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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 

49

Circularly Polarized Rectangular Dielectric 
Resonator Antenna (CP-RDRA) Arrays with  

Fractal Cross-Slot usingT-bend & Miter bend 
power divider feeding networks

Krishna Rao Pedada1, M. Satya Anuradha2, V. Rajya Lakshmi3

1Assistant Professor,Department of ECE, Aditya Institute of Technology and Management, Tekkali. 
2Professor, Department of ECE, Andhra University, Visakhapatnam.

3Professor, Department of ECE, ANITS, Visakhapatnam.

KEYWORDS:
Ultra-wideband, 
Circular polarization, 
Rectangular 
DRA array, 
Fractal cross-slot-Miter bend & 
T-power divider feeding, 
Return-loss, 
Radiation pattern, 
VSWR, 
Gain and Axial-ratio.

ARTICLE HISTORY:
Submission : 24.08.2024 
Revised  : 26.10.2024 
Accepted  : 14.12.2024

DOI:
https://doi.org/10.31838/NJAP/06.02.07

Abstract

In the design of circularly polarized (CP) dielectric resonator antenna (DRA) arrays, the 
regular-shaped DRAs with simple feeding configurations are mostly used as array elements 
to make the design procedure more efficient. However, such an array element DRA usually 
achieves only about 6% axial ratio (AR) bandwidth. In this design, a CP DRA element 
coupled by a fractal cross-slot which can radiate efficiently and excite the rectangular 
DRA simultaneously is considered. By adjusting the dimensions of the fractal cross-slot 
properly, the resonances of the fractal cross-slot and the dielectric resonator can be 
merged to obtain a wider AR bandwidth. Based on the proposed fractal cross-slot-coupled 
CP DRA element, three different CP DRA arrays are designed: a 4 coupled DRA array of 
parallel power divider without T-bend, a 4 coupled DRA array of parallel power divider 
with Miter bend and a 4 coupled DRA array of 2 set power divider with Miter bend. The 
designed DRA arrays are fabricated and measured, and structures and performances of the 
arrays are presented and discussed.
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INTRODUCTION

Dielectric resonator antenna (DRA) has indeed garnered 
significant attention and research over the past four 
decades due to its various advantageous features 
and merits associated with DRA such as its small size, 
wide bandwidth, low cost, high efficiency, and ease of 
excitation. Dielectric resonator Antenna is a type of radio 
antenna commonly used at microwave frequency and 
beyond. DRAs can be fed up by various feeding techniques 
such as fed by coaxial probe, fed by microstrip line, 
fed by coplanar waveguide, fed by aperture couple.[1]  
Traditionally, regular-shaped DRAs with simple feeding 
configurations are utilized in array designs, but 
they typically achieve only about 6% axial ratio (AR) 
bandwidth. To address this limitation, by introduce a 
CP DRA element coupled by a fractal cross-slot, which 

efficiently radiates and excites the rectangular DRA 
simultaneously. In the array of integrated antenna design 
the element used is DRA, because of its input impedance 
exhibit proper resistive load at resonance frequency.[3]  
By adjusting the dimensions of the fractal cross-slot 
appropriately, the resonances of the fractal cross-slot 
and the dielectric resonator can be merged, leading 
to a wider AR bandwidth.[1] This approach enhances 
the performance of the CP DRA element, enabling it to 
achieve better AR bandwidth compared to normal feeding 
configuration type design. Various rectangular DRAs with 
various fractal slot configurations were simulated using 
ANSYS HFSS to generate a comprehensive dataset for 
model training.

This paper presents the simulated and experimental 
results to demonstrates the four element RDRAs of 
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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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various cross-slot fractal configurations to achieve 
circularly polarization along with parallel power divider 
networks like T-bend and Miter bend which gives the 
analysis of various antenna parameter like return 
loss (S11), VSWR, Gain, high axial ratio bandwidth 
and the side lobe levels also reduced. The antenna is 
operating with frequency of 4 GHz to 9GHz and it is 
operated best at 4.3GHz, 7.1GHz, 8.1GHz.these types 
of antennae are mostly used,including but not limited 
to mobile communications, satellite communications, 
radar systems, aerospace applications and IoT devices. 
As technology advances and new materials and design 
techniques emerge, the potential of DRA in wireless 
communications continues to be explored and refined.

