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& HARRIS HMAS510

16 x 16-Bit CMOS Parallel

August 1992 Multiplier Accumulator
Features Description
* 16 x 16-bit Paraliel Multiplication with The HMA510 is a high speed, low power CMOS 16 x 16-bit
Accummulation to a 35-Bit Result parallel multiplier accumulator capable of operating at 45ns

clocked multiply-accumulate cycles. The 16-bit X and Y

operands may be specified as either two’s complement or

* Low Power CMOS Operation: unsigned magnitude format. Additional inputs are provided
> IccSB = 500pA Maximum for the accumfjlator functions which |nc!ude: loading Fhe

accumulator with the current product, adding or subtracting

the accumulator contents and the current product, and

* HMA510 is Compatible with the CY7C510 and the preloading the accumulator registers from the external
IDT7210 inputs.

* High-Speed (45ns) Multiply Accumulate Time

> Iccop = 7.0mA Maximum @ 1.0MHz

* Supports Two’s Complement or Unsigned Magnitude All inputs and outputs are registered. The registers are all
Operations positive edge triggered, and are latched on the rising edge
of the associated clock signal. The 35-bit accumulator
output register is broken into three parts. The 16-bit least
¢ Three-State Outputs significant product (LSP), the 16-bit most significant prod-
uct (MSP), and the 3-bit extended product (XTP) registers.
® Available in 68 Pin Plastic Leaded Chip Carrier The XTP and MSP registers have dedicated output ports,
(PLCC) and 68 Lead Pin Grid Array (PGA) while the LSP register shares the Y-inputs in a multiplexed
fashion. The entire 35-bit accumulator output register may
be preloaded at any time through the use of the bidirectional

output ports and the preloaded control.

¢ TTL Compatible Inputs/Outputs

MULTIPLIERS E

Block Diagram

X0 -15 RND SUB Y0 -15PO-15

16 TC |ACC 16}

| recister | lREGISTERl | REGISTER]

»
CLKY
cuss D
v v v
1 MULTIPLIER ARRAY |
35 {
PRELOAD ——{ ACCUMULATOR [
CLKP —] XTP REGISTER l MSP REGISTER rLSP REGISTER 435
Lon
3
‘16
»)
16
4
N P32 -34
OEX P16 - 31
OEM
OEL
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 2806.1

Copyright © Harris Corporation 1992
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HMA510

Pinouts

"

10

HMA510 PLCC

Yo/ Y1/
X14 X13 X12X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0 PO Pi

ﬂﬂﬂﬂﬂﬂﬂﬂﬂl‘lﬂﬂl‘ll‘ll‘lﬂl‘l

4 3 2 16867666564636261\

L ]
X15 60 j Y2/ P2
OEL so | ] vorpa
RND 58 :] Y4/ P4
sus s7| ] veres
Acc 56 :l Y6/ P6
CLKX ss| | vuer
CLKY sa[ ] eno
v s3] | anp
ce 68 LEAD PLCC %
s2| | vere
Vee TOP VIEW 6/ P8
Vee 51| ] voree
Vee s0 [ ] viospio
TC s [ Jviven
GEX 48[ ] vizrpiz
PREL a7 :I Y13/ P13
OEM a6 [ ] viarpie
cLKkp as[ | vis/pis
Pa4 44 :] P16
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43/
P33 P32 P31 P30 P29 P28 P27 P26 P25 P24 P23 P22 P21 P20 P19 P18 P17
HMA510 CERAMIC PGA
NG | x15 | RND | ACC | clky | TG | PREL | cilkp | P33
X13 | X14 | OEL | SUB | CLKX | Vgc | OEX | OEM | paa | P32 | w/c
X1t | x12 P30 | P31
X9 x10 P28 | P29
X7 X8 P26 P27
68 LEAD
xs | xs PIN GRID ARRAY p2a | p2s
TOP VIEW
X3 X4 p22 | P23
x1 x2 P20 | P21
Yor X0 P18 | P19
PO
vi/ | var | vsr | vur | ver | vier | viz | via
N/C P P3 PS5 P7 P8 | P10 | P12 | p1a | P16 | P17
v2r | var | ver vor | viis | vizr | viss
P2 Pa pe | GND | pg P11 | P13 | p1s | NC
A B c D E F G H 4 K L
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HMA510

Pin Descriptions

NAME

PLCC
PIN NUMBER

TYPE

DESCRIPTION

Vee

17-20

The +5V power supply pins. 0.1pF capacitors between the Vo and GND pins are
recommended.

GND

53,54

The device ground.

X0-X15

1-10,63-68

X-Input Data. These 16 data inputs provide the multiplicand which may be in two’s
complement or unsigned magnitude format.

YO-Y15/
PO-P15

45-52,55-62

1/0

Y-Input/LSP Output Data. This 16~bit port is used to provide the multiplier which
may be in two’s complement or unsigned magnitude format. It may also be used for
output of the Least Significant Product (P0-P15) or for preloading the LSP
register.

P16-P3

29-44

1/0

MSP Output Data. This 16-Bit port is used to provide the Most Significant Product
Output (P16-P31). It may also be used to preload the MSP register.

P32-P34

26-28

170

XTP Output Data. This 3-Bit port is used to provide the Extended Product Output
(P32-P34). It may also be used to preload the XTP register.

TC

21

Two’s Complement Control. Input data is interpreted as two’s complement when
this control is HIGH. A LOW indicates the data is to be interpreted as unsigned
magnitude format. This control is latched on the rising edge of CLKX or CLKY.

ACC

14

Accumulate Control. When this control is HIGH, the accumulator output register
contents are added to or subtracted from the current product, and the result
is stored back into the accumulator output register.

When LOW, the product is loaded into the accumulator output register overwriting
the current contents. This control is also latched on the rising edge of CLKX or
CLKY.

13

Subtract Control. When both SUB and ACC are HIGH, the accumulator register
contents are subtracted from the current product. When ACC is HIGH and SUB is
LOW, the accumulator register contents and the current product are summed. The
SUB control input is latched on the rising edge of CLKX or CLKY.

12

Round Control. When this control is HIGH, a one is added to the most significant
bit of the LSP. When LOW, the product is unchanged.

PREL

23

Preload Control. When this control is HIGH, the three bidirectional ports may be
used to preload the accumulator registers. The three-state controls (m, OEM,
'OEL) must be HIGH, and the data will be preloaded on the rising edge of CLKP.
When this control is LOW, the accumulator registers function in a normal manner.

Ol
m)
il

11

Y-Input/LSP Output Port Three-state Control. When OEL is HIGH, the output
drivers are in the high impedance state. This state is required for Y-data input
or preloading the LSP register. When OEL is LOW, the port is enabled for LSP
output.

o]
m
<

24

MSP Qutput Port Three-state Control. A LOW on this control line enables the port
for output. When OEM is HIGH, the output drivers are in the high impedance state.
This control must be HIGH for preloading the MSP register.

OEX

22

XTP Qutput Port Three-state Control. A LOW on this control line enables the port
for output. When OEX is HIGH, the output drivers are in the high impedance state.
This control must be HIGH for preloading the XTP register.

CLKX

X-Register Clock. The rising edge of this clock latches the X-data input register
along with the TC, ACC, SUB and RND inputs.

16

Y-Register Clock. The rising edge of this clock latches the Y-data input register
along with the TC, ACC, SUB and RND inputs.

CLKP

25

Product Register Clock. The rising edge of CLKP latches the LSP, MSP and XTP
registers. If the preload control is active, the data on the I/O ports is loaded into
these registers. If preload is not active, the accumulated product is loaded into the
the registers.

2-5
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HMA510

Functional Description

The HMAS510 is a high speed 16 x 16-bit multiplier
accumulator (MAC). It consists of a 16-bit parallel multiplier
follower by a 35-bit accumulator. All inputs and outputs are
registered and are latched on the rising edge of the
associated clock signal. The HMAS510 is divided into four
sections: the input section, the muitiplier array, the
accumulator and the output/preload section.

The input section has two 16-bit operand input registers for
the X and Y operands which are latched on the rising edge
of CLKX and CLKY respectively. A four bit control register
(TC, RND, ACC, SUB) is also included and is latched from
either of the input clock signals.

The 16 x 16 multiplier array produces the 32-bit product of
the input operands. Two’s complement or unsigned
magnitude operation can be selected by the use of the TC
control. The 32-bit result may also be rounded through the
use of the RND control. In this case, a ‘1’ is added to the
MSB of the LSP (bit P15). The 32-bit product is zero-filled
or sign-extened as appropriate and passed as a 35-bit
number to the accumulator section.

The accumulator functions are controlled by the ACC, SUB
and PREL control inputs. Four functions may be selected:
the accumulator may be loaded with the current product;
the product may be added to the accumulator contents; the
accumulator contents may be subtracted from the current
product; or the accumulator may be loaded from the
bidirectional ports. The accumulator registers are updated
at the rising edge of the CLKP signal.

The output/preload section contains the accumulator/
output register and the bldlrectional ports This_section is
controlled by the signals PREL, OEX, OEM and OEL. When
PREL is high, the output buffers are in a high impedance
state. When one of the controls OEX, OEM or OEL are also
high, data present at the outputs will be preloaded into the
associated register on the rising edge of CLKP. When PREL
is low, the signals OEX, OEM and OEL are enable controls
for their respective three-state output ports.

PRELOAD FUNCTION TABLE

OUTPUT REGISTERS
PREL | OEX | OEM | OEL | XTP | MsP | LsP
) ) 0 Q Q Q
) ) 0 1 Q Q z
0 ) 1 ) Q z Q
) 0 1 1 Q z z
0 1 o 0 z Q Q
0 1 0 1 z Q z
o 1 1 0 z z Q
0 1 1 1 z z z
1 ) 0 ) z z z
1 0 0 1 F3 z PL
1 0 1 0 z PL z
1 0 1 1 z PL PL
1 1 0 0 PL z
1 1 ) 1 PL PL
1 1 1 0 PL PL z
1 1 1 1 PL PL PL

Z = Output Buffers at High Impedance (Disabled).

Q = Output Buffers at LOW Impedance. Contents of Output Register
Available Through Output Ports.

PL = Output disabled. Preload data supplied to the output pins will be
loaded into the register at the rising edge of CLKP.

ACCUMULATOR FUNCTION TABLE

PREL | ACC suB P OPERATION
L L X Q Load
L H L Q Add
L H H Q Subtract
H X X PL Preload

2-6




HMA510

INPUT FORMATS
Fractional Two’s Complement Input

X Y

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0| [15 14131211109 8 7 65 4 3 2 1 0]
220 2-1 2-2 2-3 244 2-5 26 2-7 2-8 2-9 2-102-112-122-132-142-15 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 29 2-102-112-122-132-142-15
(Sign) (Sign)

Integer Two’s Complement Input
X Y
F5141312111098765432l;‘1151413121\1098765432]0
215214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 2215214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
(Sign) (Sign)

Unsigned Fractional Input
X Y
r151413l211109876543210][151413l211098765432lOl
2-1 2-2 2-3 2-4 25 2-6 2-7 2-8 2-9 2-102-112-122-132-142-152-16 -1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-152-16

Unsigned Integer Input
X Y
[15s 14 312111009 87 635 432 10|[15141302110093876 54321 0]
215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

OUTPUT FORMATS
Two’s Complement Fractional Output

XTP MSP LsP

[3¢3332] [313020 28 2726 25 24 23 2221 20 19 18 17 16][15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2242322 21202-12-22-32-42-52-62-72-82-92-10 2-11 2-12 2-13 2-14  2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 3-25 2-26 2-27 2-28 2-29 2-30
(Sign)

Two’s Complement Integer Output
XTP MSP LSP

[3¢ 33 32] [31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16] [15 14 13 12 11 1098 7 6 5 4 3 2 1 0]
2234 233 232 231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
(Sign)

Unsigned Fractional Output
XTP MSP LSP

B43332] (313029 282726252423 22 21 20 19 18 17 16][15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
222120 2-12-22-32-42-5 26 2-7 2-8 29 2-10 2-11 212 2-13 2-14 2-15 216 217 2-18 2-19 2-20 221 3-22 2-23 224 -25 2-26 3-27 2-28 2-29 2-30 2-31 3-32

Unsigned Integer Output
XTP MSP LSP

[34 33 32] [31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16] [15 14 13 12 11 1098 7 6543210
234 233 232 231 230 229 228 227 226 225 724 223 222 721 220 219 218 217 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

MULTIPLIERS




Specifications HMA510

Absolute Maximum Ratings

Supply Voltage ....... et N +8.0V
Input, Output or I/O Voltage Apphed G ND -0.5V to Vg +0.5V

Storage Temperature Range ................. -659C to +150°C
Gate Count ...ouiveiiiiiiiiiiiii i e 4800 Gates
Junction Temperature .......... .. 1500C (PLCC), +175°C (PGA)
Lead Temperature (Soldering, Ten Seconds) ............ +3000C
ESD Classification .........ooviiiiiiiiiiiiiiiiiiin Class 1

Operating Conditions
Operating Voltage Range ......... eeaeeeaas +4.75V to +5.25V
Operating Temperature Range .............. .....09C to +70°C
Reliability Information

0ja - - . 43.20C/W (PLCC), 42.699C/W (PGA)
0j 15.19C/W (PLCC), 10.00C/W (PGA)
Maxnmum Package Power Dissipation at 70°C ...... 1.7W(PLCC)

2.46/W (PGA)

D.C. Electrical Specifications (Vog = 5.0V 5%, Ta = 09C to +70°C)

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Logical One Input Voltage VIH 2.0 - Vog =5.25V
Logical Zero Input Voltage ViL - 0.8 \ Voo =475V
Output HIGH Voltage VOH 2.6 - \ loH =-400pA, Vo = 4.75V
Output LOW Voltage VoL - 0.4 \ loL=+4.0mA, Vg = 4.75V
Input Leakage Current Iy -10 10 pA ViN=Vgg or GND, Ve = 5.25V
Output or I/O Leakage Current Io -10 10 uA Vour = Ve or GND, Ve = 5.25V
Standby Power Supply Current lccss - 500 uA VIN = Vg or GND, Ve = 5.25V, Outputs Open
Operating Power Supply Current Iccop - 7.0 mA f=1.0MHz, V|N =Vcc or GND

Vo =5.25V (Note 1)
Capacitance (Tp = +25°C, Note 2)

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Input Capacitance CIN - 10 pF FREQ = 1MHz, Vg = Open all Measurements
Output Capacitance Cout - 10 oF are Referenced to Device Ground.
1/0 Capacitance Cyo - 15 pF

NOTES:

1. Operating Supply Current is proportional to frequency, typical rating is
5.0mA/MHz.

2. Not tested, but characterized at initial design and at major process/design
changes.

A.C. Electrical Specifications (Vgg = 5.0V £5%, Tp = 0°C to +700C)

HMA510-45 HMA510-55
PARAMETER SYMBOL MIN MAX MIN MAX ] UNITS TEST CONDITIONS

Multiply Accumulate Time TMA - 45 - 55 ns

Qutput Delay Tp - 25 - 30 ns

3-State Enable Time TENA - 25 - 30 ns Note 1

3-State Disable Time Tpis - 25 - 30 ns Note 1

Input Setup Time Ts 18 - 20 - ns

Input Hold Time TH 2 - 2 - ns

Clock High Pulse Width TPWH 15 - 20 - ns

Clock Low Pulse Width TpwL 15 - 20 - ns

Output Rise Time TR - - 8 ns From 0.8V to 2.0V
Output Fall Time TE - - ns From 2.0V to 0.8V

NOTES:

1. Transition is measured at +200mV from steady state voltage with loading
specified in A.C. Test Circuit; V4 = 1.5V, Ry = 5000 and C| = 40pF.

2. For A.C. Test load, refer to A.C. Test Circuit with V4 = 2.4V, Ry = 5000
and C_ = 40pF.

2
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CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed.
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A.C. Test Circuit A.C. Testing Input, Output Waveforms
Vq

Rq VOH

3.0v
1.5v>< X 1.5V
bDuT ov voL

$ Cq*
A.C. Testing: All Parameters tested as per test circuit.
*Includes Stray and Jig Capacitance Input rise and fall times are driven at 1ns/V.

Timing Diagram

SET-UP AND HOLD TIME THREE STATE CONTROL u
DATA 3.0v THREE [7}]
INPUT e T &Y staE =
S CONTROL =
: o
CLOCK 3.0V =
INPUT 1.5V OUTPUT HIGH IMPEDANCE ar]
ov THREE =
STATE s
HMAS510 TIMING DIAGRAM PRELOAD TIMING DIAGRAM
TpwL TepwH | TPwL
T
. PWH_ | THCeL CLKP /
—\
CLKY e/ o ) PREL
Ts ' OEX
XiN, YIN AELd
20 VN AT IITIRIIRIRR 0t — | Y
OEL s| TH
ACC, $UB
TvA OUTPUT
cLkp ) pins XXX IR
Tp

OUTPUT P, Y XXXXXXXXXXXYX)](




& HARRIS  HMA510/883

16 x 16-Bit CMOS Parallel
August 1992 Multiplier Accumulator

Features Description

e This Circuit is Processed in Accordance to Mil-Std- The HMA510/883 is a high speed, low power CMOS
883 and is Fully Conformant Under the Provisions of 16 x 16-bit paraliel multiplier accumulator capable of oper-
Paragraph 1.2.1. ating at 55ns clocked multiply-accumulate cycles. The

. e as . 16-bit X and Y operands may be specified as either two’s

* :\6 x 16-bit l?arallel Multlp.hcatnon with complement or unsigned magnitude format. Additional

ccummulation to a 35-Bit Result inputs are provided for the accumulator functions which

* High-Speed (55ns) Multiply Accumulate Time include: loading the accumulator with the current product,

) adding or subtracting the accumulator contents and the

* Low Power CMOS Operation: current product, and preloading the accumulator registers
> Iccs = 500pA Maximum from the external inputs.

> Iccop = 7.0mA Maximum @ 1.0MHz All inputs and outputs are registered. The registers are all

* HMA510/883 is Compatible with the CY7C510 and positive edge triggered, and are latched on the rising edge

the IDT7210 of the associated clock signal. The 35-bit accumulator
output register is broken into three parts. The 16-bit least
significant product (LSP), the 16-bit most significant prod-
uct (MSP), and the 3-bit extended product (XTP) registers.
e TTL Compatible Inputs/Outputs The XTP and MSP registers have dedicated output ports,
. while the LSP register shares the Y-inputs in a multiplexed

Three-State Outputs fashion. The entire 35-bit accumulator output register may
e Available in 68 Lead Pin Grid Array (PGA) Package be preloaded at any time through the use of the bidirectional

output ports and the preloaded control.

* Supports Two’s Complement or Unsigned Magnitude
Operations

Block Diagram
X0 - 15 RND SUB YO-15P0-15
| recister | | RecisTER | | REGISTER |
CLKY
LT
y
| MULTIPLIER ARRAY 1
35{
PRELOAD — ACCUMULATOR [+
CLKP —] XTP REGISTER | MSP REGISTER | LSP REGISTER | .o
3 )
“16
S P32 -34
OEX P16 - 31
OEM
OEL
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling proceddres should be followed. File Number 2 807.1

Copyright © Harris Corporation 1992
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Specifications HMA510/883

Absolute Maximum Ratings Reliability Information

SUPPIYVORBGE + .t v e vttt e et ee e e e e eaeee s +8.0V  Thermal Resistance Bja ic
Input or Output Voltage Applied ........ GND-0.5V to Vo +0.5V Ceramic PGAPackage ......oovvvivnnnnn 430C/W 100°C/W
Storage Temperature Range ..............0u. -650C to +1509C  Maximum Package Power Dissipation at +125°C

Junction Temperature .............ovnunts e +1750C Ceramic PGAPackage ......ovvvviviniinninnneens 1.17 Watt

Lead Temperature (Soldering 10 sec) 3000C GateCount ...vvueeniniinnniirenininerneannas 4800 Gates
ESD Classification ...ttt Class 1

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating VoltageRange . .......ooovieiit. +4.5V fo +5.5V
Operating Temperature Range ............... -550C to +125°0C

TABLE 1. HMA510/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

LIMITS
GROUPA
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS
Logical One Input VIH Voo =5.5V 1,2,3 -550C < TA<+1250C [ 2.2 - v o
Voltage E
Logical Zero Input VIiL Voo = 4.5V 1,2,3 -550C < TpA < +1250C - 0.8 \' ]
Voltage o
=

Output HIGH Voltage VoH IoH = -400pA 1,2,3 -550C < TA<+1250C | 2.6 - v 5

VeG = 4.5V (Note 1) =
Output LOW Voltage VoL loL = +4.0mA 1,2,3 -550C <TA<+1250C | - 0.4 v

Vee = 4.5V (Note 1)
Input Leakage Current I ViN = Vgg or GND 1,2,3 -550C < Tpo <+1250C | -10 +10 uA

Vce =5.5V
Output or I/O Leakage 1o Vout =Vcg or GND 1,2,3 -550C <TA<+1250C | -10 +10 pA
Current Vec =55V
Standby Power Supply lccse VIN = Vg or GND, 1,2,3 -550C <Tp <+125°C - 500 pA
Current Vg = 5.5V, Outputs

Open
Operating Power lccor f=1.0MHz, 1,2,3 -550C <Tp < +125°C - 7.0 mA
Supply Current VIN=Vcc or GND

Ve = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < Tp < +1259C - -

NOTES:
1. Interchanging of force and sense conditions is permitted. 3. Tested as follows: f = 1MHz, V| (clock inputs) = 3.2V, Vi (all other

2. Operating Supply Current is proportional to frequency, typical rating is inputs) = 2.6V, Vy_ = 0.4V, Vo 2 1.5V, and Vo < 1.5V.

5mA/MHz.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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Specifications HMA510/883

TABLE 2. HMA510/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-55 -65 -75
(NOTE 1) GROUPA
PARAMETER |SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN [MAX | MIN |MAX [ MIN {MAX JUNITS
Multiply T™MA 9,10, 11 -550C < TA<+1250C | - 55 - 65 - 75 ns
Accumulate Time
Input Setup Ts 9,10, 11 -550C < TA < +1250C | 20 - 25 - 25 - ns
Time
Clock HIGH TPWH 9,10, 11 -550C <TaA<+1250C | 20 - 25 - 25 - ns
Pulse Width
Clock LOW TPwL 9,10, 11 -550C < TA<+1250C | 20 - 25 - 25 - ns
Pulse Width
Output Delay Tp 9,10, 11 -550C<TA<+125°C | - 30 - 35 - 35 ns
3-State TENA (Note 2) 9,10, 11 ~550C <TaA<+125°C | -~ 30 - 30 - 35 ns
Enable Time
NOTES:
1. AC Testing as follows: Vg = 4.5V and 5.5V. Inputlevels OVand 3.0V (OV 2 Transition is measured at £200mV from steady state voltage, Output
and 3.2V for clock inputs). Timing reference levels = 1.5V, Output load per loading per test load circuit, with V4 = 1.5V, Ry = 5000 and C|_= 40pF.

test load circuit, with V4 = 2.4V, Ry = 500Q and C|_= 40pF.

TABLE 3. HMA510/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-55 -65 =75
PARAMETER SYMBOL | CONDITIONS | NOTE TEMPERATURE MIN {MAX | MIN [MAX [ MIN |MAX JUNITS
Input Capacitance CIN Ve = Open, 1 TA =+25°C - 10 - 10 - 10 pF
f=1MHz All
Output Capacitance] Coyt | measurements are 1 Ta=+250C - 10 - 10 - 10 pF
referenced to
1/0 Capacitance Cyo |device GND. 1 TA=+25°C - 15 - 15 - 15 pF
Input Hold Time TH 1 -550C <Tao<+125°C | 3 - 3 - 3 - ns
3-State Disable Tpis 1 -550C < TA<+1250C | - 30 - 30 - 30 ns
Time
Output Rise Time TR From 0.8V to 2.0V 1 ~550C < TA<+1250C | - 10 - 10 - 10 ns
Output Fall Time TE From 2.0Vt0 0.8V 1 -550C <TpA<+1250C | - 10 - 10 - 10 ns
NOTE:

1. The parameters listed in Table 3 are controlled via design or process pa-
rameters and are not directly tested. These parameters are characterized
upon initial design and after major process and/or design changes.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test . 100% 2,3,8A,8B,10,11
Group A - 1,2,3,7,8A,8B,9,10, 11
Groups C&D Samples/5005 1,7,9

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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HMA510/883

Burn-In Circuit

1 N/G | X15 | RND | ACC | CLKY | TC | PREL | cikp | P33
10 | x13 | x14 | OEL | suB | CLKX | Vgg | OEX | OEM | P3a | paz | wc
s | x11 | x12 pao | Pat
8| xs X10 P28 | P29
7| xz X8 P28 | P27
68 LEAD
6 Xs X6 PIN GRID ARRAY P24 P25
TOP VIEW
s| xa X4 P22 | P23
4l x1 x2 P20 | P21
3| vor xo P18 | P19
PO
lwe | WU W W W W e |
1 W W e | Wy | V| e
A 8 c [ E F [ H J K L
PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN
PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL
B6 X6 F1 F1 Y9/P9 F2 K7 P26 Vee/2 Et1 ACC F1
A6 X5 F2 G2 Y10/P10 |F3 L7 P27 Vego/2 D10 |SuB F2
BS X4 F3 G1 Y11/P11 |F5 K8 P28 Voo/2 D11 |RND F3
A5 X3 F4 H2 Y12/P12 |F4 L8 P29 Vgeo/2 C10 | OEL \ole}
B4 X2 F5 H1 Y13/P13 |F4 K9 P30 Vgoe/2 Ct1 | X15 F8
Ad X1 Fé J2 Y14/P14 | F8 L9 P31 Veoe/2 B10 |X14 F9
B3 X0 F7 J1 Y15/P15 |F9 K10 |P32 Veoo/2 A10 | X13 F10
A3 YO/PO F8 K2 P16 Vee/2 K11 P33 Veoeo/2 B9 X12 F11
B2 Y1/P1 F9 L2 P17 Vee/2 J10 P34 Vgco/2 A9 X11 F12
B1 Y2/P2 F10 K3 P18 Vgeg/2 J11 CLKP FO B8 X10 F13
c2 Y3/P3 F11 L3 P19 vVee/2 H10 | OEM GND A8 X9 F14
c1 Y4/P4 F12 K4 P20 Voo/2 H11 | PREL F6 B7 X8 F15
D2 Y5/P5 F13 L4 P21 Vgeo/2 G10 | OEX GND A7 X7 F7
D1 Y6/P6 F14 K5 P22 vVee/2 G11 | TC F5 A2 N.C. N.C.
E2 Y7/P7 F15 L5 P23 Vego/2 F10 |Vee Vee K1 N.C. N.C.
E1 GND GND K6 P24 Vee/2 F11 CLKY FO L10  |N.C. N.C.
F2 Y8/P8 F1 L6 P25 Vee/2 E10 |CLKX Fo B11 N.C. N.C.
NOTES:

1. Vgg = 5.5V +0.5V/-0.0V with 0.1pF decoupling capacitor to GND
2. FO = 100kHz, F1 = F0/2, F2 = F1/2, ....
3. V4 = Vgg ~ 1V £ 0.5V (Min), Vi = 0.8V (Max)

4. 47k load resistors used on all pins except Vgg and GND (Pin-Grid
identifiers F10, G10, G11 and H11)

MULTIPLIERS




HMA510/883

Die Characteristics
DIE DIMENSIONS:
184 x 176 x 19 £ 1 mils
METALLIZATION:
Type: Si-Al or Si-Al-Cu
Thickness: 8
GLASSIVATION:

Type: Nitrox
Thickness: 10kA

Metallization Mask Layout

g &

- =) o -
> > x x
- o (%] b d
© © © ©

DIE ATTACH:
Material: Si-Au Eutectic Alloy or Silver-Glass

WORST CASE CURRENT DENSITY: 0.9 x 105A/cm2

HMA510/883
0 = o« o ¢
© 2T W 8 N 8 O r * v = »
x x x X x x x x x x x x
© N o
©o ©o o - o~ © -« w ©o ~ «© o

W AR
t\“\“] [

- N

Y2/P2 60 AN

Y3/P3 59
Y4/P4 58
Y5/P5 57.
Y6/F& 56

Y7/P7T 55

GND 54

GND 53

Y8/P8 52

Yo/Pe 51
Y10/P10 50
Y11/P11 49
Y12/P12 48
Y13/P13 47
Y14/P14 a6
Y15/P15 45

P16 44
\—\\\\\\\\\
7

\vi

i
SN

i

P17 43
P18 42
P19 41

P23 37
P24 36
P25 35
P27 33
P29 31
P30 30
P32 27
P33 26

14

15

L 16

17

18

19

20

21

22

23

24

25

sus
ACC
CLKX

CLKY

Vce

Vce

TC
OEX
PREL
OEM

CLKP

P34
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& HARRIS HMU16/HMU17

August 1992 Parallel Multipliers

Features

* 16 x 16-Bit Parallel Multiplier with Full 32-Bit
Product

* High-Speed (35ns) Clocked Multiply Time

e Low Power Operation:
» IccsB = 500pA Maximum
> IcCOP = 7.0mA Maximum @ 1MHz

® Supports Two’s Complement, Unsigned Magnitude
and Mixed Mode Multiplication

¢ HMU16 is Compatible with the AM29516, LMU16,
IDT7216 and the CY7C516

* HMU17 is Compatible with the AM29517, LMU17,
IDT7217 and the CY7C517

¢ TTL Compatible Inputs/Qutputs
* Three-State Outputs

® Available in a Ceramic 68 Pin Grid Array (PGA) and
68 Pin Plastic Leaded Chip Carrier (PLCC)

Applications

® Fast Fourier Transform Analysis
® Digital Filtering

® Graphic Display Systems

* Image Processing

¢ Radar and Sonar

* Speech Synthesis and Recognition

Description

The HMU16/HMU17 are high speed, low power CMOS
16 x 16-bit multipliers ideal for fast, real time digital signal
processing applications.

The X and Y operands along with their mode controls (TCX
and TCY) have 17-bit input registers. The mode controls
independently specify the operands as either two's
complement or unsigned magnitude format, thereby
allowing mixed mode multiplication operations.

Two 16-bit output registers are provided to hold the most
and least significant halves of the result (MSP and LSP). For
asynchronous output these registers may be made
transparent through the use of the feedthrough control (FT).

Additional inputs are provided for format adjustment and
rounding. The format adjust control (FA) allows the user to
select either a left shifted 31-bit product or a full 32-bit
product, whereas the round control (RND) provides the
capability of rounding the most significant portion of the
result.

The HMU16 has independent clocks (CLKX, CLKY, CLKL,
CLKM) associated with each of these registers to maximize
throughput and simplify bus interfacing. The HMU17 has
only a single clo@put (CLK), but makes use of three
register enables (ENX, ENY and ENP). The ENX and ENY
inputs control the X and Y input registers, while ENP
controls both the MSP and LSP output registers. This
configuration facilitates the use of the HMU17 for
microprogrammed systems.

The two halves of the product may be routed to a single
16-bit three-state output port via a multiplexer, and in
addition, the LSP is connected to the Y-input port through a
separate three-state buffer.

All outputs of the HMU16/HMU 17 multipliers also offer three-
state control for multiplexing results onto multi-use busses.

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.

Copyright © Harris Corporation 1992

File Number
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HMU16/7HMU17

Package Pinouts

11

CERAMIC 68 PIN GRID ARRAY (PGA)

TOP VIEW
N/G'| X13 | X15 | BND | TGY | Vg | GND | FT | OEP
X11 x12 S| rex | v, GND T il EEYE
x| = cc MSPSEL| )
P30/ P31/
Xo | x1o P14 | P15
P28/ P29/
X7 X8 P12 P13
P26/ P27/
X5 X6 P10 P11
68 LEAD
X3 X4 PIN GRID ARRAY "PZ:/ PP295,
TOP VIEW
x| xe P22 | pasy
“OEL X0 P20/ | P21/
CLKY | cLkL P18/ | P19/
(Eny) | (CLK) P2 P3
Yo/ Y2/ Y4/ Y6/ Y8/ Y10/ Y12/ Y14/ P16/ P17/
N/C PO P2 P4 P6 P8 P10 | P12 P4 Po P1
yiu | var | ovsr | over | over vy | i | ovas |
P1 P3 P5 P7 P9 P11 P13 P15
A B C D E F G H J K L
68 PIN PLASTIC LEADED CHIP CARRIER (PLCC)
TOP VIEW
3 5
™ :
g N N - I
w nzz Zz - =
gdiolﬁtzwc;)gegmdxxx
OONOOOO000O0000arm
8 8 7 8 5§ 4 3 2 1 88 B7 66 65 64 83 62 61 \
[ J
P15, P31[] 10 e[ ] NC
P14, P30[| 1 so [ ] x12
P13, P29 12 sa [ ] x11
P12, P28[ 12 s7{ ] x10
P11, P27[] 1a sal ] xo
P10, P26[ | 15 ss[ ] xs
P9, P25[ | 15 sal | x7
P8, P2a[ | 17 sal ] xe
HMU16
P7, P23 18 (HMU1D) 52 j X5
Pe, P22[ |19 st ]xa
Ps, P21[] 20 so[ ] xs
pPa, P20[_| 21 4[] x2
P3, P19[] 22 w[Jx1
P2, p1s[| 22 [ ]xo
p1, P17[ 24 4[] OEL
po, p16[] 25 s [ ] CLKL (CLK)
nNc[] 2o 4[] cLKY (ENY)

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

L_ILJLJLJLJI_IL.II_IEJLJUULJUUULI
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eodze
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HMU16/HMU17

Functional Block Diagram
HMU16

X0 -15 TCX RND TCY YO -15/0 -15

REGISTER REGISTER REGISTER

-

GLKY

OEL

MULTIPLIER ARRAY

T

FA————————  FORMAT ADJUST

FT e  MSP LSP
REGISTER | REGISTER

CLUKM —on— | |
CLKL

MSPSEL ————————{  MULTIPLEXER |

OEP

P16 -31/P0 - 15

HMU17

X0 -15 TCX RND TCY YO - 15/P0 - 15
| I R

IREGISTEHJ l REGISTER I l REGISTERI

CLK
ENX r_@_
ENY

l MULTIPLIER ARRAY

FA FORMAT ADJUST

_—ﬁ

FT MSP LSP
REGISTER | REGISTER

19 |
ENP | T

MSPSEL MULTIPLEXER

OEP

P16 - 31/P0 - 15
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HMU16/HMU17

Pin Description

PLCC
SYMBOL PIN NUMBER TYPE DESCRIPTION
Vee 1,68 Ve The +5V power supply pins. A 0.1uF capacitor between the Vi and GND pin
is recommended. :
GND 2,3 GND. The device ground.
X0-X15 47-59,61-63 1 X-Input Data. These 16 data inputs provide the multiplicand which may be in two's
complement or unsigned magnitude format.
YO-Y15/ ' 27-42 1/0 Y-Input/LSP Output Data. This 16-Bit port is used to provide the multiplier which
PO-P15 may be in two’s complement or unsigned magnitude format. It may also be used for
output of the Least Significant Product (LSP).
P16-P31/ 10-25 o Qutput Data. This 16-Bit port may provide either the MSP (P16-31) or the
PO-P15 LSP (PO-15).

TCY, TCX 66, 67 1 Two's Complement Control. Input data is interpreted as two’s complement when this
control is HIGH. A LOW indicates the data is to be interpreted as unsigned
magnitude format.

FT 5 1 Feedthrough Control. When this control is HIGH, both the MSP and LSP registers are
transparent. When LOW, the registers are latched by their associated clock signals.
FA [} I Format Adjust Control. A full 32-bit product is selected when this control line
is HIGH. A LOW on this control line selects a left shifted 31-bit product with the sign
bit replicated in the LSP. This control is normally HIGH except for certain two’s
complement integer and fractional applications.
RND 65 I Round Control. When this control is HIGH, a one is added to the Most Significant Bit
(MSB) of the LSP. This position is dependent on the FA control; FA = HIGH indicates
RND adds to the 2-15 bit (P15), and FA = LOW indicates RND adds to the 2-16
bit (P14).
MSPSEL 4 | Output Multiplexer Control. When this control is LOW, the MSP is available for output
at the dedicated output port, and the LSP is available at the Y-input/LSP output
port. When MSPSEL is HIGH, the LSP is available at both ports and the MSP is not
available for output.
OEL 46 | Y-In/P0O-15 Output Port Three-state Control. When OEL is HIGH, the output drivers
are in the high impedance state. This state is required for Y-data input. When OEL
is LOW, the port is enabled for LSP output.
EP 7 | P16-31/P0-15 Output Port Three-state Control. A LOW on this control line enables

the output port. When OEP is HIGH, the output drivers are in the high impedance
state.

The following Pin Descriptions apply to the HMU16 only.

CLKX 64 | X-Register Clock. The rising edge of this clock loads the X-data input register along
with the TCX and RND registers.

CLKY 44 1 Y-Register Clock. The rising edge of this clock loads the Y-data input register along
with the TCY and RND registers. )

CLKM 8 | MSP Register Clock. The rising edge of CLKM loads the most significant product
(MSP) register.

CLKL 45 | LSP Register Clock. The rising edge of CLKL loads the least significant product

(LSP) register.

The following Pin Descriptions apply to the HMU17 only.

CLK 45 | Clock. The rising edge of this clock will load all enabled registers.

ENX 64 | X-Register Enable. When ENX is LOW, the X-register is enabled; X-input data and
TCX will be latched at the rising edge of CLK. When ENX is high, the X-register
is in a hold mode.

ENY 44 | Y-Register Enable. ENY enables the Y-register. (See ENX).

ENP 8 | Product Register Enable. ENP enables the product register. Both the MSP and LSP

sections are enabled by ENP. (See ENX).
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HMU16/HMU17

Functional Description

The HMU16/HMU17 are high speed 16 X 16-bit multipliers
designed to perform very fast multiplication of two 16-bit
binary numbers. The two 16-bit operands (X and Y) may be
independently specified as either two’s complement or
unsigned magnitude format by the two’s complement
controls (TCX and TCY). When either of these control lines
is LOW, the respective operand is treated as an unsigned
16-bit value; and when it is HIGH, the operand is treated as
a signed value represented in two’s complement format.
The operands along with their respective controls are
latched at the rising edge of the associated clock signal.
The HMU16 accomplishes this through the use of indepen-
dent clock inputs for each of the input registers (CLKX and
CLKY), while the HMU17 utilizes a single clock signal (CLK)
along with the X and Y register enable inputs (ENX and EIT\‘(-)

Input controls are also provided for rounding and format
adjustment of the 32-bit product. The Round input (RND) is
provided to accomodate rounding of the most significant
portion of the product by adding one to the Most Significant
Bit (MSB) of the LSP register. The position of the MSB is
dependent on the state of the Format Adjust Control (See
Pin Descriptions and Multiplier Input/Qutput Format
Tables). The Round input is latched into the RND register
whenever either of the input registers is clocked. The
Format Adjust control (FA) allows the product output to be
formatted. When the FA control is HIGH, a full 32-bit
product is output; and when FA is LOW, a left-shifted
31-bit product is output with_the sign bit replicated in bit
position 15 of the LSP. The FA control must be HIGH for
unsigned magnitude, and mixed mode multiplication

operations. It may be LOW for certain two’s complement
integer and fractional operations only (See Multiplier Input/
Output Formats Table).

The HMU16/HMU17 multipliers are equipped with two
16-bit output registers (MSP and LSP) which are provided
to hold the most and least significant portions of the
resultant product respectively. The HMU16 uses indepen-
dent clocks (CLKM and CLKL) for fatching the two output
registers, while the HMU17 uses a single clock input (CLK)
along with the Product Latch Enable (ENP). The MSP and
LSP registers may also be made transparent for asynchro-
nous output through the use of the Feedthrough control (FT).

There are two output configurations which may be selected
when using the HMU16/HMU17 multipliers. The first
configuration allows the simultaneous access of the most
and least significant halves of the product. When the
MSPSEL input is LOW, the Most Significant Product will be
available at the dedicated output port (P16-31/P0-15). The
Least Significant Product is simultaneously available at the
bi-directional port shared with the Y~inputs _(Y_0—1 5/P0-15)
through the use of the LSP output enable (OEL). The other
output configuration involves multiplexing the MSP and
LSP registers onto the dedicated output port through the
use of the MSPSEL control. When the MSPSEL control is
LOW, the Most Significant Product will be available at the
dedicated output port; and when MSPSEL is HIGH, the
Least Significant Product will be available at this port. This
configuration allows access of the entire 32-bit product by
a 16-bit wide system bus.
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HMU16/HMU17

Multiplier Input/Output Formats Table
FRACTIONAL TWO'S COMPLEMENT NOTATION

BINARY POINT

* In this format an overflow occurs in the attempted multiplication of the two's complement number 1,000...0
with 1,000 . ... 0 yielding an erroneous product of -1 in the fraction case and -230 in the integer case.

FRACTIONAL UNSIGNED MAGNITUDE NOTATION

BINARY POINT

2729 piaiT vaLuE
Wse Tsh MANDATORY

FRACTIONAL MIXED MODE NOTATION

BINARY POINT

SIGNAL
X1s] X1a] X1af X1a] X11f Xsof Xo | Xo | X7 | Xa{ X5 { Xa{ X3 | X3{ Xy | X0 | (TWO'S COMPLEMENT)
20| 271 22 23] 24| 28| 28| 27| 2% 2| 2-f2 "2 ]2 2 “]2-'S| DIGIT VALUE

mSB ) LSP . MANDATORY
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HMU16/7HMU17

Multiplier Input/Output Formats Table (Continued)
INTEGER TWO’S COMPLEMENT NOTATION

BINARY POINT

Xos| X1a] X13{ X12| X1 X10] Xo | Xa | X7]| Xe Xs | Xa | Xa | Xa] Xy [ Xo
215 2" 2‘] 2‘2 2" 2'0 2. 1. 27 2' 25 2‘ z’ 22 2‘

SIGNAL
DIGIT VALUE

X |Yas  Yya Y1a| Yoo Yo | Yool Yo | Yal Yo | Yef Ys| Ya| YafYa| ¥y | VYo |SIGNAL
215) 21121912121 21] 2% 2°| 2% | 27| 28] 2%] 24| 2° | 22| 2' | 2° | DIGIT VALUE

o = |P21{P30]Pa0| P2e| Par[P2s| Pos| Pau| P23 | Paz [Par| Pro | Pis | Pia| Pur | Pis| Pus| P1a| Praf Pra|Pus[Pro| Pa| Pa| Pr] Pa| Ps| Paf Pa| Pa| Py Py | SIGNAL
23] 28] g28] 527 | 28 pas| pae | gaa [ 2| a1 [ 20| w1 [ | 28| pe ] mo] 298| 299|222 [ 2 [ 29| 20 [ 27| 28| 2°| 2* | 2°] 22| 2' | 2° | DIGIT vALUE
MSP LSP
_ [P21]P30] Pas] P2e| Pay| Pas| Pas) Paa| P2 P2z | Pas) Pao | Pyo | Pus| Pur | Pug) Pus| Pra| Praf Pua| Pra| Pro| Pof Pa | Pr| Pa| Ps| Pa] Py] Py Py| P | SIGNAL
" 2] 230] 229] g28] 27| p26] g2s| p2a] ga3] p2z [ p2r| a0 g0 | e[ 27 0| 15| 2raf 21 212 2] 2o 29 ] 28] 27 28] 25| 2¢ 221 22| 2'[ 2° | ;1T vALUE
MsP I LsP

*In this format an overflow occurs in the attempted multiplication of the two’s complement number 1,000 ... 0O

with 1,000 . .. O yielding an erroneous product of =1 in the fraction case and -230 in the integer case.

INTEGER UNSIGNED MAGNITUDE NOTATION

BINAR‘V' POINT

Xis | Xvaf X1a{Xs2 X 15| X10] Xo Xol X3 ] %0 %, [ %o
215204 219 [22]211] 20| 29 | 28| 27 | 28] 25| 2¢| 2° | 22| 2' | 2°

SIGNAL
DIGIT VALUE

X Y51 Via) o3| Yea|Yor) Yoo Yo [ Ya | Y7 | Ve[ Ys|Ya] V3| Y2| Ys] Yo
2521|2192 | 2" 20] 29 28 | 27 | 25| 2° | 2| 2° | 22| 2' | 2°

SIGNAL
DIGIT VALUE

SIGNAL

DIGIT VALUE

= 1P31/P30[ P29 [Pas | P27 P2 Pas| Paa| P3| P2z [ P21 | Pao | Prg | Pig "wlpqs "ul"u"’u["azlpul"wl”’l "-Frr”sﬁ’sm ":Ipalpvl’n
23] 230 p29 ] p28 [ p27 p26 [ 25| 24| j23f 22| p21] y20  p19 | e 217I2m 2""“"“]3212“]2“'2'[ 2.‘ 27| 24[ 25 I 2:] 23 I 211 2! Lzo

MSP LsSP

INTEGER MIXED MODE NOTATION

MANDATORY

BINAR‘V’ POINT

X15| X1a] X33} X12) X11| X10] Xg | Xg Xe| Xs| Xq| X3] Xaf Xy ] Xo
215 2% 213|212 21| 20| 29| 28 | 27 | 25| 25| 2¢| 2° | 22| 2| 2°

X [ Yas| Y| Yaa| Yoo} Yor [ Yoo Yo | Yo [ Yo | Yo | Ys| Ya[Ys] Y2 | ¥s| Yo

252 29] 22 27|20 2° | 28 | 27 | 25| 25| 2¢ | 28 | 22 | 2' | 2°

- P31|P30{ P29 |P2s|Par| Pas | Pas| P2e| Pas| P22 "nlpzulpulpmbnlfw qulpulpulpuipulPw"’o[ P:l "7| Ps[ Q P-I Palpz[ P!l Py
o3[ 230 228] 27] 28| g2 g24[ p23] g2z 22"220[2"12{'}'&‘6 2|5I2u’2u[2vz[2nlzml29, 20 I 17! 15J zﬂ 2‘! 23] 22] 21] 20

msp LsP

SIGNAL
(TWO'S COMPLEMENT)

DIGIT VALUE

SIGNAL
(UNSIGNED MAGNITUDE)

DIGIT VALUE

SIGNAL
DIGIT VALUE
MANDATORY
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Specifications HMU16/HMU17

Absolute Maximum Ratings

T8 o7 o] VA o) 7 Ve IS Ceeeaes Ceeeeaieneaes .... +8.0 Volts
Input, Output or I/O Voltage Applied .........ceviiiiiieriennnnnns e teeeeesecereaeainearaaaane .... GND-0.5VtoVgc+0.5V
Storage TemperatureRange ...........c.coivuens i ii e et ~-650C to +1500C
GateCount ........... . e eseie it .... 4500 Gates
Bjg cevenenns e, N i eaeeieareieeieieaaaaa 43. 2°C/W(PLCC), 42.699C/W (PGA)
Bjc ... ettt i e i N teveseeaes. 18.19C/W (PLCC), 10.09C/W (PGA)
Maximum Package Power Dissipation at 70°C . virevsene.. 1.7W(PLCC), 2.46 (PGA)
JUNCHON TOMPO AU « o ottt it ettt ieeeeernseeenenseeeeesesneesoneensesesessesssensnnnns +1500C (PLCC), +1750C (PGA)
Lead Temperature (Soldering, Ten Seconds) ........oevvevinrenenns PN eerieiieaas Ceereeeeseiaaeas . +3000C
CAUTION: Stresses above those listed in the “Absolute Maximum Ratmgs” may cause permanent damage to the device. This is a stress only rating,
and operation at these or any other conditions above those indi d in the op ns 1) of this specification is not implied.
Operating Conditions
Operating Voltage Range . . covvtiiieriitinntienennrsnesenssssscsassansnnnns PN ereaeriieiieenes +4.75V to +5.25V
Operating Temperature RaNGe ... .v v ittt it ieteattntsenesarseeaseasassssssssssessssensssansanssssannnns 09C to +70°C
D.C. Electrical Specifications (Vg = 5.0V + 5%, Tp = 0°C to +70°C)
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
VIH Logical One input Voltage 2.0 - v Ve =5.25V
ViL Logical Zero Input Voltage - 0.8 v Veg =4.75V
VoH Output High Voltage 2.6 - v IoH =-400pA,VgC = 4.75V
VoL Output Low Voltage - 04 \ loL= +4.0mA,Vcc = 4.75V
] Input Leakage Current -10 10 uA Vy=VgcgorGND,Vce = 5.25V
lo Output or I/O Leakage Current -10 10 pA Vo =Vgg or GND, Voo = 5.25V
lccsB Standby Power Supply Current - 500 pA Vi=VggorGND, Vg =525V
Qutputs Open
lccop Operating Power Supply Current - 7.0 mA Vi=VggorGND, Ve = 5.25V
f=1MHz (Note 1)
Capacitance (Ta = +250C, Note 2)
SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS
CIN Input Capacitance 15 pF Frequency = 1MHz.
All measurements referenced
Cout Output Capacitance 10 pF to device Ground.
Cyo 1/O Capacitance 10 pF
NOTES:

1. Operating Supply Current is proportional to frequency, Typical rating is
5mA/MHz.

2. Not tested, but characterized at initial design and at major process/
design changes.
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Specifications HMU16/HMU17

A.C. Electrical Specifications (Vgg = 5.0V + 5%, Tp = 0°C to +70°C, Note 3)

HMU16/HMU17-35 HMU16/HMU17-45 TEST
SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS
TMUC Unclocked Multiply Time - 55 - 70 ns
T™MC Clocked Multiply Time - 35 - 45 ns
Ts X,Y,RND Setup Time 15 - 18 - ns
TH X,Y,RND Hold Time 2 - 2 - ns
TPWH Clock Pulse Width High 10 - 15 - ns
TpwL Clock Pulse Width Low 10 - 15 - ns
TppSEL | MSPSEL to Product Out - 22 - 25 ns
Tppp Output Clock to P - 22 - 25 ns
TpDY Output Clock to Y - 22 - 25 ns
TENA 3-State Enable Time - 22 - 25 ns Note 1
Tpis 3-State Disable Time - 22 - 25 ns
TSE Clock Enable Setup Time 15 - 15 - ns
(HMU17 only)
THE Clock Enable Hold Time 2 - 2 - ns
{HMU17 only)
THCL Clock Low Hold Time CLKXY 0o - (o} - ns Note 2
Relative to CLKML
(HMU16 only)
TR Output Rise Time - 8 - 8 ns From 0.8V to 2.0V
TF Output Fall Time - 8 - 8 ns From 2.0V to 0.8V
NOTES:

1. Transition is measured at 200mV from steady state voltage with loading 3. Refer to A.C. Test Circuit, with V4 = 2.4V, Ry = 50002 and C4 = 40pF
specified in A.C. Test Circuit, V1 = 1.5V, Ry = 500} and Cq = 40pF

2. To ensure the correct product is entered in the output registers, new data
may not be entered into the input registers before the output registers
have been clocked.
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HMU16/HMU17

A.C. Test Circuit

DUT

V4

$C1'

* Includes Stray and Jig Capacitance

A.C. Testing Input, Output Waveforms

1 .5v><
ov.

