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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 

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Abstract
This shift to 6G wireless communication systems necessitates RF front-end modules 
in ultra-wideband operation in the mmWave band (30-300 GHz). This paper shows 
the design, and performance of a reconfigurable RF front-end covering 24- 100 GHz 
design, which is optimized to the upcoming 6G millimeter-wave systems. Our suggested 
architecture comprises GaAs monolithic microwave integrated circuit (MMIC) consisting 
of reconfigurable low-noise amplifier (LNA), broadband power amplifier (PA) and 
tunable bandpass filter (BPF). There is the adaptive bias tuning, impedance matching, 
and dynamic gain control to balance the power efficiency and linearity requirements 
of some of the key design techniques in use here. Design, which is highly sophisticated 
in framework, was tested at the following levels, (a) circuit level using ADS, (b) 
electromagnetic level using CST Microwave studio and (c) post layout level using HSPICE. 
With a tunable gain of 9-18 dB, the front-end implements a return loss of less than 10 
dB, throughout the entire band, and a targeted noise figure of least 2.5 dB. The PA has 
a maximum power-added efficiency (PAE) of 42% on the basis of which it is applicable in 
energy-restricted edge applications. The contribution of this work is an RF solution that 
can be developed almost infinitely scalable and programmed according to need. Aimed 
applications are smart cars radar, satellite telemetry, and IoT networks of the future. 
The findings place this architecture in relation to being a good front-end candidate to 
the flexible, low latency 6G communication system.
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Introduction

The pressure to derive ultra-reliability and high throughput 
wireless connectivity to the 6G networks has led to a 
paradigm change to the implementation of the concept 
of broadband, agile, and energy-efficient RF front-end 
designs. Specifically, mmWave communication with range of 
30 GHz to 300 GHz is projected to become the foundation of 
6G systems since its spectrum is rich. Nevertheless, current 
RF front ends developed with 4G/5G sub-6 GHz or narrow 
mmWave bands in mind are not agile in terms of frequencies, 
real-time switching of operations, and power consumption 
as required in future 6G use cases like autonomous vehicles, 
AI-enhanced IoT, and immersive XR applications.[4]

The latest literature has demonstrated high-frequency 
front-end architectures that will be used in 5G and pre-
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6G applications, but the majority of solutions are sub-
band-specific (e.g. 28 GHz or 60 GHz), and with no ease 
of reconfigurability or seamless compatibility across the 
mmWave range. Also, there are difficulties concerning 
getting low return loss, wide control of gain, and low 
noise over a wide frequency range with a minimal 
form factor and power efficiency that can fit an edge 
deployment.[1]

In order to address such gaps, the paper proposes a 
reconfigurable RF front-end architecture that operates 
in the 24-100 GHz band.[5] The architecture incorporates 
a high performance low noise amplifier (LNA), tunable 
bandpass filter (BPF) and a wideband power amplifier 
(PA) designed using GaAs MMIC technology, which has 
been verified using the most powerful and efficient circuit 
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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 

53

and electromagnetic simulator software platforms. The 
targeted applications under the proposed system include 
smart infrastructure and automotive radar, as well as 
aerospace telemetry, scalable 6G applications.

Related Work

Integrated circuit design mmWave RF integrated circuits 
(RFICs) have been subject of intense research with regard 
to 5G wireless communication systems. There have been 
many attempts aimed at realizing narrow mmWave 
bands with high gain, low power and compactness. As 
an example, Yu et al. introduced a 28 60 GHz broadband 
power amplifier (PA) purpose-designed to be applied in 
vehicular 5G and delivered moderate gain and reasonable 
power-added efficiency (PAE), but failed to support 
ultra-wideband operation and reconfigurability.[2]

A second major piece of work, by Kumar et al. builds 
on the RF front-end architecture, now a phased-array 
architecture with the ability to have integrated beam 
steering, and has shown effective spatial filtering and 
directional control in a 5G NR system. Yet, they trapped in 
technology that only supported fixed bands of frequency 
and lacked applications of frequency agility and adaptive 
gain control, which is essential to 6G networks.[3]

