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A CPW-fed uniplanar dual-band
tri-polarization diversity antenna based on
PIN diode for the wireless communication

HAIXIONG LI, YUNLONG GONG, JIAKAI ZHANG, JUN DING AND CHENJIANG GUO

In this paper, a coplanar waveguide (CPW)-fed dual-band uniplanar tri-polarization reconfigurable antenna based on the
PIN diode switch is proposed. The proposed antenna can be reconfigured between the linear polarization (LP) and the circular
polarization (CP) mode, including both the right-handed circular polarization and left-handed circular polarization simul-
taneously within the dual operating bands. The central frequencies of the bands are 2.63 and 4.42 GHz, respectively, and the
overlapped operating bandwidth is 17.8 and 3.40%. The proposed reconfigurable antenna is a closed-slot antenna fed by the
CPW transmission line and the reconfigurable mechanism is to regulate the T-shaped driven stub through switching the PIN
diodes on and off. The scattering parameters, axial ratio, radiation pattern, gain, and the radiation efficiency of the proposed
antenna are all investigated in the following. The optimized antenna has been fabricated to experimental test, the simulated
and the measured results agree well with each other. The lower frequency band of the proposed antenna covers the 2.40 GHz
WLAN specification and the upper band can be used for the 5 G communication (4.40-4.50 GHz); therefore it is suitable to be

applied in the mobile wireless communication.
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. INTRODUCTION

The reconfigurable antenna has attracted great attention of the
researchers and engineers recently due to its potential to
improve the property of the wireless communication system
[1]. For example, the radiation pattern switchable antenna
can alter the radiation pattern to the desired direction and
improve both the system gain and security [2]. The polariza-
tion reconfigurable antenna is capable to provide dual chan-
nels for frequency-reuse transceivers and transporters [3],
and to mitigate the detrimental fading in the rich scattering
environment. The frequency reconfigurable antenna can be
used in the different system and it can be used as more than
one antenna in complex system, especially they are suitable
to be applied in the compact devices [4, 5]. Polarization is
an important feature of the antenna, and a large number of
polarization reconfigurable antennas have been reported [6-
9], but most of these designs are reconfigured between the
dual orthogonal linear polarization (LP) modes or between
the right-handed circular polarization (RHCP) and left-
handed circular polarization (LHCP) [10, 11], and nearly all
of them operate in a single operating band. Few designs are
the reconfigurable antennas with tri-polarization or quadri-

School of Electronics and Information, Northwestern Polytechnical University,
Youyi Road (West), Beilin, Xi’an city, China

Corresponding author:

H. Li

Email: lihaixiong 02@163.com

https://doi.org/10.1017/51759078717000460 Published online by Cambridge University Press

polarization mode based on the PIN diode switch [12-16].
For the convenience of comparison, the characteristics of
the multi-polarization diversity antenna, including the reson-
ance frequency, the number of ports, the dimension, and
polarization diversity are listed in Table 1, and the same for
all of the reference antennas is that they are operating in a
narrow-frequency band.

Multiband is another attractive feature for the uniplanar
antenna [17-21], which is capable to simplify the entire
system and improve the performance of the wireless commu-
nication. Most of the uniplanar antennas with multiple oper-
ating bands have the identical polarization mode in all bands,
or some have the different polarization mode in the different
bands [19]. The antenna in [22] has the capability of switching
polarization in dual bands simultaneously, while the reconfig-
urable polarization mode is only the LP mode with the differ-
ent directions in the same plane.

The uniplanar antenna has a lot of advantages, such as feas-
ible integration with the active devices and the MMICs,
via-free and the facility to be fabricated [23-25], compared
with the microstrip and other traditional antennas.
Furthermore, the uniplanar antenna is an intrinsic broadband
antenna; therefore it is widely used in the wideband antenna
design [26-29].

In this communication, a reconfigurable uniplanar antenna
with triple switchable polarization modes, including the LP,
RHCP, and LHCP is proposed, most of all, the polarization
of the proposed antenna is capable to be tuned simultaneously
in dual-frequency bands. The proposed antenna is comprised
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Table 1. Characteristics comparison of the reported antennas in reference.

Ref. Reconfigurable f.» bandwidth Number Dimension

polarization (single band) of ports of antenna
modes

[12] Dual LP and dual CP 2.45 GHz, 3.67% Two ports 120 X 110 X 2.6 mm’®

[13] Dual LP and dual CP 2.45 GHz, 2.20% One port 100 X 100 X 8.2 mm?

[14] One LP and dual CP 2.01 GHz, 1.70% Two ports 90 X 90 X 6.1 mm?

