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In this article, a semi-circle shaped planar monopole antenna is proposed for 5G applications for improved
gain. The gain of the proposed antenna is increased by loading the ground plane with a proposed FSS layer. The
hexagonal shaped unit cell is proposed to construct the FSS layer. This article presents the composition of
architectural equations for creating the band pass hexagonal reflector employing hexagonal geometry and
planar monopole radiator. The proposed antenna dimension was in compact size of 20 x 18 mm?2. The monopole
and FSS substrates both fabricated on FR4-substrate (& = 4.4) with a height of 1.6 mm. The hexagonal patches
are placed with the spacing of 0.6 mm and 14 mm below the main radiator The hexagonal reflector and printed
monopole antenna shapes are designed for n77 and n78 NR bands. The ANSYS HFSS software is used to execute
the simulations. The prototype is fabricated and the results are validated by measuring the S parameter, Gain
and Radiation pattern. The results are validated by taking measurements in Anechoic chamber with the aid of
VNA with 0.6 mm spacing between the elements. The measured/simulated fractional bandwidth of the antenna
is 19.14 %, with a peak gain of 6 dBi and a maximum directivity of 6.2 dBi. The proposed hexagonal FSS
structure provides better gain (nearly 6 dB improvement) and impedance matching from3.9 GHz to 5.04 GHz
and well suited for 5G applications.
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1. INTRODUCTION filter for the plane waves, and it is applied in broadband
communications, radar systems, and high-performance
applications. The frequency response of the FSS is
affected by the geometrical orientation of the elements,
distance across elements, environmental factors and
substrate characteristics [8]. FSS has been employed in

On its evolution over the recent decades, a huge
variety of remotely controlled electronic devices, such as
cell phones, tablets, and notepads, have gained
popularity. The increase of more modern wireless
devices, demands. high gan and wideband antennas. In a variety of applications in the past, including the high
recent years, Microstrip Patch antennas have found frequency spatial filters [9-10], lenses [11], radomes

more advancements [1]. The goal of the modern wireless [12-13], reflectors and absorbers [14-17]. FSS are
technology is to attain remarkable data transfer rates y

(o 10 Gbps), low l::cltfency (< 1 ms), densgr connecFions, monitoring (SHM) due to a rise in sensor usage [18-19].
and increased mobility (> 800 km/h). The introduction of In this paper, hexagonal patches are used to

5G wireless technology [2] helped to realize the solution construct the FSS. By the application of the FSS,
to some or to the greater extent. The main spectrum for improved gain and directivity are achieved. The
5G has been classified into three categories by the ITU: modified semi-circle monopole antenna is used as a main
Mid-band (sub-6 GHz), high-band (millimeter wave), radiator [20]. The placement of the patches and their

and low-band (up to 1 GHz) [3]. The millimetre wave  ,yientation are the key factors to obtain the high gain
band has the highest data speeds and largest capacities, and directivity.

whereas the lower band offers high coverage and the
mid-band offers both coverage and capacity. As a result, 2. MODIFIED SEMI-CIRCLE MOPOLE

increasingly being employed for systemic health

the sub-6 GHz 50 frequency band is the best option for ANTENNA
ready-to-use technology that can be applied right away
[4-7]. Well-constructed FSS can function as a spatial The main radiator is a modified semi-circle monopole
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antenna, which resonates at 4 GHz. It includes the circle
and semicircle SRR. The layout of the proposed antenna
is depicted in Fig. 1. A partial ground structure and
offset feed have been implemented to achieve ideal
impedance matching across the wideband. The offset
feed also provides an omnidirectional pattern at specific
frequency points. The antenna is excited with a 50 Q
microstrip line. The monopole is fabricated on FRA4-
substrate (& = 4.4) with a height of 1.6 mm. Table 1.
Shows the optimized dimensions of the modified semi-
circle monopole antenna.
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Fig. 1 — Modified semi-circle monopole antenna

