NATIONAL SEMICONR (L0GIC)

100183

BIE D WM b50%22 007

@Nahonal

Semiconductor

100183
2 x 8-Bit Recode Multiplier

General Description

The 100183 is a 2 x 8-bit recode multiplier designed to per-
form high-speed hardware multtiplication. In conjunction with
the 100182 Wallace Tree Adder, the 100179 Carry Look-
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Not Intended M&N Designs

100183 performs parallel mui@ghcatlon of two siwed num-
bers in twos complement i@m to produce a signed twos
complement product. All lmighave 50 kQ} pull-down resis-

ahead, and the 100180 High-speed Adder, the tors. i k¢ ‘;;é
Ordering Code: see sections k
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Truth Table .
Outputs
Ag Fg F7 Fg Fs Fa F3 Fa Fy Fo
L H L L L L L L L L
L Bg Bg B7 Bg Bsg Bs Bg Bo B4
L Bg Bg By Bg Bs By Bg Bo B4
L Bg By Bg Bs By Ba Bz B4 Bo
H Bg B; Bs Bs Ba Bs Ba By Bo
H Bg Bs 7 Bg Bs By Bs By By
H Bg Bg By Bs Bs Bs B3 By By
H H L L L L L L L L
H = HIGH Voitage Level
L = LOW Voltage Leval
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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 specifications.

Storage Temperature —65°Cto +150°C
Maximum Junction Temperature (T) +150°C

DC Electrical Characteristics

Ve = —4.5V, Voo = Vooa = GND, Tg = 0°C to +85°C (Note 3)

0°Cto +85°C
—7.0Vto +0.5v

Case Temperature under Bias (Tc)
VEE Pin Potential to Ground Pin

Input Voltage (DC) Vegto +0.5V
Output Current (OC Output HIGH) —50 mA
Operating Range (Note 2) to z4.2V

783 EENSCL

Note 2 Parametric values specified at —4.2V to —4.8V.

Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1025 —955 —880 mv ViH (Max) Loading with
VoL OutputLOW Voltage | —1810 | —1705 | —1620 502 to —2.0V
VoHe Output HIGH Voltage —1035 mv Loading with
VoLc Output LOW Voltage —1610 or ViL (Max) 500 to —2.0V
Vin Input HIGH Voltage _ _ Guaranteed HIGH Signal
1165 880 v for All Inputs
ViL Input LOW Voltage ~1810 —1475 nteed LOW Signal
All Inputs
L Input LOW Current 0.50 IN = VIL (Min)
DC Electrical Characteristics
VEg = —4.2V, Voo = Voca = GND, Tg = 0°C to +85°C
Symbol Parameter Min Typ Conditions (Note 4)
Vou Output HIGH Voitage —-1020 VIN = ViH Max) Loading with
VoL Output LOW Voltage ~1810 or ViL (Min) 500 to —2.0V
VoHC Output HIGH Voltage —1030 : oy ViN = VIH Min) Loading with
VoLc QOutput LOW Voltage 1595 or Vi (Max) 500 to —2.0V
ViH Input HIGH Voltage —1150 870 mv Guaranteed HIGH Signal
for All Inputs
ViL Input LOW Voltage —-1810 1475 mv Guaranteed LOW Signal
for All Inputs
I Input LOW Current pA Vin = VIL (Min)
DC Electrical Charac cs .
VEg = —4.8V, Voo = Veoa = GND; = 0 +85°C (Note 3)
Symbol Parameter Typ Max Units Conditions (Note 4)
Vou Output H, ge —-1035 —880 mv VIN = VIH (Max) Loading with
VoL Outpu Vi —1830 ~1620 or ViL (Min) 509 to —2.0V
VoHe Ou tage —1045 mv Vin = ViH (Min) Loading with
VoLc Output [ —1610 or Vi (Max) 500 to —2.0V
ViH Input HIGH V —1165 —880 mv Guaranteed HIGH Signal
for All inputs
ViL . W Voltage _ _ Guaranteed LOW Signal
4 1830 1490 mv for All inputs
e Input Current 0.50 pA VIN = ViL (Min)
Note 1: tings are those values beyond which the device may be darmaged or have its useful life impaired. Functional operation under these
conditions

Note 3: The specified Iimits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes,

ting ranges.

additional noise immunity and guard banding can be d by d

ing the
o
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "‘worst case” conditions.

