LSI MULTIPLIERS HJ sEriES
N X N BIT PARALLEL MULTIPLIERS, N =8, 12, 16, or 24
COMMERCIAL/MILITARY TEMPERATURE RANGES
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The MPY LSI multipliers are high speed, TTL LSI
devices. They are n-by-n parallel array multipliers with
double precision outputs. Their low power and high
performance characteristics are the result of a proven
method developed and patented by TRW (U.S. Patent No.
3,900,724). Fundamental TTL devices used to produce
the MPY-LS! were also developed and patented by TRW
(U.S. Patent No. 3,283,170). The major multiplier array
logic achieves speed-power performance of less than
1 picojoule per equivalent gate.
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Four input/output registers are used in the MPY LSI MPY—-8HJ
multipliers. These registers are D-type flip-flops with a
single phase TTL clock.

Applications for MPY LSI multipliers include digi-
tal processing and high speed multiplication for fast
Fourier transforms. They are ideal for extending the
capabilities of mini/microcomputers, permitting hard-
ware multiplication for increased computational speed.

They have a better than 2-to-1 speed-power improve-
ment over the MPY AJ series multipliers.

FEATURES

e n-by-n parallel array multiplier, n = 8, 12, 16, MPY—12HJ, MPY—16HJ, and MPY—24HJ
or 24

e Double precision product
NEW FEATURES OF HJ SERIES
e 45 to 200 nsec typical multiply time
e Higher speed/lower power
e Much lower power/less space than MSI equiva-
lent multipliers e Zero-nanosecond register hold time

e Includes input/output registers e Two's corT]plfement, unsigned magnitude, or mixed-
P P 9 mode multipliers (all except MPY-8HJ)

e Single chip, bipolar TTL technology e Easily expandable for larger array multiplication

e Single bus or multiport operation e Worst case specs across full voltage and tempera-
ture ranges
e Radiation hard

e Controllable, transparent product registers (all except
e Three-state outputs MPY-8HJ)

e Single power supply, +5V e Shift/normalize product capability (MPY-24HJ)

e Pin-compatible with AJ series multipliers
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LSI MPY, HJ SERIES

GENERAL INFORMATION

INPUT

TRIL. TRIM|25 K |10 K
XN, Y

IN- "IN 155 k| 35 K
TC, RND

OUTPUT

Figure 1. Equivalent Input Schematics
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Figure 3. Typical Setup Time Figure 4. Typical Three-State Delay, Qutput Delay
NORMAL LOAD +VCC THREE-STATE DELAY LOAD
810 Q
TO TO 500 Q2
OuUTPUT OUTPUT O —/ VWV —
PIN PIN
-l ov,
40 PF IN3062 40 PF -[‘ - 26V
LOAD 1 - LOAD 2 -
Figure 5. Test Loads for Delay Measurements
SOCKET INFORMATION
TYPE 40 PIN 64 PIN
Wire wrap Excel 800B-003-40 Excel 800B-003-64

Solder tail-tin plate
Solder tail-gold plate

Zero insertion force

Cambion 703-4040-01-04-12
Robinson Nugent ICN-406-S5-G
Textool 240-3346-00-0605

Cambion 703-4064-01-04-12
Robinson Nugent ICN-649-S5-G

Textoo! 232-2601-00-0605
(2 Required)
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LSI MPY, HJ SERIES

GENERAL SPECIFICATIONS

Absolute maximum ratings (above which the useful
life may be impaired)

Part Numbers

Commercial Military
Supplyvoltage . .. .. .. ... ... .. -05t07.0V MPY-8HJ MPY-8HJM -
Inputvoltage . ... ... ... ... e OtobbV MPY-8HJ-1 —
Outputvoltage . . . . . oo i 0to 6.5V MPY-12HJ MPY-12HJM,
Operating temperature range (Tcase). . . .. .. ... .... -55°C t0 125°C mg}(;gnj Mgiégujm
Storage temperature range. . . . . .« v v v v v e -65°C to 150°C ) )
Lead temperature (10seconds) .. .. .. .. ... ... ... ...... 300°C
Junction temperature. . . . ... ..o e 175°C
Recommended operating conditions
COMMERCIAL MILITARY
MIN | NOM MAX MIN | NOM MAX UNIT
Supply voltage, VCC 4.75 5.0 5.25 4.5 5.0 5.5 \Y
High-level output current, IOH 0.4 -0.4 mA
Low-evel output current, IOL 4.0 4.0 mA
Clock pulse width, L {measured at 1.5 V level) 25 30 nsec
Input register setup time, tg (see Figure 6) 25 30 nsec
Input register hold time, ty (see Figure 6) 0 0 nsec
Operating temperature (Tambient for commercial, Tcase for military) 0 70 -55 125 °c
Electrical characteristics over recommended temperature range (except as otherwise noted)
COMMERCIAL MILITARY UNIT
PARAMETER TEST CONDITIONS
MIN |TYP**| MAX | MIN |TYP** | MAX
VIH High-level input voltage 2.0 2.0 \Y)
VIL Low-level input voltage 0.8 0.8 \Y
VOH High-tevel output voltage VCC = MIN IOH = 0.4 mA 24 2.7 2.4 2.7 \Y
VOL L.ow-level output voltage VCC =MIN 'OL =40 mA 0.3 0.5 0.3 0.5 \Y
IIH High-level input current VCC = MAX VIH =24 75 75 uA
IIL Low-level input current VCC = MAX VIL =04 -0.4 -0.4 mA
Clocks*, three-states— = =
IIH high level input current VCC MAX VIL 2.4 75 75 HA
Clocks*, three-states— = = R .
e low level input current Ve =MAX V) 0.4 1.0 1.0 mA
*NOTE: Clock P is two equivalent clock loads.
Switching characteristics across V¢ and temperature ranges (except as otherwise noted)
MAX
PARAMETER TEST CONDITIONS TYP** COMMERCIAL MILITARY UNIT
Outp;gdelay Load 1 (see Figure 5) 25 35 40 nsec
Three state output delay
Output enable, tENA, Load 2 {see Figure 5) 25 35 40 nsec
Output disable, tp|g

