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Abstract— Digital data transmission made more efficient of communication. For error free transmission in the digital
communication at the source end used parity generator and at destination used parity checker. This paper proposed design of 3 bit
reversible Even and Odd parity generator and checker using the multifunctional reversible logic gate (MRLG). The proposed

design is designed and simulated using cadence software.
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. INTRODUCTION

Moore’s law, that has only outperformed itself in the past,
states that, the number of the transistor fabricated in an IC
doubles in a period of a year and a half, so does the heat
generation arising from the increasing chip density. Hence In
the past years the incentives of Reversible logic have become
increasingly motivating. During the operation conventional
gates dissipate heat on losing a bit. In 1973 C.H Bennett [1], a
physicist, demonstrated that when a circuit is designed with
reversible logic no energy dissipation takes place. A circuit is
reversible if one can recover input data from the output data
which means the circuit information is lossless. The general
considerations of bijectivity is imposed on the design of
reversible logic, which means that the circuit design should
have equal number of output and input and one to one
mapping. This eliminates the loss of information that is main
reason for power dissipation. The unused outputs of reversible
gate are called Garbage output similarly Redundant Inputs to
reversible gate are called Garbage inputs. Complexity and
Performance of reversible circuits/ gate are defined by the
following parameters

+«+ Number of logic gates

»  Number of garbage and constant inputs

Number of Garbage outputs.

Fan-out is restricted in reversible logic gate. The fan-
out of each gate is equal to one. If more fan out are
required then use a copying gate.
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In the end of this paper we get a new reversible logic gate so
as to produce minimum no. of garbage output, lower quantum
cost and minimum delay. In Section 1l we have outlined the
related work in terms of gate size, functionality, number of
inputs and outputs and logic description. In Section Il we
have described the proposed New Multifunctional Reversible
Logic Gate (MRLG) with CMOS logic structures. In Section
IV and V give the basic idea of the reversible parity generator
and checker. In Section VI we have design the circuits of
proposed parity generator and checker. The proposed design
and MRLG gate has been developed to operate in the voltage
range of 1.5 V to 5V with length 180nM and width 2uM
transistor with gpdk 180 process. Section VII presents the
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simulation result and Input output waveform. Conclusion is
presented in section VIII.

II.  RELATED WORK

Various similar implementation of logic gates have been
addressed in [1-14], the classification is defined in terms of its
size and functionality. The 1x1 reversible gate is NOT. The
2x2 reversible gate is Feynman. The 3x3 reversible gates are
Fredkin, Toffoli, Peres, TR gate, new gate, PRT-1 and PRT-2
and the 4x4 gate includes MKG, TSG and DKG. In Table 1
we have described the logic functionality and a brief
description of various gates.

Table 1: Existing Reversible Logic Gates

Reversibl | Gate
e Gate Size | Inputand output Logic Description
(Existing)
Feynman Input A, B OutputQ=A",
1985[5] | 2x2 | Output P =A and when input A=1
Q=A®B Q = Buffer,
otherwise
Input A, B, C OutputQ=CandR
Fredkin Output P=A, =B when input A =
1982[6] | 3x3 | Q=A"B@ACand | 1.Otherwise Q=B
R=A’C’@® AB) and R=C".
Input A, B, C R=C", When A =1
Toffoli 3x3 Output P=A, andB=1
1980 [ 16] Q=B and R = Buffer,
R=AB® C otherwise
Peres Input A, B, C Q=DB’, When A=1
1985[14] | 3x3 | Output P=A, Q= R=C’, When A=1
A® B and and B=1.
R=A@® BC
Input A, B, C R = ANAND B,
TR 2011 | 3x3 Output P=AQ= when B = inverted
[7] A® B, R=AB’® input
C
Input A, B, C R=A’ Ex-OR B’,
New 2002 | 3x3 | Output P=A, Q= When C=0
[2] AB® C, Else Q= AAND B
R=A’CO B’
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Table 2: Proposed MRLG gate truth table

Input A, B, C Q=B Ex- NOR C,
Output and R=BORC
PRT-I 3x3 | P=AB®B’C,Q= When A=1.
2011[15] A@ B® Cand | and Q= A Ex-OR B,
R=AB’® BC and R= A AND B,
When C=0
Input A, B, C P=B OR C, When
PRT-II 3x3 Output A=1, and
2011 [ 15] P=BCHAC’, Q=AEX-NOR C,
Q=A’(B@OC)+A When C=1
B and R=C
Input A, B,C,D
TSG 2005 | 4X4 | OQutputP=A,Q | S= A AND B, When
[ 8] =AC®@®B’,R C=0&D=0
=(ACOB)®
Aand
S=(A’C’@®B’)
D® (AB® C)
Input A,B,C,D | R=BEx-OR C, and
MKG Output P=A, Q= | S=B AND C When
2007 4X4 | C,R=(AD’'® A=0 & D=0
[11] B)®CandS= | R=BEx-NORC,
A’D’@B)C® When A=1 & D=0
(AB@D))
Input A, B,C,D
DKG 4X4 | OutputP =B, Q Ex-OR when A=0
2011 =A’C +AD’,
[10] R=(A@®B)(C®D
)®CDandS=
BOAC® D)