system op
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DC Electrical Characteristics 2
VEE = —4.2V to —4.8V unless otherwise specified, Vo = Veca = GND, T = 0°C to +85°C !
Symbol Parameter Min Typ Max Units Conditions
™ Input HIGH Current
Bo-Bg 215
Ao 215
Aq 285
Az 310
lee Power Supply Current —250 -170 —-115
Ceramic Dual-In-Line Package AC Electrical Characteri ,
VeEe = —4.2V1o —4.8V, Voo = Voca = GND .
Symbol Parameter Tc=0C Tg = +25°C Tc = 785°C Conditions
Min Max Min Max Min Max
" 53‘ 3
thLH Propagation Delay 110 390 | 110 380 4 A10, 420 ns
teHL Ao-Az 1o Fo-F7 e Figures 1 and 2
tPLH Propagation Delay o g
b 090 320 | 100 3¢ ns
tPHL Ag-AztoFg :
toLy Propagation Delay 080 220 | 090 215 | 0882 250 ns
tPHL Bo-Bg to Fo-F7 \ Figures 1 and 2
tPLH Propagation Delay 080 200 250 | ns
tpHL BgtoFg
TLH Transition Time .
L 20% 10 80%, 80% 10 20% 0.45 2.50 2.60 ns Figures 1 and 2
Cerpak AC Electrical Characte ‘ ”
Vee = —4.2Vto —4.8V, Voo = Vgoa = GND ;;; 1
Symbol Parameter T . .c : +25C Tc = +85°C Units Conditions
Min < Max Min Max
tPLH Propagation Delay o110 370 | 110 360 | 110 400 ns
teHL A=Az 10 Fo-F7 z Figures 1 and 2
tpLH Propagation Delay >
iy . X . .90 .0 3.40
torL Ao-Ag to Fa i o 3.00 1.00 2.9 1.00 ns
toLH Propagation Delay ™ 200 | 090 195 | 090 230 | ns
tPHL Bo-Bg to Fo-F7 ; Figures 1 and 2
teLy 080 180 | 090 180 | 090 230 ns
tpHL
:T'-” 045 240 | 045 230 | 045 250 ns Figures 1 and 2
THL
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Notes:

Ve Vooa = +2V, VEg = —2.5V

L1 and L2 = equal length 500 impedance lines
Rt = 500 terminator internal to scope
Decoupling 0.1 pF from GND to Ve and Veg
All unused outputs are loaded with 500 to GND
G = Fixture and stray capacitance < 3 pF
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Pin numbers shown are for flatpak; for DIP see logic symbol
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0.7+0.1 ns -——»l
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FIGURE 2. Propagation Delay and Transition Times - :

Application

100183 is a 2 x 8-bit recode multiplier that performs parallel
multipfication using twos complement arthmetic. In muttiply-
Ing, 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 100183, 2 x 8-bit
recode multiplier provides partial products in 3.6 ns.

The 100182, 9-Bit Wallace Tree Adder combines the parhal
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 I and Il

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

TABLE I. Propagation Delay Summation*

3

Recode Wallace High-speed Carry
Asrirzaey Multiplier Tree Adder Adder Lookahead TotDa;(:Iax)
100183 100182 100180 100179 Y
16x 16 3.6 10.7 7.3 2.7 = 24.3ns
17 x17
thru 3.6 214 7.3 2.7 = 35.0ns
24 x 24
25x25
thru a6 21.4 7.3 5.4 = 37.7ns
48 x 48
49 x 49
thru 3.6 21.4 7.3 8.1 = 40.4 ns
72x72
73x73 3.6 321 7.3 10.8 = 53.8 ns

*Worst ¢ase, Flatpak

€8100}
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Application cContinued)

TABLE Ii. Package Count

:ggﬁ: 100183 100182 100180 100179 Total
16x16 6 16 32 2 62
18x18 7 27 38 2 70 .
24x 24 9 36 60 2 s
32x32 11 64 96 11 4 oo 186
36 x 36 13 80 116 12 4 = 225
64 %64 24 256 328 22 5 = 634

For a quick review of the twos complement number format
see Table lil. 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. t: 1 0 +6
0 B hU 1 +5
0 1, 0 o} +4
0 0"~ 1 1 +3
0 0 1 0 +2
0 0 0 1 +1
0 <0 0 0 +0

=1 1 1 1 -1

eS R 1 1 0 -2
1 1 0 1 -3
1 1 0 0 —4
1 0 1 1 -5
1 0 1 0 -6
1 0 0 1 -7
1 0 0 0 -8
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Multiplication Algorithm

In the muitiplication algorithm used, the multiplier (Y, ... Yo)
is partitioned into recode groups and each recode group
operates on the multiplicand (X,, . .. Xo) as in Figure 4. The
100183, 2 x 8-bit recode multiplier partitions the multiplier
(Xn ... Xo) into groups of eight and the muitiplicand (Yn...
Yo) 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

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: muitiplier (1174g) 01110101
times multiplicand (1054g) 01101001. The first recode group
010 requires adding the multiplicand; the second recode
group 010 also requires adding the mtihipliqmp; the third
group 110 requires subtracting the. fultipligand (the..same
as inverting each digit and adding'¥); the fatirth greisp 011
requires adding twice the multiplicand, Combining:the re-
sults of four groups, 1228519, we have the-tirrect answer.

