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ABSTRACT

Linear polarization reconfigurable patch antennas for 5G application are presented in this paper. The first
type is U-shaped antenna which has been proposed and analyzed and can switch among two symmetric
polarizations. The second type is Y-shaped antenna which has been analyzed and can switch among two
orthogonal polarizations. The two types of antennas can generate the polarization diversity without
affecting the other performances such as the radiation pattern and the frequency. These types of antennas
are required for wireless communication systems because they can avoid the fading loss and increase the
channel capacity. To achieve the linear polarization reconfigurability, two diodes are integrated into
microstrip feed. For both states of operation of antennas, the resonant frequency was determined to be
between (3.4-3.6) GHz. The simulated results of reflection coefficient and gain are carried out using HFSS
(high frequency structural simulator) and CST (computer simulation technology) software. The operation
frequency, the simple structure, and good gain make these antennas good candidates for 5G

communication.

Keywords: Polarization Reconfigurable Patch Antenna, U-Shaped Antenna, Y-Shaped Antenna, HFSS,

CST

1. INTRODUCTION

As a result of the development of technology and
increases number of users in  wireless
communication system, there is necessity to use
reconfigurable patch antennas. They can alleviate
multipath fading loss, enhance channel capacity by
frequency reuse and increase the quality of the
signal [1]. The reconfigurability functions of the
antenna are radiation pattern [2, 3], frequency band
[4, 5] and polarization [6, 7]. Frequency
reconfigurable antennas allow to move dynamically
or continuously from one frequency band to another
or in a range of frequencies, respectively. On the
other hand, the pattern reconfigurable antennas
provide beam steering in a desired direction. While
the polarization reconfigurable antennas capable to
modify the polarization characteristics in real time.
In order to ensure reconfigurability, various
techniques include optical [8-10], physical [11-13],
material [14-16], and electrical [17-21] have been
suggested. The electrical technique is most widely
used, which uses switching devices like, varactors
diodes [17], RF micro electro mechanical systems
(MEMS) [18], and PIN diodes [19-21]. Because of

their low price and their acceptable performance,
the PIN diodes are suitable for reconfigurable
antennas. Several antennas have been developed to
achieve the polarization reconfigurability. These
antennas have the advantage of activating two or
more polarizations by employing one resonator and
this leads to minimizing a large amount of space.
They have ability to change the sense of
polarization between Left-hand circular polarization
(LHCP) and Right-hand circular polarization
(RHCP) or between linear polarizations (LPs). To
control the polarization states, many antennas are
created by inserting PIN diodes. In [22] the antenna
mainly consists of a slot antenna and a polarizer,
both LHCP and RHCP are obtained by adjusting
the states of two PIN diodes. Furthermore, a square
patch with a semicircular slot is realized [23], by
utilizing two PIN diodes, the antenna can switch its
polarizations between LHCP and RHCP. On other
hand, the number of papers that have worked on
multi-linear polarization is insufficient. In [24], a
square patch antenna with Y-shaped feed structure
is proposed, the orthogonal and horizontal
polarizations controlled by the states of two diodes.
A circular patch antenna with four shorting posts
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and four PIN diodes was proposed in [25].
Depending on the states of four diodes, four linear
polarizations rotated 45° are achieved. While in
[26], a square-ring antenna with two shorting stubs
and two PIN diodes is proposed. The state of two
diodes can altered between two linear orthogonal
polarizations. In this paper, two microstrip patch
antennas with linear polarization diversity are
suggested. These antennas consist of a square patch
antenna with U-shaped feed, and Y-shaped feed.
Two PIN diodes are inserted into feed line of both
antennas to provide reconfiguration between two
linear polarizations. By tuning two diodes on and
off, the U-shaped antenna and Y-shaped antenna
can generate two linear polarizations symmetric to
each other and two linear polarizations orthogonal
to each other, respectively, without influencing the
radiation pattern and the resonance frequency. The
frequency band (3.4-3.6) GHz, the simple
structure, and gain of 3.08 to 3.88 dB make these
antennas appropriate for 5G communication.

