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FUNCTIONAL INDEX

Data Communication Products

Part Max Power -
Number Name Description Baud Rate Supplies | Package | Page |
COM 1883A | MIL-STD- MIL-8TD-1883A Manchester Interface ) : 40 DIP/
1853A Controller 1 MB +85 448MT 39-40
Controller
COM 18538 | MIL-STD- MIL-8TD-1853B Manchester Interface . 40 DIP/
15538 Bus Controller/Remote Terminal 1MB +8; ~8, +18 248MT 41-56
Controller
COM 1671 ABTRO Asynehronous/Synchronous -
Transmitter/Receiver, Full Duplex, 5-8 1 MB J+8,~5, +13] 40DIP 5768
date bit, 1X or 32X clock : ool i »
COM 1863~ | UART ‘Umvarsa.l.ésynchmnouaneoeivsrl ] e
g ‘-1 Transmitter Pull Duplex, 8-8 databit,. . |1 B25KE
1, 1%,3amphmenhanoeddiswrt10n LR P
o ma.rgin
COM 2651 | USART/PCI: = | Universal Synmrunous/Asynchrononaﬁ R
| Receiver/Transmitter, Programmable . . o0y gy
+0)-Communication Interface, Internal s RS
L : ...} Baud Rate Generator 1X, 16X,64Xc100k
COM 2661-1"| USART/EPCI 'Umveraal Synchmnous/Asynchmnous : &
SR - : ’ 'Recei%rfﬁ'ammmnmgr&mmable Sy
e B .‘ -Commuma&‘&immt@rrace, Internal s
i ' Baud Rate 1 16X, 84X 1
COM B8ORS | Multi-Px
COM B2C50 | TWINAX i mnﬁm:ummmsxsm
PR R, )| 34,36, 38 d
e . "Sﬁaanamrﬁ*onmem
COM7R10: " ['GPIBL i 4;-\mmmgammm
o Interface for GPIE ’IE‘ER 3 1&78
COM 78808 | T | 6 UARTS, 8 Bavd B
coM 78cso8 |
COM 780804 |-Q)
0OM 780802 DUALvAM
S (DUART )
COM 8004 BR Bt GB:G
o -Generator/
‘ : Che]
COM 8017 ~ | UAR

COMBOIB

[consiciy




W Data Communication Products coxr
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Part Power
Number Description Features Supplies | Package | Page |
COM 8116 Dual Baud Rate Generator Single + B volt version of COM 5016 +5 18 DIP | R77-278
COM 8116T» Dual Baud Rate Generator Single -+ 8 volt version of COM 5016T +5 18 DIP | 877-R78
COM 8126 Single Baud Rate Generator Single + 8 volt version of COM 5026 +B - 14 DIP : R79-286
COM 81261 Single Baud Rate Generator Single + 8 volt version of COM 5026T +5 14 DIP | 279-886
COM 8136 Dual Baud Rate Generator Single + 8 volt version of COM 8036 +5 18 DIP | _77-278
COM 8136T<> Dual Baud Rate Generator Bingle +5 volt version of COM 5036T +5 18 DIP | 277-278
| COM 8146 8ingle Baud Rate Generator Single + 8 volt version of COM 5046 +5 14 DIP | 279-2868
COM 8146Tw Single Baud Rate Generator Single + B volt version of COM 5048T +5 14 DIP | 279-286
COM 8156 Dual Baud Rate Generator High-frequency clock input version of
COM 8116 with additional outputs of +5 18 DIP | 287-290
input frequency + and + 8
COM 8186T«» Dual Baud Rate Generator ggﬁxénlaélsclock input version.of +5 18DIP. | 287-200
COM 81C66= Tﬁnérf@l_gglg_go;mmr CMOS8 User Programmable Clock and Timer +5 16 DIP | 291-292
COM 81C66T@ | Timer/Clock Generator External Frequency Input version R
Y of COM 8166T +5 18DIP | 291-202
COM 81C67® Timer/Clock Gensgrator (MOS8 User Programmapble Clock and Timer.
Built-in XTAL ogcillator, 2 timers +8 8DIP | A91-R0%
COM 81C68® Timer/Clock Generator TTL Clock Driver Version of the COM81C67
with 5 timers +5 8DIP | 291-292
(UMay be custom mask programmed (®For future release
it R il (]
WW Display Products
TIMING CONTROLLERS
Part Display Max Power
Number Description Features Format Clock Supplies | Package | Page |
CRT 5037 Programmable 4AMHz +5,+12 | 40DIP | R95-296
CRT 5037 mee 8(111 of t?rf) ” | Balanced beam interlace | Programmable 4MHz +5,+12 | 40DIP | 295-296
CRT 5047 and control 1or [ piveq format 80 column
interlaced and non- 4MHZ +5,+12 | 40DIP | R297-298
interlaced CRT display R4 row !
CRT 5057 Line-lock Programmable 4MHz +5, 412 | 40DIP | 295-208
CRT 7R304, | Graphics Displ: Intelligent graphics 1024 x 1024 Pixel 6,7,8 "
1,°% | Gontroler | aisplay ontrotter MHz +6 | 40DIP |R99-33%
CRT 9007A24 CRT video processor | Sequential or row- Programmable |AR-6.5 MHz
Al,A,B,C [andcontroller table driven memory A1-B.0MHz
programmable DMA A-37 MHz +5 40DIP | 385-356
B-3.33 MHz
C-2.8 MHz
CRT97C11 | 3rd generation CRT Control of window size | Up to 18K pixels
controller which and posgition, window | vertical and 1KxN
allows manipulation |attributes, prog cursor, | (N = display TBD +85 68 PLOGC | 433-458
of independent win- | max of 1237 windows, memory width) in
dow areag on screen - | DRAM refresh horizontal pixels
TERMINAL LOGIC CONTROLLERS
Part Display . Max | Power
Number Description Features Format Attributes | Clock |Supply | Package| Page |
CRT 9028/ ) Mask pro- Thgged attri- | 14MHz
9128® %reémmable, butes: reverse
x8 charac- | video, blank,
CGomplete CRT video ter font, 8x12 | blink, under- 369-384
progessor and control- character cell. | line, intensity
ler Digplay and attri- | Separate display and wide/thin
bute control for memory eliminates graphics.
CRT 9053/ | grapaion ssepian o | sorens stams soo ™ [Mask pro- | Embeddedor [16.7MHz| +6 | 40DIP
9183m b p; . nd | rammable, |tagged attri-
;ypes of processor on-board clock, and » )
interface signals video shift register | (X1l charac- | butes: reverse
differentiate the ter font, 9x13 | videp, blank, 401-418
two parts. character cell. | blink, under-
line, intensity
and wide/thin
graphics.

(OMay be custom mask programmed



Display Products cowr.

TERMINAL LOGIC CONTROLLERS CONT.
Part o o Display Max | Power
Number - Description Features Format Attributes | Clo¢k |Supply | Package| Page |
CRTO2C07 | Complete timing and | Double speed Regigter pro- | Tagged, ’ i :
' attributes controller. | architecture and grammable, |embedded or
Uses external charac- | separate display maximum parallel attri-
ter generator.’ mermory bus elimi- | 18x16 butes: reverss :
i nates memory con- | character video,blank, | 42 MHz +5 84 PLCC | 417-420
tention. Multiple cell. blink, under-
smooth scroll line, DH/DW,
regions on screen. protected
. fleld, intensity.
VDAC™ DISPLAY CONTROLLERS
Part Max Power :
Number Description Display Attributes Clock |Supplies| Package e
CRT 8002H Provides complete 7x11 dot matrix, Reverse video 25 MHz 325-326
. ~ 1 display and eir.;oori- vtgide grapllgics, g%a:lka%:
) butes control for in graphices, "
CBT 80040 alpha.h?ugeric and on-chip eursor unr?gnt;lle R0 MHz . BRB-BR4
graphic display strike-thru
Consists of 7 x 11 x 128 +5 A8 DIP
CRT 800RB™® | oharacter generator, 156 MHz 323-324
video shift register
latches, graphics and
CRT 800R0x-> | attributes circuits, 10 MHz 333-324
(M\May be custom mask programmed ®Als0 available as CRT8002A, B, C-001 Katakana
CRT800RA, B, C-003,-018 5 x 7 dot matrix
VIDEO ATTRIBUTES CONTROLLERS
Part ' : .~ Max Power
Number Description Display Attributes Clock Supply | Package | Page |
CRT 8021 . Pmévidss g?tribut-es Alphanumeric, wid;i Bf::}x;sg vi’;&?o,
o and graphics control | graphics, thin graphics,] blank, bl .
for CRT video on-chip cursor underline, 20 MHz +5. | R8DIP |3R7-328
displays strike-thru
CRT9021B Prgvides 1a{?;rﬂmt;es . Alphginumerio, Widl?a Reversg w{inc%ceo, :
. and graphics contro graphics, thin graphics,| blank, bli X
for CRT video on-chip cursor, double | underline, 8.5 MHz +5 ]8DIP |357-368
: displays height double width | intensity
CRT 90414, B,C | Provides attributes and | Alphanumeric, wide | Reversevideo,
graphics control for CRT | and thin graphics, 4 blink, blank, A-33 MHz E )
video displays. Full curgor modes, double | underline, 4 B-30 MHz +5 40DIP |[385-400
VT100® and VTRR0® height/width, 12 bit intensity levels |C-28.5 MHz 1
compatible shift register
ROW BUFFER
Number Description Row Length Power Supply ?nckag_e___d Page
CRT9008-83_| g it wide serial cascadable single row 83 characters
CRT9006-135 | buffer memory for CRT or printer 135 characters +5 RaDIP 889-354
CRT 9212 8 bit wide serial cascadable double row 138 characters
L buffer memory for CRT or printer +8 R8DIP 421-426
CRT94Cl2 | 8Dbitwide serial, quad row buffer memory ‘1385 characters .
for CRT or printer +5 40 DIP 4R7-458

VT100@ and VTRR0® are registered trademarks of Digital Equipment Corp.



" Floppy Disk

Part Software Max. Recommended Data Power
Number Compatability Disk Data Transfer Rate| Separator | Supply |Package e
FDC 9268 IBM® PC/AT®, PC/XT, PS/2® 8500 Kb/sec 16 MHz Digital] +5V 40}%%’, 541-556
44 C
FDC 9266 IBM® PC/AT®, PC/XT, PS/2® 250 Kb/sec 8MHzDigital| +5YV | 40DIP, | 525-540
44 PLCC
FDC 765A, 765A-2, IBM® PC/AT®, PC/XT, PS/2® 500 Kb/sec external +B5V 40 DIP, | 455-470
7R65 44 PLCC
FDC 72065, 72C66 IBM® PC/AT®, PC/XT, PS/R® Up to 1 Mb/sec external +5V 40 I?LIGR 473-496
: 44 C
FDC 92081 IBM® PC/AT®, PC/XT, PS/2® Up to 1 Mb/sec Dual Gain +8V R4 DIP, | 557-564
Analog 28 PLCC
FDC 91C36/B, 92C36/B | IBM® PC/AT®, PC/XT, PS/2® 250/500 Kb/sec 16 MHz Digitall +85V 8 DIP | 497-500
FDC 92038/B IBM® PC/AT®, PC/XT, PS/2®| 250 /500/500/250 Kb/sec |16 MHz Digitall +5V | 14DIP | 518-516
FDC 92C39/B/BT/T IBM® PC/AT®, PC/XT, PS/2% | 250/800/500/250 Kb/sec |16 MHz Digital +5V 20 Dlgé B17-524
28 PL
FDC 9229T/BT IBM® PC/AT®, PC/XT, PS/2® 125/2580 Kb/gec 8 MHz Digital +8V é%gp%laé 508-512
FDC 9216/B IBM® PC/AT® PC/XT, PS/R® 125/250 Kb/gec 8 MHz Digital + 85V 8 DIP B501-504
FDC 9791, 9793,9795, | 179X 280 Kb/sec external +85V 40 DIP, | 565-566
97o% 44 PLCC
FDC 1791, 1793, 17985, | 179X 250 Kb/sec external |+5V,+12V| 40DIP, | 471-472
1797 44 PLC
Hard Disk
Max. Disk
Part Data Data Transfer| HardDisk |Power
Number Disk Format Enc Rate Data SeparatorSupply|Package e
MSD 95C00 | 8CSI RLL 2,7/ MFM/NRZ/GCR| 20 Mb/sec external +5V |68 PLCC | 881-692
MSD 95C02 | User Defined RLL 2,7/MFM/NRZ/GCR| 24 Mb/sec external +5V | 68 PLCC | 693-736
| MSD 7262 ESDI NRZ 18 Mb/sec external +5V | 40DIP | 677-680
HDC 9234 IBM® PC/AT®, ST-506 MFM, FM 5 Mb/sec external +BV 4?401?12(’1 B837-676
HDC 93C26 | ST-506 MFM, FM 5 Mb/sec Analog, +BV | 24 DIB, | 627-634
external VCO 28 PLCC
HDC 923 ST-808 MFM, FM 5 Mb/sec VCOQ only +8V | 14 DIP 585-588
HDC 9224 DEC VAX®, MICROVAX®, MFM, FM 5 Mb/gec external +5BV | 40DIP, | 589-624
ST-506 44 PLCC
HDC 9227 ST-506 MFM, FM 5 Mb/sec Analog, +5V | 28 DIP, | 635-636
external VCO 28 PLCC
HDC 9225 | ST-506 MEM, FM 5 Mb/sec external +5V | 48 DIP | 625-626
HDC 7261 NEC ST-B06 MFM, FM 12 Mb/sec external +58V | 40DIP | 583-884
HDC 7260 NEC ST-506 _ MFM, FM 6 Mb/sec external +8V | 40DIP | 579-583
HDC 1100-01,} BA1000, ST-506 NRZ, MFM, FM 5 Mb/sec external +8V | 20DIP | B69-578
-18, -03,-08
Part No. of Standard Fonts Power
Number Koys Modes Features Description Supplies Package Page
KR-9600 XX® 90 4 R or N Key -PRO Binary Sequential 40 DIP/
Rollover -8TD ASCIT +5 4a8MT | T3O-7BR
KR-9601 XX™ 20 4 2or N Key -8TD Binary Sequential
Rollover, -012® ASCII +5 40DIP/ | pug nes
caps-lock, 44 SMT
auto-repeat
KR-9602 XX 90 4 2 or N Key -STD Binary Sequential
Rollover, -01_® ASCII 28 DIP/
caps-lock, +8 28 SMT 739-762
auto-repeat,
serial output

SECTION |



" Microprocessor Products

- Numbex Description Size Process Speed Supplies l?aekaga L)
| MPUBOO Microprocessor. 8 Bit oMO8 RBMHz | BV 40 DIP 755-756
MPUSOO 1 Microprocessor 8 Bit ‘CMOS 1.0 MHz BV 40 DIP 758-766
MPUBDO4 Microprogessor. . 8 Bit, - CMO8 40MHz | BV 40DIP 788-756
MPUGlO,A RAM-T/O-Timer 8 Bit . CMOS 25 MHz BV ODIP | 7B7-758.
 MPUB10A-1 RAM-1/0-Timer .8 Bit -CMOS 1.0 MHg - BV 40DIP | 787-788
IEPUMOAA | RAM-DOTimer 8Bit CMO8 40MHz | LBV 40DIP 787-758
| MPUBEO ROM-1/0 8 Bit CMOS 2.5 MHz BV 40DIP . | 789-760
M&%, ROM:-1/0 8 Bit CMOS8 1.0 MHz BV 40 DIP 789-760
MPU830-4 - - |'ROM-IO 8Bit | - COMOS ' |- 40MHz BY - .40 DIP 769-760
_nggaazl i 0 " - 8 Bit CMOS | 2BMHz | BV . 40DIP. - | 759760 ]
1/0 8 Bit: CMOS 1.OMHz, BV 40 DIP 7B9-760
MPU881~4 10 8 Bit CMOS 4. OM‘Kz By 40 DIP 789-7680
IBM®, AT® and PS/R® are registered trademarks of the International Business Machines Corporation.
VAX® is a registered trademark of the Digital Equipment Corporation.
[} (]
Shift Register
i Number - Description Feature Clock Freq. | Supply | Package | ~Page |
BR 5015-80, 81, J.BSV m Static m B.e%llsgeggm é%%%am 1 MH.z B 18 DIP '}?65-‘764’
SR 8017 Quad 133 Bit Shift Left/Shift o e e g
8R 5018 Quad 81 Bit, Right, Recirculate L MHz o D 16 DIP 765-766
Controls

10
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SMC CROSS REFERENCE GUIDE-STORAGE IC’S

Desgrlptlon F;‘q‘r‘i # o NEC vg:&'}" Slemens Fujitsu
IBM® Compatible Floppy Disk Controlier f-‘DOmNE G wPD765A/B —_ - —
Hi-Speed Floppy Disk Controller . FDC768A2 |  nPD7B5A-2 — - -
Sony Microfloppy Disk Controller CUFDCT28s wPD7265 — — —
CMOS Floppy Disk Controller FDCT2085/B wPD72065/8 - - —
CMOS Sony Microfloppy Disk Controlier CUFDCT2C66 wPD72065 — — —
ESDI Disk Controller | MSD7RE2 . wPD7262 — — —
“ST-506 Winchester Disk Controller L HDC7261 ¢ wPD7261A — — -
ST-506 Winchester Disk Controller 'HDCT261B nPD7261B — — —
ST-506 Winchester/Floppy Disk Controller T HDO?%O i wPD7260 — — —
CMOS Floppy Disk Data Separator  FDCY2C36/B - FD9216/B - -
Floppy Disk Data Separator FMM‘]S[B j — FD9216/B — —
Floppy Disk Controiler ©UEDCoTOY, - FD1791-02 SAB-1791 MBB8876
Floppy Disk Controller i FBQS’I@G : 5 — FD1793-02 SAB-1793 mMB8877
Floppy Disk Controller . FDCO795 - FD1795-02 SAB-1795 —
Floppy Disk Controller ) :F0097§7\f O —_ FD1797-02 SAB-1797 —_
Floppy Disk Controller Ry 1FO¢1?91 o —_ FD1791-02 SAB-1791 MB8876
Floppy Disk Controller - FDC1793 — FD1793-02 SAB-1793 MB8877
Floppy Disk Controller et FDC1795 £ — FD1795-02 SAB-1795 —
Floppy Disk Controller - EDCTT97 — FD1797-02 SAB-1797 —
ST-506 Winchester Disk Controller - HD}CﬂOO—O‘I' —_ WD1100-01 — —
ST-506 Winchester Disk Controller HDC1100-12 — WD1100-12 — —
ST-506 Winchester Disk Controller HDC1100-03 —_ WD1100-03 — —_
ST-506 Winchester Disk Controller HDC1100-05 — WD1100-05 — —

1



SMC CROSS REFERENCE

Description ghe AMI AMD Fairchild oeneral Harris intel
UART (n-Channel)** COMS017. $6850* — F6850* AY 3-1013/15 HM6402* —
UART (n-Channel)** COMBB02 — — - AY 3-1013/15 HM6403* —
UART (n-Channel)* COM1863 . 51602 — — — — —
Octal UART COM78808 — — — — - —
ASTRO comers | — - ~ — - —
PCI comeest | — - ~ - - —
EPCI . CoM2661 - - - AY2661 — _
USART L /COMB251A — 8251 — — — 8251A
Multi-Protocc AR " F3846*
USYNRT COMB025 1. 56852 - F3856* - - -
b F68488* .
IEEE-488 com7210 — — ooreqae — — 8291/92
IBM 3270 _ _ _ _ _ _
COAX I/F Circuit
LAN Controller — — — — — —
IBM Twinax _ . _ _ _
Interface Controller -
Dual Baud Rate Gen. — — — AY5-8116/36 —_ —
Single Baud Rate Gen. | vvfgg%g?@’ﬁg‘ | — — F4702* AY5-8126 HDaroz! -
90 Key KB Encoder | KROBODIO1/02 — — — AY 5-3600* — —
CMOS Microprocessor | MPU800" . — - — — — —
CMOS RAM-I/O-Timer MPUBTOA — - - — - —
CMOS ROM-1/0 MPUB30 — — - — — —
CMOS Input/Output | MPUBst — — - — — —
Ethernet Controller 'COMBZSEG\‘, b — — — — — 82586
Ethernet Serial Interface | | COMB2050S — — — - — 82501
Ethernet Transceiver COM82C502 — — — — — 82502
Description g‘,ﬂ'& AMI AMD Fairchild roeneral Harris Intel
CRT Controller CRT5037 — — — — — 8275
Character Generator
Display Controller PRTW - - - - - -
Graphics Controller ggygg&/\ — — —_ — — 82720
Video Processor and :
Controller CRT9007 - - - - - -
Video Attributes Controller CRT9041 o — —_ — — —
Video Terminal Logic GRT9028/9128/ . | _ _ _ _ _ _
Controller :CRTH053/9153 .

*Functional equivalent.
**Most UART'S are interchangeable; consult the factory for detailed information on interchangeability.

12



GUIDE-DATA COMMUNICATIONS

Solid
: . . Texas Western
Motorola National NEC Signetics Sc?;:tt?f " DEC Instruments Digital
MC6850* NSC858* — — SCR1854* —_ TMS6011* TR1602
— — — — - — —_ TR1983*
— — — 2536* — — — TR1863
— - — — - 78808 — —
— INS1671 — — — — — UC1671
— INS2651 —_ 2651 — — — —
MC2661* —_ —_ 2661 — — —_ —
— INS8251 wPD8251A — — — — TR1983*
2652 6852* — 2652 SND5025 — —_ SD1933*
MC68B488* — wPD7210 — -— — TMS9914* WD9914*
_ DP8340/41* _ _ _ _ _ _
DP8344*
— — — — — — — WD2840*
— DP8344* — — — — — —
_ _ _ _ _ _ . WD1941
WD1943/5
MC14411* MM307* — —_ —_ — —_ —
—_— MM5740* —_ — — — TMS5001 —_
— NSC800 — — — — — —
—_ NSC810A — — — — — —
— NSC830 — — — — — —
— NSC831 — — — — — —
GUIDE-DISPLAY PRODUCTS
Solid
) Texas Western
Motorola National NEC Signetics Sc?gltt?f " DEC Instruments Digital
MC6845* DP8350* — —_ — -— TMS9927/37 —
_ _ UPD7220 _ _ _ _ _
UPD7220A
— — — SCN2674* — — —_ —
— - — SCN2675* — —_— — —_
— NS455* —_ — — — — —
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Innovation in Microelecironic
Technology is the Key to Growth at
Standard Microsystem:s.

Since its inception, Standard Microsystems has been a leader in creating
new technology for metal oxide semiconductor large scale integrated
(MOS/LSI) and very large scale infegrated (MOS/VLS!) circuits.

Standard Microsystems’ COPLAMOS® silicon gate n-channel process,
licensed to over 15 prominent semiconductor companies, is the de facto
standard for high speed, high density integrated circuits.

COPLAMOS® utilizes a self-aligned, field-doped, locally oxidized structure to
eliminate parasitic currents and shunt capacitance. This allows the tight
packing of circuitry essential for VLS|, yet with performance rivaling that of
bipolar technologies.

In addition, on-chip generation of substrate bias, also pioneered by Standard
Microsystems, when added to the COPLAMOS® technology, results in the
ability to design dense, high-speed, low-power n-channel MOS integrated
circuits through the use of one external power supply voltage.

=
=
—_
(]
)
w

Engineering, marketing and sales personnel occupy SMCe’s ,OOO square foot facility at
300 Kennedy Drive.

This 43,000 square foot building is the center of SMC®’s research and development and
wafer fabrication operations.

15



These innovations in both process and circuit technology have received
widespread industry recognition. In fact, many of the world’s most prominent
semiconductor companies have been granted patent and
patent/technology licenses covering various aspects of these technologies.
The companies include Texas Instruments, IBM, General Motors, ITT, Western
Electric, Hitachi, Fujitsu, National Semiconductor, Mitsubishi Electric, NEC,
AT&T, Data General, Oki Electric, Gould/AMI, Sprague Electric, Toshiba, NCR
and Intel.

Over the past few years, scientists and engineers at Standard Microsystems
have been developing a technology to significantly reduce the sheet
resistivity of the gate material used in MOS, dramatically decreasing internal
fime constants in MOS devices.

This technology replaces the polycrystalline silicon normally used in
n-channel MOS devices with an alternate materidl, titanium disilicide. This has
enabled Standard Microsystems to become the first semiconductor
manufacturer to market and sell MOS/VLSI circuits which employ a metal
silicide to replace the conventional doped polycrystdlline silicon layer.

Standard Microsystems has continued its technological leadership with the
introduction of new products utilizing an advanced low-power, high-speed
two micron n-well CMCOS process. With its 1.6 micron effective channel
lengths and its double layer metal option, this process is ideally suited for
standard products, standard cells and full custom designs. Another
processing option which incorporates analog capacitors on the device
allows for efficient, high-speed analog applications.

In CMOS circuitry, an obvious reliability concern is latch up. To avoid the
problem with the two micron n-well CMOS process, Standard Microsystems’
design, processing and quality engineers have worked together to create
layout and processing specifications which assure latch-up-free design in
accordance with the proposed JEDEC 7A specification.

State-of-the-art wafer stepper projects MOS/VLSI circuit patterns onto silicon wafers,
16



We've Established a Position as the
Industry Leader in Microperipherals
with a Steady String of Industry “Firsts”

Standard Microsystems Corporation has made significant contributions in
addressing the challenges inherently associated with connectivity: “That is
the creation of a path from one computer system to another, so that
information can be meaningfully exchanged between those systems.”

In local area networking (LANs), SMC® was the first to infroduce a single-chip
local area network controller. This device (the COM90O26) implements the
ARCNET® LAN protocol, and is now a de facto standard. This early
introduction has placed Standard Microsystems” ARCNET® products very
high on the price/performance curve. Over 500,000 ARCNET® nodes are
currently installed, giving this mature, reliable LAN close to a 50% market
share. Standard Microsystems continues o maintain its position as premier
supplier of ARCNET® LAN products. The revolutionary High Impedance
Transceiver (HIT™) infroduced in 1986, which enabled the implementation of a
new bus topology for ARCNET® , has achieved strong market acceptance.
But SMC® is far from resting on its laurels and is readying several new
products to further increase ARCNET® performance while reducing its cost.
These include: the COM9OC62 (which integrates the COM9OC26 LAN
Controller and the COM9@OC32 LAN Transceiver) and the ELANC
COM9OOC56 (Enhanced LAN controller that doubles the data bit rate and
offers, among other features, LAN Management and LAN Diagnostics).

As a result of the second source agreement recently signed with Intel Corp.,
SMC® will also be able to offer the chip set required to implement Ethernet™
Local Area Networks. The chip set will include the industry standard
COMB82586 LANC as well as the COM82C501 fransceiver and the
COMB82C502 serial interface chip. Standard Microsystems Corporation thus
becomes the only supplier of components for the two LAN

implementations with the largest installed market base.

i)

SMC® ‘s ARCNET® LAN supports a star fopology, bus topology or combination of both.
17
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Standard Microsystems Corporation is also at the forefront of the micro-to-
mainframe connectivity in an IBM® environment. No matter which IBM®
mainframe connection is considered, the IBM® 3270 or IBM® System/3X,
SMC® interface devices are the most cost-effective design approach
available in the market. SMC® was first to intfroduce 3270 COAX and 5250
TWINAX interface devices. The COM9064 and COMS52C50 are unique
single-chip solutions that enable PC, terminal and printer manufacturers to
provide communication links within the IBM® mainframe environment at
reasonable cost, ‘

Standard Microsystems Corporation, known worldwide for many industry
firsts in the field of UARTs, is continuing its tradition with the infroduction of two
new products that will definitely change the design implementation of
asynchronous data communications. The COMBS8I1C17, the only 20-pin CMOS
UART in the market, has a size which is overshadowed only by its speed. The
COMBICT7 features a 100K bits-per-second transfer rate-a far cry from the
usual 19.2 Kbits per second offered by most UARTs currently available.

However, it is our new family of multiple UARTs, designated COM78C80OX, that
will bring the asynchronous data communication market to new heights.
These VLS| devices, which integrate 2, 4 or 8 complete channel interfaces in
one chip, revolutionize the distribution of data communication.

In another areq, CRT display systems have fraditionally required a great deal
of support circuitry for the complex timing, refresh and control functions. This
need led the engineers at SMC® to develop the CRT5027 VTAC, the first CRT
controller to provide all of these functions on a single chip. A second
generation CRT controller, the CRT9O0O7 VPAC was then introduced, and
became an industry standard when it was designed intfo the DEC V1220
terminal. The CRT9OOY7 is the heart of a complete high performance CRT
controller family, which includes single, double and quad row buffers, and a
variety of video attribute controllers. Various elements of the VPAC family

L

SC®’s chip and board-level products offer definite space, cost and performance
@ advantages in a wide range of applications.
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can be selected to provide the optimal video control solution from low-end
to high-end systems.

For lower cost designs, a family of single-chip solutions exists which integrates
the entire timing, video and attribute control functions on a single VLSI circuit.
Two of the devices in this family are the CRT9028/9128 VTLC and the
CRT9053/9153 EVTLC which are mask programmable and, by also including
the character generator on the chip, provide the lowest cost solution. The
latest edition to this single-chip family is the CRT92CO7 ATLC (Advanced
Terminal Logic Controller) which is fully register programmable and supports
all the features of higher performance termindls, including the ability to
emulate the DEC VTIOO and VT220 environments. A complete terminal can
be built using these devices with just the inclusion of a RAM and
MiCroprocessor.

One of the most popular features appearing in PC and terminal display
interfaces is the capability of windowing. This feature is now supported by a
third generation CRT controller, the CRT97C11 VIEW (Video Engine for
Windows). This device is capable of generating up to 127 hardware windows
on screen and provides the ability to pan images behind windows in real
time. The overhead associated with the management of windows on-screen
is highly simplified when compared to software techniques.

Standard Microsystems Corporation has also spearheaded many
developments in the areas of disk controllers and data separators for both
Winchester and floppy disks. SMC® offers more industry standard floppy disk
ICs than any other source. These include the FDC765A controller, the CMOS
FDC72C65 and the FDC9216, FDC9229 and FDC9239 series of data
separators,

Only SMC® offers the licensed industry standard FDC765A and a patented
high resolution digital data separator in a single IC. Called FDC9268, this
single chip offers designers of personal home computers the lowest cost
floppy disk controller possible.

Extracting the actual stored data and clock signals from the distorted and
jittery signal provided by a disk drive, has historically required a trade off
between data integrity and the need to use additional off-chip analog
components which sometimes required production line adjustments.
However, SMC® ‘s advanced Digital Floppy Disk Data Separators with built-in
write precompensation (like the one in the FDC9268) assure reliable data
transfers to and from disk, even when reading and writing high density floppy
disk on different disk drives.

SMC® aiso offers the most advanced self-tuning Analog Floppy Disk Data
Separator for the ultimate in data integrity. The FDC92C81 CMOS Dual Gain
Analog Floppy Disk Data Separator adjusts its gain automatically when
attempting to lock to data, guaranteeing both optimail bit shift tolerance
and quick locking to data. This results in the greatest tolerance to bit shift in
the industry for IBM® PC/AT® compatible environments. These advances in
data separator technology should come as no surprise from the company
that invented the present-day digital data separator.

IBM® compatible hard disk controllers can be designed at a very low cost
using SMC® s HDC9234 Winchester Controller IC. Used with the HDC92C26
Hard Disk Data Separator and the HDC9223 VCO, the HDC9234 may be used
on the motherboard of an AT® or XT™ type personal computer or on a
separate controller card. Combined with the HDC9234, the FDC9268 Floppy
Disk Controller adds floppy disk and tape backup capability to the controller

card. .
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For space-conscious designs requiring a single controller for both
Winchester and floppy disks, the HDC9224 is ideal. When used with the
HDC9227, which performs data separation on data from both Winchester
and floppy disks, and with the HDC9223 VCO, the HDC9224 provides a
truly optimal multi-media controller for Winchester, floppy and tape drives.

An embedded SCSI (Small Computer System Interface) disk drive, that
sustains a continuous 20 M bits per second disk transfer rate

simultaneously across both the SCSI bus and the media, is possible when the
disk controller is SMC®’s MSD95CO2 and the SCSI bus controller is SMC®'s
MSD5COQ. Individual data busses for processor, disk, and SCSI

information allow 5 Mbyte per second SCSI bus fransfers to continue
uninterrupted by processor bus accesses. Zero latency reads, multiple sector
read look-ahead, fully programmable disk format and error correction on-
the-fly all contribute to saving disk revolutions and decreasing the disk
access time. The MSD95CO2 handles GCR formatted tape as well, and can
also be used in non-SCSI applications.

SMC®’s MSD95CO2 VLSI Storage Controller is built from a set of highly
advanced dedicated SuperCells™. Each SuperCel™ performs a specialized
function (e.g.. DMA, Microsequencer, disk encoder/decoder, microprocessor
interface, or error correction). By modifying a particular SuperCell™, or by
substituting a user defined cell, it is possible to build a peripheral controller for
specialized applications with minimum modification. This technique results in
an optimal solution for each application and offers the advantage of
allowing design engineers to build in special features necessary for product
differentiation.

Standard Microsystems’ long list of successes in the microperipheral area has,
in many cases, allowed us 1o satisfy specific customer requirements by
modifying our standard products offerings accordingly. As illustrated in our
modular design approach to the MSD95CO2, SMC® has gone a step beyond
the Standard Cell by defining and building Standard Products made up of
SuperCelis™. These SuperCells™, which are highly complex pieces of logic in
their own right, can provide the customer with a set of high level building
blocks which have been defined specifically for end-user applications.

SMC® ‘s CUSTOMATION™ standard cell library and ASIC development tools are compatible
with virtually all industry-standard workstations.
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These cells may be combined with other SuperCells™, or user defined logic,
resulting in fast turnaround, highly area efficient ASIC circuits. This approach
offers the customer system level tools to which he can relate. It is now
possible for Standard Microsystems Corporation to tailor our systems
expertise, acquired over years of designing and fabricating standard
microperipherals, fo the customer’s specific needs to add that additional
measure of assurance that the best possible solution is attained.

Improvements in Processing and
Manufacturing Keep Pace with
Advances in Semiconductors.

With the phenomenal growth of the electronics industry, processing
innovations are critical. But, if the products are to perform as designed, they
also have to be reliable.

At Standard Microsystems Corporation, we make every effort to ensure the
highest degree of quality and reliability in our products. Consequently, “state-
of-the-art” applies not only to our products, but to the manufacturing
processes as well.

Self-aligned, fully ion-implanted, short channel NMOS, p-well CMOS and
n-well CMOS technologies require the most modern wafer fabrication
equipment and facilities. Consequently, Standard Microsystems has
confinued to upgrade its wafer fabrication facility with the latest state-of-
the-art technologies. Requirements for better incoming raw material quality
confrol have necessitated the purchase of the latest KLA and Leitz
inspection systems. The correct tolerances are achieved with the use of Perkin
Elmer’s scanning projection printers, ASET’s 5X reduction steppers, and Tegal's

L

Latest computer-controlled furnaces automatically regulate several diffusion and oxidation
processes simultaneously.
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plasma etching systems. Improvements in the clean room atmosphere of
Standard Microsystems Corporation’s wafer fabrication facility and in the
gas distribution system have been achieved.

SMC® ‘s commitment to excellence is further demonstrated in the use of the
iatest Sentry, Gen Rad and Megatest test equipment. Our components tests
are derived from extensive logic simulations which ensure maximum fault
coverage on each circuit. These simulations are run on our variety of in-
house workstations as well as our VAX 11/785 computer cluster system. This
service capability allows us fo make full use of the technologies we develop.
We can produce any quantity of semiconductors customers require. What's
more, we can provide our customers with the fast delivery times that they
demand in today’s increasingly competitive environment.

Throughout its history, Standard Microsystems Corporation has been at the
forefront in the design, development and manufacturing of highly complex
infegrated circuits for the computer, microperipheral and data
communications fields. Breakthrough technologies such as those previously
outlined have certainly contributed to our success, but even more important
is our abllity to satisfy our customers.

Quality is our bottom line and the responsibility of each and every employee
at SMC® . We are constantly striving to make sure that our products’
performance meets your highest expectations. Our unprecedented growth
over the last decade is proof that we're doing the job.

With five modern buildings on Long Island alone, including state-of-the-art

design, test and wafer fabrication facilities, we have the people, resources
and dedication to fill your design needs quickly, at competitive prices and
with the highest degree of reliability.

Design the name Standard Microsystems Corporation into your next project.
Our leading edge could provide just the competitive edge you need when

he Ioser cutter in SMC®’s Special Analysis Laboratory helps isolate small sections of
complex circuitry for investigation.

SMC® and COPLAMOS® are registered tfrademarks of Standard Microsystems Corporation
ARCNET®is a registered trademark of the Darapoint Corporation.

I1BM® and AT® are registered trademarks of the International Business Machines Corporation.
XT™ is a frademark of the International Business Machines Corporation.

HIT™ and SuperCells™ are trademarks of Standard Microsystems Corporation.

ETHERNET™ is a trademark of Xerox Corporation.
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Your Semicustom Design Partner.

When your need is ASIC (application specific
integrated circuit), the right semicustom partner
is extremely important. The success of your
company’s program is dependent upon
selecting the ASIC vendor who can give you the
service, technology, flexibility and stability that
you need.

Standard Microsystems is that company.

Standard Microsystems has been designing
and building custom and semicustom
integrated circuits for major corporations
worldwide since 1971. Circuits designed by
Standard Microsystems are used all over the
world: in computers and computer peripheral
equipment, data communications,
felecommunications, over-the-air and cable TV
systems, business machines, avionics and a wide
range of consumer products.

Our experience has taught us that success in
the ASIC marketplace demands a strong
orientation towards advanced technology and,
just as important, quick cost-effective response
to our customers’ special needs.

As a company committed to serving the ASIC
marketplace, Standard Microsystems has all of
the essential resources: a top-flight staff,
state-of-the-art CAD, CAE and manufacturing
equipment as well as tried and proven
procedures and software. We can help you

define and specify all of your ASIC needs, then
design, fabricate, package, and test the circuits
which your company requires.

Our semicustom design system combines the
technological advantages of full custom with
rapid turnaround, low cost and virtually
guaranteed first-time success.

Our system, CUSTOMATION"' combines a large,
proven and versatile family of standard cells with
a powerful set of procedures and software that
we call STANSURE™.

Unlike gate array approaches, CUSTOMATION™
provides an optimized design with little waste,
and guaranteed performance. Yet
CUSTOMATION™ offers turnaround and ease of
design that rivals the best gate arrays. In
addition, CUSTOMATION™ combines digital and
analog building blocks with macrocells and
SuperCells™ for microprocessor, micro-peripheral
equipment, memory and other applications.

Standard Microsystems has been at the
forefront of semiconductor technology since our
inception. We pioneered the micro-peripheral
market with innovative standard products and
leading-edge custom products. We've also
developed and licensed many of the world’s
most advanced semiconductor process
technologies. CUSTOMATION™ epitomizes our
forward thinking and strong service orientation.
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The CUSTOMATION™
Design System.

SMC"’s Leading-edge ASIC
Technology and
Microperipheral SuperCells™
Combine to Make Your
Competitive-edge Circuits.

With CUSTOMATION," you can invent
the semicustom circuits you need
without reinventing the wheel.
Everything Standard Microsystems has
learned in over a decade of
developing innovative standard
products and high-performance
ASICs is at your disposal.
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Your Place or Ours.

The real beauty of our system is that it puts you
in total control of your design. You work at your
own pace—at your own facility, if you wish—
verifying logic through simulafion every step of
the way.

This hands-on involvement can help reduce
production costs, speed up turnaround and
virtually guarantee that first silicon is working
silicon.

Standard Microsystems will provide everything
you need to perform the entire design function,
including a turnkey workstation complete with
our cell liorary and “industry-standard” software,
formal classroom fraining on how to use the
CUSTOMATION™ design system and ongoing
technical support.

Once you are totally satisfied with your design,
we will then use your netlist database for
automatic placement and routing, carrying the
process through masks, wafers and prototypes.

Cr, if you prefer, we can do the full job,
handling everything for you from start to finish. At
your request, we can do the job at Standard
Microsystems’ Hauppauge design and
manufacturing facility or at any of our worldwide
network of design centers.



ATypical Design Sequence.

A CUSTOMATION™ design sequence typically
involves the use of a progression of soffware
design tools, with the output of one serving as
the input for the next. (See flow chart.)

Although the designer is constantly monitoring
this process, he is not actually “in line.” Therefore,
problems due to human error are almost
completely eliminated, virtually assuring
first-time success.

ATYPICAL DESIGN SEQUENCE

| System Conception ]

| Chip Definition |

| Logic Design and Simulation |

| Automatic Layout |

[ Mask & Wafer Fabrication |

| Test &‘Packqgi@

| Finished Product |

Process Technology You Can Count On.

The cornerstones of the CUSTOMATION™
technologies are our production-proven 1.6, 2
and 3 micron, silicon-gate CMOS processes that
are compatible with the design rules of several
other major semiconductor manufacturers.

A Library of Best-sellers.
There are hundreds of cells in the CUSTOMATION™
cell library, including a complete array of 74LS SSI
and MSl logic functions, and a large and
growing number of analog cells, macrocells and
SuperCells™ The design system stores the cell
layouts, logical models and performance
characteristics of each cell in its database.
Because most of our standard cells emulate
74LS logic functions, many of your design
engineers should already be familiar with them.
We are always prepared to develop new cells
to meet your specific requirements. For digital
applications this might include special counter
cells or special I/O buffers. Analog applications
often require customized cells for your particular
requirements.
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SuperCells™:

UART Tool-Kit
UART Building Cell-Set

Manchester SuperCell™
Encoder/Decoder

RTC SuperCell™
Real Time Clock

PC-KBRD SuperCell™
PC Keyboard Interface Controller

SCSl SuperCell™
SCSl Interface Controller

IBM® 5250 TWINAX
5250 Interface Controller

8250 SuperCell™
UART

8259 SuperCell™
Programmable Interrupt Controller

8254 SuperCell™
Programmable Interval Timer

6845 SuperCell™
CRT Controller

8237 SuperCell™
DMA Controller

TIMER SuperCell™
Master Timer

FDDS SuperCell™
Data Separator

65CX02 SuperCell™
65C02 Core Microprocessor

RAM SuperCell™
Modular RAM (512 bits/block)

ROM SuperCell™
Modular ROM (512 bits/block)

VCO SuperCell™
Voltage Controller Oscillator

555 SuperCell™
555 Timer

DTMF SuperCell™
DTMF Tone Generator

ATOD SuperCell™
8-Bit Analog to Digital Converter




You can feel totally confident about the
performance of the CUSTOMATION™ cells, too.
They are thoroughly characterized and have
been used successfully in numerous
applications. Before a cell can be added to our
library, it is completely modeled, characterized,
tested and “certified.”

Standard Microsystems is also dedicated to
incorporating more micro-peripheral
SuperCells™ into the library. These currently
encompass such functions as ROMs, RAMs, UART
“Tool-Set,” 8250, 8259 BRG, Manchester
Encoder/Decoder, 555 RC Oscillator, Real time
clock, DTMF encoder, RLL decoder, SCSI
interface, floppy disk digital data separator,
counter/timer, and A to D converter.

CUSTOMATION™ CELL
LIBRARY PERFORMANCE

Voltage: 3V to 10V
Temperature: -55°C to + 125°C
Speed: DC to 50 MHZ

Process: 2u DLM & 3u SLM
CMOS SIGATE

1/0: TTL & CMOS Compatible

Fanout: Capacitive Loading
Restricted Only

Delay: <1.1 NSEC Typical

In addition to the customized layout of cells,
we've also helped pioneer the use of “soft-
macrocells,” which are the implementation of
large logic blocks through the stored
interconnection of more basic “core cells.”

By using standardized core cells and “'soft-
macrocells,” digital designs presently fabricated
in one technology are easily portable to
next-generation processes. This means your
design will never become dated or obsolete.

Industry-standard Software.

CUSTOMATION™ utilizes software that provides a
well-proven package of design aids which your
engineers will be comfortable using. If you wish,
the entire package can be licensed through
Standard Microsystems.

We think you'll find our software to be
comprehensive, easy fo use and incredibly
powerful. Netlists developed on any workstations
supported by Standard Microsystems can be
fransported quickly and easily to any other. Logic
can also be simulated on any workstation.

Our software is designed fo virtually guarantee
that your chip will work the first fime, every time.
We not only provide schematic capture, but
logic simulation, fiming analysis and automatic
test program generation as well.
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Ongoing Technical Support.

As a CUSTOMATION™ user, you'll receive
continuing tfechnical support from Standard
Microsystems. Our applications engineers are
seasoned professionals who can provide prompt,
expert assistance from our home office or
regional sales offices. One such applications
engineer will be personally assigned to your
program to assist you with any problems that
may arise during the actual course of
development.

Standard Microsystems has a particularly
strong applications expertise in data
communications, video displays, disk controllers
and small computer peripherals. Over the course
of our history, we've introduced a number of
breakthroughs in the CRT, floppy disk, hard disk
and data communications areas.
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Fast Turnaround.

Nowhere is the adage, “time is money”, more
applicable than in semicustom design. The
faster you develop your ASICs, the faster you can
get your products to market. In foday’s fast
paced, highly competitive electronics industry,
that can mean the difference between success
and failure.

With CUSTOMATION,™ we can usually supply
working prototypes within eight weeks of receipt
of your signed-off netlist. Of course, design time
and logic simulation is dependent on how fast
you wWork.

With an experienced designer using
CUSTOMATION,™ front-end design should fake
approximately 12 weeks. (Both design and
prototype development cycles are based on a
3000-gate equivalent chip design.)

Firm Pricing.

Standard Microsystems will calculate and
commit to both a development cost and a
production price for your CUSTOMATION™ chip
based on your design specifications. So you will
know your exact production costs before you
undertake the design. Furthermore, you will never
pay for computer time or any other “uncapped”
charge.

Unit cost, of course, depends on a variety of
factors: gate count, complexity of inferconnect,
package cost and performance requirements. A
CUSTOMATION™ design, however, almost always
results in a smaller die size than a comparable
gate array design.

Our cell library also includes RAM, ROM,
Microprocessor, UART and many other
SuperCells,™ as well as analog functions that are
not available on gate arrays. This can lower
prices when you get into volume production.
Your system will have fewer ICs compared to MSI,
gate array or microprocessor-based designs,
resulting in lower assembly costs, lower power
consumption and enhanced reliability.



WHY STANDARD CELL?
Standard Cell vs. Fuli Custom vs. Gate Array
Design Design UnitCost Min
Method NRE Cycle Ratio @Qty/Yr
Gate
Array S9K-S20K  6-15Wks 120 0.5K-45K
Standard
Cell $12-$25K 8-15Wks 100  5K-10K
Full
Custom  $80K-$125K 6-18 Mths  0.80 100K

Guaranteed Success.

With CUSTOMATION,™ you're virfually guaranteed
first-time success. We've designed our system for
outstanding accuracy with a number of
strategic checkpoints to find and eliminate
problems before your circuit is fabricated.

We also offer the following guarantee:
Standard Microsystems will bear the cost of any
design iteration that is required as a result of any
error in cells, utilities and design tools comprising
the CUSTOMATION™ system.

TRAINING OUTLINE

DAY 1 OVERVIEW
Introduction and Goals
Workstation Operating System
Workstation Familiarity
Workstation Laboratory

DAY 2 SCHEMATIC ENTRY
Cell Library
Schematic Entry
Design for Ease of Test
Schematic Entry Laboratory

DAY 3 SIMULATION
Stimulus File Generation
STANSURE™
Tester Considerations
Simulations Laboratory |

DAY 4 SIMULATION
Test Vector Extraction
Advanced Simulation Language
Fault Analysis
Simulation Laboratory Il
DAY 5 REVIEW

Review of Procedures
Review of Results

Comprehensive Training.
If you elect fo design your own ICs, Standard
Microsystems can quickly teach you to create

cell-based circuits using CUSTOMATION™
whether you've had previous semicustom design
experience or not.

At our plant in suburban New York,
conveniently located just 8 miles from Long
Island’s MacArthur Airport, we conduct classes
for all skill levels, failoring our instruction to your
particular needs and experience level. We cover
all phases of design, and you’ll work on an
actual CUSTOMATION™ workstation to get hands-
on experience and sharpen your design
fechnique.

Your instructors are Standard Microsystems’
engineers who are not only experts in IC design,
but have a wealth of experience working with
customers to meet their custom and peripheral
confroller needs.

We'll also assign a staff engineer who will
personally oversee your progress and provide
valuable insights that will ensure your design
success. You'll complete our training session
poised, confident and ready to produce useable
designs utilizing CUSTOMATION.™

ATotal Commitment.

In addition to the many capabilities already
touched on, Standard Microsystems offers many
others that clearly indicate our technical
prowess and commitment to the custom/
semi-cusfom marketplace.

For example, we provide MIL-STD-883B
screening. We have the ability to test circuits up
to 40 MHz using our GenRad™ and Sentry*®
testers.

We not only offer the industry-standard
Dual-In-Line Package (DIP), but can provide
J-Leaded chip carriers (28 to 84 pins) in both
plastic and ceramic. We can also supply pin-grid
arrays for higher pin count requirements.

