
National Journal of Antennas and Propagation, ISSN 2582-2659 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.
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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

Dynamic beamforming in smart antennas plays a very important role in enhancing the 
performance of wireless communication systems by directing signals toward desired 
receivers and minimizing interference. This technology ensures efficient spectrum 
utilization and better quality signals, which is an essential requirement for real-time 
applications such as 5G networks and IoT devices. The current methods of beamforming 
have not managed to attain the highest efficiency due to the utilization of static algorithms, 
hence their inability to adapt fast changes in environmental dynamics. Those approaches 
may give poor suboptimal performances in scenarios such as environments where the 
conditions are changing frequently, involving highly interfering signal conditions. For 
this purpose, adaptive beamforming, which manages antenna weights adaptation with 
regard to changing dynamics of the channel on time, has been involved. AB makes use of 
sophisticated algorithms in processing the feedback from the environment so that smart 
antennas adjust their beam patterns on real-time, optimize their strengths and reduce 
interference at large. It works very effectively if signal conditions are time-variant. The 
proposed scheme attempts to ensure efficient real-time delivery of signals despite time-
variant interference, as applied to real-time applications in communications. It can be 
applied to multiple fields, including telecommunications, the autonomous vehicle, and 
also in the wireless health monitoring systems. The result shown by the proposed method 
improves the signal-to-noise ratio, data throughput, and system reliability significantly. 
Realtime simulations have shown that, compared to traditional beam forming techniques, 
Adaptive Beam forming provides a substantial performance increase and, therefore, opens 
new opportunities for the next generation wireless communication systems..
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Introduction
The wireless network should support the application, which 
may require a high quality of real-time, with improvements 

in dynamic beamforming and communication over complex 
antennas.[1]. By dynamic beamforming, an antenna may adjust 
the patterns in emissions depending on environmental conditions 
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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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MIMO

Proprietary MIMO antennas along with sophisticated 
signal processing algorithms will be essential for precise 
[9] beamforming and space division multiplexing in next 
wireless networks, including 6G and beyond. With this 
kind of MIMO antenna, access to networks and tracking 
will be much improved. Using a number of nonlinear 
dipole array configurations, this research demonstrates 
a smart multi-input multiple-output (MIMO) antenna 
setup with a novel beamforming method. Optimizing 
phase delay factors at the transmitter allows for the 
formation of a single beam and subsequent direction 
steering of that beam. Obtaining maximal directional 
gain requires the use of many phase shifters. Not only is 
this setup easy to operate and inexpensive, but it also 
greatly boosts the MIMO antenna’s power gain.

Industry 4.0

A new era in production, communication, and control 
has begun with the advent of Industry 4.0, a digital 
paradigm that describes the widespread adoption of 
state-of-the-art computers and digital technology across 
all sectors of the economy.[15] Internet of Things (IoT), 
sophisticated sensors, intelligent cloud computing, 
sophisticated machinery, augmented reality, 3D printing, 
smart adaptive communication, and machine learning 
and machine intelligence are some of the influential 
technologies that have greatly shaped Industry 4.0. High 
dependability and seamless connection are the main 
topics of this review article, which focuses on physical 
layer-based solutions for applications beyond Industry 
4.0.[10]

Proposed Method

To overcome the limitation of traditional beamforming 
schemes for real-time wireless systems communications, 
the proposed design applies AB. In place of fixed 
beamforming, the designs of the antennas of the AB 
change in real time using channel feedback. Owing to its 
dynamic characteristics, the system can provide increased 
signal strength, reduce interference, and increase overall 
performance, thereby being suitable for dynamically 
evolving environments such as 5G and IoT networks.

Fig. 1:  Proposed MIMO system Transmitter Antenna

prevailing such as interference, degradation in signals .[11]  
The direction of transmission energy towards desired 
receivers is enhanced, whereas that towards unwanted 
sources is reduced by dynamic beamforming to improve 
system performance.[3] This feature is essential in 5G and 
subsequent generations since the critical nature of most data 
has low latency and reliable connectivity in contemporary 
wireless networks.[13]

Traditional beamforming works fine in static scenarios 
because they cannot adjust their performances in 
real-time scenarios with incessant changes that keep 
manifesting.[5] In the scenario, it have introduced methods 
for Adaptive Beamforming: it adjusts antenna settings 
immediately to channel feedback in real-time cases.[13] 
Signal quality, throughput, as well as interference, are 
enhanced by the antenna system through effectiveness 
for even the most complex and varying scenarios.[7]

Dynamic beamforming is under development because 
of the ever-growing that performs with good quality. 
Increasing mobility and interference in wireless networks 
challenge the efficiency of the classic beamforming 
algorithms.[2] AB is the solution for guaranteed dependable 
high-speed connectivity in numerous scenarios with 
enhanced signal quality.[4] Part 2 discusses some relevant 
literature, which mainly comprises a summary of recent 
beamforming techniques and an investigation of their 
limitations in being used for real-time implementations.[6]  
The proposed technique is discussed in Section 3,  
focusing on methodology. Section 4 details the results and 
conclusions from employing the proposed strategy, along 
with improvements in signal accuracy and effectiveness 
of the system. Section 5 contains a summary of the 
results in the paper and outlines further research to 
improve the dynamic beamforming for the latest wireless 
technologies in efficiency and flexibility .[16]

