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ABSTRACT This work proposes gain enhancement of the microstrip antenna to use in applications operated
in UWB spectrum. The antenna structure comprises integrated octagonal shaped radiator and slotted ground
plane fabricated on easily available FR4 substrate. The 50 Q microstrip line fed octagonal shaped microstrip
antenna is simulated by using Ansys high-frequency structure simulator. The radiator is modified by
integrating patch configuration to achieve gain improvement. The modified antenna is modelled by vertically
integrating two octagonal shaped patches, etching off small two square slots and small square slot of
dimension 1 mm X 1 mm positioned at the mid width of the ground. The designed MI-OMSA structure is
fabricated on double sided copper flame retardant epoxy glass composite dielectric substrate having size of
37 mm x 40 mm and tested by using vector network analyzer. The optimized MI-OMSA structure provides
minimum return loss characteristically below -10 dB over 2.42 — 11.72 GHz frequency range, covering
bandwidth of 9.31 GHz. The peak gain observed at 8.2 GHz is 6.7 dB. The structure demonstrates constant
group delay over the operating spectrum. An ultra-wideband performance is achieved as antenna resonates at
four frequencies. The antenna structure offers radiation pattern of omnidirectional and hence most fit for use

in UWB applications. An UWB application, breast cancer detection is tested using proposed structure.

INDEX TERMS MSA, OMSA, MI-OMSA, Radiator, UWB, Breast Cancer Detection.

I. INTRODUCTION

HE key component of wireless technology is antenna.

The technology for wireless communication has
developed rapidly, and compliance with the standards has to
led an increase in the demand of antennas covering wide
frequency range with higher gain. The omnipresence of
wireless communication promotes the research on wide
range of antennas incorporating various shapes and
numerous sizes making them suitable for different
applications. The antennas with omnidirectional radiation
pattern are best fit for the applications in the short-range
communication systems. This constrained requirement of
reduced size, lower development cost, increased
functionality, better performance and electrical parameters of
antenna has increased the demand and usage of microstrip
antenna (MSA). These antennas are prevalent as they offer
numerous benefits such as small size, planar structure, low
profile, less cumbersome, cost effective, easily fabricate and
integrate with MMICs. Microstrip patch antennas have broad
applications in wireless communication system.
Federal Communication Commission (FCC) has officially
granted permission to the measurement procedures for
emission from the devices to operate in the frequency
spectrum ranging from 3.1 GHz to 10.6 GHz. This
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unlicensed ultra-wideband is enticing and can be utilized for
medical and communication applications because it offers
wide operating frequency band, consumes less power, higher
transmission data rates, greater reliability [1]. The design
considerations of printed monopole antennas for different
radiating patch shape configurations for UWB technology
have been reported in [2]. For UWB applications, the
radiating patch was studied in conjunction with slots, with
and without asymmetrical U-shaped and T-shaped slots,
similarly shaped to the patch and ground slot. Although
combinations were intended to achieve dual circular
polarization and wide bandwidth, the structures produce
reduced gain and an unstable radiation pattern [3-5]. The
radiation characteristics of the printed circular antenna with
FR4, duroid, and foam type dielectric material were
examined. The better omnidirectional radiation performance
was observed when the substrate's thickness reduced with a
low dielectric constant, but the cross-polar component
significantly deteriorated [6]. UWB antennas of rectangular
patch with diamond shaped slot, proximity-fed circular
shaped disk with an open ring and m-shaped slot, two
octagonal patch configurations with circular slot and two
quarter elliptical slots in the ground section, dodecagon
shaped patch and self-complementary square monopole
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antenna with defected ground were designed for bandwidth
enhancement. To preserve the radiation properties, the slots
were etched off at the areas having less current distribution
[7-11]. The pentagon rings, square ring patches, fusion of
rectangular antennas with I-shaped patches and two C-type
slot sections, slotted rectangular radiators with tapered slots
at the ground plane, and rectangular-shaped inset-fed MSA
were discovered as low-cost and compact UWB antennas.
The gain offered by these structures ranges from 2.45to 5.76
dB [12—-16]. The 4 x 1 MIMO antennas with elliptical patch
designed on Rogers 5880 substrate to operate in ultra-
wideband range, provides 5.9 dB maximum gain were
reported in [17]. Gain enhancement were achieved by
designing the structure with parasitic resonator, circular
resonator, circular slotted radiator with defected ground and
an elliptical shaped radiator with two U-shaped inverted
slots. The gain of these structures ranged from -1.98 to 5.8
dB, and they were designed for on-body communication and
microwave imaging [18-21]. The antennas for UWB
applications, especially for wireless communication and tri-
band applications, were designed with quarter circular
geometry and inverted L-shaped radiator, octagonal MSA by
stepping rectangular MSA, a circular ring-shaped radiator
with small circles between two circular rings. The antenna
design becomes more complex with this kind of geometry
[22-24]. The innovative antennas of U-shaped slots in radiator
for breast cancer detection and hard surface H-resonator arrays
for stable radiation pattern, combination of single split ring
resonator and circular complementary split-ring resonator for
band rejection properties, different substrate materials suitable
for the human body surface were analyzed. The reconfigurable
metamaterial antenna and multi-mode pattern MSA
configuration based on electromagnetic ground defects for
contemporary wireless communication devices provided the
steady gain and gain-bandwidth enhancement; despite this, the
structures are large in size and intricate [26-29].

