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ABSTRACT

In this work, the design and implementation of a high-gain Hexagon Loop Antenna (HLA) for 5G and
WLAN application is presented. Initially, a hexagon patch was designed to resonate at 3.5 GHz. A loop-
based radiator was tailored to obtain miniaturization without affecting the overall performance of the
proposed antenna. A CPW feed was utilized to maintain the wide bandwidth with improved return loss.
FR-4 material was used as a dielectric to retain the low cost of the antenna. The return loss was kept well
below -10 dB, from 3.2 GHz to 6.4 GHz. The gain of the proposed Microstrip Hexagon Loop Antenna
(MHLA) is 5.3 dBi at 3.5 GHz and 8.2 dBi at 5.8 GHz, respectively. To improve the gain and directivity of
the proposed antenna, a square-shaped AMC unit cell was considered, and finally, a [4x4] ground plane
AMC was integrated with the antenna. The radiation pattern of the antenna is stable and low cross-
polarization is maintained for the desired band. A simulation of the proposed antenna was carried out in
the ANSYS HEFSS tool and the experimental results were measured inside an anechoic chamber. The
experimental and simulated results of the proposed antenna are in good agreement. Its simple and low-
profile structure, lower cost, and high gain ensure that the proposed high gain antenna is well suited for

sub-6 GHz band and wireless application.
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I.  INTRODUCTION

Nowadays, numerous planar antenna designs applicable for
several wireless applications, such as wireless, [oT, WLAN,
WiMAX, and 5G have emerged. The present research work
discloses a high-gain antenna that exhibits a frequency
response suitable for 5G, WLAN, and many other wireless
applications. A compact structure with low cost and high gain
is crucial to maintain the industry demand in the direction of
wireless applications [1, 2]. As the most recent generation of
wireless technology, 5G applications have recently become a
more active area of research. These applications call for a
simple low-cost antenna with consistent gain over the
appropriate frequency band, which ensures high-speed and
reliable connection [3]. Antenna design needs extra care as it is
being used for both the receiver and the transmitter ends.
Several 5G antennas with a low cost and small area have been
reported and presented [4-8], but their structures were bulky
and complex to maintain more than 5 dBi gains over the band

of interest [9-10]. Authors in [11, 12] have reported the use of a
Co-Planar Waveguide (CPW) feed for bandwidth enhancement
in planar antenna design. It has been discussed that in order to
improve the bandwidth one can reduce the size of the ground
plane, rendering the reduction in directivity and gain
unavoidable. In [13-17], the authors have reported a gain
enhancement technique deploying an Artificial Magnetic
Conductor (AMC) as a ground plane without affecting the
impedance bandwidth of the proposed antennas. The gain was
improved utilizing AMC as the ground plane beneath the
antennas, but, on the other hand, the return loss and radiation
patterns were compromised [11, 13]. This drawback of high
gain antenna design demands an economical solution without
affecting the antenna parameters.

This work performed a detailed study of the loop-based
antenna to achieve a simple and effective antenna model with
improved bandwidth, which operates at 3.5 and 5.8 GHz bands
with -10 dB return loss. The achieved bandwidth ranges from
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2.5 GHz to 7.0 GHz. The proposed designs have better return
loss, wide bandwidth, and provide a stable radiation pattern
over the entire band of application. Furthermore, to improve
the radiation property and the directivity of the proposed loop
antenna, AMC unit cells were designed and integrated to the
antenna. Antennas were fabricated and tested inside the
anechoic chamber to validate the simulation results.

II. DESIGN OF LOOP ANTENNA

Initially, a Monopole Hexagon Patch Antenna (MHPA) is
designed for 3.5 GHz resonance frequency using the standard
antenna design equation as presented in [1]. The substrate
material utilized to design the antenna is FR-4 with a dielectric
constant of 4.4 and tangential loss of 0.002. Recently, it was
reported that monopole antennas might be made smaller by
employing loop-based structures [2-3]. To achieve wideband
response, a hexagon radiating patch was tailored into a
Microstrip Hexagon Loop Antenna (MHLA). Return loss was
well below -10 dB from 2.5 GHz to 6.0 GHz and the obtained
bandwidth was 18% reduced for the desired resonance
frequency. Figure 1 portrays the proposed MHLA, while the
dimensions are presented in Table I.

