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16 X 16 Parallel Multiplier

Description

The 'AC/ACT1016 is a high-speed, low power

16 x 16-bit parallel muitiplier that is ideally suited
for real-time digital signal processing applications.
Fabricated using advanced FACT technology, the
1016 offers a very low power alternative and
exceptional performance.

The 'ACG/ACT1016 is a pin and functional
replacement for TRW’'s MPY016H; the 'AC/ACT1016
operates from a single Vcc supply and is
compatible with standard TTL logic levels.

The architecture of the 'ACT1016 features one
16-bit port dedicated to the X input registers
(controlled by CLKX), one 16-bit I/O port used for
loading the Y input registers (controlled by CLKY)
and for displaying the Least Significant Product
(LSP), and one 16-bit output port multiplexed
between displaying the Least Significant Product
(LSP) and the Most Significant Product (MSP). The
11O port direction is controlled by OEL and the
output port 3-state control is controlled by OEP.
The result is registered if FT is LOW (controlled by
CLKL for the LSP and CLKM for the MSP) and
unregistered if FT is held HIGH.

Twos complement, unsigned magnitude and mixed
mode multiplications are possible through the twos
complement X and Y mode controls, XM and Ywm,
respectively. These mode controls are registered,
controlled by the input clocks CLKX and CLKY.

Result rounding is controlled by the registered
RND signal (controlled by both CLKX and CLKY).
Selection of one of the two rounding modes is
determined by the FA signal.

¢ 16 x 16 Parallel Multiplier

¢ Selectable Rounding Modes

¢ Twos Complement, Unsigned Magnitude and
Mixed Mode Multiplication

* Pin and Functionally Compatible with TRW
MPYO016H

¢ Provides Low Voltage, High-Speed Operation

¢ Single Vcc Supply

® 2000 V ESD Protection

o Source/Sink 8 mA
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Connection Diagrams
XAII N Ex.r.
X:[z EXQ
x2[3] 62] X
x1[4] 8%
Xo[z EX»
OeL[e] 53] X10
cLKL[7 ] 58] x11
cLky[a] 57} X12
Po, Yolz EXH
P4, Y1[10] 55] X14
P2, YzE EX]S
P, va[i2] 53] cLkx
Pa, Y4l 13 S2| RND
Ps, Ys[14] 1] Xm
Ps, Ye[15 [50] ym
p7, Y218 48] + Vee
Pa, Ya[17 48] + Vee
Po, Yo [12] 47]GND
P10, Y10 [19] (28] GND
P11, Y11 E E}F«‘ﬁf
P12, YizE E FT
P13, Yulz E FA
P1s, Y1a[23] [42] GEP
P15, Yis[24 [41] cLKM
Po, Pu@ E P31, P15
Pt, Pwli EPM, P14
P2, P1s[27 361 P2s, P13
P3, Pn@ Em, P12
P4, P2o[20| [3¢] P27, P11
ps, P21{30] 35) P2s, Pto
Pe, P22{31 E P25, P
Pr, P23 |32 E P24, Pe
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¢ 3-State Outputs
¢ 'ACT1016 has TTL-Compatible Inputs R HH

Pin Assignment
for PCC
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Ordering Code: See Section 6 Logic Diagram -
’ ge T T-U3-07
XM Xo-X15 RAND Y™ YoY1s
Pin Names o ! k.
X15 - Xo Multiplicand Data inputs <
Y15 - Yo Multiptier Data Inputs Yy
CLKX, CLKY Input Clocks [REGISTERI Lnselsrsn] Insslsrsn_] }
CLKM Input Clock, MSP cLky T 16
CLKL Input Clock, LSP B _
XM, YM Mode Control Inputs CLkx LD Tre ZX’EL
FA Format Adjust Control e
FT Format Transparent Control _L
OEL 3-State Enable, LSP Routing \ \
OEP 3-State Enable, Product Output
Port MULTIPLIER ARRAY
RND Round Control, MSP
MSPSEL MSP Select T
P31 - P18 MSP Outputs
P15 - Po LSP Outputs = FORMAT ADJusT
MSP LSP FT
REGISTER]REGISTER
Logic Symbol CLKM B!

