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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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Abstract

Oceanic environments pose additional challenges for communication systems, including 
multipath propagation, Doppler shifts, signal fading, and both natural and artificial 
interference. They add significant difficulties to signal and data reliability, with 
communication—especially for devices located in harsh or isolated oceanic regions—
being extremely difficult. This study focuses on the design and implementation of spread 
spectrum communication protocols that aim to improve the strength of the signals to be 
transmitted while ensuring the reliability of links. Techniques of Direct Sequence Spread 
Spectrum (DSSS) and Frequency Hopping Spread Spectrum (FHSS) are used to mitigate 
the effects of ocean’s signal degradation. The protocols are tested using simulations and 
maritime exercises. These exercises aim to simulate the ocean communication challenges 
such as ultra-long range talking over the ocean during storm swells. Test results showed that 
spread spectrum systems outperform narrowband communication systems with lower bit 
error rate (BER) and better signal-to-noise ratio (SNR). The study supports the integration 
of these systems into future maritime communication systems for robust communication 
with extreme conditional highlight. The results benefit the naval, autonomic maritime, 
and offshore industries by enhancing precision in data transmission.
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Introduction

Introduction to Spectrum Communication Protocols

To protect signals when transmitting data wirelessly, the 
information is spread over a wide range of frequency 
bands. This is unlike traditional analog and digital 
communications. There are two techniques most 
commonly used which include: Direct Sequence Spread 
Spectrum (DSSS) and Frequency-Hopping Spread Spectrum 
(FHSS). In septal span, a pseudo-random noise signal is 
used to multiply the original signal thereby increasing 
its bandwidth, and in FHSS, the carrier frequency is 
altered more quickly in accordance with a prearranged 
sequence which diminishes the chance of interference. 
(Peterson & Ziemer, 2020) Though these were designed 
for military purposes due to their ability to prevent 
interception and jamming, their strength and versatility 
quickly shifted them into commercial and even maritime 

communication (Stallings, 2017). The most notable area 
it impacts is sustaining the communication signal’s 
accuracy when facing severe high-altitude interference 
and multipath distortion. (Yang, 2024) The efficiency of 
communication systems is drastically improved with the 
signal range increased beyond what is needed to control 
narrow band interference. In addition, spread spectrum 
systems are more resistant to interception, as well as 
fading and Doppler shifting, which is common in mobile 
and nautical environments (Proakis & Salehi, 2014; 
Rajalakshmi et al., 2024).  

Need to Address Extreme Oceanic Conditions in 
Communication Systems  

Communication systems face some unique and extreme 
challenges in a marine environment. The variability of 
meteorological conditions combined with high humidity 
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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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which is tasked with encoding and delivering the signal. 
The signal is then passed on to the Spreader, who 
further expands the signal to a greater frequency band 
which yields increased security and greater resistance 
to interference. After spreading, the signal travels 
through the Channel where it is subjected to noise, or 
interference, or fading. Finally, the signal enters the 
Despreader, where the data is recovered by reversing the 
spreading process. Such systems are typically used where 
signal precision, privacy, or interference elimination is 
essential like military communications or GPS.

Study Goals and Importance

This user especially aims to design, implement and 
evaluate spread spectrum communication protocols for 
optimal functioning in the extreme oceanic conditions 
(Mollazade, 2017). This study attempts to evaluate the 
impact of DSSS and FHSS on increasing the signal level, 
reducing the bit error rate (BER), and improving link 
stability in volatile maritime operational environments. 
In order to capture realistic scenarios, such as varying 
sea states, vessel speeds, and weather conditions, both 
simulation models and real-world experiments will be 
conducted. This research is important for several reasons. 
To first achieve advanced maritime communications, it 
incorporates an equally sophisticated method for signal 
processing which provides greater resilience. Also, 
these results will support processes for developing an 
integrated Maritime Communication System alongside 
its satellites and unmanned vehicle networks (Estakhr & 
Saberi, 2017; Sowmiya et al., 2017). Lastly, the results 
could contribute towards establishing new international 
standards for oceanic military operations to reinforce 
interoperability and reliability in maritime operations 
(Hossain et al., 2023; Ruudsari, 2016).  To conclude, this 
study not only adds to the existing knowledge of spread 
spectrum technologies under marine stressors but also 
offers ways to improve the safety, performance, and 
communication infrastructure of maritime operations.

