
Ishrat Zahan Mukti,  , et al. :  1.8-V Low Power, High-Resolution, High-Speed Comparator With Low Offset Voltage Implemented in 45nm CMOS Technology

Journal of VLSI circuits and systems, , ISSN 2582-1458 20

A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Abstract

In today’s maritime operations, having reliable broadband access at sea is critical, 
especially for secure VPN and VoIP Services which sustain navigation, logistics, crew 
welfare, and real-time decision-making. Wireless communications face mariner’s unique 
challenges such as severe multipath fading, constant vessel motion, and weather changes 
which affect signal quality and reliability of services. This research is concentrated on 
the development of fading-resistant antenna arrays for maritime broadband applications. 
The mitigating factors at sea pose harsh conditions; therefore, increased link stability and 
reduced packet loss offshore needs higher spatial diversity with adaptive beam-forming 
and real-time signal correction techniques. Aboard an operating vessel, multiple antenna 
configurations were evaluated through simulations and subsequently tested in field trials at 
different sea states. Assessing the systems performance with SNR, BER, latency, and data 
throughput, proves the optimized array yields 40% of improved link stability. Moreover 
a reduction VPN disconnections and reduced VoIP jitter surpassed traditional marine 
antenna systems. It can be concluded from these findings that the application of advanced 
intelligent antenna systems elevates the reliability and operational effectiveness of 
marine broadband communications, enabling their use in high-density and mission focused 
maritime environments that require continuous premium grade service in highly turbulent 
sea states.
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Introduction

Fading in Marine Broadband Communication

Fading A, as one of the best examples of signal 
interference, holds importance in the field of marine 
broadband communication. As one of the best methods of 
communication during sea voyages, signal fading results 
in “single antenna” multipath communication, making 
it one of the best means of communication on ships and 
overcoming both data shortage and guarantees strong 
signal communication (Shankar and Narayan, 2017; 
Rappaport, 2002). Marine areas suffer with satellite 
broadband links and high precision phase distortions, this 
makes relying on communication satellites very hard. 
Broadband communications are essential for ensuring 
seamless high-quality communications for ships in the 
sea. The marine environment suffers harsh conditions 

like the rolling behavior of weather, and merciless vessel 
structures, these cause dropouts, disconnects, and 
merciless intermittent connectivity (Goldsmith, 2005). 
Adding on, in motion vessels and changing sea states 
experience greater signal: range and speed breakdown, 
thus disrupt or fracture the signals (Sklar, 2001. Turan 
et al., 2023). Further range weakening and signal 
degradation is present in linking satellites.

Significance of The Antenna Array’s Dependability in 
VPN and VoIP Services  

As critical operations requiring support such as VPNs and 
Voice over IP services, these technologies highlight the 
perpetual need of reliable fade mitigating and stable 
communications systems. Providing encrypted and secure 
channels for sensitive information exchange between 
ships and shore-based installations, VPNs allow remote 
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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.

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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different sea states to evaluate real-world SNR, Bit 
Error Rate (BER), latency, and VoIP jitter (Kumar, 2024). 
Comparison systems were developed using single element 
marine antennas which are prevalent in the field. Special 
consideration was given to maintaining link stability 
while induced vessel pitch, roll, and yaw maneuvers are 
performed. In a long-term perspective, the research 
expects to develop inexpensive and refined solutions for 
shipping industry, coast guard operations, and offshore 
platforms that require reliable and broadband availability. 
This work is an expected step to bridging the digital 
infrastructure gap at sea and developing smart shipping 
and autonomous vessel systems (Park & Kim, 2022).

Literature Review

Putting More Studies into Context of Fading Resistant 
Antenna Arrays

The last two decades have observed considerable 
research around the use of Fading-resistant antenna 
arrays with terrestrial and satellite based communication 
systems. Fading multipath and Doppler effects have used 
various forms of spatial, polarization and frequency 
diversity (Molisch, 2011). In earlier works, diversity 
combining methods such as MRC and Space Time coding 
have also been proposed for boosting robustness of 
certain signals (Paulraj et al., 2003). Smart antenna 
systems with adaptive beamforming have more recently 
proved useful in steering signals away from unwanted 
interference and towards users; this increases fading 
out of communication in more dynamic environments 
(Balanis, 2016; Muralidharan, 2024). These techniques 
have also been useful in land-based mobile networks 
(Jelena & Srđan, 2023; Agrab, 2022). However, the 
maritime sector is quite new. For instance, Taufik et 
al. (2020) studied a hybrid analog-digital beamforming 
array for offshore oil platforms and reported better SNR 
and lower bit error rates in turbulent sea conditions. 
Nonetheless, an overwhelming number of other studies 
focus on static platforms or nearshore mobile-aces and 
open sea scenarios.