1. PROPOSED MULTIFUNCTIONAL REVERSIBLE

LOGIC GATE (MRLG)

The basic proposed of this Multifunctional Reversible

Logic Gate is a reversible logic gate. MRLG have a low power
and small delay in design. Fig.1 was the basic approach of this
proposed 4X4 reversible MRLG gate. Table 2 shows the
MRLG gate truth table. In the truth table of the MRLG input
pattern corresponding to a specific output pattern is
determined uniquely and to maintain the one-to-one
correspondence mapping between the input vector and the
output vector.

The MRLG input vector is I, = (A, B, C, D) and there
output vectorisO, = (P=A, Q=AB ® A’C,R=B®@® AC, S
=B® AC @D). Its CMOS realization is shown in fig. 1.

A— ——P=A
B — ——Q=AB® AC
c—i MRG L p_B@ac

D— ____ S=B@ACHD

Fig. 1. Proposed MRLG reversible gate.
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Inputs Outputs
A B C D P Q R S
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 1 0 0
0 0 1 1 0 1 0 1
0 1 0 0 0 0 1 1
0 1 0 1 0 0 1 0
0 1 1 0 0 1 1 1
0 1 1 1 0 1 1 0
1 0 0 0 1 0 0 0
1 0 0 1 1 0 0 1
1 0 1 0 1 0 1 1
1 0 1 1 1 0 1 0
1 1 0 0 1 1 1 1
1 1 0 1 1 1 1 0
1 1 1 0 1 1 0 0
1 1 1 1 1 1 0 1
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Fig. 2. CMOS realization of MRLG gate

IV. PARITY GENERATOR

Parity bit is an extra bit included with the binary information
to detect errors during the transmission of binary information.
In digital communication, an extra bit is added in binary
message such that the total number of 1s in the message can be
either odd or even according to the type of parity used. The
parity generator is a combinational logic circuit that generates
the parity bit(s). There are two types of parity generators.

1. Even parity generator

2. Odd parity generator

1. Even parity generator: The even parity generator is
a combinational logic circuit that generates the parity
bit such that the number of 1s in the message
becomes even. The parity generator checks the
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input’s binary information and generators the parity
bit 0/1 such that after the addition of parity bit, the
total number of 1s in the message become even.
Table 3 shows the 3-bit information with even parity.

Table 3. 3-bit information with even parity

A B C Output (P)
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

Odd parity generator: The odd parity generator is
a combinational logic circuit that generates the parity
bit such that the number of 1s in the message
becomes odd. The parity generator checks the input’s
binary information and generators the parity bit o/1
such that after the addition of parity bit, the total
number of 1s in the message become odd. Table 4
shows the 3-bit information with odd parity.

Table 4. 3-bit information with odd parity

A B C Pin Output
(P)
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 0

Output (P)

1

Odd parity checker: The odd parity checker is a
combinational logical circuit. It has n-bit inputs
message and a parity error as the output. The circuit
checks the parity of inputs and provides the output
0/1. For an odd parity checker, if the parity of input
massage is odd, then the output is zero. Otherwise the
output is 1. When the output is 1, it shows there is
error in the message. The truth table of a 4-bit odd
parity checker is given in Table 6.

Table 6. even parity checker

L === =1p
=l R ==
I == =)
O|r|r|lo|lr|o|o

V. PARITY CHECKER

At the receiving end, a combinational logical circuit is used to
check the parity of the received information. It determines
whether the error is included in the message or not. The
combinational logic circuit used at the receiver to check the
parity of received information is known as the parity checker.
There are two types of parity checkers:

1.
2.

1.