Table 1 - Dimensions of a modified semi-circle monopole
antenna

Parameters Dimensions(mm)
Width of the patch (W) 18

Length of the patch (L) 20

Width of the feed (W) 3.25

Length of the feed (L) 9.75

Length of the ground (Lg) 3

The return loss of the monopole is shown in Figure 2.
The return loss shows the impedance bandwidth from
3.75 GHz to 4.6 GHz.
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Fig. 2 — Return loss characteristics of monopole antenna
without FSS

3. FSS LOADED MODIFIED SEMI-CIRCLE
MOPOLE ANTENNA.

FSS reflector surface is designed wusing the
hexagonal patches. The hexagonal lattice eases out a
compact arrangement of the FSS elements. Compact
designs are often desirable in the antenna systems
where space is limited, and a smaller form factor is
crucial. Hexagons have inherent symmetry that can aid
in achieving uniform directivity. Symmetrical
structures are easier to analyze and design that can
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pave more predictable and controlled radiation patterns.
The hexagonal unit cell shown in Figure 3, is designed
as per the equation shown in the Equation 1, and the
optimized dimensions are given in Table 2.

ma? = 32£S 2 1)

Where, S — side length of the hexagonal patch, a is the
actual radius of the hexagonal structure.

T
y

Fig. 3 — Frequency selective surface unit cell

Table 2 — Unit cell dimensions

Parameters Dimensions(mm)
Length of the hexagon (Ls) 4.03
Radius of the cell 3.2

The hexagonal unit cells are placed in the form of an
array (3 x 6) with a spacing of 0.6 mm as shown in the
Figure 4a, b. The FSS is placed at the back of the
radiator. The spacing between the unit cells, the
distance between the radiator and FSS are the key
factors which influence the radiation characteristics.
The impedance matching is also affected by the above
mentioned factors.

A

Fig. 4b - Modified semi-circle monopole antenna with
frequency selective surface
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The length and width of the FSS dielectric
substrate length and width dimensions are considered
as 45 x 30 mm?2.

3.1 Parametric Analysis

The parametric analysis is carried out and the
results are presented in Fig 5 & 6. For better
performance of directivity and the gain of the antenna
optimized by following parametric analysis. The
distance between the monopole antenna and the FSS
structure were varied from 13 to 24 mm based on
quarter wavelength. At the distance of 14 mm, the
resonance frequency of the antenna is unaltered and
resonates at 4.2 GHZ.
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Fig. 5 — Parametric analysis of distance between antenna to
FSS structure

Parametric Analysis by varying the distance
between two unit cells of the Frequency Selective
Surface. Here, the distance between the two unit cells of
the frequency selective surface is varied for different
values. For each value of the varying distances, the
return loss is measured.
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Fig. 6 — Parametric analysis of space between unit cells of F'SS
structure

The performance of the FSS is compared with the
monopole antenna. When the hexagonal patches are
placed with the spacing of 0.6 mm and 14 mm below
the main radiator, the impedance matching is good
and the resonance frequency remains unaltered. The

J. NANO- ELECTRON. PHYS. 16, 04038 (2024)

impedance bandwidth of the FSS loaded antenna is
slightly reduced compared to the main radiator. Even
though there are reflections at 4.5 GHz to 5 GHz in
the FSS loaded monopole antenna, the gain remains
positive. Hence the antenna can be used in the
specified frequency range. The simulated return loss
and the gain of the FSS loaded monopole and simple
monopole are compared in the Figure 7a & b.
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Fig. 7a, b — S11 parameter (return loss) and gain plot of FSS
loaded monopole

4. RESULT AND DISCUSSION

The designed antenna and FSS structure is
fabricated on the FR4 Substrate. The prototypes of both
the designed antenna and the FSS structures are shown
in Figure 8a. and 8b. Tin coated copper material is used
as the conductor and the SMA connectors are used to
connect the feedline with the source. Foam material is
used to provide spacing between the FSS and main
radiator.

