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Abstract— In this paper a wideband grounded co-
planar waveguide-based patch antenna is designed.
The proposed antenna is integrated with a slotted
inverted delta-shaped main radiating patch, and co-
planar waveguide elements and bottom of antenna
partial ground with slots. The dimensions of antenna
are 50x44x1.52mm3. The designed antenna
simulated and validated simulation results over a
frequency range of 1.5-2.5GHZ.

I INTRODUCTION

Due to developments in the wireless communications,
there is a need to develop small scale antennas for
transmitting and receiving data. The main
disadvantages of CT scanning and X-ray imaging are
dangerous radiation, relatively maximum false-
negative percentage, lower susceptibility, growing
cancerous hazard because of short dose [1], and
ionizing radioactivity [2]. The utilisation of electronic
devices increased day by day as per moors law.
Refraction can produce challenges for medical
imaging where some structures appear to be duplicated
[5]. The small antennas can be used not only in
wireless applications it can also be used in bio medical
applications. The main aims of head imaging are to
detect the presence and location of damaged brain
tissues that are caused by different medical
conditions or injuries, such as ischemic or
haemorrhagic brain strokes [7]. This technology is
compact and relatively cheap in comparison with
conventional medical imaging techniques such as
magnetic resonance imaging but recently the research
has been extended to bone imaging and stroke
detection in human head as well [9]. The proposed
antenna can support for wireless technologies like
phone, Bluetooth, Wi-Fi, ZigBee /IEEE 802.15.4
wireless data networks, RF peripherals, Audio-visual
(AV) devices, Radio control. Although some existing
imaging technologies, like CT and MRI, are capable
of ICH diagnosis, they are time consuming, expensive,
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bulky and stationary [10]. In present day to treat the
cancer we have different technologies like computed
tomography  (CT), PET (Positron emission
tomography), Magnetic Resonance imaging (MRI),
Ultrasound, X-ray imaging. These technologies are
showing adverse effects on human body to treat the
cancer and these technologies are more expensive and
unhealthier, we proposed a microstrip slot antenna-
based system for identification of tumour in head with
the help of CST microwave studio.

1. ANTENNA DESIGN METHODOLOGY
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Figl: Antenna stage-wise front and back-view

Stage 1:

In the first stage, consider the substrate of FR4 with
the parameters 50x44x1.52mm? by using CST
software. Consider the ground under the substrate with
the parameters as the substrate. Consider the main
radiating patch over the substrate with parameters
according to the geometrical model. Add the feed line
to the main radiating patch. The material of patch and
the ground is of copper.

Stage 2:
Take the partial ground from the full ground by cutting

out the unwanted part of the ground.

Stage 3:
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Now insert the semi-circle slot on the top of the main
radiating patch according to the diameter given in the
geo-metric table. Add the co-planar waveguide
elements on either side of the feed line. Also consider
the rectangular slot on the partial ground.

Stage 4:

In the final stage insert the elliptical shape and
inverted-T shape slots on the ground and simulate the
antenna by applying the field monitors. Observe the
simulated results.

I1l. GEOMETRIC MODEL OF THE PROPOSED
SYSTEM
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Fig 2: Geometric model of the proposed system: (a)
Front view (b) Rear view
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Figure 2 illustrates the geometrical construction with (e,,+ 0:30) (WTl + 0.26)
parameters notification of the antenna. The fabricated Al=0.415X%h
prototype is depicted in Figure 3.

(ee,,- 0.258) (%= + 0.813)

IV.  FABRICATED PHOTOGRAPH OF THE L=
PROPOSED ANTENNA 3fer
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Where as

&, is the dielectric constant of the substrate

h is the thickness of the substrate = 1.524 mm

frower 1S the lowest operating frequency of the antenna
w; is the width of the patch

[, is the length of the side edge

c denotes the speed of light in open space

f» is the resonance frequency

Al is the normalized extension of the length of the
patch

is the effective dielectric constant of the substrate

%

TABLE 1: All parameters of the proposed prototype

Parameters | Size(mm) | Parameters | Size(mm)
w 44 ds 3
L 50 d; 7
a 25 D 4
b 18.03 D: 8
c 15 Ds 8
1 33.77 h: 3
W1 34 T1 6
Wa 3 T2 2
(b) I 15 Ts 2
Fig 3: Fabricated photograph of the proposed antenna I 4 T4 15
(a)Front view (b) Rear view d 15 Ts 5
15
V. DESIGN EQUATIONS OF THE PROPOSED
ANTENNA In Table 1, 23 parameters are presented that are used
to clarify the comprehensive prototype structure.
2c Overall, the antenna's width and length are represented
Wy, = ——— by W and L. The value of the parameters W and L are
3}?@ 44 mm and 50 mm respectively. The width of the top

edge (patch width) and the length of the side edges of
the slotted inverted delta-shaped radiating patch are
represented by wi and l1. The value of the parameters
wy and |y are 34 mm and 33.77 mm respectively. One

