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Datasheet

Rochester Electronics
Manufactured Components

Rochester branded components are
manufactured using either die/wafers
purchased from the original suppliers
or Rochester wafers recreated from
the original IP. All recreations are
done with the approval of the OCM.

Parts are tested using original factory
test programs or Rochester developed
test solutions to guarantee product
meets or exceed the OCM data sheet.

Quality Overview

* |[SO-9001
e AS9120 certification
* Qualified Manufacturers List (QML) MIL-PRF-
35835
e Class Q Military
* Class V Space Level
¢ Qualified Suppliers List of Distributors (QSLD)

* Rochester is a critical supplier to DLA and
meets all industry and DLA standards.

Rochester Electronics, LLC is committed to
supplying products that satisfy customer expecta-
tions for quality and are equal to those originally
supplied by industry manufacturers.

The original manufacturer's datasheet accompanying this document reflects the performance
and specifications of the Rochester manufactured version of this device. Rochester Electron-
ics guarantees the performance of its semiconductor products to the original OEM specifica-
tions. ‘Typical’ values are for reference purposes only. Certain minimum or maximum ratings
may be based on product characterization, design, simulation, or sample testing.

© 2013 Rochester Electronics, LLC. All Rights Reserved 07112013

To learn more, please visit www.rocelec.com
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Semiconductor

100183
2 x 8-Bit Recode Multiplier

General Description

The 100183 is a 2 x B-bit recode multiplier designed to per-
form high-speed hardware multiplication. In conjunction with
the 100182 Wallace Tree Adder, the 100179 Carry Look-
ahead, and the 100180 High-speed Adder, the

Not Intended For New Designs

100183 performs parallel multiplication of two sugned num-
bers in twos complement form to produce a signed twos
complement product. All inputs have 50 ki pull-down resis-

Ordering Code: see Section 6

Logic Symbol
RN Pin Names. Description
e e e
LR Ag—Ag |- Mutiplier (Recode) Inputs
— A, By-Ba Multiplicand Inputs
- Fo-F7 Partial Product Outputs
%. Flr T T T F[s T T T Fa Sign Extension Output
TL/F/BB7S5-3
Connection Diagrams
24-Pin DIP 24-Pin Quad Cerpak
A Ag Ay Az Vep By Bs
By—11 248, A T
f 2 zls, 24 23 22 21 20 19
By =1 18}~
Fi—3 22|83 gl I
Fo—14 ra] o8 2 T
ol 20_:: 8,3 16}-84
3 =
i o
Y]’ i B ro—s 13 -r?
= b ‘ 7 8 910 11 12 ¢
Fs=19 16}-8s
5] LB L
Fe—{10 15}-8 F2 F3 Voo VoeuFa Fs
Fpmg 11 148y TL/F/9875-2
Fa-fi2 13|~Bg
TL/F/3B75-1
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Logic Diagram
Az
Ay
Ao
ﬁ—D
g1
8—17) i3
n—T 4 5
Y =P
By—f 1
w—2
a—— w M) Fy
:D—Fa
=
TL/F/9875=5
ool Outputs
Ag Ay Ag b ?. Fr Fg Fs Fa F3 Fa Fq Fo
L L o H L L L L L L L L
L s H +1 By Bg By Bg Bs By B3 Bz B4
L k. +1 Bg Bg By Bg Bs By B3 By By
L H +2 Bg By Beg Bs By B Bz By By
H - ot -2 Ba By Bg Bs By B3 By By Bo
H i H -1 Bg Eﬁ B; Eﬁ Bs By [=E B, B,y
H L —1 Bg By 5, Be B B, B, B, By
H H ] H L L L L L L L L
H = HIGH Voitage Level
L — LOW Voltage Level
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Absolute Maximum Ratings
Above which the useful life may be impaired. (Note 1)