VoH

<o
Vo

L

A.C.Testing: All parameters tested as per test circuit. Input rise and fall times
are driven at 1ns/V.

Timing Diagram
SET-UP AND HOLD TIME

DATA 3.0V
INPUT S vl
s, TH
CLOCK 3.0V
INPUT 1,5V

ov
HMU16 TIMING DIAGRAM
TPWH THeL
- I<———
CLKX ] . ] |
n:::uKI TS ol fe——> TPWL
Xi Yi ;l( X X X
RND Tve
CLKM [
CL . le— TPpY
OUTPUT Y X XXX XXX
f=-TPDSEL™>
MSPSEL N
= TPDP >
OUTPUT P X X
TMuc

THREE STATE CONTROL
THREE
STATE
CONTROL
OUTPUT HIGH IMPEDANCE
THREE
STATE
HMU17 TIMING DIAGRAM
TPWH
CLK | [ |
T
— I L PWL
ENX Tse | THE 7
ENY
Ts TH
INPUT p—
M
TSE‘<——-———><——>| THE
ENP | |
Tme Tepy
OUTPUT Y XXX X X >‘C -
TPDSEL |<——>]
MSPSEL A
TrDP
OQUTPUT P XX K
T™Muc
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HMU16/883

16 x 16-Bit CMOS Parallel Multiplier

Features

® This Circuit is Processed in Accordance to Mil-Std-
883 and is Fully Conformant Under the Provisions
of Paragraph 1.2.1.

* 16 x 16-Bit Parallel Multiplier with Full 32-Bit
Product

® High-Speed (45ns) Clocked Multiply Time
e Low Power CMOS Operation:

> lccsB = 500pA Maximum

» IccoP = 7.0mA Maximum @ 1MHz

* HMU16 is compatible with the AM29516, LMU186,
IDT7216, and the CY7C516

® Supports Two’s Complement, Unsigned Magnitude
and Mixed Mode Multiplication

e TTL Compatible Inputs/Outputs
® Three-State Outputs
e Available in a 68 Lead Pin Grid Array Package

Description

The HMU16 is a high speed, low power CMOS 16 x 16-bit
parallel multiplier ideal for fast, real time digital signal
processing applications. The 16-bit X and Y operands may
be independently specified as either two’s complement or
unsigned magnitude format, thereby allowing mixed mode
multiplication operations.

Additional inputs are provided to accommodate format
adjustment and rounding of the 32-bit product. The Format
Adjust control allows the user to select a 31-bit product
with the sign bit replicated in the LSP. The Round control
provides for rounding the most significant portion of the
result by adding one to the most significant bit of the LSP.

Two 16-bit output registers (MSP and LSP) are provided to
hold the most and least significant portions of the result,
respectively. These registers may be made transparent for
asynchronous operation through the use of the feedthrough
control (FT). The two halves of the product may be routed to
a single 16-bit three-state output port via the output
multiplexer control, and in addition, the LSP is connected to
the Y-input port through a separate three-state buffer.

The HMU16 utilizes independent clock signals (CLKX,
CLKY, CLKL, CLKM) to latch the input operands and output
product registers. This configuration maximizes throughput
and simplifies bus interfacing. All outputs of the HMU16
also offer three-state control for multiplexing onto multi-use
system busses.

Functional Diagram X0 - 15 TCX RJND TCY YO -15/0 - 15
REGISTER REGISTER REGISTER

BELﬁ

cu<x—l®_
CLKY

MULTIPLIER ARRAY I

FA FORMAT ADJUST
FT | MsP LsP
|ReGISTER | REGISTER
CLKM oo | |
CLKL
MSPSEL —————— | MULTIPLEXER |
OEP

P16 -31P0 - 15

Copyright © Harris Corporation 1992

File Number
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Specifications HMU16/883

Absolute Maximum Ratings

SupplyVoltage . ..vviiii ittt it s +8.0V
Input or Output Voltage Applied ........ GND-0.5V to Vcc+0.5V
Storage TemperatureRange ................. -659C to +1500C
Junction Temperature ..........cooiiuiiiiiiineenians +1750C
Lead Temperature (Soldering 10 sec) ... 3000C
ESD Classification ......ovviiiiiiiiiiiiiiiiiiiniiana.. Class 1

Reliability Information

Thermal Resistance ja 9ic
Ceramic PGAPackage ............. 42.699C/W  10.09C/W

Maximum Package Power Dissipation at +1250C
CeramicPGAPackage . ........cvviiiinennnnnnnnnns 1.17 Watt

GateCount ....coviiiiiiiiiiiii i ... 4500 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voltage Range
Operating Temperature Range

+4.5Vto +5.5V
-550C to +125°C

TABLE 1. HMU16/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

LIMIT
GROUP A S
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE MIN | MAX | UNITS
Logical One Input ViH Vee =5.5V 1,2,3 -550C < TA<+1250C | 2.2 - \
Voltage
Logical Zero Input ViL Vee =4.5V 1,2,3 -550C < TA < +125°C - 0.8 \Y%
Voltage
Output HIGH Voltage Vou 10H = -~400yA 1,2,3 -550C <TA< +1259C | 2.6 - v
Vcg = 4.5V (Note 1)
Output LOW Voltage VoL loL = +4.0mA 1,2,8 -550C < TpA <+125°C - 04 \
Ve = 4.5V (Note 1)
Input Leakage Current I VIN= Vg or GND 1,2,3 -550C < TA<+1259C | -10 +10 bA
. Voo =5.5V
Output or I/O Leakage Io VouT = Ve or GND 1,2,3 -550C <TA<+1250C | -10 +10 pA
Current Vog = 5.5V
Standby Power Supply IlccsB VIN= Vg or GND, 1,2,3 -550C < TA < +125°C - 500 pA
Current Ve = 5.5V, Outputs
Open
Operating Power lccop f=1.0MHz, 1,2,3 -550C < Tp < +1250C - 7.0 mA
Supply Current VIN=Vgg or GND
Voo = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C <Tp <+1250C - -

NOTES:
1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
5mA/MHz.

3. Tested as follows: f = 1MHz, V| (Clock Inputs) = 3.0, Vi (All other
inputs) = 2.6, Vj_ = 0.4, Vo > 1.5V, and Vg < 1.5V.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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Specifications HMU16/883

TABLE 2. HMU16/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-45 -60
(NOTE 1) GROUPA
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Unclocked Multiply TMUC 9,10, 11 -550C <Tpo<+125°C | - 70 - 90 ns
Time
Clocked Multiply Time |  Tmc 9,10, 11 -550C < Tp <+1250C - 45 - 60 ns
X,Y,RND Setup Time Ts 9,10, 11 -550C <Tp <+1250C| 18 - 20 - ns
Clock HIGH Pulse TPWH 9,10, 11 -550C < TpA <+1259C | 15 - 20 - ns
Width
Clock LOW Pulse TpwL 9,10, 11 -550C <TA<+1250C | 15 - 20 - ns
Width
MSPSEL to Product TPDSEL 9,10, 11 -550C < Tp € +1250C - 25 - 30 ns
Out
Output Clock to P TeDP 9,10, 11 -550C £ Ta <+125°C - 25 - 30 ns
Output Clockto Y TpDY 9,10,11 ~-550C < Tp <+1259C - 25 - 30 ns
3-State Enable Time TENA (Note 2) 9,10, 11 ~-550C < Tp <+1250C - 25 - 30 ns
Clock Low Hold Time | THeL (Note 3) 9,10,11 -550C <TA<+125°C| O - 0 - ns
CLKXY Relative to
CLKML
NOTES:
1. AC Testing as follows: Vo = 4.5V and 5.5V. Input levels OV and 3.0V, 3. To ensure the correct product is entered In the output registers, new data
Timing reference levels = 1.5V, Output load per test load circuit, with V4 = may not be entered into the input registers before the output registers
2.4V, R1 = 50002 and Cy_ = 40pF. have been clocked.

2. Transition is measured at £ 200 mV from steady state voltage, Output
loading per test load circuit, with V4 = 1.5V, Ry = 500Q and C_= 40pF.
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Specifications HMU16/883

TABLE 3. HMU16/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-45 -60
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance CiN Vce = Open, f= 1MHz 1 TA =+250C - 15 - 15 pF
- All Meast t
Output Capacitance Cout | are referenced to’ 1 Ta =+25°C - 10 - 10 pF
device GND.
/O Capacitance Cij0 1 Ta =+250C - 10 - 10 pF
X,Y, RND Hold Time TH 1,2 |-559C < TA <+1250°C 3 - 3 - ns
3-State Disable Time | Tpig 1,2,3 |-550C <TAZ+1250C| - 25 - 30 ns
Output Rise Time TR From 0.8V to 2.0V 1,2,4 -550C < Tp <+1250C - 10 - 10 ns
Output Fall Time TE From 2.0V to 0.8V 1,2,4 |-550C <Tp <+1250C - 10 - 10 ns
NOTES: 1. The parameters listed in table 3 are controlled via design or : 3. Transition is measured at £200mV from steady state voltage,
p p ters and are not d ly tested. These parame- Output loading per test load circuit, with V4 = 1.5V, Ry = 500Q
ters are characterized upon initial design and after major and Cy_ = 40pF.

process and/or design changes. 4. Loading is as specified in the test load circuit, with V4 = 2.4V,

2. Guaranteed, but not 1009% tested. R4 = 5008 and C| = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test : 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test : 100% 2,3,8A,8B,10,11
Group A - 1,2,3,7,8A,8B,9,10, 11
Groups C&D Samples/5005 1,7,9

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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HMU16/883

Burn-In Circuit
1 N/C | X138 | X15 | RND | TGY | Vg | anD FT OEP
0] x1 X12 | X14 | CLKX | TCX | Voo | GND |MSPSEL| Fa | CLkM | N/C

of x| xo o | s

af x| xe ST

e | e |

68 LEAD
6| xa X4 PIN GRID ARRAY szgl PF%S/
TOP VIEW

5 X1 X2 PP2621 Pg:;l/

al Ol | xo P20/ | P21/

3| cwkr | ek Fosl | Rast

dwe | W | w | w vy | | w

' Yir | oyar | oyse | oyrr | oYer | v | oviar | ovisy |

P P3 Ps P7 ) P11 | P13 | P15
A B c D E F G H J K L
PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN
PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL
B6 X4 F6 F1 Y9/P9 F11 K7 P10/P26 |Vgc/2 E11 RND F1
A6 X3 F5 G2 Y10/P10 | F12 L7 P11/P27 |Vgo/2 D10 | CLKX FO
B5 X2 F4 G1 Y11/P11 | F13 K8 P12/P28 |Vgg/2 D11 | X15 F3
A5 X1 F3 H2 Y12/P12 |F14 L8 P13/P29 |Vgo/2 . C10 | X14 F2
B4 X0 F2 H1 Y13/P13 |F15 K9 P1 4{P30 Vgoo/2 C11 X13 F15
Ad OEL vee J2 Y14/P14 | F4 Lo P15/P31 |Vgg/2 B10 |X12 F14
B3 CLKL FO J1 Y15/P15 |F5 K10 [CLKM FO A10 | X11 F13
A3 CLKY FO K2 PO/P16 Vgeo/2 K11 OEP F1 B9 X10 F12
B2 YO/PO F2 L2 P1/P17 Vee/2 J10 FA F14 A9 X9 F11
B1 Y1/P1 F3 K3 P2/P18 Vee/2 J11 FT F15 B8 X8 F10
c2 Y2/P2 F4 L3 P3/P19 \elelt] H10 |MSPSEL |F14 A8 X7 F9
C1 Y3/P3 F5 K4 P4/P20 Vee/2 H11 GND GND B7 X6 F8
D2 Y4/P4 F6 L4 P5/P21 Vee/2 G10 GND GND A7 X5 F7
D1 Y5/P5 F7 K5 P6/P22 \elolts G11 |Vee Vee A2 N.C. NONE
E2 Y6/P6 F8 L5 P7/P23 Vee/2 F10 |Veo Vee K1 N.C. NONE
E1 Y7/P7 F9 K6 P8/P24 Vee/2 F11 TCY F15 L10 N.C. NONE
F2 Y8/P8 F10 L6 P9/P25 Vee/2 E10 |TCX F15 B11 N.C. NONE
NOTES:

1. Vg = 5.0V +0.5V/-0.0V with 0.1pF decoupling capacitor to GND.
2, FO = 100kHz, F1 = F0/2, F2 = F1/2,

identifiers F10, G10, G11 and H11).

3. Vi = Vg - 1V £ 0.5V (Min), Vi = 0.8V (Max)

4. 47k load resistors used on all pins except Vo and GND (Pin-Grid
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HMU16/883

Die Characteristics

DIE DIMENSIONS: DIE ATTACH:
179 x 169 x 19 +1 mils Material: Si-Au Eutectic Alloy or Silver-Glass

METALLIZATION: WORST CASE CURRENT DENSITY: 1.2 x 105A/cm?2
Type: Si-Al or Si-Al-Cu
Thickness: 8

GLASSIVATION: ; !
Type: Nitrox
Thickness: 10

Metallization Mask Layout

HMU16/883
P
z %
w o
)
> 40,
SIRE ez, sz fexgg i kR
0O O 0 X X X X X =~ e~ o~ e~ e~ e~ m e~
E§ £ &8 8 €8g 8§ £ & 82 e 8 5 & &
2 &£ g = T ¢ ¢ T L e L Lo 2 v oun

(56) X13
(55) X14
(9) Yo, PO
(10) Y1, P1 (54) X15
(53) CLKX
(11) Y2, P2 (ENX)
(12) Y3, P3 (52) RND
(13) Y4, P4 (51) TCX
(14) Y5, P5 (50) TCY
15) Y6, P6
(15) Y, P6 49) vee
(16) Y7, P7
(17) Y8, P8 (48) vee
(18) Y9, P9
(47) GND
(19) Y10, P10
(20) Y11, P11 (46) GND

(21) Y12, P12

{22) Y13, P13 (44) FT
(23) Y14, P14 .
(43) FA
(24) Y15, P15 .
(42) DEP

(41) CLKM
(END)

© N ® @ 0 T & ® ¥ W © N~ 0 o o T
™ - -~ - o o N N N N N NN N o [
& o o o o & o o o a o a4 A a a o
g « o o & 6 & N & o o L )
€ & & & 4 & & & & & » » 2 9 2 -«
S~ ~ ~ A~ A~ o~ o~ ~ 0 o oo a o &
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HMU17/883

16 x 16-Bit CMOS Parallel Multiplier

Features

® This Circuit is Processed in Accordance to
Mil-Std-883 and is Fully Conformant
Under the Provisions of Paragraph 1.2.1.

* 16 x 16-Bit Parallel Multiplier with Full
32-Bit Product

* High-Speed (45ns) Clocked Multiply Time
e Low Power CMOS Operation:

» lccsB = 500uA Maximum

> Iccop = 7.0mA Maximum @ 1MHz

* HMU17 is compatible with the AM29517,
LMU17, IDT7217, and the CY7C517

e Supports Two’s Complement, Unsigned
Magnitude and Mixed Mode Multiplication

* TTL Compatible Inputs/Outputs
° Three-State Outputs

* Available in a 68 Lead Pin Grid Array
Package

Description

The HMU17 is a high speed, low power CMOS 16 x 16-bit parallel
multiplier ideal for fast, real time digital signal processing applications.
The 16-bit X and Y operands may be independently specified as
either two’s complement or unsigned magnitude format, thereby
allowing mixed mode multiplication operations.

Additional inputs are provided to accommodate format adjustment
and rounding of the 32-bit product. The Format Adjust control allows
the user the option of selecting a 31-bit product with the sign bit
replicated LSP. The Round control is provided to accommodate
rounding of the most significant portion of the result. This is accom-
plished by adding one to the most significant bit of the LSP.

Two 16-bit output registers (MSP and LSP) are provided to hold the
most and least significant portions of the result, respectively. These
registers may be made transparent for asynchronous operation
through the use of the feedthrough control (FT). The two halves of the
product may be routed to a single 16-bit three-state output port via
the output multiplexer control, and in addition, the LSP is connected to
the Y-input port through a separate three-state buffer.

The HMU17 utilizes a single clock signal (CLK) along with three
register enables (ENX, ENY, and ENP) to latch the input operands and
the output product registers. The ENX and ENY inputs enable the
X and Y input registers, while ENP enables both the LSP and MSP
output registers. This configuration facilitates the use of the HMU17
for micro-programmed systems.

All outputs of the HMU17 also offer three-state control for multiplexing
onto multi-use system busses.

Functional Diagram

X0 - 15 TCX RND TCY YO -15/P0-15

l REGISTER] l REGISTER I I REGISTERI

CLK

OEL
Si=ralimiics
ENY

| MULTIPLIER ARRAY I

FA FORMAT ADJUST
FT MSP LSP
REGISTER | REGISTER
J UL’ |
ENP L T
WSPSEL MULTIPLEXER
OEP

P16 -31P0 - 15

MULTIPLIERS

Copyright © Harris Corporation 1992

File Number 2805.1
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Specifications HMU17/883

Absolute Maximum Ratings

SupplyVoltage . .. ovviiiiniii it i i +8.0V
Input or Output Voltage Applied .... GND-0.5V to Vg +0.5V
Storage Temperature Range ...... bereeaeaans -659C to +1500C
Junction Temperature .. .....covvieeeennnneennn . 4+1750C
Lead Temperature (Soldering 10sec) ............ . 300°C
ESD Classification ......ooiiiiiiiiiiiiiiiininnnaa, Class 1

Reliability Information

Thermal Resistance Bja 9ic
Ceramic PGA Package ...... e . 42.699C/W . 10.00C/W

Maximum Package Power Dissipation at +125°C
CeramicPGAPackage .....ovvvierinneennnannans 1.17 Watt

GateCount .....ovvviiiiiniiiniiiiiiinnnesnadnns 4500 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage fo the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voltage Range. ... ......
Operating Temperature Range

+4.5V to +5.5V
-550C to +1250C

TABLE 1. HMU16/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

1
GROUPA HmiTs
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input VIH Voo =56.5V 1,23 -550C<TA<+1250C | 2.2 - \
Voltage
Logical Zero Input ViL Veo =4.5V 1,23 -550C < TA < +1250C - 0.8 v
Voltage
Output HIGH Voltage VOH IoH = -400pA 1,2,3 -550C < TA<+1250C| 2.6 - \%
Vce = 4.5V (Note 1)
Output LOW Voltage VoL loL = +4.0mA 1,2,3 -550C < Tp <+1250C - 0.4 v
Ve = 4.5V (Note 1)
Input Leakage Current Iy ViN= Vg or GND 1,2,3 -550C < Tp <+1250C | -10 +10 uA
Vee =5.5V
Output or I/O Leakage lo VouTt = Vgg or GND 1,2,3 -550C < TA<+1250C| -10 +10 pA
Current Vog =5.5V
Standby Power Supply Iccse VIN= Vg or GND, 1,2,3 -550C < TA <+1250C - 500 uA
Current Vge = 5.5V, Outputs
Open
Operating Power lccop f=1.0MHgz, 1,2,3 ~-550C < TpA < +1250C - 7.0 mA
Supply Current ViN=Vcc or GND
Vee = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TA < +1250C - -

NOTES:
1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
S5mA/MHz.

3. Tested as follows: f = 1MHz, Vjy (Clock Inputs) = 3.0, Vjy (All other
inputs) = 2.6, V_ = 0.4, VoH > 1.5V, and Vo < 1.5V.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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TABLE 2. HMU17/883 A.C. ELECTRICAL. PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-45 -60
(NOTE 1) GROUPA
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Unclocked Multiply T™MUC 9,10,11 -550C <TpA<+1250C | - 70 - 20 ns
Time
Clocked Multiply Time| Tmc 9,10,11 ~550C < Tp £+1250C - 45 - 60 ns
X,Y,RND Setup Time | Tg 9,10,11 |-550C <Tp<+1250C | 18 - 20 - ns
Clock HIGH Pulse TPWH 9,10,11  [-550C <Ta<+1250C | 15 - 20 - ns
Width
Clock LOW Pulse TPWL 9,10,11  |-550C<Ta<+1250C| 15 - 20 - ns
Width
MSPSEL to Product | TppsEL 9,10, 11 ~-550C<TA<+125°C | - 25 ~ 30 ns
Out
Output Clock to P TpDP 9,10,11 |-550C<Ta<+1250C| - 25 - 30 ns
Output Clockto Y TppYy 9,10,11 -550C < TA<+1250C | - 25 - 30 ns.
3-State Enable Time TENA (Note 2) 9,10,11 -550C < TA<+125°C | - 25 - 30 ns
Clock Enable Setup TSE 9,10, 11 -550C <Tpo<+125°C | 15 - 15 - ns
NOTES:
1. AC Testing as follows: Vi = 4.5V and 5.5V. Input levels OV and 3.0V, 2. Transition is measured at = 200mV from steady state voltage, Output
Timing reference levels = 1.5V, Output load per test load circuit, with V4 = loading per test load circuit, with V4 = 1.5V, Ry = 5000 and C|_= 40pF.

2.4V, Ry = 5000 and C|_ = 40pF.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling p dures should be foll d.
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Specifications HMU17/883

TABLE 3. HMU17/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-45 -60
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance CiN Ve = Open, f= 1MHz 1 Ta =+25°C - 15 ° - 15 pF
All Measurements
Output Capacitance Cout |arereferenced to 1 Ta=+250C - 10 - 10 pF
device GND.
1/O Capacitance Cjy0 1 Ta = +250C - 10 - 10 pF
X,Y, RND Hold Time TH 1,2 |-550C<TaA<+1250C ]| 3 - 3 - ns
3-State Disable Time | Tpjs 1,2,3 |-559C<Tao<+1250C | - 25 - 30 ns
Clock Enable THE 1,2,3 |-550C<Tp<+125°C| 8 - 3 - ns
Hold Time
Output Rise Time TR From 0.8V to 2.0V 1,2,4 |-550C <Tpo<+125°C | - 10 - 10 ns
Output Fall Time TF From 2.0V to 0.8V 1,2,4 {-550C<Tpo<+125°C| - 10 - 10 ns
NOTES:

1. The parameters listed in Table 3 are controlled via design or process 3. Transition is measured at +200mV from steady state voltage, Output
parameters and are not directly tested. These parameters are character- loading per test load circuit, with V4 = 1.5V, Ry = 5000 and C|_ = 40pF.

ized upon initial design and after major process and/or design ehanges. 4 | . qing is as specified in the test load circuit, with V4 = 2.4V, Ry = 5000

2. Guaranteed, but not 100% tested. and C_ = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA - 100% 1
Final Test 100% 2,3,8A,88B,10,11
Group A - 1,2,3,7,8A,8B,9,10,11
Groups C&D Samples/5005 1,7,9

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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Burn-In Circuit
1 N/C | x13 | X15 | RND | TGY | Vgo | GND | FT OEP
1] xi1 x12 | x14 ENX | TCX | Voo | GND [MSPSEL| FA | ENP | N/C
P30/ | P31/
o1 X9 x10 P14 | P15
P28/ | P29/
8 X7 X8 P12 P13
P26/ | P27/
7 X5 X6 P10 P11
68 LEAD
6] x3 | xe PIN GRID ARRAY Faar | rast
TOP VIEW
s| x1 x2 P,f?/ Ps-f/

4| OEL | xo P20/ | P2V

(2]
3| EnY | ek P18/ | P1o/ 5
&
dlwe | R LR W | Ve | vio | e | ere | e | e =
=
TR AR AR AR AR B R4E R R-ART
A B c D E F G H J K L
PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN
PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL
B6 X4 F6 F1 Yo/P9 F11 K7 P10/P26 |Vgg/2 E11 RND F1
AB X3 F5 G2 Y10/P10 |F12 L7 P11/P27 |Vgg/2 D10 |[ENX FO
B5 = |X2 F4 Gt Y11/P11 [F13 K8 P12/P28 |Vgg/2 D11 [X15 F3
A5 X1 F3 H2 Y12/P12 |F14 L8 P13/P29 |Vgg/2 C10 |X14 F2
B4 X0 F2 H1 Y13/P13 |F15 K9 P14/P30 |Vgg/2 C11 | X13 F15
A4 OEL Ve J2 Y14/P14 |F4 L9 P15/P31 |Vge/2 B10 [X12 F14
B3 CLK FO J1 Y15/P15 |F5 K10 |ENP FO A10 | X11 F13
A3 |ENY FO K2 [PO/P16  |Vgo/2 K11 |OEP F1 B9 |x10 F12
B2 YO/PO F2 L2 P1/P17 Vgoeo/2 J10 FA F14 A9 X9 F11
B1 Y1/P1 F3 K3 P2/P18 Voe/2 J11 FT F15 B8 X8 F10
Ce |Yemp2 F4 L3 P3/P19  |Vgoor2 H10 |MSPSEL |F14 A8 X7 F9
C1 Y3/P3 F5 K4 P4/P20 Vee/2 H11 GND GND B7 X6 F8
D2 Y4/P4 F6 L4 P5/P21 Vee/2 G10 |GND GND A7 X5 F7
D1 Y5/P5 F7 K5 |Pe/P22  |Vegr2 G11 |Vgo Voo A2 N.C. NONE
E2 Y6/P6 F8 L5 P7/P23 Vee/2 F10 |Vce Vee K1 N.C. NONE
E1 Y7/P7 F9 K6 P8/P24 Vee/2 F11 TCY F15 L10 N.C. NONE
F2 Y8/P8 F10 L6 P9/P25 Veo/2 E10 |TCX F15 B11 |NC. NONE
NOTES: )
1. Vgg = 5.0V +0.5V/-0.0V with 0.14F decoupling capacitor to GND. 4. 47kQ) load resistors used on all pins except Vcg and GND (Pin-Grid

2. FO = 100kHz, F1 = FO/2, F2 = F1/2 identifiers F10, G10, G11 and H11).

3. Vig =Vce - 1V £ 0.5V (Min), V) = 0.8V (Max).
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Die Characteristics
DIE DIMENSIONS:
179 x 169 x 19 £1 mils
METALLIZATION:
Type: Si-Al or Si-Al-Cu
Thickness: 8|
GLASSIVATION:
Type: Nitrox
Thickness: 10kA

Metallization Mask Layout

(8) CLKY (ENY)
(7) CLKL (CLK)

| (5) OEC

(9) Yo, PO
{10) Y1, P1
(1) v2,p2 §
(12) Y3, P3
(13) va, #4 :
(14) Y5, PS5
(15) Ys, P8
(16) Y7, P7
(17) vs, P8
(18) Yo, P9

(19) Y10, P10
(20) Y11, P11
(21) Y12, P12 B
(22) V13, P13 §
(23) Y14, P14

(24) Y15, P15

DIE ATTACH:
Material: Si-Au Eutectic Alloy or Silver-Glass

WORST CASE CURRENT DENSITY: 1.2 x 105A/cm?

HMU17/883
o b o~
n © ~ (] o ~ bt -
Q ; X X X X X X xX X
=~ =~ § & § ¥ g &§ ® ®
§ £ & ¢ e 2 & & 8 8

(56) X13
(55) X14
(54) X15
(53) CLKX
(ENX)
(52) RND
(51) TCX

(50) TCY

(49) Vee

(48) Ve

(47) GND

\

(46) GND

Y

AN

MW

-
Z
2

(45) MSPSEL

(44) FT

(43) FA

(42) DEP

© ~ 0 N
" o e
e o a a
S < o o
a o o a
e~ o~ o~
n © ~ 0
g o o g

\

L (41) CLim

(END)

(33) P8, P24

(34) P9, P25
(35) P10, P26
(36) P11, P27
(37) P12, P28
(38) P13, P29
(39) P14, P30
{40) P15, P31
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HSP43168

Dual FIR Filter

Features

e Two Independent 8-Tap FIR Filters
Configurable as a Single 16-Tap FIR

* 10 Bit Data & Coefficients

* On-Board Storage for 32 Programmable
Coefficient Sets

® Up To: 256 FIR Taps, 16 x 16 2-D
Kernels, or 10 x 19 Bit Data and
Coefficients

* Programmable Decimation to 16

* Programmable Rounding on Output
* Mixed Mode Arithmetic

* Standard Microprocessor Interface
® 33MHz, 45MHz Versions

® 84-Pin PGA And PLCC Packages

Applications

* Quadrature Filtering
e Correlation

* Image Processing

* Complex Filtering

* PolyPhase Filtering
* Adaptive Filtering

Description

The HSP43168 Dual FIR Filter consists of two independent 8-tap FIR
filters. Each filter supports decimation from 1 to 16 and provides
on-board storage for 32 sets of coefficients. The Block Diagram shows
two FIR cells each fed by a separate coefficient bank and one of two
separate inputs. The outputs of the FIR cells are either summed or
multiplexed by the MUX/Adder. The compute power in the FIR Cells can
be configured to provide quadrature filtering, complex filtering, 2-D
convolution, 1-D/2-D correlations, and interpolating/decimating filters.

The FIR cells take advantage of symmetry in FIR coefficints by pre~add-
ing data samples prior to multiplication. This allows an 8-tap FIR to be
implemented using only 4 multipliers per filter cell. These cells can be
configured as either a single 16-tap FIR filter or dual 8-tap FIR filters.
Asymmetric filtering is also supported.

Decimation of up to 16 is provided to boost the effective number of filter
taps from 2 to 16 times. Further, the decimtion registers provide the
delay necessary for fractional data conversion and 2-D filtering with
kernels to 16x16.

The flexibility of the Dual is further enhanced by 32 sets of user pro-
grammable coefficients. Coefficient selection may be changed
asynchronously from clock to clock. The ability to toggle between
coefficient sets further simplifies applications such as polyphase or
adaptive filtering.

The HSP43168 is a low power fully static design implemented in an
advanced CMOS process. The configuration of the device is controlled
through a standard microprocessor interface. The Dual FIR Filter is
available in 84 pin PGA and 84 pin PLCC packages.

Block Diagram

CINo -9 19
A0 -8 9, CONTROL/
WRZ CONFIGURATION
CSELO -4
COEFFICIENT COEFFICIENT
BANK A BANK B
INAO -9 _10 FIR CELL A M FIR CELL B
u
X
M
U r
INBO -9/ 10 X
ouTo -8
MUX/
ADDER
1 l 1w N .
ouT9 - 27

OEL# N

OEHZ

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2 808_2

Copyright © Harris Corporation 1992

3-3

1-D FILTERS




HSP43168

Pinouts
84 PIN PGA 84 PIN PGA
BOTTOM VIEW TOP VIEW
n 10 ] 8 7 L] 5 4 a 2 " 0 9 8 7 L] § a 2 1
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T;Fﬂ FWRD AS As | csewo cive | cma ¢ 9 Joutis | outiz outs ‘?' INB3. WA | Az § o
Vec |ACCEN anp fcine fp W foutat | outo INAZ | INmd f B
ot e | e cinz | emt |omo e @ | OUT | ouTs| ouTas INAT | INAS | nms | @
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HSP43168

Pin Description

PIN
SYMBOL NUMBER TYPE DESCRIPTION
vCC B5,D11,K10 VCC: +5V power supply pin.
K7,F1
GND A9,E10,L11 Ground.
K4,D2
CINO-9 E1-3,D1, 1 Control/Coefficient Data Bus. Processor interface for loading control data and coefficients.
C1-2,B1-3, CINO s the LSB.
Al
AO-8 A5-8,B6-8, | Control/Coefficient Address Bus. Processor interface for addressing control and coefficient
ce-7 registers. AO is the LSB.
WR# A10 | Control/Coefficient Write Clock. Data is latched into the control and coefficient registers
on the rising edge of WR#.
CSELO-4 A2-4,B4,C5 I Coefficient Select. This input determines which of the 32 coefficient sets are to be used by
FIR A and B. This input is registered and CSELO is the LSB.
INAO-9 K1,J1-2, I Inputto FIR A.INAO isthe LSB
H1-2,G1-3,
F2-3
INBO-9 L1-5,K2-3 1/0 Bidirectional Input for FIR B. INBO is the LSB and is input only. When
K5-86,J5 used as output, INB1-9 are the LSB’s of the output bus, and INB9 is the MSB of these bits.
ouT9-27 | F9-11,G9-11, o) 19 MSB’s of Output Bus. Data format is either unsigned or two’s complement depending
H10-11,J10-11 on configuration. OUT27 is the MSB.
J7,K11,
K8-9,L6-10
SHFTEN# B11 [ Shift Enable. This active low input enables clocking of data into the part and shifting of data
through the decimation registers.
FWRD# c10 I Forward ALU Input Enable. When active low, data from the forward decimation path is input
to the ALU's through the “a” input. When high, the “a” inputs to the ALUs are zeroed.
RVRS# Al1 I Reverse ALU Input Enable. When active low, data from the reverse decimation path is input
to the ALU's through the “b” input. When high, the “b" inputs to the ALUs are zeroed.
TXFR# C11 I Data Transfer Control. This active low input switches the LIFO being read into the reverse
decimation path with the LIFO being written from the forward decimation path
(see Figure 1).
MUXO-1 B9-10 I Adder/Mux Control. This input controls data flow through the output Adder/Mux. Table 3.0
lists the various configurations.
CLK E9 ] Clock. All inputs except those associated with the processor interface (CINO-9, AO-8,
WR#) and the output enables (OEL#, OEH #)are registered by the rising edge of CLK.
OEL# Jé I Output Enable Low. This tristate control enables the LSB’s of the output bus
to INB1-9 when OEL# is low.
OEH# Ei1 | Output Enable High. This tristate control enables QUT9-27 when OEH# is low.
ACCEN D10 I Accumulate Enable. This active high input allows accumulation in the FIR Cell Accumulator.
Alow on this input latches the FIR Accumulator contents into the Output Holding
Registers while zeroing the feedback path in the Accumulator.
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HSP43168

Functional Description

As shown in Figure 1.0, the HSP43168 consists of two 4-
multiplier FIR filter cells which process 10 bit data and
coefficients. The FIR cells can operate as two independent
8-tap FIR filters or two 4-tap asymmetric filters at maximum
1/O rates. A single filter mode is provided which allows the
FIR cells to operate as one 16-tap FIR filter or one 8-tap
asymmetric filter. On board coefficient storage for up to 32
sets of 8 coefficients is provided. The coefficient sets are
user selectable and are programmed through a
microprocessor interface. Programmable decimation to 16
is also provided. By utilizing decimation registers together
with the coefficient sets, polyphase filters are realizable
which allow the user to trade data rate for filter taps. The
MUX/ Adder can be configured to either add or multiplex
the outputs of the filter cells depending upon whether the
cells are operating in single or dual filter mode. In addition, a
shifter in the MUX/Adder is provided for implementation of
filters with 10 bit data and 20 bit coefficients or vice versa.

Microprocessor Interface

The Dual has a 20 pin write only microprocessor interface
for loading data into the Control Block and Coefficient Bank.
The interface consists of a 10-bit data bus (CINO-9), a 9 bit
address bus (A0-8), and a write input (WR#) to latch the
data into the on-board registers. The control and coefficient
data can be loaded asynchronously to CLK.

Control Block

The Dual FIR is configured by writing to the registers within
the Control Block. These registers are memory mapped to
address OOOH (H = Hexadecimal) and 001H on A0-8. The
format of these registers is shown in Table 1 and Table 2.
Writing the Control/Configuration registers causes a reset
which lasts for 6 CLK cycles following the assertion of
WR#. The reset caused by writing registers in the Control
Block will not clear the contents of the Coefficient Bank.

TABLE 1

CONTROL ADDRESS 000H
FUNCTION

DESCRIPTION

0000=No Decimation
1111=Decimation by 16

3-0 Decimation Factor

4 Mode Select 0 = Single Fliter Mode

1 = Dual Fliter Mode

5 Odd/Even Symmetry | 0 = Even symmetric coefficients|

1 = Odd symmetric coefficients

6 FIR A odd/even taps | 0 = Odd number of taps in filter

1 = Even number of taps in filter

FIR B odd/even taps | (Defined same as FIR A above)

FIR B Input Source 0 = Input from INAO-9

1 = Input from INBO-9

9 Not Used Set to O for proper operation

The 4 LSBs of the control word loaded at address OO0H are
used to select the decimation factor. For example, if the 4

LSBs are programmed with a value of 0010, the forward
and reverse shifting decimation registers are each
configured with a delay of 3. Bit 4 is used to select whether
the FIR cells operate as two independent filters or one
extended length filter. Coefficient symmetry is selected by
bit 5. Bits 6 and 7 are programmed to configure the FIR
cells for odd or even filter lengths. Bit 8 selects the FIR B
input source when the FIR cells are configured for indepen-
dent operation. Bit 9 must be programmed to 0.

The 4 LSB’s of the control word loaded at address 001H are
used to configure the format of the FIR cell’s data and coef-
ficients. Bit 4 is programmed to enable or disable the rever-
sal of data sample order prior to entering the backward
shifting decimation registers. Bits 5-9 are used to support
programmable rounding on the output.

TABLE 2
CONTROL ADDRESS 001H
BITS FUNCTION DESCRIPTION
o] FIR A Input Format 0 = Unsigned

1 =Two's Complement

1 FIR A Coefficient
Format

FIR B Input Format
FIR B Coefficient

(Defined same as FIR A input)

(Defined same as FIR A input)

(Defined same as FIR A input)

Data Reversal 0 = Enabled
Enable 1 = Disabled
8-5 | Round Position 0000 =2-10
1011 =21
9 Round Enable 0 = Enabled
1 = Disabled

NOTE: Address locations 002H to 1ffH are reserved, and writing to these
locations will have unpredictable effects on part configuration.

FIR Filter Cells

Each FIR filter cell is based on an array of four 11x10 bit
two’s complement multipliers. The multipliers get one input
from the ALUs which combine data shifting through the
forward and backward decimation registers. The second
input comes from the user programmable coefficient bank.
The multiplier outputs feed an accumulator whose result is
passed to the output section where it is multiplexed or
added.

Decimation Registers

The forward and backward shifting registers are
configurable for decimation by 1 to 16 (see Table 1). The
backward shifting registers are used to take advantage of
symmetry in linear phase filters by aligning data at the
ALU’s for pre-addition prior to multiplication by the
common coefficient. When the FIR cells are configured in
single filter mode, the decimation registers in each cell are
cascaded. This lengthened delay path allows computation
of a filter which is twice the size of that capable in a single
cell. The decimation registers also provide data storage for
poly-phase or 2-D filtering applications (See Applications
Examples section).

1-D FILTERS
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The Data Feedback Circuitry in each FIR cell is responsible
for transferring data from the forward to the backward shift-
ing decimation registers. This circuitry feeds blocks of sam-
ples into the backward shifting decimation path in either re-
versed or non-reversed sample order. The MUX/DEMUX
structure at the input to the Feedback Circuitry routes data
to the LIFO’s or the delay stage depending on configuration.
The MUX on the Feedback Circuitry Output selects the stor-
age element which feeds the backward shifting decimation
registers.

In applications requiring reversal of sample order, such as
FIR filtering with decimation, the FIR cells are configured
with data reversal enabled (see Table 2). In this mode, data
is transferred from the forward to the backward shifting reg-
isters through a ping-ponged LIFO structure. While one
LIFO is being read into the backward shifting path, the other
is written with data samples. The MUX/DEMUX controls
which LIFO is being written, and the MUX on the Feedback
Circuitry output controls which LIFO is being read. A low on
TXFR# and SHIFTEN#, switches the LIFO’s being read
and written, which causes the block of data read from the
structure to be reversed in sample order (See Example 4 in
the Application Examples section).

The frequency with which TXFR# is asserted determines
size of the data blocks in which sample order is reversed.
For example, if TXFR# is asserted once every three CLK’s,
blocks of 3 data samples with order reversed, would be fed
into the backward decimation registers. Note: altering the
frequency or phase of TXFR# assertion once a filtering op-
eration has been started will cause unknown restuits.

In applications which do not require sample order reversal,
the FIR cells must be configured with data reversal disabled
(see Table 2). In addition, TXFR# must be asserted to
ensure proper data flow. In this configuration, data to the
backward shifting decimation path is routed though a delay
stage instead of the ping-pong LIFO’s. The number of
registers in the delay stage is based on the programmed
decimation factor. Note: data reversal must be disabled and
TXFR# must be asserted for filtering applications which do
not use decimation.

The shifting of data through the forward and reverse
decimation registers is enabled by asserting the SHFTEN#
input. When SHFTEN# transitions high, data shifting is
disabled, and the data sample latched into the part on the
previous clock is the last input to the forward decimation
path. When SHFTEN# is asserted, shifting of data through
the decimation paths is enabled. The data sample at the part
input when SHFTEN# is asserted will be the next data
sample into the forward decimation path.

When operating the FIR cells as two independent filters, FIR
A receives input data via INAO-9 and FIR B receives data
from either INAO-9 or INBO-9 depending on the configura-
tion (Table 1). When the FIR cells are configured as a single
extended length filter, the forward and backward
decimation paths are cascaded. In this mode, data is
transferred from the forward decimation path to the back-
ward decimation path by the Data Feedback Circuitry in FIR
B. Thus, the manner in which data is read into the backward
shifting decimation path is determined by FIR B’s configura-
tion.

When the decimation paths are cascaded, data is routed
through the delay stage in FIR A’s Data Feedback Circuitry.

The configuration of the FIR cells as even or odd length
filters determines the point in the forward decimation path
from which data is multiplexed to the Data Feedback
Circuitry. For example, if the FIR cell is configured as an
odd length filter, data prior to the last register in the third for-
ward decimation stage is routed to the Feedback Circuitry.
If the FIR cell is configured as an even length filter, data out-
put from the third forward decimation stage is multiplexed
to the Feedback Circuitry. This is required to insure proper
data alignment with symmetric filter coefficients (See Appli-
cation Examples). '

ALUs

Data shifting through the forward and reverse decimation
path feeds the “a” and “b” inputs of the ALUs respectively.
The ALU’s perform an “b+a” operation if the FIR cell is
configured for even symmetric coefficlents or an “b-a”
operation if configured for odd symmetric coefficients.

For applications in which a pre-add or subtract is not re-
quired, the “a” or “b” input can be zeroed by disabling
FWRD# or RVRS# respectively. This has the effect of prod-
ucing an ALU output which is either “a”,"~a”, or “b” de-
pending on the filter symmetry chosen. For example, if the
FIR cell is configured for an even symmetric filter with
FWRD# low and RVRS# high, the data shifting through the
forward decimation registers would appear on the ALU out-
put.

Coefficient Bank

The output of the ALU is multiplied by a coefficient from one
of 32 user programmable coefficient sets. Each set consists
of 8 coefficients (4 coefficients for FIR A and 4 for FIR B).
The active coefficient set is selected using CSELO-4. The
coefficient set may be switched every clock to support
polyphase filtering operations.

The coefficients are loaded into on-board registers using
the microprocessor interface, CINO-9, A0-8, and WR#.
Each multiplier within the FIR Cells is driven by a coefficient
bank with one of 32 coefficients. These coefficients are
addressed as shown in Table 3. The inputs A0-1 specify the
Coefficient Bank for one of the four multipliers in each FIR
Cell; A2 specifies FIR Cell A or B; Bits A7-3 specify one of
32 sets in which the coefficient is to be stored. For example,
an address of 10dH would access the coefficient for the
second multiplier in FIR B in the second coefficient set.

TABLE 3
A8 A7-3 A2 A1-0 FIR BANK
1 XXXXX 0 00 A o
1 XXXXX (0] [o}] A 1
1 XXXXX o 10 A 2
1 XXXXX 0 11 A 3
1 XXXXX 1 00 B 0
1 XXXXX 1 o1 B 1
1 XXXXX ; 1 10 B 2
1 XXXXX 1 1 B 3
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FIR Cell Accumulator

The registered outputs from the muiltipliers in each FIR cell
feed the FIR cell’'s accumulator. The ACCEN input controls
each accumulator’s running sum and the latching of data
from the accumulator into the Output Holding Registers.
When ACCEN is low, feedback from the accumulator adder
is zeroed which disables accumulation. Also, output from
the accumulator is latched into the Output Holding Regi-
sters. When ACCEN is asserted, accumulation is enabled
and the contents of the Output Holding Registers remain
unchanged.

Output MUX/Adder

The contents of each FIR Cell’'s Output Holding Register is
summed or multiplexed in the Mux/Adder. The operation of
the Mux/Adder is controlled by the MUXO0-1 inputs as
shown in Table 4. Applications requiring 10 bit data and 20
bit coefficients or 20 bit data and 10 bit coefficients are
made possible by configuring the MUX/Adder to scale FIR
B’s output by 2~10 prior to summing with FIR A. When the
Dual FIR is configured as two independent filters, the
MUXO0-1 inputs would be used to multiplex the filter outputs
of each cell. For applications in which FIR A and B are
configured as a single filter, the MUX/Adder is configured to
sum the output of each FIR cell.

TABLE 4
MUX0-1 DECODING
MUX1-0 ouTo-27
00 FIRA + FIRB (FIR B Scaled by 2-10)
o1 FIRA + FIRB
10 FIRA
11 FIRB

OUTPUT DATA FORMAT OUT9-27
FRACTIONAL TWO'S COMPLEMENT

|27 [26'25 |24|23 |22 I21 |20|19|18|17 |16 |15 |14 |13 |12 '11 |10 I ] |

-29 28 27 26 24 25 23 22 31 20 2-15-2 2-3 24 35 -6 2~7 -8 -9

OUTPUT DATA FORMAT OUTO-8
FRACTIONAL TWO'S COMPLEMENT

Lel7felsfafslofs]o]

2-10 2-11 2-12 2-13 2-14 9-15 2-16 2-17 2-18

INPUT DATA FORMAT INAO-9, INBO-9
FRACTIONAL UNSIGNED

lelsf7fefsfafafz]a]o]

20 21 2-2 2-3 2-4 25 2-6 2-7 2-8 2-9

OUTPUT DATA FORMAT OUT9-27
FRACTIONAL UNSIGNED

lz7 lzelzs lz4|za|22 |21 |2ol19 |1e |17 |1e |15 l14 [13 l12 |11 Im! 9 I

29 28 27 26 24 25 23 22 21 20 2-12-22-32-43-52-62-72-82-9

OUTPUT DATA FORMAT OUTO-8
FRACTIONAL UNSIGNED

le[7]elsfelsfa]nfo]

Input/Output Formats

The Dual FIR supports mixed mode arithmetic with both
unsigned and two’s complement data and coefficients. The
input and output formats for both data types is shown be-
low. If the Dual FIR is configured as an even symmetric filter
with unsigned data and coefficients, the output will be
unsigned. Otherwise, the output will be two’s complement.

