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Department of Microstrip Electronics Research Institute Giza, Egypt

Abstract

A two-element antenna system is designed and fabricated with good isolation in this manuscript. The
offered antenna gets two resonance frequencies at 28 GHz and 38 GHz which are allotted for the
upcoming 5G mobile applications. The offered antenna is designed and simulated using industry-
standard software CST MWS program. The basic antenna design is conventional microstrip antennas
placed at the lower edge of the mobile substrate. The obtained reflection coefficient is -27.908 dB from
(26.961 - 29.266) GHz with impedance bandwidth 8.19 % and -20.58 dB from (36.646 — 40.297) GHz
with impedance bandwidth 6.09%. The mutual coupling between two antenna ports is less than -30 dB.
The achieved directivity, far-field gain, and efficiency are 7.581 dBi, 7.182 dB; and 91.24 % at 28 GHz
and 9.716 dB;, 9.24 dB; and 89.63 % at 38 GHz, respectively. The size of the Rogers 5880 substrate is
55 x 115 mm? with h = 0.508 mm and & =2.2 which is low cost substrate and small size patches best

suited for miniaturized devices.

Keywords- Two element, 28 GHz, 38 GHz, mm-Wave, 5G, microstrip.

l. INTRODUCTION
bandwidth and speed [1]. 4G and 5G

technologies provide efficient mobile user
services with lower consumed battery,
higher data rates in larger parts of the
coverage area, lower outage probability
(better coverage), less expensive or no

Mobile communications
technology is the new revolution in mobile
markets. The evolution of mobile phone
technology occurs very fast and
tremendously since it was introduced in the

early 1990s. The technology grows from
the first generation, known as 1G to 2G,
3G, 4G and soon to be realized 5G. The
fifth generation (5G) technology is
expected to complete the fourth generation
technology and provides solutions to the
scarcity arising from 4G such as limited

traffic fees due to low infrastructure costs,
or higher aggregate capacity for many
simultaneous mobile users [2]. As 5G is
developed and implemented there will be a
major requirement especially on the user
equipment and base station infrastructures.
The focus to date, therefore, is directed
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towards successful hardware demonstration
that achieves required functionalities for
mm-Wave technologies such as high gain,
low profile, and low cost or the potential
for low manufacturing costs. In recent
years, with the increasing attention in 5G
mm-Wave mobile communications, the
antennas based on the exploit of frequency
bands above 6 GHz are exaggerated
investigated. The 28 GHz and 38 GHz
bands have been considered as one of the
nominated 5G communication systems that
can be used at base stations and mobile
handsets [3]. Some work done by other
authors on the designing of 5G
antennas/arrays  have been  recently
introduced. A microstrip antenna and an
array of 4-element are used in [4]. A dual-
band slotted waveguide antenna array for
5G networks was introduced. The
construction of the array is based on two
groups of radiating slots to provide two
frequency bands 28 GHz and 38 GHz [5].
A dual-band antenna operates at 10.15 GHz
and 28 GHz in [6]. The anticipated 5G
antenna is worked in the 25 GHz, the 28
GHz and the 38 GHz bands by employing
two patch antennas and an EBG superstrate
[7]. A slotted antenna was presented for the
operation at 28 GHz, 38 GHz, and 61 GHz.
It consists of a square patch having an L-
and F- slot for the tri-band operation [8]. It
is perceived that some of these antenna
configurations are complex in a fabrication
process, besides having low radiation
efficiencies, and low gains. We have
recently designed, simulated and fabricated
a two-element antenna configuration which
is designed and simulated in the 3D
electromagnetic simulator CST Microwave
Studio and measured using Vector Network
Analyzer ZVA 67 (measure up to 67 GHz
frequency) with a port impedance of 50 Q
and utilizes the parameters of commercially
Rogers 5880 substrate. The antenna is
simple, easy to fabricate and has a planar
design. This work supports simultaneous
operation in the 28 and 38 GHz bands using

microstrip antenna having high bandwidth,
high directivity, high radiation efficiency,
and high gain. The manuscript is prepared
in three sections. Section Il accounts the
development of the single element antenna
for 28/38 GHz frequency bands. Section Il
accounts the configuration of the two-
element antenna for 28 and 38 GHz
frequency bands over the same substrate.
Section IV describes the numerical
analyses, simulation and measured results,
whereas  Section V  provides the
conclusions.