Background

Overview of Spread Spectrum Procedures

The use of spread spectrum methods allows for signals 
to be transmitted over the indicated range while 
extending the frequency range to be far beyond the 
minimum necessary bandwidth. Signal clarity, in terms 
of interference, noise, or tapping, prompted this 
innovation. Two primary forms of spread spectrum are 
Direct Sequence Spread Spectrum (DSSS) and Frequency 
Hopping Spread Spectrum (FHSS). Interference and 
multipath effects are mitigated through the use of a 
pseudo-random sequence, commonly acquainted with as 

poses a threat of salt corrosion and rapidly changing state 
of seas, all contributing to degradation of the signal. 
Specifically, long-range water transmission is afflicted 
by multipath propagation that occurs due to reflection 
of the signal off the ocean surface, which introduces 
phase shifts and signal cancellation (Khan et al., 2021). 
In addition, propelling vessels cause Doppler shifts of the 
signal, which alters the frequency being received and 
makes synchronization and decoding challenging (Zhou 
& Wang, 2018). Narrowband systems have heightened 
bit error rates (BER), intermittent connectivity, and 
data loss issues, all of which are problematic for critical 
maritime operations such as navigation, offshore resource 
exploration, and naval missions which require reliable 
real-time communication (Yuce & Khan, 2020). The issues 
are exacerbated for core maritime operations which are 
increasingly reliant on autonomous systems, real-time 
data analytics, remote sensors and further iterated the 
need for military-grade resilience to communications 
protocols (Lee et al., 2022).  Through the application 
of spread spectrum protocols, communication links are 
more stable and active even under extreme marine 
conditions due to signal distortion and environmental 
variability (Đurić & Djuric, 2024; Bah, 2014). Ensuring 
the protection of valuable assets at sea, operational 
efficiency, human safety, as well as the seas is critical 
(Alam et al., 2020), which makes enhancement of signal 
robustness absolutely essential.

Fig. 1: Block Diagram of a Spread Spectrum 
Communication System

This block diagram (Figure 1) illustrates the main 
components of a spread spectrum communication 
system. The operation commences with the Transmitter, 
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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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a spreading code. DSSS entails multiplying a data signal 
with such sequence whilst retrieving the original data 
by correlating the signal with the same code, as per 
Haykin (2013). Alternatively, FHSS technology employs 
rapid pseudo-random switching of the carrier frequency 
and utilizing frequency specific interference avoidance 
tactics (Simon, Omura, Scholtz, & Levitt, 1994). 
Implementation of these methods enhances the signal-
to-noise ratio (SNR) alongside with space capability in 
dynamic systems. Consumption of these methods in 
military operations and wireless communication systems 
stems from built-in low probability of intercept (LPI) 
features and anti-jamming mechanisms (Sklar, 2001; 
Mohammadinasab et al., 2014). These techniques also 
offer valuable time diversity and frequency diversity in 
environments such as the open sea which are incredibly 
unpredictable (Scholtz, 1982; Soy & Balkrishna, 2024).

Difficulties Associated with Communication in the 
Ocean

Communication via the ocean presents many obstacles 
from a technological perspective, mainly due to the 
specific attributes of the marine setting. One of the most 
significant is multipath propagation, in which the receiver 
is affected by signals reflecting off the sea surface and 
reaching them through different paths simultaneously, 
causing both constructive and destructive interference 
(Stojanovic & Preisig, 2009; Raktur & Jea, 2024). This leads 
to increased signal fading and delay spread. Constriction 
of clarity, especially in acoustic communication systems, 
is worsened by wind, rain, wave action, or marine life, 
adding noise to the environment (Urick, 1983; Shanoof 
& Anandakrishnan, 2017). In addition, the Doppler effect 
is enhanced due to the motion of vessels and waves, 
resulting in frequency shifts that alter the signal’s clarity 
and reliability. Another problem is the long-distance 
attenuation effect, in which the weakening of electro-
magnetic signals (especially at higher frequencies) over 
saltwater greatly reduces reliable radio communications 
over vast distances (Sozer, Stojanovic, & Proakis, 2000). 
Some transmission efficiency is lost due to high humidity 
and fog, which add atmospheric effects. Communications 
systems catering specifically for maritime use need 
additional focus and attention placed on channel 
modeling, error correction, and strong robust modulation 
techniques (Rodríguez et al., 2017; Ristono & Budi, 2025). 
These effects can be countered with spread spectrum 
approaches which are becoming increasingly popular due 
to their strength to noise and interference.