INPUT DATA FORMAT INAO-9, INBO-9
FRACTIONAL TWO’S COMPLEMENT

Lo lolslelsfefalels]ol]

-20 2-1 2-2 2-8 2-4 2-5 26 2-7 2-8 2-9

2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-18

The MUX/Adder can be configured to implement program-
mable rounding at bit locations 2-10 through 21. The round
is implemented by adding a 1 to the specified location (see
Table 2.0). For example, to configure the part such that the
output is rounded to the 10 MSBs, OuUT18-27, the round
position would be chosen to be 2-1.

Application Examples

In this section a number of examples which show even, odd,
symmetric, asymmetric and decimating filters are
presented. These examples are intended to show different
operational modes of the HSP43168. The examples are all
based on a dual filter configuration. However, the same
principles apply when the part is configured with both FIR
cells operating as a single filter.

3-9
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Example 1. Even-Tap Symmetric Filter Example

The HSP43168 may be configured as two independent 8-
tap symmetric filters as shown by the block diagram in Fig-
ure 2. Each of the FIR cells takes advantage of symmetric
filter coefficients by pre~adding data samples common to a
given coefficient. As a result, each FIR cell can implement
an 8-tap symmetric filter using only four multipliers. Similar-
ly, when the HSP43168 is configured in single filter mode a
16-tap symmetric filter is possible by using the multipliers
in both cells.

The operation of the FIR cell is better understood by com-
paring the data and coefficient alignment for a given filter
output, Figure 3, with the data flow through the FIR cell, as
shown in Figure 4. The block diagrams in Figure 4 are a
simplification of the FIR cell shown in Figure 1. For simplici-
ty, the ALU's and FIR Cell Accumulators were replaced by
adders, and the pipeline delay registers were omitted.

mm-o——-.
INBO -9 _......‘

FIGURE 2. USING HSP43168 AS TWO INDEPENDENT
FILTERS

—> OUT9 -27

xcZ

In Figure 4, the order of the data samples within the filter cell
is shown by the numbers in the forward and backward shift-
ing decimation paths. The output of the filter cell is given by
the equation at the bottom of each block diagram. Figure 4a
shows the data sample alignment at the pre-adders for the
data/coefficient alignment shown in Figure 3.

c3 c3
c2 c2
h(n) C1 c1

T1] i

REEEERERER

X6 X5 X4 X3 X2 X1 X0

FIGURE 3. DATA/COEFFICIENT ALIGNMENT FOR 8-TAP
EVEN SYMMETRIC FILTER

The dual filter application is configured by writing 1dOH to
address OO0OH via the microprocessor interface, CINO-9,
AO-8, and WR#. Since this application does not use
decimation, the 4th bit of the control register at address
001H must be set to disable data reversal (see Table 2).
Failure to disable data reversal will produce erroneous
results.

A. DATA FLOW AS DATA SAMPLE 7 IS CLOCKED INTO THE
FEED FORWARD STAGE.

Cle

C2— C3—

(X7+ X0)CO+ (X6+ X1)C1+ (X5+ X2)C2+ (X4+ X3)C3

B. DATA FLOW AS DATA SAMPLE 8 IS CLOCKED INTO THE
FEED FORWARD STAGE.

JEaE

) +
Cles C2—

C3—»

EH

(X8+ X1)CO+ (X7+ X2)C1+ (X6+ X3)C2+ (X5+ X4)C3

C. DATA FLOW AS DATA SAMPLE 9 IS CLOCKED INTO THE
FEED FORWARD STAGE.

E-—-El*—?j

{X9+ X2)CO+ (X8+ X3)C1+ (X7+ X4)C2+ (X6+ X5)C3

FIGURE 4. DATA FLOW DIAGRAMS FOR 8-TAP
SYMMETRIC FILTER

3-10




HSP43168

Using this architecture, only the unigue coefficients need to
be stored in the Coefficient Bank. For example, the above
filter would be stored in the first coefficient set for FIR A by
writing CO, C1, C2, and C3 to address 100H, 101H, 102H,
and 103H respectively. To write the same filter to the first
coefficient set for FIR B, the address sequence would
change to 104H, 105H, 106H, and 107H.

To operate the HSP43168 in this mode, TXFR# is tied low
to ensure proper data flow; both FWRD# and RVRS# are
tied low to enable data samples from the forward and
reverse data paths to the ALU’s for pre-adding; ACCEN is
tied low to prevent accumulation over multiple CLK's;
SHFTEN# is tied low to allow shifting of data through the
decimation registers; MUXO0-1 is programmed to multiplex
the output the of either FIR A or FIR B; CSELO-4 is pro-
grammable to access the stored coefficient set, in this ex-
ample CSEL = 0000.

Example 2. Odd-Tap Symmetric Filter Example

The HSP43168 may be configured as two independent
7-tap symmetric filters with a functional block diagram
resembling Figure 2. As in the 8-tap filter example, the
HSP43168 implements the filtering operation by summing
data samples sharing a common coefficient prior to multipli-
cation by that coefficient. However, for odd length filters the
pre~-addition requires that the center coefficient be scaled
by 1/2.

The operation of the FIR cell for odd length filters is better
understood by comparing the data/coefficient alignment in
Figure 5 with the data flow diagrams in Figure 6. The block
diagrams in Figure 6 are a simplification of the FIR cell
shown in Figure 1.

c2 c2
h(n) c1 c1

[l LT
x(n)

AREERAREE;

X9 X8 X7 X6 X5 X4 X3 X2 X1 X0

FIGURE 5. DATA/COEFFICIENT ALIGNMENT FOR 7-TAP
SYMMETRIC FILTER

For odd length filters, proper data/coefficient alignment is
ensured by routing data entering the last register in the third
forward decimation stage to the backward shifting regi-
sters. In this configuration, the center coefficient must be
scaled by 1/2 to compensate for the summation of the same
data sample from both the forward and backward shifting
registers.

A. DATA FLOW AS DATA SAMPLE 6 1S CLOCKED INTO
THE FEED FORWARD STAGE.

[of—{ 1 }—{2}—{z]
T
C1->€)C2 @03/2-»@

-V

(X6+ X0)CO+ (X5+ X1)C1+ (X4+ X2)C2+ (X3+ X3)C3/2

CO —»

B. DATA FLOW AS DATA SAMPLE 7 IS CLOCKED INTO
THE FEED FORWARD STAGE.

o E—

ey
9 9

CO—» cu.?:;w

(X7+ X1)CO+ (X6+ X2)C1+ (X5+ X3)C2+ (X4+ X4)C3/2

C. DATA FLOW AS DATA SAMPLE 8 IS CLOCKED INTO
THE FEED FORWARD STAGE.

-El*—“-EJ*]

PR 9 9
S

(X8+ X2)CO+ (X7+ X3)C1+ (X6+ X4)C2+ (X5+ X5)C3/2

FIGURE 6. DATA FLOW DIAGRAMS FOR 7-TAP
SYMMETRIC FILTER.
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In the data flow diagrams of Figure 6, the order of the data
samples input in to the filter cell is shown by the numbers in
the forward and backward shifting decimation paths. The
output of the filter cell is given by the equation at the bottom
of the block. The diagram in Figure 6a shows data sample
alignment at the pre-adders for the data/coefficient align-
ment shown In Figure 5.

This dual filter application is configured by writing 110H to
address O00H via the microprocessor interface, CINO-9,
A0-8, and WR#. Also, data reversal must be disabled by
setting bit 4 of the control register at address 0001H. As in
the 8-tap example, only the unique coefficients need to be
stored in the Coefficient Bank. These coefficients are stored
in the first coefficient set for FIR A by writing CO, C1, C2,
and C3 to address 100H, 101H, 102H, and 103H respec-
tively. To write the same filter to the first coefficient set for
FIR B, the address sequence would change to 104H, 105H,
106H, and 107H. The control signals TXFR#, FWRD#,
RVRS#, ACCEN, SHFTEN#, and CSELO-4 are controlled
as described in Example 1.

Example 3. Asymmetric Filter Example

The FIR cells within the HSP43168 can each calculate 4
asymmetric taps on each clock. Thus, a single FIR cell can
implement an 8-tap asymmetric filter if the HSP43168 is
clocked at twice the input data rate. Similarly, if the Dual is
configured as a single filter, a 16~ tap asymmetric filter is
realizable.

For this example, the FIR cells are configured as two 8- tap
asymmetric filters which are clocked at twice the input data
rate. New data is shifted into the forward and backward
decimation paths every other CLK by the assertion of
SHFTEN#. The filter output is computed by passing data
from each decimation path to the multipliers on alternating
clocks. Two sets of coefficients are required, one for data on
the forward decimation path, and one for data on the re-
verse path. The filter output is generated by accumulating
the multiplier outputs for two CLKs.

The operation of this configuration is better understood by
comparing the data/coefficient alignment in Figure 7 with
the data flow diagrams in Figure 8. The ALU’s have been
omitted from the FIR cell diagrams because data is fed to
the multipliers directly from the forward and reverse
decimation paths. The data samples within the FIR cell are
shown by the numbers in the decimation paths.

C7 C6 C5 C4 C3
h(n) c2

C1

[T

x(n)

HEREER I

X9 X8 X7 X6 X5 X4 X3 X2 X1 X0

FIGURE 7. DATA/COEFFICIENT ALIGNMENT FOR 8-TAP
ASYMMETRIC FILTER

A. DATA SHIFTING DISABLED, BACKWARD SHIFTING
DECIMATION REGISTERS FEEDING MULTIPLIERS.

o]
ofifc E
CO—» Cle C2 C3—

ACCUMULATOR

(X0)CO+ (X1)C1+ (X2)C2+ (X3)C3

B. SHIFTING OF DATA SAMPLE 7 INTO FIR CELL
ENABLED, FORWARD SHIFTING REGISTERS FEEDING
MULTIPLIERS.

[ef— 2]
T
QCgp=

ACCUMULATOR

(X0)CO+ (X1)C1+ (X2)C2+ (X3)C3
+ (X7)C7+ (X6)C6+ (X5)C5+ (X4)C4

C. DATA SHIFTING DISABLED, BACKWARD SHIFTING
DECIMATION REGISTERS FEEDING MULTIPLIERS.

G}
co—(X) Ci1— cz..? cy

ACCUMULATOR

!

(X1)CO+ (X2)C1+ (X3)C2+ (X4)C3

FIGURE 8. DATA FLOW DIAGRAMS FOR 8-TAP
ASYMMETRIC FILTER
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D. SHIFTING OF DATA SAMPLE 8 INTO FIR CELL
ENABLED, FORWARD SHIFTING REGISTERS
FEEDING MULTIPLIERS

Cl—]—s]—4]
BNy
SR

!

(X1)CO+ (X2)C1+ (X3)C2+ (X4)C3
+ (X8)C7+ (X7)C6+ (X6)C5+ (X5)C4

FIGURE 8. DATA FLOW DIAGRAMS FOR 8-TAP ASYMMETRIC
FILTER CONTINUED

For this application, each filter cell is configured as an odd
length filter by writing 110H to the control register at ad-
dress OOOH. Even though an even tap filter is being imple-
mented, the filter cells must be configured as odd length to
ensure proper data flow. Also, the 4th bit at control address
001H must be set to disable data reversal, and TXFR# must
be tied low. Since an 8-tap asymmetric filter is being imple-
mented, two sets of coefficients must be stored. These eight
coefficients could be loaded into the first two coefficient
sets for FIR A by writing CO, C1, C2, C3, C7, C8, C5, and C4
to address 100H, 101H, 102H, 103H, 108H, 109H, 10aH,
and 10bH respectively.

The sum of products required for this 8-tap filter require dy-
namic control over FWRD#, RVRS#, ACCEN, and CSELO-
4. The relative timing of these signals is shown in Figure 9.

o112 3 113| 14| 15 181
CLK

INAO -9

CSELO -4

Accen | )

FWRD #¢
| | |
P Ve N e SN\

FIGURE 9. CONTROL TIMING FOR 8-TAP
ASYMMETRIC FILTER

Example 4. Even-Tap Decimating Filter Example

The HSP43168 supports filtering applications requiring
decimation to 16. In these applications the output data rate
is reduced by a factor of N. As a result, N clock cycles can
be used for the computation of the filter output. For exam-
ple, each FIR cell can calculate 8 symmetric or 4
asymmetric taps in one clock. If the application requires
decimation by two, the filter output can be calculated over
two clocks thus boosting the number of taps per FIR cell to
16 symmetric or 8 asymmetric. For this example, each FIR
cell is configured as an independent 24-tap decimate x3
filter.

The alignment of data relative to the 24 filter coefficients for
a particular output is depicted graphically in Figure 10. As in
previous examples, the HSP43168 implements the filtering
operation by summing data samples prior to multiplication
by the common coefficient. In this example an output is re-
quired every third CLK which allows 3 CLK’s for computa-
tion. On each CLK, one of three sets of coefficients are used
to calculate 8 of the filter taps. The block diagrams in Figure
12 show the data flow and accumulator output for the data/
coefficient alignment in Figure 10.

c10%'% 10

) cscoc,'cscci cechTcec!'
cs & C4¢3
°°°'°2H]H IHH%‘”
t11 i
! .[
FIGURE 10. DATA/COEFFICIENT ALIGNMENT FOR 24-TAP
DECIMATE BY 3 FIR FILTER

!
z"J['““J“'I;IIIIIl[

22 2120 19 18 17 18 15 14 13 12 11 10

Proper data and coefficient alignment is achieved by assert-
ing TXFR# once every three CLK’s to switch the LIFO’s
which are being read and written. This has the effect of
feeding blocks of three samples into the backward shifting
decimation path which are reversed in sample order. In ad-
dition, ACCEN is de-asserted once every three clocks to al-
low accumulation over three CLK’s. The three sets of coeffi-
cients required in the calculation of a 24-tap symmetric fil-
ter are cycled through using CSELO-4. The timing relation-
ship between the CSELO-4, ACCEN, and TXFR# are
shown in Figure 12.
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A. COMPUTATIONAL FLOW AS DATA SAMPLE 21 IS
CLOCKED INTO THE FEED FORWARD STAGE

2]1]o s|4]3 s8]7]s] 11]10] s

21 |20 18]18

[17]16]15 11432

cz*w b

(X2+ X21)C24 (X5+ X18)C5+ (X8+ X15)C8+ (X114 X12)C11

B. COMPUTATIONAL FLOW AS DATA SAMPLE 22 IS
CLOCKED INTO THE FEED FORWARD STAGE

7] 8]11}e—g10]0

15[14]13

. ACCUMULATOR

(X1+ X22)C1+ (X4X19)C4+ (X7+ X16)CT+ (X10+ X13)C10
+ (X24 X21)C2+ (X5+ X18)C5+ (X8+ X15)C8+ (X11+ X12)C11

C. COMPUTATIONAL FLOW AS DATA SAMPLE 23 IS
CLOCKED INTO THE FEED FORWARD STAGE

ofs5]4 3]s]7 6 [11]10] S
1312
23 22[21]20 19[18]17 16[1s]14
o
co c3- C8-» co

ACCUMULATOR

(XO+ X23)CO+ (X3+ X20)C3+ (X6+ X17)C6+ (X3+ X14)C9
+ (X1+4 X22)C1+ (X4+ X18)C4+ (X7+ X18)C7+ (X10+ X13)C10
+ (X2+ X21)C2+ (X5+ X18)C5+ (X8+ X15)C8+ (X11+ X12)C11

To operate in this mode the Dual is configured by writing
1d2 to address OOOH via the microprocessor interface,
CINO-9, AO-8, and WR#. Data reversal must be enabled
see (Table 2.0). The 12 unique coefficients for this example
are stored as three sets of coefficients for either FIR cell. For
FIR A, the coefficients are loaded into the Coefficient Bank
by writing C2, C5, C8, C11, C1, C4, C7, C10, CO, C3, C6,
and C9 to address 100H, 101H, 102H, 103H, 108H, 109H,
10aH, 10bH, 110H, 111H, 112H, and 113H respectively.

D. COMPUTATIONAL FLOW AS DATA SAMPLE 24 IS
CLOCKED INTO THE FEED FORWARD STAGE

s[4]3 sf7]s 11J10] 9]
1a]13] 12
24 23| 22|21 20[19]18 MEM—T
? t
cz.QQ c8 Ciles

ACCUMULATOR

(X5+ X24)CO+ (X8+ X21)C5+ (X11+ X18)C8+ (X14+ X15)C11

FIGURE 11. DATA FLOW DIAGRAMS FOR 24-TAP DECIVIATE
BY 3 FIR FILTER

ol1'2|3 415 21) 221 23

CLK
oo b@@d}
CSELO -4 j (o X1 X2
ACCEN /i J|\-{—fllr iL\-l'-—“'/J[_'_\"‘—
TXFR # /! :\-}—/! !\4——“-/7[_-}_\-}—

FIGURE 12. CONTROL SIGNAL TIMING FOR 24-TAP
DECIMATE X3 FILTER

Example 5. Odd-Tap Decimating Symmetric Filter

This example highlights the use of the HSP43168 as two in-
dependent, 23-tap, symmetric, decimate by 3 filters. In this
example, the operational differences in the control signals
and data reversal structure may be compared to the pre-
viously discussed even-tap decimating filter.

As in tt e 24-tap example, an output is required every third
CLK which allows 3 CLK'’s for computation. On each CLK,
one of three sets of coefficients are used to calculate the fil-
ter taps. Since this is an odd length filter, the center coeffi-
cient must be scaled by 1/2 to compensate for the
summation of the same data sample from the forward and
backward shifting decimation paths.The block diagrams in
Figure 14 show the data flow and accumulator output for
the data coefficient alignment in Figure 13.

Proper data and coefficient alignment is achieved by assert-
ing TXFR# once every three CLK’s to switch the LIFO’s
which are being read and written. For odd length filters, data
prior to the last register in the forward decimation path is
routed to the Feedback Circuitry. As a result, TXFR# should
be asserted one cycle prior to the input data samples which
align with the center tap. The timing relationship between
the CSELO-5, ACCEN, and TXFR# are shown in
Figure 15.
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FIGURE 13. DATA/COEFFICIENT ALIGNMENT FOR 23-TAP
DECIMATE BY 3 SYMMETRIC FILTER

sf7]s] K E
8
c2 cs»& W

ACCUMULATOR

(X2+ X20)C2+ (X5+ X17)C5+ (X8+ X14)C8+ (X11+ X11)C11/2

A. COMPUTATIONAL FLOW AS DATA SAMPLE 20 IS
CLOCKED INTO THE FEED FORWARD STAGE

ACCUMULATOR

(X1+ X21)C1+ (X4X18)C4+ (X7+ X15)C7+ (X10+ X12)C10
+ (X2+ X20)C2+ (X5+ X17)C5+ (X8+ X14)C8+ (X11+ X11)C1172
B. COMPUTATIONAL FLOW AS DATA SAMPLE 21 IS
CLOCKED INTO THE FEED FORWARD STAGE

C. COMPUTATIONAL FLOW AS DATA SAMPLE 22 IS
CLOCKED INTO THE FEED FORWARD STAGE

13|12

L1

ACCUMULATOR

{X0+ X22)CO+ (X3+ X19)C3+ (X6+ X16)CB+ (X9+ X13)C9
+ (X14 X21)C1+ (X4+ X18)C4a+ (X7+ X15)C7+ (X10+ X12)C10
+ (X2+ X20)C2+ (X5+ X17)C5+ (XB+ X14)C8+ (X11+ X11)C11/2

D. COMPUTATIONAL FLOW AS DATA SAMPLE 23 IS
CLOCKED INTO THE FEED FORWARD STAGE

HOE s]7]s}

11f10] 8

14113}12

23 |22]21f20 {18]18]17 |15||5|14|—-I

% %
C2-+ cs-.% C8— y
ACCUMULATOR

(X5+ X23)C2+ (X8+ X20)C5+ (X11+ X17)C8+ (X14+ X14)C11/2

FIGURE 14. DATA FLOW DIAGRAMS FOR 23-TAP DECIMATE
BY 3 SYMMETRIC FILTER

o|1'218,4]|S5 20 211 22
CLK
22

oo M

CsELo-5 X1 XT2XTo X1 2X 0 ¢ X[0X 1 X'2
| | |

ACCEN '

FIGURE 15. CONTROL SIGNAL TIMING FOR 23-TAP
SYMMETRIC FILTER

To operate in this mode, the Dual is configured by writing
132H to address OOOH via the microprocessor interface,
CINO-9, AO-8, and WR#. Data reversal must be enabled
(see Table 2.0). The 12 unique coefficients for this example
are stored as three sets of coefficients for either FIR cell. For
FIR A, the coefficients are loaded into the Coefficient Bank
by writing C2, C5, C8, (C11)/ 2, C1, C4, C7, C10, CO, C3,
C6, and C9 to address 100H, 101H, 102H, 103H, 108H,
109H, 10aH, 10bH, 110H, 111H, 112H, and 113H respec-
tively.
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Specifications HSP43168

Absolute Maximum Ratings

FS 10T o oY =T 1= e teeraterecee et aaareneras .. +8.0V
Input, OutputVoltage .................. e rrereeeraneaeaa. N PPN i GND -0.5V to Vg +0.5V
Storage Temperature. .......ccocevennenns et eeeeereeae st ie et ataeeanraaraean N -659C to +150°C
ESD iviiiiiiiiiiiiiiiiieaiiiniieaes .

Maximum Package Power Dlssnpat:on at+709C ... ..o0nn . e reeeereeatereetenaaes PR 2.4W (PLCC), 3.1W (PGA)
LTS P veveeees 11.09C/W (PLCC), 7.59C/W (PGA)
Bjg cveerrrnnenns . R . 33.60C/W (PLCC), 33.50C/W (PGA)
Gate Count .......... e ettt a st e ettt eei e i 32529
JUNction Temperature .o.vee i eneeeeniesnenonnesoseseenasannanas PN rrareiaeeana, +1 759C (PGA), +1500C (PLCC)
Lead Temperature (Soldering 108) ... vveteinenenenreeeeeeearasasarsensnensnensararas et +300°C

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voltage Range, Commercial ......oiieiriiniiiiisieiserernssonseassocsennanns e eeaeareraiieiieaans 5V £ 5%
Operating Temperature Range
Commercial. ..oiiieviriiiiieiiiianiiianeas Cereeeaes Y P 00C to +70°C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
Iccop Power Supply Current - 363 mA Vee =Max
CLK Frequency 33MHz
Note 2, Note 3, Note 4
lccs Standby Power Supply Current - 500 pA Ve = Max, Outputs Not Loaded
(] Input Leakage Current -10 10 A Ve = Max, Input=0VorVcg
o Output Leakage Current -10 10 uA Ve = Max, Input=0V orVgg
ViH Logical One Input Voitage 2.0 - \' Ve = Max
ViL Logical Zero Input Voltage - 08 v Vee =Min
VOH Logical One Output Voltage 2.6 - v IoH =-4000A, Ve = Min
VoL Logical Zero Output Voltage - 0.4 \ loL=2mA, Vg = Min
VIHC Clock Input High 3.0 - A Vce = Max
ViLe Clock input Low - 0.8 A Voo = Min
CIN Input Capacitance - 12 pF CLK Frequency 1MHz
All measurements referenced
. to GND.
Cout Output Capacitance - 12 pF TA = +250C, Note 1
NOTES:
1. Controlled via design or process parameters and not directly tested. Char-

N

w

acterized upon initial design and after major process and/or changes.

. Power Supply current is proportional to operating frequency. Typical

rating for Iccop is 11mA/MHz.

. Output load per test load circuit and C_ = 40pF.

M Jm junction temperature must be idered when

at high clock frequencies.

perating part
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Specifications HSP43168

A.C. Electrical Specifications Vg = +4.75V to +5.25V, Tp = 0°C to +70°C (Note 1)

SWITCH S1 OPEN FOR
lcese AND Iccop

33M_Hz 45MHz
SYMBOL PARAMETER MIN MAX MIN MAX | COMMENTS
Tep CLK Period 30 - 22 - ns
TCH CLK High 12 - 8 - ns
ToL CLK Low 12 - 8 - ns
Twp WR# Period 30 - 22 - ns
TwWH WR# High 12 - 10 - ns
TwL WR# Low 12 - 10 - ns
TAWS Set-up Time AO-8 to WR# Going Low 10 - 8 - ns
TAWH Hold Time AO-8 from WR# Going High [o] - [o] - ns
TCWS Set-up Time CINO-9 to WR# Going High 12 - 10 - ns
TCWH Hold Time CINO-9 from WR# Going High 1 - 1 - ns
TWLCL | Set-up Time WR# Low to CLK Low 5 - 3 - ns, Note 2
TCVCL | Set-up Time CINO-9 to CLK Low 7 - 7 - ns, Note 2 n
TECS Set-up Time CSELO-5, SHFTEN#, FWRD#, RVRS#, TXFR#,
MUXO0-1 to CLK Going High 15 - 12 - ns
[72]
TECH Hold Time CSELO-5, SHFTEN#, FWRD#, RVRS#, TXFR#, [+
MUX0-1 to CLK Going High 0 - 0 - |ns =
-d
TDO CLK to Qutput Delay QUT0-27 - 14 - 12 ns o
TOE Output Enable Time - 12 - 12 ns ?-_
TOD Output Disable Time - 12 - 12 ns, Note 3
TRF Output Rise, Fall Time - [} - 6 ns, Note 3
NOTES:
1. AC tests performed with C_ = 40pF, lg = 2mA, and Igy = -400pA. Input
reference level CLK = 2.0V. Input reference level for all other inputs is
1.5V. Test Vi = 3.0V, Viyc = 4.0V, V) = OV, V) c = OV.
2. Set-up time requirement for loading of data on CINO-9 to guarantee
recognition on the following clock.
3. Controlled via design or process parameters and not directly tested. Char-
acterized upon initial design and after major process and/or changes.
A.C. Test Load Circuit
I ~~~~~~~~~~~~~~ 1
puT st | |
CL*I [ I
* TEST HEAD ' I
CAPACITANCE l
= I lon 15 (t) oL |
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HSP43168

Waveforms
oK Tep
TcH TeL
— N N
CSELO - 4, MUXO - 1 Tecs Tecr
SHFTEN.2¢, FWRD 22,
RVRS #£, TXFR 7£,
INAO - 9, INBO - 9 ‘
TDQ P
ouTO -27 >,Z )—
| TWLCL_’
———Twp1
TwL TWH
WR .Z£ N
Taws ’ TAWH
e S
A0-8 )l( >F
Tows|TcwH
I Bl
CINO - 15
TovoL~—|

1.5V
OEL %, OEH 2z

OouTo -27

HIGH
IMPEDANCE

HIGH
IMPEDANCE

OUTPUT ENABLE, DISABLE TIMING

OUTPUT RISE AND FALL TIMES
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D HarS HSP43168/883

July 1992 Dual FIR Filter
Features Description
« Two Independent 8-Tap FIR Fliters Configurable The HSP43168 Dual FIR Filter consists of two independent 8-tap
as a Single 16-Tap FIR FIR filters. Each filter supports decimation from 1 to 16 and

provides on-board storage for 32 sets of coefficients. The Block
10 Bit Data & Coefficlents Diagram shows two FIR cells each fed by a separate coefficient
¢ On-Board Storage for 32 Programmable bank and one of two separate inputs. The outputs of the FIR cells
Coefficient Sets are either summed or multiplexed by the MUX/Adder. The compute
power in the FIR Cells can be configured to provide quadrature
* Up To: 256 FIR Taps, 16 x 16 2-D Kernels, or filtering, complex filtering, 2-D convolution, 1-D/2-D correlations,
10 x 20 Bit Data and Coefficlents and interpolating/decimating filters.
Programmable Decimation to 16

.

The FIR cells take advantage of symmetry in FIR coefficients by

« Programmable Rounding on Output pre-adding data samples prior to multiplication. This allows an

8-tap FIR to be implemented using only 4 multipliers per filter cell.
* Mixed Mode Arithmetic These cells can be configured as either a single 16-tap FIR filter or
« Standard Microprocessor Interface dual 8-tap FIR filters. Asymmetric filtering is also supported.
» 33MHz, 25.6MHz Versions Decimation of up to 16 is provided to boost the effective number of

filter taps from 2 to 16 times. Further, the decimation registers
* 84-Pin PGA provide the delay necessary for fractional data conversion and 2-D

. filtering with kernels to 16x16.

Applications The flexibility of the Dual is further enhanced by 32 sets of user
« Quadrature Fiitering programmable coefficients. Coefficient selection may be changed

asynchronously from clock to clock. The ability to toggle between
* Correlation coefficient sets further simplifies applications such as polyphase or
« Image Processing adaptive filtering.
« Complex Flitering The HSP43168 is a low power fully static design implemented in

an advanced CMOS process. The configuration of the device is
* PolyPhase Filtering controfled through a standard microprocessor interface. The Dual
« Adaptive Filtering FIR Filter is available in 84 pin PGA.
Block Diagram

CiNes 0 CONTROL/
“,‘,‘.?.; - CONFIGURATION
P T
CsELO4 —~ L T I
COEFFICIENT COEFFICIENT
BANK A BANK B
] |
iNAc-e 1% FIRCELL A " FIR CELLB
X
v
INBo-9/ 10, X
ouT 0-8 \
MUX/
ADDER

- — 12
OEH#
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3177.1

Copyright © Harris Corporation 1992
yrig p 319
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HSP43168/883

Pinouts

84 PIN PGA
TOP VIEW
1 10 9 8 7 s 5 4 3 2 1
GND |ouT15]|ouT1a|ouTi2| ouTio| ouT11] INB1 | INB4 | INB5 | INBS | INBS
ouTis| Vec |ouTis|ouTia| vee | INBo | INB2 | GND | INB7 | INBs | INATY
ouT19 | ouT17] ouTs | oEL# | INB3 INAO | INA2
ouT21 |ouT20) INA3 | INAG
out24 |ouT2s|out2s INA7 | INAS | INAE
outzr Jout22 jout2s NAs | INAS | Ve
OEH# | GND | cLK ciN2 | N1 | ciNo
Ve |ACCEN GND | cIN3
xrre | WD As | Ae |csELo CING | CINa
SHFT
ot |Muxolmuxi| Ao | Aas | A2 | vec |cserz|cins | cint | cins
RvRs#|WR# |GND | A1 | A4 | A7 | As |csEL1|csELs|cseLs
1 10 9 8 7 6 5 4 3 2
84 PIN PGA
BOTTOM VIEW
11 10 9 8 7 6 5 4 3 2
RVRS| WR# [GND | A1 | A4 | A7 | As |CSEL1|CSELS|CSELA
SE’:";T Mmuxo |Mux1| Ao | A3 | A2 | Vec |csEL2| ciNe |cIN7 cins
xrR# | FWRD A5 | As |CSELQ CINs  CINg
Ve |ACCEN GND CIN3
OEH# | GND | cLk CIN2 [CINT  CINO
ouT27|ouT22|0UT26 INAS [INA®  Vcc
ouT24]ouT2sjout2s INA7 |INAS  INAG
ouT21|0uUT20 INA3  INA4
ouT19jouT17 oute| OEL#| INB3 INAO  INA2
out1s| Ve |ouTis|ouTis| Vec | INBo | INB2 | GND | INB7 | INBS  INA1
GND |ouT15|ouT1a| ouT12| ouT10{ OUT11| INB1 | INB4 | INBS |iNBS INBS
1 10 9 8 7 6 5 4 3 2 1

B

PIN 'A1"
A ™D

PIN 'A1*
A
1D
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Specifications HSP43168/883

Absolute Maximum Ratings

Supply VOBge . . . o oo v e e e
Input, Output or /O Voltage

Storage Temperature Range
Junction Temperature . .. .....ooviiinenninnneannn
Lead Temperature (Soldering 10s)
ESD Classification ...........coovvieiiiiiienninne.

Reliability Information

+8.0V  Thermal Resistance (ﬁ.
GND-0.5V to Vc+0.5V Ceramic PGA Package ............ 33.5°CwW
........ -65°C to +150°C  Maximum Package Power Dissipation at +125°C
+175°C Ceramic PGA Package ............ 1.49W
............... +300°C Gate CoUNt . ...vvvv vttt eeiintrennnnnnenes
Class 1

7.5%’C/W

32529 Gates

CAUTION: Stresses above those listed in “Absolute Max;mum Hatlngs may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi d in the op of this specification is not implied.
Operating Conditions
Operating Voltage Range . . ................... +4.5V to +6.5V  Operating Temperature Range .. .............. -55°C to +125°C

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

GROUP A LIMITS
SUB-

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX UNITS
Logical One Input Vin Vee = 5.5V 12,3 -55° < Tp <+ 125°C 22 - v
Voltage
Logical Zero Input Vi Voo =45V 12,3 -55°< Ty <+ 125°C - 0.8 \
Voltage
Logical One Input ViHe Ve =5.5V 12,3 -558° < Tp <+ 125°C 3.0 - \"
Voltage Clock
Logical Zero Input Vic Vee = 4.5V 1,2,3 -55° < Tp <+ 125°C - 0.8 v
Voltage Clock
Output HIGH Voltage Vou lon = ~400pA 123 -55° < Ty < + 125°C 26 - v

Vce= 4.5V (Note 1)
Output LOW Vo lo = +2.0mA 1,2,3 -55°< T <+ 1256°C - 0.4 v
Voltage Vee= 4.5V (Note 1)
Input Leakage Current I Vin = Ve or GND 1,2,3 -55° < Tp <+ 125°C -10 +10 HA
Vo =5.5V
Output Leakage Current lo Vin = Vee or GND 12,3 -55° < Tp < + 125°C -10 +10 uA
Voc = 5.5V
Standby Power Supply lccss Vin = Vge or GND 12,3 -55° < Tp <+ 125°C - 500 HA
Current Vee =55V,
Qutputs Open
Operating Power Suppiy lccop f=25.6MHz, Vy = Ve 1,2,3 -55° < Tp < + 125°C - 281.6 mA
Current or GND, Ve = 5.5V
(Note 2)
Functional Test FT (Note 3) 7.8 -55°< Ty <+ 125°C - - -

NOTES:

1. Interchanging of force and sense conditions is permitted.
2. Operating Supply Current is proportional to frequency, typical rating is 11mA/MHz.

3. Tested as follows: f= 1MHz, V}(clock inputs) = 3.4V, V|, (all other inputs) = 2.6V, V;_= 0.4V, Vo, 2 1.5V, and Vg < 1.5V.
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Specifications HSP43168/883

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

GROUP A (-33MHz) (-25MHz)
(NOTE 1) SUB-
PARAMETER SYMBOL | CONDITIONS | ‘GROUPS TEMPERATURE MIN | MAX | MIN | MAX ] UNITS
CLK Period Tep 9,10, 11 -55° < Ty < +125°C 30 - 39 - ns
CLK High Ten 9,10, 11 -55° < Ty < +125°C 12 - 15 - ns
CLK Low TeL 9,10,11 | -55°<T,<+125°C 12 - 15 - ns
WR# Period Twp 9,10,11 | -55°<Ty<+125°C 30 - 39 - ns
WR# High Twn 9,10,11 | -58°<Ty<+125°C | 12 . 15 - ns
WR# Low Twi 9, 10, 11 -55° < Tp < +125°C 12 - 15 - ns
Set-up Time; Taws 9,10,11 | -55°<Ta<+125°C | 10 - 10 - ns
A0-8 to WR# Low
Hold Time; Tawn 9,10, 11 | -55°<T,<+125°C 1 - 1 - ns
A0-8 to WR# High '
Set-up Time; Tews 9,10, 11 -55° < T < +125°C 12 - 15 - ns
CINO-9 to WR# High
Hold Time; TewH 9,10, 11 -55° < Tp < +125°C 1.5 - 1.5 - ns
CINO-9 to WR# High .
Set-up Time; Twict Note 3 9,10, 11 | -55°< T, <+125°C 5 - 8 - ns
WR# Low to CLK Low
Set-up Time; Tever Note 3 9,10, 11 | -55°<T,<+125°C 8 - 8 - ns
CINO-9 to CLK Low
Set-up Time; Tecs 9,10,11 | -55°<Tas+125°C | 15 - 17 - ns
CSELO-5, SHFTEN#,
FWRD#, RVRS#,
TXFR#, MUXO0-1 to
CLK High
Hold Time; Tech 9,10,11 | -55°< T, <+125°C 0 - 0 - ns
CSELO0-5, SHFTEN#,
FWRD#, RVRS#,
TXFR#, MUXO0-1 to
CLK High
CLK to Output Delay Too 9,10, 11 -55° < Tp < +125°C 15 - 17 - ns
ouTo0-27
Output Enable Time Toe Note 2 9,10,11 | -55°<T,<+125°C 12 - 12 - ns
NOTES:

1. AC testing is performed as follows: Input levels (CLK Input) 4.0V and OV; input levels (all other inputs) 3.0V and 0V; Timing reference
levels (CLK) 2.0V; All others 1.5V. V¢ = 4.5V and 5.5V. Output load per test load circuit with C; = 40 pF. Output transition is measured
atVoy > 1.5Vand\g < 1.5V '

2. Transition is measured at £200mV from steady state voltage, Output loading per test load circuit, C| = 40pF.

3. Set-up time requirements for loading of data on CINO-9 to guarantee recognition on the following clock.
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Specifications HSP43168/883

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

(-33MHz) (-25MHz)
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE MIN | MAX | MIN | MAX | UNITS
Input Capacitance Cin Vee=Open, f=1 MHz 1 Ta = +25°C - 12 - 12 pF
All measurements
Output Capacitance Cout are referenced to 1 Ta = +25°C - 12 - 12 pF
device GND.
Qutput Disable Time Too 1,2 -55° < Tp < +125°C - 12 - 12 ns
Qutput Rise Time Tr From 0.8V to 2.0V 1,2 -55° < Tp < +125°C - 8 - 8 ns
Output Fall Time Te From 2.0V to 0.8V 1,2 -55° < Tp < +125°C - 8 - 8 ns

NOTE:

1. The parameters in Table 3 are controlled via design or process parameters and not directly tested. Characterized upon initial design and
after major process and/or design changes.

2. Loading is as specified in the test load circuit with C; = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3, 8A,88, 10, 11
Group A - 1,2,3,7,8A, 88,9, 10, 11
Groups C and D Samples/5005 1,7,9

AC Test Load Circuit
st
DUT [Jmtpmeo”

*CL

I

10H 1.5V oL
* INCLUDES STRAY
AND JIG = - =
CAPACITANCE
EQUIVALENT CIRCUIT

SWITCH S1 OPEN FOR Iccsg AND Igcop TEST
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HSP43168/883

Waveforms
CLK Tep
Teu Ter
‘ /_x_
PR N
Tecs | Tec
CSEL0-4, MUX0-1
SHFTEN#, FWRD#,
RVRS#, TXFR#,
INAO-9, INB0O-9
Too —|
ouTo-27 >_
—<—  Twicr —>
Twp |
Ty T
WL WH
WR# \ /
TAWS —— e ] Tawn
A0-8
Tews | Tewn
| |
CINO-15
Tever —~=—

N\ _1:5V 1.5V
OEL#, OEH#

Toe Too

1.7V

HIGH N__.1.3V HIGH
IMPEDANCE IMPEDANCE

ouTo0-27

/N

OUTPUT ENABLE, DISABLE TIMING

|

OUTPUT RISE AND FALL TIMES
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Burn-In Circuit

84 PIN PGA
BOTTOM VIEW
1 10 9 8 7 6 5 4 3 2 1
A|RVRs| wre [GND [ A1 | as | a7 | s [csELifcsELycsELe cine A"':_;‘"
B SE"NT muxo |Mux1| Ao | As | A2 | Vec cssti ciNg [CINT |CINs | B
C | TXFR# FW‘RD A5 A8 |CSELO CiN6é [CIN4 | C
p | Vec Jacce GND [CIN3 | D
£ | oeH# | aND | cLk ciNz JciNt |oino | E
¢ out27] oumourzsl INAS |INAS |vee | g
G |our24jouT2s oun;I INA7 |INAS {INAS | G
u | our21jour20 INA3 |INAG | H
J |ourisjoursz ouTe osul INB3 INAO [INA2 | J
K jourie]| Vec ounslou'm Vcc | INBo | INB2 | GND | INB7 | INB8 | INAT | K g:’
w
=
L | aND |ouTis|ouTis) ounzloumioum N1 {INB4 | INB5 |INB6 |INBS | L E
1 10 9 ) 7 6 5 4 3 2 1 Q
-
NOTES: 5. FO = 100KHz +10%, F1 = FO/2, F2 = F1/2. . ., F16 = F15/2,
1. Veo/2 (2.7V £10%) used for outputs only. 40 to 60% duty cycle. —

2. 47KQ (£20%) resistor connected to all pins except Vecand GND 6+ Input voltage limits:
V". = 0.8V May, VIH =45110%
3. Vcc =5.510.5V.

4. 0.1pf (Min) capacitor between V¢ and GND per position.

PGA| PIN |BURNIN|[PGA | PIN |BURNIN]|[PGA| PIN |BURNAIN|[PGA| PIN | BURN-N
PIN | NAME | SIGNAL || PIN | NAME | siGNAL || PIN | NAME | siGNAL || PIN | NAME | siGNAL
AT | CING F9 B11 | SHFTEN | F14 F9 | SUM26 | Voo2 K2 |INB8 F9
A2 | CSELA | F12 1 |CiNg F7 F10 | SUM22 | Ved2 K3 | INB7 F8
A3 |CSEL3 | F11 C2 | CiNé F9 FI1_|SUM27 | Vo2 K& | GND GND
A4 |CSEL1 | F9 C5 |CSELO | F8 Gl |INAG F7 K5 | INB2 F3
A5 | A8 Fi2 C6 | A6 F11 G2 |INAS F6 K6 | INBO Fi
A6 | A7 F10 c7 | A5 Fi2 G3 | INA7 F8 K7 | Voo Voo
A7 | A4 F11 Ci0 |FWRD | Fi3 GO |SUM25 | Vo2 K8 | SUMI3 | Veo2
A8 | A1 Fi2 Ci1_|TXFR F11 G10 |SUM23 | Ved2 K9 | SUMi6 [ Vco2
A9 | GND GND D1 |CiN3 F10 Gi1 | SUM24 | Veo2 K10 | Voo Voo
A0 | WRB F6 D2 | GND GND Hi_ | INAa F5 K11 | SUMTB | Veo2
A1 | RVAS Fi2 D10 | ACCEN | Fi3 H2 | INA3 F4 1 |INB9 F10
Bl | CIN5 F8 D1 | Veo Voo HI0 | SUM20 | Vo2 2 |INB6 F7
B2 | CIN7 F10 E1_ | CINO F7 HIT [SUMZ1 | Vo2 13 |INB5 F6
B3 | CIN9 F10 E2_ | CINT F8 | INA2 F3 4 |INB4 F5
B4 |CSEL2 | F10 E3 | CIN2 F9 72| INAD F1 15 |INBI F2
B5 | Veo Voo E9 | CLK FO J5 | INB3 F4 16 |SUMIT | Vo2
B6 | A2 Fi1 E10_ | GND GND J6 | OELB F13 17 |SUMI0 | Vo2
B7 | A3 F10 E11_| OEHB Fi4 7 | Sume Vo2 18 |SUMiZ | Voo2
B8 | A0 F13 F1_ | Veo Veo J10 | SUMI7 | Vo2 19 |SuMid | Vo2
B9 | MUXI F13 F2_ | INA9 F10 T [SUMI9 [Ved2 110 | SUM15 | Voo2
B10 | MUX0 Fi2 F3_ | INAS F9 Ki_ |INA1 F2 111 | GND GND
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Metallization Topology

DIE DIMENSIONS:
314 x 348 x 19 1 1mils

METALLIZATION:
Type: Si-Al or Si-Al-Cu
Thickness: 8

GLASSIVATION:
Type: Nitrox
Thickness: 10kA

Metallizatioh Mask Layout:

CIN?

CING
" CINs

CIN4
GND
CIN3

ciN2
Nt
cINo
INA9
INAS
INA7
INAs /RN

INAS
Vee
INA4

INA3 [}

e etz
INA2 R S T A e S
i errorss sz

INA1

INAO

INB8
INB7
INB6

——

DIE ATTACH:
Material: Silver Glass

WORST CASE CURRENT DENSITY:
1.93 x 105 A/em?

HSP43168/883

IRARRERR]

3

S

ZAYAZ T

A AR

Z

TR

7 GND

OEH#
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HSP43220

Decimating Digital Filter

Features

e Single Chip Narrow Band Filter with up to 96dB
Attenuation

* DC to 33MHz Clock Rate

* 16 Bit 2’s Complement Input

* 20 Bit Coefficients in FIR

e 24 Bit Extended Precision Output

* Programmable Decimation up to a Maximum of
16,384

* Standard 16 Bit Microprocessor Interface
e Filter Design Software Available DECI*MATE™
* Available in 84 Pin PGA and PLCC

Applications

* Very Narrow Band Filters

* Zoom Spectral Analysis

® Channelized Receivers

e Large Sample Rate Converter
® Instrumentation

e 512 Tap Symmetric FIR filtering

Description

The HSP43220 Decimating Digital Filter is a linear phase
low pass decimation filter which is optimized for filtering
narrow band signals in a broad spectrum of a signal
processing applications. The HSP43220 offers a single
chip solution to signal processing application which have
historically required several boards of IC’s. This reduction in
component count results in faster development times as
well as reduction of hardware costs.

The HSP43220 is implemented as a two stage filter
structure. As seen in the block diagram, the first stage is a
high order decimation filter (HDF) which utilizes an efficient
decimation (sample rate reduction) technique to obtain
decimation up to 1024 through a coarse low-pass filtering
process. The HDF provides up to 96dB aliasing rejection in
the signal pass band. The second stage consists of a finite
impulse response (FIR) decimation filter structured as a
transversal FIR filter with up to 512 symmetric taps which
can implement filters with sharp transition regions. The FIR
can perform further decimation by up to 16 if required while
preserving the 96dB aliasing attenuation obtained by the
HDF. The combined total decimation capability is 16,384.

The HSP43220 accepts 16 bit parallel data in 2's
complement format at sampling rates up to 33MSPS. It
provides a 16 bit microprocessor compatible interface to
simplify the task of programming and three~state outputs to
allow the connection of several IC’s to a common bus. The
HSP43220 also provides the capability to bypass either the
HDF or the FIR for additional flexibility.

Block Diagram

DECIMATION UP TO 1024

|

DECIMATION UP TO 16

}

INPUT CLOCK————>} HIGH ORDER FIR 24
DATA INPUT—E ] DECIMATION DECIMATION | v~ DATA OUT
CONTROL —>i8 FILTER FILTER |—> DATA
AN READY
COEFFICIENTS |
FIR CLOCK

DECI ® MATE™ is a registered trademark of Harris Corporation.

IBM PC™, XT™, AT™, PS/2™ are registered trademarks of International Business Machines, inc.

