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I Advance Information

12X 12 EXPANDABLE MULTIPLIERS

The MCI0951, IOL951 and 100951 are high-speed 12 x 12 mul-
tipliers that multiply two 12-bit 2’s complement numbers and
produce a 24-bit 2’s complement output.

The MI0951 series multiplies two 12-bit magnitude-only num-
bers and produces a 24-bit magnitude-only product. They multiply
a 12-bit magnitude-only number together with a 12-bit 2’s com-
plement number and produce a 24-bit 2’s complement output.
Two 13-bit signed magnitude numbers (12-bits magnitude, l-bit
sign) can be multiplied to produce a 25-bit signed magnitude
answer.

The MCI0951 can be used as a stand alone 12-bit multiplier or
as a building block for larger multiplier arrays.

The part performs the function: P = (X times Y) + M + K ,,.x*

Where K and M are 12-bit input fields used to add partial prod-, ‘${
ucts in an array or to add a constant to the least significant pag$~~
of the array product, or to add a constant in the stand alone rnt~d~. *)~~

The algorithm used is an asynchronous sequential add ‘@c@
nique. This algorithm eliminates the need for subtracti~~~&~~&h
simplifies the multiplier network. ~~$.,.*‘.-w.,\
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12-Nanosecond Typical Multiply Time
,!$

~..>,.>‘-.:->,.,.>,<,).)~
12 x 12 Parallel Multiplication .\\$, ::~a.>.*:A ..
13 x 13 Signed Magnitude Multiplicationv ‘~:<$f~!,

IEEE Format Floating Point Multiply wi$$$~~~fi Bit Correction
1>:$?.,?,!:?.:>

2’s complement, Unsigned Magnit@A$J$i~ned Magnitude or
Mixed Mode Operation , ‘~$r~~i~~

~~,j.
Two 12-Bit Input Expansion @*fi,$@k Summing Partial
Products

t}, :x-JT},\.,,,i’’:”+..:,~,.,,(,~*\,“,......
Control Inputs for Easy @p~$sion to Larger Multipliers..,..’!\
Single-Chip Bipolar ~$c~o~ogy

.:> ,.i:i$
Two 24-Bit OutR@s< LaYChed for Product Outputs and
Unlatched for ~~~~~ertial Product Summation in Array

Product Ou@~~~nable to Allow Wire-ORing of Outputs for
Bus op:r~~~~

Latc~@’’~$~$ts and Outputs with Complementary Clocks for
Us$,~~,,,h~p”elined Con fig urations

