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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

Antennas have garnered significant attention in the past few decades owing to their appealing 
characteristics and potential for facilitating lightweight, adaptable, cost-effective, 
and portable wireless communication. These antennas must conform to applications in 
various regions, necessitating components and low-profile architecture. Eventually, these 
antennas must function with little degradation when near human beings for educational 
environments. These criteria complicate the layout of antennas, particularly for size 
rigidity, structural distortion impacts, student connection, and fabrication difficulty and 
precision. Although there are minor differences in severity based on applications, most of 
these challenges arise within the framework of educational implementations. The article 
elucidates several obstacles and issues associated with constructing antennas, including 
choosing materials and fabrication procedures. Significant advancements in reducing back 
radiation, generating Circular Polarization (CP), employing dual polarization technologies, 
and enhancing resilience against environmental factors are introduced to improve data 
transmission and communication. This is succeeded by examining novel features and their 
corresponding methodologies aimed at mitigating these challenges, which have been 
suggested recently by academics engaged in this domain.
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Introduction

The global population is increasingly educated, with 
technology facilitating improvements in convenience, 
safety, health, and overall quality of life.[1, 24]  

The advanced technology is one of the domains 
significantly influenced by technological advancements. 
It denotes mobile and lightweight sophisticated 
electronic equipment integrated into clothing and other 
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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.

Author’s e-mail: ishratzahanmukti16@gmail.com, ebad.eee.cuet@gmail.com, kou-
shikkumarbiswas13@gmail.com

How to cite this article:  Mukti IZ, Khan ER, Biswas KK. 1.8-V Low Power, High-Res-
olution, High-Speed Comparator With Low Offset Voltage Implemented in 
45nm CMOS Technology. Journal of VLSI Circuits and System Vol. 6, No. 1, 2024 (pp. 
19-24).

Journal of VLSI Circuits and Systems, ISSN: 2582-1458 Vol. 6, No. 1, 2024 (pp. 19-24) 

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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items. These gadgets are intended to collect quantitative 
data on the routine and environment. In the past 
decade, innovations like virtual reality and omnipresent 
computing have significantly advanced technology.

An expanding array of devices is emerging in the 
marketplace.[11] The Sony Smartwatches have grown 
ubiquitous, enabling users to manage announcements, 
access their email, and execute many productive duties 
through a simple interface. The Jawbone is a wristband 
gadget that lets users track their exercise regimen, 
incorporating step count and calorie expenditure. 
Google Glass is a recent technology that allows people 
to access data about their environment. An instance 
of adequate testing of technological devices is using 
Google Glass to monitor traffic infractions.[17] The 
Dubai Police Authority intends for criminal detection 
through facial recognition technology integrated into 
the device. The advanced technology remains nascent, 
facing numerous hurdles like battery longevity, display 
dimensions, expense, design, and privacy concerns, 
which hinder its general adoption and accessibility. 
Given the myriad innovative applications of these 
gadgets, the research anticipates that innovation 
will advance and the challenges currently faced by 
programmers will soon be resolved.

The current gadgets can be utilized to create a diverse 
range of systems and apps in educational environments.[3,21]  
In the healthcare industry, gadgets are convenient for 
monitoring patients’ welfare and wellness, reducing 
healthcare expenses.[8] In education, technologies can 
enhance interactions between students and professors 
and their environment; there are now limited tangible 
educational uses.[7, 10]. Learners can utilize handheld 
devices to explore many global locations with a virtual 
reality program called Expedition to improve data 
transmission and communication .[5, 16, 25] It serves as a 
tool for augmenting learning by learners and facilitating 
obtaining pertinent data. Devices have been effectively 
utilized in medical education, demonstrating significant 
benefits in enhancing healthcare and surgical training 
knowledge and skills. Additional gadgets are used in 
educational settings; bright jewelry or additional gadgets 
could notify students of dangerous circumstances in 
chemistry classes. Webcams enable learners to function 
concurrently as observers and reporters, quickly recording 
numerous images or data during an outdoor excursion, 
which can be accessed by email or other internet 
platforms.[4,18] Smartwatches allow students to access 
and manage messages in educational environments. 

In contemporary educational establishments, the 
utilization of electronic equipment is increasingly 

essential. These gadgets malfunction and necessitate 
immediate maintenance to prevent disruptions during 
the class. The present research investigates the notion 
of augmenting learning by supporting and preserving the 
educational surroundings to improve data transmission 
and communication .[2, 12, 20] The study intends to create 
an application to oversee the dysfunction of classroom 
electronic devices with advanced antenna technologies .[19]  
The tool enables the support services to recognize 
malfunctioning educational gadgets and promptly 
receive and handle repair requests.

