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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

MillimeterWaves (mmWave) RadarCommunicating(RC) technologies are anticipated to 
mitigate spectrum collision and radiointervention in fifth-generation (5G)Vehicles-To-
Everything (V2X) networks.The dimensions of radar objectives in the V2X technology should 
not be overlooked, considering the need for short-distance detection and beams facilitated 
by mmWave beamforming. In this context, a unique Singular-Targeted-Multiple-Beams 
(STMB) beam-formation technique is developed to provide greater accuracy regarding 
estimated distances and speeds by distributing multiple radio beams to a specific goal. The 
comparable velocity orientation can be precisely calculated utilizing the STMB scheme 
through balanced linear estimating techniques.The mixture of analog-digital beamforming 
using the STMB system is developed and improved by improving the propagation rate while 
adhering to radar signals-to-interference-to-noise (SINR) limitations. A beam cancellation 
method is suggested for automatically adjusting the number of radar beams directed at a 
specific target, ensuring compliance with stringent radar SINR limitations across varying 
distribution power stages.The results confirm the efficacy and dependability of the 
proposed method, demonstrating that the suggested method surpasses the standard in 
terms of spectrum effectiveness and minimal radar SINR.
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Introduction

Vehicle automating systems have undergone significant 
advancements in the past decades.Due to the 
proliferation of detectors and sensing data causing 
congestion in-vehicle communication at sub-6 GHz, 
the focus is shifting toward the Millimeter Wave 
(mmWave) frequency.[1] The fifth generations (5G) 
radio frequency range spanning 23-70 GHz is utilized 
by multiple wireless technologies, including cellular, 
satellite, radar, and vehicle communication, due to their 
reduced susceptibility to atmospheric degradation.[2] 
The propagating characteristics of the channel at 27, 36, 
65, and 75 GHz are analyzed for vehicle communications 
in city, semi-urbanized, and highway environments. 
In Line-Of-Sight (LOS) communications, the Path 
Loss Exponent (PLE) is roughly 2, while in non-LOS 
(NLOS) scenarios, it increases significantly at mmWave 

frequencies.[3] Because of its low latency and elevated 
data rates of 3.5-105 Gb/s, the mmWave frequency is 
increasingly significant for vehicle telecommunications.[7]  
The automobiles are first joined by Vehicle-To-Vehicle 
(V2V) communications to exchange fundamental safety 
data.[17] As the spectrum expands and larger bandwidth 
becomes accessible, V2V communication transmits 
substantial sensory material for safety reasons and 
non-safety content like streaming footage and high-
speed internet connectivity.[4] The throughput for V2V 
and V2X is enhanced by implementing Multiple-Inputs-
Multiple-Outputs (MIMO) antenna technologies into 
the physical layer of the Institution of Electrical and 
Electronics Engineers (IEEE) 802.11pprotocols.[5] These 
advancements culminated in creating an AdvancingDriver 
AssistanceSystem (ADAS) system to enhance drivers’ 
safety.
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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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Numerous essential elements must be evaluated in the 
development of vehicle RC devices.These devices must 
be economically viable for industrial feasibility while 
delivering significant angular sensitivities.This criterion 
renders sparse arrays with extensive apertures especially 
appealing because of their optimal equilibrium of cost 
and efficiency.To get economical hardware remedies, 
phase changers are engineered to choose specific values 
from a predetermined set, constraining the capacity 
for signal transmission design due to the limitations 
placed on the phase changers’ levels of flexibility.The 
Texas Instruments radio chipset employs 6-bit phase 
changers.[23] Contemporary automobile MIMO radars 
employ orthogonal waves, distributing the transmitted 
energy throughout the entire area viewpoint. This 
results in issues, including interfering signals and ghost 
targets caused by multipath wave transmission.Third, 
automobile RadarCommunication (RC) technologies 
function in high-speed situations.[6] They must recognize 
objects with lower Radio Cross-Sections (RCSs), such as 
bicycles and pedestrians, amidst more reflective items 
like automobiles and lighting poles. Contemporary 
advanced systems predominantly depend on MIMO-based 
RC utilizing static transmission characteristics, such as 
predefined array geometry and nonadaptive sinusoidal 
waves, which do not consistently deliver optimum 
sensing efficacy in fluid automobile environments.

This research posits that every radar beam utilizes an 
OFDM waveform capable of concurrently executing 
detection and data transfer. The study presents a 
novel radar beam alignment technique termed STMB, 
wherein a single target is assigned several radio beams 
to improve detection efficacy and facilitate speed 
direction determination.The research extracts a term 
for beamforming. It establishes an optimal issue to 
optimize the propagation rate while adhering to Signal-
to-Interference-to-Noise (SINR) limitations under the 
suggested STMB technique. Computational models under 
realistic network circumstances are performed, wherein 
the suggested optimal beamformer is evaluated and 
contrasted with the standard.

