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16 x 16 Parallel Multiplier/Accumulator

Description Connection Diagrams
The ’ACPACT1010 is a high-speed, low-power
16 x 16 bit parallel multiplier with a 35-bit X[t 64 1%
accumulator that is ideally suited for real-time X[ ]2 63 _1%s
digital signal processing applications. Fabricated X 13 621
using 1.3-micron FACT technology, the ol :;gi"f
'ACI'ACT1010 offers a very low power alternative i _ls sal Txn
(10% of the power of bipolar and NMOS %l |7 s8] Xy
counterparts) and exceptional speed (55 ns PaYel 8 7 Jxu
maximum multiply accumulate) performance. Puvi Jo S

Py 10 55[_1TSL
The *ACPACT1010 is a pin and functional v i
replacement for TRW’s TDC1010; the 'ACT1010 Ps¥s| 13 s7f Jacc
operates from a single Vcc supply and is Poel 114 s1 Jewx
compatible with standard TTL logic levels. Pr¥n 15 sof_Ictky

GNDi }16 49| “Ivee

Pa¥y, |17 48[ J1C
The architecture of the '"ACI'ACT1010 features one pove |18 a7 trsx
16-bit input port dedicated to the X input registers PuYid J1e 48[ _JPREL
(controlled by CLKX), one 16-bit I/O port used for PuXul 20 as|_Irsm
loading the Y input registers (controlled by CLKY) :::j{ﬂz :‘;_:::““’
and for preloading and displaying the LSP of the P poves 2o a1
output registers (controlled by CLKP), one 16-bit Pt J2a af jpx
110 port for preloading and displaying the MSP ot Pisi f25 dof P
the P output registers (controlled by CLKP), and Pl J28 1l Pa
one 3-bit 1/0 port for loading and displaying the e o
contents of the XTP (most significant bits) of the P P |29 3| Ipar
output registers (also controlled by CLKP). Puf f20 35| P

Pn” |31 Al Py
When the unregistered preload input (PREL) is Pl 2 3 fea
active, all the output buffers are forced into a high
impedance state. By using the 3-state controls Pin Assignment for DIP
(TSX, TSM and TSL) as register enables, external A . ZZaas
da:a is loaded on the rising edge of each CLKP i3BEBediddascazas

ulse.

p fy U ¢ Xy
Both twos complement and unsigned magnitude o T
arithmetic are supported through the registered TC ol oy
line. The accumulator functions are enabled K o
through the registered ACG line. When the P 3 2%
registered SUB signal is activelinactive, the P ar
accumulator data is subtracted from/added to the a il
multiplier product. The result is loaded into the P B 5
accumulator registers for use in subsequent b g
operations. The multiplier product is automatically o o

sign extended for twos complement arithmetic
with the accumulator. The registered RND signal
controls rounding of the arithmetic result if active,

Pin Assignment for PCC

S
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a ‘1’ is added to the MSB of the LSP of
multiplication result and then fed into the
accumulator circuitry.

The function of the data busses, X, Y and P and

the effect of the format pins, TC, RND, ACC, and
SUB can be described mathematically by:

15 _ 15 .
PINT} = 3o(X « 2} ¢ 35(Yie 2} +

i=0 i=0
34
(~1)5U8 « ACC » S{PI(n-T] * 2} + RND » 2"
i=0

where T is the clock period of CLKP, n represents
the number of the clock cycle, X, Y, RND, ACC and
SUB values are the values found in the registers
tMA ns before clock period n.

* 16 x 16 Parallel Multiplier/Accumulator

¢ High Speed—55 ns Multiply/Accumulate Time

¢ Selectable Accumulation, Subtraction, Rounding
and Preloading with a 35-Bit Result

¢ Pin and Functionally Compatible with the TRW
TDC1010J

¢ High Drive (8 mA) Output Capabllity

¢ Low Power Consumption (less than 250 mW
typical)—Less Than 7% of the Power of
Compatible Bipolar and 14% of the Power of
NMOS Designs ’

« Inputs and Outputs Directly TTL-Compatible

» Single Vcc Supply

e +2000 V ESD Protection

Ordering Code: See Section 6

Pin Names

Xo - X15 Muitiplicand Data Inputs
Yo-Yis Multiplier Data Inputs

CLKX, CLKY Input Clocks

ACC Accumulate Input

SuB Subtract Input

RND Round Input

PREL Preload Input

TC Twos Complement Control Input
TSM, TSX, TSL 3-State Output Controls

CLKP Output Clock

P15 - Po Least Significant Product (LSP)
P31 - P18 Most Significant Product (MSP)
P34 - P32 Extended Product Output (XTP)
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Block Diagram T- qs_o.-'

