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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)

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

It’s understood that the strategies for designing and efficiently implementing multiple-
input multiple-output (MIMO) antenna arrays for large scale application is very important 
in the advancement of the 5G and next generation wireless communications Networks. 
Multiple Input Multiple Output technology involves the use of multiple antenna at the 
transmission and reception end to enhance on the signal quality, data transfer rates and 
the degree of spectrum utilization. This paper provides a comprehensive overview of 
new design approaches and optimization strategies applicable to LoS Large Scale MIMO 
Antenna Arrays with special emphasis on Antenna Element Spacing, Array Geometry, and 
Channel Estimation. Using this analytical model, we study the defining parameters for this 
model and their effects on key system performance indicators such as capacity, energy, 
and system interferences. Furthermore several complex analytical techniques such as 
beamforming and resource allocation inbound procedures for MIMIO systems and their 
performance under eradic bearing conditions are also studied. Issues concerning the use 
of advanced materials and new forms of antenna constructions is also covered so as to 
show how new configurations can reduce size, weight and cost while still delivering good 
performance. Based on simulation and experimental evidence, this paper shows that the 
potential approaches suggested in this study can solve high-frequency bands and heavy 
users in 5G networks. Lastly, this research provides positive and valuable findings to the 
generation of low-complexity and high-performance practical multi-antenna systems that 
are crucial for the improvements and enhancements of the upcoming advanced wireless 
communication technologies MIMO systems.
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Introduction

This paper aimed at presenting MIMO systems as one 
of the key driving forces of the ongoing revolution in 
wireless communication, derived from the emergence 
of the fifth Generation or 5G technology. Such more 
complex configurations where multiple antennas are 
employed at the transmitter site and at the receive 
site are vital in the strive to meet the increased need 
for higher data rates and efficiency in the use of the 
limited spectrum space. Due to the ongoing growth in 
5G networks, the performance enhancement of MIMO 
systems with considerable exterior arrays has emerged 
as important since it offers the highest capacity to 
communicate effectively under complexity limitations. 

In general, optimization of MIMO systems presents 
several essential aspects that must jointly act to improve 
the overall performance of the network. Some of these 
are the Channel State Information (CSI) acquisition, 
the advanced precoding/combining methods and smart 
user scheduling algorithms. Furthermore, with the 
help of machine learning and deep learning method 
innovations, the future performance of MIMO systems 
can be enhanced. The Internet of Things (IoT) has also 
been on the receiving end of such developments since 
MIMO technologies offer enhanced connectivity of a 
multitude of devices. In addition, ZF and MRC are not only 
crucial in designing MIMO systems for large-scale 5G’s 
antenna arrays but also important for UE performance 
enhancements.

RESEARCH ARTICLE HTTP://ANTENNAJOURNAL.COM
National Journal of Antennas and Propagation, ISSN: 2582-2659 Vol. 6, No. 1, 2024 (pp. 58-67) 



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.

Author’s e-mail: ishratzahanmukti16@gmail.com, ebad.eee.cuet@gmail.com, kou-
shikkumarbiswas13@gmail.com

How to cite this article:  Mukti IZ, Khan ER, Biswas KK. 1.8-V Low Power, High-Res-
olution, High-Speed Comparator With Low Offset Voltage Implemented in 
45nm CMOS Technology. Journal of VLSI Circuits and System Vol. 6, No. 1, 2024 (pp. 
19-24).

Journal of VLSI Circuits and Systems, ISSN: 2582-1458 Vol. 6, No. 1, 2024 (pp. 19-24) 

IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:

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

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

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

 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Fundamentals of Large-Scale MIMO

This technology advancement represents by large 
scale Multiple Input Multiple Output (MIMO ) system 
that provides enhanced solutions in terms of spectral 
efficiency, energy efficiency and reliable massive access. 
These systems use an enormously large number of 
antennas within a relatively small area, distinguishing 
them from conventional mMIMO settings. Aspects such as 
very large scale multiple inputs multiple outputs (VLS-
MIMO) or extreme large scale multiple inputs multiple 
outputs (XL-MIMO) are part and parcel of large scale 
MIMO and 5G networks.

