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ABSTRACT: This research presents a frequency reconfigurable antenna analysis for wireless applications using multiple light sources.
The antenna is constructed on a Roger substrate with (44 x 28) mm? dimensions. The antenna comprises two parallel tuner arrangements
in addition to a V-shaped radiating section. Two optical PIN photodiodes are connected to the two parallel monopole tuners, which serve
as the antenna’s switching component and are utilized to adjust the resonant frequency. These two PIN photodiode switches work in the
600-1050 nm wavelength range. To analyze the antenna performance, four different optical sources are used. They are white colour LED
lamp, 650 nm optical fiber, red LEDs, and IR LEDs. In every case, the antenna performance analysis is carried out for all the four logic
states of the switches (00, 01, 10, 11). Under white lamp test conditions, the antenna’s maximum gain is 6 dBi, and when red LEDs are
employed as the optical source, its maximum bandwidth is 21%. The antenna reconfigurable frequencies are 3.5 GHz and 5-5.8 GHz (5,

5.2,5.5,5.8GHz).

1. INTRODUCTION

he most recent advancement in microstrip antenna tech-
Tnology is reconfigurable antennas. Reconfigurable anten-
nas are fewer antennas that cause less interference through-
out the frequency bands. Additionally, the reconfigurable an-
tennas change the frequency, radiation pattern, and polariza-
tion directions. The characteristics of the antennas can be
changed by combining switches with the printed antenna. Var-
actor diodes, PIN photodiodes, micro-electromechanical sys-
tem (MEMS) switches, and photoconductive switches are ex-
amples of frequently used switches. Optical signals are also
used to control reconfigurable antennas. These optical signals
may be in the visible or infrared spectrum. The selection of the
optical source purely depends upon the type of photo receiver
connected to the antenna. A photodiode, phototransistor, or
photoconductive switch could be one of these optical receivers.
Only the wavelength of the optical source and optical receiver
determines the antenna’s reconfigurable frequency. The con-
ventional multiband antennas and the reconfiguration antennas
using PIN, varactor diodes, and passive elements have been dis-
cussed in [1-4]. For wireless and visible light applications, a
multiband optical receiver antenna has been created with aradio
frequency transceiver [5, 6]. For reconfigurable applications, a
low-power optical switch and an antenna were utilized in [7].
A photoconductive switch was introduced as a switching ele-
ment for frequency reconfiguration in [8]. A photoconductive
switch was introduced as a switching element for frequency re-
configuration in [8]. This antenna shifts frequencies by a min-
imum of 0.3 GHz. Two silicon switches were activated via an
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850 nm fibre optic cable, which changed the frequency from
28 GHz to 38 GHz and modulated the signal [9, 10]. A photo-
conductive method of frequency reconfiguration is introduced
in[11, 12]. For high-power applications, an optical antenna has
been developed with time-delay components and high-power
photodiodes [13, 14]. Some frequency diversity antennas have
been developed for cognitive radio and impedance tuning ap-
plications. In these cases, one or more silicon die switches are
used. The silicon dies are activated by laser or LED coupled to a
980 nm optical fiber cable [15—17]. Two optically controlled re-
configurable antennas were demonstrated with 2 commercially
available PIN photodiodes and phototransistors, as discussed
in [18,19]. A novel optically controlled frequency reconfig-
urable antenna for future wireless applications is demonstrated
in the proposed work. The proposed optically controlled an-
tenna is a compact, high gain, and multiband antenna. In the
current design, only optical fiber cables are used to control the
optical receiver switches. However, in this work, an LED bulb,
small LEDs, and LED-mounted optical fiber cables are used to
activate two commercially available 600 nm to 1010 nm pho-
todiodes. These reconfigurable antennas are suitable for radio
over fiber, smart TVs, and Internet of Things devices.

2. ANTENNA DESIGN

The antenna’s construction is done on a Roger RO3003(tm)
substrate. The antenna’s substrate has a thickness of 1.52 mm,
a permittivity of 3.3, and a loss tangent of 0.0013. This antenna
is a long-wire, resonant V-shaped antenna [20]. Two parallel
tuners that are (18.15 x 1.2) mm? and (12.75 x 1.2) mm? in size
are connected side by side with the feeding stubs. Figures 1(a)
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FIGURE 1. (a) Proposed antenna with dimensions in mm. (b) Antenna prototype.

and (b) show the antenna design and how the optical switches
are connected to the parallel monopole tuners. The lengths of
the legs are calculated within the value of A/4 and \/2.

