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Advance Information

12 X 12 EXPANDABLE MULTIPLIERS

The MC10951, 10L951 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 M10951 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, 1-bit
sign) can be multiplied to produce a 25-bit signed magnitude
answer.

The MC10951 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

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 part_
of the array product, or to add a constant in the stand alone

The algorithm used is an asynchronous sequential add
nique. This algorithm eliminates the need for subtractio
simplifies the multiplier network.

® 12-Nanosecond Typical Multiply Time
12 x 12 Parallel Multiplication

13 x 13 Signed Magnitude Multiplicatio
IEEE Format Floating Point Multiply

2's Complement, Unsigned Magni
Mixed Mode Operation
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ORDERING INFORMATION

Part Number Description

MC10951R  — 10K/10KH compatible VEg = —5.2 Vdc 5%
MC10L951R — 10K/10KH compatible VEg = —4.5 0.3 Vdc
MC100951R — 100K compatible VEg = —4.5 £0.3 Vdc

FIGURE 1 — LOGIC DIAGRAM
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MC10951 e MIC10L951 & MIC100951

PRODUCT DESCRIPTION

The MC10951, MC10L951 and MC100951 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 (10K, 10KH, MECL Il
MCA2500ECL, MCABO00OECL, MCA1200k
MCABO00ECL) and is specified around th
tions of the MECL 10KH family featuring
dc noise margin of 150 mV over a =
range and an ambient temperat
Although the array is voltage ¢
of VEg of —4.2 to —5.72 vqlts
specified with a VEE of eiths
or —4.5 volts +0.30
power consumption

The multiplier i
that features app

e of 0 to 70°C.
sated over arange
dc parameters are
V +5.0% (MC10951)
MC10L951) for reduced

ered with an ECL 100K option
tely constant output levels over
100951 is specified (with standard
ations) with a guaranteed dc noise
V with ambient temperature variations
and a VEg = —4.5 volts %0.3 volts. The
is not fully compatible with the other MECL
amilies over temperature due to differences in
level and input threshold {Vgg) temperature

DESCRIPTION OF SIGNALS

Signals Symbol

Description

Clocks CLK1 and CLK2

te master clocks for the input operands and the product allow either
hronous or asynchronous data flow through the multiplier. The X and Y
erand latches are transparent when CLK2 is at a Logic “L.” The product latch
is transparent when CLK1 is at a Logic “H.” For synchronous mode of operation
(i.e., pipelined architectures), the two clocks are driven by the same source.

Control

These two inputs determine the arithmetic format of the X and Y operands.
When C1 is at a Logic “H” the Y operand is assumed to be a signed 2's
complement 12-bit number, while a Logic “L” on C1 indicates the Y inputs are in
unsigned-magnitude notation. The C2 and X inputs function similarly. The
function of these two inputs also indicate to each multiplier chip its relative
position in an array.

Sign Enables XSE and YSE Due to the nature of the multiplication algorithm, correction terms need to be
(Active Low) added to obtain the correct 2's complement signed product. The sign bits of the
X and Y 12-bit operands (i.e., X11 and Y11) are added if XSE and YSE are at a
Logic “L.”
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
Logic “H.”"
n-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 X0-X11 and Multiplicand and mulitiplier data enter the multiplier chip as 12-bit values. The

YO-Y11 inputs are designated with bit 11 as the most significant bit (MSB), and bit 0 as
the least significant bit (LSB).

KO-K11 and
MO0-M11
(Active Low)

Expansion input Buses

The expansion inputs are used to add the partial products generated in an array
of multipliers. These 12-bit active low inputs connect directly into the internal
asynchronous multiplier logic for fast partial product summation.

@ MOTOROLA Semiconductor Products Inc.
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MC10951 e MIC10L951 ¢ MC100951

Signals Symbol Description

Partial Product Bit PM1 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 PM1 bit makes the upshift continuous across
the multiplier array. .

Floating Point Shift FPS A Logic "H” on this input will shift the final product towards the MSB
(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
CLK1 is at a Logic ’H."” The data is latched when the latch enabl a Logic
“H" or CLK1 is at a Logic “L.” The product latch enable opersg
polarity as the XL and YL controls, but the clocks, CLK1 an
opposite. This simplifies synchronous operation and redu
timing skew and jitter. !

