100183

National
Semiconductor

F100183
2 x 8-Bit Recode Multiplier

General Description

The F100183 is a 2 x 8-bit recode multiplier designed to  F100183 performs parallel multiplication of two signed num-
perform high-speed hardware multiplication. In conjunction  bers in twos compiement form to produce a signed twos
with the F100182 Wallace Tree Adder, the F100179 Carry  complement product. All inputs have 50 k! pull-down resis-
Lookahead, and the F100180 High-speed Adder, the tors.

Ordering Code: ses Section s

Logic Symbol
l I I I I l ‘ I I Pin Names Description
Bg By Bg Bs By €3 By By B
I e Ag-Az Multiplier (Recods) inputs
—] Ay Bo-Bg Multiplicand Inputs
—fAg Fo-F7 Partial Product Outputs
ff' T T T T 'ilF[’ T T Fa Sign Extension Qutput
TL/F/9875-3
Connection Diagrams
24-Pin DIP 24-Pin Quad Cerpak
/ Ao Ay Ay Vg By Bs
Bg=—11 24 B, I T 1O O I |
Fo2 23}-8, | 24 23 22 21 20 19 WL
Fi—{3 22185 Bz—z 17-3-:
Fy—{5 20} A, 81 i :: -'::8
Ve ™8 I :0— 5 14 FB
Ve’ G ro 6 13 F7
F,~{8 178 17 "6
4 4 7 8 9 10 11 12
Fe—10 15—Bs Fy F3 VeoVeenFa Fs
F7— 11 14 —87 TL/F/9875-2
Fg=$12 13}=83

TL/F/9875-1
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Logic Diagram
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-
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8e—1 2 —
8s—J > — T —F
B— —
8 —T ¥ —]
— = —{—r
tjD—FA
O+
Fs Fr
TL/F/9B75-5
Truth Table
Inputs Recode Outputs
Az Aq Ag Mode Fg Fz Fg Fs Fa F3 F2 F1 Fo
L L L o H L L L L L L L L
L L H +1 Bs Bs = Bs Bs By Bs Bp By
L H L +1 Bp Bg Bz Bs Bs By B3 Ba B4
L H H +2 Bs B7 Bg Bs By B3 B2 B4 Bp
H L L -2 Bg B Bg Bs Ba Bs By By Bo
H L H -1 Ba Bg By Bs Bg Bs Bj B2 B,
H H L -1 Bg Bg By Bg Bs By Bs Bo By
H H H 0 H L L L L I L L L

H = HIGH Voltage Lavel
L = LOW Voltage Level
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100183

Absolute Maximum Ratings

Above which the useful life may be impaired. {Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specificatiens.

Storage Temperature

Maximum Junction Temperature (T )

—-85°Cto +150°C

DC Electrical Characteristics
VEg = —4.8Y, Voo = Veoeca = GND, Te = 0°C to +85°C (Note 3)

+150°C

Case Temperature under Bias (T}
Vg Pin Potential to Ground Pin
Input Voltage (DC)
Qutput Current (DG Output HIGH)
Onperating Range (Note 2)

