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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

Capacitance and inductance are fundamental electrical properties that play crucial roles 
in the operation and performance of antennas. In this comprehensive review, we delve 
into the principles, effects, and applications of capacitance and inductance in antennas. 
We explore how these properties influence antenna design, resonance, bandwidth, and 
radiation characteristics. Additionally, we discuss advanced concepts such as impedance 
matching, loading techniques, and tuning methods that leverage capacitance and 
inductance to optimize antenna performance. By gaining a deeper understanding of 
capacitance and inductance in antennas, engineers and researchers can unlock new 
possibilities for enhancing wireless communication systems and other electromagnetic 
applications.
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Introduction to Capacitance and Inductance in Antennas

Capacitance and inductance are inherent electrical 
properties that arise in antennas due to their physical 
structure and electromagnetic interactions. Capacitance 
refers to the ability of an antenna structure to store 
electrical energy in an electric field, while inductance 
pertains to its ability to store energy in a magnetic field. 
These properties influence the impedance, resonance 
frequency, radiation pattern, and bandwidth of antennas, 
making them essential considerations in antenna design 
and optimization.Capacitance and inductance are 
fundamental electrical properties that play crucial roles 
in the operation and design of antennas. Understanding 
these properties is essential for optimizing antenna 
performance and achieving desired characteristics. Here’s 
how capacitance and inductance influence antennas:[1-12]

1.Capacitance

 Z Capacitance refers to the ability of a system to store 
electrical charge when a voltage is applied across it.

 Z In antennas, capacitance primarily arises from the 
geometry and configuration of the antenna elements. 
For instance, parallel plate structures, such as the 
plates of a capacitor, exhibit inherent capacitance.
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 Z Capacitance affects the impedance and resonant 
frequency of antennas. Higher capacitance can 
lower the resonant frequency of an antenna, while 
lower capacitance can increase it.

 Z Capacitive loading is a technique used to modify the 
electrical length of an antenna element, effectively 
changing its resonant frequency and impedance 
characteristics as shown in Fig. 1.

2. Inductance

 Z  Inductance refers to the property of a conductor to 
oppose changes in current flow. It is associated with 
the generation of a magnetic field when current 
passes through a conductor.

 Z In antennas, inductance primarily arises from the 
length and shape of conductors, such as wires or 

Fig.1: Equivalent circuit diagram of antenna
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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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1. Resonant Frequency

The capacitance of an antenna affects its resonant 
frequency, which is the frequency at which the antenna 
efficiently radiates or receives electromagnetic waves. 
Higher capacitance tends to lower the resonant 
frequency of the antenna, while lower capacitance 
increases it. This property is crucial for tuning antennas 
to operate within specific frequency bands.

2. Impedance Matching

Capacitance is essential for achieving impedance 
matching between the antenna and the transmission 
line or the surrounding environment. By adjusting 
the capacitance of the antenna, engineers can match 
its impedance to that of the feeding network or the 
medium in which the antenna operates, maximizing 
power transfer and minimizing signal reflections.

3.Radiation Efficiency

Capacitance affects the radiation efficiency of an 
antenna, which is the ratio of the power radiated by 
the antenna to the total input power. Properly designed 
antennas with appropriate capacitance values can 
efficiently convert electrical signals into electromagnetic 
radiation or vice versa, ensuring optimal performance in 
terms of signal transmission or reception.

4.Antenna Size and Geometry:

The capacitance of an antenna is influenced by its 
size, shape, and geometry. Designing antennas with 
specific capacitance values allows engineers to control 
their electrical characteristics, radiation patterns, and 
polarization, tailoring them to meet the requirements of 
diverse applicationsas shown in Fig. 3.

Capacitance is a fundamental aspect of antenna design, 
influencing resonant frequency, impedance matching, 
radiation efficiency, and overall performance. Engineers 

loops. Longer conductors or coils exhibit higher 
inductance.

 Z Inductance affects the impedance and resonant 
frequency of antennas similarly to capacitance. 
Higher inductance can increase the resonant 
frequency, while lower inductance can decrease it.

 Z Inductive loading is a technique used to modify the 
electrical length of an antenna element, altering its 
resonant frequency and impedance characteristics.