Product Output Enable PE (Active Low)} | The product is disabled (i.e. forced to a Logic “’L
is a a Logic “H.” The product is present at the ai
Logic “L.” This feature permits the use of wi

hen the PE input is at a
g and bus operation.

Product Output Bit (N) PN The PN bit is the inverted value of the mo
{Active Low) to the normalization logic. When con
multiplier configuration, a single bit
“H” (i.e., the most significant unn
PN bit is at a Logic “L,” the p
required.

Product Output Bit (11) PN11 The PN11 bit is the invertéd
(Active Low) floating point multipli

ificant product bit as presented
he FPS input in a floating point
soccurs when the PN bit is at a Logic
Zed product bit is at a Logic “L"). If the
lly normalized already and no upshift is

d

of the unnormalized product bit 11. In a
» this bit is connected to the PM1 input.

exclusive-OR of the XS and YS inputs, and is used
tiplier operation. it is also latched and enabled by the

Product Sign PS The product sign bi
for signed-magn

Product Bus P0-P23

Expansion Bus E0-E23
(Active Low)

synchronous multiplier logic. This approach provides fast partial
summation when used with the K and M input buses.

o the nature of the algorithm, this bit must be set high when multiplying a
s complement number by a magnitude-only number. This corrects the sign bit
which would otherwise be incorrect when multiplying by a negative 2's
complement number.

Mixed Mode Input MM

A test diode is connected to this pin for use in measuring the junction
temperature of the multiplier IC. The cathode of the diode is connected to this
pin and the anode is connected to Ve (K13, J13). By connecting the anode to
a constant current source {i.e. 100K ohms to VEg). The resulting pin voltage
varies linearly with junction temperature.

Temperature
Measurement Diode

MOTOROLA Semiconductor Products Inc.
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DEVICE OPERATION C2 is at a Logic ""H’" the X input is in a 2's compiement
The multiplication matrix for the M10951 series is form. The same is true for C1 and Y.

shown in Table 1. This matrix shows how the circuit When multiplying a 2's complement number by a

calculates the product. The product is the binary sum magnitude-only number, the MM or mixed mode pin

of all the terms in the matrix. must be set in a high state, otherwise it should remain
The operation and expansion of the device is con- in a low state.

trolied by the C1, C2 and the MM pins. When C2 is at For setting control pins for different modes, réfer to

a logic low, the X input is in a magnitude form, when Table 1.

TABLE 1 — MULTIPLICATION MATRIX

{
{C1DX6)- Y11

c1-C2-¥Y11 [C1X7)-Y11} X7-Y10 X7-Y8
XT1-C1-C2 ({C16DX8)-Y11|  X8-Y10 X8-Y9 X8-Y7
X11-C1-C2-Y11 (CIBX9)-Y11]  X9-Y10 X8-Y9 X9- X8-Y8
+MM-(C2-X11+ C1-¥Y11}| X11-CT-C2-YIT |(C1BX10)-Y11]|  X10-Y10 X10-Y9 X10-Y8 X10- Y6 X10-Y5
C1-C2 X11-{C185C2)-Y11 | X11-{C26BY10) | X11-{C2G5Y9) | X11-(C26DY8) | X11- (C2BY7) ; 1-{C25Y5) | X11-(C26DY4)
P23 P22 P21 P20 P19 P18 P16 P15

XSE-X11
YSE-Y11
K11 K10 K3 [ K2 [ Kt | Ko
M1 M10 M6 | M5 | M4 | M3 | M2 | MI [ MO

X0-Y6| X0-Y5| X0-Y4|X0-Y3{X0-Y2 [X0-Y1|X0-Y0
X1-Y5X1-Y4{X1-Y3|X1-Y2{X1-Y1[X1-YO
X2-Y4|X2-Y3| X2-Y2[X2-Y1|X2-Y0

(C1DX01-Y11| X0-Y10
{C1BX1)-YH1]  X1-Y10 | X1-Y9
(C1DX2)-Y11|  X2-Y10 X2-Y9

{C1DX3)-Y11|  X3-Y10 X3-Y9 X3-Y8 X3-Y3]X3-Y2{X3-Y1[X3-Y0
X4-Y10 X4-Y9 X4-Y8 X4-Y X4-Y4|X4-Y3| X4-Y2|X4-Y11X4-Y0
X5-Y8 X5-Y8 X5-Y7 Y5 |X5-Y4|X5-Y3|X5-Y2|X5-Y1{X5-Y0
X6-Y8 X6-Y7 X6-Y6 Y4 |X6-Y3|X6-Y2|X6-Y1|X6-Y0

