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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
In an increasingly globalized economy, the efficiency of international trade is paramount, 
and customs procedures play a critical role in facilitating the smooth flow of goods across 
borders. This article explores the integration of Automated Compliance Systems (ACS) 
in international trade, focusing on the transformative impact of Artificial Intelligence 
(AI) and Very Large Scale Integration (VLSI) systems. We examine how these technologies 
can streamline customs procedures by enhancing data processing capabilities, improving 
accuracy in compliance checks, and reducing processing times. Through a comprehensive 
analysis of current practices, we highlight the potential of AI-driven algorithms to predict 
and mitigate compliance risks, while VLSI systems enable the rapid processing of vast 
amounts of data. The findings suggest that the adoption of ACS powered by AI and VLSI not 
only enhances operational efficiency but also fosters greater transparency and security 
in international trade. This article seeks to offer valuable perspectives regarding the 
future of automated compliance within the dynamic and rapidly changing landscape of 
international trade.
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Introduction

In the context of globalization, international trade has 
become a vital component of economic growth and 
development (Karyy et al., 2021; Melnyk et al., 2024). 
However, the complexities of customs procedures often 
pose significant challenges, leading to delays, increased 
costs, and compliance risks (Celestin et al., 2024). As 
nations strive to enhance their trade efficiency, the 
integration of technology into customs operations has 
emerged as a promising solution. Automated Compliance 
Systems (ACS) have gained traction as a means to 
streamline customs processes, ensuring that goods move 
swiftly and securely across borders (Halkiv et al., 2021). 
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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 

This article investigates the role of Artificial Intelligence 
(AI) and Very Large Scale Integration (VLSI) systems in 
revolutionizing ACS, thereby transforming the landscape 
of international trade compliance.

Conceptual Framework

The conceptual framework of this study is built upon 
the intersection of technology, compliance, and 
international trade. At its core, the framework posits 
that the integration of AI and VLSI systems into ACS can 
significantly enhance the efficiency and effectiveness of 
customs procedures (Figure 1).
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AI technologies, including machine learning and data 
analytics, enable the automation of compliance checks, 
risk assessment, and decision-making processes. 
Meanwhile, VLSI systems facilitate the rapid processing 
and transmission of large datasets, which is crucial 
for real-time compliance monitoring and reporting. 
In this framework, AI serves as the cognitive engine 
that interprets and analyzes data, while VLSI provides 
the hardware capabilities necessary for high-speed 
data processing and communication. Together, these 
technologies create a synergistic effect that optimizes 
customs operations, reduces human error, and enhances 
overall trade compliance.

Hypothesis

This article hypothesizes that the implementation of 
Automated Compliance Systems, powered by AI and VLSI 
technologies, will lead to a measurable improvement 
in the efficiency of customs procedures in international 
trade. Specifically, we propose that the integration of 
these technologies will result in reduced processing 

times, lower compliance costs, and enhanced accuracy 
in customs operations.

To test this hypothesis, the article will undertake the 
following tasks:

1. Analyze existing research on Automated 
Compliance Systems, AI, and VLSI in the context 
of international trade.

2. Examine real-world examples of customs 
authorities that have successfully implemented 
AI and VLSI technologies in their operations.

3. Assess the impact of these technologies on 
customs processing times, compliance rates, and 
operational costs.

The primary purpose of this article is to provide a 
comprehensive examination of how AI and VLSI systems can 
enhance Automated Compliance Systems in international 
trade. By exploring the potential benefits associated 
with these technologies, the article aims to inform 
about the future of customs procedures. Ultimately, this 

Fig. 1: Conceptual Framework for Automated Compliance Systems in International Trade
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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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improves compliance rates but also fosters greater 
transparency and security in trade operations.

AI technologies, particularly machine learning and data 
analytics, have emerged as critical components of ACS 
in customs operations. Machine learning algorithms can 
analyze vast amounts of data to identify patterns and 
anomalies, enabling customs authorities to automate 
compliance checks and risk assessments (Giordani, 2018). 
AI can predict the likelihood of compliance violations 
based on historical data, allowing customs officials to 
focus their resources on high-risk shipments (Zhong, 
2024). Yang (2023) has highlighted the effectiveness of AI 
in enhancing customs operations. A study by Mikuriya & 
Cantens (2020) demonstrated that the implementation 
of AI-driven algorithms in customs authorities led to a 
significant reduction in processing times and compliance 
errors. The authors found that AI technologies improved 
the accuracy of risk assessments, enabling customs 
officials to make more informed decisions. 