Background

The advancement of processing techniques has 
established Orthogonal Frequency Division Multiplexing 
(OFDM) as a potential option for achieving higher 
range-speed accuracy and higher-speed networking 
systems concurrently.[22] Subsequent studies on OFDM 
radar concentrated on optimizing methods to enhance 
radar-communication efficacy. The alternative strategy 
incorporates spatial variety and has garnered increased 
interest since the invention of multiple antenna 

methods, particularly massive MIMO, and staggered 
array approaches. An approach akin to the null-space 
projecting strategy in RC employs beamforming to 
ensure that communication waves are within the 
null-space of the radar pathways, thereby mitigating 
interference.[8] In these investigations, beamformers 
are typically developed by addressing constrained 
optimization issues to improve the efficiency of radar 
and communication systems.[18] Other studies examine 
predictive beamforming to reduce the minimal overhead 
of RC signals.

Contemporary vehicle radars typically utilize elevated 
bands of frequencies, such as 23 GHz and 75 GHz, for target 
identification to enhance sensing accuracy.[9] Due to the 
advancement of telecommunications and the necessity 
for transmission rates, the mmWave band is essential for 
next-generation wireless transmission technologies.[19]  
Moreover, V2X communications are anticipated to 
facilitate Gbps broadcast rates with remarkably low delay 
(tens of milliseconds), indicating the utilization of the 
mmWave spectrum for communicating and detecting in 
V2X methods. Contemporary communication innovations 
in mmWave technology encompass immense MIMO and 
beam changing via arrays facilitated by HybridAnalog-
Digital (HAD) beamforming methods.[10] These methods 
yield ultra-narrow beams that precisely target important 
points while achieving enhanced accuracy in estimating 
Angles Of Arrival (AoAs).

It is crucial to investigate the technology of mmWave RC 
systems in V2X applications, as only a limited number of 
studies have been conducted.[11] A thorough examination 
of the mmWave RC systems is performed, and radar 
and transmission channel designs and innovative frame 
construction are proposed. This study provides significant 
insights into the design of mmWave RC devices; it is 
unsuitable for direct application to V2X devices.[20]

The primary issue is that the targeting distance in 
V2X devices is limited, rendering the expectation that 
everyobjective fills a minimal angular speed invalid.[14]

The beamformer introduced in the foundational study 
is simplistic, as it achieves uniform beam energy for 
each goal, which might be enhanced by considering the 
propagation rate and radio SINR.[13]

Optimized Beamforming model for mmWave MIMO 
Antenna

System model

Figure 1 depicts the RC-enabled vehicle application 
within the context of the V2X. It illustrates the 
deployment of a mmWaveSmall-Scale Base Station (SSBS) 
within a Sophisticated LightPole (SLP),[21] facilitating 
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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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communication and sensor functionalities for vehicular 
customers in the V2X context. The SSBSs are positioned 
along a roadway at intervals of 50 meters. They are 
outfitted with several functionalities, namely a 5G 
SSBS component and a radar sensor module operating in 
the millimeter Wave band. The mm-Wave SSBS utilizes a 
huge MIMO network with mm-Wave radio to accomplish 
RC.[12]

Fig. 1: RC-based V2X communication

In this context, automobiles aretargets for detection 
or downlinking consumers.The research presumes 
that anSSBS is outfitted with an N transmitting (NTx) 
antenna, whereas each downlink customer (automobile) 
is fitted with a Nex antenna.[15] Ascheme is utilized 
with a structure. The radar objective and transmission 
scatterer are represented in the signal approach as point 
goals. The automobiles intended for communication are 
NLOS downlink consumers, whilst the radar objects to 
be identified are virtual LOS consumers.All transmitters 
transmit combined waveforms utilized by radar and 
interactions, creating the requisite beam shape while 
facilitating downstream cellular transfer. The research 
primarily investigates numerous streaming processes of 
information at the SSBS to facilitate downstream single-
user and downstream multi-user scenarios. The study 
initially delineates a V2XmmWave channel and elucidates 
the signal structure pertinent to V2X downloads and 
radar detection.

Multiple-Beams mmWave Vehicle Radar Sensitivity 

The mmWave MIMO radar’s capability to generate ultra-
narrow beams allows for allocating multiple beams to 
a specific goal, facilitating the acquisition of enhanced 
sensing data, particularly for nearby objects that span 
extensive angular distances [16].This differs from the 
majority of current studies on vehicle radar, which 
allow a single beam to a specific target, as they tacitly 
presume that the angular extent of a target is adequately 
minimal. Figure 2 illustrates a schematic representation 
of the STMB framework.