Il. PROPOSED ANTENNA DESIGN

A. Single Element Antenna Configuration

The configuration of the basic design of
the single element microstrip antennas is
demonstrated individually in Fig.1. The
offered patches are constructed on Rogers
RT5880 substrate of 0.508 mm thickness,
dielectric constant & = 2.2 and loss tangent
tan 6 = 0.0009 with dimensions of w X
L=15 x15 mm?. Primarily, the dimensions
of the main radiating patches are calculated
rendering to the preferred resonant
frequency. There are two dissimilar
operative  frequencies for  dual-band
operation. As antenna theory [9], the 28
GHz antenna acquires patch size of Wag X
L2s = 3.44 x 3.35 mm? with inset feed of g
x di = 0.2 x 1.2 mm? and the 38 GHz
antenna acquires patch size of Wag X Lag =
3.3 x 2.4 mm? with inset feed of g x dz =
0.2 x 0.7 mm?, The patches are fed by a
microstrip transmission line to motivate the
appropriate set with dimensions We x Lr =
1.55 x 2.61 mm? to accomplish 50 Q input
impedance matching. The feeding is not
built straight on the patch edges but by
using  multiple quarter  wavelength
transformers of 75 Q with dimensions Wt
X Ltz = 0.8 x (3 x 1.98) mm? and Wt X
Lt3s = 0.8 x (3 x 1.74) mm? for 28 GHz and
38 GHz, respectively. The width and length
of the inset feed effect on the resonant
frequencies and return loss levels so the
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best results should be gained. Based on
optimization and several parametric studies,
the final parameters are listed in Table 1.

A w —
Lz <> 8 L3 ®
¢ e I
L
- Lrae Wt 4‘_““ e
T >
I LF Wr 1 Lr
W < >
(a) (b)
A
L
W
v }

(©)

Fig.1 The Recommended Antennas for (a)
28 GHz Antenna, (b) 38 GHz Antenna,
and (c) Ground Plane.

TABLE 1
ToTAL DIMENSIONS OF SINGLE ELEMENT
ANTENNA
Paramete| Dimension |Paramet| Dimension
r (mm) er (mm)
w 15 W+ 0.8
L 15 Los 5.94
Wog 3.44 L3 5.22
Log 3.35 g 0.2
W3sg 3.3 dy 1.2
L3s 2.4 d> 0.7
WEe 1.55 h 0.508
Lr 2.61

B. Results and Discussion
The dimensions of the antenna patches

were optimized to provide the anticipated
resonance frequencies at 28 GHz and 38
GHz, The simulated reflection coefficients

Su1 of the single antennas are -27.908 dB
from 26.961 GHz to 29.266 GHz with
impedance bandwidth 8.19% and BW of
2.305 GHz and -20.58 dB from 36.646
GHz to 40.297 GHz with impedance
bandwidth 9.49 % and BW of 3.6507 GHz
for  the upcoming 5G mobile
communications as presented in Fig.2.

-10

-204

Reflection Coefficient (dB)

=304

26 2‘8 3‘0 3‘2 3‘4 3‘6 3‘8 40
Frequency (GHz)

(@)

-10

Refletion Coefficient (dB)

26 28 30 32 34 36 38 40
Frequency (GHz)

(b)
Fig.2 S-Parameters of Single element
Antennas. (a) |S11 at 28 GHz and (b) |S11]

for 38 GHz.

The radiated far-field patterns are
displayed in Fig.3, the simulated
directivity, gain and efficiency of the single
element antenna reached 7.095 dBi, 6.639
dBi and 90.03 % for 28 GHz and 9.02 dB;,
8.578 dB; and 90.32 % for 38GHz,
respectively.
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Far Gen s (0 s lobes. The antennas in the array have the
' dimensions as mentioned in Section 1.

W >

Frequency = 28 GHz

Main lobe magnitude =  6.38 dB
Main lobe direction = 16.0 deg
Angular width (3 dB) = 75.3 deg.
Theta / Degree vs. dB Side lobe level = -10.4 dB

(a)

Farfield Gain Abs (Phi=0) L

farfield (f=37.952) [1]

Frequency = 37.952 GHz
Main lobe magnitude =  6.81 dB

Main lobe direction = 9.0 deg.
Angular width (3 dB) = 68.3 deg.
Theta / Degree vs. dB Side lobe level = -8.3 dB (a)

(b)
Fig.3 Radiated Farfield Pattern at (a) 28
GHz and (b) 38 GHz.

111 TWO ELEMENT ANTENNA DESIGN

In this section, the two element antenna
is designed and fabricated at 28 GHz and
38 GHz for 5G mobile applications. The
antenna architecture is explained in Fig.4. It
is fabricated on a W x L = 55 X 110 mm? “ I s

