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Binary half adder 

A binary half adder simply adds two binary bits. Let’s recall the addition of two binary bits 

0 + 0 = 0 
 0 + 1 = 1  
1 + 0 = 1   
1 + 1 = 102 

After addition of two bits there can be two outputs; the sum and the carry. The table below shows 

the truth table for both carry and the sum. 
Table 1 Half adder 

 
Figure 1 below shows two of the possible implementation for the half adder 

 
Figure 1 Implementation of Half adder 

Full Adder 

Adding more than two bits require the use of full adder.  A full adder is a combinational circuit that 

forms the arithmetic sum of three bits. It consists of three inputs and two outputs. Two of the input 

variables, denoted by x and y, represent the two significant bits to be added. The third input, z, 

represents the carry from the previous lower significant position. Two outputs are necessary 

because the arithmetic sum of three binary digits ranges in value from 0 to 3, and binary 

representation of 2 or 3 needs two bits. The two outputs are designated by the symbols S for sum 

and C for carry. The binary variable S gives the value of the least significant bit of the sum. The binary 

variable C gives the output carry formed by adding the input carry and the bits of the Words. The 

truth table of the full adder is listed in Table 2. 
Table 2 Full adder 
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The simplified expression for the truth table of full adder can be found using K-map (figure-3) and is 

 

 
Figure 2 K-map of the function S and C for full adder 

The implementation of the full adder is shown in figure 3 below 

 
Figure 3 Implementation of full adder 

A full adder can also be implemented by cascading two half adders. The implementation of full adder 

using two half adders is shown below in figure 4. The S output of the second half adder is the XOR of 

z and the output of first half adder. 

 

 

 
Figure 4 Implementation of full adder using half adders 
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Half Subtractor 

A half Subtractor is a combinational circuit that subtracts two bits and produces their difference. It 

also specifies if 1 has been borrowed or not. The truth table for the half Subtractor is shown below 
Table 3 Half Subtractor 

 
The functions can be written as  

 
The D function is similar to that of the sum function of half adder. 

Full Subtractor 

A full Subtractor is a combinational circuit that subtracts two bits and produces their difference. It 

also takes into account that 1 may be borrowed by a lower significant stages. The inputs x,y, and z 

denotes the minuend, subtrahend and the previous borrow respectively. THe two outputs D and B 

represent the difference and output borrow respectively.  The truth table for the full Subtractor is 

shown below 
Table 4 Full Subtractor 

 
The simplified Boolean expression for both B and D after Karnaugh mapping is as below. 

 

 
Figure 5 Maps for full Subtractor 

1. Draw the logic circuit for half Subtractor and full Subtractor.  
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Binary Adder 

A binary adder is a digital circuit that produces the arithmetic sum of two binary numbers. It can be 

constructed with full adders connected in cascade, with the output carry from each full adder 

connected to the input carry of the next full adder in the chain. Addition of n-bit numbers requires a 

chain of n full adders or a chain of one half adder and n 9  1 full adders. 

To demonstrate with a specific example, consider the two binary numbers    A = 1011 and B = 0011.     

Their sum, S = 1110    is formed with the four-bit adder as follows:    

 
The implementation of a four bit binary adder is shown below 

 
Figure 6 Implementation of a four bit binary adder 

The four-bit adder is a typical example of a standard component. It can be used in many applications 

involving arithmetic operations. Observe that the design of this circuit by the classical method would 

require a truth table with    29 = 512     entries, since there are nine inputs to the circuit. By using an 

iterative method of cascading a standard function, it is possible to obtain a simple and 

straightforward implementation.   

Binary Adder-Subtractor 

Binary subtraction can be easily done by using 2’s complement method. 

 
Figure 7 Implementation of a 4 bit binary adder-subtractor with overflow detection 
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The subtraction of unsigned binary numbers can be done most conveniently by means of 

complements, as discussed in Section 1.5. Remember that the subtraction    A - B     can be done by 

taking the 2’s complement of B and adding it to A. The 2’s complement can be obtained by taking 

the 1’s complement and adding 1 to the least significant pair of bits. The 1’s complement can be 

implemented with inverters, and a 1 can be added to the sum through the input carry. 

