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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 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Abstract
Multi-band operation and antenna detuning, environmental loading, and 
proximity effects at RF front-ends are also increasingly causing dynamic 
variations in impedance at Wideband Internet of Things (IoT) RF front-ends. 
Traditional fixed or heuristic adaptive impedance matching networks do 
not achieve the optimum power transfer in large frequency bands resulting 
in poor return loss, power amplifier efficiency, and link reliability. The 
following paper proposes adaptive impedance matching network based 
on AI that should be used in real-time wideband applications of IoTs. The 
suggested architecture also combines a reconfigurable π-network with a 
lightweight machine learning inference engine and it is set up in a closed-loop 
feedback like system. Wideband optimization framework The framework to 
be formulated can be summarised as minimising the reflection between 
operating range and control power overhead is limited. The validation of 
the system is performed by RF circuit simulation and hardware analysis 
within the 0.8-2.5 GHz frequency spectrum under the conditions of dynamic 
load. Real-world experiments have shown that average and maximum loss of 
return, and stability of power effectiveness have been improved significantly 
in relation to traditional fixed and switched matching methods, and that it 
is not much higher than the adaptation latency obtainable in embedded 
IoT systems. The suggested approach designates an energy-conscious and 
scaleable, smartly developed RF front-end dynamic in coming-generation 
extensive band wireless.
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Introduction
The fast rate of Internet of Things (IoT) technology 
development has expedited the use of wideband wireless 
front-end architectures that can be deployed to several 
frequency bands and communication standards. Sub-
GHz and ISM and multi-band cellular connectivity over 
a single small device is becoming increasingly supported 
by the modern IoT platform, requiring highly efficient 
and broadband RF front-end designs. In contrast to 
more traditional designs of narrowband systems that 
are designed and optimised at resonant operating 
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frequencies, the wideband IoT node has to maintain 
stable impedance values over large bandwidths, and be 
both cost-effective and energy-efficient. With the ever-
reducing size of devices, and the integration of antennas 
into a smaller size, the front-end performance has 
become the critical design constraint due to variations 
in impedance. Even in the real-world IoT, the impedance 
mismatch is caused by various dynamic conditions such 
as detuning of antennas by user proximity, environmental 
loading, temperature, component ageing, and adaptive 
spectrum allocation. These differences cause signal 
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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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reflections, deterioration of the return loss, lowered the 
power amplifier efficiency and capacitor increased noise 
figure in receiver chains.[12] This performance degree of 
degradation has a direct effect on the link reliability, 
battery performance, and the overall communication 
performance. It is then required to maintain optimum 
impedance matching over such time changing conditions 
to ensure consistent wideband performance in real 
world deployments. Traditional impedance matching 
networks are generally done at fixed operating points in 
passive L, π or T networks. Although these designs are 
efficient in the narrowband design situation, they cannot 
be easily modified to meet variable load conditions. 
Varactor-based reconfigurable, switched capacitor bank-
based or RF MEMS based methods have been proposed 
in order to overcome this.[1, 4, 9] Nevertheless, some of 
the current adaptive matching methods usually consider 
heuristic search methods, fixed tables of known, or 
tuning schemes based on gradient operations.[10, 11] 
Such methods are characterised by a slow convergence 
rate, extra computational cost, and poor scalability in 
resource-limited internet of things nodes. Moreover, 
broad-frequency band tuning requires a large number of 
control variables, and consumes much energy, making 
adaptive matching capability inefficient, especially in 
short systems.[3] The recent development of machine 
learning and embedded intelligence has provided new 
opportunities to develop intelligent RF optimization. 
Neural algorithms and data-driven regression models 
Lightweight neural networks have been shown to be 
able to predict the behaviour of a nonlinear system and 
compute the optimal operating parameters with low 
inference latency.[2, 4, 5] The AI-based control processes 
will have the potential to significantly reduce any tedious 
search procedures, thus providing quick adaptation 
to the changing load conditions through learning the 
relationship between reflected power features and 
the optimal tuning regimes.[4, 5] This type of design 
is especially appealing in the case of wideband IoT 
front-ends, where a limited amount of computational 
resources is needed, but real-time flexibility is 
necessary. It is driven by these obstacles and prospects 
that this work proposes an AI-aided adaptive impedance 
matching network to IoT RF front-end applications at 
wideband. The suggested architecture is a combination 
of a reconfigurable matching topology and a lightweight 
machine learning inference engine which provides a 
closed-loop configuration. A framework of wideband 
optimization is evolved to minimise reflection and 
control overhead, and make sure that energy-conscious 
adaptation is appropriate to embedded platforms. 
Contributions The paper has developed the model of a 
centre impedance working across wideband adaptation, 

and models a reconfigurable matching network with 
digitally controlled tuning resolution based on the 
implementation of tunable CMOS implementations,[4, 9]  
proposed an embedded AI inference engine with 
experimentally validated better return loss, stability 
in narrowband and wideband efficiency, and shorter 
adaptation latency than prior model results.