**NOTE: At Vgg = 5.0 V, Tp = 25°C.
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MPY-8HJ

8 X 8 BIT PARALLEL MULTIPLIER

The MPY-8HJ mutltiplier is a high speed, TTL LS| MPY—8HJ LOGICAL BLOCK DIAGRAM
device. It is a parallel two’s complement multiplier with
double precision output. It can be plugged into an MPY- XIN
8AJ socket, and be functionally equivalent. However, 8
this newer multiplier has positive setup and zero hold
times, which reduces system clocking complexity in many RND
applications. Also, the RND control is now a registered L X REGISTER CLKX
input, making its timing and usage more convenient.

Four input/output registers are used in the MPY- « & LSP
8HJ multipliers. These registers are D-type flip-flops with YIN = asyncHronoust | @ out
a single phase TTL clock. g MULTIPLIER 2

8 EI:J ARRAY E

Applications for the MPY-8HJ multipliers include > 2]
digital processing and high speed multiplication for fast, CLKY
nonrecursive filters. They are ideal for extending the
capabilities of mini/microcomputers, permitting hardware
multiplication for increased computational speed, and are
particularly useful for video processing. O CLK P

FEATURES I I

e 8-by-8 parallel, two's complement multiplier

yep . P P vcc  GND

e Double precision product ouT

@ 65 nsec typical multiply time (MPY-8HJ)

e 45 nsec typical multiply time (MPY-8HJ-1) ‘ CONTROLS

. - (Positive logic unless otherwise noted)

e Much lower power than MS1 equivalent multipliers

. . . CLK X — X|N Register Clock
e fincludes input/output positive edge-triggered
registers CLK Y — YN Register Clock

e Single chip, bipolar technology

e Single bus or multiport operation CLK P — Product Registers Clock

e Radiation hard TRIL — LSP Three-State Control,

e TTL input and output TRIM — MSP Three-State Control,

LOGIC 0 = Enable, LOGIC 1 = Disable

e Three state outputs

e Single power supply, +5V RND (LOGIC 1) — Adds 28 to product (fractional

e 40 pin dual in-line package two’s complement field — See Page 5 for |/O Format)

o Pin compatible with MPY-8AJ RND Latch is strobed by (CLK X or CLK Y}

e Zero hold time on input registers

| bs 1 40 Ps — | PACKAGE INFORMATION
I Pg 2 39 P3 | END VIEW
P; 3 38 Py
| CLKP 4 37 P, | 0.090
I TRIM 5 36 PggN(MSP) | I
TRIL 6 35 YggN
I PSGN(LSPP) 7 34 Y, | i__ —-—{ 0.011+ 0.001 THERMAL
8 8 33 Yy 0.600
| Pe o 32 GND | € CHARACTERISTICS
P10 10 31 Y3 I
2.000 B¢ (Still air) = 26°C/W
’ P11 11 30 vVcc l SIDE VIEW CA
I P12 12 29 v, I fca(300 cfm) = 15°C/W
P13 13 28 Yg
l P14 14 27 Ye | 0125M|N
Xy 15 26 Y,
I Xg 16 25 RND Io1oo—-—1 | A‘ }
X5 17 24 CLK Y
| Xq 18 23 CLK X | 0.017+0.002
X3 19 22 XgGN
I X2 20 21 X3

- NOTE
L______mﬂfi"___@_Tﬂ'"c 1978 DIMENSIONS IN INCHES
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MPY-8HJ
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Figure 6. Timing Diagram Figure 7. Multiply Time Versus Temperature
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Figure 8. Tambient Versus Tcase Figure 9. Igc Versus Tease

Electrical and switching characteristics over recommended V¢ and temperature ranges
(except as otherwise noted)

PARAMETER TEST CONDITIONS TYP* MAX UNIT
COMMERCIAL | MILITARY
MPY—8HJ Multiply time, Ty See Figures 6, 7 65 90 115 nsec
MPY—-8HJ—1 Tme See Figure 6 Tp = 60°C 45 60 - nsec
Tp =70°C 45 65 - nsec
Supply current  Icc See Figure 9 200 270 330 mA

*NOTE: At Ve = 5.0V, Tp = 25°C
INPUT/OUTPUT FORMAT FOR FRACTIONAL TWO'S COMPLEMENT FIELD

XN YIN
X X X X X X X X Y Y Y Y Y Y Y Y
4
SGN 1 2 3 5 6 7 SGN 1 2 3 4 5 6 7
» L s PR . A 272 73 g4 5 6 7
20 2 2 2~ 27 2 27° 27
_20 2—8 2—9 2—10 2—11 2—12 2—13 2—14
P P P P P P P P P P P P P P P P
SGN 1 2 3 4 5 6 7 SGN 8 9 10 11 12 13 14
MSsp LSP
An overflow occurs in the attempted multiplication of the two’s complement number 1.000 . ... (—1 base 10) with itself,

yielding a result of the same number, i.e., . _ )
(“1) 10 “1) 0= \"1) 10
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MPY-12HJ and MPY-16H)J

