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4 X 2 MULTIPLIER

The MC10183 is a 4 x 2 bit multiplier that can multiply 2's
complement numbers producing a 2's complement product with-
out carrection. The device can be used as a 4 x 2 bit multiplier
cell to build larger iterative arrays.

The part performs the function defined as F = XY + K, where
K is an input field used to add partial products in an array or to
add a constant to the least significant part of the array product.
The algorithm used is a modified Booth’s algorithm or multiplier
coding technique. The device consists of a shift network and an
adder/subtracter in which 0, 1 times X, or 2 times X is either added
or subtracted to input constant K. The Y inputs control multipli-
cation as shown in the Truth Table.

The most significant digit in a word carries a negative weight
allowing 2's complement numbers of various lengths to be mul-
tiplied. An M-bit by N-bit multiplication produces an M + N bit
product.

The P polarity input allows 'multiplication in either positive logic
(P = high) or negative logic (P = low) representation. Also, mode
control M inverts Cn when high and passes Cn directly when left
low.

Pp = 760 mW typ/pkg (No Load)

tpd = 50 ns typ (8 x 8 bit product)
tr, t = 3.5 ns typ (20%-80%)
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4 X 2 MULTIPLIER

LOGIC DIAGRAM
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TRUTH TABLE
Y2 [Yo|Y1|P|A[B|C| Operation Compiementor
L L L |L|L|L|L{ Add Zero Direct
H | L|L|L|{H|L|L]Add1X Direct
L |H|L|[LjH]L|L] Add1x Direct
H |H|L]|LjL|H|L]| Add2X Direct
L [ L|H{L|L|H]|H] Sub2X Invert
H L HILIH|L|H] Sub1X Invert
L [H|HIL[H[L|H] Sub1X Invert
H H HIL|LIL|[H| SubZero Invert
‘L | L|L|H|t{L|[L[ SubzZero Direct
H | L|L[H|[H|L|H|[SuX Invert
L {H|L|[H|H|[L|H]|SubIX Invert
H H L (H[L[H|H| Sub2X Invert
L | L|{#H|[H|L[H|L|AdD2X Direct
H | L|H|H[H|L|L[Ad1X Direct
L [H|H|[H/H|{L|L]|AddX Direct
H | H|H|H|[L|{L]|H| Add Zero Invert
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MC10183

POSITIVE LOGIC DIAGRAM
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MC10183

MC10183 APPLICATIONS INFORMATION

The MC10183 is a 4 X 2 bit multiplier that
uses a modified Booth’s algorithm or multiplier
coding technique. The device generates the
function: S =X « Y + K

where
X = 4-bit multiplicand
Y = 2-bit multiptier
K = 4-bit constant
The addition of the constant aliows the device

to be used in an iterative array of parts for
larger words, Thealgorithm for multiplication is:

Yi-1 Yi Yi+1 Operation

o] o] o] add zero

1 0 o] add multiplicand

] 1 0 add multiplicand

1 1 o] add 2 times muiti-
plicand

o] ¢] 1 sub 2 times multi-
plicand

1 [¢] 1 sub multiplicand

o 1 1 sub multiplicand

1 1 1 sub zero

DEVICE OPERATION

The device consists of three main sections;
a decoder, a shifter, and a high speed look-
ahead carry adder/subtractor.

1. The decoder uses the Y inputs to gener-
ate the control signals for the shifter and
the adder/subtractor. Also, the polarity control
P is used to allow operation in either positive
or negative logic. Referring to the logic diagram,
the control signals are:

A=Y_1 @ Yo {1 times multiplicand)

B=Y_1YgYq+ Y _ 1YY,

{2 times multiplicand}
=PY 1 Y. 1¥pYq+PYq(Y_1+ Y
{add/subtract)
The P input is tied to a high logic level or
ground for positive logic operation.

Ol

2. The shift network is a multiplexer that
ripples through number X (1 times multi-
plicand), shifts number X by one bit (2 times
multiplicand), or sets the output to zero. The
network is controlled by decoder functions A
and B which are generated in accordance with
the multiply algorithm,

3. The adder/subtractor follows the shift
network which performs the actual multipli-
cation. The adder/subtractor produces the sum
or difference of the newly formed partial
product and the accumulated partial product
{constant K). Subtraction is accomplished
by inverting the shifted product and doing a
two’s complement addition. The carry in of the
least significant bit must be a logic one during
subtraction.

The two most significant bits of the product
are used for sign detection and overflow for
a two’'s complement multiply. These outputs
are used only as the two most significant bits
of the accumulated product at each addition
level within a multiplier array.

