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for a Binary Comparator System Using
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ABSTRACT

This paper presents a binary comparator circuit
design using minimum fan-in logic gates (NAND-
NOR) to achieve a low power-delay product (PDP).
A 2-bit binary comparator circuit is re-designed to
minimize logic gate fan-in. Utilizing the concept of a
2-bit comparator, the general gate-level architecture
of a comparator system is proposed for higher input
operands. In this work, a backtracking model is
proposed to estimate the worst-case performance
in terms of delay and power for binary compara-
tor circuits. It combines the advantages of the
simulation-based method for power estimation and
dynamic timing analysis (DTA) techniques for timing
analysis. This work also extends to 20, 16, 14,
10, and 7-nm FinFET technology. The comparator
circuits are simulated on the Pyxis Schematic tool
using Mentor Graphics.

Keywords: Binary Comparator, Backtracking
Model, Dynamic Timing Analysis, Power Dissipation,
Power-Delay Product, FinFET, Very Large-Scale
Integration

1. INTRODUCTION
A binary comparator is an essential part of the

digital system. It is commonly used in various
fundamental processes of computing and communica-
tion including data searching and string sorting [1].
Furthermore, it is widely used in data-intensive ap-
plications such as 3D graphics and image processing
[2]. A digital comparator circuit should therefore be
carefully optimized for fast and efficient electronic
system development. The use of a binary comparator
circuit is also observed in the arithmetic components
of a random number generator (RNG) [3, 4], digital
signal processor (DSP), application-oriented proces-
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sors such as media processors [5], vision processors
[2], etc.

The sorting operation involves various compar-
ison steps to arrange a large amount of data
in ascending or descending order and the object
recognizes the algorithm by exhaustive use of the
comparisons at its keypoint localization stage [6].
The proposed design of the fast and area-efficient
digital comparator will significantly enhance system
performance. In modern very large-scale integration
(VLSI), the binary comparator circuit plays a key
role in the design for testability (DFT) such as the
design of the signature analyzer, parallel testing,
and built-in self-test (BIST) [7] for the circuit
under test (CUT). For these applications in VLSI
circuits, higher operand comparator designs are now
essential. Besides, comparison between two operands
is a critical operation in high-speed supercomputing.
Therefore, a high-speed, high fan-in comparator is
required in modern VLSI design.

In the last decade, low power, high speed,
and area-efficient digital comparators have been
subject to numerous design challenges [8]. Power
consumption and computational delay are important
factors in digital circuits. High computational
delay will degrade circuit performance. High power
consumption adversely impacts on circuit reliability
and shortens the circuit lifetime or increases the
circuit failure rate [9]. Therefore, accurate estimation
of power consumption and computational delay of
VLSI circuits are major challenges.

For power estimation, commonly used techniques
can be classified into two broad categories: simulation
and non-simulation. The simulation-based method
depends on a suitable set of input test vectors
to identify the level of power consumption [10].
This method is more time-consuming and requires
a larger memory for the simulation of complex
circuits. Here, SPICE is used to precisely estimate
power dissipation, but its main drawback is the
large memory requirement and long simulation time
[11]. Non-simulation-based study depends on input
switching activity and the potential measure of input
used to find the power consumption [12]. For
gate-level analysis [13, 14], transition probability and
signal probability are important parameters for power
estimation. Although this technique is faster than
simulation-based methods, it has the drawback of
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providing only approximate power dissipation.
For time estimation, two techniques are used.

Firstly, static time analysis (STA), in which gate
and wire delays are considered in each path, and
then compared against their required minimum and
maximum constraint values. However, all paths in
the circuit may not run continuously in the worst-case
delay scenario, potentially leading to inaccurate
timing. Secondly, the dynamic timing analysis (DTA)
carried out through gate-level simulation depends on
input test vectors. The effectiveness of the simulation
depends on the quality of the test case or test vectors.

An adder circuit has been used to design a
high-speed binary comparator [15]. However, it has
the drawback of a slower response time. To increase
the speed, a comparator with a high-speed adder was
proposed by Lang et al. [16]. A high-performance
binary comparator has also been designed [17] using
the pipeline structure of dynamic CMOS logic. In this
architecture, more than one clock cycle is required
to complete the operation. The problem with this
approach is the presence of cascading issues and
a lack of synchronization. In [18], a single clock
two-phase binary comparator employing a priority
encoder was used to identify the first unequal bit
from MSB to LSB of input data. Use of a binary
comparator has been reported using a different type
of priority encoder and multiplexer [19, 20]. However,
comparators have high power dissipation and a
greater number of transistors compared to earlier
reported works.

