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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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Abstract

The ability to produce conformal, low profile wearable antennas is crucial for growth in 
healthcare and IoT applications. With technology embedding wearables in the healthy 
lifestyle, there is the need for antennas that can be incorporated on fabrics to be worn 
or incorporated in clothing. This study concerns with the development of efficient low 
profile and flexible antennas for multi-frequency wireless communication applications. We 
consider novel technologies, including conductive fabrics and polymer-matrix composites 
that enable the development of wearable antennas that satisfactorily interface with an 
individual’s body without compromising pertinent parameters. Further, we examine the 
modulating influence of antenna position and alignment on signal strength and the extent 
of coverage especially in unpredictable situations. From testing and calibration, the results 
of the evaluations prove that such flexible antenna can achieve good performance in terms 
of contact as well as data transfer rates as same as conventional rigid antenna. This 
work therefore provides a basis for further advancement of wearable devices to improve 
on patient observation, telemedicine which involves distant health care consultation in 
addition to paving way for a number of IoT applications thus aiming at creating a smarter 
and interconnected healthcare system.
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Introduction

Low profile antennas commonly referred to as ‘flexible 
antennas’ are raging a revolution in the realm of 
body worn healthcare gadgets. These components are 
revolutionalizing the practices of cardiologists and other 
medical personnel by giving patients a highly comfortable 
and flexible approach. Flexible antennas have an effect 
on patient compliance and data accuracy of wearable 
medical technology for creating effective and innovative 
healthcare technologies. This article discusses the 
advanced advancements in flexible antenna for the use 
in healthcare. Exploring the development of these multi-
purpose antennas, it focuses on the materials science 
aspect of the problem and discusses how additive 
manufacturing, including 3D printing, is being used to form 
the product. It also examines some types of the antennas 
for body centered wireless devices with respect to gain, 
flexibility of the bending, low profile, and bandwidth. 
Besides, it describes electromagnetic coupling and/or 
interferential interfaces with human bodies, flexible 
signal measurement methods of the proposed antennas, 

and diverse optimization approaches towards developing 
compact/efficient and multifunctional APs for extended 
use in healthcare monitoring.1 Flexible antennas in 
material scienceion in the world of body-worn healthcare 
devices. These innovative components are transforming 
the way medical professionals monitor and treat patients, 
offering unprecedented comfort and adaptability. The 
integration of flexible antennas into wearable medical 
technology has an impact on everything from patient 
compliance to data accuracy, paving the way for more 
effective and personalized healthcare solutions. This 
article explores the cutting-edge developments in 
flexible antenna technology for healthcare applications. 
It delves into the materials science behind these 
adaptable antennas, examining how 3D printing and 
other advanced manufacturing techniques are shaping 
their design. The piece also looks at various antenna 
topologies suited for body-worn devices, considering 
factors such as gain, bending capabilities, low-profile 
designs, and bandwidth. Furthermore, it discusses 
the complex electromagnetic interactions with the 
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human body, measurement techniques for flexible 
antennas, and strategies to design energy-efficient and 
multi-functional antenna systems for long-term use in 
healthcare monitoring.

Materials Science in Flexible Antennas

Flexible antenna plays an important role for body 
worn healthcare devices and it is found that materials 
science are the key to the development of these flexible 
antennas. These antennas pose the material requirement 
that should be able to bear stress in terms of bending, 
twisting and stretching besides having the required 
electrical characteristics. Flexible antennas present 
an overview of the key materials to be used in flexible 
antennas, conductive polymers, nanoparticle inks and 
stretchable substrates (Figure 1).

Fig. 1. Flexible Antennas for Revolutionizing Body-
Worn Healthcare Devices

Conductive Polymers

Conductive polymers have emerged as a game-changing 
alternative to traditional metal-based conductors in 
flexible antennas. These organic materials offer several 
advantages over metals, including improved flexibility, 
reduced toxicity, and enhanced skin compatibility.  