&j$a@e Compensated, VEE = -4.2 Vdc to -5.72 Vdc

~~~&~&rfaces with MECL IOK and IOKH with a IOOK Version Also
IAvailable

ORDERING INFORMATION

Part Number Description

MCI0951R — IOWIOKH compatible VEE = – 5.2 Vdc f5~0

MCI OL951 R — IOWIOKH compatible VEE = –4.5 *0.3 Vdc

MCI O0951R — IOOK compatible VEE = –4.5 *0.3 Vdc

Order this data sheet bv MC10951/D

MC10951
MC1OL951
MC1OO951

MECL, MECL IOK, MECL IOKH and MECL Ill are trademarks of Motorola Inc. @MUTURVLA INC., lY8ti ADI’135U

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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PRODUCT DESCRIPTION
The MCI0951, MCI OL951 and MCI O0951 are very

high-speed multipliers which are implemented on

Motorola’s MCA2500ECL macrocell array. The parts are

capable of multiplying two 13-bit (12-bits magnitude, 1-

bit sign) signed-magnitude numbers and outputting a

25-bit signed-magnitude result. They also multiply two

12-bit 2’s, complement numbers and output a 24-bit 2’s

complement result. The multipliers also handle mixed-

mode operation. A 12-bit 2’s complement number can

be multiplied by a 12-bit magnitude-only number to

produce a 24-bit 2’s complement result.

The circuits perform IEEE standard floating-point op-

erations on the chip. These include automatic shifting

of the output for normalization, and shift-in, shift-out,

for normalizing an expanded floating multiply result.

To make the chip faster for expanded multiples the

chip has dual outputs, product outputs which are

latched and high-speed expansion outputs which are

used to output partial products in a multiplier array. It

also has dual 12-bit partial product inputs to add in

partial products in expanded arrays of multipliers.

The inputs and one of the 24-bit outputs are latched

so the multiplier can perform in a pipeline configuration

which allows a N-by-N multiply in the time needed for

a single 12-by-12 multiply. This is extremely useful in

high-speed digital signal processing applications.

The algorithm used is an asynchronous sequential

add technique. This algorithm eliminates the need for

subtractions which simplifies the multiplier network.

The circuits have a typical multiply time of 12 ns and

a worst case limit of 21 ns.

The circuit is fully compatible with the other},MECL

logic families (I OK, IOKH, MECL lll,.:~J,~~,OO,

MCA2500ECL, MCA800ECL, MCA120~&~$,~~%nd

MCA600ECL) and is specified around the ~c%~ecifica-

tions of the MECL IOKH family featur~~~~~~aranteed

dc noise margin of 150 mV over a ~b.~~’’~ower supply

range and an ambient temperatu~~~~~~ye of O to 70°C.
Although the array is voltage c~~~wdted over a range

of VEE of – 4.2 to – 5.72 vglts>$,~~ dc parameters are

specified with a VEE of eit$~~~}?: 5.2 V &5.0% (MCI 0951)

or – 4.5 volts f 0.30 $?w~ “~MC10L951 ) for reduced:1<~5)$
power consum ption:.~~,.$

The multiplier i~a,~Q~@#ered with an ECL IOOK option

that features apprd~~~htely constant output levels over

temperature$r?~e~~100951 is specified (with standard

ECL IOOK .~~hd~ations) with a guaranteed dc noise*.>.. $::<,
margin+o~l 3~mV with ambient temperature variations

of O t@<$OW%nd a VEE = –4.5 volts ?0.3 volts. The

MQ:100S~l is not fully compatible with the other MECL

l@&~ families over temperature due to differences in

~~’&~~p~t level and input threshold (VBB) temperature

+$,x?~g~cki ng.

,.,,.,+,,*.

Signals Symbol ,,it,,:s~.,““’+ Description

Clocks CLKI and CLK2 ,:@$S&&?ate master clocks for the input operands and the product allow either
<~:;‘*$y@thronous or asynchronous data flow through the multiplier. The X and Y>+\ ~,:Y.*.

‘~,.,operand latches are transparent when CLK2 is at a Logic **L.” The product latch*:;{;f,’t(\N::*?*. .
+Li+,.-~fi‘>‘ “: IS transparent when CLKI is at a Logic “H.” For synchronous mode of operation

-,?,7i,~’:\~\.‘..’]: (i.e., pipelined architectures), the two clocks are driven by the same source.,.. 1,, t

Control
~ —

These two inputs determine the arithmetic format of the X and Y operands.
,{,$.~:.*““~.j,,,,>,\~::..’

~.~,..,‘.~~. When Cl is at a Logic “H” the Y operand is assumed to be a signed 2’s
::,: .::tt
:!?.,~ .:. .,:,.,,y,:,...~ complement 12-bit number, while a Logic “L” on Cl indicates the Y inputs are in

~?<~+’~:&,.
‘$.i, unsigned-magnitude notation. The C2 and X inputs function similarly. The!..$
vi ~,iy’

.>* function of these two inputs also indicate to each multiplier chip its relative.,!,:,.~.,{:.:,*,
,<It.<...,>.,’ position in an array.

Sign Enables ii,,,,$”~,’’$~&L’ XSE and YSE Due to the nature of the multiplication algorithm, correction terms need to be
~\;\:\.::\;,:.,, ‘3J..J .&. (Active Low)

i:s>\ .y~~>
added to obtain the correct 2’s complement signed product. The sign bits of the

