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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

In the ever-evolving landscape of wireless communication, innovations continue to push 
the boundaries of what’s possible. One such ground-breaking advancement is the Four-
Element Multiple-Input Multiple-Output (MIMO) antenna. This sophisticated technology 
combines the principles of antenna design with the power of MIMO to deliver unparalleled 
performance and efficiency in wireless communication systems. In this article, we explore 
the intricacies of the Four-Element MIMO antenna, its design principles, applications, and 
its transformative impact on the world of wireless connectivity.
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Understanding the Four-Element MIMO Antenna

The Four-Element MIMO antenna represents a significant 
leap forward in antenna technology, enabling higher data 
rates, improved coverage, and enhanced reliability in 
wireless communication systems. As the name suggests, 
this antenna system comprises four individual antenna 
elements, each capable of transmitting and receiving 
signals simultaneously.[1-16] By leveraging MIMO techniques, 
the antenna system can exploit spatial diversity and 
multipath propagation to enhance signal quality and 
mitigate interference.A Four-Element Multiple Input 
Multiple Output (MIMO) antenna system comprises four 
separate antenna elements that work together to enhance 
wireless communication performance. MIMO technology 
utilizes multiple antennas at both the transmitter and 
receiver ends to improve data throughput, increase 
network capacity, and enhance signal reliability. Here’s 
an overview of the key aspects of a Four-Element MIMO 
antenna as shown in Fig. 1:

1. Antenna Configuration

The Four-Element MIMO antenna system typically 
consists of four antenna elements arranged in a specific 
configuration to maximize spatial diversity and multipath 
propagation. Common configurations include linear 
arrays, planar arrays, and circular arrays, each offering 
unique advantages in terms of coverage, beamforming, 
and polarization diversity.
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2. Spatial Diversity:

By deploying multiple antenna elements, the Four-
Element MIMO system exploits spatial diversity to 
mitigate signal fading and improve communication 
reliability. Each antenna element experiences different 
propagation conditions, allowing the receiver to combine 
the received signals coherently, thereby enhancing signal 
quality and reducing errors.

Fig.1: Geometry of the four-element  
MIMO antenna system
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3. Beamforming: 

Four-Element MIMO antennas can employ beamforming 
techniques to focus transmitted signals towards specific 
directions or users, thereby improving signal strength 
and coverage in desired areas. Beamforming can be 
achieved using digital signal processing algorithms or by 
adjusting the phase and amplitude of signals across the 
antenna array.

4. Multipath Propagation

MIMO antennas leverage multipath propagation by 
transmitting multiple signals that reflect and refract off 
surrounding objects and surfaces. By exploiting multipath 
diversity, MIMO systems can increase spectral efficiency 
and data throughput, particularly in challenging 
propagation environments such as urban areas or indoor 
spaces.

5. Applications

Four-Element MIMO antennas find applications in 
various wireless communication systems, including Wi-
Fi networks, cellular systems (such as LTE and 5G), 
and wireless sensor networks. They are particularly 
beneficial in scenarios requiring high data rates, 
improved coverage, and reliable connectivity, such as 
dense urban environments, stadiums, and industrial  
facilities.

In conclusion, Four-Element MIMO antennas offer 
significant advantages in terms of spatial diversity, 
beamforming capability, and multipath exploitation, 
making them valuable components in modern wireless 
communication systems aimed at enhancing performance 
and reliability.

Principles of Operation

The operation of the Four-Element MIMO antenna is 
grounded in the principles of MIMO technology and 
antenna array design.[17-27] Each antenna element is 
strategically positioned to maximize spatial separation 
and diversity, allowing for independent signal 
transmission and reception. By processing signals from 
multiple antenna elements in combination, the MIMO 
system can achieve significant performance gains in 
terms of data throughput, coverage, and reliability.
The operation of a Four-Element Multiple Input Multiple 
Output (MIMO) antenna involves the coordinated 
transmission and reception of signals through four 
separate antenna elements to improve wireless 
communication performance. Here’s how it worksas 
shown in Fig. 2:

1. Transmit Diversity

In the transmit mode, the MIMO system simultaneously 
transmits multiple data streams from each of the four 
antenna elements. These data streams are modulated 
with different symbols and sent out with specific phases 
and amplitudes. Transmit diversity exploits spatial 
multiplexing, allowing the system to transmit multiple 
independent data streams concurrently.[28-34]

2. Spatial Multiplexing:

Each of the four antenna elements transmits its own data 
stream, and these streams propagate through the wireless 
channel, experiencing different fading and propagation 
conditions. By exploiting spatial multiplexing, the 
receiver can decode the transmitted signals to extract 
the original data streams, effectively increasing the data 
throughput without requiring additional bandwidth.

Fig.2: Geometry of the proposed four-elements MIMO
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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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3. Receive Diversity:

In the receive mode, the MIMO system uses the four 
antenna elements to receive signals from the transmitter. 
Each antenna element picks up the transmitted signals 
along with any reflections or multipath components. 
The receiver combines the signals received from all four 
antennas to enhance the signal quality and mitigate the 
effects of fading and interference.[35-46]

4. Spatial Processing:

The MIMO receiver employs sophisticated signal 
processing techniques to extract the transmitted data 
streams from the received signals. By exploiting the 
spatial diversity offered by the multiple antennas, 
the receiver can differentiate between the desired 
signal and noise or interference, improving the overall 
communication performanceas shown in Fig. 3.

5. Beamforming:

Additionally, the MIMO system can utilize beamforming 
techniques to steer the transmitted signals towards 
the intended receiver or to null out interference from 
unwanted directions. Beamforming can be achieved 
by adjusting the phase and amplitude of the signals 
transmitted from each antenna element, allowing the 
system to focus its energy in specific directions and 
improve signal strength and coverage.[42-53]

Overall, the operation of a Four-Element MIMO 
antenna involves leveraging spatial diversity, multipath 
propagation, and advanced signal processing techniques 
to enhance wireless communication performance in 
terms of data throughput, reliability, and coverage.

Key Components

1. Antenna Elements

The Four-Element MIMO antenna comprises four 
individual antenna elements, each optimized for specific 
frequency bands and polarization states [50]-[56]. These 
elements may include patch antennas, dipole antennas, 
or other antenna configurations, depending on the 
application requirements and operating environment.
Antenna elements are the fundamental components 
of an antenna system responsible for transmitting 
and receiving electromagnetic signals. They convert 
electrical signals into electromagnetic waves for 
transmission or vice versa for reception. Here are key 
aspects of antenna elementsas shown in Fig. 4:

1. Design:

Antenna elements come in various shapes and 
configurations, including dipoles, monopoles, patches, 
loops, helices, and arrays. The design of an antenna 
element is crucial for determining its radiation pattern, 
polarization, bandwidth, and efficiency.

2. Radiation Pattern

The radiation pattern of an antenna element describes 
the distribution of electromagnetic energy in space. It 
indicates the directionality and gain of the antenna, 
defining where the transmitted or received signals are 
focused.

3. Polarization

Antenna elements can produce linear, circular, or 
elliptical polarizations. The polarization of an antenna 

Fig.3: A 4-element crescent shaped two-sided MIMO
Fig.4: A compact four-element MIMO antenna for 

WLAN/WiMAX/satellite
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element determines the orientation of the electric 
field vector in the electromagnetic wave, affecting 
its compatibility with other antennas and propagation 
characteristics.

4. Bandwidth

The bandwidth of an antenna element refers to the range 
of frequencies over which it can efficiently transmit 
or receive signals. Wideband antenna elements are 
capable of operating across a broad frequency range, 
while narrowband elements are optimized for specific 
frequencies.

5. Efficiency:

Antenna efficiency quantifies the proportion of input 
power that is radiated as electromagnetic energy. High-
efficiency antenna elements minimize energy losses and 
maximize the effectiveness of the antenna system.

