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Abstract— The fifth generation (5G) technology working at
mm-wave bands is introduced to achieve high data and
large capacity, but mm-waves suffer from space
attenuation. 5G systems requires antennas with simple
configuration, light weight, and high gain to overcome free
space attenuations.

This paper aims to design 5G microstrip antenna
operating at of 43.5 GHz within the frequency band of 42-45
GHz. The proposed antenna is designed on FR4 substrate
with dielectric constant of 4.4 and thickness of 0.76mm, and
simulated using High Frequency Structure Simulator
(HFSS) software. To evaluate the performance of this
antenna, the characteristics such as radiation pattern and
gain are studied. Moreover, the influence of superstrate on
the antenna performance is investigated based on changing
dialectic constant and thickness of superstrate.

Index Terms: 5G, 43.5 GHz, Superstrate layer, microstrip
antenna.

I. INTRODUCTION

owadays, 5G technology is presented to realize
many requirements are need to achieve a proficient
communication system. These requirements include,
larger capacity, high data rate, less latency, anti-
interference, high energy efficiency, and better security
[1,2].
5G technology will contribute to improve daily life,
such as education, employment, economic, and industry.
5G technology offers high resolution and bidirectional
large bandwidths in Giga-bits to make the advance billing
interface more attractive and effective with the special
provision of multiple paths for data transfer [3]. The 5G
wireless technology is a multipurpose wireless network
for mobile, fixed and enterprise wireless applications. It
incorporates all types of advanced features that make it
powerful and in huge demand in near future [4].

Received 31 Oct, 2021; revised 11 Nov, 2021; accepted 15 Nov, 2021.

Available online 26 Nov, 2021.

www.ijeit.misuratau.edu.ly

ISSN 2410-4256

Spectrum allocation of 5G communications is a
millimeter wave band that covers the frequency band of
20 GHz to 60 GHz. The expected bands for 5G mobile
communications are: 27.5-29.5 GHz, 33.4-36 GHz, 37—
40.5GHz,42-45 GHz, 47-50.2GHz, 50.4-52.6 GHz and
59.3-71 GHz [ 3, 5].

In modern wireless communication systems, the
miniature antennas are needed to fit small-scale mobile
devices without affecting the function [6]. Microstrip
antenna is acceptable antenna for this purpose, because it
has many features over other types of antennas, such as
low profile planar structure, low cost [7, 8, 9]. Microstrip
antennas also have few disadvantages like low gain,
narrow bandwidth and low efficiency. There are various
methods to overcome the disadvantages; few of them are
arrayed configuration, multilayered structure, change in
shape of patch and adding different shaped slots in patch
in proper position. Also, using low dielectric constant of
substrate or increasing the thickness of substrate, proper
feeding, using superstrate structure, using different
structure like photonic band gap (PBG), substrate
integrated waveguide (SIW), and defective ground
structure (DGS) are used to enhance the parameters of
conventional microstrip antenna [2, 4].

In this paper, a microstrip patch antenna is proposed
for 5G wireless communication systems operating at 43.5
GHz. The performance of the antenna is evaluated, also,
the effect of superstrate layer on the antenna performance
is studied based on the variation of dielectric constant and
thickness of the substrate layer. The simulation of
antenna is carried out by a HFSS software.

Il. DESIGN PROCEDURE

The procedure of antenna design includes design of the
radiator patch, the feed line, and the matching element.
Refer to ref [3] the specific parameters that needed to
design a microstrip antenna are the dielectric constant of
the substrate (e,), the height of the substrate (h), and the
resonant frequency (f;.).
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A. Radiator patch

The radiator patch design that means determine the
width (w), and the length (L) of the patch. These
parameters can be determine as following:-

1. For an efficient radiator, a practical width that leads
to good radiation efficiencies is as the equation below:-

Vg 2
W= —
2 fral &rtl

(1)

where v is the free-space velocity of light.