There are various shapes can be available that can be 
designed for various applications. The array of DRA 
elements is placed on different shapes of power diver 
network.

Design of CP Rectangular DRA Array

  (a)     (b)

(c)                                       (d)

Fig. 1(a): The geometry of the proposed single 
element rectangular DRA antenna with fractal slot 

(b)The geometry of the 0th iteration fractal cross slot 
for circular polarization 

(c)The geometry of the 1st iteration fractal cross slot 
for circular polarization 

(d)The geometry of the 2nd iteration fractal cross slot 
for circular polarization

Antenna structure: The design follows the CP DRA 
design which shows in Figure 1(a) for single element 

rectangular DRA. Single element rectangular DRA design 
employs, for substrate it uses Rogers RT/TR 5880 with 
a permittivity of 𝑟=2.2, a loss tangent of 0.0009, and a 
0.508mm thickness, sized 50mm x 50mm.For radiating 
element radiating patch consists of overlapping circles 
and semi-circle. Adjusting circle diameter(a) and 
semicircle diameter(b) for optimal ultra-wide band 
performancethe diaMiters for a and b are 8.2mm and 
12.2mm, respectively.

Fractal slot effect:Fractal indicates the irregular 
fragment or the broken fragment. The term Fractal 
initially presented through Mandelbrot[I] for describing 
a family of complex shapes which have non integer 
dimension and have self-similarity inherit from self-
similarity in their geometrical structure.[7] Fractal is 
used in antenna design for producing multiband and 
compact antennas taking advantage of their exceptional 
features.

The Fractal dimension can be given by (FD) = log10(N)/ 
log10(1/r) where N can be defined as the overall number 
of distinct copies, r can be defined as the reduction 
factor value that indicates how will be the new side 
length regarding the original side length.[7]

The original side length.Figure1(b),1(c),1(d) shows 
Fractal Cross-Slotsessential for impedance matching 
and bandwidth enhancement, the foundation for fractal 
slot is the cross slots with lengths ls1 and ls2(=ksls1) and 
width ws, the fractal cross-slot is carved on the ground 
plane beneath a central ceramic cube (9.8mm x 9.8mm 
x 9.1mm, permittivity 𝜀𝑟=8.9). The fractal design arises 
from iterative processes based on standard cross-slots, 
with iterations affecting slot dimensions. The structure 
influence resonance and bandwidth. By adjusting the 
cross slot through iterative process effects impedance 
matching. Coplanar waveguide feeding structure supplies 
power to the antenna. The microstrip line of impedance 
50-ohms ensures power transfer with good impedance 
matching. It is very crucial that the dimensions of 
feedline are length(lf1+lf2) and width wf2and optimized 
coplanar waveguide distance(so2) considered as 0.2mm.
specifications are listed in Table 1. Introducing a fractal 
cross slot into the ground plane beneath the resonator 
achieves an efficient axial-ratio bandwidth for a specific 
CP rectangular DRA element.

Table 1: specifications table of Figure 1.

W2 L2 Wf2 l12 a b

28 26 1.5 3 8.2 12.2

N Lo2 So2 h m

0.2 10.3 0.2 1.6 15
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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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In addition to above single element DRA extended to array 
design of four element DRAs connected in linear array 
manner.All elements are aligned along a straight line. 
The minimum length linear array is the 2-element array. 
Here we use 4 element array antennae.The Fractal slot 
aperture coupled DRA elements are used. The power 
divider dimensions would change for parallel power 
divider as at bottom it is 50Ω line so the width w1 is 
3.05mm and length l1 is 5.87mm. The upper line is 36Ω 
line with width w2 of 5.08mm and length l2 of 5.74mm. 
The horizontal line above is of 70Ω line of dimensions 
width w3 is 1.65mm and length l3 of 104.88mm. The other 
dimensions follow the previous DRA dimensions. The Gap 
between DRA’s Ld is 21.428mm.

Table 2: Specifications table of array element
Component Variables Value(mm) Component Variables Value(mm)

Substrate

W×L×H

€r

50×50×1.6

4.4 Feed Line

lf1

lf2

wf

25

4

1.52

Fractal Slot

ls1

ls2

ks

φ

ws

9.7

5.529

0.57

40 deg

0.4

DRA

W×L×H 13x10x5

 

Simulation Results Using HFS (a)

 
Fig.2(b) : Design of circularly Polarized 4-coupled RDRA 
array using Miter bend parallel power divider network 
with Fractal Cross-Slot- of 0th, 1st and 2nd iterations.