These studies are great advancements, but they are 
either limited to narrowband behaviors or single-
function hybridization. Current RFIC designs do not 
meet this conjunction of the requirements of frequency 
reconfiguration, the wide band (24 to 100 GHz) effective 
spectral coverage, and real-world hardware-in-the-loop 
validation. In addition, little progress has been achieved 
in terms of combining tunable filters and dynamically 
bias-tunable LNA-PA chains onto the same MMIC where 
they are critical to 6Gs adaptive and AI-controlled 
wireless.

In order to address these challenges, the current paper 
develops an Ultra-wideband (UWB) reconfigurable radio 
frequency front-end that has a low-noise amplifier, 
tunable bandpass filter, and a broad band power 
amplifier that is optimized through ADS, CST and HSPICE. 
This design will be used to fill existing mismatches by 
providing functionality, design flexibility, and low noise 
in the full 24mmWave MM range, 24GHz to 100GHz.

System Architecture

The suggested reconfigurable RF front-end is in 
the ultra-wideband format that satisfies the high 
performance requirements of 6G mmWave transceivers 
working in 24GHZ to 100GHz. It is designed to allow 
real time adaptability of the dynamic spectrum access, 

beam steering, and AI-powered wireless systems with 
modularity, tunability, and energy efficiency.

Block Diagram Description

Figure 1 shows the block diagram of the proposed 
reconfigurable RF front-end that includes the critical 
functional modules satisfied with the seamless operation 
within the mmWave spectrum.

1. Input Matching Network

Input matching guarantees the highest power transfer to 
LNA input with the least reflection. It is optimised with the 
method of Smith chart based impedance transformation 
and wideband matching. The matching structures 
designed are lumped- element and transmission line 
with the broadfband capability of 24 GHz to 50 GHz.

2. Low-Noise Amplifier (LNA)

The module range is 24-50 GHz at common-source GaAs 
degenerated topology, inductively degenerated. It has 
built in gain control that is bias tunable and selectable 
input stages which selectively adjust the linearity 
and noise figure in response to a particular signal 
environment. In wearable applications and Internet of 
Things (IoT), the LNA is central to the signal integrity 
under the extreme low SNR regime.

3. TBF (BPF)

A BPF that is based on MEMS or GaAs PIN-diode switching 
is used to selectively transmit frequential bands and 
block out-of-band interference [7]. The topology of the 
filter allows real-time adjustment of center frequency 
and bandwidth, which is necessary in telephone radios 
and dynamic spectrum access in the future 6G radios. 
High-Q resonants are built-in, to preserve sharp roll-off 
and also low insertion loss (<2 dB between bands).

4. Power Amplifier ( PA ) Module

The broadband PA is characterized by the 40 100 GHz 
frequency and employs three-stage Class-AB topology, 
which is optimized at the load-pull. The emphasis of the 
design is on power-added efficiency (PAE), thermal and 
gain flatness between bands. Mod to increase efficiency 
under different load and modulation conditions are 
employed by using envelope tracking and adaptive 
biasing.

5. Output Matching and Bias Network

The output is outfitted with dynamic biasing network 
and broad-band output matching circuit to ensure 
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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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optimum loading at all points of the PA output band. 
The biasing network allows envelope modulation and 
efficiency scaling without power overdrive protection 
and impedance mis-match protection.

Function Goal Information:

• Wideband Reconfigurability: Multiband tunability 
over 24100 GHz in real time.

• Modular Design: LNA and BPF are separately 
optimized, and the same is done with the PA.

• High Integration: 6G platforms are scalable 
transceiver platforms with MMIC compatible 
layout that are compact.

• Low Power & High Efficiency: Can be applied 
in edge AI devices and employment that is 
restrictive of battery resources.