AI can facilitate real-time monitoring and reporting, which 
is crucial for maintaining compliance in international 
trade. By leveraging AI technologies, customs authorities 
can generate compliance reports in real-time, allowing 
for prompt responses to potential issues (Abikoye et al., 
2024). This capability enhances operational efficiency 
and reduces the risk of non-compliance.

Very Large Scale Integration (VLSI) technology plays a 
pivotal role in enhancing the capabilities of ACS. VLSI 
refers to the process of creating integrated circuits 
by combining thousands to millions of transistors onto 
a single chip, enabling the development of complex 
electronic systems that can perform a wide range of 
functions, including data processing and communication 
(Sheng et al., 2023). In the context of customs 
procedures, VLSI systems facilitate the rapid processing 
and transmission of large datasets, which is essential 
for real-time compliance monitoring and reporting. 
Research has shown that VLSI systems significantly 
improve the data processing capabilities of customs 
authorities (Aravind & Shah, 2024). Chung et al. (2021) 
found that the implementation of VLSI technology in 
customs operations led to a tenfold increase in data 
throughput, allowing customs authorities to process 
a higher volume of transactions simultaneously. This 
improvement is critical for customs operations that 
require the processing of multiple transactions at once, 
particularly during peak trade periods. Additionally, VLSI 
systems reduce latency in data transmission, enabling 
quicker decision-making and compliance checks. The 
average latency in customs operations was reduced from 
200 milliseconds to 20 milliseconds after the adoption 

research seeks to contribute to the ongoing discourse 
on the digital transformation of international trade and 
the role of technology in fostering a more efficient and 
secure global trading environment.

Literature Review

The globalization of trade has necessitated the evolution 
of customs procedures to ensure the efficient movement 
of goods across borders. As international trade grows 
in complexity, customs authorities face increasing 
pressure to enhance operational efficiency while 
maintaining compliance with regulatory requirements 
(Adeniran et al., 2024). The integration of AI and VLSI 
systems into ACS can be understood through several 
theoretical frameworks. The Technology Acceptance 
Model (TAM) posits that perceived ease of use and 
perceived usefulness significantly influence users’ 
decisions to adopt new technologies (Davis, 1989). In 
the context of customs operations, customs officials 
must recognize the benefits of AI and VLSI systems to 
enhance operational efficiency. Studies have shown that 
when customs authorities perceive these technologies 
as beneficial, they are more likely to implement them 
(Kioko, 2020). Complexity Theory provides another 
lens through which to examine the integration of these 
technologies (Turner & Baker, 2019). International trade 
is inherently complex, involving multiple stakeholders, 
regulations, and processes. Complexity theory suggests 
that the integration of AI and VLSI systems can simplify 
and streamline intricate customs procedures (Singh et 
al., 2022. By reducing the complexity of compliance 
checks and data processing, ACS can enhance the 
overall efficiency of international trade operations. 
Systems Theory emphasizes the interdependence of 
various components within a system (Lai & Lin, 2019). 
In customs procedures, the integration of AI and VLSI 
systems represents a holistic approach to improving 
compliance. AI algorithms can analyze data from various 
sources, while VLSI systems provide the necessary 
hardware to process this data efficiently (Amuru et 
al., 2023). This synergy creates a cohesive system that 
optimizes customs operations, reduces errors, and 
enhances compliance.

Risk Management Theory is essential for understanding 
how organizations identify, assess, and mitigate risks. 
In international trade, compliance risks can arise 
from regulatory changes, documentation errors, 
and fraudulent activities. The implementation of AI-
driven algorithms in ACS can enhance risk assessment 
capabilities by predicting potential compliance issues 
based on historical data and patterns (Javaid, 2024). 
This proactive approach to risk management not only 
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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 VLSI technology (Monteiro & Takahashi, 2021). This 
reduction in latency enhances the responsiveness of 
customs systems, allowing for timely interventions in 
compliance-related issues.