 
Fig.2(c): Design of circularly Polarized 2set coupled 4 element 
RDRA array using Miter bend parallel power divider network 

with Fractal Cross-Slot- of 0th, 1st and 2nd iterations.

Fig.2(a) : Design of circularly Polarized 4-coupled RDRA 
array using T bend parallel power divider network with 

Fractal Cross-Slot- of 0th, 1st and 2nd iterations.
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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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Simulation Results & Discussions

(A) Simulation results for 4-coupled rectangular DRA 
array using T-bend parallel power divider with 
Fractal Cross-slot coupled DRA elements by using 
of 0th iteration

Fig.3: Simulated return loss versus Frequency for 
proposed antenna

Fig.4: Simulated VSWR for proposed antenna

Return loss indicates how much power is reflected 
towards source due to mismatch of impedance 
between antenna and transmission line.it is the 
key parameter to assess an antenna performance. 
The typical value for any antenna is lower than 
-10dB.The Voltage Standing Wave Ratio (VSWR)
of an antennaindicates the amount of power safely 
delivered to the antenna that depends on impedance 
matching and the value liesbetween1andinfinity.
Forpracticalapplications,itshouldbebetween1and2. It 
is evidence from Fig.3 and Fig.4 the Return loss(S11) 
and VSWR values of proposed antenna is observed that 
S11 is -17.6633 and -21.5285 at 5.6GHz and 9.6GHz 
which lower than -10dB andVSWR is 1.3092 and 1.1831 
at 5.6GHz and 9.6GHz which lies between 1 and 2 in 
practical.

Fig. 5: Simulated Gain at 5.6GHz frequency for  
proposed antenna

Fig. 6 Simulated Gain at 9.5GHz frequency for  
proposed antenna

Fig.7: Gain Vs Frequency plot for proposed antenna

The gain versus Frequency of proposed antenna for 0th 
iteration of Fractal slots which corresponding to Fig.2(a) 
is observed from Fig.5,Fig.6 and Fig.7 this proto type of 
antenna produces high gain 8dB at 5.6GHz and 6.3dB at 
9.5GHz.

(a)

(b)
Fig.8 (a) and (b) simulated radiation pattern at 

5.6GHz and 9.6GHz
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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 
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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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It has been observed from Fig.10 and Fig.11 the Return 
loss(S11) and VSWR values of proposed antenna is 
observed that S11 is -19.4495, -14.8371 and -22.8466 at 
4.3GHz,5.2GHz and 9.2GHz which lower than -10dB and 
VSWR is 1.2385,1.5104 and 1.1556 at 4.3GHz, 5.2GHz 
and 9.2GHz which lies between 1 and 2 in practical.

Fig.12: Gain plot of proposed antenna at 5.2GHz

Fig. 13: Gain plot of proposed antenna at 9.2GHz

Fig.14: Gain Vs frequency plot of proposed antenna

The gain Vs frequency plot for proposed 1st iterated 
fractal slot RDRA array antenna which is corresponding 
to Fig.2(a) is observed from Fig.12, Fig.13 and Fig.14 
the proposed antenna gives more gain than previous 
0th iterated fractal cross slot antenna which shows in 
Fig.2(a) i.e 6.75dB at 5.2GHz and 9.06dB at 9.2GHz.

The applications of RDRA array antenna are enhanced 
if it generates the radiation pattern of lower SLL (Side 
Lobe Level), that is greatly occurred at 5.2GHz.

Radiation pattern defines,it is the orientation of power 
variations by the antenna as a function of direction away 
from the antenna.This power variation as a function of 
the arrival angle is observed at the antenna’s far-field.

Fig. 9: Simulated Axial Ratio for proposed antenna

The Axial Ratio (AR) is defined as the ratio of minor and 
major axis of the polarization. For a circularly polarized 
antenna, the closer the axial ratio is 0dB.but practically 
the Axial Ratio can be considered as below 3 dB line in 
dB plot. It is observed that from the he Axial Ratio of 
propose antenna which shown in Fig.9. is 0.9541 which 
is below 3dB.

(B) Simulation results for 4-coupled rectangular DRA 
array using T-bend parallel power divider with Fractal 
Cross-slot coupled DRA elementsof 1stiteration.