3. PROPOSED ANTENNA EQUIVALENT CIRCUIT

To switch the frequency bands, two photodiodes are incorpo-
rated with dimensions of 4 mm in length and 1.2 mm in width.
These photodiodes function as switches, and their switching
conditions are simulated using light signals with and without a
DC bias voltage. The equivalent impedance circuit of the pho-
todiode switch, combined with the monopole tuners, is depicted
in Figure 2. Equation (1) represents the equivalent admittance
of the V-shaped radiator. These experiments allow us to study
the impact of different internal resistance and capacitance val-
ues on the performance of the antenna, enabling us to optimize
its frequency reconfiguration capabilities. By adjusting the in-
ternal resistance (R) and capacitance (C') values of the pho-
todiode switches, the admittance values of the antenna can be
varied. Equations (2) and (3) provide a mathematical represen-
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FIGURE 2. Equivalent circuit of the proposed optically controlled an-
tenna.
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tation of the relationship between the internal admittance and
the resonant frequency of the tuners. Equation (4) provides the
resonant frequency of the antenna. Equation (5) shows the rela-
tionship between the photocurrent, incident optical power, the
responsivity of the photodiode, and the quantum efficiency of
the photodiode. By manipulating these parameters, the perfor-
mance of the photodiode in RF applications can be optimized
for specific requirements.

Y =Y1+Y,— JYstan Bl (1
fi = 50+ @
f2 = 7% JY3tal’lﬂl (3)
fr=hH+f “4)
I = PxRyxnxGxAx\x f) (5)

71, Zs, Z3 — Branch impedances

f1 — frequency of monopole tuners

f — frequency of the V-shaped radiator

fr — resonant frequency of the antenna

Y — Load Admittance, 8 — phase constant

A — wavelength, I — Photo current, R; — Responsivity
G — gain, P — the incident optical power

4. SWITCH DESIGN

Two photodiodes are chosen with dimensions of 4 x 1.2 mm and
a thickness of 0.85 mm to serve as switches for simulation. Two
PIN photodiodes are mounted on the parallel tuners, to control
the resonant conditions of the V-shaped radiator. These PIN
photodiode switches are activated by a DC bias voltage and an
optical signal. When it is activated, the admittance of the pho-
todiodes changes, leading to alterations in the resonant condi-
tions of the antenna. The simulation of the switches involves
adjusting their internal capacitance and resistance values. In
this proposed work, two TEMD71001TX01 PIN photodiodes

WWwWw.jpier.org



Progress In Electromagnetics Research L, Vol. 119, 43-50, 2024

rlER Letters

15+

10-

Reverse Bias Voltage (V)

0 -
1 1.5 2 2.5 3 35 4
Diode Capacitance (PF)

Respaonsivity (AW)

0.9}

=
o

=
~
T

0.6

=
o

=
s

0.3+
0.2~

0.1

600 700 800

Wavelength (nm)

900

FIGURE 3. (a) Photodiode capacitance verses reverse voltage. (b) Photodiode wavelength verses responsivity.
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FIGURE 4. Antenna under measurement condition. (a) White LED lamp. (b) Red LED. (c¢) IR LED. (d) Radiation pattern measurement.

are employed for frequency reconfiguration. These miniature
surface mount devices have a sensitive area of 0.23 mm?. Fig-
ure 3(a) illustrates the capacitance variation with respect to the
bias voltage, while Figure 3(b) shows the responsivity varia-
tions corresponding to wavelength. A 4 pF capacitance value
is selected at the OFF condition of the switch, and 1.8 pF is se-
lected at the ON condition of the switch at —5V DC. The peak
wavelength of the photodiode is 950 nm. The maximum current
of 100 1A of the photodiode is drawn at 5 mW power.

5. RESULT AND DISCUSSION

Figures 4(a), (b), (c), and (d) illustrate the different kinds of
light sources that can be used to analyze antenna performance
and radiation pattern measurement. The sources are white LED
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lamp, LED coupled fibers (650 nm), two RED LEDs, and two
IR LEDs. For all measurements, the DC bias voltage is set at
3volts. (The monitor indicates 5 volts, but a breadboard con-
nection of two resistors lowers the voltage.) DC bias voltage
and optical signals from various sources activate both photodi-
odes. Without using any light signal or DC bias voltage, the
fabricated antenna radiates at 4.3 GHz. Four different switch-
ing states, S _00,S 01,S 10,and S_11, are produced by the two
photodiode switches. The antenna radiates at 3.5 GHz when a
3V DC bias voltage is applied to the photodiode switches with-
out any light signal. This state is considered as S_00 state of the
switches at all the measurement conditions.

