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Abstract— As the power dissipation possess an exclusive 

part in the digital design, We are going for Reversible Logic 

World, where the power dissipation is negligible. The 

upcoming era is going to be occupied by the quantum and 

optical computers which can be implemented using this 

reversible logic. In this paper, the authors had proposed two 

new reversible gates named Binary to Gray Gate (BTG) & 

Gray to Binary Gate (GTB) which are used to implement the 

Binary Code to Gray Code and Gray code to Binary code 

respectively. It also had been proven that the proposed one 

is better than the existing one. The simulations are done 

using the Verilog code in the Modelsim Software. 
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I. INTRODUCTION 

The complexity of VLSI circuits increases day by day, along 

with power consumption power dissipation is also main 

concerned for designing of integrated circuits. According to 

Moore‘s law, the number of transistors on integrated circuits 

doubles approximately every two years. Hence power 

dissipation by these also increases. In Conventional logic 

circuits, every time one bit information is lost during 

computation hence heat is generated due to the loss of bit. In 

order to avoid this loss of information the Conventional 

circuits are designed using Reversible logic. Landauer 

[1961], shows that for conventional logic computations, 

each bit of information lost, generates kTlog2 joules of heat 

energy, where k is Boltzmann‘s constant and T the absolute 

temperature at which computation is performed [1].Bennett 

showed that kTlog2 energy dissipation would not occur, if a 

computation is carried out in a reversible way [2].i.e. no 

amount of energy would be dissipated from a system as long 

as the system was able to return to its initial state from its 

final state regardless of what occurred in between. The 

paper is organized as follows section II presents the 

literature survey on reversible logic gates, section III 

presents the design of proposed reversible code converters 

circuits, section IV presents the analysis of the proposed 

methods, section V presents the conclusion and future work. 

The paper is organized as follows section II presents the 

literature survey on reversible logic gates, section III 

presents the design of proposed reversible code converters 

circuits, section IV presents the analysis of the proposed 

methods, section V presents the conclusion and future work.  

II. BASIC DEFINITIONS 

A. Reversible Function:  

A function is said reversible if, given its output, it is always 

possible to determine back its input, which is the case when 

there is a one-to-one relationship between input and output 

states[14]. 

B. Reversible Logic Gate:  

The logic gate which satisfies the reversible function is 

termed as reversible logic gates. Here always the number of 

inputs goes equal to the number of outputs.[15]  It not only 

determines input from the output but also vice versa. 

C. Ancilla Input: 

The unwanted or unused input in the gate or the circuit is 

known as Ancilla Input 

D. Garbage Output:  

The unwanted outputs in gate or circuit. Basically it is made 

used to attain the state of reversibility. 

III. LITERATURE SURVEY 

1) Fredkin Gate is a 3*3 reversible gate. The input 

vector is I (A, B, C) and the output vector is O (P, 

Q, R). The output is defined by P=A, Q=A′B  AC 

and R=A′C  AB. Quantum cost of a Fredkin gate 

is 5.[3] 

2) ALL Gate  is a 4*4 reversible  Gate [4] performs 

all the Basic Logical Operations like AND, OR, 

NOT, NAND,EXOR, EXNOR.[4].Using the all 

gate any combinational component can be design 

as it performs all the basic operations, 

3) NR & KTR Gate The NR Gate [5] is a 4 x 4 

reversible gate.. The proposed reversible NR Gate 

is used to design reversible Half Adder, Half 

Subtractor, Full Adder and Full Subtractor. Half 

adder and the Half Subtractor are implemented 

using a single NRG. The full adder and the full 

subtractor is implemented by using two NR Gates. 

As the no. of gates used is more power 

consumption might be more so in order to avoid 

that KTR gate had risen.  The Reversible KTR 

Gate [6] acts as Full adder to exhibit the Sum and 

Carry when the input D is Supplied as ‗0‘. On 

Implementing KTR gate as a full adder we have 2 

garbage outputs. Sum and Carry are taken in the 

output C and D respectively. Earlier many gates 

has been proposed and in such that  

4) SRM Gate is a 3*3 reversible  [7]  Gate which is 

preferably designed for the Multiplexers. It is 

proven that SRM Multiplexer has no constant 

Inputs and the no. of Mach Zehender 

Interferometer (MZI) used in the optical 

implementation of the gate is low. 