X7-Y7 X7-Y6 X7-Y5 X7-Y2{X7-Y11X7-Y0
X8-Y6 X8-Y5 X8-Y2 | X8-Y1{X8-Y0
X9-Ys X8-Y4 X9-Y1 |X9-Y0
X10-Y4 X10-Y3 X10-Y1 [ X10-Y0
X11-(C2BY3}; X11-{C2P X11-{C28Y0)
P14 PN P10 | P9 | P8 | P? | P6 | P5 | P4 [ P3| P2| P | PO

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 {east 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 C1,
C2 and MM must be programmed correctly depending
on the multiplier type and on the position of the
MC10951 within the array.

EXPANSION RULES
The M10951 s can be used in arrays to perform

ultiplication which produces a 48-bit 2's
sult is shown in Figure 6. Any number

“or an M-bit by N-bit multiplier a M+ N bit product is
formed. The number of MC10951 needed can be cal-
culated by the equation (M x N) / 144. For an example,

a 24-by-24 bit multiply would need (24 x 24) / 144 = 4 1) For magnitude-arrays all control inputs are pro-
pkgs. grammed low.

The normal parallelogram structure consists of sev- 2) For 2's complement arrays the programming of the
eral stages, each multiplying 12-bits of multiplier times control inputs is dependant on the position of the
12-bits of multiplicand, and adding the partial products. multiplier within the array, and the terms required

The sign bits of the multiplicand and multiplier must by the algorithm.

@ MOTOROLA Semiconductor Products Inc.
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TABLE 2 — CONTROL INPUTS FOR DIFFERENT MODES TABLE 3 — CONTROL INPUTS FOR 2'S
OF MULTIPLICATION COMPLEMENT EXPANSION
X Input Y Input C1{C2 XSE|YSE|MM X and Y Input to Multiplier C1|C2|XSE|YSE|MM
12-Bit Magnitude | 12-Bit Magnitude |L|L| H | H [ L No Sign Bits 0/0] 1 1 0
12-Bit Magnitude [12-Bit2'sComp #|H{L| H | L [ H X Sign Bit Only 011} 0 17
12-Bit 2's Comp # | 12-Bit Magnitude | L [H| L | H | H Y Sign Bit Only 110} 1
12-Bit 2's Comp # |12-Bit 2s Comp #|H|H| H | H | L Both Sign Bits 1(1
13-Bit 13-Bit LILIH|H|L
Sign-Magnitude | Sign-Magnitude
13-Bit 13-Bit LILIH|{H]|L
Floating Point Floating Point
TABLE 5 — FLOATING POIN ND OUTPUT
TABLE 4 — PRODUCT LATCH CONTROL TABLE
— - FPS| PE Product Outputs
PL CLK1 Latch Operation LlL P23....P1, PO
@ L Latched HL P22....PO, PN
L H Transparent X | 1 All Low
H 9 Latched *By connect
@ = Don't Care occurs.
FIGURE 2 — 25-BIT X 25-BIT SIGNED-MAG JIDE FLOATING POINT MULTIPLY
W/ 49-BIT NORMALIZED SIG(?IWEDQMAGNITUDE RESULT
“ High
e High
o Y12-Y23 YO-Y11
Note: PN output is connected X0-X11 X0-X11
to FPS inputs for automatic
normalization of floating
point product. X Y K M X Y X W™
For all parts in the array: PN11
C1=Low B A FPS I
C2=Low o o
XSE=High 12-E23 EO-E11 PO-P11 E12-E23
YSE = High Y12-Y23 |
MM = Lowy.
X12-X23 X12-X23
,—— ‘ YO—\1(11
X Y K M X Y KM
xs P PN11 c PMI1
YS PN FPS
PS P12-P23 PO-P11 PO-P11 E12-E23
Z47-236
Zs Z35-224 Z23-212 Z11-20
MOTOROLA Semiconductor Products Inc.
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FIGURE 3 — 25-BIT X 25-BIT SIGNED-MAGNITUDE FLOATING POINT MULTIPLY
W/ 25-BIT NORMALIZED SIGNED-MAGNITUDE RESULT
1/2 BIT {LSB} ERROR MAX

