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ABSTRACT

The capability of reconfigurable antenna to cater different requirements for various applications with a single
antenna has attracted researchers and scientists to explore the field. This paper proposes a wideband
reconfigurable antenna design suitable for industrial, scientific and medical (ISM) applications. The design
makes use of two PIN diodes to switch between four modes. The defected ground structure with the help of two
“Via’ improves the antenna gain appreciably. The orthogonal feed helps in producing circular polarization. The
suitability of the antenna for medical applications is being supported with the help of SAR analysis performed.
The antenna has been simulated on commercially available Ansoft High Frequency Structure Simulator (HFSS)
version 13.0.
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INTRODUCTION

The wireless industry has a new trend to

reconfigurable antenna has been reported in [12] exhibiting

acknowledge more than one requirement with a single antenna
that has promoted the popularity of reconfigurable antennas
with each passing day [1]. Various reconfigurable antennas
have been reported so far that have used different techniques
to achieve diversity in antenna characteristics viz. frequency,
polarization, pattern, bandwidth and a combination of two or
more of these [2],[3]. The antenna current is altered in order to
achieve the diversity by varying the radiating edges
parameters, changing the material characteristics (e.g.
permittivity, permeability etc.) or by modifying the antenna
dimensions [4],[5]. A meta surface based frequency
reconfigurable antenna has been proposed and analyzed in [6]
that was suitable for WLAN and ISM applications. A pattern
reconfigurable antenna has been presented in [7], that resulted
in orthogonal radiation patterns with the help of a single PIN
diode. Authors of [8] have proposed a simple polarization
reconfigurable antenna that exhibits both LHCP and RHCP
polarizations with the help of four PIN diodes. A frequency
reconfigurable antenna has been investigated in [9]. The
antenna resonates at seven different frequencies as per the
switching conditions of three PIN diodes. Paper [10] suggests
a frequency reconfigurable antenna with an arc shaped slot in
the antenna ground. The antenna operates in six different
modes and uses five PIN switches that change the arc length
accordingly. A radiation pattern and polarization
reconfigurable antenna has been presented in that [11] results
RHCP and LHCP polarized antenna with three directions of
radiation pattern between -20° to +20°. A polarization
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four linear polarizations along with LHCP and RHCP. The
antenna employed twelve PIN diodes for the purpose of
achieving polarization diversity. A wideband antenna with
frequency and pattern diversities is presented in [13] which
operates in six modes exhibiting frequency and pattern
diversity. A frequency reconfigurable antenna has been
proposed in [14] that operates in 2 single band and two dual
band modes. A wideband reconfigurable antenna with beam
switching is designed in [15] with a fractional bandwidth of
26.75%. A reconfigurable antenna with pattern diversity for
2.45 GHz has been designed in [16] for Internet of thing (10T)
devices and mobile stations. In addition to industrial and
scientific applications reconfigurable antennas are gaining
popularity in medical applications and wearable devices [17]-
[31].
2. ANTENNA DESIGN

The geometry of the proposed reconfigurable antenna is
depicted in figure 1. The antenna has been designed on a 3.2
mm thick FR4 substrate. The dimensions of the antenna have
been listed in Table 1. The proposed design comprises of a
circular ring with a defected ground structure. The ground is
connected to the radiating patch with the help of two circular
‘via’ of 1 mm diameter each. ‘Via’ have been used in the
design to enhance the antenna gain. The patch is being fed
with two orthogonal microstrip feeds. A PIN diode has been
placed in one feed (P1). A cross has been placed in the
circular ring and a PIN diode (P2) has been placed at the
centre of the cross. The orthogonal feed results in circular
polarization.
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Fig. 1 (a): Antenna Design
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Fig. 1 (c): Antenna Patch

The switching conditions of the two diodes set the
operating modes. The operational modes (states) of the
antenna along with the two diodes switching condition and
resonant frequencies have been enlisted in table 2.

Table 1: Antenna Dimensional Details
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ectrical Engineering
Parameter Dimension | Parameter | Dimension
(mm) (mm)
Wep 3 Le 30
Lrp 16.5 L1 6
Ly 14.9 L2 6
) 3.9 L3 16
L3 9 L4 8
L4 13 We 24
Ls 13.28 W1 8
Le 15 W2 6
L; 35 W3 8
T1 1 W4 6
T2, T3 0.72 R1 8.7
Ds 1 R2 3
M1, M2, M3 My | 2.25

Table 2: Antenna Operational Modes

Mode | PIN Diode Operating frequencies (GHz)
/ State | P1 P2

0 OFF  OFF 3.97,5.95,8.11

1 OFF ON 3.88, 4.87, 5.905, 8.065

2 ON OFF 3.835, 4.96, 6.085, 7.975

3 ON ON 3.88, 4.96, 6.13, 8.02

For simulation the ON condition of the PIN diode is
being represented by a series resistance Rs (=3 Ohms) and the
OFF condition is being simulated by a parallel combination of
a resistance Rp (=5 Kilo ohms) and a capacitance Cp (=0.15
microfarads) [32].

