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A circular polarization (CP) compact single-layer millimeter-wave antenna is proposed for 5G commu-
nication systems. The antenna is excited by a microstrip line. Its design is inspired by the Exotic Tri Shak-
ti shape (L = 35.44 mm, W= 45.65 mm), which combines three different shapes: Trishul, Om and Swastik.
The primary objective of this research is to design a CP antenna. The antenna is designed using RT/Duroid
5880 (& = 2.2) substrate material, The choice of this substrate material is crucial in achieving the desired
antenna performance. The proposed antenna shows multiple resonant frequencies with the max gain pro-
duced by the antenna are 15.03 dBi, 14.51 dBi, and 14.27 dBi at frequencies 40.42 GHz, 41.38 GHz and
53.43 GHz respectively and the max efficiency of 99 % at the frequency 30.41 GHz (VSWR < 2). The max
impedance bandwidth is 3.05 GHz for the frequency range (25 GHz-60 GHz) and the Axial ratio band-
widths are 60 MHz and 13 MHz at frequencies 40.42 GHz and 57.19 GHz respectively.

Keywords: Microstrip Antenna, Dielectric constant (&), Defected ground structure, Wideband, Circular

polarization (CP), Axial ratio beam width (ARBW).
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1. INTRODUCTION

More than ever, there is an increasing need for mo-
bile communication. Researchers and developers na-
tionwide are actively involved in the advancement of
the next generation of communication technology uti-
lizing millimeter waves, commonly referred to as 5G [1-
3]. This new generation aims to significantly enhance
the performance of existing communication networks in
terms of baud rate and transmission speed [4], for
which several feeding tech. among these the microstrip
line feed [5-8] because of its quality of being easy to
understand and to design. The design includes the
shape of the patch which definitely impacts on the re-
sult of the antenna parameters. In 5G applications, a
coaxially-fed circular antenna was studied in [9]. At
28 GHz, the studied configuration outperforms a circu-
lar strip-fed antenna in bandwidth and beam width,
though with lower gain. Rectangular patches at
28 GHz were favored as mentioned in [10]. This aligns
with [11], which highlighted the ability to control patch
size using a shunt inductive load. It emphasizes the
preference for rectangular shapes in this scenario.

Researchers explored a low-profile circularly polarized
antenna in [12], and [13] introduced a novel design en-
hancing circularly polarized radiation gain through short-
ing pin loading, both contributing to circular polarization
advancements. Researchers focused on biomedical appli-
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cations in [14], a domain that could benefit from circular
polarization and ground radiation. A CP asymmetric mi-
crostrip antenna [15] for global navigation introduced,
emphasizing wide beam and improved bandwidth, which
aligns with the concerns addressed by [16] regarding bet-
ter parametric calculation for bandwidth and return loss.
In summary, these studies form a comprehensive land-
scape of microstrip antenna research, collectively advanc-
ing various aspects of design, polarization, and applica-
tions. Swastika and rectangular microstrip antennas
comparison has been done [17] with highlighting Swasti-
ka's directional pattern and superior performance. The
modified rectangular antenna proved suitable for indoor
applications. Following a similar approach, [18] adapted
the Swastika patch antenna for space applications with a
three-stage optimized design. A microstrip antenna with a
swastika slot for UWB applications has been designed in
[19]. [20] introduced a w-shape patch microstrip antenna
with a wide 55 % impedance bandwidth, suitable for base
station applications. However, at 7 GHz, it experienced
increased cross-polarizations and reduced gain. [21] de-
signed a Trishul-shaped microstrip antenna that is versa-
tile for various frequency bands and applications, owing to
its wideband characteristics. It is applicable for L, S, C,
and X frequency bands, the antenna finds applications in
IMT, Bluetooth, WLAN, WiMAX, GSM 1800, GSM 1900,
and satellite communication due to its wideband charac-
teristics.
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On the basis of number of research work as outlined
above, This paper centers on the design and performance
of an exotic shape Tri-shakti microstrip antenna, a se-
quential combination of Tri-shul, Om, and Swastik
shapes. Utilizing Ansys HFSS software and dielectric
RT/Duroid 5880 as the substrate material, a circularly
polarized antenna is designed with microstrip line feed-
ing. The simulation explores key parameters including
return loss, gain, efficiency, VSWR, and axial ratio. Fur-
ther details are discussed in the following sections.