Even parity checker
Odd parity checker

Even parity checker: The even parity checker is a
combinational logical circuit. It has n-bit inputs
message and a parity error as the output. The circuit
checks the parity of inputs and provides the output
0/1. For an even parity checker, if the parity of input
massage is even, then the output is zero. Otherwise
the output is 1. When the output is 1, it shows there is
error in the message. The truth table of a 4-bit even
parity checker is given in Table 5.
Table.5 even parity checker
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A B C Pin Output
(P)
0 0 0 0 1
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
0 1 0 0 0
0 1 0 1 1
0 1 1 0 1
0 1 1 1 0
1 0 0 0 0
1 0 0 1 1
1 0 1 0 1
1 0 1 1 0
1 1 0 0 1
1 1 0 1 0
1 1 1 0 0
1 1 1 1 1

VI. PROPOSED DESIGN

In Fig.3 shows the Design of Even and odd Parity
Generator/Checker/ Parity Generator and Checker using
MFRG Gate.
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A —— — g1
2 MRLG 82
1 — —— g3
C— P
3.A) Even Parity Generator
A— — gl
B — — g2
F— MRLG i
C— —gd
Pin — g5
1 —] MRBLG PE
0 — — g6
3.B)  Even Parity checker
A —gl
B— — g2
1 — MRLG o3
Cc— P
Pin — g4
1— MRLE PE
0 — — g5
3.C) Even Parity generator and checker
A— — gl
B mric [ &2
1.~ — 83
— >
3.D) Odd Parity Generator
A—] — gl
“ll MRLG [
| — g3
— g8
Gi—] gt |1 MRIEL g9
Pin — —g5 | 1—
{ — MRLG 56
1 —

3.E) Odd Parity checker
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3.G) Even and Odd Parity checker and Generator

Fig.3 Design of Even and odd Parity Generator/Checker/
Parity Generator and Checker using MFRG Gate

VII.

RESULTS AND DISCUSSION

The proposed design is simulated using Cadence software.
Input and Output waveform of Even and odd Parity
Generator/Checker/ Parity Generator and Checker shown in
fig.4. In Table 4. Shows the average power dissipation
calculated for the entire input bit pattern. In comparison of
different techniques, the advantage of this design is not only
depends on transistor count, delay, and power but also on
delay product) and PDP (power and delay product) values.
The comparisons of transistors count, Power dissipation,
Delay, and PDP are shown in Table 4.

4.A) Even parity generator


http://www.ijritcc.org/

4.B) Even parity checker 4.E) Odd parity checker

4.C) Even parity generator and checker 4.F ) Odd parity generator and checker

4.D) Odd parity generator 4. G) Even and odd parity generator and checker

Fig.4. Input and Output waveform of Even and odd Parity Generator/Checker/ Parity Generator and Checker.
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Tabled. Synthesis results of Even and odd Parity Generator/Checker/ Parity Generator and Checker

MRLG gate Garbage Applied Average power Delay (ns) Power delay

count output voltage dissipation (UW) (average) product

Even 15V 12.74 0.1757 2.2384
Parity Generator 1 3 2V 33.67 0.2753 9.2693
3V 144.1 0.4641 66.876

4V 395.1 0.4368 172.57

Even 15V 6.6 0.1250 8.325
Parity Checker 2 6 2V 136.8 0.4166 56.990
3V 438.5 0.5392 236.43

4V 1046 0.6122 640.36

Even 15V 66.64 0.1239 8.256
Parity Generator and 2 5 2V 139.8 0.3048 42.611
Checker 3V 438.5 0.3924 172.06
4V 1046 0.4578 478.06

Odd 15V 13.95 0.2924 4.0789
Parity Generator 2 3 2V 36.02 0.3792 13.658
3V 150.8 0.5011 75.565

4V 411.9 0.6526 268.80

Odd 15V 86.68 1.0711 92.842
Parity Checker 3 9 2V 195.3 0.6732 131.47
3V 611.7 0.4313 263.82

4V 1449 0.2387 345.87

Odd 15V 111.9 0.7373 82.503
Parity Generator and 4 10 2V 250.5 0.5472 137.07
Checker 3V 792.7 0.4612 365.59
4V 1885 0.4161 784.34

Even and Odd 15V 143.2 0.7744 110.80
Parity Generator and 5 10 2V 333.9 0.4876 162.80
Checker 3V 1100 0.5951 654.61
4V 2601 0.4922 1280.2

VIIl. CONCLUSION power high-speed VLSI circuits”. International Journal of

For error free transmission in the digital communication at the
source end used parity generator and at destination used parity
checker. The Even and Odd Parity Generator and Checker
designed using reversible logic with CMOS and pass transistor
switch enables the circuit in providing better performance with
low power consumption and minimum delay time with supply
voltage 1.5 V to 4 V. The use of MFRL gate for parity
generator and the parity checker with reduced power
dissipation. The retival of the input data from the output
therefore generated is created highly possible by the use of the
garbage values. Hence efficient data transmission, reversible
logic gates are effective than the conventional methods. The
data transmission in the digital form using the reversible logic
gates the loss of information is zero. The simulation is done on
cadence software with transistor length 180nM and width 2uM
transistor with gpdk 180 process.
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