Background and Related Work
To design RF front-ends, impedance matching is a basic 
requirement which will guarantee the maximum power 
transfer between interconnected components and 
minimise signal reflections between components as e.g. 
antennas, low-noise amplifiers, and power amplifiers.[3, 12]  
Passive L, π or T Networks Matches Passive L, π or 
T Systems In narrowband systems, passive L, π or 
T networks are normally tuned to a single centre 
frequency. The networks give satisfactory performance 
in situations where the load impedance is comparatively 
steady, and there is a restriction in the frequency 
variation. Nonetheless, wideband RF systems, especially 
those used in the contemporary IoT systems, have 
various frequencies of operation and have frequency-
dependent impedance characteristics. Consequently, 
there will be a marked increase of difficulty in ensuring 
consistency in matching performance through a wide 
spectrum. The operation over widebands makes the 
system more sensitive to the parasitic elements, 
component tolerance and antenna detuning which lead 
to increased return loss and low efficiency. The variation 
in impedance, in actual-life applications of IoT, is not 
only frequency-based, but also environment-based. The 
effect of proximity to the user, the enclosure effects, 
temperature variation, ageing of the components and 
dynamic spectrum allocation can change the antenna 
characteristics and the load impedance dynamically. 
Such variations cannot be compensated by static 
matching networks once fabricated and cause mismatch 
losses that decrease the efficiency of transmitted power 
as well as receiver sensitivity.[12] Since IoT devices are 
usually energy-starved, even a minor efficiency reduction 
may have a considerable effect on the battery life and 
the communication resiliency. Such difficulties have 
stimulated the use of reconfigurable and tunable methods 
of impedance matching will be able to adjust to changing 
dynamic operating conditions. Reconfigurable matching 
networks typically use varactors, switched capacitor 
banks, tunable inductors or RF MEMS elements to help 
to provide adjustable impedance transformation .[4, 9]  
Varactor-based networks have the advantage of allowing 
continuous tuning, but with reduced quality factor and 
nonlinearity whereas switched capacitor or inductor 
arrays have discrete tuning states with enhanced 



Siaffa Wright : AI-Assisted Adaptive Impedance Matching Network for Wideband IoT RF Front-Ends

National Journal of RF Circuits and Wireless Systems |  Sep - Dec 2026 19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

 1.8-V Low Power, High-Resolution, High-Speed 
Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology

 Ishrat Z. Mukti1, Ebadur R. Khan2. Koushik K. Biswas3

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh

AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
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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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stability.[7] Adaptive tuning schemes that are closed-loop 
are also explored in wireless power and RF systems.[6, 8]  
Such methods, however, are prone to using heuristic 
search algorithms, or iterative control approaches,[1, 11] 
which have the property of slow convergence, as well as 
extra consumption of control energy. New fields Current 
developments in machine learning have added data-
based optimization schemes to RF and microwave system 
design. Circuit parameter optimization, RF modelling, 
and adaptive impedance control have greatly been 
able to use machine learning models.[2, 4, 5] Lightweight 
neural networks can be used to estimate complex 
system related behaviour with low inference latency 
by learning nonlinear correlations between measured 
RF parameters and desired performance outcomes.
[5] In impedance matching In the impedance matching 
case, machine learning allows predictive control 
through estimated optimum tuning states based solely 
upon reflected power or impedance data, which may 
do away with expensive brute force impedance sweeps.
[4] Although the developments are encouraging, current 
literatures indicate that there are various limitations. 
Most described AI-aided RF optimization methods are 
results of simulation-based demonstration with no 
hardware validation.[2, 5] Others are designed to be used 
in situations that require high power transfer, or wireless 
power transfer,[6, 8] where the available power resources 
and energy constraints are not as tightly limited as in 
a battery-powered IoT node. Additionally, the literature 
on wideband matching is sparse and does not explicitly 
attempt to co-optimise control power overhead and 
adaptation latency as two co-optimization targets.[3]  
A lightweight AI inference engine, coupled with a useful 
reconfigurable matching network, to support wideband 
IoT front-ends is not well studied. These loopholes 
indicate the necessity to have integrated architecture, 
which incorporates wideband impedance modeling, 
energy-aware optimization, and real-time adapting 
control to the limitations of embedded wireless systems.

