the tip and 
ring terminals, to levels well within the common mode range 
of the SLiC. In fact, longitudinal currents may exceed the 
programmed DC loop current without disturbing the SLiC's 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring 
voltages symmetrically around VBAT/2, in the presence of 
longitudinal currents. The differential transconductance 
amplifiers GT and GR accomplish this by sourcing or sinking 
the required current to maintain Vc at VBATI2. 

When a longitudinal current Is injected onto the tip and ring 
inputs, the voltage at V C moves from it's equilibrium value 
VBAT/2. When Vc changes by the amount t:"vc, this change 
appears between the input terminals of the differential 
transconductance amplifiers Gr and GR' The output of GT 
and GR are the differential currents All and A12' which in 
turn feed the differential inputs of current sources IT and IR 
respectively. IT and IR have current gains of 250 single 
ended and SOD differentially, thus leading to a change In IT 
and IR that is equal to 5OO(AI) and 500(AI2)' 

The circuit shown In Figure 20(B) illustrates the tip side of 
the longitudinal network. The advantages of a diffe~ntial 
input current source are: Improved noise since the noise due 
to current source 210 Is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier Inputs via the two 5kn resistors. 
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FIGURE 20. LONGITUDINAL IMPEDANCE NETWORK 

Digital Logic Inputs 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5513 has two enable inputs pins (EO, El) 
and two control Inputs pins (Cl, C2). 

The enable pin EO is used to enable or disable the DEi' out
put pin. The DET pin is enabled if EO is at a logic level 0 and 
disabled if EO Is at a logic level 1. 

The enable pin El gates the ground key detector to the DET 
output with a logic level 0, and gates the loop or ring trip 
detector to the l5Ef output with a logic levell. 

A combination of the control pins Cl and C2 is used to 
select 1 of the 4 possible operating states. A description of 
each operating state and the control logic follow: 

Open Circuit State (C1 = 0, C2 = 0) 

In this state the SLiC is effectively off. All detectors and both 
the tip and ring line drive amplifiers are powered down, pre
senting a high impedance to the line. Power dissipation is at 
a minimum. 

Active Stata (C1 = 0, C2 = 1) 

The tip output is capable of sourcing loop current and for 
open circuit conditions is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions is about VBAT + 4V. VF signal transmission is nor
mal. The loop current and ground key detectors are both 
active, EO and E1 determine which detector is gated to the 
DEi' output. 

Ringing State (C1 = 1, C2 = 0) 

The ring relay driver and the ring trip detector are activated. 
Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (C1 = 1, C2 = 1) 

Both the tip and ring line drive amplifiers are powered down. 
Internal resistors are connected between tip to ground and 
ring to VBAT to allow loop current detect in an off-hook condi
tion. The loop current and ground key detectors are both 
active, EO imd E1 determine which detector is gated to the 
DEToutput. 

AC Transmission Circuit Stability 

To ensure stability of the AC transmission feedback loop two 
compensation capacitors Crc and CRC are required. 
Figure 21 (Application Circuit) illustrates their use. Recom
mended value is 2200pF. 

AC-DC Separation Capacitor, CHP 
The high pass filter capaCitor connected between pins HPT 
and HPR provides the separation between circuits sensing 
tip to ring DC conditions and circuits processing AC signals. 
A 10nf CHP will position the low end frequency response 
3dB break point at 48Hz. Where: 

, _ 1 
3dB - (2oltoRHpoCHP) 

(Ea. 28) 

where RHP = 330kn 
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SLiC Operating States 
TABLE 1. LOGIC TRUTH TABLE 

EO E1 C1 C2 SUC OPERATING STATE ACTIVE DETECTOR DEfOUTPUT 

0 0 0 0 Open Circuit 

0 0 0 1 Active 

0 0 1 0 Ringing 

0 0 1 1 Standby 

0 1 0 0 Open Circuit 

0 1 0 1 ActIve 

0 1 1 0 Ringing 

0 1 1 1 Stand~y 

1 0 0 0 Open Circuit 

1 0 0 1 ActIve 

1 0 1 0 Ringing 

1 0 1 1 Standby 

1 1 0 0 Open Circuit 

1 1 0 1 Active 

1 1 1 0 Ringing 

1 1 1 1 Standby 

Thermal Shutdown Protection 
The HC5513's thermal shutdown protection is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160oC. If this happens, the SLiC goes into 
a high impedance state and will remain there until the tem
perature of the die cools down by about 200C. The SLiC will 
return back to its normal operating mode, providing the fault 
condition has been removed. 

Surge Voltage Protection 
The HC5513 must be protected against surge voltages and 
power crosses. Refer to "Maximum Ratings· TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown in Figure 20 uti
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a 
couple of volts above ground via diodes 01 and 02. Under 
normal operating conditions 01 and 02 are reverse biased 
and out of the circuit. 

Negative transients on tip and ring are clamped to within a 
couple of volts below ground via diodes 03 and 04 with the 
help of a Surgector. The Surgector is required to block 
conduction through diodes 03 and 04 under normal 
operating conditions and allows negative surges to be 
returned to system ground. 

No ActIve Detector Logic Level High 

Ground Key Detector Ground Key Status 

No Active Detector Logic Level High 

Ground Key Detector Ground Key Status 

No ActIve Detector Logic Level High 

Loop Current Detector Loop Current Status 

Ring Trip Detector Ring Trip Status 

Loop Current Detector Loop Current Status 

No ActIve Detector 

Ground Key Detector 

No ActIve Detector 

Ground Key Detector 

Logic Level High 

No Active Detector 

Loop Current Detector 

Ring Trip Detector 

Loop Current Detector 

In applications where only low energy transients «300V) are 
possible, diodes 03 and 04 could be connected to VBAT, 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge 
protection is for low level transients only and will subject the 
batteries to negative voltage surges. 

The fuse resistors (RF) serve a dual purpose of being non
destructive power dissipaters during surge and fuses when 
the line in exposed to a power cross. 

Power-Up Sequence 
The HC5513 has no required power-up sequence. This is a 
result of the Dielectrically Isolated (01) process used in the 
fabrication of the part. By using the 01 process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated ICs. 

Printed Circuit Board Layout 
Care in the printed circuit board layout is essential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as possible, to limit the interfer
ence that might be injected into the RSN terminal. It is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 
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NOTES: 

2. Overload Level (Two·Wire port) • The overload level is speci
fied at the 2-wire port (VTRO) with the signal source at the 4-wire 
receive port (ERxl. IOCMET = 23mA, increase the amplitude of 
ERX until 1% THO is measured at VTRO Reference Figure 1. 

3. Longltudinallmpedance • The longitudinal impedance is 
computed using the following equations, where TIP and RING 
voltages are referenced to ground. Lzr, LZR, VT, VR, AR and Ar 
are defined in Figure 2. 

(TIP) Lzr = VT/Ar 

(RING) LZR = VR/AR 

where: EL = 1VRMS (OHz to 100Hz) 

4. Longitudinal Current Umit (Off·Hook Active) • Off-Hook (Ac· 
tive, C1 = 1, C2 = 0) longitudinal current limit is determined by 
increasing the amplitude of EL (Figure 3A) until the 2·wire longi
tudinal balance drops below 45dB. OET pin remains low (no 
false detection). 

5. Longitudinal Current Umlt (On·Hook Standby) • On-Hook (Ac
tive, C1 = 1, ~ = 1) longitudinal current limit is determined by 
increasing the amplitude of EL (Figure 3B) until the 2-wire longi
tudinal balance drops below 45dB. 15ET pin remains high (no 
false detection). 

6. Longitudinal to Metallic Balance • The longitudinal to metal
lic balance Is computed using the following equation: 

BLME " 20 • log (ELIVTR), where: EL and VTR are defined In 
Figure 4. 

7. Metallic to Longitudinal FCC Part 68, Pare 68.310 • The me
tallic to longitudinal balance is defined in this spec. 

8. Longitudinal to Fou .... Wire Balance • The longitudinal to 4-wire 
balance is computed using the following equation: 

BLFE = 20 • log (ELIVTX),: EL and Vrx are defined in Figure 4. 

9. Metallic to Longitudinal Balance • The metallic to longitudinal 
balance Is computed using the following equation: 

BMLE = 20 • log (ETRIVLl, ERX = 0 

where: ETR, VL and ERX are defined In Figure 5. 

10. Four·Wire to Longitudinal Balance • The 4-wire to longitudinal 
balance Is computed using the following equation: 

BFLE = 20 • log (ERXIVLl, ETR = source Is removed. 

where: ERX, VL and ETR are defined in Figure 5. 

11. Two-Wire Return Loss • The 2-wire return loss is computed 
using the following equation: 

r = ·20 • log (2VMlVs) 

where: Zo = The desired impedance; e.g., the characteristic 
impedance of the line, nominally 600n. (Reference Figure 6). 

12. Overload Level (4-Wlre port) • The overload level is specified 
at the 4-wire transmit port (VTXO) with the signal source (EG) at 
the 2-wire port, IOCMET = 23mA, ZL = 20kn (Reference Figure 
7). Increase the amplitude of EG until 1% THO is measured at 
VTXO. Note that the gain from the 2-wlre port to the 4-wlre port 
is equal to 1. 

13. Output Offset Voltage • The output offset voltage Is specified 
with the following conditions: EG = 0, IOCMET = 23mA, ZL = 00 

and is measured at VTX. EG, IOCMET' VTX and lL are defined 
in Figure 7. Note: IOCMET Is established with a series 600n 
resistor between tip and ring. 

14. Two-Wire to Fou .... Wire (Metallic to Vrxl Voltage Gain • The 
2-wire to 4-wire (metallic to VTX) voltage gain is computed 
using the following equation. 

G2-4 = (VrxIVTR), EG = OdBmO, Vrx, VTR, and EG are defined 
in Figure 7. 

15. Current Gain RSN to Metallic • The current gain RSN to 
Metallic is computed using the following equation: 

K = 1M [(ROC1 + ROC2)/(VROC - VRSN)l K, 1M, ROC1, ROC2, 
VROe and VRSN are defined In Figure 8. 

16. Two·Wire to Four·Wire Frequency Responae • The 2·wire to 
4-wire frequency response Is measured with respect to 
EG = OdBm at 1.0kHz, ERX = OV, IDOMET = 23mA. The frequency 
response is computed using the following equation: 

F2-4 = 20 • log (VTxIVTR), very frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vrx, VTR, and EG are defined in Figure 9. 

17. Four·WiretoTwo-WlreFrequencyResponse • The 4-wire to 
2·wire frequency response is measured with respect to 
ERX = OdBm at 1.0kHz, EG = OV, IOCMET = 23mA The frequency 
response is computed using the following equation: 

F 4-2 = 20 • log (VTRIERxl, very frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

VtR and ERX are defined in Figure 9. 

18. Four·Wlre to Fou .... Wlre Frequency Response • The 4-wire 
to 4-wire frequency response Is measured with respect to 
ERX = OdBm at 1.0kHz, Ea = OV, IOCMET = 23mA: The frequency 
response Is computed using the following equation: 

F 4-4 = 20 • log (VrxIERX), vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vrx and ERX are defined in Figure 9. 

19. Two-WlretoFou .... Wirelnsertlon Losa • The 2-wire to 4-wire 
Insertion loss Is measured with respect to EG = OdBm at 1.0kHz 
input signal, ERX = 0, IOCMET = 23mA and is computed using 
the following equation: 

L2-4 = 20 • log (VrxIVTR) 
where: Vrx, VTR, and EG are defined in Figure 9. (Nota: The 
fuse resistors, RF,' Impact the Insertion loss. The specified 
insertion loss is for RF = 0). 

20. Fou .... Wlre to Two-Wire Insertion Loss • The 4·wire to 2-wire 
insertion loss is measured based upon ERX = OdBm, 1.0kHz 
input signal, EG = 0, IOCMET = 23mA and is computed using 
the following equation: 

l4-2 = 20 • log (VTR/ERX) 
where: VTR and ERX are defined in Figure 9. 

21. Two·WiretoFour·WireGalnTracklng • The 2-wire to 4-wlre 
gain tracking is referenced to measurements taken for 
EG = ·10dBm, 1.0kHz signal, ERX = 0, IOCMET = 23mA and is 
computed using the following equation. 

G2-4 = 20 • log (VrxIVTR) vary amplitude -4OdBm to +3dBm, or 
-55dBm to -4OdBm and compare to -1OdBm reading. 

Vrx and VTR are defined In Figure 9. 

22. Four·Wire to Two-Wire Gain Tracking • The 4-wire to 2·wire 
gain tracking is referenced to measurements taken for 
ERX=-1OdBm, 1.0kHz signal, EG = 0, IOCMET = 23mA and is 
computed using the following equation: 

G4-2 = 20 • log (VTR/ERX) vary amplitude -40dBm to +3dBm, 
or -55dBm to -4OdBm and compare to -10dBm reading. 

VTR and ERX are defined in Figure 9. The level Is specified at the 
4-wire receive port and referenced to a 6000 impedance level. 
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23. Two-Wlre Idle Channel Noise - The 2-wire idle channel noise 
at VlR is specified with the 2-wlre port terminated in 6000 (RtJ 
and with the 4-wire receive port grounded (Reference Figure 10). 

27. Constant Loop Current - The constant loop current is calcu
lated using the following equation: 

IL = 2500 I (ROC1 + ROC2) 
24. Four-Wlra Idle Chsnnel Noise - The 4-wire idle channel noise 

at VTX is specified with the 2-wire port terminated In 6000 (Rd. 
The noise specification Is with respect to a 6000 impedance 
level at VTX' The 4-wire receive port is grounded (Reference 
Figure 10). 

28. Standby Stata Loop Current - The standby state loop current 
is calculated using the following equation: 

IL = [IVBAll· 3)1 [RL +1800), TA = 2SoC 

29. Ground Key Detector - (TRIGGER) Increase the input current 
to 8mA and verify that DET goes low. 25. Harmonic Distortion (2-Wlre to 4-Wlre) - The harmonic dis

tortion is measured with the following conditions. EG = OdBm at 
1 kHz, IOCMEl = 23mA. Measurement taken at VlX. (Reference 
Figure 7). 

(RESET) Decrease the input current from 17mA to 3mA and 
verify that DET goes high. 

(Hysteresis) Compare difference between trigger and reset. 

26. HarmonlcDlstortlon(4-Wiret02-Wlre) - The harmonic dis
tortion Is measured with the following conditions. ERX = OdBmO. 
Vary frequency between 300Hz and 3.4kHz, IOCMEl = 23mA. 
Measurement taken at VlR' (Reference Figure 9). 

30. PowarSupplyReJectlonRatlo - Inject a 100mVRMS signal 
(SOHz to 4kHz) on VBAl, Vce and VEE supplies. PSRR is com
puted using the following equation: 

PSRR = 20 o log (VlxIVIN). VTX and VIN are defined in Figure 12. 

Pin Descriptions 

PLCC PDIP SYMBOL DESCRIPTION 

1 RINGSENSE Intamally connected to output of RING power amplifier. 

2 7 BGND Battery Ground - To be connected to zero potential. All loop current and longitudinal current flow from this 
ground. Internally separate from AGNO but It Is recommended that It is connected to the serne potential as 
AGND. 

4 8 VCC SV power supply. 

5 9 RINGRLY Ring relay driver output. 

6 10 VBAl Battery supply voltage. -24V to -56V. 

7 11 RSG Saturation guard programming resistor pin. 

8 12 E1 TTL compatible logic input. The logic state of E 1 in conjunction with the logic state of C1 determines which 
detector is gated to the r>ET output. 

9 13 EO TTL compatible logic Input. Enables the DEf output when set to logic level zero and disables DE'T' output 
when set to a logic level one. 

11 14 DEl' Detector output. TTL compatible logic output. A zero logic level Indicates that the selacted detector was trig-
gered (see Truth Table for selection of Ground Key detector, Loop Current detector or the Ring Trip detector). 
The DEl' output is an open collector with an intamal pull-up of approximately 1SkO to V ce. 

12 1S C2 TTL compatible logic Input. The logic states of C1 and C2 determine the operating states (Open Circuit, Ac-
tive, Ringing or Stendby) of the SLiC. 

13 16 C1 TTL compatible logic input. The logic states of C1 and C2 determine the operating states (Open Circuit, Ac-
tive, Ringing or Standby) of the SLiC. 

14 17 ROC DC feed current programming resistor pin. Constant current feed Is programmed by resistors ROC1 and 
ROC2 connected in series from this pin to the receive summing node (RSN). The resistor Junction point is 
decoupled to AGND to isolate the AC signal components. 

15 18 AGND Analog ground. 

16 19 RSN Receive Summing Node. The AC and DC current flowing into this pin establishes the metallic loop current 
that flows between tip and ring. The magnitude of the metallic loop current is 1000 times greater than the 
current Into the RSN pin. The constant current programming resistors and the networks for program receive 
gain and 2-wire impedance all connact to this pin. 

18 20 VEE -5V power supply. 

19 21 VlX Transmit audio output. This output is equivalent to the TIP to RING metallic voltage. The network for pro-
gramming the 2-wire Input impedance connects between this pin and RSN. 

4-51 

!l o 
cEi Wu 
0:_z 
~::) 

:::E 
:::E 

8 



HC5513 

Pin Descriptions (Continued) 

P1.CC PDlP SYMBOL DESCRIPTION 

20 22 HPR RING side of AC/DC separation capacitor CHP. CHP Is required to prope~y separate the ring AC current from 
the DC loop current. The other end of CHP Is connected to HPT. 

21 1 HPT TIP side of AC/oC separation capacitor CHP. CHP is required to prope~ separate the tip AC current from 
the DC loop current. The other end of CHP Is connected to HPR. 

22 2 RD Loop current programming resistor. Resistor Ro sets the trigger level for the loop current detect circuit. A filter 
capacitor Co Is also connected between this pin and VEE' 

23 3 DT Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLiC with Inputs DT and DR. 

25 4 DR Input to ring trip comparator. Ring trip detection Is accomplillhed by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 

26 TIPSENSE Internally connected to output of tip power amplifier. 

27 5 TIPX Output of tip power ampliller. 

26 6 RINGX Output of ring power amplifier. 

3,10 NlC No internal connection. 
17,24 

Pinouts 
HC5513 HC5513 
(PLCC) (PDIP) 

TOP VIEW TOP VIEW 

III 

j HPT HPR 
Q I i RD 

~ 
z 

~ ~ " ID a: II: F= DT 

DR 

T1PX 

RINGRLY DR RINGX 

VBAT NfC 

RSG DT Vee 
RINGRLY 

E1 RD 
EO 

EO HPT 

NfC HPR 

tilT VTX 

Il c:; Q z· ~ 
... 

z 1! ~ 
Ii 
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Application Circuit 

21 HPT, 

22RO 

YaAl 
230T 

RING 

PTC 

RINGING 
(VBAl + 90YRMsl 

Ul 

U2 

CDC 

CHP 

CRT 

CrC,CRC 

Relay 

01. 04 

Surgector 

05 

25 DR 

'ZlTIPX 

28RINGX 

2BGNO 

4Vcc 

5RINGRLY 

6VBAl 

7RSG 

·5V 

SLiC (Subscriber Line Interface Circuit) 
HC5513 

Combination CODEClFilter e.g. 
CD22354A or Programmable CODECI 
Filter, e.g. SLAC 

'1.5I1F, 20%, 10V 

10nF, 20%, 100V (Note 2) 

0.3911F, 20%, 100V 

2200pF, 20%, 100V 

Relay, 2C Contacts, 5V Coil 

Diode, l00V, 3A 

SGT06U13 

Diode,lN4454 

CHP (NOTE 32) 

Ul HPR20 

AGN015 RDCl 

C113 1------, 

C212 1-----, 

DE'i'11 

RF1, RF2 Line Resistor, 200,1% Match 

Rl,R3 200kn, 5%, 1/4W 

R2 910kn, 5%, 1/4W 

~ 1.2Mn, 5%, 1I4W 

RB lB.7kO,l%,l/4W 

RO 39kn, 5%, 1/4W 

ROC1, ROC2 41.2kn, 5%, 1/4W 

RFB 20.0kn, 1%, 1/4W 

RRX 280kn, 1%, 1/4W 

RT 562kn, 1%, 1/4W 

RTJ( 20kn,l%,l/4W 

RRT 1500,5%,2W 

RSG VBAT= ·2BV, RSG =-

I 
I 
I COOECIFILTER 

VBAT= -4BV, RSG = 21.4kn, 1/4W 5% 

NOTES: 

31. The anodes of 03 and 04 may be connected directly to the VBAT supply if the application Is exposed to only low energy transients. For 
harsher environments It Is recommended that the anodes of 03 and 04 be shorted to ground through a transzorb or surgector. 

32. To meet the specified 25dB 2·wlre return loss at 200Hz, CHP needs to be 20nF, 20%, 100V. 

FIGURE 21. APPLICATION CIRCUIT 
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Features 

• 01 Monolithic High Voltage Process 

• Programmable Current Feed (20mA to SOmA) 

HC5515 
sLie 

Subscriber Line Interface Circuit 

Description 

• Programmable Loop Current Detector Threshold and 

The HC5515 is a subscriber line interface circuit which is 
Interchangeable with Ericsson's PBL3860 for distributed 
central office applications. Enhancements include immunity 
to circuit latch-up during hot plug and absence of false sig
naling in the presence of longitudinal currents. BaHery Feed Characteristics 

• Ring Trip Detection 

• Compatible with Ericsson's PBL3SS0 

• Thermal Shutdown 

• On-Hook Transmission 

• Wide BaHery Voltage Range (-24V to -saY) 

• Low Standby Power 

• -40°C to SSoC Ambient Temperatura Range 

Applications 

• Digital Loop carrier Systems • Pair Gain 

• Flber-In-The-LoopONUs • POTS 
• Wlraless Local Loop • PABX 

• Hybrid Fiber Coax 

• Related Literature 

The HC5515 is fabricated In a High Voltage Dielectrically 
Isolated (01) Bipolar Process that eliminates leakage cur
rents and device latch-up problems normally associated with 
junction isolated ICs. The elimination of the leakage currents 
results in improved circuit performance for wide temperature 
extremes. The latch free benefit of the 01 process guaran
tees operation under adverse transient conditions. This pro
cess feature makes the HC5515 ideally suited for use In 
harsh outdoor environments. 

Ordering Information 
TEMP. PKG. 

PART NUMBER RANGEr»C) PACKAGE NO. 

HC5515CM 01070 28 LdPLCC N28.45 

HC5515CP 01070 22 LdPDIP E22.4 

HC55151M -4010 85 28 LdPLCC N28.45 

- AN9632, Operation of the HC5523I15 Evaluation Board HC55151P -401085 22LdPDIP E22.4 

Block Diagram 

RINGRLY 

DT 

DR 

TIP 

RING 

HPT 
HPR 

AGND 

BGND 

H RING RELAY I 
DRIVER I 

0 RING TRIP 
DETECTOR 

~ 

~ 
2-WlRE 

INTERFACE 
~ H ~ 

~ 

BIAS 

----

4-WIRE 
~ INTERFACE 

r-- VFSIGNAL 
PATH 

LOOP CURRENT 

~ DETECTOR 

DlGrrAL 
MULnPLEXER 

CAUTION: These devices are sensitive to electros1atlc discharge. Users should follow proper IC Handling Procedures. 
Copyright @Han1s Corporatlcn 1997 
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HC5515 

Absolute Maximum Ratings 
Temperature, Humidity 

Storage Temperature Range ••••••••••••••••• -65°C to 150°C 
Operating Temperature Range ..••••••••••.•• -40°C to 110°C 
Operating Junction Temperature Range •••.•.•• -40°C to 150°C 

Power Supply (-40°C S TA S 85°C) 
Supply Voltage Vee to GND ••..•.•••••••••...... 0.5V 10 7V 
Supply Voltage VEE to GND ....•.•.•.•.•••..•.• -7V to 0.5V 
Supply Voltage VeAT to GND . . . . • • • • • • . . . • . . •. -80V to 0.5V 

Ground 
Voltage between AGND and BGND •.•........•. -0.3V to 0.3V 

Relay Driver 
Ring Relay Supply Voltage •....•.••.•..••.. OV to VBAT +75V 
Ring Relay Current. •...•.•...•.••••••••..••.•••... 50mA 

Ring Trip Comparator 
Input Voltage •.•.•......•••.•.•••••••••.••..• VBAT to OV 
Input Current ••.••.•••......•.•...•.•...•..• -5mA to 5mA 

Digital Inputs, Outputs (01, C2, EO, r5ET) 
Input Voltage •.••.•....••••••.•••.•••••••..•• OV to Vee 
Output Voltage (15ET Not ActIve) •. • • • • • • • • • • . . . • . OV to Vee 
Output Ourrent(DE'i') .....•.•••.••...•••..•.••.•..•• 5mA 

Tlpx and Rlngx Terminals (-400C S TA S +85°0) 
Tlpx or Ringx Voltage, Continuous (Referenced to GND)VBAT to +2V 
Tlpx or Ringx, Pulse < 1 Oms, T REP> lOs •••• VBAT -20V to +5V 
Tlpx or Rlngx, Pulse < lOllS, TREP > lOs •••• VeAT -40V to +10V 
Tlpx or Ringx, Pulse < 250ns, TREP > lOs ••• VBAT -70V to +15V 
Tlpx or Ringx Current ...•.•••••••••••••••.••.•.•••. 70mA 

ESD Rating ..•••.••••.•...•••••••••••••••.••.•••.•. 500V 

Thermal Information 
Thermal Resistance (Typical, Note 1) 

22 Lead PDIP Package .•.••••..••••..•.••.•... 
28 Lead PLCO Package •••.••...•.•...••.•••.. 

Continuous Power Dissipation at 70°C 
22 Lead PDIP Package ••••••.•...•...••...•..••••. 1.5W 
28 Lead PLCC Package •..........•...•........•••. 1.5W 

Package Power Dissipation at 700 C, t < lOOms, tREP > Is 
22 Lead PDIP Package ••....••...•.•••....••••••... 4W 
28 Lead PLCC Package .•...••....•.••••...•.••••... 4W 

Derate above .•.•••..............•.•.•......••.••... 70°C 
Plastic DIP .•...••••••.•...••....••••.....••• 18.8mWPC 
PLCC •••.•..••.•.••.•......•••••.....••••. 18.8mWPC 

Maximum Junction Temperature Range .••••....• -400 C to 150°C 
Maximum Storage Temeprature Range .••.••...• -650C to 150°C 
Maximum Lead Temperature ••••.••...•.••....•••••••• 3000C 

(Soldering lOs, PLCC Lead Tips Only) 

Die Characteristics 
Gate Count •••.••••••••••••.••.•.. 543 ll'anslstors, 51 Diodes 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damaga to the dalIIc6. This Is a stress only rating and operation 
of the device at these or any other conditions above those Indicated In the operational sections of this spac/flcalion Is not Implied. . 

NOTE: 

1. 9JA Is measured with the component mounted on an evaluation PC board in free air. 

Typical Operating Conditions 
These represent the conditions under wihlch the part was developed and are suggested as guidelines. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

case Temperature -40 - 100 °c 

Vee with Respect to AGND -40°C to +850C 4.75 - 5.25 V 

VEE with Respect to AGND -400C to +850C -5.25 - -4.75 V 

VBAT with Respect to BGND -400C to +850C -58 - -24 V 

Electrical Specifications TA = -4()Dc to +95oC, vee = +5V:I:5%, VEE = -5V:I:5%, VBAT = -48V, AGND = BGND = Ov, ROCI = ROC2 = 
41.21<0, Ro= 33kn, Roo =00, RFl = RF2 = on, ~p = IOnF, Coc = 1.511F. Zt. = 600Q, Unless Otherwise 
Specified. All pin number references In the ligures refer to the 28 lead PLCC package. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Overload Level 1% THO, ZL = SOOn. (Nota 2, Figure 1) 3.1 - - VPEAK 

Longitudinal Impedance (TlplRlng) o < I < 100Hz (Note 3, Figure 2) - 20 35 WWlre 

VTX I- lVRUS 
~ 

TIP VTX -TIP "1 

I-
'D 111 0<1< 100Hz 'D 18 

EL 
30CIn VT 

RL fir C -:!:- fir 
6000 60Dkn ~J; 6001en 

IDeMEl .r1 
ERX 3000 -=- VR 

23mA RRX 
~ -. ! RRX 

RING RSN 

~ 
'-7 RING RSN 

3001en ~ 28 18 30Dkn 28 18 

LZT-VyiAr lZft - VFlAft 
FIGURE 1. OVERLOAD LEVEL (TWO-WIRE PORT) RGURE2.LONGITUDINALIMPEDANCE 
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HC5515 

Electrical Specifications TA = -4()Dc to +85oC, vee = +5V ±5%, VEE = -5V ±5%, VeAT = -48V, AGND = BGND = OV, ROC1 = Roo2 = 
41.2kn, Ro = 33kn, RSG = on, RF1 = RF2 = on, CHP = 1OnF. Coo = 1.5JlF. Zt. = soon, Unless Otherwise 
Specified. All pin number references in the ligures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

LONGITUDINAL CURRENT UMIT (TIPIRING) 

Off-Hook (Active) No False Detections, (Loop Current), 20 - mApEAW 
LB > 45dB (Note 4, Figure 3A) Wire 

On-Hook (Standby), RL = - No False Detections (Loop Current) 5 - mApEAKI 
(Note 5, Figure 3B) Wire 

3680 3680 
-@- np RSN - @- TIP RSN -

'l:T 16 fttc 'l:T 18 
C f! f! RDCt 

~r 
RD RDCt 

EL '" RD 

='" 2.16JIF 
-SV 41.2kn -SV 41.2kn 

Rocz CDC = 2.16J1FTC 
Rocz CDC 

@- RING RDC ~ @- RING RDC 1.5~ Do::!:-368Q 28 mrr 14 3680 28 14 41.2kn 
41.2kn 1.511F = mrr 

FIGURE 3A. OFF-HOOK FIGURE 3B. ON·HOOK 

FIGURE 3. LONGITUDINAL CURRENT UMIT 

OFF·HOOK LONGITUDINAL BALANCE 

longitudinal to Metallic I IEEE 455 - 1985, RLR, RLT = 368n 53 70 - dB 
0.2kHz < I < 4.0kHz (Note 6, Figure 4) 

longitudinal to Metallic RLR, RLT = 300n, 0.2kHz < I < 4.0kHz 53 70 - dB 
(Note 6, Figure 4) 

Metallic to Longitudinal FCC Part 68, Para 68.310 50 55 - dB 
0.2kHz < I < 1.0kHz 

1.0kHz < I < 4.0kHz (Note 7) 50 55 - dB 

Longitudinal to 4-Wire 0.2kHz < I < 4.0kHz (Note 8, Figure 4) 53 70 - dB 

MetalliC to Longitudinal RLR, RLT = 300n, 0.2kHz < I < 4.0kHz 50 55 - dB 
(Note 9, Figure 5) 

4-Wire to Longitudinal 0.2kHz < I < 4.0kHz (Note 10, Figure 5) 50 55 - dB 

RLT RLT 
TIP VTX 0 np VTX 

~I 
'l:T 111 

I~ -f 'l:T 18 
EL C 

Ry 
2.18JIF ETR Ry 

-fj!; 600kn 61~ '" 
6DOkn 

RRl( tVL RLA RRl( ERl( 

RING RSN Jr RING RSN '" RLA 28 16 300kn -+ 3000 28 16 300kn -
FIGURE 4. LONGITUDINAL TO METALUC AND FIGURE 5, METALUC TO LONGITUDINAL AND 4-WIRE TO 

LONGITUDINAL TO 4-WlRE BALANCE LONGITUDINAL BALANCE 

2-Wire Retum Loss 0.2kHz to 0.5kHz (Note 11, Figure 6) 25 - - dB 
CHP=20nF 

0.5kHz to 1.0kHz (Note 11, Figure 6) 27 dB - -
1.0kHz to 3.4kHz (Note 11, Figure 6) 23 - - dB 

4-56 



HC5515 

Electrical Specifications TA = -400 C \0 +850C, vcc = +5V ±S%, VEE = -5V ±S%, VBAT = -48V, AGND = BGND = OV, ROC1 = ROC2 = 
41.21<0, Ro = 331<0, RSG = 00, RF1 = RF2 = 00, CHP = 10nF, CDC = 1.51lF, Zt. = 6000, Unless Otherwise 
SpecHied. All pin number references in the figures refer \0 the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TIP IDLE VOLTAGE 

Active, Il = 0 

Standby, Il = 0 

RING IDLE VOLTAGE 

Active, Il = 0 

Standby, Il = 0 

TIP-RING Open Loop Metallic Voltage, VTR VBAT = -52V, RSG = 00 43 

4-WIRE TRANSMIT PORT (VTX) 

Ove~oad Level (Zl> 20kO, 1% THO) (Note 12, Figure 7) 3.1 

Output Offset Voltage EG = 0, Zl = ~, (Note 13, Figure 7) -60 

Output Impedance (Guaranteed by Design) 0.2kHz < f < 03.4kHz 

2- to 4-Wlre (Metallic \0 VTX) Voltage Gain 0.3kHz < f < 03.4kHz (Note 14, Figure 7) 0.98 

2.16!d' 

:-IJ TIP 
RL c I , ~ 

600n <!>VTRj 

RRX 

-1.5 

<0 

-46.5 

>-48 

5 

1.0 

VTX 
19 

-

-

47 

60 

20 

1.02 

Ry 
600kn 

RRX 

V 

V 

V 

V 

V 

VpEAK 

mV 

0 

VIV 

j-VTX 
ZL 

Vs t.---:-.w\,..,.-.r;;;;--VV1~r:;J-~ 

RING RSN .............. ~....., 

28 16 300kn * 
IDCMET 

EG~ 23mA 

RING RSN 1-4,"",,""'-....., -=:!;: "'_::' 
300kn �_ _ _� 28 18 

FIGURE 6. TWO-WIRE RETURN LOSS FIGURE 7. OVERLOAD LEVEL (4-WIRE TRANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2-WIRE TO 4-WIRE 
VOLTAGE GAIN AND HARMONIC DISTORTION 

4-WIRE RECEIVE PORT (RSN) 

DC Voltage IRSN= OmA - 0 V 

RX Sum Node Impedance (Gtd by Design) 0.2kHz < f < 3.4kHz - - 20 0 

Current Gain-RSN to Metallic 0.3kHz < f < 3.4kHz (Note 15, Figure 8) 900 1000 1100 Ratio 

FREQUENCY RESPONSE (OFF-HOOK) 

2-Wlre \0 4-Wlre OdBm at 1.0kHz, ERX = OV -0.2 - 0.2 dB 
0.3kHz < f < 3.4kHz (Note 16, Figure 9) 

4-Wlre to 2-Wlre OdBm at 1.0kHz, EG = OV -0.2 - 0.2 dB 
0.3kHz <f < 3.4kHz (Note 17, Figure 9) 

4-Wlre to 4-Wlre OdBm at 1.0kHz, EG = OV -0.2 - 0.2 dB 
0.3kHz < f < 3.4kHz (Note 18, Figure 9) 

INSERTION LOSS 

2-Wlre \0 4-Wlre OdBm, 1kHz (Note 19, Figure 9) -0.2 0.2 dB 

4-Wlre \0 2-Wlre OdBm, 1kHz (Note 20, Figure 9) -0.2 0.2 dB 

GAIN TRACKING (Ref = -10dBm, at 1.0kHz) 

2-Wlre \0 4-Wire +3dBm \0 +7dBm (Note 21, Figure 9) -0.15 0.15 dB 

2-Wire \0 4-Wire -40dBm to +3dBm (Note 21, Figure 9) -0.1 0.1 dB 
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HC5515 

Electrical Specifications TA = -4(f'c to +850C, vcc = +5V ±5%, VEE = -5V ±5%, VBAT = -48V, AGND = BGND = ov, ROCl = RDC2 = 
41.2kn, Ro=33I<O, RSG =00, RFl = RF2=00, CHP= lOnF, CDC = 1.5J.lF, Zt.=6000, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDmONS MIN TYP MAX UNITS 

2-Wire to 4-Wlre -55dBm to -4OdBm (Note 21, Figure 9) -0.2 - 0.2 dB 

4-Wire to 2-Wire -40dBm to +7dBm (Note 22, Figure 9) -0.1 - 0.1 dB 

4-Wlre to 2-Wire -55dBm to -40dBm (Note 22, Figure 9) -0.2 - 0.2 dB 

GRX = «VTR1' VTR2)(30Ok»)I(-3)(600) 

Where: VTRl Is the Tlp to Ring Voltage with VRSN = OV 
and VTR2 is the Tlp to Ring Voltage with VRSN = -3V VRSN=OV 

RRX 
OVRsN .. -3V 

C 

F 
TlP RSN 

"' ri .~ 
TIP VTX 

'ET 16 300kll 27 18 
&OLIO RT 

RL RDCl 
IDCM./ 

&ODkn ~I 6000 41.2kn VTR 

RDC2 CDC ea<r RRX 
ERX 

- RING RDC t:-:J... 1/mC<RL RING RSN ~ 28 14 41.2k.Il 1.5!'F -=- 28 18 300kn 

FIGURE a. CURRENT GAIN-RSN TO METALLIC FIGURE 9. FREQUENCY RESPONSE, INSERTION LOSS, 
GAIN TRACKING AND HARMONIC, DISTORTION 

NOISE 

Idle Channel Noise at 2·Wire C-MeSS8ge Weighting (Note 23, Figure 1(i) - 8.5 - dBmC 

Psophometrical Weighting - -81.5 - dBmp 
(Note 23, Figure 10) 

Idle Channel Noise at 4-Wlre C-Messege Weighting (Note 24, FIgure 10) - 8.5 - dBmC 

Psophometrical Weighting - -81.5 - dBmp 
(Note 23, Figure 10) 

HARMONIC DISTORTION 

2-Wire to 4-Wire OdBm, 1 kHz (Note 25, Figure 7) - -65 -54 dB 

4-Wlre to 2-Wire OdBm, O.3kHz to 3.4kHz (Note 26, Figure 9) - -85 -54 dB 

BATTERY FEED CHARACTERISTICS 

Constant Loop Current Tolerance IL = 2500/(RoCl + ROC2), 0.851L IL 1.151L mA 
Rocx = 41.21<0 -40°C to 85°C (Note 27) 

Loop CUrrent Tolerance (Standby) IL = (VBAr3)/(RL +1800), 0.751L IL 1.251L mA 
_40°C to 85°C (Note 28) 

Open Circuit Voltage (VTIP - VRING) -400C to 85°C, (Active) AsG = .. 14 16.67 20 V 

LOOP CURRENT DETECTOR 

On-Hook to Off-Hook Ro = 331<0, _40°C to 85°C 11 465IRO 17.2 mA 

Off-Hook to On-Hook Ro = 331<0, -40°C to asoc 9.5 405lRo 15.0 mA 

Loop Current Hysteresis Ro = 331<0, -400 C to 85°C - 6O/RO - mA 
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Electrical Specifications TA = -4Q0c to +8500, vee = +5V ±5%, VEE = -sv ±5%, VBAT = -48v. AGND = BGND = Ov. ROCI = RDC2 = 
41.2kn, Ro=33kn, RSG =00, RFI = RF2=oo, Ctip= lOnF, Coc= 1.5J1F, Zt. = soon, Unless Otherwise 
Specifted. All pin number references In the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDmONS MIN TYP MAX UNITS 

TIP VTX 

~I 
'Z1 18 

I,n RL Rr 
aoon 800110 

RRX 
RING RSN 
28 18 300110 -=5:-

FIGURE 10. IDLE CHANNEL NOISE 

RING TRIP DETECTOR (DT, DR) 

Offset Voltage Source Res = 0 -20 - 20 mV 

Input Bias Current Source Res = 0 -360 - 360 nA 

Input Common-Mode Range Source Res = 0 VBAT+l - 0 V 

Input Resistance Source Res = 0, Unbalanced 1 - - MO 

Source Res .. 0, Balanced 3 - - MO 

RING RELAY DRIVER 

VSATat25mA IOL"'25mA - 0.2 0.6 V 

Off-State Leakage Current VOH= 12V - - 10 ItA 
DIGITAL INPUTS (EO, Cl, C2) 

Input Low Voltage, VIL 0 - 0.8 V 

Input High Voltage, VIH 2 - Vee V 

Input Low Current, IlL: Cl, C2 VIL=0.4V -200 - - j1A 

Input Low Current, IlL: EO VIL=0.4V -100 - - j1A 

Input High Current VIH= 2.4V - - 40 j1A 

DETECTOR OUTPUT (15!T) 

Output Low Voltage, VOL IOL=2mA - - 0.45 V 

Output High Voltage, VOH IOH = 100j1A 2.7 - - V 

Intemal Pull-Up Resistor 8 15 25 ill 

POWER DISSIPATION (VBAT = -48V) 

Open Circuit State Cl =C2=0 - 26.3 70 mW 

On-Hook, Standby Cl =C2= 1 - 37.5 85 mW 

On-Hook, Active Cl = 0, C2 = 1, RL = High Impedance - 110 300 mW 

Off-Hook, Active Cl = 0, C2= 1, RL = 6000 - 1.1 1.4 W 

TEMPERATURE GUARD 

Thermal Shutdown 150 - 180 °c 
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Electrical Specifications TA = -4(flc to +850C. Vcc = +5V ±5%. VEE = -5V ±5%. VBAT = -48v, AGND = BGND = Ov, Roo1 = RDC2 = 
41.2kn. RO=33kn. RsG=on. ~1 = AJ=2=OO. CHP= lOnF, Coo = 1.5pF, Zt..=6000. UnlessOtheIWise 
SpecIfied. AU pin runber references In the figures refer to Ihe 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

SUPPLY CURRENTS (VBAT = -28V) 

Open Circuit State (Cl. 2 = O. 0) ICC - 1.3 2.8 rnA 
On-Hook 

lEE - 0.6 2.0 rnA 

IBAT - 0.35 1.2 rnA 

Standby State (el. 2 = 1. 1) Icc - 1.6 3.5 rnA 
On-Hook 

lEE - 0.62 2.0 rnA 

IBAT - 0.55 1.6 rnA 

Active State (Cl. 2 = O. 1) ICC - 3.7 9.5 rnA 
On-Hook 

lEE - 1.1 4.0 rnA 

IBAT 2.2 5.2 rnA 

PSRR 

Vcc to 2 or 4-Wire Port (Note 29. Figure 11) - 40 - dB 

VEE to 2 or 4-Wire Port (Note 29. Figure 11) - 40 - dB 

VeAT to 2 or 4-Wire Port (Note 29. FIgure 11) - 40 - dB 

..... VSUPPLY 
+IV SUPPLY 00-& 100mVRMS. 60Hz TO 4kHz 

-SVSUPPLY 1 
TIP VTX 
'ZI 18 I _." .. "''''''''' RL Ry 

&OOCl &OO1cQ VTX 

RRl( 
RING RSN 

-4: 28 18 3OO1cQ 

FIGURE 11_ POWER SUPPLY REJEcnON RATIO 

Circuit Operation and Design Information 

The HC5515 is a current feed voltage sense Subscriber Line 
Interface Circuit (SUC). This means that for short loop 
applications the SUC provides a programed constant 
current to the tip and ring terminals while sensing the tip to 
ring voltage. 

The following discussion separates the SUC's operation into 
its DC and AC path. then follows up with additional circuit 
and design information. 

Constant Loop Current (~C) Path 

SLiC In the Active Mode 

The DC path establishes a constant loop current that flows 
out of tip and into the ring terminal. The loop current is pro
grammed by resistors ROC1. ROC2 and the voltage on the 
ROC pin (Figure 12). The ROC voltage is determined by the 
voltage across Rl in the saturation guard circuit. Under con
stant current feed conditions. the voltage drop across Rl 
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HC5515 

VTX 

I 
IRSN 

I 
I 
I 
I 

I ROC 

I 
I 
I 
IRSG 

RRJ( 

ROC, 

ROC2'::;' CDC 

•••••••••••••••••••••••••••••••••• ~V 

FIGURE 12. OC LOOP CURRENT 

sets the RoC voltage to -2.5V. This occurs when current 
flows through R1 Into the current source 12. The ROC voltage 
establishes a current (IRSN) that is equal to VROO(RoC1 
+ROC2). This current is then multiplied by 1000, in the loop 
current circuit, to become the tip and ring loop currents. 

For the purpose of the following discussion, the saturation 
guard voltage is defined as the maximum tip to ring voltage 
at which the SLiC can provide a constant current for a given 
battery and overhead voltage. 

For loop resistances that result in a tip to ring voltage less 
than the saturation guard voltage the loop current is defined 
as: 

I" 2.5V· x 1000 
l Roc, +RoC2 

(EQ.1) 

where: IL " Constant loop current. 

ROC1 and ROC2 = Loop current programming resistors. 

Capacitor COC between ROC1 and ROC2 removes the VF 
signals from the battery feed control loop. The value of COC 
is determined by Equation 2: 

CDC" TX(~+~) 
DC' OC2 

(EQ.2) 

where T = 30ms 

NOTE: The minimum CDC value is obtained If RoC, " ROC2 

Figure 13 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a on loop resistance 
both tip and ring are at VBAT/2. As the loop resistance 
increases, so does the voltage differential between tip and 
ring. When this differential voltage becomes equal to the sat
uration guard voltage, the operation of the SLIC's loop feed 
changes from a constant current feed to a resistive feed. The 
loop current in the resistive feed region is no longer constant 
but varies as a function of the loop resistance. 

VBAT • -48V, IL • 23mA, RSG .. 4.0kO 
o 

SAlURATION -- T vTlP 

GUARD Y<j'lTAGE .JII' I 
CONSTANT CURRENT RESISTIVE FEED 

F.!!D REGION REGION 

< 
.......... 
~ 

SAlURATION .......... 
GUARD VOLTAGE --

-50 
o UK 

lOOP RESISTANCE (0) 

FIGURE 13. VTR va Rl 

Figure 14 shows the relationship between the saturation guard 
voltage, the loop current and the loop resistance. Notice from 
Figure 14 that for a loop resistance <1.21<0 (Roo = 4.0kn) the 
SLiC is operating in the constant current feed region and for 
resistances >1.21<0 the SLiC is operating in the resistive feed 
region. Operation in the resistive feed region allows long loop 
and oll-hook transmission by keeping the tip and ring voltages 011 
the rails. Operation in this region is transparent to the customer. 

50 
I-- VBAT '" -48V, RSG .. 4.0k0 --I 

"'""'- VBAT • -24V, RSG ... 

i-RESlsnvI: FEED 
r- REG~N 1 

F=~:~ ANT CURRENT 
EGlON 

--SAlU RATION GUARD 
E, VTR=38V VOLTAG 

I 
J 

--SATUR ATIONGUARD 
E, VTR-13V VOlTAG 

I 
10 20 30 

LOOP CURRENT (mA) 

=~ I 100k0 4kO 2kO <1.2kO I RSG = 4.0kO 
.~~.~1~00~kO~ ___ 1~.5kO~~ __ 7~oon~ ____ <4oon~~~.RSG= .. O 

FIGURE 14. VTR vall and Rl 
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The Saturation Guard circuit (Figure 12) monitors the tip to 
ring voltage via the transconductance amplifier A,. A, gen
erates a current that is proportional to the tip to ring voltage 
difference. I, is internally set to sink all of A,.s current until 
the tip to ring voltage exceeds 12.5V. When the tip to ring 
voltage exceeds 12.SV (with no RSG resistor) A, supplies 
more current than I, can sink. When this happens A2 ampli
fies its input current by a factor of 12 and the current through 
R1 becomes the difference between 12 and the output cur
rent from A2' As the current from A2 increases, the voltage 
across R1 decreases and the output voltage on ROC 
decreases. This results in a corresponding decrease in the 
loop current. The RSG pin provides the ability to increase the 
saturation guard reference voltage beyond 12.5V. Equation 3 
gives the relationship between the RSG resistor value and 
the programmable saturation guard reference voltage: 

5.105 EQ 3) 
VSGREF = 12.5+ASG+17300 ( . 

where: 

VSGAEF = Saturation Guard reference voltage. 

RSG = Saturation Guard programming resistor. 

When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated using Equation 4: 

For on-hook transmission RL = .. , Equation 6 reduces to: 
5 

A '" 5.10 -17300 (EQ7) 
SG IVBATI VMAR -16.66V . 

sLie In the Standby Mode 
Overall system power is saved by configuring the SUC in the 
standby state when not in use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between tip to ground and ring to VBAT' This con
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SUC is configured in the active mode for voice 
transmission. The loop current in standby state is calculated 
as follows: 

where: 

IL = Loop current in the standby state. 

RL = Loop resistance. 

VBAT = Battery voltage. 

(EQ.S) 

16.66 + 5 .105 I(ASG + 17300) 
v - R x """'=--:-:::----='==-,....,.,.=-TR - L RL + (AOC1 + AOC2)/600 

(EQ. 4) (AC) Transmission Path 

sLie In the Active Mode 

where: 

VTA = Voltage differential between tip and ring. 

RL = Loop resistance. 

For on-hook transmission RL = co, Equation 4 reduces to: 

(EQ.5) 

The value of RSG should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without Clipping 
the incoming or outgoing VF signal. A voltage margin of -4V 
on tip· and -4V on ring, for a total of -8V margin, is recom
mended as a general guideline. The value of RSG is calcu
lated using Equation 6: 

R = 5·10 -17300 
( 5 1 SG (ROC1 + ROC2) 
<lVBATi-VMAR) X(1 + 600RL )-16.66V 

(EQ.6) 

where: 

VBAT = Battery voltage. 

VMAA = Voltage Margin. Recommended value of -8V to 
allow a maximum overload level of 3.1 V peak. 

Figure 15 shows a simplified AC transmission model. Circuit 
analysis yields the following design equations: 

(EQ.9) 

(EQ.10) 

(EQ.11) 

where: 

VTA = Is the AC metallic voltage between tip and ring, 
including the voltage drop across the fuse resistors RF. 

VTX = Is the AC metallic voltage. Either at the ground refer
enced 4-wire side or the SUC tip and ring terminals. 

1M = Is the AC metallic current. 

RF = Is a fuse resistor. 

ZT = Is used to set the SUC's 2-wire impedance. 

VAX = Is the analog ground referenced receive signal. 

ZAX = Is used to set the 4-wire to 2-wire gain. 

EG = Is the AC open circuit voltage. 

ZL = Is the line impedance. 
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1M 
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RING 

HC5515 

FIGURE 15. SIMPUFIED AC TRANSMISSION CIRCUIT 

(AC) 2·Wlre Impedance 

The AC 2-wire impedance (ZTR) is the impedance looking 
into the SLlC, including the fuse resistors, and is calculated 
as follows: 

Let VRX = o. Then from Equation 10 

ZTR is defined as: 

VrR 
ZrR = -1-

M 

Substituting in Equation 9 for VTR 

Vrx 2RF o iM 
ZrR = 1M + -I-M-

Substituting in Equation 12 for VTX 

Zr 
ZrR = 1000+2RF 

(EQ.12) 

(EQ.13) 

(EQ.14) 

(EQ.15) 

(AC) 2·Wire to 4-W1re Gain 

The 2-wire to 4-wire gain is equal to VTx' VTR 

From Equations 9 and 10 with VRX = 0 

Vrx Zrl 1 000 
A2_4 = VrR = Zr/1000+2RF 

(AC) 4-Wlre to 2·Wlre Gain 

The 4-wire to 2-wire gain is equal to VTF¥VRX 

From Equations 9, 10 and 11 with EG = 0 

VrR Zr ZL 
A4 _ 2 = VRX = -ZRX 0 Zr 

1000+2RF+ZL 

(EQ.17) 

(EQ.18) 

For applications where the 2-wire impedance (ZTR, 
Equation 15) is chosen to equal the line Impedance (ZL), the 
expression for ~-2 simplifies to: 

(EQ.19) 

(AC) 4-Wlre to 4-Wlre Gain 
Therefore The 4-wire to 4-wire gain is equal to VTXNRX 

(EQ. 16) From Equations 9, 10 and 11 with EG = 0 

Equation 16 can now be used to match the SLiC's Imped
ance to any known line impedance (ZTR). 

Example: 

Calculate ZT to make ZTR = 600n in series with 2.1611F. 
RF=20n 

ZT = 560kn in series with 2.16nF 

(EQ.20) 

Transhybrid Circuit 

The purpose of the transhybrld circuit is to remove the 
receive Signal (VRX) from the transmit signal (Vrx), thereby 
preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the CODEC) and by the inversion of the signal from the 
4-wire receive port (RSN) to the 4-wire transmit port (VTX). 
Figure 16 shows the transhybrid circuit. The input signal will 
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be subtracted from the output signal if 11 equals 12. Node 
analysis yields the following equation: 

The value of Ze is then 

VRX 
Ze = -RTX • VTX 

Where VRxNTX equals 1/44 

Therefore 

Example: 

(EQ.21) 

(EQ.22) 

(EQ.23) 

Given: RTX = 201<0, ZRX = 2801<0, ZT = 5621<0 (standard 
value), RF = 20n and Z = 600n 

The value of Ze = 18.71<0 

HC5515 

RSN 

RFB 

CODECI 
FILTER 

F'GURE 16. TRANSHYBRID CIRCUIT 

Supervisory Functions 
The loop current and the ring trip detector outputs are multi
plexed to a single logic output pin called DE'f. See Table 1 to 
determine the active detector for a given logic input. For fur
ther discussion of the logic circuitry see section titled "Digital 
Logic Inputs". 

Before proceeding with an explanation of the loop current 
detector and the longitudinal impedance, it Is important to 
understand the difference between a "metallic· and "longitudi
nal" loop currents. Figure 17 illustrates 3 different types of 
loop current encountered. 

Case 1 illustrates the metallic loop current. The definition of 
a metallic loop current is when equal currents flow out of tip 
and into ring. Loop current is a metallic current. 

Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current is a common mode 
current, that flows either out of or into tip and ring 
simultaneously. Longitudinal currents in the on-hook state 
result in equal currents flowing through the sense resistors 
R1 and R2 (Figure 17). And longitudinal currents in the off
hook state result in unequal currents flowing through the 
sense resistors R1 and R2. Notice that for case 2, 
longitudinal currents flowing away from the SLlC, the current 
through R1 is the metallic loop current plus the longitudinal 
current; whereas the current through A2 is the metallic loop 
current minus the longitudinal current. Longitudinal currents 
are generated when the phone line is influenced by 
magnetic fields (e.g. power lines). 

Loop Current Detector 

Figure 17 shows a simplified schematic of the loop current 
detector. The loop current detector works by sensing the 
metallic current flowing through resistors R1 and R2' This 
results in a current (IRO) out of the transconductance ampli
fier (gm1) that Is equal to the product of gm1 and the metallic 
loop current. IRO then flows out the, AD pin and through 
resistor AD to VEE. The value of IRO is equal to: 

I'TIP -'RINGI 'L 
'RD = 600 = 300 

(EQ.24) 

The IRO current results in a voltage drop across Ro that is 
compared to an internal 1.25V reference voltage. When the 
voltage drop across Ro exceeds 1.25V, and the logic is con
figured for loop current detection, the lJE'f pin goes low. 

The hysteresis resistor RH adds an additional voltage effec
tively across AOo -causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking into account the hysteresis voltage, the typical value 
of RO for the on-hook to off-hook condition is: 

Ro = 'ON-HOOK ~~OFF-HOOK (EQ.25) 

Taking into account the hysteresis voltage, the typical value 
of AD for the off-hook to on-hook condition is: 

R _ 375 
0- 'OFF-HOOK to ON-HOOK 

(EQ.26) 

A filter capacitor (CD) in parallel with RO will improve the 
accuracy of the trip point in a noisy environment. The value 
of this capaCitor is calculated using the following Equation:, 

where: T = 0.5ms 

Ring Trip Detector 

(EQ.27) 

Ring trip detection is accomplished with the internal ring trip 
comparator and the external circuitry shown in Figure 18. 
The process of ring trip Is initiated when the logic input pins 
are in the following states: EO = 0, Cl = 1 and C2 = O. This 
logic condition connects the ring trip comparator to the DET 
output, and causes the Ringrly pin to energize the ring relay. 
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CURRENT 
LOOP-

COMPARATOR 

DIGITAL MULllPLEXER 1--_ 

CD 

•........... _ .................... . 
FIGURE 17. LOOP CURRENT DETECTOR 

The ring relay connects the tip and ring of the phone to the 
external circuitry in Figure 18. When the phone is on-hook 
the OT pin is more positive than the OA pin and the OET out
put is high. For off-hook conditions OA is more positive than 
OT and DEf goes low. When OET goes low, indicating that 
the phone has gone off-hook, the SLIC is commanded by the 
logic inputs to go into the active state. In the active state, tip 
and ring are once again connected to the phone and normal 
operation ensues. 

Figure 18 illustrates battery backed unbalanced ring injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The l5ET output will toggle at 20Hz because the DT input is 
not completely filtered by CRT. Software can examine the duty cycle 
and determine If the jjE'f pin Is low for more that half the time, if so 
the off-hook condition Is Indicated. 

RING 
RELAY 

DR I 

: RING TRIP 
I COMPARATOR 
I 
I 
I 
I 
I 

RINGRLY I 

HC5515 
._------

FIGURE 18. RING TRIP CIRCUIT FOR BATIERY BACKED 
RINGING 

Longitudinal Impedance 

The feedback loop described in Figure 19(A, B) realizes the 
desired longitudinal impedances from tip to ground and from 
ring to ground. Nominal longitudinal impedance is resistive 
and in the order of 220. 

In the presence of longitudinal currents this circuit attenu
ates the voltages that would otherwise appear at the tip and 
ring terminals, to levels well within the common mode range 
of the SLIC. In fact, longitudinal currents may exceed the 
programmed OC loop current without disturbing the SLlC's 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring 
voltages symmetrically around VBAT/2, in the presence of 
longitudinal currents. The differential transconductance 
amplifiers GT and GR accomplish this by sourcing or sinking 
the required current to maintain Vc at VBATI2. 

When a longitudinal current is Injected onto the tip and ring 
inputs, the voltage at VC moves from It's equilibrium value 
VBATI2. When VC changes by the amount OVC, this change 
appears between the input terminals of the differential 
transconductance amplifiers GT and GA. The output of GT 
and GA are the differential currents 011 and 012, which in 
turn feed the differential inputs of current sources IT and IA 
respectively. IT and IA have current gains of 250 single 
ended and 500 differentially, thus leading to a change in IT 
and IA that is equal to 500(01) and 500(012). 

The circuit shown in Figure 19(B) illustrates the tip side of 
the longitudinal network. The advantages of a differential 
input current source are: Improved noise since the noise due 
to current source 210 is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier Inputs via the two 5kO resistors. 
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Digital Logic Inputs mal. The loop current detector is active, EO determines if the 
detector is gated to the lJE'i' output. 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5515 has an enable Input pin (EO) and Ringing State (C1 = 1, C2 = 0) 
two control inputs pins (C1, C2). The ring relay driver and the ring trip detector are activated. 

The enable pin EO is used to enable or disable the lJE'i' out
put pin. The lJE'i' pin is enabled if EO is at a logic level 0 and 
disabled if EO is at a logic level 1. 

A combination of the control pins C1 and C2 Is used to 
select 1 of the 4 possible operating states. A description of 
each operating state and the control logic follow: 

Open Circuit State (C1 = 0, C2 = 0) 
In this state the SLiC Is effectively off. All detectors and both the 
tip and ring line drive amplifiers are powered down, presenting a 
high Impedance to the line. Power dissipation is at a minimum. 

Active State (C1 = 0, C2 = 1) 

The tip output is capable of sourcing loop current and for 
open circuit conditions Is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions is about VeAT +4V. VF signal transmission is nor-

SLiC Operating States 

Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (C1 = 1, C2 = 1) 

Both the tip and ring line drive amplifiers are powered down. 
Internal resistors are connected between tip to ground and 
ring to VSATto allow loop current detect in an off-hook condi
tion. The loop current and ground key detectors are both 
active, EO determines If the detector is gated to the OET out
put. 

AC Transmission Circuit Stability 
To ensure stability of the AC transmission feedback loop two 
compensation capacitors CTC and CRC are required. 
Figure 20 (Application Circuit) Illustrates their use. Recom
mended value is 2200pF. 

TABLE 1. LOGICTRUTHTABLE 

EO Cl 
0 0 
0 0 
0 1 
0 1 

1 0 
1 0 
1 1 
1 1 

C2 
0 
1 
0 
1 

0 
1 
0 
1 

SLiC OPERATING STATE ACTIVE DETECTOR 
Open Circuit No Active Detector 
Active Loop CUrrent Detector 
Ringing Ring Trip Detector 
Standby Loop Current Detector 

Open Circuit No Active Detector 
Active Loop CUrrent Detector 
Ringing Ring Trip Detector 
Standby Loop Current Detector 

.----------------• • • TIP 

DETOUTPUT 
Logic Level High 
Loop Current Stetus 
Ring Trip Status 
Loop Current Status 

}--~ 
I 
I TIP CURRENT SOURCE 
I WITH DIFFERENTIAL INPUTS 

I 
I 2Dn 

vc - ............. -t::;. 

ILONG - + RING 
INR • 
..J...:' HC551& -=- • ... __ ....... -_ .. . 

FIGURE 19A. 

RING 

FIGURE 19. LONGITUDINAL IMPEDANCE NETWORK 

4-66 

TIP DIFFERENTIAL 
TRANSCONDUCTANCE ___ ~M!'I:!FI~~ _____ _ 

FIGURE 19B. 



HC5515 

AC-OC Separation Capacitor, CHP 

The high pass filter capacitor connected between pins HPT 
and HPR provides the separation between circuits sensing 
tip to ring DC conditions and circuits processing AC signals. 
A 10nf CHP will position the low end frequency response 
3dB break point at 48Hz. Where: 

(EQ.28) 

where RHP = 330kll 

Thermal Shutdown Protection 

The HC5515's thermal shutdown protection is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160°C. If this happens, the SLiC goes into 
a high impedance state and will remain there until the tem
perature of the die cools down by about 20°C. The SLIC will 
return back to its normal operating mode, providing the fault 
condition has been removed. 

Surge Voltage Protection 

The HC5515 must be protected against surge voltages and 
power crosses. Refer to "Maximum Ratings" TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown in Figure 20 uti
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a cou
ple of volts above ground via diodes 01 and 02' Under nor
mal operating conditions 01 and 02 are reverse biased and 
out of the circuit. 

Notes 
2. Overload Level (Two-Wire pon) - The overtoad level is specHied 

at the 2-wire port (VTRO) with the signal source at the 4-wire receive 
port (ERXl. IOCMET = 23mA, RSG = 4kO, increase the amplitude of 
ERX until 1 % THO is measured at VTRO' Reference Figure 1. 

3. Longitudlnallmpedance - The longitudinal impedance is 
computed using the following equations, where TIP and RING 
voltages are referenced to ground. Lzr, LZR, VT, VR, AR and /Irr 
are defined in Figure 2. 

(TIP) Lzr = VT//Irr 
(RING) LZR = VR/AR 
where: EL = lVRMS (OHz to 100Hz) 

4. Longitudinal Current Limit (Off-Hook Active) - Off-Hook 
(Active, Cl = I, C2 = 0) longitudinal current limit Is determined 
by increasing the amplitude of EL (Figure 3A) until the 2-wire 
longitudinal balance drops below 45dB. i5ET" pin remains low 
(no false detection). 

5. Longitudinal Current Limit (On-Hook Standby) - On-Hook 
(Active, Cl = 1, C2 = 1) longitudinal current limit is determined 
by Increasing the amplitude of EL (Figure 3B) until the 2-wire 
longitudinal balance drops below 45dB. l5E'I' pin remains high 
(no felse detection). 

6. Longitudinal to Metallic Balance - The longitudinal to metal
lic balance is computed using the following equation: 

Negative transients on tip and ring are clamped to within a cou
ple of volts below ground via diodes 03 and' 04 with the help of 
a Surgector. The Surgector is required to block conduction 
through diodes 03 and 04 under normal operating conditions 
and allows negative surges to be returned to system ground. 

In applications where only low energy transients «300V) are 
possible, diodes 03 and 04 could be connected to VBAT, 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge protec
tion is for low level transients only and will subject the batter
ies to negative voltage surges. 

The fuse resistors (RF) serve a dual purpose of being non
destructive power dissipaters during surge and fuses when 
the line in exposed to a power cross. 

Power-Up Sequence 

The HC5515 has no required power-up sequence. This is a 
result of the Dielectrically Isolated (01) process used in the 
fabrication of the part. By using the 01 process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated ICs. 

Printed Circuit Board Layout 

Care in the printed circuit board layoutis essential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as possible, to limit the interfer
ence that might be injected into the RSN terminal. It is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 

BLME = 20 • log (ELNTR), where: EL and VTR are defined in 
Figure 4. 

7. MetallictoLongltudinaIFCCPan68,Para68.310 - The 
metallic to longitudinal balance is defined in this spec. 

8. longitudinal to Four-Wire Balance - The longitudinal to 4-wire 
balance is computed using the following equation: 
BLFE = 20 • log (ELNTxl,: EL and VTX are defined in Figure 4. 

9. Metallic to Longitudinal Balance - The metallic to longitudi
nal balance Is computed using the following equation: 
BMLE = 20 • log (ETRNO, ERX = 0 
where: ETR, VL and ERX are defined in Figure 5. 

10. Four-Wlra to Longitudinal Balance - The 4-wire to longitudi. 
nal balance Is computed using the following equation: 
BFLE = 20 • log (ERXNO, ETR = sourca Is removed. 
where: ERX, VL and ETR are defined in Figure 5. 

11. Two-WiraRaturnLosa - The 2-wire retum loss is computed 
USing the following equation: / 

r = -20 o log (2VMNS) 
where: Zo = The desired Impedance; e.g., the characteristic 
Impedance of the line, nominally 600n. (Reference Figure 6). 
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12. Overload Level (4-Wlre port) - The overload level Is specified 
at the 4-wire transmit port (VTXO) with the signal source (EG) at 
the 2·wire port. IOCMET = 23mA. ZL = 20kn, RSG = 41<0 (Refer
ence Agure 7). Increase the amplitude ofEG until 1% THO Is 
measured at VTXO' Note that the gain from the 2-wire port to 
the 4-wire port is equal to 1. 

13. Output Offset Voltage - The output offset voltage Is specified 
with the fOllowing conditions: EG = O. IOCMET = 23mA. ZL = co 

and is measured at VTX' EG. IOCMET. Vrx and lL are defined 
in Figure 7. Note: IOCMET Is established with a series 6000 
resistor between tip and ring. 

14. Two-Wire to Four-Wire (Metallic to VTJd Voltage Gain - The 
2-wire to 4-wlre (metallic to VTJd voltage gain Is computed 
using the fOllowing equation. 

G2-4 = (Vrx/VTR). EG = OdBmO. VTX. VTR. and EG are defined 
In Figure 7. 

15. Current Gain RSN to Metallic - The current gain RSN to 
Metallic is computed using the fOllowing equation: 

K = 1M [(ROC1 + ROC2)/(VROC - VRSN)] K. 1M. ROC1. ROC2. 
VROC and VRSN are defined In Figure B. 

16. Two-Wire to Four-Wire Frequency Response - The 2-wlre 
to 4-wire frequency response is measured with respect to 
EG = OdBm at 1.0kHz. ERX = OV. IOCMET = 23mA. The fre
quency response is computed using the fOllowing equation: 

F2-4 = 20 0 log (Vrx/VTR). vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vrx. VTR. and EG are defined In Agure 9. 

17. Four-Wire to TWO-Wire Frequency Response - The 4-wlre 
to 2-wire frequency response is measured with respect to ERX 
'= OdBm at 1.0kHz, EG = OV, IOCMET = 23mA. The frequency 
response is computed using the fOllowing equation: 

F 4-2 .; 20 0 log (VTR/ERX), vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

VTR and ERX are defined in Figure 9. 

18. Four-Wire to Four-Wire Frequency Response - The 4-wlre 
to 4-wlre frequency response is measured with respect to ERX 
= OdBm at 1.0kHz. EG = OV. IOCMET = 23mA. The frequency 
response is computed using the fOllowing equation: 

F 4-4 = 20 • log (VTx/ERX). vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

Vrx and ERX are defined in Figure 9. 

19. Two-Wire to Four-Wire Insertion Loss - The 2-wlre to 4-wlre 
insertion loss Is measured with respect to EG = OdBm at 1.0kHz 
input signal. ERX = O. IOCMET = 23mA and Is computed using 
the following equation: 

L2-4 = 20 • log (Vrx/VTR) 
where: Vrx. VTR. and EG are defined In Figure 9. (Note: The 
fuse resistors. RF. impect the insertion loss. The specified 
insertion loss Is fOr RF = 0). 

20. Four-Wire to Two-Wire Insertion Loss • The 4-wlre to 2-wlre 
Insertion loss is measured based upon ERX = OdBm. 1.0kHz 
Input signal. EG = O. IOCMET = 23mA and is computed using 
the following equation: 

L4-2 = 20 • log (VTRIERX) 
where: VTR and ERX are defined In Figure 9. 

21. Two-Wire to Fou .... Wire Gain Tracking - The 2-wire to 4-wlre 
gain tracking is referenced to measurements taken fOr EG = 
-1OdBm. 1.0kHz signal. ERX = O. IOCMET = 23mA and is corn' 
puted using the following equation. 
G2-4 = 20 o log (VTX/VTR) vary amplitude -40dBm to +3dBm. or 
-55dBm to -40dBm and compare to -1OdBm reading. 
Vrx and VTR are defined in Figure 9. 

22. Four-Wire to Two-Wire Gain Tracking - The 4-wlre to 2-wire 
gain trecking is referenced to measurements taken fOr ERX = 
-1OdBm. 1.0kHz signal. EG = O. IOCMET = 23mA and is com
puted using the fOllowing equation: 
G4-2 = 20 • log (VTR/ERX> vary amplitude -4OdBm to +3dBm. 
or -55dBm to -4OdBm and compare to -1OdBm reading. 
VTR and ERX are defined in Figure 9. The level is specified at the 
4-wire receive port and referenced to a 6000 impedance level. 

23. Two-Wire Idle Channel Noise - The 2-wire idle channel noise 
at VTR Is specified with the 2-wlre port terminated In 6000 (Ru 
and with the 4-wlre receive port grounded (Reference Figure 10). 

24. Four-Wire Idle Channel Noise - The 4-wJre Idle channel noise 
at Vrx Is specified with the 2-wlre port terminated in 6000 (At). 
The noise spaciflcation 'Is with respect to a 6000 impedance level 
at Vrx. The 4-wlre receive port Is grounded (Referance Figure 10). 

25. Harmonic Distortion (2-Wlre to 4-Wlre) - The harmonic dis
tortion Is measured with the fOllowing conditions. EG = OdBm at 
1 kHz. IOCMET = 23mA. Measurement taken at Vrx. (Reference 
Figure 7). 

26. HarmonlcDlstortlon(4-Wlret02-Wlre) - The harmonic dis
tortion is measured with the following conditions. ERX = OdBmO. 
Vary frequency between 300Hz and 3.4kHz. i'OCMET = 23mA. 
Measurement taken at VTR' (Reference Figure 9). 

27. Constant Loop Current - The constant loop current Is calcu
lated using the fOllowing equation: 

IL = 2500 I (ROC1 + ROC2) 

28. Standby State Loop Current - The standby state loop current 
is calculated using the fOllowing equallon: 
IL = [IVBATI- 3]1 [RL +1800]. TA = 25°C 

29. PowerSupplyReJectlonRatio - Inject a 100mVRMS signal 
(50Hz to 4kHz) on VBAT. Vee and VEE supplies. PSRR is com
puted using the fOllowing equation: 

PSRR = 20 • log (Vrx/VIN). Vrx and VIN are defined In Figure 11. 
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Pin Descriptions 
PLCC PDlP SYMBOL DESCRIPTION 

1 RINGSENSE Intemally connected to output of RING power amplifier. 

2 7 BGND Battery Ground - To be connected to zero potential. All loop current and longitudinal current flow from this ground. 
Intemally separate from AGND but H is recommended that K is connected to the same potential as AGND. 

4 8 Vee +5V power supply. 

5 9 RINGRLY Ring relay driver output. 

6 10 VeAT Battery supply voltege, -24V to -56V. 

7 11 RSG Saturation guard programming resistor pin. 

8 12 NC This pin Is used during manufacturing. This pin is to be left open for proper SLIC operation . 

9 13 EO TTL compatible logic input. Enables the llET output when set to logic level zero and disables mIT output 
when set to a logic level one. 

11 14 nET Detector output. TTL compatible logic output. A zero logic level indicates that the selected detector was trig-
gered (see Truth Table for selection of Ground Key detector, Loop Current detector or the Ring Trip detector). 
The liEf output is an open collector with an intemal pull-up of approximately 15W to V CC. 

12 15 C2 TTL compatible logic Input. The logic stetes of Cl and C2 determine the operating stetes (Open Circuit, 
Active, Ringing or Stendby) of the SLiC. 

13 16 Cl TTL compatible logic Input. The logic stetes of Cl and C2 determine the operating states (Opan Circuit, 
Active, Ringing or Stendby) of the SLiC. 

14 17 ROC DC feed current programming resistor pin. Constant current feed Is programmed by resistors ROCl and ROC2 
connected In series from this pin to the receive summing node (RSN). The resistor junction point is decoupled 
to AGND to Isolate the AC signal components. 

15 18 AGND Analog ground. 

16 19 RSN Receive Summing Node. The AC and DC current flowing Into this pin establishes the matallic loop current 
that flows between tip and ring. The magnitude of the matallic loop current Is 1000 times greater than the 
current Into the RSN pin. The constent current programming resistors and the networks for program receive 
gain and 2-wire Impedance all connect to this pin. 

18 20 VEE -5V power supply. 

19 21 VTX TransrnH audio output. This output is equivalent to the TI P to RING metallic voHage. The network for pro-
gramming the 2-wire input Impedance connects between this pin and RSN. 

20 22 HPR RING side of ACIDC separation capacitor CHP. CHP Is required to property separate the ring AC current from 
the DC loop current. The other end of CHP Is connected to HPT. 

21 1 HPT TIP side of ACIDC separation capaciior CHP. CHP is required to properly separate the tip AC current from 
the DC loop current. The other end of CHP Is connected to HPR. 

22 2 RD Loop current programming resistor. Resistor Ro sets the trigger level for the loop current detect circuit. A filter 
capacitor Co Is also connected between this pin and VEE. 

23 3 DT Input to ring trip comparator. Ring trip detection Is accomplished by connecting an external network to a 
comparator In the SLIC with inputs DT and DR. 

25 4 DR Input to ring trip comparator. Ring trip detection Is accomplished by connecting an extemal network to a 
comparator In the SLIC with Inputs DT and DR. 

26 TIPSENSE Intemally connected to output of tip power amplifier. 

27 5 TIPX Output of tip power amplHler. 

28 6 RINGX Output of ring power amplifier. 

3,10 NlC No Internal connection. 
17,24 
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Pinouts 
HCS515 HC5515 
(PLCC) (PDIP) 

TOP VIEW TOP VIEW 

j III HPR 
CI ~ , 

~ ~ ! I iI ~ II: DT VEE 

DR 1 RSH 

1 AGND 

RINGRLV DR 1 Roc 

VIAT NIC 1 C1 

RIO DT 1C2 

NC RD 
1 DIT 

1 EO 
EO HPT 

1 NC 
NIC HPR 

D!T VTX 

S U I ~ z ~ ~ K! 
i; ~ 

f 

4-70 



HC5515 

Application Circuit 

CHP (NDTE 32) 

21 HPT 

22RD 

23DT 

25 DR 

27T1PX 

RFI 
TlP.-o'.~~-' ________ ~~ __ ~ ____ ~ 

RING 

RINGING 

(VIAT + HVRMS> 

28RINGX 

2BGND 

4VCC 

5RINGRLY 

8VlAT 

7RsG 

Ul SLIC (Subscriber Line Interface Circuit) 
HC5515 

U2 Combination COOEClRlter e.g. 
C022354A or Programmable COOECI 
Filter. e.g. SLAC 

Coc 1.5I4F. 200/ •• 10V 

CHP 10nF. 20%. 100V (Note 2) 

CRT 0.39j4F. 20%. 100V 

OrC.CRC 2200pF.20%.100V 

Relay Relay. 2C Contacts. 5V Coil 

01 - 04 Diode. 100V. 3A 

Surgector SGT06U13 

Ul HPR20 
An 

VTX111 

VEE 18 -5V Ry 

ASN18 

AGND15 

RDC14 
RDC2 

C113 

C212 

E08 

R,. R3 200kr.l.5%. 1/4W 

R2 910kr.l. 5%. 1I4W 

~ 1.2MO. 5%. 1/4W 

Rs 18.7kn.l%.1/4W 

Ro 39kr.1. 5%. 1/4W 

Roc,. ROC2 41.2kr.1. 5%. 1/4W 

RFB 20.0kr.l. 1 %. 1/4W 

RRX 280kr.l. 1%. 1/4W 

RT 562kr.1. 1%. 1/4W 

RTX 20kr.l. 1%. 1/4W 

RRT 1500. 5%. 2W 

Ra 
RAJ( 

RDCl 

c.!c ""!-

RSG VBAT = -28V. RSG = .. 

RFB 

I 
I 
I CODECIFILTER 10 _______ 

05 Diode. 1 N4454 

RFI. RF2 Line Resistor. 200.1% Match 
VBAT = -48V. RSG = 4.0kr.l. 1/4W 5% 

NOTE: 

30. The anodes of 03 and 04 may be connected direcUy to the VBAT supply if the application is exposed to only low energy transients. For 
harsher environments It Is recommanded that the anodes of 03 and 04 be shorted to ground through a transzorb or surgector. 

31. To meet the speCified 25dB 2-wlre retum loss at 200Hz. CHP needs to be 20nF. 20%. l00V. 

FIGURE 20. APPLICATION CIRCUIT 
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SEMICONDUCTOR 
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Features 
• 01 Monolithic High Voltage Process 

• Programmflble Current Feed (20mA to 60mA) 

HC5523 
SLiC 

Subscriber Line Interface Circuit 

Description 

• Programmable Loop Current Detector Threshold and 

The HC5523 is a subscriber line interface circuit which is 
interchangeable with Ericsson's PBL3764A14 for distributed 
central office applications. Enhancements include immunity 
to circuit latch-up during hot plug and absence of false sig
naling in the presence of longitudinal currents. Battery Feed Characteristics 

• Ground Key and Ring Trip Detection 

• Compatible with Ericsson's PBL3764A14 

• Thermal Shutdown 

• On-Hook Transmission 

• Wide Battery Voltage Range (-24V to -saY) 

• Low Standby Power 

• Meets TR-NWT-D00057 Transmission Requirements 

The HC5523 is fabricated in a High Voltage Oielectrically 
Isolated (01) Bipolar Process that eliminates leakage cur
rents and device latch-up problems normally associated with 
junction isolated ICs. The elimination of the leakage currents 
results in Improved circuit performance for wide temperature 
extremes. The latch free benefit of the 01 process guaran
tees operation under adverse transient conditions. This pro
cess feature makes the HC5523 ideally suited for use In 
harsh outdoor environments. 

• -40°C to 85°C Ambient Temperature Range 

Applications 
OrderlnglnfortnaUon 

• Digital Loop Carrier Systems • Pair Gain 
TEMP. 

PART NUMBER RANGEfC) 

• Flber-In-The-Loop ONUs • POTS 
HC55231M -40 to 85 

• Wireless Local Loop • PABX 

• Hybrid Fiber Coax HC55231P -401085 

• Related Literature 
- AN9632, OperatIon of the HC5523I1S Evaluation Board 

Block Diagratn 

RINGRLY 

DT 

DR 

TIP 

RING 

HPT 
HPR 

AGND 

BGND 

H RING RELAY I 
DRIVER I 

0 RING TRIP 
DETECTOR 

~ 

~ 
2-WlRE -I INTERFACE 

~ 

~ 

-I ,..-

BIAS 

~ 

4-WIRE 
r---t INTERFACE 

r-- VFSIGNAL 
PATH 

(-t LOOP CURRENT 
DETECTOR 

GRDUNDKEY (-t DIGrrAL 
DETECTOR 

MULTIPLEXER 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright @ Harris Corporation 1997 
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HC5523 

Absolute Maximum Ratings 
Temperature, Humidity 

Storage Temperature Range .....•..•........ -65°C to 150°C 
Operating Temperature Range ......••....... -40°C to 110°C 
Operating Junction Temperature Range ........ -40°C to 150°C 

Power Supply (-400C:S; TA:$ 85°C) 
Supply Voltage Vee to GND .........•........... 0.5V to 7V 
Supply Voltage VEE to GND ..••...........••... -7V to 0.5V 
Supply Voltage VBAT to GND . . • . . . . . . . . . . . • • .. -80V to 0.5V 

Ground 
Voltage between AGND and BGND .•........... -0.3V to 0.3V 

Relay Driver 
Ring Relay Supply Voltage .........•....... OV to VBAT +75V 
Ring Relay Current. ••....•....................•... 50mA 

Ring Trip Comparator 
Input Voltage •..........•••.......•....•..... VBAT to OV 
Input Current .•.........................•..• -5mA to 5mA 

Digital Inputs, Outputs (Cl, C2, EO, El, 1)Ef) 
Input Voltage •.•......•....••.•.••.....•••.•. OV to Vee 
Output Voltage (DE'i' Not Active) ....•••••••...... OV to Vee 
Output Current (1)Ef) ............................... 5mA 

Tipx and Ringx Terminals (-40°C :$ TA:S; +85oC) 
Tipx or Ringx Voltage, Continuous (Referenced to GND)VBAT to +2V 
Tlpxor Ringx, Pulse < 1 Oms, TREP > lOs .... VBAT -20Vto +5V 
Tipx or Ringx, Pulse < lOllS, TREP > lOs •... VBAT -40V to +10V 
Tipxor Ringx, Pulse < 250n8, TREP > lOs •.. VBAT -70Vto +15V 
TIpx or Rlngx Current ...•.....•.•.•.•..•....•...... 70mA 

ESD Rating ...........•..•.....•...••.......••..... 500V 

Thermal Information 

Thermal Resistance (Typical, Note 1) 
22 Lead PDIP Package ...•.•..•.•.•.........•. 
28 Lead PLCC Package ..•......•.•••.......•. 

Continuous Power Dissipation at 70°C 
22 Lead PDIP Package ..•.•......•.........•...... 1.5W 
28 Lead PLCC Package ..••...............•.••..... 1.5W 

Package Power Dissipation at 70°C, t < lOOms, tREP > 1 s 
22 Lead PDIP Package .••..•........•.••••...••..•. 4W 
28 Lead PLCC Package .•...•........•...•.•..•...•• 4W 

Derate above .•...................•................• 70°C 
Plastic DIP ••......•••.•........•...••.••.... 18.8mWPC 
PLCC ...........•............•...........• 18.8mWPC 

Maximum Junction Temperature Range .•.......• -400 C to 150°C 
Maximum Storage Temeprature Range •••....... -650C to 1500C 
Maximum Lead Temperature .•••......•••.....••...... 300°C 

(Soldering lOs, PLCC Lead Tips Only) 

Ole Characteristics 
Gate Count ...•••.......•••.•..... 543 Transistors, 51 Diodes 

CAUTION: Stresses abo\18 those listed In "Absolute MBXimum RaUngs" may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other conditions aoo\18 those Indicated Ih the operational sections of this specification is not implied. 

NOTE: 

1. OJA Is measured with the component mounted on an evaluation PC board in Iree air. 

Typical Operating Conditions 
These represent the conditions under which the part was developed and are suggested as guidelines 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Case Temperature -40 - 100 °c 

Vee with Respect to AGND -40°C to 85°C 4.75 - 5.25 V 

VEE with Respect to AGNO -400C to 85°C -5.25 - -4.75 V 

VBAT with Respect to BGND -400C to 85°C -58 - -24 V 

Electrical Specifications TA = -4Q0c to 85OC, vee = +5V ±5%, VEE = -5V ±5%, VBAT = -48\1, AGNO = BGNO = 0\1, ROCI = RDC2 = 
41.2kn, Ro=39kn, Rsa =00, RFI = RF2= 00, CHP= IOnF, Coe= 1.5f1F, Zt..=6OOn, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Overload Level 1% THO, ZL = 8000, (Note 2, Figure 1) 3.1 . - VpEAK 

LongHudinallmpedance (TIp/Ring) o < I < 100Hz (Note 3, Figure 2) - 20 35 WWlre 

VTX 
I'n. 

TIP VTX r-TIP ~ 1VRMS 

3000-~T 

1-
'ZI 19 O<I<100Hz 'ZI 19 

RL fly 
EL C fly 

fIOO{l SOOkCI ~J; 800kCI 

IDCMEl ...r:-I 
ERX 3000 -=- VR 

23mA RRX _ 1 RRX 

RING RSN '" '-J' 
RING RSN 

300kCI ~ 28 18 28 1S 300kCI -
LZT = VyI/Iq LZR " VFIIAR 

FIGURE 1. OVERLOAD LEVEL (TWO-WIRE PORT) FIGURE 2. LONGITUDINAL IMPEDANCE 
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Electrical Specifications TA" -40"c to 85OC, Vee" +5V:t5%, VEE" -5V :t5%, VeAT" -48'1. AGND = BGND = OV, ROCI = RDC2" 
41.2kn, Ro- 391<0, RSG =00, Rt:1 .. Rt:2= 00, CHP= lOnF. Coc" 1.5j1F, Zt. .. 6000, Unless Otherwise 
Specified. All pin number referencee In the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDlll0NS 

LONGITUDINAL CURRENT UMIT (llPIRING) 

Off-Hook (Active) 

On-Hook (Stendby), RL = .. 

388n 

0- np RSN 
'1:1 IS 

C E ~~ 
RD 

-SV 
":' 2.18111' 

0- RING Roc 
368Cl 28 m 14 

No False Detections, (Loop Current), 
LB > 45dB (Note 4, Figure 3A) 

No False Detections (Loop Current) 
(Note 5, Figure 3B) 

- 388n 

~' ROC! EL 
41.2kO 

":' 2.'8I11'T.C RDC2 Coc 

41.21en 
~ 1.511F ":' aaan 

MIN TYP MAX 

27 

8.5 

0- np RSN -
'1:1 IS 

E RD 

-SV 

RDC2 

0- RING Roc 
28 m 14 41.21en 

FIGURE 3A. OFF-HOOK FIGURE 3B. ON-HOOK 

OFF-HOOK LONGITUDINAL BALANCE 

longitudinal to Metallic 

longitudinal to Metallic 

Metallic to longitudinal 

Longitudinal to 4-Wire 

Metallic to longitudinal 

4-Wlre to Longitudinal 

VTX ,. 

FIGURE 3. LONGITUDINAL CURRENT UMIT 

IEEE 455 -1985, RLR, RLT" 3880 
0.2kHz < f < 4.0kHz (Note 6, Figure 4) 

~R' RLT" 3000, O.2kHz < f < 4.OkHz 
(Note 6, Figure 4) 

FCC Part 68, Para 68.310 
0.2kHz < f < 1.0kHz 

100kHz < f < 4.0kHz (Note 7) 

0.2kHz < f < 4.OkHz (Note 8, Figure 4) 

RLR, ~T" 3000, O.2kHz < f < 4.OkHz 
(Note 9, Figure 5) 

0.2kHz < f < 4.0kHz (Note 10, Figure 5) 

Rr 
8001cn JYn 

58 

58 

50 

50 

58 

50 

50 

np 
'1:1 

L...ow'r---1 RING RSN ........... w,r-'O" 
RLR 28 18 3OO1en'" 

aoon hTR 

RLR r ....... .w~ ...... --1 RING 
3000 28 ..... _ ...... 

70 

70 

55 

55 

70 

55 

55 

VTX -,. 
Rr 
8001en 

3OO1en 

UNITS 

mApEAJ<I' 
Wire 

mApEAW 
Wire 

ROC! 
41.21en 

Coc 

:to::L 
1.5111' ":' 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

FIGURE 4. LONGITUDINAL TO METALUC AND 
LONGITUDINAL TO 4-WlRE BALANCE 

FIGURE 5. METALUC TO LONGITUDINAL AND 4-WIRE TO 
LONGITUDINAL BALANCE 

2-Wlre Retum Loss 
CHP= 20nF 

0.2kHz to 0.5kHz (Note 11, Figure 6) 

0.5kHz to 1.0kHz (Note 11, Figure 6) 

1.0kHz to 3.4kHz (Note 11, Figure 6) 
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Electrical Specifications TA =..woc to esoc, vee = +5V ±5%, VEE = -SV ±5%, VBAT = -48v. AGNO. BGNO. Ov. Rocl = RoC2. 
41.21<0. RO=39kn, RSG =00. RFI = Af2=on. CHP= IOnF, CDC = 1.51lF, Zt.. =6OOn. UnI_Otherwise 
Specified. All pin number references In the flguras refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDmONS MIN TYP MAX UNITS 

TIP IDLE VOLTAGE 

Active, IL = 0 - -4 - V 

Standby.IL = 0 - <0 - V 

RING IDLE VOLTAGE 

Active, IL = 0 - -44 - V 

Standby, IL = 0 - >-48 - V 

TIP-RING Open Loop Metallic Voltage. VTR VBAT = -52-V, AsG = on 43 - 47 V 

4-WlRE TRANSMIT PORT (Vnc) 

Overload Level (Zt. > 20kn. 1% THO) (Note 12. Figure 7) 3.1 - - VPEAK 

Output Offset Voltage EG = O. Zt.. = 00, (Note 13. Figure 7) -60 - 60 mV 

Output Impedance (Guarenteed by Design) 0.2kHz < f < 03.4kHz - 5 20 n 
2- to 4-Wlre (MetalliC to VTx) Voltage Gain 0.3kHz < f < 03.4kHz (Note 14, FIgure 7) 0.98 1.0 1.02 VIV 

Zo 

"~J TIP VTX TIP VTX 

··f: 
t 'Z1 I. 'Z1 I. 
Vu - ~I Ry 

-.-J r Ry .. ~=I 1!CIOkn' 1-&DOlin VTX 
ZL 

Z.N RRX RRX 
RING RSH RING RaN 

~ "'-RLR 28 18 300kn* 28 18 3OO1ln 

FIGURE 6. TWO-WIRE RETURN LOSS FIGURE 7. OVERLOAD LEVEL (4-W1RE TRANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2·WIRE TO 4-WlRE 
VOLTAGE GAIN AND HARMONIC DISTORTION 

4-WIRE RECEIVE PORT (RSN) 

DC Voltage IRSN=OmA - 0 - V 

Rx Sum Node Impedance (Gid by DesIgn) 0.2kHz < f < 3.4kHz - - 20 n 
Current Gain-RSN to Metallic O.3kHz < f < 3.4kHz (Note 15. Figure 8) 980 1000 1020 Ratio 

FREQUENCY RESPONSE (OFF-HOOK) 

2-Wire to 4-Wlre OdBm at 1.0kHz, ERX = OV -0.2 - 0.2 dB 
0.3kHz < f < 3.4kHz (Note 16. Figura 9) 

4-Wlre to 2-Wire OdBm at 1.0kHz, EG = OV -0.2 - 0.2 dB 
O.3kHz < f < 3.4kHz (Note 17. Figure 9) 

4-Wlre to 4-Wire OdBm atl.0kHz, Eo = OV -0.2 - 0.2 dB 
0.3kHz < f < 3.4kHz (Note 18. Figure 9) 

INSERTION LOSS 

2-Wlre to 4-Wlre OdBm. 1 kHz (Note 19, Figure 9) -0.2 - 0.2 dB 

4-Wire to 2-Wire OdBm. 1 kHz (Note 20. FIgura 9) -0.2 - 0.2 dB 

GAIN TRACKING (Ref = -10dBm, at 1.0kHz) 

2-Wire to 4-Wlre +3dBm to +7dBm (Note 21, FIgure 9) -0.15 - 0.15 dB 

2-Wlre to 4-Wlre -4OdBm to +3dBm (Note 21, Figure 9) -0.1 - 0.1 dB 
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Electrical Specifications TA =...woc to ssOC, vee = +5V :t5%, VEE = -5V:t5%, VBAT = -48V, AGND = BGND = OV, ROC1 = ROC2 = 
41.2kn, Ro=39I<11, RSG=OO, RF1 = RF2=on; CHP= IOnF, COc= 1.511F, ~ = 6000, Unless Otherwise 
Specified. All pin number references In the figures reier10 the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

2-Wire to 4-Wlre -55dBm to -4OdBm (Note 21, Figure 9) -0.2 - 0.2 dB 

4-Wlre to 2-Wlre -40dBm to +7dBm (Note 22, Rgure 9) -0.1 - 0.1 dB 

4-Wlre to 2-Wire -55dBm to -4OdBm (Note 22, Figure 9) -0.2 - 0.2 dB 

GRX = «VTR1- VTR2)(300k)Y(-3)(600) 

Where: VTR1 Is the Tip to Ring Voltage with VRSN = OV 
and VTR2ls the Tip to Ring Voltage with VRSN = -3V VRSN"'OV 

RRX 
OVi;'SN--3V 

C 

r'1 

f 
TIP RSN TIP V 
%7 16 300kn RL 

I~M~ 
%7 19 

6000 H,-
RL R~l 600kn 

600n 41.2kQ VTR ~I 
ROCZ c~ 1/mC<~~ RRX 

ERX 

- RING R~ ~ RING RSN ~ 28 14 41.2kn 1.511F = 28 16 300kn 

FIGURE 8. CURRENT GAIN-RSN TO METALUC FIGURE 9. FREQUENCY RESPONSE, INSERTION LOSS, 
GAIN TRACKING AND HARMONIC DISTORTION 

NOISE 

Idle Channel Noise at 2-Wire C-Message Weighting (Note 23, Rgure 10) . 8.5 - dBrnC 

Psophometrlcal Weighting - -81.5 dBrnp 
(Note 23, Figure 10) 

Idle Channel NoIse at 4-Wire C-Message Weighting (Note 24, Figure 10) . 8.5 - dBmC 

Psophometrlcal Weighting - -81.5 - dBmp 
(Note 23, Figure 10) 

HARMONIC DISTORTION 

2-Wire to 4-Wlre OdBm, 1 kHz (Note 25, Figure 7) - -65 -54 dB 

4-Wlre to 2-Wire OdBm, 0.3kHz to 3.4kHz (Note 26, Figure 9) - -65 -54 dB 

BATTERY FEED CHARACTERISTICS 

Constant Loop Current Tolerance Il = 2500l(ROC1 + ROC2), 0.921l Il 1.081l rnA 
Rocx = 41.21<11 -40°C to 85°C (Note 27) 

Loop Current Tolerance (Standby) Il = (VBAT-3Y(Rl +1800), 0.81l Il 1.21l mA 
-400C to 85°C (Note 28) 

Open Circuit Voltege (VTIP - VRING) -40°C to 85°C, (Active) RSG = 00 14 16.67 20 V 

LOOP CURRENT DETECTOR 

On-HOOk to Off·Hook Ro = 391<11, -40oC to 85°C 3721RO 465lRo 558/Ro mA 

Off-Hook to On-Hook Ro .. 391<11, _40°C to 85°C 325lRo 405IRo 4851Ro rnA 

Loop Current Hysteresis RO = 39k1l, -40°C to 85°C 251RO 6O/Ro 951RO rnA 

GROUND KEY DETECTOR 

TlplRing Current Difference - Trigger (Nota 29, Rgure 11) 8 12 17 rnA 

TlplRlng CUrrent Difference· Reset (Nota 29, Figure 11) 3 7 12 mA 

Hystaresis (Note 29, Figure 11) 0 5 9 rnA 
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Electrical Specifications TA = -40"C to 85°C, vee = +5V ±5%, VEE = -5V ±5%, VBAT = -48V, AGND = BGND = OV, ROCI = ROC2 = 
41.2kn, Ro=39kn, RSG =00, RFI = RF2 = 00, CHP= IOnF. CDC = 1.5j.lF. Zt. =6000, Unless Otherwise 
Specifll!d. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TIP RSN 
TIP VTX 27 16 

~l 
71 19 

l~ 
ROC1 

RL lIT 41.2kn 
aoon 800kn 

.r&-
RDC2 Coc 

RRl( RING Roc ~ RING RSN 28 II!T 14 41.2kn 1.511F = 
28 16 300kn -? 

I. EI" C1- 0, Cz-l 

RGURE 10. IDLE CHANNEL NOISE FIGURE 11. GROUND KEY DETECT 

RING TRIP DETECTOR (DT, DR) 

Offset Voltage Source Res = 0 -20 - 20 mV 

Input Bias Current Source Res = 0 -360 - 360 nA 

Input Common-Mode Range Source Res s 0 VBAl+l - 0 V 

Input Resistance Source Res = 0, Unbalanced 1 - - MO 

Source Res = 0, Balanced 3 - MO 

RING RELAY DRIVER 

VSAlat25mA IOL=25mA - 0.2 0.6 V 

Off-State Leakage Current VOH= 12V - - 10 IlA 
DIGIT AL.INPUTS (EO, El, Cl, C2) 

Input Low Voltage, VIL 0 - 0.8 V 

Input High Voltage, VIH 2 - VCC V 

Input Low Current, IlL: Cl, C2 VIL=0.4V -200 - - j.lA 

Input Low Current, IlL: EO, El VIL=0.4V -100 - - j.lA 

Input High Current VIH= 2.4V - - 40 j.lA 

DETECTOR OUTPUT (DE'i') 

Output Low Voltage, VOL IOL=2mA - - 0.45 V 

Output High Voltage, VOH IOH= 1001lA 2.7 - - V 

Intemal Pull-Up Resistor 10 15 20 kll 

POWER DISSIPATION (VBAl =-48V) 

Open Circuit State Cl =C2=0 - 26.3 41 mW 

On-Hook, Standby Cl =C2= 1 - 37.5 57 mW 

On-Hook, Active Cl = 0, C2 = 1, RL = High Impedance - 110 216 mW 

Off-Hook, Active Cl = 0,C2= 1, RL = 6000 - 1.1 1.4 W 

TEMPERATURE GUARD 

Thermal Shutdown 150 - 180 °c 
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Electrical Specifications TA" -400C to 85°C, VCC" +5V ±5%, VEE" -5V ±5%, VBAT" -48v. AGND .. BGND .. Ov. ROC1 = RoC2 = 
41.21<0, RO=39kn, RSG =00, RF1 = ~2=on,CHP= lOnF, COC .. 1.51lF, Zt..=6OOn, Unless Otherwise 
Specified. All pin number references In the figures refer to the 2B lead PlCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

SUPPLY CURRENTS (VBAT = -28V) 

Open Circuit State (Cl, 2 = 0, 0) Icc - 1.3 2.0 mA 
On-Hook 

lEE - 0.6 0.9 rnA 

IBAT - 0.35 0.55 rnA 

Standby State (Cl, 2 = 1, 1) ICC - 1.6 2.25 mA 
On-Hook 

lEE - 0.62 0.9 rnA 

IBAT - 0.55 0.85 rnA 

Active State (Cl, 2 = 0, 1) ICC - 3.7 5.8 mA 
On-Hook 

lEE - 1.1 1.8 mA 

IBAT - 2.2 3.7 rnA 

PSRR 

Vee to 2 or 4-Wlre Port (Nota 3D, Figure 12) - 40 - dB 

VEE to 2 or 4-Wire Port (Nota 30, Figure 12) - 40 - dB 

VBAT to 2 or 4-Wlre Port (Note 3D, Figure 12) - 40 - dB 

-48VSUPPLY 
.&:":1.. 1oomVRMS, 50Hz TO 4kHz 

+6VSUPPLY 
~VSUPPLY 

'J I 
TIP VTX 
~ 18 I ..... " .. "'''''' RL fir 

HCUl 100110 VTX 

RRX 
RING RSN 

.~ 28 18 300110 

FIGURE 12. POWER SUPPLY REJECTION RATIO 

Circuit Operation and Design Information 

The HC5523 is a current feed voltage sense Subscriber '-ine 
Interlace Circuit (SLlC). This means that ·.for short loop 
applications the SLiC provides a programed constant 
current to the tip and ring terminals while sensing the tip to 
ring voltage. 

The following discussion separates the SLiC'S operation Into 
its DC and AC path, then follows up with additional circuit 
and design information. 

Constant Loop Current (DC) Path 

SLiC In the Active Mode 

The DC path establishes a constant loop current that flows 
out of tip and Into the ring terminal. The loop current is pro
grammed by resistors ROC1, ROC2 and the voltage on the 
Roc pin (Figure 13). The Roc voltage is determined by the 
voltage across Rl in the saturation guard circuit. Under con
stant current feed conditions, the voRage drop across Rl 
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FIGURE 13. DC LOOP CURRENT 

sets the RoC voltage to -2.5V. This occurs when current 
flows through R, into the current source 12. The ROC voltage 
establishes a current (IRSN) that is equal to VRocl(ROC1 
+ROC2). This current is then multiplied by 1000, in the loop 
current circuit, to become the tip and ring loop currents. 

For the purpose of the following discussion, the saturation 
guard voltage is defined as the maximum tip to ring voltage 
at which the SLiC can provide a constant current for a given 
battery and overhead voltage. 

For loop resistances that result in a tip to ring voltage less 
than the saturation guard voltage the loop current is defined 
as: 

I = 2.5V x 1000 
L ROC1 +ROC2 

(EO. 1) 

where: IL = Constant loop current. 

ROC1 and ROC2 = Loop current programming resistors. 

Capacitor Coc between ROC1 and ROC2 removes the VF 
Signals from the battery feed control loop. The value of CDC 
is determined by Equation 2: 

C = TX(_'_+_'_) 
OC ROC1 ROC2 

(EO. 2) 

where T = 30ms 

NOTE: The minimum COC value is obtained if ROC1 = ROC2 

Figure 14 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a on loop resistance 
both tip and ring are at VBATI2. As the loop resistance 
increases, so does the voltage differential between tip and 
ring. When this differential voltage becomes equal to the sat
uration guard voltage, the operation of the SLiC's loop feed 
changes from a constant current feed to a resistive feed. The 
loop current in the resistive feed region is no longer constant 
but varies as a function of the loop resistance. 

VBAT .. -48V, IL • 23mA, Rsa .. 4.0kn 
o SATURATION _ T VT1P 

GUARO VC;X-TAGE ./' 

CONSTANT CURRENT RESISTIVE FEED 
~DREGION REGION 

K:. 
.......... 
~ 

~TURATION ......... 
GUARD VOLTAGE -

~ 
o UK 

LOOP RESISTANCE (0) 

FIGURE 14. VTR VB RL 

Figure 15 shoIIvs the relationship between the saturation guard 
voltage, the loop current and the loop resistance. Notice from 
Figure 15 that for a loop resistance <1.2kn (RsG = 4.Okn) the 
SLiC is operating in the constant current feed region and for 
resistances > 1.2kn the SLiC is operating in the resistive feed 
region. Operation in the resistille feed region allows long loop 
and oil-hook transmission by keeping the tip and ring voltages off 
the ralls. Operation in this region is transparent to the customer. 

50 
-- VBAT • -48V, Rsa .. 4.0kn --I 

'""--- VBAT .. -24V, Rsa • 00 

i-RESISTIV~ FEED 
r- REG~N 1 

;::::~:OBJi ANT CURRENT 
EGlON 

SATU RATION GUARD 
E, VTR-38V VOLTAG 

I 
J 
I 

--SATU RATION GUARD 
E, VTR .. 13V VOLTAG 

I 
10 20 30 

LOOP CURRENT (mA) 

4kn 

1.Skn 

2kn 

7000 
<1.2kn I Rsa • 4.0kn 
<4000 • Rsa .. 000 

FIGURE 15. VTR VB IL and RL 
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The Saturation Guard circuit (Figure 13) monitors the tip to 
ring voltage via the transconductance amplifier A1. A1 gen
erates a current that Is proportional to the tip to ring voltage 
qifference. 11 is Internally set to sink all of A1'S current until 
the tip to ring voltage exceeds 12.5V. When the tip to ring 
voltage exceeds 12.5V (with no RSG resistor) A1 supplies 
more current than 11 can sink. When this happens A2 ampli
fies its Input current by a factor of 12 and the current through 
R1 becomes the difference between 12 and the output cur
rent from A2. As the current from A2 increases, the voltage 
across R1 decreases and the output voltage on Roc 
decreases. This results in a corresponding decrease In the 
loop current. The RSG pin provides the ability to increase the 
saturation guard reference voltage beyond 12.5V. Equation 3 
gives the relationship between the RSG resistor value and 
the programmable saturation guard reference voltage: 

5.105 
VSGREF = 12.5+RSG+17300 
where: 

VSGREF = Saturation Guard reference voltage. 

RSG = Saturation Guard programming resistor. 

(EQ.3) 

When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated using Equation 4: 

For on-hook transmission RL = 00, Equation 6 reduces to: 
5 

R - 5.10 -17300 (EQ 7) 
SG -IVBATI-VMAR-16.66V • 

SLiC In the Standby Mode 

Overall system power Is saved by configuring the SUC In the 
standby state when not In use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between tip to ground and ring to VBAT. This con
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SUC is configured In the active mode for voice 
transmission. The loop current In standby state is calculated 
as follows: 

'L J' BATI- 3V 
RL +18000 

where: 

IL = Loop current In the standby state. 

RL = Loop resistance. 

VBAT = Battery voltage. 

(EQ.B) 

(EQ.4) (AC) Transmission Path 

SLIC In the Active Mode 

where: 

VTR = Voltage differential between tip and ring. 

RL = Loop resistance. 

For on-hook transmission RL = 00, Equation 4 reduces to: 

(EQ.5) 

The value of RSG should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without Clipping 
the incoming or outgoing VF signal. A voltage margin of -4V 
on tip and -4V on ring, for a total. of -8V margin, is recom
mended as a general guideline. The value of RSG is calcu-

lated U[Sing Equation 6: 5 . 1 
R = 5. 10 -17300 

SG (ROC1 + ROC2) 
<jVBATI-VMAR)X(l+ 600RL )-16.6SV 

(EQ.6) 

where: 

VBAT = Battery voltage. 

VMAR = Voltage Margin. Recommended value of -8V to 
allow a maximum overload level of 3.1V peak. 

Figure 16 shows a simplified AC transmission model. Circuit 
analysis yields the following design equations: 

(EQ.9) 

(EQ.10) 

(EQ.11) 

where: 

VTR = Is the AC metallic voltage between tip and ring, 
including the voltage drop across the fuse resistors RF. 

VTX = Is the AC metallic voltage. Either at the ground refer
enced 4-wire side or the SUC tip and ring terminals. 

1M = Is the AC metallic current. 

RF = Is a fuse resistor. 

ZT = Is used to set the SUC's 2-wire impedance. 

VRX = Is the analog ground referenced receive signal. 

ZRX = Is used to set the 4-wire to 2-wire gain. 

EG = Is the AC open circuit voltage. 

ZL = Is the line impedance. 
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1M 
TIP -

I RF 
I 
I 
I 
I ZT!!..,I + 
I VTX 

+ 

RING 

HC5523 

FIGURE 16. SIMPLIFIED AC TRANSMISSION CIRCUIT 

(AC) 2-Wire Impedance 

The AC 2-wire impedance (ZTR) is the Impedance looking 
into the SLlC, including the fuse resistors, and is calculated 
as follows: 

Let VRX = O. Then from Equation 10 

ZTR is defined as: 

VTR 
ZTR = -1-

M 

Substituting In Equation 9 for VTR 

VTX 2RF o iM 
ZTR = 1M + -I-M-

Substituting in Equation 12 for VTX 

(EO. 12) 

(EO. 13) 

(EO. 14) 

(EO. 15) 

(AC) 2-Wire to 4-Wire Gain 

The 2-wire to 4-wire gain is equal to VTX' VTR 

From Equations 9 and 10 with VRX = 0 

VTX ZT1 1 000 
A2 _ 4 = VTR = ZT/1000+2RF 

(AC) 4-Wlre to 2-Wlre Gain 

The 4-wire to 2-wire gain is equal to VTRNRX 

From Equations 9, 10 and 11 with EG = 0 

VTR ZT ZL 
A4 _ 2 = VRX = -ZRX 0 ZT 

1000+2RF+ZL 

(EO. 17) 

(EO. 18) 

For applications where the 2-wire impedance (ZTR, 
Equation 15) is chosen to equal the line impedance (ZtJ, the 
expression for ~-2 simplifies to: 

(EO. 19) 

(AC) 4-Wlre to 4-Wlre Gain 
Therefore 

ZT = 10000 (ZTR - 2RF) 

The 4-wire to 4-wire gain is equal to VTXfVRX 

(EO. 16) From Equations 9, 10 and 11 with EG = 0 

Equation 16 can now be used to match the SLiC's imped
ance to any known line impedance (ZTR). 

Example: 

Calculate ZT to make ZTR = 6000 in series with 2.1611F. 
RF=20C. 

ZT = 560kC In series with 2.16nF 

(EO. 20) 

Transhybrid Circuit 
The purpose of the transhybrid circuit is to remove the 
receive signal (VRX) from the transmit sighal (VTX), thereby 
preventing an echo on the transmit side. This is 
accomplished by using an external op amp (usually part of 
the COOEC) and by the inversion of the signal from the 
4-wire receive port (RSN) to the 4-wlre transmit port (Vrx). 
Figure 17 shows the transhybrid circuit. The input signal will 
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be subtracted from the output signal if '1 equals '2. Node 
analysis yields the following equation: 

VTX+VRX=o 
RTX Zs 

The value of ZB is then 

VRX 
Zs = -RTX·VTX 

Where VRxNTX equals 1/ A.t-4 
Therefore 

Example: 

(EQ,21) 

(EQ.22) 

(EQ.23) 

Given: RTX = 20kn, ZRX = 280kO, ZT = 562kn (standard 
value), RF = 200 and Z = 6000 

The value of ZB = 18.7kn 

i2 
VTX Rrx -

III 
HC5523 

RSN 
lAx 

-=- + 
VTX 

+ 
+ 

VRX 

.I -=-
CODECI 
FILTER 

FIGURE 17. TRANSHYBRID CIRCUIT 

Supervisory Functions 
The loop current, ground key and the ring trip detector out
puts are multiplexed to a single logic output pin called DE'f. 
See Table 1 to determine the active detector for a given logic 
input. For further discussion of the logic circuitry see section 
tiUed "Digital Logic Inputs·. 

Before proceeding wHh an explanation of the loop current 
detector, ground key detector and later the longitudinallmped
ance, it is important to understand the difference between a 
"metallic" and "longitudinar loop currents. Figure 18 illustrates 
3 dHferent types of loop current encountered. 

Case 1 illustrates the metallic loop current. The definition of 
, a metallic loop current is when equal currents flow out of tip 

and into ring. Loop current is a metallic current. 

Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current is a common mode 
current, that flows either out of or into tip and ring 
simultaneously. Longitudinal currents in the on-hook state 
result in equal currents flowing through the sense resistors 
R1 and R2 (Figure 18). And longitudinal currents in the off
hook state result in unequal currents flowing through the 
sense resistors Rt and R2' Notice that for case 2, 
longitudinal currents flowing away from the SLlC, the current 
through Rt is the metallic loop current pll-ls the longitudinal 
current; whereas the current through R2 is the metallic loop 
current minus the longitudinal current. Longitudinal currents 
are generated when the phone line is influenced by 
magnetic fields (e.g. power lines). 

Loop Current Detector 

Figure 18 shows a Simplified schematic of the loop current 
and ground key detectorS. The loop current detector works 
by sensing the metallic current flowing through resistors Rt 
and R2. This results in a current (IRO) out of the transcon
ductance amplifier (gmt) that is equal to the product of gmt 
and the metallic loop current. 'RO then flows out the Ro pin 
and through resistor Ro to VEE. The value of IRO is equal to: 

_ IITIP -IRINGI _ IL (EQ.24) 
IRO - 600 - 300 

The 'RO current results in a voltage drop across Ro that is 
compared to an internal 1.25V reference voltage. When the 
voltage drop across Ro exceeds 1.25V, and the logic is con
figured for loop current detection, the f5Ef pin goes low. 

The hysteresis resistor RH adds an additional voltage effec
tively across ROo causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking into account the hysteresis voltage, the typical value 
of RO for the on-hook to off-hook condition is: 

R _ 465 

o - ION _ HOOK to OFF - HOOK 
(EQ.25) 

Taking into account the hysteresis voltage, the typical value 
of RO for the off-hook to on-hook condition is: 

Ro = IOFF _ HOO:~: ON _ HOOK (EQ.26) 

A filter capacitor (CD) in parallel with RO will improve the 
accuracy of the trip point in a noisy environment. The value 
of this capaCitor is calculated using the following Equation: 

Co = .I.. (EQ. 27) 
Ro 

where: T = 0.5ms 

Ground Key Detector 

A simplified schematic of the ground key detector is shown 
in Figure 18. Ground key, is the process in which the ring ter
minal is shorted to ground for the purpose of signaling an 
Operator or seizing a phone line (between the Central Office 
and a Private Branch Exchange). The Ground Key detector 
is activated when unequal current flow through resistors R1 
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-
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COMPARATOR 

lI'"2ltnP - IRING) -
+ -
VREF 
1.25V 

---------------------------------_. FIGURE 18. LOOP CURRENT AND GROUND KEY DETECTORS 

and R2. This results in a current (IGK) out of the transcon
ductance amplifier (gm2) that is equal to the product of gm2 
and the differential (ITIP -IRING) loop current. If IGK Is less 
than the internal current source (11)' then diode 01 is on and 
the output of the ground key comparator Is low. If IGK is 
greater than the internal current source (11). then diode 02 Is 
on and the output of the ground key comparator is high. With 
the output of the ground key comparator high. and the logic 
configured for ground key detect. the DET pin goes low. The 
ground key detector has a built in hysteresiS of typically 5mA 
between its trigger and reset values. 

Ring trip Detector 

Ring trip detection Is accomplished with the internal ring trip 
comparator and the external circuitry shown in Figure 19. 
The process of ring trip is initiated when the logic input pins 
are in the following states: EO = O. E1 = 1/0. C1 = 1 and 
C2 = O. This logic condition connects the ring trip compara
tor to the DET output. and causes the Ringrly pin to energize 
the ring relay. The ring relay connects the lip and ring of the 
phone to the external circuitry in Figure 19. When the phone 
is on-hook the DT pin is more positive than the DR pin and 
the DET output is high. For off-hook conditions DR is more 
positive than DT and DET goes low. When DET goes low. 
indicating that the phone has gone off-hook. the SLiC Is 
commanded by the logic inputs to go into the active state. In 
the active state. tip and ring are once again connected to the 
phone and normal operation ensues. 

Figure 19 illustrates battery backed unbalanced ring injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The DET output will toggle at 20Hz because the DT Input Is 
not completely filtered by CRT. Software can examine the duty cycle 
and determine If the DET pin Is low for more that half the time. If so 
the off-hook condition is indicated. 

RINO 
RELAY 

r------- .. 

DRI 

: RINOTAIP 
I COMPARATOR 
I 
I 
I 
I 
I 

RINORLY I 

HC5523 
10 _______ • 

FIGURE 19. RING TRIP CIRCUIT FOR BATTERY BACKED 
RINGING 

Longitudinal Impedance 

The feedback loop described In Figure 20(A. B) realizes the 
desired longitudinal impedances from tip to ground and from 
ring to ground. Nominal longitudinal impedance Is resistive 
and in the order of 22'1. 

In the presence of longitudinal currents this circuit attenu
ates the voltages that would otherwise appear at the tip and 
ring terminals. to levels well within the common mode range 
of the SLiC. In fact. iongitudlnal currents may exceed the 
programmed DC loop current without disturbing the SLIC's 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring 
voltages symmetrically around VBf(f12. In the presence of 
longitudinal currents. The differential transconductance 
amplifiers GT and GR accomplish this by sourcing or sinking 
the required current to maintain V C at VBATI2. 
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When a longitudinal current Is Injected onto the tip and ring 
inputs, the voltage at Ve moves from it's equilibrium value 
VBATI2. When Ve changes by the amount DVC, this change 
appears between the input terminals of the ·differentlal 
transconductance amplifiers Gr and GR. The output of GT 
and GR are the differential currents 411 and 412' which in 
tum feed the differential inputs of current sources IT and IR 
respectively. IT and IR have current gains of 250 single 
ended and 500 differentially, thus leading to a change In IT 
and IR that Is equal to 500(41) and 500(412)' 

The circuit shown in Figure 20(B) illustrates the tip side of 
the longitudinal network. The advantages of a. differential 
Input current source are: improved noise since the noise due 
to current source 210 is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier inputs via the two 5kn resistors. 

Digital Logic Inputs 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5523 has two enable Inputs pins (EO, E1) 
and two control Inputs pins (C1, C2). 

The enable pin EO Is used to enable or disable the DET out
put pin. The DET pin is enabled if EO is at a logic level 0 and 
disabled If EO is at a logic level 1. 

The enable pin E1 gates the ground key detector to the DET 
output with a logic level 0, and gates the loop or ring trip 
detector to the J)Ef butput with a logic level 1. 

A combination of the control pins C1 and C2 is used to 
select 1 of the 4 possible operating states. A description of 
each operating state and the control logic follow: 

Open Circuit State (C1 = 0, C2 = 0) 

In this state the SLIC is effectively off. All detectors and both the 
tip and ring line drive amplifiers are powered down, presenting a 
high impedance to the line. Power dissipation Is at a minimum. 

Active State (C1 = 0, C2 = 1) 

The tip output Is capable of sourcing loop current and for 
open circuit conditions is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions is about VBAT +4V. VF signal transmission is nor
mal. The loop current and ground key detectors are both 
active, EO and E1 determine which detector is gated to the 
J)Ef output. 

Ringing State (C1 = 1, C2 = 0) 

The ring relay driver and the ring trip detector are activated. 
Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (C1 = 1, C2 = 1) 

Both the tip and ring line drive amplifiers are powered down. 
Internal resistors are connected between tip to ground and 
ring to VBAT to allow loop current detect in an off-hook condi
tion. The loop current and ground key detectors are both 
active, EO and E1 determine which detector is gated to the 
DEToutput. 

AC Transmission Circuit Stability 
To ensure stability of the AC transmission feedback loop two 
compensation capacitors Cre and CRe are required. 
Figure 21 (Application Circuit) illustrates their use. Recom
mended value is 2200pF. 

.---- .. -- .. --- ... 

+ 
tNT 

-:!; 

ILONG -

RLARGE 

+ .RING 
<iVR • 
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FIGURE 20. LONGITUDINAL IMPEDANCE NETWORK 
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SLiC Operating States 
TABLE 1. LOGIC TRunt TABLE 

EO E1 C1 C2 SUC OPERATING STATE ACTIVE DETECTOR ~OU~UT 

0 0 0 0 Open Circuit 

0 0 0 1 Active 

0 0 1 0 Ringing 

0 0 1 1 Standby 

0 1 0 0 Open Circuit 

0 1 0 1 Active 

0 1 1 0 Ringing 

0 1 1 1 Standby 

1 0 0 0 Open Circuit 

1 0 0 1 Active 

1 0 1 0 Ringing 

1 0 1 1 Standby 

1 1 0 0 Open Circuit 

1 1 0 1 Active 

1 1 1 0 Ringing 

1 1 1 1 Standby 

AC-DC Separation Capacitor, CHP 

The high pass filter capacitor connected between pins HPT 
and HPR provides the separation between circuits senSing 
tip to ring DC conditions and circuits processing AC signals. 
A 10nf CHP will position the low end frequency response 
3dB break point at 48Hz. Where: 

f _ 1 
3dB - (2olto RHP 0 CHP) 

(EQ.28) 

where RHP = 330kn 

Thermal Shutdown Protection 

The HC5523's thermal shutdown protection is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160°C. If this happens, the SLiC goes into 
a high impedance state and will remain there until the tem
perature of the die cools down by about 20°C. The SLiC will 
retum back to its normal operating mode, providing the fault 
condition has been removed. 

Surge Voltage Protection 

The HC5523 must be protected against surge voltages and 
power crosses. Refer to "Maximum Ratings' TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown in Figure 20 uti
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a cou
ple of volts above ground via diodes 01 and 02' Under nor
mal operating conditions 01 and 02 are reverse biased and 
out of the circuit. 

No Active Detector Logic Level High 

Ground Key Detector Ground Key Status 

No Active Detector Logic Level High 

Ground Key Detector Ground Key Status 

No Active Detector Logic Level High 

Loop Current Detector Loop Current Status 

Ring Trip Detector Ring Trip Status 

Loop Current Detector Loop Current Status 

No Active Detactor 

Ground Key Detector 

No Active Detector 

Ground Key Detector 

logic Level High 

No Active Detector 

Loop Current Detector 

Ring Trip Detector 
Loop Current Detector 

Negative transients on tip and ring are clamped to within a cou
ple of volts below ground via diodes Da and 04 with the help of 
a Surgector. The Surgector is required to block conduction 
through diodes Da and 04 under ncrmal operating conditions 
and allows negative surges to be retumed to system ground. 

In applications where only low energy transients «300V) are 
,possible, diodes 03 and 04 could be connected to VBATo 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge protec
tion is for low level transients only and will subject the batter
ies to negative voltage surges. 

The fuse resistors (RF) serve a dual purpose of being non
destructive power dissipaters during surge and fuses when 
the line in exposed to a power cross. 

Power-Up Sequence 

The HC5523 has no required power-up sequence. This is a 
result of the Dielectrically Isolated (01) process used in the 
fabrication of the part. By using the 01 process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated ICs. 

Printed Circuit Board Layout 

Care in the printed circuit board layout is eSsential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as poSSible, to limit the interfer
ence that might be injected into the RSN terminal. It is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 

4-85 



HC5523 

Notes 
2. Overload Level (Two-Wire port) - The overload level is speci· 

fled at \he 2·wlre port (VTRO) with the signal source at the 4-wlre 
receive port (ERX>. IOCMET = 231M. RSG = 41<0, increase the 
amplitude of ERl{ until 1% THO Is measured at VTR() Reference 
Figure 1; 

3. Longitudlnallmpedance - The longitudinal impedance is 
computed using the following equations. where TIP and RING 
voltages are referenced to ground. LZT. LZR. VT. YR. ~ and Ar 
are defined in Figure 2. 

(TIP) LZT = VT/Ar 

(RING) LZR = VR/~ 
where: EL" 1VRMS (OHz to 100Hz) 

4. Longitudinal Curr.nt Limit (Off-Hook Active) - Off·Hook 
(Active. C1 .. 1. C2 .. 0) longitudinal current limit Is det.rmlned 
by increasing the amplitude of EL (Figure 3A) until the 2-wire 
longitudinal balance drops below 45dB. DET pin remains low 
(no false datectlon). 

5. Longitudinal Current Limit (On-Hook Standby) - On·Hook 
(Active. C1 = 1. C2 = 1) longitudinal current limit Is datermined 
by increasing the amplitude of EL (Figure 3B) until the 2·wlre 
longitudinal balance drops below 45dB. l5ET pin remains high 
(no false detection). . 

6. Longitudinal to Metallic Balance - The longitudinal to metal· 
lic balance Is computed using the following equation: 

BLME = 20 • log (Et.NTR). where: EL and VTR are defined In 
Figure 4. 

7. Metallic to longitudinal FCC Part 68, Para 68.310 - The 
metallic to longitudinal balance is defined In this spec. 

8. longitudinal to Fou .... Wlre Balance - The longitudinal to 4-wire 
balance is computed using the following equation: 

BLFE = 20 • log (ELNTX).: EL and VTX are defined In Figure 4. 

9. Metallic to longitudinal Balance - The metallic to Iongltudl· 
nal balance Is computed using the followtng equation: 

BMLE .. 20 • log (ETRNLl. ERl{ = 0 

where: ETR. VL and ERJ( are defined in Figure 5. 

10. Fou .... Wlra to Longitudinal Balance - The 4-wlre to Iongltudl· 
nal balance is computed using the following equation: 

BFLE = 20 • log (ERl{NLl. ETR" source Is removed. 
where: ERJ(. VL and ETR are defined In Figure 5. 

11. lWo-Wlre Return Lo •• - The 2·wire retum loss is computed 
using \he following equation: 

r = ·20 • log (2VMNs) 

where: Zo .. The desired Impedance; e.g.. the characteristic 
impedance of tha line. nominally 6000. (Reference Figure 6). 

12. OverloadLeveI(4-Wlreport) .- The overload level Is specified 
at the 4-wlre transmit port (VTXO) with tha Signal source (EG) at 
the 2·wlre port. IOCMET .. 23mA. ZL .. 201<0, RSG .. 4kn (Refer· 
ence Figure 7). Increase the amplitude of ~ until 1% THO Is 
measured at VTXo- Note that the gain from the 2·wlre port to 
the 4-wlre port Is equal to 1. 

13. OutputOff8etVoltage - The output offset voltage is specified 
with the following conditions: EG .. O. IOCMET .. 23mA. ZL = .. 
and is measured at VTX. EG. IOCMET. VTX and ZL are defined 
in Figure 7. Note: IOCMET is established with a series 6000 
reSistor between tip and ring. 

14. lWo-Wlre to Fou .... Wlra (Metallic to VTXl Voltage Gain - The 
2·wlre to 4-wire (metallic to VTxl voltage gain is computed 
using the following equation. 

G2.4 = (VTXNTR). EG = OdBmO. VTX. VTR. and EG are defined 
in Figure 7. 

15. Current Gain RSN to Metallic - The current gain RSN to 
Metallic is computed using the following equation: 

K = 1M [(ROC1 + ROC2)1(VROC • VRSN)) K. 1M. ROC1. ROC2. 
VROC and VRSN are defined in Figure B. 

16. lWo-Wlrato Fou .... Wlre Frequ.ncy Response - The 2·wlre 
to 4-wire frequency response is measured with respect to 
EG = OdBm at 1.0kHz. ERJ( = OV. IOCMET = 23mA. The fre
quency response is computed using the following equation: 

F2.4 = 20 • log (VTXNTR). vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

VTX. VTR. and EG are defined in Figure 9. 

17. Four-WlretolWo-Wlr.FrequencyRespons. - The 4·wlre 
to 2·wire frequency response Is measured with respect to ERl{ 
= OdBm at 1.0kHz. EG = OV. IOCMET = 23mA. The frequency 
response is computed using the following equation: 

F 4-2 = 20 • log (VTRIERX>. vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

VTR and ERJ( are defined in Figure 9. 

18. Fou .... WlretciFou .... WlraFrequencyRespon •• - Th. 4·wire 
to 4·wire frequency response is measured with respect to ERX 
= OdBm at 1.0kHz. ~ .. OV. IOCMET = 23mA. The frequency 
reaponse is computed using the following equation: 

F 4-4 = 20 • log (VTX/ERxl. vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 

VTX and ERJ( are defined in Figure 9. 

19. lWo-WiretoFou .... WlralnsertionLo •• - The 2·wire to 4·wlre 
insertion loss is measured with respect to ~ = OdBm at 1.0kHz 
input signal. ERJ( = O. IOCMET = 23mA and Is computed using 
the following equation: 
L2-4 = 20 • log (VTXNTRl 
where: VTX. VTR. and ~ are defined in Figure 9. (Note: The 
fuse resistors. RF. impact \he insertion loss. The specified 
insertion loss Is for RF = 0). 

20. Four-Wire to lWo-Wlra Insertion Loss - The 4-wire to 2·wlre 
Insertion loss is measured based upon ERJ( = OdBm. 1.0kHz 
input signal. EG = O. IOCMET .. 23mA and Is computed using 
the following equation: 

~2 = 20 • log (VTRIERJ() 
whare: VTR and ERX are defined in Figure 9. 

21. lWo-WlratoFou .... WlraGalnTracklng - The 2·wlre to 4-wlre 
gain tracking is referenced to measurements takan for EG = 
·lOdBm. 1.OkHz signal. ERJ(" O. IOCMET = 23mA and is com· 
putad using tha following equation. 

G2-4" 20 • log (VTXNTRl vary amplitude ·4OdBm to +3dBm. or 
-55dBm to -40dBm and compare to ·lOdBm reading. 
VTX and VTR are defined in FIgure 9. 

22. Fou .... Wlre to lWo-Wlre Gain Tracking - The 4-wlre to 2·wlre 
gain tracking is referenced to measurements takan for ER)( = 
·lOdBm. 1.OkHz signai. EG = O. IOCMET = 23mA and is com· 
puted using the following equation: 
G4-2 • 20 • log (VTR/ERX) vary amplitude -4OdBm to +adBm. 
or -55dBm to -4OdBm and compare to ·1OdBm reading. 
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VTR and ERJ( are defined in Figure 9. The level Is specified at the 
4-wire receive port and referenced to a 6000 impedance level. 

27. Constant Loop Current - The constant loop current Is calcu
lated using the following equation: 

23. Two-Wire Idle Channel Nol.e - The 2-wlre Idle channel noise 
at VTR Is specifl8d with the 2-wire port terminated In 6000 (RLl 
and with the 4-wlre receive port grounded (Reference Figure 10). 

IL = 2500 I (ROC1 + ROC2) 

28. Standby Stats Loop Current - The standby state loop current 
Is calculated using the following equation: 

24. Four-Wire Idle Channel Noise - The 4-wire Idle channel noise 
at Vrx is specified with the 2-wire port terminated in 6000 (RLl. 
The noise specification Is with respect to a 6000 impedance level 
atVrx. The 4-wire receive port Is grounded (Reference F"'!Iure 10). 

IL = [IVeATI- 3)1 [RL +1800), TA = 250 C 

29. Ground Key Detactor - (TRIGGER) Increase the Input current 
to 8mA and verify that DEi' goes low. 
(RESET) Decrease the Input current from 17mA to 3mA and 
verify that DET goes high. 25. Harmonic Distortion (2-Wlre to 4-Wlra) - The harmonic dis· 

tortlon is measured with the following conditions. EG = OdBm at 
1 kHz, IOCMET = 23mA. Measurement taken at VTX. (Reference 
Figure 7). 

(Hysteresis) Compare difference between trigger and reset. 

30. Power Supply Rejection Ratio - Inject a 100mVRMS signal 
(50Hz to 4kHz) on VeAT, VCC and VEE supplies. PSRR is com
puted using the following equation: 26. HarmonlcDlstortlon(4-Wireto2-Wire) - The harmonic dis

tortion Is measured with the following conditions. ERX = OdBmO. 
Vary frequency between 300Hz and 3.4kHz, IOCMEl = 23mA. 
Measurement taken at VTR. (Reference Figure 9). 

PSRR = 20 • log (VrxNIN). Vrx and VIN are defined In Figure 12. 

Pin Descriptions 

PLCC PDIP SYMBOL DESCRIPTION 

1 RINGSENSE Intemally connected to output of RING power amplifier. 

2 7 BGND Battery Ground - To be connacted to zero potential. All loop current and longitudinal current flow from this ground. 
Internally separate from AGND but It Is recommended that It is connected to the same potential as AGND. 

4 8 VCC +5V power supply. 

5 9 RINGRLY Ril1,g relay driver output. 

6 10 VBAT Battery supply voltage, -24V to -56V. 

7 11 RSG Saturation guard programming resistor pin. 

8 12 El TTL compatible logic input. The logic state of El in conjunction with the logic state of Cl determines which 
detector is gated to the l5ET output. 

9 13 EO TTL compatible logic Input. Enables the DEi' output when set to logic level zero and disebles DEi' output 
when set to a logic level one. 

11 14 DEi' Detector output. TTL compatible logic output. A zero logic level indicates that the selected detector was trig-
gered (see Truth Table for selection of Ground Key detector, Loop Current detector or the Ring Trip detector). 
The DEi' output is an open collector with an Internal pull-up of approximately 151<0 to V CC. 

12 15 C2 TTL compatible logic Input. The logic states of Cl and C2 determine the operating states (Open Circuit, 
Active, Ringing or Standby) of the SLiC. 

13 16 Cl TTL compatible logic Input. The logic states of Cl and C2 determine the oparating states (Open CirCUit, 
Active, Ringing or Standby) of the SLiC. 

14 17 Roc DC feed current programming resistor pin. Constant current feed is programmed by resistors ROC1 and ROC2 
connected in series from this pin to the receive summing node (RSN). The reSistor junction point Is decoupled 
to AGND to Isolate the AC signal componente. 

15 18 AGND Analog ground. 

16 19 RSN Receive Summing Node. The AC and DC current flowing into this pin establishes the metallic loop current 
that flows between tip and ring. The magnitude of the metallic loop current Is 1000 times greater than the 
current Into the RSN pin. The constant current programming resistors and the networks for program receive 
gain and 2-wire impedance all connect to this pin. 

18 20 VEE -5V power supply. 

19 21 Vrx Transmit audio output. This output Is equivelent to the TI P to RING metallic voltage. The network for pro-
gramming the 2-wlre Input Impedance connects between this pin and RSN. 

20 22 HPR RING side of AC/DC separation capacitor CHP. CHP is required to properly separate the ring AC current from 
the DC loop current. The other end of CHP Is connected to HPT. 

21 1 HPT TIP side of A~C separation capacitor CHP. CHP is required to properly separate the tip AC current from 
the DC loop current. The other end of CHP is connected to HPR. 
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Pin Descriptions (Continued) 

PLCC PDIP 

22 2 

23 3 

25 4 

26 

27 5 

28 6 

3.10, 
17,24 

Pinouts 

RINGRLY 

RSG 

E1 

EO 

NIC 

JmT 

SYMBOL DESCRIPTION 

RD Loop current programming resistor. Resistor Ro sets the trigger level for the loop current detect circuit. A filter 
capacitor Co Is also connected between this pin and VEE. 

DT Input to ring trip comparator. Ring trip detection Is accomplished by connecting an external network to a 
comparator in the SLiC with Inputs DT and DR. 

DR Input to ring trip comparator. Ring trip detection Is accomplished by connecting an external network to a 
comparator in the SLiC with Inputs DT and DR. 

TIPSENSE Internally connected to output of tip power amplifier. 

TIPX 

RINGX 

NlC 

Output of tip power amplifier. 

Output of ring power amplifier. 

No Internal connection. 

HC5523 
(PLCC) 

TOP VIEW 

DR 

NIC 

DT 

RD 

HPT 

HPR 

4-88 

HPT 
RD 

DT 

DR 

TlPX 

RINGX 

BOND 7 

Vee 
RINORLY 

HC5523 
(PDIP) 

TOP VIEW 

1 RSN 

1 AGND 

1 RDC 
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Application Circuit 

CHP (NOTE 32) 

21 HPT 

22RD 

VIAT 
23DT 

25 DR 

np~~O~yR~~~ __________ ~ ____ '-____ -I unpx 
RING 

PTC 

RINGING 
(VIAT + IIOVRIIS> 

28RINGX 

2BGND 

4VCC 

5RINGRLY 

6VlAT 

7RSO 

U1 SLIC (Subscriber Une Interface Circuit) 
HC5523 

U2 Combination CODECIFilter e.g. 
CD22354A or Programmable CODECI 
Filter, e.g. SLAC 

Coe 1.5I1F, 20%, 10V 

CHP 10nF, 20%, 100V (Note 2) 

CRT O.39I1F, 20%, 100V 

Ore,CRe 2200pF,20%,100V 

Relay Relay, 2C Contacts, 5V CoIl 

01.04 Diode, 100V, 3A 

Surgector SGT06U13 

U, HPR20 

VTX18 

VEE 18 

RSN18 

AGND15 

RDC14 

Cl13 1------, 

C212 

6!T11 

Ee8 

E,8 

Rl, R3 200kn, 5%, 1/4W 

R2 910kn, 5%, 1/4W 

~ 1.2MO, 5%, 1/4W 

RB 18.7kn,1%,1/4W 

Ro 39kn, 5%, 1/4W 

ROC1, ROC2 41.2kn, 5%, 1/4W 

RFB 20.0kn, 1%, 1/4W 

RRX 280kn, 1%, 1/4W 

Rl 562kn, 1%, 1/4W 

RTX 20kn, 1%, 1/4W 

RRT 1500,5%, 2W 

c!c+ 

RSG VBAT = ·2BV, RSG =-

I 
I 
I CODECIFILTER 

Os Diode, 1 N4454 

RF1, RF2 Une Resistor, 200,1% Match 
VBAT = -48V, RSG = 4.0kn, 1/4W 5% 

NOTES: 

31. The anodes of 03 and 04 may be connected dlrectty to the VBAl supply If the application Is exposed to only low energy transients. For 
harsher environments It is recommended that the anodes of 03 and 04 be shorted to ground through a transzorb or surgector. 

32. To meet the specified 25dB 2·wire retum loss at 200Hz, CHP needs to be 20nF, 20%, 100V. 

FIGURE 21. APPLICATION CIRCUIT 
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Features 

• 01 Monolithic High Voltage Proceaa 

• Programmable Current Feed (20mA to 6OmA) 

HC5526 
SLiC 

Subscriber Line Interface Circuit 

. Description 

• Programmable Loop Currant Detector Threshold and 

The HC5526 is a subscriber line interface circuit Is compliant 
with CCITT standards. Enhancements include Immunity to 
circuit latch-up during hot plug and absence of false signal
Ing In the presence of longitudinal currents. 

Battery Feed CharaclerlsUcs 

• Ground Key and Ring TrIp Detection 

• Compatible with Ericsson's PBL3764 

• Thermal Shutdown 

• On-Hook Transmission 

• Wide Battery Voltage Range (-24V to -58Y) 

• Low Standby Power 

• Meets CCITT Transmission Requlramenta 

• -40°C to 85°C Ambient Temperature Range 

Applications 
• On-Preml ... (ONS) 

• Key Systems 

• PBX 

• Related Literature 

The HC5526 is fabricated In a High Voltage Olelectrically 
Isolated (01) Bipolar Process that eliminates leakage cur
rents and device latch-up problems normally associated with 
Junction Isolated (JI) ICs. The elimination of the leakage cur
rents results in improved circuit performance for wide tem
perature extremes. The latch free benefit of the 01 process 
guarantees operation under adverse transient conditions. 
This process feature makes the HC5526 Ideally suited for 
use in harsh. outdoor environments. 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGE ("C) PACKAGE NO. 

HC5526CM 01070 28Ld PLCC N28.45 

HC5526CP 01070 22Ld PDIP E22.4 

HC55261M -4010 85 28 Ld PLCC N28.45 

- AN9537, Operation of the HC551;!126 Evaluation 
Board. 

HC55261P -4010 85 22 LdPDIP E22.4 

Block Diagram 

RINGRLY 

DT 

DR 

np 

RING 

HPT 

HPR 

AGND 

BGND 

M RING RELAY I. 
DRIVER I 

J RING TRIP 
DETECTOR 

I-

~ 
2-WlRE H ~ 

INTERFACE 

~ 

H -
BIAS 

i...-

4-WIRE ,........ 
INTERFACE 

- VFSIGNAL 
PATH 

r LOOP CURRENT 
DETECTOR 

GROUND KEY r DIGrrAL 
DETECTOR 

MULTIPLEXER 

CAUTION: These devices are sensitive to electrostatic discharge. Users should foUow proper IC HandIng Procedures. 

Copyright @Herrls Corporation 1997 4-90· 

----
-

RSN 

EO 

E1 

C1 

C2 

File Number 4151.1 
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Absolute Maximum Ratings Thermal Information 
Operating Temperature Range ................ -40°C to 110°C Thermal Resistance (Typical, Note 1) 9JA (,CNI) 
Power Supply (-40°C S TA S 85°C) 22 Lead PDIP Package .....•.....•.•.•....•. 53 

Supply Voltage Vee to GND ••.....•...•....•..•• 0.5V to 7V 28 Lead PLCC Package ....••....•.•.•...... 53 
Supply Voltage VEE to GND ••••..•.....•..••.•. -7V to 0.5V Continuous Dissipation at 70°C 
Supply Voltage VBAT to GND ••.••............• -70V to 0.5V 22 Lead PDIP Package ••...••..•...•.•....•........ 1.5W 

Ground 28 Lead PLCC Package •....•......•............•.. 1.5W 
Voltage between AGND and BGND ...•.......• -0.3V to 0.3V Package Power Dissipation at 700C, t < lOOms, tREP > 1 s 

Relay Driver 22 Lead PDIP Package ..•........•...•••••..•...... 4W 
Ring Relay Supply Voltage ••..............• OV to VBAT 75V 28 Lead PLCC Package ..•••.•••......••.....•...... 4W 
Ring Relay Current. •.•...•••.....•.....••••..••.. 50mA Derate above •..••...•.•...•..••...........•....... 70°C 

Ring Trip Comparator PDIP Package .•.•.••..•••..•••............• 18.8mWJOC 
Input Voltage ••..•..•...•••............••• ",VBATtoOV PLCC Package .............•..•.•......••.. 18.8mWJOC 
Input Current. •••..•.....•••.............••. -5mA to 5mA Maximum Junction Temperature Range . • . . • . • •• -400C to 150°C 

Digital Inputs, Outputs (Cl, C2, EO, El, I>ET) Maximum Storage Temperature Range .• . . . . • .• -65°C to 150°C 
Input Voltage ...•.•....•...•....••••......... 0VtoVee Maximum Lead Temperature (Soldering lOs) ............. 300°C 
Output Voltage (DET Not Active) ........•••..••.. OV to Vee (PLCC - Lead Tips Only) 
Output Current (DEl) .............................. 5mA 

Tlpx and Rlngx Terminals (-40°C S TA S 85°C) Ole Characteristics 
Tipx or Rlngx Voltage, Continuous (Referencad to GND) VBAT to 2V 
Tlpx or Ringx, Pulse < 10ms, TREP > lOS ..•.• VSAT"20V to 5V Gate Count •.•....•.••...•..••••• 543 Transistors, 51 Diodes 

Tipx or Ringx, Pulse < lOf1S, TREP > lOS .•..• VBAT -40V to 10V 
Tipx or Rlngx, Pulse < 250ns, TREP > lOs .... VBAT -70V to 15V 
Tipx or Rlngx Current ••••.......•.••••••......••.•. 70mA 

ESD Rating .•..•..•••••••••....•...••••••...•...••. 500V 

CAIJTION: Stresses abo"" those "sled In "Absolute Maximum Ra6ngs" may cause permanent damage to the device. This Is a st"'ss only ",ling and operation 
of the devk:e at these or any other conditions abo"" those Indicated In the operational sections of this specification Is not Implied. 

NOTE: 

1. 8JA is measured with the component mounted on an evaluation PC board in free air. 

Typical Operating Conditions 
These represent the conditions under which the part was developed and are suggested as guidelines. 

PARAMETER CONDmONS MIN TYP MAX UNITS 

Case Temperature -40 - 100 °c 

Vee with Respect to AGND OOC to 700C 4.75 - 5.25 V 

VEE with Respect to AGND OOC to 70°C -5.25 - -4.75 V 

VBAT with Respect to BGND OoC to 70°C -58 - -24 V 

Electrical Specifications TA = OOC to 70°C, Vee = 5V ±5%, VEE = -5V ±5%, VeAT = -28V, AGND = BGND = OV, ROCl = RDe2 = 
41.2kn, RD = 39110, RSG = 00, RFl = RF2 = OD, CHP = 10nF, CDC = 1.511F. ZL = 600D, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. 

PARAMETER CONDmONS MIN TYP MAX UNITS 

Overload Level 1% THO, ZL = 6OOD, (Note 2, Figure 1) 3.1 - - VPEAK 

Longitudinal Impedance (Tip/Rlng) o < f < 100Hz (Note 3, Figure 2) - 20 35 OIWire 

r.i:.\ 
1VRMS llP VTX I-

llP VTX to- O<I<l00Hz 30CKl - Tv 'D 18 

I-
'D 111 EL C ~T Rr 

RL Rr ~J; 800kn 

aoon aookn ...C"l 
30CKl -=- VR 

IDCMET -. 1 RRX 

23mA RRX 
ERX RING RSN 

3OOIcn~ RING RSN .&"1. 
'3 

28 1. 

'-7-::!:-28 18 300kn LZT-VyI"'r lZR-VrlAR 

FIGURE 1. OVERLOAD LEVEL (TWO-WIRE PORT) FIGURE 2. LONGITUDINAL IMPEDANCE 
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Electrical Specifications TA = oOC to 70°C, Vee = 5V ±5%, VEE = -5V ±5%, VBAT = -28V, AGND = BGND = OV, RDC1 = ROC2 = 
41.2kn, Ro = 39kn, RSG = -, RF1 = RF2 = 00. CHP = 10nF, CDC = 1.5J!F, ZL = 6000. Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

LONGITUDINAL CURRENT UMIT (TIPIRING) 

Off-Hook (Active) No False Detections, (Loop Current), 20 mApEAJ(I 
LB > 45dB (Note 4, Figure 3A) Wire 

On-Hook (Standby), RL = - No False Detections (Loop Current) - - 5 mApEAJ(I 
(Note 5, Figure 3B) Wire 

3680 3680 

0- 0-TIP RSN I--- TIP RSN I-----
27 16 

~' 
27 16 

C f! f! ~~ 
RD RDC1 EL "- RD RDC1 

__ "-2.16JlF -5V 41.2kn -5V 41.2kn 

RDC2 CDC 
__ 2.16JlFrC 

RDC2 CDC 

0- RING RDC ~ 0- RING RDC t-:L 3680 28 DE'!' 14 41.2kn 1.5JiF __ 3680 28 DE'!' 14 41.2kn 1.5JlF __ 

FIGURE 3A.. OFF·HOOK FIGURE 3B. ON-HOOK 

FIGURE 3. LONGITUDINAL CURRENT LIMIT 

OFF·HOOK LONGITUDINAL BALANCE 

Longitudinal to Metallic IEEE 455 • 1985, RLR, RLT = 3680 53 60 - dB 
0.2kHz < f < 4.0kHz (Note 6, Figure 4) 

Longitudinal to Metallic RLR, ALT = 3000, 0.2kHz < f < 4.0kHz 53 60 - dB 
(Note 6, Figure 4) 

Metallic to Longitudinal FCC Part 68, Para 68.310 50 55 · dB 
0.2kHz < f < 1.0kHz 

1.0kHz < f < 4.0kHz (Note 7) 50 55 · dB 

Longitudinal to 4-Wire 0.2kHz < f < 4.0kHz (Note 8, Figure 4) 53 60 · dB 

Metallic to Longitudinal RLR, RLT = 3000, 0.2kHz < f < 4.0kHz 50 55 - dB 
(Note 9, Figure 5) 

4·Wire to Longitudinal 0.2kHz < f < 4.0kHz (Note 10, Figure 5) 50 55 · dB 

RLT 
RLT 

TIP VTX TIP VTX 300n 27 18 

~J 
27 18 

JYn 
EL C 2.16JlF 

~f 
Ry 

-f;J!; 
Ry ret- BOOkn 
BOOkn 

RRX 
~VL RRX ERX 

£'.. 
RING RSH ~ RING RSN '-=7-+ RLA 28 16 300kn "'!!F -- 3000 28 16 300kn 

FIGURE 4. LONGITUDINAL TO METALLiC AND FIGURE 5. METALUC TO LONGITUDINAL AND 4-WIRE TO 
LONGITUDINAL TO 4-W1RE BALANCE LONGITUDINAL BALANCE 

2·Wlre Return Loss 0.2kHz to 0.5kHz (Note 11, Figure 6) 25 - · dB 
CHP= 20nF 

0.5kHz to 1.0kHz (Note 11, Figure 6) 27 dB - · 
1.0kHz to 3.4kHz (Note 11, Figure 6) 23 . · dB 
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Electrical Specifications TA = ooc to 70°C, Vcc = 5V ±5%, VEE = -5V ±5%, VBAT = -28V, AGND = BGND = OV, ROC1 = ROC2 = 
41.2kn, Ro = 39kn, RSG =~, RF1 = RF2 = 00, CHP = 10nF, CDC = 1.511F, ZL = 6000, Unless Otherwise 
Specified. All pin number references in the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS 

TIP IDLE VOLTAGE 

Active, IL = 0 

Standby, IL = 0 

RING IDLE VOLTAGE 

Active, IL = 0 

Standby, IL = 0 

4-W1RE TRANSMIT PORT (VTl(} 

Overload Level (lL > 20kn, 1% THO) (Note 12, Figure 7) 

Output Offset Voltage EG = 0, lL = ~, (Note 13, Figure 7) 

Output Impedance (Guaranteed by Design) 0.2kHz < f < 03.4kHz 

2- to 4-Wire (Metallic to VTX) Voltege Galn 0.3kHz < f < 03.4kHz (Note 14, Figura 7) 

··f: 
TIP 
'1:1 

RING 
28 

VTX 
19 

RSN t-..... JtIoj!'t-., 
18 3001en* 

MIN 

3.1 

-60 

0.98 

TYP 

-4 

<0 

-24 

>-28 

5 

1.0 

VTX 
11 

MAX UNITS 

V 

V 

V 

V 

VPEAK 

60 mV 

20 

1.02 VIV 

IVTXO 
VTX 

-RING RSN 1-4~"""-""--,---,,_ -=_ 
28 16 3001en = 

FIGURE 6. TWO-WIRE RETURN LOSS FIGURE 7. OVERLOAD LEVEL (4-WIRE mANSMIT PORT), 
OUTPUT OFFSET VOLTAGE, 2-WIRE TO 4-W1RE 
VOLTAGE GAIN AND HARMONIC DISTORTION 

4-WIRE RECEIVE PORT (RSN) 

DC Voltage 

RX Sum Node Impedance (Guaranteed by 
Design) 

Current Gain-RSN to Metallic 

FREQUENCY RESPONSE (OFF-HOOK) 

2-Wire to 4-Wire 

4-Wire to 2-Wlre 

4-Wire to 4-Wire 

INSERTION LOSS 

2-Wire to 4·Wire 

4-Wlre to 2·Wire 

GAIN TRACKING (Rei = -lOdBm, at 1.0kHz) 

2-Wlre to 4-Wlre 

2-Wlre to 4-Wire 

IRSN= OmA 

0.3kHz < f < 3.4kHz 

0.3kHz < f < 3.4kHz (Note 15, Figure 8) 

OdBm at 1.0kHz, ERX = OV 
0.3kHz < f < 3.4kHz (Note 16, Figure 9) 

OdBm at 1.0kHz, EG = OV 
0.3kHz < f < 3.4kHz (Note 17, Figure 9) 

OdBm at 1.0kHz, EG = OV 
0.3kHz < f < 3.4kHz (Note 18, Figure 9) 

OdBm, 1kHz (Note 19, Figure 9) 

OdBm, 1kHz (Note 20, Figure 9) 

-40dBm to +3dBm (Note 21, Figure 9) 

-55dBm to -4OdBm (Note 21, Figure 9) 
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Electrical Specifications TA = ooc to 70°C, Vee = 5V ±5%, VEE = -5V ±5%, VBAT = -28V, AGND = BGND = OV, ROC1 = ROC2 = 
41.2kO, Ro .. 391<0, RSG .... , RF1 .. RF2 = on, CHP = 10nF, COC = 1.51lF, It. = 6OOn, Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC peckage. (Continued) 

PARAMETER CONDmONS 

4-Wire to 2-Wire -40dBrn to +3dBrn (Note 22, Figure 9) 

4-Wlre to 2-Wlre -55dBm to -40dBm (Note 22, Figure 9) 

GRX = «VTR1- VTR2)(300k»)I(-3)(600) 

Where: VTR1 Is the Tip to Ring Voltage with VRSN = OV 
and VTR2 is the Tip to Ring Voltage with VRSN .. -3V 

VRSN-OV 

RRl( OV"RSN--3V r-,.......- TIP RSN 
~ 18 3OC)kg 

RL RDC1 
eoon VTR 41.2k1l 

RDC2 CDC 
'--- RING RDC 1j~F + 28 14 41.2k1l 

, MIN TYP MAX UNITS 

-0.1 0.1 dB 

±O.03 dB 

c 

FIGURE 8. CURRENT GAIN-RSN TO METALLIC FIGURE 9. FREQUENCY RESPONSE,INSERTION LOSS, 
GAIN TRACKING AND HARMONIC DISTORTION 

NOISE 

Idle Channel Noise at 2-Wire CoMessage Weighting (Note 23, Figure 10) - 10 - dBmC 

Idle Channel Noise at 4-Wire C-Message Weighting (Note 24, Figure 10) - 10 - dBmC 

HARMONIC DISTORTION 

2-Wire to 4-Wire OdBm, 1 kHz (Note 25, Figure 7) - -65 ·54 dB 

4-Wire to 2-Wire OdBm, O.3kHz to 3.4kHz (Note 26, - -65 -54 dB 
Figure 9) 

BATTERY FEED CHARACTERISTICS 

Constant Loop Current Tolerence Il = 2500/(ROC1 + RoW, 0.91l Il 1.11l rnA 
Rocx = 41.2kn OoC to 7000 (Note 27) 

Loop Current Tolerance (Standby) Il = (VBAr3)1(Rl +1800), 
ooc to 700C (Note 28) 

0.81l Il 1.21l mA 

Open Circuit Voltage (VTIP - VRINeV OoC to 70°C, (Active) 14 - 20 V 

LOOP CURRENT DETECTOR 
, 

On-Hook to Off-Hook Ro .. 39kn, OoC to 70°C 372lRo 4651Ro 558lRo mA 

Off-Hook to On-Hook Ro .. 39kn, OoC to 70°C 325JRo 405JRo 485JRo rnA 

Loop Current Hysteresis Ro = 39kn, OoC to 70°C 25JRo 6O/Ro 951RO mA 

GROUND KEY DETECTOR 

TipIRlng Current Difference - Trigger (Note 29, Figure 11) 8 12 17 rnA 

TlplRlng Current DIfference - Reset (Note 29, Figure 11) 3 7 12 rnA 

Hysteresis (Note 29, Figure 11) 0 5 9 rnA 
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Electrical Specifications TA" OoC to 7ooC, VCC = 5V ±5%, VEE = ·5V ±5%, VBAT = ·28V, AGND .. BGND .. Ov, ROC1 .. ROC2 = 
41.2kn, RO" 39kn, RSG = .. , RF1 = RF2 = 00. CHP .. 10nF, CDC = 1.5j1F, It. = 6000. Unless Otherwise 
Specified. All pin number references in the ligures refer to the 28 lead PLCC package; (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TIP ASH 
TIP VTX 7:1 18 

~I 
7:1 18 

I~ 
RDCl 

RL Rr 41.2kn 
800Il 800kn 

RDC2 CDC 

RRX ~ RING RDC ~ RING RSH 28 I5IT 14 41.2kn 1.Sj1F -=-
28 18 300kn 

.~ 

~ El· Cl· 0,C2· 1 

FIGURE 10. IDLE CHANNEL NOISE FIGURE 11. GROUND KEY DETECT 

RING TRIP DETECTOR (DT, DR) 

Offset Voltage Source Res .. 0 ·20 · 20 mV 

Input Bias Current Source Res .. 0 ·500 · 500 nA 

Input Ccmmon·Mode Range Source Res = 0 VBAT+1 · 0 V 

Input Resistance Source Res .. 0, Belanced 3 · · Me 

RING RELAY DRIVER 

VSATat 25mA IQl=25mA · 1.0 1.5 V 

Off·State Leakage Current VOH= 12V · · 10 JLA 
DIGITAL INPUTS (EO, E1, C1, C2) 

Input Low Vol1age, YIL 0 · 0.8 Y 

Input High Voltage, VIH 2 · Vee V 

Input Low Current, IlL: Cl, C2 VIL=0.4V ·200 · · j1A 

Input Low Current, IlL: EO, El VIL=0.4V ·100 · · j1A 

Input High Current VIH= 2.4V · · 40 j1A 

DETECTOR OUTPUT (DEi') 

Output Low Voltage, VOL IOL= 2mA · · 0.45 V 

Output High Voltage, VOH IOH = 100JIA 2.7 · · V 

Intemal Pull·Up ReSistor 10 15 20 kO 

POWER DISSIPATION 

Open Circuit Stete Cl =C2=0 · · 23 mW 

On-Hook, Standby Cl =C2=1 · · 30 mW 

On-Hook, ActIve Cl .. 0, C2 .. 1, RL" High Impedance · · 150 mW 

Off·Hook, Active RL=oe · · 1.1 W 

RL=300e · · 0.75 W 

RL=6ooe · · 0.5 W 
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Electrical Specifications TA = ooc to 70°C, Vee = 5V ±5%, VEE = -5V ±5%, VeAT = -28V, AGNO = BGNO = OV, ROC1 = ROC2 = 
41.2kO, Ro = 39kO, RSG = DO, RF1 = RF2 = 00, CHP = 10nF, COC = 1.511F. ZL = 6000, Unless Otherwise 
Specified. All pin number references In the figures refer to the 28 lead PLCC package. (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

TEMPERATURE GUARD 

Thermal Shutdown 150 180 °c 

SUPPLY CURRENTS (VBAT= -28V) 

lee, On-Hook Open Circuit Stete (Cl, 2 = 0, 0) - - 1.5 mA 

Standby State (Cl, 2 = 1, 1) - - 1.7 mA 

ActIve State (Cl, 2 = 0,1) - - 5.5 mA 

lEE, On-Hook Open Circuit State (Cl, 2 = 0, 0) - 0.8 mA 

Standby Stata (Cl, 2 = 1, 1) - - 0.8 mA 

Active State (Cl, 2 = 0,1) - 2.2 mA 

IBAT' On-Hook Open Circuit State (Cl, 2 = 0, 0) - 0.4 mA 

Standby State (Cl, 2 = 1, 1) - 0.6 mA 

ActIve State (Cl, 2 = 0,1) - - 3.9 mA 

PSRR 

Vee to 2 or 4-Wire Port (Note 30, Figure 12) - 40 - dB 

VEE to 2 or 4-Wire Port (Note 30, Figure 12) - 40 - dB 

VBAT to 2 or 4-Wlre Port (Nota 30, Figure 12) - 40 - dB 

~VSUPPL~ ~ 100mVRIIS, 50Hz 10 4kHz 
5V SUPPLY '" . 
-6VSUPPLY 

TIP VTX 
Z7 111 

I~ 
PSRR = 20 log (VT xl"IN) 

RL Rr 
aoon 800110 

RRl( 
RING RSH 

.~ 28 18 300110 

FIGURE 12. POWER SUPPLY REJECTION RATIO 

Circuit Operation and Design Information 
The HC5526 is a current feed voltage sense Subscriber Line Constant Loop Current (DC) Path 
Interface Circuit (SLIC). This means that for short loop 
applications the SLiC provides a programmed constant SLiC in the Active Mode 
current to the tip and ring terminals while sensing the tip to 

The DC path establishes a constant loop current that flows ring voltage. 
out of tip and into the ring terminal. The loop current is I'ro-

The following discussion separates the SLiC's operation into grammed by resistors ROC1, ROC2 and the voltage on the 
its DC and AC path, then follows up with additional circuit Roc pin (Figure 13). The ROC voltage is determined by the 
and design information. voltage across Rl in the saturation guard circuit. Under 
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..... _-_._--- .......... -_ .. _---_ .. . 
• VTX 

• 
• RSN 

HC5526 RSG 

~--------------------- .. ••••• ___ •••••••• __ • __ • ___________ •• ~V 

FIGURE 13. DC LOOP CURRENT 

constant current feed conditions, the voltage drop across Rl 
sets the ROC voltage to -2.5V. This occurs when current 
flows through Rl Into the current source '2. The ROC voltage 
establishes a current (IRSN) that is equal to VRocI(ROCl 
+ROC2). This current is then multiplied by 1000, in the loop 
current circuit, to become the tip and ring ,loop currents. 

For the purpose of the following discussion, the saturation 
guard voltage is defined as the maximum tip to ring voltage 
at which the SLiC can provide a constant current for a given 
battery and overhead voltage. 

For loop resistances that result in a tip to ring voltage less 
than the saturation guard voltage the loop current is defined 
as: 

I = 2.SV x 1000 
L ROCI + ROC2 

(EQ.l) 

where: 'L = Constant loop current. 

ROCl and ROC2 = Loop current programming resistors. 