Adaptable Substances for Modern Antennas

Antennas are constructed from various conductive and 
dielectric substances. These substances are meticulously 
selected to facilitate moderate mechanical distortions 
(stretching, twisting, and winding) with little harm from 
varying weather circumstances (rainfall, snow, ice, 
etc.) and enough electromagnetic radiation shielding.[13] 
Alternative fabric and non-fabric substances have been 
utilized for antennas.[6] The accurate characterization of 
fabric components is crucial.[22].

Conductive materials

The radiated component must exhibit good conductance 
for flexible antennas, while the substrate (textile fabric/
polymer films) must maintain a uniform thickness. Minimal 
permittivity (Er) and loss slope (tan δ) are desirable [9]. 
The electro-textile antenna is recognized for having 
inferior gain, effectiveness, and spectrum compared to its 
copper equivalent, attributable to its comparatively poorer 
conductance. Samples of such electro-textiles with varying 
sheet resistance include nickel-plated, silver-plated, 
Flectron, and Nora conductivity textiles to improve data 
transmission and communication. Like conductive polymeric 
combination materials, the main difficulty in electro-textile 
substances is achieving strong conductance to establish 
persistent current channels, thereby reducing impedance 
losses and enhancing antenna radiation effectiveness. 
Antennas composed of conductive transparent components 
are preferred for discreet integration into various gadgets.[15]  

Multiple materials, including indium-doped oxides, 
conducting coated films, silver-tin combinations, fluorine, 
zinc, aluminum, translucent fabric cells, and netting wiring 
films, are extensively utilized to enhance the effectiveness 
of transparent antennas.[23]

Substrates

The substrate utilized in antennas is of utmost 
significance in functionality and manufacturing.  
The majority of flexible substrates employed exhibit 
minimal permittivity and loss slope. This aims to 
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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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enhance their efficiency in proximity to the human 
being, although at the expense of increased antenna 
length. Felt, fleece, silk, and Cordura are examples of 
these materials. The dielectric values of several textiles 
were measured and presented. Additional studies have 
introduced a comprehensive inkjet-printed location 
tracking method for applications on several surfaces to 
improve data transmission and communication.

The impact of various flexible substrate factors on patch 
antenna efficiency was examined. Their study investigated 
the properties of magnetodielectric bendable materials 
under both planar and bent circumstances. The flexible 
material demonstrates outstanding effectiveness, 
sufficient gain, and a consistent radiation distribution 
without compromising bandwidth under bending 
conditions.

The selection of materials is critically important in 
the development of antennas. Due to their conforming 
properties, flexible substances have garnered significant 
interest as alternatives to rigid surfaces in educational 
environments. These adaptable materials are 
meticulously selected to endure rigidity situations such 
as stretching, flexing, and twisting, all while preserving 
user convenience. Antennas fundamentally necessitate 
low-loss dielectric substances for their substrates 
and electrically conductive substances for efficient 
electromagnetic radiation receipt and propagation. 
These highly conductive compounds comprise copper, 
conducting fabric, metallic inks, conductive plastics, 
and polydimethylsiloxane impregnated with conductivity 
fibers. Due to their distinctive features, recently 
discovered flexible components for antennas encompass 
Kapton, PET, liquid crystal polyethylene, natural 
materials, ferromagnetic magnetic materials, textiles, 
and paper.

Manufacturing Methods for Antennas

The fabrication techniques show the speed and precision 
of low-cost antenna devices.[7] The predominant 
manufacturing methods, largely contingent upon 
material selection, encompass wet-etching, inkjet 
printing, screen printing, and embroidery procedures. 
These methods are utilized in antenna manufacturing to 
guarantee affordability, durability, and convenience for 
consumers in their daily attire. 

Substrate Integrating Waveguides (SIW) Technologies 

A novel technique for constructing a system on a single 
platform is SIW. It is essential to design future System-
On-Substrate (SoS) architectures to create cost-effective 
and easily fabricated elements for communication 

front-ends suitable for high-performance networks. 
This configuration guarantees the containment of 
electrical charges within the cavity by implementing 
shorting vias on its lateral walls, supported by a 
complete ground plane to improve data transmission 
and communication. This enhances the quality aspect of 
the construction while concurrently boosting isolation 
between the antenna and the student body. This 
feature pertains to the layout of two antennas on the 
same clothing substrate on the student. The subsequent 
work suggested a multiband antenna utilizing a leather 
substrate in educational environments. The metal 
sheet used to construct the radiator adhered to this 
material to facilitate functioning in the Wi-Fi, WiMAX, 
and military frequency bands.