The integration of conductive polymers into fabrics has 
opened up new possibilities for wearable antennas in 
healthcare applications (Table 1).

One of the primary benefits of using conductive polymers 
is their ability to be applied to fabrics through screen 
printing methods. This manufacturing approach enables 
the creation of communication devices (transmitters/
receivers) directly on textile surfaces. The technology 
allows for the screen printing of organic conductors 
from water-based solutions onto fabrics, resulting 
in antennas that can transmit and receive signals 
effectively. The use of conductive polymers in flexible 
antennas has the potential to extend functionality to 
various frequency ranges. For instance, enhancements 
in material conductivity could enable GPS capabilities 
or support frequencies below 2.5 GHz. Additionally, 
these materials show promise for incorporating WiFi 
and radar functionalities into a wide range of textile-
based products, enhancing data transfer and sensing 
capabilities in healthcare monitoring devices.

Nanoparticle Inks

Nanoparticle inks, particularly those based on silver, 
have become instrumental in the fabrication of 
flexible antennas. These inks consist of monodisperse 
silver nanoparticles suspended in alcohols, making 
them suitable for inkjet printing processes. The 
use of nanoparticle inks, combined with advanced 
manufacturing techniques like inkjet printing, has an 
impact on the production of flexible antennas with 
intricate designs and improved performance. One of the 
critical challenges in using nanoparticle inks is achieving 
low-temperature metallization to ensure desirable 
electrical performance without damaging the flexible 
substrate. To address this issue, researchers have 
developed plasma sintering techniques that provide an 
efficient way for rapid and low-temperature fabrication 
of metal patterns. This process utilizes a plasma flow to 
remove the capping agent protecting the nanoparticles, 

Table 1. Antenna Design Constraints

Constraint Definition Impact on Design Example Solutions

Size Physical dimensions of the 
antenna

Smaller antennas may have reduced 
efficiency

Use of miniaturization techniques, fractal 
antennas

Bandwidth Range of frequencies an-
tenna can operate on

Narrow bandwidth limits usability Wideband antennas, multi-band designs

Efficiency Ratio of power radiated 
vs power input

Lower efficiency reduces overall 
performance

Optimization of material, low-loss design

Cost Budget for materials and 
manufacturing

More expensive materials may be 
needed for high performance

Use of cheaper materials with good enough 
performance

Environment Weather, temperature, 
physical obstructions

Environmental factors can degrade 
signal

Weatherproofing, robust materials
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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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allowing them to sinter and form electrically conductive 
structures at temperatures not exceeding 70°C. The 
combination of nanoparticle inks and plasma sintering 
has led to the development of miniaturized, tri-
notched flexible antennas for ultra-wideband (UWB) 
applications. These antennas can cover frequency 
ranges from 2.9 to 10.61 GHz while maintaining desired 
notch characteristics even after bending. The use of 
nanoparticle inks has enabled the creation of antennas 
with compact dimensions, such as 17.6 × 16 × 0.12 mm³, 
making them suitable for various body-worn healthcare 
devices..

Stretchable Substrates

Flexible substrates are critical elements in the 
construction of body area network wearable healthcare 
applications flexible antennas. These materials give the 
necessary mechanical characteristics to enable antennas 
to conform to the shape of the human body and at the 
same time enjoy their electrical characteristics. Flexible 
and bendable substrates like PET polymer substrates are 
preferred due to their high polymerization flexibility. 
There are several parameters which must be taken into 
account while choosing the stretchable substrate for 
the flexible antennas such as the dielectric properties, 
stretching nature, sensitivity to size reduction, and 
performance stability in working environments. Hence, 
the properties such as dielectric loss factor, thermal 
expansion coefficient, relative permittivity should be 
kept as low as possible while aspiring to high efficiency, 
stable durability and reasonable bandwidth in flexible 
antennas. Many studies have also been done to determine 
suitable substrate materials for the wearable antennas. 
Non conductive textile materials include felt, silk, nylon, 
leather, wash cotton, denim, fleece and paper. These 
materials aid in reducing the weight and thickness of the 
antenna together with the desired flexibility for body 
worn applications. Indeed, the use of these enhanced 
materials has boosted flexibility within the healthcare 
device antenna flexible advantages leveraging 
conductive polymers, nanoparticle inks, and stretchable 
substrates. Through these material joined with advanced 
manufacturing processes, the researchers and engineers 
perform to develop the advanced wearable medical 
equipment by boosting the wearable medical technology 
for comfortable, efficient and reliable medical care body 
worn devices.