0°Cto +85°C
—7.0Vto +0.5V
Veg to + 0.5V
—50 mA
—5.7Vto —4.2V

Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1025 —9855 —880 mv VIN =VIH (Max) Loading with
VoL Output LOW Voitage —1810 —1705 —1620 Or VL (Min) S0 to —2.0V
VoHC Output HIGH Voltage —1035 mv ViN = VIH (Min) Loading with
VoLe Output LOW Voltage —1610 Or VIL (Max) 50010 —2.0V
VIH Input HIGH Voltage _1165 —880 mv Guaranteed HIGH Signal
for Altinputs
ViL Input LOW Voltage ~1810 — 1475 mv Guaranteed LOW Signal
for All inputs
i, Input LOW Current 0.50 A ViN = VIL (Min)
DC Electrical Characteristics
VEE = —4.2V, Voo = Veca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1020 —870 VIN = VIH (Max) Loading with
mv VIL (M 500 to 2.0V
VoL Output LOW Voltage —1810 —1605 OF VIL (Min) :
VoHe Output HIGH Veltage —1030 VIN = VIH (Min) Loading with
mv v 500 to — 2.0V
VoLc Output LOW Voitage ~1595 OF ViL (Max) '
ViH Input HIGH Voltage 1150 —870 mv Guaranteed HiGH Signal
tfor All Inputs
ViL Input LOW Voltage —1810 —1475 mv Guaranteed LOW Signal
for All Inputs
IiL Input LOW Current 0.50 phA VIN = VIL (Min)
DC Electrical Characteristics
VEE = —4.8V, Vo = Voca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1035 —880 VIN = VIH (Max) Loading with
mv ViL (Mi 500 to —2.0V
VoL Output LOW Voltage —1830 —-1620 OF VIL (Min) -
VoHe Qutput HIGH Voltage —1045 VIN = ViK (Min) Loading with
mv v 502 to —2.0V
VoLc Output LOW Voitage —1610 Or VL (Max) 0=
ViH Input HIGH Voltage 1165 _880 myv Guaranteed HIGH Signal
for All Inputs
ViL input LOW Voltage — 1830 1490 -y Guaranteed LOW Signal
for All Inputs
M input LOW Current 0.50 pA VIN = VIL (Min)

Note t: Absolute maximum ratings are those values beyond which the devica may be darmaged or have its useful life impaired. Functional operation under thesa
conditions is not implied.

Note 2: Parametric values specified at —4.2V 10 —4.8V.

Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values narmally occur at the tempsrature extremes,
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case™ conditions.
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DC Electrical Characteristics
VEg = —4.2V to —4.8V unless otherwise specified, Vog = Vgoa = GND, T = 0°C to +85°C

Symboi Parameter Min Typ Max Units Conditions
1] input HIGH Current
Bo-Bs 215
Ag 215 _
A 285 ph VIN = VIH (Max)
Az 310
133 Power Supply Current —250 —-170 —115 mA Inputs Open
Ceramic Dual-In-Line Package AC Electrical Characteristics
VEg = —4.2Vto —4.8V,Vcc = Vooa = GND
= 0° = 4 0, = o
Symbol Parameter Tc = 0C Tc= +26C | Tc= *+85C | ynug | conditions
Min Max Min Max Min Max
:P'-H i"’_p:g?;'?zn ?: lay 110 380 | 110 380 | 110 420 ns
PHE 0~ "2 =7 Figures 1and 2
tpLH Propagation Delay
= 0.90 3.20 1.00 3.10 1.00 3.60 ns
tpHL Ag-AgtoFg
:PLH :0"_";9?;";" _D'f'ay 080 220 | 090 215 | 090 250 | ns
PHL 800777 Figures 1 and 2
tPLH Propagation Delay 080 200 | 080 =200 | 080 250 ns
tpHL BgtoFa
tTLH Transition Time )
tL 20% 10 80%, B0% to 20% 0.45 2.50 0.45 2.40 0.45 2.60 ns Figures 1 and 2
Cerpak AC Electrical Characteristics
Veg = —4.2V 1o ~4.8V, Voo = Vooca = GND
= Q° = + = +88°
Symbol Parameter Tc = 0°C Tc 25C Te 85'c Units Conditions
Min Max Min Max Min Max
:F"-H :“’_ngf;";" D: lay 140 370 | 110 880 | 110  4.00 ns
PHL 0~R20 70777 Figures 1and 2
tpLH Propagation Delay
- 0.9¢ 300 1.00  2.80 1.00 3.40 ns
tPHL Ap-AptoFg
:"LH gmpggf‘;";" D:“‘y 080 200 | 080 195 | 090 230 ns
PHL 0780 0777 Figures 1 and 2
teLH Propagation Delay 080 180 | 080 1.80 | 080 230 ns
tPHL BgtoFg
tTLH Transition Time .
4 . . . . . Fi
tTHL 20% 10 80%, 80% 10 20% 0.45 2.40 0.45 2.30 0.45 2.50 ns igures 1and 2
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Vee