Capacitor CDC between ROCI and ROC2 removes the VF 
signals from the battery feed control loop. The value of CDC 
is determined by Equation 2: 

C = TX(_1_+_1_) 
DC ROCI ROC2 

(EQ.2) 

where T = 30ms 

The minimum CDC value Is obtained If ROCI = ROC2 

Figure 14 illustrates the relationship between the tip to ring 
voltage and the loop resistance. For a on loop resistance 
both tip and ring are at VBAT/2. As the loop resistance 
increases, so does the voltage differential between tip and 
ring. When this differential voltage becomes equal to the sat
uration guard voltage, the operation of the SLiC's loop feed 
changes from a constant current feed to a resistive feed. The 
loop current In the resistive feed region is no longer constant 
but varies as a function of the loop resistance. 

VIAT .. -4BV, IL = 23mA, RsG .. 2l.4kn 
o Vnp SATURATION _ T 

GUARD ~LTAGE ./ I 
CONSTANT CURRENT RESlsnYE FEED 

~DREGION REGION 

< ......... 
~ 

SATURATION ......... 
GUARD VOLTAGE --so 

o UK 
LOOP RESISTANCE (Il) 

FIGURE 14. VTR va RL 

Figure 15 shows the relationship between the saturation 
guard voltage, the loop current and the loop resistance. Notice 
from Figure 15 that for a loop resistance <1.2kn (RSG = 
21.4k.O) the SLiC is operating In the constant current feed 
region and for resistances> 1.2kn the SLiC is operating in the 
resistive feed region. Operation in the resistive feed region 
allows long loop and off-hook transmission by keeping the tip 
and ring voltages off the rails. Operation in this region is trans
parent to the customer. 

50 
10- VIAT" -48V, RSG .. 2l.4kn ..... 

L...- VIAT .. -NV, RsG .. 00 

i-RESISTlV~ FEED .. REG~N 
J 

F=~:~ ANT CURRENT 
EGlON 

SATU RATION GUARD 
E,VTA=38V VOLTAG 

I 
J 

--SATU RATION GUARD 
E, VTA .. 13V VOLTAG 

I 
10 20 30 

LOOP CURRENT (mA) 

4kIl 
l.5kn 

2kn 
7000 

<1.2kn I RAaG .. 2l.4kn 
<4DDIl • RAaG .. .oil 

FIGURE 15. VTR vaiL and RL 

4-97 



HC5526 

The Saturation Guard circuit (Figure 13) monitors the tip to 
ring voltage via the transconductance amplifier A1. A1 gen
erates a current that is proportional to the tip to ring voltage 
difference. 11 is internally set to sink all of A1 's current until 
the tip to ring voltage exceeds 12.5V. When the tip to ring 
voltage exceeds 12.5V (with no RSG resistor) A1 supplies 
more current than 11 can sink. When this happens A2 ampli
fies its input current by a factor of 12 and the current through 
R1 becomes the difference between 12 and the output cur
rent from A2. As the current from A2 increases, the voltage 
across R1 decreases and the output voltage on Roc 
decreases. This results in a corresponding decrease In the 
loop current. The RSG pin provides the ability to increase the 
saturation guard reference voltage beyond 12.5IJ. Equation 3 
gives the relationship between the RSG resistor value and 
the programmable saturation guard reference voltage: 

50105 
VSGREF = 12.5+-R-

SG 

where: 

VSGREF = Saturation Guard reference voltage. 

RSG = Saturation Guard programming resistor. 

(Ea. 3) 

When the Saturation guard reference voltage is exceeded, 
the tip to ring voltage is calculated using Equation 4: 

where: 

VTR = Voltage differential between tip and ring. 

RL = Loop resistance. 

(Ea. 4) 

For on-hook transmission RL = GO, Equation 4 reduces to: 

50105 
VTR = 16.66+-R--

SG 

(Ea. 5) 

The value of RSG should be calculated to allow maximum 
loop length operation. This requires that the saturation guard 
reference voltage be set as high as possible without clipping 
the incoming or outgoing VF signal. A voltage margin of -4V 
on tip and -4V on ring, for a total of -8V margin, is recom
mended as a general guideline. The value of RSG is calcu
lated using Equation 6: 

where: 

VBAT = Battery voltage. 

VMARGIN = Recommended value of -8V to allow a maximum 
overload level of 3.1 V peak. 

For on-hook transmission RL = co, Equation 6 reduces to: 

5 
R _ 5010 

SG - IVBATI- VMARGIN -16.66V 

(Ea. 7) 

sLie In the Standby Mode 

Overall system power is saved by configuring the SLiC in the 
standby state when not in use. In the standby state the tip 
and ring amplifiers are disabled and internal resistors are 
connected between tip to ground and ring to VBAT. This con
nection enables a loop current to flow when the phone goes 
off-hook. The loop current detector then detects this current 
and the SLiC is configured in the active mode for voice 
transmission. The loop current in standby state is calculated 
as follows: 

where: 

IL = Loop current in the standby state. 

RL = Loop resistance. 

VBAT = Battery voltage. 

(AC) Transmission Path 
SLiC in the Active Mode 

(Ea. 8) 

Figure 16 shows a simplified AC transmission model. Circuit 
analysis yields the following design equations: 

(Ea. 9) 

(Ea. 10) 

(Ea. 11) 

where: 

VTR = Is the AC metallic voltage between tip and ring, 
including the voltage drop across the fuse resistors RF' 

VTX = Is the AC metallic voltage. Either at the ground refer
enced 4-wire side or the SLiC tip and ring terminals. 

1M = Is the AC metallic current. 

RF = Is a fuse resistor. 

ZT = Is used to set the SLiC's 2-wire impedance. 

VRX = Is the analog ground referenced receive signal. 

ZRX = Is used to set the 4-wire to 2-wire gain. 

EG = Is the AC open circuit Voltage. 

ZL = Is the line impedance. 

(AC) 2-Wire Impedance 

The AC 2-wire impedance (ZTR) is the impedance looking 
into the SLlC, including the fuse resistors, and is calculated 
as follows: 

Let VRX = O. Then from Equation 10 

(Ea. 12) 
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TIP 

I 
I 
I 

Z~ 
I 

+ 

RING 

1M -
RF 

1M -
v~ 

HC5526 

FIGURE 16. SlMPUFIED AC TRANSMISSION CIRCUIT 

ZTR is defined as: 

VTR 
ZTR = -,

M 

Substituting in Equation 9 for VTR 

VTX 2RF o iM 
ZTR = "1M" + -,-M-

Substituting In Equation 12 for VTX 

ZT 
ZTR = 1000 +2RF 

Therefore 

ZT = 10000 (ZTR-2RF) 

(EO. 13) 

(EO. 14) 

(EO. 15) 

(EO.1S) 

Equation 16 can now be used to match the SUC's imped
ance to any known line impedance (ZTR). 

EXAMPLE: 

Calculate ZT to make ZTR = 6000 in series with 2.16J1F. 
RF=20n. 

ZT=1000 0(SOO+ 1 -6 2020) 
jco o 2.1S o 10 

ZT = 560kn in series with 2.16nF 

(AC) 2-Wire to 4-Wire Gain 

The 2-wire to 4-wire gain Is equal to VTx! VTR 

From Equations 9 and 10 with VAX = 0 

VTX ZT/1000 
A2 _4 = VTR = ZT/1000+2RF 

(AC) 4-Wire to 2-Wire Gain 

The 4-wlre to 2-wlre gain Is equal to VTWVAX 

From Equations 9, 10 and 11 with EG = 0 

(EO. 17) 

(EO. 18) 

VTR ZT ZL 
A4 _2 = VRX = -ZRX 0 ZT 

1000 + 2RF + ZL 

For applications where the 2-wire Impedance (ZTR' 
Equation 15) is chosen to equal the line impedance (Zd, the 
expression for ~-2 simplifies to: 

ZT 1 
A4 2 =--0-

- ZRX 2 

(AC) 4-Wire to 4-Wire Gain 

The 4-wire to 4-wire gain is equal to VTXNRX 

From Equations 9, 10 and 11 with EG = 0 

VTX ZT ZL + 2RF 
A4 _4 = VRX = -ZRX 0 ZT 

1000+2RF+ZL 

Transhybrid Circuit 

(EO. 19) 

(EO. 20) 

The purpose of the transhybrid circuit is to remove the 
receive signal (VRx) from the transmit Signal (VTX), thereby 
preventing an echo on the transmit side. This is accom
plished by using an external op amp (usually part of the 
CODEC) and by the inversion of the signal from the 4-wire 
receive port (RSN) to the 4-wlre transmit port (VTX). Figure 
17 shows the transhybrid circuit. The input signal will be sub
tracted from the output signal H 11 equals 12. Node analysis 
yields the following equation: 

The value of Ze is then 

VRX 
Ze = -RTXo VTX 

Where VRXNTX equals 11 ~ 

(EO. 21) 

(EO. 22) 
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Therefore 

ZT 
ZRX 1000+2RF+ZL 

Z = R .-• .:..::.:~..,-,;",-
B TX ZT ZL +2RF 

Example: 

(EQ.23) 

Given: Rrx = 2OkO, lAx = 280kO, ZT = 562kQ (standard 
value), RF = 200 and Zt. = 6000 

The value of Ze = 18.7kQ 

I:! 
VTX Rrx -

11l 
HC5526 

RSN 

+ 
VAX 

.f 
'=" 

CODECI 
FILTER 

--------_. 
FIGURE 17. TRANSHYBRID CIRCUIT 

Supervisory Functions 

The loop current, ground key and the ring trip detector out
puts are multiplexed to a single logic output pin called DE'f. 
See Table 1 to determine the active detector for a given logic 
input. For further discussion of the logic circuitry see section 
titled "Digital Logic Inputs·. 

Before proceeding with an explanation of the loop current 
detector, ground key detector and later the longitudinal imped
ance, it is important to understand the difference between a 
"metallic" and "longitudinal" loop currents. Figure 18 illustrates 
3 different types of loop current encountered. 

Case 1 illustrates the metallic loop current. The definition of 
a metallic loop current is when equal currents flow out of tip 
and into ring. Loop current is a metallic current. 

Cases 2 and 3 illustrate the longitudinal loop current. The 
definition of a longitudinal loop current is a common mode 
current, that flows either out of or into tip and ring simulta
neously. Longitudinal currents in the on-hook state result in 
equal currents flowing through the sense resistors R1 and 
R2 (Figure 18). And longitudinal currents in the off-hook 
state result In unequal currents flowing through the sense 
resistors R1 and R2. Notice that for case 2, longitudinal cur
rents flOWing away from the SLlC, the current through R1is 
the metallic loop current plus the longitudinal current; 
whereas the current through R2 is the metallic loop current 
minus the longitudinal current. Longitudinal currents are 
generated when the phone line is influenced by magnetic 
fields (e.g. power lines). 

Loop Current Detector 

Figure 18 shows a simplified schematic of the loop current 
and ground key detectors. The loop current detector works 
by sensing the metallic current flowing through resistors R1 
and R2. This results in a current (IRO) out of the transcon
ductance amplifier (gm1) that is equal to the product of gm1 
and the metallic loop current. IRO then flows out the RO pin 
and through resistor RO to VEE. The value of IRO Is equal to: 

(EQ.24) 

The IRO current resuHs in a voltage drop across Ro that Is 
compared to an internal 1.25V reference voltage. When the 
voltage drop across RO exceeds 1.25V, and the logic is con
figured for loop current detection, the DET pin goes low. 

The hystereSiS resistor RH adds an additional voHage effec
tively across Ro. causing the on-hook to off-hook threshold 
to be slightly higher than the off-hook to on-hook threshold. 

Taking into account the hysteresis voltage, the typical value 
of RO for the on-hook to off-hook condition is: 

R _ 465 

o - ION _ HOOK 10 OFF - HOOK 
(EQ.25) 

Taking into account the hysteresis voltage, the typical value 
of RO for the off-hook to on-hook condition is: 

R _ 375 
o - IOFF _ HOOK 10 ON - HOOK 

(EQ.26) 

A filter capacitor (CD) in parallel with RO will improve the 
accuracy of the trip point in a noisy environment. The value 
of this capacitor is calculated using the following Equation: 

(EQ.27) 

where: T = 0.5ms 

Ground Key Detector 

A simplified schematic of the ground key detector is shown 
in Figure 18. Ground key, is the process in which the ring ter
minal is shorted to ground for the purpose of signaling an 
Operator or seizing a phone line (between the Central Office 
and a Private Branch Exchange). The Ground Key detector 
is activated when unequal current flow through resistors R1 
and R2. This results in a current (IGKl out of the transcon
ductance amplifier (gm2) that is equal to the product of gm2 
and the differential (ITIP -IRING) loop current. If IGK Is less 
than the internal current source (11)' then diode D1 is on and 
the output of the ground key comparator is low. If IGK is 
greater than the internal current source (11), then diode D2 Is 
on and the output of the ground key comparator is high. With 
the output of the ground key comparator high, and the logic 
configured for ground key detect, the DET pin goes low. The 
ground key detector has a built in hysteresis of typically 5mA 
between Its trigger and reset values. 
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-
CURRENT 

LOOP ..... 
COMPARATOR 

gma(lnp • IRING! -
+ -
VREF 
1.25V 

t----tDE'i' 

.. --.----.-----.-.--.--.------.--.~ 
FIGURE 18. LOOP CURRENT AND GROUND KEY DETECTORS 

Ring Trip Detector 

Ring trip detection is accomplished with the internal ring trip 
comparator and the external circuitry shown in Figure 19. 
The process of ring trip is initiated when the logic Input pins 
are in the following states: EO = 0, E1 = 1/0, C1 = 1 and 
C2 = O. This logic condition connects the ring trip compara
tor to the DE'f output, and causes the Ringrly pin to energize 
the ring relay. The ring relay connects the tip and ring of the 
phone to the external circuitry in Figure 19. When the phone 
is on-hook the DT pin Is more positive than the DR pin and 
the DEi' output is high. For off-hook conditions DR is more 
positive than DT and l5Ef goes low. When DET goes low, 
indicating that the phone has gone off-hook, the SLiC Is 
commanded by the logic inputs to go into the active state. In 
the active state, tip and ring are once again connected to the 
phone and normal operation ensues. 

Figure 19 Illustrates battery backed unbalanced ring injected 
ringing. For tip injected ringing just reverse the leads to the 
phone. The ringing source could also be balanced. 

NOTE: The l5ET output will toggle at 20Hz because the DT input is 
not completely filtered by CRT. Software can examine the duty cycle 
and determine if the i:iEf pin is low for more thet hall the time, if so 
the off·hook condition Is Indicated. 

RING 
RELAY 

p-------

DR I 
I RING TRIP 
: COMPARATOR 

I 
I 
I 
I 
I 

RINGRLY I 

HC5526 

._------
FIGURE 19. RING TRIP ClRCUrr FOR BATTERY BACKED RINGING 

Longitudinal Impedance 
The feedback loop described in Figure 20(A, B) realizes the 
desired longitudinal Impedances from tip to ground and from 
ring to ground. Nominal longitudinal impedance is resistive 
and In the order of 22n. 
In the presence of longitudinal currents this circuit attenu· 
ates the voltages that would othelWise appear at the tip and 
ring terminals, to levels well within the common mode range 
of the SLiC. In fact, longitudinal currents may exceed the 
programmed DC loop current without disturbing the SLiC's 
VF transmission capabilities. 

The function of this circuit is to maintain the tip and ring volt
ages symmetrically around VBATI2, in the presence of longi
tudinal currents. The differential transconductance amplifiers 
GT and GR accomplish this by sourcing or sinking. the 
required current to maintain Vc at VBAT/2. 

When a longitudinal current Is Injected onto the tip and ring 
inputs, the voltage at Vc moves from irs equilibrium value 
VBATI2. When Vc changes by the amount !:NC, this change 
appears between the input terminals of the differential 
transconductance amplifiers GT and GR' The output of GT 
and GR are the differential currents AI1 and A12, which in 
turn feed the differential inputs of current sources IT and I R 
respectively. IT and IR have current gains of 250 single 
ended and 500 differentially, thus leading to a change In IT 
and IR that Is equal to SOO(AI) and SOO(AI2}' 

The circuit shown in Figure 20(B) illustrates the tip side of 
the longitudinal network. The advantages of a differential 
input current source are: improved noise since the noise due 
to current source 210 is now correlated, power savings due 
to differential current gain and minimized offset error at the 
Operational Amplifier inputs via the two Skn resistors. 
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FIGURE 20. LONGITUDINAL IMPEDANCE NETWORK 

Digital Logic Inputs 

Table 1 is the logic truth table for the TTL compatible logic 
input pins. The HC5526 has two enable inputs pins (EO, E1) 
and two control inputs pins (C1 , C2). 

The enable pin EO is used to enable or disable the OET out
put pin. The DEi' pin is enabled if EO is at a logic level 0 and 
disabled if EO is at a logic level 1. 

The enable pin E1 gates the ground key detector to the DEi' 
output with a logic level 0, and gates the loop or ring trip 
detector to the m output with a logic level 1. 

A combination of the control pins C1 and C2 is used to 
select 1 of the 4 possible operating states. A deSCription of 
each operating state and the control logic follow: 

Open Circuit State (C1 = 0, C2 = 0) 

In this state the SLiC is effectively off. All detectors and both 
the tip and ring line drive amplifiers are powered down, pre
senting a high impedance to the line. Power dissipation is at 
a minimum. 

Active Stete (C1 = 0, C2 = 1) 

The tip output Is capable of sourcing loop current and for 
open circuit conditions is about -4V from ground. The ring 
output is capable of sinking loop current and for open circuit 
conditions is about VBAT +4v, VF signal transmission is nor
mal. The lOOP current and ground key detectors are both 
active, EO and E1 determine which detector is gated to the 
DEToutput. 

Ringing State (C1 = 1, C2 = 0) 

The ring relay driver and the ring trip detector are activated. 
Both the tip and ring line drive amplifiers are powered down. 
Both tip and ring are disconnected from the line via the 
external ring relay. 

Standby State (C1 = 1, C2 = 1) 

Both the tip and ring line drive amplifiers are powered down. 
Intemal resistors are connected between tip to ground and ring 
to VBAT to allow loop current detect in an off-hook condition. 
The loop current and ground key detectors are both active, EO 
and E1 determine which detector is gated to the W output. 

AC Transmission Circuit Stability 

To ensure stability of the AC transmission feedback loop two 
compensation capacitors eyc and CRC are required. 
Figure 21 (Application Circuit) illustrates their use. Recom
mended value is 2200pF. 

AC·DC Separation Capacitor, CHP 

The high pass filter capacitor connected between pins HPT 
and HPR provides the separation between circuits sensing 
tip to ring DC conditions and circuits processing AC signals. 
A 10nf CHP will position the low end frequency response 
3dB break point at 48Hz. Where: 

(EQ.28) 

where RHP = 330kn 
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sLie Operating States 
TABLE 1. LOGIC TRUTH TABLE 

EO E1 C1 C2 SUC OPERATING STATE ACTIVE DETECTOR DEfOUTPUT 

0 0 0 0 Open Circuit 

0 0 0 1 Active 

0 0 1 0 Ringing 

0 0 1 1 Standby 

0 1 0 0 Open Circuit 

0 1 0 1 Active 

0 1 1 0 Ringing 

0 1 1 1 Standby 

1 0 0 0 Open Circuit 

1 0 0 1 Active 

1 0 1 0 Ringing 

1 0 1 1 Standby 

1 1 0 0 Open Circuit 

1 1 0 1 Active 

1 1 1 0 Ringing 

1 1 1 1 Standby 

Thermal Shutdown Protection 

The HC5526's thermal shutdown protection is invoked if a 
fault condition on the tip or ring causes the temperature of 
the die to exceed 160oC. If this happens, the SLiC goes into 
a high impedance state and will remain there until the tem
perature of the die cools down by about 20oC. The SLiC will 
return back to its normal operating mode, providing the fauH 
condition has been removed. 

Surge Voltage Protection 

The HC5526 must be protected against surge voHages and 
power crosses. Refer to "Maximum Ratings' TIPX and 
RINGX terminals for maximum allowable transient tip and 
ring voltages. The protection circuit shown in Figure 20 uti
lizes diodes together with a clamping device to protect tip 
and ring against high voltage transients. 

Positive transients on tip or ring are clamped to within a 
couple of voHs above ground via diodes 01 and 02' Under 
normal operating conditions 01 and 02 are reverse biased 
and out of the circuit. 

Negative transients on tip and ring are clamped to within a 
couple of volts below ground via diodes 03 and 04 with the 
help of a Surgector. The Surgector is required to block 
conduction through diodes 03 and 04 under normal 
operating conditions and allows negative surges to be 
returned to system ground. 

No Active Detector Logic Level High 

Ground Key Detector Ground Key Status 

No Active Detector logic Level High 

Ground Key Detector Ground Key Status 

No Active Detector logic Level High 

Loop Current Detector Loop Current Status 

Ring Trip Detector Ring Trip Status 

Loop Current Detector Loop Current Status 

No Active Detector 

Ground Key Detector 

No Active Detector 

Ground Key Detector 

Logic Level High 

No Active Detector 

Loop Current Detector 

Ring Trip Detector 

Loop Current Detector 

In applications where only low energy transients «300V) are 
possible, diodes 03 and 04 could be connected to VBATo 
eliminating the requirement of the Surgector. Caution should 
be used with this application. Be aware that: surge 
protection is for low level transients only and will subject the 
batteries to negative voHage surges. 

The fuse resistors (RF) serve a dual purpose of being non
destructive power diSSipaters during surge and fuses when 
the line in exposed to a power cross. 

Power-Up Sequence 
The HC5526 has no required power-up sequence. This is a 
resuH of the Dielectrically Isolated (01) process used in the 
fabrication of the part. By using the 01 process, care is no 
longer required to insure that the substrate be kept at the 
most negative potential as with junction isolated ICs. 

Printed Circuit Board Layout 

Care in the printed circuit board layout is essential for proper 
operation. All connections to the RSN pin should be made 
as close to the device pin as possible, to limit the interfer
ence that might be injected into the RSN terminal. It Is good 
practice to surround the RSN pin with a ground plane. 

The analog and digital grounds should be tied together at 
the device. 
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NOTes: 

2. Overload Level (lWo·Wlre port) • The overloed level is speci· 
fied at the 2·wlre port (VTRO) with the signal source at the 
4-wlre receive port (ER><l. IOCMET = 23mA. Increese the ampli· 
tude of ERX until 1% THO Is measured at VTRO' Reference 
Figure 1. 

3. Longitudinal Impedance • The longitudinal Impedance is com· 
puted using the following equations. where TIP and RING volt· 
ages are referenced to ground, LZT. LZR. VT. VR. AR and"'r are 
defined In Figure 2. 

(TIP) LZT = VT/"'r 

(RING) LZR = VR/AR 

where: EL = 1VRMS (OHz to 100Hz) 

4. longitudinal Current limit (Off-Hook Active) • Off· Hook (Ac
tive. 01 = 1. 02 = 0) longitudinal current limit Is determined by 
increeslng the amplitude of EL (Figure 3A) until the 2-wlre 
longitudinal balance drops below 45dB. OET pin remains low 
(no false detection). 

5. Longitudinal Current Limit (On·Hook Standby)· On· Hook 
(Active. 01 = 1. 02 = 1) longitudinal current limit Is determined 
by increasing the amplitude of EL (Figure 3B) until the 2-wlre 
longitudinal balance drops below 45dB. DE'F pin remains high 
(no false detection). 

6. Longitudinal to Metallic Balance- The. longitudinal to metallic 
balance Is computed using the fOllowing equation: . 

BLME = 20 0 log (ELIVTFU. where: EL and VTR are defined In 
Figure 4. 

7. Metallic to Longitudinal FCC Part 68. Para 68.310 - The me· 
tallic to longitudinal balance Is defined In this spec. 

8. Longitudinal to Fou .... Wlre Balance· The longitudinal to 4-wlre 
balance Is computed using the following equation: 

BLFE = 20 0 log (ELIVTX).: EL and VTX are defined In Figure 4. 

9. Metallic to Longitudinal Balance· The metallic to longitudinal 
balance is computed using the following equation: 

BMLE = 20 o log (ETRIVLJ. ERX = 0 

where: ETR. VL and ERX are defined In Figure 5. 

10. Fou .... Wlra to Longitudinal Balance· The 4-wlre to longitudinal 
balance Is computed using the following equation: 

BFLE = 20 0 log (ERXIVLJ. ETR = source Is removed. 

where: ERX. VL and ETR are defined in Figure 5. 

11. Two-Wlra Return LOA • The 2-wlre retum loes Is computed 
using the following equation: 

r = -20 o log (2VMIVS) 

where: Zo = The desired impedance; e.g .• the characteristic 
impedance of the line. nominally 6000. (Reference Figure 6). 

12. Overload Level (4-Wlra port)· The overload level Is specified 
at the 4-wlre transmit port (VTXO) with the signal source (EG) at 
the 2-wlre port. IOCMET = 23mA.lL = 20kO (Reference Figure 
7). Increase the amplitude of EG until 1% THO Is meesured at 
VTXO Note that the gain from the 2-wlre port to the 4-wlre port 
Is equal to 1. 

13. Output Offset Voltage' The output offset voltage Is specified 
with the following conditions: EG = 0, IOCMET = 23mA. lL = .. 
and Is meesured at VTX. EG. IOCMET. VTX and ZL are defined 
in Figure 7. Note: IOCMET is established with a series 6000 
resistor between tip and ring. 

14. Two-Wlra to Fou .... Wlre (Metallic to VTX) Voltage Gain' The 
2-wire to 4-wlre (metallic to VTX) voltage gain is computed using 
the following equation. 
G2-4 = (VTXIVTR), EG = OdBmO. VTX. VTR. and EG are defined 
In Figure 7. 

15. Currant Gain RSN to Metallic· The current gain RSN to Metal· 
lie is computed using the following equation: 

K = 1M [(ROC1 + Roc2lI(VROC • VRSN)] K. 1M. ROC1. ROC2. 
VROC and VRSN are defined In Figure 8. 

16. TWo·Wlre to Fou .... Wlre Frequency Response· The 2-wlre to 
4-wlre frequency response is measured with respect to EG = OdBm 
at 1.0kHz. ERX = OV. IDCMET = 23mA. The frequency response is 
computed using the following equation: 
F2.4 = 20 0 log (VTxIVTR). vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 
VTX. VTR, and EG are defined in Figure 9. 

17. Fou .... Wlre to TWo·Wire Frequency Response· The 4-wlre to 
2-wire frequency response Is meesured with respect to ERX = 
OdBm at 1.0kHz. EG = OV. IOCMET = 23mA. The frequency 
response Is computed using the following equation: 
F4-2 = 20 0 log (VTR/ERX). vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 
VTR and ERX are defined In Figure 9. 

18. Fou .... Wlre to Four·Wlre Frequency Response· The 4-wlre to 
4-wlre frequency response Is measured with respect to ERX = 
OdBm at 1.0kHz. EG = OV. IOCMET = 23mA. The frequency 
response is computed using the following equation: 
F 4-4 = 20 0 log (VTX/ERX). vary frequency from 300Hz to 
3.4kHz and compare to 1 kHz reading. 
VTX and ERX are defined In Figure 9. 

19. Two·Wlra to Fou .... Wire Insertion Loas· The 2-wlre to 4-wlre 
Insertion loes is measured with respect to EG = OdBm at 1.0kHz 
Input signal, ERX = O. IOCMET = 23mA and Is computed using 
the following equation: 
L2-4 = 20 0 log (VTXIVTR) 
where: VTX. VTR, and EG are defined In Figure 9. (Note: The 
fuse resistors. RF. Impact the Insertion loes. The specified 
insertion loes Is for RF = 0). 

20. Four·Wlre to Two-Wlre Insertion Loss· The 4-wlre to 2-wlre 
Insertion loes Is measured based upon ERX = OdBm. 1.0kHz 
input signal. EG - O. IDCMET = 23mA and is computed using 
the following equation: 

l4-2 = 20 0 log (VTRIERX) 
where: VTR and ERX are defined in Figure 9. 

21. TWo·Wlre to Four·Wlre Gain Tracking· The 2-wire to 4-wire 
gain tracking Is referenced to meesurements taken for EG = 
-10dBm. 1.0kHz signal, ERX = O. IOCMET = 23mA and Is com· 
puted using the following equation. 
G2-4 = 20 0 log (VTXIVTR) vary amplitude -40dBm to +3dBm. or 
-55dBm to -4OdBm and compare to -1OdBm reading. 
VTX and VTR are defined in Figure 9. 

22. Four·Wlre to Two-Wlre Gain Tracking. The 4-wlre to 2-wlre 
gain tracking is referenced to measurements taken for ERX = 
-lOdBm. 1.0kHz signal. EG = O. IOCMET = 23mA and Is com· 
puted using the following equation: 
G4.2 = 20 0 log (VTR/ERX) vary amplitude -4OdBm to +3dBm. 
or -55dBm to -40dBm and compare to -lOdBm reading. 
VTR and ERX are defined In Figure 9. The level Is spaclfled at the 
4-wlre receive port and referenced to a 8000 Impedance level. 
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23. Two-Wire Idle Channel Noise - The 2-wire idle channel noise 
at VTR Is specified with the 2-wire port terminated in 6000 (RLl 
and with the 4-wire receive port grounded (Reference 
Figure 10). 

27. Constant Loop Current - The constant loop current is calcu
lated using the following equation: 

IL = 2500 I (ROCt + Roc21 

24. Fou .... Wire Idle Channel Noise - The 4-wire idle channel noise 
at VTX Is specified with the 2-wire port terminated In 6000 (RLl. 
The noise specification is with respect to a 6000 impedance 
level at VTX. The 4-wire receive port is grounded (Reference 
Figure 10). 

28. Standby State Loop Current - The standby state loop current 
Is calculated using the following equation: 

IL = [IVBATI- 3]1 [RL +1800]. TA = 25°C 

29. Ground Key Dstector - (TRIGGER) Increase the input current 
to 8mA and verify that l5ET goes low. 

25. Harmonic Distortion (2-Wire to 4-Wire) - The harmonic distor
tion Is measured with the following conditions. EG = OdBm at 
1 kHz. IDCMET - 23mA. Measurement teken at VTX' (Reference 
Figure 7). 

(RESET) Decrease the Input current from 17mA to 3mA and 
verify that DET goes high. 

(Hysteresis) Compare difference between trigger and reset. 

26. Harmonic Distortion (4-Wire to 2-Wlre) - The harmonic distor
tion is measured with the following conditions. ER)( = OdBmO. 
Vary frequency between 300Hz and 3.4kHz. IDCMET = 23mA. 
Measurement taken at VTR. (Reference Figure 9). 

30. Power Supply Rejection Ratio -Inject a l00mVRMS signai 
(50Hz to 4kHz) on VBAT. VCC and VEE supplies. PSRR Is com
puted using the following equation: 

PSRR = 20 • log (VTXNIN). VTX and VIN are defined In 
Figure 12. 

Pin Descriptions 

PLCC PDIP SYMBOL DESCRIPTION 

1 RINGSENSE Intemally connected to output of RING power amplifier. 

2 7 BGND Battery Ground -To be connected to zero potentiai. All loop current and longitudinal current flow from this ground. 
Internally separate from AGND but it is recommended that it Is connected to \he ssme potential as AGND. 

4 8 Vee 5V power supply. 

5 9 RINGRLY Ring relay driver output. 

6 10 VBAT Battery supply voltage. -24V to -S6V. 

7 11 RSG Saturation guard programming resistor pin. 

8 12 El TTL compatible logic Input. The logic state of El in conjunction with the logic state of Cl determinas which 
detector Is gated to the DET output. 

9 13 EO TTL compatible logic Input. Enables the JjEj output when set to logic level zero and disablas I5ET output 
when set to a logic level one. 

11 14 DET Detector output. TTL compatible logic output. A zero logic level indicates that the selected detector was trig-
gered (see Truth Table for selection of Ground Key detector. Loop Current detector or the Ring Trip detector). 
The I5ET output is an open collector with an internal pull-up of approximately 15W to V CC. 

12 15 C2 TTL compatible logic input. The logic stetas of Cl and C2 determine the operating states (Open Circuit. 
Active. Ringing or Standby) of the SLiC. 

13 16 Cl TTL compatible logic input. The logic statas of Cl and C2 determine the operating states (Open Circuit, 
Active. Ringing or Standby) of the SLiC. 

14 17 Roc DC feed current programming resistor pin. Constant current feed Is programmed by resistors ROCt and ROC2 
connected in series from this pin to the receive summing node (RSN). The resistor junction point Is decoupled 
to AGND to isolate the AC signai components. 

15 18 AGND Anaiog ground. 

16 19 RSN Receive Summing Node. The AC and DC current flowing Into this pin astabllshes the metallic loop current 
that flows between tip and ring. The magnitude of tha metallic loop current Is 1000 times greater than the 
current Into the RSN pin. The constant current programming raslstors and the networkS for program receive 
gain and 2-wire impedance ail connect to this pin. 

18 20 VEE -5V power supply. 

19 21 VTX Transmit audio output. This output is equivalent to the TIP to RING metallic voltage. The network for pro-
gramming the 2-wire Input Impedance connects between this pin and RSN. 

20 22 HPR RING side of AC/DC separation capecltor CHP. CHP Is required to proparly separate the ring AC current from 
the DC loop current. The other end of CHP Is connected to HPT. 
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Pin Descriptions (Continued) 

PLeC PDlP 

21 1 

22 2 

23 3 

25 4 

26 

27 5 

28 6 

3,10, 
17,24 

Pinouts 

RINORLY 

VSAT 

RSO 

El 

EO 

NIC 

!lET 

SYMBOL DESCAIPTION 

HPT TIP side of AC/DC separation capacitor CHP. CHP Is required to properly separate the tip AC current from 
the DC loop current. The other end of CHP is connected to HPR. 

RD Loop current programming resistor. Resistor Ro sets the trigger level for the loop current detect circuit. A filter 
capacitor Co is also connected between this pin and VEE. 

DT Input to ring trip comparator. Ring trip detection Is accomplished by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 

DR Input to ring trip comparator. Ring trip detection is accomplished by connecting an external network to a 
comparator in the SLIC with inputs DT and DR. 

TIPSENSE Internally connected to output of tip power amplifier. 

TIPX Qutput of tip power amplifier. 

RINGX Output of ring power amplifier. 

NlC No internal connection. 

HC5526 
(PLCC) 

TOP VIEW 

HC5526 
(PDIP) 

TOP VIEW 

I ; C , I If ~ ~ I I 1= 

DR 

NIC 

DT 

RD 

HPT 

HPR 

VTX 

4·106 

RlNOX 
BOND 

Vee 
RINGRLY 

HPR 

1 RSN 

1 Cl 

C2 

m 
EO 

El 
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Application Circuit 

CMP (NOTE 32) 

PTC 

RINGING 
(VIAT + eoVRMS> 

21HPT 

22RD 

23DT 

25 DR 

'ZTTlPX 

28RINGX 

2BGND 

4Vcc 

5RINGRLY 

IVIAT 

7RsG 
-IV 

U1 SLIC (Subscriber Une Interface Clroult) 
HC5526 

U2 Combination COoEClFilter e.g. 
Co22354A or Programmable COoECI 
Filter. e.g. SLAC 

CDC 1.5I£F. 20%. 10V 

CHP 10nF. 20%.100V (Note 2) 

CRT 0.39I£F.20%. 100V 

Orc. CRC 2200pF.20%. 100V 

Relay Relay. 2C Contects. 5V CoIl 

01 - 04 Diode. 100V. 3A 

Surgector SGT06UI3 

Ul 

1----., 

R1. R.3 200kn.5%. 1/4W 

R2 910kn. 5%. 1/4W 

~ 1.2MO.5%. 1/4W 

RB lB.7kn.l%.1I4W 

Ro 39kn. 5%. 1/4W 

ROC1. RDC2 41.2kn.5%. 1/4W 

RFB 20.0kn. 1%. 1/4W 

RRX 2BOkn. 1%. 1/4W 

RT 562kn.l%. 1/4W 

RTX 20kn. 1%. 1/4W 

RRT 1500.5%. 2W 

c.!c :;-

RSG VBAT" -2BV. RSG = eo 

I 
I 
I CODECIFILTER ._------

05 Diode. 1 N4454 

RF1. RF2 Une Resistor. 200.1% Match 
VBAT" -4BV. RSG = 21.4kn. 1/4W 5% 

NOTES: 

31. The anodes of 03 and 04 may be connected directly to the VBAT supply If the application Is exposed to only low energy trenslents. For 
hersher environments It Is recommended 1het the anodes of 03 and 04 be shorted to ground through a transzorb or surgector. 

32. To meet the specified 25dB 2-wtre relum loss at 200Hz. CHP needs to be 20nF. 20%. 100V. 

FIGURE 21. APPUCATION CIRCUIT 
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January 1997 

Features 

• 01 Monolithic High Voltage Process 

• Compatible with Worldwide PBX and CO Performance 
Requirements 

• Controlled Supply of Battery Feed Current with 
Programmable Current Limit 

• Operates with 5V Positive Supply (VB+) 

• Internal Ring Relay Driver and a Utility Relay Driver 

.• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

.• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On Chip Op Amp for 2-Wlre Impedance Matching 

Applications 
• Solid State Line Interface Circuit for PBX or Central 

Office Systems, Digital Loop carrier Systems 

• HoteUMotel Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBXs 

• High Voltage 2-Wirel4-Wlre, 4-WIre/2-Wlre Hybrid 

• Related Literature 

- AN9607, Impedance Matching Design Equations 

- AN9628, AC Voltage Gain 

- AN9608, Implementing Pulse Metering 

- AN549, The HC-5502S14X Telephone Subscriber 
Line Interface Circuits (SUC) 

SLiC 
Subscriber Line Interface Circuit 

Description 
The HC4P5509A 1 R3060 telephone Subscriber Line 
Interface Circuit integrates most of the BORSCHT functions 

. on a monolithic IC. The device is manufactured in a 
Dielectric Isolation (DI) process and is designed for use as a 
high voltage interface between the traditional telephone 
subscriber pair (Tip and Ring) and the low voltage filtering 
and coding/decoding functions of the line card. Together with 
a secondary protection diode bridge and "feed" resistors, the 
device will withstand 1000V lightning induced surges, in 
plastic packages. The SUC also maintains specified 
transmissjon performance in the presence of externally 
induced longitudinal currents. The BORSCHT functions that 
the SUC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLiC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLiC device. 

The HC4P5509A1R3060 SLIC is ideally suited for line card 
designs in PBX and CO systems, replaCing traditional 
transformer solutions. 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGECOC} PACKAGE NO. 

HC4P5509A 1 R3060 01075 28 Ld PLCC N28.45 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3675.1 
Copyright @Harrls Corporation 1997 
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Absolute Maximum Ratings TA = 25°C Thermal Information 
Relay Drivers • • . • • • . • • . . • . • . • • • • • • • • . . • • . . • . -O.5V to + 15V 
Maximum Supply Voltages 

Thermal Resistance (Typical, Note 1) 9JA fCIW) 

(VB+) ••..•....••••••.•••.•••••••.••....... -O.5V to +7V 
(VB+)-(VB-) •.•.••••...•••.••.••.•••.••.......•.•. +75V 

PLCC Package . . • • • • • . • • • . • • . . • • • • . . • • • • • . 67 

Die Characteristics Junction Temperature Plastic. • • • • • • . • . . • • • . • • . . • • • • . • 150°C 
Lead Temperature (Soldering 1 Os) •.••••••••••......•.. 300°C Transistor Count ..•..•....••..•.............•...•.... 224 

Diode Count ••.....••........••............•...•...•. 28 
Operating Conditions 

Operating Temperature Range 

Die Dimensions .•.••••••.••..••.•....••••..•.••. 174 x 120 
Substrate Potential • • • • . . . . . • . . • • . . . . . • . . . • • • • . • Connected 

HC4P5509A 1 R3060 ••..••.••...•..•.......... 00C to 75°C 
Storage Temperature Renge •••••••••••.••.•.. -85°C to 150°C 

Procass ••..••.....••........••........••...... Bipolar-DI 

Relay Drivers • . • • • • . . . . . . • . • . . . • • . • • • . • • . . . . . +5V to + 12V 
Positive Power Supply (VB+) •.•••••••..••.....•••.• +5V ±5% 
Negative Power Supply (VB-) ••••••••••••••.•...• -42V to -58V 
Loop Resistance (RLl ........••..••••• 2000 to 17500 (Nota 2) 

CAUTION: Stresses abol/8 those listed In "Absolute MaJdlfHlm Ratings" may cause permanent damage to the d6vfce. This Is a stress only rating and operation 
of the device at these or any other oondItIons abol/8 those Indicated In the operational sections of this specification Is not Implied. 

NOTES: 

1. 9JA is measured with the component mounted on an evaluation PC board in free air. 

2. May be extended to 19000 with application circuit 

Electrical Specifications Unless Otherwise Specified, Typical Parameters are at TA = 25°C, Min-Max Parameters are over Oper
ating Temperature Range, VB- = -48v, VB+ = +5V, AG = BG = OV. All AC Parameters are specified at 
6000 2-Wlre terminating impedance. 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

AC TRANSMISSION PARAMETERS 

AX Input Impedance 300Hz to 3.4kHz (Note 3) - 100 - kO 

TX Output Impedance 300Hz to 3.4kHz (Nota 3) - - 20 0 

4-Wire Input Overload Level 300Hz to 3.4kHz RL = 12000, +1.5 - - VPEAK 
6000 Reference 

2-Wire Retum Loss Matched for 6000 (Note 3) 

SRLLO 26 35 - dB 

ERL 30 40 - dB 

SRLHI 30 40 - dB 

2-Wlre Longitudinal to Metallic Balance Per ANSIIIEEE STD 455-1976 (Note 3) 300Hz 58 63 - dB 
Off Hook to 3400Hz 

4-Wire Longitudinal Balance 300Hz to 3400Hz (Note 3) 50 55 - dB 
Off Hook 

Low Frequency longitudinal Balance R.EA Test Circuit - - -67 dBmp. 

IUNE = 40mA TA = 25°C (Note 3) - 23 dBrnC 

longitudinal Current Capability IUNE = 40mA TA = 25°C (Note 3) - - 30 m~MS 

Insertion Loss OdBm at 1kHz, Referenced 6000 

2-Wirel4-Wire -6.22 -6.02 -5.82 dB 

4-Wire/2-Wire - iO.05 iO.2 dB 

4-Wirel4-Wire -6.22 -6.02 -5.82 dB 
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Electrical Specifications Unless OIheIwIse Specified, ~ Parameters are at TA .. 25°C, MIn-Max Parameters are over Oper
ating Temperature Range, VB- .. -48V, Va.." +5v, N3 .. BG .. OV. All AC Parameters are specified at 
6000 2-Wlra terminating Impedance. (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Frequency Response 300Hz to 3400Hz (Note 3) . :1:0.02 :1:0.05 dB 
Referenced to Absolute Level at 1 kHz, 
OdBm Referenced 6000 

Level Linearity Referenced to -1OdBm (Note 3) 

2-Wlre to 4-Wlre and 4-Wlre to 2-Wlre +3to-4OdBm - - :1:0.05 dB 

-40 to -SOdBm - - :1:0.1 dB 

'50 to -55dBm - - :1:0.3 dB 

Absolute Del~y (Note 3) 

2-WlreJ4-W1re fiN • 1kHz - 0.7 1.2 j.IS 

4-Wlre/2~Wlre fIN -1kHz - 0.3 1.0 j.IS 

4-WlreJ4-Wlre fiN -1kHz - 1.5 2.0 j.IS 

Transhybrld Loss YIN" 1Vp_p at 1kHz (Note 3) 32 40 - dB 

Total Harmonic Distortion Fieference Level OdBm at 6000 - - -52 dB 
2-WlreJ4-Wlre, 4-Wlre/2-Wlre, 4-Wlre/4-Wlre 300Hz to 3400Hz (Note 3) 

Idle Channel Noise 

2-Wlre and 4-Wlre ~Message (Note 3) - - 5 dBrnC 

Psophomatric - - -85 dBmp 

3kHzF1at . - 15 dBrn 

Power Supply Rejection Ratio (Note 3) 

Vs+ to 2-Wlre 30Hz to 200Hz, RL = 6000 25 29 - dB 

Vs+ to 4-Wlre 25 29 - dB 

VB- to 2-Wlre 25 29 - dB 

VB- to 4-Wlre 25 29 - dB 

Vs+ to 4-Wlre (Note 3) 25 - - dB 
200Hz to 16kHz, RL" 6000 

VB+ to 2-Wlre 25 - - dB 

VB- to 4-Wlre 25 25 - dB 

VB- to 2-Wlre 25 25 - dB 

Ring Sync Pulse Width 50 - 500 j.IS 

DC PARAMETERS 

Loop Current Programming 

UmltRenge (Note 4) 20 - 60 rnA 
(Note 4) 

Accuracy 10 - - % 

Loop Current During Power Denial ~.200n - ±3 ±5 rnA 
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Electrical Specifications Unless Otherwise Specified, Typical Parameters are at TA" 25°C, Min-Max Parameters are over Oper
ating Temparature Range, Va- = -48V, VB+ = +5V, N3 = BG = OV. All AC Paremeters are specified at 
6000 2-Wlre termlnating Impedance. (COntinued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Fault Currents 

TIP to Ground - 38 45 mA 

RING to Ground - 54 60 mA 

TIP and RING to Ground - 85 95 mA 

Switch Hook Detection Threshold - 12 15 mA 

Ground Key Detection Threshold 9.5 13.5 17.5 mA 

Thermal ALARM Output Safe Operating Ole Temperature Exceeded 140 - 160 °c 

Ring Trip COmparator Threshold See 1YPlcaI Applications for more information 9.5 13.5 17.5 mA 

Dial Pulse Distortion - 0.1 0.5 rns 

Relay Driver Outputs 

On Voltage VOL IOL (ISA) .. 6OmA, IOL (Rl5) = 60mA - 0.2 0.5 V 

Off Leakage Current VOH=13.2V - f10 f100 IlA 

TTUCMOS Logic Inputs eRe, J5l5, RS, m, 
PRI) 

Logic '0' VIL - - 0.8 V 

Logic '1' VIH 2.0 - 5.5 V 

Input Current (!'ro, ]50, RS, m, PRI) OV:S:VINS5V - - fl00 IlA 

logic Outputs 

Logic '0' VOL ILOAD = 8001lA - 0.1 0.5 V 

Logic '1' VOH ILOAD = 401lA 2.7 - V 

Power Dissipation On Hook Relay Drivers Off - 200 - mW 

18+ VB+ = +5.25V, Va- = -56V, RLOOP = 00 - - 6 mA 

Ia- VB+. +5.25V, VB- = -58V, RLOOP" 00 -6 - - mA 

UNCOMMITTED OP AMP PARAMETERS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - f10 - nA 

Differential Input Resistance (Note 2) - 1 - MO 

Output Voltage Swing RL = 10k(} - ±3 - Vp_p 

Srnsll Signal GBW - 1 - MHz 

NOTES: 

3. Absolute maximum ratings are limiting valuee, applied Individually, beyond which the serviceability of the circuit may be impaired. Func
tional oparability under any of these conditions is not necessarily implied. 

4. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
Initial design releese, upon design changes which would affect these characteristics, and at intervals to essure product quality and spec
ification compliance. 

5. Application limitation besed on maximum switch hook detect limit and metallic currents. Not a part limitation. 
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Pin Descriptions 

SOIC SYMBOL DESCRIPTION 

1 AG Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output and re-
ceive input terminals. 

2 VB+ Positive Voltage Source - Most Positive Supply. 

3 Cl Capacitor #Cl - An external capacitor to be connected between this terminal and analog ground. Required 
for proper operation of the loop current limiting function. 

4 PO Power Denial - A low active TTL-compatible logic input. When enabled, the output of the ring amplifier will 
ramp to close to the output voltage of the tip amplifier. 

5 RC Ring Command - A low active TTL-compatible logic Input. When enabled, the relay driver (RD) output goes 
low on the next high level of the ring sync (RS) input, as long as the SLIC Is not in the power down mode 
(TST = 0) or the subscriber is not already off-hOOk (SFiD = 0). 

6 RS Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a positive 
pulse (50 - 500l1s) occurs on the zero crossing of the ring voltage source, as it appears at the RFS terminal. 
For Tip side Injected systems, the RS pulse should occur on the negative going zero crossing and for Ring 
Injected systems, on the positive going zero crossing. This ensures that the ring delay activates and deac-
tivates when the instantaneous ring voltage is near zero. "synchronization Is not required, the pin should 
be tied to +5. 

7 SRi5 Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

8 GKD Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 

9 m A TTL logic input. A low on this pin will keep the SLIC in a power down mode. 

10 AlJ.ii A LS TTL compatible active low output which responds to the thermal detector circuit when a safe operating 
die temperature has been exceeded. The :Al:If can be tied directiy to the m pin to power down the part 
when a thermal fault Is detected. It is possible to Ignore transient thermal overload conditions in the SLIC 
by delaying the responsa to the m pin from the ALM. care must be exercised In attempting this as con-
tinued thermal overstress may reduced component life. 

11 ILMT Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a resistive volt-
age divider. 

12 OUT1 The analog output of the spare operational amplifier. 

13. -INI The Inverting analog Input of the spare operational amplifier. 

14 TIP An analog Input connected to the TI P (more positive) side of the subscriber loop through a feed resistor 
and ring relay contact. Functions wtth the RING terminal to receive voice signals from the telephone and 
for loop monitoring purpose. 

15 RING An analog Input connected to the RING (more negative) side of the subscriber loop through a feed resistor. 
Functions with the TIP terminal to receive voice signals from the telephone and for loop monitoring purposes. 

16 RFS Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring Injected ringing 
the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, the RF and RFS 
pins must be shorted. 

17 VRX Receive Input, 4-Wire Side - A high impedance analog Input. AC signals appearing at this input drive the 
Tip Feed and Ring Feed amplifiers differentially. 

18 LAO Longitudinal Amplifier Output - A low Impedance output to be connected to C2 through a low pass filter. 
Output is proportional to the difference in ITIP and IRING. 
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Pin Descriptions (Continued) 

SOIC SYMBOL DESCRIPTION 

19 VTX Transmit Output, 4-Wire Side - A low Impedance analog output which represents the differential voltage 
across TIP and RING. Transhybrld balancing must be performed beyond this output to completely imple-
ment two to four wire conversion. This output is referenced to analog ground. Since the DC level of this 
output varies with loop current, capacitive coupling to the next stage is necessary. 

20 PRI A TIL compatible Input used to control ~. PRI active High = PR active low. 

21 PR An active low open collector output. can be used to drive a Polarity Reversal Relay. 

22 BG Battery Ground - Tube connected to zero potential. All loop current and some quiescent current flows Into 
this terminal. 

23 RD Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ring!ng signals 
onto the 2-Wire line. 

24 VFB Feedback Input to the tip feed amplifier; may be used In conjunction with transmit output Signal and the 
spare op amp to accommodate 2-Wlre line impedance matching. 

25 TF Tip Feed - A low Impedance analog output connected to the TI P terminal through a feed resistor. Functions 
with the RF terminal to provide loop current, and to feed voice signals to the telephone set and to sink lon-
gitudinal currents. 

26 RF Ring Feed - A low impedance analog output connected to the RING terminal through a feed resistor. Func-
tions with the TF terminal to provide loop current, feed voice signals to the telephone set, and to sink lon-
gitudinal currents. 

27 VB- The battery voltage source. The most negative supply. 

28 C2 capacitor #2 - An extemal capacitor to be connected between this terminal and ground. It prevents false 
ring trip detection from occuntng when longitudinal currents are induced onto the subscriber loop from pow-
er lines and other noise sources. This capacitor should be nonpolarlzed. 

Pinout 

HC4P5509A1 R3060 (PLCC) 
TOP VIEW 

~ ~ Il iii II: > 

1m TF 

RS YFB 

11m 1m 

mm BG 

ftT 

jID,j PRI 

ILMT VTX 

§ , ~ i If >< ~ II: !E 
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Functional Diagram 
PLCC 

SW 

TSD w 
u 
~ 
II: 

i 
OK 

g 

~ 
5 

~----~----------------~--~RFC 

Overvoltage Protection and Longitudinal 
Current Protection 

The SLiC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLiC will withstand longitudinal currents up to a 
maximum or 30mARMS, 15mARMS per leg, without any 
performance degradation. 

PARAMETER 

longitudinal 
Surge 

Melallic Surge 

T/GND 

R1GND 

SO/60Hz Current 

T/GND 

RlGND 

4·114 

TABLE 1. 

TEST PERFORMANCE 
CONDITION (MAX) 

10jlS Rise! ±1000 (Plastic) 

1000jlS Fall 

10jlS Rise! ±1000 (Plastic) 

1000jlS Fall 

10jlS Rise! ±1000 (Plastic) 

1000jlS Fall 

11 Cycles 700 (Plastic) 

Umltedtc 
10AAMS 

UNITS 

VPEAK 

VPEAK 

VPEAK 

VRMS 
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Logic Diagram 

PiS .. 0, IpD • ACTIVE 

,

J 

-t>E~ i 
KEY 

NOTE: PRI and j5J) are Independent switch driven by TTL Input levels. 
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Applications Diagram 

TIP 

'--....... --1B 

'--..... ----I JIIlI 

--......... --.o--~W,... ...... ----I np 

r--oOfI-r-.... --1 RF 

RFS 

RING 

SUC 
HC4P5509A 1 R3060 

RL2 
IUMrr 1----.--\,..,..--. 

VFB 

VTX 

-INl 

oun 

LAO t----., 
TO HYBRID 
BALANCE 
NETWORK 

~ 
VB- BG C2 DG AG VB+ C1 

Zl PrC 

i-4------t 

NOTE: Secondary protectfon diode 
bridge recommended Is3A. 
200VIype. 

FIGURE 1. TYPICAL LINE CIRCUrr APPLICATION WITH THE MONOLITHIC SLiC 

TYPICAL COMPONENT VALUES 

C1 = 0.511F. 30V 

RF1 = RF2 = 210kn, 1% 

CF1 = CF2 = 0.2211F. 10%. 20V Nonpolarized 

C3 = 0.0111F. 100V, ~O% 

C4 = 0.0111F. 100V, ~O% 

Cs = 0.0111F. 100V, ~O% 

CAC = 0.511F. 20V 
KZo = 30kn, (Zo = 600n) 

RL t. RL2; Current Limit Setting Resistors: 

NOTES: 

ILiMIT = (0.6) (RL 1 + RL2)/(200 x RL2),RL 1 typically 100kn 

KRF=20kn 

RB1 = RB2 = RB3 = R84 = 50n 0.1 % absolute matching 

RSt = RS2 = 1kn typically 

CSt = CS2 = 0.111F. 200V typically, depending on VRlng and 
line length. 

Zt = 150V to 200V transient protector. PTC used as ring 
generator ballast. 

1. All grounds (AG. BG) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user wishes to 
run separate grounds off a line card. the AG must be applied flrst. 

2. Application shows Ring Injected Ringing. a Balanced or Tip Injected configuration may be used. 

4-116 



January 1997 

Features 

• 01 Monolithic High Voltage Process 

• Compatible with Worldwide PBX and CO Performance 
Requirements 

• Controlled Supply of Battery Feed Current with Pro-
grammable Current Umit 

• Operates with 5V Positive Supply (Va.) 

• Internal Ring Relay Driver and a Utility Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On-Chlp Op Amp for 2-Wlre Impedance Matching 

Applications 

• Solid State Une Interface Circuit for PBX or Central 
Office Systems, Digital Loop Carrier Systems 

• HoteliMotel Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBXs 

• High Voltage 2-Wlrel4-Wlre, 4-WlreI2-Wire Hybrid 

• Related Literature 

- AN9607, Impedance Matching Design Equations 

- AN9628, AC Voltage Gain 

- AN9608, Implementing Pulse Metering 

- AN549, The HC-5502S14X Telephone Subscriber 
Une Interface Circuits (SUC) 

He-5509B 
SLiC 

Subscriber Line Interface Circuit 

Description 
The HC·5509B telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
IC. The device is manufactured in a Dielectric Isolation (01) 
process and is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func
tions of the line card. Together with a secondary protection 
diode bridge and "feed" resistors, the device will withstand 
1000V lightning induced surges, in plastiC packages. The 
SLIC also maintains specified transmission performance in 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SLiC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLiC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to SOmA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLiC device. 

The HC-5509B SLiC is ideally suited for line card designs in 
PBX and CO systems, replacing traditional transformer 
solutions. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE PKG.NO. 

HC3-5509B-5 01075 28 Ld Plastic DIP E28.6 

HC3·5509B·9 ·4010 85 28 Ld Plastic DIP E28.6 

HC4P5509B·5 01075 44 LdPLCC N44.65 

HC4P5509B·9 ·40 to 85 44 LdPLCC N44.65 

HC9P5509B·5 01075 28 Ld Plastic SOIC M28.3 

HC9P5509B·9 ·4010 85 28 Ld Plastic SOIC M28.3 

CAUTION: These devices are sanshlve to electrostatic dlscharge. Usars should follow proper IC Handling Procedures. File Number 2799.4 
Copyright @Harris Corporation 1997 
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Absolute Maximum Ratings (Note 1) Thermal Information 
Relay Drivers •••.•••.....••••••.•••••.••.•.•• -O.SV to 1SV 
Maximum Supply Voltages 

Thermal Resistance (Typical, Note 3) 9JA ("CN-I) 9JC (OCIW) 
CEROIP Package................ 48 12 

(Va..) .•..•..•..•.•••••...•..•....•••••••••• -O.SV to 7V 
(VB+)-(Va-) ..•.••.••••.••.•....•.....•••.•••••••..• 7SV 

Plastic DIP Package. . . • • • . . • • . . . • S1 NlA 
PLCC Package . . • • . . • • • • . . • • • . • . 47 N/A 

Operating Conditions 
Operating Temperature Range 

SOIC Package. . . • • • • • • • • . . • • • • • . 72 N/A 

HC-5509B-S ••..••...••..••••.•••...•••..••• 0oC to 7SoC 

Maximum Junction Temperature Ceramic •...•....•...... 175°C 
Maximum Junction Temperature Plastic •••..••.......•.. 150°C 
Storage Temperature Range ..••••••.•••••..••• -65OC to 150°C 

HC-S509B-9 •.••....•.•.•••...••.•.•.•.... -40OC to B5°C 
Relay Drivers •••••••.•••.•.••...••••..•.•..•••.• SV to 12V 

MaxImum Lead Temperature (Soldering 1 Os) ............. 300°C 
(For SMO; PLCC and SOIC - Lead Tips Only) 

Die Characteristics 
Positive Power Supply (Va..) .•.....•••..••••••....... SV ±5% 
Negative Power Supply (Va-) . • • • . . . • • . . . • • • . . . . . -42V to -58V 
Loop Resistance (RLl ..••••.•......•.. 2000 to 17500 (Note 2) Transistor Count ....••.••••..•••.•.•••••••..••••..... 224 

Diode Count .••.•.•••••..•••••.••...••...••••.•••.... 28 
Ole Dimensions .••.•..••....••.••..•.••.•••.•••• 174x120 
Substrate Potential . . • . . . • • . • . • • • . . . • • • . • • • . . . •. Connected 
Process •••..•....••.•••••..•••••.••••.••...••• Bipolar-Ol 

CAUTION: Stresses above those listed in "Absolute Maximum RaUngs" may cause permanent dsmsgs to the dellice. This is a stress only mUng and opsmt/Qn 
of the dellice al these or any oth,., conditions above those Indfcsted In the operational ssctlons of this speclflcst/Qn is not Implied. 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func
tional operability under any of these conditions Is not necessarily implied. 

2. May Be Extended to 19000 With Application Circuit. 

3. 9JA Is measured with the component mounted on an evaluation PC board In free air. 

Electrical Specifications Unless Otherwise Specified, Typical Parameters are at TA = 25°C, Min-Max Parameters are Over Oper
ating Temperature Range, Va- = -48V, Va.. = SV, AG = DG = BG .. Ov. All AC Parameters are specified at 
6000 2-Wire Terminating Impedance 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

AC TRANSMISSION PARAMETERS 

RX Input Impedance 300Hz to 3.4kHz (Note 4) - 100 - kO 

TX Output Impedance 300Hz to 3.4kHz (Note 4) - - 20 0 

4-Wire Input Overload Level 300Hz to 3.4kHz RL = 12000, 1.5 - - VPEAK 
6000 Reference 

2-Wire Retum Loss Matched for 6000 (Note 4) 

SRLLO 26 35 - dB 

ERL 30 40 - dB 

SRLHI 30 40 - dB 

2-Wire Longitudinal to Metallic Balance Per ANSIIIEEE STO 45S-1976 (Note 4) 58 63 - dB 
Off Hook 300Hz to 3400Hz 

4-Wlre Longitudinal Balance 300Hz to 3400Hz (Note 4) 50 55 - dB 
Off Hook 

Low Frequency Longitudinal Balance R.E.A. Test Circuil - - -67 dBmp 

ILiNE = 40mA TA .. 2SoC (Note 4) - - 23 dBrnC 

Longitudinal Current Capability ILiNE = 40mA TA = 2SOC (Note 4) - - 30 ITlARMs 
Insertion Loss OdBm al1 kHz, Referenced 6000 

2-Wire/4-Wlre - ±O.05 ±O.2 dB 

4-Wire/2-W1re - ±O.05 ±O.2 dB 

4-WIre/4-W1re - - ±O.2 dB 
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Electrical Specifications Unless Otherwise Specified, Typical Paremeters are at TA = 25"0, Min-Max Paremeters are Over Oper
ating Tempereture Range, VB-" -48V, Va.. = 5V, AG = DG = BG = OV. All AC Paremeters are specified at 
6000 2-Wlre Terminating Impedance (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Frequency Response 300Hz to 3400Hz (Note 4) Referenced to ±a.02 ±a.05 dB 
Absolute Level at 1kHz, OdBm Referenced 
6000 

Level Linearity Referenced to -1OdBm (Note 4) 

2-Wlre to 4-Wlre and 4-Wlre to 2-Wlre +3to-4OdBm - - ±a.05 dB 

-40 to -5OdBm - - ±a.1 dB 

-50 to -55dBm - - ±a.3 dB 

Absolute Delay (Note 4) 

2-Wlrel4-Wlre 300Hz to 3400Hz - - 1 lIS 

4-Wire/2-Wlre 300Hz to 3400Hz - - 1 lIS 

4-Wirel4-Wire 300Hz to 3400Hz - - 1.5 lIS 

Transhybrld Loss, THL (Note 4) See Figure 1 - 40 - dB 

Total Harmonic Distortion Referenca Level OdBm at 6000 - - -52 dB 
2-Wlrel4-Wlre, 4-Wlre/2-Wire, 4-Wirel4-Wlre 300Hz to 3400Hz (Note 4) 

Idle Channel Noise (Note 4) 

2-Wlre and 4-Wlre C-Messege - - 5 dBrnC 

Psophometrlc - - -85 dBmp 

3kHz Flat - - 15 dBrn 

Power Supply Rejection Ratio (Note 4) 

VB+ to 2-Wire 30Hz to 200Hz, RL = 6000 20 29 - dB 

Va.. to 4-Wlre 20 29 - dB 

VB. to 2-Wire 20 29 - dB 

VB_ to 4-Wire 20 29 - dB 

VB+ to 4-Wlre (Note 4) 30 - - dB 

VB_ to 2-Wire 
200Hz to 16kHz, RL = 6000 

30 dB - -
VB- to 4-Wlre 20 25 - dB 

VB_ to 4-Wire 20 25 - dB 

Ring Sync Pulse Width 50 - 500 lIS 

DC PARAMETERS 

Loop Current Progremmlng 

Limit Range 20 - 60 rnA 

Accuracy 10 - - % 

Loop Current During Power Danial RL = 2000 - ±3 ±5 mA 

Fault Currents 

TIP to Ground - 30 - mA 

RING to Ground - 60 - mA 

TIP and RING to Ground - 90 - mA 

4-119 



HC-5509B 

Electrical Specifications Unless Otherwise Specified, Typical Parameters are at TA = 25°C, Min-Max Parameters are OVer Oper
ating Temperatura Range, VB.: -48V, Vs.: 5V, AG : DG ,. BG : OV. All AC Parameters are specified at 
6000 2-Wire Terminating Imped!lnce (Continued) 

PARAMETER TEST CONDtnONS MIN TYP MAX UNITS 

SWitch Hook Detection Threshold - 12 15 mA 

Ground Key Detection Threshold - 10 - mA 

Thermal mm Output Sale Operating Die Temperature Excaeded 140 - 160 °c 

Ring Trip Detection Threshold VRING = 105VRMS, IRING: 20Hz - 10 - mA 

Ring Trip Detection Period - 100 150 rns 

Dial Pulse Distortion - 0.1 0.5 rns 

Relay Driver Outputs 

On Voltage VOL IOl (15R) : 60mA, IOl (RD) : 30mA - 0.2 0.5 V 

Off Leakage Current VOH: 13.2V - ±10 ±100 jIA 

TTlICMOS Logic Inputs (FO, F1, RS, TEST, PRI) 

Logic '0' Vil - - O.B V 

Logic '1' VIH 2.0 - 5.5 V 

Input Current (FO, F1, RS, TEST, PRI) OVSVIN S5V - - ±100 IIA 

Logic Outputs 

Logic '0' VOL IlOAD = BOOIIA - 0.1 0.5 V 

Logic '1' VOH IloAD = 4011A 2.7 - - V 

Power Dissipation On Hook Relay Drivers Off - 200 - mW 

IB+ Vs. = 5.25V, VB- = -5BV, RlOOP : co - - 6 mA 

IB- VB+: 5.25V, VB-: -5BV, RlOOP : co -6 - - mA 

UNCOMMITTED OP AMP PARAMETERS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Differential Input Resistance (Note 4) - 1 - MO 

Output Voltage Swing Rl : 10kn - ±3 - Vp_p 

Small Signal GBW (Note 4) - 1 - MHz 

NOTE: 

4. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and 
specification compliance. 
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He-550SB 

Pin Descriptions 

DIP/sOIC PLCC SYMBOL DESCRIPTION 

1 2 AG Analog Ground - To be connected to zero potential. Serves es a reference for the transmit output 
(Note 5) and receive input terminels. 

2 3 VB+ Positive Voltage Source - most positive supply. 

3 4 C1 Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 

4 8 Fl Function Address #1 - A TTL and CMOS compatible Input used with FO function address line to 
externelly select logic functions. The three selacteble functions are mutually exclusive. See Truth 
Table. Fl should be toggled high after power Is applied. 

5 9 FO Function Address #0 - A TTL and CMOS compatible input used with Fl function address line to 
externally select logiC functions. The three selacteble functions are mutually exclusive. See Truth 
Table. 

6 10 RS Ring Synchronization Input- A TTL - compatible clock input. The clock is arranged such that a pos-
itive pulse (5011s - 500115) occurs on the zero crossing of the ring voltege source, es it appears at 
the RFS terminel. For TIp side injected systems, the RS pulse should occur on the negative going 
zero crossing and for Ring Injected systems, on the positive going zero crOSSing. This ensures that 
the ring delay activates and deactivates when the instantaneous ring voltage is near zero. If syn-
chronization Is not required, the pin should be tied to 5. 

7 11 mID Switch Hook.Det$cliOn - An active low LS TTL compatible logic output. A line supervisory output. 

8 12 tMi Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 

9 13 m A TTL logic Input. A low on this pin will set a latch and keep the SLiC in a power down mode until 
the proper Fl, FO state Is set and will keep Ai:M low. See Truth Table. 

10 17 Ai:M A LS TTL compatible active low output which responds to the thermal detactor circuit when a safe 
operating die temperature hes been exceeded. When rn Is forced low by an external control sig-
nal, ALM Is latched low until the proper Fl, FO state and TS'f input is brought high. The Ai:M"can 
be tied directly to the m pin to power down the part when a thermal fault is detected and then 
reset with FO, Fl. See Truth Table. It is possible to ignore transient thermal overload conditions in 
the SLIC by delaying the response to the m pin from the Ai:M. Care must be exercised in at-
tempting this es continued thermal overstress may reduced component life. 

11 18 ILMT Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a re-
sistive voltage divider. 

12 19 OUTI The analog output of the spare operational amplifier. 

13 20 -INI The inverting analog input of the spare operetional amplifier. 

14 22 TIP An analog Input connected to the TI P (mere positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from the 
telephone and for loop menitoring purpose. 

15 24 RING An analog input connected to the RING (more negative) side of the subscriber loop through a feed 
resistor. Functions with the TIP terminal to receive voice signals from the telephone and for loop 
monitoring purposes. 

16 25 RFS Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signel at this node Is Isolated from RF via the ring relay. For Tip Injected ringing, 
the RF and RFS pins must be shorted. 

17 27 VRX Receive Input, 4-Wire Side - A high impedance anelog Input. AC signals appearing at this input 
drive the TIp Feed and Ring Feed amplifiers differentially. 

18 31 ~ Capacitor #C2 - An extemal capacitor to be connected between this terminal and ground. It pre-
vents false ring trip detection from occurring when longltudinel currents are induced onto the sub-
scriber loop from power lines and other noise sources. This capacitor should be nonpolarized. 

19 32 VTX Transmit Output, 4-Wlre Side - A low Impedance analog output which represents the differential 
voltage across TIP and RING. Transhybridbelanclng must be performed beyond this output to 
completely Implement 2-Wire to 4-Wlre conversion. This output Is referenced to analog ground. 
Since the DC level of this output varies with loop current, capacitive coupling to the next stage is 
necessary. 
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Pin Descriptions (Continued) 

DlP/sOIC PLCC SYMBOL DESCRIPTION 

20 33 PRI A TTL compatible Input used to control m. PRI active High = m active low. 

21 34 J5R' An active low open collector output. can be used to drive a Polarity Reversal Relay. 

22 35 DG Digital Ground - To be connected to zero potential. Serves as a reference for all digital Inputs and 
(Note 5) outputs on the SLIC. 

23 36 fID Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing 
signals onto the 2-W1re line. 

24 37 V FB FeedbBck Input to the tip feed amplifier; may be used In conjunction with trensmlt output signal and 
the spare op amp to accommodate 2-Wlre line Impedance matching. 

25 38 TF2 Tip Feed - A low Impedance analog output connected to the TIP terminal through a feed raslstor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1. 

NA 39 TF1 TIe directly to TF2 In the PLCC application. 

26 41 RF1 Ring Feed - A low impedance analog output connected to the RING terminal through a feed rasis-
tor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone set, 
and to sink longitudinal currents. TIe directly to RF2. 

NA 42 RF2 TIe directly to RF1 In the PLCC application. 

27 43 VB- Tha battery voitage source. The most negative supply. 

28 44 BG Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
(Note 5) flows Into this ground terminal. 

1,5,6,7, NC No Intemal connection. 
14,15,16, 
21,23,26, 
28,29,30, 

40 

NOTE: 

5. All grounds (AG, BG, and 00) must be applied before VB+ or Va.. Failure to do so may result In premature failure of the part. If a user 
wishes to run separete grounds 011 a line card, the AG must be applied first. 

Pinouts 
HC-5509B (PDlP, SOIC) 

TOP VIEW 

va
RF 

W 

YFB 

MI 
DO 

PAl 

F1 

0 

0 

1 

1 

1 

TRUTH TABLE 

FO ACTION 

0 Normal Loop Feed 

1 FII5 ActIve (Ringing) 

0 Power Down Latch 
RESET 

0 Power On RESET 

1 Loop Power Denial 
ActIve 
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Hc-5509B (PLCC) 
TOP VIEW 
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HC-550S8 

Functional Diagram 
DIPORSOIC 

1-------------1SH 

TSD 

~----------------~~ 21 (][] 

23 [][) 

711ii61 
81~1 

Overvoltage Protection and Longitudinal 
Current Protection 
The sLle device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The sLle will withstand longitudinal currents up to a 
maximum or 30mARMS' 15mARMS per leg, without any 
performance degradation. 

PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

TIGNO, RlGNO 

5OI60Hz Current 
TIGNO, 
RlGNO 
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1..-_ ....... 10 I mil 

TABLE 1. 

TEST PERFORMANCE 
CONDITION {MAX} UNITS 

10118 Rise! ±1OO0 (Plastic) VPEAK 
1000118 Fall 

10118 Rise! ±1000 (Plastic) VPEAK 
1000118 Fall 

10118 Rise! ±1000 (Plastic) VPEAK 
1000118 Fall 

11 Cycles, 700 (Plastic) VRMS 
Limited to 10ARMS 

I 
o 

Q~ 
W(.) a:_z 
~:I 

:::& 
:::& 
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Functional Diagram (Continued) 

NC-1,5,8,7,14,15,18, 
21, 23, 28, 28, 211, 30, 40 

HC-5509B 

PLCC 

t-----------I IR 

TSD 

t-----------i~ 
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Logic Diagram 

TTL TOJIL 

He-550gB 

I 
I 
I 
I 
I -----------------------_. 

KEY 
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He-5509B 

Typical Applications 

IV 

IV 

K, 

iii) 

PR 
TIP TIP IUMIT t---..... --¥.fV-___ 'L 

TF1(N0TE8) VRl(+ tr--+--""T--

RING 

U 

TFz(NOTEI) 

SLiC 
HC-SS08B Vrx 

RFz(NOTEII) 

RF1 (NOTE I) 
-IN1 h---" 

RFS 

VRiNO RM 
Raa 150VPEAK (MAX) 

RING 

~ PTC 

FIGURE 1_ .TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 

TO HYBRID 
BALANCE 
NETWORK 

Typical Component Values 

C1 = 0.51lF. 30V 

C2 = 1.01lF ±10%, 20V (for other values of C2, refer to AN9667) 

C3 = 0.011lF. 100V, ±20% 

RS1 = R82 = RB3 = RB4 = son (1 % absolute, matching 
requirements covered in a Tech Brief) 

C4 = 0.011lF. 100V, ±20% 

Cs = 0.011lF. l00V, ±20% 

CAe = 0.51lF. 20V 
KZo = 601<0, (Zo = 600n, K = Scaling Factor = 100) 
RL l' RL2; Current Limit Setting Resistors: 

RL 1 + RL2 > 90kn -+ offset 

ILiMIT = (0.6) (RL 1 + RL2J/(200 x RL2l, RL 1 typically l00kn 

KRF = 201<0, RF = 2(RB2 + RB4), K = Scaling Factor = 100) 

NOTES: 

RS1 = RS2 = 1 kn typically 
CS1 = CS2 = O.lIlF, 200V typically, depending on VRing and 
line length. 

Z1 = 150V to 200V transient protector. PTC used as ring 
generator ballast. 

6. All grounds (AG, BG, and DG) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

7. Application shows Ring Injected Ringing, a Balancad or Tip injected configuration may be used. 

8. Secondary protection diode bridge recommended is 3A, 200V type. 
9. TF1, TF2 and RF1, RF2 are on PLCC only and should be connected together as shown. 
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~-- Private Automatic Branch Exchange (PABX) -----, 

PABXSWITCH 

USA ROW 

SLiCs HC-5502B(1 ) HC-5504B(1) 
HC5526 HC5526 
HC5515 HC5515 
HC-5524 HC-5524 

Combos CD22354A CD22357A 

Transcoder HC5560 CD22103A 

Protection SGT06U13 SGT06U13 
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Features 
• Low Cost Version of the Hc-5S04B 
• Capable of SVor 12V (VB+) Operation 
• Monolithic Integrated Device 

• 01 High Voltage Process 
• Compatible With Worldwide PBX Performance 

Requlrsmenls 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 
• Allows Interfacing With Negative Superimposed Ring

IngSystems 

• Low Power Consumption During Standby 
• Switch Hook Ground Kay and Ring TrIp DetectIon 

Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Line Interface Circuit for Analog and Digi-

tal PBX Systems 

• Direct Inwsrd Dial (DID) Trunks 

• Voice Messaging PBX. 

• Related Lltersturs 
- AN549, The Hc-5S02S14X Telephone Subscriber 

Line Interface Circuits (SLlC) 
- ANS71, Using Ring Sync wHh Hc-5502A and 

Hc-5S04 SLiCs 

Pinouts 
Hc-5504B1 (PDlP, $OIC) 

TOP VIEW 

TX 

All 

C4 

Rx 
+IN 

-IN 

OUT 

HC-5504B1 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris sLie incorporates many of the BORSHT functions 
on a single Ie chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres
ence of externally Induced longitudinal currents. Using the 
unique Harris dielectric Isolation process, the sLie can oper
ate directly with a wide range of station battery voltages. 

The sLie also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the sLie 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris sLie is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 

Ordering Information 

PART NUMBER 

HC3-5504B1-5 

HC4P5504B1-5 

HC9P5504B1-5 

TEMP_ 
RANGEr'C) PACKAGE 

01075 24 LdPDIP 

010 75 28 Ld PLCC 

010 75 24 LdSOIC 

HC-5504B1 (PLCC) 
TOP VIEW 

~1~~~!iC1 

TF 

PKG.NO. 

E24.6 

N28.45 

M24.3 

+IN 

-IN 

OUT 

C2 

CAUTION: These davlces are senslllw to electrostatic discharge. Users shoUld follow proper IC Handling Procedures. File Number 4125.1 
Copyright 0 HarTIs Corporatfon 1997 4-129 
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HC-SS04B1 

Thermal Information Absolute Maximum Ratings (Note 1) 

Maximum Continuous Supply Voltages Thermal Resistance (Typical, Note 2) 9JA ('01W) 
(Ve-) .•..•. , •......•....•..•....•........... -60 to 0.5V 
(Ve+) ..........•......••.•........•..•...... -0.5 to 15V 
(Ve+ - Ve-) ...•.•...................••....••...... 15V 

24 Lead PDIP •.. . . . • • • . . . • • . . • . . . . . . . . . . . • 65 
24 Lead SOlO. . . • . . . . . • . . . . . . . . • • . . . . . . . . . 15 
2B Lead PLCC •........................... 65 

Relay Drive Voltage (VRO) .•.......•...•....•...•. -0.5 to 15V Maximum Junction Temperature Plastic ................. 150°0 
Maximum Storage Temperature Range .•........ -65°0 to 150°0 

Operating Conditions 
Operating Temperature Range 

Maximum Lead Temperature (Soldering 1 Os) ............. 300°0 
(PLCC and SOlO - Lead Tips Only) 

HO-5504B1-5 .................••.......•...• 0°0 to 15°0 
Relay Driver Voltage (VRO)' ........................ 5V to 12V Die Characteristics 
Positive Supply Voltage (VB+) ... 4.15V to 5.25Vor 10.8V to 13.2V 
Negative Supply Voltage (Ve-) .............•..... -36V to -58V 
High Level logic Input Voltage ......•................... 2.4V 
Low Level logic Input Voltage ...........•............•. 0.6V 
Loop Resistance (RLl .......•............•... 2000 to 12000 

Transiator Count . . . . . . . • . . . . . • . . . . . . . . . • • . . . • . . . • . . . . 165 
Diode Count ..•..............................•....... 36 
Ole Dimensions •.............••................. 131 x 102 
Substrate Potential . • . . . . . . . . . . . . . . . . . . . . . . . . . .. Connectad 
Process •..•................................... Bipolar-DI 

CAUTION: Stresses abo1III those listed In "Absolute Maximum Ratings" may CBU88 permsnent dafl'l(lgB to the da1itCfI. This Is a stress only ralfng and operation 
of the d/lVlce at these or anyotller conditions above those Indlested In the operational ssctlons of this spscIfIcatlon Is not implied. 

NOTES: 

1. Absoluta maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be Impaired. Func
tional operability under any of these conditions Is not necessarily Impllad. 

2. 8JA is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications Unless Otherwise Specified, Ve- = -48V, VB+" 12V and 5V, AG = BG = DG = Ov. Typical Parameters 
TA = 25°0. Min-Max Parameters are Over Operating Temperature Range 

PARAMETER CONOmONS MIN TYP MAX UNITS 

On Hook Power Dlsslpetion ILONG = 0 (Note 2), Ve+ = 12V - 110 235 mW 

Off Hook Power Dissipation At. .. soon, ILONG .. 0 (Note 3), Ve+ .. 12V - 425 550 mW 

Off Hook le+ At. = 6000, ILONG" 0 (Note 3), TA" -40°0 - - 6.0 mA 

Off Hook le+ RL = SOOO, ILONG" 0 (Note 3), TA = 25°0 - - 5.3 mA 

Off Hook IB- RL = SOOO, ILONG = 0 (Note 3) - 35 41 mA 

Off Hook Loop Ourrent RL" 12000,ILONG = 0 (Note 3) - 21 - mA 

Off Hook Loop Ourrent At. .. 12000, Ve- = -42V,ILONG" 0 (Note 3) 11.5 - - mA 
TA,,250C 

Off Hook Loop CUrrent RL = 2000, ILONG .. 0 (Note 3) 36 41 48 mA 

Fault CUrrents 

TIP to Ground - 14 - mA 

RING to Ground - 55 - mA 

TIP to RING - 41 - mA 

TIP and RING to Ground - 55 - mA 

Ring Relay Drive VOL 10L=62mA - 0.2 0.5 V 

Ring Relay Driver Off Leakage VRO = 12V, RO" = 1 = HIGH, TA" 25°0 - - 100 IIA 

Ring Trip Detection Period RL=6000 - 2 3 Ring 
Cycles 

Switch Hook Detection Threshold §m=VOL 10 - - mA 

§m"VOH - - 5 mA 
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HC-5504B1 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
TA = 25°C. Min-Max Parameters are Over Operatfng Temperature Range (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Ground Key Detectfon Threshold m<I5=VOL 20 - - mA 

rn<I5=VOH - - 10 mA 

Loop Current During Power Denial RL=2000 - ±2 - mA 

Dial Pulse Distortion 0 - 5 ms 

Receive Input Impedance (Note 4) - 110 - kO 

Transmit Output Impedance (Note 4) - 10 20 0 

2-Wlre Retum Loss (Referenced to 6000 + 2.16jtF), (Note 4) 

SRLLO - 15.5 - dB 

ERL - 24 - dB 

SRLHI - 31 - dB 

Longitudinal Balance 1VRMS 200Hz - 3400Hz, (Note 4) IEEE Method 

2-Wire Off Hook OOC S TA S 75°C 53 58 - dB 

2-Wire On Hook 53 58 - dB 

4-Wlre Off Hook 50 58 - dB 

Low Frequency Longitudinal Balance R.E.A. Method, (Note 4), RL = 6000 - - 23 dBmC 
OOC S TA S 750C 

- - -67 dBmOp 

Insertion Loss At 1 kHz, OdBm Input Level, Referenced 6000 

2-Wlre to 4-Wire, 4-Wire to 2-Wire - ±O.OS ±0.2 dB 

Frequency Response 200 - 3400Hz Referenced to Absolute Loss at - ±O.02 ±O.OS dB 
1 kHz and OdBm Signal Level (Note 4) 

Idle Channel Noise (Note 4) 

2-Wire to 4-Wire, 4-Wire to 2-Wlre - 1 5· dBmC 

- -89 -85 dBmOp 

Absolute Delay (Note 4) 

2-Wire to 4-Wire, 4-Wire to 2-Wire - - 2 rns 

Trans Hybrid Loss Balance Network Set Up for 6000 Termination at 30 40 - dB 
1kHz 

Overload Level VB+=+5V 1.5 - - Vpeak 

2-Wire to 4-Wire, 4-Wire to 2-Wire VB+= 12V 1.75 - - Vpeak 

Level Linearity At 1kHz, (Note 4) Referenced to OdBm Level 

2-Wire to 4-Wire, 4-Wire to 2-Wire +3to-4OdBm - - ±O.05 dB 

-40 to -5OdBm - - ±O.1 dB 

-50 to -55dBm - - ±O.3 dB 
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HC-5504B1 

Electrical Specifications Unless Otherwise Specified, VB- = -4BV, VB+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
TA = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Rejection Ratio (Note 4) 

VB+ to 2-Wlre 30 - 60Hz, RL = 6000 15 - - dB 

VB+ to Transmit 15 - - dB 

VB- to 2-Wire 15 - - dB 

VB- to Transmit 15 - - dB 

VB+ to 2-Wire 200 - 16kHz, RL = 6000 30 - - dB 

VB+ to Transmit 30 - - dB 

VB- to 2-Wlre 30 - - dB 

VB- to Transmit 30 - - dB 

Logic Input Current (RS, ~, Pl5) OV:>;VIN:>;5V - ±100 J1A 

Logic Inputs 

Logic '0' VIL - - O.B V 

Logic '1' VIH 2.0 - 5.5 V 

Logic Outputs 

Logic '0' VOL ILOAD BOOJ1A, VB+ = 12V, 5V - 0.1 0.5 V 

Logic '1' VOH ILOAD BOJ1A, VB+ = 12V 2.7 5.0 5.5 V 

ILOAD 40J1A, VB+ = 5V 2.7 - 5.0 V 

Uncommitted Op Amp Specifications 

PARAMETER CONDiTiONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input Bias Current - 20 - nA 

Differential Input Resistance (Note 4) - 1 - MO 

Output Voltage Swing RL= 10K, VB+= 12V - ±5 - Vpeak 

RL = 10K, VB+ = 5V - ±3 - Vpeak 

Output Resistance AvCL = 1 (Note 4) - 10 - 0 

Small Signal GBW (Note 4) - 1 - MHz 

NOTES: 

3. ILONG = Longitudinal Current 

4. These parameters are controlled by design or process parameters and are not directiy tested. These parameters are characterized upon 
initial design releese, upon design changes which would affect these characteristics, and at Intervals to assure product quality and spec
Ification compliance. 
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HC-5504B1 

Pin Descriptions 

28 PIN 24 PIN 
PLCC DIPISOIC SYMBOL DESCRIPTION 

2 1 TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a 1500 feed 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

3 2 RING An analog input connected to the RING (more negative) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

4 3 RFS Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is Insert-
ed Into the line at this node ani! RF is isolated from RFS via a relay. 

5 4 Va+ Positive VoItege Source - Most positive supply. Va+ is typically 12V or 5V. 

6 5 C3 capacitor #3 - An extemal capecltor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Va-. Typical value 
is 0.3J1F, 30V. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital Inputs and 
outputs on the SLiC microcircuit. 

9 7 RS Ring Synchronization Input - A TTL - compatible clock Input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as It appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring Injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivetes when the instantaneous ring voltage is near zero. If synchronization Is 
not required, the pin should be tied to 5V. 

10 8 R1) Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 

11 9 TF Tip Feed - A low impedance analog output connected to thl! TI P terminal through a 1500 flied resistor. 
Functions with the RF terminal to provide loop current, feed voice signals to the telephone set, and 
sink longitudinal current. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING termInal through a 1500 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

13 11 Va- Negative Voltage Source - Most negative suppiy. Va- is typically -48V with an operational range of 
-42V to -58V. FrequenUy referred to as "battery". 

14 12 BG Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 

16 13 SFm Switch Hook Detaction - A low active LS TTl- compatible logic output. This output is enabled for loop 
currents exceeding 10mA and disabled for loop currents less than SmA. 

17 14 ~ Ground Key Detaction - A low active LS TTL - compatible logic output. This output Is enabled if the DC 
current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
If this current difference Is less than 10mA. 

18 15 PO Power Denial- A low active TTL - Compatible logic Input. When enabled, the switch hook detect ~ 
and ground key detect (m<D) are not necessarily valid, and the relay driver (RD) output Is disabled. 

19 16 ~ Ring Command - A low active TTL - Compatible logic Input. When enabled, the relay driver (RD) out-
put goes low on the next high level of the ring sync (RS) input, as long as the SLiC Is not In the power 
denial state (Pl5 = 0) or the subscriber is not already off- hook (SR15 = 0). 

20 17 C2 capacitor #2 - An external capacitor to be connected between this terminal and digital ground. Pre-
vents false ground key indications from occurring during ring trip detection. Typical value Is 0.15"F, 
1 OV. This capacitor is not used If ground key funCllon is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 18 OUT The analog output of the spare operational amplifier. The output voltage swing is typically f:SV. 

23 19 -IN The inverting analog Input of the spare oparational amplifier. 

24 2(1 +IN The non-invarting analog input of the spare operational amplifier. 
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HC-5S0481 

Pin Descriptions (Continued) 

28 PIN 24 PIN 
PLCC DIP/sOIC SYMBOL DESCRIPTION 

25 21 RX Receive Input, Four Wire Side - A high Impedance analog Input which is Internally biased. Capacitive 
coupling to this Input Is required. AC signals appearing at this Input differentially drive the Tip feed and 
Ring feed terminals, which in turn drive tip and ring through 3000 of feed resistance on each side of 
the line. 

26 22 C4 Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key Indication and false ring trip detection from occurring when longi-
tudinal currents are Induced onto the subscriber loop from near by power lines and other noise sourc-
es. This capacitor Is also required for the proper operation of ring trip detection. Typical value is O.5I1F, 
to 1.0000F, 20V. This capacitor should be nonpolarized. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(TX) and recalve input (RX) terminals. 

28 24 TX Transmit Output, Four Wire Side • A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrld balancing must be performed (using the SLiC mlcroclrculfs 
spare op amp) beyond this output to completaly implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop cur-
rent, capacitive coupling to the next stage Is essential. 

1,8, NC No Internal connection. 
15,22 

NOTE: All grounds (AG, BG, and DG) must be applied before VB+ or VB-. Failure to do so may result in premature fellure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

Functional Diagram 

2-WlRE 
LOOP 

RSI I 
RING SYNC -';'~----r-:=-"';~!:...r~:::=--1----~.IRl)~~ SWITCH HOOK 'fm I DETECTION 

RING COMMAND 1m. I tum GROUND KEY 

I DETECTION 

TIP' 

I 

• 
• 

TFI 

TRANSMIT 
.J-T-'" OUTPUT 

RING _+-.....J,w..,......-6 __ ~+-.....I ..... _-----~__< RECEIVE 

RING 
VOLTAGE SUC MICROCIRCUIT 

._--------------------------_. 
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Schematic (Continued) 

LOGIC GATE SCHI:MATIC 

UK I LOGIC BIAS I 

m 1'~---+--~------~--~------------~ 

Overvoltage Protection and Longitudinal 
Current Protection .. 

The SLiC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLiC will withstand longitudinal currents up to a maxi· , 
mum or 3QmARMs, 15mARMS per leg, without any perfor· 
mance degradation. 

SCHOTTKY LOGIC 

PARAMETER 

I,.ongitudlnal 
Surge 

Metallic Surge 

T/GND 
RlGND 

SO/60Hz Current 
T/GND 
RlGND 
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TABLE 1. 

TEST PERFORMANCE 
CONDITION (MAX) UNITS 

10jUI RIse! ±1000 (Plastic) VPEAK 
1000jUI Fall 

10~Rlse/ ±1000 (Plastic) VpEAK 
1000J1S Fall 

10J1S RIse! ±1000 (Plastic) VPEAK 
1000J1S Fall 

11 Cycles 700 (Plastic) VRMS 
Umltedto 
10ARMS 
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Applications Diagram 

BALANCE NETWORK 

np RX~-----i~~t~~-i~ 

TX~ ____ ""-I"" 

SUBSCRIBER 
LOOP 

H~:~AMP{:: 
OUT~-""1:==:::j"'1 

RING 

RING FEED SENSE 

.. BV .... n 150VpEAK (MAX) LJ' RING GENERATOR 

C2J.:.:----., 
C3 6 

22 

PIN NUMBERS GIVEN FOR DIP/sOIC PACKAGE. 

FIGURE 1. TYPICAL UNE CIRCUIT APPUCATION WITH THE MONOUTHIC SUC 

Typical Component Values 

C2 = 0.1511F. 10V 

C3 = 0.311F. 30V 

C4 = 0.511F to 1.011F. 10%, 20V (Should be non polarized) 

C5 = 0.511F. 20V 

C6 = C7 = 0.511F (10% Match Required) (Note 6) 

Cs = 0.0111F. 100V 

Cg = 0.01I1F, 20V, ±20% 

NOTES: 

R1 = R2 = R3 = 100k (0.1 % Match Required, 1 % absolute 
value) ZB = 0 for 6000 Terminations (Note 6). 

RB1 = RB2 = RB3 = RB4 = 1500 (0.1 % Match Required, 1 % 
absolute value). 

RS1 = RS2 =1kQ, typically. 

CS1 = CS2 = 0.111F. 200V typically, depending on VRING and 
line length. 

Z1 = 150V to 200V transient protection. 

PTC used as ring generator ballast. 

5. Secondary protection diode bridge recommended Is a 2A, 200V type. 

6. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Cs-R, and R2 and CrZe-Rs, to match 
in Impedance to within 0.3%. Thus, if C6 and Or are 111F each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM Fllter/COOEC. 

A 0.511F and 100kC gives a time constant of 50ma. The uncommitted op amp output is internally clamped to stay within ±5.5V and also 
hes current limiting protection. 

7. All grounds (AG, BG, and OG) must be applied before VB+ or VB-. Failurs to do so may result In prsmature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

s. Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 
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Features 
• Low Cost Version of HC-5502B 

• Capable of 12V or 5V (VB+) Operation 

• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (SOmA) 

• Internal Ring Reley Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring trip Datectlon 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Une Intarface Circuit for Analog and Digital 

PBX Systems 

• Direct Inward Dial (DID) trunkS 

• Voice Messaging PBX. 

• Related Uterature 
- AN549, The HC-5502S14X Telephone Subscriber 

Line Interface Clrculta (SUC) 
- AN571, USing Ring Sync with HC-5502A and 

HC-5504 SUCs 

Pinouts 

np 
RING 

VB+ 

H0-5502B1 (PDlP, SOIC) 
TOP VIEW 

Cl (NarE) 4 

C3 

DO 

TX 

All 

C4 

RX 
+IN 

-IN 

OUT 

C2 

1m 

NOTE: Optional. 

RS 
1m 

lJIIJ 
am 

SG mm '"'"L. ___ ..r-

HC-5502B1 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris SLIC incorporates many of the BORSHT function 
on a single IC chip. This includes DC battery feed, a ring 
relay driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance In the 
presence of externally induced longitudinal currents. USing 
the unique Harris dielectric isolation process, the SLiC can 
operate directly with a wide range of station battery voltages. 

The SLiC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris SUC is ideally suited for the design of new digital PBX 
systems, by eUminating bulky hybrid trensformers. 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGE «<,C) PACKAGE NO. 

HC3-5502B1-5 01075 24 LdPDIP E24.6 

HC4P5502B1·5 01075 28 LdPLCC N28.45 

HC9P5502B1-5 01075 24 LdSOIC M24.3 

H0-5502B1 (PLCC) 
TOP VIEW 

:I' I Do ~ ~ !i CS J: 

1 (NOTE 1) RX 

+IN 

DO -IN 

NIC NIC 

RS OUT 

1m C2 

TP 1m 

II! : C!I ~ i B Ii CD 

CAUTION: These davtces are sensitive to electrostatic discharge. Users shOuld follow proper IC HandUng Procedures. Rle Number 4127.1 
Copyright 0 Hams Corporation 1997 
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HC-550281 

Thermal Information Absolute Maximum Ratings (Note 1) 

Supply Voltage Thermal Resistance (1\Iplcal, Note 2) 9JA fc/W) 
(VB-) ••.•••...•...•••..•••......•....•••... -60 to 0.5V 
(VB+) .•.••••••••.••••••..•..•...•..••...•.. -D.5to 15V 
(VB+ - VB-) ..•.•••••••....•....................... 75V 

24 Lead PDIP . . . • • • . . . . . . . . . . . . • • • • . • • • • . • 65 
24 Lead SOIC . . . • • • . . • . • . • . • • • . • • • . . • • . . • • 75 
28 Lesd PLCC ...••.••...•••••............ 65 

Relay Drive Voltage (VRO) • . • . . . . . . . . • . . . • . • • . . .. -D.5 to 15V 

Operating Conditions 

Maximum Junction Temperature Plastic ••........•....•• 150°C 
Maximum Storage Temperature Range .•...•...• -65oC to 150°C 
Maximum Lesd Temperature (Soldering lOs) •......•..... 300°C 

(SOIC and PLCC - Lead Tips Only) 

Die Characteristics 

Relay Driver Voltage (VRO) •.••.•.........•..••..... 5V to 12V 
Positive Supply Voltage (VB+) ••• 4.75V to 5.25Vor 10.8V to 13.2V 
Negative Supply Voltage (VB-) •.•.••...••••.••••• -42V to -58V 
High Level logic Input Voltage .•••••••......•....•..•.•. 2.4V 
Low Level Logic Input Voltage •••.........•..••..•...•.. 0.6V 
Loop Resistance (RLl .••••.•...•.•......••.•••• 200 to 12000 
Operating Temperature Range 

Transistor Count • • • • • . . . • • • • • • . . . . • . . . . . . . . . . . . . . . . . . 183 
Diode Count .••...•••.•.....••••..•.•••...•..•••..... 33 
Die Dimensions •..••••.••••••••.....••.....•. 137 x 102 mils 

HC-5502Bl-5 ..•.........•••....•........... 00C to 75°C 
Substrate Potential •••••••••••••.....•••...•..•...••.. VB
Process ••..••..•.••.........•.•.•...••......•• Bipolar-DI 

CAUTION: Stresses above those listed In "Absolute Maximum RaUngs" may cause permanent damage to the davtce. This is a strrJss only taUng and opetalion 
of the device at these or any other conditions above those Indicated In the opetalional sections of this spec/flcalion Is not Implied. 

NOTES: 

1. Absoluta maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be Impaired. 
Functional operability under any of these conditions Is not necessarily Implied. 

2. 9JA is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
TA = 25°C. Min-Max Parameters are Over Operating Temperature Range 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

On Hook Power Dissipation ILONG = 0 (Note 4), VB+ = 12V - 135 235 mW 

Off Hook Power Dissipation RL = 6000, ILONG = 0 (Note 4), VB+ = 12V - 450 690 mW 

Off Hook IB+ RL = 6000, ILONG = 0 (Note 4), TA = -40°C - - 6.0 rnA 

Off Hook IB+x RL = 6000, ILONG = 0 (Note 4), TA = 25°C - - 5.3 rnA 

Off Hook IB- RL = 6000, ILONG = 0 (Note 4) - - 39 rnA 

Off Hook Loop Current RL = 12000, ILONG = 0 (Note 4) - 21 - rnA 

Off Hook Loop CUrrent RL = 12000, VB- = -42V, ILONG = 0 (Note 4), 17.5 - - mA 
TA = 25°C 

Off Hook Loop CUrrent RL = 2000, ILONG = 0 (Note 4) 25.5 30 34.5 rnA 

Fault CUrrents 

TIP to Ground - 14 - rnA 

RING to Ground - 47 - rnA 

TIP to RING - 30 - mA 

TIP and RING to Ground - 47 - rnA 

Ring Relay Drive VOL 10L=62mA - 0.2 0.5 V 

Ring Relay Driver Off Leakage VRO = 12V, Fie = 1 = HIGH, TA = 25°C - - 100 I1A 

Ring Trip Detection Period RL = 6000, TA = 25°C - 2 3 Ring Cycles 

Switch Hook Detection Threshold "SR15 = VOL 10 - - mA 

"SRl5=VOH - - 5 mA 

Ground Key Detection Threshold GKD=VOL 20 - - mA 

GKD=VOH - - 10 mA 
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HC-5502B1 

Electrical Specifications Unless Otherwise Specified, Ve·" -48V, Ve+" 12V and 5V, AG .. BG .. DG .. OV, Typical Parameters 
TA = 25°C. Mln·Max Parameters are Over Operating Temperature Range (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Loop CUrrant During Power Denial RL=200n · ±2 · mA 

Dial Pulse Distortion 0 · 5 ms 

Receive Input Impedance (Note 3) · 110 · kn 

Transmit Output Impedance (Note 3) · 10 20 n 

Two Wire Retum Loss Referenced to 600n +2.16j1F 

SRLLO (Note 3) · 15.5 · dB 

ERL · 24 · dB 

SRLHI · 31 · dB 

Longitudinel Balance 1VRMS 200Hz· 3400Hz, (Note 3) 

2-Wlre Off Hook IEEE Method 53 58 · dB 

2-Wlre On Hook 
OOC S TA S 750C 

53 58 dB · 

4-Wlre Off Hook 50 58 · dB 

Low Frequency Longitudinal Balance R.E.A. Method, (Note 3) · · 23 dBmC 
RL=600n, 

-67 dBmOp OOC S TA S 75°C · · 

Insertion LOss at 1kHz, OdBm Input Level, Referenced 600n · :to.05 :to.2 dB 
2-Wlre to 4-Wlre, 4-Wlre to 2-Wlre 

Frequency Response 200 • 3400Hz Referenced to Absolute · :to.02 :to.05 dB 
Loss at 1 kHz and OdBm Signal Level (NOIe 3) 

Idle Channel Noise (Note 3) · 1 5 dBmC 
2-Wlre to 4-Wlre, +WIre to 2-Wlra. 

· -89 -85 dBmOp 

Absolute Delay (Note 3) · · 2 JIB 
2-Wlre to 4-Wlre, 4-Wlra to 2-Wlre 

Trans Hybrid LoSS Balance Network Set Up for 6000 30 40 · dB 
Terminetion at 1kHz 

Overloed Level Ve+=5V 1.5 VpEAK 
2-Wlre to 4-Wlre, 4-Wlre to 2-Wlra 

Ve+= 12V 1.75 · · VPEAK 

Level Unearily at 1 kHz, (Note 3) Referenced to OdBm Level 

2-Wlre to 4-Wlre, 4-Wlra to 2-Wlra +3to-40dBm · · :to.05 dB 

-40 to -5OdBm · · :to.1 dB 

-50 to -55dBm · · :to.3 dB 
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Electrical Specifications Unless Otherwise Specified, Ve- = -4BV, Ve+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
TA = 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Rejection Ratio (Note 3) 

Ve+ to 2-Wire 30- 60Hz 15 - - dB 
RL=6000 

Ve+ to Transmit 15 - - dB 

Ve- to 2-Wlre 15 - - dB 

Ve- to Transmit 15 - - dB 

Ve+ to 2-Wire 200-16kHz 30 - - dB 

Ve+ to Transmit 
RL=6000 

30 - - dB 

Ve- to 2-Wire 30 - - dB 

Ve- to Transmit 30 - - dB 

Logic Input Current (RS, Re, ]50) OV'S. VIN'S. 5V - ±100 IlA 

logic Inputs 

Logic '0' VIL - - O.B V 

Logic 'I' VIH 2.0 - 5.5 V 

Logic Outputs 

logic '0' VOL ILOAD BOOIlA, Ve+ = 12V, 5V - 0.1 0.5 V 

Logic '1' VOH ILOAD BOllA, Ve+ = 12V 2.7 5.0 5.5 V 

ILOAD 4OIlA, Ve+ = 5V 2.7 - 5.0 V 

Uncommitted Op Amp Specifications 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input Bias Current - 20 - nA 

Differential Input Raslstance (Note 3) - 1 - MO 

Output Voltage Swing RL= 10kn, Ve+= 12V - ±5 - VPEAK 

RL= 10kn, Ve+=5V - ±3 - VPEAK 

Output Rasistance AvCL = 1 (Note 3) - 10 - 0 

Small Signal GBW (Note 3) - 1 - MHz 

NOTES: 

3. These parameters are controlled by deSign or process parameters and are not directly tested. Thase parameters are characterised upon 
initial design release, upon design changes which would affect these characteristics, and at Intervals to assure product quality and 
specification compliance. 

4. ILONG = Longitudinal Current. 

4-141 



HC-5502B1 

Pin Descriptions 

28 PIN 24 PIN 
PLCC DlPISOIC SYMBOL DESCRIPTION 

2 1 TIP An analog Input connected to the TIP (more positive) side of the subscriber loop through a lS00 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 

3 2 RING An analog Input connected to the RING (more negative) side of the subscriber loop through a 
lS00 feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 

4 3 VB+ Positive Voltage Source - Most positive supply. VB+ is typically 12V or SV. 

S 4 C1 Capacitor #1 - Optional Capacitor used to improve power supply rejection. This pin should be left <ipen 
If unused. 

6 S C3 Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current IImHlng function, and for filtering VB- supply. 
Typical velue is 0.311F. 30V. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs 
and outputs on the SLiC. 

9 7 RS Ring Synchronization Input - A TTL - compatible clock Input. The clock should be arranged such 
that a positive transition occurs on the negative going zero crossing of the ring voltage source, 
ensuring that the ring relay is activated and deactivated when the instantaneous ring voHage is 
near zero. If synchronization Is not required, tie to SV. 

10 8 RD Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 

11 9 TF Tip Feed - A low impedance analog output connected to the TIP terminal through a 1500 feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal currant. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING terminal through a lS00 feed 
resistor. Functions wHh the TF terminal to provide loop current, feed voice signal to the telephone 
set, and sink longitudinal current. 

13 11 VB- Negative Voltage Source - Most negative supply. VB- is typically -48V with an operational range of 
-42V to -58V. Frequently referred to as "battery". 

14 12 BG Battery Ground - To be connected to zero potential. All loop currant and some quiescent current 
flows Into this ground terminal. 

16 13 SHD SwHch Hook Detection - A low active LS TTL - compatible logic output. This output Is enabled for 
loop currents exceeding 10mA and disabled for loop currants less than SmA. 

17 14 GKI> Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the 
DC current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and 
disabled If this currant dlfferenca is less than 10mA. 

18 lS PO Power Denial - A iow active TTL - Compatible logic Input. When enabled the switch hook detect 
(SFiD) and ground key detect (GKI» are not necessarily valid, and the relay driver (AD) output is 
disabled. 

19 16 RC Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next rising edge of the ring sync (~ Input, as long as the SLiC Is not In 
the power denial state (Pl5 = 0) or the subscriber Is not already 011- hook (5Rl5 = 0). 

20 17 C:! Capacitor #2 - An external capacitor to be connected between this terminal and digHal ground. 
Prevents false ground key indications from occurring during ring trip detection. Typical value Is 
O.lSI1F. 10V. This capacitor Is not used If ground key function is not reqUired. 

21 18 OUT The analog output of the spare operational amplifier. 

23 19 -IN The inverting analog Input of the spare operational amplifier. 
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Pin Descriptions (Continued) 

28 PIN 24 PIN 
PLCC DlPISOIC SYMBOL DESCRIPTION 

24 20 +IN The non-irwerting analog input of the spare operational amplifier. 

25 21 RX Receive Input, Four Wire Side - A high Impedance analog Input which Is Internally biased. capac-
itive coupling to this Input Is required. AC signals appearing at this Input differentially drive the Tip 
feed and Ring feed amplifiers, which In turn drive tip and ring through 300n of feed raslstance on 
each side of the line. 

26 22 C4 Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. 
This capacitor pravents false ground key indicatiOn and false ring trip detection from occurring 
when longitudinal currants are induced onto the subscriber loop from nearby power lines and other 
noise sources. This capacitor Is also required for the propar operation of ring trip detection. Typical 
value is O.S"F to 1.0"F, 20V. This capacitor should be nonpolarized. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit out-
put (TX) and receive input (AX) terminals. 

28 24 TX Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLiC microcir-
cuit's spare op amp) beyond this output to completely implement two to four wire conversion. This 
output Is unbalanced and referenced to analog ground. SInce the DC level of this output veries with 
loop current, capacitive coupling to the next siege Is essential. 

1,8,5,22 NC No Internal Connection. 

NOTE: 

5. All grounds (AG, BG, and 00) must be applied before VB+ or VB-. Failure to do so may rasult in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

Functional Diagram 

TIP 

2-WlRE 
LOOP 

RING 

RING 
VOLTAGE RING SYNC 

RING COMMAND 

1SOQ 

p---------------------------. 
~R~S;rI ____ 1r~:::__,~~~--~~~--~------~:IR6~SWrrCHHOOK 
'1m I DETECTION 

RD I Imm GROUND KEY 
r"L;::'::';~':':".J--~~ DETECTION 

npi 

I 
I 

1501l I 
I 

TFI 

TRANSMrr 
~~~ OUTPUT 

•-t------... --< RECEIVE INPUT 

suc MlCROCIRCUrr 

.---------------------------~ 
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Schematic 
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SLiC FUNCTIONAL SCHEMATIC 
Pin Numbers for DIP/sOIC Package 
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HC-5502B1 

Logic Diagram 
LOGIC GATE SCHEMATIC 

~--------------~ ~ 

-t>r:~~: 
C -=-

Overvoltage Protection and Longitudinal 
Current Protection 
The SLiC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges 'and 
power line crosses, 

High voltage surge conditions are as specified in Table 1. 

The SLiC will withstand longitudinal currents up to a 
maximum or 30mARMS, 15mARMS per leg, without any 
performance degradation. 

SCHOTTKY LOGIC 

PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T!GND 
R/GND 

SO!60Hz Current 
T!GND 
R/GND 
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TABLE 1. 

TEST PERFORMANCE 
CONDITION (MAX) 

10115 Rise! ±1000 (Plastic) 
1000115 Fall 

10115 Rise! ±1000 (Plastic) 
1000115 Fall 

10115 Rise! ±1000 (Plastic) 
1000l1s Fall 

11 Cycles 700 (Plastic) 
Limited to 
10ARMS 

UNITS 

VPEAK 

VPEAK 

VPEAK 

VRMS 
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Applications Diagram 

BALANCE NETWORK 

RECEIVE ... Z1-----+:::--it-..... - .... -t 
TRANSMIT~.;...--+H 

H~B1 {+IN 
OPAMP _IN~;;...z,--+~ .... 

OUT~;'-'--"'" 

C1 t;;----JL:::::!::::=:t1 
C2~~....., 

Rn 

PIN NUMBERS GIVEN FOR DlPISOIC PACKAGE. 

FIGURE 1. TYPICAL UNE CIRCUIT APPUCATION WITH THE MONOLITHIC SUC 

Typical Component ValueB 

C1 = 0.511F (Note 6) 

C2 =0.1511F. 10V 

Ca = 0.311F. 30V 

C4 = 0.511F to 1.011F. 10%, 20V (Should be nonpolarized) 

Cs = 0.511F. 20V 

Cs = ~ = 0.511F (10% Match Required) (Note 7), 20V 

C8 = 0.0111F. 100V 

C9 = 0.0111F. 20V, ±20% 

NOTES: 

Rt = R2 = Ra = 1001(0 (0.1% Match Required, 1% absolute 
value), Ze = 0 for 600n Terminations (Note 7) 

Re1 = Re2 = Rea = RB4 = 150n (0.1% Match Required, 1% 
absolute value) 

RS = 1 kn, Cs = 0.111F. 200V typically, depending on VRING 
and line length. 

Z1 = 150V to 200V transient protection. PTC used as ring 
generator ballast. 

6. C1 Is an optional capacitor used to Improve VB+ supply rejection. This pin must be left open if unused. 

7. To obtain the specified transhybrld loss It Is necessary for the three legs of the balance netwol1<, Cs-R1 and R2 and cq-ZB-R3, to match 
in impedance to within 0.3%. Thus, if Cs and C7 are tl1F each, a 20% match Is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop Is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM Fllter/CODEC. 

A O.SI1F and 100kn gives a time constant of 5Oms. The uncommitted op amp output Is Internally clamped to stay within S.SV and also 
hes current limiting protection. . 

8. Secondary protection diode bridge recommended Is a 2A, 200V type. 

9. All grounds (AG, BG, and DG) must be applied before VB+ or VB-. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the N3 must be applied first 
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Features 
• Pin for Pin Replacement for the HC-5504 

• Capable of 5V or 12V (VB+) Operation 

• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of BaHery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed 
Ringing Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Line Interface Circuit for Analog and 

Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Related Literature 
- AN549, The HC-5502S14X Telephone Subscriber 

Line Interface Circuits (SLIC) 
- AN571, Using Ring Sync with HC-5502A and 

HC-5504 SLiCs 

Pinouts 
HC-5504B (POIP, CEROIP, SOIC) 

TOP VIEW 

TX 

AG 

C4 

RX 

+IN 

·IN 

OUT 

C2 

1m 
JiIj 

mas 
IRD 

HC-5504B 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris sue incorporates many of the BORSHT functions 
on a single Ie chip. This includes De battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the sue can oper
ate directly with a wide range of station battery voltages. 

The sue also provides selective denial of power. If the PBX 
system becomes overloaded'durlng an emergency, the sue 
will provide system protection by denying power to selected 
subscriber loops. 

The Harris sue is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 

Ordering Information 
PART 

NUMBER 

HC1-5504B-5 

HC1-5504B-9 

HC3-5504B-5 

HC3-5504B-9 

HC4P5504B-5 

HC4P5504B-9 

HC9P5504B-5 

HC9P5504B-9 

TF 

TEMP. RANGE 
<"C) PACKAGE 

01075 24 LdCEROIP 

-4010 B5 24 LdCEROIP 

010 75 24Ld POIP 

-401085 24Ld POIP 

01075 28Ld PLCC 

-4010 B5 28Ld PLCC 

01075 24 LdSOIC 

-401085 24 LdSOIC 

HC-5504B (PLCC) 
TOP VIEW 

PKG.NO. 

F24.6 

F24.6 

E24.6 

E24.6 

N28.45 

N28.45 

M24.3 

M24.3 

RX 

NIC 

OUT 

CAUTION: These devices are senslUve to electrostatic discharge. Users should follow proper 10 Handling Procedures. File Number 2886.3 
Copyright @Harrls Corporation 1997 
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HC·55048 

Thermal Information Absolute Maximum Ratings (Note 1) 

Maximum Continuous Supply Voltages Thermal Resistance (Typical, Note 2) 9JA (OCIW) 
(VB-) ................••......•.••......... -60V to 0.5V 
(VB+) ......•..........•••......•......•... -0.5Vto 15V 

CERDIP Package .•.••• . . . . • . . . • . . . . . . • . . • • 52 
PDIP Package. . • • • • • . • . . . . . • . . . • . . • . . . . . • . 65 

(VB+ - VB-) .•.........••.•......•....•.......•.... 75V PLCC Package . • . . . . • . • • . . . . • • • . . . . . • • . . . • 65 
Relay Drive Voltage (VRD) ..........••.••.•....• -0.5V to 15V SOIC Package. . . . . . . • . . . • . . . . . . • • • . . . . . . . • 75 

Operating Conditions 
Operating Temperature Range 

HC-5504B-5 ..•.•....•...•...•.............. 00C to 75°C 
HC-5504B-9 ...•......•................... -40°C to 85°C 

Relay Driver Voltage (V RD) .........•................ 5 to 12V 

Maximum Junction Temperature (Hermetic Packages) ...••. 175°C 
Maximum Junction Temperature (Plastic Packages) .••..••• 150°C 
Maximum Storage Temperature Range ........•. -65°C to 150°C 
Maximum Lead Temperature (Soldering lOs) ..••...•••..• 300°C 

(PLCC and SOIC - Lead Tips Only) 

PosHive Supply Voltage (VB+) ....... 4.75 to 5.25 or 10.8 to 13.2V Die Characteristics 
Negative Supply Voltage (VB-) ..•........•...•..... -36 to -58V 
High Level Logic Input Voltage .....•....•......••......• 2.4V 
Low Level Logic Input Voltage ....•...•..•.......•.•.•.. 0.6V 
Loop Resistance (Rd ..•...........••..•.•...•. 200 to 12000 

Transistor Count .....••.•...•..•.•.•.•••...•.•..•.•.. 185 
Diode Count •.••.•......•.............••...••...••••• 36 
Die Dimensions •..•....•.••..•.•••..•..•••..••.. 137 x 102 
Substrate Potential . . . . . • . . • . . . . • . . • . . . . . • . . • • . . Connected 
Process ...••......•••.•..••....•.•.••......••. Bipolar-DI 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress only raNng and operation 
of the device at these or any other conditions above those Indicated In the operaNonal sections of this specification Is not implied. 

NOTES: 

1. Absolute maximum ratings are limiting values, applied Individually, beyond which the serviceability of the circuit may be Impaired. 
Functional operability under any of these conditions Is not necessarily implied. 

2. 9JA is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
TA = 25°C. Min-Max Parameters are Over Operating Temperature Range 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

On Hook Power Dissipation ILONG = 0 (Note 3), VB+ = 12V - 170 235 mW 

Off Hook Power Dissipation RL = 6000, ILONG = 0 (Note 3), VB+ = 12V - 425 550 mW 

Off Hook IB+ RL = 6000, ILONG = 0 (Note 3), TA = -40°C - - 6.0 mA 

Off HooklB+ RL = 6000, ILONG = 0 (Note 3), TA = 25°C - - 5.3 mA 

Off Hook IB- RL = 6000, ILONG = 0 (Note 3) - 35 41 mA 

Off Hook Loop Current RL = 12000, ILONG = 0 (Note 3) - 21 mA 

Off Hook Loop Current RL = 12000, VB- = -42V, ILONG = 0 (Note 3) 17.5 - - mA 
TA=25OC 

Off Hook Loop Current RL = 2000, ILONG = 0 (Note 3) 36 41 48 rnA 

Fault Currents 
TIP to Ground - 14 - rnA 

RING to Ground - 55 - mA 

TIP to RING - 41 - mA 

TIP and RING to Ground - 55 - mA 

Ring Relay Drive VOL IOL= 62mA - 0.2 0.5 V 

Ring Relay Driver Off Leakage VRD = 12V, m:; = 1 = HIGH, TA = 25°C - - 100 !1A 
Ring Trip Detection Period RL=6000 - 2 3 Ring 

Cycle.s 

Switch Hook Detection Threshold SRD=vOL 10 - - mA 

SHD=VOH - - 5 mA 
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Electrical Specifications Unless Otherwise Specified. VB- = -48V. VB+ = 12V and 5V. AG = BG = DG = OV. Typical Parameters 
TA = 25"C. Min-Max Parameters are Over Operating Temperature Range (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Ground Key Detection Threshold rnm = VOL 20 - - mA 

rnm=VOH - - 10 mA 

Loop Current During Power Denial RL = 2000 - ±2 mA 

Dial Pulse Distortion 0 - 5 ms 

Receive Input Impedance (Note 3) - 110 - kO 

Transmit Output Impedance (Note 3) - 10 20 0 

2-Wire Retum Loss Referenced to 6000 + 2.16j1F. (Note 3) 

SRLLO - 15.5 - dB 

ERL - 24 - dB 

SRLHI - 31 - dB 

Longitudinal Balance lVRMS 200Hz - 3400Hz. (Note 3) IEEE Method 
2-Wire Off Hook OOC:s; TA:S; 75"C 58 65 - dB 

2-Wire On Hook 60 63 - dB 

4-Wlre Off Hook 50 58 - dB 

Low Frequency Longitudinal Balance R.E.A. Method. (Note 3). RL = 6000 - - 23 dBmC 
OOC:s; TA:S; 75"C 

-67' dBmOp - -
Insertion Loss at 1 kHz. OdBm Input Level. Referenced 6000 

2-Wlre to 4-Wlre. 4 Wire to 2-Wlre - ±a.05 ±a.2 dB 

Frequency Response 200Hz - 3400Hz Referenced to Absolute Loss at ±a.02 ±a.05 dB 
1 kHz and OdBm Signal Level (Note 3) 

Idle Channel Noise (Note 3) 

2-Wire to 4-Wlre. 4 Wire to 2-Wire - 1 5 dBmC 

- -89 -85 dBmOp 

Absoiute Delay (Note 3) 

2-Wire to 4-Wire. 4 Wire to 2-Wlre - - 2 ms 

Trans Hybrid Loss Balance Network Set Up for 6000 Termination at 36 40 - dB 
1kHz 

Overload Level VB+= +5V 1.5 - - VPEAK 

2-Wlre to 4-Wlre. 4 Wire to 2-Wire VB+= 12V 1.75 - - VpEAK 

Level Linearity At 1 kHz Referenced to OdBm level. (Note 3) 

2-Wlre to 4-Wire. 4 Wire to 2-Wire +3to-4OdBm - - ±a.05 dB 

-40 to -5OdBm - - ±a.l dB 

-50 to -55dBm - - ±a.3 dB 

Power Supply Rejection Ratio (Note 3) 
VB+ to 2-Wire 30 - 60Hz. RL = 6000 15 - - dB 

VB+ to Transmit 15 - - dB 

VB- to 2-Wlre 15 - - dB 

VB- to Transmit 15 - - dB 
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Electrical Specifications Unless Otherwise Specified, Va- = -48V, Va+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
TA .. 25°C. Min-Max Parameters are Over Operating Temperature Range (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Va+ to 2-Wlre 200 - 16kHz, ~ .. 6000 30 - - dB 

Ve+ to Transmit 30 - - dB 

Ve- to 2-Wlre 30 - - dB 

Va- to Transmit 30 - - dB 

Logic Input Current (RS, ~, ~ OVSVINS5V - - ±100 jIA 

Logic Inputs 
logic '0' V1L - - O.B V 

Logic '1' V1H 2.0 - 5.5 V 

Logic Outputs 
Logic '0' VOL ILOAD BOOjlA, Va+ = 12V, 5V - 0.1 0.5 V 

logic '1' VOH ILOAD BOjIA, Ve+" 12V 2.7 5.0 5.5 V 

ILOAD 4OjIA, Ve+ = 5V 2.7 - 5.0 V 

Uncommitted Op Amp SpeCifications 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input Bias Current - 20 - nA 

Differential Input Resistance (NoIB3) - 1 - MO 

Output Voltage Swing RL = 10K, Va+ = 12V - ±5 VPEAK 

RL = 10K, Ve+" 5V - ±3 - VPEAK 

Output Resistance AvCL .. 1 (Nota 3) - 10 - 0 

Small Signal GBW (Nota 3) - 1 - MHz 

NOTES: 

3:- lllefe parameters are controlled by deSign or process parameters and are not dlrectiy tested. These paremeters are characterized upon 
Initl,,\deslgn release, upon design changes which would affect these characteristics, and at Intervals to assure product quality and spec-
ifice,~on compliance. . 

4.'ILONG = Longitudinal Current 
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Pin Descriptions 

28 PIN 24 PIN 
PLCC DIP/sOIC SYMBOL DESCRIPTION 

2 1 TIP An analog Input connected to the TIP (more positive) side of the subscriber loop through a 1S00 feed 
resistor and a ring reiay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

3 2 RING An analog input connected to the RING (more negative) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 

4 3 RFS Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is insert-
ed Into the line at this node and RF Is isolated from RFS via a relay. 

5 4 VB+ Positive Voltage Source - Most positive supply. VB+ .is typically 12V or 5V. 

6 S Cs capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering VB-. Typical value 
Is 0.3flF, 3OV. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
(Note 5) outputs on the SLIC microcircuit. 

9 7 RS Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring Injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivates when the instantaneous ring voltage is near zero. If synchronization is 
not required, the pin should be tied to 5V. 

10 8 FID Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 

11 9 TF Tip Feed - A low impedance analog output connacted to the TIP terminal through a 1500 feed resistor. 
Functions with the RF terminal to provide loop current, feed voice signals to the telephone set, and 
sink longitudinal current. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING terminal through a 1S00 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

13 11 VB- Negative Voltage Source - Most negative supply. VB- is typically -48V with an operational range of 
42V to -58V. Frequentiy referred to as "battery". 

14 12 BG Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
(Note 5) into this ground terminal. 

16 13 ffiID Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for loop 
currents exceeding 10mA and diSBbled for loop currents less than SmA. 

17 14 mm Ground Key Detection - A low active LS TTL - compatible logic output. This output Is enabled If the DC 
current Into the ring lead exceeds the DC current out of the tip leed by mora than 20mA, and dissbled 
if this current difference is less than 10mA. 

18 15 PO Power Denial- A low active TTL - Compatible logic input. When enabled, the switch hook detect (SFIl) 
and ground key detect (GKI5) are not necessarily valid, and the relay driver (Rl» output is dissbled. 

19 16 "RC Ring Command - A low active TTL - Compatible logic Input. When enabled, the relay driver (RI) out-
put goes low on the next high level of the ring sync (RS) Input, as long as the SLiC is not in the power 
denial state (~ = 0) or the subscriber is not already off- hook (ffiID = 0). 

20 17 C2 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. Pre-
vents false ground key Indications from occurring during ring trip detection. "JYpical value is 0.15jtF, 
10V. This capacitor is not used If ground key function Is not required and (Pin 17) may be left open or 
connected to digital ground. 

21 18 OUT The analog output of the spare operational amplifier. The output voltage swing is typically ±5V. 
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Pin Descriptions (Conti~ued) 

28 PIN 24 PIN 
PLCC DIP/sOIC SYMBOL DESCRIPTION 

23 19 -IN The inverting analog input of the spare operational amplifier. 

24 20 +IN The non-inverting analog input of the spare operational amplifier. 

25 21 RX Receive Input. 4-Wire Side - A high impedance analog input which is internally biased. Capacitive cou-
pling to this input is required. AC signals appearing at this Input differentially drive the Tip feed and 
Ring feed terminals. which in turn drive tip and ring through 3000 of feed resistence on each side of 
the line. 

26 22 C4 Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detection from occurring when longi-
tudinal currents are induced onto the subscriber loop from near by power lines and other noise sourc-
es. This capacitor is also required for the proper operation of ring trip detection. Typical value Is 0.5J!F. 
to 1.0IlF. 20V. This capacitor should be nonpolarized. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(Note 5) (TX) and receive input (RX) terminals. 

28 24 TX Transmit Output. 4-Wire Side - A low Impedance analog output which represents the differential volt-
age across Tip and Ring. Transhybrid balancing must be performed (using the SLiC microcirculfs 
spare op amp) beyond this output to completely Implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop cur-
rent. capacitive coupling to the next stage is essential. 

1.8.15.22 NC No internal connection. 

NOTE: 

5. All grounds (AG. BG. and DG) must be applied before Va+ or Va-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card. the AG must be applied first. 

Functional Diagram 

RSI I 
RING SYNC I §RD SWITCH HOOK 

'IiC I DETECTION 
RING COMMAND 

im l lma> GROUND KEY 

I DETECTION 
TIP I I 

I 
I TX TRANSMIT 

OUTPUT 

I 

2 WIRE 
TFI 

LOOP I 
I 
lOUT 

I 

RING o-+--,."..I\r--..... - ...... ~--' I RX RECEIVE 
L---f--.... -----< H~----~~ INPUT 

RING 
VOLTAGE POWER DENIAL >--.--_ ...... SLiC MICROCIRCUIT 

~----------------------------~ 
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Schematic Diagram 

21 22 

RX C4 

C3 

5 

HC-5504B 

SLiC FUNCTIONAL SCHEMATIC 
Pin Numbers for DIP/SOIC Package 

11 12 23 6 4 

E?lil~J~~ 

24 
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Schematic Diagram (Continued) 

LOGIC GATE SCHEMATIC 

TTL 
10 

$TTL 

I LOGIC BIAS I 

Overvoltage Protection and Longitudinal 
Current Protection 

The sLle device, in conjunction with an external protection 
bridge, will wHhstand high voltage lightning surges and 
power line crosses. . 

High voltage surge conditions are as specified In Table 1. 

The sLle will withstand longitudinal currents up to a maxi
mum or 3Om~, 15mARMS per leg, without any perfor
mance degradation. 

SCHOTTKY LOGIC 

PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T/GND 

RlGND 

5OI6OH% Currant 

T/GND 

RlGND 
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TABLE 1. 

TEST PERFORMANCE 
CONDmON (MAX) UNITS 

101'8 RIse! ±1ooo (Plastic) VPEAK 

10001'8 Fall ±500 (Ceramic) VPEAK 

10JU1 RIse! ±1000 (Plastic) VpEAK 

10001'8 Fall ±SOO (Ceramic) VPEAK 

101'8 Rise! ±1oo0 (Plastic) VPEAK 

10001'8 Fall ±SOO (Ceramic) VpEAK 

11 Cycles 700 (Plastic) VRMS 

Limited to 350 (Ceramic) VRMS 
10~MS 
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Applications Diagram 

TIP 

RING 

~1:::~ 

BALANCE NETWORK 

RX~-----i~~t~~-i~ 

TXF--........... 

H~:p AMP] ::~--'"--i--+-I 
10UT1 -""1:==:::I"1 

C2 17 

C3 5 

22 

l...Y RING GENERATOR 

FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLiC 

Typical Component Value. 

C2 = 0.15I1F, 10V 

Cs = 0.3J.lF. 30V 
C4 = 0.511F to 1.0J.lF. 10%, 20V (Should be nonpolarized) 

Cs = 0.511F. 20V 
Cs = C7 = 0.5J.lF (10% Match Required) (Note 7) 

Cs = 0.0111F. 100V 

C9 = 0.0111F. 20V, ±20% 

NOTES: 

R1 = R2 = Rs = 100k (0.1% Match Required, 1% absolute 
value) ZB = 0 for soon Terminations (Note 7). 

RB1 = RB2 = RB3 = RB4 = 1500 (0.1 % Match Required, 1 % 
absolute value). 

RS1 = RS2 =1kn, typically. 
CS1 = CS2 = 0.1 J.lF. 200V typically, depending on VR1NG and 
line length. 

Zl = 150V to 200V transIent protection. 

PTC used as ring generator ballast. 

6. Secondary protection diode bridge recommended is a 2A, 200V type. 

7. To obtain the specified transhybrid loss It Is necessary for the three legs of the balance network, 06"Rl and R2 and CrZB-Rs, to match 
in Impedance to within 0.3%. Thus, If 06 and ~ are l"F each, a 20% match Is adequate. It should be noted thet the transmit output to 
06 sees a ·22V step when the loop Is closed. Too large a value for Os may produce an excessively long transient at the op amp output 
to the POM Filter/OOOEO. 

A 0.5"F and 100kO gives a time constant of 50ms. The uncommitted op amp output Is Internally clamped to stay within ±5.5V and also 
has current limiting protection. 

8. All grounds (AG, BG, and DG) must be applied before Vs+ or VB'" Failure to do so may result In premature failure of the part. If a user 
wishes to run separete grounds off a line card, the AG must be applied first. 

9. Application shows Ring Injected Ringing, Balanced or Tip Injected configuration may be used. 

10. Pin numbers given for DIP/SOlO package. 
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Features 
• Pin For Pin Replacement For The HC-5502A 

• Capable of 12V or 5V (VB+) Operation 

• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible With Worldwide PBX Perlormance 
Requirements 

• Controlled Supply of Battery Feed Current tor Short 
Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• SwItch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Line Interface Circuit tor Analog and Digital 

PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Related Literature 
- AN549, The HC-5502S14X Telephone Subscriber 

Line Interface Circuits (SLlC) 

- AN571, Using Ring Sync with HC-5502A and 
HC-5504 SLiCs 

Pinouts 

DG 
RS 

1m 

Hc-5502B 
(PDIP, CERDIP, SOIC) 

TOP VIEW 

8 

TX 

/IIJ 

C4 

Rx 
.. IN 

-IN 

OUT 

C2 

1m 

mm 

HC-5502B 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris sLie incorporates many of lIle BORSHT funcllons on 
a single Ie chip. This includes DC battery feed, a ring relay driver, 
supervisory and hybrid functions. This device Is designed to 
mainlain transmission performance in lIle presence of externally 
induced longitudinal currents. Using !he unique Harris dielectric 
Isolation process, lIle sLie can operate directly with a wide 
range of station battery voltages. 

The sLie also provides selective denial of power. If !he PBX sys
tem becomes overloaded during an emergency, lIle sLie will 
provide system protection by denying power to selecled sub
scriber loops. 

The Harris sLie is ideally suited for !he design of new digital PBX 
systems, by eliminating bulky hybrid transformers. 

Ordering Information 

TEMP. RANGE 
PART NUMBER ("C) PACKAGE PKG.NO. 

HC1-5502B-5 01075 24 LdCERDIP F24.6 

HC1-5502B-9 -401085 24 LdCERDIP F24.6 

HC3-5502B-5 01075 24LdPDIP E24.6 

HC4P5502B-5 01075 28 LdPLCC N28.45 

HC9P5502B-5 01075 24 LdSOIC M24.3 

HC9P5502B-9 -401085 24LdSOlC M24.3 

Hc-5S02B 
(PLCC) 

TOP VIEW 

~ 
ell 
i!!i I!! ~ ~ !i ~ II: 

AX 

C3 +IN 

DG -IN 

NIC NIC 

RS OUT 

C2 

TF 1m 

tOPTlONAL 

II: ~ ell ~ i R i ID 

CAUTION: Thesa devices are aansltlve to al8CllOstatic discharge. Uaars should follow proper IC Handling Proosdures. File Number 2884.3 
Copyright C Harris Corporation 1997 
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Thermal Information Absolute Maximum Ratings (Note 1) 

Supply Voltage Thermal Resistance (Typical, Note 2) 6JA (OCNI) 
(VB-) ....................................... -60 to 0.5V CERDIP Package . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
(VB+)' •..................................... -0.5 to 15V 
(VB+ - VB-) ....................................... 75V 

PDIP Package. . . . . . . . . . . . . • . . . . . . . . . . . . . . . 65 
SOIC Package. . . . . . . . . . . . . . . . . • . . . . . . . . . . . 75 

Relay Drive Voltage (VRO) ........................ -0.5 to 15V PLCC Package .. . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Maximum Junction Temperature (Hermetic Package) ....... 1750C 

Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 1500 C 

Relay Driver Voltage (VRO)' ........................ 5V to 12V Maximum Storage Temperature Range .......... -650C to 1500C 

Positive Supply Voltage (VB+) .. , 4.75V to 5.25V or 10.8V to 13.2V 
Negative Supply Voltage (VB-) ......•............ -42V to -58V 
High Level Logic Input Voltage .................•........ 2.4V 

Maximum Lead Temperature (Soldering lOs) ............. 300oC 
(PLCC and SOIC - Lead Tips Only) 

Low Level Logic Input Voltage .......................... 0.6V Die Characteristics 
Loop Resistance (RL) .....•.................•.. 200 to 1200n 
Operating Temperature Range 

Transistor Count . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 183 
Diode Count .•...........•........•.............•.... 33 

HC-5502B-5 .........•..•........•.......... OoC to 750 C 
HC-5502B-9 •.....•....................... -40oC to 850 C 

Die Dimensions •.......••.•........•..... 137 mils x 102 mils 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V B-
Process .•...................•............•.... Bipolar-DI 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 

2. 6JA is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = 12V and 5V, AG = BG = DG = OV, Typical Parameters 
TA = 250C. Min-Max Parameters are Over Operating Temperature Range 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

On Hook Power Dissipation ILONG = 0, VB+ = 12V (Note 3) - 135 235 mW 

Off Hook Power Dissipation RL = 600n, ILONG = 0, VB+ = 12V (Note 3) 450 690 mW 

OffHooklB+ RL = 600n, ILONG = 0, TA = -40oC (Note 3) - - 6.0 mA 

Off Hook IB+ RL = 600n, ILONG = 0, TA = 250C (Note 3) - - 5.3 rnA 

OffHooklB- RL = 600n, ILONG = 0 (Note 3) - - 39 mA 

Off Hook Loop Current RL = 1200n, ILONG = 0 (Note 3) - 21 - rnA 

Off Hook Loop Current RL = 12000. VB- = -42V,ILONG = 0, TA = 25°C 17.5 - - mA 
(Note 3) 

Off Hook Loop Current RL = 200n, ILONG = 0 (Note 3) 25.5 30 34.5 mA 

Fault Currents 

TIP to Ground - 14 - mA 

RING to Ground - 47 - mA 

TIP to RING - 30 - rnA 

TIP and RING to Ground 47 - mA 

Ring Relay Drive VOL IOL=62mA - 0.2 0.5 V 

Ring Relay Driver Off Leakage VRO = 12V, RC = 1 = HIGH, TA = 250C - - 100 I1A 

Ring Trip Detection Period RL = 600n, TA = 250C - 2 3 Ring Cycles 

Switch Hook Detection Threshold SRD=vOL 10 - - rnA 

SRD=vOH - - 5 mA 
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HC-5502B 

Electrical Specifications Unless Otherwise Specilied, VB- = -48V, VB+ = 12V and 5V, AG = BG = DG = OV,1YPlcal Pararne1ers 
TA = 25°C. Min-Max Parameters are OVer Operating Temperatura Range (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Ground Key Detection Threshold m<Ci.VOL 20 - - mA 

GRD=VOH - - 10 rnA 

Loop Current During Power Denial RL=200O - ±2 - rnA 

Dial Pulse Distortion 0 - 5 ms 

Receive Input Impedance (Note 4) - 110 - kn 

Transmit Output Impedance (Note 4) - 10 20 0 

2-Wlre Retum Loss Referenced to 6000 +2.16j1F (Note 4) 
SRLLO - 15.5 - dB 

ERL - 24 - dB 

SRLHI - 31 - dB 

Longitudinal Balance W RMS 200Hz - 3400Hz, (Note 4) 
2-Wlre Off Hook IEEE Method 58 65 - dB 

OOC S TA S 750C 
2-Wlre On Hook 60 63 - dB 

4-Wlre Off Hook 50 58 - dB 

Low Frequency Longitudinal Balance R.E.A. Method, (Note4) - - 23 dBmC 
RL=600O, 
OOC S TA S 750C - . -67 dBmOp 

Insertion Loss At 1kHz, OdBm Input Level, Referenced soon - ±D.05 ±D.2 dB 
2-Wlre to 4-Wlre, 4-Wlre to 2-Wire 

Frequency Response 200. - 3400Hz Referenced to Absolute - ±D.02 ±D.OS dB 
Loss at 1kHz and OdBm Signal Level (No1e 4) 

Idle Channel Noise (Nota 4) - 1 5 dBmC 
2-Wlre to 4-Wlre, 4-Wlre to 2-Wlre 

- -89 -85 dBmOp 

Absolute Delay (Nota 4) - - 2 lIS 
2-Wlre to 4-Wlre, 4-Wire to 2-Wire 

Trans Hybrid Loss Balance Network Set Up for 6000 36 40 - dB 
Termination at 1 kHz 

OVerload Level VB+=5V 1.5 VPEAK 
2-Wlre to 4-Wlre, 4-Wlre to 2-Wlra 

VB+= 12V 1.75 - - VPEAK 

Level Linearity At 1kHz, (Note 4) Referenced to OdBm Level 
2-Wlre to 4-Wlre, 4-Wlre to 2-Wlra +3to-4OdBm - - ±D.OS dB 

-40 to -5OdBm - - ±D.l dB 

-so to -55dBm . - ±D.3 dB 
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HC-55028 

Electrical Specifications Unless Otherwise Specified, VB- = -4SV, VB+ = 12V and 5V, AG = BG = DG .. Ov, 1YPlcal Parameters 
TA = 25"C. Min-Max Parameters are Over Operallng Temperature Range (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Power Supply Rejeclion Rallo 3O-BOHz, 
Ve+ to 2-Wire RL=BOOO, 15 - - dB 

(Note 4) 
VB+ to Transmit 15 - - dB 

VB" to 2-Wlre 15 - - dB 

VB- to Transmlt 15 - - dB 

Ve+ to 2-Wlre 200-16kHz, 30 - - dB 
RL = 6000 

Ve+ to Transmit 30 - - dB 

VB- to 2-Wlre 30 - - dB 

VB- to Transmit 30 - - dB 

Logic Input Current (RS, Re, Pl» OVS V1NS 5V - - ±100 IIA 

logic Inputs 
logic '0' V1L - - O.S V 

logic '1' V1H 2.0 - 5.5 V 

logic OUtputs 
logic '0' VOL ILoAC SOOIlA, VB+ .. 12V, 5V - 0.1 0.5 V 

logic '1' VOH ILOAC BOllA, Va+" 12V 2.7 5.0 5.5 V 

ILOAC 4OIIA, Ve+ = 5V 2.7 - 5.0 V 

Uncommitted Op Amp Specifications 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input BlaB Current - 20 - nA 

Differentlal Input ResiBtance (Note 4) - 1 - MO 

Output Voltage Swing RL = 10k0, VB+ = 12V - ±5 - VPEAK 

RL = 10k0, VB+ .. 5V - ±3 - VPEAK 

Output ResiBtance ~= 1, (Note 4) - 10 - 0 

Small Signal GBW (Note 4) - 1 - MHz 

NOTES: 

3. ILONG " longitudinal Current 

4. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterised upon 
Inilial design relesse, upon design changes which would affect these charecterlstics, and at intervals to assure product quality and 
specification compliance. 
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HC-5502B 

Pin Descriptions 

28 PIN 24 PIN 
PLCC DlPJSOIC SYMBOL DESCRIPTION 

2 1 TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 

3 2 RING An analog input connected to the RING (more negative) side of the subscriber loop through a 1500 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from 
the telephone and for loop monitoring purposes. 

4 3 VB+ Positive Voltage Source - Most positive supply. V B+ is typically 12V or 5V. 

5 4 C1 c8pacltor #1 - Optional capacitor used to improve power supply rejection. This pin should be left open 
if unused. 

6 5 Ca Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. Re-
quired for proper operation of the loop current limiting function, and for filtering VB- supply. Typical 
value is 0.31lF, 3OV. 

7 6 DG Digital Ground -To be connected to zero potential and serves as a reference for all digital Inputs and 
(Note 5) outputs on the SLiC. 

9 7 RS Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive transition occurs on the negative going zero crossing of the ring voltage source, ensuring 
that the ring relay is activated and deactivated when the instantaneous ring voltage is near zero. If 
synchronization Is not required, tie to 5V. 

10 8 m> Relay Driver - A low active open collector logic output. When enabled, the external ring relay Is 
energized. 

11 9 TF Tip Feed - A low impedance analog output connected to the TI P terminal through a 1500 feed 
resistor. Functions with the RF terminal to provide loop current, feed voice Signals to the telephone 
set, and· sink longitudinal current. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING terminal through a 1500 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signal to the telephone 
set, and sink longitudinal current. 

13 11 VB- Negative Voltage Source - Most negative supply. VB- is typically -48V with an operational renge of -
42V to -58V. Frequently referred to as "battery". 

14 12 BG Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
(Note 1) flows into this ground terminal. 

16 13 SHD Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for 
loop currents exceeding 1 OmA and disabled for loop currents less than 5mA. 

17 14 rn<I5 Ground Key Detection - A low active LS TTL - compatible logiC output. This output is enabled if the 
DC current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and 
disabled if this current difference is less than 10mA. 

18 15 J5D Power Denial - A low active TTL - Compatible logic Input. When enabled the switch hook detect 
(SRl5) and ground key detect (rn<I5) are not necessarily valid, and the relay driver (i'iO) output is 
disabled. 

19 16 RC Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RO) 
output goes low on the next rising edge of the ring sync (AS) input, as long as the SLiC is not in the 
power denial state (PO = 0) or the subscriber is not already off- hook (SFiD = 0). 

20 17 C2 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents felse ground key indications from occurring during ring trip detection. "TYPIcal value is 
0.151lF, 10V. This capacitor Is not used if ground key function is not required. 

21 18 OUT The analog output of the spare operational amplifier. 

23 19 -IN The inverting analog Input of the spare operational amplifier. 
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Pin Descriptions (Continued) 

28 PIN 24 PIN 
PLCC DlPISOIC SYMBOL DESCRIPTION 

24 20 +IN The non-lnverting analog input of the spare operational amplifier. 

25 21 RX Receive Input, 4-Wire Side - A high impedance analog Input which is internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this input differentially drive the Tip feed 
and Ring feed amplifiers, which in tum drive tip and ring through 3000 of feed resistance on each 
side of the line. 

26 22 C4 Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detectlon from occurring when lon-
gitudinal currents are Induced onto the subscriber loop from nearby power lines and other noise 
sources. This capacitor Is also required for the proper operation of ring trip detection. Typical value 
is 0.5j.1F to 1.0j.lF, 2OV. This capacitor should be nonpolarized. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(NoteS) (TX) and receive Input (RX) terminals. 

28 24 TX Transmit Output, 4-Wire Side - A low Impedance analog output which represents the differential volt-
age across Tip and Ring. Transhybrid belanclng must be performed (using the SLiC microcircuit's 
spere op amp) beyond this output to completely implement two to four wire conversion. This output 
Is unbalanced and referenced to analog ground. Since the DC level of this output varies with loop 
current, capacitive coupling to the next stage is essential. 

1,8,5,22 NC No Intemal connection. 

NOTE: 

5. All grounds (AG, BG, and DG) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

Functional Diagram 
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Schematic Diagram 
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HC-5502B 

Logic Diagram 
Hc-5502B LOGIC GATE SCHEMATIC 

r--------------i~ 

-i>t:E~: 
C "=" 

Overvo/tage Protection and Longitudina/ 
Current Protection 

The SLiC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or 30mARMS, 15mARMS per leg, without any 
performance degradation 

SCHOTTKY LOGIC 

PARAMETER 

Longitudinal 
Surge 

Melallic Surge 

TfGND 

RfGND 

5OI6OHz Current 
TfGND 

RfGND 
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TABLE 1. 

TEST PERFORMANCE 
CONDITION (MAX) 

10jlS Rise! ±1000 (Plastic) 

1000jlS Fall ±SOO (Ceramic) 

10jlS RIse! ±1000 (Plastic) 

1000jlS Fall ±SOO (Ceramic) 

10jlS RIse! ±1000 (Plastic) 

1000jlS Fall ±500 (Ceramic) 

11 Cycles 700 (Plastic) 

Umlted to 350 (Ceramic) 
10~MS 

UNITS 

VPEAK 

VpEAK 

VPEAK 

VPEAK 

VPEAK 

VPEAK 

VRMS 

VRMS 



HC-5S02B 

Applications Diagram 

RBa 

Cl~4;.... ___ ., 

C2~17;....._...., 

C3 5 
22 

FIGURE 1. TYPICAL UNE CIRCUIT APPUCATION WITH THE MONOUTHIC SUC 

Typical Component Values 

C1 = 0.511F (Note 6) 

C2 = 0.1511F. 10V 

Cs = 0.311F. 30V 

C4 = 0.511F to 1.011F. 10%, 20V (Should be nonpolarized) 

C5 = 0.5j1F. 20V 

Ce = Cr = 0.511F (10% Match Required) (Note 7), 20V 

Ca = 0.0111F. 100V 

C9 = 0.01I1F, 20V, ±20% 

NOTES: 

Rl = R2 = Rs = 100kn (0.1% Match Required, 1% absolute 
value), ZB = 0 for 600n Terminations (Note 7) 

RBI = R82 = Res = R84 = 1500 (0.1 % Match Required, 1 % 
absolute value) 

Rs = 11<0, Cs = 0.1I1F, 200V typically, depending on VR1NG 
and line length. 

Zl = 150V to 200V transient protection. PTC used as ring 
generator ballast. 

6. Cl Is an optional capacitor used to Improve Va+ supply rejection. This pin must be left open if unused. 
7. To obtain the specified transhybrld loss It Is necessary for the three legs of the balance network, CS-Rl and R2 and CrZB-R3• to match 

in impedance to within 0.3%. Thus, if Cs and Or are 111F each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop is closad. Too large a value for Os may produce an excessively long transient at the op amp output 
to the PCM Fllter/COOEC. 

A 0.511F and 100kO gives a time constant of 50ms. The uncommitted op amp output is internally clamped to stey within ±5.5V and also 
has current limiting protection. 

8. Secondary proteCtion diode bridge recommended is a 2A, 200V type. 

9. All grounds (AG, BG, and 00) must be applied before Va+ or VB-' Failure to do so may result in premature failure of the part. If a user 
wishes to run separete grounds off a line card, the AG must be applied first 

10. Pin numbers given for OIP/sOIC package. 
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Features 
• Meets or Exceeds All AT&T D3ID4 Specifications and ccm 

Recommendations 

• Complete CODEC and Filtering Systems: No External Components 
for Sample-and-Hold and Auto-Zero Functions. Receive Output fil
ter with (SIN X)/X Correction and Additional 8kHz Suppression 

• Variable Data Clocks - From 64kHz ••••••••••••••••••••• 2.1MHz 

• Receiver Includes Power-Up Click Filter 

• TTL or CMOS-Compatlble Logic 

• ESD protection on All Inputs and Outputs 

Applications 
• PABX 

• Central Office SwHchlng Systems 

• Accurate AID and DlA Conversions 

• Digital Telephones 

• Cellular Telephone Switching Systems 

• Voice Scramblers - Descramblers 

• T1 Conference Bridges 

• Voice Storage and Retrieval Systems 

• Sound Based SecurHy Systems 

• Computerized Voice Analysis 

• Mobile Radio Telephone Systems 

• Microwave Telephone Networks 

• Fiber-Optic Telephone Networks 

Pinout Functional Block Diagram 

CD22354A, 
CD22357A 

CMOS Single-Chip, 
Full-Feature PCM CODEC 

Description 
The CD22354A and CD22357 A ere rnonoIHhlc silicon
gate. double-poly CMOS Integrated clrcul1s containing 
the band-llml1lng filters end the companding AID and DlA 
conversion clrcul1s that contlrm to the AT&T 00ID4 
specifications end CCITT recommendations. The 
CD22354A provides the AT&T ji-Iaw end the CD22357A 
provides the CCITT A-Iaw companding cheracterlstic. 

The primary applications for the CD22354A and 
CD22357 A are in telephone systems. These circul1s 
perform the analog end digital conversions between the 
subscriber loop and the PCM highway in a digital 
switching system. The functional block diagram Is 
shown below. 

With flexible features. Including synchronous and 
asynchronous operations and variable data rates. the 
CD22354A end CD22357A ere IdeeIIy suited for PABX. 
central office switching system. digital telephcnes as 
well as other applications that require accurate AID and 
DlA conversions and minimal conversion time. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE PKG.NO. 

CD22354AE -40 to 80 16 LdPDIP E16.3 

CD22357AE -40 to 80 16 LdPDIP E16.3 

CD22354A, CD22357A 
(PDIP) 

FULL-FEATURE PCM CODEC 

DR 8 

BCLKW 7 
CLKSEL 

TOP VIEW 

MCLKW 8 
PDN ~----' 

CAUTION: These devices Bre sensitive to electrostatic discharge. Users should follow proper IC Handung Procedures. 
Copyright @Harrls COrpollll1on 1997 
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CD22354A, CD22357A 

Absolute Maximum Ratings Thermal Information 
DC Supply-Voltage, (V+) •••••••••.........••••••.• -0.5 to 7V 
DC Supply-Voltage, (V-) ••••••••••••..••.•••••••••• 0.5 to -7V 
PC Input Diode Current, 
11K (VI < V- -0.5V or VI > V+ 0.5V) ....•......•.....•...•.. ±20mA 
DC Output Diode Current, 

Maximum Junction Temperature .............•..•...... 175°C 
Maximum Junction Temperature (Plastic Package) .•....•. 150°C 
Maximum Storage Temperature Range (T sTa) •.••• -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s) .......•.•.•. 300°C 

10K (VI < V- -0.5V or Vo > V+ 0.5V) ....................... ±20mA Operating Conditions 
Operating-Temperature Range (TA) ..•........... -40°C to BOoC DC Drain Current, Per Output 

10 (V- -0.5V < Vo < V+ 0.5V) .....................•...... ±25mA 
DC Supply/Ground Current ............................. ±50mA 
Power Dissipation Per Package (Po): 

For TA = -40°C to 60°C .•.•.•••••....•..•...••...• 500mW 
For TA = 60°C to 85°C •.•.••.....• Derate Unearly at BmWf'C 

to300mW 

CAUTION: Stresses above /ho58 listed In "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress only rating end operation 
0/ the device at these or any other oondItIons above those Indicated In the operationa/sfICtions of this specification Is not Implied. 

Electrical Specifications At TA = 25°C 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

STATIC SPECIFICATIONS 

Positive Power Supply V+ 4.75 5 5.25 V 

Negative Power Supply V- -4.75 -5 -5.25 V 

Power Dissipation (Operating) POPR V+=5V - 75 90 mW 

Power Dissipation (Standby) PST9Y V-=-5V 9 15 mW 

Electrical Specifications At TA = OOC to 70°C; V+ = 5V ±5%, v- = -5V ±5% 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

STATIC SPECIFICATIONS 

Analog Input Resistance RINA 10 - - Me 

Input capacitance CIN All Logic and Analog Inputs - 5 - pF 

Input Leakage Current, Digital II VI=OVorV+ -10 - 10 jIA 

Low Level Input Voltage VIL IlL = ±1 OjIA (Max) - - O.B V 

High Level Input Voltage VIH IIH = ±10jIA (Max) 2 - - V 

Low Level Output Voltage VOL 10L= 3.2mA - - 0.4 V 

High Level Output Voltage VOH IOH= 1.0mA 2.4 - - V 

Open Stale Output Current loz GND< Dx<V+ -10 - 10 jIA 

Input Leakage Current, Analog II -2.5V S VFx < 2.5V -200 - 200 nA 
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CD22354A, CD22357A 

Electrical Specifications V+ = 5V ±S%, V- = -5V ± 5%, BClKR = BClKx = MCLKx = 1.544MHz, VIN = OdBmO, 
TA = OOC to 70°C 

PARAMETER SYMBOL TEST CONDITIONS MIN 

TRANSMIT AND RECEIVE FILTER TRANSFER CHARACTERISTICS 

Transmit Gain GRX f=16Hz -
(Relative to Gain at 1020Hz) 
Input Ampliller Set to Unity Gain 1= 50Hz -

1= 60Hz -
1= 200Hz -1.8 

I = 300Hz to 3000Hz -0.15 

1= 3300Hz -0.35 

1= 3400Hz -0.7 

1= 4000Hz -
1~4600Hz, -
Measure 0 - 4kHz Response 

Receive Gain GRR 1= OHz to 3000Hz -0.15 
(Relative to Gain at 1020Hz) 
(Includes (SIN X)IX Compensation) 1= 3300Hz -0.35 

1= 3400Hz -0.9 

1= 4000Hz -

AC Specifications Definition 

Unless otherwise specified, the following conditions apply: AMPLITUDE RESPONSE 
Absolute Levels Definition: 

V+ = 5V ±S%, V- = -5V ±S% VREF =-2.5V 

TYP MAX 

- -40 

- -30 

- -26 

- -0.1 

- 0.15 

- 0.05 

- 0 

- -14 

- -32 

- 0.15 

- 0.05 

- 0 

- -14 

UNITS 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

GNOA, GNOo = OV, FF)( = 1020Hz at OdBmO 
Transmit Input amplifier operating in a unity gain configuration 
Temperature ...•.............•......•......•• . oae to 70°C 
Receive output is meesured Single-ended. All output levels are 

Nominal OdBmO level. ...•....•..•••.•••... 4dBm into 6000 
1.2276VRMS 

Maximum Overload level: 

(SIN X)IX corrected. 

AC Specifications Encoding Format at Dx Output 

CD22354A 
I1-LAW 

VIN (at GSx) = +Full-Scale 1 0 0 0 0 0 

VIN (at GSx) = ov 1 1 1 1 1 1 

0 1 1 1 1 1 

VIN (at GSx) = -Full-Scale 0 0 0 0 0 0 
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Voltage relerence (VREF) 01 -2.5V •.•••.••....••.• 2.5V I1-Law 
2.49VA-Law 

CD22357A 
A-LAW 

(INCLUDES EVEN BIT INVERSION) 

0 0 1 0 1 0 1 0 1 0 

1 1 1 1 0 1 0 1 0 1 

1 1 0 1 0 1 0 1 0 1 

0 0 0 0 1 0 1 0 1 0 



CD22354A,CD22357A 

Electrical Specifications 

PARAMETER SYMBOL TEST CONOmONS MIN TYP MAX UNITS 

AC DISTORTION 

Signal to Total Distortion STDx, STDA Level = +3dBmO 33 - - dBc 
XmltorRcv 

Level = 0 to ~30dBmO 36 - -' dBc 

Level = -4OdBmO 30 - - dBc 

Level = -55dBmO, XMT 14 - - dBc 

Level = -55dBmO, Rev 15 - - dBc 

Single Frequency Distortion SFDx,SFOA - - -46 dBc 
XmitorRcv 

Intennodulation IMD VFX = -4dBmO to -21dBmO - - -41 dB 
(End-to-End Measurement) fl, f2 from 300 to 3400Hz 
2-Tone 

Transmit Delay, Absolute tOA)( f= 1600Hz - 280 315 j1S 

Transmit Envelope Delay toEX f = 500-600Hz - 170 220 j1S 
Relative to tOA)( 

f = 600-1000Hz - 70 145 j1S 

f = 1000-2600Hz - 40 75 j1S 

f = 2600-2800Hz - 90 105 j1S 

Receive Delay, Absolute tOAR f= 1600Hz - 180 200 j1S 

Receive Envelope Delay tOEA f = 5OD-600Hz -40 -25 - j1S 
Relative to tDAA 

f = 6OD-1000Hz -40 -25 - j1S 

f = 1000-2600Hz 60 90 j1S 

f = 2600-2800Hz - 110 125 j1S 

Electrical Specifications 

PARAMETER SYMBOL TEST CONOmONS MIN TYP MAX UNITS 

AC GAIN TRACKING 

Transmit Galn Tracking Error GTX +3 to -4OdBmO - - ±O.2 dB 

-40 to -5OdBmO - - ±O.4 dB 

-50 to -55dBmO - - ±1.2 dB 

Receive Galn Tracking Error GTR +3 to -4OdBmO - - ±O.2 dB 

-40 to -5OdBmO - - ±O.4 dB 

-50 to -55dBmO - - ±1.2 dB 

Transmit Input Amplifier Gain, AoL RL~ lMOatGSx 68 - - dB 
Open Loop 
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CD22354A, CD22357A 

Electrical Specifications (Continued) 

PARAMETER SYMBOL TEST CONDITIONS 

Transmit Input Amplifier Gain, AcL Unity Gain Configuration 
Unity Inverting or Non-Inverting 

RL ~ 10K, CL s 50pF 

Transmit Gain, Absolute GXA RL ~ 10K, CL S 50pF 

Receive Gain, Absolute GRA RL ~ 6000, CL S 500pF 

Electrical Specifications 

PARAMETER SYMBOL TEST CONDITIONS 

ACNOISE 

Transmit Noise Nx VFxl-=GND 

VFxl+=GND 

Receive Noise NR PCM Code Equivalent to OV 

V+ Power Supply Rejection PSRR VFxl+=OV 
Transmit V+ = 5V + (100mVRMS) 

f = OkHz to 50kHz 

V- Power Supply Rejection PSRR VFxl-=OV 
Transmit V- = -5V + (100mVRMS) 

f = OkHz to 50kHz 

V+ Power Supply Rejection PSRR PCM Code = All 1 Code 
Receive V+ = 5V + (100mVRMS) 

f = OkHz to 4kHz 

f = 4kHz to 25kHz 

f = 25kHz to 50kHz 

V- Power Supply Rejection PSRR PCM Code = All 1 Code 
Receive V- = -5V + (100mVRMsl 

f = OkHz to 4kHz 

f = 4kHz to 25kHz 

f = 25kHz to 50kHz 

Cross Talk Transmit to Receive CTXR VFxl- = OdBmO at 1020Hz 

Cross Talk Receive to Transmit CTRX DR = OdBmO at 1020Hz, 
VFxl-=OV 
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CD22354A, CD22357A 

Electrical Specifications 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

ACTIMING 

Frequency of Master Clocks 1/1pM Depends on the Device Used - 1.536 - MHz 
and the BCLKR"CLKSEL Pin 

- 1.544 - MHz 

MCLKx and MCLi<R - 2.048 - MHz 

Width of Master Clock High tWMH MCLKx and MCLKR 160 - - ns 

Width of Master Clock Low IwML MCLKx and MCLi<R 160 - - ns 

Rise Time of Master Clock tRM MCLKx and MCLi<R - - 50 ns 

Fall Time of Master Clock tFM MCLKx and MCLi<R - - 50 ns 

Set-up Time from BCLKx High IseFM First Bit Clock after the Leading 100 - - ns 
(and FSx In Long Frame Sync Edge of FSx 
Mode) to MCLKx Falling Edge 

Period of Bit Clock IpB 485 488 15.725 ns 

Width of Bit Clock High !waH V1H =2.2V 160 - - ns 

Width of Bit Clock Low lwaL VIL ,,0.6V 160 - - ns 

Rise Time of BIt Clock IRB IpB" 488ns - - 50 ns 

Fall Time of BIt Clock t,:s \pa" 488ns - - 50 n8 

Hold Time from Bit Clock Low to IHBF Long Frame Only 0 - - n8 
Frame Sync 

Hold Time from Bit Clock High to IHOLD Short Frame Only 0 - - ns 
Frame Sync 

Set-up Time from Frame Sync to IsFB Long Frame Only 80 - - ns 
Bit Clock Low 

Delay Time from BCLKx High to toeo Load .. 150pF plus 2 LSTTL 0 - 160 ns 
Data Valid Loads 

Delay Time to ~x Low txop Load .. 150pF plus 2 LSTTL - - 140 ns 
Loads 

Delay Time from BCLKx Low or tozc 50 - 165 n8 
FSx Low to Data Output Disabled 

Delay Time to Valid Data from toZF ~ .. OpF to 150pF 20 - 165 ns 
FSx or BCLKx. Whichever Comes 
later 

Set-up Time from DR Valid to tSDB 50 - - ns 
BCLKR/XLow 

Hold Time from BCLKR/X Low to IHBD 50 - - ns 
DR Invalid 

Set-up Time from FSxiR to IsF Short Frame Sync Pulse 50 - - ns 
BCLKXIR Low (1 or 2 Bit Clock Periods Long) 

(Note 1) 

Hold Time from BCLKXIR Low to IHF Short Frame Sync Pulse 100 - - ns 
FSXIR Low (1 or 2 Bit Clock Periods Long) 

(Note 1) 
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Electrical Specifications (Continued) 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Hold Time from 3rd Period of Bit ~BFI Long Frame Sync Pulse 100 - - ns 
Clock Low to Frame Sync (from 3 to 8-Bit Clock Periods Long) 
(FSxor FSR) 

Minimum Width of the Frame IwFL 64K Bltts Operating Mode 160 - - ns 
Sync Pulse (Low Level) 

NOTE: 

1. For short frame sync timing. FSx and FSR must go high while their respective bit clocks are high. 

Pin Descriptions 

PIN NO. SYMBOL DESCRIPTION 

1 V- Negative power supply. V- = -5V ±5%. 

2 GND Analog and digital ground. All signals referenced to this pin. 

3 VFRO Analog output of RECEIVE FILTER. 

4 V+ Positive power supply. V+ z 5V ±5%. 

5 FSR Receive Frame Sync Pulse which enables BCLKR to shift PCM data into DR' FSR is an 8kHz PULSE 
TRAIN. 

6 DR Receive Data Input. PCM data is shifted into DR following the FSR leading edge. 

7 BCLKR"'CLK- The Receive Bit Clock. which shifts data into DR after the frame sync leading edge. may vary from 64kHz 
SEL to 2.048MHz. Alternatively. the leading edge may be a logic input which selects either 1.536MHzI 

1.544MHz or 2.048MHz for Master Clock In synchronous mode and BCLKx is used for both transmit and 
receive directions. 

8 MCLKR"'PDN Receive Mastar Clock. Must be 1.536MHz. 1.544MHz or 2.048MHz. May be asynchronous with MCLKx. 
but best performance Is realized from synchronous operation. When this pin Is continuously connected 
low. MCLKx is selected for all Internal tlmlng. When this pin is continuously connected high. the device Is 
powered down. 

9 MCLKx Transmit Master Clock. Must be 1.536MHz. 1.544MHz or 2.048MHz. May be asynchronous with MCLKR• 
but best performance is realized from synchronous operation. 

10 BCLKx The Bit Clock which shifts out the PCM Data on Ox. May vary from 64kHz to 2.048MHz. but must be syn-
chronous with MCLKx. 

11 Ox The THREE-STATE PCM Data Output which Is enabled by FSx. 

12 FSx Transmit Frame Sync Pulse input which enables BCLKx to shift out the data on Ox. FSx is an 8kHz 
PULSE TRAIN. 

13 TSx Open drain output which pulsas low during the ancoder time slot. 

14 GSx Transmit gain edjust. 

15 VFxl- Inverting input of the transmit input amplifier. 

16 VFxl+ Non-inverting Input of the transmlt input amplifier. 
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FuncUonalDescrlpUon 
Power Supply Sequencing 

Do not apply input signal or load on output before powering 
up Vee supply. Care must be taken to ensure that Ox pin 
goes on common back plane (with other Ox pins from other 
chips). Ox pin cannot drive >50mA before Power-Up. This 
will cause the part to latch up. 

Power-Up 

When power is first applied, the Power-On reset Circuitry ini
tializes the CODEC and places it in a Power-Down mode. 
When the CODEC returns to an active state from the Power
Down mode, the receive output is muted briefly to minimize 
turn-on "click". 

To power up the device, there are two methods available. 

1. A logical zero at MCLKR/PDN will power up the device, 
provided FSx or FSR pulses are present. 

2. Alternatively, a clock (MCLKR) must be applied to MCL~I 
PDN and FSx or FSR pulses must be present. 

Power-Down 

Two power-down modes are available. 

1. A logical 1 at MCLKWPDN, after approximately 0.5ms, will 
power down the device. 

2. Alternatively, hold both FSx and FSR continuously low, 
the device will power down approximately 0.5ms after the 
last FSx or FSR pulse. 

Synchronous Operation 
(Transmit and Receive Sections use the Same Master 
Clock) . 

The same master clock and bit-clock should be used for the 
receive and transmit sections. MCLKx (pin 9) is used to pro
vide the master clock for the transmit section; the receive 
section will use the same master clock if the MCLKRIPDN 
(pin 8) is grounded (synchronous operation), or at V+ 
(power-down mode). MCLKR/PDN may be clocked only if a 
clock is provided at BCLKR/CLKSEL (pin 7) as in asynchro
nous operation. 

The BCLKx (pin 10) is used to provide the bit clock to the 
transmit section. In synchronous operation, this bit clock is 
also used for the receive section if MCLKR/PDN (pin 8) is 
grounded. BCLKR/CLKSEL (pin 7) is then used to select the 
proper internal frequency division for 1.544MHz, 1.536MHz 
or 2.048MHz operation (see Table below). For 1.544MHz 
operation, the device automatically compensates for the 
193rd clock pulse each frame. 

Each FSx pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled Ox output on the leading edge of BCLKx. After 8 bit
clock periods, the tristate Ox output is returned to a high 
impedance state. With an FSR pulse, PCM data is latched 
via the DR input on the negative edge of the BCLKx. FSx 
and FSR must be synchronous with MCLKx. 

CLOCKING OPTIONS 

MASTER CLOCK 

BCLr<,.ICLKSEL FREQUENCY SELECTED 

MODE (PIN 7) CD22354A (j1) CD22357A (A) 

Asynchronous Clocked 1.536MHzor 2.048MHz 
or 1.544MHz 
Synchronous 

Synchronous 0 2.048MHz 1.536MHzor 
1.544MHz 

Synchronous 1 (or open circuit) 1.536MHzor 2.048MHz 
1.544MHz 

Asynchronous Operation 
(Transmit and Receive Sections use Separate Master 
Clocks) 

For the CD22357 A, the MCLKx and MCLKR must be 
2.048MHz and for the CD22354A must be 1.536MHz or 
1.544MHz. These clocks need not be synchronous. However, 
for best transmission performance, it is recommended that 
MCLKx and MCLKR be synchronous. 

For 1.544MHz operation the device automatically compensates 
for the 193rd clock pulse each frame. FSx starts the encoding 
operation and must be synchronous with MCLKx and BCLKx. 
FSR starts the decoding operation and must be synchronous 
with BCL~. BCL~ must be clocked in asynchronous opera
tion. BCLKx and BCLKR may be between 64kHz - 2.04MHz. 

Short-Frame Sync Mode 

When the power is first applied, the power initialization circuitry 
places the CODEC in a short-frame sync mode. In this mode 
both frame sync pulses must be 1 bit-clock period long, with the 
timing relationship shown in Figure 1. 

With FSx high during the falling edge of the BCLKx, the next 
rising edge of BCLKx enables the Ox tristate output buffer, 
which will output the sign bit. The following rising seven edges 
clock out the remaining seven bits upon which the next falling 
edge will disable the Ox output. 

With FSR high during the falling edge of the BCL~ (BCLKx in 
synchronous mode), the next falling edge of BCL~ latches in 
the sign bit. The following seven edges latch in the seven 
remaining bits. 

Long-Frame Sync Mode 

In this mode of operation, both of the frame sync pulses must 
be three or more bit-clock periods long with the timing relation
ship shown in Figure 2. 

Based on the transmit frame sync FSx, the CODEC will sense 
whether short or long-frame sync pulses are being used. 

For 64kHz operation the frame sync pulse must be kept low for 
a minimum of 160ns. 

The Ox tristate output buffer is enabled with the rising edge of FSx 
or the rising edge of the BCLKx, whichever comes later and the 
first bit clocked out is the sign bit The following seven rising edges 
of the BCLKx clock out the remaining SENeI1 bits. The Ox output is 
disabled by the next falling edge of the BCLKx following the 8th 
rising edge or by FSx going low whichever comes later. 
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A rising edge on the receive frame sync, FSR, will cause the 
PCM data at DR to be latched in on the next falling edge of the 
BCL~. The remaining seven bits are latched on the succes
sive seven falling edges of the bit-clock (BCLKx in synchronous 
mode). 

Transmit Section 

The transmit section consists of a gain-adjustable input op
amp, an anti-aliasing filter, a low-pass filter, a high-pass filter 
and a compressing AID converter. The input op-amp drives a 
RC active anti-aliasing filter. This filter eliminates· the need for 
any off-chip filtering as it provides 30dB attenuation (Min) at the 
sampling frequency. From this filter the signal enters a 5th order 
low-pass filter clocked at 128kHz, followed by a 3rd order high
pass filter clock at 32kHz. The output of the high-pass filter directly 
drives the encoder capacitor ladder at an 8kHz sampling rate. A 
precision voltage reference is trimmed in manufacturing to provide 
an input overload of nominally 2.5VpEAK' Transmit frame sync 

TS X 

MCLK X 

BCLKx 

FSx 

Ox 

BCLI<JI 

~ 

DR 

pulse FSx controls the process. The 8-bit PCM data is cIocksd 
out at Ox by the BCLKx. BCLKx can be varied from 64kHz to 
2.048MHz. 

Receive Section 

The receive section consists of an expanding D/A converter and a 
Iow-pass filter which fulfills both the AT&T D3ID4 specifications 
and CCITT recommendations. PCM data enters the receive sec
tion at DR upon the occurrence of F~, Recaive Frame sync 
pulse. BClKA, Receive Data Clock, which can range from 64kHz 
to 2.048MHz, clocks the 8-bit PCM data into the receive data reg
ister. A DlA conversion is performed on the 8-bit PCM data and 
the corresponding analog signal Is held on the D/A capacitor lael
der. This signal is transferred to a switched capacitor low-pass fil
ter cIocksd at 128kHz to smooth the sampie-ancl-hoid signal as 
well as to compensate for the (SIN X)/X cistortion. 

The filter is then followed by a second order Sallen and Key active 
filter capable of driving a 6OCXlioad to a level of 7.2dBm. 

FIGURE 1. SHORT FRAME-SYNC TIMING 
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FIGURE 2. LONG FRAME-SYNC TIMING 
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Features 
• 01 Monolithic High Voltage Process 

• Compatible wHh Worldwide PBX and DLC 
Performance Requirements 

• Controlled Supply of Battery Feed Current with 
Programmable Current·Llmlt 

• Operates with 5V Positive Supply (VB+) 

• Internal Ring Relay Driver and a Utility Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• SWitch Hook, Ground Key, and Ring TrIp Detection 

• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On-Chip Op Amp for 2-Wlre Impedance Matching 

Applications 
• Solid State Line Intelface Circuit for PBX or Digital 

Loop Carrier Systems 

• HotellMotel SwHchlng Systems 

• Direct Inwerd Dialing (DID) Trunks 

• Voice Messaging PBX. 

• 2-Wlraf4-Wlre, 4-WIraf2..Wlre Hybrid 

• Related Literature 
- AN9607, Impedance Matching Design Equations 
- AN9628, AC Voltage Gain 
- AN9608, Implementing Pulse Materlng 

- AN549, The HC-5502S14X Telephone Subscriber 
Line Intelface Circuits (SLlC) 

HC-5524 
SLiC 

Subscriber Line Interface Circuit 

Description 
The HC·5524 telephone Subscriber Line Interface Circuit 
Integrates most of the BORSCHT functions on a monolithic 
IC. The device is manufactured in a Dielectric Isolation (01) 
process and is designed for use as a 24V interface between 
the traditional telephone subscriber pair (Tip and Ring) and 
the low voltage filtering and coding/decoding functions of the 
line card. Together with a secondary protection diode bridge, 
the device will withstand 500V Induced surges, in plastic 
packages. The SLIC also maintains specified transmission 
performance in the presence of externally induced 
longitudinal currents. The BORSCHT functions that the SLiC 
provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to SOmA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground kay detection functions are also 
Incorporated in the SLIC device. 

The HC·5524 SLiC Is ideally suited for line card daslgns in 
PBX and OLC systems, replacing traditional transformer 
solutions .. 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGEr-C) PACKAGE NO. 

HC3-5524-5 01075 28 LdPDIP E28.6 

HC3·5524-9 ·4010 85 28 LdPDIP E28.6 

HC4P5524-5 01075 44LdPLCC N44.65 

HC4P5524-9 ·4010 85 44LdPLCC N44.65 

HC9P5524-5 01075 28 LdSOIC M28.3 

HC9P5524-9 -4010 85 28 LdSOIC M28.3 

CAUTION: These devices are aensltlve to eiectroSlalic discharge. Uaera should follow proper IC Handling ProcedureB. File Number 2798.4 
Copyright @Harrls Corporation 1997 
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Absolute Maximum Ratings (Note 1) 

Maximum Supply Voltages 

HC-5524 

Thermal Information 
Thermal Resistance (Typical, Note 2) 6JA (OCIW) 

(VB+)' ..••.••••••....••........•.......••.. -0.5V to 7V PDIP Package. . . . . . . .. .. .. . . .. . . . .. . .. . .. . 55 
(VB+) - (VB-) ••••••....•.•....•.................... 40V PLCC Package............................ 47 

Relay Drive Voltage ........................... -0.5V to 15V SOIC Package. . . . . . .. . . . .. . . . .. . . . . . . .. . .. 75 

Operating Conditions 
Operating Temperature Range 

Maximum Junction Temperature (Plastic Package) ••...... 150°C 
Maximum Storage Temperature Range ..... -65°C to TA to 150°C 
Maximum Lead Temperature (Soldering lOs) •............ 300°C 

HC-5524-5 .•.•.....••..•.•..•...••...• OOC to TA to 75°C 
HC-5524-9 .•......••••...•......•... -40°C to TA to 85°C 

Relay Driver Voltage. . . • . • . . . . • . . . . . . . • . . . . . . .. .. 5V to 12V 

(PLCC and SOIC - Lead Tips Only) 

Die Characteristics 
Positive Power Supply (VB+) ........................ 5V ±5% Transistor Count ..................................... 224 
Negative Power Supply (VB-) .•.•...........•.... -20V to -28V Diode Count ......................................... 28 

Die Dimensions .......................... 174 mils x 120 mils 
Substrate Potential ............................. Connected 
Process .•.............•.•..................... Blpolar-DI 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress only IIlffng and opellltion 
of the device at these or any other conditions above those indicated in the opellltional secffons of this specification is not implied. 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily Implied. 

2. 9JA Is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications Typical Parameters are at TA = 25°C, VB+ = 5V, Ve- = -24V, AG = DG = BG = OV. Min-Max Parameters are 
Over Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. All 
Parameters are Specified at 600W 2-Wire Terminating Impedance, Unless Otherwise Specified 

PARAMETER I TEST CONDITIONS MIN I TYP MAX UNITS 

AC TRANSMISSION PARAMETERS 

RX Input Impedance 300Hz to 3.4kHz, (Note 3) 100 - kO 

TX Output Impedance - 20 n 

4-Wire Input Overload Level 300Hz to 3.4kHz, 600n Reference +1.0 - VpEAK 

2-Wire Retum Loss Matched for 600n, (Note 3) 
SRLLO 2S 35 dB 

ERL 30 40 - dB 

SRLHI 30 40 - dB 

2-Wire Longitudinal to Metallic Balance Off Hook Per ANSVlEEE STD 455-1976, 58 S3 - dB 
300Hz to 3400Hz, (Note 3) 

4-Wire Longitudinal Balance Off Hook Per ANSI/IEEE STD 455-197S, 50 55 dB 
300Hz to 3400Hz, (Note 3) 

Low Frequency Longitudinal Balance R.EA Test Circuit - -80 -S7 dBmp 

IUNE = 40mA, TA = 25°C (Note 3) - 10 23 dBrnC 

Longitudinal Current Capability IUNE = 4OmA, TA = 25°C (Note 3) - - 40 mARMS 

Insertion Loss 
2-Wire/4-Wlre -1.58dBm at 1 kHz, Referenced 600n - ±D.05 ±D.2 dB 

4-Wire/2-Wire OdBm at 1 kHz, Referenced soon - ±D.05 ±D.2 dB 

4-Wire/4-Wire -1.58dBm at 1kHz, Referenced soon - - ±D.2 dB 

Frequency Response 300Hz to 3400Hz, Referenced to Absolute Level - ±D.02 ±D.OS dB 
at 1 kHz, OdBm Referenced soon (Note 3) 
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Electrical Specifications Typical Parameters are at TA = 25°C, Ve+ = 5V, Ve- = -24V, AG = DG = BG = OV, Min-Max Parameters are 
Over Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range, All 
Parameters are Specified at 600W 2-Wire Terminating Impedance, Unless Otherwise Specified (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Level Linearity Referenced to -10dBm, (Note 3) 
2-Wire to 4-Wire and 4-Wire to 2-Wire +3to-40dBm - - ±D,08 dB 

-40 to -50dBm - - ±D,12 dB 

-50 to -55dBm - ±O,3 dB 

Absolute Delay (Note 2) 

2-Wlre/4-Wire 300Hz to 3400Hz - - 1 IJ.S 

4-Wire/2-Wire 300Hz to 3400Hz - 1 IJ.S 

4-Wire/4-Wire 300Hz to 3400Hz - 0,95 1,5 liS 

Total Harmonic Distortion Reference Level OdBm at 600n, - -50 dB 
2-Wirel4-Wire, 4-Wire/2-Wire, 4-Wire/4-Wire 300Hz to 3400Hz (Note 3) 

Idle Channel Noise 
2-Wire and 4-Wire C-Message, (Note 3) - - 5 dBmC 

Psophometric - - -85 dBmp 

3kHz Flat 16 dBrn 

Open Loop Voltage (VTIP - VRING) Ve+ = 5V, Ve- = -24V - 15,8 - V 

Power Supply Rejection Ratio 

Ve+ to 2-Wire 30Hz to 200Hz, RL = 600n, (Note 3) 20 40 - dB 

Ve+ to 4-Wire 20 40 - dB 

Ve- to 2-Wire 20 40 - dB 

Ve- to 4-Wire 20 50 dB 

Ve+ to 2-Wire 200Hz to 16kHz, RL = 600n 30 40 - dB 

Ve+ to 4-Wire 20 28 - dB 

Ve- to 2-Wire 20 50 - dB 

Ve- to 4-Wire 20 50 - dB 

Ring Sync Pulse Width 50 - 500 IJ.S 

DC PARAMETERS 

Loop Current Programming 

Limit Range 20 - 60 mA 

Accuracy 10 - - 0/0 

Loop Current During Power Denial RL = 200n - ±4 ±7 mA 

Fault Currents 

TIP to Ground - 30 mA 

RING to Ground - 120 - mA 

TIP and RING to Ground 150 mA 

Switch Hook Detection Threshold - 12 15 mA 

Ground Key Detection Threshold - 10 - mA 

Thermal ALM Output Safe Operating Die Temperature Exceeded 140 - 160 °c 

Ring Trip Detection Threshold VRING = 105VRMS, fRING = 20Hz - 10 - mA 

Ring Trip Detection Period - 100 150 ms 

Dial Pulse Distortion - 0,1 0,5 ms 
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Electrical Specifications Typical Parameters are at TA = 2SoC, VB+ = SV, VB- = -24V, AG = DG = BG = OV. Min-Max Parameters are 
Over Operating Positive and Negative Battery Voltages and Over the Operating Tempera\Ure Range. All 
Parameters are Specified at 600W 2-Wire Terminating Impedance, Unless Otherwise Specified (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Relay Driver Outputs 

On Voltage VOL IOL (PRl = 60mA, IOL (AD) = 30rnA - 0.2 O.S V 

Off Leakage Current VOH = 13.2V - ±10 ±100 IlA 
TIL/CMOS Logic Inputs (FO, F1, RS, 'i'S'i", PRI) 

Logic '0' V IL - - 0.8 V 

Logic '1' V1H 2.0 - S.S V 

Input Current (FO, F1, RS, 'i'S'i", PRI) OVSV1NSSV - - ±100 IlA 
Logic Outputs 

Logic '0' VOL ILOAD = 8001lA - 0.1 O.S V 

Logic '1' VOH ILOAD= 40l1A 2.7 - - V 

Power Dissipation On Hook Relay Drivers Off - 60 - mW 

IB+ VB+ = S.2SV, VB- = -28V, RLOOP = 00 - - 4 rnA 

IB- VB+ = S.2SV, VB- = -28V, RLOOP = 00 -4 - - rnA 

le+ Ve+ = SV, VB- = -24V, RLOOp = 6000 3 6 mA 

IB- VB+ = SV, VB- = -24V, RLOOP = 6000 -28 -24 - mA 

UNCOMMITED OP AMP PARAMETERS 

Input Offset Voltage - ±5 - mV 

Input Offset Current ±10 - nA 

Differential Input Resistance (Note 3) - 1 - Mel 

Output Voltage Swing RL= 10kn - ±3 - VP_P 

Small Signal GBW (Note 3) - 1 - MHz 

NOTE: 

3. These parameters are controlled by design or process parameters and are not directiy tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at Intervals to assure product quality and spec
ification compliance. 

Pin Descriptions 

DIPI 
SOIC PLCC SYMBOL DESCRIPTION 

1 2 AG Analog Ground - To be connected to zero potentiat Serves as a reference for the transmit output and 
(Note 4) receive Input terminals. 

2 3 VB+ Positive Voltage Source - Most Positive Supply. 

3 4 Cl Capacitor #Cl - An external capacitor to be connected between this terminal and analog ground. Re-
quired for proper operation of the loop current limiting function. 

4 8 F1 Function Address #1 - A TIL and CMOS compatible input used with FO function address line to externally 
select logiC functions. The three selectable functions are mutually exclusive. See Truth Table on front 
page. F1 should be toggled high after power is applied. 

S 9 FO Function Address #0 - A TIL and CMOS compatible Input used with F1 function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 
page. 
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Pin Descriptions (Continued) 

DIPI 
SOIC PLCC SYMBOL DESCRIPTION 

6 10 RS Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a positive 
pulse (50118 - 500jlS) occurs on the zero crossing of the ring voltage source, as it appears at the RFS 
terminal. For TIp side injected systems, the RS pulse should occur on the negative going zero crossing 
and for Ring injected systems, on the positive going zero crossing. This ensures that the ring delay ecti-
vates and deactivatas when the instantaneous ring voltage is near zero. If synchronization is not re-
quired, the pin should be tied to +5V. 

7 11 §AD Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

8 12 GKD Ground Key Detection - An ectIve low LS TTL compatible logic output. A line supervisory output. 

9 13 m A TTL logic input. A low on this pin will set a latch and keep the SLiC in a power down mode until the 
proper Fl, Fa stata is set and will keep ALM low. See Truth Table on front page. 

10 17 AID A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
opereting die temperature has been exceeded. When m is forced low by an external control signal, 
~ is latched low until the proper Fl, Fa state and m input is brought high. The ALM can be tied 
directly to the m pin to power down the part when a thermal fault is detected and then reset with Fa, 
Fl. See Truth Table on front page. It is possible to ignore transient thermal overioad conditions in the 
SLiC by delaying the response to the ill pin from the ALM. Care must be exercised in attempting this 
as continued thermal overstress may reduce component life. 

11 18 ILiMIT Loop Current limit - Voltage on this pin sets the short loop current limiting conditions using a resistive 
voltage divider. 

12 19 OUTl The analog output of the spare operational amplifier. 

13 20 -INl . The inverting analog input of the spare operational emplifier. 

14 22 TIP An analog input connected to the TI P (more positive) side of the subscriber loop through a feed resistor 
and ring relay contact. Functions with the RiNG terminal to receive voice signals from the telephone and 
for loop monitoring purposes. 

15 24 RING An analog input connected to the RING (more negative) side of the subscriber loop through a feed resis-
tor. Functions with the TI P terminal to receive voice signals from the telephone and for loop monitoring 
purposes. 

16 25 RFS Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected ringing 
the ring signal at this node is isolated from RF via the ring relay. For TIp Injected ringing, the RF and RFS 
pins must be shorted. 

17 27 VRX Receive Input, 4-Wlre Side - A high impedance analog input. AC signals appearing at this Input drive the 
Tip Feed and Ring Feed amplifiers differentially. 

18 31 C2 capacitor #2 - An axternal capacitor to be connected between this terminal and ground. It prevents false 
ring trip detection from occurring when longitudinal currents are induced onto the subscriber loop from 
power lines and other noise sources. This capacitor should be nonpolarized. 

19 32 VTX Transmit Output, 4-Wire Side - A low impedanca analog output which represents the differential voltage 
across TIP and RING. Transhybrid balancing must be performed beyond this output to completely Imple-
ment two to four wire conversion. This output is referenced to analog ground. Since the DC level of this 
output varies with loop current, capacitive coupling to the next stage is necessary. 

20 33 PRI A TTL compatible input used to control PRo PRI active High = PR active low. 

21 34 m An active low open collector output. Can be used to drive a Polarity Reversal Relay. 

22 35 DG Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and outputs 
(Note 4) on the SLiC. 

23 36 m> Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing signals 
onto the 2-Wlre line. 
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Pin Descriptions (Continued) 

DlPI 
SOIC PLCC SYMBOL DESCRIPTION 

24 37 VFB Feedback Input to the tip feed amplifier; may be used In conjunction with transmit output signal and the 
(NoteS) spare op-amp to accommodate 2-Wlre line Impedance matching. (ThIs Is not used In the typical applica-

tions circuit). 

25 38 TF2 Tip Feed - A low Impedance analog output connected to the TIP terminal through a feed resister. Func-
tions with the RF terminal to provide loop current, and to feed voice signals to the telephone set and to 
sink longitudinal currents. Must be tied to TF1• 

NA 39 TFl Tie directly to TF2 in the PLCC application. 

26 41 RFl Ring Feed - A low Impedance analog output connected to the RING terminal through a feed resister. 
Functions with the TF terminal to provide loop current, feed voice signals to the telephone sat, and to 
sink longitudinal currents. Tie directly to RF2. 

NA 42 RF2 Tie directly to RFl In the PLCC application. 

27 43 VB- The battery voltege source. The most negative supply. 

28 44 BG Battery Ground - To be connscted to zero potential. All loop current and soma quiescent current flows 
(Nota 4) Into this ground terminal. 

1,5,6, NC No Internal connection. 
7,14, 
15,16, 
21,23, 
26,28, 
29,30, 

40 

NOTES: 

4. All grounds (AG, BG, and DG) must be applied before VB+ or VB-. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 

5. Although not used In the typical applications circuit, VFB may be used In matching complex 2-Wlre Impedances. 

Pinouts 
HC-5524 (pDlP, SOIC) 

TOP VIEW 

F1 

0 

0 

1 

1 

1 

TRUTH TABLE 

FO Action 

0 Normal Loop Feed 

1 RDActive 

0 Power Down Latch 
RESET 

0 Power on RESET 

1 Loop Power 
Denial ActIve 
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HC-5524 (PLCC) 
TOP VIEW 

~~u!lI~Z~Ui~ 

/1 5 4 3 2 l4443424140 

we 7 
F1 I 
PO • 
AS 10 

IRIS 11 

lIRIJ 12 
TIT 13 
we 14 
NIC 15 
N1C .... 11 

;Q]II r 17 

111.2021 22 2124 25 25 37 21 

31 1=1F1 
31 1=TF2 
37 

1=:: 31 
35 DG 
34 JIR 
33 PAl 
32 VTX 
31 C2 

30 we 
21 we 



Functional Diagram 

R 

R 

HC-5524 

~~J!El 
BIAS 

NETWORK 

r~;I[:aq 44 r-=-1 
"=" V 2,J;L!2..J 
BIAS 

NETWORK 43 

r;D1------------ IH 

"'---+---1 ~ 
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NOTES: 
6 R -108kn. 21 

. - 6 7 14,15,16, , 7 NC-l,5, " 40 

. 23,26,28,29,30, . 



HC-5524 

Logic Diagram 

"'.I==+::::::===::j---+ TO BIAS > ..... -1 ) NETWORK 

Overvoltage Protection and Longitudinal 
Current Protection 

The SLiC device, In conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLiC will withstand longitudinal currents up to a maxi
mum or 4OmARMS, 20mARMS per leg, without any perfor
mance degradation. 
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PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T/GND 

R/GND 

5OISOHz Current 

T/GND 

R/GND 

,

NJ 

--t>E~ i 
KEY 

TABLE 1. 

TEST PERFORMANCE 
CONDITION (MAX) 

1 OIlS Rise! ±1000 (Plastic) 

1OOO11S Fall 

1 OIlS Rise! ±1000 (Plastic) 

100011S Fall 

1 OIlS Rise! ±1000 (Plastic) 

100011S Fall 

11 Cycles 700 (Plastic) 

Limited to 
10~MS 

UNITS 

VPEAK 

VPEAK 

VpEAK 

VRMS 



HC-5524 

Typical Applications 

RING _ ..... -----+--.,;.=---....... 

FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SUC 

Typical Component Value. 

C1 = O.SI1F. 20V 
C2 = 1.OI1F ±1 0%, 20V (for other values of C2, refer to AN9667) 

C3 = 0.0111F. SOV ±20% 

C4 = 0.0111F. SOV ±20% 

C5 = 0.0111F. SOV ±20% 

CAC = 0.511F. 20V 

K{Zo - Rp.!) = 501<0, (Zo = 6000, K = Scaling Factor = 100) 
RL1, RL2; Current Limit Setting Resistors 

Rl1+RL2 > 90kn 

NOTES: 

ILIMIT = (.6) (RL 1 + RL2)/{200 x Ru), RL 1 typically l00kn 

KRF = 201<0, RF = 2{RBi+RW, K = Scaling Factor = 1(0) 
RBl = R82 = son (1% absolute, matching requirements cov
ered In a Tech Brief) 

RSi = RS2 = 1 kn typically 
CS1 = CS2 = 0.111F. 200V typically, depending on VRing and 
line length. 

Zl = 150V to 200V transient protector. PTC used as ring 
generator ballast. 

B. All grounds (AG, eG, and DG) must be applied before Va+ or Va-. Failure to do so may result In premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first 

9. Application shows Ring Injected Ringing, Balanced or Tip Injected configuration may be used. 

10. Secondary protection diode bridge recommended Is 3A, 200V type. 

11. TF1, TF2 and RF1, RF2 ara on PLCC only and should be connected together as shown. 
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CD22100 
January 1997 

CMOS 4 X 4 Crosspoint Switch with Control Memory 
High-Voltage TYpe (20V Rating) 

Features 

• Low ON Resistance •••••••••• 7S0 (Typ) at Voo = 12V 

• "Built-In" Control Latches 

• Large Analog Signal Capability ............... ±VDr12 

• 10MHz Switch Bandwidth 

• Matched Switch Characteristics aRON = 180 (Typ) at 
Voo=12V 

• High Unaarlty - O.S% Distortion (Typ) at f = 1kHz, 
VIN = SVp.p , Voo =10V, and RL = 1kn 

• Standard CMOS Nolsa Immunity 

• 100% Tested for Maximum Qulascent Current at 20V 

Ordering Information 

PART TEMP. RANGE 
NUMBER ("C) PACKAGE PKG.NO. 

CD22100E -40 to 85 16 lei PDIP E16.3 

CD22100F -55 to 125 16 lei CERDIP F16.3 

Description 

CD22100 combines a 4 x 4 array of crosspoints (transmis
sion gates) with a 4-line to H)-line decoder and 16 latch 
circuits, Anyone of the sixteen transmission gates (cross
points) can be selected by applying the appropriate four line 
address. The selected transmission gate can be turned on or 
off by applying a logic one or zero, respectively, to the data 
input and strobing the strobe input to a logic one. Any 
number of the transmission gates can be ON simultaneously. 
When the required operating power is applied to the 
CD22100, the states of the 16 switches are indeterminate. 
Therefore, all switches must be turned off by putting the 
strobe high and data in low, and then addressing all switches 
in succession. 

Pinout Functional Diagram 

DATA IN 

D 

B 

A 

CD22100 
(PDIP, CERDIP) 

TOP VIEW 

VDD 
Y1 

Y2 

va 
Vas X1 -... ___ ..r-

DATA 
STROBE IN 

r-----~----~~----~----~1& 
Y1 

,...-+--~--r-~~-r--~~r-014 
Y2 

,...-+--~--~~~-r--~--~10 
va 

r--+--~--~~~-r--~--~11 
Y4 

D 8 12 
X3 

13 
X4 X1 X2 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1076.3 
Copyright 0 Harris Corporstlon 1997 
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Absolute Maximum Ratings 
Supply Voltage (Referenced to VSS Terminal) •.••..... -0.5 to 20V 
Input Voltage (All Inputs) ...•................ -0.5 to Voo O.5V 
Input Current (Any one input (Note 1)) .................... ±10mA 
Power Dissipation 

For TA = _40°C to 60°C (Package Type E) •••••....••• 500mW 
For TA = 60°C to 85°C 
(Package Type E) ......•. Derate Unearly 12mWi"C to 200mW 
For TA = -55°C to 100°C (Package Type F) ........... 500mW 
For TA = 100°C to 125°C 
(Package Type F) ........ Derate Linearly 12mWi"C to 200mW 

Device Dissipation per TransmiSSion Gate 
For TA = Full Package Temperatura Range (All Types) ...•• 100mW 

Thermal Information 
Maximum Junction Temperature .•....•....•.••.•.•.... 175°C 
Maximum Junction Temperature (Plastic Package) .••••.•• 150°C 
Storage Temperature Range .....•.•......• -65oC:s; TA :s; 150°C 
Maximum Lead Temperature (Soldering 1 Os) .•...••...•.. 300°C 

Operating Conditions 
Temperature Range 

Package Type F. • . . . . • . . . . . . . . . . . . • • •. -55oC:s; TA :s; 125°C 
Package Type E. . . . . . . . . . . . . . . . . . . . . . .. -400 C:s; TA :s; 85°C 

SUpply Voltage Range 
For TA = Full Package Temperature Range .•.......••.•• 3V to 18V 

CAUTION: Stresses abollS thosfl/lslfld In "Absolutfl Maximum Ratings" may caUSfl pflrmanent dama{Jfl to IhfI dfIvic8. This Is a stfflSS only /Btlng and opfI/Btion 
of thfl dflVics at thesfl or any othflr conditions abollS thosslndlcated In tha opfI/Btional ssctions of this specification Is not Implied. 

Electrical SpeCifications Values at -55°C, 25°C, 125°C Apply to F Package 
Values at -40°C, 25°C, 85°C Apply to E Package 

TEST 
CONDITIONS -5SoC -40°C 

VDD 
PARAMETER SYMBOL FIG. M MAX MAX 

STATIC CROSSPOINTS 

Quiescent Device 100 (Max) 1 5 5 5 
Current 1 10 10 10 

1 15 20 20 

1 20 100 100 

On Resistance RoN (Max) Any Switch 11 5 475 500 
Vls=OtoVoo 12 10 135 145 

- 12 100 110 

13 15 70 75 

ARoN Resistance ARoN Between any - 5 - -
two switches - 10 - -

- 12 - -
- 15 - -

85°C 125"C 

MAX MAX 

150 150 

300 300 

600 600 

3000 3000 

725 800 

205 230 

155 175 

110 125 

- -
- -
- -
- -

OFF Switch Leakage IL(Max) All switches 3 18 ±100 ±1000 
Current OFF, VIS = 18V 

STATIC CONTROLS 

Input Low Voltage VIL(Max) OFF switch - 5 1.5 
IL < 0.211A - 10 3 

- 15 4 

Input High Voltage VIH(Min) ON switch - 5 3.5 
see RoN - 10 7 
characteristic 

- 15 11 

Input Current liN (Max) Any control 2 18 ±O.1 ±O.1 ±1 ±1 
VIN =O,18V 

NOTES: 

1. Maximum current 1hrough transrrission gates (switches) = 25mA. 

2. Determined by minimum feasible leakage measurement for automatic testing. 
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25°C 

MIN TYP MAX UNITS 

- 0.04 5 I1A 
- 0.04 10 I1A 
- 0.04 20 I1A 
- 0.08 100 I1A 
- 225 600 n 
- 85 180 n 
- 75 135 n 
- 65 95 n 
- 25 - n 
- 10 - n 
- 8 - n 
- 5 - n 
- ±1 ±100 nA 

(Note 2) 

- - 1.5 V 

- - 3 V 

- - 4 V 

3.5 - - V 

7 - - V 

11 - - V 

- ±10.o ±O.1 I1A 

I o 
cti 
wc) a:_z 
~:::I 

:E 
:E 

8 



CD22100 

Electrical SpecHlcatlons TA .. 25°C 

TEST CONDITIONS 

tIS RL VIS (V) VDD 
PARAMETER SYMBOL FIGURE (kHz) (kO) (Note 3) (V) MIN TYP MAX UNITS 

DYNAMIC CROSSPOINTS 

Propagation Delay Time, tPHL,lpLH 5 - 10 5 5 - 30 60 ns 
(Switch ON) Signal Input to 

10 10 - 15 30 ns Output 
15 15 - 10 20 ns 

Cl" 5OpF; tR , tF .. 20ns 

Frequency Response (Any f3dS 16 1 1 5 10 - 40 - MHz 
Switch ON) 

V 
Sine WeNe Input, 20 log vQS = -3dB 

IS 

Sine Wave Response THO 1 1 5 10 - 0.5 - 0/0 
(Distcrtlon) 

Feedthrough (All switches OFF) FDT 1.6 1 5 10 - -SO - dB 

Sine Wave Input 

Frequency for Signal Crosstalk FCT 7 - 1 10 10 

Attenuation of 40dB Sine Wave Input - 1.5 - MHz 

Attenuation of 11 OdB - - - - - 0.1 - kHz 

capacitance: CIS 
Xn to Ground - - - 5 -15 - 18 - pF 

YntoGround - - - 5-15 - 30 - pF 

Feedlhrough CIOS - - - - - 0.4 - pF 

DYNAMIC CONTROLS 

Propagation Delay Time: tPZH 8 Rl = lkO, 5 - 300 600 ns 

Strobe to Output 
~=50pF, 

10 - 125 250 ns 
(Switch Tum-ON to High 

tR ,Ip= 20ns 

Level) 15 - 80 160 ns 

Propagation Delay Time: tpZH 9 Rl .. lkO, 5 - 110 220 ns 

Data-In to Output 
~ .. 50pF, 

10 - 40 80 ns IR ,Ip= 20ns 
(Tum-ON to High Level) 

15 - 25 50 08 

Propagation Delay Time: tpZH 10 Rl" 1kO, 5 - 350 700 ns 

Address to Output 
Cl .. 50pF, 

10 - 135 270 ns 
(Tum-QN to High Level) 

IR ,Ip" 2008 
15 - 90 180 ns 

Propagation Delay Time: tpHZ 8 Rl .. lkO, 5 - 165 330 08 

Strobe to Output 
CL=5OpF, 

10 - 85 170 ns 
(Switch Tum-OFF) 

IR ,Ip= 20ns 
15 - 70 140 ns 

Propagation Delay Time: tpZL 9 RL .. lkO, 5 - 210 420 08 

Data-In to Output 
~ .. 50pF, 

10 - 110 220 ns IR ,Ip" 20ns 
(Tum-ON to Low Level) 

15 - 100 200 ns 

Propagation Delay Time: ~z 10 RL .. lkO, 5 - 435 870 ns 

Address to Output 
CL=5OpF, 

10 - 210 420 08 
(Tum-OFF) 

IR ,Ip- 2008 
15 - 160 320 ns 
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Electrical Specifications TA = 25°C (Continued) 

TEST CONDITIONS 

'IS I RL I VIS (V) VDD 
PARAMETER SYMBOL FIGURE (kHz) (len) (Note 3) (V) MIN TYP MAX UNITS 

Minimum Setup TIme ts 8. 10 RL = 11en. 5 - 95 190 ns 
Data-In to Strobe. Address CL =50pF. 

10 25 50 
~. tF=20ns - ns 

15 - 15 30 ns 

Minimum Hold Time tH 8.10 RL=1kn. 5 - 180 360 ns 
Data-In to Strobe. Address CL =50pF. 

10 110 220 
~.tF=20ns - ns 

15 - 35 70 ns 

Maximum Switching Frequency 1121 RL=1kn. 5 0.6 1.2 - MHz 
CL = 50pF. 

10 1.6 3.2 - MHz 
~. tF=20ns 

15 2.5 5 - MHz 

Minimum Strobe Pulse Width tw 8 5 - 300 600 ns 

10 - 120 240 ns 

15 - 90 180 ns 

Control Crosstalk. Data-In. 6 Square Wave Input; 10 - 75 - mVpEAK 
Address or Strobe to Output tR. tF = 20ns 

- I 10 I 10 

Input Capacitance CIN Any Control Input - - 5 7.5 pF 

NOTE: V 

3. Peak-to-peak voltage symmetrical about ~O. 
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Schematic Diagram 

16oD----_ 
VDD 

A 

CD22100 

(NOTE) 
DATA IN 

2 

~:J:~L~h~-t-t 
D 

TO OTHER DECODER 
GATESILATCHES 

DETAIL OF LATCHES 

//I 

.~. 
i 

LEVEL TRIGGERED 

r---~--~~----~----~16 

Yl 

r-~--.-~-.-~-~~4---o14 
Y2 