Fig. 1. Optimizing MIMO Systems for Large-Scale 5G 
Antenna Arrays

Antenna Array Geometries

Array geometry in the large-scale MIMO systems is 
crucial because it determines the behavior of the 
antenna array. Horizontal and vertical two-dimensional 
rectangular antenna arrays are employed for high-gain 
beams to support flexible beams’ steering. Such arrays 
are usually partitioned into sub-arrays, which means 
these are the sets of two elements that do not intersect 
with each other. To sum an array, each sub-array has two 
radio chains for the per polarization for more control on 
the beam.

Array geometry that includes size and shape of sub-
arrays means that there is often a trade off between 
gain and beam width. Because sub-arrays are larger the 
amount of gain achieved is higher but the beam widths 

obtained are narrower. On the other hand, narrower 
sub-arrays span larger beam widths, which is beneficial 
in massive system with high elevation requiring coverage 
like the dense urban high-rise scenarios.

Propagation Characteristics

Another important difference between L MIMO and 
mMIMO system is that different models of propagation 
exist. Although mMIMO channels are usually assumed 
based on plane waves with far-field assumptions, large-
scale MIMO channels are modeled based on vectorial 
spherical waves due to near-field electromagnetic wave 
(EW) nature. Such a shift in propagation modeling has 
major impacts effecting on channel estimation and 
the beam focusing methods. In large-scale MIMO, BS-
combiner links demand new near-field based processing 
to take better advantage of the channels. These are 
channel estimation techniques using near-field channels 
and improved techniques for near field beamforming. 
Furthermore, the systems involving a large number 
of antennas require applicable propagation channel 
modeling and consideration of spatial non-stationarity, 
coupling effects among the separate antenna elements, 
and polarization. These factors are usually neglected 
in conventional mMIMO models, but they significantly 
affect system performance and have to be taken into 
account during the design and optimization of large-
scale MIMO systems.

Degrees of Freedom

Naturally, the number of DoF is one of the most important 
potential capabilities of large-scale MIMO systems. 
In MIMO communications, DoF means the rank of the 
channel matrix and it normally depends on the lower 
of the transmitting or receiving antennas. Nonetheless, 
new systems have opportunities in increasing DoF greatly 
in large-scale MIMO even in LoS environments (Table 1).

It has been proved that the DoF increases with the 
transmitter and receiver length and decreases with the 
distance between them for linear arrays used in large 
scale MIMO systems. In systems using large surfaces, like 

Table 1. Comparison of Antenna Technologies for 5G

Technology Frequency Range Key Features Advantages Challenges

Beamforming 24 - 100 GHz Adaptive, Directional Increased capacity and 
coverage

Complexity in design

Massive MIMO 24 - 100 GHz Multiple antennas High spectral efficiency Interference management

Microstrip Antenna 1 - 100 GHz Low-profile Lightweight, inexpensive Narrow bandwidth

Phased Array 24 - 100 GHz Electronically 
steered

Fast beam switching High power consumption
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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

National Journal of Antennas and Propagation, ISSN 2582-265960

Abreu Shum : System Level Architectures and Optimization of Low Cost, High Dimensional Mimo Antennas for 5G Technologies 

CAP or UPA the DoF is calculated by the mathematical 
product of the transmitter and receiver area divided 
by the square of the distance. Another measure of 
the performance of the large-scale MIMO system is 
the effective degree of freedom (EDoF). The EDoF 
equals the number of independent single-input-single-
output systems and characterizes the communication 
performance directly. It can be estimated more or less 
through the use of the trace and the Frobenius norm of 
the channel matrix. The DoF increase provided by large 
scale MIMO systems point to substantial gains in terms of 
spectral efficiency and system capacity. Thanks to these 
extra DoF MIMO can support a larger numbers of users or/
and higher data rates with 5G ie making large scale MIMO 
to act as an enabler for future wireless communication.

Channel State Information Acquisition

CSI capture is an essential process in the enhancement 
of MIMO systems for the future 5G deployment of 
a scalable number of antennas. CSI is critical for the 
effectiveness of massive MIMO systems given the need 
in effective beamforming, precoding, and scheduling 
of user. The acquisition process of CSI in massive MIMO 
systems has the following challenges; overhead of the 
pilots, accuracy, and computational implementation.

Uplink Pilot Transmission

Finally, in TDD systems, uplink pilot is the preferred 
approach when it comes to CSI collection. This approach 
relies on channel reciprocity whereby base stations are 
able estimate the downlink channel from the uplink 
measurements. In the uplink pilot state, the users send 
to the base station the pilot orthogonal sequences which 
allow the estimate of the channel of each user. However, 
owing to the increasing use of mobile Internet, there 
is need to support higher data rates, which has had 
an influence on the pilot transmission process. If user 
count increases then the pilot overhead also increases 
thus getting close to pilot contamination. When the 
pilot sequences of neighbouring cells are the same then 
interference is caused and the estimates of the channel 
pattern are less accurate.

