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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

Terminologies in Uzbekistan are inconsistent in the wake of the change in the broadband 
and VPN infrastructure beyond just nomenclature they carry with them direct 
consequences in electromagnetic compatibility (EMC), signal propagation modeling, and 
RF hardware integration. In this paper we explore the technical vocabulary standardization 
loopholes that exist in the different Uzbek telecommunication networks and how they 
have impacted the system level interoperability values especially in cases involving 
VPN tunnel over wireless links and hybrid RF optical links. Applying a multi-phased 
strategy by taking interviews of stakeholders, regulatory documentary selection, and 
experimental imitation of terminological misalignments, the research unearths the impact 
of inconsistent terminology on antenna matching, routing performance and deployment of 
RF systems. The findings point out to some confusion in definition of VPN and broadband 
documentation that contributes to propagation error, impedance mismatch, and failure 
in security configuration at the physical layer. The proposed solution to these problems 
includes the harmonized national technical lexicon that is aligned with the standards of 
ITU, IEEE 802, and IETF. The offered scheme does not only promote semantic uniformity 
but also increases signal integrity, compliance of RF systems, and propagation conscious 
design techniques within integrated communication systems.
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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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sensitive, multi-vendors or cross-domain environ - 
ments.

In the end, terminology harmonization framework 
proposed is expected to become a primary driver 
of changing to a more unified, standards-based 
telecommunication platform in Uzbekistan, and should 
be relevant to the broader VLSI and antenna-propagation 
platforms with cross-layer definitions driving physical 
implementation, signal characteristics, and performance 
metrics.

Background

Prior Research on the Standardization of Technical 
Terms within Telecommunication Systems

The interoperability and scalability of the current 
telecommunication infrastructures are getting more 
dependent on mobilization of typified technical 
vocabularies. The issues of linguistic clarity and 
terminological equivalence in achieving the global 
interoperability of technologies and transparency in 
the procedures are presented by the seminal work of 
international standardization organizations, e.g., the 
International Telecommunication Union (ITU) or the 
European Telecommunications Standard Institute (ETSI). 
To give an example, Park et al. (2020) have already shown 
that unification of terminology dramatically improves the 
performance of networks built with multiple vendors, 
in cases where this input is IP-based, a configuration 
ambiguity may impede cross-layer communications as 
well as synchronization between the hardware.

The idea of locally based standard terms has also been 
supported by other literature in the claim that they 
were more in line with regional linguistic contexts 
and deployment patterns of technology, bearing very 
high global consistency (Kim, 2020). The view can be 
of great significance to those nations that are in the 
process of transforming digitally because they have the 
responsibility of synchronizing the use of established 
international standards and integrating national 
linguistic and infrastructural particularities.

Advantages and Challenges of Standardization in VPN 
and Broadband Systems

The use of standardization and common terminologies in 
broadband and VPN applications benefits the applications 
in a variety of ways, mainly, by smoothing the process 
of workflow, enhanced interoperability, simpler 
troubleshooting, enhanced cybersecurity enforcement, 
and cost-reduced integration and maintenance. Such 
advantages are particularly important in protocol 
stacks where the protocol stack is layered like  

Introduction

The speeding up of broadband and Virtual Private 
Network (VPN) enabled solutions have formed a core 
grid dimension in the digital landscape of Uzbekistan 
(James et al., 2025). The systems support critical 
services, including the e-government operations and 
safe enterprise connectivity to digital inclusions and 
smart city functions. With the introduction of such 
technologies into the national development, the lack 
of the standardization of technical language becomes 
a problematic area of the operational and regulatory 
sphere following the pattern of the development 
of Uzbekistan (Khalilov & Rakhmatov, 2020). Lack 
of consistent terminology amongst components of 
the network introduces ambiguity in system design, 
resources optimization, documentation, and cross-
vendor communication, which are hindrances to the 
effective design of the system based on international 
protocols (BSI Standards Publication, 2018).

The lack of consent between terminologies is not only 
limited to documentation; it may be demonstrated as a 
system-level communication issue, which is incompatible 
electromagnetic (EM) propagation modeling, error in 
antenna deployment specifications, or inefficiencies in 
RF system diagnostics (Ali & Bilal, 2025). Further, this 
non-standardization has undermined the development 
of human-machine interface, training harmonization 
and secure communication in VPN-tunneled or 
broadband-over-wireless designs (Roper & Bar, 2024). 
In an international interconnected environment, with 
wireless standards being defined based on IEEE, ITU and 
IETF definitions, the interoperable systems fail because 
of regional divergence and this hurts the interoperable 
systems scalability and reliability.