12 X 12 and 16 X 16 BIT PARALLEL MULTIPLIERS

The MPY-12HJ and MPY-16HJ multipliers are high MPY—-12HJ and MPY—16HJ
speed TTL compatible LS| devices. They are N-by-N LOGIC BLOCK DIAGRAM
parallel array multipliers with double precision or single
precision (uniform rounded or truncated) outputs. Xin TCX. TCY. RND YN
The input registers are positive edge-triggered LSP OUT
latches. The output fatches are similarly positive edge- (MPY—16H) ONLY)
triggered latches, with a feedthrough control line, which 3
allows the user to bypass the registers completely, making -7
them asynchronous. If the output clocks are disabled, !
then the feedthrough control can be used to convert the i
output registers to level latches. LK X LATCH LA1;CH LaTCH g E CLK Y
Applications for these multipliers include high speed ¢ * I
digital signal processing, such as Fourier transforms, FIR !
and IR filters, and linear predictive algorithms. They are ASYNCHRONOUS :
ideal for upgrading the capabilities of mini and microcom- MULTIPLIER i
puters, permitting hardware multiplication for increased ARRAY :
computational speed at low cost. They can also be added 1{MPY—16HJ
on a retrofit basis to older signal processors, decreasing l 1 ONLY)
system power and size, while increasing reliability and (in :
many cases) system throughput. RS ———— FORMAT ADJUST !
These multipliers can be plugged into MPY-12AJ ¢ E
and MPY-16AJ sockets, and be functionally equivalent. ET Py T s !
However, these newer multipliers have positive setup and LATCH I LATCH j[¢—— CLK L
zero hold times, which reduces system clocking complex- CLK M—————p I !
ity in many applications. The RND control is now !
a registered input, making its timing and usage more TRIM ' TRIL
convenient. i
The muttipliers can operate with two’s complement,
unsigned magnitude, and mixed mode input formats. As MSP LsP
such, they are ideal for expansion into larger multipliers, out OUOTNLY)
such as 32 by 32 bits, or 36 by 36 bits. (MPY—-12R)
FEATURES CONTROLS
(Positive logic unless otherwise noted)
e 12 x 12 (MPY-12HJ) or 16 x 16 (MPY-16HJ)
parallel array multiplier CLK X — XN Register Clock
® Double precision output CLK Y — YN Register Clock
e 80 nsec (MPY-12HJ}, 100 nsec (MPY-16HJ) CLK L — LSP Register Clock
multiply time
CLK M — MSP Register Clock
e Two's complement, unsigned magnitude, or
mixed mode multiplies TRIL — LSP Three-State Control,
TRIM — MSP Three-State Control,
o Positive edge-triggered input latches RS — Right Shift MSP word down 1 bit, removes
LSP SIGN bit.
e Output latches positive edge-triggered or FT (Feedthrough) — Makes output latch transparent
transparent
TCX, TCY — Denotes respective input words as
e Three-state outputs two’s complement (logic 1) or magnitude {logic 0)
data format (registered control inputs strobed by
e Pin compatibie with MPY-12AJ or MPY-16AJ respective clocks)
e Two output formats ROUND — ADDS 1 to MSB bit of LSP word, regard-

less of shift position (registered control input strobed
by [CLK X or CLK Y]).

TRW .si probucTs
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MPY-12HJ, MPY-I6HJ .

— @
150 <X 100F
MPY_—-16HJ a ; MPY—12HJ
0.5 nsec/°C 4
; }Iu 50
WPy 1245 o 38 MPY—16HJ
o - .
1] - 0.45 nsec/¥C .
g 100 OO s 0
TYPICAL MULTIPLY TIMES E’f 50
(CLOCKED) 8
£ ©
8>
50 | I ] I =< 100 I 1 1 )
-50 0 50 100 150 50 ] 50 100 150
o
TC&SG' Oc Tcase’ c
Figure 10. Multiply Time Versus Temperature Figure 11. Tambient Versus Tcase
600 MPY —12HJ 1200 MPY—16HJ
= MAXIMUM -
g a00(- g 800\
g 2 TYPICAL q 2 \MAXIMUM
E E TYPICAL
3 30 200+ 3 30 400~
o 1 1 1 I 0 1 ] ! 1
-50 0 50 100 150 -50 (] 50 100 150
Tcase. C Tcase. ©
Figure 12. lgcc Versus Tease Figure 13. Igg Versus Tease

Electrical and switching characteristics over Vg and temperature ranges (except as otherwise noted)

PARAMETER zg?\ITDITIONS DEVICE TYP* COMMERCIAL MILITARY UNIT
Clocked multiply time ) MPY-12 80 110 140 nsec
See Figure 6
me MPY-16 100 140 185 nsec
Unclocked multiply . MPY-12 105 145 180 nsec
time. T See Figure 6
+ 'muc MPY-16 125 175 225 nsec
lce supply current MPY-12 see 400 540 600 mA
Figure 12
MPY-16 see 600 800 900 mA
Figure 13

*NOTE: AtViee=5.0V, Ty =25°C
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MPY-12HJ