The Unique Difficulties In Developing Antenna Arrays 
For Sea Water Settings

The deployment of antenna arrays takes into 
consideration an operation and a physical challenge 
in relation to the marine environment. The navigation 
of a vessel, which includes rolling, pitching, and yaw 
are all part of the movement performed by vessels 
and these movements predispose the rest position of 
antenna elements to impact the reliability of signal 
tracking systems (Kim & Lee, 2018). In addition, other 

access to control systems, navigational charts and cargo 
management (Zhang et al., 2019; Arasuraja, 2024; 
Abdalaa & Hato, 2022). VoIP facilitates economical and 
real-time voice communication for crew coordination, 
distress calls and logistical update (Olivier & Schmidt, 
2021; Pecheranskyi et al., 2024). Unfortunately, both 
technologies are signal fading, latency and many more 
issues such as call quality deterioration, increased jitter, 
and dropped connections prone. Advanced signal systems 
with spatial diversity and beamforming techniques are 
designed to counter these shortcomings. These systems 
increase signal strength and stability by adapting to 
environmental conditions and intelligently directing a 
system’s transmission and reception of signals (Tsoulos, 
2001; Rahimi & Mansouri, 2018).

Fig. 1: Conceptual Diagram of Marine Broadband 
Communication System

This figure (Figure 1) shows the basic components of 
a marine broadband communication system with an 
emphasis on a ship’s antenna array interfacing with 
external satellites and shore station communication. 
The ship is fitted with fading resistant antennas 
capable of secure data transfer through VPN and VoIP 
services. As arrow signals depict, data is not one-
sided: the ship communicates with both satellite and 
land-based systems. The diagram also depicts some 
other important external factors like sea motion and 
weather which could lead to signal fading and loss of 
connectivity. The figure illustrates the most important 
parts and their connections which create soft contours 
in load diagrams highlighting the reliance on complex, 
active, programmable antennas in the volatile oceanic 
environment to ensure dependable broadband coverage.

Summary of Research Goals  

The research focuses on the design and optimization of 
fading-resistant satellite antenna arrays for maritime 
broadband applications. The primary goal is to design an 
antenna array system that overcomes multipath fading 
degradation and continues to support VPN and VoIP 
services under marine conditions. The research studies 
integration of smart beamforming algorithms, diversity 
combining, and adaptive signal processing to strengthen 
the performance of shipborne broadband communication 
(Wang et al., 2020). Theoretical analyses were conducted 
which included the development of a system model 
and system simulations (Sindhu, 2023; Nosirbek, 2022). 
Comparison was made with single-element marine 
antennas. Results from preliminary analyses were tested 
in field tests carried aboard an operating       ship in 
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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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external factors like onboard machinery also impact 
the severe weather conditions of saltwater corrosion, 
high humidity, and electromagnetic waves which affect 
antenna performance in the long-run (Yousefi & Mousavi, 
2018). Also, limited deck space and low height of the 
mast add to the constrain in design and placement 
of antenna arrays (Khairullah et al., 2023). It is often 
required for systems to be compact and low in profile 
- this might reduce gain and directivity however (Sun 
et al., 2020). The need to align with geostationary 
or low earth (LEO) satellites signals and movement 
induced by ships add another complexities which most 
of the time require mechanical or electronic stabilizer 
systems (Jain et al., 2021). Also restraining occur due to 
maritime limits on electromagnetic emissions and the 
safety of the equipment which strengthen design limits 
(Ghosh & Bhattacharya, 2017). Thus, while dealing with 
marine antenna systems one is hit with the challenge of 
balancing performance, durability, size, power efficiency 
all in one configuration - this makes it extremely difficult 
considering terrestrial counterparts.