[15] Dual LP and LHCP 2.40 GHz, 3.33% One port 170 X 500 X 1.5 mm?®

[16] Three orthogonal LP 2.42 GHz, 4.0% Three ports 94 X 94 X 5.8 mm’>

a coplanar waveguide (CPW)-fed line, a closed slot sur-
rounded by the strip extended from the ground of the CPW
transmission feed line, a T-shaped strip and three groups of
the patches as well as PIN diodes. The reconfiguration of
the presented antenna is realized by connecting the different
patches to both the central T-shaped strip and the fringe
line. The commercial full wave simulation software HFSS is
employed in the antenna design and optimization, meanwhile
the proposed antenna is fabricated for the experimental test.
The investigated characteristics of the proposed reconfigur-
able antenna include the scattering coefficient, axial ratio
(AR), radiation pattern, gain and radiation efficiency, the
simulated results are agreed well with the measured results.
The dual central frequencies of the overlapped bands are
2.63 GHz (17.8%) and 4.42 GHz (3.40%), respectively, and
first resonance frequency band covers the WLAN specification
(2.40-2.48 GHz), the second band can be applied in the 5 G
mobile communication (4.40-4.50 GHz). It is necessary to
note that the uniplanar antenna has dual radiation pattern
peaks with the direction of 4z and —z-axes, and the
determination of the LHCP or RHCP mode is related to the
direction of the microwave propagation. Polarization mode
especially the RHCP/LHCP is discussed in this communica-
tion in term of the reference microwave propagation direction
of the +z axis.

Il. RECONFIGURABLE ANTENNA
DESIGN

The configuration and geometrical parameters of the pro-
posed tri-polarization reconfigurable antenna with seven
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PIN diodes is shown in Fig. 1. The antenna is fed by a 50 Q)
CPW transmission line with the width of 5.3 mm for the
inner strip and gaps of g = 1.5 mm from the inner strip to
the ground plane, therefore all the metal design is fabricated
in the same surface of the substrate. The substrate has the
thickness of 1.6 mm, the dimension of 35.5 mm X 38.5 mm,
and it is composed of the common commercial dielectric
medium FR4 with the dielectric constant of 4.4, the loss
tangent of 0.02. The whole antenna metal configuration is
composed of the CPW-fed transmission line with a rectangle
slot closed by the strip extended from the ground plane, a
central T-shaped printed driven stub and another five
square metal patches arranged in the different place of the
rectangular slot shown in Fig. 1. For the convenience of
description, the five separate metal patches are named
patches 1, 2, 3, 4, and 5, respectively. The five patches are con-
nected to the central T-shaped strip or the fringe-extended
ground of the CPW through the PIN diodes, therefore the dis-
tance from the patches to the T-shaped strip or the fringe
ground is fixed at 1 mm for consideration of the PIN diodes
installation. The seven PIN diodes (named diodes #1, #2, #3,
#4, #5, #6, and #7) are employed as the electrical switches
for the radio frequency (RF) surface current, and seven bias
lines for supplying the diodes positive or negative direct
current (DC) voltage are needed to be soldered to the
patches and the ground of the CPW in the fabricated antenna.

Patches 1, 2 and 3 are used to reconfigure the driven stub of
the proposed closed slot antenna, and the patches 4 and 5 are
etched for regulating the resonance frequency in the LP mode.
It is clear that the structure of the antenna in the RHCP mode
is a symmetrical mirror image to that in the LHCP mode;
nevertheless, the structure of the antenna in the LP mode is

(b)

Fig. 1. (a) Geometry of the proposed reconfigurable antenna with the PIN diodes and the optimized geometrical parameters. (b) Proposed antenna prototype.
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symmetrical and in order to resonate in the same frequency to
the circular polarization (CP) mode, patches 4 and 5 are
added.

. RECONFIGURATION AND
PRINCIPLE ANALYSIS

A) Polarization reconfigurable mechanism

The radiation characteristic of the proposed CPW-fed closed
slot antenna is greatly related to the driven stub. The triple
polarization modes of the proposed reconfigurable antenna
is switched by connecting the different patches to the
T-shaped strip and the fringe extended ground of the CPW
transmission line, and the PIN diodes here are used as the
electrical switches. The PIN diode (1N4148) is biased with
forward voltage of 1 V and forward current of 150 mA, the
equivalent circuit model when biased the forward and the
reverse voltage is shown in Fig. 2. The forward series resist-
ance is too small to affect the radiation feature of the
antenna, and the PIN diodes act as the electrical short
circuit. In off-state, the shunt resistance with value of 5 k()
is equivalent to the ideal open circuit and the shunt capaci-
tance yields to the intrinsic capacitance between the separated
patches and the T-shaped strip or the extended ground of the
CPW transmission line. Finally the PIN diodes are capable to
work as the ideal switch for the RF signal.