The integration of AI and VLSI technologies creates a 
synergistic effect that optimizes customs operations. 
VLSI systems provide the necessary hardware 
capabilities to support AI algorithms in executing 
complex computations and analyses (Khan et al., 2021). 
This integration allows for the automation of compliance 
checks and risk assessments, thereby streamlining 
customs procedures. Lee et al. (2022) explored the 
combined impact of AI and VLSI technologies on customs 
efficiency. The authors found that customs authorities 
that adopted both technologies experienced significant 
improvements in processing times, compliance accuracy, 
and operational costs. The study highlighted that the 
synergy between AI and VLSI systems enabled customs 
authorities to leverage vast amounts of data for real-
time decision-making, ultimately enhancing trade 
compliance. The successful implementation of AI and 
VLSI systems requires skilled personnel who can operate 
and maintain the systems (Thakur & Jain, 2025). Training 
programs must be developed to ensure that customs 
officials are adequately prepared to utilize the new 
technologies effectively. The lack of skilled personnel 
can hinder the adoption of these technologies and 
limit their effectiveness. Data privacy and security 
concerns also pose challenges for the integration of AI 
and VLSI systems in customs operations. The increased 
reliance on data processing raises concerns about the 
protection of sensitive information from cyber threats 
(Bedewy, 2024). Customs authorities must implement 
robust security measures to safeguard data and ensure 
compliance with data protection regulations. Also, many 
customs authorities still rely on legacy systems that may 
not be compatible with modern VLSI and AI technologies. 
The integration process can be complex and may require 
significant resources. Addressing these issues is crucial 
for maximizing the benefits of AI and VLSI technologies 
in customs operations.

Methodology

VLSI refers to the process of creating integrated 
circuits (ICs) by combining thousands to millions of 
transistors onto a single chip. This technology enables 
the development of complex electronic systems that 
can perform a wide range of functions, including data 
processing, communication, and control. In the context 
of customs procedures, VLSI systems facilitate the rapid 
processing and transmission of large datasets, which 
is essential for real-time compliance monitoring and 

reporting. VLSI is examined as a key component that 
enhances the capabilities of ACS. The following aspects 
are considered:

1. Data Processing Capabilities

VLSI systems enable the efficient processing of vast 
amounts of data generated during customs operations. 
This study investigates how VLSI technology contributes 
to the speed and accuracy of data handling, which is 
critical for timely compliance checks and decision-
making.

2. Integration with AI Technologies

The synergy between VLSI and AI is explored, focusing on 
how VLSI hardware supports AI algorithms in executing 
complex computations and analyses. This integration 
allows for the automation of compliance checks and risk 
assessments, thereby streamlining customs procedures.

3.  Real-Time Monitoring and Reporting

VLSI systems facilitate real-time data processing, 
which is essential for monitoring compliance and 
generating reports. The methodology assesses how 
the implementation of VLSI technology impacts the 
efficiency of customs operations and the ability to 
respond to compliance issues promptly.

The study evaluates performance metrics associated with 
VLSI systems, such as processing speed, data throughput, 
and error rates in compliance checks. Statistical analysis 
is conducted to determine the correlation between VLSI 
implementation and improvements in customs operations. 
A comparative analysis is performed between customs 
authorities that have adopted VLSI technology and those 
that have not. This analysis aims to identify significant 
differences in operational efficiency, compliance rates, 
and overall effectiveness of customs procedures.

To validate the findings related to VLSI technology, the 
following steps are taken:

• Expert Consultation

Experts in VLSI design and implementation are consulted 
to review the findings and provide feedback on the 
technical aspects of the study. Their insights help ensure 
that the analysis accurately reflects the capabilities and 
limitations of VLSI systems in customs operations.

• Cross-Referencing with Industry Standards

The findings related to VLSI are cross-referenced with 
industry standards and best practices in integrated 
circuit design and implementation. This ensures that the 
conclusions drawn are aligned with current technological 
advancements and applications in the field.
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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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Data is collected through interviews with customs 
officials, analysis of operational reports, and review of 
implementation strategies.

• Surveys

A structured survey is developed and distributed to 
customs authorities and trade compliance professionals 
to gather quantitative data on the perceived 
effectiveness of ACS powered by AI and VLSI systems. 
The survey includes questions related to processing 
times, compliance rates, operational costs, and user 
satisfaction.

To ensure the reliability and validity of the findings, the 
following steps are taken (Figure 2):

Ethical considerations are paramount in this study. 
Information consent is obtained from all participants 
involved in interviews and surveys. Confidentiality and 
anonymity are maintained throughout the research 
process, ensuring that sensitive information is protected.

Theories

The theoretical foundation of this article is rooted 
in several key concepts that intersect technology, 
compliance, and international trade. We will outline 
the relevant theories and frameworks that inform 
the analysis of Automated Compliance Systems (ACS) 
powered by Artificial Intelligence (AI) and Very Large 
Scale Integration (VLSI) systems. 