The circuit for subtracting A – B consists of an adder with inverters placed between each data input 

B and the corresponding input of the full adder. The input carry C0 must be equal to 1 when 

subtraction is performed. The operation thus performed becomes A, plus the 1’s complement of B, 

plus 1. This is equal to A plus the 2’s complement of B. For unsigned numbers, that gives    A - B if      

A >= B    or the 2’s complement of    (B - A2) if A<6 B.    For signed numbers, the result is  A - B,    

provided that there is no overflow. 

The addition and subtraction operations can be combined into one circuit with one common binary 

adder by including an exclusive-OR gate with each full adder. A four-bit adder–subtractor circuit is 

shown in Fig.6. The mode input M controls the operation. When     M = 0, the circuit is an adder, and 

when    M = 1,    the circuit becomes a subtractor. Each exclusive-OR gate receives input M  and one 

of the inputs of  B .  When     M = 0, we have     B 0 = B.    The full adders receive the value of  B , the 

input carry is 0, and the circuit performs  A  plus  B .  When     M = 1, we have B 1 = B’ and C0 = 1. 

The B inputs are all complemented and a 1 is added through the input carry. The circuit performs the 

operation A plus the 2’s complement of B. (The exclusive-OR with output V is for detecting an 

overflow.) 

Overflow 

When two numbers with n digits each are added and the sum is a number occupying n + 1 digits, we 

say that an overflow occurred. This is true for binary or decimal num-bers, signed or unsigned. When 

the addition is performed with paper and pencil, an overflow is not a problem, since there is no limit 

by the width of the page to write down the sum. Overflow is a problem in digital computers because 

the number of bits that hold the number is finite and a result that contains n+ 1 bit cannot be 

accommodated by an n -bit word. For this reason, many computers detect the occurrence of an 

overflow, and when it occurs, a corresponding flip-flop is set that can then be checked by the user.  

 The detection of an overflow after the addition of two binary numbers depends on whether the 

numbers are considered to be signed or unsigned. When two unsigned numbers are added, an 

overflow is detected from the end carry out of the most significant position. In the case of signed 

numbers, two details are important: the leftmost bit always represents the sign, and negative 

numbers are in 2’s-complement form. When two signed numbers are added, the sign bit is treated 

as part of the number and the end carry does not indicate an overflow. 

The binary adder–subtractor circuit with outputs C and V is shown in Fig. 6. If the two binary 

numbers are considered to be unsigned, then the C bit detects a carry after addition or a borrow 

after subtraction. If the numbers are considered to be signed, then the V bit detects an overflow. If    

V = 0 after an addition or subtraction, then no overflow occurred and the n -bit result is correct. If    

V = 1, then the result of the operation contains n + 1 bits, but only the rightmost  n  bits of the 

number fit in the space available, so an overflow has occurred. The (n+1)th bit is the actual sign and 

has been shifted out of position.   
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BCD adder 

When adding two BCD numbers the output is not greater than 19 (9+9+1=19), where the 1 in the 

sum being an input carry. Suppose we apply two BCD digits to a four-bit binary adder. The adder will 

form the sum in binary and produce a result that ranges from 0 through 19. These binary numbers 

are listed in Table 3 and are labeled by symbols    K, Z8, Z4, Z2, and Z1. K is the carry, and the 

subscripts under the letter Z represent the weights 8, 4, 2, and 1 that can be assigned to the four bits 

in the BCD code. The columns under the binary sum list the binary value that appears in the outputs 

of the four-bit binary adder. The output sum of two decimal digits must be represented in BCD and 

should appear in the form listed in the columns under “BCD Sum.” The problem is to find a rule by 

which the binary sum is converted to the correct BCD digit representation of the number in the BCD 

sum.  

 In examining the contents of the table, it becomes apparent that when the binary sum is equal to or 

less than 1001, the corresponding BCD number is identical, and therefore no conversion is needed. 

When the binary sum is greater than 1001, we obtain an invalid BCD representation. The addition of 

binary 6 (0110) to the binary sum converts it to the correct BCD representation and also produces an 

output carry as required. 
Table 5 BCD adder 

 
The logic circuit that detects the necessary correction can be derived from the entries in the table. It 

is obvious that a correction is needed when the binary sum has an output carry K = 1. The other six 

combinations from 1010 through 1111 that need a correction have a 1 in position Z8. To distinguish 

them from binary 1000 and 1001, which also have a 1 in position Z8, we specify further that either    

Z4 or Z2 must have a 1. The condition for a correction and an output carry can be expressed by the 

Boolean function 

 
When C = 1, it is necessary to add 0110 to the binary sum and provide an output carry for the next 

stage.  