Prior Work on the Use of Spread Spectrum in the Ocean  

There have been attempts to apply spread spectrum 
techniques for marine and underwater settings. Initial 

trials showed that in shallow water acoustic channels, 
DSSS can mitigate multipath distortion which results 
in reduced BER and improved link reliability (Lurton, 
2002). Later work integrated FHSS into wireless buoy 
networks illustrating that frequency diversity indeed 
reduced outage times in hazardous conditions (Pompili, 
Melodia, & Akyildiz, 2006).  More recently, it has been 
proposed that hybrid spread spectrum systems where 
both DSSS and FHSS are incorporated can be used for 
coastal monitoring and data interchange from ships 
to shore. These systems have been shown to perform 
exceptionally in throughput and resilience under severe 
weather conditions (Chitre et al., 2008; Kumar, 2024).  
Research conducted by Yang et al. (2019) had applied 
DSSS-based protocols to Unmanned Surface Vehicles 
(USVs) and reported that communication stability during 
a high rate of movement was significantly improved. 
Farrell and Cao (2021) also reported that adaptive DSSS 
techniques could adjust spreading factors based on real-
time measurements of sea states resulting in optimized 
bandwidth usage while maintaining signal strength. 
Although these implementations are hopeful, most of 
them are still in the testing phase. The incorporation 
of spread spectrum into contemporary networking 
protocols, along with machine learning-based adaptivity, 
is a currently researched frontier seeking to improve 
maritime communication performance in real time (Tuna 
et al., 2022; Manaa Barhoumi et al., 2023).

Spread Spectrum Communication Protocols for Harsh 
Oceanic Conditions

Features of spread spectrum protocols applicable to 
oceanic environments 

A communication protocol for use in extreme oceanic 
conditions where noise, multipath propagation, Doppler 
shifts, and other changes in the environment can greatly 
affect the communication is required to have some basic 
properties for reliability and resilience. The effectiveness 
and adaptability of spread spectrum protocols make 
them extremely applicable to these conditions. One of 
the most important characteristics includes adequate 
signal fading and broadening. Through the emphasis on 
diversity of class channels spread spectrum protocols 
have proven to be efficient in combating underwater 
communication obstacles, mitigated jamming, enhanced 
concealment for collateral receivers, protection from 
undue detection, and safeguarding from unintended 
receivers greatly benefit both commercial and defense-
related maritime purposes. The addition of pseudo-
random selection of additional shifts done to the signal 
brings an extra level of reliability. The system can 
separate required and unwanted signals even in presence 
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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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of severe interference or numerous overlapping systems. 
These protocols allow time and frequency redundancy, 
hence the possibility of total loss of the signal due to 
obstructions caused by reflections in the sea surface 
or random signal blockages due to wave movement or 
vessel orientation is greatly reduced.Last but not least, 
the spread spectrum protocols have proven to be very 
scalable and well synchronized. This makes it possible 
for several marine platforms or systems to function in 
parallel in the same communication space without a 
large loss in quality or performance.  

  
 
 
 
 
 

Fig. 2: Simulation Environment Setup

The system configuration comprises a Transmitter 
that specializes in producing signals of specific power, 
frequency, and modulation. The signal is then sent 
to the Ocean Channel Model, which simulates the 
conditions of signal propagation underwater, taking 
into consideration noise and mobility factors (e.g., sea 
current, movement of the water surface, and Doppler 
shifts). A Receiver captures the new signal, which has 
undergone modifications, for further analysis. This 
simulation environment has proved to be effective for 
testing model parameters as in actual conditions of 
communication systems in oceanic channels (Figure 2).

Adding Error Correction and Interference Reduction 
Measures  

Noisy oceans are exceptionally difficult for people 
to communicate as they incorporate a great deal of 
random errors such as noise, signal scattering, and signal 
attenuation. Hence, a blend of robust error correction is a 
must using the spread spectrum protocol methodologies. 
The Forward Error Correction (FEC), like convolutional 
coding, turbo codes, and even Low-Density Parity-Check 
(LDPC) codes, helps recover in this context. The crucial 
element is recovering corrupted data by not sending it 
again which is quite favorable when one is operating in a 
latency sensitive environment.  Error correction schemes 
will combine with spread spectrum techniques to ensure 
that on receiving, a person can reassemble the data even 
when parts of the signal are either lost or distorted. 
Detailed communication reliability is achieved on adding 
multi-layered defense strategies which can strengthen 
resilience.  Legendary beyond error correction, undying 

