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Abstract- Low power VVLSI circuit design is one of the most important issues in present day te

designs, quantum computing, nanotechnology, DNA computing etc. Large number
ongorng on sequentlal and comblnatronal crrcurts using reversible logic. Multrplr

MHNG and Peres reversible logic gates. In order to show the efficiency, lower B
shown in terms of power consumption and quantum cost needed.
Index Terms- Reversible Logic Gates, Reversible Multiplier Circuit, Quanttim Comp

1. INTRODUCTION

The logical classic gates such as AND, XOR, NOT, and OR
outputs, so they will lose a lot of information. Loss of informati
If we can produce the outputs from the inputs and obtarn
be lost and this property can be seen in reversible
The electronic industry faced a greater chall&e ® ssipation of circuits along with the wide
advancements in the era of integrated cirgui ain reason for designing reversible logic gates
for reducing the power dissipation which i i eater momentum.

According to the principle of Landauer (1961 mbinational logic circuits dissipate energy due to
the information loss in the process. The energy of KTIn2 joules occurs for each bit of information where
K is the Boltzmann s constant of 1.38&10-23 J/K e absolute temperature at which the computations are
i e and speed of CMOS devices. Many researchers
demonstrated that the energy dissi be k nder control by the introduction of reversible logic gates.

i ut device (denoted k*k) where inputs must be equal to its outputs.
ttern for each input vector and vice versa i.e., there is correlation

stent inputs by assuming the
and finally leads to wasting energy.
rrespondent outputs, no energy will

Reversible gate can gener
between each of its in
uced in order to achieve the required result.

2. BASIC OPERTIES IN REVERSIBLE LOGIC

In designin the following important rules and properties are observed

21 La

In desig ircuits, an extension of a given line is not allowed. In addition, any loop should not be

2.2 The Least Number Of Reversible Gates

The whole number of reversible gates used in a circuit is called the number of reversible gates; the least number of
these gates results in optimal reversible circuits [5].
2.3 The Least Number of Garbage Outputs

Outputs that are not used in reversible circuit computations but are used in the circuit for the purpose of equality of
input numbers with those of outputs are called garbage outputs the least number of garbage outputs results in
optimal reversible circuit

2.4 The Least Number of Constant Inputs

Inputs that are added to an n * m function in order to change this function into a reversible one are called constant
inputs [7]. The least number of constant inputs results in optimal reversible circuits.
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2.5 Minimizing the Quantum Cost

Quantum cost of reversible circuits is defined by the number of 1 * 1 or 2 * 2 gates used in the circuit, and all of the
1*1and 2 * 2 reversible gates have quantum costs equal to one. Quantum cost of a gate is obtained by counting the
number of 1 * 1 and 2 * 2 reversible gates; therefore, the least number of these gates would have the least cost and,
consequently, we will have better reversible circuits.

3. LITERATURE SURVEY

Thapliyal and Rang Nathan [5] proposed the design of Reversible Binary Sub tractor using TR Gate. The particular
function like Binary Subtraction is implemented using TR gate effectively by reducing number of Reversible gates,
Garbage outputs and Quantum Cost. Thapliyal and Ranganathan [6] presented a design of Reversible latches viz., D
Latch, JK latch, T latch and SR latch that are optimized in terms of quantum cost, delay and garbage outputs. Lihui
Ni et al., [7] described general approach to construct the Reversible full adder and can be ex
Reversible full-adders with only two Reversible gates. Irina Hashmi and Hafiz Hasan Bab
reversible barrel shifter which is capable of left shift/rotate used for high speed ALU apphi
Robert Wille et al., [9] explored two techniques from irreversible equivalence checkln versible
circuit domain. (i) Decision diagram Technique equivalence checking for g i ii) Boolean
satifiability checking for garbage input/outputs. Noor Muhammed Nayeem . ented designs of
Reversible shift registers such as serial-in serial-out, serial-in parallel-out, ehi i allel-in parallel-
out and universal shift registers. Majid Mohammadi, Mohammad Eshghi
realize a Reversible Binary Coded Decimal adder/subtractor circuit. Ge
used to design and optimize all parts of a Binary Coded Decimal adder uit inpterms of number of garbage
inputs/outputs and quantum cost.
Majid Mohammadi and Mohammad Eshghi [12] explained @bout the behavioral description and synthesis of
quantum gates. To synthesize reversible logic circuits, V al sh~1 in the truth table form and shown
that bigger circuits with more number of gates can ekha James et al. [13] proposed an
implementation of Binary Coded Decimal adder basis of ALU for reversible CPU.