5) MachZehender Interferometer Mach Zehender 

interferometer is the basic structural and the 

functional unit of the Reversible logic gates in the 

optical domain. It is a simple device for 

demonstrating interference by division of the 

amplitude.  
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Fig. 1: Mach-Zehender Interferometer 

It consist of a passive device called coupler which 

splits and also combines the beam. It also consists of 

Semiconductor Optical Amplifier. It consist of two port one 

is dot port and other is cross port. In MZI there are two 

inputs ports A and B and two output ports called as bar port 

and cross port respectively, as shown in Fig.1. 

The working of the MZI [16] can be explained as: 

1) when there is an incoming signal at port A and the 

control signal at port B then there is a light present at 

the output bar port and there is no light present at the 

output cross port. 

2) in the absence of control signal at input port B and 

incoming signal at input port A then the outputs of MZI 

are switched and results in the presence of light at the 

output cross port and no light at the bar port.  

In this work, consider no light or absence of light is 

considered as the value 0. The above behavior of MZI based 

all optical switch can be written as Boolean functions having 

inputs to outputs mapping as (A, B) to (P=AB, Q = Abar B), 

where A (incoming signal), B (control signal) are the inputs 

of MZI and P (Bar Port), Q (Cross Port) are the outputs of 

MZI, respectively. 

The optical cost of the gate or the reversible circuit 

is determined by the number of parallel MZI. Setting delay 

for Mach Zehnder Interferometer is quite difficult job. The 

Mach-Zehnder interferometer based implementation of 

reversible logic gates provides significant advantages such 

as high speed, low power, fast switching time, and ease in 

the fabrication. 

IV. PROPOSED WORK 

A. Binary and Gray Code Conversion 

The availability of a large variety of codes for the same 

discrete elements of information results in the use of 

different codes by different digital system. It is sometimes 

necessary to use the output of one system as the input to 

another. A conversion circuit must be inserted between the 

two systems if each uses different codes for the same 

information. Thus, a code converter is a circuit that makes 

the two systems compatible even though each uses a 

different binary code. The binary number system is a system 

that uses only the digits 0 & 1 as codes.[8] To represent a 

group of 2n distinct element in a binary code requires a 

minimum of n bits. This is because it is possible to arrange n 

bits in 2n distinct ways. Although the minimum number of 

bits required to code 2n distinct quantities is n, there is no 

maximum number of bits that may be used for binary code. 

For example, a group of four distinct quantities can be 

represented by a two bit code, with each quantity assigned 

one of the following bit combinations: 00, 01, 10, and 11.  

A binary code [9] is a way of representing text or 

computer processor instructions by the use of the binary 

number system's two binary digits 0 and 1. This is 

accomplished by assigning a bit string to each particular 

symbol or instruction. For example, a binary string of eight 

binary digits (bits) can represent any of 256 possible values 

and can therefore correspond to a variety of different 

symbols, letters or instructions. In computing and 

telecommunication, binary codes [10]  are used for any of a 

variety of methods of encoding data, such as character 

strings, into bit strings. Those methods may be fixed-width 

or variable width. In a fixed-width binary code, each letter, 

digit, or other character, is represented by a bit string of the 

same length; that bit string, interpreted as a binary number, 

is usually displayed in code tables in octal, decimal or 

hexadecimal notation. The reflected binary code, also 

known as Gray code [11].It is a binary numeral system 

where two successive values differ in only one bit. It is a 

non-weighted code. The reflected binary code was originally 

designed to prevent spurious output from electromechanical 

switches.  

Today, Gray codes [12] are widely used to 

facilitate error correction in digital communications such as 

digital terrestrial television and some cable TV systems. 

Patent applications give "Gray code" as an alternative name 

for the "reflected binary code". one of those also lists 

"minimum error code" and "cyclic permutation code" 

among the names. The problem with natural binary codes is 

that, with real (mechanical) switches, it is very unlikely that 

switches will change states exactly in synchrony. In the 

transition between the two states shown above, all three 

switches change state. In the brief period while all are 

changing, the switches will read some spurious position. 

Even without key bounce, the transition might look like 011 

— 001 — 101 — 100. When the switches appear to be in 

position 001, the observer cannot tell if that is the "real" 

position 001, or a transitional state between two other 

positions. If the output feeds into a sequential system 

(possibly via combinational logic) then the sequential 

system may store a false value. The reflected binary code 

solves this problem by changing only one switch at a time, 

so there is never any ambiguity of position. 