In antenna design, achieving the desired capacitance and 
inductance values is crucial for optimizing performance 
parameters such as impedance matching, bandwidth, 
radiation pattern, and efficiency. Engineers carefully tune 
these parameters through geometric design, material 
selection, and loading techniques to ensure the antenna 
meets the requirements of its intended application. 
Capacitance and inductance thus form the basis for the 
design and functionality of antennas across a wide range 
of applications, from wireless communication systems to 
radar and sensing technologies.

Capacitance in Antennas

Capacitance in antennas arises primarily from the 
geometry and configuration of the antenna structure. 
Key factors influencing capacitance include the size, 
shape, and spacing of conductive elements, as well 
as the dielectric properties of surrounding materials. 
Capacitance affects the electrical length and impedance 
of antennas, influencing their resonance frequency, 
bandwidth, and radiation efficiency. Understanding and 
controlling capacitance is crucial for designing antennas 
with desired performance characteristics and impedance 
matching properties.[13-26] Capacitance plays a significant 
role in the design and operation of antennas, influencing 
their electrical characteristics and performance. Here’s 
how capacitance manifests in antennasas shown in Fig. 2:

Fig.2: Equivalent circuit model of an inductive  
coupled antenna Fig.3: Fundamental aspect of antenna design



N. Disages K. Mojail, et al. : Understanding Capacitance and Inductance in Antennas

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:
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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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carefully consider capacitance requirements when 
designing antennas for various communication, radar, 
sensing, and wireless networking applications.

Inductance in Antennas

Inductance in antennas results from the current flow 
through conductive elements, generating magnetic fields 
around the antenna structure. Inductance is influenced 
by factors such as the length, shape, and orientation of 
conductors, as well as the proximity of nearby objects 
and ground planes. Inductance affects the electrical 
length, radiation pattern, and impedance of antennas, 
playing a critical role in their resonance behavior and 
performance. Proper management of inductance is 
essential for optimizing antenna efficiency, directivity, 
and bandwidth. Inductance is a fundamental property 
that significantly influences the design and performance 
of antennas. Here’s how inductance manifests in 
antennas:[27-43]

1. Resonant Frequency

The inductance of an antenna affects its resonant 
frequency, which is the frequency at which the antenna 
efficiently radiates or receives electromagnetic waves. 
Higher inductance tends to increase the resonant 
frequency of the antenna, while lower inductance 
decreases it. This property is crucial for tuning antennas 
to operate within specific frequency bands.

2.Impedance Matching

Inductance plays a vital role in achieving impedance 
matching between the antenna and the transmission 
line or the surrounding environment. By adjusting 
the inductance of the antenna, engineers can match 
its impedance to that of the feeding network or the 
medium in which the antenna operates, maximizing 
power transfer and minimizing signal reflections.

3.Radiation Efficiency

Inductance affects the radiation efficiency of an antenna, 
which is the ratio of the power radiated by the antenna 
to the total input power. Properly designed antennas 
with appropriate inductance values can efficiently 
convert electrical signals into electromagnetic radiation 
or vice versa, ensuring optimal performance in terms of 
signal transmission or reception.

4. Antenna Size and Geometry

The inductance of an antenna is influenced by its 
size, shape, and geometry. Designing antennas with 
specific inductance values allows engineers to control 

their electrical characteristics, radiation patterns, and 
polarization, tailoring them to meet the requirements of 
diverse applicationsas shown in Fig. 4.

Iinductance is a crucial aspect of antenna design, 
influencing resonant frequency, impedance matching, 
radiation efficiency, and overall performance. Engineers 
carefully consider inductance requirements when 
designing antennas for various communication, radar, 
sensing, and wireless networking applications.

Effects of Capacitance and Inductance on Antenna 
Performance

Capacitance and inductance have significant effects on 
various aspects of antenna performance, including:

 Z Resonance Frequency: Capacitance and inductance 
determine the resonance frequency of antennas, 
where the reactance of capacitance and inductance 
cancels out, resulting in maximum radiation 
efficiency and impedance matching. Resonance 
frequency is a fundamental characteristic of 
antennas, representing the frequency at which the 
antenna exhibits maximum efficiency in transmitting 
or receiving electromagnetic waves. This efficiency 
occurs when the reactance of the antenna, arising 
from its capacitance and inductance, cancels out 
its radiation resistance, leading to optimal power 
transfer. Here’s how resonance frequency influences 
antenna behavioras shown in Fig. 5:

1.Optimal Performance:

At resonance, antennas efficiently convert electrical 
signals into electromagnetic radiation (transmission) 
or vice versa (reception). This maximizes the antenna’s 
radiation efficiency, ensuring effective communication 
or sensing capabilities.