The conventional rectangular and circular patch antennas are
designed to operate in UWB spectrum and observed that the
structure resonates effectively at a single resonance frequency,
but has less bandwidth. Due to these noted limitations, this
antenna is inadequate for use in contemporary communication
systems in its current configuration. In perspective of these
constraints, this antenna is progressively modified to an
octagonal configuration. The proposed work focuses on
designing a line fed MSA with a unified octagonal radiating
patch configuration which can be suitable for breast cancer
detection. The research on microwave sensing has grown
exponentially, with multiple radiating elements leading to
complex and bulky systems. Also, the single antenna sensor
with single feed point is proposed to reduce size, complexity
and cost compared to devices having multiple radiating
elements. The antenna sensor offering an omnidirectional
radiation pattern, can help in improving the sensor’s
sensitivity. The system sensing capability can be improved
by designing an efficient UWB antenna sensor with high
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gain and stable radiation pattern to scan dense area. The
UWB antennas are more attractive as they will have wide
frequency band and ability to generate multiple resonance
frequencies. These multiple resonances are beneficial for
better insights in the dense part of the object. The five
sections of the paper are prepared to describe this work. The
second section of this paper describes antenna geometry and
design theory details. The results are discussed in the third
section. The fourth section compares proposed work with the
literature. Finally, this work is concluded in the fifth section.

Il. ANTENNA GEOMTRY AND DESIGN THEORY

A. ANTENNA GEOMETRY

The microstrip patch antenna of simple octagonal shape
(SOMSA) is designed by using FR-4 epoxy material having
dielectric properties as 1.59 mm thick substrate, € of 4.4 and
tan 6 of 0.02. The electromagnetic waves generated through
radiating element fringe off patch into the substrate. These
waves radiate into the air after being reflected from the ground
plane. The fringing field between the patch and ground causes
the radiations to occur. The technique to construct a regular
octagon is as a quasiregular truncated square with two distinct
kinds of edges alternately. The one way to design the
symmetrical shape is octagon inscribed with a square and
square dimensions can be found using mentioned formulae.
As a consequence, the structure is initially designed by
referring rectangular microstrip antenna with following
formulae.

For W/h>1,
W= (1)
&+l
27
o S 2
* 2 1+%
(e +0.3) (L+0.264
AL=0.412 p 02 G02) 3)
(50-0.258) (%VH)E )
- A
L= 2v5;_2AL (4)

where, W: width of the patch, &: dielectric constant, é&.:
effective dielectric constant, 4, : free space wavelength, AL: the
effective length, 4: the thickness of the dielectric substrate, L:
length of the patch.