s

N 3
> Faorced Zero

£81001

at the same time. The weighted partial products (A, . . . Ag, 01101003 = 105
Bn ... Bg) ... are added together using 100182, 9-bit Wal- omgiet £ = __ 1y
lace Tree Adders. The results of the partial sum and partial -,E-':?" s e, j 1(7):5
TABLE IV. Recode Product - F2 41 105
0000000001101001 (+1) 12285
Recode Group Recode 00060001101001 (+1)
Y Y, Y Value Partial Product 311110019111 -1
141 J -1 2011016010 (+2)
0 0 0 +0 Add zero * B010TFINITI11301 = 12285
0 0 1 +1 Add multiplicand ; I ’ TL/F/9875-8
0 1 0 +1 Add multiplicand FIGURE 3, i'ichde Muitiplication Example
0 1 1 +2 Add twice the '
multiplicand
1 0 0 -2 Subftract twice the
multiplicand
1 0 1 —1 Subtract the
multiplicand
1 1 0 -1 Subtract the
multiplicand
1 1 1 -0 Subtract zerp
Sign Bit Magrnitude Bits Forced
Zero

%15 Xaa K13 X12 X11 X10Xo Xa X7 X6 X5 Xa X3 X2 X1 Xo
Y15 Y14 Y13 Y12 Y11 Y10 Yo Ya Y7 Ys Y5 Y4 Y3 Y2 ¥y Yo 0

Multiphcand —— g
Multiphier —————

Recode Group§ ——r———

First ProduciOhly—-*——w’ 1
1 HeAs Al Az Az An AwgAg Ag A7 As As Aa Az Az A1 _Ag
. Ko
Hardware-wired Logic Ones ——3m 1, [5:&315814 B13B12B11B19By Bg By Bs Bs B4 B3 B2 By By
K2
1 |C16C15C14C13C12C11C10C9 Cs C7 Ce Cs5 Ca C3 C2 C1 Cq|

Partial Products K
4
* % [DwD1sD14D13D12D1D10Ds Ds D7 Ds Ds Da D3 Dz Dy Dol
Ks
1 IEErsEwEwE2EnEwEy Es E7 Eg E5 Eq4 E3 E2 E; Epj
. Ks -«—— Rounding Bits
1 ﬁwiiﬁfu Fi3Esz F11F1oFo Fs F7 Fe Fs Fa Fa F2 Fy F From External Gates
. K1o
1 1G16G15G14G1aGiigl11t0Ge G G7 G Gs Ga Ga G2 G1 Gy
Kz
1 [Hie His HigHisH2H11H0Hg He H7 He Hs Ha Ha Hz Hi Hp
;
K1

Partial Sum
. Partial Carry

PSa PS3 PSz PS: PSq
. ..PGC3 PC2 PC1 PCo

............. . Sa 83 S2 S1 So

PS3 PSaoHPSm PS28....
PCa0 Ppe PC2s PCo7. ..,

Sn $0, S2¢ S ...il. ... ...

Final Product

51

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

For the hardware implementation of the 100183 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 Bo 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 Ass,
or Bg through By, etc. To reduce the hardware, the Fg bit
(Ayg 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 100183 outputs the correct partial products to be added.
But when the recode group requires that the multiplicand be
subtracted, then the 100183 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 partiat product (Figure 7). These external gates gen-
erate the rounding bits, Kg ... Kn, 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
100182, 9-bit Wallace Tree Adders as shown in Figure 6.
The output is & 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

01110101y =117
-
-1 +1
+2 +1
1
1ho1101001]
0
H101101001}
Hardware- 0
yired 1lo10010110)
—p
Logic 1 Rounding Bits

ones
110100 {external gates)

0010111111111101
TL/F/9875-10
Fl E 5. Example of Multiplication

ENSCL
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TL/F/9875-11

- FIGURE 6. 100182 Hook-up for 16 x 16 Multiplier
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FIGURE 7. 100183 Hook-Up for 16 x 16 Multiplier
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Hardware Implementation (continueq)

ml\IHIIlIHu ' H~ILHIFIHII L WL I (LT
F100180 - F100160 F100180 I F100180 F100180 [+ F100180 S
o ||| ST | DT IO | WO | O
Ls,. S Ss SaSrSn 1 | S23 S21Sn) 3 Sns.ss.;ﬂ:; Sn Se 87_’:‘_1 S5 Sy Sﬁ?_%
——— ;
s X PsGs PG Ch+a PsGs P2G2 [ P1G PoGol
F100179 [

FIGURE 8. Final Summation for 16 x 16 Muitiptier
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