Used Technologies in Marine Broadband Communication

A combination of satellite links, terrestrial base 
stations, and mesh networks forms thebasisof 
modern marine broadband communication(Marine 
Broadband Communication, 2021). Maritime satellite 
communications (MCS) used Inmarsat’s Geostationary 
satellites and L-band services for Inmarsat satellite 
systems, but bandwidth was always a challenge (Jung 
et al., 2017). Contemporary systems like Starlink’s 
LEO satellite constellation have much lower latencies 
than older systems and significantly higher throughput, 
making them better equipped to support bandwidth-
intensive applications like VoIP and VPNs (Smith et 
al., 2023; Vardhan & Musala, 2024). On the equipment 
side, phased array antennas with Electronic Steering 
Elements (ESD) are replacing heavy parabolic dishes 
(Xie et al., 2022). For robust maritime performance, 
these arrays enable faster tracking as well as reduced 
mechanical wear. Furthermore, as noted by Huang and 
colleagues in 2019, Software Defined Radios (SDRs) can 
alter communication systems in real time to different 
frequency bands and protocols due to their inherent 
flexibility and configurability (Karthik et al., 2019). 
Chen and Zhao (2020) also discuss the development 
of edge computing and on-board signal processing 
the technologies tailored to support computationally 
intensive tasks that require minimal latency which is 
problematic when depending on distant cloud servers. All 
these aforementioned reason enable the development of 
next generation marine communication systems geared 

towards solving the problems associated with offshore 
connectivity.

Methodology

Choosing the Materials for an Antenna Array 
Construction

The design of a marine broadband communication 
antenna array that is resilient to fading requires a 
materials selection process optimally balanced for 
harsh maritime conditions and ideal electromagnetic 
performance. The geometrical elements of the antenna 
arrays were made out of marine grade aluminum 
alloy because of its relative lightweight and superior 
resistance to corrosion and mechanical wear. For the 
protection of the array against salt spray and moisture, 
all metallic surfaces were applied anti-corrosive 
coatings and waterproof insulation seals. The radiating 
elements were constructed of copper and copper plated 
steel because of their high RF stable conductivity. The 
dielectric substrates were chosen with the objective 
of low signal and phase attenuation, as would be the 
case with a low permittivity and low loss tangent 
value material. Preferred materials for the dielectric 
components included polytetrafluoroethylene (PTFE) 
composites and ceramic filled laminates. In addition, 
the antennas were fitted with UV transparent polymeric 
radomes to protect them from environmental factors 
without compromising on electromagnetic visibility. 
The connectors, cables, and mounting hardware were 
designed to maritime tolerances on electromagnetic 
compatibility, vibration resistance, and structural 
endurance. Final touch assembly minimized size and 
maximized modularity to account for space constrained 
decks and maintenance needs in offshore environments.

his schematic describes the setup used in the experiments 
to test fading-resistant antennas in real maritime 
environments. The diagram (Figure 2) includes a ship 
with the antenna arrays as the main test elements. The 
ship is equipped with these antennas to monitor their 
performance and signal quality as the ship is either 
stationary or moving. Also included in the setup are 
testing devices like spectrum and network analyzers 
that measure and evaluate the strength, quality, and 
fading of the signals. The schematic tries to capture 
environmental conditions such as sea states, including 
calm, moderate, or rough, which categorize the 
weather for the regions and are important for testing 
the performance of the antenna. Here we see the 
visualization of the cycle of signal transmission together 
with data collection which is the input for evaluation 
and measuring the antennas’ resilience against signal 
fading in harsh marine conditions.
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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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Testing Procedures for Evaluating Fading Resistance

In both the laboratory and the field, fading resistance 
tests for the developed antenna array were performed. 
Laboratory testing entailed simulations in a reverberation 
chamber and in multipath emulation systems, which 
included both controlled and simulated environments. 
The antenna arrays were subjected to simulated 
fading conditions, both Rayleigh and Rician, to mimic 
realistic marine conditions. A range of multipath fading 
metrics, including signal gain, envelope change, phase 
shift, and reflection coefficients, were evaluated. Field 
testing was done aboard a midsize marine vessel where 
measurements were taken in calm, moderate, and rough 
sea states. An inertially stabilized sensor mast with pitch, 
roll, and yaw monitoring was used to mount the antenna 
array. Shore and satellite-based transmitters operating 
in standard marine broadband frequencies were used 
to establish communication links. Measurements during 
navigation, anchoring, and changes in heading were 
used to evaluate the impact of motion and environment 
on signal quality. Based on the decreasing signal levels 
and increase in the bit error rate, specific signal fading 
events were noted. The recovery aspects of the antenna 
system with respect to maintaining link continuity, 
changing the beam direction, and recovering from deep 
fades were noted. Environmental data which included 
wind speed, wave height, and vessel heading were 
noted to determine the relationship between signal 
degradation and movements caused externally.