Standard Microsystems also has been actively
involved in the development of a true “Silicon
Compiler” Most so-called compilers are actually
silicon “assemblers” which simply optimize the
layouts of existing designs. At Standard
Microsystems, however, we are using systems to
compile the actual circuit design, not just the
layout.

We input circuit requirements to our compiler
in the form of equations or algorithms which
reflect the actual logical and arithmetic
functions. The compiler then outputs a
completely minimized circuit netlist using our
standard cell functions.

Outstanding Checks and Balances.

The heart of the CUSTOMATION™ design sys’rem
STANSURE" is a system of interrelated
procedures, programs and data files that
convert your input data into a working
integrated circuit. The STANSURE™ system is
designed to maximize the probability that all
circuits designed using the CUSTOMATION™ cell
library will be “first time” successes. ‘
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STANSURE™ provides not only schematic capture,
but logic simulation, fiming analysis, fault
coverage, automatic test program generation
and automated breadboarding.

The STANSURE™ system of procedures consists of
the following elements:

STANNET™: the STANNET™ family of programs works
with the workstation based schematic capture
tools fo convert the resulting netlists into a
common database format and verifies the
results. Also included in the STANNET™ family are
the STANROM™ and STANRAM™ ROM and RAM
memory generators,

STANSIM™: provides logic simulation, interfaces
between the workstations and back annotation.
STANTIME™: timing verification programs
calculafe and display the propagation delays
(rise and fall times) of each circuit element. The
STANTIME™ programs may be run before and
after layout. They will also calculate the
cumulative propagation delays of each path on
the design.

STANCOMP™: provides the chip layout and
design rule checking functions. Further, it
provides the capability of checking the netlist
exfracted from the layout with the logical netlist
fo assure the correctness of the layout data.

STANWIRE™: produces a wirewrap breadboard
from the logical netlist of any circuit designed
using the 74LS family of CUSTOMATION™ cells.

STANTEST™: produces Sentry® or GenRad™
compatible test files from the simulation vectors.

The STANFAULT™ system of fault grading ensures
that your simulation will completely check the
logic. The test program is then automatically
generated from the proven simulation files. This
ensures that your custom design will be
adequate for tomorrow’s demanding quality
standards.

A Complete Turnkey Workstation.

Standard Microsystems offers a complete sef of
design tools, everything you need to develop
your circuit from start fo finish without ever
leaving your facility. Our fools combine high
performance and user-friendly operation. What’s
more, our standard cell library and circuit
development tools are currently compatible with
virtually all industry-standard workstations,
including the IBM® PC (no hardware
modification required with the VIEWIogic®
Workview™ software), Daisy™ Mentor Graphics™
Valid™ Logic, and VAX.® (Note: VAX® hardware is
supported through the use of IBM®
PC/compatible-based VIEWIogic™ graphic
front-end systems.)

If one of these workstations is not your preferred
model, check with Standard Microsystems. We
are constantly enhancing our software to
support other workstations and mainframes.

Each CUSTOMATION™ design system includes:

» Symbols and Schematics
For Standard Microsystems’ advanced
standard cell library.

» Circuit Simulation
Detailed and proven simulation models for
each supported workstation.

» Timing Analysis Package
A supplement to workstation capabilities
which performs detailed analysis of
propagation delays for each circuit path and
node throughout the design.

» Automated Test Program Extraction
Standard Microsystems’ sofftware rapidly
compiles IC fest program files based on
simulation data.

» Complete “How To” Documentation
Design and Simulation Instruction Manual
dedicated to your specific workstation.

If you like, we'll even install the CUSTOMATION™

cell library and software on your workstation, at

your facility.

The Right Company For the Job.

Standard Microsystems is the right sized
company for all of your ASIC needs. With five
modern buildings housing 250,000 sq. ft. on our
30-acre Long Isiand, N.Y. site, we have the
resources, including state-of-the-art wafer
fabrication, assembly, design and fest, to bring
your program in on time, within budget and with
remarkable results.

Yet we aren’t too large. We can work with you
in the way that you desire, to provide the results
that you need.

Our 16 years of ASIC experience has taught us
that service, support and communications are
the keys to successful ASIC development. So, we
open a direct pipeline to you and keep it open
throughout the entire development and
production program.

We've established an environment that
stimulates creativity while encouraging
adherence to pragmatic objectives. Our
intensive research and development efforts have
resulted in over 30 patents, and a list of licensees
that is virtually a “who's who" of the
semiconductor industry.

We monitor each project very carefully. Strict
scheduling via program management and
frequent customer contact has become the
hallmark of our CUSTOMATION™ program.

Just as important, we have a track record of
success. Numerous testimonials from satisfied
customers are proof of our ability fo perform.
Quite simply, we make no promises we can’t
keep. ‘

For more information or to get started with
CUSTOMATION™ call your nearest Standard
Microsystems regional office. Or contact
Standard Microsystems Corporation, Custom
Marketing Department, 35 Marcus Boulevard,
Hauppauge, NY 11788. (616) 273-3100.
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SMC® CUSTOMATION * STANDARD CELL LIBRARY

CELL NAME DESCRIPTION

CELL NAME DESCRIPTION

CELL NAME DESCRIPTION

LOGIC GATE CELLS LATCH CELLS ANALOG CELLS
LS00 2-Input NAND Gate LS75 Dual Transparent Latch ANSW Analog Switch
LS02 2-Input NOR Gate LS77 Dual Transparent Latch CBGX Current Bias Generators
LS04 Inverter LS100 Quad Transparent Latch DS1216 Schmitt Trigger (1.2-1.6V)
LS08 2-Input AND Gate LS116 Quad Transparent Latch with DS1218 Schmitt Trigger (1.2-1.8V)
LS10 3-Input NAND Gate Clear DS1238 Schmitt Trigger (1.2-3.8V)
Ls11 3-Input AND Gate L8375 Dual Transparent Latch DS1323 Schmitt Trigger (1.3-2.3V)
gg(,) 3-{npul m;\\lgDGGale gg}%; Schmitt Trigger E] .5-2.7V, ;
-Input ate Schmitt Trigger (1 7-2.8V
LS25 4-Input NOR Gate with Strobe MULTIPLEXER/SELECTOR CELLS DS2028 Schmitt Trigger (2.0-2.8V)
LS27 3-Input NOR Gate ) LS151 8:1 Multiplexer with Strobe DS2232 Schmitt Trigger (2.2-3.2V)
LS28 2-Input NOR Gate with Buffer LS152 8:1 Multiplexer, Inverting OSCP General Purpose Oscillator
LS30 8-Input NAND Gate LS153 4:1 Multiplexer POR Power On Reset
LS32 2-Input OR Gate . LS157 Quad 2:1 Multiplexer PORLC Low Current Power On Reset
L837 2-Input NAND Gate with Buffer LS158 Quad 2:1 Multiplexer, Inverting VCMI Voltage Reference (50uA)
LS40 4-Input NAND Gate with Buffer 15253 4:1 Multiplexer, 3-State Output VCM2 Voltage Reference (100uA)
LS51A 2 Wlde 2-Input AND-OR:-Invert L8352 4:1 Multiplexer, Inverting VCM3 Voltage Reference (200uA)
Gat L5353 4:1 Multiplexer, 3-State, Inverting OPAMP General Purpose Operational
LS51B 2- Wlde 3-Input AND-OR-Invert MUX2TO!1 2:1 Multiplexer Cell Amplifier
Gat COMPO5 High Speed Low Power
LS54 4- Wlde 2-Input & 3 -Input Comparator
AND-OR-Invert Gat COUNTER CELLS COMPG General Purpose Comparator
LS55 %“mde' 4-Input AND-OR-lnverl LS163 é—Bi( Synchronous Binary
ounter
Ls64 4-2:3-2 Input AND-OR-Invert LS169 4-Bit Synchronous Binary :;'?,g CELLS
Gate Up/Down Counter Input PAD
LS86 2-Input Exclusive OR (XOR) 10DPD48 48mA Input/Open-Drain Output
Gate
LS133 13-Input NAND Gate DECODER/ENCODER CELLS 10PD2S 2mA Split PChdnnel 1/0 PAD
Ls134 12:Input NAND Gate with L5138 3:8 Decoder with Enable lopDd 4ma Input/Quiput PA
- 3-State Output L5139 214 Decoder with Enable 10PD4S 4mA Split P-Channel [/O PAD
L5260 5.Input NOR Gate R &3 Prionty Encoder I0PDS 8mA Input/Output PAD
L5266 2-Input Exclusive NOR (XNOR) ’ IOPD16 16mA 1/0 Pad
Gate IPEDs input PAD wih 400uA pul
nput with 400uA Pullup
CSSMPARATORl‘CBE.L]]\;{, tude C IPPD8 [nput PAD with 800uA Pullup
LS -Bit Magnitude Comparator 88283 gmA 5V Open-Drain Output PAD
mA 5V Open-Drain Output PAD
BUFFER CELLS ARITHMETIC OPERATOR CELL ODPD16 16mA 5V Open-Drain Output
LS125 Non-Inverting 3-State Buffer - Pad
LS126 Non-Inverting 3-State Buffer L83 4-Bit Full Adder 0ODPD48 48mA 5V Open-Drain Output
15240 Inverting 3-State Buffer Ls283 4-Bit Full Adder Pad
15242 Inverting Transceiver Ls183 Full Adder ONPD4 4mA 7V Open-Drain Output PAD
g%ﬁ monr:nverling ;‘rsansceBivef{ ONP?S 8mA 7V Open-Drain Output PAD
on-Inverting 3-State Buffer OPD:x 4mA Output PAD
LS245 Octal Non-Inverting Transceiver PARITY GENF‘RATOR CELL OPD8 8mA Output PAD
LS265A 1-Input, Dual Complimentary LS180 9-Bit Odd/Even Panty Checker OPDI16 16mA Output Pad
Output Gate OPD24 24mA Output Pad
LS265B 2-Input AND Gate GATE CELLS OPPD4 4mA 3-State Output PAD
w/Complimentary Dual Output OPPD8 8mA 3-State Output PAD
LS365 Hex Non-Inverting 3-State Buffer ANDS 8 Input AND Gate PU30 P-Channel Pullup
LS366 Hex Inverting 3-State Buffer AOI211 2-1-1 AND-OR-Invert PD30 N-Channel Pulldown
LS367 Quad Non-Inverting 3-State 28}%% % f Qﬁggg }nverl
Buffer - nvert .
L5368 Quad Inverting 3-State Buffer EXNOR Exclusive NOR Gate SUPERCEFLS : -
EXOR Exclusive OR Gate UART Tool-Kit UART Building Cell-Set
HBUF High Drive Buffer. Manchester Encoder/Decoder
nBBHEL lb/?r(gje Hi%] »Dri\ée gulfer RTSCUFS)erceg";I" Real Ti Clock
ledium Drive Buffer uper(e eal Time Lloc!
SHIFT REGISTER CELLS INBUF Input Buffer PC-KBRD PC Keyboard Interface
1595 4-Bit Parallel /0, Serial Input INV Inverter SuperCell™ Controller
Left/Right SR INV3/OUTINV  High Drive INV/Output Buffer SCSI SuperCell™  SCSl Interface Controller
LS164 8-Bit Parallel Output, Serial OUTINVL Large Inverting High Drive TWINAX 5250 Interface Controller
Input SR Output Buffer SuperCell™
w/Clear IOBUF Input/Output Buffer 8250 SuperCell™  UART
LS166 8-Bit Parallel/Serial Input, IOBUFL Large 1/0 Buffer 8259 SuperCell™  Prog. Interrupt Controller
Serial Output SR Clear DLYCEL Delay Cell 8254 SuperCell™  Programmable Interval
LS178 4-Bit Universal Shift Register NAN2 2 Input NAND Gate Timer
LS179 4-Bit Universal SR with Async. NAN3 3 Input NAND Gate 6845 SuperCell™  CRT Controller
Clear NAN4 4 Input NAND Gate 8237 SuperCell™  DMA Controller
15194 4-Bit Bidirectional Universal SR NANS 5 Input NAND Gate TIMER SuperCell™ Master Timer
w/Clear NOR2 2 Input NOR Gate FDDS SuperCell™  Data Separator
LS195 4-Bit Parallel Input/Output SR NOR3 3 Input NOR Gate 65CX02 65C02 Core
w/Clear NOR4 4 Input NOR Gate SuperCell™ Microprocessor
LS198 8-Bit Bidirectional Universal SR OR8 8 Input OR Gate RAM SuperCell™  Modular RAM (512
w/Clear OK122 2-2 OR-AND-Invert bits/block)
LS295 4-Bit Universal Shift Register OAI31 3-1 OR-AND-Invert ROM SuperCell™  Modular ROM (512
LS395 4-Bit Universal SR w/Async. INVT Inverting 3-State Driver bits/block)
Clear, 3-State Outputs TBUF Non-Inverting 3-State Driver VCO SuperCell™ \g)ua e Controlled
scillator

LATCH & FLIP-FLOP CELLS

555 SuperCell™ 555 Timer
DTMF SuperCell™ DTMF Tone Generator

Equipment Corp., Sent:

CCND Cross Coupled NAND Latch ATOD SuperCell™  &-Bit Analog to Digital
FLIP-FLOP CELLS CCNR Cross Coupled NOR Latch upere Cor‘werrller s '8
LS73 J-K Flip Flop with Clear DFF D Flip Flop
LS74A D Flip Flop with Set & Reset DFFR D Flip Flop with Reset
LS76A JK Flip Flop ?{;}?S ?Ié’l;‘? Flg[p w/Set & Reset
LS174 Hex D Fllp Flop with Direct -K Flip Flop
o el STANDARD MICROSYSTEMS
LS175 uad D Flip-Flop with Direct - Stateable Transparen! cl
Qealr priop LATR Transparent Latch with Reset CORPORATION/
LS374 Octal D Flip-Flop with 3-State SRBN Shift Register .
Output ubDC Up/Down Counter
LS377 Octal D Flip-Flop PCL2 Two Phase Clock 33 Marcus Boulevard. Hauppauge. NY 11788 (5161273-3100
IBM® is a regi d trads k of the ional Business M Corp., VIEWlogic™ is a registered trademark of Viewlogic Corp., DAISY™ is a registered trademark of Daisy Systems
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STANDARD MICROSYSTEMS
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Quality Assurance
and Quality Control

Volume manufacturing of quality products requires a
rigorous commitment by Standard Microsystems and all
of its employees. Each phase of the operation from
design to shipping must conform to documented
procedures which have created a product of proven
reliability.

The design of areliable product is assured by adherence
to tested and proven design rules. Any change in design
rules must be evaluated using a design-rule test vehicle.
Each new product is evaluated first by prototype wafer
runs and thorough preliminary production and device
characterization.

Manufacturing is monitored by Quality Control. They
insure that parameters meet specifications on incoming
material, within the line and at outgoing inspection. They
are responsible for monitoring clean room standards and
work methods.

The Quality Assurance Department is the customer
representative. They have the primary responsibility of
insuring that products meet current industry standards.
They also evaluate developmental processes and
products, and perform equipment calibration.

The following is a more detailed description of how SMC®
is organized to produce quality products.

1.0 Scope

The measures taken by SMC® to produce reliable
integrated circuits and the assembly/screening options
available to the customer are given in this section.

2.0 Approach

Factorsrelating to quality and reliability are discussed in
the following order: documentation, package options,
screening, testandcharacterization, qualitymonitoring,
reliability assessments, and record keeping.

3.0 Applicable Documentation

SMCE® internal specifications define every phase of
manufacturing from product development through
production and must be approved by the designated
representatives of Engineering, Manufacturing, Pro-
cessing, Quality Control and Quality Assurance
departments.

3.1 Design Rules

3.1.1 Geometric design rules define layout consider-
ations, alignment structures, critical-dimension targets,
and input/output protection networks.

3.1.2 Electrical design rules define performance
criteria, measurement methods, device parameters, and
process parameters.

3.2 Procurement Specifications

Al critical material is purchased to SMC® specifications
from qualified vendors.

3.3 Process Specifications

3.3.1 The procedures used for wafer processing and
assembly of microcircuits are fully documented.

3.4 Quality Control Procedures

QC procedures define the sampling techniques,
acgept/reject criteria and test methods used in quality
audits.
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3.5 AQuality Assurance Procedures

QA procedures define methods for product/process
qualification, reliability testing and failure analysis.

3.6 Military Standards and Specifications
Where applicable, SMC® specifications are based onthe
following Military Standards:

MIL-C-45662
MIL-1-45208

MIL-M-38510
MIL-M-55565
MIL-STD-105

MIL-STD-883
MIL-STD-1331
MIL-Q-9858

Calibration System Requirements

Inspection System Requirements

General Specification for Microcircuits

Packaging of Microcircuits

Sampling Procedures and Tables for
Inspection by Attributes

Test Methods and Procedures for
Microelectronics

Microelectronics Terms and
Definitions

Quality System Requirements

4.0 Package Options, Features

4.1 Ceramic

Gold plating on external leads and die cavity, gold
eutectic die attach.

4.2 Cerdip

Meets MIL-STD-883 internal moisture content require-
ments of Method 5005. Substrate connections are made
through jumper chips, gold eutectic die attach.

4.3 Plastic

The plastics used are SMC® approved low stress, low
mobile ion compounds. SMC® offers Plastic Dual Inline
(PDIP), Small Outline Integrated Circuit (SOIC), and
9Plastic Leaded Chip Carrier (PLCC) Packages.
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5.0 Screening Options

5.1 High-Reliability Screening

“ The routing is as defined in MIL-STD-883 Method 5004
for Class B product. Periodic Quality Conformance data
(para. 9.2) is taken on generically similar parts. A sample
flow chart for high-reliability ceramic product is given at
the end of this section.

51.1 Internal Visual

Both die visual and preseal visual inspections are to the
criteria of Method 2010, Condition B of MIL-STD-883. An
AQL audit is performed on each lot by Quality Control.

51.2 Stabilization Bake
All parts are given the stabilization bake according to
Method 1008, Condition C of MIL-STD-883.

5.1.3 Temperature Cycling
- All parts are subjected to 10 cycles of -65°C to + 150°C
" per Method 1010, Condition C of MIL-STD-883.

5.1.4 Constant Acceleration
All parts are subjected to a 30,000 g force in the Y1
orientation per Method 2001, Condition E.

515 Seal
Hermeticity testing is performed to conditions A and C of
MIL-STD-883 Method 1014.

- '5,1.6 Pre Burn-in Electrical Test.

Ordinarily this is the same as final electrical test.

'5.1.7 Burn-in

Condition A and Condition D of MIL-STD-883 Method
1015 are available. The stress is applied for 160 hours at
125°C or at other temperatures according to the time-
temperature regression.

5.1.8 Final Electrical Test
Verifies functional and parametric performance to the
device specifications.

5.1.9 Final Visual Inspection
All parts are inspected to Method 2009 of MIL-STD-883.

5.2 Standard Screening

Standard Screening is designed for the industrial-
commercial customer and is available in all package
types. For hermetic packages, temperature cycling,
centrifuge and hermeticity are specified as well as die,
preseal, and final visual inspection.

521 Standard Die and Preseal Visual Inspections
(6\8—04),AC-08,AD-98,AD-90,AP-98,AP-92,0C—32,
QC-33).

* These inspections were developed from Method 2010 of
MIL-STD-883. The inspection criteria are specific to
SMC’s® PMOS, NMOS COPLAMOS® and CMOS
technologies.

522 Temperature Cycling (AC-15, AD-86)
Temperature cycling is performed to the MIL-STD-883,
equivalent of Method 1010 Condition C, -65°C/ +150°C,
ten cycles.

523 ConstantAcceleration (centrifuge) (AC-16, AD-85)
Constant Acceleration is performed to the MIL-STD-
883, equivalent of Method 2001, Condition E, 30,000 g in
the Y1 orientation.

524 Hermeticity (AC-11, AD-84)

This screen includes fine and gross leak testing to SMC®
equi\éalent of MIL-STD-883 Method 1014 Conditions A
and C.

5.2.5 Final Electrical Test
This test verifies functional and parametric performance
to the device specifications.
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5.3 Custom Screening

Certain applications require special screening which can
be arranged upon request.

6.0 Electrical Test

Test areas for wafer probe and final test are equipped with
temperature, humidity and air-ionization control for ESD
protection and test repeatability.

6.1 Probe and Final Test

SMCB@ test programs are developed by Test Engineering
and verified by device characterization. An approval
procedure is required for the transfer of a new test
program or a revised test program from engineering to
production.

6.2 Characterization/correlation

Characterization of parts and correlation of test results
with customer incoming testing performed on SMC® test
equipment, including Megatest™ and Sentry®, and
GenRad™ test systems.

6.3 Product Engineering

SMC® product engineers characterize parts to improve
processing target parameters and test correlation with
customers.

7.0 Purchased Material

Manufacturing materials are purchased from qualified
vendors to SMC® procurement specifications.

8.0 Quality Control

The Quality Control Department reports to the Vice
President of Quality Assurance. QC is responsible for
incoming inspection, in-process audits, out-going
inspection, document control, processing returned ma-
terial and certification of compliance to specification.

8.1 Incoming Inspection

Inspectors verify critical parameters on all material used
in manufacturing. The department maintains an
approved vendor list and interfaces directly with vendor
QC departments.

8.2 In-process Audits

QC performs an on-going monitoring of wafer
processing, test and assembly functions.

8.3 Outgoing Audit

QC inspectors verify proper documentation and perform
an external mechanical/visual inspection prior to
shipment.

8.4 Document Control

All procedures for design, wafer processing, assembly,
quality control and quality assurance are maintained by
document control.

8.5 Returned Material Processing

Returned material, whether for device performance or
clerical reasons, is processed through visual and
electrical testing.

8.6 Certificates of Compliance

Certificates of Compliance are available for specified
screening and/or for products ordered under a customer
part number/specification.

9.0 Quality Assurance

The Quality Assurance Department is the customer’s
representative and is independent of the product line and
manufacturing organizations. Quality Assurance is
responsible for reliability assessment of new and existing
processes, material analysis, failure analysis, calibration
and development of evaluation methods.



9.1 Process Qualification

All new processes and process revisions must equal or
exceed the reliability of existing processes on applicable
sections of the SMC® Quiality Conformance Test.

9.2 Quality Conformance Test

Samples of finished product are tested periodically to the
criteria of QA-01 (see Table 1). This test sequence
provides historical data which is also used for
qualification of new products and processes. The various
subgroups contain tests referenced in Method 5005 of
MIL-STD-883 as well as tests designed around industry
requirements not yet incorporated in military standards.

9.3 Analysis

9.3.1 Analytical Capabilities include:
Complete functional and parametric test
Radiography

Decapsulation of ceramic cerdip and plastic packages
Chemical and plasma layer removal

High power optical inspection

Infrared and thermal imaging

Liquid crystal analysis

Laser circuit isolation

Multipoint probing

Precision cross-sectioning

Scanning electron microscope (SEM)

Energy dispersive X-ray (EDX)

Voltage contrast and specimen current imaging
Fast-fourier transform infrared (FTIR)

9.32 Scanning electronic microscopy is used in the
periodic evaluation of workmanshlp in wafer processing
and assembly, to support engineering efforts at process
development and improvement, and in failure analysis.

9.3.3 Failure Analysis is performed upon request by
sales, marketing or manufacturing organizations and is
also performed on reliability test failures. The analysis

SMC® is a registered trademark of Standard Microsystems Corporation.

Sentry® is a registered trademark of Schlumberger, Limited.

ACCUTEST® is a registered trademark of General Aircraft Corporation.
M isa of M Corporation.

GenRad™ is a trademark of GenRad, Incorporated.

activity supports the development of new product,
process improvements, and the evaluation of screening
methods.

9.3.4 Material analysis is performed on layers of the
integrated circuit and on packaging to support the
engineering development. This characterization is
performed on in-house facilities. Independent outside
analytical laboratories are used if and when required.

9.4 Calibration

The Quality Assurance Calibration Laboratory specifies
calibration intervals, performs calibration and maintains
calibration records. The laboratory is traceable to the
National Bureau of Standards.

10.0 Manufacturing Lot Traceability

SMC® maintains traceability on all product types in all
packaging options (including plastic). The information
available includes:

10.1 Wafer Processing Records

Sign-off and date on all operations, critical measurements
and inspection records.

10.2 Wafer Lot Acceptance (Mapping)

Device parameters are recorded using a high-speed
Accutest® 3600 system. Further evaluation is performed
using an HP 4145A semiconductor parametric analyzer.

10.3 Wafer Probe and Final Test Data

These are correlated with mapping results to develop
optimized process targets and yield improvement.

10.4 Assembly Records
Inspection results and screening throughput are
recorded with date and sign-off for each lot.

DATE CODE INTERPRETATION

optional traceability index

the last two digits of the number of year —j—'

the calendar week of the year

optional identification suffix

i N s s ndeninindsbnintnindesttnittnied e I
(DEVICE TYPE)
SMC (DATE CODE)
PIN 1
INDICATION—
J N N S A { N Jy I |
TOP MARKING

BI = BURN-IN (ADDED WHEN APPROPRIATE)
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TABLE 1—QA-01 QUALITY CONFORMANCE
ROUTINE MONITOR (REFERENCE MIL-STD-883, METHOD 5005, GROUP B)

parameters

applicable device
specification

SMC® Test MIL-STD-883 acceq_t no. or Frequency
Test Method Method Condition LTPD Package Type
Subgroup 1
Physical dimensions 2016 2 devices every package
(no failures) lot
" Subgroup 2
Resistance to solvents QC-21 2015 Marking Permanence 4 devices every
shipment
Subgroup 3 .
T Soldering temperature of
Solderability QC-15 2003 o o 10 every
245°C+5°C shipment
Subgroup 4 ) - .

Internal QC-33 2014 zﬁ:jlu(;grg#ﬁgﬁofrr]om design 1 device every
vusu?]l and | requirements of applicable (no failures) shipment
mechanica procurement document

Subgroup 5

Bond strength 2011 15
(1) Thermosonic QC-31 (1) Test condition C or D every
(2) Ultrasonic or wedge (2) Test condition C or D shipment

Die shear strength QC-35 2019

Subgroup 6

Internal 1018 5,000 ppm maximum water 3 devices periodic

water-vapor content at 100°C (no failures) or conformance

content 5 devices all hermetic '
(1 failure)
Subgroup 7

Seal AC-11 1014 As applicable 5 every
(a) Fine shipment
(b) Gross all hermetic

Subgroup 8

Electrical parameters Group A, subgroup 1 15 new device

Electrostatic discharge QA-11 3015 (no failures) types
sensitivity

Electrical parameters Group A, subgroup 1

DIE RELATED TESTS (REFERENCE MIL-STD-883, METHOD 5005, GROUP C)
SMC® Test MIL-STD-883 accept no. or Package
Test Method Method Condition LTPD Type
Subgroup 1
Steady state life test QA-02 1005 Test condition to be 5 all
specified (typically
1,000 hours at 125°C)
End-point electrical Final test As specified in the
parameters applicable device
specification
Subgroup 2
Temperature cycling AC-15 1010 Test condition C, 10 cycles 15
Constant acceleration AC-16 2001 Test condition E min. all hermetic
Y, orientation only

Seal 1014 As applicable
(a) Fine AC-11
(b) Gross

Visual examination QC-22

End-point electrical Final test As specified in the
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PACKAGE RELATED (REFERENCE MIL-STD-883, METHOD 5005, GROUP D)

SMcCe MIL-STD-883 acceprt no. or Package
Test Method Method Condition LTPD Type
Subgroup 1 N
Physical dimensions 2016 15 all =
Subgroup 2 =
Lead integrity QC-19 2004 ;I’est co)ndition B2 (lead 15 all E
atigue )
Seal AC-11 1014 As applicable ,
(a) Fine all hermetic
(b) Gross )
Lid torque 2024 As applicable cerdip only
Subgroup 3
Thermal shock 1011 Test condition B, 15 cycles 15 Ca
Temperature cycling AC-15 1010 Teslt condition C, 100 all hermetic™
cycles
Moisture resistance 1004
Seal AC-11 1014 As applicable
(a) Fine
(b) Gross
Visual examination Per visual criteria of
Method 1004 and 1010
End-point electrical As specified in the
parameters applicable device
specification
Subgroup 4
Mechanical shock 2002 Test condition B minimum 15
Vibration, variable 2007 Test condition A minimum all hermetic
frequency
Constant acceleration AC-16 2001 Test condition E minimum,
Y+ orientation only
Seal AC-11 1014 As applicable
(a) Fine
(b) Gross
Visual examination
End-point electrical As specified in the
parameters applicable device
specification
Subgroup 5
Salt atmosphere 1009 Test condition A minimum 15
Seal AC-11 1014 As applicable all hermetic'?
(a) Fine :
(b) Gross
Visual examination Per visual criteria of
Method 1009
Subgroup 6
Internal water-vapor 1018 5,000 ppm maximum water 3 devices
content content at 100°C (no failures) all hermetic'
or 5 devices
(1 failure)
Subgroup 7
Adhesion of lead finish 2025 15 all
Subgroup 8
Lid Torque 2024 5 devices
(no failures) cerdip
Subgroup 9
Humid Environment QA-04 1000 hours 85°C/85% 15 plastic
Relative Humidity
End-point electrical Final test
parameters
Subgroup 10
Autoclave (Pressure QA-05 96 hours at 2 atm, 121°C 5 plastic
Cooker)
End-point electrical Final test
parameters
Subgroup 11
Temperature Cycling AC-15 1010 Test Condition C, 15 plastic
100 cycles
End-point electrical Final test
parameters

! Hermetic packages include ceramic and cerdip.
Packages having gold plating thicknesses of 200 microinches oraleéss are not required to pass subgroups 3 and 5.



PACKAGE ASSEMBLY FLOW DIAGRAMS

PLASTIC (NOTE 1) CERDIP (NOTE 1)
[ WAFER LOT ACCEPTANCE ] [ WAFER LOT ACCEPTANCE ]
[ WAFER PROBE ] [ WAFER| PROBE ]
[ AP-99 SAW/FRACTURE PLATE | L AD-99 SAW/FHA(lJ’TURE/DIE PLATE |
] AP-97 LEAD FRAME INSPECTION ] — AD-97 LEAD FRAME INSPECTION

[ AP-98 SECOND OPTICAL DIE VISUAL ] — AD-96 BASE/CAP INSPECTION
P79 DIERTAGH 'TL-T_‘ AP56 DIE ATACH ] [__AD-98 SECOND OPTICAL DIE VISUAL |
[ AD-95 LEAD FRAME ATTACH ]

AP-95 DIE SHEAR TEST ]

{ AD-94 DIE ATTACH |

[ AP-94 GOLT WIrZ oOND ]

— AD-93 DIE SHEAR TEST

AP-93 WIRE PULL TEST 1

[ AD-92 ALUMINUM WIRE BOND |

[ AP-92 THIRD OPTICAL PRE-SEAL VISUAL ]

AD-91 WIRE PULL TEST
AP-91 MOLD COMPOUND INSPECTION ]

l |__AD-90 THIRD OPTICAL PRE-SEAL VISUAL
I

[ AP-90 MOLD |
. [ AD-89 SEAL ]
| AP-57 BACICSIDE MARK ]
l AP-90 POST MOLD CURE ] | ADST WP ]
AD-86 TEMP CYCLE TEST
l AP-89 TRIM/FORM ] | ]

I
L AP.85 SOLDER DIP/SOLDER PLATE l [ AD-85 CONSTANT ACCELERATION TEST
' [

1
AD-84 HERMETICITY TEST ]

[ AP-87I MARK ]
| SFEN ,SHIORT TEST | [ AD-88 TIN/SCI>LDER PLATE ]
[ AP-86 EXTERNAL VISUAL ] L AD‘33| TRIM ]
— PI-01 INCOMING INSPECTION 7 | AD-82 EXTERNAL VISUAL ]
- SC 21 MARKING PEFMANENGE l — PI-01 INCOMING INSPECTION
[ FINALELECTRICALTEST | — QC-15 SOLDERABILITY AUDIT
. P/lCK | —{ _ QC-21 MARKING PERMANENCE
[ 705 GUTGOING INSPECTION | | FINAL ELECTRICAL TEST |
—1 QC-22 QUALITY CONTROL AUDIT | | PACK |
[ SHIP | — QC-22 QUALITY CONTROL AUDIT
[ SHIP ]

Note 1—Plastic and cerdip assembly is sub-contracted
Assembly operations are controlled by SMC®
approved sub-contractor specifications.
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PACKAGE ASSEMBLY FLOW DIAGRAMS

CERAMIC
WAFER LOT ACCEPTANCE

. |

WAFER PROBE |

—

|

_l AC-01 WAFER LOT l
VISUAL AUDIT
AC-14 SAW

. il
AC-02 BREAK |

T
AC-03 DIE PLATE |

o ]

AC-04 STD DIE VISUAL
QC-32 DIE INSPECTION AUDIT J

—
I
l
l
I
L

AC-05 DIE ATTACH |

QC-35 DIE SHEAR AUDIT l

[ AC-06-AL V:HRE BOND || AC-07-AU V'VIRE BOND |
L T

—LQC-31 BOND STRENGTH AUDIT l

| AC-08 PRE-SEAL VISUAL INSP
I

|
[ QC-33 PRE-SEAL AUDIT |
| AC-09 SEAL H
| AC10 MARK |

—| Qc-21 MARK PERM AUDIT |

LAC-15 TEMP CYCLE -65/+150°C 10 CY ]

[ AC-16 CONST ACCEL Y1-30,000G |
AC-11 HEFIiMETICITY |
Ac-12I TRIM
FINALI TEST

I
PACK
I
PI1-02 OUTGOING INSPECTION

e

il
|
|

QC-22 QUALITY CONTROL AUDIT

SHIP ]
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HI REL AVAILABLE

ON ALL HERMETIC PACKAGES

| WAFER LOT ACCEPTANCE

l

| WAFER PROBE

AC-01 WAFER LOT l
VISUAL AUDIT

=
=
=
(=]
[*¥]
7

AC-14 SAW

—

AC-02 BREAK

]

| AC-03 DIE PLATE
|

]

AC-18 HI REL VISUAL

METHOD 2010 COND. B
I

QC DIE VISUAL AUDIT
METHOD 2010 COND. B

[ AC-05 DIE ATTACH

METHOD 2019
DIE SHEAR STRENGTH

I 1
| AC-06-AL WIRE BOND ||ic-o7-Au WIRE BONﬂ
| T

] METHOD 2011 BOND STRENGTH

]

AC-18 HI REL VISUAL

METHOD 2010 COND. B
I

PRE-SEAL VISUAL AUDIT
METHOD 2010 COND. B

) AC-09 SEAL

]

I
AC-10 MARK

—

]

— Qc-21 MARK PERM AUDIT |

METHOD 1008 STABILIZATION BAKE

METHOD 1010 COND. C |
TEMP CYCLE
I
METHOD 2001 COND. E
CONSTANT ACCELERATON
I
‘METHOD 1014 SEAL
(HERMETICITY)
T
[ AC-12 TRIM |
METHOD 2016
PHYSICAL DIMENSIONS

PRE-BURN-IN TEST

—

METHOD 1015 BURN-IN

]

'7 I
|7 FINAL TEST
T

J

| PACK

]

METHOD 2009
EXTERNAL VISUAL

[ PI-02 OUTGOING INSPECTION

]

-—[ QUALITY CONTROL AUDIT I

SHIP

]
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Data Communication Products

Part Max Power
Numbey Name Description Baud Rate Supplies Package Page |
COM 1883A | MIL-STD- MIL-STD-1863A Manchester Interface : 1 40 DIP/
1663A Comnitrolier 1MB +8 A43MT 39-40
Controller
COM 16638 | MIL-3TD- MIL-STD-1853B Manchester Interface 40 DIF/
1563B Bus Controller/Remote Terminal I MB +8, =5, +18 245MT 41-56
Controller . ) .
COM 1671 ASTRO &aynchronouaf&ynchronous ; : o
Transmitter/Receiver Full Duplex, 5-8 1MB +8, =8, +18] * 40 DIP: B7-58
data bit, 1X or 32X clock o ' R
COM 1863 UART Umwrsilwanﬂ%hggngusgaaoed;vg{} : ) o B
‘ Transmitter, IP16X, O~ b, : X B
1, 1%, 8 stop bit, enhanced distortion. 628 KB +8 .| 40DIP | 5960
margin
COM 26581 USART/PCL Universal Synchronous/Agynchronous e
Receiver/Transmitter Programmable 1B +E 28 DIP/ 61-62
Communication Interface, Internal : fiache 28 SMT sy
Baud ‘Generator 1X, 16X, 84X cloc)
Universal Synchronous/Asynchronous

USART/EPCI

. gacemrmmm;m: Programimable

unication Inter ,ﬁ%’m@w

28 D1/
85N
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Data Communication Products con.

@®For future release

Synchronous/Asynchronous
e R Dl

5 Networ
pditm Ao
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STANDARD MICROSYSTEMS
CORPORATION
e

COM 1553A

JAPC FAMILY

MIL-STD-1553A “SMART*”

FEATURES

[0 Support of MIL-STD-1553A
[J Operates as a: Remote Terminal Responding
Bus Controller Initiating

O Performs Parallel to Serial Conversion when
Transmitting

[J Performs Serial to Parallel Conversion when
Receiving

[J Compatible with HD-15531 Manchester Encoder/
Decoder

[ All Inputs and Outputs are TTL Compatible

[ Single +5 Volt Supply

[J COPLAMOS® N Channel MOS Technology

[J Available in PC Board Form from Grumman
Aerospace Corporation

PIN CONFIGURATION

A\
0 MSGFLG 1 [J D 40GND
0" WRDFLG 2 (] ] 39BDCST
wwr 3 0 3svee
DTAAVL 4 (] D 37AD1
RCVINT 5 ] [1 36AD2
TXINT 6 (] [] 35AD3
CMDSYN 7 ] [] 34ADa
DTASYN 8 [] [ 33AD5
RCVNRZ 9 [ [ 32RDE
SWE10 [ [ 3107
POR 11 1 3006
TA12 ] 2905
RCV CLK 13 ] 28 D4
vwia ] 2703
SEND DATA 15 [ ] 2602
DTARQST 16 [J ] 2501
MSG COMPLT 17 [ [ 24 Do
TXENA 18 (] [ 23 TDE
TxCcLk 19 ([ 1 22 TXMODE
XMITNRz20 [ P 21BC
PACKAGE: 40-pin DD.I.P.

GENERAL DESCRIPTION

The COM 1553A SMART® (Synchronous Mode Avionics
Receiver/Transmitter) is a special purpose COPLAMOS
N-Channel MOS/LSI device designed to provide the
interface between a parallel 8-bit bus and a MIL-STD-
1553A serial bit stream.

The COM1553A is a double buffered serial/parallel and
parallel/serial converter providing all of the “hand
shaking” required between a Manchester decoder/
encoder and a microprocessor as well as the protocol
handling for both a MIL-STD-1553 bus controller and
remote terminal.

The COM 1553A performs the following functions in
response to a 16 bit Command Word. It provides address
detection for the first five bits of the serial data input.
If all 1’s appear in the address field, a broadcast signal
is generated. The sixth bit is decoded as mode: transmit
or receive. The next five bits are decoded for zero
message flag and special flags in the subaddress/mode
field. The last five bits (word-count field) are decoded
determining the number of words to be received or
transmitted.

When receiving data sync the COM 1553A performs a
serial to parallel conversion, buffers the 16 bit message

word, and formats it into two parallel (8 bit) bytes for
presentation to the 1/O bus under processor or hard
wired logic control.

In the transmit mode the COM 1553A takes two parallel
8 bit data words from the I/O bus and serially transmits
the resultant 16 bit word to the Manchester encoder.
This is done under the control of Send Data. To facilitate
data transfer the COM 1553A provides all necessary
buffering and storage for transmitted and received data.
It also provides all necessary hand shaking, control
flags and interrupts to a processor or hard wired logic
terminal. See block diagram 1.

The COM 1553A can be set up as either a remote termi-
nal or a bus controller interface.

The COM 1553A is compatible with Harris’ HD-15531
CMOS Manchester Encoder-Decoder c¢hip and inter-
faces directly with it. A 3 device kit consisting of: SMC’s
COM 1553A, Harris’ HD-15531 and Circuit Technology’s
CT1231 forms a complete system interface for the
message structure of MIL-STD-1553A. See block
diagram 2.

Note: All terminology utilized in this data sheet is
consistent with MIL-STD-1553.
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

AN l CROSYSTE Circuit diagrams utilizing SMC products are inciuded as a means of illustrating typical semiconductor
STANDARD Ml MS ?,gplications: consequently complete information sufficient for construction FubrFoses is not necessarily given.
ial

e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
a5 warus Bvo e N 788 ASSUMeEd for inaccuracies. Furthermore, such information does not convey to the purchaser of the
T o wes 221888 - semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time in"order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

COM1553B

PRELIMINARY
(13 79
MIL-STD-1553B “SMART®

FEATURES PIN CONFIGURATION
[J Support of MIL-STD-1553B
[ Operates as both Remote

Terminal and Bus Controller
[ Manchester Il Serial Biphase ‘)

Input/Output 8 % = [¥ D9 1 E %40 08
16 bit Micropr or 025 m,“ & o102 39 aND
B croprocess Ee2os8pkes i D % o
] Command/Data Sync s57a [0 39 38 37 36 3534 3332 3130 29 o o1 5 5 a6 csTAA
Detection/Identification MANGUT | 41 27 | ve D14 6 (] 35 BTA
[ Automatic Command MANOUT | 42 26 | WE D15 7 34 oD

Response Generation GND | 43 25| Ve~ TXMODE 8 E \ 333 RT/BC
~ . - . POR 9 32 BGACK
UJ On-Chip Address R.ecognmon ;’/C 4‘1‘ ;; 330 1aMHZCLK 10 O 21 VoD
[ Error Detection For: o, | 2 Pt MANN 11 (] 30 veB
Sync Errors D:,o 3 21 gs MANIN 12 (] [ 29 TSTR
Parity Errors D, | 4 2| b, mcF 13 ] [ 28 DTACK
Word Count Errors Dyl 5 iy Do 14 0 27 Mc
Bit Count Errors Dnl 6 5l o o1 15 E 02 ™
Invalid Manchester Code 78 9101112131415 16 17 2 D2 16 0 25 RW
Incorrect Address  rEE NGz Zn o 03 17 O 0 24 vo
Incorrect Bus Response Time SSE5E2 22¢°° pie [ H 28 WE
[ TTL Compatible g 8 E2 ool 52w
O Recognizesc Mode nges and
Broadcast Commands :
) ) PACKAGE: 44-pin LCC PACKAGE: 40-pin D.I.P.
[ Provides DMA handshaking e P
signals
[J COPLAMOS® n-Channel
MOS Technology

GENERAL DESCRIPTION

The COM1553B SMART® (Synchronous Mode Avionic
Receiver-Transmitter) is a 40-pin COPLAMOS®n-Channel
MOS/VLSI circuit designed to simplify the interface of
a microprocessor or buffer to the serial MIL-STD-1553B
data bus.

The COM1553B is a double buffered serial to parallel,
parallel to serial converter. It receives serial Manchester li
biphase encoded data from a 1553B bus receiver and con-
verts it to 16 bit parallel data. When receiving Manchester
|l data, the COM1553B detects and identifies sync polarity,
reconstructs the clock, detects zero crossing, checks for the
proper number of bits and performs a parity check on the
incoming data. In addition to parity check, the COM1553B
also checks for sync errors, invalid Manchester code,
improper word count, incorrect address and incorrect bus
response time. The transmitter in turn, accepts 16 bits par-
allel data and serially transmits it as Manchester |l data,

appending the appropriate sync and parity.

The COM1553B recognizes protocol commands, and
automatically generates the proper response, thereby off-
loading what otherwise would be microprocessor tasks. This
feature eliminates critical software timing requirements.

The COM1553B is designed to work both as a Bus Con-
troller and Remote Terminal, making it universal within the
MIL-STD-1553B environment. The COM1553B automat-
ically loads and recognizes its own address. It determines
the type of transfer required in both the Bus Controller and
Remote-Terminal modes and generates the proper control
signals to complete the transfer. It autornatically transmits
the status word and detects message errors and mode
commands. Furthermore, it generates the control signals
for DMA operation, therefore eliminating processor
intervention.
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. T TRANSMIT 3BIT I
| TRANSMIT NRZ gggg " i HETGCH l
] ISTER .
+5 VDC—FI Voo o = 16 BIT | I
E > BIDIR 16 BIT
BUFFER DATA BUS
+12 VDC ——#=1 V4
_ —_— 16 BIT I
sVbe Vo TRANSMIT l
BUFFER -
| ADDRESS ' RW
| REGISTER
[ paTA | 88IT Y ety - WE
COUNTER 9 BIT STATUS W
| READY 18|I§ASEPF?NSE REGISTER n
——-‘——> IE§T RA
I MAgSgEgTER
EN
11 BIT STATE -
TXMODE ~y—] DECODER STATUS WOR SEQUENCE INVALID MSG
HIGH SPEED REGISTER - 6 LOGIC 5
WANTN ERROR e —}—— i
MANI CHECKING - £
LOGIC =] ERROR F ]
MANIN REGISTER o —'———> vC
5 ———"———"
MANOUT o 5 | DR
COMMAND 2
——i——* MC
MANOUT <.{— REGISTER - [ I
| m—l-— RT/BC
COMMAND
5BIT
WORD K :
WORD COUNTER
2 MODE REGISTER [ N ] |e—}——csTR
DECODE |
| Lose BGACK
1% BIT |
12 MHz —=] CLK RECEIVE
BUFFER -q—-l——-— DTACK
1 — MCF
GND —~4 l
RECEIVE NRZ RECEIVE
SHIFT |
REGISTER |

FUNCTIONAL BLOCK DIAGRAM




DESCRIPTION OF PIN FUNCTIONS

PIN NO. |NAME SYMBOL | FUNCTION
1-7,14-21, | 16-bitDataBus | DO0-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and
40 Status Words between the COM1553B and external memory.
8 Transmit Mode | TXMODE | This output signal when high indicates that the COM1553B is transmitting infor-
mation on the 1553B bus.
9 Power On POR Input signal used to initialize or reset the Error registers. The RT address must be
Reset reloaded after POR is issued.
10 12 MHz Clock 12 MHz 12 MHz clock input.
CLK
11 Complementary | MANIN This input is low when there is no data on the bus. A high level indicates that the
Manchester In data is in its negative state (Refer to receive waveform, figure 3).
12 Manchester In MANIN This input is low when there is no data on the bus. A high level indicates that
the data is in its positive state (Refer to receive waveform, figure 3).
13 Mode Code MCF Output signal that is active high when a mode command (all I's or all 0’s in subad-
Flag dress) has been detected.
22 Power Supply VCC + 5 volts DC supply.
23 Write Enable WE Output signal. When low, WE indicates that the data on the 16 bit data bus is sta-
ble and can be written into the external memory.
24 Valid Command VC Output signal that is pulsed high to signify the reception of a valid command.
25 Read/Write RW Output signal that indicates whether a DMA transaction is a COM1553B read
(when high) or a write (when low) operation.
26 Invalid M Output signal which is pulsed low at the same time as MC to indicate that a mes-
Message sage error has occurred.
IMis also pulsed low while MC remains high if there are errors in the Command
word with matching address.
27 Message MC Output signal used as either an interrupt or flag to the processor whenever a
Complete COM1553B transaction has been completed.
28 Data Transfer DTACK This input signal when low indicates that the Data Transfer Request
Acknowledge (DTR) and BGACK has been acknowledged and data is on the data bus.
29 Command CSTR This input signal when low is used to inform the COM1553B that a Command
Strobe Control Code is available in external memory. When the COM1553B is ready, it
issues a Command Strobe Acknowledge and initiates a memory read cycle to
load the Command Control Code bits CB2-CBO.
30 Power Supply VBB — 5 volts DC supply voltage.
31 Power Supply VDD + 12 volts DC supply.
32 Bus Grant BGACK This input signal, when low, indicates that the processor has acknowledged DTR
Acknowledge and relinquished the data bus.
33 Remote RT/BC When this input is high the COM1553B operates as a Remote Terminal.
Terminal/Bus When RT/BC is low, the COM1553B operates as a Bus Controller.
Controller
34 Command/Data C/D This output signal during memory write operations indicates either a Command
or Data Word transfer. A low level indicates that the COM1553B is writing a Data
Word, Status Word, the contents of the Error Register, or the contents of the Last
Command Register into external memory.
A high level indicates that the transferred word is a Command Word. During
memory read operations this output is low. It goes high to indicate that data has
been latched internally and the read operation is completed. -
35 Data Transfer DTR Output signal that initiates a DMA transfer with the processor.
Request
36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates
Strobe the Command Control Code (CB2-CBO) transfer.
Acknowledge
37 Complementary | MANOUT | This output signal is high when the COM1553B is not transmitting.
Manchester A low level indicates that output data is in a positive state (refer to driver
Output waveform, figure 4).
38 Manchester MANOUT | This output signal is high when the COM1553B is not transmitting.
A low level indicates that output data is in a negative state (refer to driver
waveform, figure 4).
39 Ground GND Ground
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FUNCTIONAL DESCRIPTION

The COM1553B is organized into the following five
sections:

Manchester Encoder/Decoder

This section performs the manchester encoder and
decoder functions and code error check. The receiver con-
tinuously monitors the MANIN and the MANIN input lines
for a valid sync. After the reception of the 3 bit sync, the
receiver is in full synchronization. It then checks for transi-
tion errors and correct (odd) parity. If an error is detected in
the Command Word the receiver resets itself, pulses IM and
waits for another valid sync. If any errors are detected in
Data and Status Words, the appropriate error bits in the
Status and Error register are set.