Fig.5: Sickle-shaped high gain and low profile

In summary, as shown in Fig. 5 antenna elements are 
essential building blocks of antenna systems, playing 
a crucial role in determining their performance 

characteristics such as radiation pattern, polarization, 
bandwidth, and efficiency. The selection and design of 
antenna elements depend on the specific requirements 
of the application, including frequency range, coverage 
area, and desired performance metrics.

2. Feed Network

A sophisticated feed network is used to distribute signals 
to and from the individual antenna elements. The feed 
network ensures proper phase and amplitude alignment 
of signals, enabling coherent signal transmission and 
reception across the antenna array.

3. MIMO Processing Unit

The MIMO processing unit consists of signal processing 
algorithms and hardware components responsible for 
processing and combining signals received from the 
multiple antenna elements. These algorithms leverage 
spatial diversity and channel reciprocity to enhance 
signal quality and data throughput.The feed network 
is a critical component of antenna systems responsible 
for distributing signals to or from multiple antenna 
elements. It ensures efficient signal transmission or 
reception across the antenna array while maintaining 
proper phase and amplitude relationships. Here are key 
aspects of the feed network:

1. Signal Distribution 

The feed network distributes signals from the transmitter 
to each antenna element in the transmit mode or collects 
signals from each element in the receive mode. It ensures 
that signals are delivered uniformly to all elements, 
enabling coherent signal transmission or reception.

2. Phase and Amplitude Control

The feed network controls the phase and amplitude 
of signals fed to each antenna element. This control is 
essential for beamforming applications, where precise 
adjustment of signal phase and amplitude is necessary 
to steer the radiation pattern and focus the transmitted 
energy in specific directions.

3. Balancing

In phased array antennas, the feed network balances the 
signals to maintain equal power levels across all antenna 
elements. This balancing ensures uniform radiation 
characteristics and maximizes antenna performance.

24. Impedance Matching

The feed network also performs impedance matching 
to ensure that the antenna elements operate at their 
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analog circuits with linear input-output characteristics. 
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primary distinction between OTA and traditional OPAMP is 
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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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optimum impedance for efficient signal transmission or 
reception. This matching minimizes signal reflections 
and enhances overall antenna efficiency.

5. Flexibility

Depending on the antenna design and application 
requirements, feed networks can be implemented using 
various techniques, including corporate feed, series 
feed, parallel feed, and hybrid feed. Each technique 
offers different trade-offs in terms of complexity, cost, 
and performance.

Overall, as shown in Fig. 6, the feed network plays a 
crucial role in the operation of antenna arrays by 
providing efficient signal distribution, phase and 
amplitude control, impedance matching, and flexibility 
in antenna design. Its proper design and implementation 
are essential for achieving desired antenna performance 
in various applications, including communication 
systems, radar systems, and wireless networks.

Applications of Four-Element MIMO Antennas:

The versatility and performance of Four-Element MIMO 
antennas make them well-suited for a wide range of 
applications across various industries:

 Z Mobile Communication: In mobile communication 
systems, Four-Element MIMO antennas enable 
higher data rates, improved coverage, and better 
signal quality, enhancing the user experience for 
applications such as video streaming, online gaming, 
and web browsing.

 Z Wireless Networks: In wireless networks, including 
Wi-Fi, LTE, and 5G systems, Four-Element MIMO 
antennas enhance spectral efficiency and network 
capacity, allowing for increased data throughput and 
seamless connectivity in congested environmentsas 
shown in Fig. 7.

 Z Satellite Communication: Four-Element MIMO 
antennas are utilized in satellite communication 
systems to enable reliable data transmission and 
reception over long distances. These antennas 
enhance link reliability and data rates, supporting 
applications such as broadband internet access, 
remote sensing, and satellite television broadcasting.

 Z IoT and Smart Devices: In the Internet of Things 
(IoT) ecosystem, Four-Element MIMO antennas play 
a crucial role in enabling connectivity for smart 
devices and sensors. These antennas offer enhanced 
range and reliability, supporting applications 
such as smart homes, industrial automation, and 
environmental monitoring.

