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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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Abstract
Electronic devices are rapidly evolving upon an era of unprecedented computational 
power and functionality. However, this progress comes with a significant challenge: 
getting control of heat given by more and more compact and strong components. The 
demand for sophisticated thermal management solutions continues to rise, as electronics 
evolve. Using these technologies, this article explores the advanced physics of heat 
transfer technologies that are reshaping thermal management in the electronics industry. 
With electronic devices getting smaller, yet packing more performance onto them, heat 
dissipation has become a defining issue for engineers and designers. Effective thermal 
management is crucial for several reasons. Excessive heat can greatly shorten the life 
of electronic components reducing the lifespan of the devices to premature failure 
and way higher maintenance cost. Thermal throttling can occur on high temperatures, 
where devices cut their performance down to avoid overheating, playing havoc with the 
user experience. Safety risks of overheating are especially great in sensitive applications 
such as medical devices or aerospace systems. Thermal management can play a role as a 
means to overall energy savings if cooling system power can be reduced.
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Introduction

In view of these factors, the development of the 
advanced heat transfer technologies has been turned 
into an important direction in the electronics industry. 
In response to this, more and more thermal management 
solution innovations have been seen across consumer 
gadgets to industrial machinery.

Learning heat transfer mechanisms

Before delving into specific technologies, it’s essential 
to understand the fundamental mechanisms of heat 
transfer that form the basis of thermal management 
strategies:

Conduction

Thermal energy is transferred through one part of matter 
to another by direct contact between particles of matter, 
which is known as conduction. This happens more often 
than not in electronics through the solid material of heat 
spreaders or thermal interface materials.
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Convection

The movement of fluids or gases in which heat is 
transferred is convection. This is what electronic cooling 
is in the form of natural convection (passive air cooling), 
forced convection (fans and liquid cooling systems).

Radiation

Energy emitted in the form of electromagnetic waves is 
called radiation. Though less important in most of the 
electronic cooling applications, it can be significant in 
certain applications, especially in space based systems.

Developing thermal management solutions appropriate 
for specific electronic applications requires an 
understanding of these mechanisms.[1-5]

Advanced Materials for Enhanced Thermal 
Conductivity
Development of advanced materials with higher heat 
conducting properties is one of the most promising 
research fields in the thermal management field.  
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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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These materials are revolutionizing the way heat is 
dissipated in electronic devices:

Graphene and Carbon Nanotubes

Thermal management has taken a big leap forward 
with graphene, a single layer of carbon atoms in a 
hexagonal lattice. With its better than copper thermal 
conductivity, it is a good candidate for heat spreading 
applications. Carbon nanotubes have also been shown 
to possess wonderful heat conducting properties and are 
under investigation for thermal interface material and 
for composite structures.

Fig. 1: Graphene and Carbon Nanotubes

Diamond-Based Materials

Though costly, diamond materials are synthetic, and 
possess the highest thermal conductivity achievable 
in any known material. Such spin polarized metals are 
being investigated for use in high performance electronic 
applications where cost is not a significant consideration, 
e.g. aerospace or military systems.

Phase Change Materials (PCMs)

The application of PCMs provides a new way to manage 
thermal energy by absorbing and releasing heat 
during phase changes. These materials can stabilize 
temperatures in electronic devices under conditions 
having variable thermal loads.[6-8]

Metal Matrix Composites

Flexible composites formed from metals combined with 
high conductivity materials such as graphene or carbon 

fibers provide excellent thermal management with 
structural integrity. These advanced materials are now 
ready to be integrated into electronic designs, allowing 
efficient heat dissipation necessary to designing more 
powerful and increasingly compact devices.

Heat pipe technologies

Heat pipes have long been a staple in thermal 
management, but recent innovations are pushing their 
capabilities to new heights:

Vapor Chambers

So superior heat spreading is possible in thin form 
factors with vapor chambers, which are essentially 
flattened heat pipes. And they are particularly useful in 
smartphones and laptops that lack space.