,.!*‘~l$l.$:i+:.,-%..;. X and Y 12-bit operands (i.e., Xl 1 and YI 1) are added if XSE and YSE are at a
‘>SF.,.,t..,:~..\s;${>.~ Logic “L.”

Inp~$::~&<c@Enables XL and YL
‘.:.,*.~

Data is passed through the latch when the respective latch enable and CLK2 is
,.,$)..,,:,>
‘.$~’~..,.\\..,,,&,.’ (Active Low) at a Logic “L.” Data is latched when the respective latch enable or CLK2 is at a

x~.
~$.,$..+?.;.~,l,,,. , Logic “H.”

.<
‘$~gn-Magnitude Bits XS and YS Multiplication of 13-bit signed-magnitude operands is accommodated by the

> inclusion of the XS and YS inputs. The result is a 25-bit product where the sign
is the exclusive-OR of the two operand sign bits.

Input Buses XO–XI 1 and Multiplicand and multiplier data enter the multiplier chip as 12-bit values. The
YO-YI 1 inputs are designated with bit 11 as the most significant bit (MSB), and bit O as

the least significant bit (LSB).

Expansion Input Buses KO-KI 1 and The expansion inputs are used to add the partial products generated in an array
MO-MI I of multipliers. These 12-bit active low inputs connect directly into the internal

(Active Low) asynchronous multiplier logic for fast partial product summation.

@
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Sanals Svmbol Description-. =.._.- -,. ..—-.

Partial Product Bit PM 1 The partial product bit is used to input the most significant bit from the previous
(Active Low) multiplier in a floating point multiplier array. Then a single bit normalization of

the final product is necessary. The PM I bit makes the upshift continuous across
the multiplier array. .!,.A)t

Floating Point Shift FPS A Logic “H” on this input will shift the final product towards the MSB byy.$@~ti~w

(i.e. normalize). A Logic “L’ cause the product output to be unaffected ‘+$:’’”

Product Latch Enable PL (Active Low) Data is passed through the latch when the latch enable is at a Lo~k@?$~’##d
CLKI is at a Logic “H.” The data is latched when the latch enab~~7@$~$#Logic
“H” or CLKI is at a Logic “L.” The product latch enable operq#~tit% the same
polarity as the XL and YL controls, but the clocks, CLKI an$@+Q~@~are phased
opposite. This simplifies synchronous operation and redd~s~nsitivity to
timing skew and jitter. ..!,. .$,<,al

I\&,

Product Output Enable PE (Active Low) The product is disabled (i.e. forced to a Logic “L’~,~~$~%&ts) when the PE input
is a a Logic “H.” The product is present at the ~~~~uk;~hen the PE input is at a
Logic “L.” This feature permits the use of wi~@$+~g and bus operation.

Product Output Bit (N) PN The PN bit is the inverted value of the mos#&$%cant product bit as presented
(Active Low) to the normalization logic. When connwd td~the FPS input in a floating point

multiplier configuration, a single bit,d~$@%.occurs when the PN bit is at a Logic
“H” (i.e.; the most significant unn~~%~~d product bit is at a Logic “L”). If the
PN bit is at a Logic “L,” the pr@d~~J~,~ifully normalized already and no upshift is
required. ~’.?::,\.,**

,,*

Product Output Bit (11 ) PNI1 The PNI 1 bit is the inver@, valu’~ of the unnormalized product bit 11. In a
(Active Low) floating point multipli~~{r~~+ this bit is connected to the PMI input.

Product Sign
..;

Ps The product sign b~:~$jQ#exclusive-OR of the XS and YS inputs, and is used
for signed-magn@$$~@ultiplier operation. It is also latched and enabled by the
PL and PE respectr~~ly.

Product Bus
~~.~,

PO-P23 The 24-bi$proMct from the multiplication of the X and Y operands is output on
the pro,& ~},bus.

Expansion Bus EO-E23 The ~~~~ion bus outputs the active low 24-bit partial product directly from the
(Active Low) i,~$~$~~:,asynchronous multiplier logic. This approach provides fast partial

~:~F~~<~& summation when used with the K and M input buses.

Mixed Mode Input MM .,,:>?:~$~;to the nature of the algorithm, this bit must be set high when multiplying a
“:~’“’*;Z’scomplement number by a magnitude-only number. This corrects the sign bit

‘$F:*,.
>;>~* :*:,},,.,,.:.i~‘ which would otherwise be incorrect when multiplying by a negative 2’s

$.., .;$ complement number.

Temperature T~p’” A test diode is connected to this pin for use in measuring the junction

Measurement Diode .“:\.,h...,.,1:,$.!:\..\\.....,,. temperature of the multiplier IC. The cathode of the diode is connected to this,i,. i:~{,~,$, ,,
~.>1,.64, pin and the anode is connected to VCCO (K13, J13). By connecting the anode to
++.?4..

,\$.I..~)’ .. a constant current source (i.e. IOOK ohms to VEE). The resulting pin voltage.,>\.: .*!,
q>““’~.::.s<:’ varies linearly with junction temperature.
~. 1*,,,.

@
MOTOROLA Semiconductor Products Inc.

3

   
   

   
  

https://www.datasheetcrawler.com/
https://www.stockedmro.com/


DEVICE OPERATION
The multiplication matrix for the MI0951 series is

shown in Table 1. This matrix shows how the circuit