2. TRI-SHAKTI MICROSTRIP PATCH ANTENNA
DESIGN

Fig 1 illustrates the front view of a Tri Shakti-
shaped microstrip patch antenna, specifically designed
as a circularly polarized antenna with high gain. The
antenna dimensions are 35.44 mm x 45.65 mm of rec-
tangular patches covering a wide frequency range of
25-60 GHz supporting numerous applications. The die-
lectric material employed is RT/Duroid 5880 (& = 2.2,
tand = 0.0009), with A = 1.6 mm. Due to its low permit-
tivity, it is particularly favored for high-frequency ap-
plications, as it facilitates high gain and maximum
radiation efficiency (Circuit A., 2010). To excite the
radiating patch, a 50-ohm microstrip line is utilized, as
depicted in Fig. 1.

Microstrip Patch
Transmission line antenna
\
m y
Ground
plane
(a) (b)

Fig. 1 — (a) Front view (b) side view of the Designed antenna

The specific dimensions of the Tri-Shakti patch an-
tenna are provided in Table 1.

Table 1 — Dimensions for antenna parameters

Antenna parameter Dimension (mm)
Length of Patch (Lp) 35.44
Width of Patch (W) 45.65
Length of Ground (Le) 41.84
Length of Substrate (Ls) 41.84
Width of Substrate (Ws) 52.05
Hight of Substrate (h) 1.6

3. RESULT AND DISCUSSION

For this Tri-shakti microstrip patch antenna de-
sign, a rigorous simulation has been carried out to
study various antenna parameters. An in-depth para-
metric analysis was performed on various dimensional
variables of the antenna to optimize and achieve the
specific desired performance characteristics. The anal-
ysis has been discussed in the following way.

The designed antenna, depicted in Figures 2 to 7,
showcases impressive performance characteristics. It
exhibits resonances at multiple frequencies (VSWR < 2)
with minimum return losses, achieving —56.78 dB, —
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44.43 dB, and — 39.27 dB at 56.07 GHz, 33.89 GHz, and
46.58 GHz. The gain peaks at 15.03 dBi, 14.51 dBi, and
14.27 dBi at 40.42 GHz, 41.38 GHz, and 53.43 GHz,
respectively, while the directivity reaches a maximum of
17.27 dBi at 41.39 GHz. The antenna efficiency is
approximately 99.08 %, and the simulated axial ratio (AR)
demonstrates circularly polarized EM wave radiation
with Axial ratio bandwidths 60 MHz and 13 MHz at
frequencies 40.42 GHz and 57.19 GHz respectively.
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Fig. 2 — Return loss v/s frequency
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Fig. 5b — Magnified axial ratio v/s frequency at 57.19 GHz
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The total gain along with 3-Dimensional radiation
pattern of the proposed antenna is presented in
Fig. 7 (a and b) both resonating frequencies at which
antenna 1is circularly polarized, undoubtedly indicates
that the maximum peak gains within resonating
frequencies were 18.68dB (at 40.42GHz) and 19.23 dB (at
57.19 GHz).

Max: 18 .68

Min: -6.57

Fig. 7- 3D Radiation Pattern at (a) 40.42 GHz

() 57.19 GHz

Table 2 — The variation of antenna parameters with respect to resonant frequencies

b

19.24B(GainTotal)

Phi (deg)

and

Marker Re::ercllant Rifs:n i?ﬁ;tﬁiﬁ Gain | Directivity Efficiency Axial ratio
No (GHz) (dB) o (dBi) (dBi) % Beam Width (MHz)
ml 25.52 —29.64 7.46 6.75 7.62 89 —
m2 29.84 —28.68 7.13 8.91 10.18 88 —
m3 30.41 —30.08 7.13 10.79 10.89 99 —
m4 33.89 —44.43 9.12 13.59 13 90 -
mb 38.93 —21.45 6.26 7.49 11.29 66 -
m6 40.42 —26.93 1.40 15.03 17.15 88 60
m7 41.39 —24.03 5.32 14.51 17.27 85 —
m8 42.13 —27.13 5.32 7.12 9.44 75 —
m9 44.7 -21.35 5.1 12.75 14.82 86 -
m10 46.58 —39.27 2.32 10.05 14.08 71 -
mll 53.44 —23.45 1.79 14.27 17.81 80 -
ml2 56.07 —56.78 1.44 12.7 16.25 78 -
ml3 57.19 —25.81 1.65 9.35 13.71 68 13
ml4 58.7 —36.65 2.25 10.97 16.62 66 -