2. Determine the effective dielectric constant of the
microstrip antenna using

Ert+1 &r—1 1 (2)

Tl T T T
1+12—~
w

3. Determine the extension of the length ( AL ) by
using the following Equation (3).

(Ereff+03)(5+0.264)

AL=0412h

©)

(ereff=0.258)(5+0.8)
4. The actual length of the patch can now be
determined by

L=-—"2—
2 fr \ Ereff
B. Z,Microstrip feed line
For a given characteristic impedance and dielectric
constant, the % ratio for microstrip line can be found as

—2AL )

%:%[3—1 —In(2B - 1)+€'€—:1{1n(3— 1)+o.39‘l;f}] for£>2 (5)
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Where:
_ o far1 e 041
A= %0 5 + ey (0.23 + . ) @)
377
B = 70V (8)

C. Quarter wave transformer

The quarter wave transformer is a microstrip line used
as a suitable matching technique when there is a possible
impedance mismatch. Therefore, the quarter wave
transformer is used between the microstrip line and centre
point along the width of rectangular patch element for
matching their impedances. The length of quarter wave
transformer is equal to

Ly = ” ©)
Where 4, = %" is the guided wavelength.

The impedance of quarter wave transformer is given
by

Zr =JZ,Zp (10)

Where Z, is the impedance of feed line that is equal to

50 ohm, and Zp impedance obtainable by the patch at the
center point along the width of patch.
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At the resonant, the input impedance at the centre point
along the width is [10].

1
Zp =& (11)
where
L Wy
2 G W < A

)
_
I

(12)

j (;V—O) W A,

D. Ground plane dimensions ( Lg and Wg).

The similar results for finite and infinite ground plane
can be obtained if the size of the ground plane is greater
than the patch dimensions by approximately six times the
substrate thickness all around the periphery [11].

Ly=6h+L (13)
Wg=6h+W (14)

I1l. DESIGN SPECIFICATION

There are many parameters must be known before
designing an antenna in general such as: The frequency
range in which the antenna is planned to be propagating
(fy), Dielectric constant of the substrate (€r), Height of
dielectric substrate (h) [12].

In this work, a single microstrip antenna is designed
with the following characteristics:

Resonant frequency: 43.5GHz.

Transmission line impedance: 50 Q.

The dielectric constant of the substrate: ¢, = 4.4 (FR-4)
Thickness of dielectric substrate (h): 0.76 mm.

IV. CONFIGURATION OF ANTENNA

The microstrip antenna is designed based on the design
procedure of microstrip antenna that mentioned in section
Il. The designed antenna is simulated by using HFSS
software. Figure 1 shows the 3D and top view of the
designed antenna. Table | shows the dimension of
proposed antenna.
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Figure 1.  Suggested antenna, (a) 3D Shape (b) top view.

Table 1. The dimension of the antenna

Parameter (mm)
W, 6.65
Lg 5.79
Wp 2.09
Lp 1.23
Wy 0.55
Ly 14
W 1.45
Lg 0.94

A. Return loss and radiation pattern of proposed
antenna

Figure. 2 shows changing of return loss with frequency
of the proposed antenna. From the figure, it can be noted
that the value of the return loss at the design frequency
(43.5 GHz) is equal to (19.86 dB), and the bandwidth is
equalto (9.8 GHz), where it extends from 38.7 GHz to
48.5 GHz, and therefore the impedance bandwidth is
22.53%.
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Figure 2. Variation frequency with Return Loss

The 3D radiation pattern of the antenna at 43.5GHz is
shown in Figure 3.

From figure 3, it can be noted that the maximum value
of the antenna gain is 5.36 dB, and it can be seen that the
radiation pattern of the antenna is focused in one
direction, and this indicates that the antenna is a
directional antenna with some side lobes that can be
neglected.
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Figure 3. The radiation pattern of the antenna at 43.5GHz

The two-dimensional radiation pattern of the antenna
is shown in figure 4 at Phi = 0 and Phi = 90; From
the figure it can be observed that the HPBW is 116.47°
at ¢ =90° and 104.55° at ¢ = 0°.
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Figure 4. 2D radiation in two dimensions at Phi = 0 and Phi = 90
At 435 GHz, the antenna characteristics can be

summarized as listed in Table 2.