Loop Heat Pipes

Compared to traditional heat pipes, loop heat pipes 
possess better heat transfer capability and provide 
for more flexibility in design and longer distance heat 
transport.

Pulsating Heat Pipes

Based on the pulsating motion of a working fluid, 
these novel devices transfer heat which have potential 
advantages in some applications because of their 
simplicity and absence of wicks.

Oscillating Heat Pipes

Some heat pipes oscillate, using the thermally driven 
oscillating motion of a working fluid to transfer heat 
at potentially higher heat transfer rates. But these 
advanced heat pipe technologies enable more effective 
and smaller thermal management solutions which are 
critical to miniaturization and higher performance of 
electronic devices.

Microfluidic Cooling Systems

Microfluidic cooling represents a cutting-edge approach 
to thermal management, leveraging the principles of 
fluid dynamics at the microscale:

Single phase microfluidic cooling

That technique, called microchannel, consists of 
pumping a liquid coolant through microchannels etched 
right onto or near the heat generating components. With 
a high surface area to volume ratio, these channels are 
able to treat heat efficiently.



H. Alaswad and K. Hooman. Thermal Management in Electronics using Advanced Technologies for Heat Transfer

Innovative Reviews in Engineering and Science | Jan-June 2026 19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

 1.8-V Low Power, High-Resolution, High-Speed 
Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology

 Ishrat Z. Mukti1, Ebadur R. Khan2. Koushik K. Biswas3

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh

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:

KEYWORDS: 
 comparator,  
gain,  
offset voltage,  
cadence, 
spectre.

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

DOI:
https://doi.org/10.31838/jvcs/06.01. 03 
 
 
 
 
 
 
 
 

 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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Microfluidic Cooling Using Two Phases

But the latent heat of vaporization can be exploited 
to achieve higher cooling efficiencies for two phase 
systems. If the liquid coolant absorbs heat and eventually 
vaporizes, it is capable of removing quite a bit more 
heat than single phase systems can.

Electrowetting-Based Cooling

Electric fields are used to manipulate droplets of coolant 
to cool localized areas of a chip, using an innovative 
approach that pushes the envelope for what is possible 
using electric fields.

Jet Impingement Cooling

By directing high velocity jets of coolant onto hot spots, 
microfluidic jet impingement cooling offers targeted, 
highly effective cooling. In these microfluidic technologies, 
the cooling performance can be achieved at orders of 
magnitude smaller volume, which makes them promising 
for high performance computing and electronics.

Thermoelectric Cooling Advances

Thermoelectric cooling, based on the Peltier effect, has 
seen significant advancements in recent years:

Better Thermoelectric Materials

Improvements in Peltier device efficiency from research 
on new thermoelectric materials, such as skutterudites 
and clathrates, enhance the viability of such devices for 
electronic cooling uses [9]-[14].

Thermoelectric Coolers (TFC)

The thin film technology is advancing fast enough for the 
development of ultra thin thermoelectric coolers which 
can be integrally mounted in electronic packages.

Thermoelectric Coolers Cascaded

Cascaded coolers stack multiple thermoelectric stages 
to increase their temperature differential range of 
applications.

Hybrid Thermoelectric Systems

This combines other thermal management techniques, 
such as liquid cooling or heat pipes, not only improving 
the flexibility of the cooling solution, but also raising 
the overall energy efficiency. Its most conventional 
limitations have been efficiency driven, and these 
advances make available new application spaces for 
thermoelectric cooling, primarily for spot cooling and 
temperature stabilization applications in electronic 
thermal management.

Active Cooling Technologies

Active cooling technologies, which rely on external 
power sources, continue to evolve to meet the demands 
of high-performance electronics:

Advanced Fan Designs

The performance of air cooling systems is improving 
in fan blade, motor efficiency and noise reduction 
innovations.