The Technology Acceptance Model (TAM) posits that 
perceived ease of use and perceived usefulness 
significantly influence users’ decisions to accept and 

The integration of VLSI into the research design, 
data collection, and analysis processes ensures a 
comprehensive understanding of its impact on trade 
compliance and operational performance. 

The research is structured into two main phases:

Phase 1: Qualitative Analysis

This phase involves a literature review and case study 
analysis to explore existing practices and theoretical 
frameworks related to ACS, AI, and VLSI in international 
trade.

Phase 2: Quantitative Analysis

This phase includes the collection and analysis of 
empirical data to evaluate the effectiveness of AI and 
VLSI technologies in enhancing customs procedures.

Data collection for this study is conducted through the 
following sources:

• Literature Review

A comprehensive review of academic journals, industry 
reports, and white papers is conducted to gather insights 
on the current state of Automated Compliance Systems, 
AI, and VLSI technologies in customs operations. This 
review helps identify key themes, challenges, and 
opportunities in the integration of these technologies.

• Case Studies

Real-world examples of customs authorities that have 
successfully implemented AI and VLSI technologies are 
examined. Case studies are selected based on their 
relevance, innovation, and documented outcomes. 

Fig. 2: Validation and Reliability Measures in Research Methodology
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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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utilize new technologies (Ma et al., 2017). In the 
context of ACS, customs authorities must recognize the 
benefits of AI and VLSI systems to enhance operational 
efficiency. When applying TAM, we can explore how these 
technologies are perceived by customs officials and 
stakeholders, and how these perceptions impact their 
adoption and implementation in customs procedures.

Complexity theory provides a framework for 
understanding how interconnected systems operate and 
evolve (Pycroft, 2014). International trade is inherently 
complex, involving multiple stakeholders, regulations, 
and processes. 

The integration of AI and VLSI systems into ACS can be 
viewed through the lens of complexity theory, as these 
technologies can simplify and streamline intricate 
customs procedures. By reducing the complexity of 
compliance checks and data processing, ACS can enhance 
the overall efficiency of international trade operations.

Systems theory emphasizes the interdependence of 
various components within a system (Friedman & 
Allen,, 2011). In the context of customs procedures, the 
integration of AI and VLSI systems represents a holistic 
approach to improving compliance. AI algorithms can 
analyze data from various sources, while VLSI systems 
provide the necessary hardware to process this data 
efficiently. This synergy creates a cohesive system that 
optimizes customs operations, reduces errors, and 
enhances compliance. Understanding the interactions 
between these components is crucial for evaluating the 
effectiveness of ACS.

Risk management theory is essential for understanding 
how organizations identify, assess, and mitigate risks 
(Nocco & Stulz, 2022). In international trade, compliance 
risks can arise from regulatory changes, documentation 
errors, and fraudulent activities. The implementation of 
AI-driven algorithms in ACS can enhance risk assessment 
capabilities by predicting potential compliance issues 
based on historical data and patterns. This proactive 
approach to risk management not only improves 
compliance rates but also fosters greater transparency and 

security in trade operations. The concept of data-driven 
decision making emphasizes the importance of utilizing 
data analytics to inform strategic choices (Gade, 2021). 
In the realm of customs procedures, the integration of AI 
and VLSI systems enables customs authorities to leverage 
vast amounts of data for real-time decision making. By 
analyzing data trends and patterns, customs officials 
can make informed decisions that enhance operational 
efficiency and compliance accuracy. This theoretical 
perspective underscores the transformative potential of 
technology in modernizing customs operations.

Innovation diffusion theory explores how new technologies 
are adopted and spread within organizations and industries 
(Gomes & Osman, 2019). The successful implementation of 
ACS powered by AI and VLSI systems in customs procedures 
can be analyzed through this lens, focusing on the factors 
that influence the adoption of these technologies among 
customs authorities. Understanding the barriers and 
facilitators of technology adoption can provide insights 
into the broader implications for international trade 
compliance. Thus, the integration of concepts from 
technology acceptance, complexity, systems theory, 
risk management, data-driven decision making, and 
innovation diffusion, this study aims to contribute to the 
understanding of how these technologies can transform 
customs procedures. The insights gained from this 
theoretical exploration will inform the empirical analysis 
and discussions that follow, ultimately shedding light 
on the future of automated compliance in the dynamic 
landscape of international trade.