CLKL
v ||| o B
MULTIPLEXER

X15-Xo Y1s-Yo CLKX CLKY CLKM CLKL
— XM OEL p——
—YM OEP b——
FA RND PRODUCT
—|Fr MSPSEL |
P31-P16 P1s-Po
"il/ 16»{’ Please note that this diagram is provided only for the

understanding of logic operations and should not be used
to estimate propagation delays.
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Signail vescripuons

Inputs
XN (X15 - Xo)
Sixteen multiplicand data inputs.

Yin (Y15 - Y0)
Sixteen muitiplier data inputs. This is also an
output port for P15 - Po.

Input Clocks

CLKX

The rising edge of this clock loads the X15 - Xo
data input register along with the X mode and
round registers.

CLKY

The rising edge of this clock loads the Y15 - Yo
data input register along with the Y mode and
round registers.

CLKM
The rising edge of this clock loads the Most
Significant Product (MSP) register.

CLKL
The rising edge of this clock loads the Least
Significant Product (LSP) register.

Controls

XM, YM

Mode control inputs for each data word. A LOW
input designates an unsigned data input, and a
HIGH input designates twos complement.

FA

When the Format Adjust (FA) Control is HIGH, a
full 32-bit product is selected. When this control is
LOW, a left-shifted 31-bit product is selected with
the sign bit replicated in the Least Significant
Product (LSP). This control is normally HIGH
except for certain fractional twos compiement
applications (see multiplier input/foutput formats).

FT
When the Format Transparent (FT) Control is HIGH,
both the MSP and LSP registers are transparent.
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OFL

The OEL input is the 3-state enable for routing LSP
through Yin/LSPout port.

OEP
The OEP is the 3-state enable for the product
output port.

RND

The Round control is used for the rounding of the
MSP. When this control is HIGH, A ‘1’ is added to
the Most Significant Bit (MSB) of the LSP. Note
that this bit depends on the state of the format
adjust (FA) control.

If FA is LOW when RND is HIGH, a ‘1’ will be
added to the 2-16 bit (P14). If FA is HIGH when RND
is HIGH, a ‘1’ will be added to the 2-15 bit (P1s). In
either case, the LSP output will reflect this
addition when RND is HIGH.

Note also that rounding always occurs in the
positive direction which may introduce a
systematic bias. The RND input is registered and
clocked In at the rising edge of the logical OR of
both CLKX and CLKY.

MSPSEL

When MSPSEL is LOW, the Most Significant
Product (MSP) is selected. When HIGH, the Least
Significant Product (LSP) is available at the product
output port.

Outputs
MSP (P31 - Po)
The MSP is the Most Significant Product output.

LSP (P15 - Po)
The LSP is the Least Significant Product output.

Y15-0/LSPouT (Y15 - Yo or P15 - Po)

This is the Least Significant Product (LSP) output
available when OEL is LOW. It is also an output
port for Y1s - Yo.
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Figure 1: Fractional Twos Complement Notation

T-45-07

BINARY POINT

Xas| Xta] Xaa| Xo2| X11f X1o] Xo| Xaj X7| Xa| Xs| Xa| Xs| X2| X1| Xo| SIGNAL
-20) 2] 2-2] 2-3| 2-4| 2-5| 28] 27] 2-%| 2-%(2-19| 2-12-132-13| 2-142-1%] DIGIT VALUE

Yas| Y1ai Ya3| Yz Y1af Yio| Ya| Ye| Y7| Ye| Ys| Ya| Ys| Yz| Y1| Yo| SIGNAL
=201 2] 2-2] 2-3( 2-4| 2-5| 2-8] 2-7] 2-8] 2-9(2-19}2-11{2-12|2-13| 2-142-15 DIGIT VALUE

P31| Po| Pzs] Pas| Par| Pas| Pas| Pzs| P2a| Paa| P21} P20 Pue) P1s| P1z| Pis| Pis| P1a]| Pral Prz| P11| P1o| Paf Pa| P7| Pe| Ps| Pa} Ps| P2| P1{ Po]| SIGNAL