In order to remedy, these challenges has inspired 
researcher to employ advanced methods including the 
beam Domain Decomposition (DD) and Singular Value 
Decomposition (SVD) technique. This approach treats 
multi-user systems; massive MIMO system as multiple 
single-user system in which estimates the channel and 
increases the computation complexity. Compared to the 
previous method, division of the system into the variety 
of single-user MIMO components mitigates pilot overhead 
and boosts the accuracy of the estimations.

Downlink Channel Estimation

Apparently uplink pilot transmission can be used for the 
TDD system, however the FDD system requires other 
methods of downlink channel estimation. It can be seen 
that in FDD systems that do not have channel reciprocity 
especially between the uplink and the downlink 
frequencies, distinct downlink pilots for CSI acquisition 
are needed. Another downlink channel estimation method 
calls for the employment of beamformed pilots. Pilots are 
transmitted by base stations together with data signals 
to help users to be able to provide effective estimation 
of the downlink channel gains. While this method can 
enhance the accuracy of estimation, it incurs additional 
cost in terms of computational complexity and system 
latency which may on average decrease the spectral 
efficiency of the system. To address these issues, the 
blind estimation techniques which employed only the 
DL data signal for CSI acquisition have been proposed. 
MMSE estimates of the channel based precoding vectors 
are used in the formation of precoding vectors which 
are exploited in these methods. With such structure, 
the blind estimators can estimate the effective downlink 
channel gain substantially without extra pilot overhead 
(Figure 2).

Fig. 2. Channel State Information Acquisition

There has been an interesting angle to the downlink 
channel estimation as recent achievement s in the 
machine learning and deep learning have made new 
breakthroughs. It is also mentionable that deep learning 
based estimators have demonstrated potential to 
identify the correspondence of received data signals with 
the specific channel parameters. They are especially 
applicable where traditional theories are not suitable or 
even insolvable analytically.

Reciprocity Calibration

The channel reciprocity is a major assumption in TDD 
massive MIMO systems, by enabling the use of the 



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.

Author’s e-mail: ishratzahanmukti16@gmail.com, ebad.eee.cuet@gmail.com, kou-
shikkumarbiswas13@gmail.com

How to cite this article:  Mukti IZ, Khan ER, Biswas KK. 1.8-V Low Power, High-Res-
olution, High-Speed Comparator With Low Offset Voltage Implemented in 
45nm CMOS Technology. Journal of VLSI Circuits and System Vol. 6, No. 1, 2024 (pp. 
19-24).

Journal of VLSI Circuits and Systems, ISSN: 2582-1458 Vol. 6, No. 1, 2024 (pp. 19-24) 

IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:

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

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

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

 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
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uplink CSI for the downlink precoding. However, in real 
communication, the channel of communication is not only 
the physical channel but also addendums, like antenna, 
RF mixer, filter, and A/D converter. These components do 
not have to be equal for each device and this is where 
there can be inequalities in the reciprocity assumption. 
To this end, reciprocity calibration is required. There 
are now other calibration techniques that are based 
on the device under test’s channel measurements 
being exchanged with a similar device instead of with 
a reference device. Computationally, these methods 
can be posed as total least squares problem either 
in the time or the frequency domain. A challenge of 
reciprocity calibration is that the two way frequencies 
may be proportional in one part of the system but not 
in a symmetric way in another system. These offsets 
can therefore degrade the quality of channel estimates 
obtained. To combat this problem, researchers have 
presented techniques for estimating and correcting 
the frequency offsets by utilizing subsequent channel 
estimates. Through using of the mentioned compensation 
techniques, it is possible to compensate frequency 
offsets, which in turn enables accurate CSI acquisition. 
Although the development of new massive MIMO systems 
is still going on, the problem of efficient and accurate 
CSI acquisition has seen significant attention. Efficiency 
uplink pilot transmission techniques, efficient downlink 
channel estimation and reciprocity calibration will be 
critical in achieving the optimum efficiency of large 
scale 5G antenna arrays.