Fig.4: Loaded Quarter Wave Antenna
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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 2582-265944

2. Frequency Tuning

Antennas are designed to operate within specific 
frequency bands dictated by application requirements. 
Engineers adjust the antenna’s physical dimensions and 
electrical properties to tune its resonance frequency, 
aligning it with the desired operating frequency band.

3. Bandwidth Considerations:

The resonance frequency also affects the antenna’s 
bandwidth, the range of frequencies over which it can 
operate effectively. Narrowband antennas are suitable 
for applications requiring precise frequency control, 
while broadband antennas accommodate a wider range 
of frequencies.

4. Matching Network Design: 

Impedance matching between the antenna and the 
transmission line or system is crucial for efficient signal 
transfer. Knowledge of the antenna’s resonance frequency 
informs the design of matching networks, optimizing 
power transfer and minimizing signal reflections.

Resonance frequency is a critical parameter in antenna 
design, influencing performance, frequency tuning, 
bandwidth, and matching network design. Engineers 
carefully consider resonance frequency requirements 
when designing antennas for various communication, 
radar, sensing, and wireless networking applications.

 Z Bandwidth: Capacitance and inductance influence 
the bandwidth of antennas, affecting the range of 
frequencies over which the antenna can efficiently 
radiate or receive electromagnetic signals.Bandwidth 
in antennas refers to the range of frequencies over 

which the antenna can efficiently transmit or receive 
electromagnetic signals. It is a crucial parameter 
that determines the flexibility and performance 
of an antenna in various communication, radar, 
and sensing applications. Here’s how bandwidth 
influences antenna behavior:

1. Communication Flexibility

Antennas with wider bandwidths can operate over 
a broader range of frequencies, allowing for more 
versatile communication capabilities. This flexibility is 
particularly beneficial in dynamic or congested wireless 
environments where multiple frequency bands may be 
utilized.

2. Signal Fidelity

A wider bandwidth enables antennas to maintain signal 
fidelity over a broader frequency range, ensuring accurate 
transmission and reception of information. This is essential 
for applications requiring high-quality communication, 
such as voice, video, or data transmission.

3. Frequency Coverage

Antennas with broader bandwidths can cover multiple 
frequency bands simultaneously, providing seamless 
connectivity across diverse communication standards and 
protocols. This is advantageous in multi-band or multi-
protocol communication systems, enabling compatibility 
with various devices and networks.

4. Performance Trade-offs

While wider bandwidths offer enhanced communication 
flexibility, they may come at the expense of other 

Fig.5: Polarization-insensitive planar patch antenna
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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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antenna performance parameters, such as radiation 
efficiency, directivity, or size. Designing antennas with 
optimal bandwidth requires careful consideration of 
trade-offs to meet specific application requirements.

Bandwidth is a critical parameter in antenna design, 
influencing communication flexibility, signal fidelity, 
frequency coverage, and performance trade-offs. 
Engineers carefully optimize antenna bandwidth to 
achieve desired communication objectives in a wide 
range of applications, from wireless networks and 
satellite communication to radar systems and remote 
sensing.

 Z Radiation Pattern:Capacitance and inductance 
shape the radiation pattern of antennas, determining 
the directionality, gain, and polarization of emitted 
or received electromagnetic waves. The radiation 
pattern of an antenna describes the distribution of 
electromagnetic energy in space when the antenna 
is transmitting or receiving signals. It provides 
valuable insight into how the antenna propagates 
electromagnetic waves in different directions. 
Here’s how radiation pattern influences antenna 
behavior:

1. Directivity

The radiation pattern indicates the directionality of the 
antenna, revealing where the majority of the radiated 
energy is focused. Antennas with high directivity 
concentrate energy in specific directions, enhancing 
signal strength and coverage in those regions.