Fig. 10: Simulated return loss versus Frequency for 
proposed antenna

Fig. 11: Simulated VSWR for proposed antenna
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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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Fig.16: simulated  Axial ratio Vs Frequency plot for 
proposed antenna

It is observed from the Axial Ratio Vs Frequency plot, 
the ratio of major and minor axis of the polarization Vs 
Frequency should be minimum and for ideal it is 0dB, 
practically it is preferable below 3dB.For the proposed 
antenna it is 0.3832dB at 9.2GHz which is below 3dB. 

(C) Simulation results for 4-coupled rectangular DRA 
array using T-bend parallel power divider with Fractal 
Cross-slot coupled DRA elementsof 2nd iteration.

(a)    

(b)
Fig.15: (a) and (b) simulated radiation pattern at 

5.2GHz and 9.2GHz

Fig.17: Simulated return loss  plot for  
propsed antenna

Fig.18: Simulated VSWR for propose d antenna

For the above proposed antenna which is 
considering in Fig .2(a) the return loss and VSWR 
are observed from the above Fig.17 and Fig.18 
as S11 is -24.3029 at 6.5GHz,-23.9974 at 6.8GHz and 
-11.3621dB at 8.8GHz.and VSWR is 1.1298,1.1347 and 
1.7410 at 6.6GHZ, 6.8GHz and 8.8GHz respectively.

The simulated high gain broad side radiation patterns as 
shown in Fig.19

   (a)   
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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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(b)
Fig.19 (a) and (b) simulated radiation patterns at 

6,5GHz and 6,8GHz                                                                             

Fig.20simulated Gain for proposed antenna at 6.5GHz

Fig.21simulated Gain for proposed antenna at 8.8GHz

Fig.22: Simulated Gain Vs Frequency plot for pro-
posed antenna

Fig. 23: Simulated Axial ratio plot for  
proposed antenna

From the above simulated results of Gain and Gain Vs 
Frequency plots for proposed RDRA linear array antenna, 
it is observed that the target value of gain achieved 
by increase the number of iterations in the fractals as 
shown in Fig.2(a). From theFig.20, Fig.21, Fig.22 it is 
observed that the gain is 5.36dB at 6.5GHz and 8.92dB 
at 8.8GHz.The above Fig.23 is indicating the simulated 
plot for Axial ratio for the proposed rectangular DRA 
of having 2nd iteration fractal slot and it is observed as 
0.5238 which is below 3dB at 8.8GHz.

(D) Simulation results for 4-coupled rectangular DRA 
array using Miter-bend parallel power divider 
with Fractal Cross-slot coupled DRA elementsof 0th 
iteration.

Fig. 24: Simulated S11 for proposed antenna

Fig. 25: Simulated VSWR for proposed antenna

From the Fig.24 and Fig.25 it is observed that the return 
loss(S11) for proposed antenna which is corresponding 
to Fig.2(b) is -20.4168dB at 5.6GHz and -10.1793dB at 7. 
8GHz.which is preferred value of -10dB and VSWR is lies 
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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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between 1 to 2 i.e 1.2107 at 5.6GHz, 1.8976 at 7.8GHz 
and 1.5864 at 9.6GHz.

The 3D gain and radiation patterns are as shown in Fig 
26-Fig.29

Fig. 26: Simulated Gain for proposed  
antenna at 5.6GHz

Fig. 27: Simulated Gain for proposed  
antenna at 9.5GHz

Fig. 28: Simulated Gain Vs Frequency plot for  
proposed antenna

  (a) 

  (b ) 
Fig.29 (a) and (b): Simulated radiation patterns at 

5.6GHz and 8.4GHz

From above Fig 27-Fig.29 it is observed that the proposed 
antenna achieved the target peak gain of  12.5dB at 
9.5GHz and 8.3dB at 5.6GHz and reduced side lobe level 
power.by the above observation the proposed RDRA 
array antenna can be used for wide band application like 
satellite & Radar applications and IOT applications.

Fig. 30: Simulated Axial ratio plot for  
proposed antenna

From the Fig.30 it is indicating that Axial Ratio of 
proposed antenna is 0.2802 at 5.6GHz and 1.8401 at 
6.8GHz which is below 3dB.

(E) Simulation results for 4-coupled rectangular DRA 
array using Miter-bend parallel power divider with 
Fractal Cross-slot coupled DRA elementsof 1st 
iteration.