Rs

(a)

Fig. 2: Equivalent Circuit of PIN Diode

(b)

3. PIN Diode Switch

PIN diodes have been used in the proposed design for
switching. For the purpose its biasing circuit has been
designed as shown in fig. 3. The 0.1 pF capacitors have been
used to block dc currents and to pass the ac signal. The diode
is switched ON and OFF with the help of 3 volts voltage
source and a switch. 1KQ and 560 Q resistors act as current
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limiting resistors. When the switch is OFF there is no biasing
voltage for the PIN diode and thus it is OFF.

3 Volts SW1tch

1 KQ % IE
BARO64-03WE6327 2004
1 F 0.1 uF

Fig. 3: PIN diode Switch

When the switch is ON the PIN diode is switched
ON and provides a path to the ac current.

4. RESULTS AND DISCUSSION

The proposed design has been simulated on
commercially available Ansoft HFSS version 13.0. The
simulation results have been shown in figures 4-6. Figure
4 and shows reflection coefficient and peak gain of
antenna with respect to frequency in modes 0, 1 and in
modes 2, 3 respectively. The axial ratios of the antenna in
all four modes have been plotted in figure 6 with respect
to frequency.
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Fig. 4: Reflection Coefficient and Peak Gain Vs Frequency for
modes 0 &1

The antenna resonates in four modes at thirteen
different frequencies ranging from 3.835 GHz (in mode 2) to
8.11 (in mode 0) GHz. The reflection coefficient ranges from
-13.1829 dB (in mode 1 at 4.87 GHz) to -34.5405 dB (in
mode 0 at 3.97 GHz). Peak gain of the antenna varies from
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5.70 dB (in mode 2 at 7.975 GHz) to 7.74 dB (in mode 1 at
4.87 GHz). The antenna exhibits a minimum value of axial
ratio at 8.11 GHz in mode 0 (=0.89 dB) and a maximum value
at 3.97 GHz in mode 0 (=37.09dB).

Reflection Coefficient and Peak Gain vs Frequency
( Modes 2 &3)
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Fig. 5: Reflection Coefficient and Peak Gain Vs Frequency for
modes 2 &3
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Fig. 6: Axial Ratio Vs Frequency for modes 0, 1, 2 &3

A. FREQUENCY DIVERSITY

The proposed design offers reconfiguration in
frequency as it resonates at a total 13 different frequencies in
various modes as shown in tables 2 and 3. Table 3 tabulates
the simulation results.

Table 3: Simulation Results of proposed Antenna

MODE 0
Fr Peak Gain Axial
(GH2) S11 (dB) (dB) Gain (dB) Ratio (dB)

Int. j. inf. technol. electr. eng. 10
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3.97 -34.5405 6.974412 6.796731 37.0931 0 3.97 13.38616 10.37651 178.3464
5.95 -15.6055 7.148503 1.492562 21.8513 1 8.065 5.283167 4.828814 98.702
8.11 -24.4384 5.840115 -0.88721 0.885985 2 6.085 2.488446 2.532193 71.98975
3 8.02 5.186079 | 5.860878 67.944
MODE 1
Fr Peak Gain Axial Circular polarization results whenever Ex = Ey and
(GHz)  S11(dB) (@) Gain (dB) _Ratio (dB) the angle between these two electric field components is not
3.88 -29.2919 6.832909 6.706999 2591033 equal to 0° or 180°. From table it is clear that the above listed
4.87 -13.1829 7.740082 7.304205 15.28767 condition is being satisfied in modes 1, 2 and 3 at 8.065, 6.085
5.905 -18.8766 7.235036 1.404207  20.42425 and 8.02 GHz respectively thereby offering left hand circular
8.065 -18.4584 6.083076 0.62395 1538951 polarization in these cases. Figures 6-8 show the LHCP and
RHCP gain in 1, 2 and 3 at 8.065, 6.085 and 8.02 GHz
respectively.
MODE 2
Fr Peak Gain Axial LHCP and RHCP gain vs Frequency in mode 1 at 8.065 GHz
(GHz)  S11(dB) (dB) Gain (dB)  Ratio (dB)
3.835 -21.2828 6.711049 6.608453 6.778105 BN : YR
4.96 -25.9495  6.794242  6.192723  22.52694 o VAR O\ P
6.085 -25.5519 6.311584 -6.76419 2.78068 5 / \\//1 [ \\
7.975 -28.1069 5.698709 0.556719 4543553 ¢ ///\/ 1\ II \§\ 7<
MODE 3 \ /
Fr Peak Gain Axial 2 e
(GH2) S11(dB) (dB) Gain (dB) Ratio (dB) s e s B0 et o o 08
3.88 -19.5085 6.808445 6.701364 7.4262
4.96 -14.5795 7.403899 6.986683  22.26223 Fig. 7: LHCP and RHCP Gain Vs Theta in mode 1 at 8.065 and
6.13 -24.6405 6.259391 -5.44055 6.153542 phi =0°
8.02 ~21.3686 5.919155 0.097183 3.598314 LHCP and RHCP gain vs Frequency in mode 2 at 6.085 GHz
B. POLARIZATION RECONFIGURATION N
. AN 7S
The antenna design exhibits linear Hil 4 A/ ~
polarization at 3.97 GHz in mode 0. The axial ratio is 37.09 \ N
dB in this case. For linear polarization, the axial ratio, which \ /
is the ratio of minor to major axis of polarization ellipse,