~~~~~~--,-~--~~~-o10 

II 
Xl 

1 
X2 

12 
X3 

13 
X4 

Y3 

80D----_ 
Vss 

DETAIL OF TRANSMISSION GATES 

VDD 

NOTE: INPUTS PROTECTED£\_ 
BYCOS/MOS 
PROTECTION 
NETWORK 

VSS 

ADDRESS 

A B C 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

D 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

OUT 

TRUTH TABLE 

ADDRESS 

SELECT A B C D SELECT 

X1Y1 0 0 0 1 X1Y3 

X2Y1 1 0 0 1 X2Y3 

X3Y1 0 1 0 1 X3Y3 

X4Y1 1 1 0 1 X4Y3 

X1\'2 0 0 1 1 X1Y4 

X2Y2 1 0 1 1 X2Y4 

X3Y2 0 1 1 1 X3Y4 

X4Y2 1 1 1 1 X4Y4 
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Metallization Mask Layout 

Test Circuits and Waveforms 

FIGURE 1. QUIESCENT CURRENT TEST CIRCUIT 

CD22100 

Dimensions In parenthesis are in millimeters and are derived 
from the baslc Inch dimensions as Indicated. Grid graduations 
are In mils (10-3 Inch). 

VoD 

NOTE: 
MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH Voo AND Vss 
CONNECT ALL UNUSED 
INPUTS 1'0 EITHER 
VooOR Vss 

FIGURE 2. INPUT CURRENT TEST CIRCUIT 

VoD 

FIGURE 3. OFF SWITCH INPUT OR OUTPUT LEAKAGE CURRENT TEST CIRCUIT 
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Test Circuits and Waveforms (Continued) 

NOTE: 

1= TA-ZSOC 

10 
102 

,,~ 

IA! 

II t~_115! I 

10V 

II' ~ 

~ 

~ III 
;J .... 10V 

!.II" ~ ~ 
~ 

F 5V i-

II' 

- CL-50pF 
••• ~_1SpF 

CLOSE SWITCH S AFTER APPLYING Veo SWrrCHING FREQUENCY (Hz) 

FIGURE 4. DYNAMIC POWER DISSIPATION TEST CIRCUIT AND TYPICAL DYNAMIC POWER 
DISSIPATION AS A FUNCTION OF SWITCHING FREQUENCY 

ON 

VIS~Voa 
~ •• _ 101cO ~ 50pF 

SW = ANY CROSSPOINT = 
STROBE .. DATA -IN - Voo 

Voa 

veon 50% 50% 

IP~~ -IpLH 
Voo 

50% 50% 
o 

FIGURE 5. PROPAGATION DELAY TIME TEST CIRCUIT AND 
WAVEFORMS (SIGNAL INPUT TO SIGNAL OUTPUT, 
SWITCH ON) 

SW. ANY CROSSPOINT 

OFF 

r-8-t--o Vos 

1-fIcO 
- -- -

CONTROLS 

VIS~Voa 
11cO i~tOlcO 

- -- -
SW _ ANY CROSSPOINT 

VOOO -r-1 ...., r-
CONTROL ....I L-I L...J 

VOl ::~ J' It ~ I~ 
FIGURE 6. TEST CIRCUIT AND WAVEFORMS FOR 

CROSSTALK (CONTROL INPUT TO SIGNAL 
OUTPUT) 

ID 
'V 
II 

°1° >0>-
I 
iii 

I 

0 
TA-SOC 

-20 VDD-10V 
VIS - 10V ..... SINE WAVE 
CL-SOpF 

-40 RL-11cO 

-eo 

-eo 

-100 

... ~ 
-120 

102 

~ 

I 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 7. TEST CIRCUIT AND TYPICAL CROSSTALK BETWEEN SWITCH CIRCUITS IN 
THE SAME PACKAGE AS A FUNCTON OF SIGNAL FREQUENCY 

4-190 



CD22100 

Test Circuits and Waveforms (Continued) 

DATA .. N 

STROBE 

Vuo 

SW. ANY CROSSPOINT 

50pF 

Vuo .,,.... .... 

STROBE 0 

VDO 
Vos 

o 
lIZ 

FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT. SWITCH TURN"()N OR TURN"()FF) 

DATA .. N 

SW • ANY CROSSPOINT 
STAOBE .. Vuo 

&OpF 

VDD~ 
DATA .. N 0 ~5O%tPZH 

Vuo 

VOl 10% 
0-

FIGURE 9. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT. SWITCH TURN"()N TO HIGH OR LOW LEVEL) 

ADDRESS.O ADDRESS. 1 

VDO --Jr-,+,\I 
DATA·IN 

o 

&OpF 

SW .. ANY CROSSPOINT "=" 
STAOBE.Vuo o 

FIGURE 10. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT. SWITCH TURN"()N OR TURN"()FF) 
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Typical Performance Curves 

Voo = 2.5V, Vss = -2.5V 

§: 
300 III 

U 
Z 

~ 250 

iii 
III 200 a: 
!l!: p 150 
:z: 

! 100 

50 

j ........ "" / /" ,\ TA " 125°C ,........ I , 
~ - .,/ ~\ 'I 25°C , 
~ " ~ I-

I--

~ 
-S50C - I--

I 

0 
-4 -3 -2 -1 0 1 2 3 4 

INPUT SIGNAL (V) 

FIGURE 11. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT VDD .. -Vss .. 2.SV 

150 

§: 
III 125 
U z 

m 100 

III 75 a: 

~ 50 
:z: g 25 
~ 
III 

o 

VDD" 7.5V, Vss" -7.5V 

TA=1250C - - I 

!,..;'" r--.. .... ~ aoc 
-S5OC 

-10 -7.S -S -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

FIGURE 13. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT VDD = -Vss .. 7.SV 

Voo=10V 
TA = 25°C 

10 

~ 
8 III 

~ 
'"' 6 ~ 
!; 
S 4 

0 

2 

STROBE-Voo 

~--+---~~~~--+-~::j' .. ~~ 
VIS RL 

-=- VSS 

O· 2 4 6 8 10 

INPUT VOLTAGE (V) 

FIGURE 15. TYPICAL SWITCH ON TRANSFER 
CHARACTERISTICS (1 OF 16 SWITCHES) 

§: 
III 150 
U z 
~ 125 

iii 
III 100 a: 
!l!: p 75 
:z: 

! 50 

25 

0 

Veo " 5V, VSS " -SV 

/ "-~ ~ TA= 125°C 

,.". ......... 250d - .......... I ,. 
~ -ss°C 

I 

-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL (V) 

FIGURE 12. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE ATVDD .. -VSS = SV 

TA = 25°C 

300 

§: 
III 250 
U 

Veo .. 2.5V, VSS .. -l!.5V .-
m 200 

III 150 a: 

I "'\ 

II \ 
!l!: p 100 

i so 

0 

~ """""" ~ 
±5V 

~ ±7.5V __ 

I 
-10 -7.S -6 -2.S 0 2.5 S 7.5 10 

INPUT SIGNAL (V) 

FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT TA = 25°C 

2.5 

2 

TA = 25°C, VDD .. SV, VSS .. -5V I VIS - SVp.p = SINE WAVE 1.77VRMS 

CL-1SpF Ctos- OApF 
VDATMN=5V 

" 
~=tMO II I ~~VDS(RMS) 

1~ -'IS SW 

-'I 1kn- qCL 

I ,~ I-=..:=- -=-
RF VOLTMETER ~ 
BOONTON RADIO 
MODEL9100CA ~ OR EQUIVALENT 

101 107 101 
INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 16. TYPICAL SWITCH ON FREQUENCY RESPONSE 
CHARACTERISTICS 
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CD22101, CD22102 

January 1997 

Features 
• Low ON Resistance •••••••••••• 750 (Typ) at VDD = 12V 

• "Built - In" Latched Inputs 

• Large Analog Signal Capability ••.•••••••••••• ±VDrJ2 
• Switch Bandwidth •••••.••.••••••••••••••••• 10MHz 

• Matched SWitch Characteristics 
8RoN = an (Typ) at VDD = 12V 

• High Linearity - 0.25% Distortion (Typ) at f = 1 kHz, 
VIN = 5Vp.p , Voo - Vss = 10V, and RL = 1kn 

• Standard CMOS Noise Immunity 

Applications 
• Telephone Systems 

• PBX 

• Studio Audio Switching 

• Multisystem Bus Interconnect 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE PKG. NO. 

CD22101E -iOto 85 24Ld PDIP E24.6 

CD22101F ·55 to 125 24LdCERDIP F24.6 

CD22102E -iOto 85 24Ld PDIP E24.8 

Pinouts 
CD22101 CD22102 

(PDIP, SBDlP) (PDIP) 
TOP VIEW TOP VIEW 

B Voo "DD 
c A A 

)(2' )(2 )(2' )(2 

V1' V1 V1' 1 V1 

V2' Y2 Y2 
X4' X4 X4' X4 

X3 X3' X3 
V4 V4' V4 

V3' Y3 Y3' Y3 

X1' X1 X1' X1 

D DATA D KA 
Vss STROBE Vss Ks 

CMOS 4 X 4 X 2 Crosspoint Switch 
with Control Memory 

Description 
C022101 and C022102 crosspoint switches consist of 
4 x 4 x 2 arrays of crosspoints (transmission gates) with a 
4-line to 16-line decoder and 16 latch circuits. Any one of 
the sixteen crosspoint pairs can be selected by applying 
the appropriate four-line address, corresponding 
crosspoints in each array are turned on and off 
simultaneously. Any number of crosspoints can be turned 
on simultaneously. 

In the C022101, the selected crosspoint pair can be 
turned on or off by applying a logic ONE or ZERO, 
respectively, to the data input, and applying a ONE to the 
strobe Input. When the device is "powered up·, the states 
of the 16 switches are indeterminate. Therefore, all 
switches must be turned off by putting the strobe high, 
data-in low, and then addressing all switches in 
succession. 

The selected pair of crosspoints in the C0221 02 is turned 
on by applying a logic ONE to the KA (set) input while a 
logic ZERO is on the Ke input, and turned off by applying 
a logic ONE to the Ke (reset) Input while a logic ZERO is 
on the KA input. In this respect, the control latches of the 
C022102 are similar to SET/RESET flip-flops. They differ, 
however, in that the simultaneous application of ONEs to 
the KA and Ke Inputs turns off (resets) all crosspoints. All 
crosspolnts in both devices must be turned off as Voo is 
applied. 

Functional Diagram 
CONTROL IN(oun 
,.....A-.. .......-..-

our (IN) 

I 18 

our (IN) 

---IN (OUT) 

CAUTION: These devices are sensitive 10 electrostatic discharge. Users should follow proper IC HandUng Procedures. File Number 2871.2 
Copyright @ Harris Corporetlon 1997 
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CD2210~CD22102 

Absolute Maximum Ratings 
supply Voltage (Voo) (Referenced to Vss Terminal) •..• -0.5 to 20V 
Input Voltage (All Inputs) ••..••.•.....••.•.. -0.5 to Voo +0.5V 
Supply VoIt!lge Range 

For TA .. Full Package Temperature Range .............. 3V to 18V 
Input CUrrent (Any One Input) (Note 1) ................... ±10mA 
Power Dissipation 

For TA .. -40°0 to 60°0 (Package Type E) ........•... 500mW 
For TA .. SOOO to 85°0 
Package Type E) ....•... Derete Linearly 12mWI"C to 200mW 

For TA .. -5500 to 100°0 (Package Type D, F) •........ 500mW 
For TA = 100°0 to 125°0 
(Package Type 0, F) . • . .. Darete Linearly 12mWI"C to 200mW 

DevIce DIsslpeUon per Output Translator 
For TA = Full Package Temperature Range (All Types) ..... 100mW 

Thermal Information 
Maximum Junction Tempereture .....•.......••........ 175°0 
Maximum Junction Tempereture (Plestlc Package) •....... 150°0 
Maximum Storege Tempereture Range .•..•. -65°0 S TA S 150°0 
Maximum Lead Tempereture (Soldering 10s) •..•....•.... 30000 

Operating Conditions 
Tempereture Range 

Package 'tYPe D, F ..................... -55°0 S TA S 125°0 
Package Type E ........................ -40°0 S TA S 85°0 

CAUTION: SlreBses above Ifro8e listed In "Absolute Maximum Ra/Jngs" may cause permanent damage /0 tfrB devIoe. ThIS IS a stress only tal/ng and opBtalion 
of the dIIIIfcs at these or any oth/lr oondIIIons abol/8 tho8e indicated In th/I op/Itatlonal sections of this spectllcatlon /s not in¥»ted. 

Electrical Specifications Values at -55°0, 25°0, 125°0 Apply to D, F, H Packages 
Values at -4Q00, 25°0, 85°0 Apply to E Package 

TEST CONDITIONS 1-55°C -4Q0CI 85°C 

PARAMETER SYMBOL FIGURE vDDMI MAX MAX I MAX 

STATIC CROSSPOINTS 

Quiescent Device 100 (Max) 1 5 5 5 150 
Ourrent 1 10 10 10 300 

1 15 20 20 800 

1 20 100 100 3000 

On Resistance RON (Max) Any SwItch 14 5 475 500 725 
V1s .. Oto 15 10 135 145 205 
Voo - 12 100 110 155 

16 15 70 75 110 

.6oN Resistance ~RoN Between Any Two 5 - - -
SwItches 10 - - -

12 - - -
15 - - -

OFF Leakage CUrrent IL(Max) All SWItches 4 18 ±1000 
OFF, V1s .. 18V 

STATIC CONTROLS 

Input Low Voitege VIL(Max) OFF Switch IL < o.2jiA 5 1.5 

10 3 

15 4 

Input High Voitege V1H(Min) ON SwItch See RoN 5 3.5 
Oharacterlstic 

10 7 

15 11 

Input Ourrent lIN (Max) Any Control 2 18 ±D.1 ±D.1 ±1 
VIN=0,18V 

NOTES: 

1. Maximum current through trensmlsslon gates (switches) = 25mA. 

2. Detennlned by minimum feasible leakage measurement for automaUc testing. 
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1~ 25°C 1 
MAX MIN TYP MAX IUNITS 

150 - 0.04 5 jiA 

300 - 0.04 10 j.tA 

600 - 0.04 20 jiA 

3000 - 0.08 100 jiA 

800 - 225 600 n 
230 - 85 180 n 
175 - 75 135 n 
125 - 85 95 n 
- - 25 - n 
- - 10 - n 
- 8 - n 
- - 5 - n 

- ±1 ±100 nA 
(Note 2) 

- - 1.5 V 

- - 3 V 

- - 4 V 

3.5 - - V 

7 - - V 

11 - - V 

±1 - ±10-5 ±D. 1 jiA 



CD2210~ CD22102 

Electrical Specifications TA = 25"C 

TEST CONDmONS 

'IS RL VIS (V) VDD 
PARAMETER SYMBOL FIGURE (kHz) (len) (Note 3) (V) MIN TYP MAX UNITS 

DYNAMIC CROSSPOINTS 

Propagation Delay Time, ~L,tpLH 5 - - 5 5 - 30 60 ns 
(Switch ON) Signal Input ID Output 

- 10 10 10 - 15 30 ns 

15 15 - 10 20 ns 

Ct. = SOpF; tR , iF = 20ns 

Frequency Response (Any Switch f3dB 19 1 1 5 10 - 40 - MHz 
ON) 

VOS 
Sina Wave Input, 2010gV = -3dB 

IS 

Sine Wave Response (Distortion) THO - 1 1 2.5 5 1 - % 

1 1 5 10 - 0.25 - % 

1 1 7.5 15 - 0.15 - % 

Feedthrough (All Switches OFF) FOT 13 1.6 0.6 2 (NoI84) 10 - -96 - dB 

Sine Wave Input 

Frequency for Signal Crosstalk FCT 12 - 0.6 I 1(Note4) I 10 

Attenuation of 40dB - 2.5 - MHz 

Attenuation of 95dB Sine Wave Input 0.1 kHz 

capacitance: 

XN ID Ground CIS - - - - 25 - pF 

YN ID Ground - - - - 60 - pF 

Feedthrough C.os - - - - 0.6 - pF 

DYNAMIC CONTROLS 

Propagation Delay Time: High IpZH, IpZL 6 RL = 1kn, CL = 50pF, 5 - 500 1000 ns 
Impedance to High Level or Low tR, iF= 20ns 
Level 

Strobe ID Output, C0221 01 10 - 230 460 ns 

15 - 170 340 ns 

Data-In ID Output, C022101 tPZH' tpzL 7 RL = 1kn, CL = SOpF, 5 - 515 1000 ns 
tR, tF= 20ns 

10 220 440 - ns 

15 - 170 340 ns 

KA ID Output, C022102 tpZH' tpZL - RL = 1kn, CL = 5OpF, 5 - 500 1000 ns 
tR, iF= 20ns 

10 215 430 - ns 

15 - 160 320 ns 

Address ID Output tPZH' tpZL 8 ~ = 1kn, CL = 50pF, 5 - 480 960 ns 
C0221 01 , C022102 tR, tF-20ns 

10 - 225 450 ns 

15 - 155 300 ns 
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CD22101, CD22102 

Electrical Specifications TA = 25°C (Continued) 

TEST CONDITIONS 

flS I RL I V1s(V) VDD 
PARAMETER SYMBOL FIGURE (kHz) (kG) (Note 3) (V) MIN TYP MAX UNITS 

Propagation Delay Time: High Level tpHZ. tpLZ 6 RL = 1kG. CL = 5OpF. 5 - 450 900 ns 
or Low Level to High Impedance tR. tF = 20ns 

Strobe to Output. C022101 10 - 200 400 ns 

15 - 135 270 ns 

Ka to Output. C022102 tpHZ. tpLZ - RL = 1kG. CL = 5OpF. 5 - 450 900 ns 
tR. tF= 20ns 

10 200 400 - ns 

15 - 130 260 ns 

Data-In to Output. C022101 tPHZ. tpLZ - RL = 1110. CL = 50pF. 5 - 450 900 ns 
tR• IF= 20ns 

10 165 330 - ns 

15 - 110 220 ns 

KA • Ka to Output. C022102 tpHZ. tpLZ - RL = 1110. CL = 50pF. 5 - 280 560 ns 
tR. ~=20ns 

10 130 260 - ns 

15 - 90 180 ns 

Address to Output tpHZ, tpLZ 8 RL = 1110. CL = 50pF. 5 - 425 850 ns 
C022101. C022102 tR. tF= 20ns 

10- - 190 380 ns 

15 - 130 260 ns 

Minimum Strobe Pulse Width. tw 6 RL = 1110. CL = 5OpF. 5 - 260 500 ns 
C0221 01 tR. tF=20ns 

10 - 120 240 ns 

15 - 80 160 ns 

Address to Strobe Setup or Hold leu.1ti 9 ~ = 1110. CL = 50pF. 5 - -160 0 ns 
Times. C022101 ~. ~=20ns 

10 - -70 0 ns 

15 - -50 0 ns 

Strobe to Data-In Hold Time. ItiHL.ItiLH 10 RL = 1110. CL = 50pF. 5 - 200 400 ns 
C0221 01 tR. tF=20ns 

10 - 80 160 ns 

15 - 60 120 ns 

Address to KA and Ka Setup or Hold tsu.1ti - RL = 1110. CL = 5OpF. 5 - -160 0 ns 
Times. C022102 IR.~=20ns 

10 - -70 0 ns 

15 - -50 0 ns 

Minimum KA• Ka Pulse Width. tw - RL = 1110. CL = 50pF. 5 - 375 750 ns 
C022102 - ~. tF=20ns 

10 - 160 320 ns 

15 - 110 220 ns 

Minimum KA Pulse Width. C022102 tw - RL = 1110. CL = 50pF. 5 - 425 850 ns 
tR.~=20ns 

10 - 175 350 ns 

15 - 120 240 ns 
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CD22101, CD22102 

Electrical Specifications TA = 25°C (Continued) 

TEST CONDITIONS 

fls J RL I VlsM VDD 
PARAMETER SYMBOL FIGURE (kHz) (kO) (Note 3) (V) MIN TYP 

Minimum Ke Pulse Width, C022102 tw - RL = 1kO, CL = 50pF, 5 - 200 
tR, IF= 20ns 

10 90 -
15 - 70 

Control Crosstalk, Data-In, Address 11 100 I 10 I 5 75 
or Strobe to Output 

Square Wave Input = 5V, 
tR, tF = 20ns, Rs = 1 kO 

Input Capacitance CIN Any Control Input I - - 5 

NOTES: V 

3. Peak-to-peak voltage symmetrical about ~O, unless otherwise specHied. 

4. RMS. 

Functional Block Diagram 

23 
A 

(NOTE) 

Ka 

CD22102 
ONLY .. 

CD22101 
ONLY .. 

. 
KA 

DECODER LATCHES 

ADDRESS 

B 
(NOTE) 

C 
(NOTE) 

2 

11 
D 

(NOTE) 

18 

NOTE: INPUTB PROTECTED 
BYCOS/MOS 
PROTECTION 
NETWORK 

18 

Vss 
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r----------------. 
..... - ..... - ..... --,...-..... 1-2".,.., Y1 

X1 X2 X3 X4 

SIGNALS IN (OUT) 

----------------. 
r--..... - ..... --,...-..... 1-4~Y1' 

I 

r-+ ..... -+-1-t-.... +-+-- Y2' 
I 5 

I 8 
I 

------ ---_. 
10 3 7 8 

X1' X2' X3' X4' 
SIGNALS IN (DUll 

MAX UNITS 

400 ns 

180 ns 

140 ns 

- mVPEAK 

7.5 pF 

SIGNALS 
OUT (IN) 

SIGNALS 
OUT (IN) 



CD22101, CD22102 

Schematic Diagram 
(NOTE) STROBE (NOTE) DATA IN 

2400----_ 
VDD 

23~ 
(N~) y:r. 

B KA (SE1) 1~B 
(NOTE) B (NOTE) 

14 

11~ 
(N~)' y:r. 
1200----_ 

VSS 

13 14 

TO 15 OTHER 
NANDS .. 

TO 15 OTHER 
LATCHS 

CD22101 

.. 
0022102 

VDD 

TO 15 OTHER 
LATCHES 

NOTE: INPUTS PROTECT8D'-_. D 
BVCOSIMOS 
PROTECTION 
NElWORK 

DETAIL OF LATCHES 

Ii 

Vss 
Q Ii 

DECODER TRUTH TABLE 

ADDRESS 

A B C D SELECT A 

0 0 0 0 X1Y1 and X1'Y1' 0 

1 0 0 0 X2Y1 and X2'V1' 1 

0 1 0 0 X3Y1 and X3'Y1' 0 

1 1 0 0 X4Y1 andX4'V1' 1 

0 0 1 0 X1Y2 and X1'Y2' 0 

1 0 1 0 X2Y2 and X2'Y2' 1 

0 1 1 0 X3Y2 and X3'Y2' 0 

1 1 1 0 X4Y2 and X4'V2' 1 
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Q 

21 4 
r---~--""",--"",--oV1 (V1') 

1& 
X1 

(J1~, ) 

22 
X2 

(~,) 

18 
X3 

(~,) 

18 
X4 

(X~' ) 

DETAIL OF TRANSMISSION GATES 

VDD IN VDD 

OUT 

ADDRESS 

B C D SELECT 

0 0 1 X1Y3 and X1 'V3' 

0 0 1 X2Y3 and X2'Y3' 

1 0 1 X3Y3 and X3'Y3' 

1 0 1 X4Y3 and X4'Y3' 

0 1 1 X1Y4 and X1'Y4' 

0 1 1 X2Y4 and X2'Y4' 

1 1 1 X3Y4 and X3'V4' 

1 1 1 X4Y4 and X4'Y4' 



FUNCTION 

Switch ON 

Switch OFF 

No Change 

1 = High Level 

FUNCTION 

Switch ON 

Switch OFF 

All Switches 
OFF (Note 5) 

No Change 

1 = High Level 

NOTE: 

A 

1 

1 

X 

A 

1 

1 

X 

X 

CD22101, CD22102 

CONTROL TRUTH TABLE FOR CD22101 

ADDRESS 

B C D STROBE DATA SELECT 

1 1 1 1 1 15 (X4Y4) and 15' (X4'Y4') 

1 1 1 1 0 15 (X4Y4) and 15' (X4'Y4') 

X X X 0 X XXXX 

0= Low Level X = Don't Care 

CONTROL TRUTH TABLE FOR CD22102 

ADDRESS 

B C D KA Ka SELECT 

1 1 1 1 0 15 (X4Y4) and 15' (X4'Y4') 

1 1 1 0 1 15 (X4Y4) and 15' (X4'Y4') 

X X X 1 1 All 

X X X 0 0 XXXX 

0= Low Level X= Don't Care 

5. In the evant that ~ and Ka are changed from levels 1, 1 to 0, 0 Ka should not be allowed to go to 0 before KA, 
otherwise a switch which waa off will Inadvertently be tumed on. 

Metallization Mask Layout 

Dimensions In parenthesis are In millimeters and are derived 
from the baalc inch dimensions aa Indicated. Grid graduations 
are in mils (10-3 inch). 
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CD22101, CD22102 

Test Circuits and Waveforms 

FIGURE 1. QUIESCENT CURRENT TEST CIRCUIT 

ClK 

CLOSE swrrCH S AFTER APPLYING VDD 

VDD 

~ 
o 

V88 

MEASURE INPUTS SEQUENTIALLY TO BOTH VDD AND Vss 
CONNECT ALL UNUSED INPUTS TO ErrHER VDD OR V88 

FIGURE 2. INPUT CURRENT TEST CIRCUIT 

~ TAds"C 

10 
102 

~~ 
A. 

Ilv~_~~J I. " ~ 
10V 
II I "I~ " 10V 

~ 

~I~ ~ 
IV -

~ -:-- CL = SOpF 
••• CL-'5pF 

10S 
SWlrCHING FREQUENCY (Hz) 

FIGURE 3. DYNAMIC POWER DISSIPATION TEST CIRCUIT FOR CD22101AND TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF SWITCHING FREQUENCY 
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Test Circuits and Waveforms (Continued) 

= Vss 

ON 

VIS-8rrVOS 

10kn~50pF 

Vos 

SW • ANY CROSSPOINT 
STROBE. DATA ·IN • Voo 

FIGURE 4. OFF SWITCH INPUT OR OUTPUT LEAKAGE 
CURRENT TEST CIRCUIT (16 OF 32 SWITCHES) 

FIGURES. PROPAGATION DELAVTIMETESTCIRCUIT AND 
WAVEFORMS (SIGNAL INPUT TO SIGNAL 
OUTPUT, SWITCH ON) 

Voo 
STROBE 0 

VDD --11'---.1 
DATA·IN 0 

50pF 

SW • ANY CROSSPOINT = 
Voo 

Vos 
o 

~ ~ CPlH 
~ 

DATA-IN 

SW _ ANY CROSSPOINT 
STROBE-VOO 

FIGURE 6. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-QN OR TURN-QFFj 

Voo 

Voo -r=-
~.~~ 

Voo 

Vos 10% 
0-

50pF 

11kn 

VIS~Vos 
- 1 50pF 

= 

FIGURE 7. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-QN TO HIGH OR LOW LEVEL) 

4-201 

I 
O~ 
WCJ a:_z 
;=::t 

:::E 

8 



CD22101, CD22102 

Test Circuits and Waveforms (Continued) 

ADDRESS .. O ADDRESS. 1 

50pF 

SW .. ANY CROSSPOINT "=" 
STROBE.VDD 

VDD 
ADDRESS 

VDD --tr-+-t.1 
DATA-IN 

o 

o 

FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO ~GNAL OUTPUT, SWITCH TURN-ON OR TURN-oFF) 

~_50% ____ ~.r-1~ __ __ 

~::rc:r5_ ~ ~. ,,,----....... ' 
~---',,~-ADDRESS 

~~~~I~~--------~)(,---OUTPUT OF SWITCH 
ADDRESSED 

IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT. 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF 
SIMULTANEOUSLY WITH THE ADDRESSED SWrrCH 

SET ALL SWITCHES TO OFF INmALLY APPLY VDD 
TO ALL X INPUTS AND RETURN ALL Y OUTPUTS TO 
VSS THROUGH 1kn ADDRESS X1Y2 (ABeD) WITH liN • 10kHz 

FIGURE 9. ADDRESS TO STROBE SETUP AND HOLD TIMES FIGURE 10. STROBE TO DATA-IN HOLD TIME \I. FOR CD221 01 

CONTROLS 

X(N)~Y(N) 
1~ il-J.toke 
~ "'='" 

SW • ANY CROSSPOINT 

FIGURE 11. TEST CIRCUIT AND WAVEFORMS FOR CROSSTALK (CONTROL INPUT TO SIGNAL OUTPUT) 
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Test Circuits and Waveforms (Continued) 

ON 

VIS~ 
soon 1-18000 

- -- -
SW .. ANY CROSSPOINT 

OFF 

·140 

·120 

~ 
II ·100 

:gl!e » -80 

f 
~ -80 

~ 

~ -40 

R ·20 

o 
102 

I 
T" .. 250C 
RS·8000 -
RL=SOOO 

~~ VIS·1VRIIS -

VDO.5V~ .. 
10V/ / " , 
15V / 

I 
.... 

102 1~ 1~ 1~ 
INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 12. TEST CIRCUIT AND TYPICAL CROSSTALK AS A FUNCTION OF FREQUENCY BETWEEN SWITCH CIRCUITS IN THE 
SAME PACKAGE 

·140' 
m ... 

Vas 
II ·120 

UlIUI o -> > ·100 soon I 
~ -80 

- - :c 

VOS " -80 
ISOLATION (dB) = 20 LOG VIS i 

~ -40 
w 
~ 

·20 
102 102 1~ 1~ 1~ 1~ 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 13. TEST CIRCUIT AND TYPICAL FEEDTHROUGH AS A FUNCTION OF FREQUENCY (ANY OFF SWITCH) 
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Typical Performance Curves 

VDD .. 2.5V, VIS - -2.&V 

~~-r-----r----~----~----~~ s: 
~ 300 I--+----il----+--+---+--I 

i 
II: 

~ 

i 
O~~ ____ ~ ____ ~ ____ ~ ____ ~~ 

-1 o 2 

INPUT SIGNAL (V) 

FIGURE 14. TYPICAL ON RESISTANCE AS A FUNcnON OF 
INPUT SIGNAL VOLTAGE AT VDD .. -Vas = 2.SV 

100 
VDD • 7.&V, VIS - -7.&V JA.1Lc I 
I"'" ~ -

.",.,. ~ zso! ....... - ,...,....,. -~ ....... -5500 - -
o 
~ ~ ~ -4 -2 0 2 4 8 8 W 

INPUT SIGNAL (V) 

FIGURE 16. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT VDD = -Vss" 7.5V 

10 

IE 8 

~ g 6 

~ 4 

2 

INPUT VOLTAGE (V) 

FIGURE 1B. TYPICAL SWITCH ON TRANSFER 
CHARACTERlsncs (1 OF 16 SWITCHES) 

VDD .. IV, VIS .. .fN 
175 

a 
ji150 

g 125 

; 100 . z 
P 75 
:c 

i 50 

.-- ...-...... -
............... TA • 125"C 

-,......-....... 25°C r-
-55°C r-

25 

0 
-4 -2 0 2 4 

INPUT SIGNAL (V) 

FIGURE 1S. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT VDD .. -Vas = sv 

400 
TA-25oo 

~ 

s: 
w 300 

~ 
i 250 

; 200 

~ 1&0 
:c 

i 100 

&0 

VDD - 2.5V, VII. -2.5V 

" I \ 
I \ - - ±5V r---

±7.5V -

0 I 
-10 o 5 10 

INPUT SIGNAL (V) 

FIGURE 17. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT TA .. SOC 

TA _ 2S"C VDD. 5V, VIS·-5V 

VIS co 5Vp.p .. SINE WAVE 1·77VRMI H-H-I-+-i-H 
C1,-1&pF 

Ctos"OApF 

2.5 I-'T":.:r-rrr--t-

10' 107 10' 

INPUT SIGNAL FREQUENCY (Hz) 

FIGURE 19. TYPICAL SWITCH ON FREQUENCY RESPONSE 
CHARACTERISTICS 
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Features 
• 96 Analog Switches 

• Low RON 

• Guaranteed RON Matching 

• Analog Signal Input Voltage Equal to the SUpply Voltage 

• Wide Operating Voltage •••••••••••••••••• 4V to 16V 

• Parallel Input Addressing 

• High Latch Up Current ••••••••••••••••• SOmA (Min) 

• Very Low Crosstalk 

• Pin and Functionally Compatible with the Following 
Types: SGS M3493, SGS M093, SSI78A093A, and 
Mltel MT8812 

Applications 

• PBX Systems 

• Instrumentation 

• Analog and Digital Multiplexers 

• Video Switching Networks 

Block Diagram 

CD22M3493 

Description 

12 X 8 X 1 BiMOS-E 
Crosspoint Switch 

The Harris CD22M3493 is an array of 96 analog switches 
capable of handling signals from DC to video. Because of 
the switch structure, Input signals may swing through the 
total supply voltage range, Voo to Vss. Each of the 96 
switches may be addressed via the ADDRESS input to the 
7 to 96 line decoder. The state of the addressed switch is 
established by the signal to the DATA Input. A low or logic 
zero input will open the SWitch, while a high logic level or a 
one will result in closure of the addressed switch when the 
STROBE input goes high from Its normally low state. Any 
number or combination of connections may be active at 
one time. Each connection, however, must be made or 
broken Individually In the manner previously described. All 
sWitches may be reset by taking the RESET Input from a 
zero state to a one state and then returning H to its normal 
low state. 

Ordering Information 
TEMP. 

PART NUMBER RANGE ("C) PACKAGE PKG.NO. 

CD22M3493E -40 to 85 40LdPDIP E40.6 

CD22M3493Q -40 to 85 44 LdPLCC N44.65 

STROBE DATA RESET 

AXO 
AX1 
AX2 
AX3 
AVO 
AY1 
AY2 

12X8 
SWITCH 
ARRAY 

YO-Y7 

CAUTION: These devices are sensitive to electroslatic discharge. Users should follow proper IC HandHng Procedures. 
Copyright @ Harris Corporation 1997 
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CD22M3493 

Absolute Maximum Ratings Thermal Information 
DC Supply Voltage (Voo) (Referenced to VSS •••...• -0.5V to 17V 
Supply Voltage Range 

Thermal Resistance (Typical. Note 1) 8JA (OOfW) 

For TA = Full Package Temperature Range 
Vss =OV. Voo 4Vto 16V 

Piastic DIP Package • • • • . . . . . • . . . • • • . . . . . . . . 55 
PLOO Package . . . . . . • . • • . . • • • • . . . • . . • . . . . . 43 

DC Input Diode Current. liN 
For VI <Vss -o.5Vor VI > Voo +0.5V •..•••.•.......• ±20rnA 

DC Output Diode Current. 10K 

Maximum Junction Temperature Plastic ..........•.•.••• 150°0 
Maximum Storage Temperature Range (T STG) •...• -65°0 to 150°C 
Maximum Lead Temperature (Soldering lOS) •••••••••.••. 300°0 

ForVo<Vss -0.5VorVo > Voo +0.5V .•.••..•...... ±20mA 
DC Transmission Gate Current. • . • . • . . . • • . . . . . . . . . . .. ±25mA 
Power Dissipation Per Package (Po) 

(PLOO - Lead Tips Only) 

Operating Conditions 
Temperature Range (TA) 

For TA = -40°C to 85°C (PDIP) .•••••.••••.•........ 500mW 
For TA = -40°0 to 85°0 (PLOO) •.••..•••....•••••.. 600mW 

Package 1)tpe E and Q ...................... _40°0 to 85°0 
DO Input or Output Voltage ••••.••..••••• Min = Vss • Max = Voo 
Digital Input Voltage .•.••••••••...•••.. Min = Vss • Max = Voo 

CAUTION: SlJ'esses above /hose listed In "Absolute Maximum Ra#ngs" may cause permanent damage to the device. This Is a stress only IBtlng and opelBtion 
of the device at these or any other conditions above /hose Indicated In the opelBtional sections of this specification Is not Implied. 

NOTE: 

1. 8JA is measured with the component mounted on an evaluation PO board In free air. 

Electrical Specifications TA = -40°0 to 85°0, Vss = OV, Voo = 14V, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDInONS MIN TYP MAX UNITS 

Supply Current 100 Voo = 5V. Logic Inputs .. Vbo - - 2 rnA 

Voo = 16V, logic Inputs = Voo - - 5 rnA 

High-Level Input Voltage VIH 2.4 - - V 

Low-Level Input Voltage VIL - - 0.8 V 

Input Leakage Ourrent. Digital liN Reset = Low (Note 2) - - ±10 J1A 
(Note 3) 

Electrical Specifications TA = -40°C to 85°0, Vss = OV, Voo = 14V. Unless Otherwise Speclfled 

PARAMETER SYMBOL TEST CONDmONS I MIN TYP I MAX UNITS 

STATIC CROSSPOINTS 

ON Resistance RoN TA=25oo, Voo=5V - 40 70 n 
VIN =vool2 

Voo=14V - 22 45 n vx -VY = 0.25V 

ON Resistance RoN TA = -40°C to 85°0 Voo=5V - - 80 n 
VIN=Vool2 Voo=14V - - 55 n VX - VY = O.25V 

Difference In ON Resistance 4RoN TA = 25°0, VIN = Voo/2 - 4 10 n 
Between Any Two Switches VX - VY = O.25V. Voo = 14V 

Difference In ON Resistance 4RoN TA = -40°C to 85°C, VIN = Voo/2 - - 10 n 
Between Any Two Switches VX - VY = 0.25V, Voo" 14V 

OFF·State Leakage Current IL IVX· VYI = 14V · . ±10 J1A 
(Note 3) 

Electrical Specifications TA = 2500, Vss = ov, Voo = 14V. ~ .. SOpF, Unless Otherwise SpecIfied 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

DYNAMIC CROSSPOINTS 

Switch va Oapacltance VIN = 7V, f = lMHz · 20 . pF 

Switch Feedthrough Capacitance VIN = 7V, f = 1 MHz · 0.2 . pF 

Propagation Delay Time (Switch ON) · 30 100 ns 
Signal Input to Output, tpHL or tpLH 
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Electrical Specifications TA = 25°C, vss = OV, Voo = 14V, cL = SOpF, Unless Otherwise SpecHIed (Continued) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Frequency Response Channel ON CL .. 3pF, RL .. 750, VIN .. 2Vp.p - 50 - MHz 
f = 2010g (VXNY) = -3dB 

Total Harmonic, THO VIN =2Vp•p,f= 1kHz - 0.01 - % 

Feedthrough Channel OFF VIN = 2Vp.p, f .. 1kHz - -95 - dB 
Feedthrough = 2010g (VXNY) = FOT 

Frequency for Signal Crosstalk, fOT 40dB VIN = 2Vp.p, RL = 750 - 10 - MHz 
Attenuation of: 

110dB VIN = 2Vp•p, RL = 1kD II 10pF - 5 - kHz 

Control Crosstalk DATA-Input, ADDRESS, Control Input = 3V p.p - 75 - mVPEAK 
or STROBE to Output Square Wave, tR = tF = 10ns 

RIN .. 1K, RoUT = 10kD II 10pF 

Electrical Specifications TA .. 25°C, vss" OV, voo" 14V, RL" 1 kO II 50pF, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

DYNAMIC CONTROLS 

Digital Input capacitance CIN VIN =5V,f=1MHz - 5 - pF 

Propagation Delay Time 
STROBE to Output 

Switch Tum-ON tpSN - 30 100 ns 

Switch Tum-OFF tpSF - 40 100 ns 

DATA-IN to Output 

Tum-ON to High Level tpZH - 30 100 ns 

Tum-QN to Low Level tpZL - 30 100 ns 

ADDRESS to Output 

Tum-QN to High Level tPAN - 30 100 ns 

Tum-QFF to Low Level tPAF - 25 100 ns 

Setup TIme 

DATA-IN to STROBE los 20 - - ns 

ADDRESS to STROBE tAS 20 - - ns 

Hold TIme 

STROBE to DATA-IN IoH 20 - . ns 

STROBE to ADDRESS ~H 10 - - ns 

Pulse Width 

STROBE tspw 30 - - ns 

RESET Iflpw 50 - - ns 

RESET Tum-QFF to Output Delay tpHZ - 100 200 ns 

NOTES: 

2. Reset IIH < 2mA, Reset = Voo .. 16V. 

3. At 250C Limit Is ±100nA. 
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Timing Diagram 

ADDRESS '50% ~. ~50'11. 

-- lAS --lapw -- IAH -I ....... Ips,j-
STROBE 50% r ftF-

~ I-Iott- r--..... Ios 

DATA ~50'11. , 50% 
~ 

-lfIpw-

RESET 
J 

50% \50% 

..... 1_ --- -If HZ-
~IfZL 90% 80% 

SWITCH K 
, 

OUTPUT ~ 

I-- IpZH 10% ..... IMN ---
TRUTH TABLE X AXIS TRUTH TABLE V AXIS 

X ADDRESS V ADDRESS 

AX3 AX2 AX1 AXO NOTE X SWITCH AV2 AV1 AVO V SWITCH 

0 0 0 0 XO 0 0 0 VO 

0 0 0 1 X1 0 0 1 Y1 

0 0 1 0 X2 0 1 0 Y2 

0 0 1 1 X3 0 1 1 Y3 

0 1 0 0 X4 1 0 0 Y4 

0 1 0 1 X5 1 0 1 Y5 

0 1 1 0 4 No Connect 1 1 0 Y6 

0 1 1 1 4 No Connect 1 1 1 Y7 

1 0 0 0 X6 

1 0 0 1 X7 

1 0 1 0 X8 

1 0 1 1 X9 

1 1 0 0 X10 

1 1 0 1 X11 

1 1 1 0 4 No Connect 

1 1 1 1 4 No Connect 

NOTE: 4. When X switch addresses are In these states, no change in 
status will occur in switches between any X and Y points. 

To make a connection (close switch) between any two pOints, specify an "X" address, a "Y" address, set "DATA" high, and 
switch ·Strobe" from low to high. To break a connection, follow this same procedure with "DATA" low.: 

X ADDRESS V ADDRESS 

Example: DATA AX3 AX2 AX1 AXO AV2 AV1 AVO 

To connect switch X3 to switch Y4: 1 0 0 1 1 1 0 0 

To connect switch X6 to switch Y7: 1 1 0 0 0 1 1 1 

To break connection from X3 to Y4: 0 0 0 1 1 1 0 0 
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Pin Descriptions 
40 LEAD PDlP 44 LEAD PLCC 

SYMBOL PIN NO. PIN NO. 

POWER SUPPLIES 

Voo 40 44 

Vss 20 22 

ADDRESS 

AXO-AX3 5, 22, 23 and 4 5, 24, 25 and 4 

AYO-AY2 24,25and2 26,27 and 2 

CONTROL 

DATA 38 42 

STROBE 18 20 

RESET 3 3 

INPUTSfOUTPUTS 

XO-X5 33 - 28 8 -13 37 - 32 9 - 14 
VO 

X6-X11 

YO-V7 35,37,39,1,21, 40,41,43,1,23, 
VO 19,17 and 15 21,19 and 18 

Pinouts 
CD22M3493 (PDlP) 

TOP VIEW 

Ne 

XI 

X7 

CD22M3493 

DESCRIPTION 

I Positive Supply 

I Negative Supply 

X Address Lines. These pins select one of the 12 rows of switches. See the Truth Table 
for the velld addresses. 

V Address Lines. These pins select one of the 8 columns of switches. See the Truth 
Table for the valid addresses. 

DATA Input determines the stete of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low 
or zero results In no action. The ADDRESS Input must be stable before the STROBE 
Input goes to the active high level. The DATA Input must be stable on the falling edge 
of the STROBE. 

MASTER RESET. A high or one on this line opens all switches. 

Analog or Digital Inputs/Outputs. These pins are the rows XO - X11. 

Analog or DIgital Inputs/Outputs. These pins are the columns VO - V7. 

Ne 
XI 

XI 

X10 

Ne 

~ = 1&1 
III 

~ 
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Ne 
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X3 

X4 

X5 
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Features 

• 128 Analog Switches 

• LowRoN 

• Guaranteed RON Matching 

• Analog Signal Input Voltage Equal to the Supply Voltage 

• Wide Operating Voltage ••••••••••••••••• 4V to 15V 

• Parallel Input Addressing 

• High Letch Up Current ••••••••••••••••• 50mA (Min) 

• Very Low Crosstalk 

• Pin and Functionally Compatible with the Following 
Types: SGS M3494 and Mltel MT8816 

Applications 

• PBX Syatenis 

• Instrumentation 

• Analog and Digital Multiplexers 

• Video Switching Natworks 

Block Diagram 

CSSTROBE DATA RESET 

t f t f 
1 I 1 

AXOo-+ - roo-
AXlo-+ 

~::: 7TOl28 LATCHES 
AY~o.-. 

DECODER 

AY~!-! 128 128 
AY2a--. - ....... 

CD22M3494 

Description 

16 X 8 X 1 BiMOS-E 
Crosspoint Switch 

The Harris CD22M3494Is an array of 128 analog switches 
capable of handling signals from DC to video. Because of 
the switch structure, input signals may swing through the 
total supply voltage range, VDD to VEE' Each of the 128 
switches may be addressed via the ADDRESS input to the 
7 to 128 line decoder. The state of the addressed switch is 
established by the signal to the DATA input. A low or zero 
input will open the switch, while a high logic level or a one 
will result in closure of the addressed switch when the 
STROBE input goes high from its normally low state. Any 
number or combination of connections may be active at 
one time. Each connection, however, must be made or 
broken individually in the manner previously described. All 
switches may be reset by taking the RESET input from a 
zero state to a one state and then returning it to its normal 
low state. 

CS allows crosspoint array to be cascaded for matrix expansion. 

Ordering Information 

PART TEMP. PKG. 
NUMBER RANGE ("C) PACKAGE NO. 

CD22M3494E ·401085 40Ld PDIP E4O.6 

CD22M3494MO ·4010 85 44Ld PLCC N44.65 
(MitelLd Compatible) 

CD22M3494SQ -401085 44Ld PLCC N44.65 
(SGS Ld Compatible) 

VDD 

1 - -
LEVEL lexe 

SHIFTERS swrrCH XO·X15 
128 ARRAY 

....... 
.L_ -Avss AVI!I! 

, YQ.Y7 , 

CAUTION: These davlcas are senslUva to electrostatic discharge. Users shouldlollow proper IC HandUng Procedures. File Number 2793.5 
Copyright @Harrls CorporaUon 1997 

4-210 



CD22M3494 

Thermal Information Absolute Maximum Ratings 
DC Supply Voltage (Voo) Thermal Resistance (Typical, Note 1) 9JA (OCNI) 

Voltages Referenced to VEE .......•....•.•....•• -0.5 to 16V 
DC Supply Voltage (Voo) 

PDIP Package........................... 55 

Voltages Referenced to Vss .................•.... -0.5, 16V 
DC Input Diode Current, liN 

PLCC Package. . . . . . • . . . . . . . . . . . . • . . . • • • . 43 

For VI, Digital <Vss -0.5VorVI, 

Maximum Junction Temperature Plastic Package ..•....•.• 150°C 
Maximum Storage Temperature Range (T STG) ••... -650C to 150°C 
Maximum Lead Temperature (Soldering 10s) ....•.......• 300°C 

Analog < VEE -0.5V or VI > Voo 0.5V .................... ±20mA 
DC Output Diode Current, 10K 

For Va. Digital < Vss -0.5V or Va. 

(PLCC - Lead Tips Only) 

Operating Conditions 
Analog < VEE -0.5V or Vo > Voo 0.5V .................... ±20mA Operating Temperature Range (T A) 

DC Transmission Gate Current .......................... ±25mA Package Type E and a ...................... -40°C to 85°C 
Power Dissipation Per Package (Po) Supply Voltage Range 

For TA = Full Package Temperature Range For TA = -40°C to 85°C (PDIP) ...........••........ 500mW 
For TA = SOOC to 8500 Derate Unearly .•..•.. 12mWflC to 200mW 

For TA = -4000 to 85°C (PLCC) •••....•.•••....•.•..• 600mW 
Vss = OV, VEE = OV, Voo •.....•....•............ 4V to 15V 

DC Input or Output Voltage VI or Vo •....•........•. VEE to Voo 
Digital Input Voltage .......••.••.........•••..... V ss to Voo 

CAUTION: Stresses aboI'8 those listed In "Absolute Maximum Ratings" mey cause permanent damage to the dallfce. This Is a stress only raUng and operation of 
the daIIfce at these or any other conditions above those indicated In the operational sections of this specification is not Implied. 

NOTE: 

1. 9JA is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications TA = -40°C to 85°C, Voo = 5V, VSS = OV, VEE = OV, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

STATIC CONTROLS 

Supply Current 100 Voo = 5V, Logic Inputs = Voo - - 2 rnA 

Voo = 15V, Logic inputs = Voo - - 5 rnA 

High-Level Input Voltage VIH Voo=5V 2.4 - - V 
(Note 2) 

Low-Level Input Voltage VIL - - 0.8 V 
(Note 2) 

Input Leakage Current, Digital liN Reset = Low (Note 3) - - ±10 I1A 
(Note 4) 

Electrical SpeCifications TA = -4OOC to 85°C, voo = 12V, Vss = OV, VEE = OV, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

STATIC CROSSPOINTS 

ON Resistance RoN Vss = VEE = OV, Voo=10V - 40 75 0 
TA = 25°C, VIN = Vo0/2, 
VX-VY=0.2V Voo= 12V - 36 65 0 

ON Resistance RoN TA = -4OOC to 8500, Voo= 10V - 50 75 0 
VIN = Voo/2, VX -VY = 0.2V, 
VSS=VEE=OV Voo= 12V - 45 85 0 

Difference in ON Resistance .1RoN TA = 25°C, VIN = Vo0/2, VX - VY = 0.2V, - 6 10 0 
Between Any Two Switches Vss = VEE = OV, Voo = 12V 
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Electrical Specifications TA .. -4O"C to 85°C, Voo = 12V, Vss" OV, VEE" OV, Unless Otherwise SpecifIed (Continued) 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Difference In ON Resistance ARoN TA,. -40°C to 85°C, V1N .. Vocl2, - - 10 0 
Between Any Two Switches VX - VY .. 0.2V, Voo = 12V 

Vss" VEE = OV, VDD = 12V 

OFF-Stele Leekage Current IL IVX - VYI,. 12V - - ±10 IIA 
(Note 4) 

Electrical Specifications TA,. 25°C, Vss = OV, VEE = OV, Voo = 14V, CL,. 50pF, Unless Otherwise Specified 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

DYNAMIC CROSSPOINTS 

Switch 110 Cepacltance V1N = Vorf2, 1= lMHz - - 20 pF 

Switch Feedthrough Capecltence V1N = Vorf2, 1= 1 MHz - 0.3 - pF 

Propegation Delay Time (Switch ON) - 5 30 ns 
Signal Input to Output, tpHL or tpLH 

Frequency Response Channel ON ~ = 3pF, RL = 750, V1N = 2Vp_p - 50 - MHz 
I .. 2OIog (VXNY) = -3dB. 

" , 
i'" 

" 

Total HarmoniC, THO V1N = 2Vp_p, I,. 1kHz - 0.01 - % 

Feedthrough Channel OFF V1N = 2Vp_p, f = 1kHz - -95 - dB 
Feedthrough .. 2010g (VXNY) .. FOT 

Frequency lor Signal Crosstalk, leT 40dB V1N 0: 2Vp.p, RL = 750 10 - MHz 
Attenuation of: 

IIOdB V1N" 2Vp.p, RL ,.1ke " 10pF - 5 - kHz 

Control Crosstalk Control Input = 3V p.p - 75 - mVpEAK 
DATA-Input, ADDRESS, Square Wave, tR = tF = IOns 
or STROBE to Output R1N ,. lK, RoUT = 10ke" 10pF 

Electrical Specifications TA = 25°C, vss = OV, VEE = OV, Voo = 14V, RL = 1ke " 5OpF, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

DYNAMIC CONTROLS 

Digital Input Cepacltance C1N V1N .. 5V, f = lMHz - 5 - pF 

Propegatlon Delay TIme 

STROBE to Oulput 

Switch Tum-ON \PSN - 50 100 ns 

SwItch Tum-OFF tpSF - 50 100 ns 

DATA-IN to Oulput 

Tum-ON to High Level tPZH - 80 100 ns 

Tum-ON to Low Level \PZL - 70 100 ns 

ADDRESS to Output 

Tum-ON to High Level tPAN - 70 - ns 

Tum-OFF to Low Level IfoAF - 70 - ns 
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Electrical Specifications TA = 25°C. Vss = OV. VEE = OV. Voo = 14V. At. = lkn II 50pF, Unless O1herwise Specified (Continued) 

PARAMETER SYMBOL TEST CONDITIONS MIN rrp MAX UNITS 

Setup Time 

CS 10 STROBE les 10 · · ns 

DATA·IN 10 STROBE los 10 · · ns 

ADDRESS to STROBE lAS 10 · · ns 

Hold Time 

STROBE to CS ICH 10 · · ns 

ADDRESS to CS 10 · · ns 

STROBE to DATA·IN IOH 20 · · ns 

STROBE to ADDRESS IAH 10 · · ns 

DATA·IN 10 CS 20 · · ns 

Pulse Width 

STROBE Ispw 20 · · ns 

RESET iFlpw 20 · · ns 

RESET Tum·OFF to Output Delay IpHZ . 70 100 ns 

NOTES: 

2. Operation of V1H a12.4V or V1L al 0.8V will result In much higher supply currenl (100) than for logic Inputs equal 10 V 00 or V ss respectively. 

3. ReselllH < 201lA. Reset = V1H. 

4. AI 25°C Llmll is ±100nA. 

Timing Diagram 

les- I- - -1cH 

CS 50%""1 l '\. 50% 
J 

~ 'soot. ~ '50% 
J \ J \ 

ADDRESS 

- tAS :--!sPW - tAM -
"j'f.50% ,;= IpsN-

...l\ 
tpSF-SlJIOBE 

DATA 

RESET 

SWITCH 
OUTPUT 

- los -
"50% 
J\ 

-r---tpZL 

r-- tPZH -

toH 

lp,v 

IIO%~ 

10% 

tPAH 
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TRUTH TABLE X AXIS TRUTH TABLE Y AXIS 

X ADDRESS YADDRESS 

AX3 AX2 AX1 AXO X SWITCH AY2 AY1 AYO YSWITCH 

0 0 0 0 XO 0 0 0 YO 

0 0 0 1 X1 0 0 1 Y1 

0 0 1 0 X2 0 1 0 Y2 

0 0 1 1 X3 0 1 1 Y3 

0 1 0 0 X4 1 0 0 Y4 

0 1 0 1 X5 1 0 1 Y5 

0 1 1 0 X12 1 1 0 Y6 

0 1 1 1 X13 1 1 1 Y7 

1 0 0 0 X6 

1 0 0 1 X7 

1 0 1 0 X8 

1 0 1 1 X9 

1 1 0 0 X10 

1 1 0 1 X11 

1 1 1 0 X14 

1 1 1 1 X15 

To make.a connection (close swHch) between any two points, specify an "X" address, a"Y" address, set "DATA" high, and 
swHch "STROBE" from low to high. To break a connection, follow this same procedure wHh "DATA" low. 

Example: X ADDRESS 

DATA AX3 AX2 

To connect swHch X3 to swHch Y4: 1 0 0 

To connect switch X6 to swHch Y7: 1 1 0 

To break connection from X3 to Y 4: 0 0 0 

Typical Performance Curve 
70 

RoN VS VII AT ..re, 25"C AND a5"e f 
VEE. -av, V ... OV, VDD. IV 

Vr I 

eo 

. ,.., r-... ~~ If 85"e .. ,. 
2i"e - , 
• 

o4O"e """ 
10 

o 
~ ~ ~ 4 0 2 4 I a 

VINM 
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Pin Descriptions 

40 LEAD PDlP 
SYMBOL PIN NO. 

POWER SUPPUES 

Voo 40 

Vss 16 

VEE 20 

ADDRESS 

AXO-AX3 5, 22, 23 and 4 

AYO-AY2 24,25and2 

CONTROL 

DATA 38 

STROBE 18 

RESET 3 

CS 36 

INPUTSfOUTPUTS 

XO-X5 33 - 28, 8 - 13, 
X6 - X11 27,26,6,7 
X12-X15 

YO-Y7 35,37,39,1,21, 
VO 19,17 and 15 

Pinouts 
CD22M3494E 

(PDlP) 
TOP VIEW 

va 
--v-- voo 

AV2 Y2 

RESET DATA 

An! VI 

AXO cs 
X14 VO 

XIS 7 NC 

XI xo 
X7 XI 

X8 X2 

X9 X3 

Xl0 X4 

X11 X5 

Ne X12 

Y7 Xla 

Vss AVI 

V8 AVO 

STROBE AX2 

V5 AXI 

VEE V4 

CD22M3494 

44LEADPLCC 
PIN NO. 

MQ sa DESCRIPTION 

44 44 PositIve Supply 

18 17 Negative Supply (Digital) 

22 22 Negative Supply (Analog) 

5, 24, 25 and 4 X Address Unes. These pins select one of the 16 rows of switches. SlIe the Truth Table 
for the valid addresses. 

26,27and2 Y Address Unes. These pins select ona of the 8 columns of switches. See the Truth 
Table for the valid addresses. 

42 DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

20 STROBE Input enabies the ectfon defined by the DATA and ADDRESS Inputs. A low 
or zero results In no ectfon. The ADDRESS Input must be stable before the STROBE 
Input goes to the active high laval. The DATA Input must be stable on the failing edge 
of the STROBE. 

3 MASTER RESET. A high or one on this line opens all switches. 

40 39 CHIP SELECT. Device Is selected when CS Is at a high leval, allows the crosspoint 
array to be cascaded for matrix expansion. 

37-329-14,31, Analog or DlgltallnputslOutputs. These pins are the rows XO - X15. 
30,7,8 

40,41,43,1,23, Analog or DlgltallnputsfOutputs. These pins are the columns YO - Y7. 
21,19 and 18 

CD22M3494MQ CD22M3494SQ 
(PLCC) (MITEL LEAD COMPATIBLE) (PLCC) (SGS LEAD COMPATIBLE) 

TOP VIEW TOP VIEW 

Iii 
!l!aam&J!:=i;:~ !l!~ai&J!,!I=i;:~ 

Xl4 YO XI4 cs 
XII NC XII NC 

XI XI XI XI 
X7 Xl X7 XI 

XII lIZ XI lIZ 

X8 XI X8 XI 

XID XI XID XI 

XII XI XU 4 XI 

NC XI2 Ne XI2 

NC XIS Ne XIS 

Y7 NC Vss NC 

:~I~:)!59~i!l! ~~I~:)!59~i!l! 
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Features 

• 64 Analog Switches In an 8 x 8 x 1 Array 

• On-Chlp Une Decoder and Control Latches 

CD74HC221 06, 
CD74HCT22106 

QMOS 8x8x 1 
Crosspoint Switches with Memory Control 

Description 

• Automatic Power-Up Reset by Using a 0.111F Capacitor 

The CD74HC22106 and CD74HCT22106 are digitally 
controlled analog switches which utilize silicon-gate CMOS 
technology. The CD74HC22106 type features CMOS input
voltage-level compatibility and the CD74HCT22106 features 
LSTTL input-voltage-level compatibility. attha MR Pin 

• RON Reslslanced 950 at V cc = 4.SV 

• Analog Signal Capability: VDrJ2 

• Wide Operating Temp. Range: -40°C to 85°C 

Family Features 

• CD74HC Types 
- 2V to 10V Operation 

- High Noise Immunity: NIL = 30%, NIH = 30% of VDDi 

The Master Reset has an internal pull-up resistor and is 
normally used with a O.1I1F capacitor. During power up all 
switches are automatically reset. The crosspoint switches 
will reset with MR = 0 even if CE is high. A 6-bit address 
through a 6 line to 64 line decoder selects the transmission 
gate which can be turned on by applying a logic ONE to the 
DATA input and logic ZERO to the STROBE. Similarly, any 
transmission gate can be turned OFF by applying a logic 
ZERO to the DATA input while strobing the STROBE with a 
logic ZERO. 

at VDD = SV and 10V 

• CD74HCT Types 

The CE pin allows the crosspoint array to be cascaded for 
matrix expansion in both the X and Y directions. 

- 4.SV to S.SV Operation 

- Dlract LSTTL Input Logic Compatibility: 
Ordering Information 

VIL = O.8V (Max), VIH = 2V (Min) TEMP. 

- CMOS Input Compatibility: 11< 111A at VOL' VOH PART NUMBER RANGE ("C) 

Pinout 

CD74HC22106E 

CD74HCT22106E 

CD74HC22106, CD74HCT22106 
(PDIP) 

TOP VIEW 

-40 to 85 

-40 to 85 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follOw proper IC Handling Procedures. 
Copyright C Hams Corporation 1997 
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CD74HC22106, CD74HCT22106 

Absolute Maximum Ratings 
DC Supply Voltage (Voo) 

Voltage Reference to V ss Terminal. .•........... -0.5V to 11 V 
DC Input Diode Current 

11K (for VI < -0.5 or VI > Voo 0.5V ....................... ±20mA 
DC Output Diode Current 

10K (For Vo < -0.5 or Vo > Voo 0.5V .................... ±20mA 
DC Transmission Gate Current .......................... ±25mA 
Power Dissipation per Package (Po) 

For TA = -40"C to 60"C (Package 1}Ipe E) ...•.......•... 500mW 
For TA = -60"C to 85"C (Package Type E) ....... Derate Llnearily at 

12mWI"C to 200mW 

Thermal Information 
Maximum Junction Temperature ...••........•...•..... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ...... -65°C STA S1500C 
Maximum Lead Temperature (Soldering lOs) ..•....•..... 300°C 

Operating Conditions 
Temperature Range (TA) 

Package Type E ......................•.••.• -40"C to SSoC 
Supply Voltage Range (for TA = Full Package Temp. Range) Voo 

CD74HC22106 ............................... 2Vto 10V 
CD74HCT22106 ............................ 4.5V to 5.5V 

DC Input or Output Voltage VI, Vo .•................ OV to Voo 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings' may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not Implied. 

Electrical Specifications vss = GND 

CD74HC22106 CD74HCT22106 

TEST -40°Cto TEST -40oC to 
CONDITIONS 2SoC SSoC CONDITIONS 2SoC 8SoC 

VIS VDD VIS VDD 
PARAMETER (V) (V) MIN TYP MAX MIN MAX (V) (V) MIN TYP MAX MIN MAX UNITS 

STATIC SPECIFICATIONS 

High-Level Input Voltage - 2 1.5 - 1.5 - - 4.5 2 - - 2 - V 

VIH to 
4.5 3.15 - 3.5 - - 5.5 

- 9 6.3 - 6.3 - -
Low-Level Input Voltage - 2 - - 0.5 - 0.5 - 4.5 - - 0.8 - 0.8 V 
VIL to 

4.5 - - 1.35 - 1.35 - 5.5 

- 9 - - 2.7 - 2.7 -
Input Leakage Current Vooor 10 - - ±D.l - ±1 Any 5.5 - - ±D.l - ±1 jlA 
(Any Control) GND Voltage 
IL Between 

Vooand 
GND 

Quiescent Device Vooor 10 - - 5 - 50 Vooor 5.5 - - 2 - 20 jlA 
Current, Icc (with filA = 1) GND GND 

Off Leakage Current, IL All 10 - - 0.1 - 1 - 5.5 - - 0.1 - 1 jlA 
(with MR = 1) Switch-

esOFF 

"On" Resistance Vooto 2 470 700 - 875 Figure 4.5 - 64 95 - 120 (.l 

Rem GND 8 
Figures 4.5 - 64 95 - 120 

8,9 9 - 45 70 - 90 

Vorf2 - - - - - - 4.5 - 58 85 - 110 (.l 

4.5 - 58 85 - 110 

9 40 60 - 80 

"On" Resistance Vooto - - - - - Vooto 4.5 - 25 - - - (.l 

Between Any Two GND GND 
Channels ARoN 4.5 - 25 - - -

9 - 23 - - -
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CD74HC22106, CD74HCT22106 

Electrical Specifications Vss = OV 

25°C -iO"C to 85°C 

TEST CONDITIONS HC HCT HC HCT 

VDD 
PARAMETER SYMBOL FIG. (V) MIN MAX MIN MAX MIN MAX MIN MAX UNITS 

DYNAMIC CONTROLS 

Propagation Delay Time: tpZH RL= 10kn 1 2 - 370 - - - 385 - - ns 

Strobe to Output 
CL =50pF 

4.5 110 120 125 135 tR, tF=6ns - - - - ns 
(Switch Tum-On to 
High Level) 9 - 65 - - - 70 - - ns 

Data-In to Output tPZH 2 2 - 240 - - - 255 - - ns 
(Tum-On to High Level) 

4.5 - 75 - 85 - 85 95 ns 

9 - 50 - - - 55 - - ns 

Address to Output tpZH 3 2 - 380 - - - 400 - - ns 
(Tum-On to High Level) 

4.5 - 110 - 120 - 125 - 135 ns 

9 - 85 - - - 75 - - ns 

Propagation Delay Time: tpHZ 1 2 - 400 - - - 420 - - ns 

Strobe to Output 4.5 - 135 - 150 - 155 - 170 ns 
Switch 'TUrn-Off 

9 - 90 - - - 100 - - ns 

Data-In to Output tpZL 2 2 - 240 - - - 255 - - ns 
(Tum-On to Low Level) 

4.5 - 75 - 85 - 85 - 95 ns 

9 - 50 - - - 55 - - ns 

Address to Output tPHZ 3 2 - 420 - - - 440 - - ns 
(Tum.Off) 

4.5 - 140 - 150 - 155 - 170 ns 

9 - 95 - - - 100 - - ns 

Minimum Setup TIme Isu - 2 35 - - - 40 - - - ns 
(Data-In to Strobe, 
Address to Strobe) 4.5 20 - 20 - 20 - 20 - ns 

9 15 - - - IS - - - ns 

Minimum Hold TIme iH - 2 85 - - - 90 - - - ns 
(Data-In to Strobe, 
Address to Strobe) 4.5 25 - 25 - 25 - 25 - ns 

9 20 - - - 20 - - - ns 

Minimum Strobe Pulse Iw - 2 200 - - - 210 - - - ns 
WIdth 

4.5 45 - 55 - 55 - 65 - ns 

9 25 - - - 30 - - - ns 

Maximum Switching Fo - 2 0.7 - - - 0.6 - - - MHz 
Frequency 

4.5 3.0 - 2.8 - 2.8 - 2.6 - MHz 

9 7 - - - 6.5 - - - MHz 

Input (Control) C, - - - 10 - 10 - 10 - 10 pF 
Capacitance 
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Electrical Specifications 

25°C -40"C to 85°C 

HC. HCT HC HCT 
TEST VIS Vss VDD 

PARAMETER SYMBOL CONDmONS (Vp.p) (V) (V) MIN MAX MIN MAX MIN MAX MIN MAX UNITS 

DYNAMIC SPECIFICATIONS 

Propagation Delay tPlH, tpHL RL= 10kn - 0 2 - 30 - - - 33 - - ns 
Time, Signal Input to CL=50pF 
Output tR, tF= 6ns - 0 4.5 - 20 - 20 - 22 - 22 ns 

- - 9 - 15 - - - 17 - - ns 

HC HCT 
Typical Typical 

Switch Frequency '3dB Rs=RL= 2 -2.25 2.25 5 5 - - - - MHz 
Response at -3dB 6000 

2 -4.5 4.5 6 6 - - - - MHz 

Crosstalk Between FCT Rs=RL= 2 -2.25 2.25 -110 -110 - - - - dB 
Any Two Channels 6000 

f= 1kHz 

Rs=RL= 2 -2.25 2.25 -53 -53 - - - - dB 
6000 
f= 1MHz 2 -4.5 4.5 -55 -55 - - - - dB 

Switch ''OFF'' -40dB FDT Rs=RL= 2 -2.25 2.25 7 7 - - - - MHz 
Feed Through 6000 
Frequency 2 -4.5 4.5 8 8 - - - - MHz 

Total Hannonlc THD RL= lOkn 4 -2.25 2.25 0.05 0.05 - - - - % 
Distortion f = 1 kHz sine-

WIMI 8 -4.5 4.5 0.05 0.05 - - - - % 

RL=600O 4 -2.25 2.25 0.25 0.25 - - - - % 
f= 1kHz 
slneWIMI 7 -4.5 4.5 0.12 0.12 - - - - % 

Control to Switch RL= 10kn VDD 0 5 35 35 - - - - mV 
Feed-Through NOise ~,~=6ns 
(DATA IN, Strobe, Voo 0 10 65 65 - - - - mV 
Address) 

capacitance, CIS 

XntoGND ,= 1MHz - 0 10 48 48 - - - - pF 

Ynto GND - 0 10 44 44 - - - - pF 
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Functional Diagram 

Vo 

Vl 

Va 

Va 

LATCHES V4 

Vs 

Va 

V7 
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TRUTH TABLE 

SWITCH SWITCH 
As A.4 Aa ~ A1 Ao SELECT As A.4 A3 ~ A1 Ao SELECT 

0 0 0 0 0 0 >Co Vo 1 0 0 0 0 0 >Co V4 

0 0 0 0 0 1 XI Vo 1 0 0 0 0 1 XI V4 

0 0 0 0 1 0 X2 Vo 1 0 0 0 1 0 X2 V4 

0 0 0 0 1 1 X3 Vo 1 0 0 0 1 1 X3 V4 

0 0 0 1 0 0 ~ Vo 1 0 0 1 0 0 X4 V4 

0 0 0 1 0 1 Xs Vo 1 0 0 1 0 1 Xs V4 

0 0 0 1 1 0 Xe Vo 1 0 0 1 1 0 X6 V4 

0 0 0 1 1 1 X7 Vo 1 0 0 1 1 1 X7 V4 

0 0 1 0 0 0 >Co V1 1 0 1 0 0 0 >Co Vs 

0 0 1 0 0 1 XI V1 1 0 1 0 0 1 XI Vs 

0 0 1 0 1 0 X2 VI 1 0 1 0 1 0 X2 Vs 

0 0 1 0 1 1 X3 VI 1 0 1 0 1 1 X3 Vs 

0 0 1 1 0 0 X4 V1 1 0 1 1 0 0 ~ Vs 

0 0 1 1 0 1 Xs VI 1 0 1 1 0 1 Xs Vs 

0 0 1 1 1 0 Xe VI 1 0 1 1 1 0 Xe Vs 

0 0 1 1 1 1 X7 VI 1 0 1 1 1 1 X7 Vs 

0 1 0 0 0 0 >Co V2 1 1 0 0 0 0 >Co V6 

0 1 0 0 0 1 XI V2 1 1 0 0 0 1 XI V6 

0 1 0 0 1 0 X2 V2 1 1 0 0 1 0 X2 Ve 

0 1 0 0 1 1 Xa V2 1 1 0 0 1 1 X3 V6 

0 1 0 1 0 0 ~ V2 1 1 0 1 0 0 ~ V6 

0 1 0 1 0 1 Xs V2 1 1 0 1 0 1 Xs V6 

0 1 0 1 1 0 Xe V2 1 1 0 1 1 0 Xe V6 

0 1 0 1 1 1 X7 V2 1 1 0 1 1 1 X7 Va 

0 1 1 0 0 0 >Co V3 1 1 1 0 0 0 >Co V7 

0 1 1 0 0 1 XI V3 1 1 1 0 0 1 X1 V7 

0 1 1 0 1 0 X2 V3 1 1 1 0 1 0 X2 V7 

0 1 1 0 1 1 X3 V3 1 1 1 0 1 1 X3 V7 

0 1 1 1 0 0 ~ V3 1 1 1 1 0 0 ~ V7 

0 1 1 1 0 1 Xs V3 1 1 1 1 0 1 Xs V7 

0 1 1 1 1 0 Xe V3 1 1 1 1 1 0 Xe V7 

0 1 1 1 1 1 X7 V3 1 1 1 1 1 1 X7 V7 
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Test Circuits and Waveforms 

DATA·IN 

SW = ANY CROSSPOINT 

DATA·IN 

SW .. ANY CROSSPOINT 
mml!=GND 

ADDRESS 

SW • ANY CROSSPOINT 
ftImII .. GND 

DATA·IN 0 

o 

FIGURE 1. PROPAGATION DELAynME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN·ON OR TUR~FF) 

50pF 

VDD--r;:-

--'1~ vDD - 90% 
VOl 

o 

FIGURE 2. PROPAGATION DELAY nME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN.QN TO HIGH OR LOW LEVEL) 

ADDRESS 

50pF 

VDD -~_""'I 
DATA-IN 

o 

VDD -
Vos1 

o 

o 

FIGURE 3. PROPAGAnON DELAY nME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN.QN OR TURN'{)FF) 
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Typical Application Information 

5V 
HC OR CMOS 

IV 

OUTPUT CONTROL Veo 
INPUT 

on HC221Q6 
ANALOG OUTPUT 

- ANALOG OVTOIV 

INPUT 
OV·5V 

'HC LOGIC FOR CMOS INPUTS Vss 
HCT LOGIC FOR TTL INPUTS -=-

GND 

FIGURE 4. TYPICAL SINGLE SUPPLY CONNECTION FOR HC22106 

CD4000AIB 5V 
CMOS BIPOLAR CONTROL Veo 
OUTPUT 

INPUT 

5~::A: HC221Q6 
ANALOG OUTPUT 
-5V105V 

.&V -SV ANALOG 
INPUT 

-5V105V 

-SV 

FIGURE 5. TYPICAL DUAL SUPPLY CONNECTION FOR HC22106 

10V 
10V 

Veo 

CONTROL 
SIGNAL 

CONTROL 
INPUT ,...--.... ...., 

J---~---t 

NOTE: For CMOS input levels use HC0310gic type. 
For TTL Input levels use HCT0310gic type. 

ANALOG 
INPUT 

OVT010V 

HC22108 

Vss 

GND 

ANALOG OUTPUT 
OV1010V 

FIGURE 6. USE OF HClHCT03 WHEN CONTROL IS OV TO 5V AND ANALOG SIGNAL IS OV TO 10V 

IV 
TTL TYPE 
OUTPUT CONTROL 

INPUT 

ANALOG 
INPUT 

. OV·5V 

5V 

H022108 

GND 

ANALOG OUTPUT 
OVT05V 

FIGURE 7. TYPICAL SINGLE SUPPLY CONNECTION FOR HCT22106 WITH TTL INPUT 
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Typical Performance Curves 

80 
VDD-4.5V I 

70 

9: 
II" TA -125"C --- -~ ~ 80 

m 50 

III 40 a:: . 
~ r-c;::. TA _ 85°C 

...."", ~ TA'.250C ---'-- -- ...... 

~ 30 

g 20 
-~ I 

TA--SSOC 

i: 
10 

o 
o 2 3 4 

INPUT VOLTAGE M 

FIGURE 8. TYPICAL "ON" RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE va TEMPERATURE 

iii 
:!l-

I 

0 

-10 

-20 

-30 

-40 

-50 

-SO 

-70 

.eo 
-eo 

-100 

-110 
10 100 

0 

-1 iii 
-2 :!I-

-3 I -4 

-S 
iC 

.. 5 
-7 i 

·ON" ATTENUATION ~ 

1111 I 1111 I ~ 
It!I .. WJII I 
VDD-4.5V 
V88--4.5V 
VII _2Vp.p I'" 
Rs·RL ,,8000 I 

~ .. . .. ~ 
-10 

~ CROSSTALK 

1111 I 
i-' 1111 

1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

FIGURE 10. TYPICAL "ON" SWITCH ATTENUATION AND 
CROSSTALK AS A FUNCTION OF FREQUENCY 

120 

110 
1-

TA"aoC 

9: 100 

~ 80 

~ 
80 

70 ; 80 . 
~ 50 

:c 40 

~ 30 

20 

( \ VDD ,,3V 

/ \ ... VDD-4.5V 

"/ - ~ 
VDD =9V 

---r--
10 

0 
o 2 4 6 8 10 

INPUT SIGNAL M 

FIGURE 9. TYPICAL "ON" RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE va VDD 

0 

-10 

-20 

iii -30 

:!I- -40 

i'i -so ::) 

Ii! .eo 

I -70 

.eo 
-eo 

-100 

-110 

"ON" ATTENUATION 

TA-2S"C 
VDD-4.5V 
Vss,,-4·5V 

... 
VIS" 2Vp.p 

Ra~~La7~" ~ 

I 1111 1111 FEED nlROUGH 

I 1111 1111 1111 Iii 
10 100 1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

o 
-2 

-4 i 
-S z .. ~ 

Z 
-10 ~ 
-12 iC 

~ 
1/1 

~ 

FIGURE 11. TYPICAL "ON" SWITCH ATTENUATION AND "OFF" 
SWITCH FEED THROUGH AS A FUNCTION OF 
FREQUENCY 
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January 1997 

CMOS HDB3 (High Density Bipolar 3) Transcoder 
for 2.0481S.44SMbls Transmission Applications 

Features 

• HDB3 Coding and Decoding for Data Rates from 
50Kbis to 10Mbls In a Manner Consistent wHh 
CCITT G703 Recommendations 

• HDB3IAMI Transmission CodlngIReceptlon 
Decoding with Code Error Detection Is 
Performed In Independent Coder and Decoder 
SectIons 

Description 
The CD22103A is an LSI 80S integrated clrcuit which performs the 
HDB3 transmission coding and reception decoding functions with error 
detection. It is used in 2.048M:lIs and B.446Mb's transmission apprlCa
lions. The CD22103A performs HDB3 coding and decoding lor data 
rates from 50KhIs to 10MD's in a manner consistent with CCITI G703 
recommendations. 

HDB3 transmission codin9'reception decoding with code error detection 
is perfonned in independent coder and decoder sections. All transmitter 

• All Transmitter and Receiver Inputs/Outputs are and receiver inpl.d&'ouIpuIs cue TTl compatible. 
TTL Compatible 

• Inlemal Loop Test Capability 

• Pin and Functionally Compatible with Type 
MJ1471 

The HDB3 transmitter coder codes an NRZ binary unipolar input signal 
(NRZ-IN) and a synchronous transmission clock (CTX) into two HDB3 
binary unipolar RZ output signals (+HDB3 our, -HDB3 OUT). The TTl 
compatible output signals +HDB3 OUT, -HDB3 OUT cue externally mixed 
to geneI8te tsmary bipolar HDB3 signals for driving tJansmIssion lines. 

Ordering Information 

PART TEMR 
NUMBER RANGE ("C) PACKAGE 

C022103A0 -ssto 125 16 LdSBOIP 

C022103AE -40 to 85 16Ld POIP 

Pinout 
CD22103A 

(PDIP, SBDlP) 
TOP VIEW 

NRZ.fN 1 1 Voo 

5 .... DB30ur 

HDB3/AMI 3 1 -HDB3OUT 

NRZ-Dur 4 3 .... DB3IN 

LTE 

1 -HDB3IN 

CKR 

PKG.NO. 

The receiver decoder convar1s binary unipolar Inputs (+HDB3IN, -HDB3 
IN), which were externally split from ternary ~ HDB3 signals, and a 
synchronous clock signal (CRX) Into binary unipolar NRZ signals (NRZ
OUl). 

016.3 

E16.3 

The CD22103A operates with a 5V ±10"k power supply voltage over the 
full military terlllerature range at data rates from 50KbIs up to 10Mb/s. 

Block Diagram 

HDB3/AMI 

CTX 

NAl-IN 
ENCODlj~_ 

LTE 

.... DB3IN 

-HDB3IN 

CRX 

DECODER 

..... -;:===,.......----1---- +HDB3OUT 

L-~::~~11~~~t:-~-~-~-~-~-,-~~2~-. 
CKR 

RECEIVER 

==:::!~~t:J DECODER 

REQUIRES CLOCK 
RECOVERY clRcurr 

ERR 

AlB 

Rii-------------~~~~ 

CAUTION: These devices are sensRlve 10 electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1310.3 
Copyright 0 Herris Corporation 1997 
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Absolute Maximum Ratings 
Supply Voltage (Voo) 

(Voltages referenced to Vss Terminal) •...••.•••.... -0.5 to 8V 
Supply VolIage Range 

For TA = Full Package Temperature Range .....••.•..• 4.5V to 5.5V 
Input Voltage (All Inputs) ••••.••.•••••...••. -0.5 to Voo +0.5V 
Input Ourrent(Any One Input) ........................... ±10rnA 
Power Dissipation 

For TA = -4O"C to 60°0 (Package 'TYpe E) ••.........• 500mW 
For TA = 60°0 to 65°0 
(Package 'TYPe E) ...••••• Derate Linearly 12mWJOO to 200mW 
For TA = -5500 to 100°0 (Package 'TYpe D) ........... 500mW 
For TA" 100°0 to 125°C 
(Package Type D) .•••..•• Derate Unearly 12mWJOc to 200mW 

Device Dissipation per Output Transistor 
For TA = Full Package Temperature Range (AII1YPes) •.... 100mW 

Thermal Information 
Maximum Junction Temperature .•....••••••....•••..•. 175°C 
Maximum Junction Temperature (Plastic Package) ....•.•. 150°C 
Maximum Storage Temperature Range .•.•.. -65°0:s TA :s 150°C 
Maximum Lead Temperature (Soldering 10s) ........••... 300°C 

Operating Conditions 
Temperature Range 

Package TypE! D. . .. . . . .. . .. • .. . .. . . . .. -55oC:s TA :s 125°C 
Package 'TYPe E. . .. . .. .. . .. . . . . .. . . . . .. -4ooC:s TA :s 85°C 

CAUTION: Stresses above those listed In "Absolute MBJdmum Ra~ngs" may cause permanent damage to the device. Thbi Is a stress only rating and operation 
of the davlee at th8S8 or any other conditions above those Indicated in the operational sections of this specJflcation Is not Imp/led. 

Electrical Specifications Voo = 5V ±1 0%, TA = 25°C 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

STATIC SPECIFICATIONS 

Quiescent Device Current 100 - 100 pA 

Operating Device Current fCL= 10MHz - - 8 rnA 

HDB3 Output Low (Sink) Current lOLl VOL ,,0.5V 1.6 - - rnA 

HDB3 Output High (Source) Current IOHl VOH = 2.8V -10 - - rnA 

All Other Outputs Low (Sink) Current IOL2 VOL =0.5V 1.6 - - rnA 

All Other Outputs High (Source) Current IOH2 VoH=2.8V -1.6 - - rnA 

Input Low Current IlL - - -1 pA 

Input High Current IIH - - 1 pA 

Input Low Voltage VIL - - 0.8 V 

Input High Voltage VIH 2 - - V 

Input capacitance liN - - 5 pF 

Electrical Specifications TA .. -4000 to 65°C for Plastic Package; -5500 to 125°C for Ceramic Package; Voo = 4.5V to 5.5V; 
~=15pF 

PARAMETER SYMBOL FIGURE MIN TYP MAX UNITS 

DYNAMIC INPUT 

CTX, CRX Input Frequency fCTX. fCRX 0.05 - 10 MHz 

CTX, CRX Input Rise Time tRCL 3 - - 1 f.I.S 

Fall Time t.=CL 3 - - 1 f.I.S 

NRZ-IN to CTX 
Data Setup Time 1& 3 15 - - ns 

Data Hold Time 1H 3 15 - - ns 

HDB3 IN to CRX 

Data Setup Time 1& 4 15 - - ns 

Data Hold Time 1H 3 0 - - ns 

CRX to CKR (CRX = 8.448MHz) 

Pretrigger tp 5 - - 20 ns 

Delay to 5 - - 20 ns 
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Electrical Specifications TA = ·40"C to B5°C for Plastic Package; ·SsOC to 12500 for Ceramic Package; Voo = 4.SV to S.SV; 
CL = 1SpF (Continued) 

PARAMETER SYMBOL 

DYNAMIC OUTPUT 

Transmitter Coder, CTX to HDB3 OUT: 

Date Propagation Delay Time too 

Handling Delay Time ltio 

HDB3 OUT Output Pulse Width 
(Clock duty cycle = SO%) 

tCL = 2.048MHz tw 
tCL = 8.44BMHz tw 

Receiver Decoder 
CRX to NRZ OUT: 

Date Propagation Delay Times too 

Handling Delay Time ltio 

HDB3 IN to CKR 
HDB3 Propagation Delay Time 

LTE=O tlNCKR 

LTE= 1 

FuncUonalDescripUon 
The CD22103A is designed to code and decode HDB3 
signals which are coded as binary digital signals (NRZ-IN) 
and (+HDB3 IN, -HDB3 IN), accompanied by sampling 
clocks (CTX) and (CRX). The two binary coded HDB3 out
puts, (+HDB3 OUT, -HDB3 OUT) may be externally mixed to 
create the ternary HDB3 Signals (See Figure 1). 

The two binary HDB3 input signals have been split from the 
input ternary HDB3 in an external line receiver. 

The receiver decoder converts binary unipolar inputs (+HDB3 IN, 
-HDB3 IN), which were externally spOt from ternary bipolar HDB3 
signals, and a synchronous clock signal (CRX) Into binary unipolar 
NRZ signals (NRZ-OUT). 

ReceiYed signals not consistent with HDB3 cocing rules are 
detected as errors. The receiver error output (ERR) is active high 
during one CRX period of each bit of received data that is inconsis
tent with HDB3 coding rules. 

An il"'4lUt string consisting of all ones (or marks) is detected and 
signaled by a high level at the Alarm Signal (A1S) ouIpul The AIS 
output is set to a high level when less than three zeros are 
received during two consecutive periods of the Reset Alarm Inhibit 
Signal (RAIS). The AIS output is subsequently reset to a lew level 
when three or more zeros are received during two periods of the 
reset signal (RAiS). 

A diagnostic Loop-Test Mode may be entered by driving the Loop 
Test Enable Input (LTE) higl. In this mode the HDB3 transmitter 
outputs (+HDB3 alIT, -HDB3 OUT) are internally connected to 

FIGURE MIN TYP MAX UNITS 

3 · · 90 ns 

1 · 4 . Clock Period 

3 238 · 260 ns 

3 53 · 65 

4 · · 90 ns 

2 · 4 . Clock Period 

4 · · 65 ns 

4 · · 30 ns 

the HDB3 receiver inputs, and the external HDB3 receiver inputs, 
and the external HDB3 receiver inputs (+HDB3IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - OUT) corresponds 
to the NRZ binary input signal (NRZ - IN) delayed by appr0xi
mately 8 clock periods. 

The Clock Receiver Output (CKR) is the product of the two HDB3 
input signals or-ed togather. The CRX clock signal may be derived 
from the CKR signal with extemal clock extraction circuitry. In the 
Loop Test Mode (LTE = 1) CKR is the product of the +HDB3 OUT 
and -HDB3 OUT signals or-ed together. 

The CD22103A may also be used to perform the AMI to NRZ 
codingtdecoding function. To use the CD22103A in this mode, the 
HDB3IAMI control input is driven lew. 

Error Detection 

Received HDB3IAMI binary input signals are checked for 
coding violations, and an error signal (ERR) Is generated as 
described below. 

• HDB3 Signals HDB3IAMI = High 

The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (±V) is received of the same polarity as the 
last received violation pulse. 

A violation pulse (±V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 
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The received 4 data bits previous to reception of the violation 
pulse have not been the sequence BXOO (where X = don't 
care). The error signal (ERR) remains low. 

NOTES: 

1. The data sequences BOOOV and BBOOV are valid HDB3 codings 
of the NRZ binary sequence 10000. 

2. The error signal (ERR) count. Is the accurate number of all single 
bit errors. 

• AMI Signals HDB3IAMI = Low 
- A coding error (ERR) is signaled when a violation pulse 

(+V) is received. 

• In Either the HDB3 or AMI Mode 
When high levels appear simultaneously on both HOB3 
inputs (+ HOB3 IN. -HOB3 IN) a logical one is assumed 
in the HOB3IAMI input stream and the error signal 
(ERR) goes high for the duration of the violation. 

Alarm Inhibit Signal 

- The alarm output (AIS) is set high if. in two successive 
. periods of the external Reset Alarm Signal (RAiS). less 
than three zeros are received. 

- The alarm output (A1S) is reset low when three or more 
zeros are received during two Reset Alarm Signal periods. 

HANDLING DELAY 
I I 

CTX 

NRZ-IN 

Transcoder Operation 

Transmitter Coder (See Figure 1) 

The HOB3/AMI transmitter coder operates on 4-bit serial 
strings of NRZ binary data and a synchronous transmitter 
clock (CTX). NRZ binary data is serially clocked into the 
transmitter on the negative transition of the (CTX) clock. 
HOB3IAMI coding is performed on the 4-bit string. and 
HOB3IAMI binary output data is clocked oul to the (+HOB3 
OUT. -HOB3 OUT) outputs on the positive transition of the 
transmitter clock (CTX) 3 112 clock pulses after the data 
appeared at the (NRZ-IN) input. 

Receiver Decoder (See Figure 2) 

The HOB3IAMI receiver decoder operates on 4-bit serial 
slrings of binary coded HOB3IAMI signals. and a synchro
nous receiver clock (CRX). HOB31AMI binary data is serially 
clocked into the receiver on the positive transition of the 
(CRX) clock. HOB3IAMI decoding is performed on the 4-bit 
string. and NRZ binary output data is clocked out to the 
(NRZ-OUT) output on the positive transition of the receiver 
clock (CRX) 4 clock pulses after the data appeared at the 
(+HOB3 IN. -HOB3 IN) inputs. 

I 
I 
I 
I 
I 

I I 

+HDBaOUT --~------~~--~~ {i HDB3 
CODED 

-HDB30UT 

EXTERNAL GENERATED 
TERNERY HDB3 

+HDB30UT 

AMI 
CODED 

-HDB30UT 

EXTERNAL GENERATED 
AMI 

I I I I 
I I I I 

~------~f1~--------rt4--f1~:~----~--
I I I I 
I I I I 

~--~r-----~I I 
I 
I 
I 

..... ----r---------,--tn : {1 I 
I ..;--.........,,, 

I 

I I 
I I 

: ,,~;-------;--
I I I I 
I I I I 

-r ~--~~r------~~f\lJ~-----+--
FIGURE 1. TRANSMITTER CODER OPERATION TIMING WAVEFORMS - NRZ TO HDB3/AMI CODING 
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HDBa RECEIVED SIGNAL 

EXTERNALLY 
SPUT 

+lfDB31N 

·HDB3IN 

CKR 

EXTERNALLY CRX 
GENERATED 

NRZ·OUT 

CD22103A 

FIGURE 2. RECEIVER DECODER OPERATION TIMING WAVEFORMS· HDB3 TO NRZ DECODING 

CTX 

NRZ·IN 

- ... tRCL • .. 
110% 

H% ............... ~~ .................... ~ .......... --.......... ~ 
10%".. ____ -'1 -1$----_I ....... 

• .... 
• .. -...... --------+-----

FIGURE 3. TRANSMITTER CODER TIMING WAVEFORMS 

- .... t,:CL - .... tRCL 

CRX 
110% 50% H% 

10% - ts .... .. 
..! 

+lfDB31N • 
-HDB31N 

tINCKR-

CKR -

50% 

NRZ·OUT 

, .... too 

\50% 

FIGURE 4. INPUT REQUIREMENTS AND OUTPUT CHARACTERISTICS 
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CKR 

I 
I 

-50% 

- -"f #~~71'~"#- - - 50% 
I 

CRX 

FIGURE 5. CRX RECONSTRUCTION REQUIREMENTS 

CRX 

NRZ - OUT DATA 

'"LJ----e 

AIS ______________ ~--------~z~~ 
FIGURE 6. RECEIVER ALARM-INHIBIT-6IGNALS TIMING WAVEFORMS 

CRX 

+HDB3IN 
I 

-HDB3IN tI 
I 

ERR I 

FIGURE 7. RECEIVER ERROR-6IGNALS TIMING WAVEFORMS 

Definition of HDB3 Code Used in CD22103A HDB3 
Transcoder (As Per CCITRT G703 Annex 
Recommendations) and Error Detection 

Coding Of A Binary Signal Into An HOB3 Signal Is Done 
According To The following Rules: 

1. HOB3 signal is pseudoternary; the three states are 
denoted 8+, 8-, and O. 

2. Spaces (zeros) in the binary NRZ signal are coded as 
spaces in the HOB3 signal. For strings of four spaces, 
however, special rules apply (See Item 4 below). 

3. Marks (ones) in the binary signal are coded alternately as 
8+ and 8- in the HOB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are intro
duced when coding strings of four spaces (See Item 4 
below). 

4. Strings of four spaces In the binary signal are coded 
according to the followinq rules: 

A. The first space of a string is coded as a space If the polar
ity of the preceding mark of the HOB3 signal has a polarity 
opposite to the preceding violation and is not a violation by 
itSelf; it is coded as a mark, i.e., not a violation (i.e., 8+ or 
8-), if the preceding mark of the HOB3 signal has the same 
polarity as that of the preceding violation or is by itself a 
violation. 

This rule ensures that successive violations are of alter
nate polarity so that no DC component is introduced. 

B. The second and third spaces of a string are always coded 
as spaces. 

C. The last space of a string of four is always coded as a 
mark, the polarity of which is such that It violates the rule of 
alternate mark inversion. Such violations are denoted V+ 
or V- according to their polarity. 
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Features 
• Automatic Line Bulldout 

• Supply Voltage ••••••••••••••••••••••••••••• S.1V 

• Buffered Output 

Applications 
• Bipolar carrier System ••••••••••••. T1 1.544Mbltals 

• Ternary Carrier System •••••••••••• T148 2.37Mbltals 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE PKG.NO. 

CD22301E -40 to 85 18 Ld PDIP E18.3 

Functional Diagram 

CD22301 
Monolithic PCM Repeater 

Description 
The CD22301 monolithic PCM repeater circuit Is designed 
for T1 carrier systems operating with a bipolar pulse train of 
1.544Mblts/s. It can also be used in the T148 carrier system 
operating with a ternary pulse train of 2.37Mblts/s. The cir
cuit operates from a 5.1 V ±5% externally regulated supply. 

The CD22301 provides active circuitry to perform all func
tions of signal equalization and amplification. automatic line 
buildout (ALBO). threshold detection. clock extraction. pulse 
timing and buffered output formation. 

Pinout 

ALBOGROUND 1 

ALBO 1 OUTPUT 2 

ALBO 2 OUTPUT 3 

ALBO 3 OUTPUT 4 

PREAMP INPUT + 5 

PREAMP INPUT- 6 

PREAMP OUTPUT + 7 

PREAMP OUTPUT- 8 

CD22301 (PDlP) 
TOP VIEW 

8 SUBSTRATE 

7 ALBOBtAS 

6 OSCBtAS 

1 LC TANK INPUT 

4 Vee 

13 CLOCK UMITER OUTPUT 

12 nMING PULSE INPUT 

11 OUTPUT PULSE 1 

10 OUTPUTPULSE2 

ALBO OUTPUT CIRCUIT 

ALBOGND ALBOBtAS 

1K Vee 

15K 

~ ...... --...,t-< FROM ALBO 
PEAK DETECTOR 

100f.l 

CAUTION: These devices alll senslUve to eJecJrostalJc discharge. Users should follow proper IC Handling Procedures. File Number 1368.3 
CopyrIght@Harris Corporation 1997 
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Absolute Maximum Ratings 
Supply Voltage ......•.•.•....•••.....•...•..•...••.• 10V 
Input Current(lnto Pin 9 or 10) .•••••.....•...•.••..••.• 25mA 
Peak Current (Into Pin 9 or 10) .•••••.....•...•....••.• 100mA 
Input Surge Voltage (Between Pins 5 and 6, t = 10ms) .•.•.•• 50V 
Output Surge Voltage (Between Pins 10 and 11, t = 1 ms) .•... 50V 
Power Dissipation 

For TA = _40°C to 60°C ...•.....•••.......•••••••• 500mW 
For TA = 60°C to 85°C ...• Derate Linearly 12mWi"C to 200mW 

Device Dissipation per Output Transistor 
For TA = Fun Package Temperature Range (All Types) ..•.• 100mW 

Thermal Information 
Maximum Junction Temperature .••....•.•............. 175°C 
Maximum Junction Temperature (Plastic Peckage) •••..... 150°C 
Maximum Storage Temperature Range .•.••• ·650C S TA S 150°C 
Maximum Lead Temperature (Soldering 10s) •••••.•....•. 300°C 

Operating Conditions 
Temperature Range •.•........•.....••..• ·400C S TA S 85°C 

CAUTION: Stf8Bl;8S above those listed In "Absolute Maximum Ratings" may cause permanent damage to the davtce. This Is a stress only mUng and opemtion 
of the device at these or any other conditions aooll8 those Indicated In the opemtlonal sections of this specification Is not Implied. 

Electrical Specifications TA = 25°C, Vcc = 5.1V ±5% (See Figure 4) 

PARAMETER MIN TYP MAX UNITS 

STATIC DC VOLTAGES 

ALBO Pins (Pins 2, 3, 4 and 17) · 0 0.1 V 

Pre Amp Inputs and Outputs (Pins 5, 6, 7 and 8) 2.4 2.9 3.4 V 

Output Pulse 1, 2 (Pin\! 10 and 11) · 5.1 · V 

Oscillator/Clock (Pins 12, 13, 15 and 16) 3.1 3.6 4.1 V 

STATIC DC CURRENTS 

Icc · 22 30 mA 

Output Pulse 1, 2 (Pins 10 and 11) · 0 100 jJ.A 

Electrical Specifications TA = 25°C, Vee = 5.1V ±5% 

PARAMETER SYMBOL FIGURE NOTE MIN TYP MAX UNITS 

DYNAMIC SPECIFICATIONS 

Preamplifier Input Impedance ZIN 7 20 · · kn 

Preamplifier Output Impedance loUT 7 · · 2 kn 

Preamplifier Gain at 2.37MHz Ao 7 47 50 · dB 

Preamplifier Output Offset Voltage AVOUT 7 1 ·50 0 50 mV 

Clock Umiter Input Impedance ZIN(CL) 5 2 10 · · kn 

ALBO Off Impedance ZALBO(ofl) 5 3 20 · · kn 

ALBO On Impedance ZALBO(on) 5 4 · · 10 n 

DATA Threshold Voltage VTH(D) 6 5,8 0.62 0.7 0.78 V 

CLOCK Threshold Voltage VTH(CL) 6 6,8 0.92 1.1 1.28 V 

ALBO Threshold VTH(AL) 6 7,8 1.4 1.5 1.6 V 

VTH(D) as % of VTH(AL) 44 47 49 % 

VTH(CL) as % of VTH(AL) 66 73 80 % 

Buffer Gate Voltage (low) VOl 4 9 0.65 0.8 0.95 V 

Differen6a1 Buffer Gate Voltage fNOL 4 9 -0.15 0 0.15 V 

Output Pulse Rise Time IR 4,8 9,10 · · 40 ns 
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Electrical Specifications TA = 25°C, Vee = 5.1V ±5% (Continued) 

PARAMETER SYMBOL FIGURE NOTE MIN TYP MAX UNITS 

Output Pulse Fall Time tF 4,B 9,10 . . 40 ns 

Output Pulse Width tw 4,B 9,10 290 324 340 ns 

Pulse Width Differential 41w 4,B 9,10 ·10 0 10 ns 

Clock Drive Current leL 2 . mA 

NOTES: 

1. No signal Input. Measure voltage between pins 7 and B. 

2. Measure clock limiter input Impedance at pin 15. See Figure 5. 

3. Adjust potentiometer for OV (See Figure 5). Measure ALBO off Impedances from pins 2, 3 and 4 to pin 1. 

4. Increase potentiometer until voltage at pin 17 = 2V (See Figure 5). Measure ALBO on Impedances from pins 2, 3 and 4 to pin 1. 

5. Adjust potentiometer for 4 V = OV (See Figure 6). Then slowly increase 4 V in the positive direction until pulses are observed at the DATA 
terminal. 

6. Continue Increasing 4V until the DC level at the clock terminal drops to 4V (See Figure 6). 

7. Continue increasing 4V until the ALBO terminal rises to 1V (See Figure 6). 

B. Tum potentiometer in the opPosite direction and measure negative threshold voltages by repeating tests outlined in notes 5, 6 and 7. 

9. Set elN = 2.75mVRMS at f .. 1.lB5MHz. Adjust frequency until maximum amplitude is obtained at pin 15. Observe output pulses at pins 
10 and 11. 

10. Adjust input signal amplitude until pulses just appear in outputs. Increase input amplitude by 3dB. 

FIGURE 1, TYPICAL 1.544MHz T1 REPEATER SYSTEM 
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.... --_ 10 AMPUFIER 

FROM CLOCK 
THRESHOLD DETEC'IOR 

FIGURE 2. CLOCK INTERFACE CIRCUIT 

O.1I'F 
.... o-iIH--~~ .... -I 

8.2kO 

= 

CD22301 

FROM 
LIMITER 

Vee 

VEE _ VEE _ 

10nMING 
PULSE 
AMPLIFIER 

FIGURE 3. PHASE-8HIFT INTERFACE CIRCUITS 

111110 

NOTE: 
~AND~ 
RESONATE AT 1.272MHz 

l---!::::!::=1R;- Vee. 5.1V 

PULSE OUTPUT 

FIGURE 4. DC AND OUTPUT PULSE TEST CIRCUIT 

,t------t-o Vee. 6.1V 

FIGURE 5. TEST CIRCUIT FOR IMPEDANCE MEASUREMENT 
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t---1~--~- CLOCK 
2kQ 

I.!!J-~~~--+- Vee = 5.1V 
.3V + 8.2kQ 

-f'1I 
8.2kQ 1-.... -fE-......IM+- 2.75VAMS at 

1.185MHz 

8.2kQ 

AV DATA 

FIGURE 6. TEST CIRCUIT FOR THRESHOLD VOLTAGE MEASUREMENT 

t---t---o VCC.5.1V 

FIGURE 7. PREAMPUFIER GAIN AND IMPEDANCE MEASUREMENT CIRCUIT 

FIGURE 8. OUTPUT PULSE WAVEFORM 
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Features 
• Single 5V Supply ••••••••••••••••••••• 10mA (Typ) 

• Mode Selectable Coding Including: 
- AMI (T1, T1C) 

- B8ZS (T1) 
- HDB3 (PCM30) 

• North American and European Compatibility 

• Simultaneous Encoding and Decoding 

• Asynchronous Operation 

• Loop Back Control 

• Transmission Error Detection 

• Alarm Indication Signal 

• Replaces MJ1440, MJ1471 and TCM2201 Transcoders 

Applications 
• North American and European PCM Transmission 

Lines where Pseudo Ternary Une Code Substitution 
Schemes are Desired 

• Any Equipment that Interfaces T1, nc, T2 or PCM30 
Unes Including Multiplexers, Channel Service Unlta, 
(CSUs) Echo Cancellors, Digital Cross-Connects 
(DSXs), T1 Compressors, !tIC. 

• Related Literature 
- AN573, The HC-5560 Digital Une Transcoder 

Pinout 

FORCEAIS 1 

MODE SELECT 1 2 

NRZDATAIN 3 

CLKENC 4 

MODE SELECT 2 6 

NRZDATAOUT 

CLKDEC 7 

'IIEIE'I'AII 8 

HC-5560 
(PDIP) 

TOP VIEW 

1 outPUT ENABlE 
RElET 
0UT1 

1 BIN 

LOOP TEST ENABLE 

~ 
1 CLOCK 

1 ERROR 

HC-5560 
PCM Transcoder 

Description 
The HC-5560 digital line transcoder provides encoding and 
decoding of pseudo ternary line code substitution schemes. 
Unlike other industry standard transcoders, the HC·5560 
provides four worldwide compatible mode selectable code 
substitution schemes, including HDB3 (High Density Bipolar 
3), B6ZS, B8ZS (Bipolar with 6 or 8 Zero Substitution) and 
AMI (Alternate Mark Inversion). 

The HC·5560 is fabricated in CMOS and operates from a 
single 5V supply. All inputs and outputs are TTL compatible. 

Application Note #573, "The HC-5560 Digital Line 
Transcoder; by D.J. Donovan is available. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE 

HC3-5560-5 Ot070 20 LdPDIP 

Functional Diagram 
MODElo-------~--------_, 

SELECT 2 _~~---+--------.., 

PKG.NO. 

E20.3 

OVDD 

oVss 

NRZDATAIN 

CLKENC~~~~~~ H-t---CLO,CK 

t-~~--____ ~----~OUTI 
t--r--+i----;-+-----OOUT2 

LOOP TEST 
ENABLE 

-'IN 
BIN _------..I 

FORCEAIS_ 
REIET_ 

NRZDATA 
OUT 

CLK DEC 0--------+--+-+1 ERROR 

'IIEIE'I'AII_--...... ,t------_HAIS 

CAlJTION: These devices are sensMIve to electrostallc discharge. Users should follow proper IC HandUng Procedures. File Number 2887.2 
Copyright IC Harris Corporation 1997 
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Absolute Maximum Ratings Thermal Information 
Voltage at Any Pin ........•.........•. GND -0.3V to Voo 0.3V 
Maximum Voo Voltage ••.••.....•..•••.•......••.•.... 7.0V 

Thermal Resistance (Typical, Note 1) 9JA (OCIW) 

PDIP Package. . . • . . • . • . • . . . . • . . • • • . . . . . . • . 67 
Operating Conditions 
Operating Temperature Range .................... 00C to 700C 

Maximum Junction Temperature ..•...........•..••.... 1750C 
Maximum Junction Temperature (Plastic Package) ....•... 1500C 
Storage Temperature Range ...........•......• -650C to 1500C 
Maximum lead Temperature (Soldering 10s) ..•........... 3000 Operating Voo ................................... 5V ±S% 

Die Characteristics 
Transistor Count •.........••.........••.•........... 4322 
Die Dimensions .......................... 119 mils x 133 mils 
Substrate Potential ...•..•............................. + V 
Process ..•............••.•..........••...... SAJI CMOS 

. CAUTION: Stresses abolltl those listed in "Absolute Maximum Ratings" may cause permenenl damege /0 the davlce. This is a stress only "'ling and opB",/ion 
of the device at these or any other condIIions abolltl those Indicated In the ope18tional sections of this specification Is not Implied. 

NOTES: 

1. 9JA is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications Unless Otherwise Specified, Typical parameters at 250C, Min-Max parameters are over operating 
temperature range. VDD = 5V 

PARAMETER SYMBOL MIN TYP MAX UNITS 

STATIC SPECIFICATIONS 

Quiescent Device Current 100 100 J1A 
Operating Device Current 10 mA 

OUT1, OUT2 low (Sink) Curren! lou 3.2 mA 
(VOL=0.4V) 

All Other Outputs low (Sink) Current IOL2 2 mA 
(VOl=O.SV) 

All Outputs High (Source) Current IOH 2 mA 
(VOH =4V) 

Input low Current III 10 J1A 
Input High Current IIH 10 J1A 
Input low Voltage VIL O.S V 

Input High Voltage VIH 2.4 V 

Input Capacitance ~N S pF 

Electrical Specifications Unless Otherwise Specified, Typical perameters at 250C, Min-Max parametars are over operating 
temperature range. Voo = 5V 

PARAMETER SYMBOL FIGURE MIN TYP MAX UNITS 

DYNAMIC SPECIFICATIONS 

ClK ENC, ClK DEC Input Frequency fCl S.5 MHz 

ClK ENC,ClK DEC Rise Time (1.544MHz) tRCl 1,2 10 60 ns 

Fall Time tFCl 1,2 10 60 ns 

Rise Time (2.04SMHz) tRCL 1,2 10 40 ns 

Fall Time tFCL 1,2 10 40 ns 

Rise Time (6.3212MHz) tRCL 1,2 10 30 ns 

Fall Time tFCL 1,2 10 30 ns 

Rise Time (S.44SMHz) ~CL 1,2 5 10 ns 

Fall Time tFCL 1,2 5 10 ns 
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Electrical Specifications Unless Otherwise Specified, Typical parameters at 25°C, Min-Max parameters are over operating 
temperature range. Voo = 5V (Continued) 

PARAMETER SYMBOL FIGURE MIN TYP MAX UNITS 

NRZ-Data In to ClK ENC Data Setup TIme ts 1 20 - - ns 

Data Hold Time Iti 1 20 - - ns 

AIN, BIN to ClK DEC Data Setup TIme ts 2 15 - - ns 

Data Hold TIme tH 2 5 - - ns 

ClK ENC to OUT1, OUT2 too 1 - 23 80 ns 

oun, OUT2 Pulse Width (ClK ENC Duty Cycle = 50%) 

fCL = 1.544MHz Iw 1 - 324 - ns 

fCL = 2.048MHz Iw 1 - 224 - ns 

fCL = 6.3212MHz tw 1 - 79 - ns 

fCL = 8.44BMHz tw 1 - 58 - ns 

ClK DEC to NRZ-Data Out too 2 - 25 54 ns 

Setup Time ClK DEC to ~ tS2 3 35 - - ns 

Hold TIme of Reset AIS = '0' 1ti2 3 20 - - ns 

Setup Time Reset AIS = '1' to ClK DEC tS2 3 0 - - ns 

~ to AIS output tpDS 3 - - 42 ns 

ClK DEC to Error output tP04 3 - - 62 ns 

Pin Descriptions 

PIN NUMBER FUNCTION DESCRIPTION 

1 ForceAIS Pin 19 must be at logic '0' to enable this pin. A logic '1' on this pin forces OUTl and OUT2 to all 
'1 'so A logic '0' on this pin allows normal operation. 

2,5 Mode Select 1, Mal. MS2 Functions As 
Mode Select 2 0 0 AMI 

0 1 BSZS 
1 0 BSZS 
1 1 HDB3 

3 NRZ Data In Input data to be encoded into temary fonn. The data is clocked by the negative going edge of ClK 
ENC. 

4 ClKENC Clock encoder, clock for encoding data at NRZ Data In. 

6 NRZDataOut Decoded data from temary inputs AtN and BIN' 

7 ClKDEC Clock decoder, clock for decoding temary data on inputs AIN and BIN' 

8,9 Reset Als, AIS Logic '0' on Reset AIS resets a decoded zero counter and either resets AIS output to zero provided 
3 or more zeros have been decoded in the precadlng Reset AIS period or sets AIS to '1' If less than 
3 zeros have been decoded in the preceding two ~ periods. A period of ~ is de-
fined from the bit following the bit during which ~ makes a high to low transition to the bit 
during which Reset Als makes the next high to low tranSition. 

10 Vss Ground reference. 

11 Error A logic '1' indicates that a violation of the line coding scheme has been decoded. 

12 Clock "OR" function of AtN and BIN for clock regeneration when pin 14 is at logic '0', "OR" function of 
OUTl and OUT2 when pin 14 Is at logic '1 '. 
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Pin Descriptions (Continued) 

PIN NUMBER FUNCTION DESCRIPTION 

13,15 AIN,BIN Inputs representing the received PCM signal. AIN = '1' represents a positive going '1' and BIN. '1' 
represents a negative going '1'. -'IN and BIN are sampled by the positive going edge of ClK DEC. 
-'IN and BIN may be Interchanged. 

14 lTE loop Test Enable, this pin selects between normal and loop back operetion. A logic '0' selects nor-
mal operetlon where encode and decode are Independent and asynchronous. A logic '1' selects a 
loop back condition where OUT1 Is Intemally connected to AIN and OUT2 Is Intemally connected 
to BIN' A decode clock must be supplied. 

16,11 OUT1,OUT2 Outputs representing the temary encoded NRZ Date In signal for line trensmlsslon. OUT1 and 
OUT2 are In retum to zero form and are clocked out on the positive going edge of ClK ENC. The 
length of OUT1 and OUT2 Is set by the length of the positive clock pulse. 

18 Reset A logic '0' on this pin resets aIIlntemai registers to zero. A logic '1' allows normal operetlon of all 
Intemal registers. 

19 Dutput EiiiiIi1e A logic '1' on this pin forces outputs OUT1 and OUT2 to zero. A logic '0' allows normal operetion. 

20 Veo Power to chip. 

FuncUonalDeacrl,PUon 
The HC-5560 TRANSCODER can be divided into six sec:
tions: transmission (coding), reception (decoding), error 
detection, all ones detection, testing functions, and output 
controls. 

The transmitter codes a non-retum to zero (NRZ) binary uni
polar Input Signal (NRZ Data In) Into two binary unipolar 
return to zero (RZ) output signals (OUT1, OUT2). These out
put signals represent the NRZ data stream modified accord
ing to the selected encoding scheme (i.e., AMI, B8ZS, B6ZS, 
HDB3) and are externally mixed together (usually via a tran
sistor or transformer network) to create a ternary bipolar sig
nal for driving transmission lines. 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally spilt into two 
binary unipolar return to zero signals (~N and BIN)' These 
signals are decoded, according to the rules of the selected 
line code into one binary unipolar NRZ output signal (NRz 
Data Out). 

The encoder and decoder sections of the chip perform inde
pendently (excluding loopback condition) and may operate 
simultaneously. 

The Error output signal is active high for one cycle of ClK 
DEC upon the detection of any bipolar violation in the 
received ~N and BIN signals that Is not part of the selected 
line coding scheme. The bipolar violation is not removed, 
however, and shows up as a pulse in the NRZ Data Out sig
nal. In addition, the Error output signal monitors the received 
AIN and BIN signals for a string of zeros that violates the 
maximum consecutive :Zeros allowed for the selected line 

coding scheme (i.e., 15 for AMI, 8 for B8ZS, 6 for B6ZS, and 
4 for HDB3). In the event that an excessive amount of zeros 
is detected, the Error output signal will be active high for one 
cycle of ClK DEC during the zero that exceeds the maxi
mum number. In the case that a high level should simulta
neously appear on both received input signals AIN and BIN a 
logical one Is assumed and appears on the NRZ Data Out 
stream with the Error output active. 

An Input signal received at inputs AIN and BIN that consists 
of all ones (or marks) is detected and signaled by a high 
level at the Alarm Indication Signal (AIS) output. This is also 
known as Blue Code. The AIS output is set to a high level 
when less than three zeros are received during one period of 
Reset AIS immediately followed by another period of Reset 
AiS containing less than three zeros. The AIS output is reset 
to a low level upon the first period of Reset AIS containing 3 
or more zeros. 

A logic high level on lTE enables a loopback condition 
where OUT1 is Internally connected to AIN and OUT2 Is 
internally connected to BIN (this disables inputs AIN and BIN 
to external signals). In this condition, NRZ Data In appears 
at NRZ Data Out (delayed by the amount of clock cycles it 
takes to encode and decode the selected line code). A 
decode clock must be supplied for this operation. 

The output controls are OUtPut Enable and Force AIS. These 
pins allow normal operation, force OUT1 and OUT2 to zero, 
or force OUT1 and OUT2 to output all ones (AIS condition). 

4-239 



HC-5560 

Line Code Descriptions 
AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544MHz) and nc (3.152MHz) carriers. 
Zeros are coded as the absence of a pulse and ones are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voHage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. To 
simplify timing recovery, logic 1 's are encoded with 50"k duty 
cycle pulses. 

e.g., 
PCMCODE 0 0 0 1 0 1 1 1 0 1 0 0 00 0 1 

AMI CODE 

To facifitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1s is required. Using AMI, there is a possibility of long strings 
of zeros and the required density may not always exist, lead
ing to timing Jitter and therefore higher error rates. 

A method for insuring minimum logic 1 density by substituting 
bipolar code in place of strings of Os is called BNZS or Bipolar 
with N Zero Substitution. B6ZS is used commonly in North 
American T2 (6.3212MHz) carriers. For every string of 6 
zeros, bipolar code is substituted according to the following 
rule: 

If the immediate preceding pulse is of (-) polarity, then 
code each group of 6 zeros· as 0+- 0+-, and if the 
Immediate preceding pulse is of (+) polarity, code each 
group of 6 zeros as 0+- D-+. 

One can see the consecutive logic 1 pulses of the same 
polarity violate the AMI coding scheme. 

e.g., 
8 

PCMCODE 000101110000001 

0-+0+-

B8ZS(-) 

v 

0+-0-+ 

B8ZS(+) 

v 
v = VIOLATION 

B8ZS Is used commonly in North American T1 (1.544MHz) 
and T1 C (3.152MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following rules: 

1. If the Immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+ 0+-. 

2. If the Immediate preceding pulse is of (+) polarity then 
code each group of 8 zeros as OOO+-D-+. 

e.g., 
8 .. 

PCMCODE 10100000000110 

000-+0+-

B8ZS(-) 

000+-0-+ 

B8ZS(+) 

V • VIOLATION 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error monitor
Ing capability. 

Another coding scheme Is HDB3, high density bipolar 3, used 
primarily In Europe for 2.048MHz and 8.44BMHz carriers. This 
code is similar to BNZS in that it substitutes bipolar code for 4 
consecutive zeros according to the following rule: 

1. If the polarity of the Immediate preceding pulse is (-) 
and there have been an odd (even) number of logiC 1 
pulses since the last substitution, each group of 4 con
secutive zeros Is coded as 000-(+00+). 

2. If the polarity of the immediate preceding pulse Is (+) 
then the substitution is 000+(-00-) for odd (even) num
ber of logic 1 pulses since the last substitution. 

e.g., 
4 4 .. .. 

PCMCODE 0000101110000001 

o 0 0 - + 0 0 + 

HDB3(-) 

HDB3(+) 

V • VIOLATION 

The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are pro
duced only in the fourth bit location of the substitution code 
and that successive substitutions produce alternate polarity 
violations. 
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Application Diagram 

FROM CODEC OR 
TRANSCODER 

ENCODER CLOCK 

HC-5560 

5V 

VDD -----I NRZ DATA IN OUT1 
ENCODER _-_--I CLKENC O~ 

_-_--I FORCE AIS -----I LTE CONTROL 

MS1 

MS2 

CLOCK 

RDE1'AII 

__ ---I REnT 

_---4_-4~ 
AIS 

ERROR 

r1:~::--""1~---I "'" DECODER 

..... -y!&----jH~---I BIN 
NRZDATAOUT 

CLKDEC Vss 

DECODER CLOCK 
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II LINE OUTPUT 

} MODE SELECT t---- LOGIC INPUTS 

CLOCK RECOVERY 

ALARM CLOCK 

ALARM 

ERROR 

} 
ERROR 
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TO CODED OR TRANSCODER 

MS1 MS2 SELECTS 

o 
o 
1 
1 

o 
1 
o 
1 

AMI 
B8ZS 
85ZS 
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Timing Waveforms 
1 1------ tCL ----0 ... 1 

ItwL .. -tFCL 

lIP---_U8Q% 

10% 

Is------""1 •..•.. 
NRZ DATA IN 50% f 

OUT 1, OUT 2 --------------t- ~ -.r-
FIGURE 1. TRANSMmER (CODER) TIMING WAVEFORMS 

1 
..... ---tCL • 

~ 
CLKDEC 

10% 

AnI,BIN __ _ 

CLOCK----

NRZDATAOUT _____ _ \_--
FIGURE 2. RECEIVER (DECODER) TIMING WAVEFORMS 

CLKDEC ---....Ii 

AISOUTPUT 

tPD4 I 

I 

ERROR OUTPUT -~~~~-H%------

FIGURE 3. RESET Als INPUT, AIS OUTPUT, ERROR OUTPUT 
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Timing Waveforms (Continued) 

FIGURE 4. 

Two consecutive periods of Reset AIS, each containing less than three zeros, sets AIS to a logic '1' and remains in a logic '1' 
state until a period of Reset AIS contains three or more zeros. 

CLKOEC 

~ 1J----------~U~----------~Ur----------~Ur----------~Ur----------~L. 

NRZOATAOUT 

AIS 

FIGURE 5. 

Zeros which occur during a high to low transition of Reset AIS are counted with the zeros that occurred before the high to low 
transition. 

NRZOATAIN 

CLKENC 

OUT 1 

AMI 

OUT 2 

OUT 1 

HOB3 

OUT 2 

OUT 1 

B6ZS 

OUT 2 

OUT 1 

BSZS 

OUT 2 

I n n 
I n n 
I 
I 
I n n r.1 r.1 , 
I n n r;1 r;1 r.L-

h n r.LJsl 
n t'"1...J.l ~ 

~ _________ -+ ___ ~"~ ______ ~r1~ ________________________ ~~ 
I 

~1 __________ ~ ____ ~: __ ~r1~ ____________ ~r1~ __________ ~r.1 r-
I I 
..... 31J2CYC~1 I 

I 

'---, 
, I 

& 112 CYCLES -----! 
FIGURE 6. ENCODE TIMING AND DELAY 

Data is clocked on the negative edge of ClK ENC and appears on OUT1 and OUT2. OUT1 and OUT2 are interchangeable. 
Bipolar violations and all other pulses inserted by the line coding scheme to encode strings of zeros are labeled with an "So. 
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Timing Waveforms {Continued} 

CLKDEC 

AMI Art 
B .. 

NRZ DATA OUT 

HDB3 Art 
B .. 

NRZDATAOUT 

BItS Art 
B .. 

NRZDATAOUT 

BIZS Art ... 
NRZ DATA OUT 

, 
I I ~ n~~ __ ·~I~~ ______________________________ ___ 

:...n n : ------~~--~.---------. -----------------------------------
I I 
I I 

h n I 1m: m.-=~----_=~m.-----
I" I f1 ~ m m,. ________ ..... 
...... i : 

~------~------------------------------I 

n .... --.... " I 

~ : 
I 

I I I 

~ I nm m m~s ss. ~-·--~fI=~:----~;;·---+----~· nnc:::&N .. ------.. ~ 
I I 

I I 

:- 4 CYCLES"" I 

'-"- • CYU-: 
:_ ICYCLES _: 

FIGURE 7. DECODE TIMING AND DELAY 

Data that appears on AIN and BIN Is clocked by the positive edge of ClK DEC. decoded, and zeros are Inserted for all valid 
line code substitutions. The data then appears In non-return to zero to zero form at output NRZ Data Out. AIN and BIN are 
Interchangeable. 

CLKDEC 

NRZDATA 
OUT 

ERROR 

______________________________ ~~~ ______ ~r__1 .. ______ __ 

FIGURES. 

The ERROR signal indicates bipolar violations that are not part of a valid substitution. 
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Features 

• Central Office Quality 

• No Front End Band Splitting Flltera Required 

• Single, Low Tolerance, 5V Supply 

• Detects Either 12 or 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystal for Referance 

• Excellent Speech Immunity 

• Output In Either 4-BIt Hexadecimal Code or Binary 
Coded 2-of-8 

• Synchronous or Handshake Interface 

• Three-State Outputs 

• Excellent Latch-Up Immunity 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE PKG.NO. 

CD22202E 01070 18 Ld PDIP E18.3 

CD22203E 01070 18 Ld PDIP E18.3 

5V Low Power DTMF Receiver 

Description 
The C022202 and C022203 complete dual-tone multiple 
frequency (OTMF) receivers detect a selectable group of 12 
or 16 standard digits. No front-end pre-fittering is needed. 
The only externally required components are an inexpensive 
3.579545MHz TV ·colorburst" crystal (for frequency refer
ence) and a bias resistor. Extremely high system density is 
possible through the use of the clock output of a crystal con
nected C0222021C022203 receiver to drive the time bases 
of additional receivers. This is a monolithic integrated circuit 
fabricated with low-power, complementary symmetry CMOS 
processing. It only requires a single low tolerance power 
supply. 

The C022202 and C022203 employ state-of-the-art circuit 
technology to combine the digital and analog functions on 
the same CMOS chip using a standard digital semiconductor 
process. The analog Input is preprocessed by 60Hz reject 
and band splitting filters and then hard limited to provide 
AGC Eight Bandpass filters detect the individual tones The 
digital post processor times the tone durations and provides 
the correcdy coded digital outputs. Outputs interface directly 
to standard CMOS circuitry and are three-state enabled to 
facilitate bus oriented architectures. 

Pinout Functional Diagram 
CD22202, CD22203 

(PDlP) 8 ED-203 
TOP VIEW 

I~ 
~ 

15 

ANALOGIN 9 
CLROY 

~~ 14 
HEXIIB 2 wI!! ~~ 

OY 

IE! !20 2 
HEXIIB 

11)15 
Qu 

VDD 5 ~" D1 
I Z 

ED (203 ONLy), 6 

~i 
18 

NC(202) CHIP D2 

va 7 CLOCKS 17 
Q D4 

ANALOGIN 9 
18 

D8 

3 
EN 

4 
Voo INI833 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1695.3 
Copyright C Harris Corporetlon 1997 
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Absolute Maximum Ratings 
DC Supply VoHage (Voo)(Referenced to Vss Terminal) •••.•••. 7V 
Power Dissipetion 

TA = 25"0 (Derate above TA = 25"0 at 6.2SmWI"C •••..•.• 65mW 
Input Voltege Range 

All Inputs Except Analog In .......•...... (Vee +O.SV) to -O.SV 
Analog In Voltage Range •••••.••••.. (Vee +O.SV) to (VOO -10V) 
DC Current into any Input or Output .••........•..••...... ±20mA 

NOTE: Unused inputs must be connected Ie Voo or V ss as appropriete. 

Thermal Information 
Maximum Junction Temperature .•.•••••••.•••...••...• 17SoC 
Maximum Junction Temperature (Plastic) •...••••..•••••• 1S00C 
Maximum Storage Temperature Range •....••..• -6SoC to 1S00C 
Maximum Lead Temperature (Soldering 10s) •....•....••• 300°C 

Operating Conditions 
Temperature Range •...•....••......••••••..•• OOC to 70°C 

CAUTION: Stresses abo"" lhosellstBd In "Absolute Maximum RIIUngs" mey cause permanent damage to the dallice. This Is a stress only raung and operation 
of the dllllice at these or any other conditions abo"" /hose indicated In /he operational sections of this specification Is not Implied. 

Electrical SpecHlcatlons oOC S TA S +7ooC, vee = SV ±10% 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Frequency Detect BandwIdth ±(1.S + 2Hz) ±2.3 ±3.S %0110 

Amplitude for Detection Each Tone -32 - -2 dBm Referenced to sooo 

Minimum Acceptable Twist 
Twist = High Tone 

-10 - +10 dB 

Low Tone 

60Hz Tolerance - - 0.8 VRMS 

Dial Tone Tolerance "Precise" Dial Tone - - 0 dB Referenced to Lower 
Amplitude Tone 

Talk Off MITEL Tape #CM7291 - 2 - Hits 

Digital Outputs (except XOUTj "0" Level, 400jiA Load 0 - O.S V 

"1" Level, 20011A Load Vee-O•S - Voo V 

Digital Inputs "O"Level 0 - 0.3Vee V 

"1" Level O·7Vee - Voo V 

Supply Current TA=+2SoC - 10 16 mA 

Noise Tolerance MITEL Tape #CM7291 - - -12 dB Referenced to Lowest 
(Note 1) Amplitude Tone 

Input Impedance Vee ~ V1N ~ (Vee -10) 100kOl/1SpF 300kn -
NOTE: 

1. Bandwidth limited (3kHz) Gaussian noise. 
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Functional Block Diagram 

lMQ 

NOTE: Pin 6: Early detect output on C022203 only. 

System Functions 
Analog In , 
The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou
pled, as long as it does not exceed the positive supply volt
age. Proper input coupling is Illustrated below. 

O.01I1F 
AUDIO""; 
INPUT 

(+4dBm 
MAXIMUM) 270kn 

p------------CD22202, C022203 

VDD 

(ON CHIP) 10pF 
r---~~~~----~~~~ I ANALOG 

IN 
1500PF,* 33 

OPTIONAL 
HIGH FREQUENCY 
NOISE FILTER 
(Ic .. 3.9kHz) 

FIGURE 1. ANALOG IN 

>100kn 

vss 

CD22202 
CD22203 

EARLY 
DETECT 
OUTPUT 

The CD22202 and CD22203 are designed to accept sinuso
idal input waveforms, but will operate satisfactorily with any 
input that has the correct fundamental frequency with har
monics that are at least 20dB below the fundamental. 

Crystal Oscillator 

The CD22202 and CD22203 contain an on-board inverter 
with sufficient gain to provide oscillation when connacted to 
a low cost television ·color-burst" (3.579545MHz) crystal. 
The crystal oscillator is enabled by tying XEN high. The crys
tal is connacted between XIN and XOUT. A 1 MO resistor is 
also connacted between these pins in this mode. ATB is a 
clock frequency output. Other CD22202 and CD22203 
devices may use the same frequency reference by tying their 
ATB pins to the ATB output of a crystal connacted device. 
XIN and XEN of the auxiliary devices must then be tied high 
and low, respectively. Up to ten devices may be run from a 
single crystal connected CD22202 and CD22203 as shown 
in Figure 2. 
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3.579545MHz 
OV remains high until a valid pause occurs or CLRDV is 

r--iDI--
raised high, whichever is sooner. This handshake can save 
microprocessor time. 

1M 

XIN XOUT VDD DTMF Dialing Matrix 

12 11 aU COLO COL 1 COL 2 COL 3 

~ CD22202122203 
1209Hz 1336Hz 1477Hz 1633Hz 

13 
ROW 0 I!I m [!) I!I 697Hz 

XIN CONNECTED TO VDD ROW 1 [!] [!I I!J 12 770Hz [!] 

~ 13 CD22202122203 af1 ROW 2 rn 1!1 1!1 [£) 852Hz 

ROW 3 rJ @] 1!1 ~ UP TO 10 DEVICES 941Hz 

FIGURE 2. CRYSTAL OSCILLATOR NOTE: Column 3 is for special applications and III not normally used 

HEXlB28 
in telephone dialing. 

This pin selects the format of the digital output code. When IN1633 

HEXlB28 is tied high, the output is hexadecimal. When tied When tied high, this pin inhibits detection of tone pairs con-
low, the output is binary coded 2-of-8. The following table taining the 1633Hz component. For detection of all 16 stan-
describes the two output codes. dard digits, IN1633 JTlust be tied low. 

TABLE 1. OUTPUT CODES 
NlCPln 

HEXADECIMAL BINARY CODED 2-oF-8 This pin has no internal connection and should be left floating. 
DIGIT D8 D4 D2 D1 D8 D4 D2 D1 

1 0 0 0 1 0 0 0 0 
Dlgltallnputa and Outputs 

2 0 0 1 0 0 0 0 1 All digital inputs and outputs of the OTMF receivers are rep-

3 0 0 f 1 0 0 1 0 resented by the schematic below. Only the "analog in" pin is 

4 0 1 0 0 0 1 0 0 
different, and Is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 

5 0 1 0 1 0 1 0 1 listed in the "maximum ratings" section. 
6 0 1 1 0 0 1 1 0 

VDD 
7 0 1 1 1 1 0 0 0 

8 1 0 0 0 1 0 0 1 

9 1 0 0 1 1 0 1 0 , ;~ 
0 1 0 1 0 1 1 0 1 CMOS . DIGrrAL DIGrrAL DlGrrAL 

1 0 1 1 1 1 0 0 INPUT CIRCUITRY OUTPUT 

# 1 1 0 0 1 1 1 0 
~~ ~~ 

A 1 '1 0 1 0 0 1 1 

B 1 1 1 0 0 1 1 1 

C 1 1 1 1 1 0 1 1 Vss 

0 0 0 0 0 1 1 1 1 FIGURE 3. DIGITAL INPUTS AND OUTPUTS 

ED 

This pin, on the C022203 only, indicates the presence of Ire-
Input Filter 

quencies which are likely to be OTMF digits, but have not yet The C022202 and C022203 will tolerate total.lnput noise of 
been verified by a DV signal. It is comparable to a "button- a maximum of 12dB below the lowest amplitude tone. For 
down" output, and It is useful as an EARLY DETECT signal to most telephone applications, the combination of the high 
interrupt a microprocessor for digit storage and validation. frequency attenuation of the telephone line and Internal 

DV and CLRDV 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 

OV signals a detection by going high after a valid tone pair Is internal sampling frequency will be aliased (folded back) 

sensed and decoded at the output pins 01,02,04, and 08. into the audio spectrum, so if excessive noise is present 
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above 28kHz, the simple RC filter shown below may be PARAMETER SYMBOL MIN TYP MAX UNITS 
used to band limit the Incoming signal. The cut off 
frequency is 3.9kHz. Tone Time 

For Detection teN 40 - ms 

ANALOG 
For Rejection teN - - 20 ms 

2701en 
NOISY IN CD22202 Pause Time SIGNAL 

~"*± 
CD22203 

331en 
For Detection teFF 40 - - ms 

For Rejection teFF - - 20 ms 
......... 

Detect Time te 25 - 46 ms 

FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY Release Time tR 35 50 ms 
INPUT NOISE ENVIRONMENT 

Date Setup Time Isu 7 - - I'S 

Noise will also be reduced by placing a grounded trace Date Hold Time Iti 4.2 - 5 ms 
around XIN and XOUT pins on the circuit board layout when 

DV Clear Time IeL 160 250 using a crystal. It is important to note that XOUT Is not - ns 

intended to drive an additional device. XIN may be driven ClRDV Pulse Width Ipw 200 - - ns 
externally; In this case, leave XOUT floating. 

ED Detect Time teo 7 - 22 ms 
Timing Waveforms 

ED Release Time teR 2 - 18 ms 

lONE BURSr 1 l_toN-j--IoFF-j Output Enable Time - - 200 300 ns 
CL = 50pF, RL = 1kn 

ANALOG ~ PAUSE r;~!!~"!!.2l......- Output Disable Time - · 150 200 ns 
INPUT - fA 

~ = 35pF, RL = 500n -- 10 1- Output Rise Time . · 200 300 ns 
D1,D2 I I CL= 50pF 
D4,D8 

tau ~~L Output Fall Time . · 160 250 ns 
-11-- ... -Itt - CL= 50pF 

DV 
I I r n 

- l-tPW 
Guard Time 

Whenever the DTMF receiver is continually monitoring a 

CLRDV r-L- voice channel containing distorted or musical voices or 
tones, additional guard time may be added in order to 
prevent false decoding. This may be done In software by 

teD- 1--l-tER verifying that both ED and DV are present slmuHaneously for 
about 55ms. An appropriate guard time should be selected 

ED --.J I I L- to balance the fastest expected dialing speed against the 

(NOTE) rejection of distorted or musical voices or tones (most 
autodialers operate in the 65ms to 75ms range aHhough a 

NOTE: Early Detect output is available only on the CD22203. few generate 50ms tones). A hardware guard time circuit is 

FIGURE 5. 
shown in Figure 6. Rs and R4 should keep the voice 
amplitude as low as practical, while R2 and Rs adjust 
detection speed. 
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+IIV 

Ra I .¥± -240K ~r;--v-;D2 (55ma) 

HEXIID 

EN 

1N1833 

VDD 
IN4148 .. ED 

r' 

Cz VIS 
0.15j1F XEN 

" 
ANALOG~ 

R. 
1.8M 

-=1-. 
Re R. 
100K 33K 

ENABLE 
INPUT l1a CD74HC04 

~gvUT 
(BUFFERS OPTIONAL) 

2 17 
D4 

3 18 
D8 

4 1S ICLADV 

5 14 
DV 

ATB 
8 13 I-- -
7 12 

XIN 

XOUT • 11 

II 10 I VIS 

R3 
... 3IIOK 

1 
I T~: 

.. 
.~ 

4700pF 

Rl 
1M 

De D4 D2 D1 
HEX DATA OUT 

AUDIO 
IN 

FIGURE 6. CD22203 DTMF RECEIVER WITH GUARD TIME CIRCUIT TO PROVIDE EXCEPTIONAL TALK-DFF PERFORMANCE 

Operating and Handling Considerations 

Handling 

All inputs and outputs of CMOS devices have a network for 
electrostatic protection during handling. Recommended han
dUng practices for CMOS devices are described in 
ICAN-6525 "Guide to Better Handling and Operation of 
CMOS Integrated Circuits". 

Operating 

Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turnoff transients, power supply ripple, or ground 
noise; any of these conditions must not cause Voo - Vss to 
exceed the absolute maximum rating. 

Input SlgnalB 

To prevent damage to the input protection circuit, input sig
nals should never be greater than Voo nor less than Vss. 
Input currents must not exceed 20mA even when the power 
supply Is off. 

Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Voo or 
Vss, whichever Is appropriate. 

Output Short Circuits 

Shorting of outputs to Voo or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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Features 
• No Front End Band Splitting Filters Required 

• Single Low Tolerance 5V Supply 

• Three-State Outputs for Microprocessor Based 
Systems 

• Detects all 16 Standard DTMF Diglta 

• Uses Inexpensive 3.579545MHz Crystal 

• Excellent Speech Immunity 

• Output in 4-Bit Hexadecimal Code 

• Excellent Latch-Up Immunity 

Ordering Information 
PART TEMR 

Description 

CD22204 
5V Low Power Subscriber 

DTMF Receiver 

The CD22204 complete dual tone muttiple frequency (DTMF) 
receiver detects a selectable group of 12 or 16 standard digits. No 
front-end pre-filtering is needed. The only externally required com
ponents are an inexpensive 3.579545MHz TV "colorburst" crystal 
(for frequency reference) and a bias resistor. Extremely high sys
tem density is possible through the use of the Mernate Time Base 
(ATB) output of a crystal connected CD22204 receiver to drive the 
time bases of up to 10 additional receivers. This is a monolithic 
integrated circuit fabricated with low power, complementary sym
metry CMOS processing. It only requires a single power supply. 

NUMBER RANGE ("C) PACKAGE PKG.NO. 

The CD22204 employs state-of-the-art "switched-capacitor" filter 
technology, resulting in approximately 40 polas of littering and dig
ital circuitry on the same CMOS Chip. The analog input is prepro
cessed by 60Hz reject and bandsplitting fitters and then zero-cross 
detected to provide AGC. Eight bandpass lilters detect the individ
ual tones. Digital processing is used to measure the tone and 
pause durations and provides the correctly coded and timed digital 
outputs. The outputs interface directly to standard CMOS circuitry 
and are three-state enabled to facilitate bus oriented architectures. 

CD22204E 

CD22204M 

Pinouts 

Oto70 14 Ld PDIP 

Oto70 24 Ld Plastic SOIC 

CD22204 (PDIP) 
TOP VIEW 

ANALOG 7 
IN 

CD22204 (SOIC) 
TOP VIEW 

NC 

D\I 

NC 

1 AlB 

NC 

DI 

-,i..-___ ...r- v .. 

E14.3 

M24.3 

Functional Diagram 

~5 
7 111\1. 

ANALOG IN u!:i ill. 
iii !! 
lEi 

CHIP 

CLOCKS 

NOTE: Pin numbers are for PDIP. 

CAUTION: These devices are sensllJve 10 electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright @ Harris CorpoRltlon 1997 

4-251 

5 
Ne 

DV 

D1 

~~ 
!28 D2 
ilia: 
c -
~g D4 
III~ 
a: III 13 

~i D8 

c 3 
EN 

File Number 1696.3 



CD22204 

Absolute Maximum Ratings (Note 1) Thermal Information 
DC Supply Voltage (Voo) (Referenced to Vss Terminal) .•...•. 7V 
Power Dissipation 

TA = 25"C (Derate above TA = 25°C at 6.2SmW,oc ........ 65mW 

Maximum Junction Temperature •.•....•....••...••.•.. 175°C 
Maximum Junction Temperature (Plastic) ••••••.••••••••• 150°C 
Maximum Storage Temperature Range .••.•.••.• -6S"C to 150°C 

Input Voltage Range Maximum Lead Temperature (Soldering 1 Os) ............. 300°C 

Operating Conditions 
All Inputs Except Analog In .•••.....•..... (Voo O.SV) to -O.SV 

Analog in Voltage Range •..•.•....... (Voo O.SV) to (Voo -10V) 
DC Current into any Input or Output ...........•.....•..•. ±20rnA Temperature Range ........................... OOC to 70°C 

CAUTION: Stresses above those listed In "Absolute Maximum Rallngs" may cause permanent damags to the device. This Is a stress only rating and operation 
of the daviee al these or any other conditions above IhoSIIlndlcaled In Iha operatlonel secl/ons of this spec/ffcal/on Is not Implied. 

Electrical Specifications oOC S TA S 70°C, Voo = SV ±10% 

PARAMETER TEST CONDITIONS MIN 

Frequency Detect Bandwidth ±(1.S + 2Hz) 

Amplitude for Detection Each Tone -32 
(Note 3) 

Minimum Acceptable Twist 
Tw ist = High Tone 

-8 

Law Tone 

60Hz Tolerance -
Dial Tone Tolerance "Precise' Dial Tone -

Talk Off MITEL Tape #CM7291 -
Digital Outputs (except XOUT) "0" Level, 400)IA Load 0 

"1" Level, 200)IA Load Voo..()·S 

Digital Inputs "0" Level 0 

"1' Level O·7VOD 

Supply CUrrant TA=2SoC -
Noise Tolerance MITEL Tape #CM7291 -

(Note 2) 

Input Impedance Voo ~ VIN ~ (Voo -10) 100kCll/1 SpF 

NOTES: 

1. Unused Inputs must be connected to Voo or Vss as appropriate. 

2. Bandwidth limited (3kHz) Gaussian noise. 

3. Lower minimum available, please contact sales office. 
(-32dBm = 19.45mVRMS' -2dBm ';' 0.61SmVRMS) 
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TYP MAX UNITS 

±2.3 ±3.S %0110 

- -2 dBm Referenced to 600a 

- +4 dB 

- 0.8 VRMS 

- 0 dB Referenced to Lower 
Amplitude Tone 

2 - Hits 

- 0.5 V 

Voo V 

- 0.3Voo V 

- Voo V 

10 20 rnA 

- -12 dB Referenced to Lowest 
Amplitude Tone 

300kCl -



CD22204 

Functional Block Diagram 

r-------

1M 

VDD V .. 

NOTE: Pin numbers are for plastic DIP. 

System Functions 
Analog In 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou
pled, as long as it does not exceed the positive supply volt
age. Proper input coupling is illustrated below. 

O.o111f 
AUDlOo--j 
INPUT 

(+4dBmOR 
1.22VRMS 

MAXIMUM) 

iCoi2i04e--------
VDD 

(ON CHIP) 10pF 
+----(: .~-""':''''''---1E-

OPTIONAL 
HIGH FREQUENCY 
NOISE FILTER 
('e • 3.8kHz) 

>1001c{1 

Vu 
._-----------

FIGURE 1. ANALOG IN 

BANDPASS 
fiLTERS 

lIMING 
CIRCUITRY 

DV 

The C022204 is designed to accept sinusoidal input wave
forms, but will operate satisfactorily with any input that has 
the correct fundamental frequency with harmonics that are 
at least 20dB below the fundamental. 

Crystal Oscillator 

The C022204 contains an on-board inverter with sufficient 
gain to provide oscillation when connected to a low cost tele
vision ·color-bursr (3.579545MHz) crystal. The crystal oscil
lator is enabled by tying XEN high. The crystal is connected 
between XIN and XOUT. A 1 Mel resistor is also connected 
between these pins in this mode. ATB is a clock frequency 
output. Other CD22204 devices may use the same fre
quency reference by tying their ATB pins to the ATB output of 
a crystal connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low, respectively. Up to 
ten devices may be run from a single crystal connected 
C022204 as shown in Figure 2. 
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3.57I1545MHz OTMF Dialing Matrix 

r-ID..- COLO COL 1 COL 2 COL 3 
1M 1209Hz 1336Hz 1477Hz 1633Hz 

X1N XOUT VDD 

aU ROW 0 [!] m [!] ~ 10 8 697Hz 
ATB CD22204 ROW 1 r-- 11 l!1 I!I I!I [!I 770Hz 

X1N CONNECTED TO VDD ROW 2 m I!I [!) ~ 852Hz 
10 

ROW 3 r::J @] [!J @] 0022204 XEN 941Hz po- 11 811 NOTE: Column 3 is for special applications and is not normally used 
In telephone dialing. 

UP TO 10 DEVICES 

FIGURE 2. CRYSTAL OSCILLATOR 
Digital Inputs and Outputs 

All digital inputs and outputs of the OTMF receivers are rep-
Outputs 01, 02, 04, 08 and EN resented by the schematic below. Only the "analog in" pin is 

Outputs 01, 02, 04, 08 are CMOS push-pull when enabled 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 

(EN high) and open circuited (high impedance) when dis- listed in the "maximum ratings· section. 
abled by pulling EN low. These digital outputs provide the 
hexadecimal code corresponding to the detected digit. The VDD 
digital outputs become valid after a tone pair has been 
detected and they are then cleared when a valid pause is 
timed. The table below describes the hexadecimal codes. 

* 
~~ 

TABLE 1. OUTPUT CODES CMOS 
DIGrrAL DIGrrAL DIGrrAL 

DIGIT D8 D4 D2 D1 INPUT CIRCUITRY OUTPUT 

1 0 0 0 1 ~~ ~~ 
2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 
Vss 

5 0 1 0 1 FIGURE 3. DIGITAL INPUTS AND OUTPUTS 

6 0 1 1 0 Input Filter 
7 0 1 1 1 The C022204 will tolerate total input noise of a maximum 
8 1 0 0 0 of 12dB below the lowest amplitude tone. For most 
9 1 0 0 1 telephone applications, the combination of the high 

0 1 0 1 0 
frequency attenuation of the telephone line and internal 
band limiting make special Circuitry at the input to these . 1 0 1 1 receivers unnecessary. However, noise near the 56kHz 

# 1 1 0 0 internal sampling frequency will be aliased (folded back) 

A 1 1 0 1 
into the audio spectrum, so if excessive noise is present 
above 28kHz, the simple RC filter shown below may be 

B 1 1 1 0 used to band limit the incoming signal. The cut off 
C 1 1 1 1 frequency is 3.9kHz. 

0 0 0 0 0 

2701en ANALOG 
OV NOISY IN 

CD22204 SIGNAL 

-~± DV signals a detection by going high after a valid tone pair is 331en 
sensed and decoded at the output pins 01,02,04, and 08. 
DV remains high until a valid pause occurs. 

"oF 
NlCPln 

This pin has no internal connection and should be left floating. 
FIGURE 4. FILTER FOR U$E IN EXTREME HIGH FREQUENCY 

INPUT NOISE ENVIRONMENT 
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Noise will also be reduced by placing a grounded trace PARAMETER SYMBOL MIN TYP MAX UNITS 
around XIN and XOUT pins on the circuit board layout when 

Tone Time using a crystal. It Is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven For Detection toN 40 · · ms 

externally; in this case, leave XOUT floating. For Rejection toN · · 20 ms 

Pause Time 
Timing Waveforms For Detection toFF 40 · · ms 

For Rejection toFF · · 20 ms 

TONE BURST 1 1--'oN-j--Iof1' 1 Detect Time to 25 · 46 ms 

ANALOG ~ PAUSE ~.fu;i:UR8T; Release Time tR 35 50 ms 
Data Setup Time tau 7 · · JIB 

INPUT . -------- 1ft - Data Hold Time It! 4.2 · 5 ms - 10 1- Output Enable Time · 200 300 ns 
D1,02 I I Ct. = SOpF, RL .. 1kn 
D4,D8 

leu Output Disable Time · 150 200 ns 

-11- - I-ftt CL .. 35pF, RL. 500Q 

Output Rise Time · 200 300 ns 

DV 
I I CL=50pF 

Output Fall Time · · 160 250 ns 
CL=50pF 

FIGURE 5. 
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Features 
• Mute Drivers On-Chip 

CD22859 
Monolithic Silicon COS/MaS 

Dual-Tone Multifrequency Tone Generator 

Description 

• Device Power can Either be Regulated DC or Telephone 
Loop Current 

The CD22859 Is a CMOS dual-tone multlfrequency (DTMF) 
tone generator for use in dual-tone telephone dialing sys
tems. The device can easily be interfaced to a standard 
push-button telephone keyboard to provide enabling opera
tion directly with the telephone lines. • Use of an Inexpensive 3.579545MHz TV Crystal Provides 

High Accuracy and Stability for all Frequencies The CD22859 generates standard DTMF sinusoidal dialing 
tones from an on-Chip reference crystal oscillator. The refer
ence oscillator uses an inexpensive 3.579545MHz color TV 
crystal to create highly stable and accurate tones. The sinu
soidal tones are digitally synthesized by a stair-step approxi
mation. 

Applications 
• For Use In Dual-tone Telephone Dialing Systems 

Ordering Information 

TEMP. 
PART NUMBER RANGE ("C) 

CD22859E -40 to 85 

Pinout 

PACKAGE 

16 Ld PDIP 

PKG. 
One of four low-frequency band row tones and one of four 
high-frequency band column tones are selected by driving 
one of the four row inputs and one of the four column inputs 
low. Simultaneous selection of more than one row input and! 
or more than one column input will inhibit tone generation, or 
generate a single-tone sinusoid. These operating modes are 
described in the functional truth table. 

NO. 

E16.3 

Control logic is included to allow easy interlace to standard 
K500-type telephones. Two CMOS outputs (T X' AX> capable 
of driving external pnp receiver and transmitter muting tran
sistors are provided. A low input to the CD pin inhibits tone 
generation, turns off the reference oscillator and causes T x 
and Ax outputs to go to logic '0'. During tone generation 
mode, CD = 1 and T x' Ax = logic 1. 

The row, column and CD inputs are provided with pull-up 
resistors to allow the use of SPST switch matrixes. 

CD22859 
(PDIP) 

TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Users shOuld follow proper IC Handling Procedures. File Number 1257.3 
Copyright C Harris Corporation 1997 
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Absolute Maximum Ratings 
Supply Voltage (Voo - Vss) ..........•.•.....••... -o.S to 12V 
Input Voltage ............................. -O.SV to Voo O.SV 
Power Dissipation. Po 

TA = _40°C to 60°C ............................. SOOmW 
TA = 60°C to BSoC .•.... Derate Linearly at 1.2mWJOC t0200mW 

Thermal Information 
Maximum Junction Temperature .•.....•.....••.•..•••. 17SoC 
Maximum Junction Temperature (Plastic) .....•.......... IS00C 
Maximum Storage Temperature Range •..•...... -6SoC to IS00C 
Maximum Lead Temperature (Soldering lOs) ..•.....•.... 300°C 

Operating Conditions 
Power Dissipation Per Output. ........•.•.•.....•.... 100mW 
Temperature Range .......................... _40°C to BSoC 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the davies. This is a strsss only rsUng and operstion 
of the device at these or any other conditions above those indicated in the opBrstional sactions of this specification is not implied. 

Electrical Specifications TA = -2SOC to 60°C. All Voltages Referenced to vss = OV 

PARAMETER VDDM MIN MAX UNITS 

DYNAMIC DC SUPPLY VOLTAGE 

Tone Generation Mode with Valid Input (Note 1) 2.S 10 V 

Non-Tone Generation (Note 2) 1.7 10 V 

DYNAMIC OPERATING CURRENT 

Tone Generation Mode 3.7 - 2.7 rnA 
(Outputs Unloaded) 

9.3 - 13 mA 

No Keydown Mode 3.7 100 p.A 

9.3 - 200 p.A 

Input Pull-Up Current 3-10 - 400 p.A 

Input Low Voltage (V,Ll Maximum 3 -10 - 0.2Voo V 

Input Low Voltage (V'H) Minimum 3 -10 - O.BVoo V 

Electrical Specifications TA = -2SOC to 60°C 

PARAMETER VDD(V) Vo(V) MIN MAX UNITS 

STATIC TONE OUTPUTS (RL = 820) 

Vo; Dual-Tone Output 3.7-9.3 - 350 700 mVRMS 

Vo (CLl; Single-Tone Output. Column (Note 3) 3.7-9.3 - 300 - mVRMS 

Vo (RLl; Single-Tone Output. Row (Note 4) 3.7- 9.3 - 260 - mVRMS 

Distortion (Note S) 3.9-9.3 - - 10 % 

Rise and Fall Time (Dual-Tone Out) (Nota 6) 3.9-9.3 - - S rns 

Pre-Emphasis (Note 7) 3.9-9.3 - 1 3 dB 

Output Frequency (Nota 8) 3.9-9.3 - (Nom.-l%) (Nom. +1%) Hz 
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Electrical Specifications TA = _25°0 to 60°0 (Continued) 

PARAMETER VDD(V) VO(V) MIN MAX UNITS 

STATIC MUTE OUTPUT CURRENT 

Transmitter 1.7 1.2 -0.5 - mA 

IOH (Source) 10 9.5 -3.4 - rnA 

IOl (Sink) 10 2.5 - 10 I1A 

Receiver 1.7 1.2 -0.5 - mA 

IOH (Source) 10 9.5 -3.4 - rnA 

IOl (Sink) 10 2.5 - 10 I1A 

NOTES: 

1. All logic and counters functional. 

2. Mute switches remain open. 

3. Two or more row Inputs low and one column Input low. 

4. Two or more column Inputs low and one row Input low. 

5. Distortion Is defined as: The ratio of all extraneous frequency components generated in the voiceband 0.5kHz to 3kHz, to the power of 
the dual-tone signal, measure across Rl . 

J(V12 + V22+ ... + Vn2) 
Distorlion= , 

JVL2+VH2 

where V1, V2 ...• Vn are extraneous frequency components in the voiceband 0.5kHz to 3kHz, VL is the low-band frequency tone, and 
V H Is the high-band frequency tone. 

6. Tone rise time is defined as the time for each of the 2 DTMF frequencies to attain 90% of full amplitude, measured from the time when a 
row and column signal are driven low. 

7. Pre-emphasis Is the ratio of the high-group level to the low-group level. 

S. Refer to Figure 1 for standard DTMF frequencies. 

9. Corresponde to normal dual-tone operation. 

10. Corresponde to single-tone generation mode. 
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ROW 1 

ROW 2 

ROW 3 

ROW 4 

CD22859 

COL 1 COL 2 COL 3 COL 4 

[2]000 
0000 
EJ00G 
c:J~00 

887 (6111.1) 

770(781.2) 

862(847.4) 

841 (848.0) 

t 
1201 1338 1477 1833 == 

(121&.11) (1331.7) (1471.11) (1845.0) - FREQUENCY 

FIGURE 1. BELL AND NOMINAL OUTPUT FREQUENCIES (IN PARENTHESIS) FOR 3.579545MHz CRYSTAL 

DTMF GENERATOR FUNCTIONAL TRUTH TABLE 

INPUTS OUTPUTS 

NUMBER OF NUMBER OF ROW 
COWMN INPUTS INPUTS ACTIVATED OSC 

KEYBOARD MODE ACTIVATED "LOW" "LOW" ~ TONE RUNNING Rx 

X X X "0" None No "0" 

No Key Depressed 0 0 '1' None No "0" 

0 1 '1" Dual Tone RA, C1 Ves '1" 

1,2,3,or4 0 '1" None No "0' 

Normal Dialing 1 1 '1" Dual Tone RA, CB Yes "1" 
One Key Depressed 
(Note 9) 

Two or More Keys In 2,3,or4 1 '1" Single Row Tone RA Yes "1" 
Same Row 
(Note 10) 

Two or More Keys In 1 2,3,or4 '1" Single Column Tone Yes '1" 
Same Column CB 

Two or More Keys In 2,3,or4 2,3,or4 '1" None Yes '1" 
Different Rows and 
Columns 

Where: 
X=Don'tCBre 

Tx 

"0" 

"0" 

'1" 

'0" 

'1" 

'1" 

'1" 

'1" 

RA refers to Tone OUtput frequencies corresponding to Row 1, Row 2, Row 3, Row 4; CB refers to Tone OUtput frequencies corresponding 
to Column 1, Column 2, Column 3, Column 4. 

A=1,2,3,4 B=1,2,3,4 A=B,orA .. B 
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Functional Diagram 

M 12~l---6-1-1 

CD22859 

ROW DIVIDER 
R1-80 R3-88 
R2-73 fI4.5II 

COUNT 
CONT. 

ROWINH 

MUTE 
CONTROL 

ICD 

NETWORK ._----------------

Rx 

10 

TX 

2 

Vss 

8 

llr 
VDD 

+ 
Rx 
TX 

VOUT 
RL 

Vss 