Sewing 

Employing the traditional technique, a conducting 
textile fiber can be utilized to loom or knit the 
conducting structures of the antenna before affixing it to 
any non-conductive textile substrates. Computer-aided 
stitching equipment directly stitches these antennas 
onto the conductive material. Conducting threads have 
been employed to sew the radiating components of the 
antenna onto textiles with conventional computerized 
embroidery equipment. This technology was exemplified 
in fabricating a patch antenna for E-tag applications 
to improve data transmission and communication. 
The radiated patch connects to the earth and a Radio 
Frequency Identity (RFID) chip exclusively using 
conducting threads and a sewing tool. Implementing 
e-textile conducting fabric improved efficiency relative 
to an antenna constructed with copper tape. A spiral 
circularly polarized antenna with an extensive Axial 
Ratio (AR) bandwidth has been presented previously. 
Elektrisola e-threads were embroidered into a Kevlar 
layer with a high-precision sewing tool. 

Screen printing

The screen printing is an alternative, effective way 
to produce antennas economically. This technique 
of production involves forcing ink through an opening 
using a knife. The screen comprises a network of 
fabric threads, with non-image regions obscured by 
a stencil (emulsion), while the image sections remain 
unobstructed in educational environments.

An E-shaped antenna was screen-printed on a multiple-
layered polyester material. The fabric’s water-resistant 
property enhanced its efficacy as an antenna for 
gadgets, with a calculated gain of 3.5 dBi for WiMAX 
use. In summary, screen printer technology encounters 
numerous difficulties. The limitations encompass its 
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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 

73

low manufacturing decision, the restricted number of 
achievable levels, and the absence of thickness control 
for the conducting level. The problems led to the 
restricted application of this method, as the printing 
technique necessitates enhanced precision for the 
effective functioning of messaging front-ends.

Inkjet printing

Inkjet printing is a favored production method for 
flexible substrates like Kapton and Basalt, owing to its 
precision and quick prototype capabilities for antennas. 
This process involves the deposition of conducting 
nanoparticle ink droplets, as tiny as a picolitre, from the 
tip of a customized printer onto a designated location 
on the flexible substrate. After the deposition, the silver 
layer undergoes heat curing at 150°C to guarantee the 
conductivity of the tracing for antenna applications to 
improve data transmission and communication. 

Using the same industry printers, a patch antenna was 
produced on a synthetic cotton cloth to function in 
the commercial, academic, and medicinal bands (2.45 
GHz). An interface layer of polyurethane-based glue 
prevents direct printing on the medium with significant 
surface imperfections. The Ultra Violet (UV)-treatable 
nature of the paste minimizes substrate degradation. A 
concurrent smelting and depositing technology has been 
implemented to avert the post-heating procedure for 
inkjet printing in educational environments.

The creation of antennas is complex and necessitates 
economical prototyping, precision in antenna materials, 
mass manufacturing simplicity, and compatibility with 
the garments. Various strategies have been presented 
to facilitate the development of antennas. The SIW 
approach enhances separation between the antennas 
and the physique, although intricate production 
procedures hinder it. The antenna enables the seamless 
incorporation of advanced techniques with clothing, 
yet it exhibits weak conductance for antenna purposes. 
Screen printing is more cost-effective and ecologically  
sound. 

Results

Measurement Configuration for an Anechoic Chamber

A chance to conduct comparative measurements in 
Houwteq’s anechoic chamber facilitated a control 
measurement for comparison with the sports field 
outcome. This chamber is an utterly anechoic room using 
Radar-Absorbing Materials (RAM) beneath the wooden 
flooring. Reflections off the hardwood flooring were 
observed with the antennae in horizontal polarization 
(H-Pol).

Configuration for measuring sports fields

Following the availability of the anechoic chamber 
controlling assessment findings, the setup for the 
sports field measurement proceed next. Setup concerns 
involved orienting the transmit antenna far from 
metallic objects while the receive antenna was adjusted 
to minimize reflections in educational environments. 
The measuring configuration utilized the center of the 
field to guarantee that all significant reflective surfaces, 
excluding the earth’s plane, were positioned more than 
45 meters away. This indicates that any reflected waves 
would go over 90 m and be adequately attenuated 
relative to the 3 m distance. Calculating the short, pen, 
load, and via (distribution reflection measurement) at 
the cable terminus positioned the benchmark plane 
precisely at the antennae connection. An indicator 
was conducted while boresighting the antennae at 
a height of 2 meters. The receiving antennae were 
rotated in 5-degree intervals up to 180 degrees. The 
near-symmetrical architecture of the Log-Periodic 
Dipole Array (LPDA) resulted in the mirroring of these 
outcomes to produce 360° polar designs in educational  
environments. 