 A BCD adder that adds two BCD digits and produces a sum digit in BCD is shown in Fig. 7   . The two 

decimal digits, together with the input carry, are first added in the top four-bit adder to produce the 
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binary sum. When the output carry is equal to 0, nothing is added to the binary sum. When it is 

equal to 1, binary 0110 is added to the binary sum through the bottom four-bit adder. The output 

carry generated from the bottom adder can be ignored, since it supplies information already 

available at the output carry terminal. A decimal parallel adder that adds n decimal digits needs n  

BCD adder stages. The output carry from one stage must be connected to the input carry of the next 

higher order stage. 

 
Figure 8 Block diagram of a BCD adder 

Odd and even function generator 

The figures below show the map and implementation of 3 input odd and even function. 

 
Figure 9 Map for 3 input a. odd function, b. even function 

 
Figure 10 Implementation for 3 input a. odd function, b. even function 
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Parity bit Generator  

Parity bits are used for checking the data integrity after data transfer. Parity can be either even 

parity or odd parity. For even parity, the parity bit is set such that the total number of bits is even. 

The table below shows the truth table for an even parity generator. 
Table 6 Truth table for 3-bit even parity generator 

 
Seeing at the table it is clear that the parity bit for an even parity is basically an odd function 

checker. The logic circuit below shows the implementation of 3-bit and 4-bit even parity generator 

 
Figure 11 Implementation of even parity generator 

 

Parity checker 

A parity checker is a circuit which spits out 1 if it 

finds that there is no parity. For even parity checker 

if the number of bits received (Including the parity 

bit) is even there is 0 in the output and if the 

number of bits received is odd the output is 1. So it 

is basically an odd function checker. 

For a 3-bit parity generator the number of bits 

transferred is 4 and hence for the parity checker we 

have to check for 4 bits. 

In a nutshell for even parity generator and checker 

we have to implement odd function circuit (For n-bit 

even parity generator, n-bit odd function checker 

and for checker n+1 bit odd function needs to be 

implemented) and for odd parity generator and 

checker we have to implement even function 

checker. 

 

 

 

Table 7 Even parity checker truth table 
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BCD to excess 3 conversions 

As learned previously there are many forms in which a number can be represented (Different 

coding). So many systems may use different coding to represent a same number, thus making it a 

necessity to create code converter to interface between these different systems. A common code 

conversion is BCD to excess 3.  

To implement a code converter we have to implement logic circuit for individual bits of the output 

coding system. The table below shows the truth table for a BCD to excess 3 code conversion. 
Table 8 BCD to excess 3 code conversion truth table 

 
The figure below shows the K-Map simplification of the functions of BCD to excess 3 converter. 

 
Figure 12 K-Map simplification of the bits of BCD to excess 3 conversion 
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The functions w,x,y,z found after simplification is as below 

 
The figure below shows the implementation of BCD to excess 3 code converter. 

 
Figure 13 Implementation of BCD to excess 3 converter 

2. Write the truth table and draw the implementation of 

a. 3-bit odd parity generator 

b. 4-bit odd parity generator 

c. 3-bit odd parity checker 

d. 4-bit odd parity checker 

3. Write the truth table and draw the implementation of  

a. BCD to 8,4,-2,-1 conversion 

b. BCD to gray code converter 
 

Self Study 

 Binary Multiplier  
 

Reading Materials 
1. Digital Design by M. Morris Mano and Michael D. Ciletti, 5th Edition 

a. Chapter 3 (Section 3.8) 

b. Chapter 4 (Section 4.1-4.6) 
2. Digital Logic and Computer Design by M. Morris Mano 

3. Digital Systems : Principles and Applications by Ronald J. Tocci, Neal S. Widmer, Gregory 

L. Moss, 10th Edition. 

a. Chapter 6 

4. Logic and Computer Design Fundamentals by M. Morris Mano and Charles Kime, 4th 

Edition 