j 0.1 xF
1

PULSE Y l I I |
GENERATOR LW 24 23 22 21 20 19
h — 18—
—_—2 17 p—
A —3 1% —
- 0
o — 15 |—AAA L2
SCOPE A S 1 . —i SCOPE
CHAN A s AW CHAN B
" AVA'AY 8 13 AAA
Ry 50 7 8 9 10 1112 n
50 Q 50 Q
< —vw-—-l }—] I—M/v———< Co Ry
Notes: - - AAA AAA | I
v
Vee. Veca = +2V, Ve = —2.5V Q 50 0 - - -
L1 and L2 = equal length 500 impedance lines F
Rt = 50 terminator internal to scope 25 uF
Dacoupling 0.1 uF from GND to Vgc and Ve = :_[ 0.1 oF 4
All unused outputs are loaded with 500 to GND - - I s -
C( = Fixture and stray capacitance < 3 pF Voo =
Pin numbers shown are for flatpak; for DIP see logic symbol
TL/F/9875-6

FIGURE 1. AC Test Circuit
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0.7+0.1 ns —>|

INPUT

- 07+01ns
+1.05V
ao"/.,

+0.31V

tpPHL-—]
NON-INVERTING

l<7

OUTPUT tpLH —P|

INVERTING

iTLH—b’

[— tpLH
50%

—b| - tpHL

80%
50%

%
‘4— trHL

TL/F/9875-7

FIGURE 2. Propagation Delay and Transition Times

Application

F100183 is a 2 x 8-bit recode multiplier that performs paral-
iel multiplication using twos complement arithmetic. In multi-
plying, the multiplier is partitioned into recode groups, then
each recode group operates on the multiplicand to provide
a partial product at the same time. The F100183, 2 x 8-bit
recode multiplier provides partial products in 3.6 ns.

The F100182, 9-Bit Wallace Tree Adder combines the par-
tial products to obtain the partial sum and partial carries in
an additional 10.7 ns. Then the Carry Lookahead generator
and 6-bit adder combine the results of a 16 x 16-bit muitiply

for a total of 24.3 ns. The propagation delays and package
count for implementing various size multipliers are listed in
Tables | and II.

Multiplication of twos complement binary numbers is ac-
complished by first obtaining all the partial products. Then
the weighted partial products are added together tc yield
the final result. In the Wailace Tree method of multiplication
the sign bit is treated the same as the rest of the bits to
obtain a signed result.

TABLE |. Propagation Delay Summation*

Recode Wallace High-speed Carry
‘:'irzaey Multiplier Tree Adder Adder Lookahead Tot;l:}:lax)
100183 100182 100180 100179 4
16x16 3.6 10.7 7.3 2.7 = 243 ns
17 x17
thru 3.6 21.4 7.3 27 = 35.0ns
24 x 24
25x25
thru 36 21.4 7.3 5.4 = 37.7 ns
48 x 48
49 x 49
thru 3.6 21.4 7.3 8.1 = 40.4 ns
72x72
73x73 3.6 32.1 7.3 108 = 53.8 ns

*Worst case, Flatpak

3-219

€81001



100183

Application (continued)

TABLE Il Package Count

:gg:?: 100183 100182 100180 100179 Total
16x16 6 16 32 2 = 62
18x18 7 27 38 2 = 70
24x24 9 36 60 2 = 115
32x 32 11 64 98 11 4 = 186
36 x 36 13 80 116 12 4 = 225
64 x 64 24 256 328 22 6 = 634

For a quick review of the twos complement number format
see Table Ill. Note that subtraction is accomplished by add-
ing the negative number. An example of changing from a

positive number to a negative number is shown.

