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Hexagonal patch antenna is therefore very different from conventional antennas. For next-generation
cellular networks, a novel wideband hexagonal patch antenna concept is being presented. The structure is
made up of microstrip rectangles and hexagonal structures, with a total area of 40 x 40 x1.5 mm3. Hexagonal
patch antenna is designed utilizing RT duroid substrate. An improved Si1 of more than 15 dB at the reso-
nating frequency is observed at 2.5 GHz (2.26-2.84 GHz). 3.6 dB gain has been observed at the resonant
frequency of 2.5 GHz. Effective impedance matching has been achieved by using the microstrip transmission
line edge feeding technology and DGS in the ground plane. Hexagonal patch antenna produces high-quality
double-polarized radiation and wide bandwidth, designed and simulated in far-field radiating settings. A
novel, lightweight, high gain and wide-bandwidth hexagonal patch antenna is also needed for the 5G
smartphone antenna system. The hexagonal patch antenna is a better choice for future 5G cellular applica-
tions due to its performance and small architectures. The 5G wireless communication antenna is therefore
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very different from conventional antennas.
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1. INTRODUCTION

Recent years have seen a rapid advancement in the
field of mobile wireless networking. Broadband 3G mo-
bile phones and other wireless applications like WLAN,
Bluetooth, RF have been introduced as a result of the
popularity of 2G applications. An essential part to trans-
ceive the signal is the antenna. HPAs with low-profile,
multifunctional and wide band RF applications are in-
creasingly chosen for mobility and safety. The develop-
ment of low-profile, extremely efficient, compact, HPAs
that can be included into wireless devices is required to
meet all of these requirements. The commercial expan-
sion of 5G is expected to occur in the early 2020s [1-3].

The use of mm Wave frequencies, which aim for more
bandwidth and improved spectral efficiency, is one sig-
nificant distinction between 4G and 5G communication
enabling technologies [4]. Moving closer to the RF bands
and away from the present frequency ranges (< 4 GHz)
introduces new features that need careful study [5-7]. A
compact open-slot antenna that maintains ultra-wide-
band performance while increasing bandwidth [8]. Us-
ing fractal shapes is one way to reduce antenna size and
increase bandwidth. To achieve a large bandwidth, frac-
tal self-similarity and space-filling characteristics are
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crucial [9-10]. One way to conceptualize the self-similar-
ity attribute is as a partition of a full shape into smaller
sections, each of which is a scaled-down version of the
whole. This leads to broadband and multiband behav-
iour in antennas. They occupy less space that leads them
to get smaller since they have a long electrical length yet
aggregate into a small area and make efficient use of
space.

A frequency-notched UWB fractal-printed slot an-
tenna is analysed for RF applications [11]. A circular
monopole antenna has been integrated with metamate-
rials for modern telecom systems is introduced [12]. A
tortoise shaped quad band MPA is analysed for C-band
and Ku band applications [13]. A rectangular open slot in
the middle is considered as ground plane. The patch is
composed of triangular pieces and hexagonal rings that
work together with the antenna to create a fractal design.
An UWB printed monopole antenna is analysed for UWB
applications [14]. Additionally, a variety of feed architec-
tures, stacked patches and different patch and slot geom-
etries can be used to achieve wideband characteristics.
Fractals have numerous applications in various scientific
and architectural domains, according to [15].
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2. DESIGN & ANALYSIS OF HEXAGONAL
PATCH ANTENNA (HPA)

The monopole hexagon form is utilised to design the
HPA in this research. Nevertheless, the impedance
bandwidth is constrained when using a monopole config-
uration. As a result, HPA with separate dimensions
were designed to improve the bandwidth and radiation
properties. The proposed radiating patch structure con-
sists of a hexagon attached to the hexagonal ring to at-
tain high gain. The HPA receives microwave power via
the microstrip transmission line. In order to match the
input impedance of HPA and the output impedance of
the power-feed is connected to 50 Q microstrip transmis-
sion line. This will produce good radiation characteris-
tics by distributing the current uniformly throughout
the patch and along its boundaries. The hexagonal patch
antenna structure was simulated using the Ansys HFSS
software tool. Hexagonal patch antennas geometry and
design are shown in Figure 1. The dimensions for HPA
are shown in Table 1. HPA is made with a Rogers Ul-
tralam 1250 substrate that has & of 2.5 and obtained
loss tangent tand of 0.0015 and had a thickness of
1.5 mm. A monopole is connected to a 40 x 40 x 1.6 mm?3
hexagonal patch antenna via a 50 Q microstrip trans-
mission line. The hexagonal patch antenna was de-
signed using the following mathematical calculations.

L= jareff — 241 1)

a= \/1+I_Z[—E"r[ln(%)+1.77ze] @)

F= 8.721./:09 3)

o =222 [ 2] @

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

W W
(a) (b)
Fig. 1 - Prposed HPA (a) Top surface (b) Bottom surface6

Table 1 — Dimensions of the proposed HPA

Parameter Values (mm)
L 40
w 40
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L1 18
Wi 4.8
Le 8
We 9
Ls 7
Ws 12
R 8
R 6
Rs3 4

