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As wireless communication progresses towards wireless communication applications, antennas operat-
ing at Sub-6 GHz frequencies must be employed. This is necessary to meet the increasing demand for low
latency connectivity and rapid data transmission. However, the inability of traditional antenna designs to
provide the necessary bandwidth, gain, and efficiency at these high frequencies limits their suitability for
use with 5G technology. Among the various shaped MPAs, EMPA has become a unique and important cat-
egory due to its compact size, wide frequency range with a single feed. The design of EMPA is more flexible
than that of antennas with circular or rectangular geometries, making it a promising re-search topic.
EMPA occupies an area of 25.2 x 32 x 1.6 mm3 and it is designed by utilizing a FEM analysis tool called
An-soft HFSS. FR4 substrate has been utilized in the design of EMPA which has the dielectric properties
like & of 4.4 and tan & of 0.02. EMPA resonates at 3.3 GHz and it offers reflection coefficient of — 18.6 dB.
Bandwidth of 0.7 GHz (2.9 GHz-3.6 GHz) and VSWR of 1.26 has been observed for EMPA. Omni direction-
al and bidirectional radiation pattern has been observed at 3.3 GHz for different values of 8 and @. These
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results make the EMPA suitable for Wi-Max applications.
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1. INTRODUCTION

Dual resonant frequencies and circular polarization
are necessary for numerous real-time applications,
including radar, systems for navigation, communica-
tion, and telephony. Circular polarization for wireless
applications is accomplished by changing the rectangu-
lar micro-strip patch antenna's form or by using several
feeds. An EMPA is designed to obtain circular polariza-
tion of the antenna for wireless communication appli-
cations [1]. LHCP waves are produced by positive
signs, whereas RHCP waves are produced by negative
signs. Radiation properties of the antenna are defined
in terms of LHCP, RHCP and Mathieu Functions can
be produced in a restricted frequency band for EMPA
with modest eccentricity values. An elliptical patch
antenna is designed to obtain multi-band as well as
circular polarization, a theoretical investigation was
carried out [2]. The impedance bandwidth in terms of
the eccentricity, radiator's size and thickness was cal-
culated using a resonant circuit design that was de-
signed to simulate EMPA [3]. It was described how to
determine the operating frequency of the prominent
modes of EPAs in a simpler and more precise manner
[4]. When the eccentricity was high, the bandwidth of
the even mode was found to be poor. Additionally, com-
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pared to the odd mode even mode exhibited a wider
radiation pattern with less cross-polarization. A simple
approach was presented to find out the resonant fre-
quency of the MPA for wireless communication applica-
tions [5]. Additionally, it is claimed that an elliptical
construction operates in a larger frequency range than
a circular one. An extra degree of freedom was the
eccentricity value [6]. An EPA was designed and ana-
lysed by employing elliptical resonators by employing
even and odd mode analysis for wireless communica-
tion applications [7]. An elliptical-disk MPA is designed
by utilizing isotropic substrate materials [8].

An EPA is designed by employing surface wave dis-
persion for anisotropic metasurfaces for wireless commu-
nication applications [9]. An experimental study was
carried out for circular-polarized elliptical printed-circuit
antenna with the help of even and odd mode analysis [10].
Five distinct ellipses with two varying printed circuit
board thicknesses have eccentricities ranging from 1.00 to
0.96. The antenna with an eccentricity value of 0.976
generated the best circular polarization. The broad appli-
cations of EMPAs necessitate quicker design technique
development, which calls for more efforts from the scien-
tific community. Prerequisites for such an excursion in-
clude a complete understanding of contemporary methods
and approaches employed by researchers. The goal of this
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work is to critically design and analyse EMPA having an
elliptical slot at the center and how they affect antenna
performance. The research is structured as follows: sec-
tion 2 provides the crucial formulas for calculating the
resonant frequency, a crucial feature of an EMPA, and
section 3 provides a detailed description of the design
technique classifications and how they affect the anten-
na's performance metrics. Section 4 concludes the re-
search article.