The transmitter section encodes the NRZ data from the
data bus into Manchester Il and appends, depending on
word type, the proper sync and parity.

State Sequencer Logic

The State Sequencer section generates the appropriate
signals to various internal sections to control the overalll
device operation.

Inputs to the State Sequencer which establish its oper-
ational modes are as follows:

Remote Terminal/Bus Controller (RT/BC)

Determines whether the data terminal is operating as
a Remote Terminal or as a Bus Controller. As a result of
Dynamic Bus Allocation, any terminal shall be capable of
performing either function at different times.

Command Control Code bits D2-D0 (CB2-CB0)

These Command Control Code bits determine the type
of memory operation the COM1553B will execute. Transfer
of these commands to the COM1553B are initiated by
asserting Strobe Command (CSTR) low. This informs the
COM1553B that a command is available in external mem-
ory. When the COM1553B acknowledges the CSTR signal,
it sets the CSTRA output low. The CSTR must be reset within
1.5 ps after CSTRA. The COM1553B then initiates a mem-
ory read cycle by setting R/W high, C/D low, and DATA
TRANSFER REQUEST (DTR) low. When the Command
Control Code bits are valid on the bidirectional data bus (D2-

DO0), DTACK and BGACK are generated by the processor
and these bits are loaded into the COM1553B 3-bit latch
decode register. The command is then decoded in accor-
dance with Table A. Timing associated with loading these
control bits into the COM1553B is shown in Figure 1.

Transmit Last Command

Allows the State Sequencer to bypass a memory read
cycle to external memory and transmit the Last Command
from the TRLC register following the Status Word trans-
mission.

Broadcast

When the address field of the Command Word is all ones
(11111), the State Sequencer is informed that a Bus Con-
troller or a Remote Terminal is transmitting a Broadcast
Command.

Word Count Zero

Input from the 5-bit counter and count decode logic
informing the State Sequencer that all Data Word memory
cycles are complete.

Sync Input
Indicates the type of sync word just strobed into the
receive register.

Address Compare

When programmed as a Remote Terminal, the
COM1553B compares the contents of the address register
with the address field of the received Command Word. If
the addresses compare, the State Sequencer will respond
to the received command.

Any Error

This input to the State Sequencer indicates that one of
the seven possible errors have been setinthe error register
at the end of a message (Refer to Error register).

Contiguous Word

Set if there is a transition 2 ps. after the parity transition
of the last word, this signifies that a contiguous word fol-
lows the word presently in the receive register (Refer to
figure 5).

READ/WRITE (R/W)-J

WRITE ENABLE (WE)J

DATA TRANSFER REQUEST (DTR) ——————— | ow UNTIL BGACK RECOGNIZED [

DTACK

"] SOME DELAY OF MS INDICATES DATAVALID [
COMMAND STROBE (CSTR) — HOLD CSTR UNTIL CSTRA |
MEMORY STROBE (MS) _
COMMAND STROBE HOLD DATA UNTIL LATCHED |
ACKNOWLEDGE (CSTRA) —_—
BUS GRANT ACKNOWLEDGE (BGACK) —_— HOLD BUS UNTIL DMA COMPLETE —
DATA <L CONTROL BI 2, CB1, CB0

COMMAND/DATA (C/D) - 1 LOW UNTIL BITS LATCHED INTERNALLY O

FIGURE 1:
BUS CONTROLLER TIMING SEQUENCE
Loading the Command Control Code Bits into the COM1553B prior to
transmitting a Command or initiating a Diagnostic Sequence.




Error Detection Logic
The error detection logic of the COM1553B detects the
following errors:

Improper Sync
One or more words have been received with incorrect
sync polarity (For example a Status Word with Data Sync).

Invalid Manchester Il Code
One or more words have been received with a missing
transition during the 17 ps. data and parity bit time.

Information Field Greater Than 16 Bits
The decoder has detected a transition within one bit time
(1 ws.) following the parity bit in one or more words.

Odd Parity Error
One or more words have been received with a parity error.

Improper Word Count

An improper word count error occurs when the number
of Data Words received is not equal to the number of words
indicated in the word count field of the Command Word. In
the case of a Mode Code without data, no Data Words
should follow the Mode command. Mode Codes with data
should consist of only one Data Word. If the contents of the
word counter are not zero, and there is no contiguous Data
Word, then the receive message is considered incomplete
(e.g., fewer words were received than indicated by the word
count in the Command word). If the contents of the word
counter are zero and there is a transition detected 2 ps. after
the parity transition of the last Data Word, then this also will
cause an improper word count. In either case, the Message
Error bit of the Status Word is set and not transmitted and
the invalid message (IM) output pin pulsed at the same time
as the message complete (MC) signal output.
Response Time

The amount of time between the end of transmission of
a Command or Data Word and the Status Word reply by a

Remote Terminal should be lessthan 14 ps. Ifthe response
is greater than 14 ps. the response error bit is set in the
error register.

Address Mismatch

An address mismatch occurs when a Bus Controller
detects a mismatch between the address of the Status Word
reply from a Remote Terminal and the Remote Terminal
address of the Command.

Internal Register Description

Remote Terminal Address And Status Code Register

This register is loaded when the processor issues a load
Remote Terminal Address (RTA) command. The word that
is loaded in this register consists of 9 bits of status infor-
mation (D0-D8) and the 5-bit address (D11-D15). The
Remote Terminal Address may be checked any time by
reading out the Error register. The RTA and Status Code
register must be loaded before the COM1553B may respond
as a Remote Terminal.

Table 1 defines the data bus bits which correspond to the
Remote Terminal Address and Status Code register and
Status Word that transmitted. Bits DO, D2, D3 and D8 are
double buffered to allow the RT to retain this information
after the Status Code register is updated. For all legal com-
mands, other than Transmit Last Status and Transmit Last
Command Mode command, the Status Word register is
updated with these four bits, Any Error and the Broadcast
flag. The Dynamic Bus Control and Terminal Flag bits are
modified by the appropriate Mode Code commands
whereas, the Broadcast Flag and Any Error bits are set by
the COM1553B internal logic. The Reserved Bits and the
RT address bits are transferred directly into the Status Word
register during the RTA and Status Code command.

Bits DO, D2, D3, and D5-D9 are cleared after transmis-
sion for all commands except Transmit Last Status and
Transmit Last Command Mode Code.

TABLE A:
COMMAND CONTROL CODE BIT DEFINITION
CONTROL
BITS
DATA BITS CB2-CBO

RT/BC|Dys | Dys [ Dys [ Diz | Dyy [Dyo| Ds | Dy [ D, [ D | D [ Dy | Ds | D, | D, | D, | FUNCTION
READ DATA

X | x| x| x|x|x|x|x|x x| x| 1]1|x|BEADDAT
LOAD RT ADDRESS
REGIS

XXX XXX | XXX XXX | X | X 1]0|X|5TATUS CODE
REGISTER

X | X | X | XXX | X[ X[X[X[X|X|X|X|0]|0|0|READ LAST CMD
READ ERROR AND
REMOTE TERM

XXX x| x| x| x| x x| x [ x [ x [ x| x|o]o]|1|REMOTE]
REGISTERS
BUS CONTROLLER

0 | X | XX |X|X|X[x|X|x|x|x| x|x]|o|1]o/|BUSCONTROLL

0 Ix|Ix|{x{x|x|x|x|x|x|x|x|x|x]|o]|1]|1|BUSCONTROLLER

RT TO RT TRANSFER

X—DON'T CARE
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TABLE 1

RTA and Status Internal Logic Status Word
Data Bus Bit Code Reg. Bits Signals Transmitted
D15 (MSB) RTA Bit 4 (MSB) — RTA Bit 4 (MSB)
D14 RTABIt3 — RTABIt3
D13 RTABit2 — RTABit2
D12 RTABIt 1 — RTABit1
D11 RTABit 0 (LSB) — RTABIit 0 (LSB)
D10 Not used Any Error Message Error
D9 Instrumentation Bit —_ Instrumentation
D8 Service Request Bit — Service Request
D7 Reserved — Reserved
D6 Reserved — Reserved
D5 Reserved — Reserved
D4 Not Used Broadcast Flag Broadcast Flag
D3 Busy — Busy
D2 Subsystem Flag Bit — Subsystem Flag
D1 Dynamic Bus Control Dynamic Bus Mode Code Dynamic Bus Control Bit
Acceptance Enable Bit command
(See Note)
DO (LSB) Terminal Flag Enable Inhibit Terminal Flag (set) Terminal Flag
Bit (See Note) or
Override Terminal
Flag (reset)
Mode Code command

Note: When the Dynamic Bus Control Acceptance Enable bit is set, the RT will accept a Dynamic Bus Mode code
request. If this bit is reset the RT will reject a Dynamic Bus Mode Code command request. The Terminal Flag
Bit (if enabled) is only set high if no Inhibit Terminal Mode Code command has been received, or if an Override

Inhibit Terminal bit command is received.

Last Command Word Register

The last valid Command Word received by a Remote
Terminalis stored in an internal 16 bit Last Command Reg-
ister. This makes it readily available for transmission onto
the data bus whenever the Remote Terminal receives a
Mode Command to transmit the last Command Word. The
Last Command Register contents are automatically writ-
ten into external memory following a receive or a transmit
message.

As a bus controller (BC), the Last Command Register is
used to hold the command transmitted before the present
command. In RT-RT transfers this register of the BC holds
the receive command while the transmit command is being
transmitted.

The processor has the option of reading the Last Com-
mand Register of either a bus controller or remote terminal,
by issuing a Read Last Command Register command code.

Error Register And RTA Register
(Error Register)

A7-biterrorregister is provided in the COM1553B to hold
any errors associated with the previous message. If one
or more of the 7 error types exists, the COM1553B asserts
the Invalid Message output pin (IM) at the same time that
Message Complete (MC) is asserted, cueing either a Re-
mote Terminal or a Bus Controller that an error occurred in
the previous message. If desired, the processor may read
out the 16-bit error word by issuing a read error register
command code. When operating as a Remote Terminal, the
COM1553B will write the Receive register, Error register and

Last Command register automatically into external memory
at the end of each command message because these reg-
isters may change before the processor has determined
the necessity of reading them. The Error register may be
read anytime during a message except during message
transfers.

TABLE 2
The 16-bit error word is defined as follows:
DATA BUS ERROR BIT
LINE DEFINITION
D15 RT Address Bit 4
D14 RT Address Bit 3
D13 RT Address Bit 2
D12 RT Address Bit 1
D11 RT Address Bit 0
D10 Unused
D9 Improper Sync
D8 Address Mismatch Error
D7 Improper Word Count
D6 Response Time Error
D5 Information Field > 16 Bits
D4 Unused
D3 Invalid Manchester |
D2 Parity Error
D1 Unused
DO Unused

*Unused bits are set high.
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Mode Detection Logic

Both receive and transmit Command Words for a Remote
Terminal and Bus Controller are decoded by the Mode
Detection Logic. The Mode Detection Logic examines the
following Command Word field to establish the correct
operating mode for the COM1553B (Refer to TABLE B).

Subaddress/Mode Code Field (D5-D9)
and Data Word Count/Mode Code (D0-D4)

This field Determines if the command is a normal com-
mand or a Mode command. A subaddress field of 00000 or
11111 implies a Mode command. All other codes are inter-
preted as a subaddress. Once a Mode Command is
detected the most significant bit of the Data Word Count/
Mode Code field is decoded. A most significant bit of “zero”
implies no associated data with the Code Command. A
“one” in this position implies that a Data Word will follow.

The COM1553B recognizes five Mode Code commands
(Refer to TABLE B). Transmit Last Command or Transmit
Last Status word Mode Code commands, when received
by the COM1553B, will automatically transfer the contents
of the Transmit Last Command or Transmit Last Status reg-
ister onto the 1553B serial bus.

The Override/Inhibit Terminal Flag and Dynamic Bus
Control Mode Code commands, when received by the
COM1553B, may change the state of the Terminal Flag and
Dynamic Bus Control bits of the Status Word register. The
Inhibit Terminal Flag Bit Mode Code command resets the
Terminal Flag bit.

The Override Inhibit Terminal Flag Mode Code com-
mand enables the Terminal Flag bit if it was previously dis-
abled. Finally, Dynamic Bus Control Mode Code command
sets the Dynamic Bus Control bit in the Status Word if the
Dynamic Bus Control Enable bit is high. If the enable bit is
low, the Dynamic Bus Control bit in the Status Word remains
low when a Dynamic Bus Control Mode Code command is
received.

Broadcast Mode Code

Broadcast Mode Code Commands are acknowledged if
the T/R bit is low. If the T/R bit is high all Broadcast Mode
Code commands without associated Data words are
acknowledged except Dynamic Bus Control and Transmit
Last Status Word. ‘

lllegal Broadcast Commands are not acknowledged; the
IM output pin is, however, pulsed low.

TABLE B
MODE CODE DEFINITION
DETECT DETECTED SPECIAL
FUNCTION CONDITION BY CONDITIONS COMMENTS
Broadcast Allones in RT Broadcast Status word is Address compare
address field of | Decode Logic written into Memory must recognize all
CMD WD but not transmitted ones as Broadcast
Mode Codes All zeros or Mode Code MSB of Word Count Word Count
ones in sub- Decode Logic 0 = No data Word is Decoded
address field 1 = With Data Word as mode code
of CMD WD
(1) Dynamic Word Count Dynamic Bus Accept
Bus Field = 00000 Bit of Status word
Control enabled for
transmission
(2) Transmit Word Count Status Word remains
Last Field = 00010 unchanged
Status
Word
(3) Inhibit Word Count Terminal Flag Bit of
Terminal Field = 00110 Status word inhibited
Flag Bit until overriden
(4) Override Word Count Removes Inhibit from
Inhibit Field = 00111 Terminal Flag Bit of
Terminal Status Word
Flag Bit
(5) Transmit Word Count Status Word
Last Field = 10010 Transmitted followed
Command by Last Command
Register. Status Word
remains unchanged.

47

=
=
=
S
[¢%)
7}




OPERATION

When operating as either a Bus Controller or Remote
Terminal, the COM1553B decodes the Command Word and
determines the type of message transfer. Having deter-
mined the type of message transfer, the COM1553B
generates the proper control and timing signals to com-
plete the transfer (refer to Figure 2). The types of messages
are listed below: '

1) Bus Controller to Remote Terminal
2) Remote Terminal to Bus Controller

3) Remote Terminal to Remote Terminal
4) Mode Code without Data Word
5) Mode Code with Data Word (transmit)
6) Mode Code with Data Word (receive)
7) Broadcast Bus Controller to Remote Terminal
8) Broadcast Remote Terminal to Remote Terminal
9) Broadcast Mode Code without data
10) Broadcast Mode Code with data

. i

Bus Controller Transaction (RT/BC of the COM1553B set low)

The following section describes each 1553B information
transfer format from the Bus Controller viewpoint. A table
showing external memory operation is also provided for
each message format.

Note that all MIL-STD-1553B serial bus activity is initi-
ated by the Bus Controller.

Bus Controller-to-Remote Terminal Transfer (BC to RT)

This message format covers transactions where the Bus
Controller transmits a receive Command and Data Words
to a Remote Terminal. Initializing the COM1553B is accom-
plished by the processor loading an external memory
address counter with the starting address of the COM1553B
memory control block (address where the Command Con-
trol Code CB2-CBO resides). The Bus Controller processor
next issues a Command Strobe (CSTR) and holds it
low until the COM1553B issues a Command Strobe Ack-
nowledge (CSTRA). The COM1553B then responds with a
Data Transfer Request (DTR) which initiates a normal
memory cycle.

Refer to figure 1 for timing associated with loading the
Command Control Codes (CB2-CBO0) into the COM1553B

prior to transmitting the Command Word.

The first memory cycle loads the Command Control Code
bits CB2-CBO0 from external memory into the COM1553B
functioning as Bus Controller (BC). The BC decodes this
command to determine the type of memory transaction to
perform (refer to TABLE A). The next read cycle loads the
Command Word into the BC command register and then
transmits it onto the 1553B bus. This Command Word, while
in the command register, determines the BC mode of oper-
ation. The BC then completes this BC to RT transaction by
issuing a predetermined number of read cycles (deter-
mined by the value in the word count field of the Command
Word) and transmitting the data onto the 1553B bus. After
transmission of the last Data word, the BC initializes its
response timer, expecting a Status Word from the remote
terminal within 14 ps.

After the reception of the Status Word, the BC initiates a
memory write cycle which writes the Status Word into the
external memory. If the BC doesn'treceive the Status Word
within the allowed response time the message error bit
is set.

o
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TABLE 3

BC to RT (The BC transmits a receive
command to the RT)

COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2, READ*

2 RECEIVE READ

COMMAND

3 DATA READ

. DATA READ

. DATA READ

34 DATA READ

*k
35 STATUS WRITE

*reads command control code bits CB2-CB0
** response time
X = don'tcare

Remote Terminal Transfer to Bus Controller

This message format covers transactions where the Bus
Controller sends a transmit command to a Remote Terminal
and requests data from it. Initialization of the BC for normal
memory cycles is the same as the previous transfer. The
difference between this transfer and the previous transfer
is that after the Command Word is transmitted, the BC waits
14 s for the Status Word and the requested number of Data
Words. The Status and Data Words are written into external
memory via write cycles as they are received by the BC.

TABLE 4

BC to RT (The BC transmits a Transmit
Command to an RT)

COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX24 READ*

2 TRANSMIT READ

COMMAND
* %

3 STATUS WRITE

4 DATA WRITE

. DATA WRITE

. DATA WRITE

35 DATA WRITE

***reads command control code bits CB2-CB0O
response time

X = don’tcare

RT-to-RT Transfer

In this message format, the Bus Controller first issues a
receive Command Word to the receiving Remote Terminal,
followed by a transmit Command Word to the transmitting
terminal. Next, the transmitting RT responds with a Status
Word and the requested number of Data Words to both the
receiving RT and BC. The receiving RT at the end of the
message sends a Status Word to the BC. As Status and
Data Words are received by the BC they are written into
external memory.

*%
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TABLE 5

RT to RT
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX3y READ*
2 RECEIVE READ
COMMAND
3 TRANSMIT READ
COMMAND
4 STATUS WRITE =
(transmitting 3
RT) 5
5 DATA WRITE o
. DATA WRITE
. DATA WRITE
36 DATA WRITE
* %
37 STATUS WRITE
(receiving RT)

*reads command control code bits CB2-CB0O
response time
X = don'tcare

Mode Code Command without Data

The Bus Controller transmits a specific Mode Command
and expects a Status Word back from the addressed
Remote Terminal.

TABLE 6
COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION.

1 XXX24 READ*

2 COMMAND READ

* %k
3 STATUS WRITE

*reads command control code bits CB2-CBO

**response time
X = don’t care
Mode Command with Data
(BC receives a single word)

In this mode the Bus Controller issues a transmit Mode
Command to an RT. The addressed Terminal responds to
the Bus Controller with a Status Word and a single Data
Word.

TABLE 7
COM15538
MEMORY MEMORY MEMORY
ADDRESS | CONTENTS | OPERATION
1 XXX2, READ*
2 COMMAND READ
* % ‘
3 STATUS WRITE !
4 DATA WRITE |
{

*reads command control code bits CB2-CB0 1
**response time (
X = don'tcare |



Mode Command with Data
(BC transmits a single word)

The Bus Controller issues a receive Mode Command and
one Data Word to a Remote Terminal. A Status Word is
returned by the Remote Terminal to the Bus Controller.

RT to RT Transfer (Broadcast)

This transfer is similar to the normal RT to RT transfer
with the exception that the Status Word is not returned by
the receiving RT.

TABLE 8 TABLE 10
COM1553B COM1553B
MEMORY MEMORY MEMORY MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION ADDRESS CONTENTS OPERATION
1 XXX2, READ* 1 XXX3y READ*
2 COMMAND READ 2 RECEIVE READ
3 DATA READ COMMAND
*% 3 TRANSMIT READ
4 STATUS WRITE COMMAND
- * %
*reads command control code bits CB2-CB0 4 STATUS WRITE
**response time 5 DATA WRITE
X = don'tcare . DATA WRITE
. . DATA WRITE
Bus Controller (Broadcast) to Remote Terminal Transfer 36 DATA WRITE
In this mode the Bus Controller issues a Broadcast Com-

mand followed by a number of Data Words. In all Broadcast
Command transfers a BC will not expect to receive a Status
Word back.

TABLE 9
COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2, READ*

2 RECEIVE READ

COMMAND

3 DATA READ

. DATA READ

. DATA READ

34 DATA READ

“reads command control code bits CB2-CB0
** rgsponse time
X = don’t care

*reads command control code bits CB2-CB0O

- **response time

X = don’tcare

“

THE FOLLOWING NOTE APPLIES TO THE CURRENT
VERSION OF THE COM 1553B:

When operating as a Bus Controller in a RT (Remote
Terminal) to RT transfer, the COM1553B may incorrectly set
the Invalid Sync Bit in the Error Register if the status word
response from the receiving RT occurs between 4 and 7
microseconds.

The Bus Controller (BC) may confirm that an error free
message transmission occurred by requesting that the
receiving RT transmit the last status word. If this status word
matches the previous status word, then an error-free trans-
mission occurred.

Remote Terminal Transaction (RT/BC input of the COM1553B set high)

The following section addresses each COM1553B
information transfer format from the Remote Terminal
viewpoint.

Bus Controller to Remote Terminal Transfer
(BC to RT, where RT receives data) :

In this transfer the COM1553B designated as the RT
receives a command to receive data. As the Command
Word is completely shifted into the receive shift register, the
RT compares the Command Word address field with the
preloaded Remote Terminal address. This determines if the
message is addressed to the receiving RT. Ifthe Command
Word is valid, the RT issues a Data Transfer Request (DTR)
toinitiate amemory cycle. Once the processor relinquishes
control of the data bus, during the Bus Acknowledge
(BGACK) time, the Command Word is placed on the data
bus.
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The Subaddress field is thereafter decoded by external
logic and the Command word is written into external
memory. The RT then receives a predetermined number of
Data Words (specified by the word count field). As each Data
Word is received it is written into external memory. After the
reception of the last Data Word the RT transmits the Status
Word, the Message Error, Broadcast Flag, Terminal Flag,
Subsystem Flag, Busy, and Service Request bits are
updated for all commands except for the Transmit Status
Word and Transmit Last Command Code commands. While
transmitting the Status, the RT writes it into memory. The
RT also writes the Last Command Register, Error Register
and Receive Register into memory and then asserts Mes-
sage complete.

Note that the receive register of the RT will contain the
transmitted Status Word.



EMN

TABL
BC TO RT (RT receives data from BC)

COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
3 DATA WRITE
. . WRITE
. . WRITE
34 DATA WRITE
*%
35 STATUS WRITE
36 LAST WRITE
COMMAND
37 ERROR WRITE
REGISTER
38 RECEIVE WRITE
REGISTER

Remote Terminal-to-Bus Controller Transfer
(RT transmits data to BC)

The Remote Terminal receives a Transmit Command
Word from the Bus Controller. The RT will then proceed to
decode the Command Word, as in the previous case and
within the response time transmits the Status Word.

While the Status Word is being transmitted the RT issues
a write memory cycle to write the Status Word into external
memory. Thereafter, the Data words are read from memory
and transmitted. After the last word is transmitted the RT
writes the contents of the Last Command Register, Error

Register and the Receive Register into memory.

TABLE 12
Remote Terminal to Bus Controller
(RT Transmits Data to BC)
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
* %
2 STATUS WRITE
3 DATA READ
. DATA READ
. DATA READ
34 DATA READ
35 LAST WRITE
COMMAND
36 ERROR WRITE
REGISTER
37 RECEIVE WRITE
REGISTER

**‘response time

Remote Terminal-to-Remote Terminal Transfers

From the Remote Terminal viewpoint, RT-to-RT trans-
fers are similar to the RT to BC receive or transmit data

transfers. The only exception is that the receiving terminal
waits for the first Data Word from the transmitting terminal.
This satisfies the protocol requirement that the transmitting
terminal first send its status to the controller before it trans-
mits the data to the receiving terminal.

Mode Command with Data
(RT receives a Mode Code Command to transmit)

In this transfer, after the Transmit Mode Command is
received, the RT transmits the Status and one Data Word.

TABLE 13
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
* %
2 STATUS WRITE
3 DATA READ*
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER
6 RECEIVE WRITE
REGISTER

*For a Transmit Last command Mode Code, Data is not
read from memory but transmitted from the internal Last
Command register.

** response time

Mode Code Command with Data
(RT receives a Mode Command to receive)

This transfer is similar to a Receive Command having only
one Data Word.

TABLE 14
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
**
3 STATUS WRITE
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER
6 RECEIVE WRITE
REGISTER

** response time

Bus Controller Broadcast Transfer to RT

The RT receives a Broadcast Command to receive data.
If data received during a broadcast message is invalid, the
COM1553B will set the message error bit.
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TABLE 15

RT RECEIVE
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
. DATA WRITE
. DATA WRITE
32 DATA WRITE
33 STATUS WRITE”
34 LAST WRITE
COMMAND
35 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for the
Status Word but the RT does not transmit it on the 15538

bus.

Broadcast Mode Code Command with Data

This Broadcast Mode Code command is detected if the

MSB of the word count field is a logical high.

Transmission of the Status Word is suppressed as in the

previous case but is loaded into external memory.

TABLE 16
RT RECEIVE
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
3 STATUS WRITE~
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for
the Status Word but the RT does not transmit it on the

1553B bus.
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Broadcast Mode Code Command Without Data

This Mode Code command is detected if the MSB of
the word count field is zero. This transaction is the same as
the previous transfer except that there is no Data Word
transfer.

TABLE 17
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 STATUS WRITE”
3 LAST WRITE
COMMAND
4 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for
the Status Word but the RT does not transmit it on the
1553B bus.

Broadcast RT to RT Transfer

For this message transfer a Broadcast Command
to receive is issued by the Bus Controller. This is followed
by a normal Transmit Command to the transmitting Re-
mote Terminal. The Remote Terminal responds with a nor-
mal transmit message format of Status Word and Data
Word(s). The receiving terminals do not transmit a Status
Word after receiving the data. However, they do go through
a memory cycle to load the Status Word into their respec-
tive memories.

For the Remote Terminal receive transfer refer to Table
15. The only difference in this transfer is that there is a gap
time between the Command and Data word.

For the Remote Terminal transmit transfer refer to Table
12. The only difference in this transfer is that the Receive
Register is not written into memory.



MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range
Storage Temperature Range ....................
Lead Temperature (soldering, 10 seconds)
Positive Voltage onany pin ...........coooiiiiiiiiiiii
Negative Voltage on any pin except VBB, with respect to ground

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is
suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS T, = —55t0 125°C, Ve = 5.0V % 5%, Vop = 12V 5%, Vgg = —5V +5%

PARAMETER MIN TYP MAX UNITS COMMENTS
V.  Input Low Voltage -03 0.8 \
Vi Input High Voltage 3 Vee )
Voo Output Low Voltage 0.4 \ loo = —3.2mA
Vou  Output High Voltage 2.4 4 5 v low = .8 MA
I Input Leakage Current 10 rA
Cn  Input Capacitance 10 25 pf
C,  Output Capacitance 10 15 pf
C, Load Capacitance 100 150 pf
P.  Power Dissipation 0.8 w T, = 25°C
loo 40 mA
lec 100 mA
lss 5 mA

AC ELECTRICAL CHARACTERISTICS

PARAMETER MIN TYP MAX UNITS COMMENTS
clk  clock frequency 12 MHz 50% duty cycle
t, CIk, rise time 6 ns
t Clk, fall time 6 ns
t, DTRand WE 0.5 0.6 1 us
t, BGACKto DTR 0.8 1.3 2 us
t, WE to DATA 50 100 ns
t, DTACK to WE_ 1.5 2 us
ts DTACK to R/W 1 1.5 us
ts DTACK to C/D 1.5 25 us
t, CSTRto CSTRA 673 ws
ts CSTRAto CSTR 1.5 ws
t, CSTRA width 500 ns
t,  C/Dto DATA 0
t, CMDto IM 3.25 us
t,  IMwidth 500 ns
t,  VCwidth 1 us
t, VCtolM 1.75 us
ts C/DtoMC 700 ns
te C/MDtolM 2.25 ns
t, C/DtoMC 750 ns
ts C/DtoMC 1.25 s
to CMD to MCF reset 3.75 us
t,  CMD to MCF set 4.75 us
t, CMDtoVC 2.75 us
t,,  C/D to MCF reset 1.5 ps
tos C/D to MCF set 1 s
t,,  PORwidth - 25 us
t,,  Receive CMDto DTR 4.25 us
t,s  Transmit CMD to DTR 5.75 us
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AC CHARACTERISTICS
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INVALID MESSAGE (IM)

MESSAGE COMPLETE (MC)

AS ART AS ART
CASE 1 CASE 1 AT THE COMPLETION OF AN ERROR FREE BROAD-
CAST COMMAND TRANSACTION AFTER THE
cMpbwp [1] K [ie]w]P] ERROR REGISTER IS WRITTEN INTO MEMORY.
4 :——-—tu
6 —
M _—| I—- ——-1 tyr
. 1, mc j
CASE 2 THE T/R BIT IN THE BROADCAST * - -
CMD IS SET HIGH. te
CASE 2 éTo TI-'IAE chPLEE% og A Ipmésmr OR RECEIVE
¥ MMAND TRA TION AFTER THE DATA REG-
BROADCAST WD [ 1] J [1s] o e] 1 ISTER IS WRITTEN INTO MEMORY.
7 f—— t,.——' i-—-
ve M i} —
| cid |
™ M
|.‘...‘ MC ﬂ
CASE 3 AN ERROR OCCURRED DURING AS ABC
A BROADCAST CMD CASE3 WHEN THE BC ISSUES A RECEIVE COMMAND, THE
MC SIGNAL OCCURS AFTER THE STATUS WORD IS
cB ‘| v WRITTEN INTO Memog;.
|"‘ - WHEN THE BC ISSUES A TRANSMIT COMMAND,
M Hk THE MC SIGNAL OCCURS AFTER THE LAST DATA
N WORD IS WRITTEN INTO MEMORY.
MC LI ~
_.|‘ — c/b |'
15 \
CASE 4 NON BROADCAST CMD mc 'l n———l
ti
c/b | AS A BC OR RT
|
M 11 CASE4 AT THE COMPLETION OF LOADING THE RT
n ADDRESS REGISTER OR
MC READING THE DATA REGISTER.
AS A BC ¢ I
CASE 5 A TRANSMIT OR RECEIVE BC TRANSFER MC I
c/b J
CASE 5 AFTER READING THE ERROR REGISTER.
]
|<- f—
cib I
MC ——| t, fea—
Mc n

NOTE: Message complete and invalid message outputs of
the COM 1553B are negative pulses i.e. MC and IM.

STANDARD MICROSYSTEMS
CORPORATION

35Marcus Bivd., Hauppauge, N.Y. 11788
(516) 273-3100 - TWX-510-227-8898

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.

56



STANDARD MICROSYSTEMS
SO — W
:

Asynchronous/Synchronous Transmitter-Receiver
ASTRO

:
FEATURES PIN CONFIGURATION =
O SYNCHRONOUS AND [ &
ASYNCHRONOUS vesd T wh veo
Full Duplex Operations jAcKi] 2 39 RE
0O SYNCHRONOUS MODE s 3 38 [1 CA (RTD)
Selectable 5-8 Bit Characters __WED 4 371 BA (T50)
Two ssfrfgr?r%ﬂyz% Ec\)(nN Characters Sets R o o LN
INTRQ 7 34 p) DD (TXRC)
Progéammable SYN and DLE Character DALB(] 8 3 B R4
tripping DAL1Q 9 321 R3
Programmable SYN and DLE-SYN Fill g;;g? > Spre
O ASYNCHRONOUS MODE BACa 12 20 i GF (CARR)
Selectable 5-8 Bit Characters DALSH 13 28 b €C (OSR)
Line Break Detection and Generation DALeg 14 27 BB (15
Start BitVerification T EpE
D70 17 24 ID5
Automatic Serial Echo Mode (RNG) CEQ 18 23 b MR
O BAUD RATE—DC TO 1M BAUD v “gi‘;g - pol -
O 8 SELECTABLE CLOCK RATES e
Accepts 1X Clock and Up To 4 Different
32X Baud Rate Clock Inputs 0 COPLAMOS® n-Channel Silicon
Up toC47°/ﬁ Distortion Allowance With 32X Gate Technology
loc O Pin for Pin replacement for
0O SYSTEM COMPATIBILITY Western Digitrf':tl UC1671 and
Double Buffering of Data National INS 1671
and Control Words COM5036 @ 1X and
All Inputs and Outputs TTL Compatible COM5016-6 @ 32X
Up To 32 ASTROS Can Be Addressed
On Bus
On-Line Diagnostic Capability APPLICATIONS o
0 ERROR DETECTION Synchronous Communications
Parity, Overrun and Framing Asynchronous Communications

Serial/Parallel Communications

General Description

The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these
machines are accomplished over the bus lines.

The ASTRO contains several “handshaking” signals to insure easy interfacing with modems or other peripheral devices
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature
which allows the device to be internally connected for processor testing.

The COM1671 provides the system communication designer with a software responsive device capable of handling
complex communication formats in a variety of system applications.
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

ANDA ICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
ST RD MI applications: consequently complete information sufficient for construction Pu S is not necessarily given.
ial

CORPORATION e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
e rcouse vy s @sSUmed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
sz - wsezr e semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time in"order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

=

COM 1863
COM 8018

JUPC FAMILY

Universal Asynchronous Receiver/Transmitter

UART

FEATURES
[0 Compatible with TR1863 timing

[J High accuracy 32X clock mode: 48.4375% Receiver Distortion
Immunity and improved RDA/ROR operation (COM 8018 only)

[J High Speed Operation—62.5K baud, 200ns strobes
[J Single +5V Power Supply
[0 Direct TTL Compatibility—no interfacing circuits required

[ Input pull-up options: COM 8018 has low current pull-up
resistors; COM 1863 has no pull up resistors

[0 Full or Half Duplex Operation—can receive and transmit
simultaneously at different baud rates

[0 Fully Double Buffered—eliminates need for precise external
timing

O Improved Start Bit Verification—decreases error rate

[J 46.875% Receiver Distortion Immunity

O Fully Programmable— data word length; parity mode; number
of stop bits: one, one and one-half, or two

[0 Master Reset—Resets all status outputs and Receiver Buffer

PIN CONFIGURATION

VDD
*HIACC [
Gnd (]
RDE ]

Pl

o

®

jm
©ONOO S WN -

A4

TCP
POE
NDB1
NDB2
NSB
NPB
cs*®
TD8
TD7
TD6
TOS
TD4
TD3
TD2
TD1
TSO
TEOC
T0S
TBMT
MR

w
L0 G | N O ) 0 0 | 0 O 0 0

PACKAGE: 40-Pin D.I.P.

Register
[0 Three State Outputs—bus structure oriented
[J Low Power—minimum power requirements
[0 Input Protected—eliminates handling problems
[J Ceramic or Plastic DIP Package—easy board insertion

[0 Baud Rates available from SMC's COM 8046, COM 8116,
COM 8126, COM 8136, COM 8146 baud rate generators

GENERAL DESCRIPTION

The Universal Asynchronous Receiver/Transmitter is an
MOS/LSI monolithic circuit that performs all the receiving and
transmitting functions associated with asynchronous data
communications. This circuit is fabricated using SMC'’s
patented COPLAMOS® technology and employs depletion
mode loads, allowing operation from a single +5V supply. The
duplex mode, baud rate, data word length, parity mode, and
number of stop bits are independently programmable through
the use of external controls. There may be 5, 6, 7, or 8 data
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits
when utilizing a 5-bit code. These programmable features
provide the user with the ability to interface with all
asynchronous peripherals.

*If pin 2 is taken to a logic 1 the COM 8018 will operate in a high
accuracy mode. If pin 2is connected to — 12V, GND, a valid logic
zero, or left unconnected, the high accuracy feature is disabled,
and the UART will operate in a 16X clock mode. Pin 2 is not con-
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35 :
sty o e
NOBRI37 Y| CONTROL WORD 4 RPE
NDB2156 3 REGISTER BUFFER 5% RoR
DS 15 REGISTER [y ROR
ll 9 T— % 7oan
1 11
RCP/
TIMING AND CONTROL RECEIVER
1
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FUNCTIONAL BLOCK DIAGRAM
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RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

nected on the COM 1863.
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

STANDAR (RQSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
?DMI\II MS gla_ﬁglicationg: oonsequentlg complgte information sufficient for construction Pu[;rosesg is not necessarily given.
iable.

wQPORA information has been carefully checked and is believed to be entirely rel However, no responsibility is
35 Marcs B napace NY 88 @SSUMeEd for inaccuracies. Furthermore, such information does not convey to the gurchaser of the
a2 wxsi-2r8%8 - semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time in"order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

COM 2651

JLPC FAMILY

Programmable Communication Interface
PCI

FEATURES

[J Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
[J Re-programmable ROM on-chip baud
rate generator
[J Synchronous Mode Capabilities
— Selectable 5 to 8-Bit Characters
— Selectable 1 or2 SYNC Characters
— Internal Character Synchronization
— Transparent or Non-Transparent Mode
— Automatic SYNC or DLE-SYNC Insertion
— SYNC or DLE Stripping
— Odd, Even, or No Parity
— Local or remote maintenance loop back mode
[0 Asynchronous Mode Capabilities
— Selectable 5 to 8-Bit Characters
—3 Selectable Clock Rates (1X, 16X, 64X the
Baud Rate)
— Line Break Detection and Generation
—1, 1%, or 2-Stop Bit Detection and Generation
— False Start Bit Detection
— 0Odd, Even, or No Parity
— Parity, Overrun, and framing error detect
— Local or remote maintenance loop back mode
— Automatic serial echo mode
[J Baud Rates
— DC to 1.0M Baud (Synchronous)
— DC to 1.0M Baud (1X, Asynchronous)
— DC to 62.5K Baud (16X, Asynchronous)
— DC to 15.625K Baud (64X, Asynchronous)

[ Double Buffering of Data

PIN CONFIGURATION

D2 1 Y h 28D1
D3 2 0 27 D0
RxD 3 O 1 26Vcc
GND 4 ] D 25RxC
D4 5 (] 0 24D7TR
D5 6 O 0 23RTS
D6 7 a 0 22DSR
D7 8 ) 21 RESET
TxC 9 D 20BRCLK
A110 ( D 19TxD
CE11 N 18 TxEMT/DSCHG
A0 12 N 17CTS
RwW13 16 DCD
RXRDY 14 [ 15 TXRDY
Package: 28-pin D.1.P.

O Internal or External Baud Rate Clock
—16 Internal Rates:50 to 19,200 Baud

[J Single +5 volt Power Supply

O TTL Compatible

[ No System Clock Required

[J Compatible with 2651, INS2651

GENERAL DESCRIPTION

The COM 2651 is an MOS/LSI device fabricated
using SMC’s patented COPLAMOS® technology
that meets the majority of asynchronous and
synchronous data communication requirements,
by interfacing parallel digital systems to asyn-
chronous and synchronous data communication
channels while requiring a minimum of processor
overhead. The COM 2651 contains a baud rate
generator which can be programmed to either
accept an external clock or to generate internal
transmit or receive clocks. Sixteen different baud
rates can be selected under program control when
operating in the internal clock mode. The on-chip
baud rate generator can be ROM reprogrammed to
accommodate different baud rates and different
starting frequencies.

The COM 2651 is a Universal Synchronous/
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Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data com-
munications. The USART is used as a peripheral
and is programmed by the processor to com-
municate in commonly used asynchronous and
synchronous serial data transmission techniques
including IBM Bi-Sync. The USART receives serial
data streams and converts them into parallel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in parallel format, convert them
to serial format and transmit. The USART will sig-
nal the processor when it has completely received
or transmitted a character and requires service.
Complete USART status including data format
errors and control signals is available to the
processor at any time.
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
applications: consequently complete information sufficient for construction purposes is not necessarily given.
CORPORATION 0 Tbeon carefil Pable. i

e information has been carefully checked and is believed to be entirely rel However, no responsibility is
st w1 @SSUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
feramsin - Tsears- semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time in order to improve design ang supply the best product possible.
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STANDARD MICROSYSTEMS
=

COM 2661-1
COM 2661-2
COM 2661-3

[{PC FAMILY

Enhanced Programmable
Communication Interface
EPCI

FEATURES

[0 Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
[0 Re-programmable ROM on-chip baud
rate generator
[J Synchronous Mode Capabilities
—Selectable 5 to 8-Bit Characters
—Selectable 1 or 2 SYNC Characters
—Internal or External Character Synchronization
— Transparent or Non-Transparent Mode
—Transparent mode DLE stuffing (Tx)
and detection (Rx)
—Automatic SYNC or DLE-SYNC Insertion
—SYNC, DLE and DLE-SYNC stripping
—QOdd, Even, or No Parity
—Local or remote maintenance loop back mode
[J Asynchronous Mode Capabilities
—Selectable 5 to 8-Bit Characters plus parity
—3 Selectable Clock Rates (1X, 16X, 64X the
Baud Rate)
—Line Break Detection and Generation
—1, 1Y, or 2-Stop Bit Detection and Generation
—False Start Bit Detection
—QOdd, Even, or No Parity
—Parity, Overrun, and framing error detect
—Local or remote maintenance loop back mode
—Automatic serial echo mode (echoplex)
[0 Baud Rates
—DC to 1.0M Baud (Synchronous)
—DC to 1.0M Baud (1X, Asynchronous)
—DC to 62.5K Baud (16X, Asynchronous)
—DC to 15.625K Baud (64X, Asynchronous)

PIN CONFIGURATION

D2 10 -/ [ 28D1
D3 20 0 27D0
RxD 3 [ 0 26 Vec
GND 4 ) 25 RxC/BKDET
D4 5 ] 0 24DTR
D5 6 (] 23RTS
D6 7 O gzzo_sﬁ
D7 8 ) 21 RESET
TXC/XSYNC 9 [ 20BRCLK
A110 0 19TxD
CE11 ) 18 TXEMT/DSCHG
A012 n 17CTS
RW13 1 16DCD
RxRDY 14 [ 15TxRDY
Package: 28-pin D.I.P.

[0 Double Buffering of Data

[ RxC and TxC pins are short circuit protected
[ Internal or External Baud Rate Clock

[J 3 baud rate sets (2661-1, -2, -3)

[ 16 internal rates for each version

(J Single +5 volt Power Supply

JTTL Compatible

[J No ‘System Clock Required

J Compatible with EPCI 2661

GENERAL DESCRIPTION

The COM 2661 is an MOS/LSI device fabricated
using SMC’s patented COPLAMOS® technology.
It is an enhanced pin and register compatible
version of the COM 2651 that meets the majority of
asynchronous and synchronous data communica-
tion requirements, by interfacing parallel digital
systems to asynchronous and synchronous data
communication channels while requiring a mini-
mum of processor overhead. The COM2661
contains a baud rate generator which can be
programmed to either accept an external clock or
to generate internal transmit or receive clocks.
Sixteen different baud rates can be selected under
program control when operating in the internal
clock mode. Each version of the COM 2661 (-1,
-2, -3) has a different set of baud rates. Custom
baud rates can be ROM reprogrammed to accom-
modate different baud rates and different starting
frequencies.
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The COM 2661 is a Universal Synchronous/
Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data com-
munications. The USART is used as a peripheral
and is programmed by the processor to com-
municate in commonly used asynchronous and
synchronous serial data transmission techniques
including IBM Bi-Sync. The USART receives serial
data streams and converts them into parallel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in parallel format, convertthem
to serial format and transmit. The USART will sig-
nal the processor when it has completely received
or transmitted a character and requires service.
Complete USART status including data format
errors and control signals is available to the
processor at any time.
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100.

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
CORPORA

applications: consequently complete information sufficient for construction PurFoses is not necessarily given.

e information has been carefully checked and is believed to be entirely reliable. However, no responsibditg: is

sswass s mameenee vy 1 @sSUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the

Sl e WERETS: - semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the
right to make changes at any time in"order.to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
_—

Multi-

Universal Synchronous Receiver/Transmitter

USYNR/T
FEATURES PIN CONFIGURATION
N\
O Selectable Protocol—Bit or Byte oriented RVCD;E; ;:g el
O Direct TTL Compatibility rsia 38 Ts0
O Three-state Input/Output BUS smE 4 Zg e
O Processor Compatible—8 or 16 bit oD s 3 TowT
O High Speed Operation—1.5 M Baud—typical Rx:ﬁ:t 7 3;% XAt
O Fully Double Buffered—Data, Status, and Control Registers GNDE: 32 vee
O Full or Half Duplex Operation—independent Transmitter and oegs (J10 317 osep
. oega (1 30[] D@1
Receiver Clocks oswl 2 2007 osg2
—individually selectable data DenE 13 z % DB
length for Receiver and podi 26l oo
i 1 1 ol
Transmitter . S 2 oo
O Master Reset—resets all Data, Status, and Control Registers waChs 231 opENA
O Maintenance Select—built-in self checking 2w 22[J svreop
A1[]20 21 Fj Ag
PACKAGE: 40-Pin D.I.P.

BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP

0O Automatic bit stuffing and stripping

O Automatic frame character detection and generation

O Valid message protection—a valid received message is

protected from overrun

O Residue Handling—for messages which terminate with a
partial data byte, the number of valid
data bits is available

SELECTABLE OPTIONS:

O Variable Length Data—1 to 8 bit bytes

O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)
—None

O Primary or Secondary Station Address Mode

O All Parties Address—APA

0O Extendable Address Field—to any number of bytes

O Extendable Control Field—to 2 bytes

O Idle Mode—idle FLAG characters or MARK the line

0O Point to Point, Multi-drop, or Loop Configuration

COM 5025

JLPC FAMILY

Protocol

BYTE ORIENTED PROTOCOLS—BiSync, DDCMP
O Automatic detection and generation of SYNC characters

SELECTABLE OPTIONS:

O Variable Length Data—1 to 8 bit bytes

0O Variable SYNC character—S5, 6, 7, or 8 bits

0O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)
—VRC (odd/even parity)
—None

O Strip Sync—deletion of leading SYNC characters after

synchronization
O Idle Mode—idle SYNC characters or MARK the line

APPLICATIONS

O Intelligent Terminals

[ Line Controllers

[ Network Processors

[ Front End Communications
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[0 Remote Data Concentractors

[0 Communication Test Equipment
[ Computer to Computer Links

(J Hard Disk Data Handler



General Description

The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial
data communication channels while requiring a minimum of controller overhead.

The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the
controlier, some degree of intelligence in each controller of the device is necessary.

Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 with a
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between
them will be discussed in their respective sections. Conventional synchronous protocols that are control
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP
will also be referred to as CCP protocols.

The COM 5025 is designed to operate in a synchronous communications system where some external
source is expected to provide the necessary received serial data, and all clock signals properly
synchronized according to EIA standard RS334. The external controller of the chip will provide the
necessary control signals, intelligence in interpreting control signals from the device and data to be
transmitted in accord with RS334.

The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the
device will be responsible for all higher level decisions and interpretation of some fields within message
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and
transmitter logic operate as two totally independent sections with a minimum of common logic.

References:

1. ANSI—American National Standards Institute 3. EIA—Electronic Industries Association
X353, XS34/589 TR30, RS334
202-466-2299 202-659-2200

2. CCITT—Consultative Committee for International 4. IBM
Telephone and Telegraph General Information Brochure, GA27-3093
X.25 Loop Interface—OEM Information, GA27-3098
202-632-1007 System Journal—Vol. 15, No. 1, 1976; G321-0044
Term Definition Term Definition
BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followed by 7-1’s)
CCP Control Character Protocols: BiSync, DDCMP LSB First transmitted bit, First received bit
TDB Transmitter Data Buffer MSB Last transmitted bit, Last received bit
RDB Receiver Data Buffer RDP Receiver Data Path
TDSR Transmitter Data Shift Register TDP Transmitter Data Path
FLAG 01111110 LM Loop Mode

ABORT 1111111 (7 or more contiguous 1’s)
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Description of Pin Functions

PinNo. Symbol Name /O  Function

1 Voo Power Supply PS  +12volt Power Supply.

2 RCP Receiver Clock | The positive-going edge of this clock shifts data into the receiver shift register.

3 RSI Receiver Serial input | This input accepts the serial bit input stream.

4 SFR Sync/Flag O  This outputis set high, for 1 clock time of the

Received RCP, each time a sync or flag character is received.

5 RXACT  Receiver Active O This outputis asserted when the RDP presents the first data character of the
message to the controller. In the BOP mode the first data characteris the first
non-flag character (address byte). Inthe CCP mode: 1. if strip-sync s set; the
first non-sync character is the first data character 2. if strip-sync is not set; the
first data character is the character following the second sync. In the BOP
mode the trailing (next) FLAG resets RXACT. Inthe CCP mode RXACT
isneverreset, it can be cleared via RXENA.

6 RDA Receiver Data O  This output is set high when the RDP has assembled an entire character and

Available transferréd it into the|RDB. This output is reset by reading the RDB.
7 RSA Receiver Status O  This outputis set high: 1. CCP—in the event of receiver over run (ROR)
Available or parity error (if selected), 2. BOP—in the event of ROR, CRC error (if selected)
receiving REOM or RAB/GA. This output is reset by reading the
receiver status register or dropping of RXENA.