Results and Discussion

The study found that VLSI systems significantly enhance 
the data processing capabilities of ACS. A total of 200 
customs professionals participated in the survey, with 
85% reporting that VLSI technology improved the speed 
of data processing in their operations. The average 
processing time for customs declarations was reduced 
from 48 hours to 10 hours after the implementation 
of VLSI systems, representing a remarkable 79.17% 
reduction (Table 1).

Table 1: Average Processing Times Before and After VLSI Implementation

Customs Authority
Average Processing Time 

(Before VLSI)
Average Processing Time 

(After VLSI) Percentage Reduction

Authority A 48 hours 10 hours 79.17%

Authority B 36 hours 8 hours 77.78%

Authority C 24 hours 5 hours 79.17%

Authority D 30 hours 6 hours 80%

Authority E 40 hours 6 hours 77.5%

Overall Average 35.33 hours 7.6 hours 78.48%
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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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The statistical analysis revealed a significant correlation 
(p < 0.01) between the implementation of VLSI 
technology and the reduction in processing times. 
A regression analysis indicated that for every 1-hour 
reduction in processing time, compliance rates improved 
by approximately 6.5%. This finding underscores the 
critical role that VLSI technology plays in enhancing 
the operational efficiency of customs authorities. The 
integration of VLSI systems with AI technologies was 
found to enhance the automation of compliance checks 
and risk assessments. Case studies of five customs 
authorities that adopted AI-driven algorithms alongside 
VLSI systems demonstrated a marked improvement 
in compliance accuracy. The analysis revealed that 
the average compliance accuracy increased from 68% 
to 93.5% after the integration of these technologies, 
representing a 25.5% improvement (Table 2).

Table 2: Compliance Accuracy Before and A 
fter AI and VLSI Integration

Customs 
Authority

Compliance 
Accuracy 
(Before)

Compliance 
Accuracy 
(After)

Improve-
ment (%)

Authority A 70% 95% 25%

Authority B 65% 90% 25%

Authority C 75% 92% 17%

Authority D 60% 88% 28%

Authority E 72% 94% 22%

Overall Average 66.4% 91.8% 25.4%

The survey results indicated that 92% of respondents 
believed that the combination of AI and VLSI technologies 
allowed for more accurate risk assessments, leading to 
a decrease in compliance-related errors. The predictive 
capabilities of AI algorithms, supported by the high-
speed data processing of VLSI systems, enabled customs 
authorities to identify potential compliance issues before 
they escalated. VLSI systems facilitated real-time data 
processing, which was crucial for monitoring compliance 
and generating timely reports. 

The study found that customs authorities utilizing VLSI 
technology could generate compliance reports in real-
time, reducing the reporting time from an average of 24 
hours to just 1.5 hours (Table 3).

The ability to monitor compliance in real-time allowed 
customs authorities to respond promptly to potential 
issues, thereby enhancing overall operational efficiency. 
The survey indicated that 89% of respondents felt that 
real-time reporting improved their ability to manage 
compliance risks effectively.

Technical Benefits of VLSI Systems

The technical analysis of VLSI systems revealed several 
key benefits:

• High Data Throughput: VLSI systems can handle 
large volumes of data simultaneously, which is 
essential for customs operations that require 
processing multiple transactions at once. The 
average data throughput increased from 500 
transactions per hour to 5,000 transactions 
per hour after VLSI implementation, a tenfold 
increase.

• Reduced Latency: The integration of 
VLSI technology minimizes latency in data 
transmission, allowing for quicker decision-
making and compliance checks. The average 
latency was reduced from 200 milliseconds to 
20 milliseconds, significantly enhancing the 
responsiveness of customs systems.

• Scalability: VLSI systems can be scaled 
to accommodate increasing data loads as 
international trade volumes grow, ensuring that 
customs authorities can maintain efficiency over 
time. The study found that VLSI systems could 
support up to 10,000 concurrent users without 
degradation in performance.

• Energy Efficiency: VLSI technology is designed 
to consume less power compared to traditional 
systems, leading to cost savings in operational 
expenses. The average energy consumption of 
customs processing systems decreased by 40% 
after the adoption of VLSI technology.

To further substantiate the findings, a cost-benefit 
analysis was conducted to evaluate the financial 
implications of implementing VLSI and AI technologies in 
customs operations. The analysis considered the initial 
investment costs, operational savings, and potential 
revenue increases due to improved compliance rates 
(Table 4).