2. DESIGN & ANALYSIS OF EMPA

By adding slots of various shapes to the patch, EM-
PA performance can be enhanced. Numerous studies on
RPA and CPAs have been documented in the litera-
ture. There are relatively few studies that use slots on
an elliptical patch to improve its performance. A 1.6 mm
thick elliptical patch including an elliptical slot and a
microstrip transmission line having an impedance of
50 Q was printed on the uppermost layer of FR4 sub-
strate. The bottom side of the substrate is a partial
ground plane. Fig. 1 represents the top surface and bot-
tom surface of the EMPA. Partial ground plane has been
utilized to obtain the better antenna performance. EM-
PA is designed by attaching a microstrip rectangle hav-
ing dimensions 6.1 mm x 18 mm to 6 mm radian ellipse.
After that a 4 mm radian ellipse is subtracted and then
a 2 mm radian circle is united to the existing design.
Then the same design is replicated to the right side of
the feed line. EMPA is designed and analyzed by utiliz-
ing a finite element method tool called An-soft HFSS.
EMPA occupies an area of 25.2 x 32 x 1.6 mm?3. EMPA is
designed by utilising FR4 material having 4.4 &, a tan 8
of 0.02 and a thickness of 1.6 mm. EMPA is designed by
utilising the following mathematical formulae.

C

L = e — 24 (1)
\/1+— ln(lffr)+1 7726] @
- @

Ereff = er“ Er_l [1 + ﬁ” v 4)

In the elliptical patch, 'a' stands for the radius,
which is found using Eq. (2), and 'L' for the length,
which is found using (1). In this case, the variable 'A'
stands for the material's thickness. Eq. (2) is used to
generate F. The center frequency of the substrate is
represented by f.

w W
a b
Fig. 1 - EMPA (a) Top surface (b) Bottom surface
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Table 1 — Dimensions of the EPA

Parameter Values (mm)

L 25.2

w 32

L, 18

W1 6.1

L2 10

R 6

Re 4

Rs 2

3. RESULTS AND DISCUSSION

S11 and VSWR of EMPA is shown in Fig. 2. EMPA
resonates at 3.3 GHz (2.9 GHz-3.6 GHz) and offers a
reflection coefficient of — 18.6 dB. Generally, VSWR of
any microwave component has to be in the range of 1 to
2. VSWR of the EMPA is shown in Fig. 2 and VSWR of
1.2 has been observed at 3.3 GHz. This represents that
there aren’t many reflected signals, guaranteeing effec-
tive signal transmission and reception. The overall gain
for EMPA is represented in three dimensions in Fig. 3.
Different colours indicate different gain levels, while the
colour bar on the left shows the antenna's total gain in
dB. A maximum gain of 5.7 dB has been observed at
3.3 GHz. Radiation pattern of the EMPA at 3.3 GHz is
shown in Fig. 4. Good co-pol and cross-pol differences in
the broadside direction, i.e., more than 20 dB at all two
frequency bands, are present in both major planes
(E&H). Fig. 4 shows that at the resonant frequency, the
radiation in the E- and H-planes is omnidirectional and
bidirectional. EMPA has good radiation properties.
Fig. 5 displays the EMPAs current distribution. The
colour red represents the largest field distribution. It has
been observed that the maximum value is 10 Am~—1.
Maximum amount of distribution is represented by us-
ing red colour and is observed across the corners and
center of the patch. These results make the EMPA suit-
able for Wi-Max applications.
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Fig. 2 - VSWR and Reflection Co-efficient of the EMPA
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Fig. 3 — Obtained Gain of the proposed EMPA
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Fig. 4 — Radiation pattern for EPA at 3.3 GHz (a) E-plane
(b) H-plane
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Fig. 5 — Proposed EMPA’s Surface current distribution
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As shown in Table 2, EMPAs performance is com-
pared to the antennas reported in references [11-15].
When compared with the antennas in the existing lit-
erature, even though it occupies more space offers high
gain. The PCB method is an effective way to design it
and it is composed of a single layer.