4. Design Methodology

This part delineates the methodical methods which were 
embraced in making, modeling as well as optimizing the 
reconfigurable Ultra-wideband RF front-end architecture. 
It is important to note that high-linear tunability, 
efficiency, and linear frequency response must be ensured 
at all frequencies in the operating range (24 100 GHz), 
and the results should be compatible with monolithic 
microwave integrated circuit (MMIC) fabrication.

Component Design

Low Noise Amplifier (LNA)

The LNA was created through common-source topology 
with inductive source degeneration which was meant to 
improve linearity and stabilization at input impedance. 
They are biased in such a way that the gain stages are 
bias-tunable giving dynamic amplification the ability to 
respond according to signal level and noise conditions. 
Such adaptability is key to the variable mmWave signal 
environments in 6G use case. Analysis of stability with 
Rollett stability factor (K-factor) verifies that the 
stability is unconditionally stable at 24 to 50 GHz.

Power Amplifier(PA)

The resulting power amplifier of Class-AB is a three-
stage power amplifier that is broadband within the 40 
100 GHz. Individual stages were optimized load-pull 
measurements were generated in Advanced Design 
System (ADS) to generate optimum load and source 
impedances at maximum power-added efficiency (PAE). 
Inter-stage matching networks were adjusted to provide 
a stable gain and do not overheat under high loads.

Bandpass Filter (BPF)

The tunable bandpass filter can have a centre frequency 
that is variable (f c), and is designed with capacitive 
varactors or GaAs PIN diode switches. LC resonators of 
high-Q were modeled and optimized at CST Microwave 
Studio to guarantee that the roll-off is sharp and the 
insertion loss is low between switchable sub-bands. The 
filter enables real-time spectrum agility that is important 
in operation in dense environments with dynamic 
spectrum access and mitigation in 6G environments.

Simulation Tools

In order to perform the modeling and verification 
tasks in the three domains which include electrical, 
electromagnetic and post-layout domains, the below 
tools were utilised as is the industry standard (Figure 
2: Simulation Toolchain for RF Front-End Design 
and Validation). Advanced Design System (ADS) was 
used in active circuit designs (S-parameters, DC bias 
optimization, and harmonic balance simulation) that 
were used in both LNA and PA modules. Load-pull and 
source-pull simulations were additional loading that 
contributed towards the characterization of the amplifier. 
It took full-wave 3D electromagnetic simulation of high 
frequency passive devices using CST Microwave Studio 
to be able to accurately model the often ignored layout 
parasitics and substrate coupling effects of matching 
networks, filters, and interconnects. HSPICE lastly 
supported post layout parasitic extraction and DC level 
validation, included metal stack capacitances, thermal 

Fig. 1: Proposed Reconfigurable RF Front-End Architecture for 6G mmWave Applications
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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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resistance modeling and its use to assess more realistic 
performance based on edge operating conditions.

Advanced Design System (ADS):

Active circuit design, such as S-parameter analysis, 
optimization of DC bias and harmonic balance 
simulations of the modules of LNA and the PA. Amplifier 
characterization was also performed by use of load-pull 
and source-pull simulations [8].

CST Microwave Studio, 

It was applied to conduct full-wave 3D electromagnetic 
(EM) simulations of high frequency, passive components 
such as: matching networks, filters and interconnects. 
CST allowed the extraction of layout parasitics, 
conductor losses and the effect of substrate coupling.

HSPICE:

Used in post-layout parasitic extraction and DC level 
validation. The simulation comprised of the wire 
parasitics, metal stack capacitance and thermal 
resistance characteristics providing reasonable 
approximations of performance at realistic conditions.

Fig. 2: Simulation Toolchain for RF Front-End Design 
and Validation

The given holistic design approach guarantees the 
practical correctness and the manufacturability of the 
RF front-end to deploy its use within the fields of AI-
integrated reconfigurable 6G communication platforms.

