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Abstract:

Reversible logic has emerged as one of the most im-
portant approaches and more prominent technology
having its applications in Low Power CMOS, Quantum
Computing, Garbage inputs/outputs, Cryptography,
Communication, nanotechnology, Optical Computing
and Computer graphics. This paper presents a novel re-
versible multiplexer gate is proposed and the design of
differential reversible multiplexer using the proposed
reversible gate is discussed. The results of the pro-
posed design show that the circuits are more optimized
in terms of delay, power supply (0.7V) and voltage gain
(0.76V). The power dissipation, power-delay and prop-
agation delay produced using the new design are ana-
lyzed and compared with those of other design simula-
tions. The results show that the proposed Reversible
multiplexer has both lower power consumption and a
lower Power-Delay Product (PDP) value (2.384x10-25
joule), frequency response 50.0 MHz’s .The transistor
implementation of the proposed gates is done by using
Virtuoso tool of cadence.

INTRODUCTION:

An integrated circuit is an electronic circuit in which
many devices such as transistors, diodes, resistors,
capacitors etc., are fabricated on a single small silicon
chip. It is different from a discrete circuit, which is built
by connecting separated devices. In this case each de-
vice is fabricated separately and then all the devices
are assembled together to make an electronic circuit.
Integrated circuits are produced by using the same
processes as those for manufacturing transistors and
diodes etc.
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The different components in an IC are isolated from
each other by isolation diffusion with in the silicon
chip and are interconnected by an aluminum layer that
servesasawire.Inintegrated circuit design, physical de-
sign is a step in the standard design cycle which follows
after the circuit design. At this step, circuit representa-
tions of the components (devices and interconnects)
of the design are converted into geometric representa-
tions of shapes which, when manufactured in the cor-
responding layers of materials, will ensure the required
functioning of the components. This geometric repre-
sentation is called integrated circuit layout.

This step is usually split into several sub-steps, which
include both design and verification and validation of
the layout.The rapid technology advances in Integrat-
ed circuits (ICs) technology accelerated during and af-
ter 1980’s and one of the most influential factors for
such a rapid advance in technology scaling, that is, the
reduction in MOS transistor feature size. The MOS fea-
ture size is typically measured by the MOS transistor
channel length. During the last 24 years the minimum
features size has evolved from 6 to 0.35um by the year
2000, the minimum feature size is 0.18 pm after the
year 2010 the size has evolved from nano meter tech-
nology.

REVERSIBLE CIRCUIT TYPES:

To implement reversible computation, estimate its
cost, and to judge its limits, it is formalized it in terms
of gate-level circuits. For example, the inverter (logic
gate) (NOT) gate is reversible because it can be un-
done.
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The exclusive or (XOR) gate is irreversible because its
inputs cannot be unambiguously reconstructed from
an output value. However, a reversible version of the
XOR gate—the controlled NOT gate (CNOT)—can be
defined by preserving one of the inputs. The three-in-
put variant of the CNOT gate is called the Toffoli gate.
It preserves two of its inputs a,b and replaces the third
c by . With, this gives the AND function, and with this
gives the NOT function. Thus, the Toffoli gate is univer-
sal and can implement any reversible Boolean function
(given enough zero-initialized ancillary bits).

More generally, reversible gates have the same num-
ber of inputs and outputs. A reversible circuit connects
reversible gates without fan-outs and loops. Therefore,
such circuits contain equal numbers of input and out-
put wires, each going through entire circuit Reversible
logic circuits have been first motivated in the 1960s by
theoretical considerations of zero-energy computation
as well as practical improvement of bit-manipulation
transforms in cryptography and computer graphics.
Since the 1980s, reversible circuits have attracted inter-
est as components of quantum algorithms, and more
recently in photonic and nano-computing technologies
where some switching devices offer no signal gain.

