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16 x 16 Parallel Multiplier

Description

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

16 x 16-bit parallel multiplier 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 'AC/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 (controlied 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
1/0 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 Ym,
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 Mulitiplication

* Pin and Functionally Compatible with TRW
MPY016H

* Provides Low Voltage, High-Speed Operation

* Single Vcc Supply

¢ +2000 V ESD Protection

* Source/Sink 8 mA

¢ 3-State Outputs

Connection Diagrams

XAE
X:E
x2[3]

X1 E
Xn[z
oeL[&]
ctkL[7]
ciky[e]
Po, Ya[ @ |
P1, Y1 E
P2, Y211
P3, Ya[12
P4, Yai13
Ps, Y5 %
Ps, Ys |15
P71, Y718
Ps, Y3 E
Po, Yo[18
P15, Y1019
P11, Y1 I_”_;
P12, Y1221
P13, Y13{22
P14, Y1a |23
P1s, Yis |24
Pa, Pu@
P4, P11E
Pz, Pya |27
P3, P19 |28
Pa, P’NE
Ps, P21[30]
Ps, Pzz[T_r

Pr, Pas32

\

—

7

E Xs

B3| Xs

82| X7
61[Xs
EXI

E Xto

E X1

§71 X2

E X13

E X4
E X15
s3] cLix
[52] RND
§1iXm
[50] vm

E +Vece
[48] + vee
47|GND
[48] GND

[ 45] MSPSEL
“alFT

(&3] Fa

@] o8p

41 CLKM
E P31, P1s
E P30, P1a
[38] P29, P13
E P28, P12
E P21, P11
[ 35] Pas, P10
E P2s, Py
[33] P2a, Pe

Pin Assignment

¢ ’ACT1016 has TTL-Compatibie Inputs figeRiaifisafiiiy

Pin Assignment
for PCC
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Ordering Code: See Section 6 Logic Diagram
XM Xo-X15 RND YM YoYis
Pin Names o ! ks
X15 - Xo Multiplicand Data Inputs ! -
Y15 - Yo Multiptier Data Inputs 1 l Y
CLKX, CLKY Input Clocks IREGISTERI |aeclsrsn| IREGISTER' I
CLKM Input Clock, MSP LKy f ®
CLKL Input Clock, LSP 8
XM, YM Mode Control Inputs CLKX LD e me
FA Format Adjust Control L6
FT Format Transparent Control
OEL 3-State Enable, LSP Routing JV
OEP 3-State Enable, Product Output
Pon MULTIPLIER ARRAY
RND Round Control, MSP
MSPSEL MSP Select T
Pa1 - P1s MSP Outputs
P15 - Po LSP Outputs B FORMAT ADJOST
MSP LSP ET
REGISTER[REGISTER
Logic Symbol CLKM ‘T J° 1 e

CLKL
e S I I e °
M MULTIPLEXER

X15Xo Y15-Yo CLKX CLKY CLKM CLKL
— IxXm OEL p———
—Ym OEP p——
FA AND PRODUCT
I A MSPSEL [
P31-P16 P15-Po
1% ‘6+ 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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Signal Descriptions

Inputs
XIN (X15 - X0)
Sixteen multiplicand data inputs.

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

Input Clocks

CLKX

The rising edge of this clock loads the Xis - 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 complement
applications (see multiplier input/output formats).

FT
When the Format Transparent (FT) Control is HIGH,
both the MSP and LSP registers are transparent.
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OEL
The OEL input is the 3-state enable for routing LSP
through Yin/LSPout port.

OEP
The OFEP 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 Y15 - Yo.
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Figure 1: Fractional Twos Complement Notation

BINARY POINT

X1s| X1a| Xe3| X12| X11] Xso| Xo| Xa| X7 | Xa| Xs | Xa| X3| X2| X1| Xo| SIGNAL
-20) 2-Y| 22| 2°%) 24| 2% 2% 27| 28| 2-%{2-( 2-1Y2-'22-13| 2-'42-'5| DIGIT VALUE

Yis| Y1a| Yaa| Y1z| ¥11| Yo| Yo | Ya| ¥7| Ye| Ys| Ye| Ys| Yz| Y1| Yo| SIGNAL
-20] 2-1( 2-2| 2-3)| 2-4| 2-5( 2-8| 2-7] 2-8| 2-9|2-10|2-11[2-13(2-13) 2-*42-15| DIGIT VALUE

P31| P P2s| Pas| P2r| Pas| Pas| P24| P2s| P22) P21| P2o| Pis| Pas} Pi7| Pia| P1s| Pra| P1a| P12 P11) P1s| Pe| Ps| Pr}l Ps| Ps| Pa| Ps| Pz| P1| Po| SIGNAL