Antenna Topologies for Body-Worn Devices

Design of flexible antennas for body-worn healthcare 
devices involves the analysis of several different forms 
of antennas to obtain the desired performance when 

sited in close proximity to the human body. These 
topologies have to solve problems related to tests of 
bending, stretching and how the body tissue will affect 
the operating characteristics of the antenna. This 
section explores three key antenna topologies that have 
shown promise in body-worn applications: PIFA antennas, 
Meander Line Antennas and Slot Line Antennas.

Planar Inverted-F Antennas (PIFA)

PIFAs have found favor as body-worn devices due to they 
are small, compact in size and offer strong performance. 
These types of antennas are a categorization of monopole 
antennas and consist of a top plate instead of single 
wire. This design makes it possible to have compact size 
but with the right radiation features that are required. 
The main characteristic of PIFAs is the facility of their 
operation when they are placed in the vicinity of metal or 
the human body. This makes them suitable for wearable 
healthcare devices where the antenna will be required 
to perform in all these scenarios. Normally, PIFAs provide 
moderate to high bandwidth and the radiation pattern 
is omnidirectional, which is desirable for body-worn 
applications, in which the communication strength must 
remain fairly constant (Figure 2).

Fig. 2. Antenna Topologies for Body-Worn Devices

For impedance matching, PIFAs include a short circuit 
arm that tends to boost radiation efficiency. A key 
requirement for body-worn devices is the utilization 
of power and battery which makes this feature so 
important. The application of PIFAs makes the top plate 
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adjustible for size and performance characteristics and 
as such, suitable for different wearable structures.

Meandered Line Antennas

Printed meandered line antennas have attracted much 
interest in the area of body worn devices system owing 
to their small size and competitive variety of forms. 
These antennas employ a folded conductor path to 
minimize the general physical size of the antenna 
although its electrical size is proportional to its 
wavelength. This topology is especially advantageous in 
cases where microspace design is needed in the devices 
like implantable or integrated medical sensors and 
wearables. Research has pointed out the possibility of 
using meandered line antennas for dual band operation 
at most healthcare device operation bands, but more 
research has to be made on the subject. For example, 
a compact meandered line antenna has been designed 
to function in 2.4 GHz ISM band and 1.4 GHz wireless 
medical telemetry service frequency bands. This feature 
as mentioned above provides different communication 
requirements in one single antenna design. An important 
advantage of meandered line antennas is their ability to 
achieve variations in resonant frequencies by changing 
constants including line width and spacing. This 
adaptability is important for achieving the best possible 
antenna characteristics observing the attenuating 
influence of the body tissues.

Slot Antennas

Slot antennas is another interesting topology for the 
body-worn healthcare devices. These antennas feature 
a slot positioned in the electrically conducting planar 
surface and this forms the radiating part. Slot antennas 
are deployed due to their low profile and a possible ability 
to cover a wide bandwidth for form factor constrained 
applications high data speeds (Table 2).

