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Multiplier
12 x 12 Bit, 115ns

The MPYD12H is a high-speed 12 x 12 bit parallel
multiplier which operates at a 115ns cycle time (8.7MHz Fully TTL Compatible

multiplication rate). The multiplicand and the multiplier Two's Complement, Unsigned Magnitude, And Mixed
may be independently specified as two’s complement or Mode Multiplicatiotn g ’

unsigned magnitude, yielding a full-precision 24-bit
product.

Three-State Qutputs

Proven High-Reliability Radiation Hard Bipolar Process
Single +5V Power Supply

Individually clocked input and output registers are e Available In A 64 Pin Ceramic DIP

provided to maximize system throughput and simplify bus

interfacing. These registers are positive-edge-triggered Applications

D-type flip-flops. The MPY012H is built with TRW's
2-micron bipolar process.

e Array Processors
Video Processors
Radar Signal Processors

* 115ns Multiply Time (Worst Case) FFT Processars

e 12x 12 Bit Parallel Multiplication With 24-Bit Product General Digital Signal Processors
Output ¢ Microcomputer/Minicomputer Accelerators

Features

Functional Block Diagram
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Functional Block Digram
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Pin Assignments

X 1 64 Xg
Xg 2 63 Xg
X5 3 62 Xq9
Xy 4 61 Xqq
X3 5 CLK X
X3 6 B CKY
Xy 7 58 RND
X 8 57 TCX
LSB) Py 9 56 Yg
Py 10 55 Yy
P, 1 54 Yy
Py 12 53 Y3
Py 13 52 Y
Pg 14 51 Yg
Pg 15 50 Voo
P7 16 49 Vee
Pg 17 48 Voe
Py 18 47 Yg
Py 19 4% Y7
P11 20 L]
TRIL 21 L )
TRIM 22 3 Yy
GND 23 2 Y
GND 24 41 TCY
FT 25 40 Py3 (MSB)
RS 26 39 Py
ClKL 27 38 Py
CLKM 28 37 Py
Piz 29 36 Pyg
P13 30 3 Pg
Pig N 34 Py
Pi5 32 B Pyg

64 Lead DIP - JT Package

I. 4 TRW LSI Products Inc.
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Functional Description

General Information

The MPYD12H has three functional sections: input registers, an
asynchronous multiplier array, and output registers. The input
registers store the two 12-bit numbers which are to be
muttiplied and the instruction which controls the output
rounding. This rounding control is used when a single-waord
output is desired. Each input operand is stored independently,
simplifying multiplication by a constant. The asynchronous
multiplier array is a network of AND gates and adders,

designed to handle two's complement or unsigned magnitude
numbers. The output registers hold the product as two 12-bit
words, the Most Significant Product IMSP) and the Least
Significant Product {LSP). Three—-state output drivers allow the
MPY012H to be used on a bus, or allow the least and most
significant outputs to be multiplexed over the same 12-bit
output lines.

Power

The MPYD12H operates from a single +5 Volt supply. Al
power and ground lines must be connected.

Name Function Value J1 Package
Ve Positive Supply Voltage +5.0V Pins 48, 49, 50
GND Ground 0.0v Pins 23, 24

Control

The MPY012H has seven control lines:

FT A control line which makes the output register TCX, TCY Control how the device interprets data on the X

transparent if it is HIGH.
TRIM, TRIL  Three—state enable lines for the MSP and the
LSP. The output driver is in the high-impedance
state when TRIM or TRIL is HIGH, and enabled
when the appropriate control is LOW.

RS RS is an output format control. A HIGH level on
RS deletes the sign bit from the LSP and shifts
the MSP down one bit. This is mandatory for
unsigned magnitude, mixed mode, and two’s
complement integer operations.

RND When RND is HIGH, a one is added to the

MSB of the LSP. Note that this bit depends on

the state of the RS control. If RS is LOW when

RND is HIGH, a one will be added to the 2~ 12

bit {P1gl. If RS is HIGH when RND is HIGH, a

one will be added to the 2= 11 bit (Py1). In

either case, the LSP output will reflect this
addition when RND is HIGH. Note also that
rounding always occurs in the positive direction;

in some systems this may introduce a

systematic hias.

TRW LSI Products Inc.

and Y inputs. A HIGH on TCX or TCY forces
the MPY012H to consider the appropriate input
as a two's complement number, while a LOW
forces the MPYD12H to consider the appropriate
input as a magnitude only number.