It Military/Aerospace specified devices are required, Case Temperature under Bias (Tg) 0°Cto +85°C
please contact the National Semiconductor Sales Vg Pin Potential to Ground Pin —7.0Vto +0.5V
Office/Distributors for availability and ape::lllcam Input Voltage (DC) Ve to +0.5V
Storage Temperature —65°Cto + 150°C Output Gurrent (DG Output HIGH) . —50mA
Maximum Junction Temperature (T ) +150°C Operating R (Note 2) WV to —4.2V
DC Electrical Characteristics
VEe = —4.5V, Voc = Veca = GND, Te = 0°C to +B5°C (Note 3) ) :
Symbol Parameter Min Typ Max Units * Conditions (Note 4)
VoK Output HIGH Voitage -1025 -955 -880 Vi (Max) Loading with
L oF 500 to —2.0V
VoL Output LOW Voltage —1810 —1705 —1820 L.{Min) "
VOHC Output HIGH Voltage ~-1035 ViN = ViH (in) Loading with
Y v 500 to —2.0V
Vol Output LOW Voltage -1610 Or VIL (Max) .
ViH Input HIGH Voltage _ _ Guaranteed HIGH Signal
W o0 for All Inputs
ViL Input LOW Voltage i i Bubanteed LOW Signal
1810 1475 ﬁﬂll Inputs
M Input LOW Current 0.50 vm = VL (Min)
DC Electrical Characteristics
VEe = —4.2V, Vo = Vgoa = GND, Tg = 0°C to +85°C (?
Symbol Parameter Min Conditions (Note 4)
VoH Output HIGH Voltage —-1020 ViN = VIH (Max) Loading with
VoL Output LOW Voltage —1810 or ViL (Min) 500 to —2.0V
VOHG Output HIGH Voltage VIN = ViH (Min) Loading with
VoLe Output LOW Voltage or ViL max) 5011 to —2.0V
Viy Input HIGH Voltage Guaranteed HIGH Signal
for All Inputs
ViL Input LOW Voltage _ Guaranteed LOW Signal
1475 i for All inputs
N Input LOW Current nA ViN = VIL (Min)
DC Ele
Veg = —4 +85°C (Note 3)
Symbol Typ Max Units Conditions {(Note 4)
VoH - 880 mv Vi = VIH {Max) Loading with
VoL — 1820 or V)L (Min) 501} to — 2.0V
Voro mv ViN = ViH (Min) Loading with
Vol — 1610 or Vi (Max) 500 to —2.0V
Vi P Guaranteed HIGH Signal
880 i for All Inputs
T b _ Guaranteed LOW Signal
; i o for All Inputs
Input Iﬁv Current nA VIN = ViL (Min)
5 n:Ilm;sal'\e1hmie\«alnseal:»em:muml!'uit::!lllnaﬂe\dr.:ell'wI:bu:iaﬂln‘geciorlmusitsn.lseﬂnlll\!e' irad. Fi { paration under these
Nole 2: Parametric values specified at —4.2V to —4.8V.
Mote 3: The specified limits represent the “worst case” value for the parameter, Since thase “worst case™ values iy occur at the v 3,
dditional noise i ity and guard banding can be achieved by ot ing the all le 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
Vgg = —4.2V to ~4.8V unless otherwise specified, Voo = Vooa = GND, Te = 0°C to +85°C
Symbol Parameter Min Typ Max Units Conditions
H Input HIGH Current
Bo-Bg 215
Ag 215
Ay 285
Az 310
leg Power Supply Current - 250 -170 —115

Ceramic Dual-In-Line Package AC Electrical Characte
VEE = —4.2Vto — 4.8V, Vo = Voga = GND

https://rocelec.widen.net/view/pdf/mxcdclcfix/ RSELS20565-1.pdf?t.download=true&u=5oefqw

Symbol Parameter To =41 Tg = +25°C Conditions
Min Max Min

ALH Oiopeaeion Doey 110 390 | 110
1pHL Ag-~Apto Fg-F7 ) ! ' i ——
trLH Propagation Delay

= 0.80 3.20 1.00
tPHL Ap-AztoFg

Propagation Del
tPLH iy 080 220 | 090
LS Bo~Bs o Fo-Fy Figures T and 2
teLH Propagation Delay
&l Bg 1o Fy 0.80 2.00 2.50 ns
T Transition Time
-y 20% to 80%, 80% 1o 20% 0.45 2.50 2.60 ns Figures 1 and 2
Cerpak AC Electrical Characterm :
Veg = —4.2V 1o —4.8V, Voo = Veoa = GND &
Symbol Parameter Tc Tc= *85C | ynits | Conditions
Min Min Max
teLH Prapagation Delay 1.10 400 f
teHL Ag-Agz to Fo-F7 ) ’ i N—
teLH Propagation Delay
ey Ag-Ag 10 Fg 1.00 3.40 ns
terH Propagation Delay 0.90 230 -
tPHL Bg-Bg to Fg-F7 ) ) P fads
toLH Propagation Delay 080 180 | 080 180 | 080 230 ns
tPHL Bgto Fg
tTLH Transiﬂ_iﬁ Tim : :
oy 20% 1 mi $6% 10 0.45 2.40 0.45 2.30 0.45 2.50 ns Figures 1 and 2
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100183