When configured for body-worn devices, slot antennas 
have demonstrated the capacability of having wide 
bandwidth coverage that can range one more than 

the number of frequency bands of interest. This 
characteristic is particularly useful in the health care 
related applications where the system can be used at 
multiple frequencies at once in order to perform specific 
monitoring and communication tasks. GSM slot antennas 
for body-worn applications require close examination of 
the slot geometries so as to realize effective near-field 
operating conditions in the presence of human tissue. 
Options such as slot loading and utilization of several 
slots to improve bandwidth and size of the antenna have 
equally been employed. PIFAs, meandered line antennas 
and slot antennas represent different topologies of the 
antennas that have different advantages when it comes 
to body worn healthcare devices. Topology selection 
depends on certain parameters like size, bandwidth of 
the application required and the location of the gadget 
on the body. While research into flexible antennas is 
still ongoing, these topologies will likely unfold more 
improvements and new ideas for wearable health care 
devices.

Electromagnetic Interactions with Human Body

Medical and health care devices which use flexible 
antennas require powerful analytical models to 
understand the multiple interactions of these antennas 
with the human body. These interactions have profound 
effects on the antennas’ functionality and thus have 
important implications for safety.

Tissue Properties

Tissues of the human body such as skin, fat muscle, 
bone and blood have different dielectric constants that 
influence the interaction of electromagnetic waves with 
the body. Such tissues when located in the near field 
of flexible antennas can cause changes in the antennas 
parameters. .cn affected by the dielectric constants an 
the conductivity of the body parts and therefore the 
performance of the antenna. First, for example, adipose 
has a certain dielectric constant which is different from 
dielectric constants of muscles or blood and therefore, 
fat tissue absorbs different amounts of electromagnetic 

Table 2. Antenna Beamwidth and Coverage

Antenna Type Beamwidth (degrees) Coverage Area Common Applications

Omni-Directional 360° (Horizontal) All directions equally Wi-Fi, broadcast antennas

Dipole Antenna 78° Limited directional coverage Radio communication, basic 
TV antennas

Yagi-Uda 40° to 50° Focused beam, long-range TV reception, HAM radio

Parabolic Antenna 5° to 10° Highly focused Satellite communication, 
radar

Horn Antenna 15° to 30° Focused, medium-range Microwave links, radar
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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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Several techniques have been developed to reduce SAR 
levels while maintaining antenna efficiency:

1. Electromagnetic Bandgap (EBG) Structures: EBG 
materials should also be integrated in the design 
of antennas to help control surface waves as well 
as backward radiation in the direction of the body. 
SAR values have been significantly lowered in these 
structures, some from 5.41 W/kg to 0.0545 W/kg in 
2.4 GHz range.

2. Artificial Magnetic Conductors (AMC): AMC 
structures due to their high surface impedance 
can effectively be used for suppressing the surface 
current transmission and even create the situation 
when they act as PEC in certain frequency band. The 
examples of AMC approaches have shown a decrease 
in SARs by 43.3%.

3. Metamaterials: In this work, the analysis of 
precautions concerning SAR reduction has 
illuminated the effectiveness of the metamaterial-
based structures. Specific designs have successfully 
made improvements resulting in r with SA Rs ranging 
between 10 to 70% and practical and theoretical 
antenna gains as well as efficiency improvements.

4. Frequency Selective Surfaces (FSS): FSS superstrates 
have been used to depower effective liquid-radiation 
density or decrease SAR levels in textile based 
antennas. A single source surveyed the use of the FSS 
design to eliminate SAR by 95% as well as increasing 
the amount of antenna gain.

5. High-Impedance Surfaces (HIS): HIS structures have 
been applied in cases where the back radiation must 
be minimized while the efficiency of an antenna 
maintained. SAR reductions up to 95% have been 
demonstrated while having little effect on antenna 
performance according to implementations.

These SAR reduction techniques are most relevant to 
flexible antennas in healthcare where direct contact 
is anticipated to last for quite a while. Through these 
methods, designers are able to deliver body-worn 
devices that are safer and more efficient, and that are 
within regulatory compliance.