The basic building blocks of the adder circuits that are
designed are initially coded and simulated to verify its
functionality. The ripple carry adder is designed, simu-
lated and synthesized. The circuit delay, number of
gates, garbage output and power dissipation is found
out. The comparison of ripple carry adder designed us-
ing basic gates and the ripple carry adder designed us-
ing reversible gates, with respect to power dissipation
and delay is done.

EXISTING METHOD:

Reversible multiplexer using passes transis-
tor:

A. Designing reversible Multiplexer using pass Transis-
tor which has two inputs A,B and one select input S,
the output of the circuit is Y as shown in below figure
3. We can implement many combination circuits using
this 2:1 reversible multiplexer, adder, Subtractor, multi-
plier, etc. Pass transistors are used to design the circuit
voltage reduction in present circuit. Functionality of
two transistor multiplexer shown below.
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Fig. Multiplexer uses pass transistor

Select Output

0 A

1 B

Table: Functional Table of reversible 2:1 Multiplexer

Drawbacks:

In order to discuss new trends and projects in the area
of reversible logic one must first have an understanding
of what this is. First of all, we’ll restrict our discussion
of logic functions to two-valued functions describing
switching logic. Energy loss is an important consider-
ation in digital circuit design, also known as circuit syn-
thesis. Higher levels of integration and the use of new
fabrication processes have dramatically reduced the
heat loss over the last decades.

Transistors are used as switches to pass logic levels be-
tween nodes of a circuit, instead of as switches con-
nected directly to supply voltages. This reduces the
number of active devices, but has the disadvantage
that the difference of the voltage between high and
low logic levels decreases at each stage. Each transis-
torin series is less saturated at its output than at its in-
put. This can be overcome by using logic gates in which
also power dissipation decreases.

PROPOSED METHOD:

The key components of communication systems are
a multiplexer (Mux, parallel-to-serial converter) and a
Demultiplexer (DeMux, serial-to-parallel converter). In
conventional computers, the computation carrying out
isirreversiblei.e. once logic block generates the output
bits, the input bits are lost. But it is not in the case of
reversible logic circuits. The classical set of gates such
as AND, OR, and EXOR are not reversible as they are all
multiple-input single output logic gates.
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Agateisreversibleif the gate’s inputs and outputs have
a one-to-one correspondence, i.e. there is a distinct
output assignment for each distinct input. Therefore,
a reversible gate’s inputs can be uniquely determined
from its outputs. Reversible logic gates must have an
equal number of inputs and outputs. Then the output
rows of the truth table of a reversible gate can be ob-
tained by permutation of the input rows. Reversible
logic circuits have emerged as a promising technology
in the field of information processing.

Irreversible hardware computation results in energy
dissipation due to information loss. According to the
Landauer , traditional irreversible hardware computa-
tion inevitably leads to energy dissipation due to the
loss of each one bit of information which dissipates
an amount of KT In(2) joules of energy, where K is the
Boltzmanns constant and T is the absolute tempera-
ture at which computation is performed. This erasure
is not done significantly and more power is dissipated
for each erased bit. Power dissipation which leads
to overheating is one of the major concerns in mod-
ern technologies. Thus, an alternative logic operation
known as reversible logic came into existence, which
does not erase information and also dissipate arbitrari-
ly less heat.

Charles Bennett proposed a theoretical background
which proved that reversible general purpose comput-
ing device scan be built. This gaverise to reversible logic
circuits. Logical reversibility means that after finishing
a computation, it is possible to retrace every step and
reconstruct data which was used in every step. Thus,
reversible logic circuits offer an alternative that allows
computation with very small energy dissipation .There
is number of existing reversible gates in literature like
Fredkin, Feynman and Toffoli gates etc.