Fig. 2: Schematic view of STMB model

The STMB paradigm has numerous advantages, as 
outlinedbelow.This design’s radar SINR can be markedly 
improved compared to unidirectional radars.The 
intensity of every beam can be modified and engineered 
to provide efficient sensing for various goals. In contrast, 
the unidirectional radio is more prone to inaccurately 
detecting nearby goals and erroneously identifying 
distant objects due to significant path inefficiencies.

• Employing many beams allows for a more precise 
measurement of the speeds and positions of 
nearby automobiles as opposed to previous 
methods that utilize a single beam for a specific 
target.

• Particularly regarding the advantage, the 
azimuth degrees and spaces obtained from 
multiple beams can delineate a preliminary 
outline of a proximate target. The proximate 
target’s precise relative speed, encompassing 
direction, and magnitude areassessed using the 
STMB approach.

• The remote target is assigned a single radio 
beam, so the speed element is acquired along 
the beam’s path while its actual speed can vary.
This is permissible as the precise trajectory 
of the faraway object is not yet of paramount 
significance.

The following subsection presents a velocity calculation 
approach for a nearby target assigned numerous beams. 
Suppose a target is assigned M beams, with the axial gap 
between neighboring beams not exceeding  to ensure 
minimal cross-interference among radio beams in various 
orientations.The research supposes that all portions of 
the objective possess uniform velocity, indicating the 
absence of rotational movement. The recorded relative 
speeds in various orientations are represented by . The 
boldface denotes the speed vector, . The proportional 
velocity for every axis will be favorable if the goal is 
receding from the origin automobile and unfavorable if 
the goal is approaching the origin automobile.The actual 
relative speed of the goal can be approximated by the 
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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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observation that the speed elements relative to the 
direction of us for all detected , , must be identical. The 
research employs a linear estimate of us based on its 
directional angle. The linear approximation is defined as

      
  (1)

Beamforming Design 

Fig. 3: Beamforming design

This section delineates the utilization of the 
Wolpertinger policy-based Reinforcement Learning (RL) 
architecture to enhance transmitting beamforming for 
radar detecting and communication purposes while 
mitigating interference to designated goals, along with 
the particular duties of function components illustrated 
in Figure 3.

1)  Action Storage: The research examines a situation 
wherethe researchmust choose M + 2 antennae 
from a total of  antennae, with fixed antennas at 
both sides.There are several possible solutions for 
this situation . Progressive array antenna structures 
employ quantized phase changers, allowing numerous 
antennae to influence communication or receiving 
by modifying the output phase of every transmitter.
This technology enables the signal to be directed in a 
specified direction without necessitating any motion 
of the antennae.Every antenna in a subphase matrix 
is linked to two-qubit quantized phase changers, 
which possess a value ranging from (-π, π). To get 
an ideal value of w, it is necessary to tune the phase 
of the changes and the configuration of the sparsely 
transmitted arrays.

2)  Status: Upon executing an operation from an action 
area, the situation vector alters to incorporate 
the current condition of the transmit array phase 
changers.At the xth cycle, the situation is denoted 
as , with every component reflecting the condition 
of each phase changer.The triggering or inactivation 
of a phase changer signifies a modification of one of 

its components and is regarded as an action within 
the action field.

3)  Hold and Go: Following the emission of power by the 
transmitting antenna arrays, the receiving antenna 
array analyzes the echo signal obtained.Thereafter, 
the dynamic goals within the Region of Interest 
(RoI) are examined, and pertinent characteristics, 
including separation, Doppler, and direction, are 
retrieved. The variable values are transferred to the 
component and dynamically modified according to 
the attribute estimation findings derived from the 
receiving array. During the hold stages, a single set 
of phase changers is examined rather than two, and 
a pre-beamforming verification is conducted before 
introducing two phase changers with the specified 
stage.

4)  The feedback mechanism in reinforcement learning 
is essential, rendering it more effective than other 
machine learning techniques for control purposes.
In beamforming layout, radar-detecting beam 
feedback comprises two elements.The initial step 
involves the self-detection of beam orientation 
via the fused beamforming component w, enabling 
the agent’s actions to be modified by monitoring 
discrepancies between the achieved goal and the 
designated target via beampattern modification. 
The range-Doppler spectrum derived from 
radar sensor echoes offers information to assess 
discrepancies against predictions and modify the 
agent’s actions accordingly. Likewise, adaptive 
feedback for interacting beamforming comprises two 
elements. The initial component provides feedback 
on discrepancies in fusing weighting towards the 
target, whereas the subsequent element modifies 
the agent’s behaviors according to feedback from 
the interaction channel.The matching null point 
in the transmission beampattern is simultaneously 
and promptly relayed for a combination of objects 
requiring interference avoidance.