calculates the product. The product is the binary sum
of all the terms in the matrix.

The operation and expansion of the device is con-
trolled by the Cl, C2 and the MM pins. When C2 is at
a logic low, the X input is in a magnitude form, when

C2 is at a Logic “H” the X input is in a 2’s complement
form. The same is true for Cl and Y.

When multiplying a 2’s complement number by a
magnitude-only number, the MM or mixed mode pin
must be set in a high state, otherwise it should remain
in a low state.

For setting control pins for different modes, i~~er to
Table 1.

TABLE 1 — MULTIPLICATION MATRIX
,+~~ ,: :i::s~$+’,1.~

(&q:~JbF
(cl@x5)Yl?~$,,x$#lD

(Cl@X61Yll X6Y~+ “’g8Y9

clc2m (C16X7)Y11 X7Y1O ,+:$~:;$k X7Y8
X11C1C2 (Cl@X8)Yl1 X8YI0 X8Y9 ,:$‘%:@ ‘“ x8y7

mcln Yll (cl@x9)Yll X9Y1O X9Y9 X9.Y8$4;?’’*:Y7 X9,Y6

+MM. [C2.X1l+C1.Y1l)xll.m,c2m (C1BX1O).Y11X1O.Y1O X1OY9 xlo.ya xlQ.f$~ie\‘T$$ifOY6 X1OY5

clC2 xll.(clnc21YllXII(C26Y1O)xl1(c2@Y9)Xl1(C2@Y81xl1(c2@nl
‘..;>
xll.l@.p %11(C2@Y5)Xll.(C2@Y4)

P23 P22 P21 P20 P19 P18 .$<.>;,,P1l P1a PI5

:1OX3)YII

X4YI0

X5Y9

X6Y8

X7Y7

X8.Y6

X9Y5

X1OY4

.11(C2@Y3

P14

:l@x2)Yll

X3Y1O

X4Y9

x5ya

X6Y7

x7ya

xay5

X9Y4

X1OY3

11ic2@Y2’

,Y..

EXPANSION RU~ti#:&
The Ml 0951 .~kjk >an be used in arrays to perform

larger multip~t$~o’~s. An example of a 24-by-24 bit 2’s
complemeR%t~@~#pl ication which produces a 48-bit 2’s
comple~n$$ ksult is shown in Figure 6. Any number
of bi~~’~:%~ multiplied using multiple parts in an array.
This”’*t~~~P*efor magnitude- and floating-point multi pli-
c$~~m,,%Iso.

~~r an M-bit by N-bit multiplier a M + N bit product is
formed. The number of MC I0951 needed can be cal-
culated bv the eauation (M x N) / 144. For an examole,

K1

Ml

:O,Y1

:1Yo

P1

—

KO

MO

O,Y[

—

Po

a 24-by-24 bit multiply would need (24 x 24) I 144 : 4 1)

pkgs.
The normal parallelogram structure consists of sev- 2)

eral stages, each multiplying 12-bits of multiplier times
12-bits of multiplicand, and adding the partial products.

The sign bits of the multiplicand and multiplier must

be added to the product. As an example, a 12-by-24 bit
multiplier would require the sign bit of the 12-bit word
to be added to the least significant 12th bit of the prod-
uct. Likewise, the sign bit of thhe 24-bit word is to be
added to the least significant 24th bit of the product.

The X-sign bit and Y-sign bit must be added to the
product with a binary weight (power of 2) equivalent to
their respective binary weights. The control inputs Cl,
C2 and MM must be programmed correctly depending
on the multiplier type and on the position of the
MCI0951 within the array.

For magnitude-arrays all control inputs are pro-
grammed low.

For 2’s complement arrays the programming of the
control inputs is dependant on the position of the
multiplier within the array, and the terms required
by the algorithm.

@
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TABLE 2 — CONTROL INPUTS FOR DIFFERENT MODES
OF MULTIPLICATION

X Input Y Input cl C2 XSE YSE MM

12-Bit Magnitude 12-Bit Magnitude L L H H L

12-Bit Magnitude 12-Bit 2’s Comp # H L H L H

12-Bit 2’s Comp # 12-Bit Magnitude L H L H H

12-Bit 2’s Com~ # 12-Bit 2’s ComD # H H H H L

13-Bit I 13-Bit LLHHL

Sign-Magnitude Sign-Magnitude I
13-Bit I 13-Bit LLHHL

Floating Point Floating Point I
TABLE 4 — PRODUCT LATCH CONTROL TABLE

TABLE 3 — CONTROL INPUTS FOR 2S
COMPLEMENT EXPANSION

X and Y Input to Multiplier cl C2 XSE YSE MM

No Sign Bits o 0 1 1 0

FPS m Produti Outputs

L L Standa~~~&~/~ut P23 . . .. PI. PO

H L Floatinq;%int”’k% ifi Output* P22. . . PO, PM I

x H ,$+l,t~$~ybbled All LOW

*Bv connecti~~:~ t:~’FPS automatic normalization of Droduct outDut

~, ..’~~
FIGURE 2 — 25-BIT X 25-BIT SIGNED-MAG>@p%E FLOATING POINT MULTIPLY

W/ 49-BIT NORMALIZED SIGNED_~AGNITUDE RESULT

High
I

x YRm

B

E12-E23 ~-Ell

I I 1

Z47-Z36

2s Z35-Z24 Z23-ZI 2 Z1l-zo

—
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FIGURE 7 — 24-BIT X 24-BIT MIXED MODE MULTIPLICATION
24-BIT 2’S COMPLEMENT (Y), TIMES24-BITMAGNITUDE(x)

W/ 48-BIT 2S COMPLEMENT RESULT

High High

YI 2-Y23

,~

YO-YI 1
Xo;xl 1 I Xo;xl 1 I

XY

YSE=O Cl=l YSE=I CI=O
B R=l C2=0

MM= I MM=o

E12-E23 ~-Ell

YI 2–Y23

Xl 2-X23X12-X23

I
YO-YI 1

x YRm XY Km

YSE=O Cl=l YSE=I CI=O
D m=l C2=0 XSE=I C2=0 c

MM= I MM=O ~,,

P12-P23 PO-PI I PO–PII E12–E23 ,$
.,>$

I I

.,,y.r.
‘.<,?*S

Z35-Z24
,,,.,,:::”’ \..

{,.i~-s.i~$,
Z47-Z36 Z23-Z12 ‘-’ “~,{!-.’”‘~;,~.. Z1l-zo

::,,,, ~
t:,, ~ii?$,i,,lii”

..?,,,.Q.t
~.-.,,,.?,~i.‘<,*.
.Si,$..

.*:>>,,+) ;,

FIGURE 8 — 24*&~ X 24-BIT MULTIPLY PIPELINE
SPEED SIGNAL PROCESSING

Xo-xl 1 High

Xl 2-X23 YO-YI 1

4)

XY KM

Latch
I

A

E12-E23 ~-Ell E12-E23 PO-PI I
,.

~:$?:,\
1’1

Latch
,:.. ,.~>
“.’$}6,!.:<$

t:+ifl,,;!~~,..<,.
“,,$..~l..,.k,~>ix