Precoding and Combining Techniques

Therefore, pre coding and combining is important in 
enhancing MIMO for future large scale 5G antenna arrays. 
They are used to improve the signal quality, suppress 
the interfear and improve capacity for the system. 
Three primary techniques have emerged as key players 
in this field: MRT, ZF precoding, and RZF techniques 
are currently available under the name of precoding 
techniques.

Maximum Ratio Transmission

MRT, or Maximum Ratio Combining (MRC) at the receiver 
side, aims to get the maximum signal-to-noise power 
ratio for individual users. This technique utilizes the 
following static approach whereby the precoding matrix 
in the system equals the conjugate transpose of the CSI 
matrix. In MRT, modulation symbol is multiplied with 
the conjugate of channel gains before sending over 
the channel. The key strength of the MRT is the unified 
addition of the electromagnetic energy from each of the 
transmit antennas at the receiver. This leads to efficient 

utilization of energy in the direction of the target or 
objective as much as possible is achieved. For instance, in 
situations when during the signal transmission, the signal 
phase shift takes place, MRT can switch the phase at 
the signal transmitting antenna Such way, all the signals 
received by the receiver will be in phase. However, MRT 
has a significant drawback: Most important, it fails to 
consider the problem of interference with other users. 
Such a limitation is particularly detrimental to the 
performance of the algorithm in case of many users or 
high levels of interference.

Zero-Forcing Precoding

It should also be noted inter-user interference that MRT 
does not solve is addressed by ZF precoding. This method 
aims at reducing interference of one user by another, 
by designing the precoding matrix. When perfect CSI is 
available at the transmitter, the ZF precoder is obtained 
as the pseudo-inverse of the channel matrix. The basic 
idea used in the ZF precoding method is advocated by 
orthogonality. Every beam produced by the ZF precoder 
is perpendicular to other user channel vectors thereby 
cancelling out the signals intended to other users. This 
orthogonality condition can be written as H^Tw = Q and 
Q in general is an identity matrix. ZF precoding has been 
concluded to work very well in massive MIMO systems 
particularly when the number of users are many. It can 
provide almost system capacity with perfect CSI at the 
transmitter side. Nevertheless, ZF precoding presents 
some difficulties in various real-world applications. It is-
band limited, and the full multiplexing gain overhead 
means that a large amount of feedback must be needed, 
whereas poor accuracy of CSI can severely impact 
throughput due to residual multi-user interference.

Regularized Zero-Forcing

RZF or known as Minimum Mean Square Error (MMSE) 
precoding is somewhere in between the MRT and ZF 
techniques. This technique adds a regularization factor 
to the ZF algorithm with given possibility to select a 
certain level of interference while amplifying the signals 
(Table 2)..

There are two essential objectives of the RZF precoder 
which is to suppress the noise enhancement and the 
interference between users. It adds another constraint 
to the precoding matrix which reduces the amount of 
inversion more so when we have noise enhancement 
problem associated with ZF precoding. Based on its 
complexity performance RZF has been identified to be 
a good candidate for implementation in commercial 
mmMIMO network. This method provides an optimal 
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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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channels. This approach enables the base station to 
synchronize transmission to a subset of the users in each 
available time, code or frequency slot using CSI. The 
aim is to give the transmission nearer to the topmost 
channel condition for user which is desirable for the 
overall systems. Further to that, schedulers in MIMO 
systems have another layer of flexibility in that each 
user can be allocated to several spatial channels. The 
design of the scheduler must take into consideration 
the processing done at the transmitter side for example 
linear precoding and power allocation and at the 
receive side for examplelinear equalizer. For example, 
Orthogonal Space Division Multiple Access (OSDMA) 
applies linear precoding at the base station and zero-
forcing linear equalizers at the receivers so that the 
spatial channels meant for a particular user do not 
interfere with signals directed to other users interaction 
or even with themselves. However, to complement the 
goal that sum capacity should be proportional to the 
number of users, scheduling procedures include fairness 
limits borrowed from the proportional fair criterion. 
These constraints are useful to obtain specific desirable 
long-term fair- ness properties when different users 
undergo unbalanced channel con- ditions.2 Spatial 
Compatibility Metricstechnique that capitalizes on 
multiuser diversity in broadcast fading channels. This 
approach allows the base station to time transmissions 
to a subset of users in each available time, code, or 
frequency slot based on channel state information 
(CSI). The goal is to grant transmission to users with 
instantaneous channel conditions near their peak, 
thereby maximizing overall system performance. In 
MIMO systems, schedulers have an additional degree of 
freedom as each user can be assigned to multiple spatial 
channels. The design of the scheduler must consider 
the processing performed at both the transmitter (e.g., 
linear precoding and power allocation) and the receivers 
(e.g., linear equalizer). For instance, Orthogonal Space 
Division Multiple Access (OSDMA) employs orthogonal 
linear precoding at the base station and linear  