~~~~4----_{IC:}_------------------------4-~---~---~ 

D4 

FIGURE 2. INTERFACE WITH STANDARD KSOO TELEPHONE NETWORK 
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Features 

• All Digital 

• Requires Few Extarnal Parts 

• Low Power Drain: 1.SmW Typical From Single 3V To 
6VSupply 

• Time Conatants Determined by Clock Frequency; 
No Calibration or Drift Problems: Automatic OHaet 
Adjustment 

• Half Duplex Operation Under Digital Control 

• Filter Reset Under Digital Control 

• Automatic Overioad Recovery 

• Automatic "Quiet" Pattern Generation 

• AGC Control Signal Available 

Applications 
• Voice Transmlaalon Over Data Channels (Modems) 

• Volce/Data Multiplexing (Pair Gain) 

• Volca Encryptlon/Scrambllng 

• Volcemall 

• Audio Manipulations: Delay Unea, Time Compraaalon, 
Echo GenenitlonlSuppreaalon, Special EfIects, etc. 

• PagaralSatellltes 

• Data Acquisition Syatams 

• Voice 110 for Digital Systems and Speech Synthesis 
Requiring Small Size, Low Weight, and Ease of 
Reprogrammability 

• Related Llteratura 
- AN607, Delta Modulation for Voice Transmission 

Pinouts 
Hc-55564 

(PDlP, CERDIP) 
TOP VIEW 

HC-55564 
Continuously Variable 

Slope Delta-Modulator (CVSD) 

Description 
The HC-55564 is a half duplex modulator/demodulator CMOS 
intergrated circuit used to convert voice signals into serial NRZ 
digital data and to reconvert that data into voice. The conver
sion is by delta-modulation, using the Continuously Variable 
Slope (CVSD) method of modulation/demodulation. 

While the signals are compatible with other CVSD circuits, the inter
nal design is unique. The analog loop filters have been replaced by 
very low power digital filters which require no extemaI timing compo
nents. This approach allows inclusion of many desirable features 
which would be difficult to implement using other approaches. 

The fundamental advantages of delta-modulation, along with its 
simplicity and serial data format, provide an efficient (lOW data 
ratellow memory requirements) method for voice digitization. 

The HC-55564 is usable from 9kbitsls to above 64kbps. See the 
Harris Military databook for a MIL-STD-883C compliant CVSD. 
Application Note 607. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE 

HCl-55564-2 -55 to 125 

HCl-55564-5 Oto 75 

HCl-55564-9 -40 to B5 

HC3-55564-5 Oto75 

HC3-55564-9 -4010 B5 

HC9P55564-5 Oto75 

HC9P55564-9 -40 to 85 

ANALOGGND 2 

14 LdCERDIP 

14 LdCERDIP 

14 LdCERDIP 

14Ld PDIP 

14Ld PDIP 

16 Ld Plastic SOIC (W) 

16 Ld Plastic SOIC (W) 

Hc-55564 
(SOIC) . 

TOP VIEW 

2 ElmJDEc 

1 CLOCK 

o DlGGND 

PKG.NO. 

F14.3 

F14.3 

F14.3 

E14.3 

E14.3 

M16.15 

M16.15 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2889.2 
Copyright C Harris Corporatlcn 1997 
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Absolute Maximum Ratings Thermal Information 
Voltage at Any Pin •••••••••••••••••.•. GND -0.3V to Voo 0.3V 
Maximum Voo Voltage ..•.••..........••.............. 7.0V 
Junction Temperature. . . . . • . . . . . . . . • • . • • . . . . . • . . . . . . 175°C 

Thermal Resistance (Typical, Note 1) 9JA (0CfW) 

CERDIP Package . . . . . . . .. . .. . . • .. . . . . • • • . . . 70 
PDIP Package. • • • . • . • • . • . • . . . • . . • . • . . . . . . • . 85 

Operating Conditions SOIC Package.............................. 98 

Temperature Range 
Hc-55564-5, -7 ...........•...•..•.••..•..•.• oce to 75°C 
HC-55564-9 .............................. -40ce to 85°C 

Maximum Junction Temperature (Plastic Package) .••..•.. 150°C 
Maximum Storage Temperature Range •.•...•..• -65°C to 150°C 
Maximum lead Temperature (Soldering lOs) .••........•. 300°C 

HC-5/i564-2 •••••.••••••.•.•.•••••••.•..• -55°C to 125°C Die Characteristics 
Operating Voo ..••....••.•...••.•.••.•..•...•. 3.0V to 6.0V TranSistor Count . . . . . . . • . . . . • • . . . . . . . . • • . . . . • . . . . • . . 1897 

Die Dimensions .............................•...• 147 x 82 
Substrate Potential ..•.........•.....•.••..••..•.•... +Voo 
Process .••..••............•........•.••.•.....• BIMOSE 

CAUnON: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the dav/ce. This Is a stress only retlng and operation 
of the device at these or any other oonditlons above those indicated In the operationsl sections of this specification is not implied. 

NOTE: 
1. 9JA Is measured with the component mounted on an evaluation PC board in free air. 

Electrical Specifications Unless Otherwise SpeCified, typical parameters are at 25°C, Min-Max are over operating temperature 
ranges. Voo = 5.0V, Sampling Rate = 16Kbps, AG = DG = OV, AIN = 1.2VRMS 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Sampling Rate ClK Note 1 9 16 64 kbps 

Supply Current 100 - 0.3 1.5 mA 

logic'l'lnput VIH Note 2 3.5 - - V 

logic '0' Input , V1L Note 2 - - 1.5 V 

logic '1' Output VOH Note 3 4.0 - - V 

logic '0' Output VOL Note 3 - - 0.4 V 

Clock Duty Cycle 30 - 70 % 

Audio Input Voltage AIN AC Coupled (Note 4) - 0.5 1.2 VRMS 
Audio Output Voltage Aour AC Coupled (Note 5) - 0.5 1.2 VRMS 
Audio Input Impedance ZtN Note 6 - 280 - kO 

Audio Output Impedance ZOUT Note 6 - 150 - kO 

Transfer Gain Ae-o No Load, Audio In to Audio Out. -2.0 - +2.0 dB 

Syllabic Filter Time Constant isF Note 7 - 4.0 - ms 

Signal Estimate Filter Time tSE Note 7 1.0 - - ms 
Constant 

Enc Threshold A1N at 100Hz (Note 8), (Typ) 0.3% = lSmVRMS - 6 - mVPEAK 
Minimum Step Size MSS Note 9 - 0.1 - %Voo 
Quieting Pattam Amplitude VQP FZ = OVor APT = OV (Note 10) - 10 - mVp_p 

AGC Threshold VATH Note 11 - 0.1 - F.S. 

Clamping Threshold VCTH Note 12 - 0.75 - F.S. 

NOTES: 
2. There Is one NRZ (Non-Return Zero) data bit per clock period. Data Is clocked out on the negative clock edge. Data is clocked into the 

CVSD on the positive going edge (see Figure 2). Clock may be run at less than 9kbps and greater than 64kbps. 
3. logic Inputs are CMOS compatible at supply voltage and are diode protactad. Digital data Input Is NRZ at clock rate. 
4. logic outputs are CMOS competible at supply voltage and Will withstand short-circuits to Voo or ground. Digital data output is NRZ and 

changes with negative clock transitions. Each output Will drive one lS TTL load. 
5. Recommended voice Input range for best voice performanca. Should be externally AC coupled. 
6. May be used for side-tone in encode mode. Should be extemally AC coupled. Varies With audio Input level by ±2dB. 
7. Presents series Impedance with audio Signal. Zero signal reference is approximately Vor:f2. 
8. Note that filter time constants are Inversely proportional to clock rate. Both filters approximate single pole responses. 
9. The minimum audio input voltage above which encoding takes placa. 

10. The minimum audio output voltage change that can be produced by the Intemal DAC. 
11. Setllec;I value, the "quieting" pettam or idle-cllannel audio output steps at one-half the bit rata, changing state on negative clock transitions. 
12. A logic -0" Will appear at the AGC output pin when the recovered signal reaches one-half of full-scale value (positive or negative), I.e., at 

Voof2 ±25% of Voo. 
13. The recovered signal Will be clamped, and the computation will be inhibited, when the recovered signal reaches three-quarters of full

scale value, and will unclamp when It falls below this value (positive or negative). 
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Pin Descriptions 

PIN NUMBER 
14 LEAD DIP SYMBOL DESCRIPTION 

1 Voo Positive Supply Voltage. Voltage range is 3.0V to 6.0V. 

2 AnalogGND Analog Ground connection to 01 A ladders and comparator. 

3 AoUT Audio Out recovered from 10-bit DAC. May be used as side tone at the transmitter. Prasents 
approximately 1501<0 source with DC offset of Vool2. Within ±2dB of Audio Input. Should be ex-
ternally AC coupled. 

4 AGe Automatic Gain Control output. A logic low level will appear at this output when the recovered 
signal excursion reaches one-half of full scale value. In each half cycle full scale is V 0012. The 
mark-space ratio Is proportional to the average signal level. 

5 AIN Audio Input to comparator. Should be externally AC coupled. Presents approximately 2801<0 in 
series with Vool2. 

6, 7 NC No internal connaction is made to these pins. 

8 Digital GND Logic ground. OV reference for all logic inputs and outputs. 

9 Clock Sampling rate Clock. In the decode mode, must be synchronized with the digital Input data such 
that the data Is valid at the positive clock transition. In the encode mode, the digital data is clocked 
out on the negative going clock transition. The clock rate equals the data rate. 

10 rnooaet A single CVSD can provide half-duplex operation. The encode or decode function is selected by the 
Decode logic level applied to this Input. A low level selects the encode mode, a high level the decode mode. 

11 AJ5f Altamate PlaIn Text Input. ActivatIng this Input caused a cIgIteI quieting pattern to be transmitted, how-
ever; Internally the CVSD Is still functional and a signal Is SIIII available at the Aour port. Active low. 

12 Digitalin Input for the received digital NRZ data. 

13 FZ Force Zero Input. Activating this Input resets the internal logic and forces the digital output and the 
racovered audio output Into the 'quieting" condition. An alternating 1-0 pattern appears at the 
digital output at 112 the clock rate. When this Is decoded by a receive CVSD, a 10mVp.p Inaudible 
signal appears at audio output. Active low. 

14 Digital Out Output for transmitted digital NRZ data. 

NOTE: 

14. No active input should be left In a "floating condition." 

Functional Diagram (DIP Pin Numbers Shown) 

(1) (12) (10) (11) 13) mimi 

y~! "":."'1 ...... .L. "" "'" 
3V TO BV vDD V RESET 

:r ~----. T 

(3)AouT 
(SIDE TONE) 