resistance needs to be put in place. With things like 
interference cancellation, notch filtering, and adaptive 
frequency hopping, the system can ignore real time 
suppress or avoid using certain signals. In addition, to 
prevent cross talk between numerous users, a person 
with adding varying or changing spreading codes can 
selectively change the codes meant for users who are 
in heavily used frequency bands. The determination of 
the quality of the unit’s signal in terms of bandwidth, 
spreading factors or code switching that may be needed 
to maintain optimal performance is achieved by using 
the combination of spread spectrum protocols with the 
interference detection algorithms.

Dynamic modulation and coding of oceanic conditions

Communication regarding the ocean is not fixed or 
stable. They change with the weather, movements as 
well as the location. The spread spectrum protocols 
have to be integrated with adaptive modulation and 
coding systems (AMC) to ensure that the communication 
integrity is maintained. Real time changes of 
channel conditions evaluate AMC systems. During the 
assessment, parameters such as modulation schemes 
(BPSK, QPSK and QAM) and even the coding rates will 
be set to change. A system with efficient signal can lift 
to higher order modulation without needing to switch 
to low throughput. Difficult conditions, on the other 
hand, would favor low rate modulation with stronger 
coding to ensure data integrity. That form of flexibility 
is essential for oceanic scenarios where a vessel can be 
floating in peaceful open water bound amid turbulent 
coastal zones, or rapidly changing owing to obstructions 
and signal reflections. The combination of these 
features incorporates flexibility and efficiency through 
the AMC with spread spectrum techniques. Predictive 
channel quality changes supplemented with machine 
learning algorithms, alongside autonomous adjustments 
to modulation and coding schemes, can provide robust 
performance in dynamic maritime environments.

Design Considerations

Hopping of Frequencies for Frequency Variation  

Hopping of frequencies serves as a primary technique in 
the design of spread spectrum systems which enhances 
communications during dynamic operations in the oceans. 
It involves rapidly changing the carrier frequency to one 
of the many designated frequencies in a specified order. 
This type of procedure assists in the diesel diversity 
maneuvers at sea where electromagnetic interference 
because of the salt water or moisture could have certain 
frequency bands. In marine environments signals are 
subject to many types of interferences, including 
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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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unintentional interference with the onboard equipment, 
other systems and cross talk, as well as sophisticated 
jamming for defense purposes. The use of hopping 
frequencies mitigates dependency on a single frequency 
which greatly resolves the previously stated issues. For 
example, if a single channel experiences significant 
interference or fading, with appropriate protocols, 
the system can shift to different port using different 
control still preserving the signal closed. This method 
opens up new boundaries in protection. Because them it 
virtually impossible for unauthorized receivers who have 
no secret hopping steps to intercept or jam effective 
communication this method increases protection 
boundaries while also enhancing accessibility. Moreover, 
it is notable that with suitable devices supporting the set 
square for multiple users can be loaded to reduce the 
chance of interference their coding systems are either 
set to orthogonally or to low coordination they are able 
to function simultaneously without operating margin. 
This greatly benefits marine communication system 
using multiple vessels, drones or sensors attached to 
monitor nodes.

Time Spreading for the Avoidance of Interference of 
Signals

In oceanic settings, reflections due to the water surface, 
seabed, and nearby structures result in problematic 
multipath issues. These reflections result in the 
reception of signals arriving at different times, leading 
to signal distortion as well as intra-symbol interference 
(ISI). One of the valid counter-actions is time spreading, 
where the symbol of data is expanded to occupy a 
greater time frame with the use of pseudo-random 
codes. Time spreading allows the receiver to appreciate 
and recover the original signal even when stubbed 
copies are received by the system after time delays. 
This is achieved as the system becomes more tolerant 
to spread on delays which enhances the viability of the 
system further. This is prominently witnessed deeper in 
the waters and in port zones where there are abundant 
underwater structures that pose as reflective hazards. 
Time spreading inclusive with other forms of despreading 
at the receiver allows for the correlation of broadband 
signals to be replaced by narrowband signals through the 
addition of similar pseudo random spreading codes. End 
filtering of noise and interference that is uncorrelated 
is part of the process while under turbulent noise is at 
its peak in maritime scopes. Combining time spreading 
alongside the correlation detection method guarantees 
the alteration and forward propegation of the signal 
under aggressive conditions which is why it is pivotal in 
the constructions of commiunications in oceans.