1-D FILTERS E

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed.
Copyright © Harris Corporation 1992

2486.3
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Package

Pinouts

84 PIN GRID ARRAY (PGA)

3 4 5 6 7 8 9 10 1" 1 2 3 4 5 8 7 8 k] 10 n
oaTA_ | DATA_ | DATA_ | DATA_ | DATA |DATA_ | 9 Q_ Q O Q Q O Q
GND | GND L
N2 N4 N7 IN8 IN11 |IN14 ce c_oausc,gusc sc_gus ov DATA oo DATA_ DATA_ DATA_ DATA_
s 3 2 0 ENX# RDY OUT 23 OUT 21 OUT 20 OUT 18
B DATA_| DaTA_ | DATA | DATA | DATA- [DATA_ | o | oo {DATA- x 1O O O O O
IN¥ Jours |INO JIN3  |INe |IN13 JIN12 |IN15 ouT 1 § cBus c_Bus c_Bus cBus OUT_ T U, DATA_ DATA. DATA_ DATA
8 5 4 1 ENP = QUT 22 OUT 19 OUT 17 OUT 15
DATA_ | DAT)
o Jremert veo oata | oara f paTA |t 1 O O O O O
c_Bus out_ FIR_ DATA_ DATA_
GND GND
7 SELH oKk 16 oYy 14
o DATA_ |DATA_ «1 O O
outs fouta cBus DATA_ DATA_
9 ce ouT 18 OuT 12
e oaafosa | ] O O O (e}
ouTs |out7 ¢_Bus c_Bus C_BUS HSP43220 DATA.  qup DATA-
12 11 13 ouT 10 our
e voe |PATA- 1O O O BOTTOM VIEW (@] O
outs c_Bus c_BUS C_Bus DATA. . DATA
10 15 14 PINS UP ours ¢ ours
s wo ] =1 O O O O O
out 11 cos s DATA_ DATA_ DATA_
w ouTs oure our7
" DATA. {DATA_ ol O O Q
ouT 13| OUT 12 ~ RESET DATA_ DATA_
= ours ours4
N DATA_ |DATA_ <] O O Q
ouT 18| OUT 1) ASTART DATA_ DATA_ DATA_ DATA. DATA.
IN= cc INS NS IN10 ouTo OuT2
k | c—pus |c_sus| c_pus|c_sus| our_| | oo |oATA |oaTA loaTa_ loaTA_ sl O O 0O O O O O O O
[ s a 1| Enpe our 22| out 18| ouT 17 fouT 15 START START DATA_ DATA_ DATA. DATAL DATA_ DATA oo W voo PATA-
IN#Z OUT# INO  INS N IN13 IN1Z N1 cC oyra
o | c-8us |c_sus|c_sus| c_sus| our_| oata_| |oaTa_ [oATA JoATA JOATA_ A : o O
s s 2 o | enx=| rov €C | our 23 our 21| ouT 20 | ouT 18] aNp DATA_ DATA_ DATA_ DATA. DATA- DATA. DATA. voo awp  awp
N1 N2 N4 IN7 NS TN N4

STARTOUT 2 E
vee [
stann 2 [
ASTARTIN 22 C
RESET# E

Al E

wE]

wrzz [

csx [
C_BUS 15 E

cus 14 [
csus 13 [

cBus 1z [
csus 11 [
csus 10 [
ceuse [ |
vee []
ano [
causa[ ]
cpus 7 [
c.BUS 8 :

84 PLASTIC LEADED CHIP CARRIER (PLCC)

g23329432138288d8ids43

$ 8553353385385 33833838858 ¢

o o o o o
: ,

84 LEAD PLCC

33 34 35 38 37 38 39 40 41 42 43 44 45 48 47 48 49 50 51 52 53

[N O A

GriizijiiBEifraliii:
2 2 5 5

3333330887 "7 23883338

©33 8 f R EEEE
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] ano

[[] paraouro
DATALOUT 1
% DATA_OUT 2
[] pataoura
] oaraour 4
] oataour s
[] oataoure
] oataour7
[} oaracura
[] pataours
"] oataour 10
] oaraour 1

] ano

] vee

] oaraour 12
[] pataour 13
] oatAoUT 14
[_] oataout 15
| ] paraour 16
: DATA_OUT 17
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Pin Description

NAME

PLCCPIN

TYPE

DESCRIPTION

Vce

13,28, 42,45,
60,75,78

The +5V power supply pins.

GND

11,29, 43, 46,
61,74,77

The device ground.

CK_IN

76

Input sample clock. Operations in the HDF are synchronous with the rising edge of this
clock signal. The maximum clock frequency is 33MHz. CK__IN is synchronous with FIR__CK
and thus the two clocks may be tied together if required, or CK__IN can be divided down from
FIR__CK.CK__IN is a CMOS level signal.

FIR_CK

44

Input clock for the FIR filter. This clock must be synchronous with CK__IN. Operations in
the FIR are synchronous with the rising edge of this clock signal. The maximum clock
frequency is 33 MHz. FIR__CKis a CMOS level signal.

DATA__INO-15

1-10,79-84

Input Data bus. This bus is used to provide the 16~-bit input data to the HSP43220. The data
must be provided in a synchronous fashion, and is latched on the rising edge of the
CK__IN signal. The data bus is in 2's complement fractional format.

C_BUS0-15

21-27,30-38

Control Input bus. This input bus is used to load all the filter parameters. The pins WR#, CS#
and AO , A1 are used to select the destination of the data on the Control bus and write the
Control bus data into the appropriate register as selected by A0 and A1.

DATA_OUT
0-23

48-59,62-73

Output Data bus. This 24-Bit output port is used to provide the filtered result in 2's
complement format. The upper 8 bits of the output, DATA_OUT16-23 will provide extension
or growth bits depending on the state of OUT__SELH and whether the FIR has been put in
bypass mode. Output bits DATA_OUTO0-15 will provide bits 20 through 2=15 when the FIR
is not bypassed and will provide the bits 216 through 2-31 when the FIR is in bypass mode.

DATA_RDY

47

An active high output strobe that is synchronous with FIR__CK that indicates that the result
of the just completed FIR cycle is available on the data bus.

RESET#

16

RESET# is an asynchronous signal which requires that the input clocks CK__IN and FIR__CK
are active when RESET# is asserted. RESET# disables the clock divider and clears all of the
internal data registers in the HDF. The FIR filter data path is not initialized. The contro! register
bits that are cleared are F_BYP, H__STAGES, and H__DRATE. The F_DIS bit is set. In order to
guarantee consistent operation of the part, the user must reset the DDF after power up.

WR#

Write strobe. WR# is used for loading the internal registers of the HSP43220. When CS#
and WR# are asserted, the rising edge of WR# will latch the C_BUSO0-15 data into the
register specified by AO and A1.

CS#

20

Chip Select. The Chip Select input enables loading of the internal registers. When CS# and
WR# are low, the AO and A1 address lines are decoded to determine the
destination of the data on C__BUSO0-15. The rising edge of WR# then loads the appropriate
register as specified by AO and A1.

AQ, A1

18,17

Control Register Address. These lines are decoded to determine which control register is the
destination for the data on C__BUSO-15. Register loading is controlled by the A0 and At,
WR# and CS# inputs.

ASTARTIN#

15

ASTARTIN# is an asynchronous signal which is sampled on the rising edge of CK_IN. It is
used to put the DDF in operational mode. ASTARTIN# is internally synchronized to CK__IN
and is used to generate STARTOUT#.

STARTOUT#

12

STARTOUT# is a pulse generated from the internally synchronized version of ASTARTIN#.
It is provided as an output for use in multi-chip configurations to synchronously start
multiple HSP43220’s. The width of STARTOUT# is equal to the period of CK__IN.

STARTIN#

14

STARTIN# is a synchronous input. A high to low transition of this signal is required to start
the part. STARTIN# is sampled on the rising edge of CK__IN. This synchronous signal
can be used to start single or multiple HSP43220's.

OUT_SELH

39

Output Select. The OUT__SELH input controls which bits are provided at output pins
DATA__OUT16-23. A HIGH on this control line selects bits 28 through 21 from the
accumulator output. A LOW on this control line selects bits 2-16 through 223 from the
accumulator output. Processing is not interrupted by this pin.

OUT_ENP#

40

Output Enable. The OUT_ENP# input controls the state of the lower 16 bits of the output
data bus, DATA_OUTO-15. A LOW on this control line enables the lower 16 bits of the
output bus. When OUT__ENP# is HIGH , the output drivers are in the hngh impedance state.
Processing is not interrupted by this pin.

OUT_ENX#

41

Output Enable. The OUT__ENX# input controls the state of the upper 8 bits of the output
data bus, DATA_OUT16-23. A LOW on this control line enables the upper 8 bits of the
output bus. When OUT_ENX# is HIGH, the output drivers are in the high impedance state.
Processing is not interrupted by this pin.

3-29
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The HDF

The first filter section is called the High Order Decimation
Filter (HDF) and is optimized to perform decimation by large
factors. It implements a low pass filter using only adders
and delay elements instead of a large number of multiplier/
accumulators that would be required using a standard FIR
filter.

The HDF is divided into 4 sections: the HDF filter section,
the clock divider, the control register logic and the start
logic (Figure 1).

Data Shifter

After being latched into the Input Register the data enters
the Data Shifter. The data is positioned at the output of the
shifter to prevent errors due to overflow occurring at the
output of the HDF. The number of bits to shift is controlled
by H_GROWTH.

Integrator Section

The data from the shifter goes to the Integrator section. This
is a cascade of 5 integrator (or accumulator) stages, which
implement a low pass filter. Each accumulator is

implemented as an adder followed by a register in the feed
forward path. The integrator is clocked by the sample clock,
CK_IN as shown in Figure 2. The bit width of each
integrator stage goes from 66 bits at the first integrator
down to 26 bits at the output of the fifth integrator. Bit
truncation is performed at each integrator stage because
the data in the integrator stages is being accumuiated and
thus is growing, therefore the lower bits become
insignificant, and can be truncated without losing significant
data.

There are three signals that control the integrator section;
they are H_STAGES, H__BYP and RESET#. In Figure 2
these control signals have been decoded and are labelled
INT_EN1 - INT_ENS. The order of the filter is loaded via
the control bus and is called H_STAGES. H_STAGES is
decoded to provide the enables for each integrator stage.
When a given integrator stage is selected, the feedback
path is enabled and the integrator accumulates the current :
data sample with the previous sum. The integrator section
can be put in bypass mode by the H__BYP bit. When
H__BYP or RESET# is asserted, the feedback paths in all
integrator stages are cleared.

M -1 WRZ CS# C_BUS CK_IN RESET % RESET # CK_IN ASTARTIN #
| Vo ! | l [N . | STARTIN 2
H_ DRATE
CONTROL CLOCK ISTART START STARTOUT %
REGISTER LOGIC H_BYP DIVIDER LOGIC —
*6 *s *5 1
H_GROWTH INT_EN1 -5 COMB_ENI -5 CK_DEC
HDF FILTER SECTION
ISTART H_GROWTH INT_EN1 -5 RESET# COMB_EN1 -5 RESET#*
5
DATA ’i/e {5 ‘
" INPUT |8, DATA N DEC |\ N N TOFR
-;c- REG [ 0] SHIFTER [ o INTEGRATOR o] rec o5 COMB FILTER ~ ROUND ] Rec =
CK_IN
CK_DEC TO FIR
FIGURE 1. HIGH ORDER DECIMATION FILTER
0 0 0 0 0
MUX MUX MUX MUX MUX
T |
FROM INT__ENS INT_EN4. INT__EN3 INT__EN2 INT__EN1 DECIMATION
SHIFTER ‘ REGISTER
o REG > — REG H-> 1 REGH> 2 | REG S PRreGH
P R o] = 5| Z 43 35 | 26
CK_IN i i i 1 I

FIGURE 2. INTEGRATOR
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Decirﬁation Register

The output of the Integrator section is latched into the
Decimation Register by CK_DEC. The output of the
Decimation register is cleared when RESET# is asserted.
The HDF decimation rate = H__DRATE +1, which is defined
" as Hdec for convenience.

Comb Filter Section

The output of the Decimation Register is passed to the
Comb Filter Section. The Comb section consists of 5
cascaded Comb filters or differentiators. Each Comb filter
section calculates the difference between the current and
previous integrator output. Each Comb filter consists of a
register which is clocked by CK_DEC, followed by an
subtractor, where the subtractor calculates the difference
between the input and output of the register. Bit truncations
are done at each stage as shown in Figure 3. The first stage
bit width is 26 bits and the output of the fifth stage is 19 bits.

There are three signals that control the Comb Filter; H__
STAGES, H__BYP and RESET#. In Figure 3 these control
signals are decoded as COMB__EN1 - COMB__ENS5. The
order of the Comb filter is controlled by H__STAGES, which
is programmed over the control bus. H__BYP is used to put
the comb section in bypass mode. RESET# causes the
register output in each Comb stage to be cleared. The H__
BYP and RESET# control pins, when asserted force the
output of all registers to zero so data is passed through the
subtractor unaltered. When the H_STAGES control bits
enable a given stage the output of the register is subtracted
from the input.

It is important to note that the Comb filter section has a
speed limitation. The Input sampling rate divided by the

- decimation factor in the HDF (CK__IN/Hdec) should not
exceed 4MHz. Violating this condition causes the output of
the filter to be incorrect. When the HDF is put in bypass
mode this limitation does not apply. Equation 1.0 describes
the relationship between F_TAPS, F_DRATE, H__DRATE,
CK__IN and FIR_CK.

Rounder

The filter accuracy is limited by the 16 bit data input. To
maintain the maximum accuracy, the output of the comb is
rounded to 16 bits.

COMB_ENS COMB_EN4

FROM

DECIMATION

REGISTER SET RESET| RESET
REG B A-B| REG B A-B REG

26

COMB_EN3

The Rounder performs a symmetric round of the 19 bit
output of the last Comb stage. Symmetric rounding is done
to prevent the synthesis of a OHz spectral component by the
rounding process and thus causing a reduction in
spurious free dynamic range. Saturation logic is also
provided to prevent roll over from the largest positive value
to the most negative value after rounding. The output of the
last comb filter stage in the HDF section has a 16 bit integer
portion with a 3 bit fractional part in 2’s complement format.

The rounding algorithm is as follows:

POSITIVE NUMBERS
Fractional Portion Greater Than or Round Up
Equalto 0.5
Fractional Portion Less Than 0.5 Truncate
NEGATIVE NUMBERS
Fractional Portion Less Than or Round Up
Equalto 0.5
Fractional Portion Greater Than 0.5 Truncate

The output of the rounder is latched into the HDF output
register with CK__DEC. CK_DEC is generated by the
Clock Divider section. The output of the register is cleared
when RESET# is asserted.

Clock Divider and Control Logic

The clock divider divides CK__IN by the decimation factor
Hdec to produce CK_DEC. CK_DEC clocks the
Decimation Register, Comb Filter section, HDF output
register. In the FIR filter CK_DEC is used to indicate that a
new data sample is available for processing. The clock
generator is cleared by RESET# and is not enabled until the
DDF is started by an internal start signal (see Start Logic).

The Control Register Logic enables the updating of the
Control registers which contain all of the filter parameter
data. When WR# and CS# are asserted, the control
register addressed by bits AO and A1 is loaded with the
data on the C__BUS.

COMB_EN2 COMB_EN1
TO
RESET] RESET ROUNDER
B A-B REG REG

> o

A 20

A 22 A 21
CK_DEC |

A-8 B A-BP—
wl '_.A 19

FIGURE 3. COMB FILTER
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DDF Control Registers

F__Register (A1 = 0, A0 = 0)

F_OAD | F_BYP |F_ESYM| F_DRATE. F_TAPS
FAO FBO Eso [pa[p2|D1|po |78 |77 |16 |15 |14 |13 |12 {11 |10
15 14 13 |12 11 10 of|8 7 & 5 4 3 2 1 o]
F_TAPS

Bits TO-T8 are used to specify the number of FIR filter taps.
The number entered is one less than the number of taps re-
quired. For example, to specify a 511 tap filter F_TAPS
would be programmed to 510.

F_DRATE

Bits DO-D3 are used to specify the amount of FIR
decimation. The number entered is one less than the
decimation required. For example, to specify decimation of
16, F_DRATE would be programmed to 15. For no FIR
decimation, F__DRATE would be set equal to 0. FDRATE
+1 is defined as Fdec.

F__ESYM

Bit ESO is used to select the FIR symmetry. F_ESYM is set
equal to one to select even symmetry and set equal to zero
to select odd symmetry. When F_ESYM is one, data is
added in the pre-adder; when it is zero, data is subtracted.
Normally set to one.

F__BYP

Bit FBO is used to select FIR bypass mode. FIR bypass
mode is selected by setting F_BYP=1. When FIR bypass
mode is selected, the FIR is internally set up for a 3 tap even
symmetric filter, no decimation (F_DRATE=0) and F__OAD
is set equal to one to zero one side of the preadder. In FIR
bypass mode all FIR filter parameters, except F__CLA, are
ignored, including the contents of the FIR coefficient RAM.
In FIR bypass mode the output data is brought output onrthe
lower 16 bits of the output bus DATA__OUT 0-15. To disa-
ble FIR bypass mode, F__BYP is set equal to zero. When
F_BYP is returned to zero, the coefficients must be
reloaded.

F__OAD

Bit FAQ is used to select the zero the preadder mode. This
mode zeros one of the inputs to the pre-adder. Zero
preadder mode is selected by setting F_OAD equal to one.
This feature is useful when implementing arbitrary phase
filters or can be used to verify the filter coefficients. To
disable the Zero Preadder mode F__OAD is set equal to
zero.

FIGURE 4.
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DDF Control Registers (Continued)
FC__Register (A1 =0, A0 = 1)

F_CF
C19 |Cc18 {C17 [C16 {C15 [C1a [C13 |c12 {c11 [c1o | co [cs | c7 | ce [ cs5 | ca
x x| x [ x{x|x|{x|{x|x]x|x!|x]csalca]ct|co

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 ¢}

S

L*’ F_CF

Bits CO-C19 represent the coefficient data, where C19 is the MSB.
Two writes are required to write each coefficient which is 2’s
complement fractional format. The first write loads C19 through C4;
C3 through CO are loaded on the second write cycle. As the
coefficients are written into this register they are formatted into a 20
bit coefficient and written into the Coefficient RAM sequentially
starting with address location zero. The coefficients must be loaded
sequentially, with the center tap being the last coefficient to be
loaded. See coefficient RAM, below.

FIGURE 5.
H__Register 1 (A1 = 1, A0 = 0)
RESERVED | F_DIS | F_CLA | H_BYP H__DRATE

[ ] FDO FCO HBo [Ro [Re |R7 |Re [R5 [R4 [R3|R2 [R1 [RO
15 14 13 12 11 10 |9 8 7 6 5 4 3 2 1 o]

L—> H__DRATE

Bits RO-R9 are used to select the amount of decimation in the HDF.
The amount of decimation selected is programmed as the required
decimation minus one; for instance to select decimation of 1024
H__DRATE is set equal to 1023. HDRATE +1 is defined as Hdec.

H_BYP

Bit HBO is used to select HDF bypass mode. This mode is selected
by setting H_BYP =1. When this mode is selected the input data
passes through the HDF unfiltered. Internally H__STAGES and
H__DRATE are both set to zero and H_GROWTH is set to 50.
H__REGISTER 2 must be reloaded when H__BYP is returned to O.
To disable HDF bypass mode H__BYP=0. The relationship between
CK__IN and FIR__CK in this and all other modes is defined by equa-
tion 1.0.

F__CLA

Bit FCO is used to select the clear accumulator mode in the FIR. This
mode is enabled by setting F_CLA=1 and is disabled by setting
F__CLA=0. In normal operation this bit should be set equal to zero.
This mode zeros the feedback path in the accumulator of the
multiplier/accumualator (MAC). It also allows the multiplier output to
be clocked off the chip by FIR_CK, thus DATA__RDY has no
mearing in this mode. This mode can be used in conjunction with the
F__OAD bit to read out the FIR coefficients from the coefficient RAM.

F_DIS

Bit FDO is used to select the FIR disable mode. This feature enables
the FIR parameters to be changed. This feature is selected by setting
F_DIS=1. This mode terminates the current FIR cycle. While this
feature is selected, the HDF contines to process data and write it into
the FIR data RAM. When the FIR re-programming is completed, the
FIR can be re-enabled either by clearing F__DIS, or by asserting one
of the start inputs, which automatically clears F__DIS.

FIGURE 6
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DDF Control Registers (Continued)
H__Register 2 (A1 = 1, A0 = 1)

RESERVED '~ H_GROWTH H__STAGES
I 1 | | | | [es|calasfaz|a1|ao|n2|n1]No
15 14 13 12 11 10 9|8 7 6 5 4 3|l2 1 o

H_STAGES

Bits NO-N2 are used to select the number of stages or order
of the HDF filter. The number that is programmed in is equal
to the required number of stages. For a 5th order filter,
H__STAGES would be set equal to 5.

‘——————> H_GROWTH

Bits GO-G5 are used to select the proper amount of growth
bits. H_GROWTH is calculated using the following
equation:

H_GROWTH = 50 - CEILING {H__STAGES X log (Hdec)/
log(2)}

where the CEILING {} means use the next largest integer of
the result of the value in brackets and log is the log to the
base 10.

The value of H_GROWTH represents the position of the
LSB on the output of the data shifter.

FIGURE 7

3-34




HSP43220

Start Logic

The Start Logic generates a start signal that is used
internally to synchronously start the DDF. if ASTARTIN# is
asserted (STARTIN# must be tied high) the Start Logic
synchronizes it to CK__IN by double latching the signal and
generating the signal STARTOUT#, which is shown in
Figure 8. The STARTOUT# signal is then used to
synchronously start other DDFs in a multi-chip configura-
tion (the STARTOUT# signal of the first DDF would be tied
to the STARTIN# of the second DDF). The NAND gate
shown in Figure 8 then passes this synchronized signal to
be used on chip to provide a synchronous start. Once
started, the chip requires a RESET+# to halt operation.

When STARTIN# is asserted (ASTARTIN# must be tied
high) the NAND gate passes STARTIN# which is used to
provide the internal start, ISTART, for the DDF. When
RESET# is asserted the internal start signal is held
inactive, thus it is necessary to assert either ASTARTIN# or
STARTIN# in order to start the DDF. The timing of the first
valid DATA__IN with respect to START__IN# is shown in
the Timing Waveforms below.

In using ASTARTIN# or STARTIN# a high to low transition
must be detected by the rising edge of CK__IN, therefore
these signals must have been high for more than one
CK__IN cycle and then taken low.

RESET %

l l STARTIN 72

s S
D Q D

[_‘> r

FIGURE 8. START LOGIC

ASTARTIN 2

CK_IN r

The FIR Section

The second filter in the top level block diagram is a Finite
Impulse Response (FIR) filter which performs the final
shaping of the signal spectrum and suppresses the aliasing
components in the transition band of the HDF. This enables
the DDF to implement filters with narrow pass bands and
sharp transition bands.

Q ISTART

STARTOUT

The FIR is implemented in a transversal structure using a
single multiplier/accumulator (MAC) and RAM for storage of
the data and filter coefficients as shown in Figure 9. The FIR
can implement up to 512 symmetric taps and decimation up
to 16.

The FIR is divided into 2 sections: the FIR filter section and
the FIR control logic.

Coefficient RAM

The Coefficient RAM stores the coefficients for the current
FIR filter being implemented. The coefficients are loaded
into the Coefficient RAM over the control bus (C_BUS). The
coefficients are written into the Coefficient RAM
sequentially, starting at location zero. It is only necessary to
write one half of the coefficients when symmetric filters are
being implemented, where the last coefficient to be written
in is the center tap.

The coefficients are loaded into address 01 in two writes.
The first write loads the upper 16 bits of the 20 bit
coefficient, C4 through C19. The second write loads the
lower 4 bits of the coefficient, CO through C3, where C19 is
the MSB. The two 16 bit writes are then formatted into the
20 bit coefficient that is then loaded into the Coefficient
RAM starting at RAM address location zero, where the
coefficient at this location is the outer tap (or the first
coefficient value).

To reload coefficients, the Coefficient RAM Address pointer
must be reset to location zero so that the coefficients will be
loaded in the order the FIR filter expects. There are two
methods that can be used to reset the Coefficient RAM
address pointer. The first is to assert RESET#, which
automatically resets the pointer, but also clears the HDF
and alters some of the control register bits. (RESET# does
not change any of the coefficient values.) The second
method is to set the F__DIS bit in control register
H__ REGISTER1. This control bit allows any of the FIR
control register bits to be re-programmed, but does not
automatically modify any control registers. When the
programming is completed, the FIR is re-started by clearing
the F__DIS bit or by asserting one of the start inputs
(ASTARTIN# or STARTIN#). The F__DIS bit allows the filter
parameters to be changed more quickly and is thus the
recommended reprogramming method.

Data RAM

The Data RAM stores the data needed for the filter
calculation. The format of the data is:

20,2-12-29-32-42-52-62-72-82-92-102-112-122-132-142-15
where the sign bit is in the 20 location.

The 16 bit output of the HDF Qutput Register is written into
the Data Ram on the rising edge of CK__DEC.

RESET# initializes the write pointer to the data RAM. After a
RESET# occurs, the output of the FIR will not be valid until
the number of new data samples written to the Data RAM
equals TAPS.

The filter always operates on the most current sample and
the taps-1 previous samples. Thus if the F__DIS bit is set,
data continues to be written into the data RAM coming from
the HDF section. When the FIR is enabled again the filter
will be operating on the most current data samples and thus
another transient response will not occur.

The maximum throughput of the FIR filter is limited by the
use of a single Multiplier/Accumulator (MAC). The data
output from the HDF being clocked into the FIR filter by
CK__DEC must not be at a rate that causes an erroneous
result being calculated because data is being overwritten.

The equation shown below describes the relationship
between, FIR__CK, CK__DEC, the number of taps that can
be implemented in the FIR, the decimation rate in the HDF
and the decimation rate in the FIR. (In the Design Consider-
ations section of the OPERATIONAL SECTION there is a
chart that shows the tradeoffs between these parameters.)

CK_IN[(TAPS/2)+4+Fdec]

FIR_CK >
- Hdec Fdec

(1.0)
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This equation expresses the minimum FIR__CK. The mini-
mum FIR_CK is the smallest integer multiple of CK__IN
that satisfies equation 1.0. In addition, the TgK specification
must be met (see A.C. Electrical Specifications). Fdec is the
decimation rate in the FIR (Fdec = F_DRATE +1), where
TAPS = the number of taps in the FIR for even length filters
and equals the number of taps+1 for odd length filters.

Solving the above equation for the maximum number of
taps:
TAPS = 2 ( FIR__CK Hdec Fdec

CK__IN

In using this equation, it must be kept in mind that CK__IN/
Hdec must be less than or equal to 4MHz (unless the HDF is
in bypass mode in which case this limitation in the HDF
does not apply). In the OPERATIONAL SECTION under the
Design Considerations, there is a table that shows the
trade-offs of these parameters. In addition, Harris provides
a software package called DECIl ® MATE™ which designs
the DDF filter from System specifications.

- Fdec -4) (2.0)

The registered outputs of the data RAM are added or
subtracted in the 17 bit pre-adder. The F__OAD control bit
allows zeros to be input into one side of the pre-adder. This
provides the capability to implement non-symmetric filters.

The selection of adding the register outputs for an even
symmetric filter or for subtracting the register outputs for
odd symmetric filter is provided by the control bit F_ESYM,
which is programmed over the control bus. When
subtraction is selected, the new data is subtracted from the
old data. The 17 bit output of the adder forms one input of
the muitiplier/accumulator.

A control bit F_CLA provides the capability to clear the
feedback path in the accumulator such that multiplier
output will not be accumulated, but will instead flow directly
to the output register. The bit weightings of the data and
coefficients as they are processed in the FIR is shown
below.

Input Data (from HDF) 20.2-1_  2-15

Pre-adder Output 2120,2-1_  2-15

Coefficient 20,2-1_  2-19

Accumulator 28 ..,20 21,  2-34

FIR Output

The 40 most significant bits of the accumulator are latched
into the output register. The lower 3 bits are not brought to
the output. The 40 bits out of the output register are
selected to be output by a pair of multiplexers. This register
is clocked by FIR__CK (see Figure 9).

There are two multiplexers that route 24 of the 40 output
bits from the output register to the output pins. The first
multiplexer selects the output register bits that will be
routed to output pins DATA__OUT16-23 and the second
multiplexer selects the output register bits that will be
routed to output pins DATA_OUTO0-15.

The multiplexers are controlled by the control signal F__
BYP and the OUT_SELH pin. F_BYP and OUT_SELH
both control the first multiplexer that selects the upper 8 bits
of the output bus, DATA__OUT16-23. F_BYP controls the
second multiplexer that selects the lower 16 bits of the out-
put bus, DATA__OUTO0-15. The output formatter is shown in
detail'in Figure 10.

FIR Control Logic

The DATA_RDY strobe indicates that new data is available
on the output of the FIR. The rising edge of DATA__RDY can
be used to load the output data into an external register or
RAM.

Data Format

The DDF maintains 16 bits of accuracy in both the HDF and
FIR filter stages. The data formats and bit weightings are
shown in Figure 11.

Operational Section
Start Configurations

The scenario to put the DDF into operational mode is: reset
the DDF by asserting the RESET# input, configure the DDF
over the control bus, and apply a start signal, either by
ASTARTIN# or STARTIN#. Until the DDF is put in
operational mode with a start pulse, the DDF ignores all
data inputs.

To use the asynchronous start, an asynchronous active low
pulse is applied to the ASTARTIN# input. ASTARTIN# is
internally synchronized to the sample clock, CK__IN, and
generates STARTOUT4#. This signal is also used internally
when the asynchronous mode is selected. It puts the DDF in
operational mode and allows the DDF to begin accepting
data. When the ASTARTIN# input is being used, the
STARTIN# input must be tied high to ensure proper
operation.

To start the DDF synchronously, the STARTIN# is asserted
with a active low pulse that has been externally
synchronized to CK__IN. Internally the DDF then uses this
start pulse to put the DDF in operate mode and start accept-
ing data inputs. When STARTIN# is used to start the DDF
the ASTARTIN# input must be tied high to prevent false
starts.
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FROM HDF T | DATA | F_OAD PRE - ADDER —?;-»I REG I |
RAM
N Mo} |
16| 16 [
| t |
L FESW™M |
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FIGURE 9. FIR FILTER

*40
F_BYP=0

OUT_SELH = 1\38 8 \

20-25Y 16 16\ % =

2%-2' ¢ vy 272" F_BYP= 0 | F_BYP= 1
m:))oﬁug/ bor wm Nox f——— r_ove
OUT__SELH= 0 -
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\>8 F_BYP=1 e
OUT __ ENX# OUT __ENP#

DATA__ OUT16 -23 DATA__OUTO -15

FIGURE 10. FIR OUTPUT FORMATTER
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INPUT DATA FORMAT
Fractional Two’s Complement Input

l15|14]13l12[11l10[9|8|7|6 5 4|3|2|1I0]

-20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-15

FIR COEFFICIENT FORMAT

Fractional Two’s Complement Input

[T o v e ol [ e To [r o 1o [o] 121715 ]

-20  2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2~9 2-102-112-125-132-142-15 2-162-172-183-19

OUTPUT DATA FORMAT
Fractional Two's Complement Output

FOR: OUT_SELH = 1
F_BYP =0

|23|22|21 Izol19|18|17|1s| l1sl14l13l12111|1o|9 Is I 7 l 6 ls |4 Is |2 l1 |o|
28 27 26 25 24 23 22 21 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-123-135-142-15

FOR: OUT_SELH =0
F_BYP =0

l15|14|13|12|11‘10J918 [7!6]5 |4 I3IZ |1 IOJ |23|22|21|20|19|18|17l16l

=20 2-1 2-2 2-3 2-4 5-5 2-6 2-7 2-8 2-9 5-102-113-125-135-142-15 9-162-172-182-192-202-212-22,-23

FOR: OUT_SELH = X
F_BYP =1

|23]22|21J20|19[1sl17|1e| i15|14|13|12|11|1o|9 I 8 I 7 |s |5 l4 Ia lz l1 lol
2-169-172-189-199-202-212-229-23  2-162-172-182-192-20-21-225-239-24-252-265-27 2-282-29-302-31

FIGURE 11.
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Multi-Chip Start Configurations

Since there are two methods to start up the DDF, there are
also two configurations that can be used to start up
multiple chips.

The first method is shown in Figure 12. The timing of the
STARTOUT# circuitry starts the second DDF on the same
clock as the first. If more DDF’s are also to be started
synchronously, STARTOUT# is connected to their
STARTIN#'s.

The second method to start up DDF’s in a multiple chip
configuration is to use the synchronous start scenario.

The STARTIN# input is wired to all the chips in the chain,
and is asserted by a active low synchronous pulse that has
been externally synchronized to CK__IN. In this way all
DDF’s are synchronously started. The ASTARTIN# input on
all the chips is tied high to prevent false starts. The
STARTOUT# outputs are all left unconnected. This
configuration is illustrated in Figure 13.

TO OTHER DDF'S
R ————

+5V——] STARTIN 7 + 5V —] ASTARTIN 72 STARTOUT # |— NC
— ) astarin 2z DDF gragrours STARTIN 2 DDF
CK_IN CK_IN
FIR _CK FIR _CK
FIGURE 12. ASYNCHRONOUS START UP
] STARTIN Z +5V ASTARTIN 2 STARTOUT 7 }— NC

+5v —] astartnzz  DDF graprours b— STARTIN 2 DDF
CK_IN CK_IN
FIR _CK FIR_CK

FIGURE 13. SYNCHRONOUS START UP
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Chip Set Application

The HSP43220 is ideally suited for narrow band filtering in
Communications, Instrumentation and Signal Processing
applications. The HSP43220 provides a fully integrated
solution to high order decimation filtering.

The combination of the HSP43220 and the HSP45116
(which is a NCOM Numerically Controlled Oscillator/
Modulator) provides a complete solution to digital receivers.
The diagram in Figure 14 illustrates this concept.

The HSP45116 down converts the signal of interest to
baseband, generating a real component and an imaginary

component. A HSP43220 then performs low pass filtering
and reduces the sampling rate of each of the signals.

The system scenario for the use of the DDF involves a
narrow band signal that has been over-sampled. The signal
is over-sampled in order to capture a wide frequency band
containing many narrow band signals. The NCOM is
“tuned” to the frequency of the signal of interest and
performs a complex down conversion to baseband of this
signal, which results in a complex signal centered at
baseband. A pair of DDF’s then low pass filters the NCOM
output, extracting the signal of interest.

HSP45116
NCOM
HSP43220
COS (WT) DDF
X N\ [
SAMPLED —
INPUT |
DATA
X N\ [
HSP4322
SIN (WT) \ SD‘:;';Z 0 /

(o} 10MHz 0

20MHz o]

FIGURE 14. DIGITAL CHANNELIZER
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Design Trade-Off Considerations

Equation 2.0 in the Functional Description section
expresses the relationship between the number of TAPS
which can be implemented in the FIR as a function of
CK__IN, FIR__CK, Hdec, Fdec. Figure 15 provides a

tradeoff of these parameters. For a given speed grade and
the ratio of the clocks, and assuming minimum decimation
in the HDF, the number of FIR taps that can be implemented
is given in equation 2.0.

FIR_CK TAPS
SPEED MIN
GRADE (MHz) CK_IN Hdec Fdec =1 Fdec =2 Fdec=4 Fdec=8 Fdec=16
33 1 9 8 24 56 120 248
25.6 1 7 4 16 40 88 184
15 1 4 * 4 16 40 88
33 2 5 10 28 64 136 280
25.6 2 4 6 20 48 104 216
15 2 2 * 4 16 40 88
33 4 3 14 36 80 168 344
25.6 4 2 6 20 48 104 216
15 4 1 * 4 16 40 88
33 8 2 22 52 112 232 472
25.6 8 1 6 20 48 104 216
15 8 1 6 20 48 104 216

* Filter Not Realizable

FIGURE 15. DESIGN TRADE OFF FOR MINIMUM Hdec

DECI*MATE

Harris provides a development system which assists the
design engineer to utilizing this filter. The DECI ¢ MATE
software package provides the user with both filter design
and simulation environments for filter evaluation and
design. These tools are integrated within one standard
DSP CAD environment, The Athena Group’s Monarch
Professional DSP Software package.

The software package is designed specifically for the DDF.
It provides all the filter design software for this proprietary
architecture. It provides a user-friendly menu driven
interface to allow the user to input system level filter
requirements. It provides the frequency response curves
and a data flow simulation of the specified filter design
(Figure 186). It also creates all the information necessary to
program the DDF, including a PROM file for programming
the control registers.

This software package runs on an IBM™ PC™, XT™, AT",
PS/2™ computer or 100% compatible with the following
configuration:

640K RAM

5.25" or 3.5” Floppy drive
hard disk

math co-processor
MS/PC-DOS 2.0 or higher
CGA, MCGA, EGA, VGA and
Hercules graphics adapters

For more information, see the description of DECI-MATE in
the Development Tools Section of this databook.

IBM PC™, XT™, AT™, PS/2™ are registered trademarks of International Business Machines, Inc.
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HSP43220 DDF FILTER SPECIFICATION

Filter File vectors\example.DDF

Input Sample Rate: 33 MHz Design Mode : AUTO
Output Rate : 100 kHz Generate Report :  YES
Passband : 20 kHz Display Response : LOG
Transition Band : 7.5 kHz Save Freq Responses: YES
Passband Atten : 0.5 dB Save FIR Response : YES
Stopband Atten : 80 dB
FIR Type : PRECOMP
HDF Order : 4 FIR Input Rate : 300 kHz
HDF Decimation : 110 FIR Clock (min) : 33 MHz
HDF Scale Factor : 0.54542 FIR Order : 135

' FIR Decimation : 3

(C) Harris Semiconductor 1990

HDF Frequency Response FIR Frequency Response
-5.2693 B ' ' 9.48421 : H .
n : : : A : : :
ful 1 H \ H [} H H H
T-43,9490 . . : T-29,2300 . : :
v : : : v ' : :
] H H \ [ H \ \
B P T P
3-82.6326 | ; : ; H-63.9444 : : :
i H H H il ) ) )
£ H H H £
P-121.316 - . ; 0-98, 6588 4-eeeeee e A AL AL 1
f H H ' fl H
£ i : : [ :
i \ \ ' H
=160 Ll -133.373%4 1
0 4etD6 8ei06 lei07 letD? 0 3eiDd 7ei0d leils 1et0s
Freguency(Hz} Freguency(Hz)
System Frequency Response
-5.7e-19 ; : : .
n g \ g i
B-43.3429 b i : ;
v H H \ ' H
3 -86.6859 : : : :
: : : CRARATRARA PR
I H H v H
= -130.029 b i ; !
% 173.3U1 é i i §
£ 47 E | 5 §
-216.7144 i 5 1 i l
10000 00 30000 40000 50000
Fraguency(Hz)

FIGURE 16. DECI*MATE DESIGN MODULE SCREENS

3-42




Specifications HSP43220

Absolute Maximum Ratings

B TR oo A - Yo e +8.0V
Input, Output or I/O Voltage Applied ........ P PN GND -0.5Vto Vg +0.5V
Storage Temperature Range . ... ....vviiititttiieeattretnenaeeaeasnansntecaasnnsseeessnnnaranens P -650C to +1500C
Maximum Package Power Dissipation. ...... Pt 2.4W (PLCC), 3.2W (PGA)
L1 T T 10.99C/W (PLCC), 7.29C/W (PGA)
B e e 33.80C/W (PLCC), 32.99C/W (PGA)
DeviceCount .....cccvviiiiiinnnnnnnennes e et e et aa e aae ey 193,000 Transistors
JUNCHON TOMPE AU .. .t ittt ettt e et e ee e e et te e ene e e an s e ene e aaesnnaaneannnennnenn 1509C (PLCC), +1759C (PGA)
Lead Temperature (SoIdering, TN S@CONAS) . .« vt vt ettt tt et et et et et et et e et eaneatansaseanneennannaneannn +300°C
ESD Classification .. .u. e iuiti i i e e e e Class 1
CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating VoltageRange .................. P +4.75V to +5.25V
Operating Temperature Range ............. R e 00C to +70°C

D.C. Electrical Specifications vgg = +4.75V to +5.25V (Vg = 5.0V + 5%), Tp = 00C to +70°C g
PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS ﬁ
Logical One Input Voltage ViH 2.0 - v Ve = 5.25V Q
Logical Zero Input Voltage ViL - 0.8 A Voo =475V
High Level Clock Input ViHC 3.0 - v Veo = 5.25V
Low Level Clock Input ViLc - 0.8 A Voo =4.75V
Output HIGH Voltage VoH 2.6 - \ IpH = -400pA
Vce =4.75V
Output LOW Voltage VoL - 0.4 \ foL =+2.0mA
Ve = 4.75V
Input Leakage Current ] -10 10 pA VIN=Vgc or GND
. Ve =5.25V
1/O Leakage Current lo -10 10 pA Vout =Vcc or GND
Vee =5.25V
Standby Power Supply Current lccss - 500 pA VIN= Ve or GND,
Voo = 5.25V, Note 3
Operating Power Supply Current Iccop - 120 mA f=15MHz, V|N = Vg or GND
Vge = 5.25V, Note 1, Note 3

Capacitance (Ta = +25°C, Note 2)

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Input Capacitance CiN 12 pF FREQ = 1 MHz, Vg = Open,
all measurements are referenced
Output Capacitance Co 10 pF to device ground.

NOTES:
1. Power supply current is proportional to operating frequency. Typical rat- 3. Output load per test load circuit and C| = 40pF.
ing for Iccop is 8mA/MHz.

2. Not tested, but characterized at initial design and at major
process/design changes.
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A.C. Electrical Specifications Vgg = +4.75V to +5.25V, Ta = 0°C to +70°C

-15 -25 -33 TEST
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX | UNITS | CONDITIONS

Input Clock Frequency Fck 0 15 0 256 0 33 MHz

FIR Clock Frequency FERIR 0 15 o 25.6 0 33 MHz

Input Clock Period Tck 66 - 39 - 30 - ns

FIR Clock Period TRIR 66 - 39 - 30 - ns

Clock Pulse Width Low TsPwL 26 - 16 - 13 - ns

Clock Pulse Width High TSPWH 26 - 16 - 13 - ns

Clock Skew Between FIR__CK and Tsk 0 TrIR-25 0 TRR-15 0 TFIR-15] ns

CK__IN

CK__IN Pulse Width Low TcH1L 29 - 19 - 19 - ns Note 1, Note 4

CK__IN Pulse Width High TCH1H 29 - 19 - 19 - ns Note 1, Note 4

CK__IN Setup to FIR__CK Tcis 27 - 17 - 17 - ns Note 1, Note 4

CK__IN Hold from FIR_CK TCIH 2 - 2 - 2 - ns | Note1,Note 4

RESET# Pulse Width Low TRSPW 4TcK - 4Tk - 4TcK - ns

Recovery Time on RESET# TRTRS 8TcK - 8TcK - 8TcK - ns

ASTARTIN# Pulse Width Low TAST Tck+10 - Tck+10 - Tck+10 - ns

STARTOUT# Delay from CK_IN TsTOD - 35 - 20 - 18 ns

STARTIN# Setup to CK__IN TsTIC 25 - 15 - 10 - ns

Setup Time on DATA__IN TSET 20 - 15 - 14 - ns

Hold Time on All inputs THOLD o} - 0 - o - ns

Write Pulse Width Low TwL 26 - 15 - 12 - ns

Write Pulse Width High TwH 26 - 20 - 18 - ns

Setup Time on Address Bus Before | TsTADD 26 - 20 - 20 - ns

the Rising Edge of Write

Setup Time on Chip Select Before TsTCS 26 - 20 - 20 - ns

the Rising Edge of Write

Setup Time on Control Bus Before TsTCB 26 - 20 - 20 - ns

the Rising Edge of Write

DATA__RDY Pulse Width Low TorPwL J2TFIR-20 - 2TFIR-10 - 2TFIR-10 - ns

DATA__OUT Delay Relative TFIRDV - 50 - 35 - 28 ns

to FIR__CK

DATARDY Valid Delay Relative TFIRDR - 35 - 25 - 20 ns

to FIR__CK

DATA__OUT Delay Relative TouTt - 25 - 20 - 20 ns

to OUT__SELH

Output Enable to Data Out Valid Toev - 15 - 15 - 15 ns | Note2

Output Disable to Data Out Toez - 15 - 15 - 15 ns Note 1

Three State

Output Rise, Output Fall Times TR.TF - 8 - 8 - 5} ns from.8Vio2v,
Note 1

NOTES:

1. Controlled by design or process parameters and not directly tested. Charac-

terized upon initial design and after major process and/or design changes.

2. Transition is measured at £200mV from steady state voltage with loading as
specified in test load circuit with and C|_ = 40pF.

Input

levels (all

3. AC. Testing is performed as follows: Input levels (CLK Input) 4.0V and 0V,

other Inputs) OV and 3.0V, Timing reference
levels (CLK) = 2.0V, (Others) = 1.5V, Output load per test load circuit and
C = 40pF.

4. Applies only when H__BYP = 1 or H__DRATE = 0.
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Test Load Circuit

81

DUTOT
*C

L

|
l
|
l
l
I

*INCLUDES STRAY AND
JIG CAPACITANCE |

1.5v

f 10L

EQUIVALENT CIRCUIT

Switch 81 Open for Igcgp and Iccop Tests

INPUT TIMING

START TIMING

Timing Waveforms
TSET

CK_IN m
THOLD

DATA_IN

—X X
TAST
CKUN
STARTOUTZ TsTOD

HOLD

TSET —|
CKUN
TsTic
STARTIN# | —= T

DATA_IN

WR 2 F.—_ TwL —=
N/~ TwH '_-\’L

AO -1 THOWD
X

C_BUS YSTADD THoLD
X X

P Tsr::s ] THoLD

g i o
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Timing Waveforms (Continued)

OUTPUT TIMING

FIR_CK

DATA_OUT 16 -23

Trrom UPPER 8 BITS LOWER 8 BITS
DATA _RDY FIRD TFIRDR
\ TDRPWL /]/ OUT_SELH

: T
DATA_ouT [ FIRDV

PREVIOUS OUTPUT CURRENT OUTPUT

= OUT_ENPZ
DATA_OUT 0 - 23 .0V N 0.8V SUT BNk
TR— TF ToEv Toez
DATA_OUT 17v | :
o
1.3V ) VALID
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3D HaRRIS HSP43220/883

August 1992

Decimating Digital Filter

Features

* This Circuit is Processed in Accordance to Mil-Std-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

e Single Chip Narrow Band Filter with up to 96dB
Attenuation

* DC to 25.6MHz Clock Rate

* 16 Bit 2’s Complement Input

® 20 Bit Coefficients in FIR

* 24 Bit Extended Precision Qutput

* Programmable Decimation up to a Maximum of
16,384

¢ Standard 16 Bit Microprocessor Interface
® Filter Design Software Available DECI*MATE "
¢ Available in 84 Pin PGA

‘Applications
* Very Narrow Band Filters
® Zoom Spectral Analysis
* Channelized Receivers
e Sample Rate Converter
» Instrumentation

¢ 512 Tap Symmetric FIR Filtering

Description

The HSP43220/883 Decimating Digital Filter is a linear
phase low pass decimation filter which is optimized for fil-
tering narrow band signals in a broad spectrum of a signal
processing applications. The HSP43220/883 offers a
single chip solution to signal processing application which
have historically required several boards of IC’s. This
reduction in component count results in faster development
times as well as reduction of hardware costs.

The HSP43220/883 is implemented as a two stage filter
structure. As seen in the block diagram, the first stage is a
high order decimation filter (HDF) which utilizes an efficient
decimation (sample rate reduction) technique to obtain
decimation up to 1024 through a coarse low-pass filtering
process. The HDF provides up to 96 dB aliasing rejection in
the signal pass band. The second stage consists of a finite
impulse response (FIR) decimation filter structured as a
transversal FIR filter with up to 512 symmetric taps which
can implement filters with sharp transition regions.The FIR
can perform further decimation by up to 16 if required while
preserving the 96 dB aliasing attenuation obtained by the
HDF. The combined total decimation capability is 16,384.

The HSP43220/883 accepts 16 bit parallel data in 2’s
complement format at sampling rates up to 30MSPS. It
provides a 16 bit microprocessor compatible interface to
simplify the task of programming and three-state outputs to
allow the connection of several IC’s to a common bus. The
HSP43220/883 also provides the capability to bypass
either the HDF or the FIR for additional flexibility.

Block Diagram

|

DECIMATION UP TO 1024 DECIMATION UP TO 16

|

DECI ® MATE™ is a registered trademark of Harris Corporation.

INPUT CLOCKT> HIGH ORDER N FIR 24 DATA OUT
DATA INPUT —>———] DECIMATION DECIMATION [~
CONTROL —\8 FILTER FILTER |——> DATA
AND T READY
COEFFICIENTS
FIR CLOCK

IBM PC™, XT™, AT™, PS/2™ are registered trademarks of International Business Machines, Inc.

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed.

Copyright © Harris Corporation 1992

File Number 2802.1
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Specifications HSP43220/883

Absolute Maximum Ratings

SupplyVoltage ...oovvniniiniiiiiiiiiiiiienns PN +8.0V
Input, Output Voltage Apphed ...... GND-0.5V to Vg +0.5V
Storage Temperature Range . ereeeeeeaes -659C to +1500C

JunctionTemperature.................;. teveeses.. +1750C
Lead Temperature (Soldering, Ten Seconds) ............ +3000C
ESD Classification ...... ereetier e, teisessssens.. Class 1

Reliability Information

Thermal Resistance Bja Oic
Ceramic PGA Package ..... teeees.. 3299C/W  7.20C/W

Maximum Package Power Dissipation at +1250C
CeramicPGAPackage ..........ccoeeunen veoee. 1.52 Watt

GateCount .........veinenns . 48,250 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op / i of this specification is not implied.
Operating Conditions

Operating VoltageRange . ..........oveviveiians +4.5V to +5.5V

Operating Temperature Range ............... -550C to +125°C

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

IMIT:
GROUPA LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input ViH Voo =55V 1,23 -550C < TA < +1250C | 2.2 - \'
Voltage
Logical Zero Input ViL Voo =4.5Y 1,23 -550C < Tp <+1250C - 08 \
Voltage
Output HIGH Voltage VoH |lon =-400pA 1,2,3 -550C <TA<+1250C | 26 - v
Voo =4.5V (Note 1)
Output LOW Voltage VoL loL =+2.0mA 1,23 -550C < Tp <+1250C - 0.4 \'
Voc = 4.5V (Note 1)
Input Leakage Current ] VIN =V or GND 1,23 -550C <TA<+1250C | -10 +10 uA
Vo =5.5V
Output Leakage lo VouT = Ve or GND 1,2,3 -550C < TA<+1250C | -10 +10 uA
Current Voo =5.5V
Clock Input High Vinc |Vco=55v 1,2,8 -550C < TA<+1250C| 30 -
Clock Input Low Viie  |vec=45v 1,2,3 -550C < TA<+1250C | - 0.8 v
Standby Power Supply | Iccss | ViN=Vcc or GND 1,2,3 -550C <Tp<+1250C| - 500
Current Vec=55Y,
Outputs Open
Operating Power Iccop |f=15.0MHz 1,2,3 -550C < TpA < +1250C - 1200 mA
Supply Current Vee = 5.5V (Note 2) »
Functional Test FT (Note 3) 7,8 -550C < TA < +1250C - -
NOTES:

1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
8mA/MHz.

