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This paper reports the design and analysis of a semielliptical patch antenna modified by cutting semicircular ring slot in patch
geometry and obtained results are discussed.The reported antenna is designed on amultilayered substratematerial having two glass
epoxy FR-4 substrates separated by a thin foam substrate having thickness 1.0mm. The size of ground plane is 75mm × 75mm,
whereas the patch dimension along major and minor axes is 23.0mm and 14.0mm, respectively. The two modes corresponding
to resonance frequencies 3.39GHz and 3.73GHz are excited to provide wide impedance bandwidth 21.1% with respect to central
frequency with stable radiation patterns. The antenna shows circular polarization with axial ratio bandwidth 5.5% and minimum
axial ratio value 1.65 dBi. The radiation patterns of proposed antenna are normal to the surface of patch and are almost identical in
shape as required for practical applications. The proposed antenna covers entire median band of WiMax communication systems
ranges from 3.40GHz to 3.6GHz.

1. Introduction

Conventional microstrip antennas in general have a conduct-
ing regular shaped patch printed on a grounded microwave
substrate and have the attractive features like low pro-
file, light weight, easy fabrication, and low cost on mass
production. However, microstrip antennas inherently have
narrow bandwidth, low gain, and normally operate at a single
frequency corresponding to their dominant mode [1, 2].
For practical applications of these antennas, bandwidth and
gain enhancement are usually demanded. With increasing
demand of antennas for modern wireless communication
systems, compact broadbandplanar antennas covering awide
frequency range are desired. Among the conventional patch
geometries, microstrip antennas with rectangular, circular,
or triangular shapes are extensively analyzed [2]. However
patch shapes like elliptical patch are rarely touched upon
by researchers perhaps due to the involvement of difficult
mathematical modeling and involved boundary conditions
during their analysis.Themain advantage of elliptical patch is
that circular polarizationmay be achievedmore easily than in

rectangular or circular patches. Looking at this benefit, sev-
eral workers have analyzed regular elliptical patches but their
realized impedance bandwidth was narrow [3–5]. Microstrip
patches were recentlymodified to improve their performance
either by inserting appropriate slot [6–8] or by increasing
substrate thickness [9] or by using low permittivity substrate
material [10] or by parasitic patches [11].

The wireless communication in India in general is
limited to lower band (2.50 GHz to 2.69 GHz) and median
band (3.40GHz to 3.69 GHz) for WiMAX communication
and hence the present work is targeted looking median
band requirements. The dimensions of designed antennas
are selected by considering this requirement. Considering
frequency requirements, reverse calculations for conven-
tional elliptical patch are performed to obtain the length
of semimajor axis of patch (a) for the dominant mode of
excitation [12, 13]. Next by retaining same semimajor axis
length we have converted conventional elliptical patch into a
semielliptical patch antenna as overall size of later will be only
half in comparison to that of conventional elliptical patch
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Figure 1: (a) Fabricated semielliptical patch antenna. (b) Side view of semielliptical patch antenna structure with feed arrangement.
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Figure 2: Simulated and measured reflection coefficients for single
layered semielliptical patch antenna.
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Figure 3: Simulated elevation pattern for single layer semielliptical
patch antenna.

geometry. If the realized performance of proposed semiel-
liptical patch antenna is at par with that of a conventional
elliptical patch antenna, a semielliptical patch antenna may
prove to be a useful structure for modern wireless commu-
nication systems and in radar applications. Later considered
semielliptical patch antenna is modified in steps to obtain its
improved performance. The prepared antenna is circularly
polarized in nature, provides broadband performance, and
operates efficiently to cover entire median band (3.40 GHz
to 3.69 GHz) allocated for WiMAX communication systems.

2. Antenna Design, Analysis, and Results

2.1. Single Layer Semielliptical Microstrip Antenna. The work
started with an elliptical patch antenna for application in
median band of WiMAX communication system. Consider-
ing frequency requirements, substrate permittivity, the patch
dimensions are selected following [12, 13].This elliptical patch
antennawith ground plane size 75mm× 75mm is considered
on glass epoxy FR-4 substrate having relative permittivity
𝜀
𝑟
= 4.4, thickness h = 1.59mm, and loss tangent tan 𝛿 =
0.025. This semielliptical patch has semimajor axis “a” =
23.0mm and semiminor axis “b” = 14.0mm and is simulated
by usingmethod ofmoments based IE3D simulation software
[14]. Inset feed arrangement using SMA connector is applied
for feeding this antenna. The simulation of this geometry
indicates that this antenna resonates at frequency 3.40GHz
with impedance bandwidth 80MHz. Looking at narrow
impedance bandwidth and size requirements, this antenna
was converted into semielliptical patch with same “a” and
“b” values and inset feed arrangement is selected for feed
purpose as shown in Figure 1(b). The fabricated antenna
for experimentation is shown in Figure 1(a). The simulated
and measured variations of reflection coefficient (𝑆

11
) of

semielliptical patch antenna as a function of frequency are
shown in Figure 2, which indicates that antenna is resonating
at two closely spaced frequencies 2.86GHz and 3.18GHzwith
impedance bandwidths close to 75MHz and 90MHz, respec-
tively. The measured resonant frequencies of this antenna
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Figure 4: (a) Current distribution on patch at frequency 2.86GHz. (b) Current distribution on patch at frequency 3.18GHz.
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Figure 5: Top view of semielliptical patch antenna structure with
semicircular ring slot.

are 2.88GHz and 3.24GHz, respectively, with impedance
bandwidths close to 70MHz and 100MHz, respectively.