Iﬂ.i uF

Notes:

Voo, Vops = 4 2V, Vgg = -2.8V

L1 and L2 = equal iength 501 impedance lines
Fr = 5041 terminator internal to scope
Decoupling 0.1 uF from GND to Voo and Vg
All unused outputs are loaded with 500 to GND
Gy ~ Fodure and stray capacitance = 3 pF
Pin numbers shown are for flatpak; for DIP see logic symboi

PULSE [ l l I I -
GENERATOR Wi 24 2322 1 20 mm
.. 1
—_—f 2 17
= B —3 15
'l 18
SCOPE iy - 4 8COPE
CHAN A Aok W CHAN 8
] AMN 8 13
Rr 500 7T 8 9 10 1% 12

TL/F/9875-6

FIGURE 1. AC Test Circuit
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tpHL-—=
NON-INVERTING

QUTPUT tpLy —=

INVERTING

trLH —I-I

+031 V¥
—- -—1pLH
50%
— - -— fpyL
a0%

qu trH

‘
TL/F/9875-7

FIGURE 2. Propagation Delay and Transition Times

Application

100183 is a 2 x B-bit recode multiplier that performs parallel
multiplication using twos complement arithmetic. In muHiply-
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 B-bit
recode multiplier provides partial products in 3.6 ns.

The 1001 82, 9-Bit Wallace Tree Adder combines the partial
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 resuits of a 16 x 16-bit multiply

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

Multiplication of twos complement binary numbers is ac-
complished 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 |, Propagation Delay Summation*

Recode Wallace High-speed Carry
’;;" Multiplier Tree Adder Adder Lookahead T“‘;';l‘a"a")
100183 100182 100180 100179 y
16x 16 3.6 10.7 73 2.7 = 243ns
17 x17
thru 36 214 7.3 2.7 = 350ns
24 x 24
25x25
thru 38 21.4 73 5.4 = 377 ns
48 x 48
49 x 49
thru 38 21.4 7.3 B = 404 ns
T2x72
73x73 36 321 7.3 10.8 - 53.8ns
"Worst case, Flatpak
3-95
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o

g Application (ontined)

x TABLE Il. Package Count

:gg:?: 100183 100182 100180 100179 Total

16x 16 6 16 3z 2 = 62
18x18 7 27 38 2 = 70
24 x 24 9 36 60 2 = 115
32x32 11 64 96 11 4 = 186
36 x 36 13 80 116 12 4 = 225
64 x 64 24 256 328 22 8 = 634

For a guick 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 nagative number is shown.

1011  negative number-5

0100 bits inverted
+0001 add one
0101 Hesults 5

TABLE Ill. Twos Complement Format

Sign Magnitude Decimal

Bit 22 21 20 Number
o] 1 1 1 +7
0 1 1 0 I 6
0 1 o] 1 +5
0 1 4] (1] +4
0 0 - 1 1 13
0 0 1 0 +2
4] 4] 0 1 1
0 [+] 0 0 +0
1 1 1 1 v |
1 1 1 0 2
1 1 0 1 -3
1 1 0 0 -4
1 0 1 1 -5
1 0 1 1] -6
1 0 0 1 ~=f
1 0 o 0 -8
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Multiplication Algorithm

In the muitiplication algorithm used, the multiplier (Y, . .. Yg)
is partitioned into recode groups and each reccde group
operates on the multiplicand (X, .. . Xp} as in Figure 4. The
100183, 2 x B-bit recode multiplier partitions the multiplier
{¥n . .. 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-

carry are combined together using Carry Lookahead gener-
ators and 6-hit adders. An example of using recode multipli-
cation is shown in Figure 3: multiplier (117¢p) 01110101
times multiplicand (1054g) 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, 1228545, we have the correct answer.