1~t,-~
~;~ii};,,.

,,..i.$,:> ..l*,,*$P
~:; .-,,,>,*,<<\*f$g.\i..
~.:~t,,,,.,s:>,,

$..~,’~.,.t].,.+,.:t,.. I I
l,(.:,,.*:L x Y KM x Y Km

$:, Latch
I

D c I
Latch

P12-P23 PO-PI I E12-E23 PO-PI I I

I

Z47–Z36 I
Latch

11’1
Latch

Z1l-zo

Z35-Z24 Z23-ZI 2
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Y47

x47-

l–-CI=L, C2=H I I.?““s$~+~~L, C2 = L I 1– -C1=L, C2=L

I 1– -CI=L, C2=L
XSE=L, YSE=H , i. *= H,W=H XSE=H, YSE= H XSE=H, YSE=H I

E23-E12 EI1-EO E23-E12 EII-EO E23-E12 P1l-PO
I I I I h [ I

‘23-Y121 I E:l:a I ,’bk”1 ‘ ‘ “-- ““-?f~~q$3-Yl 2 II

‘47-X36Mm3-x’2ti’;’w
l–– 111–

M’I;:4A
C1=L, C2=H Cl=l

XSE = L, YSE = H XSE =.b

I
] E23-E,2 EII-EO I / I E23wd*&,dfl-Eo I I I E23-E12 E1l-EO I I E:3-E12 PI -Po]

P35 , ’24 P23:P12

I

I
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TABLE 6 — TYPICAL AND MAXIMUM TIMES FOR
EXPANDED MULTIPLES

Size of Number of Multiply Time

Operands Parts Typ Max

12X12 1 12 21.4

24X 24 4 22.4 38.8

48 X 48 16 42 73.6

PIPELINE CONFIGURATION
Using a pipeline configuration a N x N multiply can

be output each clock cycle. This is accomplished using

complemented clocks CLKI and CLK2. The input and
output are latched on opposite edges, allowing the mul-
tiplier to begin a new multiply while still outputting the
results of the previous multiply, also to change the in-
puts to the MCI0951 after a multiply has begun without
affecting the result of the multiply in progress. An ex-
ample of a 24 x 24 pipeline multiply is shown in Figure
8. The latches are needed to store the partial operands

and partial products so they reach the outputs during
the same clock cycle. In this way a new 24 x 24 bit
multiply begins each clock cycle. This pipeline would
require 4 clocks to set up and then would output one
48-bit result after each subsequent clock. The time in-

terval for one clock is the time it takes for one 12 x 12
multiply, or approximately 12 ns. This would enable

‘?&,,
roughly 84 million multiply per second. .~*.’. . ,*’..‘\.::\iy,:~\\v,~<t.:,

,1,,,ci:~,.’..,~,&\,~,y;

ELECTRICAL CHARACTERISTICS ‘+,.ix,s:$
.. ‘:.!i

Consistent with industry LSI design r#~&7&kents, the
multiplier is voltage-co mpensat~d’’~pk+% vailable in
either MECL IOWI OKH temper~g~~~$t~cking or ECL
IOOK temperature compensatio~~~~ecircuit is voltage
compensated over a range ~f ~~~ values from – 4.2
Vdc to – 5.72 Vdc. Threei,o~~@s are available:

,, -Jk.y+i.,tt,
IOWI OKH compatiblea#~~E~$ = – 5.2 Vdc t 570 —

,, “~$.{)*f\’~:isfMCI0951R . T, s+

IOWIOKH compat;&~% VEE = –4.5 k 0.3 Vdc —
MCI 0L951 R ..s”;$~..>:..,$~.e,e,.~,<><>
IOOK com~~$i~f~,at VEE = – 4.5 & 0.3 Vdc —
MCIOO~l$,x~

.J::!,,>$+‘.. ..

.,,. ..*,..*,
Characteristic

~-,,;!,y:.::.~,i
.$<$\;, Symbol Unit Value

Supply Voltage (VCC = O)
,.~.,, :.,J. VEE Vdc –7.0 to o,,-

Input Voltage (Vcc = O) ,?>?$.,, Vin Vdc Oto VEE‘$,,,
Input Voltage Bus (Vcc = O)

,.+ ,,”.\
,,,,. *%, ‘“’ Vi n Vdc o to –2.01
lt{i)-’~~’.’,$:t}

Output Source Current Continuous (5o Q drive~<a:>.,,,~,j lout mAdc 30
lout mAdc 100

lout mAdc 60

lout mAdc 200

Storage Temperature ‘~~’\,.
Tstg “c –55to +150

Junction Temperature ,,.,, .:, TJ!,{) ,.. “c 165

1. input voltage limit is VCC to – ~$-~~~t%hen bus is used as an input and the output drivers are disabled.
2. Maximum TJ may be exceeded’$~ 2WC) for short periods of time (= 240 hours) without significant reduction in device life.
3. The surge current is defin&*a$\~n8~tput current between 30 mA and 100 mA for 50 Q drive and beween 60 mA and 200 mA for 25 Q drive

lasting for <10 ys and$hav*@.#’duty cycle of not more than 10/..
..,),

-%?.,(,.<:*

., .\-~ ,,‘*$&\ ,*,* Characteristic Symbol Unit Value

Supply V{~~fw$ ‘&CC = O) For 4.5 V option VEE Vdc –4.5 t 0.3
Supply ~oltq~d (Vcc = O) For 5.2 V 10KH/10K option VEE Vdc – 5.2 ~ 5%
Op~g&~~&:~mperature Wth Heat Sink and 750 Ifm TA “c
(ack~$~tSpecifications)

Oto +70

~~dum Junction Temperature (Functional) TJ “c 130
Maximum Junction Temperature (For ac and dc Specifications) TJ “c 115

Maximum Clock Input Rise and Fall Times (20 to 80Y.) t r, tf ns 10

—

-—
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DC ELECTRICAL CHARACTERISTICS

Input
Forcing

Voltages

VIH Max
and
VIL Min

V;HA Min
and
V[LA Max

VIH Max

VIL Min

Input
Voltage
Values

Power Supply
Drain Current

NOTES:

MECL IOWIOKH ECL 10OK
Compatible Compatible

Spec Limits(1) Spec Limits(1)

Ambient Temperature Ambient
Temperature

Parameter O“c 25°C 70°c o to 70°c

VOH Max – 0.840 –0.810 –0.740 – 0.8804

VOH Min – 1.000 – 0.960 –0.900 – 1.025 .:&:&&&*

VOL Max –1.650 – 1.650 – 1.620 – 1.620
,.,~lw~ .’-~:*J\

.$ ‘$$ ~dc
VOL Max2

.,. -
–1.950 – 1.950 –1.950 – 1.950 ,&Gtt .~:$$”

VOL Min – 1.950 –1.950 –1.950 – 1.8;~’’’3~A~$~$? Vdc
VOL Min2 –2.020

‘~.’$\ .ss’
– 2.020 – 2.020 - q~20.,<.;.

