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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Abstract

Particle swarm optimization (PSO) is a computational method used for solving different 
types of optimization problems. The social behaviors of fish schooling and flocks of birds 
mostly influence the PSO. PSO uses a collection of particles to explore the search space 
and locate the best possible solution.Each particle updates its position depending upon 
experience of itself or from neighboring particles, aiming to find the best solution in terms 
of the objective function being optimized.Crazinessbased Particle Swarm Optimization 
(CRPSO) is an advanced variation of the standard Particle Swarm Optimization (PSO) 
algorithm.CRPSO introduces a “craziness” factor to enhance the diversity of the swarm 
and prevent premature convergence to local optima.This paper deals with the design of 
a CMOS differential amplifier circuit with a current mirror load using CRPSO algorithm. 
The optimized sizes of the transistors are obtained using CRPSO to decrease the overall 
transistor area while meeting design limitations. The results achieved using the CRPSO are 
validated in the SPICE. The simulation result shows the superiority of CRPSO in the design 
of differential amplifier.
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Introduction

Manual circuit sizing relies on human designers 
leveraging their expertise, experience, and intuition to 
determine the optimal sizes for transistors and other 
components in a VLSI circuit. This approach is suitable 
for small to medium-sized designs or situations where 
specific expert knowledge is critical. However, manual 
sizing can be extremely time-consuming, especially for 
large and complex circuits.Automated sizing of VLSI 
circuits is a vital part of the design process, aiming 
to optimize the dimensions of transistors and other 
components to meet performance criteria such as area 
and power consumption. This involves finding the optimal 
widths and lengths of transistors to achieve desired 
performance while adhering to design constraints. 
Automated circuit sizing is ideal for large-scale and 
complex designs, offering efficiency, consistency, and 
global optimization. Although it requires significant 
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AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 

setup and computational resources, it can achieve 
superior results by systematically exploring the design 
space. Automation is particularly essential in analog 
circuit design to overcome the challenges inherent in 
manual design.

Various approaches have been explored to automate 
analog circuit design, as reported in.[1-2] Different 
optimization technique, such as genetic algorithms,[3-4] 
Particle Swarm Optimization (PSO),[5-6] craziness-based 
PSO (CRPSO),[7] MDEA optimization,[8] and the cat swarm 
optimization algorithm,[9] have been utilized for analog 
circuit sizing problems. Optimal component values for 
low-pass filters have been determined using tabu search 
(TS),[10] differential evolution (DE),[11] average DE (ADE) ,[12]  
and PSO with Aging Leader and Challenger (ALC-PSO).
[13] Additionally, Partition Bound PSO (PB-PSO)[14] and 
hybrid PSO[15] have been applied for the optimal design 
of differential amplifiers. The primary contributions 
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
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of this paper include optimizing transistor size and 
designing amplifiers with enhanced performance 
parameters compared to previously reported techniques. 
The optimization technique employed here is  
CRPSO.[16-17]

Particle Swarm Optimization 

PSO[18-19] is a traditional optimization method. It involves 
a swarm of particles for optimization. Each particle has a 
position and velocity. The position and velocity updates 
are governed by the following equations: 
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The detailed description of the above-mentioned 
parameters are given in.[18-19]

Craziness based Particle Swarm Optimization

Conventional PSO is altered by introducing  a 
“craziness velocity”. This modified PSO is termed as 
CRPSO. The velocity expression can be expressed as  
follows:[16-17]
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where r1, r2 and r3 are within the interval [0,1], and sign 
(r3) is a function defined as:
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The velocity of the particle is crazed by,
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where r4 is a random parameter within the interval [0,1]; 
vi

craziness is a random parameter, P(r4) and sign(r4)  are 
given in.[7] The flowchart for CRPSO algorithm is given 
in Fig. 1. The important CRPSO algorithm Parameters is 
presented in Table 1.