Power Control Methods Strategies for Meeting 
Efficiency in Transmission

A major feature of interest in battery powered 
systems such as buoys, unmanned surface vehicles, 
and underwater sensors is the control of power in 
spread spectrum systems used at sea. Effective power 
management allows for the maintenance of link 
quality while minimizing interference and conserving 
power. Due to changing sea states, node distance, and 
the atmosphere, the amount of required power for 
transmission differs. Dynamic power control mechanisms 
adjust output power based on real-time monitoring of 
channel conditions and require energy balance. This helps 
in controlling expenditure of energy while ensuring that 
adequate SNR levels are maintained. They also mitigate 
co-channel interference in multi-system transmitters. 
Excessive power produced is avoided, which reduces the 
chances of inter ference  with overlapping transmissions 
while being useful in dense deployments like marine 
sensor networks. Enhanced device usability, improved 
mission sustainability, increased maintenance interval, 
and reduced life cycle cost wastage are advantages of 
efficient power control. Adaptive and intelligent power 
control solutions in contrast, build energy robust systems 
for oceanic communication with spread spectrum 
systems.

Simulation and Analysis

Arrangement of Simulation Environment

To test the performance of spread spectrum 
communication protocols while considering severe 
ocean conditions, a controlled and realistic simulation 
environment needs to be created. Typically, the 
simulation environment consists of a virtual oceanic 
channel that models certain nautical features, including 
multipath propagation, Doppler effect, signal fading, 
noise, and even the variability of ambient noise. The 
virtual system must include both the transmitter and 
receiver as part of the communication system. The 
configuration options should include modulation scheme, 
spreading factor, power levels, and the defined hopping 
pattern. Additionally, the channel model must emulate 
the responsiveness of the changing sea states from still 
to raging storm to assess protocol robustness. The most 
important part of the dynamic mobile situations is the 
realistic motion dynamics of nodes like ships, autonomous 
surface vehicles, and buoys. They model actual maritime 
movement and influence on signal transmission and 
reception. Noise sources for the model should include 
natural interference like wave action and rain, and also 
artificial noise such as radar and radio traffic to simulate 
actual operational oceanic interference. The simulation 
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because of this mismatch. To compensate for the offset voltage, we followed a decent 
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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 

153

platform can possibly be created using MATLAB or NS-3,  
and even using specialized simulators for underwater 
and maritime communication with their integrated 
libraries of acoustic and RF propagation models. This 
arrangement seeks to test protocol performance 
by simulating protocols in challenging operational 
conditions.

Performance Metrics for Evaluating Protocol 
Effectiveness

In the assessment of the eight spread spectrum 
communication protocols designed, multiple 
performance metrics were considered. All of these 
metrics evaluate the dependability, efficacy, and 
flexibility of the system in relation to the environmental 
and operational conditions present. The primary metric 
BER, or Bit Error Rate, defines the ratio of bits that 
have been wrongly decoded among all received bits. 
Communications suffering from interference or noise 
have higher BER but below acceptable ranges means 
communications are more reliable. Another important 
metric PDR or Packet Delivery Ratio, addresses the 
number of packets successfully received against the 
total number sent. The amount of data successfully 
sent over the network within a given period is further 
termed the throughput, and a measure of sent data 
per protocol is indicative of protocol performance. This 
becomes vital in intersections, where real-time data is 
needed like live monitoring of environmental conditions 
or video streams from surface vehicles. Other important 
parameters include battery efficiency for maritime 
nodes, and latency which gauges time lapse from message 
sending to reception. The remaining adaptive spread 
spectrum protocols are also analyzed with respect to 
their jamming, channel access, and adaptation speeds, 
as the term refers to how fast a protocol responds to 
changes/interference in sea conditions. These metrics, 
when assessed utilizing different simulation scenarios, 
collectively depict the protocol and its behavior, thus 
helping determine its deployment readiness for real-
world situations.  

Fig. 3: Bit Error Rate (BER) vs.  
Signal-to-Noise Ratio (SNR)

The line graph (Figure 3) showing BER against SNR 
indicates that spread spectrum protocols outperform 
traditional communication methods throughout all levels 
of signal-to-noise ratio. At lower SNR levels (between 
0 and 5 dB), both systems have high error rates owing 
to weak signal; however, spread spectrum has a lower 
BER, signifying better performance. As SNR rises, the 
decrease in BER for both systems is sharp, but that for 
spread spectrum is more pronounced, achieving almost 
zero error at 20 dB. This pattern illustrates the dominant 
ability of spread spectrum in ensuring communication 
signal quality in noisy conditions which is vital in 
unpredictable maritime environments.

