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ABSTRACT: At beginning era of digital design, the binary logic is used in all industrial applications. The binary logic 
uses 2 states i.e. 0’s and 1’s to represent each state. Since the binary logic uses 2 states, it requires more number of bits 
to represent a number. For example, the number 25 is represented in (11001)2 this format. So this number 25 requires 5 
bits to represent it. And also occupies more area and more power in the circuit. Therefore ternary logic is introduced. 
Here the ternary logic uses less number of bits to represent a number compare to binary logic. It also reduces the area 
and also the power of the circuit.The ternary logic uses 3 states i.e. 0,1,2 where logic 0 is considered as low state and 
logic 1 is considered as middle state and logic 2 is considered as high state. The same number 25 to represent in ternary 
logic requires 3 bits. i.e.  It is represented as (221)3 in ternary logic. The quaternary logic uses 4 states i.e. 0,1,2,3 states. 
The quaternary logic further reduces number of bits and also enhances the power compare to binary and ternary logic. 
The number (25) in quaternary logic is represented as (121)4 in this format. 
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I. INTRODUCTION 
 

The digital design has different kinds of number systems.it includes binary number system, octal number system, 
decimal number system, hexadecimal number system. Every number system has different kinds of radix indices. For 
example the radix of binary number system is 2. similarly the radix of octal number system is 8. The radix of decimal 
number system and hexadecimal number system is 10 and 16 respectively. Here the quaternary adders and subtractors 
are designed. The radix of quaternary number system is 4.i.e each decimal number is represented using 4 digits. i.e. by 
using 0,1,2,3 digits. In quaternary logic, the logic zero state is taken as low state and logic 3 is considered as high state 
and logic 1 and logic 2 are considered as middle states. The quaternary adders include quaternary half adder and 
quaternary full adder. The quaternary subtractors include quaternary half subtractor and quaternary full subtractor. 
Compare to binary and ternary logic number system, the quaternary logic number system reduces number of bits to 
represent a number and also reduces area required for IC design and also reduces the power for the circuit. Therefore 
quaternary logic is more useful for all industrial applications.Further, the quaternary microprocessor and 
microcontroller can also be designed for the advancement of technology. Therefore this quaternary logic helps for the 
advancement of digital design and electronic world. 
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II. METHODOLOGY 
 

Here the design of quaternary half adder and half subtractor is represented. It’s truth table is as shown below. 
 

QUATERNARY HALF ADDER 
               A             B             Sum            carry 

0 0 0 0 
0 1 1 0 
0 2 2 0 
0 3 3 0 
1 0 1 0 
1 1 2 0 
1 2 3 0 
1 3 0 1 
2 0 2 0 
2 1 3 0 
2 2 0 1 
2 3 1 1 
3 0 3 0 
3 1 0 1 
3 2 1 1 
3 3 2 2 

 
TABLE 1.-TRUTH TABLE OF HALF ADDER 

 
The truth table of quaternary half adder is as shown in above table-1. The output carry is one whenever the sum results 

exceed more than four. The quaternary full adder is similar to half adder except the difference is full adder has 3 inputs.  
 

K-MAP FOR QUATERNARY HALF ADDER 
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QUATERNARY HALF SUBTRACTOR 
The quaternary half subtractor has 2 inputs and 2 outputs. The outputs are difference and borrow variables. The truth 
table of quaternary half subtractor is as shown below in table-3. 
 

A B Diff Borrow 
0 0 0 0 
0 1 3 1 
0 2 2 1 
0 3 1 1 
1 0 1 0 
1 1 0 0 
1 2 3 1 
1 3 2 1 
2 0 2 0 
2 1 1 0 
2 2 0 0 
2 3 3 1 
3 0 3 0 
3 1 2 0 
3 2 1 0 
3 3 0 0 

 
TABLE-3 TRUTH TABLE OF QUATERNARY HALF  SUBTRACTOR 
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The k-map for diff and borrow outputs of quaternary half subtractor is as shown below. The quaternary full 
subtractor is similar to half subtractor except the difference is full subtractor has 3 inputs and the outputs are 
represented by same variables. 

 
K-MAP FOR QUATERNARY HALF SUBTRACTOR 
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III. CONCLUSION 
 

The quaternary logic helps to reduce the number of bits in a number. The quaternary half adder and half 
subtractor are as shown above in respective truth tables. The quaternary logic has lot of advantages compare to binary 
logic and ternary logic. The binary logic occupies more area and requires more power consumption compare to 
quaternary logic. The quaternary logic also helps for the advancement of technology like designing of quaternary 
microprocessor and quaternary microcontroller. Like this, the quaternary logic is another approach in digital design and 
electronic world. 
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