MSP Lsp
P31} P3o| P2s| Pza| Par| Pas| Pas| Pas| Pzs| P22| P21| P2o| P1a} Pua| P1z| Pre| Pis| Pra] Pia| P12| Pai] Po] Pe| Pa| Pr| Pa| Ps| Pa| Ps| P2| P1| Po| SIGNAL

" {-otf 20] 21 22 2-3] 2-4[ 25} 2-4] 2-7[ 2-8] 2-9[2- 1ol 211122 2-1e[ - e[ 2- 15} - ] 2| 2] 3-tl 2 -20[ 2 29[ 5 -2l -2 p-5[ 2- e[ o -2 218} 2-od DT VALUE
MSP LSP

Figure 2: Fractional Unsigned Magnitude Notation

BINARY POINT

Kos [ Xea Jxea]re[xue [t [ o o T e [ oo [ s [ e T xa e [ e [ o | s
21| z2|23] 2625 |20 |27 [ 20|20 |2-‘°|2-"|z-"[2-'= z-“k-“lg-" DIGIT VALUE

-

Yas| Y| ¥i3|Ya2]{Yri{Yio| Yo | Y
2-112-212-3(2-412-3(2% {2-7 |2

Yr[Ys]¥s[va]va]va | vs ] ¥e ]| s1GNAL
29 lz-ﬂlr"]2-'=|2-"|2-“|z-'=[2-" DIGIT VALUE

&

»

Pat|Pao [P2s | Pas { P21 | Pas | P2s | P2 Pn|Pzz|Pn[PmlPulPu P PuIPﬁIPu]PuIPu P PmlPlIPalﬁch|Ps|P4IPsIP2|P|IPn SIGNAL
2|22z |2s o |27 | 2920 forvofornla-rala-ufo-vfo-ssla-wla-ip-ulp-wla | gradfp g selg-ula-asfarsp-arla-ufa mfarsfa-orla-w| miair vaLue
MSP LSP MANDATORY

3

N

Figure 3: Fractional Mixed-Mode Notation

BINARY POINT

Xas | Xra | Xaa ] X1z [ X110 [X1o | Xo | X | X
~212-112-2| 23124 {2-% | 28] 2T |2

&

XoleanlX:[leXuIXa SIGNAL

e ] DS e

Yis|Y14|Yia|Ys2| Vet {Yio| Yo [ Yo | Y7 IYI Ys IY4 IYJ IY: [Yq IYo SIggIAGLNED MAGNITUD
e E P E e B e o ol o o o e e o e e Blcir vatoe ®

8

P31}P0|P2e|P2s | P2z |Pas | Pas| P2a | P: PuLleleuIPn Puan|PulPulPuF’u|;u|Pu Pwl Py |P| IE l Ps l Ps ’ P ] Ps [Pz IPI Po | SIGNAL
_o| 1] 22|23 |24 |25 [24 |27 [2-8 |2 lg-to(g-uI}-u‘2-1:|2-uIz-ulg-ulz-wlz-ulg-ulzm 2-nlz-zz|2-nIz-ulz-alg-nlz-nlz-ulg-nlz-ao 2-91] DIGIT VALUE
MSP | LsP MANDATORY

*In this format an overflow occurs in the attempted multiplication of the twos complement number 1000...0 with 1000.00
yielding an erroneous product of -1 in the fraction case and -2% in the integer case.
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Figure 4: Integer Twos Complement Notation

