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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

The goal of dynamic spectrum access is to resolve the recent concern of remote spectrum 
inefficiency while also meeting the expanding demands of wireless networks. As a result, 
a new field of study and development is created for Cognitive Radio (CR) technology, 
which is essential for utilizing underutilized spectrum through dynamic spectrum access. 
Therefore, it is guessed that future vehicular correspondence would be CR empowered, 
utilizing more spectrum options to increase the effectiveness of vehicular communication. 
Spectrum handoff is a way to dynamically use underused spectrum. A few radio access 
network could exist together in the execution of CR vehicular network later on. It’s 
conceivable that these network vary essentially in various ways. Consequently, picking the 
best organization for the spectrum handoff decision among a few radio access networks 
with differing qualities as far as different boundaries turns into a difficult undertaking for 
the CR vehicular hub. This supports the utilization of Multiple Attributes Decision Making 
(MADM) methods to think up a spectrum handoff technique for the best organization 
choice in CR vehicular network. The spectrum handoff procedure for the best organization 
determination in CR vehicular networkis the subject of this paper. Given the preferences 
of CR vehicular nodes, the system offers a greater and optimal selection among the various 
networks that are available.
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Introduction

The rapid expansion of wireless networking is one of the 
main obstacles facing wireless communication today.[1-2]  
Cisco predicts that versatile information traffic will 
increment eightfold somewhere in the spectrum 
of 2015 and 20.[3] Broad examination is expected 
to increment spectrum productivity for better 
vehicular correspondences because of the outstanding 
development in the quantity of vehicles out and about.[11]  
Decreased vehicular communications efficiency could 
occur from the overpopulation of the allotted spectrum 
bands caused by the notable increase in vehicular 
communications applications. To resolve the issues of 
spectrum deficiency, it has expanded interest for extra 
recurrence groups. The extending request of remote 
network can’t be met by the public authority offices’ 

ongoing fixed spectrum distribution strategy. In fact, a 
portion of the distributed groups — like a small part of 
television VHF/UHF stations, or “Television blank areas” 
— are underutilized.[3] The US Federal Communication 
Commission (FCC) claims that because fixed spectrum 
bands are distributed, the majority of the spectrum is 
unused. This results in a significant discrepancy between 
the established spectrum allocation strategy and the 
current, rising need for additional spectrum groups. 
The FCC has suggested utilizing underutilized data 
transmission and unutilized spectrum groups, frequently 
known as empty spectrum groups or void areas, to close 
this hole. Unlicensed gadgets can utilize the authorized 
frequencies through an interaction called dynamic 
spectrum access. The objective of dynamic spectrum 
access is to resolve the recent concern of remote 
spectrum shortcoming while also meeting the expanding 
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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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demands of wireless networks. As a result, a new field 
of study and development is created for Cognitive 
Radio (CR) technology, which is essential for utilizing 
underutilized spectrum through dynamic spectrum 
access. Therefore, utilizing more spectrum options to 
increase the efficiency of vehicular communications. 
Spectrum handoff can be used to dynamically utilize 
underutilized spectrum.[4,13] The framework model 
delineating the different spectrum handoff types in CR 
vehicle networks is displayed in Figure 1. It is exhibited 
that while between network spectrum handoff happens 
between heterogeneous radio access advances, intra-
network spectrum handoff happens inside a similar radio 
access innovation.[14] It is shown that while specific CR 
vehicular hubs are connected to a solitary radio access 
innovation, others are connected to a few different radio 
access innovations. It is hard for the CR vehicular hub 
to pick the best organization for the spectrum handoff 
choice when it is associated with a few radio access 
innovations. The most vital element of the CR network is 
the spectrum the executives framework.[12]

Literature Survey

The allotted spectrum bands may become overcrowded 
as a result of the exponential rise in automotive 
communications. The need for additional spectrum 
bands to increase spectral efficiency and enhance vehicle 
communications has increased as a result.  Finding 
distinct available spectrum to meet the increasing 

demands is challenging. The only practical approach is 
to increase the wireless system’s spectrum efficiency in 
order to exploit the accessible spectrum. CR innovation 
has been concocted in light of the FCC’s new regulations[5]  
that allow licensed underused radio spectrum to be used 
opportunistically. In order to increase the efficiency of 
vehicular communications, it is therefore anticipated 
that future vehicles would be CR enabled, utilizing unused 
spectrum opportunities.[6,15] Spectrum handoff can be 
used to dynamically utilize underutilized spectrum.[7] It 
is shown that while between network spectrum handoff 
happens between heterogeneous radio access advances, 
intra-network spectrum handoff happens inside a similar 
radio access innovation. It is demonstrated that while 
certain CR vehicular nodes are linked to a single radio 
access technology, others are linked to several different 
radio access advancements. It is challenging for the 
CR vehicular hub to pick the best organization for the 
spectrum handoff choice when it is connected to several 
radio access technologies.

