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Half Adder

Sum = X•Y’ + X’•Y = X ⊕Y 
Carry = X•Y

X

Y
HS

CO

Time Delay for the Half Adder?
1 gate delay
A gate delay of an xor for the half sum
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 and one OR gate.

S = A⊕B⊕ Cin

Cout = AB + BCin + ACin

= AB +  Cin (A+B) 

= AB +  Cin (A⊕ B+ AB)

= AB +  Cin (A⊕ B) + Cin AB = AB(1+ Cin) + Cin (A⊕ B) 

= AB +  Cin (A⊕ B)
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Ripple Carry Adder

This is called Ripple Carry Adder, because of the

construction with full adders are connected in cascade.

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

1-bit CLA

AB
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Carry Look-Ahead Adder

CLA

CLLB

C1=G0+P0C0
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Carry Look-Ahead Adder

C2=G1+P1C1

C2 = G1+P1(G0+P0C0)

= G1+P1G0+P1P0C0
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Carry Look-Ahead Adder

C2= G1+P1G0+P1P0C0
C1=G0+P0C0
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Carry Look-Ahead Adder

C3=G2+P2G1+ P2P1G0 +P2P1P0C0

C4=G3+P3G2+ P3P2G1 +P3P2P1G0 +P3P2P1P0C0

C2= G1+P1G0+P1P0C0

C1=G0+P0C0
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Carry Look-Ahead Adder
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Carry Look-Ahead Adder

8 Bit  Full Adder

Delay = 2 X 3 =6 Gate Delay
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Ripple Carry Adder

8 Bit  Full Adder

Delay = 8 X 3 Gate Delay
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Serial Adder
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4 Bit-Adder Subtractor

Add  4 & -3

0100

1101

1 0001 

Add  4 & 4

0100

0100

1000 

Add  -8 & 4

1000

0100

1100 

Add  -4 & -5

1100

1011

1 0111 

Overflow

4 Bit-Adder Subtractor



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

15

Binary Multiplier 

2 3

x 5 2

4 6

1 1 5

1 1 9 6

1 0

x 1 1

1 0

1 1 0

2 x 3 = 6

1 0
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Binary Multiplier (2-bit x 2-bit) 

B1 B0

x A1 A0

B1A0 B0A0

B1A1 B0A1

P3 P2 P1 P0

Gate for 1-bit Multiplication (B0A0) ?

A0 B0 F

0 0

0 1

1 0

1 1

0

0

0

1

A0 B0

B0A0
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Binary Multiplier (2-bit x 2-bit) 
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Binary Multiplier (4-bit x 4-bit) 

(Multiplicand) B3 B2 B1 B0

(Multiplier) A3 A2 A1 A0

A0B3 A0B2 A0B1 A0B0

A1B3 A1B2 A1B1 A1B0

A2B3 A2B2 A2B1 A2B0

A3B3 A3B2 A3B1 A3B0
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Binary Multiplier (4-bit x 4-bit) 
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Booth Algorithm 
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Booth Algorithm 
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Booth Algorithm 
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Thank you