This paper concerns the rationale of lexical 
standardization of terms broadband and VPN used in 
Uzbekistan. In particular, it is concerned with issues 
of filling gaps in the semantics of usage between local 
practices and international practices, and assessment 
of how this affects the RF planning, propagation 
environment, and hardware integration. The framework 
proposed will integrate the reviews of documents, 
policy audits, and interviews with the stakeholders to 
draw up a definitional gap matrix on the basis of clarity, 
consistency, localization, technical accurateness, 
and compliance with various regulations. This already 
accomplishes identification and classification of the 
inconsistencies in the important networking terms thus 
establishing the foundation of the standard model of a 
glossary that would provide augmented interoperability 
between the layers of this communication and support 
the deployment of broadband/VPN solutions in RF 
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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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0VPN-over-broadband layers which demand accuracy at 
various levels of abstraction.

There are however, major challenges. Outdated 
firmware, protocol restrictions (which are proprietary), 
and lack of suitable means of updates are commonly 
found in legacy systems to react to emerging standard 
vocabularies (Prasath, 2023). Further, there are other 
barriers that non-English-speaking nations encounter 
whereby they translate complex technical terms 
without semantic drifts or syntactic considerations. 
Such translation discrepancies may pose a threat to 
misconfiguration, low service quality and poor security 
measures.

To cybersecurity camp, a uniform use of terminology is not 
only linguistic, but is functional. Caviglione et al. (2021) 
emphasize the positive impact of uniform cryptography 
terms in VPNs as one that enhances auditability and 
adoption of tight security laws. Likewise, Vincentelli et al.  
(2025) discover the duty of the uniform glossaries to 
allow the cross-system diagnostics and oversight of 
fault schemes, particularly in the converged broadband 
infrastructures.

Uzbekistan’s Broadband and VPN Systems: Develop-
ments and Terminological Challenges

The telecommunications industry in Uzbekistan has 
experienced tremendous modernization over the past 
years, with greater capital injection into broadband 
networks, and deployment of secured VPNs. The linguistic 
as well as procedural standardization that would allow 
such growth has however not been able to keep up. At 
the moment the State Committee of Communication, 
Information, and Telecommunication Technologies 
observes selectively the ITU and ISO standards but 
even this does not have a stable implementation in the 
Internet Service Providers (ISP) or Government agencies.

One of the studies published in 2022 and conducted by 
the researchers at Tashkent University found that such 
sloppy nature of definitions mostly inside of VPN and 
routing terminology is one of the biggest contributors 
to general ambiguity of configuration, misalignment in 
Service-Level Agreements (SLAs), and discrepancies in 
the interpretation of network performance metrics. 
Moreover, the fact that Uzbek, Russian, and English 
co-exist in technical documents creates the problem 
of semantic mismatches complicating the process of 
adherence to protocols and field installations.

This notwithstanding, the multicultural environment 
is an exquisite chance to formulate a localized and 
standardized technical framework. By harmonizing 

such aspects, it would allow not only interoperability 
between ISPs and partners across countries, so would 
enhance the accuracy of RF planning, EMC compliance, 
and IoT sensor network integration.

To guarantee a steady signal transmission as well as 
regulatory compliance, the emerging standardization 
activities ought to be aided by the well-known 
international mandates including the IEEE Std 149-
1979 manual, which details the conditions of antenna 
testing, and CISPR 22 standard, which regulates radio-
frequency emissions of telecommunication equipment. 
Incorporation of these references will make certain 
that the terminology framework of Uzbekistan can 
coordinate with the terminology of electromagnetic 
compatibility (EMC) standards as well as antenna 
propagation assessment regulations in order to develop 
reliable broadband-VPN in dynamic RF surroundings.