In previous literature on binary comparator ar-
chitecture, dynamic CMOS logic has been used to
achieve high-performance operation. Besides delay,
dynamic circuits have several drawbacks compared
to the static logic design. It is not suitable for
low power applications due to high data activity,
synchronization problems (involving clock signals,
input, and output data), cascading issues with the
pipeline, and performance degradation at higher
fan-in operation.

Recently, a tree-based binary comparator struc-
ture was proposed in [21–26], using the carry merge
tree of the parallel prefix adder. In [27], a parallel
binary comparator based on the prefix tree and
XOR-XNOR circuit was proposed as a pre-encoder.
This binary comparator design includes compare,
pre-encoder, compression termination, and decision
modules. The drawback of this architecture is its
large logic gate fan-in, which increases according to
the input operand size of the comparator circuit.
Therefore, the computational delay and power dis-
sipation of this architecture exponentially increase
with the size of the binary comparator operands.
In CMOS circuits with a high fan-in logic gate, the
circuit performance degrades considerably, i.e., the
circuit shows greater propagation delay and power
dissipation. To improve the above architecture, the

traditional CMOS-based AND-OR logic gates can be
replaced with CMOS-based NAND-NOR logic.

In this work, a novel gate-level architecture for
an efficient binary comparator circuit with minimum
fan-in (2-input) logic gates is proposed. A 2-bit
binary comparator circuit is re-designed to minimize
the fan-in of logic gates. The highly efficient XOR
circuit [28] is used in the proposed architecture for
the first time. Utilizing the concept of a 2-bit
comparator and the general gate-level architecture of
a comparator system is also proposed for higher input
operands. For the estimation of power consumption
and propagation delay, the backtracking model is
employed to identify the worst-case performance
of the proposed circuit and previously reported
work for the first time. The input test vector is
obtained from this technique, involving the maximum
possible transition at internal nodes to compute the
maximum potential delay in the circuits. Utilizing
this test vector, the comparator circuits are simulated
using 180-nm CMOS technology for validation with
previous work. This work also extends to 20, 16, 14,
10, and 7-nm FinFET technology.

2. PROPOSED BINARY COMPARATOR
WITH MINIMUM FAN-IN LOGIC GATES

2.1 Basic Design Principle
The comparison of a 2-bit binary number A1A0

and B1B0 can be realized by the following Boolean
expression for less ‘L’, greater ‘G’, and equal ‘E’
signals:

G = A1P1 + X1A0P0 (1)
E = X1X0 (2)
L = E + G (3)

where X = AB + A ∗B, P = AB + AB.
For N -bit,

GN = AN−1PN−1 + XN−1AN−2PN−2

+ XN−1XN−2AN−3PN−3 + · · ·
+ XN−1XN−2 . . . X1A0P0 (4)

EN = XN−1XN−2XN−3 . . . X0 (5)
LN = EN + GN (6)

Eqs. (1), (2), and (3) show the Boolean expression
for the comparator output [27]. The gate-level
architecture of the binary comparator from the above
equations is shown in Fig. 1(b) and the fan-in of
the logic gate used in this architecture is directly
proportional to the input operand size of the binary
comparator. It causes high power dissipation and
large propagation delay. This circuit is designed
using AND-OR logic gates, thus increasing the delay
and reducing the packing density of the chip in
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(a)

(b)

Fig. 1: Gate-level schematics of (a) the proposed 2-
bit binary comparator and (b) the previously reported
2-bit binary comparator [27].

comparison to the CMOS-based NAND-NOR logic
gate. In Eq. (3), Signal ‘L’ is given by E + G. It
is dependent on an equal and greater output signal
so that the overall delay performance of the binary
comparator circuit is increased.

To overcome the aforementioned drawbacks, a
2-bit elementary structure is proposed with a re-
designed binary comparator, offering the independent
fan-in of logic gates, free from the AND-OR logic
gates that convert entire logic into NOR and NAND
gates (except XOR-XNOR logic gates). The Boolean
expression for the proposed 2-bit binary comparator
is given by Eqs. (7), (8), and (9) for ‘L’, ‘G’, and ‘E’
signals:

E = P1 + P0 (7)

G =
(

A1B1

)
·
((

A0B0

)
+ P1

)
(8)

L =
(

A1B1

)
·
((

A0B0

)
+ P1

)
(9)

Fig. 1(a) shows the proposed 2-bit binary compara-
tor architecture with minimum fan-in (2-input) logic
gate (NAND-NOR), which is designed by Eqs. (7),
(8), and (9). It is generating all output independently.