Related Works

SNR

This study[14] enhances wireless networks by using 
machine learning (ML) techniques in smart antenna 
beamforming. Improving signal-to-noise ratio (SNR), 
bit error rate (BER), and throughput in the face of 
interference and changing surroundings are the primary 
aims of the ML-driven beamforming methods.[17] Using 
secondary data, the research combines findings from 
experiments and simulations. With a 15 dB improvement 
in SNR, a 30-50% reduction in BER, and a decrease in 
interference, ML-enhanced beamforming significantly 
beats conventional methods [8]. Nevertheless, complex 
ML algorithms need top-notch training data and are 
computationally intensive.[12]
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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:

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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Figure 1 depicts the design of a multiple-input multiple-
output (MIMO) system, which makes use of several 
antennas at the source and the destination. Because of 
their increased directional gain, phase shifters are able 
to rapidly execute beam steering and beamforming. Both 
the wireless transmitter and the person who receives 
may be switched out in this multiple-input multiple-
output device.

Fig. 2: Smart Antenna System Functional Diagram

The downlink transmission utilizing the weight vector 
described rapidly fading mobile settings causes beams 
to be steered toward the prior mobile location, which 
in turn degrades the power it was given at the mobile 
device. As seen in Figure 2, this deterioration may be 
eradicated by accurately adjusting the downlink weight 
vector, which will direct the downlink beam toward the 
updated mobile location. For the downlink interval, the 
SAS has to anticipate the spatial signature vector, which 
it will use as a weight vector, after collecting samples 
of the spatial signature throughout several uplink time 
slots and building a model for them during the uplink 
period. As a result, the signal may be sent to the target 
mobile user with little loss.

The proposed method enhances mobile communication 
performance through the use of Adaptive Beamforming 
(AB) while continuously modifying antenna weights 
based on dynamic channel circumstances. The modern 
communication systems, AB outperforms the traditional 
beamforming techniques since it can adjust to real-time 
changes in the situation.

Results and Discussion

This analysis and discussion section examines the 
performance of the proposed AB against real-world 

examples of wireless communications. The simulations 
just to see how well it worked under ever-changing 
conditions of interference and mobility. To evaluate 
performance, especially against the benchmark 
established using more classical beamforming schemes, 
several key metrics including SNR, which is the ratio of 
noise and (SNR), system velocity, and reliability.

Figure 3 demonstrates that the (AB) significantly increases 
the velocity of the system than those of conventional 
techniques, which include SNR and MIMO. In research, 
it is depicted that the performance of AB improved 
remarkably by 91.1%, which manifests the outstanding 
capability of optimizing the communication network. 
This indicates an exceptional adaptability to changes, 
which ensures the delivery of data in a dependable 
manner with increased speed.

  xR GF[l-dfj’’ ]:→Ndp[o-fV’’ ]-5rnF[o-idu’’]    (1)

Antenna weights  are dynamically  adjusted in response 
to input  from the communications environment , as 
shown by the equation 1. Parameters like the strength 
of signal and interference levels are tuned dynamically 
in AB to enhance the system’s efficiency, and expressions 
probably relate to the analysis of system velocity.

System dependability study results from the system 
dependability study in Figure 4 reveal that (AB) brings 
a significant improvement over the SNR and MIMO 
techniques. The real-time adaptation of the AB technique 
in the environment, thereby minimizing disruptions, 
is further manifested to brings out the outstanding 
capabilities of AB with 95.5% more in ensuring constant 
and reliable communication.

  Fv [v-sk’’]4G:→Kf[4jk’’]+8vw[bxz-w[ki-df’’]   (2)

Fig. 3: Image of Analysis of System Velocity



Vundela Swath et al. : Dynamic Beamforming in Smart Antennas for Real-Time Application
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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The adaptive feedback processes [ki-df’’] that modify 
the antenna weights 8vw[bxz-w might be represented 
by the equation 2   Fυ and [v-sk’’], while environmental 
parameters such as signal and interference levels could 
be represented by 4G:→Kf. To optimize signal strength 
AB dynamically alters antenna designs, as encapsulated 
in this equation on the analysis of reliability.

Compared to even more traditional beamforming 
schemes, the results indicate AB significantly enhances 
signal quality, efficiency, and system dependability. 
Some of the results of improvements in the performance 
of the AB include increased SNR ratio and decreased 
latency following the dynamic influence and mobility in 
simulated situations.

Conclusion & Future Works

Finally, the proposed Adaptive Beamforming (AB) technology 
significantly enhances the performance of wireless 
communication systems since it constantly changes the antenna 
designs with channel feedback in real-time. For instance, it 
continuously in some scenarios, the adaptability of the new 
technology supersedes the weakness of the conventional 
beamforming technique in providing higher-quality signals, 
data rates, and system reliability. Simulation experiments 
show that, compared with static beamforming, dynamic 
environments achieve higher performance.

Refining the AB procedures to make them more 
scalable for large-scale networks while decreasing their 
computational cost will be the focus of future efforts. 
It is possible to enhance performance in very uncertain 
situations by using machine learning approaches that 
forecast and proactively change antenna patterns. 
Validating the practical usefulness and resilience of the 
suggested technique across multiple situations would 
also need actual usage in various contexts, including 
both rural and urban settings.
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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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