code multipliers in parallel the partial products are available Forced Zero
at the same time. The weighted partial products (Aq . .. Ag, onglogt = 105
Bp ... Bp) ... are added together using 100182, 9-bit Wal- 01110101 =i 7
lace Tree Adders. The results of the partial sum and partial -.--__'1"-:1""' 1:]’:5
TABLE IV. Recode Product +2 +1 o5
Group Recode ommon;:gc‘a?m }::: 12288
Y, Ilfcod; Yi_1 | Vaiue Partial Product 1110010111 =11
0011010010 +2)
0 o 1] +0 Add zero 0010111111111101 = 12285
0 1] 1 +1 Add multiplicand TL/F/9875-B
0 1 0 +1 Add multiplicand FIGURE 3. Recode Muitiplication Example
0 1 1 +2 Add twice the
multiplicand
1 o o —a Subtract twice the
multiplicand
1 o 1 -1 Subtract the
multiplicand
1 1 0 -1 Subtract the
multiplicand
1 1 1 =0 Subtract zero
Sign Bit Magnitude Bits Forced
Zero

Multiplicand —— g
Multiplgr —————=

XisXiaXuaXoz X X Xa Xp X7 Xg Xo Xa X3 X2 X3 Xg +
Yis Yia Yia Yaa Y1 ¥ Yo Yo Y7 Yo ¥Ys Ya ¥a ¥z Y1 Yo o

Recode Groups ————8=

First Product Only —————a~ 1

1 |A|6ﬂ\5Am Apfoz A AwAg A Ay Ag As Aa

A1 Ar A Ag|

Ko

Hardware-wired Logic Ones ——m= 1 |B|QB}5B|4 BiaHw 811 BipBy Ba By Bg Bs Ba Ba B2 By B

Partial Products

L

1 G C1sCuCuCrCnCinle Ca 87 Ce G Ca Ca C2 & Cu|
Ka

1 |DE015D014D13042011 0100a D Dy D Ds D4 D3 Dz Dy DOI
Kg
1 [EwEsE1qEaEwnEnEnEs Es E7 Es Es Ea B3 Ez B Egf

Kg -4—— Rounding Bits

1 [FeFsFisFisFizFiuFuoFs Fa F7 Fe Fs Fa Fa F2 Fi Fof
Ko
1 [G15G1:G14G1G12G1G10Gs Gs G7 Gs Gs Ga Ga G2 G1 Gyl

Kiz
1 [His Fhs HisHiaHizHiHoHs He H7 He Hs Ha Ha He Hi Hol
K14
PS3  PSn PS2g PS28.... ..o

...... o PATBESIIN ovainn s i o wonciio i sin micniccer PS
PCao PCas PCas PCar Partial Carry _........ L. PCa

From External Gates

PSa P52 PSy PSe
PCz PCy1 PCo

S Bay B0l B P R e T e L S e e -7

S3 Sz S1 So

Final Product
Sign Bit

FIGURE d. 16 x 16 Multiply

TL/F/9875-9
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Hardware Impiementation

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 Bg and Bg inputs of adja-
cent devices are connected together (see Figwre 7). The
device outputs Fg through F; are used as the partial prod-
ucts; these correspond to Ag through Az, or Ag through Ays,
or By through By, 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 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 partial product (Figure 7). These external gates gen-
erate the rounding bits, Kp ... Ky, 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 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 =108
ottty =117
-1 +1
+2 +1
1
fig1101007)
0
01101001
Hardware- 0
wired

Logic — 1 ﬁw 101 ﬂl
ones

1. =~—— Rounding Bits

iﬁ!mom_g[' {external gates)
[T ' =
po1011111111 10 = 12285
TL/F/9875=10

FIGURE 5. Example of Multiplication
4. Using Rounding Bits
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Hardware Implementation (continued)