Fig. 2: Proposed architecture for the 2N -bit binary
comparator system.

All comparator circuit drawbacks [27] are addressed
by the proposed binary comparator. Therefore, the
proposed comparator circuit provides efficiency in
terms of performance for the digital comparison of
binary operands.

3. GENERAL STRUCTURE OF PROPOSED
BINARY COMPARATOR

An elementary 2-bit high-performance binary
comparator is proposed in the previous section. In
this section, a generalized model is proposed to
compare high radix binary operands by utilizing the
2-bit comparator circuit. The methodology used to
design this architecture combines two N -bit binary
comparators to create a 2N -bit version, following the
Boolean expression presented in Eqs. (10), (11), and
(12) for less ‘L2N ’, greater ‘G2N ’, and equal ‘E2N ’
signals, respectively.

E2N = EM · EL (10)

G2N = GM

(
EM ·GL

)
(11)

L2N = LM

(
EM · LL

)
(12)

Fig. 2 shows the proposed architecture of the
2N -bit binary comparator, designed using two N -bit
binary comparators, i.e., MSB and LSB. The operand
inputs of the LSB comparator are A [N − 1 : 0] and
B [N − 1 : 0]. Similarly, the inputs of the MSB
comparator are A [2N − 1 : N ] and B [2N − 1 : N ].
While the outputs are EM , GM , and LM for the MSB
comparator and EL, GL, and LL for the LSB. Finally,
the outputs are combined according to Eqs. (7),
(8), and (9). The final output of 2N -bit binary
comparator for less L2N , greater G2N , and equal E2N

signals is shown in Fig. 2.
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Algorithm 1: Steps taken by the backtracking model to identify the input test vector

Input: Gate-level circuit with inputs A1, A2, A3, . . . , An−1, An and outputs Y1, Y2, . . . , Ym−1, Ym

Initialization: Setting the transition value at the output node:
Case 1: Y1 = 0→ 1, Y2 = 0→ 1, . . . , Ym−1 = 0→ 1, Ym = 0→ 1
Case 2: Y1 = 1→ 0, Y2 = 1→ 0, . . . , Ym−1 = 1→ 0, Ym = 1→ 0

Output: Input test vector A1, A2, A3, . . . , An−1, An

Steps:
1 Nodes S11, S12, . . .← Set the possible transition/value at the adjacent node (according to Table 1)

based on output transition Y1, Y2, . . . , Ym−1, Ym

2 Succeeding nodes S21, S22, . . .← Set the possible transition/value at this node based on preceding
nodes transition/value S11, S12, . . .
·
·
·

i− 2nd Nodes Si−11, Si−12, . . .← Set the possible value at this node based on the transition/value of the
preceding nodes Si−21, Si−22, . . .

i− 1st Succeeding nodes Si1, Si2, . . . , Sin−1, Sin ← Set the possible value at this node based on the
transition/value of the preceding nodes Si−11, Si−12, . . .

ith {A1, A2, A3, . . . , An−1, An} = {Si1, Si2, . . . , Sin−1, Sin}
End

4. BINARY COMPARATOR BACKTRACK-
ING MODEL

The simulation-based method for power estimation
depends on the employment of a suitable set of
input test vectors. The significance of this technique
is that it accurately estimates power dissipation in
VLSI circuits but requires a large memory and long
simulation time for big VLSI circuits due to input
pattern dependency. For accurate delay estimation
of VLSI circuits, dynamic timing analysis (DTA) is
an appropriate approach. In this type of analysis,
an input test vector can be used for validation, since
DTA is dependent on input test vectors. The quality
of the simulation depends on the quality of the test
case or test vectors. Power analysis at the gate-level
also depends on the switching activity of the entire
node in a circuit due to input test vectors, since
dynamic power dissipation is the most dominant
factor in power consumption due to the short circuit
and leaking current.