Flexible Antenna Measurement Techniques

Given flexible antennas operating in healthcare devices, 
which are worn on the body, measurement techniques 
different from those applicable to conventional 
rigid antennas are necessary in order to accurately 
assess their performance. These techniques take into 
considerations the near-field sources of the human body 

energy. Tissue dielectric constant also has different 
values with the different frequency. The fact that 
radiation characteristics depend on the frequency 
imposes certain requirements on the design of flexible 
antennas for producing wider operating bandwidth. For 
instance, the antennas intended for GPS operation in 
bands 1.575 GHz can produce different effects to those 
working the 2.4 GHz Industrial Scientific Medical bands.

Antenna Detuning Effects

Resonant tunable antennas have been identified as 
possessing detuning effects close to or touching the 
human body. This is mainly attributed to the capacitive 
loading of the body tissues which effects the design 
formation. Considering the antenna, one detects human 
body effects on the input impedance of the antenna as 
well as changes to the frequency and bandwidth size. 
Specific research also indicates that an initial antenna 
impedance could raise by a range of 17-20% when it sits 
on different body mimics or phantom like fat, muscle 
or blood. The above impedance mismatch leads to low 
radiation power and lowered antenna efficiency. The 
electric field intensity near the antenna is observed 
to be heightened by 29.7-36.1% when the antenna is 
placed on the body phantom as against to free space 
which is directing a lot of energy toward the body 
instead of radiation. Theses of detuning effects are 
problematic for the stability of the operation of the 
antenna in various forms and postures. These variations 
have to be addressed by designers of flexible antennas 
for healthcare applications to guarantee their optimal 
performance on the real life.

SAR Reduction Techniques

Specific Absorption Rate (SAR) is a vital figure, which 
permit to estimate the basic security level of the usage 
of the wireless devices, including flexible antennas close 
to the human body. SAR determines the power that is 
absorbed by the body tissues from electromagnetic 
energy and has specific regulatory constraints owing to 
inherent dangers to health.

Fig. 3. Antenna Detuning Effects
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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-
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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 

45

Hasin Raktur and Tariq Jea : Design of Compact Wideband Wearable Antenna for Health Care and Internet of Things System

and the flexibility of the antennas. This section explores 
three key approaches to measuring flexible antennas: 
characterization of on-body devices, the phantom 
models, and over the air testing.

On-Body Characterization

Local characterization is needed to assess the 
adsorption of flexible antennas when the devices are 
placed on a human body. This method entails placing 
the antenna on a body and while testing it this serves 
to give real results. The process usually takes place 
in an ideal laboratory known as an anechoic chamber 
due to least interferences. A specific case of on-body 
characterization is the characterization of the near field 
of the antenna when positioned near a particular part 
of the body such as the arm. Analyses of simulations 
and with experiments have shown that researchers 
are getting satisfactory correlation between the two 
approaches. This validation assists in achieving higher 
reliability of simulation tools for simulating interactions 
of an antenna with the human body. The final goal of 
on-body characterization includes a measurement of 
antenna efficiency. Previous research indicates that 
radiation efficiency can be determined by reverberation 
chamber, even with the extended or attached antenna 
worn by a person. This technique has proved useful for 
determining the efficacy of fabric antennas in situ on 
the human body which has great relevance in biomedical 
sensing and body area networking.

Phantom Models

Phantom models are therefore vital for assessment of 
flexible antennas for cases where it is either impractical 
or unsafe to test on human subjects. These models 
mimic the dielectric characteristics of human tissues 
and help the researcher to measure the performance 
of the antenna without actual human subjects. Human-
body model phantoms are more useful especially when 
it comes to implantable antennas since it is impossible 
to use actual human bodies on the experiment. These 
described phantoms can be especially tailored in order 
to emulate required aspects of body parts or tissues and 
also undertest the performance of antennas in different 
situations. In the case of wearable antennas, phantom 
models aid in the evaluation of the proximity of the body 
to the design to establish the durability of the wearable 
antenna. These models will enable the researchers to 
study the impact of various tissues in the human body 
on the quality of the potential antennas like resonant 
frequency, bandwidth, and radiation pattern. This 
information is vital for the further miniaturization and 
integration of antennas for the required performance 
when mounted on the body.