U0k274a 1
T-U5-07

BINARY POINT

X1s{X1a | Xea | Xoz[Xo1 [ Xs0] Xo | Xo | X7 [ Xa | Xs | Xa ] X3 | X2 [ Xo | Xo | SIGNAL
15| 21a 213 | r2ia1 |ot0| 20 {28 |27 | 20 [ 25 {24 {29 |22 | 2' | 2° | DIGIT VALUE
X Yas|Yia|Yia|Yi2|¥e1|Ys0| Yo | Yo | Y7 [ Ya | Vs |Ya]|Vs|¥2|Y1]|VYo|SIGNAL
lo1s| 214 (213 212|211 f2t0 20 (28 | 27 | 2¢ 125 |24 [ 29| 22| 2' | 2° | DIGIT VALUE
. P11 | P10 |Pze | P2s| P27 | Pas | P2s | P2a | P2s| P22 | P2t | P2o | Pis | Prs | Piz [ Pre | Pas| P1a| P1a|Paz [Ps1 |Pro| Pe | Ps | Pz [ Pa | Ps | Pa j P3| P2{ Ps | Po | SIGNAL
= 2|2 [on |22 | 208 | 225 |24 | 220 | 22| 221 [ 220 | 28 | 2 27 [2te [21s Low| 2s oo | vz gt 20020 J o8 | 27 [ 28 [ 28 [ 20 [ 2| 22 | 2t [ 0 | Do vALUE
Msp LSP
Pa1 | P30 | Pae | Pza | P21 [P2e | Pas| Pae | P2a | P22 | P21 |[Pao [ P1s | Prs | Paz [ Prs | Pis [ Poa| Pis [ P2 |P1s |Pro[ Po | Pa | Pr | Pa | Ps | P4 | Pa | P2} P1|Po| SIGNAL
= [gvi| w22 |20 | 27 |2 |ams | 02 223 |72 |2t | 20 | 2 [ 219 [ 2v7 |26 [ 218 [ 21 [ 21 [ ve ] 2vr 2o [ 2 [ 28 [ 27 [ 2o [ 2 [ 2¢ [ 22 [ 22 { 2 | 20 | ;oG vaLug
MSP LSP
Figure 5: Integer Unsigned Magnitude Notation
BINARY POINT
3
Xis| X14§ X13 | Xa2 [ X11 [X1o| Xo | Xo | X7 | Xo | Xs | Xa | Xa | X2 [ X1 | Xo | SIGNAL
215|214 |23 | 2|2 pao e 29 |27 128 | 2% | 24 |28 [ 22| 2' | 2° | DIGIT VALUE
x Y5 |Yie|Yeaf¥a2|Yor]Yro] Yo | Yo | Y7 [Ye | Ys|Ya|Y¥a]Y2|Ys|Yo|SIGNAL
215fg1e a3tz im0 [ 28 (27 |28 |25 |24 )23 |22 (2' | 20| DIGIT VALUE
Pat| P30 |Pas [P2a | Par | Pos | Pas | P2e | Pas | P22 | P21 [P2o| Pis | Pra] Par | Pra | Pis|Pua | Pra| P12 | Pei [Poo| Pa | Ps | P2 | Ps | Ps | Pa| P3| P2 | Py Poi SIGNAL
= (5t |20 | gm0 |20 |27 |27 |2 | 224 | 2 |22 | 20| 2 | 2 | 218 |27 [ 29 [ 218 |24 [ 203 [ 22 ot oo [ 2 [z [ 27 | 2e [ 28 [ 24 f 22 [ 22 | 20 | 22 | muaiy vALUE
MSP LSP MANDATORY
Figure 6: Integer Mixed Mode Notation
BINARY POINT
X1s| X4 | Xe3 [ Xs2{Xo1 {X10] Xo | X | Xr [ Xo | X5 | Xa | Xa | X2 | X1 | Xo | SIGNAL
(TWOS COMPLEMENT)
Lowjguaignpnzign|gto|os (oo )27 |08 f25]24]21]122]2" (20| DIGIT VALUE
Yis|Y1e|Yea[Ye2|Ysr |Y1o] Yo | Yo | Y7 | Ya | Ys | Ya|Ys[Y2|Y1]Yo|SIGNAL
X UNSIGNED MAGNITUDE)
215U {13 |o12f211 10|20 {28 {27 |28 |28 | 24 [ 29| 22 | 2! | 2° | DIGIT VALUE
Pt | P2 P2 | P2 [Par | P2e [P2s | P2c| P2 [ P2z [ P21 [ P20 | Pus | Pra| Piz | Pis | P1s|Pra|P1a| P12 | P11 |P1o| Pa [ Pa | P2 [ Pa | Ps i Pa [Ps P2 | P1|Po| SIGNAL
= 2ot a | om|2m| 27 |2 |25 | 2% | 22 |22 [ 221 2 | 20 [ 218 | 217 | 2 | 298 [ 219 [2na |22 2nt 2o [ o [2v [ 27 [ 2 |2 24 [0 [ 22 | 21 | 22 | miGiT vaALUE
MSP LSP MANDATORY