solution for precoding that not only takes into account 
signal power but also interference. However, this 
comprehensive view arises at the expense of signal 
processing load more than the MRT and ZF methods. In the 
real implementation, which precoding technique should 
be used depends on the following factors, including; 
the system specification, computational capacity, and 
the current channel conditions. The research on the 
efficient Precoding and Combining technique still plays a 
vigorous role as new expansions in massive MIMO systems 
are under progress to confront the growing requirements 
of 5G network.

User Scheduling and Pairing

Scheduling and then the pairing of the users is very key 
in the design of the MIMO systems especially for large 
scale 5G Antenna Array. Their objective is to improve 
system performance based upon choosing the most 
appropriate users for transmission in a particular time 
slot. These results therefore suggest that through proper 
scheduling and pairing of the users, high data rates, 
fair data rates distribution, and quality of service at 
the same time enhancing reduction of interference can 
easily be achieved.

Fig. 3. User Scheduling and Pairing

Channel-Aware Scheduling

The channel aware scheduling is a strategy that exploits 
the use of multiuser diversity in broadcast fading 

Table 2. Comparison of Antenna Simulation Software

Software Name Features Strengths Limitations Cost

CST Studio Suite Full 3D EM simulation Accurate, versatile Steep learning curve High

HFSS (Ansys) 3D Full-wave EM field sim-
ulation

Excellent for complex designs Requires powerful 
hardware

High

FEKO Hybrid methods for com-
plex models

Good for antenna array 
designs

Limited ease of use Medium

XFdtd FDTD-based solver for 3D 
EM problems

Fast and efficient for high 
frequencies

Less popular than 
others

Medium

COMSOL Multiphysics Multiphysics simulations Versatile across different 
physics domains

Antenna-specific fea-
tures limited

Medium
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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. 
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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 

63

Abreu Shum : System Level Architectures and Optimization Of Low Cost, High Dimensional Mimo Antennas For 5G Technologies 

zero-forcing equalizers at the receivers, ensuring 
that spatial channels intended for a given user do not 
interfere with signals destined for other users or among 
themselves. To achieve a balance between sum capacity 
and fairness among users, scheduling procedures 
often incorporate fairness constraints inspired by the 
proportional fair criterion. These constraints help 
ensure desired long-term fairness properties, especially 
in scenarios where users experience unbalanced channel 
conditions.

Spatial Compatibility Metrics

The compatibility coefficients are used in user aggregation 
processes in multi-user MIMO systems. These metrics 
represent numerical measures that enable calculation 
of the compatibility of each user at the spatial level 
and might facilitate optimal resource sharing in terms 
of the channels. A two-step heuristic solution has been 
proposed to address this challenge: 

1. Derive an algebraic measure that determines the 
compatibility state of two users in space. 

2. The group users have to be partitioned into a set of 
shared channels with reference to maximizing the 
sum of compatibility metrics over all groups. 

Thus, the application of this approach has been tested 
in simulations and it has provided a solution that is 
quite close to the best, in terms of the time taken 
all computations. Moreover, another variation of this 
algorithm enhances the flexibility and performance 
by assigning the sub-channels of different multipath 
components of a specific user to different time-domain 
channels..

Fairness-Aware Algorithms

This is because one of the most significant objectives 
of the proposed algorithms is to achieve fair resource 
distribution among users, particularly where the 
channel conditions differ significantly. These algorithms 
try to achieve the overall system throughput as well 
as equitably distribute the resources among the users. 
There is one strategy to add the fairness concept – to 
change the user selection criterion. For example, if 
there is a user who has been ignored by the scheduling 
procedure for a given time frame, then matrix scaling 
is used to force the scheduling algorithm to assign 
resources for that particular user. This is great to 
meet an optimal balance between the sum of capacity 
demanded and the distribution of fairness among the 
users in the long run. A second case of fairness-aware 
approach is a criterion based on fairness constraint 

over channels norms. It is still unclear how this 
criterion affects channel rates, but using numerical 
simulations, one must study the criterion’s efficacy at 
determining fairness of resource distribution. Thus, the 
design of user scheduling and pairing scheme becomes 
more important as the advances of MIMO systems are 
still active. Along with CSI acquisition and precoding 
techniques, these methods will serve as the driving 
force behind exploiting the benefits of increased 
antenna array size in the 5G network and the ability 
to meet the demands of current and future wireless 
communication systems.