Rogers RT5880 substrate of 0.508 mm T =

thickness, dielectric constant & = 2.2 and (b)

loss tangent tan & = 0.0009. The top and Fig. 4 Two-Element Antenna
bottom patches printed on the substrate are Geometry. (a) Top View and (b)
the two radiating configurations and the Back View

ground plane both are made of copper '

material. The back view is publicized in

Fig. 4 (b) which is the ground plane of TABLE 2

dimensions W x Lg = 55 x 22 mm? with slot TOTAL DIMENSIONS OF TWO-ELEMENT
dimension Ws x Ls = 1 x 15.07 mm?. The ___ANTENNA : :
slot is engraved to enhance radiation and Paramet| Dimension Paramet| Dimension
isolation characteristics of the antenna. The er (mm) er (mm)
main principle for system design are the W 55 Lg 22
mutual coupling, which mostly increases L 115 Ls 15.07
due to the small distance amongst the Ws 1 D 10.13

elements, by enlarging the spacing amongst
the two antenna elements, the mutual
coupling can be decreased. The separation
amongst the two antennas edges is D =
10.13 mm which is about A to evade grating

Delta University for Science and Technology

Coastal International Road, Mansoura, Gamasa City, Dakahlia, Egypt

E-mail: dusj@deltauniv.edu.eq

Journal homepage: www.deltauniv.edu.eg/dusj page |47



mailto:dusj@deltauniv.edu.eg
http://www.deltauniv.edu.eg/dusj

Delta University Scientific Journal
Volume 3 Issue 1 April (2020)

IV.EXPERIMENTAL RESULTS AND
DisCUsSION

The two port antenna system is
simulated on CST Microwave Studio
simulation software and measured using
Vector Network Analyzer ZVA 67 (up to
67 GHz frequency range measurement)
with the port impedance of 50Q. The array
is further analyzed and fabricated for the
following parameters.

A. Return Loss

Fig.5 displays the S11 and S22 plots after
simulation and fabrication. It is observed
that Si1 and S22 < -10 dB for the 28 GHz
and 38 GHz band frequencies. The results
in Fig.5 recommend that there is an
agreement between the simulated and
measured values except for little difference
in the bandwidth and the values of
reflection coefficients at 28 GHz and 38
GHz. Both antennas are meeting the
anticipated requirements of return loss. The
simulation gives 27.946 GHz and 37.83
GHz frequencies and the measurement
gives 28.3 GHz, 32 GHz and 38.9 GHz
frequencies and all of these bands are used
in 5G wireless communication.

Reflection Coefficient (dB)

——S,, Measured
-40 = = =S, Simulation

-50

T T T T T T
26 28 30 32 34 36 38 40
Frequency (GHz)

(@)

Reflection Coefficient (dB)

—_— S” Measured
-40 4 — - -$,_ Simulation

-50

26 2'8 3'0 3'2 3'4 3'6 3'8 40
Frequency (GHz)
(b)
Fig.5 Reflection Coefficients for Two
element Antenna (a) |S11| and (b) |S22|.

B. Surface Current Distribution

To get a better insight into the operation
of the offered antenna, the surface current
distributions are inspected at the
frequencies of 28 and 38 GHz using CST
software as publicized in Fig.6. It is
obvious that the surface currents
predominantly focus on the main patches at
28 GHz and 38 GHz.

=71
Z46
Zzz
197
172
145
1235
95.6
F3.9
49,3
z4.6
o

(a)
Y

338
305
=277
=246
Z15
155
154
1235
9z2.3
&1.5
0.8
n [n]

(b)
Fig.6 Current Distributions of the
Two-Element Antenna at (a) 28
GHz and (b) 38 GHz.

C. Gain and Radiation Pattern
The radiated far-field patterns for Phi =
0° and Phi = 90° are presented in Fig.7 and
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Fig.8, the simulated directivity, gain and
efficiency of the mm-wave two element
antenna reached 7.581 dBi, 7.182 dBi and
91.24 % at 28 GHz and 9.716 dBi, 9.24 dBi
and 89.63 % at 38 GHz, respectively. The
attained results from two element antenna
design are better than that attained from
single element and there is an enhancement
in all antenna parameters.

Farfield Directivity Abs (Phi=0)

farfield (F=28.05) [2]

Frequency = 28.05 GHz

Main lobe magnitude = 6.97 dBi
Main lobe direction = 2.0 deg.
Angular width (3 dB) = 87.2 deg
Side lobe level = -13.7 dB

Theta / Degree vs. dBi

(@)

Farfield Directivity Abs (Phi=0)

Phi= 0 30

30
1S

IS
BAYAN

180 Main lobe direction = 7.0 deg.
Angular width (3 dB) = 63.9 deg.
Side lobe level = -7.9 dB

(b)
Fig.7 Radiated Farfield Pattern for the
Two-Element Antenna for Phi =0 ° at (a)
28 GHz and (b) 38 GHz.

farfield (£=37.89) [1]
Phi=180

a0

120

Theta / Degree vs. dBi

Farfield Gan Abs (Phi=90)

— farfield (f=28.05) [2]

Frequency = 28.05 GHz

Main lobe magniude =  7.58 dB
Main lobe drection = 14.0 deg.
Angular width (3 dB) =  84.6 deg.
Side lobe level = -15.9 dB

Theta / Degree vs. dB

(@)

Farfield Gain Abs (Phi=90)

farfield (f=37.89) [1]

Frequency = 37.89 GHz

Main lobe magnitude = 8.81 dB
Main lobe direction = 16.0 deg.
Angular width (3 dB) = 35.7 deg.
Theta / Degree vs. dB Side lobe level = -5.1 dB

(b)
Fig.8 Radiated Farfield Pattern for the
Two-Element Antenna for Phi =90 ° at (a)
28 GHz and (b) 38 GHz.

