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Abstract— Reversible logic has become one of the most promising areas in the past few decades and has found its 
application in several technologies. Reversible circuits outperform irreversible circuits in terms of power and delay. This 
paper presents a novel way of designing 1-bit and 4-bit adder / subtractor using the HNG gate and Perez Gate employing a 6 
Transistor approach rather than using the conventional 8 transistor reversible logic. Thereby reducing the number of 
transistors. Power dissipation and delay are calculated for 1-bit and 4-bit adders using both HNG and Perez gate for various 
technologies such as 0.35um, 0.18um and 0.6um for 5v, 4v, 3.3v and 3v. The results are obtained using Mentor Graphics 
tool and has shown significant improvement in terms of power dissipation and delay compared to the irreversible circuits. 
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I. INTRODUCTION 
 
Reversible logic has received great attention in the 
recent years due to their ability to reduce the power 
dissipation which is the main requirement in low 
power VLSI design. It has wide applications in low 
power CMOS and Optical information processing, 
DNA computing, quantum computation and 
nanotechnology. Irreversible hardware computation 
results in energy dissipation due to information loss. 
One of the strongest motivations for the study of 
reversible computing comes from the desire to reduce 
heat dissipation in computing machinery, and thus 
achieve higher density and speed [5]. According to 
Landauer’s research, the amount of energy dissipated 
for every irreversible bit operation is at least KTln2 
joules, where K=1.3806505*10-23m2kg-2K-1 
(joule/Kelvin-1) is the Boltzmann’s constant and T is 
the temperature at which the operation is performed 
[1]. In 1973, Bennett showed that KTln2 energy 
would not dissipate from a system as long as the 
system allows the reproduction of the inputs from 
observed outputs [2]. 
This paper is organised into the following sections. 
Section II contains an overview of Reversible logic. 
Section III contains the Design and analysis of 4-bit 
and 1-bit adder. Section IV contains full custom 
design of various technologies. 
 
II. REVERSIBLE LOGIC AN OVERVIEW 
 
A. Reversible logic gate: 
A gate is considered to be reversible only if for each 
distinct input there is a distinct output assignment. 
Thus inputs to reversible gates can be uniquely 
determined from its outputs. A reversible logic gate 
must have the same number of inputs and outputs [3]. 
In an n-output reversible gate the output vectors are 
permutation of the numbers 0 to 2n-1. A reversible 

gate is balanced, i.e. the outputs are Is for exactly half 
of the inputs. A circuit without constants on its inputs 
and composed of reversible gates realizes only 
balanced functions. It can realize non balanced 
functions only with garbage outputs. Some of the 
major problems with reversible logic synthesis are 
fan outs cannot be used, and also feedback from gate 
outputs to inputs are not permitted. [3] 
 
B. Features for any gate to become reversible gate 
as follows: 

 Number of input and output lines must be 
the same. 

 Feedback (loop) is not allowed in reversible 
logic. 

 Fan-out is not allowed in reversible logic; 
Fan-out is a term that defines the maximum 
number of digital inputs that the output of a 
single logic gate can feed. 

 One of the major constraints in reversible 
logic is to minimize the number of reversible 
gates used. 

 Minimizing the garbage outputs produced; 
Garbage output refers to the output that is 
not used for further computations. Garbage 
is the number of outputs added to make an 
n-input k-output Boolean function 
((n,k)function) reversible. 

 Using minimum number of input constants. 
[4] 

 
III. DESIGN AND ANALYSIS OF BASIC 
GATES 
 
The design of reversible Adder/Subtractor is shown 
in the following figures. They are designed using 
combinational logic gates such as Feynman gate, 
HNG gate and Perez gate. 
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A. Feynman Gate : 
It has 2 inputs (g,outb) and two outputs (B,f). 
Here,  B=g; 

f =(outb xor g); 
Figure 2.1 and 2.2 show the Feynman gate.[7] 
 

 
Fig 2.1 2x2 Feynmann gate 

 

 
Fig. 2.2 Transistor level implementation of Feynmann Gate 

 
B. Perez gate: 
It has 3 inputs (a, b, c) and 3 outputs (p, q, r) 
Here,  p=a; 

q=a xor b; 
r=ab; 

Figure 2.3 and 2.4 show Perez gate [7] 
 

 
Fig. 2.3 3x3 Perez gate 

 
Fig 2.4 Transistor level implementation of Perez gate 

 
C . HNG Gate: 
It has 4 inputs (a, b, c, d) and 4 outputs (p, q, sum, 
carry) 
Here,  p=a; 

q=b; 
sum=((a xor b).c xor (a.b) xor c); 
carry=a xor b xor c; 

Figure 2.5 and 2.6 show HNG gate. 
 