VOHA Min – 1.020 – 0.980 –0.920 *w$&& Vdc
, ~~~

VOLA Max – 1.630 –1.630 –1.600 ‘; ~~-$?610,~~;~,$.- Vdc

VOLA Max2
,,.,

– 1.950 –1.950 –1.950
~<.~,~..l~,-‘“.;:;~,\,,,\*._, g50

~;.,,.. <~~.~ . Vdc

IINH Max3 25 25 25 ,,3:, “$<.”‘“ 25

IINH Max5
150

.:~<..
150 I $@&,$c,a;,v 150

PA
. .,,

IINL Min6
t.-

0.5 0.5 ,, $0.2$ ‘+ 0.5 PA

VIH Max – 0.840 –0.810 <$f:’’tY30,.\,, – 0.880 Vdc

VIL Min – 1.950 – 1.95043<f, ‘“* 1.950 –1.810 Vdc

V[HA Min –1.170 – 1, \.@~?a ‘+ –1.070 –1.165 Vdc

VILA Max – 1.480 -%h~,,.? – 1.450 –1.475 Vdc

IEE Max 1907
Cq$?

1987 1987 mAdc

<*$.*,
.;~~ ,, \,

1. DC test limits are specified after thermal equilibrium has b~~,e-lished with the MCA device having an attached heat sink and a transverse air
flow of 750 Ifpm. VEE = –4.5 V * 0.3 V. VEE = – 5.2 V ~$~~$pr the 10KH/10K 5.2 V option. All outputs are loaded with 50 Q to – 2.0 V except
the 25 Q drivers which are loaded with 250 to – 2.0 W’: ,.T$<{,

2. These voltage limits are for the driver output of m~$~&With’VOL in the cutoff mode., ,,1, ~!:\:t,i#.:y
3. Per input fan-in. .:t~>\%..\Nx..

4. For outputs conneded to Output macro X261 .~~*?&river, VOH Max = –0.740 Vdc.
5. For input pulidown (= 50 k~). ,~,.,,:,“$s.\\.,;?&, ,* ,
6. Measured because input pulldown is al~~s~~#.

,{;.~ ,,,?. . ?*
.. ... “t’:i*:,ty7T,’-’”.,’:~.jt,

,~f ELECTRICAL CHARACTERISTICS

L

~ VIL”min I II VIHMax
Test Conditions: 0–70°C I

v~~ = –4.5V & 0.3V -1[’+JA ~~~ 1
50 Q matched

I

VBB= -1.30V

inputs and outputs (Switching Threshold)

I

I

FIGURE 10 — MECL TRANSFER CURVES (ECL 100K OPTION) AND SPECIFICATION TEST POINTS

@
MOTOROLA Semiconductor Products Inc.

11

   
   

   
  

https://www.datasheetcrawler.com/
https://www.stockedmro.com/


AppliedInputTest Voltages
)1 I
,\

-1.950 – 1,480 –1.130 -0.810

r‘OH rnax~ ‘0810 ) ~ig~

– 0.960
-0.980

-1,630
– 1,650

FIGURE 11 — MECL TRANSFER CURVES (MECL IOWIOKH OPTION) AN@’’~FClFlCATlON TEST POINTS
~,9’.%,<s.?t.k

‘t +?\.i$l~’:,~.\ , ~3h

~? \+:

It is not necessary to measure all points on the trans- VILA ~&’Xl~&.&pplied to the inputs and the outputs are
fer curves. To guarantee correct operation it is sufficient measu$@ to see that they are above the VOHA min and
to measure two sets of min/max logic level parameters. b$~,w the VOLA max levels, respectively. Similar

The first set is obtained by applying test voltages, /@,ech are made using the test input voltage VIHA min.
VIL min and VIH max (sequentially) to the gate inputs, ,.k,}:,:]he result of these specifications insure that:
and measuring the output level to make sure they are
between VOL max and VOL rein, and VOH max and

~$~~jti) The switching threshold (= VBB) falls within the dar-

VOH min specifications,
‘J kest rectangle; i.e., switching does not begin outside

,..,s.
The second set of logic level parameters relat~&~to

this rectangle;

the switching thresholds. This set of data is &~~ti~-
b) Quiescent logic levels fall in the lightest shaded

guished by an “A” in symbol subscripts. A te~~t~?ge,
ranges;

.<.. . c) Noise immunity guideline is met.

., ..... ,
50-ohmterminationtogroundlocatedJ~eWj&ope
channel input. }.* .,?

,,,k,,%.,+~,.$;.i!;.i{~.$~~. ,,,.*:$
All input and output cables to t~~s~pe are equal
lengths of 50-ohm coaxial CX@?@%Welength should
be <1 4 inch from TPin td$~~f$pin and TPout to Vrcn = VCC = + 2.0 Vdc--- -.

T
Scope
Ch A

T

Scope
Ch B

50 [1 Input 50 Q Input

100 pF 0.1 WF

Coax I
—

1111111111111111111I

- ‘use-&jGenerator

Device
Under
Test

% Coaxw

INPUT PULSE

tr = tf = 1.0 ns (20 to 80Y0) WL

VOH = +1.1OV

I

b &

For ambient temperature of 25°C
VOL = +0,30 V

VEE = –2.5 Vdc (For –4.5 V option)

VEE = – 3.2 Vdc (For – 5,2 V option)

FIGURE 12 — SWITCHING TEST CIRCUIT

@
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Propagation Delays

~

Propagation delays are measured from the 50% point

Input
of the input rising or falling edge to the VTH point of
the output rising or falllng edge. VTH isthe VBBthresh-

Output
At 25°C amtient, the output measurement is to

VTH the _,,3 volt point IVCC = o volts}

.‘.

..ij\\, ~\-/\\

Table 7 defines the timing characteristics of the AC limits arw$~b on several performance factors

MC I0951 over operating voltage and temperature as describe~?fi$@torola’s Preliminary Design Manual
ranges. Worst-Case Setup and Hold and Propagation for the M.@@~QQBECLMacrocell Array. Factors include
Delays are guaranteed for VEE = –5.2 Volts k 57. and worst-ca~~~delays due to Macro selections, Fan-Out,
a TJmax = 115°C. The maximum recommended op- Met$$~engtfis, Wire-OR, and Input Follower options. AC
crating junction temperature is + 130°C. ~aRu%ments are performed on each device to assure

,:F$,oc*s integrity.
-%33\+.... . ..\.o.L.

TARI F 7 _ MI0951 SERl*:’~WSPECIFICATIONS.. ---- . -------- -—---—Y..: -- —-