TABLE 1: Average power  CRPSO algorithm parameters
Parameters CRPSO
Population Size (m) 10
Dimension of the optimization problem (n) 7
Iteration Cycle 100
C₁ 2
C₂ 2
Pcr 0.3
vcraziness 0.0001

FIG. : Flowchart of CRPSO algorithm

Problem Formulation of Differential Amplifier circuit 

The circuit diagram of the CMOS differential amplifier 
circuit with current mirror load is shown in Fig. 2. The 
important performance parameters for the design of 
CMOS differential amplifier  are considered as follows: 
SR (Slew rate), gain (Av), unity gain frequency (UGF), 
VIC(max) (maximum ICMR), VIC(min) (minimum ICMR), 
power dissipation (Pdiss), and total transistor area. The 
performance parameters  are presented in Table 2. 
The design variables  are as follows: bias current (Ib), 
width (W) and length (L) of each transistors, and load 
capacitance (CL).  The design steps [20] for the differential 
amplifier circuit are given in Table 3. The main objective 
of the design is to minimize the total transistor area.  

FIG. 2: CMOS differential amplifier circuit  
with a current mirror load

0.5
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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The dimensions of particle vectors (Xdiffamp)  are described  
as

( ) ( )[ ], TTA, V V, SR, UGF,, A,CPX ICICvLdissdiffamp maxmin=

The cost-function (CF) is  described  as 

 ∑ ×=
=

6

1
)(

i
ii LWCF  (6)

Simulation Results 

The  CMOS differential amplifier is designed with 
the help of CRPSO. The optimized value of all design 
variable such as Ib, W, L are  obtained by using CRPSO 
in MATLAB. The upper and lower bound of these design 
variables and the obtained values using CRPSO are 
presented in Table 4. SPICE simulation is performed for 
the differential amplifier designed in Cadence virtuoso 
analog environment using UMC 180 nm technology. 

The voltage gain vs frequency plot of the differential 
amplifier is depicted in Fig. 3. The  gain and cut-off 
frequency of the differential amplifier is 45.96 dB and 
9.75 MHz, respectively. The phase vs frequency plot 
of the differential amplifier is depicted in Fig. 4. The 
simulated phase margin of the amplifier is 78.28°.

The simulated common-mode rejection ratio (CMRR) and 
power supply rejection ratio (PSRR) plot of differential 
amplifier is shown in Fig. 5 and Fig. 6,  respectively. The  
PSRR and CMRR of the differential amplifier are 44.75 dB 
and 73.76 dB, respectively. From Fig. 7, the computed 
value of SR is 7.74 V/µS. The simulated results for 
differential amplifier is shown in Table 5 and compared 
with[14] and. [21] The simulated result of the designed 
differential amplifier using CRPSO shows better results in 
terms of voltage gain, phase margin, CMRR, PSRR, Power 
dissipation and total transistor area.  The UGF and SR  of 
the designed differential amplifier is less than the, [14,21],  

TABLE 2: Design specifications of differential amplifier

Design parameter Unit Values
Technology nm 180

Av dB > 39

PM ° > 45

UGF MHz > 5

CMRR dB > 50

PSRR dB > 35

SR V/µS >5

VIC(min) V > 0.4

VIC(max) V < 1.5

Pdiss µW < 1000

Total transistor area µm2 < 1500

TABLE3:Design step of  CMOS differential amplifier circuit 

	Define ID5to meet SR.

	Design for 









1

1

L
W  and 










2

2

L
W to satisfy AV.

	Design for 









3

3

L
W  and 










4

4

L
W to validate the upper ICMR.                                               

	Design for 









5

5

L
W  and 










6

6

L
W to validate the lower ICMR.                                                     

	Determine ID5to satisfy Pdiss.  