3. RESULTS AND DISCUSSIONS

Radiation parameters of the HPA, including gain,
S11, VSWR and radiation pattern, performance are dis-
cussed in this section. In the hexagonal patch antenna,
the resonating element radiates around the corners as
well as along the feed line by increasing the bandwidth.
Reflection co-efficient and VSWR of HPA is shown in fig-
ure 2. Hexagonal patch antenna operates at 2.5 GHz and
offers S11 of — 18 dB. HPAs VSWR at the resonating fre-
quency is 1.2 and is shown in Figure 2. Because of its
compact size, this antenna is a good option for next gen-
eration wireless communication applications. This sug-
gests that there aren't many reflected signals, guaran-
teeing effective signal transmission and reception. The
overall gain is represented in three dimensions in Fig-
ure 3. Different colours indicate different gain levels,
while the color bar on the left shows the antenna's total
gain in dB. A maximum gain of 3.6 dB has been observed
at 2.5 GHz and is shown in figure 3. The simulated ra-
diation pattern of the HPA at 2.5 GHz is displayed in
Figure 4. The H-plane and E-plane are fashioned like
dumbbells in the pattern. The pattern is the same as the
radiation pattern of a dipole/monopole antenna. Fig-
ure 7 displays the hexagonal patch antennas current
distribution. The color red represents the largest field
distribution. It has been observed that the maximum
value is 40 Am-1. The radiation zones are determined
by the distribution of surface current in the hexagonal
patch; the areas with the maximum radiation intensity
are indicated in red. Figure 5 shows that the antenna's
edges and center have the highest radiation intensity.
Figure 6 represents E-field distribution of the HPA. The
maximum amount of distribution is represented by us-
ing red color and is observed at the feed line and corners
of the patch. Maximum value of 150 vimn ! has been ob-
served at 2.5 GHz.
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Fig. 2 — VSWR and reflection co-efficient of the HPA
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Fig. 3 — Obtained gain of the proposed HPA
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Fig. 4 — Radiation pattern for HPA at 2.5 GHz (a) E-plane (b)
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Fig. 5 — Obtained surface current distribution of the HPA
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Fig. 6 — E-Field distribution of the proposed HPA

Table 2 compares the performance of HPA with other
traditional antennas. One benefit of this design is that
the antenna with a strip has a broadside radiation pat-
tern over the whole matching bandwidth. The measured
gain and impedance bandwidth of the HPA at the speci-
fied frequencies are compiled in Table 2. It is easy to see
the expected improvement in radiation characteristics,
at 2.5 GHz. In the frequency range where the feed struc-
ture is present, the increased return loss characteristics
are less than — 10 dB.

Table 2 — Comparison table of HPA with the existing literature

Ref Bandwidth Gain Dimensions
(dB) (dB) (mm?)
[15] 4.4 % 2.02 60 x 60
[16] 2.3 % 4.33 22 x 33.564
[17] 3.2 % 3.4 40 x 40
This 24 % 3.6 40 x 40
work

4. CONCLUSION

Hexagonal patch antenna is designed utilizing RT
duroid substrate and occupies an area of 40 x 40 x 1.5
mm?3. S11 of — 18 dB and 3 dBi gain of 3.6 dB gain has
been observed at 2.5 GHz. An impedance bandwidth of
24 % has been observed for HPA at 2.5 GHz. VSWR of
1.2 has been observed at 2.5 GHz. Hexagonal patch an-
tenna produces high-quality double-polarized radiation
and wide bandwidth, designed and simulated in far-field
radiating settings. A novel, lightweight, high gain and
wide-bandwidth hexagonal patch antenna is also needed
for the 5G smartphone antenna system. The hexagonal
patch antenna is a better choice for future 5G cellular
applications due to its performance and small architec-
tures. The 5G wireless communication antenna is there-
fore very different from conventional antennas.
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JI71s1 CTITBHUKOBUX Mepesk HACTYITHOTO IOKOJIIHHS IIPe/ICTABIeHA HOBA KOHIIETITiS IITMPOKOCMYTI0BOI TeK-
caroHaabHOI naty-auTeHn. CTPYKTypa CKIIAIAETHCS 3 MIKPOCMYSKKOBHX TIPSIMOKYTHUKIB T4 FeKCATOHAJIBHUX
CTPYETYP 3arasibromw momnteio 40 X 40 X 1,5 mm3. ['ekcaronanpHa maT4-aHTeHA PO3PO0JIeHA 3 BUKOPUCTAHHAM
RT duroid migxmagku. [lokpamenuit S11 mouas 15 1B Ha pe3oHaHCHIN YacTOTI CIIOCTEPITaeThCs HA YACTOTL
2,5 I'T (2,26-2,84 I'Tr). KoeditmienTt mocunenns: 3,6 nb criocrepiraerbest Ha pesoHaHcHIN gactoti 2,5 ',
Edexrusue yaromkenns iMmenancy 0yJio JOCATHYTO 3aBIIKM BUKOPHUCTAHHIO TEXHOJOTI] MiKPOCMYKKOBOTO
SKMBJICHHA JIiHII ITepemadl Ta posmomiieHoro poamomiry emyr (DGS) y miomusai semun. ['ekcaronanbaa maTy-
aHTeHa BUPOOJIsie BUCOKOSIKICHE IBOTIOJIAPU30BAHE BUIIPOMIHIOBAHHS TA IIUPOKY CMYTY IIPOIYCKAHHSI, PO3PO-
GJsieHe Ta 3MOJIeILOBAHE B YMOBAX BUIIPOMIHIOBAHHS Jasieroro noss. J{yis anrennoi cucremu cmaprdonis 5G
TaKOK MOTPIOHA HOBA, JIETKA IeKCATOHAJIHHA [IaTY-aHTEHA 3 BUCOKUM KOe(iIlieHTOM IIOCUJIEHHS Ta IIIHPOKO0
cmyroio nporyckanus. lllecturpanna nmaTd-aHTeHa € KpalmM BHOOPOM JIJIst MANOYTHIX CTIJIBHUKOBUX 3aCTO-
cyBaHb 5G 3aBASKY CBOIM IPOAYKTHUBHOCTI TA MAJIIH apXiTeKTypi.

Kmouori ciosa: lllecrurpanna mary-anrena, Bucoxouacrorauit Habip RFSS, KoedirmienT mincnienss,

Cucremu 5G.
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