Fig. 1. The proposed MHLA.
TABLE L. DESIGN PARAMETERS OF THE PROPOSED
ANTENNA
Parameters Values Parameters Values
(mm) (mm)

(Ls) Substrate length 30 (Fp) Feed length 13
(W5s) Substrate width 30 (Fw) Feed width 3

(a) Outer side 10.4 (Gw) Ground width 15

(b) Inner side 6.9

return loss variation that the loop-based hexagonal patch with
tailoring ground as curved ground plane provided better
bandwidth.

() (b) ()

Fig. 2. Evolution stages of the projected antenna: (a) MHPA with partial
ground and CPW feed (ant 1), (b) MHLA with partial ground and CPW
feed (ant 2), (c) MHLA with curved ground and CPW feed (ant 3).
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Fig. 3. Return loss variation for the evolution stages of the microstrip
hexagonal antenna.

The evolution stages of the MHLA antenna are depicted in
Figure 2. As evidenced in Figure 3, the primary resonance for
the hexagonal patch antenna occurred at nearly 3.35 GHz and
the second harmonic resonance occurred at 5.4 GHz. To cover
the lower band the hexagon patch was removed and the
hexagon loop structure was used as a radiating patch. The
resonance of the loop-based antenna shifted from 3.35 GHz to
2.85 GHz, whereas the second harmonic resonance of 5.4 GHz
shifted to 6.4 GHz. It is well understood that both return loss
and bandwidth cannot be enhanced simultaneously. This
offered a 16.12% size reduction compared to the hexagon patch
antenna. Further ground was tailored into curved shapes at both
corners and it offered additional resonance near 4.2 GHz.
Return loss decreased due to additional resonances.

Still, the return loss was well below -10 dB from the
occurred resonance. A comparative return loss analysis and
optimization is illustrated in Figure 3. It is evident from the
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Fig. 4.

Radiation pattern at (a) 3.5 and (b) 5.8 GHz.

The radiation pattern was simulated for 3.5 GHz and 5.8
GHz, respectively, for co and cross-polarization. It is obvious
from Figure 4 that a stable and bidirectional pattern was
obtained for both the desired operation frequencies.

III.  AMC DESIGN

The Artificial Magnetic Conductor (AMC) is a type of
high-impedance surface and is most widely used to develop the
radiation properties of different RF devices [14]. It offers high
impedance at the resonance frequency of the designed unit cell.
The resonance frequency and impedance equation are utilized
as given in [13]. To increase the available inductance, the
square loop's geometry was first developed as a square patch
and then its shape was converted. Equations (1)-(3) from [13]
were deployed to determine the resonance angular frequency of
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the AMC as well as the magnitude and phase of the AMC TABLEIL ~ AMC UNIT CELL DIMENSIONS
ground plane. When the denominator in (2) is 0, the surface has Parameters | Values (nm) | Parameters | Values (mm)
almost infinite impedance and functions as a perfect reflector. A 20 C 10

1 P 18 D 8
Wy = \/ﬁ (1) Pw 18 g 1
_ jwL
Zuis = T e @
6 = Img [ln (Zmﬂ)] 3) H]|n]|=
Zyistn

For a specific bandwidth, AMC exhibits in phase properties
similar to those of PMCs (Perfect Magnetic Conductors) [14].
The 0°-phase shift should occur at the resonance frequency (f.),
which in this case is 3.5 GHz. The bandwidth for the AMC is
taken from -90° (lower frequency) to +90° (upper frequency).
The effective wavelength (4.5 and the effective permittivity
(&) values are calculated from the resonance frequency.
Equation (4) is used to calculate the initial patch size Lp:

e
p ==t "
€ =L (1-0.636In(koH)) ®)
b ©)

where L and C stand for the overall inductance and capacitance
that WB-AMC offers, respectively, and H stands for the
substrate's thickness. The parameter is calculated utilizing
rewritten versions of (4)-(6) from [11].

A

w

Fig. 5. The proposed AMC unit cell.
IV.  PARAMETRIC ANALYSIS OF THE AMC MATRIX
WITH THE PROPOSED ANTENNA

The gain of the designed antenna was nearly 4.2 dBi at 3.5
GHz and 2.6 dBi at 5.8 GHz without AMC integration. The
proposed AMC unit cell as a [2x2], [3x3], and [4x4] matrix
(Table II) was simulated with the designed hexagonal antenna
with separation of 5 mm. The distance between the antenna and
the AMC ground was selected at higher frequency to maintain
minimum value. Figure 6 shows the different matrices of AMC
unit cells. Return loss and gain variation are presented in
Figure 7. The return loss and gain of the proposed antenna were
degraded near 3.2 GHz and 5.8 GHz for [2x2] AMC ground
plane, while better gain and return loss were obtained for [4x4]
AMC ground.
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Fig. 6. Considered AMC cell matrices.
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Fig. 7. (a) Return loss variation with AMC ground plane and the proposed
antenna, (b) Gain variation with AMC of the proposed antenna.