The simulated and measured impedance bandwidths of
this antenna are very narrow (of order of 2-3%) with respect
to central frequencies corresponding to two modes. The
antenna gain values at two resonance frequencies are 1.38 dBi
and 2.15 dBi, respectively, and antenna presents low radiation
efficiency. The input impedance and axial ratio variations
with frequency indicate that antenna in its present form
is linearly polarized in nature. The simulated 𝐸 and 𝐻
plane radiation patterns of antenna drawn at two resonance
frequencies are shown in Figure 3, which indicates that the
patch antenna produces a cardioid pattern along the bore
sight. The 3 dB beamwidths in 𝐸 and 𝐻 plane are 160∘ and
90∘, respectively; hence 𝐻-plane patterns are more directive
than 𝐸-plane patterns.

The current distribution on patch geometry at the two
resonance frequencies is shown in Figures 4(a) and 4(b). At
lower frequency (2.86GHz), the current density maximum
near straight edge while at higher frequency (3.18 GHz)
current density is higher close to curved periphery of the
patch geometry and is sufficiently higher in the intermediate
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Figure 6: Simulated andmeasured variation of reflection coefficient
with frequency for single layer semielliptical patch antenna with
semicircular ring slot.

region. On cutting a slot of appropriate dimensions at an
appropriate location in this region, the patch current will
get sufficiently disturbed and, hence, there is a possibility
of improvement in the performance of antenna geometry.
These results indicate that impedance bandwidth and gain
of antenna of proposed semielliptical patch antenna are quite
low; hence, this antenna in its present form is not suitable for
practical applications.

2.2. Semielliptical Patch Microstrip Antenna with Semicircular
Ring Slot. Looking at practical limitation of semielliptical
patch and current distribution on patch geometry, this patch
radiator is modified by cutting a semicircular ring slot in the
patch geometry as shown in Figure 5. Extensive optimizations
in inner and outer radii as well as in location of center of
semicircular ring slot have been done to achieve improved
performance of antenna. The center of finally considered
semicircular ring slot is located at 0, 11.5mm with respect
to center of the semielliptical patch while inner and outer
radii of applied semicircular ring slot are 5.1mm and 6.1mm,
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Figure 7: (a) Side view ofmodifiedmultilayered semielliptical patch antennawith an air gap. (b) Side view of designedmodified semielliptical
patch antenna with an air gap.

2 2.5 3 3.5 4 4.5

Simulated
Measured

−40

−35

−50

−45

−30

−25

−20

−15

−10

−5

0

Frequency (GHz)

Re
fle

ct
io

n 
co

effi
ci

en
t (

dB
)

Figure 8: Simulated and measured reflection coefficient for pro-
posed antenna.
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Figure 9: Simulated variation of total field gain with frequency for
proposed antenna.

respectively. The inset feed point is located at 7.2mm and
6.2mm with respect to center of the semielliptical patch.

On comparing Figures 2 and 6, we can realize that on
introducing semicircular ring in semielliptical patch, the
first resonance frequency shifts towards lower frequency side
with marginal improvement in impedance bandwidth while
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Figure 10: Measured input impedance for modified semielliptical
microstrip patch antenna.
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Figure 11: Simulated axial ratio with frequency for modified
semielliptical patch antenna.
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Figure 12: (a) Current distribution on patch at frequency 3.33GHz. (b) Current distribution on patch at frequency 3.78GHz.
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Figure 13: Elevation radiation pattern for proposed antenna with
annular slot having air gap.

the second resonance frequency remains almost unchanged
though marginal improvement in impedance bandwidth is
realized. The measured resonance frequencies are 2.59GHz
and 3.17 GHz with impedance bandwidths 80MHz and
110MHz, respectively. Antenna in its present form is still
linearly polarized in nature and simulated gain is still low
at the two resonance frequencies (1.8 dBi and 2.4 dBi, resp.).
The simulated patterns have cardioid shape and direction
of maximum radiations is normal to patch geometry. The
performance of this antenna is still not suitable for practical
application and, hence, this antenna is further modified by
applying multilayered substrates between conducting patch
and ground plane.