3. Tested as follows: f = 1MHz, V| = 2.6, V) = 04, VOH > 1.5V,
VoL £ 1.5V, Vjyc = 3.4V, and V) ¢ = 0.4V.




Specifications HSP43220/883

TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

LIMITS
(NOTE 1) | GROUPA -15 (15MHz) |-25 (25.6MHz)
CONDI- SuB-
PARAMETER SYMBOL | TIONS GROUPS TEMPERATURE MIN MAX | MIN MAX [ UNITS
Input Clock Period TcK 9,10, 11 -550C < Tp <+1250C 66 - 39 - ns
FIR Clock Period TRR 9,10,11 | -550C <Tpo<+1250C | 66 - 39 - ns
Clock Pulse Width Low TsPwL 9,10,11 -550C < Tp <+1250C 26 - 16 - ns
Clock Pulse Width High TSPWH 9,10,11 | -550C <Tp <+1250C 26 - 16 - ns
Clock Skew Between Tsk 9,10, 11 -550C < Ta < +125°C [o] TFR o] TFIR ns
FIR_CKand CK__IN -25 -19
RESET# Pulse TRSPW 9,10,11 | -550C<TA<+1259C |4Tck | - |4Tck | - ns
Width Low
Recovery Time TRTRS 9,10, 11 -550C <TA <+125°C | 8Tck - 8TcK - ns
On RESET#
ASTARTIN# Pulse TaST 9,10,11 -550C <TA<+1259C | Tex - Tek - ns
Width Low +10 +10
STARTOUT# Delay TsSTOD 9,10,11 ~550C < Tp < +1250°C - 35 - 20 ns
From CK__IN
STARTIN# Setup TSTIC 9,10,11 -550C < TA < +1250C 25 - 15 - ns
ToCK_IN
Setup Time on DATA_IN TsET 9,10,11 -550C < Ta < +1250C 20 - 16 - ns
Hold Time on All Inputs THOLD 9,10,11 -5650C < TA < +1250C o] - o] - ns
Write Pulse Width Low TwL 9,10,11 -550C < Tp < +1250C 26 - 15 - ns
Write Pulse Width High TWH 9,10, 11 -550C < TA < +1250C 26 - 20 - ns
Setup Time on Address TSTADD 9,10,11 -550C <Tp <+1250C 28 - 24 - ns
Bus Before the Rising
Edge of Write
Setup Time on Chip TSTCS 9,10,11 -550C < TA <+1250C 28 - 24 - ns
Select Before the
Rising Edge of Write
Setup Time on Control TsTCB 9,10,11 -550C < Tp £ +1259C 28 - 24 - ns
Bus Before the Rising
Edge of Write
DATA__RDY Pulse TORPWL 9,10,11 -550C < TA < +125°C | 2TRR - 2TFIR - ns
Width Low -20 -10
DATA_OUT Delay TEIRDV 9,10, 11 -550C < TA < +1250C - 50 - 35 ns
Relative to FIR_CK
DATA_RDY Valid Delay TFIRDR 9,10,11 | -550C <Tp<+1250C - 35 - 25 ns
Relative to FIR_CK
DATA_OUT Delay Tout 9,10,11 -550C < TA < +125°C - 30 - 25 ns
Relative to OUT__SELH
Output Enable to Togev Note 2 9,10, 11 -550C < Tp < +1250C - 20 - 20 ns
Data Out Valid

NOTES:

1. AC. Testing: VCC = 4.5V and 5.5V. Inputs are driven at 3.0V for a Logic
“1" and 0.0V for a Logic “0". Input and output timing measurements are
made at 1.5V for both a Logic “1” and “0". CLK is driven at 4.0V and OV

and measured at 2.0V.

2. Transition is measured at £200mV from steady state voltage with loading

as specified by test load circuit and C|_ = 40pF.

3-49

1-D FILTERS




HSP43220/883

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
=15 (15MHz) }-25 (25.6MHz)
PARAMETERS SYMBOL CONDITIONS |[NOTES| TEMPERATURE MIN | MAX | MIN | MAX | UNITS
CK__IN Pulse Width Low TCHIL 1,3 |550C <Tp<+1250C) 29 - 19 - ns
CK__IN Pulse Width High TCH1H 1,3 |550C<Tao<+1250C] 29 - 19 - ns
CK__IN Setup to FIR__CK Tois 1,3 [FB50C <TA <+1250C) 27 - 17 - ns
CK__IN Hold from FIR__CK TCIH 1,3 [B50C<TA<L+1250C) 2 - 2 - ns
Input Capacitance CIN Vge = Open, 1 Ta=+250C - 12 - 12 pF
f=1MHz, All
measurements are
referenced to
device GND.
Output Capacitance Court Vce = Open, 1 TA = +250C - 10 - 10 pF
f=1MHz, All
measurements are
referenced to
device GND.
Output Disable ToEZ 1,2 F550C<TAL+1 2500] - 20 - 20 ns
Delay
Output Rise Time ToR 1,2 [FB5OC<TA<+1250C] - 8 - 8 ns
Output Fall Time Tor 1,2 |550C<TA<+1250C) - 8 - 8 ns

NOTES:

1. Parameters listed in Table 3 are controlled via design or process parame-
ters and are not directly tested. These parameters are characterized upon

initial design and after major process and/or design changes.

TABLE 4. APPLICABLE SUBGROUPS

2. Loading is as specified in the test load circuit with C_ = 40pF.
3. Applies only when H__BYP = 1 or H__DRATE = 0.

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -

Interim Test 100%/5004 -

PDA 100% 1

Final Test 100% 2,3,8A,88B,10,11
Group A - 1,2,3,7,8A,88B,9,10, 11
Groups C&D Samples/5005 1,7,9
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Burn-In Circuit 1 2 3 4 3 6 7 8 9 0 |
s e s e[| v | ave | avo

0 i et e v e ot e el e B

o [WET] vee el e et ours |ours

| - e

E cs# DATA_ | DATA_

oute |our?
w lc_sus DATA |DATA
9 out 13| our 12

ey ] o | 2 o

oo | e [ oo [ o[ s

L | c-sus|c_sus|c_sus|c_sus| our_[oata| | |oata_ joaTa JoaTa foATA

6 3 2 o | enx=| roy out 23§ our 21 | ouT 20 f ouT 18]
PIN PIN BURN-IN PIN PIN BURN-IN PIN PIN BURN-IN
LEAD NAME SIGNAL LEAD NAME SIGNAL LEAD NAME SIGNAL
Al GND GND C1 ASTARTIN# F15 F11 DATA_OUT3 |Vge/2
A2 DATA_IN1 F2 c2 Vee Veo G1 C__BuUS12 F5
A3 DATA__IN2 F3 C5 DATA_INS F6 G2 C_BUS 11 F4
Ad DATA__IN4 F5 C6 DATA_IN9 F2 G3 C__BUS13 Fé
A5 DATA_IN7  |F8 C7  |DATA_IN10 |F3 G9 | DATA_OUT10 |Vge/2
A6 DATA_IN8 F1 c10 DATA_OUTO |Vce/2 G10 GND GND
A7 DATA__IN 11 F4 C11 DATA_OUT2 |Vgg/2 G11 DATA_OUT 11 |Vgg/2
A8 DATA_IN 14 F7 D1 A1 F14 H1 C__BuUS9 F2
A9 Veo Veo D2 RESET# F16 H2 Vee Voo
A10 GND GND D10 DATA_OUT3 |Vgg/2 H10 DATA_OUT 13 [Vpe/2
A1 |GND GND D11 |DATA_OUT4 |Vggr2 H11 | DATA_ouT12 [vse/2
B1 STARTIN# F15 E1 CS# F11 Ji GND GND
B2 STARTOUT# Vgeg/2 E2 WR# F11 J2 C__BUS7 F5
B3 DATA_INO F1 E3 AO F13 J5 OUT__SELH F10
B4 DATA_IN3 F4 E9 DATA_OUTS5 |Vgg/2 J6é GND GND
B5 DATA_IN6 F7 E10 DATA_OQOUT6 |Vge/2 J8 FIR_CK FO
B6 DATA_IN13 | F6 E11  |DATA_OUT7 |Vgo/2 J10 | DATA_OUT16 |Vgo/2
B7 DATA_IN12 F5 F1 c__BUS 10 F3 J11 DATA_OUT 14 |Vio/2
B8 DATA_IN 16 F8 F2 C_BUS 15 F8 K1 C_Bus8 F1
B9 CK__IN FO F3 C__BUS 14 F7 K2 C_BUSS5 F6
B10 |voo Voo Fo DATA_OUT9 |Voo/2 K3 C._BUS4 F5
B11  |DATA_OUT1 |Vgo/2 F10  |vce Voo Ka C_BUS1 F2
NOTES:

1. Vgo/2 (2.7V £10%) used for outputs only.
2. 47KQ (£20%) resistor connected to all pins except Vo and GND.
3. Vg = 5.5 +0.5V.

4. 0.1pF (min) capacitor between Vg and GND per position.

5. FO=100kHz £10%, F1 =FQ/2,F2=F1/2..... F16 = F15/2, 40% - 60%

6. Input voltage limits: Vi = 0.8 max, V| = 4.5V £10%.

Duty Cycle.
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Burn-In Circuit (Continued)

PIN PIN BURN-IN PIN PIN BURN-IN PIN PIN BURN-IN
LEAD NAME SIGNAL LEAD NAME SIGNAL LEAD NAME SIGNAL
K& OUT_ENP# F9 K11 DATA_OQUT 15 |Vc/2 Le DATA__RDY# |Vie/2
K6 Vee Vee L1 C_BUS®6 F7 L7 Vece Veo
K7 GND GND L2 C_BUS3 F4 L8 DATA_OUT 23 |Vee/2
K8 DATA_OUT 22 |Vcge/2 L3 C_BUS2 F3 . L9 DATA_OQUT 21 |Vge/2
K9 DATA_OUT19 |Vce/2 L4 C_BUSO F1 L10 DATA_OQUT 20 |Vge/2
K10 DATA__OUT17 |Vce/2 L5 OUT_ENP# F9 L1 DATA_OUT 18 |V¢e/2
NOTES:
1. Vce/2 (27V £10%) used for outputs only. 5. FO=100kHz £10%, F1 =F0/2,F2=F1/2..... F16 =F15/2,40% - 60%
2. 47KQ (+20%) resistor connected to all pins except Vo and GND. Duty Cycle.
3. VoG = 5.5 £05V. 6. Input voltage limits: Vi = 0.8 max, V| = 4.5V +10%.

4. 0.14F (min) capacitor between Vo and GND per position.
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Metal Topology
DIE DIMENSIONS:
348 x 349.2 x 19+1 mils

METALLIZATION:
Type: Si- Alor Si- Al - Cu
Thickness: 8kA

DIE ATTACH:
Material: Silver-Glass

Metallization Mask Layout

STARTOUT# (12) [
Vee (13) |
STARTIN# (14) [
ASTARTIN# (15) [
RESET# (16) [2/] |
A1 (17) |

A0 (18) |
wr# (19) [
cs# (20) [BI1

C__BUS15 (21) |z

C__BUS14 (22) |:

C_BUS13 (23)
C__BUS12 (24)

C_BUS11 (25) [
C_BUS10 (26) |

C_BUS9 (27) ]
Vce (28) |
GND (29) |

C_BUSS (30) | 7@ 1)

Cc_BUS7 (31) [

C_BUS6 (32) ||

C_BUS2 (36)}
C_BUS1 (37).

g?‘ﬂﬂv
£zzzz
499559
QO - « O« <«
RS i
. . oaaa
QO o~ o~ o~
L @ e 9

I

C__BUSO (38) |[.
OUT__SELH (39) 1.

| (5) DATA_IN5

| (4) DATA_ING
| (3) DATA_IN?

/| (2) DATA_INS
/| (1) DATA_INS

7

WORST CASE CURRENT DENSITY:
1.18 x 105A/cm?2

GLASSIVATION:
Type: Nitrox
Thickness: 10kA

HSP43220/883

(84) DATA_IN10
/| (83) DATA_IN11
| (82) DATA_IN12
/| (81) DATA_IN13
| (80) DATA_IN14
/| (79) DATA_IN15
/] (78) Vee
1 (77) GND
/| (75) Vee

74) GND

1(73) DATA_OUTO
1(72) DATA_OUT1
H(71) DATA_OUT2

=%
%
£

DATA__OUT22 (49)|}

|
!

GND (43),

|

FIR__CK (44) [ :

Vee (45))
|

DATA__OUT20 (51}

Ve (42).

OUT__ENP# (40) |

OUT_ENX# (41){
DATA_RDY# (47)!
DATA_OUT23 (48)}]
DATA__OUT21 (50) /.
DATA_OUT19 (52) ||/
DATA_OUT18 (53) |}

| (70) DATA_OUT3
{(69) DATA_OUT4
.| (68) DATA__OUTS
1(67) DATA_OUTS6
1 (66) DATA_OUT7

i

1(65) DATA_OUTS
| (64) DATA_oOUT9
| (63) DATA_OUT10
1 (62) DATA_OUT11

/i (61) GND

| (60) Vcc

|(59) DATA_OUT12
1(58) DATA__OUT13
](57) DATA_OUT14
|(56) DATA_OUT15
| (55) DATA_OUT16
1(54) DATA_oOUT17
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D HARRIS HSP43481

August 1992 Digital Filter
Features Description
® Four Filter Cells The HSP43481 is a video-speed Digital Filter (DF)
* 0 to 30MHz Sample Rate designed to efficiently implement vector operations such as

FIR digital filters. It is comprised of four filter cells cascaded
internally and a shift-and-add output stage, all in a single
integrated circuit. Each filter cell contains an 8x8 muiltiplier,

¢ 8 Bit Coefficients and Signal Data
® 26 Bit Accumulator per Stage

e Filter Lengths Up to 1032 Tap three decimation registers and a 26 bit accumulator which
* Shift-And-Add Output Stage for Combining Filter €20 add the contents of any filter cell accumulator to the
Outputs output stage accumulator shifted right by eight bits. The

HSP43481 has a maximum sample rate of 30MHz. The

* Expandable Coefficient Size, Data Size and Filter g tive multiply-accumulate (MAC) rate is 120MHz.

Length
The HSP43481 can be configured to process expanded
¢ Decimation by 2, 3 or 4 . coefficient and word sizes. Multiple devices can be

* CMOS Power Dissipation Characteristics cascaded for larger filter lengths without degrading the

A licati sample rate or a single device can process larger filter
pplications lengths at less than 30MHz with multiple passes. The archi-
* 1-D and 2-D FIR Filters tecture permits processing filter lengths of over 1000 taps
* Radar/Sonar with the guarantee of no overflows. In practice, most filter
« Digital Video and Audio coefficients are less than 1.0, making even larger filter

lengths possible. The HSP43481 provides for unsigned or

* Adaptive Filters two’s complement arithmetic, independently selectable for

¢ Echo Cancellation coefficients and signal data.

® Correlation/Convolution Each DF filter cell contains three resampling or decimation
e Complex Multiply-Add registers which permit output sample rate reduction at rates
* Butterfly Computation of 1/2, 1/3 or 1/4 the input sample rate. These registers also

provide the capability to perform 2-D operations such as

* Matrix Multiplication NxN spatial correlations/convolutions for image processing

e Sample Rate Converters applications.
Block Diagram
Vec  Vss DINGO-7  TCS
e :
CIENB 5
peMo-1
ot L
Teet C>————= muen [—"] BUTER [—"] FuTER FILTER [——L_> Tceo
ome-7 > 8, o CELO | 8, cerLt |8 ) cewLz [ 8, ) cELL3 |8 > coute-7
= 26 I 26 I 26 T zs[ _
"E:Exrl:) VL I - <] CoENB
ADRO-1
&L—.{’ Mux l
ADRO
ADR1 26
RESET
ok L2
SHADD (> ouTPUT

STAGE
2
WAL (>

SENBH 6
2

SUMO-25

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IQ Handling Procedures.
Copyright © Harris Corporation 1992

File Number 2759.2
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Pinouts
68 PIN CERAMIC PIN GRID ARRAY (PGA) 68 PIN CERAMIC PIN GRID ARRAY (PGA)
BOTTOM VIEW TOP VIEW
L COUT7 | COUTS | COUTS | COUT1 | COUTO [ CLK | ADDR? [ ADDRO | SUM25 L SUM25| ADDRO | ADDRY | CLK | COUTO | couT1 | CouTs| cours | cout?
K | TCCO |COENB| COUT6 | COUT4 | COUT2 | SHADD | DCM1 | DCMO | SENBH | SUM24 | SUM23 K | SUM23| SUM24 | SENBH | DCMO | DCM1 | SHADD | COUT2 | COUT4 | COUTS | COENB| TCCO
J | ERASE| Voo SUM21 | SUM22 4 | suM22| sumz1 Ve | ERASE
H | RESET | DIENB SUM18 | SUM20 H | SUM20| SuM18 DIENB | RESET
a | Tcs | biN7 sumMi7 | suMis @ | sumis| sumiz DINZ | TCS
68 LEAD 68 LEAD
¢ | oiNs | Dine PIN GRID ARRAY SuMIs | suMie F | sumie| sumis PIN GRID ARRAY ome | DINs
BOTTON VIEW TOP VIEW
€ | pina | DINg Vgg |SUMM4 £ | sumia| vgg OINg | DINS
D | DIN1 | DIN2 SUMI2| SUMI3 o | sumis| sumiz piNz | DING
c | po | ciens SUM10 | SUMTY c |suMm| sumio o6 oo
B | Tcol | CINe | CWN4 | CIN2 | CINO | SUMO | SUM2 | SUM4 | SUMe | SUMS | SUMB 8 | SUMB| SUMS | suMe | SUM4 | SUM2 | SUMO | CiNo | CIN2 | CiNa | cwe | Tcol
A GINZ | CIN5 | CIN3 | CINYT |'SENBL| SuM1 | SuM3 | SUMS | SumM7 A SUM7 | suMs | sums | SuMi| SENBL| cm1 | ciNs | cwms | CiN?
1 2 3 4 s O 7 8 ° 10 " P 10 ° e 7 s 5 . 3 2 3

68 PIN PLASTIC LEADED CHIP CARRIER (PLCC)

TOP VIEW
Q1w
glE|2lBI8 522
SlglglElsgzsg22gs
HERRBREBNEBN
8 8 7 8 5 4 3 2 68 67 66

courz [}
coute [_]
couts |_]
couta [_]
coura| |
courz ||
cout1 | ]
couto |_|
SHADD | |
ck| |}
pcmt | |
ocmo | |
AoR1 ||
Apro | |
sensn [
sumzs | ]
sumza | |

sumis [ | 8
sumiz [ | g

22
sum21 | |
sumie | |
sumis [ |
sumia | |
sumia [ ]
sumi2 | |

SuUM:

|} o

CIN?
CINg
CIN5
CIN4
CIN3
CIN2
CINt

sumn [] 8

sumio | |
u
U
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Pin Description

SYMBOL

“PIN
NUMBER

TYPE

NAME AND FUNCTION

Vce

61

+5V Power Supply Input

Vss

27

Power Supply Ground Input

CLK

19

The CLK input provides the DF system sample clock. The maximum clock frequency is
is 30MHz.

DINO-7

64-68
1-3

These eight inputs are the data sample input bus. Eight bit data samples are synchronously
loaded through these pins to the X register of each filter cell simultaneously.
The DIENB signal enables loading, which is synchronous on the rising edge of the clock signal.

TCS

The TCS input determines the number system mterpretahon of the data input samples
on pins DINO-7 as follows:

TCS = Low —» Unsigned Arithmetic
TCS = High - Two’s Complement Arithmetic

The TCS signal is synchronously loaded into the X register in the same way
as the DINO-7 inputs.

DIENB

Alow on this enables the data sample input bus (DINO-7) to all the filter cells. A rising
edge of the CLK signal occurring while DIENB is low will load the X register of

every filter cell with the 8 bit value present on DINO-7. A high on this input forces

all the bits of the data sample input bus to zero; a rising CLK edge when DIENB is high
will load the X register of every filter cell with all zeros. This signal is latched inside

the DF, delaying its effect by one clock internal to the DF. Therefore, it must be low
during the clock cycle immediately preceding presentation of the desired data on the
DINO-7 inputs. Detailed operation is shown in later timing diagrams.

CINO-7

53-60

These eight inputs are used to input the 8 bit coefficients. The coefficients are synchronously
synchronously loaded into the C register of filter Cell O if a rising edge of CLK
occurs while CIENB is low. The CIENB signal is delayed by one clock as discussed below.

TCCI

62

The TCCl input determines the number system interpretation of the coefficient
inputs on pins CINO-7 as follows: ~

TCCl = LOW — Unsigned Arithmetic
TCCl = HIGH — Two’s Complement Arithmetic

The TCCI signal is synchronously loaded into the C register in the same way as
the CINO-7 inputs.

CIENB

A low on this input enable the C register of every filter cell and the D registers (decimation)
of every filter cell according to the state of the DCMO-1 inputs. A rising edge of

the CLK signal occurring while CIENB is low will load the C register and appropriate

D registers with the coefficient data present at their inputs. This privides the mechanism
for shifting the coefficients from cell to cell through the device. A high on this input

freezes the contents of the C register and the D registers, ignoring the CLK signal.

This signal is latched and delayed by one clock internal to the DF. Therefore, it must be
low during the clock cycle immediately preceding presentation of the desired coefficient
on the CINO-7 inputs. Detailed operation is shown in the Timing Diagrams section.

COouTo-7

10-17

These eight three-state outputs are used to output the 8 bit coefficients from filter cell 7.

These outputs are enabled by the COENB signal low. These outputs may be tied to the CINO-7
inputs of the same DF to recirculate the coefficients, or they may be tied to the

CINO-7 inputs of another DF to cascade DFs for longer filter lengths.

TCCO

The TCCO three-state output determines the number system representation of the coefficients
output on COUTO-7. It tracks the TCCI signal to this same DF. It should be tied to the TCCI
input of the next DF in a cascade of DFs for increased filter lengths. This signal is enabled
by COENB low.
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Pin Descriptions

SYMBOL

PIN
NUMBER

TYPE

NAME FUNCTION

COENB

8

Alow on the COENB input enables the COUTO-7 and the TCCO output. A high on this input
places all these outputs in their high impedance state.

DCMO-1

20-21

These two inputs determine the use of the internal decimation registers as follows:
DCM1 DCMO Decimation Function

(o] (o] Decimation registers not used

o 1 One decimation register is used

1 o] Two decimation registers are used

1 1 Three decimation registers are used

The coefficients pass from cell to cell at a rate determined by the number of decimation
registers used. When no decimation registers are used, coefficients move from cell to cell

on each clock. When one decimation register is used, coefficients move from cell to cell on
every other clock, etc. These signals are laiched and delayed by one clock internal to the DF.

SUMO0-25

25, 26,
28-51

These 26 three-state outputs are used to output the results of the internal filter cell
computations. Individual filter cell results or the result of the shift-and-add output stage

can be output. If an individual filter cell result is to be output, the ADRO-1 signals select

the filter cell result. The SHADD signal determines whether the selected filter cell result

or the output stage adder result is output. The signals SENBH and SENBL enable the most
significant and least significant bits of the SUMO-25 result, respectively. Both SENBH

and SENBL may be enabled simultaneously if the system has a 26 bit or larger bus. However,
individual enables are provided to facilitate use with a 16 bit bus.

SENBH

24

A low on this input enables result bits SUM16-25. A high on this input places these
bits in their high impedance state.

SENBL

52

A low on this input enables result bits SUM0-15. A high on this input places these
bits on their high impedance state.

ADRO-1

22,23

These two inputs select the one cell whose accumulator will be read through the output bus
{SUMO-25) or added to the output stage accumulator. They also determine which accumulator
will be cleared when ERASE is low. For selection of which accumulator to read through the
output bus (SUM0-25) or which to add of the output stage accumulator, these inputs are
latched in the DF and delayted by one clock internal to the device. If the ADRO-1 lines remain
at the same address for more than one clock, the output at SUM0-25 will not change to reflect
any subsequent accumulator updates in the addressed cell. Only the result available during
the first clock, when ADRO-1 selects the cell, will be output. This does not hinder normal
operation since the ADRO-1 lines are changed sequentially. This feature facilitates the
interface with slow memories where the output is required to be fixed for mare than one clock.

SHADD

The SHADD input controls the activation of the shift-and-add operation in the output stage.
This signal is latched in the DF and delayed by one clock internal to the device. A detailed
explanation is given in the DF Output Stage section.

RESET

A low on this input synchronously clears all the internal registers, except the cell accumulators.
It can be used with ERASE to also clear all the accumulators simultaneously. This signal is
latched in the DF and delayed by one clock internal to the DF.

ERASE

A low on this input synchronously clears the cell accumulator selected by the ADRO-1 signals.
If RESET is also low simultaneously, all cell accumulators are cleared.
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Functional Description

The Digital Filter (DF) is composed of four filter cells
cascaded together and an output stage for combining or
selecting filter cell outputs (see Block Diagram). Each filter
cell contains a multiplier-accumulator and several registers
(Figure 1). Each 8 bit coefficient is multiplied by a 8 bit data
sample, with the result added to the 26 bit accumulator
contents. The coefficient output of each cell is cascaded to
the coefficient input of the next cell to its right.

DF Filter Cell

An 8 bit coefficient (CINO-7, TCCI) enters each cell through
the C register on the left and exits the cell on the right as
signals COUTO0-7 and TCCO. With no decimation, the coef-
ficient moves directly from the C register to the output, and
is valid on the clock following its entrance. When
decimation is selected the coefficient exit is delayed by 1, 2
or 3 clocks by passing through one or more decimation reg-
isters (D1, D2 or D3).

The combination of D registers through which the coeffi-
cient passes is determined by the state of DCMO and
DCM1. The output signals (COUTO-7, TCCO) are con-
nected to the CINO-7 and TCCI of the next cell to its right.
The COENB input signal enables the COUTO-7 and TCCO
outputs of the right-most cell to the COUTO-7 and TCCO
pins of the DF.

The C and D registers are enabled for loading by CIENB.
Loading is synchronous with CLK when CIENB is low. Note
that CIENB is latched internally. It enables the register for

is loaded synchronously into both the accumulator and
the TREG.

The TREG loading is disabled by the cell select signal,
Celin, where n is the cell number. The cell select is decoded
from the ADRO-1 signals to generate the TREG load enable.
The cell select is inverted and applied as the load enable to
the TREG. Operation is such that the TREG is loaded when-
ever the cell is not selected. Therefore, TREG is loaded
every other clock except the clock following cell selection.
The purpose of the TREG is to hold the result of a sum-of-
products calculation during the clock when the accumulator
is cleared to prepare for the next sum-of-products calcula-
tion. This allows continuous accumulation without wasting
clocks.

The accumulator is loaded with the adder output every
clock unless it is cleared. It is cleared synchronously in two
ways. When RESET and ERASE are both low, the accumu-
lator is cleared along with all other registers in the DF. Since
both ERASE and RESET are latched and delayed one clock
internally, clearing occurs on the second CLK following the
onset of both ERASE and RESET low.

The second accumulator clearing mechanism clears a
single accumulator in a selected cell. The cell select signal,
Celin, decoded from ADRO-1 and ERASE signal, Celin ena-
ble clearing of the accumulator on the next CLK.

The ERASE and RESET signals clear the DF internal regi-
sters and states as follows:

ERASE | RESET

CLEARING EFFECT

loading after the next CLK following the onset of CIENB low.
Actual loading occurs on the second CLK following the
onset of CIENB low. Therefore, CIENB must be low during
the clock cycle immediately preceding presentation of the
coefficient on the CINO-7 inputs. In most basic FIR opera-
tions, CIENB will be low throughout the process, so this
latching and delay sequence is only important during the
initialization phase. When CIENB is high, the coefficients
are frozen.

These registers are cleared synchronously under control of
RESET, which is latched and delayed exactly like CIENB.

The output of the C register is one input of the multiplier.

The other input of the multiplier comes from the output of
the X register. This register is loaded with a data sample
from the DF input signals. DINO-7 and TCS discussed
above. The X register is enabled for loading by DIENB.
Loading is synchronous with CLK when DIENB is low. Note
that DIENB is latched internally. It enables the register for
loading after the next CLK following the onset of DIENB low.
Therefore, DIENB must be low during the clock cycle imme-
diately preceding presentation of the sample on the DINO-7
inputs. In most basic FIR operations, DIENB will be fow
throughout the process, so this latching and delay
sequence is only important during the initialization phase.
When DIENB is high, the X register is loaded with all zeros.

The multiplier is pipelined and is modeled as a multiplier
core followed by two pipeline registers, MREGO and
MREG1. The muiltiplier output is sign extended and input as
one operand of the 26 bit adder. The other adder operand is
the output of the 26 bit accumulator. The adder output

1 1 No clearing occurs, internal state

remains same.

1 [¢] RESET only active, all registers except
accumulators are cleared, including

the internal pipeline registers.

ERASE only active, the accumulator
whose address is given by the ADRO-1
inputs is cleared.

Both RESET and ERASE active, all
accumulators as well as all other reg~
isters are cleared.

The DF Output Stage

The output stage consists of a 26 bit adder, 26 bit register,
feedback multiplexer from the register to the adder, an
output multiplexer and a 26 bit three-state driver stage
(Figure 2).

The 26 bit output adder can add any filter cell accumulator
result to the 18 most significant bits of the outupt buffer.
This operation takes place in one clock period. The eight
LSBs are lost. The filter cell accumulator is selected by the
ADRO-1 inputs.

The 18 MSBs of the output buffer actually pass through the
zero mux on their way to the output adder input. The zero
mux is controlled by the SHADD input signal and selects
either the 18 MSBs of the output buffer or all zeros for the
adder input. A low on the SHADD input selects zero. A high
on the SHADD input selects the output buffer MSBs, thus
activating the shift-and-add operation. SHADD signal is
latched and delayed by one clock internally.
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FIGURE 1. HSP43481 FILTER CELL
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CELL RESULTS 01 2

Ih Lk

lines are changed sequentially. This feature facilitates the
interface wtith slow memories where the output is required
to be fixed for more than one clock.

The SUMO0-25 output bus is controlled by the SENBH and

ADR0.D-ADR1.D

SIGN EXT
<18.25>

RESETD

18 (LSBs)
<017>

ouTPUT |
BUFFER

®
26
<o17> i &ﬁ/__

0's 18 MSBs SHIFTED
8 BITS TO RIGHT

THREE-
STATE
BUFFER

CLK SUM0-25

FIGURE 2. HSP43481 OUTPUT STAGE

The 26 Least Significant Bits (LSBs) from either a cell accu-
mulator or the output buffer are output on the SUM0-25
bus. The output mux determines whether the cell accumula-
tor selected by ADRO-1 or the output buffer is output to the
bus. The mux is controlled by the SHADD input signal.
Control is based on the state of the SHADD during two
successive clocks; in other words, the output mux selection
contains memory. If SHADD is low during a clock cycle and
was low during the previous clock, the output mux selects
the contents of the filter cell accumulator addressed by
ADRO-1. Otherwise the output mux selects the contents of
the output buffer.

If the ADRO-1 lines remain at the same address for more
than one clock, the output at SUM0-25 will not change to
reflect any subsequent accumulator updates in the
addressed cell. Only the result available during the first
clock when ADRO-1 selects the cell will be output. This
does not hinder normal FIR operations since the ADRO-1

SENBL signals. A low on SENBL enables bits SUM0-15. A
low on SENBH enables bits SUM16-25. Thus all 26 bits
can be output simultaneously if the external system has a
26 bit or larger bus. If the external system bus is only 16
bits, the bits can be enabled in two groups of 16 and 9 bits
(sign extended).

DF Arithmetic

Both data samples and coefficients can be represented as
either unsigned or two’s complement numbers. The TCS
and TCCI input signals determine the type of arithmetic
representation. Internally all values are represented by a 9
bit two’s complement number. The value of the additional
ninth bit depends on arithmentic representation selected.
For two’s complement arithmetic, the sign is extended into
the ninth bit. For unsigned arithmetic, bit 9 is O.

The multiplier output is 18 bits and the accumulator is 26
bits. The accumulator width determines the maximum
possible number of terms in the sum-of-products without
overflow. The maximum number of terms depends also on
the number system and the distribution of the coefficient
and data values. As a worst case assume the coefficients
and data samples are always at their absolute maximum
values.

Then the maximum numbers of terms in the sum products
are:

MAX #
NUMBER SYSTEM OF TERMS

Two unsigned vectors 1032
Two two’s complement vectors:

* Two positive vectors 2080

* Two negative vectors . 2047

* One positive and one negative vector 2064
One unsigned and one two’s complement
vector:

* Positive two’s complement vector 1036

* Negative two’s complement vector 1028

For practical FIR filters, the coefficients are never all near
maximum value, so even larger vectors are possible in
practice.
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Basic FIR Operation

A simple 30MHz 4 tap filter example serves to illustrate
more clearly the operation of the DF. Table 1 shows the
results of the multiply accumulate in each cell after each
clock. The coefficient sequence, Cn, enters the DF on the
left and moves from left to right through the cells. The data
sample sequence, Xn, enters the DF from the top, with each
cell receiving the same sample simultaneously. Each cell

accumulates the sum-of-products for one output point.
Four sums-of-products are calculated simultaneously, but
staggered in time so that a new output is available every
system clock. '

Detailed operation of the DF to perform a basic 4 tap, 8 bit
coefficient, 8 bit data, 30MHz FIR filter is best understood
by observing the schematic (Figure 3) and timing diagram

TABLE 1. 25MHz, 4 TAP FIR FILTER SEQUENCE
DATA
SEQUENCE ...X2,X1,X0
INPUT
COEFFICIENT y
SEQUENCE ...C0,Cq,C2,C3,C0,C1,C2,C3 » I DF l » ..Y¥6,Y5,Y4,Y3
INPUT
CLK CELLO CELL1 CELL2 CELL3 SUM/CLR
o CaxXg 0 0 0 -
1 +C2 x X1 CaxXq 0 0 -
2 +C1q xX2 +Ca x X2 Cax Xz o -
3 +CoxX3 +C1xX3 +C2 x X3 C3xX3 Cell 0(Y3)
4 C3x X4 +Cpo x X4 +Cq xXg +Co x X4 Cell 1 (Yq)
5 +Co x X5 CaxXs +Co x X5 +Cq1 xXs Cell 2(Ys)
6 +C1xXg +Ca xXg C3xXg +Co xXg Cell 3(Yg)
7 +Co x X7 +Cq1xX7 +Co x X7 C3xX7 Cell0(Y7)
SAMPLE
DATAIN >—m—
%a) RESET p—
30MHz 2 BIT
CLOCK P COUNTER 5V
A Yo
TIENE ADR1 ADRO Vg SHADD SENBR SENBL |
. 26  SUM
#—1 DINO-T SUMO-25 —7— OUT
(Yn)
q— TCS
CLK — NC
L HSP43481 Teco
Al A0 TCCt
D0-7 }— 8 8
LA prew coUTo-7 = NC
4x8 COEFF. -
RAM/ROM CIENB DCM1 DCMO RESET ERASE Vgs COENB
SYSTEM g
RESET 7
ERASE )-

FIGURE 3. 30MHz, 4 TAP FIR FILTER APPLICATION SCHEMATIC
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(Figure 4). The internal pipeline length of the DF is four (4)  After the pipeline has filled, a new output sample is available
clock cycles, corresponding to the register levels CREG (or every clock. The delay to last sample output from last
XREG), MREGO, MREG1, and TREG (Figures 1 and 2). sample input is Td.

Therefore, the delay from presentation of data and coeffi-

. N " The output sums, Y(n), shown in the timing diagram are
cients at the DINO-7 and CINO-7 inputs to a sum appearing y A
at the SUMO-25 output is: derived from the sum-of-products equation:

Y(n) = C(0) x X(n) + C(1) x X(n-1) + C(2) x X(n-2) + C(3) x X(n-3)
k + Td where
k= filter length

Td = 4, the internal pipeline delay of DF

6 1 2 38 4 5§ 6 7 8 9 W M R B W B 6 W B 189 20 A
CLK

RESET f
ERASE 2] 1
DINO-7 ,xo|x,|x2]x_-,{x4|x5]x5|x7|...
BENE 727770
CIND-7 |c,|cz|c,|c0|c3|c2|c1|co|...
CiEND
AoRo-1 Folalelalolalelal---
SUMO-25 | Ya| va| ¥s| 6| v2| ¥a] ¥s] - - -
SHADD Z22727777777777 2 ]
SENBL . 7774
SENBR 22277007 7
ocMo-1 | o }
3
YN = X Cg X XN-K
K=10
FIGURE 4. 30MHz 4 TAP FILTER TIMING
SAMPLE
DATA IN
(Xp) -
prom P8
30MHz P4
cLock L,
— a2 P2
— At Pt +5V | +5V |
1m e vl [*] 1 bl [¥] 1
[GTENB ADR® ADRD V¢ SHADDSENBH SENBL DIENB ADR1ADRO Vg SHADD SENBH SENBL
8 Joino-7 sumo-25-22% | 8 pina-7 SuMo-25|-4-2°
DOERAS
;T Tcs &S
DIERAS HSP43481 HSP434B1
oLk DFO L—owk DF1
ik 8x8 COEFF. L
Y a0 RAM/ROM Teel TCCO Tcet o0 NC
3BT
Y A D07
8 8
Ry ) _L'/—cmo-v coUT0-7 CIND-7 COUTE-7 | NC
RESET TIENB DCM1 DCMo RESET ERASE Vgg COENB! CIENB DCM10CMO RESET ERASE Vgg COEND
11 } i | S i b -
SYSTEM out
RESET (Yp)

DOERAS e L)

FIGURE 5. 30MHz 8 TAP FILTER USING TWO CASCADED HSP43481s
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Extended FIR Filter Length

Filter lengths greater than four taps can be created by either
cascading together multiple DFs or “reusing” a single DF.
Using multiple devices, an FIR filter of over 1024 taps can
be constructed to operate at a 30MHz sample rate. Using
a single DF clocked at 30MHz, an FIR filter of over 1024
taps can be constructed to operate at less than a 30MHz
sample rate. Combinations of these two techniques are also
possible.

Cascade Configuration

To design a filter length L > 4, L/4 DFs are cascaded by
connecting the COUTO-7 outputs of the (ith DF to the
CINO-7 inputs of the (i + 1)th DF. The DINO-7 inputs and
SUMO0-25 outputs of all the DFs are slso tied together. A
specific example of two cascaded DFs illustrates the tech-
nique (Figure 5). Timing (Figure 6) is similar to the simple 4
tap FIR, except the ERASE and SENBL/SENBH signals
must be enabled independently of the two DFs in order to
clear the correct accumulators and enable the SUM0-25
output signals at the proper times.

Single DF Configuration

Using a DF, a filter of length L > 4 can be constructed by
processing in L/4 passes as illustrated in Table 2 for an 8
tap FIR. Each pass is composed of Tp = 7+L cycles and
computes four output samples. In pass i, the samples with
indices i x 4 to i x 4 + (L+2) enter the DINO-7 inputs. The
coefficients Cp-C| -1 enter the CINO-7 inputs, followed by
three zeros. As these zeros are entered, the result samples
are output and the accumulators reset. Initial filling of the
pipeline is not shown in this sequence table. Filter outputs
can be put through a FIFO to even out the sample rate.

Extended Coefficient And
Data Sample Word Size

The sample and coefficient word size can be extended by
utilizing several DFs in parallel to get the maximum sample
rate or a single DF with resulting lower sample rates. The
technique is to compute partial products of 8x8 and
combine these partial products by shifting and adding to
obtain the final result. The shifting and adding can be
accomplished with external adders (for full speed) or with
the DFs shift-and-add mechanism contained in its output
stage (at reduced speed).

TABLE 2. 8 TAP FIR FILTER SEQUENCE USING SINGLE DF

DATA
SEQUENCE X14...X5,X4,X10...X1, X0
INPUT
COEFFICIENT
SEQUENCE Cy...Cg,C7,0,0,0,C0...Cs,C7 —>_DF | Y14,Y13,Y12,Y11.... Y10, Y0, Y8, Y7
INPUT
CLK CELLO CELL1 CELL2 CELL3 SUM/CLR
0 C7xXp [ (o] 0 -
1 +Cg x X4 C7xX4 o] (o] -
2 +Cs x X2 +Cg x X2 C7xXa (o] -
3 +Cyq xX3 +C5x X3 +Cg x X3 C7xX3 -
4 +CaxXy4 +Cyq xXg +Cs xXg +Cg xXg -
5 +Co x X5 +C3xX5 +C4 x X5 +Cs5x X5 -
6 +Cq xXg +Co xXg +C3 xXg +C4q xXg -
7 +Co x X7 +Cq1 xX7 +Cp x X7 +C3 x X7 Cell 0 (Y7)
8 0 +Cp x Xg +Cq xXg +Co xXg Cell 1 (Yg)
9 0 0 +Cg xXg +C1 xXg Cell 2 (Yg)
10 (¢} o} 0 +Co xX10 Cell 3(Y10)
11 C7x X4 0 0 0 -
12 +Cg x X5 C7xXs 0 o] -
13 +Csx Xg +Cg x Xg C7xXg o -
14 +Cq x X7 +Cp x X7 +Cg x X7 C7xX7 -
15 +C3xXg +C4q x Xg +Cs5 xXg +Cg xXg -
16 +C2 x Xg +C3xXg +C4 x Xg +Cs x Xg -
17 +C1xX10 +CoxX1p +C3xX10 +Cq xX10 -
18 +CpxXq1 +Cq x X114 +Co x X141 +C3 xX11 Cell0(Yqy1)
19 0 +CoxXq2 +C1xXq2 +Co xX12 Cell1(Y12)
20 ] 0 +CpoxX13 +Cq xX13 Cell2(Y13)
21 ¢} (¢} 0 +Co xX14 Cell 3(Y14)
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6 1 2 3 4 65 6 7 8 9 10 1M 12 13 14 15 16 17 18 19 20 21
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RESET LI

DFo ERASE [ S R I
DF1 ERASE —_ [~ | I B

DING-7 | Xo| X1 | X2 | X3 | Xa|Xs|X6|Xz| Xa| Xa | Xto| X11| Xr2| Xra| Xua| Xss| . . .

diEens ZZZA _
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7
YN = X CK X XN-K
Zyw

FIGURE 6. 30MHz 8 TAP FIR FILTER TIMING

Decimatibn/Resampling

The HSP43481 provides a mechanism for decimating by sequence table (Table 3) for a decimate-by-two filter

factors of 2, 3 or 4. From the DF filter cell block diagram illustrates the technique.

(Figure 1), note the three D registers and two multiplexersin  Detailed timing for a 30MHz input sample rate, 15MHz
the coefficient pass through the cell. These allow the coeffi- output sample rate (i.e., decimate-by-two), 8 tap FIR filter,

cients to be delayed by 1, 2 or 3 clocks through the cell. The including pipelining, is shown in Figure 7.
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TABLE 3. 8 TAP DECIMATE-BY-TWO FIR FILTER SEQUENCE, 30MHz IN, 15MHz OUT

DATA
SEQUENCE ... X2,X1, X0
INPUT
COEFFICIENT v
SEQUENCE  ...Cg,C1,Cp,C3,Ca,C5,C5,C7 —P_DF_|—P ...v41,Yg,Y7
INPUT
CLK CELLO CELL1 CELL 2 CELL3 SUM/CLR
(o] C7xXo o -
1 +Cg x X4 (o] -
2 +Csx X2 C7xXo -
3 +CqxX3 +Cg x X3 -
4 +C3xXg +C5xXgq C7xXg -
5 +Co x X5 +Cqx X5 +Cg x X5 -
6 +Cq1 xXg +CgxXg +Cg xXg +C7 xXg -
7 +Co x X7 +Cp x X7 +Cyq x X7 +Cg x X7 Cell 0(Y7)
8 C7xXg +Cq xXg +C3 xXg +Cs5xXg Cell 0 (Y7)
9 +Cg x Xg +Co xXg +Ca xXg +C4 xXg Cell 1 (Yg)
10 +CsxX10 C7xXq10 +C1 xXq0 +C3 xX10 Cell 1 (Yg)
1 +C4q xX11 +Cg x X11 +CoxXq1q +C2 x X114 Cell2(Y11)
12 +C3xXq2 +CsxXq2 C7xX12 +Cq xXq2 Cell 2(Y11)
13 +C2xXq3 +C4q4xX13 +CgxX13 +Co xX13 Cell 3(Y13)
14 +Cq1xX14 +C3xX14 +Cs5xX14 C7xX14 Cell 3(Y13)
15 +CoxX15 +CoxXy5 +C4xX15 +Ce xX15 Cell 0(Y15)

¢ 1 2 3 4 5 6 7 8 9 W M VW UK K T B W 20 2
o LUy UL e

RESET J
ERASE "] | L eI
DING-7 [ %] x| x| x| x| x| % | x| - -

DIENB A

CINO-7 |C7|c.-,|c5|c4|ca|cz|c,|ca|...

CIENE 2

Lo b bels e
Sumo-25 | v | Yo | | vu|vs
SHADD 7

SENBL %

SENBH 27 77 A

pemo-1 | 1 }

FIGURE 7. 8 TAP DECIMATE-BY~TWO FIR FILTER TIMING, 30MHz IN, 15MHz OUT
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Specifications HSP43481

Absolute Maximum Ratings .

Supply Voltage ........ [ e i, s, i, P PR ...l +8.0V
Input, Output Voltage GND -0.5V to Vg +0.5V
SHOrage TOMPEIAIUIE . . o ot ittt ittt ettt teeesae et tansanentonsasasssenstonenssnesussnssnesasnnsns -650C to +150°0C
55T Class 1
Maximum Package Power Dissipationat 709C ........coovviiininenuvnenannnnns e ereiiieeeieiaee, 1.9W (PLCC), 2.6W (PGA)
Bjc rerrennnianaes e et er et e P 15.0W/0C (PLCC), 9.92W/OC (PGA)

.. 43.0W/OC (PLCC), 38.44W/OC (PGA)
Gate Count .......... e iiaiiieeaiieieiia ittt ettt e it ittt ..9371
Junction Temperature .. ....ooverveenrenrnrerarnens et 150°C (PLCC), 1759°C (PGA)
Lead Temperature (Soldering 108) « oo vttt titiiiiit et taatiessrttesunsaasonsnennnecensosssasansenss teseenaae.. 3000C

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voltage Range . . ..o vttt it ittt iiiiie e iea i eaneas N e tireeeess. BV 5%
Operating Temperature RANGES . .. .ov. e et eieeeertenseneeneiessoaesaserosssaesasonssesotasssnssnssnns ...00C 10 +70°C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
lccop Power Supply Current - 110 mA Voo = Max
' CLK Frequency 20MHz
Note 1, Note 3
lccss Standby Power Supply Current - 500 uA Voc = Max, Note 3
] Input Leakage Current -10 10 vA Ve = Max, Input=0VorVcg
lo Output Leakage Current -10 10 pA Ve = Max, Input=0V or Vg
ViH Logical One Input Voltage 20 - \ Vee = Max
ViL Logical Zero Input Voltage 0.8 \ Vce = Min
VOH Logical One 26 - v IoH =-400pA,Vce = Min
VoL Logical Zero Output Voltage - 0.4 \ loL=2mA,Vge = Min
VIHC Clock Input High 3.0 - \ Vee = Max
ViLc Clock Input Low - 0.8 Vv Ve = Min
CIN Input Capacitance PLCC - 10 pF CLK Frequency 1MHz
PGA - ' 15 pF All Measurements
Court Output Capacitance  PLCC - 10 pF _F'}:f:rit;c;e:ct ?\lggz
PGA - 15 pF

NOTES: 1. Operating supply current is proportional to frequency. Typical
rating is 5.5mA/MHz.
2. Controlled via design or process parameters and not directly
tested. Characterized upon initial design and after major process
and/or design changes.