The five patches and seven PIN diodes can be divided into
three groups to generate three polarization modes (LP, RHCP,
and LHCP). Patch 2, patch 4, patch 5, diode #1, diode #2, and
diode #5 are a group to produce the LP mode; patch 1, diode
#6, and diode #7 to generate the RHCP mode; and the patch 3,
diode #3, and diode #4 to generate the RHCP mode. When the
patches 2, 3, and 5 are offered with a positive DC voltage and
the T-shaped strip, the ground of the CPW transmission line
are offered with a negative DC voltage, the diodes #1, #2, and
#5 are in on-state and the other diodes is in off-state. In this
case, the entire structure of the antenna is symmetric and
the proposed reconfigurable antenna operates in the LP
mode. When the patch 1 is supplied with a positive DC
voltage and the T-shaped strip, the ground of the CPW trans-
mission line are supplied with a negative DC voltage, the
diodes #3 and #4 are in on-state and the other diodes are in
“off-state”. The proposed antenna is capable to radiate the
LHCP microwave and the last case is that the diodes #6 and
#7 are in on-state, the antenna operates in the RHCP mode.
The polarization modes of the reconfigurable antenna are
listed in Table 2.

Based on the above analysis of the PIN diode, the diodes in
on-state can be equivalent to be a shorted circuit whereas the
diodes in off-state can be considered as an open circuit in the
simulated analysis. The antenna in three polarization mode is

OFF
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Fig. 2. Equivalent circuit model of the PIN diode in on/off states.
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illustrated in Fig. 3, and the diodes biased forward voltage are
replaced by metal patches and the diodes are removed when
they are biased with the reversed voltage.

B) Operation principle

A large number of the CPW-fed slot antennas have been
reported in the last decade [30-34], and most of them are ana-
lyzed by means of the equivalent surface magnetic current dis-
tributions in the slot area [30, 31, 33], whereas some others are
analyzed by the surface electrical current distribution in the
metal strips of the design [29, 33-35]. After a detail analysis
of the most geometrical parameters in the design, the principle
of the dual resonance frequencies of the proposed antenna can
be summarized as following.

For the proposed antenna, the CP modes are generated
from four orthogonal corners around the slot shown in
Fig. 4. The RHCP wave is radiated from the J, and J,, and
the LHCP wave is from the J; and J,. For the RHCP radiation
mode, the current path of J, is longer than the J,; therefore
the resonance frequency of J, is lower than that of J,.
Consequently, the resonance frequency f,, = 2.63 GHz is
from the J, and the f,, = 4.42 GHz is from the J,. The
LHCP radiation mode is from the J, and J,, the similar to
the RHCP radiation mode. The LP mode is a little different
from the CP mode. The dual resonance frequencies in the
LP mode are from the J; and Js, respectively. The currents
along the edges parallel to the x-axis are not capable to
radiate the wave, since the phase of current distributed in
the right and left is opposite, which are illustrated in Fig. s5.
In order to further illustrate the resonance principle, the
numerical simulation for the RHCP, LHCP, and LP modes
is carried out, and it is necessary to note that the PIN diodes
are replaced by a metal strip in the simulation by HESS soft-
ware when it is in on-state. The surface current distribution
for the RHCP, LHCP, and LP modes is shown in Fig. 5.

V. SIMULATED AND EXPERIMENT
RESULTS

The proposed polarization reconfigurable antenna has been
investigated by both the numerical simulation and experimen-
tal measurements. The results, including the scattering coeffi-
cient, AR, radiation pattern, gain, and radiation efficiency are
analyzed in this section. The simulated results are carried out
by the commercial software HFSS and the experimental
results are conducted by the Agilent Technologies PNA
Series Network Analyzer E8363B and in the anechoic
chamber. Some of the results including both the simulated
and the measured are similar with each other, which can be
accounted for the symmetrical mirror image structure in the
RHCP and LHCP states. There are seven PIN diodes
applied as the electrical switches, which have an influence
on the performance of the proposed reconfigurable antenna,
such as the forward series resistance shown in Fig. 2
perhaps impacts the radiation efficiency, the little conduction
current through the reverse large shunt resistance enhances
the cross polarization mode, and the shunt capacitance
affects the port matching. Furthermore, seven DC lines
welded to the metal patches are employed to provide the
DC-biased voltage for the PIN diodes. All of them will
impact the measured results more or less and the measured
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Table 2. Triple polarization modes of the proposed reconfigurable antenna.