High ;
For all parts in the array: N KiT = Low High
Y12"Y23_l_ For Rounding YO-Y11

Cl=Low X0-X11 l

%LOW l XO—iX11

XSE =High 1L

YSE = High X Y K M \ X

MM = Low T

X12-X23
Y12-Y23
X Y R M
XS —Xs
YS ——VYS D
PIS P12—Ii‘23 PO-P11

Z8 223-712 211-20

FIGURE 4 — 25-BIT X 25-Bf GNED-MAGNITUDE FLOATING POINT MULTIPLY
W/ 25-BIT SIGNED ITUDE NORMALIZED FLOATING POINT RESULT

- High
For all parts in X0-X11
v Y12-Y23
K11 = Low

For Rounding

X12-X23

X12-X23
Y1 2—|Y23 |_____ l Yo_IY1 1 [_ High
X Y K M X Y K M
PM1 PN
xs—|xs s PNT1
D ] ¢
YS Ys 5N
PS P12-P23 PO-P11 E12-E23
I Z11-20
25223-212

@ MOTOROLA Semiconductor Products Inc.
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FIGURE 5 — 25-BIT X 25-BIT SIGNED MAGNITUDE MULTIPLY
W/ 49-BIT SIGNED-MAGNITUDE RESULT

High High
For all parts in the array: '9

o Y12-Y23 YO-Y11
- 0-X11
Cl=Low I I XO_X11 l

1 1 1 i

C2=Low L
XSE =High X Y K M X Y K
YSE =High
MM = Low

PO-P11

Y12-Y23

X12-X23

X§ — XS

YS—YS
PS P12-P23 P0-P11

|

Z35-224
Z47-236

Z211-20

VA

Y12-Y23 |
X12-X23 X12-X23
| | Y0-Y11
[ ]
X Y KW X Y KM
YSE=1 C1=1 YSE=1 C1=0
D| XSE=1 C2=1 SE=0 C2=1 |C
MM=0 MM =0
P12-P23 PO-P11 PO-P11 E12-E23
|
Z35-724
Z47-236 223-212 Z11-20

MOTOROLA Semiconductor Products Inc.
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FIGURE 7 — 24-BIT X 24-BIT MIXED MODE MULTIPLICATION
24-BIT 2’S COMPLEMENT (Y), TIMES 24-BIT MAGNITUDE (X)
W/ 48-BIT 2'S COMPLEMENT RESULT

High High
Y12-Y23 YO-Y11
X0-X11 | X0-x11 |
1 1 I i i ] 1
X Y M X Y K
YSE=0 C1=1 YSE=1 C1=0
B SE=1 C2=0 A| XSE=1 c2=0
MM =1 MM=0
EO-ET1 PO-P11 ET2-
Y12-Y23
X12-X23
X Y KM
YSE=0 C1=1
D| XSE=1 C2=0
MM = 1
P12-P23 PO-P11
I 235-724
247-736 723-212 Z11-20
FIGURE 8 — 24:BIT X 24-BIT MULTIPLY PIPELINE
ALLOWS CONTINUOUS M ING FOR HIGH SPEED SIGNAL PROCESSING
Y12-Y23 Y12-Y23 X0-X11 High
X12-X23 High YO-Y11
X0-X11
X Y KM X Y KM
Latch
B Latch A
E12-E23 EO-E11 E12-E23 PO-P11
I I
tc Latch Latch
] Latch
Latch
]
—
X Y KM X Y KM Latch
D c |
— Latch
P12-P23 PO-P11 12-E23 P0O-P11
[ |
_ Latch
Z247-236 Laltch 711-70 -
235-724 _I Z23-212

MOTOROLA Semiconductor Products Inc.
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W)