~~~ P~* Delay

,i:?y~, Max Setup and Hold Times

Input output ,k,,,“\* ns’ (ns) (ns)
‘..,~~.‘.4,.

X and Y PO-PI I
, ~\ .x., _ 13.8 For Input Latches (CLK2)<Y~$,~’-?,,

Transparent P12-P23 ..:~:$,,. ,t —,i$~t~? 19.1>,:,*:?~:i:>i”
Mode EO-EI 1

Setup Hold
,.!>:,..‘::~$\ii — 12.3~:?~,~~.,.i,

El 2-E23 ~.:t,’>~~~ — 16 x, Y 0.450 0.400
pN I I $$~:, “Y~>‘ — 14

PN >~” ,;~+’”
x5, Y5 0.450 0.400

— 17.3

R&?”: + — 4.0.>~$i,.,+!Y.*~’

CLK2 “igo -911 10.1 16.2 For Product Latch (CLKI )
.f,:;pT2_p23

12 21.4
‘t~:+kO-El 1 9.1 14.6

Setup Hold

,.~ ,$,::t$*..$.l E12-E23 11.8 18.9 x&Y
J,, , :5‘ .i\,:,t..:> PNII 9.7 15,5 Transparent 16.75 –0.7
)’)\ ,>.**:!i\,i>.,.. PN 11.6 18.6 Mode,?L,* .,i:,$:;)

‘s>)‘~.:,,,..{.+:,,,/3. P5 3.3 5.3
+.

Cw.1 ‘$$;:+,?f>
.