FT, RS, TRIM and TRIL are not registered. The TCX input is
registered, and clocked in at the rising edge of the X clock
signal, CLK X. The TCY input is also registered, and clocked in
at the rising edge of the Y clock signal, CLK Y. The RND input
is registered, and clocked in at the rising edge of the logical
0OR of both CLK X and CLK Y. Special attention to the clock
signals is required if normally HIGH clock signals are used.
Problems with loading the RND control signal can be avoided
by the use of normally LOW clocks.
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Control {Cont.)

Name Function Value J1 Package
RND Round Control Bit TTL Pin 58
TCX X Input, Two's Complement T Pin 57
TCY Y Input, Two's Comglement TTL Pin #1
T Output Register Feedthrough T Pin 25
RS Output Right Shift L Pin 26
TRIM MSP Three-State Control TTL Pin 22
TRIL LSP Three—State Control TIL Pin 21

Data Inputs

The MPYO12H has two 12-bit two's complement or unsigned the Least Significant Bits). The input and output formats for
magnitude data inputs, labeled X and Y. The Most Significant fractional two's complement, fractional unsigned magnitude,
Bits (MSBs), denoted X11 and Yqq, carry the sign information fractional mixed mode, integer two’s complement, integer
for the two's complement notation. The remaining bits are unsigned magnitude, and integer mixed mode notation are
denoted Xg through Xqq and Yg through Y9q fwith Xy and Yg  shown in Figures 1 through §.

Name Function Value J1 Package
X1 X Data MSB m Pin 61
Xm T Pin 62
Xg m Pin 63
Xg m Pin 64
X; m Pin 1
Xg m Pin 2
Xg ! Pin 3
Xq m Pin 4
X3 T Pin &
X m Pin §
X m Pin 7
Xg X Data LSB TIL Pin 8
Y1 Y Data MSB m Pin 42
Yy m Pin 44
Vg it Pin 45
¥y m Pin 48
Yg m Pin 47
Yg m Pin 51
Y m Pin 52
Y3 m Pin 53
Yy il Pin 54
Y m Pin 55
Yo Y Data LSB it Pin 56

AL=6 TRW LS| Products Inc.
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Data Outputs

The MPYD12H has a 24-bit two's complement or unsigned
magnitude output which is the product of the two input data
values. This output is divided into two 12-hit output words,
the Most Significant Product (MSP) and Least Significant
Product [LSP). The Most Significant Bit (MSB) of both the MSP
and the LSP is the sign bit if fractional twa's complement
notation is used {TCX=TCY=1, RS=0). The input and output
formats for fractional two’s complement, fractional unsigned

magnitude, fractional mixed mode, integer two's complement,
integer unsigned magnitude, and integer mixed mode notation
are shown in Figures 1 through 6. For the MSP and LSP to be
read, the respective TRIM and TRIL controls must be LOW. RS
is an output format contral. A logical “1” on RS deletes the
sign bit from the LSP and shifts the MSP down one bit. This
is mandatory for unsigned magnitude, mixed mode, or integer
two’s complement operation.

Name Function Value J1 Package
Pog Product MSB ™ Pin 40
Pgy L Pin 38
Py T Pin 38
Pyg TIL Pin 37
P1g TIL Pin 36
Py T Pin 35
P17 T Pin 34
P1g ™m Pin 33
P1a T Pin 31
P12 TIL Pin 28
Py T Pin 20
Pio ™ Pin 19
Pg Al Pin 18
Pg M Pin 17
Py TIL Pin 16
Pg TIL Pin 15
Pg Tt Pin 14
Py m Pin 13
P3 TiL Pin 12
Py TIL Pin 11
Py TIL Pin 10
Py Product £SB TTL Pin 9

Clocks

The MPY012H has four clock fines, one for each of the input
registers and one for each product register. Data and twa’s
complement instructions present at the inputs of these
registers are loaded into the registers at the rising edge of the
appropriate clock. The RND input is registered, and clocked in

at the rising edge of the logical OR of both CLK X and CLK Y.
Special attention to the clock signals is required if normally
HIGH clock signals are used. Problems with loading this control
signal can be avoided by the use of normally LOW clocks.