V. RESULTS AND DISCUSSION

In this section, a thorough examination of the proposed
high-gain MHLA antenna's performance in terms of gain,
radiation pattern, and return loss variation is described. Figure
8 displays the stage 1 fabrication of a low profile, high gain
MHLA antenna.

(a) (W)
Fig. 8. Fabricated low profile high gain MHLA antenna presented for
stage 1.
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A. Return Loss

Return loss is defined as the logarithmic value of the
reflection coefficient (S11). The return loss was well below -10
dB between 2.6 GHz and 6.0 GHz for the proposed high gain
MHLA antenna. Simulated and measured return loss
comparison is observed in Figure 9.
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Fig. 9. Measured and simulated return loss of the proposed high gain
MHLA.

B. Radiation Pattern, Gain, and Efficiency Analysis

Radiation pattern and gain analysis for the proposed
antenna was carried out inside an anechoic chamber to avoid
possible reflection during measurements. The simulation setup
for the proposed antenna with AMC unit cell integration is
manifested in Figure 10. The simulated and measured radiation
patterns of the proposed high gain antenna in terms of Co and
Cross polarization are presented in Figure 11. It is evident from
the plot that more directive radiation pattern is obtained after
the integration of the AMC ground plane. Figure 12 shows the
measured gain and efficiency of the proposed antenna. Its
efficiency is well above 70% between 2.5 GHz and 6.4 GHz.
The gain achieved using AMC as ground plane is 5.3 dBi at 3.5
GHz and 8.2 dBi at 5.8 GHz, respectively.
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Simulation set up for radiation pattern and gain analysis.

Fig. 10.
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Fig. 11. Measured and simulated radiation patterns of the proposed high
gain MHLA at (a) 3.5 and (b) 5.8 GHz.
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Fig. 12.  Simulated and measured gain efficiency of the proposed high-gain
MHLA antenna.

A comparison based on antenna size, bandwidth, gain, and
structure complexity is presented in detail in Table III.

TABLE III. COMPARISON OF THE PROPOSED HIGH GAIN
ANTENNA WITH REPORTED GAIN ENHANCEMENT WORK
Ant_enna Gr?und Bandwidth Pez.lk Cost
Ref. size size (GHz) gain analysis Remarks
(LxW) | (mm) (dBi) ¥
GAMA
[6] | 40x40 | 60x61 1-2.8 25 NG* shape,
fractal
geometry
[8] | 50x45 |150x150| 2-4.8 75 FR-4 Fsssloi“d
EBG and
- k
[7] 180x180| 180x180| 2.96-3.25 11.5 NG AIRGAP
DRA+
— sk
9] 90x80 | 110x100| 1.6-6.7 9.9 NG Reflector
Economica| Square
) 1 (low-cost | shape
Proposed| 30x30 | 80x80 | 2.5-6.0 8.2 FR.A slotted
substrate) AMC

NG*- datra not given

VI. CONCLUSION AND FUTURE WORK

In this paper, a high-gain MHLA was fabricated and tested
for 5G and WLAN applications. Size reduction was obtained
using a loop-based radiator and better return loss and
bandwidth were acquired with the curved ground on either side
of the CPW feed. The obtained return loss of the proposed
antenna at 3.5 GHz was -22 dB without and -25 dB with the
AMC ground plane. A peak gain of 8.2 dBi was achieved
utilizing the AMC ground plane beneath the proposed antenna
without disturbing the other antenna parameters. Experimental
measurements were taken in an anechoic chamber and it was
found that the measured and simulated results for return loss,
gain, and radiation pattern were in good agreement with
acceptable tolerance. Hence, the proposed MHLA high gain
antenna is a good candidate for 5.8 GHz WLAN and 5G
applications in the sub-6-GHz frequency range. The introduced
wideband antenna can be designed for wearable technology in
the future by employing flexible substrate material. Further, the
distance between the antenna and the AMC can be minimized
to make it more low-profile.
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