2. EQUIVALENT CIRCUIT MODEL OF PIN
DIODE

In order to achieve the polarization reconfi-
gurability, the (BAP65-02, 115) diodes are used for
switching. For ON state, the PIN diode can
modeled as a series combination of resistor
R, =1Q, and inductor L, =0.6nH . For OFF state,

it can modeled as a parallel combination of
capacitorC, =0.5pFand resistor R =20kQ in
series connection with inductor L, =0.6nH. The

equivalent circuit of the PIN diode at each state is
illustrated in Fig. 1.

ON state OFF state
C
P
LS RS LS “
— N A N =
Ry

Figure 1: PIN DIODE model in OFF state and ON state

3. PATCH ANTENNA WITH U-SHAPED
FEED

The geometry of the reconfigurable patch antenna is
illustrated in Fig. 2. It consists of a square radiating
patch, U-shaped feed, and two PIN diodes. The

antenna structure is designed on a FR4 substrate
with dielectric constante =4.4, loss tangent of
0.02, and thickness h=1.6mm. The radiating patch
has dimensions of 19.5mmx19.5mm and can be
calculated using the following equations:

_c |2 (1)
2f e, +1
© (@)
L=———-2AL
2fr Vgrcff
8reff:8r+1+8r_1 1+@ (3)
2 2 \
+0.3)(W/h+0.264
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(8 —0.258)(W/h +0.8)

Where W and L are the width and the length of the
patch, respectively, €. is the relative permittivity,

T

f is the resonant frequency, € is the effective

reff

dielectric constant and c is the velocity of light.

The size of feed line is selected to present a
characteristic impedance of 50Q2. A distance g was
kept between U-shaped feed and square radiating
patch. Two PIN diodes are integrated into U-shaped
feed. Both the left and right branchlines of U-
shaped feed have the width of d and contain a
length of H.

Ls

Figure 2: Geometry of U-shaped antenna
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The U-shaped proposed antenna was simulated
using High Frequency Structure Simulator (HFSS).
To understand the influence of antenna parameters
on the reflection coefficient, a parametric study is
carried on the gap g, the length H, and width d
of the branchline of the U-shaped feed when PIN
diode 1 tuned ON and PIN diode 2 tuned OFF
(state 1).

The sensitivity of the reflection coefficient to
variation in the gap g is simulated in Fig. 3.

2
4 ——g=0.5mm
= = g=0.75mm
6 - --g=1mm
0
o g
0 104
124
-14 4
-16 4
-18 T T T T 1
3,0 3,2 34 3,6 3.8 4,0

Frequency, GHz

Figure 3: Simulated reflection coefficient at d=2 mm,
H=9.5 mm, and different values of g

It is clear from the simulation that the reflection
coefficient decreases when g is increased.
Fig. 4 shows the length H effect in terms of
reflection coefficient. It can be seen from the
simulation that the center of the operation
frequency increases when H is increased.

S11,dB

-20 4

25 T T T
30 32 34 36 38 40

Frequency, GHz

Figure 4: Simulated reflection coefficient at g=0.5 mm,
d=2 mm, and different values of H

The reflection coefficient with different values of
the width d is illustrated in Fig. 5. As can be seen,
when d increases, the center of the operation
frequency moves towards to the lower frequency.

S11,dB

T T
30 32 34 36 38 40
Frequency, GHz

Figure 5: Simulated reflection coefficient at g=0.5 mm,
H=10.5 mm, and different values of d

The optimized parameters of U-shaped antenna are
listed in Table 1

Table 1: Parameters of U- shaped antenna.

Parameters Value (mm)
L=Ws 47
Wy 19.5
d 1
10.5
g 0.5
We 3.0589
L 11.7424

Fig. 6(a) and (b) describes the surface current
distributions of the proposed antenna at 3.5 GHz
when it is worked in state 1 (diode 1 is on, and
diode 2 is off) and in state 2 (diode 1 is off, and
diode 2 is on), respectively. It is clear from this
simulation that for two states of operation, the
current distributions symmetric to each other. For
this reason, the U-shaped proposed antenna has the
ability to carry out the polarization diversity.
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Figure 6: Simulated current distributions of U-shaped antenna: (a) state 1 and (b) state 2

The optimized values of the proposed antenna
obtained from HFSS software have been employed
to be used in CST Microwave Studio simulation
software.

