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54ACT/74ACT1016
16 x 16 Parallel Multiplier

General Description

The 'ACT1016 is a high-speed, low power 16 x 16-bit paral-
lel multiplier that is ideally suited for real-time digital signal
processing applications. Fabricated using advanced
FACT™ technology, the '"ACT1016 offers a very low power
alternative and exceptional performance.

The 'ACT1016 is a pin and functional replacement for
TRW’s MPY016H; the 'ACT1016 operates from a single
Vce supply and is compatible with standard TTL logic lev-
els.

The architecture of the "ACT1016 features one 16-bit port
dedicated to the X input registers (controlled by CLKX), one
16-bit 1/0 port used for loading the Y input registers (con-
trolled by CLKY) and for displaying the Least Significant

and Y mode controls, Xy and Yy, 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.

Features

W 16 x 16 parallel multiplier
| Selectable rounding modes

m Twos complement,
mode multiplication

unsigned magnitude and mixed

Product (LSP), and one 16-bit output port multiplexed be- = Pin a.nd functionally cor.npatlble with TRYV MPY016H
tween displaying the Least Significant Product (LSP) and - P.rowdes low voltage, high-speed operation
the Most Significant Product (MSP). The /0 port directionis ™ Single Voc supply
controlled by OEL and the output port TRI-STATE® control ™ 2000V ESD protection
is controlied by OEP. The result is registered if FT is LOW B Outputs source/sink 8 mA
(controlled by CLKL for the LSP and CLKM for the MSP) = TRI-STATE outputs
and unregistered if FT is held HIGH. B 'ACT1016 has TTL-compatible inputs
Twos complement, unsigned magnitude and mixed mode
multiplications are possible through the two’s complement X
Ordering Code: sce Section 5
Logic Symbol Pin Names Description
18} 16} | | 1 | X15=Xo Multiplicand Data Inputs
Yy5-Xo Yys-Yg CLKX  CLKY  CLKM  CLKL Yis=Yo Multiplier Data Inputs
CLKX, CLKY Input Clocks
i B OEL Jo— CLKM Input Clock, MSP
CLKL Input Clock, LSP
XM, YM Mode Control Inputs
™ op o= FA Format Adjust Control
FT Format Transparent Control
—n RND — OEL TRI-STATE Enable, LSP Routing
OEP TRI-STATE Enable, Product
Output Port
— Peimp - WSPSEL Jo— RND Round Control, MSP
31 16 15770 T
o o} MSPSEL MSP Select
P31-P1s MSP Outputs
TL/F/10143-3 P15-Po LSP Outputs
4-312
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Connection Diagrams >
Pin Assignment Pin Assignment
for DIP for PCC
Qo =
./ | Etﬁﬁufuauun‘f'n‘.‘n‘.‘n‘f‘m”n'?
4! ol Iy S P A Y
xs—2 63 |-xg Z o aoaoasoaaacaaaadaaoaa
o s2f-x, 26 2524 23 22 21 20 19 18 17 16 15 14 13 12 1110
X;~q4 61}~xg by . N
o i Py, 8 CLKW
oeL—{6 59 |-x 14 14 =
10 Pi3 Vi3 7 oeP
CLkL—17 58 =Xy, P12 Y42 6 FA
CLkY—§8 57Xy, Py1s Yey S FT
Pg. Yo—]9 56 X3 LT LT 4 MSPSEL
Pg. Y, 3 GND
Py, Yy =110 55 =X, P: v: 2 GND
Pp Yo—{11 54X5 Pty ! Ve
Ps, Y3—{12 53 |~ CLKX PerYe 68 +Veo
Py Ve —13 52 |—RND Ps.Ys 67 Y,
Ps. Ys—{ 14 51-xy PeYs 66 X
Ps. Yg—15 sof-vy, :3- :3 :i z'::x
P7.Y;—{16 494V Pz- Yz ¢
Pg, Yg=117 484V 1 15
8’8 cC Po. Yo 62 X4
Py, Yo—{18 471—GND NC 61 Xy
Py Yio—119 46 |—GND
—20 45 | MSPSEL
:“’:” 2 “ :SPSE" 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
12 1277 B T 2P P T HN0 T80 P,P 2 5 o
PiseYy3—422 43}-FA 33 I8 x> =
Py Y14 23 42 = OEP TL/F110143-2
Piss Yis—] 24 41|=CLKN
Po.P1g—] 25 40Py, Py5
P(.Ps;—] 26 39 [~P3q. P14
Py, Pig =127 38}—Pyg.Py3
P3.Pig—28 37 |~Pys. Pya
P4 Pao—{29 36 |~Py7. Py
Ps. Py —] 30 35 ~Pye. Pro
Pg. Pap =] 31 34~Pys.Pg
Py, Pz —1 32 33|—Py,.Pg
TL/F/10143-1
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Logic Diagram

