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Half Adder

D

K-map for Sunb . K-map for Carry

_ . ) x
A Carry Sum y 0 (s y 0o 1
0 0 0 0 &T E ol o | o
2 = 2 = 1“E 0 1| o E_ 1 _E
1 (0] 0] 1 A — ——
1 1 1 0O ¢ S=xy' + Xy C=xy
X \ A Sum=XY’ '+ X Y=XPY
HS’\@' Carry = X*Y
T \
(b Time Delay for the Half Adder?
C'o 1 gate delay
A gate delay of an xor for the half sum
4>7 CO A gate delay of an AND gate for the carry out
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Full Adder

Full-adder can also implemented with two half adders an@e OR gate.

S =AeB @ C, Q
C..=AB +BC, +AC, (b&(b
=AB+ C, (A+B)
=AB+ C, (A @ B+AB)
=AB + Cin (A D B) + Cin AB = A{&(@m) + Cln (A D B)

=AB+ C, (A @ B)

Half adder \ Half adder
A ! @ (A chi
B - ! > . Sum = C;,&(A®&B)
| ‘

; —_—— e — e — Carry = AB+C; (A&B)
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Ripple Carry Adder

This Is called Ripple Carry Adder, b&luse of the
construction with full adders are conne?gs}l IN cascade.

\
\Q@ Ao Bo

b

Full Adder | €0 | Full Adder |, Cin
. c, B ¢ A ¢

I ! !
S3 . @ S2 S1 So
S

4-bit Ripple Carry Adder

Az B3 A2 B2

S

< | Full Adder [ &2 Full Add

Delay= 4 X Full Adder Delay =12 Gate Delays
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Carry Look-Ahead Adder

1-bit CLA &
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Carry Look-Ahead Adder

CLA

CLLB
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Carry Look-Ahead Adder
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Carry Look-Ahead Adder
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Carry Look-Ahead Adder
S
C,=G+P,C, Q§
4
o

C,= G,+P,G +P,P,C, ‘(\

C,=G,+P,G,+ P,P,G,+ Pé&)?\c

C,=G,+P,G,+ P; @wgp P,G, +P,P,P,P,C,

(O‘c‘)
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Carry Look-Ahead Adder
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Carry Look-Ahead Adder

8 Bit Full Adder
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Ripple Carry Adder

8 Bit Full Adder ?—W s
D&? DiD—c
6‘\

Az Bs A B2 A1 B4 Ao Bo A3 3 A2 B2 A1 B Ao Bo
L4l 1 11\(\\\ L1011
&Fullgdder « C2 Fulchdder < C1 Fullédder < Co Fu||;\d(?r (CL Full Adder ¢ C2 Fu"édder « C1 Fuugdder « Co Fu"AAdder &

D
S3 \ Ss3 S2 S1 So
4-bit Ripple Ca WAddQ 4-bit Ripple Carry Adder
Delay = 83 3 Gate Delay
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Serial Adder

)
&S o

Block Diagram of a 4-bit Serial Adder with Accumulator
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4 Bit-Adder Subtractor

Add 4 & -3 Add -4 & -5 Add -8& 4 Add 4&\@

0100 1100 1000 Oq?, Dec:nal. 2's comp.

1101 1011 0100 0111

1 0001 10111 1100 ‘%_oo 6 0110

(b’ 5 0101

B, A, B, A, B, A \qu Ay 4 0100

é 3 0011

2 0010

M 1 0001

4 L il 0 0000

. -0 =

Q\ o1 1111

i ' =5 1110

G s (é, G ¢, C, -3 1101

C FA - - FA - FA - _4 19 00

J, 1 -5 1011

(b l -6 1010

S % 5 5 5 -7 1001

4 ﬂ -8 1000

Overflow
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Binary Multiplier

& 3 a
2 3
(§§ﬁ 0
X 5 2 SQ\X 1 1
>
6 \Q% 1 0
1 O \b 1 0
1 1 9 .egtx 1 0
@Q\ 2%x3 =6
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Binary Multiplier (2-bit x 2-bit)

Gate for 1-bit(g@{tip|ication (B,A,) ?
\

B, B,
X Al AO (bﬁoo 'Zo (I): Ao B0
B,1Ay |BoAg @ ol11lo0
B,A; BlA \\\\\ 1100
070
é@
<
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Binary Multiplier (2-bit x 2-bit)

B B
| L’
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Binary Multiplier (4-bit x 4-bit)
&
(Multiplicand) B, B, BB,
(Multiplier) ABA, A, A,
AOBB 2 AOBl AOBO
AB, A \Xlsl A.B,

AZBB AZBQ‘& 1 AZBO
A3B3 A3BZ&1 ABBO
&0
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Binary Multiplier (4-bit x 4-bit)

AByAB, AB,
AB, AB.53

AoBs AeBr AoB; AgB,
AB; AB, AB, AB,
ABs A.B, AB, AsB,
AsBs AB, AB, AjB,

AsB,
\

A;3B, AzB‘s/AB . AiBO

N\
A,B, w"i

B (Ctel) -
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Booth Algorithm

\$§
B:1011o1hg}’
A: 1001(3%_

00
ooo$§%oo
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000 |
Q§§oooo
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100100111000
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Booth Algorithm

’\Q
Register A (initially 0) Qo
| {2

ft right
VAL e

C =l 9n o -1 ‘?ﬂl
Multiplier Q

j/ 6(\
| ﬁ\
n-bit <

adder

Control
sequencer

L 3 i

% m, . my

Multiplicand M

(a) Register configuration
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Booth Algorithm

&
3x5 Q\

Q
Initial Condition ’ 0011 Q@({ 0101

ck f(Load) ~ o011 _qbe o101 1
cik} (shift Right) 0011 \\ 0001 1010

ck T(Load) & 00001 1010 2
cik} (shift Right) @1 00000 1101

cik T (Load) Q}« 011 00011 1101 3
cik ! (Shift nglQ\\ 0011 00001 1110

cik T (Lo 0011 00001 1110 4
cik) (shift Right) 0011 00000 1111
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