B. The Proposed Gates 

Usually Feynmen and Fredkin Gates will be used to 

implement the Binary to Gray and Gray to Binary Code. In 

this Paper ,The authors had proposed the two new reversible 

gates named  Binary to Gray Gate (BTG) & Gray to Binary 

Gate (GTB) which are used to implement the Binary Code 

to Gray  Code and Gray code to Binary code respectively. 

1) Binary to Gray Gate (BTG) 

The proposed BTG Gate is a 4 x 4 reversible gate. The 

inputs and the outputs be D,C,B,A and G3, G2,G1,G0 

respectively. The proposed reversible BTG Gate is used to 

design reversible Binary to Grey Code ConversionThe 

following Block diagram clearly explains the input and 

output of the proposed BTG Gate. 

 
Fig 1 Block Diagram of the proposed BTG Gate 
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The Optical Implementation is given in the figure 2 

The Truth Table for the proposed BTG gate is 

given by Table 1. From the truth table it is clearly inferred 

that the proposed NR Gate is perfectly reversible as it is one 

to one mapping.  

 
Fig. 2: Optical Implementation of BTG 

Binary Gray 

D C B A G3 G2 G1 G0 

0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 1 

0 0 1 0 0 0 1 1 

0 0 1 1 0 0 1 0 

0 1 0 0 0 1 1 0 

0 1 0 1 0 1 1 1 

0 1 1 0 0 1 0 1 

0 1 1 1 0 1 1 0 

1 0 0 0 1 1 0 0 

1 0 0 1 1 1 0 1 

1 0 1 0 1 1 1 1 

1 0 1 1 1 1 1 0 

1 1 0 0 1 0 1 0 

1 1 0 1 1 0 1 1 

1 1 1 0 1 0 0 1 

1 1 1 1 1 0 0 0 

Table 1 Truth Table of BTG 

2) Gray to Binary Gate  

The proposed BTG Gate is a 4 x 4 reversible gate. The 

proposed reversible BTG Gate is used to design reversible 

Gray to Binary Code Conversion. It has No Constant Inputs 

and No garbage outputs which directly declares its high 

power efficiency and low power consumption. The 

following Block diagram clearly explains the input and 

output of the proposed BTG Gate. 

 
Fig 3 Block Diagram of the proposed BTG Gate 

The Truth Table for the  proposed BTG gate is 

given by Table 1. 

Gray Binary 

G3 G2 G1 G0 D C B A 

0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 1 

0 0 1 1 0 0 1 0 

0 0 1 0 0 0 1 1 

0 1 1 0 0 1 0 0 

0 1 1 1 0 1 0 1 

0 1 0 1 0 1 1 0 

0 1 1 0 0 1 1 1 

1 1 0 0 1 0 0 0 

1 1 0 1 1 0 0 1 

1 1 1 1 1 0 1 0 

1 1 1 0 1 0 1 1 

1 0 1 0 1 1 0 0 

1 0 1 1 1 1 0 1 

1 0 0 1 1 1 1 0 

1 0 0 0 1 1 1 1 

Table 2: Gray to Binary Converter 

 
Fig. 2: Logic Diagram of Binary to Gray 

From the truth table it is clearly inferred that the 

proposed NR Gate is perfectly reversible as it is one to one 

mapping  

V. SIMULATION RESULTS & ANALYSIS 

The Output of the proposed gates BTG Gate and GTB Gates 

are verified using the verilog code oin the modelsim 

software.The following result 1 and result 2 refers the 

Binary to Gray Code conversion and the Gray to Binary 

code conversion 

 
Fig. 3: Result _1 BTG Gate Execution 
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Fig. 4: Result _2 GTB Gate Execution 

A. Comparative Analysis 

The reason why we say the proposed BTG and GTB is an 

efficient one as it has no Garbage Output also only one Gate 

is used to execute the Binary to Gray and vice versa.. The 

proposed one is very efficient and better than the existing 

[13] .Comparison Chart for BTG Gate 

S.No 

 
Particulars 

Gate 

Count 

Garbage 

OP 

Constant 

IP 

1 Existing [13] 3 3 0 

2 
Proposed 

BTG 
1 0 0 

B. Comparison Chart for GTB Gate 

S.No Particulars 
Gate 

Count 

Garbage 

OP 

Constant 

IP 

1 Existing [13] 5 3 2 

2 
Proposed 

GTB 
1 0 0 

 

VI. CONCLUSION 

The drawback of any reversible digital circuit is high 

number of its gate count and the garbage output. This 

problem was overcame by the proposed design as it possess 

only one gate and No Garbage Output. It is concluded that 

the proposed design is more efficient than the existing one.  
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