Name Function Value J1 Package
CLK X Clock Input Data X T Pin 60
CLKY Clock Input Data Y T Pin 59
CiK L Clock LSP Register TIL Pin 27
ClK M Clock MSP Register TTL Pin 28

TRW LS| Products Inc.
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Figure 1. Fractional Two's Complement Notation

BINARY POINT
Xi1|Xaof Xa [ X | X7 [ %6 | X5 [ Xg [ X3 | %3 | xq | g ] SiEmaL
002122 23] 24|25 28] 27| 28] 29 [210]211] mgiT varue
Yo |vi Y| ve |2 lvs [ vs | ¥a [ va] vy [ vy [ vg] stomar
X
A1 22| 23] 28| 25] 26 27| 28] 29]210]51] oG varue
_ |PeajP22{Pa1{P2u | Pra| P1g| P17 |P16 [Prs5|Pra| Pr3fPrz| Pry|Pra| Pa | Py | Py | Pg | P5 | Py | P3| Py | Py|Py| SIGNAL
A2V 22| 23] 28| 25| 26| 27 [ 28 29 |210[ 21| 20 | 212{ 13| 18] 18] 16 17 ] 18| 18|, 20| ;21 22| miGiT vALuE
MSP LSP
_ |P2a|P22| P21 P20 | Prg | P1a | P17 | P16 P15 | P1a| P13 | P12 | P11 | Pro| Pa | Pa | Py | Pg | P5 | Pa| P[Py Py | Py
2|0 |21 22]23 | 28] 28] 28] 27] 28| 28 {210 11|22 13 10| 8] 06 17 e e[ [ 2ty 22| v waue
msp LSP
Figure 2. Fractional Unsigned Magnitude Notation
BINARY POINT
X11[X10| Xa [ X8 | X7 | Xg | X5 | Xa [ X3 | Xz | X1 | Xg | SIGNAL
21| 22] 23] 28| 25 28] 271 28 28(590]511]302| oG vawwe
Yoo Y| Yo | Y [ Y7 | Y6 | Y5 [ Ya|Y3| Y2 [ Yy [ Yo | sicua
X
2V 22| 23 24| 25| 28| 27| 28| 29 |2%0| 2" 212| miGiT vALUE
- | P23|P2z|P21| P20 [P19{P1a [ P17 P16 P15 |Pra[ P13 [Piz2 [ Pro|Pro| Pg | Pg | Py [Pg [ Ps | Py (P3| Py | PyiPy| sigNaL
22|23 8] 25| 26] 27 28] 29 210|211 | 12] 03] 8] 115 118 17 18] 71 20| 121|522 23] 28] mveir vawe
MsP LSP MANDATORY
Figure 3. Fractional Mixed Mode Notation
BINARY POINT
Xn| X Xg | Xy |Xg X5 i Xq | X3|X2| X1 | Xo} SIGNAL (TWD'S COMPLEMENT)
02022 23] 24| 25] 28| 27| 28] 29 |210| 2| DiGIT vALuE
S YalYuiYe [ Ya Y| Ys| Ys{Ya[Ys|va] Ys] Y| stonaL wnsiGnED MaGnTUDE
211721 23[ 281 25] 26| 27| 28| 29(510]211f212| mrciT vaLue
P23|P22(P21|P20| P19 | P18 | P17 P16 | P15 | Pra|P1a | Pra|Pr1[Pro| Po | Py | Py | Pg | Ps [ Py | Py | Py | Py | Pg | siGhaL
D 222|234l 5] 28] 27] 28] 29[ 210] 211|p12| 3]0 ] 18] 6] 17| 16 19 20 [ 20 |22 [ 23] ey v
Msp LSP MANDATORY
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Figure 4. Integer Two's Complement Notation
BINARY POINT

X191 X10| Xg | Xg | X7 | X | X5| Xa [ X3} X2 Xy [ Xg | SIGNAL

M| 8] 817 o8] 5] 423 2] 21| 0] e varue

Yo Yoo Yo | Ya [ Y7 [ Y6 | Ys| Ya|Ya| Yz [ Y1 ] Yo | SIGNAL

2120 A 8| 27|58 |B|2]2 2| ver vawue
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222|221 | g20] 219 18| 17| 216 [ 215 ] 914 | 213 | 212 [ 11 [ g22] g0 29 28] 271 26| 25| 4] 23] 22| 21 | 9 | oweiT vaLUE[RS = 0]
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P231P22| P21| P20 P19 | P1g |P17{ P16 | P15 | Pra | P13 P12 [P11[Pro| Pa [ Pa{ P7 [ Ps [ Ps | Pa | P3| P2 | Py Py | siGnaL
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Figure 5. Integer Unsigned Magnitude Notation