 
Fig. 2.5 4x4 HNG gate 

 

 
Fig. 2.6 Transistor level implementation of HNG gate 

 
IV FULL ADDERS 
 
Two perez gates combine together to give us one full 
adder. Here, inputs are (a, b, c, cin) and outputs are 
(p, q, sum, carry). 
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p=a; 
q=a xor b; 
sum=(a xor b).cin xor (a.b); 
carry=(a xor b) xor cin; 
And HNG in itself serves as a full adder. Here, inputs 
are (a, b, c, d) and outputs are (p, q, sum, carry). [6] 
p=a; 
q=b; 
sum=a xor b xor c; 
carry=(a xor b).c xor (a.b) xor d; 
Figures 2.6 and 2.7 show 1-bit and 4-bit full 
adder/subtractor using Perez gate respectively.  
Figures 2.8 and 2.9 show 1-bit and 4-bit full 
adder/subtractor using HNG gate respectively. 

 

 
Fig. 2.6 Transistor level design of 1-bit full Adder/Subtractor 

using Perez gate. 
 

 
Fig. 2.7 4-bit Adder/subtractor using Perez gate. 

 

 
Fig 2.8 Transistor level design of 1-bit full Adder/Subtractor 

using HNG gate. 

 
Fig 2.9 4-bit Adder/Subtractor using HNG gate. 

 
V. FULL CUSTOM ASIC DESIGN 
 
Full custom design includes designing the 
adder/subtractor circuit using Mentor graphics tool 
for 0.35um, 0.18um and 0.6um technologies and 
simulating the same. The power dissipation and delay 
calculations are obtained using the waveforms. Then 
the Layout is designed and DRC, LVS is checked and 
parasitic RC are added for 0.6um technology after 
which the circuit is simulated and results are 
compared to that of pre layout simulation for various 
voltages. 
 
A. Simulation results: 
Table I and II tabulates the power dissipation and 
delay of 0.35um technology of 1-bit and 4-bit full 
adder/subtractor respectively. 
Table III and IV tabulates the power dissipation and 
delay of 0.18um technology of 1-bit and 4-bit full 
adder/subtractor respectively. Table V and VI depicts 
the power dissipation and delay before and after 
adding parasitic RC for 1-bit full adder/subtractor of 
0.6um technology. 
 

TABLE I 
1-BIT FULL ADDER 0.35um TECHNOLOGY 

 
 

TABLE II 
4-BIT FULL ADDER 0.35um TECHNOLOGY 
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TABLE III 
1-BIT FULL ADDER 0.18um TECHNOLOGY 

 
 

TABLE IV 
4-BIT FULL ADDER 0.18um TECHNOLOGY 

 
 

TABLE V 
1-BIT FULL ADDER 0.6um TECHNOLOGY 

WITHOUT PARASITIC RC 

 
 

TABLE VI 
1-BIT FULL ADDER 0.6um TECHNOLOGY WITH 

PARASITIC RC 

 
 
B. Simulation results for 1-bit full adder using HNG 
gate with parasitic RC: 
Figure 3.1 depicts the layout of 1-bit full 
adder/subtractor using HNG gate. Figure 3.2 power 
dissipation of 1-bit full adder/subtractor. Figure 3.3 1-
bit full adder/subtractor of 1-bit full adder/subtractor 
using HNG gate with parasitic RC. Figure 3.4 
waveform of 1-bit full adder/subtractor using HNG 
gate depicting delay with parasitic RC. 
 

 
Fig.3.1 Layout of 1-bit full adder/subtractor using HNG gate. 

 
Fig 3.2 Power dissipation of 1-bit full adder/subtractor using 

HNG gate with parasitic RC. 
 

 
Fig. 3.3 1-bit full adder/subtractor using HNG gate with 

parasitic RC. 
 

 
Fig. 3.4 Waveform of 1-bit full adder/subtractor using HNG 

gate depicting delay with parasitic RC. 
 
VI. SCOPE FOR FUTURE WORK 
 
Reversible circuits have the combined power of 
reducing the delay thereby making the device faster at 
the transistor level and the circuits show much less 
power consumption compared to the irreversible 
circuits. 
The full adder circuits can be further modified to 
reduce both power and delay to make them more 
efficient. They can find their use in a number of basic 
blocks like ALU, multipliers, registers, etc. 
 
CONCLUSION 
 
The proposed design has a tremendous reduction in 
power consumption and delay of the reversible full 
adder circuits compared to the recently proposed one 
[6]. The number of transistors are also reduced as we 
have designed using the 6T approach. Various 
voltages are applied to different technologies such as 
0.35um, 0.18um, 0.6um, to make is easier for the 
designer to choose the suitable architecture for the 
required power dissipation and delay. 
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