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A novel geometry for an antenna with polarization and reconfigurable
frequency is proposed in this paper. The proposed antenna consists of an L-shaped patch
antenna whose arms are separated using PIN-diode. Two parasitic elements, shorted back
element, and edge tapered defected ground structure with slot are used for achieving wide
impedance and axial ratio bandwidth. The proposed antenna acts as a circular polarized
antenna with an axial ratio band width of 1.183 GHz and impedance bandwidth of 3.09 GHz
in the ON state of both diodes and serves as a linear polarized reconfigurable frequency
antenna in the remaining states of diodes.

(© 2023 Sharif University of Technology. All rights reserved.

1. Introduction

In a wireless communication system, antenna plays a
highly important role. In addition, the antenna perfor-
mance is of high significance in the overall functioning
of wireless systems. In the case of spacecraft, satellite,
and aircraft where the low size, low weight, moderate
cost, and ease of installation are the constraints, low-
profile antennas like microstrip antennas can be used
[1-3]. With the development of technology and design,
the performance of antennas can also be improved. Re-
configurable antennas are great options for researchers
because they are able to configure their characteristics
according to the desired response, and all of the
above-mentioned characteristics can be introduced to
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reconfigurable antennas. A single antenna replaces two
or more antennas in order to achieve multiple goals
[4]. In this respect, a number of techniques have been
discussed and elaborated in the literature to date [4]—
[24] to achieve the desired frequency, pattern, and
polarization reconfigurability. Frequency and polar-
ization reconfigurable antennas enjoy great advantages
in antenna technology. A frequency and polarization
reconfigurable antenna with multiband coverage can
replace multiple antennas and reduce the total antenna
size. Polarization reconfigurable antennas can mitigate
the fading effect and increase the channel capacity
[21], hence being widely used in frequency reuse [23].
Circular polarization gains significance in polarization
given its capability to reduce multipath distortion or
fading [25-27]. In addition, there is no need for precise
alignment of transmitting and receiving antennas [25—
27]. It can also mitigate the polarization mismatch
[27,28], which makes it applicable to radars, RFIDs,
satellite communication, sensor systems, and global
navigation systems [29,30].
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Many reported studies have employed different
techniques to achieve reconfiguration. For instance,
surface integrated waveguide and PIN diode as the
control elements [10], cross aperture with RF switch
[11], corner truncated perturbation, PIN diode and
single feed [15], two feeds on the adjacent edges [16],
monopole antenna with two conducting strips in the
ground plane controlled by PIN diode [21], circular
patch antenna fed at four different points and con-
trolled using PIN diode [22], two orthogonal meandered
monopole fed by Wilkinson power divider and phase
shifter and controlled by PIN diode [23], four straight
dipoles with six pairs of pin diodes [31], diagonally
fed square patch with parasitic stubs and pin diode
[32], and discontinuous ring dipole with pin diode
[33] are used to achieve polarization reconfigurable
antennas. Here, Refs. [13-16,19,20] are the frequency
reconfigurable antennas in which the PIN diodes are
used as the control elements to change the electrical
length to achieve frequency reconfigurability.
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The proposed antenna is an L-shaped planar
patch antenna with defected ground plane and parasitic
elements. Two PIN-diodes (Alpha’s silicon planar
beam lead PIN-diode DGS6474) are used between the
arms to achieve reconfigurability.

2. Antenna design

The proposed reconfigurable antenna design, which is
an L-shaped polarization and frequency reconfigurable
antenna, is presented in Figure 1. The proposed pro-
totype design is simulated using the CST-Microwave
studio. Its structure is fabricated on the FR~4 dielectric
substrate with a dielectric constant of 4.4 and loss
tangent of 0.025. The overall dimension of the antenna
is 42 mm x 35 mm x 1.59 mm. The proposed design
comprises two orthogonal arms as patch, slotted De-
fected Ground Structure (DGS), two parasitic patches
and two shorting pins with stubs, two PIN-diodes, and
three 47 nH inductors for RF choke. The length of the

Figure 1. Simulated and fabricated design.
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Figure 2. Design evolution steps.

vertical arm is 20 mm, which is nearly equal to A/2
of the lower frequency (5.612 GHz) of the operating
band (5.612 to 8.702 GHz), where A is the effective
wavelength. The horizontal arm is 8 mm long, which is
nearly equal to A/2 of the higher frequency (8.702 GHz)
of the operating band. The defected ground plane
is applied to achieve circular polarization and wide
bandwidth. Two rectangular parasitic patches and two
shorting pins with stub are also utilized to enhance the
bandwidth. The antenna in this study is fed by the
microstrip line of 50 Q characteristic impedance with
optimized dimensions. A coupled microstrip is then
used to improve the impedance matching. Two PIN
diodes (DGS6474) are connected to achieve frequency
and polarization reconfigurability. Diode 1 (D1) is
connected at the interface point between the horizontal
arm and feed line, and Diode 2 (D2) is connected at
a less than 5 mm distance from the top edge of the
vertical arm.