should be infinite, ideally. In practical values greater than 30
dB is considered. Linear polarization results when either of
the below mentioned condition is satisfied:-

1. EitherEx=00rEy=0

2. Angle between Ex and Ey = 0° or 180°.
It is clear from table 4 that in mode 1 at 3.97 GHz the angle
between Ey and Ey is 178.3464 (approx. 180°).

For Circular polarization axial ratio should be 1

(0dB) ideally. Practically axial ratio values less than 3 dB are
considered as the cases of circular polarization.

Table 4: E-field Details of Antenna

Fr Angle between
[GHz] | Ex(V/m) | Ev (V/m) Exand Ey (°)

Mode

ITEE, 11 (2), pp. 08-15, APR 2022

Theta (Degrees)

——Mode 2 GainLHCP 3t 6.085GHz  —— Mode 2 GainRHCP at 6.085GHz

Fig. 8: LHCP and RHCP Gain Vs Theta in mode 2 at 6.085 and
phi =0°

It is clear from the figures that the LHCP gain in all
the cases is at least 15 dB more than RHCP gain at theta = 0°,
confirming left hand circular polarization in the mentioned
cases.

Int. j. inf. technol. electr. eng. 11
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LHCP and RHCP gain vs Frequency in mode 3 at 8.02 GHz

/’\r\

Proposed antenna offers diversity in radiation pattern
which can be verified by the antenna gain 3D polar plots in
figures 10-13.
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Fig. 9: LHCP and RHCP Gain Vs Theta in mode 3 at 8.02 and

phi=0°
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Fig. 12: 3D polar plot in mode 2 at 7.975 GHz

dB(GainTotal)

6. 2594£+008

Y4, 3730e+000

2.4865e+00@

6.0085e-001
-1.286%e+00@
-3.1728e+00@
-5.0592e+000
-6. 9457+000
-8.8321e+00@
-1.8719e+001
-1.26@5e+001
-1.4491e+0@1
-1.6378e+001
-1.8264e+001
-2.0151e+081
-2.2037e+001
-2.3924e+001

Fig. 10: 3D polar plot in mode 0 at 3.94 GHz

dB(GainTotal)

7.2350e+000
5. 6484e+000
4, 3618e+000
2. 4752e+000

8. 8857e-001
-6.9805e-001
-2.2847e+000

-3.8713e+000
-5. 4579e+000
I -7.0445e+000
-8.6311e+000
-1.8218e+001

-1, 1884e+001
-1.3391e+001
-1,4978e+001
-1, B564+001
-1.8151e+001

Fig. 11: 3D polar plot in mode 1 at 5.905 GHz

P4

C. PATTERN DIVERSITY
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Fig. 13: 3D polar plot in mode 3 at 6.13 GHz

D. WIDEBAND OPERATION

The proposed design exhibits wideband operation in
all the four modes as shown table 5.

Table 5: Fractional Bandwidth of Antenna

Int. j. inf. technol. electr. eng.