T2 2| 22| 29 24| 29[ 20| 27| 2] 29[22 |2l al 2ol Lo - vel o v g vef o o-eef o2 a2l p-al 2 wsl -l -wr sl 2wl o %) pigT vALUE
MSP LSP
Ps1| Pa| P2e| P2s| Paz| P2s| Pas| Pae{ P23 Pzz| P21| P2o| P1s| Pis| P1z| P1s) Pis| P1a| P13| P12| Pt1| Pro| Pe| Ps| P7| Ps| Ps| P4| P3| Pz2| P1| Po| SIGNAL

2| 20| 21 22 29| 2| 28| 28] 27| 24| 292w 2-1[2- 12| 2-va| 2+ el 2-vs] 2 e[ g-v7| - o0l -l o102 2] 2-edl 0 -aef 5l -l 2 ;2 DaGT vALUE
MSP Lsp

Figure 2: Fractional Unsigned Magnitude Notation

BINARY POINT

X1 Xoa] X3 ] Xe2 [ 210 [ 10| Xo [ s | X7 [ xo | Xs me;[x:[m Xo | SIGNAL
2122|283 |24 2520 [27]2 ﬂz—wlz-"[2-'=|2-'=|z“|2-" 2| DIGIT VALUE
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21| 22|23 |24 |25 [2e |27 [ 22 2-»[2-" rﬂ[z-“ 2-"|r“E' DIGIT VALUE

P31 (P | P2 |Pza |P27 | P2e | P2s | P24 | P2o PnIPmle PwlPuan PulPu PulPlslPu Pn[Pwl P-lPl | P1LP¢IP| | PalF:lP: Pt | Po | SIGNAL
2-1]22]9-1| 2428 |28 [ 27|20 |2 2-19I2-n|2-|z z-ulz-ulz.u 2-nl2.11 2-1|l2-|0|2-zu 2'"|2'”|2‘“l2"‘|2'“l2'“|2‘”|2"'|2"’l2"°|2’“ -2| DIGIT VALUE
MSP LSP MANDATORY

Figure 3: Fractional Mixed-Mode Notation

BINARY POINT
!

s [Xua [ [u2 oo [ o [t [t [ e [ s [xa [ [ e [ @1 [ 0 SIGNAL = EN
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Yos|Yea Yo | Y12 Y1 |Yre| Yo | ¥
21 (2323|2428 |28 |27 [ 2
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*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