X TC RND P
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X v
CLKX REG REG REG
CLKY ‘ J[ 1
MULTIPLIER
ARRAY
35 32
acc —
ADDISUBTRACTIPASS
vs — res
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—
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PREL —
TSX —

TSM —] © 3 16 16
SL— 8
2 xtp | msp | Lsp
<] ReG | REG | REG
&
=
o
Q

Functional Description

Signal Descriptions

Inputs:
XIN (X15 - Xo) Muitiplicand Data Inputs
YIN (Y15 - Yo) Multtiplier Data Inputs
Input Clocks:
CLKX, CLKY Input data is loaded on the
rising edge of these clocks.
Outputs:

XTP (Pas - P32}  Extended Product Output
(3-bits)
MSP (P31 - P16) Most Significant Product
LSP (P15 - Po) Least Significant Product
Output Clock:
CLKP Output data is loaded into
the output register on the

rising edge of this clock.
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Controls

ACC (Accumulate) T-45-07

When ACC is HIGH, the contents of the output
registers (XTP, MSP and LSP) are added to or
subtracted from the multiplier output. When ACC
is LOW, the device acts as a simple multiplier with
no accumulation being performed and the next
product generated will be stored directly into the
output registers. The ACC signal is loaded on the
rising edge of the CLKX or CLKY and must be valid
for the duration of the data input.

SUB (Subtract)

When the ACC and SUB signals are both HIGH, the
contents of the output registers are subtracted
from the next product generated and the difference
is stored back into the output registers at the
rising edge of the next CLKP. When ACC is HIGH
and SUB is LOW, an addition instead of a
subtraction Is performed. Like the ACC signal, the
SUB signal is loaded Into the SUB register at the
rising edge of either CLKX or CLKY and must be
valid over the same period as the input data is
valid. When the ACC is LOW, SUB acts as a “don’t
care” input.

RND (Round)

A HIGH level at this input adds a ‘1’ to the most
significant bit of the LSP to round up the XTP and
MSP data. RND, like ACC and SUB, is loaded on
the rising edge of either CLKX or CLKY and must
be valid for the duration of the input data.

PREL (Preload)

When the PREL input is HIGH, the output is driven
to a HIGH impedance state. When the TSX, TSL
and TSM inputs are also high, the contents of the
output register can be preset to the preload data
applied to the output pins at the rising of CLKP.
The PREL, TSM, TSL and TSX inputs must all be
valid over the same period that the preload input is
valid.

YIN/LSP Output
Shares functions between 16-bit data input (YIN)
and the least significant product output (LSP).

TSX, TSL, TSM (3-State Output Controls)

The XTP, MSP and LSP registers are controlled by
direct non-registered control signals. These output
drivers are at high impedance (disabled) when
control signals TSX, TSM and TSL are HIGH and
are enabled when TSX, TSM and TSL are LOW.
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Notes on Twos Complement Formats

1. In twos complement notation, the location of the
binary point that signifies the separation of the
fractional and integer fields is just after the sign,
between the sign bit (—29) and the next significant
bit for the multiplier inputs. This same format is
carried over to the output format, except that the
extended significance of the integer field is
provided to extend the utility of the accumulator.
In the case of the output notation, the output
binary point is located between the —2¢ and 21 bit
positions. The location of the binary point is
arbitrary, as long as there is consistency with both
the input and output formats. The number field can
be considered entirely integer with the binary point’
just to the right of the least significant bit for the
input, product and the accumulated sum.

2. When in the non-accumulating mode, the first
four bits (P34 to P31) will all indicate the sign of the
product. Additionally, the P3o term will also
indicate the sign except for one exceptional case
when multiplying (- 1) x (—1). With the additional
bits that are available in this multiplier, the (- 1) X
(—1) is a valid operation that yields a (+ 1) product.