To combine the advantages of the simulation-based
method (for power estimation) and the DTA tech-
nique (for delay analysis), the backtracking model
developed in this section identifies the worst-case per-
formance in terms of delay and power or power-delay
product (PDP) for the binary comparator circuit.
This technique provides the input test vector for
DTA analysis and power estimation in gate-level
VLSI circuits. To demonstrate this approach, the
proposed and tree-based binary comparators are
considered. Firstly, the transition value is set at
the output node (i.e., 0 → 1 or 1 → 0), and
backtracked at the adjacent input or fan-in node
of a particular logic gate to identify the possible
transition value at this node. This tracking will

continue till the input node is reached and the
possible input transition vectors corresponding to the
output transition identified. In this process, the
maximum possible transition is covered at all nodes in
the entire circuit. The worst-case delay scenario along
with the power dissipation of comparator circuits can
then be identified.

Table 1 presents the possible input and corre-
sponding output activities for each logic gate using
the backtracking model, summarizing all possible
maximum switching activities corresponding to each
basic logic gate. Algorithm 1 indicates the steps taken
by the backtracking model to identify the input test
vector corresponding to the gate-level VLSI circuits.
The inputs for this algorithm are the gate-level circuit
with n-inputs (A1, A2, A3, . . . , An−1, An) and
m-outputs (Y1, Y2,. . . , Ym−1, Ym). Initially, the
transition value is set at the output node in two
cases with the circuit divided into i levels from the
output to input node and the number of levels equal
to the number of gates between the critical path from
input to output. The transition value at each output
node is set as 0 → 1 and 1 → 0 corresponding
to cases 1 and 2. In the first step, the possible
transition/value at the adjacent input node of logic
gates (S11, S12, . . . ) is set to the corresponding
output transition (Y1, Y2, . . . , Ym−1, Ym), with S11
representing the first node transition/value in the first
level corresponding to output Y1 and so on. Similarly,
in the second step, the possible transition/value
is set at the adjacent input node equal to (S21,
S22, . . . ) corresponding to the output transition
(S11, S12, . . . ), with S21 representing the first node
transition/value in the second level corresponding
to output S11. This process continues until the
tracking reaches the input node. Finally, in the last
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Table 1: Possible input and corresponding output activities for each gate using the backtracking model.
Two input logic gates Output node activity Input node activity

NOT

0→ 1 1→ 0
1→ 0 0→ 1

1 0
0 1

Buffer

0→ 1 0→ 1
1→ 0 1→ 0

1 1
0 0

Possible case Input-1 Input-2

AND

0→ 1 Case-1 0→ 1 0→ 1
Case-2 1 0→ 1

1→ 0 Case-1 1→ 0 1→ 0
Case-2 1 1→ 0

1 Case-1 1 1

0 Case-1 0 1→ 0
Case-2 0 0→ 1

NAND

0→ 1 Case-1 1→ 0 1→ 0
Case-2 1 1→ 0

1→ 0 Case-1 0→ 1 0→ 1
Case-2 1 0→ 1

1 Case-1 0 1→ 0
Case-2 0 0→ 1

0 Case-1 1 1

OR

0→ 1 Case-1 0→ 1 0→ 1
Case-2 0 0→ 1

1→ 0 Case-1 1→ 0 1→ 0
Case-2 0 1→ 0

1 Case-1 1 1→ 0
Case-2 1 0→ 1

0 Case-1 0 0

NOR

0→ 1 Case-1 1→ 0 1→ 0
Case-2 0 1→ 0

1→ 0 Case-1 0→ 1 0→ 1
Case-2 0 0→ 1

1 Case-1 0 0

0 Case-1 1 1→ 0
Case-2 1 0→ 1

XOR

0→ 1 Case-1 1 1→ 0
Case-2 0 0→ 1

1→ 0 Case-1 1 0→ 1
Case-2 0 1→ 0

1 Case-1 0→ 1 1→ 0

0 Case-1 1→ 0 1→ 0
Case-2 0→ 1 0→ 1

XNOR

0→ 1 Case-1 1 0→ 1
Case-2 0 1→ 0

1→ 0 Case-1 1 0→ 1
Case-2 0 0→ 1

1 Case-1 0→ 1 0→ 1
Case-2 1→ 0 1→ 0

0 Case-1 1→ 0 0→ 1

iteration, the input test vector corresponds to two
cases. The transition/value at each node is evaluated
using Table 1. To demonstrate this algorithm, the
2-bit proposed and tree-based [27] binary comparator
circuits are considered. It generates test vectors

corresponding to two possible output transitions (i.e.,
0 → 1 and 1 → 0) for the comparator circuits, as
further explained in Fig. 3.

