© 2024 JETIR June 2024, Volume 11, Issue 6

www.jetir.org (ISSN-2349-5162)

Nl ¥eli{el ISSN: 2349-5162 | ESTD Year : 2014 | Monthly Issue

JETIR

e

JOURNAL OF EMERGING TECHNOLOGIES AND
INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

Analysis of Low-Power CRM's Design and
Performance Utilizing CDF

Rajesh Ranjan
M.Tech VLSI
0904EC20MT15
Shriram College of Engineering and Management
Banmore, Gwalior

Abstract— The positive attribute of lower power usage has made
reversible logic quite popular in recent years. RM (Reversible
multiplexers), RDM (reversible de-multiplexers), RE (reversible
encoders), and RD (reversible decoders) are among several kinds of
combinational circuits used in this design. Researchers and
engineers have recently been interested in reversible logic devices
and circuits because of their potential applications in fields like
digital signal processing, nanotechnology, low-power CMOS,
quantum computing, computer graphics, optical computing
& encryption. Designing low-power, high-efficiency CDF (COMS
DG FINFET) Reversible MUX circuits is difficult. This work
explores the internal logic structure and circuit operating of a CMOS
Reversible MUX circuit designed using CMOS & CDF
components. CDF & CMOS-based CRM (CMOS Reversible MUX)
is developed attransistor level. These CRM are simulated
employing cadence tool in 90nm technology, and their performance
is analyzed contrasting to that of 90nm CDF technology. For greater
mobility and transistor scaling compared to other methods, CRM
with CDF approaches delivers low leakage current and low leakage
power.

Key Words— CMOS, DG FINFET, CMOS Reversible MUX,
Leakage Power, Cadence.

I.  INTRODUCTION (HEADING 1)

Reduced silicon space, high throughput hardware, and low
power consumption are essential for the growth of mobile
operating programs like PDAs and PCs, as well as progress of
shrinking technology. [1-3]. Minimal below-threshold Multi-
gate transistors, such as double gate FinFETS, are superior to
Standard CMOS in terms of swing (SS) and leakage current [4].
Adders are crucial for performing subtraction, multiplication,
addition, and division in complex arithmetic circuits. They serve
as system's core components and have a big impact on how well
DSP-based processors handle tasks like video processing,
filtering, and Fast Fourier Transform while using a minimum
amount of power and energy. [5-6]. Power consumption is
decreased by scaling operating frequency and supply voltage.
However, this delay and improvement in driving ability [7-9].
There are several Full Adders that have been invented, and
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everyone has advantages and disadvantages. Using effective
structures, the full adder creates a focal point in carry choose,
carry look ahead, carry skip, and conventional adders. [10-11].
Additionally, the Full adder needs to be designed and improved
for use at extremely low voltages.

Digital CMOS circuits are often used in computers and other
devices that need processing, computation, or analysis of any
signal because of their high-speed capabilities. Since CMOS has
low noise margins, high performance, and low static power
consumption, it is most popular logic family. There is a current
and future significant demand for these circuits due to the need
for speedier signal processing. An increase in number of
incorporated transistors on a processor results in a quicker
processing performance for a computer. The increase in energy
and power dissipation that comes along with such performance
enhancement [12]. Higher energy and power dissipation have
drawback of making circuits more expensive to package and
need more extensive cooling technology, which lowers
reliability and raises costs. A major difficulty in designing high
performance circuits is reducing their power and energy
consumption, since clock frequency and on-chip integration will
keep going up to meet the need for faster processing [13]. TIPS
(Tera Instructions per Second) is achieved by using billions of
transistors on circuits operating at clock rates surpassing 30
GHz. This speed will increase circuit power usage to thousands
of watts. Reliability issues, including thermal stress, hot
carrier, and electromigration, are introduced by such a high
density of power dissipation and reduce circuit performance.
Higher power loss circuits will use more battery energy,
necessitating usage of low-power processors and chips which
consume less battery energy. [14-16]. For battery-powered
portable digital systems such as laptops, notepads, & tablets, the
primary concern is minimal power consumption, which also
improves battery life.