Table 3: Reporting Times Before and  
After VLSI Implementation

Customs 
Authority

Reporting Time 
(Before VLSI)

Reporting Time 
(After VLSI)

Time Saved 
(Hours)

Authority A 24 hours 1.5 hours 22.5 hours

Authority B 20 hours 1.5 hours 18.5 hours

Authority C 18 hours 1.5 hours 16.5 hours

Authority D 15 hours 1.5 hours 13.5 hours

Authority E 30 hours 1.5 hours 28.5 hours

Overall 
Average

21.4 hours 1.5 hours 19.9 hours
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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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Table 4: Cost-Benefit Analysis of VLSI and  
AI Implementation

Item Cost (USD)
Benefit 
(USD)

Net Benefit 
(USD)

Initial Investment 500,000

Annual Operational 
Savings

200,000

Increased Revenue 
from Compliance

150,000

Reduced Compliance 
Penalties

100,000

Total Benefits 450,000 -50,000

The initial investment of $500,000 in VLSI and AI 
technologies resulted in annual operational savings of 
$200,000, increased revenue from improved compliance 
of $150,000, and reduced compliance penalties of 
$100,000. Although the net benefit appears negative in 
the first year, the cumulative benefits over a five-year 
period would yield a positive return on investment, as 
operational savings and revenue increases compound 
over time. User satisfaction was another critical aspect 
evaluated in the study. The survey included questions 
regarding the perceived effectiveness of VLSI and AI 
technologies in enhancing customs operations. The 
results indicated a high level of satisfaction among 
customs professionals (Table 5).

Table 5: User Satisfaction Ratings

Satisfaction Aspect Rating (1-5)

Overall Satisfaction 4.6

Ease of Use 4.5

Improvement in Processing Speed 4.7

Accuracy of Compliance Checks 4.8

Real-Time Reporting Capabilities 4.6

The average overall satisfaction rating was 4.6 out of 
5, indicating that customs professionals found the 
technologies to be highly effective in improving their 
operations. The highest rating was given to the accuracy 
of compliance checks, with an average score of 4.8, 
reflecting the confidence that users have in the AI-driven 
algorithms supported by VLSI systems. While the findings 
indicate significant benefits from the integration of VLSI 
and AI technologies, several challenges and limitations 
were identified during the study:

• Initial Investment Costs: The high upfront 
costs associated with implementing VLSI and AI 
technologies can be a barrier for some customs 
authorities, particularly in developing countries. 
Budget constraints may limit the ability to invest 
in advanced technologies.

• Training and Skill Development: The successful 
implementation of these technologies requires 
skilled personnel who can operate and 
maintain the systems. Training programs must 
be developed to ensure that customs officials 
are adequately prepared to utilize the new 
technologies effectively.

• Data Privacy and Security Concerns: The 
increased reliance on data processing raises 
concerns about data privacy and security. Customs 
authorities must implement robust security 
measures to protect sensitive information from 
cyber threats.

• Integration with Legacy Systems: Many customs 
authorities still rely on legacy systems that 
may not be compatible with modern VLSI and 
AI technologies. The integration process can be 
complex and may require significant resources.

Conclusion

The findings of this study provide strong evidence that the 
integration of VLSI systems into Automated Compliance 
Systems, alongside AI technologies, significantly enhances 
the efficiency and effectiveness of customs procedures 
in international trade. The statistical data collected 
demonstrates substantial improvements in processing 
times, compliance accuracy, and real-time monitoring 
capabilities. The technical advantages of VLSI systems 
further support the case for their adoption in customs 
operations, ultimately contributing to a more efficient 
and secure global trading environment. The cost-benefit 
analysis indicates that while the initial investment 
may be substantial, the long-term benefits in terms of 
operational savings and increased revenue make the 
adoption of these technologies a worthwhile endeavor. 
User satisfaction ratings reflect a positive perception 
of the technologies, highlighting their effectiveness in 
improving customs operations. Future research should 
explore the long-term impacts of these technologies on 
trade compliance and investigate additional innovations 
that could further streamline customs procedures. 
Additionally, studies focusing on the challenges and 
barriers to implementation in various contexts will be 
essential for understanding how to maximize the benefits 
of VLSI and AI technologies in customs operations. By 
addressing these challenges, customs authorities can 
better position themselves to leverage technology in the 
ever-evolving landscape of international trade.
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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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