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(Arithmetic circuit): 

Explanation of the logical whole (half & full adder) 

(Article contents). 

_ whole logical circuit. 

_ Half adder truth table.  

_ Half_ adder circuit.  

_Uses of the half collecter . 

_ Full_ adder circuit.  

_ What is the complete collector circuit. 

_ Full_adder truth table. 

_ The complete sum of two 4_bit numbers . 

 

Logical aggregates circuit are divided into two parts , the Half 

_ adder Circuit ,and the Full –adder Circuit  in the coming lines 

we will explain each of them in detail and simplified at the 

same time. 
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Binary Adder 

The most basic arithmetic operation is addition. The circuit, 

which performs the addition of two binary numbers is known 

as Binary adder. First, let us implement an adder, which 

performs the addition of two bits. 

 

)Half Adder :(  

Half adder is a combinational circuit, which performs the 

addition of two binary numbers A and B are of single bit. It 

produces two outputs sum, S & carry, C. 

The Truth table of Half adder is shown below. 

A B SUM CARRY 
0 0 0 0 
0 1 1 0 

1 0 1 0 
1 1 0 1 

 

When we do the addition of two bits, the resultant sum can 

have the values ranging from 0 to 2 in decimal. We can 

represent the decimal digits 0 and 1 with single bit in binary. 



Al-Mustaqbal University College 

Department of Medical Instrumentation Techniques Engineering 

Class:2 

Subject: digital techniques 

  Lecturer:Alyaa mohammed jawad  

                  Lecture: Arithmetic circuit 

 

Email: @uomus.edu.iq 

3 

But, we can’t represent decimal digit 2 with single bit in 

binary. So, we require two bits for representing it in binary. 

Let, sum, S is the Least significant bit and carry, C is the Most 

significant bit of the resultant sum. For first three 

combinations of inputs, carry, C is zero and the value of S will 

be either zero or one based on the number of ones present at 

the inputs. But, for last combination of inputs, carry, C is one 

and sum, S is zero, since the resultant sum is two. 

From Truth table, we can directly write the Boolean 

functions for each output as 

S=A⊕B  

C=AB  

We can implement the above functions with 2-input Ex-OR 

gate & 2-input AND gate. The circuit diagram of Half adder is 

shown in the following figure. 
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In the above circuit, a two input Ex-OR gate & two input AND 

gate produces sum, S & carry, C respectively. Therefore, Half-

adder performs the addition of two bits. 

 

 

)Full Adder :(  

Full adder is a combinational circuit, which performs 

the addition of three bits A, B and Cin. Where, A & B are the 

two parallel significant bits and Cin is the carry bit, which is 

generated from previous stage. This Full adder also produces 

two outputs sum, S & carry, Cout, which are similar to Half 

adder. 

The Truth table of Full adder is shown below. 
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A B C S C 
0 0 0 0 0 

0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 

1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

 

When we do the addition of three bits, the resultant sum can 

have the values ranging from 0 to 3 in decimal. We can 

represent the decimal digits 0 and 1 with single bit in binary. 

But, we can’t represent the decimal digits 2 and 3 with single 

bit in binary. So, we require two bits for representing those 

two decimal digits in binary. 

Let, sum, S is the Least significant bit and carry, Cout is the 

Most significant bit of resultant sum. It is easy to fill the values 

of outputs for all combinations of inputs in the truth table. 

Just count the number of ones present at the inputs and write 

the equivalent binary number at outputs. If Cin is equal to 

zero, then Full adder truth table is same as that of Half adder 

truth table. 
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We will get the following Boolean functions for each output 

after simplification. 

S= A’B’C + A’BC’ + AB’C’ + ABC. 

cout= A’BC + AB’C + ABC’ + ABC. 

The sum, S is equal to one, when odd number of ones present 

at the inputs. We know that Ex-OR gate produces an output, 

which is an odd function. So, we can use either two 2input Ex-

OR gates or one 3-input Ex-OR gate in order to produce sum, 

S. We can implement carry, Cout using two 2-input AND gates 

& one OR gate. The circuit diagram of Full 

 

 

 adder is shown in the following figure. 
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This adder is called as Full adder because for implementing 

one Full adder, we require two Half adders and one OR gate. If 

Cin is zero, then Full adder becomes Half adder. We can verify 

it easily from the above circuit diagram or from the Boolean 

functions of outputs of Full adder. 

4-bit Binary Adder 

The 4-bit binary adder performs the addition of two 4-bit 

numbers. Let the 4-bit binary 

numbers, A=A3A2A1A0A=A3A2A1A0 and B=B3B2B1B0B=B3B2

B1B0. We can implement 4-bit binary adder in one of the two 

following ways. 

 Use one Half adder for doing the addition of two Least 

significant bits and three Full adders for doing the 

addition of three higher significant bits. 

 Use four Full adders for uniformity. Since, initial carry 

Cin is zero, the Full adder which is used for adding the 

least significant bits becomes Half adder. 

For the time being, we considered second approach. The block 

diagram of 4-bit binary adder is shown in the following figure. 
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Here, the 4 Full adders are cascaded. Each Full adder is getting 

the respective bits of two parallel inputs A & B. The carry 

output of one Full adder will be the carry input of subsequent 

higher order Full adder. This 4-bit binary adder produces the 

resultant sum having at most 5 bits. So, carry out of last stage 

Full adder will be the MSB. 

In this way, we can implement any higher order binary adder 

just by cascading the required number of Full adders. This 

binary adder is also called as ripple 

carry binarybinary adder because the carry 

propagates ripplesripples from one stage to the next stage. 
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