The S21 amplitude obtained by the Vector Network 
Analyzer (VNA), combined with the separation length R, 
allows for calculating the boresight generated a gain of 
the antennae, plotted vs. frequencies, as illustrated in 
Fig. 1.[14] The plot indicates that the standard actual gain 
for this antennae is 6 dB to improve data transmission 
and communication. As the separation between 
components diminishes at elevated frequencies, the 
fluctuations in resistance and other attributes reduce 
due to the more uniform propagation of the active area 
(where components are about λ/2) among the proximate 
components. The stabilization of the gain tracing is 
evident with a rise in frequencies around 1350 MHz and 
2350 MHz. The radiated resistance at more significant 
frequencies rises due to the substantial radius of those 
components. 
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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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Fig. 2: Gain pattern analysis

The polar structure can be displayed by moving the 
receiving antennae in 5-degree increments up to 200 
degrees. This is illustrated for frequencies of 250 MHz, 
1.2 GHz, and 2.4 GHz in Fig. 2. The exhibited gain 
profiles reveal a strong connection, within 2 dB, in the 
principal lobe in educational environments. The 250 
MHz frequency map shows the most significant disparity, 
with the anechoic chamber demonstrating more gain 
in the rear lobe than the sports area to improve data 
transmission and communication. This is ascribed to a 
modification in the cable connected to the antennae and 
the minimum capacity of the anechoic chamber’s RAM. 

Prospective Obstacles in Antenna Design

The construction of antennas encounters numerous 
obstacles due to their close contact with the human 
body. A decreased Specific Absorption Rate (SAR) of a 
Multiband magnetic-style Antenna indicates reduced 
radiation absorbed by bodily components. Specific 
threshold values exist beyond which SAR levels are 
deemed unsafe for human exposure.

The established limits for SAR are 3 W/kg for 12 grams 
and 1.7 W/kg for 1 gram of weight. As antennae approach 
the human physique, the efficiency variables of the 
antennae are altered. In antennae, omnidirectional 
radiation directions are preferred to allow placement 
at any location on a student body in educational 
environments. The antennae must be flexible and 
compact to facilitate the integration of sensors within 
it. While the antenna must be practical and resistant 

to detuning caused by human body influences, it 
can integrate reconfigurable features to enhance its 
performance. The curving angle significantly influences 
the efficiency of antennas. The positioning of an antenna 
influences its performance due to issues such as bent, 
twisted, and wrinkles. When constructing an antenna, 
evaluating it based on the specific place on the human 
body where it will be utilized for its intended function is 
essential in educational environments.

The antenna’s effectiveness must be enhanced to extend 
the device’s battery life. Reducing re-transmissions 
can enhance battery longevity. The increased gain and 
pattern variety are associated with the link constraint. 
An increase in the connection’s budget enhances the 
antenna’s battery lifespan. 

Antenna metrics for performance, excluding resistance 
to electricity, such as radiation effectiveness, benefit, 
and radiation trends, are negatively affected by the 
presence of the human body nearby. A comparison is 
required between the open space, which lacks absorbing 
materials, and the antenna effectiveness with the help 
of an absorbing medium, such as the individual’s body.

Conclusion

Antennas are essential elements in the development 
of portable technologies. Owing to their lightweight, 
flexibility, affordability, and conformal properties, they 
are optimal for wireless connection and sensors in a 
format. This research initially presents applications in 
which devices demonstrate significant advantages in 
educational environments. The subsequent discussion 
elucidates the varieties of flexible materials employed 
and the cutting-edge technologies utilized to construct 
these structures. The selection of material types can 
be determined by factors such as the usage (indoors or 
outdoors), precision and frequency of the smallest size, 
seamless incorporation into the attire, durability against 
severe weather, and cost and manufacturing pace. 
Antennae require low-loss dielectric and highly conductive 
substances to accept and communicate electromagnetic 
radiation in educational environments effectively. 
Content such as iron, conductive textiles, metallic 
colors, conducting polymers, and polydimethylsiloxane-
embedded conducive fibers are emerging as innovative 
options for the beneficial components of antennas. 
Various strategies have been suggested to minimize 
degradation when operating near the student. They 
comprise extensive ground planes, ferrite substances, 
narrow mesh-wire planes, and metamaterial coverings. 

The most recent studies on two appealing characteristics 
of antennas are examined: adaptability and power 
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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 

75

conservation through energy collecting. Although 
these new features complicate the construction of 
the antennas, they are anticipated to enhance the 
independence of devices in educational environments. 
Their adaptability, whether about frequency, radiation 
guidance, or polarization, will ensure their sustained 
significance as data connectivity advances into the 5G 
and 6G epochs.
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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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