Hardware Impairments and Mitigation

Due to realistic imperfection in the hardware and 
electronic circuits several issues arise when optimizing 
the MIMO systems for future large-scale 5G antenna 
arrays. These impairments can be dramatic in their 
effects on system performance, especially where very 
large numbers of antennas are deployed in each base 
station, as is increasingly the case with MIMO. It is thus 
important to have knowledge and control over these 
hardware related challenges if full potential of 5G 
networks is to be realized.

Phase Noise Effects

Interference effects and phase noise, one of the hardware 
impairments in MIMO systems, affect the performance 
process substantially at high carrier frequencies and 
large bandwidths. It is caused by imperfections of the 
oscillators and may result in incorrect symbol rotation 
and interference between users. In tiled architectures, 
phase noise is created both from the reference oscillator 
and form independent oscillators locked to the reference 
on each tile. Accordingly, there exists a systematic way of 
characterising the effect of phase noise in MIMO systems. 
Specifically, common phase noise originated from the 
low-frequency clock generally has a negligible impact 
as such phase noise can be effectively separated and 
suppressed at the LMMSE receiver facility and dominates 
only the symbol rotation after interference removal. 
However, independent phase noise coming out of voltage 
controlled oscillators (VCOs) per tile is high pass shaped 
by the phase-locked loop (PLL) and cannot be tracked 
at the data symbol time scale. Designers can counter 
phase noise effects by averaging across tiles and this has 
been revealed to offer significant gains. Furthermore, 
functional demands of a given system in terms of phase 
noise variance can be mapped to specific phase noise 
PSD mask in order to allow appropriate selection of the 
oscillator components.
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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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I/Q Imbalance Compensation

IQ imbalance also known as in-phase and quadrature-
phase imbalance (IQI) is another major hardware 
limitation in MIMO systems. It relates to the phase shift 
between the real and imaginary part of the signal because 
of the inaccuracy of such components as capacitors 
and resistors. IQI has been identified as a significant 
issue in large scale MIMO system that could even be 
detrimental to the performance of such networks. 
To overcome this, different compensation techniques 
have been adopted by researchers that can be applied 
at the access point(APs). These methods are generally 
contacted based on an estimation of the IQI coefficients 
and experience has indicated that the limitations to 
performance can be effaced and system performance 
improvement realized. The compensation matrix can 
be constructed using estimated IQI coefficients so as to 
reduce the effect of IQI on the received signal. It is also 
important to make an important note that if inadequate 
IQI compensation techniques are used, the system will 
perform very poorly. This implies that mitigation of IQI is 
important so that MIMO could perform optimally in the 
5G network.

Nonlinear Distortion Handling

Nonlinearities are further prevalent in the radio 
front-end, which severely impairs communications 
quality and system performance in MIMO systems. 
These nonlinearities result in harmonic components 
and intermodulation products, which can degrade 
components and cause mishaps concerning specifications 
in key upcoming telecommunication technology, the 5G 
New Radio (NR). Some techniques exist to deal with 
nonlinear distortion such as digital pre-distortion (DPD). 
DPD can also be used as a linearization method with 
behavioral models of power amplifiers that consider 
nonlinearity of PAs to appropriate for cross talk. This has 
been demonstrated to have some ability to ease isolation 
restrictions between PAs and antennas that should lower 
system cost and complexity.

Fig. 4. Hardware Impairments and Mitigation

Studious have suggested that by including cross-talk 
coupling in the PA behavioral models, the isolation 
levels can be reduced down to approximately 11 dBs, 
while achieving the desired ACLR level. This discovery 
paves way for new possibilities in the development of 
more economical and feasible MIMO systems for 5G 
operations. Therefore, it is crucial to provide suitable 
techniques to mitigate hardware impairments to 
enhance the performance of the large-scale antenna in 
5G MIMO systems. Therefore, those responsible for the 
implementation of the blocker, and the resulting phase 
noise, I/Q imbalance, and nonlinear distortion can 
improve system performance and ensure efficient 5G 
signal reception.