FIGURE 9 — 48-BIT X 48-BIT 2’S COMPLEMENT MULTIPLY W/ 96-BIT OUTPUT

USING 16 MC10951 12 X 12 MULTIPLIERS

High

LS600LOIAl @ LG6T10LDIN @ LG60LOIA

6
*oU| S}oNpodd 410jonpuodiwes v I1OHOLOW

High
Y11-Y0 Y11-Y0 Y11-Y0 Y11-Y0
x47—x36—| X36-X24 x23-x12-—] X11-X0—
X YK W™ M X Y K M X Y KM
C1=L,C2=H =1 C1=L,C2=L C1=L,C2=L
XSE=L, YSE=H =H, YSE=H XSE=H, YSE=H XSE=H, YSE=H
E23-E12 E11-E0 E73-E12 E11-EO E23-E12 E11-EO E23-E12 P11-PO
| ISR
Y23-Y12 ;;:‘;;i Y23-Y12
X47-X36 —] 1 I X11-X0 —
X Y K M X vy K M X Y K ™M
C1=L,C2=H C1=L,C2=L C1=1,C2=L
XSE=L, YSE=H XSE=H, YSE=H XSE=H, YSE=H
E23-E12 E11-EO E23-E12 E11-EO E23-E12 P11-PO
] PR
Y35-Y24 Y35-Y24 » — Y36-Y24
X47-X36 X35-X24 1 —] x11—x0—-|
XY K ™M X K ™ X Y KM
Cl=L, C2=H C1=L, C2=L C1=L,C2=L
XSE=t, YSE=H XSE=H, YSE=H XSE=H, YSE=H
E23-E12 E11-E0 E23-E12 E11-E0 E23-E12 P11-PO
e wve— —] I
Y47-Y36 —— Y47-Y36 Y47-Y36
X47—X36-] X35-X24 X11-X0
] 7 |
XY K W™ M X Y KM
C1=H, C2=H =L C1=H, C2=L
XSE=H, YSE=H YSE=L XSE=H, YSE=L
E23-E12  P11-PO P11--PO E23-E12 P11-PO
I
P95-P84  P83-P72 P59-P48 P47-P36 P35-P24 P23-P12 P11-P0O
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TABLE 6 — TYPICAL AND MAXIMUM TIMES FOR
EXPANDED MULTIPLES

Size of Number of Multiply Time
Operands Parts Typ Max
12x 12 1 12 21.4
24 x 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
compliemented clocks CLK1 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 MC10951 after a multiply has begun without
affecting the result of the multiply in progress. An ex-

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.

ELECTRICAL CHARACTERISTICS

Consistent with industry LS| design
multiplier is voltage-compensat:
either MECL 10K/10KH temperat
100K temperature compensatio
compensated over a range ‘of
Vdc to —5.72 Vdc. Thre

10K/10KH compatible
MC10951R

10K/10KH compati
MC10L951R

e circuit is voltage
E values from —4.2
are available:

—5.2 Vdc = 5% —

VEE = —4.5 = 0.3 Vdc —

ample of a 24 x 24 pipeline multiply is shown in Figure tVEg = —4.5 = 0.3 Vdc —

8. The latches are needed to store the partial operands
LIMITS BEYOND WHICH DEVICE LIFE MAY BE IMPAIRE

Characteristic Symbol Unit Value

Supply Voltage (Vo = 0) VEE Vdc —-7.0t00
Input Voltage (Ve = 0) Vin Vde 0 to VEg
Input Voltage Bus (Vge = 0) Vin Vdc 0to —2.01
Output Source Current Continuous (50  drive lout mAdc 30
Output Source Current Surge (50 ©Q drive)3 lout mAdc 100
Output Source Current Continuous {25 lout mAdc 60
Output Source Current Surge (25 Q drive) lout mAdc 200
Storage Temperature Tstg °C ~55 to + 150
Junction Temperature2 Ty °C 165

1. Input voltage limit is Vo to —
2. Maximum T ) may be exceededis
3. The surge current is defin

lasting for < 10 us and, havih duty cycle of not more than 1%.