1011 negative number-5

0100 bits inverted

+0001 add one
0101 Results 5

TABLE Ill. Twos Complement Format

Sign Magnitude Decimal

Bit 22 21 20 Number
0 1 1 1 +7
0 1 1 0 +6
0 1 0 1 +5
0 1 0 0 +4
0 0 1 1 +3
o] 0 1 0 +2
0 0 0 1 +1
0 0 0 0 +0
1 1 1 1 -1
1 1 1 0 -2
1 1 ] 1 -3
1 1 0 0 —4
1 0 1 1 -5
1 0 1 0 -6
1 0 o} 1 -7
1 0 0 0 -8
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Multiplication Algorithm

In the multiplication algorithm used, the multiplier (Y, . .. Yg)
is partitioned into recode groups and each recode group
aperates on the multiplicand (X, ... Xo) as in Figure 4. The
F100183, 2 x 8-bit recode multiplier partitions the multiplier
(Xn, . . . Xp) into groups of eight and the multiplicand (Y, ...
Yp) into groups of two. Each recode group is two bits wide
but requires three bits to determine the partial products. Ta-
ble IV lists the significance of the various recode groups.
The partial product is 0, multiplicand, or +two times the
multiplicand. A forced zero is required to establish the least
significant bit of the first recode group. By connecting re-
code multipliers in parallel the partial products are available
at the same time. The weighted partial products (A, ... Ag,
Bp, ... Bp)...are added together using F100182, 8-bit Wal-
lace Tree Adders. The results of the partial sum and partial

TABLE IV. Recode Product

Recode Group Recode
Yir Y, Yo Value Partial Product

0 0 0 +0 Add zero

0 0 1 +1 Add multiplicand

0 1 0 +1 Add multiplicand

0 1 1 +2 Add twice the
multiplicand

1 0 0 -2 Subtract twice the
multiplicand

1 a 1 —1 Subtract the
multiplicand

1 1 0 -1 Subtract the
multiplicand

1 1 1 -0 Subtract zero

Sign Bit

carry are combined together using Carry Lookahead gener-
ators and 6-bit adders. An example of using recode multipli-
cation is shown in Figure 3: multiplier (1170) 01110101
times multiplicand (1051g) 01101001. The first recode group
010 requires adding the multiplicand; the second recode
group 010 also requires adding the multiplicand; the third
group 110 requires subtracting the multiplicand (the same
as inverting each digit and adding 1); the fourth group 011
requires adding twice the multiplicand. Combining the re-
sults of four groups, 122854, we have the correct answer.

Forced Zero
01101001 = 105
01110101 0 = 117
—_— 735
-1 +1 105
+2 +1 105
0000000001101001 (+1) 12285
00000001101001 +1)
111110010111 (-1}
0011010010 (+2)
0010111111111101 = 12285

TL/F/9875-8
FIGURE 3. Recode Multiplication Example

Magnitude Bits Forced

Zero

Muttiplicand ————gm
Multiplier ————3=

X15X14 X13 X2 X11 X0 X Xg X7 Xg X5 Xa X3 X2 X4 Ko
Y15 Y14 Y13 Y12 ¥ 11 Yo Yo Yo Y7 ¥e Ys Y4 Y3 Y2 ¥y Yo

Recode Groups —————»

First Product Only -—————m» 1

— — —— [EE— [p—
1 IA1SA15A14A|3A12A]]A]QA9 Ag A7 Ap Az As A3z Ax A4 Aol

Ko
Hargware-wired Logic Ones—— 1 [BisB1sB14B13B12B11B1Ba Bs B7 B Bs B4 Ba B2 B:_ Bo
K2
Partial Products 1 [C%C1C14C13C12C11C10Ca Cg C7 Cs Cs C4 C3 C2 C1 Cyf
Ka
1 [D1D15014D 1301201101009 Dg D7 De Ds Da Da D2 Dy Dol
Ke
1 [EwEsE1aE1aErEnEEs Eg E7 Es Es Es E3 E2 E1 Eof
Ks -«4—— Rounding Bits
1 [FsFisF1aF13F12Fii FroFo Fs Fr . Fs Fa F3 F2 F1 Fol From Externai Gates
Kio
1 [G18G15G14G13G12G11G10Ge Gs Gt Gs Gs G4 Gz G2 G1 Gyl
K12
1 [fe His HiaHhiaHizH1HipHs Has Hr He Hs Ha Ha Hz H1 Hol
Kisa
PS31 PSag PS20 PS8 ... .o e Partidl SUM ....ooevniini i PSa PSa PSz PS1 PSg
PCap PCx PC2sPCar.. .. o Partial Carmy ... .....oiiiiiii e PC3 PC2 PC1 PCo
a1 530 528 BB ..t Sa 83 Sz 81 So