The simulated reflection coefficient versus
frequency results using both HFSS and CST
software are presented in Fig. 7. From the figure, it
can be observed that, for two different states that
have been carried out using the same software
(HFSS or CST), S11 picks at the same resonance
frequency.

The reflection coefficient of -29 dB, and -29.3 dB
for state 1 and state 2, respectively are obtained
from HFSS at the frequency 3.5 GHz, while the
reflection coefficient of -12.2 dB for two states is
obtained from CST at the frequency 3.45 GHz. By
modifying the state of two diodes, the resonance
frequency was maintained using the same software,
which is an added value of this antenna. The
discrepancies in reflection coefficient obtained with
HFSS and CST due to difference between their
theoretical models, specifically HFSS is based on
finite element method (FEM), while CST is based
on finite integration techniques (FIT).

04
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B— J—
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. / /= —state1_CST
104 \ ‘,/ « ——state2_CST
m \/ | - -state1HFSS
° 1 state 2_HFSS
T 154 i
» .
-20 1 '
254 '.'
{
=30
30 32 a4 a5 a8 40

Frequency, GHz

Figure 7: Comparison of S11 from HFSS and CST in
state 1 and state 2 at d=1 mm, H=10.5 mm, and g=0.5
mm
Fig. 8(a) and (b) shows the simulated gain in
¢=0° plane and ¢ =90° plane at 3.5 GHz when

U-shaped antenna operates in state 1 and state 2,
respectively. The maximum gain, using HFSS
software, was 3.77 dB for state 1, while it was 3.88
dB for state 2. On other hand, the maximum gain,
using CST software, was 3.46 dB for both states.
As can be seen, the proposed antenna has a
unidirectional pattern and by changing the states of
two diodes, the direction of radiation pattern in
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each plane was almost conserved by using the same
software, which is another advantage of this
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Figure 8: Simulated radiation patterns of U-shaped antenna (a) statel (b) state 2

4. PATCH ANTENNA WITH Y-SHAPED
FEED

The Y-shaped antenna has been proposed in [24]
to operate at 2.51 GHz. The geometry of this
antenna is illustrated in Fig. 9. We keep the same
characteristics of substrate, the feed of 50Q, and the
dimensions of radiating patch that have been used
in U-shaped antenna. Also the same types of two
PIN diodes (BAP65-02, 115) are integrated into Y-
shaped feed. The two orthogonal branchlines of Y-
shaped feed have the width of d and length of H.
The proposed antenna has been analyzed using
HFSS software when PIN diode 1 tuned ON and
PIN diode 2 tuned OFF. There are various
parameters of the Y-shaped antenna which have
significant effect on the reflection coefficient
including the gap g, the width d, and the length H
of the branchline of the Y-shaped feed.
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Figure 9: Geometry of U-shaped antenna
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The reflection coefficient with different values of
the width d is illustrated in Fig. 10. As can be seen,

the reflection coefficient increases when d is 04
increased
5
——g=0.5mm
104 \ - = g=0.75mm
o \.\ [ -g=1mm
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20 =
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kel
< 251
0
-30
L 30 32 34 36 38 40
201 . Frequency, dB
25 . . , : , Figure 12: Simulated reflection coefficient at H=18.2
30 82 34 36 38 40 mm, d=1.5 mm and different values of g

Frequency, Ghz

It is clear from the simulation that the reflection
coefficient increases when g is increased and it is
found that g=1 mm gives best results in terms of
reflection coefficient.

Figure 10: Simulated reflection coefficient at g=0.5 mm,
H=16.2 mm and different values of d

Fig. 11 shows the impact of H on the reflection
coefficient. It can be observed from this figure that
when H increases, the operating frequency shifts to
the higher frequency and H=18.2 mm offers the
desired frequency of 3.5 GHz.

The optimized parameters of Y-shaped antenna
are listed in Table 2.

Table 2: Parameters of Y- shaped antenna.