Challenges and Future Directions:

Despite their numerous advantages, Four-Element 
MIMO antennas pose certain design and implementation 
challenges, including antenna size, complexity, and 
cost. Addressing these challenges will require ongoing 
research and development efforts to optimize antenna 
performance, miniaturize antenna size, and reduce 
manufacturing costs.[54-72] While Four-Element Multiple 

Fig.6: Compact four-element MIMO antenna  
using T-shaped and anti-symmetric U-shaped slotted 

SIW cavities Fig.7: 4-Port Octagonal Shaped MIMO
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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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Input Multiple Output (MIMO) antennas offer significant 
advantages in terms of spatial diversity, beamforming 
capability, and multipath exploitation, they also present 
several challenges that need to be addressed for optimal 
performanceas shown in Fig. 8:

1.Interference

In dense wireless environments, interference between 
adjacent MIMO systems or co-channel interference 
from other sources can degrade the performance of 
Four-Element MIMO antennas. Advanced interference 
mitigation techniques such as spatial filtering and 
interference cancellation are necessary to minimize the 
impact of interference.

2. Channel Estimation

Precise channel estimation is critical for coherent signal 
detection and decoding in MIMO systems. However, 
estimating the multiple channels between each 
transmit-receive antenna pair becomes increasingly 
challenging as the number of antennas grows. Robust 
channel estimation algorithms are needed to accurately 
estimate channel characteristics and track time-varying 
channels.

3. Complexity

Implementing beamforming and spatial processing 
algorithms in Four-Element MIMO antennas adds 
complexity to the system, requiring sophisticated signal 
processing techniques and increased computational 
resources. Efficient hardware architectures and 
optimized algorithms are essential to manage this 
complexity while maintaining real-time performance.

4. Antenna Coupling:

Mutual coupling between closely spaced antenna 
elements can distort the radiation patterns and degrade 

MIMO performance. Proper antenna design and isolation 
techniques are required to minimize coupling effects 
and maintain the independence of individual antenna 
elements.

5. Power Consumption:

Four-Element MIMO antennas with multiple transmitters 
and receivers consume more power compared to 
single-antenna systems, leading to increased energy 
consumption and reduced battery life in mobile 
devices. Energy-efficient design strategies and power 
management techniques are necessary to mitigate 
power consumption without sacrificing performance.

Addressing these challenges requires interdisciplinary 
research efforts in antenna design, signal processing, 
communication theory, and system optimization to 
unlock the full potential of Four-Element MIMO antennas 
in next-generation wireless communication systems.

Conclusions

In conclusion, Four-Element Multiple Input Multiple 
Output (MIMO) antennas represent a promising technology 
for enhancing wireless communication performance. 
By leveraging spatial diversity, beamforming, and 
multipath exploitation, Four-Element MIMO antennas can 
significantly improve data throughput, increase network 
capacity, and enhance signal reliability. Despite facing 
challenges such as interference, channel estimation 
complexity, antenna coupling, and power consumption, 
ongoing research and advancements in signal processing, 
antenna design, and system optimization are paving 
the way for the widespread adoption of Four-Element 
MIMO antennas in various communication systems. With 
continued innovation, Four-Element MIMO antennas are 
poised to play a pivotal role in shaping the future of 
wireless communication networks. Four-Element MIMO 
antennas holds tremendous promise for advancing wireless 

Fig.8: Wideband eight-element MIMO antenna with band-dispensation characteristics
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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 2582-265932

A.K. Monson, et al. : Unlocking Wireless Potential: The Four-Element MIMO Antenna

communication capabilities and enabling new applications 
across diverse industries. As researchers, engineers, and 
innovators continue to push the boundaries of antenna 
technology, we can expect to see further breakthroughs 
that enhance connectivity, improve spectral efficiency, 
and drive innovation in wireless communication systems. 
With their ability to exploit spatial diversity and multipath 
propagation, Four-Element MIMO antennas are poised 
to play a pivotal role in shaping the future of wireless 
connectivity in the digital age.
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