Energy Efficiency Optimization

Papers on energy efficiency show that it is one of the 
crucial aspects of enhancing the prospects of MIMO for 
the 5G big antenna array structures. Since the number 
of antennas and users grows, power consumption also 
raises the need for methods that can optimize the 
performance even if energy is limited. This part discusses 
various techniques for improving energy efficiency of the 
massive MIMO systems.

Sleep Mode Strategies

Another way of opening up power savings in massive 
MIMO systems is using the sleep mode techniques. 
These techniques enable the selective switching off 
of the base stations (BSs) or some of its parts when 
inactive. Given that baseband and RF hardware can now 
support sleep modes, network operators can carefully 
design and optimize network operation to match other 
fluctuations in the behavioral patterns of users and the 
evolving nature of the networks. Sleep mode strategies 
are especially advantageous to the centralized network 
hierarchy because decisions on turning active or inactive 
BSs depend on the traffic intensity and utilization in the 
network. The approach assists in achieving restoration 
of a balance on the issue of coverage and minimization 
of energy use during instances of low demand.2.1 
Generalised Types of Techniquesy incorporating cross-
talk coupling in PA behavioral models, isolation levels 
can be relaxed to around 11 dB while maintaining the 
targeted Adjacent Channel Leakage Ratio (ACLR) level. 
This finding opens up new possibilities for designing 
more cost-effective and efficient MIMO systems for 
5G applications. In conclusion, addressing hardware 
impairments through effective mitigation techniques is 
essential for optimizing MIMO systems in large-scale 5G 
antenna arrays. By implementing strategies to combat 
phase noise, I/Q imbalance, and nonlinear distortion, 
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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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designers can significantly enhance system performance 
and realize the full potential of 5G technology.

Antenna Selection Techniques

Antenna selection is one of the most important energy-
efficient methods in the large-MIMO system. A certain 
amount of degradation of the system performance 
is however unavoidable if the number of active RF 
chains is reduced but this can be minimized if a way of 
picking only a certain number or subset of the available 
antennas for transmission and reception is achieved. 
This approach has the advantage of flexibility in terms 
of resolution and the number of required ADC circuits. 
More recent studies have accordingly investigated 
antenna selection techniques to suit large-scale MIMO 
receivers employing low-bit A/D conversion. To this end, 
the effective algorithms currently in operation seek to 
optimise achievable throughput, but in parallel seek also 
to do so with regards to power. Recent simulation has 
also revealed that proper characterization of antenna 
selection actually yields higher capacity compared to the 
traditional methods for the same number of antennas.

Power Allocation Schemes

In MIMO systems optimised energy distribution is 
important to achieve maximum efficiency. Different 
power control policies have been discussed to enhance 
the system throughput while at the same time reduce 
on power consumption. These schemes are generally 
designed to achieve the maximum channel capacity 
under certain fixed constraint on the total transmission 
power. An unrelated strategy is power control to 
employ water-filling techniques in the MIMO system 
where CSI is available at both the transmitter and the 
receiver terminal. Its application has been found to 
offer the prospects for enhancing the channel capacity 
and attaining greater spectral efficiency. Erinev 
configurations involved in power allocation grows 
from PSO to intelligent compilation of deep learning 
models. These approaches share the advantage that 
they allow the wanting of many parameters at once, 
while not requiring extensive computational resources. 
For example, a novel HGTLO framework was suggested 
for power and resource distribution with the aim of 
achieving maximum sum rate of the RF channel. Thus, 
achieving energy efficiency in massive MIMO system calls 
for various level of approach that entails sleep mode 
polices, antenna selection process, and power control 
methods. Employment of these approaches will enable 
the control of power consumption in networks while 
at the same time responses to the high performance 
expected of 5G networks. Therefore, assuming that 

future research in this area will continue in the same 
line, better Energy efficiency results could be achieved 
in the future to enhance MIMO systems deployment with 
more sustainability and less cost.

Practical Implementation Challenges

There are certain issues that have to be solved in 
order to make use of large scale MIMO systems in 5G 
antenna arrays Some of them are as follows: The existing 
difficulties arise from rising intricacy and extent of these 
systems, which create the necessity for the advanced 
approaches to maintain such systems efficient.