BINARY POINT

o] %10 [ o | Xg [ X7 | %6 | %5 [ X | %3 | %2 | % [ %g | siomar
o110 8] o8| 2785 23[22]21] 28| oG vawe

Yy |Yio| Yo [ Ya | Y7 | Y6 | Ys | Ya | Ya| Y2 | Y9 | Yo | SIGNAL
210 29 [ 28| 27| 261252423 (22| 21|20 | DIGIT VALUE
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Figure 6. Integer Mixed Mode Notation

BINARY PDINT

X\ Xia| Xe | Xg | %7 | %6 | X5 | %a | X3 [ %2 [ X¢ [ %g | sienar rwo's compiemenn
a0 87|85 A 3|22 2|00 oicir vawe

Vi V| Yo [ Ye [ Y2 Ys | Ys | Ya | Yal Yo [ ¥e [ Yo | siGwaL wnsicneED macmiTuDE
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Figure 7. Timing Diagram
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Figure 11. Test Load
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Application Notes

Mixed Mode Multiplication

There are several applications in which mixed mode
multiplication may be advantageous. For example, inputs to a
digital signal processar are often generated as unsigned
magnitude numbers {e.g., data from an analog-to-digital
converterl. These numbers are effectively all positive values. In
contrast, filter coefficients must often be negative. As a result,
either the unsigned magnitude data must be converted to

two's complement notation {which requires an additional bit}, or
the multiplier must be capable of mixed made operation. The
MPY012H provides this capability by independently specifying
the mode of the multiplicand (X} and the multiplier (Y) on the
TCX and TCY pins. No additional circuitry is required and the
resulting product is in two's complement notatton.

Multiplication By A Constant

Multiplication by a constant requires that the constant be
loaded into the desired input register, and that the selected
register not be loaded again until a new constant is desired.

The multiply cycle then consists of loading new data and
strobing the output register.

Selection Of Numeric Format

Essentially, the difference between integer, mixed, and
fractional notation in system design is only conceptual. For
gxample, the MPYD12H does not differentiate between this
operation:

bx2 =12
and this operation:
(6/8) x 12/81=12/64.

The difference lies only in constant scale factors fin this case,
a factor of 8 in the multiplier and multiplicand and a factar of
64 in the product). However, these scale factors do have
implications for hardware design.

TRW LSI Products Inc.

Because comman design practice assigns a fixed value to any
given line (and input and output signals often share the same
line), the scale factors determine the connection of the output
pins of any multiplier in a system. As a result, only two
choices are normally made: integer and fractional notation. If
integer notation is used, the Least Significant Bits of the
multiplier, multiplicand, and product all have the same value. If
fractional notation is used, the Most Significant Bits of the
multiplier, multiplicand, and product all have the same value.
These formats are illustrated in detail in Figures 1 through 6.

I-n
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Register Shift (RS} Control

In two's complement notation, the acceptable range of values
for a given word size is not the same for positive and
negative numbers. The largest negative number is one LSB
larger than the largest positive number. This is true for either
fractional or integer notation. A problem can arise when the
fargest representable negative number is multiplied by itself.
This should give a positive number of the same magnitude.
However, the largest representable positive number is one LSB
less than this value. As a result, this product cannot be
correctly represented without using one additional autput bit.

The MPYO12H has a Register Shift (RS} control that permits
shifting of the resuit to provide a correct answer for every
two's complement multiplication. When RS is active, the value
of all bits in the MSP is doubled fi.e., shifted left one position),
which provides the capability to represent the largest possible
product. The MSB of the Least Significant Product is changed
from a duplicate of the sign bit to the necessary bit to fill in
the output word. The effects of this contral are illustrated in
Figures 1 and 4. Note that for unsigned magnitude operation,
the RS control must be HIGH.