Figure 2 shows the design evolution steps using
four iterations called Ant-1, Ant-2, Ant-3, and Ant-4.
Ant-1 has an L-shaped patch with full ground plane;
Ant-2 has an L-shaped patch with reduced horizontal
arm length and edge tapered DGS; Ant-3 is designed
based on the introduction of parasitic patches and
shorted elements in Ant-2; Ant-4 has slotted DGS and
modified coupled stripline and L-shaped patch.

3. Impedance and axial ratio bandwidth
enhancement and empirical formulas

Ant-1 is a linearly polarized dual band (4.73 GHz
and 10.25 GHz) antenna with 100 MHz and 1.27 GHz
Impedance Bandwidths (IBW). The vertical arm is
responsible for 4.73 GHz resonance frequency, while the
horizontal arm is responsible for 10.25 GHz resonance
frequency. The lengths of vertical (I,) and horizontal

(I5,) arms are approximately half of the wavelength of
resonance frequencies. The length of the antenna is
calculated approximately using Eqs. (1) and (2) [1-3]:
~ /\0 ~ )\r ~ C
lo = — = = N (1)
2 2\/€T€ff 2f’r‘\/5reff

where ¢ is the light speed, Ao the free space wavelength,
fr the resonance frequency, and ¢,.55 the approximate
effective dielectric constant:
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2
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Two electric field vectors with equal magnitude and
quadrature in phase (orthogonal modes) are required
to produce circular polarization [34,35]. Of note,
the dimensions of a finite ground plane have made
a major contribution to edge diffraction for antenna
radiation [36]. The defected ground can be used
for improved bandwidth [37] and multiband operation
[38,39]. Hence, in the case of Ant-2 structure, a DGS
with the slope and patch dimensions is introduced so
that it can produce circular polarization. Now, the
antenna is circularly polarized with an Axial Ratio
Bandwidth (ARBW) of 940 MHz (6.81 GHz to 7.75
GHz). Figure 3 shows the frequency shift in the reso-
nance frequency due to coupling between the radiating
magnetic currents and ground plane edges. Shifting in
the resonance frequency is determined by Eq. (3) [36]:

Af Al
T _4\/6:70’ (3)

where Aly is the length extension due to diffraction.
Here, two rectangular parasitic patch elements are
placed in the reactive region in the vicinity of the
vertical arm field. The distance of the reactive near
field can be calculated using Eq. (4) [1]:
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Figure 3. (a) Reflection coefficient (S11) variation for Ant-1, Ant-2, Ant-3, and Ant-4. (b) Axial ratio variation with

frequency.
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Reactive near field < 0.62 x XU, (4)
where [, is the length of vertical arm. There is an
air gap between the patch and parasitic element and
for this reason, a fringing field is introduced and the
antenna bandwidth is enhanced [37]. A rectangular
element with a shorting pin on the bottom side is also
introduced. The incorporation of shorting pins induces
a shunt inductive effect [40,41], leading to an increase
in the electrical length of the antenna. Reduction
of the antenna size is achieved through shorting pin
[42,43]. Some cuts are also introduced into the patch.
Therefore, the addition of parasitic elements, shorting
pins with back elements, cuts in the patch, and defected
grounds have a combined effect that improves both
the impedance and ARBW. A small rectangular stub
and cut of the inverted A shape are also introduced to
improve the ARBW. A hump is further detected in the
simulation result; therefore, a coupled microstrip line
is introduced near the feed. Due to the presence of this
coupled element, hump is removed and the values of
the antenna impedance and ARBW reach 3.226 GHz
and 1.435 GHz, respectively.

4. Parametric analysis of the proposed design

4.1. Effect of ground

The ground structure depicted in Figure 4 is respon-
sible for circular polarization. A parametric analysis
is done at the point y;. Figure 5 shows the effect of
this point on S1; and AR. Due to an increase in the
value of y;, the AR rises above 3 dB, followed by a
dip in Sy1; hence, a tradeoff point y; = 8 is selected.
Simultaneously, point y, is introduced. As shown in
Figure 6, S1; and AR are improved using y,. The
parametric results at point y, are shown in Figure 7
and the coordinates of point y» are finally chosen as (0,
20).

Figure 4. View of the edge-tapered ground (point y1).

4.2. Effect of parasitic element

In Figure 8, two rectangular parasitic elements are
introduced, and a parametric analysis is conducted on
the patch dimension and the gaps between the patch
and parasitic element. This analysis has a significant
effect on Sy;, as demonstrated in Figure 9. The
dimensions of the parasitic elements are 8 mm x 6 mm
and the gap is 4 mm. In this context, the antenna is
a dual band antenna. At this point, AR is affected by
the parasitic elements, as shown in Figure 9.

4.3. Effect of rectangular element on the back
sitde and cut in patch
The electrical length increases using cuts applied to
the patch and a rectangular element on the back side
shorted with patch. The frequency response is shifted
to the lower side, thus increasing the IBW. The ARBW
also increases due to this combined effect. Parametric
results are shown in Figure 10. It should be noted that
the element length has major impact on AR and Sy;.