Synthetic Jet Cooling

Synthetic jets are oscilling diaphragm based jets to 
generate pulsed air jets; they provide efficient cooling 
without the energy expenditure of traditional fans.

Piezoelectric Fans

Evans also notes that piezoelectric materials enable each 
ultra-thin fan to spin without gears or belts, potentially 

Table 1: Thermal Management Technologies for Electronics

Technology Functionality

Heat Pipes Heat pipes use the phase change of a liquid to transfer heat efficiently from high-temperature regions 
to cooler areas, commonly used in computer processors and other electronics.

Thermoelectric 
Coolers

Thermoelectric coolers (TECs) employ the Peltier effect to transfer heat from one side to another, offer-
ing a compact solution for cooling small electronic devices.

Phase Change 
Materials

Phase change materials (PCMs) absorb or release heat when they change phase, maintaining a stable 
temperature in electronic systems and reducing the risk of overheating.

Heat Sinks Heat sinks are passive components designed to dissipate heat from electronic components, improving 
heat dissipation and ensuring optimal operating temperatures for sensitive devices.

Microchannel Cooling Microchannel cooling utilizes small, highly efficient channels in electronic devices to circulate coolants 
and remove excess heat, providing an effective solution for high-performance electronics.

Liquid Cooling Systems Liquid cooling systems circulate coolants through a network of pipes to absorb and remove heat from 
electronics, offering superior thermal management for high-power devices.
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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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making them ideal for use in space-constrained 
applications.

Liquid Metal Cooling

They are getting attention as a coolant, because liquid 
metals are known to have excellent thermal conductivity, 
but there are still compatibility and handling issues.

The active cooling technologies behind these are further 
straining the limits of how much can be cooled and are 
extending cooling capability to systems with higher 
power density.

Table 2: Thermal Management in Electronics

Factor Influence

Heat Generation Heat generation is a crucial factor 
in thermal management, as high 
power consumption in electronic 
devices leads to increased heat 
production that must be efficient-
ly dissipated.

Material Properties Material properties, such as ther-
mal conductivity, specific heat, 
and expansion rates, directly im-
pact the efficiency of heat trans-
fer and the selection of cooling 
technologies.

Cooling Efficiency Cooling efficiency determines 
how effectively a system can re-
move heat from sensitive com-
ponents, influencing the overall 
performance and reliability of 
electronics.

Power Density Power density refers to the 
amount of power generated per 
unit volume, and higher power 
densities require advanced ther-
mal management solutions to 
prevent overheating and ensure 
device longevity.

Device Integration Device integration affects ther-
mal management by determining 
how compact or dispersed com-
ponents are, which influences the 
choice of cooling techniques and 
heat dissipation methods.

Environmental Condi-
tions

Environmental conditions, such 
as ambient temperature and air-
flow, can significantly impact the 
performance of thermal manage-
ment systems, requiring adapta-
tions for different operating envi-
ronments.

Passive Cooling Innovations

While active cooling often garners more attention, 
passive cooling techniques continue to play a crucial 
role in thermal management:

Advanced Heat Sink Designs

Status of passive air cooling of high performance 
electronic components has taken advantage of 
innovations in heat sink geometry, such as pin fin arrays 
and micro channel structures.

Phase Change Heat Spreaders

With phase change materials integrated into the heat 
spreader, application of phase change can help wrangle 
temperature spikes and create more uniform cooling.

Graphene-Based Radiators

Ultra thin, highly efficient radiators for passive cooling 
are being developed from the exceptional thermal 
properties of graphene.

Metamaterial Cooling Structures

For the purpose of boosting radiative cooling in electronic 
devices, engineered metamaterials with unprecedented 
thermal properties are explored. Innovations in the field 
of passive cooling present the reliability and energy 
efficiency, so are appropriate for application in which 
the power consumption and repair has to be minimized. 
Certain applications require thermal management 
solutions capable of operating in challenging conditions:

Aerospace Thermal Management

Space based electronics present issues with unique 
thermal challenges from the vacuum environment as 
well as extreme temperature fluctuations. With these 
issues in mind, advanced radiators, heat pipes, and 
phase change systems are being developed.