Final Product
Sign Bit
TL/F/9875-9
FIGURE 4. 16 x 16 Multiply
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Hardware Implementation

For the hardware implementation of the F100183 recode
multiplier the sign bit is connected to the Bg input, and By
through Bg are the magnitude bits. Two extend the word
length greater than eight bits, the Bg and Bg inputs of adja-
cent devices are connected together (see Figure 7). The
device outputs Fg through F7 are used as the partial prod-
ucts; these correspond to Ag through Az, or Ag through Aqs,
or By through Bz, etc. To reduce the hardware, the Fg bit
(Aqg in Figure 7) is used as the sign bit of the partial prod-
uct. The sign bits are extended by using hardware wired
logic “1s”. The ones are located in front of each partial
product with an extra “1” at the sign bit of the first partial
product as in Figure 4. The logic "1s" are wired as inputs
into the Wallace Tree Adders as shown in Figure 6. If the
recode group requires the multiplicand to be added, then
the F100183 outputs the correct partial products 1o be add-
ed. But when the recode group requires that the multipli-
cand be subtracted, then the F100183 outputs the ones
complement. External gates are required to generate a *‘1”
to be added to the ones complement to complete the twos
complement for the partial product (Figure 7). These exter-
nal gates generate the rounding bits, Kg . . . K, which are
input to the Wallace Tree Adder. Figures 4, 6 and 7 show
the location. An example of multiplication which has the
rounding bits and the hardware wired logic *1s” is shown in
Figure 5.

The weighted partial products are added together using
F100182, 9-bit Wallace Tree Adders as shown in Figure 6.
The output is a partial sum and partial carry which can be
reduced to the final product using Carry Lookahead and 6-
bit adders. See Figure 8.

Forced Zero
01101001 / =105

01110101, =117
W:-:
-1 +1
+2 +1
1
1fo1101001]
0
f101101001j
Hardware- 0
wired

—» 1[510010119]
1 -¢——— Rounding Bits
{external gates)

Logic
ones
1711010010
- 0
0010113111111101 = 12285
TL/F/9875-10
FIGURE 5. Example of Multiplication

Using Rounding Bits
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Hardware Implementation (continued)

1 Hig 1 He Gis Hia
IANENEEEI I EEEEE AENAREEN SN ENEEN
Dg D1 Oz Dy Dy Ds Dy D7 By Dg Dy D7 D3 Dy Ds Dg Dy Dy Dg Dy D, Dy Dy D5 Bg D7 Oy Oy Dy Dz Da Dy D5 Dg D7 Dy
—fco, Cly COy Cly CO, Cly COy Cly
Not | —4C€0>  pyo518y 2 €0 rioove2 G €O Fioo1a2 C0:  piparsz g
Used | —Jc0; c1y O3 Cla €0y [ €0, Cly
~—d4C0n,2 Cin-z =1CO. .2 Cin - 2 = COa\2 Cly 2= COn,2 Cla 2
pC e hol_rc PS pC PS [ Ps
|_ PSa
PSSy _PSy |_PSog
PCs: PCap PCog PCas
N
Intermediate Stagas
1 B1s €13 Dyt Eg Fr Gy My 141814 C12D10Ep Fy Gy Hy NOT ShOWR A, 8,,Cy. Dy E; F5 Gy H,y A14B3C Dy Eg Fy G2 Ho Kuy
AN EEEN RN PP LItgd ftLLIdIdl
Dy D10z Dy D4 D5 Dg D7 Dy Do 01 D2 D3 DaDs Dg Oy Dy Dg DyD2 03Dy Ds O D; Dy 0y Dy Dz Dy D, D5, D¢ D7 Dy
CO4 Cly €O, ch COy Cly COy Cly
gg: £100182 gl': gg: F100182 g:: ::: F100182 g:: COz F100182 g.'l
COnyz Cln-z h COnyz C‘n-z 1 COny2 Cln — 2 fe COauz Chn-z2
PC PS |_ PC PS PC PS PC PS
|_PSy _PS PSy5
PGy | PC1e PCis ‘ PC1a
Intermegiate Stages