Il. LITERATURE SURVEY

Himanshu Thapliyal and Srinivas[17] recommended TSG
gate-based NxN reversible multiplier. In this instance, partial
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products are generated in parallel with a delay using Fredkin
Gates, and addition operations are simplified into log2N phases
using a reversible multiplier that incorporates a TSG gate.
Utilizing this reversible multiplier, they have also created 4x4
architecture. Nidhi Pokhriyal et al., [18] suggested an 8x8 Vedic
multiplier that uses compressors of ratios 4:3, 5:3, 6:3, and 7:3
to get the total result. By merging the concepts of Vedic sutras
Urdhwa Triyakbhyam with modern compression techniques, a
powerful but energy-efficient multiplier architecture has been
developed. The cadence tool was used for analysis and synthesis
of 180 nm technology. Maryam Ehsanpour et al., [19] have
created a Modified Full Adder (MFA)-based 4-bit binary
multiplier circuit that requires less sophisticated hardware.
They've shown that the reversible circuits they've created can
function as a reversible full adder, too, and that it needs just a
little amount of garbage output and constant input. Madhusmita
Mahapatro et al., [20] used reversible logic gates to create
arithmetic circuits. Utilizing 0.25-micrometer technology for
simulation and synthesis, they have created arithmetic circuits.
Full and half adders that can add and subtract in both directions
are examples of reversible logic. A 4x4 multiplier circuit and a
4-bit binary parallel adder were created by employing reversible
full adders and half adders. Anindita Banerjee and Anirban
Pathak [21] Utilising CNT, NOT, and Toffoli (NCT) gates, a
reversible multiplier circuit was built. The method relies on a
binary tree network to generate all partial products and then put
them together. Circuits for producing reversible partial products
and for performing parallel addition are developed. This
architecture has a low quantum cost, low gate count, and low
trash outputs. Jenath and Nagrajan [22] developed a single-
precision, floating-point multiplier that can be reversed.
Multipliers are created using Peres gates. The multiplier
operands are divided into 3 sections, each of eight bits. Nine 8x8
bit multipliers are used to produce a 24x24 bit reversible
multiplier. The quantum cost, latency, and trash outputs are all
taken into account during construction of an efficient multiplier.
VHDL code is used for design, and Xilinx 9.1 simulation tool is
used for testing and validation. Kartikeya Bhardwaj and Bharat
M Despande [23] presented a Kalgorithm, an enhanced version
of Booth's Recoding Algorithm, to simplify hardware required
for signed multiplication. An effective multiplier design is also
provided for use with this method. Using Booth's Recoding
technique, they developed a 4-bit reversible multiplier that is
both fault-tolerant and non-fault-tolerant. Using this method,
they examined factors like constant inputs, quantum cost, gate
count, and garbage values. When contrasted to standard
methods, this one reduces the quantum cost by 33 percent.
Pradip Panchal et.al, [24] provided some research on utilizing
LBP for facial recognition. By segmenting face photos into
smaller areas to offer feature information, locally improved LBP
is produced. All individual local histograms are combined to
create the GLBP image. Face lighting and expression
modifications are evaluated to determine how well this approach
performs. They have an 80 percent success rate in identifying
people using this technique. Bilel Ameur etal, [25]
recommended a project featuring facial recognition. The
extraction of features is accomplished by utilising Gabor and
LBP wavelets. Utilise the dimension reduction technique to
minimise the pattern vector.

I1l. IMPLEMENTATION AND OPERATION OF 2:1 CMOS
REVERSIBLE MUX LOGIC

According to this understanding, a quantum computer is a
network (or collection of networks) of quantum logic gates, each
of which executes a straightforward unitary operation on a single
quantum bit (also known as a qubit). Reversible logic gates are
non-destructive circuits that may be reversed without losing any

data. Their ability to generate distinct output vectors from each
input vector and the reverse is a distinguishing feature of
reversible logic circuits.

Reversible logic gates are characterised by the fact that the
number of inputs and outputs is equivalent, denoted by n = k.
Reversibility is conferred upon a gate when the logic of inputs
and outputs is identical, and the input vector is recoverable from
the output vector independently. Designing reversible logic
circuits requires a collection of reversible logic gates. The
symbol for an n k reversible logic gate is:

Input Vector
Iy = (Lij Lipgp lisgj o oo oo et i) (L)
Output Vector
Oy = (0ij, Ois2j, Oiygj e vor on Oy-1;0k;) (1.2)

lv=0v

Circuits are considered to be reversible if they have an
identical number of inputs and outputs, as well as a mapping that
corresponds one-to-one between vectors of input and output. As
shown in figurel. given below.