VLSI implementations using one type of i ecrease system design and manufacturing cost.
Himanshu Thapliyal and Vinod [14] pr@ted i tion of a new 4*4 Reversible TSG gate. The

adder and carry skip adder are also discusse tyal and Srinivas [15] proposed a 3x3 Reversible
TKS gate with two of its outputs working as 2: r. The gate used to design a Reversible half adder and
further used to design multiplexer ba i . The multiplexer based full adder is further used to
ipliers

In 2016, Ankush et al. described t odified Fredkin gates and modified HNG gates can be used to
cost. The quantum cost and the power dissipation of proposed carry

skip adder design using mo was reduced as compared to existing carry skip adder using Fredkin

gate [16].
In 2016, Ankush et al. i t types of reversible residue adders using modified Fredkin gates and
modified TSG meters of reversible circuits such as, quantum cost and power dissipation of

ere reduced as compared to previous designs. The reversible logic circuits can
also be desi nd delay [17].

loss is considered as an important performance parameter. Part of the energy dissipation is
switches and materials. Higher levels of integration and new fabrication processes have
dramatical heat loss lover the last decades. The power dissipation in a circuit can be reduced by the
use of reversib i

4. REVERSIBLE LOGIC GATES
The following classification gives the reversible logic gates used in our proposed circuit -
4.1 Peres Gate (PG)

The 3x3 Peres gate is designated as follows: Input vector Iv = (A, B, C) and output vector Ov= (P=A, Q=A®B,
R=AB@®C). Block diagram of Peres is showed in Fig. 4.1 Peres gate is the combination of Feynman gate and Toffoli
gate and this can contrivance operations like AND EX-OR. The quantum cost of PG gate is 4 [15].
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Fig. 4.1 Peres Gate
4.2 MHNG Gate

MHNG gate is a 4x4 reversible gate with following input and output vectors, Iv = (A, B, C,D)and Ov=(P = A, Q
=D, R=A®B®C, S = (ADB).CABDD. One of the prominent functionalities of the MH te is that it can
work singly as a reversible full adder unit. The quantum cost of MHNG gate is 5.

- P=A

I Q:D \
MHNG
—( R=A® BaC
—— S=(ASB)CSABSD

®

O n w >»

5. PROPOSED WORK

Multipliers play a key role in the high perfomanc
performance systems such as FIR fiItQ Mi
performance is generally determined by the ultiplier as the multiplier is generally the slowest
element in the system and generally consu power and long latency. Therefore, low-power
multiplier design has been an important part in lo Sl system design.

MHNG gates and PGs are used in t i versible multiplier [11]. It is having two phases to
perform multiplication. In the firs i generated in parallel using PG as shown in fig. 5.1.

s. Multipliers are key components of many high
I Signal Processors, ALU etc. A system’s

gate as shown in figure 4. es the product P (PO to P7) for the inputs x and y.

The basic cell for suc adder (FA) accepting three bits. We use MHNG gates as reversible full
adder which is depicte i 4. The proposed reversible multiplier circuit uses eight reversible MHNG full
adders. In additi ersible half adders. It is possible to use MHNG gate as half adder, but we use
Peres gate as re because it has less hardware complexity and quantum cost compared to the

MHNG gateln,

Si

X X X X0
X ¥3 ¥2 | ¥o
Wi Vo XYoo =Vo
=Y W X LS|
B¥2 Y2 A¥2 M ¥z
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P, P, P P, P; P, P, P,
Fig. 5.1Partial Product Generation of x & y Inputs
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Fig. 5.2 Propos&S-bi i ever. Ie Multiplier Circuit

The fig. 5.2 shows the proposed design of 8-
uses 3 peres gates and 9 MHNG gates. The circ

using MHNG and Peres reversible logic gates. It
19 garbage outputs and having 12 constant inputs which
ereas the quantum cost of HNG gate is 6. Thus the

arison of Proposed Work with Existing Work

Quantum Cost Power Consumption
(W)
57 3.962 W
Existing Design [18] 66 5.360 W

7. SIMULATION METHODOLOGY

The fig. 7.1 shows the RTL schematic of top module for reversible 8-bit multiplier circuit using PG & MHNG
reversible logic gates. It contains inputs x and y as input vectors and Cin is the input carry. The Cout & P are the
outputs, P which contains 8 bits (PO- P7).
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Rig. 7. R T View of Proposed 8-bit Design of Reversible Multiplier Circuit
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Fig. 7.2 Power Consumption Graph of Existing 8-bit Reversible Multiplier Circuit [18]
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Fig. 7.3 Power Consumption Graph of Proposed 8-bit Reversib er Clkcuit

MULTIPLIER MULTIPLIER

POWERN (W)
POWER (W)

nd Output Power shows that the proposed design consumes 3.96 watt of
consumes 5.36 watt of power. Similarly the graph between the Junction
ws that the proposed design consumes 3.96 watt of power while the existing

URE WORK

proposed 8 bit reversible multiplier circuit is better than the existing designs in terms of power consumption and
quantum cost. Our proposed reversible multiplier circuit can be applied to the design of complex systems in
nanotechnology and can be further design for 16 bit, 32 bit and 64 bit.
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