INPUT /OUTPUT FORMATS

FRACTIONAL TWO'S COMPLEMENT

XlN TCX =1 TCY =1 Y|N
X11| X10 | Xo 2 X2 | X1 | Xo Yi1 | Y0 | Yo ?2 Y2 | Y1 | Yo
X SGN 271 272 279 210 -1 YSGN 2-1 22 29 2-10 o-M
MSP LSP
P23 | P22 | P2q 2 P14 [ P13 | P12 P11 | Pio | Po 22 P2 | P1 | Po
_20 2—1 2-2 29 [2~-10 -1 RS = 0 20 |2-12]7-13 2-20 | o-21 2-22
seN | - | | v -y 4 SGN
21 20 21 2-—8 2—9 2—10 RS = -1 2-—12 2—13 2—20 2-21 2—22
o161\ U AN R R RN R
11 22
- —n _ —n
X =-1*¥Xgi6n + Z X 2 P=-T*Pgign + Z P 2
n=1 n=1
The resulting values for X and P given in the above evaluations (Y is expressed in the same manner as X)
are in fractional two's complement format. The value for the sign variable is O for positive or zero numbers and
1 for negative numbers.
RS=0 An overflow occurs in the attempted multiplication of the two's complement number 1.0000 . . . (—1 base
10} with itself, yielding a result of the same number, i.e.,
=yo*(=Nq0=(=T)1g
The product sign bit is available redundantly as the MSB of both the MSP and LSP words.
RS =1 No overflow occurs when multiplying —1(10) times —1(10). The product is a true +1.0(10); i.e., product
bit P22 is a 1, all other bits are 0.
INTEGER MAGNITUDE
XiN TCX =0 TCY =0 YiN
X11| X10 | Xo 82 X2 | X1 | Xo Y11 | Y10 | Yo 2 Ya | Y1 | Yo
211 710 29 22 21 20 211 510 29 22 21 20
MSP LSP
P23 | P22 | P2y ZL P1a | P13 | P12 P11 | P10 | Po 2{ P2 | P1 | Po
223 222 221 214 513 212 RS = 1 211 210 59 22 21 20
Note: (1)  When doing unsigned magnitude or mixed mode multiplications, RS must be a 1 to get a valid product.
(2}  When doing mixed mode (two’s complement times unsigned magnitude) multiplies, Po3 is the product sign bit.
TRMW/ s probucTs
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INPUT /OUTPUT FORMATS

FRACTIONAL TWO’S COMPLEMENT

MPY-16HJ

TCY =1 YIN
Yi5 | Y14 | Y13 22 Y2 | Y1 | Yo
Y SGN 2-1 2-2 2-13 2-14 2-15

LSP
Pis | P14 | P13 27 P2 | Py | Po
RS=0 _20 2—16 2—17 2-28 2—29 2—30

o SGN

RS = 2—15 2-16 2—17 2—28 2"29 2—30

30
= —n
P =-1%Pggn Z Pn2
n=1

The resulting values for X and P given in the above evaluations (Y is expressed in the same manner as X)
are in fractional two's complement format. The value for the sign variable is O for the positive or zero numbers and

An overflow occurs in the attempted multiplication of the two’s complement number 1.0000 . .. (—1 base

(=No* (=T)yg = (=T

The product sign bit is available redundantly as the MSB of both the MSP and LSP words.

No overflow occurs when multiplying —1 times —1 . The product is a true +1.0 ; i.e., product
(10) (10) (10}

INTEGER MAGNITUDE

RS =1

XIN TCX =1
X15 | X14 | X13 R X2 | X1 | %o
X SGN 271 272 2-13 2-14 2-15
MSP
P31 | P3o | P29 Zz Pig | P17 | P16
90 | o-1 | 2-2 9-13 | p-14 | -15
SGN
o1 | 90 | 91 2-12 | =13 | o-14
SGN
15
_ —n
X = —1%Xg N * Z X 5
n=1
1 for negative numbers.
RS=0
10) with itself, yielding a result of the same number, i.e.,
RS =
bit P30 is a 1, all other bits are O.
X|N TCX =0
X15 | X14 | X13 R X2 | X1 | Xo
2156 9214 213 22 21 20
MSP
P31 | P3o | P2g ZL Pig| P17 | P16
231 230 229 218 217 216
Note: (1)

(2)

TCY =0 YIN
Y15 | Y14 | Y13 2{ Y2 | Y1 | Yo
2156 914 213 22 21 20
LSP
Pis | P14 | P13 ZZ P21 P1 | Po
215 214 213 22 21 20

When doing unsigned magnitude or mixed mode multiplications, RS must be a 1 to get a valid product.

When doing mixed mode {two’s complement times unsigned magnitude) multiplies, P31 is the product sign bit.

TRW .si probuCTS
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MPY-24H)

24 X 24 BIT PARALLEL MULTIPLIER

The MPY-24HJ is a high-speed TTL LSI device.
It is a 24 x 24-bit parallel two’s complement or mag-
nitude multiplier with a double precision output. Its
low power and high performance are the result of
circuits developed and patented by TRW. The multi-
plier array logic achieves a speed-power performance
of less than 1 picojoule per gate.

Three registers are used in the MPY-24HJ multi-
plier. The two 24 bit input registers are positive edge
triggered, and have independent clocks. The 48 bit
output register is a level-dependent latch. As such,
the outputs can be used either synchronously or
asynchronously (transparent).

Applications for the MPY-24HJ include high
speed, high accuracy digital signal processing, digital
filters, and the fast Fourier transform. It is particu-
larly suited to doing the mantissa multiply in floating
point multiplication.