PO-P23 2.8 4.5 x5 & Y5,.F~,:, ‘b “ PNII 2.5 4.0 Transparent 4.52 – 0.67
.-r\+.’l$i.il.,-l.y>::::‘“{:,) PN 2.55 4.1.,& Mode,...,.:..,. ,,~,,+..l- .,$,-,

‘*’,)i,: P5 2.5 4.0,r,t..,.,,.,.,,.... .:!,:;,..”
%.? K PO-PI 1 7.6 12.2 x&Y
.:, P12-P23 10.1 16.2 From 18.10 –1.05

EO-EII 6.4 10.3 CLK2

E12-E23 8.5 13.7

M PO-PI I 5.8 9.3 x5 & Y5

P12-P23 7.0 11.2 From 5.77 – 0.98

EO-EII 4.7 7.5 CLK2

E12-E23 5.4 8.7

FPS PO-P23 2.35 3.8 K 14.05 –0.50

PMI Po 0.9 1.4

PE PO-P23 2.19 3.5 M 9.05 – 0.35

—
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Signal

Po
PI
P2
P3
P4
P5
P6
P7
P8

P9
Plo
PI 1
P12
P13
P14
PI 5
P16

P17
P18
P19
P20
P21
P22

Pin

M13
L13
M15
K14
K15
N15

L15
J15
J14
N14
L2
Ml
HI
H2

JI
G2
E3
cl
B2

C2
BI

El
E2

A

Wgnal

P23
Xo
xl

x2
x3

x4
x5
X6
x7

X8
x9

Xlo
xl 1

Xs
XSE
m
m
m
m
E3

m
w
m

TABLE 8 — lNPUT/OUTPUT PIN REFERENCE

Pin

DI
G15
H15
A6
B8
B7
A7
B14
A14

F14
D15
Al 2
cl 1
C15
A9
B13
P14
PI 5

N13
L14
R14
N4
N3

Signal

R
m
m
EIO
Ell

m
E13
E14
E15
E16

E17
m
E19
E20

E21
E22
E23
Yo
YI
Y2

Y3
Y4
Y5

P2
PI
M3

L3
LI

M2
N2
KI
F2

GI
NI
D2
D3
FI

C3
A2
D14
FI 5

G14
Al O

BIO
D13
E13 @

>:<!*

FIGURE 14 — PIN LOCATION FOR 149 ~~Rll 4RRAY PACKAGE

LMNPR

g2
.,.,...,.....-,::,...,.,,.:.-
,’

.. . ...:’

&i\\\\

13

14

15

NOTES: VCC pins — H3, H13, C7, N7, C9, N9 ~ stand-off pin, 4 Places

Hn

R13
RIO
R9
R7

‘%5
‘~~?m’
<e>P4
,y R2

R3

R4
A4
A3
B15
C13
M14
K2

E15

R6
PI 1
A5
J2
B9

H14

V~~ pins — C8, N8, C6, N6, Cl O, N1O

VccO pins — F3, G3, J3, K3, E4, L4, D5, M5, Dll, Mll, E12, L12, F13, G13, J13, K13
Pin D4 is mnnected to the seal ring, but isolated electrically.

(M)MOTOROLA Semiconductor Products Inc.
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FIGURE 15 — PACKAGE DIMENSIONS

-T-
K

H,

1

A

JO
R

Ti

L

K

J

H

G

F

E

li

t/rNTDo 1234’ 6789101112131415

P-1 v
c

CASE 768-03

NOTES:
1, A AND B ARE DATUMS AND .T. IS A DATUM

PI ANF

FIGURE 16 — THERMAL CHARACTERISTICS (TYPICW$;;,,
,*,, ‘t.>

(with prototype heat sink or equivalent) ~~iljl$~~a ‘“”

10

9,0

1.0
0

in W CAP

Al

149-Pin Plug-in-Package

FIGURE 18 — PROTOTYPE HEAT SINK

Prototype Heat Sink — 6 plates 1.25 X 1.25 X 0.04 inches spaced 0.0625 inch apart, mounted on 0.5 inch diameter spindle — omnidirectional.
Equivalent Heat Sink — Thermally #16506. Horizontal fins. 7 round plates 1.25 inch in diameter by 0.7 inch high.

Motorola reserves the right to make changes without further notice to any products here!n to Improve reliability, function or design Motorola does
not aseume any Ilability arising out of the application or use of any product or circuit described herein; neither does it convey any license under Its

patent rights nor the rights of others Motorola and@ are registered trademarks of Motorola. Inc. Motorola, Inc IS an Equal Employment Opportunity/
Affirmative Action Employer

@
MOTOROLA Semiconductor Producb Inc.

15

   
   

   
  

https://www.datasheetcrawler.com/
https://www.stockedmro.com/


–m MOTOROLA Semiconductor Products Inc.
BOX 20912 ● PHOENIX, ARIZONA 85036 ● A SUBSIDIARY OF MOTOROLA INC. —

20,85 m,,,m ,, “,. ,-,, IW,.ra .1,,0 ,4,,,3 ,2,000
mr.13,,

—.

   
   

   
  

https://www.datasheetcrawler.com/
https://www.stockedmro.com/