D. Mutual Coupling

Fig.9 illustrates the Si12 and Sp1 plots for
the two port antenna system, it’s perceived
that both Si2 and Sz1 < -29 dB for the 28
GHz and 38 GHz frequencies, thus the two
antennas are independent of each other and
the mutual coupling values between the two
antennas are very low. There is an
agreement between the simulated and
measured results. Furthermore, we do not
use any separate isolating techniques
between antenna elements.

-20

———|s12|_Sim.
- Is21_Sim.

S-Parameters (dB)
w
o
L

A
S

-50

26 2‘8 3‘0 3‘2 3‘4 3‘6 C;S 40
Frequency (GHz)

Fig.9 Transmission Coefficients for the Two

Element Antenna.

A comparison between different substrate
and ground lengths with S-Parameters and
gain is introduced in Table 4.3. It is
obvious that, the best results obtained in the
case of using Lg =22 mm and Ls =110 mm
and these lengths are selected to be fitted to
the mobile handset dimensions.
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TABLE 3
COMPARISON BETWEEN DIFFERENT
SUBSTRATE AND GROUND LENGTHS WITH S-
PARAMETERS AND GAIN

frequencies are presented in Table 4. Fig.
11 demonstrates the fabricated two-element
5G antenna.

[?;f:e:ﬁzt L=22 | Lg=22 | L=110
wit?\ S mmé& | mmé& | mmé&
Ls:22 Ls,:llo Ls,:llo
Parameters
: mm mm mm
and gain
Su 28 | -31.938 | -40.18 | -27.984
(dB) | 38 | -24.256 | -35.86 | -25.978
Gai | 28 6.935 7.182 6.987
n
(dBi | 38 7.882 9.24 8.212
)

E. VSWR of the Introduced Two-Element

Antenna

Fig.10 displays the VSWR of the two-
element antenna. VSWR is very low that
means very less miss-match loss thus better
impedance  matching  throughout the
operating bandwidths. The attained VSWR
are 1.08 at the 28 GHz and 1.27 at the 38
GHz. With these values achievement, the
antenna is whispered to be already
matched.

—— VSWR_28 GHZz]
= = VSWR_38 GHZ|

26 2‘8 3‘0 Frequi:cy(GH:;4 3‘6 3‘8 40
Fig. 10 VSWR Vs. the Frequency of the
Two-Element Antenna.

This design can be very attractive to be
integrated with prospect handsets for short-
range communications. The simulated
values of the resonance frequency,
reflection coefficient, directivity, gain, and
radiation efficiency of the offered single
and two-element antenna at the two chosen

TABLE 4
FINAL PARAMETERS OF PROPOSED
ANTENNA
Anten Resona Reflecti Gai |Radiati
nce .
na Frequen on |Directiv| n on
Desig Ay Coefficifity (dBi)|(dBilEfficien
0
n (GH2) ent (dB) ) |cy (%)
) 6.63
Single| 28.02 | -30.02 | 7.095 9 90.03
Anten 857
na |37.952|-20.15| 9.2 '8 90.32
TWO- 157 946 | -27.84 | 7.581 18| 01.24
Eleme 2
nt
Anten| 37.83 | -18.35 | 9.716 [9.24| 89.63
na

Fig. 11 Photograph of the Fabricated Two-
Element 5G Antenna.

V. CONCLUSION

An integrated two-element antenna
system was presented fulfilling with the
upcoming 5G mobile systems. The
integrated design contains two antennas
operate at 28/38 GHz set at the lower verge
of the mobile handset. The condensed two-
element antenna covered wide frequency
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bands of (26.961- 29.266) GHz and (36.646
- 40.297) GHz. Typical results such as S-
parameters, gain, and radiation pattern were
intended and measured, and they can
encounter the necessities of 5G systems.
The achieved directivity, far-field gain and
efficiency are 7.581 dBi, 7.182 dBi and
91.24 % at 28 GHz and 9.716 dBi, 9.24 dBi
and 89.63 % at 38 GHz, respectively. The
mutual coupling between two antenna ports
is less than -30 dB. The simple arrangement
of the planar antenna elements permits for
practical integration with other electronic
circuitry.
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