BINARY POINT

X1s] Xsa [ X1a [ X1z | Xoo [ Xva | Xo [ Xo | Xr | Xo | X5 [ Xa | X3 | X2 [ X1 | Xo | SIGNAL
[-215 214|213 212|211 (21020 | 24 | 27 1 26 | 25 ] 24 | 22 22 | 21 { 20 | DIGIT VALUE
X Yo [Yia Y3 | Ye2 [ Y1 |Yr0; Yo [ Yo [ Y7 | Yo [ Ys | Ya |Y3|Y2|Y1|Ye| SIGNAL
2182141213 (2121211 (2101 20 | 28 | 27 [ 28 125 | 24 | 23 [ 22 | 21 | 20 | IMGIT VALUE
P31| P |P2g | Pas | Par | P2e | P2s | Pa« | P23 | P22 | P21 | P26 | Pas | P1a [ P17 | P1e P15 | P1a | P13 | Psz (P11 [Pro| Po [ Ps | Pz | Pe | Ps [ Pa | P3| Pz | P1 | Po | SIGNAL
7 Lz |an [ 22| 28| 228 |9 [ 27 | 22| 221 | o[ 2 o [ 217 e [ 2 Lo 2ra [ 2vs [ 22 [ o o [0 {20 {27 [ 28 |28 24 [0 [ 22 [ 20 | 20 olerrvm.ue
MSP LspP
P31| P3| P2s (Pas | P27 | Pao | P2s | P24 | P23 | P22 | P2t |P2o |P1o [ P1s | P17 |P1s [Pss| P14 |Pes |P12|P11|P1o| Po | Pa [ P7 | Pe | P3 [ Ps | P3| P2 | P1 | Po | SIGNAL
T Fan| 2] am | 2m| 27 |gm 235 [ 22 | 23 | 222 | gt [ 2m 2w [ 20 [ 27 [ [ 218 | 204 [2vs {2 [ 2w [0 [0 [ 27 [ 28 [ 26 |24 [ 22 [ 22| 2 [ 22 | mugii vaLuE
MSP LSP
Figure 5: Integer Unsigned Magnitude Notation
BINARY POINT
Xas| X1a | Xos | X142 [ X11 [ Xeo| Xo | Xo | X7 | Xo | Xs [ Xa [ X3 | X2 [ X1 [ Xo | SIGNAL
218214213 (212121412101 20 | 28 | 27 | 28 | 28 | 24 23 | 22 ( 2% | 20 | DIGIT VALUE
X Y15 | Y14 Y13 [Ya2[Y11|Y10| Yo [ Ya | ¥7 | Yo | Y5 | Ya | Y3 | Y2 | Y1 | Yo | SIGNAL
2181214120 (122411210 | 20 | 28 | 27 | 28 | 26 {24 [ 23 | 22 (21 | 20 | DIGIT VALUE
P31|P3 | P2 | P2s | P27 | P2¢ | P2s | P24 | P23 [ P22 | P21 | P20 | P19 | P18 | Ps7 | P18 | Pss | P1a [ Pis | P12| P11y [Pro | Po | Pa [ P7 | Ps | Ps | Pa [ Ps | P2 | P1 | Po | SIGNAL
T [ ]am|am [2m|2nr 2 |22 [ 22 |2 2 [ 22 [ 2w [ 20 {2 207 [ 20 [ 208 [ 24 |20 |22 20 |2 [ 2 [ [ 2 [0 [ 22 [ 2# [ 22 [ 22 [ 21 | 22 | ;warv vaLwE
MSP LSP MANDATORY
Figure 6: Integer Mixed Mode Notation
BINARY POINT
X8| Xoa X2 [ Xo2[Xrs [X1o| Xo | Xo | Xr | Xo | Xs | X [ X3 | Xz | X1 | Xo | SIGNAL
'0S COMPLEMENT)
218214 £ 213|212 | 211210 (20 | 28 | 27 | 28 | 28 | 24 | 28§ 22 | 21 | 20 | DIGIT VALUE
Yo |Y1a}¥13|Ye2 Yas|Y10| Yo [ Ya [ Y7 | Yo | Yo [ Ya |Ys|Y2|¥1|Yo| SIGNAL
X UNSIGNED MAGNITUDE)
2152141219 (2121211210128 |28 | o7 | 8 | 26 | 24 | 23 | 22 | 2t | 20 | DIGIT VALUE
P3t |Px|Px |Pa | Pz Pz.]Pas P24 | P23 | P22 | P21 |P2o | P1a | P1s [ P17 | P1g | Pas |P1a | P13 (P12 | P11 |P1o| Ps (Ps | P7 | Ps | Ps | Pa | P3| P2 | Py | Po | SIGNAL
L2r[2m |2 |28 [z [ [am [ g [ 23 [ 22 [ | am [ 20 [ 2w [ 2 [ 2w [ e o [2v |22 |2v [an [ 2 [ 2 [27 [ 20 [ [ 2¢ [ 2 | 2 {2 [ | ovair vaLue
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.




Recommended Operating Conditions
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Symbol Parameter Conditions Limits Units
Supply Voltage
Vee (unless otherwise specified) 200 6.0 v
Vi Input Voltage 0 to Ve v
Vo Output Voltage 0 to Vce \'
. 74ACIACT —40 to +85 °C
Ta Operating Temperature 54AC/ACT —55t0 +125 og
VIN 0.8 to 2.0 Vv
Maximum Slew Rate Vmeas 0.8 to 2.0 \
Sr {except for Schmitt inputs) Vec@4.5v 10.0 ns
Ve @5.5v 8.0 ns
Absolute Maximum Ratings*
Symbol Parameter Conditions Limits Units
Vce Supply Voitage -05t07.0 \
i DC Input Diode Current - 20 mA
Vi=05
or Vi=Vcc+0.5 20 mA
Vi DC Input Voltage ’ ~0.5 to Vec+0.5 v
1ok DC Output Diode Current Vo= —05 -20 mA
or Vo=Vcc+0.5 20 mA
Vo DC Output Voltage ’ —05to Vec+0.5 v
DC Output Source or
to Sink Current, Per Output Pin *15 mA
Icc or Ianp | DC Vce or Ground Current +20 mA
TstG Storage Temperature ~65to +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

tnput Rise and Fall Times
Input Timing Reference Levels
Output Reference Levels
Qutput Load

GND to 3.0V
3ans
15V
15V

See Figures 7 and 8

Capacitance
Symbol Parameter Max Unit Conditions
CiN Input Capacitance 7.0 pF Vin=0V
Court Output Capacitance 5.0 pF Vout=0V
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DC Characteristics over Operating Temperature Range (uniess otherwise specified)