Two possible output transitions (i.e., 0 → 1
and 1 → 0) to generate the test vector for the
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(a) Proposed circuit: ‘E’ signal (b) Binary comparator [27]: ‘E’ signal

(c) Proposed circuit: ‘G’ signal

(d) Binary comparator [27]: ‘G’ signal

(e) Proposed circuit: ‘L’ signal

(f) Binary comparator [27]: ‘L’ signal

Fig. 3: Node value representation through backtracking of a 2-bit binary comparator.
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Table 2: Possible test pattern for the individual
output signal of the proposed and tree-based 2-bit
binary comparators.

Test pattern A1A0B1B0
Tree-based 2-bit binary Proposed 2-bit binary

Output comparator comparator
signal Case-1 Case-2 Case-1 Case-2

0→ 1 1→ 0 0→ 1 1→ 0

‘E’ 1100→ 0000 1111→ 0011 0110→ 1111 1111→ 0110
‘G’ 0111→ 0100 0100→ 0111 0111→ 0100 0100→ 0111
‘L’ 0100→ 0111 0111→ 0100 1101→ 0001 0001→ 1101

proposed and tree-based [27] binary comparators,
and potential transition values at each node are
shown in Fig. 3. In this model, the input test
vectors corresponding to individual output signals
(less than ‘L’, greater than ‘G’, and equal ‘E’) are
obtained for the worst-case propagation delay and
power dissipation scenarios. Fig. 3(a) shows the
node value representation using backtracking for the
‘E’ signal of the 2-bit proposed binary comparator.
Similarly, Fig. 3(b) presents the backtracking for
the ‘E’ signal of the 2-bit binary comparator [27].
Fig. 3(c) shows the node value of the backtracking for
the ‘G’ signal of a 2-bit proposed binary comparator,
while Fig. 3(d) presents the backtracking for the ‘G’
signal of 2-bit binary comparator [27]. Fig. 3(e)
shows the node value using backtracking for the ‘L’
signal of the 2-bit proposed binary comparator, and
Fig. 3(f) presents the backtracking for the ‘L’ signal
of the 2-bit binary comparator [27]. Table 2 indicates
the possible input transition test pattern A1A0B1B0
for individual output signals less than ‘L’, greater
than ‘G’, and equal to ‘E’ using the backtracking
method. This test vector is employed to simulate
both comparator circuits to identify the worst-case
performance scenarios for comparison.

5. HIGH-PERFORMANCE XOR GATE

To design the binary comparator, XOR and
XNOR circuits play a vital role. Therefore, their
behavior prominently affects the circuit performance.
Therefore, the design of XOR and XNOR circuits
should be given top priority when considering their
use in a comparator system. The XOR-XNOR gate
[27] uses positive feedback to compensate for the
output voltage level. This feedback increases output
capacitance and delay, affecting energy consump-
tion. The full swing XOR circuit proposed in [28]
demonstrates efficiency in terms of mitigating delay.
In all possible input combinations, the output of
this structure is full swing voltage. Since no NOT
gates are used in this circuit on its critical path, it
offers minimum delay, and good driving capability
compared to the other structures. This circuit has
not previously been utilized in the design of binary

Fig. 4: Energy-efficient, high-performance XOR
circuit [28].

comparators. In this current work, the XOR circuit
(shown in Fig. 4) is used in the proposed binary
comparator to enhance performance.

6. SIMULATION ENVIRONMENT
The proposed binary and tree-based binary com-

parators [27] are simulated using the Pyxis Schemat-
ics tool by Mentor Graphics. For simulation and
validation, the 180-nm CMOS technology (TSMC)
is used. Simulation is also carried out with the 20,
16, 14, 10, and 7-nm FinFET technology. Table 2
shows the typical simulation test vector to identify
the worst-case performance scenario in the individual
output signal of the elementary 2-bit binary compara-
tor circuit, i.e., total power dissipation, delay, and
PDP. This simulation uses the 3.3V supply voltage
for 180-nm CMOS technology and 0.9, 0.85, 0.8, 0.75,
0.7V supply voltage, corresponding to the 20, 16, 14,
10, 7-nm high-performance FinFET technology. In
the rise and fall time transition output, the delay is
calculated using 50% of the input value level to 50%
of the output voltage level. The PDP is calculated
by multiplying the worst-case delay scenario by the
total power dissipation exhibited in the circuit.