Overflow can occur either as the result of
2 times the multiplicand, and/or of an addition
ar subtraction. To show all possible conditions
(including overflow), the most significant bit
(85) must carry a negative binary weight.
To show this for a 4 X 2 bit multiply plus
constant, consider the following addition:

X;t . Xé X'2 Xil X’o shifter outputs

+ K3+ K3K2K1KO0 constant

S5 S4 - S3 S2 S1 SO sum

The shift network produces 5 product bits
(maximum value of 2 times multiplicand} and
a 4-bit constant is added to the least signficant
end of the product. The K3 bit is repeated to
hold the proper binary weight. Because S5 has a
negative weight all possible combinations are
represented properly.

If no overflow occurs S4 = S5, and S4 can
be used as a sign bit. Under overflow conditions
S4 # S5, and overflow can be detected by
EXCLUSIVE-ORing S4 and S5.

USAGE RULES

The MC10183 can be used in larger arrays
to produce a two’'s complement product of
2 two's complement numbers. The following
rules apply:

1. For an M-bit by N-bit multiplier, an
(M+N)-bit product is formed. The number of
MC10183’'s equals (M * N)/8. As an example, an
8 X 8 bit (Figure 1) array requires (8X 8)/8 =
8 packages.

2. The MC10183 can be used directly for
both positive fogic and negative logic represen-
tations. The?’-input can be tied to ground or to
a high logic level for positive logic operation, or
left at a low logic level for negative logic
oparation.

3. The M mode control input is used to
invert C,, when placed at a high logic level or
ground, or passes En directly when left as a low
logic level. When C, is driven from En+4
of a preceding device, M control is left in
a low logic state. When E,, is the least significant
input carry bit for a level of addition within an
array, En is tied to Y1 of the same device, and
the M input is placed at a high logic levei. Y,
controls when subtraction occurs, and carry in
must be equal to a logic one during subtraction.
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Muttiplicand
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FIGURE 1 — 8-BIT X 8-BIT 2's COMPLEMENT MULTIPLIER
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MC10183
8 X 4 BIT EXAMPLE The $4 and S5 outputs are used only at the
Figure 2 shows 4 MC10183's in an 8 X 4 bit most significant part of the array. These two
array. A 12-bit two’s complement product is sum mftpf.nt-s only. have meani:wg as the two
produced from a 4-bit multiplier and an 8-bit most significant bits of a two’s complement
multiplicand. The array is used for positive number.
logic representation, and all P inputs are tied OTHER ARRAYS
to ground. At the first level of multiplication, R
) R The normal parallelogram structure cansists
the X_q and Y _1 inputs are left open {logic of several stages, each multiplyi oi §
“‘G"") because the initial condition is treated as o . ges. u Ep Ying two bits o
an add operation. The K inputs are used to add multiplier times the multiplicand and adds the
the accumulated partial product at each level ?artlal4 product. :;; larg&:’r alr)ravs, fifster con-
of the array. If the initial partial product is lgur.atllons can -ma e{ y .movmg sontne
zero, the least significant K inputs are left at multiplier blocks while maintaining the relative
’ ight of h i i
a zero logic state (CONSTANT inputs in the M_le'g ° ‘eac pam.al prOdu.Ct' The. typical
R A times possible for various N-bit X N-bit arrays
figure). However, these inputs can also be used are:
to add a constant to the least significant end :
of the product. Number Total
When the MC10183 is expanded to longer of Multiply Package
numbers, the carry out (Cn+4_) of a device Bits Time (ns) Count
must be rippled to the carry in (Cp) of the next 8 a3 8
most significant device at the same level of 12 67 18
muttiplication. The least significant device must 16 90 32
have the carry input equal to zero for an add
and equal to one for a subtraction. In observing The times do not include wiring delays.
the multiplication algorithm Yi+q is always Because of the versatility of the MC10183,
equal to 1 for a subtraction, and the carry input many other types of arrays can also be built.
can be tied to Y ;. However, the M mode input Faster arrays using additional adders, pipeline
must be tied to ground for this device to invert techniques, one’s complement and magnitude
the carry input (6n; because the input requires multipliers, and truncated product multipliers
a complemented signal. can all be built. .
Multiplicand
-X Xg X5 Xg X3 X2 X1 X
CONSTANT INPUTS = 0 5 76746 T4 T3 T2 X170
| [
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Y1 l— |- Cn+a \Z) Y4
S5 S4S3 Sz S1Sa Cn S5 S4 S3 S2 51 Sp Cni9
s S s S —
l i . ) o 4 1
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| l l | = —
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FIGURE 2 — 8-BITBY 4-BIT 2's COMPLEMENT MULTIPLIER
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