Over-the-Air Testing

OTA testing has become important for assessing the 
performance of flex antennas in active operating 
environment since they are designed to be used in flexible 
electronic devices. This evaluation tests the antenna and 
its integration in the whole signal chain, facilitating the 
identification of problems before a device is launched. 
OTA testing usually is conducted in an anechoic chamber 
where electromagnetic reflections are very limited. 
The process starts with a reference testing with some 
antennas whose performances are already determined. 
Once that multi point testing is done, the actual OTA 
antenna testing can be done on the device.

In OTA testing, the device under test is positioned 
in the middle of the chamber with transmitting 
antennas surrounding it which radiate EM waves. 
Such arrangement enables one to measure different 
performance parameters such as power, noise and signal 
ration, and isolation. Hence these measurements give 
a good indication of how the banana shaped flexible 
antenna will perform when integrated into a wearable 
healthcare device. There are several advantages that 
OTA testing has in creating flexible antennas. Wireless 
performance is enhanced, development expenses are 
minimized, and problematic aspects would become 
apparent to developers before the products are released 
to the market. This technique is especially useful in 
embedded antennas where the same type of antennas 
can be different in their performance for different 
devices due to some design factors. The authors strongly 
believe that through these measurement techniques – 
on-body characterization, phantom models, and OTA 
testing, researchers or engineers can obtain insightful 
knowledge of flexible antennas used in BWH devices. 
It is important to use these methods so as to keep the 
performance of antennas at optimal with respect to 
bandwidth and gain, even when the antennas are bent 
or are in close contact with the human body.

Energy-Efficient Design Strategies

Flexible antennas that can save energy for body worn 
healthcare devices have emerged as the research priority 
for the future. Since these devices need to operate for 
long periods, measures that will help to reduce power 
consumption without compromising the performance of 
the device should be put into use. This section explores 
three key approaches to enhancing energy efficiency in 
flexible antenna designs: low power circuit integration, 
wake up radio, power management, and power adaptive 
circuits.
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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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Low-Power Circuit Integration

This combination leads to a notable improvement in 
energy consumption for body-worn healthcare device as 
the examples of low power circuit integration, flexible 
antennas show. This approach means creating circuits 
that work at low power at the same time providing 
needed functions for data sending and receiving. An 
interesting approach is RF energy harvesting where 
devices are able to pick up and convert the existing 
RF radiation to electrical energy. This method remains 
popular because it is avails continuously and is 
independent of the weather situation. Incorporating RF 
energy harvesting functionality to the flexible antennas 
could make the devices more energy independent, 
and thus reduces use of conventional power sources. 
Another important feature of low power circuit 
design is the incorporation of the power management 
units with flexible antennas. These units ensure that 
voltages within the units stay at a constant level across 
the entire range input power conditions of RF energy 
sources. Further, the employment of boost converters 
can supply stored energy for charging where the nature 
of the smartwatches or wristbands requires deal with 
discontinuity problems in their operation.

Wake-Up Radio Concepts

As for the emergence of wake-up radio technology as 
the solution to idle listening, which in turn leads to 
unnecessary use of power by wireless devices. This 
approach includes the integration of a second low power 
radio interface which is always ON when the prime 
transceiver is OFF. The wake-up radio concept enables 
the main radio to be in a deep sleep mode while waiting 
for an external RF signal to wake up the device. This 
does not require constant listening in the background 
and waking up periodically, which, therefore, helps in 
saving ample energy. The wake-up message and the data 
can be sent on different channels which helps to avoid 
collisions and enhance the effectiveness. There are two 
main types of wake-up radios: active and passive. An 
active wake-up radio demands an uninterrupted and 
external power source while a passive wake-up radio 
extracts power from a transmitted wake-up signal. While 
passive wake up radios are always claimed to consume 
very little power, their range of coverage is limited by 
low sensitivity of their receivers.