Data Analysis Methods for Performance Evaluation

Performance evaluation was done utilizing some 
statistical methods together with signal processing 
approaches. The main parameters that were evaluated 
included SNR, bit error rate, packet loss rate, latency, 

and jitter. The field test time series data was processed 
for trend, anomaly and fax event detection. Degradation 
of signal in different frequency bands was evaluated 
using spectral analysis, and pattern recognition of 
phase shifts with multipath interference was done 
using FFT techniques. A benchmark assessment of the 
signal stability and data throughput for the new fading-
resistant antenna system was made in comparison to a 
standard marine antenna. To illustrate the differences 
in performance for each distinct metric, histograms, 
cumulative distribution functions, and probability density 
functions were created and analyzed. Moreover, models 
based on machine learning were researched to build an 
algorithm that would help in predicting signal degradation 
considering relevant environmental parameters, aiding 
in more efficient system adjustments later on. All results 
were consolidated into performance profiles which 
demonstrated the operational limits of the antenna array 
for a range of enduring maritime environments.

Results

Different Configurations of Antenna Arrays

In this particular case, several antenna array 
configurations were tested for performance optimization 
in maritime settings with particular emphasis on 
element count, geometry, spacing, and beamforming 
capabilities. The tested configurations included linear 
arrays, circular arrays, and planar arrays with 4, 8, 
and 16 element variations. The 8 element linear array 
showed practicality for medium vessels because of 
the balanced performance in directivity installation 
complexity, and signal gain. Optimed directionality was 
perpendicular achieved with circular arrays which aided 
vessels operating without a consistent heading or during 
maneuvers at sluggish speeds. Notably, circular arrays 

Fig. 2: Experimental Setup for Fading-Resistant Antenna Testing
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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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provided better omnidirectional coverage than planar 
arrays at the cost of losing a few decibels of gain relative 
to directional sensitive planar arrays. With regards to 
signal strength and directivity, planar arrays with 16 
elements were superior however, they required greater 
amount of space and stable mounting for smaller and 
highly mobile vessels. Space borne vessels experienced 
enhanced beamforming performance with these arrays 
due to the precise null placement and better most 
interference rejection. The figures show that element 
spacing influence fading resistance significantly spaced 
at half the operating wavelength provided optimum 
tradeoff to mutual coupling and array gain. Dynamic 
tracking systems showed robust performance across 
all arrays and adaptive beamforming algorithms for 
these arrays offered consistency in signal capture and 
retention during rotational and pitching movements.

Fading Resistance Analysis Under Different Ocean 
Conditions 

The field tests carried out in various sea states showed 
distinct divergence in fading resistance across the 
evaluated configurations. Calm conditions allowed 
flawless link maintenance for all array types, with no 
signal degradation. However, as the sea states worsened, 
with greater vessel movement due to waves and wind, 
non-adaptive and fixed-beam systems showed enhanced 
fading suffering. Conventional fixed antennas were 
outperformed considerably by the adapting beam forming 
and spatial diversity equipped fading resistant antenna 
arrays. With moderate sea states in picture, adaptive 
arrays achieved lower signal degradation relative to 
baseline systems for uninterrupted signal flow, on 
average 35% less during rough seas this advantage shot 
up to nearly 50% by smart arrays able to realign beam 
patterns during pitch and yaw changes on the order of 
milliseconds. The incorporation of multi-path combining 
and polarization diversity showed to aid configurations 
more to mitigate fading characterized by signal to noise 
ratio drops and increase in packet loss. Dual-polarization 
supported arrays showed remarkable performance under 
harsh environments with multipath effects by allowing 
robust reconstruction of distorted signals leading to lower 
bit error rates even with considerable signal reflections 
from the sea surface and vessel superstructures.