Parameters Value (mm)
04 L=W;s 47
. Wp 19.5
5 7 —H=t6.2mm d L5
- — H=17.2mm H 18.2
% 10 -+ - -H=18.2mm g 1
) We 3.0589
154 L¢ 11.7424
20 Fig. 13(a) and (b) describes the surface current
distributions of the proposed antenna at 3.5 GHz
25 . : , , when it is worked in state 1 and in state 2,

80 82 F“ GSS 88 40 respectively. It is clear from this simulation that for
requency, =z two states of operation, the current distributions

Figure 11: Simulated reflection coefficient at g=0.5 mm, orthogonal to each Other a_nd that makes it able to
d=1.5 mm and different values of H carry out the polarization diversity.

The reflection coefficient with different values of
the gap g is illustrated in Fig. 12.

4730



Journal of Theoretical and Applied Information Technology
31* October 2021. Vol.99. No 20

54

© 2021 Little Lion Scientific

S/Mminn

ISSN: 1992-8645

WWwWw.jatit.org

E-ISSN: 1817-3195

(a)

(b)

Figure 13: Simulated current distributions of Y-shaped antenna: (a) state 1 and (b) state 2

Fig.14 shows the simulated reflection coefficient
versus frequency results for state 1(diode 1 is on,
and diode 2 is off) and state 2 (diode 1 is off, and
diode 2 is on) using HFSS and CST software. The
simulated results show that the resonance frequency
for both states using HFSS software are 3.5 GHz
with S =-28.8dB, and S, =-27.4dB for state 1

and state 2, respectively, while in the case of CST
software, the resonance frequency for both states
are 3.42 GHz with S;, =-17.2dB . As can be seen,

by controlling the states of two diodes, the
resonance frequency was conserved by using the
same software, which is an added value of this
antenna. The slight differences in reflection
coefficient obtained with HFSS and CST due to
difference between their computations models.
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Figure 14: Comparison of S11 from HFSS and CST in
state 1 and state 2 at d=1.5 mm, H=18.2 mm, and g=1
mm

Fig. 15(a) and (b) shows the simulated gain in
¢=0 and ¢=90 planes at 3.5 GHz when

antenna operates in state 1 and state 2, respectively.
The maximum gain, using HFSS software, was 3.6
dB for state 1, while it was 3.67 dB for state 2. On
other hand, the maximum gain, using CST
software, was 3.08 dB for both states. As can be
seen, the proposed antenna has a unidirectional
radiation pattern and the radiation pattern direction
for the two states of operation of antenna in each
plane was maintained using the same software,
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which means that the antenna is not affected by changing the states of two PIN diodes.
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Figure 15: Simulated radiation patterns of Y-shaped antenna (a) statel (b) state 2

Finally, some comparisons between the proposed  have smaller sizes, simple structures and fewer
polarization reconfigurable antennas and other  gwitches.

antennas reported in the literature are given in

Table 3. It is clear that the two proposed antenna
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Table 3: Comparison between the proposed antennas and reported polarization reconfigurable antennas.

Switching Design Frequency Polarization States
Ref. Size (mm?) Element Complexity (GHz)
[20] 70 X 70X 1.6 2 PIN Square patch 2.5 LHCP- RHCP
diodes with Y-shaped feed
[21] 50 X50X 1.6 4 PIN Square patch 2.35 LP- LHCP- RHCP
diodes with a diagonal-
shaped slot
[23] 34 X 34X3.2 2 PIN Square patch with a 34 LHCP- RHCP
diodes semicircular slot
[24] 70X70X 1.6 2 PIN Square patch 2.51 Two orthogonal LPs
diodes with Y-shaped feed
This 47 X 47X 1.6 2 PIN e Square patch Two orthogonal LPs
work diodes with Y-shaped feed 35
e Square patch Two symmetric LPs
with U-shaped feed

5. CONCLUSION

Linear polarization reconfigurable antennas for 5G
application have been presented. The first one
consists of a square radiating patch and U-shaped
feed, while the last one consists of a square
radiating patch and Y-shaped feed. By controlling
the state of two diodes, the U-shaped antenna and
Y-shaped antenna can switch among two
symmetric polarizations, and two orthogonal
polarizations, respectively, without affecting the
other performances such as the radiation pattern
and the resonance frequency. Because of their
ability to enhance channel capacity by frequency
reuse and to avoid the fading loss caused by multi-
path effects, the proposed antennas are suitable for
wireless communication systems.
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