4.4. Effect of coupled microstrip line near feed
At 7.5 GHz, an impedance mismatch causes a hump
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Figure 5. Effect of point y; on return loss and axial ratio.

Figure 6. View of edge-tapered ground (points y1 and
Y2).

to appear in the Sq; plot. A coupled microstrip line is
introduced near the feed with the separation of 0.2 mm
from the feed line. A capacitive effect occurs at the
feed line and impedance is matched. Hence, a hump is
removed and antenna radiates at 3.226 GHz band from
5.751 GHz to 8.977 GHz. Parametric analysis of the

—— 2 =0.20
- - y2=024

csee gl =096
—-— Without side slop

Return loss (dB)

N N B
0 2 4 6 8 10
Frequency (GHz)

Figure 8. L-shaped patch with parasitic elements.

gap between the feed line and coupled microstrip line
is shown in Figure 11, showing its key effect on Si;.
5. Result and discussion

The proposed antenna is fabricated on the FR 4
substrate with a height of 1.59 mm and loss tangent
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Figure 7. Effect of y» on return loss and axial ratio taking y; as constant.
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Figure 11. Effect of coupled microstrip line near feed on S1; and AR.

of 0.025. The design is simulated via the CST studio
suite (V 2018) and measured on Anritsu VNA Master
(Model: MS2028C/11). Figure 12 shows the simulated
results of the return loss and AR.

As demonstrated by the simulated results, when
the two diodes are on, we have a wideband circular
polarized antenna with 43% (3.09 GHz, i.e., 5.612
to 8.702 GHz) IBW and 1.183 GHz (6.503 to 7.686
GHz) ARBW. In case diode D1 is on and D2 is off,
the antenna becomes a linearly polarized dual band

antenna at the center frequencies of 6.5 GHz and
9.3 GHz with the IBW of 5151 MHz and 951 MHz,
respectively. When diode D1 is off and D2 is on, we
have a wideband linearly polarized antenna with an
IBW of 2671 MHz. In the last case, when both diodes
are off, the antenna becomes a linearly polarized dual
band antenna with the IBW of 2121 MHz and 523
MHz. Table 1 shows the IBW, ARBW, and type of
polarization with different states of diodes. Figure 13
shows simulated and measured return losses in different
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Table 1. Relation among diodes state, IBW, and ARBW for the proposed antenna.

Diode state
D1 D2 IBW MHz ARBW Polarization Band

On On 3090 1183 Ccp Wide band
On Off 1551, 951 - LP Dual band
Off On 2671 - LP Wide band

Off Off 2121, 523 - LP Dual band
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Table 2. Comparison of the reported antennas with the proposed design.

Ref. Antenna size mm?® IBW, MHz ARBW, MHz Reconfiguration
[10] 50 x 50 x 1.57 210 ~ P
770 270 LHCP, RHCP
Dual band (93, 103) - LP
[13] 50 x 50 x 0.8 Dual band (227, 103) - RHCP
Dual band (204, 74) - LHCP
Dual band (210, 210) - VP
[14] 50 x 50 x 3.9 Dual band (600, 230) - HP
' Dual band (700, 510) 120, 50 RHCP
Dual band (660, 550) 90, 40 LHCP
1850 - Lp
[18] 35.2 X 67.5 x 1.52 500 170 RHCP
500 170 LHCP
[20] 88 x 67 x 0.8 o80 o or
250 - LP
[28] 90 x 90 x 26 140 60 ©P
140 - Lp
[30] 33 % 14 % 15 1410 460 RHCP
1410 460 LHCP
3090 1183 cp
R = _
Proposed 42 x 35 x 1.59 Dual band (1551,951) LP
2671 - Lp
Dual band (2121, 523) - Lp

states of diodes. The measured results are in good
agreement with simulated results. The measured IBW
was found to be slightly shifted in comparison to the
simulated results. This shift in frequency can be due
to the effect of fabrication error, inductor, soldering
material, etc. Figure 14 shows the measured co-polar
and cross-polar E plane pattern at 6.84 GHz and 7.3
GHz when both diodes are on. The difference in the
magnitude of co-polar and cross-polar pattern was less
than 3 dB, indicating that the circular polarization
was satisfactory at these frequencies. The simulated
results confirmed the AR to be well below 3 dB at those
frequencies. Table 2 provides a comparison between
the proposed antenna design and previously reported
antennas.

6. Conclusion

This study introduces a novel antenna design that offers

wideband polarization and frequency reconfigurability.
The antenna features an L-shaped patch, parasitic
element, shorted back element, and an edge-tapered
defected ground structure with slots. Reconfigurability
was controlled using the ON-OFF states of two PIN
diodes. The antenna enjoyed ability to reconfigure
itself at four different frequency bands and two polar-
izations (LP and CP). The impedance and axial ratio
bandwidths of the proposed antenna were 3.09 GHz
(5.612 to 8.702 GHz) and 1.183 GHz (6.503 to 7.686
GHz), respectively, in the ON state of both diodes.
The antenna under study was a linearly polarized one
in the remaining states of diodes which can be used
in C-band wireless applications like RADAR, satellite
communication, etc.
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