7. RESULTS AND DISCUSSION
In this section, the results of the simulation are

discussed and the proposed 2-bit elementary binary
comparator circuit performance compared with the
previously reported architecture [27]. Table 3 shows
the simulation results of the proposed comparator
using 180-nm CMOS technology for validation with a
tree-based structure [27]. Table 4 displays the device
parameters. Table 5 presents the simulation results of
the proposed and existing 2-bit binary comparator for
an equal signal ‘E’ using high-performance FinFET
technology with channel lengths of 20, 16, 14, 10,
7-nm. Similarly, Tables 6 and 7 show the simulation
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Table 3: Compression of the proposed and existing 2-bit binary comparators using 180-nm CMOS technology.

180-nm CMOS technology DE PE PDPE DG PG PDPG DL PL PDPL

(ps) (mW) (×10−15 J) (ps) (mW) (×10−15 J) (ps) (mW) (×10−15 J)

2-bit comparator Case-1 114.50 1.5992 183.1084 189.61 1.6910 320.6305 133.95 1.6229 217.3874
[5] Case-2 266.80 2.514 670.7352 390.23 1.6229 633.3042 211.74 1.6910 358.0523

Proposed 2-bit Case-1 70.578 2.3382 165.0255 88.671 0.8233 73.00283 75.589 1.5149 114.5098
comparator Case-2 40.116 2.3365 93.73103 129.59 1.5152 196.3548 125.17 0.8233 103.0525

results for greater than ‘G’ and less than ‘L’
output signals to explore the worst-case performance
scenario.

7.1 Performance of the Binary Comparator
Using 180-nm CMOS Technology

Table 3 shows the simulation results for the
proposed and existing 2-bit binary comparator using
TSMC 180-nm CMOS technology with a 3.3V power
supply to validate the proposed work. In this simula-
tion, the worst-case performance scenario is explored
such as delay, power, and PDP for two possible input
test vector transitions, corresponding to two cases
(Case-1, where the output signal transition is from 0
to 1 and Case-2 where the transition is from 1 to 0).
The test vectors corresponding to each output signal
are shown in Table 2. In Table 3, DE , PE , and PDPE

represent the worst-case delay, power, and PDP for
the equal signal ‘E’. Similarly, DG, PG, and PDPG

for the greater signal ‘G’ and DL, PL, and PDPL

for the less than ‘L’ signal. From Table 3, it can be
observed that the performance of the proposed 2-bit
binary comparator is superior to the tree-based 2-bit
binary comparator [27] since the circuit of the former
uses minimum fan-in (2-input) logic gates, replacing
the higher fan-in logic gate which suffers from a
relatively poor performance in terms of signal delay
and total power consumption. The NAND-NOR
logic gate is used in the entire circuit while the
high-performance XOR gate enhances performance.

7.2 Performance of the Binary Comparator
Using FinFET Technology

Conventional bulk CMOS scaling beyond 45-nm
is known to be severely constrained by its small
geometry effect. Therefore, in recent IC technology,
FinFET is used due to its extremely fast and
power-efficient devices for overcoming the small
geometry effects and enhancing performance. In
this simulation, specific input test vectors are used
for each output signal from the backtracking model
and the worst-case performance corresponding to
each output signal identified using the FinFET
technology model. Table 4 shows the essential device
parameters of the high-performance FinFET and the
corresponding technology length.

Table 5 presents the simulation results of the
proposed and existing 2-bit binary comparators for

the equal signal using the high-performance FinFET
with channel lengths of 20, 16, 14, 10, and 7-nm.
The input test vector transition in Case-1, 0110 →
1111 for the proposed and 1100 → 0000 for the
tree-based comparator, are employed. Similarly, the
input test vector transition in Case-2, 0110 → 1111
for the proposed and 1100→ 0000 for the tree-based
comparator, are used in the worst-case delay scenario
and power estimation of the comparator circuits.

Table 6 shows the simulation results of the
proposed and existing 2-bit binary comparators for
the greater signal using high-performance FinFET
with different channel lengths. For this simulation,
the input test vector transition 0111 → 0100 is used
for the proposed and 0111 → 0100 is used for the
tree-based comparator in Case-1. Similarly, the test
vector transition 0100 → 0111 for the proposed and
0100 → 0111 for the tree-based comparator [27] are
used in Case-2.

Similarly, Table 7 shows the simulation results for
the less signal of the proposed and existing 2-bit
binary comparators using high-performance FinFET
with different technology lengths. In this analysis, the
possible input test vector is used in Case-1 1101 →
0001 for the proposed and 0100 → 0111 for the
tree-based comparator, while in Case-2 0001→ 1101
is used for the proposed and 0111→ 0100 is used for
the tree-based comparator [27].