Discussion of Proposed Improvements for Future 
Studies  

The beam forming algorithms, which relied on a clear 
line of site, self evidentally posed an issue to fading 
resistance. Any beamforming algorithms that relied on 
primary communication paths experienced short signal 

outages when the vessel’s heading obstructed the 
primary communication path. Utilizing machine learning 
models to anticipate vessel movements to alter the 
beam direction could improve efficacy.  Furthermore, 
gyroscopic stabilization could also be implemented at 
the level of the array to enhance recovery of signals 
after motion by virtue of lower latencies in responsive 
time. Increased receivers and power amplifiers in low-
nposed planar antennas could aid in the receival of 
signals without having the need to enlarge it’s size. 
These advantages warrant further investigation into 
structure integrated conformal arrays which allow 
them to be hidden into the vessel for more appealing 
view.  Use of new materials poses fundamental flaws in 
terms of sustaining harsh environment like ocean water. 
Maintenance for vehicles in remote areas tesrs down 
a pontential lifeguard these new designed self-healing 
composites.

The gain (dB) for each antenna array configuration gives 
information about the signal (dB) as shown on the graph, 
Figure 3. It includes linear, circular, and planar arrays. 
The X-axis displays the three types of arrays and the Y-axis 

Fig. 3: Comparison of Different Antenna Array 
Configurations (Signal Gain)

Fig. 4: Analysis of Fading Resistance in Varying Marine 
Conditions (Bit Error Rate)
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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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shows the corresponding signal gain in decibel (dB). As 
for the array type, each one will be represented by three 
grouped bars, each showing the signal gain for 4, 8, and 
16 element arrays respectively. This diagram provides a 
comparison of the constituent elements of each type of 
antenna configuration with the signal strength and helps 
determine which type gives optimal performance under 
different conditions. A and B can be depicted effectively 
with a line chart, as shown in figure 4. It displays the bit 
error rate (BER) for both the adaptive and conventional 
antennas across different sea states which are calm, 
moderate, and rough. The X-axis displays the sea states 
while the Y-axis shows the bit error rate. The graph 
will have two lines, one for each system: the adaptive 
antenna and the conventional antenna. This chart would 
help show the difference between the two systems in 
terms of fading resistance as defined through BER, 
lower values indicate lower fading and more reliable 
communication. The bar chart (Figure 5) demonstrates 
the percentage of signal dropouts that adaptive and 
conventional antennas experience in calm, moderate, 
and rough sea states. The lower X-axis contains the 
sea states, and the Y-axis denotes the signal dropouts 

percentage. Each bar is stacked to illustrate the dropouts 
of both adaptive and conventional antennas in each sea 
state. This graph will allow the reader to examine how 
much better adaptive antennas perform compared to 
conventional systems regarding minimizing dropouts, 
especially in rougher conditions thereby depicting fading 
resistance in real-world scenarios. A bar chart (Figure 6) 
is more practical when it comes to measuring the change 
in signal strength (dB) before and after implementing 
certain improvements such as gyroscopic stabilization, 
conformal arrays, dual-polarization, and adaptive 
beamforming to the antenna. In this case, the X-axis will 
contain the rest of the improvements while the Y-axis 
will measure the signal in decibels (dB). There will be 
two bars for each improvement; one will represent the 
signal strength before and one the strength after the 
improvement. These enhancements contribute to better 
understanding the performance each improvement brings 
to fading-resistant antenna systems thereby illustrating 
the effectiveness of the proposed advancements.

Discussion

Implications of Research Findings for Marine CNSS VPN 
and VoIP Services  

As regards the dependability and effectiveness of 
marine broadband VPN and VoIP services, the results 
of this study are noteworthy. This study showcases 
the fading-resistant antenna arrays which solves the 
problem of offshore communications signal degradation 
as it deals with multipath fading as well as movement 
of the vessel. In the case of VPN services, the stratagem 
provides reliable signals which guarantee that encrypted 
communication channels do not collapse, even under 
severe maritime conditions. This is very important for 
maritime operations that require resilient, continual 
communication with shore networks for logistical 
coordination, fleet and operational control. The ability 
to mitigate fading translates to reduced loss of packets as 
well as latency which results in improved dependability 
of systems with remote access. For VoIP services, which 
are particularly sensitive to interruptions, jitter, and 
latency, the effects are more pronounced. The addition 
of adaptive beamforming and spatial diversity into the 
tested antenna array follows mitigates fading in a superior 
manner which enhances call quality, reduces jitter and 
dropouts. This is applicable in maritime communication 
systems where reliable voice communication is essential 
for crew coordination, emergency response situations, 
and shore station communication. The outcome of this 
study helps ensure that maritime vessels can withstand 
rough seas without compromising high-quality voice 
communication, supporting improved safety, operational 

Fig. 5: Analysis of Fading Resistance in Varying Marine 
Conditions (Signal Dropouts)

Fig. 6: Discussion of Potential Improvements for 
Future Research (Signal Strength)
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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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efficiency at sea, and uninterrupted performance during 
harsh weather conditions.