1
_ etD) | (&1 n]2
epp =73 + 2 [1 +10 w1]
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half circle-shaped slot has been cut away at the central
location of the top edge of the patch. Its diameter is
denoted by D5 and value is considered as 8 mm. This
shape changes the current movement on the top edge
of the patch for increasing the radiation directivity.
The width and length of the feed line are represented
by w2 and I2. The value of the parameters w, and I,
are 3 mm and 15 mm respectively. The feed line is
electrically coupled with coplanar waveguide
elements and the slotted bottom ground plane to
enhance the matching of the input impedance of the
antenna. After that, two coplanar waveguide elements
are positioned alongside the feedline to increase the
reflection coefficient under -10 dB, gain, as well as
impedance matching. The arms of the two coplanar
waveguide elements are denoted by a, b, ¢ and d; and
the values of the arms are considered as 25 mm, 18.03
mm, 15 mm, and 15 mm respectively. These values
have an important impact on the Si;1 (refection
coefficient) and the gain of the prototype. The width
and length of the rectangular-shaped slot are
represented by I; and hy; as well as the value of the
parameters I3 and hy is 4 mm and 3 mm respectively.
This shape slot has been cut away at the top-central
location on the partial ground plane for decreasing the
lower frequency, increase the refection coefficient
under -10 dB, and enhance the gain of the prototype.
Also, this changes the current movement path,
inductance, and capacitance of the ground plane which
are also helped to enhance the radiation directivity. A
partial ground has been designed on the rear side of the
substrate material. The length and width of the ground
are represented by h and W. The considered value of
the parameters h and W is 15 mm and 44 mm
respectively. One elliptical-shaped slot and two
inverted-T shaped slots have been cut out on the
ground for a momentous effect on the radiation
directivity, reflection coefficient, gain, and efficiency
of the antenna. However, the distance di between
elliptical-shaped slot and inverted-T shaped slots is 7
mm and the distance d» between the middle
rectangular-shaped slot and the middle elliptical slot is
3 mm. These distances have an important effect on the
reflection coefficient and directivity of the radiation of
the antenna. It is investigated that, if the distance
values of d1 and d2 are gradually changed, then
radiation directivity is changed due to improperly
distributed of surface current on the ground. On the
other hand, the y-diameter and x-diameter of the
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elliptical-shaped slot are represented by D; and Dy, as
well as their considered values are 4 mm and 8 mm
respectively. The dimensions of the inverted-T shaped
slotsare T1, T2 T3 Tsand Tsare 6mm, 2 mm, 2mm,
1.5mm and 5mm respectively. These slots also helped
to increase the S11 (reflection coefficient) below -10
dB, increase the gain, and increase the radiation
directivity of the antenna owing to these shapes able to
regulate the electromagnetic coupling influence
among the patch, coplanar waveguide elements, and
the partial bottom ground. As a result, improve the
overall operating frequency band (1.70 GHz to 3.71
GHz) and other features of the proposed antenna

prototype.

VI.  RESULTS AND DISCUSSION

Performance of the proposed antenna is first verified
via computer simulations. Next, the antenna is
manufactured and tested to confirm its simulated
performance. The software results observed in
computer by simulation are S;i parameters, VSWR
readings, Surface currents distribution and Gain of the
antenna.

Software results:

I. S11 parameters:

S11 Means return loss it represents how much power is
reflected from the antenna, and hence it is also called
as the reflection coefficient.

S-Parameters [Magniude in dB)

.5 3 35 4
Frequency [ GHz

1.5 2 25

Fig 4: S11 parameters (reflection coefficient) of the
proposed antenna

Our proposed antenna resonated between the
frequency range of 1.7-3.71 GHz. We got dual band in
frequency range 1.7-2.4 GHz and 3.1-3.71 GHz. In the
first frequency band the antenna maximum resonated
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at 2GHz and in the second band maximum resonance
at 3.4GHz frequency. So, we have to consider the
simulation results at the frequency 2 GHz and 3.4GHz.

I1. VSWR measurements:

Voltage Standing Wave Ratio is a measure of how
efficiently radio power is transmitted from a power
source through a transmission line.

Voltage Standng Wave Ratio (VSWR)

—— VSWRI

Frequency / GHz

Fig 5: VSWR of the proposed antenna

The VSWR measurements of proposed antenna must
be below the 2 for the better performance.

I11. E-fields:

Electromagnetic waves are made up of electric fields
coefficient called the E-field. An electric field is the
physical field that surrounds electrically charged
particles and exerts force on all other charged particles
in the field, either attracting or repelling them. It also
refers to the physical field for a system of charged
particles.
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Fig 6: E-fields (a) at 2GHz and (b) at 3.4GHz

According to the resonated frequency we have to
consider the E-fields. At maximum resonance
frequency 2GHz and second band resonated frequency
3.4GHz the values are considered above in the scale.

IV. H-fields:
Electromagnetic waves are made up of electrical fields
and magnetic fields and also called as H-field.

e =
h-field (f=2) [1] e P )~>
Frequency 2 GHz —— S
Phase 0* S —
Maxenum 834755 A/m
Alm
s:iﬂ
S8
v x-
=
h-fleld (f=3.4) (1) ¥
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o |
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Fig 7: H-fields (a) at 2GHz and (b) at 3.4GHz

According to the resonated frequency we have to
consider the H-fields. At maximum resonance
frequency 2GHz and second band resonated frequency
3.4GHz the values are considered above in the scale.