8 RXENA  Receiver Enable I Ahighlevelinput allows the processing of RS| data. A low
level disables the RDP and resets RDA, RSA and RXACT.

9 GND Ground GND Ground

10 DBg8 Data Bus /O Bidirectional Data Bus.

11 DBg@9 Data Bus I/O  Bidirectional Data Bus.

12 DB1¢ Data Bus /O Bidirectional Data Bus.

13 DB11 Data Bus /O Bidirectional Data Bus. || wire “OR” with DB@@-DB@7

14 DB12 Data Bus 1/O  Bidirectional Data Bus. ( For 8 bit data bus

15 DB13 Data Bus I/0  Bidirectional Data Bus.

16 DB14 Data Bus /O Bidirectional Data Bus.

17 DB15 Data Bus /O Bidirectional Data Bus.

18 W/R Write/Read I Controls direction of data port. W/R=1, Write. W/R=0, Read.

19 A2 Address 2 | Address input—MSB.

20 A1 Address 1 | Address input.

21 Ag Address 0 | Address input—LSB.

22 BYTE OP Byte Operation | If asserted, byte operation (data port is 8 bits wide) is
selected. If BYTE OP=0, data port is 16 bits wide.

23 DPENA  Data Port Enable | Strobe for data port. After address, byte op, W/R and data are set-up DPENA
may be strobed. If reading the port, DPENA may reset (depending on register
selected by address) RDA or RSA. If writing into the port, DPENA may reset
(depending on register selected by address) TBMT.

24 DB@7 Data Bus /O Bidirectional Data Bus—MSB.

25 DBg6 Data Bus /0 Bidirectional Data Bus.

26 DB@5 Data Bus /0  Bidirectional Data Bus.

27  DB@4 Data Bus /0 Bidirectional Data Bus.

28  DBg3 Data Bus /0 Bidirectional Data Bus.

29 DBg2 Data Bus /0 Bidirectional Data Bus.

30 DBg1 Data Bus /0 Bidirectional Data Bus.

31 DBgg Data Bus I//0  Bidirectional Data Bus—LSB.

32 Vee Power Supply PS  +5 volt Power Supply.

33 MR Master Reset | Thisinput should be pulsed high after power turn on. This will: clear ali flags, and
status conditions, set TBMT=1, TSO=1 and place the device in the primary
BOP mode with 8 bit TX/RX data length, CRC CCITT initializedto all 1's.

34 TXACT Transmitter Active O  This output indicates the status of the TDP. TXACT will go high after asserting
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one
half clock after the byte during which TXENA is dropped.

35 TBMT Transmitter Buffer O  This output is at a high level when the TDB

Empty orthe TX Status and Control Register may be loaded with
the new data. TBMT =0 on any write access to TDB or TX Status and
Control Register. TBMT returns high when the TDSR is loaded.
36 TSA Transmitter Status O TERR bit, indicating transmitter underflow.
Available Reset by MR or assertion of TSOM.
37 TXENA Transmitter Enable | 9 high level input allows the processing of transmitter
ata.
38 TSO 'gansmitter Serial O  This output is the transmitted character.
utput

39 TCP Transmitter Clock | The positive going edge of this clock shifts data out of the
transmitter shift register.

40  MSEL Maintenance | Internally RSI becomes TSO and RCP becomes TCP.

Select Externally RSl is disabled and TSO=1.
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Definition of Terms
Register Bit Assignment Chart 1 and 2

‘ata Bu Term Definition
DB¢@8 RSOM Receiver Start of Message—read only bit. In BOP mode only, goes high when first non-flag (address byte)
character loaded into RDB. It is cleared when the second byte is loaded into the RDB.
DB@9 REOM Receiver End of Message—read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. .
DB1¢ RAB/GA Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an %
ABORT character; if LM=1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of ';',’
Receiver Status Register or dropping of RXENA. o
DB11 ROR Receiver Over Run—read only bit. Set high when received data transferred into RDB and previous data has not 4
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status k]
Register or dropping of RXENA. €D
)B12-14  A,B,C Assembled Bit Count—read only bits. In BOP mode only, examine when REOM=1. ABC=0, message terminated Q
on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 'g
= number of valid bits available in RDB (right hand justified). &
DB15 ERR CHK Error Check—read only bit. In BOP set high if CRC selected and received in error, examine when REOM=1. In
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR
CHK = 1if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the
message.
DB8 TSOM Transmitter Start of Message—W/R bit. Provided TXENA=1, TSOM initiates start of message. in BOP, TSOM=1
generates FLAG and continues to send FLAG's until TSOM=0, then begin data. In CCP: 1. IDLE=0, transmit out of
SYNC register, continue until TSOM=0, then begin data. 2. IDLE=1 transmit out of TDB. In BOP mode there is also
a Special Space Sequence of 16-0's initiated by TSOM=1 and TEOM=1. SSS is followed by FLAG. 5
DB9 TEOM Transmit End of Message—W(/R bit. Used to terminate a message. in BOP mode, TEOM=1 sends CRC, then 2%
FLAG; if TXENA=1 and TEOM=1 continue to send FLAG's, if TXENA=0 and TEOM=1 MARK line. In CCP: 1. 59
IDLE=0, TEOM=1 send SYNC, it TXENA=1 and TEOM=1 continue to send SYNC'’s, if TXENA=0 and TEOM=1 & T
MARK line. 2. IDLE=1, TEOM=1, MARK line. g2
DB10 TXAB Transmitter Abort—-W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE =0, transmit ABORT =T
2. IDLE=1, transmit FLAG. 3
DB11 TXGA Transmit Go Ahead—W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. § T
Allows loop termination—GA character. F &
DB15 TERR Transmitter Error—read only bit. Underflow, set high when TDB not loaded in time to maintain continuous
transmission. In BOP automatically transmit: 1. IDLE=0, ABORT 2. IDLE=1, FLAG. In CCP automatically transmit:
1.IDLE=0, SYNC 2. IDLE=1, MARK. Cleared by TSOM.
DB8-19 XY, Z 4 Y X —WI/R bits. These are the error control bits.
0 0 0 X16+ X124+ X5+ 1 CCITT—Initialize to “1”
0 0 1 X164+ X124+ X5+ 1 CCITT—Initialize to “0"
0 1 0 Not used
0 1 1 X164+ X15+ X2+ 1—CRC16
1 0 0 Odd Parity—CCP Only -
1 0 1 Even Parity—CCP Only 2
1 1 0 Not Used 'g:
1 1 Inhibit all error detection and transmission [
Note: Do not modlfy XYZ until both data paths are idle °
DB11 IDLE IDLE mode select—W/R bit. Affects transmitter only. In BOP—control the type of character sent when TXAB €
asserted or in the event of data underflow. iIn CCP—controls the method of initial SYNC character transmission and 8
underflow, “1” = transmit SYNC from TDB,, “ 0" =transmit SYNC from SYNC/ADDRESS register. ®
DB12 SEC ADD Secondary Address Mode—W(/R bit. In BOP mode only—after FLAG looks for address match prior to activating 3
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1. =
DB13 STRIP SYNC/LOOP Strip Sync or Loop Mode—W/R bit. Effects receiver only. In BOP mode—allows recognition of a GA character. In
CCP—after second SYNC, strip SYNC; when first data character detected, set RXACT =1, stop stripping.
DB14 PROTOCOL PROTOCOL—WIR bit. BOP=0, CCP=1
DB15  “APA All Parties Address—W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1's will
activate the RDP.
J)B13-15 TXDL Transmitter Data Length—W)/R bits.
TXDL3 TXDL2 TXDL1 LENGTH
0 0 0  Eightbits per character
1 1 1 Seven bits per character
1 1 0  Six bits per character
1 0 1 Five bits per character
1 0 0  Four bits per character*
0 1 1 Three bits per character* 8
0 1 0  Two bits per character* 2
0 0 1 One bit per character* &
*For data length only, not to be used for SYNC character (CCP mode). -
DB8-1§  RXDL Receiver Data Length—W/R bits. 3
RXDL3 RXDL2 RXDL1 LENGTH 3
0 0 0  Eight bits per character £
1 1 1 Seven bits per character 2
1 1 0  Sixbits per character g
1 0 1 Five bits per character s
1 0 0  Fourbits per character 8
0 1 1 Three bits per character
0 1 0  Two bits per character
0 0 1 One bit per character
DB11 EXCON Extended Control Field—W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should
not be set if SEC ADD =1.
DB12 EXADD Extended Address Field—W/R bit. In receiver only; LSB of address byte tested for a “1". If NO—continue receiving

address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD =1.

*Note: Product manufactured before 1Q79 may not have this feature.
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Register Bit Assignment Chart 1

REGISTER DP@7 DPg6 DPg5 DPg4 DP@3 DPg2 DPA1 DPgg
Reé’ﬁ;}’:rf Data RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD@
(Read Only- MSB LSB
Right Justified-
Unused Bits=0)
; Transmitter Data TD7 TD6 D5 TD4 D3 TD2 TD1 D@
! egister
(Read/Write- MSB LSB
Unused Inputs=X)
\ Sync/Secondary SSA7 SSA6 SSA5 SSA4 SSA3 SSA2 SSA1 SSAg
i Address
(Read/Write- MsB Ls8
Right Justified-
Unused Inputs=X)
Register Bit Assignment Chart 2
REGISTER DP15 DP14 DP13 DP12 DP11 DP1g DP@9 DPg8
Receiver Status ERR CHK (¢} B A ROR RAB/GA REOM RSOM
(Read Only)
TX Status TERR 0 0 0 TXGA TXAB TEOM TSOM
and Control (Read Only)
(Read/Write)
Mode Control *APA PROTOCOL STRIP SECADD IDLE ¥4 Y X
(Read/Write) SYNC/
LOOP
Data Length TXDL3 TXDL2 TXDLA1 EXADD EXCON RXDL3 RXDL2 RXDL1
Select
(Read/Write)

*Note: Product manufactured before 1Q79 may not have this feature.

Register Address Selection

1) BYTE OP = 0, data port 16 bits wide

A2 A1 AE
0 0 X
0 1 X
1 0 X
1 1 X

X = don’t care

2) BYTE OP = 1, data port 8 bits wide

A2 Al AQ
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Register

Receiver Status Register and Receiver Data Buffer

Transmitter Status and Control Register and Transmitter Data Buffer
Mode Control Register and SYNC/Address Register

Data Length Select Register

Register

Receiver Data Buffer

Receiver Status Register

Transmitter Data Buffer

Transmitter Status and Control Register
SYNC/Address Register

Mode Control Register

Data Length Select Register
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BOP TRANSMITTER OPERATION

INITIALIZE

MARK LINE

(PROCESSOR LOAD OR MASTER RESET)

—)

SEND FLAG

TRANSMIT
ABORT

CHARACTER

RESET
UNDERRUN

SEND
ABORT
CHARACTER

SEND
GO AHEAD

SEND
CRC

SEND 1 BYTE
OF DATA
FROM TDB

SEND
FLAG

!

STUFF ZERO,
ACCUMULATE
CRC

CCP TRANSMITTER OPERATION

INITIALIZE

P

SET MODE

— 0

(PROTOCOL = 1; XYZ = CRC 16)

=
[=]
—
(3]
w
w

TRANSMIT
SYNC FROM
SYNC REG

SEND SYNC

SERIALIZE
DATA
ACCUMULATE
CRC
NO RESET
UNDERRUN
vES
TRANSMIT
CRC

TRANSMIT
SYNC
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CCP RECEIVER TIMING

w S T 1, L, v

MR W/R=1

NOTE 1

DPENA
(not clock edge related)

RXENA _____[_

W/R=0 W/R=0 W/R=0 W/R=0

READ READ READ
STX DATA 1

READ
ETX

STX I DATA 1 J ETX [

RDA Z__
RXACT L
ROR

ERR CHK

NOTE 1—Mode set for CCP with CRC selec(ed
TE 2—If overrun had occured —no REAI
NOTE 3—ERR CHK must be sampled befove next byte or before RXENA brought low

:
:

e LU, LU, S A e A

MR _l I____
TXENA __r.

CCP TRANSMITTER OPERATION

[ S

NOTE 1 LOAD LOAD LOAD
MODE SYNC TSOM=1 TSOM=1 TSOM=0  STX DATA 1 ETX TEOM=1
NOTE 2 n
oo JLIT 1 [ ) i . M
(not clock edge related)
FIRST SVNC SECOND SYNC

TBMT % |

|
/d

1 r—‘g, A Y e IV

|
|
|
|
|
|
|
!
|
|
|
|
!
TXACT % 4!—(
|

I I STX J DATA l ETX I CRC l MARK

NOTE 1—Mode i1s CCP with CRC selected
NOTE 2—Trailing edge of DPENA must occur at least one-half
clock pulse prior to TBMT=1 to avoid underrun
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BOP RECEIVER TIMING

w LML, LU U L LU

MR W/R=0 W/R=0 WIR=0 WR=0 W/R=0 W/R=0 W/R=0 W/R=0
WIR = 1 Address Byte Read Status ControiByte  DataByte #1 DataByte #2 Data Byte #3 DataByte #4 Read Status

_L __ﬂ_ i —ﬂ_
NOTE 1 i
DPENA R

not clock edge related

RXENA —I—

SFR

~-FAG... ...FLAG = b FLAG... . FLAG =]
« T |1 A I [uss o o Tore ]
./ L JLILJL
/Z] "NoTE 2
RSA -
RXACT Z— J— L
RSOM

REOM

ERR,CHK, ABC, == i
ROR, RAB/GA INOTE 2 I I
!

NOTE 1—If required-but not done in this example
NOTE 2—If no DPENA to read Data Byte #2

BOP TRANSMITTER OPERATION
Tcp 4 4 Y, V7%
° J‘LFU’IMJ‘U‘UW Uy S uUTuyUyre, U
wo Jl

TXENA _J_—— :E _—‘——

Load Load Load Load
TSOM=1 TSOM=0 Address Control Data Length Data Byte TEOM=1
DPENA I:Nme =
not clock edge related |
)
ToMT ___’—L/ L ]

t“—FLAGu, v_.' ““FLAG'“ ) _-l MARK
o L [ | [ oo [oowoe e [ L

Note 1—Trailing edge of DPENA must occur at least one-half clock
pulse prior to TBMT =1. To avoid underrun.
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AC TIMING

TCP

D

300 ns
TBMT 1’

DPENA

W/R=1

to Transmitter

Registers

300 ns
TBMT ——\—'
TCP
——J150ns
w X

300 ns
TXACT

DIAGRAMS

RCP

‘igg]ns

300 ns
RDA, RSA
DPENA
W/R=0
to Receiver
Registers

300 ns
RDA, RSA ———\_

RXENA
300 ns, min

Resets: RDP-RDA, RSA,
RXACT, receiver
into search
mode (for FLAG)

Note: Unless otherwise specified all times are maximum.

Data Port Timing

L—_——’_L.t’—__l

Sl )

READ FROM USYNR/T

Tas

e
il

/
7 "i—.l
/X

Twopena Tan

|
-

OPENA

XU
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FLOAT:

WRITE TO USYNR/T
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range .............ouiuiiiii ittt ittt e 0°Cto + 70°C
Storage Temperature RanNge .. ...... ..ottt i -55°Cto +150°C
Lead Temperature (SOIAering, TO SEC.) .. ... .vu ittt et et et e e nes +325°C
Positive Voltage on any Pin, with respectto ground . . . .. ..ottt e +18.0V
Negative Voltage on any Pin, With reSpect t0 GroUNG . . . .. ... vttt ttee it ee e ettt e e e e e e eaeeens -0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.
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NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or “‘glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. For example, the
bench power supply programmed to deliver + 12 volts may have large voltage transients when the
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V£5%, Voo=+12V+5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Comments
D.C. Characteristics
INPUT VOLTAGE LEVELS
Low Level, ViL 0.8 \
High Level, Vi 2.0 Vce v
OUTPUT VOLTAGE LEVELS
Low Level, Vou 0.4 \ loL=1.6ma
High Level, Vox 2.4 lon=40ua
INPUT LEAKAGE
Data Bus 50 | 50.0 pa 0<Vin<5v, DPENA=0 or W/R=I
All others pa ViN=+5v
INPUT CAPACITANCE
Data Bus, Cin pf
Address Bus, Cin pf
Clock, Cin pf
All other, Cin pf
POWER SUPPLY CURRENT
lcc 70 ma
loo 90 ma
A.C. Characteristics Ta=25°C
CLOCK-RCP, TCP
frequency DC 15 MHz
PWh 325 ns
PWL 325 ns
tr, 1t 10 ns
DPENA, Twopena 250 50 us ns
Set-up Time, Tas 0 ns
Byte Op, W/R
Az, Ay, Ao
Hold Time, Tan 0 ns
Byte Op, WIR,
Az, Ay, Ao
DATA BUS ACCESS, Tora 150 ns
DATA BUS DISABLE DELAY, Torp 100 ns
DATA BUS SET-UP TIME, Toss 0 ns
DATA BUS HOLD TIME, TosH 100 ns
MASTER RESET, MR 350 ns
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Receiver Data

and

Read RDA and RSA prior t di H
|| P ronasnsaraioreasns | Receiver Status

Access Sequence

Preferred reading sequence of receiver RDA and RSA.

READ RDB READ RDB—|
READ READ
STATUS STATUS

EXIT |
CCP RECEIVER OPERATION BOP RECEIVER OPERATION

INITIALIZE
SET MODE

ASSEMBLE CHARACTERS
ACCUMULATE CRC

RXACT -— RDSR ~ RDB

YES STATUS NO

BITS

) s

SETRSA

STANDARD MICROSYSTEMS
CORPORATION

35 Marcus Bivd . Hauppauge.
(516)273-3100  TWX-510:

PROTOCOL-1 PROCESSOR LOAD
XYZ-CRC 16 ORMR

INITIALIZE

TEST MADE AFTER 8 RXCLK'S

TEST MADE
AFTER 8 CLKS

ASSEMBLE CHARACTERS
STRIP ZERO

PIREUNE BELAY
IPELI
ACCUMULATE CRC ( aal

16 RXCLKS AXACT
DELAY ééﬁ -— RDSR ~ RDB

BITS
)

FLAG
IN?

YES

SET RSA

NO

PROCESSOR MUST READ
ERR CHK BIT BEFORE
RXENA=0

SET RSA

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
=y

COM52C50

PRELIMINARY

TWINAX Interface Circuit (TIC)

FEATURES

O Conforms to IBM® 5250 Standard used in IBM System
/36 and /38.

O Operates at 1Mbps Data Rate

O Transmits and Receives Manchester |l Encoded Data
O On Chip Odd or Even Parity Generation and Checking
O Programmable Interframe Zero Bit Insertion

O Handles Multi Byte and Single Byte Transfers

O Multiple Address Select Register Allows for Up to 7
Node Address Emulation

O Programmable Extended TX Enable

O Internal/External Loopback Capability for Self Test
Diagnostics

O On Board Predistortion Circuitry

O Low Power CMOS

O On Board Crystal Oscillator Simplifies Clock
Generation

O 8 MHz Clock Output for General Use

O Incorporates a Three Level Receive FIFO to Simplify
Processor Interface

O Compatible with high speed microprocessor with no
wait state up to 10 MHz (80186, 68000 etc...)

O Programmable DMA and Jump Vectoring Interface

O Independent RX DMA and TX DMA Request Signals
0O Programmable Interrupt Selection

[ 28 Pin Plastic Dual In Line and Chip Carrier Packages
O Open Drain Output on Interrupt Pins

O TTL Compatible Inputs and Outputs

O Single +5v Supply

PIN CONFIGURATION

18 [1 RXDMA
27 17 @ CLKOUT
28 16 0 D7

D[ 1 151 D6

Ds [ 2 14 1 GND
WRO 3 13 [ XTAL,
TXEN O 4 12 1 XTAL2

PACKAGE: 28-pin PLCC

GENERAL DESCRIPTION

The COM52C50 TWINAX controller is a CMOS device that
performs the communications interface to the IBM 5250
TWINAXIAL bus. It interfaces to a general purpose micro-
processor on one side and to the IBM 5250 TWINAXIAL
bus on the other side. The COM52C50 handles the parallel
to serial and serial to parallel conversion of data to and from
the TWINAXIAL bus and the encoding and decoding of

IBM® is a registered trademark of the International Business Machines
Corporation.

data in Manchester Il format. The COM52C50 consists of a
RECEIVE BLOCK, a TRANSMIT BLOCK, and CONTROL
circuitry. The Receive and Transmit sections of the
COM52C50 are separate and may be used independent of
one another. The COM52C50 generates and detects the bit
sync, frame sync, parity, and the fill zero bit patterns
according to the IBM 5250 standard.
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cs A — RX
—L2 ] RECEIVE STATUS PARITY CHECK RECEIVE FRAME SYNC DIGITAL
RD %%%%EDSS N—  REGISTER [ | FRAMECHECK CONTROL - DETECT FILTER [
—WR | “AND . I I
AO-A2 _| CONTROL
RECEIVE ZERO STRIP || DIGITAL PLL
SHIFT REGISTER [  LOGIC AND CONTROL
{Do-o7 o ; Y
BUFFER N—7 | PRESENT
) MODE RECEIVE ADDRESS
REGISTER FIFO XTAL1
REGISTER cavsTAL [pRAL
CONTROL f— OSCILLATOR 2252,
REGISTER  \—o 1
TX DMA CLKOUT
<——1 DMA CONTROL J L J I U GeNEATE
— LoGIC
RX DMA
ADDRESS SELECT ZERO FILL TRANSMIT 1
REGISTER REGISTER BUFFER
INTERRUPT A MANCHESTER
STATUS REGISTER |/ l l ™1 ENCODER
ZERO FILL TRANSMIT
LOGIC ™ SHIFT REGISTER
T T aaASK <: TRANSMIT |—X5
RETIMING | DTX
TRANSMIT STATUS| (| TRANSMIT | | PARITY & FRAME & TXEN
— REGISTER CONTROL GENERATION CONTROL [
‘I—N—; INTERRUPT
<~NT2 | conTROL
~«—— RST
~—— Ve
~—— GND
Fig. 1— COM52C50 INTERNAL BLOCK DIAGRAM
RX DMA
TX DMA I
— TWINAXIAL
X CABLE
DATA
BUS <1 > D0-D7 ENABLE IJ A
| 6 5 ;::
ADDRESS DECODE cs COM52C50 i
BUS I
| A0-A2 TWINAX > A~
. _ INTERFACE
WRITE WR CHIP
READ RD
INTA
INTERRUPT RX
REQUEST iNT2
RESET CLKOUT XTAL1 XTAL2
SYSTEM
RESET D
8 MHZ 16 MHZ

Fig. 2—TYPICAL COM52C50 INTERFACE
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TABLE 1 - COM52C50 TWINAX DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL DESCRIPTION
22 6 | Bidirectional Do-Dy An 8 bit DATA BUS is used to interface the COM52C50 to the
Ui Data Bus processor Data Bus.
26, 27
3 Write Data WR A low pulse on this input (when CS is low) enables the COM52C50
Strobe to accept the data or control information from the DATA BUS into
the COM52C50.

4 TX Enable TXEN This output is active low when the transmit data is valid. It is used to
enable the external TX driver circuitry.

5 Delayed TX DTX Delayed TX Manchester encoded.

6 TX Data X Transmit data Manchester encoded.

7 TX Buffer TX DMA The TX Buffer Empty signal is used as a transmit DMA request.

8 RX Data RX This input accepts the receive Manchester Il encoded bit stream.

11 Reset RST This pin resets the COM52C50 to a known state. In addition, it disables
the TX and puts an inactive state on the interrupt lines.

12 Crystal 2 XTAL2 An external 16 MHz crystal is connected to these two pins. If an external

13 Crystal 1 XTAL, 16 MHz TTL clock is used, it should be connected to XTAL, with a
390 ohm pullup resistor; XTAL2 must be left floating.

14 Ground GND Ground

17 Clock Out CLKOUT This is a divide by two of the XTAL+, 16 MHz input clock. It has a 50/50
duty cycle and can be used as a clock input to the host microprocessor.

18 RX Buffer RX DMA The RX Buffer Full signal is used as a receive DMA request.

19 Error Related INT2 This active low, open drain output provides the interrupt signal for

Interrupt error related operations.
20 Data Related INT, This active low, open drain output provides the interrupt signal for
Interrupt data related operations.

21 Register Az During processor to COM52C50 communications, these inputs are

22 Address Select Aq used to indicate which internal register will be selected for access by

23 Ao the processor. '

24 Read Data RD A low pulse on this input (when CS is low) enables the COM52C50 to

Strobe place the data or status information on the DATA BUS.

25 Chip Select [oF] A low level on this input enables the COM52C50 for reading and
writing by the processor. When CS is high, the DATA BUS is in high
impedance and the WR and RD will have no effect on the chip.

28 Power Supply Vee +5V Power Supply.

FUNCTIONAL DESCRIPTION
RECEIVE BLOCK

The COM52C50 recovers frames that conform to the IBM
5250 protocol. It also checks the received frame for proper
sync, parity and trailing zeros. The RX inputis sampled at 8
times the bit rate. The receive logic is brought into
synchronization during bitand frame synchronization
patterns. The internal receive clock is adjustéd after each
RX transition to compensate for bit jitter and distortion in the
received data signal. In addition to the Receive Shift
Register, the Receive block incorporates a two level First-
in-First-out (FIFO) buffer. At the start of a message, the
host microprocessor is alerted by handshake signals like
Line Idle, Frame Sync Detect, Poll Command Detect, and
Address Match. Thereafter, the RX Buffer Full signal
informs the host microprocessor of the availability of
received data. The end of a receive message is marked by
either the detection of 1) End Of Message sequence 2) Line
Idle or 3) Receive Error.
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TRANSMIT BLOCK

The COM52C50 transmits data frames that conform to the
IBM 5250 protocol. The transmit block consists of an 8 bit
data buffer register, a present address register, 16 bit
parallel to serial shift register, and parity generation logic. A
transmit operation is initiated by loading the transmit buffer
register. The transmitted frame will consist of the sync bit,
the 8 bits loaded by the host microprocessor into the buffer
register, the present address from the PRESENT
ADDRESS REGISTER, orthe (111) end of message code if
the last frame is being transmitted, followed by a parity and
three zero fill bits. After the host microprocessor loads the
transmit buffer register, the TRANSMIT BUFFER EMPTY
bit in the status register will become inactive. After a
transfer of a data frame from the buffer register to the shift,
register is accomplished, the TRANSMIT BUFFER EMPTY
bitinthe INTERRUPT AND TRANSMIT STATUS REGISTER
becomes active.

=
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BIT STREAM

The bit stream is serially transmitted to (or received from)
the System Unit at a transmission bit rate of 1 Mbps (+2%).
Therefore, 1 microsecond is required for each bit, and 16
microseconds are required for each frame. All information
between a station and the System Unit is transmitted on the
twinaxial cable. The COM52C50 provides the transmitted
serial data in Manchester encoded format where a “1”
(one) bit is represented by a half bit cell of logical high
followed by a half bit cell of logical low, and a 0 (zero) bit is
represented by a half bit cell of logical low followed by a half
bit cell of logical high. In addition, the COM52C50 provides
a Delayed Transmit Data signal which is delayed by 1/4 of
a bit time to simplify the interface to the external driver
circuitry.

L
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1us

1us 1us

X

A message contains a bit sync pattern, a frame sync
pattern, and a frame. The bit sync and the frame sync
patterns establish synchronization between the station and
the System Unit,and are transmitted prior to transmission of
the first frame.

TABLE 2 - IBM 5250 FRAME FORMAT
The frame format for command and data to and from the IBM 5250 attachment is a fixed 16 bit frame. Only 13 bits

contain information. The general format is as follows:

Transmission start sequence

One 5250 frame (16 bits)
A —

r

-

~
©
Bit synchronization |Frame sync (%

z Line idle

8-bit data’command word

3-bit station|
address

3-bit
zero fill

Line idle (

D1

D3

D4 D6}D7]A0 | A1]A2 01

‘D5

Bit synchronization

™ Frame synchronization ~

BIT

DESCRIPTION

0-2 These bits are always 0.

4-6

station, these bits are setto 111.

This is designated as the parity bit and will be set to ensure even parity in each frame.

These are the. physical station address. Valid addresses are 000 to 110, and 111 is the end of message
delimiter for the cable. A frame containing a 111 station address causes the station to ignore all following cable
activity until a bit and frame synchronization is detected following a line turnaround. In addition, if only one frame
is sent from the system unit, these bits represent the station address. If only one frame is sent from the work

These bits contain command or data information. They represent a data byte or a status byte from the station, or
they represent a data byte or a command from the system unit.

This is the sync bit. It is the first bit on the line and it is always set to 1.

RESETTING THE COM52C50

The COM52C50 must be reset on power up. This is
accomplished by either of two methods: Hardware Reset or
Software Reset.

Hardware Reset:

Onthe COM52C50 a RESET pin is dedicated to allow
resetting of the device by applying a low level on the
RST pin. The RESET signal should have a minimum
duration of 1us.
Software Reset:

The chip will also be reset when the Software Reset
bit in the Control Register is asserted. The host
microprocessor asserts Software Reset by writing a
“zero” in bit 0 of the Control Register. To take the
COM52C50 out of reset, the host microprocessor
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should write a “one” in bit 0 of the Control Register.
Writes to the Control Register bit 0 should be spaced
such that the Internal Reset signal has a minimum
duration of 1us.

Upon reset, all of the internal registers of the COM52C50
will be cleared. In addition, the COM52C50 enters an idle
state in which it can neither transmit nor receive data. To
disable undesired interrupts, the Interrupt Mask Register is
set to 00 and the Status Registers bits are all inactive.

INITIALIZING THE COM52C50

Following RESET, the COM52C50 should be initialized by
writing a valid bit pattern to the Interrupt Mask Register, the
Mode Register, the Station Address Select Register. At this
point, the Control Register can be used to enable Receive
and Transmit.



TABLE 3 - REGISTER DECODE & TRUTH TABLE FOR INTERNAL REGISTER SELECT

ADDRESS A2 A1 A0 RD WR
00 0 0 0 1 0 Mode Register W
0 0 0 0 1 Not Used R
01 0 0 1 1 0 Interrupt Mask Register W
0 0 1 0 1 Interrupt Status Register R
02 0 1 0 1 0 Address Select Register w
0 1 0 0 1 RX Status Register R
03 0 1 1 1 0 Control Register W
0 1 1 0 1 RX Buffer R
04 1 0 0 1 0 Zero Fill w
1 0 0 0 1 Not Used R
05 1 0 1 1 0 Present Address Register W
1 0 1 0 1 Present Address Register R
06 1 1 0 1 0 TX Buffer W
1 1 0 0 1 TX Status Register R
07 1 1 1 1 0 TX Buffer EOM W
1 1 1 0 1 TX Status Register R

REGISTER DESCRIPTIONS

RX BUFFER

This is the second level of a two byte deep Receive FIFO
where the COM52C50 Receive Block provides new data
and the microprocessor reads it. This register contains the
8 bit information field of an IBM5250 frame (bits 14-7). Itis
read by the host microprocessor after each frame reception
which is indicated by the RX Buffer Full bit. This is an 8 bit
read only register.

TX BUFFER

This register contains the 8 bit information field of an
IBM5250 frame (bits 14-7). It is written to by the host
microprocessor and contains the information to be sent out
in the next frame. This is an 8 bit write only register.

ZERO FILL REGISTER

This eight bitregister is loaded by the host microprocessor
and contains the number of zero bits that should be filled
between two frames. The host microprocessor would read
a Set Mode Command and find out how many zero bytes
must be padded on the next reply and then convert it to bits
and write it to this register. The COM52C50 takes care of
inserting the programmed number of zero bits between two

frames. Up to 255 zero bits may be inserted in between
frames. If no zero bit fill is required, this register should be
cleared by writing a zero. The host microprocessor may not
write to this register during data transmission. This register
is cleared following RESET.

INTERRUPT MASK REGISTER

Thisis an 8 bit write only register which is loaded by the host
microprocessor. This regtster controls interrupt generation
onboththe INTTand INT2 interruptpins. The most significant
5 bits enable the generation of INTT, the least significant
3 bits enable the generation of INT2.

INT1

A logical one in a particular bit position will enable the
corresponding bit in the Interrupt Status Register (bits 7-3)
to cause an interrupt when it is set.

INT2
A logical one in a bits (2-1-0) will enable bits (7-6-5) in the
RX Status Register to cause an INT2 interrupt when itis set.

Upon Reset, this register is cleared to all zeros thereby
disabling interrupts. This is an 8 bit write only register.

ADDRESS SELECT REGISTER

This is an eight bit Write Only Register that controls address
bit recognition of any of the seven possible node
addresses. A node may emulate more than one address at

a time by programming a ““one” in the corresponding bif of
the Address Register.

A*one” inany one or more of the Address Select bits allows
the COM52C50 to respond to that group of addresses.

D7 D6 D5 D4 D3 D2 D1 Do
ONE ID6 ID5 ID4 ID3 ID2 ID1 IDO
Examples:
Emulate one address: (3) 1/]0]J]0}j0O]1]0}]O0]O

Emulate four addresses: (6-4-3-0)

Emulate All Addresses: (6-5-4-3-2-1-0)
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TABLE 4 - REGISTER DIAGRAMS .

28

READ REGISTERS WRITE REGISTERS
ADDRESS DESCRIPTION ADDRESS DESCRIPTION
[ Brr7 [ Bme | Brr5s [ BiTa | BT3 [ BIT2 | BIT1 [ BITO | [eir7 [ Bire | BiT5s | BiT4 [ BIT3 [ BIT2 [ BIT1 | BITO |
Mode Register
Test auto .25us Test X RX internal loop
00 Not Used 00 mode EOM 16us mode parity parity | external /
111 TX en. loop norm
Interrupt Status Register Interrupt Mask Register
frame | address poll RX X RX RX RX frame | address poli RX X RX line end of
o1 sync match |command| buffer buffer | overrun | biphase | parity o1 sync match {command| buffer buffer errors idle message
detect detect full empty error error error detect detect full empty detect detect
generate interrupt 1 }«generate RX errora{ I.___ Interrupt 1 Mask { Interrupt 2 Mask ——>|
RX Status Register Address Select Register
RX line end of RX
02 Errors idle message | buffer A2 Al A0 zero 02 one A6 A5 Ad A3 A2 Al A0
detect detect full
Iq_generate interrupt 2 —|
RX Buffer Control Register
03 RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 03 reset zero | disable | enable | enable | enable | enable | Software
errors biphase | TX DMA | RX DMA TX RX reset
Zero Fill Register
04 Not Used 04 D7 D6 D5 D4 D3 D2 D1 DO
Present Address Register Present Address Register
05 zero zero zero zero zero A2 Al A0 05 zero zero zero zero zero A2 Al A0
TX Status Register TX Buffer
2P X
06 zero zero zero zero zer0 | ynderrun | buffer zero 06 X7 TX6 TX5 TX4 TX3 TX2 X1 TX0
empty
TX Status Register TX Buffer EOM
™ X
07 zero zero zero zero zero underrun buffer zero 07 TX7 TX6 TX5 TX4 TX3 TX2 TX1 TXO0
empty




PRESENT ADDRESS REGISTER

This register holds the present address information of the
first frame following frame sync. It is used to convey the
address information to the host microprocessor and has the
address field information on all outgoing frames. This
register is loaded by the Receive Block with the address
information from the first frame following frame sync detect.
This register can also be written to by the host

microprocessor prior to initiating a Transmit sequence. The
contents of this register are fed to the address compare
logic which compares the Present Address to the Address
Select Register. If a valid compare is detected, the Address
Match bit in the Interrupt Status Register is set.

During a receive session, the contents of this register are
valid only after the RX Buffer Full bit is set “one”.

This is an eight bit read/write register.

TABLE 5—COM52C50 INTERRUPT STATUS REGISTER (BITS 0-7)

This is an eight bit register that can be read by the host
microprocessor. The Interrupt Status Register is cleared

following software or hardware reset. The bits in this
register are used to indicate the following information:

BIT DESCRIPTION

0 RX PARITY ERROR
Signals the microprocessor that the frame received contained an incorrect number .of binary “1” bits. This bit is
set when the received frame has an incorrect parity bit and parity is enabled.
This bit is cleared by:
a. clearing RX Enable in the Control Register.
b. setting Reset Errors in the Control Register.
c. asserting internal RESET.
d. asserting external hardware Reset.

1 RX BIPHASE ERROR
Signals the microprocessor that a bit within a received frame has violated Biphase Manchester code {i.e. the two
half bit cells of a bit were not complements). This bit is set when a Biphase error occurs during bits 0-15 of a
frame.
This bit is cleared by:

a. clearing RX Enable in the Control Register.

b. setting Reset Errors in the Control Register.

c. asserting internal RESET.

d. asserting external hardware Reset.

2 RX OVERRUN ERROR
Signals the microprocessor that an Overrun condition has occured. This bit is set when a byte stored in the
Receive Holding Register is overwritten with a new byte from the Receive Shift Register before the
microprocessor has read the Receive Holding Register.
This bit is cleared by:

a. clearing RX Enable in the Control Register.

b. setting Reset Errors in the Control Register.

c. asserting Internal RESET.

d. asserting External Hardware Reset.

e. Frame Sync Detect going active.

3 TX BUFFER EMPTY
Signals the processor that the Transmit Character Buffer is empty and that the COM52C50 can accept a new
character for transmission. This bit is set when a character has been loaded from the Transmit Holding Register
to the Transmit Shift Register.
This bit is cleared by:

a. writing to the Transmit Buffer Register

b. clearing TX Enable in the Control Register

c. asserting internal RESET.

d. asserting external hardware Reset.
This bit is initially set when the transmitter logic is enabled by setting the TXenable bit in the Control Register
(also TX BUFFER is empty because of reset). Data can be overwritten if a consecutive write is performed while
TX buffer empty is zero.

4 RX BUFFER FULL

Signals the processor that a completed character is present in the Receive Buffer Register for transfer to the
processor. This bit is set when a character has been loaded from the receive deserialization logic to the Receive
Holding Register.

This bit is cleared by:

. reading the Receive Holding Register

. clearing RX Enable in the Control register

. Frame Sync Detect going active

. asserting internal RESET.

. asserting external hardware Reset.

P00
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TABLE 5—COM52C50 INTERRUPT STATUS REGISTER (BITS 0-7) CONTINUED

_BIT DESCRIPTION

5 POLL COMMAND DETECTED
Signals the microprocessor that the command in the Receive Holding Register is a POLL command.
(xxx10000) This bit is set when the first frame following Frame Sync has the binary 10000 pattern in the least
significant 5 bits of the data section.
This bit is cleared by:

a. reading the RX Buffer Register when RX Buffer Full is set.

b. Frame Sync Detect going active.

c. asserting internal RESET.

d. asserting external hardware Reset.

6 ADDRESS MATCH
Signals the microprocessor that a match has occured between the address field of the first frame following Frame
Sync and any bit within the Address Select Register. This bit is set after a valid compare has occured between
the address field of the first frame following frame sync and any bit of the Address Select Register.
This bit is cleared by:

a. reading the RX Buffer Register when RX Buffer Full is set.

b. Frame Sync Detect going active.

c. asserting internal RESET.

d. asserting external hardware Reset.

7 FRAME SYNC DETECTED
Signals the microprocessor that a Frame Sync has been detected on the RX pin of the COM52C50. The Frame
Sync detect circuitry checks for one “1” bit (10 half bit) followed by a three half bit times of ones followed by a
three half bit times of zeros (111000). This bit is set when a Valid Frame Sync pattern is detected.
This bit is cleared by:

a. reading the Interrupt Status Register.

b. Line Idle going active.

c. asserting internal RESET.

d. asserting external hardware Reset.

RESETTING OF INTERRUPTS

The INT1 and INT2 signals feature an automatic interrupt action is taken by the processor. The following describes
acknowledge that will take interrupt away when the proper how each of the eight interrupting conditions get cleared.

When the interrupt is caused by: The interrupt is cleared by:

Frame Sync Detect Reading the Interrupt Status Register twice
Line Idle going active

Internal Reset

External Reset

Address Match Frame Sync Detect

Reading the RX Buffer Register when the RX Buffer is full
Internal Reset

External Reset

Poll Command Detect Frame Sync Detect

Reading the RX Buffer Register when RX Buffer is full
Internal Reset

External Reset

RX Buffer Full Clearing the RX Enable bit

Reading the RX Buffer Register when the RX Buffer is full
Internal Reset

External Reset

TX Buffer Empty Writing to the TX Buffer Register
Clearing the TX ENable bit
Internal Reset

External Reset

RX Errors Asserting Reset Errots
Clearing RX Enable
Internal Reset
External Reset

Line Idle Detect Reading the RX Status Register twice

Internal Reset
External Reset

End of Message Reading the RX Status Register twice
(EOM) Detect Internal Reset
External Reset
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TABLE 6—COM52C50 RX STATUS REGISTER (BITS 0-7)

This is an eight bit register that can be read by the host
microprocessor. The bits in this register are used to
indicate the following information:

BIT DESCRIPTION
0 FIXED ZERO
1-3 PRESENT ADDRESS BIT 0-1-2
These three bits hold the value of the Present Address. They are the same as the bits 1, 2, 3, of the Present
Address Register.
4 RX BUFFER FULL
Signals the processor that a completed character is present in the Receive Buffer Register for transfer to the
processor. This bit is set when a character has been loaded from the receive deserialization logic to the Receive
Buffer Register.
This bit is cleared by:
a. reading the Receive Buffer Register d. asserting internal RESET
b. clearing RX Enable in the Control register e. asserting external hardware RESET
c. Frame Sync Detect going active
5 LAST FRAME/End Of Message (EOM)
Signals the microprocessor that a “1 1 1" pattern has been detected in the address field of an incoming frame.
This bit is propagated through the RX FIFO logic and it corresponds to the data byte immediately available to the
processor. This bit is set when the 3 bit address field of a framegets a match with a constant “1 1 1” pattern.
This bit is cleared by:
a. Frame Sync Detect going active. c. asserting internal RESET.
b. clearing RX Enable in the Control Register. d. asserting external hardware RESET
6 LINE IDLE
Signals the microprocessor that the RX line has not seen a transition for the past 3us time interval. This can be
used by the microprocessor to learn that the RX line is idle. This bit is set when the RX line remains idle for a 3
microseconds duration.
This bit is cleared by:
a. activity on the RX line. c. asserting Internal RESET.
b. clearing RX Enable in the Control Register d. asserting External Hardware Reset.
7 RX ERRORS
Signals the microprocessor that a Receive Error condition has occured. This bit is set when any one or both of
the Interrupt Status Register bits 0 and 1 are set.
This bit is cleared by:
a. asserting Reset Errors in the Control Register c. asserting Internal Software RESET.
b. clearing RX Enable in the Control Register. d. asserting External Hardware RESET.
TABLE 7—COM52C50 TX STATUS REGISTER (BITS 0-7)
BIT DESCRIPTION
0 Fixed at Zero
1 TX BUFFER EMPTY
Signals the processor that the Transmit Buffer Register is empty and that the COM52C50 can accept a new
character for transmission. This bit is set when a character has been loaded from the Transmit Buffer Register to
the Transmit Shift Register.
This bit is cleared by:
a. writing to the Transmit Buffer Register c. asserting internal software RESET.
b. clearing TX Enable in the Control Register d. asserting external hardware RESET.
This bit is initially set when the transmitter logic is enabled by setting the TXenable bit in the Control Register. Data
can be overwritten if a consecutive write is performed while TX buffer empty is “zero”.
2 TX UNDERRUN ERROR
Signals the microprocessor that an Underrun condition has occured. This bit is set when, during a transmission
process, the microprocessor writes to the TX Holding Register after the TX Shift Register has already shifted its
last bit out.
This bit is cleared by:
a. clearing TX Enable in the Control Register. c. asserting Internal RESET.
b. setting Reset Errors in the Control Register. d. asserting External Hardware RESET.
3-7 These bits are fixed zeros.

The TX Status Register is cleared following software or hardware reset.
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TABLE 8—COM52C50 CONTROL REGISTER (BITS 0-7)

The Control Register is an eight bit write only register thatis  cleared to “zero” except for the Software Reset bit. Internal
used by the microprocessor to control the COM52C50. Reset does not affect any of the Control Register bits. The

Following External Reset all bits of the Control Register are

bits of the Control Register are defined as follows:

BIT DESCRIPTION

0 SOFTWARE RESET

This bit is used by the microprocessor to reset the COM52C50 via a software command. When this bit is cleared,
Internal Reset is asserted and the COM52C50 is reset. This bit should be set to “one” during normal operations.

1 ENABLE RECEIVE

normal operations.

This bit is used by the microprocessor to enable the Receive Logic in the COM52C50 to function. When this bit is
cleared, the RX BUFFER FULL bit in the Status Register will be disabled. This bit should be set to “one” during

2 ENABLE TRANSMIT

disables loading of the TX Buffer Register).

Data transmission cannot take place via the COM52C50 unless this bit is set to logic “one”. When this bit is reset
(disabled), transmission will be disabled only after the previously written data has been transmitted. (This simply

3 ENABLE RX DMA
DMA signal on the COM52C50 is kept low.

This bit, when set, will enable the RX DMA handshake signal on the COM52C50. When this bit is cleared, the RX

4 ENABLE TX DMA

DMA signal is kept low.

This bit, when set, will enable the TX DMA handshake signal on the COM52C50. When this bit is cleared, the TX

5 DISABLE BIPHASE ERRORS

up and biphase error detection is enabled.

This bit, when set, will disable the detection of biphase errors in the receive block. This bit is cleared upon power

6 NOT USED—MUST BE ZERO

7 RESET ERRORS

of this bit; therefore there is no need for clearing it.

This bit, when set, will clear the Receive Error Status bits in the Interrupt Status Register (Parity, Biphase,
Overrun). As a result of this, the RX Error bit in the RX Status Register will be cleared. Reset Errors also resets the
TX Underrun status bit in the TX Status Register. No latch is provided in the Control Register for saving the state

THE COM52C50 ON CHIP CRYSTAL OSCILLATOR

The COM52C50 incorporates an on chip crystal oscillator.
A 16 MHZ parallel resonant crystal is connected to the
XTAL1 and the XTAL2 pins of the COM52C50 along with a
1.0 MOhm resistor across the crystal and two 22pf
capacitors from each node of the crystal to ground. (see
figure 18, CONNECTION DIAGRAM FOR PARALLEL
RESONANT CRYSTAL)

A TTL clock can also be used to supply the clock signal to
the COM52C50. This is done by supplyinga TTL level clock
to the XTAL1 pin of the COM52C50 along with a 390 ohm
resistor from the XTAL1 pin to Vcc. The XTAL2 pin should
not be connected when an external clock is supplied. (see
figure 19, RECOMMENDED EXTERNAL TTL CLOCK
CONNECTION)

DMA OPERATION

The COM52C50 features two independent DMA Request
signals. These signals are provided to allow the
COM52C50 to interface to one or two channels of a DMA
controller such as that of the 80188 and the 80186. Each of
the RX DMA and TX DMA request signals can be
individually enabled via software commands in the Control
Register. DMA interface is most useful when moving blocks
of data following an activate read or an activate write
command.
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RX DMA

Following an active read command, the host microproces-
sor would initialize the RX DMA channel and enable RX
DMA by writing a one in the Control Register bit 3. The
COM52C50 will automatically generate the RX DMA
Request signal as soon as a received frame is moved from
the Receiver Shift Register to the Receiver FIFO. At this
time, the DMA channel will initiate a Read Receive Buffer
cycle which in turn will be used as an automatic DMA
Acknowledgment. When a new frame arrives and is ready
to be read by the DMA channel, the COM52C50 will assert
the RX DMA Request signal and inform the DMA channel of
the availability of the next word. The Receiver FIFO will be
in use during DMA operations. This gives the DMA channel
a maximum of three frame times for DMA latency. On the
average, however, the DMA channel must be able to keep
up with the COM52C50 byte rate.

TXDMA

When transmitting blocks of data, the host microprocessor
would initialize the TX DMA channel and enable TX DMA
by writing a one in the Control Register bit 4. The
COM52C50 will automatically generate the TX DMA
Request signal when the TX Buffer is empty. When the DMA
channel performs a write cycle to the COM52C50 TX
Buffer, the TX DMA Request signal will be inactive until the
TX Buffer becomes empty again. After writing the last data
frame to the TX Buffer, the host microprocessor can disable
the TX DMA Request signal by writing to the Control
Register.