Polarization Diodes #1, Diodes Diodes Freq1 BW1% AR1% Freq2 BW2% AR2%
#2, #5 #3, #4 #6, #7 (GHz) (—10dB) (3 dB) (GHz) (—10dB) (3 dB)
LP ON OFF OFF 2.66 29.6 o 4.51 7.3 o
RHCP OFF OFF ON 2.69 28.6 16.1 4.56 11.6 8.2
LHCP OFF ON OFF 2.67 29.2 15.7 4.57 9.6 8.2

(a)

x|

(c)

Fig. 3. Equivalent structure of the reconfigurable antenna for three polarization modes (a) the diodes 6# and 7# is in on-state (b) the diodes 3# and 4# is in on-state

(c) the diodes 1#, 2#, and s5# is on-state.

results are also related to the measurement environment espe-
cially the anechoic chamber.

A) Scattering coefficient

The simulated and measured scattering coefficient of the
proposed polarization reconfigurable antenna in three polar-
ization modes is plotted in Fig. 6, which is also listed in

lower resonance
7 frequency ¥
- A il

Port

Fig. 4. Resonance modes of the proposed reconfigurable antenna.
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Table 2. As can be seen that the simulated and measured
results are agreed well with each other, and the tiny discrep-
ancy attributes to poor welding points in the fabricated proto-
type, the PIN diodes and the DC-biased lines with different
length. Table 3 shows that the polarization mode can be
tuned in the lower band from 2.30 to 3.04 GHz (27.7%) and
the higher frequency band from 4.34 to 4.67 GHz (7.32%).

B) Axial ratio

The simulated and measured AR of the proposed reconfigur-
able antenna in the RHCP and LHCP modes are illustrated in
Fig. 7 and listed in Table 4. It can be observed that the simu-
lated AR in the RHCP and LHCP modes are similar for their
mirror image structures, mentioned above.

The polarization reconfigurable antenna should be operat-
ing in the same frequency band. It can be seen that the mea-
sured 3 dB AR bandwidths are a little wider than the
simulated ones in Fig. 7, the dual overlapped RHCP and
LHCP simulated 3 dB AR bandwidths are from 2.40 to
2.87 GHz (17.8%) and from 4.16 to 4.49 GHz (7.6%), mean-
while, the dual overlapped measured 3 dB AR bandwidths
are from 2.29 to 2.79 GHz (15.4%) and from 4.06 to
4.54 GHz (11.2%). Compared with the impedance bandwidth,
the lower 3 dB AR bandwidth is completely covered by the
impedance band shown in Fig. 6, but the higher 3 dB AR
bandwidth is partially included by the impedance band.
Finally, the proposed antenna is capable to radiate the
RHCP, LHCP, and LP wave in the dual bands with central fre-
quencies of both 2.60 GHz (2.40-2.87 GHz, 17.8%) and
4.42 GHz (4.34-4.49 GHz, 3.40%).

C) Radiation pattern

The simulated and measured radiation patterns of the pre-
sented reconfigurable antenna in the two orthogonal principle


https://doi.org/10.1017/S1759078717000460

A CPW-FED UNIPLANAR DUAL-BAND TRI-POLARIZATION DIVERSITY ANTENNA

(a)

phase is
opposite

(b)

phase is
opposite

Fig. 5. Simulated surface current distributions of the proposed antenna for: (a) RHCP, (b) LHCP, and (c) LP at f,, = 2.63 GHz, f,, = 4.42 GHz.
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Fig. 6. Simulated and measured scattering coefficients of the proposed
reconfigurable antenna in three polarization modes.

planes (xoz- and yoz-planes) at 2.63 and 4.42 GHz for triple
polarization modes are shown in Figs 8-10, respectively.
The maximum radiation direction has been normalized to
the same value for convenience to comparison. This design

is a uniplanar antenna; therefore the antenna is capable to
radiate the wave along both the 4+z and —z axes.