Adaptive Power Control

Additional improvements can be found using adaptive 
power control schemes in the flexible antenna systems. 
This approach involves the ability of the device to vary 
the power with which it transmits the signals based on 

some parameters including the strength of the signal, 
the condition of the channel and the distance between 
the devices. Thus the adaptive power control works on 
the aspects of coming up with the optimal energy supply 
in power control for both communication requirements 
based on the certain type of communication being 
in place for data communication. This is specifically 
relevant in the wearable healthcare devices where 
due to the closeness of a human body and fluctuating 
environmental conditions the signal transmission is 
highly susceptible. Through automated algorithms there 
are procedures called adaptive power control that detect 
the quality of the communication link and alters the 
transmission power correspondingly. This not only saves 
energy but at the same time cuts on interference with 
other nearby devices, making the total system perform 
better. Thus, it is clear that the integration of low power 
circuits, wake up radio concepts, and adaptive power 
control forms a system level approach to improve the 
energy efficiency of the flexible antennas for body worn 
healthcare devices. Not only do these strategies increase 
power life but they also help to create better, less 
environmentally unsustainable, and durable wearables.

Multi-Functional Antenna Systems

Flexible antennas have previously found applications 
in unequipped voice band radios, low port water-
borne canal transport, a few GPS devices, and as the 
most important function of many handheld devices. 
These innovative systems integrate sensing, positioning 
and energy supply elements thereby developing 
multifunctional and effective solutions for multiple uses.

Sensing Capabilities

Flexible antennas have gone a notch higher and are 
now more than just used in transmissions. They now 
act as biosensors by providing a means for measuring 
selected physiological variables.. Notably, most of these 
antenna sensors can function effectively if worn on the 
human body – thus, the role of healthcare in pushing the 
technology forward. Such designs can respond to changes 
in dielectric constants in a way that can revolutionalise 
many medical practices such as identifying cancer cells, 
detecting blood sugar levels and identifying cases of 
internal bleeding. Textile based antenna sensors put on 
clothing have attracted considerable interest because 
of its capacity to identify changes in the microstructure 
deformations and human movements. These sensors also 
can be easily installed in the cloth which is comfortable, 
easy to wear, lightweight, and washable. For example, 
new finger motion antenna sensors of dipole antennas 
have been proposed in wireless sensor systems where 
they act as both sensors and communication antennas..
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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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Localization Features

Flexibility of the antenna is widely used in body-worn 
healthcare devices, and it serves an important function 
of location calibration. However, new promising solutions 
such as Ultra-Wideband (UWB) technology have appear 
for the high precision indoor positioning and ranging 
systems. The benefits accorded by UWB systems include 
low cost platform, relatively high data rate, flexibility 
in system integration, superior multipath resilience, and 
low power utilization. Current research has revealed 
that localization systems based on UWB technology 
can provide accuracy ranging from 1 to 2 centimeters, 
which compares to the sophisticated optical tracking 
systems. These applications include healthcare, clinical 
therapeutic devices, and medical microwave radiometry 
where high precision is optimal. For achieving high 
performance of localization, the specific features of 
antenna design include minimization of pulse distortion 
and phase center shift. Any variation of these parameters 
are critical for proper reception of signals and arguably 
distance estimation. Hence, through proper selection of 
the antenna fame arrangements and control of radiation 
pattern, scholars have integrated conformal textile 
antennas that reduce body effects and the overall 
absorption by the body tissues.

Energy Harvesting Integration

The latest improvement in the development of flexible 
antenna systems is the incorporation of energy harvesting 
mechanism. This feature is relevant to the power 
consumption problem of body-worn healthcare devices, 
in which devices have to run continuously for several 
hours. Harvesting of RF energy has become popular due 
to the constant availability and its device from weather 
factors. Consequently, designs with implemented RF 
energy harvesting, versatile used in shape-flexible 
antenna, are more self-powerful, lesser reliance on 
conventional wires or batteries. As a result, areas 
offering high RF signal density are most suited to this 
particular technology. Hence flexible antennas of PMUs 
guarantee stable operations under varying conditions 
of the RF energy sources. These units help to regulate 
different output voltage to obtain a more stable value 
given the input power fluctuation. Furthermore, the 
boost converters’ application can offer stored energy for 
charging that can solve the discontinuity problem caused 
by the functioning of smartwatches or wristbands. 
Multi function antenna systems in wearable health care 
device and applications comprise of sensing capabilities, 
localization features, and energy harvesting integration. 
Such improvements are pointing towards more effective, 
precise, and autonomous body-worn devices that would 
one day transform patient management.