Table 2 — Comparison table for circular-slotted ESA

Ref | Overall Size | Resonant | Number | Gain
(Ao) Frequency | of Layers | (dB)
[11] 0.2010 x 0.58 Single | —2.4
0.0610 layer
[12] [0.062x0.118| 2.36 Single | - 1.9
layer
[18] [0.08 x 0.0479 2.4 Single -1.9
layer
[14] 0.05 x 0.05 0.5 Six layers| ~— 2.1
[15] 0.1 x 0.06 2.42 Single - 8.72
layer
This 0.27 x 0.35 3.3 Single 5.7
paper layer

4. CONCLUSION

EMPA occupies an area of 25.2 x 32 x 1.6 mm? and
it is designed by utilising a FEM analysis tool called
An-soft HFSS. FR4 substrate has been utilised in the
design of EMPA which has the dielectric properties like
& of 4.4 and tan & of 0.02. EMPA resonates at 3.3 GHz
and it offers reflection coefficient of — 18.6 dB. Band-
width of 0.7 GHz (2.9 GHz - 3.6 GHz) and VSWR of
1.26 has been observed for EMPA. Omni directional
and bidirectional radiation pattern has been observed
at 3.3 GHz for different values of # and @. 3 dBi gain of
5.7 dB has been observed at 3.3 GHz. These results
make the EMPA suitable for Wi-Max applications.
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3 po3BUTKOM 0€3POTOBOIO 3B'SI3KY IEPEXONATH 0 BHKOPUCTAHHS AHTEH, IO IPAIOI0TH HA YACTOTAX
amxde 6 [T, [le HeoOXiqHO 151 32I0BOJIEHHS 3POCTAI0YOIO IIONNTY HA 3'€IHAHHS 3 HU3BKOK 3aTPUMKOIO Ta
IBUAKY Iepenady gaunx. OmHAK HE3OATHICTh TPAJMINMHMX KOHCTPYKIN aHTeH 3a0e3meYnuTh HeOoOX1THY
IIPOIIYCKHY 3JIaTHICTb, KOe(IIieHT MOCHIeHHA Ta e(DeKTUBHICTh HA ITUX BHCOKHX YACTOTAX 00MeKye IX IIpHh-
IaTHICTH 11 BUKopucTaHHsa 3 Texuooriero 5G. Cepex MPA pisuoi dopmu, EMPA cras yHikangsHOW©O Ta Ba-
SKJIMBOI0 KATETOPIEI 3aBISIKU CBOIM KOMIIAKTHHMM pPO3MipaM, IIMPOKOMY TIANAa30HYy YACTOT 3 OJHHUM SKHUB-
neursm. Koucrpyriis EMPA e 6iibin rHYYKOI0, HIsK Y AHTEH 3 KPYTJIOK0 a60 IPSIMOKYTHOI IeOMETPIEI0, 110
POOHUTDH HOT0 MEePCHEKTUBHOI TeMOI0 JocaimkeHus. EMPA zaiimae momnty 25,2 x 32 x 1,6 Mmm3 Ta poapobJie-
HUI 3 BUKOPUCTAHHAM 1HCTPYMEHTY aHAJI3y CKIHYeHHHX eJIeMeHTIB mig Ha3soio An-soft HFSS. V koucrpy-
kil EM-PA Gymo Bukopucraso marmagky FR4, sxka Mae miesekTpuyHi BJIACTUBOCTI, Takl 9K & 4,4 Ta tan &
0,02. EMPA pesonye Ha gacrori 3,3 I'T'; i mpononye roedimienT Bigourrs — 18,6 nb. ua EMPA cuoocrepi-
ranacsa cmyra nponyckauus 0,7 [T (2,9 I'Tu-3,6 ') ta KCXH 1,26. Ha gacrori 3,3 I'T'i; criocrepiranacs
BCECIIPSIMOBAHA Ta JABOCIPSIMOBAHA JiarpaMa BUIIPOMIHIOBAHHS IS Pi3HUX 3HadeHb O Ta @. L1 pesyabraru
pobasite EMPA npunataum muis 3actrocyBaunb Wi-Max.

Knrouogsi cinosa: Wi-Max zacrocysauns, EMPA, KomnaxTawuit poamip Ta einITUYHAN TpeHAMKED.
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