The measured radiation pattern is affected by the fabrica-
tion error, poor welding technique, seven DC lines providing
the forward and reverse biased voltages for the PIN diodes and
measurement environment, therefore the measured radiation
patterns are less smooth than the simulated ones and the
backward radiation is tested in some cases, but the simulated
and measured radiation pattern is well agreed with each other
at large. The symmetrical structure of the proposed antenna in
the LP mode results in the symmetrical radiation pattern in
the xoz-plane. At 2.63 GHz the antenna has a good omni-
directional cross-polarization discrimination (XPD), the
XPD at 4.42 GHz in the maximum radiation direction (+z
or —z-axes) is still preferable shown in Fig. 8. For the
RHCP/LHCP modes, the structure of the proposed antenna
is asymmetrical, since the series inductance and resistance is
equivalent to the pin diodes in on-state and the shunt capaci-
tance is for the pin diodes in off-state; hence, the radiation pat-
terns are also asymmetrical. But the structure of the proposed
antenna in the RHCP and the LHCP modes is symmetrical
mirror image to each other, as can be observed that the
radiation patterns are also the mirror image shown in Figs 9
and 10, a little deviation is from the fabrication error or the
measurement processes discussed above.

Table 3. Impedance bandwidth of the proposed antenna in different polarization modes.

Polarization First band (GHz) RBW (%) Overlapped band (GHz) Second band (GHz) RBW (%) Overlapped band (GHz)
Simulated LP 0.76 (2.28-3.04) 28.6 0.74 (2.30-3.04) 0.33 (4.34-4.67) 7.32 0.33 (4.34-4.67)

LHCP 0.78 (2.28-3.06) 29.2 0.34 (4.34-4.78) 7.45

RHCP 0.77 (2.30-3.07) 28.7 0.53 (4.30-4.83) 11.6
Measured LP 0.79 (2.20-3.01) 30.3 0.73 (2.28-3.05) 0.38 (4.30-4.68) 8.46 0.38 (4.30-4.68)

LHCP 0.80 (2.22-3.03) 30.8 0.43 (4.30-4.76) 9.49

RHCP 0.77 (2.28-3.05) 28.9 0.41 (4.26-4.68) 9.17
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Fig. 7. Measured and simulated AR of the reconfigurable antenna in the CP

D) Radiation efficiency and gain

The measured radiation efficiency and gain are plotted in
Fig. 11. Different from the microstrip antenna, the uniplanar
antenna can radiate the microwave along both the +z and
—z-axis, and more energy can be radiated. Although there is
some loss in the FR4 substrate and conductor in the surface
of the substrate, the radiation efficiency of the proposed
antenna is >93% in the first band and 92% in the second
band shown for the tri-polarization modes in Fig. 11(a). The
gain is bigger than 2.30 and 3.52 dB in the first and second
band respectively shown in Fig. 11(b). It can be observed
that the gain in the second higher frequency band is bigger
than that in the first band. The gain is not only related to
the port matching, but also to the half power beam width
(HPBW). The radiation patterns in Fig. 8-10 reveal the
bigger HPBW of frequency 4.42 GHz relative to 2.63 GHz.

mode.
Table 4. Axial ratio of the proposed antenna in the RHCP/LHCP modes.
Polarization Lower band (GHz) RBW (%) Overlapped Higher band (GHz) RBW (%) Overlapped
band (GHz) band (GHz)
Simulated RHCP 0.48 (2.39-2.87) 18.5 0.47 (2.40-2.87) 0.36 (4.14-4.50) 8.33 0.33 (4.16-4.49)
LHCP 0.48 (2.40-2.88) 18.2 0.33 (4.16-4.49) 7.63
Measured RHCP 0.59 (2.26-2.79) 23.4 0.40 (2.29-2.79) 0.48 (4.02-4.54) 11.2 0.48 (4.06-4.54)
LHCP 0.51 (2.29-2.80) 20.0 0.53 (4.06-4.59) 12.2
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Fig. 8. Simulated and measured radiation pattern of the proposed reconfigurable antenna in the LP mode (a, b) at 2.63 GHz and (c, d) at 4.42 GHz.
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Fig. 9. Simulated and measured radiation patterns of the proposed reconfigurable antenna in the LHCP mode (a, b) at 2.63 GHz and (c, d) at 4.42 GHz.
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Fig. 10. Simulated and measured radiation patterns of the proposed reconfigurable antenna in the RHCP mode (a, b) at 2.63 GHz and (c, d) at 4.42 GHz.
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Fig. 11. (a) Measured radiation efficiency and (b) gain of the proposed tri-polarization reconfigurable antenna.

V. CONCLUSION

A tri-polarization reconfigurable antenna simultaneously in
the dual-frequency bands is proposed in this communication.
Furthermore, the investigated antenna has a simple structure
and all the metal designs are printed in the same surface of the
substrate, which is adopted to be widely used. The radiation
characteristics of the antenna have been investigated in
detail and the performance is well enough to be applied.
The simulated and the measured results shows that the
antenna can be applied in both the WLAN 2.4 GHz wireless
communication and 5 G communication, which will be put
into practice in near future.
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