Methodology
Impedance Modeling and Optimization Framework

Proper modelling of the impedance is necessary in order 
to support adaptive matching of wideband RF front-end 
systems. In real world IoT transmitters and receivers the 
load impedance  depends on frequency as a result of the 
antenna properties together with parasitic components, 
environmental loading and proximity to a user. At loads 
of loads differing with the system characteristic load 
impedance  (usually 50 Ω ) signal reflections arise at 
the interface, leading to impaired transfer of effective 
power and poor overall system efficiency. The condition 

of mismatch is determined by the frequency-dependent 
reflection coefficient that is given in (1):

	 	 (1)

As indicated by (1), the value of  increases with the 
increase in the difference between the values of  and 
. Return loss and voltage standing wave ratio (VSWR) 
are directly proportional to the product of the squares 
of the reflected power ratio and directly depend on, 
The size of the reflection coefficient is negatively 
related to the return loss; in other words, a small value 
of the reflection coefficient results in the maximum 
power transfer and minimum stress on the amplifier 
of the power. The presence of low reflection over 
the full spectrum of operating frequency in wideband 
IoT systems is highly important, as it is needed to 
achieve consistency in operation under changing load 
conditions. Since the impedance mismatch of wideband 
systems is dynamic and frequency-dependent, the 
matching criterion needs to consider the performance 
over a spectrum and not at a single frequency. In order 
to formalise this requirement, the wideband matching 
objective is formulated in (2):

	 	 (2)

The former term in (2) is the reflection energy reflectance-
weighted integration of the operating band imposing 
widespread mismatch minimization. This is to avoid the 
optimization which is bias with a spectrum frequency. A 
second term that is added is a penalty on consumption 
of control power,  represents the energy consumption 
overhead of sensing, processing and tuning, and  is a 
weighting factor that defines a trade-off between RF 
performance and energy consumption. The nonlinear 
nature of the optimization problem formulated by (2) 
is that the frequency dependence of is complicated, as 
are the tuning states of the matching network which 
are discrete or nonlinear. The traditional search-based 
tuning (or gradient-based tuning) methods aim to reduce 
(2) by iteration thus usually needing several sweeps of 
impedance that raise latency and computation costs. 
This methodology is not efficient on embedded IoT 
platforms where real-time adjustment and power saving 
is compulsory. A viable substitute presented by the area 
of artificial intelligence is coming up with estimated 
estimates of the nonlinear function between measured 
reflection properties and optimal tuning settings. The 
trained behavior predicts the near-optimal control states 
in (2) by learning this mapping offline and as a result, the 
predictor is able to quickly infer optimal states of control 
when operating without a lengthy search process. Upon 
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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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deployment, the inference process presents a small 
latency and computational overhead and AI-assisted 
control is especially appropriate in broadband adaptive 
impedance matching in energy-constrained IoT RF front-
ends

Proposed AI-Assisted Adaptive Architecture

The architecture being proposed is a closed-loop adap-
tive impedance matching architecture which incorpo-
rates RF sensing, embedded intelligence and digitally 
reconfigurable hardware in order to obtain wideband 
real-time optimization of impedances. The architecture 
of the system comprises an RF sensor interface, an in-
ference engine, which is an AI model, and a reconfigu-
rable matching network as shown in Figure 1. The RF 
front-end is linked to the antenna by tunable matching 
network the impedance of which is actively varied in 
operation. A directional coupler is positioned between 

the matching network and the RF front-end that samples 
the reflected wave allowing real-time monitoring of mis-
match in the RF front-end. An RF detector is sampled on 
the signal which is processed to provide a proportional 
voltage in response to reflected power. An ADC is used to 
digitize this analog voltage which is then fed into a fea-
ture extraction module. The properties of the extract-
ed features, magnitude of reflected power, estimated 
mismatch indicators and operating frequency, are the 
input of a lightweight AI inference engine. The model 
is used to forecast the ideal set of tuning configuration 
to reduce the impedance mismatch over the working 
band. The output forecasted is changed into a digital 
control word providing the reactive writing of the tun-
able matching network. The mechanism is a feedback 
which continuously adjusts the impedance to overcome 
detuning of the antenna and environmental loading and 
frequency dependent variations. Figure 1 thus consti-