The simulation results demonstrate that the per-
formance of the comparator circuit is better than
that reported in previous work [27]. It can also be
observed that the impact of FinFET on the binary
comparator circuit performance, i.e., the propagation
delay exponentially decreases with a reduction in
technology length while total power dissipates in
accordance with a decrease in the channel length of
FinFET because the current driving capability of the
transistor is inversely proportional to the length of
the channel. Therefore, an increase in the current
capability of the FinFET device enhances the delay
in the overall circuit. Thus, overall increases in the
PDP of comparator circuits with technology length
reduction can be clearly observed in Tables 5–7.

In recent IC technology, the 7-nm FinFET is
widely used for IC fabrication. Fig. 5 presents
a transient analysis of the proposed 2-bit binary
comparator using 7-nm high-performance FinFET
technology with a 0.8V supply where A1A0 and B1B0
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Table 4: Device parameters of the high-performance FinFET [29].

Nominal Gate length Fin height Fin pitch Physical oxide S/D doping
FinFET Supply (LG) (Hfin) (Fpitch) thickness (Tox) concentration

technology Voltage (V) (nm) (nm) (nm) (nm) (m-3)

20-nm 0.90 24 28 60 1.40 3× 1026

16-nm 0.85 20 26 42 1.35 3× 1026

14-nm 0.80 18 23 32 1.30 3× 1026

10-nm 0.75 14 21 28 1.20 3× 1026

7-nm 0.70 11 18 22 1.15 3× 1026

Table 5: Compression of the proposed and existing 2-bit binary comparators for the ‘E’ signal using the
high-performance FinFET.

2-bit comparator [27] Proposed 2-bit comparator
FinFET Case-1 Case-2 Case-1 Case-2

technology DE PE PDPE DE PE PDPE DE PE PDPE DE PE PDPE

(ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J)

20-nm 17.136 1.5627 26.77843 33.182 1.3623 45.20384 15.762 1.4122 22.2591 6.6403 1.4117 9.374112
16-nm 11.432 2.8176 32.2108 23.462 2.4498 57.47721 9.6484 2.5287 24.39791 4.3315 2.5277 10.94873
14-nm 7.5059 5.4618 40.99572 15.158 4.7373 71.80799 6.2269 4.8606 30.26647 2.8195 4.8585 13.69854
10-nm 6.8419 12.4029 84.8594 13.139 10.7194 140.8422 5.9571 10.7555 64.07159 2.6448 10.7448 28.41785
7-nm 6.1898 33.5741 207.817 11.766 28.5519 335.9417 5.5668 27.0456 150.5574 2.4953 26.9658 67.28776

Table 6: Compression of the proposed and existing 2-bit binary comparators for the ‘G’ signal using the
high-performance FinFET.

2-bit comparator [27] Proposed 2-bit comparator
FinFET Case-1 Case-2 Case-1 Case-2

technology DG PG PDPG DG PG PDPG DG PG PDPG DG PG PDPG

(ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J)

20-nm 29.011 1.3512 39.19966 33.758 1.3624 45.9919 14.468 1.3534 19.58099 22.475 1.4904 33.49674
16-nm 19.180 2.4285 46.57863 22.931 2.4494 56.16719 9.7316 2.3900 23.25852 14.477 2.6829 38.84034
14-nm 12.494 4.6885 58.57812 14.965 4.7366 70.88322 6.5018 4.5434 29.54028 9.3254 5.1776 48.28319
10-nm 11.405 10.5241 120.0274 13.479 10.7138 144.4113 5.8767 10.1546 59.67554 8.8519 11.4426 101.2888
7-nm 10.331 27.7440 286.6233 12.591 28.5070 358.9316 5.2745 26.3287 138.8707 8.5482 28.7796 246.0138

Table 7: Compression of the proposed and existing 2-bit binary comparators for the ‘L’ signal using the
high-performance FinFET.