Fig. 4: Packet Delivery Ratio (PDR) vs. Sea  
State Severity

Fig. 5: Throughput vs. Number of Interferers

The grouped bar chart (Figure 4) of PDR against sea 
state severity shows how spread spectrum outperforms 
traditional systems by having a steadier data delivery rate 
throughout worsening marine conditions. In calmer sea 
conditions (Beaufort scale 1), both systems perform well, 
but with traditional communication, there is a sharp dip 
in delivery efficiency as the waves become more active. 
In contrast, spread spectrum is able to maintain higher 
PDR values, even in rough (scale 5) and very high seas 
(scale 9), indicating resistance to the effects of multipath 
wave-induced reflections and other environmental 
noise. These results further highlight the impact of 
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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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spread spectrum for use in reliable communications 
during turbulent sea states. The graph in Figure 5 which 
illustrates the relationship between throughput and 
number of interferers, shows that as external interferer 
activity increases, the communication efficiency of 
traditional systems declines sharply. In comparison, 
spread spectrum protocols degrade more gradually. Both 
systems achieve maximum throughput in the absence 
of interference. However, with the introduction of 
only two interferers, the throughput associated with 
traditional systems declines significantly whereas that 
of spread spectrum systems, remains close to optimal. 
The difference becomes marked at eight interferers. 
Traditional systems transmit only eight percent of their 
throughput, while  spread spectrum systems retain over 
sixty percent. This information underscores the severe 
limitation of conventional systems. With no resistance 
to co-channel interference, they are incompatible with 
jammed maritime environments.

Fig. 6: Energy Consumption vs. Distance (km)

As shown in the line graph (Figure 6) illustrating energy 
usage against increasing transmission distances, spread 
spectrum protocols use energy more efficiently than 
conventional systems. At lower distances (1-3 km), 
both systems have relatively low energy consumption, 
but the spread spectrum gap widens more rapidly as 
the distance increases. By 10 km, traditional systems 
consume over two times the energy spread spectrum 
methods require. This advantage, in efficiency, stems 
from the incorporated power control strategies and 
error recovery mechanisms of spread spectrum design 
that minimize the need for retransmissions, thereby 
optimizing overall power consumption. This efficiency 
is crucial for prolonging operation in oceanic systems 
powered by batteries or solar energy.

Comparison with Traditional Communication Methods  

A thorough analysis requires a corresponding study 
of spread spectrum protocols alongside other 
communication methods, including broadband and 

single-carrier systems. During oceanic conditions, 
traditional systems frequently fall behind on multipath 
interference, poor signal penetration, high susceptibility 
to noise, and jamming endurance. Spread spectrum 
protocols are simulated to excel traditional counterparts 
in BER and PDR under most expected harsh weather 
conditions. Best case scenarios of traditional systems 
yield lower latency than newer systems; however, 
stored solutions lack the dependability necessary for 
the unpredictable conditions characteristic in ocean 
environments. In addition, older methods tend to 
need excessive repetition of transmission attempts 
in noisy environments, which in turn increases energy 
expenditure and lowers throughput. This also shows that 
multi-user, or multi-robot scenarios are better handled 
by systems employing spread spectrum techniques. Older 
systems have co-channel interference and fading signal 
difficulties in these instances. In contrast, systems using 
spread spectrum techniques have clearer separation 
between users due to code division or hopping sequences 
applied. Taking all of the results from the simulations 
into consideration, it is evident that these navigation 
operations problems are best solved with the use of 
spread spectrum protocols over conventional ones.