3. Output load per test circuit and C = 40pF.
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A.C. Electrical Specifications Vg = +4.75V to +5.25V, Tp = 0°C to +70°C

*INCLUDES STRAY AND
JIG CAPACITANCE

-20 (20MHz) -25 (25.6MHz) -30 (30MHz)
TEST
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX | UNITS CONDITIONS
Tcp Clock Period 50 - 39 - 33 - ns
ToL Clock Low 20 - 16 - 13 - ns
TcH Clock High 20 - 16 - 13 - ns
Tis Input Setup 16 - 14 - 13 - ns
TIH Input Hold [0} - 0 - 0 - ns
Tobc CLK to Coefficient - 26 - 22 - 19 ns
Output Delay
TOED Output Enable Delay - 20 - 15 - 15 ns
TobD Output Disable Delay - 20 - 15 - 15 ns Note 1
Tobs CLK to SUM - 30 - 26 - 21 ns
Output Delay
TOR Output Rise - 6 - 6 - 6 ns Note 1
ToF Output Fall - 6 - 6 - [ ns Note 1
NOTE: 1. Controlled by design or process parameters and not directly
tested. Characterized upon initial design and after major process
and/or design changes.
Test Load Circuit
e T T |
Sl |
DUToTo/ | |
*CL | |
| v () o |

Switch S1 Open for Iccsp and Iccop Tests
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Waveforms

CLK ov
- Tis —=1=<TiH
3.0v
INPUT* 1.5v 1.5v
ov

ADRO-1, TCS, TCCI, SHADD

* Input includes: DINO-7, CINO-7, DIENB, CIENB, ERASE, RESET, DCMO-1,

CLOCK AC PARAMETERS INPUT SETUP AND HOLD
2.0v v
CLK FYS v H
Topc: Tobs 1L
SUMO - 25 S Tor e l<—T0F
COUTO -7 1.5V : oUTPUT
TCCO e
SUM0-25, COUTO-7, TCCO OUTPUT DELAYS RISE AND FALL TIMES
3.0v DEVICE
INPUT X1 5V | UNDER X1 5V
ov TEST

A.C.Testing: Inputs are driven at 3.0V for a Logic “1" and OV for a Logic “0".
Input and output timing measurements are made at 1.5V for both a Logic *1”
and “0". CLK is driven at 4.0V and 0.0V and measured at 2.0V.

A.C. TESTING INPUT, OUTPUT WAVEFORM
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Digital Filter

Features

Paragraph 1.2.1
e 0 to 25.6MHz Sample Rate
e Four Filter Cells

* Low Power CMOS Operation
> IccsB = S00pA Maximum

* 26 Bit Accumulator Per Stage

* Decimation by 2, 3 or 4

Applications

e 1-D and 2-D FIR Filters
e Radar/Sonar

* Digital Video and Audio
* Adaptive Filters

* Echo Cancellation

e Correlation/Convolution
e Complex Multiply-Add
* Butterfly Computation

e Matrix Multiplication

* Sample Rate Converters

* 8 Bit Coefficients and Signal Data

> iccop = 110pA Maximum @ 20MHz

* Filter Lengths Up To 1032 Taps
* Shift-And-Add Output Stage for Combining Filter Outputs
* Expandable Coefficient Size, Data Size and Filter Length

* This Circuit is Processed in accordance to Mil-Std-883C  the HSP43481/883 is a video-speed Digital Filter
and is Fully Conformant Under the Provisions of (DF) designed to efficiently

Description

implement vector
operations such as FIR digital filters. It is comprised of
four filter cells cascaded internally and a shift-and-
add output stage, all in a single integrated circuit.
Each filter cell contains an 8x8 multiplier, three
decimation registers and a 26 bit accumulator which
can add the contents of any filter cell accumulator to
the output stage accumulator shifted right by eight
bits. The HSP43481/883 has a maximum sample rate
of 25.6MHz. The effective multiply-accumulate (MAC)
rate is 102MHz.

The HSP43481/883 can be configured to process
expanded coefficient and word sizes. Multiple
devices can be cascaded for larger filter lengths
without degrading the sample rate or a single device
can process larger filter lengths at less than 25.6MHz
with multiple passes. The architecture permits
processing filter lengths of over 1000 taps with the
guarantee of no overflows. In practice, most filter
coefficients are less than 1.0, making even larger
filter lengths possible. The HSP43481/883 provides for
unsigned or two’s complement arithmetic, independently
selectable for coefficients and signal data.

Each DF filter cell contains three resampling or
decimation registers which permit output sample rate
reduction at rates of 1/2, 1/3 or 1/4 the input sample
rate. These registers also provide the capability to
perform 2-D operations such as NxN spatial correla-
tions/convolutions for image processing applications.

Block Diagram

Vee Vs

DING-7  TCS

L

CIENS 5
DCMO-1 o
ERASE

RESET 4

e o
8
CING-7 [ >—F—

fa

PLoLr A

FILTER
CELLO

™

FILTER [~ FWTER FILTER ““D. Tcco
ceLt |8, ) cez |8 ) ceLd L8, coyrgr

26

i

26 T 26 281 - T

CLK 7
ADRO-1

RESET
CLK

|

26

OUTPUT

SHADD [ >—
SENEL (>

STAGE

SENEH

6:.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Corporation 1992

File Number 2450.2
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Absolute Maximum Ratings

SupplyVoltage . ..o iieiii it i +8.0V
Input, OQutput Voltage Applied .......... GND-0.5V to Voo +0.5V
Storage Temperature Range .. -65°C to +150°C
JunctionTemperature .......covviiiiiiiiiiiiiiinae, +175°C
Lead Temperature (Soldering, Ten Seconds) ............ +300°C
ESD Classification .. .....ooviiiiiiiiiiiiiiiiniianin, Class 1

Reliability Information

Thermal Resistance Sja Oic
Ceramic PGAPackage ............. 38.440C/W  9.920C/W
Maximum Package Power Dissipation at +1250C
Ceramic PGA Package 1.30 Watt
GateCount ......coiivniiiiiii i 9370 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
Operating VoltageRange . ...........coevvuinn +4.5V to +5.5V
Operating Temperature Range -550C to +1250C

TABLE 1. HSP43481/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

LIMITS
GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input VIH Vcg=5.5V 1,2,8 -550C <TA<+125°C | 2.2 - \
Voltage
Logical Zero Input ViL Veo=4.5V 1,2,3 -550C < Tp <+1250C - 0.8 v
Voltage
Output HIGH Voltage Vou IoH = ~400pA 1,2,3 -550C <TA<+1250C| 2.6 - \Y
Ve = 4.5V (Note 1)
Output LOW Voltage VoL loL = +2.0mA 1,2,3 -550C < TA<+1250C | - 0.4 v
Vce =4.5V(Note 1)
Input Leakage Current ] VIN = Vg or GND 1,2,3 -550C < TA<+1250C | -10 +10 pA
Voo =5.5V
Output Leakage o VouT =Vcgor GND 1,2,8 -550C < TA<+1250°C | -10 +10 uA
Current Vcg=5.5V
Clock Input High VIHC Vece=5.5V 1,2,8 -550C < TA<+1250C| 3.0 -
Clock Input Low ViLe Voo =4.5V 1,2,3 ~-550C < TA < +1250C - 0.8
Standby Power Supply lccsB | VIN=Vccor GND 1,2,3 -550C < TA < +125°C - 500 uA
Current Vee=5.5Y,
QOutputs Open
Operating Power lccop f=20.0MHz 1,2,3 -550C < Tpo < +1259C - 110.0 mA
Supply Current Ve =5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < Tp < +1250C - -

NOTES: 1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical
rating is 5.5mA/MHz.

3. Tested as follows: f = 1MHz, Vijy = 26, V) = 04, Voy > 1.5V,
VoL < 1.8V, ViHe = 3.4V and V| ¢ = 0.4V.
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TABLE 2. HSP43481/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

-20 (20MH -25 (25.6MH
GROUPA (20MHz) ¢ 2)
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Clock Period Tcp Note 1 9,10, 11 -550C <Tpo <+1250C | 50 - 39 - ns
Clock Low ToL Note 1 9,10,11 -550C < Tp <+1259C | 20 - 16 - ns
Clock High TCH Note 1 9,10, 11 -550C <TA <+1250C | 20 - 16 - ns
Input Setup Tis Note 1 9,10, 11 -550C <Tp £+1250C | 20 - 17 - ns
Input Hold TiH Note 1 9,10, 11 -559C < TA <+125°C (¢} - 0 - ns
CLK to Coefficient Topc |Note1 9,10, 11 -550C < To<+1250C | - 24 - 20 ns
QOutput Delay
Output Enable Delay Toep |Notet 9,10, 11 -550C <TpA <+1250C | -~ 20 - 15 ns
CLK to SUM Tobps Note 1 9,10, 11 -550C < Tp <+1250C - 31 - 25 ns
Output Delay
NOTE: 1. AC. Testing: Vo = 4.5V and 5.5V. Inputs are driven at 3.0V for a
Logic “1” and 0.0V for a Logic “0". Input and output timing measure-
ments are made at 1.5V for both a Logic “1" and “0". CLK is driven at
4.0V and OV and measured at 2.0V.
TABLE 3. HSP43481/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
~20 (20MHz) '1-25 (25.6MHz)
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance CiN Vecc=0pen, f=1MHz 1 Ta=+250C - 15 - 15 pF
All measurements
are referenced to
Output Capacitance COUT | davice GND. 1 Ta=+250C - 15 - 15 pF
Output Disable Delay Topb 1,2 |-550C<Tpo<+1250C| - 20 - 15 ns
Output Rise Time ToR 1,2 |-550C <Ta <+1250C - - ns
Output Fall Time TOF 1,2 |-550C <TA <+1250C - - [} ns
NOTES: 1. The parameters listed in Table 3 are controlled via design or pro-
cess parameters and are not directly tested. These parameters
are characterized upon initial design and after major process
and/or design changes.
2. Loading is as specified in the test load circuit, C|_ = 40pF.
TABLE 4. APPLICABLE SUBGROUPS
CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,8B,10,11
Group A - 1,2,3,7,8A,8B,9,10,11
GroupsC&D Samples/5005 1,7,9
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Burn-In Circuit

L coutr| couts| couta| couTi| couto| cik | ADDR1 | ADDRO | SUM25

Kk | Tcco | coens| coute| couta| cout2| sHADD| DCM1 | DCMo | SENBH | SuM24 | sSuM23

3| Erase | vee sumz1 | sum22

| ReseT | DiENB SUM18 | SUM20

G TCS DIN7 8UM17 | SUM18

68 LEAD
F| oins | DiNe PIN GRID ARRAY sSuMis| sumig
BOTTOM VIEW

£ pins | DiNa Vgg |SUMIA

D DIN1 D‘INZ SUM12| SUM13

c| oo | ciens sumio| sum1t

B| Tccl | cine | ciNa | cinz | ciNo | sumo | sum2 | suM4 | sume | sUMS | SUMe

A ciN7 | cINs | ciNa | ciNt | SENBL | SUMI | SUM3 | SuMs | sum7

1 2 3 s 5 6 7 8 ° 10 "
PGA PIN BURN-IN |} PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN
PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL
Kt [tcco  |vgerz c2 |CENB |Fi0 B6 |sumo |vger2 H10 |suMis |vggr2
J1 ERASE F10 B2 CING F6 AB SENBL F10 G10 |SuM17 Voe/2
H1 RESET , F11 A2 CIN7 F7 L7 CLK FO F10 SuM15 Vee/2
i

G1 TCS . |F7 L3 COuTS Vgo/2 K7 DCM1 F6 E10 |Vss GND
F1  |DIN5 F5 ks |coute |veerz |7 |sumz  |vgorz  |oio |sumiz  [vgere
E1 DIN3 F3 B3 CIN4 F4 A7 SuM1 Vco/2 C10 |SuMmio vge/2
D1 DIN1 F1 A3 CINS F5 L8 ADDR1 F1 B10 |Sums Vgoe/2
c1 |omo FO 4 |[couts |vgore [ks |pcMo  |Fs A10 |sum7z  |vgor2
B1 |TCCI F8 K4 CcOouT4 Voo/2 B8 SumM4 Veo/2 K11 Sum23 Vee/2
L2 couT7 Veg/2 B4 CIN2 F2 A8 SuM3 Voe/2 J11 Sum22 Vgoo/2
K2 COENB F10 Ad CINS - F3 L9 ADDRO FO H11t SumM20 Vogo/2
J2  |vee vee L5 |coutt |vger2 |ke |SENBH |F10 G11 [sumis  |vggr2
H2 |DENB |F10 ks |cout2 |veez o |sume  |vggz  |F11 |sumie  |vgor2
G2 DIN7 F8 BS CINO FO A9 SUMS vVoe/2 E11 SuM14 Vee/2
F2  |DING F6 A5 |oin F1 Lo |{sum2s |[vggrz  |o11 [sumis  |vgere
E2 |DINg Fa4 6 [couto |vgorz |kto [sum2a |vgorz  |e11 [sumit [vggre
D2 DIN2 F2 K6 SHADD F9 J10 SuM21 Vgoo/2 B11 SumM9 Veo/2

NOTES: 1. Vgg/2 (2.7V £10%) used for outputs only.
2. 47KQ (+£20%) resistor connected to all pins except Vo and 5.

GND.

3. Vgg = 5.5 +0.5V.

4. 0.1uF (min) capacitor between Vg and GND per position.
FO = 100KHz £10%, F1 = F0/2, F2 = F1/2.....
40% - 60% Duty Cycle.

o

, F11 = F10/2,

. Input voltage limits: Vy = 0.8V max,, Vi = 4.5V +£10%.
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Metallization Topology

DIE DIMENSIONS:
253 x 230 x 19 =1 mils
METALLIZATION:
Type: Si- Alor Si- Al - Cu
Thickness: 8kA
GLASSIVATION:
Type: Nitrox
Thickness: 10kA
DIE ATTACH:
Material: Gold/Silicon Eutectic Alloy or Silver-Glass
WORST CASE CURRENT DENSITY:
1.2 x 105A/cm?2

Metallization Mask Layout

HSP43481/883
« W T a o 9 & o
& o o = E E kO
E: 28 EF g2 % g x 2 3 28 3 3
3mm<3>nn> O u o o o o

couT4

COouTs

couTe

3 cout?

SUM19
Vss
SUM18
SUMi7
Vee

SUM16 |

CINg

TCS

DIN7

DIN8

DINS

DIN4

i DIN3

DIN2
DIN1
DINO
Vss
CIENB
TCCl

Vee
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August 1992 Digital Filter
Features Description
® Eight Filter Cells The HSP43881 is a video speed Digital Filter (DF)
* 0 to 30MHz Sample Rate designed to efficiently implement vector operations such as

FIR digital filters. It is comprised of eight filter cells
cascaded internally and a shift and add output stage, allin a
single integrated circuit. Each filter cell contains a 8x8 bit

e 8-Bit Coefficients and Signal Data
e 26-Bit Accumulator Per Stage

® Filter Lengths Over 1000 Taps multiplier, three decimation registers and a 26-bit
e Shift and Add Output Stage for Combining Filter accumulator. The output stage contains an additional 26-bit
Outputs accumulator which can add the contents of any filter cell

accumulator to the output stage accumulator shifted right

e Expandable Coefficient Size, Data Size and Filter by 8 bits. The HSP43881 has a maximum sample rate of

Length 30MHz. The effective multiply accumulate (mac) rate is
e Decimation by 2, 3 or 4 240MHz. The HSP43881 DF can be configured to process
* CMOS Power Dissipation Characteristics expanded coefficient and word sizes. Multiple DFs can be

cascaded for larger filter lengths without degrading the
Applications sample rate or a single DF can process larger filter lengths

PP at less than 30MHz with multiple passes. The architecture
* 1-D and 2-D FIR Filters permits processing filter lengths of over 1000 taps with the
o Radar/Sonar guarantee of no overflows. In practice, most (filter
* Digital Video and Audio coefficients are less than 1.0, making even larger filter

lengths possible. The DF provides for 8-bit unsigned or

* Adaptive Filters two’s complement arithmetic, independently selectable for

¢ Echo Cancellation coefficients and signal data.

® Correlation/Convolution Each DF filter cell contains three resampling or decimation
* Complex Multiply-Add registers which permit output sample rate reduction at rates
« Butterfly Computation of 1/2, 1/3 or 1/4 the input sample rate. These registers also

provide the capability to perform 2-D operations such as

¢ Matrix Multiplication matrix multiplication and NxN spatial correlations/convolu-

® Sample Rate Converters ‘ tions for image processing applications.
Block Diagram
Vcc Vss DINO- DIN7  TCS
\Y4
N I I V8
DIENB / T
CENB _s5, :
DCMO-1 >7 "
S LGP GNP TP O PO P RPN G
TCCl »—s OF }—s] OF pb—]| DF |—| OF }—] DF L} OF }—] OF }—| DF }— TCCO
FILTER FILTER FILTER FILTER FILTER FILTER FILTER FILTER
cino-7 354 cet o |34 ceL 1 84 ce 2 jo4 ] el s |84 ce 4 B4 ceL s |34 cels |84 crlL 7 o4 gouro -
RESET V 26 N Vo6 26 V26 [ 26 [ 26
ok y52e52) 1 | 4 [ 4 | 4 i 1 £ [ 4 I |, COENB
ADRO-2°7 17 A2
32,
I MUX |
ADRO
—___ | ADR1 A2
RESET | ADR2
ClK} 2,
SHADD s, 4 OUTPUT
SENBL, 2, STAGE
SENBH® 7
26
SUMO- 25

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2758.2
Copyright © Harris Corporation 1992
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Pinouts
85 PIN GRID ARRAY (PGA)
1 2 s 4 5 L] 7 8 9 10 1n 1 2 3 4 5 [} 7 8 9 10 n
A}l Vss |coEms| Voc | RESET | pin7 | DiNe | DIN3 | piNo | Tcet | Vee | Vss ] O

DCM1 SUM23 SUM22 SUM21 SUM18 SUMM4 Voo SUMI3 Vgg  SUMTT

8 | vec |courr| Tcco | ERASE | tes | oini | pinz | CENB | ciN7 | cine | Cina « O O OO OO O O

SENBH SUM24 Vgg  Vgc SUMI8  Vgg SUMIS SUM12 SUM10 SUMB

¢ | cours | cours | ALISN DIENB | DINS | DiNa cins | cing s, O O O O O Q

PIN Ve SuM2s SUM20 SUM17 SUM16 SUM7
D | couta | couts ciNz | Vee H O O
ADR1  ADRO SUMs

E | couti] vgg |courz

ot | civo | SERAL 28 2 HSP43881 o S

FlOoO O O BOTTOM VIEW e}

Vs GOUTO SHADD sUMo v,
8 PINS UP ce
6 | aorz | pemo | o sumi [suma Jsme] €] O O O O O
COUT1 Vgg COuT2 cnt - ciNo
o

H ADR1 ADRO SUMS | SUMa COUTS COUT4 Py
a ] vec |sumes suMz0 | sum17 | sumie sumz | Ves <] O O o) O @)
couts coute  ALiGN DIENE DINS DIN4 CiNs
— =] O o O O O O O

« | senen sumia sumis | sumiz | sumto| sums | sume ~
sumza| Vss | Voe Vs Voc COUT7 TCCO ERASE TGS DINI DIN2 CIENB GIN7  CING

O O O O O O O O O

Vss COENB Vo RESET DINT DINS  DINO TCCl Vgg

L DCM1 | SUM23 | SUM22| SUM21 | SUM18 | SUM14| Vo |SUMIS | Vvgg | SuMti| sume

g
z
E

SUM9

84 LEAD PLCC PACKAGE
£ 3838922 8233588238888 ¢9
ANREENEREENNEEENRERIEE
¢ 8 7 6 5 4 3 2 1 84 83 82 81 79 78 77 76 75
sum2a | |12 o couts
sum22 | 13 cout?
vee || 14 vss
sum21 | J1s TCCO
sumzo | |18 ‘COENB
sumio | 17 Vee
_sumis | 118 ERASE
vss | |1e RESET
cnrr Flo HSP43881 —
sumie [ ] 21 TOP VIEW Tcs
vec | J22 DIN7
sumis | |23 DINE
sumia | 24 DINS
sumia [ |25 DIN4
sumiz | |ze DIN3
vss [ o7 DIN2
sumit | J28 DINY
sumio | |2e DINO
sume | |30 CIENB
sums | |31 Tcct
sumz |_] 32 vce
33 34 35 38 37 38 39 44 45 48 47 48 49 50 51 52 53
NN NR{E NN
= - O - N N ¢ v @ N
EEERRR R RRE R R R R

NOTE: An overbar on a signal name represents an active LOW signal.
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Pin Description

SYMBOL

PIN
NUMBER

TYPE

NAME AND FUNCTION

Vee

A3,A10,B1, |

D11,F10,J1,
K4,L7

+5V Power Supply Input

Vss

A1,A11,E2,F1,
E11,H11,K3,
K6, L9

Power Supply Ground Input

CLK

G3

The CLK input provides the DF system sample clock. The maximum clock frequency is
is 30MHz. '

DINO-7

A5-8,B6-7,
C6-7

These eight inputs are the data sample input bus. Eight bit data samples are synchronously
loaded through these pins to the X register of each filter cell simultaneously.
The DIENB signal enables loading, which is synchronous on the rising edge of the clock signal.

TCS

B5

The TCS input determines the number system interpretation of the data input samples
on pins DINO-7 as follows:

TCS = Low — Unsigned Arithmetic
TCS = High — Two’s Complement Arithmetic

The TCS signal is synchronously loaded into the X register in the same way
as the DINO-7 inputs.

C5

Alow on this enables the data sample input bus (DINO-7) to all the filter cells. A rising
edge of the CLK signal occurring while DIENB is low will load the X register of

every filter cell with the 8 bit value present on DINO-7. A high on this input forces

all the bits of the data sample input bus to zero; a rising CLK edge when DIENB is high
will load the X register of every filter cell with all zeros. This signal is latched inside

the DF, delaying its effect by one clock internal to the DF. Therefore, it must be low
during the clock cycle immediately preceding presentation of the desired data on the
DINO-7 inputs. Detailed operation is shown in later timing diagrams.

CINO-7

B9-11,C10-11,
D10,E9-10

These eight inputs are used to input the 8 bit coefficients. The coefficients are synchronously
synchronously loaded into the C register of filter CELL O if a rising edge of CLK
occurs while CIENB is low. The CIENB signal is delayed by one clock as discussed below.

TCCl

A9

The TCCl input determines the number system interpretation of the coefficient
inputs on pins CINO-7 as follows:

TCCl = LOW — Unsigned Arithmetic
TCCI = HIGH -» Two's Complement Arithmetic

The TCCI signal is synchronously loaded into the C register in the same way as
the CINO-7 inputs.

CIENB

B8

A low on this input enable the C register of every filter cell and the D registers (decimation)
of every filter cell according to the state of the DCMO-1 inputs. A rising edge of

the CLK signal occurring while CIENB is low will load the C register and appropriate

D registers with the coefficient data present at their inputs. This privides the mechanism
for shifting the coefficients from cell ‘o cell through the device. A high on this input

freezes the contents of the C registei and the D registers, ignoring the CLK signal.

This signal is latched and delayed by one clock internal to the DF. Therefore, it must be
low during the clock cycle immediately preceding presentation of the desired coefficient
on the CINO-7 inputs. Detailed operation is shown in the Timing Diagrams section.

- COUTO-7

B2,C1-2,D1-2
E1,E3,F2

These eight three-state outputs are used to output the 8 bit coefficients from filter cell 7.

These outputs are enabled by the COENB signal low. These outputs may be tied to the CINO-7
inputs of the same DF to recirculate the coefficients, or they may be tied to the

CINO-7 inputs of another DF to cascade DFs for longer filter lengths.

TCCO

B3

The TCCO three-state output determines the number system representation of the coefficients
output on COUTO-7. It tracks the TCCI signal to this same DF. It should be tied to the TCCI
input of the next DF in a cascade of DFs for increased filter lengths. This signal is enabled
by COENB low.

COENB

Alow on the COENB input enables the COUTO-7 and the TCCO output. A high on this input
places all these outputs in their high impedance state.
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Pin Description (Continued)

SYMBOL

PIN
NUMBER

TYPE

NAME FUNCTION

DCMO-1

G2, L1

These two inputs determine the use of the internal decimation registers as follows:
DCM1 DCMO Decimation Function

o] (o] Decimation registers not used

(¢} 1 One decimation register is used

1 (o] Two decimation registers are used

1 1 Three decimation registers are used
The coefficients pass from cell to cell at a rate determined by the number of decimation
registers used. When no decimation registers are used, coefficients move from cell to cell
on each clock. When one decimation register is used, coefficients move from cell to cell on
every other clock, etc. These signals are latched and delayed by one clock internal to the DF.

SUMO-25

These 26 three-state outputs are used to output the results of the intemal filter cell

computations. Individual filter cell results or the result of the shift~-and-add output stage

can be output. If an individual filter cell result is to be output, the ADRO-2 signals select

the filter cell result. The SHADD signal determines whether the selected filter cell result

or the output stage adder result is output. The signals SENBH and SENBL enable the most
significant and least significant bits of the SUM0-25 result, respectively. Both SENBH

and SENBL may be enabled simultaneously if the system has a 26 bit or larger bus. However,
individual enables are provided to facilitate use with a 16 bit bus.

SENBH

K1

Alow on this input enables resuit bits SUM16-25. A high on this input places these
bits in their high impedance state.

SENBL

E11

A low on this input enables result bits SUMO-15. A high on this input places these

ADRO-2

G1,H1-2

These inputs select the one cell whose accumulator will be read through the output bus
{SUMO-25) or added to the output stage accumulator. They also determine which accumulator

will be cleared when ERASE is low. For selection of which accumulator to read through the
output bus (SUMO0-25) or which to add of the output stage accumulator, these inputs are
latched in the DF and delayed by one clock internal to the device. If the ADRO-2 lines remain
at the same address for more than one clock, the output at SUMO0-25 will not change to reflect
any subsequent accumulator updates in the addressed cell. Only the result available during
the first clock, when ADRO-1 selects the cell, will be output. This does not hinder normal
operation since the ADRO-1 lines are changed sequentially. This feature facilitates the
interface with slow memories where the output is required to be fixed for more than one clock.

SHADD

F3

The SHADD input controls the activation of the shift-and-add operation in the output stage.
This signal is latched in the DF and delayed by one clock internal to the device. A detailed
explanation is given in the DF Output Stage section.

RESET

A4

A low on this input synchronously clears all the intemal registers, except the cell accumulators.
It can be used with ERASE to also clear all the accumulators simultaneously. This signal is
latched in the DF and delayed by one clock internal to the DF.

ERASE

B4

A low on this input synchronously clears the cell accumulator selected by the ADRO-1 signals.
If RESET is also low simultaneously, all cell accumulators are cleared.

ALIGN PIN

C3

Used for aligning chip in socket or printed circuit board. Must be left as a no connect in circuit.
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Functional Description

The Digital Filter Processor (DF) is composed of eight filter
cells cascaded together and an output stage for combining
or selecting filter cell outputs (See Block Diagram). Each
filter cell contains a multiplier-accumulator and several
registers (Figure 1). Each 8-bit coefficient is multiplied by a
8- bit data sample, with the result added to the 26-bit
accumulator contents. The coefficient output of each cell is
cascaded to the coefficient input of the next cell to its right.

DF Filter Cell

A 8-bit coefficient (CINO-7) enters each cell through the C
register on the left and exits the cell on the right as signals
COUTO-7. With no decimation, the coefficient moves direct-
ly from the C register to the output, and is valid on the clock
following its entrance. When decimation is selected the
coefficient exit is delayed by 1, 2 or 3 clocks by passing
through one or more decimation registers (D1, D2 or D3).

The combination of D registers through which the
coefficient passes is determined by the state of DCMO and
DCM1. The output signals (COUTO-7) are connected to the
CINO-7 inputs of the next cell to its right. The COENB input
signal enables the COUTO-7 outputs of the right most cell
to the COUTO-7 pins of the device.

The C and D registers are enabled for loading by CIENB.
Loading is synchronous with CLK when CIENB is low. Note
that CIENB is latched internally. It enables the register for
loading after the next CLK following the onset of CIENB low.
Actual loading occurs on the second CLK following the
onset of CIENB low. Therefore CIENB must be low during
the clock cycle immediately preceding presentation of the
coefficient on the CINO-7 inputs. In most basic FIR
operations, CIENB will be low throughout the process, so
this latching and delay sequence is only important during
the initialization phase. When CIENB is high, the
coefficients are frozen.’

These registers are cleared synchronously under control of
RESET, which is latched and delayed exactly like CIENB.

The output of the C register (CO-8) is one input to 8 x 8 mul-
tiplier. '

The other input to the 8x8 muitiplier comes from the output
of the X register. This register is loaded with a data sample
from the device input signals DINO-7 discussed above. The
X register is enabled for loading by DIENB. Loading is
synchronous with CLK when DIENB is low. Note that
DIENB is latched internally. It enables the register for load-
ing after the next CLK following the onset of DIENB low. Ac-
tual loading occurs on the second CLK following the onset
of DIENB low; therefore, DIENB must be low during the
clock cycle immediately preceding presentation of the data
sample on the DINO-7 inputs. In most basic FIR operations,
DIENB will be low throughout the process, so this latching
and delay sequence is only important during the
initialization phase. When DIENB is high, the X register is
loaded with all zeros.

The multiplier is pipelined and is modeled as a multiplier
core followed by two pipeline registers, MREGO and
MREG1 (Figure 1). The multiplier output is sign extended
and input as one operand of the 26-bit adder. The other

adder operand is the output of the 26-bit accumulator. The
adder output is loaded synchronously into both the
accumulator and the TREG.

The TREG loading is disabled by the cell select signal,
CELLn, where n is the cell number. The cell select is
decoded from the ADRO-2 signals to generate the TREG
load enable. The cell select is inverted and applied as the
load enable to the TREG. Operation is such that the TREG is
loaded whenever the cell is not selected. Therefore, TREG is
loaded every clock except the clock following cell selection.
The purpose of the TREG is to hold the result of a sum-of-
products calculation during the clock when the accumulator
is cleared to prepare for the next sum-of-products
calculation. This allows continuous accumulation without
wasting clocks.

The accumulator is loaded with the adder output every
clock unless it is cleared. It is cleared synchronously in two
ways. When RESET and ERASE are both low, the
accumulator is cleared along with all other registers on the
device. Since ERASE and RESET are latched and delayed
one clock internally, clearing occurs on the second CLK
following the onset of both ERASE and RESET low.

The second accumulator clearing mechanism clears a
single accumulator in a selected cell. The cell select signal,
CELLN, decoded from ADRO-2 and the ERASE signal
enable clearing of the accumulator on the next CLK.

The ERASE and RESET signals clear the DF internal
registers and states as follows:

ERASE | RESET
1 1

CLEARING EFFECT

No clearing occurs, internal state
remains same

1 (o] RESET only active, all registers except
accumulators are cleared, including

the internal pipeline registers.

ERASE only active, the accumulator
whose address is given by the ADRO-2
inputs is cleared.

Both RESET and ERASE active, all
accumulators as well as all other
registers are cleared.

The DF Output Stage

The output stage consists of a 26-bit adder, 26-bit register,
feedback multiplexer from the register to the adder, an
output multiplexer and a 26-bit three-state driver stage
(Figure 2).

The 26-bit output adder can add any filter cell accumulator
result to the 18 most significant bits of the output buffer.
This result is stored back in the output buffer. This operation
takes place in one clock period. The eight LSBs of the out-
put buffer are lost. The filter cell accumulator is selected by
the ADRO-2 inputs.

The 18 MSBs of the output buffer actually pass through the
zero mux on their way to the output adder input. The zero
mux is controlled by the SHADD input signal and selects
either the output buffer 18 MSBs or all zeros for the adder
input. A low on the SHADD input selects zero. A high on the
SHADD input selects the output buffer MSBs, thus
activating the shift-and-add operation. The SHADD signal
is latched and delayed by one clock internally.
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FIGURE 2. HSP43881 DF OUTPUT STAGE

The 26 least significant bits (LSBs) from either a cell
accumulator or the output buffer are output on the
SUMO-25 bus. The output mux determines whether the cell
accumulator selected by ADRO-2 or the output buffer is
output to the bus. This mux is controlled by the SHADD
input signal. Control is based on the state of the SHADD
during two successive clocks; in other words, the output
mux selection contains memory. If SHADD is low during a
clock cycle and was low during the previous clock, the
output mux selects the contents of the filter cell
accumulator addressed by ADRO-2. Otherwise the output
mux selects the contents of the output buffer.

If the ADRO-2 lines remain at the same address for more
than one clock, the output at SUM0-25 will not change to
reflect any subsequent accumulator updates in the
addressed cell. Only the result available during the first
clock when ADRO-2 selects the cell will be output. This
does not hinder normal FIR operation since the ADR0O-2
lines are changed sequentially. This feature facilitates the
interface with slow memories where the output is required
to be fixed for more than one clock.

The SUMO0-25 output bus is controlled by the SENBH and
SENBL signals. A low on SENBL enables bits SUMO-15. A
low on SENBH enables bits SUM16-25. Thus all 26 bits
can be output simultaneously if the external system has a
26-bit or larger bus. If the external system bus is only 16
bits, the bits can be enabled in two groups of 16 and 10 bits
(sign extended).

DF Arithmetic

Both data samples and coefficients can be represented as
either unsigned or two’s complement numbers. The TCS
and TCCl inputs determine the type of arithmetic
representation. Internally all values are represented by a
9-bit two’s complement number. The value of the additional
ninth bit depends on the arithmetic representation selected.
For two’s complement arithmetic, the sign is extended into
the ninth bit. For unsigned arithmetic, bit 9 is 0.

The multiplier output is 18 bits and the accumulator is 26
bits. The accumulator width determines the maximum
possible number of terms in the sum of products without
overflow. The maximum number of terms depends also on
the number system and the distribution of the coefficient
and data values. Then maximum numbers of terms in the
sum products are: ‘

MAX #
NUMBER SYSTEM OF TERMS

Two unsigned vectors 1032
Two two's complement:

® Two positive vectors 2080
e Negative vectors 2047
* One positive and one negative vector 2064
One unsigned and one two's complement
vector:

* Positive two's complement vector 1036
® Negative two's complement vector 1028

For practical FIR filters, the coefficients are never all near
maximum value, so even larger vectors are possible in
practice.

Basic FIR Operation

A simple, 30MHz 8-tap filter example serves to illustrate
more clearly the operation of the DF. The sequence table
(Table 1) shows the results of the multiply accumulate in
each cell after each clock. The coefficient sequence, Cn,
enters the DF on the left and moves from left to right through
the cells. The data sample sequence, Xn, enters the DF from
the top, with each cell receiving the same sample
simultaneously. Each cell accumulates the sum of products
for one output point. Eight sums of products are calculated
simultaneously, but staggered in time so that a new output
is available every system clock.
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TABLE 1.

X15...Xg, X8, X7. .. X1, Xp

Co...Ce,C7.Co...CeC7

HSP43881 30MHz, 8 TAP FIR FILTER SEQUENCE

————| HSP43881 ...Y15Y14...Yg8 Y7

CLK CELLO CELL1 CELL 2 CELL3 CELL 4 CELLS CELL 6 CELL7 SUM/CLR

o] C7xXp (o] 0 0 -

1 +Cg x X1 C7xXq (o] 0 -

2 +Cs5xX2 | +Cgx X2 C7xXo [} -

3 +C4xX3 | +C5xX3 | +Cgx X3 C7xX3 -

4 +C3x X4 | +CaxXgq | +C5xXg4 | +CexXg C7 xX4 -

5 +C2x X5 C3xXs | +C4xX5 | +C5xX5 | +Cgx X5 C7xXs -

6 +C1xXg | +C2xXg | +C3xXg | +C4xXg | +C5xXg | +Cgx Xg C7xXg -

7 +CoxX7 | +C1xX7 | +CaxX7 | +C3xX7 | +C4xX7 | +C5xX7 | +Cgx X7 C7xX7 Cell 0(Y7)
8 C7xXg | +CogxXg | +C1xXg | +CoxXg | +C3xXg | +C4xXg | +C5xXg | +CgxXg Cell 1(Y8)
9 +Cg x Xg C7xXg | +CoxXg | +C1xXg | +CaxXg | +C3xXg | +C4xXg | +CsxXg Cell 2(Y9)
10 +C5x X109 | +CexX10 | C7xX10 | +CoxX10 | +C1xXq1g9 | +C2xXq0 | +C3xX10 | +Cax X190 Cell 3(Y10)
11 +C4xX11 | +C5x X171 | +CexX11 | C7xXqyq |+CoxX1q | +C1xXqq | +C2xX11 | +C3xX11 Cell4(Y11)
12 +C3xX12 | +Cq4xXq12 | +C5xX12 | +CexX12 | C7xXq12 | +CoxXq12 | +C1xX12 | +CaxX12 Cell 5(Y12)
13 +Cax X13 | +C3xX13 | +C4xXq3 | +C5xX13 | +CexX13 | C7xXq3 | +CoxXq3 | +C1xX13 Cell 6 (Y13)
14 +01xX14 | +C2xX14 | +C3xX14 | +C4xX14 | +CsxX14 | +CexX14 | +C7xX14 | +Cox X14 Cell 7 (Y14)
15 +CoxX15 | +C1 xX45 | +CoxX15 | +C3xX15 | +Cq4x X15 | +C5xX15 | +CexX15 | C7xXys5 Cell 0 (Y15)
SAMPLE

DATA IN >

(xy)
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¥
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- 11

I
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FIGURE 3. HSP43881 30MHz, 8 TAP FIR FILTER APPLICATION SCHEMATIC
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Detailed operation of the DF to perform a basic 8-tap, 8-bit
coefficient, 8-bit data, 30MHz FIR filter is best understood
by observing the schematic (Figure 3) and timing diagram
(Figure 4). The internal pipeline length of the DF is four (4)
clock cycles, corresponding to the register levels CREG (or
XREG), MREGO, MREG1, and TREG (Figures 1 and 2).
Therefore the delay from presentation of data and
coefficients at the DINO-7 and CINO-7 inputs to a sum
appearing at the SUMO0-25 output is:

k+ Td

where

k = filter length

Td = 4, the internal pipeline delay of DF

After the pipeline has filled, a new output sample is available
every clock. The delay to last sample output from last
sample input is Td.

The output sums, Yn, shown in the timing diagram are
derived from the sum-of-products equation:

Y(n) = C(0) x X(n) + C(1) x X(n-1) + C(2) x X(n-2) + C(3)
X X(n-8) + C(4) x X(n-4) + C(5) x X(n-5) + C(6) x X(n-6)
+ C(7) x X(n-7)

Extended FIR Filter Length

Filter lengths greater that eight taps can be created by
either cascading together multiple DF devices or “reusing”
a single device. Using multiple devices, an FIR filter of over
1000 taps can be constructed to operate at a 30MHz
sample rate. Using a single device clocked at 30MHz, an
FIR filter of over 1000 taps can be constructed to operate at
less than a 30MHz sample rate. Combinations of these two
techniques are also possible.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Cascade Configuration

To design a filter length L>8, L/8 DFs are cascaded by
connecting the COUTO-7 outputs of the (i}th DF to the
CINO-7 inputs of the (i+1)th DF. The DINO-7 inputs and
SUMO-25 outputs of all the DFs are also tied together. A
specific example of two cascaded DFs illustrates the
technique (Figure 5). Timing (Figure 6) is similar to the
simple 8-tap FIR, except the ERASE and SENBL/SENBH

signals must be enabled independently for the two DFs in
order to clear the correct accumulators and enable the
SUMO0-25 output signals at the proper times.

Single DF Configuration

Using a single DF, a filter of length L>8 can be constructed
by processing in L/8 passes as illustrated in the following
table (Table 2) for a 16-tap FIR. Each pass is composed of

TABLE 2. HSP43881 16-TAP FIR FILTER SEQUENCE USING A SINGLE DF

Data
Sequence  Xag. ..Xg,Xg X22...X1,Xg
Input
Coefficient 3
Sequence Cp...C14,C150...0,Cg...C14,C15 —P@I——b ..0,Y30...Y230...0,Y22...Y150...0
Input

CLK CELLO CELL1 CELL 2 CELL3 CELL4 CELLS CELL®6 CELL7? SUM/CLR
6 Ci5xXg 0 o [¢] -

7 +C14xXq1 | C15xX1 0 (] -

8 +C13x X2 Ci5xXo 0 -

9 +C12xX3 Ci5xX3 -

10 +C11xXg +C14xXq4 | Ci5xXg -

11 +C10x X5 +C13x X5 Ci5xXs5 -

12 +Cg x Xg +C12 xXg C15xXg -

13 +Cg x X7 +C14 xX7 Cy15xX7 -

14 +C7xXg +C10xXg +C14xXg -

15 +Cg xXg +Cg xXg +Cq13xXg -

16 +Cs5xX10 +CgxX10 +C12xX10 -

17 +C4q xX11 +C7xXqq +Cq11 xX11 -

18 | +C3xXq2 +Cpx X12 +C10xX12 -

19 +C2xX13 +CsxXq3 +Cg xX13 -

20 | +CixXq4 +C4xX14 +CgxX14 -

21 +Co xX15 v +C3xX15 +C7xX15 | CELLO(Y15)
22 [o] CoxX1g \ 4 +CoxXqg +Cgx X146 CELL 1(Y16)
23 o] 0o CoxXy7 | +C1xXq7 +CgxX17 CELL 2(Y17)
24 (o] (¢} +CoxX18 \/ +C4qxX18 CELL 3(Y18)
25 o 0 o CoxX19 v +C3xX19 CELL 4(Y19)
26 0 0 o 0 o CoxXag v +CoxXgg | CELL5(Y20)
27 o] 0 [¢] (o} 0 o] CoxX21 | +Cq1xX21 CELL6(Y21)
28 (o] 0 0 0 0 (¢} (o] +Co x X22 CELL 7(Y22)
29 Ci5xXg 0 0 0 0 0 ] ) -

30 | +C1axXg | CygxXg (o] s} 0 o} o} 0 -

31 |+Ci3xX10 CisxX10 0 0 0 0 o} -

32 [+Cq2xX14 Ci5xX11 0 0 0 o -

33 [+C11xXq2 C15xXq2 0 0 0 -

34 |+C10xX13 Ci5xX13 0 0 -

35 +Cg xX14 C15xX14 0 -

36 +Cg xXq5 Ci5xX15 -

37 +C7xX4g +C14xX1g -

38 +Cg xXq7 +C13xX97 -

39 +CsxX18 +C12xX48 -

40 +Cq xX19 +C11 xX19 -

4 +Cg3 xXog +C10xX20 -

42 +C2 xX21 +Cg x X214 -

43 +C1 xXa2 +Cgx X22 -

44 | +CoxXag v +C7xXo3 | CELLO(Y23)
45 [} CoxXo4 v +Cgx X24 CELL 1(Y24)
46 0 0 CoxX25 v +CsxXog | CELL2(Y25)
47 0 0 o CoxX2p v +C4xXgg | CELL3(Y26)
48 0 0 ] 0 CoxXa7 v v +C3xXg7 | CELL4(Y27)
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Tp = 7 + L cycles and computes eight output samples. In
pass i, the sample with indices i*8 to i*8 +(L-1) enter the
DINO-7 inputs. The coefficients Co - C| - 1 enter the
CINO-7 inputs, followed by seven zeros. As these zeros are
entered, the result samples are output and the accumula-
tors reset. Initial filing of the pipeline is not shown in this
sequence table. Filter outputs can be put through a FIFO to
even out the sample rate.

Extended Coefficient and
Data Sample Word Size

The sample and coefficient word size can be extended by
utilizing several DFs in parallel to get the maximum sample
rate or a single DF with resulting lower sample rates. The
technique is to compute partial products of 8x8 and
combine these partial products by shifting and adding to
obtain the final result. The shifting and adding can be

1 2 3 4 5 & 71 8 9
LK

accomplished with external adders (at full speed) or with the
DF’s shift~and-add mechanism contained in its output
stage (at reduced speed).

Decimation/Resampling

The HSP43881 DF provides a mechanism for decimating
by factors of 2, 3, or 4. From the DF filter cell block diagram
(Figure 1), note the three D registers and two multiplexers in
the coefficient path through the cell. These allow the coeffi-
cients to be delayed by 1, 2, or 3 clocks through the cell.
The sequence table (Table 3) for a decimate-by-two- filter
illustrates the technique (internal cell pipelining ignored for
simplicity).

Detailed timing for a 30MHz input sample rate, 15MHz
output sample rate (i.e., decimate-by-two), 16-tap FIR filter,
including pipelining, is shown in Figure 7. This filter requires
only a single HSP43881 DF.

10 11 12 13 W 15 16 17 18 18 20 20 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 38 40

REsET L[
oFo ERASE |__[7 1 l 1
DFt ERASE I 1 ]
DINS-7 1% 1 X4 § X2 1 X3 1 X %5 1 Xg | X7 ) Xg | Xa | Xl ¥1a] X1zl Xaal Xsa Xus| Xu6] Xv7| X18 | %19 | X2 | 21 {¥X22)X23 | X24| 251 X26|X27 1X28| X29) ¥a0] Xa1 | Xs2X33[%34 |Xa5 X3 Xs7|
oiens L
CiNe-7 1615 1€14 (€13 1C121 C11{C0Co | €8 | €7/ €5 15 | €4 ) €3 | C2) C1] Co|C15ICs IC1aIC121C111C0] € [Ca |C7 | Co 1Cs | Ca | Ca €2 | €1 ] CalCisiCralCrzlCaz]CaelCral
v L
ADRO-2 |01 23 )a|se6|7|o0|v|2(3|a|S5jejTjof1]2]3]
OF0 8UM0-25 1151 Y161 Y971 Y181 Y19 Y20l Y | Y22 [RETREHAEH]
DF1 8UM0-25

LLTVL R 77700000000000000000 0000000000000 00000 00000000000 A0 000 10 oo 0o 000000

1Y23] Y24! Y251 Y261 Y271 Y281 29| V30|

OFQ SENBL/H

| —

OF1 SENBUN
Lot

1 I

0CMO-1
15

YN = X Ok x Xy

K=0

FIGURE 6. HSP43881 16-TAP 30MHz FIR FILTER TIMING USING TWO CASCADED HSP43881s
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HSP43881

TABLE 3. HSP43881 16-TAP DECIMATE-BY-TWO FIR FILTER SEQUENCE; 30MHz IN, 15MHz OUT

Data
Sequence ... X2, X1, X0
Input
Coefficient 4
Sequence . . .C15Cp...C13,C14,C15 HSP43881 ... Y19,-,Y17,-, Y15
Input

CLK CELLO CELL1 CELL 2 CELL3 CELL4 CELLS5 CELL 6 CELL7 SUM/CLR
6 Ci5xXg 0 o] (o] [¢] (o] 0 0 -

7 +C14 x X1 0 0 (¢} [o] 0 0 0o -

8 +C13xX2 | C15xX2 (¢} 0 o] 0 (¢} (o] -

9 +C12x X3 ) 0 0 ) 0 0 -

10 +Cq11xXgq Ci15xXg o (o] [o] 0 o -

11 +C10x X5 (o] 0 0 0 o] -

12 +Cg xXg Ci5xXg 0 0 0 s} -

13 +Cg x X7 0 0 0 0 -

14 +C7xXg Cy5xXg s 0 0 -

15 +Cg x Xg 0 0 0 -

16 +Cs xX10 C15xX10 4] o -

17 +C4qxXqq 0 0 -

18 +CzxXq2 Ci5%xXq2 0 -

19 +CoxX13 (o} -

20 +CqxX14 C15xX14 -

2 +CoxX15 . +C14xX15| CELLO(Y15)
22 Cis5xX1g +C13xX1g -

23 +C14xX17 +C12xXq7| CELL1(Y17)
24 |+C13xXqg +Cq11xX4g -

25 +C12xX19 +C10xX1g| CELL2(Y19)
268 [+C14xXgo +Cg x Xag -

27 +C10xX21 +Cg x X21 CELL 3(Y21)
28 +Cg xX22 +C7 xX22 -

29 +Cg x X23 +Cg x Xo3 CELL 4(Y23)
30 +C7 xX24 +Csx X4 -

31 | +CgxX25 +C4xXo5 | CELL5(Y25)
32 | +CsxXgg +C3x Xgg -

33 | +C4qxXa7 +CoxXo7 | CELL6(Y27)
34 +CgxX2g +Cq xX2g -

35 [ +Ca2xXzg +CoxXog | CELL7(Y29)
36 | +CqxXz0 v v v v v v C15xX30 -

37 | +CoxX31 |+C14xX31 |+C14xX31 [+C14xX31 |[+C14XX31 |+C14 xX31 [+C14 X X31 [+C14xX31| CELL8(Y31)

ok 2 3 4 5 6 7 8 9 10 M 122 13 14 5 16 17 8 192 2 22 23 24 25 26 27 28 29 30 N 32 33 34 35 36 37 38 39 40

Reser L
ERASE 1T reri i re s e rere
DING-7 X 1%y 1%z 1 Xg | Xa | X5 1 X6 | X7 | X | Xg {X10 1%y | X2l i3l Xaal Xis| X1 X7 | X1 119 | Xo0] Xog | Xa21 X231 Xz4) Xo5 1 %25 ) Xa7 1 X25) Xag | Xs0| Xay (X321 X33 | X3a | X5 | Xag 1 %57 |
DIENB

CING-7 1€151C1alC131C12] C12| C1a} Cg ) Cg | €7 | Cg | C5 | Ca | C3 [ C2( €1 | Co | Ci5{C1a]C13]C12|Crr|Cr0lCa | Ca | C7|Cq | C5] Cq)Ca]C2]| C1{ CoCt5{CialCralCr2|Cyy{Cral

CIENB
ADRG-2 |

¢ | t } 2 } 3 ) &« | s | & | 1§ 0o | 11
SUMO-25 Ivst Dyl dvegl  Tygl  dvasl  dvasl  Ivpyl IYael  (Yal  (Yasl
S A T
SINBL 7 7

SENBH  ZZZ2222222222222222222222222 222222z
BCMO-1 | 4

FIGURE 7. HSP43881 16-TAP DECIMATE-BY-TWO FIR FILTER TIMING; 30MHz IN, 15MHz OUT
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Specifications HSP43881

Absolute Maximum Ratings

Supply Voltage P .
Input, OutputVoltage ...... ..o . N GND -0.5Vto Vg +0.5V
Storage Temperature. ......... T S P s -859C to +1500C
Class 1
R e 2.4W (PLCC), 2.88W (PGA)
ey 11.10C/W (PLCC), 7.789C/W (PGA)
33.79C/W (PLCC), 34.660C/W (PGA)

Lead Temperature (Soldering 10s) ...