XM Xg=X;5  RND ™ Yo-Yys
16 16

I Y

REGISTER REGISTER REGISTER

16} 16}
CLK X

CLK Y Z \— OfL

MULTIPLIER
ARRAY
FA = FORMAT ADJUST
MSP Lsp e -
REGISTER ReGiSTER |
T 3
CLK M 16y L
CLK L
A
WSPSEL ——————————— MULTIPLIER
OEP
16

TL/F/10143-4
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—-Xo)

Sixteen multiplicand data inputs.

Yin (Y15-Yo)

Sixteen multiplier data inputs. This is also an output port for
P45-Po.

Input Clocks

CLKX

The rising edge of this clock loads the X{5-Xgp data input
register along with the X mode and round registers.

CLKY

The rising edge of this clock loads the Y{5-Yg 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 Y™

Mode control inputs for each data word. A LOW input desig-
nates 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 appli-
cations (see multiplier input/output formats).

F“

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

OEL

The OEL input is the TRI-STATE enable for routing LSP
through Y|n/LSPoyT port.

OEP

The OEP is the TRI-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 Signifi-
cant 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). !f FA is HIGH when RND is HIGH, a ‘1’ will
be added to the 2—15 bit (P4g). In either case, the LSP
output will reflect this addition when RND is HIGH.

Note also that rounding always occurs in the positive direc-
tion 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.

MPSEL

When MPSEL 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-P1g)

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-Pg)

This is the Least Significant Product (LSP) output available
when OEL is LOW. it is also an input port for Yq5-Yg.
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Absolute Maximum Ratings™ Recommended Operating
Supply Voltage (Vcc) —0.5Vto +7.0V Conditions
DC Input Diode Current (lik) Supply Voltage (Vcc) 4.5V to 5.5V
V=05 —20mA (Unless Otherwise Specified)
DC\/| = Ve + 0.5 +20mA Input Voltage (V)) 0V to Vg
Input Volt.age V) —0.5VtoVge + 0.5V Output Voltage (Vo) OV to Voc
DC Output Diode Current (lok) Operating Temperature (Ta)
zo = 3-5V + oy o2 "‘Q 74ACT ~40°Cto +85°C
0= Voo T B m 54ACT —55°C to +125°C
DC Input Voltage (Vo) —0.5Vto Ve + 0.5V Maximum Slew Rate (S)
DC Output Source or Sink (except for Schmitt Inputs)
Current; per Output Pin +15mA VIN 0.8V to 2.0V
DC Vg or Ground Current Vimeas 0.8Vto 2.0V
per Output Pin (Icg) or (IgND) +20 mA Vce @ 4.5V 10ns
Storage Temperature (TsTg) —65°Cto +150°C Vcc @ 5.5V 8ns

*Absolute maximum ratings are those values beyond which damage to the
device may occur. Functional operation under these conditions is not im-
plied.

DC Characteristics over Operating Temperature Range (unless otherwise specified)

Symbol Parameter 7T4ACT [ 74ACT Units Conditions
Typ | Guaranteed Limit
™ Maximum Input +01 +1.0 A Vee = Max, Viy = Vcc, GND
Leakage Current
loz Maximum TRI-STATE Current +0.5 +5.0 uA | High Z, Voo = Max, Voyt = Voo, GND
lcca Supply Current, Quiescent 05 20 10.0 mA ¥gﬁ Tsh:Aa');:;)l(N= N?a:
S rrent, 12.4 MHz L = Max, f = 12.
lcco upply Cu 124 M oaded 200 325 mA }rlggt Loada:xs ; ; NL f:iMHz
nt, 2 ] = =
lccp Supply Current, 20 MHz Loaded 305 350 mA ¥e¢¢st Lo;/lda:xs. ; . Ni(:el:Hz
Vou* Minimum HIGH Level Output 4.49 4.4 4.4 V | Vin= ViLorVip, louT = —50 pA, Voo = 4.5V
5.49 5.4 5.4 Vin = ViLor Vi, louT = — 50 pA Voo = 5.5V
3.86 3.76 \' loH = —8mA, Ve = 4.5V
4.86 4.76 B |lpy = —8mA,Vgg = 5.5V
VoL* Maximum HIGH Level Output 0.001 0.1 0.1 V | ViN = ViLor Vi, lout = 50 pA, Voc = 4.5V
0.001 0.1 0.1 V | ViN = ViLor Vil louT = 50 pA Vg = 5.5V
0.45 0.50 V |loL=8mA,Vcc = 4.5V
0.45 0.50 B |loL=8mA,Vgc = 5.5V
loLp Minimum Dynamic Output Current 32 mA | Voo = 5.5V, VoLp = 2.2V Max (Note 2)
loHD Minimum Dynamic Output Current —32 mA | Voo = 5.5V, Vonp = 3.3V Min (Note 2)
lceT Maximum Igg/input 0.6 15 mA | VN = Ve — 2.1V