The modular architecture of the MPY-24HJ

allows straightforward implementation of larger array
multipliers such as 48 x 48 bits.

FEATURES
® 24 x 24 bit parallel multiply
e Single chip bipolar technology

e Two's complement or magnitude {can be
mixed)

® 200 nsec synchronous multiply

® 225 nsec asynchronous multiply (output
register transparent)

e Includes input and output registers

e Much lower power than MSI equivalent
multipliers

e Radiation-hard
e Three-state outputs
e Uniform rounding available

e Overflow and normal flags for floating point
multiply

e Built-in shifter for floating point normaliza-
tion or scaling

e TTL inputs and outputs

e Single power supply, +5V

TRW .si propucTs
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MPY—-24HJ LOGIC BLOCK DIAGRAM

Xine MSPoyT Yin: LSPoyr
2's
COMP RND
Y
CLK X CLK Y
24 2p 2} 24
XN LATCH YN

MULTIPLIER
ARRAY

OUTPUT REGISTER —1—<CLK P

2
F4SHIFT

SHIFTER

]
3-STATE
OUTPUTS
MSP LSP
24 24

TRIM TRIL

CONTROLS

{Positive logic unless otherwise noted)

CLK X — XN Register Clock
CLKY — YN Register Clock
CLK P — Output Register Clock
TRIL — LSP Three-State Control
TRIM — MSP Three-State Control

SH A, SH B — Shifts the output product zero, one
or two bits upward, adds trailing zeros

OVF — Flags the two's complement output as over-
flowed (see figure 18)

NORM — Flags the two's complement output as
already normalized (see figure 18)

RND A, RND B — Adds 1 to one of 3 places




MPY-24H)

I"Ts‘f"TH—"!
INPUT DATA )K XI \

INPUT CLOCK J_\k—fpw

_.-T[}__ ]

|
PREVIOUS PRODUCT X

|
| FINAL QUTPUTS
|

INCLUDING FLAGS
- OUTPUT CLOCK w—\___ A |

TmelCLOCKED) !

{™D =
Tmuc{UNCLOCKED)
THREE-STATE |
CONTROL / \
—= 15 |=—  —={Tenaf=— |
OUTPUT DATA D e ¢ X
—17sD =

SHIFT CONTROLS X

Figure 14, Timing Diagram

300 —
Z—E( % 100 — :
4 g a
2 =
[ o 50+ -9 250
7] o poin-}
- - E c
o - .
° g &J “E __/
= 0 . 200 J
e f %._‘)‘“ ‘me =0.6 nsec/°C
2 >2 ot
E 8 -
> 50 1 L I I 150 | 1 1 L 1 |
0 50 ‘|00o 150 200 -25 0 25 50 75 100 125
Tcase c AMBIENT TEMPERATURE, °c
Figure 15. Tambient Versus Tcase Figure 16. Clocked Multiply Time Versus Temperature
1200 — FROM INTERNAL MULT1|PLIE? ARF}AY
1000 \\ IP471 Pas 1 Pas IP“ I gggrsquéﬂ /
=
800 \
o MAXIMUM
OVF (.
g 2 600 |- TYPICAL ﬂj
Y >g 400 - NORM—G(‘
200 = A \ | | z: : ; OUTPUT SHIFTER /
0
-50 0 50 100 150 TRIMW—?——?—?—?—?*
Tcase OC
Figure 17. lgc Versus Tcase Figure 18. Output Detail
Electrical and switching characteristics over Vo and temperature ranges(except as otherwise noted)
MAX
PARAMETER TEST CONDITIONS TYP* COMMERCIAL MILITARY UNIT
Clocked multiply time, Tme See Figure 14 200 285 320 nsec
Unclocked multiply time, Tmuc See Figure 14 225 325 365 nsec
Shift delay, Sp See Figure 14 25 35 40 nsec
CLK P release time, T See Figure 14 25 35 40 nsec
Supply current, 'CC See Figure 17 700 850 1000 mA

“Note: at Vo =5.0V, 5 = 25°C
TRW/ .si propucTs
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MPY-24H)

CONTROL AND CLOCK TRUTH TABLE AND LOGIC DESCRIPTION

All inputs, outputs, and controls are TTL compatible; positive logic

LOGIC
CONTROL MNEMONIC STATE FUNCTION
Data Input/Output Positive logic,
Logic 1=172"
CLK X, CLK Y Loads internal X, YN register on O to 1 transition.
Holds data until next O to 1 transition. D type register.
CLK P 4 Freezes internal output fatches on O to 1 transition.
1 Holds last latched state.
{ Releases latched state to follow mode on 1 to O transition.
0 Unclocked mode. Qutput register continuously follows the array product.
TCX (Mode Control, X input} Registered controls clocked by (CLK X or CLK Y).
TCY (Mode Control, Y input)
1 Two's complement number system,
o] Unsigned magnitude number system {for expandable case, see text
and diagrams)
OVF 0 Signals P47 and P4g are of the same state.
1 Signals P47 and P4p are opposite states.
NORM 0,1 Same as flag overflow for Pgg and Pg5.
SHB SH A Direct nonregistered inputs, no effect on flag outputs.
0 o) No shift, MSP bit has weight of 1 * 247 magnitude notation.
0 1 Shift up one bit, MSP has weight of 1 * 246, pg =0,
1 X Shift up two bits, MSP has weight of 1 * 245, P, P4 = 0.
RND B RND A Registered controls clocked by (CLK X or CLK Y},
Two’s Complement Magnitude
0 0 No round. No round.
0 1 Adds 1 * 2—25 10 product, Adds 1 * 221 10 product.
1 0 Adds 1 * 224 ¢ product. Adds 1 * 222 to product.
1 1 Adds 1 * 223 to product. Adds 1 * 223 to product.
TRIL, TRIM Three-state controis on putputs. TRIL operates on LSP, TRIM on MSP.
0 Output enabied, output is iow impedance.
1 Output disabled, output is high impedance.