Not Shown 5

TVl Ol DLl Ll

Dg Dy Dy By Dy D5 Dy D; By Dy DyDp D30y D5 Dg Dy Dy Dy Dy O; D30, D5 Og D7 Dy Dy Dy Dz D3 D405 DgD; 0y
€0, Chy €O, Ch co, cly co, cyf—°
——]co, Cly co; Clp €0, Cl; €0y Ci—0

F100182
0y £100182 o 0, F100182 o <0, F100182 el co, enb—o
COns2 Ch_ 2] COns2 Chy-2 COns 2 Cly_2 1 C0asz Cln - | ¢
P P: P P: I- BC P! PC ]
]
L_.PS; |_Ps; L__es, |__Pse
PCy P2 | PG ] PCo

TL/IF/8875-11
FIGURE 6. F100182 Hook-up for 16 x 16 Multiplier
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Hardware Implementation (continued)

Xog XoaX13X12X11X10 Xy Xy Xy Xy X5 X4 X3 X3 Xq Xo
fffis8¢er BRARARA
Yys a5 Br By B; By 8y 8y 'i L IR
Yie ' : Fioogaa o
o= R
T.!I‘T,‘T] 1N RREEREERE
Huﬂvsl"uﬂn“'m"ﬂﬁmﬁn‘:"l NC H; Ho Hs HoHy Ha Hy By
iYY,_VTV'iE‘I
Y n L [T T A
Y12 3, H fey o
A @ i m oL
T]"l:
G||B1§G|£=1ﬁ|ﬁ1il1@lﬁl BoCs BB b |
111 mql
Yur i : -
Y10 ‘ ma§ A M
T T T T
thsf'fnf z?n FI&F'é‘FI NC F; 55 fs Fu Fa szu Fn
Ya ] s
T 1 YT %
E‘r‘ﬁ"#‘ééﬁ‘ﬁ‘%nﬁﬁiu NC E,;,-‘;Ij %aé zs.iu
Yz
Ye y
Dm-j, i
X i e80T
Ys L : P
Y, quaz o
TTTTTTTTT
Ncc7x:.t5c.c,c, 1 Ep Ko
[ I r T ? T % EA I —_[:’*“1
Y, ] H i
Y2 _ ‘_noons - o
TTTTT ?lf!HHF
Blaﬂasﬂu ‘n!u?nﬂmi 53! NC By 5-’5 Be 3: ﬂz*! B Ky
T T 1 ? Pi ] T T Tﬁ
:; F100183 ] F100183 Q'
| Fs Fr FgFs Fu F3 F2 Fy Fy Fa F1 Fs Fs Fo Fa F3 Fy Fp
YN T T T T T 177 F‘HIIIIIIF
o AqgAis AqahiaRiaA g AggAg Ay ‘0" NC Ay Ag Ag Ay A3 Ay A, Ay ",

FIGURE 7. F100183 Hook-Up for 16 x 16 Multiplier

TL/F/9B75-12
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Hardware Implementation (continued)

R A R L LALLL

F100180 ‘—I F100180 F100180 F100180 F100180 — F100180 Cn
J111] T HIIH HHH W A T ]
S34 812 S Szs S20 S24 S27 320 Sus S 8. z Sa S2 Se
S $31 San $nSuS 1| 21 9216 SirSuS 1] S S S5 & S 1|
¢ s alis Cuva 20 2Gz Cusz P1Gy Po
F100179 (-8
2
[«
Pl _! _|_ L L I
¢ PsGeCnose Pslis Palla Chea Pals Pz@:2 Cnaz P1Gs PoGi
F100179 (¥
e

TL/F/8875-13
FIGURE 8. Final Summation for 16 x 16 Multiplier
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