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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

Smart Antennas shape the next generation of wireless networks so it can keep up with the 
increasing demand for faster reliable efficient communication. These systems incorporate 
advanced techniques such as multipath components by employing Multi-Antenna System 
(MAS) in that process, which consists of adaptive arrays, spatial multiplexing and 
beamforming. Smart antennas are critical for such technologies as 5G because they help 
improve spectral efficiency and reduce interference by intelligently directing signals to 
their appropriate transmission and reception points. In this case its compatibility with 
millimeter wave frequency and MIMO makes it possible for robust communication and 
higher transmission rate in adverse and crowded environments. Apart from improving 
existing wireless networks, smart antennas are also important in easing the transition 
to newer applications such as IoT devices, driverless vehicles and smart cities. MAS for 
wireless networks, explains its components and functionality in detail. The system employs 
optimization techniques to improve communication which include: signal processing; 
channel estimation; power control; beam forming; spatial diversity and MIMO encoding. 
All these processes boost throughput volume, vitality and efficiency levels which results in 
greater performance and capacity of wireless networks.
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Introduction

The growing demand for the best service on smartphone 
devices has drawn interest on 5G technology.[1] However, 
disputes continue to arise regarding the relative focus 
given to coverage issues as compared to issues of latency 

in these technologies.[17] Many experts have established 
a link between coverage and one of the most relevant 
issues, latency.[16] Latency has been termed as one of 
the most critical performance parameters defining 
the quality of an effective communication system.[3]  
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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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terms of cost-effective operation and optimization by 
Kibria, M. G. et al.[8]

Big Data in Multi-Antenna System (BD-MAS):

The emphasis has switched to fulfilling the increased 
data rate needs, micro cell potential, and millimeter 
wave spectrum as next-generation cellular networks, or 
5G, are developed. Extremely fast data speeds, minimal 
latency, and huge data processing are the objectives 
for next-generation networks. Newer architectural 
designs, updated technology with potential backward 
compatibility, improved security algorithms, and 
the capacity for intelligent decision-making are 
unquestionably necessary to attain these aims by Sultan, 
K., Ali, H. et al.[9]

Cloud based Multi-Antenna System (C-MAS):

Numerous wireless access technologies have been 
successfully deployed, and information transmission 
and computing technologies are closely merging.[10]  
It is anticipated that neither a single business model 
nor a standard technological feature would be 
sufficient to characterize the next generation of mobile 
communication technology.[7] The future demands of 
a vast array of big data and the quick growth of many 
organizations will be satisfied by 5G, a multi-service 
and multi-technology integrated network that will also 
improve user experience by offering intelligent and 
personalized services by Chen, M. et al.14]

Proposed Method:

The stated strategy delineates the design as well 
as operation of smart antennas and multi antennas 
(MIMO) schemes for future communication systems. 
These systems also foster improved signal quality and 
efficiency for communication as well as for base stations 
and handsets coverage. The smart antenna systems 
incorporate technologies such as adaptive antenna 
arrays, beamforming algorithms, and direction of arrival 
(DOA) estimators which allow the system to modify its 
radiation pattern in real time to improve reception 
and transmission of the signals. In the same way, the 
multi antennas also use OFDM, quadrature amplitude 
modulation (QAM), and low-density parity-check (LDPC) 
coding to optimize MIMO capacity and respond to 
changing conditions. Together, these systems are poised 
to revolutionize wireless communication by solving the 
increasing demand for high speed and reliable connection 
in networks.

Devices that constitute a Smart Antenna system for 
next-generation wireless networks. These include 

Frequently, but especially in cases involving high 
mobility users, coverage will be required.[12] In relation 
to this technology, it is necessary to define antennas 
used in such systems where coverage and low latency be 
combined and which will be satisfied with high capacity.[11]  
Smart antennas are straightforward that mainly track 
and steer towards desired users, while regulatively 
focusing on minimizing interference.[15] This attribute 
results in added impressive features such as reduced 
energy usage without sacrificing network and bandwidth 
efficiency.[13] To add on, deploying smart antennas offers 
flexible solutions for high density and diverse application 
scenarios which would otherwise be difficult to obtain 
with existing technologies.[5] Smart antennas are a key 
part of future wireless communication as they drive 
advance concepts like IoT, smart cities, and autonomous 
networks.[2]

Contributions:

• This study demonstrates how smart antennas may 
increase network capacity and spectrum efficiency 
by using cutting-edge methods like beamforming 
and spatial multiplexing. 

• The research investigates how smart antennas enable 
next-generation applications, such as autonomous 
systems, IoT networks, and smart cities, by offering 
scalable and flexible communication solutions for a 
range of changing needs.

• It illustrates how these technologies make 
dependable, fast communication possible even in 
situations with a high population density.

The remaining of this paper is structured as follows: In 
section 2, the related work of Smart Antennas for Next-
Generation Wireless Networks is studied. In section 3, the 
proposed methodology of MAS is explained. In section 4, 
the efficiency of MAS is discussed and analysed. Finally, 
in section 5 the paper is concluded with the future work.