TYPICAL OPERATING SEQUENCE (TWO PORT) FOR REPEATED SETS OF MULTIPLICATIONS

1) Load 24 bit multiplier (Ng) and 24 bit multiplicand {Mg) into X and Y input registers. Simultaneously load output
registers with the product of two previous operands, N_1 and M_1. Three-state controls are in high state.

2) During the multiplication period of N * Mg, the previous product N_1 * M_1q is read to the I/O bus by placing the
three-state controls in the low state. Foliowing the product read period, the three-state controls are again returned to
the high state and new operands N1 and M1 are sourced to the bus. The procedure is repeated by returning to item 1
above. In this way, a continual pipelined multiplication set is performed each 7T, period. Timing diagrams are shown

below.
INPUT SOURCE INPUT SOURCE
HIGHI’MPEDANCE LOW IMPEDANCE
INPUT Xin- Yin i @ @ N2 M2

AR
I—I—

z

173 213
| ouTY cYcLe

||
| 1 I 2 I 1 l 2
HIGH IMPEDANCE
\LOW IMPEDANCE

|_Rmeap _]LOAD | ReaD | Loap |
| T outPuT T Tinpur|  OUTPUT ~ [inpuT |

Figure 19. Multiplexed /O Timing Diagram

CLKX, CLKY, CLKP

3-STATE TRIL, TRIM I

OUTPUT MSP, LSP

TRW .si propucTs
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FRACTIONAL TWO'S COMPLEMENT

DATA FORMAT EXAMPLES

MPY-24HJ

XIN TCX =1 TCY =1 YIN
X23 | X22 | X21 22 X2 | X1 | Xo Yoz | Y22 | Y21 22 Y2 | Y1 | Yo
X SGN 2-1 2-2 2-21 2-22 -23 YSGN 2-1 272 2-21 2-22 2-23
MSPoUT LSPoyT

P47 | P46 | Pas 82 P26 | P25 | P24 P23 | P22 | P2y R P2 | P1 | Po

_21 20 '2—1 2—20 2-—21 2—22 SHA=SHB=0 2-23 2—24 2—-25 2—44 2—45 2—46

PsGn| | L

20 | 91| 2-2 0-21|,-22 | 523 gng‘:(‘) 2-24 | -25 | 5-26 245 (246 | ¢
T

1|22 | 2-3 0-22 | 223 | p-24 g:g=1 9-25 | 9~26 | 227 46| o | o

Note: In all multiply cases except - 1.0(10) X - 1.0(10)., the two MSB bits {-21 and 20} are the same. In that one multiply
case, =21 will be a 0 and 20 will be a 1, all other bits will be 0. The OVF flag (-21 ® 20) will be a 1, and the NORM flag
(20 @ 27 1) will also be a 1. Since these flags are generated before the output shifter, the shift position will have no effect
on the states of the flags. See figure 18.

23 46
Fractional 2 I t = —~1%SGN + X , " - —n
ractional 2's complemen Z n2 1*%PSGN + E Pn2
n=1 n=0
23 47
Magnitude X = z;) X " pP= z E P "
f=h "n2 7=b  n2
INTEGER MAGNITUDE
XIN TCX =0 TCY =0 YIN
X23 | X22 | X21 22 X2 | X1 | Xo Yo3 | Y22 | Y2 22 Y2 | Y1 | Yo
223 222 221 22 21 20 223 222 221 22 21 20
% MSPoyT LSPout
| P47 | P46 | Pas 22 P2g | P25 | P24 P23 [ P22 | P21 22 P2 | P1 | Po
247 | 246 | 245 226 | 2256 | 224 | syaA=SHB =0 | 223 | 222 | K2 22 | 21 | 20
246 | 245 | 44 225 | 524 | 523 A 222 | 221 | 220 A 20| o
A5 | 244 | 243 224 | 923 | 22 ALx 221 | 20 | 219 01 0| o

When mixed mode signals are used, the flag signals, FLAG OVFLO and FLAG NORM will not have the same general
utility as described under FLAG outputs.

TRMW/ s rropucTts
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MPY —24H)
APPLICATION NOTES

100 NSEC 24 X 24 BIT MULTIPLIER

The multipliers can be interfaced easily on a data bus {(or buses) to achieve greater multiply throughput rates. The
MPY-24HJ was picked for the example below because it has the highest number of multiplexed 1/0 ports. The MPY-12HJ
and MPY-16HJ (single precision mode), with their individual inputs and outputs, are easier to interface because the buses
do not have to be multiplexed for a given throughput rate. The timing for the clocks and three-state controls of this circuit
are given below.