RECOMMENDED QPERATING CONDITIONS

hen bus is used as an input and the output drivers are disabled.
C) for short periods of time (< 240 hours) without significant reduction in device life.
n output current between 30 mA and 100 mA for 50  drive and between 60 mA and 200 mA for 25 () drive

Characteristic Symbol Unit Value
0) For 4.5 V option VEE Vdc -45 = 0.3
= 0} For 5.2 V 10KH/10K option VEE Vdce -56.2 = 5%
mperature With Heat Sink and 750 Ifm TA °C Oto +70
um Junction Temperature (Functional) Ty °C 130
imum Junction Temperature (For ac and dc Specifications) Ty °C 115
Maximum Clock Input Rise and Fall Times (20 to 80%) tr tf ns 10

10
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DC ELECTRICAL CHARACTERISTICS

MECL 10K/10KH ECL 100K
Compatible Compatible
Spec Limits(1) Spec Limits(1)
Input Ambient Temperature Ambient
Forcing Temperature
Voltages Parameter o°C 25°C 70°C 0 to 70°C
VOH Max -0.840 -0.810 —0.740 -0.8804
VQoH Min -1.000 —0.960 —0.900 —1.025
Vn-é Max VoL Max ~1.650 ~1.650 —1.620 -1.620
an
V)L Min VoL Max?2 —1.950 ~1.950 —1.950 —1.950
VoL Min —1.950 —1.950 ~1.950 -1.81 Vde
VoL Min2 —2.020 —2.020
ViHA Min VOHA Min —1.020 —0.980 Vdc
and VoLA Max —1.630 —1.630 Vdc
ViLA Max VOLA Max2 —~1.950 —1.950 Vde
Viu M INH Max3 25 25 A
ax
IH INH Max5 150 150 8
V|L Min INL Min6 0.5 0.5 kA
ViH Max —-0.840 —-0.810 Vdce
Input V|L Min -1.950 vdc
Volitage -
Values VIHA Min -1.170 Vdc
ViLA Max -1.480 Vdc
Power Supply IgEg Max 1907 mAdc
Drain Current
NOTES:

1. DC test limits are specified after thermal equilibrium has beé
flow of 750 Ifpm. VEg = —45V = 0.3 V. VEg = —5.2V
the 25 () drivers which are loaded with 25 ( to —2.0

. These voltage limits are for the driver output of m

. Per input fan-in.

. For outputs connected to Output macro X261

. For input pulidown (= 50 kQ).

. Measured because input pulldown is alw;

ished with the MCA device having an attached heat sink and a transverse air
the 10KH/10K 5.2 V option. All outputs are loaded with 50 {) to —2.0 V except

oL in the cutoff mode.

river, Vo4 Max = —0.740 Vdc.

DTS WN

ELECTRICAL CHARACTERISTICS

Applied Input Test Voltages |
(lJ:
~1.810 -1475 -1.165 —0.880 ]
VOH max g —0.880 High @
VOH min t . —-1.025 State g
OR | —1.035 -
2
5
o
=]
NOR| —1.610 ]
©
VOL max £ IR —1.620 Low g
VoLmin4t——4 b Lo Tl ggi0 || St 8
VIL min VIH max =
Test Conditions: 0-70°C — . ,
VEE = ~45V = 0.3V max
50 Q@ matched vgg = -130V
inputs and outputs {Switching Thresholid}

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

MOTOROLA Semiconductor Products Inc.
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Applied Input Test Voltages wl
((J’
1’
-1950 -—-1480 -1.130 ~0.810
VOH max 2 T P SR, -0.810 ngh
VOH min Lt N A e —~0.960 State @
-0.980 E
-
2
—
-1.630 3
3
VOL max - 1.650 Low g
VoL min —1950 || Stete £
Test Conditions: 25°C | VIL min VIH max
VEE = —45 = 030V 'y
or VEg = =52V = 5% Vgg ~ -1.30V
50 ) Matched e )
inputs and outputs (Switching Threshold)

FIGURE 11 — MECL TRANSFER CURVES (MECL 10K/10KH OPTION) AN CATION TEST POINTS

It is not necessary to measure all points on the trans- vax. is:applied to the inputs and the outputs are
fer curves. To guarantee correct operation it is sufficient to see that they are above the VgHA min and
to measure two sets of min/max logic level parameters. elow the Vo A max levels, respectively. Similar

The first set is obtained by applying test voltages, V are made using the test input voltage VIHA min-
VIL min @nd V|H max (sequentially) to the gate inputs, he result of these specifications insure that:
and measuring the output level to make sure they are
between VO max and VOL min. @and VOH max and
VOH min specifications.