Fig.31 Simulated Return Loss(S11) for  
proposed antenna
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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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Fig. 32: Simulated VSWR for proposed antenna

From the Fig.31 and Fig.32 it is observed that the return 
loss(S11) for proposed antenna which is corresponding to 
Fig.2(b) is -17.0842dB at 3.6GHz, -18.4193dB at 4.3GHz, 
-24.9757dB at 8.4GHz and -16.9243dB at 9.3GHz.which 
is below preferred value of -10dB for any antenna and 
VSWR is lies between 1 to 2 i.e1.3253 at 3.6GHz, 1.2726 
at 4.3GHz, 1.9480 at 5.2GHz and 1.1195 at 8.4GHz..

Fig.33-Fig.35 is shown the HFSS simulated 3D-gain 
plotsand Gain Vs frequency plots for proposed antenna 
at different frequencies

Fig. 33: Simulated Gain for proposed  
antenna at 4.4GHz

Fig. 34: Simulated Gain for proposed  
antenna at 8.4GHz

Fig. 35: Simulated Gain Vs Frequency plot for  
proposed antenna

The gain versus Frequency of proposed antenna for 1st 
iteration of Fractal slots which corresponding to Fig.2(b) 
is observed from Fig.33, Fig.34 and Fig.35 this proto 
type of antenna produces high gain 8.3dB at 4.4GHz and 
4.8dB at 8.4GHz.

  (a) 

  (b ) 
Fig. 36: (a) and (b) simulated radiation patterns at 

4.4GHz and 5.8GHz
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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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Fig. 37 Simulated Axial ratio of proposed antenna

From the above Fig.37, it is observed that the Axial Ratio 
of the designed antenna is i.e 0.7863 at 4.8GHz, 1.4221 
at 3.7GHz and 2.5383 at 7.8GHz which isbelow 3dB.

(F) Simulation results for 4-coupled rectangular DRA 
array using Miter-bend parallel power divider with 
Fractal Cross-slot coupled DRAelements of 2nd 
iteration.

Fig. 38: Simulated Return loss(S11) for proposed 
antenna for 2nd iteration fractal slot-Mitre bend 

power divider

From the Fig.38 it is observed that the return loss as 
-16.0615dB at 3.5GHz, -12.8115dB at 4.1GHz, -12.7724dB 
at 6.8GHz and -19.1634dB at 8.2GHz

Fig. 39:  SimulatedVSWR for proposed antenna for 2nd 
iteration fractal slot-Mitre bend power divider

From the above figure it is observed that the VSWR for 
above shown design in Figure 2(b) is 1.3735dB, 1.5933dB, 
1.2475dB at 3.5GHz, 4.1GHz, 8.2GHz respectively.

  (a) 

 (b)

( c )

Fig. 40: (a),(b), (c) 3D gain plots at 4.2GHz, 6.8GHz 
and 8.2GHz

The gain versus Frequency of proposed antenna for 2nd 
iteration of Fractal slots which corresponding to Fig.2(b) 
is observed from Fig.40(a), (b), (c) this proto type of 
antenna produces high gain 11.2dB at 4.2GHz, 8.2dB at 
6.8GHz and 6.1dB at 8.2GHz.
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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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Fig. 41: Simulated Gain Vs Frequency plot for 
proposed antenna with 2nd iteration fractal slot-Miter 

bend power divider

(a) 
  (b) 

 (c)
Fig. 42:  (a),(b), (c) Simulated radiation patterns for 

proposed antenna

From above Fig.42 (a), (b), (c) represents radiation 
patterns which includes both E field and H field patterns 

for proposed 2nd iterated 4 element miter bend power 
divider RDRA linear array antenna. These patterns 
indicate that having low side lobe levels at 4.2GHz, 
6.8GHz and 8.2GHz which the design is suitable for more 
wide band applications.

Fig. 43:0 Simulated Axial ratio plot for proposed 
antennawith 2nd iteration fractal slot-Miter bend 

power divider

From the above Fig.43, it is observed that the Axial Ratio 
of the designed antenna is i.e 0.9936 at 7.1GHz and 
2.1393 at 5.2GHzwhich is below 3dB.

(G). Simulation results for 0th iteration Fractal Cross-
slot coupled 4-RDRA array of 2-set coupledusing2 
set of Miter bend parallel power divider network 
using HFSS.