Proposed Model

The proposed model will be used to standardize the 
usage of technical terms in broadband and VPN systems 
in Uzbekistan in order to encourage the interoperability 
of RF hardware with the global stream of communication 
as well as the propagation-conscious system integration. 
This initiative is based on the ISO/IEC Continuous 
Improvement Model usually employed in iterative quality 
improvement in the space of IT and telecommunications. 
The target of the model is to provide the assurance 
that the utilization of the technical language is both 
globally harmonized and locally validated especially 
phrases involving the VPN tunneling, routing protocols, 
modulation schemes and security scheme modalities. 
This allows well defined hardware-software interface 
design, consistency in propagation modeling, and 
interoperability of multi-vendor systems. This is 
important in the case of integrated systems where both 
VPN tunneling occurs in RF-based broadband layers and 
5G mmWave propagation, as well as the reconfiguration 
of network antennas in the case of government, 
educative and commercial networks.

Iterative Process Framework

The suggested framework does not only provide an apt 
solution to the glossary mismatch on the linguistic layer 
or software level but also evaluates its propagating 
effects on the RF performance. As an example, the 
incorrect firmware configuration of a directional patch 
antenna (as behaving instead of an omnidirectional whip) 
had been wrongly programmed in a 2.4 GHz WLAN indoor 
deployment because a field term used was misused: a 
directional patch antenna is placed into an antenna 
mode. The signal rerouting delay in 5 GHz VPN backhaul 
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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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protocol was caused when the mismatched low-level 
firmware routing terms and GUI-configured protocols 
term, keyed on transport protocol, try the signal.

The functioning of this model has five rotationary phases:

➤ Assessment

Document analysis, survey of the engineers, and 
interviewing the stakeholders are methods of gathering 
baseline data. Such words as the forward error 
correction, channel bandwidth, or encryption protocol 
are rather inconsistent in multilingual documents 
(Uzbek, Russian, English). This stage determines the 
existence of any gaps in use, semantic and propagation-
essential misalignments.

➤Planning and Development

There is creation of a standardized glossary. A specific 
example is that the term packet loss is translated to an 
ITU G.1050 definition and translated to Uzbek with the 
same meanings on the propagation layer. Broadband-
VPN interface protocol regulatory drafts, antenna 
configuration descriptors and router documentation 
vocabularies are made.

➤ Implementation

Workshops are the means through which service 
providers get trained. Strict policies regarding the 
adoption of glossary and alignment of the terminology 
are implemented. The firmware configuration and 
propagation log documentation utilized in all vendors 
has similar terms of use.

An example of a real-life deployment scenario is 
characterized by a rural broadband enterprise in a 
situation that utilizes VPN tunnels using mmWave 
backhaul (26 GHz). Mislabeling of the terms in a GUI 
of the router firmware such as: encryption layer vs. 
routing layer, as well as failure to reinitialize the router 
caused the RF links to become unstable. This brings out 
the practical disruption of RF propagation related to 
semantic contradictions.

➤Monitoring and measurement

The deviations get recorded in audit reports. The antenna 
tuners that are not compatible between vendor A and 
Vendor B in the terminology of the uplink modulation 
index is flagged. Those discrepancies are recorded in 
a centralized report and guidance to standardization 
corrections is given.

➤Continuous improvement.

The glossary is changing as 6G, RIS-assisted routing or 
mmWave VPN tunnels appear. There is a potential to 

introduce intriguing terminologies such as beamspace 
tunneling or reflective gateway based on structured 
feedback loop allowing flexibility to adapt to new 
technologies as they appear.

Fig. 1: Continuous Standardization Cycle for  
RF-Term VPN Integration

The standardization strategy based on five phases is 
depicted in figure of 3.1. It starts with Assessment, 
which assesses terminological discrepancies among 
propagation-sensitive parameters and definitions of 
VPN. The Planning and Development uses aligned 
glossaries productively in the system of broadband-RF. 
The Implementation phase will enforce the vocabulary 
with the help of workshops and updates of devices. 
Monitoring is done by audit, network diagnostics to 
mark misuse. The development of new RF technologies 
will be enforced using Continuous Improvement and its 
vocabulary evolution. The deadly circle in the centre 
stresses that the model is a reoccurring process and 
therefore guarantees sustainability of the harmonized 
communication and network documentation.

Sample mapping of the localized Uzbek terms to their 
internationally recognized alternative is presented in 
table 1. The term is correlated with a world technical 
standard, related hardware layer and a real-time 
application like in the RF propagation modeling or VPN 
configuration panels. Such systematic glossary results in 
semantic fidelity down the layers of hardware-software, 
an essential requirement in integration of RF systems 
and use of antenna configuration propagation logs.