2-bit comparator [27] Proposed 2-bit comparator
FinFET Case-1 Case-2 Case-1 Case-2

technology DL PL PDPL DL PL PDPL DL PL PDPL DL PL PDPL

(ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J) (ps) (µW) (×10−18 J)

20-nm 35.847 1.3624 48.83795 32.339 1.3512 43.69646 13.072 1.4135 18.47727 21.868 1.4303 31.2778
16-nm 24.318 2.4494 59.56451 21.375 2.4285 51.90919 8.7598 2.5023 21.91965 14.041 2.5705 36.09239
14-nm 15.899 4.7366 75.3072 13.842 4.6885 64.89822 5.8725 4.7676 27.99773 9.0635 4.9532 44.89333
10-nm 14.332 10.7138 153.5502 12.755 10.5241 134.2349 5.3113 10.6575 56.60518 8.6587 10.9402 94.72791
7-nm 13.328 28.5071 379.9426 11.764 27.7440 326.3804 4.7572 27.7707 132.1108 8.3779 27.3470 229.1104

are the input operands and three output signals, i.e.,
‘E’, ‘G’, and ‘L’. No glitches are observed in the
output signals through input transition. Since the
buffer is used in the proposed circuit to balance all
input signals at each gate in the entire circuit, it
can overcome the glitches in the previous comparator
circuit caused by input signal imbalance.

Fig. 6 presents a graphical representation of the
performance variation of a 2-bit binary comparator
using high-performance FinFET technology. The
worst-case delay experienced with FinFET technol-
ogy is compared with the previous architecture as
shown in Fig. 6(a), 6(b), and 6(c) for the ‘E’, ‘G’,
and ‘L’ signals, respectively. Fig. 6(d), 6(e), and
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Fig. 5: Transient analysis of the proposed 2-bit binary comparator using 7-nm FinFET technology.

(a) ‘E’ signal (b) ‘G’ signal (c) ‘L’ signal

(d) ‘E’ signal (e) ‘G’ signal (f) ‘L’ signal

(g) ‘E’ signal (h) ‘G’ signal (i) ‘L’ signal

Fig. 6: Performance variation exhibited by the 2-bit binary comparator using FinFET technology with
different channel lengths; (a), (b), and (c) worst-case delay; (d), (e), and (f) worst-case power dissipation;
(g), (h), and (i) worst-case PDP.
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6(f) show the performance variation of worst-case
power dissipation with FinFET technology for ‘E’,
‘G’, and ‘L’ signals, respectively. Finally, the graph
in Fig. 6(g), 6(h), and 6(i) shows the worst-case PDP
and FinFET technology length corresponding to the
output signals ‘E’, ‘G’, and ‘L’. It can be concluded
from this graph that the impact of FinFET on binary
comparator performance, i.e., propagation delay ex-
ponentially decreases with a reduction in technology
length, and total power dissipates with a reduction
in technology length because the current driving
capability of the transistor is inversely proportional
to the length of the channel. Thus, the PDP exhibits
an overall increase when the FinFET technology
length decreases. Furthermore, the proposed work
demonstrates a better performance when FinFET
technology is used in comparison to the conventional
180-nm CMOS technology.

8. CONCLUSION

In this work, an elementary 2-bit binary compara-
tor circuit is proposed to minimize the fan-in of logic
gates (NAND-NOR). A general 2N -bit comparator
structure is also proposed to operate high radix
binary operands of the elementary binary comparator
circuit, thereby overcoming the dependency of the
operand size of logic gate fan-in. Thereafter, an accu-
rate estimation is obtained of power dissipation and
delay using the backtracking model to demonstrate
that the worst-case performance of the proposed
circuit is better than that of the previously reported
architecture [27]. The input test vector is obtained
from this method for two cases (for each output
signal, involving the maximum possible transition
at each node) to compute the maximum possible
delay and power or PDP in the circuits. Initially,
the proposed architecture is validated using 180-nm
CMOS technology for comparison with the reported
results [27]. The proposed architecture utilizes
a high-performance energy-efficient XOR circuit to
improve the performance of the comparator system.
The overall PDP reduces by 68% compared to
the earlier reported comparator circuit using the
tree-based structure [27]. The performance of the
comparator circuit, employing FinFET technology in
varying channel lengths is also observed in this work.
The simulation results show that the propagation
delay exponentially decreases by 62% when the
higher-order channel length is reduced by 50% (i.e.,
20 nm to 10 nm) whereas, its power dissipates by
661%. The overall increase in PDP is observed to
be 187%. During a similar analysis at a lower-order
FinFET channel length (i.e., 14 nm to 7 nm) the
decrease in propagation delay was only 11%, while
its power dissipates by 456%. The overall PDP
for such circuits increases by 397%. Therefore, it
can be concluded that beyond 7-nm FinFET tech-
nology, the comparator circuit performance degrades

significantly. The proposed 2-bit binary comparator
is better in terms of performance when FinFET
technology is used compared to conventional 180 nm
CMOS technology.
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