2. Beamwidth

The radiation pattern helps determine the angular 
coverage of the antenna’s main lobe, known as the 

beamwidth. Narrow beamwidths indicate highly focused 
radiation, suitable for long-distance communication 
or point-to-point links, while wider beamwidths 
offer broader coverage, suitable for omnidirectional 
communication or surveillance.

3. Side Lobes and Back Lobes

Radiation patterns also reveal the presence of side lobes 
and back lobes, which represent unintended radiation 
in directions away from the antenna’s main beam. 
Minimizing side lobes and back lobes is crucial to reduce 
interference and enhance the antenna’s signal-to-noise 
ratioas shown in Fig. 6.

4. Polarization:

The polarization of the radiation pattern determines the 
orientation of the electromagnetic field with respect 
to the Earth’s surface. Matching polarization between 
transmitting and receiving antennas is essential for 
efficient signal transfer and reception. Polarization in 
antennas refers to the orientation of the electromagnetic 
field generated by the antenna concerning the Earth’s 
surface or the direction of propagation. It plays a crucial 
role in determining the efficiency and reliability of 
communication, radar, and sensing systems. Here’s how 
polarization influences antenna behavior:

1. Matching Polarization

To achieve optimal signal transfer, it’s essential for the 
transmitting and receiving antennas to have matching 
polarization. When the polarization of the transmitted 
signal aligns with that of the receiving antenna, maximum 
power transfer occurs, enhancing communication 
reliability and signal strength.

Fig.5: Polarization-insensitive planar patch antenna
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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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2. Cross-Polarization Rejection: 

Antennas are designed to minimize sensitivity to 
signals with orthogonal polarization, known as cross-
polarization rejection. By suppressing reception of 
unwanted polarizations, antennas can improve signal 
clarity and reduce interference from adjacent channels 
or unwanted sources.

3. Multipath Mitigation:

In wireless communication systems, polarization 
diversity is employed to mitigate the effects of 
multipath propagation, where signals reach the receiver 
via multiple paths with varying polarizations. By using 
antennas with orthogonal polarizations, the system can 
exploit the diversity to enhance signal reception and 
reliability in challenging propagation environments.

4. Environmental Considerations:

Polarization may be affected by the surrounding 
environment, such as reflections from buildings, terrain, 
or atmospheric conditions. Antenna designers must 
consider these factors when selecting polarization 
orientations to ensure optimal performance in real-
world scenarios.

Polarization is a critical parameter in antenna design, 
influencing signal transfer efficiency, cross-polarization 
rejection, multipath mitigation, and environmental 
robustness. Engineers carefully select antenna 
polarizations to meet specific application requirements, 
ensuring reliable communication, radar detection, or 
sensing capabilities in diverse operating environments.

The radiation pattern is a critical parameter in 
antenna design, influencing directivity, beamwidth, 
side lobes, back lobes, and polarization. Engineers 
carefully optimize antenna radiation patterns to meet 
specific application requirements, ensuring efficient 
communication, radar detection, or sensing capabilities 
in diverse environments.

 Z Impedance Matching: Capacitance and inductance 
play a critical role in impedance matching, where 
the antenna’s input impedance is adjusted to match 
the impedance of the transmission line or connected 
RF circuitry for maximum power transfer. Impedance 
matching is a crucial aspect of antenna design 
that ensures efficient power transfer between the 
antenna and the transmission line or the surrounding 
medium. It involves adjusting the impedance of the 
antenna to match that of the feeding network or 
the load, typically 50 ohms for most communication 
systems. Here’s how impedance matching influences 
antenna behavior:

1. Maximizing Power Transfer

Proper impedance matching minimizes signal reflections 
at the interface between the antenna and the transmission 
line, maximizing the power delivered to the antenna and 
improving signal transmission efficiency. This is essential 
for achieving optimal communication range, data rates, 
and signal clarity.

2. Minimizing Signal Losses: 

Impedance mismatches can lead to signal losses due 
to reflections, resulting in reduced signal strength 
and degraded performance. By matching the antenna 
impedance to that of the transmission line or load, 
engineers minimize signal losses and improve overall 
system efficiency.

3. Reducing Standing Wave Ratio (SWR): 

Impedance matching helps minimize the standing wave 
ratio (SWR), which is a measure of the ratio of maximum 
voltage to minimum voltage along the transmission line. 
A lower SWR indicates better impedance matching and 
reduced signal loss due to reflections.