5)  Reward: The research formulates an extensive 
incentive system that continuously assesses the 
acts the player selects.This framework directs the 
agent in choosing the optimal action to enhance 
its benefits. The awards are contingent upon three 
assessments: radar detecting, interaction, and 
interfering mitigation. These assessments empower 
the agent to render educated decisions.

Results

The RC carrier frequency is 72 GHz, and the OFDM 
capacity is 512 MHz. The capacity must be sufficiently 
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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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remains within the regulated range.

Although the deepest point of the RL-optimized null 
deviates somewhat from the anticipated direction, it 
guarantees minimal transmitting power toward the 
intended target. The phasing values produced by the 
ML method exhibit arbitrary accuracy.The highest 
precision phase readings are summed to the nearest 
discrete phase values. The stage quantization incurs a 
minor efficiency degradation relative to the RL method. 
In optimizing the sparse transmitter array w, the RL 
approach and the conventional optimization technique 
can precisely match the transmitter’s main lobes 
path with the radio sensing objective and messaging 
reception. The RL approach has superior beampattern 
synthesizing capability relative to the optimized 
techniques, although both methods can efficiently 
control the radiation energy in the null path.The 
findings demonstrate that the RL strategy surpasses 
the relaxed optimized strategy for sidelobe regulation 
(Figure 6).

Fig. 6: Transmitting beamforming analysis

large to ensure a speedy communication rate and 
precise range precision in radar detection.To do this, the 
cutoff frequency must be sufficiently elevated to ensure 
efficient beam direction for the Uniform Linear Array 
across the whole frequency spectrum. It is important to 
note that capacity cannot be massive enough to mitigate 
the scarcity of spectrum assets in V2X networks.The 
research examines a vehicular context in a city setting, 
when the highest speed of the originating vehicles is  = 
55 m/s, and the highest detected desired distance and 
the distance range for communication are  = 120 m. The 
subcarrier separation of the OFDM sign is chosen to be 
12 times greater than , specifically 250 kHz, to mitigate 
interfering signals among consecutive subcarriers.

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

R
ew

ar
d

CycleFig. 4: Reward analysis

Figure 4 illustrates the mean reward achieved 
throughout the training session. After roughly 60 
cycles, the network modifies each stage to direct the 
main beam toward the RoI according to the present 
observation condition.In the 100th incident, the 
tracking goal, the communication goal, and the path 
necessitating nullification undergo alteration. The 
incentive diminishes significantly due to the absence 
of the goal.The perception data is updated through 
the hold-and-go component, enabling RL to modify the 
transmit beamforming and rearrange antenna positions 
swiftly. Figure 5(a) demonstrates that initially, two 
beams are produced toward the radar targets, and the 
signal reaches the receiver, albeit with a significant 
sidelobe intensity in the unwanted direction. Post-
optimization, the sidelobe intensity is significantly 
diminished, effectively mitigating disturbance to the 
designated vehicle radar. Compared to RL-optimized 
and Machine Learning (ML) optimized broadcast 
beamforming depicted in Fig. 5(b), the power 
communications and monitoring path improved by RL is 
more evenly distributed, resulting in fewer sidelobes.

Figure 6 illustrates the optimal beam vector of a Uniform 
Linear Array (ULA), demonstrating that both RL and 
conventional optimizing techniques attain the intended 
beampattern. The locations of the two primary lobes are 
evident in the designated paths.Due to the quantization 
constraints, the mainlobe exhibits a minor variation that 

Fig. 5(a): Transmitting beamforming in the starting 
phase and (b) Beamforming after RL & ML process
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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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Conclusion

This study examines the optimal use of beamforming for a 
millimeter-wave dual-function radar-communication V2X 
structure, in which a vehicle communicates with either 
a preceding automobile or a good while simultaneously 
doing radar sensing. Initially, the research introduced 
an innovative STMB approach for beam alignments 
that permits the allocation of several radar beams to 
just one goal, hence facilitating an accurate estimation 
of the object’s relative velocity path.Secondly, 
the researchanalyzed the HAD architecture of the 
suggested RC mechanism and derived the mathematical 
representation of the beamformer.

The optimization issue was described and resolved with 
the HAD beamformer formulation, maximizing spectral 
effectiveness while adhering to radar SINR limitations. 
A radar beam canceling technique is suggested for 
situations where the transmission strength is inadequate 
to produce all intended radar beams. The simulation 
findings indicated that the suggested beamformer 
surpasses the standard for spectral effectiveness and 
minimal radar SINR.

The forthcoming study will focus on developing probing 
signals based on the suggested RC framework, the initial 
alignments of multiple beams for detecting, and the 
monitoring methodologies under the proposed method. 
These are not elaborated upon in the research but are 
crucial for the RC system layout.Expanding this one-to-
one interaction concept to a multiple user framework to 
investigate peer interference reduction and beamformer 
improvement in the RC-based V2X structure represents a 
compelling research avenue.
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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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