Mode | Operating Frequency -10 dB Fractional
(GH2) Bandwidth
3.97 39%
3.88 36.56%
4.87 36.56%
3.835 47.2%
4.96 47.2%
3.88 47.81%
4.96 47.81%
CONCLUSION
12
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The proposed design offers the advantages of [2] N. O. Parchin, H. J. Basherlou, Y. I. A. Al-Yasir, A.
reconfiguration capability in frequency, polarization as well as M. Abdulkhaleq, and R. A. Abd-Alhameed,
pattern in four modes with wideband characteristics and “Reconfigurable antennas: Switching techniques— a
appreciably high gain. The antenna frequencies make it a survey,” Electronics (Switzerland), vol. 9, no. 2. 2020,
good choice for industrial, scientific and medical (ISM) doi: 10.3390/electronics9020336.
applications. The suitability of antenna for wearable devices
has been supported with SAR analysis in mode 0 at 3.97 GHz  [3] N. O. Parchin, H. J. Basherlou, Y. I. A. Al-Yasir, R.
on human arm six layer tissue models as shown in figure 14. A. Abd-Alhameed, A. M. Abdulkhaleq, and J. M.
Noras, “Recent developments of reconfigurable
SAR Field[/kgl |(sap Fie1d[w/kgl [[ SaR Fieldlw/kg]|[5aR Field[w/kgl |[sar Fietdru/kg] [[| S4R FietdDw/kg) antennas for current and future wireless
. e B ptagoon B ZﬁEZéiIZEi.  vrrzeced [ ] pidigdi [ vt 00 communication systems,” Electronics (Switzerland),
ppmeteen | et | epeepen o e | sbucuad | gt vol. 8, no. 2. 2019, doi: 10.3390/electronics8020128.
s oy [ o e | I I ped
v oaisoan|| 4 s || o ose o[ 2 o] | [ oo | L 5 o [4]  J. Costantine, Y. Tawk, S. E. Barbin, and C. G.
ssiserggl| [ 1 sovse00) poaeann | 2 stsceroao L. o0 e Christodoulou, “Reconfigurable antennas: Design and
s | e | [t el | 2 su7em applications,” Proc. IEEE, vol. 103, no. 3, 2015, doi:
1.628Y4¢+200 1.9095¢+800 2.4586e+000
vl el T s e i 10.1109/PROC.2015.2396000.
1.3892¢+800 5. 9905¢e-001 7.9696e-201) 6, 9261e-0881 1.6299¢+000 2. 449424000
I L rtemn . e l 7 et I o seoon a0 I L suazeeo I 2 wizeomn [6(1 H. Al-Tamimi and S. Mahdi, “A Study of
Skin Nerve Muscle Fat Bone Blood Reconfigurable Multiband Antenna for Wireless
Application,” Int. J. New Technol. Res., vol. 2, no. 5,
Fig. 14: SAR analysis results of antenna in mode 0 at 3.97 GHz p. 263503, 2016.
The proposed antenna has been compared with some  [6] ~ M. N. Pavan and N. Chattoraj, “Design and analysis
reference antennas in table 6. of a frequency reconfigurable antenna using
metasurface for wireless applications,” ICIIECS 2015
Table 6: Comparison of proposed design with reference antennas - 2015 IEEE Int. Conf. Innov. Information, Embed.
Commun. Syst., pp. 3-7, 2015, doi:
Ref. Fr Size | No.of | Max. | Max. | Switching 10.1109/ICIIECS.2015.7193145.
No. | (GHz) | (mm) | Modes | BW | Gain | elements
(%) | (dB) [7] K. Yang, A. Loutridis, X. Bao, G. Ruvio, and M. J.
Ammann, “Printed inverted-F antenna  with
reconfigurable pattern and polarization,” 2016 10th
° ggl X ? 195 4.3 gigc:':s Eur. Conf. Antennas Propagation, EUCAP 2016, no.
10 1.82- | 80X80 6 3.4 71 5PIN 13, 2016, doi: 10.1109/EuCAP.2016.7481210.
2.46 diodes .
13 3.25- 40X30 6 17.4 2.8 4 PIN [8] S. W. Cheung, C.F. ZhOll, Q L. Ll, and T. L. Yuk, “A
4.2 diodes Simple Polarization-Reconfigurable Antenna,” vol. 1,
15 5.31- | 60X60 4 26.75 | 5.95 4 PIN pp. 3-6.
6.95 diodes
31 | 2.456- | 39X36 16 36.81 | 6.73 4 PIN [9] B. Sravani, D. R. Krishna, R. K. Singh, and S. K.
14.38 diodes Koul, “Reconfigurable antenna with frequency
_ 4 switching capability for C-band application,” 2017
This | 3.835- | 30X24 | 4 14781 | 7.30 2PIN IEEE Int. Conf. Antenna Innov. Mod. Technol.
work | 8.11 diodes Ground, Aircr. Satell. Appl. iAIM 2017, no. L, pp. 1-
. . 4, 2018, doi: 10.1109/IAIM.2017.8402530.
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