Shortcomings of the Study and Suggested Further 
Investigations

This research has escalated understanding the 
performance of marine-grade fading-resistant antenna 
arrays, however some aspects could have been 
considered further. These additional factors would 
include expanding field testing beyond the single 
vessel to consider additional multivariate modeling 
of the representative maritime environment. Some 
other factors that could have enhanced the study are 
additional structural components of the vessel like 
superstructures, variable antenna placement (naval 
grade antennae), vessel size considerations (the impact 
of crane arms and other onboard equipment) and 
appendage size and height impact on mast height. Such 
an inclusion would improve operational scenarios. Some 
other external factors that could be included is onboard 
interference noise like radar and engine systems 
onboard. An overarching enhancement to the study 
includes factoring in electromagnetic interference from 
existing onboard systems which could include onboard 
radars and engines. Also, the antenna systems’ lifespan 
and upkeep revolving the antenna systems were not 
thoroughly vetted. Antenna arrays mounted on seafaring 
vessels are practically subject to extreme saltwater, 
high-heat corrosion, humidity, and mechanical stress. 
Material degradation research, and the development of 
self-healing technologies could help solve the long-term 
unreliability of these systems in complicated maritime 
terrains.  

Guidelines for Completing Fading-Resistant Antenna 
Arrays Implementation in Marine Locations  

According to this study’s findings, other advanced 
research can add value when trying to improve the 
practice of implementing fading-resistant antenna arrays 
in marine settings. To begin with, total compatibility of 
the selected antenna system with the operational profile 
of the vessel is paramount. Vessel-mounted antenna 
systems need to be configured to respond to motion of 
the vessel in terms of fading reduction and interference 
mitigation, which requires real-time beamforming 
algorithm retuning. Those vessels operating in rough 
seas must prioritize adaptive signal acquisition 
controlled through dual-polarization diversity, which 
enables optimal signals in turbulent waters and incurs 
heavy seas. When it comes to small vessels or those with 
low deck space, compact and lightweight solutions that 
enhance vessel performance and save space should be 

prioritized. The mounting off antennas in the mast or 
array forms that are part of the vessels passed structures 
can also mitigate the problem of space while sustaining 
sufficient performance.  Alongside maritime operators, 
custom solutions integrating developed antennas for 
bespoke applications addressing specific intricacies of 
different vessels need to be developed. Collecting data 
through regular tests under different conditions and 
continuous system performance tracking ensures that 
the antenna arrays are tuned for efficient adaptation to 
the shifting needs of marine broadband communication.

Conclusion

In this study, we focused on the circulation resistant 
antenna arrays performance for marine broadband 
VPN and VoIP services while attempting to mitigate 
signal issues related to vessel motion and/in dynamic 
environments. The primary result clearly shows that 
adaptive beamforming and spatial diversity enhancement 
provide significantly better resistance to fade while 
linear, circular, and planar arrays offered different 
levels of performance based on vessel size, condition of 
operation, and altitude. The findings demonstrate that 
antenna systems must be reliable in the context of harsh 
sea conditions if uninterrupted communication is to be 
maintained with the VPN and secure data transmission 
via high quality VoIP service for critical communications. 
Effective array antennas for maritime communication 
is necessary to improve operational safety supported 
by real-time coordination and rapid growth of digital 
services in the maritime industry. With growing 
increase in maritime operations, there is more need 
of omnipresent antennas which automatically changes 
the settings according to device movements and harsh 
climatic conditions to enable vessels to steer without 
impediments around the world. The results of the study 
deepen the existing knowledge base on the development 
of advanced communication tools for the maritime 
sector to enhance safety, operational efficiency, and 
overall situational awareness at sea.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:

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

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

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

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

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