Spectrum handoff in CR networks has been demonstrated 
to be a troublesome issue that actually needs the 
exploration local area’s consideration. Sadly, the 
spectrum handoff frameworks for CR networkthat are 
now available do not adequately reflect a variety of 
characteristics with thorough investigations for practical 
implementation. Forming a spectrum handoff system that 
is genuinely advantageous in a unique climate over a wide 
spectrum of organization conditions, hub inclinations, 
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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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and application-situated is the essential test. In order 
to make an intelligent spectrum handoff choice that 
takes into account the preferences of CR nodes and is 
application-oriented depending on the conditions of the 
dynamic network environment, the extensive survey[1–7] 
on CR networks spectrum handoff methods recommends 
the extensive use of numerous attributes. In certain CR 
networks, including CR vehicular networks, this issue 
is considerably more difficult. As a result, CR vehicular 
networks have been examined in this research.[16]

The authors in[7] have developed a novel vehicle aided 
cross layer handoff based vertical handoff algorithm 
based on Internet Protocol version 6 (IPv6). This kind 
of handoff technique works with NEMO in VANET. The 
scheme’s primary characteristic is that it performs 
better than the IETF NEMO basic support protocol in 
terms of packet loss and handoff latency. Another NEMO-

based handoff system for the vehicular environment was 
also presented by the authors in.[8] The effectiveness of 
the handoff mechanism is examined in mobile networks 
that are based on several Mobile Routers (MR). In this 
case, packet loss during handoff is much decreased as 
MRs collaboratively accept packets intended for one 
another. For IPv6-based NEMO heterogeneous wireless 
networks, the authors in[9] have put forth a dynamic 
mobility management architecture that incorporates the 
GRA technique to enhance decision-making.

Spectrum Management Framework

It exhibits that the four essential strides of the CR 
spectrum the board engineering are spectrum detecting, 
spectrum navigation, spectrum sharing, and spectrum 
portability. These are recorded with their main roles. 
At the point when CR shows up, the spectrum detecting 
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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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capability starts the principal stage. Information about 
the radio climate is additionally assembled. Target 
channel ID, channel exchanging delay, channel limit, 
channel holding time, channel obstruction, channel 
blunder rate, way misfortune in the channel, and hub area 
are the essential parts of radio climate information.[10]  
These are alluded to as CR network pre-spectrum the board 
structure components. Numerous common factors influence 
the CR network spectrum management framework, 
including the type of CR network—whether infrastructure-
based or ad hoc—the quantity of CRs, connection, etc.

The fundamental CR network architecture is depicted in 
Figure 2. It demonstrates that there are two fundamental 
kinds of networks: the essential organization and the CR 
organization. Any major authorized network with the 
sole power to use explicit spectrum groups is viewed as 
the essential organization. The expressions “essential 
organization base station” and “Discharge” allude to 

the base station and different hubs in the essential 
organization, separately.

Discharge, which have the sole right to use explicit 
authorized spectrum groups I and II, utilize the 
significant network. CR network can be separated into 
two classifications: framework based and foundation 
less. A focal regulator, like a base station in a cell 
organization, is essential for the framework based CR 
organization. In a foundation less CR organization, there 
is certainly not a focal regulator to assist CR clients with 
conveying. In the organization, clients are responsible 
for each method. There are two sorts of heterogeneous 
remote network: heterogeneous CR network, which are 
furnished with CR organization, and heterogeneous CR 
adhoc networks, which are fitted with CR organization. 
The base station is known as CR base station and hubs 
are known as CRs. CR organization might utilize PU 
empty authorized groups without having permit.
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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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When the sum of these is 1, they are referred to as 
objective weights. Figure 6 shows the organization 
determination positioning for spectrum handoff utilizing 
these loads, barring CR vehicular hub inclinations
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Fig. 5: generation of weights

It exhibits that the best organization for spectrum 
handoff is WLAN, while Marcov and the recommended 
Bi-LSTM approach pick LTE. This is the static strategy for 
picking the best organization for the decision of spectrum 
handoff. Not all non-wellbeing administrations for CR 
vehicular network are best served by these networks.