4. Optimizing Radiation Efficiency:

Impedance matching ensures that the antenna operates 
at its maximum radiation efficiency, converting electrical 
signals into electromagnetic waves with minimal losses. 
This results in improved signal coverage, reliability, 
and performance in communication, radar, and sensing 
applications.

impedance matching is a critical consideration in 
antenna design, influencing power transfer efficiency, 
signal losses, SWR, and radiation efficiency. Engineers 
employ various matching techniques, such as impedance 
transformers, matching networks, and tuning elements, 
to achieve optimal impedance matching and enhance 
antenna performance in diverse operating environments.

Advanced Concepts and Techniques Leveraging 
Capacitance and Inductance

Advanced techniques and concepts leverage capacitance 
and inductance to enhance antenna performance and 
versatility. These include:[44-50]

 Z Loading Techniques: Adding capacitance or 
inductance to specific regions of the antenna 
structure can alter its electrical properties, enabling 
impedance matching, frequency tuning, and 
bandwidth enhancement.

 Z Tuning Methods: Tuning methods such as variable 
capacitors, inductive stubs, and lumped element 
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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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networks allow precise control of antenna resonance, 
impedance, and bandwidth over a wide frequency 
range.

 Z Metamaterials: Metamaterial structures incorpora-

ting engineered capacitance and inductance 
elements enable unprecedented control over 
electromagnetic wave propagation, enabling novel 
antenna designs with enhanced performance and 
functionalityas shown in Fig. 7.

Applications of Capacitance and Inductance in Antennas

Capacitance and inductance find applications in various 
types of antennas across diverse fields, including:

 Z Wireless Communication: Capacitance and 
inductance are essential in designing antennas for 
wireless communication systems, including cellular 
networks, Wi-Fi routers, Bluetooth devices, and 
satellite communication terminals.

 Z Radar Systems: Radar antennas utilize capacitance 
and inductance to achieve directional radiation 
patterns, high gain, and frequency agility for 
applications such as weather monitoring, air traffic 
control, and surveillance.

 Z RFID Technology: RFID antennas employ capacitance 
and inductance to optimize communication range, 
read/write performance, and tag detection 
sensitivity in RFID systems used for asset tracking, 
inventory management, and contactless payments.

 Z Broadcasting: Broadcast antennas leverage 
capacitance and inductance to achieve efficient 
radiation and coverage patterns for radio and 
television broadcasting, ensuring reliable signal 
propagation over large geographical areas.

Challenges and Future Directions

Despite the advancements in understanding and 
leveraging capacitance and inductance in antennas, 

several challenges and opportunities for future research 
exist. These include:

 Z Miniaturization: Achieving miniaturization while 
maintaining antenna performance is a challenge, 
requiring innovative techniques for managing 
capacitance and inductance in compact antenna 
designs for wearable devices, IoT sensors, and 
mobile electronics.

 Z Wideband Antennas: Developing wideband antennas 
with broad frequency coverage and impedance 
bandwidth remains a challenge, requiring advanced 
techniques for managing capacitance and inductance 
over a wide frequency range.

 Z Multifunctional Antennas: Integrating multiple 
functions, such as communication, sensing, and 
energy harvesting, into a single antenna structure 
poses challenges in managing capacitance and 
inductance while optimizing performance and 
efficiency for each function.

 Z Metamaterial Antennas: Expanding the capabilities 
of metamaterial antennas through precise control 
of capacitance and inductance elements offers 
opportunities for developing next-generation 
antenna systems with unprecedented performance 
andfunctionality.

Conclusion

Capacitance and inductance are fundamental properties 
that profoundly influence the operation, performance, 
and versatility of antennas across diverse applications. 
By understanding the principles, effects, and applications 
of capacitance and inductance in antennas, researchers 
and engineers can unlock new possibilities for advancing 
wireless communication systems, radar technology, 
RFID systems, broadcasting, and other electromagnetic 
applications. Continued research and innovation in 

Fig.7: Design and Simulations of 2D Planar Antenna
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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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managing capacitance and inductance in antenna 
design hold promise for addressing emerging challenges, 
expanding the capabilities of antenna systems, and 
driving advancements in wireless connectivity, sensing, 
and information technology.
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