Results and Analysis

The given reconfigurable RF front-end was thoroughly 
assessed within the scope of industry-standard simulation 
software, with the focus on the performance factors 
that are essential to the implementation of 6G mmWave 
systems. The performance was studied primarily on 
S-parameters, noise performance, power efficiency 
and the linearity is studied on the operating bandwidth 
between 24-100 GHz.

S-Parameter Performance

The front-end had great reflection and transmission 
properties in the mmWave band. The input reflection 

coefficient (S<sub>11</sub>) stayed in the range of less 
than -10 dB within the 24-100 GHz band, which shows 
good impedance matching and insignificant loss of the 
input signal (see Figure 3a). The tuneable forward gain 
(S<sub>21</sub>) demonstrated the validity of the 
dynamic gain control of the LNA and PA modules with the 
range between 9 dB and 18 dB. The adaptive conditions 
are achieved by means of reconfigurability.

The noise figure was observed to be between 2.5 dB 
and 3.2 dB across bands (see Figure 3b) which satisfies 
the stringent noise performance requirements of 6G 
receivers, specifically its low-SNR performance like edge 
IoT and mobile sensing.

Fig. 3: (a) Simulated S-parameter plots (S<sub>11</
sub>, S<sub>21</sub>) over 24–100 GHz; (3b) Noise 
figure vs. frequency and gain reconfigurability profile

Power Efficiency

The Class-AB PA has had three stages with a peak power-
added efficiency (PAE) of 42 percent achieved at 1.2 
V supplier and a balance between output power and 
thermal stability. The power, in worst-case bias and 
highest-gain operating condition, was about 320 mW 
throughout the whole system. These values place the 
design advantageously when it comes to energy-limited 
purposes like autonomous drones and battery-operated 
mmWave products.

Linearity and Isolation

The IIIP3 was simulated as +10.2 dBm which is very high 
indicating good performance under intermodulation 
distortions and good linearity which will be required in 
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

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

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

relAted work

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

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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6G to support wideband spectrum coexistence and multi 
user access. Reverse isolation (S12) was also measured 
to be averagely at -28 dB throughout the operating band 
and was the lowest possible to avoid feedback as well as 
maintain the integrity of unidirectional signal flow.

The proposed reconfigurable RF front-end has been 
physically realised in CST Microwave Studio so that it 
can be fully electromagnetically validated and parasitic 
aware optimised in its layout. Figure 4 shows the layout 
design, which identifies the most crucial circuit blocks, 
parasitic extraction volumes, and grounding systems 
used to ensure that the displayed performance qualities 
of the 24 GHz to 100 GHz band are retained. With 
this layout-level modeling, electromagnetic coupling, 
substrate noise and transmission line mis-matches are 
left to a minimum before the fabrication process.

Fig. 4: Layout design in CST with parasitic extraction 
and modeling overlay

Application Scenarios

The proposed ultra-wideband reconfigurable RF front-
end is highly flexible, which imminently allows its use as 
an RF front-end in a wide provision of area applications 
in the 6G mmWave. This is due to its high frequency 
range of operation (24 to 100 GHz), reconfigurability and 
low power characteristics that enable it to be suitable in 
real world applicative scenarios where only adaptable, 
space constrained and highly powerful devices are 
applicable.

Smart Automotive Radar Systems

0Modern cars use the high-frequency radar modules to 
provide the autonomous driving technologies, including 
the adaptive cruise control, object detection, and object 
avoidance. When set up around the 60 GHz band, the 
proposed front-end, as understood as a radar-on-chip 

module, will bring high resolution and quick response 
to the next-generation automotive sensing platforms 
where the environment is dynamic.

Wearable Health Monitoring Systems

Wearable use in constant health monitoring has created a 
need to require sub-THz modules that can communicate 
over short ranges through high-data-rate communication 
that is small and compact. The suggested reconfigurable 
front-end can be incorporated into reconfigurable skin 
patches or textile-based wearables having the potential 
to provide low-latency and high-throughput transfer of 
biomedical data and agility in the frequency spectrum to 
avoid interference in dense ISM bands.