TABLE 9—COM52C50 MODE REGISTER DESCRIPTION (BITS 0-7)

BIT DESCRIPTION
0 NORMAL/LOOPBACK MODE
This bit when set will put the COM52C50 in loopback mode. When in loopback mode, bit 1 of the Mode Register
specifies Internal or External loopback modes.
0 NORMAL OPERATION 1 LOOPBACK MODE
1 EXTERNAL/INTERNAL LOOPBACK
This bit specifies External or Internal loopback Modes. When bit 0 of the Mode Register specifies normal mode of
operation, this bit is a don't care.
0 EXTERNAL LOOPBACK 1 INTERNAL LOOPBACK
2 EVEN/ODD RX PARITY
This bit specifies Even or Odd parity for the receive section of the COM52C50.
0 EVEN RX PARITY 1 ODD RX PARITY
3 EVEN/ODD TX PARITY
This bit specifies Even or Odd parity for the transmit section of the COM52C50.
0 EVEN TX PARITY 1 ODD TX PARITY
4 NORMAL/TEST MODE
This bit when set puts the COM52C50 in a VLSI test mode. This bit is cleared upon Reset and should be cleared
for normal operation.
0 NORMAL OPERATION 1 TEST MODE
5 TX ENABLE 250ns/16us
This bit controls the amount of time the Transmit Enable Signal will remain active after the last TX bit is shifted out.
When set to “zero”, the TX Enable signal goes inactive after 250ns following the last TX data bit. When set to
“one”, the TX Enable signal goes inactive after 16us following the last TX data bit. This can be used to drive the
Twinax Cable after a transmission in order to reduce line reflection effect.
0 TX enable 250ns 1 TX enable 16us
6 EOM/Auto 111
This bit determines if Automatic 111 address should be inserted on a transmitted message upon transmitter
underrun. When this bit is a “zero”, the microprocessor has to write to TX Buffer EOM to force a 111 address on
the last frame of transmitted data.
0 EOM 111 1 Auto 111
7 NORMAL/TEST MODE

This bit when set puts the COM52C50 in a VLSI test mode. This bit is cleared upon Reset and should be cleared
for normal operation.

0 NORMAL OPERATION 1 TEST MODE

Following RESET, the mode register will be cleared to all “zero’s” and the default Mode Setting will be:

BITO -
BIT1-
BIT2 -
BIT3-
BIT4 -
BITS -
BIT6 -
BIT7 -

NORMAL OPERATION
EXTERNAL LOOPBACK
EVEN RX PARITY
EVEN TX PARITY
NORMAL OPERATION
TX ENABLE .250

EOM 111

NORMAL OPERATION

O O O O O o o o
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ELECTRICAL CHARACTERISTICS
MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ... .......iutitit ittt ettt i ieinenenes 0to 70°C
Storage Temperature RaNgE .. .......c.cueeintntntrt it iitet i eietetataiennenearanananens -55 to 150°C
Lead Temperature (soldering, 10 SECONAS) . .....ouentntrttn i in ittt ar e eienearenans +325°C
Positive Voltage on any pin. .. ....veetnt i e e e e Vee + 0.3V
Negative Voltage on any pin, with respectto ground ...........ooeiiiiiiiiiiiiniiiiiieinne.s -0.3V
MAXIMUM Ve ottt ettt et ettt e e ettt ittt i e enaes +7.0V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional
operations of the device at these or any other condition above those indicated in the operational sections of this
specifications is not implied.

NOTE: When powering this device from the laboratory or system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or
“glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line
may appear on the DC output. If this possibility exists, it is suggested that a clamp circuit be used.

TABLE 11-ELECTRICAL CHARACTERISTICS (Ta = 0°C to +70°C, Vcc = +5V £5%.)

Som’\f::,e  This s ot final $pecific
FIG. NO. PARAMETER SYMBOL MIN TYP* MAX [rem PaaMetric limits are sybjeqg ,:f,ﬂ,ge
DC CHARACTERISTICS - =
LOW INPUT VOLTAGE ViLs 0.8 \" Except TLL Input
Clock
HIGH INPUT VOLTAGE ViH 1 20 \ Except TTL Input
Clock
LOW INPUT VOLTAGE ViL2 10 \ TTL Clock Input
HIGH INPUT VOLTAGE Vin 2 Vce-05V Vv TTL Clock Input
LOW OUTPUT VOLTAGE Vo 1 04 " lo = 3.5ma
HIGH OUTPUT VOLTAGE Voh 1 24 Vv lon = 200ua
LOW OUTPUT VOLTAGE Vo 2 3.0 Vv For Clock Output
HIGH OUTPUT VOLTAGE Von 2 3.0 \Y For Clock Output
INPUT LEAKAGE CURRENT | IL +10 uA
INPUT CAPACITANCE Cin 25 pF
POWER SUPPLY CURRENT | lcc 20 30 mA
FIG. NO. PARAMETER SYMBOL MIN TYP* MAX UNITS COMMENTS
AC CHARACTERISTICS
WRITE CYCLE
Fig. 3 Address Setup Time t 50 ns
Fig. 3 Address Hold Time t2 0 ns
Fig. 3 WR Pulse Width ta 150 ns
Fig. 3 Data Setup Time L 75 ns
Fig. 3 Data Hold Time ts 10 ns
READ CYCLE ’
Fig. 4 Address Setup Time ts 50 ns
Fig. 4 Address Hold Time tz 0 ns
Fig.4 | RD Pulse Width ts 150 ns
Fig. 4 Tax to 0 80 ns
Fig. 4 T to 0 80 ns
Fig. 5 READ WRITE INTERVAL tia 100 ns
INTERRUPT
ACKNOWLEDGE TIMING
Fig. 6 Read Int. Status Reg. to
INT inactive tia 300 ns
DMA ACKNOWLEDGE
TIMING
Fig. 7 Read RX Buffer to
RXDMA inactive tis 200 ns
Fig. 8 Write TX Buffer to
TXDMA inactive tie 200 ns
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FIG. NO.| SYMBOL PARAMETER SYMBOL MIN. TYP* MAX UNITS COMMENTS
TTL CLOCK INPUT TIMING

Fig. 9 Input Clock fall time teo 10 ns
Fig.9 Input Clock rise time teq 10 ns
Fig. 9 Input Clock high time t22 20 ns Vee-1.0V
Fig. 9 Input Clock low time tea 20 ns @0.6 V
Fig. 9 Input Clock period tos 625 ns @15V
CLOCK OUT TIMING
Fig. 10| Clock Out fall time tos 10 ns @50pF max
Fig. 10| Clock Out rise time toe 10 ns @50pF max =
Fig. 10| Clock Out high time to7 55 ns @50pF max Z
Fig. 10| Clock Out low time tos 55 ns @50pF max 5
Fig. 10| Clock Out period t2o 125 ns @50pf max s

TX DATA TIMING
Fig. 11| WRto tx Buffer

TX ENABLE tao 1500 ns
Fig. 11| TXENABLE active to

TX DELAY ta1 250 ns
Fig. 11| DTXto TXENABLE inactive | ts2 250 ns
Fig. 11| TXtoDTX delay tas 250 ns
Fig. 11| TX, DTX half bit cell taa 500 ns
Fig. 11| TX, DTX full bit cell tas 1000 ns
Fig. 11| TX,DTX rise time 10 ns

TX, DTX fall time 10 ns

RX DATA TIMING

RX half bit cell pulse width 500 ns |(Jitter Tolerance +20%)

RX bit cell pulse width 1000 ns

RESET TIMING
Fig. 12| Internal Reset pulse width ta0 1.0 us
Fig. 13| External Reset pulse width ta1 1.0 us

Input Clock Frequency 16 MHZ

*ALL TYPICAL VALUES ARE AT 25°C AND Vec =50V

r
|

AN X ):(
-

D-IN A I

Fig. 3—PROCESSOR WRITE COM52C50 CYCLE
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Fig.4A—PROCESSOR READ COM52C50 CYCLE
| I
w ]
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RO | |
: U s U e
| |
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Fig. 5—PROCESSOR ACCESS COM52C50 REPETITION
Nin | |
\ L
| |
| te |
RD INT |
STATUS REG.

Fig. 6—INTERRUPT ACKNOWLEDGE TIMING
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RXDMA —————/

|
[l
|
|
|
|
RD RX

|
BUFFER *

|

1

Fig. 7—RX DMA ACKNOWLEDGE TIMING

N

TXDMA —————/ i !
l te |
A
WRTX | |
BUFFER
\ | /
t
| |
Fig. 8—TX DMA ACKNOWLEDGE TIMING
CLKIN
Fig. 9—TTL INPUT CLOCK TIMING
L t2o N
1 bl |
l to7 I
I‘——’| |
I | |
| |
-— N ———— 27V
CLK OUT

Fig. 10—8 MHZ CLOCK OUT TIMING
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WRITE TO J7/
TX BUFFER |_ I

TX ENABLE Yy
| ] | VavA
:<—> tas <—>]| tas > ta2
Ll !
. | L, T
II | | 77
| e tos ‘—i s
[l
TXD ™ Vi
| i | L]
[t Py
TBMT —_—
| I 7/

Fig. 11—TX, DTX, TX ENABLE TIMING

internal
RESET / \—/—

Fig. 12—INTERNAL RESET TIMING

external
RESET \ r

Fig. 13— EXTERNAL RESET TIMING

| €—————————Bit Synchronization —————————-}<4——Frame Synchronization—-|-¢ S?inlc 2>}«—D0—>fe«—D1—>|

TX ENABLE 1

f—1 } J—>fe—1 | 1—3-| «———>|«—Frame Synchronization —|<€—1—}<€—D0—>|<¢—D1—>{

S e N e Y e N s I s Y | e s e
Fig. 14— COM52C50 TRANSMIT START TIMING
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|«—D5—|4—D6—>| «—D7—|«———End of Message >} P | Fill Bits 000 ————»{

TX ENABLE |

[ —D5 —>{4—D6—3t4—D 7~ t— 11—} 4—1—€— | — P} P} t— o} —O— | —0—>]
~ [T T T T 7177 1 LI 11 L1

Fig. 15—COM52C50 TRANSMIT END TIMING

| ¢—1—>|«—1—>{|<—1—»|«—1—>| <«— 1 —>|«— Frame Synchronization —»|<¢— 1 —3}<— D0 —3~|<«—D1—>|

RXDATA | I | I | l | | I | I | | [ I I I |
LINE IDLE GOES AWAY FSD VALID

Fig. 16—COM52C50 RECEIVE START TIMING

| 4—D5 < D6 —>-}4—D7 >}t 1 —f—1 — P} t— 1 —>|€— P —>|€— 0 —>}€—0 —>} 0—>| 3us >
oA LT T T T T 7T L L1 LT 1 M1 o 1L 71
PARITY VALID RX BUFFER FULL
POLL COMMAND DET |y vir, EOM DET
RX OVERN

Fig. 177—COM52C50 RECEIVE END TIMING

xtal2 xtalt
® [ J +5V
c’ | ‘ <> 74504 390 Oh
I m
22pF c | I c —L 22pF
I l Xtalt
— —_— O
Xtal2
10. Mohm .
N —0
C =2 times Crystal Load Capacitance o Connection
Fig. 18—CONNECTION DIAGRAM FOR PARALLEL Fig. 19—RECOMMENDED EXTERNAL TTL CLOCK
RESONANT CRYSTAL CONNECTION
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical applications; consequently complete
STANMRD MImMS information sufficient for construction purposes is not necessarily given. The information has been carefully checked and is
MPWATDN believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information

35 Marcus Bvd . Hauppauge. N 11788
(5162733100 TWX-510-227-8498

does not convey to the purchaser of the products described any license under the patent rights of SMC or others. SMC
reserves the right to make changes at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
CORPORATION

COM 7210

Intelligent GPIB Interface Controller

FEATURES
[J All Functional Interface Capability Meeting IEEE
Standard 488-1978
—SH1 (Source Handshake)
—AH1 (Acceptor Handshake)
—T5 or TES5 (Talker or Extended Talker)
—L3 or LES3 (Listener or Extended Listener)
—SR1 (Service Request)
—RL1 (Remote Local)
—PP1 or PP2 (Parallel Poll) (Remote or Local
Configuration) -
—DC1 (Device Clear)
—DT1 (Device Trigger)
—C1-5 ((Controller) (All Functions))
[J Programmable Data Transfer Rate
[J 16 MPU Accessible Registers—8 Read/8 Write
[J 2 Address Registers
—Detection of MTA, MLA, MSA (My Talk/Listen/
Secondary Address)
—2 Device Addresses
[J EOS Message Automatic Detection
1 Command (IEEE Standard 488-78) Automatic
Processing and Undefined Command Read Capability
] DMA Capability
] Programmable Bus Transceiver I/O Specification
. (Works with T.I1./Motorola/Intel)
[J 1 to 8 MHz Clock Range
[ TTL Compatible

PIN CONFIGURATION
TR1 1 ~ 40 Vo
TR2 2 p 39 EOT

CLOCK 3( h 38 NDAC
RESET 4( b 37 NRFD
TR3 54 h 36 DAV
DMAREQ 6 (] b 35 DiO8
DMAACK 7 ( D34 DIO7

CS 8( h 33 DIO6

RD 9 b 32 DIO5
WR 10 ( h 31 DI04

INT 11 b 30 DIO3

Do 12 h 29 DIO2

D1 134 b 28 DIOT

D2 14( h 27 SRQ

D3 154 h 26 ATN

D4 16 0 b 25 REN

D5 17 0 h 24 TFC

D6 18 ¢ P 23 RS2

D7 190 b 22 RS1
GND 20 ] D 21 RSO

PACKAGE: 40-pin D.I.P.

[J COPLAMOS®n-Channel Silicon Gate Technology
0 + 5V Single Power Supply

(1 40-Pin DIP

[] 8080/85/86 Compatible

GENERAL DESCRIPTION

The COM7210 TLC is an intelligent GPIB Interface Con-
troller designed to meet all of the functional requirements
for Talkers, Listeners, and Controllers as specified by the
|EEE Standard 488-1978. Connected between a processor
bus and the GPIB, the TLC provides high level manage-

ment of the GPIB to unburden the processor and to simplify
both hardware and software design. Fully compatible with
most processor architectures, Bus Driver/Receivers are the
only additional components required toimplement any type
of GPIB interface.
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DESCRIPTION OF PIN FUNCTIONS

PIN SYMBOL /0 DESCRIPTION
1 T/R1 (¢} Transmit/Receive Control—Input/Output Control Signal for the GPIB
Bus Transceivers.
2 T/R2 e} Transmit/Receive Control—The functions of T/R2, T/R3 are determined
by the values of TRM1, TRMO of the address mode register.
3 CLK | Clock—(1-8 MHz) Reference Clock for generating the state change
prohibit times T1, T6, T7, T9 specified in IEEE Standard 488-1978.
4 RST | Reset—Resets 7210 to an idle state when high (active high).
5 T/R3 (e] Transmit/Receive Control—Function determined by TRM1 and TRMO of
address mode register (See T/R2).
6 DMAREQ ¢} DMA Request—7210 requests data transfer to the computer system,
becomes low on input of DMA acknowledge signal DACK.
7 DMAACK | DMA Acknowledge—(Active Low) Signal connects the computer system
data bus to the data register of the 7210.
8 cs | Chip Select—(Active Low) Enables access to the register selected by
_ RS0-2 (read or write operation).
9 RD | Read—(Active Low) Places contents of read register specified by
RS0-2—on DO-7 (Computer Bus).
10 WR I Write—(Active Low) writes data on DO-7 into the write register specified
by RS0-2.
11 INT — o} Interrupt Request—(Active High/Low) Becomes active due to any 1 of 13
INT internal interrupt factors (unmasked) active state software configurable,
active high on chip reset.
12-19 DO-7 l{e] Data Bus—8-bit bidirectional data bus, for interface to computer system.
20 GND Ground.
21-23 RS0-2 I Register Select—These lines select one of eight read (write) registers
during a read (write) operation.
24 IFC /0 Interface Clear—Control line used for clearing the interface functions.
25 EN l{e} Remote Enable—Control line used to select remote or local control of
the devices.
26 ATN l{e} Attention—Control line which indicates whether data on DIO lines is an
interface message or device dependent message.
27 SRQ /0 Service Request—Control line used to request the controller for service.
28-35 DIO1-8 /0 I:t)]ataG IFr’wl%Jt/Output—B-bit bidirectional bus for transfer of message on
the .
36 DAV /O Data Valid—Handshake line indicating that data on DIO lines is valid.
37 NRFD /0 Ready for Data—Handshake line indicating that device is ready for data.
38 NDAC 110 Data Accepted—Handshake line indicating completion of message
reception.
39 EOI 110 End or Identify—Control line used to indicate the end of multiple byte
transfer sequence or to execute a parallel polling in conjunction with ATN.
40 Vee +5V DC

FUNCTIONAL DESCRIPTION

introduction

The IEEE Standard 488 describes a “Standard Digital
Interface for Programmable Instrumentation” which, since
its introduction in 1975, has become the most popular means
of interconnecting instruments and controllers in labora-
tory, automatic test and even industrial applications. Refined
over several years, the 488-1978 Standard, also known as
the General Purpose Interface Bus (GPIB), is a highly
sophisticated standard providing a high degree of flexibility
to meet virtually most all instrumentation requirements. The
COM7210 TLC implements all of the functions that are
required to interface to the GPIB. While it is beyond the
scope of this document to provide a complete explanation
of the IEEE 488 Standard, a basic description follows:

The GPIB interconnects up to 15 devices over a common
set of data control lines. Three types of devices are defined
by the standard: Talkers, Listeners, and Controllers,
although some devices may combine functions such as
Talker/Listener or Talker/Controller.
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Data on the GPIB is transferred in a bit parallel, byte serial
fashion over 8 Data /O lines (D101-D108). A 3 wire hand-
shake is used to ensure synchronization of transmission and
reception. In order to permit more than one device to receive
data at the same time, these control lines are “Open Col-
lector” so that the slowest device controls the data rate. A
number of other control lines perform a variety of functions
such as device addressing, interrupt generation, etc.

The COM7210 TLC implements all functional aspects of
Talker, Listener and Controller functions as defined by the
488-1978 Standard, and on a single chip.

The COM7210 TLC is an intelligent controller designed to
provide high level protocol management of the GPIB, freeing
the host processor for other tasks. Control of the TLC is
accomplished via 16 internal registers. Data may be trans-
ferred either under program control or via DMA using the
TLC's DMA control facilities to further reduce processor



overhead. The processor interface of the TLC is general in
nature and may be readily interfaced to most processor
lines.

In addition to providing all control and data lines necessary
for a complete GPIB implementation, the TLC also pro-
vides a unique set of bus transceiver controls permitting the

use of a variety of different transceiver configurations for
maximum flexibility.

Internal Registers
The TLC has 16 registers, 8 of which are read and 8 write.

REGISTER NAME ADDRESSING _ SPECIFICATION

RRRWRC

SSSRDS

210
Data In (OR) 000100| DIz [ D16 | DI5 [ D14 | D13 [ D12 | D11 [ D10 |
Interrupt Status 1 (1R) 0011 00| CPT | APT [ DET | END | DEC | ERR | DO | D1 |
Interrupt Status 2 (2R) 010100 INT [SRQ1] LOK | REM | CO | LOKC [ REMC [ ADSC |
Serial Poll Status (3R) 011100 s8 [PEND|] s6 [ s5 | s4 [ s3 [ s2 [ s1 |
Address Status (4R) 1001 00| cic [ AN [SPMS]LPAS [TPAS| LA | TA [MJMN |
Command Pass Through (5R) |1 0 1 1 0 0|[ CPT7 [ CPTe | CPT5 | CPT4 | CPT3 | CPT2 [ CPT1 | CPTO |
Address 0 (6R) 110100| X ] DTo [ DLO | AD5-0 [ AD4-0 | AD3-0 [ AD2-0 | AD1-0 |
Address 1 (7R) 111100 _EO1 [ DT1 [ DL1 [ AD5-1 [ AD4-1 | AD3-1 [ AD2-1 [ AD1-1 |
Byte Out (OW) 000010 BO7 | BO6 [ BO5 | BO4 | BO3 | BO2 [ BO1 [ BOO |
Interrupt Mask 1 (1W) 00101 0| CPT] APT [ DET | END [ DEC | ERR [ DO [ DI |
Interrupt Mask 2 (2W) 010010 o [SRQl[DMAO] DMAI | CO [ LOKC [ REMC [ ADSC |
Serial Poll Mode (3W) 011010 s8 [ rev [ s6 | s5 [ s4 [ s3 [ s2 [ st |
Address Mode (4W) 1000 10| ton [ lon [TRMI[TRMO] 0 [ 0 [ADM1 | ADMO |
Auxiliary Mode (5W) 101 0 1 0| CNT2 [ CNT1 | CNTO [ COM4 [ COM3 [ COM2 | COM1 | COMO |
Address 0/1 (6W) 1100 10| ARS [ DT | DL [ AD5 [ AD4 [ AD3 | AD2 [ AD1 |
End of String (7W) 1 11010| EC7 [ EC6 [ EC5 | EC4 | EC3 | EC2 | EC1 | ECO |

Data Registers

The data registers are used for data and command trans-
fers between the GPIB and the microcomputer system.

DI7 | D6 | D5 |

Di4 [ D3 [ b2 | b |

DI0 |

DATA IN (OR) |

Holds data sent from the GPIB to the computer

BYTE OUT (OW)

[ BO7 [ BO6 | BO5 [ BO4 | BO3 | BO2 | BO1 [ BOO |

Holds information written into it for transfer to the GPIB

Interrupt Registers

The interrupt registers are composed of interrupt status bits,
interrupt mask bits, and some other noninterrupt related bits.

READ

INTERRUPT

STATUS 1 (1R). [ cPT [ APT [ DET [ END [ DEC | ERR | DO | DI |

INTERRUPT

STATUS 2 (2R) [ INT [ SRQI [ LOK | REM | CO [ LOKC [ REMC [ ADSC |
WRITE

INTERRUPT

MASK 1 (1W) [ cPT [ APT [ DET | END [ DEC [ ERR [ DO [ DI |

INTERRUPT

MASK 2 (2W) [ 0o [ SRal [DMAO ] DMAI [ CO [ LOKC [ REMC | ADSC |
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Interrupt Status Bits

There are thirteen factors which can generate an inter-

INT OR of All Unmasked Interrupt Status Bits rupt from the COM 7210, each with their own status bit and
CPT Command Pass Through mask bit.
APT Address Pass Through The interrupt status bits are always set to one if the interrupt
: : condition is met. The interrupt mask bits decide whether the
DET___| Device Trigger INT bit and the interrupt pin will be active for that condition
END | End (END or EOS Message Received) andinenterruptp '
DEC Device Clear
ERR Error
DO Data Out
DI Data In ) ) =
SRQI Service Request Input Noninterrupt Related Bits =
LOKC Lockout Change LOK Lockout 5
REMC Remote Change REM Remote/Local b
ADSC Address Status Change DMAO Enable/Disable DMA Out
CcO Command Output DMAI Enable/Disable DMA In
Serial Poll Registers
READ
SERIAL POLL
STATUS (3R) | s8 [PEND] s6 | s5 [ s4 | s3 | st | so |
WRITE
SERIAL POLL
MODE (3W) [ s8 [ rsv | s6 | s5 | s4 | s3 | s2 [ st |
The Serial Poll Mode register holds the STB (status byte:
S8, S6-S1) sent over the GPIB and the local message rsv
(request service). The Serial Poll Mode register may be read
through the Serial Poll Status register. The PEND is set by
‘rsv = 1,and cleared by NPRS+tsv = 1 (NPRS = Negative
Poll Response State).
Address Mode/Status Registers
ADDRESS STATUS (4R) | CIC | ATN [ SPMS [ LPAS [ TPAS | LA | TA [MJMN |
ADDRESSMODE (4W) [ ton [ lon [TRM1 [TRMO] 0 [ o [ ADM1 [ ADMO |

The Address Mode register selects the address mode of
the device and also sets the mode for T/R3 and T/R2 the
transceiver control lines.

The functions of T/R2, T/R3 terminals (2 and 5) are deter-
mined as below by the TRM1, TRMO values of the address
mode register.

T/R2 T/R3 TRM1 TRMO
EOIOE TRIG 0 0
CIC TRIG 0 1
CIC EOIOE 1 0
CIC PE 1 1

EOIOE = TACS + SPAS + CIC+CSBS

This denotes the input/output of EOI terminal.

When “1”: Output
When “0”: Input
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CIC = CIDS + CADS
This denotes if the controller interface function is active or
not.
When “1”: ATN = output, SRQ = input
When “0”: ATN = input, SRQ = output

PE = CIC + PPAS
This indicates the type of bus driver connected to DIO8 to
DI01 and DAV lines.

When “1”: 3 state type
When “0”: Open collector type

TRIG: When DTAS state is initiated or when a trigger aux-
iliary command is issued, a high pulse is generated.

Upon RESET, TRMO and TRM1 become “0” (TRMO =
TRM1 = 0) and local message port is provided, so that T/
R2 and T/R3 both become “LOW.”



Address Modes

CONTENTS OF CONTENTS OF
ADDRESS ADDRESS (0) ADDRESS (1)
ton lon | ADM1 | ADMO MODE REGISTER REGISTER
1 0 0 0 'nrqaglégnly Address Identification Not Necessary
- (No controller on the GPIB)
0 1 0 0 'ﬁ%‘fé' only Not Used
0 0 0 1 Address mode 1 Major talk address or Minor talk address or
[3) Major listen address Minor listen address
0 0 1 0 Address mode 2 Primary address Secondary address
@ (talk or listen) (talk or listen)
0 0 1 1 Address mode 3 Primary address (major | Primary address (minor
® talk or major listen) talk or minor listen)
Combinations other than above irdicated Prohibited.

Notes: @ —Either MTA or MLA reception is indicated by coinci- @ —Address register 0 = primary, Address register 1 =

dence of either address with the received address. secondary, interface function TE or LE.
Interface function T or L. —CPU must read secondary address via Command
Pass Through Register interface function (TE or LE).

Address Status Bits
ATN Data Transfer Cycle (device in CSBS) TA Talker Addressed
LPAS Listener Primary Addressed State MJMN Sets minor T/L address Reset = Major T/L
TPAS Talker Primary Addressed State address
CIC Controller Active SPMS Serial Poll Mode State
LA Listener Addressed

Address Registers

ADDRESS 0 (6R) [ X [ pto [ DLO [ AD5-0 [ AD4-0 [ AD3-0 [ AD2-0 [ AD1-0 |
ADDRESS 1 (7R) [ E0l [ D11 [ DL1 [ADS5-1 [ AD4-1 [ AD3-1 [ AD2-1 [ AD1-1 |
ADDRESS 0/1 (6W) [ ARS | DT | DL [ AD5 | AD4 | AD3 | AD2 | AD1 |

The TLC is able to automatically detect two types of  Address settings are made by writing into the address 0/1
addresses which are held in address registers0and 1. The  register. The function of each bit is described below.
addressing modes are outlined below.

Address 0/1 Register Bit Selections

ARS —Selects which address register, 0 or 1 AD5-AD1 —Device address value

DT —Permits or Prohibits address to be detected EOI —Holds the value of EOI line when data is
as Talk received

DL —Permits or Prohibits address to be detected
as Listen

Command Pass Through Register

COMMAND PASS
THROUGH (5R) [ cPT7 [ CPT6 | CPT5 [ CPT4 [ CPT3 [ CPT2 | CP1 [ CPTO |

The CPT register is used such that the CPU may read the  address, or parallel poll response.
DIO lines in the cases of undefined command, secondary

End of String Register
END OF
STRING (7W) [ EC7 [ EC6 [ EC5 [ EC4 [ EC3 | EC2 | EC1 | ECO |

This register holds either a 7- or 8-bit EOS message byte  AuxMode Register A controls the specific use of this register.
used in the GPIB system to detect the end of a data block.

Auxiliary Mode Register

AUXILIARY
MODE (5W) [ CNT2 | CNT1 | CNTO [ COM4 | COM3 | cOM2 | COM1 | COMO |

100



This is a multipurpose register. A write to this register gen- BIT
erates one of the following operations according to the val- NAME FUNCTION
ues of the CNT bits. 0 | Prohibit | Permits (prohibits) the setting of
CNT COM A, 1 Permit the END bit by reception of the
210(43210 OPERATION ‘;05 me(ssageb- ;
il ermits (prohibits) automatic
0 00|CCC.CiC I;Pseugfsieadnba;lu(élIltaor)éc.ommand 0 | Prohibit | transmission of END message
The referenceqclocl:frequency is As 1 Permit simultaneously with the
00 1|0 F,F,F, F,| specifiedandT,, T, T,, Toare %[iréssmlsswn o EOS message
datermined as & regull 0 | 7bitEOS | Makes the 8 bits/7 bits of EOS
" " akes the I
01 1|USP,P,P, "\)Aoahk?:g‘i'gg? operation to the parallel A 1 | 8bitEQS | register the valid EOS message. H
— - =
10 0[AAAA A, ;‘Q\g‘krggi;ﬁgtf operation to the aux. Auxiliary B Register 1 0 1 B, B, B, B, B, 2
™ " The Auxiliary B Register is much like the A Register in that 2
10 1/B,B;B,B, B, '(\AB?‘ﬁ:Zivsvtgtf operation to the aux. it controls the special operating features of the device. «»
= | Makes write operation to the aux. BIT
110000 0EE| & egster NAME FUNCTION
- Permits (prohibits) the detection
AuxiliaryCommands 000 C, C; C;, C, C, ) of undefined command. In other
COM B 1 Permit words, it permits (grohibits)
° lo Prohibit the setting of the CPT bit on
43210 ) ) reception of an undefined
00000 iepon — Immediate Execute pon— command.
Generate local pon ) Permits (prohibits) the
Message B 1 Permit transmission of the END
00010 crst — Chip Reset—Same as " [0l Prohibit message when in serial poll
d Extlernal S'e:%et active state (SPAS).
00011 rr — RHelease 1 T T (hl
h ¥ LK gh speed) as T, of
00100 trig — Trigger (high-speed) | handshake after transmission of
00101 il — Return to Local Message B: 5 T, 2nd byte following data
00110 i genglélg?r'bl (low-speed) | transmission.
seoi — Sen essage == = -
00111 nvid — Non Valid (OSA reception)— | B, . INT Shecifies the active level of
Release DAC Holdoff 0 INT pin.
01111 vid — Valid (MSA reception, CPT, o )
DEC, DET)—Release DAC ) SRQS indicates the value of ist
Holdoff ist = SRQS | level local message (the value of
0X001 sppf — Set/Reset Parallel Poll Flag 5 | the parallel poll flag is ignored).
10000 gts — Go To Standby 4 SRQS = 0...ist = 0.
10001 tca - Xasl;ﬁg\orggooljsly _ The value of the parallel poll flag
10010 tcs — Take Control Synchronously 0 |sth"PFalrazl|el is taken as the ist local message.
11010 tcse — Take Control Synchronously
onEnd Auxiliary E Register 1 1 0000 E, E,
10011 Itn — Listen This register controls the Data Acceptance Modes of the
11011 Itnc —_ Listgn with Continuous TLC.
Mode
11100 lun — LocalUnlisten BIT T et FUNCTION
11101 epp — Execute Parallel Po E DAGC Holdoff by initiation of DCAS
1X110 sifc — Set/Reset IFC ° [0 Disable ool by nftafion ©
1X111 sren — Set/Reset REN 1 | Enable N
10100 dsc — Disable System Control E, 0 | Disable DAC Holdoff by initiation of DTAS
InternalCounter 0010 F;, F, F, F, Parallel Poll Register

The internal counter generates the state change prohibit ~ The Parallel Poll Register defines the paralle! poll response
times (T,, Ts, T-, To) specified inthe IEEE std 488-1978 with  of the COM7210.
reference to the clock frequency.

[o[1[1JUuls[r[P.[P |

Auxiliary ARegister 1 0 0 A, A; A, A, A, ——
Of the 5 bits that may be specified as part of its access word,
2 bits control the GPIB data receiving modes of the 7210 LSE'%%'STY lﬂﬁ;&g?%g '[Tm)
and 3 bits control how the EOS message is used.
A, A, DATA RECEIVING MODE SPECIFYING STATUS BIT
0 0 Normal Handshake Mode S = 1:IN PHASE
0 1 RFD Holdoff on all Data Modes S = 0: REVERSE PHASE
L 0 | RFD Holdoff on End Mode {Y = : NO RESPONSE T0 PARALLEL POLL
1 1 Continuous Mode U = 0: RESPONSE TO PARALLEL POLL
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COM7210 MC3448AX4 GPIB

Di0g DATAA BUS A p—————DIOg
DI07 DATAB BUS B J————DIO7
DIO DATAC BUSC p————DIOg
WGS DATAD BUS D b——————DIOg
S/Ra.p  PEA-D [
510, DATAA BUSA DI04
103 DATAB BUSB D103
BI0y DATAC BUSC DIO2
BI04 DATAD BUSD DIO;
PS/Ra-D  PEA-D [
TIR, —D.—-D..
T/R3 (EOIOE) S/IRa
T DATAA BUSA EOI
L S/Rg
BAV DATAB BUSB DAV
S/R¢
NRFD DATAC BUSC NRFD
S/Rp
NDAC DATAD BUSD NDAC
PEA-D{™Y
T/Rz (CIC) ————T—Do—l S/RA
310 DATAA BUSA SRQ
L Js/rg
ATN DATAB BUSB ATN
— S/R¢
REN DATAC BUSC REN
b S/IRp
TFC DATAD BUSD IFC
PEA.D |
4
19 1 g

Note: In this example, high-speed data transfer cannot be made since the bus
transceiver is of the open collector type (Set B, = 0).

DIEH Dg Bg R\
107 D7 B f——
[]rery Dg Bgp—
BI0E D5 85
D104 D4 gn75160 B4p—
DIO3 D3 B3p—
D10, Dy By ——
b10; D4 Y] —
T/R3 (PE) PE
TE
COM7210  T/Rq g GPIB
TE
T/Rz (1) ———]>0—— bC
SRQ SRQ S
ATN ATN —
EOI EOl sn75161
DAV DAV
NRFD NRFD
NDAC NDAC
FC IFC S
REN REN -

Note: In the case of low-speed data transfer (B, = 0), the T/R, pin can be used as a
TRIG output. The PE input of SN75160 should be cleared to “0.”

MINIMUM 8085 SYSTEM
WITH COM7210 (CONT.)
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ELECTRICAL CHARACTERISTICS
MAXIMUM GUARANTEED RATINGS (T, = 25°C)

PARAMETER SYMBOL RATINGS UNIT
Supply Voltage Vee -05~+7.0 \
Input Voltage Vi -05~+7.0 \
Output Voltage V, -05~ +7.0 \Y
Operating Temperature Tt 0~ +70 °C
Storage Temperature Ty —-65~ +125 °C

DC CHARACTERISTICS (T, = 0to +70°C, Vg = 5V *+ 10%)

LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS

Input Low Voltage A -0.5 +0.8 \
Input High Voltage Vi +2.0 Voe + 0.5 \
Low Level

Output Voltage Voo +0.45 \ lo. = 2mA

(4 mA: T/R1 Pin)

High Level

Output Voltage Vor +2.4 Vv low = —400 pA

(Except INT)

High Level +2.4 low = —400 nA

Output Voltage Vonz "

(INT Pin) +3.5 low = —50 pA

Input Leakage

Current I -10 +10 pA Vin = 0V ~ V¢
Output Leakage

Current lo, -10 +10 A Vour = 0.45V ~ Ve
Supply Current leg +180 mA
CAPACITANCE (T, = 25°C, Voc = GND = 0V)

LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS

Input Capacitance (o 10 pF f=1MHz
Output Capacitance Cour 15 pF All Pins Except Pin Under Test Tied to
1/0 Capacitance Cio 20 pF AC Ground

CS,RS2~0 )L N(
re— tAR ——] tRA—>~
} tRR
RD
b
tRV |
tRD —= ol tDF
b7~0 LA s imwsance ./ K Vaid K i impeance £/
tAD g
|—— tAK D ———f

DMAACK \
e—tAKRQ
DMAREQ /

TIMING DIAGRAM
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AC CHARACTERISTICS, (T, = 0to 70°C, Ve = 5V + 10%)

LIMITS UNIT
PARAMETER SYMBOL MIN MAX CONDITIONS
EOIl - DIO teon: 250 ns PPSS — PPAS, ATN = True
EOIL - T/R11 teorn 155 ns PPSS — PPAS, ATN = True
EOIT - T/RIL teorr 200 ns PPAS — PPSS, ATN = False
ATN | - NDAC | [ 155 ns AIDS -> ANRS, LIDS
ATN, - T/R1 [ 155 ns TACS + SPAS — TADS, CIDS
ATN | - T/R2 | tarre 200 ns TACS + SPAS - TADS, CIDS
DAV | - DMAREQ tovma 600 ns ACRS — ACDS, LACS
DAV | - NFRD | tounas 350 ns ACRS — ACDS
DAV | - NDAC 1 [ 650 ns ACRS — ACDS — AWNS
DAV 1 - NDAC | townos 350 ns AWNS — ANRS
DAV 1 - DRFD { tovnme 350 ns AWNS — ANRS — ACRS
RD!-NRFDT e 500 ns CRIC'?SS Dlligg;:.1 §elected
NDAC ' — DMAREQ 1 hona 400 ns S10S — SWNS ~ SGNS,
NDAC 1 - DAV 1 [ 350 ns STRS — SWNS - SGNS
WR 1 - Dio fuon 250 ns rSe(S.NsSelec?e%YS' BO
NRFD " — DAV | [ 350 ns SDYS - STRS, T, = True
SGNS — SDYSd—> RS':__I'SS T
WR - DAV | tfwor o ns | BOreg selected, ue
T, (High Speed)
lﬁllscfe Width trao 50 ns
f— 85 ns RS0 ~ RS2
Address Setup to RD tan 0 s s
Address Hold from RD [ 0 ns
RD Pulse Width ton 170 ns
Data Delay from Address tao 250 ns
Data Delay from RD | teo 150 ns
Output Float Delay from RD 1 tor 0 80 ns
RD Recovery Time toy 250 ns
Address Setup to WR [ 0 ns
Address Hold from WR tua 0 ns
WR Pulse Width tow 170 ns
Data Setup to WR tow 150 ns
Data Hold from WR [ 0 ns
WR Recovery Time tay 250 ns
DMAREQ | Delay from DMAACK takra 130 ns
Data Delay from DMAACK tako 200 ns
TS, RS2~ 0 XL K
e — tAWY |— twwA —=

W —————— ]
{ ) X

tRV 1
tow <-two-|

D7 ~0

X

>4

TIMING DIAGRAM
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STANDARD MICROSYSTEMS

(516) 273-3100

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for-construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

Two-channel Universal
Asynchronous Receiver/Transmitter
Dual UART

=
=]
=
o
[*¥]
7

FEATURES PIN CONFIGURATION
O Two independent full duplex serial data lines
o BBt~  40p DR
O Progrgmmable bayd rates individually selectable for AXD1 g 2 39 b TXD:
each line’s transmitter/receiver (50 to 19,200 baud) NIC g3 38 p NIC
DL7 Q 4 37 p NIC
[0 Summary registers that allow a single read to detect a Dle @5 36 p VSS,
data set change or to determine the cause of an inter- g'lf ge 35 p CLKS
rupt on any line DL g7 34 p MAST
RDY q 8 33 h ADDs
. . RST 9 32 ) ADD2
[ Triple buffers for each receiver vsse g 10 31} ADDs
Csgmn 30 p ADDp
[J Device scanner mechanism that reports interrupt WR g 12 29 b IRQ
request due transmitter/receiver interrupts DSi g 13 28 p IRQTXRX
DLs d 14 27 p NIC
. ) ) DLz g 15 26 p IRQLN
O Indepegndently programmabile lines for interrupt-driven DL? d 16 25 b VDD ’
operation DL, g 17 24 h VSS2
N/C ( 18 23 p N/IC
[ Modem status change detection for Data Set Ready TX0s g 19 22 g RX0s
(DSR) and Data Carrier Detect (DCD) signals DSRe ] 20 21 p bCDs

PACKAGE: 40- Pin DIP
[ Programmable interrupts for modem status changes

x
: s . b o X é
[J Synchronizes critical read-only registers x288888/1c60T
OS<<<I<TEZE
i nNOoOonOonnQAnn
[ Single 5V Power Supply 39 38 37 36 35 34 33 32 31 30 29
vss: 40 281 vDD
[(J TTL Compatible IXDs 27p VSSe
_D_S_F_h 26 1 N/IC
(] Compatible with SMC COM78C808 OCTAL UART v BN
and COM78C804 QUART ned 235 NG
Nne Qg 2 221 RXDs
Ne O 3 211 bCDs
Ned 4 201 DSRe
DL, O 5 19 TXDs
DLe ] 6 18[1 OLe
7 8 910111213 141516 17

P e [ 2 [ T O G
23 [g gl S 33

PACKAGE: 44 Pin PLCC

*Must be connected together

GENERAL DESCRIPTION

.The COM78C802 Two-channel Asynchronous Receiver/ operations necessary for simultaneous reception and
Transmitter (Dual UART) is a VLSI device for new genera- transmission of asynchronous messages on two independ-
tions of asynchronous serial communication designs and ent lines. Figure 1 is a functional block diagram of the
for microcomputer systems. This device performs the basic COM78C802 Dual UART.
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FIGURE 1: COM78C802 DUAL UART FUNCTIONAL BLOCK DIAGRAM

TABLE 1-COM78C802 PIN AND SIGNAL SUMMARY

Pin-PLCC| Pin-Dip | Signal Input/Output Definition/Function

5-8,15-18 | 47,1417 | DL<7:0> input/output Data lines <7:0>—Receives and transmits the parallel
data.

33-37 30-33 ADD<3:0> input Address<3:0>-Selects the internal registers in the Dual
UART. (Pins 36 and 37 must be connected in PLCC package.)

12 11 CS input Chip select—Activates the Dual UART to receive and trans-
mit data over the DL<7:0> lines.

14 13 DS input Data strobe—Receives timing information for data transfers.

13 12 WR input Write—Specifies direction of data transfer on the DL<7:0>
lines.

9 8 RDY output Ready—Indicates when the Dual UART is ready to partici-
pate in data transfer cycles.

10 9 ‘RESET input Reset—Initializes the internal logic.

38 34 MRST input Manufacturing reset—For manufacturing use.

39 35 CLK input Clock—Clock input for timing.

20,42 20,40 DSR<1:0> inputs Data set ready—Monitor data set ready (DSR) signals from
modems.

21,43 [1,21 DCD<1:0> inputs Data set carrier detect—Monitor data set carrier detect
(DCD) signals from modems.

32 29 IRQ output Interrupt request—Requests a processor interrupt.

29 26 IRQLN<C > output Interrupt request line number—Indicates the line number of
originating interrupt request.

31 28 IRQTXRx output Interrupt request transmit/receive—Indicates whether an
interrupt request is for transmitting or receiving data.

19,41 19,39 TxD<1:0> outputs Transmit data—Provides asynchronous bit-serial data out-
put streams.

22,44 2,22 RxD<1:0> input Receive data—Accepts asynchronous bit-serial data input
streams.

28 25 Voo input Voltage—Power supply voltage +5 Vdc.

11,2740 [10,24,36 | Vg input Ground—Ground reference
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DATA AND ADDRESS

Data lines (DL<7:0>)-These lines are used for the par-
allel transmission and reception of data between the CPU
and the Dual UART. The receivers are active when the data
strobe (DS) signal is asserted. The output drivers are active
only when the chip select (CS) signal is asserted, the data
strobe (DS) signal is asserted, and the write (WR) signal is
deasserted. The drivers will become inactive (high-imped-
ance) within 50 nanoseconds when one or more of the fol-
lowing occurs: the chip select (CS) signal is deasserted,
the data strobe (DS) signal is deasserted, or the write (WR)
signal is asserted.

Address (ADD<3:0>)-These lines select which Dual
UART internal register is accessible through the data /O
lines (DL<7:0>) when the data strobe (DS) and chip select
(CS) signals are asserted. Table 2 lists the addresses cor-
responding to each register. The receiver buffer and trans-
mitter holding register for each line have the same address.
When the (WR) signal is deasserted, the address accesses
the receiver buffer register and when asserted, it accesses
the transmitter holding register.

TABLE 2-COM78C802 REGISTERS ADDRESS SELECTION

R Read/Write Register

ADDLine* 5. <2> <1> <0>
0 0 0 0 Read Line 0 Receiver Buffer
0 0 0 0 Write Line 0 Transmitter Holding
0 0 0 1 Read Line O Status
0 0 1 0 Read/Write Line 0 Mode Registers 1,2
0 0 1 1 Read/Write Line 0 Command
1 0 0 0 Read Line 1 Receiver Buffer
1 0 0 0 Write Line 1 Transmitter Holding
1 0 0 1 Read Line 1 Status
1 0 1 0 Read/Write Line 1 Mode Register 1,2
1 0 1 1 Read/Write Line 1 Command
X 1 0 0 Read Interrupt Summary
X 1 0 1 Read Data Set Change Summary

*X=EitherOor1.

BUS TRANSACTION CONTROL

Chip select (CS)-This signal is asserted to permit data
transfers through the DL<7:0> lines to or from the internal
registers. Data transfer is controlled by the data strobe (DS)
signal and write (WR) signal.

Data strobe (DS)- This input receives timing information
for data transfers. During a write cycle, the CPU asserts the
data strobe signal when valid output data is available and
deasserts the data strobe signal before the data is removed.
During a read cycle, the CPU asserts the data strobe signal
and the Dual UART transfers the valid data. When the data
strobe signal is deasserted, the DL<7:0> lines become a
high impedance.

Write (WR)-The write (WR) signal specifies the direction
of data transfer on the DL<7:0> pins. If the WR signal is
asserted during a data transfer (the CS and DS signals
asserted), the Dual UART is receiving data from DL<7:0>.
If the WR signal is deasserted during a write data transfer,
the Dual UART is driving data onto the DL<7:0> lines.

INTERRUPT REQUEST

Interrupt request IRQ-The TRQ pin is an open drain out-
put. The integral interrupt scanner asserts the IRQ signal
when it has detected an interrupt condition on one of the
two serial data lines.

Interrupt Request transmit/receive (IRQTxRx)—This
signal indicates when the _interrupt scanner in the Dual
UART stops and asserts IRQ because of a transmitter
interrupt condition (the IRQTxRx signal is asserted) or
because of a receiver interrupt condition (the IRQTxRXx sig-
nal is deasserted). The signal is valid only while IRQ is
asserted. The state of IRQTxRXx signal also appears as bit
0 of the interrupt summary register.

Interrupt request line number (IRQLN<0:0>)-This line
indicates the line number at which the Dual UART interrupt
scanner stopped and asserted the interrupt request (IRQ)
signal. The number on this line is valid only while the IRQ
signal is asserted. The state of this signal also appears a
bit in the interrupt summary register: IRQLN<0> as bit 1.
T?FIIR% I|3_ Ehows the line numbers corresponding to settings
o .
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TABLE 3-COM78C802 INTERRUPT REQUEST

LINE ASSIGNMENTS
IRQ Line Line
0 0
1 1
SERIAL DATA

Transmit data (TxD<1:0>)-These outputs transmit the
asynchronous bit-serial data streams. They remain at a high
level when no data is being transmitted and a low level when
the TxBRK bit in the associated line’s command register is
set.

Receive data (RxD<1:0>)-These lines accept asyn-
chronous bit-serial data streams. The input signals must
remain in the high state for at least one-half bit time before
a high-to-low transition is recognized. ( A high-to-low tran-
sition is required to signal the beginning of a “start” bit and
initiate data reception).

MODEM SIGNALS

Data set ready (DSR<1:0>)-These two input pins, one
for each serial data line on the COM78C802, are typically
connected via intervening level converters to the data set
ready outputs of modems. A TTL low at a DSR pin causes
the DSR bit (bit 7) in the corresponding line’s status register
to be asserted. ATTL hi?h at a DSR pin causes the DSR
bit in the corresponding line’s status register to be deas-
serted. A change of this input from high-to-low, or low-to-
high, causes the assertion of the data set change
(DSCHNG) bit that corresponds to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond may
not be detected.

Carrier detect (DCD<1:0>)-These two input pins, one for
each serial data line of the Dual UART, are typically con-
nected through intervening level converters to the received
line signal detect (also_called carrier detect) outputs of
modems. A TTL low ata DCD pin causes the DCD bit of the
corresponding line’s status register to be deasserted. A
change of this input from high-to-low, or low-to-high, causes
the assertion of the data set change (DSCHNG) bit corre-
sponding to this line in the data set change summary reg-
ister. Changes from one state to the other and back again
that occur within one microsecond may not be detected.

GENERAL CONTROL SIGNALS

Ready (RDY)-The RDY pin is an open drain output. Upon
detecting a negative transition of chip select (CS), the Dual
UART asserts the RDY signal to indicate readiness to take
partin data transfer %cles. The RDY signal deasserts after
the trailing edge of CS.I

Reset (RESET)-When the RESET input in asserted, the
TxD<1:0> lines are asserted and all internal status bits
listed in the “Architecture Summary” discussion are cleared.

Manufacturing reset (MRESET)-This signal is for man-
ufacturing use only and the input should be connected to
ground for normal operation.

MISCELLANEOUS SIGNALS

Clock in (CLK)-All baud rates and internal clocks are
derived from this input. Normal operating frequency is 4.9152
‘MHz +0.1 percent and duty cycle is 50 percent =+ 6 percent.

POWER AND GROUND
Voltage (Vpp)—Power supply 5 Vidc
Ground (Vss)-Ground reference

ARCHITECTURE SUMMARY

The Dual UART functions as a serial-to-parallel, parallel-to-
serial converter/controller. It can be programmed by a
microprocessor to provide different characteristics for each
of its two serial data lines (stop bits, parity, character length,
split baud rates, etc.)

Each serial line functions the same as a one-line UART-
type device thereby reducing the number of chips and con-
serving space on communication devices that require mul-
tiple communications lines.

An integral interrupt scanner checks for device interrupt
conditions on the two lines. Its scanning algorithm gives
priority to receivers over transmitters. The scanner can also
check for interrupts resulting from changes in modem con-
trol signals DSR and DCD.