Fig.1: System-Level Architecture of the AI-Assisted Adaptive Impedance Matching Framework
Transceiver / Load

Figure 2.Reconfigurable π-Type Tunable Matching Network Schematic
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This paper presents the design of a comparator with low power, low offset voltage, 
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The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
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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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tutes the entire loop of interaction of sensing, inference 
and reconfigurable hardware.

The impedance conversion hardware is achieved via 
a 3-step ( π ) type topology which is reconfigured as 
illustrated in Figure 2. This network is made up of an 
input series of inductors L₁, and L₃, an output series 
inductor Ln and a central series inductor Ln and a 
shunt inductor L₂ leading to the ground. There are two 
banks of digitally controlled capacitors that are used 
to adjust shunt reactance on both sides of the series 
element. The left capacitor bank is composed of switch-
controlled capacitors C₁₁, C₁₂, C₁₃, …, C₁ₙ, each gated 
by corresponding switches S₁₁, S₁₂, S₁₃, …, S₁ₙ. The right 
capacitor bank consists of capacitors C₂₁, C₂₂, C₂₃, …, 
C₂ₙ, controlled by switches S₂₁, S₂₂, S₂₃, …, S₂ₙ. The 
structure is indexed so that there is always a one to one 
mapping between digital control signals and reactive 
components allowing accurate and due to scaling tuning 
resolution.

The network has a wide impedance range but can 
control the transmit insertion loss by choosing the 
right capacitance step sizes that can either be binary-
weighted steps or uniform increments. The range of 
tuning granularity is possible to achieve is dependent 
on the capacitance range and the number of discrete 
elements n. In terms of stability, factors such as 
minimising abrupt transitions between reactivity, 
having a bounded quality factor in high-Q operations, 
and continuity of state transitions in the closed-
loop control system are all regarded as stability 
considerations. The AI model will be an upscale 
supervised learning architecture that can be deployed 
embedded. An artificial neural network or nonlinear 
regression model of relatively small size is employed 
to predict the relationship between indicators of 
measured mismatch and the optimum control vector 
associated with the switch states S₁₁.. S₁ₙ and S₂₁ … 
S₂ₙ. The offline generation of training data is done 
through circuit and electromagnetic simulations at a 
rich variety of impedance and frequency conditions. 
The best tuning state in the sense of the least mismatch 
at each of the operating points is computed and is taken 
as ground truth in the training process. The model is 
then quantized and it is implemented in the embedded 
inference engine depicted in Figure 1. In its operation, 
the inference process has low computational overhead 
and latency, and thus, does not require the search-
based tuning done iteratively. The integrated system 
is thus in a position to provide stable, energy efficient, 
and wideband adaptive impedance that is well fitting 
dynamic IoT RF conditions.

Framework and Experimental Set-Up and Test 
Framework 

The suggested AI-assisted adaptive impedance matching 
architecture was tested at circuit level, electromagnetic 
co-simulation, and measurement-based evaluation to 
measure the wideband performance and efficiency 
of reflection at loads in terms of load variation. The 
reconfigurable π-type matching network illustrated in 
Figure 2 was modeled using Advanced Design System 
(ADS) to capture the switching behavior of the digitally 
controlled capacitor banks C₁₁, C₁₂, C₁₃, …, C₁ₙ and 
C₂₁, C₂₂, C₂₃, …, C₂ₙ. Corresponding switch elements 
S₁₁, S₁₂, S₁₃, …, S₁ₙ and S₂₁, S₂₂, S₂₃, …, S₂ₙ were modeled 
with finite on-resistance and parasitic capacitance to 
ensure realistic broadband performance estimation. 
Table 1 layout-dependent parasitics and frequency-
dependent losses Within the 0.825 GHz operating band, 
electromagnetic validation of inductive elements was 
used to calculate L₁, Lₛ, L₂, and L₃ using CST Microwave 
Studio and HFSS. S-parameters that were extracted 
were then taken into the circuit simulation environment 
to obtain co-simulation precision. The load variation was 
modelled by sweeping the values of complex impedance 
about the nominal characteristic impedance Z₀= 50 
Ω. Both resistances and reactive perturbations were 
included in the sweep to simulate the effect of antenna 
detuning, environmental loading and user interaction 
effects which occur in the IoT systems. To find the best 
tuning state of each impedance frequency pair the 
maximum entropy of binary combinations of the switch 
vectors were evaluated:

S₁₁, S₁₂, S₁₃, …, S₁ₙ 
S₂₁, S₂₂, S₂₃, …, S₂ₙ

The state with the minimal value of the magnitude of 
wideband reflection |Γ (f) was chosen as the optimum 
of the objective function of the state in Section 3.1. 
The training dataset including some 8,000 impedance 
frequency samples was planned to have labels by the 
optimum switch state vector along with each of C₁₁…
C₁ₙ and C₂₁…C₂ₙ To test on the generalisation of the 
models, the data was split into training data, validation, 
and testing issues. The AI model, the artificial neural 
network in the form of a 3-layer lightweight model, 
was trained offline and subsequently deployed in the 
quantized version into the embedded inference engine 
presented in Figure 1. To perform the hardware-based 
validation of the tunable matching network, discrete 
inductor and digitally controllable capacitor bank were 
used to realise the schematic of Figure 2. The reflection 
characteristics were quantified in a calibrated Vector 
Network Analyzer (VNA) and the power delivery and 

Fig.1: System-Level Architecture of the AI-Assisted Adaptive Impedance Matching Framework
Transceiver / Load
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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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reflected power with an RF power metre. The calibration 
of SOLT was done before measurement so as to remove 
systematic interconnects and test fixtures errors. The 
control subsystem ADC, inference engine and digital 
switch drivers that drive S₁₁…S₁ₙ and S₂₁…S₂ₙ, consumed 
about 10mW under nominal operating conditions, as 
summarised in Table 1. This overhead of power is also 
negligible compared to the levels of RF transmit power 
and is warranted by the sizeable reduction in wideband 
return loss and efficiency, as was found in Section 4.

Table 1.System Design Specifications of the Proposed  
AI-Assisted Adaptive Matching Network

Parameter Value

Operating Frequency Range 0.8–2.5 GHz

Characteristic Impedance (Z₀) 50 Ω

Matching Topology Reconfigurable π-Type 
Network

Input/Output Inductors L₁, L₃

Series Inductor L 
Shunt Inductor L₂

Left Capacitor Bank C₁₁…C₁ₙ (Controlled by 
S₁₁…S₁ₙ)

Right Capacitor Bank C₂₁…C₂ₙ (Controlled by 
S₂₁…S₂ₙ)

Tuning Resolution 5-bit per Capacitor Bank

AI Model 3-Layer Lightweight ANN

Training Dataset Size 8,000 Impedance–
Frequency Samples

Control Power Consumption 10 mW

Measurement Instrumentation Vector Network Analyzer 
(VNA), RF Power Meter

Performance Evaluation/Results.
The wideband reflection characteristics of the proposed 
adaptive matching network with AI assistance were tested 
within the operating band of 0.8 2.5 GHz delimited in 
Section 3.3. Figure 3 shows a comparison of the return loss 
between fixed matching, heuristic switched matching, 
and suggested AI-based adaptive tuning structure. The 
fixed matching design has a tolerable return loss at its 
nominal design frequency but is much worse at band 
edges, a natural effect of static networks of impedances 
being narrowband designs. At several places, the value 
of return loss becomes greater than -10 dB which means 
that there is more reflection as well as low power transfer 
efficiency. The switched matching technique enhances 
broadband behaviour via an improved choice of discrete 
capacitor condition; however, broadband execution is 
observed as fluctuations in performance over the whole 
spectrum because of reduced tuning resolution and 

search restrictions through iteration. By comparison, 
the proposed AI-assisted adaptive architecture can keep 
the loss on returns at a minimum below -20 dB at the 
majority of the operating frequencies. The decreased 
magnitude of the frequency response in the smoother 
form demonstrates that there has been a good reduction 
in the magnitude of the reflection coefficient |Γ (f)| 
as commonly defined in Section 3.1. The wideband 
objective formulation provides coherent impedance 
compensation in frequency dependent load change re-
enacting the closed-loop structure in Figure 1 and the 
reconfigurable 3-pin network in Figure 2. In order to 
determine how robust the amplifier is against impedance 
detuning, power amplifier efficiency was studied as a 
goal of reflection coefficient magnitude |human|, which 
is a measure of the severity of load mismatch. As Figure 
4 shows, degradation in the efficiency is as expected to 
increase with a rise in the mismatch. The fixed matching 
set has a high efficiency decay that drops to around 5,000 
with an added meta near-perfect match of around 45 to 
about 22 in the meta that has a match of 0.6. Slightly 
better are the switched matching configuration which 
still experiences observable efficiency loss with higher 
level of mismatch. 