Results and Discussion

Evaluation of Protocol Performance in Harsh Oceanic 
Conditions  

The results from the simulation demonstrate that the 
spread spectrum communication protocols provide 
substantial gains in highly unfavorable oceanic regions. 
In all emulated test cases which included periphery 
calm sea states to rough water high interference 
environments, the protocols consistently achieved 
low bit error rates along with high delivery packet 
ratios. Even in extreme cases such as rapid rotation 
of the vessel with high Doppler shifts, the system 
demonstrated remarkable resilience in communicating 
subsystems with minimal degradation. In comparison 
to narrowband systems, the spread spectrum approach 
was able to achieve far better robustness in signal 
under oceanic conditions. This can be attributed to 
the use of frequency hopping while time spreading 
within the protocol that dealt well with noise and 
fading for communication dropouts, ensuring consistent 
throughput SPA and fading conditions. Communication 
errors at the output are a result of signal alternation 
but is still distortioned enough to be recovered post 
error correction which enables robust recovery of the 
data.  Even for worst case scenarios, delay fell into 
reasonable bounds for latency in most applications. 
Unique high interference slight delays did not have a 
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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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big impact on operational performance although some 
delays were recorded. The multiuser capabilities of the 
system were strong, keeping crosstalk to a minimum 
while maintaining delivery from all operating with 
different channels or codes, ensuring dependable rates 
across nodes.

Impact of Environmental Factors Variation on 
Communication Quality

Some qualitative features of communication were 
affected by environmental factors like wave height, 
surface reflection, and ambient noise. The protocol 
gave very good results under calm sea conditions 
with low error rates and high throughput. Increased 
wave activity, however, induced greater multipath 
interference and signal fading, with more severe effects 
as deep water simulations were transitioned to shallow 
water simulations where reflections from the seafloor 
worsened the delay spread even further. In any case, the 
spread spectrum protocol benefited from heterogeneous 
time and frequency allocation which ensured strong 
performance. The system was able to avoid some of the 
worst interference-free frequency bands and localized 
attenuation due to the altitude of the signal and time 
spreading ensured minimal disruption from delayed 
signal arrival. These features worked increasingly better 
under conditions with rain and sea spray, which serve 
to attenuate as well as scatter high-frequency signals. 
The simulations examined cases with mobile platforms, 
including ships or autonomous surface vehicles. Rapid 
motion and orientation changes caused Doppler shifts 
and intermittent signal outages. Regardless, the adaptive 
modulation and power control strategies integrated into 
the protocol sustained signal integrity through flexible 
real time changes to the transmission parameters. These 
capabilities maintained dependable communication links 
amid continuously changing operations.

Discussions of Improvements and Following Research

Even though the protocol is functioning properly, there 
are still areas that may be optimized. One drawback 
identified was the overall system’s responsiveness to 
abrupt large-scale environmental changes. Adaptive 
elements did alleviate most concerns, but the addition 
of sophisticated predictive algorithms would greatly 
enhance the protocol’s responsiveness to swift 
environmental changes. Furthermore, the decision-
making processes for modulation, power control, and 
even frequency allocation can greatly benefit from the 
application of artificial intelligence or machine learning. 
These enhancements would improve system response 
time, providing even greater responsiveness while 

reducing latency and power consumption during changing 
conditions. The integration of hybrid communication 
approaches which merge spread spectrum techniques 
with acoustic and optical methods to form multi-modal 
systems for range and data variety constitutes other 
lines of uncharted research. Testing these changes, 
as well as learning new operational limits—many of 
which would exist outside the scope of virtual models—
will require extensive field trials beyond simulations. 
To summarize, while the protocol is a reasonable 
foundation for maritime communication, enhancing its 
utility entails employing more intelligent algorithms and 
dynamic multi-level communicative frameworks tailored 
for complex oceanic systems.

Conclusion

As noted in the study, efficient spread spectrum 
communications provide reliable data transmission even 
in severe ocean conditions. Further, frequency hopping, 
time spreading, and adaptive power techniques all 
reduce the damage caused by multipath interference—
signal fading and environmental noise—even in heavily 
dominated maritime communications. The simulations 
conducted demonstrated lower bit error rates as well 
as improved packet delivery and energy consumption, 
in comparison to narrowband systems with moving 
vessels and rough seas. Incorporating spread spectrum 
techniques is essential to oceanic communication data 
precision, system reliability, and overall effectiveness. 
This is critical for offshore energy, marine autonomy, naval 
operations, environmental monitoring, and industries 
that rely on maritime gastronomy. To fully leverage 
these benefits, future work needs to incorporate real-
time environment-responsive adaptable modulation and 
coding, intelligent power distribution, and predictive 
situational awareness of the surrounding environment. 
With real-time evolving changes, machine learning can 
easily respond to shifting demands by implementing 
smart adaptable protocols. Furthermore, the provided 
materials substantiate that spread spectrum techniques 
enable a new era of technological development and 
enhanced dependability in maritime communication 
systems.
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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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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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