In figure 2 the number of non-standard terms remained 
lower after implementation of the glossary framework 
in five monitoring cycles they were compared before 
and after that implementation. The orange line 
(post-standardization) quickly decreases (down to 
10 inconsistent terms) in the fifth cycle, whereas 
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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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quality and ambiguity reduction of antenna design 
manual, router firmware settings, and VPN encryption 
protocol settings.

A real-time error situation that will be shown in figure 
3 is; a VPN configuration has been flown mistakenly 
because of a mismatch involving the term GUI of the 
vendor and the fields accessed in the backend firmware 
of the vendor, these are the Encapsulation Mode and 
the backends Tunnel Protocol. The misalignment led to 
channel initiation propagation delay. The case buttresses 
the applicability of the terminology model to certifying 
assurance of hardware-interoperability.

Figure 4 This represents selection in the GUI of wrong 
terminology (i.e. Encapsulation Mode as opposed to 
Tunnel Protocol), causing misconfiguration in the RF 
module, which causes an impedance mismatch. An 
example; S11 response at the operating frequency has 

Table 1: Sample Glossary Mapping for Standardized RF-Terms in Broadband-VPN Systems

Term (Uzbek) English Equivalent Global Standard Ref Hardware Layer Use Case Scenario
Ma’lumot uzatish 

darajasi
Data Transmission 

Rate
ITU-T G.1010 Router Antenna Tx Channel allocation

Paket yo‘qolishi Packet Loss RFC 768, ITU-T 
G.1050

VPN Layer Error correction 
logging

Kriptografik tunel Cryptographic Tunnel IETF VPN Standard VPN Gateway Secure tunneling
Ulanish kengligi Link Bandwidth IEEE 802.3 Ethernet/PHY Inter-router 

propagation

Fig. 2: Reduction in Non-Standard Terms Across 
Monitoring Cycles

Fig. 3: VPN Routing Error Due to GUI–Firmware Term Divergence

the blue line (pre-standardization) demonstrates a 
scarce decline only. It establishes the importance of 
documented discipline enforcement on documentation 
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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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a return loss at only -8 dB because of the mismatched 
loading failure as compared to the ideal -15 dB.

Conclusion

Capacity and scalability of the broadband and VPN 
infrastructure in Uzbekistan are significantly linked 
to the accuracy, uniformity, and standardization of 
technical terms in case they occur both within the intra-
layered and organizational levels of the technology 
and in their external display: in regulatory, control, 
and so forth. This paper found significant disparity in 
the Uzbek Network Technology Framework and in the 
keywords relating to RF and configuration language of 
VPN. Through a systematic multi-phased strategy that 
includes document analysis, stakeholder questionnaires, 
and regulatory text analysis the study has revealed 
interoperability bottlenecks based on the terminology 
that prevent integration of the systems, compatibility of 
devices, and enforcement of rules.

In order to solve these difficulties, the paper presented 
the dynamic and iterative standardization model on 

the ISO/IEC Continuous Improvement Framework. This 
model advocates building and implementation of a 
common, internationally compatible glossary of terms 
to be developed with respect to the technological and 
linguistic environment of Uzbekistan. It is not only meant 
to be compatible with ITU, ISO and IEEE and standards but 
also to be able to cater to localized specifics by allowing 
engagements with stakeholders and refinements of the 
same.

The secondary framework proposed specifically improves 
the cross-layer interface between the software and 
the hardware worlds, minimizes complexities in the 
device settings and prevents propagation delays due 
to parameter disparity in RF-controlled VPN systems. 
Building semantic interoperability in broadband-VPN 
infrastructure, the trend of the initiative results in 
interoperability, regulatory clarity and integration 
between countries that eventually helps Uzbekistan to 
move toward standards compliant, propagation aware 
and internationally interoperable communication 
landscape.

Fig. 4: Antenna Mismatch Scenario Due to GUI-Term Divergence

Table 2. Propagation Disruption Scenarios Caused by Misused Terminology

Misused Term Intended Term Frequency Band Modulation Scheme Resulting RF Impact

Uplink Frequency Channel Band 2.4 GHz OFDM 5 dB signal loss due to 
gain-table mismatch

Tunnel Protocol Encapsulation Type 5 GHz QPSK Handshake delay and 
propagation lag

Antenna Length Wavelength 900 MHz GFSK Return loss mismatch, 
degraded VSWR
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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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