Cooling for High Temperature Electronics

Whenever electronics need to work at higher 
temperatures, such as in deep sea drilling operations 
or automotive engine control units, they must be able 
to survive. For these scenarios, specialized cooling 
solutions (e.g. high temperature resistant materials, 
active cooling systems) are being developed.

Cryogenic Electronics Cooling

Near absolute temperatures are required for cooling 
for some quantum computing and some scientific 
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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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instruments. These cutting edge applications are 
becoming possible with advances in cryogenic cooling 
systems, such as dilution refrigerators and pulse tube 
coolers.[15-18]

Military and Defence Applications
For military electronics, the operation in harsh 
environments with extreme temperatures and ‘shock 
loads’, has to be often. Development of ruggedized 
cooling solutions including advanced thermal 
management materials and shock-resistant heat pipes 
are to meet these demanding requirements. These 
thermal management solutions at the specialized end of 
the spectrum are driving new frontiers in technology and 
scientific research.

Simulation and Design Tools for Thermal

The development of advanced thermal management 
solutions is being accelerated by sophisticated simulation 
and design tools (Figure 2):

Computational Fluid Mechanics

By combining the equations of physics and the geometry 
of a structure, CFD software enables engineers to 
construct and optimize complex thermal systems and 
predict the flow of heat and where heat might gather 
prior to building physical prototypes.

Multi-Physics Simulation

Thermal, electrical, and mechanical integrated 
simulation tools offer a much better insight into device 
behavior in different conditions.

AI-Assisted Thermal Design

Since thermal management design optimization involves 
exploring massive solution spaces, they are being 
explored using machine learning algorithms.

Digital Twins

Real-time monitoring and Predictive Maintenance of 
Thermal Management Systems are facilitated by creating 
digital replicas of physical devices. These advanced 
design and simulation tools are creating better thermal 
management solutions that consume less energy and are 
more likely to be reliable fastening the development 
time and cost.[19-22]

Future Trends in Electronic Thermal 
Management—Contemporary and Trending 
Solutions

As we look to the future, several emerging trends 
are shaping the landscape of electronic thermal 
management:

3D Chip Stacking and Cooling

Chip designs are increasingly three dimensional, and new 
cooling strategies are developed to address the thermal 
challenges of densely packed structures.

Bio Inspiried Cooling Solutions.

The inspiration comes from nature: researchers 
are becoming increasingly interested in the cooling 
mechanisms found in living organisms to create new 
thermal management concepts.

Fig. 2: Simulation and Design Tools for Thermal
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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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Thermal Materials that self heal

Autonomous repair of thermal damage is being explored 
to increase the operating life and reliability of cooling 
systems.

Waste Heat Energy Harvesting

It is developing technologies that can convert waste heat 
to useful energy in hopes of improving overall system 
efficiency.

These emerging trends emphasize the innovation and a 
certain dynamism in the field, and provide a promising 
perspective on how further progress in the field of 
thermal management is to be achieved toward the 
thermal management of future electronic systems.

Conclusion

The electronics thermal management field has been 
experiencing a period of sudden rapid innovation due to 
the ever increasing demands of modern electronics. The 
landscape of thermal management is transforming from 
advanced materials and novel cooling technologies, 
to sophisticated design tools and future concepts. 
With the continual shrinking of electronic dimensions 
and increasing levels of performance to be pursued, 
successful thermal management will be required as an 
enabler of technological progress. This article discusses 
just one segment of ongoing revolution in movement 
of heat for electron devices. The electronics industry 
has a chance to overcome the thermal challenges 
thwarting next generation devices by embracing these 
innovations so they can continue to invest in research 
and development. Thermal management will be a 
major determinant of capabilities and form factors in 
electronic systems of tomorrow, and we see this clear as 
we look to the future.
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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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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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