loUT 
(4)~OUT 

I 
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Timing Waveforms 

SAMPUNG CLOCK 

~~~--------------------~N 
DIGITAL NR~ IN ___ ...,,: 

tos· ... :: ....... 

,.... __ O __ ... ~ 

DIGITAL NRZ OUT 
---'~ ___ O ______ O __ ~ 1 N 

los: DATA SET UP TIME 1OOn8 TYPICAL 

FIGURE 2. CVSD TIMING DIAGRAM 

Interface Circuit for HC-55564 CVSD (DIP Pin Numbers Shown) 

AUDIO SOURCE 

TP3040 HC.fl5584 

VFx1+ PWRD+ 

VFx1- VFxO 
~ ______ f~~ __ ~5 Aw 
~~ __ ~~~O_.1~~ __ ~3~Amrr 

Dour 

DIN 

(TO DATA IIF) 

(FROM DATA IIF) CA 
RA,R.,CA 

f OPTIONAL 

5V 
II 

8 

GSx 
VF~ 

PWRI 

Vee 

VFRI 

CLKO 
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FIGURE 3. 

CVSD Hookup for Evaluation 

The circuit in Figure 3 is sufficient to evaluate the voice qual
ity of the CVSD, since when encoding, the feedback signal at 
the audio output pin is the reconstructed audio input signal. 

CVSD design considerations are as follows: 

1. Care should be taken In layout to maintain isolation 
between analog and digital signal paths for proper noise 
consideration. 

2. Power supply decoupling Is necessary as close to the 
device as possible. A 0.1 IlF should be sufficient. 

3. Ground, then power, must be present before any Input sig
nals are applied to the CVSD. Failure to observe this may 
cause a latchup condition which may be destructive. 
Latchup may be removed by cycling the power off/on. A 
power-up reset circuit may be used that strobes Force 
Zero (Pin 13) during power-up as follows: 

4. Analog (signal) ground (Pin 2) should be externally tied to 
Digital GND (Pin 8) and power supply ground. It is recom
mended that the AIN and AoUT ground returns connect 
only to Pin 2. 

5. Digital inputs and outputs are compatible with standard 
CMOS logic using the same supply voltage. All unused 
logic inputs must be tied to the appropriate logic level for 
desired operation. It is recommended that unused Inputs 
tied high be done so through a pull-up resistor (1 kn to 
10kn). TTL outputs will require 1kn pull-up resistors. Pins 
4 and 14 will each drive CMOS logic or one low power TTL 
Input. 

6. Since the Audio Out pins are internally DC biased to Vorft, 
AC coupOng is required. In general, a value of 0.1 IlF is suffi
cient for AC coupling of the CVSD audio pins to a filter circuit. 

7. The AGC output may be externally Integrated to drive an 
AGC pre-amp, or it could drive an LED Indicator through a 
buffer to Indicate proper speaking volume. 
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HC-55564 

Figures 4, 5, and 6 illustrate the typical frequency 
response of the HC·55564 for varying input levels and for 
varying sampling rates. To prevent slope overload (slew 
limiting), the OdB boundary should not be exceeded. The 
frequency response is directly proportional to the sampling 

clock rate. The flat bandwidth at OdB doubles for every 
doubling in sampling rate. The output levels were mea· 
sured in the encode mode, without filtering, from AIN to 
AoUT, at Voo = 5V. OdB = 1.2VRMS' 
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HC-55564 

The following typical performance distortion graphs were 
realized with the test configuration of Figure. 7. The 
measurement vehicle for Total Harmonic Distortion (THO) 
was an HP-339A distortion measurement set, and for 2nd 

5V +1.0"" 

HP3&82A 
SPECTRUM 
ANALVZER 
ORHP338A 
DIS1OImON 
ANALVZER 

FIGURE 7. TEST AND MEASUREMENT CIRCUIT 
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and 3rd harmonic distortion, an Hp-3582A spectrum 
analyzer. All measurement conditions were at Voo = 5V, and 
2nd and 3rd harmonic distortion measurements were c· 
message filtered. OdB = 1.2VRMS' 
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AID CONVERTERS 

RE50- CONVER- BAND- SlNAD DIFF. DIFF. POWER 
PART LunON SlONRATE WIDTH AT fiN GAIN PHASE DISSIPATION LOGIC 
NO. DESCRIPTION (BITS) (MIN) (MSPS) (MHz) (dB) (%) (DEG.) (mW) TYPE 

HI5710A Low Power, Power 10 20 100 54 at 1 0.3 140 CMOS/ 
Down 3MHz TIL 

HI5746 Low Power, High 10 40 100 56.0 at 0.5 0.1 225 TIU 
Speed 10MHz CMOS 

HI5703 Low Power, High 10 40 250 55.3 at 0.5 0.1 400 TIL 
Accuracy 10MHz 

HI5766 Low Power, High 10 60 100 52.0 at 0.5 0.1 315 TIU 
Speed 10MHz CMOS 

HI5800 12-Bit AID Conver- 12 3 20 68 at 0.9 0.05 1800 CMOS! 
sion System, V-Ref lMHz TIL 

H15804 Low Power 12 5 100 84 at n/a n/a 300 TIU 
1 MHz CMOS 

HI5805 Low Power, High 12 5 100 68 at n/a n/a 300 TIU 
Performance 1MHz CMOS 

HI5808 Low Power, High 12 10 100 67 at n/a n/a 300 TIU 

~ Performance, V-Ref 1 MHz CMOS 

D/A CONVERTERS 

RESo- UPDATE GLITCH INL DNL SETTLING POWER 
LUTION RATE AREA (LSB (LSB TIME DISSIPATION LOGIC 

PIN DESCRIPTION (BITS) (MHz) (pV-s) MAX) MAX) (ns) (mW) TYPE 

HI5780 10-Bit Low Power 10 80 40 2.0 0.5 6 100 CMOS/ 
DAC TIL 

HI5721 10-Bit Communi- 10 125 1.5 1.5 1.0 4.5 700 CMOS/ 
cations DAC TIL 

HI20201 Voltage Output, 10 160 15 1 0.5 5.2 420 ECL 
750 Drive 
Capability 

HI5731 12-Bit Communi- 12 100 3.0 1.5 1.0 20 650 CMOS/ 
cations DAC TIL 

HI5741 14-Bit Communi- 14 100 7.5 1.5 1.0 25 650 CMOS/ 
cationsDAC TTL 

NOTES: 

1. For complete data sheets by fax, call Harris AnswerFAXSM at (407) 724-7800 and enter this document number. 

2. Evaluation board part number is base part number plus -EV suffix. (Example: HI5703-EV) 

SUPPLY 
VOLTAGE PACKAGE TEMP. 

M OPTIONS RANGE 

5/3.3 POFP C 

5/3 SOIC C 

5/3.3 SOIC C 

5/3 SOIC C 

5/-5 CDIP, C,I 
PLCC 

5/3 SOIC C 

5/3 SOIC I 

5/3 SOIC I 

SUPPLY 
VOLTAGE PACKAGE TEMP. 

M OPTIONS RANGE 

5 MQFP C 

5/-5.2 PDIP, I 
SOIC 

-5.2 PDIP, C 
SOIC 

5/-5.2 PDIP, I 
SOIC 

5/-5.2 PDIP, I 
SOIC 

(NOTE 1) 
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EVAL 

BOARD 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
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HIGH PERFORMANCE OP AMPS AND BUFFERS 

SET· 
-&IB TUNG 

(NOTE 3) BAND'MDTH SLEW nME MIN. DIFF. DlFF. OFFSET BIAS OUTPUT 
ARCHI· AT MIN. Aa. RATE (n8TO AcL GAIN PHASE VOLT. CURRENT CURRENT 

PIN TECTURE DESCRIPTION (MHz) (V/J18) 0.1%) (VN) (%) (DEG.) (mY) (JiA) (mA) 

SINGLE 

HFA1100 CFB 850MHz Op Amp 850 2300 11 1 0.03 0.05 2 12 60 

HFA1120 CFB 850MHz OpAmp 850 2300 11 1 0.03 0.05 2 12 60 
wHh Balance 
Adjust 

HFA1130 CFB 850MHzOpAmp 850 2300 11 1 0.03 0.05 2 12 60 
wHh Output 
Limiting 

HFA1112 BUF 850MHz Prog. 850 2400 11 ±1.+2 0.02 0.04 8 25 60 
Gain (+2. ±1) 

Y' 
Buffer 

UI 
HFA1113 BUF 850MHz Prog. 850 2400 13 ±1.+2 0.02 0.04 8 25 60 

Gain and Output 
Umiting 

HFA1114 BUF 850MHz prog. 850 2400 11 ±1.+2 0.02 0.04 8 25 60 
Gain cable 
Driver 

HFA1110 BUF 750MHz Unity 750 1300 11 1 0.04 0.025 8 10 60 
Gain Buffer 

HFA1102 CFB 600MHzOpAmp 600 2000 11 1 0.03 0.03 2 12 60 
wI1h 
Compensation 

, ~ -- -_ .. _-----

NOTES: 

3. ArohitecIure: CFB = Current Feedback. BUF = Buffer. 

4. Typical values at 2S"C unless oIheIwIse specified. 

5. For complete date sheets by fax, call Hen1s AnswerFAXSM at (407) 724-7600 and enter this document number. 

6. Order evaluation board PIN (PDIP only): A= HFA11XXEvai. B = HFA1110EvaI. 

SUPPLY SUPPLY 
RANGE CURRENT 
(±VDC) (mAlA) 

4.510 21 
5.5 

4.510 21 
5.5 

4.510 21 
5.5 

4.510 21 
5.5 

4.510 21 
5.5 

4.510 21 
5.5 

4.510 21 
5.5 

4.510 21 
5.5 
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Linear Selection Guide 

TRANSISTOR ARRAYS 

PART 
(NOTE 7) 

AnswerFAXsM 

NUMBER CONFIGURATION Fy NOISE F(dB) hFE Ie PACKAGE DOC # 

CA3046 NPN-5 120MHz 3.25 110 10mA 14, SOIC, PDIP, 341 
CDIP, T&R 

CA3081 NPN - 7, Common emitter 120MHz 3.25 85 20mA 16, SOIC, PDIP, 480 
CDIP, T&R 

CA3082 NPN - 7, Common ccillector 120MHz 3.25 85 20mA 16, SOIC, PDIP, 480 
CDIP, T&R 

CA3083 NPN-5 450MHz 3.25 75 100mA 16, SOIC, PDIP, 481 
CDIP, T&R 

CA3086 NPN - 5, DillAmp+3 550MHz 3.25 100 3mA 14, SOIC, PDIP, 483 
CDIP,T&R 

CA3096 NPN-3, PNP-2 335MHz 2.2 300 lmA 16, PDIP, SOIC, 595 
T&R 

CA3127 NPN-5 1.15GHz 3.5 90 10mA 16, PDIP, CDIP, 662 
SOIC, T&R 

CA3146 NPN - 5, 0111 Pair + 3 500MHz 3.2 100 lmA 14, PDIP, SOIC, 532 
T&R 

CA3183 NPN-5 500MHz 3.2 40 50mA 16, PDIP, SOIC, 532 
T&R 

CA3227 NPN-5 3GHz 3.2 110 10mA 16, PDIP, SOIC, 1345 
T&R 

CA3246 NPN - 5,0111 Amp + 3 3GHz 3.2 110 10mA 14, PDIP, SOIC, 1345 
T&R 

HFA3046 NPN - 5, 0111 Amp +3 8GHz 2.5 70 10mA 14, SOIC, T&R 3076 

HFA3096 NPN - 3, PNP - 2 8GHz, 2.5 70/40 10mA 16, CDIP, SOIC, 3076 
5.5GHz T&R 

HFA3127 NPN-5 8GHz 2.5 70 10mA 16, CDIP, SOIC, 3076 
T&R 

HFA3128 PNP-5 5.5GHz 2.5 40 10mA 16, SOIC, T&R 3076 

WIRELESS BUILDING BLOCKS 

PART 
(NOTE 7) 

AnswerFAXSM 
NUMBER FUNCTION FEATURES PACKAGE DOC # 

HFA3101 Gilbert Cell Mixer GBP = 10GHz, hFE = 70, 3, SdB Noise Figure 8,SOIC, T&R 3663 

HFA3102 Dual Long Tailed Pair GBP = 10GHz, hFE = 70, 3, 5dB Noise Figure 14, SOIC, T&R 3635 

HFA3600 LNAlMixer Noise Figure 3.97dB at 900MHz, 19.8dB Power 14, SOIC, T&R 3655 
Gain, -16.7dBm Intercept 

NOTE: 

7. For complete data sheeta by fax, call Harris AnswerFAXSM at (407) 724-7800 and enter this document number. 
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Y' ..... 

DIGITAL FILTERS 

MAX 
PART ATTENUATION CLOCK FILTER DATA COEFFICIENT DECIMATION 

NUMBER DESCRIPTION (dB) (MHz) TAPS (BITS) (BITS) FILTER LENGTH 

HSP43188 Dual FIR 60 45 16 10 10 or 20 1 to 16 

HSP43220 Digital Decimating 96 33 512 16 20 Up to 16,384 

HSP43216 Halfband 90 52 67 16 20 

HSP43'f24 Serial VO 140 45 Up to 24 32 1 to 256 
256 

SIGNAL SYNTHESIS 

PART MODULATION 
NUMBER DESCRIPTION CLOCK (MHz) SIZE RANGE RESOLUTION OUTPUT TECHNIQUES 

HSP45102 Oscillator (NCO) 40 12 69 0.009 12 sin QPSK,FSK 

HSP45106 Oscillator (NCO) 33 16 90 <0.008 16 sin/cos FM,PSK,FSK 

HSP45116 OscillatorlModulator 25 16 90 <0.008 20 sin/cos AM,FM, PSK, 
(NCOM) FSK,QAM 

HSP45116A OscillatorlModulator 52 16 90 <0.013 / 20sin/cos AM,FM, PSK, 
(NCOM) FSK,QAM 

NOTE: 

8. For complete data sheets by fax, call Harris AnswerFAXSM at (407) 724-7800 and enter this document number. 

STANDARD 
PRODUCTS 

I1P PACKAGE 
INTERFACE TYPE 

Standard PLCC,MQFP, 
PGA 

Standard MQFP, PGA 

Standard PLCC,MQFP, 
PGA 

Standard PDIP,SOIC 

I1P PACKAGE 
INTERFACE TYPE 

Standard PDIP,SOIC 

Standard PLCC, PGA 

Standard MQFP, PGA 

Standard MQFP 

-

(NOTE 8) 
AnswerF,uSU 

DOC. 

2808 

2486 

3365 

3555 

(NOTE 8) 
AnswerFuSM 

DOC. 
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DOWN CONVERSION AND DEMODULATION 

FREQUENCY 
PART CLOCK DATA DECIMATION SELECTIVITY STOPBAND PASSBAND 

NUMBER DESCRIPTION (MHz) (BITS) FACTORS (Hz) ATTENUATION (dB) RIPPLE (dB) 

HSP50016 Digital Down 75 16 64 -131,072 <0.009 104 <0.04 
Converter 

HSP50214 Programmable 52 14 4 - 16,384 0.013 100dB 
Down Converter 

INPUT 
SAMPLE FREQUENCY AUTOMATIC 

PART RATES DATA DECIMATION SELECTIVITY GAIN OUTPUT CARRIER 
NUMBER DESCRIPTION (MSPS) (BITS) FACTORS (Hz) CONTROL FORMAT FILTERING TRACKING 

HSP50110 SATCOM Modem 52 10 (Real or 1 - 4096 <.013 Yes I,O,ISoft, RRC Yes 
and ChipSet Complex) OSoft (a = 0.4) or 
HSP50210 Integrate and 

Dump 

If 
co HSP50110 Digital Ouadrature 52 10 (Real or 1 - 4096 <.013 Yes 1,0 Third Order Yes 

Tuner Complex) CIC 

CARRIER 4-TAP CARRIER 
PART CLOCK MODULATION TRACKING IF ADAPTIVE RECOVERY SYMBOL 

NUMBER DESCRIPTION (MSPS) DATA (BITS) TECHNIQUES FREQUENCY EQUAUZER LOOP TRACKING 

HSP50306 Digital OPSK 2.048 6 QPSK 10.7MHz Yes Yes Yes 
Demodulator 

- - -- --

PROGRAMMABLE 
PART MODULATION CARRIER OUTPUT 

NUMBER DESCRIPTION DATA RATE TECHNIQUES FREQUENCY FILTER SYNTHESIZER POWER 

HSP50307 OPSKBurst 256KBPS QPSK 8 -15MHz RRC (a=0.5) Yes 22- 62dBmV 
- -- _ ... _--- ----- ---~.------ '-------- -- -------- ----- '----- -----

NOTE: 

9. For complete data sheets by fax, call Harris AnswerFAXSM at (407) 724-7800 and enter this document number. 

PACKAGE 
TYPE 

PLCC,PGA 

MOFP 

SYMBOL 
TRACKING 

Yes 

N/A 

PACKAGE 
TYPE 

SOIC 

PACKAGE 
TYPE 

SOIC 
--

(NOTE 9) I 
AnswerFAXSM I 

DOC. , 

3288 

4266 

(NOTE 9) 
AnswerFAXSM 

DOC. 

3651 
and 

3652 

3651 

(NOTE 9) 
An_erFAXSM 

DOC. 

4162 

(NOTE 9) II 
AnswerfAXSM 
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BVDSS 
M 

30 

30 

60 

BVDSS 
M 

12 

12 

30 

30 

12 

12 

Power MOSFET Selection Guide --------, 

N-CHANNEL MOSFETs 

MAXIMUM RATINGS 

3.5 

6.3 

2.0 

rDS(ON) 
(0) 

2 x 0.06 

0.03 

2 xO.13 

M8-012AA 

RF1K49086 

RF1K49157 

RF1K49154 

N-CHANNEL LOGIC LEVEL DEVICES 

MAXIMUM RATINGS 

ID rDS(ON) 
(AI (0) M8-012AA 

2.513.5 0.05/0.13 (COMP N&P) RF1K49092 

3.5 2xO.05 RF1K49090 

3.5 2xO.06 RF1K49088 

6.3 0.030 RF1K49156 

P-CHANNEL LOGIC LEVEL DEVICES 

MAXIMUM RATINGS 

rDS(ON) 
(0) 

2.513.5 0.05/0.13 (COMP N&P) 

3.5 2xO.13 

5-9 
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mi HARRIS 

January 1997 

Features 

• 125 MSPS Throughput Rate 

• Low Power· 700mW 

• 1.5 LSB Integrel Linearity Error 

• Low Glitch Energy ·1.5pV-s 

• TTUCMOS Compatible Inputs 

• Improved Hold Time· 0.5ns 

• Excellent Spurious Free Dynamic Range 

• Improved Second Source for the AD9721 

Applications 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• HDTV 

• Test Equipment 

• High Resolution Imaging Systems 

• Arbltrery Waveform Generators 

Pinout 

D9(MSB) 1 

HI5721 
-Bit, 125 MSPS High Speed D/A Converter 

The HI5721 is a 10-bit 125 MSPS high speed D/A converter. 
The converter incorporates a 1 Q-bit input data register with 
quadrature data logic capability. and current outputs. The 
HI5721 features low glitch energy and excellent frequency 
domain speCifications. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) 

HI5721BIP -40 1085 

HI5721 BIB -4010 85 

H15721-EVP 25 

H15721-EVS 25 

HIsn1 
(PDIP, SOIC) 
TOP VIEW 

DONO 

DYES 

CTRLAMPIN 

REF OUT 

CTRL AMP our 
REF IN 

DYEE 

DGND 

PKG. 
PACKAGE NO. 

28 Ld PDIP (600 mil) E28.6 

28 Ld SOIC (W) M28.3 

Evaluation Board (PDIP) 

Evaluation Board (SOIC) 

CAUTION: These devices are 88I18itIva to electrostatic discharge. Users shOuld foUow proper IC Handling Procedures. File Number 3949.4 
CopyrIght C Harris Corporation 1997 

5-11 



HI5731 
January 1997 -Bit, 100 MSPS High Speed CIA Converter 

Features Description 
• 100 MSPS Throughput Rate 

• low Power •••••••••••••••••••••••••••••• 650mW 

The HIS731 is a 12-bit, 100 MSPS D/A converter which is 
implemented in the Harris BiCMOS 10V (HBC-10) process. 
Operating from +SV and -S.2V, the converter provides 
-20.48mA of full scale output current and includes an input 
data register and bandgap voltage reference. low glitch 
energy and excellent frequency domain performance are 
achieved using a segmented architecture. The digital inputs 
are TTUCMOS compatible and translated internally to ECL. 
All internal logic is implemented in ECl to achieve high 
switching speed with low noise. The addition of laser trim
ming assures 12-bit linearity is maintained along the entire 
transfer curve. 

• 0.75 LSB Integral Linearity Error 

• Low Glitch Energy •••••••••••••••••••••••• 3.0pV-s 

• TTUCMOS Compatible Inputs 

• Improved Hold Time •••••••••••••••••••••• 0.25ns 

• Excellent Spurious Free Dynamic Range 

Applications 

• Cellular Base Stetlons 

• GSM Base Stations 

• Wireless Communications 

• Diract Digital Frequency Synthesis 

• Signal Reconstruction 

• Test Equipment 

• High Resolution Imaging Systems 

• Arbitrary Waveform Generators 

Pinout 

Ordering Information 

TEMP. 
PART NUMBER RANGE «<,C) 

HI5731BIP 

HI5731 BIB 

H15731-EVP 

H15731-EVS 

H15731 
(PDIP, SOIC) 
TOP VIEW 

CTRLIN 

RSET 

AVEE 

21 louT 

1m' 
1 ARTN 

1 DVEE 

1 DGND 

1 DVcc 

1 CLOCK 

-40 to 85 

-40 to 85 

25 

25 

CAUTION: These devices ara sensitive to electrostatIC discharge. Users should follow proper IC HandHng Procedures. 
Copyright C> Harris Corpollltion 1997 

S-12 

PACKAGE PKG.NO. 

28 LdPDIP E28.6 

28 LdSOIC M28.3 

Evaluation Board (PDIP) 

Evaluation Board (SOIC) 

File Number 4070.2 



mHARRIS 

January 1997 

Features 
• 100 MSPS Throughput Rate 

• Low Power· 650mW 

• 1.0 LSB Integral Linearity Error 

• Low Glitch Energy· 1.0pV·s 

• TTUCMOS Compatible Inputs 

• Improved Hold Time· 0.25ns 

• Excellent Spurious Free Dynamic Range 

Applications 

• Cellular Base Stations 

• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signal Reconstruction 

• Test Equipment 

• High Resolution Imaging Systems 

• Arbitrary Waveform Generators 

Pinout 

D13(MSB) 

012 

08 

05 

HI5741 
4-Bit, 100 MSPS High Speed D/A Converter 

Description 
The HI5741 is a 14·bit, 100 MSPS D/A converter which is 
implemented in the Harris BICMOS 10V (HBC·10) process. 
Operating from +5V and -S.2V, the converter provides 
20.4BmA of full scale output current and includes an input 
data register and bandgap voltage reference. low glitch 
energy and excellent frequency domain performance are 
achieved using a segmented architecture. The digital inputs 
are TTUCMOS compatible and translated internally to ECL. 
All internal logic is implemented in ECl to achieve high 
switching speed with low noise. The addition of laser trim
ming assures 14-bit linearity is maintained along the entire 
transfer curve. 

Ordering Information 

PART NUMBER 

HI5741BIP 

HI5741 BIB 

H15741·EVS 

HI5741 
(PDlP, SOIC) 
TOP VIEW 

AGNO 

TEMP. 
RANGEfc) 

·40 to 85 

·40 to 85 

25 

CTRLAMPOUT 

CTRLAMPIN 

AVEE 

21 loUT 

!mIT 
ARTN 

DVEE 

1 DONO 

PKG. 
PACKAGE NO. 

28Ld PDIP E28.6 

28 LdSOIO M28.3 

Evaluation Board (SOlO) 

01 1 DVcc 

DO (LSB) 1 CLOCK """"'L _____ ..r-

CAUTION: These devices are sensillve to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright C Harris Corporation 1997 

File Number 4071.2 
5-13 



~HARRlS 
~ SEMICONDUCTOR 

January 1997 

Features 
• 80 MSPS Throughpu 

• Low Power -150mW 

• ±O.S LSB DlfferenUal Linearity Error 

• TTUCMOS Compatible Inputs 

• Built In Bandgap Voltage Reference 

• Power Down and Blanking Control Pins 

Applications 
• Wireless Communications 

• Direct Digital Frequency Synthesis 

• Signsl Reconstruction 

• Test Equipment 

CXD2306 
-Bit, 80 MSPS High Speed, 
Low Power D/A Converter 

The HI57BO, CXD2306 is a 1()'bit BOMHz high speed, low 
power O/A converter. The converter incorporates a 1o.bit input 
data register with current outputs. The HI57BO, CXD2306 
includes a power down feature that reduces power consump
tion and a blanking control. The orH:hip bandgap reference can 
be used to set the output current range of the 01 A. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE PKG.NO. 

H1578OJCQ, -20tc 75 32LdMQFP 032.7x7-S 
CXD2306Q 

HI5780-EV 25 Evaluation KIt 

• High Resolution Imaging and Graphics Systams 

• Arbitrary Waveform Generators 

Pinout 

D3 

D4 

DB 

DB 

D7 

DB 

D9(MSBI 

Ne ' 

H15780, CXD2306 
(MQFP) 

TOP VIEW 

louT 
!auT 
YO 

AVDD 

AVJ:IO 

VIlEF 

REFoUT 

IIIEF 

CAUTION: These devices are senaiUve to electroaIaUc diacharge. Users ahoukllollOw proper IC Handling Procedures. 
Copyrlghl @HarrisCorporation 1997 
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mHARRIS 

January 1997 

Features 
• 160 MSPS Throughput Rate 

~01, CX20201-1, 
CX20202-1 

10-Bit, 160 MSPS 
Ultra High-Speed D/A Converter 

Description 

• 111-Bit (H120201, CX20201-1, CX20202-1) Resolution 

The H120201, CX20201-1, CX20202-1 is a 160MHz ultra high 
speed D/A converter. The converter is based on an MR 
switched current source architectura that includes an input data 
register with a complement feature and is Emitter Coupled 
Logic (ECl) compatible. 

• 0.5 LSB Differential Linearity Error 

• Low Glitch Noise 

• Analog Multiplying Function 

• Low Power Consumption 420mW 

• Evaluation Board Available 

Applications 
• Wireless Communications 

• Signal Reconstruction 

• Direct Digital Synthesis 

• High Definition Vldao Systems 

• Digital Measurement Systems 

• Radar 

Pinout 
HI20201, CX20201-1, CX20202-1 

(PDIP, SOIC) 
TOP VIEW 

The HI20201 , CX20201-1, CX20202-1 is a 10-bit accurate 
D/A with a linearity error of 1 lSB. 

The HI20201, CX20201-1, CX20202-1 is available in a com
mercial temperature range and are offered in a 28 lead plas
tic SOIC (300 mil) and a 28 lead plastic DIP package. 

Ordering Information 

PART TEMP. 
NUMBER RANGE~C) PACKAGE PKG.NO. 

HI20201JCB, -20 to 75 2BLd SOIC M2B.3A-S. 
CX20201A-1 

H120201JCP, -20 to 75 2BLd PDIP E2B.6A-S 
CX20202A-1 

H120201-EV 25 Evaluation Kit 

Typical Applications Circuit 
HI20201 , CX20201-1, CX20202·1 

D8 09 (MSB) (1) 
(28) AVss 

D8 08(2) 

07 07(3) 

06 06(4) 

OIGrrAl 05 05(5) 
DATA 

04 04(8) (ECl) 
D3 03(7) 

D2 

01 

DO 

CLK-II""IIHf--+--IeLR (13) 
.1.3V ClK(14) 

(27)VREf 

(28) AVEE 

(18, 19, 21-25) NC 

(18)COMPl 

O.047j1F 

1.5kO 

lkO 

750 COAX CABLE 

O.047ILF 
t-+--......... __ -5.2V 

1310 3.8Ka 
-5.2V_-....... .-I .... ------... 

CAUTION: These devices are sensitive 10 electrostallc discharge. Users should follow proper IC Handling Procedures. File Number 3581.4 
Copyrlghl ell Harris Corporation 1997 
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January 1997 

Features 

• 40 MSPS Sampling Rate 

• 8.55 Bits Guaranteed at fiN = 10MHz 

• LowPowar 
• Wide 250MHz Full Power Input Bandwidth 

• On Chip Sample and Hold 

• Fully Differential or Single-Ended Analog Input 

• Single +5V Supply Voltage 

• TTL Compatible Interface 

• 3.3V Digital Outputs Available 

• Evaluation Board Avalleble (HI5703EVAL) 

Applications 
• Professional Video Digitizing 

• Medical Imaging 

• Digital Communication Systems 

• High Speed Data Acquisition 

• Additional Reference Documenta 
- AN9534 Using the HI5703 Evaluation Board 
- AN9413 Driving the Analog Input of the HI5702 

- AN9214 Using Harris High Speed AID Converters 

HI5703 

Description 
The HI5703 is a monolithiC, 10-bit, analog-ta-digital converter 
fabricated in Harris's BiCMOS process. It is designed for high 
speed applications where wide bandwidth and low power 
consumption are essential. Its 40 MSPS speed Is made 
possible by a fully differential pipeline architecture with an 
internal sample and hold. 

The HI5703 has excellent dynamic performance while 
consuming only 400mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output bus 
with a latency of 7 clock cycles. It is pin-to-pin compatible with 
the H15702. 

Ordering Information 
TEMP. PKG. 

PART NUMBER RANGE ("C) PACKAGE NO. 

HI5703KCB 01070 28 Ld SOIC (W) M28.3 

HI5703EVAL 25 Evaluation Board 

Pinout Typical Application Schematic 
H15703 (SOle) HI5703 

TOP VIEW 
3.25V VAl'" (7) 

DO 2.0V VIIEF-(8) 

D1 (LSB) (28) DO DO 

02 (27) D1 D1 

DGND D3 AGND(12) (26)02 02 

AVec 04 
AGND(6) (25) D3 D3 DGND AGND BNC 

(24)04 04 
AGND DVcca (20)D6 os -!- ~ @ 

eLK (111)D6 D6 

DGND (18)07 07 

DB (17) DB DB 

D6 (MSB) (16) DB DB 

07 
VIN+ I'\J VIN+(8) (1) DVecl 

101lf AND O.11lf CAPS 
ARE PLACED AS CLOSE 

DB TO PART AS POSSIBLE 
DB 

VDC(11) (3) DVCC1 

DFS VIN- V" V1N-(10) (23) DVcca +5V 

CLOCK "1- CLK(22) (13) AVec 

(5) AVec +5V 

CAUTION: These davtcea are aansllive 10 eleclroaIallc discharge. Users should follow proper IC HandDng Procedures. 
Copyright C Harris Corporation 1997 

File Number 3950.5 
5-16 



~,CXD2310A 

January 1997 10-Bit, 20 MSPS AID Converter 

Features Description 
o Resolution 10-Bit ±D.5 LSB (DNL) 

o Maximum Sampling Frequency 20 MSPS 

o Low Power Consumption 150mW (Reference Current 

The HI5710A, CXD2310A is a low power, 10-bit, CMOS 
analog-to-digital converter. The use of a 2-step architecture 
realizes low power consumption, 150mW, and a maximum 
conversion speed of 20MHz with only a 3 clock cycle data 
latency. The HI5710A, CXD2310A can be powered down, 
disabling the chip and the digital outputs, reducing power to 
less than 5mW. A built-in, user controllable, calibration circuit 
is used to provide low linearity error, 1 LSB. The low power, 
high speed and small package outline make the HI5710A, 
CXD2310A an ideal choice for CCD, battery, and high 
channel count applications. 

Excluded) 

o Standby Mode Power 5mW 

o No Sample and Hold Required 

o TTL Compatible Inputs 

o Three-State TTL Compatible Outputs 

o Single +5V Analog Power Supply 

o Single +3.3V or +5V Digital Power Supply 

Applications 
o Video Digitizing - Multimedia 

o Data Communications 

o Image Scanners 

o Medical Imaging 

o Video Recording Equipment 

o Camcorders 

o QAM Demodulation 

Pinout 

DO 

01 

D2 
03 

D4 

OVss 
OVDO 

05 

D8 
07 

D8 

DB 

The HI5710A, CXD2310A does not require an external sam
ple and hold but requires an external reference and includes 
force and sense reference pins for increased accuracy. The 
digital outputs can be inverted, with the MSB controlled sep
arately, allowing for various digital output formats. The 
H15710A, CXD2310A includes a test mode where the digital 
outputs can be set to a fixed state to ease in-circuit testing. 

Ordering Information 

PART NO. 
HI5710AlCO, 
CXD231 OAR 

H15710A, CXD2310A (MQFP) 
TOP VIEW 

gjuu8GJgj :;!u z ~ 
i!!iz z i!!iiiiHI: I!!u z >!( i= 

TEMP. 
RANGEt«'C) 

Oto75 

AVaa 
VRB 
VRB 
NC 
Ne 
NC 
VRT 
VRT 
AVss 
AVss 
AVDD 
AVDD 

PACKAGE PKG.NO. 

48 LdMQFP Q48.7x7-S 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3921.4 
Copyright @ Harris Corporation 1997 
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January 1997 

Features 

• 40 MSPS Sampling Rate 

• 8.8 Bits at fJN = 10MHz 

• Low Power 225mW at 40 MSPS 

• Wide 250MHz Full Power Input Bandwidth 

• On Chip Sample and Hold 

• Fully Differential or Single-Ended Analog Input 

• Single +5V Supply Voltage 

• TTUCMOS Compatible Dlgltallnputa 

• 3.OIS.OV CMOS Compatible Digital Outputs 

HI5746 
10-Bit, 40 MSPS AID Converter 

Description 
The H15746 is a monolithic, 10-blt, analog-ta-digital 
converter fabricated in a CMOS process. It Is designed for 
high speed applications where wide bandwidth and low 
power consumption are essential. Its 40 MSPS speed is 
made possible by a fully difiarential plpelined architecture 
with an Internal sample and hold. 

The H15746 has excellent dynamic performance while 
consuming only 225mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output 
bus with a latency of 7 clock cycles. It is pin-far-pin 
functionally compatible with the HI5702 and the H15703. 

Ordering Information 
• Offset Binary or Two's Complement Output Formet PART TEMP. PKG. 

Applications 

• Professional Video Digitizing 

• Medical Imaging 

• Digital Communlcetlon Systems 

• High Speed Data Acquisition 

Pinout 

DVCC1 1 

OGN01 

DVCC1 

DGN01 4 

NUMBER RANGEt«'C) 

HI5746KCB 

H15746EV AL 1 

H15746 (SOIC) 
TOP VIEW 

DO 

D1 

D2 

D3 

DVccz 

CLK 
DGND2 

D6 

D6 

D7 
D6 

01070 

25 

CAUTION: These devices are sensftive to electrostatic discharge. Users should follow proper Ie Handing Procedures. 
Copyright @ HarTIs Corporation 1997 
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PACKAGE NO. 

28 Ld SOIC (W) M28.3 

Evaluation Board 

File Number 4129.2 



January 1997 

Features 

• 60 MSPS Sampling Rate 

• 8.3 Bits at fiN = 10MHz 

• Low Power 260mW at 60 MSPS 

• Wide 250MHz Full Power Input Bandwidth 

• On Chip Sample and Hold 

• Fully Differential or Single-Ended Analog Input 

• Single +SV Supply Voltage 

• TTUCMOS Compatible Digital Inputs 

• 3.OIS.0V CMOS Compatible Digital Outputs 

• Offaat Binary or Two's Complement Output Format 

Applications 

• Professional Video Digitizing 

• Medlcallmaglng 

• Digital Communication Systems 

• High Speed Data Acquisition 

Pinout 

HI5766 
10-Bit, 60 MSPS AID Converter 

Description 
The HI5766 is a monolithic, 10-bit, analog-to-digital 
converter fabricated in a CMOS process. It is designed lor 
high speed applications where wide bandwidth and low 
power consumption are essential. Its 60 MSPS speed is 
made possible by a· fully differential pipelined architecture 
with an internal sample and hold. 

The HI5766 has excellent dynamic performance while 
consuming only 260mW power at 60 MSPS. Data output 
latches are provided which present valid data to the output 
bus with a latency of 7 clock cycles. It is pin-lor-pin 
functionally compatible with the HI5702, H15703 and the 
HI5746. 

Ordering Information 

PART TEMP. PKG. 
NUMBER RANGEfc) PACKAGE NO. 

HI5766KCB 01070 28 Ld SOIC (W) M28.3 

H15766EVAL1 25 Evaluation Board 

CAUTION: These devices are sensilive 10 electrostatic discharge. Users should follow proper 10 Handling Procadures. File Number 4130.2 
CopyrIght 0 Harris Corporallon 1997 
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aD HARRIS WJ SEMICONDUCTOR 

January 1997 

Features 

• 3 MSPS Throughput Rate 

• 12-BII, No Missing Codes Over Temperature 

• 1.0 LSB Integral Linearity Error 

• Buffered Sample and Hold Amplifier 

• Precision Voltage Reference 

• ±2.SV Input Signal Range 

• 20MHz Input BW Allows Sampling Beyond Nyquist 

• Zero LstencylNo Pipeline Delay 

• Evaluation Board Available 

Applications 

• High Speed Data Acquisition Systems 

• Mec:llcallmaglng 

• Radar Signal Analysis 

• Document and Film Scanners 

• VlbratlonlWaveform Spectrum Analysis 

• Digital Servo Control 

Pinout 

HI5800 
-Bit, 3 MSPS Sampling AID Converter 

Description 
The HI5800 is a monolithic, 12·bit, sampling Analog-to
Digital Converter fabricated In the HBC10 BiCMOS process. 
It is a complete subsystem containing a sample and hold 
amplifier, voltage reference, two-step subranglng AID, error 
correction, control logic, and timing generator. The H15800 is 
designed for high speed applications where wide bandwidth, 
accuracy and low distortion are essential. 

Ordering Information 

PART 
NUMBER 

H15800B10 

HI5800JCO 
HI5800KCO 

H15800-EV 

H15800 
(SBDlP) 

TOP VIEW 

LINEARITY 

±1 LSB 

±2LSB 
±1 LSB 

TEMP. 
RANGE 

("C) 

-4010 85 

01070 

25 

PKG. 
PACKAGE NO. 

40 LdSBOIP 040.6 

40 LdSBOIP 040.6 

Evaluation Board 

CAUTION: These devlca& ara senshlve 10 electrostatic disCharge. Users should follow proper IC Handling Procedures. File Number 2938.9 
Copyright @ Harris Corporation 1997 
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January 1997 

Features 
• 5 MSPS Sampling Rate 

• LowPower 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power Input Bandwidth 

• Low Dlatortlon 

• Internal Reference 

• TTUCMOS Compatible Digital 110 

• 3V to 5V Digital Outputa 

Applications 
• High Speed Data Acquisition Syatems 

• Digital IF Communication Systems 

• Document and Film Scanners 

• Medical Imaging 

• Redar Signal Analysis 

• VlbrstlonIWaveform Spectrum Analysis 

• Digital Servo Loop Control 

• Reference LHerature 
• AN9214 Using Harris High Speed Convartars 

Pinout 

DVCCI 4 

DGND1 

AVec 

AGND 

HI5804 
12-Bit,5 MSPS AID Converter 

Description 
The HI5804 is a monolithic, 12-bit, Analog-to-Digital 
Converter fabricated in Harris' HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 

The H15804 is designed in a fully differential pipelined 
architecture with a front end differential-in-differential-out 
sample-and-hold (SJH). The HI5804 has excellent dynamic 
performance while consuming 300mW power at 5 MSPS. 

The 100MHz full power input bandwidth is ideal for 
communication systems and document scanner 
applications. Data output latches are provided which present 
valid data to the output bus with a latency of 3 clock cycles. 
The digital outp~ have a separate supply pin which can be 
powered from a 3.0V to 5.0V supply. 

Ordering Information 
PART 

NUMBER 

HI5804KCB 

H15804 
(SOIC) 

TOP VIEW 

SAMPLE 
RATE 

5 MSPS 

D1 

D2 

D3 

D4 

D5 

DVccz 

DGND2 

De 

D7 

D8 

De 

TEMP. 
RANGE ("C) 

01070 

PKG. 
PACKAGE NO. 

28 LdSOIC M28.3 

CAUTION: These devices are sensitive to electrostatic discharge. Usera should follow proper IC Handling Procedures. File Number 4026.2 
Copyright C Harris Corporation 1997 
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January 1997 

Features 

• 5 MSPS Sampling Rate 

• Low Power 

• Internal Sample and Hold 

• Fully Differential Architecture 

• 100MHz Full Power Input Bandwidth 

• Low Distortion 

• Internal Voltage Reference 

• TTUCMOS Compatible Digital VO 

• 5V to 3.0V Digital Outputs 

Applications 
• Digital Communication Systems 

• Undersampling Digital IF 

• Document Scanners 

• Additional Reference Documents 

HI5805 
12-Bit, 5 MSPS AID Converter 

Description 
The HI5805 is a monolithic, 12-bit, Analog-to-Digital 
Converter fabricated in Harris' HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 

The HI5805 is designed in a fully differential pipelined 
architecture with a front end differential-in-differential-out 
sample-and-hold (S/H). The HI5805 has excellent dynamic 
performance while consuming 300mW power at 5 MSPS. 

The 100MHz full power input bandwidth is ideal for commu
nication systems and document scanner applications. Data 
output latches are provided which present valid data to the 
output bus with a latency of 3 clock cycles. The digital out
puts have a separate supply pin which can be powered from 
a 3.0V to 5.0V supply. 

Ordering Information 
PART SAMPLE TEMP. PKG. 

NUMBER RATE RANGE ("C) PACKAGE NO. 

HI5805BIB 5 MSPS -401085 28 Ld sale (W) M28.3 

- AN9214 Using Harris High Speed AID Convertera HI5805EVALl 25 Evaluation Board 

Pinout 

CLK 1 

AVec 
AaND 

H15805 (SOIC) 
TOP VIEW 

1 

01 

D2 

D3 

D4 

°OND2 

D6 

07 

D8 

011 

CAUTION: These devices are sensitive to electrostatic diSCharge. Users should follow proper 10 Handling Procedures. 
Copyright @Harrls Corporation 1997 
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Features 

• 10 MSPS Sampling Rate 

• LowPower 

• Internal Sample and Hold 

• Fully Dlfhtrentlal Architecture 

• 100MHz Full Power Input Bandwidth 

• Low Dlatortlon 

• Internal Voltage Reference 

• TTUCMOS Compatible Digital 110 

• 5V to 3.0V Digital Outputs 

Applications 
• Digital Communication Systems 

• Undersampllng Digital IF 

• Document Scanners 

• Additional Reference Documenta 

HI5BOB 
12-Bit, 10 MSPS AID Converter 

Description 
The H15808 Is a monolithic, 12-blt, Analog-to-Digltal 
Converter fabricated in Harris' HBC10 BiCMOS process. It Is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 

The HI580S Is designed in a fully differential plpelined 
architecture with a front end differential-in-differential·out 
sample·and-hold (SIH). The HI5808 has excellent dynamic 
performance while consuming 325mW power at 10 MSPS. 

The 100MHz full power input bandwidth is ideal for commu
nication systems and document scanner applications. Data 
output latches are provided which present valid data to the 
output bus with a latency of 3 clock cycles. The digital out
puts have a separate supply pin which can be powered from 
a 3.0V to 5.0V supply. 

Ordering Information 

PART SAMPLE TEMP. PKG. 
NUMBER RATE RANGE~C) PACKAGE NO. 

HI5BOSBIB 10 MSPS ·401085 2BLdSOlC M2B.3 

- AN9214 Using Harris High Speed AID Converters 

Pinout 

DVCC1 
DoND1 

DVec1 4 
DoND1 

AVec 
AoND 

VIN+ 

VIN" 

VRIN 

AoND 3 

HI5808 
(SOIC) 

TOP VIEW 

DO 

D1 

D2 

D4 

DI 

DVcca 
DOND2 

2 DI 

AVec ---.. _____ .c-

CAUTION: These devices ara sensitive to electrostatic discharge. Users should follow proper IC HandHng Procedures. 
Copyright @Harris Corporation 1996 
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an·HARRlS 
WJ SEMICONDUCTOR CA3045, CA3046 

November 1996 

Features 
o Two Matched· Transistors 

• VBE Match •••••••••••••••.••••••••••••••• ±5mV 
• 110 Match ••••••••••••••••••••••••••• 211A (Max) 

o Low Nol .. Figure •••••••••••••• 3.2dB (Typ) at 1kHz 

o 5 Gensrsl Purpose Monolhhlc Translators 

o Operetlon From DC to 120MHz 

o Wide Operetlng Current Range 

o Full Military Temperature Range 

Applications 
o Three Isolated Translators and One Differentially 

Connacted Transistor PaIr for Low Power Applications 
at Frequencies from DC Through the VHF Range 

o Custom DeSigned Differential Amplifiers 

o Temperature Compensated Amplifiers 

o Sea Application Note, AN5286 "Application of the 
CA3018 Intagrated-Clrcuh Translator Array" for 
Suggested Applications 

Pinout 

General Purpose NPN 
Transistor Arrays 

The CA3045 and CA3046 each consist of five general 
purpose silicon NPN transistors on a common monolithic 
substrate. l\vo of the transistors are Internally connected to 
form a differentially connected pair. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems In the DC 
through VHF range. They may be used as discrete transis
tors In conventional circuits. However, in addition, they 
provide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 

Ordering Information 

PART NUMBER TEMP. PKG. 
(BRAND) RANGEfc) PACKAGE NO. 

CA3045 -55 to 125 14 LdSBOIP 014.3 

CA3045F ·55 to 125 14 LdCEROIP F14.3 

CA3046 ·55 to 125 14LdPOIP E14.3 

CA3046M -55 to 125 14 LdSOIC M14.15 
(304&) 

CA3046M96 -55 to 125 14 Ld SOIC Tape M14.15 
(3046) end Reel 

CA3045, (CERDIP, SBDIP) 
CA3046 (PDIP, SOIC) 

TOP VIEW 

SUBSTRATE 

CAUTION: Thse devices are sensl1lve to eIecIrosIatlc discharge. Users shoukllollow proper IC HandBng Procedures. 
Copyright C Harris CoIporalion 1996 
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Features 

• CA3081 - Common Emlner Array 

• CA3082 - Common Collector Array 

• Directly Drive Seven Segment Incandescent Displays 
and Light Emitting Diode (LED) Display 

• 7 Transistors Permit a Wide Range of Applications In 
Either a Common Emlner (CA3081) or Common Col
lector (CA3082) Configuration 

• High Ic ••••••••••••••••••••••••••• 100mA (Max) 

• Low VCESAT (at 5OmA) ••••••••••••••••• O.4V (Typ) 

Applications 

• Drivers for 
- Incandescent Display Devices 

- LED Displays 

- Relay Control 

• Thyristor FIring 

Pinouts 
CA3081 

COMMON EMITTER CONFIGURATION 
(PDIP, CERDIP, SOIC) 

TOP VIEW 

3081, CA3082 
General Purpose High Current 

NPN Transistor Arrays 

Description 
CA3081 and CA3082 consist of seven high current (to 
l00mA) silicon NPN transistors on a common monolithic 
substrate. The CA3081 is connected in a common emitter 
configuration and the CA3082 is connected in a common 
collector configuration. 

The CA3081 and CA3082 are capable of directly driving 
seven segment displays, and light emitting diode (LED) dis
plays. These types are also well suited for a variety of other 
drive applications, Including relay control and thyristor firing. 

Ordering Information 

PART NUMBER TEMP. 
(BRAND) RANGEr'C) PACKAGE 

CA3081 ·55 to 125 16Ld PDIP 

CA3081F -55 to 125 16LdCERDIP 

CA3081M ·55 to 125 16LdSOlC 
(3081) 

CA3081M96 -55 to 125 16 Ld SOIC Tape 
(3081) and Reel 

CA3082 ·55 to 125 16Ld PDIP 

CA3082F -55 to 125 16LdCERDIP 

CA3082M -55 to 125 16LdSOlC 
(3082) 

CA3082M96 -55 to 125 16 Ld SOIC Tape 
(3082) and Reel 

CA3082 
COMMON COLLECTOR CONFIGURATION 

(PDIP, CERDIP, SOIC) 
TOP VIEW 

PKG. 
NO. 

E16.3 

F16.3 

M16.15 

M16.15 

E16.3 

F16.3 

M16.15 

M16.15 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC HandHng Procedures. File Number 480.3 
Copyright @ Harris Corporation 1996 
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mHARRIS 

September 1996 

Features 
• High Ic. • • • • • • • • • • • • • • • • • • • • • • • • • •• 100mA (Max) 

• Low VCE sat (at 5OmA) •••••••••••••••••• O.7V (Max) 

CA3083 
eneral Purpose High Current 

NPN Transistor Array 

Description 
The CA3083 is a versatile array of five high current (to 
100mA) NPN transistors on a common monolithic substrate. 
In addition, two of these transistors (01 and 02) are 

• Matched Pair (Q1 and Qz) matched at low current (Le., 1 mAl for applications in which 
• VIO (VBE Match) • • • • • • • • • • • • • • • • • •• ±5mV (Max) offset parameters are of special Importance . 

• 110 (at 1mA) ••••••••••••••••••••••• 2.5jlA (Max) Independent connections for each transistor plus a separate 

• 5 Independent Transistors Plus Separate Substrate terminal for the substrate permit maximum flexibility in circuit 
Connection design. 

Applications 
Ordering Information 

• Signal Procesalng and Switching Systems Operating 
PART NUMBER 

(BRAND) 
from DC to VHF 

• Lamp and Relay Driver 

• Differential Amplifier 

• Temperature Compensated Amplifier 

• Thyristor FIring 

• See Application Note AN5296 "Applications of the 
CA3018 Circuit Transistor Array" for Suggested 
Applications 

Pinout 

CA3083 

CA3083F 

CA3083M 
(3083) 

CA3083M96 
(3083) 

CA3083 
(PDIP, CERDIP, SOIC) 

TOP VIEW 

SUBSTRATE. 5 

TEMP. 
RANGEfC) 

·55 to 125 

·55 to 125 

·55 to 125 

·55 to 125 

CAUTION: These devices are sensitive to eIecIro8IaIIc discharge. Users should follow proper IC Handling Procedures. 
Copyright 0 Harris Corporadon 1996 
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PKG. 
PACKAGE NO. 

16 Ld PDIP E16.3 

16 LdCERDIP F16.3 

16 LdSOIC M16.15 

16 Ld SOIC Tape M16.15 
and Reel 

File Number 481.3 



November 1996 

Applications 
• Three Isolated Transistors and One Dlfferantlally 

Connected Transistor Pair For Low-Power Applications 
from DC to 120MHz 

• General-Purpose Use In Signal Processing Systems 
Operating In the DC to 190MHz Range 

• Temperature Compensated Ampl"lers 

• See Application Note, AN5296 "Application of the 
CA3018 Integrated-Circuit Transistor Array" for 
Suggested Applications 

Ordering Information 

PART NUMBER TEMP. PKG. 
(BRAND) RANGEfc) PACKAGE NO. 

CA3086 ·55 to 125 14LdPDIP E14.3 

CA3086M -55 to 125 14LdSOlC M14.15 
(3086) 

CA3086M96 -55 to 125 14 Ld SOIC Tape M14.15 
(3086) and Reel 

CA3086F -55 to 125 14 LdCERDIP F14.3 

Pinout 

Description 

CA3086 
General Purpose NPN 

Transistor Array 

The CA3086 consists of five general-purpose silicon NPN 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a differentially 
connected pair. 

The transistors of the CA3086 are well suited to a wide vari
ety of applications in low-power systems at frequencies from 
DC to 120MHz. They may be used as discrete transistors in 
conventional circuits. However, they also provide the very 
Significant Inherent advantages unique to integrated Circuits, 
such as compactness, ease of physical handling and ther
mal matching 

CA3086 
(PDIP, CERDIP, SOIC) 

TOP VIEW 

SUBSTRATE 

CAUTION: These devices BIB sensltlve to electrostalic discharge. Users should follow proper IC Handling Procedures. 
Copyright @Harris CorporaUon 1996 
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Applications 
• Five-Independent Transistors 

• Three NPN and 
• TwoPNP 

• Differential Amplifiers 

• DC Amplifiers 

• Sense Amplifiers 

• Level Shifters 

• Timers 
• Lamp and Relay Drivers 

• Thyristor FIring Circuits 

• Temperature Compensated Amplifiers 

• Operational Amplifiers 

Ordering Information 

PART NUMBER TEMP. 
(BRAND) 

CA3096AE 

CA3096AM 
(3096A) 

CA3096AM96 
(3096A) 

CA3096CE 

CA3096E 

CA3096M 
(3096) 

CA3096M96 
(3096) 

Pinout 

RANGEr»C) PACKAGE· 

-55 to 125 16 Ld PDIP 

·55 to 125 16 LdSOIC 

·55 to 125 16 Ld SOIC Tape 
and Reel 

·55 to 125 16 Ld PDIP 

·55 to 125 16 Ld PDIP 

·55 to 125 16 LdSOIC 

·55 to 125 16 Ld SOIC Tape 
and Reel 

CA3096, CA3096A, CA3096C 
(PDIP, SOIC) 
TOP VIEW 

PKG. 
NO. 

E16.3 

M16.15 

M16.15 

E16.3 

E16.3 

M16.15 

M16.15 

SUBSTRATE 

~3096, CA3096A, 
CA3096C 

NPNlPNP Transistor Arrays 

Description 

The CA3096C, CA3096, and CA3096A are general purpose 
high voltage silicon transistor arrays. Each array consists of 
five independent transistors (two PNP and three NPN types) 
on a common substrate, which has a separate connection. 
Independent connections for each transistor permit maxi· 
mum flexibility in circuit design. 

Types CA3096A, CA3096, and CA3096C are identical, except 
that the CA3096A specifications include parameter matching 
and greater stringency in ICeo. ICEo. and VCE(SAT). The 
CA3096C is a relaxed version of the CA3096. To type this 
body text, simply triple click this paragraph and begin typing. 
The paragraph tag for this area is called body. 

CA309~CA3096A,CA3096C 
Essential Differences 

CHARACTERISTIC CA3096A CA3096 

V(BR)CEO (V) (Min) 

NPN 35 35 

PNP -40 -40 

V(BR)CBO (V) (Min) 

NPN 45 45 

PNP ·40 -40 

hFEat 1mA 

NPN 150-500 150-500 

PNP 20·200 20·200 

hFEat 100pA 

PNP 40·250 40·250 

lcao (nA) (Max) 

NPN 40 100 

PNP -40 ·100 

ICEO (nA) (Max) 

NPN 100 1000 

PNP ·100 ·1000 

VeE SAT (V) (Max) 

NPN 0.5 0.7 

IVIOI (mV) (Max) 

NPN 5 · 
PNP 5 · 

11101 (vA) (Max) 

NPN 0.6 · 
PNP 0.25 · 

CA3096C 

24 

·24 

30 

·24 

100·670 

15-200 

30-300 

100 

·100 

1000 

·1000 

0.7 

. 
· 
· 

· 
· 

CAUTION: These devices are sensitive 10 electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 595.3 
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August 1996 

Features 

• Gain Bandwidth Product (fT)' ••••••••••••••• >1GHz 

• Power Gain ••••••••••••••••• 30dB (Typ) at 100MHz 

• Noise Figure •••••••••••••••• 3.5dB (Typ) at 100MHz 

• Five Indapendent Transistors on a Common Substrate 

Applications 

• VHF Amplifiers 

• Multifunction Combinations· RFIMlxer/Oaclllator 

• Sense Amplifiers 

• Synchronous Detectors 

• VHF Mixers 

• IF Converter 

.• IF Amplifiers 

• Synthesizers 

• cascade Amplifiers 

Pinout 

CA3127 
igh Frequency NPN Transistor Array 

Description 
The CA3127 consists of five general purpose silicon NPN 
transistors on a common monolithic substrate. Each of the 
completely Isolated transistors exhibits low 1/1 noise and a 
value of fT In excess of 1GHz, making the CA3127 useful 
from DC to 5OOMHz. Access is provided to each of the termi· 
nals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi· 
bility. The monolithic construction of the CA3127 provides 
close electrical and thermal matching of the five transistors. 

Ordering Information 

PART 
NUMBER TEMP. PKG. 
(BRAND) RANGE ("C) PACKAGE NO. 

CA3127E ·55 to 125 16 Ld PDIP E16.3 

CA3127M -55 to 125 16 LdSOIC M16.15 
(3127) 

CA3127M96 -55 to 125 16 Ld SOIC Tape and Reel M16.15 
(3127) 

CA3127 
(PDIP, SOIC) 
TOP VIEW 

CAUTION: These devices ara sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
CopyrIght 0 Harris Corporation 1996 

File Number 662.3 
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Features 
• Matched General Purpose Transistors 

- VBE Match ••••••••••••••••••••••••••• ±5mV (Max) 
• Operation from DC to 120M~ (CA3146. CA3146A) 
• Low Noise Figure ••••••••••• 3.2dB (CA31 .... CA3146A) 
• High Ic. • • • • • • • • • • • •• 75mA (Max) (CA3183. CA3183A) 

Applications 
• General Un in Signal Processing Systems In DC through 

VHF Range 
• Custom Designed Differential Amplifiers 
• Temperature Compensated Amplifiers 
• Lamp and Relay Drivers (CA3183. CA3183A) 
• Thyristor Firing (CA3183. CA3183A) 

Ordering Information 
PART N.UMBER TEMP. 

(BRAND) 

CA3146AE 

CA3146AM 
(3146A) 

CA3146AM96 
(3146A) 

CA3146E 

CA3146M 
(3146) 

CA3146M98 
(3146) 

CA3183AE 

CA3183AM 
(3183A) 

CA3183AM96 
(3183A) 

CA3183E 

CA3183M 
(3183) 

CA3183M96 
(3183) 

Pinouts 

RANGEr'C) PACKAGE 

-401085 14ld POIP 

-401085 14 ld SOIC 

-401085 14 ld SOIC Tap!! and Reel 

-401085 14ldPOIP 

-401085 14ldSOlC 

-401085 14 ld SOIC Tape and Reel 

-401085 16ld POIP 

-401085 16ld SOIC 

-401085 16 ld SOIC Tape and Reel 

-401085 16ldPOIP 

-401085 16ldSOlC 

-401085 16 ld SOIC Tape and Reel 

CA3146, CA3146A (PDIP, SOIC) 
TOP VIEW 

DIFF. 
PAIR 

PKG. 
NO. 

E14.3 

M14.15 

M14.15 

E14.3 

M14.15 

M14.15 

E16.3 

M16.15 

M16.15 

E16.3 

M16.1S 

M16.15 

~3146, CA3146A, 
~3183, CA3183A 

High-Voltage Transistor Arrays 

Description 
The CA3146A, CA3146, CA3183A, and CA3183 are general 
purpose high voltage silicon NPN transistor arrays on a com
mon monolithic substrate. 

Types CA3146A and CA3.146 consist of f~ transistors with two 
of the transistors connected to form a differentially connected 
pair. These types are recommended for low power applications 
In the DC through VHF range. (CA3146A and CA3146 are high 
voltage versions of the popular predecessor type CA3046.) 

Types CA3183A and CA3183 consist of five high current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Ql and Q2) are matched 
at low current (I.e., 1 mAl for applications where offset 
parameters are of special importance. A special substrate 
terminal is also included for greater flexibility in circuit 
design. (CA3183A and CA3183 are high voltage versions of 
the popular predecessor type CA3083.) 

The types with an "A" sufilx are premium versions of their 
non_MAO counterparts and feature tighter control of break
down voltages making them more suitable for higher voltage 
applications. 

For detailed application Information, see companion Application 
Nota AN5296 "Application of the CA3018 Integrated Circuit 
Transistor Amrf.' 

CA3183. CA3183A (PDIP, SOIC) 
TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 532.3 
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m --------3227, CA3246 

August 1996 

quency NPN Transistor Arrays For Low
Power Applications at Frequencies Up to 1.SGHz 

Features 

• Gain-Bandwidth Product (fT) ••••••..••.•••• >3GHz 

• Five Transistors on a Common Substrate 

Applications 

• VHF Amplifiers 

• VHF Mixers 

• Multifunction Combinations - RFlMlxer/Osclllator 

• IF Converter 

• IF Amplifiers 

• Sense Amplifiers 

• Synthesizers 

• Synchronous Detectors 

• Cascade Amplifiers 

Pinouts 
CA3246 

(PDIP, SOIC) 
TOP VIEW 

Description 
The CA3227 and CA3246 consist of five general purpose sil
icon NPN transistors on a common monolithic substrate. 
Each of the transistors exhibits a value of fT in excess of 
3GHz, making them useful from DC to 1.5GHz. The mono
lithic construction of these devices provides close electrical 
and thermal matching of the five transistors. 

Ordering Information 

PART 
NUMBER 
(BRAND) 

CA3227E 

CA3227M 
(3227) 

CA3227M96 
(3227) 

CA3246E 

CA3246M 
(3246) 

CA3246M96 
(3246) 

TEMP. 
RANGE ("C) PACKAGE 

·5510125 16 Ld PDIP 

·5510 125 16 LdSOIC 

·5510125 16 Ld SOIC Tape 
and Reel 

·5510125 14 Ld PDIP 

·5510125 14 LdSOIC 

·5510125 14 Ld SOIC Tape 
and Reel 

CA3227 
(PDIP, SOIC) 

TOP VIEW 

PKG.NO. 

E16.3 

M16.15 

M16.15 

E14.3 

M14.15 

M14.15 

CAUTION: These devices are sensitive to electroslatlc discharge. Users should follow proper IC Handling Procedures. File Number 1345.3 
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EHARRIS HFA1120 
I 

850M Hz, Low Distortion 
November 1996 urrent Feedback Operational Amplifiers 

Features Description 
o Low Distortion (30MHz, HD2) ....... -56dBc The HFA1100, 1120 are a family of high-speed, wldeband, fast 
o -3dB Bandwidth •••••••••••.•••••• 850MHz settling current feedback amplifiers. Built with Harris' proprietary 

complementary bipolar UHF-1 process, these devices are the fastest 
oVery Faat Slew Rate •••••••••••••• 2300Vll1S monolithic amplifiers available from any semiconductor manufacturer. 

o FastSettlingTime(0.1%) •••••••••••• 11ns The HFA1100 Is a basic op amp with uncommitted pins 1, 5, and 8. 
o Excellent Gain Flatness The HFA 1120 includes inverting input bias current adjust pins (pins 1 

_ (100MHz)..................... ±O.14c1B and 5) for adjusting the output offset voltage. 

_ (50MHz)...................... ±O.04dB These devices offer a significant performance improvement over the 
AD811, AD9617/18, the CLC400-409, and the EL2070, EL2073, 

- (30M Hz) • • • • • • • • • • • • • • • . • • • • •• ±O.01dB EL2030. 

o High Output Current ••••••••••••••• 60mA For Military grade product refer to the HFA1100/883, HFA1120/883 
o Overdrive Recovery. • • • • • • • • • • • • • •• <10ns data sheet. 

Applications Ordering Information 
o Video Switching and Routing PART NUMBER TEMP. 

o Pulse and Video Amplifiers (BRAND) RANGE ("C) PACKAGE PKG.NO. 

o Wldeband Amplifiers 

o RFnF Signel Processing 

HFAll00MJI883, -55 to 125 8LdCERDIP F8.3A 
HFAI120MJ/883 

o Flash AID Driver 
HFAll00IJ. HFA1120lJ -40 to 85 8LdCERDIP F8.3A 

o Medical Imaging Systems HFAll00IP. HFA1120lP -40 to 85 8LdPDIP E8.3 

o Related Literature 
- AN9420, Current Feedback Theory 

HFAll00IB, HFA1120lB -40 to 85 8LdSOlC M8.15 
(Hll001. H11201) 

- AN9202, HFA11XX Evaluation Fixture HFAllXXEVAL DIP EvaJua1Ion Board for High-Speed Op Amps 

Pinouts 
HFAll 00 

(PDIP, CERDIP, SOIC) 
TOP VIEW 

HFAI120 
(PDlP, CERDlP, SOIC) 

TOP VIEW 

The Op Amps With Fastest Edges 

On8 25n8 

CAUTION: Thaae devlcaa are senslllve to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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INPUT 
220MHz 
SIONAL 

OUTPUT 
(Ay=2) 
HFA1130 
OPAMP 

File Number 2945.5 
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Features 

• Compensation Pin for Bandwidth limiting 

• Low Distortion (HD2 at 30M Hz). • • • • • • • • • • •. -56dBc 

• -3dB Bandwidth •••••••••••••.•••••.•••.• 600MHz 

• Very Fast Slew Rate ••••••.•.•..••.•••.•• 2000VljlS 

• Fast.Settling Time (0.1%) ••.••••••.•••••..•• 11ns 

• Excellent Gain Flatness 
• (100MHz) .•••••••••••••••••••••••••••• ±O.05dB 
• (50MHz) ••••••••••••••••••.•.••.•••••• ±O.02dB 

• (30M Hz) ••••••••••••••••.•.••••••••••• ±O.01dB 

• High Output Current ••••••••••••••••••••••• SOmA 

• Overdrive Recovery. • • • • • • • . • . • • • . . • • • . • •. <10ns 

Applications 

• Low Noise Amplifiers 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• RFnF Signal Processing 

• Flash AID Driver 

• Medical Imaging Systems 

Pinout 
HFA1102 

(PDIP, CERDIP, SOIC) 
TOP VIEW 

Nc(Ba COMP 
·IN 2· 7 v+ 

+IN 3 + 6 OUT 

v· 5 NC 

HFA1102 
600MHz Current Feedback 

Amplifier with Compensation Pin 

Description 
The HFA1102 is a high speed wideband current feedback 
amplifier featuring a compensation pin for bandwidth limiting. 
Built with Harris' proprietary complementary bipolar UHF·1 
process, it has excellent AC performance and low distortion. 

Because the HFA 1102 is already unity gain stable, the 
primary purpose for limiting the bandwidth is to reduce the 
total noise (broadband) of the circuit. The bandwidth of the 
HFA1102 may be limited by connecting a capacitor and 
series damping resistor from pin 8 to ground. Typical 
bandwidths for various values of compensation capacitors 
are shown in the Electrical SpeCifications section of this 
datasheet. 

A variety of packages and temperature grades are available. 
See the ordering information below for details. 

Ordering Information 

PART NUMBER TEMP. PKG. 
(BRAND) RANGEr'C) PACKAGE NO. 

HFA11021J ·401085 8LdCERDIP F8.3A 

HFA11021P -401085 8 Ld PDIP E8.3 

HFA11021B ·40 to 85 8LdSOlC M8.15 
(HI1021) 

HFA11XXEVAL DIP Evaluation Board for High Speed Op Amps 

The Op Amps with Fastest Edges 

Dna 25n. 

INPUT 
220MHz 
SIGNAL 

OUTPUT 
(Ayd) 
HFA1102 OPAMP 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3597.2 
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Features 
• Wide -3c:1B Bandwidth .................... 750MHz 

• Very Fast Slew Rate ••••••••••••••••••••• 1300VlI18 

• Fast Settling Time (O.2%) •••••••••••••••••••• 7ns 

• High Output Current ••••••••••••••••••••••• 60mA 

• Fixed Gain of +1 

HFA1110 
750MHz, Low Distortion 

Unity Gain, Closed Loop Buffer 

Description 
The HFA 1110 is a unity gain closed loop buffer that achieves 
·3dB bandwidth of 750MHz, while offering excellent video 
performance and low distortion. Manufactured on Harris' 
proprietary complementary bipolar UHF-1 process, the 
HFA1110 also offers very fast slew rate, and high output 
current. It is one more example of Harris' Intent to enhance 
its leadership position in products for high spee~ signal 
processing applications. 

• Gain Flatness (100MHz) •••••••••••••••••••• 0.03dB The HFA1110's settling time of 11ns to 0.1%, low distortion 

• Differential Phase. • • • • • • • • • • • • • • • •• 0.025 Degrees and ability to drive capacitive loads make it an Ideal flash AID 
driver. 

• Differential Gain. • • • • • • • • • • • • • • • • • • • • • • • •• 0.04% 
The HFA1110 is an enhanced, pin compatible upgrade for 

• 3rd Hannonlc Distortion {50MHz); .......... -8OdBc the AD9620, AD9630, CLC110, EL2072, BUF600 and 
BUF601. 

• 3rd Order Intercept (100MHz) •• ~ • • • • • • • • • •• 30dBm 

Applications 

• Video SwItching and Routing 

• RFnF Processors 

• Driving Flash AID Converters 

• High-Speed Communications 

• Impedance Transfonnatlon 

• Li ... e Driving 

• RaderSystems 

Pinout 
HFA1110 

(PDlP, CERDIP, SOIC) 
TOP VIEW 

For buffer applications requiring a standard op amp pinout, 
or selectable gain (-1, +1, +2), see the HFA1112 data sheet. 
For output limiting see the HFA1113 datasheet. 

For military grade product please refer to the HFA 1110/883 
data sheet. 

Ordering Information 

PART NUMBER TEMP. PKG. 
(BRAND) RANGE(l'C) PACKAGE NO. 

HFA1110lJ -40 to 85 BLdCERDIP FB.3A 

HFA1110lP -4010 85 BLdPDIP EB.3 

HFA1110lB -401085 BldSOIC MB.15 
(H11101) 

HFA1110EVAL High Speed Buffer DIP Evaluation Board 

Pin Descriptions 

PIN 
NAME NUMBER DESCRIPTION 

V+ 1 Positive Supply 

OptV+ 2 Optional Positive Supply 

NC 3 No Connection 

IN 4 Input 

V- 5 Negative Supply 

Opt V- 6 Optional Negative Supply 

NC 7 No Connection 

OUT B Output 

CAUTION: These devices are senslttva to electrostatic discharge. Users should follow proper IC HandHng Procedures. File Number 2944.5 
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Features 
• User Programmable tor Closed-Loop Gains of +1, -1 or 

+2 without Use of External Resistors 

• Wide -3dB Bandwidth •••••••••.•••••••••• 850MHz 

• Very Fast Slew Rate ••••••••••••••••••••• 2400VlI1S 

• Fast Settling Time (0.1%) ••••••••••••••••••• 11ns 

• High Output Current ••••••••••••••••••••••• 60mA 

• Excellent Gain Accuracy •••••••••••••••••• O.99VN 

• Overdrive Recovery. • • • • • • • • • • • • • • • • • • • • •• <1Ons 

• Standard Operational Amplifier Pinout 

Applications 

• RFnF Processors 

• Driving Flash AID Converters 

• High-Speed COmmunications 

• Impedance TranstormaUon 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 

• Related Literature 
- AN9507, Video Cable Drivers Save Board Space 

Pinout 
HFA1112 

(PDIP, CERDIp, SOle) 
TOP VIEW 

'HFA1112 
850M Hz, Low Distortion 

Programmable Gain Buffer Amplifier 

Description 
The HFA1112 is a closed loop Buffer featuring user 
programmable gain and ultra high speed parformance. 
Manufactured on Harris' proprietary complementary bipolar 
UHF-1 process, the HFA1112 offers a wide -3dB bandwidth 
of 850MHz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 

A unique feature of the pinout allows the user to select a volt
age gain of +1, -1, or +2, without the use of any external 
components. Gain selection Is accomplished via connec
tions to the inputs, as described in the "Application Informa
tion" section. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 

Compatibility with existing op amp pinouts provides flexibility to 
upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at a 
future date. 

This amplifier is available with programmable output limiting 
as the HFA 1113. For applications requiring a standard buffer 
pinout, please refer to the HFA1110 datasheet. For Military 
product, refer to the HFA 11121883 data sheet. 

Ordering Information 

PART NUMBER TEMP. PKG. 
(BRAND) RANGE ("C) PACKAGE NO. 

HFAll121J -40 to 85 8 LdCERDIP F8.3A 

HFA11121P ·40 to 85 8LdPDIP E8.3 

HFAll121B ·40 to 85 8LdSOlC M8.15 
(Hll121) 

HFA11XXEVAL High Speed Op Amp DIP Evaluation Board 

Pin Descriptions 

PIN 
NAME NUMBER DESCRIPTION 

NC 1,5,8 No Connection 

·IN 2 Inverting Input 

+IN 3 Non·lnvertlng Input 

V· 4 Negative Supply 

OUT 6 Output 

V+ 7 Positive Supply 

CAUTION: These devices are sensHIve to electrostatic discharge. Users should follow proper IC Handnng Procedures. File Number 2992.4 
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Features 

• User Programmable Output Voltage Limiting 

• User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 

• Wide -3cIB Bandwidth •••••••••.•••••••••• 850M Hz 

• Excellent Gain Flatness (to 100MHz) •••••••• ±O.07dB 

• Low Differential GaIn and Phase •••• 0.02%10.04 Degrees 

• Low Distortion (HD3, 30MHz) . . • • . . . • • • . • •• -73c1Bc 

• Very Fast Slew Rate •••••••••••••.•••••• 2400VlIUI 

• Fast Settling Time (0.1 %) ••••••••••••••••••• 13ns 

• High Output Currant ••••••••••••••••••••••• 60mA 

• Excellent Gain Accuracy •••••••••••••••••• 0.99VN 

• Overdrive Recovery. • • • • • • • • • • • • • • • • • • • • • •• <1 ns 

• Standard Operational Amplifier Pinout 

Applications 

• RFnF Processors 

• Driving Flash AID Converters 

• High-Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 

Pinout 
HFA1113 

(PDIP, CERDIP, SOIC) 
TOP VIEW 

~ 

"IT $\~" 
-IN [I~~ ~V+ 
+IN (If! Y ~ OUT 

v-II ~ VL 

HFA1113 
Hz, Low Distortion, Output Limiting, 

Programmable Gain, Buffer Amplifier 

Description 
The HFA 1113 is a high speed Buffer featuring user program
mable gain and output limiting coupled with ultra high speed 
performance. This buffer is the ideal choice for high fre
quency applications requiring output limiting, especially 
those needing ultra fast overload recovery times. The output 
limiting function allows the deSigner to set the maximum 
positive and negative output levels, thereby protecting later 
stages from damage or input saturation. The sub-nanosec
ond overdrive recovery time quickly returns the amplifier to 
linear operation following an overdrive condition. 

A unique feature of the pinout allows the user to select a volt
age gain of +1, -1, or +2, without the use of any external 
components, as described in the "Application Information" 
section. Compatibility with existing op amp pinouts provides 
flexibility to upgrade low gain amplifiers, while decreasing 
component count. Unlike most buffers, the standard pinout 
provides an upgrade path should a higher closed loop gain 
be needed at a future date. 

Component and composite video systems will also benefit 
from this buffer's performance, as indicated by the excellent 
gain flatness, and 0.020/010.04 Degree Differential 
Gain/Phase specifications (RL = 1500). 

For Military product, refer to the HFA 11131883 data sheet. 

Ordering Information 
PART NUMBER TEMP. PKG. 

(BRAND) RANGE ("C) PACKAGE NO. 
HFAll13MJ/BB3 ·5510125 BLdCERDIP FB.3A 
HFAll131J -40 to B5 B LdCERDIP FB.3A 
HFAll131P -4010 as BLdPDIP EB.3 
HFAll131B -40 to B5 BLdSOIC MB.15 
(Hll131) 
HFA11XXEVAL DIP Evaluation Board For High Speed Op Amps 

Pin Descriptions 

PIN 
NAME NUMBER DESCRIPTION 

NC 1 No Connection 

-IN 2 Inverting Input 

+IN 3 Non-Inverting Input 

V- 4 Negative Supply 

VL 5 Lower Output Limit 

OUT 6 Output 

V+ 7 Positive Supply 

VH B Upper Output Limit 

CAUTION: These davtces are sensHlve to elactrostatlc discharge. Users should follow proper IC Handling Procedures. File Number 1342.3 
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Features 

• Access to Summing Node Allows Circuit Customlzatlon 

• User Programmable For Closed-Loop Gains of +1,-1 
or +2 Without Use of External Resistors 

• Wide -3dB Bandwidth .................... 850MHz 

• Very Fast Slew Rate ••••••••••••••.•.••• 2400Vlj!S 

• Fast Settling Time (0.1%) ••••••••••••••••••• 11ns 

• High Output Current ••••••••••••••••••••••• 60mA 

• Excellent Gain Accuracy •••••••••••••••••• O.99VN 

• Overdrive Recovery. • • • • • • • • • • • • • • • • • • • • •• <10ns 

• Standard Operational Amplifier Pinout 

Applications 

• RFnF Processors 

• Driving Flash AID Converters 

• High Speed Communications 

• Impedance Transformation 

• Line Driving 

• Video Switching and Routing 

• Radar Systems 

• Medical Imaging Systems 

Pinout 
HFA1114 

(PDlP, SOIC) 
TOP VIEW 

HFA1114 
850MHz Video Cable Driving Buffer 

Description 

The HFA1114 is a closed loop Buffer featuring user 
programmable gain and ultra high speed performance. 
Manufactured on Harris' proprietary complementary bipolar 
UHF-1 process, the HFA1114 offers a wide -3dB bandwidth 
of 850MHz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 

A unique feature of the pinout allows the user to select a 
voltage gain of +1, -1, or +2, without the use of any external 
components. Gain selection is accomplished via connections 
to the inputs, as described in the "Application Information" 
section. The result is a more flexible product, fewer part types 
in inventory, and more efficient use of board space. 

Compatibility with existing op amp pinouts provides flexibility 
to upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at 
a future date. 

For applications requiring a standard buffer pinout, please 
refer to the HFA 1110 datasheet. 

Ordering Information 

PART NUMBER TEMP. RANGE PKG. 
(BRAND) (oC) PACKAGE NO. 

HFA11141P -40 to 85 8Ld PDIP E8.3 

HFA11141B -40 to 85 8LdSOlC M8.15 
(H11141) 

HFA11XXEVAL DIP Evaluation Board for High Speed 
OpArnps 

Pin Descriptions 

PIN 
NAME NUMBER DESCRIPTION 

NC 1,8 No Connection 

-IN 2 Inverting Input 

+IN 3 Non-Inverting Input 

v- 4 Negative Supply 

SN 5 SUmming Node 

OUT 6 Output 

V+ 7 Positive Supply 

CAUTION: These devices are aensillve to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3151.3 
Copyright @Harrls CorporaUon 1996 -
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MHz, Output Limiting, Low Distortion 
Current Feedback Operational Amplifier 

Features 

• User Programmable Output Voltage Limits 

• Low Distortion (30MHz, HD2) • • • • • • • • • • • • •• -56dBc 

• -3dB Bandwidth •••••••••••••.••.•••••••• 850MHz 

• Very Fast Slew Rate ••••••.•••.••.•••••.• 2300VlIlS 

• Fast Settling Time (0.1 %) •.••••••••••••.•••• 11 ns 

• Excellent Gain Flatness 

• (100MHz) ••••••••••••••••••••••.••••••. 0.14dB 

• (50MHz) ••.••••••••••••••••••••••.••••. O.04dB 

• (30MHz) ••••••••••••••••••••••••••••••• 0.01 dB 

• High Output Currant ••••••••••••••••••••••• 60mA 

• Overdrive Recovery. • • • • • • • • • • • • • • • • • • . • • •• <1 ns 

Applications 

• Residue Amplifier 

• Video Switching and Routing 

• Pulse and Video Amplifiers 

• Wldeband Amplifiers 

• RFnF Signal Processing 

• Flash AID Driver 

• Medical Imaging Systems 

• Related LHerature 
• AN9420, Currant Feedback Theory 

• AN9202, HFA11XX Evaluation Fixture 

Description 
The HFA1130 is a high speed wldeband current feedback 
amplifier featuring programmable output limits. Built with 
Harris' proprietary complementary bipolar UHF·1 process, it 
is the fastest monolithic amplifier available from any semi· 
conductor manufacturer. 

This amplifier is the ideal choice for high frequency 
applications requiring output limiting, especially those needing 
ultra fast overdrive recovery times. The output limiting function 
allows the designer to set the maximum positive and negative 
output levels, thereby protecting later stages from damage or 
input saturation. The sub-nanosecond overdrive recovery time 
quickly returns the amplifier to linear operation, following an 
overdrive condition. 

The HFA 1130 offers significant performance improvements 
over the CLC500/501/502. 

A variety of packages and temperature grades are available. 
See the ordering Information below for details. For 1883 
product refer to the HFA 1130/883 datasheet. 

Ordering Information 
PART NUMBER TEMP. 

(BRAND) RANGE ("C) PACKAGE PKG.NO. 

HFAl130MJ/883 ·5510125 8 LdCERDIP F8.3A 

HFAl130lJ ·4010 85 8LdCERDIP F8.3A 

HFAl130lP -4010 85 8 Ld PDIP E8.3 

HFAl130lB -40 to 85 8ldSOlC M8.15 
(Hl1301) 

HFA11XXEVAL DIP Evaluation Board for Hlgh-8peed Op Amps 

Pinout The Op Amps With Fastest Edges 
HFA1130 

(PDIP, CERDIP, SOIC) 
TOP VIEW 

Ona 

CAUTION: These devices are sensiUve to eleclrostatlc discharge. Users should folloW proper IC Handling Procedures. 
Copyright @Harris CorporeUon 1996 
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INPUT 
220MHz 
SIGNAL 

OUTPUT 
(Ay=2) 
HFA1130 
OPAMP 

File Number 3369.1 
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Features 

• NPN Transistor (for) ........................ 8GHz 

• NPN Current Gain (hFE)' • • • • • • • • • • • • • • • • • • • • •• 70 

• NPN Early Voltage (VA) ...................... SOV 

• PNP Transistor (for).. .. .. .. .. .. .. .. .. .. ... 5.5GHz 

• PNP Current Gain (hFe). • • • • • • • • • • • • • • • • • • • • •• 40 

• PNP Early Voltage (VA> .. .. .. .. .. .. .. .. .. .... 25V 

Ultra High Frequency Transistor Arrays 

Description 
The HFA3046. HFA3096, HFA3127 and the HFA3128 are 
Ultra High Frequency Transistor Arrays that are fabricated 
from Harris Semiconductor's complementary bipolar UHF-1 
process. Each array consists of five dielectrically isolated 
transistors on a common monolithic substrate. The NPN 
transistors exhibit a fT of 8GHz while the PNP transistors 
provide a fT of 5.5GHz. Both types exhibit low noise (3.5dB). 
making them ideal for high frequency amplifier and mixer 
aPfJlications. 

• Noise Figure (SOn) at 1.0GHz •••••••••••••••• 3.5dB The HFA3046 and HFA3127 are all NPN arrays while the 

• Collecto .... to-Collector Leakage. • • • • • • • • • • • • •• <1 pA 

• Complete Isolation Between Transistors 

• Pin Compatible with Industry Standard 3XXX Series 
Arrays 

Applications 

• VHFIUHF Amplifiers 

• VHFIUHF Mixers 

• IF Converters 

• Synchronous Detactors 

Pinouts 
HFA3046 

TOP VIEW 
HFA3096 

TOP VIEW 

HFA3128 has all PNP transistors. The HFA3096 is an NPN-
PNP combination. Access is provided to each of the termi
nals for the individual transistors for maximum application 
flexibility. Monolithic construction of these transistor arrays 
provides close electrical and thermal matching of the five 
transistors. 

For PSPICE models. please request AnswerFAX document 
number 663046. Harris also provides an Application Note 
illustrating the use of these devices as RF amplifiers 
(request AnswerFAX document 99315). 

Ordering Information 

PART NUMBER 

HFA3046B 

HFA3096B 

HFA3127B 

HFA312BB 

HFA3127 
TOP VIEW 

TEMP. 
RANGE ("C) 

-55 to 125 

-55 to 125 

-55 to 125 

-55 to 125 

PACKAGE 

14LdSOlC 

16 LdSOIC 

16 LdSOIC 

16 LdSOIC 

HFA3128 
TOP VIEW 

PKG. 
NO. 

M14.15 

M16.15 

M16.15 

M16.15 

CAUTION: These devices ara sensitive to electrostatic discharge. Users should Iollow proper IC Handling Proceduras. File Number 3076.8 
Copyright @Harrls CorporaUon 1996 
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Features 
• High Gain Bandwidth Product (fT) ••••••••••• 10GHz 

• High Power Gain Bandwidth Product ••••••••• 5GHz 

• Current Gain (hFe> ............................ 70 

• Low Noise Figura (Transistor) ••••••••••••••• 3.5dB 

• Excellent hFE and VaE Matching 

• Low Collector Leakage Current •••••••••••• <O.01nA 

• Pln·to-Pln Compatible to UPA101 

Applications 

• Balanced Mixers 

• MuHlpllers 

• DemodulatorslModulators 

• Automatic Gain Control Circuits 

• Phase Detectors 

• Fiber OpUc Signal Proceaalng 

• Wlraless Communication Systems 

• Wide Band Amplification Stages 

• Radio and Satellite Communications 

• High Performance Instrumentation 

Pinout 

HFA3101 
Gilbert Cell UHF Transistor Array 

Description 
The HFA3101 Is an all NPN transistor array configured as a 
Multiplier Cell. Based on Harris bonded wafer UHF·1 SOl 
process. this array achieves very high fr (1OGHz) while 
maintaining excellent hFE and VBE matching characteristics 
that have been maximized through careful attention to circuit 
design and layout. making this product Ideal for communica· 
tion circuits. For use in mixer applications. the cell provides 
high gain and good cancellation of 2nd order distortion 
terms. 

Ordering Information 

PART NUMBER TEMP. PKG. 
(BRAND) RANGEt<'C) PACKAGE NO. 

HFA3101B -40 1085 8LdSOlC M8.15 
(H3101B) 

HFA3101B96 ·401085 8 Ld SOIC Tape M8.15 
(H3101B) and Reel 

HFA3101 
(SOIC) 

TOP VIEW 

NOTE: a5 and a6 . 2 Paralleled 3!Un x 50lUll Transistors 
a1. a2. as. C4 • Single 311m x 50l1m Transistors 

CAUTION: These devices are senslUve to electrostatIC discharge. Users should follow proper IC HandHng Procedures. 
Copyright @HarrisCorporaUon 1996 
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Features 

• High Gain-Bandwidth Product (fT)' •••••••••• 10GHz 

• High Power Gain-Bandwidth Product ••••••••• SGHz 

• High Current Gain (hFE> •• • • • • • • • • • • • • • • • • • • •• 70 

• Noise Figure (Transistor) ••••••••••••••••••• 3.SdB 

• Low Collector Leakage Current •••••••••••• <0.01 nA 

• Excellent hFE and VBE Matching 

• Pln-tOoPln to UPA102G 

Applications 

• Single Balanced Mixers 

• Wide Band AmplHlcatlon Stages 

• Differential AmplHlers 

• Multipliers 

• Automatic Gain Control Circuits 

• Frequency Doublers, Tripplers 

• Oscillators 

• Constant Current Sources 

• Wireless Communication Systems 

• Radio and Satellite Communications 

• Fiber Optic Signal Processing 

• High Performance Instrumentation 

PinouVFunctional Diagram 

HFA3102 
Dual Long-Tailed Pair Transistor Array 

Description 
The HFA3102 is an all NPN transistor array configured as 
dual differential amplifiers with tail transistors. Based on 
Harris bonded wafer UHF-1 SOl process, this array achieves 
very high fT (100Hz) while maintaining excellent hFE and 
VBE matching characteristics over temperature. Collector 
leakage currents are maintained to under 0.01 nA. 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGEfc) PACKAGE NO. 

HFA3102B ·401085 14 Ld SOIC M14.15 

HFA3102B96 ·401085 14 Ld SOIC Tape M14.15 
and Reel 

HFA3102 
(SOIC) 

TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3635.2 
Copyright @ Harris Corporation 1996 
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Features 

• LNA 
- Low Noise Figure ••••••••••••••• 2.3dB at 900MHz 

- High Power Gain ••••••••••••••• 12.8dB at 900MHz 
- High Intercept. • • • • • • • • • • • •• +12.8dBm at Output 

• MIXER 
- Low Noise Figure •••••••••••••• 12.1dB at 900MHz 

- High Power Gain •••••••••••••••• 7.OdB at 900MHz 
- High Intercept ••.••••••••••••• +3.2dBm at Output 
- Low LO Drive •••••••••••••••••••••••••• - 3dBm 

• LNA+MIXER 
- Low Noise Figure •••••••••••••• 3.97dB at 900MHz 

- High Power Gain ••••••••••••••• 19.8dB at 900MHz 
- High Intercept ••••••••••••••••• -16.7dBm at Input 
- Low Operating Power ••••••••••••••••• 5v/11.3mA 

- Low Shutdown Power ••••••••••••••••• 5VI25OIlA 

- Small Package: 14 Lead sOle (Plastic, Small Outline 
Package, 150 Mil Width, 50 Mil Lead Spacing) 

Applications 

• Portable Cellular Telephone (AMPS, 18-54, GSM, JDC) 

• Wireless Data Com. (ISM, Narrowband PCS) 

• UHF and Mobile Radio Receiver 

• 900MHz Digital Cordi ... Telephone (CT-2, ISM) 

• Wirel ... Telemetry 

Pinout 
HFA3600 (SOIC) 

TOP VIEW 

HFA3600 
Low-Noise AmplifierlMixer 

Description 
The HFA3600 is a silicon Low-Noise Amplifier with high per
formance characteristics allowing the design of very sensi
tive, wide dynamic-range 900MHz receivers with minimal 
external components. 

The LNA, Mixer RF, and LO inputs are internally matched to 
500. The Mixer IF output is open collector allowing flexibility 
in choosing the IF output impedance, with 10000 operation 
fully characterized. The mixer performance is optimized for 
low LO drive (-3dBm) applications. 

Power consumption is kept to a minimum, making the device 
ideal for battery-powered hand-held communication equip
ment. An integrated power-down feature maximizes battery 
life and eliminates the need for external shut down circuitry. 
Although fully characterized under 5V single supply, the 
HFA3600 is operable down to 4V with slight performance dif
ferences. 

The HFA3600 is part of a complete solution including appli
cation circuit schematics, S-parameters, noise figure, third
order intercept characterization data and PC board artwork. 
Evaluation boards are also available through local Harris 
Sales offices. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE PKG.NO. 

HFA3600IB -4010 85 14 LdSOIC M14.15 

HFA36001B96 -4010 85 14 Ld sOle In Tape and Reel 

Block Diagram 

LNAVcc 1 4 MIXERVcc 

LOBYPASS 8 

8 POWERDOWN 

CAUTION: lhasa devices are sensltIIIe to elecl108tallc dlscharga. Users should follow proper IC handling procedures. 
Copfrlghl C Han1s Corporation 1996 
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Features 

• 45MHz Clock Rate 

• 256 Tap Programmable FIR Filter 

• 24-Blt Data, 32-Blt Coefficients 

• Cascade of up to 5 Half Band Filters 

• Decimation from 1 to 256 

• Two Pin Interface for Down Conversion by Fs/4 

• Multiplier for Mixing or Scaling Input with an External 
Source 

• Serial 110 Compatible with Most DSP Microprocessors 

Applications 

• Low Cost FIR Filter 

• Filter Co-Processor 

• Digital Tuner 

Ordering Information 

PART NUMBER 

HSP43124PC·45 

HSP43124PC-33 

HSP43124SC-45 

HSP43124SC-33 

HSP43124S1·40 

Block Diagram 

DIN 

SCLK 

SYNCIN 

MXIN 

SYNCMX 

TEMP. 
RANGEfc) 

010 70 

010 70 

010 70 

01070 

-401085 

PKG. 
PACKAGE NO. 

28Ld PDIP E28.6 

28Ld PDIP E28.6 

28Ld SOIC M28.3 

28Ld SOIC M2B.3 

28Ld SOIC M28.3 

••• 

••• 

Serial va Filter 

Description 

The Serial 110 Filler is a high performance filler engine that is 
ideal for off loading the burden of filter proceSSing from a 
DSP microprocessor. It supports a variety of multistage filter 
configurations based on a user programmable filter and fixed 
coefficient halfband filters. These configurations include a 
programmable FIR filter of up to 256 taps, a cascade of from 
one to five halfband filters, or a cascade of halfband filters 
followed by a programmable FIR. The haH band filters each 
decimate by a factor of two, and the FIR filter decimates from 
one to eight. When all six filters are selected, a maximum 
decimation of 256 is provided. 

For digital tuning applications, a separate multiplier is pro
vided which allows the incoming data stream to be multi
plied, or mixed, by a user supplied mix factor. A two pin 
interface is provided for serially loading the mix factor from 
an external source or selecting the mix factor from an on
board ROM. The on-board ROM contains samples of a sinu
soid capable of spectrally shifting the,input data by one quar
ter of the sample rate, Fs/4. This allows the chip to function 
as a digital down converter when the filter stages are config
ured as a low-pass filter. 

The serial interface for input and output data is compatible 
with the serial ports of common DSP microprocessors. Coef
ficients and configuration data are loaded over a bidirec
tional eight bit interface. 

DOUr 

SYNCOUT 

CLKOlIr 

CAUTION: These devices are sensHlve to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3555.5 
Copyright @ Harris Corporation 1997 
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Features 
• Two Independent 8-Tap FIR FIRera Conflgurable as a 

Single 16-Tap FIR 

• 1()"BH Data and Coefftclenls 

• On-Board Storage for 32 Programmable Coefficient Sets 

• Up To: 256 FIR Taps, 16 x 16 2-D Kemels, or 10 x 19-Blt 
Data and Coefflclenta 

• Programmable Decimation to 16 

• Programmable Rounding on Output 

• Standard Mlcroproceaaor Interface 

Applications 
• Quadrature, Complex Filtering • Image Processing 

• Polyphaaa FIHering • Adaptive Flltarlng 

Ordering Information 
TEMP. 

PART NUMBER RANGEfc) PACKAGE PKG.NO. 

HSP43168VC-33 01070 100 LdMQFP Q1oo.14x20 

HSP43168VC-40 01070 100 Ld MQFP Q100.14x20 

HSP43168VC-45 01070 100 Ld MQFP Q100.14x20 

HSP43168JC-33 01070 84Ld PLCC N84.1.1S 

HSP43168JC-40 01070 84LdPLCC N84.1.1S 

HSP43168JC-45 01070 84LdPLCC N84.1.1S 

HSP43168J1-40 ·401085 84 Ld PLCC N84.1.1S 

HSP43168GC-33 01070 84 LdCPGA G84.A 

HSP43168GC-45 01070 84 LdCPGA G84.A 

Block Diagram 

INaO-gl 10 
OUTO - 8 ....,~~ .. 

SP43168 
Dual FIR Filter 

Description 
The HSP43168 Dual FIR Filter consists of two independent 
8-tap FIR filters. Each filter supports decimation from 1 to 16 
and provides on-board storage for 32 sets of coefficients. 
The Block Diagram shows two FIR cells each fed by a 
separate coefficient bank and one of two separate inputs. 
The outputs of the FIR cells are either summed or 
multiplexed by the MUXlAdder. The compute power in the 
FIR Cells can be configured to provide quadrature filtering, 
complex filtering, 2-D convolution, 1-0/2-0 correlations, and 
interpolating/decimating filters. 

The FIR cells take advantage of symmetry in FIR 
coefficients by pre-adding data samples prior to 
multiplication. This allows an 8-tap FIR to be implemented 
using only 4 multipliers per filter cell. These cells can be 
configured as either a single 16-tap FIR filter or dual 8-tap 
FIR filters. Asymmetric filtering is also supported. 

Decimation of up to 16 is provided to boost the effective 
number of filter taps from 2 to 16 times. Further, the 
decimation registers provide the delay necessary for fractional 
data conversion and 2-D filtering with kemels to 16x16. 

The flexibility of the Dual is further enhanced by 32 sets of 
user programmable coefficients. Coefficient selection may 
be changed asynchronously from clock to clock. The ability 
to toggle between coefficient sets further simplifies 
applications such as polyphase or adaptive filtering. 

The HSP43168 is a low power fully static design 
implemented in an advanced CMOS process. The 
configuration of the device is controlled through a standard 
microprocessor interface. 

-...::=====::Sl-....:;.&--...... ---::r-t >-----+ OUT9-'Z1 

CAUTION: These devices are sanslliw to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright 0 Harrts Corporation 1996 
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Features 
• Sample Rates to 52 MSPS 

• ArchHected to Support Sample Rates to 104 MSPS 
Using Extemal Multiplexer 

• Four Modes of Operation: 
- Interpolate by 2 Filtering 
- Decimate by 2 Filtering 

- Quadrature to Real Signal Conversion 
- Fs/4 Quadrature Down Conversion Followed by 

Decimate by 2 Filtering 

• 16-Blt Inputs and Outputs 

• 67-Tap Halfband FIR FiRer with 2G-Bit Coefficients 

• Two's Complement or Offset Binary Outputs 

• Programmable Rounding on Outputs 

• 1.24:1 Filter Shape Factor 

• >9OdB Stopband Attenuation 

• <O.OO03dB Passband Ripple 

• Saturation logic on Output 

Applications 
• Digital Down Conversion 

• DlA and AID pre/post FIHerlng 

• Tuning Bandwidth Expansion for HSP45116 and 
HSP45106 

Block Diagram 

Fsl4 --. 

Halfband Filter 

Description 
The HSP43216 Halfband Filter addresses a wide variety of 
applications by combining Fsl4 (FS = sample frequency) 
quadrature up/down convert circuitry with a fixed coefficient 
halfband filter processor as shown in the block diagram. 
These elements may be configured to operate in one of the 
lour follOWing modes: decimate by 2 filtering of a real input 
signal; interpolate by 2 filtering of a real input signal; Fsl4 
quadrature down conversion of a real input signal followed 
by decimate-by-2 filtering to produce a complex analytic 
signal; interpolate-by-2 filtering of a complex analytic signal 
followed by Fsl4 quadrature up conversion to produce a real 
valued output. 

The frequency response of the HSP43216's hallband filter 
has a shape factor, (passband+transitlon band)/passband, 
of 1.24:1 with 90dB of stopband attenuation. The passband 
has less than O.0003dB of ripple from OFs to O.2FS with 
stopband attenuation of greater than 90dB from O.3FS to 
Nyquist. At O.25Fs the filter provides 6dB of attenuation. 

The HSP43216 processes data streams with word widths up 
to 16 bits and data rates up to 52 MSPS. The processing 
throughput of the part is easily doubled to rates of up to 1 04 
MSPS by using the part together with an external multiplexer 
or demultiplexer. Programmable rounding is provided to sup
port output preCisions from 8 bits to 16 bits. 

Ordering Information 
PART TEMP. PACKAGE 

NUMBER RANGEfC) TYPE PKG.NO. 

HSP43216GC-52 Oto70 85 LdCPGA G85.A 

HSP43216JC-52 Oto70 84Ld PLCC NB4.1.15 

HSP43216VC-52 Oto70 100 LdMOFP 0100.14x20 

HSP43216J1-52 -40.to 85 84 LdPLCC NB4.1.15 

67-TAP Fsl4 OUTPUT DATA -AOUTO-15 
INPUT DATA I--t r----. r--QUADRATURE HALFBAND QUADRATURE FLOW 

AIND-15_ 

BINO·15_ 

IYfm 
UD}[D" 

MODED-1 
IN'fIIm" 

RNDD-2 

""" ~ 

FLOW 
CONTROLLER 

O!I 
CLK_ 

DOWN 
CONVERT 

~ PROCESSOR 

I T 
1 

FILTER UP CONVERT --. PROCESSOR r----. PROCESSOR f---t 

T I 

CAl1TION: These devices are sensitive to electrostatic discharge. Usars should follOw proper IC Handling Procedures. 
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Features 
• Single Chip Narrow Band Filter with up to 96dB 

Attenuation 

• DC to 33MHz Clock Rate 

• 16-BII 2's Complement Input 

• 20-Blt Coefficients in FIR 

• 24-BII Extended Precision Output 

• Programmable Decimation up to a Maximum of 16,384 

• Standard 16-Blt Microprocessor Interface 

• Filter Design Software Available DECI.MATETM 

• Up to 512 Taps 

Applications 
• Very Narrow Band Filters 

• Zoom Spectral Analysis 

• Channelized Receivers 

• Large Sample Rate Converter 

Ordering Information 
TEMP. 

PART NUMBER RANGEfC) PACKAGE PKG.NO. 

HSP43220VC·15 01070 100LdMOFP 0100.14x20 

HSP43220VC·25 01070 100 Ld MOFP 01 00. 14x20 

HSP43220VC-33 01070 100 LdMOFP 0100.14x20 

HSP4322OJC·15 01070 84 Ld PLCC N84.1.15 

HSP4322OJC·25 OtoO 84Ld PLCC N84.1.15 

HSP4322OJC·33 01070 84Ld PLCC N84.1.15 

HSP43220GC-15 01070 84 LdCPGA G84.A 

HSP43220GC-25 01070 84 LdCPGA G84.A 

HSP43220GC·33 010 70 84 LdCPGA G84.A 

HSP4322OGI·15 ·40 to 85 84 LdCPGA G84.A 

HSP43220GI·25 ·401085 84 LdCPGA G84.A 

HSP43220GI-33 -401085 84LdCPGA G84.A 

Deci.Male™ Software Developmenl Tool (This software tool may 
be downloaded from our Intemel slle: http://www.seml.harris.com) 

Block Diagram 

Decimating Digital Filter 

Description 

The HSP43220 Decimating Digital Filter is a linear phase 
low pass decimation filter which Is optimized for filtering 
narrow band signals in a broad spectrum of a signal 
processing applications. The HSP43220 offers a single chip 
solution to signal processing applications which have 
historically required several boards of ICs. This reduction in 
component count results in fasler development times as well 
as reduction of hardware costs. 

The HSP43220 is implemented as a two stage filter 
structure. As seen in the block diagram, the first stage is a 
high order decimation filter (HDF) which utilizes an efficient 
sample rate reduction technique to obtain decimation up to 
1024 through a coarse low-pass filtering process. The HDF 
provides up to 96dB aliasing rejection in the signal pass 
band. The second stage consists of a finite impulse 
response (FIR) decimation filter structured as a transversal 
FIR filter with up to 512 symmetric taps which can implement 
filters with sharp transition regions. The FIR can perform 
further decimation by up to 16 if required while preserving 
the 96dB aliasing attenuation obtained by the HDF. The 
combined total decimation capability Is 16,384. 

The HSP43220 accepts 16-bit parallel data in 2's 
complement format at sampling rates up to 33 MSPS. It 
provides a 16-bit microprocessor compatible interface to 
simplify the task of programming and three-state outputs to 
allow the connection of several ICs to a common bus. The 
HSP43220 also provides the capability to bypass either the 
HDF or the FIR for additional flexibility. 

DECIMATION UP TO 1024 DECIMATION UP TO 16 

INPUTCLOCK--~-----
DATA INPUT 1---+1 

CONTROL AND COEFFICIENTS 

DECI.MATE'" Is a reglstarad trademark 01 Harris Corporation. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Features 

• 33MHz, 40MHz Versions 

• 32-Blt Frequency Control 

• BFSK, QPSK Modulation 

• Serial Frequency Load 

• 12-Bit Sine Output 

• Offset Binary Output Format 

• O.009Hz Tuning Resolution at 40MHz 

• Spurious Frequency Components <-69dBc 

• Fully Static CMOS 

• LowCost 

Applications 
• Direct Digital Synthesis 

• Modulation 

• PSK Communications 

• Related Products 
- HI5731 12-Bit, 100MHz D/A Converter 

Ordering Information 
TEMP. 

PART NUMBER RANGE(,!C) PACKAGE 

HSP45102PC-33 010 70 28Ld PDIP 

HSP45102PC-40 01070 28 Ld PDIP 

HSP45102PI-33 -401085 28 Ld PDIP 

HSP45102PI-40 -40 to 85 28Ld PDIP 

HSP45102SC-33 Ot070 28 LdSOIC 

HSP45102SC-40 010 70 28 LdSOIC 

HSP45102SI-33 -40 to 85 28 LdSOIC 

HSP45102SI-40 -40 to 85 28 LdSOIC 

Block Diagram 

PKG. 
NO. 

E28.6 

E28.6 

E28.6 

E28.6 

M28.3 

M28.3 

M28.3 

M28.3 

HSP45102 
12-Bit Numerically Controlled Oscillator 

Description 
The Harris HSP45102 is Numerically Controlled Oscillator 
(NC012) with 32-bit frequency resolution and 12-bit output. 
With over 69dB of spurious free dynamic range and worst 
case frequency resolution of 0.009Hz, the NC012 provides 
significant accuracy for frequency synthesis solutions at a 
competitive price. 

The frequency to be generated is selected from two frequency 
control words. A single control pin selects which word is used 
to determine the output frequency. Switching from one fre
quency to another occurs in one clock cycle, with a 6 clock 
pipeline delay from the time that the new control word is 
loaded until the new frequency appears on the output. 

Two pins, PO-1, are provided for phase modulation. They are 
encoded and added to the top two bits of the phase accumu
lator to offset the phase in 900 increments. 

The 13-bit output of the Phase Offset Adder is mapped to 
the sine wave amplitude via the Sine ROM. The output data 
format is offset binary to simplify interfacing to D/A convert
ers. Spurious frequency components in the output sinusoid 
are less than -69dBc. 

The NC012 has applications as a Direct Digital Synthesizer 
and modulator in low cost digital radios, satellite terminals, 
and function generators. 

CLK ____________________ .-________ ~~------_, 

~1 ____________________ +_----~ 

MDJ[U~r-.............. ..., 
mER 

SD 
SCLK -L... ___ ..... 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Features 
• 25.6MHz, 33MHz Versions 

• 32-BII Center and Offset Frequency Control 

• 16-BII Phase Control 

• 8 Level PSK Supported Through Three Pin Interface 

• Simultaneous 16-Blt Sine and Cosine Outputs 

• Output In Two's Complement or Offset Binary 

• <O.008Hz Tuning Resolution at 33MHz 

• Serial or Parallel Outputs 

• Spurious Frequency Components <-90dBc 

• 16-BII Microprocessor Compatible Control Interface 

Applications 

• Direct Digital SyntheSiS 

• Quadrature Signal Generation 

• Spread Spectrum Communications 

• PSKModems 

• Modulation - FM, FSK, PSK (BPSK, QPSK, 8PSK) 

• Frequency Hopping Communications 

• Precision Signal Generation 

• Related Products 
- Use with Data Acquisition Parts HI5731 or HI5741 

OnderlnglnfortnaUon 
TEMP. 

PART NUMBER RANGEfC) PACKAGE PKG.NO. 

HSP4510ruC-25 01070 84Ld PLCC N84.1.15 

HSP4510ruC-33 01070 84LdPLCC N84.1.15 

HSP45106GC-25 01070 85 LdCPGA G85.A 

HSP45106GC-33 010 70 85 LdCPGA G85.A 

Block Diagratn 

P451 06 
- it Numerically Controlled Oscillator 

Description 
The Harris HSP45106 Is a high performance 16-bit quadra
ture numerically controlled oscillator (NC016). The NC016 
simplifies applications requiring frequency and phase agility 
such as frequency-hopped modems, PSK modems, spread 
spectrum communications, and precision signal generators. 
As shown in the block diagram, the HSP45106 is divided 
into a Phase/Frequency Control Section (PFCS) and a 
Sine/Cosine Section: 

The Inputs to the Phase/Frequency Control Section consist 
of a microprocessor interface and individual control lines. 
The frequency resolution is 32 bits, which provides for 
resolution of better than O.OOBHz at 33M Hz. User 
programmable center frequency and offset frequency 
registers give the user the capability to perform phase 
coherent switching between two sinusoids of different 
frequencies. Further, a programmable phase control 
register allows for phase control of better than 0.0060 • In 
applications requiring up to B-Ievel PSK, three discrete 
inputs are provided to simplify implementation. 

The output of the PFCS is a 2B-bit phase which is input to 
the Sine/Cosine Section for conversion into sinusoidal ampli
tude. The outputs of the sine/cosine section are two 16-bit 
quadrature signals. The spurious free dynamic range of this 
complex vector is greater than 9OdBc. 

For added flexibility when using the NC016 in conjunction 
with DAC's, a choice of either parallel of serial outputs with 
either tWo's complement or offset binary encoding Is pro
vided. In addition, a synchronization signal Is available which 
indicates serial word boundaries. 

SINICOS 
ARGUMENT MICROPROCESSOR 

INTERFACE 
PHASEI 3Z SINEI 

F~=~~Y I-~C--_""" =~~ COSINE 16 

SINE 16 

CLOCK 

DISCRETE 
CONTROL SIGNALS 

SEcnoN ~::~:J~~~-+ 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Features 

• NCO and CMAC on One Chip 

• 15MHz, 25.6MHz, 33MHz Versions 

• 32-BIt Frequency Control 

• 16-BIt Phaae Modulation 

• 16-BIt CMAC 
• O.OO8Hz tuning Resolution at 33MHz 

HSP45116 

Description 

Numerically Controlled 
Oscillator/Modulator 

• Spurious Frequency Components < -90dBc 

The Harris HSP45116 combines a high performance 
quadrature numerically controlled oscillator (NCO) and a 
high speed 16-bit Complex Multiplier/Accumulator (CMAC) 
on a single IC. This combination of functions allows a com
plex vector to be multiplied by the internally generated (cos, 
sin) vector for quadrature modulation and demodulation. As 
shown in the block diagram, the HSP45116 is divided into 
three main sections. The Phase/Frequency Control Section 
(PFCS) and the Sine/Cosine Section together form a com
plex NCO. The CMAC multiplies the output of the Sine/ 
Cosine Section with an external complex vector. 

• Fully Static CMOS 

Applications 

• Frequency Syntheals 

• Modulation - AM, FM, PSK, FSK, QAM 

• Demodulation, PLL 

• Phase Shifter 

• Polar to cartesian Conversions 

Ordering Information 
TEMP. 

PART NUMBER RANGEfC) PACKAGE 

HSP45116VC-15 01070 160 LdMOFP 

PKG.NO. 

0160.28x28 

The inputs to the Phase/Frequency Control Section consist 
of a microprocessor interface and individual control lines. 
The phase resolution of the PFCS is 32 bits, which results in 
frequency resolution better than O.OO8Hz at 33MHz. The 
output of the PFCS is the argument of the sine and cosine. 
The spurious free dynamic range of the complex sinusoid is 
greater than 90dBc. 

HSP45116VC-25 01070 160 LdMQFP Ql60.28x28 

The output vector from the Sine/Cosine Section is one of the 
inputs to the Complex Multiplier/Accumulator. The CMAC mul
tiplies this (cos, sin) vector by an external complex vector and 
can accumulate the result. The resulting complex vectors are 
available through two 2Q-bit output ports which maintain the 
90dB spectral purity. This result can be accumulated internally 
to implement an accumulate and dump filter. 

HSP45116GC-15 01070 

HSP45116GC-25 01070 

HSP45116GC-33 01070 

HSP45116G1-15 -40 to 85 

HSP45116G1-25 -40 to 85 

HSP45116G1-33 -40 to 85 

HSP45116G~1~ -5510125 
HSP45116G~~ -5510125 

HSP45116AVC-52 t 01070 

145 LdCPGA 

145 Ld CPGA 

145 LdCPGA 

145 LdCPGA 

145 LdCPGA 

145 LdCPGA 

145 LdCPGA 
145 LdCPGA 

160 LdMQFP 

G145.A 

G145.A 

Gl45.A 

Gl45.A 

G145.A 

Gl45.A 

Gl45.A 
G145.A 

Ql60.28x28 

A quadrature down converter can be implemented by load
ing a center frequency into the Phase/Frequency Control 
Section. The signal to be down converted is the Vector Input 
of the CMAC, which multiplies the data by the rotating vector 
from the Sine/Cosine Section. The resulting complex output 
is the down converted signal. 

tThls part has its own data sheet under HSP45116A, AnswerFAX 
document no. 4156. 

Block Diagram 

MICROPROCESSOR 
INTERFACE 

INDIVIDUAL 
CONTROL SIGNALS 

PHASEt 
FREQUENCY 

SINEt 
COSINE 

ARGUMENT 
CONTROL t----+I 
SECTION 

SINEt 
COSINE 

SECTION 

SIN 

COS 

CAUTION: These devices are sensillve to electrostatic dlecharge. Users should follow proper IC Handling Procedures. 
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Features 
• NCO and CMAC on One Chip 

• 52MHz Version 

• 32·BIt Frequency Control 

• 16-BIt Phase Modulation 

• 16-BIt CMAC 

• O.013Hz TUning Resolution at 52MHz 

• Programmable Rounding Option 

Description 

Numerically Controlled 
Oscillator/Modulator 

• Spurious Frequency Components < -9OdBc 

The Harris HSP45116A combines a high per10rmance 
quadrature numerically controlled oscillator (NCO) and a 
high speed 16-bit Complex Multiplier/Accumulator (CMAC) 
on a single IC. This combination of functions allows a com
plex vector to be multiplied by the internally generated (cos, 
sin) vector for quadrature modulation and demodulation. As 
shown In the block diagram, the HSP45116A is divided into 
three main sections. The Phase/Frequency Control Section 
(PFCS) and the Sine/Cosine Section together form a com
plex NCO. The CMAC multiplies the output of the Sine/ 
Cosine Section with an external complex vector. 

The inputs to the Phase/Frequency Control Section consist 
of a microprocessor inter1ace and Individual control lines. 
The phase resolution of the PFCS Is 32 bits, which results in 
frequency resolution better than O.013Hz at 52MHz. The 
output of the PFCS is the argument of the sine and cosine. 
The spurious free dynamic range of the complex sinusoid Is 
greater than 9OdBc. 

• Fully Static CMOS 

Applications 
• Frequency Synthesis 

• Modulation· AM, FM, PSI(, FSK, QAM 

• Demodulation, PLL 

• Phase Shifter 

• Polar to Cartesian Conversions 

Ordering Information 
TEMP. 

PART NUMBER RANGEfc) PACKAGE 

HSP45116AVC-52 01070 160 LdMQFP 

Block Diagram 

MICROPROCESSOR 
INTERFACE 

INDIVIDUAL 
CONTROL SIGNALS 

PKG.NO. 

Q160.2Bx2B 

PHASEt 
FREQUENCY 

The output vector from the Sine/Cosine Section Is one of the 
inputs to the Complex Multiplier/Accumulator. The CMAC mUl
tiplies this (cos, sin) vector by an external complex vector and 
can accumulate the result. The resulting complex vectors are 
available through two 20-bit output ports which maintain the 
90dB spectral purity. This result can be accumulated internally 
to implement an accumulate and dump filter. 

A quadrature down converter can be implemented by load
Ing a center frequency into the Phase/Frequency Control 
Section. The signal to be down converted Is the Vector Input 
of the CMAC, which multiplies the data by the rotating vector 
from the Sine/Cosine Section. The resulting complex output 
is the down converted signal. The bit position and widths for 
the outputs of CMAC and Complex Accumulator (ACC) are 
programmable. 

SINEt 
COSINE 

ARGUMENT 

VECTOR INPUT 
R 

CONTROL t----.. 
SECTION 

SINEt 
COSINE 

SECTION 

R 
VECTOR OUTPUT 

CAUTION: These devices are sensitive to electrostatic discharge. Users should lollow proper IC Handling Procedures. File Number 4156.1 
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Features 

• 75 MSPS Input Data Rate 

• 16-BII Data Input; Offset Binary or 2's Compliment 
Format 

• Spurious Free Dynamic Range Through Modulator 
>102dB 

• Frequency Selectivity: <O.006Hz 

• Identical Lowpass Filters for I and Q 

• Passband Ripple: <O.04dB 

• Stopband Attenuation: >104dB 

• Filter -3dB to -102dB Shape Factor: <1.5 

• Decimation from 64 to 131,072 

• IEEE 1149.1 Test Access Port 

• HSP50016-EV Evaluation Board Available 

Applications 

• Cellular Base Stations 

• Smart Antennas 

• Channelized Receivers 

• Spectrum Analysis 

• Related Products: HI5703, H15746, HI5766 AIDs 

Ordering Information 
PART TEMP. PKG. 

NUMBER RANGEfC) PACKAGE NO. 

HSPSOOI6JC-52 01070 44Ld PLCC N44.65 

HSPSOOI6JC-7S Ot070 44Ld PLCC N44.65 

HSP50016(3C-S2 01070 48 LdCPGA G48.A 

Block Diagram 

18 

Digital Down Converter 

Description 
The Digital Down Converter (DOC) is a single chip synthe
sizer, quadrature mixer and lowpass filter. Its input data is a 
sampled data stream of up to 16 bits in width and up to a 
75 MSPS data rate. The DOC performs down conversion, 
narrowband low pass filtering and decimation to produce a 
baseband signal. 

The internal synthesizer can produce a variety of signal 
formats. They are: CW, frequency hopped, linear FM up 
chirp, and linear FM down chirp. The complex result of the 
modulation process is lowpass filtered and decimated with 
identical real filters in the in-phase (I) and quadrature (a) 
processing chains. 

Lowpass filtering is accomplished via a high decimation filter 
(HDF) followed by a fixed finite Impulse response (FIR) filter. 
The combined response of the two stage filter results in a 
-3dB to -102dB shape factor of better than 1.5. The stop
band attenuation is greater than 106dB. The composite 
passband ripple is less than O.04dB. The synthesizer and 
mixer can be bypassed so that the chip operates as a single 
narrow band low pass filter. 

The chip receives forty bit serial commands as a control 
input. This interface is compatible with the serial va port 
available on most microprocessors. 

The output data can be configured in fixed point or single 
precision floating point. The fixed point formats are 16, 
24, 32, or 38-bit, two's complement, signed magnitude, or 
offset binary. 

The circuit provides an IEEE 1149.1 Test Access Port. 

DATA ---r-........ ~o-...... ---.... HIGH DECIMATION 
FILTER 

LOWPASSFJR 
FILTER 

CLK_ 

'----+ .... ...c)(). ..... - .... HIGH DECIMATION 
FILTER 

CONTROL_ cos SIN 

COMPLEX 
SINUSOID 

GENERATOR 

TEST ACCESS _ J TEST ACCESS 
PORTKrrRL .----,~ ______ PO __ RT ____ ~ 

. -. 
CLK 

.-. 
CLK 
Ii" 

LOW PASS FIR 
FILTER 

CAUTION: These devices are sansiUve to electrostatic discharge. Users should fotlow proper IC Handling Procedures. 

Copyright @Harrls Corporation 1996 
5-51 

CLK 
2R 

I 
I 
I 

Q 

JQSTRB 

IQCLK 

• - .CLKsER 

File Number 3288.4 



~HARRlS .m SEMICONDUCTOR 

January 1997 

Features 

o Input Sample Rates to 52 MSPS 

o Internal AGC Loop for Output Level Stability 

o Parallel or Serial Output Data Formats 

o 1G-BIt Real or Complex Inputs 

o Bidirectional 8-Blt Microprocessor Interface 

o Frequency Selectivity <O.013Hz 

o Low Pass Filter Configurable as Three Stage 
Cascaded-Integrator-Comb (CIC), Integrate and Dump, 
or Bypass 

o Fixed Decimation from 1-4096, or Adjusted by NCO 
Synchronization with Baseband Waveforms 

o Input Level Detection for External IF AGC Loop 

o Designed to Operate with HSP50210 Digital Costas 
Loop 

o 84 Lead PLCC 

Applications 
o Satellite Receivers and Modems 

o Complex Upconverslon/Modulatlon 

o Tuner for Digital Demodulators 

o Digital PLL:s 

o Related Products: HSP50210 Digital Costas Loop; 
AID Products H15703, H15746, H15766 

o HSP501101210EVAL Digital Demod Evaluation Board 

Ordering Information 

PART NUMBER 

HSP5011OJC-52 

HSP50110JI-52 

Block Diagram 

10 

TEMP. 
RANGEfc) PACKAGE 

01070 B4LdPLCC 

-40 to 85 B4Ld PLCC 

COMPLEX 
MULTIPLIER 

PKG.NO. 

NB4.1.15 

NB4.1.15 

P50110 
Digital Quadrature Tuner 

Description 

The Digital Ouadrature Tuner (~OT) provides many of the 
functions required for digital demodulation. These functions 
include carrier LO generation and mixing, baseband sampling, 
programmable bandwidth filtering, baseband AGC, and IF AGC 
error detection. Serial control inputs are provided which can be 
used to interface with external symbol and carrier tracking 
loops. These elements make the DOT ideal for demodulator 
applications with multiple operational modes or data rates. The 
DOT may be used with HSP50210 Digital Costas Loop to 
function as a demodulator for BPSK, OPSK, 8-PSK OQPSK, 
FSK, FM, and AM signals. 

The DOT processes a real or complex input digitized at rates up 
to 52 MSPS. The channel of interest is shifted to DC by a com
plex multiplication with the internal LO The quadrature LO is 
generated by a numerically controlJed oscillator (NCO) with a 
tuning resolution of O.012Hz at a 52MHz sample rate. The 
output of the complex multiplier is gain corrected and fed into 
identical low pass FIR filters. Each filter is comprised of a 
decimating low pass filter followed by an optional compensation 
filter. The decimating low pass filter is a 3 stage cascaded-inte
grator-comb (CIC) filter. The CIC filter can be configured as an 
integrate and dump filter or a third order CIC filter with a 
(sin(X)IX)3 response. Compensation filters are provided to flat
ten the (sin(X)IX)N response of the CIC. If none of the filtering 
options are desired, they may be bypassed. The filter bandwidth 
is set by the decimation rate of the CIC filter. The decimation 
rate may be flX8d or adjusted dynamically by a symbol tracking 
loop to synchronize the output samples to symbol boundaries. 
The decimation rate may range from 1-4096. An intemal AGC 
loop is provided to maintain the output magnitude at a desired 
level. Also, an input level detector can be used to supply error 
signal for an external IF AGC loop closed around the AID. 

The DOT output is provided in either serial or parallel formats to 
support interfacing with a variety OSP processors or digital filter 
components. This device is configurable over a general 
purpose 8-bit parallel bidirectional microprocessor control bus. 

10 
1-----+ ........ +-~+-++IDATA 

REAL OR COMPLEX 
INPUT DATA x t~:r:::j~;:::!;:;:;;:t~~-------I-I-- CARRIER TRACKING CONTROL 

10 
10 

IFAGC 
CONTROL 

CONTROLISTATUS 
BUS 

PROGRAMMABLE 
CONTROL 
INTERFACE 

........ -+-+-++ Q DATA 

_-...!==tiT-" SAMPLE STROBE 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3651.3 
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Features 

• Clock Rates Up to S2MHz 

• Selectable Matched Filtering with Root Raised Cosine 
or Integrate and Dump Filter 

• Second Order Carrier and Symbol Tracking Loop 
Filters 

• Automatic Gain Control (AGC) 

• Discriminator for FMlFSK Detection and Discriminator 
Aided Acquisition 

• Swept Acquisition with Programmable Limits 

• Lock Detector 

• Data Quality and Signal Level Measurements 

• cartesian to Polar Converter 

• II-Bit Microprocessor Control - Status Interface 

• Designed to work with the HSPS0110 Digital 
Quadrature TUner 

• 84 Lead PLCC 

Applications 

• Satellite Receivers and Modems 

• BPSK, QPSK, 8-PSK, OQPSK, FSK, AM and FM 
Demodulators 

• Digital carrier Tracking 

• Related Products: HSPS0110 Digital Quadrature 
TUner, DlA Converters HIS721, HIS731, HIS741 

• HSP501101210EVAL Digital Demod Evaluation Board 

Block Diagram 

CARRIER 
TRACK +1-...;..---...... --1 

CONTROL 

'itiI[O 

I SER OR 
liN (900) 

SERCLK 
ORCLK 

QSEROR 10 
QIN(900) 

SYMBOL (SOF) 
TRACK 

CONTROL 

CONTROU 13 STATUS 
BUS 

S021 0 
Digital Costas Loop 

Description 

The Digital Costas Loop (DCl) performs many of the 
baseband processing tasks required for the demodulation 
of BPSK, QPSK, 8-PSK, OQPSK, FSK, AM and FM 
waveforms. These tasks include matched filtering, carrier 
tracking, symbol synchronization, AGC, and soft decision 
slicing. The DCl is designed for use with the HSP50110 
Digital Quadrature Tuner to provide a two chip solution for 
digital down conversion and demodulation. 

The DCl processes the In-phase (I) and quadrature (Q) 
components of a baseband signal which have been digi
tized to 10 bits. As shown in the block diagram, the main 
signal path consists of a complex multiplier, selectable 
matched filters, gain multipliers, cartesian-to-polar con
verter, and soft decision slicer. The complex multiplier 
mixes the I and Q inputs with the output of a quadrature 
NCO. Following the mix function, selectable matched filters 
are provided which perform integrate and dump or root 
raised cosine filtering (ex - 0.40). The matched filter output 
is routed to the slicer, which generates 3-bit soft- decisions, 
and to the cartesian-to-polar converter, which generates 
the magnitude and phase terms required by the AGC and 
Carrier Tracking loops. 

The Pll system solution is completed by the HSP50210 
error detectors and second order loop Filters that provide 
carrier tracking and symbol synchronization signals. In appli
cations where the DCl is used with the HSP50110, these 
control loops are closed through a serial interface between 
the two parts. To maintain the demodulator performance with 
varying signal power and SNR, an internal AGC loop is pro
vided to establish an optimal signal level at the input to the 
slicer and to the cartesian-to-polar converter. 

CAUTION: These devices are sensttlve 10 electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3652.3 
Copyright © Harris Corporallon 1997 
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ADVANCE INFORMATION 
November 1996 

Features 
o up to 52 MSPS Input 

o 32-BIt Programmable NCO for Channel Selection and 
Carrier Tracking 

o Digital Reaampllng Filter for Symbol Tracking Loops 
and Incommensurate Sample-to-Output Clock Ratios 

o Digital AGC wHh Programmable Limits and Slew Rate 
to Optimize Output Signal Resolution 

o Processing Capable of >100dB SFDR 

o Up to 255 Tap Programmable FIR 

o Overall Decimation Factor Ranging from 4 to 16384. 

o Output Samplea Rates to :; 6.5 MSPS with Output 
Bandwidths to :;500kHz Low Pass 

o Serial, Parallel, and FIFO 16-Blt Output Modea 

o Cartaslan-to-Polar Converter and Discriminator for 
AFC Loops and to Support Demodulation of AM, FM, 
FSK, DPSK· 

o Input Level Datector for Externall.F. AGC Support 

Applications 
o Single Channel Digital Software Radio Receivers 

(WIde Band or Narrow Band) 

• Base Station Receivers 

• 0 Operate with HSP50210 Digital Costas Loop for Loop 
Filter . 

o Used with HI5805 and HI5703 AID Convertars 

Block Diagram 

MIC:O"=~OR r---..... 
C(7:0) +-----.. 

1N(13:0) 

OFFSET 
(2:0) 

REFCLK~--------------~ 

HSP50214 
Programmable Downconverter 

Description 
The HSP50214 Programmable Downconverter converts 
digitized IF data into data which can be processed by the 
standard DSP microprocessor. At least 14 bits of dynamic 
range Is maintained through the mathematical processing 
within the part. The Programmable Downconverter frees 
the DSP microprocessor from the burden of down 
conversion, decimation, narrowband low pass filtering, gain 
control, resampling, and converting the data from 
Cartesian to polar. 

The 14-bit Input data is down converted by digital mixers and 
a 32-bit programmable NCO for channel selection and 
carrier tracking as shown in the Block Diagram. A decimating 
(4 to 32) fifth order CIC filter can be applied to the data 
before being processed by up to 5 decimate-by-2 haHband 
filters. The halfband filter stage is followed by a 255 tap 
programmable FIR filter. The data from the 255 tap 
programmable filter is scaled by a digital AGC before 
entering a polyphase resampling filter. The output section 
can provide data in Cartesian {I,O}, polar {R,B}, or frequency 
filtered {dB/dt}. 

Ordering Information 

PART TEMP. 
NUMBER RANGE ("C) PACKAGE 

HSP50214VC Oto70 120 Ld MQFP 

HSP50214VI -40 to 85 120LdMQFP 

DIGrrAL AGC LOOP FILTER 

FREQ 

TIMING ERROR 

PKG.NO. 

Q120.28x28 

Q120.28x28 

SEROUTA 

SEROUTB 

AOUT(1S:0) 

BOUT(15:0) 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC HandUng Procedures. File Number 4266 
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Features 

• 25.6MHz or 26.97MHz Clock Rates 

• Single Chip QPSK Demodulator with 10kHz Tracking 
Loop 

• Square Root of Raised Cosine (ex = 0.4) Matched 
Filtering 

• 2.048 MBPS Reconstructed Output Data Stream 

• Bit Synchronization with 3kHz Loop Bandwidth 

• Internal Equalization for Multlpath Distortion 

• 6·Blt Real Input: Digitized 10.7MHz or 2.1MHz IF 

• Level Detection for External IF AGC Loop 

• 0.1s Acquisition Time 

• 10.9 BER 

• <116mA on +5.0V Supply 

Applications 

• Cable Data Link Receivers 

• Cable Control Channel Receivers 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGE (DC) PACKAGE NO. 

HSP50306SC·27 01070 16LdSOlC M16.3 

HSP50306SC-2796 01070 Tape and Reel 

HSP50306SC-25 010 70 16LdSOlC M16.3 

HSP50306SC-2596 010 70 Tape and Reel 

Block Diagram 

HSP50306 
Digital QPSK Demodulator 

Description 

The HSP50306 isa 6-bit QPSK demodulator chip designed 
for use in high signal to noise environments which have some 
multipath distortion. The part recovers 2.048 MBPS data from 
samples of a QPSK modulated 10.7MHz or 2.1 MHz carrier. 
The chip coherently demodulates the waveform, recovers 
symbol timing, adaptively equalizes the signal to remove 
multipath distortion, differentially decodes and multiplexes the 
data decisions. A lock signal is provided to indicate when the 
tracking loops are locked and the data decisions are valid. To 
optimize performance, a gain error feedback signal is 
provided which can be filtered and used to close an I.F. AGC 
loop around the AID converter. 

The QPSK demodulator derives all timing from ClKIN. The 
chip divides this clock by 2 to provide the sample clock for the 
external AID converter. The ·27 version operates at a clock 
input of 26.97MHz and demodulates a 10.7MHz QPSK signal 
to recover the 2048 KSPS data. The -25 version operates at a 
clock input of 25.6MHz and demodulates a 2.1 MHz QPSK 
signal to recover the 2048 KSPS data. Variation from these 
ClKIN frequencies will progressively degrade the receive 
data rate, the receive IF, acquisition sweep rate, acquisition 
sweep range and loop bandwidths as the deviation Increases 
from normal ClKIN. Details on the maximum allowable devia
tion are found in the Input Characteristics section. The 
HSP50306 processes 6-bit offset binary data. 4-bit data pro
vides adequate performance for many applications. 

The block diagram of the QPSK Demodulator is shown 
below. To demodulate the data, the I.F. samples are multi· 
plied by sine and cosine samples from a numerically con
trolled oscillator. The digital mixer outputs are then low pass 
filtered to remove mixer products. The filtered data is then 
equalized by a 4 tap equalizer (1 precursor, one reference tap, 
and a 2 tap Decision Feedback Equalizer (DFE» to remove 
distortion caused by multipath. The output of the equalizer is 
differential decoded and multiplexed into the output data 

DINO·5 --7'-.----+(X>-+----+I 

4 TAP 
ADAPTIVE 

EQUALIZER 

r-.;:...1-~1-4L::;;:::;~J I DIFF. 
DATAOUT 

AGCOUT 

ADCLK+-~::::~~::i=~~~ 
CLKIN-------+---+1 

~------------r_--~ 

Q DECODE! 
t--+-.-.;~ MUX 

fRT----;:=t:::::::;1 
I-===~ ___ -.J 

CAUTION: These devices are sensHlve to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4162.1 
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Features 

• 256 KBPS Data Rata and 128 KBPS Baud Rate 

• Burst QPSK Modulation 

• Programmable Carrier Frequency from 8MHz to 
15MHz With a Frequency Step Size of 32kHz 

• a = 0.5 Root Raised Cosine (RRC) Filtering For Spec
trum Shaping 

• On-Board Synthesizer 

• Programmable Output Level From 22 to 62dBmV In 
1dB Steps 

• Programmable Charge Pump Current Control 

• 62dBmV Differential Output Driver for 750 Cable 

Applications 

• Burst QPSK Modulator 

• HSP50307EVAL 1 Evaluation Board Is Available 

Ordering Information 

TEMP. PKG. 
PART NUMBER RANGEt«»C) PACKAGE NO. 

HSP50307SC 01070 28LdSOlC M28.3 

Block Diagram 

TlLDATA -+-f-.. 

P50307 
Burst QPSK Modulator 

Description 
The HSP50307 is a mixed signal burst OPSK Modulator for 
upstream CATV Applications. The HSP50307 demultiplexes 
and modulates a serial data stream onto an RF Carrier cen
tered between 8 and 15MHz. The signal spectrum is shaped 
with a = 0.5 root raised cosine (RRC) digital filters. On-chip fil
tering limits spurs and harmonics to levels below -35dBc during 
transmissions. The output power level is adjustable over a 40dB 
range in 1 dB steps. The maximum differential output level is 
+62dBmV into 750. A transmmer inhibit function disables the 
RF output outside the burst interval. The differential output 
amplifier interfaces to the cable via a transformer. 

The block diagram of the HSP50307 OPSK Modulator is shown 
below. The HSP50307 consists of a digital control interface, an 
VO generator, a synthesizer, and a quadrature modulator. 

The data clock is derived from the master clock. The 
HSP50307 demultiplexes the input data bits into in-phase 
(I) and quadrature (0) data streams. The first bit and 
subsequent alternating bits of the burst are in-phase data. 
The two data streams are filtered, converted from digital to 
analog, and low pass filtered to produce the baseband I 
and 0 analog signals. 

The baseband signals are up-converted to RF in the quadra
ture modulation section The synthesizer provides the local 
oscillator (LO) for the quadrature modulator. The frequency 
is programmable via the control interface with a resolution of 
32kHz. The output of the quadrature modulator is low pass 
filtered to remove harmonic distortion. 

QUADRATURE t 
MODULATOR 

MOD_OUT+ 

TXCLK-======-~_TlLEN] MCLK-.. _--I ..... , 

DAC.JIEF !; ~ Z Z VCILREF 
0(5 _I! 5; -: t Indicates analog Circuitry. 

MCLK MUST ALWAYS BE PRESENT FOR PROPER OPERATION 

CAUTION: These devices ara sensitive 10 electrostsllc discharge. Users should follow proper IC Handling Procedures. 
Copyright C Harris Corporation 1996 
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RF1K49086 
January 1 

• A, 30V, Avalanche Rated, Dual N-Channel 
LiHleFEPM Enhancement Mode Power MOSFET 

Features 

• 3.5A, 30V 

• rDS(ON} = 0.0600 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49086 MS-012AA RF1K49086 

NOTE: When ordering, use the entire part number. For ordering in 
tape and rael, add the suffix 96 to the part number, i.e. RF1 K4908696. 

Packaging 

Description 
The RF1 K49086 Dual N-Channel power MOSFET is manu
factured using an advanced MegaFET process. This pro
cess, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result
ing in outstanding performance. It is designed for use in 
applications such as switching regulators, switching convert
ers, motor drivers, relay drivers, and low voltage bus 
switches. This device can be operated directly from inte
grated circuits. 

Formerly developmental type TA49086. 

Symbol 

_-..;..001(8) 
..... --'"0 01(7) 

S1(1) 
G1(2) o+--1i--J 

_--i-o 02(6) 

..... ---1,.0 02(5) 

S2(3) 
G2(4) 0-1---1-.....1 

11. ________ .. 

JEDEC M8-{)12AA 

5 

LlttleFET'" Is a trademark of Harris Corporation 

CAUTION: These devices are sensitive to electrostallc discharge. Users should follow proper ESO Handling Procedures. File Number 3986.4 
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January 1997 

Features 

• 3.5A, 30V 

• rDS(ON) = 0.060 

• Oil-Resistance vs Gate Drive Voltage Curves 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49088 MS-012AA RF1K49088 

NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. RF1 K4908896. 

Packaging 

RF1K49088 
d, Logic Level, Dual N-Channel 

cement Mode Power MOSFET 

n 
he Dual N-Channel power MOSFET is 

manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It is designed for use 
in applications such' as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating trlle on-off 
power control directly from logic level (5V) integrated circuits. 

Formerly developmental type TA49088. 

Symbol 

r-------- .. 01(8) 
..... --1-001(7) 

S1(1) 
G1(2) 0+--11---1 

...---:-0 02(8) 
..... -..,..0 02(5) 

S2(3) 
G2(4) o-I.---ll-' 

JEDEC MS"()12AA 

5 

UttleFET'M is a trademerk of HarriS Corporation 

CAUTION: These devices are sensHive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright @Harris Corporation 1997 
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Features 

• 3.5A,12V 

• reStON) = 0.0500 

• Temperature Compensating PSPICE Model 

• On-Resistance va Gate Drive Voltage Curvea 

• Peak Current va Pulse Width Curve 

• UIS Rating Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49090 M8-012AA RF1K49090 

NOTE: When ordering, use the entire part number. For ordering in 
tape end reel, add the suffix 96 to the part number, I.e. RFl K4909096. 

Packaging 

Description 
The RF1 K49090 Dual N-Channel power MOSFET is manu
factured using an advanced MegaFET process. This pro
cess, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result
ing In outstanding performance. It is designed for use in 
applications such as switching regulators, switching convert
ers, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 

Formerly developmental type TA49090. 

Symbol 

--------,. 

Sl(l) 
01(2) 0+--1--1 

S2(3) 
02(4) 0-1--+ .... 

01(8) 

t--- 01(7) 

....---;-0 02(1) 
t---rO 02(5) 

.. _-----_. 

JEDEC MS'()12AA 

5 

UttieFETTM is a trademerk of Herris Corporation 

CAUTION: These devices are senslllve \0 eIecIrosIatJc discharge. Users should follOw proper ESD Handling Procedures. File Number 3985.5 
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\:,\~fr\S' 
CO~ 
t\ ,0 RF1K49092 

2.5A, 12V, Avalanche Rated, Logic Level, 
ary LittleFETTM Enhancement Mode Power MOSFET 

Features 

• 3.5A, 12V (N-Channel) 
2.5A, 12V (PoChannel) 

• rDS(ON) = 0.0500 (NoChannel) 
rDS(ON) = 0.1300 (P-Channel) 

• Temperature CompenSlltlng PSPICE Model 

• On-Resistance vs Gsta Drive Voltage Curves 

• Peak Current va Pulse Width Curve 

• UIS Rating Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49092 MS-D12AA RF1K49092 

NOTE: When ordering, use the entire part number. For ordering In 
tape and reel, add the suffix 96 to the part number, i.e. RF1 K4909296. 

Packaging 

Description 

The RF1 K49092 complementary power MOSFET Is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It is designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V to 5V range, thereby facilitating true 
on-off power control directly from logic level (5V) integrated 
circuits. 

Formerly developmental type TA49092. 

Symbol 

51 (1) 
01 (2) 0+, -+..."P,.-

82(3) 
02 (4) 0-&., -+..."P,.-

D1 (II) 

D1 (7) 

02(8) 
02(5) 

JEDEC M&412AA 

5 

LitUeFETTM is a trademerk of Harris Corporation 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Proosdures. 
Copyright @ Harris Corporation 1997 
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RF1K49093 
... ee , Avalanche Rated, Logic Level, Dual 

, I tleFETTM Enhancement Mode Power MOSFET January 199 

• 2.5A,12V 

• rDS(ON) = 0.1300 

• Temperature CompensaUng PSPICE Model 

• On-Resistance vs Gate Drive Voltage Curves 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49093 MS·012AA RF1K49093 

NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 to the part number, i.e. RF1 K4909396. 

Packaging 

Description 

The RF1 K49093 Dual P-Channel power MOSFET is manu
factured using an advanced MegaFET process. This pro
cess, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result· 
ing in outstanding performance. It is designed for use in 
applications such as switching regulators, switching convert· 
ers, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V • 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 

Formerly developmental type TA49093. 

Symbol 

~
01(8) 

I 01 (7) 
I I 

81 (1) I 

G1 (2) I : 

I I 

02(8) 

"'--+002(5) 

S2(3) 
G2 (4) O'--i-.... 

.. _-------" 

JEDEC MS-012AA 

5 

UtlleFETTM is a trademerK of Harris Corporation 

CAUTION: These devices are sensitive to electrostatic dIScharge. Users shOuld follow proper ESO Handling Procedures. 
Copyright @Harrls Corporetion 1997 

File Number 3969.4 
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RF1K49154 
Rated, Avalanche Rated, Dual N-Channel 

LittleFETTM Enhancement Mode Power MOSFET 

Features 
• 2A,60V 

• I'[)S(ON) = 0.1300 

• 2kV ESD Protected 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49154 MS-012AA RF1K49154 

NOTE: When ordering, use the entire part number. For ordering in 
tape and reel, add the suffix 96 10 the part number, I.e. RFI K4915496. 

Formerly developmental type TA49154. 

Packaging 

Description 

The RF1 K49154 Dual N-Channel power MOSFET is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It is designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. These devices can be operated directly from 
integrated circuits. 

The RFI K49154 incorporates ESD protection and is 
designed to withstand 2kV (Human Body Model) of ESD. 

Symbol 

01 (8) ""-.&..0 01 (7) 

51 (1) 
01 (2) 0-;--+..--'''-'''-

52(3) 

02(6) 
",,-.,...002(5) 

02 (4) 0-&--+..--'''-'''-

JEDEC MS-G12AA 

5 

UttieFETTM Is a trademark of Harris Corporation 

CAUTION: Theile davlces are sensitive to electrostaUc discharge. Users should follow proper E50 Handling Procedures. 
CopyrIght C Harris Corpora~on 1997 

File Number 4143.1 
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~'lrlA.tvalanche Rated, Logic Level, Single 
~m!lDl1teM[JnleFETTM Enhancement Mode Power MOSFET 

Features 
o 6.3A,30V 

o rDS(ON} = 0.030n 

o Temperature Compensating PSPICE Model 

o On-Resistance vs Gate Drive Voltage Curves 

o Peak Current vs Pulse Width Curve 

o UIS Rating Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49156 MS-012AA RF1K49156 

NOTE: When ordering. use the entire part number. For ordering in tape 
and reel, add the suff'o( 96 to the part number,l.e., RF1K4915696. 

Packaging 

Description 

The RF1K49156 Single N-Channel power MOSFET is man
ufactured using an advanced MegaFET process. This pro
cess, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It was designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. This product achieves full rated conduction at a 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 

Formerly developmental type TA49156. 

Symbol 

NC(l) DRAIN (8) 

SOURCE (2) ~-t-+oO DRAIN (7) 

SOURCE (3) ~~--' DRAlN(S) 

GATE (4) DRAIN (5) 

JEDEC M5-012AA 

5 

LittleFET"" Is a trademerk of Harris Corporation 

CAUTION: These devices are senshlve to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 4011.2 
Copyright @ Harris Corporation 1997 5-63 
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Features 
• 8.3A,30V 

• I'DS(ON)" 0.0300 

• Tempetature Compensating PSPICE ~I 

• Peak Current V8 Pulae Width Curve 

• UIS RaUng Curve 

Ordering Information 

PART NUMBER PACKAGE BRAND 

RF1K49157 MS-012AA RF1K49157 

NOTE: When ordertng, use the entire part number. For ordering In lape 
and reel, add the suffix 96 \0 the part 1UI1ber, I.e., RF1 K4915796. 

Packaging 

1K49157 

Description 
The RF1 K49157 Single N-Channel power MOSFET Is 
manufactured using an advanced MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
Integrated circuits, gives optimum utilization of silicon, 
resulting in outstanding performance. It was designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and low voltage bus 
switches. This device can be operated directly from 
Integrated circuits. 

Formerly developmental type TA49157. 

Symbol 
r--------" 
I 

NC (1) 0,... DRAIN (8) 
I 

SOURCE (2) .---+-+-0 DRAIN (7) 

SOURCE (3) 0,-4~"""" DRAIN (I) 

GATE (4) DRAIN(S) 

JEDEC MS-G12AA 

UtIIeFET'" Is a trademerk of Harris Corporatton 

CAUTION: These daIIIce6 are senslllve 10 electrostatic discharge. Users $hOuld follOW proper ESD Handling Procedures. 
CopyrIght C Hams Corporallon 1997 

File Number 4012.4 
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COMMUNICATION _ 6 
DEVELOPMENT TOOLS 

PART NUMBER DEVELOPMENT TOOL 

WIRELESS COMMUNICATIONS 

PRISMTM 2.4GHz Chip Set PRISM1 KIT-EVAL 

WLANKITPR1-EVAL 

HFA3424 HFA3424EVAL 

HFA3524 HFA3524EVAL 

HFA3624 HFA3624EVAL 

HFA3724 HFA3724EVAL 

HSP3824 HSP3824EVAL 

HFA3925 HFA3925EVAL 

WIRED COMMUNICATIONS 

HC5517 HC5517EVAL 

HC-5509B SPICE Model Available 

HC-5513 HC5513EVAL 

STANDARD PRODUCTS 

Data AcquisitIon - D/A Converters 

HI5721 HI5721-EVP/-EVS 

HI5731 HI5731-EVP/-EVS 

HI5741 H15741-EVS 

HI5780 H15780-EV 

H120201 HI20201-EV 

Data Acquisition - AID Converters 

H15703 HI5703EVAL 

HI5710A HI5710EVAL 

H15746 HI5746EVAL1 

H15800 HI5800EVAL 

HI5804 HI5804EVAL 

HI5805 HI5805EVAL 1 

HI5808 HI5808EVAL 1 

PRISMTM. SERINAOE'" and OECIoMA TEN are trademarks of Harris Corporallon. 
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Development Tools (Continued) 

PART NUMBER DEVELOPMENT TOOL 

Unear 

HFA1100, HFA1120 HFA11XXEVAL, SPICE Model Available 

HFA1110 HFA1110EVAL 

HFA3046, HFA3096, HFA3127, HFA3128 SPICE Model Available 

HFA3600 HFA3600EVAL 

Digital Signal Processing 

DSP Evaluation Platform HSP-EVAL 

HSP43124 SERINADETM Development Software 

HSP43220 DECI-MATETM Development Software 

HSP45116 HSP45116-DB 

HSP50016 HSP50016-EV 

HSP50110 HSP5011 0121 OEVAL 

HSP50210 HSP5011 0121 OEVAL 
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No. AN549.1 January 1997 Harris Linear 

The HC-5502X14X Telephone Subscriber Line 
Interface Circuits (SLlC) 

Author: Geoff Phillips 

Introduction 
The HC-S502X14X family of telephone subscriber line inter
face circuits (SLIC) integrate most of the BORSCHT functions 
of the traditional hybrid transformer interface circuits onto one 
chip. The circuits are manufactured In a 200V dielectric isola
tion (01) process and together with a secondary protection 
diode bridge give 1 kV of Isolation from lightning induced faults 
between the subscriber loop and the telephone office. 

The BORSCHT functions provided are: 

• Battery Feed With Loop Current Limiting 

• Overvoltage Protection 

• Ringing 

• Supervision/Signalling 

• Hybrid 

The HC-5502X is Intended for use in systems utilizing single 
ended tip (positive side) Injected ringing and limits the short 
loop current to 30mA; the HC-5504X is intended for use in 
ring side (negative side) injected ringing systems and will limit 
the short loop current to 4DmA. It should be noted that the 
HC-S504X can also be configured to operate in switches 
employing either of the two single ended ringing methods and 
In balanced ringing systems. 

This note will describe each subfunction of the SLiC and will 
discuss several system design features, including balance 
networks and complex impedance matching. 

An Overview of the Basic Phone Loop 
And Its Environment 
Figure 1 illustrates a simplified telephone network. Each 
subscriber Is connected via a 2-wire (2W) loop to a switch 
office which provides intersubsciber loop switching and sig
nal processing (analog andfor digital). 

The SLIC is the primary inteiface between the 4 wire (4W) 
(ground referenced) low voltage switch environment and the 
2W ("floating") high voitage loop environment. 

The loop consists of a wire A (the Tip wire), the telephone 
sat or its equivalent, and wire B (the ring wire). A OC voltage 
Is applied across the Tip and Ring wires at the line card 
which Is housed in the telephone office: The battery Is usu
ally a nominal -48\1, and Is often called the quiet or talking 
battery. When the telephone Is off-hook, a DC path Is estab
lished around the loop. DC loop current will flow around the 
loop from tip feed to ring feed. This is called Battery Feed. 

. 
BIDIRECTIONAL 

4 , -----------1 RING J 
r-t~.;.;GE;.;;N.;.;ER;.;;A.;.;TO;.;.;R---I 

SWlTt" 

·.ITIP I r--- r-- r--
, ~ TIP LINE S ~ PCFM L.....A... PCCM t-I-+- RECEIVE (Rxl 

p~~L:E~ I L I - I I - 0 SIGNAL 

SET DR 1_ I L D 
o A A C L........ ~ L........ E I-t-t- TRANSMIT (hi 

. . . ~RING LINEI ,...-- R ,.-- C SIGNAL 

+IRING (H~XI (H77siz) ~ 
I lONE CHANNEl OF I I LINE CARD 

TWO WIRE I I FOUR W:..:;IR""E'--__ 
12W}----+---.. ·-t-.. _-- (4W) - "TELEPHONE 

OFFICE 

SUBSCRIBER LOOP 

FIGURE 1. SIMPLIFIED TELEPHONE NETWORK 

CopyrIght C Harris Corporation 1997 
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The SUC must be able to sense this DC current and flag the 
switch controller: This Is referred to as Switch Hook Detec
tion (SHD). It tells the switch controller that the line Is busy, 
and is a supervisory function. 

The subscriber set Is often located very close to the switch 
office. Thus, the loop resistance will be very low and the SUC 
should incorporate a feedback network that will limit the loop 
current to a specified maximum to prevent battery power drain 
and minimize power dissipation at the board level. The He-
5502X14X SUCS sense the loop current and adjust the volt
age on the ring side of the line to cause line current saturation. 

The telephone can be rung by switching a ring relay to con
nect a ring generator to the loop. The on-off switching of the 
relay (cadencing) is controlled by the Ring Command (RC) 
input which gates the relay driver output. When the user 
answers the telephone, the ring relay Is automatically 
tripped, the ring command signal Is Inhibited and the 2W 
loop is made ready for voice transmission. Voice signals are 
transmitted onto the loop by directly modulating the DC feed. 
This AC voice signal Is coupled to the users earpiece via a 
transformer in the telephone set. Voice transmission for the 
2W to the 4W system is called the hybrid function. For 2W to 
4W transmission, the subscriber talking into his set modu
lates the resistance of the telephone microphone. This 
causes AC current in the loop which Is sensed by the SUC 
and transmitted as a ground referenced voltage Signal to the 
signal processing electronics within the switch. 

Subscriber loops are usually measured in terms of loop 
resistance. The nominal loop length Is 12000. Owing to the 
length of the lines and their location near power lines, com
mon mode or longitudinal currents are often Induced. The 
SLIC has to distinguish between these noise signals (longi
tudinal) and the transversal signals, and reject the unwanted 
longitudinal components: this Is a measure of the SUC's lon
gitudinal balance. The primary noise sources are 60/5OHz 
power lines, cable cross talk, and RF transmissions. The 
Harris SUCs will accommodate 15mARMS of noise currents 
on each side of the loop. 

The line is also subjected to lightning strikes. Together with 
primary and secondary protection networks, the SUC must 
withstand 1 kV peak of lightning induced energy. In fact, the 
plastiC encapsulated Harris SUC can withstand a 1 kV peak 
strike with a small signal diode bridge providing voltage 
clamping and current steering. 

The Harris HC-5502XI4X 
The HC-5502X14X family of SUCs are primary Intended for 
use within Private Branch Exchanges (PBX) although they 
can be used in the larger switch networks found in Central 
Offices (CO). 

Figure 2 shows the functional schematic of the SUC. The 
subfunctions to be described are: 

• Line Feed Amplifiers 

• Transversal Amplifiers 

• Loop Current Limiting: Metallic, Fault and Thermal Limiting 

• Ring Trip and Ground Key Detection 

• Spare or Uncommitted Operational Amplifier 

• Logic Network 

Line Feed Amplifiers 
The line feed amplifiers are high power op amps, and are 
connected to the subscriber loop through 3000 of feed resis
tance; the configuration is shown in Figure 3. The feed resis
tors provide a 6000 balanced load for the 2W to 4W 
transmission, and limit longitudinal currents; the two resis
tors immediately adjacent to the feed amplifiers function as 
sense resistors for 2W to 4W transmission and signalling 
purposes. 

The tip feed amplifier Is configured as a unity gain non
inverting buffer. A -4V bias (derived from the negative battery 
(Ve-) in the bias network) is applied to the Input of the ampli
fier. Hence, the tip feed DC level is at -4V. The principal rea
son for this offset is to accommodate sourcing and sinking of 
longitudinal noise currents up to 15mARMS without saturat
Ing the amplifier output. The tip feed amplifier also feeds the 
ring feed amplifier, which Is configured as a unity gain invert
Ing amplifier as seen from the TF amplifier. The noninverting 
input to the RF amp is biased at a VB-/2. Looking into this 
terminal the amplifier has a noninvertlng gain of 2. Thus, the 
DC output at ring feed is: 

VRF(DC) = (4 + Ve-) Volts 

For a -48V battery, VRF = -44V. Hence, the nominal battery 
feed across the loop provided by the SUC is 4OV. When the 
subscriber goes off-hook this DC feed causes current 
(metallic current) to flow around the loop. 

The received audio signal VRX from the switch is fed into the 
tip feed amplifier and appears at the TF terminal. It is also 
fed through the ring feed amplifier and Is inverted. Thus, a 
differential signal of 2VRX appears across the line: for a 
6000 line this compensates the SdB loss due to the 6000 of 
line feed resistance. The VRX signal causes AC audio cur
rents to flow around the loop which are then AC coupled to 
the earpiece of the telephone set. Figure 4 shows the single 
ended AC equivalent circuit of the subscriber loop for voice 
transmission. In the general case the signal deSign equation 
for 4W to 2W transmission is given by: 

( ZLiNE ) 
VL1NE = 600+ZLlNE x2VRX 
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RBI 
flIPI lion 

SUIICRIIER 
LOO. -

RB3 
IRINSI lion 

r ------, RBZ TIP fEED 

1110 • AMP. +- VRX I J I~ 'ft,.,: 
lIOn I AVCL"Z Vi I 

+- -
RIN'L RING fEED • :.JZ 
FEED AMP 11K -----* 8.33,. 

FIGURE 3. UNE FEED AMPURERS 

SENSE 
RESISTOR 

(RI3+RII) (RI4+RI2I 

tVUIE 
ZLINE 

vst ~ZLlNE VOICE 

r\J 
TRA.SVERSAL 

AMPLlFIEIl 

Hc-&S02XI4X 

FIGURE 4. SINGLE ENDED AC SIGNAL EQUIVALENT. CIRCUIT 

The Transversal Amplifier (TAJ 
Whereas the feed amplifiers perform the 4W to 2W transmis
sion function, the transversal amplifier acts as the 2W to 4W 
hybrid. The TA is a summing amplifier configured to reject 
common mode signals. It will thus reject 2W common mode 
signals. Figure 4 shows the single ended signal transmission 
path. Given below Is the design equation of the 2W to 4W 
signal transmission path. Given below is the design equation 
of the 2W to 4W signal transmission. It can be seen that RB2 
and RB4 act as loop current sense resistors, and that the 
voice signal output of the amplifier is a function of the differ
ential voltages appearing across RB2 and RB4. 

Thus, the transversal amplifier also has a DC output propor
tional to the metallic current in the loop. The output voltage is 
given by: 

VTX = 2(ITIP + IRING) (RB2 + RB4) 

where ITIP and IRING are assumed positive as indicated in 
Figure 1. This DC level is used as an input to a comparator 
whose output feeds into the logic circuitry as SH. This signal 
Is used to gate SHD. 

Voice signals on the' loop are transformed by the TA into 
ground referenced signals as shown by the above equations. 
Since the TA output has a DC offset it is necessary to AC 
couple the output to any external circuitry. Note, that during 
4W to 2W transmission, the transversal amplifier will have an 
audio signal at its output proportional to the 4W audio 
receive Signal and the loop's equivalent AC impedance. This 
is called the transhybrid return, and must be cancelled (or 
balanced) out to prevent an echo effect. This Is discussed 
more fully in Transhybrid Balancing. 

Loop Current Limiting 

The nominal loop length is equivalent to an l800n load 
across the feed amplifiers. However, on a short loop the line 
resistance often approaches zero. Thus, a need exists to 
control the maximum DC loop current that can flow around 
the loop to prevent an excessive current drain from the sys
tem battery. This limit is typically specified between 30mA 
and 40mA for general PBX applications. Figure 5 depicts the 
feedback network that modifies the RF voltage as a function 
of metallic current. Figure 6 illustrates the loop current char
acteristics as a function of line resistance. 

VRING 

RI4 

VRF 

VRF 

RI2 

--".,.,,...... ...... 
VT., 

VTX' -&00 ILOOP 

RlI 
(80K) 

VTX 

Rtl(t.IK) 

IGM>O, 
FOR KVTX <V15 

Vif2 

FIGURE 5. LOOP CURRENT UMIT CONTROL 

As indicated above, the TA has a DC voltage output directly 
proportional to the loop current. This voltage level is scaled 
by R19 and R18. The scaled level forms the 'Metallic' input 
to one side of a Transconductance Amplifier. The reference 
input to this amplifier Is generated in the bias network, and 
is equivalent to 30mA or 40mA loop current, typically, for 
the HC-5502X and HC-5504X, respectively. When the 
metallic input exceeds the set reference level, the transcon
ductance amplifier sources current. This current will charge 

7-6 



Application Note 549 

C3 in positive direction causing the RF (Ring Feed) voltage 
to approach the TF (Tip Feed), effectively reducing the bat
tery feed across the loop which will limit the DC loop cur
rent. C3 will continue to charge until an equilibrium level is 
attained at ILOOP = ILOOP MAXmA. The time constant of 
this feedback loop is set by R21 (90kn) and C3 which is 
nominally 0.331lF. 

ILOOP 
ImAI 

40 -+---.... "IG4ILOOP SATURATION "i -12V 

""- Vi ..... IV 

3D +-_____ "'"'HC-5502A ILOOP SATURATION 

20 

RLOOP -IRB' + RU + RB3 + R84 + RLiNE + Rsnl 

10~~~~~~~~~~~~~~~~-
laD 100 lK UK UK UK UK UK UK UK RLOO' 

1m 
FIGURE 6. DC LOOP CURRENT CHARACTERISTICS 

The RF voltage level is also modified to reduce or control 
loop current during ring line faults (e.g. ground or power line 
crosses), and thermal overload. Figure 2 illustrates this. It 
can be seen that the thermal and fault current circuitry works 
in parallel with the transconductance amplifier. 

Longitudinal Amplifier 
The longitudinal amplifier is an op amp configured as a 
closed loop differential amplifier with a nominal gain of 0.1 
(HC-5504X) or 0.581 (HC-5502X). The output is a measured 
of any imbalance between ITIP and IRING as described in 
Figure 1. The transfer function of this amplifier is given by: 

VLONG = K(ITIP -IRING) 150 

Where K is the gain factor of the amplifier. The gain factor is 
much less than one since ring voltage (up to 150VpEAKl can 
appear at the Ring or Ring Feed Sense terminals and are 
attenuated to protect the amplifier. 

The longitudinal amplifier's principal functions are Ring Tip 
Detection (RTD) and Ground Key Detection (GKD). GKD 
provides a means for the subscriber to flag a PBX atten
dant and is used extensively in Europe. The ring line is 
grounded at the telephone set via a push switch incorpo
rated within the telephone. This causes a DC current imbal
ances between the tip and ring sides of the loop which 
gives rise to a negative voltage at the output of the longitu
dinal amplifier. The output of the amplifier after being fil
tered by R20 and C4 to attenuate AC signals is fed into a 
detector whose output GK gates the necessary logic to 
drive GKD or inhibit the ring relay driver to remove ringing 
Signals from the line in an off-hook condition. In order to 
prevent false ground key owing to line noise or during ring 
trip, the internal GKD logic is delayed via C2. An internal 

current source of 5jlA has to change C2 up to a 5V level 
before allowing the ground key signal to propagate. Thus, 
for C2 = 0.151lF, a delay of 150ms is established. 

Ringing the line and Ring Trip Detection are discussed more 
fully in the following section, Designing with the Harris SLiC. 

Uncommitted Op Amp 
An uncommitted op amp is provided on the chip. This is a 
standard op amp with an output swing of ±5V. It is primarily 
intended to be used to balance the transhybrid return signal 
discussed in The Transversal Amplifier (TA) section. The 
amplifier has an offset voltage of 10mV; an open loop gain of 
66dB; a GBW product of 2MHz; slews at 1V/jlS typically, and 
has a ±2mA output current drive capability. 

The Logic Network 
The logic network utilizes 12L logic. All external inputs and 
outputs are LS TTL compatible: the relay driver is an open 
collector output that can sink 60mA with a V CE of 1 V. 

Figure 7 is a schematic of the combination logic within the 
network. The external inputs RC (Relay Control) and PO 
(Power Denial) allow the switch controller to ring the line or 
deny power to the loop, respectively. The Ring Synchroniza
tion input (RS) facilitates SWitching of the ring relay near a 
ring current zero crossing in order to minimize inductive kick
back from the telephone ringer. 

The internal inputs SH and GK control ring trip and provide 
supervisory flags to the system controller via the Switch 
Hook Detect (SHD) and Ground Key Detect (GKD) outputs. 

Designing with the Harris sLle 
General application circuits for the HC-5502X and HC-
5504X SLiCs are given in Figures 8 and 9. In this section, 
several specific design and application areas will be dis
cussed: 

• Ringing the Line 

• Power Denial 

• Transhybrid and Longitudinal Balance 

• Complex Impedance Matching 

• Surge Protection 

Ringing The Line 
The HC-5502X is used for tip injected ringing (also called 
single ended ground referenced ringing), and the HC-5504X 
is used for ring injected or single ended battery referenced 
ringing. Figures 10 and 11 show the two different ringing 
schemes. Note, that the HC-5504X can be used for either of 
the single ended ringing schemes: to use the HC-5504 for tip 
injected ringing the Ring Feed Sense (RFS) and RF pins are 
permanently connected externally, and the scheme shown in 
Figure 10 adopted. 
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FIGURE 7. HC-6502X104 LOGIC GATE SCHEMATIC 
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POWER SWITCH GROUND RING RING BALANCE NETWORK 
DENIAL HOOK KEY SYNC CMD 

lID DETECT DETECT RECEIVE..,..:.....--+.::-it-.... -~ ... 

RING _-..... - ...... ,.,.,--........ 
RB3 

PIN NUMBERS GIVEN FOR DlPISOIC PACKAGE. 

Typical Component Values 

C1 = 0.511F (Note 1) 

C2=0.15I1F,10V 

Ca = 0.311F, 30V 

C4 = 0.511F to 1.011F, 10%, 20V (Should be nonpolarized) 

Cs = 0.511F, 20V 

Cs = C7 = 0.511F (10% Match Required) (Note 2), 20V 

Ca = 0.0111F, 100V 

C9 = 0.0111F, 20V, 20% 

NOTES: 

~MmMrr~----~tn 

OPAMP {;~~--+~h 
C1f,;"-....,t.::==:t1 
C2~~--. 

5 

R1 = R2 = R3 = 100)(0 (0.1% Match Required, 1% absolute 
value), ZB = 0 for 6000 Terminations (Note 2) 

RB1 = RB2 = RB3 = RB4 = 1500 (0.1% Match Required, 
1 % absolute value) 

Rs = 1 k.O, Cs = 0.111F, 200V typically, depending on VRING 
and line length. 

Z1 = 150V to 200V transient protection. PTC used as ring 
generator ballast. 

1. C1 Is an optional capacitor used to Improve VB+ supply rejection. This pin must be left open If unused. 

2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, Cs-R1 and R2 and CrZs-Ra, to match 
in Impedance to within 0.3%. Thus, if Cs and c-, are 111F each, a 20% match Is adequate. It should be noted that the transmit output to 
Cs sees a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM Fiiter/CODEC. 

A O.SI1F and 10011n gives a time constant of 5Oms. The uncommitted op amp output is Internally clamped to stay within ±5.SV and also 
has current limiting protection. 

3. Secondary protection diode bridge recommended Is a 2A, 200V type. 

4. All grounds (AG, BG, and 00) must be applied before VB+ or VB-' Failure to do so may result in premature failure of the part If a user 
wishes to run separate grounds off a line card, the AG must be applied first 

FIGURE 8. HC-5S02X LINE APPLICATION CIRCUIT 
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5VTO 
12V 

1m 

o-~~--~~~~~~~--~l1P 
llP 

..:~~tI TIP FEED 

~ .... ---~i RING FEED 

RING 

Typical Component Values 

C2 = 0.1511F. 10V 

C3 = 0.311F. 30V 

RING FEED SENSE 

-48V Ca 

[6 150VPEAK (MAX) 1.3 RING GENERATOR 

C4 = 0.511F to 1.011F, 10%, 20V (Should be nonpolarized) 

Cs = 0.511F. 20V 

Cs = C7 = 0.511F (10% Match Required) (Note 6) 

CB = 0.0111F, 100V 

Cg = 0.0111F. 20V, 20% 

NOTES: 

C2 17 

C31-'5;;...._-, 
22 

R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute 
value) ZB = 0 for 600n Terminations (Note 6). 

RB1 = RB2 = RB3 = RB4 = 150n (0.1 % Match Required, 1 % 
absolute value). 

RS1 = RS2 =11<0, typically. 

CS1 = CS2 = 0.111F. 200V typically, depending on VRING and 
line length. 

Z1 = 150V to 200V transient protection. 

PTC used as ring generator ballast. 

S. Secondary protection diode bridge recommended Is a 2A, 200V type. 

6. To obtain the specified transhybrid loss It is necessary for the three legs of the balance network, C6-R1 and R2 and CrZB-Ra, to match 
in impedance to within 0.3%. Thus, if C6 and C] are 1 mF eech, a 20% match is adequate. It should be noted that the trensmit output to 
C6 sees a -22V step when the loop Is closed. Too large a value for C6 may produce an excesslvaly long transient at the op amp output 
to the PCM Fllter/CODEC. 

A 0.511F and 100kO glvas a time constant of 5Oms. The uncommitted op amp output Is Internally clamped to stay within ±5.SV and also 
has current limiting protection. 

7. All grounds (AG, BG, and DG) must be applied before Vs+ orVB-. Failure to do so may result In premature failUre oithe part. If a user 
wishes to run separate grounds off a line cerd, the AG must be applied first. 

B. Appllcetion shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 

9. Pin numbers glvan for DIP/sOIC package. 

FIGURE g. HC-5504X UNE APPUCATtON CIRCUIT 
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TELEPHONE 
RIIIIER. 
lJI .... Kn 

SUISeRIIER LOO' 

(R) 
R83 
lIan 

KI- RIII& RELAY 
I=II.C. COIITACT 
X= 11.0. COIITACT 

L---IT 

HC-6602X 

FIGURE 10. HC-6502X TIP INJECTED SINGLE ENDED RINGING 

KI- RIIIO RELAY 
I=II.C. COIITACT 
X=N,O. CONTACT 

(T) 

TELEPHOIIE 
RIIIGER 

zR .... Kn 

(R) R83 

SUSSCRIIER LOO. IIDn 

°RC IIIUIIER 'LACED ACROSS IIC COIITACTS 

RI2 
IIDn 

TF 

T 

R 

RFI 

HC-5604X 

vI 

FIGURE 11. HC-6504X RING INJECTED SINGLE ENDED RINGING 
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IRI 
RU 
liDO 

RU 
liDO 

r---=::--.... R 

RFS 

'KIA 

HC-6504X 

• RC .NUIIER PLACED ACROSS N.C. CDNTACTS 

FIGURE 12. HC-5S04X BALANCED RINGING CONFIGURATION 

The Ring Command (RC) input is taken low during ringing. 
This activates the ring relay driver (RR) output providing the 
telephone is not off-hook or the line is not in a power denial 
state. The ring relay connects the ring generator to the sub
scriber loop. The ring generator output is usually an 
80VRMS, 20Hz signal. For use with the Harris SLlC, the ring 
signal should not exceed 150V peak. Since the telephone 
ringer is AC coupled only ring current will flow. For the HC-
5502X SLlC, the ring current Is sunk by the ring feed ampli
fier output stage whereas for the HC-5504X the ring path 
flows directly into VB- via a set of relay contacts. The high 
impedance terminal RFS exists on the HC-5504X so that the 
low impedance RF node can be isolated from the hot end of 
the ring path in the battery referenced ring scheme. 

The AC ring current flowing in the subscriber circuit will be 
sensed across RB4, and will give rise to an AC voltage at the 
output of the longitudinal amplifier. R20 and C4 attenuate 
this signal before it reaches the ring trip detector to prevent 
false ring trip. C4 is nominally set at 0.4711F but can be 
increased towards 111F for short lines or if several tele
phones are connected in parallel across the line in order to 
prevent false or intermittent ring trip. 

When the subscriber goes off-hook, a DC path is established 
between the output winding of the ring generator and the 
battery ground or VB- terminal. A DC longitudinal imbalance 
is established since no tip feed current is flowing through the 
tip feed resistors. The longitudinal amplifier output is driven 
negative. Once it exceeds the ring trip threshold of the ring 
trip detector, the logic circuitry is driven by GK to trip the ring 
relay establishing an off-hook condition such that SHD will 
become active as loop metallic current starts to flow. 

In addition to its ability to be used for tip or ring injected sys
tems, the HC-5504 can also be configured for systems utiliz
ing balanced ringing. Figure 12 shows such an application. 
The main advantage of balanced ringing is that it tends to 
minimize cross coupling effects owing to the differential 
nature of the ring tone across the line. 

Figure 13 illustrates the sequence of events during ring trip 
with ring synchronization for a tip injected ring system. Note, 
that owing to the 900 phase shift introduced by the low pass 
filter (R20, C4) the RS pulse will occur at the most negative 
point of the attenuated ring signal that is fed into the ring trip 
detector. Hence, when DC conditions are established for 
RTD, the AC component actually assists ring trip taking 
place. For a ring side injected ring system, the RS pulse 
should occur at the positive zero crossing of the ring signal 
as it appears at RFS. If ring synchronization is not used, 
then the RS pin should be held permanently to a logic high 
of 5V nominally: ring trip will occur asynchronously with 
respect to the ring voHage. Ring trip is guaranteed to take 
place within three ring cycles after the telephone going off
hook. 

It is recommended that an RC snubber network is placed 
across the ring relay contacts to minimize inductive kick
back effects from the telephone ringer. Typical values for 
such a network are shown in Figure 9. 
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IiOV 

VRINo 
I&DVPK,I---\,----/-----\--f-----\ 

IIAX 

SV 
RS W+---LL----~~----~ 

Vce 

w+-~--~~~------~~ 

RING SUBSCRIBER GOES 
TRIP OFF HOOK 

THRES-
HOLO 

D.C. SHIFT OWING TO 
D.C. CURRENT OIFFERENCE 

BETWEEN ITIP AND IRIIiG 

FIGURE 13. RING TIP SEQUENCE 

Power Denial (PO) 

Power denial limits power to the subscriber loop: it does not 
power down the SLlC, i.e. the SLiC will still consume its nor
malon-hook quiescent power during a power denial period. 
This function is intended to "isolate" from the battery, under 
processor control, selected subscriber loops during an over
load or similar fault status. 

If PO is selected, the logic circuitry inhabits RC and switches 
in a current source to 03. The capacitor charges up to a 
nominal -3.5V at which point it is clamped. Since TF is 
always biases at -4V, the battery feed across the loop is 
essentially zero, and minimum loop power will be dissipated 
if the circuit goes off-hook. No Signalling functions are avail
able during this mode. 

After power denial is released (PO = 1), it will be several 
hundred milliseconds (300ms) before the RF output reaches 
its nominal battery setting. This is due to the RC time con
stant of R21 and C3. 

Transhybrid Loss and Longitudinal 
Balance 

During 4W to 2W transmission, the 4W signal is returned to 
the transmit output: this is called transhybrid return: it is not a 
reflection from the line as it will only occur if the loop is closed. 
In order to prevent echo and instability in the switch, this 
returned signal must be balanced out before it reaches the fil
ter/COOEC. The level of the returned signal is given below, 
and a balancing network utilizing the on-chip spare op amp Is 
indicated in Figure 14. Since the returned received signal's 
amplitude and phase are a function of the line's AC imped
ance, the balance network is a function of the same. 

For a resistive line, the two arms of the balance network 
(Figure 14) are also resistive. In the simplest case, for a 
600n system, the two parts of the summing network have 
equi-resistance values. For a trans hybrid balance greater 
than 36dB, component tolerances of ±O.5% are recom
mended. Both arms of the summing network are capacitively 
coupled since the TA and TF amplifiers have output and 
input D.C. biases, respectively. The values of the capacitors 
are chosen to prevent degradation of the audio frequency 
response. For capacitive values of 0.51lF. components with 
tolerances of 10% can be used since at voice band frequen
cies the reactance of the capacitor has minimal effect on the 
impedance of the balance network. 

The transhybrid returned signal is given by: 
(4R) 

VTX=-VRX (2R+ZL) 

where R = (RB1 + RB2) = (RB3 + RB4), and ZL = Line Imped
ance. 

For the balance network, the general equation is given by: 

ZB = 2R + ZL with R1 = 4R in Figure 14. 

A full derivation of the balance equation is given in Appendix 1. 
A measure off this balance is known as transhybrld loss. For a 
600n resistive line, a balance of 40dB at 1 kHz is attainable. In 
practice owing to variations in lines and telephone sets the bal
ance is usually lower than in the ideal case: A balance in the 
order of 25dB will often be measured and accepted. 

By switching out the balance network, it is possible for the 
controller to conduct loop back tests providing the loop can 
be closed via a test relay in the line card. 

Longitudinal balance is equivalent to common mode rejection 
ratio. Looking into the line card tip and ring terminals towards 
the SLIC, the 2W balance is a function of the impedance 
match between tip and ring to ground. The 4W balance is a 
function of the 2W balance, and the matching of the feedback 
resistor ratios around the transversal amplifier. (The TA itself 
must also exhibit a CMRR in excess of the required longitudi
nal balance.) The SLiC user can only control the matching of 
the feed resistors. For a nominal 60dB of rejection, these must 
match within 0.1%. The on-chlp resistors are thin film SiCr 
resistors and are matched within 0.1 %. The amplifier has a 
CMRR of 70dB giving a typical 4W balance of 6OdB. 
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HC-SSOX 

~ 
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ZUNE 
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~~~~~~~~RF 
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IRa 
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THEN Z.' RI 

RX 

RF 

Vrx 

TX 

IN GENERAL CASE IF RIIS SCALED TO RI • aKRa 

Za' K(4Ra + ZLI WHERE K' 10. -IDO 

FIGURE 14. sLie TRANSHYBRID BALANCE EQUAnONS 

Complex Impedance Matching 
The SLIC Is usually used In systems thet have a line charac
teristic impedance of 600n resistive. Thus, the 4 x 1500 
feed resistors present a balanced soon load to the line. If 
the characteristic Impedance of the line varies from 6000 
but remains resistive, then this can be compensated for by 
Increasing or decreasing the value of RB1 and ROO' For 
example, If the line Is defined as 900n resistive, then RB1 
and RB3 could be Increased to 300n each and the line will 
be matched. The Increase In feed resistance could impact 
the DC performance on long lines. 

In cases of lines having a complex characteristic Impedance, 
the SLiC circuit can be configured to adequately match the 
line. Figure 15 shows a typical equivalent line Impedance as 
defined in many European countries. Figure 16 illustrates 
the circuitry required to match and balance such a line. The 
component design equations are given in Appendix A along 
with a qualitative description of the circuit to explain its oper
ation. 

For the equivalent Impedance shoWn In Figure 15, It can be 
seen that at low frequencies, the impedance will increase and 
become more resistive. As the voice frequency increases, the 
reactance of CL decreases, thus the line impedance will also 
decrease. In order to match the line impedance, a feedback 
network is required that provides low frequency positive feed
back and high frequency negative feedback. The scheme of 
Appendix A does this. 

R1L,82DSl 

RZL,ZZOSl 

C1L, nhF 

FIGURE 15. RING np SEQUENCE 

The degree of match over the voice band Is a function of the R 
and C component tolerances and the degree of approximation 
to their theoretical values. The curves in Figure 16 show typi
cal matching characteristics. The objective Is to maximize the 
2W return loss. Some values are indicated in Figure 16. 

For complex Impedance applications a certain amount of cir
cuit optimization will be required by the user in order to 
obtain an adequate 2W return loss performance and a satis
factory transmit frequency response. 
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FIGURE 16. IZI vs FREQUENCY 

Line Fault Protection 

The subscriber loop can exist In a very hostile electrical envi
ronment. It is often in close proximity to very high voltage 
power lines, and can be subjected to lightning induced volt
age surges. The SLiC has to provide isolation between the 
subscriber loop and the telephone office. Methods for deal
ing with longitudinally Induced power frequency currents and 
excessive DC line current have been discussed. 

The most stringent line fault condition that the SLiC has to 
withstand is that of the lightning surge. 

The Harris monolithic SLiC in conjunction with a simple low 
cost diode bridge can achieve up to 1 kV of isolation between 
the loop and switch office. The level of isolation is a function 
of the packaging technology and geometry together with the 
chip layout geometries. One of the principal reasons for 
using 01 technology for fabricating the SLiC is that it lends 
itself most readily to manufacturing monolithic circuits for 
high voltage applications. 

Figures 8 and 9 show general application circuits for the HC-
5502X and HC-5504X SLiCs. A secondary protection diode 
bridge is indicated which protects the feed amplifiers during 
a fault. Figure 18 illustrates more clearly the fault current 
paths during a lightning or transient high voltage strike. Most 
line systems will have primary protection networks. They 
often take the form of a carbon block or arc discharge 
device. These limit the fault voltage to 500V - 1000V peak 
before it reaches the switch line cards. Thus when a tr!!n
sient high voltage fault has occurred, it will be transmitted as 
a wave front down the line. The primary protection network 
limits the voltage to 500V to 1000V. The attenuated wave 
front will continue down the line towards the SLiC. The feed 

amplifier outputs appear to the surge as very low impedance 
paths to the system battery. Once the surge reaches the 
feed resistors, fault current will flow into or out of the feed 
amplifier output stages until the relevent protection diodes 
switch on. Bench measurements have indicated peak fault 
currents of up to 150mA Into and out of the SLiC during the 
finite turn on time of the diode bridge. Once the necessary 
diodes have started to conduct all the fault current will be 
handled by them. The geometry of the SLiC and its package 
has been designed to withstand the full rated peak fault volt
age at its tip (T) and ring (R) terminals: for ceramic packages 
this is 500V peak, and for plastic (or epoxy) packaged SLiCs 
this is 1000V peak. The circuits are rated against standard 
lightning characteristics defined by Figure 19. The ceramic 
package contains an air gap whereas the plastic packages 
contain no void. The dielectric constant of air is lower than 
that of the epoxy and it is this which breaks down at lower 
voltages than the plastic compound. 

If the user wishes to characterize SLiC devices under simu
lated high voltage fault conditions on the bench, he should 
ensure that the negative battery power supply has sufficient 
current capability to source the negative peak fault current 
and low series inductance. If this is not the .case, then the bat
tery supply could be pulled more negative and destroy the 
SLiC if the total (VB+ + VB-) voltage across it exceeds 75V. 

7-15 



t 
dB 

OdB 

-1.0 

-2.0 

-l.O 

-4.0 

., 

Application Note 549 

FREQUENCV, kHz 

.. 
l.5 

RESPONSE WITH CF = lOOpF 

INSERTION LOSS: 20 LOG10 [VTX] dB 
VTR 

FIGURE 17. TWO WIRE· FOUR WIRE TRANSMISSION 

SURGE WAVE-I 
FRONT I ...,.... 

I 
SUBSCRIBER LOOP 'I 

I 

VPEAK 

v 

OFFICE 

PRIMARY 
PROTECTION 

FAULT 
CURRENT 

1/. SECONDARY --
PROTECTION 

OIODE BRIDGE 

FIGURE 18. FAULT PROTECTION 

10". 

FIGURE 19. SIMULATED UGHTNING STRIKE WAVEFORM 

7·16 

v
B 

HC-5504 



Application Note 549 

Appendix A 

COMPLEX LINE IMPEDANCE MATCHING WITH SLiC 

~ 
RF RF VO 

__ VS 

VM' VTI 
2 ilMATCH 

FIGURE A1. TWO TO FOUR WIRE TRANSMISSION. SINGLE ENDED AC EQUIVALENT ClRcurr OF SUBSCRIBER LOOP. 

Consider Figure A 1. Assume VRX = O. 
(2W to 4W transmission). At match: 

VT Vm 
Is = 2Zo = Zo 

Zo = 2RF+Zo' 

Zo' = ~o 
's 

Vo = Zo' .Is = isZO-21.RF 

but Vm = i.Zo; :. Vo = Vm - 2isRF 

RF 
Vs = IsRF' :.vs=(2RF+ZO,)xvm 

(2RF+Zo') 
:. Vm = (lsRF) R 

F 

(2) In (1) forVm, and Zo =2RF+Zo' 

Vo = 2VS((2~F)- 1) 

(EQ.1) 

(EQ.2) 

This matching equation can be realized as shown in Figure A2. 
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Transhybrld Balance 

Consider Figure A3. Evaluate VTX In terms of VRX, in order 
to establish trenshybrid balance equation. 

For generel case, let line transhybrid impedance be Ze. 

(EQ.3) 

(EQ.4) 

(EQ.S) 

Compare Equations 4 and 5: we need to scale Equation 5 by: 

ZO(ZB!ZO) 

in order to equate to Equation 4. 

RI' RU 

T' 

Hc-&5D2X14X 

r-----1R 

RF 

'n·""'''' .• ~. 
V'RX = 2(2R~O+ZB) xVo ~ Zo 

-VTX 
:.V'RX = -2-

Transhybrid balance. can be achieved using simple summing 
amplifier network. 

If Ze - Zo then Equation 5 becomes: 
-(Zo) 

VRX = (2RF+ZO)xvo (EQ.5) 

and Equation 4 becomes: 
Zo 

VTX = 2RF+ZO xVO (EQ.7) 

.'. VTX = -VRX and TH balance is achieved using a resistive 
summing amp network. The complete application circuit is 
shown in Figure A4. 

R R 

I(ZO 

_r"""T'""TRAI. HYBRID 
IALANeE 

-FROMPeM 
FILTER 

RI 
NETWORK r--vVV--, 
~ 

Ie 
EXTERNAL 
OPAIIP#Z 

CODECIFILTER 
TRANSMrr OP-AMP 

FIGURE A4. APPUCATION OF SECOND UNE IMPEDANCE MATCHING ALGORITHIM 
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Using Ring Sync with HC-5502A and HC-5504 SLICs 
Author: Dave Donovan 

Introduction 
The ring synchronization (sync) input pin is a TIL compati
ble clock input in both the HC-5502A and HC-5504 SLiCs. 
It's purpose is to insure that the ring relay is activated or 
deactivated only when the instantaneous AC ring voHage, 
which may be as high as 150V peak, is at or near AC zero 
crossing. 

If ring sync is not used, it must be tied high to insure proper 
ring trip. When used, it is important to consider at which zero 
crossing of the AC ring voltage, positive or negative, the ring 
sync signal must be synchronized with. Subsequent illustra
tions and equations highlight this consideration. 

For detailed description of the ring trip sequence of events, 
refer to Application Note 549 by P. G. Phillips. Excerpts from 
the pertinent section are included below. 

Ring Trip Sequence 

The Ring Command (RC) input Is taken low during ringing. 
This activates the ring relay driver (AD) output providing the 
telephone is not off-hook or the line is not in a power denial 
state. The ring relay connects the ring generator to the sub
scriber loop. The ring generator output is usually an 
80VRMS, 20Hz signal. For use with the Harris SLlC, the ring 
signal should not exceed 150V peak. Since the telephone 
ringer Is AC coupled, only ring current will flow. For the HC-
5502A SLlC, the ring current is sunk by the ring feed ampli
fier output stage whereas for the HC-5504 the ring path 
flows directly into VB- via a set of relay contacts. The high 
impedance terminal RFS exists on the HC-5504 so that the 
low Impedance RF node can be isolated from the hot end of 
the ring path in the battery referenced ring scheme. 

The AC ring current flowing in the subscriber circuit will be 
sensed across RB4, and will give rise to an AC voltage at the 
output of the longitudinal amplifier. R19 and C4 attenuate 
this Signal before it reaches the ring trip detector to prevent 
false ring trip. C4 is nominally set at 0.4711F but can be 
increased towards 111F for short lines or If several tele
phones are connected in parallel across the line in order to 
prevent false or Intermittent ring trip. 

When the subscriber goes off-hook, a DC path is established 
between the output winding of the ring generator and the 
battery ground or VB- terminal. A DC longitudinal imbalance 
Is established since no tip feed current is flowing through the 

Copyright @ Harris Corporation 1997 

tip feed resistors. The longitudinal amplifier output is driven 
negative. Once it exceeds the ring trip threshold of the ring 
trip detector, the logic circuitry is driven by GK to trip the ring 
relay establishing an off-hook condition such that SHD will 
become active as loop metallic current starts to flow. 

Figure 1 illustrates the sequence of events during ring trip 
with ring synchronization. Note, that owing to the 900 phase 
shift introduced by the low pass fiHer (R19, C4) the RS pulse 
will occur at the most negative point of the attenuated ring 
Signal that is fed into the ring trip detector. Hence, when DC 
conditions are established for RTD, the AC component actu
ally assists ring trip taking place. If ring synchronization is 
not used, then the RS pin should be held permanently to a 
logic high of 5V nominally: ring trip will occur asynchronously 
with respect to the ring voltage. Ring trip is guaranteed to 
take place within three ring cycles after the telephone going 
off-hook. 

150V 

VRIIIS 
150VPK ~-~k----1'------'tr---I'---\. 

MAX 

RS IiV 

OV+---~-----~-----~ 

OV+-~.---i~-~------~~ 

RIIIG SUBSCRIBER GOES 
TRIP OFF HOOK 

THRES-
HOLD 

D.C. SHIFT OWING TO 
D.C. CURRENT DIFFEREIICE 
BETWEEIIITIP AID IRING 

FIGURE 1. RING TRIP SEQUENCE 
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Case 1: HC-5502A Tip Injected Ringing 

vLA = (IRING - ITIP) (RB4) (I<) 

(During Ringing ITIP = 0) 

VLA = (IRING) (RB4) (I<) 

IRING = (VRF - VRING)IRB4 

VLA = (VRF - VRING) K 
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A 

FIGURE 3. 

For Case 1, refer to Figures 2 and 3. In this situation the 
desired result is obtained, namely, that ring sync occurs dur
ing the negative peak of VC4' This helps achieve ring trip 
faster because, once a subscriber goes off-hook, a negative 
DC shift is observed at VC4' This shift approaches a com
parator threshold In the ring trip detection circuit. If the nega
tive peak of VC4(AC) precedes the negative going DC shift 
at VC4, one can achieve ring trip in a shorter time frame. 
Also this configuration allows ring trip to occur for long lines, 
in the order of 30000. At these line lengths, the DC negative 
shift will never reach the threshold because there is not 
enough DC current through the sense reSistor, RB4. How
ever, the negative peak of VC4 (AC) will cross the ring trip 
detector comparator threshold and ring trip will occur. 

Conclusion 1: For this case make sure ring sync is syn
chronized with the negative zero crossing of VRING as it 
appears on the line. 

Case 2: HC-5504 Ring Injected Ringing 

vLA = (IRING - ITIP) (RB4) (K) 
(During Ringing ITIP = 0) 

VLA = (IRING)(RB4) (K) 

IRING = (VRFS - VRING)/RB4 

VLA = (VRFS - VRING) K 

RIIG FEED SENSE 

-'RII. 
RU Rn 

TD SUBSCRIBER VHlla 
LDDP 

r-------------SLiC 

L.~ __________ ... 

FIGURE 4. 

VHF. 

FIGURE 5. 

For Case 2 refer to Figures 4 and 5. Here ring sync must be 
synchronized with the positive zero crossing of VRING (AC) 
as it appears on the line so as to coincide with the negative 
peak of VC4 (AC), as in the previous case. One can see from 
Figure 5 that ring sync on the negative zero crossing would 
coincide with the positive peak of VC4, Inhibiting ring trip for 
loops greater than approximately 8000. 

Conclusion 2: For this case make sure ring sync is syn
chronized with the positive zero crossing of VRING (AC.). 

For all other ring configurations, namely, tip injected and bal
anced ringing for the HC-5504, if ring sync is used, it must be 
synchronized with the negative zero crossing of VRING(AC). 
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The HC-5560 Digital Line Transcoder 
Author: David J. Donovan 

Introduction 
The Harris HC-5560 digital line transcoder provides mode 
selectable, pseudo temary line coding and decoding schemes 
for North American and European transmission lines. Coding 
schemes include Alternate Mark Inversion (AMI), Bipolar with 
N Zero Substitution (BNZS), and High Density Bipolar 3 
(HDB3), used for transmission lines as follows: 

AMI: North American T1 (1.544MHz) and 
T1C (3.152MHz) lines 

B6ZS: North American T2 (6.3212MHz) lines 

B8ZS: North American T1 (1.544MHz) lines 

HDB3: European PCM30 (2.048 and 8.448MHz) 
CEPT lines. Recommended by CCITT 

The transcoder is a single chip, single supply device fabri
cated with standard cell CMOS. Features include simulta
neous coding and decoding, asynchronous operation, loop 
back mode, transmission error detection, an alarm Indication 
Signal, and a full chip reset. 

This application note will describe why coding for digital trans
mission Is necessary, the types of coding, which is best, and 
why, and the functionality and applications of the HC-5560 
digital line transcoder. 

Why Line Coding? 
Transmission of serial data over any distance, be it a twisted 
pair, fiber optic link, coaxial cable, etc., requires "maintenance" 
of the data as it is transmitted (through repeaters, echo cancel
lors etc.). The data Integrity must be maintained through data 
reconstruction, with proper timing, and retransmitted. Une 
codes were created to facilitate this "maintenance". 

In selecting a particular line coding scheme some consider
ations must be made, as not all line codes adequately pro
vide the all Important synchronization between transmitter 
and receiver. Other considerations for line code selection are 
noise and interference levels, error detection/checking, 
implementation requirements, and the available bandwidth. 

Copyright @Harrls CorpOllllion 1997 

Unipolar Coding 
The most basic transmission code is unipolar or unbalanced 
coding whereby each discrete variable to be transmitted is 
assigned a different level, OV and +3V, for example: 

DATA 

D D D D D 

o n 
UNIPOLAR (UNBALANCED) SIGNAL 

There are, however, a number of disadvantages: 

o 

• The average power (Aol2) is two times other codes 

• The coded Signal contains DC and low frequency compo
nents. When long strings of zeros are present, a DC or 
baseline wander occurs. This results in loss of timing and 
data because a receiver/repeater cannot optimally dis
criminate ones and zeros. 

I 
+lftlLqJ 
-lUU 

I U1fL 
DC WANDER 

• Repeaters/receivers require a minimum pulse density for 
proper timing extraction. Long strings of ones or zeros 
contain no timing information and lead to timing jitter and 
possible loss of synchronization. 

• There Is no proviSion for line error rate monitoring. 

Bipolar Coding is Better 
With bipolar, or balanced, coding, the same data may be 
transmitted more efflcientiy achieving the same error dis
tance with half the power (AO/4). This coding Is often 
referred to as Non-Return to Zero (NRZ) coding as the sig
nallevel is maintained for the duration of the signal interval. 
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Although bipolar coding is more efficient than unipolar, it still 
lacks provisions for line error monitoring, and is susceptible 
to DC wander and timing jitter. 

fl 0 0 0 0 0 1 

FUr------O'------IRI.----IF 
BIPOLAR (BALANCED) SIGNAL 

The HC-5560 digital line transcoder provides a number of 
augmented bipolar coding schemes which: 

• Eliminate DC Wander 

• Minimize TIming Jitter 

• Provide for Line Error Monitoring 

This is accomplished by introducing controlled redundancy 
in the code through extra coding levels. 

Line Code Descriptions 
The HC-5560 transcoder allows a user to implement any of 
the four line coding schemes described below. 

AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544MHz) and T1C (3.152MHz) carriers. 
Zeros are coded as the absence of a pulse and one's are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. 

log. PCM Coda 0 0 0 I 0 I I I 0 I 0 0 0 0 0 I 

AMI Codl 

To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1's is required. Using AMI, there is a possibility of long 
strings of zeros and the required density may not always 
exist, leading to timing jitter and therefore higher error rates. 

A method for insuring a minimum logic 1 density by substitut
ing bipolar code in place of strings of O's is called BNZS or 
Bipolar with N Zero Substitution. B6ZS is used commonly in 
North American T2 (6.3212MHz) carriers. For every string of 
6 zeros, bipolar code is substituted according to the following 
rule: 

If the immediate preceding pulse is of (-) polarity, then code 
each group of 6 zeros as 0-+0+-, and if the immediate pre
ceding pulse is of (+) polarity, code each group of 6 zeros as 
0+-0+. One can see the consecutive logic 1 pulses of the 
same polarity violate the AMI coding scheme. 

~----8-----I 
I.a. PCM Codl 0 0 0 I 0 I I I 0 0 0 0 0 0 I 

0-+0+-

88ZSI-I~ V=VI,IIIIDn 

0+-0-+ 

88ZSI+I~ 

B8ZS is used commonly in North American T1(1.544MHz) 
and T1 C(3.152MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following rules: 

1) If the immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+0+-. 

2) If the immediate preceding pulse is of (z) polarity, then 
code each group of 8 zeros as 000+-0-+. 

1------ 8-------~ 
e.g.PCMCoda 10100000000 I 10 

000-+0+-

88ZS1-I~V=VlalllilD 

000+-0-+ 

88ZSI+I~ 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error monitor
ing capability. 

Another coding scheme is HDB3, high density bipolar 3, 
used primarily in Europe for 2.048MHz carriers. This code is 
similar to BNZS in that it substitutes bipolar code for 4 con
secutive zeros according to the following rules: 

1 ) If the polarity of the immediate preceding pulse is (-) and 
there have been an odd (even) number of logic 1 pulses 
since the last substitution, each group of 4 consecutive 
zeros is coded as 000-(+00+). 

2) If the polarity of the immediate preceding pulse is (+) 
then the substitution is 000+(-00-) for odd (even) number 
of logic 1 pulses since the last substitution. 

1---4--~ 
.... PCMCOd. 0 0 0 0 1 0 1 1 1 00 0 0 0 0 1 

000- +00+ 

H083 I-I~ V=Vlllllllan 

000+ -00-

HOB3I+I~ 
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The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are pro
duced only in the fourth bit location of the substitution code 
and that successive substitutions produce alternate polarity 
violations. 

A summary graph of all four substitution coding schemes is 
Illustrated in Figure 1. To simplify timing recovery, logic 1's 
are encoded with 50% duty cycle pulses. 

II\alo\Ilolo\0101010Io\o\II1\01 
,·,-Il--.,U.--------.....Jy 
1m 

1m 

HOla 

FIGURE 1. SUMMARY OF CODING SCHEMES PROVIDED BY 
THEH~TRANSCODER 

Functional Description 
The HC-5560 transcoder can be divided into six sections: 
transmitter (coder), receiver (decoder), error detector, all 
ones detector, testing functions, and output controls. A block 
diagram Is shown In Figure 2. 

IIIZ IATA.II "-_.r''--...... .., 
CLICK 

,UCIIDIII 

o VII 
OVID 

J+--+--.oCLlCl 

B +--++---+--+---oIUT I 
+--+--++---+--+---oDliTZ 

LDDPTEIT 
IIULI 

AIIC>----' 

".0----..... 
FllllClJII~ 

iiiiT~ 

IIIE::~C>------+--+-~ __ ..J 

.IZIATA 
DIIT 

ElIDI 

mmlIo----.-j 1----""'0 All 

FIGURE 2. HC-SS60 TRANSCODER FUNCTIONAL BLOCK 
DIAGRAM 

Transmitter (Coder) 

The transmitter codes a non-return to zero (NRZ) binary uni
polar input signal (NRZ IN) into two binary unipolar return to 
zero (RZ) output signals (OUn, OUT2). These output sig
nals represent the NRZ data stream modified according to 
the selected encoding scheme (i.e., AMI, B8ZS, B6ZS, 
HDB3) and are externally mixed together (usually via a tran
sistor or transformer network) to create a ternary bipolar sig
nal for driving transmission lines. 

Receiver (Decoder) 
The receiver accepts' as its input the ternary data from the 
transmission line that has been externally split into two 
binary unipolar return to zero signals (AIN and BIN). These 
signals are decoded, according to the rules of the selected 
line code into one binary unipolar NRZ output signal (NRZ 
OUT). 

The encoder and decoder sections of the chip perform inde
pendently (excluding loopback condition) and may operate 
simultaneously. 

Error Detector 
The Error output signal is active high for one cycle of CLK 
DEC upon the. detection of any bipolar violation in the 
received AIN and BIN signals that is not part of the selected 
line coding scheme . .The bipolar violation is not removed, 
however, and shows up as a pulse in the NRZ DATA OUT 
signal. In addition, the Error output signal monitors the 
received AIN and BIN signals for a string of zeros that vio
lates the maximum consecutive zeros allowed for the 
selected line codlng scheme (I.e., 8 for B6ZS, 6 for B6ZS, 
and 4 for HDB3). In the event that an excessive amount of 
zeros is detected, the Error output signal will be active high 
for one cycle of CLK DEC during the zero that exceeds the 
maximum number. In the case that a high level should simUl
taneously appear on both received input signals AIN and BIN 
a logical one is assumed and appears on the NRZ data out 
stream with the error signal active. 

All Ones Detector 

An input signal received at inputs AIN and BIN that consists 
of all ones (or marks) is detected and signalled by a high 
level at the alarm indication signal (AIS) output is set to a 
high level when less than three zeros are received, during 
one period of Reset AIS immediately followed by another 
period of Reset AIS containing less than three zeros. The 
AIS output is reset to a low level upon the first period of 
Reset AIS containing 3 or more zeros. 
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Testing Functions 
A logic high level on LTE enables a loopback condition where 
OUT1 is internally connected to Input A'N and OUT2 is inter
nally connected to B,N (this disables inputs A'N and B,N to 
external signals). In this condition, the input Signal NRZ DATA 
IN appears at output NRZ DATA OUT (delayed by the amount 
of clock cycles it takes to encode and decode the selected line 
code). A decode clock must be supplied for this operation. The 
Reset input can be used to initialize this process. 

Output Controls 
The output controls are Output Enable and Force AIS. These 
pins allow normal operation, force OUT1 and OUT2 to zero, 
or force OUT1 and OUT2 to output all ones (AIS condition). 

Applications 
The HC-5560 transcoder is designed for use in North Ameri
can and European PCM transmission lines where pseudo 
ternary lina code substitution schemes are desired. Any 
equipment that interfaces to T1, T1 C, T2 or PCM30 trans
mission lines may incorporate transcoders. Such equipment 
includes multiplexers, channel service units, echo cancel· 
lors, repeaters, etc. This section will illustrate and describe a 
basic circuit application, and various system level applica
tions examples. 

FROM CODEC OR 
TRANSCODER 

Basic Applications Circuit 
The basic applications circuit Is shown In Figure 3. The 
encoder accepts serially clocked unipolar non-return to zero 
(NRZlPCM) data at the NRZ IN pin and codes It into two uni
polar return to zero (RZ) signals at pins OUT1 and OUT2. A 
coding scheme is chosen via mode select pins MS1 and 
MS2. Data is clocked In on the negative edge of ECLK and 
clocked out on the positive edge of ECLK. The outputs must 
be mixed externally, via a transistorltransformer network, to 
produce the ternary 'bipolar' code selected and to drive the 
transmission line. The length of OUT1 and OUT2 are set by 
the length of the positive ECLK pulse. 

To decode ternary coded data, the signal must first be split 
Into two unipolar signals and presented to the A'N and B,N 
pins. This may be accomplished by an amplifier with a differ
ential output, and two comparators. Both inputs are sampled 
by the positive edge of OCLK. Decoded data is clocked out 
in NRZ form to the NRZ OUT pin on the positive edge of 
DCLK. 

All the logic inputs and outputs are TTL compatible. 

System Level Examples 
Examples of system level transcoder applications are illus
trated in Figure 4 through 8. 

OUT 1 
PCM30 

ENCODER CLOCK 
ENCODER 

o--..... -t elK ENe 
~1.T2.T1C. 

/I LINE DUTPUT 

LlNCf111 INP~ 

FORCEAIS 

LOOP TEST ENABLE 

R!ftT 

OUTPUt ENABLE 

--------------
MS 1 } MODE SELECT 

CONTROL MS 2 I--..... fo<) LOGIC INPUTS 

CLOCK CLOCK RECOVERY 

RESET AIS 1---4-0 ALARM CLOCK } 

AIS 1--"-0 ALARM 

ERROR ERROR 

--------------

ERROR 
MONITORS 

,~:--1-l=~:.---I AIN NRZ Data 
DECODER Out 1--.... -0 TO CODEC OR TRANSCODER 

HC·6610 

FIGURE 3. BASIC TRNASCODER APPUCATIONS CIRCUIT 
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Understanding PCM Coding 
Author: David J. Donovan 

Introduction 
The process of converting analog voice signals into Time Divi
sion Multiplexed (TDM) Pulse Code Modulated (PCM) format 
is described and illustrated herein. Application Note No. 570, 
·Understanding CODEC Timing", by D.J. Donovan is recom
mended reading as accompaniment to this application note. 

Analog time varying voice input information is transmitted 
over two-wire (2W) pairs (channels) from subscribers. The 
PCM filter band-limits voice signals to 4kHz, one per chan
nel, and removes power line and ringing frequencies . 
Research has shown that voice transmission band-limited to 
4kHz has enough fidelity for telephony purposes. 

Sampling 
The process of converting filtered voice information into a 
digitized pulse train format begins with sampling the voice 
signal at uniform intervals. These intervals are determined 
by the Nyquist Sampling Theorem, which simply states that 
any signal may be completely re-constructed from its repre
sentative sampling if it is sampled at least twice the maxi
mum frequency of Interest. The telephone system, being a 
worldwide standard 8kHz sampling system, satisfies 
Nyquist, as all voice signals are band-limited to 4kHz. When 
the voice waveform is sampled, a train of short pulses is pro
duced, each representing the amplitude of the waveform at 
the specific instant of sampling. This process Is called Pulse 
Amplitude Modulation (PAM). The envelope of the PAM sam
ples replicate the original waveform. Figures 1A thru 10 
illustrate representative PAM samples for up to 24(30) Indi
vidual voice channels in a I1-LaW (A-Law) telephone system. 

There are relatively large intervals between each PAM sample 
that may be used for transmitting PAM samples from other 
voice channels. Interleaving several voice channels on a com
mon bus is the fundamental principle of Time Division Multi
plexing (TDM). As the number of voice channels on the TOM 
bus increases, the time allotted to each sample is reduced, 
and bandwidth requirements increase (See Figure 1 E). 
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Quantizing 
The PAM samples still represent the voice Signal in analog 
form. For digital transmission, further processing is required. 
Pulse Code Modulation (PCM) is a technique used to convert 
the PAM samples to a binary weighted code for digital trans
mission. PCM coding Is a two step process performed by the 
COOEC. The first step is quantization, where each sample is 
assigned a specific quantizing interval. The second step is 
PCM coding of the quantizing interval into an a-bit PCM code 
word. Each is discussed in the taxi that follows. 

Converting PAM samples to a digital signal involves assign
ing the amplitude of a PAM sample one of a whole range of 
possible amplitude values, which are divided into quantizing 
intervals. There are 256 possible quantizing Intervals, 128 
positive and 128 negative. The boundaries between adja
cent quantizing Intervals are called decision values. 
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If PAM samples are uniformly quantized, there will be situa
tions where several different amplitude values will be 
assigned the same quantizing interval during encoding. 
Then, during decoding, one signal amplitude value is re
covered for each quantizing interval which corresponds to 
the midpoint of the quantizing interval. This results in small 
discrepancies that occur between the original waveform and 
the quantized approximation; i.e., infinite analog levels in the 
original waveform being assigned finite quantizing intervals. 
These discrepancies result in a quantizing noise or quantiz
ing distortion, the magnitude of which is inversely propor
tional to the number of discrete quantizing intervals. These 
noise signals may be of the same order of magnitude as the 
input Signal, thereby reducing the signal to quantizing noise 
ratio to an intolerable level. For this reason non-uniform 
quantization is used: Large signals need a smaller number 
of quantizing intervals, while small signals require a larger 
number of quantizing intervals. Such a non-uniform quanti
zation process is defined as companding characteristics by 
both Bell and CCITT. 

The PCM CODEC performs this non-uniform or non-linear 
quantization through Il-LaW or A-law companding character
istics shown in Figure 2. This process enhances lower ampli
tude signals, to allow them to compete with system noise, 
and attenuates higher amplitude signals, preventing them 
from saturating the system. This form of signal compression 
results in a relatively uniform signal to quantization noise 
ratio, approaching 40dB for a wide range of input amplitudes. 
Also, the dynamiC range approaches that of a 13(11) bit AID 
or 80(66)dB for Il-LaW (A-Law) companding. The digital real
ization of this companding process is obtained by a segment 
and chord piecewise linear approximation to a semi-logarith
mic function. 

Both the Il-Law and A-law companding characteristics are 
composed of 8 linear segments or chords in each quadrant. 
Within each chord are 16 uniform quantization intervals, or 
steps. With Il-Law, moving away from the origin, each chord 
is twice the width of the preceding chord, and each group of 
16 uniform steps is twice the width of the preceding group. It 
is also referred to as the 15 segment characteristic. The first 
chord about the origin in the positive and the negative quad
rant are of the same slope and are therefore considered one 
chord (chord 0). With A-law, the first two chords and step 
groups in each quadrant are uniform. Successive chords 
and steps follow the same pattern as Il-Law. A-Law is 
referred to as the 13 segment characteristic. The first two 
chords about the origin in the positive quadrant, and the first 
two chords about the origin in the negative quadrant are all 
of the same slope and therefore are considered one chord 
(chord 1). There are 64 uniform steps in chord 1, 32 positive 
and 32 negative. However, for purposes of encoding and 
decoding samples that fall into the quantization intervals in 
chord 1, a different 3 bit chord code (refer to Figure 3) is 
assigned for the first segment of 16 uniform steps closest to 
the origin and the next segment moving away from the ori
gin. Chord 1 in A-Law is twice that of chord 0 in Il-Law. 

gU.lnD •• 
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FIGURE 2. 
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The Il-Law companding characteristic is used primarily in 
North America and Japan, while A-Law is used primarily in 
Europe. The differences are minimal and are summarized 
below: 

Il-Law 

• Step sizes double for each successive chord 

• Virtual edge = ±8159 units 

• Input level = 3.172dBmO 

• 2 codes for 0 input 

A-Law 

• Step sizes double for each successive chord after the sec-
ond chord 

• Virtual edge = ±4096 units 

• Input level = 3.14dbmO 

• No code for 0 input 

The input level is determined with reference to the power 
level at the central office or ·switch'. That point is referred to 
as the zero transmission level pOint (OTLP). All CODEC 
measurements must be translated to the OTLP. The unit of 
translated level is the dBmO (dB relative to 1mW referred to a 
transmission level of OTLP). 
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There is no absolute voltage standard for the CODEC, how
ever, a standard exists relative to full scale. The point at 
which the CODEC begins to clip is called the virtual edge. It 
is measured in normalized voltage units or steps, ±8159 
steps for ll-laW and ±4096 steps for A-Law. If a PAM sample 
representing the peak of a voice input signal hits the virtual 
edge of a Il-LaW system, It has a relative power of 
+3.172dBmO. The corresponding A-Law relative power is 
+3.14dBmO. These numbers are chosen to minimize Intrinsic 
gain error at OdBmO and 1000Hz. 

Encoding 
The second stage of conversion to binary PCM data for 
transmission Involves the coding of the 256 quantizing inter
vals assigned to the Individual PAM samples into 8-blt binary 
words (7 data bits plus 1 sign bit). The MSB in each word is 
a polarity bit indicating a 1 for positive quadrant quantizing 
intervals, and a 0 for negative quadrant quantizing intervals. 
The next three bits represent the chord, and the last four bits 
identify the step within the chord. The 8-blt PCM word parti
tioning Is illustrated In Figure~. 

BIT NUMBER 1 2 3 4 5 6 7 8 

BIT WEIGHT -MSB :I: 26 25 ~ ~ 22 21 2° LSB 

""--v---' '---v-----' 

SIGN CHORD STEP 

A-Law and Il-Law coding about the origin differ. Il-Law 
defines two codes for OV input while A-Law defines no code 
for OV Input (see Table 1). The two Il-law zero codes repre
sent a normal quantization step that is divided into halves by 
the y-axis of the companding curve (refer to Figure 2). These 
half steps represent the lowest resolvable signal of the 11-
Law characteristic. 

TABLE 1. 

BINARY 
INPUT EQUIVALENT I1-LAW A-LAW 

+FULLSCALE 11111111 10000000 10101010 

+CENTER 10000000 11111111 .1101 0101 

-CENTER 00000000 01111111 01010101 

-FULL SCALE 01111111 00000000 00101010 

Multiplexing and Transmission 
Each 8-bit PCM word is transmitted in its respective time 
slot, which is assigned to each CODEC by the system con
tryller (See Application Note 570). A number of PCM words 
may be transmitted consecutively from different channels, 
creating a PCM TDM signal for transmission. Each CODEC 
channel has an average data rate of 8K samples/sec x 8-bits 
= 64kbitsls. This means that within a 118kHz = 125J1S period, 
24(30) PCM words of 8 bits eaoh are transmitted consecu
tively In a Il-Law (A-Law) system. 

J.L-Law Systems 

For Il-Law systems, the bus format allows 24 groups, or 
tlmeslots, of 8-bit PCM words, plus one synchronization 
(sync) bit for a total of 193 bits per frame (see Figure 4). This 
sync bit partitions the boundary between timeslots 24 and 1, 
and allows the time slot counter at the receive end to main
tain sync with the transmit end. All signalling information Is 
contained in bit 8 (lSB) of the PCM word. These multiplexed 
frames of 24, 193-bit channels constitute the 1.544MHz Tl 
transmission ohannel. 

A-Law Systems 

For A-Law systems, the bus format groups data into 32 
timeslots of 8-blt PCM words eaoh, giving 30 voice ohannels 
plus one 8-bit sync and alarm ohannel, and one 8-bit signal
ling channel. The sync and alarm, and signalling in formation 
are contained in channels 0 and 16, respectively (see Figure 
4). Bits 2, 4, 6, and 8 are inverted for transmission per CCITT 
recommendation. These multiplexed frames of 32, 256-bit 
channels constitute the 2.048MHz PCM3O-CEPT (Committee 
of European Postal and Telegraph) transmission channel. 

!--CUIlll_--4 __ .... 11L I--.J--"'_'---I 

FIGURE 3. 

Line Coding 
PCM code generated by the CODEC function is in Non
Return to Zero (NRZ) format. It cannot effectively be trans
mitted directly on a transmission line because the signal 
contalns a DC component and lacks timing information. 

An additional coding step is necessary which converts NRZ 
code to a pseudo ternary code suitable for transmission. Prac
tical coding schemes Include Alternate Mark Inversion (AMI), 
Bipolar with N Zero Substitution (BNZS), and High Density 
Bipolar 3 (HDB3) coding. These schemes eliminate the DC 
component of NRZ code, thereby eliminating the troublesome 
DC wander phenomenon. They also provide a means for 
detecting line coding errors, and enhance synchronization 
between transmitter and receiver througl) reduction of timing 
jitter. For additional Information, refer to Application Note 573, 
"The HC-5560 Transcoder", by D. J. Donovan. 
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Demultlplexlng 

After transmission, the COOEC must recover the 8-bit PCM 
words from the TOM signal, sort out, decode, and distribute 
the PCM information appropriately. The demultiplexing pro
cess is fully controlled electronically. 

Decoding 

The COOEC receive function allocates a signal amplitude to 
each 8-bit PCM word which corresponds to the midpoint of 
the particular quantizing interval. The expanding characteris
tic is the same as that for non-linear companding on the 
transmit side. If the LSB of all-Law PCM word contains sig
nalling information, it is extracted by the COOEC, latched 
into a flip-flop, and distributed to the COOEC signalling out
put (Si9R)' This means that there is a lost bit (LSB) in the 
incoming PCM data stream during a signalling frame. The 
decoder interprets the missing LSB as a 1/2 (I.e. halfway 
between a 0 and a 1) to minimize noise and distortion. The 
PCM words are decoded in the order in which they are 
received and then converted to PAM pulses. The PAM 
pulses are summed, then low pass filtered, which smooths 
the PAM envelope and reproduces the original voice Signal. 

7-31 



Harris Semiconductor 

No. AN607.1 January 1997 Harris Linear 

Delta Modulation For Voice Transmission 
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Introduction 

Delta modulation has evolved into a simple, efficient method 
of digitizing voice for secure, reliable communications and for 
voice VO in data processing. 

To illustrate basic principles, a very simple delta modulator 
and demodulator are illustrated in Figure 1. The modulator Is 
a sampled data system employing a negative feedback loop. 
A comparator senses whether or not the instantaneous level 
of the analog voice input Is greater or less than the feedback 
signal. The comparator output is clocked by a flip-flop to form 
a continuous NRZ digital data stream. This digital data is 
also integrated and fed back to the comparator. The feed
back system is such that the integrator ramps up and down 
to produce a rough approximation of the Input waveform. An 
identical integrator in the demodulator produces the same 
waveform, which when filtered, reproduces the voice. 

One can see that the digital data O's and 1's are commands 
to the integrators to "go up" or "go down" respectively. 
Another way of lOOking at it is that the digital data stream 
also has analog signifICance; it approximates the differential 
of the voice, since analog integration of the data reproduces 
the voice. 

Note that the integrator output never stands still; it always 
travels either up or down by a fixed amount In any clock 
period. Because of its fixed Integrator output slope, the sim
ple delta modulator is less than ideal for encoding human 
voice which may have a wide dynamic amplitude range. 

The integrator cannot track large, high frequency signals 
with its fixed slope. Fortunately, human speech has statisti
cally smaller amplitudes at higher frequencies, therefore an 
integrator time constant of about 1 rns will satisfactorily repro
duce voice in a 3kHz bandwidth. 

A more serious limitation is that voice amplitude changes 
which are less than the height of the integrator ramp during 
one clock period cannot be resolved. So dynamic range Is 
proportional to clock frequency, and satisfactory range can
not be obtained at desirable low clock rates. 

A means of effectively increasing dynamic range is called 
·companding" (compressing-expanding); where at the mod
ulator, small signals are given higher relative gain, and an 
inverse characteristic is produced at the demodulator. 

CopyrIght @Harrls Corporation 1997 

The CVSD: A popular effective scheme for companded delta 
modulation is known as CVSD (continuously variable slop 
deltamod) shown in Figure 2. Additional digital logic, a sec
ond integrator, and an analog multiplier are added to the 
simple modulator. 

Under small input signal conditions, the second integrator 
(known as the syllabic filter) has no input, and circuit function 
is identical to the simple modulator, except that the multiplier 
is biased to output quite small ramp amplitudes giving good 
resolution to the small signals. 

A larger signal input Is characterized by consecutive strings 
of 1's or O's in the data as the integrator attempts to track the 
input. The logic input to the syllabic filter actuates whenever 
3 or more consecutive O's or 1's are present In the data. 
When this happens, the syllabic filter output starts to build up 
increasing the multiplier gain, passing larger amplitude 
ramps to the comparator, enabling the system to track the 
larger signal. Up to a limit, the more consecutive 1's or O's 
generated, the larger the ramp amplitude. Since the larger 
signals increase the negative feedback of the modulator and 
the forward gain of the demodulator, Companding takes 
place. By listening tests, the syllabic filter time constant of 4 
to 10ms is generally considered optimum. 

An outstanding characteristic of CVSD is Its ability, with fairly 
simple circuitry, to transmit intelligible voice at relatively low 
data rates. Companded PCM, for telephone quality transmis
sion, requires about 64K bits/sec data rate per channel. 
CVSD produces equal quality at 32K bits/sec. (However, at 
this rate it does not handle tone signals or phase encoded 
modern transmissions as well.) 

CVSD is useful at even lower data rates. At 16K bits/sec the 
reconstructed voice is remarkably natural, but has a slightly 
"Fuzzy Edge". At 9.6K bits/sec Intelligibility is still excellent, 
although the sound is reminiscent of a damaged loud
speaker. Of course, very sophisticated speech compression 
techniques have been used to transmit speech at even lower 
data rates; but CVSD is an excellent compromise between 
circuit simplicity and bandwidth economy. 
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MODULATOR 

CLOCK rulJUL 
FIGURE 1. 

FIGURE 2. 

The Digital CVSD 

Delta modulated data is in a form which can be digitally fil
tered with fairly simple circuitry. A compatible CVSD can be 
made using digital integrators and multipliers driving a digi
tal-to-analog converter. The block diagram of the HC-55564 
monoHthic CVSD is shown in Figure 3. 

The CMOS digital circuit functions of Figure 3 closely paral
lel the equivalent analog function In Figure 2. The filters are 
single pole recursive types using shift registers with feed
back. A digital multiplier feeds a 1 D-bit R-2R DAC which 
reconstructs the voice waveform. The DAC output Is in steps, 
rather than ramps. 

VOCE 
IN 

voal 
IIDITONI 

OUT 

liGNA&. "'D. 

At1JC 
OUT 

DEMODULATOR 

R. 
DIGITAL 

FIGURE 3. HG-55564 CVSD FUNCTIONAL DIAGRAM 
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The digital CVSD has a number of advantages over its ana
log counterpart, and has desirable features which would oth
erwise require additional circuitry: 

1) The all CMOS device requires only 1 mA current from a 
single +4.5V to +7V supply. 

2) No bulky external precision resistors or capacitors are 
raquired for the integrators; time constants of the digital 
filters are set by the clock frequency and do not drift with 
time or temparature. 

3) For best Imelligibility and freedom from listener fatigue, It 
is Important that the recovered audio is quiet during the 
pauses between spoken words. During quiet periods, an 
alternate "1","0" pattern should be encoded, which when 
decoded and filtered will be inaudible. Achieving this in 
the analog CVSD requires that up and dOWn ramp slopes 
are precisely equal and that offsets in the comparator and 
amplifiers are adjusted to zero. Improper adjustment or 
excessive component drift can result in noisy oscillations. 
In the digital design, comparator offset and drift are 
adjusted by a long up-clown counter summed to the DAC 
to insure that over a period of time equal numbers of 1 's 
and O's are generated. 

An added feature is automatic quieting, where if the DAC 
input would be less than 2 LSB's the quieting pattern is 
generated instead. This has proven to aid Intelligibility. 

4) To prevent momentary overload when beginning to 
encode or decode, it is desirable to initialize the integra
tors. In the analog CVSD, external analog switches would 
be required to discharge the capacitors. 

In the digital CVSD, the filters are reset by momentarily 
putting the "Force Zero" pin low. At the same time, a qui
eting pattern is generated without affecting internal 
encoding by putting the "Alternate Plain Text" pin low. 

5) In some analog CVSD designs, transient noise will be 
generated during recovery from a low frequency over
driven input condition. The digital CVSD has a clipped 
output with instant recovery, when overdriven. 

6) Half-duplex operation (using the same device, switching 
between the encode and decode functions) requires 
external circuits with the analog CVSD, while the digital 
type is switched internally by a logic input. 

Applications of Delta Modulation 

1) Telecommunications: Digitized Signals are easily routed 
and multiplexed with low cost digital gates. Voice chan
nels may be easily added to existing multiplexed digital 
data transmission systems. The digital signals are much 
more immune to crosstalk and noise when transmitted 
over long distances by wire, R.F., or optical paths. CVSD 
has better intelligibility than PCM when random bit errors 
are Introduced during transmission. 

2) Secure Communications: Digital data can be quite 
securely encrypted using fairly simple standard hardware 
(Figure 4A). Scrambled speech for audio channels may 
also be accomplished by encoding into a shift register, 
then selecting different segments of the shifted data in 
pseudo-random fashion and decoding it (Figure 4B). 

FIGURE 4A. DIGITAL TRANSMISSION ENCRIPTION 

FIGURE 4B. VOICE TRANSMISSION SCRAMBLING 

3) Audio Delay Lines: Although charge-coupled deviced 
(CCD) will perform this function, they are still expensive 
and choice of configurations is quite limited. Also, there is 
a practical limit to the number of CCD stages, since each 
introduces a slight degradation to the signal. 

As shown in Figure 5, the delay line consists of a CVSD 
modulator, a shift register and a demodulator. Delay is 
proportional to the number of register stages divided by 
the clock frequency. This can be used in speech scram
bling, as explained above, echo suppression in PA sys
tems; special echo effects; music enhancement or 
synthesis; and recursive or nonrecursive filtering. 

A\IDIO I. 

CLOCf( 

0.,.. N+ 'cLOCK 

FIGURE 5. AUDIO DELAY LINE 

DELAYED 
AUIIIO 
OUT 
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4) Voice 110: Digitized speech can be entered into a com
puter for storage, voice identification, or word recognition. 
Words stored in ROM's, disc memory, etc. can be used 
for voice output. CVSD, since it can operate at low data 
rates, is more efficient in storage requirements than PCM 
or other A to D conversions. Also, the data is in a useful 
form for filtering or other processing. 

Figure 6 illustrates a simple evaluation breadboard circuit for 
the HC-55564. A single device is sufficient to evaluate sound 
quality, etc. since, when encoding, the feedback signal at pin 
3 is identical to the decoded signal from a receiver. The fol
lowing are some pointers for using the devices: 

aND .. IV 

>-----< :;;::s.i:I----+-----"~OUT 
Cl :'0.1 SIG.G ,ZIJ-~""'.OIC__i'OR~~ .. O DIGITAL 

_ DATA 

~rOJ7 AUO. DIG.,D-__ -+ __ -+-<J'N 
~·1 OUT IN 

C A.a.G'APT·b-t:·:OK:~_A-';.~ 

t:O-[>--0-1f"0"'" -+-CI:'D. ENC 1DIC ENCODE 

eLK ~;--o--_ t DECOOI 

~h CLOCK +-___ '..J I UEN. 

.n.r 

FIGURE 6. CVSD HOOKUP FOR EVALUATION 

1) Power supply decoupling is essential with the capacitor 
(C1 In Figure 6) located close to the I.C. 

2) Power to the I.C. must be present before the audio input, 
the clock, or other digital inputs are applied. Failure to 
observe this may result In a latchup condition, which is 
usually not destructive and may be removed by cycling 
the supply off, then on. 

3) Signal ground (pin 2) should be externally connected to 
pin 8 and power ground. It is recommended for noise-free 
operation that the audio input and output ground returns 
connect directly to pin 2 and to no other grounds in the 
system. Pins 6 and 7 must be open circuited. 

4) Digital inputs and outputs are similar to and compatible 
with standard CMOS logic circuits using the same supply 
voltage. The illustrated 10K pullup resistors are neces
sary only with mechanical switches, and are not neces
sary when driving these pins with CMOS. Unused digital 
inputs should be tied to the appropriate supply rail for the 
desired operation. TTL output, however, will require 
CMOS input levels. Pins 4 and 14 will drive CMOS logic, 
or each can drive one low power TTL input. 

5) Capacitor coupling is recommended for the audio in and 
out (pins 3 and 5) as each pin is internally biased to about 
112 the supply voltage. 

6) The AGC output (pin 4) is a digital output, whose duty 
cycle is dependently on the average audio level. This may 
be externally integrated to drive an AGC preamplifier; or it 
could be used (through a buffer gate) to drive an LED 
indicator to Indicate proper speaking volume. 

7) To prevent generation of alias frequencies, the input filter 
should reduce the audio amplitude at frequencies greater 
than half the clock rate to less than 12mVp_p. 

8) The PCM Filter shown in the data sheet lends itself well 
as a cost-effective input/output filter to the CVSD. 

9) A suggested receiver clock circuit is a free running multl
Vibrator, synchronized at each transition of the Incoming 
data. Any synch errors occurring during reception of long 
strings of zeros or ones will have negligible,effect on the 
decoded voice. 

Figures 7 through 11 illustrate some typical audio output 
(before filtering) and digital output waveforms. To make the 
scope picture stationary, the audio input generator was syn
chronized with a submultiple of the clock frequency. 

Figure 7 shows the results of a large low frequency sine 
wave. The somewhat jagged peaks are typical of all CVSD 
systems. Note that the digital output is continuous ·ones" 
while the waveform is slewing down and continuous "zeros' 
while slewing up. 

Figure 8 shows the excellent recovery from overdrlven con
ditions at low frequency. Some analog type CVSD's have 
trouble recovering from this condition. 

As mentioned previously, CVSD's cannot handle large sig
nals at high frequencies (but these are not generally present 
in the human voice). Figure 9 shows this limitation where the 
voice output is slewing at its maximum rate, but cannot catch 
up with the input. At reduced amplitudes, however, the same 
signal can be reproduced, as shown in Figure 10. 

The transfer function curve on the data sheet shows that at 
16kHz clock rate, a 1.2VRMS signal can be tracked up to 
500Hz. With a 32kHz clock, the same curves may be used, 
but with each of the indicated frequencies doubled. likewise, 
each of the SNR figures shown on the data sheet will be 6dB 
better than a 32kHz clock. 

Figure 11 shows the 10mV voice output waveform at 1/2 the 
clock rate, when there is no audio input. After filtering, this 
signal Is inaudible. 
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0.5msID1V 
VOICE IN = 250Hz, 4Vp.p SINE WAVE 

CLOCK = 16kHz 

VOICE OUT 
5OmV/DIV 

DIGITAL OUT 
SYlDIY 

0.2mS/OIV 
VOICE IN = 1 kHz, 0.15Vp.p SINE WAVE 

CLOCK = 16kHz 

FIGURE 7. CVSD LARGE SIGNAL SINE WAVE RECONSTRUC
TION 

FIGURE 8. CVSD SMALL SIGNAL SINE WAVE RECONSTRUC
TION 

VOICE OUT 
lV/DIY 

DIGITAL OUT 
5Y1DIY 

0.5msID1V 
VOICE IN = 250Hz, 6Vp.p SINE WAVE 

CLOCK = 16kHz 

VOICE OUT 
10mVlDIV 

DIGITAL OUT 
SVIDIV. 

50msIDIV 
VOICE IN =0 

CLOCK = 16kHz 

FIGURE 9. CVSD LARGE SIGNAL, LOW FREQUENCY 
CLIPPED WAVEFORM 

FIGURE 10. CVSD ZERO SIGNAL IDLE PATTERN 

VOICE OUT 
O.SVlDIV 

DIGITAL OUT 
SYlDIY 

0.2msID1V 
VOICE IN = 1kHz, 6Vp.p SINE WAVE 

CLOCK = 16kHz 

FIGURE 11. CVSD LARGE SIGNAL, HIGH FREQUENCY SLEW LIMITING 
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Impedance Matching Design Equations for the 
HC5509 Series of SLiCs 

Authors: Don LaFontaine and Ed Berrios 

Introduction 

The HC5509 Series of SLiCs use feedback to synthesize the 
impedance at the 2-wire tip and ring terminals. The network 
is capable of synthesizing both resistive and complex imped
ances. Matching the SLiC's 2-wire impedance to the load is 
important to maximize power transfer and 2-wire return loss. 
The 2-wire return loss is a measure of the similarity of the 
impedance of a transmission line (tip and ring) and the 
impedance at it's termination. It is a ratio, expressed in deci
bels, of the power of the outgoing signal to the power of the 
signal reflected back from an impedance discontinuity. 

This application note will discuss the basic DC operation of 
the tip and ring amplifiers for an understanding of the reac
tion between the tip and ring amplifiers, the requirements for 
impedance matching and the derivation of the design equa
tions for calculating the required feedback components for 
both resistive and complex impedances. The analysis will 
use the HC5509B as the basis for the discussion. Design 
solulionsfor the HC5509A1R3060, HC5524 and HC5517 
are provided in Table 1. 

Tip and Ring Amplifiers 

The tip and ring amplifiers are voltage feedback op amps 
that are connected to generate a differential output (e.g. if tip 
sources 20mA then ring sinks 20mA). Figure 1 shows the 
connection of the tip and ring amplifiers. The tip DC voltage 
is set by an internal +2V reference, resulting in -4V at the 
output. The ring DC voltage is set by the tip DC output volt
age and an internal VBAT/2 reference, resulting in VBAT +4V 
at the output (see Equations 1, 2 and 3). 

VTIP FEED = Vc = -2V(R~2) = -4V (EO. 1) 

VBAT( R) (R) VRING FEED = VD = -2- 1 +fj -VTIP FEED fj (EO. 2) 

(EO. 3) 

COpyright @ Harris Corporation 1996 

FIGURE 1. OPERATION OF THE TIP AND RING AMPLIFIERS 

Requirements for Impedance matching 

Impedance matching of the HC5509B application circuit to 
the transmission line requires that the impedance be 
matched to points "A" and "B" in Figure 2. To do this, the 
sense resistors RB1 , RB2, RB3 and RB4 must be accounted 
for by the feedback network to make it appear as if the out
put of the tip and ring amplifiers are at points "A" and "B". 
The feedback network takes a voltage that is equal to the 
voltage drop across the sense resistors and feeds it into the 
summing node of the lip amplifier. The effect of this is to 
cause the tip feed voltages to become more negative by a 
value that is proportional to the voltage drop across the 
sense resistors RB1 and RB2' At the same time the ring 
amplifier becomes more positive by the same amount to 
account for resistors RB3 and RB4. 

The net effect cancels out the voltage drop across the feed 
resistors. By nUllifying the effects of the feed resistors the 
feedback circuitry becomes relatively easy to match the 
impedance at pOints "A" and "B". 
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FIGURE 2. FEEDBACK NETWORK FOR IMPEDANCE MATCHING 

Impedance Matching Design Equations 

Before writing the loop equation to solve for the proper feed
back to match the SLICs 2-Wire impedance to the load, the 
AC voltage at Vo and Vo (Figure 2) must first be determined. 

The feedback loop senses the loop current through resistors 
R82 and RB4• For the current direction shown In Figure 2 the 
VTX output is equal to +4RSaIL' The VTX outputs feedback 
Into the tip current summing node Via the VFB pin. The cur
rent into VFB is equal to: 

4RS41L 
IVFB=~ . (EQ.5) 

The VTX voltage is also feed into the -IN input of the SUC's 
internal op amp. This signal Is amplified by the ratio 
KZO/KRF then feed into the tip current summing node via the 
VOUT1 pin. (Note: the VRX pin and the internal +2V refer
ence are grounded for the AC analysis.) The current into the 
VOUT1 pin is equal to: 

(EQ.S) 

Equation 7 is the node equation for the tip amplifier summing 
node. The current in the tip feedback resistor (IR) is given in 
Equation 8. 

(EQ.7) 

(EQ.S) 

The voltage V 0 is then equal to: 

Vo = (IR)(R) (EQ.9) 

Vo = -2RS4IL(1 - ~~) (EQ.10) 

and the AC voltage at Vo is: 

Vo = 2RS41L(1 - ~~) (EQ.11) 

(Note VBAT/21s grounded for AC analysis) 

Having the voltages at Vo and Vo. as a function of the feed
back network, the loop equation to match the impedance of 
any load is as follows: 

-2RS4IL(1- ~~)+2RS4IL -4VIN + 

4VIN = -4RS4IL(1 - ~~)+ 4RS41L + RL41L 

4VIN = 4IL[-4RS(1-~~)+4RS+RL] 

(EQ.12) 

(EQ.13) 

(EQ.14) 

4V1N (ZO) 4V1N ZO Ail = 4RS RF + RL Ail = 4RS RF + RL (EQ. 15) 

Equation 14 can be separated into two terms, the feedback 
term (-4RS(1-Z0/RF) and the loop impedance term 
(+4RS+RJ. The +4RS term of the loop impedance Is can-

7-38 



ApplicatIon Note 9607 

celled by the -4RS term of the feedback. The result is shown To prevent loading down the VTX output, the value of RF 
in Equation 15. Figure 3 is a schematic representation of and ZO are typically scaled by a factor of K = 100, therefore: 
Equation 15. KRF = 20kO KZO = 6OKO (EQ.2O) 

Since the Impedance matching is a function of the voltage 
gain, scaling of the resistors to achieve a standard value is 
recommended. 

For complex impedances the above analysis is the same. 

FIGURE 3. SCHEMATIC REPRESENTATION OF EQUATION 15 KRF = 20kO KZO = 100(Reslstlve) + Reactive 
100 (EQ.21) 

To match the Impedance of the SLIC to the Impedance of the 
load set 

(EQ.16) 

If RF Is made to equal 4RS then: 
RL = ZO (EQ.17) 

Therefore to match the HC5509B, with RS equal to SOn, to a 
600 0 load: 

RF = 4RS = 4(500) = 2000 (EQ.1B) 

and 

RL = ZO = 6000 (EQ.19) 

Table 1 list the values of KRF, KZO for several worldwide 
Typical line Impedances. The analysis for the 
HC5509A1R3060, HC5524 and the HC5517 are similar to 
that of the HC5509B. The only exception is the HC5517 In 
that the VFB feedback path Is not connected. Other than that 
the analysis are Identical. 

NOTE: When matching a complex Impedance some impedance 
models (900 + 2.15jLF, K = 100) will cause the op amp feedback to be 
open at DC currents, bring the op amp to an output rail. A resistor 
with a value of about 10 times the reactance of the capacitor (21.6nF) 
at the low frequency of Interest (200Hz lor example) can be placed in 
parallel with the capacitor In order to solve the problem (36Bkn for a 
21.6nF capacitor). 

TABLE 1. 

LOAD OPTIONAL PARALLEL 
IMPEDANCE KRF KZO RESISTOR 

HC5509B1: VFB CONNECTED 

f- f- f-
NA 

f- f- f-
NA 

1: f- f--1-
360kn 

T ... T 22nF 

1: f- !nftn 360kn 

t~~T 22nF T 

1: f- ~J: 
360kn 

T 
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TABLE 1. (ContInued) 

LOAD OPTIONAL PARALLEL 
IMPEDANCE KRF KZO RESISTOR 

~-
NA 

6~ 6~ 
82CUl O.072jIF 82IcQ 720pF 

~-
NA 6- 6-780Q O.115\IF 78kO 1.11nF 

~- -o.w 
NA 

0 8200 O.115ttF 

-o:~ ~-
NA 

6~ 821en 3.1nF 

HC55509A 1 R3060: VFB CONNECTED 

~- ~- ~-
NA 

~- ~- ~-
NA 

18000 ~-
360kQ 

laolen 
~~~T 22nF T 2.2111' 

t: ~-
360kQ 

17U1en 
~~~T 22nF T 

t: ~- r f-
360kQ 

T --T 22nF 

~-
NA 

0 6-8200 0.072111' 82IcQ 720pF 
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TABLE 1. (Continued) 

LOAD OPTIONAL PARALLEL 
IMPEDANCE: KRF KZO RESISTOR 

f 
NA 

6~ cf 40kn 

7800 0.115"F 78kn 1.15nF 

f 
NA 

0 0 40kn 

8200. 0.115"F 82kn 1.15nF 

f C~ NA 

0 tf 8200 .310"F 62kn 3.1nF 

HC5524: VFB CONNECTED. Single feed resistor for tip and one for ring. 

f f f 
NA 

6000 20kn SOkn 

f- f f ~~ NA 

20kn 

16000 f 
360kn 

l SOkn 20kn t ~~T 22nF T 2.2"F 

17250 f m~ !62.5kn 

360kn 

T 2.211f t~~T22nF 

1 ~oo f-
360kn 

180kn 

t~~T 22nF T 2.211f 

f 
NA 

0 0" 20kn 

8200 O.072"F 82kn 720pF 

f-
NA tr 0" 7800 0.11511f 78kn 1.15nF 
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TABLE 1. (Continued) 

LOAD OPTIONAL PARALLEL 
IMPEDANCE KRF KZO RESISTOR 

f-
NA 

0 cf 8200 0.115 .... 82kO 1.1SnF 

f m~ 
NA 

0- 0 6200 0.31OIlF 62kO 3.1nF 

HC5517: VFB NOT CONNECTED 

f f- f-
NA 

6000 

f- f f-
NA 

4OkO 

16000 f 
360kn 

140kO 4OkO 

t~~T 22nF T 2.2 .... 

1: .... f ~~ 1 52.SkO 

360kn 

[~T 22nF 
T 

19000 f-
360kn 

17okO 

[~T 22nF T 2.2 .... 

-o:,~ f-
NA 

cr 86.2kO 1.49nF 

f ~~ 
NA 

0- cr 6200 0.31 DIll' 49.5kO 3.6nF 
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Implementing Pulse Metering for the HC5509 Series of SLiCs 
Authors: Ed Berrios and Don laFontaine 

Introduction 

Pulse metering or Teletax is used outside the United States 
for billing purposes at pay phones. A 12kHz or 16kHz burst 
(see Figure 1) is injected into the 4-wire side of the SLiC and 
transmitted across the tip and ring lines from the central 
office to the pay phone. The burst updates a counter that 
indicates the cost of the call to the user. The repetition rate 
of the burst is dependent upon the billing rates for the spe
cific time of the day and the distance of the call. 

v 

FIGURE 1. PULSE METERING SIGNAL ENVELOPE 

The waveform in Figure 1 represents the pulse metering sig
nal burst. The rise and fall times of the waveform are speci
fied to minimize emissions of the burst. Table 1 lists the 
electrical specifications of the waveform. 

TABLE 1. PULSE METERING ELECTRICAL PARAMETERS 

PARAMETER VALUE NOTE LIMITS 

Frequency 12kHz or 16kHz Selectable ±50Hz 

Level 1VRMS 2000 load ±10% 

2nd, 3rd HarmoniCS <200mV 2000 load -
2-Wire Impedance 2000 12kHz or 16kHz ±400 

Rise (tr) and fall (t,) 1 Oms or 20ms t,.=t2- t1 ±10% 
times Ir=~-ta 

This Application Note discusses the technique for injecting a 
pulse metering signal into the 4-wire side of the SLiC for 
transmission on the 2-wire side. The complete implementa
tion includes a circuit for injecting the AC pulse metering sig
nal, a circuit for offsetting the tip and ring DC voltages and a 
circuit for the transhybrid balance of the pulse metering 
return signal. The tip and ring DC voltages must be offset by 
the peak value of the pulse metering signal to allow simulta
neous transmission of voice and pulse metering. A brief dis
cussion of impedance matching will lead into the detailed 
pulse metering discussion. For a detailed discussion, refer to 
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AN9607, "Impedance Matching Design Evaluation for the 
HC5509 Series of SLlC', AnswerFAX Document No. 99607. 

sLie Impedance Matching 
Impedance matching is used to set the 4-wire to 2-wire gain 
of the SLiC for a specified termination impedance across tip 
and ring. The termination may vary from purely resistive (typ 
600n) to complex (resistive plus capacitive). 

The Impedance matching is synthesized by feeding back a 
voltage that is proportional to the 2-wire loop current. This 
voltage is then scaled and injected into the summing node of 
the tip feed amplifier. The feedback compensates for the 
voltage drop across the tip and ring sense resistors (Rs), 
which results in the impedance of the SLiC matching the 
load (RLl. 

Figure 2 shows the network used to derive the impedance 
matching equations. The loop equation from tip to ring is 
written as follows: 

Vc + 2RsAIL-AVIN +RLAIL + 2RsAIL -Vo= 0 

where 

Vc = -Vo = - 2RsAIL(1 - ~~) 

Solving for AVIN"AIL results in Equation 3. 

AVIN ~o) Ail = 4Rsl RF + RL 

By setting RF equal to 4Rs then: 

RL = Zo 

(Ea. 1) 

(Ea. 2) 

(Ea. 3) 

(Ea. 4) 

Therefore, to match the impedance of the SLlC, with Rs 
equal to SOn, to a 600n load: 

RF = 4Rs = 4(500) = 2000 

and 

RL = Zo = 6000 

(Ea. 5) 

(Ea. B) 

To prevent loading of the VTX output, the value of RF and Zo 
are typically scaled up by a factor of 100: 

KRF = 20kO KZo = 60kO (Ea. 7) 
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R R 

FIGURE 2. FEEDBACK NETWORK FOR IMPEDANCE MATCHING 

InjectIng The Pulse Metering Signal 

Two circuits must be designed for injection of the pulse 
metering signal. One circuit Is used to sum the pulse meter
ing signal and the Incoming voice signal on the 4-wire side 
and the other is used to offset both tip and ring by the peak 
amplitude of the pulse metering signal. 

Summing Amplifier Design 

The pulse metering signal is injected in the -IN1 pin of the 
SLiC. This pin is the inverting input of the internal amplifier 
(A 1) that is used to implement impedance matching. 

The components required for pulse metering are CPM and 
RpM, are shown in Figure 3. The pulse metering signal is AC 
coupled to prevent a DC offset on the input of the internal 
amplifier. The value of CPM should be 10IlF. The value of 
RpM is calculated from Equations 9 and 10. 

CPM RPM 

vPM o-fl-~~., TO EXTERNAL 
CAe KRF TRANSHYBRID AMP 

~~~-+~M-~--

Voun 

TO INTERNAL 
TIP FEED AMP 

FIGURE 3. PULSE METERING SUMMING AMPLIFIER DESIGN 

(Ea. 8) 

The first term of Equation 8 is the gain of the feedback volt
age from the 2-wlre side and the second term is the gain of 
the injected pulse metering signal. The effects of CAe and 
CPM are negligible and therefore omitted from the analysis. 

The injected pulse metering output term of Figure 3 is shown 
below in Equation 9 and rearranged to solve for RpM in 
Equation 10. 

. . KZo 
VOUT1 (lnlected) = VpM • R = 2 (Ea. 9) 

PM 

(Ea. to) 

The ratio of KZo to RpM is set to 2 to compensate for the 
gain of 0.5 at the tip feed amplifier. This results in unity gain 
of the pulse metering signal from 4-wlre side to 2-wire side. 
The value of KZo is considered to be a constant since it is 
selected based on impedance matching requirements. 

When complex impedance matching is implemented, match 
the RpM circuit to the KZo circuit, keeping in mind the 
required gain of 2. 

Additional Tip and Ring Offset Voltage 

A DC offset is required to level shift tip and ring from ground 
and VBAT respectively. By design, the tip amplifier is offset 
4V below ground and the ring amplifier Is offset 4V above 
VeAT. The 4V offset was designed so that the peak voice sig
nal could pass through the SLiC without distortion. There
fore, to maintain distortion free transmission of pulse 
metering and voice, an additional offset equal to the peak of 
the pulse metering signal is required. 

The tip and ring voltages are offset by a voltage divider net
work on the VRX pin. The VRX pin is a unity gain input 
designed as the 4-wire side voice Input for the SLiC. Figure 
4 details the circuit used to generate the additional offset 
voltage. 

7-44 



Application Note 9608 

+5V 
VPMO 

Rl CpMO 

1-1 1--4--W-ofRE SIDE 
R2 C VOICE INPUT 

T RX 

TO VOICE INPUT OF 
TRANSHYBRID AMP 

FIGURE 4. PULSE METERING OFFSET GENERATION 

The amplifier shown is the tip amplifier. Other signals are 
connected to the summing node of the amplifier but only 
those components used for the offset generation are shown. 
The offset generated at the output of the tip amplifier is 
summed at the ring amplifier inverting input to provide a pos
itive offset from the battery voltage. The connection to the 
ring amplifier was omitted from Figure 4 for clarity, refer to 
Figure 2 for details. The typical component values for Figure 
4 are listed in Table 2. 

TABLE 2. TYPICAL COMPONENT VALUES FOR FIGURE 4 

REF DES VALUE REF DES VALUE 

CRX 10l1F R 10Bkn 

CPMO 10l1F Rl 23.2kn 

R2 10kn 

The term VpMo is defined to be the offset required for the 
pulse metering signal. The value of the offset voltage is cal
culated ali the peak value of the pulse metering signal. 
Equation 11 assumes the amplitude of the pulse metering 
signal is expressed as an rms voltage. 

The value of R1 can be calculated from the following 
equation: 

R = ( R2R X5-VPMO) 
1 R2+R VpMO 

(EO. 11) 

(EO. 12) 

The component labeled R is the internal summing resistor of 
the tip amplifier and has a typical value of 108kn. The value 
of R2 should be selected in the range of 4.99kn and 10kn. 
Staying within these limits will minimize the parallel loading 
effects of the internal resistor R on R2 as well as minimize 
the constant power dissipation introduced by the divider. 

Solving equation 11 for 1VRMS results in a 1.414V require
ment for VpMO Setting R2 of Equation 12 to 10kn and sub
stituting the values for VpMO and R yields 23.2kn for R1. The 
value of R1 can be rounded to the nearest standard value 
without significantly changing the offset voltage. 

Voice Path Considerations 

of R (108kn) in Figure 4. The additional offset circuitry low
ers the impedance to approximately 5kn which maintains a 
relatively high impedance for the voice driver. 

The configuration used also results in a high pass RC net
work as shown in Figure 5. 

vPMO r:--... CPMO 4-WIRE SIDE 
VRX "I-tll~--O VOICE INPUT 

REQ !~: 

FIGURE 5. HIGH PASS NETWORK FORMED AT VRX NODE 

The impact of the resultant high pass network is negligible in 
the voice band, 200Hz to 3400Hz. The value of the input 
impedance varies Slightly over the voice band, 5.3kn at 
200Hz versus 5.2kn at 3400Hz. Replacing both capacitors 
with a short circuit (f = 00), the steady state value obtained is 
5.19kn. The relatively constant input impedance implies the 
high pass corner frequency is well below the band of interest. 

Loop Length Considerations 

The additional offset required for pulse metering reduces the 
maximum loop resistance driven by the SLiC. For a loop cur
rent (10 of 25mA and battery voltage of -48V, the maximum 
loop resistance is equal to: 

R = VTR = (-4+4B) = 1.6kn 
LMAX IL 0.025 (EO. 13) 

For a pulse metering level (VPM) of 1VRMS and the same 
conditions as above the maximum loop resistance is: 

R = VTR-2VpMO = (-4+4B-2(1.414» = 1.4Bkn 
LMAX IL 0.025 

(EO. 14) 

The loop resistance terms in Equations 13 and 14 include 
the 2000 contribution of the SLiC's sense resistors. There
fore, actual loop resistance is 2000 less than the calculated 
values in the above example. 

Cancellation of the Pulse Metering Signal 
There are many techniques available for cancelling the 
return pulse metering signal. The techniques range from fil
tering of the return signal to transhybrid cancellation. The 
selected approach varies from application to application and 
is dependent on the impedance characteristics of the line. 
The discussion to follow will address the transhybrid tech
nique of cancellation shown in Figure 6. 

The presence of the offset circuitry in the voice path alters 
the input impedance seen by the voice signal. The input 
impedance for the standard application is equal to the value FIGURE 6. CANCELLATION OF THE PULSE METERING SIGNAL 
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The transhybrid cancellation technique that is used for the 
voice signal is also implemented for pulse metering. The 
technique is to drive the transhybrld amplifier with the signal 
that is injected on the 4-wire side, then adjust its level to 
match the amplitude of the feedback signal, and cancel the 
signals at the summing node of an amplifier. 

NOTE: The external operational amplifier Is used in the application 
as a 'stand In' for the operational amplifier that Is traditionally located 
in the CODEC, where transhybrid cancellation Is performed. 

Referring to Figure 2, VTX is the feedback signal used to 
drive the intemal amplifier (A1) that drives the OUT1 pin of 
the sLie. The voltage measured at VTX is related to the loop 
impedance as follows: 

(EQ.15) 

For a 6000 termination and a pulse metering gain (GpM) of 
1, the feedback voltage (VTX) Is equal to one third the pulse 
metering signal on the 4-wire side. Note, depending upon 
the line Impedance characteristics and the degree of imped
ance matching, the pulse metering gain may differ from the 
voice gain. The pulse metering gain (GpM) must be 
accounted for In the transhybrid balance cirouit. 

The following equation is used to calculate the output volt
age of the internal amplifier (A 1) at OUT 1: 

The following equations do not require muoh discussion. 
They are based on inverting amplifier design theory. The 
voice path VAX signal has been omitted for clarity. All refer
ence deSignators refer to components of Figures 3 and 6. 

VTXO = -KZoO(- Vrx_ VPM)o RF -(VPMo RF) 
KRF RpM R2 R3 

(EQ.17) 

The first term refers to the signal at OUT 1 and the second 
term refers to the 4-wire side pulse metering signal used to 
complete the transhybrid cancellation. Since ideal transhy
brid cancellation Implies VTXO equals zero when a signal is 
injected on the 4-wire side, VTXO Is set to zero and the 
resulting equation is shown below. 

(EQ.18) 

Rearranging terms of Equation 18 and solving for R3 results 
in Equation 19. This is the only value to be calculated for the 
transhybrld cancellation. All other values either exist in the 
application circuit or have been caloulated in previous sec
tions of this Application Note. 

~Zo (-200 ° GpM 1 )J1 
R3 = lR;° RL oKRF +RpM 

(EQ.19) 

The value of R3 (Figure 6) Is 8.25kn given the following set 
OUT1= {~~~}VTX+(-:~~}VPM (EQ. 16) of values: 

The first term of the equation Is the gain of the feedback signal 
through the internal amplifier. The second term is the gain of 
the injected pulse metering signal discussed in the Summing 
Amplifier Design section of this Application Note. The polarity 
of the signal at OUT1 is opposite of VPM allowing the circuit of 
Figure 6 to perform the final stage of transhybrid cancellation. 

KZo = 60kn, KRF = 201<.0, RL = 600n, R2 = 8.2SkO, 
RpM = 301<.0, GpM = 1 

SubstHuting the same values into Equations 15 and 16, it can 
be shown that the signal at OUT1 is equal to -VPM' This result, 
along with Equation 18 where R2 equals to R3, indicates the 
signal levels into the transhybrid amplffier are equal In magni
tude but opposite in phase, thereby achieving transhybrid baI
anoe at VTXO' 
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AC Voltage Gain for the HC5509 Series of SLiCs 
Authors: Don laFontaine Ed Berrios 

Introduction 

The HC5509 Series of SLiCs use feedback to synthesize the 
impedance at the 2-wire tip and ring terminals. This feed 
back network determines the AC voltage gains for the SLiC. 

This application note will discuss the basic AC operation of 
SLiC. The DC operation and the requirements for imped
ance matching are discussed in application note AN9607 
"Impedance Matching Design Equations for the HC5509 
Series of SLICs" and is recommended reading as accompa
niment to this application note. 

The analysis will use the HC5509B as the basis for the dis
cussion. The same analysis is applicable to the 
HC5509A 1 R3060, HC5524 and the HC5517. 

AC Voltage Gain Design Equations 

The 4-wire to 2-wire voltage gain (VRX to VTR) is set by the 
feedback loop shown in Figure 1. The First Feedback Loop 
senses the loop current through resistors R13 and R14, sums 
their voltage drop and gains it up by 2 to produce an output 
voltage at the VTX pin equal to +4RsAlL. This voltage is then 
fed back into the tip current summing node via the VFB pin. 
The current into VFB is equal to: 

(Ea. 1) 

The VTX voltage is also fed into the -IN input of the SLIC's 
internal op-amp (Feedback). This signal is gained up by KZoI 
KRF then fed into the tip current summing node via the 
OUT1 pin. (Note: the VRX pin and the internal +2V reference 
are grounded for the AC analysis.) The current into the 
OUT1 pin is equal to: 

_ 4RS4Il(ZO) 
ICUll - -~ RF 

(Ea. 2) 

Equation 3 is the node equation for the tip amplifier summing 
node. The current in the tip feedback resistor (IR) is given in 
Equation 4. 

-IR + 4Rs41l _ 4RS4Il(ZO)+ VRX = 0 
2R 2R RF R 

(Ea. 3) 

IR = 4Rs41l _ 4RS4Il(ZO)+ VRX 
2R 2R RF R 

(Ea. 4) 
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The voltage Vc is then equal to: 

Vc = (IR)(R) 

Vc = 2RS4Il(1-~~}VRX 
and the AC voltage at Vo is: 

Vo = -2RS4Il(1-~~}VRX 

NOTE: VBArl2 is grounded for AC analysis. 

(Ea. 5) 

(Ea. B) 

(Ea. 7) 

The values for Zo and RF are selected to match the imped
ance requirements on tip and ring, for more information ref
erence AN9607. The following loop current calculations will 
assume the proper Zo and RF values for matching a 600n 
load (reference Table 1). 

TABLE 1. FEEDBACK RESISTORS FOR MATCHING A 6000 
LOAD 

PART RF Zo 
HC5509B 20kO 6OkO 

HC5509A 1 R3060 20kO 30kO 

HC5524 20kO 50kO 

HC5517 40kO 40kO 

The loop current (41l> Figure 1) with respect to the feedback 
network, is calculated in equations 8 through 11. Where Zo = 
60kn, RF = 20kn, Rl = soon, Rl1 = R12 = R13 = R14 = 500. 

Vc-Vo 
41l = "Rl-+-:-R"1-1"""'+"""R<-I-2 ':'+"'R-13-+"R"I-4 

(Ea. B) 

(Ea. 9) 

(Ea. 10) 

(Ea. 11) 
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Equation 11 Is the loop current with respect to the feedback net
work. From this, the 4-wire to 2-wire and the 2-wire to 4-wlre AC 
voltage gains can be calculated. Equation 12 shows the 4-wire 
to 2-wire AC voltage gain is equal to one. Equation 13 shows 
the 2-wire to 4-wire AC voltage gain is also equal to one. 

Table 2 lists the AC voltage gains for the HC5509 family of 
SUCS: 

TABLE 2. AC VOLTAGE GAINS 

ACGAIN 

VRX 
VTR <1IL (RL) 600 (600) 

A4w- 2w = VRX = VRX = ~ = 1 
(EQ.12) 

4-W1RETO 
PART 2-WIRE 

HC5509B 1 
" 

HC5509A1 R3060 1 
V 

200~(3) 
600 = 1 (EQ.13) 

VRX 

HC5524 1 

+ AlL- + AlL- -Rn R13 

NOTE: Grounded for AC Analysis 

600(600) 

R 

HC5517 1 

IOUT1_ 

2R ~ 
---r.....ItfIIIr----1 __ ~_ ~F8 

FEEDBACK 
(1) 2VDC 

R 

- VBAT 1 
-I 

2 1 9: (SEE NOTE) 

FIGURE 1. AC VOLTAGE GAIN AND IMPEDANCE MATCHING 
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Implementing an Analog Port for ISDN Using the HC5517 
Authors: Dave Feller, Don laFontaine 

Introduction 
With the need for faster and faster data communications for 
the home and office, more and more people are tuming to the 
ISDN (Integrated Services Digital Network) line as a solution. 
The standard data modem that operates over a twisted pair 
telephone line has been traditionally limited to 28,800 Bls. 
Compression algorithms and special modulation techniques 
have pushed the data rate to the extremes. The limited band
width of the twisted pair and standard central office SUCs and 
CODEC's puts an upper limit on the possible data rates. The 
industry has just about reached that limit. There are quite a 
few options available to increase the data rates to the outside 
world including ADSUVDSL modems, bringing a T1 connec
tion straight to the computer (1.544 Mbls - typical for video 
teleconferencing setups), and even fiber optic cabling. How
ever, most of these options are very expensive or are not yet 
available in all areas of the country. ISDN provides an afford
able, available, supported solution to the need for higher data 
rates. 

This application note includes a brief discussion of ISDN and 
ISDN Signaling, the use of the HC5517 as an interface 
between the analog subscriber side and the digital ISDN 
line, and provides a detailed description of the hardware 
interface. A good understanding of the hardware is neces
sary to understand ISDN protocol so that software can be 
written to properly control the SUC and translate analog 
queues Into ISDN signal commands. The discussion of the 
hardware will include the SLIC, the power supply, all appro
priate signaling circuitry, glue circuitry to a standard analog 
interface, and battery backup recommendations. 

Implementing ISDN in the Home or Office 
ISDN is an entirely digital system, It is not backwards com
patible with any of the analog equipment on the market 
today (telephones, fax machines, modems, answering 
machines, etc.). To allow backwards compatibility, a method 
is needed to allow an analog device to be plugged into the 
ISDN line. That need has pushed the creation of the HC5517 
ringing SUC. The concept is actually simple: move the stan
dard SUC (Subscriber Line Interface Circuit) and CODEC 
that normally controls a telephone from the central office to 
the home. 

Having the SUC/CODEC local presents a new set of chal
lenges for the designer. The standard telephone commands 
and signaling techniques must now be taken care of locally, 

COpyright © Harris Corporation 1997 

and perhaps more importantly the ring signal must be gener
ated locally. The HC5517 SUC allows the ring signal to be 
routed and driven through the SUC instead of using relays 
and high power high voltage generators to ring the phone. 
The functions of an At The Home SUC (ATH SUC) will be 
discussed shortly, but suffice it to say that the HC5517 will 
make the ringing function easier and cheaper than conven
tional methods. 

ISDN Basics 

Data Rates and Services 

It is important to note that an ISDN line In any form is a true 
digital interface to the service provider, and all the data rates 
discussed below are true digital rates and not analog modu
lated digital Information. 

ISDN service comes in two forms: Basic Rate Interface 
(BRI), and Primary Rate Interface (PRI). BRI is the typical 
ISDN line purchased by individuals and most small busi
nesses. It consists of a total possible data rate of 128KBls 
with a 16KBls data channel added for signaling and control. 
The 128K total throughput can be broken down into two dis
tinct digital channels of 64KBls each called Bearer (B) chan
nels. The 16KB signaling and control channel is referred to 
as the 0 channel. Therefore, the BRI is commonly referred to 
as 2B + 0 indicating two 64K channels for data and one 
16KB data channel for signaling. Each B channel is indepen
dent and two separate calls can be made at the same time 
by making use of both B channels, or they can be synchro
nously combined in software with the proper protocol to pro
vide a total of 128K to a single destination. The PRI is simply 
a large grouping of B channels that can be purchased at 
great expense for very high speed communications. This 
interface is usually only purchased by larger corporations or 
service providers but is included here for completeness. The 
total bandwidth of the PRI is based on the predominant car
rier trunk in the area, so in the US the total bandwidth is 
1.544MBls (T1) and in Europe it is 2.048MBls (E1). The 
1.544MBls is broken down into 24 individual 64KB lines one 
of which Is reserved for signaling much like the 2B + 0 line. 
Therefore the PRI in the USA is commonly referred to as a 
23B + 0 connection. 

The basic 64KBls data rate is derived from the present ana
log system. The typical bandwidth of standard analog tele-
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phone connection is very nearly 3,500Hz or 4,OOOHz if 
rounded up to the nearest thousand. Nyquist tells us that we 
must over sample by two to get an accurate reproduction of 
the digitized waveform; that brings us to 8K. If we take 8 bits 
of data for each sample that indicates that the primary band
width needed for a standard analog connection is 64KBls. It 
is therefore logical that the standards should use this rate 
since the equipment already in place must be utilized. So 
each 8 channel assigned is treated like any other digitized 
analog connection once it reaches the switch (more or less). 

Interface Breakdown 

With a 2B + 0 entering the home, the next major goal is to 
connect an analog device to it via some interface box. The 
interface solution can vary depending on what kind of device 
is being plugged in as well as where it is located (see Figure 
1). The two wire connection that the service provider installs 
is generally referred to as the U interface. It is transformer 
coupled and generally converted to a four wire S interface 
that can be distributed within a reasonable distance within 
an office. The U interface is a standard RJ11 jack and the S 
interface is usually an RJ45 jack like a standard Ethernet 
connection. Unlike an analog telephone, only one device can 
be plugged into a U interface at a time. This is the primary 
reason for converting to an S interface; up to 8 devices can 
be plugged into an S interface and each can have its own 
unique address. An obvious conflict arises if three different S 
interface devices each request a 8 channel and the U inter
face is a standard 28 + 0 connection; one of them simply 
has to wait. The S interface is extremely useful if the number 
of users Is small and the individual usage times are short, or 
if there are a number of different devices that are to be 
plugged in. The device that converts from U to S is called a 
Network Termination (NT -1) and can either be a stand alone 
device or it can be built into a LAN card. The final interface Is 
generally a high speed serial port like RS232. A device can 
be purchased to convert from U or S to RS232 and is 
referred to as a Terminal Adapter (TA). TAs can also be pur
chased as stand alone or integrated units. These are prima
rily useful if all IROs or ISA/PCI slots are used up, or if the 
desired device needs to be backwards compatible with stan
dard Hayes modem commands and normal communications 
software. 

TheNT-1 

This primary conversion point is an ideal spot for an analog 
port for a standard telephone connection. This provides a 
main port access to standard communications systems for 
system check and ease of initial setup. If any part of the sys
tem is working it is likely to be the U Interface since It is the 
direct line to the service provider. An analog port here with a 
simple battery backup is also necessary for emergency com
munications in the event of a power failure. The closer to the 
U interface the more likely a connection can be established. 
The HC5517 ringing SLiC described below makes the ana
log port interface a Simple task. 

The ISDN Modem Card (NT-1 Included) 

Since the U interface is the primary connection to the home, 
most ISDN modems available on the commercial market will . 
most likely include an NT-1 on board so that there is no 
accessible S interface. This is primarily because the vast 

majority of users will only need one connection per site. A 
card that plugs directly into the U interface and provides con
version to ISA or PCI is the most likely place to have an ana
log port or two. An analog port provides the user with the 
ability to utilize standard telephones as well as fax machines, 
answering machines, modems, and even caller ID services. 

The S-BUS ISDN Modem Card 

The S interface LAN card while functionally similar to the 
standard ISDN modem card does not include an on board 
NT-1. The typical S interface card plugs into an external NT-1 
via an RJ45 connector and is typically located within a few 
hundred feet of that NT-1. These modems are primarily used 
in small businesses and multiple computer sites that all 
require periodic ISDN access. The inclusion of analog ports 
in these cards is identical to that of the standard ISDN 
modem. 

Basic Signaling 

For purposes of this discussion, it will be assumed from here 
on that we are talking about an analog port that is to be 
installed into a standard ISDN modem that plugs directly into 
a PCI or ISA slot. A separate IC vendor will provide the nec
essary devices to get from a U interface to a four wire analog 
interface. 

If we make the basic assumption that the hardware is in place, 
then we can focus on analog port control software. The soft
ware driving the modem that runs on the host PC must con
vert the ISDN commands into the proper signals needed by 
the HC5517 SLiC. The basic interface signals include audio 
in, audio out, ring generation, switch hook detection, ring trip 
detection and power supply control. With the exception of the 
audio signals, these can be any set of I/O pins controllable 
and readable by the host processor. These hardware connec
tions are shown in detail in the hardware section, but first the 
steps needed for connection will be discussed. 

Call Setup Protocol 

The process of making a call on ISDN is roughly similar to 
the progression of a standard telephone call. For the pur
poses of this discussion, an ISDN call will refer to the pro
cess of establishing a link to another computer over an ISDN 
line and is not necessarily analog port to analog port. The 
actual service desired (voice, 3.1 KB analog, or pure data) 
that is to be transmilted on the 8 channel can either be 
established during call setup or after call connection as a 
function of normal B channel communications. This setup of 
the channel is referred to as out-of-band if done during setup 
and in-band if done after the 8 channel is connected. Out-of
band is most common for telephony connections via the ana
log port, and In-band setup is most common for data and 
3.1 kHz analog (analog modem use). Since a telephone con
nection normally takes place during call setup, that is the 
most logical situation to discuss. The following connection 
process would also take place in the same basic order for 
the in-band condition. 
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Cl JACK 

Cl 

CENTRAL OFFICE 
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NOTES: 

1. Only one device can be plugged into the ·UH interface at a timel 

2. Local battery backup is necessary only if ISDN is the only communication line Into a home or residence since it Is not provided by the 
telephone company. A power outage would make communication on ISDN Impossible without local battery backup. 

FIGURE 1. INTERFACE BREAKDOWN 

For the sake of brevity, the call setup process will be discussed 
on the level seen by the host software. It is not necessary at this 
point to get into the actual bit stream commands at the two wire 
level. To properly envision the process we will consider that only 
three distinct computers are involved: the originator, the net
work (the computer controlling the network switch), and the 
Receiving computer (see Figure 2). 

The basic steps are Setup, Call Proceeding, Alerting,Connect, 
and Connect Acknowledge. These five steps, if identified cor
rectly In software, can be used as the breaking points for proper 
SLiC control. It should be noted that the 0 channel of the U 
interface is normally active and communicating with the central 
office. A connection usually refers to the connection of the B 
channels only. 
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ORIGINATING 
COMPUTER 

SETUP PACKAGE SENT 
ON "D"CHANNEL 

CALL PROCEEDING 
MESSAGE 

NETWORK 
COMPUTER 

CONNECT 
COMMAND 
RECEIVED 

SETUP PACKAGE 
SENT 10 RECEIVER 

SEND ALERTING 
MESSAGE 

ISSUE CONNECT 
COMMAND 

RECEIVING 
COMPUTER 

COMMUNICATION TAKES PLACE 

CALL TERMINATED 

FIGURE 2. CALL SETUP PROTOCOL AN CALL RELEASE 

Setup 

The "setup" step is analogous to dialing an analog tele
phone. During this process a number of packets are sent 
over the D channel specifying the originating telephone num
ber, the destination phone number, the quality of line 
required, the type of transmission to follow including the 
compounding method if telephony is selected (j.l law or A 
law). 

This packet is received by the network and passed on to the 
receiving station. Just after the network passes this packet 
on (sometimes with slight modification), the network returns 
a ·call proceeding" message back to the originator. There is 
no direct equivalent in the analog world with the possible 
exception that a series of clicks or varying static can be 
heard after completing a DTMF sequence and before ring 
back begins. The next step is totally dependent on the 
receiving station. It has to acknowledge the receipt of the 
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setup packet and return an "alerting" message to the net
work. The network passes this "altering" message on to the 
originating station as a "call proceeding" message. This "call 
proceeding" message is equivalent to ring back in an analog 
system. At the receiving end, the NT-1 passes the "setup" 
message on to the end user that may be connected directly, 
via an S interface, or via a terminal adapter. If a B channel is 
available and if the intended receiving station accepts the 
call, it issues a ·connecr command to the network. The net
work passes this command back to the originating station as 
a "connect acknowledge" message and opens a B channel 
for both the receiving station and the originating station. The 
originator processes the ·connecr message received and 
begins to communicate on the B channel with the type of 
service requested by the original "setup· message. At this 
point synchronization on the B channels takes place and 
communication begins. 

Can Release 

The process of call release (hang-up) is quite straightfor
ward. It can be initiated by either end of the call in progress 
at any time since the 0 channel does not have to wait for any 
particular pause in the B channel(s) in use. A disconnect sig
nal is sent to the network on the 0 channel, passed on to the 
opposite station, and both sides then disconnect their 
respective B channels as does the network. It should be 
noted that timers similar to those in an analog Interface are 
used by the network to make sure that no phase of setup or 
call release hangs up and a line holds open. 

Services Provided and Handshaking 

Simply stated, a service is a method of communication over 
a B line. This can take the form of a pure data connection 
using one of the more common protocols such as Point to 
point Protocol, Multilink Point to Point Protocol or the service 
can be specified as a telephone voice connection or as a 
3.1 kHz analog connection for analog modem use. Of course, 
there are a number of other services such as teleconferenc
ing over a B line, but the three just mentioned are the most 
common. The two that are of particular interest here are the 
two analog services. They may seem arbitrary, but specify
ing one or the other actually optimizes the total bandwidth 
and the bit error rate of the line in use. Some of the original 
specsgoveming ISDN separated these into two categories 
defining mostly the quality of the line assigned. A voice con
nection can stand to lose a little data here and there, where 
a modem connection cannot. 

Interface Functions 

In every telephone system there has to be some way to 
transform the analog voice signals to a digitally coded bit 
stream. In a standard telecommunications application, that 
part is called a CODEC. It provides the Analog to Digital (AI 
D) and Digital to Analog (D/A) function between the four wire 
transmit/receive Interface to the two wire analog world. It 
also performs a function called companding that reduces the 
overall bandwidth of the signal. A part is needed in the ISDN 
worfd that provides a similar function as well as telephone 
control, ring signaling, status detection, and power control. 
One family of parts that provides these functions Is the 
ARCOFj4!I by Siemens. Although initially designed to power a 
separate microphone and loudspeaker for Implementing a 

ARCOFI"' is a Registered liademark of Siemens. 

crude speaker phone, the ARCOFI makes a good starting 
platform for the analog Interface by providing the following
functions: 

a) Analog to Digital Interface. 

b) Digital to Analog Interface. 

c) Switch Hook Detection Interface. 

d) Ring Trip Detection Interface. 

e) Power Supply Control. 

f) Ring Signaling Including Ring Cadence Generation. 

g) Two Wire Power Denial for rEfusing Access to the 
ISDN Line Through the Analog Port. 

h) Companding (It-law or A-law Selectable). 

SliC Functions 

The HC5517 SLiC provides the two wire to four wire inter
face, as well· as most of the standard Borscht functions 
needed to completely control the telephone. The basic goal 
is to make the RJ11 analog port on the ISDN modem card 
as close as possible to a standard telephone line. The 
HC5517 accomplishes this by providing the following func
tions: 

Loop Current Generation 

The loop current provides a medium for incoming and outgo
ing calls to take place, as well as providing power to any 
DTMF generation circuitry in the phone. Programming of the 
maximum loop current is performed by resistors R10 and R28 
(see Figure 3). Since an ISDN modem application is typically 
very short loop, the total two wire voltage as well as the loop 
current are both limited to prevent overheating of the SLiC 
and wasted power in the modem. 

HC5517 

ILOOP TIP 

R1D 

2-WIRESIDE 
VTX ..... _ 

4-WIRESIDE 

RING 
VAX 1---

FIGURE 3. LOOP CURRENT GENERATION 

Switch Hook Detection 

The SHD pin on the HC5517 goes low whenever the tele
phone goes off hook. This provides an indication of the sta
tus of the telephone set as well as providing a signal to the 
ISDN interface to begin an ISDN connection upon call initia
tion. 

Ring Trip Detection 

The RTD pin on the HC5517 goes low whenever the tele
phone goes off hook during a ring period. This provides sig
naling to the ISDN interface to stop ringing and answer the 
incoming call on the ISDN line by sending a CONNECT 
command to the network. 
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Ring Generation 

This function of the HC5517 is the primary advantage of using 
this type of SLiC over a standard Central Office SLiC. The 
standard topology to ring a telephone is shown In Figure 4. 

PHONE RINGER 

GND ~""'I: __ -"""'I:_ 

~vl::\P. 

TIP 

,J 20Hz , 

TYPICAL 
SLiC 

rffll - ~v (VBAT) 
RING .I. 

RELAY -

FIGURE 4. BATTERY BACKED RINGING 

Typically the SLiC is removed from the two wire side by a 
DPDT relay which then inserts a high current 20Hz AC signal 
biased on top of VBAT which is typically -48Voc. The resulting 
waveform is also shown in Figure 4. This is called battery 
backed ringing since the 20Hz AC signal Is backed or biased 
up by the battery voltage. Obviously this method requires a 
separate high power AC signal generator precisely tuned to 
20Hz; that can get expensive and bulky. This is the type of 
ringing approved by TR57 and required for all central office 
applications. However, since the ISDN modem is not con
nected to the standard analog telephone system, and is there
fore not directly governed by that part of the TR57 spec, some 
liberties can be taken to allow a much simpler design that Is 
much more cost effective. 

The HC5517 topology to ring a telephone is shown in Figure 
5. Instead of removing the SLiC from the two wire lines as in 
the standard central office topology, the SLiC is left connected 
and the ring signal Is supplied by the large amplifiers feeding 
the tip and ring lines internal to the SLIC. If the control line 
(RC) goes high, the SLiC is put into ring mode. In this mode 
the tip and ring terminals both slew to VBATI2 (4OV if the VeAT 
power supply Is at BOV). Any signal on the VRING pin is multi
plied by a gain of 40 and appears across the tip and ring 
amplifiers. The rest of the hardware involved in this process 
will be described in the "Glue Circuitry" section. 

