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Combinational Circuits

• The output of combinational circuit at any 
instant of time, depends only on the levels 
present at input terminals.

• The combinational circuit do not use any 
memory. The previous state of input does not 
have any effect on the present state of the 
circuit.

• A combinational circuit can have an n number 
of inputs and m number of outputs
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Combinational Logic Circuit

• :A combinational logic circuit consists of logic 
gates whose output is determined by 
the combination of current inputs.

• It consists of input variables, logic gate and 
output variables.

• No feedback is required.

• No memory is required.

• Examples of Combinational Circuits: Adders, 
Code converters,Multiplexer, Decoder etc.
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Block diagram
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Half Adder

Half adder is a combinational logic circuit with two inputs and 
two outputs. The half adder circuit is designed to add two single 
bit binary number A and B. It is the basic building block for 
addition of two single bit numbers. This circuit has two 
outputs carry and sum.
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Design Half Adder
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Full Adder
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Truth Table
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K map
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Sum
Cin(y’)+Cin’(y)=Cin xor Y=Cin xor A xor

B

Gauri Rao



Full adder Circuit Diagram
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Full adder using 2 half adders
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Half Subtractor
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K map
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Half Subtractor
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Full Subtractor

• The Half Subtractor is used to subtract only 
two numbers. To overcome this problem, a full 
subtractor was designed. The full subtractor is 
used to subtract three 1-bit numbers A, B, and 
C, which are minuend, subtrahend, and 
borrow, respectively. The full subtractor has 
three input states and two output states i.e., 
difference and borrow.
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Full Subtractor
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Truth Table

Gauri Rao



K map for difference
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Bin Y’+Bin’ Y= Bin XOR Y= Bin XOR A 
XOR B
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K map for borrow
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Full Subtractor

Diff= A XOR B XOR Bin

A’B

A’Bin

B Bin
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4 bit parallel adder
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A =        1   1  0  1

B=         1   0  0 1

Sum= 1   0110

S3=0    Cout=1

S2 =  1 C2=0

S1= 1   C1=0

S0  =0  C0=1
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BCD Numbers

BCD or Binary Coded Decimal is that number system or code which 
has the binary numbers or digits to represent a decimal number.
A decimal number contains 10 digits (0-9). Now the equivalent binary 
numbers can be found out of these 10 decimal numbers. In case of 
BCD the binary number formed by four binary digits, will be the 
equivalent code for the given decimal digits. In BCD we can use the 
binary number from 0000-1001 only, which are the decimal equivalent 
from 0-9 respectively. Suppose if a number have single decimal digit 
then it’s equivalent Binary Coded Decimal will be the respective four 
binary digits of that decimal number and if the number contains two 
decimal digits then it’s equivalent BCD will be the respective eight 
binary of the given decimal number. Four for the first decimal digit and 
next four for the second decimal digit. 
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Let, (12)10 be the decimal number whose equivalent 
Binary coded decimal will be 0001 0010. Four bits from 
L.S.B is binary equivalent of 2 and next four is the binary 
equivalent of 1.
Table given below shows the binary and BCD codes for 
the decimal numbers 0 to 15.
From the table below, we can conclude that after 9 the 
decimal equivalent binary number is of four bit but in 
case of BCD it is an eight bit number. This is the main 
difference between Binary number and binary coded 
decimal. For 0 to 9 decimal numbers both binary and BCD 
is equal but when decimal number is more than one bit 
BCD differs from binary.

Gauri Rao



Gauri Rao



Gauri Rao



Example 1

But the result of addition here is less than 9, 
which is valid for BCD numbers.
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Example 2

If the four bit result of addition is greater than 9 and if a carry bit is present in 
the result then it is invalid and we have to add 6 whose binary equivalent is 
(0110)2 to the result of addition. Then the resultant that we would get will be 
a valid binary coded number. In case 2 the result was (1111)2, which is greater 
than 9 so we have to add 6 or (0110)2 to it.

1111

+   0110

0001 0101

1       5
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BCD ADDER
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TRUTH TABLE
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K map
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4 bit BCD ADDER

B3   B2    B1    B0 A3  A2     A1   A0

Y=1

0     1    1     0 S3    S2   S1    S0
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Case1: sum <= 9 and carry=0

Case 2: sum > 9 and carry=0

Case 3: sum <= 9 but carry=1
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