Symbol Parameter T4ACIACT |54ACIACT l"ACIACT Units | Conditions
Typ Guaranteed Limit
1N Maximum Input Current +01 | +10.0 +10 A | Yoo=Max
: ' = s VIN = Vcg, 0
oz Maximum 3-State Current 05 | 100 50 | na [ HighZ Voo=Max
Vout=0, Vcc
lcca Supply Current, Quiescent 0.50 20 10.0 10.0 mA | Vcc=Max, ViN=0 V
Supply Current, 12.4 MHz Vec=Max, f=12.4 MHz
lcco Loaded 300 325 325 mA Test Load: See Note 1
Supply Current, 20 MHz Vce = Max, f=20 MHz
leco Loaded 325 350 350 mA Test Load: See Note 1
VIN=VIL or VIH
4.49 4.4 4.4 44 \' IoUT = -50 uA, Voc = 4.5 V
VIN=VIL or VIH
Von* Minimum HIGH Level 5.49 54 54 54 v lout=-50 A, Vcc =55V
Output 386 | 370 3.76 loh= —8 mA, Voo =45V
4.86 4.70 4,76 foH= —8mA,Vcc=55V
VIN = VIL or VIR,
0.001 | 0.1 0.1 0.1 Vo | jour= 50 WA, Voo =45 V
VIN=VIL or ViH,
Vor* | Maximum HIGH Level 0.001 | 0.1 04 0.1 V' | lour=50 4A, Vcc=55 v
Output 045 | 050 0.50 Vv |loL=8 mA, Vec=45 v
0.45 0.50 0.50 lo,=8 mA, Vcc=55 V
Minimum Dynamic Output Vee=55V, Voo =
loto Current 32 32 mA 2.2 V. See Note 2.
Minimum Dynamic Output Vee=55YV, Voo =
loHo Current -32 -32 mA | 33V. 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

54AC T4AC
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.
SN Min | Max | Min | Max | Min | Max | Min | Max
W iply | 3.3
tMuc m . ) ns 11
e ;'{/"ip'\\\ \i 5.0
tme ?locked(é} IVM; | lzii ns |11, 12
ime i
tPDSEL MSPSEL to -/ ”f«”' g \\? n 1
Product Out "\ "} 50 s
\\/ {r
troP Output Clock to P 50 ns 11
3.3
teoy Output Clock to Y 5.0 ns 11
. 3.3 1
tENA 3-State Enable Time? i ns 10
5.0 P/
33 1771 ~
tois 3-State Disable Time? ; ~ s ATy ns 10
5.0 / 1 }‘f I.r' 5
Clock LOW Hold a3 <A S
tHoL Time CLKXY Relative 5'0 e !f N ns |11, 12
to CLKML! : Ay
- 3 ¥ ] ~
Setup Time 3.3 a L I
ts X,Y, RND 5.0 o e e
Hold Time 33 &
th X, Y, RND 5.0 ns 191
t Clock Pulse Width 3.3 ns 1
“ 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 voitage with loading specified in Figure 8.

*Voltage Range 3.3is 33V + 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

S54ACT T4ACT
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.
Min | Max | Min | Max | Min | Max | Min | Max
Unclocked Multiply
tMuc Time 5.0 80.0 65.0 ns 11
Clocked Muitiply
tmc Time 5.0 65.0 55.0 ns |11, 12
MSPSEL to
tPDSEL Product Out 5.0 13.0 13.0 ns 11
troP Output Clock to P 5.0 20.0 20.0 ns 11
troy Output 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?2| 5.0 12.5 125 ns 10
Clock LOW Hold
tHoL Time CLKXY Reiative| 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 11

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 specitied in Figure 8.

“Voltage Range 5.0is S0V + 05V

Military parameters given herein are for general references only. For current military specifications and subgroup testing

information please request Falrchild’s Table | data sheet from your Fairchild sales engineer or account representative.

Figure 7: AC Output Test Load

1

50pF
5000
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Figure 8: Output 3-State Delay Load

5000 —— OPEN

D11 L~
_I. 2 x Vou
50pF
5000

Figure 9: Setup and Hold Time
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DATA ..'a’a‘a:o:o:Q:a:b:C:Q:Q'
AAAAN 4
INPUT SO0

Figure 10: 3-State Control Timing Diagram
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Figure 11: 1016 Timing Diagram

tHCL

I tPwt |

[ tPWH
i
CLKX
CLKY
ts th
INPUT
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RND
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SR
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OUTPUT Y

CLKM
CLKL ‘ tPDSEL
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TP P R
tmuc
Figure 12: Simplified Timing Diagram — Typical Application
e tMc .
CLK ]
] RECEIVE MSP OR LSP
DATA DATA OUTPUT
TOX, Y TO MSP, LSP
REGISTERS REGISTERS
e
RECEIVE MSP OR LSP
DATA INPUT DATA OUTPUT
TOX, Y TO MSP, LSP
REGISTERS REGISTERS
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