The circuit in Figure 5 provides balanced non battery backed 
ringing at power levels adequate to ring 3 REN. A REN (Ring
ing Equivalency Number) is defined in the FCC specs as a 
standard impedance by which telephone systems can be 
measured and tested. A single REN is generally equivalent to 
an old desktop telephone with mechanical bell ringers. There
fore, the HC5517 would be capable of ringing up to three of 
these old phones. The vast majority of newer phones use 
piezo or other electronic ringers that make use of only a frac
tion of a REN. In that type of situation many phones could be 
rung simultaneously. The ring signal is also not battery 
backed; this brings the peak voltages down to a much lower 
level that is simpler and cheaper to generate and creates less 
of a safety Issue inside the computer (see Figure 5). Tele
phones and other equipment only respond to the AC RMS 
Signal, so the lack of a DC bias is not a requirement for ring. 
The primary requirement to ring all telephones reliably is for 

the ringing voltage to be at least 40VRMS at 20Hz. Some other 
papers indicate that all phones will ring with a peak of 56VRMS 
and a crest factor of only 1.2, however that is not the case. A 
full 1.41 crest factor is needed to ring many newer phones 
such as those produced by Northern Telecom. 

HC5517 

FIGURE 5. BALANCED RINGING 

It should be noted that 20Hz Is critical since most phones are 
tuned to respond to a very narrow frequency band around 
20Hz. The HC5517 will easily generate the ring signal at this 
frequency with any desired Wiive shape. There are three main 
options for wave shape in the present industry: square wave, 
trapezoidal wave, and sine wave. TR57 requires a sine wave 
10 reduce channel to channel Interference and provide the 
highest possible energy to the telephone. A square wave is 
composed of the primary and an infinite number of harmonics 
that cause Interference in adjacent channels and become 
merely unused energy as the telephone ringer filters out 
everything but the primary 20Hz. A trapezoidal wave is a com
promise of the two. It also wastes some energy in the harnion
ics and creates a noisy ring signal. Therefore, the sine wave is 
preferred whenever possible. The HC5517 SLiC will drive any 
of the above ring signals and provides the most options for 
ringing of any SLiC on the market. 

TIP 

RING 

POWER DENIAL 

HC5517 ~---------< ~ 
"'!J------< RC 

L-_______ -<'§Im 

~====;_----<J!I"m 
VOLTAGE SELECT 

I------,....--<IH 

FIGURE 6. SUC CONTROL AND INTERFACE 
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SLiC Control and Interface 

For the most robust control of the analog port, 5 digital 1/0 
lines are needed for communication with the ISDN interface 
(see Figure 6). These 5 lines can come directly from a 
device like the Siemens ARCOFI, any controller connected 
to the S or U interfaces, or directly from the host processor 
by way of the Peripheral Component Interconnect (PCI) or 
Industry Standard Architecture (ISA) bus. The 5 signals 
needed are Switch Hook Detect (SHD), Ring Trip Detect 
(RTD), Ring Cadence (RC), F1 (power denial pin), and Bat
tery Switch (B1). SHD and RTD are described above in the 
SLiC functions section. RC Is the Ring Cadence input to the 
SLiC circuitry that gates the sine generator connection to the 
VR1NG pin and switches the transistor to create the proper 
DC bias on the VR1NG pin for optimum balanced ringing. RC 
is normally provided by timing generators that produce a 
variety of pattern as shown in Table 1. F1 is an input to the 
SLiC that will put the system in a low power mode. This lim
its loop current to the two wire side which disables voice and 
Dual Tone Multi Frequency (DTMF) signals from an external 
handset. It can be used to password protect the analog port 
for cost savings since the use of a standard telephone line (if 
available) is generally cheaper. Finally the B1 is used to 
switch from the ringing voltage of -80V to the active voltage 
of -27V. 

TABLE 1. DISTINCTIVE ALERTING PATTERNS 

INTERVAL DURATION IN SECONDS 

!'AT- RING- RING- RING-
TERN ING SILENT ING SILENT ING SILENT 

A 0.4 0.2 0.4 0.2 0.8 4.0 

B 0.2 0.1 0.2 0.1 0.6 4.0 

C 0.8 0.4 0.8 0.4 - -
D 0.4 0.2 0.6 4.0 - -
E 1.2 4.0 - - - -
F 1 ±O.2 3±O.3 - - - -
G 0.3 0.2 1.0 0.2 0.3 4.0 

TABLE 2. LOGIC STATES FOR APPLICATIONS REQUIRING 
FAX AND ANSWERING MACHINE OPERATION 

BATTERY 
STATE RC F1 B1 (V) 

Standby (On-hook) 0 1 0 -80 

Ringing (On-hook) 1 (Pulsed) 1 0 -80 

Active (Off-hook) 0 1 1 -27 

Power Denial x 0 x x 

Power Needs 

For standby and ringing modes, the SLiC requires -BOVec 
and for the off hook active mode the SLiC can be operated at 
-27Vec for power conservation (see Table 2). The -80V pro
vides the high energy needed to ring a telephone during the 
ring period and provides a high enough voltage to create a -

48V potential across the two wire interface during standby 
operation. In the standby state the application circuit limits the 
tip to ring voltage to within the Maintenance Termination Unit 
(MTU) voltage of -42.25 to -56V. The MTU voltage is gener
ated by using the breakover voltage of the external zener 
diode (011) to set the internal reference voltage. The MTU 
potential across the tip and ring wires is not necessary for nor
mal telephone operation, but some fax machines, answering 
machines, and test equipment look for an MTU voltage to sig
nal on hook active lines. If a system does not need to support 
fax or answering machines, the -27V supply can be used dur
ing all modes except for ringing, see Table 3. 

TABLE 3. LOGIC STATES FOR APPLICATIONS NOT REQUIR
ING FAX AND ANSWERING MACHINE OPERATION 

BATTERY 
STATE RC F1 B1 (V) 

Standby (On-hook) 0 1 1 ·27 

Ringing (On-hook) 1 (Pulsed) 1 0 -80 

Active (Off-hook) 0 1 1 -27 

Power Denial x 0 x x 

Supply currents are minimal since an ISDN modem is truly a 
short loop application. During the on hook mode, the 80V 
source only needs to supply a maximum of a few milliamps 
to the SLiC and its supporting circuitry. During the active 
mode, the current around the two wire loop is set by external 
resistors usually somewhere in the range of 25 to 40mA. 
Therefore the total supply current will be the loop current 
plus about 5mA for SLiC internal use. During the ring mode 
the largest amount of power is needed. If we assume that a 
single REN is roughly equivalent to 80000 resistive (a rough 
approximation strictly for power consumption calculations) 
then it can be shown that for each REN connected to a 
4OVRMsl56.6VPEAK two wire Interface about 7mA of current 
will be drawn. The maximum power will be drawn at the high
est load of 3 REN supported by the HC5517. This creates 
about 21 mA around the two wire loop. The SLiC itself draws 
about 10mA of internal current during the ring mode so the 
total is about 31 mA at 80V for a fully loaded ringing SLiC. 

Hardware 

The Two Wire Side 

The two wire interface is the user interface of the analog 
port. It consists of a pair of wires that closely emulates a 
standard telephone jack. The polarity of these wires for nor
mal operation is irrelevant. This interface is shown to the left 
of the SLiC in Figure 11 and the supporting components 
include the diode bridge (01-04) and the four feed/sense 
resistors (R11-R14). The diode bridge provides a small 
amount of surge protection for the circuit. Any voltage higher 
than VeAT or lower than ground is chopped off and prevented 
from reaching the SLiC. 

The "Glue Circuitry" 

A number of intermediate functions can be controlled by 
external discrete components around the SLiC such as loop 
current, two wire impedance, transhybrid balance, DC ring 
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bias, short circuit protection, MTU voltage, and ring trip 
detection. The application note for the HC5517 evaluation 
board includes parts for pulse metering, but since ISDN 
does not perform that function those components will not be 
discussed here. 

The loop current can be set by adjusting resistors R10 and 
R28. The ratio of R10 to the set resistance on R28 deter
mines the current limit for the two wire loop. The current limit 
is determined by the following equation: 

(Rla + R2S) 
IUmit = 0.6 200 x R28 

(EO. 1) 

Resistors R8 and R9 should be set to provide a gain of one for 
the internal transmit op amp. This sets the two wire imped
ance, as well as the transhybrid balance circuit input. More 
information on impedance setting can be obtained in Applica
tion Note AN9607. A good choice would be 40K resistors as 
shown in the schematic. C8 provides AC coupling to block the 
bias generated by the loop current limit pot R28. 

Transhybrid balance refers to the electrical canceling of the 
input signal in the SUC output. This is necessary because of 
the full duplex nature of the two wire interface. j30th received 
signals (from the ISDN interface) and transmitted signals 
(from the handset microphone) are simultaneously present 
on the two wire interface. Both then appear on the transmit 
line on the output of the SUC. If not canceled, the signal 
originally received from the network would be retransmitted 
to the network causing an intolerable echo on the line, mak
ing communication almost impossible. The simple solution is 
to remove the original inpuf signal from the signal transmit
ted to the network. Simply (In + Out)-In = Out. This is accom
plished by creating a resistive network around an op amp 
that sums the currents into a node. The original input signEIl 
goes into the nOde as +In, the summed signal comes out of 
the SUC as (-In) + (-Out) and the result is (+In) + (-In) + (
Out) =-Out. The result is inverted by the external op amp and 
Simply becomes +Out. Transhybrid balance therefore, mea
sures the ability of this circuit to cancel the input signal. A 
number of elements factor in to the value of transhybrid bal
ance, but the better the impedance matching, the better the 
transhybrid balance and the less echo present. The only 
other thing to note is the gain of three in the external op amp 
circuit. This is necessary because of the HC5517's internal 
gain of one third. Reference Application Note AN9628 "AC 
Voltage Gain for the 5509 Series of SIIC's". 

As previously mentioned, when the RC input goes high the 
external application circuitry puts the tip and ring voltages at 
VBAT/2 to provide the most headroom for differential ringing. 
The circuit used to generate the centering voltage is shown 
in Figure 7. 

The circuitry within the dotted lines is internal to the HC5517. 
The value of the resistor deSignated as R is 108kn and the 
resistor Rl20 is 5.4kn The tip amplifier gain of 20VN ampli
fies the +1.8Voc at VC to +36Voc and adds it to the internal 
4Voc offset, generating -40Voc at the tip amplifier output. The 
-40V de offset also sums into the ring amplifier, adding to the 
battery voltage, achieving ~40V at the ring amplifier output. 

+5V 

RC T2 

TO ZENER 
DIODE D11 

---------------_. 
FIGURE 7. BALANCED RINGING 

The 1.8V is applied to the VR1NG pin when the pnp transistor is 
turned off by the high on RC. This causes the resistors R18 
and R19 to create a simple divider from 5Voc along with a 
couple of forward diode drops. Putting the VR1NG input 
between the diodes has the effect of isolating the VRING pin 
from the resistor to ground seen in R18. That resistor would 
affect the longitudinal balance, 2-wire return loss and Idle 
Channel noise. 

A simple sine wave generator is needed to provide the proper 
voltage to the VR1NG pin. The proper voltage is one that uti- . 
lizes the entire headroom so as to provide the greatest ring 
energy to the telephone, while not being so large as to clip 
against the rails. The maximum tip to ring voltage is equal to 
VBAT minus the output transistor overhead of SV (3V for tip 
and 3V for ring). The maximum tip to ring voltage with an 80V 
supply is 80 -S = 74V. Therefore, the maximum input voltage 
to prevent Clipping is approximately 1.3VRMS. (1.3*1.414*40 = 
74VPEAK or 52.33VRMS)' Recall that 40VRMS is the minimum 
voltage required to ring all telephones so there is considerable 
headroom in this design. Any input voltage from 1VRMS to 
1.3VRMS will normally be acceptable. 

When the transistor (T2) is on (RC low) and VBA,.t2 is greater 
than the zener diode (011) breakdown voltage, 011 clamps 
the maximum voltage on the VREF pin and thereby the ring 
feed amplifier voltage. The maximum DC output voltage of 
the ring feed amplifier (VRocl is given in Equation 2. 

(EO. 2) 

The VROC, with a 28V zener, is -52.SV (2(-28+0.3) +4). The 
MTU voltage is the ring voltage minus the tip voltage and is 
equal to -48.Sv' 

Short circuit protection is simply provided by the capacitor 
C1S, Figure 11. When the metallic loop current exceeds the 
set reference level, the SUC's transconductance amplifier 
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sources current. This current charges up C16 in the positive 
direction, causing the ring feed voltage to approach the tip 
feed voltage, effectively reducing the battery feed across the 
loop which will limit the DC loop current. The value of the 
capacitor determines the speed of this reduction. 

The Ring Trip Detect circuit uses R15-R17, D5, and C10 to 
detect the negative high voltage peak when a handset is lifted 
off hook during a ring interval. Under normal conditions during 
a ring mode, a high voltage differential sine wave is applied 
across a relatively high impedance (up to 8Kn for 1 REN). 
This creates a relatively low current and is sensed by the SUC 
and output on the VTX pin. When the handset is lifted off hook, 
the metallic contacts provide a much lower impedance to the 
same applied ring voltage creating a significantly higher AC 
loop current. This difference in AC current is used for ring trip 
detection, by putting a trip point between the high and low 
level output voltages. All that has to be done is rectify that AC 
voltage, divide down the output voltages, and set a trip point 
in-between them. The trip point should be high enough to 
guarantee that noise does not cause an artificial ring trip 
detection yet low enough to guarantee that even with modest 
loop lengths and a variety of phones that removing the 
receiver from the hook crosses the trip point. The resistor 
divider simply sets this trip point to match the internal O.24V 
reference. The capacitor provides a bit of a filter to damp out 
fast transients that might cause a false ring trip detect. The 
ATI pin on the SUC is essentially an input to an internal com
parator that trips at O.24V. To activate the ATD pin, at least 
O.24V must appear on the ATI pin. The resistors can be 
changed to create different trip points for different operating 
voltages and conditions. 

Test bar and RS pins should be pulled high by a 10K resistor. 

Sine Wave Generator 

There are literally hundreds of circuits that would provide a cost 
effective sine wave oscillator for use in the ring circuit, but one 
of the easiest to understand and implement Is a simple Wein 
bridge oscillator. This straightforward circuit can be found in a 
majority of college texts and is simple to derive. The basic 
assumption is that a circuit will oscillate according to the 
Barkhausen criterion. That is, a circuit will oscillate where the 
overall loop gain is one and the phase shift is zero. (see Fig
ure 9) The loop equations for the frequency response of the 
circuit are: 

(Ea. 3) 

Since we add As and As around the negative feedback path, 
the total loop equation reduces to: 

( RS)[ 1 1 T( ) = 1 +- X 

JIO Rs 3+JCO(RC-R~) 
(Ea. 4) 

Therefore, the frequency at which the circuit will oscillate is 
where the phase is zero or: 

co = R~ (Ea. 5) 

And the gain to sustain oscillation needs to be a total of 1 
around the loop so: 

(1 +::J~) = 1 (Ea. 6) 

or RelRs = 2 

The amplitude of the oscillation can be controlled with a non
linear limiter around the entire loop. In this case the oscilla
tion needs to be set at 1.3VRMS and the frequency needs to 
be kept as close to 20Hz as possible; in fact TR57 says it 
needs to be within 3Hz. The values shown on the schematic 
should do just that. The CA124 op amp can also be used in 
place of the CA324 if more precision is necessary. The resis
tor values should have a tolerance of 1% and the capacitors 
should be 5% ceramics. 

ARCOFllnterface 

Whether the AACOFI is used or one of the many other 
brands of interface chips, the basic interface idea is the 
same. These types of chips generally include a microphone 
input, a speaker output (amplified), a CODEC, a number of 
programmable timers, multiple programmable gain stages, 
and analog filters. The internal CODEC needs to be pro
grammed to the appropriate companding type for the area, 
and the gain stages should be set to transmit and receive a 
maximum of 2.5VPEAK without clipping. The microphone 
input Is used in a balanced configuration to receive the out
going transmission from the transhybrid balance circuit. The 
input is centered about 2.5V by using the internal VREF of 
the ARCOFI tied to the non inverting input of the external op 
amp. There is also a diode clamp that limits the output of the 
amp to between +5V and ground. This is necessary to pro
tect the input of the ARCOFI and mayor may not be needed, 
depending on the interface chip used. The HOP pin is used 
for the receive signal from the network to the SUC. It is gen
erally meant for a handset output, but the specs for its 
impedance and voltage capabilities more closely match the 
SUC than any other output. The simplest implementation of 
the digital I/O interface uses the four programmable pins on 
the AACOFI for control and monitoring of the SUC. 

+12V 

R1 

... 10kO 

... 
R6 R2 

1kO 

RS 4" 20.3kQ 
OUT , 

-+ 10kO ~ 
R6 

C2 R3 
C1 J, 

-1~ 10k0 O.1/1F 1kO 

O.1/1F -!-
.... . R4 

10kO 

-12V 

FIGURE 8. TYPICAL WEINBRIDGE OSCILLATOR 
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FIGURE 9. SIMPLE BOOST CONVERTER 

Simple Boost Converter 

The power needs for this type of circuit are new to computer 
cards. There will be no -80VDC supply available on the PCI or 
ISA bus so it needs to be generated locally. The first issue is 
safety - does the supply need to be isolated? Probably not, 
since the primary supply from which it draws its power is 
undoubtedly already isolated. Does it need overcurrent pro
tection? Again, probably not since the SLiC itself provides 
short circuit protection. However, since requirements vary 
from system to system, two different power supplies will be 
shown that would adequately support the analog interface. 
The simple boost converter is shown in the schematic and 
has the advantages of being the smellest and cheapest. The 
object will be to derive -27 and -80VOC from the + 12V supply 
with a reasonably high efficiency and with a minimum parts 
count. 
The circuit basically consists of a dual op amp, a FET, an 
inductor, a rectifying diode, and some output capacitance (see 
Figure 9). The first amp on the left acts merely as an error 
amplifier. The resistors on its input form a voltage divider. The 
error amp tries to maintain a virtual ground on that pin so zero 
appears on that pin when the output voltage is correct. A 48K 
resistor would give -48v, an 80K resistor gives -80V, and a 
27K resistor gives -27V. Obviously it will be quite simple to 
change the output voltage by simply switching in different 
resistances to the bottom of the divider. The only precaution is 
that the switch needs to withstand a full 80V of potential. A 
simple relay Is the most straightforward method of switching. 
Note that a SPST relay can be used If it is put across the 53K 

resistor. When open the total resistance is 53 + 27 = 80KW 
and when closed the total resistance is 27+(contact resis
tance) = -27KW. This is cheaper than using a SPOT relay 
with a 27K and an 80K resistor attached. The gain around the 
error amp is about 100 to set the sensitivity and accuracy of 
the supply. 

In any other application the next section to the right would be 
termed a peak detector, but upon further investigation the diode 
and cap interact with the following op amp to form a simple mul
tivibrator. The basic circuit can be found in most college text
books, but the basic function is fairly straightforward. The 
resistors on the non inverting input of the second amp form a 
resistor divider that sets the trip points of the ·comparator". The 
trip points are skewed by the positive feedback to create some 
hysteresis. The basic triangle WaNe that the amp compares the 
trip points to is generated by the resistors in the negative feed
back loop acting on C1. If the output is high, diode 01 is reverse 
biased and the total resistance between the 12V output and the 
cap C1 is a little more than 1 MW. The cap will charge to the 
high trip point and cause the output of the amp to go low. This 
forward biases 01 and causes the total resistance between C1 
and ground to be about 5.1 K. This discharges the capacitor 
rather quickly. This aHernating charge and discharge sets up 
the basic triangle wave that translates to a square wave at the 
output of the amp, that in turn drives the gate of a P channel 
FET. A low output corresponds to the 5.1 K time constant and 
sets the on time of the FET. If. the voltage detected by the error 
amplifier is too low, the off time is simply reduced by pre-charg
ing C1 with the error amplifier. Waveforms for the circuit are 
also shown in Figure 9. 
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+12V 

22k!l 

HIP5061 

+5V 

FB 3 

1.1k!l FOR 24V 

1300 FOR 80V 

FIGURE 10. ALTERNATE ISOLATED CONVERTER 

The rest of the circuit follows the well understood equations 
of an inverting boost converter. When the FET is on, the rec
tifying diode is reverse biased. The current in the inductor 
ramps up linearly at a rate di/dt = Vin/L. After the on time 
(governed by the time constant of S.l K and 4.7nF) a total 
energy has been stored in the inductor of: 

where the peak current is given by: 

V· t 
I _In on 
P--L-

(EO. 7) 

(EO. B) 

When the FET turns off, the inductor tries to maintain con
stant current so the voltage across it changes polarity and 
the peak current begins to flow through the rectifying diode 
and the output capacitor. This charges the cap up to a nega
tive voltage. If all of the energy stored in the inductor is trans
ferred to the output capacitor before the next turn on period, 
then the circuit is said to operate in discontinuous mode. 
This in fact is necessary for stability of the control loop. The 
total power delivered to the load is 

(EO. 9) 

(EO. 10) 

T = total period 

and of course P = V2/R so the output voltage can be found 
from Equation 10: 

Note that in this particular case the on time is held constant 
and the period is varied unlike a standard pulse width modu
lator where the opposite is true. 

The output capacitor must be capable of sustaining the out
put current during an entire cycle of the FET without allowing 
excessive droop. Since the cap must support the entire out
put current for a majority of the time, a fairly large value is 
required. 

Alternate Isolated Boost Converter 

Since system requirements periodically dictate more strin
gently designed power supplies, an alternate power solution 
is also available. If isolation, overcurrent protection, or over
temperature protection are needed, a simple boost regulator 
with an output transformer can be used. The simplest and 
most cost effective solution that provides all these features 
can be found in the HIPS061 family 0' controllers. The 
HIPS061 (see Figure 10) contains all the necessary compo
nents on a monolithic die to perform all the necessary func
tions involved in controlling a boost regulator (oscillator, 
PWM, OT, oe, precision reference, and integrated FET). 
The only limitation of using the HIPS061 to implement the 
telecom supply is that the HIPS061 has a maximum voltage 
rating of 60V. The oulputtransformer needs to be a step up 
so that the primary can run at a lower voltage that is within 
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the range the HIP5061 can handle. A 4:1 transformer pro
vides a reasonable primary voltage. 

In order to keep the cost down, primary side control will be 
used (otherwise another isolation boundary must be crossed 
by either another transformer or an optocoupler). The same 
basic method of setting the output voltage applies to this cir
cuit except that the internal reference is S.W. So aUK 
resistor on the bottom gives 24V and a 1300 resistor gives 
aov. 
A small rectifier and output cap on the secondary side is all 
that is needed to provide sustained DC voltage. All protec
tion functions are taken care of internal to the HIP5061 so 
only those parts shown are necessary. This implementation 
is slightly more expensive than the simple boost converter 
but if the extra features are needed it provides a simple 
topology. 

Battery Backup 

The local telephone operator provides a large battery bank 
at each central office to give emergency power to telephones 
during the event of a power loss Even if electric power to the 
home is lost, the telephone line keeps working (although 
cordless and powered phones will obviously die). This is 
necessary since 911 and emergency services often need to 
be accessed during PQwer outages. The ISDN line, however, 
has no battery backup provided by the telephone company 
to power the ISDN modem. That power has to come from the 
computer slot. It might not be necessary to provide battery 
backup for ISDN unless it is the only communication line into 
the home. Most homes will have ISDN and a standard analog 
telephone to provide emergency access. If ISDN is the only 
line, there are two methods for battery backup. If the NT-1 is 
an independent unit and it has an analog port with an HCSS17 
SLiC installed, only the NT-1 needs battery backup. The rest 
of the devices on the S interface can go down, and the analog 
PQrt on the NT-1 can still dial out. If the NT-1 is part of another 
card like a modem card, the entire computer with that card 
needs battery backup. These devices are very reasonably 
priced and will also prevent data loss in the event of a power 
failure. An uninterruptable power supply can be constructed 
fairly simply using Application Note 9611 "A DC-AC Isolated 
Inverter Using the HIP4082" with a few minor modifications. A 
gel cell battery provides a reliable long life energy source that 
can be continuously trickle charged. 

Options 

To simplify the design a number of things can be done. 

For instance, it is not necessary to distinguish between 
switch hook detect and ring trip detect. These Signals could 
be or'd together to create a detect output to the ISDN inter
face. All that needs to be known is whether the phone is off 
hook or on hook. 

Depending on what voltage choices have been made, that 
off hook condition could be used to also control the power 
supply (for instance if we choose to have 80V supplied to the 
SLiC in both ringing and standby modes and 27V supplied 
only during active or off hook periods). 

The F1 (Power denial pin) could be controlled by an unused 
state of RC and B1 such as RC high and B1 indicating 27V. 
There would never be an instance when a ring is com
manded with only 27V applied to the SLiC. This could signal 
a power denial state with simple logic and shut the SLiC 
down. 

Using shortcuts like these could allow control of the SLiC 
with one digital input for switch hook detection and two out
puts for RC and F1 (or RC and PS). This is only necessary if 
the number of I/O lines are limited since the most versatility 
can be obtained by having all five control lines active. 
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COMPONENT VALUE TOLERANCE RATING COMPONENT VALUE TOLERANCE RATING 

SLIC HC5517 n/a NlA C:!. C15 0.11lF 20% 50V 

Rl. R2 24.9kO 1% 1/4 Watt C5.0-, 10llF 20% 20V 

R3 8.25kO 1% 1/4 Watt C8 0.471lF 20% 20V 

R8. R9 40kO 1% 1/4 Watt Ca.C12 0.011lF 20% 100V 

R10 100k0 5% 1/4 Watt C10 1.01lF 20% 50V 

Rll-14 500 1% 1/4 Watt C11 100llF 20% 5V 

RR15 47kO 1% 114 Watt C13 0.11lF 20% 100V 

R16 1.5MO 1% 1/4 Watt C16 0.51lF 20% 50V 

R17 56.2kO 1% 1/4 Watt C17.C18 3300pF 20% 100V 

R16 1.1kO 1% 1/4 Watt 01-4 1N4007 100V.1A 

R19 8250 1% 1/4 Watt Os, De, 013 1N914 - 100V.1A 

R29• Roo, R31 10kO 5% 114 Watt 011 1N5255 - 28V.112W 

R24 47kO 5% 114 Watt T2 2N2907 - 6OV.150mA 

R25-27 5600 5% 1/4 Watt F1. RC. Battery SPOT Toggle switches. center off. 

R28 20kO Potentiometer 1/4 Watt U1 CA741C Op Amp 

C1.C14 0.011lF 20% 50V Textool Socket 228-5523 
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The PRISMTM chip set has 
been optimized to address high 
data rate applications with up to 

~ 
Introduction 

4 MBPS data rates. The 
PRISMTM can also be utilized for low data rate applications. 
To implement low data rate applications (below 250 KBPS) 
the designer needs to address design considerations in the 
following areas: 

A. Selection of external filtering supporting the PRISMTM 
components. 

B. Limitations on filter cut off frequencies of the HFA3724 
internal Low Pass Filters. 

C. Selection of appropriate carrier and clock oscillators to 
achieve the desired performance. given the HSP3824 inter
nal Acquisition and Tracking loop integration constraints. 

The system designer should also evaluate the option where 
the radio maintains its high data rate configuration but trans
mits the data using infrequent high data rate burst packets. 

Where the system requires that the radio operate at low 
rates «250 KBPS). the designer must address the areas 
highlighted on the PRISMTM block diagram shown in Figure 1. 

Description 
A. External IF Filtering 

The band pass filters shown between the HFA3624 and the 
HFA3724 labeled as BPF1a and BPF1b on Figure 1 are cen
tered at IF and filter the spread wideband waveform before 
demodulation on the receive side and before the final upcon
version on the transmit side. 

One might think that the TX filter can be avoided but it is 
required to meet the sidelobe suppression specifications 
according to FCC requirements. 

PRISMTM PCMCIA Reference Radio Block Diagram 

FILTER CUTOFF 
SELECT 

5TH ORDER 
BUTTERWORTH 

lOW PASS 
FilTERS 

FIGURE 1. PRISMTM CHIP SET BLOCK DIAGRAM 

PRISMTM and the PRISMTM logo are tradernarl<s of Harris Corporation. 
Copyright @ Harris Corporation 1997 
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For the high rate configuration of the PRISMTM. a recom
mended implementation is to use SAW BPFs centered at 
280MHz with a BWof about 17MHz. This is assuming an 
11 MHz chip rate (thus 22MHz spread null to null bandwidth). 
A recommended device that meets these requirements is 
the ToyoCom TOS-432. 

If a low data rate configuration is implemented then substi
tute I F filters need to be identified that will filter to the chan
nel bandwidth of the spread waveform at the lower chip rate. 
The designer can use any IF center frequency within the 
HFA3724 range. The designer must be sure. though. that the 
identified filter meets the transmission spectral mask 
requirements for FCC for the 2.4MHz ISM band. SAW filters 
for PCMCIA applications are not widely available at these 
specifications and a custom design may be required. 

B. Limitations of HFA3724 LPFs 

The HFA3724 includes a set of baseband low pass filters as 
the final filtering stage of the complex spread waveform. 
These are placed before the In phase (I) and Ouadrature (0) 
AID converters for baseband processing. These filters are 
shown on Figure 1. as LPFs (Rx) and LPFs(TX). There are 
four cut off frequencies that can be selected for these LPFs. 
The cut off can be selected to be 17.6MHz (for a chip rate of 
22 MCPS). 8.8MHz (for a 11 MCPS rate). 4.4MHz (for a 
5.5 MCPS rate) or 2.2MHz (for a 2.75 MCPS rate). In addi
tion these cut off frequencies are tunable through an exter
nal resistor by ±20%. The user can select one of the four 
discrete cut off frequencies. The lowest cut off is set for a 
spread rate of 2.5MHz chip rate and any chip rates lower 
than this will require the design of external filtering between 
the HFA3724 outputs and the HSP3824 AID inputs. The 
HFA3724 I and 0 LPFs are fifth order Butterworth filters and 
equivalent external filters need to be designed at the lower 
cut off specifications. 

C. Selection of Carrier Frequency and Clock Oscillators 

The HSP3824 performs the baseband demodulation func
tion. The design includes digital signal acquisition and track
ing loops for both the symbol timing clock and the carrier 
frequency. 

The primary concern when the radio needs to be operated 
with a low instantaneous data rate is that it requires a wide 
bandwidth to accommodate oscillator frequency tolerances. 

As an example at 2400MHz and ±25 PPM. the radio fre
quencies at each end of the link can be off by as much as 
120kHz from each other. This offset must be well within the 
basic data bandwidth of the radio in order for it to be toler
ated without degrading the performance of the link. If it is 
not. a frequency sweep would be needed to find the signals 
and this is not built into the radio design. Operating the radio 
with wide data bandwidth and low data rate is inefficient and 
would cause unacceptable loss in performance. 

If the PRISMTM is used as a spread spectrum system with 
11 chips per bit spreading ratio. this then gives it an IF band
width of nominally 22MHz null to null at 1 MSPS. We filter to 
17MHz to allow closer packing of the channels. While this 
seems wide compared to the frequency offset. remember 

that this is a direct spread system. The first stage of process
ing the signal despreads it and collapses it to the data band
width. In PRISMTM this is done in a time invariant matched 
filter correlator. This correlator has an FI R filter structure 
where the PN sequence is substituted for the tap weights. 
The filter is operated at baseband. so the I and 0 quadrature 
components are separately correlated with the same 
sequence. The outputs of the I and 0 correlators are the 
vector components of the correlation. These will show a dis
tinct peak in magnitude (compressed pulse) when correla
tion occurs. Correlation performance falls off when the Signal 
is not stationary (i.e. has offset). The correlator convolves a 
stationary signal. (the PN sequence) with the input signal. 
The vector correlation is being rotated throughout the corre
lation by the offset frequency. This means that the signal cor
relates at one angle at the start of a symbol and at a different 
angle at the end. If this angular difference is small. no great 
loss occurs. The net correlation goes as the vector sum of all 
the correlation angles between the start and the end of the 
symbol as shown below. Thus the magnitude falls off to zero 
if the offset causes a baseband phase rotation of one cycle 
per symbol. The magnitude is obviously maximum at no off
set and falls off about 0.22dB at 45 degrees rotation. This 
corresponds to the 120kHz offset (-1/8th of 1 MBPS). 

BEGINNING OF 
SYMBOL 
CORRELATION 
VECTOR 

AVERAGE SYMBOL 

t%-1. CORRELATION f6' '" --... VECTOR If' / ,/" , 
I END OF SYMBOL ' \ .... ' • __ .'--...... '.,:--r " 

45° ~~~;'TION 90" 180" 270" t _ " / 
FIGURE 2. PRISMTM CORRELATION PERFORMANCE VB 

FREQUENCY OFFSET 

Crystal oscillators of better than ±25 PPM accuracy can be 
purchased. but their cost goes up significantly as the toler
ances are tightened. Given this offset. we must be sure that 
the receiver can accept the offset. At a data rate of 250 KBPS. 
the same offset loss occurs with a frequency offset 1/4th as 
large. This means that to get the same performance. we need 
oscillators specified to ±6 PPM. To go lower in data rate 
means tightening up the specification even further. 

Similar consideration needs to be taken for the clocks that 
are used to run the baseband processor itself. The symbol 
timing clock tracking algorithm operates over 128 symbol 
integration intervals. To maintain acceptable BER perfor
mance the symbol timing phase drift must be less than 1/8th 
chip over the 128 symbol integration interval. Remember 
that we are tracking the peak of the compressed pulse which 
is 2 chips wide and must keep the straddling loss low by 
sampling close to the peak. For a 0.25 MBPS data rate. the 
chip rate is 2.75 MCPS. With this rate. the integration inter
val is 512ms which translates to an oscillator within 
±89 PPM to keep the drift less than 1/8th chip (0.045ms). 
Since the spread rate to data rate ratio is not changed at 
the lower data rates. this tolerance is not effected by lower 
data rates. 
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High Rate Burst Transmissions With Low Average Rate 

Generally, the Incentive to use lower data rates is to achieve 
a given range with the minimum amount of power. We can 
show that this is also achievable by using the radio in its high 
data rate design configuration. The PRISMTM is a packet 
radio communications device and, as such, can send the 
data in a short burst with open environment ranges up to 
5 miles. This has significant potential for power savings and 
reduction in interference. In the high data rate configuration 
the design considerations mentioned above are no longer of 
concern. 

The system approach is to accept the 1 MBPS data rate of 
the radio as long as the achievable range is acceptable, and 
use it in a short burst mode which is consistent with its' 
packet nature. With a low power watch crystal, the controller 
can keep adequate time to operate either a polled or a time 
allocated scheme. In these modes, the radio is powered off 
most of the time and only awakens when communications is 
expected. This station would be awakened periodically to lis
ten for a beacon transmission. The beacon serves to reset 
the timing and to alert the radio to traffic. If traffic is waiting, 
the radio is instructed when to listen and for how long. In a 
polled scheme, the remote radio can respond to the poll with 
its traffic if it has any. With these techniques, the average 
power consumption of the radio can be reduced by more 
than an order of magnitude while meeting all data transfer 
objectives. 

Even using the 802.11 network protocols, the low data rate 
can allow low average power operation. The Media Access 
Controller (MAC) or network processor can operate the radio 
in the sleep mode except for the times it needs to receive the 
beacon signals. 

The short, fast transmission is good for several reasons. 
First, if the Signal is corrupted for any reason, a retransmis
sion will occur without noticeable delay. Secondly, interfer
ence to other spectrum users is of brief duration. Third, and 
most important, the burst can be sent into small time gaps in 
the medium, which makes it more effective against certain 
type of interference in the ISM band. For example, if an 
802.11 FH network is operating in the vicinity, it could cause 
interference with this network. The FH network has, how
ever, a brief guard time when it is hopping and none of its 
stations are on the air. This time can be used to transmit the 
burst communications packets.,Additionally, the microwave 
oven has been identified as an interference source of con
cern within the 2.4GHz ISM band. The oven is a pulsed 
source with about a 50% duty cycle. The gaps allow mes
sages of about 1000 bytes through at the 1 MBPS rate. 

In addition, the system can be set at its sleep mode most of 
the time to achieve low power consumption. It only needs to 
operate at full power consumption during the transmission of 
a packet or during the expected window for received packets. 

The communications range achievable depends on the 
nature of the environment. A line of sight (LOS) path allows 
the best range. With 1 Wand 6dB gain in the antennas, you 
can readily achieve a 5 mile LOS range. The propagation 
loss at S-band is less than O.5dB per mile in heavy rain, so 
weather is not usually of great concern. Antennas with 6dB 
gain are for fixed installations with one on one links. Mobile 
and network installations use omnidirectional antennas with 
around OdB gain. Indoors, the range is much reduced by 
extra losses due to walls and other obstructions. The power 
is also usually reduced to 100mW for interference and safety 
concerns. These reduce the available range, but most appli
cations will achieve sufficient range (300 ft.). 

Antenna diversity is also used in the PRISMTM design to 
combat multipath interference. Since the PRISMTM wave
form is wideband by being spread at the chip rate, the 
1 MBPS data rate is not a contributor to multipath problems 
and a lower data rate is of no benefit. 

So, in general, unless it is required to use low instantaneous 
data rates to achieve some other purpose, the packet capa
bilities of PRISMTM will serve well for these applications in its 
normal high data rate design configuration. 
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Programming the HSP3824 
Author: John Fakatselis 

~ This application note serves as 
a firmware designers manual 
for the PRISMTM HSP3824 

O Introduction 

baseband processor. The note 
groups the programmable registers and their bit content by 
function. This note can serve as a quick reference for code 
development and system test and modification by function. 

SWOverview 
The HSP3824 offers flexibility for various system configura
tions through its programmable features. Among other the 
user has many options to control synchronization time, link 
protocol formats, data rates, performance thresholds, and 
visibility to internal modem parameters and status. 

PreamblelHeader 

These configuration registers include preamble generation, 
transmit header modes and receive header modes. Pream
ble and header can be either generated internally from the 
HSP3824 or can be received from an external source i.e. a 
network processor. 

Modem Configuration 

These configuration registers include configuration for 
transmitter and receiver modem. The transmit and receive 
symbol rates, scrambler configuration, PN code configura
tion and antenna selection are also programmed through 
these registers. 

110 Configuration 

These configuration registers include configuration of active 
signal levels (polarity) of HSP3824 1/0 signals and set up of 
other miscellaneous 1/0 signal parameters. This is to provide 
flexibility and minimize glue logic to external circuits if there 
is a signal polarity issue. 

Test Port Configuration 

These configuration registers include configuration for selec
tion of internal HSP3824 signals andlor data to become 
available at the Test Port pins. These signals can be useful 
during debugging, regulatory compliance testing as well as 
to design enhanced external algorithms to improve overall 
radio performance. 

Threshold Settings 

These configuration registers include a number of 
configurable threshold settings. They cover, Received Signal 
Strength Indication and Clear Channel Assessment thresh· 
old parameters, as well as, received signal quality thresholds 
used during acquisition and data tracking. By setting these 
acquisition and tracking thresholds, the user can define the 
desired modem performance i.e. set the probability of detec
tion vs. the probability of false alarm ratio. 

AID Calibration 

These configuration registers include configuration data to 
activate the AID level adjustment circuit of the HSP3824. 
This circuit is designed to maximize utilization of the AID 
dynamic range. This programmable circuit tries to keep the 
AIDs close to saturation. 

Modem Status 

These configuration registers includ!l information that 
represent both control and status registers (read-only). The 
status components indicate the realtime state of the modem 
operation. 

Signal Status 

These configuration registers include information that 
represent modem parameter (read-only) registers. These 
modem status components are updated real time. They can 
be used to design external SW or HW algorithms to improve 
overall modem performance. In addition this set of registers 
provide information on the link protocol (header) that is 
presently in use. 

PRISMTM and the PRISMTM logo are trademarks of Harris Corporation. 
CopyrIght @Harrls Corporation 1996 
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Description of Configuration Register 
Assignments by Function. 

The following paragraphs describe the configuration register 
(CR) content of the programmable HSP3824 registers. The 
bits within the CR that define the particular function or data 
are aiso indicated. The CR description and references below 
are broken by the primary HSP3824 programmable func
tional groups which are: 

• Preamblel header. 

• Modem configuration 

• 1/0 configuration 

• Test Port configuration 

• Threshold settings 

• AID calibration 

• Modem status 

• Signal status 

This can serve as a quick reference to program or to modify 
registers by function. Refer also to the HSP3824 data sheet 
for description of the hardware algorithms at its appropriate 
sections. An example of a default set up is also attached to 
this note. 

PreamblelHeader 

Preamble Generation CR3<2:2> 

This control bit is used to select the origination of the 
Preamble/Header information. The preamble and header 
can be either generated internally by the HSP3824 or from 
an external source. 

Transmit Mode CR0<4:3> 

These control bits are used to select one of the four 
Preamble Header modes for transmitting data. The four 
modes contain different combinations of fields. 

CRO<4:3> Header Contents 

00 SFD, field 

01 SFD and CRC16, fields 

10 SFD, Length and CRC16, fields 

11 SFD, Signal, Length and CRC16, fields 

Receive Mode CR2<1:0> 

These control bits are used to select one of four Preamble 
Header modes for receiving data. 

CR2<1 :0> Header Contents 

00 SFD 

01 SFD and CRC16 

10 SFD, Length and CRC16 

11 SFD, Signal, Length and CRC16 

Transmit Preamble Length CR56<7:0> 

This control register defines the Preamble length field value. 

Start Frame DellmHer Definition CR49<7:0> CR50<7:0> 

These control registers contain the Start Frame Delimiter 
used for both the Transmit and Receive header. This field is 
the address field for each individual receiver within the 
network. 

Stert Frame Delimiter Timer Enable CR0<2:2> 

This control bit is used to enable the Start Frame Delimiter 
timer. If the timer expires before the SFD has been detected, 
the HSP3824 returns to acquisition mode. The search time 
is defined by the start frame delimiter value registers. 

Stert Frame Delimiter Value CR41<7:0> 

This control register contains the number of symbol periods 
for the demodulator to search for a SFD in a receive header 
before returning to acquisition mode. 

Data Field Counter Enable CRO<1:1> 

This control bit is used to enable/disable counting the num
ber of data bits in the length field embedded in the header. 
The HSP3824 returns to acquisition mode at the end of the 
count as defined by the "Length" field of the header. This can 
only be used in header modes 2 and 3. 

CRC Check Enable CR2<5:S> 

This control bit is used to enable/disable the CRC16 check 
on the received Header. 

Modem Configuration 

TRANSMIT CONFIGURATION 

Chips per Symbol CR3<6:S> 

These control bits are used to select the number of chips per 
symbol used in the I and Q transmit paths. 

CR3<6:5> 00 01 10 11 

Chips/Symbol 11 13 15 16 

Rate Divisor CR3<4:3> 

These control bits are used to select the divide ratio required 
to achieve the required data rate (refer to the HSP3824 data 
sheet). 

CR3<4:3> 

Divisor 

00 

2 

01 

4 

Antenna Select CR0<7:7> 

10 

8 

11 

16 

This control bit is used to select the transmit antenna (haH
duplex mode only). 

Modulation CR3<1:1> 

This control bit is used to select the signal modulation type 
for the transmit packet. 

Spread Sequence CR13<7:0> CR14<7:0> 

These control registers contain the spreading code for the 
I and Q transmit paths. 
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RECEIVE CONFIGURATION 
Chips per Symbol CR2<7:6> 

These control bits are used to select the number of chips per 
symbol used in the I and Q receive paths. 

CR2<7:8> 00 01 10 11 

Chips/Symbol 11 13 15 18 

Rate Divisor CR2<4:3> 

These control bits are used to select the divide ratio required 
for the desired receive deta rate. 

CR2<4:3> 00 01 10 11 

Divisor 2 4 8 18 

Antenna Select CR0<6:6> 

This control bit is used to select the receive antenna (single 
antenna mode only). 

Modulation CR3<O:0> 

These control bits are used to define the number of clocks 
before the first data bit that nCRDY will be asserted. 

ACTIVE SIGNAL LEVELS 
These components allow the user to invert the sense of cer
tain signals available as pins on the HSP3824. 

MAC Data Ready (MD_RDY) CR9<6:6> 

This control bit Is used to select the active level of the 
MD_ROY signal. 

Clear Channel Assessment (CCA) CR9<5:5> 

This control bit Is used to select the active level of the CCA 
signal. 

Energy Detect (ED) CR9<4:4> 

This control bit is used to select the active level of the ED 
signal. 

Carrier Sense (CRS) CR9<3:3> 
This control bit Is used to select the signal modulation type 
for the receive packet. This control bit Is used to select the active level of the CRS 

signal. 
Spread Sequence CR20<7:0> CR21<7:0> 

Transmit Data Ready (nCRDY) CR9<2:2> 
These control registers contain the despreading code for the 
I and Q receive paths. This control bit is used to select the active level of the 

nCROY signal. 
Scrambler taps CR16<6:0> 

Transmit Power Enable (TlCPE) CR9<1:1> 
This control register contains the tap configuration for the 
transmit scrambler I receive descrambler. This control bit is used to select the active level of the TX_PE 

signal. 
Scrambler Seed CR15<6:0> 

This control register contains the seed value for the transmit 
scrambler I receive descrambler. 

Antenna Operation CR0<5:5> 

. This control bit is used to select between full duplex and half 
duplex operation. 

Antenna Mode CR2<2:2> 

This control bit is used to select single or dual antenna 
mode. 

VO Configuration 

Allow Microprocessor Rate Change CR1<7:7> 

This control bit is used to enable/disable constant data rates 
to the external processor that receives the demodulated data 
from the HSP3824. Rate changes from DBPSK to DQPSK 
within the same packet can be programmed to be transpar
ent to the external processor. 

Invert Transmit Clock Phaee CR9<O:O> 

This control bit is used to select the phase of the transmit 
output clock. 

Assert nCRDY Clock Count CR1<6:2> 

Test Port Configuration 

Teet Mode CR4<7:0> 

The HSP3824 provides the capability to access a number of 
internal signals andlor data through the test port pins TEST 
0-7 and TEST_ClK. The TEST_ClK is selected given the 
data that is clocked out from TEST 0-7 port. TX_ClK is 
intended to be used to clock the TEST 0-7 data from the 
HSP3824. 

(0) Normal Operation Mode 

<7:7> Carrier Sense (CRS) 

<6:6> Energy Detect (ED) 

<5:3> Reserved 

<2:2> Initial Detect 

<1 :0> Reserved 

TEST _ClK Internal TX Clock (TX chip rate) 

(1) CorreJator Test Mode 

<7:0> Correlator Magnitude (PN correlator) 

TEST _ClK Internal TX Clock (TX chip rate) 

(2) Frequency Test Mode 

<7:0> Frequency offset Register 

TEST _ClK Subsample Clock (Ax symbol rate) 
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(3) Phase Test Mode 

<7:0> Phase (instantenous I,Q) 

TEST _CLK Subsample Clock (Rx symbol rate) 

(4) NCO Test Mode 

<7:0> Phase Accum Register (8 most significant bits) 

TEST_CLK Subsample Clock (Rx symbol rate) 

(S) sa Test Mode 

<7:0> Signal Quality (SQ) Phase Variance 
(8 most significant bits) 

TEST_CLK Load Signal Quality Signal 

(6) Bit Sync Test Mode 1 

<7:0> Bit Sync Accum 

TEST_CLK Internal RX Clock 

(7) Bit Sync Test Mode 2 

<7:0> SQ Bit Sync Reference Data (8 most significant bits) 

TEST _CLK Load SQ Signal 

(S) AID cal Test Mode 

<7:7> Carrier Sense (CRS) 

<6:6> Energy Detect (ED) 

<5:5> Reserved 

<4:0> AID Calibrate 

TEST _CLK (Internal RX Clock) 

Threshold Settings 
Received Signal Strength Indication (RSSI) CR19<S:0> 

These control bits are used to specify the RSSI threshold for 
measuring and generating the energy detect (ED) signal. 
When RSSI exceeds this threshold, ED is declared. 

Clear Channel Assessment Timer CR17<7:0> 

This control register is used to configure the period of the 
time-out threshold of the CCA watchdog timer. 

Clear Channel Assessment Cycle CR1S<7:0> 

This control register is used to configure how many times the 
CCA timer is allowed to reach its maximum count before it 
declares that the channel is clear (independent of the actual 
energy measured in the channel). 

Enable 1/4 Chip Adjust During Acqulsltlon/Data 
CRS<6:6> 

This control bit Is used to enable/disable 1/4 chip timing 
adjustments during acquisition or data. The default is 112 
chip adjustments. 

Receive Bit Synch Amplitude (Acqulsltlon/Data) 
CR22<7:0> CR23<7:0> 

These control registers are used to specify the bit synch 
amplitude quality threshold used for acquisition and for data. 
See typical values in the HSP3824 data sheet.The received 

signal must be above this programmable value to be 
declared valid. 

Receive Phase Variance (Acqulsltlon/Data) CR30<7:0> 
CR31 <7:0> 

These control registers are used to specify the phase 
variance quality threshold used for acquisition and for data. 
See typical values in the HSP3824 data sheet. The received 
signals phase variance has to be less than this programma
ble value to be declared as valid Signal. 

AID Calibration 

Reference Value CR1<1:1> 

This control bit is used to select whether internal AID calibra
tion circuit is active or not and if not, sets the reference to 
mid-scale. 

Last Value CR1<O:0> 

This control bit is used to select whether internal AID calibra
tion circuit is held at Its most recent value. 

Positive Increment Adjust CR11<7:0> 

This control register contains the value used for positive 
Increments of the level adjusting circuit of the AID reference. 
These positive increment steps define how fast the AID will 
be driven to saturation. 

Negative Increment Adjust CR12<7:0> 

This control register contains the value used for negative 
increments of the level-adjusting circuit of the AID reference. 
These negative increments define the back off step size from 
when the AID reaches saturation. 

Modem Status 

Transmit Ready (neRDy) CR7<7:7> 

This status bit Indicates the status of the TX_ROY output pin. 
It is only used when the PreamblelHeader Is generated inter
nally within the HSP3824. 

Antenna CR7<6:6> 

This status bit Indicates the antenna selected by the device 
(status of the ANTSEL pin) during antenna diversity. 

Clear Channel Assessment (CCA) CR7<S:S> 

This status bit indicates the status of the Clear Channel 
Assessment output pin. 

carrier Sense (CRS) CR7<4:4> 

This status bit indicates the status of Carrier Sense (or PN 
lock). 

RSSI vs. Threshold CR7<3:3> 

This status bit indicates whether the RSSI signal is above or 
below threshold (or energy detect (ED)). 
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MAC Data Ready (MD_RDY) CR7<2:2> 

This status bit indicates the status of the MD_RDY output 
pin. It signals that a valid Preamble/Header has been 
received and that the next available bit on the RXD bus will 
be the first data packet bit. 

Transmit Power Enable (TX_PE) CR7<1:1> 

This status bit indicates whether the external device has 
acknowledged that the channel is clear for transmission (or 
status of the TX_PE pin). 

Valid CRC16 CR7<O:O> 

This status bit indicates whether a valid CRC16 has been 
calculated for the Header information. The CRC16 does not 
cover the preamble bits or the data packet. 

Packet Status CR8<7:7> 

This status bit indicates whether a valid packet has been 
received. This is meaningful only when the device operates 
under the full protocol (mode 3). 

Start Frame Delimiter Search Timer CR8<6:6> 

This status bit indicates the status of the SFD search timer. 

ModulatIon Type CR8<5:5> 

This status bit indicates the modulation type for the data 
packet. Preamble and Header data are always at 1 MBPS. 

Signal Status 

TRANSMIT PREAMBLE INFORMATION 

ServIce Field CR51<7:0> 

This control register contains the value of the service field to 
be transmitted in a Header. 

Length Field CR52<7:0> CR53<7:0> 

These control registers contain the value of the length field 
to be transmitted. It indicates the number of bits transmitted 
in the data packet. 

CRC16 Field CR54<7:0> CR55<7:0> 

These status registers indicate the calculated CRC16 for the 
transmitted header. 

RECEIVE PREAMBLE INFORMATION 

ServIce Field CR44<7:0> 

This status register contains the value of the service field 
received in a Header. 

Length FIeld CR45<7:0> CR46<7:0> 

These status registers contain the value of the length field of 
the received packet. It Indicates the number of bits transmit
ted in the data packet. 

CRC16 Field CR47<7:0> CR48<7:0> 

These status registers indicate the received CRC16 for the 
received header. 

SIGNAL FIELD 

BPSK CR42<7:0> 

This control register contains the B-bit value indicating that 
the data packet modulation is DBPSK. 

QPSK CR43<7:0> 

This control register contains the B-bit value indicating that 
the data packet modulation is DQPSK. 

RECEIVE SIGNAL QUALITY INDICATORS 

Bit Synch Amplitude Acquisition CR24<6:0> CR25<7:0> 

These status registers contain the measured bit synch 
amplitude Signal quality during acquisition. 

Bit Synch Amplitude Data CR28<6:0> CR29<7:0> 

These status registers contain the measured bit synch 
amplitude signal quality during data tracking. 

Phase Variance AcquiSition CR32<7:0> CR33<7:0> 

These status registers contain the measured phase variance 
signal quality during acquisition. 

Phase Variance Data CR36<7:0> CR37<7:0> 

These status registers contain the measured phase variance 
signal quality during data tracking. 

RSSI Value CR10<5:0> 

These status bits contain the value of the RSSI analog input 
signal from the on-Chip ADC. This register is updated at the 
chip rate divided by 11. 

Receive SIgnal Quality for Best Antenna Dwell 
CR38<7:0> 

This status register contains the bit synch amplitude Signal 
quality measurement derived from the Bit Synch signal qual
ity stored in the CR2B-29 registers of the HSP3B24. This 
value is the result of the signal quality measurement for the 
best antenna dwell in the antenna diversity mode. 

DEFAULT CONFIGURATION 

Table 1 contains a set of default configuration values that 
can be used for QPSK and BPJK modulation. These values 
can be initially used for systems test and then modified as 
appropriate, per each application. The default configuration 
table is followed by the detail description of all the available 
registers of the HSP3B24. 
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TABLE 1. CONTROL REGISTER VALUES FOR SINGLE ANTENNA ACQUISITION 

REGADDR 
REGISTER NAME TYPE IN HEX QPSK BPSK 

CRO MODEM CONFIG. REG A RIW 00 3C 64 

CRl MODEM CONFIG. REG B RIW 04 00 00 

CR2 MODEM CONFIG. REG C RIW OB 07 24 

CR3 MODEM CONFIG. REG D RIW OC 04 07 

CR4 INTERNAL TEST REGISTER A RIW 10 00 00 

CR5 INTERNAL TEST REGISTER B RIW 14 00 00 

CR6 INTERNAL TEST REGISTER C R lB X X 

CR7 MODEM STATUS REGISTER A R lC X X 

CRB MODEM STATUS REGISTER B R 20 X X 

CR9 1/0 DEFINITION REGISTER R/W 24 00 00 

CR10 RSSI VALUESTATUS REGISTER R 2B X X 

CRll ADC_CAL_POS REGISTER R/W 2C 01 01 

CR12 ADC_CA~NEG REGISTER R/W 30 FD FD 

CR13 TX_SPREAD SEOUENCE(HIGH) RIW 34 05 05 

CR14 TX_SPREAD SE~UENCE (LOW) R/W 3B BB BB 

CR15 SCRAMBLE_SEED RIW 3C 7F 7F 

CR16 SCRAMBLE_TAP (RX AND TX) RIW 40 4B 4B 

CR17 CCA_ TIMER_ TH RIW 44 2C 2C 

CR1B CCA_CYCLE_TH RIW 4B 03 03 

CR19 RSSI_TH RIW 4C lE lE 

CR20 RX_SPREAD SE~UENCE (HIGH) RIW 50 05 05 

CR21 RX_SREAD SE~UENCE (LOW) R/W 54 BB BB 

CR22 Rll.SOC IN_ACO (HIGH) THRESHOLD RIW 5B 01 01 

CR23 AX-SOC IN_ACO (LOW) THRESHOLD R/W 5C EB EB 

CR24 RX-SOC OUT..ACO (HIGH) READ R 60 X X 

CR25 RX-SOC OUT..ACO (LOW) READ R 64 X X 

CR26 RX-SOC IN_DATA (HIGH) THRESHOLD R/W 6B OF OF 

CR27 AX-SOl-SOC IN_DATA (LOW) THRESHOLD R/W 6C FF FF 

CR2B AX-SOC OUT_DATA (HIGH)READ R 70 X X 

CR29 RX-S01_ OUT_DATA (LOW) READ R 74 X X 

CR30 AX-S02_ IN..ACO (HIGH) THRESHOLD R/W 7B 00 00 
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TABLE 1. CONTROL REGISTER VALUES FOR SINGLE ANTENNA ACQUISITION (Continued) 

REGADDR 
REGISTER NAME TYPE IN HEX QPSK BPSK 

CR31 RX-SQ2- IN-ACQ (LOW) THRESHOLD RrN 7C CA CA 

CR32 RX-SQ2.. OUT_ACQ (HIGH) READ R 80 X X 

CR33 RX-SQ2_ OUT..ACQ (LOW) READ R 84 X X 

CR34 RX-SQ2_IN_DATA (HIGH)THRESHOLD RrN 88 09 09 

CR35 RX-SQ2_IN_DATA (LOW) THRESHOLD RrN 8C 80 80 

CR38 RX-SQ2_ OUT _DATA (HIGH) READ R 90 X X 

CR37 RX-SQ2_ OUT_DATA (LOW) READ R 94 X X 

CR38 RJ<..SQ_READ; FULL PROTOCOL R 98 X X 

CR39 RESERVED W 9C 00 00 

CR40 RESERVED W AD 00 00 

CR41 UW_Time OuLLENGTH RrN A4 90 90 

CR42 SIG_DBPSK Field RrN A8 OA OA 

CR43 SIG_OOPSK Field RrN AC 14 ' 14 

CR44 RX_SER..Fleld R BO X X 

CR45 RJ<..LEN Field (HIGH) R B4 X X 

CR46 RX_LEN Field (LOW) R B8 X X 

CR47 RJ<..CRC16 (HIGH) R BC X X 

CR48 RX_CRC16 (LOW) R CO X X 

CR49 UW-(HIGH) RrN C4 F3 F3 

CRSO UW_(LOW) RrN C8 AD AD 

CRS1 TX_SER_F RrN CC 00 00 

CR52 TJ<..LEN (HIGH) RrN DO FF FF 

CRS3 TX_LEN(LOW) RrN D4 FF FF 

CR54 TJ<..CRC16 (HIGH) R D8 X X 

CR55 TJ<..CRC16 (LOW) R DC X X 

CRS6 TJ<..PREM_LEN RrN EO 80 80 
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Control Registers, Address and Bit Location Specification 
The following tables describe the function of each control register along with the associated bits in each control register. 

CONFIGURATION REGISTER 0 ADDRESS (Oh) MODEM CONFIGURATION REGISTER A 

Bit 7 This bit selects the transmit antenna, controlling the output ANT _SEL pin. It is only used in half duplex mode. (Bit 5 = 0) 
Logic 1 = Antenna A. 
Logic 0 = Antenna B. 

Bit 6 In single antenna operation this bit Is used as the output of the ANT _SEL pin. In dual antenna mode this bit is Ignored. 
Logic 1 = Antenna A. 
Logic 0 = Antenna B. 

Bit 5 This control bit is used to select between full duplex and half duplex operation. If set for full duplex operation, the 
ANT _SEL pin reflects the setting of CRO bit 7 when TX....PE is active and reflects the receiver's choice when T>LPE Is 
Inactive. In full duplex operation, the ANT _SEL pin always reflects the receiver's choice antenna. 
Logic 1 = full duplex. 
Logic 0 = half duplex. 

Bit4,3 These control bits are used to select one of the four Input Preamble Header modes for transmitting data. The preamble 
and header are DBPSK for all modes of operation. Mode 0 is followed by DBPSK data. For modes 1-3, the data can 
be configured as either DBPSK or DQPSK. This is a "don't care" if the header is generated extemally. 

MODE BIT 4 BIT 3 MODE DESCRIPTION 

0 0 0 Preamble with SFD Field. 

1 0 1 Preamble with SFD, and CRCI6. 

2 1 0 Preamble with SFD, Length, and CRCI6. 

3 1 1 Full preamble and header. 

Bit 2 This control bit is used to enable the SFD (Start Frame Delimiter) timer. If the time is set and explras before the SFD 
has been detected, the HSP3824 will return to its ecquisltion mode. 
Logic 1: Enables the SFD tlmar to start counting once the PN acquisition has been achieved. 
Logic 0: Disables the SFD Timer. 

Bit 1 This control bit enables counting the number of data bits per the length field embedded in the header. Only used in 
header modes 2 and 3. Then according to the count It retums the processor into Its acquisition mode at the end of the 
count. If length field is OOOOh, modem will reset at end of SFD regardless of this bit setting. 
Logic 1 = Enable Length Tlma Out. 
Logic 0 = Disabled. 

BitO Unused don't care. 

CONFIGURATION REGISTER 1 ADDRESS (04h) MODEM CONFIGURATION REGISTER B 

Bit 7 When active this bit maintains the RXCLK and TXLK rates constant for preamble and data transfers even If the data 
is modulated in DQPSK. This bit is used If the extemal processor can not aCcommodate rate changes. This Is an active 
high signal. The rate used is the QPSK rate and the BPSK header bits are dOuble clocked. 

Bit 6, 5, 4, 3, 2 These control bits are used to define a binary count (N) from 0 - 31. This count Is used to assert TX_RDY N - clocks 
(TXCLK) before the beginning of the first data bit. If this is set to zero, then the TX_RDY will ba asserted immediately 
after the last bit of the Preamble Header. 

Bit 1 When active the intemal AID calibration circuit sets the reference to mid-scale. When Inactive then the calibration 
circuit adjusts the reference voltage In real time to optimize I, Q levels. 
Logic 1 = Reference set at mid-scale (fixed). 
Logic 0 = Raal tima reference edJustment. 

Bit 0 When active the AID calibretion circuit is held at Its last value. 
Logic 1 = Reference held at the most recent value. 
Logic 0 = Real time reference level adjustment. 
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CONFIGURAnON REGISTER 2 ADDRESS (OSh) MODEM CONFIGURAnON REGISTER C 

Bit7,6 These control bits are used to select the number of chips per symbol used In the I and Q paths of the receiver matched 
filter correlators (see table below). 

CHIPS PER SYMBOL BIT 7 BIT 6 

11 0 0 

13 0 1 

1S 1 0 

16 1 1 

BitS This control bit Is used to disable the CRC 16 check. When this bit Is set, the processor will accept the received packet 
and any packet error checks have to be detected externally. The HSP3824 will remain in the receive mode until either 
the carrier Is lost or the network processor resets the device to the acquisition mode, or If, in modes 2 or 3, the length 
times out. 
Logic 1 = Disable receiver error checks. 
Logic 0 = Enable receiver checks. 

Blt4,3 These control bits are used to select the divide ratio for the demodulators receive chip clock timlng.The value of N Is 
determined by the following equation: 
Symbol Rate = MCLKI(N x Chips per symbol). 

MASTER CLOCKIN BIT 4 BIT 3 

N=2 0 0 

N=4 0 1 

N=8 1 0 

N=16 1 1 

Bit 2 This control bit sets the receiver into single or dual antenna mode. The Preamble acquisition processing length and 
whether the modem scans antennas Is controlled by this bit. If In single antenna mode, the ANT _SEL pin reflects CRO 
bit 6 otherwise it reflects the receiver's choice of antenna. 
Logic 0 = AcquiSition processing Is for dual antenna acquisition. 
Logic 1 = Acquisition processing is for Single antenna acquisition. 

Bit 1, 0 These control bits are used to indicate one of the four Preamble Header modes for receiving data. Each of the modes 
includes different combinations of Header fields. Users can choose the mode with the fields that are more approprtate 
for their networking requirements. The Header fields that are combined to form the various modes are: 
• SFDfieid 
• CRC16fieid 
• Data length field (Indicates the number of data bits that follow the Header information) 
• Full protocol Header 

INPUT MODE BIT 1 BIT 0 RECEIVE PREAMBLE· HEADER FIELDS 

0 0 0 Preamble, with SFD Field 

1 0 1 Preamble, with SFD, CRC16 

2 1 0 Preamble, with SFD Length, CRC16 

3 1 1 Preamble, with Full Protocol Header 
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CONFIGURATION REGISTER 3 ADDRESS (OCh) MODEM CONFIGURATION REGISTER D 

Reserved (must set to ·0"). 

These control bits combined are used to select the number of chips per symbol used in the I and 0 transmit paths (see 
table below). 

CHIPS PER BITS BITS 

11 0 0 

13 0 1 

15 1 0 

1S 1 1 

These control bits are used to select the divide ratio for the transmit chip clock timing. 
NOTE: The value of N Is determined by the following equation: Symbol Rate = MCLKI(N x Chips per symbol) 

MASTER BIT 4 BIT 3 

N=2 0 0 

N=4 0 1 

N=8 1 0 

N= 16 1 1 

This control bit Is used to select the origination of PreambleIHeader Information. 
Logic 1: The HSP3824 generates the Preamble and Header intemally by formatting the programmed header 
information and generating a TX_RDY to indicate the beginning of the data packet. 
Logic 0: Accepts the PreamblelHeader Information from an extemaliy generated source. 

This control bit is used to indicate the signal modulation type for the transmitted data packet. When configured for mode 
o header. or mode 3 and extemal header. this bit is ignored. See Register 0 bits 4 and 3. 
Logic 1 = DBPSK moduiation for data packet. 
Logic 0 = DOPSK modulation for date packet. 

This control bit is used to indicate the signal modulation type for the received data packet Used only with header modes 
1 and 2. See register 2-blts 1 and O. 
Logic 1 = DBPSK. 
Logic 0 = DQPSK. 

CONFIGURATION REGISTER 4 ADDRESS (10h) INTERNAL TEST REGISTER A 

These control bits are used to direct various intemal signals to test port output pins. These Internal signais are moni
tored to fault isolate the device at manufacturing testing. During normal operation, the value Oh Is recommended. This 
will result to the following signals becoming available at the output test pins of the device: 
Pin 46 (TEST7): Carrier Sense (CRS). a Logic 1 indicates PN lock. 
Pin 45 (TEST6): Energy Detect (ED). a Logic 1 indicates that there is energy detected in the channel. The ED goes 
ective when the RSSI exceeds the threshold level programmed by the user. 
Pin 1 (TEST _CK): PN clock. 

CONFIGURAnON REGISTER 5 ADDRESS (14h,18h) INTERNAL TEST REGISTER B 

These bits need to be programmed to Oh. They are used for manufacturing test only. 

CONFIGURAnON REGISTER 7 ADDRESS (1Ch) MODEM STATUS REGISTER A 

This bit indicates the status of the TX_RDY output pin. Tx...RDY Is used only when the HSP3824 generates the Pre-
amblelHeader data intemally. 
Logic 1: Indicates that the HSP3824 has completed transmitting Preamble header information and Is ready to accept 
data from the extemal source (I.e. MAC) to transmit. 
Logic 0: Indicates that the HSP3824 Is in the process of transmitting Preamble Header information. 

This status bit indicates the antenna selected by the device. 
Logic 0: Antenna A is selected. 
Logic 1: Antenna B Is selected. 
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CONFIGURATION REGISTER 7 ADDRESS (1Ch) MODEM STATUS REGISTER A (Continued) 

BitS This status bit indicates the present stete of clear channel assessment (CCA) which is output pin 32. The CCA Is being 
asserted as a result of a channel energy monitoring algorithm that is a function of RSSI, carrier sense, and time out 
counters that monitor the channel activity. 

Bit 4 This status bit, when active Indicates Carrier Sense, or PN lock. 
Logic 1: Carrier present. 
Logic 0: No Carrier Sense. 

Bit 3 This status bit Indicates whether the RSSI signal is above or below the programmed RSSI 6-bit threshold setting. This 
signal is referred as Energy Detect (ED). 
LogiC 1: RSSI is above the programmed threshold setting. 
Logic 0: RSSI is below the programmed threshold setting. 

Bit 2 This bit Indicates the status of the output control pin MD_RDY (pin 34). It signals that a valid Preamble/Header has 
been received and that the next available bit on the TXD bus will be the first data packet bit. 
Logic 1: Envelopes the data packet as It becomes available on pin 3 (TXD). 
Logic 0: No data packet on TXD serial bus. 

Bit 1 This status bit Indicates whether the external device has acknowledged that the channel is clear for transmission. This 
Is the same as the input signal TX_PE on pin 2. 
Logic 1 = Acknowledgment that channel is clear to transmit. 
Logic 0 = Channill is NOT clear to transmit. 

Bit 0 This status bit Indicates that a valid CRC16 has been calculated. The CRC16 Is calculated on the Header information. 
The CRC16 does not cover the preamble bits. 
LogiC 1 = Valid CRC16 check. 
Logic 0 = Invalid CRC16 check. 

CONFIGURATION REGISTER 8 ADDRESS (20h) MODEM STATUS REGISTER B 

Bit 7 This status bit is meaningful only when the device operates under the full protocol mode. Errors imply CRC errors of 
the header fields. 
Logic 0 = Valid packet received. 
Logic 1 = Errors in received packet. 

Bit 6 This bit Is used to indicate the stetus of the SFD search timer. The device monitors the incoming Header for the SFD. 
If the timer, times out the HSP3824 retums to Its Signal acquisition mode looking to detect the next Preamble and 
Header. 
Logic 1 = SFD not found, retum to signal acquisition mode. 
Logic 0 = No time out during SFD search. 

BitS This status bit Is used to indicate the' modulation type for the data packet. This signal Is generated by the header de-
tection circuitry In the receive Interface. 
Logic 0 = DBPSK. 
logic 1 = OQPSK. 

Bit 4 Unused, don't care. 

Blt3 Unused, don't care. 

Bit 2 Unused, don't care. 

Bit 1 Unused, don't care. 

BltO Unused, don't care. 

CONFIGURATION REGISTER 9 ADDRESS (24h) I/O DEFINITION REGISTER 

This register Is used to define the phase of clocks and other interface signals. 

Bit 7 This bit needs to always be set to logic o. 

Bit 6 This control bit selects the active level of the MD_RDY output pin 34. 
Logic 1 = MD_RDY Is active O. 
Logic 0 = MD_RDY Is ective 1. 
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CONFIGURATION REGISTER 9 ADDRESS (24h) I/O DEFINITION REGISTER 

This control bit selects the active level of the Clear Channel Assessment (CCA) output pin 32. 
Logic 1 = CCA active 1. 
Logic 0 = CCA active O. 

This control bit selects the active level of the Energy Detect (ED) output which is an output pin at the test port, pin 45. 
Logic 1 = ED active O. 
Logic 0 = ED active 1. 

This control bit selects the active level of the Carrier Sense (CRS) output pin which is an output pin at the test port, pin 46. 
Logic 1 = CRS active o. 
Logic 0 = CRS active 1. 

This control bit selects the active level of the transmit ready (TX_RDY) output pin 5. 
Logic 1 = nLRDY active o. 
Logic 0 = TX_RDY active 1. 

This control bit selects the active level of the transmit enable (TX_PE) Input pin 2. 
Logic 1 = TX_PE active O. 
Logic 0 = TX_PE active 1. 

This control bit selects the phase of the transmit output clock (TXCLK) pin 4. 
Logic 1 = Inverted TXCLK. ' 
Logic 0 = NON-Inverted TXCLK 

CONRGURATION REGISTER 10 ADDRESS (28h) RSSI VALUE REGISTER 

This is a read only register reporting the value of the RSSI analog Input signal from the on chip 6-bit ADC. This register 
is updated at (chip ratel11). BIIs 7 and 6 are not used and set to Logic O. 
Example: 

BITS (0:7) RANGE 

RSSLSTAT 76543210 

00000000 OOh (Min) 

00111111 3Fh (Max) 

CONFIGURATION REGISTER 11 ADDRESS (2ch) AID CAL POS REGISTER 

This 8-bit control register contains a binary value used for positive increment for the level adjusting circuit of the AID 
reference. The larger the step the faster the level reaches saturation. 

CONFIGURATION REGISTER 12 ADDRESS (30h) AID CAL NEG REGISTER 

This 8-bit control register contains a binary value used for the negative increment for the level adjusting reference of 
the AID. The number is programmed as 256 - the value wanted since it is a negative number. 

CONFIGURATION REGISTER 13 ADDRESS (34h) TX SPREAD SEQUENCE (HIGH) 

This 8-bit register is programmed with the upper byte of the transmit spreading code. This code is used for both the I 
and Q signalling paths of the transmitter. This register combined with the lower byte TX_SPREAD(LOW) generates a 
transmit spreading code programmable up to 16-blls. Code lengths permitted are 11, 13, 15, and 16. Right justified 
MSBfirst. 

7-77 



B1ts0-7 

B11S0-7 

B11S0-7 

BIts 0-7 

Bi1S0-7 

Application Note 9616 

CONFIGURATION REGISTER 14 ADDRESS (38h) TX SPREAD SEQUENCE (LOW) 

This a-blt register Is programmed with the lower byte of the transmit spreading code. This code Is used for the I and Q 
signalling paths of the transmitter. This register combined with the higher byte TX..SPREAD(HIGH) generates the 
transmit spreading code programmable up to 16-bilS. 
The example below illuStrates the bit positioning for one of the 11-bit Barker PN codes. 
Example: 

I ransmn l:ipreaalng VOIle ll-tslt tsarKer wora Hlgnt .Jusunea Ml:its I-Irst. 

MSB LSB 

TX_SPREAD(HIGH) 15 14 13 12 11 10 9 a 

TX..SPREAD(LOW) 765 432 1 0 

11-bit Barker code XXXXX10110111000 

CONFIGURATION REGISTER 15 ADDRESS (3Ch) SCRAMBLER SEED 

This register contains the 7-blt (seed) value for the transmit scrambler which Is used to preset the transmit scrambler 
to a known starting state. The MSB bit position (7) is unused and must be programmed to a Logic O. The example 
below Illustrates the bit positioning of seed. 

CONFIGURAnON REGISTER 16 ADDRESS (40h) SCRAMBLER TAP 

This register Is used to configure the transmit scrambler with a 7 -blt polynomial tap configuration. The transmit scram-
bler Is a 7-blt shift register, with 7 configurable taps. A logic 1 Is the respactlve bit position enables that particular tap. 
The MSB bit 7 Is not used and It Is set to a logic O. The example below Illustrates the register configuration for the 
polynomial F(x) = 1 + X-4+X-7. Each clock Is a shift left 

LSB 

BIts (0:7) 76543210 

xz-7Z6z-Sz-4Z3z-2Z1 

SCrambler Taps F(x) = 1 + X-4+X-7 01001000 

CONFIGURATION REGISTER 17 ADDRESS (44h)CCA nMER THRESHOLD 

This 8-blt register Is used to configure the period of the time-out threshold af the CCA watchdog timer. If the channel 
is busy the timer counlS until It reaches the programmed value and at that point it declares that the channel is clear 
Independent of the actual energy measured within the channel. This register is programmable up to 8-blts. 

Time (rns) = 1000. ~;p5:, where N is the programmable value of CR17. 

For example, for a chip rate of 11 MCPS and a desired timeout of -11rns, N = 2ch. 

LSB 

BIts (0:7) 76543210 

00000010 02h(Min) 

11111111 FFh(Max) 

CONFIGURAnON REGISTER 18 ADDRESS (48h) CCA CYCLE THRESHOLD 

This 8-blt register Is used to configure how many times the CCA timer Is allowed to reach Its maximum count before 
the channel Is declared clear for transmission Independent of the actual energy In the channel. This Is an outer counter 
loop of the CCA timer. Each Increment represents a time out of the CCA timer. Use a value of 03h for a time out of 2 
CCA timer counlS. . 

MSB LSB 

Bits (0:7) 76543210 

00000010 2h; 1 CCA timer (Min) 

CCA-TIMER..TH 11111111 FFh; 256 CCA timer (Max) 
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CONFIGURATION REGISTER 19 ADDRESS (4Ch) RSSI THRESHOLD, ENERGY DETECT 

This register contains the value for the RSSI threshold for maesuring and generating energy detect (ED). When the 
RSSI exceeds the threshold ED is declared. ED indicates the presence of energy in the channel. The threshold that 
activates ED is programmable. Bits 7 an 6 of this register are not used and set to Logic O. 

MSB LSB 

Bits (0:7) 76S43210 

00000000 OOh(Min) 

00111111 3Fh(Max) 

CONFIGURATION REGISTER 20 ADDRESS (SOh) RX SPREAD SEQUENCE (HIGH) 

This 8-bit register is programmed with the upper byte of the receive despreading code. This code is used for both the 
I and Q signalling paths of the receiver. This register combined with the lower byte RX..SPRED(LOW) generates a 
receive despreading code programmable up to 16-bits. Right justified MSB first. See address 13 and 14 for example. 

CONFIGURATION REGISTER 21 ADDRESS (S4h) RX SPREAD SEQUENCE (LOW) 

This 8-bit register is programmed with the lower byte of the receiver despreading code. This code is used for both the 
I and Q signalling paths of the receiver. This register combined with the upper byte RX_SPRED(HIOH) generates a 
receive despreading code programmable up to 16-bits. 

CONFIGURATION REGISTER 22 ADDRESS (58h) RX SIGNAL QUALITY 1 ACQ (HIGH) THRESHOLD 

This control register contains the upper byte bits (8 - 14) of the bit sync amplitude signal quality threshold used for 
acquisition. This register combined with the lower byte represents a 1S-blt threshold value for the bit sync amplitude 
signal quality measurements made during acquisition at each antenna dwell. This threshold comparison is added with 
the SQ2 threshold in registers 30 and 31 for acquisition. A lower value on this threshold will increase the probability of 
detection and the probability of false alarm. Set the threshold according to instructions in the text. 

CONFIGURATION REGISTER 23 ADDRESS (SCh) RX SIGNAL QUALITY 1 ACQ THRESHOLD (LOW) 

This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality threshold used for 
acquisition. This register combined with the upper byte represents a 1S-bit threshold value for the bit sync amplitude 
signal quality measurement made during acquisition at each antenna dwell. 

CONFIGURATION REGISTER 24 ADDRESS (60h) RX SIGNAL QUALITY 1 ACQ READ (HIGH) 

This status register contains the upper byte bits (8 - 14) of the measured signal quality threshold for the bit sync 
amplitude used for acquisition. This register combined with the lower byte represents a 15-bit value, representing the 
measured bit sync amplitude. This measurement is made at each antenna dwell and is the result of the best antenna. 

CONFIGURATION REGISTER 25 ADDRESS (64h) RX SIGNAL QUALITY 1 ACQ READ (LOW) 

This register contains the lower byte bits (0 - 7) of the measured signal quality threshold for the bit sync amplitude used 
for acquisition. This register combined with the higher byte represents a 15-bit value, of the measured bit sync 
amplitude. This measurement is made at each antenna dwell and is the result of the best antenna. 

CONFIGURATION REGISTER 26 ADDRESS (68h) RX SIGNAL QUALITY 1 DATA THRESHOLD (HIGH) 

This control register contains the upper byte bits (8-14) of the bit sync amplitude signal quality threshold used for drop 
lock decisions. This register combined with the lower byte represents a 1S-blt threshold value for the bit sync amplitude 
signal quality maesurements, made every 128 symbols. These thresholds set the drop lock probability. A higher value 
will Incraese the probability of dropping lock. 

CONFIGURATION REGISTER ADDRESS 27 (6Ch) RX SIGNAL QUALITY 1 DATA THRESHOLD (LOW) 

This control register contains the lower byte bits (0 - 7) of the bit sync amplitude signal quality thrashold used for drop 
lock decisions. This register combined with the upper byte represents a 1S-blt threshold value for the bit sync amplitude 
signal quality measurements, made every 128 symbols. 
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CONFIGURATION REGISTER 28 ADDRESS (70h) RX SIGNAL QUALITY 1 DATA (high) THRESHOLD READ (HIGH) 

BitsO-7 

B1Is0-7 

BitsO-7 

B1Is0-7 

BitsO-7 

BIts 0-7 

Bils 0-7 

Bils 0-7 

Bits 0-7 

BltsO-7 

This status register contains the upper byte blls (8-14) of the measured signal quality of bit sync amplitude used for 
drop lock decisions. This register combined with the lower byle represents a 15-bH value, representing the measured 
signal quality for the bit sync amplitude. This measurement Is made every 128 symbols. 

CONFIGURATION REGISTER 29 ADDRESS (74h) RX SIGNAL QUALITY 1 DATA THRESHOLD READ (LOW) 

This register contains the lower byle bits (0-7) of the measured signal quality of bit sync amplitude used for drop lock 
decisions. This register combined with the lower byle represents a 16-bit value, representing the measured signal qual
Ity for the bH sync amplitude. This measurement is made every 128 symbols. 

CONFIGURATION REGISTER 30 ADDRESS (78h) RX SIGNAL QUALITY 2 ACQ THRESHOLD (HIGH) 

This control register contains the upper byle bits (8-15) of the carrier phase variance threshold used for acquisition. 
This register combined with the lower byle represents a 16-blt threshold value for carrier phase variance measurement 
made during acquisition at each antenna dwell and Is based on the choice of the best antenna. This threshold is used 
with the bit sync threshold In registers 22 and 23 to declare acquisition. A higher value in this threshold will increase 
the probability of acquisition and false alarm. 

CONFIGURATION REGISTER 31 ADDRESS (7Ch) RX SIGNAL QUALITY 2 ACQ THRESHOLD (LOW) 

This control register contains the lower byle bits (0-7) of the carrier phase variance threshold used for acquisition. 

CONFIGURATION REGISTER 33 ADDRESS (84h) RX SIGNAL QUALITY 2 ACQ READ (LOW) 

This status register contains the lower byle bits (0-7) of the measured signal quality of the carrier phase variance used 
for acquisition. This register combined with the lower byle generates a 16-bit value, repreSenting the measured Signal 
quality of the carrier phase variance. This measurement Is made during acquIsition at each antenna dwell and is based 
on the selected best antenna 

CONFIGURATION REGISTER 34 ADDRESS (88h) RX SIGNAL QUALITY 2 DATA THRESHOLD (HIGH) 

ThIs control register contains the upper byte bits (8-15) of the carrier phase variance thrashold. ThIs regIster combined 
wIth the lciwer byle represents a 16-bit threshold value for the carrier phase variance signal quality measurements 
made every 128 symbols. 

CONFIGURATION REGISTER 35 ADDRESS (SCh) RX SIGNAL QUALITY 2 DATA THRESHOLD (LOW) 

This control register contains the lower byle bits (0-7) of the carrier phase variance threshold. This register combined 
with the upper byle) represents a 16-blt threshold value for the carrier phase. variance Signal quality measurements 
made every 128 symbols. 

CONFIGURATION REGISTER 36 ADDRESS (90h) RX SIGNAL QUALITY 2 DATA READ (HIGH) 

This status register contains the upper byle bits (8-15) of the measured signal quality of the carrier phase variance. 
This register combined with the lower byle represents a 16-bit value, of the measured carrier phase variance. This 
measurement Is made every 128 symbols. 

CONFIGURATION REGISTER 37 ADDRESS (94h) RX SIGNAL QUALITY 2 DATA READ (LOW) 

This register contains the lower byte bits (0-7) of the measured signal quality of the carrier phase variance. This register 
combined with the represents a 16-bit value, of the measured carrier phase variance. This measurement Is made every 
128 symbols. 

CONFIGURATION REGISTER ADDRESS 38 (98h) RX SIGNAL QUALITY 8-BIT READ 

This 8-blt register contains the bit sync amplitude Signal quality measurement derived from the 16-blt Bit Sync signal 
quality value stored in the CR28-29 regIsters. This value is the result of the signal qualIty measurement for the best 
antenna dwell. The signal quality measurement provides 256 levels of signal to noise measurement. 

CONFIGURATION REGISTER 39 ADDRESS RESERVED 

I Reserved 

CONFIGURATION REGISTER 40 ADDRESS RESERVED 

I Reserved 
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CONFIGURATION REGISTER 41 ADDRESS (A4h) SFD SEARCH TIME 

This register is programmed with an B-bit value which represents the length of time for the demodulator to search for 
a SFD in a receive Header. Each bit increment represents 1 symbol period. 

CONFIGURATION REGISTER 42 ADDRESS (ABh) DSBPSK SIGNAL 

This register contains an B-bit value indicating the data packet modulation is DBPSK. This value will be a OAH for full 
protocol operation at a data rate of 1 MBPS, and Is used in the transmitted Signalling Field of the header. This value 
will also be used for detecting the modulation type on the received Header. 

CONFIGURATION REGISTER 43 ADDRESS (ACh) DQPSK SIGNAL 

This register contains the B-blt value indicating the data packet modulation Is DQPSK. This value will be a 14h for full 
protocol operation at a data rate of 2 MBPS and is used In the transmitted Signalling Field of the header. This value 
will also be used for detecting the modulation type on the received header. 

CONFIGURATION REGISTER 44 ADDRESS (BOh) RX SERVICE FIELD (RESERVED) 

This register contains the detected received B-bit value of the Service Field for the Header. This field is reserved for 
the full protocol mode for future use and should be always a OOh. 

CONFIGURATION REGISTER 45 .ADDRESS (B4h) RX DATA LENGTH (HIGH) 

This register contains the detected higher byte (bits 8-15) of the received Length Field contained in the Header. This 
byte combined with the lower byte indicates the number of transmitted bits in the data packet. 

CONFIGURATION REGISTER 46 ADDRESS (BSh) RX DATA LENGTH (LOW) 

This register contains the detected lower byte of the received Length Field contained In the Header. This byte com
bined with the upper byte indicates the number of transmitted bits In the data packet. 

CONFIGURATION REGISTER 47 ADDRESS (BCh) RX CRC16 (HIGH) 

This register contains the upper byte bits (8 -15) of the received CRC16 field Header. This register combined with the 
lower byte represents a 16-bit CRC16 value protecting transmitted header. The fields protected are selected by con
figuring the header control bits at configuration register 2. 

CONFIGURATION REGISTER 48 ADDRESS (COh) RX CRC16 (LOW) 

This register contains the lower byte bits (0-7) of the received CRC16 field Header. This register combined with the 
upper byte represents a 16-bit CRC16 value protecting transmitted header. The fields protected are selected by con
figuring the header control bits at configuration register 2. 

MSB LSB 

1514131211 10 9 8765432 1 0 

RX_CRCI6(HIGH) 76543210 

76543210 

NOTE: TheIecelve CRC16 Field protects the following fields depending 
upon the mode selection, as defined in configuration register 2. 

Mode 0 CRC16 not used 
Mode 1 CRC16 protects SFD 
Mode 2 CRC16 protects SFD, and Length Field 
Mode 3 CRC16 protects Signalling Field, Service Field, and Length Field 

CONFIGURATION REGISTER 49 ADDRESS (C4h) SFD (HIGH) 

This 8-blt register contains the upper byte bits (8-15) of the SFD used for both the Transmit and Receive header. This 
register combined with the lower byte represents the 16-blt value for the SFD field. 
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CONFIGURATION REGISTER 50 ADDRESS (CBh) SFD (LOW) 

This 8-bit register contains the upper byte bits (0-7) of the SFD used for both the Transmit and Receive header. This 
register combined with the lower byte represents the 16-blt value for the SFD field. 

CONFIGURATION REGISTER 51 ADDRESS (CCh) TX SERVICE FIELD 

This 8-bit register is programmed with the 8-blt value of the Service Field to be transmitted in a Header. This field is 
reserved for future use and should be always a OOh. 

CONFIGURATION REGISTER 52 ADDRESS (DOh) TX DATA LENGTH FIELD (HIGH) 

This 8-bit register contains the higher byte (bits 8-15) of the transmit Length Field described In the Header. This byte 
combined with the lower byte Indicates the number of bits to be transmitted in the data packet. CR 52153 should not 
be set to OOOOh. This value would cause the modem to reset after SFD. 

CONFIGURATION REGISTER 53 ADDRESS (D4h) TX DATA LENGTH FIELD (LOW) 

This 8-bit register contains the lower byte bits (0-7) of the transmit Length Reid described in the Header. This byte 
combined with the higher byte indicates the number of bits to be transmitted in the data packet, including the MAC 
payload header. CR 52153 should not be set to OOOOh. This value would cause the modem to reset after SFD. 

CONFIGURATION REGISTER 54 ADDRESS (D8h) TX CRCt6 (HIGH) 

This 8-blt register contains the upper byte (bits 8-15) of the transmitted CRC16 Field for the Header. This register 
combined with the lower byte represents a 16-blt CRC 16 value calculated by the HSP3824 to protect the transmitted 
header. The fields protected are selected by configuring the header mode control bits at register address 02. 

CONFIGURATION REGISTER 55 ADDRESS (DCh) TX CRCt6 (LOW) 

This 8-bit register contains the lower byts (bits 0-7) of the transmitted CRC16 Field for the Header. This register 
combined with the higher byts represents a 16-blt CRC16 value calculated by the HSP3824 to protect the transmitted 
header. T\le fieldjl protected are selected by configuring the header mode corrirol bits at register address 02. 
confi~uration register 2.r----------r-___________ -, 

MSB LSB 

1514131211109876543210 

RX_CRCI6(HIGH) 7 6 5 4 3 2 1 0 

76543210 

NOTE: The receive CRC16 Field protects the following fields depending 
upon the mode selection. as defined in register address 02. 

Mode 0 CRC16 not used 
Mode 1 CRC16 protects SFD 
Mode 2 CRC16 protects SFD. and Length Field 
Mode 3 CRC16 protects Signalling Field, Service Field. and Length Field 

CONFIGURATION REGISTER 56 ADDRESS (EOh) TX PREAMBLE LENGTH 

This register contains the count for the Preamble length counter. This counter is programmable up to 8-bits and 
represents the number of preamble bits. This should be set at 50h for 1 antenna and 80h for dual antennas. 
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Introduction 
This document includes a 
description of the HW/SW ~ ""'''''" "" the IEEE802.11 
target radio architecture 

based on the Harris PRISMTM chip set and the AMD Media 
Access Controller (MAC) AM79C930 processor. The infor
mation includes all the necessary interface requirements 
that can be used to control the PRISM radio with any other 
controller or processor that does not necessarily target 
IEEES02.11. The design example, though, addresses spe
cial design issues interfacing with the AM79C930. 

Hardware Configuration 
The block diagram in Figure 1 is intended to show a top level 
view of the basic hardware devices comprising the radio 
design. The detailed list of all signal interfaces required 
between MAC and the Physical Layer (PHY) or the PRISM 
radio are listed in Table 1 of this document. 

List of Signals 
Table 1 summarizes the signals that are required to control 
the PHY radio operations. The first column lists the PHY 
signal name, the second column indicates whether the 
signal is an output or an input to the MAC, the next column 
contains a brief description of each listed signal and the last 
two columns indicate the HW component part number and 
the pin connection for each of the listed signals at both the 
PHY and the MAC ends. 

RSSI 

HFA3524 CONTROL 
DUAL SYNTHESIZERNCO TX...PE CONTROL 

RlLPE CONTROL 

FIGURE 1. PRISM'" CHIPSET SYSTEM BLOCK DIAGRAM 

PRISM'" and the PRISM'" logo are trademarks 01 Harris Corporation. 
Copyright @Harrls Corporation 1997 
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Summary List of MAC-PHY Interface Signals 
TABLE 1. MAC-PH'(.INTERFACE SIGNALS 

110 MAC PIN 
FROM! NUMBER 

PHY SIGNAL NAME TO MAC DESCRIPTION PHY PARTIPIN NUMBER AM79C930 

SYNTH_DATA 0 Serial Data Bus (Synthesizer) HFA3524 (12) MAC (102) 

SYNTH_CLK 0 Serial COntrol Clock (Synthesizer) HFA3524 (11) MAC (101) 

SYNTH_lE 0 Load Enable (Synthesizer) HFA3524 (13) MAC (3) 

R)CPE 0 Receive Power Enable (RFIIF Converter) HFA3624 (28) MAC (126) 

T>l.PE 0 Transmit Power Enable (RFIIF Convt.) HFA3624 (1S) MAC (142) 

R)CPE 0 Receive Power Enable (Qmodem) HFA3724(21,43,54,74) MAC (126) 

T)CPE 0 Transmit Power Enable (Qmodem) HFA3724 (22, 41) MAC (142) 

SElO 0 Low Pass Filter Control (Qmodem) HFA3724 (17) MAC (132) 

SEl1 0 low Pass Filter Control (Qmodem) HFA3724 (16) MAC (141) 

ncPE_BB 0 Transmit Power Enable (transmit port) HSP3824 (2) MAC (131) 

TXD 0 Transmit Data (Transmit Port) HSP3824 (3) MAC (121) 

TXClK I Transmit Clock (Transmit Port) HSP3824 (4) MAC (11S) 

T>l.RDY I Transmit Data Ready (Transmit Port) HSP3824(S) MAC (91) 

ffiCPE_BB 0 Receiver Power Enable (Receive Port) HSP3824 (33) MAC (122) 

MD_ROY I MAC Data Ready (Receive Port) HSP3824 (34) MAC (9S) 

RXD I Receive Data (Receive Port) HSP3824 (35) MAC (123) 

RXClK I Receive Clock (Receive Port) HSP3824 (36) MAC (124) 

CS 0 Chip Select (Control Port) HSP3824 (9) MAC (107) 

AS 0 Address Strobe (Control Port) HSP3824 (23) MAC (10S) 

RIW 0 Readlwrite Strobe (Control Port) HSP3824 (8) MAC (103) 

SClK 0 Serial Control Clock (Control Port) HSP3824 (24) MAC (101) 

SDATA 110 Bi-directional Serial Data Bus (Cnt. Port) HSP3824 (2S) MAC (102) 

CCA I Clear Channel Assessment HSP3824 (32) MAC (96) 

RESET 0 Master Reset HSP3824 (28) MAC (118) 

PA-PE 0 Transmit AmplHler Power Enable (RFPA) HFA392S (11,18, 23) MAC (131) 

OSC_START 0 VCO Enable Circuit VCO Startup Circuit MAC(92) 

RADiO_PE 0 Radio Power Enable. RADIO MAC (2) 
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Interface Signal Description 

Table 2 Consists of a functional description for each of the PHY signals that are part of the HW/SW interface. 

TABLE 2. MAC-PHY INTERFACE SIGNALS 

SIGNAL NAME SIGNAL DESCRIPTION 

SYNTH_DATA Binary serial data input used to configure the PHY RF frequency synthesizer (HFA3524). Data is entered MSB first. 
A single data transfer is 22·bits wide. This is a high Impedance CMOS input to the PHY. 

SYNTH_CLK This Is the clock for the SYNTH_DAT A. The data is clocked in the appropriate synthesizer register on the rising edge 
of SYNTH_CLK. This is a high impedance CMOS Input to the PHY. 

SYNTH_LE Load enable for the PHY RF frequency synthesizer (HFA3524). When signal goes active (High), data stored In the 
shift register is loaded in one of the 4 synthesizer operational registers as defined by the control bits which are the 
two LSBs of the SYNTH_DATA. 

SELO, SEL1 Digitel control input to the PHY. Selects four programmed cut off frequencies for both receive and transmit channels 
of the analog baseband LPF. Tuning speed from one cutoff to another Is less than 1 ms. For IEEE802.11 the 8.8MHz 
cutoff frequency is used. 
SEL1 SELO Cutoff Frequency SEL1 SELO Cutoff Frequency 
LO LO 2.2MHz HI LO 8.8MHz 
LO HI 4.4MHz HI HI 17.6MHz 

T>CPE Transmit Channel Power Enable Control Input. TTL compatible Input. Enable logiC level is High. This signal controls 
severallF/RF components of the PHY transmit chain. It Is driving a totel of 3 PHY inputs of the PHY components 
HFA3634 and HFA3724. 

RlCPE Receive Channel Power Control Input. TTL compatible input. Enable logic level Is Hlgh.This signal controls several 
IF/RF componets of the PHY. It is driving a total of 5 PHY inputs of the PHY components HFA3624 and HFA3724. 

nepE.-BB TlCPE_BB is an input from the Media Access Controller (MAC). The rising edge of TX_PE_BB will start the intemal 
transmit state machine of the PHY dlgitel modem and the falling edge will inhibit the state machine. nePE _BB en 
vel opes the transmit data. 

TXD TXD is an input, used to transfer serial Date or PreamblelHeader Information bits from the MAC to the PHY digital 
modem (HSP3824). The data is received serially with the LSB first. The data is clocked in the HSP3824 at the falling 
edge of TXCLK. 

TXCLK TXCLK is a clock output used to receive the data on the TXD from the MAC to the PHY digital modem (HSP3824), 
synchronously. Transmit data on the TXD bus Is clocked Into the PHY on the falling edge. 

neRDY When the HSP3824Is configured to generate the Preamble and Header Information intemally, neRDY is an output 
to the extemal network processor Indicating that Preamble and Header Information has been generated and that the 
HSP3824 is ready to receive the data packet from the network processor over the TXD serial bus. neRDY returns 
to the Inactive state when TlCPE goes Inactive indicating the end of the data transmission. TlCRDY is an active high 
Signal. This signal is meaningful only when the HSP3824 generates Its own Preamble. 

CCA Clear Channel Assessment (CCA) Is an output used to signal that the channel Is clear to transmit. The CCA algorithm 
is user programmable and makes its decision as a function of RSSI, Energy detect (ED), carrier Sense (CRS) and 
the CCA watch dog timer. The CCA algorithm and Its programmable features are described in the data sheet of the 
HSP3824 PHY component. 
Logic 0 = Channel Is clear to transmit. 
logic 1 = Channel is NOT clear to transmit (busy). 
NOTE: This polarity Is programmable and can be inverted. 

RXD RXD Is an output to tha MAC transferring demodulated Header information and data in a serial format. The data is 
sent serially with the LSB first. The data Is frame aligned with MD·RDY. 

RXCLK RXCLK Is the output bit clock to the MAC. This clock is used to transfer Header information and data through the RXD 
serial bus to the MAC. This clock reflects the bit rate In use. RXCLK will be held to a logic '0' state during the acqui· 
sltlon process of the PHY. RXCLK becomes active when the PHY enters In the data demodulation mode, im mediately 
following signal acquisition. This occurs onca bit sync is declared and a valid signal quality estimate is made, when 
comparing the programmed Signal quality thresholds. 

MD_RDY MD_RDY is an output signal to the MAC, indicating a data packet is ready to be transferred to the MAC. MD_RDY is 
an active high signal and it envelopes the data transfer to the MAC over the RXD serial bus. MD_RDY retums to its 
inactive state when there is no more receiver data. when the programmable data length counter reaches its value or 
when the link has been interrupted. MD_RDY remains Inactive during preamble synchronization. MD_RDY can be 
programmed to become active after the SFD detaction in the protocol or after the CRC check field In the Header. 
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TABLE 2. MAC-PHY INTERFACE SIGNALS (Continued) 

SIGNAL NAME SIGNAL DESCRIPTION 

RX_PE_BB When active, digital modem receiver of the PHY is configured to be operational, otherwise the digital. modem receiver 
(HSP3824) Is in standby mode. This is an active high Input signal. 

SO SO Is a serial bl-dlrectlonal data bus'which is used to transfer address and data to/from the Internal registers of the 
PHY digital modem. The bit ordering of an 8-blt word Is MSB first. The first8-blts during transfers Indicate the register 
address Immediately followed by 8 more bits representing the data that needs to be written or read from that register. 

SClK SClK is the clock for the SO serial bus of the PHY digital modem. The data on SO is clocked at the rising edge. SClK 
is an input clock to the PHY dlgHal modem (HSP3824). The maximum rate of this clock is 10MHz. 

AS AS is an address strobe used to envelope the Address or the data on SO of the PHY digital modem. This Is an input 
signal to the PHY digHaI modem (HSP3824) 
logic 1 = envelopes the address bits. 
logic 0 = envelopes the data bits. 

RIW RIW is an Input to the PHY digital modem (HSP3824) used to change the direction of the SO bus when reading or 
writing data on the SO bus. RIW must be set up prior to the rising edge of SClK. A high level Indicates read while a 
low level is a write. 

CS CS is a Chip select for the PHY digital modem to activate the serial control port. This is an input signal to the PHY. 
The CS doesn't impact any of the other interface ports and Signals, I.e., the TX or AX ports and Interface signals. This 
is an active low Signal. When inactive SO, SClK, AS and RIW become 'don't care' signals. 

RESET Master reset for the PHY digital modem (HSP3824). When active, TX and AX functions are disebled. If RESET is 
kept low the HSP3824 goes into the power standby mode. RESET does not alter any of the configuration register 
values nor does It preset any of the registers Into default values. The device requires programming upon power-up. 
RESET can be eHher active or Inactive during programming of the device. 

PA_PE Enable for the PHY RF power amplifier (HFA3925) to start transmission. This Is a digital interface. A logic '1' enables 
the transmission. 

OSC_START Enable for the veo Startup Circuit. A low going pulse of 200 ±1 OIlS is required to activate the VCO aiter programming 
the synthesizer. 

RAOIO_PE Enable for power regulators and clocks driving the PHY. A logic '1' enables operation, a logic '0' puts the complete 
PHY in a power down mode. 

HW/sW Interfaces 

There are four primary HW/SW interfaces that are used for 
configuration and during normal operation of the device. The 
interfaces are power on initialization, transmit mode opera
tion, receive mode operation and power shut down mode. 
These interfaces are summarized as follows 

• The Initialization & Control Interface, which is used to 
configure, write and/or read the status of the physical layer 
digital modem and the RF synthesizer. This Interface is 
required to configure the programmable portions of the 
PHY during power up and coming out of certain power 
down modes. This interface is also used during operations 
for real time reconfiguration of PHY parameters and I or 
for reading PHY status. 

• The TX Interface, which is used to control the transmit 
data transfers between the MAC and the physical layer. It 
is also used to control all PHY devices for the transmit 
chain of the radio. 

• The RX Interface, which is used to control the receive 
data transfers between the MAC and the phySical layer. It 
is also used to control all PHY devices for the receive 
chain of the radio. 

• The Power Down Interface, which Is used to set the 
physical layer into one of three power savings modes. 

INITIALIZATION & CONTROL INTERFACE 
This HW/SW interface is used to configure and monitor the 
programmable registers of the PHY. There are two PHY 
devices that contain programmable registers: 

• The digital modem 

• The RF frequency synthesizer. This interface is required to 
configure the PHY radio upon power up initialization and 
to monitor status during normal operation. This interface is 
also used to select or switch the frequency channel as 
required for the transmit and receive operations. 

Digital Modem Interface 

The signals necessary to accomplish the functions of this 
interface are: 

CS:' Chip select 

AS: Address strobe 

RIW: Read I Write strobe 

SO: Serial Data. 

SCLK: Serial Data Clock. 

This HW/SW interface is required to configure the digital 
modem registers and performs all read and write operations 
to and from the digital modem. The serial control Interface is 
used to serially write and read data to/from the digital 
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modem. This serial interface can operate up to a 1 OMHz rate 
or the maximum sampling clock rate of the PHY (whichever 
is lower). The sampling or master clock of the physical layer 
is designated as MCLK and must be running during pro
gramming. This interface is used to program and to read all 
internal registers. The first 8-bits always represent the 
address followed immediately by the B data bits for that reg
ister. The serial transfers are accomplished through the 
serial data signal (SO). SO is a bi-directional serial data bus. 
An Address Strobe (AS), Chip Select (CS), and Read/Write 
(R/W) are also required as handshake signals for this inter
face. The clock used in conjunction with the address and 

CONTROL PORT READ TIMING 

SCLK 

I Msa ADDRESS IN IMsa 

AS ~,------------------~ 
" I I: 

I 
WW~~ ____________ -J 

data on SO is SCLK. This clock is provided to the PHY. The 
timing relationships of these signals are illustrated in Figure 
2. AS is active high during the clocking of the address bits. 
R/W is high when data is to be read, and low when it is to be 
written. CS must be active (low) during the entire data trans
fer cycle. CS selects the device. The serial control interface 
operates asynchronously from the TX and RX interfaces and 
can accomplish data transfers independent of the activity at 
the other digital or analog interfaces. CS does not effect the 
TX or RX operation of the device; impacting only the opera
tion of the Control interface. 

DATA OUT LSa I 

t 
~ 
I 
II ~~~--------------------------------~ I 

CONTROL PORT WRITE TIMING 

765432 0 7 6 5 4 3 2 0 7 6 5 4 

SCLK 

I Msa ADDRESS IN I Msa DATA OUT 

AS ~'------------------~~~------------------~t WW ~~ __________________________________________ . ________ ___ 

cs ~~ ________________________________________ -(~,---------
1- : 

FIGURE 2. DIGITAL MODEM CONTROL INTERFACE 

PHY Modem Configuration 

The PHY modem has 57 intemal registers that can be con
figured through the control interface. These registers are 
listed in Table 3 below. The table lists the configuration regis
ter number, a brief name describing the register, and the 
HEX address to access each of the registers. The type indi-

cates whether the corresponding register is Read only (R) or 
Read/Write (R/W). Some registers are two bytes wide as 
indicated on the table (high & low bytes). Table 3 indicates 
the proper modem register configuration to implement the 
IEEEB02.11 requirements as of the JULY 95 proposed draft. 

TABLE 3. CONFIGURATION AND CONTROL PHY REGISTER UST 

CONFIGURATION REGISTER REGISTER 
REGISTER NAME TYPE ADDRESS HEX DATA HEX 

CRO MODEM CONFIG. REG #1 RIW 00 1E 

CR1 MODEM CONFIG. REG #2 RIW 04 82 

CA2 MODEM CON FIG. REG #3 ytd RIW 08 23 

CR3 MODEM CONFIG. REG #4 RIW DC 03 

CR4 INTERNAL TEST REGISTER #1 RIW 10 00 

CAS INTERNAL TEST REGISTER #2 RIW 14 00 
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TABLE 3. CONFIGURATION AND CONTROL PHY REGISTER LIST (Continued) 

CONFIGURATION REGISTER REGISTER 
REGISTER NAME TYPE ADDRESS HEX DATA HEX 

CR6 INTERNAL TEST REGISTER #3 R 18 · 
CR7 MODEM STATUS REGISTER #1 R 1C · 
CR8 MODEM STATUS REGISTER #2 R 20 · 
CR9 I/O DEFINITION REGISTER RIW 24 00 

CR10 RSSI VALUE REGISTER R 28 · 
CR11 ADC_CAl.-POS REGISTER RIW 2C 01 

CR12 ADC_CAL..NEG REGISTER RIW 30 FD 

CR13 TX_SPREAD SEQUENCE (HIGH) RIW 34 05 

CR14 T)CSPREAD SEQUENCE (LOW) RIW 38 B8 

CR15 SCRAMBLE_SEED RIW 3C 7F 

CR16 SCRAMBLE_TAP (RX & TX) RIW 40 48 

CR17 CCA.. TIMER-TH RIW 44 2C 

CR18 CCA..CYCLE..TH RIW 48 03 

CR19 RSSLTH RIW 4C 1E 

CR20 RX_SPREAD SEQUENCE (HIGH) RIW 50 05 

CR21 RX_SPREAD SEQUENCE (LOW) RIW 54 B8 

CR22 R)CSQ1..ACQ (HIGH) THRESHOLD RIW 58 01 

CR23 R)CSQ1..ACQ (LOW) THRESHOLD RIW 5C E8 

CR24 RX_SQf .. :ACQ (HIGH) READ R 60 · 
CR25 RX_SQ1..ACQ (LOW) READ R 64 · 
CR26 R)CSQCDATA (HIGH) THRESHOLD RIW 68 00 

CR27 R)CSQCDATA (LOW) THRESHOLD RlW6C 00 

CR28 R)CSQCDATA (HIGH) READ R 70 

CR29 RX_SQCDATA (LOW) READ R 74 · 
CR30 RX_SQ2_ACQ (HIGH) THRESHOLD RIW 78 00 

CR31 RX_SQ2..ACQ (LOW) THRESHOLD RIW 7C CA 

CR32 RX_SQ2..ACQ (HIGH) READ R 80 · 
CR33 RX_SQ2..ACQ (LOW) READ R 84 · 
CR34 R)CSQ2_DATA (HIGH) THRESHOLD RIW 88 FF 

CR35 RX_SQ2_DATA (LOW) THRESHOLD RIW 8C FF 

CR36 RX_SQ2_DATA (HIGH) READ R 90 · 
CR37 R)CSQ2..DATA(LOW) READ R 94 · 
CR38 RX_SCLREADFULLPROTOCOL R 98 · 
CR39 RESERVED W 9C 00 

CR40 RESERVED W AO 00 

CR41 UW_ TIME_OUT _LENGTH RIW A4 90 

CR42 SIG_DBPSK FIELD RIW A8 OA 

CR43 SIG_OQPSK FIELD RIW AC 14 
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TABLE 3. CONFIGURATION AND CONTROL PHY REGISTER LIST (Continued) 

CONFIGURATION 
REGISTER NAME 

CR44 RlLSER_FIELD 

CR45 RlLLEN FIELD (HIGH) 

CR46 RlLLEN FIELD (LOW) 

CR47 RlLCRC16 (HIGH) 

CR48 R)CCRC16 (LOW) 

CR49 UW(HIGH) 

CR50 UW(LOW) 

CR51 TlLSER_F 

CR52 TlLLEN (HIGH) 

CR53 TlLLEN (LOW) 

CR54 TX_CRC16 (HIGH) 

CR55 TX_CRC16 (LOW) 

CR56 TlLPREM_LEN 

Synthesizer Interface 

The following signals are required to accomplish the func
tions of this interface: 

Synth_Data: Serial Synthesizer Data 

Synth_Clk: Synthesizer Data Clock 

Synth_LE: Synthesizer Load Enable 

REGISTER REGISTER 
TYPE ADDRESS HEX DATA HEX 

R BO -
R B4 -
R B8 -
R BC -
R CO -

RIW C4 F3 

RIW C8 AO 

RIW CC 00 

R DO -
R 04 -
R 08 -
R DC -

RIW EO 80 

These signals are utilized to configure the RF frequency 
synthesizer. The synthesizer tunes the radio to the appropri
ate receive and transmit channels. Figure 3 illustrates the 
required timing to write the appropriate frequency to the 
PHY synthesizer. 

V=-N19 ••• ~ ••• ~ 
DATA _N_2_0:_M_SB __ ~ ••• ____ N_1_0 ~ ••• ~ CONTROL Brr:LSB 

(R20:MSB) (R19) (Re) (R7) (RS) (R1) CONTROL Brr:LSB 

CLOCK ~ ••• ---1lSlfL.--fLfL-
LE _______ _ ____ n ... __ 

OR 

LE --..., 

FIGURE 3. SYNTHESIZER SERIAL DATA INTERFACE 

The following Data patterns are required to initialize the PHY 
synthesizer for IEEEB02.11 operation. It should be noted 
that the register order is important with IF R first followed by 
IF N, RF R, and RF N. Also note that when powering up or 
coming out of Power Down Mode #2 (see page 10). The 4 
registers should be written to twice. This is because the 
device RF and IF sections should be enabled before config
uring the Rand N pairs; and this effectively occurs if the val
ues below are written twice in the IF R, IF N, RF R, RF N 
order. Also note that the OSC_START signal must follow any 
synthesizer programming cycle. 

SYNTH_DATA 16,1801h 
SYNTH_DATA 6, 60h 
SYNTH_DATA 16,4118h 
SYNTH_DATA 6,04h 
SYNTH_DATA 16,1801 h 
SYNTH_DATA 6,68h 
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The Harris_FI'8<I-Table holds the 22-bit values for the 
synthesizer RF N Counter control register. Each entry is com
prised of three bytes. Eight bits of the first byte is serially 
shifted out to the synthesizer (MSBit first), followed by 8-bits of 
the second byte (MSBit first), followed finally by the 6 MSBits 
of the third byte (MSBit first). The two LSBits of the third byte 
In each entry are Ignored. The synthesizer configuration for 
each of the 12 IEEE802.11 channels Is shown below. 

TXINTERFACE 
The signals required for the control of the transmit functions 
of the radio are: 

nCPE_BB: Transmit power enable for digital modem 

TXD: Transmit digital data 

TXCLK: Transmit data clock 

TX_RDY: Transmit data ready 

Harrls_Freq_ Table 

db 

db 

db 

db 

db 

db 

db 

db 

db 

db 

db 

db 

TX..PE....BB 
PA..PE 

TXD 

TX..RDY 

TX..PE 
PA..TR 

RlLPE....BB 

RlLPE 

SELO 

SEL1 

MD_RDY 

RESET 
RADIO_PE 

label byte 

02h,011h,04Ch ;Channel1 

02h, 011 h, 09Ch ;Channel2 

02h, 011 h, OECh ;Channel3 

02h,018h,03Ch ;Channel4 

02h,018h,08Ch ;Channel5 

02h, 018h, ODCh ;Channel6 

02h,019h,02Ch ;Channel7 

02h,019h,07Ch ;Channel8 

02h, 019h, OCCh ;Channel9 

02h,020h,01Ch ;Channel10 

02h,020h,06Ch ;Channel11 

02h, 021 h, OCCh ;Channel12 

TX_PE: Transmit power enable for RF and IF sections 

PA_PE: Power amplifier transmit enable 

SEL 0,1: Selection of appropriate baseband LPF 

CCA: Clear channel assessment indicator from PHY 

To initiate the transmit operation the MAC generates TX_PE. 
The Preamble and Header are then generated by the PHY. 
Finally, when cued, the MAC delivers the data packet to the 
PHY for transmission. The transmit data digital interface 
transfers the data that needs to be transmitted serially to the 
PHY. The data is modulated and transmitted as soon as it is 
received from the MAC. The serial digital data is input to the 
PHY through TXD using the falling edge of TXCLK to clock it 
in the PHY. TXCLK is an output from the PHY. A timing dia
gram of the transmit signal sequence is shown on Figure 4. 

r---~-------a--------------~~~--------------~' , 1 ~ 
, , 

it 
~ : 1 1 

_-! __ -!-__ -st-____ ....,~,.L-S-B---OA:--:rA--PAC--K-ET----!:'S:---M-S-B ~ DUMMY BITS ro!CLEtR MOD PATH 

1 1 ~ ~ 

V :;\...! 

JNTCA~! : s 
1 
1 
1 

1 1 1 1 

-1: 
: 21'8: 

:2 ... L 
1 ""'1 

~ 1 ~--------------------------------------------~~ 1 1 

~ ~---------------------------------~-,-
LOGIC "0" 

LOGIC "1" 

---n 
1 ~--------------~r: 1 
1 

LOGIC "1" 

I 
121'81 
1 1 

FIGURE 4. TRANSMIT TIMING DIAGRAM 
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The preamble and PHY header transmission is always at a 
1 Mbps (BPSK) data rate. The MAC header and data that 
follows can be either at 1 Mbps (BPSK) or at 2Mbps (QPSK). 
To avoid rate switching within any single transmission 
between the MAC-PHY interface, the TXCLK will always be 
at the higher rate of 2Mbps. This implies that each of the 
BPSK symbols needs to be coming into the PHY twice. The 
MAC needs to send the same BPSK symbol twice at a rate 
of 2Mbps and this action will make it equivalent to the 
required BPSK symbol rate of 1 Mbps. If QPSK data bits 
follow the PHY header, they will be sent from the MAC to the 
PHY only once at the 2Mbps rate. 

The MAC initiates the transmit sequence by asserting 
TX_PE. Then TX_PE_BB envelopes the transmit data 
packet on TXD. The PHY responds by generating TXCLK to 
input the serial data on TXD. TXCLK will run until 
TX_PE_BB goes back to its inactive state indicating the end 
of the data packet. In addition Figure 4 illustrates the state of 
the PHY receive signals while transmitting as well as, the 
power enable, reset, and filter select proper signal states. 

The PHY supports two possible data transfer scenarios, one 
where the preamble and header fields are generated within 
the PHY and one where the MAC generates the preamble 
and header fields. The scenario described herein assumes 
that the PHY generates the preamble and PHY header. 

During this mode the PHY will immediately start transmitting 
the preamble and header as internally generated. Data 
available on TXD upon assertion of TX_PE_BB would be 
ignored. When the internally generated preamble and 
header are finished the PHY asserts TX_RDY. This signals 
the MAC to begin sending the data packet. TX_RDY 
assertion timing is programmable via Configuration Register 
(CR) 1. The timing diagram of this TX scenario, where the 
preamble and header are generated internal to the PHY, is 
illustrated on Figure 4. 

One other signal that can be used to assist MAC transmit 
decisions as part of the TX interface is the Clear Channel 
Assessment (CCA) signal which is an output from the PHY. 
The CCA provides the indication that the channel is clear of 
energy and the transmission will not be subject to collisions. 
CCA can be monitored by the MAC to assist in deciding when 
to initiate transmissions. The CCA indication can be bypassed 
or ignored by the MAC without impacting any of the physical 
layer operations. The state of the CCA does not effect the 
transmit operation of the PHY. TX_PE and TX_PE_BB will 
always initiate the transmit state independent of the state of 
CCA. The CCA timing is not shown in the timing diagram of 
Figure 4 since it is an optional signal and does not influence 
the PHY transmit operations. 

Signals TX_RDY, TX_PE_BB and TXCLK can be set 
individually, by programming CR9, as either active high or 
active low signals. 

To avoid increasing throughput delays it is critical that the 
timing of TX-,PE and RX_PE are as close to complementary 
of each other as possible. 

When first aHempting to transmit upon power-up. 
PA_PE must stay low for at least 10ms after RADIO_PE 
goes high. 

RXINTERFACE 
The signals that control the receive functions of the radio are: 

RX_PE_BB: Receive power enable for digital PHY modem 

MD_RDY: MAC data ready, enveloping the MAC data 
packet from the PHY 

RXD: Receive serial baseband data to the MAC 

RXCLK: Receive data clock to the MAC 

RX_PE: Receive power enable for the RF and IF 
section of the PHY radio 

SEL 0,1: Receive LPF frequency select 

Timing diagram, Figure 5 illustrates the relationships 
between the various signals required to control the PHY dur
ing the receive operations. 

The receive data interface of the PHY digital modem (RXD) 
serially outputs the demodulated data to the MAC. The data 
is output as soon as it is demodulated by the PHY. RX_PE 
and RX_PE_BB must be at their active state throughout the 
receive operation. When RX_PE, RX_PE_BB are inactive 
the PHY receive functions, including acquisition,. will be in a 
stand by mode. The timing relationships between RX_PE 
and RX_PE_BB, as well as, the state of the transmit signals, 
power enable signals, reset and filter select signal states are 
illustrated on Figure 5 for the receive operation during the 
reception of a single packet. 

RXCLK is an output from the PHY and is the clock for the 
serial demodulated data on RXD. MD_RDY is an output from 
the PHY and it envelopes the valid data on RXD. MD_RDY is 
programmable and is asserted either after the Start Frame 
Delimiter field has been detected or immediately after the 
CRC field of the header has been checked. MD_RDY is pro
grammed through CR3, bit-7 to select when it will be 
asserted. The PHY may also be programmed to ignore error 
detection during the CRC check of the header fields. If pro
grammed to ignore errors the device continues to output the 
demodulated data in its entirety regardless of the CRC 
check result. This option is programmed through CR2, bit-5. 

The preamble and PHY header are always received at a 
1 Mbps (BPSK) data rate. The MAC header and data that fol
lows can be either at 1 Mbps (BPSK) or at 2 Mbps (QPSK). 
To avoid rate switching within any single packElt reception 
between the MAC-PHY interface, the RXCLK will always be 
at the higher rate of 2 Mbps. This implies that each of the 
BPSK symbols is coming out of the PHY twice. The PHY 
sends to the MAC the same BPSK symbol twice at a rate of 
2 Mbps and this action will make it equivalent to the required 
BPSK symbol rate of 1 Mbps. If QPSK data bits follow the 
PHY header, they will be sent to the MAC from the PHY only 
once at the 2 Mbps rate. 

If rate switching is not an issue for the controller (MAC) then 
the HSP3824 can be configured to rate switch within the 
packet. The HSP3824 can automatically switch from BPSK 
to the QPSK rate at the appropriate time. 
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Not~ that RXCLK and RXD become active after acquisition, 
well before MD_ROY is asserted .. MD_ROY returns to its 
inactive state· under the following conditions: 

• The number of data symbols, as defined by the length field 
in the protocol, has been received and output through 
RXD in its entirety (normal condition). 

R!(c;:LK --_ ..... 

• PN tracking is lost during demodulation. 

• R>LPE_BB is deactivated by the MAC. 

MD_RDY can be configured through CR9, bit-6 to be active 
low, or activa high. 

To avoid Increasing throughput delays it Is critical that the 
timing of TX_PE and RX_PE are as close to complementary 
of eac::h other as possible. 

i ~~J-----I--------------------------~~ : I'IlLPE ----J..J 1\"",,1 
I I I I 

I PROCESSING I ~II 
MD_RDV I PREAMBLElHEADER :J 

1 51 r 
I I I 

RXD :: X LSB DATA MSB ~ 
I I I I 

SELO 

SEL1 

LOGIC "0" 

LOGIC "1" 

LOGIC "1" 

I 

2jla1 
I 

FIGU~E 5. RECEIVE TIMING DIAGRAM 

POWER DOWN MODES 
The power consumption modes of the PHY are controlled by 
the following control signals: 

• Receiver Power EnablEi (RX_PE & RX_PE_BB), wh.ich 
disable the radio receiver when Inactive. 

• Transmitter Power Enable (TX_PE & T>LPE_BB & 
PA..PE), which disable the radio transmitter when inactive. 

• Reset (RESET), which puts the digital receiver in a sleep 
mode when it is asserted at least 2 MCLK's after RX_PE 
is set at Its inactive state. 

• RADIO_PE, which disables power regulators and all 
digital clocks to the PHY. 

• In addition the radio RF synthesizer is programmable and 
can be set at a maximvm power savings mode. 

Utilizing the availability of the signals above there are three 
power savings modes defined: 

• Power Down mode #1: During this mode the current con
sumption of the radio is estimated at 38mA. The radio can 
not receive or transmit when configured for this mode. 
When in this mode, it takes 25118. to return the radio in its 
operational mode. when set in this mode, the PHY main
tains Its configuration data. There Is no need to reprogram 
any of the radio register values. To activate Power Down 
mode #1 the following signals need to be set at the states 
shown below: 

R>LPE: LOW 

RX_PE_BB: LOW 

T>LPE: LOW 

TX_PE_BB: LOW 

PA..PE: LOW 

RESET: LOW 

RADIO_PE: HIGH 
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• Power Down mode #2: During this mode the current 
consumption of the radio is estimated at 23mA. The radio 
cannot receive or transmit when configured for this mode. 
When in this mode, it takes 2ms. to return the radio in its 
operational mode. During this mode the synthesizer is 
programmed into its power savings mode. When set at 
this mode, the PHY maintains its configuration data. There 
is no need to reprogram any of the radio register values. 
However, the Synthesizer needs to be reprogrammed 
according to Synthesizer Interface Section on page 7. 

To activate Power Down mode #2 the following signals need 
to be set as shown below: 

RX_PE: LOW 

R>LPE_BB: LOW 

TX_PE: LOW 

TX_PE_BB: LOW 

PA_PE: LOW 

RESET: LOW 

RADIO_PE: HIGH 

In addition the Synthesizer needs to be programmed via the 
synthesizer configuration interface as shown below: 

SYNTH_DATA 16,1801h ;IF R Counter register 
SYNTH_DATA 6,Oh initialization. 

SYNTH_DATA 16,OCl18h ;IF N Counter register 
SYNTH_DATA 6,04h initialization. 

Appendix A 

SYNTH_DATA 16,1801h 
SYNTH_DATA 6,68h 

SYNTH_DATA 16,8211 h 
SYNTH_DATA 6,4Ch 

;RF N Counter register 
Initialization. 

;RF N Counter register 
initialization. 

• Power Down mode #3: During this mode the current 
consumption of the radio is estimated at 1 mao The radio 
can not receive or transmit when configured for this mode. 
When set in this mode, it takes 15ms. to return the radio to 
its operational mode. When set in this mode, the PHY 
does not maintain its register configuration. All radio 
register values need to be reprogrammed to resume 
operation. This holds for both the PHY digital modem 
(HSP3824) and the PHY frequency synthesizer 
(HFA3925). To activate Power Down mode #3 the follow
ing signals need to be set as shown below: 

RX_PE: Don't Care 

RX_PE_BB: LOW 

T>LPE: Don't Care 

TX_PE_BB: LOW 

PA_PE: LOW 

RESET: LOW 

RADIO_PE: LOW 

When first attempting to transmit upon powe .... up, 
P,,"-PE must stay low for at least 10ms after RADIO_PE 
goes high. 

Control Register Values for Single Antenna Acquisition 

REGISTER 
ADDRESS 

REGISTER NAME TYPE IN HEX QPSK BPSK 

CRO MODEM CONFIG. REG #1 R/W 00 3C 64 

CRl MODEM CONFIG. REG#2 R/W 04 00 00 

CR2 MODEM CONFIG. REG#3 R/W 08 07 24 

CR3 MODEM CON FIG. REG#4 R/W OC 04 87 

CR4 INTERNAL TEST REGISTER#l R/W 10 00 00 

CR5 INTERNAL TEST REGISTER #2 R/W 14 00 00 

CR6 INTERNAL TEST REGISTER#3 R/W 18 00 00 

CR7 MODEM STATUS REGISTER #1 R 1C X X 

CR8 MODEM STATUS REGISTER #2 R 20 X X 

CR9 1/0 DEFINITION REGISTER R/W 24 00 00 

CR10 RSSI VALUESTATUS REGISTER #2 R 28 X X 
, 

CRll ADC_C~POS REGISTER R/W 2C 01 01 

CR12 ADC_CA~NEG REGISTER R/W 30 FD FD 
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Appendix A 

Control Register Values for Single Antenna Acquisition (Continued) 

REGISTER 
ADDRESS 

REGISTER NAME TYPE IN HEX QPSK BPSK 

CR13 11LSPREAD SEQUENCE (HIGH) RIW 34 05 05 

CR14 11LSPREAD SEQUENCE (LOW) RIW 38 B8 B8 

CR15 SCRAMBLE_SEED RIW 30 7F 7F 

CR16 SCRAMBLE_TAP (RX&TX) RIW 40 48 48 

CR17 CCA_TIME~TH RIW 44 20 2C 

CR18 CCA-CYCLE.-TH RIW 48 03 03 

OR19 RSSLTH RIW 4C lE lE 

CR20 RX_SPREAD SEQUENCE (HIGH) RIW 50 05 05 

CR21 AlLSREAD SEQUENCE (LOW) RIW 54 B8 B8 

CR22 AlLSQC IN-"OO(HIGH) THRESHOLD RIW 58 01 01 

CR23 RX-SQC IN-"OO(LOW) THRESHOLD RIW 50 E8 E8 

CR24 RX-SQC OUT _AOO(HIGH) READ R 60 X X 

CR25 RX-SQC OUT-"OO (LOW) READ R 64 X X 

CR26 RX-SQC IN_DATA (HIGH) THRESHOLD RIW 68 OF OF 

CR27 RX-SQ1-SQC IN_DATA (LOW) THRESHOLD RIW 6C FF FF 

CR28 RX-SQ1_ OUT _DATA (HIGH) READ R 70 X X 

CR29 RX-SQC OUT_DATA (LOW) READ R 74 X X 

CR30 RX-SQ2_IN-"CQ (HIGH) THRESHOLD RIW 78 00 00 

CR31 RX-SQ2- IN-AOO (LOW) THRESHOLD RIW 7C CA OA 

CR32 RX-SQ2_ OUT -"CQ (HIGH) READ R 80 X X 

OR33 RX-SQ2_ OUT -"00 (LOW) READ R 84 X X 

OR34 RX-SQlLIN_DATA (HIGH) THRESHOLD RIW 88 09 09 

CR35 RX-SQlL IN_DATA (LOW) THRESHOLD RIW 8C 80 80 

CR36 RX-SQ2_ OUT_DATA (HIGH) READ R 90 X X 

CR37 RX-SQlL OUT_DATA (LOW) READ R 94 X X 

CR38 RlCSQ_READ; FULL PROTOCOLB0211 R 98 ~ X 

CR39 RESERVED W 9C X X 

CR40 RESERVED W AO X X 

CR41 UW_ TIME.-OUT _LENGTH RIW A4 90 90 
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Appendix A 

Control Register Values for Single Antenna Acquisition (Continued) 

REGISTER 
ADDRESS 

REGISTER NAME TYPE IN HEX QPSK BPSK 

CR42 SIG_DBPSK Field RIW AB OA OA 

CR43 SIG_DOPSK Field RIW AC 14 14 

CR44 RX.-SER_Fleld R BO X X 

CR45 RX_LEN Field (HIGH) R B4 X X 

CR46 R>LLEN Field (LOW) R BB X X 

CR47 RX_CRC16 (HIGH) R BC X X 

CR4B RX_CRC16 (LOW) R CO X X 

CR49 UW-(HIGH) RIW C4 F3 F3 

CR50 UW_(LOW) RIW CB AD AD 

CR51 T>LSE~F RIW CC 00 00 

CR52 TX_LEN (HIGH) R DO X X 

CR53 TX_LEN(LOW) R 04 X X 

CR54 T>LCRC16 (HIGH) R DB X X 

CR55 TX_CRC16 (LOW) R DC X X 

CR56 TX_PREM_LEN RIW EO 80 80 
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Introduction 
The Harris PRISM chip set has 
been designed to be used for 
both continuous and packetized 
data transmission applications. 

System designers need the capability to evaluate and test 
the radio performance under their operating environments 
and by using their own transmission method and protocols. 
In the case of continuous transmission testing, there are 
commercially available Bit Error Rate (BER) testers that can 
be utilized to perform the required evaluation. tests. 

In contrast when it comes to packetized data evaluation, the 
availability of Packet Error Rate (PER) testers, to test a pack
etized radio, are not as readily available. In most cases the 
system eilaluators are designing custom test beds to accom
plish these performance measurements. This application 
note Is an attempt to provide· some guidance of how to 
design a PER test environment for the PRISM radio. 

Test Bed Description 

The Test bed required is comprised of a TX and an RX set of 
PRISM radiOS, a PER Tester (PERT) and any other noise 
and interference eqUipment as required for the emulation of 
the channel environment. Figure 1, illustrates this top level 
test bed configuration. The focus of this note is to explore 
some possibilities for a custom designed PER tester. 

The function of the tester is to generate the desired data 
packets at baseband (digital Data) and feed them to the 
PRISM radio for transmission through an Interface with the 
PRISM HSP3824 Baseband Processor. The TX PRISM 
radio will transmit the packet through the channel. The RX 
radio will demodulate the baseband packet, which will be 
transferred to the PER tester via the HSP3824 interface. The 
PER tester will detect any errors within the received pack
ets. In addition the PERT should be able to report any 
dropped transmitted packets that were not acknowledged at 
the receiver. These dropped packets will also be accounted 
as part of the PER measurement. 

The test bed includes an interference source to add noise 
and interference at RF to accomplish the PER measurement 
as a function of SNR. 

Test Packets 
The format of the test packets to be transmitted must always 
have one of the formats as described in the HSP3824 data 
sheet. All of the packet formats include a preamble field, 
header fields, and data. 

The preamble is programmable and can be up to 256 sym
bols long. The preamble is used for initial PN synchroniza
tion of the receiver. 

The header can consists of various fields depended on the 
desired protocol mode. The header always includes the Start 
Frame Delimiter (SFD) field. This is true under any mode of 

PACKET ERROR MEASUREMENT TEST BED 

INTERFERENCE SOURCES 

1 
PRISMTX 

J 
RFCHANNEL 

I 
PRISMRX 

I I 

1 PACKET ERROR RATE TESTER I 
TX BASEBAND DATA RX BASEBAND DATA 

FIGURE 1. PRISM PER MEASUREMENTS TOP LEVEL TEST BED CONFIGURATION 

PRISM'" and the PRISMTM logo are trademarks 01 Harris Corporation. 
Copyright @Harrls Corporation 1996 
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PER Tester Description operation. Other fields are optional per the mode in use. 
There is also a choice to either protect the header fields with 
CRCornot. 

The PERT will be responsible for generating and appending the 
data portion of the packet to the preamble and header fields. 

The PERT functional block diagram is illustrated in Figure 3. 
The PER functions are grouped into the TX, RX and modem 
interface functions. 

The example of this note will expand on the simplest possi
ble header format that the HSP3824 is capable of self-gener
ating. This format is shown on Figure 2, and it consists of the 
preamble bits and the SFD header field immediately followed 
by the externally provided data. 

The transmit side of the PER tester generates the data, con
trols the data length and the packet transmission rate. 

The receive side of the PER tester adds the number of error
less messages received for comparison with the number of 
actual packets transmitted to derive a PER performance figure. 

The test philosophy requires that the data sent by the PER 
tester includes a CRC check field. The CRC is checked at the 
RX and it either declares a successful packet reception or a 
packet in error. If for some reason the packet is never seen at 
the receiver then the PER tester should be able to account for 
the missed packet. The PER tester should also be able to 
control the packet length and the frequency (rate) of the trans
missions. The PER tester maintains a count of the transmitted 
vs. the successfully received packets. These counts will be 
used to calculate the PER performance of the experiment. 

ALWAYS 
REQUIRED OPTIONAL 

PREAMBLE 
78-256 BITS 

1\ 

OTHER FIELDS 
0- 48 BITS 

1\ 

CAN BE GENERATED INT~RNALLY FROM HSP3824 
OR 

EXTERNALLY FROM NETWORK PROCESSOR OR PERT 

PREAMBLE 
78 ·258 BITS 

SFD 
16 BITS 

.. 
SIMPLEST PACKET STRUCTURE 

DATA 

FIGURE 2. PACKET FORMAT DESCRIPTION 

PULSE GENERATOR INPUT 
(OPTIONAL TO GENERATE TX - PE AND CONTROL PACKET TRANSMISSION) 

FIGURE 3. PERT TOP LEVEL BLOCK DIAGRAM 
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Modem Interface 

The PERT is required to send the transmit packet to the 
PRISM radio and also to receive the demodulated received 
packet from the radio. The PERT will interface directly with 
the HSP3824 PRISM Baseband Processor. Details of the 
HSP3824 interface requirements are described In the 
HSP3824 data sheet. A timing diagram of the TX and RX 
Interfaces are shown on subsequent figures of this note. The 
TX_PE signal Initiates the transmit operation of the radio. 
The actual rate and duty cycle of this signal will define the 
rate of packet transmission, as well as the length of the 
transmitted packet size. As shown on Figure 4, TX_PE 
envelops the preamble, header and the packet data. The 
T>LPE line can be driven direcUy from an external, off the 
shelf, pulse generator with a programmable duty cycle. The 
programmable pulse generator will . provide a variety of 
packet lengths and transmission rates to adequately evalu
ate the radio performance. 

TX Function 

The PERT TX functions include the data generator, the data 
length controller, the CRC generator and the TX packet 
counter. 

The data generator outputs the test data that needs to be 
appended to the header. The interface signal TX_RDY Indi
cates to the PER tester when it should start sending the data 
through the HSP3824 Interface. The timing is shown on Fig
ure 5. More details of this Interface are described in the 
HSP3824 data sheet. 

The data generator uses the data length defined by the data 
length controller. The data length controller can be simply a 
register that is programed to· indicate the desired size of the 
data packet or it can be controlled direcUy from the signal of 
the external pulse generator that drives the TX_PE line as 
described above. 

The CRC generator appends a CRC check at the end of the 
data. The CRC will be checked at the RX portion of the PER 
tester after it has been transmitted and received through the 
channel. The RX will check the deta for CRC errors and if In 

error then the packet will be declared as such. The PER 
tester TX function maintains a count of all transmitted pack
ets through the TX packet counter. 

RX Functfon 

The PERT RX functions Include a CRC Check and the RX 
packet counter. The timing of the RX interface between the 
PRISM (HSP3824) and the PERT receiver is shown on 
Figure 6. 

The PERT checks the data for the CRC calculation starting 
when MD_RDY is asserted by the HSP3824. MD_RDY 
envelopes the first data bit after the preamble and it is deas
serted at the end of the data CRC. 

The PERT receiver counts all packets received and then 
subtracts from that count any packets that have been 
detected with a CRC error. This count, that is maintained by 
the PERTs receiver, in conjunction with the count that is 
maintained by the PERTs transmitter (which keeps track of 
the number of all transmitted packets) are used to derive the 
PER performance of the system under test. 

This PERT design is capable to account for all packets in error. 

• If a packet is never received, the transmitter will report it 
to its TX packet count and the error will be accounted for. 

• If an error occurs within the PRISM (HSP3824) header, 
which has not been processed by the PERTs CRC circuit, 
the packet in error will not be received by the PERT. The 
HSP3824 will drop the packet (will not assert MD_RDY), 
upon detecting a corrupt header. 

• If an error occurs within the PERT generated data, it will 
be detected by the CRC check function of the PERT 
receiver. This packet will be subtracted from the received 
packet count. 

By utilizing the PERTs CRC checks in combination with the 
HSP3824 programmable features, the design can be sim
plifed since no actual data comparisons need to be imple
mented. This design can lead to effective PER performance 
measurements for a PRISM based packetized system. 

TX PACKET RATE 

TXENVELOPE TXOFF .. .. 

L 

FIGURE 4. PACKET TRANSMISSION TIMING DIAGRAM 
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TXCLK 

TJLRDV SS) 
------~ 

PREAMB~ • HEADER X LSB DATA PACKET :: TXD 

jI' 
MSB OF LAST HEADER FIELD 

~'------I 

~'------
_BXXXXXXXXXXXXXX 

NOTE: PreambleIHeader and Data is transmitted LSB first TJ<..RDY is Inactive Logic 0 when generated externally. TXD shown generated 
from rising edge TXCLK. 

FIGURE 5. PRISM (HSP3824) DIGITAL TX INTERFACE 

RXCLK 

RlLPE J 
CRS(TEST7) ~ 51 

PROCESSING I 

" MD_RDV PREAMBLElHEADER II 
" I 

RXD X LSB : DATA 

NOTE: MD_RDY active after CRC16. 

FIGURE 6. PRISM (HSP3824) DIGITAL RX INTERFACE 
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Introduction 
The PRISMTM PC Card Wire-
less LAN Kit is provided with 
two reference wireless LAN PC ~ Cards. This note will detail the 

RF and analog design of these cards. The physical layer 
(PHy) sections of these PC Cards are described in detail in 
the following sections. The medium access control (MAC) 
section of the PC Cards is described in detail in the pending 
AMD application note titled "Wireless LAN DSSS PC Card 
Reference Design" [1]. 

Figure 1 shows a block diagram of the reference radio 
design. This radio has been designed to conform to the draft 
IEEE 802.11 specification but does not include the antenna 
diversity selection. 

The specifications of the PC Card wireless LAN are as 
follows: 

General Specifications 
• Targeted Standard. . . • . . . . . . . . . . . IEEE 802.11 (Draft) 

• Data Rate ........................ 1 MBPS DBPSK 

2MBPSDQPSK 

• Range .•..•....•.......... 400ft Indoor Typ (Note 1) 

3700f! Outdoor Typ (Note 1) 

• Frequency Range .................. 2412 - 2484MHz 

• Step Size. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 1 MHz 

• IF Frequency ............................ 280MHz 

• IF Bandwidth .•........................... 17MHz 

• RXlTX Switching Speed ..................... 2j.lS Typ 

• Operating Voltage ..................... 4.5 - 5.5Voc 

• Standby Current. ..... 100mA at 25j.lS Recovery (Note 4) 
65mA at 2ms Recovery (Note 4) 

18mA at 15ms Recovery (Note 4) 

• Operating Temperature Range ... -300C to 70°C (Note 2) 

• Storage Temperature Range ........... -550C to 125°C 

• MechanicaL... Type II PC Card, with Antenna Extension 

• Antenna Interface ........................ SMA, 50n 

Receive Specifications 
• Sensitivity ..... -93dBm Typ, 1 MBPS, 8E-2 FER (Note 3) 

-90dBm Typ, 2M BPS, 8E-2 FER (Note 3) 

• Input Third Order Intercept Point ........... -17dBm Typ 

• Image Rejection ......................... 80dB Typ 

• IF Rejection ............................. 80dB Typ 

• Adjacent Channel Rejection ................ 35dB Min 

• Supply Current ................. 320mA Typ, 2MBPS 

Transmit Specifications 
• Output Power ........................ +18dBm Typ 

• Transmit Spectral Mask .... -32dBc Typ at First Side-Lobe 

• Supply Current ... 560mA Typ, 2MBPS, 100% Duty Cycie 

NOTES: 
1. Using omnidirectional antenna. 
2. Oscillator and AM79C930, limited to OOC to 70°C currently. 
3. FER = Frame Error Rate or Packet Error Rate. 
4. Recovery times do not include MAC recovery. 

Receive Processing 

Referring to the block diagram in Figure 1, a single antenna 
is used. Up to two antennas are supported in the 
HSP3824[2] Baseband Processor to implement diversity, 
countering the adverse effects of multi-path fading. From the 
antenna, the received input is applied to FL 1, a Toko TDF2A-
2450T-10 two pole dielectric bandpass filter, which is used to 
provide image rejection for the receiver. The IF frequency is 
280M Hz, and low-side injection is used, thereby placing the 
received image 560MHz below the tuned channel. FL 1 also 
provides protection for the RF front-end from out of band 
interfering signals. 

The T/R switch is integrated in the HFA3925[3] RF Power 
Amplifier (RFPA). The HFA3925 RFPA operates from the 
unregulated 5V PC Card supply. Following the T/R SWitch, 
the HFA~24[4] Low Noise Amplifier (LNA) is used to set the 
receiver noise figure. The HFA3424 LNA operates from a 
regulated 3.5V supply. 

A trade-off between noise figure and input intercept point 
exists in any receiver, to balance these conflicting require
ments in the PRISMTM radio, an attenuator follows the 
HFA3424 LNA. The attenuation chosen is 5dB. To improve 

PRISM'" and the PRISM'" logo ara trademarkS 01 Harris Corporation. 
Copyright «:> Harris Corporation 1997 
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TABLE 1. PRISMTM CASCADED FRONT-END ANALYSIS 

STAGE 

FL1 RF FILTER 

HFA3925 T/R SWITCH 

HFA3424LNA 

ATIENUATOR 

HFA3624LNA 

FL2 RF FILTER 

HFA3624 MIXER 

Fl3 IF FILTER 

HFA3724[6] IF STRIP 

Cascaded Gain = 10.4 dB 
Cascaded NF = 6.B dB 
Cascaded Input IP3 = -16.B dBm 

G 

-2.0 

-1.2 

13.0 

-5.0 

15.6 

-3.0 

3.0 

-10.0 

0.0 

GC F 

- 2.0 2.0 

-3.2 1.2 

9.B 2.0 

4.B 5.0 

20.4 3.B 

17.4 3.0 

20.4 12.0 

10.4 10.0 

10.4 7.0 

FC 1P30 IP30C IP31C 

2.0 100.0 100.0 102.0 

3.2 34.0 34.0 37.2 

5.2 11.1 11.0 1.2 

5.5 100.0 6.0 1.2 

6.0 15.0 14.1 -6.3 

6.0 100.0 11.1 -6.3 

6.3 4.0 3.6 -16.B 

6.4 100.0 -6.4 -16.B 

6.B 100.0 -6.4 -16.B 

NOTE: G (Individual stage gain, dB), GC (cumulative gain, dB), F (NF, dB), FC (cumulative NF, dB), IP30 (individual stage output IP3, dBm), 
IP30C (cumulative output IP3, dBm), IP31C (cumulative input IP3, dBm) 

noise figure, this attenuation may be reduced; alternatively, 
to improve input intercept point, this attenuation may be 
increased. The cascaded front-end noise figure and input 
intercept point analysis is shown in Table 1. 

Next, the signal enters the HFA3624[5) RF/IF Converter LNA 
section, which aids in setting receiver NF. FL2 is used to 
suppress image noise generated in both the HFA3424 LNA 
and the HFA3624 LNA, and is a Murata LFJ30-
03B2442B084 two pole monolithic LC bandpass filler. Only 
modest attenuation at the image frequency is required. The 
insertion loss is not critical, since at this point in the receiver, 
component loss or NF is offset by the preceding gain stages. 
All sections of the HFA3624 RF/IF Converter operate from a 
regulated 3.5V supply. 

Down-conversion from the 2.4GHz - 2.5GHz band is per
formed in the HFA3624 RF/IF Converter mixer section. As 
previously mentioned, the IF center frequency is 280MHz, 
and low-side local oscillator (LO) injection is used. A discrete 
LC matching network is used at the mixer output to differen
tially combine the IF outputs, as well as impedance match to 
a 500 environment. A trimmer capacitor is used as part of 
the narrow-band matching network. An alternative, broad
band matching network is described in the HFA3624 RF/IF 
Converter application note, and does not require any tunable 
elements. A direct impedance match to the IF filter, FL3 
could be implemented if desired. The 500 environment was 
chosen to allow ease in measurement of portions of the 
radio with extemal test equipment. 

The IF receive filter, FL3, is a Toyocom TQS-432 SAW band
pass filter. The center frequency is 280MHz, the 3dS band
width is 17MHz, and the differential group delay is less than 
100ns. Insertion loss is typically 6dB, making it ideal for sin
gle-conversion systems. The impedance of the SAW is 2700, 
and a series 33nH inductor is used to match the filter input to 
500. The SAW output is matched directly to the IF input of the 

HFA3724 Quadrature IF Modulator/Demodulator, using a 
shunt 56nH inductor. This presents a 2500 source impedance 
to the limiter input, thereby optimizing the limiter's NF. 

In the receive mode, the HFA3724 Quadrature IF Modulator/ 
Demodulator provides two limiting amplifiers, a quadrature 
baseband demodulator, and two baseband low pass filters. 
All sections of the HFA3724 operate from a regulated 3.5V 
supply. The first limiting amplifier establishes the NF of the IF 
strip at approximately 7dB. A discrete one pole LC differen
tial filter, FL4, is placed between the two limiters to restrict 
the noise bandwidth of the first limiter. As both limiters 
exhibit a broadband response, with over 400MHz bandwidth, 
a noise bandwidth reduction filter is appropriate to ensure 
that the second limiter is fully limiting on the front-end noise 
within the signal bandwidth, as opposed to the broadband 
noise generated by the first limiter. This filter has a center 
frequency of 280M Hz, and a 3dS bandwidth of 50MHz. It 
consists of a fixed 10nH inductor and a fixed 20pF capacitor, 
as described in the HFA3724 data sheet. 

At the output of the limiters, a 200mVp_p differential signal 
level is maintained under all input conditions. This limited sig
nal is then mixed in quadrature to baseband in the HFA3724 
Quadrature IF Modulator/Demodulator. The LO needed for 
the quadrature mixing is applied at twice the IF frequency, or 
560MHz. A divide by two circuit then provides an accurate 
quadrature LO for the mixers. The baseband outputs of the 
quadrature mixers are AC coupled off-chip to the integrated 
fifth order Butterworth filters. The output levels of the low pass 
filters are nominally SOOmVp_p single-ended, and are intended 
to be AC coupled to the HSP3824 Baseband Processor. The 
AC coupling time constant is approximately 25 times longer 
than the symbol period, and is implemented with 0.01JLF 
series capacitors. These coupling capacitors must be taken 
into account, however, when estimating the time it takes to 
power up or awaken from sleep mode. 
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At the input to the HSP3824 Baseband Processor, the 
quadrature signals are analog to digital converted in wide
band 3 bit converters. The signals are spread spectrum with 
no DC term, so it is feasible to AC couple the signals to the 
ADCs and avoid DC bias offsets. The signal at this point has 
been limited to a constant IF amplitude and then passed 
through two separate mixer and low pass filter paths. The 
component variations in these two paths can introduce off
sets in amplitude and phase and can also use up some of 
the headroom in the ADCs. The maximum amplitude varia
tion is 2dB and the maximum phase balance variation is 4 
degrees. Since the signal is limited, the IF signals will have 
low peak to average ratios even with noise as an input. The I 
and Q signals will have sinusoidal properties with PSK mod
ulation imposed. It is their combined vector magnitude that is 
limited, not their individual amplitudes. To optimize the 
demodulator's performance, the ADCs are operated at the 
point where they are at full scale on either I or Q one third of 
the time. To maintain this operating point in the face of com
ponent variations, there is an active adjustment of the ADC 
reference voltage by feedback. This avoids the necessity of 
allowing extra headroom for the variation. The adjustment 
circuit is very slow and averages the energy from the two 
channels over both packet and noise conditions. 

The HSP3824 Baseband Processor correlates the PN 
spreading to remove it and to uncover the differential BPSK 
or QPSK data. The processor initially uses differential detec
tion to identify and lock onto the signal. It then makes mea
surements of the carrier and symbol timing phase and 
frequency and uses these to initialize tracking loops for fast 
acquisition. Once demodulating and tracking, the processor 
uses coherent demodulation for best performance. Since 
this radio uses a spread spectrum signal, the signal to noise 
ratio (SNR) in the chip rate bandwidth is about OdB when the 
demodulator is at the desired bit error rate in BPSK. The 
radio operates with about 2.5dB of implementation loss rela
tive to theoretical performance and achieves a sensitivity of 
-93dBm with BPSK. 

The HSP3824 Baseband Processor provides differential 
decoding and descrambling of the data to prepare it for the 
Media Access Controller (MAC). The MAC is an AMD 
AM79C930 PCnet™-Mobile controller. All packet signals 
have a preamble followed by a header containing a start 
frame delimiter (SFD), other Signal related data and a cyclic 
redundancy check (CRC). The MAC processes the header 
data to locate the SFD, determine the mode and length of 
the incoming message and to check the CRC. The MAC 
then processes the packet data and sends it on through the 
PC Card interface to the host computer. The MAC checks 
the packet data CRC to determine the data purity. If cor
rupted data is received, a retransmission is requested by the 
MAC which handles the physical layer link protocols. 

Transmit Processing 
Data from the host computer is sent to the MAC via the PC 
Card interface. Prior to any communications, however, the 
MAC sends a Request to Send packet to the other end of the 
link and receives a Clear to Send packet. The MAC then for
mats the data by appending it to a preamble and header and 

sends it on to the HSP3824 Baseband Processor which 
clocks it in. The HSP3824 Baseband Processor scrambles 
the packet and differentially encodes it before applying the 
spread spectrum modulation. The data can be either DBPSK 
or DQPSK modulated at 1 MSPS and is a baseband quadra
ture signal with I and Q components. The spreading is an 11 
chip Barker sequence that is clocked at 11 MHz and is modu
lated with the I and Q data components. These are then out
put to the HFA3724 as CMOS logic signals. 

Transmit quadrature single-bit digital inputs are applied to 
the HFA3724 Quadrature IF ModulatorlDemodulator from 
the HSP3824 Baseband Processor. These inputs are attenu
ated by 1n and DC coupled to the fifth order Butterworth low 
pass filters, which are used to provide shaping of the phase 
shift keyed (PSK) signal. The required transmit spectral 
mask, at the antenna, is -30dBc at the first side-lobe relative 
to the main-lobe. An unfiltered PSK waveform would have 
the first side-lobe suppressed only -13dBc. The fifth-order fil
ters are tuned to an approximate 7.7MHz cutoff, using a 
909n resistor external to the HFA3724. 

In the PC Card wireless LAN, the goal is to control the 
regrowth of the side-lobes, with the HFA3925 RFPA dominat
ing the regrowth. This will result in maximum transmitted 
power available. To achieve this goal, once the PSK wave
form is filtered at baseband, all remaining transmit elements 
are operated at a 6dB back-off from compression, except for 
the HFA3925 RFPA, which is operated at less back-off. 

The low pass filters provide initial shaping of the PSK wave
form. Final shaping is provided by a transmit IF filter, FL5, a 
Toyocom TQS-432 SAW bandpass filter. The low pass filter 
outputs are off-chip AC coupled to the quadrature up-con
verter in the HFA3724. As in the receive mode, the base
band AC coupling time constant is approximately 25 times 
longer than the symbol period, and is implemented with 
O.Q1I1F series capacitors. The same twice IF frequency LO 
used previously is also used in this up-conversion. The IF 
output of the HFA3724 is reactively matched to FL5, with a 
250n resistive load presented to the HFA3724. A shunt 
47nH inductor, in parallel with a 316n resistor, is used to 
provide this match, negate the effects of board and compo
nent capacitance, and provide a DC return to V cc to prevent 
saturation in the IF output stage of the HFA3724. 

The output of FL5 is terminated in a 200n potentiometer that 
is used for transmit gain control. A shunt 47nH inductor is 
used to negate the effects of parasitic board and component 
shunt capacitance, as well as match the SAW output to the 
potentiometer. This potentiometer has it's center wiper 
connected to the HFA3624 RF/IF Converter transmit IF 
input, which has an input resistance of approximately 3kn 
By varying the potentiometer, the gain of the transmit chain 
is controlled, allowing for precise control of the signal 
back-off at the HFA3925 RFPA. Therefore, this potentiome
ter is adjusted to achieve the desired compromise between 
transmit output power and the main-lobe to side-lobe ratio of 
the output PSK waveform, typically -32dBc to -35dBc. 

Upconversion to the 2.4GHz - 2.5GHz band is performed in 
the HFA3624 RF/IF Converter transmit mixer. The mixer out
put is filtered with FL6, a Murata LFJ30-03B2442B084 two 
pole monolithic LC bandpass filter. This filter suppresses the 
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LO feedthrough from the mixer, and selects the upper side
band. The transmit buffer in the HFA3624 RF/IF Converter 
preampllfies the selected sideband, easing the requirement 
for HFA3925 RFPA gain. 

FL7, a Toko TDF2A-245OT-10 two pole dielectric bandpass 
filter, is used to further suppress both the transmit LO leak
age and the undesired sideband. 

The HFA3925 RFPA amplifies the transmit signal to a leval of 
. approximately +2OdBm, as measured at the TIR switch out
put. This represents a back-off from 1dB compression of 
approximately 4.5dB. Transmit side-lobe perforinance is 
approximately -32dBc to -35dBc with this level of back-off. 

The HFA3925 RFPA Is the only physical layer component 
that operates directly from the 5V PC Card supply. To supply 
the needed negative gate bias to the HFA3925 RFPA, a 
ICL7660SIBA[7] charge pump is used. A second potentiom
eter Is used to adjust the drain current on the third stage of 
the HFA3925 to a quiescent operating current of 9OmA, as 
measured through a one ohm sense resistor. 

A logic-level PMOS switch, RF1 K49093[S], is used to control 
the drain supply voltage to the HFA3925 RFPA, and imple
ment a power down mode when receiving. As the 
RF1 K49093 is a dual device, the other PMOS switch is used 
to control the supply voltage to the HFA3424 LNA and imple
ment a power down mode when transmitting. A 2N2222 
NPN transistor is used to level shift the 3.5V logic level from 
the AM79C30 MAC to drive the 5V PMOS switch gates, as 
well as the 5V HFA3925 RFPA T/R control gate. 

FollOWing the T/R switch, FL 1 is reused In the transmit mode 
to attenuate harmonics generated in the HFA3925 RFPA, as 
well as providing additional suppression of the LO. As the 
loss of FL 1 is approximately 2dB, the amount of transmit 
power available at the antenna is approximately + 1SdBm. 

Synthesizer Section 
The dual frequency synthesizer section uses the 
HFA3524[9] Synthesizer and two voltage controlled oscilla
tors to provide a tunable 2132MHz - 2204MHz first LO, and a 
fixed 560MHz second LO. Both feedback loops use a 1 MHz 
reference frequency that is derived from a 22M Hz MF Elec
tronics T3391-22.0M crystal oscillator. This crystal OSCillator 
currently limits the operating temperature range of the radio 
to OOC to 70°C. Both passive loop filters were designed to 
have loop bandwidths of 10kHz, and phase margins of 50 
degrees. The feedback loop analysis is described In the 
HFA3524 Synthesizer evaluation board documentation. All 
components in the synthesizer section operate from a regu
lated 3.5V supply. 

The tunable 2132MHz to 2204MHz first LO oscillator is a 
Z-Communications SMV2100L VCO. To ensure operation at 
low tuning voltages, a start-up circuit was added to force the 
tuning voltage from the HFA3524 Synthesizer RF charge 
pump to a high state for a short period (-1ms) following 
HFA3524 programming. A 2N2907 PNP transistor was used 
to implement this function, and the AM79C930 MAC device 
provides the control signal. The output leval of the first LO to 
the HFA3624 RFIIF .Converter is attenuated to approximately 
-3dBm. 

The fixed 560MHz second LO oscillator is a discrete design, 
using a Phillips BFR505 transistor and a Siemens BBY51 
varactor, as described in the HFA3524 Synthesizer evalua
tion board documentation. The output level of the second LO 
to the HFA3724 Quadrature IF ModulatorlDemodulator is 
attenuated to approximately -6dBm and a three pole low 
pass filter is included to preserve the duty cycle of the out
put. High even order components in the second LO can 
result in offsets from a 50% duty cycle, and will degrade the 
quadrature phase accuracy of the HFA3724. A transconduc
tance network is used at the HFA3724 LO input to convert 
the second LO voltage into a current, as recommended in 
the HFA3724 data sheet. As the HFA3524 Synthesizer auxil
iary IF input covers the 560MHz range, the internal divide
by-two LO buffer output of the HFA3724 is disabled, as rec
ommended in the HFA3724 data sheet. 

Regulator Section 

Linear voltage regulators are used to provide filtering and 
Isolation from the 5V PC Card input supply. An additional 
advantage of using voltage regulators is a savings in overall 
supply current, as all of the components that are regulated 
consume less current at a 3.5V operating point, as opposed 
to a 5V operating point. The only components operating 
directly from the 5V supply are the HFA3925 RFPA, in order 
to maximize RF output power, and the PC Card interface. 
Sections of the AM79C930 MAC controller, as well as the 
host computer may use 5V logic levels. 

A total of three regulators, 3.5V Toko TK11235MTL, are used 
in the PC Card wireless LAN. One regulator is devoted to the 
HSP3824 Baseband Processor and AM79C930 MAC 
devices. The remaining two regulate the RF and IF sections of 
the radio. One regulator supplies voltage to the synthesizer 
section, the HFA3424 LNA, and the HFA3624 RFIIF Con
verter. The second regulator supplies voltage to the HFA3724 
Quadrature IF ModulatorlDemodulator. 
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TM Introduction 

This application note addresses 
the concept of processing gain 
(PG) of Direct Sequence 
Spread Spectrum (DSSS) 

systems. The PRISM chipset is used to Implement DSSS 
radio designs. The processing gain provides the unique 
properties to the DSSS waveform primarily in terms of inter
ference tolerance. The PG of a DSSS system is centered 
around the utilization of random codes which are used in 
conjunction with the data. These random codes are referred 
as Pseudo Noise (PN) codes. The HSP3824 provides this 
coding capability for the PRISM. 

Description 
In a DSSS system random binary data with a bit rate of 'b 

bits per sec (bps) is multiplied (Exclusive Ored) by a 
pseudorandom binary waveform, which is at much higher 
rate and it provides the frequency spreading operation. This 
pseudorandom (PN) binary source outputs symbols called 
chips at a constant chip rate rc chips per sec (cps).This is a 
random, noise like signal and hence the name PN signal. 
The chip rate is always higher than the bit rate, and the ratio 
of the chip rate to the bit rate is defined as the processing 
gain (PG) (2). The PG is a true signal to jammer (interfer
ence) ratio at the receiver after the despreading operation 
(removal of PN). 

The rate of the PN code is the one that defines the 
bandwidth of the transmitted spread waveform. 

The receiver of a DSSS system must remove the spreading 
as the first step in the demodulation process. 

During the despreading operation the receiver must 
generate a phase locked exact replica of the pseudorandom 
spreading waveform to match the transmitted signal. This is 
achieved by the code acquisition, and code tracking loops 
embedded in the HSP3824. The receiver PN sequence must 
be exactly in phase with the transmitted PN sequence, and 
this is achieved by correlation techniques. 