L
Absolute maximum ratings {beyond which the device may be damaged)
L R

Supply Vohtage -05to +7.0V
Input
Applied voltage -05 to +55v2
Forced current -6.0 to +6.0mA
Output
Applied voltage -05 to +55v2
Forced current -10 to +6.0mA34
Short-circuit duration {single output in high state to ground) 1 sec
Temperature
Operating, case -55 10 +125°C
junction 175°C
Lead, soldering {10 seconds) 300°C
Storage -65 to 150°C
Notes:

T-12

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions.
Functional operation under any of these conditions is NOT implied.

2. Applied voltage must be current limited to specified range, and measured with respect to GND.
3. Forcing voltage must be limited 10 specified range
Current is specified as conventional current flowing into the device

TRW LSI Products Inc.
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L .
Temperatwe Range

Standard Extended

Parameter Min Nom Max Min Nom Max Units
Voo Supply Voltage 475 50 5.26 45 50 55 v
tpw Clock Pulse Width 25 30 ns
tg Input Register Setup Time 25 kl} ns
y Input Register Hold Time 0 3 ns
iL Input Voltage, Logic LOW 08 08 v
Vi Input Voltage, Logic HIGH 20 20 v
lot Output Current, Logic LOW 40 40 mA
loy Output Current, Logic HIGH -400 -400 uA
Ta Ambient Temperature, Stifl Air 0 70 °C
Tc ~ Case Temperature ~55 125 °C

Electrical characteristics within specified operating conditions

ﬁ

Temperatwre Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
icc  Supply Current Vge = MAX, Static! 700 750 mA
it Input Current, Logic LOW Ve = MAX, V) = 04V

XlN' YIN' RND, T -04 -04 mA

TCX, TCY, RS -08 -08 mA

CLK L, M, X, and Y; TRIM, TRIL -10 -10 mA
M input Current, Logic HIGH Voo = MAX V) = 24V

X|N' Y|N' RND, T 75 100 ,uA

TCX, TCY, RS 75 100 uh

CLK L, M, X, and Y; TRIM, TRIL 7% 100 HA
] Input Current, Max Input Voltage Vog = MAX, V) = 558V 10 10 mA
Vg Output Voltage, Lagic LOW Vog = MIN, Ig; = MAX 05 05 v
Voy  Output Voltage, Logic HIGH Voo = MIN, Igy = MAX 24 24 v
lpz.  Hi-Z Output Leakage Current, Output LOW Voo = MAX, V| = 0.4V -40 -40 uh
lozy  Hi-Z Output Leakage Current, Output HIGH Voo = MAX, V) = 24V 4 L} uh
lpg  Short-Circuit Output Current Voo = MAX, one pin to ground, -50 -50 mA

one second duration max, output HIGH

G Input Capacitance Tp = 25°C, F = MMz 15 15 pF
Cg Output Capacitance Tp = 25°C, F = IMHz 15 15 pF

Note:
1. Al inputs and outputs LOW.

TRW LSI Products Inc.
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Switching characteristics within specified operating conditions ’
Temperature Range
Standard Extended
Parameter Test Conditions Min Max | Min Max | Units
tme  Multiply Time, Clocked Vee=Min 115 140 ns
tmuc  Multiply Time, Unclocked Vee=Min 155 185 ns
tp Output Delay Vee=Min, Test Load: Vi gpp=2.2V 40 45 ns
tgna  Three-State Output Enable Delay Vee=Min, Test Load: V| gap=1.8V 40 45 ns
tnis Three-State Output Disable Delay Veg=Min, 40 45 ns
Test Load: VLOAD=2.6V (tmso]z
Vi 0AD=00V ltpig) 2
Notes: 1. All transitions are measured at a 1.5V level except for tpig and tey g, which are shown in Figure 12.
2. 1pjgq denotes the transition from logical 1 to three-state
tpign denotes the transition from logical 0 to three-state.
Ordering Information
Product Temperature Range Screening Package Package
Number Marking
MPY012HJ1C STD—Tp=0°C to 70°C Commercial 64 Pin Ceramic DIP 012HJ1C
MPY012HJ1A EXT~Tp=-55°C to 125°C High Reliability 64 Pin Ceramic DIP 012HJ1A

T-14

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% {esting as appropriate. TRW reserves the right

ta change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others

Life Support Policy — TRW LS Products Inc. components are not designed for use in life support applications, wherein a failure or matfunction of the

component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk
of such use and indemnifies TRW LSI Products Inc. against all damages

TRW LSI Products Inc.