Fig. 44: Simulated return loss plot for propsed anten-
na for 0th iterated 2 set miter bend power divider

Fig. 45: Simulated VSWR  plot for propsed antenna 
with 2 set mitre bend power divider.
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

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

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

relAted work

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

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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The simulated Return loss and VSWR plots for the 
proposed 2 set mitre bend power divider with 0th iterated 
fractal slot RDRA array antenna. These indicates the 
return loss lies below the -10dB and VSWR lies between 
1 and 2 which are preferable for any antenna. The return 
loss for proposed antenna from the simulated plot is 
-12.8959, -13.9219, -21.5150 at 5.4GHZ, 7GHz and 
8.1GHz respectively and VSWR is 1.5042 and 1.1834 at 
7GHZ and 8.1GHz.

(a)

    (b)

(c)
Fig. 46: (a),(b), (c) simulated 3D gain plots for 

proposed antenna at 5.5GHz, 7GHz and 8.1GHz

Fig. 47: Simulated Gain Vs Frequency plot for pro-
posed antenna

From the above simulated 3D gain and Gain Vs Frequency 
plots for the proposed antenna with 2 set mitre bend 
power divider and 0th iterated fractal slot it is observed 
that proposed antenna design achieves target gain i.e 
8.2dB, 7.6dB and 7.58dB at resonated frequencies i.e 
at 5.5GHz, 7GHz and 8.1GHz respectively which the 
designed antenna is suitable for enhanced wide band 
applications.

(a)  

(b)   

(c)  

Fig.48(a), (b), (c) simulated radiation patterns  
for proposed antenna
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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 

61

Krishna Rao Pedada et al. : Circularly Polarized Rectangular Dielectric Resonator Antenna (CP-RDRA) Arrays with  
Fractal Cross-Slot using T-bend & Miter bend power divider feeding networks

Fig. 49: Simulated Axial Ratio for proposed antenna

From the above Figure.49 it is observed that the Axial 
Ratio of the designed antenna by HFSS is i.e 0.3559dB at 
7GHz and 1.1370dB at 8.6GHz which is below 3dB.

(H). Simulation results for 1st iteration Fractal Cross-slot 
coupled 4-RDRA array of 2-set coupledusing2 set 
of Miter bend parallel power divider network using 
HFSS.

Fig. 50: Return loss plot for the proposed antenna 
with 1stiterated Fractal Cross-slot

2-set Miter bend parallel power divider

Fig.50: VSWR plot for the proposed antenna with 1st 
iterated Fractal Cross-slot

2-set Miter bend parallel power divider

From the Fig.50 it is observed that the simulated return 
loss for proposed antenna as -22.6452 at 4.9GHz, 
-15.0417 at 7.0GHz, -19.5932dB at 8. 1GHz.which is 
below -10dB and the VSWR lies between 1 and 2 at 
resonated frequency range i.e1.2834 at 4.9GHz and 
1.8272 at 8.1GHz.

(a) 

(a)
Fig.51: (a),(b) Simulated 3D gain plots for proposed 

antenna at 7GHz and 8.1GHz

Fig.52 Simulated Gain Vs Frequency plot  
for proposed antenna

The above Fig.51 and Fig.52 represents that the simulated 
plots of 3D gain and Gain Vs frequency for the proposed 
design antenna and these indicate that the designed 
antenna exhibits the enhanced gain at resonated 
frequency i.e 7,71dB at 7GHz and 7.9dB at 8.1GHz which 
are more suitable for large extent of satellite and radar 
applications as well as IOT applications
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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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(a) 

(b)
Fig. 53: (a), (b) simulated radiation patterns of pro-

posed antenna at 5.5GHz and 8.1GHz

From the Fig.53(a),(b) represents the radiation patterns 
of proposed RDRA antenna and it has been observed that 
the designed antenna or the applications of proposed 
antenna will be enhanced greatly and generates linear 
and circular polarized waves simultaneously and it has 
omnidirectional radiation pattern at 5.5GHz and 8.1 
GHz.

Fig. 54 Simulated Axial Ratio for proposed antenna

From the above simulated plot for Axial ratio it is 

observed that the proposed antenna give mor Axial ratio 
band width and the Axial Ratio value is 0.3773 which is 
lies below the3db.

From the above Figure.46 it is observed that the Axial 
Ratio of the designed antenna is i.e 0.3773 at 7GHz 
which is below 3dB.