DSSS Transceiver 
A DSSS transmitter is shown in Figure 1. The data is 
denoted by d(t), the spreading signal is denoted by c(t), and 
the spread waveform q(t) is fed to the BPSK modulator 
operating at a carrier frequency fc, and the transmitted sig
nal is denoted by x(t). 

Xlt) 
d(t)---1~~~~ __ .J 

FIGURE 1. DSSS TRANSMmER 

A text book conceptual block diagram of a DSSS receiver is 
depicted in Figure 2. Note that PRISM is architected to 
perform the despreading function at baseband (HSP3824) 
rather than at RF as shown on Figure 2. This example is 
used for illustration of the concept and not to reflect the 
actual PRISM implementation. 

The received signal for this text book example is the 
combination of the transmitted spread spectrum signal and a 
narrow band jammer XJ(t). The locally generated despread
ing sequence is denoted by c'(t), and should be equal to c(t). 
The despread signal is then band pass filtered before data 
demodulation and d'(t) should be equal to d(t). 

x(t)+Xj(t) 

FIGURE 2. DSSS RECEIVER 

PRISMTM and the PRISMTM logo are tradamarks of Harris Corporation. 
Copyright @ Harris Corporation 1996 
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PG Benefits 
The primary benefit of processing gain is its contribution 
towards jamming resistance to the DSSS signal. The PN 
code spreads the transmitted signal in bandwidth and it 
makes it less susceptible to narrowband interference within 
the spread BW. The receiver of a DSSS system can be 
viewed as unspreading the intended signal and at the same 
time spreading the interfering waveform. This operation is 
best illustrated on Figure 3. 

Figure 3 depicts the power spectral density (psd) functions 
of the signals at the receiver input, the despread Signal, the 
bandpass filter power transfer function, and the band pass 
filter output. Figure 3 graphically describes the effect of the 
processing gain on a jammer. The jammer is narrow, and 
has a highly peaked psd, while the psd of the DSSS is wide 
and low. The despreading operation spreads the jammer 
power psd and lowers its peak, and the BPF output shows 
the effect on the signal to jammer ratio. 

If for example, BPSK modulation is used and an EblNo of 
lets say 14dB is required to achieve a certain BER 
performance, when this waveform is spread with a process
ing gain of 10dB then the receiver can still achieve its 
required performance with the signal having a 4dB power 
advantage over the interference. This is derived from the 
14dB required minus the 10dB of PG. 

The higher the processing gain of the DSSS waveform the 
more the resistance to interference of the DSSS signal. 

TJ2I-------....,..j1o... 

FIGURE 3A. PSD OF SPREAD SPECTRUM SIGNAL AND NAR
ROWBAND JAMMER 

IH(I)j2 

, 
Ie 

FIGURE 3C. POWER TRANSFER FUNCTION OF BPF 

The classical definition of processing gain is the 10 Log 
number [rclre1 in dB. By this definition a system that has a 
data rate of 1 MBPS and a chip rate (rate of PN code) of 
1MCPS will have a PG of 10.41dB. Using the PRISM chip 
set each data bit is x-ored with an 11 bit sequence for this 
particular example. The processing gain can be then viewed 
as the 1 OLog[11]dB where 11 is the length of the PN code. If 
a code with a length of 16 bits is to be used then the pro
cessing gain is equivalent to 10 Log[16] dB or 12.04dB. 

To this end these PN signals must posses certain mathemat
ical properties to be useful as part of a DSSS system. 
Primarily the PN codes that are useful must have very good 
autocorrelation and crosscorrelation properties as well as 
maintaining some randomness properties. 

The DSSS receiver is utilizing a reference PN sequence 
which is a replica to the transmitted sequence and when it 
detects correlation between the reference and the incoming 
sequences it declares initial acquisition and it establishes 
initial symbol timing. Any partial correlations can result to 
false acquisitions and degradation to the receiver 
performance. This is why the PN code must have good 
correlation properties.· Some of the PN code classes with 
such properties are described next. 

This paper highlights the Barker codes, Willard codes and 
m-sequences with 7 and 15 chips per period which are 
implementable using the HSP3824. 

Sxll) 

T~I-----------, 
DESPREAD 
SIGNAL 

DESPREAD 
JAMMER 

FIGURE 3B. PSD OF DESPREAD SIGNAL AND JAMMER 

Sy(1) 

TaI2+-______ _. 
SIGNAL 

JAMMER 

.rrr;12 t------------II-V 

" Ie 

FIGURE 3D. PSD OF BPF OUTPUT 

RGURE 3. PROCESSING GAIN EFFECT ON NARROW BAND JAMMING 
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PNCodes 

PN codes with the mathematical properties required for 
implementation of a DSSS radio are: 

Maximum Length Sequences 

Maximum length sequences (m-sequences), are PN 
sequences that repeat every 2"-1, where n is an integer, 
they are Implemented by shift registers and Exclusive Or 
gates, they are governed by primitive polynomials, and pos
sess good randomness properties including a two-valued 
autocorrelation function [3]. 

For example the 7 chip PN sequence Is governed by the 
primitive polynomial generator 

Cr(x)=1+x2+x3 

and the output chips are given by: 
001 0111 001 0 1 1 1 001 0111 001 01 110 •.. 

Figure 4 depicts the d(t), c(t) with the above m-sequence, 
and with q(t) the x-or of d(t) and (ct). 

o 

~~--------~~-----------

FIGURE 4. nME DOMAIN SIGNALS WITH PG = 7 

Figure 5 depicts the 7 chip sequence and Its autocorrelation 
function. Note that the autocorrelation also repeats every 7 
chips, or once per bit of the actual data if each of the data 
bits is spread by the entire sequence. 

As another example, the 15 chip PN sequence Is governed 
by the primitive polynomial generator 

C1S(x) = 1 + x3 + >t-
and the output chips are given by: 

000100110101111 000100110101111 
000100110101111 ... 

FIGURE 5. SEVEN CHIP M-6EQUENCE AND ITS AUTOCOR
RELATION FUNcnON 

Barker Codes 

Barker Codes are short unique codes that exhibit very good 
correlation properties. These short codes with N bits, with 
N=3 to 13, are very well suited for DSSS applications and 
can all be generated by the HSP3824. A list of Barker Codes 
is tabulated In Table 1. 

Willard Codes 

Willard Codes, found by computer simulation and optimiza
tion, and under certain conditions, offer better perfOrmance 
than Barker Codes. They can all be generated by the 
HSP3824, es was done for the Barker Codes. A list of 
Willard Codes is provided in Table 1. 

The Inverted or bit reversed versions of the codes listed on 
Table 1 can be used since they still maintain the desired 
autocorrelation properlies. 

TABLE 1. BARKER AND WILLARD CODES 

BARKER WILLARD 
N SEQUENCES SEQUENCES 
3 110 110 

4 1110or1101 1100 

5 11101 11010 

7 1110010 1110100 

11 11100010010 11101101000 

13 1111100110101 1111100101000 

Configuring the HSP3824 to 
Implement Various PN Codes 
The HSP3824 Is the baseband processor of the PRISM 
chipset and it generates the PN sequence. The device is 
programmable to any desirable sequence of up to 16 bits. 

PN Generator Description 

The spread function for the radio Is the same sequence and 
is applied to every symbol as BPSK modulation. PN genera
tion is performed by parallel loading the sequence from a 
configuration register (CR) within the HSP3824 and serially 
shifting it out to the modulator. 

PN Generator Programmable Registers 

A maximum of 16 bits can be programmed into the configu
ration register. Registers CR13 and CR14 contain the high 
and low bytes of the sequence for the transmitter. The 
corresponding registers for the receiver are CR20 & CR21. 
Bits 5 & 6 of CR3 set the sequence length in chips per bit. 
The sequence is transmitted MSB first. When fewer than 16 
bits are In the sequence, the MSBs are truncated. 

PN Correlator Description 

The PN correlator is designed to handle BPSK spreading. 
Since the spreading is BPSK, the correlator is implemented 
with two real correlators, one for the I and one for the a 
channel. It has programmable registers to hold the 
spreading sequence and the sequence length for both the 
receiver and the transmitter. This allows a full duplex link 
with different spreading parameters for each direction. 

The correlators are time invariant matched filters otherwise 
known as parallel correlators. 
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Introduction 
The new communications 
standard for wireless local 
networks, IEEE 802.11, uses 
spread spectrum and packet 

redio techniques and these are features which are not com
mon knowledge. The first term, spread spectrum, indicates a 
radio frequency modulation technique where the radio 
energy is spread over a much wider bandwidth than needed 
for the data rate. We do this to get some benefits that are not 
readily apparent. The easiest spread spectrum technique to 
explain Is frequency hop (FH). In this technique, the channel 
being used is rapidly changed in a pseudo random pattern 
so that the communications appears to occupy a wide 
bandwidth over time. See Figure 1. This spreads the energy 
out so that the average power in any narrow part of the band 
is minimized. Of course, the transmitting and receiving 
radios need to synchronize their hopping patterns so that 
they hop together. 

As an example, 802.11 specifies that we use the ISM band 
at 2.4GHz. The ISM band is 83MHz wide and has been 
subdivided Into 1 MHz channels for the FH specification. The 
FCC insists that any spread spectrum FH radio operating In 
this band must visit at least 79 of the channels at least once 
every 30 seconds. This works out to a minimum hop rate of 
2.5 hops per second. 

FREQUENCY 

The next form of spread spectrum is called Direct Spread 
(OS) and this is the other form of spread spectrum allowed by 
the FCC In this band. With OS, the data is mixed (XOR) with a 
high rate pseudo ranclom sequence before being PSK 
modulated onto the RF carrier. This high rate sequence can 
be many orders of magnitude higher in rate than the data. In 
the ISM band, it is limited to not less than a 10:1 spreading 
ratio. This high rate phase modulation spreads the spectrum 
out while dropping the power spectral density. This means 
that this kind of signal will interfere less with narrow band 
users. It also has some interference immunity to those narrow 
band emitters. The receiver processing of OS signals begins 
with despreading the Signals. This Is done by mixing the 
spread signal with the same PN sequence that was used for 
spreading. See Figure 2A. This collapses the desired Signal to 
Its original bandwidth and form. It meanwhile spreads all other 
signals that cIon't correlate with the spreading signal. Thus a 
narrowband interference will get spread in this operation and 
will not fit through the narrow data filter. See Figure 28. When 
the signal energy is collapsed to the data bandwidth, its power 
spectral density is increased by the amount of the proceSSing 
gain which is proportional to the bandwidth reduction. Thus a 
signal that was received at or below the noise floor, is now 
above the noise and can be demodulated. 

nME 

FIGURE 1. FH SPREAD SPECTRUM 

PRISM'" and the PRISM'" logo are trademarks of Harrts Corporation. 
Copyrlghl C Hams Corporation 1996 
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FIGURE 2A. LOW POWER DENSITY 

~~ ~ .. -
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FIGURE 2B. INTERFERENCE REJECTION 

~
SIGNAL Y SIGNALB~ / 

DS LV-f RECEIVER r ___ ..,.~ :;;;;;:::: .... __ ... 
FIGURE 2C. MULnPLE ACCESS 

FIGURE 2. DIRECT SEQUENCE SPREAD SPECTRUM PROPERTIES 

Finally, OS spread spectrum can allow more than one user 
to occupy the same channel through a feature called multiple 
access. Each OS receiver collapses only correlated signals 
to the data bandwidth. Other, non correlated Signals will 
remain spread in this step. When the desired signal is 
filtered to the signal bandwidth, only a small fraction of the 
undesired signal remains. See Figure 2C. 

The term packet radio or packet communications is common 
where the communications medium is not well controlled. 
There are numerous reasons why a radio communications 
link may be interrupted, such as the microwave oven. [1] The 
microwave oven radiates in the middle of the ISM band with 
a 50% duty cycle and a pulse rate locked to the power line. 
Thus it is off for 8ms every 16ms. These off periods allow the 
transmission of bursts (or packets) of 1000 bytes at a time. 
Frequency hopping also means that the radio communica
tions is interrupted every 400ms while the sending and 

CONTINUOUS DATA 

PACKE11ZED DATA 

receiving radios are retuned. The breaking up of a large 
block of data into small ·packets· is a common technique in 
communications to insure that error free communications 
can take place even with interruptions. [2] If the medium is 
corrupted intermittently, a large block of data will never make 
it through without errors. In the packet technique this block is 
broken into small packets that each have some error detec
tion bits added. Then, if an error is detected, a 
retransmission of the small packet that was corrupted will not 
unduly burden the network. This packet communications 
technique has short control packets that check to see if the 
medium is clear, the other end is ready to receive and, to 
request a retransmission H a packet did not get through 
correctly. See Figure 3. All of this requires some overhead 
expense that reduces the net system throughput. Packet 
length can be optimized to minimize overhead while insuring 
the greatest throughput with data integrity. 

-IIIJ!!IIII-- ... -----

HEADER DATA CRC 

FIGURE 3. PACKET TRANSMISSION 
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When continuous data is packetized, the instantaneous rate 
must increase since the time allowed for data transmission is 
reduced. This allows time for the packet protocol 
interchange, packet headers and other overhead. Packet 
communications can be used with various access protocols 
such as carrier sense multiple access (CSMA) or time 
division multiple access (TDMA). CSMA allows asynchro
nous communications, but requires each communicator to 
first establish that the medium is not busy. It then establishes 
the link with an interchange consisting of a request to send 
(RTS), followed by a clear to send (CTS), the data packet 
and acknowledgment or not (ACKlNAK). TDMA allows 
synchronous communications where each user is allocated 
a time slot to communicate in. The network overhead in this 
scheme is in the wasted time when some users have nothing 
to send and in the packets from the controller necessary to 
allocate the time slots. 

The combination of spread spectrum and packet communi
cations for the 802.11 wireless local area networks allows 
robust communications in a crowded and noisy band. 

References 

[1] The 2.4GHz ISM band has been called the Junk band 
because it is already contaminated by oven emissions. 
Years ago, 2.43GHz was allocated to the microwave 
oven and it was felt that no one else would ever want to 
co-occupy this band. As pressure to allocate more 
spectrum to communications was felt, the FCC set up 
rules for unlicensed Instrumentation, Scientific and 
Medical (ISM) operation in this "worthless" band. 

[2] Remember the days of typewriters where typing a whole 
page without error was a trying experience. The first 
word processor that allowed you to look over and 
correct each sentence before committing it to paper 
was a real breakthrough. 
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--.- .... ~))) r-"" 1"C: • :::> IrI O Many applications use the 
properties of Direct Sequence 
Spread Spectrum to establish 
accurate timing which is useful ~ 10'_' ... __ .... 
lion. OS receivers use a wide 

bandwidth and correlation techniques to measure the time of 
arrival of signals to a high degree of accuracy. While the 
PRISMTM chip set was not designed specifically for this, it 
does, however. have all the required assets to do medium 
accuracy time of arrival measurements. 

It is quite simple to use the PRISMTM radio for· accurate 
timing measurements. All of the timing Information is 
available from the HSP3824 Baseband Processor. At the 
sending end. the asynchronous rising edge of TX_PE will 
reset the counter of the internal transmit state machine 
which will output the header and data a fixed amount later. 
This is timed to within one MCLK (22MHz), so there is an 
ambiguity of 0.5 MCLK (45ns) In this time. Additionally. the 
setup to hold time of TILPE to MCLK Is not specified in the 
data sheet. This can. however. be Included In the calibration 
measurements. Thus, all you have know is the offset 
between MCLK and the source timing to get even better 
resolution. This offset can be sent in the data portion of the 
message. The length of the preamble and header is fixed 
(128 + 64 = 192). so the start of data is at a fixed offset 
in bits. 

TXMCLK 

On the receive side, MD_RDY is output after the CRC-16 
check. Thus it indicates the precise time the first bit of the 
data part of the message is received. This is, of course, 192 
bits after the arrival of the first bit of the packet. The 
MD_RDY offset from MCLK also needs to be taken into 
account to resolve the overall offset between the correlation 
and the signal timing to within a fraction of MCLK. On the 
data sheet, this is listed as los which has a maximum value 
of 25ns. 

The accuracy the receiver is going to get in capturing the 
asynchronous correlation peak in the header is ±O.25 MCLK 
or about 11ns. To improve on this, more heroic processing 
can be attempted. Over the length of the message, the tim
Ing can be refined further by averaging, as long as there is 
an offset between the RX and TX clocks. That is, the timing 
will slowly drift and be reset, allowing the external system to 
judge when in the process the timing was at the peak. Since 
this occurs half way between resets, it Is not too hard to find. 
Thus, the ultimate receive time accuracy is probably about 
0.1 MCLK or 5ns. This ultimate accuracy will take some 
extra computation to achieve. 

To the time of arrival measurement you need to add the 
propagation delay of -1 ns per foot, delays in the RF and IF 
filters and In other devices in the path. The propagation 
delay could be longer if a multipath signal is the one chosen 
by the receiver due to the direct path being blocked. 

------unILr-------------unILr----------------------------
TX.J'E 

TXPACKET 
DATA 

RXMCLK 

--- ---unILr- ------unILr- --- -- -------- ---------
RECEIVED PACKET DATA 

-, 
FIGURE 1. 

PRISMTM and the PRISMTM logo are trademarks 01 Harris Corporation. 

Copyright 0 Harris Corporation 1996 
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In using this capability, the designer will need to take 
accurate measurements to calibrate the delays encountered 
in the PRISMTM hardware. Since the baseband processor Is 
a state machine, its delays will be fixed offsets from the 
MClK with minor variations over temperature and 
production tolerances. 

Figure 1 shows some of the elements of the delay. The scale 
is not accurate; specHlcally, the clock rate is grossly under 
represented for clarity. 

The total delay from initiation to response is as follows: 

T D = tT-M + tD2 + tTx + tlF + tRF + 1921J.S + tpROPAGATION + tRF 
+ tlF + tRx + tMClK + tD3 

Where: 

T D = total delay (TX_PE to MD_RDY) 

tT-M = delay from TX_PE to next rising edge of MClK 

tD2 = MClK to TXClK delay 

tTx = delay through the transmit state machine to IF 

tlF = IF fiHer and amplifier delays 

tRF = RF fiHer and amplifier delays 

1921J.S = length of preamble and header 

tpROPAGATION = propagation loss due to speed of light (about 
1 ns per foot) 

tRF = RF fiHer and amplifier delays 

tlF = IF filter and amplifier delays 

tRx = delay through the receive processing from IF 

tMClK = accuracy of tracking the actual received timing to the 
local MClK 

tD3 = MClK to MD_RDY delay 

All processing operations are timed by the transmit and 
receive MClKs (22MHz) which can be also slaved to or 
shared with the source's and sink's clocks. If 802.11 compli
ant operation is not needed the MClK can be other than 
22MHz to allow sharing with the application. 
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Authors: John Henkelman and David Damerow 

Features 

• Modulation Formats: BPSK, QPSK, SQPSK, a-PSK, 
FM,FSK 

• Symbol Rates: To 22.5 MSPS (4 SampleslSymbol) 

• Programmable: Reconflgurable to Data Rate, Modula
tion Format, and OrderlType of Tracking Loop 

• Digital: Repeatable Performance Over Temperature 
and Time 

• High Performance Reception: Bit Error Rate 
Approaches Less Than O.5dB From Theory 

RF 
INPUT 

TABLE 1. HARRIS DSP PRODUCTS FOR HIGH RATE DIGITAL 
RADIO REC~IVERS 

FUNCTIONAL BLOCK HARRIS PART 

VCA Analog Discrete 

140MHz Quadrature Output HI3086JCO. 
s"Blt AID Converter CXA3086Q 
(8·Bit AID Converter) (HI3026JCQ. HI3026AJCO) 

Decimating Filter HSP43216 Halfband Filter 

Digital DownConverter HSP50110 Digital Quadrature 
Tuner 

Matched Filter HSP43168 Dual FIR Filter 

Carrier & Symbol Tracking HSP50210 Digital Costas Loop 
Loops 

AGC Loop Filter Analog Discrete 

FIGURE 1. BLOCK DIAGRAM OF A HIGH RATE DIGITAL RADIO RECEIVER 

Copyright @ Harris Corporation 1997 
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Introduction 
The present HSP5011 0121 OEVAl board provides capabilities 
for evaluating received modulated signals with symbol rates 
up to 2.5 MSPS. This high end limit on symbol rate is based 
on 20 samples per symbol. Many applications do not require 
such a large number of samples per symbol, and can still use 
the HSP5011 0121 OEVAl evaluation board to breadboard and 
test these applications. Two limitations come into play as 
higher rates are implemented with this evaluation board: 

I.The Serial FIR Filter maximum clock rate is (45MHzll0 
bits) '" 4.5MHz. 

2.The transport delay, or propagation delay in the loop 
causing loop instability for input rates above 4.5MHz. 

It is these limitations that prompts the presentation of a high 
symbol rate receiver implementation using the HSP5011 0 Digi
tal Ouadrature Tuner (DOT) and- HSP50210 Digital Costas 
loop (DCl) chip set. Figure 1. illustrates a high rate receiver 
configuration using the DOT and DCl damod parts. This imple
mentation will be offered as the design solution, after the design 
considerations and trades have been presented. 

High Rate Design Concerns 
The primary limitations on a high speed design are the max
imum operating speed of the digital parts and the bandwidth 
and resolution on the AID converter. These key parameters 
are listed for the parts that will be configured for our high rate 
receiver design. 

Maximum Clock Speed of HSP43216: •.......... 52MHz 
Maximum Clock Speed of HSP50110: ........... 52MHz 
Maximum Clock Speed of HSP43168: ........... 45MHz 
Maximum Ouadrature AID 
Conversion Speed: .............. 140 MSPS with 6 Bits 

120 MSPS with 8 Bits 
Minimum Number Samples 
per Symbol . . . . . . . . . . . . . . . . . . . . .. 4 Samples/Symbol 

Selecting An AID Converter 
The design begins with selecting a high speed, wide band
width, high resolution D/A converter. Devices exist that out
put dual demultiplexed data samples at half the sample rate. 
This relaxes the maximum clock rate of the following devices 
by 2. Such a device is the HI3086JCO Harris AID. It is a 6-bit 
140 MSPS Flash AID Converter with quadrature output sam
ples. (The HI3026 AID, an 8-bit 120 MSPS device with dual 
demultiplexed output is also a design candidate.) Subse
quent DSP parts could operate up to a 70MHz maximum 
clock rate if the H13086 is used. 

Selecting The DSP Sample Rate 

The Clock Rate CrRerlon 

Selecting 4 samples per symbol yields the desired band
width. This sets the rate at which the HSP50110 Digital 
Ouadrature Tuner will output symbol data. We can construct 
a DSP processing chain from this baseline symbol rate. The 
clock rate of the IF signal into the HSP5011 0 Digital Ouadra-

ture Tuner is set to be four times the symbol rate. By using 
an HSP43216 Hallband Filter in the Downconvert and Deci
mate mode (INT/EXT# '" 0), the dual channel demultiplexed 
sampled data from the AID can be input at four times the 
symbol rate. By noting that the AID outputs 2 synchronous 
samples at half the AID sample clock rate, the AID sample 
rate is effectively four times the symbol rate. 

The Re-Sampler in the DOT eliminates the need for the 
sample clock and the symbol rate to be exact integer related. 
(An even integer is used as an example for clarity and to 
yield a "ball park" solution for applications with non integer 
relationships.) Note that an external NCO is used to drive the 
AID clock port. This minimizes the clocking jitter in the sys
tem. Use of the DOT Re-Sample NCO in addition to a sepa
rate clock generator for the AID and halfband will inherently 
have more jitter than the configuration shown. The DOT is 
used in the complex input mode. 

Determining the DSP System Limiting Rate 

The next limiting clock DSP element is the Hallband Filter 
which has a maximum clock rate at 52MHz. The rate through 
this decimating filter part can be optimized by using it in the 
Downconvert and Decimate Mode (INTIEXT# '" 0). This allows 
dual (demultiplexed) inputs at the maximum clock rate. This 
sets the maximum system sustainable clock rate at the output 
of the AID converter at 52MHz per data stream. The maximum 
system sustainable AID input sample clock becomes twice the 
AID output clock, or I04MHz. The decimate by two HalfBand 
filter output becomes a quadrature data stream at 52MHz and 
the symbol rate is one half of this, or 26MHz (2 samples on I, 2 
samples on 0 '" 4 samples per symbol). 

System Design Considerations 

Frequency Domain Considerations for the AID Sample 
Rate 

Determining the appropriate AID sample rate, requires more 
than just consideration of the clocking criterion of the DSP 
parts. The frequency plan of the receive system must com
pliment the digitizing hardware and not produce alias com
ponents that will impede the ability to recover the Signal of 
interest. Thus it is equally important that the sample rate be 
selected in a location relative to the IF signal, in a way that 
will not cause alias signals to fall in band. Many applications 
use undersampling techniques to recover signals from IF 
carriers by locating a harmonic of the sample frequency at a 
strategiC distance from the IF signal. An alias of the high fre
quency IF carrier is then processed by the DSP hardware. 

Rgure 2A and 2B illustrate two examples of how a 90MHz AID 
sample clock can be used to downconvert and process modu
lated IF signals. Rgure 2A shows an oversampled 20MHz IF, 
while Figure 2B shows an undersampled 160MHz IF. 

Figure 3 illustrates the spectral development at several 
points in the data path in the block diagram, from IF input to 
baseband output. The example has Fs' '" Fsl2 (Decimate by 
2) In the HBF and Fs· '" Fs'/8 (Decimate by 8) in the DCL. 
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~~ANALOG 

MAGNITUDE 1 
~ INPUT )-"" ............ "" 

ANALOG 

A~n AID INPUT 
SPECTRUM 

DC 20 90 180 
SIGNAL TO BE 
PROCESSED 

~M __ ,[ , , 2FS 

DIGITAL 
MAGNITUDE 1 [ AID OUTPUT 

SPECTRUM 

DC 20 70 90 110 160 180 

FIGURE 2A. OVERSAMPLED 20M Hz IF INPUT SPECTRAL PLOTS 

ANALOG .......... ~l ~i 2FS 

AID INPUT 
MAGNITUDE I I SPECTRUM 

INPUT 

DC 20 SIGNAL TO BE 90 160 180 
PROCESSED 

DIGITAL 
MAGNITUDE 1 ,M-ij , ~I AID OUTPUT 

SPECTRUM 

DC 20 70 90 110 160 160 

FIGURE 2B. UNDERSAMPLED 120MHz IF INPUT SPECTRAL PLOTS 

Additionally it is insufficient to just consider the signals of inter
est. Those signals that fall in the band of the AID converter, 
must be removed by any anti-aliasing filters ahead of the AID 
converter. These in band signals; if not filtered out, will also 
alias around the clock frequency and may appear directly on 
top of the signal of interest. In example B of Figure 2, a 
70MHz signal will interfere in such a way. The anti alias filter 
should be designed to attenuate the undesired signals to the 
point that it prevents such signal degradation. Note that an 
important system trade Is the implementation of the anti-alias 
filter and the selection of the AID clock frequency. 
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I INPUT [ I l SPECTRUM 

I 

Fsl4 Fsf2 3Fsl4 FS SFsl4 

~ 

SAMPLED I .I, 1 I l SPECTRUM 

I I 
Fsl4 Fsf2 3Fsl4 FS SFsl4 

I11III I 1 1 I DOWN 
CONVERTED 

SPECTRUM - I I 
Fsl4 Fsf2 3Fsl4 FS SFsl4 

~ 

I 

Ii: "''''' .. ·· .... 1 II j 
Q 

l1li ,J I 
z 
i& FILTERED 

~ SPECTRUM • Fsl4 Fsf2 3Fsl4 FS SFsl4 

~g~~~TION DUE 10 

I11III DECIMATION -........ 
DECIMATED (R=2) (Rd) 

OUTPUT 
SPECTRUM 

FS1/2 FS' 3Fsl4 FS SFsl4 

(Fsl4) (Fsf2) 

§ 
DOT II, 1 1 DOWN 

CONVERTED 
SPECTRUM 

I I I 
FS1/2 FS' 3Fsl4 FS SFsl4 

(Fsl4) (Fsf2) 

DUE TO DECIMATION DUE 10 DECIMATION DUE 10 DECIMATION 

DCL 

l1li111111111111111111 DECIMATING 

~ 
FILTER 

SPECTRUM 

j 
(Ad) 

FS" 2FS· 3FS"Fsl4 6FS"8FS' ?FS' FS' 8FS"10FS" 3Fsl4 FS 6Fsl4 

SYMBOL illllllllllllllllllill OUTPUT 
SPECTRUM 

FS' 2FS' 3FS"Fsl4 SFS"8FS' ?FS· FS' 8FS"10FS' 3Fsl4 FS 6Fsl4 

NOTE: FS = 2FS' = 16FS' 

FIGURE 3. HIGH RATE RECEIVER SPECTRAL DEVELOPMENT 
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Matched Baseband Filter Requirements 

The final receiver design consideration is the construction of 
a matched baseband filler for the received signal. The 
DaT/DCL chipset offers two filters integral to the chip: 1) 
Integrate and Dump and 2) Square Root of Raised Cosine a 
= 0.4. if one of these fillers meets your system performance 
requirements, then no further design is required. 

if your application requires a different filter, the HSP43168 or 
the HSP43124 can be inserted between the DOT and the 
DCL. The serial I/O filter (HSP43124) is limited to CLK = 
(45MHzlbit width). The Dual FIR filter (HSP43168) is limited 
to CLK = 45MHz. These parts may become the limiting fac
tor for the maximum clock speed. This translates to an AID 
sample rate at 90MHz, an AID dual demultiplexed data out
put rate of 45MHz, a Haifband Filter dual data Output Rate 
of 45MHz, and a symbol rate of 22.5MHz. In general, filter
ing requirements may demand that greater than eight taps 
be used in the filter, and two HSP43168 chips may be 
required (one for I, one for a) for adequate shaping. 

Summary 

Figure 1 outlines the implementation of the high symbol rate 
receiver. The solution assumes the need for an application 
specific matched filter, limiting the symbol rate to 22.5MHz. 
Key elements of the design are: the anti-alias filter, the 
quadrature output AID converter, the dual input decimating 
Haifband Filler, the Digital auadrature Tuner and the Digital 
Costas loop. The design uses the level detection feature of 
the HSP50110 to drive a Voltage Controiied Altenuator to 
keep the level at the converter input at an optimum value. 

For information relative to selting the internal PLL parame
ters in the OOTIDCL chipset, refer to the HSP50110/210 
EVAL Users Manual. 
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Using the HSP50110/210EVAL Example Configuration Files 
Authors: John Henkelman and David Damerow 

Introduction 

Every HSP5011 0121 OEVAL evaluation kit contains a floppy disk 
labeled DEMOO CHIPSET EVALUATION SOFTWARE. This 
disk contains the DEMODEVB.EXE file and other software nec
essary to configure and operate the evaluation card which is 
provided in the demod chipset kit This kit provides all the soft
ware required for the configuration, operation and evaluation of 
the HSP50110 Digital Ouadrature Tuner (DOT) and HSP50210 
Digital Costas Loop (DCL).Adclitional software is provided to 
demonstrate the various filtering features of the evaluation 
board. The software provided in the kit ensures that a user can 
quickly set up the evaluation board, configure it, and output 
data for test evaluation. This Evaluation Kit will leave the user 
confident that these parts can be easily ported into an applica
tion specific design. Four directories (folders) are provided to 
assist in familiarizing the evaluator with key features of the 
chipset. These four directories are labeled "examples", 'ilters", 
"schemar and "serinade" are provided for this purpose. 

The "EXAMPLES" Folder 

The first directory is filled with example configuration files which 
have been tested and proven to provide BER performance that 
is better than 1 dB from theory. It Is the use of these example 
configuration files that Is the focus of this application note. 
This application note will detail the location, use and application 
of the example configuration files. The quickest way to config
ure the evaluation board for your application, is to find a config
uration file that most closely matches your symbol rate, and 
load that file. The file can then be edited to change any of the 
parameters (such as IF frequency, Filtering, etc.) as needed. 

Figures 1A and 1B detail the test Hardware configurations 
used to verify the BER performance of each configuration file. 
A study of these figures reveals that Figure 1 A utilizes a 
70MHz IF, while Figure 1B utilizes a 5MHz IF. These are the 
only two IF frequencies that will be found in the example files. 

The "FILTERS" Folder 

This folder contains example FIR filter configuration files. 
These files have been created with SERINADE, a software 
package developed for Harris Semiconductor to assist in the 
design of digital filters of the type found on the evaluation 
board. This application note will provide information on the 
description, and use of these filter files. 

Copyright @ Harris Corporation 1997 

The "SCHEMAT" Folder 

This folder contains the schematic of the evaluation board, 
as captured using the ORCAD application. The files are pro
vided for design re-use and should help shorten the critical 
"Time to Market" development time. These schematics, 
which were used to generate the evaluation board, are 
offered for use in designs, it is the user's responsibility to 
secure the proper ORCAD revision and any ORCAD techni
cal assistance in porting, opening and editing these sche
matics. 

The flSERIHADE" Folder 

This folder contains the latest version of the SERINADE soft
ware. This software will assist in any application specific FIR 
filter design. The 'ilters" folder contains examples of filters 
already designed using this software, and should be used to 
verify results until the user is proficient with the application. 
All SERINADE generated filters are readily ported into a for
mat that the HSP5011 0121 OEVAL kit can import. 

It Is highly recommended that the distribution disk provided 
in the evaluation kit be backed up prior to use. Obtain a print
out of the files in the "EXAMPLES" and "FILTERS" and use it 
to maintain a fully functional software package. 

The "EXAMPLE" Configuration Files 

The example configuration files included on the distribution 
disk are labeled according to the key shown below and in 
Appendix H of the User's Manual. The first field is an alpha
numeric digit which indicates the modulation type. Options 
are: B for BPSK, 0 for OPSK, and E for 8PSK. In the future F 
will be used to denote FSK, while M will denote MSK. 

b.~rIk.cfg 

I lJ:-'T~ Symbol Rate (NOT DATA RATEI) 
Modulation Format 

The second field is numeric and represents the symbol, or 
baud rate of the signal, expressed in KHz. The symbol rate 
numeric field utilizes a "pO to represent a decimal pOint. For 
example, a data rate of 1200bps is represented as 1 p2. Sim
ilarly 9600bps is expressed as 9p6. 
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TRANSMIT 70MHz T.P. 

COMSTREAM CM701 J NOISEICOM NC8108 
B/QPSK DIGITAL MODEM SPLITTER NOISE GENERATOR 
RATE: VARIABLE Kbpa r- MINICIRCUITS WITH INTERNAL 

PATTERN: 512 ZSC-2·1W 
1-4 SIGNAL SUMMER 

BERDISPLAY AND 
EblNo ESTIMATE ATTENUAlORS 

RX70MHz 
! 

FIREBERD 6000A 
AVANTEK 

AMPUFIER 
BERT AY-1T BERDISPLAY 

RATE: 32Kbpa 1 
PATTERN: 512 

BPF 

CLK T T DATA 
DE·70-61'-11 

4. 
HSP5011 Cll210EVAL HI5702EV2 RX70MHz I. SPUTTER DIGITAL DEMOD AID BOARD MINICIRCUITS 

BOARD 1 ZSC04-3 

IENDl 1 QEND ~ 

OSClU.OSCOPE POWER METER 
DUAL ,....... 

[Q]SIGNAL 
HP438A METER 

DlA CONSTEUoATION HP8481D HEAD 
BOARD ...... DISPLAY HPll798A ATTEN 

FIGURE 1A. 70MHz IF TEST CONFIGURATION 

TRANSMIT 5MHz T.P. 

J NOISE/COM Neal08 
SPUTTER NOISE GENERATOR 

HSP·EVAL H15721EV r- MINICIRCUITS WITH INTERNAL 
HSP45118DB 

DlABOARD 
ZSC-2-1W SIGNAL SUMMER 

NCOMBOARD AND 
ATTENUATORS 

l~ ! 
F1REBERD 6000A 

I AVANTEK I DATA BERT AMPUFIER 
BERDISPLAY AV·1T DATA RATE: 32Kbpa 

If PATTERN: 512 4. 

I BPF J 
DE·70-6P·B 

HSP5011C11210EVAL 
, 

DIGITAL DEMOD HI5702EV2 RX5MHz I SPLITTER; I BOARD AID BOARD 
IMIN:~ITS 

Q 11 OSCILLOSCOPE 
4. 

DUAL 
POWER METER 
HP438A METER 

DlA 
,. 

CONSTELLATION 
[Q]SIGNAL 

HP8481D HEAD 
BOARD "- DISPLAY HP11798AATTEN 

FIGURE 1 B. 5MHz TEST CONFIGURATION 

Care must be taken not to confuse symbol rate with data rate. 
Recall that for BPSK, data rate and symbol rate are identical. 
For QPSK, however, the symbol rate is 112 the data rate, 
because two bits of data are used to form a symbol. For 8PSK 
the symbot rate is 113 the data rate, because three bits of data 
are used to form a symbol. Figure 2 details how a typical 
QPSK modulator is implemented, while Figure 3 Illustrates the 
data to quadrature symbol relationship for QPSK for both the 

in·phase and quadrature components. Two data bits will 
determine in which of four phase states the carrier will be 
placed: 00 , 900, 1SOO, or 2700• This phase shift is accom· 
plished using the I (in·phase) and (Q) quadrature orthogonal 
vectors as shown in Figure 4. Figure 5 illustrates the data and 
symbol relationship for 8PSK, while Figure 6 shows the possi· 
b1e carrier vectors created for a symbol. 
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QPSK MODULATOR 

FIGURE 2. TYPICAL QPSK MODULATOR 

MODULATED 
RF 
OUTPUT 

I 10 I QO I 11 I Q1 I 12 I Q21 13 I Q31 14 I INPUT DATA STREAM 

INPUT DATA CLOCK 

____ ~I~ __ u __ ~I~ __ S_1 __ ~I~· ___ S2 __ ~I~_S_3 __ ~I~_S_4_ SYMBOL STREAM 

SYMBOL CLOCK 

FIGURE 3. DATA TO SYMBOL RELATIONSHIP FOR QPSK 

Q Q Q Q +,+,+,+, 
FIGURE 4. VECTOR REPRESENTATIONS OF THE QPSK SYMBOLS CREATED FROM TWO DATA Brrs 

I DO I D1 I 021 D31 041 Dsl 05 I 071 051 De INPUTDATASTREAM 

INPUT DATA CLOCK 

SO S1 S2 SYMBOL STREAM 

SYMBOL CLOCK 

FIGURE 5. DATA TO SYMBOL RELATIONSHIPS FOR 8PSK MODULATION 
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Q Q Q Q +,+,+,+, 
Q Q Q Q +,--t--,+,+, 

FIGURE 6. VECTOR REPRESENTATIONS OF THE 8PSK SYMBOLS CREATED FROM THREE DATA BITS 
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128 

- ~ 

o 8 

8-BIT-1 ~ r-- UN..QUANTJZED 
QUANTIZED COEFFICIENTS 

COEFFICIENTS 

I \ 
J 

1 

I ~ 
~ ;/ \ L ~ 

" ~ \ .. .1 
I 

18 24 32 

FILTERED TAP 

40 48 

-r-
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FIGURE 7. COEFICIENTS FOR THE SQUARE ROOT OF RAISED COSINE a = 0.4 FILTER 

0.3 

0.25 r 
0.2 I 1\ 

I \ 
I \ 

II \ 

i 0.15 

~ ~ 0.1 

0.05 

~ 
~ \ ". ......... - -o 

V \ J -0.06 
o 4 8 12 1. 20 24 28 

COEFFICIENT TAP NUMBER 

FIGURE a. COEFFICIENTS FOR THE b128f1r.cfg CONFIGURATION FILE FILTER: rrc4a4x.lmp 
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The filllll fI~\d of tlJe file mm1f1 is the filter type. The options are 
RROfor Squ~re RQOtQf Ral$ed. Cosine a = 0.4 filtering (for 
bandlimitedapplicatiolis),.I&D for Integrate and Dump filtering 
(forulJfiltered data applicll.tions), and FIR filtering (for creating 
IiIPplication specifiC onboard ~rial FIR filters). Figure 7 details 
the coefficients of the RRC Cosine a = 0.4 filter. The FIR selec
tion implieS that the DCl ROC and 1&0 filters are bypassed. In 
this case the file represents the coefficients for the FIR filter. 
Figure 8 details the coefficients for the FIR filter in example con
figuration file. Table 1 lists the configuration files provided as 
examples with the EVAl kit and details the modulation format, 
data rate and filtering associated with each fHe. 

HSP501101210Evaluation Soard Software 

DATA PATH/MODLILATIO.N MENU 

Current Fila Name.\B128RRC 

When using the "fir" filter configuration, the FIR filter coefficient 
fHe thet is used can be changed. Figure 8 illustrates that the Data 
Path/MOdUlation Menu Item (14) must be selected and changed 
from "f1' (Bypassed) to "1" (enabled). After selecting "1", the user 
is prompted for the file name of the filter. The software will aut0-
matically append a ".rpt" SuffIX to the file name, indicating a 
SERINADE generated file, so do not enter a suffix with your file 
name. A number of example FIR filter fUes have been included 
on the distribution disk in the kit under the FILTERS directory, for 
the evaluation of a variety of Square Root of Raised Cosine fil
ters. The fUes with the ".imp' suffix are files ready to import into 
SERlNADE. The SERINADE FIR filter design software Is 
included on the evaluation kit distribution disk, allowing the user 
to create fHes for specific applications. The files with the ".rpt' 
and ".'" suffixes are generated by SERINADE. The 
HSP5011 0121 OEVAl software uses the files with the ".rpt' suffix. 
Table 2 defines the available FIR filter coeffICient files. 

(1) Ma~er Clock Freq .................• 4OOO0000Hz 

(2) Input Sample Rate ..•.......•...... 4OO00000Hz 

(3) Input Mode ............................ Gated 

(4) OaT Input Samples ....................... Real 

(5) OaT Input Format. • . . . . .. . . . . . .. . . . .. Offset Bin 

(6) L.O. Center Freq ................... +5000000 Hz 
(7) Data Modulation ........•••....•••....•.• BPSK 

(8) Baud Rate ........•.........•....•.. 128000Hz 

(9) DOT Output Rate ........ ; ........... 258000Hz . 

(10) I.F. NBW ........••.......••....... 750000Hz. 

(11) OaT Filter ....................... CIC w/Comp 
(12) DCl RRC Filter .......•.............•. Enabled 

(13) DOL 1&0 .........•................ Bypassed 

1(14) HSP43124 •••••••••••••••••••••••• Bypa888d 

(15) Es/No (min) ..................•......... +OdB 
(16) I;s/No (max ........••........•....... +100dB 

(17) Es/No (design) ......•.•••......••••.•.. +6dB 

(18) AID backoff (min.) ....................... 12dB 

(19) AID backoff (max.) ...................... 18dB 

(20) DCl Output Vector •...•.......•....... -SdBFS 
(21) OaT Output level ...•••........•....• -12dBFS 

(22) DCl Detect. Level ..•.•..•.....••..... -12dBFS 

(23) Slicer Threshold. . . .. . .. . .. . . . . . .. .. . . .. 0.25 

(24) OaT AGC Slew Rate. . . . . .. . . . . . .... 30dBlsec 
(25) DCl AGC Slew Rate ........•........ 1 OdBlsec 

(26) AGC Limits •.•.................. FUll RANGE 

(27) Output Mux Control ........................ 7 
(0) MAIN MENU 

ENTER SELECTION: (14) f-
FIGURE 9. DATA PATHIMODULATION MENU ITEM (14) IS USED TO SELECT THE ONBOARD SERIAL FIR FILTERS 
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TABLE 1. EXAMPLE CONFIGURATION FILE DEFINITIONS 

MODULATION SYMBOL RATE DATA RATE 
NO. FILENAME FORMAT (KSps) (KBps) FILTER TYPE 

1 b1024rrc.cfg BPSK 1024 1024 Square Root of Raised Cosine 

2 b128fir.cfg BPSK 128 128 Serial FIR 

3 bl28l&d.cfg BPSK 128 128 Integrate and Dump 

4 b128rrc.cfg BPSK 128 128 Square Root of Raised Cosine 

5 b19p2i&d.cfg BPSK 19.2 19.2 Integrate and Dump 

6 b1 p23i&d.cfg BPSK 1.23 1.23 Integrate and Dump 

7 b1 p2i&d.cfg BPSK 1.2 1.2 Integrate and Dump 

8 b256rrc.cfg BPSK 256 256 Square Root of Raised Cosine 

9 b2.41&d.cfg BPSK 2.4 2.4 Integrate and Dump 

10 b32i&d.cfg BPSK 32 32 Integrate and Dump 

11 b32rrc.cfg BPSK 32 32 Square Root of Raised Cosine 

12 b4p81&d.cfg BPSK 4.8 4.8 Integrate and Dump 

13 b512rrc.cfg BPSK 512 512 Square Root of Raised Cosine 

14 b64i&d.cfg BPSK 64 64 Integrate and Dump 

15 b64rrc.cfg BPSK 64 64 Square Root of Raised Cosine 

16 b9p6i&d.cfg BPSK 9.6 9.6 Integrate and Dump 

17 q1024rrc.cfg QPSK 1024 2048 Square Root of Raised Cosine 

18 q1281&d.cfg QPSK 128 256 Integrete and Dump 

19 q128rrc.cfg QPSK 128 256 Square Root of Raised Cosine 

20 q1544rrc.cfg QPSK 1544 3088 Square Root of Raised Cosine 

21 q2048rrc.cfg QPSK 2048 4098 Square Root of Raised Cosine 

22 q256rrc.cfg QPSK 256 512 Square Root of Raised Cosine 

23 q32l&d.cfg QPSK 32 64 Integrate and Dump 

24 q32rrc.cfg QPSK 32 64 Square Root of Raised Cosine 

25 q512rrc.cfg QPSK 512 1024 Square Root of Raised Cosine 

26 q64i&d.cfg QPSK 64 128 Integrate and Dump 
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TABLE 2. EXAMPLE FIR FILTER COEFFICIENT FILES 

SQUARE ROOT OF 
RAISED COSINE NUMBER 

NO. FILENAME FILTER a OF TAPS 

1 rrc2a2x 0.2 16 

2 rrc2a4x 0.2 32 

3 rrc2a8x 0.2 64 

4 rrc35a2x 0.35 16 

5 rrc35a4x 0.35 32 

6 rrc35a8x 0.35 64 

7 rrc4a2x 0.4 16 

8 rrc4a4x 0.4 32 

9 rrc4a8x 0.4 64 

10 rrc5a2x 0.5 16 

11 rrc5a4x 0.5 32 

12 rrc5a8x 0.5 64 

Summary 
The HSPS011 0/210EVAL kit includes software that enables 
the user to configure the hardware for data processing. 
Example configuration files represent a variety of symbol 
rates, filtering and modulation formats. Additional files are 
provided for using the onboard,serial FIR filters. The follow· 
ing recommendations will facilitate your use of the 
HSPS011 0121 OEVAL kit: 

1. It is recommended that users conform to the conven· 
tions used for naming both the configuration and FIR fil· 
ter files, minimizing confusion when seeking application 
assistance. 

2. It is critical that the user understand that the evaluation 
board outputs data at symbol rate, not the data rate. 
Setup problems masked when operating in the BPSK 
format, come to confuse the operator when higher level 
modulation formats are invoked. Review of the material 
on the first section of this application note can avoid the 
most common mistakes in modulator and demodulator 
test setups. apSK and 8PSK modulators are likely to 
input data at the data rate, rather than the symbol rate, 
especially if the units have integral encoders. The 
HSPS0110/210EVAL outputs I and a data at the symbol 
rate, not the data rate. External generation of 2X or 3X 
clocks may be required to re-multiplex the data into a 
single data stream if decoding is not employed. Decod· 
ers generally require the I and a symbols to properly 
perform decoding. 

3. It is also recommended that users begin with one of the 
example configurations, rather than attempt an original 
configuration creation. The user needs to become famil· 
iar with the operation of the evaluation board before 
attempting the process of configuration deSign. 

FILTER SPAN FILTER REQUIRED DQT 
(SYMBOLS) DECIMATION OUTPUT RATE 

8 None 2 x Symbol Rate 

8 2 4 x Symbol Rate 

8 4 8 x Symbol Rate 

8 None 2 x Symbol Rate 

8 2 4 x Symbol Rate 

8 4 8 x Symbol Rate 

8 None 2 x Symbol Rate 

8 2 4 x Symbol Rate 

8 4 8 x Symbol Rate 

8 None 2 x Symbol Rate 

8 2 4 x Symbol Rate 

8 4 8 x Symbol Rate 

4. Users that wish to design application specific FIR filters 
should begin with the FIR configuration example. The 
second step should be to select a different FIR filter file 
for the example configuration. The third step is to use 
SERINADE to create an application specific FIR file. 
Following these steps will introduce the user to the oper· 
ation of the evaluation board, the example configuration 
files, the example filter files and the SERINADE filter 
design software in a methodical order, minimizing confu· 
sion and reducing the likelihood of mistakes. 

S. In standard Bit Error Rate Testers (BERT), maximal length 
sequences are used as the PseudoRandom test 
sequences. Common code lengths are 27.1, 210.1, 215.1, 
and ~-1. One of the properties of these codes is that if 
every other bit of the sequence is selected, the original 
sequence will be generated at the lower rate at a new 
phase of the code. This property can be useful when test· 
ing the card in the apSK mode when regeneration of the 
composite data rate cannot be done. The receive BERT 
should be set to the same code length as the transmit 
BERT but the symbol rate is entered as the operating rate. 
Either I or a is connected to the BERT. Bit Error Rate data 
can be taken at the symbol rate. Note that imperfections in 
implementing the modulator (VQ imbalance, d.c. offset, 
orthogonality, etc.) may degrade the BER of the indMduai 
channels (lor a) at one or more of the lock points. Ideally, 
the BER at each lock point (2 for BPSK, 4 for apSK, and 8 
for 8PSK) will be identical. By taking an average of the 
BER on the I and a Channels at the various lock points, 
the composite va BER can be calculated. 
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Introduction 

Polyphase resampling filters are often used for timing adjust
ments in bit synchronizer loops. They are most commonly 
used at high baud rates where the sample rate to baud rate 
ratio (FsfRBaud) is low. The HSP50110 Digital Ouadrature 
Tuner (Dan and HSP50210 Digital Costas loop (DCl) 
chips support NCO driven polyphase resampling filtering 
when the HSP43168 Dual FIR Filter (OFF) is inserted 
between them. This application note will address use of the 
DOT, OFF and DCl in the polyphase filtering configuration. 

Polyphase Filtering Overview 

In polyphase resamplers, the process can be conceptually 
described as interpolation to a high rate, followed by a deci
mation to the desired lower rate. In practice, the process is 
done in a single step by changing the filter coefficients. 

For example, in a 3/5 resampler, the input is interpolated by 
three using three sets of coefficient phases 0, 1, and 2. The 
interpolated signal is then decimated by 5, discarding 4/5 of 
the phases. The two steps are combined by computing three 
outputs for every five inputs. The resulting phases are: 

IOUTo=OA; 

lOUT, =2e; 

lOUT, = 10; 

IOUT2=OF; 

IOUT3 = OF; 

as shown in Table 1. One can see by inspection, that the 
same result can be accomplished by providing unique sets 
of coefficients and applying the appropriate filter coefficient 
set to the input data at the desired output rate. A unique 
coefficient set is required for every interpolated phase of the 
data. in this example - 3. 

OQTIDCL Resampling Capabilities 

The DOT/DCl have four design elements which enable 
polyphase filtering to be accomplished: 

1. A resampling NCO with carry output 

2. A latched resampling NCO phase word: SPH(4:0) 

3. A programmable clock counter with carry output 

4. A strobe, SSTRB, latched synchronous to both the Resam
pier NCO carry and the programmable clock counter carry. 

Copyright @ Hams Corporation t 997 

In the DOT/COL implementation, the resampling ratio is con
trolled by the resampling NCO. The ratio can be both irrational 
and variable. The DOT is fixed (controlled by a counter) at an 
output sample rate faster than the desired rate. The resam
piing NCO and the OFF are used to choose when to compute 
the next output and which interpolation phase to use. The 
OFF can store up to 32 filter phases (coefficient sets). This 
gives a timing resolution of -3% of a symbol time. 

TABLE 1. INTERPOLATE BY 3 DECIMATE BY 5 

INPUT INTERPOLATE BY 3 DECIMATE BY 5 
DATA DATA DATA 

IA °A IOUTo 

'A 
2A 

Ie De 

'e 
2e lOUT, 

Ie Dc 

'e 
2e 

10 00 

'0 IOUT2 

20 

Ie De 

'e 
2e 

IF OF IOUT3 

The DOT resampling NCO is programmed for the desired 
output sample rate. When the NCO rolls over, it sets a flag 
internally so that the NCO's phase. SPH(4:0), is sampled 
and the SSTRB signal is asserted aligned with the next out
put sample. The SSTRB signal indicates that a FIR compu
tation is required. The SPH(4:0) signals hold the NCO phase 
at the output sample time, indicating which filter interpolation 
coefficient set to use. 
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PolyPhase Filter Design 

The coefficients for the Interpolation phases are generated by 
designing the filter at the Interpolated rate (32x the Input sam
ple rilte since there are five bits of phase represented in 
SPH(4:0» with desired passband at <1X in input sample rate. 
With the DFF (without alternating the FWD and RVRS data), 
the prototype filter would have (32 phases x 8 taps) 256 taps. 
These ta~ are dMded Into the 32 filter phases by taking 
every 3200 sample and storing the result as coeffICient sets 0 
through 31. The first coefficient set would be CO, 032, C64, 
C96, C128, C160, C193, and C224. The last coefficient set 
would be C31, 063, C95, C127, C159, C192, C223, and 
C255. Note: PraaddenI In the OFF cannot be used .Inca 
InterpolaUon phase coefficients ara asymmetric. 

Decimation can be used if fewer interpolation phases are 
used - for example 16 coefficient phases can be realized by 
decimating by two. Because the resampling filter has only an 
8 sample span (4 symbol), the short span yields relatively 
gradual transition band roll off, making It a poor shaping filter. 

Implementing a Resampllng Filter Using 
the DQT, DCL and the OFF 

There are several configurations for Implementing polyphase 
filtering using the HSP50110 (DOT) and HSP50210 (DCL) 
with external FIR filters. Three distinct operational cases 
which are related to the selected input mode of the· input 
controller of the DOT !Ire: Normal, Gated, and Interpolated. 
This application note addresses only the Normal Input 
Mode, which has the ENllnput to the DOT tied low. Bit posi
tion 1 of Control Address = 4 should be set high (1), select
ing the gated mode. Hardwlring Em will continuously gate 
the input. 

Consider the implementation shown In Figure 1. The SSfFm 
and the SPHO-4 are used to gate the output of the filter 
address the filter and the coefficients respectively. Note that 
the ~ must be delayed an amount equivalent to the fil
ter, to properly gate the filter output into the HSP50210 via 
the SYNC input Signal. Using the fine phase address bits In 
SPHO-4, 32 filter phases (coefficient sets) can be realized. 

The clocking and control of the FIR using CLK, ~, 
SYiiIC, DATARDY and SPH0-4 becomes critical. Figure 2 
outlines the configuration required. It Is very important to 
understand the relationship between the various DOT clock 
and control outputs. 

CLK, the Programmable Divider,· and the Re-Sampler 
NCO 

The Programmable Divider must be configured to have CLK 
(the DOT input sample clock) as the clock source, rather 
than the Ae-Sampler NCO carry out. To select CLK as the 
source, BIT 18 of DESTINATION ADDRESS 5 must be set 
to "1". The Programmable DMder (Destination Address 5 Bit 
6 to 17) Is set to a value of 2n, where n = 0, 1, 2, or 3. This 
generates a CIC Filter Clock that is CLK, CLK/2, CLKl4 or 
CLK/8, respectively. This clock will be gated to become the 
DATARDY signal, and will be used to gate the data into the 
external FIR filter. This selection of the Programmable 
DMder determines the SPH_OUT_SEL settings for the 
shifter or the Re-Sampler Phase output bits. Table 2 details 
the required settings. 

TABLE 2. DIVIDER AND PHASE SHIFT SEmNGS 

PROGRAMMABLE DNIDER SHIFTER SETTINGS 

OH 11 

1H 10 

3H 01 

7H 00 

Note that when the CIC Filter is clocked at CLK rate, no shift
ing occurs. Similarly, when the CIC Filter is clocked at CLK/8 
rate, the shifter selects the phase bits fourth from the top as 
the MSB. 

We desire finer phase resolution of a single decimated sam
ple time. The Programmable Divider output, which Is DOT 
CIC and DOT CIC compensation filter clock, is one positive 
(programmable positive or negative) pulse the width of one 
input sample clock period. 

Note that the input sample clock (CLK) is the clock that 
should be used to clock the FIR filter input. The DATARDY 
signal will be used to enable the FIR filter input data sam
pling at the decimated rate. 
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SYMBOL 
CENTER 

FREQUENCY 

SYMBOL 
OFFSET 
FREQUENCY 

PROGRAMMABLE 
DMDER(N) 

IJ5RR HSP50110 DOT 

COEFFICIENT 
ADDRESS 

HSP50210 DCL 

FIGURE 1. SIGNAL GENERAnON FOR POLYPHASE FILTERING WITH HSP501101HSP50210 
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DIVIDEBYN 

1 
OQT 

-H PROGRAMMABLE I CARRY 
CIC 

DlVlDER(N) I ! FilTER 
ClK 

lOGIC AND DELAY I CIC 
RESAMPLER NCO CENTER CIRCUITS COMPEMSATlON 

FREQrNCY FilTER 
DATARDY 

I Q 

-H RE-IIAMPLER 
I CARRY MODE r NCO I f 1 

ClK 

SPH 
OUT 
SEl 

- r-- .... 
l 

SHIFT 

1 
I ClK 

lOGIC: I 
NCOCY.SET 

DATARDY .. RESET 

ClK LATCH 

t:J 
ClK LATCH I I LATCH ClK 

SPH(CJ.4) 1 SSTRB. I DATARDYII 

I DELAY I SHFTENII I Q 

CLK OFF 
CSEL(CJ.4) 

1 I SOFAND SYNCII I Q 
SOFSYNC Del 

FIGURE 2. CLOCK AND CONmOL CONNECTIONS FOR POLYPHASE FILTERING 

The SSTRB Signal and the Re-Sampler Phase Output 

The Ae-Sampler NCO is programmed to the desired sample 
frequency of the DCl input. It is not connected to' clock any 
hardware in the DOT. This NCO provides a carry output, 
which identifies the zero phase location. Additionally, 5 bits 
of phase resolution are provided. The SSTRB signal Is the 
gated version of the carry out of the Ae-Sampler NCO. 

There are two selectable modes of operation for the SSTRB 
signal. The first mode is an asynchronous continuous mode, 
where the carry out is passed directly out of the chip without 
concern for the timing of the programmable counter. The 
carry out is updated with every ClK rising edge. Do not use 
the asynchronous continuous mode for this application. 

The second mode synchronizes the carry output pulse with 
the rising clock edge out of the programmable counter. Pro
gram BIT POSITION 13 of DESTINATION ADDRESS = 6 to 
be "fY'. This gating will "synchronize" the SSTRB and the 5 
bits of sampler phase to the DATARDY signal. The synchro
nization occurs during gating and the gate will occasionally 
prevent the SSTAB and phase signals from their expected 
location, because they did not occur aligned with the 
DATARDY signal (during that output sample period). 

The frequency of the Rs-Sampler NCO carry out is equal to 
the programmed Ae-Sampler NCO Center Frequency value 
multiplied by the frequency of ClK, scaled to 32 bits of reso
lution. If there is a Symbol Offset Frequency offset term, the 
sum of the offset and the center frequencies is multiplied by 
the frequency of ClK, and scaled to 32-bit resolution. This is 
detailed in Equation 1. 

FCO = Fs x (SCF + SOF)/232 (Ea. 1) 

where FCO = the frequency of the Re-Sampler NCO carry out; 
Fs = the DOT input sampling frequency (CLK); SCF = the Sam
pler Center Frequency; SOF = Sampler Offset Frequency. 

SPHO-4 
[NCO OUTPUT) 
(ANALOG WAVEFORM) 

--.... --------.. - CARRYOUT 

FIGURE 3. THE CARRY OUT SIGNAL RELATIONSHIP TO 
RE-SAMPLER PHASE BITS 
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NOTES: 

1. Because the SCF and SOF are both 32-bit words, the maximum 
value for the parenthetical expression is (FFFFFFFF + 
FFFFFFFF)/232= 2, which yields an erroneous value of greater 
than one for the multiplier of the sampling frequency F •. This will 
cause the NCO to "rollover". If the sum of these two values (SCF 
+ SOF) are kept less than 232, rollover will not be an issue. 

2. If the value of SCF is a multiple of 2, then there will be no jitter on 
the carry out of the NCO (and thus no jitter on the deCimation fil
ter clock or the ~ signal) so long as the SOF is zero. But 
as SOF adjusts the phase of the NCO, jitter on the order of one 
NCO clock will be Introduced due to the non-Integer value of the 
sampling frequency multiplier (SCF + SOFJI 232. 

3. If the value of SCF is not a multiple of 2, then there will be jitter 
on carry out of the NCO on the order of one NCO clock due to 
the non-integer value of the sampling frequency multiplier 
(SCF)I232. As the SOF signal adjusts the phase of the NCO, the 
jitter will remain, except on those rare moments when the sum of 
SOF and SCF is a multiple of 2. 

Figure 3 shows the relationship to the NCO output values 
and the frequency of the NCO carry out signal. SPH (0-5) 
are 5 MSB's selected from the top 8 bits of the NCO output 
word. It is these bits that will be used to provide finer sampler 
phase resolution to address the coefficient sets in the FIR fil
ter. A programmable shifter selects which 5 of the 8 MSB's 
are used as the sampler phase output. Up to thirty two sym
bol phase values can be achieved with these 5 bits. The 
shifter scaling retains the 32 state resolution for most NCO 
frequencies. These 5 bits should be connected to the FIR fil
ter coefficient address lines. 

The External FIR Filter 

A FIR filter is used to provide for the resampling of the DOT 
output with timing associated with the Re-Sampler NCO fre
quency. Figure 4 shows a typical filter response for this FIR 
filter. The filter is designed as an Interpolate by 321Decimate 
by n filter. The Interpolate by 32 is a "virtual" interpolation, 
since the part is being clocked at CLK rate, but enabled at 
the DATARDY rate. The FIR decimation rate is with respect 
to the DATARDY enable rate, which is the rate at which the 
FIR shifter is enabled. As shown in Figure 5, the filter must 
be designed to ensure that the RRC filter in the DCL chip is 
well within the flat passband of the FIR filter and not cor
rupted by aliaSing. The DFF will aid in, but not be, the pri
mary shaping filter in the receive path. 

The HSP43168 dual FIR filter provides the capability to pro
vide both the I and a filters in a single chip if a 8 tap symmet
ric filter meets the customer requirements. Each of the 8 
taps is used with 32 coefficient sets to yield a total filter of up 
to 8 x 32 = 256 taps. Another way to look at this is that this 
provides 8 filter taps per phase. Each of the 32 filter coeffi
cient sets should be programmed with coefficients for differ
ent phases of· the response. A typical single phase filter 
response is shown in Figure 6. This response becomes just 
one of 32 phase responses that as a composite will repre
sent the filter. The main lobe response of composite filter, 
with 32 phases, is shown in Figure 7. 

A Typical Single Phase Filter Response 

The DCL will accept the output of the FIR Filter at the FIR 
decimated rate. These inputs will be enabled by the SYNC 
input, which is the SSTRB signal delayed by exact process
ing delay of the FIR Filter. Note that the SSTRB represents 
the "zero or start" phase sample of the 32 phases of the re
sampled rate clock. The designer must provide the input pro
cessing clock. This processing clock can be the CLK signal 
from the DOT, since the DCL inputs are enabled by SYNC. 
Thus the effective sampling rate of the DeL is determined by 
the SSTRB (SYNC) signal. The symbol loop filter output of 
the DCL, SOF and SOFSYNC, should be routed to the DCL 
Re-sampler inputs of the same name. 
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fe/2 

FIGURE 4. A TYPICAL DATA FILTER FOR THE FIR FILTER STRUCTURE 

FIGURE 5. KEEPING THE DCL RRC FILTER WELL WITHIN THE FLAT PASSBAND 

FIGURE 6. A TYPICAL SINGLE PHASE FILTER RESPONSE 

FIGURE 7. THE "MAIN LOBE" COMPOSITE COEFFICIENT FILTER RESPONSE FOR A 32 PHASE FILTER 
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Harris Quality 

Introduction 

Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today's market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve
ment and evolution, with perfection as the constant goal. 

Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 

Quality in integrated circuits cannot be added or considered 
after the fact. It begins with the development of capable pro
cess technology and product design. It continues in manu
facturing, through effective controls at each process or step. 
It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 

The Role of the Quality Organization 

The emphasis on building quality into the design and manu
facturing processes of a product has resulted in a Significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan
dardization of inspection equipment and processes, proce
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 

At critical manufacturing operations, process and product 
quality Is analyzed through random statistical sampling and 
product monitors. The Quality organization's role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, conSUlt
ing, and managing Quality Improvement projects. 

To support specific market requirements, or to ensure con
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every
one's job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs - with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy
mentof quality techniques, and to monitor progress. 

The Improvement Process 

t 
CTON IMPA 

PRO 
QUA 

DUCT 
LITY 

STAGE I 

PRODUCT 
SCREENING 

STAGE III 

PROCESS 
OPTIMIZATION 

STAGE II 

PROCESS 
CONTHOL 

STAGEIV I 

PRODUCT ~I OPTIMIZATION 

SOPHISTICATION OF QUALITY TECHNOLOGY 

FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 

Harris Semiconductor'S quality methodology is evoMng through 
the stages shown in Figure 1. In 1981 we embarked on a pro
gram to move beyond Stage I, and we are currently in the tran
sition from Stage III to Stage IV, as more and more of our 
people become involved in quality activities. The traditional 
"quality" tasks of screening, inspection, and testing are being 
replaced by more effective and efficient methods, putting new 
tools into the hands of all employees. Table 1 illustrates how our 
quality systems are changing to meet today's needs. 

ISO 9000 Certification 
The manufacturing operations of Harris Semiconductor have 
all received ISO certification. The ISO 9000 series of stan
dards were very consistent with our goals to build an even 
stronger quality system foundation. 

Qualified Manufacturing List (QML) 

Harris Semiconductor has supplied military grade integrated 
circuits for over 20 years. The governmenfs certifying body had 
audited and granted approval to ship JAN, 883 compliant, and 
Source Military Drawing parts used in ground and space appli
cations. The discipline required to manufacture high reliability 
components has been beneficial to the commercial product 
lines. Harris has now taken the next evolutionary step by transi
tioning into QML as defined in MIL-PRF-38535. These guide
lines incorporate the best commercial practiCes for 
semiconductor manufacturing. 

Designing for Manufacturability 
Assuring quality and reliability in integrated circuits begins with 
good product and process design. This has always been a 
strength in Harris Semiconductor's quality approach. We have a 
very long lineage of high reliability, high performance products 
that have resulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent quality and 
reliability requirements of the most demanding end equipment 
applications, from military and space to industrial and telecom
munications. The application of new tools and methods has 
allowed us to continuously upgrade the design process. 
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TABLE 1. TYPICAL ON·LlNE MANUFACTURING/QUALITY 
FUNCTIONS 

AREA CONTROLS/MONITORS 

WaferFab • Internal Audits 

• Environmental 

RoomIHood Particulates 

- TemperaturelHumidity 

- Water Quality 

• Product 

- Junction Depth 

- Sheet Resistivities 

- Defect Density 

- Critical Dimensions 

- Visual inspection 

- Lot Acceptance 

• Process 

- Film Thickness 

- Implant Dosages 

Capacitance Voltage Changes 

- Conformance .to Specification 

• Equipment 

Repeatability 

Profiles 

Calibration 

Preventive Maintenance 

Assembly • Internal Audits 

• Environmental 

RoomIHood Particulates 

- TemperaturelHumidity 

- Water Quality 

• Product 

Documentation Check 

- Dice Inspection 

Wire Bond Pull Strength/Controls 

Ball Bond Shear/Controls 

- Die Shear Controls 

- Post-BondlPre-Seal Visual 

- Fine/Gross Leak 

PI NO Test 

- Lead Finish Visuals, Thickness 

- Solderability 

• Process 

Operator Quality Performance 

Saw Controls 

Die Attach Temperatures 

Seal Parameters 

- Seal Temperature Profile 

- Sta-Bake Profile 

- Temp Cycle Chamber Temperature 

- ESD Protection 

- Plating Bath Controls 

- Mold Parameters 

TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY 
FUNCTIONS (Continued) 

AREA CONTROLS/MONITORS 

Test • Internal Audits 

• Temperature/Humidity 

• ESD Controls 

• Temperature Test Calibration 

• Test System Calibration 

• Test Procedures 

• Control Unit Compliance 

• Lot Acceptance Conformance 

• Group A Lot Acceptance 

Probe • Internal Audits 

• Wafer Repeat Correlation 

• Visual Requirements 

• Documentation 

• Process Performance 

Bum-In • Internal Audits 

• Functionality Board Check 

• Oven Temperature Controls 

• Procedural Conformance 

Brand • Internal Audits 

• ESD Controls 

• Brand Permanency 

• TemperaturelHumidity 

• Procedural Conformance 

QCllnspection • Internal Audits 

• Group B Conformance 

• Group C and 0 Conformance 

NOTE: QCI Inspection is applicable only to Hi-Rei products. 

Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 

The validation process has four major components: 

1. DeSign Simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 

8-4 



Harris Quality 

COMMERCIAL 

• 
VISUAL INSPECTION 

PROBEIDICE MODIFIED 
PREPARATION MIL·STD-883 

HIGHIROOM METHOD 2010 

TEMP CONDITIONB 

PROBE TEST WITH QC MONITOR 

ASSEMBLY (1) 

• OPERATION * QUALITY MONITOR 
DIE ATTACH 
CONTROL. DIE MOUNT YES 

MOUNT CURE CONTROL YES 

* QUALITY DIE ATTACH YES 
CONTROL (SPC) 

WIRE BOND 
CONTROL WIRE BOND YES 

* QUALITY WIRE BOND YES 
CONTROL (SPC) 

POST BOND POST BOND INSPECTION YES VISUAL (RTPC) 

* QUALITY POST BOND AS APPLICABLE INSPECTION 

MOLD CONTROL MOLDING YES 

MOLD CONTROL (SPC) YES 

BOTTOM CODE YES 

POST MOLD CURE YES 

LEAD FINISH TRIMlFORMIDERAIL YES 
. 

CONTROL • 
SINGULATED SOLDER DIP YES 

100% VISUAL INSPECTION YES ~~ 
LOAD SHIPPING TUBES YES c(.J 

* QA LOT ACCEPTANCE YES 
~iD 
-c( 
.J-* QA DOCUMENTATION YES c(.J 
;:)W 

INSPECTION aa: 

NOTE: 

1. Example for a PDIP Package Part 

FIGURE 2. 
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Harris Semiconductor Standard Processing Flow 

NOTE: 

ACIDC SINGLE 
INSERTION TEST 

CAPABILITY; 
HIGHIlOW TEMP 

BURN-IN 

QUALITY 
LOT ACCEPTANCE 

PDIPLEAD 
SCANNING 

2. Example for a Linear Part in PDIP Package 

TEST (2) 

• OPERATION * QUALITY MONITOR 

100% ELECTRICAL TEST 

TOP BRAND 

BURN-IN 

POST BURN-IN 
ELECTRICAL TESTS 

APPLY BURN-IN PDA 

* QC PRESHIP LOT 
ACCEPTANCE TEST 

100% LEAD SCANNING 

PACKING 

QC PRESHIP LOT 
ACCEPTABLE 
INSPECTION 

FINAL DATA REVIEW 

FIGURE 3. 
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Harris Semiconductor Standard Processing Flow 

TABLE 2. SUMMARIZING CONTROL APPLICATIONS 

FAB 

• Diffusion • ThinFilm • Photo Resist • Measurement Equipment 
- Junction Depth - Film Thickness - Critical Dimension - Critical Dimension 

Sheet Resistivities Uniformity Resist Thickness Film Thickness 
Oxide Thickness Refractive Index Etch Rates Resistivity 
Implant Dose Calibration Film Composition - Energy Monitor (Eol 

- Uniformity Particles Added 
ASSEMBLY 

• Pre-Seal • Post-Seal · Measurement 
Die Prep Visuals - Internal Package Moisture - XRF 

- Yields - Tin Plate Thickness - Radiation Counter 
- Die Attach Heater Block - PIND Defeel Rate - Thermocouples 
- Die Shear Solder Thickness - GM-Force Measurement 
- Wire Pull - Leak Tests 
- Ball Bond Shear - Module Rm. Solder Pot Temp. 
- Saw Blade Wear - Seal 
- Pre-Cap Visuals - Temperature Cycle 

TEST 

- Handlers/Test System - Monitor Failures 
- Defect Pareto Charts - Lead Strengthening Quality 
- Lot % Defective - Alter Burn-In PDA 
- ESD Failures per Month 

OTHER 

· lac • Environment 
- Vendor Parformance - Water Quality 
- Material Criteria - Clean Room Control 
- Quality Levels - Temperature 

- Humidity 

Special Testing 

Harris Semiconductor offers several standard screen flows 
to support a customer's need for additional testing and reli
ability assurance. These flows include environmental stress 
testing, burn-in, and electrical testing at temperatures other 
than +250C. The flow shown in Figure 2 and Figure 3 indi
cates the Harris standard processing flow for a commercial 
linear part in a PDIP package. In addition, Harris can supply 
products tested to customer specifications both for electrical 
requirements and for nonstandard environmental stress 
screening. Consult your field sales representative for details. 

TABLE 3. HARRIS I.C. DESIGN TOOLS 

PRODUCTS 

DESIGN STEP ANALOG DIGITAL 

Funellonal Simulation Cds Spice Cds Spice Verllog 

Parametric Simulation Cds Spice Monte Cds Spice 
Carlo 

Schematic Capture Cadence Cadence 

Functional Checking Cadence Cadence 

Rules Checking Cadence Cadence 

Parasitic Extraction Cadence Cadence 

• IQC Measurement/Analysis 
- XRF 
- ADE 
- 4 Point Probe 
- Chemical Analysis Equipment 

Controlling and Improving the 
Manufacturing Process - SPCIDOX 

Statistical process control (SPC) is the basis for quality control 
and Improvement at Harris Semiconductor. Harris manufac
turing people use control charts to determine the normal vari
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera
tion is outside the process control limits or indicates a nonran
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 3 lists some typical manufac
turing applications of control charts at Harris Semiconductor. 

I 

SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The. conven
tional way of dealing with this in the semiconductor industry has 
been to implement 100% screening or inspection steps to 
remove defects, but these techniques are insufficient to meet 
today's demands for the highest reliability and perfect quality 
performance. 

Harris still uses screening and inspection to "grade" products and 
to satisfy specifIC customer requirements for bum-in, multiple 
temperature test Insertions, environmental screening, and visual 
inspection as value-added testing options. However, inspection 
and screening are limited in their ability to reduce product defects 
to the levels expected by today's buyers. In addition, screening 
and inspection have an associated expense, which raises prod
uct cost (see Table 4). 
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TABLE 4. APPROACH AND IMPACT OF STATISTICAL QUALITY Training 
TECHNOLOGY 

STAGE APPROACH IMPACT 

I Product • Stress and Test • limited Quality 
Screening • Defective Prediction • Costly 

• After· The·Fact 

II Process • Statistical Process • Identifies Variability 
Control Control • Reduces Costs 

• Just·ln·Tlme • RealTime 
Manufacturing 

III Process • Design of Experi· • Minimizes Variability 
Optimization ments • Before· The·Fact 

• Process Simulation 

IV Product • Design for Produc· • Insensitive to Varl· 
Optimization Ibility ability 

• Product Simulation • Designed·ln Quality 
• Optimal Results 

Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at upgrading process performance by studying 
the key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time·consuming method of achieving quality per· 
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 

SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 

Average Outgoing Quality (AOQ) 
Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in 
ANSI/ASQC Z1.4, MIL·STD-883 and MIL-PRF-38535 are 
used by our quality inspectors. 

The focus on this quality parameter has resulted in a contin
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 

The basis of a successful transition from conventional qual
ity programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manu
facturing began in 1984 at Harris, with a comprehensive 
development program in statistical methods. Using the 
resources of Harris statisticians, private consultants, and 
internally developed programs, training of engineers, facili
tators, and operators/technicians has been an ongoing 
activity in Harris Semiconductor. 

Over the past years, Harris has also deployed a comprehen
sive training program for hourly operators and facilitators in 
job requirements and functional skills. All hourly manufactur
ing employees participate (see Table 5). 

Incoming Materials 
Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when, materials feeding a statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 

To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris production line. 

SPC seminars, development of open working relationships, 
understanding of Harris's manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 
Specified requirements include centered means, statistical 
control limits, and the requirement that vendors deliver their 
products from their own statistically evaluated, in-control manu
facturing processes. 

In addition to the certification process, Harris has worked to 
promote improved quality in the performance of all our 
qualified vendors who must meet rigorous incoming inspec
tion criteria (see Table 6). 

8-8 



Harris Quality 

TABLE 5. SUMMARY OF TRAINING PROGRAMS 

COURSE AUDIENCE TOPICS COVERED 

SPC,Basic Manufacturing Operators, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Non·Manufacturing Analysis Tools, Graphing Techniques, Control Charts 
Personnel 

SPC, Intermediate Manufacturing Supervisors, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Technicians Analysis Tools, Graphing Techniques, Control Charts, Distributions, Measurement 

Process Evaluation, Introduction to Capability 

SPC, Advanced Manufacturing Engineers, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Manufacturing Managers Analysis Tools, Graphing Techniques, Control Charts, Distributions, Measurement Pro-

cess Evaluation, Advanced Control Charts, Variance Component Analysis, Capability 
Analysis 

Design of Experiments Engineers, Managers Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis of Vari· 
(DOX) ance, Normal Probability Plots, Statistical Intervals, Variance Component Analysis. Mul· 

tiple Comparison Procedures, Hypothesis Testing, Model AssumplionsIDlagnostics 

Regression Engineers, Managers Simple Linear RegreSSion, Multiple Regression, Coefficient Interval Estimation, 01· 
agnostic Tools, Variable Selection Techniques 

Response Surface Engineers, Managers Steepest Ascent Methods, Second Order Models, Central Composite Designs, 
Methods (RSM) Contour Plots, Box·Behnken Designs 

Capability Studies Tachs, Facilitators, Engineers Capability Indices (Cp and CpK), Variance Components, Nested Models, Fixed and 
Random Effects 
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TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 

MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 

Silicon • Resistivity • Equipment Capability Control Charts 
• Crystal Orientation - Oxygen 

• Dimensions - Resistivity 

• Edge Conditions 
• Control Charts Related to 

- Enhanced Getterlng 
• Taper - Total Thickness Variation 
• Thickness - Total Indicated Reading 
• Total Thickness Variation - Particulates 
• Backside Criteria • Certificate of Analysis for all Critical Parameters 

• Oxygen • Control Charts from On-Une ProceSSing 

• Carbon • Certificate of Conformance 

ChemlcalslPhotoresistsl • Chemicals • Certificate of Analysis on all Critical Parameters 
Gases - Assay • Certificate of Conformance 

- Major Contamlnants • Control Charts from On-Une procasslng 
• Molding Compounds 

• Control Charts 
- Spiral Flow - Assay 
- Thermal Characteristics 

• Gases 
Contamlnants 

- Water 
- Impurities - Selected Parameters 

• Photoreslsts • Control Charts - Viscosity - Assay - Film Thickness - Contaminants - Solids • Control Charts on - Pinholes 
Photospeed -

- Thickness 
- W Absorbency 
- Filterability 
- Water 
- Contaminants 

Thin Film Materials • Assay • Control Charts from On-Line Processing 
• Selected Contaminants • Control Charts 

- Assay 
- Contaminants 
- Dimensional Characteristics 

• Certificate of Analysis for all Critical Parameters 
• Certificate of Conformance 

Assembly Materials • Visual Inspection • Certificate of Analysis 
• Physical Dimension Checks • Certificate of Conformance 
.. Glass Composition • Process Control Charts on Outgoing Product Chacks 
• Bondability and In-Line Process Controls 

• Intermelallic Layer Adhesion 
• Ionic Contaminants 
• Thermal Characteristics 
• Lead Coplanarlty 
• Plating Thickness 
• Hermeticlty 
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Calibration Laboratory 
Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan
dards. Each lab maintains a system which conforms to the 
current revision of ANSI/NCSL Z540-1. 

Each instrument requiring calibration is assigned a calibra
tion interval based upon stability, purpose, and degree of 
use. The equipment is labeled with an identification tag on 
which is specified both the date of the last calibration and of 
the next required calibration. The Calibration Lab reports on 
a regular basis to each user department. Equipment out of 
calibration is taken out of service until calibration is per
formed. The Quality organization performs periodic audits to 
assure proper control in the using areas. Statistical proce
dures are used where applicable in the calibration process. 

Manufacturing Science - CAM, JIT, TPM 
In addition to SPC and DOX as key tools to control the prod
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How
ever, they have a significant impact on quality results. 

Computer Aided Manufacturing (CAM) 

CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 

The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly Improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - In some cases by as much as a factor of 2. 

The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 

Just In Time (JIT) 

The major focus of JIT is cycle time reduction and linear pro
duction. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Qual
ity Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination 
of waste. 

Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added 
activities, demand/pull to improve production flow, TQC 
check points and Employee Involvement Teams using root 
cause analysis for problem solving. 

JIT implementations at Harris Semiconductor have resulted 
in significant improvements in cycle time and linearity. The 
benefits from these improvements are better on time deliv
ery, improved yield, and a more cost effective operation. 

JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 

Total Productive Maintenance (TPM) 

TPM or Total Productive Maintenance is a specific methodol
ogy which utilizes a definite set of principles and tools focus
ing on the improvement of equipment utilization. It focuses 
on the total elimination of the six major losses which are 
equipment failures, setup and adjustment, idling and minor 
stoppages, reduced speed, process defects, and reduced 
yield. A key measure of progress within TPM is the overall 
equipment effectiveness which indicates what percentage of 
the time is a particular equipment producing good parts. The 
basic TPM prinCiples focus on maximum equipment utiliza
tion, autonomous maintenance, cross functional team 
involvement, and zero defects. There are some key tools 
within the TPM technic,al set which have proven to be very 
powerful to solve long standing problems. They are initial 
clean, P-M analysis, condition based maintenance, and 
quality maintenance. 

Utilization of TPM has shown significant increases in utiliza
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to 
improve manufacturing competitiveness. 

The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a 
good stepping stone to JIT because a high overall equip
ment effectiveness guarantees the equipment to be available 
and operational at the right time as demanded by JIT. 
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Introduction 

At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This starts 
by ensuring the excellence of the design, layout, and 
manufacturing processes. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its useful 
life. 

Reliability Engineering 

The Reliability Engineering department is responsible for all 
aspects of reliability assurance at Harris Semiconductor: 

• Charter 
- To ensure that Harris is recognized by our customers and 

competitors as a company that consistently delivers prod-
ucts with high reliability. 

• Mission 
To develop systems for assessing, enhancing, and assuring 
that quality and reliability are Integrated into all aspects of 
our business. 

• Vision 

- To establish excellence and integrity through all design and 
manufacturing processes as it relates to quality and reliabil-
ity. 

Values 

• To be considered responsive and service oriented by 
our customers. 

• To be acknowledged by Harris as a highly qualified 
resource for reliability assurance, product analysis, and 
electronic materials characterization. 

• To successfully utilize the organization's talents through 
trained, empowered employees/employee team partici-
pation. 

• To maintain an altitude of integrity, dignity and respect 
for all. 

Strategy 

• To provide quantitative assessments of product reliabil-
ity focusing on the identification and timely elimination 
of design and processing deficiencies that degrade 
product performance and operating life expectancy. 

• To provide systems for continuous improvement of reli-
ability and quality through the assessment of existing 
processes, products, and packages. 

• To perform product analysis as a means of problem 
solving and feedback to our customers, both internal 
and external. 

• To exercise full authority over the internal qualifications 
of new products, processes, and packages. 

The reliability organization is comprised of a team that 
possesses a broad cross section of expertise in these areas: 

• Custom Military (Radiation Hardened) 

• Automotive ASICs 

• Harsh Environment Plastic Packaging 

• Advanced Methods for Design for Reliability (OFR) 

• Strength in Power Semiconductor 

• Chemical/Surface Analysis Capabilities 

• Failure Analysis Capabilities 

The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics, and service systems. These 
major systems are summarized below: 

• A process and product development system known as 
ACT PTM (Applying Concurrent Teams to Product-To
Market) has been established. The ACT PTM philosophy 
is one of new product development through a team that 
pursues customer involvement. The team has the author
ity, responsibility, and training necessary to successfully 
bring the product to market. This not only includes product 
definition and design, but also all manufacturing capabili
ties as well. 

• Standard test vehicles (over 100) have been developed for 
process characterization of wear-out failure mechanisms. 
These vehicles are used for conventional stresses (for 
modeling failure rates) and for wafer level reliability char
acterization during development. 

• Common qualification standards have been established 
for all sites. 

• A reliability monitoring system (also known as the Matrix 
monitoring system) is utilized for products in production to 
ensure ongoing reliability and verification of continuous 
improvement. 

• The field return system is designed to handle a variety of 
customer issues in a timely manner. Product issues are 
oiten handled by routing the product into the PFAST 
(Product Failure Analysis Solution Team) system. Return 
authorizations (RAs) are issued where an entire lot of 
product needs to be returned to Harris. The Customer 
Return Services (CRS) group is responsible for the admin
istration of this system (see Customer Return Services.) 

• The PFAST system has been established to expedite fail
ure analysis, failure root cause determination, and correc
tive actions for field returns. PFAST is a team effort involv
ing many functional areas at all Harris sites. The purpose 
of this system is to enable Harris's Field Sales and Quality 
operations to properfy route, track, and respond to our 
customer's needs as they relate to product analysis. 
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Design for Reliability 
(Wear-Out Characterization) 

The concept of "Design for Reliability" focuses on moving 
reliability assessment away from tests on sample product to a 
point much earlier in the design cycle. Effort is directed at 
building in and verifying the reliability of a new process well 
before manufacture of the first shippable product that uses 
that technology. This gives these first new products a higher 
probability of success and achieves reduced product-to
market cycle times. 

In practice, a set of standardized test vehicles containing 
special test structures are transferred to the new process 
using the layout ground rules specified for that process. Each 
test structure is designed for a specific wear-out failure 
mechanism. Highly accelerated stress tests are performed on 
these structures and the results can be extrapolated to 
customer use conditions. Generally, log-normal statistics are 
used to define wear-out distributions for the life prediction 
models. The results are used to establish reliability design 
ground rules and critical node lists for each process. These 
ground rules and critical nodes ensure that wear-out failures 
do not occur during the customer's projected use of the 
product. 

ProcesslProduct/Package Qualifications 

Once the new process has successfully completed wear-out 
characterization, the final qualification consists of more 
conventional testing (e.g. biased life, storage life, temp cycle 
etc.). These tests are performed on the first new product 
designs (sampled across multiple wafer production lots). 
Successful completion of the final qualification tests 
concurrently qualifies the new process and the new products 
that were used in the qualification. Subsequent products 
designed within the now-established ground rules are 
qualified individually prior to introduction. New package 
configurations are also qualified individually prior to being 
available for use with new products. 

Harris's qualification procedures are specified via controlled 
documentation and the same standard is used at Harris's 
sites worldwide. Figure 4 gives more information on the new 
process/product development and life cycle. 

Product/Package Reliability Monitors 

Many of the accelerated stress-tests used during initial 
reliability qualification are also employed during the routine 
monitoring of standard product. Harris's continuing reliability 
monitoring program consists of three groups of stress tests, 
labeled Matrix I, II and III. Table 6 outlines the Matrix tests 
used to monitor plastic packaged les in Harris's off-shore 
assembly plants, where each wafer fab technology is 
sampled. Matrix I consists of highly accelerated, short 
duration (typically 48 hours) tests, sampled biweekly, which 
provide real-time feedback on product reliability. Matrix II 
consists of the more conventional, longer term stress-tests, 
sampled monthly, which are similar to those used for product 
qualification. Finally, Matrix III, performed monthly on each 
package style, monitors the mechanical reliability aspects of 

the package. Any failures occurring on the Matrix monitors are 
fully analyzed and the failure mechanisms identified, with 
containment and corrective actions obtained from 
Manufacturing and Engineering. This information along with 
all of the test results are routinely transmitted to a central data 
base in Reliability Engineering, where failure rate trends are 
analyzed and tracked on an ongoing basis. These data are 
used to drive product improvements, to ensure that failure 
rates are continuously being reduced over time. 

Reliability data, including the Matrix Monitor results, can be 
obtained by contacting your local Harris sales office. 

TABLE 7. PLASTIC PACKAGED IC MONITORING TESTS 
MATRIX I 

SAMPLE! 
TEST CONDITIONS DURATION LTPD 

Autoclave +121oC, 96 Hours 451S 
100%RH,1SPSIG 

Biased Life +17SoC 48 Hours 45/S 

Biased Life +125OC 48 Hours 45/5 

HAST +135oC, 85% RH 48 Hours 45/S 

Thermal Shock -65°C to +150OC 200 Cycles 45/5 

MATRIX II 

SAMPLE! 
TEST CONDITIONS DURATION LTPD 

Autoclave +121 oC, 192 Hours 45/S 
100%RH,15PSIG 

Biased Humidity +850C, 85% RH 1000 Hours 4515 

Biased Life +125OC 1000 Hours 45/5 

Dynamic Life +1250C 1000 Hours 45/5 

Storage Life +150oC 1000 Hours 45/5 

Temp. Cycle -65°C to +150oC 1000 Cycles 45/5 

MATRIX III 

TEST CONDITIONS SAMPLEIL TPD 

Brand Adhesion MIL-STD-883/2015 1S/15 

Flammability (UL-94 Vertical Bum) 11120 

Lead Fatigue MIL-STD-88312004 15/15 

Physical Dimensions MIL-STO-88312016 11120 

Solderability MIL-STO-88312003 45115 
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Harris Reliability 

RELIABILITY FOCUS 

• Assumes process development required 

• Evaluate reliability risks factors 
• Attain commitment for test vehicle development 

• Review test vehicle development and stress test plan 
• Review package requirements and ESD requirements 
• Review latent random failure mechanism history and design for elimination 
• Review ground rules for design and elimination of wear-out mechanisms 
• Review process characterization, statistical control and capability and critical 

node list 
• Review device modeling and simulations 
• Review process variability and producibility 
• Define wafer level reliability vehicles 

• Evaluate design of chip to package risk factors 
• Review Design ground Rule Checks (ORCs) 
• Establish reliability test, stress and failure analysis capabilities 
• Project failure rate based on test vehicle data 
• Review bum-in diagrams for production and qualification 
• Review overall qualification plan 

• Test vehicles and/or product constructed 
• Conduct wear-out characterization and/or product stress testing 

• Review test vehicle stress results 
• Verify wear-out mechanisms are eliminated by design and Statistical Process 

Control (test vehicle + SPC) 
• Review product characterization to data sheet, ESD, latch-up and Destructive 

Physical Analysis (DPA) results and define corrective actions 
• Review of life test data and failure mechanisms. Define corrective actions 
• Utilize statistical Design Of Experiments (DOX) if required to adjust process or de

sign 
• Define necessary changes to eliminate any systematic failure mechanism 
• If mature process - grant generic release 

• QualifICation requirements complete and presented. Meet FIT rate requirements 
• Review infant mortality burn-in results 
• Initiate reliability monitor plan 

• Reliability Monitors: 
- Matrix monitor assessment 
- Military quality conformance testing 

• Trend analysis of reliability performance used to develop product improvements 
• Yield management support 

• High quality and reliable products shipped to Harris customers 

• Failure Analysis - Determine assignable cause of failure 
• Closed loop corrective action process 
• Continuous improvement objectives in product reliability and quality 

FIGURE 4. NEW PROCESSIPRODUCT DEVELOPMENT AND LIFE CYCLE 
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Customer Return Services 

Harris places a high priority on resolving customer return 
issues. The Customer Return Services (CRS) department is 
responsible for determining the best manner to handle a 
return issue as illustrated in Figure 5. 

RA I REQUEST I PFAST 
REQUEST 

ELECTRICAL TESTI 
PROBLEM VERIFICATION 

1 
FAILURE 

ANALYSIS 

1 
CONTAINMENT ACTIONS 

AND CORRECTIVE ACTIONS 

1 

FIGURE 5. GENERAL RETURN FLOW 

The diversity of return reasons requires that many different 
organizations be involved to test, analyze, and correct field 
return issues. The CRS group coordinates the responses 
from the supporting organizations to drive closure of issues 
within the customer response time requirements, see Table 7. 
The results from the work performed on customer returns are 
used to initiate corrective actions and continuous 
improvements within the factories. 

The two methods used to return devices are by a RA (Return 
Authorization) request or by a PFAST (Product Failure 
Analysis Solution Team) request. The main difference 
between RA and PFAST is that the PFAST requests often 
require extensive analysis and a more formal response to the 
customer._AII returns follow the same general procedure from 
the customer's perspective as seen in steps one to four of the 
customer return procedure. 

• Step 1 - Customer or Sales office contacts the Cus
tomer Return Services department. If a return is to be 
routed into the PFAST system, then a PFAST Action 
Request (see the PFAST form in this section) needs to 
be completed to understand the customer's issue and 
direct the analysis efforts. 

- Phone Number: (407)-724-7400 

- FAX Number: (407)-724-7658 

- Internet: creturn@harrls.com 

- PROFS: CRETURN 

• Step 2 - The Customer Return Services department 
notifies all affected sales, factory, and engineering 
organizations of the issue. 

• Step 3 - When product is received, the issue is verified 
and any required analysis is performed. Where applica
ble, a preliminary analysis report is sent to the cus
tomer. 

• Step 4 - A determination of the root cause of failure ini
tiates the corrective actions to address the source of 
the problem. A final corrective action report is sent to 
the customer if requested. 

The RA request is used to return and replace an entire lot of 
product. The lot is returned to Harris for replacement or credit. 
Once the product is received various tests and evaluations will 
be performed to determine the appropriate actions that should 
be taken to resolve any problems or issues. 

A PFAST request is used to return a small sample for analysis 
of a problem. The ultimate outcome of both types of requests 
is to determine corrective actions that would preclude the 
same problem occurring in the future. Where appropriate, a 
containment plan is also implemented to prevent a re
occurrence of the problem in the field. The customer return 
flow diagram (Figure 6) provides the typical activities and 
cycle times for processing a PFAST request. 

TABLE 8. CUSTOMER RETURN SERVICES 

CHARTER 

To resolve product quality issues 
while providing feedback to both 
external and internal customers to 
facilitate corrective actions and 
continuous improvement of the 
product. 

MISSION 

To provide a single point interface 
between the customer and the 
factory for resolving technical 
problems, issues, and field returns. 
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RESPONSIBILITIES 

1. Maintain customer return history. 

2. Track returns through the factory. 

3. Establish a history library of problems 
and corrective actions. 

4. Ensure closure with customers. 



INPUT 

TEST 

PRODUCT 
ENGINEERING 

ASSEMBLY 
ENGINEERING 

Harris Reliability 

STATUS UPDATE 

PRODUCT ANALYSIS REPORT 

CUSTOMER RETURN SERVICES GROUP 

ANALYSIS 
LABORATORY 

NO 

ENGINEERING 

MANUFACTURING 

• - 3 DAYS~_ 15DAYS----t ... I~ .. ----- 15 DAYS • 

FAILURE FAILURE ANALYSIS CORRECTIVE ACTIONS 
VERIFICATION (IF REQUIRED) AND CONTAINMENT ACTIONS 

I~.o-_________ 33 DAYS TOTAL CYCLE TIME -----------1 

REPORT 

FINAL 
OUTPUT 

NOTE: The days indicated are the typical number of 'working days' not calendar days. Analysis difficulty 
and the nature of the corrective actions may either improve or degrade the total cycle time. 

FIGURE 6. CUSTOMER RETURN FLOW DIAGRAM 
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Request # ____ _ 

PFAST ACTION REQUEST 
(Product Fallure Analysis Solution Team) 

Date· 

Originator Customer 
CompanylPhone No. Location 
Device TypelPart No. Customer's Reference No. 
No. Samples Returned Quantity Received 

Instructions and requirements are on the back of this form. 
Has Field Applications been contacted for assistance? D No DYes - Who was contacted 

SOURCE OF PROBLEM REASON FOR ELECTRICAL REJECT 
(Enter the sequence of events in the boxes provided) (Where appropriate serialize units and specify for each) 

1. VisuaI/Mechanical Test Conditions Relating to Failure 
D Describe Tester Used (Mfgr/Model) 

Test Temperature 
2. Incoming Test D Not Performed Test TIme D Continuous (T = __ sec) 

D 100% Tested D Sample Tested D One Shot (T = ___ sec) 
No. Tested --- No.ofRejects ___ Describe any observed condition to which 
Are results representative of previous lots? failure appears sensitive 
DYES DNO 

3. In Process/Manufacturing Failure 
D Board Test D System Test 
How many units failed? ___ I. D DC Failure 
Failed after ___ hours of testing DOpen D Short D Leakage 
Was unit retested at incoming inspection? D Power Drain D Input Level D Output Level 
DYES DNO Pin Number 
Are results representative of previous lots? 2. D ACFailure 
DYES DNO Power Supply Voltages = __ V 

4. Field Failure Input Voltages VIH = ___ V VIL= ___ V 
Failed after ___ hours operation Pin Number ___ 
Estimated failure rate ___ % per ___ Failing characteristics 
End User Location 

Min. __ DC Ave. __ DC Max. ___ DC 

5. Other 3. D RAM and ROM Failures (ROM failures must be 
returned with a good master unit if failure 

ACTION REQUESTED BY CUSTOMER analysis is requested). 
Address of Failing Location 

Specific Action Requested (Contact PFAST Coordinator for other 
options) Describe Pattern Used (If not standard 

D Test Sample for Correlation Only patterns, give very complete description 
D Test Sample for Product Return >$5k including address sequence). 
D Failure Analysis 
D Other 

Impact of Failed Units on Customer's Situation: Include timing diagrams and circuit schematic if available. 
ROM Programmer Used (If purchased 
unprogrammed) 

Customer Contact with Specific Knowledge of Rejects 
Name 
Position Phone Conformal Coating (MfgrlModel) 

Additional Comments: 

FIGURE 7. PFAST ACTION REQUEST 
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INSTRUCTIONS FOR COMPLETING PFAST ACTION REQUEST FORM 
The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failures which may occur. 
Accurate and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need for 
accurate and complete information, requests without a completed PFAST Action Request form will be retumed. 

Source of Problem: 

This section requests the product flow leading to the failure. Mark an 'X' in the appropriate boxes up to and including the step which 
detected the failure. Also mark an 'X' in the appropriate box under ''ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS?" to 
indicate whether this is a rare failure or a repeated problem. 

Example 1. No incoming electrical test was performed; the units 
were installed onto boards; the boards functioned correctly for two 
hours and then I unit failed. The customer rarely has a failure due to 
the Harris device. 

SOURCE OF PROBLEM 
(Ellter1he .equtllCO of ...... i111he b .... provided) 

1. VISUALIMECIIANICAL 
IJ DI!SCIUIIE ____________ _ 

2. INcoMING 'D!ST 

IJ 100% TIiSTIlD 
lIS NOT 1'l!RF0RMI!D 

IJ SAMPLE TIiSTIlD 
No. TEsTED ___ No. 01' REJECTS __ _ 

ARE RESUL1S REPIU!SllNfAllVE 01' I'I1EVlOtm L01S? 
IJ YES IJ NO 

3. INI'ROCEssIMANUPAC11lRJNG FAILURE 

WI BOARD 'D!ST IJ SYSTEM'D!ST 
How MANY UNITS PAlLED? __ I __ 
FAILED APTER __ .2_ HOURS 01' TI!Sl1NO 

W NJ llNlT RE11lS1liD AT INCOMING 1NSPBC110N? 
IJ YES III NO 

ARE RBS\lL1S RBPIUllIENTA11VE 01' 1'I1EVI0tm L01S? 
IJ YES III NO 

4. FIELD FAILURE 
FAILED APTER __ HOURS OPERAll0N 
ES11MATED PAiLURE RATE ___ % PER __ _ 

END USER LocAll0N.-=-_~;--
MIN. __ "C AVE. __ "C MAx. __ "C 

~.OnmR ______________ _ 

Action Requested by Customer: 

Example 2. 100 out of the 500 units shipped were tested at incom
ing and all passed. The units were installed into boards and the 
boards passed. The boards were installed into the system and the 
system failed immediately when turned on. There were 3 system 
failures due to this part. The customer frequently has failures of 
this Harris device. The 3 units were not retested at incoming. 

SOURCE OF PROBLEM 
(Enter1he .equ_ of ...... io 1he b .... provided) 

1. VISUAL/MECHANICAL 

IJDmroRmB_~------------

2. INcoMING 'D!ST IJ NOT PERPORMI!D 

IJ 100% TIiSTIlD III SAMPLE TIiSTIlD 
No. TIiSTIlD ...J.fJJL.- No. 01' R.l!JEc1S _0 __ 
ARE RESUL1S RBPIUllIENTAllVE 01' 1'I1EVl0tm L01S? 

III YES IJ NO 
3. IN I'ROCEssIMANUPACnlRINO FAILURE 

III BOARD TEsT III SYSTEM'D!ST 
How MANY UNITS PAlLED? __ 3 __ 
FAILED APTER __ 0_ HOURS 01' TI!Sl1NO 

W NJ UNIT RE11lS1liD AT INCOMING 1NiIPIOC110N? 
IJ YES III NO 

ARB RBS\lL 1S RBPIUllIENTA11VE 01' 1'I1EVI0tm L01S? 
III YES IJ NO 

4. FIELD FAILURE 
FAILED APTER __ HOURS OPERAll0N 
ES11MATED PAiLURE RATE ___ % PER ___ _ 

END USER I..ocAll0N.-=-_-;-::--
MIN. __ "C AVE. __ "C MAx. __ ·C 

~.OnmR _______________ _ 

This section should be completed with the customer's expectations. This information i~ essential for an appropriate response. 

Reason Cor Electrical Reject: 

This section should be completed if the type of failure could be identified. If this information is contained in attached customer corre
spondence there is no need to transpose onto the PFAST Action Request form. 

PFAST REQUIREMENTS 
The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can 
cause erroneous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being retumed. 
Contact the local PFAST Coordinator if you have any questions. 

Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed in 
order to perform electrical and hermeticity testing. 

I. Units must be returned with proper ESD protection (ESD-safe shipping tubes within shielding boxlbag or inserted into condnctive 
foam within shielding boxlbag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices are not 
damaged during shipment back to Harris. 

2. Units must be intact (lid not removed and at least part of each package lead present). This is a requirement since the parts must be intact in 
order to perform electrical test. Also, opening the package can remove evidence of the cause of failure and lead to an incorrect conclusion. 

3. Programmable parts (ROMs, PROMs, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This require
ment is to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 

FIGURE 7. PFAST ACTION REQUEST (Continued) 
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Product Analysis Lab 

The Product Analysis Laboratory capabilities and charter 
encompass the isolation and Identification of failure modes 
and mechanisms, preparing comprehensive technical 
reports, and assigning appropriate corrective actions. The 
primary activities of the Product Analysis Lab are electrical 
verification/characterization of the failure, package inspec
tion/analysis, die inspection/analysis, and circuit isola
tion/probing. A variety of tools and techniques have been 
developed to ensure the accuracy and integrity of the prod
uct analysis. This section lists some of the tools and tech
niques that are employed during a typical analysis. 

The electrical verification/characterization of devices failing 
electrical parameters is essential prior to performing an anal
ysis. The information obtained from the electrical verification 
provides a direction for the analysis efforts. The following 
electrical verification/characterization equipment may be 
used to obtain electrical data on a device: 

• HP82000M Mixed Signal Tester 

• LV500 ASIC verification system 

• LTS2020 Analog tester 

• Curve Tracer 

• Parametric Analyzer 

Prior to die level analysis, package inspection and analysis 
are performed. These steps are performed routinely since 
valuable data may not be obtainable once the package is 
opened. The package inspection and analysis may require 
the use of some of the following lab eqUipment: 

• X-Ray 

• C-Mode Scanning Acoustic Microscope (C-SAM) 

• Optical inspection microscopes 

• Package opening tools and techniques 

NON·DESTRUCTIVE 

Once the device has been opened, die inspection and analy
sis can be performed. Depending on the type of failure, sev
eral tools and techniques may be used to identify the failure 
mechanism. Usually the faster and easier to use operations 
are performed first in an attempt to expedite the analysis. 
The list of equipment' and techniques for performing die 
inspection and analysis is as follows: 

• Optical microscopes 

• Liquid crystal 

• Emission microscope 

• Scanning electron microscopes - SEM 

The final step of circuit Isolation is ready to be performed 
when an area of the circuit has been identified as the source 
of the problem through one of the previous analysis efforts. 
Circuit analysis Is performed using the following probing and 
isolation tools: 

• Mechanical probing 

• Laser cutter and isolation 

• E-Beam probing 

• Cross sectioning and chemical deprocessing 

A typical analysis flow is shown in the Figure 8 below. The exact 
analysis steps and sequence are determined as the situation 
dictates. For the analysis to be conclusive, it is essential that the 
failure mechanism correlates to the initial product failure condi
tions. Some failure mechanisms require elemental and chemi
cal analysis to identify the root cause within the manufacturing 
process. Elemental and chemical analysis tasks are sent to the 
Analytical Services Lab for further evaluation. 

The results of each analysis are entered into a computer 
data base. This data base is used to search for specific 
types of problems, to identify trends, and to verify that the 
corrective actions were effective. 

DESTRUCTIVE 
FIGURE 8. ANALYSIS SEQUENCE 
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Analytical Services Laboratory MICROBEAM LABORATORY 

Chemical and physical analysis of materials -and processes is 
an integral part - of Harris' Total Quality/Continuous 
Improvement efforts to build reliability into processes and 
products. Manufacturing operations are supported with real
time analyses to help maintain robust processes. Analyses 
are run in cooperation with raw material suppliers to help them 
provide controlled materials in dock-to-stock procurement 
programs. 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysiS 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 
complete analytical studies. 

The department also maintains ongoing working 
arrangements with commercial laboratOries, universities, and 
equipment manufacturers to obtain any materials analysis in 
cases where instrumental capabilities are not available in our 
own facility. Figure 9 and Figure 10 show the capabilities of 
each area. 

I 
ELECTRON 

BEAM 
X-RAY 

ANALYSIS 

FIGURE 9. MICROBEAM LABORATORY 

SPECTROSCOPY 

FLAME 
AA 

GRAPHITE 
FURNACE 

CHEMISTRY LABORATORY 

SEPARATION METHODS THERMAL ANALYSIS 

I 
DIFFERENTIAL 

SCANNING 
CALORIMETER 

I 
THERMOGRAVIMETRIC 

ANALVZER 

I 
THERMOMECHANICAL , 

ANALYZER 

FIGURE 10. CHEMISTRY LABORATORY 

8-20 

PHYSICAL TESTING 

I 
PROFILOMETERS 

I 

MICROHARDNESS 

I 

VISCOMETRY 



Harris Reliability 

Reliability Fundamentals and Calculation 
of Failure Rate 

Table 9 defines some of the more important terminology used where, 
in describing the lifetime of integrated circuits. Of prime 
importance is the concept of "failure rate" and its calculation. A. = failure rate in FITs (Number fails in 1 09 device hours) 

Failure Rate Calculations 

Since reliability data can be accumulated from a number of 
different life tests with several different failure mechanisms, a 
comprehensive failure rate is desired. The failure rate 
calculation can be complicated if there are more than one 
failure mechanism in a life test, since the failure mechanisms 
are thermally activated at different rates The equation below 
accounts for these considerations along with a statistical 
factor to obtain the upper confidence level (UCL) for the 
resulting failure rate. 

~ = number of distinct possible failure mechanisms 

k = number of life tests being combined 

xi = number of failures for a given failure mechanism 
i.d,2, ... /3 

TDH j = Total device hours of test time (unaccelerated) for Life Test 
I, j = 1, 2, 3, ... k 

AFi) = Acceleration factor for appropriate failure mechanism i = 1, 
2, ... k 

M= x2(Q,2r+2Y2 
where, 

TERMS 

Failure Rate A. 

FIT (Failure In Time) 

Device Hours 

MTTF (Mean Time To Failure) 

Confidence Level (or Limit) 

Acceleration Factor (AF) 

X2 = chi square factor for 2r + 2 degrees of freedom 
r = total number of fallures (1: Xj) 
a = risk associated with UCL; 

i.e. a = (100-UCL(%»/1 00 

In the failure rate calculation, Acceleration Factors (AFj)) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+550C has been popular. Harris Semiconductor Reliability 
Reports will derate to +55°C and will express failure rates at 
60"10 UCL. Other derating temperatures and UCLs are 
available upon request. 

TABLE 9. FAILURE RATE PRIMER 

DEFlNITIONSlDESCRIPTION 

Measure of fallure per unit of time. The early life failure rate is typically higher, decreases slightly, 
and then becomes relatively constant over time. The onset of wear-out will show an increasing fall· 
ure rate, which should occur well beyond useful life. The useful life failure rate is based on the ex· 
ponentiallife distribution. 

Measure of fallure rate In 109 device hours; e.g., 1 FIT = 1 fallure In 109 device hours, 100 FITS = 
100 failure in 109 device hours, etc. 

The summation of the number of units in operation multiplied by the time of operation. 

Mean of the life distribution for the population of devices under operation or expected lifetime of an . 
individual, MTTF = 11A., which Is the time where 63.2% of the population has feiled. Example: For 
A. = 10 FITS (or 10 E-9/Hr.), MTTF = 11A. = 100 million hours. 

Probability level at which population fallure rate estimates are derived from sample life test: 10 FITs 
at 95% UCL means that the population failure rate is estimated to be no more that 10 FITs with 95% 
certainty. The upper limit of the confidence interval is used. 

A constant derived from experimental data which relates the times to failure at two different stresses. 
The AF allows extrapolation of failure rates from acceleratl\d test conditions to use conditions. 
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Acceleration Factors Activation Energy 

Acceleration factor Is determined from the Arrhenius 
Equation. This equation is used to describe physiochemical 
reaction rates and has been found to be an appropriate model 
for expressing the thermal acceleration .of semiconductor 
failure mechanisms. 

The Activation Energy (Ea) of a failure mechanism is 
determined by performing at least two tests at different levels 
of stress (temperature ancl/or voltage). The stresses will 
provide the time to failure (tf) for the two (or more) populations 
thus allowing the simultaneous solution for the activation 
energy as follows: 

AF = EXp[Ea(_1 _____ ...:..1-)~ 
k T USE T STRESS ~ In (til) = C + Ea 

"liT;-
In (t,2) = C + Ea 

~ 

where, 

AF = Acceleration Factor 

By subtracting the two equations and solving for the activation 
energy, the following equation is obtained: 

k[ln(tf1 ) - I n(tf2) 1 

Ea = Thermal Activation Energy (See Table 10) Ea = (1/T1-1/T2) 

k = Boltzmann's Constant (8.63 x 10-5 eVI"K) where, 

Both Tuse and T stress (in degrees Kelvin) include the internal 
temperature rise of the device and therefore represent the 
junction temperature. 

Ea = Thermal Activation Energy (See Table 10) 

k = Boltzmann's Constant (8.63 x 10-5 eVI"K) 

T 1, T 2 = l.ife test temperatures In degrees Kelvin 

TABLE 10. FAILURE MECHANISM 

FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 

Oxide Defects O.3eV - O.SeV High temperature operating life (HTOL) and Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 

SIlicon Defects O.3eV - 0.5eV HTOL and voltage stress screens. Vendor statistical Quality Control programs, and 
(Bulk) Statistical Process Control on thermal processes. 

Corrosion O.45eV Highly accelerated stress testing (HAST) Passivation dopant control, hermetic seal control, 
Improved mold compounds, and product han-
dling. 

Assembly O.SeV - 0.7eV Temperature cycling, temperature and Vendor Statistical Quality Control programs, 
Defects mechanical shock, and enVironmental Statistical Procass Control of assembly process-

stressing. es, proper handling methods. 

Electromlgralion Test vehicle characterizations at highly Design ground rules, wafer process statistical 

- AI Line O.BeV 
elevated temperatures. process steps, photoresist, metals and 

0.geV 
passlvetion. 

- Contact 

Mask Defectsl 0.7eV Mask FAB comparator, print checks, defect Clean room control, clean mask, pellicles, 
Photoresist density monitor In FAB, voltage stress test Statistical Process Control of photoresist/etch 
Defects and HTOL. processes. 

Contamination 1.OeV C-V stress at oxideJInterconnect, wafer FAB Statistical Process Control of C-V data, oxide! 
deVice stress test and HTOL. interconnect cleans, high Integrity glassivation 

and clean assembly processes. 

Charge Injection 1.3eV HTOL and oxide characterization. Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 
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PART 
NUMBER PDIP SOIC SSOP TSSOP PLCC MQFP TQFP CERDIP CPGA SBDIP TAB 

CA3045 F14.3 014.3 

CA3046 E14.3 M14.15 

CA3081 E16.3 M16.15 F16.3 

CA3082 E16.3 M16.15 F16.3 

CA3083 E16.3 M16.15 F16.3 

CA3086 E14.3 M14.15 F14.3 

CA3096 E16.3 M16.15 

CA3096A E16.3 M16.15 

CA3096C E16.3 M16.15 

CA3127 E16.3 M16.15 

CA3146 E14.3 M14.15 

CA3146A E14.3 M14.15 

CA3183 E16.3 M16.15 

CA3183A E16.3 M16.15 

CA3227 E16.3 M16.15 

CA3246 E14.3 M14.15 

C022100 E16.3 F16.3 

C022101 E24.6 F24.6 

C022102 E24.6 

C022103A E16.3 016.3 

C022202 E18.3 

C022203 E18.3 

C022204 E14.3 M24.3 

C022301 E18.3 

C022354A E16.3 

C022357A E16.3 

C022859 E16.3 

C022M3493 E40.6 N44.65 

C022M3494 E40.6 N44.65 

C074HC22106 E28.6 

C074HCT22106 E28.6 

CX02306 Q32.7x7-S 

CX02310A Q48.7x7-S 

CX20201-1 M28.3A-S 

CX20202-1 E28.6A-5 

HC-5502B E24.6 M24.3 N28.45 F24.6 

HC-5502B1 E24.6 M24.3 N28.45 
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Communications Package Selection Guide 

PART 
NUMBER PDIP SOIC SSOP TSSOP PLCC MQFP TQFP CERDIP CPGA SBDIP TAB 

HC-5504B E24.6 M24.3 N28.45 F24.6 

HC5504B1 E24.6 M24.3 N28.45 

HC5509A 1 R3060 N28.45 

HC-5509B E28.6 M28.3 N44.65 

HC5513 E22.4 N28.45 

HC5515 E22.4 N28.45 

HC5517 M28.3 N28.45 

HC5519 Q80.14x20 

HC5520 N44.65 Q44.10x10 

HC5521 N44.65 Q44.1Ox10 

HC5523 E22.4 N28.45 

HC-5524 E28.6 M28.3 N44.65 F28.6 

HC5526 E22.4 N28.45 

HC-5560 E20.3 

HC6094 Q44.10x10 

HC-55564 E14.3 F14.3 

HFA11 00 E8.3 M8.15 F8.3A 

HFA1102 E8.3 M8.15 F8.3A 

HFA1110 E8.3 M8.15 F8.3A 

HFA1112 E8.3 M8.15 F8.3A 

HFA1113 E8.3 M8.15 F8.3A 

HFA1114 E8.3 M8.15 

HFA1120 E8.3 M8.15 F8.3A 

HFA1130 E8.3 M8.15 F8.3A 

HFA3046 M14.15 

HFA3096 M16.15 

HFA3101 M8.15 

HFA3102 M8.15 

HFA3127 M16.15 

HFA3128 M16.15 

HFA3424 M8.15 

HFA3524 M20.173 

HFA3600 M14.15 

HFA3624 M28.15 

HFA3724 Q80.14x14 

HFA3925 M28.15 

H15703 M28.3 
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CommunlClltJons Package Selection Guide 

PART 
NUMBER PDlP. SOle SSOP TSSOP PLCC MQFP TQFP CERDIP CPGA SBDIP TAB 

HI5710A Q48.7x7-8 

HI5721 E28.6 M28.3 

HI5731 E28.6 M28.3 

HI5741 E28.6 M28.3 

HI5746 M28.3 

H15766 M28.3 

HI5780 Q32.7x7-S 

H15800 040.6 

HI5804 M28.3 

H15805 M28.3 

H15808 M28.3 

H15905 044.10x10 

H120201 E2B.6A-S 

HSP3824 Q48.7x7 

HSP43124 E28.6 M28.3 

HSP43168 N84.1.15 Q100.14x20 G84.A 

HSP43216 N84.1.15 Q100. 14x20 G85.A 

HSP43220 N84.1.15 Q100.14x20 GB4.A S84.A 

HSP45102 E28.6 M28.3 

HSP451 06 NB4.1.15 G85.A 

HSP45116 Q160.28x28 G145.A S156.A 

HSP45116A Q160.28x28 

HSP50016 N44.65 G48.A 

HSP50110 N84.1.15 

HSP50210 NB4.1.15 

HSP50214 Q120.28x28 

HSP50306 M16.3 

HSP50307 M28.3 

RF1K49086 M5-012AA 

RF1K49088 MS-Ol2AA 

RF1K49090 MS-012AA 

RF1K49092 MS-Ol2AA 

RF1K49093 M5-012AA 

RF1K49154 MS-012AA 

RF1K49156 MS-Ol2AA 

RF1K49157 M5-012AA 
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Hermetic Packages for Integrated C"rcuits I 

Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 

D14.3MIL-STD-1835 CDIP2·T14 (0.1, CONFIGURATION C) 

el LEAiNI5H 1 14 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 

, .. ~ ~ INCHES MILUMETERS ...... , ...... it BASE ~ SYMBOL MIN MAX MIN MAX NOTES 
I 1 : t E 

METAL (e) 
A - 0.200 - 5.08 -rzI i +TI_b1~ + ----E!5'-- M M_ 4-
b 0.014 0.026 0.36 0.66 2 

-8- ___ (b) 
b1 0.014 0.023 0.36 0.56 3 

I$Ibbb(!)1 C IA - B (!)ID(!)I SECTIONA-A b2 0.045 0.065 1.14 1.65 -

.1::~! oj 

b3 0.023 0.045 0.58 1.14 4 

rt- c 0.008 0.018 0.20 0.46 2 

_] II =wq' , c1 0.008 0.Q15 0.20 0.38 3 

PLANE ttL 

~ 
D - 0.785 - 19.94 -

51_ I A A • 
E 0.220 0.310 5.59 7.87 -

b2 ... e 0.100B8C 2.54BSC -
b ... 11_ [!] eA/2 - eA 0.300B8C 7.62BSC -

lCPIeccttl CIA- B(§)ID@)I tetaee !MIl C IA - B QDI D(§) eA/2 0.150B8C 3.81 BSC -
NOTES: L 0.125 Q.200 3.18 5.08 -
I. Index area: A notch or a pin one Identification mark shall be locat- a 0.015 0.060 0.38 1.52 5 

ed adjacent to pin one and shall be located within the shaded S1 0.005 - 0.13 - 6 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. S2 0.005 - 0.13 - 7 

2. The maximum limits of lead dimensions b and c or M shall be a 90° 1050 eoO 105° -
measured at the centroid of the finished lead surfaces, when aaa - 0.015 - 0.38 -
solder dip or tin plate lead finish is applied. 

bbb - 0.030 - 0.76 -
3. Dimensions b1 and c1 apply to lead base metal only. Dimension 

cec - 0.010 - 0.25 -M applies to lead plating and finish thickness. 

4. Comer leads (1, N, N/2, and N/2+ 1) may be configured with a M - 0.0015 - 0.038 2 

partial lead paddle. For this configuration dimension b3 replaces N 14 14 8 
dimension b2. Rev. 04194 

5. Dimension a shall be measured from the seating plane to the 
base plane. 

6. Measure dimension S1 at all four comers. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearast metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be conceve. 

10. Dimensioning and toIerancing per ANSI Y14.5M - 1982. 

11. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 

l LEAilNISH 1 016.3 MIL-S1'D-1835 CDIP2·T16 (D-2, CONFIGURATION C) 
16 LEAD CERAMIC DUAL-IN-L1NE METAL SEAL PACKAGE 

, .. ~ P INCHES MILLIMETERS -_... , ......... • l BASE (e) 

tt : tE 
METAL SYMBOL MIN MAX MIN MAX NOTES 

1TIr-b1~1 
A - 0.200 5.08 -

-Iii" b 0.014 0.026 0.36 0.66 2 
_(b) 

b1 0.014 0.023 0.36 0.58 3 
I+ibbb(!)lc IA-B (P)ID(!)I 5EcnoNA-A 

b2 0.045 0.065 1.14 1.65 -

~m! .1 r-t-
b3 0.023 0.045 0.58 1.14 4 

c 0.008 0,018 0.20 0.46 2 

........ ] " ~12l" j 

~ 
c1 0.008 0,015 0.20 0.38 3 

PLANE ttL 
D 0.840 - 21.34 -

51_ I A A • 
-

E 0.220 0.310 5.59 7.87 -b2 ___ 

b_'I_ m eA/2 - e 0.100 BSC 2.54BSC 

eA 0.300BSC 7.62 BSC -teleccllJlCIA- B@)ID@)I !elaaa tJlCIA-B@)ID@) 
eA12 0.150BSC 3.81 esc -

NOTES: 
L 0.125 0.200 3.18 5.08 -

1. Index area: A notch or a pin one Identification mark shall be Iocat- a 0,015 0.060 0.38 1.52 5 ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used S1 0.005 - 0.13 - 6 
as a pin one identification mark. S2 0.005 - 0.13 - 7 

2. The maximum limits of lead dimensions b and corM shall be 
IX goO 105° 90° 105° -

measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. aaa - 0,015 - 0.38 

3. Dirnsnslons b1 and c1 apply to lead base metal only. Dimension bbb - 0.030 - 0.76 -
M applies to lead plating and finish thickness. cec - 0.010 - 0.25 -

4. Comer leads (1, N, N/2, and Nl2+ 1) may be configured with a M - 0.0015 - 0.038 2 
partial lead paddle. For this configuration dimension b3 replaces 

N 16 16 8 dimansion b2. 

5. Dirnsnslon a shall be measured from the seating plane to the Rev. 04194 

base plane. 

6. Measure dimension S1 at all four comers. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest rnstallization or lead. 

8. N Is the maximum number of terminal positions. 

9. Braze fillets shall be coneave. 

10. Dimensioning and toIeranclng per ANSI Y14.5M - 1982. 

11. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 

el 
LEAj'NISH • 

040.6 MILoSTD-1835 CDIP2·T4O (D-5. CONFIGURATION C) 
40 LEAD CERAMIC DUAL-IN-UNE METAL SEAL PACKAGE 

, .. ~ P INCHES MILLIMETERS ...... , ...... 
t J BASE ~ 

I ! : t E 

METAL (e) SYMBOL MIN MAX MIN MAX NOTES 

~ i tTI_b1~ + A - 0.225 - 5.72 -----fB-- M M __ 
b 0.014 0.026 0.36 0.66 2 

_(b) 
bl 0.014 0.023 0.36 0.58 3 

1+1 bbb<!>1 C IA - B <!>I 0<!>1 SECTION A-A 
b2 0.045 0.065 1.14 1.65 -

BASE 1_0_1 t t rt-
b3 0.023 0.045 0.58 1.14 4 """ m~ r:c:J; • t 
c 0.008 0.Q18 0.20 0.46 2 

SEAlING'- I I - c1 0.008 0.Q15 0.20 0.38 3 
PLANE t t L 

:~ I" . I ~ 0 . 2.096 - 53.24 4 

E 0.510 0.620 12.95 15.75 4 

b_1r- [!] ~-e ..... 4-
e 0.100BSC 2.54BSC -

eA Q.600BSC 15.24BSC 
teicce~ICIA.B~IO~ ~aaa gCIA- B~IO~ 

eA12 0.300BSC 7.62 BSC -
NOTES: 

L 0.125 0.200 3.18 5.08 
1. Index area: A notch or a pin one identification mark shall be locat- a 0.015 0.070 0.38 1.78 5 ed adjacent to pin one and shall be located Within the shaded 

area shown. Tha manufacturer's identification shall not be used S1 0.005 - 0.13 - 6 
as a pin one Identification mark. 52 0.005 - 0.13 - 7 

2. The maximum limits of lead dimensions b and c or M shall be a. 90° 1'050 900 1050 -
measured at the centroid of the finished lead surfaces. when 
solder dip or tin plate lead finish is applied. aaa - 0.015 - 0.38 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension bbb - 0.030 - 0.76 -
M applies to lead plating and finish thickness. ccc - 0.010 - 0.25 -

4. Comer leads (1. N. N/2. and N/2+ 1) may be configured With a M - 0.0015 - 0.038 2 
partial iead paddle. For this configuration dimension b3 replaces 

N 40 40 8 dimension b2. 

5. Dimension a shall be measured from the seating plane to the Rev. 04194 

base plane. 

6. Measure dimension S1 at all four comers. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be conceve. 

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

11. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 

1 LjANlSH 1 F8.3A MIL·STD-1835 GDIP1-T8 (0-4, CONFIGURATION A) 

.~ J3 8 LEAD CERAMIC DUAL.JN-LINE FRIT SEAL PACKAGE 

........ I ........ 

t l BASE] 
INCHES MILLIMETERS 

P : t E 

METAL (e) 
SYMBOL MIN MAX MIN MAX NOTES 

.TI_b1~ A - 0.200 - 5.08 -
lij M M ... 

b 0.014 0.026 0.36 0.66 2 _(b) 
b1 0.014 0.023 0.36 0.58 3 

I+Ibbb$1 C IA - B$ID$I 
SECTION A-A 

b2 0.045 0.065 1.14 1.65 -
BASE I_D_I __ t d:::J b3 0.023 0.045 0.58 1.14 4 

.... '~~.j c 0.008 0.Q18 0.20 0.46 2 

-] ,,<> ~~ \ c1 0.008 0.Q15 0.20 0.38 3 
PLANE ttL IX 

S1_ I A A t' eA 
D - 0.405 - 10.29 5 

b2_ __ __ _ 
E 0.220 0.310 5.59 7.87 5 

b_ll_ m ~ e ____ e 0.100 esc 2.54SSC -
I$fccc ~ICIA- B@)ID@)I l$faaa~lcIA.B@)ID@) eA 0.300BSC 7.62SSC -
NOTES: 

eA/2 0.150 esc 3.81 SSC -
L 0.125 0.200 3.18 5.08 -

1. Index area: A notch or a pin one identification mark shall be locat- a 0.015 0.060 0.38 1.52 6 ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used S1 0.005 - 0.13 - 7 
as a pin one Identification mark. IX 900 1050 9QD 1050 -

2. The maximum limits of lead dimensions b and c or M shall be 
0.015 0.38 

measured at the centroid of the finished lead surfaces, when aae - - -
solder dip or tin plate lead finish Is applied. bbb - 0.030 - 0.76 -

3. Dimensions b1 and c1 apply to lead base metal only. Dimension ccc - 0.010 - 0.25 -
M applies to lead plating and finish thickness. M - 0.0015 - 0.038 2,3 

4. Comer leads (1, N, N/2, and Nl2+1) may be configured with a N 8 8 8 
partial lead paddle. For this configuration dimension b3 replaces 

Rev. 04194 dimension b2. ' 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension a shall be measured from the seating plane to the 
base plane. 

7. Measure dimension 51 at all four comers. 

8. N Is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Dua/-In-Line Frit Seal Packages (CERDIP) 

c1 LEAD FINISH 

-.If;!=af:s::s:::s:;oql 

F14.3 MIL-8TD-1835 GDIP1·T14 (D-1, CONFIGURATION A) 
14 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 

(e) 

NOTES: 

1. Index area: A notch or a pin one idenllllcation mark shall be locat
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's Iden\lllcation shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions band c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metsl only. Dimension 
M applies to lead plating and finish thickneas. 

4. Comer leads (I, N, N/2, and N/2+ 1) may be configured with a 
partial lead paddle. For this conflguretlon dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
beseplans. 

7. Measure dimension 51 at all four corners. 

8. N Is the maximum number of terminal positions. 

9. Dimensioning and toIerancing per AN51 Y14.5M - 1982. 

10. Controlling dimension: INCH. 
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SYMBOL 

A 

b 

bl 

b2 

b3 

c 

cl 

D 

E 

e 

sA 

eA/2 

L 

Q 

51 

a 
aaa 
bbb 

ccc 

M 

N 

INCHES 

MIN MAX 

- 0.200 

0.014 0.026 

0.014 0.023 

0.045 0.065 

0.023 0.045 

0.008 0.018 

0.006 O.ot5 

- 0.785 

0.220 0.310 

0.100B5C 

0.3008SC 

0.15OBSC 

0.125 0~200 

0.015 0.060 

0.005 -
900 1050 

- 0.015 

- 0.030 

- 0.010 

- 0.0015 

14 

MILLIMETERS 

MIN MAX NOTES 

- 5.08 -
0.36 0.66 2 

0.36 0.58 3 

1.14 1.65 -
0.58 1.14 4 

0.20 0.46 2 

0.20 0.38 3 

- 19.94 5 

5.59 7.87 5 

2.54 BSC -
7.62BSC -
3.81 BSC -

3.18 5.08 -
0.38 1.52 6 

0.13 - 7 

900 1050 -
- 0.38 -
- 0.76 -
- 0.25 -

0.038 2,3 

14 8 

Rev. 04194 



Hermetic Packages for Integrated Circuits 

Ceramic Dual-In-Llne Frlt Seal Packages (CERDIP) 

1 LEAjlNlSH 1 F16.3 MIL-8T1).1835 GDIP1·T16 (1).2, CONFIGURATION A) 

~ P 16 LEAD CEftAMIC DUAL-IN·UNE FRIT SEAL PACKAGE 

........ ...... .~ ::;;..l ~ (c) 
INCHES MILUMETERS 

I : l E 
SYMBOL MIN MAX MIN MAX NOTES 

~ Pltb1~ + A . 0.200 - 5.08 ---- t:!1 
M M ___ 

b 0.014 0.026 0.36 0.66 2 
(b) 

b1 0.014 0.023 0.38 0.56 3 
I+Jbbb(!)1 C lA- B(!)ID(!)I 

SECTION A-A 
b2 0.045 0.065 1.14 1.65 -

~~' 
b3 0.023 0.045 0.58 1.14 4 

c::: t:::::J c 0.008 0.Q18 0.20 0.46 2 

SEATING] I I Eli ~IT~ ~ c1 0.008 0.Q15 0.20 0.38 3 
PLANE ttL a 

S1_ I AA + I~ 
D - 0.840 - 21.34 5 

b2 ____ 
E 0.220 0.310 5.59 7.87 5 

b_ll_ [!] ~ e .... - e 0.1006SC 2.546SC -
eA 0.300BSC 7.62BSC 

I$Iccc ®I c IA - B(!)ID(!)I 1$1 aas® I C JA - B(!) I D(!) -
eA/2 0.1506SC 3.81 BSC -NOTES: 

L 0.125 0.200 3.18 5.08 -1. Index area: A notch or a pin one Identification mark shall be Iocat-
Q 0.Q15 0.060 0.38 1.52 6 ed adjacent to pin one and shall be located within the sheded 

area shown. The manufacturer's identification shall not be used S1 0.005 - 0.13 - 7 
as a pin one Identification mark. 

a 90" 1050 900 1050 -
2. The maximum limits of leed dimensions b and c or M shall be 

0.015 0.38 measured at tha centroid of the finished lead surfaces, when asa - - -
solder dip or tin plate lead finish Is applied. bbb - 0.030 - 0.76 -

3. Dimensions b1 and c1 apply to leed base metal only. Dimension cec - 0.010 - 0.25 -
M applies to lead plating and finish thickness. M - 0.0015 - 0.038 2,3 

4. Comer leads (1, N, N/2, and N/2+1) may be configured with a N 16 16 8 
par\lallead paddle. For this configuration dimension b3 replaces 

Rev. 04/94 dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Messure dimension S1 at all four comers. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and toIerancing per ANSI Y14.5M -1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 

cl LEAD FINISH F24.6 MIL-5TD-1835 GDIP1·T24 (D-3, CONFIGURATION A) 
24 LEAD CERAMIC DUAL-IN·UNE FRIT SEAL PACKAGE 

I+Ibbb(!)1 CiA. B(!)loC!>1 
BASE 1_0_1 + 

Q 

NOTES: 

SECTIONA·A 

1. Index area: A notch or a pin one identification mark shall be locat· 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one Identification mark. 

2. The maximum limits of lead dimensions band c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions bl and cl apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Comer leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off·center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension 81 at all four comers. 

8. N Is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per AN81 Y14.5M • 1982. 

10. Controlling dimension: INCH. 
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SYMBOL 

A 

b 

b1 

b2 

b3 

c 

c1 

D 

E 

e 

eA 

eA/2 

L 

Q 

81 

a 
aaa 

bbb 

ccc 

M 

N 

INCHES 

MIN MAX 

· 0.225 

0.014 0.026 

0.014 0.023 

0.045 0.065 

0.023 0.045 

0.008 0.018 

0.008 0.015 

· 1.290 

0.500 0.610 

0.1008SC 

0.60088C 

0.30088C 

0.120 0.200 

0.015 0.075 

O.OOS . 
900 1050 

· 0.015 

· 0.030 

· 0.010 

· 0.0015 

24 

MILUMETERS 

MIN MAX NOTES 

· 5.72 · 
0.36 0.66 2 

0.36 0.58 3 

1.14 1.65 · 
0.58 1.14 4 

0.20 0.46 2 

0.20 0.38 3 

· 32.77 5 

12.70 15.49 5 

2.5488C · 
15.2488C · 
7.6288C · 

3.05 5.08 · 
0.38 1.91 6 

0.13 . 7 

90° 1050 · 
· 0.38 · 
· 0.76 · 
· 0.25 · 

· 0.038 2,3 

24 8 

Rev. 04194 



Hermetic Packages for Integrated Circuits 

Ceramic Dua/-In-Llne Frit Seal Packages (CERDIP) 

or, LEAjNISH 1 F2a.6 MIL-8To..1835 GDlP1-T28 (0..10, CONFIGURATION A) 

.~ P 
28 LEAD CERAMIC DUAl.oIN-LiNE FRIT SEAL PACKAGE 

........ I ........ , , ~ ::f11. ~ (0) 

INCHES MILLIMETERS 

I ·f : l E 
SYMBOL MIN MAX MIN MAX NOTES 

~ PI_bl~+ A - 0.232 - 5.92 

"E!j 
M M ___ 

b 0.014 0.026 0.36 0.66 2 
_(b) 

b1 0.014 0.023 0.36 0.58 3 
I+ibbb@)lc lA- B(!)lo@)1 

SEC110NA-A 
b2 0.045 0.065 1.14 1.65 -

BASE 1_0_1 ___ , C--, b3 0.023 0.045 0.58 1.14 4 

..... ~m1.j c O.OOB 0.018 0.20 0.46 2 
\. -Co 

SEATING] I I ~ J 1\ cl 0.008 0.015 0.20 0.38 3 
PLANE ttL ,a 

D - 1.490 37.85 5 
SI_ I AA t ~ E 0.500 0.610 12.70 15.49 5 b2__ _ __ 

b_ll_ m ~-c ___ e 0.100BSC 2.54BSC 

eA 0.600BSC 15.24 BSC jticcc @)lcIA-B~IO~1 ltiaaa@)lclA -B~lo~ 

NOTES: 
eA/2 0.300BSC 7.62 BSC -

L 0.125 0.200 3.18 5.08 -
1. Index area: A notch or a pin one idenlificalion mark shall be locat- a 0.D15 0.060 0.38 1.52 6 ed adjacent to pin one and shall be located within the shaded 

area shown. The manufacturer's Identification shall not be used Sl 0.005 - 0.13 - 7 
as a pin one Identification mark. 

a 90° lOSo 90° 105° -
2. The maximum limits of lead dimensiOns b and c or M shall be 

measured ilt the cantroid of the finished leed surfaces, when aaa - 0.015 - 0.38 -
solder dip or tin plate lead finish Is applied. bbb - 0.030 - 0.76 -

3. Dimensions bl and cl apply to lead base metal only. Dimension cec - 0.010 - 0.25 -
M applies to lead plating and finish thickness. M - 0.0015 - 0.038 2.3 

4. Comer leads (l.N. N/2. and N/2+1) may be configured with a N 28 28 8 
partial lead paddle. For this configuration dimension b3 replaces 

Rev. 04194 dimension b2. 

5. This dimension allows for off-center lid. meniscus. and glass 
overrun. 

6. Dimension a shall be measurad from ,the seating plane to the 
base plane. 

7. Measura dimension Slat all four comers. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Pin Grid Array Packages (CPGA) 

, ttl _, 
~ ·1".--~----1§I------I.~1 

( - -C 

INDEX CORNER 
SEE NOTE 8 

SEE 
NOTE 7 

_ ~A~ 
-I-f- Q 

~~ 
SECTION B-8 b 

L 

SECTION A-A 

b2 

G48.A 
48 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - - - - -
AI 0.080 0.120 2.03 3.05 3 

b 0.016 0.0215 0.41 0.55 8 

bl 0.D16 0.020 0.41 0.51 -
b2 0.040 0.060 1.02 1.52 4 

C - 0.80 - 2.03 -
0 0.790 0.810 20.07 20.57 -
01 0.700BSC 17.78BSC -
E 0.790 0.810 20.07 20.57 -
El 0.700BSC 17.78BSC -
e 0.100BSC 2.54BSC 6 

k - - - - -
L 0.090 0.110 2.29 2.79 -
Q 0.40 0.060 1.02 1.52 5 

S 0.050BSC 1.27BSC 10 

SI - - - -
M 8 8 1 

N - 64 64 2 

Rev. 1 6128/95 

NOTES: 
1. "M" represents the maximum pin matrix size. 
2. "N" represents the maximum allowable number of pins. Number 

of pins and location of pins within the matrix is shown on the 
pinout listing In this data sheet. 

3. Dimension "AI" includes the package body and Lid for both cav
ity-up and cavity-down configurations. This package is cavity up. 
Dimension "A1" does not Include heatsinks or other attached 
features. 

4. Standoffs are Intrinsic and shall be located on the pin matrix di
agonals. The seating plane Is defined by the standoffs at dimen
sionsQ. 

5. Dimension "0" applies to cavity-up configurations only. 
6. All pins shall be on the 0.100 Inch grid. 
7. Datum C is the plane of pin to package Interfaca for both cavity 

up and down configurations. 
8. Pin diameter includes solder dip or custom finishes. Pin tips shall 

have a radius or chamfer. 
9. Comer shape (chamfer, notch, radius, etc.) may vary from that 

shown on the drawing. The index comer shall be clearly unique. 
10. Dimension "S" Is measured with respect to datuma A and B. 
11. Dimensioning and tolerancing per ANSI YI4.5M-1982. 
12. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Pin Grid Array Packages (CPGA) 

il·� .. ----I~J----.-1 -I 
@@@@@@ @ @@@I~.f.---T

@@@@@@@@@@@@ 
@@@@@@@@@@@@ 
@@@ @@@ 
@@@ @@@ 

@@ @@@ 
@@@ + @@@ 
@@@ @@@ 
@@@ @@@ 
@@@@@@@@@@@@ 
@@@@@@o@@@@@ 
@o @@@@ @@@@I~+--'--

INDEX CORNER 
SEENaree 

SEE 
NarE7 

- ~A~ -I-r- Q 

-rn 
~~ 

SECTION B-B b 

L 

--I Q -
SECTION A-A 

b2 

G84.A MIL-sTD-1835 CMGA3-P84C (P-AC) 
84 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.215 0.345 5.46 8.76 -
A1 0.070 0.145 1.78 3.68 3 

b 0.D16 0.0215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 -
b2 0.042 0.058 1.07 1.47 4 

C - 0.080 - 2.03 -
D 1.140 1.180 28.96 29.97 

01 1.000B8C 25.4BSC -
E 1.140 I 1.180 28.96 I 29.97 -

E1 1.000B8C 25.4B8C -
e 0.100B8C 2.54B8C 6 

k 0.006 REF 0.20 REF -
L 0.120 I 0.140 3.05 3.56 -
Q 0.040 I 0.060 1.02 1.52 5 

S 0.000B8C 0.OOB8C 10 

81 0.003 I - 0.08 - -
M 11 11 1 

N - I 121 - 121 2 

Rev. 1 6/28/95 

NOTES: 

1. "M" represents the maximum pin matrix size. 
2. "N" represents the maximum allowable number of pins. Number 

of pins and location of pins within the matrix Is shown on the 
pinout listing in this data sheet. 

3. Dimension "A 1" Includes the package body and Ud for both cav
ity-up and cavity-down configurations. This package is cavity up. 
Dimension "A 1" does not include heatsinks or other attached 
features. 

4. 8tandoffs are Intrinsic and shall be locatad on the pin matrix di
agonals. The seating plane Is defined by the standoffs at dlmen
slonsQ. 

5. Dimension"Q" applies to cavity-up configurations only. 
6. All pins shall be on the 0.100 inch grid. 
7. DatumC is the plane of pin to package interfaca for both cavity 

up and down configurations. 
8. Pin diameter includes solder dip or custom finishes. Pin tips shall 

have a radius or chamfer. 
9. Comer shilpa (chamfer, notch, radius, etc.) may vary from that 

shown on the drawing. The Index comer shall be clearly unique. 
10. Dimension "8" is measured with respact to datums A and B. 
11. Dimensioning and toIerarlClng per AN81 Y14.5M-1982. 
12. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Pin Grid Array Packages (CPGA) 

------ D __ ..... A_-A-~ __ .I 
I~--------~~r--------~.~I 

SEE 
NOTE 7 

_ ~A~ 
-I-r- Q 

b1l 

~ 
SECTION B-B b 

L 

SECTION A-A 

b2 

G85.A MIL-6TD-1835 CMGA3-P85C (P-AC) 
85 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.215 0.345 5.46 8.76 -
A1 0.070 0.145 1.78 3.88 3 

b 0.D16 0.0215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 -
b2 0.042 0.058 1.07 1.47 4 

C - 0.080 - 2.03 -
D 1.140 1.180 28.96 29.97 -

D1 1.oo0BSC 25.4BSC -
E 1.140 1.180 28.96 29.97 -

E1 1.000B5C 25.4BSC -
e 0.100B5C 2.54BSC 6 

k 0.008 REF 0.20 REF -
L 0.120 0.140 3.05 3.56 -
Q 0.040 0.060 1.02 I 1.52 5 

S 0.000B5C O.OOBSC 10 

51 0.003 - 0.08 I - -
M 11 11 1 

N - 121 - I 121 2 

Rev. 1 6121195 

NOTE5: 

1. "M" represents the maximum pin matrix size. 
2. "N" represents the maximum allowable number of pins. Number 

of pins and location of pins within the matrix Is shown on the 
pinout listing In this data sheet. 

3. Dimension "A 1" Includes the package body and Lid for both cav
ity-up and cavlty-down configurations. This package is cavity up. 
Dimension "A1" does not Include heatslnks or other attached 
features. 

4. Standoffs are Intrinsic and shall be located on the pin matrix di
agonals. The seating plane Is defined by the standoffs at dimen
sions Q. 

5. Dlmenslon"Q" applies to cavity-up configurations only. 
6. All pins shall be on the 0.100 inch grid. 
7. Datum C Is the plane of pin to package Interface for both cavity 

up and down configurations. 
8. Pin diameter Includes solder dip or custom finishes. Pin tips shall 

have a radius or Chamfer. 
9. Comer shape (chamfer, notch, radius, etc.) may vary from that 

shown on the drawing. The Index comer shall be clearly unique. 
10. Dimension ·5" Is measured with respect to datums A and B. 
11. Dimensioning and toIeranclng per ANSI Y14.5M-1982. 
12. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Ceramic Pin Grid Array Packages (CPGA) 

-
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@@@@@@@@@@@@ 
@o@@@@ @@@ o>J-te:H-~ 

( - -c 
INDEX CDRNER 
SEE NOTE 8 

SEE 
NOTE 7 

-

b1~ 

~. 
SECTION B-B b 

L 

--IQ .... 
SEC11ONA·A 

b2 

G145.A MIL-8TD-1835 CMGA7·P145C (P·AG) 
145 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.215 0.345 5.46 8.76 

A1 0.070 0.145 1.78 3.68 3 

b 0.016 0.0215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 -
b2 0.042 0.058 1.07 1.47 4 

e 0.080 - 2.03 -
0 1.540 1.590 39.12 40.38 -
01 1.400B8e 35.56B8e -
E 1.540 1.590 39.12 40.38 -

E1 1.40088e 35.56B8e -
e 0.10088e 2.5488e 6 

k 0.008 REF 0.20 REF -
L 0.120 0.140 3.05 3.56 -
Q 0.040 0.060 1.02 1.52 5 

8 0.000B8e 0.0088e 10 

'81 0.003 - 0.08 - -
M 15 15 1 

N - 225 - 225 2 

Rev. 1 6/28/95 

NOTE8: 

1. 'U" represents the maximum pin matrix size. 
2. "N" represents the maximum allowable number of pins. Number 

of pins and location of pins within the matrix Is shown on the 
pinout listing in this data sheet. 

3: Dimension "A1" Includes the package body and Ud for both cav
Ity-up and cavity-down configurations. This package Is cavity up. 
Dimension "A1" does not Include heatslnks or other attached 
features. 

4. Standoffs are intrinsic and shall be locatad on the pin matrix di
agonals. The eeatlng plane Is defined by the standoffs at dimen
slonsQ. 

5. Dlmension"Q" applies to cavity-up configurations only. 
6. All pins shall be on the 0.100 Inch grid. 
7. Datum e is the plane of pin to package interface for both cavity 

up and clown configurations. 
8. Pin diameter includes solder dip or custom finishes. Pin tips shall 

have a radius or chamfer. 
9. Comer shape (chamfer, notch, radius, etc.) may vary from that 

shown on the drawing. The index comer shall be clearly unique. 
10. Dimension '8'ls measured with respect to datums A and B. 
11. Dimensioning and tolerancing per AN81 Y14.5M-1982. 
12. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 

Tape Automated Bonding Packages (TAB) 

~E7-1 fA 

~------~====~======~+ 

I 

DETAIL "A" bREF 

,;H 
SECTIONA·A 

9-17 

S84.A 
84 LEAD TAPE AUTOMATED BONDING PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A . 0.034 . 0.B6 -
b 0.002 0.004 0.05 0.10 2, 7 

c 0.0010 0.001B 0.025 0.046 2, 7 

B1 0.019 0.021 0.47 0.53 5 

B2 0.023 0.02B 0.60 0.70 5 

D 0.559 0.569 14.20 14.45 -
E 0.562 0.572 14.27 14.53 -

D1 0.410 0.420 10.41 10.67 3 

E1 0.409 0.419 10.39 10.64 3 

02 0.300 0.310 7.62 7.B7 4 

E2 0.300 0.310 7.62 7.B7 4 

D3JE3 0.500BSC 12.70BSC -
D41E4 0.531 BSC 13.475BSC -
D51E5 1.061 BSC 26.95BSC -

06 1.372 1.382 34.85 35.10 -
E6 1.244 1.314 31.62 33.37 -
07 0.345 0.351 B.77 B.92 . 
E7 0.344 0.350 B.74 B.B9 -
DB 0.360 0.370 9.14 9.40 -
EB O.35B 0.368 9.09 9.35 -
e 0.015 BSC 0.3BBSC 2 

e1 0.016BSC 0.4OBSC 5 

F 0.054 0.057 1.39 I 1.45 -
G 0.055 0.057 1.40 p.45 -
H 1.253BSC 31.B3BSC -

H1 0:1B7BSC 4.75BSC -
aaa 0.003 O.OB -

Rev. 04194 
NOTES: 

1. All dimensioning and tolerancing per ANSI Y14.5M-
19B2. 

2. Controlling dimension Is MILLIMETERS except for dl· 
menslons b, c and e which are in INCHES. 

3. Dimensions D11E1 define the package "body size". 

4. Dimensions D2lE2 define the maximum allowable di
mension between the outside edges of the outermost 
leads. This dimension provides necessary clearance 
from the OLB window comers for excise operations. 

5. This dimension applies to all test pads. 

6. All lead and test pad arrays shall be arranged in a sym
metric configuration with respect to datums 0 or B-C. 

7. Dimensions b and c apply to base material only. 

B. Lead Material: Copper 
Lead Finish: Gold over nickel underplate 

9. Film format and test pads per JEDEC US-001, Ax - 2x. 

10. TAB packages shipped in slide carriers per JEDEC 
CS-006 with the leads unformed (flat). 



Hermetic Packages for Integrated Circuits 

Tape Automated Bonding Packages (TAB) 

~E7~ 

[;IT 

DETAIL "A" 

fA 
"1 

bREF 

[)d-
eJ 

SECTIONA-A 

9-18 

S156.A 
156 LEAD TAPE AUTOMATED BONDING PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.034 0.86 

b 0.002 0.004 0.05 0.10 2 

c 0.0010 0.0018 0.025 0.046 2. 7 
B1 0.019 0.021 0.47 0.53 5 

B2 0.023 0.028 0.60 0.70 5 

0 0.559 0.569 14.20 14.45 

E 0.562 0.572 14.27 14.53 

01 0.429 0.439 10.90 11.15 3 

E1 0.431 0.441 10.95 11.20 3 

02 0.380 0.390 9.65 9.90 4 

E2 0.380 0.390 9.65 9.90 4 

03lE3 0.500BSC 12.70BSC 

D41E4 0.531 BSC 13.475BSC 

05lE5 1.061 BSC 26.95BSC 

06 1.372 1.382 34.65 35.10 

E6 1.244 1.314 31.62 33.37 

07 0.349 0.355 8.87, 9.02 

E7 0.346 0.352 8.79 8.94 

08 0.380 0.370 9.14 9.40 

E8 0.387 0.377 9.32 9.57 

e 0.010BSC O.254BSC 2 

e1 0.016BSC 0.4OBSC 5 

F 0.054 1.45 

G 0.055 1.45 

H 

H1 

aaa 0.002 0.05 

Rev. 04194 
NOTES: 

1. All dimensioning and toIerancing per ANSI Y14.5M-
1982. 

2. Controlling dimension is MilLIMETERS except for di
mensions b. c and e which are In INCHES. 

3. Dimensions 01/E1 define the package "body size". 

4. Dimensions 02lE2 define the maximum allowable di
mension between the outside edges of the outermost 
leads. This dimension provides necessary claarance 
from the OlB window comers for excise operations. 

5. This dimension applies to all test pads. 
6. Alileed and test pad arrays shall be arranged in a sym

metric configuration with respect to datums 0 or B-C. 

7. Dimensions b and c apply to base material only. 
8. lead Material: Copper 

lead Finish: Gold over nickel underplate 
9. Film format and test pads per JEOEC US-001. Ax - 2x. 

10. TAB packages shipped in slide carriers per JEOEC 
CS-006 with the leads unformed (flat). 



Plastic Packages for Integrated Circuits 
Dual-In-Line Plastic Packages (PDIP) 

E8.3 (JEDEC M5-001-BA ISSUE D) 

=-~:::Ot 
8 LEAD DUAL-IN-LiNE PLASTIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.210 - 5.33 4 

~. D _I ~ 
AI 0.015 - 0.39 - 4 

A2 0.115 0.195 2.93 4.95 -

-~ 
PLANE\. .sal A2 A ' B 0.014 0.022 0.356 0.558 -

s~~~ L A i ~ Bl 0.045 0.070 1.15 1.77 8,10 

:~~ ;~'':::'1.11t:=J C 0.008 0.014 0.204 0.355 -
0 0.355 0.400 9.01 10.16 5 

01 0.005 .- 0.13 - 5 

E 0.300 0.325 7.62 8.25 6 

El 0.240 0.280 6.10 7.11 5 
NOTES: 

0.100 BSC 2.54BSC e -
1. Controlling Dimensions: INCH. In case of conflict between 

0.300BSC 7.62 BSC 6 English and MetriC dimensions, the Inch dimensions control. eA 

2. Dimensioning and toIerancing per ANSI YI4.5M-1982. ea - 0.430 - 10.92 7 

3. Symbols are defined in the "MO Series Symbol Us!" in Section L 0.115 0.150 2.93 3.81 4 
2.2 of Publication No. 95. N 8 8 9 

4. Dimensions A, Aland Lara measured with the package seated Rev. 0 12/93 
In JEOEC seating plane gauge GS-3. 

5. 0, 01, and El dimensions do not Include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(O.25mm). 

6. E and ~ are measured with the leads constrained to be per-
pendicu ar to datum ~. 

7. ee and ee are measured atlhe lead lips with the leads uncon-
strained. ec must be zero or greater. 

8. Bl maximum dimensions do not Include dambar protruSions. 
Oambar protrusions shall not exceed 0.010 inch (O.25mm). 

9. N is the maximum numbar of terminal positions. 

10. Comer leads (1, N, N/2and N/2 + 1) for E8.3, EI6.3, EI8.3, 
E28.3, E42.6 will have a 81 dimension of 0.030 - 0.045 inch 
(0.76 -1.14mm). 
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Plastic Packages for Integrated Circuits 

Dual-In-Llne Plastic Packages (PDIP) 

E14.3 (JEDEC M8-001·AA ISSUE D) 
14 LEAD DUAL-IN-LINE PLAsnc PACKAGE 

NOTES: 

1. Controlling Dimensions: INCH. In case of conflict between 
English end Metric dimensions. the Inch dimensions control. 

2. Dimensioning and toIeranclng per ANSI Y14.5M-1982. 

3. Symbols are defined In the "MO Series Symbol List" in Section 
2.2 of Publication No. 95. 

4. Dimensions A. A 1 and L are measured with the package seated 
In JEDEC seating plene gauge Gs-3. 

5. D. 01. and E1 dimensions do not Include mold flesh or protru
sions. Mold flesh or protrusions shall not excaed 0.010 Inch 
(0.25mm). 

6. E and I9A1 are meesured with the leads constrained to be per
pendlcaTafto datum E£:J. 

7. ee and Be are measured at the leed tips with the leads uncon
strained. ee must be zero or greater. 

8 .. 81 maximum dimensions do not Include dambar protrusions. 
Dambar protruSions shall not exceed 0.010 Inch (O.25mm). 

9. N is the maximum number of tennlnal positions. 

10. ComerleBds (1. N. NI2 and NI2 + 1) for E8.3. E16.3. E18.3. 
E28.3. E42.6 will have a 81 dimension of 0.030 - 0.045 Inch 
(0.76 - 1.14mm). 

SYMBOL 

A 

A1 

A2 

8 

81 

C 

0 

01 

E 

E1 

e 

eA 

ee 

L 

N 

9-20 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.210 5.33 

0.015 0.39 

0.115 0.195 2.93 4.95 

0.014 0.022 0.356 0.558 

0.045 0.070 1.15 1.n 

0.008 0.014 0.204 0.355 

0.735 0.n5 18.66. 19.68 

0.005 0.13 

0.300 0.325 7.62 8.25 

0.240 0.280 6.10 7.11 

0.1008SC 2.54BSC 

0.3008SC 7.62BSC 

1 0.430 110.92 

0.115 1 0.150 2.93 1 3.81 

14 14 

NOTES 

4 

4 

8 

5 

5 

6 

5 

6 

7 

4 

9 

Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Dual-In-Llne Plastic Packages (PDIP) 

E16.3 (JEDEC MS-OOl·BB ISSUE D) 
16 LEAD DUAL-IN·LlNE PLASTIC PACKAGE 

NOTES: 

1. Controlling DlmensJons: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and toIeranclng per ANSI Y14.5M·19B2. 

3. Symbols are defined in the "MO Series Symbol Ust" in Section 
2.2 of Publication No. 95. 

4. Dimensions A, Aland L ara measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, Dl, and El dimensions do not include mold flash or protru
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and I8A1 ara measurad with the leads constrained to be per
pendlc!Tafto datum ~. 

7. eB and ee are measurad at the lead tips with the leeds uncon
strained. ee must be zero or greater. 

B. Bl maximum dimensions do not Include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Comer leads (1, N, Nl2and NI2 + 1) for EB.3, E16.3, E1B.3, 
E28.3, E42.6 will have a Bl dimension of 0.030 - 0.045 inch 
(0.76 -1.14mm). 
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SYMBOL 

A 

Al 

A2 

B 

Bl 

C 

D 

Dl 

E 

El 

e 

eA 

eB 

L 

N 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

- 0.210 - 5.33 

0,015 - 0.39 -
0.115 0.195 2.93 4.95 

0.014 0.022 0.356 0.558 

0.045 0.070 1.15 1.n 

0.008 0.014 0.204 0.355 

0.735 0.n5 lB.66 19.68 

0.005 - 0.13 -
0.300 0.325 7.62 8.25 

0.240 0.280 6.10 7.11 

0.100BSC 2.54BSC 

0.300BSC 7.62BSC 

- 1 0.430 - 110.92 

0.115 I 0.150 2.93 I 3.81 

16 16 

NOTES 

4 

4 

-
-

B,10 

-
5 

5 

6 

5 

-
6 

7 

4 

9 

Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Dual-In-Line Plastic Packages (PDIP) 

~::: ]0 E18.3 (JEDEC M5-001-BC ISSUE D) -1 18 LEAD DUAL-IN-UNE PLAsnc PACKAGE 

I~~~- j % ! NI2 ~ SYMABOL INCHES MILLIMET~:: 
I:!:l 5.33 

MIN MAX MIN 

0.210 

NOTES 

4 

0.D15 0.39 4 

0.115 0.195 2.93 

0.014 0.022 0.356 

0.045 0.070 1.15 

0.008 0.014 0.204 

0.845 0.880 21.47 

0.005 0.13 

0.300 0.325 7.62 

NOTES: E1 0.240 0.280 6.10 7.11 5 

1. Controlling Dimenllionll: INCH. In calle ,of conflict between 
EngUsh and MetriC dimensions, the Inch dimensions control. 

0.100 esc 2.54 SSC 

0.300 SSC 7.62 esc 6 
2. Dimensioning and toIerancing per ANSI Y14.5M-1982. 0.430 10.92 7 
3. Synibols are defined in the "MO Series Symbol Lisf' in Section 

2.2 of Publication No. 95. 

4. Dimensions A, A,1 and L are measured with the ()iIckage seated 
lit JEOECseating plane gauge 00-3." ' ' 

5. 0, 01, and E1 dimensions do not Include mold flash or protru
sions. Mold flash or protrusions shan not exceed 0.010 inch 
(0.25mm). 

6. E and fiiAl are measured with the leads constrained to be per
pendicuTafto datum ~. 

7. eB and ee are measured at the lead tips with the leads uncon
strained. ee muSt be zero or greater. 