The second set of logic level parameters rel
the switching thresholds. This set of data
guished by an “A” in symbol subscripts. A t

a) The switching threshold (=~ Vgp) falls within the dar-
kest rectangle; i.e., switching does not begin outside
this rectangle;

b) Quiescent logic levels fall in the lightest shaded
ranges;

ge, ¢} Noise immunity guideline is met.

SWITCHING CHARACTERIS VER OPERATING VOLTAGE AND TEMPERATURE RANGE

50-ohm termination to ground locate:
channel input.

pe are equal
Wiré& length should

pin and TPqyt to Veeo = Voo = +2.0 Vde

All input and output cables to
lengths of 50-ohm coaxial ca®
be <1 4 inch from TPjq

output pin.
putp Scope o Scope
ChA ) chB
50 Q Input J_ J_ 50 O Input
100 uF I I 0.1 uF
Coax
O— Device L0
Pulse : Under I
Generator | Test : TPout
—0
INPUT PULSE 0.1 wF
tr =t = 1.0 ns (20 to 80%) S
! L

VOH = +1.10V

l For ambient temperature of 25°C VEE = —2.5 Vdc (For —4.5 V option)
+030V

VEgE = —3.2 Vdc (For —5.2 V option)

VoL

FIGURE 12 — SWITCHING TEST CIRCUIT

@ MOTOROLA Semiconductor Products Inc.
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Propagation Delays

|
Input Xso% (VTH)

by

’ Setup and Hold
Input 50% (VTH)

TEST PROCEDURE:

a) Establish setup time with long tho|d-

b) Keeping the leading edge of the input
{tsetup) vary the trailing edge of the
mine thold-

Propagation delays are measured from the 50% point
of the input rising or falling edge to the VTH point of
the output rising or falling edge. VTH is the Vgpg thresh-
old voltage.

At 25°C ambient, the output measurement is to

Output the —1.3 volt point {Voe = 0 volts).

tsetup | thold ‘

Input Clock . 4
Switching Edge
i Vg VTH)

FIGURE 13 — SWITCHING WAVEFORMS

Table 7 defines the timing characteristics of the
MC10951 over operating voltage and temperature
ranges. Worst-Case Setup and Hold and Propagation
Delays are guaranteed for VEg = —5.2 Volts = 5% and
a Tymax = 115°C. The maximum recommended op-
erating junction temperature is +130°C.

torola’s Preliminary Design Manual
ECL Macrocell Array. Factors include

rements are performed on each device to assure
ocess integrity.

TABLE 7 — M10951 SERIES PECIFICATIONS
Prgp Delay
Max Setup and Hold Times
Input Output (ns) {ns)
Xand Y PO-P11 13.8 For Input Latches (CLK2)
Transparent P12-P23 — 19.1 Set Hold
Mode - 12.3 eup °
— 16 X, Y 0.450 0.400
— 14 X5, Y5 0.450 1 0.400
— 17.3
— 4.0
10.1 16.2 For Product Latch {(CLK1)
12 214
9.1 14.6 Setup Hold
11.8 18.9 X&Y
9.7 15.5 Transparent 16.75 -0.7
11.6 18.6 Mode
33 5.3
2.8 4.5 X5 & Y5
2.5 4.0 Transparent 452 —-0.67
2.55 4.1 Mode
25 4.0
7.6 12.2 X&Y
10.1 16.2 From 18.10 -1.05
EO-E11 6.4 10.3 CLK2
E12-E23 8.5 13.7
M PO-P11 5.8 9.3 X5 & Y5
P12-P23 7.0 11.2 From 5.77 —0.98
EO-E11 4.7 7.5 CLK2
E12-E23 5.4 8.7
FPS P0-P23 2.35 3.8 K 14.05 —-0.50
PM1 PO 0.9 1.4
PE PO-P23 2.19 3.5 M 9.05 -0.35

MOTOROLA Semiconductor Products Inc.
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TABLE 8 — INPUT/OUTPUT PIN REFERENCE

14

15

NZENZEN ZEN 7B\ &
NWENWENWENNG\

MOTOROLA Semiconductor Products Inc.