The antenna structure is designed to operate in the spectrum of
UWB covering span of 3.1 — 10.6 GHz. The operating
frequency of 6.85 GHz and wavelength of 43.796 mm are used
to calculate the dimensions of the rectangular patch. The
antenna structure is designed with patch length of 9.806 mm
and patch width of 13.32 mm to obtain minimum return loss.
These electrical dimensions of the patch are used to design the
length (L) and width (W) of the radiating patch having convex
octagon shape as represented in fig. 1 (ii). The octagonal
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shaped patch antenna is optimized with the electrical
dimensions of 14 mm x 14 mm to exhibit good reflection
characteristics. The substrate dimensions chosen to build the
structure are of three times of the patch dimensions. The
octagonal microstrip patch antenna (OMSA) structure is
modelled using Ansys HFSS software.
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FIGURE. 1: Geometry of Rectangular and Octagonal MSA

B. INTEGRATED OMSA DESIGN

The study been conducted for gain enhancement by
integrating radiating patches. The radiating patch of octagonal
configuration is modified by unifying two octagonal shaped
patches to increase the conduction area as a result increase in
the surface current that translates into a higher gain. As the
conduction area is increased fringing field between radiator
and patch increases thereby more radiations occur. When
generated electromagnetic waves are in-phase, constructive
interference created which results in the gain enhancement.

1) HORIZONTALLY-INTEGRATED OMSA

The horizontally integrated octagonal microstrip antenna (HI-
OMSA) is designed by integrating two octagonal shaped
patches horizontally at the vertex.

sw SW
PW PW
JE
i | |
ul | | |PL| SL
| | |
| - I
“
— <« FLW IGL
(i) Top View (i) Back View

FIGURE. 2: Geometry of Horizontally Integrated OMSA

The antenna is designed with a patch width (PW) of 10 mm,
patch length (PL) of 10 mm, and an octagonal side length (/)
of 9 mm, fabricated on an FR-4 dielectric substrate. The
substrate of FR-4 epoxy material is having dielectric
properties as 1.59 mm thick substrate, € of 4.4 and tan § of
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0.02. The partial ground plane of dimensions 40 mm x 12 mm
(GL x GW) is designed on other side of the substrate layer.
This structure is fed at the vertex by a microstrip line of 50 Q
having 3 mm width (FLW). The antenna geometry and design
details are presented in fig. 1 and Table 1 respectively. The fig.
2 (i) shows the radiating patch and fig. 2 (ii) shows the
geometry of ground plane. The antenna structure is optimized
to provide minimum return loss and VSWR over ultra-
wideband frequency range. The gain variations are depicted in
fig. 13. The structure provides 4.9 dB peak gain at 8.2 GHz.

2) VERTICALLY-INTEGRATED OMSA

The vertically integrated octagonal microstrip antenna (VI-
OMSA) is modelled by unifying two octagonal patches
vertically at the vertex. Each patch is having dimensions of 14
mm X 14 mm (PL x PW) with side length (/) of 8.2 mm. The
antenna structure is optimized to obtain minimum return loss
and VSWR over the UWB spectrum. The configuration of VI-
OMSA is represented in fig. 3 and design details are listed in
Table 1. The negative gain for HIFOMSA and VI-OMSA is
observed at the lower frequencies.
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FIGURE.3: Geometry of Vertically Integrated OMSA

3) MODIFIED-INTEGRATED OMSA

The gain improvement is obtained by inserting a small slot of
1 mm x 1 mm (S3PL x S3PW) dimension in the ground at the
center of the substrate and two slots of 2 mm x 2 mm (S/PL x
S1PW and S2PL »x S2PW) dimensions in the radiating patch

SW Sw

= — —— =

S3PW
v —> S{PL

— <« FLW IGL 4

at the center of each integrated patch.
(i) Top View (i) Back View
FIGURE. 4: Geometry of Modified Integrated OMSA
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The geometry of the modified structure is represented in fig. 4
and design details are listed in Table 1. The antenna resonates
in the fundamental mode over the lower band, while it
resonates in the higher order modes over the upper band. The
MI- OMSA is resonates at four frequencies, 3.45, 6.675, 8.2
and 10.67 GHz. These frequencies are presented as a parallel
RLC circuit to form an electrical equivalent circuit of the MI-
OMSA. The electrical equivalent circuit for the modified
OMSA is depicted in fig. 5. The circuit element values are
evaluated by using following formulae [25].