Fig.3: Wideband Return Loss Comparison of Fixed, 
Switched, and AI-Assisted Adaptive Matching Across 

0.8–2.5 GHz

The suggested adaptive matching network with AI 
manages to maintain much higher efficiency in the 
whole mismatch range. Efficiency is not below 34 even 
at |Γ| = 0.6, which points to better impedance tracking 
and less reflected power. This increase in performance 
is directly associated with the decrease in the value of 
the |Γ| in Figure 3 and proves that adaptive impedance 
control can be used to increase return loss and power 
transfer efficiency with the change in load conditions. 
The adaptive control loop dynamic behaviour was 
also assessed to cheque the rate of convergence and 
stability. The switched matching approach involves an 
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high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
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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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iterative search through capacitor states and it takes 
an average adaptation time of around 5 µs. In contrast, 
the AI-based architecture directly predicts the optimal 
switch-state vector controlling S₁₁ … S₁ₙ and S₂₁ … 
S₂ₙ, eliminating search latency. Consequently then 
convergence is obtained within about 1.2 µs seconds, 
mostly constrained by ADC sampling and inference 
processing lag. This minimised adaptation time allows 
real-time impedance error remedies to be successfully 
effective in the situation of fast change of load. The step-
load perturbation stability analysis shows that the AI-
based control exhibits gradual change and insignificant 
overshooting, and the heuristic switching process can 
result in temporary oscillatory dynamics in its state 
space exploration.

Fig. 4: Power Amplifier Efficiency Under Load Mis-
match (|Γ|) for Fixed, Switched, and AI-Assisted 

Adaptive Matching

The results of the quantitative comparison of the three 
methods are presented in Table 2 that summarises the 
performance indications in Figure 3 and in Figure 4 in 
addition to the values of dynamic adaptation.

This integrated evaluation demonstrates that the 
proposed AI-assisted adaptive impedance matching 
system has increased reflection suppression in the 
wideband, increased efficiency sustenance under load 
variation, and significantly reduced adaptive latency yet 
with little controllable power overhead.

Discussion
The results demonstrate that the adaptive control 
loop added with the impedance matching network that 
involves the assistance of the AI is beneficial in offering 
substantial improvements in wideband return loss and 
efficacy compliance. These advantages, though, involve 
an additional cost of increased complexity of control. 
The proposed architecture makes overheads by providing 
sensing circuitry, digital processing and inference, as 
opposed to fixed matching field, which has no active 
control logic required, and heuristic switched matching 
field which do not require active control logic. Even the 
power consumption of the experiment of approximately 
10 mW seems small relative to the power consumption 
of the standard nodes of transmission of the IoT, but 
remains substantial as a design consideration of ultra-
low-power or energy-harvesting nodes. Therefore, there 
must be good consideration of a harmony between the 
RF performance enhancement and the degree of control 
with regard to the intended application. In the systems 
where the changes in the impedance lead to significant 
losses in the stability of the links or energy use, the 
adaptive approach has insurmountable merits at the 
system level that can be paid only by the extra load on 
the computations. Scalability to other frequency regimes 
such as mmWave systems also enjoys some opportunities 
and challenges. Layout parasitics and packaging effects 
are very sensitive to impedance and become the 
main cause of massive mismatch with the use of such 
frequencies The tiniest differences in the conditions in 
the environment can lead to a significant deviation of 
the impedance. The specified adaptive system can be 
conceptually extended to mmWave frequencies; the 
complexity of the implementation is growing along 
with tolerances of components, switching losses, and 
laxity of stability. Additionally, mmWave systems tend 
to be phased array and beamforming based design 
where the phased impedance adaptation may have to 
be synchronized across an array of antenna elements. 
Hierarchy control policies and potentially more intricate 
models enabling the interactions of impedance in 
a multi-dimensional form would be required in the 
implementation of the AI-supported scheme of matching 
to such distributed systems. Resource conditions are a 