Related Work

Artificial Intelligence in Multi-Antenna System (AI-
MAS):

Due to the variety of devices, networks, and applications, 
as well as the very varied service needs, next-generation 
wireless networks are becoming more complex systems. 
The network operators must use the resources—such as 
electricity, airwaves, and infrastructures—as efficiently 
as possible.[13] Conventional networking techniques, 
such as reactive, centrally managed, one-size-fits-all 
strategies, and traditional data analysis tools with limited 
space and time capabilities, are no longer effective and 
cannot meet the needs of future complex networks in 
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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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the base station, SPU, antenna array, beamforming 
algorithms, and DOA estimator. The system allows for 
the modification of the antenna array’s radiation pattern 
toward the predicted direction of the incoming signals, 
thus augmenting both signal reception and transmission. 
Power management, connectivity, and control all work 
for the improvement of communication between base 
stations and mobile devices. An intelligent antenna 
system that improves the wireless communication by 
estimating the direction of arrival; it is composed of a 
base station, signal processor, adaptive antenna array, 
beamforming algorithms, and there is a mobile device 
as in figure 1.

Fig. 2: a Multi-Antenna System in Wireless Networks

Communication in a wireless network, many phases are 
involved while using a multi-antenna system (MIMO). 
The base station interacts with the SPU for executing 
coding and modulation operations including OFDM, 

QAM, and LDPC in the role of both a transmitter and 
receiver. Compensating changing network conditions 
power management and link adaptation compensate. 
Channel estimation and pre-processing enhance the 
quality of signal. MIMO, using beamforming and spatial 
diversity, ensures the proper transmission of the signal. 
The data connection and control ensure synchronization, 
and the throughput is improved through MIMO capacity 
maximization techniques. Finally, signals are transmitted 
to the mobile device (receiver) over the wireless channel.

The proposed method introduces the incorporation of 
intelligent antenna systems in view of realizing improved 
performance next generation of wireless networks. 
The system of Smart Antenna ensures communication 
between a base station and mobiles by identifying signals 
coming from specified directions and applies principles 
of beam forming to modify the quality of the transmitted 
and received signal. The base station, Signal Processing 
Unit (SPU), adaptive antenna array, and DOA estimator 
all work together. For the Multi-Integrating Multiple In 
Multiple Out (MIMO) system, it uses advanced coding, 
modulation, and link adaptation to fill in the gaps during 
interference in networks, establish timing consistent 
throughout, and efficiently manage throughput. In 
particular, these systems helped deal with the power 
problems of the present day wireless communication 
with the help of the use of spatial diversity and power 
control.

1. Result and Discussion:

Fig. 3: Analysis of Spectral Efficiency

One important criterion for assessing how well smart 
antennas function in next-generation wireless networks 
is spectral efficiency. Smart antennas make the most of 
available bandwidth by using cutting-edge strategies 
including adaptive arrays, spatial multiplexing, and 
beamforming. These systems are crucial for meeting the 
increasing need for dependable and fast communication 

Fig. 1: Block Diagram of a Smart Antenna System for 
Next-Generation Wireless Networks
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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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because they allow for increased data throughput per unit 
of spectrum by dynamically focusing signal transmission 
to particular users and reducing interference as shown 
in Figure 3.

rF g[N-Bx’’ ]:→Nb[p’-nj[L-xs’’ ]+ Iuy’’ [4v-sd’’ ]   (1)

Beamforming, energy management N-Bx^’’ a, and spatial 
multiplexing  are some of the system outputs  Nb[p’-nj 
that are correlated with equation 1, which takes into 
account factors including signal intensities, interference 
[L-xs’’],, and channel conditions Iuy’’, [4v-sd’’]. This 
equation 1 might be used to optimize communication 
processing and enhance network performance for the 
analysis of spectral efficiency.

Fig. 4: Analysis of Interoperability

A key component of smart antennas is interoperability, 
which guarantees smooth integration with a variety of 
technologies, including millimeter-wave frequencies, 
MIMO systems, and next-generation networks like 5G. 
Stable, fast communication is made possible by this 
flexibility in a variety of settings, including crowded cities. 
Additionally, smart antennas improve the usefulness 
and scalability of new applications like driverless cars, 
smart cities, and Internet of Things devices. Their 
compatibility guarantees dependable performance, 
satisfying the changing needs of contemporary wireless 
communication systems is shown in figure 4.

  fbf [l-fo’’ ]:→jf[4nF-fl]+9 Vf[l-pdn’’]     (2)

Equation 2 reflects the system’s ability to improve 
data transmission by linking variables like noise (fbf), 
interference ([l-fo’’])), and beamforming (jf[4nF-fl]) 
with variables like frequency alterations (9 Vf[l-pdn’’]. 
An approach to enhancing network performance via 
dynamic management of beamforming and transmission 
quality for analysis of interoperability.

Conclusion

Notable improvements in efficiency, capacity, 
and dependability for next networks like 5G and 
beyond, smart antennas are revolutionizing wireless 
communication. The difficulties of high-speed data 
transfer and interference reduction are addressed by 
using beamforming, spatial multiplexing, and adaptive 
array methods. Their capacity to provide dependable 
performance in crowded and dynamic contexts is further 
improved by their combination with technologies like 
MIMO and millimeter-wave frequencies. Additionally, 
smart antennas make it possible for new applications 
like IoT networks, driverless cars, and smart cities to 
communicate seamlessly. As a fundamental technology, 
they are essential in determining how wireless 
communication networks will develop in the future.

Future Work: To improve efficiency and scalability in 
next-generation wireless networks, future research will 
concentrate on combining smart antenna algorithms 
with AI-driven solutions, lowering implementation costs, 
and refining smart antenna algorithms for real-time 
adaptation.
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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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