Reliability and Durability Considerations

The weak signal reliability and durability issues are highly 
important when designing the flexible antennas for the 
body-worn health care devices. The above factors are 
important in order to achieve reliable performance in 
different circumstances and over long intervals.

Mechanical Stress Analysis

Flexible antennas are expected to experience bending 
and stretching without any effect on the performance. 
This has given rise to the design approaches of having 
two-part structures for the antenna system. Designers 
can reduce stresses for the constituent components 
when the radiating antenna and the feeding loop are 
spatially separated with an IC in between them. This 
approach enhances the stability of the wirelessly 
connected textile-embedded component by avoiding 
stressing of interconnection between the antenna and 
electronics.

Environmental Protection

Moisture is a particular enemy of flexible antennas as 
other environmental factors when used in wearable 
applications. Electromagnetic properties of textile 
materials are determined by the moisture and its 
presence will cause mis-match between the antenna and 
the IC. To counter these impacts, designers are already 
beginning to find new methods of shielding it with 
layers, as well as using materials that resist humidity. 
It is also found that some of the flexible antennas have 
better performance in wet environments and due to 
some of the new deployments of increased conductivity 
in moisture, there are better read ranges seen.

Long-Term Performance

For healthcare applications, it is critical for flexible 
antennas to deliver similar long term performance like 
any rigid antennas. Designers have to take into account 
changes – at least by few degrees – in temperature and 
humidity, as well as physical distortions inherent to 
lengthy projects. It is important while selecting substrate 
materials their characteristics influence ought to be 
taken into account in order to ensure that efficiency and 
durability of the antennas is retained. High-frequency 
and high-temperature laminate materials are desirable 
to minimize dielectric loss, affecting thermal expansion, 
and good thermal conductivity across multiple 
environments. To increase long-term amplitude stability, 
researchers are studying new fabrication approaches and 
materials Manuscripts are strengthening in the usage 
of integrated antenna constructions created with 3D 
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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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printing technology. Moreover, metamaterial integration 
is promising to improve the perovskite flexible antenna 
performances and anti-vibration and reconfigurable 
capabilities, which makes them appropriate for long-
term application in healthcare-related environments.

Conclusion

There is a great revolution occurring in wearable 
healthcare technology through flexible antennas 
that allow unrestrictive mobility for the devices. 
The adhesion of complex substrate materials such as 
conductive polymers and nanoparticle inks, and the 
implementation of manufacturing methodologies, 
significantly alters the development of antennas that 
can flexibly wrap around the human body. This has been 
made possible by these advancements with patients set 
to benefit from improved solutions that enhance their 
comfort while patient related information is likely to 
be more accurate. The discussion on different antenna 
configurations, PIFAs and meandered line antennas 
have expanded their applicability to the area of patient 
diagnosis and treatment. Flexible antennas have a 
positive outlook in healthcare with research conducted 
to tackle problems such as interaction between the 
antennas and the human body and energy consumption. 
While the SAS may be valid when worn close to the 
head, appropriate measures to minimize exposure to 
SAR levels for use on the body part of the antennas 
are important to enhance operation. Also, long-term 
health monitoring is becoming possible by the creation 
of integrated multi-functional antenna system that 
can act as a sensor, locator and energy harvester. With 
these technologies evolving further, more creative uses 
of the flexible antennae in healthcare will be a subject 
of further discoveries, enhancements of related patient 
successes, and higher individualized medicare.
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