Computational Complexity Reduction

A significant limitation of the analyzed massive MIMO 
systems is the high computational cost in signal processing 
through specific schemes. But as the size of the array 
increases, there arises the need to process the large 
amount of data produced by various antennas. These 
issues render the CH unit more complex and increase the 
latency and energy consumption, at least in some cases 
negating the advantages of MIMO systems. In particular, 
the following approaches have been suggested for 
carrying out a comprehensive analysis of the research 
problem in question. There is the distributed XL-MIMO 
implementation where base stations, front-haul links, 
and local processing units along with central processing 
units with high computation processing ability are 
used. This topology of computation distribution 
enables implementation of a variety of processing 
architectures in compliance to the computational 
need. The second method of minimizing the amount 
of performed calculations is the activation of only 
some of the antennas. In actual usage communication 
situations, it is not necessarily important to employ all 
of the antennas in the XL-MIMO array. Thus by aprocess 
of antenna selection based on these particular design 
criteria, the system can balance the performance and 
the level of processing.2 Scalability in Architectural 
Design in implementing massive MIMO systems is the 
high computational complexity associated with signal 
processing schemes. As the array size increases, so does 
the complexity of processing the vast amount of data 
generated by numerous antennas. This complexity can 
lead to increased latency and energy consumption, 
potentially offsetting the benefits of MIMO systems. To 
address this issue, researchers have proposed several 
promising solutions. One approach involves the use of 
distributed XL-MIMO implementation, which consists 
of base stations with local processing units, central 
processing units with high computation processing ability, 
and fronthaul links. This distributed topology allows for 
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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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flexible implementation of different processing schemes 
according to varying computation requirements. 
Another strategy to reduce computational complexity 
is the selective activation of antennas. In practical 
communication scenarios, it may not be necessary to 
use all antennas in the XL-MIMO array simultaneously. 
By optimizing antenna selection based on specific design 
requirements, the system can achieve a balance between 
performance and processing complexity.

Scalable Architecture Design

Challenges in designing massive MIMO systems are in 
response to increasing demands in the network, which 5G 
architecture requires infrastructure to support. National 
Instrument’s MIMO Prototyping System is developed 
based on a modular construction that accessed through 
the USRP RIO with scalable RF channel capability for 
single user MIMO, multi-user MIMO, and massive MIMO. 
It is thus possible to engineer programmable testbeds 
that can accommodate one or more MIMO configurations 
while minimizing hardware changes. Due to the 
flexibility of the system, the SDR hardware of the system 
and the underlying PHY layer can be easily controlled; 
this is possible by controlling the number of antennas 
via software configuration without changing the FPGA 
design.

Testbed Development

The establishment of the sophisticated testbeds is seen 
as crucial to ensure systems efficiency prior to field 
implementation of massive MIMO systems. The IEEE 
5G/6G Innovation Testbed™, a cloud-based testbed, 
enables 5G and 6G products, services and applications to 
be tested and verified in a controlled and secure manner.

This testbed serves as a platform for fast-paced 
experimentation in the 5G/6G system where partners 
from academia, industry, and research can conduct 
experimental studies together. It is cloud hosted solution 
that enables employees with different location to work 
together in testing and developing environment.

Besides, they are mostly involved in issues of ethical issues 
and meeting regulatory frameworks in the advancement 
of 5G/6G technology. Such enclosures afford the 
opportunity to appropriately and formally assess these 
novel fidelities together with their associated risks such 
as privacies, securities, and accesses. Overcoming these 
real-life deployment issues, researchers and engineers 
will be able to provide the launch pads for large-
scale MIMO deployment in 5G networks, which in turn 
has all chances to bring the revolution in the wireless 
communication domain.

Conclusion

The enhancement of MIMO techniques for large-
scale 5G antennas array is crucial to the future of 
wireless communications. These advances are enabling 
improvements that go from acquiring channel state 
information to designing new, superior precoding 
schemes, and setting the path to superior networks. 
Anticipating the energy efficiency is also another 
important aspect that also influence the advancement 
of 5G technology, as well as the machine learning 
approach. In the future studies, the real implementation 
issues would pose critical to fully realize the benefits 
of implementing the massive MIMO systems. Cutting the 
computational cost, constructing wide networks, and 
building extensive test matrices are the preliminary 
tasks to take these technologies to practice. However, 
through another round of research and discovery in 
these areas we are likely to celebrate other discoveries 
that will expand the frontier of wireless technology as 
we know it.
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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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