Fig. 8a - Front and back view of the modified semi-circle planar
mono pole antenna

Fig. 8b — Frequency Selective Surface (FSS) structure

The measured and simulated results were compared
and tabulated in Table 3.
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Table 3 — Comparison of simulated and the measured results

Title Parameter Frequency dB
(GHz)
Measured S11 4.5 (3.9-5.04) —14.6
Simulated S11 4.1 (3.8-4.4) —16.4
= measured
0- .
~—simulated
B
g -10 -
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Fig. 9 — Comparison of simulated and measured return loss

Simuated E at 4 5GHz simulated H at 4 5GHz
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Fig. 10 — Simulated and measured radiation pattern of E-plane
and H-Plane
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¥ craTTi IpOIIOHY€eTHCS IIJIOCKA MOHOIIOJIBHA aHTeHAa y (hopMi IiBKoJIA AJ1st HporpaM 5G 3 METOI0 IIOKPAIIEHOTo
migcuaeHHsa. KoedillieHT IMiICHIeHHs 3allpONOHOBAHOI AHTEHH 3O0LJIBIIYETHCA IIJIAXOM HABAHTAMKEHHS Ha
IIOMIHMHY 3a3eMyieHHsA mapom F'SS. [l mobymosu mrapy FSS mporonyerbes ereMeHTapHA KOMIPKA IIIECTUKYTHOI
dopmu. YV poGoTi TaKOK IIPEICTABJICHO CKJIAJ ApPXITeKTYPHUX PIBHAHBL JJIA CTBOPEHHS CMYyTOBOIO
FeKCArOHAJIFHOIO BiNOMBAYa 3 BUKOPHCTAHHSM TIE€KCATOHAJIBHOI TeoMeTpli Ta IUIAHAPHOTO MOHOIIOJIBHOTO
BUOpoMiHIOBaya. Poamip 3ampomonoBanol anteHn kommaktHmit 20 x 18 mm2. [ligkmagxmn monomosnst ta FSS
BurorosJieHi Ha makaanmi FR4 (e = 4,4) Bucororo 1,6 mm. [llecTuryTHI HakIagKu po3MilieHi 3 BigcrauHio 0,6 MM
i 14 MM HEKYe ToJI0BHOrO BumpomiHioBada. [llectuxyTauit pedyiekTop i ApykoBaHa pOpMa MOHOIIOJIBLHOI AHTEHH
po3pobieni gmis gianmasoxiB n77 1 n78 NR. Jlas BHKOHAHHS MOJe/IOBAHHS BUKOPHCTOBYETHCS IIPOrpaMHe
3abesneuenns ANSYS HFSS. [Ipororum BUroTOBISETHCA, a PE3yJIBTATH EPEBIPAIOTHCS IIJITXOM BUMIPIOBAHHS
S-mapamerpa, HOCHJIEHHS TA JiarpaMy CIPSIMOBAHOCTI. Pe3ysbraTel NepeBipsioThCS ILISIXOM IIPOBEIEHHS
BUMIpIOBaHb y 0Oe3exoBilfi kamepl 3a pgomomororo VNA 3 Bigcramaio wmisk esgemeHtamu 0,6 Mwm.
Buwmipsina/amonenroBaza (pakiiiiiHa cMyra IpOIlyCKaHHS aHTeHU cTaHOBUTH 19,14 %, 3 MIKOBUM IIOCHJIEHHSIM
6 1B Ta mMakcumanbHOW crpsaMoBanicTio 6,2 n1B. 3ampomoHoBaHa rekcaroHasgbHa CTpyKTypa FSS 3a0esmeuye
Kparre miJIcuyieHHs (IIoKpalleHHs Maiske Ha 6 1bB) 1 yaromrerus immemancy Bixg 3,9 mo 5,04 [T, 1m0 edpekTBHO
MO3Ke BUKOPHCTOBYBATHCH JJist iporpam 5G.

Kimouosi cnosa: HamiBkpyryia mMoHOmoIbHA aHTeHa, ['eKcaroHaJbHUNM YaCTOTHO-CEJIEKTUBHHUMN MTOBEPXHEBUAN
BimouBau, SRR, Illupoxocmyrosmuii.
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