4. CONCLUSION

A compact circular polarized Tri Shakti patch
antenna has been presented in this paper using
RT/Duroid 5880 substrate material and strip line feed
technique. The proposed antennas demonstrate
excellent impedance matching and achieve high gain

across all operating frequency bands and 3-dB AR
bandwidth. This antenna shows too many resonant
frequencies with the max gain produced by the antenna
is 15.03dBi, 14.51dBi, 14.27dBi at frequency
40.42 GHz, 41.38 GHz and 53.43 GHz respectively and
the max efficiency 99 % at the frequency 30.41 GHz
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(VSWR < 2). The max impedance bandwidth 1is
3.05 GHz within the frequency range (25 GHz-60 GHz)
and the 3-dB AR bandwidth are 60 MHz and 13 MHz
at frequency 40.42 GHz and 57.19 GHz respectively.
The summary of the results in Table 2 reveals that the
designed antenna frequency range (25 to 60 GHz) is
useful for Space applications and future fifth-
generation (5G) mobile phones application. However, it
is important to validate the performance of the antenna
in space communication scenarios through fabrication.
This aspect will be considered in future work, which
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IIaTu-anTena y popmi Tpu-Illakri 3 KPyroeomo moApusaiero 1 CUCTEM 3B A3KY
5G MminiMeTpoBHUX XBUJIb

Akanksha Guptal, Pranav Saxenal, Komal Sharma2?, Manish Kumar3, Dheeraj Bhardwaj*
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Jlns cucrem 38’s13ky 5G IIPOMOHYETHCS KOMITAKTHA OJTHOIIIAPOBA aHTEHA MLIIMETPOBOIO JIAa30Hy 3 KPY-
rosoro mossapusarieio (CP). Aurena 30yKyeThCS MIKPOCMYKKOBOIO JITHIEH. Moro nusaita moni6Hwmit mo dop-
mu Exotic Tri Shakti (L = 35,44 mm, W= 45,65 mm), sika moeanaye B cobl Tpu pisai dopmu: Tpimrysr, Om i
Cracruk. OCHOBHOIO METOIO ITHOTO JOCTIKEeHHS € po3podka CP-amrenu. AureHa po3pobiieHa 3 BUKOPUCTAH-
uam marepiany migkiaanakn RT/Duroid 5880 (& = 2,2). Bubip 1mporo marepiasy MIKJIaIKA Mae BUpPITAIbHE
3HAYEHHS JIJIS JOCATHEeHHS 0ayKaHMX XapaKTEePHUCTUK AHTEeHHU. 3aIlpOIOHOBAHA aHTEHA JEeMOHCTPYE KLIbKA
PE30HAHCHUX YACTOT 13 MAKCUMAJbHUM IIOCHJICHHSIM, CTBOPIOBAHUM aHTeHow, 15,03 nbi, 14,51 abi ta 14,27
nbi Ha gacrorax 40,42 I'T', 41,38 I'T'i; ta 53,43 I'T'11 BiAmoBimHO Ta MakCHMAaJIbHO0 edekTuBHICTIO 99 % Ha
qactoti 30,41 I'T'y (KCBH < 2). MakcumasibHa cMyra IpOIyCKaHHA iMmeaaucy cranoButh 3,05 [T g mi-
amasony 4dactoT (25 I'Tu-60 I'T'), a mmpuHa cMyru ochoBOro BigHomeHHs craHoBuTh 60 MI'x i 13 MI'n ma

yacrorax 40,42 I'T 1 57,19 I'T'w, BigmmosigHO.

Kmiouosi cnosa: MikpocmyskkoBa anTeHa, JienekTpuyna IpoHUKHICTE (&), dederrra ocnosa, Illupoxoc-
myrosa kpyrosa nosstpusaiiis (CP), OceoBa mmpuna npomens (ARBW).
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