__& eof LW (5)
]

L== (6)
wy C

R=2 (7)
w, C

_ e (8)
o= 410

where, C: Capacitance, L: Inductance, R: Resistance of
parallel RLC equivalent circuit, ee: effective permittivity of
the medium, w, angular frequency, W: Patch Width, #:
Substrate Thickness.

The 50 Q feed line of 2 mm width and 3 mm length is
represented by series combination of inductor (Z;) and
capacitor (Cr) of value 0.11257 fH and 0.147 pF. A 50 Q port
is connected at the end for the excitation of antenna. Two
square slots are placed in the double combined octets shaped
antenna at the right optimized location of edge dimension 2
mm and a slot of size | mm x 1 mm in the reduced ground
plane structure that may significantly makes the gain positive
and negligible disturbances in the four resonating frequencies.
Two square shape slots introduce the capacitive effects in the
radiating patch and they represented as the parallel
combination of Cs1 and Cs2. Each capacitance has the value
0.098 pF. The equivalent slot capacitance is represented as Cs
in the fig 5. The slit in ground plane is introduces negligible
inductive effect but improves the MI-OSMA gain value. As

TABLE I. Design Dimension Details of different OMSA

the MI-OSMA is an UWB monopole antenna and resonates at
four frequencies 3.45, 6.675, 8.2 and 10.67 GHz below -10 dB
reflection coefficients value. Hence the antenna has quad
tuned ultra-wideband behavior. These four resonance circuits
are represented by four separate RLC parallel resonance
circuits. The evaluated values of all passive elements are
indicated on the circuit parameters using fundamental parallel
resonance and microstrip discontinuities concepts [25]. An
Ultra-wideband (UWB) performance from 2.42 GHz to 11.72
GHz is achieved by series combination of four parallel
resonance circuits.

lll. RESULTS AND DISCUSSION

The HI-OMSA, VI-OMSA and MI-OMSA antenna structures
are designed, optimized and simulated by using Ansys high-
frequency structure simulator 2023 R2 software.

A. OPTIMIZATION FRAMEWORK

1) EFFECT OF SLOTS (S4, Sz, S3)

The MI-OMSA is modelled by etching off three slots, two (Si
and S2) in radiating patch and one (S3) in ground plane as
depicted in fig. 3. The upper slot Si and lower slot Sz of
dimension 2 mm X 2 mm in the radiating patch introduces
capacitive effect while slot in ground S; of 1 mm % 1 mm size
introduces inductive effect. The combination of Si, S» and S3
helps in optimizing the antenna structure by improving the
return loss as presented in fig. 6.

2) EFFECT OF RADIATING PATCH DIMENSIONS

The radiating patch is formed by integrating two octagonal
patches. The length of the MI-OMSA structure is varied from
24, 26, 28, 30, 32 mm and width from 12, 13, 14, 15, 16 mm.
It is observed that with increase in patch dimensions (15, 16
mm) and with decrease in patch dimensions (12, 13 mm), the
return loss degrades at upper UWB and lower UWB
respectively. The optimized square patch dimension of OMSA
is 14 mm x 14 mm, exhibiting good reflection characteristics
as presented in fig. 7.

Parameters Description

Dimension (mm)

HI-OMSA  VI-OMSA  MI-OMSA
SW Width of the substrate 40 40 37
SL Length of the substrate 40 40 40
GW Width of the ground plane 40 40 37
GL Length of the ground plane 12 35 35
PW Width of the radiating patch 10 14 14
PL Length of the radiating patch 10 14 14
FLW Width of the feedline 3 2 2
S1PW Width of the first slot in radiating patch - - 2
S1PL Length of the first slot in radiating patch - - 2
S2PW Width of the second slot in radiating patch - - 2
S2PL Length of the second slot in radiating patch - - 2
S3PW Width of the ground slot - - 1
S3PL Length of the ground slot - - 1
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FIGURE. 7: Return Loss for different radiating patch dimensions (mm)