VII.  SURFACE CURRENT DISTRIBUTION

Surface current is a current flowing in a plane, and has
units of charge per unit time per unit length (measured
in the direction in the same plane but perpendicular to
the flow direction). The below figures give the values
of distribution of surface currents at 2GHz frequency
and 3.4 GHz frequency. Figure a represents the surface
current distribution at 2GHz frequency and figure b
represents the surface current distribution at 3.4GHz
frequency.

scenusassn b o
ouSLERBRALEBYE b §

surface current (=2) (1] &
Frequency  2GH:

Phase 0*

Maximum 615703 A/m

(@)

sruususss 53

I

surtace current (1=3.4) 11] &
Frequancy 34 Ghe

Phoe O
Maimum 36503 A/m

(b)
Fig 8: Surface current distribution (a) at 2GHz and
(b) at 3.4GHz
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VIIl. DIRECTIVITY OF THE PROPOSED
ANTENNA

Directivity is a parameter of an antenna or optical
system which measures the degree to which the
radiation emitted is concentrated in a single direction.
It is the ratio of the radiation intensity in a given
direction from the antenna to the radiation intensity
averaged over all directions.

(@)

Figure 9 represents the directivity of the proposed
antenna in polar and 3D pattern at 2GHz frequency.
The directivity of the antenna is shown in the above
figure and the directivity at 2GHz is 2.364dBi.

Farfield Drectvity Abs (Theta=90)

0 — farficld (f=2) [1]
W) Betgan 330
s e Py

Frequency = 2 Gliz

e
| __—"210 Man lobe magntude =  2.12 dBi
180 Man lobe drection = 30,0 ceg.
Angular wdth (3 dB) = 150.1 deg.
Phi / Degree vs. dBi Sile lobe kevel = -5.3 dB

Fig 9: Directivity of the antenna at 2GHz (a) 3D and
(b) 2D
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Farfield Drectivity Abs (Theta=90)

0

farfield (f=3.4) [1)

300

240

Frequency = 3.4 GHz

Man bbe magntude =  1.14 dBi
180 Man lbbe drection = 311.0 deg.
Angular wadth (3 dB) = 188.9 deg.
Side lobe level = -2.3 dB

Phi / Degree vs. dBi

(b)
Fig 10: Directivity of the antenna at 3.4GHz (a) 3D
and (b) 2D

Figure 10 represents the directivity of the proposed
antenna in polar and 3D pattern at 3.4GHz frequency.
The directivity of the antenna is shown in the above
figure and the directivity at 3.4GHz is 2.127dBi.

Hardware results:
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Fig 11: Network Analyzer for the proposed Antenna

A network analyser is an instrument that measures
the network parameters of electrical networks. Today,
network analysers commonly measure  S—
parameters because reflection and transmission of
electrical networks are easy to measure at high
frequencies, but there are other network parameter sets
such as y-parameters, z-parameters, and h-parameters.
Network analysers are often used to characterize two-
port networks such as amplifiers and filters, but they
can be used on networks with an arbitrary number
of ports.

IX.  APPLICATION OF THE PROPOSED
ANTENNA IN THE HEAD IMAGING

A human head consists of six tissue layers such as
skin, fat, bone or skull, CSF (cerebral spinal fluid),
grey matter, and white matter. The brain of the head is
combined by both grey and white matter. This
simulation is performed in three dimensional (3D)
CST 2019 software. The hemisphere model with the
general structure of the head is illustrated. The antenna
is placed 15 mm away from the skin layer of the
hemisphere head model
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view

Fig 13:Proposed antenna arrays simulation with head
phantom Model with 12 antenna arrays set up top

TABLE 2: Different tissues of the Hugo head model

Name of the Tissues Thickness (mm)
Skin 0.5-1.5
Fat 1
Skull 3-11
CSF 0.5
Gray matter 7
White matter Internal part

Above table represents the six layers of the Hugo head
model and the thickness of the layers in mm. The
thickness of the Skin is from 0.5-1.5, and the thickness
of the Fat is 1, and the thickness of the Skull is from
3-11, and the thickness of the CSF is 0.5, and the
thickness of the Gray matter is 7, and the thickness of
the White matter is Internal part.

The proposed antenna can also be used for the
detection of tumor in the human body. The array of
antennas arranged around the part of the body which
was affected with the tumor. Proposed antenna is not
only for the wireless communication but also for the
bio-medical  applications.  This  Bio-medical
application can also be implemented by using 3-D
CST Studio software and can simulate to observe the
results.

CONCLUSION

The proposed antenna is showing good band width and
it is operating in the band 1.7-2.4 GHz and 3.1-3.71
GHz and observed the antenna parameters like S11,
VSWR, Directivity, Far Fields, E-plane, H-plane,
Surface currents etc... This antenna is also proposed
for bio medical applications like head imaging. The
simulated and fabricated measured results are similar
in the design and the proposed antenna is good
candidate for wireless applications.
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