Table 2. Antenna characteristics at a frequency of (43.5 GHz

Quantity value
Radiated power (W) 0.92
Accepted power (W) 0.98
Incident power (W) 1

Radiation Efficiency (%) 93.2
Peak Gain (dB) 53
| e

B. The effect of the superstrate on the performance
of proposed antenna

In this part, a superstrate is added to make multi-layer
antenna; this antenna is shown in Figure 5.

In this work, three types of dielectric materials are
selected as a superstrate material which are listed in
Table 3
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Superstrate

N |

Figure 5. Thickness and position of superstrate

Table 3. Different types of superstrate

Type of material Izger:ig:f
FR4-epoxy 44
Alumina-96pct 9.4
Teflon (tm) 2.1

The performance of multi-layer antenna is evaluated
based on changing of dielectric constant (g,) and
thickness (h) of superstrate material.

For each superstrate material, the multi-layer antenna
parameters are evaluated according to different values of
superstrate thickness, which are 0.2 mm, 0.5 mm, 0.76
mm, 1.58 mm, 2 mm.

1. Effect of FR4-epoxy superstarte material

Figure.6 shows effect of changing the thickness of the
(FR4-epoxy) superstrate on the resonant frequency of the
antenna, as well as on the antenna bandwidth; from the
figure, it can be noted that the resonance frequency and
the return loss value at the resonance frequency are
clearly affected by changing the thickness of the
superstrate material.

The impact of varying the thickness of FR-4
superstrate material on multi-layer antenna characteristics
arseontabulated in4.
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Figure 6. Variation of resonant frequency and Return Loss versus

thickness of FR4_epoxy superstrate thickness
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Table 4. Effect of FR-4 superstrate thickness on antenna properties

o Thickness of superstrate (mm)
Characteristics
0.2 0.5 0.76 1.58 2
Resonant frequency | 4990 | 4640 | 45.80 | 42.00 | 41.20
(GHz)
Return loss (dB) -11.73 | -17.60 | -25.64 | -26.53 | -20.74
Phi=0 55.14 44.65 86.19 43.76 41.23
HPBW :
Phi=90 | 107.57 | 140.76 | 152.11 76.18 64.67
Gain (dB) 7.13 6.51 6.21 7.66 8.64
Efficiency (%) 92.31 88.98 87.36 81.64 | 84.00
Incident power (W) 1 1 1 1 1
Radiated power (W) | 0.85 0.84 0.85 0.78 0.80

ISSN 2410-4256

From Table 4, it can be noted that the antenna
properties are changed significantly due to changing of
thickness of superstrate material, where the resonant
frequency is decreased with increase the thickness of
superstrate, and antenna gain slightly decreases with
increasing the thickness of superstrate up to certain value
of superstrate thickness, and it starts to increase again. In
addition, it can be observed that the changes of half-
power bandwidth (HPBW), antenna gain and efficiency
values are unstable; these results are produced due to the
unpredicted behavior of the material at high frequencies.

2. Effect Alumina-96pct superstarte

The effect of changing the thickness of the
Alumina_96pct superstrate material on the resonance
frequency and the amount of the antenna bandwidth is
shown in Figure 7.

