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Abstract- Reversible quantum computer is gaining interest for 

the future computer system. With the advent of quantum 

computer and reversible logic, design and implementation of all 

devices has received more attention. BCD digit adder is the basic 

unit of the more precise decimal computer arithmetic.  The 

research objective is to increase speed of operation for addition 

of BCD numbers while minimizing the power dissipation by 

using reversible gates. This paper proposes one new reversible 

logic gate MAS. The MAS gate can be used as full adder and also 

reduces the number of garbage outputs. It can also be used as 

“Copying Circuit” to increase fan-out because fan-out is not 

allowed in reversible circuits. This paper also proposes a novel 

reversible design of 2 digit BCD full adder. The simulation result 
of 2 digit BCD adder on ModelSim are also included. 

Keywords- BCD Adder, Design, Full Adder, Reversible Gate, 

Reversible Logic, Quantum Computing, Simulation.   

I. INTRODUCTION 

The information loss in irreversible logic results in energy 

dissipation. According to Landauer’s principle, the loss of one 

bit of information dissipates kTln2 joules of energy where k is 

the Boltzmann’s constant and T is the absolute temperature at 

which the operation is performed [6] Later Bennett, in 1973, 

showed that in order to avoid kTln2 joules of energy 
dissipation in a circuit it must be built from reversible circuits. 

Reversible logic supports the process of running the 
system both forward and backward. This means that 
reversible computations can generate inputs from 
outputs and can stop and go back to any point in the 
computation history. Thus, reversible logic circuits offer 
an alternative that allows computation with arbitrarily 
small energy dissipation. Furthermore, reversible circuits 
are of major interest in optical computing, low power 
design & quantum computing. It is not possible to realize 
quantum computing without reversible logic. Reversible 
computation in a system can be performed if the system 
is composed of reversible gates [15]. 
 
A circuit (gate) is reversible if there is a one-to-one 
correspondence between the inputs and the outputs. 
Thus, any reversible gate has the same number of input 
and output lines, and it implements a permutation from 
input values to output values. Neither feedback nor 
fanout is allowed in reversible logic [8]. Consequently, 
synthesis of reversible logic is different from irreversible 
logic synthesis. One of the major constraints in 
reversible logic is to minimize the number of reversible 
gates used and garbage outputs produced. Garbage 
output refers to the output that is not used for further 

computations [12]. A logic synthesis technique using 
reversible gate should have the following features [9]: 
1. Produce minimum number of garbage outputs 
2. Use minimum input constants 
3. Keep the length of cascading gates minimum 
4. Logic implemented with minimum number of gates 
 
In this research, one new reversible logic gate is 
introduced. Further, this paper introduces a novel 
reversible 2 digit BCD adder using the proposed MAS 
gate with minimal number of reversible gates and 
garbage outputs. 
 

II. MATERIALS AND METHODS 

Reversible Logic Gates: There is a number of existing 
reversible logic gates such as Feynman Gate, FG[2], 
Toffoli Gate, TG[14],Fredkin Gate, FRG, New Gate, NG 

[1],and New Toffoli Gate, NTG [11] [5]. 
A 2*2 Feynman Gate, also known as controlled NOT (1-
CNOT). It implements the logic functions: P=B and 
Q=A⊕B. Feynman Gate is the most suitable gate for a 
single copy of a bit. A „0‟ in the second input will copy 
the first input in both outputs of the gate. Thus, Feynman 
Gate is the most suitable gate for single copy of bit since 
it is not producing any garbage output. 
 

           

       Fig 1: Feynman Gate                   Fig 2: Feynman Gate as 

copying gate 

A generalized, k-way, Toffoli Gate has k + 1 inputs: k 
control inputs, that are copied to the first k outputs, and 
one other input that is complemented if all control inputs 
are 1s and is directly copied to the last output otherwise. 
A 3-input, 3-output Toffoli Gate is shown in Fig. 3. The 
inputs „A‟ and „B‟ are passed as first and second output 
respectively. The third output is controlled by „A‟ and „B‟ 
to invert „C‟. 
 

       
         Fig 3: Toffoli Gate                                    Fig 4: HNG Gate 
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  Fig 5: HNFG Gate 

Gate width of HNFG and HNG is 4 [7].In the other 
words, HNFG and HNG are 4-input, 4-output reversible 
gates. Furthermore, both of them are two-through gates, 
which mean that two input variables are also outputs. 
Each HNFG gate can be used as two well-known 2*2 
Feynman gates. It also can be used as “Copying Circuit” 
to increase fan-out because fan-out is not allowed in 
reversible circuits. 
 
Reversible 4 bit parallel adder: A BCD adder circuit 
adds two BCD numbers and converts the result into its 
equivalent BCD number. The conversion is needed 
because of the occurrence of overflow of the addition. 
 

 
 

Fig 6: 4-Bit Ripple Carry Adder using reversible HNG gates 

 
We use the reversible full adder depicted in Fig.4 to 
construct a reversible 4-bit parallel adder shown in Fig. 
7.  
 
The Proposed MAS Gate: The width of proposed MAS 
gate is 5 i.e. it has 5-input, 5-output reversible gates. 
The MAS gate is used to generate the correction logic. 
The sum bits and carry bit, if any, from first stage ripple 
carry adder are checked and if incorrect BCD sum is 
generated or carry bit is generated with correct BCD 
sum bits, MAS gate generates correction logic „6‟ which 
is added to second stage 4-bit ripple carry adder. 
 

 
                 Fig 7: The Proposed MAS Gate 

 
Table 1:  
Truth Table of proposed reversible MAS Gate 
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Fig 8: Proposed 2 Digit Reversible BCD Adder 

 

 

 

 

 

III. DESIGN SIMULATION 

 

   Fig 9: Simulation Results of 2 Digit BCD Adder 

 

The simulation results shown in figure 9 are obtained by 

simulating an RTL design of 2 digit BCD adder developed 

using the proposed 1 digit BCD adder design [15] . 

 

IV. RESULTS AND DISCUSSION 

 

In this paper, we proposed one novel 5*5 reversible 
logic gate called MAS gate. We have designed a new 
reversible full-adder circuit that requires only one 
reversible MAS gate and produces zero garbage 
outputs. The design would increase the performance of 
quantum computing since the proposed design is 
capable of adding 2 digits of BCD numbers 
simultaneously. Table 2 shows the results of new 
proposed design. 
 

Table 2:  
Analysis of 2 digit BCD adder 

 No of Gates No of Garbage 
Outputs 

This work 25 42 
 

 

V. CONCLUSION 

 
The design of 2 digit BCD adder is proposed. BCD 
adder is necessary requirement of quantum computers, 
because quantum computers must be built from 
reversible components. The proposed BCD adder poses 
all the good features of reversible logic synthesis. 
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