3. In operations that require the accumulation of
single products or sum of products, there is no
change In format. To allow for a valid summation
beyond the available for a single multiplication
product, three additional significant bits (guard
bits) are provided. This is the same as if the
product was accumuliated off-chip in a separate
35-bit wide adder. Taking the sign at the most
significant bit position will guarantee that the
largest number field will be used. When the
accumulated sum only occuples the right hand
portion of the accumulator, the sign will be
extended into the lesser significant bit positions.
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Preload Truth Table T-45%-0N

PREL | TSX TSM TSL XTP MsP LSP
0 0 0 0 Q Q Q
0 0 0 1 Q Q High Z
] 0 1 0 Q High Z Q
0 0 1 1 Q High Z High Z
0 1 0 0 High Z Q Q
0 1 0 1 High Z Q High Z
0 1 1 0 High Z High Z Q
0 1 1 1 High 2 High Z High Z
1 0 0 0 High Z High Z High Z
1 0 0 1 High 2 High Z PL
1 0 1 0 High Z PL High Z
1 0 1 1 High Z PL PL
1 1 0 0 PL High 2 High 2
1 1 0 1 PL High Z PL
1 1 1 0 PL PL High Z
1 1 1 1 PL PL PL

Notes:
High Z= Output buffers at high impedance (output disabled).
= Output buffers at low Impedance. Contents of output register will be

transferred to output pins.
PL= Output buffers at high impedance, or output disabled. Preload data

supplied externally at output pins will be loaded into the output register
at the rising edge of CLKP.

Figure 1: Fractional Twos Complement Notation

BINARY POINT
p

Kyt eafX1ajXa2{ Xs1]X10| Xo | Xa] X7 | Xs | Xs| Xa| Xa| X2| X1 ] Xo| SIGNAL
20 21i22l 0310425 f26 27281 29]2101211]2-12]2-13(2-1412-15} DIGIT VALUE

iv.s YoalVea|Yaat Yoo Yoo Yo ] Yo [ Y7 i Vel Ys|Ya|Ya| Y2] Y1) Yo| SIGNAL
X E.zo 2tj22[23[24}25[26]27)28}29}2102112-1212-1312-14[215| DIGIT VALUE

H 1]
Epuipnf"n Pai}P3o st%"ze P27{P2s:P25; P24 P23| P22| P21 P20[ P15| P18} P17|P1siPisfP1a[P13i P12 P11|Pra| Pa| Ps|P7 | Pel Ps| Pa| Pa| P2| Pif Pol SIGNAL

Tiaitaalozignigotaniazigaiaalasiasiar]28] 29l20[211|2 122 13(2 14101502 16]217| 218|219 20| 2 21]222) 223 |2 24]2 25 226 227} 2 28 229|200 DIGIT VALUE
t H i r § H

X1 MSP LsP
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Figure 2: Fractional Unsigned Magnitude Notation T-48-01

BINARY POINT
p

¥us|Xea|X1a|Xs2| Xea| Xso] Xa [ Xs | X7 | X6 | X5 [ Xa | X3 | X2 [ X1 | X0} sIGNAL
.- 2122|2324 25| 28] 27| 28] 28[210]2:11| 212|2-13}2-14]215|26| piGiT vaLUE

¥1s|Y1a| Yaal Y12 Yae| Y10l Yo | Y& | Y7} Yo |Ys | Ya| Y3 | Y2 | Vs|Ya | SIGNAL
21f22]23 | 2425|2627 | 2829|2100 2-11[2:12)2-13]2- 2-16] DIGIT VALUE

N
(¥
n

Paa] Paa|Psz| Pa1] Pao| Pas| Pas|Par | Pas| Pas P 2a[ P2l Paz|Pas [P0} P1s|P1a [P17{P1s P1s | Pra[P13[P12[ Pur]P1o| Po | Pa Py] Pg| Ps| Pa] P3| P2| Py | Po| SIGNAL
221 20 21|22 23 24 2~5 261271 28 249|210 2"‘ 2-12|2-13| 2- 14{2-15 2-16|21712 18]2-18]2-20 2-2‘ 242 2:23192-24] 215 2-26, 2-27 22‘ 229 2-30] 2'3‘ 232 DIGIT VALUE
XTP MSP Lsp

Figure 3: Integer Twos Complement Notation

BINARY POINT
p

X1s|X1afX13|X12| X11{X 10| Xa | Xa 1 X7 | X6 | Xs | Xa | X3 | X2 | Xy [Xo | SIGNAL
.215) 218 213[ 212] 211|210 29 |28 | 27 [ 26 [ 25 | 24 |23 22 [ 2t | 20 DIGIT VALUE

Yys|Yia|Vea| Y12l Y11 [ Y1o| Yo | Yo | Y7|Ye | Ys|Ya | Yaf Y2| ¥i| Yo[ SIGNAL
.215f 218 | 21a{gv2| 211[20f 29 | 28 | 27 j a6 [ 25| 24 23} 22 21120 | DIGIT VALUE

c T T T T T
_iPa P33:P32,P31:Pao; Pagi Pasi Par| Pas:PasiPa Paa| P22l P21|P2o| Pia|PraiPrslPrs|Pis|P1a]P1a[P12|P11[Pio| Pa [ Pa | P7 [ Ps | Ps| Pa| Py) P2y Py Po SIGNAL
lz:ahnizu;zni210:229 22!!227 226) 925] 224! 223] 222]2 21] 220 219|218} 237|218 215) 214 [ 213} 2| 211 [ 2t0f 29 | e | 27 [ 26 2524 | 23722 | 2 201 DIGIT VALUE
1 M 3 i 1
;