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions,

Operating VoltageRange . ................ e et et e a et e iy 5V £5%
Operating TemMPEratUIrE RANGE &\ vttt vttt ettt eetanaesne et senseennssessesneeesnsessssensennssnsennneenns 0°C to +700C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
lccop Power Supply Current - 160 mA Vgog = Max
CLK Frequency 20MHz
Note 1, Note 3
IccsB Standby Power Supply Current - 500 uA Vce =Max, Note 3
] Input Leakage Current -10 10 uA Vee = Max, Input=0VorVceo
lo Output Leakage Current -10 10 pA Vg = Max, Input =0V or Vg
ViH Logical One Input Voltage 2.0 - \% Ve = Max
VIL Logical Zero Input Voltage 0.8 \ Vge = Min
VoH Logical One Output Voltage 2.6 - v 10H = -400pA, Ve = Min
VoL Logical Zero Output Voltage - 0.4 v loL=2mA, Vg = Min
VIHC Clock Input High 3.0 - ' Ve = Max
ViLe Clock Input Low - 0.8 A Vee = Min
CiN Input Capacitance  PLCC - 10 pF CLK Frequency 1MHz
PGA - 15 pF All measurements referenced
c Output Capaci PLCC 1 F loGND
ouT utput Capacitance - (¢} p Ta = +250C, Note 2
PGA - 15 pF
NOTES: .
1. Operating supply current is proportional to frequency. Typical rating is
8mA/MHz,

2. Controlled via design or process parameters and not directly tested. Char-
acterized upon initial design and after major process and/or design
changes.

3. Output load per test load circuit and C|_ = 40pF.
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A.C. Electrical Specifications Vvgg =5V £5%, Ta = 0°C to +70°C

~-20 (20MHz) ~25 (25.6MHz) -30 (30MHz) TEST
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX | UNITS CONDITIONS
Tcp Clock Period 50 - 39 - 33 - ns
ToL Clock Low 20 - 16 - 13 - ns
TcH Clock High 20 - 16 - 13 - ns
Tis Input Setup 16 - 14 - 13 - ns
TiH input Hold o] - [¢] - 0 - ns
Topc CLK to Coefficient - 24 - 20 - 18 ns
Output Delay
TOED Output Enable Delay - 20 - 15 - 15 ns
Tobb Output Disable Delay - 20 - 15 - 15 ns Note 1
Tops CLK to SUM - 27 - 25 - 21 ns
Qutput Delay
TOR Output Rise - 6 - [ - 6 ns Note 1
Tor Qutput Falt - 6 - 6 - 6 ns Note 1

NOTE:

1. Controlled by design or process parameters and not directly tested. Char-
acterized upon initial design and after major process and/or design
changes.

-1-D FILTERS

Test Load Circuit

DUTo—I—o/
*C

L

*INCLUDES STRAY AND
JIG CAPACITANCE

Switch §1 Open for Iccsg and Igcop Tests
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Waveforms

CLK o.ov
~Tis TiH :

3.0v
INPUT* 1.5V 1.5V
0.0v ’

"+ Input includes: DINO-7, CINO-7, DIENB, CIENB, ERASE,
" RESET, DCMO-1, ADRO-2, TCS, TCCI, SHADD

CLOCK AC PARAMETERS INPUT SETUP AND HOLD
2.0V
ClK—| = Neeean -
Tobc: Tobs
SUMO - 25 ceeens -
COUTO -7 1.5V
TCCO . — e

* SUM0-25, COUTO-7, TCCO are assumed not to be in
high-impedance state ’

SUMO-25, COUTO-7, TCCO OUTPUT DELAYS OUTPUT RISE AND FALL TIMES
SENBL
SENBH A —
COENB - 3a.ov DEVICE
INPUT X1.5V UNDER >< 1.5V OUTPUT
o.0vV TEST :
SUMO - 25
couTo -7 -y >——-
TCCO HIGH" - HIGH A.C. Testing: Inputs are driven at 3.0V for Logic “1" and 0.0V for Logic “0".
IMPEDANCE IMPEDANCE  Input and output timing measurements are made at 1.5V for both a Logic “1”

and “0": CLK is driven at 4.0V and OV and measured at 2.0V.

OUTPUT ENABLE, DISABLE TIMING A.C. TESTING INPUT, OUTPUT WAVEFORM
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HARRIS HSP43881/883

Digital Filter

Features

* This Circuit is Processed in Accordance to Mil-Std-
883C and is Fully Conformant Under the Provisions
of Paragraph 1.2.1.

® 0 to 25.6MHz Sample Rate
® Eight Filter Cells
* 8-Bit Coefficients and Signal Data
* Low Power CMOS Operation
> IccsB 500pA Maximum
> Iccop 160pA Maximum @ 20MHz
* 26-Bit Accumulator Per Stage
e Filter Lengths Up to 1032 Taps

* Shift and Add Output Stage for Combining Filter
Outputs

e Expandable Coefficient Size, Data Size and Filter
Length

* Decimation by 2, 3 or 4

Applications

» 1-D and 2-D FIR Filters
e Radar/Sonar

e Digital Video and Audio
* Adaptive Filters

® Echo Cancellation

® Correlation/Convolution
e Complex Multiply-Add

e Butterfly Computation

® Matrix Multiplication

¢ Sample Rate Converters

Description

The HSP43881/883 is a video speed Digital Filter (DF)
designed to efficiently implement vector operations such as
FIR digital filters. It is comprised of eight filter cells
cascaded internally and a shift and add output stage, allin a
single integrated circuit. Each filter cell contains a 8x8 bit
muitiplier, three decimation registers and a 26-bit
accumulator. The output stage contains an additional 26-bit
accumulator which can add the contents of any filter cell
accumulator to the output stage accumulator shifted right
by 8 bits. The HSP43881/883 has a maximum sample rate
of 25.6MHz. The effective multiply accumulate (mac) rate is
204MHz. The HSP43881/883 DF can be configured to
process expanded coefficient and word sizes. Mulitiple DFs
can be cascaded for larger filter lengths without degrading
the sample rate or a single DF can process larger filter
lengths at less than 25.6MHz with multiple passes. The
architecture permits processing filter lengths of over 1000
taps with the guarantee of no overflows. In practice, most
filter coefficients are less than 1.0, making even larger filter
lengths possible. The DF provides for 8-bit unsigned or
two’s complement arithmetic, independently selectable for
coefficients and signal data.

Each DF filter cell contains three resampling or decimation
registers which permit output sample rate reduction at rates
of 1/2,1/3 or 1/4 the input sample rate. These registers also
provide the capability to perform 2-D operations such as
matrix multiplication and NxN spatial correlations/convolu-
tions for image processing applications.

Block Diagram
Vec Vss DINO-DIN7  TCS
11 . T
DIENB
CIENB _ 5
DCMO- 1

ERASE /{, 3 /{,8 /},8 ’I/ 2
DF DF

FL A R 1

TCCl —s| DF —] DF L—} OoF L] OF Ll DF L—| DF [y TCCO
FILTER FILTER FILTER FILTER FILTER FILTER FILTER FILTER
ano-7 840 oo k34 cell 1 134 cel 2 |4 cELL s U= LVA P LVA pEv] LVA poTg] LV gouto -
RESET 2 28 26 26 V26 I 26 I 28 I
CLK 45 5/1 I I 1 L COENB
ADRO-2
3z,
I MUX I
ADRO
ADR1 el
RESET | ADR2
cik| 2
SHADD OUTPUT
SENBL 2 STAGE
SENBH
2
SUMo- 25
CAUTION: These devices are sensitive 1o electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2449_2

Copyright © Harris Corporation 1992
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HSP43881/883

Pinouts

85 PIN GRID ARRAY (PGA)

= o ©
a |l gl ol el E2 | 3] alz] 2
cl 2| 2] 21 o211 le]lalsl|lel|l2}| 3
> 1o | o} = tlg > ) a | a “ 1 e
o @w | v |~ | 2 | =
el g1 2121212 181z2]=21]1z21]13]:
Sle |l |F|3]|lal|a]|a]| 3
= e | = e
~ 2
- : | 2] % s | 3
~ | © ©C | @ | @ auuv
[ N | @
° R
«f z2 | & I
e | © a | a2
®w | w
) e e ! 2
~l 212 z 0 -
s | 8] 8 2| @
sz ]|¢ gz
z | 2} 2 =
©f 5 | 8 | o s 2] 3
@a [
Q o | o | o
~ a = 1 =
smw_m | 5| =
= 1 I8 2
e Q a | a | @
[ ~
w N
4s_m S =
w > 1 2
3 7
o | o N
o1 818 |8z 51 g% g | s
-0 > 1 2
L T I S @
2 | ~ | © | = o |l o w |+ | o
g el B g | & | & | &
8131818 o| 8 | < }|a | a | a
w {1 o | = Iz | -
el B ] E [V 5
1818z 23|88 |8|8|F]|3
V,GCCVAAVSD
< | o } © | o |} w | w}j o ] T | -~ | ¥ | <

10

O

O
SuMs

O 0 O O O O O O O O

O O O O O O \/C> SUM11

DCM1 SUM23 SUM22 SUM21 SUM18 SUMi14 Vg SUMIB

O
O

Vgg SUM15 SUM12 SUM10 SUM8 SUMé

Vgs Voc SUMIg

SENBH SUM24

O
Vee
O
ADR1

2, 9

SuM7

O

O

SUM20 SUM17 SUM16

O
SUM25
O
ADR!
@)
DCM

O O

SUM5  SUM4

0

O O
SUM3  SUM2

@)
sSuM1

O
SUMo

HSP43881

BOTTOM VIEW

Q
o

0

.
0O

L

o0

Vss

©)

CINO  SEN

Q
0 0 0

CIN1

PINS UP

Vgg COUT2

O
Vgg COUTO SHADD
O O
COUT3 COUT4

O O O

couT1

O O

Vee

O O
o O O

CIN7

CIN2

CIN4

CIENB

O

DIN2

22 2
0 00
000000 O

O

O O O
TPIN
O O O
Voe COUT7 TCCO ERASE TCS

COUT5 COUTE ALIGN

Ve  Vss

TCCl

DIN3

DING

®)

RESET DIN7

Q, 9

Vgg COENB

O

Note: An overbar on a signal name represents an active LOW signal.

G

c
B

A
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Specifications HSP43881/883

Absolute Maximum Ratings

SupplyVoltage . .. oviei i i e e +8.0V
Input, Output Voltage Applied . GND-0.5V to Vo +0.5V

Storage Temperature Range -650C to +150°C
Junction Temperature ..ot iiiiinninnnnnnnns +175°C
Lead Temperature (Soldering, Ten Seconds) .. +300°C
ESD Classification ...t Class 1

Reliability Information

Thermal Resistance 8ja Sic
Ceramic PGA Package ............. 34.66°C/W 7.780C/W

Maximum Package Power Dissipation at +1250C
CeramicPGAPackage ......coovvviinininnennnnns 1.44 Watt

GateCount ....ovvii ittt i 17762 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating VoltageRange . ...................... +4.5V to +5.5V
Operating Temperature Range -550C to +125°C

TABLE 1. HSP43881/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

LIMITS
GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input VIH Vee =5.5V 1,2,3 -550C <TA<+1250C| 22 - \
Voltage
Logical Zero Input ViL Voo =4.5V 1,2,3 ~-550C < Tp < +125°C - 0.8 \
Voltage
Output HIGH Voltage VoH |loH =-400pA 1,2,3 -550C < TpA<+1250C|{ 26 - v
Vceo =45V (Note 1)
Output LOW Voltage VoL loL=+2.0mA 1,2,3 -550C < Tp < +1250C - 0.4 A\
Ve = 4.5V (Note 1)
Input Leakage Current ] VIN = Vg or GND 1,2,3 -550C < TA<+1250C | -10 +10 pA
Vo =5.5V
Output Leakage o VouT = Vcgc or GND 1,28 -550C < TA<+1250C | -10 +10 pA
Current Vcc =55V
Clock Input High VIHC Voo =5.5V 1,2,3 -550C < TA<+1250C | 3.0 -
Clock Input Low ViLc Voo =4.5V 1,2,3 -550C < Tp < +1250C - 0.8 \
Standby Power Supply lccss ViN =Vcg or GND 1,2,3 -550C < Tp < +1259C - 500
Current Vce=565V,
Outputs Open
Operating Power lccop |f=20.0MHz 1,2,3 -550C < TA < +1250C - 160.0 mA
Supply Current Ve = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TpA < +1250C - -
NOTES:

1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
8.0mA/MHz.

3. Tested as follows: f = 1MHz, Vjy = 26, V) = 0.4, VOH > 1.5V,
VoL £ 1.8V, VjHe = 3.4V, and Vj ¢ = 0.4V.
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Specifications HSP43881/883

TABLE 2. HSP43881/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-20 (20MHz) {-25 (25.6MHz)
GROUPA
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Clock Period Tcp Note 1 9,10, 11 -550C <TA <+1250C | 50 - 39 - ns
Clock Low ToL Note 1 9,10, 11 ~550C < Tp <+1250C | 20 - 16 - ns
Clock High TcH Note 1 9,10,11 -550C < TA<+1250C | 20 - 16 - ns
Input Setup Tis Note 1 9,10, 11 -550C < Tpo <+1250C | 20 - 17 - ns
Input Hold TIH Note 1 9,10, 11 -550C <TA<+1259C | © - o] - ns
CLK to Coefficient Topc | Note1 9,10, 11 -550C < TAL+1250C | - 24 - 20 ns
Output Delay
Output Enable Delay Toep |Note1 9,10, 11 -550C < TA < +1250C - 20 - 15 ns
CLKto SUM Tops |Notet 9,10, 11 ~-550C < Tp < +1250C - 31 - 25 ns
Output Delay
NOTE: 1. A.C. Testing: Vo = 4.5V and 5.5V. Inputs are driven at 3.0V for a
Logic “1” and 0.0V for a Logic “0". Input and output timing measure-
ments are made at 1.5V for both a Logic “1"” and “0". CLK is driven at
4.0V and OV and measured at 2.0V.
TABLE 3. HSP43881/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
-20 -25
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance CiN Vco=0pen, f=1MHz 1 Ta = +250C - 15 - 15 pF
All measurements
are referenced to
Output Capacitance COUT | device GND. 1 TA=+25°C - 15 - 15 pF
Output Disable Delay Tobb 1,2 |-559C < TAX+1259C - 20 - 15 ns
Output Rise Time Tor 1,2 |-559C £ Tp <+125°C - - 6 ns
Output Fall Time ToF 1,2 [-55°C<Ta<+125°C| - - 6 ns
NOTES:
1. The parameters listed in Table 3 are controlled via design or process
parameters and are not directly tested. These parameters are character-
ized upon initial design and after major process and/or design changes.
2. Loading is as specified in the test load circuit, Ci_ = 40pF.
TABLE 4. APPLICABLE SUBGROUPS
CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,8B,10, 11
Group A - 1,2,3,7,8A,8B,9,10, 11
Groups C &D Samples/5005 1,7,9
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HSP43881/883

Burn-In Circuit

HSP43881/883 PIN GRID ARRAY (PGA)

SENBH SUM24  Vgg

Voc SUMI8 Vgg SUMIS SUMI2 SUM10

suma

t 081 8823 8\922 8\921 8\9‘8 58I4 VO 88!3 8 3(9" 3949
o 000000000 O

suwms

19 L oo oSBor e &9
1O O o O
ADR1 ADRO SUMS SuMa
12 S @ Hspassgl S S S
1O O BOTTOM VIEW O O
Vgg COUTO SHADD PINS UP SUMO Voo Vsg
O O O o O O
COuTt VvVgg COUT2 CiN1 CINO  SENBL
i EoReS Q2
g O O O O O O o O
CcouTs Ccouts Agﬁﬂ DIENB  DINS DINg CINS CIN3
slO O O O O O O O O O O
Vee COUT7 TCCO ERASE TCS DINT DIN2 CIENB CIN7 CIN8  CIN4
O O O O O O O O O
Vgg COENB Vg RESET DIN7 DING  DIN3  DINO  TCCI Vo Vgg
()]
PGA PIN BURN-IN |PGA PIN BURN-IN |PGA PIN BURN-IN [Paa PIN BURN-IN &
PIN NAME SIGNAL | PIN NAME SIGNAL |PIN NAME SIGNAL |PIN NAME SIGNAL 5
A1 |Vgg GND C1 | COUTS Vee/2 F10 |Vco Vee K4 Voo Vee :
A2 | COENB F10 c2 |couts Vo2 |F11 |vss GND K5 [sum19 VGo/2 -
A3 |Veo Voo C3 |ALIGN NG G1 |ADR2 F2 K6 |Vss GND
A4 [RESET F11 C5 |DIENB F10 G2 |DCMO F5 K7 |SUM15 Veo/2
A5 | DIN7 F8 C6 | DIN5 FS G3 |cLk FO K8 |sumi2 Vo2
A6 | DING F6 C7 |DIN4 F4 G9 |Sum1 voco/2  |k9 |sum1o Vee/2
A7 |DIN3 F3 C10 | GIN5 F5 G10 | SUM3 voo/2  |Kk10 [sums vee/2
A8 | DINO FO c11 | CIN3 F3 G11 | sum2 Voo/2  |k11 |sume veo/2
A9 |CIN8/TCCI |F8 D1 [couTs vec/2  |H1 |ADR1 F1' L1 |pcMmi F6&
A10 | Voo Voo D2 |CouT4 voco/2  |H2 |ADRO FO L2 |sum23 Veo/2
A1 |vss GND D10 | CIN2 F2 H10 | SUMS5 Vgo/2 |3 |sum22 Voo/2
B1 \ole} Vee D11 | Voo Vee H11 | SUM4 Veo/2 L4 SumM21 Vee/2
B2 |cour? vee/2  |E1 |coumt vee2 |91 Voo Voo L5 [sumis Veo/2
B3 |couts/TcCo|Voo/2 |E2 |Vss GND J2  |sum2s voo/2  |Le |sumia vee/2
B4 |ERASE F10 E3 |COUT2 veez  |us |sum20 Voo/2 7 |veo Voo
B5 |DINS/TCS |F7 E9 |GINt F1 J6 |sumi7 Vo2 fLe [sumis Veo/2
B6 |DIN1 F1 E10 | CINO FO J7 | sumie vce/2  fLe |vss GND
B7 |DIN2 F2 E11 |SENBL F10 J10 | sumz voo/2 |10 [sumti Voe/2
B8 |CIENB F10 F1 |vss GND J11 |vss GND L11 |Sume veo/2
B9 |CIN7 F7 F2 | couTto Vce/2 K1 | SENBH F10
B10 | CING F6 F3 |SHADD F9 K2 |sum24 veo/2
B11 | CIN4 Fa4 F9 |sumo vcerz  |k3 |vss GND
NOTES:

1. Vgg/2 (27V £ 10%) used for outputs only.
2. 47KQ (£20%) resistor connected to all pins except Vo and GND.
3. Vgg = 5.5V £ 0.5V.

4. 0.1uF (min) capacitor between Vg and GND per device.

5. FO = 100kHz + 10%, F1 = F0/2,F2=F1/2...,F11 =F10/2, 40% - 60%
Duty Cycle.

6. Input voitage Limits: Vy_ = 0.8V Max, Vi = 4.5V £10%
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Die Characteristics

DIE DIMENSIONS:
328 x 283 x 19 =1 mils
METALLIZATION:
Type: Si-Al or Si-Al-Cu
Thickness: 8
GLASSIVATION:
Type: Nitrox
Thickness: 10kA

Metallization Mask Layout

<
o
=
2
7]

DCM1
SUM25
SENBH

SuM23
sSum22

Vee

SUM17

sSuM1e
Vee

SUMI1S
SuMi4
SUM13

SUM12
Vss

SUM11
SuMio
Sume
Sums

sum7
B4

ADDR1

sum2

sumi

DIE ATTACH:
Material: Si-Au Eutectic Alloy or Silver-Glass

WORST CASE CURRENT DENSITY: 1.2 x 105A/cm?2

HSP43881/883

o o [=] ev- “E:m
g 20:5 m'S::So
§ 88 3% $38 £33838 8

SUMO -
Vss
ciNo:
CiNt
Vee
CiNZ .
CIN3
CINa
CINS
SELECT
881
Vss
CING
GIN7

couTe
courz?

Vss
Tcco

COENB

ERASE
RESET
DIENB
TCS
DIN7
DIN8
DINS
DINg
DIN3
DIN2
DIN1
DINO
CIENB

Tcct

Vee

SELECT 891
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T HARRIS

August 1992

HSP43891

Digital Filter

Features

® Eight Filter Cells

* 0 to 30MHz Sample Rate

* 9-Bit Coefficients and Signal Data
* 26-Bit Accumulator per Stage

® Filter Lengths Over 1000 Taps

e Shift-and-Add Output Stage for Combining Filter
Outputs

¢ Expandable Coefficient Size, Data Size and Filter
Length

¢ Decimation by 2, 3 or 4
¢ CMOS Power Dissipation Characteristics

Applications

e 1-D and 2-D FIR Filters
e Radar/Sonar

* Digital Video and Audio
e Adaptive Filters

¢ Echo Cancellation

e Correlation/Convolution
¢ Compiex Muitiply-Add

e Butterfly Computation

* Matrix Multiplication

¢ Sample Rate Converters

Description

The HSP43891 is a video-speed Digital Filter (DF)
designed to efficiently implement vector operations such as
FIR digital filters. It is comprised of eight filter cells
cascaded internally and a shift and add output stage, all in a
single integrated circuit. Each filter cell contains a 9x9 two’s
complement multiplier, three decimation registers and a
26-bit accumulator. The output stage contains an
additional 26-bit accumulator which can add the contents
of any filter cell accumulator to the output stage accumula-
tor shifted right by 8 bits. The HSP43891 has a maximum
sample rate of 30MHz. The effective multiply-accumulate
(mac) rate is 240MHz. The HSP43891 DF can be
configured to process expanded coefficient and word sizes.
Multiple DFs can be cascaded for larger filter lengths with-
out degrading the sample rate or a single DF can process
larger filter lengths at less than 30MHz with multiple
passes. The architecture permits processing filter lengths of
over 1000 taps with the guarantee of no overflows. In prac-
tice, most filter coefficients are less than 1.0, making even
larger filter lengths possible. The DF provides for 8-bit
unsigned or 9-bit two’s complement arithmetic, indepen-
dently selectable for coefficients and signal data.

Each DF filter cell contains three re-sampling or decimation
registers which permit output sample rate reduction at rates
of 1/2, 1/3 or 1/4 the input sample rate. These registers also
provide the capability to perform 2-D operations such as
matrix multiplication and NxN spatial correlations/
convolutions for image processing applications.

Block Diagram

Vee  Vss DING-DINS
DIENB ? ? U
CIENB 5 ]
DCMO-1 >
Lol I I I Lol
] DF 8 DF 9 OF 9 DF 9 DF 9 OF 9 OF $ OF
CINO-8 (“>—+—————= FILTER |1 FILTER FILTER = FILTER FILTER FILTER FILTER (e FILTER couTo-8
CELL O CELL 1 CELL 2 CELL 3 CELL 4 CELL 5 CELL® CELL7
"ng; 5,5 I 28 I 28 I 26 l 26 I 26 I 26 I 26 J -
ADRaO-2 O 7 COENB
3
LA MUx ]
ADRO
e | o »
CLK
2,
~/
SHADD [—> OUTPUT
SENBL 2 8TAGE
> +
SENBH 6 %
SUMo-25
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 27 8 5.2

Copyright ® Harris Corporation 1992
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Pinouts
85 PIN GRID ARRAY (PGA)
1 2 s 4 5 6 7 8 9 10 ” 1 2 3 4. 5 8 7 8 L] 10 "
A Vss coene| Vec RESET | DIN7 DINe DIN3 DiINO CiNs Veo Vss L O O O O O O O
DCM1 SUM23 SUM22 SUM21 SUM18 SUM14 Voo SUMI3 Vgg SUM11 SUMg
B | vee |courrjcoute| ERASE | DINs | DNt | DNz | CiENB | cinz | ciNe | CiNa K O O O O O O O O O O O
SENBH SUM24 Vgg Vgg SUMIB Vgg SUMIS SUMI2 SUM10 SUMB SUMS
4
¢ | couts GINS | CINa .,coc ,‘95 51939 SUM17 SUM18 sumz7 8
o | cours ciN2 | Veo " O
ADR1  ADRO SUM5 SUM4
G
e | coum om oo fma] 1O O Q9 nspaszger & S S
’ 0] BOTTOMVIEW O O O
Fl Vss sumo | Vec | Vss Vgs COUTo SHADD PINS UP sUMO Voo Vss
[} ADR2 SUM1? | SUM3 | SuUM2 E O O o O Q
COuT1 Vvgg COUT2 CIN1 CINO SENBL
D
H ] ARt SUMS | SUMa couts cgn ciNz 8;
J } Voo |sumes SUM20 | SUM17 | SUM18 sumz | Vss c O _Q O O ®]
COUTS COouTs MP"I&" DIENB  DINS DIN4 CINS  CIN3
® O] o O O O
K | SENBH [sum24| vss | Voc. |SUMI9| vgg |Sumis|sumiz|sumio] sums | sume Vo COUTr COUTs ERAGE DINs DNt DNz TN Oz OiNe GNe
L DCM1 §SUM23 | SUM22| SUM21 | SUM18 | SUMI4| Voo |SUMIS | Vgg SUM11 | SuMe A ‘98 CoENB \8: NgET DIN7  DING ‘83 9‘0 C?ﬂ 80 85

84 PIN PLASTIC LEADED CHIP CARRIER (PLCC)
£

PSR LR N Y
nnnnnnnnnnnnnnnnnnnnn

1 10 8 8 7 6 6 4 3 2 1 B4 B 80 79 78 77 78 75
[ 2

£
888

HSP43891
TOP VIEW

sums [ 8

vss []%
suus[: 2
sums 13

voc[:g
suma[]%
sumz []8
sum 13
sumo [ &

vss ]2
cmo 12
ot ]2
vocEg
ez 13
ema[T]8
elmEa
ons[]8
vssEﬁ
cmc‘:g
onr T8
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Pin Description
PIN
SYMBOL | NUMBER TYPE NAME AND FUNCTION
Vee B1,J1,A3, +5 power supply input
K4,L7,A10,
F10,D11
Vss A1,F1,E2, Power supply ground input.
K3, K8, L9,
A11,E11,
H11
CLK G3 { The CLK input provides the DF system sample clock. The maximum clock frequency is 30MHz.
DINO-8 A5-8, ! These nine inputs are the data sample input bus. Nine-bit data samples are synchronously
B5-7 loaded through these pins to the X register of each filter cell of the DF simultaneously.
Ce,C7 The DIENB signal enables loading, which is synchronous on the rising edge of the clock signal.
The data samples can be either 9-bit two's complement or 8-bit unsigned values. For 9-bit
two’s complement values, DIN8 is the sign bit. For 8-bit unsigned values, DIN8 must be
held at logical zero.

DIENB Cc5 | A low on this input enables the data sample input bus (DINO-8) to all the filter cells. A rising
edge of the CLK signal occurring while DIENB is low will load the X register of every
filter cell with the 9-bit value present on DINO-8. A high on this input forces all the
bits of the data sample input bus to zero; a rising CLK edge when DIENB is high will load
the X register of every filter cell with all zeros. This signal is latched inside the ¢£
device, delaying its effect by one clock internal to the device. Therefore it must be w
low during the clock cycle immediately preceding presentation of the desired data :
on the DINO-8 inputs. Detailed operation is shown in later timing diagrams. o

CING-8 | A9,B9-11, ! These nine inputs are used to input the 9-bit coefficients. The coefficients are synchronously 9_

C10,C11, loaded into the C register of filter CELLO if a rising edge of CLK occurs while CIENB is low.
D10, EQ, The CIENB signal is delayed by one clock as discussed below.

E10 The coefficients can be either 9-bit two’s complement or 8-bit unsigned values. For 9-bit
two's complement values, CIN8 is the sign bit. For 8-bit unsigned values, CIN8 must be
held at logical zero.

ALIGN C3 Used for aligning chip on socket or printed circuit board. This pin must be left as a no connect

PIN in circuit.

CIENB B8 I A low on this input enables the C register of every filter cell and the D (decimation) registers
of every filter cell according to the state of the DCMO-1 inputs. A rising edge of the CLK
signal occurring while CIENB is low will load the C register and appropriate D registers with
the coefficient data present at their inputs. This provides the mechanism for shifting
coefficients from cell to cell through the device. A high on this input freezes the contents
of the C register and the D registers, ignoring the CLK signal. This signal is latched and
delayed by one clock internal to the DF. Therefore it must be low during the clock cycle
immediately preceding presentation of the desired coefficient on the CINO-8 inputs.

Detailed operation is shown in later timing diagrams.
COUTOo-8 | B2,B3,C1, (o] These nine three-state outputs are used to output the 9-bit coefficients from filter CELL7.
D1,E1,C2, These outputs are enabled by the COENB signal low. These outputs may be tied to the
D2,F2,E3 CINO-8 inputs of the same DF to recirculate to coefficients, or they may be tied to the
CINO-8 inputs of another DF to cascade DFs for longer filter lengths.
COENB A2 ! Alow on the COENB input enables the COUTO-8 outputs. A high on this input places all these
outputs in their high impedance state.
DCMO-1 L1,G2 I These two inputs determine the use of the internal decimation registers as follows:
DCM1 DCMO DECIMATION FUNCTION
0 ] Decimation registers not used
0 1 One decimation register is used
1 ] Two decimation registers are used
1 1 Three decimation registers are used
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Pin Description (Continued)

SYMBOL

PIN
NUMBER

TYPE

NAME AND FUNCTION

DCMO-1
{Cont.)

L1,G2

The coefficients pass from cell to cell at a rate determined by the humber of decimation
registers used. When no decimation registers are used, coefficients move from cell to cell
on each clock. When one decimation register is used, coefficients move from cell to cell on
every other clock, etc. These signals are latched and delayed by one clock internal to the
device.

SUMO-25

J2, J5-8,
J10,K2,
K5-11
L2-6,L8,
L10,L11

These 26 three-state outputs are used to output the results of the internal filter cell
computations. Individual filter cell results or the result of the shift-and-add output
stage can be output. If an individual filter cell result is to be output, the ADRO-2 signals
select the filter cell result. The SHADD signal determines whether the selected filter cell
result or the output stage adder result is output. The signals SENBH and SENBL enable
the most significant and least significant bits of the SUMO0-25 result respectively. Both
SENBH and SENBL may be enabled simultaneously if the system has a 26-bit or larger bus.
However individual enables are provided to facilitate use with a 16-bit bus.

SENBH

K1

A low on this input enables result bits SUM16-25. A high on this input places these bits in
their high impedance state.

SENBL

E11

A low on this input enables result bits SUMO-15. A high on this input places these bits in
their high impedance state.

ADRO-2

G1,H1,H2

These three inputs select the one cell whose accumulator will be read through the output
bus (SUMO0-25) or added to the output stage accumulator. They also determine which
accumulator will be cleared when ERASE is low. These inputs are latched in the DF and
delayed by one clock internal to the device. If ADRO-2 remains at the same address for
more than one clock, the output at SUM0-25 will not change to reflect any subsequent
accumulator updates in the addressed cell. Only the result available during the first clock,
when ADRO-2 selects the cell, will be output. This does not hinder normal operation
since the ADRO-2 lines are changed sequentially. This feature facilitates the interface
with slow memories where the output is required to be fixed for more than one clock.

SHADD

F3

The SHADD input controls the activation of the shift and add operation in the output stage.
This signal is latched on chip and delayed by one clock internal to the device. Detailed
explanation is given in the DF Output Stage section.

RESET

A4

A low on this input synchronously clears all the internal registers, except the cell accum-
ulators It can be used with ERASE to also clear all the accumulators simultaneously. This
signal is latched in the DF and delayed by one clock internal to the device.

ERASE

A low on this input synchronously clears the cell accumulator selected by the ADR0O-2
signals. If RESET is also low simultaneously, all cell accumulators are cleared.
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Functional Description

The Digital Filter Processor (DF) is composed of eight filter
cells cascaded together and an output stage for combining
or selecting filter cell outputs (See Block Diagram). Each
filter cell contains a multiplier-accumulator and several
registers (Figure 1). Each 9-bit coefficient is multiplied by a
9-bit data sample, with the result added to the 286-bit
accumulator contents. The coefficient output of each cell is
cascaded to the coefficient input of the next cell to its right.

DF Filter Cell

A 9-bit coefficient (CINO-8) enters each cell through the C
register on the left and exits the cell on the right as signals
COUTO-8. With no decimation, the coefficient moves direct-
ly from the C register to the output, and is valid on the clock
following its entrance. When decimation is selected the
coefficient exit is delayed by 1, 2 or 3 clocks by passing
through one or more decimation registers (D1, D2 or D3).

The combination of D registers through which the coeffi-
cient passes is determined by the state of DCMO and
DCM1. The output signals (COUTO-8) are connected to the
CINO-8 inputs of the next cell to its right. The COENB input
signal enables the COUTO0-8 outputs of the right most cell
to the COUTO-8 pins of the device.

The C and D registers are enabled for loading by CIENB.
Loading is synchronous with CLK when CIENB is low. Note
that CIENB is latched internally. It enables the register for
loading after the next CLK following the onset of CIENB low.
Actual loading occurs on the second CLK following the
onset of CIENB low. Therefore CIENB must be low during
the clock cycle immediately preceding presentation of the
coefficient on the CINO-8 inputs. In most basic FIR
operations, CIENB will be low throughout the process, so
this latching and delay sequence is only important during
the initialization phase. When CIENB is high, the
coefficients are frozen.

These registers are cleared synchronously under control of
RESET, which is latched and delayed exactly like CIENB.

The output of the C register (CO-8) is one input to 9x9 muilti-
plier.

The other input to the 9x8 multiplier comes from the output
of the X register. This register is loaded with a data sample
from the device input signals DINO-8 discussed above. The
X register is enabled for loading by DIENB. Loading is
synchronous with CLK when DIENB is low. Note that
DIENB is latched internally. It enables the register for
loading after the next CLK following the onset of DIENB low.
Actual loading occurs on the second CLK following the
onset of DIENB low; therefore, DIENB must be low during
the clock cycle immediately preceding presentation of the
data sample on the DINO-8 inputs. In most basic FIR
operations, DIENB will be low throughout the process, so
this latching and delay sequence is only important during
the initialization phase. When DIENB is high, the X register
is loaded with all zeros.

The multiplier is pipelined and is modeled as a multiplier
core followed by two pipeline registers, MREGO and
MREGH1 (Figure 1). The multiplier output is sign extended
and input as one operand of the 26-bit adder. The other
adder operand is the output of the 26-bit accumulator. The

adder output is loaded synchronously into both the
accumulator and the TREG.

The TREG loading is disabled by the cell select signal,
CELLn, where n is the cell number. The cell select is
decoded from the ADRO-2 signals to generate the TREG
load enable. The cell select is inverted and applied as the
load enable to the TREG. Operation is such that the TREG is
loaded whenever the cell is not selected. Therefore, TREG is
loaded every clock except the clock following cell selection.
The purpose of the TREG is to hold the result of a sum-of-
products calculation during the clock when the accumulator
is cleared to prepare for the next sum-of-products
calculation. This allows continuous accumulation without
wasting clocks.

The accumulator is loaded with the adder output every
clock unless it is cleared. It is cleared synchronously in two
ways. When RESET and ERASE are both low, the accumu-
lator is cleared along with all other registers on the device.
Since ERASE and RESET are latched and delayed one
clock internally, clearing occurs on the second CLK
following the onset of both ERASE and RESET low.

The second accumulator clearing mechanism clears a
single accumulator in a selected cell. The cell select signal,
CELLn, decoded from ADRO-2 and the ERASE signal
enable clearing of the accumulator on the next CLK.

The ERASE and RESET signals clear the DF internal
registers and states as follows:

ERASE | RESET CLEARING EFFECT

1 1 No clearing occurs, internal state

remains same.

RESET only active, all registers except
accumulators are cleared, including
the internal pipeline registers.

ERASE only active, the accumulator
whose address is given by the ADRO-2
inputs is cleared.

Both RESET and ERASE active, all
accumulators as well as all other

registers are cleared.

The DF Output Stage

The output stage consists of a 26-bit adder, 26-bit register,
feedback multiplexer from the register to the adder, an output
multiplexer and a 26-bit three-state driver stage (Figure 2).

The 26-bit output adder can add any filter cell accumulator
result to the 18 most significant bits of the output buffer.
This result is stored back in the output buffer. This operation
takes place in one clock period. The eight LSBs of the
output buffer are lost. The filter cell accumulator is selected
by the ADRO-2 inputs.

The 18 MSBs of the output buffer actually pass through the
zero mux on their way to the output adder input. The zero
mux is controlled by the SHADD input signal and selects
either the output buffer 18 MSBs or all zeros for the adder
input. A low on the SHADD input selects zero. A high on the
SHADD input selects the output buffer MSBs, thus activat-
ing the shift-and-add operation. The SHADD signal is
latched and delayed by one clock internally.
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CELL RESULTS 01 6 1

(XXX}
26, ] 26, 6
ADRO.D-ADR2D  >—0 CELL RESULT
Mux

SIGN EXT
18-25

RESET.D 18 (LsBs)

*I 0-17

CLR | SHADD.D
D a

OQUTPUT
BUFFER

gl

0's 18 MSBs SHIFTED

SHADD

8 BITS TO RIGHT ——1
| ouTPUT
RESET.D MUX
26
CLR SENBL 3 2, | 3-STATE
D 0" SENEH BUFFER
o A

/l’zs

CLK SUM0-25

FIGURE 2. HSP43891 DFP OUTPUT STAGE

The 26 least significant bits (LSBs) from either a cell
accumulator or the output buffer are output on the
SUMO0-25 bus. The output mux determines whether the cell
accumulator selected by ADRO~2 or the output buffer is
output to the bus. This mux is_ controlled by the SHADD
input signal. Control is based on the state of the SHADD
during two successive clocks; in other words, the output
mux selection contains memory. If SHADD is low during a
clock cycle and was low during the previous clock, the
output mux selects the contents of the filter cell accumula-
tor addressed by ADRO-2. Otherwise the output mux
selects the contents of the output buffer.

If the ADRO-2 lines remalin at the same address for more
than one clock, the output at SUMO0-25 will not change to
reflect any subsequent accumulator updates in the
addressed cell. Only the result available during the first
clock when ADRO-2 selects the cell will be output.

< RESET.0

This does not hinder normal. FIR operation since the
ADRO-2 lines are changed sequentially. This feature
facilitates the interface with slow memories where the
output is required to be fixed for more than one clock.

The SUMO0-25 output bus is controlled by the SENBH and
SENBL signals. A low on SENBL enables bits SUM0-15. A
low on SENBH enables bits SUM16-25. Thus all 26 bits
can be output simultaneously if the external system has a
26-bit or larger bus. If the external system bus is only 16
bits, the bits can be enabled in two groups of 16 and 10 bits
(sign extended).

DF Arithmetic

Both data samples and coefficients can be represented as
either 8-bit unsigned or 9-bit two’s complement numbers.
The 9x9 bit multiplier in. each cell expects 9-bit two’s
complement operands. The binary format of 8-bit two’s
complement is shown below. Note that if the most signifi-
cant or sign bit is held at logical zero, the 9-bit two’s
complement multiplier can multiply 8-bit unsigned
operands. Only the upper (positive) half of the two’s
complement binary range is used.

The muiltiplier output is 18 bits and the accumulator is 26
bits. The accumulator width determines the maximum
possible number of terms in the sum of products without
overflow. The maximum number of terms depends also on
the number system and the distribution of the coefficient
and data Values._Then maximum numbers of terms in the
sum products are:

. MAX # OF TERMS
NUMBER SYSTEM 8-BIT | 9-BIT
Two unsigned vectors 1032 | N/A
Two two's complement vectors:
* Two positive vectors 2080 1032
* Negative vectors 2047 1024
- e One positive and one negative vector 2064 1028
One imsigned 8 bit vector and one two’s
complement vector:
* Postive two's complement vector 1036 1032
e Negative two’s complement vector 1028 1028

For practical FIR filters, the coefficients are never all near
maximum value, so even larger vectors are possible in
practice.
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Basic FIR Operation

A simple, 30MHz 8-tap filter example serves to illustrate
more clearly the operation of the DF. The sequence table
(Table 1) shows the results of the multiply accumulate in
each cell after each clock. The coefficient sequence, Cn, en-
ters the DF on the left and moves from left to right through

the cells. The data sample sequence, Xn, enters the DF from

the top, with each cell receiving the same sample simuilta-
neously. Each cell accumulates the sum of products for one
output point. Eight sums of products are calculated simulta-
neously, but staggered in time so that a new output is
available every system clock.

TABLE 1. HSP43891 30MHz, 8-TAP FIR FILTER SEQUENCE
X15 . . . Xg, Xg: X7 . . . Xy, X0
Co...CgC7,Co. . . CpC7 -—-——b-—————b ...Y15Y14...YgY7
CLK CELLO CELL1 CELL2 CELL 3 CELL4 CELLS5 CELL6 CELL7 SUM/CLR
(o] C7 xXp (¢} o] o - - - - -
1 +Cg x X4 C7xXq 0 0 - - - - -
2 +CsxX2 | +Cgx X2 C7xXa o - - - - -
3 +CqaxX3 | +C5xX3 | +CgxX3 C7xX3 - - - - -
4 +CaxXq | +CqaxX4 | +Cs5xXgq | +CexXgq C7xX4 - - - -
5 +CoxX5 | +C3xX5 | +C4xX5 | +Cs5xX5 | +Cex X5 C7xXs - - -
6 +C1xXg | +CaxXg | +C3xXg | +CqxXg | +Cs5xXg | +CgxXg .| C7xXg - -
7 +CoxXy | +C1xX7 | +Ca2xX7 | +C3xX7 | +C4xX7 | +C5xX7 | +CgxX7 C7xX7 CellO(Y7)
8 C7xXg | +CoxXg | +C1xXg | +CaxXg | +C3xXg | +C4xXg | +C5xXg | +CgxXg Cell 1(Y8)
9 +Cg x Xg C7xXg | +CoxXg | +C1xXg | +CaxXg | +C3xXg | +C4xXg | +C5xXg Cell 2(Y9)
10 +CsxX1g | +CgxX10 | C7xXq0 | +CoxX1g | +C1 xX10 | +CaxX40 | +C3x X490 | +C4xX10 Cell 3(Y10)
1 +C4xXq1q | +C5xXqq | +CexXqq1 | C7xXyq |+CoxXqq | +Cq1 xXqq | +C2xXq1 | +C3xXq4 Cell 4 (Y11)
12 +C3xX12 | +C4 xXq42 | +Cs5xXq2 | +CexXq42 | C7xXq2 | +CoxXq12 | +C1 xXq42 | +CaxXq2 Cell 5(Y12)
13 +CoxX13 | +C3xX13 | +C4xX13 | +C5xXq13 | +CexX13 | C7xXq13 | +CoxXq3 | +C1xX13 Cell 6 (Y13)
14 +C1xX14 | +C2xXq4 | +C3xX14 | +C4xX14 | +C5xX14 | +CexXq4 | +C7xX14 | +Cox X14 Cell 7 (Y14)
15 +CoxXq5 | +C1 xXq5 | +Cox X145 | +C3xX15 | +C4 xX15 | +C5xX15 | +CexX45 | C7xX45 CellO(Y15)
SAMPLE
DATAIN >————
(Xp)
3 BIT
otz >——p couNTER +5v
Y2 1 Yo
ADR2 ADR1 ADRO Voo SHADD SENBH SENBL 2
Sum
4+ 91 piNo-8 SUM0-25 F—F—= QuT
J— Yn)
[ DiEnB "
-
CLK
HSP43981
A2 A1 A0
D0-D8 9 s
_—‘—/—- CING-8 COUT0-§ 7= NC
9x8 COEFF. P — R
RAM/ROM CIENB DCM1 DCMO RESET ERASE Vgg COENB
SYSTEM -
RESET
ERASE

FIGURE 3. HSP43891 3OMHz, 8-TAP FIR FILTER APPLICATION SCHEMATIC
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Detailed operation of the DF to perform a basic 8-tap, 9-bit
coefficient, 9-bit data, 30MHz FIR filter is best understood
by observing the schematic (Figure 3) and timing diagram
(Figure 4). The internal pipeline length of the DF is four (4)
clock cycles, corresponding to the register levels CREG (or
XREG), MREGO, MREG1, and TREG (Figures 1 and 2).
Therefore the delay from presentation of data and
coefficients at the DINO-8 and CINO-8 inputs to a sum
appearing at the SUMO0-25 output is: k + Td, where k = filter
length and Td = 4, the internal pipeline delay of the DF.

After the pipeline has filled, a new output sample is available
every clock. The delay to last sample output from last
sample input is Td.

The output sums, Yn, shown in the timing diagram are
derived from the sum-of-products equation:

Y(n) = C(0) x X(n) + C(1) x X(n-1) + C(2) x X(n-2) + C(3)

x X(n-3) + C(4) x X(n-4) + C(5) x X(n-5) + C(6) x X(n-6)
+ C(7) x X(n-7)

60 1 2 3 4 5 6 7 8 9 19 11 12 13 14 15 16 17 18 19 20
CLK l l l
RESET l
ERASE ~ || 1
DINO-8 [ Xa| x| %2 | %a| Xa| Xs| Xs| X7| Xa | Xa| %0 | ¥n | Xiz| X13| Xua| %15 | Y16 | Xrz | Xrs|
DIENB 2
WOt o] o] o] 62 50| o] 6|8 | ] 61| 2 1] o] 1] s
CIENB 72
0-2
o |0|1|2|3|4’5|6|7|a|
$UMo-25 | Y] Ya | Ya | Yao| Yn| Yiz| Y13] Yua|
SHADD 2770077 7 A
SENBL 7 7 %
SENBH 7077777 . A
DCMO-1 L] I
7
YN = X CK X XN-K
K=10
FIGURE 4. HSP43891 30MHz, 8-TAP FIR FILTER TIMING
SAMPLE
DATA IN >
X
(Xp) - .
¢ Q
30MHz ]
CLOCK
+5V +5V
[T | 18]
ADR1 ADRO ADR2 Vge SHADD SENBH SENBL 2 ADR1 ADRO ADRZ Vgg SHADD SENBH SENBL 2
:l- DING-8 SUMO-25 |-/ 19'- DiNg-8 suma-25 [7]
= "
il HSP43891 = HSP43801
v 9x16 COEFF. —™
3 X
CLKY“ A0 RAM/ROM DFO DF1
agiTY Al "
CTR Y2 ° D0-D8[— . s
Y3 L CING-8 COUTE-8 | +{ CIND-8 COUTa-8 |44+ NC
RESET 8 TIENB DCM1 DCMO RESET ERASE Vgg COENB CIENB DCM1 DCWO RESET ERASE Vgg COENB
I LI s T 1T 1T 7 713
L X
SYSTEM A ] L
RESET - 1 SUM
our
Y

FIGURE 5. HSP43891 30MHz, 16-TAP FIR FILTER CASCADE APPLICATION SCHEMATIC
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Extended FIR Filter Length

Filter lengths greater that eight taps can be created by
either cascading together multipie DF devices or “reusing”
a single device. Using multiple devices, an FIR filter of over
1000 taps can be constructed to operate at a 30MHz
sample rate. Using a single device clocked at 30MHz, an
FIR filter of over 500 taps can be constructed to operate at
less than a 30MHz sample rate. Combinations of these two
techniques are also possible.