*In this format an overflow occurs in the attempted multiplication of the twos complement number 1000...0 with 1000.00
ylelding an erroneous product of -1 In the fraction case and -2% in the integer case.

e
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Recommended Operating Conditions T- ys-o Y
Symbol Parameter Conditions Limits Units
Supply Voltage
Vee (unless otherwise specified) 20t0 6.0 v
Vi Input Voltage 0 to Vce \
Vo Output Voltage 0 to Vcc \
. 74ACIACT —40to +85 | °C
TA Operating Temperature B4AC/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
Vecc@5.5v 8.0 ns
Absolute Maximum Ratings*
Symbol Parameter Conditions Limits Units
Vce Supply Voltage -05t07.0 v
hK DC input Diode Current -20 mA
Vi=0.5
or Vi=Vcec+0.5 20 mA
Vi DC Input Voltage ’ —0.5to Vcc+0.5 \
lok DC Output Diode Current Vo= -05 -20 mA
or Vo=Vce +0.5 20 mA
Vo DC Output Voltage ) ’ ~051toVcc+05 V
DC Output Source or
lo Sink Current, Per Output Pin +15 mA
lcc or leno | DC Vec 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 oceur. Functional operation under

these conditions is not implied.

AC Test Conditions

Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 3ns
Input Timing Reference Levels 15V
Output Reference Levels 18V
Output Load See Figures 7 and 8

Capacitance

Symbol Parameter Max Unit Conditions
Cin Input Capacitance 7.0 pF ViIN=0V
Cout Output Capacitance 5.0 pF Vour=0V

5-407
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DC Characteristics over Operating Temperature Range (unless otherwise specified)

T-45-01
Symbol Parameter TAACIACT |54ACMCT |74AC’ACT Units | Conditions
Typ Guaranteed Limit
. - Vee = Max
N Maximum Input Current +=0.1 +10.0 +1.0 pA VIN = Ve, 0
. High Z, Vcc = Max
loz Maximum 3-State Current 0.5 10.0 5.0 pA VouT =0, Vcc
lcca Supply Current, Quiescent 0.50 20 10.0 10.0 mA | Vcc=Max, ViN=0V
Supply Current, 12.4 MHz Vce =Max, f=12.4 MHz
lcco Loaded 300 325 325 mA Test Load: See Note 1
Supply Current, 20 MHz Vce = Max, =20 MHz
leco Loaded 325 350 350 mA Test Load: See Note 1
VIN=ViL or VIH
4.49 44 4.4 4.4 v lout =-50 4A, Ve =4.5V
VIN=ViL or VIH
VoH* Minimum HIGH Level 549 54 5.4 54 v lout =-50 pA, Vcc=55V
Output 386 | 3.70 3.76 V | loH=-8mA,Voc=45V
4.86 4.70 4.76 v loH= -8 mA, Vcc=55V
ViN=ViL or VIH,
0.001 | 0.1 0.1 0.1 Vv louT =50 A, Vcc=4.5 V
VIN=VIL or ViH,
VoL* Maximum HIGH Level 0.001 0.1 0.1 0.1 v lour=50 pA, Vcc=55V
Output 045 | 050 0.50 V | lo.=8 mA, Vcc=45 V
0.45 0.50 0.50 v loL=8 mA, Vcc=55 V
Minimum Dynamic Output Vec=5.5V, VoLb=
oo Current 32 32 mA 2.2 V. See Note 2.
[oHD Minimum Dynamic OQutput _32 32 mA Vee=5.5V, VoHp =

Current

3.3 V. See Note 2.

Note 1; Test Load 50 pF, 500 ohm to Ground
Note 2: Only one output loaded at a time, maximum duration of test 2 ms.

*All outputs loaded.
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AC Characteristics T=4&8-07
54AC 74AC
Ta= —-55°C to +125°C Ta= —40°C to +85°C
Symbol Parameter Vee* Units | Fig.
) 1016-80 1016-65 1016-65 1016-55 No.