XTP MSP Lsep

Figure 4: Integer Unsigned Magnitude Notation

BINARY POINT
p

K

Xys| X1al Xaa] X1z X11| X1of X | Xa | X Xsixs Xa|Xy|Xz|X1|Xo| SIGNAL
- 21512141213 212| 2111210 29 | 28 | 27 26|25 24 |23 |22 21|20 | DIGIT VALUE

Yis}Yra|Yas|Yi2]{ Yur|Yio| Yo [ Ya | Y7 | Ve |Ys|Ya|Ya|Ya]|V(|Yo ] SIGNAL

2151 214] 213 912{211[ 2101 29 {28 | 27 {26 { 25 | 24| 23 | 22| 21 | 2¢ | DIGIT VALUE

5t PSR I, 51 T T i} i
_ P34:P13:P32: P31 P30-Pag. Pas ' Par i Pasi Pas Pza;"z:!"u;"zt P20} P13!P18{P17[P1s|P1s[P1a|P13;P12;P11{Pro[ Po Pg| P7|Ps| Ps| Paj P3| P2| P1] Po| SIGNAL
3 212.211 10§29 198 |27 | 26[ 25124 123 | 22|21 [ 20 | DIGIT VALUE

233 233 202 231 2I01229: 28, 2271228 225 214?;23%214 22110201219, 218 2171 216| 215[ 214f 2

XTP MSP LSP
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Recommended Operating Conditions T=-45-0O1
Symbol Parameter Conditions Limits Units
veo Supply Voltage ” 2010 6.0 v
(unless otherwise specified)
Vi Input Voltage 0 to Vcc \
Vo Output Voltage 0 to Vcc \
. 74AC/IACT —-40to +85 °C
Ta Operating Temperature 54AC/ACT —55t0 +125 oG
VIN 0.8 to 2.0 v
Maximum Slew Rate Vmeas 0.8 to 2.0 v
Sr (except for Schmitt inputs) Vcc@4.5v 10.0 ns
- Vcc@5.5V 8.0 ns
Absolute Maximum Ratings*
Symbol | Parameter Conditions Limits Units
Vce Supply Voltage -05t07.0 v
K DC Input Diode Current -20 mA
Vi=0.5
or Vi=Vcc+0.5 20 mA
Vi DC Input Voltage : -0.5 to Vcc +0.5 v
lok DC Output Diode Current Vo= —05 -20 mA
or Vo=Vcc+0.5 20 mA
Vo DC Output Voltage ' —0.5 to Vec+ 0.5 \)
DC Output Source or
lo Sink Current, Per Output Pin +15 mA
lec or lenp | DC Vee or Ground Current +20 mA
Tsta Storage Temperature - 65 to 150 °C

* Absolute maximum ratings are those values beyond which damage to the device may occur. Functional operation under

these conditions is not implied.

AC Test Conditions

Input Pulse Levels
Input Rise and Fall Times

Output Reference Levels
Output Load

Input Timing Reference Levels

GND to 3.0V

3 ns

15V

15V

See Figures 5 and 6

Capacitance (TA= +25°C, f=1.0 MH2)

Symbol Max Unit Conditions
Cin Input Capacitance 7.0 pF VIN=0V
Cout Output Capacitance 5.0 pF Vout=0V
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DC Characteristics over Operating Temperature Range (unless otherwise specified)