TABLE4: Optimal design parameters obtained from CRPSO

Parameter Lower bound - 

Upper bound

Obtained value 
using CRPSO

W1 = W2 240 nm - 30 µm 907.4 nm

W3 = W4 240 nm - 30 µm 1.78 µm

W5 = W6 240 nm - 30 µm 2.8 µm

L 3.5 µm 3.5 µm

Ib 3.5 µA - 30 µA 4.8 µA

CL 0.5 pF 0.5 pF

FIG. 3Gain plot of differential amplifier circuit

FIG. 4: Phase plot of differential amplifier circuit 

K(min), K(max), TTA]

CF
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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but it is as per the design specification. The VIC(max) and 
VIC(min)of the differential amplifier is 0.55 V and 1.4 
V respectively. The gain of the designed amplifier is 
increased almost by 17% as compared to.[21]. The power 
dissipation and total transistor area of the designed 
amplifier is reduced by 61% and  85% as compared to.[14]  
The simulated results reported in Table 5 confirms 
the efficacy of the CRPSO in the differential amplifier  
design.

TABLE 5: Simulated result of differential amplifier

Design 
parameter

Unit [14] [21] This work

Technology nm 180 180 180

Av dB 40.59 39.35 45.96

PM ° 47.68 53.5 78.28

UGF MHz 25.23 21.70 9.75

CMRR dB 70 56 73.76

PSRR dB 41.31 41.36 44.75

SR V/µS 22 18 7.74

Pdiss µW 45 50 17.28

Total tran-
sistor area

µm2 249 195.85 38.81

The simulation of  differential amplifier is carried out 
against change in process, voltage and temperature 
(PVT) variations. The PVT variation results of the 
differential amplifier are  presented in Table 6-8. The 
process variation of the design is done at slow-slow (SS), 
fast-fast (FF), typical-typical (TT), slow NMOS-fast PMOS 
(SNFP), fast NMOS-slow PMOS (FNSP). The temperature 
variation of the design is done at -4°℃ - 125 ℃ and supply 
voltage is varied by maximum 10%   from the standard 
supply voltage of 1.8 V. From Table 6-8, it is evident 
that all the performance parameters satisfy the design  
constraint.

TABLE 6: Process corner analysis of differential amplifier

Process
SS SNFP TT FNSP FF

Specification Unit

Av dB 46.4 45.95 45.9 45.92 45.5

PM ° 78.75 78.54 78.2 78.01 77.9

UGF MHz 8.49 9.74 9.75 9.75 11.1

CMRR dB 73.25 69.71 73.7 76.41 73.7

PSRR dB 45.1 44.48 44.7 44.89 44.3

SR V/µS 6.39 7.98 7.74 7.48 9.33

Pdiss µW 14.09 17.81 17.3 16.77 21

TABLE 7: Temperature variation analysis of  
differential amplifier

Temperature
-40 ℃ 27 ℃ 125 ℃

Specification Unit

Av dB 46.35 45.96 45.16

PM ° 77.6 78.28 79.12

UGF MHz 12 9.75 7.88

CMRR dB 76.39 73.76 67.92

PSRR dB 45.33 44.75 43.58

SR V/µS 8.16 7.74 7.67

Pdiss µW 17.82 17.28 17.04

FIG. 5: CMRR plot of differential amplifier circuit 

FIG. 6: PSRR plot of differential amplifier circuit 

FIG. 7: SR plot of differential amplifier circuit
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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TABLE8:Supply voltage variation analysis of  
differential amplifier

Supply Voltage
1.62 V 1.8 V 1.98 V

Specification Unit

Av dB 45.8 45.96 45.84

PM ° 78.5 78.28 78.13

UGF MHz 8.19 9.75 11.22

CMRR dB 79.95 73.76 62.63

PSRR dB 44.7 44.75 44.75

SR V/µS 5.35 7.74 10.32

Pdiss µW 10.83 17.28 25.57

Conclusion

In this study, the CRPSO is used to construct a CMOS 
differential amplifier circuit. CRPSO is efficient at 
determining the optimal size of all transistors. The 
circuit is developed in Cadence to meet the performance 
requirements. Compared to earlier literature, CRPSO 
produces better results regarding gain, power dissipation, 
and area. CRPSO can produce a nearly global optimal 
analog circuit design.  The CRPSO can be used to design 
more complex analog circuits.                               
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AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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