, CONTROL BUS
V4
6
3 %3

CLK X, Y (1)
CLK X, Y (2) CLOCKS, TRIM, TRIL CLOCKS, TRIM, TRIL
CLK P (1)
CLK P (2)
TRIM, TRIL (1) MPY—24HJ MPY—24HJ
TRIM, TRIL (2) (1) (2)

XN YIN XN YIn

MSPouT LSPout MSPoyT LSPouT

BIDIRECTIONAL
DATA BUSES

Block Diagram

lQ—TMC= 200 NSEC—Pl

CLK X, Y (1) l LOAD M,, N1| I LOAD My, Nd

CLK X, Y {2) | LOAD My, NOJ | LOAD My, N d j J_
I TCH HOLD OUTPUT STORE M, * N
LATCH HO l LATCH TRANSPARENT LI
OUTPUT a =
CLK P (2) | LATCH TRANSPARENT LATCH HOLD I I ORE Mg * Ng l

TRIM, TRIL (1) | I ‘L__I_—
L

TRIM, TRIL (2} | l | I
AN GG D G G G D R D D
INg INg INgy 3

ouT, IN ouT, INg

CLK P (1)

H

Timing Diagram

TRW/ s rrobucTts
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MPY-24H)J
APPLICATION NOTES

48 X 48 TWO'S COMPLEMENT MULTIPLIER
The expanded two’s complement diagram shows the connections to external adders required to complete the partial

product summation. The diagram simplified for illustrative purposes is accurate, but for speed optimization additional
registers can be used to pipeline the additions. Each adder shown is a 24 bit wide two input adder or equivalent. Carry-in

and carry-out are also required.

The expanded magnitude case is similar except all TC controls are set low, logic 0, and the upper carry into the last
most significant adder connects only to the least significant bit of the adder. The remaining 23 inputs to the adder are

then terminated to logic zero, ground.

TCY =1 7 7 =0 )
MSP Lsp MsP LSP
TWO’'S COMPLEMENT CASE MAGNITUDE CASE

TWO'S COMPLEMENT
MULTIPLIER, MULTIPLICAND

MULTIPLIER

48 BIT Q X;INLSB

4

Y

MSP 1 MSP ¢ LSP1 LsPo
PRODUCT |
96 BIT

TWO'S COMPLEMENT

TRW/ s propbucts
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MPY-24HJ
APPLICATION NOTES

32 BIT FLOATING POINT MULTIPLICATION—TWO'S COMPLEMENT

The MPY-24HJ, with its shifter, is ideally suited for floating point multiplication applications. The most complex
part of the function, the mantissa multiply plus normalize, can now be done with 1 chip. The cost, power, and size of the
floating point multiply function can be greatly reduced. The latches and adders shown are chosen to closely match the setup,
hold, and output delay times of the MPY-24HJ. Split timing is used to read the products and load new operands via common
buses.

The multiply time is divided into two phases defined by the clock. At the rising edge of the X, Y, P clock, a new
multiplier and multiplicand are stored in the input latches of the MPY-24HJ and L1 latches. While the internal multiplier
array of the MPY-24HJ is generating a product, the two characteristics are added. When the clock goes low and then high
again, the product is stored in the output latch of the MPY-24HJ, and L2 (new operands could also be read in again). The
flag outputs of the multiplier chip are then used to normalize the characteristics and mantissa of the product. Although not
shown here, many floating paint users test for an overflow of the characteristic after final normalization, setting a flag or
hard limiting if it does.

When the output shifter and ALU have settled, the normalized product is put onto the bus and read back.

CHARACTERISTIC MANTISSA
TWO’S COMPLEMENT TWO'S COMPLEMENT
PouT, CLOCK MSPouT, LSPOUT.
Y A 4
8 8
{'LS374)
YR T
48 (Ls283) A8
‘6 & 24 //24
v v
=" X Y P X|N,P Y
v OUT ENABLE IN-FOUT  YIN T
{'s381) Bin CLOCKS
sob—+5 TCX +5
TRIM
AN ALY 2 9 TRIL MPY—24HJ
8 Y_ ¢ TCY
out &1 81
- = NORM OVF SHB SH y
48
A
('Lszux/

Two's Complement Block Diagram

X, Y, P CLK U ] I
OUT ENABLE —J l

No Mo Nt M, N My No * Mg

NORMALIZED NORMALIZED

Two'’s Complement 1/O Timing Diagram

TRMW/ .si propucts
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MPY-24HJ
APPLICATION NOTES

32 BIT FLOATING POINT MULTIPLICATION-MAGNITUDE

The basic multiply time is partitioned into three phases defined by the clocks. At the rising edge of the X, Y, P clock,
new X and Y operands are ioaded into the input latches. Simultaneously, the previous product is stored in the output regis-
ters of the MPY-24HJ and 'LS373. The MSB of the mantissa is read into the ALU to adjust the exponent, and also into
the ‘LS74 latch where it is stored on the rising edge of the latch clock. Shortly after that edge, the MPY-24HJ output will
be normalized and may be read, along with the output of the ALU. When the output enable goes high, the output buffers
are turned off. New X and Y operands can now be brought in prior to the next X, Y, P clock.