Id

74;;’%“ 54AC/ACT |T4ACIACT T-Us-01
Symbol Parameter Units | Conditions
Typ Guaranteed Limit
. Vce = Max
N Maximum Input Current 0.1 10.0 1.0 uA Vin = Vce
loz Maximum 3-State Current 05 | 100 50 | uA ;’(‘)%'; 2, Voo Max
fcca Supply Current, Quiescent 10 | 20 10.0 10.0 mA ‘\I{gi:Thg:Ax"lYS")‘(:%\é v
Vco=Max, f=12.4 MHz
lceo Supely Current, 12.4 MHz | 594 325 326 | mA | TSL, TSM, TSX=50V
oade Test Load: See Note 1
Vece = Max, f=20 MHz
) fg:ggj Current, 20 MHz 325 350 350 mA | TSL, TSM, TSX=5.0 V
Test Load: See Note 1
ViN=ViL or VIH
449 44 | 44 4.4 V' | tour=20 pA, Vec=45 Vv
VIN=VIL or ViH
VoH Minimum High Level Output| 549 | 84 | 54 5.4 V' | lour=20 pA, Vec=55V
3.86 3.70 3.76 \ loH=-8mA,Vcc=45V
4.86 4.70 4.76 loH= -8 mA,Vcc=55V
VIN = ViL or VIH,
0.001 | 0.1 0.1 0.1 \' lour=20 A, Vec =45 V
VIN = VIL or VIH,
VoL Maximum High Level Output 0.001} 041 01 01 v lout=20 pA, Vcc=5.5V
0.32 0.4 0.37 \" loL=8 mA, Vcc=45 V
0.32 0.4 0.37 \ loL=8 mA, Vcc=55 V
Minimum Dynamic Output Vee=55V
lowp Current 82 82 mA Vop=22V
Minimum Dynamic Output _ _ Vec=55V
foHp Current 32 32 mA VoHp=33 V

Note 1: Test Load 50 pf, 500 ohm to Ground
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AC Characteristics T L(S _ 0.\'
54AC 74AC
Ta=-55° to +125°C Ta= -40°C to +85°C

Symbo )/\Parameler Vee* Units | Fig.
/™ ) 1010-60 1010-70 1010-55 1010-65 No
/ Q)/ \ :

/ (\ ) Min | Max | Min | Max | Min| Max| Min| Max

tvA ’ Multrpwkoc !’atfe ~3

\-ﬂ
~\=

3
ns 5
Qb 5-?(7 /ﬁ/
to Output Delay ZZ\ /7 ns 5
Y S8 4// N /h/k

3-State Output’ 33 /

tENA Enable Delay 5.0 { [/;// //A\ /3 ns 6
3-Stage Output® 3.3 ~/ /Z/ \/

'S | Disable Delay 5.0 ¢ /]} M~ ™|

i N ~ 7
o || U A e e
p . / J 2/

Timé~/

Input Register 3.3
th Hold Time 5.0 s |7

Clock Pulse 3.3 n
tw Width 5.0 ns 9

Note 1: Transition Is measured to +£500 mV from steady state voltage with loading specified In Figure 6.

*Voltage Range 3.3is 3.3V = 03V
Voltage Range 5.0is 50V = 05V

Military parameters given herein are for general references only. For current military specifications and subgroup testing
information please request Fairchild's Table | data sheet from your Fairchild sales engineer or account representative.
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AC Characteristics T4 5_ o1
54ACT 74ACT
Ta= —55°C to +125°C Ta= —40°C to +85°C
Symbol Parameter Vee* Units | Fig.
V) 1010-60 1010-70 1010-65 1010-65 No.
Min | Max | Min | Max | Min| Max| Min| Max
Multiply-Accumulate
tMA Time ’ 5.0 55.0 65.0( ns 5
to Output Delay 5.0 19.5 19.5] ns 5
3-State Output!
tena Enable Delay 5.0 14.0 14.0| ns 6
3-Stage Output!
tois Disable Delay 5.0 14.0 140| ns 6
Input Register
ts Setup Time 5.0 5.0 5.0 ns 7,9
Input Register
th Hold Time 5.0 10 1.0 ns 7,9
Clock Pulse
tw Width 5.0 3.5 35 ns 9

Note 1: Transition Is measured to +500 mV from steady state voltage with loading specified in Figure 6.
*Voitage Range 50 is 50V = 05V

Military parameters given herein are for general references only. For current military specifications and subgroup testing
information please request Fairchild’s Table | data sheet from your Fairchild sales engineer or account representative.

Figure 5: AC Output Test Load .

50pF
5000

Figure 6: Output 3-State Delay Load

5009 — OPEN

= _L :\——‘ 2 X Vcc

500Q
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Figure 7: Setup and Hold Time Figure 8: State Control Timing
T=458.00
aTa SRXRG™— \RRXRD ‘,“{.,v THREE r
INPUT XX XXX \ XXXX conTROL = [+—tois
ts H —»| tena [+
3 15v ourpug
CLOCK THRE|
INPUT / oV STATE /! HIGH IMPEDANCE 1\ _

Figure 9: Timing Diagram

INPUT CONTROL A
—->|<——|H

INPUT
CLOCK

OUTPUT
CLOCK

PRELOAD

— «— tena

THREE-STATE
CONTROL

ouTPUT

DATA OUT
HIGH IMPEDANCE

]
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