0.00

-5.00
-

-10.00
-15.00

-20.00

sl b e by by

Y1

Curve Info

-25.00 {— gB(S(1,1)), without superstrate
Setupl : Sweep

— dB(S(L,1)), 0.2mm
Imported

dB(S(1,1)), 0.5mm
imported

Name

-20.3245
475000 | -42.5162
42.4000 | -14.2224
41.1000 | -13.3995
44,6000 | -33.5949
42,6000  -19.0506

-30.00

-35.00 dB(S(L,1)), 0.76mm

Imported
— dB(S(L,1)), 1.58mm
Imported

dB(S(L,1)), 2nm
Imported

ESEIEIEAEIE

-40.00

NI EATIATE AT A

4500 7 !
38.00 40.00 4200

4400 4600 4800 5000
Freq [GHZ)

Figure 7. Variation of resonant frequency and Return Loss versus
thickness of Alumina_96pct superstrate thickness

Table 5 shows the effect of changing the thickness of
Alumina_96pct  superstrate  material on antenna
characteristics. It can be shown that, the radiation
efficiency is decreased compare to the antenna without
superstrate, and it decrease with increase the superstrate
thickness. On other hand, the wvalues of resonant
frequency, antenna gain, and radiated power are changed
randomly due to unexpected variations in material
properties at high frequencies.
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Table 5. Effects of Alumina_96pct superstrate thickness

o Thickness of superstrate (mm)
Characteristics
0.2 05 0.76 1.58 2
Resonant frequency | 4750 | 4240 | 4110 | 44.60 | 4260
(GHz)
Return loss (dB) -4251 | -14.22 | -13.39 | -33.59 | -19.05
Phi=0 4258 | 150.65 | 92.87 | 105.50 | 95.86
HPBW -
Phi=90 | 147.98 | 96.13 | 108.79 | 195.06 | 92.15
Gain (dB) 6.85 5.43 6.15 5.76 6.76
Efficiency (%) 91.52 85.88 78.22 78.09 65.25
Radiated power (W) 0.80 0.81 0.61 0.74 0.56
Incident power (W) 1 1 1 1 1

3. Effect of Teflon superstarte material

Teflon is the third material is chosen as superstrate.
Figure 8 shows the effect of the Teflon superstrate on the
resonance frequency and the antenna bandwidth of
proposed antenna.
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Figure 8. Variation of resonant frequency and Return Loss versus
thickness of Teflon superstrate thickness

The variation of antenna parameters values due to add
Teflon material as a superstrate is listed in Table 6.

Table 6. Effects of Teflon superstrate thickness on antenna properties

o Thickness of superstrate (mm)
Characteristics
0.2 0.5 0.76 1.58 2
Resonant frequency | 4309 | 4390 | 44.80 | 4380 | 43.10
(GHz)
Return loss (dB) -1558 | -15.03 | -17.84 | -32.31 | -41.48
Phi=0 77.59 62.74 58.88 53.06 52.25
HPBW
Phi=90 | 106.96 | 101.94 | 102.26 | 125.72 1134
Gain (dB) 6.12 6.75 7.04 6.52 6.96
Efficiency (%) 93.67 93.76 94.57 91.93 91,51
Radiated power (W) 0.90 0.91 0.92 0.92 091
Incident power (W) 1 1 1 1 1

From Table 6, it can be noted that the gain of multi-
layer antenna is greater than the gain for the antenna
without of superstrate material. Additionally, it can be
seen that the radiation efficiency increases with increase
the thickness of the superstrate from 0.2mm to 0,76 mm,
but it decreases at the large values of superstrate
thickness.
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V. CONCLUSION

In this work, microstrip antennas without and with
superstrate material are simulated and evaluated.

Based on the simulated results, it can be concluded that
the microstrip antenna without superstrate material
operates with good radiation characteristics at 43.5 GHz
band, moreover, it has simple configuration and small
size which is 6.6 x 57 mm? In addition, the
characteristics of microstrip antenna with superstrate are
influenced by changing of superstrate dielectric constant
and thickness. Thus, it is possible to improve the antenna
gain, and also the resonant frequency of the antenna
according to the type and thickness of the superstrate
material. Depending on this result, the thickness of the
superstrate and its dielectric constant must be taken into
account when using the microstrip antenna inside
portable or electronic devices to ensure that the antenna
works well within the frequency band at which it was
designed.

The proposed antenna with and without superstrate
material can be used properly for 5G applications at 43.6
GHz frequency band.
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