CHARACTERISTIC MANTISSA
SIGN + 7 BIT OFFSET BINARY MAGNITUDE DATA
MSP LSP
p X cLOCK ouT ouT
OUT ~IN YIN X, Y, P XIN YIN
A ,
) 4
}s o
('LS374)
22 L2
;1 01000000 { i
('s3s1) Y \ PRODUCT XYP XN YiN
A Bso MSB BIT CLOCKS  msp LSP
—1{Awmss ouT ouT
- S1}—+5 MPY—24HJ
ALU 52
Cy q
= SH TRIM SH TCX
A TRIL B TCY
x8 46 ('LS74)
MSB  |LSB
D p—
LATCH Q s <
cLock ¢
— __ceOuT
('LS244) CENABLE

32 Bit Floating Point Multiplier Block Diagram

Tme *r{

le

[‘
X, Y, P CLK I l 3/4 1/4 (STORE PRODUCT} |
LATCH CLOCK l [ 1/2 1/2 l (NORMALIZED PRODUCT} |

OUT ENABLE | I I |

N_y* M_, Ny, My o * Mo

(R
NORMALIZED NORMALIZE
DATA BUS ><X' M DATAX >O< PRODUCT ><X' M DAT‘>< PRODUCT

Magnitude [/O Timing Diagram

TRMW/ s probucTs
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LS| MPY, HJ SERIES

.,
|
|
|
|
|
|
|
|
!
!
|
|
|
|
|
|

]

Pg

3>
ﬂo

TRIL
TRIM
GND
GND
FT

RS
CLK L
CLK M
P12
P13
P14
P15

r

O O HE WN =

23
24
25
26
27
28
29

31
32

Xg
Xg
X10
X11

CLK X
CLKY

RND
TCX

TCY

P22
P21
P20
P19
P1g
P17
P16

© TRW inc. 19

]

PACKAGE INFORMATION
MPY-12HJ

MPY-16HJ
P —— et s |
r——
i
|
|
I I
| X4 64 X5 l
| X3 63 Xg
| X5 62 x7 |
| X1 61 xg |
N 59 X10 |
| ckL 58 X11 |
Il cky 57 X12 |
I P Yo 56 X13 |
I Py 55 X14
| P2.Y2 54 X15 |
| P3.Y3 53 CLK x|
| Pa Ya 52 RND |
i Ps. Y5 51 TCX I
: P7, Y7 49 +Vce |
Pg. Y8 a8 +vce |
I b vo 47 GND |
1, Y10 46 GND
10
: P11, Y11 45 GND
I P12, Y12 44 F; "
P13, Y13 :g ;‘R'M |
| P14, Y14 I
| P15. Y15 41 CLK M|
| P16 40 P31
P 39 Py |
| 17
I P18 38 Pg |
l P19 37 P2g |
| P20 36 P27 |
P21 35 P2g I
| P2 34 P2s |
| P23 33 P4 I
: |
|

TRW Inc. 1978
© ——

FRACTIONAL/INTEGER MULTIPLICATION

The MPY-series multipliers may be used in either a fractional or integer mode — the difference is conceptual. For
example, using a 4-bit case, the multiplier does not know {or care) whether it is performing the multiplication 6 X (-2) =-12
or {6/8) X {-2/8) = -12/64; the input and output binary fields will be the same. Fractional multiplication {using fields as
defined in the previous specifications} offers the advantage of more convenient single precision usage. The MSB is closest to
the binary point in fractional representation (the LSB for integer representation). The fractional notation is frequently the
most convenient when implementing a floating point multiplication system.

TRMW/ .si rrobucts
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LSI MPY, HJ SERIES

PACKAGE INFORMATION
64-PIN DIP

PIN 1

MPY-24HJ

e

|

[
| TRIL
I Po Yo
[P12. Y12
jP13. Y13
P14, Y14
|P15, Y15
P16. Y16
P17. Y17
vVee 9
Ir1g, Y1ig 10
1 P19, Y19 11
| P2g, Y20 12
I P21, Y21 13
I P22, Y22 14
l P23, Y23 15
GND 16
SHB 17
CLK P 18
SHA 19
P24, Xg 20
P25, X1 21
P2g, X2 22
P27, X3 23
P2g, X4 24
P29, X5 25
P30. X6 26
P31, X7 27
P32, Xg 28
P33, Xg 29
I P34, X10 30
P35, X11 31
P36, X12 32

0 N s W =

|

|
64 RND A |
63RND B |
62P1, Y1 |
61 P2, Y2 |
60 P3, Y3 |
59 Pg, Y4 |
58 P5, Y5 |
57 Pg, Yg I
56 P7, Y7 |
55 Pg, Yg
54 Pg, Yg I
53 P10. Y10 |
52 P11, Y11 |
siclky |
s0CcLK X |
49Vce |
48 TCX |
47 TCY |
46 OVF I
45 NORM I
44 P47,)(23 |
43 Pag, X22 I
42 P45, X21
41 P4, X20 '
40 P43, X19 |
39 P42, X18 |
38 P41, X17 |
37 Pag. X16 |
36 P39, X15
35P38. X14
34 P37, X13
33 TRIM :
|

© TRW Inc. 1978

| ST

THERMAL RESISTANCE DATA

Junction to case
Case to ambient

Case to ambient

OcA (still air)~10°C/W
Bca (300 cfm airflow) =~ 4°C/W

{DENTIFIER

CONOO bWN =

.230/
70

0.011 £ 0.001
END VIEW

HEAT
0.242/0.1925 /SINK
SEATING *
A PLANE (REF) 0.125 MIN

38.10702 TYP ”-<'I F

OO ] |t—

+ O

i

’4— 0.100G TYP
+0.010

SIDE VIEW

NOTES
® DIMENSIONS IN INCHES

® ALL POWER AND GROUND
PINS MUST BE CONNECTED

TRW RESERVES THE RIGHT TO CHANGE PRODUCTS AND SPECIFICATIONS WITHOUT NOTICE. THIS
INFORMATION DOES NOT CONVEY ANY LICENSE UNDER PATENT RIGHTS OF TRW INC. OR OTHERS.

TRW/ .si propucTs

19