Table 2: Performance Comparison of Matching Approaches

Metric Fixed Matching Switched Matching Proposed AI-Based Matching

Average Return Loss (0.8–2.5 GHz) −10 dB −14 dB −22 dB

Wideband Coverage Narrow Moderate Wide

Efficiency Stability (vs Γ ) Low

Adaptation Time N/A 5 µs 1.2 µs

Control Overhead 0 mW ~4 mW 10 mW
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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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significant concern when taking a practical point of view 
of the implementation of the IoT. Embedded nodes are 
generally limited by processing power, power as well as 
memory size. We can say that the lightweight 3-layer 
neural network used in the present work was selected in 
favour of predictive accuracy to exchange the predictive 
accuracy and the inference efficiency. Even arithmetic 
of smaller precision and model quantization can be 
implemented on microcontroller-style hardware. More 
complicated model reduction (or the application of 
duty cycling techniques to minimise control overhead) 
may be required in applications which execute at hard 
energy harvesting budget constraints, however. Despite 
the performance advantages that it has demonstrated, 
the current prototype possesses several weaknesses. The 
capacitor banks are then also programmed on a 5-bit 
scale and this limit impedance granularity. It considered 
parasitic effects, nonlinearity of switch, and variation of 
component drift with temperature on a modelling basis, 
but can introduce additional deviation in large scale-
production. The training data is not that massive and it 
is generated primarily through simulation and controlled 
measurement, but when the impairment changes are 
very dynamic or when the real-life conditions are taken 
into consideration an online adaptation procedure or 
continuous learning procedure may be required. The 
implementation is also currently at the sub-3 GHz 
frequencies of the IoT band and further tests are required 
to determine that the implementation is sound in the 
conditions of extreme scaling of bandwidth required 
or under constraining nonlinearly operating PA working 
conditions. Overall, despite the fact that the discussed 
AI-aided adaptive impedance matching architecture 
complicates the whole system, the presented findings 
indicate that the gains in the enhancement of the system 
in regards to the return loss suppression, the ability to 
maintain the efficiency, and in the speed of adaptation 
provide substantial reasons that the technology will be 
to be implemented in the dynamic and interference 
prone IoT RF settings.

Conclusion
This paper introduced an AI-aided adaptive impedance 
matching circuit, which focuses on the problem of 
wideband mismatch in RF front-ends of IoT. The 
proposed system, with the combination of real-time 
RF sensing, the lightweight embedded inference 
engine, and a reconfigurable π-type matching network, 
delivered significant enhancement of reflection 
suppression, stability in efficiency and adaptability 
speed. The architecture achieved an average return 
loss in the operating band of 0.8-2.5 GHz equal to -22 

dB, whereas the fixed matching and heuristic switched 
matching showed return losses of -10 dB and -14 dB 
respectively. The proposed approach maintained 
much higher power amplifier efficiency even over load 
mismatch conditions to a mismatch of |Γ| = 0.6 where 
the fixed matching decreased to almost 22.5. Moreover, 
the AI-enabled control loop decreased the latency of 
adaptation to about 1.2 µs, which is much lower than 
the traditional switched methods and approaches based 
on the iterative search. These quantitative gains reflect 
the empirical value of smart impedance control in the 
wideband IoT systems when antenna detuning, loading 
in the environment and frequency changes can cause 
RF degradations. The proposed architecture minimises 
the reflection as well as stabilises the efficiency in the 
dynamic condition, thereby, improving link reliability, 
minimise wasteful transmit power and enables the 
operation of the architecture more energy efficient in 
the limited embedded environments. Their small power 
overhead control of about 10 mW is compatible with 
the common IoT node power limits, and with its typical 
power consumption, the method is still feasible to use in 
practise. Future studies will be aimed at expanding the 
framework to multi-antenna and beamforming system, 
where joint optimization of impedance adaptation 
among multiple RF chains can be further employed 
in order to create more robust systems. Scalability to 
mmWave frequencies will also be explored; how to solve 
issues to do with parasitics and switching losses, and 
narrower tolerance limits. Also, the miniaturisation of 
hardware and the mechanism of sensing, controlling, 
and matching subsystem is going to be sought on the way 
to implementing such systems in next-generation ultra-
compact IoT and edge-based communication platforms.
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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 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. 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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