(I). Simulation results for 2nd iteration Fractal Cross-
slot coupled 4-RDRA array of 2-set coupledusing2 
set of Miter bend parallel power divider network 
using HFSS.

Fig. 55: Simulated Return loss plot  
for proposed antenna

From the fig. it is observed that the return loss as 
-11.8527 at 4.4GHz, -13.4731 at 7.1GHz, -26.3772dB at 
8. 1GHz.which is below -10dB and the VSWR which shown 
in Fig.56 for proposed antenna is 1.6863dB, 1.5381dB, 
1.1008dB at 4.4GHz, 7.1GHz, 8.1GHz respectively which 
lies between practical range 1 to 2.

Fig. 56: Simulated VSWR plot for proposed antenna
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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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observed that the proposed antenna give mor Axial ratio 
band width and the Axial Ratio value is 0.3773 which is 
lies below the3db.

From the above Figure.46 it is observed that the Axial 
Ratio of the designed antenna is i.e 0.3773 at 7GHz 
which is below 3dB.

(I). Simulation results for 2nd iteration Fractal Cross-
slot coupled 4-RDRA array of 2-set coupledusing2 
set of Miter bend parallel power divider network 
using HFSS.

Fig. 55: Simulated Return loss plot  
for proposed antenna

From the fig. it is observed that the return loss as 
-11.8527 at 4.4GHz, -13.4731 at 7.1GHz, -26.3772dB at 
8. 1GHz.which is below -10dB and the VSWR which shown 
in Fig.56 for proposed antenna is 1.6863dB, 1.5381dB, 
1.1008dB at 4.4GHz, 7.1GHz, 8.1GHz respectively which 
lies between practical range 1 to 2.

Fig. 56: Simulated VSWR plot for proposed antenna

(a)

(b)

( c) 
Fig. 57: (a),(b), (c) simulated 3D gain plot and Gain 

Vs Frequency plot for the proposed antenna

From the above Fig.57(a)(b) (c) it is observed that the 
gain of proposed antenna is enhanced to 8.27dB at 
7.1GHz and 8.4222 at 8.1GHz which is useful for wide 
range of radar and IOT applications

(a)

(b) 

(c)

Fig. 58: (a), (b), (c) simulated radiation patterns for 
the proposed antenna

The above Fig.58(a),(b),(c) represents the directions of 
departure of EM wave called radiation patterns plotted 
at frequencies 4.3GHz, 7GHz and 8.1GHz for proposed 
antenna. From the above Figure it is observed that at 
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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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resonated frequency the proposed antenna distributes 
its high energy in a particular direction at the same time 
it reduces the side lobe level energy.

Fig.59: Axial Ratio for the proposed antenna

From the above Axial Ratio plot for proposed RDRA 
with 2nd iterated fractal couple 2 set Mitre bend power 
divider, it has been observed that Axial ratio is 1.5151dB 
at 4.1GHz and 2.3935dB at 4.8GHz which is also below 
3dB.

Filed Patterns:

(a) E field pattern

(b) H field pattern

Figure 60(a), (b).Field patterns and current distribution 
for 4-coupled rectangular DRA array using Miter bend 

parallel power divider with Fractal cross slot coupled 
DRA elements of 2nd iteration

( c ) E magnitude

(d) H magnitude

(e) current distributin

Figure 61(c), (d).Field magnitude and current distribution for 
4-coupled rectangular DRA array using Miter bend parallel 
power divider with Fractal cross slot coupled DRA elements 
of 2nd iteration.

Fabrication Model:

(a)
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high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
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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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  (b)

(c)

Figure.52: Fabricated antenna for second iteration 4 
Element RDRA of 2 coupled Miter bend parallel power 
divider network. (a) Front view of fractal slots without 
DRAs (b) front view with DRAs (c) Back view of fabricated 
antenna

(a)

(b)
Figure.53: Experimental setup for fabricated antenna

V. MEASURED RESULTS

Return loss with DRA

Fig. 54: Measured return loss plot for proposed RDRA

VSWR with DRA

Fig. 55: Measured VSWR plot for proposed RDRA

Results comparison: Simulated Vs Practical:

Results comparison between simulated and measured for 
4 element and 2 set of DRAelements with Parallel power 
divider network for 2nd Iteration fractal slot circular 
polarization