Note 1: Test Load 50 pF, 5008} to Ground.
Note 2: Only one output loaded at one time, maximum duration of test 2 ms.
*All outputs loaded.
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AC Characteristics
74ACT

Symbol Parameter Ta = —40°Cto +85°C Units l;lg.

1016-65 1016-55 0.

Min Max Min Max

tMuC Unclocked Multiply Time 80.0 65.0 ns 2-3,-9
tme Clocked Multiply Time 65.0 55.0 ns 2-3,-9,-10
tPDSEL MSPSEL to Product Out 1.5 13.0 1.5 13.0 ns 2-3,-9
tppp Output Clock to P 1.5 20.0 1.5 20.0 ns 2-3,-9
tpDY Output Clock to Y 15 20.0 1.5 20.0 ns 2-3,-9
tENA TRI-STATE Enable Time (Note 2) 1.5 10.0 1.5 10.0 ns 2-3,-8
tois TRI-STATE Disable Time (Note 2) 1.5 125 1.5 125 ns 2-3,-8
v | geenowreTmecior : o [ zs0m0
ts Setup Time X, Y, RND 5.5 55 ns 2-3,-7,9
th Hold Time X, Y, RND 1.0 1.0 ns 2-3,-7,-9
tw Clock Pulse Width HIGH or LOW 3.5 3.5 ns 2-3,-9
::z: eI::L‘I'o 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

Note 2: Transition is measured to +500 mV from steady state voitage with loading specified in Figure 2-3.

Capacitance

Symbol Parameter Max | Units | Conditions
CiN Input Capacitance 7.0 pF |Vin =0V
Cout Output Capacitance { 5.0 [ pF | Voyr = OV

Timing Diagrams

DATA XX XXY
INPUT XXX AR

ts ty
cLOCK fvsv
INPUT Py

TL/F/10143-5

Note: Diagram shown for HIGH data only. Output transition may be opposite sense.
FIGURE 7. Setup and Hold Time

TRI=STATE
CONTROL _{- t
*ms::l teNA
OUTPUT HIGH INPEDANCE

TRI=STATE /!
FIGURE 8. TRI-STATE Control Timing Diagram

TL/F/10143-6
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Timing Diagrams (continued)

| v | v |
S l I
F—t—F—t, ottt

L e P 0P s & o 2 & 2 8 £ 8 82 8 8 8 4 8 28 8 8888888 86888688886882282888. A aa
o D
SO D

TR R KKK KX KRR KK KKK KKK K K KKK R KRR KRR
ouTPUT Y 0?4?0fo?o’ofo?o?o?o?o%’.o?Nofo?o'o?ofo’o’o’o?ofofo?o.'c?o’o?o?o?ofofofofofofo?ofo?o?o?o’lo?ofofo?o?o?o?o?o?o?o?o?o?&%’

r— tm —_—
CLKM |
CLKL
twuc
—— topsg —=

CEJAITTHLLLLINERRNRRRRRRRRRNY

OUTPUT P

TL/F/10143-7

D D -RE_(EEV.E M_SP 2R I_.§P_ 1

DATA DATA QUTPUT
TO X, Y TO MSP, LSP
REGISTERS REGISTERS

—‘i |‘—‘HCL
D D _RECEIVE MSP OR LSP_ 'I

DATA INPUT DATA OUTPUT
T0 X, Y TO MSP, LSP
REGISTERS REGISTERS

TL/F/10143-8
FIGURE 10. Simplified Timing Diagram—Typlical Application
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