3) EFFECT OF SLOTS IN THE RADIATING PATCH

The two smaller slots (S1 & S2) are etched off from the
radiating patch. The patch dimensions are varied from 1 mm
x 1 mm to 3 mm x 3 mm with step size of 0.5 mm to optimize
the antenna structure. The decrease in slot dimension,
increases inductive effect and degrades the return loss as
presented in fig. 8. The optimized S1 and S2 dimensions are 2
mm % 2 mm.
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5) EFFECT OF PARTIAL GROUND PLANE

The MI-OMSA antenna structure is optimized to investigate
the effect of partial ground surface. The structure is optimized
for different ground dimensions as presented in fig. 10. The
ground plane length is varied for the dimensions of 40, 20, 10,
5 and 3.5 mm with width of 37 mm. The partial ground plane
is advantageous to improve the antenna performance. The
reduction in the ground plane size suppresses the surface wave
diffractions at the edges of the ground plane of the substrate of
MI-OMSA which helps in improving in the radiation
characteristics of the antenna structure. Also, the partial
ground structure is useful in improving impedance bandwidth.
As depicted in fig. 10, the antenna structure exhibits good
reflection characteristics for the ground plane of size 3.5 mm
% 37 mm than ground plane of size 40 mm x 37 mm.

J 40 20 —5
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v ]
g
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3 4 5 6 7 8 9 10 11
Frequency [GHz]

FIGURE. 10: Return Loss for different ground length dimensions (mm)

. EVALUATION FRAMEWORK

The simulated results of optimized HI-OMSA, VI-OMSA,
MI-OMSA structures for return loss and VSWR are depicted
in fig. 11 and fig. 12 respectively. The HI-OMSA structure
provides two resonances at 3.75 and 8.2 GHz. The simulated
S11 values at these frequencies are -15.87 dB and -13.80 dB
respectively resulting in poor performance due to less current
distribution. The observed gain is 4.99 dB at frequency 8.2
GHz and 5.01 at the frequency 9.25 GHz then after increases
linearly shown in fig. 13.
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FIGURE. 11: Return Loss for different OMSA structures.
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FIGURE. 14: Group Delay over UWB frequency range for MI-OMSA structure.

The vertically integrated structure is resonating at three
different frequencies 3.54, 6.01, 10.2 GHz with S11 values of -
14.81, -14.33, -15.58 dB respectively providing bandwidth of
8.88 GHz from 2.37 to 11.25 GHz. The peak gain observed is
near about 6.3 dB from 8.2 — 10 GHz. The negative gain is
observed at the lower frequencies affecting antenna radiation
performance. To boost gain at the lower frequencies small slot
is etched off in the ground plane. Also, two slots of dimensions
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2 mm x 2 mm are etched off the radiator helps to enhance the
impedance bandwidth and contribute to boost small amount of
gain. This modified integrated structure provides
improvement in the gain of 0.4 dB and in the impedance
bandwidth of 430 MHz. The simulated MI-OMSA is
resonating at four different frequencies 3.45, 6.675, 8.2 and
10.67 GHz with S11 values of -12.97, -13.26, -12.02, -14.75
dB respectively and provides return loss less than -10 dB over
2.42 — 11.72 GHz frequency range, covering bandwidth of
9.31 GHz. The MI-OMSA fabricated structure is resonating at
3.15, 6.20, 10.2 GHz with S11 values of -14.39, -14.15, -13.74
dB respectively. The observed peak gain value of simulated
and measured structure is 6.734 and 6.635 dB at the frequency
8.2 GHz and 7.9 GHz respectively. The defective ground made
by etching off the smaller slit S3 contributes in enhancing
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impedance bandwidth but results in a short fall of gain at 4.8
GHz. The MI-OMSA structure provides VSWR < 2. The low
variations in group delay from 0.2 ns - 0.8 ns for 100 mm
distance are observed ensuring almost constant group delay
over the UWB spectrum. The simulated results for group delay
are shown in fig 14. The radiation pattern, electric field
distribution and current distribution are depicted in fig. 15, 16
and 17 respectively. The antenna structures offer radiation
pattern of omnidirectional and hence are most fit for use in
UWB applications. The deteriorated radiation patterns are
observed at higher frequencies due to higher magnitudes
observed at higher order modes and unalike phase distribution
of electrical fields on the slot. The radiation pattern can be
improved by increasing the slot dimensions.
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FIGURE. 15: Radiation pattern of Modified Octagonal MSA
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FIGURE. 16: Electric field Distribution of Modified Octagonal MSA
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FIGURE. 17: Current Distribution of Modified Octagonal MSA

