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Logic Circuit

Combinational Circuit:

 Output only depends on the present

combination of inputs

 Specified by a set of Boolean Functions

              Sequential Circuit:

 Output depends on the input and the state of

the storage (past inputs)

 Combinational and Sequential Circuits 

Combinational Circuits

Logic Gates

0/1
0/1

0/1

n inputs m outputs

2n-input
Combinations

 Block Diagram of Combinational Circuits  

1. Make sure the given circuit is a combinational 

circuit 

  Combinational Circuit without feedback paths or 
memory elements 

  Feedback paths in digital circuits define a 

sequential circuit 

2. Obtain the output Boolean functions or the truth 

table  

 Analysis Procedure of a Combinational Circuit  

1. Label all gate outputs that are a function of input 

variables with arbitrary symbol. Determine the 

Boolean functions for each gate output. 

2. Label the gates that are a function of input variables 

and previously labeled gates with other arbitrary 

symbols. Find the Boolean functions for these gates. 

3. Repeat the process outline in step 2 until the outputs 
of the circuits are obtained 

4. By repeated substitution of previously defined 

functions, obtain the output Boolean function in 

terms of input variables. 

 Procedure to Obtain the Output Boolean 

Functions from a Logic Diagram 
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 Procedure Example 
 Procedure Example 

F2 = AB + AC + BC 

T1 = A + B + C 

T2 = ABC 

Step 1: 

T3 = F2’T1 

F1 = T3 + T2 
Step 2: 

F1 = T3 + T2 = F2’T1 + ABC 

    = ( AB + AC + BC )’ ( A+B+C ) + ABC 

    = A’BC’ + A’B’C + AB’C’ + ABC 

Step 3-4: 

 Procedure to Obtain the Output Boolean 

Functions from the Truth Table 

1. Determine the number of input variables in the circuit. 

For n inputs, form the 2n possible input combinations 

and list the binary numbers from 0 to 2n-1 in a table 

2. Label the output of the selected gates with arbitrary 

symbols 

3. Obtain the truth table for the outputs of those gates 

that are a function of the input variables only 

4. Proceed to obtain the truth table for the outputs of 

those gates that are a function of previously defined 
values until the columns for all outputs are determined 

 Procedure Example 

A B C F2 F2 T1 T2 T3 F1

0 0 0 0 1 0 0 0 0

0 0 1 0 1 1 0 1 1

0 1 0 0 1 1 0 1 1

0 1 1 1 0 1 0 0 0

1 0 0 0 1 1 0 1 1

1 0 1 1 0 1 0 0 0

1 1 0 1 0 1 0 0 0

1 1 1 1 0 1 1 0 1

Procedure

Truth Table for Example
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 4 Possible Operations for Addition of Two Binary Digits 

0

 +   0

0

0

 +   1

1

1

 +   0

1

1

 +   1

  1 0

Carry
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 Half Adder 

Half

Adder

x

y

S (Sum)

C (Carry)

x y C S

0 0 0 0

0 1 0 1

1 0 0 1

1 1 1 0

Half Adder Truth Table

S = x y + xy

C = xy

 Half Adder 

Half

Adder

x

y

S (Sum)

C (Carry)

x y C S

0 0 0 0

0 1 0 1

1 0 0 1

1 1 1 0

Half Adder Truth Table

S = x y + xy

C = xy

 Full Adder 

1. Full adders perform the arithmetic sum of three bits 

2. Full adders is implemented by a 3-input 2-output 

combinational circuit 

3. Truth Table: 
x y z C S

0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1 0 1 1 0

1 1 0 1 0

1 1 1 1 1

Binary Multiplier 
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 Binary Adder-Subtractor 

 Full Adder 

1. Full adders perform the arithmetic sum of three bits 

2. Full adders is implemented by a 3-input 2-output 

combinational circuit 

3. Truth Table: 
x y z C S

0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1 0 1 1 0

1 1 0 1 0

1 1 1 1 1

 Binary Adder-Subtractor 

 K-Maps for Full Adders 

1

1

yz
x

00

0

x=1

y=1

1

1

01 11 10

1

z=1

1

yz
x

00

0

x=1

y=1

1

1 1

01 11 10

1

z=1

S = x y z + x yz + xyz + x y z

   = x   y   z
C = xy + xz + yz

   = xy + xy z + x yz++
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Binary Adder-Subtractor 

 SOP Logic Implementations of Full Adders 
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 Binary Adder-Subtractor 

 Full Adder Implementation with Two Half 

Adders and an OR Gate 

HA
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z
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Binary Adder-Subtractor 

 Binary Adders 

1. Binary adders perform the arithmetic sum of two 

numbers 

2. Binary adders can be constructed with full adders 
connected in cascade 

Binary Adder-Subtractor 

 4-bits Binary Adders 

Subscript: 3 2 1 0

Input Carry 0 1 1 0 C
i

Augend 1 0 1 1 A
i

Addend + 0 0 1 1 B
i

Sum 1 1 1 0 S
i

Output Carry 0 0 1 1 C
i+1

4-bit Addition Example

FA
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4-bit Adder
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Binary Adder-Subtractor 

 n-bits Binary Adders 

FA

A
0

B
0
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n-bit Adder
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Binary Adder-Subtractor 

 Carry Propagation Delay: 

N-bit adder has 2n gate carry propagation delay !! 

B
i

S
i

C
i+1

A
i

C
i

1 full adder has 2-gate carry propagation delay

P
i

G
i

Binary Adder-Subtractor 

 Carry Lookahead: Reduce Carry Propagation Delay 

Pi = Ai    Bi

Gi = AiBi

+    Si = Pi    Ci

Ci+1 = Gi + PiCi

+

Gi : Carry Generate

Pi : Carry Propagate

Bi
Si

Ci+1

Ai

Ci

Pi

Gi

Binary Adder-Subtractor 

 Carry Lookahead: Carry Bits 
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Binary Adder-Subtractor 

 Carry Lookahead Generator 
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Binary Adder-Subtractor 

n-bits Binary Adders (Carry look Ahead) 
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n-bit Adder

C
n-2

Cn-1 Cn-2 C1 C0- 

Carry   
Sum   

Carry   
Sum  

Carry   
Sum  

Carry   
Sum  

Binary Adder-Subtractor 

 4-bit Carry Lookahead Adder 
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Binary Adder-Subtractor 

 Binary Subtractor 

1. Implement subtraction with 2’s complement number 

system 

2. A-B = A + (-B) = A + 1’sc (B) + 1 

3. Implement 1’sc with XOR gates: 

B M Output

0 0 0

0 1 1

1 0 1

1 1 0

1'sc (Output = B) when M=1

1'sc (Output = B) when M=0
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Binary Adder-Subtractor 

 4-Bit Binary Adder/Subtractor 
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M=0 A+B

M=1 A-B

Binary Adder-Subtractor 

 Overflow: When two numbers of n digits each are 
added and the sum occupies n+1 digits, we say that 

an overflow occurred. 

8-bit 2'sc number presents [-128, +127]

+70 0   1000110

+80 0   1010000

+150 1   0010110

> +127
Postive Overflow

10

-70 1   0111010

-80 1   0110000

-150 0   1101010

01

< -128
Negative Overflow

V V

C
in

C
out