NOTES: Vg pins — H3, H13, C7, N7, C9, N9
VEE pins — C8, N8, C6, N6, C10, N10
Voo pins — F3, G3, J3, K3, E4, L4, D5, M5, D11, M11, E12, L12, F13, G13, J13, K13
Pin D4 is connected to the seal ring, but isolated electrically.

14

LStand-Off Pin, 4 Places

Signal Pin Signal Pin Signal Pin Signal Pin Signal Pin
PO M13 P23 D1 E7 P2 Y6 A13 M2 R13
P1 L13 X0 G15 E8 P1 Y7 B12 M3 R10
P2 M15 X1 H15 = M3 Y8 P8 M4 R9
P3 K14 X2 A6 E10 L3 Y9 A8 M5 R7
P4 K15 X3 B8 E1T L1 Y10 c12 Me ‘
P5 N15 X4 B7 E12 M2 Y11 M7
P6 L15 X5 A7 E13 N2 Ys M8
P7 J15 X6 B14 El4 K1 YSE [VE]

P8 J14 X7 A4 E15 F2 R3
P9 N14 X8 F14 E16 G1 R4

P10 L2 X9 D15 E17 N1 Ad
P11 M1 X10 A12 E18 D2 A3
P12 H1 X11 c11 D3 B15
P13 H2 XS C15 C13
P14 J1 XSE A9 M14
P15 G2 XL B13 K2
P16 E3 EO P14 E15
P17 C1 ET P15 R6
P18 B2 E2 N13 P11
P19 C2 E3 L14 A5
P20 B1 Ed R14 P10 PS J2
P21 E1 ES N4 N12 MM B9
P22 E2 E6 N3 P13 TMD H14

A B R
d N
77—
il N
4 (@
5 (@
N7\
ZN
N7\
v \Y/
A7\
\Y
N2\
v/ &/
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FIGURE 15 — PACKAGE DIMENSIONS
NOTES:
1. A AND B ARE DATUMS AND -T- IS A DATUM
PLANE.
K 2. POSITIONAL TOLERANCE FOR LEADS:
H_,.h; Jo U Gl \ [#To0130005 ®{T[AG[BO]
) i i R(CEEEROOOOEM Y& 3. DIMENSIONING AND TOLERANCING PER ANSI;
F=_ PRROGOOOOO0OLGHYT Y145, 1982.
— 4 mggg ‘8@@@@@8955 4. CONTROLLING DIMENSION: INCH.
’ A= LEceG / PORE
S E e
= clele) D100 MILLIMETERS
WO — HIZEE ®E R AX
= GO0 PO 1620
J =  FoCC RO :
L Hl=— E @@@@\ ololole) 1.520
= DGO ICRNOIOIO] 0.140
== ololololololololololeIoNolol0 0.019
{ = | BCOOQOO00CO00OBO
/ e di Nelolclotetolololotelololon , 0,055
] o —H—r—N—fDo 12345678091011213115 0045 | 0.055
! = ' eV 0.165 | 0185
—lc 0054 | 0.066
0.695 0,705
0695 | 0705
0.0109 | 0.0134
CASE 768-03 0615 | 0.63

© 4 THERMAL RESISTANCE
JUNCTION-TO-AMBIENT (°C/WATT)

FIGURE 16 — THERMAL CHARACTERISTICS (TYPIC

=]

o o o o o o o

2.0

—
o o

(with prototype heat sink or equivalent}

FIGURE 17 — CONSTRUCTION PROFILE

Silicon Chip

in Air Cavity CuW CAP

Al303

149-Pin Plug-in-Package

3.3°C/W at 750 ifm

—
D
- T
400 600 800 1000

FORCED AIR VELOCITY (LINEAR FT. MIN)

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 — Thermalloy #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 herein to improve reliability, function or design. Motorola does
not assume any liability 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. Motoroia and @are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/

Affirmative Action Employer.
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