(a) Return loss
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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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(b) VSWR

 (c )Gain

    (d) Axial Ratio

Fig.56 (a) Comparison of simulated and measured return 
loss for proposed RDRA (b) Comparison of simulated and 
measured VSWR for proposed RDRARDRA (c) Comparison 
of simulated and measured Gain for proposed RDRARDRA 
(d) Comparison of simulated and measured Axial Ratio 
for proposed RDRA

Comparison of DRA antennas for different iterations:

Iteration Value(n)
Frequency 
(GHz)

Return 
Loss(dB)

Gain

(dB) VSWR 
Axial Ratio 
(AR)(dB)

0(4 Elements with parallel power divider) 5.6 -17.4633 8.1822 1.3092 --

9.5 -21.5285 6.3200 1.1831 0.9541

1(4 Elements with parallel power divider) 3.6 -19.4197 -- 1.2394 --

4.3 -19.4495 3.3187 1.2385 --

5.2 -14.8371 6.7569 1.5104 --

6.8 -17.6324 -- 1.3024 --

9.2 -22.8466 9.0643 1.1556 0.3832

2(4 Elements with parallel power divider) 3.5 -13.8492 -- 1.5095 --

6.5 -24.3029 3.1267 1.1298 --

6.8 -23.9974 -- 1.1347 --

8.8 -11.3621 7.0131 1.7410 0.5238

0(4 Elements with Miter bend and parallel power 
divider)

3.7 -13.0662 5.355 1.5713

5.6 -20.4168 8.3604 1.2107 0.2802

7.8 -10.1793 8.6960 1.8976

9.5 -- -- 1.5864

1(4 Elements with Miter bend and parallel power 
divider)

3.6 -17.0842 --- 1.3253 1.4221

4.8 -18.4193 3.9663 1.2726 0.7863

5.2 -- 5.1833 1.9480

7.8 -16.9243 3.8164 1.2528 2.5383

8.2 -24.9757- 2.5922 1.1195
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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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Comparison of DRA antennas for second iteration:

Antenna Beam width(deg) Side lobe level(dB)

4 Elements with parallel power 
divider

60 -5.4355

4 Elements with Miter bend and 
parallel power divider

60 -9.7448

4 Elements with Miter bend and 
2 set power dividers

60 -7.3107

CONCLUSION

In this article, a quasi-modified rectangular patch 
antenna is designed and simulated over HFSS article can 
be concluded that the various antenna designs which 
have shown above. The simulated values are compared 
with the simulated values. The above said all antenna 
designs like 4 coupled and 2 coupled DRA arrays using 
various power divider networks like T bend and Miter 
bend are operating in the range between 4GHz to 9GHz.
The values of all parameters like return loss, VSWR, 
Gain, radiation pattern are well reached to the best 
mark, In all these frequency ranges the return loss is 
below-10dB ,VSWR value is less than 2, gain is the best 
value is around 8dB and Axial Ratio is below 3dB. With 
these values and frequency ranges the proposed DRA 

is attractive and can be preferable for many wireless 
applications like satellite applications, Radar application 
and IOT applications.
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Iteration Value(n)
Frequency 
(GHz)

Return 
Loss(dB)

Gain

(dB) VSWR 
Axial Ratio 
(AR)(dB)

2(4 Elements with Miter bend and parallel power 
divider)

3.5 -16.0615 -- 1.3735

4.1 -12.8115 7.0109 1.5933

6.8 -12.7724 4.3384 --

8.2 -19.1634 4.6107 1.2475

5.2 -- -- -- 2.1393

7.1 -- -- -- 0.9936

0(4 Elements with Miter bend and 2 set power 
divider)

5.5 -12.8959 8.2007 2.1522 2.1393

7.0 -13.9219 8.2370 1.5042 0.9936

8.1 -21.5150 7.8294 1.1834 --

1(4 Elements with Miter bend and 2 set power 
divider)

4.9 -22.6452 6.4261 1.2834 --

7.0 -15.0417 8.2708 3.1071 0.3773

8.1 -19.5932 7.7651 1.8272 --

2(4 Elements with Miter bend and 2 set power 
divider)

4.4 -11.8527 4.6567 1.6863

7.1 -13.4731 8.2704 1.5381

8.1 -26.3772 8.4222 1.1008

4.1 -- -- -- 1.5151

4.8 -- -- -- 2.3935
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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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