Satellite and UAV Communication Links

The satellite and unmanned aerial vehicle (UAV) 
platforms have increasing needs of energy-efficient and 
frequency-agile mmWave backhaul links. The suggested 
architecture allows steerable, payload communication 
systems that have beamsteerable, reconfigurable RF 
chains where multi-band operation, size, and power 
consumption are crucial. It has adaptability with 
GaAs MMICs and tunable filters which provides tough 
functioning in diverse heights and communication links.

Fig. 5: Real-World Application Scenarios of the 
Proposed Reconfigurable RF Front-End System

The proposed RF front end is functional flexible into 
various fields of real-world applications as illustrated 
in Figure 5 such as the ground mobility, aerial and 
wearable, which are the core of 6G ecosystem.

Discussion and Future Scope

The reconfigurable ultra-wideband RF front-end that 
is presented is a major breakthrough as compared to 
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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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the traditional fixed-band designs due to its ability to 
adjust the frequency range, dynamically adjust the 
gain, and have a small form factor within the 24100 GHz 
mmWave frequency range. The modular architecture 
fulfills major shortcomings in the modern RF front-ends 
skin inelasticity, high insertion losses of fixed filter, 
and inefficiency in power handling of varied operating 
conditions.

At a systems level, model support multi-band deployment 
with ease of scale and the ability to coexist (essential to 
6G wireless systems) in dense spectral areas. In addition, 
the performance measures that have been realized, such 
as a below-3 dB noise figure, more than 40 percent PAE, 
and tunable-gain stages confirm the design adequacy in 
real-time in the automotive radar, edge IoT, and aerial 
communication platforms.

Nevertheless, there exist a number of improvement 
opportunities that can help make it further perform 
better and be more flexible. Future versions of this work 
will be centered upon the incorporation of AI-assistance 
beamforming and real-time reconfiguration logic as 
a means of supporting intelligent spatial filtering and 
signal optimization when operating in non-stationary 
conditions. Also, MEMS-based tunability of the filter 
and impedance networks would have the potential 
of decreasing switching delays, increasing frequency 
agility. Lastly, it is expected that monolithic combination 
of this front-end with software-defined radio (SDR) 
platform will provide a fully programmable, AI-based RF 
transceiver platform, which will meet the requirements 
of future cognitive 6G communication.

Conclusion

This paper has introduced a reconfigurable ultra-
wideband RF front-end design, modeling, and 
performance optimization of the 6G mmWave (24Z 100 
GHz) spectrum. Successful system design of a bias-tunable 
LNA, a MEMS/GaAs-based tunable bandpass filter and a 
broadband Class-AB power amplifier with high flexibility, 
efficiency, and stretched spectral coverage is in line with 
the future requirement of wireless communications.

The electrical and electromagnetic performance and 
front-end performance were checked with simulation in 
ADS and CST Microwave Studio and HSPICE. The following 
results are of utmost significance:

• Above -10 dB input backwards loss (S 1 1 ) overall 
band,

• The forward gain (S 2 1) can be adjusted to lie 
between 9 dB to 18 dB,

• Small noise figure (2.5 dB 3.2 dB).

• 42 % maximum PAE (power-added ef- fiency,)

• Extremely high linearity and isolation ( IIP 3 = + 
10.2 dBm, S 1 2 = - 28 dB ).

This outcome substantiates these architecture capabilities 
in terms of low-power and high-speed 6G devices, such 
as smart vehicular radar, UAV communications, and 
wearable health edge-based systems.

This work begins to fill the important gaps in the state 
of the art of traditional fixed-band RF front-ends, thus 
building a good basis towards adaptive, AI-integrated 
6G transceivers. The intended system can be scaled to 
be integrated with software defined radios, intelligent 
beamformers, MEMS tunable subsystems and evolution 
of convergent reconfigurable hardware and cognitive 
wireless intelligence.
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