The MI-OMSA antenna structure is fabricated by using double N9916A. The optimized results from the simulator and
sided copper flame retardant epoxy glass composite dielectric measured results from VNA of return loss and gain variations
substrate. The substrate material used is of 1.6 mm thick, & of for both the structure are shown in fig. 19 and 20 respectively.
4.4 and tan 6 of 0.02. The fabricated antenna prototype of MI- An ultra-wideband performance is achieved as antenna
OMSA is presented in fig. 18. The structure is tested and resonates at different frequencies.

results are validated by using vector network analyzer model
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FIGURE. 18: Fabricated Modified Octagonal MSA (MI-OMSA) Structure
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FIGURE. 19: Return Loss of S-OMSA and MI-OMSA
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FIGURE. 20: Gain variations of MI-OMSA

. UWB APPLICATION: BREAST TUMOR DETECTION

The proposed octagonal microstrip antenna structure is used
for UWB application; detection of the tumor presence in the
breast. The entire system model is comprised of MI-OMSA
antenna structure and breast phantom. Here, the breast
phantom of diameter 45 mm is modelled by using HFSS
software. The model is of heterogeneous type consisting four
layers of the breast namely, skin, fat, fibro glandular and
tumor. Figure 21 and 22 depicts the layered structure of the
heterogeneous breast phantom, which is the most realistic
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form. The fatty and glandular layers comprise approximately
50% of the thickness, whereas the skin layer is pretty thin. The
skin layer of 2 mm thick, the fatty layer of 18 mm thick, the
glandular layer of 25 mm thick, and a 5 mm tumor has been
embedded in the gland layer. Through these layers of the
breast, the radiation from the antenna sensor will enter and
interact with the breast tissues. Since breast tissues appear to
be a lossy dispersive material for microwave propagation, the
dispersive effect must be taken into account in order to deal
with the actual electrical characteristics of the breast tissues.
These biological components provide a signal as a result of
microwave properties like as absorption, transmission, and
reflections. The figure 23 demonstrates the reflection
characteristics of the entire system model. When compared to
a breast phantom without a tumor, the one with the tumor layer
showed a significant change in reflection characteristics
because the malignant tissues absorbed more radiation.

e

.

Tumor

Gland Layer

<«—— Fat Layer
«— Skin Layer

MI-OMSA
Antenna Sensor

FIGURE. 21: MI-OMSA with Breast Phantom Model

Antenna_Center

FIGURE. 22: Side view of MI-OMSA with Breast Phantom Model

— MIOMSA
— Without Tumor
0 — With Tumor

-10.00
Return Loss [dB]

Frequency [GHz]
FIGURE. 23: Reflection Characteristics of MI-OMSA with Breast Phantom for
Tumor of size 5 mm
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IV. COMPARISION WITH LITERATURE

The proposed modified integrated octagonal microstrip
antenna (MI-OMSA) is designed to operate in ultra-wide band
frequency spectrum and will be used to analyze the dielectric
properties of the different layers of the breast phantom. Hence

TABLE IIl. Comparison of invented UWB antennas with proposed antenna.

the antenna structure is compared with the UWB antennas
used for the application of breast tumor detection in the
literature with respect to antenna size, dielectric properties,

operating frequency spectrum and gain.