For every Particular Vector

Iy | I @ I
o | . I o 7}
Reversible
Logic Gate
| " o

Fig. 1. A gate with K input and Output is called K*K gate

The reversible logic being as a more alternative and
traditional approach for irreversible logic gate circuits. Since
reversible logic computing does not erase or lose information or
data in the logical operation.

The NOT gate, which is an 11 gate, is most basic reversible
gate. 22 gates include a controlled NOT (CNOT) gate. 3x3
reversible gate choices include PG, TR, TG, and FG, gates. 1x1
reversible gates have no quantum cost, while 2x2 reversible
gates have. The most effective method to create any reversible
gate is to combine 1x1 NOT gates (an inverter) with 22 Feynman
gates. Reversible gates include the FG gate, also known
as CNOT gate, and V, V+ (V+ is its Hermitian, and V is square
root of NOT gate ). The following equation gives characteristics
of V & V+ quantum gates.

VxV=NOT (1.3
VxVt=vVtxv=1 (14)
V*t x V* = NOT (1.5)

Computing the aggregate of CNOT, V+ gates, and V gates is
a method for determining the quantum cost of a reversible gate.
Figure 1.2 illustrates the relationship between the NOT gate and
the CNOT gate (Controlled NOT gate).

A
A P=A
4@* B

NOT Gate

P=A

Q=AGB

CNOT Gate

Fig. 2. 1x1 NOT Gate and CNOT Gate Logic Combination Diagram
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(i) Garbage Input/output- The trash output of a reverse gate
is a crucial characteristic since it refers to any input of a gate
that is neither a principal output or an input to another gate.
"Garbage" refers to gate's unneeded outputs. Every bit of trash
produced comes with a hefty price tag. A reversible logic
computing circuit of this kind might look like Figure 3 if its
purpose were to calculate Ex-OR of two variables. To make the
logic circuit reversible, this operation must create one more
output, known as the trash or undesired output (P = A).

A ———P=A

Reversible
B — Logic gate ——Q=A#B

Fig. 3. Basic block of reversible logic gate with Garbage input/output

(if) Quantum Cost- The input lines' constants may be either
zero (0) or one (1), depending on circuit's needs. Gate Count
represents function's number of reversible gates. The number of
fundamental gates (EXOR, AND, and NOT gates) needed to
easily synthesize given additional functions is referred to
as hardware complexity.

(iii) Critical Path- Using the critical route, Delay may be
computed in reversible logic. The optimal system output is
obtained through the longest route.

(iv) Gate Count- Every reversible circuit only carries
out reversible function.

(v) Transistor Count- the number of logical gates' transistors
multiplied by number of transistors required to implement a
reversible gate.

The literature has several examples of reversible gates. Peres
Gate (PG), Fredkin Gate (FRG), Toffoli Gate (TG), Feynman
Gate (FG), and Kinoshita Gate (KG) are most typical of these
gates. There is no information in literature on quantum
realizations of any of these gates. In terms of nanotechnology,
only FG, PG, FRG, TG, and have been achieved.

IVV. PROPOSED REVERSIBLE MULTIPLEXER

The proposed design of reversible multiplexer design
required the less number of transistors and the design
implementation of the complex design of large logic gate
circuitry. This is the most fundamental approach for every
design of logic gate is the using pass transistor logic gate
concept.

The proposed 2:1 Reversible MUX is realized using CMOS
(i.e. PMOS and NMOS). 2:1 Reversible MUX producing two
garbage bits i.e. G1 and G2. These are inputs: S, A, and B. Bits
of message are sent to output Y based on selection input S.
Suggested 2:1 Schematic Figures 4 and 5 depict transient
response of a suggested 2:1 reversible MUX and the reversible
MUX, respectively.

Fig. 4. Schematic of Proposed 2:1 Reversible MUX

Fig. 5. Transient Response of proposed 2:1 Reversible MUX

The 2:1 Reversible MUX that is being suggested is
implemented utilizing CMOS (i.e. NMOS & PMOS). The 2:1
Reversible MUX generates G1 and G2, 2 trash bits. S, A, and B
are inputs. The bits of message that correspond to selection input
S are sent to output Y. DC Response of 2:1 Figure 6
depicts reversible MUX, while Figure 7 displays waveform of
leakage current.