Line-specific Registers

Each of the two serial data lines in the Dual UART has a set
of registers for buffering data into and out of the line and for
external control of the line’s characteristics. These regis-
ters are selected for access by setting the appropriate
address on lines ADD<3:0>. Lines ADD<4:3> select one
of the two data lines. Lines ADD<2:0> selects the specific
register for that line. Refer to Table 2 for the register address
assignments.

Receiver buffer register—Each line’s receiver consists of
a character assembly register and a two-entry FIFO that is
the receiver buffer register. When the RxEN bit in a line’s
command register is set, received characters are moved
automatically into the line’s receiver buffer as soon as they
have been deserialized from the associated communica-
tions line. When there are characters in this FIFO, the
RxRDY bit is set in the status register for the line.

The assertion of the RxRDY signal for a line that already
has the RxIE bit of its command register set causes the
interrupt scanner logic to stop and generate an interrupt
condition (the IRQ signal is asserted). When the receiver
bufferis read, the interrupt condition is cleared (the TRQ sig-
nal is deasserted) and the interrupt scanner resumes
operation.

If there is another entry in a line’s FIFO, the RxRDY bit
remains asserted. When the interrupt scanner reaches this
line again, the assertion of RxRDY causes the scanner to
halt and assert the IRQ again.

Asserting the RESET signal or clearing the RXEN bit ini-
tializes the receiver logic of Dual UART. The RxRDY flag is
cleared and the receiver buffer register outputs become
undefined. Any data in the FIFO at that time is lost.

Transmitter holding register—Each line has a writable
transmitter holding register. When the TXEN bit in the line’s
command register is set, characters are moved automati-
cally from the output of this register into the transmitter seri-
alization logic whenever the serialization logic becomes idle.
When this register is empty, the TxRDY bit in the line’s sta-
tus register is set. If the transmitter interrupt enable (TxIE)
bit in the line’s command register is also set, the interrupt
scanner logic halts and generates an interrupt condition. If
a character is then loaded into the register, the interrupt is
cleared and the scanner resumes operation.
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Assertion of the RESET signal initializes the transmitter logic
of the Dual UART. The TxRDY flag s cleared and the trans- 7 6
mitter holding register’s contents are lost. The transmitter -
enable (TxEN) bit in the line’s command register is also
cleared by RESET. If at the end of the reset process, the

DSR ———-J

TxEN is reasserted and TxRDY bit is reasserted. Software
clearing of TXEN alone produces results different from the

bcD

full RESET in that the transmitter holding register's con- FER
tents are not lost; they are transmitted when TXxEN is set | orr
again. PER

TxEMT

Status register—Each line has a read-only status register TR:,: 8:

that provides information about the current state of the given
line. This register indicates a line’s readiness for transmis-
sion or reception of data and flags error conditions inits bit | FIGURE 3: COM78C802 STATUS REGISTERS
fields. Figure 3 shows the format of the status register. Table (LINE 0:1) FORMAT

3 lists the flag bits in each status register. .

TABLE 4-COM78C802 STATUS REGISTERS (LINES 0-1) DESCRIPTION

Bit Description
7 DSR (Data set ready)—This bit is the inverted state of the DSR line.
6 DCD (Data set carrier detect)—This bit is the inverted state of the DCD line.
5 FER (Frame error)—Set when the received character currently displayed in the receiver buffer register was not

framed by a stop bit. Only the first stop bit is checked to determine that a framing error exists. Subsequent
reading of the receiver buffer register that indicates all zeros (including the parity bit, if any) can be interpreted
as a Break condition. This bit is cleared by clearing RxEN (bit 2) of the command register, by asserting the
RESET input, or by setting the reset error RERR (bit 4) of the command register.

4 ORR (Overrun error)—Set when the character in the receiver buffer register was not read before another char-
acter was received. Cleared by clearing RXEN (bit 2) of the command register, by asserting the RESET input,
or by setting reset error RERR (bit 4) of the command register.

3 PER (Parity error)—If parity is enabled and this bit is set, the received character in the receiver buffer register
has an incorrect parity bit. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, by setting reset error RERR (bit 2) of the command register, or by reading the current character
in the receiver buffer register.

2 TxXEMT (Transmitter empty)—Set when the transmitter serialization logic for the associated line has completed
transmission of a character, and no new character has been loaded into the transmitter holding register.
Cleared by loading the transmitter holding register, by clearing TXEN (0) of the command register, or by assert-
ing the RESET input.

1 RxRDY (Receiver buffer ready)—When set, a character has been loaded into the FIFO buffer from the deserial-
ization logic. Cleared by reading the receiver buffer register, by clearing RXEN (bit 2) in the command register,
or by asserting the RESET input.

0 TxRDY (Transmitter holding register ready)—When set, this bit indicates that the transmitter holding register is
empty. Cleared when the program has loaded a character into the transmitter holding register, when the trans-
mitter for this line is disabled by clearing TxEN (bit 0) in the command register, or by asserting the RESET
input. This bit is initially set when the transmitter logic is enabled by the setting of TXEN (bit 0) and the transmit-
ter holding register is empty. This bit is not set when the automatic echo or remote loopback modes are pro-
grammed. Data can be overwritten if a consecutive write is performed while TxRDY is cleared.

Mode registers 1 and 2—These read/write registers con-
trol the attributes (including parity, character length, and line
speed) of the communications line.

Each of the two communications lines has two of these reg-
isters, both accessed by the same address on ADD<3:0>.
Successive access operations (either read or write, in any
combination) alternate between the two registers at that —
address by use of an internal pointer. The first operation i
addresses mode register 1, the next address mode register stop

PAR CTRL

2, and another after that would recycle the pointer to mode CHAR LENGTH
register 1. The pointer is reset to point to mode register 1 by RSRV
RESET or by a read of the command register for this line. MCIE

These registers should not be accessed by bit-oriented
instructions that do read/modify/write cycles.

Figure 4 shows the format of mode registers 1 and Table 5 REEG;;I_F!EERIIS—:: aﬂlﬁg%B%ZF%%%EAT
describes the function of the register information. .
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TABLE 5-COM78C802 MODE REGISTERS 1 (LINES 0-1) DESCRIPTION

Bit Description

7.6 STOP-These bits determine the number of stop bits that are appended to the transmitted characters as
follows. These bits are cleared by asserting the RESET input.
Bits Stop Bits
7 6
0 0 Invalid
0 1 1.0
1 0 15
1 1 2.0

54 PAR CTRL (Parity control)—These bits determine parity as follows and are cleared by asserting the RESET
input. X = either 1 or 0.
Bits Parity Type
5 4
1 1 Even
0 1 Odd
X 0 Disabled

3.2 CHAR LENGTH (Character length)-These bits determine the length (excluding start bit, parity, and stop
bits) of the characters received and sent. Received characters of less than 8 bits are “right aligned” in the
receiver buffer with unused high-order bits equal to zero. Parity bits are not shown in the receiver buffer. The
character length bits are cleared by asserting the RESET input. The character length bits are defined as
follows:
Bit Bit Length
3 2
0 0 5
0 1 6
1 0 7
1 1 8

1 RSRV (Reserved and cleared by asserting the RESET input.)

0 MCIE (Modem control interrupt enable)—When set and RxIE (bit 5) of the command register is set, the
modem control interrupts are enabled. Refer to the Interrupt Scanner and Interrupt Handling information.
Cleared by asserting the RESET input.

Figure 5 shows the format of mode registers 2 and Table
6 indicates the baud rate selections of the register. Bits 7
through 4 of the mode register 2 control the transmitter

Command register—These read/write registers control
various functions on the selected line. Figure 6 showsthe
format of the command registers and Table 7 describes

baud rate and bits 3 through 0 control the receiver baud the function of the register information.

rate. These registers are cleared by asserting RESET input.

RECV RATE

W—I

e /N J/ RxIE

OPER MODE ——-—‘

RERR
XMIT RATE ————I TxBRK

RxEN

TxIE
TxEN

FIGURE 5-COM78C802 MODE FIGURE 6-COM78C802 COMMAND
REGISTERS 2 (LINE 0-1) FORMAT REGISTERS (LINE 0-1) FORMAT
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TABLE 6—-COM78C802 MODE REGISTERS 2 (LINES 0-1) DESCRIPTION

Bit Description
7:0 XMIT RATE/RECV RATE (Transmitter/Receiver Rate)—Selects the baud rate of the transmitter (bits 7:4) and
receiver (bits 3:0) as follows:
Transmitter Bits Receiver Bits Nominal Actual Error*
7 6 5 4 3 2 1 0 Rate Rate (percent)
0 0 0 0 0 0 0 0 50 same —
0 0 0 1 0 0 0 1 75 same —
0 0 1 0 0 0 1 0 110 109.09 0.826
0 0 1 1 0 0 1 1 134.5 133.33 0.867
0 1 0 0 0 1 0 0 150 same —
0 1 0 1 0 1 0 1 300 same — —
0 1 1 0 0 1 1 0 600 same — =
0 1 1 1 0 1 1 1 1200 same — 3
1 0 0 0 1 0 0 0 1800 1745.45 3.03 =
1 0 0 1 1 0 0 1 2000 2021.05 1.05 2
1 0 1 0 1 0 1 0 2400 same — »
1 0 1 1 1 0 1 1 3600 3490.91 3.03
1 1 0 0 1 1 0 0 4800 same —
1 1 0 1 1 1 0 1 7200 6981.81 3.03
1 1 1 0 1 1 1 0 9600 same —
1 1 1 1 1 1 1 1 19200 same —

*The frequency of the clock input (CLK) is 4.9152 MHz. The clock input may vary by 0.1 percent. This variance results in an error
that must be added to the error listed.

TABLE 7-COM78C802 COMMAND REGISTERS (LINES 0-1) DESCRIPTION

Bit Description

7.6 OPER MODE (Operating mode)—These bits control the operating mode of the channel as follows. These
bits are cleared by asserting the RESET input.

Bit Operating Mode

7 6

0 0 Normal operation

0 1 Automatic echo

1 0 Local loopback

1 1 Remote loopback

5 RxIE (Receiver interrupt enable)-When set, the RxRDY flag (bit 1) of the status register for this line will
generate an interrupt.

4 RERR (Reset error)-When set, this bit clears the framing error, overrun error, and parity error of the status
register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing). .

3 TxBRK (Transmit break)—When set, this bit forces the appropriate TxD<1:0> line to the spacing state at the
conclusion of the character presently being transmitted. When the program clears this bit, normal operation
is restored, and any character pending in the transmitter holding register is moved into the serialization logic
and transmitted. The minimum break length obtainable is twice the character length plus 1 bit time. The
maximum break length depends on the amount of time between the program setting and clearing this bit,
but is an integral number of bit times. This bit is cleared by asserting the RESET input.

2 RxEN (Receiver enable)-When set, this bit enables the receiver logic. When cleared, it stops the assem-
bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register,
clears any receiver interrupt conditions associated with this line, and initializes all receiver logic. This bit is
cleared by asserting the RESET input.

1 TxIE (Transmit interrupt enable)-When set, the state of the associated TxRDY flag (bit 0) of the status reg-
ister is made available to the interrupt scanner logic. When the interrupt scanner logic scans this line, it
determines if the TxRDY flag is asserted and generates an interrupt by asserting the IRQ signal.

0 TxEN (Transmitter enable)—When set, this bit enables the transmitter logic. When cleared, it inhibits the
serialization of the characters that follow but the serialization of the current character is completed. It also
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with
this line, and initializes all transmitter logic except that associated with the transmitter holding register. The
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro-
cessed. This bit is cleared by asserting the RESET input.

Bits 5 through 0 enable the line’s receiver and transmitter, [ Normal operation—The serial data received is assem-

enable handling of interrupts, initiate the transmission of bled in the receiver logic and transferred in parallel to the
break characters, and reset error bits for the line. Refer to receiver buffer register. (The RXEN bit must be set.) Data
“Interrupt Scanner” and “Interrupt Handling” paragraphs to be transmitted is loaded in parallel into the transmitter
for detailed interrupt information. Bits 7 and 6 control the halding register, then automatically transferred into the
operating mode of the line. The four modes that can be transmitter logic and serialized for transmission. (The
setare: TxEN bit must be set.)
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[J Automatic echo—The serial data received is assembled
into parallel in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register. Arriv-
ing serial data is also routed to the line’s TxD<n> pin for
serial output. TXEN is ignored and the transmitter logic
is disabled. TxRDY flags and TXxEMT indications are
cleared. No transmitter interrupts are generated.

(J Local loopback-The serial data from the RxD<n> input
is ignored and the receiver serial input receives data from
the transmitter serial output. The data is assembled into
parallel form in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register where
it can be read by the program. Data to be transmitted to
the receiver is loaded in parallel form into the transmitter
holding register from which itis automatically moved into
the transmiitter logic and serialized for fransmission. (The
TxEN bit must be set.) The transmission goes only to the
receiver serial input; the TxD<n> output is held high. As
in normal operation, transmission and reception baud
rates are controlled by the transmitter speed and receiver
speed entries in mode register 2.

[J Remote loopback—The serial data received on the
RxD<n> line is returned to the TxD<n> line without
further action. No data is received or transmitted. The
RxRDY, TxRDY, and TxEMT flags are disabled. The
TxEN and RxEN bits of the command register are held
cleared, causing the transmitter and receiver logic to be
disabled.

SUMMARY REGISTERS

The Dual UART contains two registers that summarize the
current status of all two serial data lines, making it possible
to determine that a line’s status has changed with a single
read operation. These registers are selected for access by
setting the appropriate address on pins ADD <2:0>.
Because the registers are shared by two serial lines, the
line-selection bits (ADD <4:3>) are ignored when these

-registers are accessed. Refer to “Interrupt Scanner and

Interrupt Handling” for'detailed interrupt information.

Interrupt summary register—This read-only register indi-
cates that a transmitter or receiver interrupt condition has
occurred, and indicates the line number that generated the
interrupt. Figure 7 shows the format of the interrupt sum-
mary register and Table 8 describes register information.

7 6 5 4 3 2 1 0

IRQ
RAZ
INT LINE NO
Tx/Rx

FIGURE 7- COM78C802
INTERRUPT SUMMARY REGISTER FORMAT

TABLE 8-COM78C802 INTERRUPT SUMMARY REGISTER DESCRIPTION

was found. Refer to Table 3.

Bit Description
7 IRQ (Interrupt request)-When set, this bit indicates that the interrupt scanner has found an interrupting con-
dition among the two serial lines of the Dual UART. These conditions also result in the Dual UART asserting
the IRQ signal. i
6:2 RAZ (Read as zero)—Not used
1* INT LINE NO (Interrupting line number)—-This bit indicates the line number upon which an interrupting condition

and is set when IRQTxRx is asserted.

0* Tx/Rx (Transmit/receive)—This bit indicates whether the intertupting condition was caused by a transmitter (Tx/
Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Dual UART

*Bits 1-0 above represent the outputs of a free-running counter and are valid only when bit 7 is set.

Data set change summary register—When the DSR or
DCD inputs that are associated with a line change state,
the bit corresponding to that line in this read-only register
is set. The current state of the DSR and DCD inputs can

DSCHNG 1-0 J

FIGURE 8-COM78C802 DATA SET CHANGE
SUMMARY REGISTER FORMAT

then be obtained from that line’s status register. If the state
of a line changes twice within one microsecond, the change
in state may not be detected. Figure 8 shows the format
of the data set change summary register.

When the MCIE bit in a line’s mode register 1 is set and
RXxIE is also set, the modem control interrupts are enabled
forthatline. If DSCHNG for that line is then set, the interrupt
scanner will halt and assert the IRQ signal. The data set
change summary register bits are cleared by writinga 1 into
the bit position. A program that uses this register should read
and save a copy of its contents. The copy can then be writ-
ten back to the register to clear the bits that were set. The
system interrupts should be disabled and writeback should
directly follow the read operation.

Assertion of the RESET signal disables and initializes the
data set change logic. When the RESET signal is deas-
serted, future changes in DSR and DCD are reported as
they occur.
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INTERRUPT SCANNER AND INTERRUPT HANDLING

The interrupt scanner sequentially checks each line for a
receive interrupt and then checks each one in the same
order for a transmitter interrupt. If the scanner detects an
interrupt condition, it stops and the IRQ signal is asserted.
An interrupt must be serviced by software or no other inter-
rupt request can be posted.

The scanner determines that a line has a receiver interrupt
if the line’s receiver buffer is ready and receiver interrupts
are enabled for that line (RxRDY and RxIE = 1) or either of
the line’s modem status signals has changed state and both
receiver and modem control interrupts are enabled for that
line (DSCHNG and RxIE and MCIE =1).

The scanner determines that a line has a transmitter inter-
ruptifthe line’s transmitter holding the register is empty and
transmitter interrupts are enabled for that line (TxRDY and
TxIE=1).

When the scanner detects an interrupt, it reports the line
number on the IRQ<0> line. The IRQTxRXx signal is
asserted for a transmitter interrupt and deasserted for a
receiver interrupt. The appropriate bits are also updated in
the interrupt summary register. The IRQ line is deasserted
and the scanner is restarted for each of the following three
types of interrupt conditions.

[J Reading the receiver buffer or resetting the RxIE bit of
the interrupting line for the first type of receiver interrupt
previously described.

[0 Resetting the MCIE, RxIE, or DSCHNG bit of the inter-
rupting line for the second type of receiver interrupt pre-
viously described.

[J Loading the transmitter holding register or resetting the
TxIE bit of the interrupting line for transmitter interrupts.

If the scanner was originally stopped by a receiver interrupt
condition, the scanner resumes sequential operation from
where it stopped, thus providing receivers with equal prior-

ity. If the scanner was stopped by a transmitter condition,
the scanner restarts from position 0 (line 0's receiver), thus
giving receivers priority over transmitters.

EDGE-TRIGGERED AND LEVEL-TRIGGERED INTER-
RUPT SYTSTEMS

If the interrupt system of the Dual UART is used only for
generating interrupts for the RxRDY and/or TxRDY flags,
the IRQ line can be connected to a processor having either
edge-triggered or level-triggered interrupt capability. If the
modem control interrupts are being uséd (MCIE in mode
register 1 = 1), the IRQ line can be connected only to a pro-
cessor that uses level-triggered interrupts.

MODEM HANDLING

The TXEMT (transmitter empty) bit of the status register is
typically used to indicate when a program can disable the
transmission medium, as when deasserting the request-to-
send line of a modem. A typical program will load the last
character for transmission and then monitor the TXEMT bit
of the status register.

The assertion of the TXEMT bit to indicate the transmission
is complete may occur a substantial time after the loading
of the last character. After the last character is loaded, one
character is in the transmitter holding register and one
character is in the serialization logic. Therefore, it will be
two character times before the transmission process is
completed. Waiting for the TxRDY signal to assert before
monitoring the TXEMT status shortens this by one charac-
ter time because the TxRDY status bit indicates that there
are no characters in the transmitter holding register. The
times involved are calculated by taking the reciprocal of the
baud rate being used, multiplying by the number of bits per
character (a starter bit—5,6,7, or 8 data bits; plus parity bit
if enabled; and 1,1.5, or 2 stop bits), and multiplying by either
two characters or one, depending on when TXEMT moni-
toring begins.
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FIGURE 9- COM78C802 OUTPUT LOAD CIRCUITS
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MAXIMUM GUARANTEED RATINGS*

Operating TeMPErature RANGE .. ... ...ttt ittt et ettt ettt et e e e et e e ettt i ra e e enaes 0°Cto +70°C
Storage Temperature Range —55°to +125°C

Lead Temperature (SOIAEriNg, 10 SEC.) ... o.u it ettt ettt et e e e et e e e e et e et e et et et ie e e eaaaes +300°C
Positive Voltage on any I/0 Pin, with respect to ground .. .. Ve +0.3V
Negative Voltage on any I/O Pin, with respect to ground .............iiiiiiiiiii i i i -0.3v

Y= 04 T T4 /SO +7V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or at any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench
power supply programmed to deliver +5 volts may have large voltage transients when the AC power is switched on and off. If this
possibility exists it is suggested that a clamp circuit be used.

TABLE 9—-COM78C802
DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Condition Requirements Units
] Min. Typ. Max.

Vi High-level input voltage 2.0 \

Vi Low-level input voltage 0.8 Vv

Von High-level output voltage | Vo =Min. 2.4 \

low=3.5 mA for DL<7:0>
low=2.0 mA for all _
remaining output except IRQ
and RDY

Voo v Low-level output voltage | Vo =Min. 04 \'
lo. =5.5 mA for DL<7:0>
lo, =3.5 mA for all remaining

outputs
Ly Input current at maximum| V,,=Max. 10 RA
input voltage V,=Vpp(Max.)
I Input current at miminum | V,,=Max. -10 pA
input voltage V,=0.0V
los' Short-circuit output Voo =Max. -50 —180 mA
current for DL<7:0> all
remaining outputs except
IRQ and RDY -30 -110 mA
loz 2 Three-state output Vpo =Max. 10 pA
current Vo=0.4V
loz? Three-state output Voo =Max. 10 rA
current Vo=2.4V
lop Supply current Vpo =Max. mA
T\=0° 15
C. Input capacitance 4 pF
Co? Input/output capacitance 5 pF

‘No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second.
2All three-state output drivers are wired in an I/O configuration. The parameters include the driver and input receiver leakage currents.
3The parameters include the capacitive loads of the output driver and the input receiver.

TIMING PARAMETERS shows the signal timing for a write cycle to transfer infor-
Figure 10 shows the signal timing for aread cycle totransfer mation from the processor to the Dual UART. Table 11 lists
information from the Dual UART to the processor. Figure 11  the timing parameters for the read and write cycles.
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TABLE 10-COM78C802 BUS READ AND WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns) Load
Min. Max. Circuit'
taro Hold time of a valid ADD <3:0> to a valid high level of
DS. 10
tasu Setup time of a valid ADD <3:0> to the falling edge of
DS. 30
tero Hold time of a valid low level of CS to a valid high level of
DS. 10
tesu Setup time of a valid low level of CS to the falling edge of
DS. 30
too Propagation delay of a valid iow level on DS (if CS is low
and WR is high) to valid high or low data on DL <0>. 165 C,=150 pF
[ Propagation delay of a valid high level on DS (if CS is low
and WR is high) to DL <0> output drivers disabled.
tooLz 50 C,=50pF
toonz 50 C,=50pF
tooz 60 C.=100pF
toonz 60 C.=100pF
toowz 65 CL =1 SOPF
toomz 65 C.=150pF
toozt Propagation delay of a valid low level on DS (if CS is low
and WR is high) to DL <7:0> output driver enabled.
tooz 165 C_=150pF
ooz 0 165 C.=150pF
tor Hold time provided during a read cycle by Dual UART of
valid high or low data on DL <7:0> after the rising edge
f DS. 0
toro Hold time of a valid DL <7:0> to a valid high level of DS. 30
topwn Pulse width high of DS. 450
torwin Pulse width low of DS when WR is high (read operation).
Refer to timing parameter typyw also. 180 10,000
torwiw Pulse width low of DS when WR is low (write operation).
Refer to timing parameter tyow. also. 130 10,000
tosu Setup time of a valid DL <7:0> to the rising edge of DS. 50
tp? Propagation delay of a valid low level on DS (if CS is low)
to a high level on IRQ. 635 C, =50pF
tron® Propagation delay of a valid high level of CS to a valid
high level on RDY. 210 C_=50pF
troL Propagation delay of a valid low level on CS to a valid
low level on RDY. 90 C.=50pF
twro Hold time of a valid high or low level of WR to a valid high
level of DS. 10
twsu Setup time of a valid high or low level of WR to the falling
edge of DS. 30

'Refer to Figure 9 for the load circuits used with these measurements.

2The topz and toonz parameters are measured with C, =150 pF. The values of typ 2 and ooy, for C, =50pF and C, =100 pF have been derived for user
convenience.

*Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t,, parameter can be calculated
by the following: t,; = 500 + RC,_ where R=value of the resistor that connects to capacitor C, in load A, Figure 9.

“Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tqp, parameter can be calculated
by the following: taon = 75 + RC_ where R = value of the resistor that connects to capacitor C, in load A, Figure 9.

Figure 12 shows the signal timing for the clock input, inter-  timing, and the transmit data output timing. Table 11 lists the

rupt timing, effect of the RESET input on data strobe, data  timing parameters for Figure 12.

set carrer detect (DCD) and data set ready (DSR) input
1
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FIGURE 12-COM78C802 MISCELLANEOUS SIGNAL TIMING

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns)
Min. Load Circuit
top Period of CLK. 203.45 (4.9152 MHz)
topwn Pulse width high of CLK. 95
toewe Pulse width low of CLK. 95
torro Hold time of a valid high level of DS to a valid high level 1,000
of RESET.
torsu Setup time of a valid high level of DS to the rising edge off 900
RESET.
tosew Pulse width high or low of DCD <1:0> and DSR <1:0>.| 1,000
tro Hold time provided by Dual UART from a valid IRQLN 100 C_=50pF
and IRQTxRx to a valid high level of IRQ.
tisu Setup time provided by Dual UART from a valid IRQLN 100 C,.=50pF
and IRQTxRXx to a valid low level of IRQ.
tes Pulse width low of RESET. 1,000
trxsk Pulse width high or low provided by Dual UART on the 250 C_=50pF
TxD <1:0> lines. At each baud rate, the actual pulse
widths provided vary by ts. This timing parameter
should be used to determine cumulative reception/trans-
mission errors.

*Refer to Figure 9 for the load circuits used with these measurements.
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Figure 13 shows the input and output voltage waveforms ments. Figure 14 shows the waveforms for the three-state
for the propagation delay and setup and hold measure- outputs measurement.
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ViH (20V) VO ({08 Vh = =~ 4= = = ~—2
INPUT DATA > . Lo "} F
Vo (2.0V)

ViL (0.8V)

SET-UP AND HOLD IN-PHASE OUTPUT

Vo (0.8V)

PROPAGATION DELAY

FIGURE 13-COM78C802 PROPAGATION DELAY
AND SETUP AND HOLD VOLTAGE WAVEFORMS

VIN (2.4 V)

20V — -\ - mm—— /
OUTPUT CONTROL

08V ~——-—
VIL(0.4V) - ———

tz1 (NOTE 3A) —

iz —e (NOTE 3C)

VoK (4.5 V)

OUTPUT (SEENOTE 1) 1.5V -~ ——+

VoL #0585 —-— —1— N —- - -— VoL +0.5V
VouT (AS MEASURED) — — = — |~ -

tzn (NOTE 38) —s|

(NOTE 3C)
VouT (AS MEASURED)
VOH 0.5V = = — = ——pf e ——— Vo -0.5V
15V 15V
OUTPUT Vg (NOTE 2)
(0.0v)
THREE-STATE OUTPUTS
NOTES:
1. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY
THE OUTPUT CONTROL.

2. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED 8Y
THE OUTPUT CONTROL.

3. REFERTO FIGURE 9. A = S1 CLOSED, B = S2 CLOSED, C = S1 AND S2 CLOSED.

FIGURE 14-COM78C802 THREE-STATE OUTPUT VOLTAGE WAVEFORMS

k CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli-
%%%% cations: consequently complete information sufficient for construction purposes is not necessarily given. The

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is

suansv wuage iy assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-
ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to
make changes at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

CORPORATION e COM78C804
:

PRELIMINARY

Four-channel Universal
Asynchronous Receiver/Transmitter
Quad UART

FEATURES PIN CONFIGURATION
[J Four independent full duplex serial data lines
beo; 10 Vv 48 AXD,
[J Programmable baud rates individually selectable for VA Eppg
each line’s transmitter/receiver (50 to 19,200 baud) voo a0l Dis Dere
DL, 50 [J44 TXDs
[0 Summary registers that allow a single read to detect a e o] D3 vss
data set change or to determine the cause of an inter- oL 80 D41 MRST
rupt on any |ine RDY 90 [0 40 ADD.
RST 100 P39 ADDs
. . V8Sg 110 [0 38 DS*
[ Triple buffers for each receiver Cs 120 P37 AbD,
WR 130 [136 ADD,
. . . DS 140 [P35 ADDg
[ Device scanner mechanism that reports interrupt DL, 150 P34 :gOT .
request due transmitter/receiver interrupts e Sii Q.
pLp 18Q 31 IRQLNg
i i + vDD 190 30 VDD
[ Independently programmable lines for interrupt-driven Txog 20] NG,
operation DSRg 210 P28 vss,
DCDy 220 P27 TXD,
. 126 DSR,
[J Modem status change detection for Data Set Ready e Epeeil

(DSR) and Data Carrier Detect (DCD) signals
PACKAGE: 48-pin DIP
*must be connected together

[J Programmable interrupts for modem status changes

[ Synchronizes critical read-only registers

D Smgle 5V POWGI' Supply vss, d 4039 38 37 36 3534 333231 30 2928 b voo
TXD; O 41 27 0 VSS,

OO TTL Compatible D3R, 42 26 1 XD,
DCD, 043 25 [ DSR,
[ Low Power CMOS Technology 2’;32 = p E !
DCh, O 2 22 [1 RXDy
[J Compatible with SMC’'s COM78C808 DSR. O 3 211 DCDy
and COM78C802 XD, g 4 20 1 DSR,
DL, O 5 19 [ TXDy

el 8 o101 21318 151617 O O

FIXIE SRR 55T
QQQQ@OIB'DD aa

PACKAGE: 44- pin PLCC

GENERAL DESCRIPTION

The COM78C804 Four-channel Asynchronous Receiver/ operations necessary for simultaneous reception and
Transmitter (Quad UART) is a VLSI device for new gener- transmission of asynchronous messages on four inde-
ations of asynchronous serial communication designs and  pendent lines. Figure 1 is a functional block diagram of the
for microcomputer systems. This device performs thebasic COM78C804 Quad UART.
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FIGURE 1: COM78C804 QUAD UART FUNCTIONAL BLOCK DIAGRAM

TABLE 1-COM78C804 PIN AND SIGNAL SUMMARY

Pin-PLCC Pin-DIP Signal Input/Output | Definition/Function

5-8,15-18 5-8,15-18 DL<7:0> input/output Data lines <7:0>—Receives and transmits the parallel
data.

33-37 35-37,39,40 ADD<0:4> input Address<0:4>—Selects the internal registers in the Quad
UART.

12 12 CcS input Chip select—Activates the Quad UART to receive and trans-
mit data over the DL<7:0> lines.

14 14,38 DS input Data strobe—Receives timing information for data transfers.

13 13 WR input Write—Specifies direction of data transfer on the DL<7:0>
lines.

9 9 RDY output Ready—Indicates when the Quad UART is ready to partici-
pate in data transfer cycles.

10 10 RESET input Reset—Initializes the internal logic.

38 41 MRESET input Manufacturing reset—For manufacturing use.

39 42 CLK input Clock—Clock input for timing.

3,20,25,42 2,21,26,45 DSR<3:0> inputs Data set ready—Monitor data set ready (DSR) signals from
modems.

2,21,24,43 1,22,25,46 DCD<3:0> inputs Data set carrier detect—Monitor data set carrier detect
(DCD) signals from modems.

32 34 IRQ output Interrupt request—Requests a processor interrupt.

29,30 31,32 1RQLN<0:1> | output Interrupt request line number—Indicates the line number of
originating interrupt request.

31 33 IRQTxRx output Interrupt request transmit/receive—Indicates whether an
interrupt request is for transmitting or receiving data.

4,19,26,41 3,20,27,44 TxD<3:0> outputs Transmit data—Provides asynchronous bit-serial data out-
put streams.

1,22,23,44 23,24,47,48 RxD<3:0> input Receive data—Accepts asynchronous bit-serial data input
streams.

28 4,19,30 Voo input Voltage—Power supply voltage +5 Vdc.

11,27,40 11,28,43 Ves input Ground—Ground reference
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DATA AND ADDRESS

Data lines (DL<7:0>)—-These lines are used for the par-
allel transmission and reception of data between the CPU
and the Quad UART. The receivers are active when the data
strobe (DS) signal is asserted. The output drivers are active
only when the chip select (CS) signal is asserted, the data
strobe (DS) signal is asserted, and the write (WH) signal is
deasserted. The drivers will become inactive (high-imped-
ance) within 50 nanoseconds when one or more of the fol-
lowing occurs: the chip select (CS) signal is deasserted,

the data strobe (DS) signal is deasserted, or the write (WR)
signal is asserted.

Address (ADD<4:0>)-These lines select which Quad
UART internal register is accessible through the data 1/O
lines (DL<7:0>) when the data strobe (DS) and chip select
(CS) signals are asserted. Table 2 lists the addresses cor-
responding to each register. The receiver buffer and trans-
mitter holding register for each line have the same address.
When the (WR) signal is deasserted, the address accesses
the receiver buffer register and when asserted, it accesses
the transmitter holding register.

TABLE 2-COM78C804 REGISTERS ADDRESS SELECTION

ADD Line* Read/Write Register
<4> <3> <2> <1> <0>
0 0 0 0 0 Read Line O Receiver Buffer
0 0 0 0 0 Write Line 0 Transmitter Holding
0 0 0 0 1 Read Line O Status
0 0 0 1 0 Read/Write Line 0 Mode Registers 1,2
0 0 0 1 1 Read/Write Line 0 Command
0 1 0 0 0 Read Line 1 Receiver Buffer
0 1 0 0 0 Write Line 1 Transmitter Holding
0 1 0 0 1 Read Line 1 Status
0 1 0 1 0 Read/Write Line 1 Mode Register 1,2
0 1 0 1 1 Read/Write Line 1 Command
1 0 0 0 0 Read Line 2 Receiver Buffer
1 0 0 0 0 Write Line 2 Transmitter Holding
1 0 0 0 1 Read Line 2 Status
1 0 0 1 0 Read/Write Line 2 Mode Register 1,2
1 0 0 1 1 Read/Write Line 2 Command
1 1 0 0 0 Read Line 3 Receiver Buffer
1 1 0 0 0 Write Line 3 Transmitter Holding
1 1 0 0 1 Read Line 3 Status
1 1 0 1 0 Read/Write Line 3 Mode Register 1,2
1 1 0 1 1 Read/Write Line 3 Command
X X 1 0 0 Read Interrupt Summary
X X 1 0 1 Read Data Set Change Summary
*X =EitherOor1.
L B R
BUS TRANSACTION CONTROL INTERRUPT REQUEST

Chip select (CS)-This signal is asserted to permit data
transfers through the DL<7:0> lines to or from the internal
registers. Data transfer is controlled by the data strobe (DS)
signal and write (WR) signal.

Data strobe (DS)- This input receives timing information
for data transfers. During a write cycle, the CPU asserts the
data strobe signal when valid output data is available and
deasserts the data strobe signal before the data is removed.
During a read cycle, the CPU asserts the data strobe signal
and the Quad UART transfers the valid data. When the data
strobe signal is deasserted, the DL<7:0> lines become a
high impedance.

Write (WR)-The write (WR) signal specifies the direction
of data transfer on the DL<7:0> pins. If the WR signal is
asserted during a data transfer (the CS and DS signals
asserted), the Quad UART is receiving data from DL<7:0>.
If the WR signal is deasserted during a write data transfer,
the Quad UART is driving data onto the DL<7:0> lines.
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Interrupt request IRQ-The IRQ pin is an open drain out-
put. The integral interrupt scanner asserts the IRQ signal
when it has detected an interrupt condition on one of the
four serial data lines.

Interrupt Request transmit/receive (IRQTxRx)—This
signal indicates when the interrupt scanner in the Quad
UART stops and asserts IRQ because of a transmitter
interrupt condition (the IRQTxRx signal is asserted) or
because of a receiver interrupt condition (the IRQTxRx sig-
nal is deasserted). The signal is valid only while IRQ is
asserted. The state of IRQTxRx signal also appears as bit
0 of the interrupt summary register.

Interrupt request line number (IRQLN<1:0>)-These
lines indicate the line number at which the Quad UART
interrupt scanner stopped and asserted the interrupt request
(IRQ) signal. The number on these lines is valid only while
the IRQ signal is asserted. Line IRQLN<1> is the high-
order bit and the IRQLN<0> line is the low-order bit. The




state of these signals also appears as bits in the interrupt
summary register: IRQLN<1> asbit2, and IRQLN<0> as
bit 1. Table 3 shows the line numbers corresponding to set-
tings of IRQLN<1:0>.

TABLE 3-COM78C804 INTERRUPT REQUEST

LINE ASSIGNMENTS
IRQ Line Line
<1> <0>
0 0 0
0 1 1
1 0 2
1 1 3
SERIAL DATA

Transmit data (TxD<3:0>)-These outputs transmit the
asynchronous bit-serial data streams. They remain at a high
level when no data is being transmitted and a low level when
the TxBRK bit in the associated line’s command register is
set.

Receive data (RxD<3:0>)-These lines accept asyn-
chronous bit-serial data streams. The input signals must
remain in the high state for at least one-half bit time before
a high-to-low transition is recognized. ( A high-to-low tran-
sition is required to signal the beginning of a “start” bit and
initiate data reception).

MODEM SIGNALS

Data set ready (DSR<3:0>)-These four input pins, one
for each serial data line on the COM78C804, are typically
connected via intervening level converters to the data set
read outguts of modems. A TTL low at a DSR pin causes
the DSR bit (bit 7) in the corresponding line’s status reg-
ister to be asserted. A TTL high at a DSR pin causes the
DSR bit in the corresponding line’s status register to be
deasserted. A change of this input from high-to-low, or low-
to-high, causes the assertion of the data set change
(DSCHNG) bit that corresponds to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond
may not be detected.

Carrier detect (DCD<3:0>)-These four input pins, one
for each serial data line of the Quad UART, are typically
connected through intervening level converters to the
received line signal detect (also called carrier detect) out-
puts of modems. A TTL low at a DCD pin causes the DCD
bit of the corresponding line’s status register to be deas-
serted. A change of this input from high-to-low, or low-to-
high, causes the assertion of the data set change
(DSCHNG) bit corresponding to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond may
not be detected.

GENERAL CONTROL SIGNALS

Ready (RDY)—The RDY pin is an open drain output. Upon
detecting a negative transition of chip select (CS), the Quad
UART asserts the RDY signal to indicate readiness to take
partin data transfer cycles. The RDY signal deasserts after
the trailing edge of CS.

Reset (RESET)-When the RESET input in asserted, the
TxD<3:0> lines are asserted and all internal status bits
listed in the “Architecture Summary” discussion are cleared.

Manufacturing reset (MRESET)-This signal is for man-
ufacturing use only and the input should be connected to
ground for normal operation.

MISCELLANEOUS SIGNALS

Clock in (CLK)-All baud rates and internal clocks are
derived from this input. Normal operating frequency is 4.9152
MHz +0.1 percent and duty cycle is 50 percent =5 percent.

POWER AND GROUND -
Voltage (Vop)—Power supply 5 Vdc
Ground (Vgs)—-Ground reference

ARCHITECTURE SUMMARY

The Quad UART functions as a serial-to-parallel, parallel-
to-serial converter/controller. It can be programmed by a
microprocessor to provide different characteristics for each
of its four serial data lines (stop bits, parity, character length,
split baud rates, etc.)

Each serial line functions the same as a one-line UART-
type device thereby reducing the number of chips and con-
serving space on communication devices that require mul-
tiple communications lines.

An integral interrupt scanner checks for device interrupt
conditions on the four lines. Its scanning algorithm gives
priority to receivers over transmitters. The scanner can also
check for interrupts resulting from changes in modem con-
trol signals DSR and DCD.

Line-specific Registers

Each of the four serial data lines in the Quad UART has a
set of registers for buffering data into and out of the line and
for external control of the line’s characteristics. These reg-
isters are selected for access by setting the appropriate
address on lines ADD<4:0>. Lines ADD<4:3> select one
of the four data lines. Lines ADD<2:0> select the specific
register for that line. Refer to Table 2 for the register address
assignments.

Receiver buffer register—Each line’s receiver consists of
a character assembly register and a two-entry FIFO that is
the receiver buffer register. When the RxEN bit in a line’s
command register is set, received characters are moved
automatically into the line’s receiver buffer as soon as they
have been deserialized from the associated communica-
tions line. When there are characters in this FIFO, the
RxRDY bit is set in the status register for the line.

The assertion of the RxRDY signal for a line that already
has the RxIE bit of its command register set causes the
interrupt scanner logic to stop and generate an interrupt
condition (the IRQ signal is asserted). When the receiver
bufferis read, the interrupt condition is cleared (the IRQ sig-
nal is deasserted) and the interrupt scanner resumes
operation.

If there is another entry in a line’s FIFO, the RxRDY bit
remains asserted. When the interrupt scanner reaches this
line again, the assertion of RxRDY causes the scanner to
halt and assert the IRQ again. )

Asserting the RESET signal or clearing the RxEN bit ini-
tializes the receiver logic of Quad UART. The RxRDY flag
is cleared and the receiver buffer register outputs become
undefined. Any data in the FIFO at that time is lost.

Transmitter holding register—Each line has a writable
transmitter holding register. When the TxEN bit in the line’s
command register is set, characters are moved automati-
cally from the output of this register into the transmitter seri-
alization logic whenever the serialization logic becomes idle.

When this register is empty, the TxRDY bit in the line’s sta-
tus register is set. If the transmitter interrupt enable (TxIE)
bit in the line’s command register is also set, the interrupt
scanner logic halts and generates an interrupt condition. If
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a character is then loaded into the register, the interrupt is
cleared and the scanner resumes operation.

Assertion of the RESET signal initializes the transmitter logic
of the Quad UART. The TxRDY flag is cleared and the 7 6 5 4 3 2 1 0
transmitter holding register’s contents are lost. The trans-
mitter enable (TXEN) bit in the line’'s command register is

also cleared by RESET. If at the end of the reset process, __'
the TxEN is reasserted and TxRDY bit is reasserted. Soft- DSR

ware clearing of TXEN alone produces results different from DCD

the full RESET in that the transmitter holding register’s con- FER

tents are not lost; they are transmitted when TxEN is set | &7

again. TXEMT
Status register—Each line has a read-only status register ix 25:

that provides information about the current state of the given
line. This register indicates a line's readiness for transmis-
sion or reception of data and flags error conditions inits bit | FIGURE 3: COM78C804 STATUS REGISTERS
fields. Figure 3 shows the format of the status register. Table (LINE 0-3) FORMAT

3 lists the flag bits in each status register.

TABLE 4-COM78C804 STATUS REGISTERS (LINES 0-3) DESCRIPTION

Bit Description
7 DSR (Data set ready)—This bit is the inverted state of the DSR line.
6 DCD (Data set carrier detect)—This bit is the inverted state of the DCD line.
5 FER (Frame error)—Set when the received character currently displayed in the receiver buffer register was not

framed by a stop bit. Only the first stop bit is checked to determine that a framing error exists. Subsequent
reading of the receiver buffer register that indicates all zeros (including the parity bit, if any) can be interpreted
as a Break condition. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, or by setting the reset error RERR (bit 4) of the command register.

4 ORR (Overrun error)~Set when the character in the receiver buffer register was not read before another char-
acter was received. Cleared by clearing RxEN (bit 2) of the command register, by asserting the RESET input,
or by setting reset error RERR (bit 4) of the command register.

3 PER (Parity error)—If parity is enabled and this bit is set, the received character in the receiver buffer register
has an incorrect parity bit. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, by setting reset error RERR (bit 2) of the command register, or by reading the current character
in the receiver buffer register.

2 TxEMT (Transmitter empty)—Set when the transmitter serialization logic for the associated line has completed
transmission of a character, and no new character has been loaded into the transmitter holding register.
Cleared by loading the transmitter holding register, by clearing TXEN (0) of the command register, or by assert-
ing the RESET input.

1 RxRDY (Receiver buffer ready)—When set, a character has been loaded into the FIFO buffer from the deserial-
ization logic. Cleared by reading the receiver buffer register, by clearing RXEN (bit 2) in the command register,
or by asserting the RESET input.

0 TxRDY (Transmitter holding register ready)—When set, this bit indicates that the transmitter holding register is
empty. Cleared when the program has loaded a character into the transmitter holding register, when the trans-
mitter for this line is disabled by clearing TxEN (bit 0) in the command register, or by asserting the RESET
input. This bit is initially set when the transmitter logic is enabled by the setting of TXEN (bit 0) and the transmit-
ter holding register is empty. This bit is not set when the automatic echo or remote loopback modes are pro-
grammed. Data can be overwritten if a consecutive write is performed while TxRDY is cleared.

Mode registers 1 and 2—These read/write registers con-
trol the attributes (including parity, character length, and line
speed) of the communications line.

Each of the four communications lines has two of these reg- 7 6 5 4 3 2 1 0
isters, both accessed by the same address on ADD<4:0>.
Successive access operations (either read or write, in any
combination) alternate between the two registers at that —_—
address by use of an internal pointer. The first operation
addresses mode register 1, the next address mode register sTOP

2, and another after that would recycle the pointer to mode PAR CTRL

register 1. The pointer is reset to point to mode register 1 by Chnn emeTH

RESET or by a read of the command register for this line. MCIE

These registers should not be accessed by bit-oriented

instructions that do read/modify/write cycles such as the

PDP-11 BIS, BIC, and BIT instructions. FIGURE 4-COM78C804 MODE
Figure 4 shows the format of mode registers 1 and Table 5 REGISTERS 1 (LINE 0-3) FORMAT

describes the function of the register information.
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TABLE 5-COM78C804 MODE REGISTERS 1 (LINES 0-3) DESCRIPTION

Bit Description
7.6 STOP-These bits determine the number of stop bits that are appended to the transmitted characters as
follows. These bits are cleared by asserting the RESET input.
Bits Stop Bits
7 6
0 0 Invalid
0 1 1.0
1 0 1.5
1 1 2.0
54 PAR CTRL (Parity control)—These bits determine parity as follows and are cleared by asserting the RESET
input. X = either 1 or 0.
Bits Parity Type
5 4
1 1 Even
0 1 Odd
X 0 Disabled
3,2 CHAR LENGTH (Character length)—These bits determine the length (excluding start bit, parity, and stop

bits) of the characters received and sent. Received characters of less than 8 bits are “right aligned” in the
receiver buffer with unused high-order bits equal to zero. Parity bits are not shown in the receiver buffer. The
character length bits are cleared by asserting the RESET input. The character length bits are defined as

Cleared by asserting the RESET input.

follows:
Bit Bit Length
3 2
0 0 5
0 1 6
1 0 7
1 1 8
1 RSRV (Reserved and cleared by asserting the RESET input.)
0 MCIE (Modem control interrupt enable)—When set and RxIE (bit 5) of the command register is set, the

modem control interrupts are enabled. Refer to the Interrupt Scanner and Interrupt Handling information.

Figure 5 shows the format of mode registers 2 and Table
5 indicates the baud rate selections of the register. Bits 7
through 4 of the mode register 2 control the transmitter
baud rate and bits 3 through 0 control the receiver baud
rate. These registers are cleared by asserting RESET input.

= /N J

XMIT RATE ————I

RECV RATE

FIGURE 5-COM78C804 MODE
REGISTERS 2 (LINE 0-3) FORMAT

Command register—These read/write registers control
various functions on the selected line. Figure 6 shows the
format of the command registers and Table 6 describes
the function of the register information.

7 6 5 4 3 2 1 0
“—'V——”

OPER MODE -——'
Rxlf —m™@™—————
RERR
TxBRK
RxEN
TxIE
TxEN

FIGURE 6-COM78C804 COMMAND

REGISTERS (LINE 0-3) FORMAT
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TABLE 6-COM78C804 MODE REGISTERS 2 (LINES 0-3) DESCRIPTION

Bit Description
7:0 XMIT RATE/RECV RATE (Transmitter/Receiver Rate)—Selects the baud rate of the transmitter (bits 7:4) and
receiver (bits 3:0) as follows:
Transmitter Bits Receiver Bits Nominal Actual Error*
7 6 5 4 3 2 1 0 Rate Rate (percent)
0 0 0 0 0 0 0 0 50 same —_
0 0 0 1 0 0 0 1 75 same —
0 0 1 0 0 0 1 0 110 109.09 0.826
0 0 1 1 0 0 1 1 134.5 133.33 0.867
0 1 0 0 0 1 0 0 150 same —
0 1 0 1 0 1 0 1 300 same — —
0 1 1 0 0 1 1 0 600 same — =
0 1 1 1 0 1 1 1 1200 same —_ Z
1 0 0 0 1 0 0 0 1800 1745.45 3.03 =
1 0 0 1 1 0 0 1 2000 2021.05 1.05 vt
1 0 1 0 1 0 1 0 2400 same - ]
1 0 1 1 1 0 1 1 3600 3490.91 3.03
1 1 0 0 1 1 0 0 4800 same —_
1 1 0 1 1 1 0 1 7200 6981.81 3.03
1 1 1 0 1 1 1 0 9600 same
1 1 1 1 1 1 1 1 19200 same -

*The frequency of the clock input (CLK) is 4.9152 MHz. The clock input may vary by 0.1 percent. This variance results in an error
that must be added to the error listed.

O ———— e
TABLE 7-COM78C804 COMMAND REGISTERS (LINES 0-3) DESCRIPTION

Bit Description

7,6 OPER MODE (Operating mode)—These bits control the operating mode of the channel as follows. These
bits are cleared by asserting the RESET input.

Bit Operating Mode

7 6

0 0 Normal operation

0 1 Automatic echo

1 0 Local loopback

1 1 Remote loopback

5 RxIE (Receiver interrupt enable)-When set, the RxRDY flag (bit 1) of the status register for this line will
generate an interrupt.