Antenna Dielectric Properties .
Ref. No Antenna Configuration Size Substrate Thick Band Gain
- No. e ickness
(mm x mm) Used Permittivity (o) (GHz) (dB)
[4] Hexagonal Monopole antenna with asymmetrical
U-slot for UWB applications 30 x 30 RT5880 2.2 1.57 4-14 22-3.6
[5] MS-fed Circular radiator with open T-slot in
ground plane for portable UWB applications 30 x35 FR4 44 0.8 2.5-12.5 4.1
[8] Proximity feed, open ring slot circular patch with
n-shaped slot in feedline with two band 20 x 25 FR4 47 15 2717 45
rejections.
[9] Octagonal MSA with circular slot by tapered
strip line fed and elliptic geometry slot at ground 70 x 60 ‘Arlon 22 0.762 25.18 38
with reduced RCS for UWB applications. Diclad 880 ’ ' ’ '
[10] MS fed dodecagon shaped monopole antenna
operating in UWB for breast cancer detection. 40 x 38 FR4 44 1.6 3-17 5
[11] Square monopole antenna with two rectangular
ring self-complementary structure to enhance the 14 x 22 FR4 4.4 0.8 3.04-11.43 3.5
bandwidth for microwave imaging applications. ' ' ' '
[13] Offset MS fed square ring shape UWB antenna
with s!otted partial ground for breast tumor 20 x 35 FR4 44 16 2913 52
detection.
[14] I-shaped rectangular MSA with two rectangular
parasitic elements for imaging systems to detect 40 x30 FR4 44 3 4.9-7.89 245
breast cancer.
[15] Planar rectangular slotted radiator with tapered
slot ground for microwave imaging-based breast 21.44 % FRA4 44 Not 3.49-12 576
tumor detection 23.53 ’ Reported ' '
[16] Rectangular UWB antenna for breast microwave
radar-based imaging to detect tumor. 20.5 % 10.6 FR4 4.7 1.6 3-18 441
[17] Four element elliptical shaped MIMO antenna by Rogers
with stubs on either side of ground to provide 715 % 16 RT/Duroid 24 0.254 32.14 56
high isolation for breast cancer detection. 5880
[18] Octagonal ring shaped UWB antenna with
parasitic resonator for microwave imaging 24 % 29 FR4 43 15 28.115 58
applications
[19] MS fed modified rectangular MSA with circular
resonator base antenna for breast cancer 20 % 30 FR4 44 16 31-6.8 48
detection.
[20] Planar circular slotted radiator with rectangular
fiefec‘ted ground structure for microwave breast 18 x 28 FR4 43 16 3.4-10 3.95
imaging.
[21] CPW fed elliptical shaped MSA with two
inverted U-slots for on-body application. 30x24 FR4 44 1.5 3-10.7 -1.98
[22] Inverted L-shaped monopole antenna with semi- 2.1-2.485
circula‘r section and parasitic element for tri-band 32 x 21 FR4 4.4 16 5.05-5.67 38
operation. 8.4-9
PA Integrated octagonal radiator with rectangular
MI- slot and slit in ground plane for UWB 37 x 40 FR4 4.4 1.59 242-11.72 6.7

OMSA) application.
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V. CONCLUSION

An integrated-octagonal radiating patch configuration for gain
enhancement is presented. The proposed antenna structure is
optimized by using high-frequency structure simulator 2022
R2 software, developed on double sided copper FR4 epoxy
glass substrate and tested using vector network analyzer model
N9916A. The gain enhancement is obtained by integrated
patch configuration. The modified integrated prototype is
fabricated on double sided copper flame retardant 4 epoxy
glass substrate of size 37 mm x 40 mm and tested using vector
network analyzer. The MI-OMSA provides bandwidth of 9.31
GHz from 2.42 - 11.72 GHz. The peak gain observed at
frequency 8.2 GHz is 6.7 dB. The constant group delay less
than 0.8 ns is observed over the operating spectrum. The
designed MI-OMSA offers quad tuned ultra-wideband
behavior as it resonates at 3.45, 6.675, 8.2 and 10.2 GHz
frequencies below -10 dB of reflection coefficient values. The
multiple resonance frequencies are useful in deeper
penetration of an object. The proposed antenna is simulated
with breast phantom of 45 mm diameter, providing multiple
resonance. The developed antenna structures provide higher
bandwidth and sufficient gain making better fit to analyze
dielectric properties of different layers of the breast. Hence
developed antenna structures are most suitable for breast
tumor detection.
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