2.3. Multilayered Semielliptical Patch Antenna Having Semi-
circular Ring Slot. With the geometry considered in the
previous section, achieved impedance bandwidth and gain
values of antenna are still low; therefore this antenna is
further modified by introducing three layers of substrate
material between conducting patch and ground plane. The
two glass epoxy FR4 substrates layers separated by thin

foam layer (1.0mm thickness) are put one over the other
to enhance antenna performance. The overall thickness of
antenna geometry is less than 4.2mm. All the three layers
have overall size 75mm × 75mm. No patch is drawn on
upper side of lower glass epoxy FR4 substrate while ground
plane is not retained on upper glass epoxy FR4 substrate.The
side view of proposed antenna is shown in Figure 7(a) while
fabricated antenna is shown in Figure 7(b). With the present
arrangement, the effective permittivity and loss tangent of
the substrate material are reduced considerably which in
turn lowered the quality factor and enhanced the impedance
bandwidth of proposed antenna.

The simulated and measured variations of reflection
coefficient with frequency for proposed structure are shown
in Figure 8. This indicates that antenna is now resonating at
frequencies 3.34GHz and 3.79GHz.The reflection coefficient
curves for the two excited modes are so close to each other
that they partially overlap with each other to give large
impedance bandwidth.The simulated impedance bandwidth
of this modified antenna has approached almost 22.8%
with respect to central frequency 3.64GHz, whereas the
measured impedance bandwidth is 21.1% with respect to
central frequency 3.58GHz, which are in close agreement.
The proposed antenna covers entire median band 3.40 to
3.69GHz allocated forWiMAX communication systems.The
variation of simulated gain of proposed antenna as a function
of frequency is shown in Figure 9, which indicates that gain
of antenna in the frequency region of interest is improved
considerably. The maximum gain value is 4.6 dBi, which is
more than twice in comparison with the gain value attained
with single layered structure.

In order to obtain circularly polarized (CP) radiations,
it is necessary to excite two orthogonal modes with equal
amplitude and in phase quadrature. This can be accom-
plished by slightly perturbing a patch at appropriate locations
with respect to the feed. With proposed modifications, the
presence of a small loop in the measured input impedance
curve of antenna geometry is realized as shown in Figure 10,
which indicates the possible presence of circular polarization.
This result was confirmed by evaluating the axial ratio of
antenna as a function of frequency. Figure 11 shows the
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Figure 14: (a)Measured co- and cross-polar patterns at frequency 3.39GHz. (b)Measured co- and cross-polar patterns at frequency 3.73GHz.

variation of axial ratio with frequency which depicts that
the minimum axial ratio is close to 1.65 dB with respect to
frequency 3.42GHz, while 3 dB axial ratio bandwidth is close
to 5.5%. The minimum axial ratio suggests the requirement
of improvement in patch geometry, as for pure circular
polarization; the minimum value of axial ratio must be unity.

The current distribution on patch geometry at the two
resonance frequencies is shown in Figures 12(a) and 12(b).
For both the resonance frequencies, the maximum current
density is close to inserted slot. The simulated co- and cross-
polar patterns of proposed antenna at both the resonance fre-
quencies are shown in Figure 13. These patterns suggest that
in each case, shape of radiation patterns and the direction of
maximum radiations in the entire band are almost identical.
At frequency 3.33GHz, the cross-polar radiation pattern is
nearly 5 dB down in comparison to copolar pattern, while
at frequency 3.78GHz, the cross-polar radiation pattern is
nearly 7 dB down in comparison to copolar pattern. The
measured co- and cross-polar radiation patterns of proposed
antenna at measured frequency 3.39GHz and 3.73GHz are
shown in Figures 14(a) and 14(b). At both the frequencies,
the direction of maximum radiations is normal to the patch
geometry and the copolar patterns are several dB higher than
the cross-polar patterns. The patterns in the present case
are more directive than those realized in the previous two
cases. The efficiency of antenna also increased considerably
as effective loss tangent of substrate material is reduced sub-
stantially with insertion of foam substrate between two glass
epoxy substrate layers.The radiation efficiency of antenna has
approached almost 49%; it was close to 37% in the first case.

3. Conclusions

This paper presents the radiation performance of a modified
multilayered semielliptical patch antenna with semicircular
ring slot. With proposed modifications, a broad impedance
bandwidth of order of 21.1% is achieved which is nearly

ten times higher than that of a conventional semiellipti-
cal patch antenna. The gain of antenna is also improved
considerably and is more than twice that obtained for a
conventional semielliptical patch antenna. The measured
and simulated results are in good agreement. Limitations
of applied simulation software, fabrication tolerances of
antenna, and possibility of misalignment of upper and lower
layer patches during fabrication of prototype antenna for
experimentation might be responsible for slight difference in
simulated and measured impedance bandwidth values. The
proposed antenna covers the entire median band of WiMAX
systems as per IEEE 802.16 standards.Themeasured radiation
patterns in the entire frequency range of interest are identical
in shape and direction of maximum intensity is normal
to patch geometry. Though the overall thickness of patch
antenna is increased marginally, significant improvement
in impedance bandwidth and gain and radiation efficiency
of antenna suggests that the proposed antenna may be a
useful structure formedian band ofWiMAX communication
systems. Through scale modeling, this antenna may be made
compact without much variation in its performance.
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