4 RERR (Reset error)—When set, this bit clears the framing error, overrun error, and parity error of the status
register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing).

3 TxBRK (Transmit break)—When set, this bit forces the appropriate TxD<3:0> line to the spacing state at the
conclusion of the character presently being transmitted. When the program clears this bit, normal operation
is restored, and any character pending in the transmitter holding register is moved into the serialization logic
and transmitted. The minimum break length obtainable is twice the character length plus 1 bit time. The
maximum break length depends on the amount of time between the program setting and clearing this bit,
but is an integral number of bit times. This bit is cleared by asserting the RESET input.

2 RxEN (Receiver enable)-When set, this bit enables the receiver logic. When cleared, it stops the assem-
bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register,
clears any receiver interrupt conditions associated with this line, and initializes all receiver logic. This bit is
cleared by asserting the RESET input.

1 TxIE (Transmit interrupt enable)-When set, the state of the associated TxRDY flag (bit 0) of the status reg-
ister is made available to the interrupt scanner logic. When the interrupt scanner logic scans this line, it
determines if the TxRDY flag is asserted and generates an interrupt by asserting the IRQ signal.

0 TxEN (Transmitter enable)—~When set, this bit enables the transmitter logic. When cleared, it inhibits the
serialization of the characters that follow but the serialization of the current character is completed. It also
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with
this line, and initializes all transmitter logic except that associated with the transmitter holding register. The
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro-
cessed. This bit is cleared by asserting the RESET input.

Bits 5 through 0 enable the line’s receiver and transmitter, [ Normal operation—The serial data received is assem-
enable handling of interrupts, initiate the transmission of bled in the receiver logic and transferred in parallel to the

break characters, and reset error bits for the line. Refer to receiver buffer register. (The RXEN bit must be set.) Data
“Interrupt Scanner” and “Interrupt Handling” paragraphs to be transmitted is loaded in parallel into the transmitter
for detailed interrupt information. Bits 7 and 6 control the holding register, then automatically transferred into the
operating mode of the line. The four modes that can be transmitter logic and serialized for transmission. (The
set are: TxEN bit must be set.)
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[J Automatic echo—The serial data received is assembled
into parallel in the receiver logic (the RxEN bit must be
set) and transferred to the receiver buffer register. Arriv-
ing serial data is also routed to the line’s TxD<n> pin for
serial output. TXEN is ignored and the transmitter logic
is disabled. TxRDY flags and TxEMT indications are
cleared. No transmitter interrupts are generated.

[J Local loopback—The serial data from the RxD<n> input
is ignored and the receiver serial input receives data from
the transmitter serial output. The data is assembled into
parallel form in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register where
it can be read by the program. Data to be transmitted to
the receiver is loaded in parallel form into the transmitter
holding register from which itis automatically moved into
the transmitter logic and serialized for transmission. (The
TxEN bit must be set.) The transmission goes only to the
receiver serial input; the TxD<n> output is held high. As
in normal operation, transmission and reception baud
rates are controlled by the transmitter speed and receiver
speed entries in mode register 2.

[J Remote loopback—The serial data received on the
RxD<n> line is returned to the TxD<n> line without
further action. No data is received or transmitted. The
RxRDY, TxRDY, and TxEMT flags are disabled. The
TxEN and RxEN bits of the command register are held
cleared, causing the transmitter and receiver logic to be
disabled.

SUMMARY REGISTERS

The Quad UART contains two registers that summarize the
current status of all four serial data lines, making it possible
to determine that a line’s status has changed with a single
read operation. These registers are selected for access by
setting the appropriate address on pins ADD <2:0>.
Because the registers are shared by four serial lines, the
line-selection bits (ADD <4:3>) are ignored when these
registers are accessed. Refer to “Interrupt Scanner and
Interrupt Handling” for detailed interrupt information.

Interrupt summary register—This read-only register indi-
cates that a transmitter or receiver interrupt condition has
occurred, and indicates the line number that generated the
interrupt. Figure 7 shows the format of the interrupt sum-
mary register and Table 8 describes register information.

7 6 5 4 3 2 1 0

IRQ
RAZ
INT LINE NO
Tx/Rx

FIGURE 7- COM78C804
INTERRUPT SUMMARY REGISTER FORMAT

TABLE 8-COM78C804 INTERRUPT SUMMARY REGVISTER DESCRIPTION

Bit Description

7 IRQ (Interrupt request)—When set, this bit indicates that the interrupt scanner has found an interrupting con-
dition among the four serial lines of the Quad UART. These conditions also result in the Quad UART assert-
ing the IRQ signal.

6:4 RAZ (Read as zero)—Not used

3:1" INT LINE NO (Interrupting line number)—These bits indicate the line number upon which an interrupting con-
dition was found. These bits correspond to the IRQLN <1:0> signals—bit 2=IRQLN<1>, and bit 1 =IRQLN<0>.
Refer to Table 3.

0* Tx/Rx (Transmit/receive)—This bit indicates whether the interrupting condition was caused by a transmitter (Tx/
Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Quad UART
and is set when IRQTxRx is asserted.

*Bits 3-0 above represent the outputs of a free-running counter and are valid only when bit 7 is set.

Data set change summary register—When the DSR or
DCPD inputs that are associated with a line change state,
the bit corresponding to that line in this read-only register
is set. The current state of the DSR and DCD inputs can

Line
Number

DSCHNG 3-0 -———————_——-—]

FIGURE 8-COM78C804 DATA SET CHANGE
SUMMARY REGISTER FORMAT

then be obtained from that line’s status register. If the state
of a line changes twice within one microsecond, the change
in state may not be detected. Figure 8 shows the format
of the data set change summary register.

When the MCIE bit in a line’s mode register 1 is set and
RXxIE is also set, the modem control interrupts are enabled
for thatline. If DSCHNG for that line is then set, the interrupt
scanner will halt and assert the IRQ signal. The data set
change summary register bits are cleared by writing a 1 into
the’bit position. A program that uses this register should read
and save a copy of its contents. The copy can then be writ-
ten back to the register to clear the bits that were set. The
system interrupts should be disabled and writeback should
directly follow the read operation.

Assertion of the RESET signal disables and initializes the
data set change logic. When the RESET sidnal is deas-
serted, future changes in DSR and DCD are reported as
they occur.
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INTERRUPT SCANNER AND INTERRUPT HANDLING

The interrupt scanner sequentially checks each line for a
receive interrupt and then checks each one in the same
order for a transmitter interrupt. If the scanner detects an
interrupt condition, it stops and the IRQ signal is asserted.
An interrupt must be serviced by software or no other inter-
rupt request can be posted.

The scanner determines that a line has a receiver interrupt
if the line’s receiver buffer is ready and receiver interrupts
are enabled for that line (RxRDY and RxIE = 1) or either of
the line’s modem status signals has changed state and both
receiver and modem control interrupts are enabled for that
line (DSCHNG and RxIE and MCIE = 1).

The scanner determines that a line has a transmitter inter-
ruptif the line’s transmitter holding the register is empty and
transmitter interrupts are enabled for that line (TxRDY and
TxIE=1).

When the scanner detects an interrupt, it reports the line
number on the IRQ<1:0> lines. The IRQTxRx signal is
asserted for a transmitter interrupt and deasserted for a
receiver interrupt. The appropriate bits are also updated in
the interrupt summary register. The IRQ line is deasserted
and the scanner is restarted for each of the following three
types of interrupt conditions.

[J Reading the receiver buffer or resetting the RxIE bit of
the interrupting line for the first type of receiver interrupt
previously described.

[ Resetting the MCIE, RxIE, or DSCHNG bit of the inter-
rupting line for the second type of receiver interrupt pre-
viously described.

[ Loading the transmitter holding register or resetting the
TxIE bit of the interrupting line for transmitter interrupts.

If the scanner was originally stopped by a receiver interrupt
condition, the scanner resumes sequential operation from
where it stopped, thus providing receivers with equal prior-

ity. If the scanner was stopped by a transmitter condition,
the scanner restarts from position O (line 0’s receiver), thus
giving receivers priority over transmitters.

EDGE-TRIGGERED AND LEVEL-TRIGGERED INTER-
RUPT SYTSTEMS

If the interrupt system of the Quad UART is used only for
generating interrupts for the RxRDY and/or TxRDY flags,
the IRQ line can be connected to a processor having either
edge-triggered or level-triggered interrupt capability. If the
modem control interrupts are being used (MCIE in mode
register 1= 1), the IRQ line can be connected only to a pro-
cessor that uses level-triggered interrupts.

MODEM HANDLING

The TXEMT (transmitter empty) bit of the status register is
typically used to indicate when a program can disable the
transmission medium, as when deasserting the request-to-
send line of a modem. A typical program will load the last
character for transmission and then monitor the TXEMT bit
of the status register.

The assertion of the TXEMT bit to indicate the transmission
is complete may occur a substantial time after the loading
of the last character. After the last character is loaded, one
character is in the transmitter holding register and one
character is in the serialization logic. Therefore, it will be
two character times before the transmission process is
completed. Waiting for the TxRDY signal to assert before
monitoring the TXEMT status shortens this by one charac-
ter time because the TxRDY status bit indicates that there
are no characters in the transmitter holding register. The
times involved are calculated by taking the reciprocal of the
baud rate being used, multiplying by the number of bits per
character (a starter bit—5,6,7, or 8 data bits; plus parity bit
if enabled; and 1,1.5, or 2 stop bits), and multiplying by either
two characters or one, depending on when TXEMT moni-
toring begins.

FROM
OUTPUT 7

LOAD A — STANDARD OUTPUTS

FIGURE 9-COM78C804 OUTPUT LOAD CIRCUITS

Vbp
TEST
POINT 1k Q2
} S1
FROM
OUTPUT ¢
2: CL 21k

S1CLOSED: PULL UP
S2 CLOSED: PULL DOWN
S1 AND S2 CLOSED: DIVIDER

LOAD B — THREE-STATE OUTPUTS
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MAXIMUM GUARANTEED RATINGS*

Operating TemMPerature RANGE ... .....vtetiitiiie et ettt a e e ettt et e e e e e e e itiae e e e eaanaeeennans 0°Cto +70°C
Storage Temperature Range ~55°to +125°C
Lead Temperature (SOIAEring, 10 SBC.) ... citituriuiit ittt ettt it et e ettt e e e et e et e e s e eenn s eeniananaaes +300°C
Positive Voltage on any /0 Pin, with respectto ground ............cooiiiiieiiiniereiiie et iiiiieaeans Vee +0.3V
Negative Voltage on any I/O Pin, with respect to ground ..... e e -0.3V
LTS B4 VT4 4T +7V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or at any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench
power supply programmed to deliver +5 volts may have large voltage transients when the AC power is switched on and off. If this
possibility exists it is suggested that a clamp circuit be used. )

TABLE 9-COM78C804
DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Condition Requirements Units
Min. Typ. Max.

Vi High-level input voltage 20 Vv

Vi Low-level input voltage 0.8 \"

Vou High-level output voltage | Voo =Min. 2.4 v

lon=23.5 mA for DL<7:0>
low=2.0 mA for all _
remaining output except IRQ
and RDY

Voo Low-level output voltage | Vy,=Min. 0.4 \"
lo.=5.5 mA for DL<7:0>
lo.=3.5 mA for all remaining

) outputs

™ Input current at maximum| V,, =Max. 10 wA
input voltage V,=Vpp(Max.)

le Input current at miminum |V, =Max. -10 rA
input voltage V,=0.0V

los' Short-circuit output Voo =Max. -50 -180 mA
current for DL<7:0> all
remaining outputs except
IRQ and RDY -30 -110 mA

loz 2 Three-state output Voo =Max. 10 nA
current Vo=0.4V

Loz Three-state output Vpp =Max. 10 uA
current Vo=2.4V

loo Supply current Voo = Max. 20 mA

A=0°
Cn Input capacitance 4 pF
Co? Input/output capacitance 5 pF

'No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second.
2All three-state output drivers are wired in an I/O configuration. The parameters include the driver and input receiver leakage currents.
3The parameters include the capacitive loads of the output driver and the input receiver.

TIMING PARAMETERS 11 shows the signal timing for a write cycle to transfer infor-
Figure 10 shows the signal timing for aread cycle totransfer mation from the processor to the Quad UART. Table 11 lists
information from the Quad UART to the processor. Figure the timing parameters for the read and write cycles.
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TABLE 10-COM78C804 BUS READ AND WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns) Load
Min. Max. Circuit
taro Hold time of a valid ADD <4:0> to a valid high level of
DS. 10
tasu Setup time of a valid ADD <4:0> to the falling edge of
DS. 30
tero Hold time of a valid low level of CS to a valid high level of
DS. 10
tosu Setup time of a valid low level of CS to the falling edge of
DS. 30
top Propagation delay of a valid low level on DS (if CS is low
and WR is high) to valid high or low data on DL <7:0>. 165 C_ =150 pF
toor? Propagation delay of a valid high level on DS (if CS is low
and WR is high) to DL <7:0> output drivers disabled.
tooz 50 C_=50pF
toonz 50 CL = SOpF
toorz 60 CL =1 OODF
toonz 60 C.=100pF
tooiz 65 C_=150pF
toonz 65 C,.=150pF
tooz Propagation delay of a valid low level on DS (if CS is low
and WR is high) to DL <7:0> output driver enabled.
tooz 165 C. =1 50pF
toozn 0 165 CL =1 50pF
tor Hold time provided during a read cycle by Quad UART of
valid high or low data on DL <7:0> after the rising edge
of DS. 0
toro Hold time of a valid DL <7:0> to a valid- high level of DS. 30
topwn Pulse width high of DS. 450
topwin Pulse width low of DS when WR is high (read operation).
Refer to timing parameter toew.w also. 180 10,000
topwiw Pulse width low of DS when WR is low (write operation).
Refer to timing parameter topy.q also. 130 10,000
tosu Setup time of a valid DL <7:0> to the rising edge of DS. 50
to Propagation delay of a valid low level on DS (if CS is low)
to a high level on IRQ. 635 C, =50pF
tron® Propagation delay of a valid high level of CS to a valid
high level on RDY. 210 C,=50pF
troL Propagation delay of a valid low level on CS to a valid
low level on RDY. 90 C_ =50pF
turo Hold time of a valid high or low level of WR to a valid high
level of DS. 10
twsu Setup time of a valid high or low level of WR to the falling
edge of DS. 30

'Refer to Figure 9 for the load circuits used with these measurements.

2The ooz and toonz parameters are measured with C, =150 pF. The values of tppz and tppwz for C.=50pF and C, =100 pF have been derived for user
convenience.

3Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t, parameter can be calculated
by the following: t, =500+ RC_ where R =value of the resistor that connects to capacitor C_ in load A, Figure 9.

+Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tsp, parameter can be calculated
by the following: tson = 75 + RC_ where R =value of the resistor that connects to capacitor C in load A, Figure 9.

Figure 12 shows the signal timing for the clock input, inter-  timing, and the transmit data outputtiming. Table 11 lists the
rupt timing, effect of the RESET input on data strobe, data  timing parameters for Figure 12.
set carrier detect (DCD) and data set ready (DSR) inpu: -
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TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns)
in. Load Circuit!
tep Period of CLK. 203.45 (4.9152 MHz)
tepwh Pulse width high of CLK. 95
| - Pulse width low of CLK. 95
torro Hold time of a valid high level of DS to a valid high level 1,000
of RESET.
toasu Setup time of a valid high level of DS to the rising edge of| 900
RESET.
tosew Pulse width high or low of DCD <3:0> and DSR <3:0>. | 1,000
tho Hold time provided by Quad UART from a valid IRQLN 100 C_=50pF
<1:0> and IRQTxRXx to a valid high level of IRQ.
tisu Setup time provided by Quad UART from a valid IRQLN 100 C.=50pF
<1:0> and IRQTxRx to a valid low level of IRQ.
tres Pulse width low of RESET. 1,000
trxsk Pulse width high or low provided by Quad UART on the 250 C.=50pF
TxD <3:0> lines. At each baud rate, the actual pulse
widths provided vary by t.ys. This timing parameter
should be used to determine cumulative reception/trans-
mission errors.

*Refer to Figure 9 for the load circuits used with these measurements.
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Figure 13 shows the input and output voltage waveforms ments. Figure 14 shows the waveforms for the three-state
for the propagation delay and setup and hold measure- outputs measurement.

VIH(2.4V) _ _ ___
20Vi-— -~

Vi (2.4 V
1 2:4V) INPUT

tL-H tH-L -—l
Vo (2.0V)
—'L‘SU OUT-OF-PHASE OUTPUT
Vi (20V) VO 08V} — = — - = — ===
INPUT DATA tH *1 }o—
Vo (2.0V)

ViL(0.8V) TTTT T T

20V
INPUT STROBE (g v/

Vi (0.4V)

SET-UP AND HOLD IN-PHASE OUTPUT

Vo (0.8V)

PROPAGATION DELAY

FIGURE 13-COM78C804 PROPAGATION DELAY
AND SETUP AND HOLD VOLTAGE WAVEFORMS

VIN (2.4 V)

2.
JUTPUT CONTROL
08V

ViL(04 V)

tzL (NOTE 3A) —4  f&—

tz —= (NOTE 3C)

VOH (4.5 V)

OUTPUT (SEENOTE 1) 1.6V -~ - —~
VoL +0.5 —-—— === VoL +05V
VOUT (AS MEASURED) — — - —

tzH (NOTE 3B) ~ =

(NOTE 3C)

VouT (AS MEASURED)
VoH =0.5V
oHTTE Y

OUTPUT Vg (NOTE 2) /
0.0V)

THREE-STATE OUTPUTS

NOTES:
1. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY
THE OUTPUT CONTROL.

2. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY
THE OUTPUT CONTROL.

3. REFERTO FIGURE 8. A = S1 CLOSED, B = 52 CLOSED, C = S1 AND S2 CLOSED.

FIGURE 14-COM78C804 THREE-STATE OUTPUT VOLTAGE WAVEFORMS

CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli-
%ﬁ% MS cations: consequently complete information sufficient for construction purposes is not necessarily given. The

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
s Sha_ g 11 11780 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-
e ess - wsearese - ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to
make changes at any time in order to improve design and supply the best product possible.
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CORPORATION s CoMTos08
_—

Eight-channel Universal
Asynchronous Receiver/Transmitter
Octal UART

=
(=]
—
(]
w
(7]

FEATURES PIN CONFIGURATION
[J Eight independent full duplex serial data lines
. Py = x -
[J Programmable baud rates individually selectable for - 8ssg. 858 E222_
each line’s transmitter/receiver (50 to 19,200 baud) 985E555[82335]2228¢88
OOonoonoonoonoonoann
[J Summary registers that allow a single read to detect a word 6150 595857 9655 54 53 52,5150 49 48 47 4645 44 L vss
H H X
data set change or to determine the cause of an inter- 5577 d e 42 P o3
rupton any line 5657 ¢ 63 411 DSR3
RxD7 [] 64 40 P DCD3
i i RxD6 [ 65 39 0 RxD3
[ Triple buffers for each receiver i ¥ B wh oy
. X R DSRe (] 67 37 {1 Dco2
[J Device scanner mechanism that reports interrupt D6 [ 68 78808 36 {1 DSR2
request due transmitter/receiver interrupts TS {1 CAVITY DOWN CONNECTIONS 35 [ 02
DSR5 ( 2 34 [ D1
. . . DCD5 O 3 33 [1 DSR1
[J Independently programmable lines for interrupt-driven AxDs [ 4 32 P 6ot
operation RxD4 [ 5 31 [J RxD1
bcos O 6 30 [J RxDO
. DSR2 { 29 [1 DCDO
[J Modem status change detection for Data Set Ready onad e 28 |y 5570
(DSR) and Data Carrier Detect (DCD) signals vop [ 9 27 [1 Do
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
. oooo0o000000U0u0goag0ygq
[ Programmable interrupts for modem status changes sE23blEgBlEeeEaYaes
QQDDI&‘Q oo0oo0oo0o03s
[ Synchronizes critical read-only registers =
PACKAGES: 68-pin PLCC

GENERAL DESCRIPTION

The COM78808 Eight-channel Asynchronous Receiver/ basic operations necessary for simultaneous reception and
Transmitter (Octal UART) is a VLSI device for new gener- transmission of asynchronous messages on eight inde-
ations of asynchronous serial communication designs and pendent lines. Figure 1 is a functional block diagram of the
for microcomputer systems. This 68-pin device performs the COM78808 Octal UART.
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100.

AN CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
CSBRP%A;QR?& MS %plipations:'consequently complete information sufficient for construction purposes is not necessarily given.
e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
o e vy s @SSUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
g - BeErE - semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time in"order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
=—r

COM78C808

PRELIMINARY

Eight-channel Universal
Asynchronous Receiver/Transmitter
Octal UART

FEATURES

PIN CONFIGURATION

(] Eight independent full duplex serial data lines

1 Programmable baud rates individually selectable for
each line’s transmitter/receiver (50 to 19,200 baud)

(] Summary registers that allow a single read to detect a
data set change or to determine the cause of an inter-
rupton any line

[ Triple buffers for each receiver

[ Device scanner mechanism that reports interrupt
request due transmitter/receiver interrupts

[J Independently programmable lines for interrupt-driven
operation

[J Modem status change detection for Data Set Ready
(DSR) and Data Carrier Detect (DCD) signals

[ Programmable interrupts for modem status changes
] Synchronizes critical read-only registers

] Low power CMOS technology

[J +5V only power supply

o Fyazsg9
pxUB838n888cE2a80a
083658585852 R 2828
OoooooOooooooooonn
60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44
™07 [ 61 43 vss2
DSR7 { 62 42 P D3
oco7 d 63 41 DSA3
RxD7 ] 64 40 0 DCD3
RxD6 [ 65 39 [1 RxD3
DCD6 [] 66 38 [1 RxD2
DSRé (] 67 37 g DCD2
™06 O 68 36 1 DSR2
D5 [ 1 COM78C808 35 [1 xD2
DSR5 2 34 3 D1
DCD5 [ 3 33 [1 BSRi
RxD5 [ 4 32 (1 beot
RxD4 O 5 31 [0 RxD1
bcoz O 6 30 I RxDO
DSRa 7 29 [1 BCDO
D4 [ 8 28 [1 BGSRO
voD [ 9 27 [ Do
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IE“’%'OIEZZQODQQE
2

oouay
N © o
PN
[SNENaNa)

RESET

PACKAGE: 68-pin PLCC

] Compatible with COM78C804 and COM78C802

GENERAL DESCRIPTION

The COM78C808 Eight-channel Asynchronous Receiver/
Transmitter (Octal UART) is a VLSI device for new gener-
ations of asynchronous serial communication designs and
for microcomputer systems. This 68-pin device performs the

basic operations necessary for simultaneous reception and
transmission of asynchronous messages on eight inde-
pendent lines. Figure 1 is a functional block diagram of the
COM78C808 Octal UART.
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FIGURE 1 - COM78C808 OCTAL UART FUNCTIONAL BLOCK DIAGRAM
TABLE 1 - COM78C808 PIN AND SIGNAL SUMMARY

Pin Signal Input/Output Definition/Function

10-13,22-25 DL<7:0> input/output Data lines <7:0>—Receives and transmits the parallel
data.

50-52,54-56 ADD <0:5> input Address<0:5>-Selects the internal registers in the Octal
UART.

17 CcsS input Chip select—Activates the Octal UART to receive and trans-
mit data over the DL<7:0> lines.

21,53 DS1,DS2 input Data strobe 1 and 2—Receives timing information for data
transfers. The DS1 and DS2 inputs must be connected
together.

18 WR input Write—Specifies direction of data transfer on the DL<7:0>
lines.

14 RDY output Ready—Indicates when the Octal UART is ready to partici-
pate in data transfer cycles.

15 RESET input Reset—Initializes the internal logic.

57 MRESET input Manufacturing reset—For manufacturing use.

58 CLK input Clock—Clock input for timing.

62,67,2,7, DSR<7:0> inputs Data set ready—Monitor data set ready (DSR) signals from

41,36,33,28 modems.

63,66,3,6, DCD<7:0> inputs Data set carrier detect—Monitor data set carrier detect

40,37,32,29 (DCD) signals from modems.

49 RQ output interrupt request—Requests a processor interrupt.

45-47 IRQLN <0:2> output Interrupt request line number—Indicates the line number of
originating interrupt request.

48 IRQTxRx output Interrupt request transmit/receive—Indicates whether an
interrupt request is for transmitting or receiving data.

61,68,1,8, TxD<7:0> outputs Transmit data—Provides asynchronous bit-serial data out-

42,35,34,27 put streams.

64,65,4,5, RxD<7:0> inputs Receive data—Accepts asynchronous bit-serial data input

39,38,31,30 streams.

44,26,9 Voo input Voltage—Power supply voltage +5 Vdc.

16,59,43 Vss input Ground—Ground reference
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DATA AND ADDRESS

Data lines (DL<7:0>)-These lines are used for the par-
allel transmission and reception of data between the CPU
and the Octal UART. The receivers are active when the data
strobe (DS1, DS2) signal is asserted. The output drivers are
active only when the chip select (CS) signal is asserted, the
data strobe (DS1, DS2) signal is asserted, and the write
(WR) signal is deasserted. The drivers will become inactive
(high-impedance) within 50 nanoseconds when one or more
of the following occurs: the chip select (CS) signal is deas-
serted, the data strobe (DS1, DS2) signal is deasserted, or
the write (WR) signal is asserted.

Address (ADD<5:0>)-These lines select which Octal
UART internal register is accessible through the data I/O
lines (DL<7:0>) when the data strobe (DS1, DS2) and chip
select (CS) signals are asserted. Table 2 lists the addresses
corresponding to each register. The receiver buffer and
transmitter holding register for each line have the same
address. When the (WR) signal is deasserted, the address
accesses the receiver buffer register and when asserted, it
accesses the transmitter holding register.

TABLE 2 - COM78C808 REGISTERS ADDRESS SELECTION

ADD Line* Read/Write Register
<5> <4> <3> <2> <1> <0>

0 0 0 0 0 0 Read Line 0 Receiver Buffer
0 0 0 0 0 0 Write Line 0 Transmitter Holding
0 0 0 0 0 1 Read Line O Status
0 0 0 0 1 0 Read/Write Line 0 Mode Registers 1,2
0 0 0 0 1 1 Read/Write Line 0 Command
0 0 1 0 0 0 Read Line 1 Receiver Buffer
0 0 1 0 0 0 Write Line 1 Transmitter Holding
0 0 1 0 0 1 Read Line 1 Status
0 0 1 0 1 0 Read/Write Line 1 Mode Register 1,2
0 0 1 0 1 1 Read/Write Line 1 Command
0 1 0 0 0 0 Read Line 2 Receiver Buffer
0 1 0 0 0 0 Write Line 2 Transmitter Holding
0 1 0 0 0 1 Read Line 2 Status
0 1 0 0 1 0 Read/Write Line 2 Mode Register 1,2
0 1 0 0 1 1 Read/Write Line 2 Command
0 1 1 0 0 0 Read Line 3 Receiver Buffer
0 1 1 0 0 0 Write Line 3 Transmitter Holding
0 1 1 0 0 1 Read Line 3 Status
0 1 1 0 1 0 Read/Write Line 3 Mode Register 1,2
0 1 1 0 1 1 Read/Write Line 3 Command
1 0 0 0 0 0 Read Line 4 Receiver Buffer
1 0 0 0 0 0 Write Line 4 Transmitter Holding
1 0 0 0 0 1 Read Line 4 Status
1 0 0 0 1 0 Read/Write Line 4 Mode Register 1,2
1 0 0 0 1 1 Read/Write Line 4 Command
1 0 1 0 0 0 Read Line 5 Receiver Buffer
1 0 1 0 0 0 Write Line 5 Transmitter Holding
1 0 1 0 0 1 Read Line 5 Status
1 0 1 0 1 0 Read/Write Line 5 Mode Register 1,2
1 0 1 0 1 1 Read/Write Line 5 Command
1 1 0 0 0 0 Read Line 6 Receiver Buffer
1 1 0 0 0 0 Write Line 6 Transmitter Holding
1 1 0 0 0 1 Read Line 6 Status
1 1 0 0 1 0 Read Line 6 Mode Register 1,2
1 1 0 0 1 1 Read/Write Line 6 Command
1 1 1 0 0 0 Read Line 7 Receiver Buffer
1 1 1 0 0 0 Write Line 7 Transmitter Holding
1 1 1 0 0 1 Read Line 7 Status
1 1 1 0 1 0 Read/Write Line 7 Mode Register 1,2
1 1 1 0 1 1 Read/Write Line 7 Command
X X X 1 0 0 Read Interrupt Summary
X X X 1 0 1 Read Data Set Change Summary

*X =EitherQor 1.

BUS TRANSACTION CONTROL

Chip select (CS)-This signal is asserted to permit data
transfers through the DL<7:0> lines to or from the internal
registers. Data transfer is controlled by the data strobe (DST,
DS2) signal and write (WR) signal.

Data strobe (DST, DS2)— The data strobe inputs (DST and

S2) must be connected together. This input receives tim-

ing information for data transfers. During a write cycle, the
CPU asserts the data strobe signal when valid output data
is available and deasserts the data strobe signal before the
data is removed. During a read cycle, the CPU asserts the
data strobe signal and the Octal UART transfers the valid
data. When the data strobe signal is deasserted, the
DL<7:0> lines become a high impedance.
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Write (WR)-The write (WR) signal specifies the direction
of data transfer on the DL<7:0> pins by controlling the
direction of their transceivers, If the WR signal is asserted
during a data transfer (the CS, DS1, and DS2 signals
asserted), the Octal UART is receiving data from DL<7:0>.
If the WR signal is deasserted during a write data transfer,
the Octal UART is driving data onto the DL<7:0> lines.

INTERRUPT REQUEST

Interrupt request IRQ-The IRQ pin is an open drain out-
put. The integral interrupt scanner asserts the IRQ signal
when it has detected an interrupt condition on one of the
eight serial data lines.

Interrupt Request transmit/receive (IRQTxRx)—This
signal indicates when the interrupt scanner in the Octal
UART stops and asserts IRQ because of a transmitter
interrupt condition (the IRQTxRx signal is asserted) or
because of areceiver interrupt condition (the IRQTxRx sig-
nal is deasserted). The signal is valid only while IRQ is
asserted. The state of IRQTxRx signal also appears as bit
0 of the interrupt summary register.

Interrupt request line number (IRQLN<2:0>)-These
lines indicate the line number at which the Octal UART
interrupt scanner stopped and asserted the interrupt request
(IRQ) signal. The number on these lines is valid only while
the IRQ signal is asserted. Line IRQLN<2> is the high-
order bit and the IRQLN<0> line is the low-order bit. The
state of these signals also appears as bits in the interrupt
summary register: IRQLN<2> as bit 3, IRQLN<1> as bit
2, and IRQLN<0> as bit 1. Table 3 shows the line numbers
corresponding to settings of IRQLN<2:0>.

TABLE 3 — COM78C808 INTERRUPT REQUEST

LINE ASSIGNMENTS
IRQ Line Line
<2> <1> <0>
0 0] 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
SERIAL DATA

Transmit data (TxD<7:0>)-These outputs transmit the
asynchronous bit-serial data streams. They remain at a high
level when no data is being transmitted and a low level when
the TxBRK bit in the associated line’'s command register is
set.

Receive data (RxD<7:0>)-These lines accept asyn-
chronous bit-serial data streams. The input signals must
remain in the high state for at least one-half bit time before
a high-to-low transition is recognized. ( A high-to-low tran-
sition is required to signal the beginning of a “start” bit and
initiate data reception).

MODEM SIGNALS

Data set ready (DSR<7:0>)-These eight input pins, one
tor each serial data line on the COM78C808, are typically
connected via intervening level converters to the data set
ready outputs of modems. A TTL low at a DSR pin causes
the DSR bit (bit 7) in the corresponding line’s status register

to be asserted. A TTL high at a DSR pin causes the DSR
bit in the corresponding line’s status register to be deas-
serted. A change of this input from high-to-low, or low-to-
high, causes the assertion of the data set change
(DSCHNG) bit that corresponds to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond may
not be detected.

Carrier detect (DCD<7:0>)-These ei%ht input pins, one
for each serial data line of the Octal UART, are typically con-
nected through intervening level converters to the received
line signal detect (also _called carrier detect) outputs of
modems. ATTL low ata DCD pin causes the DCD bit of the
corresponding line’s status register to be deasserted. A
change of this input from high-to-low, or low-to-high, causes
the assertion of the data set change (DSCHNG) bit corre-
sponding to this line in the data set change summary reg-
ister. Changes from one state to the other and back again
that occur within one microsecond may not be detected.

GENERAL CONTROL SIGNALS

Ready (RDY)-The RDY pin is an open drain output. Upon
detecting a negative transition of chip select (CS), the Octal
UART asserts the RDY signal to indicate readiness to take
partin data transfer _cgcles. The RDY signal deasserts after
the trailing edge of CS.

Reset (RESET)-When the RESET input is asserted, the
TxD<7:0> lines are asserted and all internal status bits
listed in the “Architecture Summary” discussion are cleared.

Manufacturing reset (MRESET)-This signal is for man-
ufacturing use only and the input should be connected to
ground for normal operation.

MISCELLANEOUS SIGNALS

Clock in (CLK)-All baud rates and internal clocks are
derived from this input. Normal operating frequency is
4.9152 MHz =+ 0.1 percent and duty cycle is 50 percent =5
percent.

POWER AND GROUND
Voltage (Vyp)—Power supply 5 Vdc

Ground (Vsg)—Ground reference

ARCHITECTURE SUMMARY

The Octal UART functions as a serial-to-parallel, parallel-
to-serial converter/controller. It can be programmed by a
microprocessor to provide different characteristics for each
of its eight serial data lines (stop bits, parity, character length,
split baud rates, etc.)

Each serial line functions the same as a one-line UART-
type device thereby reducing the number of chips and con-
serving space on communication devices that require mul-
tiple communications lines.

An integral interrupt scanner checks for device interrupt
conditions on the eight lines. Its scanning algorithm gives
priority to receivers over transmitters. The scanner can also
check for interrupts resulting from changes in modem con-
trol signals DSR and DCD.

Line-specific Registers

Each of the eight serial data lines in the Octal UART has a
set of registers for buffering data into and out of the line and
for external control of the line’s characteristics. These reg-
isters are selected for access by setting the appropriate
address onlines ADD<5:0>. Lines ADD<5:3> selectone
of the eight data lines. Lines ADD<2:0> select the specific
register for that line. Refer to Table 2 for the register address
assignments.
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Receiver buffer register—Each line’s receiver consists of
a character assembly register and a two-entry FIFO that is
the receiver buffer register. When the RxEN bit in a line’s
command register is set, received characters are moved
automatically into the line’s receiver buffer as soon as they
have been deserialized from the associated communica-
tions line. When there are characters in this FIFO, the
RxRDY bit is set in the status register for the line.

The assertion of the RxRDY signal for a line that already
has the RxIE bit of its command register set causes the
interrupt scanner logic to stop and generate an interrupt
condition (the IRQ signal is asserted). When the receiver
buffer is read, the interrupt condition is cleared (the IRQ
signal is deasserted) and the interrupt scanner resumes
operation.

If there is another entry in a line’s FIFO, the RxRDY bit
remains asserted. When the interrupt scanner reaches this
line again, the assertion of RxRDY causes the scanner to
halt and assert the [RQ again.

Asserting the RESET signal or clearing the RxEN bit ini-
tializes the receiver logic of Octal UART. The RxRDY flag is
cleared and the receiver buffer register outputs become
undefined. Any data in the FIFO at that time is lost.

Transmitter holding register—Each line has a writable
transmitter holding register. When the TxEN bit in the line’s
command register is set, characters are moved automati-
cally from the output of this register into the transmitter seri-
alization logic whenever the serialization logic becomesiidle.
When this register is empty, the TxRDY bit in the line’s sta-
tus register is set. If the transmitter interrupt enable (TxIE)
bit in the line’s command register is also set, the interrupt
scanner logic halts and generates an interrupt condition. If
a character is then loaded into the register, the interrupt is
cleared and the scanner resumes operation.

Assertion of the RESET signal initializes the transmitter logic
ofthe Octal UART. The TxRDY flag is cleared and the trans-
mitter holding register’s contents are lost. The transmitter
enable (TxEN) bit in the line’s command register is also
cleared by RESET. If at the end of the reset process, the
TxENis reasserted and TxRDY bit is reasserted. Software
clearing of TXEN alone produces results different from the
full RESET in that the transmitter holding register’s con-
tents are not lost; they are transmitted when TxEN is set
again.

Status register—Each line has a read-only status register
that provides information about the current state of the given
line. This register indicates a line’s readiness for transmis-
sion or reception of data and flags error conditions in its bit
fields. Figure 3 shows the format of the status register. Table
3 lists the flag bits in each status register.

7 6 5 4 3 2 1 0
DSR —J
bCD —————
FER
ORR
PER
TxEMT
RxRDY
TxRDY

FIGURE 3 - COM78C808 STATUS REGISTERS
(LINE 0-7) FORMAT

TABLE 4 — COM78C808 STATUS REGISTERS (LINES 0-7) DESCRIPTION

Bit Description
7 DSR (Data set ready)—This bit is the inverted state of the DSR line.
6 DCD (Data set carrier detect)—This bit is the inverted state of the DCD line.

5 FER (Frame error)—-Set when the received character currently displayed in the receiver buffer register was not

framed by a stop bit. Only the first stop bit is checked to determine that a framing error exists. Subsequent
reading of the receiver buffer register that indicates all zeros (including the parity bit, if any) can be interpreted
as a Break condition. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, or by setting the reset error RERR (bit 4) of the command register.

4 ORR (Overrun error)—Set when the character in the receiver buffer register was not read before another char-

acter was received. Cleared by clearing RXEN (bit 2) of the command register, by asserting the RESET input,
or by setting reset error RERR (bit 4) of the command register.

3 PER (Parity error)—If parity is enabled and this bit is set, the received character in the receiver buffer register

in the receiver buffer register.

has an incorrect parity bit. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, by setting reset error RERR (bit 2) of the command register, or by reading the current character

2 TXEMT (Transmitter empty)—Set when the transmitter serialization logic for the associated line has completed

ing the RESET input.

transmission of a character, and no new character has been loaded into the transmitter holding register.
Cleared by loading the transmitter holding register, by clearing TxEN (0) of the command register, or by assert-

1 RxRDY (Receiver buffer ready)—When set, a character has been loaded into the FIFO buffer from the deserial-

or by asserting the RESET input.

ization logic. Cleared by reading the receiver buffer register, by clearing RxEN (bit 2) in the command register,

0 TxRDY (Transmitter holding register ready)—When set, this bit indicates that the transmitter holding register is

empty. Cleared when the program has loaded a character into the transmitter holding register, when the trans-
mitter for this line is disabled by clearing TXEN (bit 0) in the command register, or by asserting the RESET
input. This bit is initially set when the transmitter logic is enabled by the setting of TXEN (bit 0) and the transmit-
ter holding register is empty. This bit is not set when the automatic echo or remote loopback modes are pro-
grammed. Data can be overwritten if a consecutive write is performed while TxRDY is cleared.
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Mode registers 1 and 2—These read/write registers con-  Figure 4 shows the format of mode registers 1 and Table 5
trol the attributes (including parity, character length, and line  describes the function of the register information.

speed) of the communications line.

Each of the eight communications lines has two of these LA . S

1 0

registers, both accessed by the same address on
ADD<5:0>. Successive access operations (either read or

write, in any combination) alternate between the two reg- —_—

isters at that address by use of an internal pointer. The first ]
operation addresses mode register 1, the next address STop

PAR CTRL

mode register 2, and another after that would recycle the CHAR LENGTH

pointer to mode register 1. The pointer is reset to point to RSRV

mode register 1 by RESET or by a read of the command MCIE

register for this line. These registers should not be accessed FIGURE 4 - COM78C808 MODE
by bit-oriented instructions that do read/modify/write cycles REGISTERS 1 (LINE 0-7) FORMAT

such as the PDP-11 BIS, BIC, and BIT instructions.

TABLE 5 - COM78C808 MODE REGISTERS 1 (LINES 0-7) DESCRIPTION

Bit Description
7,6 STOP-These bits determine the number of stop bits that are appended to the transmitted characters as
follows. These bits are cleared by asserting the RESET input.
Bits Stop Bits
7 6
0 0 Invalid
0 1 1.0
1 0 1.5
1 1 2.0
54 PAR CTRL (Parity control)—These bits determine parity as follows and are cleared by asserting the RESET
input. X = either 1 or 0.
Bits Parity Type
5 4
1 1 Even
0 1 Odd
X 0 Disabled
3,2 CHAR LENGTH (Character length)—These bits determine the length (excluding start bit, parity, and stop

bits) of the characters received and sent. Received characters of less than 8 bits are “right aligned” in the
receiver buffer with unused high-order bits equal to zero. Parity bits are not shown in the receiver buffer. The
character length bits are cleared by asserting the RESET input. The character length bits are defined as

Cleared by asserting the RESET input.

follows:
Bit Bit Length
3 2
0 0 5
0 1 6
1 0 7
1 1 8
1 RSRV (Reserved and cleared by asserting the RESET input.)
0 MCIE (Modem control interrupt enable)—When set and RxIE (bit 5) of the command register is set, the

modem control interrupts are enabled. Refer to the Interrupt Scanner and Interrupt Handling information.

Figure 5 shows the format of mode registers 2 and Table Command register—These read/write registers control
6 indicates the baud rate selections of the register. Bits 7 various functions on the selected line. Figure 6 shows the
through 4 of the mode register 2 control the transmitter format of the command registers and Table 6 describes

baud rate and bits 3 through 0 control the receiver baud the function of the register information.
rate. These registers are cleared by asserting RESET input.

7 6 5 4 3 2 1 0
7 6 5 4 3 2 1 o0 \ ;
—I OPER MODE ——]
~— — — ) AxIE — ]
XMIT RATE ,——l i’%:RHK

RECV RATE ?:IEEN

TXEN
FIGURE 5 - COM78C808 MODE FIGURE 6 — COM78C808 COMMAND

REGISTERS 2 (LINE 0-7) FORMAT REGISTERS (LINE 0-7) FORMAT
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TABLE 6 — COM78C808 MODE REGISTERS 2 (LINES 0-7) DESCRIPTION

Bit Description
7:0 XMIT RATE/RECV RATE (Transmitter/Receiver Rate)—Selects the baud rate of the transmitter (bits 7:4) and
receiver (bits 3:0) as follows:

Transmitter Bits Receiver Bits Nominal Actual Error*
7 6 5 4 3 2 1 0 Rate Rate (percent)
0 0 0 0 0 0 0 0 50 same —_
0 0 0 1 0 0 0 1 75 same —
0 0 1 0 0 0 1 0 110 109.09 0.826
0 0 1 1 0 0 1 1 134.5 133.33 0.867
0 1 0 0 0 1 0 0 150 same —
0 1 0 1 0 1 0 1 300 same —
0 1 1 0 0 1 1 0 600 same —
0 1 1 1 0 1 1 1 1200 same —
1 0 0 0 1 0 0 0 1800 1745.45 3.03
1 0 0 1 1 0 0 1 2000 2021.05 1.05
1 0 1 0 1 0 1 0 2400 same —
1 0 1 1 1 0 1 1 3600 3490.91 3.03
1 1 0 0 1 1 0 0 4800 same —
1 1 0 1 1 1 0 1 7200 6981.81 3.03
1 1 1 0 1 1 1 0 9600 same —
1 1 1 1 1 1 1 1 19200 same —

*The frequency of the clock input (CLK) is 4.9152 MHz. The clock input may vary by 0.1 percent. This variance results in an error
that must be added to the error listed.

TABLE 7 — COM78C808 COMMAND REGISTERS (LINES 0-7) DESCRIPTION
Bit Description

\

7,6 OPER MODE (Operating mode)—These bits control the operating mode of the channel as follows. These (‘
bits are cleared by asserting the RESET input. |
Bit Operating Mode |
7 6 \
0 0 Normal operation \
0 1 Automatic echo [
|

\

|

|

|

|

|

1 0 Local loopback
1 1 Remote loopback

5 RxIE (Receiver interrupt enable)—When set, the RxRDY flag (bit 1) of the status register for this line will
generate an interrupt.

4 RERR (Reset error)—When set, this bit clears the framing error, overrun error, and parity error of the status
register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing).

3 TxBRK (Transmit break)—When set, this bit forces the appropriate TxD<7:0> line to the spacing state at
the conclusion of the character presently being transmitted. When the program clears this bit, normal opera-
tion is restored, and any character pending in the transmitter holding register is moved into the serialization
logic and transmitted. The minimum break length obtainable is twice the character length plus 1 bit time.
The maximum break length depends on the amount of time between the program setting and clearing this
bit, but is an integral number of bit times. This bit is cleared by asserting the RESET input.

2 RXEN (Receiver enable)—When set, this bit enables the receiver logic. When cleared, it stops the assem-
bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register,

clears any receiver interrupt conditions associated with this line, and initializes all receiver logic. This bit is ]
cleared by asserting the RESET input. |
1 TxIE (Transmit interrupt enable)—When set, the state of the associated TxRDY flag (bit 0) of the status reg- |

|
|

ister is made available to the interrupt scanner logic. When the interrupt scanner logic scans this line, it |
determines if the TxRDY flag is asserted and generates an interrupt by asserting the IRQ signal. ‘
|

0 TxEN (Transmitter enable)—When set, this bit enables the transmitter logic. When cleared, it inhibits the
serialization of the characters that follow but the serialization of the current character is completed. It also
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with
this line, and initializes all transmitter logic except that associated with the transmitter holding register. The
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro-
cessed. This bit is cleared by asserting the RESET input.

Bits 5 through 0 enable the line’s receiver and transmitter, [] Normal operation—-The serial data received is assem-
enable handling of interrupts, initiate the transmission of bled in the receiver logic and transferred in parallel to the
break characters, and reset error bits for the line. Refer to receiver buffer register. (The RxEN bit must be set.) Data
“Interrupt Scanner” and “Interrupt Handling” paragraphs to be transmitted is loaded in parallel into the transmitter
for detailed interrupt information. Bits 7 and 6 control the holding register, then automatically transferred into the
operating mode of the line. The four modes that can be transmitter logic and serialized for transmission. (The
set are: 143 TxEN bit must be set.)




[J Automatic echo—The serial data received is assembled
into parallel in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register. Arriv-
ing serial datais also routed to the line’'s TxD<n> pin for
serial output. TXEN is ignored and the transmitter logic
is disabled. TxRDY flags and TxEMT indications are
cleared. No transmitter interrupts are generated.

[[] Local loopback—The serial data from the RxD<n> input
is ignored and the receiver serial input receives data from
the transmitter serial output. The data is assembled into
parallel form in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register where
it can be read by the program. Data to be transmitted to
the receiver is loaded in parallel form into the transmitter
holding register from which it is automatically moved into
the transmitter logic and serialized for transmission. (The
TxENbit must be set.) The transmission goes only to the
receiver serial input; the TxD<n> outputis held high. As
in normal operation, transmission and reception baud
rates are controlled by the transmitter speed and receiver
speed entries in mode register 2.

[J Remote loopback—The serial data received on the
RxD<n> line is returned to the TxD<n> line without
further action. No data is received or transmitted. The
RxRDY, TxRDY, and TXEMT flags are disabled. The
TxEN and RxEN bits of the command register are held
cleared, causing the transmitter and receiver logic to be
disabled.

SUMMARY REGISTERS

The Octal UART contains two registers that summarize the
current status of all eight serial data lines, making it possi-
ble to determine that a line’s status has changed with a sin-
gleread operation. These registers are selected for access
by setting the appropriate address on pins ADD <2:0>.
Because the registers are shared by eight serial lines, the
line-selection bits (ADD <5:3>) are ignored when these
registers are accessed. Refer to “Interrupt Scanner and
Interrupt Handling” for detailed interrupt information.

Interrupt summary register—This read-only register indi-
cates that a transmitter or receiver interrupt condition has
occured, and indicates the line number that generated the
interrupt. Figure 7 shows the format of the interrupt sum-
mary register and Table 8 describes register information.

7 6 5 4 3 2 1 0
\ N ]
Y e
IRQ
RAZ
INT LINE NO
Tx'Rx

FIGURE 7 — COM78C808

INTERRUPT SUMMARY REGISTER FORMAT

TABLE 8 — COM78C808 INTERRUPT SUMMARY REGISTER DESCRIPTION

Bit Description

7 IRQ (Interrupt request)—When set, this bit indicates that the interrupt scanner has found an interrupting con-
dition among the eight serial lines of the Octal UART. These conditions also result in the Octal UART assert-
ing the IRQ signal.

6:4 RAZ (Read as zero)—Not used

3:1 INT LINE NO (Interrupting line number)—These bits indicate the line number upon which an interrupting con-
dition was found. These bits correspond to the IRQLN <2:0> signals—(bit 3= IRQLN<2>, bit2=IRQLN<1>,
and bit 1 =IRQLN<0>. Refer to Table 3.

o0* Tx/Rx (Transmlt/receive) —This bit indicates whether the interrupting condition was caused by a transmitter (Tx/
Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Octal UART
and is set when IRQTxRXx is asserted.

*Bits 3-0 above represent the outputs of a free-running counter and are valid only when bit 7 is set.