DATA SEQUENCE
INPUT

Cascade Configuration

To design a filter length L>8, L/8 DFs are cascaded by
connecting the COUTO-8 outputs of the (ith DF to the
CINO-8 inputs of the (i+1)th DF. The DINO-8 inputs and
SUMO-25 outputs of all the DFs are also tied together. A
specific example of two cascaded DFs illustrates the
technique (Figure 5). Timing (Figure 6) is similar to the
simple 8-tap FIR, except the ERASE and SENBL/SENBH
signals must be enabled independently for the two DFs in
order to clear the correct accumulators and enable the
SUMO-25 output signals at the proper times.

TABLE 2.

NPU X30 ... Xg, Xg, X22 ...X1,Xg
COEFFICIENT SEQUENCE
INPUT Cp...C14:C150...0,Cp ... C14,C15 HSP43891 ...0,Y39...Y¥23,0...0,Y22 ... Y150...0

CLK CELLO CELL1 CELL2 CELL3 CELL4 CELLS5 CELL 6 CELL7 SUM/CLR
6 Cy5xXo 0 0 (o] - - - - -
7 +C14xXy | Ci5xXq o o - - - - -
8 +C13xX2 Ci5xX2 o = - - - -
9 +C12xX3 C15xX3 - - - - -
10 +C11xXg +C14xX4 | CisxX4 - - - -
11 +C10xXs +C13xX5 Ci5xXs - - -
12 +Cg x Xg +C12xXg Ci5xXg - -
13 +Cg x X7 +Cq1xX7 Ci5x Xy -
14 +C7xXg +C10xXg +C14xXg -
15 +Cg x Xg +Cg x Xg +C13xXg -
16 +Csx X10 +CgxX10 +Cq12xX10 -
17 +C4q x X114 +C7 xX11 +C11 xX11 -
18 +CgxXq2 +CgxX12 +C10xX12 .
19 +Co2xX43 +C5xX13 +Cg x X413 -
20 +Cq1 xX14 +C4q4xX14 +Cgx X14 -
21 +Cox X145 v +C3xX15 +C7xX15 Cell 0(Y15)
22 (o} CoxX1g v +Co xX1g +CgxX1g Cell 1(Y16)
23 o 0 CoxXq7 |+Cq1xXq7 +Cgx X7 Cell 2(Y17)
24 0 0 (o] +CoxX1g v +CqxX18 Cell 3(Y18)
25 (o} 0 (o} 0 CoxX19 v +C3x X9 Cell 4(Y19)
26 (] [ 0 0 [] Co x X0 v +Co x X20 Cell 5(Y20)
27 0 [ (o} (o] 0o CoxXaq | +Cq xXo1q Cell 6(Y21)
28 0 0 (o] [¢] 0 o 0 +Cg x X22 Cell 7(Y22)
29 C15xXg 0 0 [¢] 0 [o] 0 0 -
30 +C14 xXg | +C15xXg 0 (o} 0 o o 0 -
31 +C13xX10 +C15xX10 (o} (o] (o] 0 0 -
32 |+Cq2xX11 +C15xX11 0o o 0 o -
33 |+C11xXq2 +C15x X12 o] 0 o -
34 |+Ci0xX13 +C15 xX12 [o] o] -
35 +Cog x X14 +C15xX14 (o} -
36 +CgxX15 Ci15xX15 -
37 +C7xX1g +C14xX16 -
38 +Cgx X7 +C13x X417 -
39 |+CsxXyg +C12xX18 -
40 +C4qxXq9 +C11 xX1g -
41 +C3 x X290 +C10 xX20 -
42 | +CoxXgq +Cg x X21 -
43 +Cq xX +Cgx X -
44 +C:) b3 X§§ v +C$ X ng Cell 0(Y23)
45 [o] CoxX23 v +Cg x X24 Cell 1(Y24)
46 o 0 CoxXas v J +Csx X25 Cell 2(Y25)
47 0 0 o Cox X2g 4 +Cq x Xog Cell 3(Y26)
48 0 o (] [¢] Co xXo7 v v +C3xXo7 Cell 4(Y27)
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0 1 2 3 4 5 6 7 8 9 10 1 12 13 W 15 1B 17 18 18 20 2 22 23 24 25 26 27 28 20 30 N 32 33 34 35 36 37 38 39 40

CLK

RESET LT
0Fg ERASE I [ F,
DF1 ERASE B N
DING-8 1% | X1 1 X2 | Xg 1 Xq | X5 | X5 | X7 | Xa | Xg | Xso} Xn1| Xr2[ X3l X1a] Xes| X1g] X17] X181X18 | Xz0| X21 |X22)X23 | X24]X25 | X261X27 [ X281 X291 Xa0| Xar | Xaz| Xas1Xa |Xas | Xas) a7
oieve L
CING-8 1615 1€14 1C13 1C12| €11{C10{Cg { Ca | €7 Cq | C5 | Ca | Ca | C2 | €1} Co|C151Cra IC131C121C1 [C10] Co {Cg |C7 |C6 1C5 | Ca 103 |C2 | €y | Co)CisiCealCraiCrz|CrrlCral
oieng |
ADR0-2 Jo1 234 s |67 )01 {2{3|4|5|6|7]0f1]2]3]
DF0 SUM6-25 1151 Yagt Yar| Y11 Y1a | V2o ) Y21 | Y22l 1 Yay1¥azYsal
DF1 SUMD-25 1Y23] Y24] Y25) Y251 Y271 Y281 Y28 | V30|
SHADD
DFo SENBUH S (! I
DFt SENBL | I R
ocmo-1 | O F

15

YN = X Ok x XNk

FIGURE 6. HSP43891 16-TAP 30MHz FILTER TIMING USING TWO CASCADED HSP43891s

Single DF Configuration

Using a single DF, a filter of length L>8 can be constructed
by processing in L/8 passes, as illustrated in Table 2, for
a 16-tap FIR. Each pass is composed of Tp = 7 + L cycles
and computes eight output samples. In pass i, the sample
with indices i*8 to i*8 +(L-1) enter the DINO-8 inputs. The
coefficients Cg - CL - 1 enter the CINO-8 inputs, followed
by seven zeros. As these zeros are entered, the resuit
samples are output and the accumulators reset. Initial filing
of the pipeline is not shown in this sequence table. Filter
outputs can be put through a FIFO to even out the sample
rate.

Extended Coefficient and
Data Sample Word Size

The sample and coefficient word size can be extended by
utilizing several DFs in parallel to get the maximum sample
rate or a single DF with resulting lower sample rates. The
technique is to compute partial products of 9x3 and com-

bine these partial products by shifting and adding to obtain
the final result. The shifting and adding can be accom-
plished with external adders (at full speed) or with the DF’s
shift~and-add mechanism contained in its output stage (at
reduced speed).

Decimation/Resampling

The HSP43891 DF provides a mechanism for decimating
by factors of 2, 3, or 4. From the DF filter cell block diagram
(Figure 1), note the three D registers and two multiplexers in
the coefficient path through the cell. These allow the
coefficients to be delayed by 1, 2, or 3 clocks through the
cell. The sequence table (Table 3) for a decimate-by-two-

filter illustrates the technique (internal cell pipelining ig- ’

nored for simplicity).

Detailed timing for a 30MHz input sample rate, 15MHz out-
put sample rate (i.e., decimate-by-two), 16-tap FIR filter, in-
cluding pipelining, is shown in Figure 7. This filter requires
only a single HSP43891 DF.
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TABLE 3. HSP43891 16-TAP DECIMATE-BY-TWO FIR FILTER SEQUENCE; 30MHz IN, 15MHz OUT

DATA
SEQUENCE ... X2,X1, X0
INPUT
COEFFICIENT
SEQUENCE ... C15,Cp,... C13,C14.C15 —@...Y19,-,Y17, -Y15
INPUT
CLK CELLO CELL 1 CELL 2 CELL3 CELL4 CELLS CELLS CELL7 SUM/CLR
6 Ci5xXg 0 0 0 0 0 o 0 -
7 +C14xXq 0 0 0 0 0 [V} o -
8 +C13xX2 | Ci5xX2 (o] [o] (o] (o] o] o] -
9 +C12xX3 | +C14x X3 o 0 (4] o] o (o] -
10 +C11xXgq | +C13xX4 | C15xX4 0 o o (o] o -
11 +Ci0xX5 | +C12x X5 | +C14 xX5 0 (o} 0 [¢] 0 -
12 | +CgxXg |+C11xXg | +C13xXg | Ci15xXg 0 0 o ) -
13 +CgxX7 | +C10xX7 | +C12xX7 | +C14xX7 o} [0} o o -
14 +C7xXg | +CgxXg | +C11xXg | +C13xXg | Ci5xXg [o] (o] (¢} -
15 +CgxXg | +CgxXg |+C1oxXg | +C12xXg | +C14x Xg (o] o o -
16 +CsxX10 | +C7xXq0 | +Cox X0 [+C11 xX10|+C13xX10] C15xX10 [o] o -
17 +CqxX11 | +CexXqq | +CgxX1q [+C10xX11[+C12x X1 |+C14 %X X1 [o] (o] -
18 +C3x X912 | +C5xX12 | +C7xXq2 | +CgxXq12 [+C11xX12[+C13xX12] C15xX12 o -

19 +C2xX43 | +C4 xX13 | +CexX13 | +CgxX13 |[+C10x X13|+C12xX13|+C14xX13 [o] -
20 +C1 xX14 | +C3xX14 | +C5xX14 | +C7xX14 | +Cgx X414 |+C11 xX14|+C13%xX14] C15xX14 -
21 +CoxXy5 | +CaxX15 | +C4xX15 | +CgxX15 | +Cgx X145 |+C10xX15{+C12xX15[+C14xX15 Cell 0(Y15)
22 Ci15xX16|+Cq1 xX4g | +C3xX1p | +C5xX1g | +C7x X146 | +CgxX16 [+C11xX16]|+C13xX16 -
28 |[H+C14xXq7|+CoxXq17 | +C2xXq7 | +C4xXq7 | +CexX17 | +Cg xX17 [+C10xX17|+C12xX17 Cell 1(Y17)
24 |+C13xX1g| C15xX1g8]|+C1xX1g | +C3xX1g | +Cs5xX18 | +C7 xX18 | +CgxX1g |+C11 xX18 -
25 |4+Cy2xXqg|+C14xX19| +CoxXqg | +C2xXqg | +C4xX1g | +CgxX1g | +CgxX1g {+C10xX19 Cell 2(Y19)
268 |+C11xX20|+C13xX20| C15xX20 | +C1 xX20 | +C3x X20 | +C5xX20 | +C7 xX20 | +Cg x X20 -
27 |H+Ci1oxX21|+C12xX21 [+C14xX21 | +CoxX21 | +C2xX21 | +C4q x X21 +06XX21 +Cg x X21 Cell 3(Y21)
28 +Cg x X22 [4+C11 xX22 [+C13xX22| C15xX22 | +C1 x X22 | +C3 xX22 | +Csx X22 | +C7 x X22 -
29 +Cg x X23 |+C10x X23 |[+C12xX23|+C14 xX23]| +Cox X23 | +C2 xX23 | +C4 xX23 | +Cg x Xo3 Cell 4(Y23)
30 +C7xX24 | +Cg xX24 [+C11 xX24 [+C13%xX24 [+C15xXa4| +C1 xXo4 | +C3xXog4 | +Cs5x X24 -
31 +Cg xX25 | +Cg x X25 |[+C10xX25|+C12 xX25|+C14 x X25] +Co xX25 | +C2 xX25 | +C4 x X25 Cell 5(Y25)
32 +CsxX2g | +C7 xX26 | +CoxX2p |+C11 xX26 [+C13 X X26 |+C15x X6 | +C1 xX26 | +C3 x X2g -
33 +C4 xX27 | +Cg xX27 | +Cg xX27 |+C10xX27 [+C12xX27|+C14 xX27| +Cox X27 | +C2 x X27 Cell 6(Y27)
34 +Cgx Xog | +C5 xXog | +C7 xXag | +Cg x Xog |+C11 x Xog|+C13 x Xog |[+C15 x X2g| +C1 x X2g -
35 +C2 x X2g | +C4 xXog | +Cg x Xgg | +Cg xXog |+C10 X X290 [+C12 xX2g [+C14 X X29 +C° x Xa2g9 Cell 7(Y29)
36 +Cq1xX3p | +C3xX30 | +C5xX30 | +C7 xX30 | +Co x X30 |+C11 xX30 [+C13xX30]| C15%x Xa0 -
37 +CoxX31 | +CaxXg1 | +Cqax X3y | +CpxX31 | +Cg x X371 |+C10x X34 [+C12xX31 [+C14 xX31 Cell 8(Y31)

oK 12 3 4 5 6 7 8 8 10 11 12 13 W 15 16 17 18 19 20 2 22 23 24 25 28 27 28 29 30 3 32 33 34 35 36 37 38 39 40

aeser L

ERASE L e e reriere
DIND-8 1% 1%y | X2 1% 1 X 1 X5 | Xg | X7 | Xg | Xg IXs01%yq | X2} Xyal Xaa1 X5 1 X161 Xez | X1a1Xsn | Xag) Xo1 | Xa21 Xa3 | Xa4) X5 X261 X27 1X28 | X20 |Xag| X IXa2| Xa3 | Xaa | X35 | X361 %57 |
DiENE L

CiNo-8 1€461€4a1 €13/ €12 C111C10] Cg | Cg |C7 | €5 | €5 | Ca | Ca | C2 | €1 | Ca [ C15]C1a|Cra]Cr2] Cr|Cral Co | o | C7 | Cy ) C5 | Ca L3 C2] Cr ] Co|Cus1Cu|Cia|Crz{CyslCal
TIENS

AoRe-2 o b ov 2 L3 4 o4 s 18 )7 e | o1
$UMO-25 1asl 1Yl I¥sel Dyl Ivaal  dvasl  Ippl  IY2pl  (Yal  1Yssl
SHADD

ENBL

SENBR

DCMO-1 | ¢ |

FIGURE 7. HSP43891 16-TAP DECIMATE-BY-TWO FIR FILTER TIMING; 30MHz IN, 15MHz OUT
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Absolute Maximum Ratings

Gate Count

Junction Temperature
Lead Temperature (Soldering 10s)

Maximum Package Power Dissipation at 700C . .

d in the op

i

ES 8T o7 1YY o1 -V T +8.0V
Input, Output Voltage ....... . . e GND -0.5VtoVgg +0.5V
S o= Vo L= T =T T Tt = VT -650C to +1500C .
25 Class 1

.............................................................................. 300°C

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indi

of this specifi

is not implied.

... 24W (PLCC), 2.88W (PGA)
11.19C/W (PLCC), 7.780C/W (PGA)
33.70C/W (PLCC), 34.660C/W (PGA)

Operating Conditions

Operating Voltage Range
Operating Temperature RaNGe . ... u.u ettt ttett e et teeennasateeaersenusseassanesronsesssesoanessensesan 09C to +70°C
D.C. Electrical Specifications
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
lccop Power Supply Current - 160 mA Vee = Max
CLK Frequency 20MHz
Note 1, Note 3
lccss Standby Power Supply Current - 500 pA Ve = Max, Note 3
] Input Leakage Current -10 10 pA Ve =Max, Input=0Vor Ve
o Output Leakage Current -10 10 pA Vce = Max, Input=0V orVgg
VIH Logical One Input Voltage 20 - \% Ve = Max
ViL Logical Zero Input Voltage 0.8 \ Vee =Min
VOH Logical One Output Voltage 2.6 - \" 1oH = -400pA, Ve = Min
VoL Logical Zero Output Voltage - 04 v loL=2mA,Vgc = Min
VIHC Clock Input High 3.0 - \ Vee = Max
ViLe Clock Input Low - 0.8 \ Ve = Min
CiN Input Capacitance PLCC - 10 pF CLK Frequency 1MHz
PGA - 15 pF All measurements referenced
Cout Output Capacitance PLCC - 10 pF E:AG=N2'35°C. Note 2
PGA - 15 pF

NOTES: 1. Operating supply current is proportional to frequency. Typical
rating is 8mA/MHz.

2. Controlled via design or process parameters and not directly
tested. Characterized upon initial design and after major process
and/or design changes.

3. Output load per test load circuit and C|_ = 40pF.
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A.C. Electrical Specifications vgg =5V = 5%, Ta = 00C to +70°C

-20 (20MHz) -25 (25.6MHz) -30 (30MHz) ot
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX | UNITS COJI.'EITlONS
Tcp Clock Period 50 - 39 - 33 - ns
ToL Clock Low 20 - 16 - 13 - ns
TCH Clock High 20 - 16 - » 13 - ns
Tis Input Setup 16 - 14 - 13 - ns
TIH Input Hold 0 - 0 - 0 - ns
Topc CLK to Coefficient - 24 - 20 - 18 ns
Output Delay
TOED Output Enable Delay - 20 - 15 - 15 ns
TobD Output Disable Delay - 20 - 15 - 15 ns Note 1
Tops CLK to SUM - 27 - 25 - 21 ns
Output Delay
TOR Output Rise - 6 - 6 - 6 ns Note 1
TorF Output Fall - 6 - 6 - 6 ns Note 1

NOTE: 1. Controlled by design or process parameters and not directly
tested. Characterized upon initial design and after major process
and/or design changes.

Test Load Circuit

DUTo—I—o/
*C

*INCLUDES STRAY AND
JIG CAPACITANCE

Switch 81 Open for Iccsp and Iccop Tests
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Waveforms

2.0v N aov
CLK 0.0V
Tis TiH
3.0v
INPUT* 1.5V 1.5V
0.0v

~ * Input includes: DINO-7, CINO-7, DIENB, CIENB, ERASE, RESET,
DCMO-1, ADRO-1, TCS, TCCI, SHADD

CLOCK AC PARAMETERS INPUT SETUP AND HOLD

Vi
H
CR— | Tt - i
Topc: Tops
SUMO - 25 —————\ | f/——————————— e m == - Tor l<—  —=t |=— TOf
COuUTO -8 1.5V OuUTPUT
SUMO0-25, COUTO-8, OUTPUT DELAYS RISE AND FALL TIMES
3.0v I'DEVICE
INPUT X1.5v UNDER Xst
ENABLE
1.5V 1.8V 0.0V TEST
T
OED Topp A.C. Testing: Inputs are driven at 3.0V for a Logic “1" and 0.0V for a Logic
1.7V “0". Input and output timing measurements are made at 1.5V for both a Logic
OUTPUT 1.8V 1.3V “1” and “0". CLK is driven at 4.0V and OV and measured at 2.5V.

A.C. TESTING INPUT, OUTPUT WAVEFORM
OUTPUT ENABLE, DISABLE TIMING .
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& HARRIS HSP43891/883

August 1992 Digital Filter

Features Description

* This Circuit is Processed in Accordance to Mil-Std-883C The HSP43891/883 is a video-speed Digital Filter (DF)
and is Fully Conformant Under the Provisions of designed to efficiently implement vector operations
Paragraph 1.2.1 such as FIR digital filters. It is comprised of eight filter

¢ 0 to 25.6MHz Sample Rate cells cascaded internally and a shift and add output

« Eight Filter Cells stage, all in a single integrated circuit. Each filter cell

contains a 9x9 two’s complement multiplier, three

¢ 9-Bit Coefficients and Signal Data decimation registers and a 26-bit accumulator.
¢ Low Power CMOS Operation The output stage contains an additional 26-bit
» IcCSB = 500uA Maximum accumulator which can add the contents of any filter
cell accumulator to the output stage accumulator

» =
lccop = 160pA Maximum @ 20MHz shifted right by 8 bits. The HSP43891/883 has
¢ 26-Bit Accumulator per Stage a maximum sample rate of 25.6MHz. The effective
* Filter Lengths Up to 1032 Taps multiply-accumulate (mac) rate is 204MHz. The
* Shift-and-Add Output Stage for Combining Filter HSP43891/883 DF can be configured to process
Outputs expanded coefficient and word sizes. Multiple DFs

can be cascaded for larger filter lengths without

. Exp:‘mda'ble Coefficient Size, Data Size and Filter Length degrading the sample rate or a single DF can process
* Decimation by 2, 3 or 4 larger filter lengths at less than 25.6MHz with multiple

. . passes. The architecture permits processing filter
Applications lengths of over 1000 taps with the guarantee of no
¢ 1-D and 2-D FIR Filters overflows. In practice, most filter coefficients are less
e Radar/Sonar than 1.0, making even larger filter lengths possible.

L. . . The DF provides for 8-bit unsigned or 9-bit two’s
* Digital Video and Audio complement arithmetic, independently selectable for
* Adaptive Filters coefficients and signal data.

* Echo Cancellation Each DF filter cell contains three re-sampling or

* Correlation/Convolution decimation registers which permit output sample rate
e Complex Multiply-Add reduction at rates of 1/2, 1/3 or 1/4 the input sample
e Butterfly Computation rate. These reglste{s also provide trje cap.ab.mty' to

perform 2-D operations such as matrix muitiplication
¢ Matrix Multiplication and NxN spatial correlations/convolutions for image
* Sample Rate Converters processing applications.

Block Diagram

Ve Vss DINO-DINB

AR

couTo-8

e | om =
CLK
2

: OUuTPUT

‘:;_:':'% e STAGE

- >

SENBH 6 2

SUM0-25
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2451.2

Copyright © Harris Corporation 1992
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Pinouts

85 PIN GRID ARRAY (PGA)

-

1 2 3 4 5 [3 7 8 9 10 1
A Vss | Coens| Vocc | RESET | oin7 | pine | DiNad | DiNo | cine | Ve Vss
] Veg | cout7 Jcours | ERASE | pins | DNt | DiN2 | CIENB| CIN7 | CIN6 | CIN4
c | cours | coute | ALICN DIENB | DIN5 | DINa CIN5 | CIN3
p | cours | couts ciNz | Voo
E ] cout1| vgg |cCoOuT2 ciNo | SENBL
F ]} Vss |couto|sHaDD Vce | Vss
G | aor2 | bcmo | cx sum3 | sum2
H | ADR1 | ADRO SUMS | SuM4
J 1 Vec |sumzs SUM20 { SUM17 | SuM16 sum7 | Vas
K | SENBH | sum24 | vgg Voo |Sumis| vgg |sumis|sumiz|sumio| sums | sume
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Specifications HSP43891/883

Absolute Maximum Ratings

SupplyVoltage ... oo i iiiiiei it i e, . +8.0V
Input, Output Voltage Applied ... . GND—O 5Vto Voo +0.5V
Storage Temperature Range .... ceeere.. -659C t0 +1500C
Junction Temperature .. .ovevveerineeennanens veeensee. +1750C
Lead Temperature (Soldering, Ten Seconds) ...... PRI +300°C
ESD Classification ........coveviiiiiiiiiiiiineeinnnens Class 1

Reliability Information

Thermal Resistance Bja Oic
Ceramic PGA Package ....... 34.660C/W  7.780C/W

Maximum Package Power Dissipation at +1250°C
Ceramic PGA Package ............ ereeeereeias 1.44 Watt

GateCount .....oeovieiiiiinnninn, e ..... 17762 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi d in the op ional of this specification is not implied.
Operating Conditions

Operating VoltageRange ............... eereaee +4.5V to +5.5V

Operating Temperature Range ...............

~-550C to +1250C

TABLE 1. HSP43891/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

LIMIT.
GROUP A S
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input VIH Vee=5.5V 1,2,3 -550C < TA<+1250C | 2.2 - \'
Voltage
Logical Zero Input ViL Vecg=4.5V 1,2,3 -550C <Tp <+125°C - 0.8 \Y
Voltage ’
Output HIGH Voltage VoHn loH = -400pA 1,2,3 -550C < Tp < +125°C 2.6 - v
Ve =4.5V (Note 1)
Output LOW Voltage VoL loL =+2.0mA 1,2,3 -550C < TA < +1250C - 0.4 \Y
Vee = 4.5V (Note 1) ‘
Input Leakage Current Iy VIN =Vgg or GND 1,2,3 -550C < TA<+1250C | -10 +10 uA
Voo =5.5V
Output Leakage Current o VouTt = Vg orGND 1,23 -550C < TA<+1250C | -10 +10 pA
Vg =55V
Clock Input High VIHG Veg = 5.5V 1,2,3 -550C <TA<+1250C| 3.0 - \
Clock Input Low ViLe Voo =4.5V 1,2,3 -550C < TA < +1250C - 0.8 \
Standby Power Supply lccsB | VIN=Vcgor GND 1,2,3 -550C < TA < +1250C - 500 pA
Current Vce=565V,
Outputs Open
Operating Power lccop f=20.0MHz 1,2,3 ~5650C < TA < +1250C - 160.0 mA
Supply Current Vce = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TA < +1250C - -
NOTES: 1. Interchanging of force and sense conditions is permitted. 3. Tested as follows: f = 1MHz, Vjy = 2., V) = 04, Voy > 1.5V,

2. Operating Supply Current is proportional to frequency, typical
rating is 8mA/MHz,

VoL < 1.5V, Vg = 3.4V, and V) ¢ = 0.4V.
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TABLE 2. HSP43891/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

1-D FILTERS

-20 (20MHz) ]-25 (25.6MHz)
GROUPA
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Clock Period Tcp Note 1 9,10,11 -550C < TpA<+1250C | 50 - 39 - ns
Clock Low ToL Note 1 9,10, 11 -550C <TA <+1250C | 20 ~ 16 - ns
Clock High TCH Note 1 9,10, 11 -550C <TpA<+1259C | 20 - 16 - ns
Input Setup Tis Note 1 9,10,11 -550C <Tp <+1250C | 20 - 17 - ns
Input Hold TiH Note 1 9,10,11 -550C<TpA<+125°C | © - 0 - ns
CLK to Coefficient Topc |Notet 9,10,11 ~550C < TA £+1250C - 24 - 20 ns
Output Delay
Output Enable Delay Toep |Note1 9,10,11 -550C < TA <+1250C - 20 - 15 ns
CLKto SUM Tops |Notet 9,10,11 -550C < Tp < +1259C - 31 - 25 ns
Output Delay
NOTE: 1. A.C. Testing: VCC = 4.5V and 5.5V. Inputs are driven at 3.0V for a
Logic “1" and 0.0V for a Logic “0". Input and output timing measure-
ments are made at 1.5V for both a Logic “1” and “0”. CLK is driven at
4.0V and OV and measured at 2.0V.
TABLE 3. HSP43891/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
-20 (20MHz) }-25 (25.6MHz)
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance CiN Vee=0pen, f=1MHz 1 Ta = +250C - 15 - 15 pF
All measurements
are referenced to
Output Capacitance CouT | device GND. 1 Ta=+25°C - 15 - 15 pF
Output Disable Delay TobD 1,2 |-550C <TA<+1250C - 20 - 15 ns
Output Rise Time Tor 1,2 |-550C<TpA<+1250C| - 7 - ns
Output Fall Time TorF 1,2 |-559C <TaA<+125°C ~ 7 - 6 ns
NOTES: 1. The parameters listed in Table 3 are controlled via design or
process parameters and are not directly tested. These
parameters are characterized upon initial design and after major
process and/or design changes.
2. Loading is as specified in the test load circuit, C|_ = 40pF.
TABLE 4. APPLICABLE SUBGROUPS
CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,88B,10,11
Group A - 1,2,3,7,8A,88B,9,10,11
Groups C&D Samples/5005 1,7,9
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Burn-In Circuit 1 2 3 4 5 6 7 8 ° 1 un
JO O O O O O
DCM1 SUM23 SUM22 SUM21 SUM18 SUMI4 Voo SUM13 Vgg SUM11 SUM9
«x O O O O O O O O O
SENBH SUM24 VSS VCO SUM19 VSS SUM15 SUM12 SU“IO; SuUM8 SUMeé
] O O O
Vcc SuUM25 SUM20 SUM17 SUM18 SuUM7 Vss
1O O
ADR1  ADRO SUMS SUM4
¢ AOR2 ng QK SUM1 SUM3 SUM2
> ° HSP43891/883
.
2 2.2 Bottomvew R 9 @Q
PINS UP
e] O O O O O
COuT1 Vgg COUT2 CINt CING SENBL
o] O O O O
COUT3 COUT4 CiN2 Ve
c] O O O O O O O O
COUTS COUTE ALIGN DIENB DINS DIN4 CINS  GIN3
51O O O OO OO O O OO
Vcc COUT?7 COUT8 ERASE DINB DIN1 DIN2 CIENB CIN7 CIN6 CIN4g
1O O O O O O
Vgg COENB Voo RESET DIN7 DIN6 DIN3 DINO CIN8 Voo Vsg
PGA| PIN |BURN-IN |Pca | PN |BURN-IN [PGA | PIN | BURN-IN |PGA | PIN | BURN-IN
PIN | NAME | SIGNAL | PIN | NAME | SIGNAL | PIN | NAME | SIGNAL | PIN | NAME | SIGNAL
Al Vss GND C1 COuUTs Vcc/2 F10 |Vcc veo K4 Vce Vce
A2 |COENB |F10 c2 [couts  [vgcr2 F11 |Vss GND K5 |suMmies |Vcgr2
A3 |Vce Ve c3 |AUGN |NG G1 |ADR2 F2 Ké |Vss GND
A4 |RESET | F11 cs |DENB |Fi0 G2 |pbcmo  |Fs K7 |sum15 |vgcore
A5 | DIN7 F8 Cc6 | DIN5 F5 G3 |cLK Fo k8 |sumi2 [vggr2
A8 |DING 6, |c7  |piNg F4 Go  [sum1  [vger2 Ko |sUMi0 |vco/2
A7 |DIN3 F3 . |cio |ciNs F5 G10 |sumM3  |vgere K10 [sums  [vgere
A8 |DINO Fo . Jci1 |ciNs F3 G11 |suM2  |vger2 K11 |sSuMe  |Vccr2
A9 | CINs/TCCI| F8 D1 |couts |vggr2 H1 | ADR1 F1 L1 |ocM1  |Fe
A10 | Ve Vcc | |p2  |couta |vggre H2 |ADRO  |FoO 12 |sum23 |vcere
A1l |Vss GND D10 | CIN2 F2 H10 |SUM5  |Veo/2 38 |sUmM22 |vcor2
B1 Vee Vee D11 |Vce vee H11 | SUM4 Vge/2 L4 SuM21 Vee/2
B2 |COUT?7 |Vgg/2 E1 |coutt |vgc/2 91 |vee vee L5 |sumis |vcere
B3 |COUTs/ |Vcer2 E2  |vVss GND J2  |sum2s  [veere L6 |sumia |vgore
Tcco E3 |couT2 [vco/ J5  |suM20 |veor2 7 |vco Ve
B4 |ERASE |F10 E9  |CIN1 F1 J6  |sum17 |vgerz |8 [sumiz [vecre
B5 |DIN8/TCS |[F7 E10 | CINO FO J7 [sumie  [vgore L9 |vss GND
B6 | DIN1 F1 E11 |SENBL |F10 J10 |SuM7  |Vger2 10 |suMi1  |vge/2
B7 _|DIN2 F2 F1 |vss GND J11 |vss GND L1 |suMe  |vgore
B8 |CIENB |F10 F2  |cuto  |vggre K1 |SENBH |Fio
B9 |CIN7 F7 F3 |SHADD |Fo K2 |sum24 |vggre
B10 |CING Fe Fo |sumo |vce/2 |k |vss GND
B11 |CIN4 F4
NOTES: 1. Vg/2 (2.7V £10%) used for outputs only. 4. 0.1uF (min) capacitor between Vg and GND per position.
2. 47KQ (£20%) resistor connected 1o all pins except 5. FO = 100KHz £10%, F1 = FO/2,F2=F1/2..... , F11 =F10/2,

Vo and GND.
3. Voo = 5.5 £0.5V.

40% - 60% Duty Cycle.

6. Input voltage limits: Vj_= 0.8V max,, Viij = 4.5V £10%
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Metallization Topology

DIE DIMENSIONS:
328 x 283 x 19 1 mils
METALLIZATION:
Type: Si - Al or Si-Al-Cu
Thickness: 8kA
GLASSIVATION:
Type: Nitrox
Thickness: 10kA
DIE ATTACH:
Material: Gold/Silicon Eutectic Alloy or Silver-Glass
WORST CASE CURRENT DENSITY:
1.2 x 105A/cm2

Metallization Mask Layout

HSP43891/883
< n X e r N = [=]
. 8 » o @ € o e T
a0 £ E 2 o 88 o 2 8z x 2 v
$ 383 8 £ 88 % 338 3§ ¢

SUM23

Sum22
Vee

Sum21

suM20
sumio §

sum1s
Vss

SUM17

sumte @
Vee

SUM1s
SUM14
sSum13

SUM12
Vss

SUM11
SuM1o
SUM9
sums

Sum?

© o B T 0 @ & » 0 ®» a4 o = O
:8 2z 8 g2z8 8 8 2z 8
a 2 @ w 0w o @ vm)‘-’“

couTo
couT1

couTe
couT7

Vss

couts
COENB

Vee

i SELECT 891

CIN2
CIN3
CiNg
CINS
SELECT
881
Vss
cING
cINT
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HSP43216

Halfband Filter

Features
¢ Sample Rates to 75MH2

e External Multiplexing Supported for Pro-
cessing of Sample Rates to 150MHz

67 Tap FIR Filter with 20 Bit Coefficients

1.24:1 Filter Shape Factor, > 90dB Stopband
Attenuation, < 0.0005dB Stopband Ripple

Four Modes of Operation:
- Interpolation by 2
- Decimation by 2

- Fs/4 Quadrature Up Conversion of a
Complex Signal with Real Output

- Fg/4 Quadrature Down Conversion of a
Real Input Signal with Complex Output

e Upper/Lower Sideband Selection in both
Down Convert and Up Convert Modes

¢ Dual 16-Bit Inputs and Outputs with Pro-
grammable Rounding on the Outputs

.

* Two’s Complement or Offset Binary Output
¢ 85-Pin PGA, 84-Pin PLCC Package

Applications
« Digital Down Conversion
¢ D/A and A/D Pre/Post Filtering

¢ Processing Bandwidth Expansion for
HSP45116 and HSP43220 Digital Down
Converter Chip Set

¢ Tuning Bandwidth Expansion for HSP45116
and HSP45106

Description

The HSP43216 Halfband Filter addresses a wide variety of applications
by combining quadrature up/down conversion circuitry with a fixed
coefficient halfband filter processor. The filter processor implements a
67 tap FIR filter with-either interpolation or decimation by 2. As shown
in the block diagram, the filter processor may be configured to recsive
output from the Fg/4 quadrature down converter or provide complex
input to the Fg/4 quadrature up converter. In either of these two config-
urations the halfband processor functions as a quadrature filter. Two
data inputs and outputs are provided so that an external multiplexer
may be used to effectively double the processing speed of the part.

The HSP43216 can be configured in one of the four following modes:
decimate by 2 filtering of a real input signal; interpolate by 2 filtering of
a real input signal; quadrature down conversion of a real input signal
followed by decimate-by-2 filtering of the resulting complex analytic
signal; interpolate-by-2 filtering of a complex analytic signal followed by
quadrature up conversion producing a real valued output.

~ Typical applications include the simplification of A/D and D/A

subsystem design and extension of the operational envelope of certain
parts within the HSPXXXXX family. The first two modes simplify the
analog anti-aliasing and reconstruction filter requirements of an A/D or
D/A subsystem by providing a mechanism to increase the converter
sample rate relative to the frequency content of the digitized signal. The
quadrature down convert  mode doubles the signal bandwidth
processed by the HSP45116/HSP43220 digital down convert chipset
by providing quadrature samples at the maximum clock rate of the chip
set. Similarly, the quadrature up convert mode doubles the tuning
bandwidth of either the HSP45116 or HSP45106 by converting the
quadrature outputs of these parts to a real signal at twice the sample
rate.

The frequency response of the HSP43216's halfband filter has a shape
factor, (passband+transition band)/passband, of 1.24:1 with 90dB of
stopband attenuation. The passband has less than .0005dB of ripple
from 0 to 0.2Fg with stopband attenuation of greater than 90dB from
0.3Fg to Nyquist. At .25Fg the filter provides 6dB of attenuation.

Block Diagram

.................. e -
: HALFBAND FILTER PROCESSOR

AINO-15 16, :

4 ' 67 TAP FIR AOUT
16 M) o5
’ ya
H 7 g L)
: ' X
’
'
1s/d ' R 1s/4
QUADRATURE : QUADRATURE
DOWN CONVERT : UP CONVERT

’
1]
'
: 67 TAP FIR » " ) BT

BINO-15 16, ' " U f 2 lxj

7 H XJ)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

_ : File Number 3365
Copyright © Harris Corporation 1992 3116
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HSP48901

3 x 3 Image Filter

Features

Convolution.
Single Clock Cycle

and Coefficients

* Low Power CMOS

Applications
* Image Filtering

® Pattern Matching

¢ DC to 30MHz Clock Rate
e Configurable for 1-D and 2-D Correlation/

® Standard pP Interface

e Edge Detection/Enhancement

* Real Time Video Filters

e Dual Coefficient Mask Registers, Switchable in a

* Two’s Complement or Unsigned 8-Bit Input Data

® 20 Bit Extended Precision Output

e TTL Compatible Inputs/Outputs

® Available in 68 Pin PGA and PLCC Packages

Description

The Harris HSP48901 is a high speed 9-Tap FIR Filter
which utilizes 8-bit wide data and coefficients. It can be
configured as a one dimensional (1-D) 9-Tap filter for a
variety of signal processing applications, or as a two
dimensional (2-D) fiiter for image processing. In the 2-D
configuration, the device is ideally suited for implementing
3 x 3 kernel convolution. The 30MHz clock rate allows a
large number of image sizes to be processed within the
required frame time for real-time video.

Data is provided to the HSP48901 through the use of
programmable data buffers such as the HSP9500 or any
other programmable shift register. Coefficient and pixel
input data are 8-bit signed or unsigned integers, and the 20
bit extended output guarantees no overflow will occur
during the filtering operation.

There are two internal register banks for storing indepen-
dent 3 x 3 filter kernels, thus facilitating the implementation
of adaptive filters and multiple filter operations on the same
data.

The configuration of the HSP48901 Image Filter is con-
trolled through a standard microprocessor interface and all
inputs and outputs are TTL compatible. The HSP48901 is
available in 68 pin PGA and PLCC packages.

Block Diagram

DIN3(0-7)|z "I
DINZ (o-nlz -1|L
DIN1 (o-7)|z ~1}

CINO - 7 =

FRAME 2

CONTROL
LOGIC

3
A - 2t

LD # ——0]

ADDRESS
DECODER

CLK ~—

HOLD =t

INTERNAL

CLOCK CLOCK
GEN

MODE —\_2:1

; DOUT 0 - 19

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2459.3

Copyright © Harris Corporation 1992
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Package Pinouts v
68 LEAD PLCC

TOP VIEW
gcE8EEETEEE g r 8D % ®
$EEEEEE3E83333338
BRBRENNERBENRERRERR
8 8 7 6 5 4 3 2 T 68 668 65 64 63 62

ona | |1 eo| | ooute
oz ) || se| | pourz
DiN2 (5) || s8] ] pours
DIN2 (4) |_] s7[_] oours
DiN2 (3) |_] s8] ] ano
oiNz 2) || ss| | boutwe
oz (1) |_] s4| | ooutit
oiNz (o) |_| sa| ] boutiz
eno [ ] s2| | oouria
oz | | s1|_J oour1s
pins () | | so| | poutis
oina (s) [ | 21 49| | ooutie
ona @ [ | 22 48| ] pour17
oiNa @) [ ] 23 47| ] oourts
oins 2 [ | 24 48| ] outis
oina () [ ] 25 as| ] vece

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

Cil

o N ©.0 T z 2
R EEEEREE R R RN

68 PIN GRID ARRAY
TOP VIEW

n" DOUTS | DOUT7 | DOUTS |DOUT10 IIU“I‘I 12|DOUT14/DOUT16/DOUT18 Vc‘;‘

10 | DOUTS| Vg | DOUTB| GND |{DOUT11/DOUT 15/DOUT17|DOUT18| FRAME Ao
8 | bouTs| pouT4 A2 Al
8 | DOUT1 | DOUT2 LDz | HOLD
7 GND | DOUTO CINO | GND
8 |DIN1 (6)| DINT (7) CIN2 | CINt
5 |DINt (4){DIN1 (5) CINa | CIN3
4 |DINY (2)|DINY (3) CIN6 CINS
3 |DIN? (0)|DINt (1) GND CIN7
2 ch DIN2 (7)| DIN2 (5)| DIN2 (8){ DIN2 (1)| G”D DINS (6) | DIN3 (4){DINS (2)| Vgoo CLK
1 DIVNZ {6} DIN2 (4)| DIN2 (2)} DIN2 (0)| DINS (7) | DINS (5) | DINS (3)| DINS (1)|DINS (0)

A B c D E F G | H J - K L
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HSP48901

Pin Descriptions

NAME

PLCCPIN

TYPE

DESCRIPTION

vCC

9,27,45,61

The +5V power supply pins. 0.1uF capacitors between the VCC and GND pins are
recommended.

GND

18,29, 38, 56

The device ground.

CLK

28

Input and System clock. Operations are synchronous with the rising edge of this
clock signal.

DIN1(7-0)

1-8

Pixel Data Input bus #1. These inputs are used to provide 8-bit pixel data to
the HSP48901. The data must be provided in a synchronous fashion, and is
latched on the rising edge of the CLK signal. The DIN1(0-7) inputs are also used to
input data when operating in the 9 Tap FIR mode.

DIN2(7-0)

10-17

Pixel Data Input bus #2. Same as above. These inputs should be grounded when
operating in the 1D mode.

DIN3(7-0)

19-26

Pixel Data Input bus #3. Same as above. These inputs should be grounded when
operating in the 1D mode.

CIN7-0

30-37

Coefficient Data Input bus. This input bus is used to load the Coefficient Mask
register(s) and the Initialization register. The register to be loaded is defined by
the register address bits AO-2. The CINO-7 data is loaded to the addressed register
through the use of the LD# input.

DOUT19-0

46-55, 57-60,
62-67

Output Data bus. This 20-Bit output port is used to provide the convolution resuit.
The result is the sum of products of the input data samples and their corresponding
coefficients.

FRAME#

44

Frame# is an asynchronous new frame or vertical sync input. A low on this input
resets all internal circuitry except for the Coefficient and INT registers. Thus,
after a Frame# reset has occurred, a new frame of pixels may be convolved without
reloading these registers.

HOLD

40

The Hold Input is used to gate the clock from all of the internal circuitry of the
HSP48901. This signal is synchronous, is sampled on the rising edge of CLK and
takes effect on the following cycle. While this signal is active (high), the clock will
have no effect on the HSP48901 and internal data will remain undisturbed.

2-D FILTERS

A2-0

41-43

Control Register Address. These lines are decoded to determine which register in
the control logic is the destination for the data on the CINO-7 inputs. Register
loading is controlled by the AO-2 and LD # inputs.

LD#

39

Load Strobe. LD# is used for loading the internal registers of the HSP48901. The
rising edge of LD# will latch the CINO-7 data into the register specified by AO-2.
The Address on AO-2 must be set up with respect to the falling edge of LD# and
must be held with respect to the rising edge of LD#.




HSP48901

Functional Description

The HSP48901 can perform convolution of a 3 x 3 filter ker-
nel with 8-bit image data. It accepts the image data in a ras-
ter scan, non-interlaced format, convolves it with the filter
‘kernel and outputs the filtered image. The input and filter
kernel data are both 8-bits, while the output data is 20-bits
to prevent overflow during the convolution operation. Image
data is input via the DIN1, DIN2, and DIN3 busses. This data
would normally be provided by programmable data buffer
such as the HSP9501 as illustrated in the operations
section of this specification. The data is then convolved with
the 3 x 3 array of filter coefficients. The resultant output data
is then stored in the output register. The HSP48901 may
also be used in a one-dimensional mode. In this
configuration, it functions as a 1-D 9-tap FIR filter. Data
would be input via the DIN1(0-7) bus for operation in this
mode.

Initialization of the convolver is done using the CINO-7 bus
to load configuration data and the filter kernel(s). The ad-
dress lines AO-2 are used to address the internal registers
for initialization. The configuration data is loaded using the
AO-2, CINO-7 and LD# controls as address, data and write
enable, respectively. This interface is compatible with
standard microprocessors without the use of any additional
glue logic.

Filtered image data is output from the convolver over the
DOUTO-19 bus. This output bus is 20-bits wide to provide
room for growth during the convolution operation.

8-Bit Multiplier Array

The multiplier array consists of nine 8 x 8 multipliers. Each
multiplier forms the product of a filter coefficient with a cor-
responding pixel in the input image. Input and coefficient
data may be in either two’s complement or unsigned integer
format. The nine coefficients form a 3 x 3 filter kernel which
is multiplied by the input pixel data and summed to form a
sum of products for implementation of the convolution oper-
ation as shown below:

FILTER KERNEL INPUT DATA
A B C P1 P2 P3
D E F P4 P5 P6
G H 1 P7 P8 P9

OUTPUT = (AxP1)+(BxP2)+(CxP3)
+ (D x P4) + (E xP5) + (F x P6)
+ (GxP7)+ (HxP8) + (I x P9)

Control Logic

The control logic (Figure 1) contains the Initialization
Register and the Coefficient Registers. The control logic is
updated by placing data on the CINO-7 bus and using the
AO-2 and LD# control lines to write to the addressed
register (see Address Decoder). All of the control logic
registers are unaffected by FRAME#.

3 ENCRO 7
- ya
Ao -2 7 ADDRESS e
DECODE ¢
D% ——————O CR1Z%£
CRO#
' INITIALIZATION
CING -7 ,| INTIALIZATION REGISTER g
(INT)
cas 2t —1
COEFFICIENT
REGISTER 0
CRO7# Jio EjHoEJGoE|Fo EJEo EJpoE | co E]Bo E] A0 E
| I 1 I 1 1 | I ]
I Hlal|F El o lc|se|a
— . > — —> —> —> —> —>
I ] I I I 1 I I ]
CR1# M1 Efm EJciE|F1 E|E1 E[{p1E] c1 E|B1 E] A1 E]
COEFFICIENT
- REGISTER 1
ENCR1 7z — s a H
ENCRO#Z — G &

FIGURE 1. CONTROL LOGIC BLOCK DIAGRAM
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Initialization Register

The initialization register is used to appropriately configure
the convolver for a particular application. It is loaded
through the use of the CINO-7 bus along with the LD# in-
put. Bit O defines the input data and coefficients format
(unsigned or two’s complement); Bit 1 defines the mode of
operation (1~D or 2- D); and Bits 2 and 3 determine the type
of rounding to occur on the DOUTO-19 bus; The complete
definition of the initialization register bits is given in Table 1.

TABLE 1. INITIALIZATION REGISTER DEFINITION

INITIALIZATION REGISTER
FUNCTION = Input & Coefficient
BITO Data Format
o] Unsigned Integer format
1 Two's complement format
BIT1 FUNCTION = Operating Mode
(o] 1-D 9-tap filter
1 2-D 3 x 3filter
3 BIT 2 FUNCTION = Output Rounding
(o] (o] No Rounding
0 1 Round to 16 bits (i.e. DOUT19-4)
1 [¢] Round to 8 bits (i.e. DOUT19-12)
1 1 Not Valid

Coefficient Registers (CREGO, CREG 1)

The control logic contains two coefficient register banks,
CREGO and CREG1. Each of these register banks is capa-
ble of storing nine 8-bit filter coefficient values (3 x 3
Kernel). The output of the registers are connected to the
coefficient input of the corresponding multiplier in the 3 x 3
multiplier array (designated A through I). The register bank
to be used for the convolution is selectable by writing to the
approprite address (See address decoder). All registers in a
given bank are enabled simultaneously, and one of the
banks is always active.

For most applications, only one of the register banks is nec-
essary. The user can simply load CREGO after power up,
and use it for the entire convolution operation. (CREGO is
the default register). The alternate register bank allows the
user to maintain two sets of filter coefficients and switch be-
tween them in real time. The coefficient masks are loaded
via the CINO-7 bus by using A0-2 and LD#. The selection
of the 