Fig. 7. LC Waveform of proposed 2:1 Reversible MUX

V. REVERSIBLE MUX USING DG FINFET TECHNIQUE

COMS DG FINFET (CDF) system is connected to CMOS
Reversible MUX (CRM). Here self-deciding control of back &
front gate in CDF can be productively utilized to create
execution and lessen control utilization. Self-determining
gateway control may be used in non-obvious ways to join

JETIR2406005 |

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ] a36


http://www.jetir.org/

© 2024 JETIR June 2024, Volume 11, Issue 6

www.jetir.org (ISSN-2349-5162)

parallel transistors. A parallel transistor pair consists of two
transistors connected at their source and drain terminals. It is
expected that the second gate, which is added backward to the
standard CDF entrance, will largely regulate transient channel
effects and leakage current. In short gate (SG) mode, the gates
of transistors are connected; in IG mode, self-deciding digital
signals drive gates of two devices; in LP (low power) and IP
(ideal power) modes, back gate is connected to a turnaround
inclination voltage for enhanced leakage control; and in
crossover mode, LP and IG operations are combined. The
constant downscaling of mass CMOS generates fundamental
problems due to its base material. Scaling mass CMOS to 45nm
gate lengths presents several issues, including gate dielectric
leakage, ideal current, short channel effects, and device-to-
device variances. However, CDF-based plans provide better
control over short channel impacts, low spillage, and higher
yield in 45nm aides that outperform scaling deterrents. Figure 8
depicts a schematic of a CDF coupled to a CRM. Figure 9
depicts CRM output waveform using CDF approach.

Fig. 8. Schematic of Proposed CRM using CDF

Fig. 9. Output waveform of Proposed CRM using CDF

Fig. 10. LC waveform of Proposed CRM using CDF

Fig. 11. DC Response of Proposed CRM using CDF

VI. SIMULATION RESULT

The cadence tool was used to simulate a CMOS reversible
MUX (CRM) circuit, with a nominal supply voltage of 0.7 V
and 90nm technology. Utilising 90 nm technology and a VVdd =
0.7 VV nominal supply voltage, CRM simulations have been run
utilizing cadence tool. At 27 degrees Celsius, when gate leakage
is sole prominent mechanism, a CRM circuit's power
consumption has been reduced in a number of ways without
sacrificing performance. The parameters like leakage current &
leakage power from a comparison of CRM Circuits
utilizing CDF approach are shown in Table.1 below.

Comparison Result Summary for CRM Circuit utilizing
CDF approach is shown below table

TABLE I. SIMULATED RESULT SUMMARY
Performance CMOS Reversible | CRM  Circuit  using
Parameter MUX (CRM) CDF technique
Technology Used 90nm 90nm
Supply Voltage 0.7v 0.7V
Leakage Power 3.17nW 1.3nW
Leakage Current 4.53nA 1.1nA
Delay 2.11ns 1.2ns
TABLE II. COMPARISON SHOWS WITH PREVIOUS WORK
Performance Parameter Previous work [26] | Proposed work
Supply Voltage 1.14v 0.7v
Power 11.264 pwW 3.17nW
Current 0.987mA 4.53nA
Delay 4.894ns 2.11ns

VII. CONCLUSION

Power dissipation may be minimized if the entire design is
based only on reversible logic. The field of reversible logic has
grown in popularity in recent years due to its advantageous
characteristic of reduced power consumption. There are many
forms of combinational circuits in this architecture, including
RD (reversible decoder), RE (reversible encoder), RDM
(reversible de-multiplexer), and RM (reversible multiplexer).
When compared to older designs, the recommended CRM gate
requires fewer constant inputs, garbage outputs, and reversible
logic gates to perform its three distinct functions as a 4:2
encoder, 2:4 decoder & 1:2 de-multiplexer. This improves the
proposed reversible MEDD gate's power consumption. At 90nm
CMOS technology, power dissipation of a CRM gate is
measured to be 3.17nW. Power is determined to be 1.3nW less
when employing the CDF approach in comparison to CRM.
This design serves as a starting point for creating more
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complicated arithmetic systems employing these reversible logic
gates, resulting in improved computing system performance.
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