/A Min | Max | Min | Max | Min | Max | Min | Max

tMuc gﬁ%@% gg ns 11
Clocked Muyftily’ 3

tMe Time @"/2—//% ns |11,12

MSPSEL to >
tPDSEL Product Out <§) / 7 R ns "
troP Output Clock to P \/géé /7/ ns 11
LN A4
troy Output Clock to Y gg Q/// / / /> /> ns 11

. 33 / '
tena | 3-State Enable Time2 <\//// ns 10
5.0 /1 /’ //>

i rd H 7
tois | 3-State Disable Time? gg / l I// /7 ns | 10
. /A gl
Clock LOWHold | . < AN
tHoL Time CLKXY Relative ns |11,12
: 5.0 y ) N

to CLKML?
Setup Time 3.3 ~ 4/ /
ts XY, RND 5.0 ;//p? 9, 11
Hold Time 33 </
t X, Y, RND 50 ns | 911
t Clock Pulse Width 3.3 s »
v HIGH or LOW 5.0

Note 1: To ensure that the correct product is entered in the output registers, new data may not be entered into the registers
before the output registers have been clocked.
Note 2: Transition Is measured to +500 mV from steady state voltage with loading specified in Figure 8.

*Voltage Range 3.3is 3.3V + 03V
Voltage Range 50is 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.

5-409
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AC Characteristics T-Y4S- on
54ACT TAACT
Ta= -55°C to +125°C Ta= —40°C to +85°C
Symbol Parameter Vee* Units | Fig.
v) 1016-80 1016-65 1016-65 1016-55 No.
Min | Max | Min | Max | Min | Max | Min | Max
twe | ynclocked Multiply | g4 80.0 650 | ns | 11
ime
tMe ?.'°°ked Multiply 5.0 85.0 560 | ns |11,12
ime
MSPSEL to
tPDSEL Product Out 5.0 13.0 13.0 ns 1
troP Output Clock to P 5.0 20.0 20.0 ns 1
teoy Qutput Clock to Y 5.0 20.0 20.0 ns 11
teNA 3-State Enable Time2| 5.0 10.0 10.0 ns 10
tois 3-State Disable Time?3| 5.0 12.5 125 | ns 10
Clock LOW Hold
tHoL Time CLKXY Relative|] 5.0 0 0 ns |11,12
to CLKML!
Setup Time
ts X.Y, RND 5.0 5.5 5.5 ns 9, 11
Hold Time
th X, Y, RND 5.0 1.0 1.0 ns 9, 11
Clock Pulse Width 3.5 3.5
tw HIGH or LOW 5.0 ns 1

Note 1: To ensure that the correct product Is entered In the output registers, new data may not be entered into the registers
before the output registers have been clocked.

Note 2: Transition Is measured to +500 mV from steady state voltage with loading specified in Figure 8.

*Voltage Range 50is 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 Falrchild sales engineer or account representative.

Figure 7: AC Output Test Load

50pF
5000
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Figure 8: Output 3-State Delay Load Teys- o1
5000 —— OPEN
D N
2xV
50pF oH
5000

Figure 9: Setup and Hold Time

DATA
INPUT

CLOCK
INPUT

Figure 10: 3-State Control Timing Diagram

3.STATE / tpis i \
CONTROL e '

tENA ;

OUTPUT \ HIGH IMPEDANCE : i/
/ N

3-STATE
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T-U45-07
tHCL [«

T
e
e

X XXX

OUTPUT Y

CLKM
CLKL 1 tPDSEL
|
MSPSEL\ ( \\\\\\\\\\\\\\\\\\\\\\\I
tPDP
RIS SRS

OUTPUT F

b2
0
P

0.0 0.0 00
pletelets

o
XX
SRHKKL

eleleleletadesele
LI IKICHRY
o

tMuc !

Figure 12: Simplified Timing Diagram — Typical Application

tmc

CLK

TOX, Y
REGISTERS
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RECEIVE MSP.OR L ﬁ

T0 MSP, LSP
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— — [FECNEMSRONEY
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TOX, Y TO MSP, LSP
REGISTERS REGISTERS
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