Data set change summary register—When the DSR or
DCD inputs that are associated with a line change state,
the bit corresponding to that line in this read-only register
is set. The current state of the DSR and DCD inputs can

\ )

DSCHNG 7- 0 ——-'——I

FIGURE 8 — COM78C808 DATA SET CHANGE
SUMMARY REGISTER FORMAT

then be obtained from that line’s status register. If the state
of a line changes twice withiin one microsecond, the change
in state may not be detected. Figure 8 shows the format
of the data set change summary register.

When the MCIE bit in a line’s mode register 1 is set and
RxIE is also set, the modem control interrupts are enabled
forthatline. If DSCHNG for that line is then set, the interrupt
scanner will halt and assert the TRQ signal. The data set
change summary register bits are cleared by writinga 1 into
the bit position. A program that uses this register should read
and save a copy of its contents. The copy can then be writ-
ten back to the register to clear the bits that were set. The
system interrupts should be disabled and writeback should
directly follow the read operation.

Assertion of the RESET signal disables and initializes the
data set change logic. When the RESET signal is deas-
serted, future changes in DSR and DCD are reported as
they occur.
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INTERRUPT SCANNER AND INTERRUPT HANDLING

The interrupt scanner is a four-bit counter that sequentially
checks lines 0 through 7 for a receiver interrupt (counter
positions (0-7) and then checks the lines in the same order
for a transmitter interrupt (counter positions 8-15). If the
scanner detects an interrupt condition, it stops and the IRQ
signal is asserted. An interrupt must be serviced by soft-
ware or no other interrupt request can be posted.

The scanner determines that a line has a receiver interrupt
if the line’s receiver buffer is ready and receiver interrupts
are enabled for that line (RxRDY and RxIE = 1) or either of
the line’s modem status signals has changed state and both
receiver and modem control interrupts are enabled for that
line (DSCHNG and RxIE and MCIE =1).

The scanner determines that a line has a transmitter inter-
ruptif the line’s transmitter holding the register is empty and
transmitter interrupts are enabled for that line (TxRDY and
TxIE=1).

When the scanner detects an interrupt, it reports the line
number on the IRQ<2:0> lines. The IRQTxRx signal is
asserted for a transmitter interrupt and deasserted for a
receiver interrupt. The appropriate bits are also updated in
the interrupt summary register. The IRQ line is deasserted
and the scanner is restarted for each of the following three
types of interrupt conditions.

[J Reading the receiver buffer or resetting the RxIE bit of
the interrupting line for the first type of receiver interrupt
previously described.

[ Resetting the MCIE, RxIE, or DSCHNG bit of the inter-
rupting line for the second type of receiver interrupt pre-
viously described.

[0 Loading the transmitter holding register or resetting the
TxIE bit of the interrupting line for transmitter interrupts.

If the scanner was originally stopped by a receiver interrupt
condition, the scanner resumes sequential operation from

where it stopped, thus providing receivers with equal prior-
ity. If the scanner was stopped by a transmitter condition,
the scanner restarts from position 0 (line Q’s receiver), thus
giving receivers priority over transmitters.

EDGE-TRIGGERED AND LEVEL-TRIGGERED INTER-
RUPT SYTSTEMS

If the interrupt system of the Octal UART is used only for
generating interrupts for the RxRDY and/or TxRDY flags,
the IRQ line can be connected to a processor having either
edge-triggered or level-triggered interrupt capability. If the
modem control interrupts are being used (MCIE in mode
register 1 = 1), the IRQ line can be connected only to a pro-
cessor that uses level-triggered interrupts.

MODEM HANDLING

The TXEMT (transmitter empty) bit of the status register is
typically used to indicate when a program can disable the
transmission medium, as when deasserting the request-to-
send line of a modem. A typical program will load the last
character for transmission and then monitor the TXEMT bit
of the statys register.

The assertion of the TXEMT bit to indicate that transmission
is complete may occur a substantial time after the loading
of the last character. After the last character is loaded, one
character is in the transmitter holding register and one
character is in the serialization logic. Therefore, it will be
two character times before the transmission process is
completed. Waiting for the TxRDY signal to assert before
monitoring the TXEMT status shortens this by one charac-
ter time because the TxRDY status bit indicates that there
are no characters in the transmitter holding register. The
times involved are calculated by taking the reciprocal of the
baud rate being used, multiplying by the number of bits per
character (a starter bit—5,6,7, or 8 data bits; plus parity bit
if enabled; and 1,1.5, or 2 stop bits), and multiplying by either
two characters or one, depending on when TXEMT moni-
toring begins.

TEST
POINT Vbob
ko

FROM
OUTPUT 7

LOAD A - STANDARD OUTPUTS

VoD
TEST
POINT Ik
\? st
FROM
OUTPUT ¢
>
== CL i. 1k
S2

FIGURE 9 - COM78C808 OUTPUT LOAD CIRCUITS

S1 CLOSED: PULL UP
S2 CLOSED: PULL DOWN
ST AND S2 CLOSED: DIVIDER

LOAD B — THREE-STATE OQUTPUTS
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MAXIMUM GUARANTEED RATINGS*

Operating TEMPErature RANGE .. ... ...ttt ettt ettt e e et ettt ettt ae et e et ee e eaenes 0°Cto +70°C
Storage Temperature Range —55°to +125°C

Lead Temperature (SOIAEriNg, 10 SEC.) ... cvuutiii ettt ettt ettt et et e e et e e e e et +300°C
Positive Voltage on any I/0 Pin, with respectto ground ............ ... i Vce + 0.3
Negative Voltage on any I/0 Pin, with respectto ground .......... ..o i e -0.3V
MaXIMUM VCC ..ottt ettt ettt ettt ettt et ettt ettt e e e +7V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the
device at these or at any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench
power supply programmed to deliver +5 volts may have large voltage transients when the AC power is switched on and off. If this
possibility exists it is suggested that a clamp circuit be used.

TABLE 9 - COM78C808

DC ELECTRICAL CHARACTERISTICS T, = 0°C10 70°C, Voo = +5V 5%

Symbol Parameter Test Condition Requirements Units
Min. Max.

Vi High-level input voltage 2.0 Vv

Vi Low-level input voltage 0.8 \

Vou High-level output voltage | Vpo=Min. 24 \

lon = 3.5 mA for DL<7:0>
low=2.0 mA for all e
remaining output except IRQ
and RDY

Voo Low-level output voltage | Vpp=Min. 0.4 \
lo,=5.5 mA for DL<7:0>
lo.=3.5 mA for all remaining

outputs
™ Input current at maximum| V,,=Max. 10 pA
input voltage V,=Vpp(Max.) ’
I Input current at miminum |V, =Max. -10 nA
input voltage V,=0.0V
los' Short-circuit output Voo =Max. -50 —-180 mA
current for DL<7:0> all
remalnlng outputs except
IRQ and R -30 -110 mA
loz? Three-state output Voo = Max. 10 rA
current V,=0.4V
loz? Three-state output Voo =Max. 10 wA
current Vo=2.4V
loo Supply current Vo= Max. 25 mA
T,=0°
Co Input capacitance ) oF
Cc? Input/output capacitance 5 pF

No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second.
2All three-state output drivers are wired in an I/O configuration. The parameters include the driver and input receiver leakage currents.
3The parameters include the capacitive loads of the output driver and the input receiver.

TIMING PARAMETERS 11 shows the signal timing for a write cycle to transfer infor-
Figure 10 shows the signal timing for aread cycle totransfer mation from the processor to the Octal UART. Table 11 lists
information from the Octal UART to the processor. Figure the timing parameters for the read and write cycles.
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FIGURE 10 - COM78C808 BUS READ CYCLE TIMING
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FIGURE 11 — COM78C808 BUS WRITE CYCLE TIMING
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TABLE 10 - COM78C808 BUS READ AND WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns) Load
Min. Max. Circuit'
tano Hold time of a valid ADD <5:0> to a valid high level of
DS1 and DS2. 10
tasu Setup time of a valid ADD <5:0> to the falling edge of
DS1 and DS2. 30
toro Hold time of a valid low level of CS to a valid high level of
DS1 and DS2. 10
| tosu Setup time of a valid low level of CS to the falling edge of
1 DS1 and DS2. 30
too Propagation delay of a valid low level on DS1 and DS2 (if
1 ‘ CS is low and WR is high) to valid high or low data on DL
' <7:.0>. 165 C,=150 pF
f tooz? Propagation delay of a valid high level on DS and DS2
toonz (if CS is low and WR is high) to DL <7:0> output drivers
disabled.
tooiz 50 C,=50pF
toonz 50 C_=50pF
tooLz 60 C.=100pF
toonz 60 CL =1 OOpF
tooLz 65 C.=150pF
toonz 65 C_=150pF
toozL Propagation delay of a valid low level on DS1 and DS2 (if
CS is low and WR is high) to DL <7:0> output driver
enabled.
tooz 0 165 C,.=150pF
toozn 0 165 C.=150pF
tor Hold time provided during a read cycle by Octal UART of
valid high or low data on DL <7:0> after the rising edge
of DS1 and DS2. 0
toro Hold time of a valid DL <7:0> to a valid high level of
DS1 or DS2. 30
topwi Pulse width high of DST and DS2. 450
topwin Pulse width low of DST and DS2 when WR is high (read
operation). Refer to timing parameter topww also. 180 10,000
topww Pulse width low of DS1 and DS2 when WR is low (write
operation). Refer to timing parameter topw  also. 130 10,000
tosy Setup time of a valid DL <7:0> to the rising edge of
DS1 and DS2. 50
“to° Propagation delay of a valid low level on DS1 and DS2 (if
CS is low) to a high level on IRQ. 635 C_=50pF
tron? Propagation delay of a valid high level of CS to a valid
high level on RDY. 210 C,_=50pF
trol Propagation delay of a valid low level on CS to a valid
low level on RDY. 90 C_=50pF
[ Hold time of a valid high or low level of WR to a valid high
level of DS1 and DS2. 10
twsu Setup time of a valid high or low level of WR to the falling
edge of DS1 or DS2. 30

'Refer to Figure 9 for the load circuits used with these measurements.

2The top; and topy; parameters are measured with C_ =150 pF. The values of typ; and ton, for C.=50pF and C, =100 pF have been derived for
user convenience.

*Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t,, parameter can be calculated
by the following: t,, = 500 + RC_ where R = value of the resistor that connects to capacitor C, in load A, Figure 9.

“Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tq, parameter can be calculated
by the following: tapy = 75 + RC,_ where R = value of the resistor that connects to capacitor C, in load A, Figure 9.

Figure 12 shows the signal timing for the clock input, inter-  timing, and the transmit data output timing. Table 11lists the
rupt timing, effect of the RESET input on data strobe, data  timing parameters for Figure 12.
set carrier detect (DCD) and data set ready (DSR) input
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DCD/DSR INPUT

TxD< 7:0>
TXSK ———— - TTXSK ———

TRANSMIT DATA OUTPUT

FIGURE 12-COM78C808 MISCELLANEOUS SIGNAL TIMING

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns)
in. Load Circuit!
tee Period of CLK. 203.45 (4.9152 MHz)
topwh Pulse width high of CLK. 95
| P— Pulse width low of CLK. 95
tommo Hold time of a valid high level of DS1 and DS2 to a valid | 1,000
high level of RESET.
torsu Setup time of a valid high level of DS1 and DS2 to the 900
rising edge of RESET.
tosew Pulse width high or low of DCD <7:0> and DSR <7:0>. | 1,000
tho Hold time provided by Octal UART from a valid IRQLN 100 C_=50pF
<2:0> and IRQTxRx to a valid high level of IRQ.
tisu Setup time provided by Octal UART from a valid IRQLN 100 C,=50pF
<2:0> and IRQTxRx to a valid low level of IRQ.
taes Pulse width low of RESET. 1,000
trxsx Pulse width high or low provided by Octal UART on the 250 C, =50pF
TxD <7:0> lines. At each baud rate, the actual pulse
widths provided vary by tr. This timing parameter
should be used to determine cumulative reception/trans-
mission errors.

*Refer to Figure 9 for the load circuits used with these measurements.
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Figure 13 shows the input and output voltage waveforms = ments. Figure 14 shows the waveforms for the three-state
for the propagation delay and setup and hold measure-  outputs measurement.

ViH (24 V) INPUT

20V
INPUT STROBE 0g v

VL (04 V) — - tH-L "\
Vo (2.0 V)
{ 'su OUT-OF-PHASE OUTPUT
ViH (2.0V)

Vo((08Vk ~ = — 1+ == ===
INPUT DATA t-H »‘ HL
ViL (0.8 V) VOR2OV) e e o
SET-UP AND HOLD IN-PHASE OUTPUT
Vo (0.8 V)

PROPAGATION DELAY

FIGURE 13 — COM78C808 PROPAGATION DELAY
AND SETUP AND HOLD VOLTAGE WAVEFORMS

ViN (2.4 V)
[V N /

20
OUTPUT CONTROL
0.8V

VIL(04V) - ——=-—

tzL (NOTE 3A) —  fe—
Yz —=| e~ (NOTE 3C)

VoH (4.5 V)

OUTPUT (SEENOTE 1) 1.5V - — — — {— I
VoL +0.5 —-— : v —VOL oy
VoUT (AS MEASURED) — — =~ —|— —

tzH (NOTE 3B) —# le—

tHZ —=| |e— (NOTE 3C)

VouT (AS MEASURED)  — — — — — ——
VoH 05V - ; ——————— \~» ~ Vo ~05V
15V R 15V
OUTPUT Vg (NOTE 2) ) /
©.0Vv)

THREE-STATE OUTPUTS

NOTES:
1. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY
THE OUTPUT CONTROL.

2. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY
THE OUTPUT CONTROL.

3. REFERTO FIGURE 9. A = S1 CLOSED, B = S2 CLOSED, C = S1 AND S2 CLOSED.

FIGURE 14 - COM78C808 THREE-STATE OUTPUT VOLTAGE WAVEFORMS

STANMRD MlGQOSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; con-
sequently complete information sufficient for construction purposes is not necessarily given. The information has been
TDN carefully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Fur-
25 Macus B wums  thermore, such information does not convey to the purchaser of the semiconductor devices described any license under
62733100 Twx 50 227 8838 the patent rights of SMC or others. SMC reserves the right to make changes at any time in order to improve design and
supply the best product possible.
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STANDARD MICROSYSTEMS
ool ey
:

Dual 32 Bit CRC SDLC Generator/Checker
CRC-32

=

o
FEATURES PIN CONFIGURATION E
0 SDLC 32 bit CRC -
0 COM 5025 USYNRT Companion MRA 10 \_/ [l20Vee
[0 Data Rate—2MHz typical CLKINA 2 19 EFLGRB
O All Inputs and Outputs are TTL Compatible
O Single +5 Volt Supply CLKOUTA 3 18 EFLGB
[0 COPLAMOS® N-Channel MOS Technology SERINA 4 17 MODEB

SEROUTA 5 16 ENAB
GENERAL DESCRIPTION ENAA 6 15 SEROUTB
SMC’s COM 8004 is a dual 32-bit CRC Generator/ MODEA 7 14 SERINB
Checker for use with SDLC protocols. Itis a
companion device to SMC’s COM 5025 USYNRT. EFLGA 8 13 CLKOUTB
It operates at bit rates from DC t0 2.0 MHz from a
single +5v supply and is housed in a 20 lead x 0.3 EFLGRA 9 12 CLKINB
inch DIP. Allinputs and outputs are TTL compatible GND 10 11 MRB
with full noise immunity. .
PACKAGE: 2 A1.P.

The COM 8004 is comprised of two independent ACKAGE: 20 pin D/

halves, and each half may be operated in the check
or generate mode. The polynominal used in

computationsis: BLOCK DIAGRAM

X324+ X26 + X28 + X224 X160+ X124 X114 X104+ X8+ X7+ X5+ FOR ONE-HALF OF THE COM 8004
X4+ X2+ X+1.

The CRC register is initialized to all ones and the

result is inverted before being appended to the &

message. The expected remainder is: ]
X314 X80 4 X26 4 X25 4 X24 4 X184 X154 X144 X124 X1+ X104+ BIT SER OUT
X8+ X6+ X5+ X4+ X3+ X +1, SERIN FLAG/ABONT DET

Each half has a nine-bit serial data shift register. i NON-SIG
Data moves on the positive edge of the clock,and all ! A
clocked inputs are designed for zero-hold-time MR —] :

(e.g.7474). A “clock out” pin provides gated clocks CLK IN—>]

to the accompanying USYNRT (COM 5025). Mgg;‘:: CONTROLLOGIC  [——— CLKOUT

In the generate mode, computation isinitiated upon EFLGR —| ELe

detection of a flag character in the serial bit stream.
CRC computation proceeds upon the serial data

until a second flag is detected. CLK OUT to the TYPICAL SYSTEM

SDLC transmitter is then halted, and the 32-bit CRC | 50 SERIN senouT
is passed out; CLK OUT is then resumed, and the com op owour | S5

flag character is passed out. Nonsignificant zeros CLKIN
are automatically stripped and stuffed, and shared i

flags are supported. If the data between flags is less T

than two full bytes, the CRC is discarded and the T EFLGR ‘

serial data stream remains unaltered. L as!

In the check mode, computation is similarly SERIN com com
initiated upon detection of a flag. Detection of a CLKIN RGP

second flag causes the conditional setting of the

error flag. A separate reset pin is provided for the e om

error flag. No error is flagged on messages of less 1 i

than two full bytes between flags. Detection of an SERIN com PEROUT_BSLE
abort character (7 consecutive ones) in either mode oLkiN——s| 3008 L OLK ree | S0z
causes computation to be reset and a search foran iy

opening flag resumed.
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100.

ICROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
%ﬁ% MS applications: consequently complete information sufficient for construction purposes is not necessarily given.

e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
35 wacus v Rawoae vy s @SSUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
ser 0o - wxsio 277 88% - semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time in"order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS COM 8017
L COM 8502
J-

Universal Asynchronous Receiver/Transmitter

UART Pin Configuration =
FEATURES vee 1 ~ wh e 5
—
[J Single +5V Power Supply G’\:ﬁ E g g: % :%Em o
) . ) N RDE [] 4 37 J NDB2 e
(0 Direct TTL Compatibility — no interfacing circuits RD8 [ 5 36 ] NSB
required RD7 [ 6 35 [] NPB
RD6 [] 7 340 cs
[ Full or Half Duplex Operation—can receive and nos E : o % o
transmit simultaneously at different baud rates rRD3 [] 10 31[] Toe
RrRD2 (] 11 30 % TD5
[ Fully Double Buffered —eliminates need for precise RD1 [ 12 29 [] TD4
external timing ':"':E E :j :‘; % igg
[ Start Bit Verification — decreases error rate atels E . x 5' S
[ Fully Programmable — data word length; parity mode; R—Si% E 1&7 2‘; % %‘;—C
number of stop bits: one, one and one-half, or two RDA [] 19 22 B TBMT
RSI 20 21 MR
[JHigh Speed Operation— 40K baud, 200ns strobes
ghsp P PACKAGE: 40-Pin D.I.P.

[ Master Reset— Resets all status outputs

[ Tri-State Outputs — bus structure oriented Functional Block Diagram

[JLow Power— minimum power requirements TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8
O Input Protected — eliminates handling problems 126 l27 128 l” lao 13‘ ].32 .[33
5542 TRANSMITTER BUFFER REGISTER

[J Ceramic or Plastic Dip Package — easy board insertion
[0 Compatible with COM 2017, COM 2502 @

TRANSMITTER | o5
0 Compatible with COM 8116, COM 8126, COM 8136, SHIFT
COM 8146, COM 8046 Baud Rate Generators

TSO
REGISTER

ﬁ 24

Top+40 TIMING AND CONTROL TRANSMITTEH_]-——-O TEOC

GENERAL DESCRIPTION st — 17 Jj——E
35 22
The Universal Asynchronous Receiver/Transmitter is NEBI36 STATUS 3)| FoMT
LS BIs7 ¥ conTROL WORD 4| RPE
an MOS/LSI monolithic circuit that performs all the NDB2t25—N REGISTER BUFFER =¥ RFE
: - . . . NDB1 Sy ROR
receiving and transmitting functions associated with POE}3S REGISTER [ 19)] ppa
asynchronous data communications. This circuit is U TT 8 r5Am
fabricated using SMC'’s patented COPLAMOS® tech- 17
nology and employs depletion mode loads, allowing RCPY TIMING AND CONTROL RECEIVER ]
operation from a single +5V supply. The duplex mode, U
baud rate, data word length, parity mode, and number PEARPVES
of stop bits are independently programmable through RsI 420 QE&EWER 3
the use of external controls. There may be 5, 6,7 or 8 REGISTER PR INGS
data bits, odd/even or no parity, and 1, or 2 stop bits. In u 34 Gnd
addition the COM 8017 will provide 1.5 stop bits when
RDE ¢ 4 RECEIVER BUFFER REGISTER

programmed for 5 data bits and 2 stop bits. The UART
can operate in either the full or half duplex mode. These

programmable features provide the user with the ability ls J'G 17 la 19 IO ‘I'" 112
to interface with all asynchronous peripherals.

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1
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DESCRIPTION OF OPERATION — TRANSMITTER

At start-up the power is turned on, a clock whose
frequency is 16 times the desired baud rate is
applied and master reset is pulsed. Under these
conditions TBMT, TEOC, and TSO are all at a high
level (the line is marking).

When TBMT and TEOC are high, the control bits
may be set. After this has been done the data bits
may be set. Normally, the control bits are strobed
into the transmitter prior to the data bits. However,
as long as minimum pulse width specifications
are not violated, TDS and CS may occur simulta-
neously. Once the date strobe (TDS) has been
pulsed the TBMT signal goes low, indicating that
the data bits buffer register is full and unavailable to
receive new data.

If the transmitter shift register is transmitting pre-
viously loaded data the TBMT signal remains low.
If the transmitter shift register is empty, orwhenitis
through transmitting the previous character, the
datain the buffer register is loadedimmediately into
the transmitter shift register and data transmission

commences. TSO goes low (the start bit), TEOC
goes low, the TBMT goes high indicating that the
data in the data bits buffer register has been loaded
into the transmitter shift register and that the data
bits buffer register is available to be loaded with
new data.

If new data is loaded into the data bits bufferregister
at this time, TBMT goes lowand remainsinthis state
until the present transmission is completed. One
full character time is available for loading the next
character with nolossinspeedoftransmission. This
is an advantage of double buffering.

Data transmission proceeds in an orderly manner:
start bit, data bits, parity bit (if selected), and the
stop bit(s). When the last stop bit has been on the
line for one bit time TEOC goes high. If TBMT is
low, transmission begins immediately. If TBMT is
high the transmitter is completely at rest and, if
desired, new control bits may be loaded prior to the
next data transmission.

ODD/EVEN

PARITY SELECT
NUMBER OF
DATA BITS

It

NO  NUMBER
PARITY STOPBITS

TRANSMITTER BLOCK DIAGRAM

DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1

S S S S A A

DATA BITS HOLDING REGISTER
BUFFER

DATA STROBE

CONTROL
STROBE —{ CONTROL BITS HOLDING REGISTER

1

TO
RECEIVER

STEERING LOGIC I

TRANSMITTER

]

BUFFER

-

l F/F
S

EMPTY

16xT % LOAD
CLOSK —thMlNG GENERATOR l vt

» SERIAL
OUTPUT

OUTPUT

TRANSMITTER SHIFT REGISTER ﬁ—‘

——FARITY BIT GENERATION LOGIC J—D

LOGIC

END OF
¥ CHARACTER

DESCRIPTION OF OPERATION —RECEIVER

At start-up the power is turned on, a clock whose
frequency is 16 times the desired baud rateisapplied
and master reset is pulsed. Thedataavailable (RDA)
signal is now low. There is one set of control bits for
both the receiver and transmitter.

Data reception begins when the serial input line
transitions from mark (high) to space (low). If the
RSl line remains spacing for a1/2 bittime,agenuine
start bit is verified. Should the line return to a mark-
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ing condition priortoa 1/2 bittime, the start bit veri-
fication process begins again. A mark to space
transition must occur in order to initiate start bit
verification. Once a start bit has been verified, data
reception proceeds in an orderly manner: start bit
verified and received, data bits received, parity bit
received (if selected) and the stop bit(s) received.

If the transmitted parity bit does not agree with the
received parity bit, the parity error flip-flop of the



status word buffer register is set high, indicating a
parity error. However, if the no parity mode is se-
lected, the parity error flip-flop is unconditionally
held low, inhibiting a parity error indication. If a
stop bitis not received, due to animproperly framed
character, the framing error flip-flop is set high,
indicating a framing error.

Once a full character has been received internal
logic looks at the data available (RDA) signal. If, at
this instant, the RDA signal is high the receiver

not been read out and the over-run flip-flop is set
high. The only way the receiver is aware that data
has been read out is by having the data available
reset low.

At this time the RDA output goes high indicating
that all outputs are available to be examined. The
receiver shift register is now available to begin re-
ceiving the next character. Due to the double buf-
fered receiver, a full character time is available to
remove the received character.

assumes that the previously received character has

RECEIVER BLOCK DIAGRAM

FRAMING
ERROR

PARITY ERROR

TRANSMITTER
BUFFER EMPTY

Fl08 RD7 RD6 RDS RD4 RD3 RD2 RD1

OVER RUN
SN N N N O O T
[ [ ]

I ENABLE
RESET DATA
DATA BITS HOLDING REGISTER |ﬂ— STATUS WORD
l AVAILABLE HOLDING REGISTER
T

DATA
AVAILABLE

CONTROL
BITS FROM
HOLDING
REGISTER

SERIAL
INPUT

START BIT
VERIFICATION

B I
B E—

PARI ‘I‘ RECEIVER SHIFT
CHECKING LOGIC WSTIFY L0GIC cp REGISTER

| R

16 x R
CLOCK

DESCRIPTION OF PIN FUNCTIONS

PINNO. SYMBOL NAME FUNCTION
1 Vce Power Supply +5 volt Supply
2 NC No Connection No Connection
3 GND Ground Ground
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register.
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE.
Outputs Unused data output lines, as selected by NDB1 and NDB2,
have a low-level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 output.
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if
Error the received character parity bit does not agree with the
selected parity.
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if

Error the received character has no valid stop bit.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL NAME FUNCTION
15 ROR Receiver Over This tri-state output (enabled by SWE) is at a high-level if
Run the previously received character is not read (RDA output
not reset) before the present character is transferred into
the receiver buffer register.
16 SWE Status Word A low-level input enables the outputs (RPE, RFE, ROR,
Enable RDA, and TBMT) of the status word buffer register.

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) the
desired receiver baud rate.

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level.

Available Reset
19 RDA Receiver Data This tri-state output (enabled by SWE) is at a high-level
Available when an entire character has been received and transferred
into the receiver buffer register.

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level

Input (mark) to low-level (space) transition is required to initiate
data reception.

21 MR Master Reset This input should be pulsed to a high-level after power
turn-on. This sets TSO, TEOC, and TBMT to a high-level
and resets RDA, RPE, RFE and ROR to a low-level.

22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level

Buffer Empty when the transmitter buffer register may be loaded with
new data.

23 TDS Transmitter A low-level input strobe enters the data bits into the

Data Strobe transmitter buffer register.
24 TEOC Transmitter End This output appears as ahigh-leveleachtimeafullcharacter
of Character is transmitted. It remains at this level until the start of
transmission of the next character or for one-half of a TCP
period in the case of continuous transmission.

25 TSO Transmitter This output serially provides the entire transmitted

Serial Output character. TSO remains at a high-level when no data is
being transmitted.

26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available.

Data Inputs Unused data input lines, as selected by NDB1 and NDB2,
may be in either logic state. The LSB should always be
placed on TD1.

34 CS Control Strobe A high-level input enters the control bits (NDB1, NDB2,
NSB, POE and NPB) into the control bits holding register.
This line may be strobed or hard wired to a high-level.

35 NPB No Parity Bit A high-level input eliminates the parity bit from being

transmitted; the stop bit(s) immediately follow the last data
bit. In addition, the receiver requires the stop bit(s) to follow
immediately after the last data bit. Also, the RPE output is
forced to a low-level. See pin 39, POE.
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DESCRIPTION OF PIN FUNCTION

PIN NO. SYMBOL NAME FUNCTION
36 NSB Number of This input selects the number of stop bits. A low-level input
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits.

Selection of 2 stop bits when programming a 5 data bit word
generates 1.5 stop bits from the COM 8017 or COM 8017/H.

37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either5, 6, 7,
NDBH1 Bits/Character or 8 data bits/character as per the following truth table:
NDB2 NDB1 data bits/character
L L 5
L H 6
H L 7
H H 8
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB
Select input, determines the parity mode for both the receiver and

transmitter, as per the following truth table:
NPB POE MODE

L L odd parity
L H even parity
H X no parity

X =don'tcare

40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) the
Clock desired transmitter baud rate.

TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS

s ]

TBMT “ l [
150 | sTART [DATA 11 ..... ID;TXQ_];AET_YJ STOP 1 STOP al START
L e IEAYZAT

TEOC _——| time ]
TRANSMITTER START-UP
[ I L
1/16
w T T HEk-
750 "
s

Upon data transmission initiation, or when not ingat 100% li ion, thestartbitwillbe placed
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS.

RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS

RSI I START rDATA_II_ ----- IDATA BIPARITY STOP1STOP 2| START

CENTER BIT | | | | I |

SAMPLE
RDA' e D —>| je— 1/16 Bit time

RDA™"

*The RDA line was previously not reset (ROR = high-level).
**The RDA line was previously reset (ROR = low-level).

START BIT DETECT/VERIFY

RCP I l l I l

M Begin verity L Begin verify
RSI | |

S

If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line returnto a
marking condition prior to a 1/2 bit time, the start bit verification process begins again.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ... .....uuiiittitit ittt ieiieteennnaneenns 0°Cto+ 70°C
Storage Temperature Range .. ... ...ttt it e —55°Cto +150°C
Lead Temperature (SOIdering, 10 S€C.) . ..ttt tt it ertn et eeeeeeeereneeenennnnns +325°C
Positive Voltage on any Pin, withrespecttoground . ........ ..ottt +8.0V
Negative Voltage on any Pin. withrespecttoground ......... . ...ttt i, —0.3Vv

Stresses above those listed may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or at any other condition above
those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, itisimportant
that the Absolute Maximum Ratings not be exceeded or device failure can resuit. Some
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is
switched on and off. In addition, voltage transients on the AC power line may appear on the
DC output. If this possibility exists it is suggested that at clamp circuit be used.

ELECTRICAL CHARACTERISTICS (TAa=0°Cto70°C, Vcc=+5V 5%, unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, ViL 0 0.8 \
High-level, Vi1 2.0 Vce Vv
OUTPUT VOLTAGE LEVELS
Low-level, VoL 04 V |loL=1.6mA
High-level, Vox 24 V. |lon =—100uA
INPUT CURRENT
Low-level, liL 300 uA |[VIN=GnND
OUTPUT CURRENT _
Leakage, lLo +10 uA |SWE =RDE =ViH, 0 < Vour = +5V
Short circuit, los** 30 mA |Vout =0V
INPUT CAPACITANCE
All inputs, Cin 5 10 pf
OUTPUT CAPACITANCE -
All outputs, Cout 10 20 pf |[SWE=RDE=VH
POWER SUPPLY CURRENT
lcc 25 mA | All outputs = VoH, All inputs = Vcc
A.C. CHARACTERISTICS Ta=+25°C
CLOCK FREQUENCY
COMB8502, COM 8017 | DC 640 | KHz |RCP, TCP
PULSE WIDTH
Clock 0.7 us |RCP, TCP
Master reset 500 ns |[MR
Control strobe 200 ns |CS
Transmitter data strobe 200 ns |TDS
Receiver data available reset 200 ns |RDAR
INPUT SET-UP TIME
Data bits =0 ns |TD1-TD8
Control bits =0 ns |NPB, NSB, NDB2, NDB1, POE
INPUT HOLD TIME
Data bits =0 ns |TD1-TD8
Control bits =0 ns |NPB, NSB, NDB2, NDB1, POE
STROBE TO OUTPUT DELAY Load =20pf+1 TTL input
Receive data enable 350 ns |RDE: Tro1, Troo
Status word enable 350 ns |SWE: Teos, Troo
OUTPUT DISABLE DELAY 350 ns |RDE, SWE

**Not.more than one output should be shorted at a time.

NOTES: 1. If the transmitter is inactive (TEOC and TBMT are at a high-level!) the start bit will appear on the TSO line within
one clock period (TCP) after the trailing edge of TDS.

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing
a maximum start bit slippage of 1/16th of a bit time.

3. The tri-state output has 3 states: 1) low impedance toVcc 2% lowimpedance to GND 3) highimpedance OFF =
10M ohms The “OFF” state is controlled by the SWE and inputs.
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DATA/CONTROL TIMING DIAGRAM

T_DS ViH
ViL y
[ Tew*
TSET-UP % Jg THOLD

Vi
DATA INPUTS V:r
tr=tf=20ns =
TseT-uP =0 =
THoLD =0 S
Tew* Q
s [7¢]
cs ViH
ViL
TSET-UP THOLD
CONTROL INPUTS z'“
L

*Input information (Data/Control) need only be valid during
the last Tpw, min time of the input strobes ( l DS, CS).

OUTPUT TIMING DIAGRAM

D E ViL \

RDE, §
N
Outputs Disabled
OUTPUTS - A
(RD1-RD8, RDA, VoH
RPE, ROR, RFE, TBMT) _ Vou
l«—— TPD1, TPDO

NOTE: Waveform drawings not to scale for clarity.

RDAR
\‘ 200ns TDS m
Wx —========- /
\ TMBT Vou
- VoL l<— 400ns
RDA 300ns
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FLOW CHART—TRANSMITTER FLOW CHART—RECEIVER

1 TURN POWER ON 1 TURN POWER ON
2 PULSE EXTERNAL RESET 2 PULSE EXTERNAL RESET
3 SELECT BAUD RATE—16 x CLK 3 SELECT BAUD RATE — 16 x CLK
l 4 SET CONTROL BITS
TBMT = 1 DA -0

C =1
SO =1(STOP BIT)

SET CONTROL BITS —PULSE CS
SET DATA BITS

THE LINE
TRANSITIONED
FROM MARKING TQ,

TRANSMITTER
SHIFT REGISTER

HAS
1 BIT TIME
ELAPSED ?
16- 16 x CLK

1 LOAD TRANSMITTER SHIFT REGISTER
2 SO UtSTARTBIT

SHIFT AND LOAD DATA BIT INTO
RECEIVER SHIFT REGISTER

HAS THE
SELECTED NUMBER
OF DATA BITS BEEN,
RECE IVED

1BIT TIME
ELAPSED ?
(16- 16 x CLK)

TRANSMIT START BIT, DATA
BITS, SELECTED PARITY MODE,
AND STOP BIT(S)

HAS
THE PROPER
PARITY BIT BEEN

RECEIVED

YES

SET PARITY
ERROR REGISTER
T00

HAS
18IT TIME
ELAPSED

SET FRAMING
ERROR REGISTER ERROR REGISTER
TO1 TOO0

SET OVER-RUN SET OVER-RUN
REGISTER REGISTER
TO1 TO00

I TRANSFER DATA BITS FROM SHIFT REGISTER ]

SET FRAMING

STOP B!
BEEN RECEIVED
2

THERE NEW
CONTROL BITS
2

TO DATA BITS HOLDING REGISTER

EXAMINE OUTPUTS
1. STROBE STATUS WORD ENABLE
2 STROBE DATA ENABLE

| RESET DATA AVAILABLE — DA =0 l

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.

STANDARD M'WMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-

35 Marcus Bivd  Hauppauge NY 11788
(516)273-3100  TWX-510-227-8898
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STANDARD MICROSYSTEMS
_

FEATURES

COMB81C17

[ Single Chip UART With Baud Rate Generator

J Asynchronous Operation
—16 Selectable Baud Rate Clock Frequencies
(Internal)
—External 16x Clock (100 KBaud)
—Character Length: 7 or 8 Bits
—1 or 2 Stop Bit Selection

(1 Small 20 Pin DIP (300 mil) or PLCC

[J Full or Half Duplex Operation

[] Double Buffering of Data

[J Programmable Interrupt Generation

(] Programmable Modem/Terminal Signals

PRELIMINARY
PIN CONFIGURATION
D 01~ 200 Ve
18 1716 15 14 c% E 2 133 %2
3 1 )
% ‘3§§L°°K RD O 4 7@ TX
’ D, 05 160 RX
Do b, 06 150 RS
GND D, O 7 140 WT
0 Ds WR O 8 130 cLock
Ds O 9 120 D,
GND 10 110 D

[J Odd or Even Parity Generate and Detect
[ Parity, Overrun and Framing Error Detection
(] TTL Compatible Inputs and Outputs

[J High Speed Host Bus Operation
(with no wait state)

[] Low Power CMOS
] Single + 5V Power Supply

Package: 20-pin PLCC

Package 20-pin DIP

GENERAL DESCRIPTION

The COM81C17 TPUART is an asynchronous only recei-
ver/transmitter with a builtin programmable baud rate gen-
erator housed in a twenty pin package. The TPUART
receives serial data streams and converts them into paral-
lel data characters for the processor. While receiving serial
data, the TPUART will also accept data characters from the
processor in parallel format and converttheminto serial for-
mat along with start, stop and optional parity bits. The

TPUART will signal the processor via interrupt when it has

completely transmitted or received a character and requires
service. Complete status information is available to the pro-
cessor through the status register. The TPUART features
two general purpose control pins that can be individually
programmed to perform as terminal or modem control
handshake signals.

CP1

cP2
_|
_|
COM81C17 ~
TWENTY T D
PIN P
UART N
N
(@]

RX

A
A < j) D0-D7
ADDRESS DECODE b CS
BUS A0
B RS
WRITE WR
READ RD
INTERRUPT 4 s
REQUEST < INT
5.0688 MHZ
OSCILLATOR
OR
TTL CLOCK

FIG 1. TYPICAL TPUART INTERFACE
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TRANSMIT
DATA A BUFFER
D0-D7 BUS | )
TRANS. TRANSMIT x
s SHIFT REGISTER
3
m
)
2 TRANSMIT CONTROL
2 —N wmooe
CSs READ | em—" REGISTER
RD WRITE g
WR DECODE 3
RS LOGIC
2
@ N BR‘,‘#S || BAUDRATE
CLOCK
y| SELECT |— GENERATOR
REGISTER
MASK (A — |
INT REGISTER
&LoGIc N—
STATUS
REGISTER
RECEIVE CONTROL
VCC |— RECEIVE RX
GND CONTROL (\__ SHIFT REGISTER
REGISTER [\ A RECEIVE
(¢ BUFFER
0\ 0\
23
FIG. 2. BLOCK DIAGRAM OF COM81C17
1800 OHM 560 OHM
'A% AA'A%
220 OHM
7404 7404 7404 7404
1 101
220 OHM 30 pF 5.0688 MHz

FIG.2A. 5.0688 MHz CRYSTAL OSCILLATOR CIRCUIT
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TABLE 1-DESCRIPTION OF PIN FUNCTIONS

DIP PIN NO. NAME SYMBOL DESCRIPTION
1,2,5-7 DATA BUS D,~D, An 8 bit bi-directional DATA BUS is used to interface the TPUART to the
9, 11-12 processor Data Bus.

3 CHIP SELECT cs Alow level on this input enables the TPUART for reading and writing to
the processor. When CS is high, the DATA BUS is in high impedance
and the WR and RD will have no effect on the chip.

4 READ DATA RD A low pulse on this input (when CS is low) enables the TPUART to place

STROBE the data or the status information on the DATA BUS.
8 WRITE DATA WR Alow pulse on this input (when CS is low) enables the TPUART to
STROBE accept the data or control word from the DATA BUS into the TPUART.

10 GROUND GND Power Supply Return

13 CLOCK CLK External TTL Clock Input (See Table 2)

14 INTERRUPT INT An interrupt request is asserted by the TPUART when an enabled condi-

REQUEST tion has occurred in the Status Register. This is an active low, open drain
output. This pin has an internal pullup register.

15 REGISTER RS During processor to TPUART communications, this input is used to indi-

SELECT cate which internal register will be selected for access by the processor.
When this input is low, data can be written to the TX Holding Buffer or
data can be read from the RX Holding Register. When this input is high
control words can be written to the Control Register or status information
can be read from the Status Register.

16 RECEIVER RX This input is the receiver serial data. A high to low transition is required to

DATA initiate data reception.
17 TRANSMITTER X This output is the transmitted serial data from the TPUART. When a
DATA transmission is concluded, the TX line will always return to the mark
(High) state.
18 CONTROL CP1 This control pin is an input only pin. It can be programmed to perform the
PIN 1 functions of CTS or DSR/DCD.
19 CONTROL CcpP2 This control pin can be programmed to be either an input or an output.
PIN2 When in input mode, this pin can perform the functions of DSR/DCD.
When in output mode this pin can perform the functions of DTR
or RTS.
20 POWER Voo +5V Supply Voltage
SUPPLY
FUNCTIONAL DESCRIPTION words. This is following an internal reset. Following initiali-
zation, the TPUART is ready to communicate.
RESETTING THE TPUART PROGRAMMABLE CONTROL PINS

The TPUART must be reset on power up. Since there is no
external pin allocated for hardware reset, this is accom-
plished by writing a One (HIGH) followed by writing a Zero
(LOW) to the Control Register bit 7. Following reset, the
TPUART enters an idle state in which it can neither transmit
nor receive data.

INITIALIZING THE TPUART

The TPUART is initialized by writing three control words from
the processor. Only a single address is set aside for Mode,
Baud Rate Select, Interrupt Mask and TX Buffer Registers.
For this to be possible, logic internal to the chip directs infor-
mation to its proper destination based on the sequence in
which it is written.

Following internal reset, the first write to address zero (i.e.
RS =0) is interpreted as a Mode Control word. The second
write is interpreted as Interrupt Mask word. The third write
is interpreted as Baud Rate Select. The fourth and all sub-
sequent writes are interpreted as writes to the TX Buffer
Register.

There is one way in which control logic may return to antic-
ipating a Mode, Interrupt Mask, and Baud Rate Select

The TPUART provides two programmable control pins that
can be configured to perform as modem or terminal control
handshake signals. If no handshake signal is required, these
pins can be used as general purpose one bit Input or Output
ports.

CP1 —is an input only pin that can be programmed to act
as the CTS (Clear To Send) handshake signal, where it will
disable data transmission by the TPUART after the con-
tents of the Transmit Shift Register is completely flushed
out. When programmed as 1, CP1 will serve as a general
purpose 1 bit input port. The inverted state will be reflected
in Status Register bit 0 (when programmed as CTS or gen-
eral purpose input bit).

CP2 —is an Input/Output pin. When configured as Output,
its state is directly controlled by the host processor via writes
to the Control Register. This will serve the purpose of modem
and terminal handshake signals as RTS (Request To Send),
and DTR (Data Terminal Ready). When configured as Input,
its inverted state is reflected in the Status Register bit 1 and
read by the processor. This will serve the purpose of hand-
shake signals as DCD (Data Carrier Detect) and DSR (Data
Set Ready).

163

=
o
[
(5]
[5¥]
(7}




MODE REGISTER

THE ON CHIP BAUD RATE GENERATOR
The TPUART incorporates an on chip Baud Rate Genera-

BIT 1 BIT2 ;
JR— tor that can be programmed to generate sixteen of the most
0 0 CP2is RTSoutput o5y jar baud rates. The TPUART also allows the bypass-
0 ! CP2is GPoutput  jng of the Baud Rate Generator by programming Mode
1 X CP2is GP input Register bit 3 to accept a 16X external clock. The Baud Rate
1 X CP2is GP input Generator will not assume any given baud rate upon power
up, therefore it must be programmed as desired. The fol-
lowing chart is based on a 5.0688 MHz CLOCK frequency.
TABLE 2-16X CLOCK
Clock Frequency =5.0688 MHz
Baud Rate Theoretical Actual Duty
Select Register Baud Frequency Frequency Percent Cycle
D, D, D, D, Rate 16X Clock 16X Clock Error % Divisor

0 0 0 0 50 0.8KHz 0.8 KHz —_— 50/50 6336

0 0 0 1 110 1.76 1.76 —_ 50/50 2880

0 0 1 0 1345 2.152 2.1523 0.016 50/50 2356

0 0 1 1 150 2.4 24 — 50/50 2112

0 1 0 0 300 4.8 4.8 — 50/50 1056

0 1 0 1 600 9.6 9.6 —_ 50/50 528

0 1 1 0 1200 19.2 19.2 — 50/50 264

0 1 1 1 1800 28.8 28.8 —_ 50/50 176

1 0 0 0 2000 32.0 32.081 0.253 50/50 158

1 0 0 1 2400 38.4 38.4 —_ 50/50 132

1 0 1 0 3600 57.6 57.6 —_— 50/50 88

1 0 1 1 4800 76.8 76.8 — 50/50 66

1 1 0 0 7200 115.2 115.2 —_ 50/50 44

1 1 0 1 9600 153.6 153.6 — 48/52 33

1 1 1 0 19.200 307.2 316.8 3.125 50/50 16

1 1 1 1 38.400 614.4 633.6 3.125 50/50 8

REGISTER DESCRIPTIONS 4 | PARITY ENABLE-The Mode Register bit 4 deter-

TABLE 3 - COM81C17 MODE REGISTER

DESCRIPTION (BITS 0-7)

mines whether parity generation and checking will be
enabled.

0 = PARITY DISABLE 1 = PARITY ENABLE
5 | PARITY-The Mode Register bit 5 determines whether

BIT | DESCRIPTION odd or even parity will be generated and checked.
© | GET ol e confibured 1 oovids the runeton of - 0 = EVEN PARITY 1= 0DD PARITY
[l | re I N -
CTS or will serve as a general purpose 1 bit input port. 6 | #OF ?hATA ms_%%y?ﬁﬁ:}g'?ﬁeé :'tre g:;?rh in
In either case, its state will be reflected in Status Reg- mines the numboer of data b will be presente
ister bit 0. each data character (i.e. 7 or 8).
CPT - BT — 0 = 7BITS PER CHARACTER = 8 BITS PER
7 CPaY0The Moo Fegiir B T detormines whathg
—The Mode Register bit 1 determines whether - - -
the CP2 pin will be configured as a general purpose 1 7 z‘;gp S?g%;l&%”&ﬂ%ggﬁ':ﬁ; z':nz (ciieete1r rglrnze)s how
bit output port or will serve as a general purpose 1 bit Y Stop br 8. :
input port. When used as an input, its state is reflected 0=1STOPBIT 1 = 2STOPBITS
in the Status Register bit 1. When used as an output, A data frame will consist of a start bit, 7 or 8 data bits,
its state is controlled by the processor via the Control an optional parity bit, and 1 or 2 stop bits.
Register bit 1.
0-CP2 = OUTPUT 1-CP2 = INPUT
2 | CP2-The mode register bit 2 determines whether the
CP2 pin will be configured to provide the function of
RTS or will serve as a general purpose 1 bit output TABLE 4 - COM81C17 STATUS REGISTERS
port. DESCRIPTION (BITS 0-7)
0-CP2 = RTS 1-5CP2 = GP OUTPUT
3 | CLOCK SELECT-The Mode Register bit 3 deter- BIT | DESCRIPTION
mines whether the internal Baud Rate Generator will 0 | CP1-This reflects the inverted state of the control
supply the TX and RX clocks or the clock on the clock pin CP1.
pin will be used as a 16X clock. The Baud Rate Select 1 | CP2-This s active only when the CP2 pin is pro-
Register contents will be bypassed when an external grammed to be an input. It is set by its corresponding
16X clock is used. input pin and reflects the inverted state of the con-
0 = INTERNALCLOCK 1 = EXTERNAL CLOCK trol pin CP2. When the CP2 pin is programmed as an
(16X) output, this bit is forced to a zero.
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2 | TXSHIFT REGISTER EMPTY-This signals the pro-
cessor that the Transmit Shift Register is empty. A
typical program will usually load the last character

of a transmission and then monitor the TX SHIFT
REGISTER EMPTY bit to determine when it is a safe
time for disabling transmission. This bit is set when the
Transmitter Shift Register has completed transmis-
sion of a character, and no new character has been
loaded in the Transmit Buffer Register. This bit is also
set by asserting internal reset. This bit is cleared by:

a. loading the TX Buffer Register

TABLE 5-COM81C17 CONTROL REGISTER
DESCRIPTION (BITS 0-7)

3 | PARITY ERROR-This signals the processor that the
character stored in the Receive Character Buffer was
received with an incorrect number of binary “1” bits.
This bit is set when the received character in the
Receiver Buffer Register has an incorrect parity bit
and parity has been enabled. This bit is cleared by:

a. setting Reset Etrrors in the Control Register
b. asserting internal reset

4 | OVERRUN ERROR-This is set whenever a byte
stored in the Receive Character Buffer is overwritten
with a new byte from the Receive Shift Register
before being transferred to the processor. This bit is
cleared by:

a. setting Reset Errors in the Control Register
b. asserting internal reset

5 | FRAMING ERROR-This is set whenever a byte in the
Receive Character Buffer was received with an incor-
rect bit format (“0” stop bits). This bit is cleared by:

a. setting Reset Errors in the Control Register

b. asserting internal reset

BIT | DESCRIPTION
0 | Not Used (test mode bit, must be Zero)

1 CP2-This bit controls the CP2 output pin. Data