8. S1 maximum dimensions do not Include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (O.25mm). 

9. N Is the maximum number of terminal positions. 

10. Comer leads (1, N, NI2 and Nl2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a S1 dimension of 0.030 - 0;045 inch 
(0.76-1.14mm). 
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L 0.115 0.150 2.93 3.81 4 

N 18 18 9 



Plastic Packages for Integrated Circuits 

Dual-In-Line Plastic Packages (PDIP) 

~~:::Qt 
E20.3 (JEDEC M8-001-AD ISSUE D) 
20 LEAD DUAL-IN-LiNE PLASTIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.210 - 5.33 4 

:l- D -I ~E_ Al 0.015 - 0.39 - 4 

~~rh 
A2 0.115 0.195 2.93 4.95 -
B 0.014 0.022 0.356 0.558 -\. _ A 

SEATING P 1 ~ Bl 0.045 0.070 1.55 1.77 8 

::?ll ;::.::CI:'I'~I~'~~ C 0.008 0.014 0.204 0.355 -
D 0.980 1.060 24.89 26.9 5 

D1 0.005 - 0.13 - 5 

E 0.300 0.325 7.62 8.25 6 

NOTES: El 0.240 0.280 6.10 7.11 5 

1. Controlling Dimensions: INCH. In case of conflict between e 0.100BSC 2.54BSC -
English and Metric dimensions, the Inch dimensions control. eA O.300BSC 7.62BSC 6 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
aB - 0.430 - 10.92 7 

3. Symbols are defined In the "Me Series Symbol List" In Section 
L 0.115 0.150 2.93 3.81 4 2.2 of Publication No. 95. 

4. Dimensions A, Aland L are measured with the package seated N 20 20 9 

in JEDEC seating plane gauge GS-3. Rav.012193 

5. 0, 01, and El dimensions do not include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 Inch 
(0.25mm). 

6. E and ~ are measured with the leads constrained to be per-
pendicu ar to datum ~. 

7. eB and ee are measured at the lead tips with the leads uncon-
stralned. ee must be zero or greater. 

8. Bl maximum dimensions do not include damber protrusions. 
Dambar protrusions shall not exceed 0.Q1 0 inch (O.25mm). 

9. N Is the maximum number of terminal positions. 

10. Comer leeds (1, N, N/2and N/2+ 1) forE8.3, E16.3, E18.3, 
E28.3, E42.6 will have a 81 dimension of 0.030 - 0.045 Inch 
(0.76 -1.14mm). 
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Plastic Packages for Integrated Circuits 

Dual-ln-Llne Plastic Packages (PDIP) 

=-~:::Or 
E22.4 (JEDEC MS-01Q.AA ISSUE C) 
22 LEAD DUAL-IN-UNE PLAsnc PACKAGE 

INCHES MIWMETERS 

.1!J SYMBOL MIN MAX MIN MAX NOTES 

A - 0.210 . 5.33 4 

~. D -I f-E:;j A1 0.015 - 0.39 - 4 

~~. r-+ 
A2 0.125 0.195 3.18 4.95 -
B 0.014 0.022 0.356 0.558 -

SEAnNG ~ 1 \. B1 0.045 0.065 1.15 1.65 8 

:~~~ -~-., ~~ ~ t C 0.009 0.015 0.229 0.381 -
0 1.065 1.120 27.06 28.44 5 

01 0.005 - 0.13 - 5 
~O.010 (D.25)81 CIA IB(!) 1 - .. -

E 0.390 0.425 9.91 10.79 6 

NOTES: E1 0.330 0.390 B.39 9.90 5 

1. Controlling Dimensions: INCH. In case of conflict between e 0.100BSC 2.54BSC -
English and Metric dimensions, the Inch dimensions ccntroI. eA Q.400BSC 10.16 BSC 6 

2. Dimensioning and toleranclng per ANSI Y14.5M·1982. 
ee - 0.500 - 12.70 7 

3. Symbols are defined In the "MO Series Symbol LIst" In Section 
L 0.115 0.160 2.93 4.06 4 2.2 of Publication No. 95. 

4. Dimensions A, A 1 and L are measured with the package seated N 22 22 9 

In JEDEC seating plane gauge G5-3. Rev. 0 12/93 

5. 0, 01, and E1 dimensions do not Include mold flash or protru-
sions. Mold flesh or protrusions shall not exceed 0.010 Inch 
(0.25mm). 

6. E and ~ are measured with the leads constrained to be per-
pendlcu ar to datum ~. 

7. ee and ee are measured at the lead tips with the leads uncon-
strained. ee must be zero or greater. 

8. B1 maximum dimensions do not Includs dsmbar protrusions. 
Dambar protrusions shall not exceed 0.010 Inch (O.25mm). 

9. N is the maximum number of terminal positions. 

10. Comer leads (1, N, NI2 and NI2 + 1) for EB.3, E16.3, E1B.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 • 0.045 inch 
(0.76 -1.14mm). 
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Plastic Packages for Integrated Circuits 

Dual-In-Line Plastic Packages (PDIP) 

,=~:::Ot 
E24.6 (JEDEC M8-011-AA ISSUE B) 
24 LEAD DUAL-IN-UNE PLASTIC PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.250 - 6.35 4 

~. D _I ~E_ A1 0.015 - 0.39 - 4 

~~ r+. 
A2 0.125 0.195 3.18 4.95 -
B 0.014 0.022 0.356 0.558 -

~~~ .: Ilt\ B1 0.030 0.070 o.n 1.n 8 

D1_ I -D1- A1 I ~ t C 0.008 0.D15 0.204 0.381 -
B1. ec- 14- c- D 1.150 1.290 29.3 32.7 5 B ___ 

01 0.005 - 0.13 - 5 
l$Io.010(0.25)@)I C IAIB(!)1 - 8a-

E 0.600 0.625 15.24 15.87 6 

NOTES: E1 0.485 0.580 12.32 14.73 5 

1. Controlling Dlmenskins: INCH. In case of conflict between e 0.100BSC 2.54BSC -
English and Metric dimensions, the In9h dimensions control. eA o.sOOBSC 15.24BSC 6 

2. Dimensioning and toIerancing per ANSI Y14.5M-1982. 
eB - I 0.700 - I 17.78 7 

3. Symbols are defined In the "MQ Series Symbol List" in Section 
L 0.115 I 0.200 2.93 I 5.08 4 

2.2 of Publication No. 95. 

4. Dimensions A, A 1 and L are measured with the package seated N 24 24 9 

In JEDEC seating plane gauge GS-3. Rev. 0 12/93 

5. 0, 01, and E1 dimensions do not Include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 Inch 
(0.25mm). 

6. E and ~ are measured with the leads constrained to be per-
pendlcu ar to datum ~. 

7. eB and ee are measured at the lead tips with the leads uncon-
streined. ee must be zero or.greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 Inch (O.25mm). 

9. N Is the maximum number of terminal positions. 

10. Comer leads (1, N, NI2 and NI2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76-1.14mm). 
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Plastic Packages for Integrated Circuits 

Dual-In-Line Plastic Packages (PDIP) 

=~:::Ot 
E28.6 (JEDEC MS'()11·AB ISSUE B) 
28 LEAD DUAL-IN-LiNE PLASTIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.250 - 6.35 4 

~. D -, ~E;1 Al 0,015 - 0.39 - 4 

~~.r+ 
A2 0.125 0.195 3.18 4.95 -
B 0.014 0.022 0.356 0.558 -

SEATING\. 
PLANE L ~ 4. \. Bl 0.030 0.070 0.77 1.77 8 

:~hl;~:~~~C':"';I~J::: J 
C 0.008 0.015 0.204 0.381 

0 1.380 1.565 35.1 39.7 5 

01 0.005 - 0.13 - 5 

E 0.600 0.625 15.24 15.87 6 

NOTES: El 0.485 0.580 12.32 14.73 5 

1. Controlling Dimensions: INCH. In cese of conflict between e 0.100BSC 2.54BSC -
English and Metric dimensions, the Inch dimensions control. eA 0.600BSC 15.24 BSC 6 

2. Dimensioning and toleranclng per ANSI Y14.5M-1982. 
ee - 0.700 - 17.78 7 

3. Symbols are defined in the "MO Series Symbol LIst" In Section 
L 0.115 0.200 2.93 5.08 4 2.2 of Publication No~ 95. 

4. Dimensions A, Aland L are meesured with the package seated N 28 28 9 

in JEDEC seating plane gauge G8-3. Rev. 0 12193 

5. 0, 01, and El dimensions do not include mold flash or protru-
Sions. Mold flesh or protrusions shall not exceed 0.010 Inch 
(O.25mm). 

6. E and ~ are meesured with the leads constrained to be per-
pendlcu ar to datum ~. 

7. ee and ee are meesured at the lead tips with the leads uncon-
strained. ee must be zero or greater. 

8. Bl maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (O.25mm). 

9. N Is the maximum number of terminal positions. 

10. Comer leads (1, N, NI2 and NI2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a Bl dimension of 0.030 - 0.045 inch 
(O.76-1.14mm). 
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Plastic Packages for Integrated Circuits 

Dual-In-Line Plastic Packages (PDIP) 

E28.6A-S 
28 LEAD DUAL·IN·L1NE PLASTIC PACKAGE 

BASE ~I. D ~.I- m PLANE t A ' 
SEATING \. ~ 1. t A 

~J.~~ -'-~J~_ 
NOTES: 

1. Controlling Dimensions: MILLIMETER. In case of conflict be
tween English and Metric dimensions, the metric dimensions 
control. 

2. Dimensions A, A 1 and L are measured with the package seated 
in JEDEO seating plane gauge GS-3. 

3. D and E1 dimensions do not include mold flash or protrusions. 
4. reAl is measured with the leads constrained to be perpendicular 

Ioii'ase plane. 
5. N is the maximum number of terminal posHions. 

SYMBOL 

A 

A1 

B 

B1 

0 

D 

E1 

e 

eA 

L 

N 

a 

9·27 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.178 0.196 4.5 5.0 

0.020 - 0.50 -
0.Q16 0.023 0.40 0.60 

0.042 0.053 1.05 1.35 

0.008 0.13 0.20 0.35 

1.485 1.503 37.7 38.2 

0.508 0.523 12.9 13.3 

0.100BSO 2.54BSO 

0.600BSe 15.24BSe 

0.119 - 3.0 -
28 28 

0° 15° 0° 15° 

NOTES 

2 

2 

-
-
3 

3 

-
4 

2 

5 

-
Rev.14195 



Plastic Packages for Integrated Circuits 

Dua/-In-Line Plastic Packages (PDIP) 

~~~:::Qt 
E40.6 (JEDEC M5-011-AC ISSUE B) 
40 LEAD DUAL-IN-UNE PLASTIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.250 - 6.35 4 

~. D _I _E;j Al 0.015 - 0.39 - 4 

~~r+ 
A2 0.125 0.195 3.18 4.95 -
B 0.014 0.022 0.356 0.558 -

SEATING '- ~ I~ ~ B1 0.030 0.070 0.77 1.77 8 

~~~hl;~:~e~c,:',~,~~ 1 
C 0.008 0.015 0.204 0.381 -
0 1.980 2.095 50.3 53.2 5 

01 0.005 - 0.13 - 5 

E 0.600 0.625 15.24 15.87 6 

NOTES: E1 0.485 0.580 12.32 14.73 5 

1. Controlling Dimensions: INCH. In case of conflict between e 0.100BSC 2.54BSC -
English and Metric dimensions. the Inch dimensions control. eA 0.600BSC 15.24 BSC 6 

2. Dimensioning and toleranclng per ANSI Y14.5M-1982. 
ee - I 0.700 - 17.78 7 

3. Symbols are defined In the "MO Series Symbol Usf' in Section 
L 0.115 I 0.200 2.93 5.09 4 2.2 of Publication No. 95. 

4. Dimensions A. Aland L ara measured with the package seated N 40 40 9 

in JEDEC seating plane gauge GS-3. Rev. 0 12193 

5. D. 01. and El dimensions do not Include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 Inch 
(0.2Smm). 

6. E and ~ are measurad with the leads constrained to be per-
pendlcu ar to datum ~. 

7. ee and ee are measured at the lead tips with the leads uncon-
strained. ee must be zero or greater. 

8. Bl maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not excaed 0.010 Inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Comer leads (1. N. NI2 and NI2+ 1) for E8.3. E16.3. E18.3. 
E28.3. E42.6 will have a B1 dimension of 0.030 - 0.045 Inch 
(0.76-1.14mm). 
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Plastic Packages for Integrated Circuits 

Small Outline Plastic Packages (SOIC) 

M8.15 (JEDEC MSo012-AA ISSUE C) 
8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined in the "MO Series Symbol Ust" in Section 
2.2 of Publication Number 95. 

2. Dimensioning and toIerancing per ANSI Y14.5M-1982. 

3. Dimension "0" does not Include mold nash, protrusions or gate 
burrs. Mold nash, protrusion and gate burrs shall not excaed 
0.15mm (0.006 Inch) per side. 

4. Dimension "E" does not include interleed flash or protrusions. In
terleed flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it Is not present, a visual 
Index feature must be located within the crosshatched area. 

6. "L" is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Theleed width "B", as measured 0.36mm (0.014 Inch) or greater 
above the seating plane, shall not exceed a maximum valua of 
0.61mm (0.024 Inch). 

10. Controlling dimension: MILLIMETER. Converted inch dimen
sions are not necessarily exact. 
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SYMBOL 

A 

A1 

B 

C 

D 

E 

e 

H 

h 

L 

N 

a 

INCHES 

MIN MAX 

0.0532 0.0688 

0.0040 0.0098 

0.013 0.020 

0.0075 0.0098 

0.1890 0.1968 

0.1497 0.1574 

0.050BSC 

0.2284 0.2440 

0.0099 0.0196 

0.016 0.050 

8 

0" 8° 

MILLIMETERS 

MIN MAX NOTES 

1.35 1.75 -
0.10 0.25 -
0.33 0.51 9 

0.19 0.25 -
4.80 5.00 3 

3.80 4.00 4 

1.27BSC -
5.80 6.20 -
0.25 0.50 5 

0.40 1.27 6 

8 7 

0° 8° -
Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Small Outline Plastic Packages (SOIC) 

M14.15 (JEDEC MS-012·AB ISSUE C) 
14 LEAD NARROW BODY SMALL OUruNE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined in the "MO Senes Symbol Llsf in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M·1982. 

3. Dimension "0" does not Include mold fiash, protrusions or gate 
burrs. Mold nash, protrusion and gate burrs shall not exceed 
0.15mm (0.008 inch) per side. 

4. Dimension "Eo does not include intenead flesh or protrusions. In· 
tenead flash and protrusions shall not excead 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
Index feature must be located within the crosshatched area. 

6. "L" is the length of terminal for soldering to a substrete. 

7. "N" is lIle number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "8", as measured O.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 Inch). 

10. ControlUng dimension: MILLIMETER. Converted inch dimen
sions are not necesserily exact. 

SYMBOL 

A 

A1 

8 

C 

0 

E 

e 

H 

h 

L 

N 

ex 

9·30 

INCHES 

MIN MAX 

0.0532 0.0688 

0.0040 0.0098 

0.013 0.020 

0.0075 0.0098 

0.3367 0.3444 

0.1497 0.1574 

0.0508SC 

0.2284 0.2440 

0.0099 0.0196 

0.016 0.050 

14 

0° 8° 

MILLIMETERS 

MIN MAX NOTES 

1.35 1.75 -
0.10 0.25 -
0.33 0.51 9 

0.19 0.25 -
8.55 8.75 3 

3.80 4.00 4 

1.2788C -
5.80 6.20 -
0.25 0.50 5 

0.40 1.27 6 

14 7 

00 I 8° -
Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Small Outline Plastic Packages (SOIC) 

M16.15 (JEDEC Ms.G12·AC ISSUE C) 
16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined In the "MQ Series Symbol List" In Section 
2.2 of PubUcation Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension aD" does not Include mold flash. protrusions or gate 
burrs. Mold flash. protrusion and gate burrs shell not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension "E" does not Include Interlead flash or protrusions. In
terfead flash and protrusions shall not excaed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If It is not present. a visual 
index feature must be located within the crosshatched area. 

6. aL" is the length of tenninal for soldering to a substrate. 

7. aN" Is the number of terminel positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "a". as measured O.36mm (0.014 inch) or greater 
above the seating plane. shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted Inch dimen
sions are not necesserily exact. 
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SYMBOL 

A 

A1 

a 

C 

D 

E 

e 

H 

h 

L 

N 

a 

INCHES 

MIN MAX 

0.0532 0.0688 

0.0040 0.0098 

0.013 0.020 

0.0075 0.0098 

0.3859 0.3937 

0.1497 0.1574 

0.050BSC 

0.2284 0.2440 

0.0099 0.0196 

0.016 0.050 

16 

0" B" 

MILLIMETERS 

MIN MAX NOTES 

1.35 1.75 -
0.10 0.25 -
0.33 0.51 9 

0.19 0.25 -
9.80 10.00 3 

3.80 4.00 4 

1.27aSC 

5.80 6.20 . 
0.25 0.50 5 

0.40 1.27 6 

16 7 

00 I 80 -
Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Small Outline Plastic Packages (SOIC) 

M16.3 (JEDEC M8-013-AA ISSUE C) 
16 LEAD WIDE BODY SMALL OUTUNE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined In the "MO Series Symbol List" In Section 
2.2 of Publication Number 95. 

2. Dimensioning and toIeranclng per ANSI Y14.SM-1982. 

3. Dimension "0" does not include mold flash, protrusions or gate 
burrs. Mold flash. protrusion and gate burrs shall not exceed 
0.15mm (0.006 Inch} per side. 

4. Dimension "E" does not include Interlead flash or protrusions. In
terlead flash and protrusions shall not exceed 0.25mm (0.010 
Inch) per side. 

5. The chamfer on the body Is optional. If it Is not present, a visual 
index feature must be located within the crosshatched area. 

6. "L' Is the length of terminal for soldering to a subatrate. 

7. "N" Is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "8", as measured 0.36mm (0.014 inch) or greater 
above the seating plane. shall not exceed a maximum value of 
0.61mm (0.024 Inch) 

10. Controlling dimension: MILLIMETER. Converted Inch dimen
sions are not necessarily exact. 

SYMBOL 

A 

A1 

B 

0 

0 

E 

e 

H 

h 

L 

N 

IX 

9-32 

INCHES 

MIN MAX 

0.0926 0.1043 

0.0040 0.0118 

0.013 0.0200 

0.0091 0.0125 

0.3977 0.4133 

0.2914 0.2992 

0.050BSO 

0.394 0.419 

0.010 0.029 

0.016 0.050 

16 

0" 8° 

MILUMETERS 

MIN MAX NOTES 

2.35 2.65 -
0.10 0.30 -
0.33 0.51 9 

0.23 0.32 -
10.10 10.50 3 

7.40 7.60 4 

1.27BSO . 
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

16 7 

0" 8° -
Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Small Outline Plastic Packages (SOIC) 

M20.3 (JEDEC MS-013·AC ISSUE C) 
20 LEAD WIDE BODY SMALL OUTLINE PLASnC PACKAGE 

NOTES: 

1. Symbols are defined in the "MO Series Symbol Lisf in Section 
2.2 of Publication Number 95. 

2. Dimensioning and toleranclng per ANSI Y14.5M·1982. 

3. Dimension "0" does not Include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension "E" does not include interlead flash or protrusions. In
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body Is optional. If H is not present, a visual 
index feature must be located within the crosshatched area. 

6. "L" is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B", as measured 0.36mm (0.014 inch) or greater 
above the sealing plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen
sions are not necessarily exact. 

.9·33 

SYMBOL 

A 

A1 

B 

C 

0 

E 

e 

H 

h 

L 

N 

a 

INCHES 

MIN MAX 

0.0926 0.1043 

0.0040 0.0118 

0.013 0.0200 

0.0091 0.0125 

0.4961 0.5118 

0.2914 0.2992 

0.050BSC 

0.394 0.419 

0.010 0.029 

0.D16 0.050 

20 

0° I SO 

MILLIMETERS 

MIN MAX NOTES 

2.35 2.65 -
0.10 0.30 -
0.33 0.51 9 

0.23 0.32 -
12.60 13.00 3 

7.40 7.60 4 

1.27BSC -
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

20 7 

0° SO -
Rev. 0 12/93 



Plastic Packages for Integrated Circuits 

Small Outline PlastIc Packages (SOIC) 

M24.3 (JEDEC M5-013-AD ISSUE C) 
24 LEAD WIDE BODY SMALL OUTUNE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined In the "MO Series Symboll.lsf' in Sectton 
2.2 of Publication Number 95. 

2. Dimensioning and toJerancing per ANSI Y14.5M-1982. 

3. Dimension "0- does not Include moJcI flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension "E" does not include interlead flash or protruSions. In
terlead flash and protrusionS shall not exceed O.25mm (0.010 
inch) per side. 

5. The chamfer 01) the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. "L" is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "8", as measured O.36mm (0.014 inch) or greater 
above the seeling plane, shall not exceed a maximum value of 
0.61 mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen
sions are not necessarily exact. 

SYMBOL 

A 

Al 

B 

C 

0 

E 

e 

H 

h 

L 

N 

ex 

9-34 

INCHES 

MIN MAX 

0.0926 0.1043 

0.0040 0.0118 

0.013 0.020 

0.0091 0.0125 

0.5965 0.6141 

0.2914 0.2992 

0.05BSC 

0.394 0.419 

0.010 0.029 

0.016 0.050 

24 

0° I eo 

MILUMETERS 

MIN MAX NOTES 

2.35 2.65 -
0.10 0.30 -
0.33 0.51 9 

0.23 0.32 -
15.20 15.60 3 

7.40 7.60 4 

1.27BSC -
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

24 7 

0° I 8° -
Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Small Outline Plastic Packages (SOIC) 

M28.3 (JEDEC M8-013·AE ISSUE C) 
28 LEAD WIDE BODY SMALL OUTUNE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined In the "MO Series Symbol Lisr In Section 
2.2 of Publication Number 95. 

2. Dimensioning and toIeranclng per ANSI Y14.5M-1982. 

3. Dimension "0" does not Include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Olmens.lon "E" does not Include interiead flash or protrusions. In
teriead flash and protrusions shall not exceed O.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If It Is not prasent, a visual 
Index feature must be located within the crosshatched area. 

6. "L" Is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B", as measured 0.36mm (0.014 inch) or greater 
above the sealing plane, shall not exceed a maximum value of 
0.61mm (0.024 Inch) 

10. Controlling dimension: MILLIMETER. Converted Inch dimen
sions are not necessarily exact. 
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SYMBOL 

A 

A1 

B 

0 

0 

E 

e 

H 

h 

L 

N 

a 

INCHES 

MIN MAX 

0.0926 0.1043 

0.0040 0.0118 

0.013 0.0200 

0.0091 0.0125 

0.6969 0.7125 

0.2914 0.2992 

O.05BSO 

0.394 0.419 

0.Q1 0.029 

0.Q16 0.050 

28 

0° SO 

MILLIMETERS 

MIN MAX NOTES 

2.35 2.65 -
0.10 0.30 -
0.33 0.51 9 

0.23 0.32 -
17.70 18.10 3 

7.40 7.60 4 

1.27BSO -
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

28 7 

00 SO -
Rev. 0 12193 



Plastic Packages for Integrated Circuits 

Small Outline PI.stic Packages (SOIC) 

M28.3A-S 
28 LEAD SMALL OUTUNE PLASTIC PACKAGE (300 MIL) 

NOTES: 

1. Oimenelon "0" does not Include mold flash, protrusions or gate 
burrs. 

2. Dimension "E" does not Include Intertead flesh or protrusions. 
3. "Lois the length of tenninal for soldering to a substrate. 

4. "N" is the number of terminal positions. 

5. Terminal numbers ara shown for reference only. 

6. Controlling dimension: MILLIMETER. Converted inch dimen
sions ara not necessarily exacl 

SYMIIOL 

A 

A1 

B 

0 

0 

E 

e 
H 

L 

N 

Ot 

INCHES 

MIN MAX 

0.085 0.106 

0.002 0.011 

0.014 0.021 

0.004 0.009 

0.737 0.755 

0.296 0.311 

0.05BSO 

0.390 0.421 

0.012 0.027 

28 

0° 10" 

~ILLIMETERS 

MIN MAX NOTES 

2.15 2.7 -
0.05 0.30 -
0.35 0.55 -
0.10 0.25 -

18.7 19.2 1 

7.50 7.90 2 

1.27BSO -
9.90 10.70 -
0.30 0.70 3 

28 4 

0° 10° -
Rev.14195 



Plastic Packages for Integrated Circuits 

Thin Shrink Small Outline Plastic Packages (TSSOP) 

M20.173 
20 LEAD THIN SHRINK SMALL OUTLINE PLASTIC PACKAGE 

NOTES: 

I. These package dimensions are within allowable dimensions of 
JEDEC MO-l 53-Ae. Issue S. 

2. Dimensioning and toIeranclng per ANSI YI 4.5M-I 982. 

3. Dimension "0" does not include mold flash. protrusions or gate 
burrs. Mold flash. protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension "E" does not include interiead flash or protrusions. In
terlead nash and protrusions shall not exceed 0.15mm (0.006 
inch) per side. 

5. The chamfer on the body is optional. If H is not present. a visual 
index feature must be located within the crosshatched area. 

6. "L" is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Dimension "S" does not Include dambar protrusion. Allowable 
dambar protrusion shall be O.08mm (0.003 inch) total in excess 
of "S" dimension at maximum material condition. 

10. Controlfing dimension: MILLIMETER. Converted inch dimen
sions are not necessarily exact. 

9-37 

SYMBOL 

A 

AI 

A2 

S 

e 

0 

E 

e 

H 

L 

N 

IX 

INCHES 

MIN MAX 

- 0.043 

0.002 0.006 

0.0335 0.0374 

0.0075 0.0118 

0.0035 0.0079 

0.252 0.260 

0.169 0.177 

0.026 sse 

0.246 I 0.256 

0.020 I 0.028 

20 

0° I 8° 

MILLIMETERS 

MIN MAX NOTES 

- 1.10 -
0.05 0.15 -
0.85 0.95 -
0.19 0.30 9 

0.09 0.20 -
6.40 6.60 3 

4.30 4.50 4 

0.65 sse -
6.25 6.50 -
0.50 0.70 6 

20 7 

0° 8° -
Rev. 0 10195 



Plastic Packages for Integrated Circuits 

Shrink Small Outline Plastic Packages (SSOP) 

M28.15 
28 LEAD SHRINK NARROW BODY SMALL OUTUNE 
PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined In the "MO Series Symbol List" in Section 
2.2 of 'Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M·1982. 

3. Dimension "0- does not include mold flesh, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension "E" does not include interlead flash or protrusions. In
terlead flash and protrusions shall not exceed 0.25mm (0.010 
Inch) per side. 

5. The chamfer on the body is optional. If it Is not present, a visual 
index feeture must be located within the crosshatched area. 

6. "L" is the length of terminal for soldering to a substrate. 

7. "N" Is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Dimension "S" does not Include dambar protrusion. Allowable 
dambar protrusion shall be 0.10mm (0.004 Inch) total In excess 
of "S" dimension at maximum material condition. 

10. Controlling dimension: INCHES. Converted millimeter dimen
sions are not necessarily exact. 

SYMBOL 

A 

A1 

A2 

S 

C 

D 

E 

e 

H 

h 

L 

N 

a 

9-38 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.053 0.069 1.35 1.75 

0.004 0.010 0.10 0.25 

- 0.061 - 1.54 

0.008 0.012 0.20 0.30 

0.007 0.010 0.18 0.25 

0.386 0.394 9.81 10.00 

0.150 0.157 3.81 3.98 

0.025SSC 0.635S5C 

0.228 0.244 5.80 6.19 

0.0099 0.0196 0.26 0.49 

0.016 0.050 0.41 1.27 

28 28 

0° I 8° 0° 8° 

NOTES 

-
-
-
9 

-
3 

4 

-
-
5 

6 

7 

-
Rev. 0 2/95 



Plastic Packages for Integrated Circuits 

Plastic Leaded Chip Carrier Packages (PLCC) 
0.042 (1.07) 
0.Q48 (1.22) 

PIN (1) IDEN11F1ER 0.0&0 (1.27) TP 

r- 1-- I TIl-
I I 

n ",CD 

1l + 

~ -= :1 . D1 

r=~~~~ ... N28.45 (JEDEC M8-018A8ISSUE A) 
I:::.r,-";';"''':''''''':''&--I 28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MIWMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.180 4.20 4.57 

A1 0.090 0.120 2.29 3.04 

0 0.485 0.495 12.32 12.57 

01 0.450 0.456 11.43 11.58 

02 0.191 0.219 4.86 5.56 

E 0.465 0.495 12.32 12.57 

E1 0.450 0.456 11.43 11.58 

E2 0.191 0.219 4.86 5.56 

N 28 28 

NOTES 

· 
· 
· 
3 

4,5 

· 
3 

4,5 

6 II D .. Rev. 1 3195 

0.020 (0.51) MAX 
3PLCS 

NOTES: 

0.028 (0.88) 
0.032 (0.81) 0.013 (0.33) 

~
_. 0.021 (0.53) 

I~ 0.1)25 (0.84) 
0.045(1.14)_ _ MIN 
MIN 

VIEW "A" TYP. 

1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and toleranclng per ANSI Y14.SM·1982. 

3. Dimensions 01 and E1 do not Include mold protrusions. Allow-
able mold protrusion Is 0.010 Inch (0;2Smm) per side. 

4. To be measUred at seating plane ~ contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. "N" Is Ihe number of terminal positions. 
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Plastic Packages for Integrated Circuits 

Plastic Leaded Chip Ca"/er Packages (PLCC) 
0.C142 (1.07) 
O.ll48(1.22) 

PIN (1) IDENTIFIER 0.050 (1~ TP 

roo 1- \ i"-I I 

11 
t \.,0 

+ 

r=-
Dl • 

r:'r:":=~r="I N44.65 (JEDEC Ms.o18AC ISSUE A) 
r.="\-_'--..;...&.. .... 44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.180 4.20 4.57 

Al 0.090 0.120 2.29 3.04 

0 0.885 0.895 17.40 17.65 

01 0.850 0.656 16.51 16.86 

02 0.291 0.319 7.40 8.10 

VIEW "A" E 0.685 0.895 17.40 17.85 

El 0.650 0.656 16.51 16.86 

E2 0.291 0.319 7.40 8.10 

N 44 44 

NOTES 

-
-
-
3 

4,5 

-
3 

4,5 

8 

Rev. 1 3195 ~f -I 
D • 

0.020 (0.51) MAX 
3PLCS 

NOTES: 

0.028 (0.88) 

0.032 (0.81) 0.013 (0.33) 

~
. -10.021 (0.53) 

12 0.025 (0.64) 
0.046(1.14)_ _ MIN 

MIN 
VlEW"A"TYP. 

1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and toIerancing per ANSI Y14.5M-1982. 

3. Dimensions 01 and El do not include mold protrusions. Allow-
able mold protrusion Is 0.010 inch (0.25mm) per side. 

4. To be measured at seating plane ~ contact point. 
5. Centerline to be determined where center leeds exit plastic body. 

6. ·N" Is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 

Plastic Leaded Chip Carrier Packages (PLCC) 

0.D42 (1.07) 0.1142 (1 07) 
0.048 (1.22) O~) 

PIN (1) IDENTIFIER 0.0&0 (1.27) TP 

~T:"==-:-::":':::-r.:-t NB4.1.1S (JEDEC M&018AF ISSUE A) 
~:..r--...;.....:...""'" 84 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

1-- Til-
I I 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.165 0.160 4.20 4.57 

A1 0.090 0.120 2.29 3.04 

0 1.185 1.195 30.10 30.35 

+----+ ------ii- 01 1.150 1.158 29.21 29.41 

02 0.541 0.569 13.75 14.45 

VIEW "A" 
E 1.185 1.195 30.10 30.35 

E1 1.150 1.158 29.21 29.41 

E2 0.541 0.569 13.75 14.45 

N 84 84 _b_D1 __ :1 

NOTES 

-
-
-
3 

4,5 

-
3 

4,5 

6 ~J 
•• --- D ----1 •• 1 Rev. 1 3/95 

0.020 (0.51) MAX 
3PLCS 

NOTES: 

0.1128 (0.86) 
0.032 (0.81) 0.013 (0.33) 

~
_+ 0.021 (0.53) 

.... I..! 0.025 (0.84) 
0.046 (1.14) _ _ MIN 

MIN 
VIEW "A" TVP. 

SEATING 
PLANE 

1. Controlling dlmenslon: INCH. Converted millimeter dimensions 
are not necessarily exact. 

2. Dimensions and toIerancing per ANSI Y14.5M-1982. 

3. Dimensions 01 and E1 do not include mold protrusions. Allow-
able mold protrusion Is 0.010 Inch (0.25mm) per side. 

4. To be measured at saallng plane ~ contact point. 

5. Centerline to be determined where center leads exit plastic body. 

6. "N" is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 

Metric Plastic Quad Flatpack Packages (MQFP) 

I~_-----'· D -------o.~1 

14_----D1---···1 

0.1117/0.227 
ii:Oii3.iG.Ooi 

Q32.7x7-S 
32 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.054 0.072 1.35 1.85 -
A1 0.000 0.011 0.00 0.30 -
B 0.008 0.017 0.20 0.45 5 

D 0.347 0.362 8.80 9.20 2 

01 0.272 0.287 6.90 7.30 3,4 

E 0.347 0.362 8.80 9.20 2 

E1 0.272 0.287 6.90 7.30 3,4 

L 0.012 0.027 0.30 0.70 -
N 32 32 6 

e 0.032BSC 0.80 esc -
Rev. 2 4/95 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch dimen-
sions are not necessarily exact. 

2. Dimensions 0 and E to be determined at seating plane ~. 
3. Dimensions 01 and E1 to be determined at datum plane E!!:]. 
4. Dimensions 01 and E1 do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. "N" Is the number of terminal positions. 



Plastic Packages for Integrated Circuits 

Metric Plastic Quad Flatpack Packages (MQFP) 

• 
• 

I ------+------
I 
I 
I 
I 
I 
I 

--I B --.. ~"g 0.00510.. -1 
BASE METAL 

WITH PLATING 0.1310.23 

o:Ooiiio.Oiiii 

9-43 

Q44.1 Ox1 0 (JEDEC M()'108AA·2 ISSUE A) 
44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.093 - 2.35 -
AI 0.004 0.010 0.10 0.25 -
A2 0.077 0.083 1.95 2.10 -
B 0.012 0.018 0.30 0.45 6 

Bl 0.012 0.016 0.30 0.40 -
0 0.510 0.530 12.95 13.45 3 

01 0.390 0.398 9.90 10.10 4,5 

E 0.510 0.530 12.95 13.45 3 

El 0.390 0.398 9.90 10.10 4,5 

L 0.026 0.037 0.65 0.95 -
N 44 44 7 

e O.032Bse 0.80Bse -
Rev.11194 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch 
dimensions ere not necesssrlly exact. 

2. All dimensions and tolerances per ANSI YI4.5M-1982. 

3. Dimensions 0 and E to be detennlned at seating plane ~. 
4. Dimensions 01 and El to be detennined at datum plane E!£]. 
5. Dimensions 01 and El do not Include mold protrusion. 

Allowable protrusion is 0.25mm (0.010 Inch) per side. 

6. Dimension B does not Include dambar protruSion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. "N" Is the number of tenninal posHlons. 



Plastic Packages for Integrated Circuits 

Metric Plastic Quad Flatpack Packages (MQFP) 

• 

D".1D" 

L=!==If---"'::==;;;;; 

"-.1 L -- + 
0.10710.177 
D.iiii4iii.iiii 

Q48.7x7-S 
48 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.056 0.066 1.40 1.70 . 
A1 0.000 0.007 0.00 0.20 -
B 0.006 0.010 0.15 0.26 5 

D 0.347 0.362 8.60 9.20 2 

01 0.272 0.279 6.90 7.10 3,4 

E 0.347 0.362 8.60 9.20 2 

E1 0.272 0.279 6.90 7.10 3,4 

L 0.012 0.027 0.30 0.70 -
N 48 48 6 

e 0.020BSC 0.500BSC -
Rev. 1 4195 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted Inch dimen-
sions are not necessarily exact. 

2. Dimensions 0 and E to be determined at seating plane ~. 
3. Dimensions 01 and E1 to be determined at datum plane [!g. 
4. Dimensions 01 and E1 do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. "N" is the number of terminal positions. 
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Plastic Packages for Integrated Circuits 

Metric Plastic Quad Flatpack Packages (MQFP) 

00·7" 

L=!="iF---IF==::;:: 

\",1 L --

9·45 

Q80.14x20 (JEDEC M().t08CB-t ISSUE A) 
80 LEAD METRIC PLAsnc QUAD FLATPACK PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A . 0.134 . 3.40 · 
A1 0.010 . 0.25 . · 
A2 0.100 0.120 2.55 3.05 · 
B 0.012 0.018 0.30 0.45 6 

B1 0.012 0.016 0.30 0.40 · 
0 0.904 0.923 22.95 23.45 3 

01 0.783 0.791 19.90 20.10 4,5 

E 0.667 0.667 18.95 17.45 3 

E1 0.547 0.555 13.90 14.10 4,5 

L 0.026 0.037 0.65 0.95 · 
N 80 80 7 

e O.032BSC O.80BSC · 
NO 24 24 · 
NE 18 18 · 

Rev. 0 1194 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M·1982. 

3. Dimensions 0 and E to be determined at seating plane ~. 
4. Dimensions 01 and E1 to be determined at datum plane ~. 
5. Dimensions 01 and E1 do not Include mold protrusion. 

Allowable protrusion Is O.25mm (0.010 Inch) per side. 

6. Dimension B does not Include dembar protrusion. Allowable 
dembar protrusion shall ba 0.08mm (O.003lnch) total. 

7. "N" is the number of terminal positions. 



Plastic Packages for Integrated Circuits 

Metric Plastic Quad Flatpack Packages (MQFP) 

• 
• 

I 
I 
I 
I 
I 
I ------+------
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Q100.14x20(JEDEC M()'108CCo1ISSUE A) 
100 LEAD METRIC PLAsnc QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.134 - 3.40 -
A1 0.010 - 0.25 - -
A2 0.100 0.1.20 2.55 3.05 -
B 0.009 0.015 0.22 0.38 6 

B1 0.009 0.013 0.22 0.33 -
0 0.904 0.923 22.95 23.45 3 

01 0.783 0.791 19.90 20.10 4,5 

E 0.667 0.687 16.95 17.45 3 

E1 0.547 0.555 13.90 14.10 4,5 

L 0.026 0.037 0.65 0.95 -
N 100 100 7 

e 0.026BSO O;65BSC -
NO 30 30 -
NE 20 20 -

Rev. 0 1194 

NOTES: 

1. ControHing dimension: MILLIMETER. Converted Inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions 0 and E to be determined at seating plane [38. 
4. Dimensions 01 and E1 to be determined at datum plane E!!]. 
5. Dimensions 01 and E1 do not include mold protrusion. 

Allowable protruslon is O.25mm (0.010 Inch) per side. 

6. Dimension a does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 Inch) total. 

7. "N" Is the number of terminal positions. 



Plastic Packages for Integrated Circuits 

Metric Plastic Quad Flatpack Packages (MQFP) 

• 
• 

I 
I 
I 
I 
I 
I ------+-------

PIN1J J 
~ A PLANE Iu1H =- mrl SEATING 

j~t~ 

0"-7" 

L=?f---iF=:":;::"';7-\ I '- ...... 5"·18° + __ L ... 

, t 0 .10 
, -a:lIA 
, -c-

--I B ... 

~}f O.OO5IO.OO'Z-+ -
BASE METAL f. 

WITH PLATING 0.1310.23 

ci:Oii5iii.Ooi 
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Q120.28x28 (JEDEC M0-108DA-1ISSUE A) 
120 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.160 - 4.07 -
AI 0.010 - 0.25 -
A2 0.125 0.144 3.17 3.67 

B 0.012 0.018 0.30 0.45 6 

91 0.012 0.016 0.30 0.40 -
0 1.219 1.238 30.95 31.45 3 

01 1.098 1.106 27.90 28.10 4,5 

E 1.219 1.238 30.95 31.45 3 

E1 1.098 1.106 27.90 28.10 4,5 

L 0.026 0.037 0.65 0.95 -
N 120 120 7 

e 0.032Bse 0.80Bse 

Rev. 0 1194 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions 0 and E to be determined at seating plane ~. 
4. Dimensions 01 lind E1 to be determined at datum plane [!S. 
5. Dimensions 01 and El do not include mold protrusion. 

Allowable protrusion is O.25mm (0.010 inch) per side. 

6. Dimension B does not Include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 Inch) total. 

7. "N" Is the number of terminal positions. 



Plastic Packages for Integrated Circuits 

Metric Plastic Quad Flatpack Packages (MQFP) 

• 
• 

I 
I 
I 
I 
I 
I ------+-------

~ 
~ hr------""'""l SEATlNG 

.. J JUlllruWlllllllJl \.' ~'I 
I t Q .1 , 1I:lIIA 

&".1&'" ..c. 

00·7" 

L"!""'IF---IF=--T" \",1 L __ 

Q160.28x28 (JEDEC M()'108DD-1 ISSUE A) 
160 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A . 0.160 . 4.07 · 
A1 0.010 . 0.25 . · 
A2 0.125 0.144 3.17 3.67 · 
B 0.009 0.015 0.22 0.38 6 

B1 0.009 0.013 0.22 0.33 · 
0 1.219 1.238 30.95 31.45 3 

01 1.096 1.106 27.90 28.10 4,5 

E 1.219 1.238 30.95 31.45 3 

E1 1.098 1.106 27.90 28.10 4,5 

L 0.026 0.037 0.65 0.95 · 
N 180 160 7 

e 0.026BSC O.85BSC · 
Rev. 0 1194 

NOTES: 
1. Controlling dimension: MILLIMETER. Converted inch 

dimensions are not necessarily exact. 

2. All dimensions end tolerances per ANSI Y14.5M·1982. 

3. Dimensions 0 and E to be determined at seating plane ~. 
4. Dimensions 01 end E1 to be determined at datum plane~. 
5. Dimensions D1 and E1 do not Include mold protrusion. 

Allowable protrusion Is O.25mm (0.01 0 Inch) per side. 

6. Dimension B does not Include dambar protrusion. Allowable 
dambar protrusion shall be O.08mm (0.003 inch) total. 

7. "N" is the number of terminal positions. 



Plastic Packages for Integrated Circuits 

Thin Plastic Quad F/atpack Packages (TQFP) 

;~ -"awl 
I~ . 'L} ~----.+.-----

• 
• 

PIN1J 

~ 
~ b,......-----...... l SEATING 

. J UlIlUiJUlJatlllljjJI \: f I 
'- to. 

, -C-, , 

=MIN __ 

BASE METAL T 
Willi PLAnNG 0.0II1II.20 

Ii:004iii:iiiii 
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Q48.7x7 (JEDEC M0-136AE ISSUE C) 
48 LEAD THIN PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A . 0.047 . 1.20 · 
A1 0.002 0.005 0.05 0.15 · 
A2 0.038 0.041 0.95 1.05 · 
B 0.007 0.010 0.17 0.27 6 

B1 0.007 0.009 0.17 0.23 · 
0 0.347 0.362 8.80 9.20 3 

01 0.268 0.283 6.80 7.20 4,5 

E 0.347 0.362 8.80 9.20 3 

E1 0.268 0.283 6.80 7.20 4,5 

L 0.018 0.029 0.45 0.75 · 
N 48 48 7 

e 0.020Bse 0.50Bse · 
Rev. 04195 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted Inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M·1982. 

3. Dimensions 0 and E to be determined at seating plane ~. 
4. Dimensions 01 and E1 to be determined at datum plane [~J 
5. Dimensions 01 and E1 do not include mold protrusion. 

Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not Include dambar protruSion. Allowable 
dambar protrusion shall not cause the lead width to exceed the 
maximum B dimension by more than 0.08mm (0.003 Inch). 

7. "N" Is the number of terminal positions. 



Plastic Packages for Integrated Circuits 

Thin Plastic Quad Flatpack Packages (TQFP) 

~::MIN __ ,

O"MIN,-

~t=:=1 

9-50 

Q80.14x14 (JEDEC MQ-136BQ ISSUE C) 
80 LEAD THIN PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.062 - 1.60 -
A1 0.002 0.005 0.05 0.15 -
A2 0.054 0.057 1.35 1.45 -
B 0.009 0.014 0.22 0.38 8 

B1 0.009 0.012 0.22 0.33 -
D 0.623 0.637 15.80 16.20 3 

D1 0.544 0.559 13.80 14.20 4,5 

E 0.623 0.637 15.80 16.20 3 

E1 0.544 0.559 13.80 14.20 4,5 

L 0.018 0.029 0.45 0.75 -
N 80 80 7 

e 0.026BSC O.65BSC -
Rev. 1 4/95 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane ~. 
4. DimensionsD1 andE1 tobedeterminedatdatumplane~. 
5. Dimensions D1 and E1 do not Include mold protrusion. 

Allowable protrusion Is O.25min (0.010 Inch) per side. 

6. Dimension B does not Include dambar protrusion. Allowable 
dambar protrusion shall not cause the lead width to exceed the 
maximum B dimension by more then O.08mm (0.003 Inch). 

7. "No Is the number of terminal positions. 



p ower p ac k ages 

MS-D12AA 
8 LEAD JEDEC M8-012AA SMALL OUTLINE PLASTIC PACKAGE 

I- E 

"I I--A--I 

INCHES MILLIMETERS 

I- El-1 ~f"""A1 SYMBOL MIN MAX MIN MAX NOTES 

I: 
-1:; A 0.0532 0.0688 1.35 1.75 -I:' 

T t) xxxx AI 0.004 0.0098 0.10 0.25 -
8 

~.J... 
b 0.013 0.020 0.33 0.51 -.. 

~) c 0.0075 0.0098 0.19 0.25 -D 

... ~:+ 1; 
0 0.189 0.1968 4.80 5.00 2 t) E 0.2284 0.244 5.80 6.20 -tb .. ~.- El 0.1497 0.1574 3.80 4.00 3 _:c:) e 0.050BSC 1.27BSC -
H 0.0099 0.0196 0.25 0.50 

~IA L 0.016 0.050 0.40 1.27 4 

} ~;C \ NOTES: 

~( 1. All dimensions are within allowable dimensions of Rev. C of 
JEDEC MS-012AA outline dated 5-90. 

2. Dimension "0" does not include mold flash, protrusions or gate 

-ILl- -=:::::::: l~fIf!d burrs. Mold flash, protrusions or gate burrs shall not exceed I 0.10mm 0.006 inches (O,15mm) per side. 

I_O~:·I 
0"_80 

3. Dimension "El" does not include inter-lead flash or protrusions. 

~ 
Inter-lead flash and protrusions shall not exceed 0.010 inches 

c:J (0.25mm) per side. 
4. "L" is the length of terminal for soldering. 

c:J --E3-;1 0.050 

5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 

6. Controlling dimension: Millimeter. 

c:J c:J: 1.27 7. Revision 5 dated 2-23-96. 

+0.024 
c:J- 0.155 . 

4.0 
ac:J. 0.8 

I- 0.275 ·1 7.0 

MINIMUM RECOMMENDED FOOI'PRINT FOR 
SURFACE-MOUNTED APPLICATIONS 
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MS-D12AA 
12mm TAPE AND REEL 

Power Packages 

4OmmMiN. 
ACCESS HOLE 

-11-18Amm 

-f 
330mm 

1 
ff3mm 

- 50mm 
Ii 

-11-12.4mm 

9·52 

4.Dmm 11= 2.0mm 1.75mm 

~t 

USER DIREcnON OF FEED .. 

GENERAL INFORMATION 
1. USE '96' SUFFIX ON PART NUMBER. 
2. 2500 PIECES PER REEL. 
3. ORDER IN MULTIPLES OF FULL REELS ONLY. 
4. MEETS EIA-481 REVISION 'A' SPECIFICATIONS. 

Revision 5 dated 2·96 
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, \Vhat's 
New 

WHAT'S NEW 

o Press Releases 

o New Services 

o New Web Material 

PRODUCT INFORMATION 

See Us on the Net 

http://www.semi.harris.com/ 

Prodtu::f" " 
Information 

Search , 
, .. 

h 
~. , 

DESIGN SUPPORT 

o Application Note Listing 

o Tech Brief Listing 

-
Design 
Support 

o Downloadable Design Software 

o Evaluation Boards Listing 

o Organized by Device Function 
o Lexicon 

* • l> \lI 

o Product Information Page Links to: 

- Data Sheets 

• E-mail To Central Applications Group for Technical Help 

OTHER LINKS 
o >2500 Data Sheets and Application Notes 

o Sales Office and Distributor Listing 

SEARCH o Target Application Sites 

o Search Based Upon Part Number or Description o Quality/Reliability 

o Webmaster E-mail for Site Comments 
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How to Use Harris AnswerFAX 

What is AnswerFAX? 
AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products . 

••• 
What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week . 

••• 
How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to 
send them to. You'll have the information you need in minutes. The chart on the next page 
shows you how. 

• •• 
How do I find out the order number for the publications I want? 

The first time you call AnswerFAX, you should order one or more on-line catalogs of product 
line information. There are nine catalogs: 

• New Products • Digital Signal Processing (DSP) Products • Rad Hard Products 

• Linearffelecom Products • Discrete & Intelligent Power Products • CMOS Logic Products 

• Data Acquisition P~oducts • Microprocessor Products • Application Notes 

Once they're faxed to you, you can call back and order the publications themselves by number . 

••• 
How do I start? 

Dial 407-724-7800. That's it. 

Please refer to next page for a map to AnswerFAX. 
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Your Map to Harris AnswerFAX 
m~~ 

A complete AnswerFAX calalog listing is available. 
Please call1-800-442-n47 and request extension number 7367. 

ORDER 
WELCOME TO 
AnswerFAXl 

DOCUMENT 

ORDER 

GET HELP 

DESCRIPTION OF 
AnswerFAX 

SPECIAL CHARACTERS 

EJ + EJ ENTERS "Qft 

EJ + (AIC] ENTERS"r 

EJ + [Tl ENTERS "Aft 

rn rn BLANK SPACE 

f;1 BACK-UP ONE L.:J CHARACTER 

l!J HELP 

CATALOG 

ENTER A MORE 
DOCUMENT 
NUMBER 

DONE f#I 
(UP TO THREE) L.:..J 

NEW PRODUCTS 
~ 

LINEAR AND TELECOM 
PRODUCTS 

DATA ACQUISITION 
PRODUCTS 

DIGITAL SIGNAL 
PROCESSING 

DISCRETE AND 
INTELLIGENT 

POWER PRODUCTS 

MICROPROCESSOR 
PRODUCTS 

RADIATION HARDENED 
PRODUCTS 

-~~ PRODUCTS B 

APPUCATION 
NOTES 9 

CHOOSE A CATALOG 

ENTER 
YOUR CORRECT 
FAX NUMBER 
AND CONFIRM 

MORErn 

DONErnrn 

(ORDER 
UP TO 
THREE 

CATALOGS) 

DONE 

ORDER 
SOMETHING 

ELSE 

AnswerFAXSM is a Service Mark of Harris Corporation 1996 

FAX IDENTIFIER 

ENTER 
YOUR 
NAME 

ENTER YOUR NAME 

VOICE 
OR PHONE IABC 

NUMBER 2 

o GETHELP 
ENTER --- I YOUR 

REFERENCE GUIDE VOICE 
PHONE FOR SPECIAL NUMBER CHARACTERS 

AT LEFT 
OF PAGE 

rn DONE • II # IDONE 

CONARM 

·1 FAX"I - ~ 



PUB • 

. " NUMBER 

7004 

7005 

D8223B 

DB316 

DB235B 

DB260.2 

DB301B 

DB302B 

08303 

DB304.1 

DB309.1 

DB314 

DB315 

DB317 

DB450.4 

DB500.3 

Analog 
Military 

DB312 

PSG201.23 

SG103 

BR-D57.3 

Harris AnswerFAX Data Book Request Form - Document #199 
Data Books Available Now 

DATA BOOK/DESCRIPTION 

Complete Set of Commercial Harris Data Books 

Complete Set of Commercial and Military Harris Data Books 

POWER MOSFETs (1994: 1 ,328pp) This data book contains detailed technical information including standard power MOSFETs 
(the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-level power 
MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened power MOSFETs. 

POWER MOSFET DATA BOOK SUPPLEMENT (1996: 380pp) This data book contains the data sheets of recently introduced 
products and also updates some of the data sheets in the Power MOSFET Data Book DB223B. These data sheets contain the 
detailed specification for these products. 

RADIATION HARDENED (1993: 2,232pp) The Harris radiation-hardened products include the CD4000, HCSlHCTS and ACSI 
ACTS logic families, SRAMs, PROMs, op amps, analog mUltiplexers, the 8OC85/8OC86 microprocessor family, analog switches, 
gate arrays, standard cells and custom devices. 

CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books 
under the Harris, GE, RCA or Intersil names. 

DATA ACQUISITION (1994: 1,1 O4pp) Product specifications on AID converters (display, integrating, successive approximation, 
flash); D/A converters, switches, multiplexers, and other products. 

DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, signal 
synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 

MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on CMOS 
microprocessors, peripherals, data communications, and memory ICs. 

INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design detailS for specHic applications of Harris products, and a deSCription of the Harris quality and high 
reliability program. 

MCTIIGBTIDIODES (1995: 706pp) This MCTIIGBT/Diodes Data book represents the full line of these products made by Harris 
Semiconductor Discrete Power Products for commercial applications. 

SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris 
Semiconductor Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for 
commercial applications. 

CROSS-REFERENCE GUIDE (1996: 554pp) This guide contains the listing of semiconductor products that are second-sourced 
by Harris Semiconductor. 

COMMUNICATIONS DATA BOOK (1997: 708pp) This data book contains technical information including data sheets and 
application notes for a variety of Harris Integrated Circuits targeted for the communications industry. These products include the 
PRISM 2.4GHz DSSS Wireless Transceiver Chip Set, the new HC5517 Ringing SLiC as well as Standard Linear, Data 
Acquisition, DSP and Power products. 

TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 4OOpp) Product specifications of Harris varistors and surgectors. 
Also, general informational chapters such as: "Voltage Transients - An Overview," "Transient Suppression - Devices and 
Principles," "Suppression - Automotive Transients." 

LINEAR ICs (1996197: 1446pp) Harris offers an extensive line of Linear components including: High Speed and General Purpose 
Op Amps, Comparators, SamplelHold Amps, Video Crosspoint Switches, Special Analog Circuits and Transistor Arrays. 

ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and 
Telecommunications circuits. 

ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with the 
1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris Semiconductor 
Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and supersedes all 
previously published Linear and Data Acquisition Military data books. For applications requiring Radiation Hardened products, 
please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 

PRODUCT SELECTION GUIDE (1996: 834pp) Key product information on all Harris Semiconductor device.s. Sectioned (Linear~ 
Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and Hi-ReV 
Military and Rad Hard) for easy use and includes cross references and alphanumeric part number index. 

CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54174 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It covers 
Harris' High Speed CMOS Logic HCIHCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS Logic 
CD4000B Series. 

AnswerFAX CATALOG (Fall 1996: 112pp) A Complete AnswerFAX Catalog listing. 

NAME: __________________________ ___ COMPAN~ ______________________________________ __ 

PHONE: __________________________ __ ADDRESS: MAIL STOP'--________ _ 

FAX: ______________________________ _ CITY, STATE: ZlP ... : ______________ __ 

LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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AnswerFAX Technical Support t 

APPLICATION NOTE LISTING 

AnswerFAX APPUCATION 
DOC.NO. NOTE TITLE 

UNEAR AND TELECOM APPUCATION NOTES 

9515 (General Op Amps) Operational Amplifier Stability: Input Capacitance Considerations (2 pages) 
AN515 

9519 (General Op Amps) Operational Amplifier Noise Prediction (3 pages) AN519.1 
AN519 

9551 (General Op Amps) Recommended Test Procedures for Operational Amplifiers (5 pages) AN551.1 
AN551 

9556 (General Op Amps) Thermal Safe-Ope rating-Areas for High Current Op Amps (5 pages) 
AN556 

95290 (General Op Amps) Integrated Circuit Operational Amplifiers (20 pages) 
AN5290 

97304 (General Op Amps) SCRs As Transient-Protection Structure'in Integrated Circuits (3 pages) AN7304 
AN7304 

98743 (General Logic), CD4007B, CD4060 Micropower Crystal-Controlled Oscillator Design Using CMOS Inverters (8 pages) 
AN8743 

99415 (General Op Amps) Feedback, Op Amps and Compensation (12 pages) AN9415.3 
AN9415 

99415 (General Op Amps) Feedback, Op Amps and Compensation (12 pages) 
AN9415 

99420 (General Op Amps) Current Feedback Amplifier Theory and Applications (7 pages) AN9420.1 
AN9420 

99510 (General Op Amps) Basic Analog for Digital Designers (6 pages) AN9510.1 
AN9510 

99523 (General Op Amps) Evaluation Programs for SPICE Op Amp Models (to pages) AN9523 
AN9523 

99640 (General Communication) Glossary of Communication Terms (31 pages) AN9640.1 
AN9640 

96915 CA1524 Application of the CA 1524 Series Pulse-Width Modulator ICs (18 pages) 
AN6915 

96182 CA3058, CA3059, CA3079 Features and Applications of Integrated Circuit Zero-Voltage Switches (CA3059 and 
AN6182 CA3079) (31 pages) 

96668 CA3080, CA3080A Applications of the CA3080 and CA3080A High-Performance Operational 
AN6668 Transconductance Amplifiers (17 pages) AN6668.1 

96048 CA3094 Some Applications of a Programmable Power Switch/Amplifier (13 pages) 
AN6048 

96077 CA3094,OTA An IC Operational-Transconductance-Amplifier (OTA) With Power Capability 
AN60n (12 pages) 

96459 CA3130 Why Use the CMOS Operational Amplifiers and How to Use it (4 pages) 
AN6459 

96386 CA3130 Understanding and Using the CA3130, CA3130A and CA3130B BiMOS Operation 
AN6386 Amplifiers (5 pages) 

97326 CA3228 ApplicatiOns of the CA3228 Speed Control System (16 pages) 
AN7326 

96669 CA3240 FET-Bipolar Monolithic Op Amps Mate Directly to Sensitive Sources (3 pages) 
AN6669 

96818 CA3280 Dual Variable Op-Amp IC, the CA3280, Simplifies Complex Analog Designs (5 pages) 
AN6818 AN6818 

98707 CA3450 The CA3450: A Single-Chip Video Une Driver and High Speed Op Amp (14 pages) 
AN8707 
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!mHARRJS W SEMICONDUCTOR 

AnswerFAX Technical Support 

APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 
DOC. NO. NOTE TITLE 

I 98811 CA5470 BiMOS-E Process Enhances the CA5470 Quad Op Amp (8 pages) 
, AN8811 

98742 CD22402 Application of the CD22402 Video Sync Generator (4 pages) 
AN8742 

98823 CD54HC4046A, CD54HC7046A, CMOS Phase-Locked-Loop Applications Using the CD54174HC/HCT4046A and 
CD54HCT4046A, CD54HCT7046A, CD54174HCIHCT7046A (23 pages) 

CD74HC4046A, CD74HC7046A, 
CD74HCT4046A, CD74HCT7046A 

AN8823 

9514 HA-2400 The HA-2400 PRAM Four Channel Operational Amplifier (7 pages) AN514.1 
AN514 

9517 HA-2420, HA-2425, HA-5330 Applications of Monolithic Sample and Hold Amplifier (5 pages) 
AN517 

662500 HA-2500, HA-2502 HA2500/02 Spice Operational Amplifier Macro-Model (5 pages) MM2500.1 
MM2500 

662510 HA-2510, HA-2512 HA-2510/12 Spice Operational Amplifier Macro-Model (4 pages) 
MM2510 

662520 HA-2520, HA-2522 HA-2520/22 Spice Operational Amplifier Macro-Model (4 pages) 
MM2520 

662539 HA-2539 HA-2539 Spice Operational Amplifier Macro-Model (4 pages) 
MM2539 

9541 HA-2539, HA-2540 Using HA-2539 or HA-2540 Very High Slew Rate, Wideband Operational Amplifier 
AN541 (4 pages) 

662540 HA-2540 HA-2540 Spice Operational Amplifier Macro-Model (4 pages) 
MM2540 

662541 HA-2541 HA-2541 Spice Operational Amplifier Macro-Model (5 pages) 
MM2541 

9550 HA-2541 
AN5sO 

Using the HA-2541 (6 pages) 

662542 HA-2542 HA-2542 Spice Operational Amplifier Macro-Model (5 pages) 
MM2542 

9552 HA-2542 Using the HA-2542 (5 pages) 
AN552 

662544 HA-2544 HA-2544 Spice Operational Amplifier Macro-Model (5 pages) 
MM2544 

99313 HA-2546, HA-5020, HA-5033, Circuit Considerations In Imaging Applications (8 pages) AN9313.1 
HI-5700 
AN9313 

662548 HA-2548 HA-2548 Spice Operational Amplifier Macro-Model (5 pages) 
MM2548 

99515 HA-2556, HA-5177 Multiplier Improves the Dynamic Range of Echo Systems (2 pages) AN9515.1 
AN9515 

662600 HA-2600, HA-2602 HA-2600/02 Spice Operational Amplifier Macro-Model (5 pages) 
MM2600 

9509 HA-2620 A Simple Comparator Using the HA-2620 (1 page) 
AN509 

662620 HA-2620, HA-2622 HA-2620122 Spice Operational AmplHier Macro-Model (5 pages) 
MM2620 

9546 HA-2625 A Method of Calculating HA-2625 Gain Bandwidth Product vs. Temperature (4 pages) 
AN546 
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AnswerFAX Technical Support 

APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 
DOC. NO. NOTE TITLE 

662839 HA-2839 HA-2839 Spice Operational Amplifier Macro-Model (4 pages) 
MM2839 

662840 HA-2840 HA-2840 Spice Operational Amplifier Macro-Model (4 pages) 
MM2840 

662841 HA-2841 HA-2841 Spice Operational Amplifier Macro-Model (4 pages) 
MM2841 

99516 HA-2841 Adjustable Bandpass or Bandreject Filter (2 pages) AN9516.1 
AN9516 

662842 HA-2842 HA-2842 Spice Operational Amplifier Macro-Model (4 pages) 
MM2842 

662850 HA-2850 HA-2850 Spice Operational Amplifier Macro-Model (4 pages) 
MM2850 

665002 HA-5002 HA-5002 Spice Buffer Amplifier Macro-Model (4 pages) 
MM5002 

665004 HA-5004 HA-5004 Spice Current Feedback Amplifier Macro-Model (4 pages) 
MM5004 

99621 HA5013 Comparison of Current Feedback Op Amp SPICE Models (7 pages) AN9621.1 
AN9621 

665013 HA5013 HA5013 SPICE Macromodel (CFA) (8 pages) MM5013. 1 
MM5013 

99305 HA5020 HA5020 Operational Amplifier Feedback Resistor Selection (2 pages) AN9305 
AN9305 

665020 HA-5020 HA-5020 SPICE Macromodel (CFA) (7 pages) MM5020 
MM5020 

665022 HA5022 HA5022 SPICE Macromodel (CFA) (7 pages) MM5022 
MM5022 

99503 HA5022 Low Output Impedance MUX (1 page) AN9503.1 
AN9503 

665023 HA5023 HA5023 SPICE Macromodel (CFA) (8 pages) MM5023 
MM5023 

99508 HA5024 Video Multiplexer Delivers Lower Signal Degradation (1 page) AN9508.1 
AN9508 

99637 HA5024, HFA3102 Simple Phase Meter Operates to 10MHz (2 pages) AN9637 
AN9637 

665024 HA5024 HA5024 SPICE Macromodel (CFA) (7 pages) MM5024.1 
MM5024 

99502 HA5025 Oscillator Produces Quadrature Waves (2 pages) AN9502.1 
AN9502 

665025 HA5025 HA5025 SPICE Macromodel (CFA) (8 pages) MM5025.1 
MM5025 

9548 HA-5033 A Designers Guide for the HA-5033 Video Buffer (12 pages) AN548.1 
AN548 

665033 HA-5033 HA-5033 Spice Buffer Amplifier Macro-Model (4 pages) 
MM5033 

665101 HA-5101 HA-5101 Spice Operational Amplifier Macro-Model (5 pages) 
MM5101 

9554 HA-5101, HA-5102, HA-5104, Low Noise Family HA-5101/02104/11/12114 (7 pages) 
HA-5111, HA-5112, HA-5114 

AN554 
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r.:m HARRIS W SEMICONDUCTOR 

AnswerFAX Technical Support 

APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 
DOC.NO. NOTE TITLE 

665102 HA-5102 HA·5102 Spice Operational Amplifier Macro-Model (5 pages) 
MM51 02 

665104 HA-5104 HA·5104 Spice Operational Amplifier Macro-Model (5 pages) 
MM51 04 

665112 HA-5ll2 HA·5112 Spice Operational Amplifier Macro-Model (5 pages) 
MM5112 

99536 HA5112 PSPICE Performs Op Amp Open Loop Stability Analysis (2 pages) AN9536.1 
AN9536 

665114 HA-5ll4 HA-5114 Spice Operational Amplifier Macro-Model (5 pages) 
MM5114 

665127 HA-5l27 HA-5127 Spice Operational Amplifier Macro-Model (4 pages) 
MM5127 

9553 HA-5l27, HA-5l37, HA-5l47 HA-5147137/27, Ultra Low Noise Amplifiers (8 pages) 
AN553 

665137 HA-5l37 HA-5137 Spice Operational Amplifier Macro-Model (4 pages) 
MM5137 

665147 HA-5147 HA-5147 Spice Operational Amplifier Macro-Model (4 pages) 
MM5147 

9544 HA-5l4X Micropower Op Amp Family (6 pages) 
AN544 

9543 HA-5l60, HA-5l70 New High Speed Switch Offers Sub-50ns Switching Times (7 pages) 
AN543 

9540 HA-5l70 HA-5170 Precision Low Noise JFET Input Operation Amplifier (4 pages) 
AN540 

665190 HA-5l90 HA-5190 Spice Operational Amplifier Macro-Model (4 pages) 
MM5190 

9525 HA-5l90, HA-5l95 HA-5190/5195 Fast Settling Operational Amplifier (4 pages) 
AN525 

9526 HA-5l90, HA-5195 Video Applications for the HA-5190/5195 (5 pages) 
AN526 

9538 HA-5320 Monolithic SampleIHold Combines Speed and Precision (6 pages) 
AN538 

99334 HA721 0 Improving Start-up Time at 32kHz for the HA7210 Low Power Crystal Oscillator 
AN9334 (2 pages) AN9334.1 

99317 HA721 0 Micropower Clock Oscillator and Op Amps Provide System Control for Battery 
AN9317 Operated Circuits (2 pages) AN9317.1 

9571 HC-5502B, HC-5504B, HC-5504DLC Using Ring Sync with HC-5502A and HC-5504 SUCs (2 pages) 
AN571 

9549 HC-5502B, HC-5504B, The HC-550X Telephone Subscriber Line Interface Circuits (SUC) (19 pages) 
HC-5504DLC, HC-5509Al, 

HC-5509B, HC-5524 
AN549 

99607 HC-5509B, HC5509A 1 R3060, Series of SUCs (6 pages) AN9607 
HC55l7, HC-5524 

AN9607 

99608 HC-5509B, HC5509A 1 R3060, Implementing Pulse Metering for the HC5509 Series of SLICs (4 pages) AN9608 
HC5517, HC-5524 

AN9608 

99628 HC5509B, HC5509A 1 R3060, AC Voltage Gain for the HC5509 Series of sues (2 pages) AN9628 
HC55l7, HC5524 

AN9628 
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AnswerFAX Technical Support 

APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 
DOC. NO. NOTE TITLE 

99327 HC-5509A1 HC·5509A 1 Ring Trip Component Selection (9 pages) 
AN9327 

99537 HC5513, HC5526 Operation of the HC5513, HC5526 Evaluation Board (7 pages) AN9537.1 
AN9537 

99636 HC5513EVAL, HC5517, Implementing an Analog Port for ISDN Using the HC5517 (14 pages) AN9636 
HC5517EVAL,HC5523EVAL 

AN9636 

99606 HC5513EVAL, HC5517, Operation of the HC5517 Evaluation Board (HC5517EVAL) (10 pages) AN9606.3 
HC5517EVAL,HC5523EVAL 

AN9606 

99632 HC5523, HC5515 Operation of the HC5523, HC5515 Evaluation Board (9 pages) AN9632 
AN9632 

9573 HC-5560 The HC·5560 Digital Line Transcoder (6 pages) 
AN573 

I 

9574 HC-55536 Understanding PCM Coding (3 pages) 
AN574 

9576 HC·55564 HC·5512 PCM Filter Cleans Up CVSD CODEC Signals (2 pages) AN576 
AN576 

9607 HC-55564 Delta Modulation for Voice Transmission (5 pages) 
AN607 

99202 HFA1100, HFA1130 USing the HFA1100, HFA1130 Evaluation Fixture (2 pages) AN9202 
AN9202 

99513 HFA1103 Component Video Sync Formats (3 pages) AN9513 
AN9513 

99514 HFA1103 Video Amplifier with Sync Stripper and DC Restore (2 pages) AN9514 
AN9514 

99507 HFA1112, HFA1114 Video Cable Drivers Save Board Space, Increase Bandwidth (2 pages) AN9507.1 
AN9507 

99653 HFA1115, HFA1130, HFA1135 Use and Application of Output Limiting Amplifiers (5 pages) AN9653 
AN9653 

99524 HFA1212 HFA 1212 Dual Video Buffer Forms Differential Line DriverlReceiver (1 page) AN9524 
AN9524 

99315 HFA3046, HFA3096, HFA3127, RF Amplifier Design USing HFA3046, HFA3096, HFA3127, HFA3128 Transistor Arrays 
HFA3128 (4 pages) AN9315.1 
AN9315 

663046 HFA3046, HFA3096, HFA3127, HFA30461309613127/3128 Transistor Array Spice Models (4 pages) 
HFA3128 
MM3046 

99528 HFA3101 900MHz Down Converter Consumes Little Power (1 page) AN9528.1 
AN9528 

99641 HFA3102, CA5160, HI5731 High·Frequency VGA Has Digital Control (2 pages) AN9641 
AN9641 

99627 
, 

HFA3424 Using the HFA3424 Evaluation Board (2 pagers) AN9627 
AN9627 

99630 HFA3524EVAL Using The HFA3524 Evaluation Board (13 pages) AN9630 
PRISM Chip Set 

AN9630 

99618 HFA3624EVAL, PRISM Chip Set Using the PRISMTM HFA3624 Evaluation Board (12 pages) AN9618.2 
AN9618 

99638 HFA3925EVAL, PRISM Chip Set Using The HFA3925 Evaluation Board (5 pages) AN9638 
AN9638 
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APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 

I DOC. NO. NOTE TITLE 

I 99314 HFA5250, HFA5251 Harris UHF Pin Drivers (HFA5250, HFA5251) (4 pages) AN9314.1 
AN9314 

9053 ICL7650S The ICL7650S: A New Era in Glitch-Free Chopper Stabilized Amplifiers (14 pages) 
AN053 AN053.1 

9040 ICL8013 Using the ICL8013 Four Quadrant Analog Multiplier (6 pages) 
AN040 

9013 ICLS038 Everything You Always Wanted To Know About The ICL8038 (4 pages) AN9013.1 
AN013 

9007 ICL8048, ICL8049 Using the 804818049 Log/Antilog Amplifier (6 pages) 
AN007 

99614 PRISMTM Chip Set Low Data Rate Applications (3 pages) AN9614 
AN9614 

99622 PRISMTM Chip Set Using the PRISMTM HFA3724 Evaluation Board (16 pages) AN9622 
AN9622 

99633 PRISM Chip Set Processing Gain for Direct Sequence Spread Spectrum Communication Systems and 
AN9633 PRISMTM (4 pages) AN9633 

99639 PRISM Chip Set Harris PRISM Wireless LAN Network Connectivity and Utility SW (non IEEE802.11) 
AN9639 For the WLAN Evaluation Kit (3 pages) AN9639 

LINEAR AND TELECOM TECHBRIEFS 

8252 TB52 Electrostatic Discharge Control: A Guide To Handling Integrated Circuits (2 pages) 
TB52 

82334 (General Linear, Telecom) Guidelines for Soldering Surface Mount Components to PC Boards (1 page) TB334 
TB334 

82337 PRISMTM Chip Set A Brief Tutorial on Spread Spectrum and Packet Radio (3 pages) TB337.1 
TB337 

DATA ACQUISITION APPLICATION NOTES 

9001 (General DAQ) Glossary of Data Conversion Terms (6 pages) 
AN001 

9002 (General DAQ) Principles of Data Acquisition and Conversion (20 pages) 
AN002 

9009 (General DAQ) Pick Sample-Holds by Accuracy and Speed and Keep Hold Capacitors in Mind 
AN009 (7 pages) 

9012 (General DAQ) Switching Signals with Semiconductors (4 pages) 
AN012 

9016 (General DAQ) Selecting NO Converters (7 pages) 
AN016 

9018 (General DAQ) Do's and DonI's of Applying NO Converters (4 pages) 
AN018 

9020 (General DAQ) A Cookbook Approach to High Speed Data Acquisition and Microprocessor 
AN020 Interfacing (23 pages) 

9043 (General DAQ) Video Analog-ta-Digital Conversion (6 pages) 
AN043 

9047 (General DAQ) Games People Play with NO Converters (27 pages) 
AN047 

9048 (General DAQ) Know Your Converter Codes (5 pages) 
AN048 

9520 (General DAQ) CMOS Analog Multiplexers and Switches; Applications Considerations (9 pages) 
AN520 
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APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 
DOC. NO. NOTE TITLE 

9521 (General DAQ) Getting the Most Out of CMOS Devices for Analog Switching Jobs (7 pages) 
AN521 

9522 (General DAQ) Digital to Analog Converter Terminology (3 pages) 
AN522 

9524 (General DAQ) Digital to Analog Converter High Speed ADC Applications (3 pages) 
AN524 

9531 (General DAQ) Analog Switch Applications in AID Data Conversion Systems (4 pages) I 
AN531 

9532 (General DAQ) Common Questions Conceming CMOS Analog Switches (4 pages) 
AN532 

9535 (General DAQ) Design Considerations for Data Acquisition Systems (DAS) (7 pages) 
AN535 

9557 (General DAQ) Recommended Test Procedures for Analog Switches (6 pages) 
AN557 

99337 (General DAQ) Reduce CMOS-Multiplexer Troubles Through Proper Device Selection (6 pages) 
AN9337 

99419 (General DAQ) Using the DAC Reconstruct Board (8 pages) 
AN9419 

99214 CA3304, CA3306, CA3318, HJ.0700, Using Harris High Speed AID Converters (10 pages) 
H15701, H15800, HilI6&, HI1175, 
HI1176, HII276, HI1386, HII396 

AN9214 

98759 CDP68HC05C4 Low Cost Data Acquisition System Features SPI AID Converter (9 pages) 
AN8759 

99313 HA-2546, HA-5020, HA-5033, Circuit Considerations in Imaging Applications (8 pages) 
HA-5177, HI-5700 

AN9313 

99402 HI-0201 Keeping the HI-0201 Switch Closed when Removing the V+ Supply (1 page) 
AN9402 

9543 HI-201HS New High Speed Switch Offers Sub-50ns Switching Times (7 pages) 
AN543 

9559 HI-222 HI-222 VideO/HF Switch Optimizes Key Parameters (7 pages) 
AN559 

99316 HI-222 Power Supply Considerations for the HI-222 High Frequency Video Switch (2 pages) 
AN9316 

9534 HI-300 Additional Information on the HI-300 Series Switch (5 pages) 
AN534 

9539 HI-DACI6 A Monolithic 16-bit D/A Converter (5 pages) 
AN539 

99328 HI1166 Using the HI1166 Evaluation Board (9 pages) 
AN9328 

99411 HI1171 Using the HI1171 Evaluation Kit (6 pages) 
AN9411 

99329 HI1171, HI1176 Using the HI11761H11171 Evaluation Board (5 pages) 
AN9329 

99331 HI1175 Using the HI1175 Evaluation Board (10 pages) 
AN9331 

99407 H11176. HI1179 Using the H111761H11179 Evaluation Board (13 pages) 
AN9407 
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APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 
DOC. NO. NOTE TITLE 

99533 HI1176 Design Considerations When Using the H11176 Input Clamp Circuit (4 pages) 
AN9533 AN9533 

I 
99333 HI1386 Using the HI1386 Adapter Board (2 pages) 

AN9333 

99330 HI1396 Using the HI1396 Evaluation Board (9 pages) 
AN9330 

99330 H11396 Using the HI1396 Evaluation Board (9 pages) 
AN9330 

99406 H120201, H120203 Using the HI20201/03 Evaluation Kit (11 pages) 
AN9406 

99214 HI-5700, HI-5800 Using Harris High Speed AID Converters (10 pages) AN9214.2 
AN9214 

99215 HI-5700 Using the HI-5700 Evaluation Board (7 pages) 
AN9215 

99213 HI-5700, HI-5701 Advantages and Application of Display Integrating AID Converters (6 pages) 
AN9213 

99216 HI-5701 Using the HI-5701 Evaluation Board (8 pages) 
AN9216 

99413 HI5702 Driving the Analog Input of the HI5702 (3 pages) 
AN9413 

99509 H15702, H15703, HSP43220, Digital IF Sub Sampling Using the HI5702, HSP45116 and HSP43220 (5 pages) 
HSP45116 AN99509.1 

AN9509 

99534 HI5703 Using the HI5703 Evaluation Board (13 pages) AN9534.1 
AN9534 

99511 HI571 0 Using the HI5710 Evaluation Board (13 pages) AN9511 
AN9511 

99517 HI5714 Using the HI5714 Evaluation Board (11 pages) AN9517 
AN9517 

99410 HI5721 Using The HI5721 Evaluation Module (11 pages) AN9410.1 
AN941 0 

99501 HI5721 Understanding the HI5721 D/A Converter Spectral Specifications (3 pages) AN9501.1 
AN9501 

99602 HI5731 Using The HI5731 Evaluation Module (11 pages) AN9602 
AN9602 

99619 HI5741 Optimizing Setup Conditions for High Accuracy Measurements of the HI5741 
AN9619 (4 pages) AN9619 

99626 HI5741 Using The HI5741 Evaluation Module (12 pages) AN9626 
AN9626 

99629 HI5741 Multi-Tone Performance of the HI5741 (3 pages) AN9629 
AN9629 

99631 H15746, HI5703 Performance Evaluation of the HI5746 Using the HI5703 Evaluation Board (7 pages) 
AN9631 AN9631 

99530 H15780 USing The H15780 Evaluation Module (9 pages) AN9530 
AN9530 

99203 HI5800 Using the HI5800 Evaluation Board (13 pages) 
AN9203 

99647 HI5804EVAL Using the HI5804 Evaluation Board (14 pages) AN9647 
AN9647 
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AnswerFAX APPLICATION 
DOC.NO. NOTE TITLE 

99326 HI5812, HI5813 A Complete Analog·ta-Digital Converter Operating from a Single 3.3V Power Supply 
AN9326 (4 pages) 

99518 HI7188 Using The HI7188 Evaluation Kit (22 pages) AN9518.1 
AN9518 

99538 HI7188 Using The H17188 Serial Interface (5 pages) AN9538 
AN9538 

99610 HI7188 Interfacing the HI7188 to a Microcontroller (7 pages) AN9610 
AN961 0 

99620 HI7188 Using the HI7188 with a Single Supply (3 pages)AN9620 
AN9620 

99634 H17188 Using the HI7188 to Create a 64 Channel Multiplexed System (5 pages) AN9634 
AN9634 

99504 HI7190 A Brief Introduction to Sigma Delta Conversion (7 pages) AN9504 
AN9504 

99601 HI719O, ICL7660S Using the HI7190 with Single +5V Supply (2 pages) AN9601 
AN9601 

99505 HI7190 Using the HI7190 Evaluation Kit (11 pages) 
AN9505 

99527 HI7190 Interfacing the HI7190 to a Microcontroller (5 pages) AN9527 
AN9527 

99532 HI7190 Using the HI7190 in a Multiplexed System (3 pages) AN9532 
AN9532 

9028 ICL7103A, ICL8052 Build an Auto-Ranging DMM with the ICL7103A18052A AID Converter Pair (6 pages) 
AN028 

9030 ICL71 04 ICL7104: A Binary Output AID Converter for Microprocessors (16 pages) 
AN030 

9023 ICL71 08 Low Cost Digital Panel Meter Designs (5 pages) 
AN023 

9046 ICL7106 Building a Battery Operated Auto Ranging DVM with the ICL7106 (5 pages) 
AN046 

9059 ICL7106 Digital Panel Meter Experiments for the Hobbyist (7 pages) 
AN059 

9032 ICL7106,ICL7107,ICL7109 Understanding the Auto-Zero and Common Mode Performance of the ICL71 06n1 07! 
AN032 7109 Family (8 pages) 

9052 ICL7108,ICL7117,ICL7126, Tips for Using Single Chip 3.5 Digit AID Converters (9 pages) 
ICL7107,ICL7116 

AN052 

99609 ICL7106,ICL7107,ICL7116, Overcoming Common Mode Range Issues When Using Harris Integrating Converters 
ICL7117,ICL7129,ICL7131, (3 pages) AN9609.1 
ICL7133,ICL7136,ICL713 

AN9609 

9049 ICL71 09 Applying the 7109 AID Converter (5 pages) 
AN049 

9054 ICL7135 Display Driver Family Combines Convenience of Use with Microprocessor 
AN054 Interfaceability (18 pages) 

9017 ICL7135 The Integrating AID Converter (5 pages) 
AN017 

99336 ICL7139 Multi-Meter Display Converter Eases DMM Design (6 pages) 
AN9336 
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APPLICATION NOTE LISTING (Continued) 

AnswerFAX APPLICATION 
DOC. NO. NOTE TITLE 

9051 ICL7660 Principles and Applications of the ICL7660 CMOS Voltage Converter (10 pages) 
AN051 

9042 IC180S2 Interpretation of Data Converter Accuracy Specifications (11 pages) 
AN042 

9004 IHSOO9 The IH5009 Analog Switch Series (9 pages) 
ANOO4 

DATA ACQUISITION TECH BRIEFS 

82330 (General DAQ) Higher Speed Clock Rates Help Ease Filtering Requirements in Communication D/As 
TB330 (2 pages) 

82334 (General DAQ) Guidelines for Soldering Surface Mount Components to PC Boards (2 pages) TB334 
TB334 

82322 HI-S700 Replacing an MP7684IMP7684A with an HI5700 (1 page) 
TB322 

82323 HI-5701 Replacing an MP7682 with an HI5701 (1 pages) , 
TB323 

82325 (General DAQ), HIS721 Understanding Glitch In A High Speed D/A Converter (2 pages) 
TB325 

82326 (General DAQ), HIS721 Measuring Spurious Free Dynamic Range in a D/A Converter (2 pages) 
TB326 

82328 (General DAQ), H15721 Setup and Hold Considerations When Using the HI5721 (2 pages) 
TB328 

82324 (General DAQ, HI5800) Clamping the Analog Input of the H15800 (1 page) 
TB324 

82335 HI5810, HI5812, HI5813, HI5816 Driving the Analog Input of the HI581 X Family of 12·Bit Analog to Digital Converters 
TB335 (2 pages) TB335 

82345 HI7188 Amended Information to Using the H17188 Clock Input (1 page) TB345 
TB345 

82329 H17190 Harris Sigma·Delta Calibration Technique (3 pages) TB329 
TB329 

82331 H17190 Using the HI7190 Serial Interface (3 pages) TB331 
TB331 

DSP APPLICATION NOTES 

99207 (General DSP) DSP Temperature Considerations (2 pages) 
AN9207 

99102 (General DSP, LogiC, I1P) Noise Aspects of Applying Advanced CMOS Semiconductors (9 pages) 
AN9102 

99615 HSP3824 AN9615 HSP3824 Evaluation Board and Associated Software (18 pages) AN9615 

99616 HSP3824 Programming the HSP3824 (17 pages) AN96.16 
AN9616 • 

99509 H15702, HSP43220, HSP45116 Digital IF Sub Sampling Using the HI5702, HSP45116 and HSP43220 (5 pages) 
AN9509 AN99509.1 

99418 HSP43166 HSP43168 Configured to Perform Complex Filtering (5 pages) 
AN9418 

99421 HSP43166 HSP43168 Configured to Perform Multi-Channel Filtering (9 pages) AN9421 
AN9421 

99403 HSP43220 Predicting Data Throughput in the Harris HSP43220 (5 pages) 
AN9403 

9114 HSP43481, HSP43891 Real·Time Two-Dimensional Spatial Filtering with the Harris Digital Filter Family 
ANl14 (43 pages) or call Harris Semiconductor (407) 724-7237 and request by mail. 
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AnswerFAX APPLICATION 
DOC.NO. NOTE TITLE 

9115 HSP43481, HSP43881, HSP43891 Digital Filter (DF) Family Overview (6 pages) 
AN115 

9113 HSP43481, HSP43881, HSP43891 Some Applications of Digital Signal Processing Techniques to Digital Video (5 pages) 
AN113 

9116 HSP43891 Extended Digital Filter Configurations (10 pages) 
AN116 

99205 HSP45240 Timing Relationships for HSP45240 (2 pages) 
AN9205 

99206 HSP45256, HSP9501 Correlating on Extended Data Lengths (2 pages) 
AN9206 

99535 HSP48212 Applying the HSP48212In A Professional Video System (4 pages) AN9535 
AN9535 

99401 HSP50016 Reducing the Minimum Decimation Rate of the HSP50016 Digital Down Converter 
AN9401 (10 pages) 

99603 HSP50016, HSP43124, HSP43168 An Introduction to Digital Filters (HSP50016. HSP43124. HSP43168) (9 pages) 
AN9603 AN9603 

99617 PRISM Chip Set Hardware/Software Interface Description for PRISM'" Radio Design with an Example 
AN9617 USing the Am79C930 Media Access Controller. (13 pages) AN9617 

99623 PRISM Chip Set Packet Error Rate Measurements Using the PRISMTM Chip Set (4 pages) AN9623 
AN9623 

99624 PRISM Chip Set PRISMTM DSSS PC Card Wireless LAN Description (6 pages) AN9624.1 
AN9624.1 

DSP TECH BRIEFS 

8252 (General DSP) Electrostatic Discharge Control a Guide to Handling Integrated Circuits (2 pages) 
TB52 

82336 HSP43168 3x310-Bit Convolver Using the HSP43168 (1 page) TB336 
TB336 

82334 (General DSP) Guidelines for Soldering Surface Mount Components to PC Boards (2 pages) TB334 
TB334 

82314 HSP43168, HSP43220, HSP45116 Quadrature Down Conversion with the HSP45116. HSP43158 and HSP43220 
TB314 (7 pages) 

82311 HSP43220 HSP43220 - Design of Filters with Output Rates <2 (Passband + Transition) (2 pages) 
TB311 

82313 HSP43220 Reading Out FIR Coefficients from the HSP43220 (1 page) 
TB313 

82309 HSP43220 Notes on using the HSP43220 (3 pages) 
TB309 

82310 HSP43220 Common Abuses of the HSP43220 (1 page) 
TB310 

82308 HSP43220 HSP43220 DecioMate Design Rule Checks (2 pages) 
TB308 

82312 HSP43220 HDF Bypass in the HSP43220 (1 page) 
T8312 

82318 HSP45102, HSP45106 The NCO as a Stable. Accurate Synthesizer (3 pages) 
TB318 

82317 HSP45106 Pipeline Delay Through the HSP45106 (2 pages) 
TB317 

82319 HSP451 06 Reading the Phase Accumulator of the HSP45106 (2 pages) 
TB319 
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AnswerFAX APPLICATION 
DOC. NO. NOTE TITLE 

82327 HSP45116 Using the HSP45116 as a Complex Multiplier Accumulator (4 pages) 
TB327 

82316 HSP45116 Pipeline Delay Through the HSP45116 (1 pages) 
TB316 

82315 HSP45116 Processing Signals at Increased Sample Rates with Mulitple HSP45116's (1 page) 
TB315 

82303 HSP45256 HSP45256 Correction to Data Sheet (1 page) 
TB303 

82306 HSP45256 Cascading Multiple HSP45256 Correlators (2 pages) 
TB306 

82307 HSP45256 Correlation with Multibit Data using the HSP45256 (2 pages) 
TB307 

82305 HSP48410 Histogramming with a Variable Pixel Increment (2 pages) 
TB305 

82302 HSP48901 Notice to Specification Change HSP48901 (1 page) 
TB302 

82338 PRISM Chip Set Using the PRISMTM Chip Set for Timing Measurements (Ranging) (2 pages) TB338 
TB338 

POWER APPLICATION NOTES 

99416 (General BiMOS) Thermal Considerations In Power BiMOS Low Side Drivers (HIP0080, HIPOO81, 
AN9416 HIPOO82, CA3282 and Others) (19 pagas) AN9416.1 

98602 (GeneraIIGBTs) The IGBTs - A New High Conductance MOS-Gated Device (3 pages) AN8602.1 
AN8602 

98603 (GeneraIIGBTs) Improved IGBTs with Fast Switching Speed And High-Current Capability (4 pages) 
AN8603 AN8603.2 

99318 (GenerallGBTs) Insulated-Gate Transistors Simplify AC-Motor Speed Control (12 pages) AN9318 
AN9318 

99319 (GenerallGBTs) Parallel Operation Of Insulated Gate Transistors (6 pages) AN9319 
AN9319 

99408 (GeneraIIGBTs, MCTs), HIP2030 The HIP2030 MCT/IGBT Gate Driver Provides Isolated Control Signals To Switch 
AN9408 Power Devices (7 pages) AN9408.2 

97244 (General MOSFETs) Understanding Power MOSFETs (4 pages) AN7244.2 
AN7244 

97254 (General MOSFETs) Switching Waveforms Of The L2FET: A 5 Volt Gate-Drive Power MOSFET (8 pages) 
AN7254 AN7254.2 

97260 (General MOSFETs) Power MOSFET Switching Waveforms: A New Insight (7 pages) AN7260.2 
AN7260 

97332 (General MOSFETs) The Application Of Conductivity-Modulated Field-Effect Transistors (5 pages) 
AN7332 AN7332.1 

I 
98610 (General MOSFETs) Spicing-Up Spice II Software for Power MOSFET Modeling (8 pages) 

AN8610 

99209 (General MOSFETs) A Spice-2 Subcircuit Representation for Power MOSFETs, Using Empirical Methods 
AN9209 (4 pages) 

99210 (General MOSFETs) A New PSpice Subcircuit for the Power MOSFET Featuring Global Temperature 
AN9210 Options (12 pages) 

99320 (General MOSFETs & IGBTs) Parallel Operation Of Semiconductor Switches (4 pages) AN9320 
AN9320 

99321 (General MOSFETs) Single Pulse Unclamped Inductive Switching: A Rating System (5 pages) 
AN9321 
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DOC. NO. NOTE TITLE 

99322 (General MOSFETs) A Combined Single Pulse and Repetitive UIS Rating System (4 pages) AN9322.1 
AN9322 

99409 (General MOSFETs) Safe Operating Area Testing Without a Heat Sink (4 pages) 
AN9409 

99512 (General MOSFETs) Practical Aspects of Using PowerMOS Transistors to Drive Inductive Loads (8 pages) 
AN9512 AN9512 

797338 (General MOSFETs & MCTs) Harris Power MOSFET and MCT SPICE Model Library (100 pages) or Can Harris 
MMPWRDEV Semiconductor (407) 724-7237 and request by mail. 

MMPWRDEV.3 

98820 (General MOVs) Recommendations for Soldering Terminal Leads to MOV Varistor Discs (2 pages) 
AN8820.2 AN8820.2 

99002 (General MOVs) Transient Voltage Suppression in Automotive Vehicles (8 pages) 
AN9002 

99003 (General MOVs) Low-Voltage Metal-Oxide Varistor - Protection for Low Voltage (S5V) ICs (13 pages) 
AN9003 

99204 (General MOVs) Tools for Controlling Voltage Surges and Noise (4 pages) 
AN9204 

99307 (General MOVs) The Connector Pin Varistor for Transient Voltage Protection in Connectors (7 pages) 
AN9307 AN9307.1 

99308 (General MOVs) Voltage Transients and Their Suppression (5 pages) AN9308.1 
AN9308 

99310 (General MOVs) Surge Suppression Technologies Advantages and Disadvantages (MOVs, SADs, 
AN931 0 Gas Tubes, Filters and Transformers) (6 pages) AN931 0 

99311 (General MOVs) The ABCs of MOVs (3 pages) AN9311.3 
AN9311 -

99312 (General MOVs) Suppression of Transients in an Automotive Environment (11 pages) AN9312.2 
AN9312 

95766 CA3020A, CA3020 Application of the CA3020 and CA3020A Multipurpose Wide-Band Power Amplifiers 
AN5766 (8 pages) 

98614 CA1523 The CA1523 Variable Interval Pulse Regulator (VIPUR) for Switch Mode Power 
AN8614 Supplies (13 pages) 

96915 CA1524 Application of the CA 1524 Series Pulse·Width Modulator ICs (18 pages) 
AN6915 

97174 CA1524 The CA 1524 Pulse-Width Modulator-Driver for an Electronic Scale (2 pages) 
AN7174 

96182 CA3058, CA3059, CA3079 Features and Applications of Integrated Circuit Zero-Voltage Switches (CA3059 and 
AN6182 CA3079) (31 pages) 

96157 CA3085 Applications of the CA3085 Series Monolithic IC Voltage Regulators (11 pages) 
AN6157 

96048 CA3094 Some Applications of a Programmable Power Switch/amplifier (13 pages) 
AN6048 

97326 CA3228 Applications of the CA3228 Speed Control System (16 pages) 
AN7326 

99201 CA3242, CA3262, CA3272, CA3282, Protection Circuits for Quad and Octal Low Side Power Drivers (9 pages) 
CA3292, HIPO080, HIP0081 

AN9201 

99302 CA3277 CA3277 Dual 5V Regulator Circuit Applications (9 pages) 
AN9302 

99414 HIP2030 HIP2030 Variable Duty Cycle Transformer Isolated Gate Driver Used In Controlling 
AN9414 Power Devices (4 pages) AN9414 
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99539 HIP2060 HIP2060, N-Channel HaH-Bridge Power MOSFET Array (14 pages) AN9539 
AN9539 

99605 HIP2100, HIP2100EVAL2 A SOW, 48V-to-5V DC-DC Converter Using the HIP2100 (11 pages) AN9605 
AN9605 

i 

99531 HIP2100EVAL General Purpose Design Tool (2 pages) AN9531.1 
AN9531 

99010 HIP2500 HIP2500 High Voltage (500VDC) HaH-Bridge Driver IC (8 pages) 
AN9010 

99324 HIP4080 HIP4080, SOV High Frequency H-Bridge Driver (14 pages) AN9324.3 
AN9324 

99404 HIP4080A HIP4080A, 80V High Frequency H-Bridge Driver (12 pages) 
AN9404 

99525 HIP4080AEVAL2 Class-D Auido II Evaluation Board (HIP4080AEVAL2) (16 pages) AN9525.2 
AN9525.2 

99325 HIP4081 HIP4081, SOV High Frequency H-Bridge Driver (13 pages) AN9325.2 
AN9325 

99S06 HIP4081A A SOW, 500kHz, Full-Bridge, Phase-Shift, 'Z:IIS Isolated DC to DC Converter Using the 
AN9S06 HIP4081A (16 pages) 

99405 HIP4081A HIP4081A, 80V High Frequency H-Bridge Driver (12 pages) AN9405.2 
AN9405 

99611 HIP4082 A DC-AC Isolated Battery Inverter USing the HIP4082 (12 pages) AN9611 
AN9611 

99642 HIP4086 HIP4086 3-Phase Bridge Driver Configurations and Applications (12 pages) AN9642 
AN9642 

99526 HIP50n A 5V to 3.3V, 7A, Synchronous Rectified Buck Regulator Using the Harris 
AN9526 SynchroFETTM HIP5011 (9 pages) AN9526 

99625 HIP5015EVAL2 A Flexible DC-DC Converter for Powering High-Performance Microprocessors 
AN9625 (HIPS015EVAL2) (6 pages) AN9625.1 

99613 HIP5016 The Harris SynchroFET Dual Converter Using the HIPS016 (5 pages) AN9613 
AN9613 

99643 HIP5020EVAL 1 HIP5020 Circuit 1 - Evaluation Board HIP5020EVAL 1 (4 pages) AN9643 
AN9643 

99212 HIP5060 HIPS060 Family of Current Mode ControllCs Enhance 1 MHz Regulator Performance 
AN9212 (7 pages) 

99208 HIP5060, HIP5061, HIP5062, High Frequency Power Converters (9 pages) 
HIP5063 
AN9208 

99323 HIP5061 HIPS061 High Efficiency, High Performance, High Power Converter (10 pages) 
AN9323 

99335 HIP5500 HIP5500 High Voltage (SOOVDC) Power Supply Driver IC (13 pages) 
AN9335 

99417 HIP5500 A 360W, Power Factor Corrected, Off-Line Power Supply, Using the HIP5500 
AN9417 (6 pages) 

99217 HV-2405E High Current Off Line Power Supply (11 pages) 
AN9217 

99301 HV400, ICL7667 High Current Logic Level MOSFET Driver (3 pages) 
AN9301 

9051 ICL7660 Principles and Applications of the ICL7660 CMOS Voltage Converter (10 pages) 
AN051 
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AnswerFAX Technical Suppor, 

APPUCATION NOTE USTING (Continued) 

AnswerFAX APPUCATION 
DOC. NO. NOTE TITLE 

9027 ICl.82",ICL82'2 Power Supply Design Using the ICL8211 and ICL8212 (8 pages) 
AN027 

98829 SPeOO, SP601 SP600 and SP601 an HVIC MOSFETIlGT Driver for Half-Bridge Topologies (6 pages) . 
AN8829 

99105 SPe01 HVIClIGBT Half-Bridge Converter Evaluation Circuit (1 page) 
AN9105 

99304 SP720,SP721 ESD and Transient Protection Using the SP720 (10 pages) AN9304.3 
AN9304 

99612 SP720, SP721, SP723 IEC 1000-4-2 ESD Immunity and Transient Current Capability for the Harris SP720, 
AN9612 SP721 and SP723 Electronic Protection Array Circuits (6 pages) AN9612 

99306 V130LA10C, V130LA20C, The New ·C" III Series of Metal Oxide Varistors (5 pages) AN9306 
V130LA2OCX325,V140LA1OC, 
V140LA2OC, V140LA2OCX340, 

V150LA1OC,V150LA20C, 
V150LA2OCX360,V175LA10C, 
V175LA2OC,V175LA2OCX425, 

V230LA2OC,V230LA40C, 
V230LA4OCX570,V250LA2OC, 
V250LA4OC, V250LA4OCX820, 

V275LA2OC, V275LA4OC, 
V275LA4OCX680, V300LA2OC, 
V300LA40C, V300LA40CX745 

AN9306 

99211 V14MLA1206, V18AUMLA1210, Soldering Recommendations for Surface Mount Metal Oxide Varistors and Multilayer 
V18AUMLA1812, V18AUMLA2220, Transient Voltage Suppressors (7 pages) AN9211 

V18MLA1206, V18MLA1210, 
V26MLA 1206, V26MLA1210, 
V3.5MLA1206, V33MLA1206, 
V42MLA1206, V5.5MLA1206, 
V56MLA1206, V68MLA1206 

AN9211 

99108 V14MLA1206, V18AUMLA121o, Harris Multilayer Surface Mount Surge Suppressors (10 pages) AN91 08.2 
V18AUMLA1812, V18AUMLA222O, 

V18MLA1206, V18MLA121O, 
V26MLA1206, V26MLA1210, 
V3.5MLA1206, V33MLA1206, 
V42MLA1206, V5.5MLA1206, 
V56MLA1206, V68MLA1206 

AN9108.2 

POWER TECHBRIEFS 

82304 (General Advanced Power Package Construction Method Raises TO-252 Reliability to New 
MOSFETs) Heights (3 pages) 

TB304 

82321 HIP4080, HIP4080A, HIP4081, HIP4080 and HIP4081 High Frequency H-Bridge Drivers (2 pages) 
HIP4081A 

TB321 

82332 HIP5010, HIP5011 An Integrated Synchronous-Rectifier Power IC with Complementary-Switching 
TB332 (HIP5010, HIP5011) (4 pages) TB332 

82320 SP720, SP721 SP720fSP721 CMOS Protection Model and Other Data (5 pages) 
TB320 

82334 (General Power) Guidelines for Soldering Surface Mount Components to PC Boards (2 pages) TB334 
TB334 
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COMMUNICATION - 11 
North American Sales Offices, Representatives and Authorized Distributors May 16, 1997 

ALABAMA 2480 W. Ruthrauff, Suite #140 10495 Bandley Avenue Bell Mlcroproducts 

Harris Semiconductor Tucson, AZ 85705 Cupertino, CA 95014·1972 Irvine 

600 Boulevard South TEL: (520) 292·0222 TEL: (408) 342·1220 TEL: 714-470·2900 

SuHe 103 FAX: 520292 1008 FAX: 408342 1221 San Diego 
HuntsVille, AL 35802 Alliance Electronics, Inc. Mesa Components, Inc. TEL: 619·597·3010 
TEL: (205) 883·2791 Scottsdale 5520 Ruffin Road San Jose 
FAX: 205 883 2861 TEL: (602) 483-9400 SuHe 208 TEL: 408·451·9400 
Glesting & Associates Allied Eiectronics San Diego, CA 92123 

Westlake Village 
SuHe 15 Tempe TEL: (619) 278·8021 

TEL: 805·496·2606 
4835 UniversHy Square TEL: (602) 831·2002 FAX: (619) 576·0964 

Huntsville, AL 35816 Vision Technical Sales, Inc. Hamilton Hallmark 
N_ark Electronics Costa Mesa 

TEL: (205) 830·4554 Tempe • 26010 Mureau Road 
FAX: 205 830 4699 TEL: (602) 966-6340 SuHe 140 TEL: (714) 789-4100 

Allied Electronics Arrow/Schweber 
Calabasas, CA 91302 Los Angeles 

Huntsville Tempe 
TEL: (818) 878-7955 TEL: (818) 594·0404 

TEL: (205) 721·3500 TEL: (602) 431·0030 
FAX: 818 878 7965 Sacramento 

Mobile Hamilton Hallmark 
16257 Laguna Canyon Road TEL: (916) 632·4500 

TEL: (334) 476·1875 Phoenix 
SuHe150 San Diego 

ArrowlSchweber TEL: (602) 437·1200 
Irvine. CA 92618 TEL: (619) 571·7540 
TEL: (714) 450-9050 

Huntsville Wyle Electronics FAX: (714) 450·9061 
San Jose 

TEL: (205) 837--6955 Phoenix Allied Electronics 
TEL: (408) 435·3500 

Hamilton Hallmark TEL: (602) 804·7000 Irvine 
Newark Electronics 

Huntsville zeus, An Arrow Company TEL: (714) 727-3010 
Garden Grove 

TEL: (205) 837·8700 Tempe Rancho Cucamonga 
TEL: (714) 893-4909 

N_ark Electronics TEL: (408) 629-4789 TEL: (909) 980·6522 
Riverside 

Birmingham TEL: (800) 52·HI·REL TEL: (909) 784·1101 

TEL: (205) 979-7003 Rocklin 
Santa Fe Springs ARKANSAS TEL: (916) 632·3104 

Huntsville Newark Electronics TEL: (310) 929-9722 

TEL: (205) 837·9091 Little Rock 
San Diego 

Sacramento 

Mobile TEL: (501) 225·8130 
TEL: (619) 279·2550 

TEL: (916) 565·1760 
TEL:. (205) 471--6500 CAUFORNIA 

San Jose 
Chula Vista 

Wyle Electronics Harris Semiconductor 
TEL: (408) 383·0366 

TEL: (619) 691·0141 

Huntsville • 1503 So. Coast Drive Torrance 
San Diego 

TEL: (205) 830·1119 Su.~e 320 TEL: (310) 540·0039 
TEL: (619) 453·8211 

zeus, An Arrow Company Costa Mesa, CA 92626 Woodland Hills 
PaloAHo 

Huntsville TEL: (714) 433·0600 TEL: (818) 598-0130 
TEL: (415) 812·6300 

TEL: (407) 333-3055 FAX: 714 433 0682 Arrow/Schweber 
TEL: (800) 52·HI·REL Harris Semiconductor Calabasas 

Santa Clara 

• 3031 Tisch Way TEL: (818) 880-9686 
TEL: (408) 988-7300 

ALASKA 
Newark Electronics 

Suite 800 Fremont 
Thousand Oaks 

Bellevue 
San Jose, CA 95128 TEL: (408) 432·7171 

TEL: (805) 499·1480 

TEL: 800-321·8984 
TEL: (408) 985-7322 

Irvine 
Wyle ElectroniCS 

FAX: 408 985 7455 Los Angeles 
ARIZONA Ewing Foley, Inc. 

TEL: (714) 587·0404 
TEL: (818) 880-9000 

Compass Mktg. & Sales, Inc. 185 Linden Avenue San Diego 
Irvine 

11801 N. Tatum Blvd. #101 Auburn, CA 95603 TEL: (619) 565-4800 
TEL: (714) 789·9953 

Phoenix, AZ 85028 TEL: (916) 885--6591 San Jose 
TEL: (602) 996·0635 FAX: 916 885 6594 TEL: (408) 441·9700 

Sacramento 

FAX: 602 996 0586 TEL: (916) 638·5282 

• Field Application ASSistance Available 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 

San Diego Hamilton Hallmark Hamilton Hallmark Flo Lauderdale 
TEL: (619) 565-9171 Mississagua, Ontario Danbury TEL: (305) 486-1151 

Santa Clara TEL: (905) 564-6060 TEL: (203) 271-5700 Tampa 
TEL: (408) 727-2500 Montreal Newark Electronics TEL: (813) 287-1578 

Zeus, An Arrow Company TEL: (514) 335-1000 Bloomfield Jacksonville 
San Jose Ottawa TEL: (203) 243-1731 TEL: (904) 399-5041 
TEL: (408) 629-4789 TEL: (613) 226-1700 Zeus, An Arrow Company Mobile 
TEL: (800) 52-HI-REL Vancouver, B.C. TEL: (914) 937-7400 TEL: (205) 471-6500 
Irvine TEL: (604) 420-4101 TEL: (800) 52-HI-REL 

Wyle Electronics 
TEL: (714) 581-4622 Toronto FLORIDA Fort Lauderdale 
TEL: (800) 52-HI-REL TEL: (9Q5) 564-6060 Harris Semiconductor TEL: (954) 420-0500 

CANADA Newark Electronics 2401 Palm Bay Rd. St. Petersburg 
BlakeWOOd Electronic London, Ontario Palm Bay, FL 32905 TEL: (813) 576-3004 
Systems, Inc. TEL: (519) 685-4280 TEL: (407) 724-7000 

FAX: 407724 7240 Zeus, An Arrow Company 
#201 - 7382 Winston Street Mississauga, OntariO Lake Mary 
Burnaby, BC Canada V5A 2G9 

TEL: (905) 670-2888 Sun Marketing Group 
TEL: (407) 333-3055 

TEL: (604) 444-3344 
Mount Royal, Quebec 

1956 Dairy Rd. TEL: (800) 52-HI-REL 
FAX: 604 444 3303 West Melbourne, FL 32904 

Cee-Jay Mlcrosystems LTD. 
TEL: (514) 738-4488 TEL: (407) 723-0501 GEORGIA 

5925 Airport Road, Suite 614 COLORADO FAX: 407723 3845 Glestlng & Associates 

Mississauga, Ontario L4V lWl Compass Mktg. & Sales, Inc. 4175 East Bay Drive, Suite 128 • 2434 Hwy. 120, Suite 108 

TEL: 905-678-3188 14142 Denver West Pkwy #200 Clearwater, FL 34624 Duluth, GA 30136 

FAX: 905-678-3166 Golden, CO 80401 TEL: (813) 536-5nl TEL: (nO) 476-0025 

TEL: (303) 2n-0456 FAX: 813 536 6933 FAX: no 476 2405 
308 Palladium Drive 
SuHe 200 Kanata, Ontario FAX: 303 2n-0429 123 N.W. 13th Avenue, Allied Electronics 

Canada K2B lAl Allied Electronics Suite 212 Duluth 

TEL: (613) 599-5626 Englewood Boca Raton, FL 33432 TEL: (nO) 497-9544 

FAX: 613 599 5707 TEL: (303) 790-1664 TEL: (561) 347-3044 Arrow/Schweber 

78 Donegani, Suite 200 Arrow/schweber FAX: 561 347 3045 Duluth 

Pointe Claire, Quebec Englewood Allied Electronics TEL: (nO) 497-1300 

Canada H9R 2V4 TEL: (303) 799-0258 Flo Lauderdale Hamilton Hallmark 
TEL: (514) 426-0453 Hamilton Hallmark TEL: (954) 733-3144 Atlanta 
FAX: 514 426 0455 Denver Jacksonville TEL: (nO) 623-4400 

Allied Electronics TEL: (303) 790-1662 TEL: (904) 739-5920 Newark Electronica 
Burnaby, BC Colorado Springs Maitland Norcross 
TEL: (604) 420-9691 TEL: (719) 637-0055 TEL: (407) 539-0055 TEL: (nO) 448-1300 

Nepean, Ontario Newark Electronlca Miami Lakes Wyle Electronics 
TEL: (613) 228-1964 Denver TEL: (305) 558-2511 Atlanta 

Arrow/schweber TEL: (303) 373-4540 SI. Petersburg 
TEL: (nO) 441-9045 

Burnaby, BrHlsh Columbia Wyle Electronics TEL: (813) 579-4660 Zeus, An Arrow Company 
TEL: (604) 421-2333 Denver ArrowlSchweber 

TEL: (407) 333-3055 

Dorval, Quebec TEL: (303) 457-9953 Deerfield Beach 
TEL: (800) 52-HI-REL 

TEL: (514) 421-7411 Zeus, An Arrow Company TEL: (954) 429-8200 IDAHO 

Nepan, Ontario TEL: (408) 629-4789 Lake Mary 
Allied ElectroniCS 

TEL: (613) 226-6903 TEL: (800) 52-HI-REL TEL: (954) 333-9300 
Boise 

Mlsslssagua, Ontario CONNECTICUT 
TEL: (208) 331-1414 

Bell Mlcroproducta 
TEL: (905) 670-7769 Advanced Tech. Sales, Inc. Altamonte Springs 

Newark Electronics 

Anthem Canada Westview Office Park TEL: 407-682-1199 
Boise 

Burnaby, British Columbia Bldg. 2, SuRe 1 C TEL: 800-542-3083 
TEL: (208) 342-4311 

TEL: (604) 606-8950 850 N. Main Street Extension 
Deerfield Beach ILLINOIS 

Calgary, Alberta 
Wallingford, CT 06492 

TEL: 305-429-1001 Harris Semiconductor 

TEL: (403) 273-2780 
TEL: (508) 664-0888 • 1101 Perimeter Dr., Suite 600 
FAX: 203 284 8232 Hamilton Hallmark Schaumburg, IL 60173 

Concord, Ontario 
Alliance Electronics, Inc. Clearwater TEL: (847) 240-3480 

TEL: (416) 798-4884 
Milford TEL: (813) 507-5000 FAX: 847 6191511 

Nepean, Ontario TEL: (203) 874-2001 Orlando L-TECH Marketing, Inc. 
TEL: (613) 596-6980 

Allied Electronics TEL: (407) 657-3300 2414 Hwy. 94 South Outer Rd. 
Pointe Claire, Quebec Cheshire Miami SuHeA 
TEL: (514) 697-8149 TEL: (203) 272-n30 TEL: (954) 484-5482 St. Charles, MO 63303 

Winnipeg, Manitoba ArrowlSchweber Newark Electronics TEL: (314) 936-2007 

TEL: (204) 786-2589 Wallingford Orlando FAX: 314-936-1991 

TEL: (203) 265-7741 TEL: (407) 896-8350 

• Field Application Assistance Available 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 

Oasis Sales Hamilton Hallmark LOUISIANA Hamilton Hallmark 
1101 Tonne Road Carmel Allied Electronics Peabody 
Elk Grove Village, IL 60007 TEL: (317) 575-3500 St. Rose TEL: (508) 532-9893 
TEL: (847) 640-1850 Newark Electronics TEL: (504) 466-7575 Newark Electronics 
FAX: 847 640 9432 Fort Wayne Newark Electronics Marlborough 
Allied Electronics TEL: (219) 484-0766 Metairie TEL: (508) 229-2200 
Bensenville Indianapolis TEL: (504) 838-9771 Woburn 
TEL: (630) 860-0007 TEL: (317) 844-0047 MARYLAND TEL: (617) 935-8350 
Grayslake Zeus, An Arrow Company New Era Sales, Inc. Wyle Electronics 
TEL: (847) 548-9330 TEL: (708) 250-0500 890 Airport Pk. Rd, Suite 103 Bedford 
Loves Park TEL: (800) 52-HI-REL Glen Burnie, MD 21061 (617) 271-9953 
TEL: (815) 636-1010 IOWA TEL: (410) 761-4100 Zeus, An Arrow Company 
Oak Forest Oasis Sales 

FAX: 410761-2981 Wilmington, MA 
TEL: (708) 535-0038 4905 Lakeside Dr., NE Allied Electronics TEL: (508) 658-4776 

Arrow/schweber Sune203 Columbia TEL: (800) HI-REL 

Itasca Cedar Rapids, IA 52402 ' TEL: (410) 312-0810 Obso/eteIDiscontinued 
TEL: (630) 250-0500 TEL: (319) 377-8738 Arrow/schweber Products: 
Bell Mlcroproducts 

FAX: 319 377 8803 Columbia Rochester Electronics 

Schaumburg Allied Electronics TEL: (410) 309-0686 10 Malcom Hoyt Drive 

TEL: 847-413-8530 Cedar Rapids Bell Mlcroproducts NeWburyport, MA 01950 

Hamilton Hallmark TEL: (319) 390-5730 Columbia TEL: (508) 462-9332 

Chicago Newark Electronics TEL: 410-720-5100 FAX: 508 462 9512 

TEL: (847) 797-7300 Cedar Rapids Hamilton Hallmark MICHIGAN 

Newark Electronics 
TEL: (319) 393-3800 Columbia Harris Semiconductor 

Rockford West Des Moines TEL: (410) 720-3400 • 27777 Franklin Rd., Suite 460 

TEL: (815) 229-0225 TEL: (515) 222-0700 Newark Electronics Southfield, MI 48034 

Springfield Bettendorf Hanover TEL: (248) 746-0800 

TEL: (217) 787-9972 TEL: (319) 359-3711 TEL: (410) 712-6922 FAX: 2487460516 

Schaumburg Zeus, An Arrow Company Wyle Electronics Glestlng & Associates 

TEL: (708) 310-8980 TEL: (214) 380-4330 Columbia 34441 Eight Mile Rd., Suite 113 

TEL: (800) 52-HI-REL TEL: (410) 312-4844 Livonia, MI 48152 
Willowbrook TEL: (248) 478-8106 
TEL: (708) 789-4780 KANSAS Zeus, An Arrow Company FAX: 248 477 6908 

Wyle Electronics L-TECH Marketing, Inc. TEL: (914) 937-7400 
Allied Electronics 

Chicago 1 Kings Court, Suite 115 TEL: (800) 52-HI-REL 
Grand Rapids 

TEL: (708) 620-0969 New Century, KS 66031 MASSACHUSETIS TEL: (616) 365-9960 
TEL: (913) 829-7884 Harris Semiconductor Zeus, An Arrow Company FAX: 913-829-7611 • Six New England Executive Pk. Plymouth 

Itasca TEL: (313) 416-9300 
TEL: (708) 250-0500 Allied Electronics Bu~ington, MA 01803 

TEL: (800) 52-HI-REL Overland Park TEL: (617) 221-1850 Arrow/schweber 

TEL: (913) 338-4372 FAX: 617 221 1868 Livonia 
INDIANA 

Arrow/Schweber Advanced Tech Sales, Inc. 
TEL: (313) 462-2290 

Harris Semiconductor 
Lenexa 348 Park Street, Suite 102 Hamilton Hallmark 

• 11590 N. Meridian SI. 
TEL: (913) 541-9542 Park Place West Plymouth 

Sune 100 N. Reading, MA 01864 TEL: (313) 416-5800 
Carmel, IN 46032 Hamilton Hallmark 

TEL: (508) 664-0888 Newark Electronics 
TEL: (317) 843-5180 KansasCHy 

FAX: 508 664 5503 Grand Rapids 
FAX: 317 843 5191 TEL: (913) 663-7900 TEL: (616) 954-6700 Allied Electronics 
Giesting & Associates Newark Electronics 

Norwood Saginaw 
370 Ridgepoint Dr. Ove~and Park 

TEL: (617) 255-0361 TEL: (517) 799-0480 
Carmel, IN 46032 TEL: (913) 677-0727 

TEL: (317) 844-5222 Zeus, An Arrow Company Peabody OakPark 

FAX: 317 844 5861 TEL: (214) 380-4330 TEL: (508) 538-2401 TEL: (248) 967-0600 

Allied Electronics TEL: (800) 52-HI-REL Arrow/Schweber Troy 

Carmel KENTUCKY 
Wilmington TEL: (248) 583-2899 

TEL: (317) 571-1880 Glestlng & Associates 
TEL: (508) 658-0900 Zeus, An Arrow Company 

Arrow/Schweber 339 Arrowhead Springs Lane Bell Mlcroproducts TEL: (708) 250-0500 
TEL: (800) 52-HI-REL U) 

Indianapolis Versailles, KY 40383 Billerica W 
TEL: (317) 299-2071 TEL: (606) 873-2330 TEL: 508-667-2400 MINNESOTA (,) 

EMClKent Electronics FAX: 606 873 6233 TEL: 800-552-4305 Oasis Sales u:: 
II. 

Indianapolis Newark Electronics Gerber Electronics 7805 Telegraph Road 0 
TEL: (317) 484-3050 Louisville Norwood Suite 210 U) 

W 
TEL: (502) 423-0280 TEL: (617) 769-6000 Bloomington, MN 55438 ..J 

TEL: (612) 941-1917 <C 
FAX: 612 9415701 U) 

• Field Application Assistance Available 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 

Allied Electronics NEW HAMPHIRE Hamilton Hallmark 
Minnetonka Newark Electronics Albuquerque 
TEL: (612) 938-5633 Nashua TEL: (505) 293-5119 

Bell Mlcroproduct8 TEL: (603) 888-5790 Newark Electronics 
Eden Prairaie NEW JERSEY Albuquerque 
TEL: 612-943-1122 Harrla Semiconductor TEL: (505) 828-1878 

Hamilton Hallmark • Plaza 1000 at Main Street Zeus, An Arrow Company 
Minneapolis SuRe 104 TEL: (408) 629-4789 
TEL: (612) 881-2600 Voorhees, NJ 08043 TEL: (800) 52-HI-REL 

Newark Electronics TEL: (609) 751-3425 NEW YORK 
Minneapolis FAX: 609 751 5911 Harris Semiconductor 
TEL: (612) 331-6350 Harris Semiconductor • Hampton Business Center 

St. Paul • 724 Route 202 1611 RI. 9, SuRe U3 

TEL: (612) 631-2683 P.O. Box 591 Wappingers Falls, NY 12590 

Wyle Electronics 
Somerville, NJ 08876 TEL: (914) 298-0413 
TEL: (908) 685-6150 FAX: 9142980425 

Minneapolis FAX: 908 685-6140 
TEL: (612) 853-2280 Harris Semiconductor 

Zeus, An Arrow Company 
Trltek Sales, Inc. • 490 Wheeler Rd, Sulle 165B 
One Mall Dr., SuRe 410 Hauppauge, NY 11788-4365 TEL: (214) 380-4330 Cherry Hill, NJ 08002 TEL: (516) 342-0291 Analog 

TEL: (800) 52-HI-REL TEL: (609) 667-0200 TEL: (516) 342-0292 Digital 
MISSISSIPPI FAX: 609 667 8741 FAX: 516 342 0295 

Newark Electronics Allied Electronics Fostar & Wager, Inc. 
Ridgeland E. Brunswick 300 Maln Street 
TEL: (601) 956-3834 TEL: (908) 613-0828 Vestal, NY 13850 

MISSOURI MI. Laurel TEL: (607) 748-5963 
L-TECH Marketing, Inc_ TEL: (609) 234-7769 FAX: 6077485965 
2414 Hwy. 94 South Outer Rd. Parsippany 2511 Browncroft Blvd. 
SuHeA TEL: (201) 428-3350 Rochester, NY 14625 
St. Charles, MO 63303 

ArrowlSchweber 
TEL: (716) 385-7744 

TEL: (314) 938-2007 
MarHon FAX: 716 5861359 

FAX: 314-936-1991 
TEL: (609) 596-8000 7696 Mountain Ash 

Allied Electronics Liverpool, NY 13090 
Earth CHy Plnebrook 

TEL: (201) 227-7680 
TEL: (315) 457-7954 

TEL: (314) 291-7031 FAX: 3154577076 
ArrowJSchweber Bell Mlcroproduct8 

Parallax, Inc. 
St. Louis Clifton 

734 Walt Whitman Rd. 
TEL: (314) 567-6888 TEL: 201-777-4100 

Melville, NY 11747 
Hamilton Hallmark Hamilton Hallmark TEL: (516) 351-1000 
St. Louis Cherry Hill FAX: 516-351-1606 
TEL: (314) 291-5350 TEL: (609) 424-0110 

Alliance Electronics, Inc. 
Newark Electronics Parsippeny Huntington 
St. louis TEL: (201) 515-1641 TEL: (516) 673-1930 
TEL: (314) 453-9400 Newark Electronics Allied Electronics 
Zeus, An Arrow Company East Brunswick Amherst 
TEL: (214) 380-4330 TEL: (908) 937-6600 TEL: (716) 831-8101 
TEL: (800) 52-HI-REL Wyle Electronics Great Neck 

NEBRASKA Pine Brook TEL: (516) 487-5211 

L-TECH Marketing, Inc. TEL: (201) 882-8358 
Hauppauge 

1 Kings Court, SuHe 115 Zeus, An Arrow Compsny TEL: (516) 234-0485 
New Century, KS 66031 TEL: (914) 937-7400 

Lagrangeville 
TEL: (913) 829-7884 TEL: (800) 52-HI-REL 

TEL: (914) 452-1470 
FAX: 913-829-7611 NEW MEXICO Rochester 
Allied Electronics Compass Mldg. & Sales, Inc. TEL: (716) 292-1670 
Omaha 4100 Osuna Rd., NE, SuRe 109 
TEL: (402) 697-0038 Albuquerque,' NM 87109 Syracuse 

Newark Electronics TEL: (505) 344-9990 TEL: (315) 446-7411 

Omaha FAX: 505 345 4848 ArrowlSchweber 

TEL: (402) 592-2423 Alliance Electronics, Inc. Farmingdale 

NEVADA Albuquerque TEL: (516) 293-6363 

Allied Electronics TEL: (505) 837-2801 Hauppauge 

Las Vegas Allied Electronics TEL: (516) 231-1000 

TEL: (702) 258-1087 Albuquerque 
TEL: (505) 268-7565 

• Field Application Assistance Available 
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Melville 
TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 

Rochester 
TEL: (716) 427-0300 

Bell Mlcroproduct8 
SmRhtown 
TEL: 516-543-2000 

Hamilton Hallmark 
Long Island 
TEL: (516) 737-0600 

Hauppauge 
TEL: (516) 434-7470 

Rochester 
TEL: (716) 272-2740 

Newark Electronics 
Wappingers Falls 
TEL: (914) 298-2810 

Latham 
TEL: (518) 783-0983 

Bohemia 
TEL: (516) 567-4200 

Williamsville 
TEL: (716) 631-2311 

Pittsford 
TEL: (716) 381-4244 

Liverpool 
TEL: (315) 457-4873 

Wyle Electronics 
Long Island 
TEL: (516) 293-6446 

Rochester 
TEL: (716) 334-5970 

Zeus, An Arrow Company 
PI. Chester 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

NORTH CAROLINA 
New Era Sales 
1215 Jones Franklin Road 
SuRe 201 
Raleigh, NC 27606 
TEL: (919) 859-4400 
FAX: 919 859 6167 

Allied Electronics 
Charlotte 
TEL: (704) 525-0300 

Raleigh 
TEL: (919) 876-5845 

ArrowJSch~ber 
Raleigh 
TEL: (919) 876-3132 

EMClKent ELectronics 
Charlotte 
TEL: (704) 394-6195 

Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 



North American Sales Offices, Representatives and Authorized Distributors (Continued) 

N_ark Electronics Columbus Wyle Electronics Nova Marketing 
Charlotle TEL: (614) 326-0352 Portland 8310 Capitol of Texas Hwy. 
TEL: (704) 535-5650 Dayton TEL: (503) 598-9953 SuHe 180 

Greensboro TEL: (513) 294-8980 Zeue, An Arrow Companyy Austin, TX 78731 

TEL: (910) 294-2142 Toledo TEL: (408) 629-4789 TEL: (512) 343-2321 

Raleigh TEL: (419) 868-0404 TEL: (800) 52-HI-REL FAX: 512 343-2487 

TEL: (919) 781-7677 Youngstown PENNSYLVANIA 
8350 Meadow Rd., SuHe 174 

Wyle Electronics TEL: (216) 793-6134 Glestlng " Associates 
Dallas, TX 75231 

Raleigh Cleveland 
471 Walnut Street 

TEL: (214) 265-4600 

TEL: (919) 481-3737 TEL: (216) 391-9330 
Pitlsburgh, PA 15238 

FAX: 2142654668 

TEL: 800-950-9953 TEL: (412) 828-3553 Corporate Atrium II, Suite 140 

Zeus, An Arrow Company 
Wyle Electronics FAX: 412 828 6160 10701 Corporale Dr. 
Cleveland 

TEL: (407) 333-3055 TEL: (216) 248-9996 
Allied Electronics 

Stafford, TX 77477 

TEL: (800) 52-HI-REL Chadds Ford 
TEL: (713) 240-6082 

OHIO 
Dayton TEL: (610) 388-8455 

FAX: 7132406094 

GI_tlng " Aeeoclates 
TEL: (513) 436-9935 

Harrisburg 
Allied Electronics 

P.O. Box 39398 
Zeus, An Arrow Company TEL: (717) 540-7101 

Austin 

2854 Blue Rock Rd. 
TEL: (708) 595-9730 

Pltlsburg 
TEL: (512) 219-7171 

Cincinnati, OH 45239 
TEL: (800) 52-HI-REL 

TEL: (412) 931-2774 
Brownsville 

TEL: (513) 385-1105 OKLAHOMA ArrowJSchweber 
TEL: (210) 548-1129 

FAX: 5133855069 Nova Marketing Pittsburgh 
Dallas 

6324 TamwOrth Ct. 8421 East 61 st Street, SuHe P TEL: (412) 327-1130 
TEL: (214) 341-8444 

Columbus, OH 43017 Tulsa, OK 74133-1928 

TEL: (614) 792-5900 TEL: (800) 826-8557 
B00-529-0895 EIPaso 

FAX: 614 792 6601 TEL: (918) 660-5105 Hamilton Hallmark 
(915) 779-6294 

6200 SOM Center Rd. 
FAX: 918 357 1091 Pittsburgh Fort Worth 

SuHe 0-20 Allied Electronics 
TEL: (800) 332-8638 (817) 595-3500 

Solon, OH 44139 Tulsa Newark Electronics Forth Worth 

TEL: (216) 498-4644 TEL: (918) 250-4505 Allentown (817) 595-6455 

FAX: 216 498 4554 ArrowJSchweber 
TEL: (610) 434-7171 Humble 

Alliance Electronics, Inc. Tulsa Ft. Washington (713) 446-8005 

Dayton TEL: (918) 252-7537 TEL: (215) 654-1434 Arrow/schweber 

TEL: (513) 433-7700 Hamilton Hallmark Pltlsburgh Austin 

Allied Electronics Tulsa TEL: (412) 788-4790 TEL: (512) 835-4180 

Beachwood TEL: (918) 459-6000 Wyle Electronics Dallas 

TEL: (216) 831-4900 Newark Electronics Philadelphia TEL: (972) 380-6464 

Cincinnati Oklahoma CRy TEL: (609) 439-9110 Houston 

TEL: (513) 771-6990 TEL: (405) 843-3301 Zeus, An Arrow Company TEL: (713) 647-6868 

Worthington Tulsa TEL: (914) 937-7400 Bell Mlcroproducts 

TEL: (614) 785-1270 TEL: (918) 252-5070 TEL: (BOO) 52-HI-REL Austin 

Arrow/Schweber Zeus, An Arrow Company SOUTH CAROLINA TEL: 512-258-0725 

Solon TEL: (214) 380-4330 Allied Electronics Richardson 

TEL: (216) 248-3990 TEL: (800) 52-HI-REL Greenville TEL: 214-783-4191 

Centerville OREGON 
TEL: (864) 288-8835 Hamilton Hallmark 

TEL: (937) 435-5563 Northwest Marketing Assoc_ Newark Electronics Austin 

EMC/Kent Electronics 
4905 SW Grlfffth Drive SuRe 106 Greenville TEL: (512) 258-8848 

Columbus 
Beaverton, OR 97005 TEL: (803) 288-9610 Dallas 

TEL: (614) 299-4161 
TEL: (503) 644-4840 TENNESSEE TEL: (214) 553-4300 

Cleveland 
FAX: 503 644-9519 Newark Electronics Houston 

TEL: (216) 360-4646 
Allied Electronics Knoxville TEL: (713) 781-6100 
Beaverton TEL: (615) 588-6493 

Hamilton Hallmark TEL: (503) 626-9921 Memphis 
N_ark Electronics 

Cleveland 
Austin 

TEL: (216) 498-1100 
Almae/Arrow TEL: (901) 398-7970 TEL: (512) 338-0287 

Columbus 
Beaverton Brentwood Corpus Christl 

TEL: (614) 888-3313 
TEL: (503) 629-8090 TEL: (615) 371-1341 TEL: (512) 857-5621 

Dayton 
Hamilton Hallmark TEXAS EI Paso tIJ 

TEL: (513) 439-6735 
Portland Harris Semiconductor 

W 

TEL: (503) 526-6200 
TEL: (915) 772-6367 0 

Newark Electronics Newark Electronics 
• 17000 Dallas Parkway, Houston it 

Cincinnati 
SuRe 205 TEL: (713) 894-9334 

II. 

Portland Dallas, TX 76248 
0 

TEL: (513) 772-8181 TEL: (503) 297-1984 TEL: (972) 733-0800 San Antonio tIJ 
W 

FAX: 972 733 0819 TEL: (210) 734-7960 Ci! 
tIJ 

• Field Application ASSistance Available 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 

Dallas Sa~ Lake City Wyle Electronics HarrIs Semiconductor 
TEL: (214) 458-2528 TEL: (801) 974-9953 Seattle Chip Distributors 
Wyle Electronics Zeus, An Arrow Company TEL: (206) 881-1150 Chip Supply, Inc. 

Austin TEL: (408) 629-4789 Zeus, An Arrow Company 7725 N. Orange Blossom Trail 

TEL: (512) 345-8853 TEL: (800) 52-HI-REL TEL: (408) 629-4789 Orlando, FL 32810-2696 

Dallas VIRGINIA 
TEL: (800) 52-HI-REL TEL: (407) 298-7100 

TEL: (214) 235-9953 Allied Electronics WEST VIRGINIA 
FAX: (407) 290-0164 

Houston Springfield Allied Electronics Elmo Semiconductor Corp. 

TEL: (713) 879-9953 TEL: (703) 644·9515 Charleston 7590 North Glenoaks Blvd. 

Virginia Beach TEL: (304) 925-2487 Burbank, CA 91504-1 052 
Zeus, An Arrow Company TEL: (818) 768-7400 
Carrol~on TEL: (804) 363-8662 Newark Electronics FAX: (818) 767-7038 
TEL: (214) 380-4330 Newark Electronics Charleston 

TEL: (800) 52-HI-REL Richmond TEL: (304) 345-3086 Minco Technology Labs, Inc. 
1805 Rulherford Lane 

UTAH TEL: (804) 282-5671 WISCONSIN Austin, TX 78754 
Compass Mktg. " Sales, Inc. Herndon Oasis Sales TEL: (512) 834-2022 
5 Triad Center, SuHe 320 TEL: (703) 707-9010 1305 N. Barker Rd. FAX: (512) 837-6285 
Sa~ Lake City, UT 84180 

WASHINGTON 
Brookfield, WI 53005 

Puerto Rican TEL: (801) 322-0391 TEL: (414) 782-6660 

FAX: 801 322-0392 
Northwest Marketing Assoc. FAX: 414782 7921 Authorized Distributor 
12835 Bel-Red Road Hamilton Hallmark 

Allied Electronics SuHe330N Allied Electronics 
SuHe318 

Sail Lake Cily Bellevue, WA 98005 New Berlin S1 Mariolga Luis Munoz-Marin 
TEL: (801) 261-5244 TEL: (206) 455-5846 TEL: (414) 796-1280 

Caguas, Puerto Rico 00725 
Arrow/schweber FAX: 206 451 1130 Arrow/schweber TEL: (800) 327-8950 
Sail Lake City Allied Electronics Brookfield 

South Ameriesn 
TEL: (801) 973-6913 Renton TEL: (414) 792-0150 

Authorized Distributor 
Bell Mlcroproducts TEL: (206) 251·0240 Hamilton Hallmark Graftec Electronic Sales Inc. 
Centerville AlmaclArrow Milwaukee One Boca Place, SuHe 305 East 
TEL: 801·295-3900 Bellevue TEL: (414) 780-7200 2255 Glades Road 

Hamilton Hallmark TEL: (206) 643·9992 Newark Electronics Boca Raton, Florida 33431 

Sa~ Lake City Hamilton Hallmark Madison TEL: (561) 994-0933 

TEL: (801) 266-2022 Seattle TEL: (608) 278-0177 FAX: 561 994-5518 

Newark Electronics TEL: (206) 882·7000 Milwaukee BRASIL 
Sa~ Lake City Newark Electronics TEL: (414) 453-9100 Graftec Brasil Ltda. 
TEL: (801) 261·5660 Bellevue Wyle Electronics Rua Baronesa de ltu, 

Wyle Electronics TEL: (206) 641-9800 Milwaukee 336 cj. 51/52 Sao Paulo - SP 

Draper (Telesales) Spokane TEL: (414) 879-0434 CEP: 01231-000 

TEL: (801) 523-2335 TEL: (509) 327-1935 Zeus, An Arrow Company 
TEL: 55·11·826-1666 

TEL: (708) 250-0500 
FAX: 55-11-826-6526 

TEL: (800) 52-HI-REL 

North American Authorized Distributors and Corporate Offices 
HamlHon Hallmark and Zeus ara the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 

Alliance Electronics 
(SAB Status) 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 

(800) 608-9494 
FAX: (602) 443 3898 

Allied Electronics 
7410 Pebble Dr. 
F!. Worth, TX 76118 
TEL: (800) 433-5700 

Anthem Canada 
300 North Rivarmede Rd. 
Concord, Ontario 
Canada L4K 3N6 
TEL: (416) 798-4884 
FAX: 416 798 4889 

• Field Application Assistance Available 

Arrow/Schweber 
Electronics 
25 Hub Dr. 
Malville, NY 11747 
TEL: (800) 777-2776 

Bell Mlcroproducts 
1941 Ringwood Avenue 
San Jose, CA 95131 
TEL: (408)451-9400 
FAX: (408)451-1600 

. EMClKant Electronics 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 
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Garber Electronlca 
128 Carnegie Row 
Norwood, MA 02062 
TEL: (617) 769-6000,x156 
FAX: 6177629931 

Hamilton Hallmark 
10950 W. Washington Blvd. 
Culvar City, CA 90230 
TEL: (800) 332-8638 

Newark Electronics 
4801 N. Ravanswood 
Chicago, IL 60640 
TEL: (312)784-5100 

(800) 367-3673 
FAX: 312 275-9596 

Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (800) 414-4144 
FAX: 801 226-0210 

Zeus Electronics, 
An Arrow Company 
2900 Westchester Avenue 
Purchase, NY 10577 
TEL: (800) 524-4735 

Obso/etelDiscontlnued 
Products: 

Rochester Electronics 
10 Malcom Hoyt Driva 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508462.9512 



European Sales Offices, Representatives and Authorized Distributors 

European Sales Independent Electronic AvnetEMG Hertmut Welte 

Headquarters Components • 79, Rue Pierre Semard • Traubenweg 7 

Harris Semiconductor Poppelskellet 2 P.B.90 o -88048 Friedrichshafen 

Mercure Center OK-2000 Frederiksberg F-92322 Chatillon Sous Bagneux TEL: 49 7544 72555 

Rue de la Fusee 100 TEL: 45 36451206 TEL: 33 1 4965 27 00 FAX: 49 7544 72559 

6-1130 Brussels, Belgium FAX: 45 36451205 FAX: 33 1 4965 25 39 Avnet/E2000 
TEL: 32 2 724 21 11 EASTERN COUNTRIES CCI Electronlque • Stahlgruberring, 12 
FAX: 32 2 724 22051 ... 09 GRADER Friedheim • 12, Allee de la Vierge 0- 81829 MOnchen 

AUSTRIA Richard-ReRzner-Allee 4 Sillc577 TEL: 49 89 4511001 

AvnetE2000 G-85540 Haar F - 94653 Rungis FAX: 49 89 45110129 

Waidhausenstrasse 19 TEL: 49 89 462 63110 TEL: 33141807000 EBV Elektronlk 

A - 1140 Vienna FAX: 49 8946263 149 FAX: 33 1 46 75 32 07 • Ammerthalstrasse 28 

TEL: 4319112847 Spoerle Electronic EBV Elektronlk 0-85551 Kirchheim-

FAX: 43 1 911 38 53 Charkovska 24 3 rue della Renaissance Helmstetten 

EBV Elektronlk CZ-l0l00 Praha 10 92184 Antony cedex TEL: 49 89 99 1'1 40 

• Oiefenbachgasse 35 Czechoslovakia TEL: (33) 1 40 96 30 00 FAX: 49 89 99 11 4422 

A - 1150 Vienna TEL: 42 2 731354 FAX: (33) 1 40 98 30 30 Indeg Industrle Elektronlk 

TEL: 4318941 774 FAX: 42 2 7313 55 SEII3D Emil Kommerfing Strasse 5 

FAX: 43 1 8941 775 Spoerle Elektronlc Z.I. des Glaises o -66954 Pirrnasens 

Spoerle Electronic ul. Domaniewska 41 618 Rue Ambroise Croizat Postfach 1563 

Heiligenstadterasse 50-52 PL-Q2672 Warszawa F - 91127 Palaiseau o -66924 Plrmasens 

A - 1190 Vienna Poland TEL: 33 1 64 47 29 29 TEL: 49 6331 51700 

TEL: 43 1 36046-0 TEL: 48 22 60 60 447 FAX: 33 1 64 47 00 84 FAX: 49 633194064 

FAX: 43 1 36922 73 FAX: 48 22 60 60 348 GERMANY Sesco Semiconductor GmbH 

BELGIUM FINLAND Harris Semiconductor • Hermann-Oberth Strasse 16 

ACAL Arrow Field OY • Richard-ReRzner-Allee 4 o -85640 Putzbrunn 

Lozenberg 4 Niitly1antle 5 0-85540 Haar TEL: 49 89 4611-0 

B - 1932 Zaventem FIN-00620 Helsinki TEL: 49 89 462 63 0 FAX: 49 89 46 11-270 

TEL: 32 2 720 59 B3 TEL: 358 9 777 571 FAX: 49 89 462 63133 Spoerle Electronic 

FAX: 32 2 725 10 14 FAX: 358 9 798 853 Harris Semiconductor • Max-Planck Strasse 1-3 

EBV Spoerle Electronic Avnet Nortec OY Kieler Strasse 55-59 o -63303 Orelelch-bel-

• Keiberg II Italahdenkatu, 18 0-25451 Quickbom Frankfurt 

Mlnervastraat, 14182 FIN-00210 Helsinki TEL: 49 4106 50 02-04 TEL: 49 6103 304-8 

B-1930 Zaventem TEL: 358 9 61 31 81 FAX: 49 4106 6 88 50 FAX: 49 6103 3044 55 

TEL: 32 2 725 46 60 FAX: 358 969 22 32 6 Harris Semiconductor GREECE 

FAX: 32 2 725 4511 EBV Electronics Kolumbusstrasse 3511 EBV Electronlk 

EBV Elektronlk Pihatorma 1 A 0-71083 SindeHingen Anaxagora Street 1 

• Excelsiorfaan 35B SF - 02240 Espoo TEL: 49 7031 86940 GR-I7778 Travros (Athens) 

B - 1930 Zaventem TEL: 358 9 855 77 30 FAX: 497031 87 38 49 TEL: 30 13414300 

TEL: 32 2 716 0010 358 9 855 77 90 Ecker Mlchelstaclt FAX: 30 13414304 

FAX: 32 2 720 81 52 FAX: 358 9 855 04 50 In den Oorfwiesen 2A Semlcon 

DENMARK 
Harcomp Electronics OY Postfach 33 44 1 04 Aeolou Street 

Arrow-Exetec AIS 
Syvalahdentie 79 o -64720 Michelstadt GR -10564 Athens 

Mileparken 20E 
SF - 51200 Kengasniemi TEL: 49 6061 22 33 TEL: 30 1 32 53 626 

OK-274O Skovlunde 
TEL: 358 59 432031 FAX: 496061 50 39 FAX: 30 132 16063 

TEL: 45 4492 7000 
FAX: 358 59 432367 Erwin W. Hildebrandt ISRAEL 

FAX: 45 4492 6020 FRANCE Nieresch 32 Aviv Electronics 

Avnet Nortec AIS Harris Semlconducteurs o -48301 Nottuln-Oarup Hayelzira Street, 4 Ind. Zone 

Transforrnervej, 17 • 2-4, Avenue de l'Europe TEL: 49 2502 2300 30 IS - 43651 Ra'anana 

OK - 2730 Herlev F - 78941 Velizy Cedex FAX: 49 2502 2300 18 PO Box 2433 

TEL: 45 4488 0800 lEL: 33 1 34 65 40 80 (Oisly) FINK Handelsvertretung IS - 43100 Ra'anana 

FAX: 45 4488 0888 1EL: 331 34 65 40 00 (Sales) Laurinweg, 1 TEL: 9729748 3232 

EBV Elektronlk 
FAX: 331 39 46 40 54 (Sales, Anan) 0-85521 Ottobrunn FAX: 9729741 6510 

Ved Lunden 9 
FAX: 33 1,34 65 09 78 (sales) TEL: 49 89 609 7004 ITALY 

OK - 8230 Abyhoj Arrow Electronlque FAX: 49 B9 609 8170 Harris Semiconductor 

TEL: 45 86 25 04 66 73 -79, Rue des Solets Hans Flogel • Vlale Fulvio Testi, 126 

FAX: 45 8625 06 60 SlIic585 Kielerstrasse 31b 1-20092 Cinlsello Balsamo, 

EBV Elecktronlk 
F - 94663 Rungis Cedex 0-25451 Qulckbom (Milan) 

Gladsaxevej 370 
TEL: 33 1 49 78 49 78 TEL: 49 4106 50502 07 TEL: 39 2 262 22 21 31 (Italy) 

OK - 2860 Soborg 
FAX: 33 1 49 78 06 99 FAX: 49 4106 68850 TEL: 39 2 262 07 61 (Rose) 

TEL: 45 3969 0511 
FAX: 39 2 262 22 158 (Rose) 

FAX: 4539 69 05 04 m HARRIS 
SEMICONDUCTOR 

• Field Application Assistance Available 
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European Sales Offices, Representatives and Authorized Distributors (Continued) 

AvnetEMG Avnet Nortec AIS EBV Elektronlk Stuert Electronics 
Centro Direzionale Box 123 Derbyvagen 20 Phoenix House 
Via Novara, 570 N - 1364 Hvalstad $ - 21235 Malmo Bothwell Road 
1- 20153 Milano TEL: 47 66 84 6210 TEL: 46 40 59 21 00 Castlehlll, Carluke 
TEL: 39 2 38 1901 FAX: 47 66 84 65 45 FAX: 46 40 59 21 01 Lanarkshire ML8 5UF 
FAX: 39 2 38 00 29 88 PORTUGAL SWITZERLAND TEL: 441555 751572 

Claltron Amltron-Arrow Avnet E2000 FAX: 44 1555 750028 

Via Enrico Fermi, 8 OuintaGrande, Lote 20 Boehirainstrasse 11 Arrow Jermyn 
I - 20090 Assago (MI) Alfraglde CH - 8801 Thalwil St Martins Business Centre 
TEL: 39 2 457 841 P - 2700 Amadora TEL: 4117221330 Cambridge Road 
FAX: 39 2 488 02 75 TEL: 351.1.4714806 FAX: 4117221340 Bedford MK42 OLF 

EBV Elektronlk FAX: 351.1.4710802 Baslx TEL: 44 1234270027 

• Via C. Frova, 34 SOUTH AFRICA Hardlurmstrasse 181 FAX:441234214674 

I - 20092 Cinisello Balsamo Allied Electronic CH - 8010 ZOrich Avnet Access 
TEL: 39 2 660 96 290 Components TEL:4112761111 Jubilee House 
FAX: 39 2 660 17020 10, Skieliood Street FAX: 41 1 2761234 Jubilee Road, Letchworth 

FG Mlcrodeslgn Isando, Ext. 3, 1600 EBV Elektronlk Hertfordshire SG6 10H 

Via A. Simoni 5 P.O. Box 69 • Vorstadlstrasse, 37 TEL: 44 1462 480888 

1-4001 Anzola DaIl'Emilia lsando, 1600 CH - 8953 Dietikon FAX: 44 1462488567 

TEL: 39 51 73 20 95 Transvaal TEL: 41 1 7456161 EBV Elektronlk 
FAX: 39 51 73 24 91 TEL: 27 11 392 38041 . .. 19 FAX: 41 1 741 51 10 EBV House 

Lasl Elettronlce FAX: 27 11 9749625 Guldlcl Mauro 0& T GmbH 7 Frascatl Way, Maidenhead 

Viale Fulvio Testi 280 FAX: 27 11 9749683 
Florastr34 Berkshire SL6 4UY 

1- 20126 Milano SPAIN CH-8610 Uster TEL: 441628 783 688 

TEL: 39 2 661 431 Elcos TEL: 41 1 9943290 FAX: 44 1628783 811 

FAX: 39 2 66101385 clAvda Europa, 30 1 B-A FAX: 41 1 9943291 Electronic Services 

Sliverster CELDIS sf> 28224 Pozuelo de Spoerle Electronic Edinburgh Way., Harlow 

Viale Fulvio Testi 280 AlarconIMadrid Cherstrasse 4 Essex CM20 2DF 

1- 20126 Milano TEL: 34 1 352 3052 CH-81520pfikon-Glatlbrugg TEL: 44 1279626777 

TEL: 39 2 661 251 FAX: 34 1 352 1147 TEL: 4118746262 FAX: 441279 441687 

FAX: 39266101359 Amltron·Arrow FAX:4118746200 Farnell Components 

NETHERLANDS Albasanz, 75 
TURKEY 

Sales, Mktg & Admin Center 

Acel SP - 28037 Madrid EBV Electronlk 
Canal Road, Armley 

• Beatrix de Rijkwag, 8 TEL: 34 1 304 30 40 
Bayer Cad. Gulbahar Sok No 17 

Leeds LS12 2TU 

FAX:34 1 327 24 72 TEL: 441132 790101 NL - 5657 EG Eindhoven Perdemsac Plaza 0:131-132 FAX: 441132 311706 TEL: 31 40 250 2602 EBV Elektronlk TK-81 090 KazyatagVlstanbul 
FAX: 31 40251 0255 • Centro Empresarial Euronova TEL: 90 216 463 1352/3 IEC Mlcromark Electronics 

EBV Elektronlk Ronda de Poniente, FAX: 90 216 463 1355 Boyn Valley Road 

• Planetenbaan, 2 4 Ala Derecha EMPA 
Maidenhead 

NL - 3606 AK Maarssenbroek 1 A Planta, Officina A 
Besyol Londra AsfaRI 

Berkshire SL6 4DT 

TEL: 31 346 58 30 10 SP - 28760 Tres Cantos 
TK - 34630 Sefakoyllstanbul 

TEL: 44 162876176 

FAX: 31 346 5830 25 Madrid 
TEL: 90 212 599 3050 

FAX: 441628783799 

Spoerle Electronic 
TEL: 34 1 8 04 32 56 

FAX: 90 212 599 3059 Hollybank 

• CoRbaan 17 
FAX: 341 80441 03 13 Burn Bridge Oval 

NL - 3439 NG Nieuwegein SWEDEN 
UNITED KINGDOM Burn Bridge, Harrogate 

Harris Semiconductor 
(Utrecht) Harris Semiconductor • Riverside Way 

North Yorkshire, HG3 lLR 

TEL: 31306091234 Centralvagen,12 TEL: 44 423 871553 
Watchmoor Park 

FAX: 31 306035924 S -17144 Solna 
Camberley Harris Semiconductor 

Spoerle Electronic TEL: 46 8 270 660 
Surrey GU15 3YO Chip Distributors 

Postbus 7139 FAX: 46 8270 656 
TEL: 44 1276686886 Die Technology 

De Run 1120 ArrowTH:s FAX: 441276 682 323 Corbrook Rd., Chadderton 

NL - 5605 JC Eindhoven Box 3027 
Laser Electronics Ltd. 

Lancashire OL9 9SD 

TEL: 31 40 230 99 99 Arrendavagen 36 Ballynamoney 
TEL: 441616263827 

FAX: 31 402535540 S - 16303 Spanga Greenore 
FAX: 44 161 6274321 

NORWAY 
TEL: 46 8 36 29 70 

Co. Louth,lreland 
TWX: 668570 

Arrow-Tahonic 
FAX: 46 8 761 3065 

TEL: 353 4273165 Rood Technology 

Sagveien 17 Avnet Nortec AB FAX: 353 4273518 Test House Mill Lane, Alton 

P.O. Box 4554, Torshov Englundavagen 7 
Complementary Technologies 

Hampshire GU34 20G 

N-04040slo P.O. Box 1830 
Comtech House 

TEL: 441420 88022 

TEL: 4722 37 84 40 S - 171 27 Solna 
28 Manchester Road 

FAX: 44 1420 87259 

FAX: 4722 37 07 20 TEL: 46 8 629 1400 
Westhoughton 

TWX: 21137 
FAX: 46 8 627 0280 

BoHon 
Lanes, BL5 3QJ 
TEL: 44 1942 851 800 
FAX: 44 1942 851 808 

• Field Application Assistance Available 
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Asian Pacific Sales Offices, Representatives and Authorized Distributors 

AUSTRALIA Array Electronics Limited JAPAN Mltaulwa Sholl Co., Ltd. 

Avnet VSI EIec1ranIcs Ply Ltd. 241F Wyler Centre, Phase 2 Harris K.K. Namikibashi Bldg. 

UnH C 6-8 Lyen Park Road 200 Tal Un Pal Road • Kojlmachi-Nakata Bldg. 4F 3-15-8 Shibuya 

North Ryde NSW 2113 KwaiChung 5-3-5 Kojimachi Shibuya-Ku, Toyko 150 

TEL: (612) 878-1299 New Territories, Hong Kong Chiycda·ku, Tokyc, 102 Japan TEL: 81 3-3407-2181 

FAX: (612) 878-1266 TEL: (852) 2418-3700 TEL: (81) 3-3265-7571 FAX: 81 3-3407-1472 

BBS Electronics Australle 
FAX: (852) 2481-5872 FAX: (81) 3-3265-7575 NISBel Electronics Ltd. 

UnH 24, 5-7 AneUa Avenue, Inch cepe Industrial Hakuto Co., Ltd. HHachi Atago Bldg. 

Castle Hill, NSW, 2154 101F, Tower 2, Metroplaza 1-1-13 Shinjuku Shinjuku-ku 2-15-12 Nishi-Shimbashi 

PO Box 6686 223 Hing Fong Road, Tokyc 160 Minato-Ku, Tokyo 105 

Baulkham Hills, NSW, 2153 KwaiFong TEL: 81-3-3355-7615 TEL: 81 3-3504-7921 

TEL: 612·8945244 New TerrHories, Hong Kong FAX: 81-3-3355-7680 FAX: 813-3504-7900 

FAX:612-8945266 TEL: 852-2410-6555 
Jeplco Corp. KOREA 

FAX: 852-2401-2497 
CHINAlHONG KONG Shinjuku Dalichi Seimei Bldg. Harris Semiconductor YH 

HarriS Semiconductor INDIA 2-7-1, Nlshl-Shlnjuku • RM#419-1 

China Ltd Intersll Private Limited Shinjuku-ku, Tokyc 163 Korea Air Terminal Bldg. 

• Room 3005 88 Tong Ren Road Plot 54, SEEPZ TEL: 81 3-3348-0611 159-6, Sam Sung-Dong, 

Shanghai, 20040 China Marol Industrial Area FAX: 81 3-3348-0623 Kang Nam·ku, Seoul 

TEL: 86-21·6247-7923 Andheri (E) Bombay 400 096 Macnlca Inc. 135-728, Korea 

FAX: 86-21-6247-7926 TEL: (91) 22-832-3097 Hakusan High Tech Park TEL: 82-2-551-0931 

Harris Semiconductor 
FAX: (91) 22-836-6682 1-22-2, Hakusan FAX: 82-2-551-0930 

China Ltd. Graftec Elec Midori-ku, Yokohama-srn, H.B. Corporation 

• UnH 1801-2, 18th Floor 49J.C. Road Kanagawa 226 Rm#1409, 

83 Austin Road Bangalore 560002 TEL: 81 45-939-6116 Seocho World Officetel, 

Tslmshatsul, Kowloon TEL: (91) 802233346 FAX: 81 45-939-6117 1355-3, Seocho-Dong, 

TEL: (852) 2723-6339 FAX: (91) 80 222 6490 Micron, Inc. Seocho-Ku, Seoul 137-020 

FAX: (852) 2724-4369 Graftec India DJK Kouenji Bldg. 5F TEL: 82-2-3472-3450 

Edal Electronics Co., Ltd. No 143 Lakshmi Building 4-26-16, Kouenjl-Minami FAX: 82-2-3472-3458 

Room 911-913, Chevalier R.V. Road, V.V. Puram Suginami-Ku, Tokyc 166 Graftec Korea 

Commercial Centre, Bangalore 560004 TEL: 81-3-3317-9911 Room #611, Yongsan 

8, Wang Hoi Road, Karnataka FAX: 81-3-3317-9917 Electronic Offetel, 16-548 

Kowloon Bay, Kowloon TEL: (91) 80-6611095 Okura Electronics Co., Ltd. 3-Ga Hankang-Ro, 

TEL: (852) 2305-3863 FAX: (91) 80-222 6490 Okura Shoji Bldg. Youngsan-Gu, Seoul 

FAX: (852) 2759-8225 BBS EIecIronIcs (India) Pvt Ltd 2-3-6, Glnza Chuo-ku, TEL: 822-715-8857 

Golden Way Electronics 309 Richmond Tower Tokye 104 FAX: 822-715-8859 

(HI<) Ltd. No 12, Richmond Road TEL: 81 3-3564-6822 Inhwa Company, Ltd. 

Unit 11 , 331F Bangalore 560025 FAX: 81 3-3564-6870 Room #305, Daegyo Bldg., 56-4, 

Wharf Cable Towers TEL: (91) 80-221-7912 Takachlho Wonhyoro 3GA, 

9 Hoi Shing Road, FAX: (91) 80-227 8043 2·8, 1 Chrome, Yotsuya Young San-Ku, Seoul 140-113 

N.T. Hong Kong S M Creative Electronics Ltd Shinjuki-Ku, Tokyc TEL: 822-703-7231 

TEL: (852) 2499-3109 10 Electronic City 160 Japan FAX: 822-703-8711 

FAX: (852) 2417-0961 Sector 18, Gurgaon 122015 TEL: 813-3355-6695 Kumoh Electric Co., Ltd. 

Lucss Trading Haryana FAX: 81 3-3357-5071 203-1, Yoldo-Dong, 

UnitA,8F TEL: 91124 342 1371237/1551 Takuml Sholl Co Young Duing Po-Ku, Seoul 

88 Hung To Road, Kwun Tong FAX: 91124236 or 3 Maruzen Bid, 6F TEL: 822-782-9393 

Kowloon, Hong Kong 91 11 622 8474 6-16-6 Nishi Shinjuku, FAX: 822-782-9388 

TEL: 852-3044023 INDONESIA Shlnjuku·Ku, Tokyc 160 Segyung Techcell Co., Ltd. 
FAX: 852-3040065 P.T. Sillcontema Jaya TEL: 813-3343-9605 Dansan Nonhyun Bldg., 270-45 

Means Come Ltd. Jalan A.M. Sangaji No 15 B4 FAX: 813-3343-9624 Nonhyun-Dong, 

Room 1007, Harbour Centre Jakarta Pusal AUTOMOTIVE REP/DISTRI 
Kangnam-Ku, Seoul 135-010 

8 Hok Cheung Street TEL: (62) 21-3454050 Contlnentel Far East Inc. 
TEL: 822-515-7477 

Hung Hom, Kowloon FAX: (62) 21-345 4427 3·1-5 Azabudai 
FAX: 822-515-8889 

TEL: (852) 2334-8188 SELC Sumber Elektronlc Mlnaloki, Tokye 106 MALAYSIA 
FAX: (852) 2334-8649 JL Jend A Yanl #298, TEL: 81-3-3584·0339 BBS Electronics (M) Sdn Bhd 

Sunnlce Electronics Co_, Ltd. Bandung 40271 FAX: 81-3-3588-0930 Lot 2-01, Wisma Denko 

Flat F, 5IF, Everest Ind. Cir. TEL: (62) 22-706-056 41, Lorong Adu Siti 

396 Kwun Tong Road FAX: (62) 22-703-622 10400 Penang 

Kowloon TEL: (604) 228 0433 

TEL: (852) 2790-8073 FAX: (604) 228 1710 

FAX: (852) 2763·5477 

HARRIS 
SEMICONDUCTOR 

• Field Application Assistance Available 
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Asian Pacific Sales Offices, Representatives and Authorized Distributors (Continued) 

NEW ZEALAND 
Arrow Components (NZ) 
Limited 
19 Pretoria Street 
POBox 31186 
Lower Hut 
TEL: (64) 4570 2260 
FAX: (64) 4 566 2111 

PHILIPPINES 
Uraco Technologies 
Philippines Inc. 
Unit 12A1310 ProjectJ.P. Rizal 
St. Project 4 
Quezon City, 1109 
TEL: (632) 922 2250 
FAX: (632) 922 8709 

SINGAPORE 
HarrIs SemIconduclDr Pte Ltd. 

• #1. Tannery Road 09-01 
Cencon 1, Singapore 34n19 
TEL: 65-748·4200 
FAX: 65-748-0400 

BBS Electronics Pte, Ltd. 
1 Genting Unk 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 748-8466 

TAIWAN 
Harris Semiconductor 

• Room 823, N. 144, Sec. 3 
Mlng Chuan East Road 
Taipei 10464, Taiwan, R.O.C. 
TEL: (886) 2-716-9310 
FAX: (886) 2-715-3029 

Applied Component Tech. 
Corp. 
8F No. 233-1, Pao-Chla Road 
Hsln Tien City, Taipei Hsien, 
Taiwan, R.O.C. 
TEL: (886) 2 9170858 
FAX: (886) 2 9171895 

Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: (886) 2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. 
Rd. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 

THAILAND 
Electronics Source Co., Ltd. 
138 Banmoh Rd. 
Pranakorn, Bangkok 10200 
TEL: 66-2-2264145 
FAX: 66-2-2254985 

Have you tried Harris' AnswerFAX 24-Hour On-Demand Product Information Service? 
(407) 724-7800 

GIVE us A CALL ... Harris' toll-free number is 1-80D-4-HARRIS (1-800-442-7747). You can request literature, 
get information on sales locations, or be connected to our Central Applications Group. 

SEE US ON THE NET ... Harris' home page is http://www.semi.harris.com or E-mail our Central Applications 
Group at centapp@harris.com for Technical Assistance. You'll find product information, design software, 

information on what's new and much, much more. There are over 1,000 documents (datasheets, application 
notes, etc.) loaded with an easy-to-use search engine. 

For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 

• Field Application Assistance Available 

Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 

Melbourne, FL 32902 
TEL: 1-800-442-7747 FAX: 407-724-7240 
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