Experimental reversible chips and arithmetic circuits
have been developed recently as well as magnetic,
Josephson junction, nano-electronic and quantum
implementations of reversible logic circuits have been
proposed in different literatures. Photon being the ul-
timate unit of information with unmatched speed and
with data package in a signal of zero mass, the tech-
niques of computing with light may provide a way out
of the limitations of computational speed and complex-
ity inherent in electronics computing. Different optical
logic gates have already been proposed to perform ir-
reversible logic function.
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But, reversible computation in a system can be per-
formed if the system is composed of reversible gates.
The well known 2x2 Feynman gate operates as a con-
trolled NOT (CNOT) if the control input of CNOT is set
,»0, the gate acts as a BUFFER gate; else, itactsasa NOT
gate. The Feynman gate can be used as fan-out gate to
copy a signal. Toffoli and Fredkin gates are 3x3revers-
ible gates. Each of these gates is universal, i.e. any logi-
cal reversible circuit can be implemented using these
gates.

BASIC REVERSIBLE LOGIC GATE:

A set of reversible logic gates is needed to design re-
versible logic circuits. An N*N reversible logic gate can
be represented as:
IV=_II12.......,IN) (1)

ov = (01, 02......., ON)
Where, v and Ov are inputs and output vectors. Con-
sider following issues to perform synthesis of revers-
ible gates and obtain optimization

DESIGN OF REVERSIBLE MULTIPLEXER:

We design the reversible circuit using dual-line pass-
transistorlogic[1]and monotone circuit. Booleanvalues
X=1and X=0 are denoted by (X,X)=(1,0) and (X,X)=(0,1),
respectively. For example, an inverter is shown in Fig 1.
It consists of a metal cross-over. Because of the mono-
tone circuit, we set all initial values (X, X) = (0, 0).

Figure.3.1 Reversible inverter
Transmission gate:

For the implementation of an on-off switch, we use
a CMOS transmission gate which is a two-way switch
shown in Figure. It is possible to compute logic func-
tions without making logic gates — networks of MOS
transistors can be connected together directly. These
are known as transmission gates. (Of course, the tran-
sistors still have gates, but that is a different use of the
word, as also would be logic gates!).
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Figure3.2.CMOS Transmission gate

With CMOS, the nMOS transistors are good at conduct-
ing low signals and the pMOS transistors are good at
conducting high signals, so transmission gates are of-
ten made from a pair of complementary transistors.
When the control signal S is high, the transmission gate
conducts logic signals of either sense in either direc-
tion. A special symbol is used for the CMOS transmis-
sion gate which is shown below The equivalence with
the original equations is easily verified.

The corresponding adder design, using complemen-
tary static CMOS and the gate level implementation
is shown in Fig It requires 28transistors. In addition to
consuming a large area, this circuit is slow. The Pro-
posed reversible is realized using transistor implemen-
tation as described previously. The required output Y
can be obtained using only two transistors however,
the three transistors are required for calculating gar-
bage outputs. To obtain output G1, a Pass Transistor is
used for passing the selection input S (select) to the
output G1 as shown below.

PMOS = S5A
A siUID
G1
sA O - =2
alm | =58%58
g o ¥l

NMOS"= 558
Fig. Circuit diagram for multiplexed output Y.

- m%m PIMOS = £5
G3
GA

54 _L D4

S YW= §58+54

AC
NMoOS = S A

Fig. circuit diagram for output G2.
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Fig. Circuit diagram for output G1.
RESULTS:

Fig: Shows the without compensated circuit voltage
drop for selected s.

TP YT Ty - PRy gy ———— Y S )

Fig: Shows the without compensated circuit voltage
drop for pass transistor.

Fig: shows the response of particular mux_pass tran-
sistors.
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CONCLUSION:

By adopting the proposed System the Multiplexer by
using the pass transistor in which the impact of delay
of the normal logic gates and also requires the large
area. The proposed system is implemented by using
CADENCE VIRTUOSO tool with 45nm CMOS TECHNOL-
OGQGY. This project elucidate a novel reversible gate and
the design of reversible multiplexer like 2:1 using the
proposed reversible gate is discussed. The result of cir-
cuits is more optimized in terms of delay, power supply,
power and delay product and voltage gain. This project
worked and calculates the result in two technologies
180 and 45 nm and compared leakage power, decrease
delay in 45 nm in comparison 180 nm.
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