FIGURE 6. 100182 Hook-up for 16 x 16 Multiplier

1 Hiy 1 Hys Grg Huu
ISR EEE AR AR RN IHENEEN
Dy Dy Oz 03 Oy Ds Dy Oy Dy Dy By 0707 Dy Dc B 07 Dy Dy By D; Dy Dy Oy Oy Dy Oy Dg Dy Dz D3 Dy Dy Dy O By,
—co, cly COy Ch COy Cly coy Cly
e Eig: Fropis2 :‘I’: '.‘3: Foa182 .--‘ €% rromusz ‘:_: .:" F100182 'f;_:
COu.z Cly -3 = moo..q Cla_ 37— COn .2 Cha - 72—y €0, .2 Ch 3
PC S £c S |_ PC P PC s
I:“u
PS5, |_rs L_ PS5y
= PCan PCn PCoy
Intermediate Stages
1 Bys Cya Dy By Fr Gy Hy 18814 Cr2D1Eg F Gu Hz Mol Shown 4,08 ,5C, Dy By Fy Gy H, A28y Cap Dy Eg Fy Gy Mg Koy
[IfPELdld PLILLTTL] AN
Dg D1Dy Dy Dy Ds Og Dy Dy Dy [ D7 Dy DeDy Dy Dy Dy Oy 0,0y 0304 Dy D507 Dy Dy Dy Dy Dy Dy Oy Og Oy Dy
o, o €0, cn €0, ch €o, cly
G Frooie g": ﬁj F100182 g: €0 Fworez S ] Fro0182 f"‘
COnaz Cly - 3 jco.. 2 Cly_ 3 COn .3 Ty . 3 foes C0nuz Chn_z
PC PS I_ PC PS [ PC Ps - P PS5
| PSyr |__PSuy L PSys
Pey POw PCys PCyy
Intarmediate Slages
Ay B, Az By Ky Mol Shawn 5, Ao Ko
LI titidl Lttty AR HENERERN
Dy O D3 D304 D5 Dy Oy Oy Dy Dy D; D30, Oy Dy Dy B O 03 DyD Ds D 07 By Dy Dy D; By D, Dy Dy D; Dy
c0, €y €0, Ch €Oy Cly ca, enf—?
co,  Fuoonz :: f;j Flo0iez g: oo, Frow g’j "_";‘; F100182 5:: ::
[ Cin -2 [ COnva Clo -2 [ €O, 3 Cla_3 —]C0n.s Cla_zf—4
Ry - [': -~ ‘I :
|_"$1 |_PS: |__ P55, | P5e
- PC; 'c._ PCy
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Hardware Implementation (continued)

Xy Kyaly3XioX 19 X19 Xy Xg X7 Xg A5 Xy Xy Xy X,y Ko
[ REERAA NS
Y5 afaBrBs 8y 8, 8;8; 8 By L . ]
Yue - :: F100183 = Fi00183. L
YT 11111711 PR EEEN
Hygh oy H i gHg Hy NC HyHg Hy HyHy Ha H Hy _ ] Koy
IRERAREEE ERREERE ﬁ;ﬁf
::, FHO0183 -—E Fioo1 I_:lr
T T T T TTTT TITTTT T 01
G G156 151961261 1G 146 Ga NC G; Gg G G4 G, 6, By Gy | LT
171911891 ENSSEELAmy
v:; F100183 L F “; . gt
YT T T T TTT] 1|-11|1".|\_|%.r.
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- - — .
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W e g SRR L 7!
Efﬁflvseiuﬁluitl!.zéuflll.ilsilc :C lru.??,g.}g; E[; € Elu K
SAARAREN i1t
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Ya : t} {?ﬂi\_lf 1§ % — F100183 0
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TT T T T
C 188 15 €14 €131 1 £18Cs Co

iREEEREE
NCC;CeT:Ca€yC, 0,6

IGREEAARE

1% &

.l. 9
Ay % F100183

TT-TTHEITTI
81681581y 13 813811 B1gBy By

FiO0183

L R il
NC B; By II__; B, By B; 8, By
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i

ARAREAEN

F1o0183

Fy Fr FgFs Fy F3F3 F, Fy

il B s O

Bighis AraBiah izl AigAg Ay

F100183

P .?T‘.’TTT?I—I

L4

|_‘ Fy F7 Fg F5 Fy Fy F3Fy Fy
T Tl
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FIGURE 7. 100183 Hook-Up for 16 x 16 Multiplier
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Hardware Implementation (continued)

use ’ . ’ . Laa
A SO it A A L
F100180 - Fon180 - F100180 . F100180 F100180 F100180 En
T T]T] ] (111 1111 [T
= e T = R e B = T )
¢ FsGs Pulia Cuvs 3G PzGz2 Cusz P+ o
Fiognre &
¢
!
¢ iLl:.E.... Bty T Pula T PGy [ P1Gy Patiq
F100179 [

A

FIGURE B. Final Summation for 16 x 16 Multiplier

FL/F/3B75-13
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