Fig. 6: Network selection

Since the CR vehicular node is traveling at a typical 
speed, the low preference level is taken into account for 
the direction property. Data rate is the most important 
factor for video services. A high degree of preference 
is therefore taken into account for it. High preference 
levels for PLR and price per unit are taken into account 
for the best effort service. For a given service, the total 
of all preference levels for several attributes equals 1. 
The CR vehicular node does not require the background 
service. Therefore, without taking into account the 
preferences of CR vehicular nodes, the best network 
will be chosen using weights produced by the entropy 
technique. Therefore, background service is not taken 

Methods

1. When node arrives, the spectrum handoff 
procedure begins. 

2. Spectrum sensing begins to locate access 
networks; if not, CR keeps transmitting within 
the current access network. 

3. Voluntary spectrum handoff occurs if the access 
networks are accurately represented; if not, 
reflexive spectrum handoff occurs. 

4. The primary portion of the spectrum handoff 
method that is represented as

A. To begin, the CR vehicular node accesses 
network data in terms of many properties 
and keeps itself context aware. 

B. The choice matrix, a multiple attribute 
matrix, is created. 

C. The entropy approach is used to calculate 
the weights, either with or without user 
preferences taken into account. Weights are 
calculated using the choice matrix.

D.  Bidirectional LSTM model-based techniques 
and the Marcov process are used to choose 
the best network for the spectrum handoff 
decision.

5. Hardware reconfiguration is necessary ideal 
network differs from the current network. If 
not, the CR vehicular node keeps transmitting 
over the current access network.

Evaluation:

The presentation of the recommended spectrum 
handoff component is inspected in this section using 
the straightforward network configuration depicted in 
Figure 4. A CR vehicular node that combines four access 
networks is incorporated into the network architecture.

Node 
Movement 
Direction 

WiMax 

LTE 

UMTS 
WLAN 

 

Fig. 4: Network configuration

The weights of several qualities produced by the entropy 
technique without taking into account the preferences 
of CR vehicular nodes are shown graphically in Figure 5.  



Ishrat Zahan Mukti,  , et al. :  1.8-V Low Power, High-Resolution, High-Speed Comparator With Low Offset Voltage Implemented in 45nm CMOS Technology

Journal of VLSI circuits and systems, , ISSN 2582-1458 20

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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into account while making the spectrum handoff decision 
in the explanation that follows. Figure 6 shows the best 
network choice for spectrum handoff for background 
service in each scenario.

(a)

(b)

(c)
Fig. 7: Network selection for various cases

It is evident from the graphical representation in Figures 
7(a), 7(b), and 7(c) that all MADM techniques, including 
the hybrid approach, choose UMTS, LTE, and WLAN for 
voice, video, and best effort services, respectively.

When the network ranking is calculated, as illustrated 
in Figure 8, an LTE network is considered ideal when 

its access price per unit is lowered to 2. As Figure 9 
illustrates, alternative networks also begin to gain 
appeal for spectrum handoff when the UMTS network’s 
latency grows. It demonstrates that the LTE network’s 
network selection ranking surpasses that of the UMTS 
network when the latter’s latency reaches 25%. LTE thus 
emerges as the best network for spectrum handoff.

Conclusion:

This research proposes a context-aware spectrum handoff 
system for CR vehicular networks that optimizes network 
selection for non-safety services. Weight estimate is 
done using the entropy method. For the best network 
selection for the spectrum handoff decision, Markov, 
Bi-LSTM, and the proposed Markov plus Bi-LSTM based 
MADM techniques are employed. Based on context-aware 
information from the CR vehicular node, including its 
velocity and time of call, the scheme’s ability to react to 
different conditions is assessed. All MADM techniques are 
efficient for the best network selection for the spectrum 
handoff, as shown by the obtained numerical results. For 
non-safety services, the suggested Markov with Bi-LSTM 
approach performs better than other MADM techniques 
with the largest relative standard deviation. It is found 
that there is a considerable shift in the ideal network for 

Fig. 8: Spectrum handoff when traffic load in  
WLAN increases

Fig. 9: Effect on the network selection ranking 
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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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spectrum handoff when the values of the delay attribute 
for voice, data rate for video, and pricing for best 
effort service are changed. The suggested cost-I based 
approach for the spectrum handoff choice is found to be 
more sensitive for phone service than for video and best 
effort service in a dynamic network environment.
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