When an LED lamp is used to measure the antenna, the an-
tenna radiates at 3.5 GHz in the switch’s S 00 state. At the
S 01,S 10,and S_11 switching stages, the antenna changes its
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FIGURE 5. Reflection co-efficient of the antenna using white LED lamp. (a) Simulation. (b) Measurement.
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FIGURE 7. Reflection co-efficient of the antenna using red LED. (a) Simulation. (b) Measurement.

frequency to 5 GHz and 5.1 GHz, respectively. The comparison
of return loss values for simulation and measurement condi-
tions is shown in Figures 5(a) and (b). The measured reflection
coefficient value at S_00 switching condition is —25.35 dB; at
S 01 switching state, the value is —23dB; and at S_10 and
S 11 switching conditions, they are —17dB and —32dB, re-
spectively. The antenna provides maximum measured gain of
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6dBi at the S 11 switching condition and an average gain of
4 dBi in the other three switching states of the antenna.

Maximum of 81% measured efficiency is achieved in S_11
switching condition. The gain and efficiency comparisons of
the antenna are given in Figures 6(a) and (b).

When 650 nm-red LEDs are used as a source for photodi-
odes, the antenna reconfigures its frequencies from 3.5 GHz
to 5GHz, 5.5GHz and 5.2 GHz in the switching conditions
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FIGURE 9. Reflection co-efficient of the antenna using IR LED. (a) Simulation. (b) Measurement.
TABLE 1. Simulated antenna parameters comparison with various optical sources.
A .
ntenna White LED lamp RED LED IR LED LED coupled Optical fiber
Parameters
Switching |00 1 o1 | 10 | 11 [ 00 | o1 | 10 | 11 | 00 | o1 10 11 00 | o1 | 10 | 11
state
Frequency | 351 s | 51| 5 | 35| 5 | 55|52|35| 52 |58/ 5535 |35 5 | 55|52
(GHz)
Ret
eturn —25 | =23 | —17 | =32 | —25 | —24 | =24 | —28 | —28 | —35.96 | —23 | —22,—-23 | —26 | —24 | —24 | —28
Loss (dB)
Gain 42 | 44 | s4a |68 | 5 | 3 | s3] 4 | s 35 | 53| 286 5 |3 | s3] 4
(dBi)
idth
Bandwidt 8 | 10| 8 | 12| 8 [115] 21 | 10| 8 12 8 10,14 | 115 ] 21 | 10 | 8
(%)
Efficiency
%) 75 56 71 81 82 85 80 80 83 83 80 80, 79 82 85 80 80
0
of S 01, S 10, and S 11, respectively, as illustrated in Fig- used to measure the antenna parameters, it produces results that
ures 7(a) and (b). The maximum measured gain of the antenna are nearly identical to those of red LEDs under all conditions.
is 5.3dBiin S 00 and S 01 switching states; the average gain However, the antenna produces the same parameter values up
is 4dBi in S_10 switching conditions; and the minimum gain to 2 meters when the source distance is varied.
0f2.9dBiin S_01 conditions are noted down from Figures 8(a) When 950 nm IR LEDs are used for measurement the an-
and (b). The maximum efficiency of 81% is achieved in the tenna reconfigures its frequencies from 3.5 GHz to 5.2 GHz,
S_11 switching condition. When a red LED connected fiber is 5.8GHz and 5.5 and 3.5GHz in S 01, S 10 and S_11 switch-
47 WWwWw.jpier.org
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TABLE 2. Measured antenna parameters comparison with various optical sources.
Ant
fenna White LED lamp RED LED IR LED LED coupled Optical fiber
Parameters
Switchi
WIS 00 [ o1 [ 10 | 11 ] 00 | o1 | 10| 1 00 | o1 | 10| 11 00 | o1 | 10| 11
state
Frequency 5.5,
35 5 5.1 5 35 5 5.5 5.2 3.5 52 | 5.8 35 5 5.5 5.2
(GHz) 35
Ret —2
eturmn —25.3 | —-23 | —17| —-32| —25.3 | —20.3 | —19 | —25.48 | —25.3 | —32 | —22 3 —25.3 | —20.3 | —-19 | —23
Loss (dB) —22
Gai 2.8,
am 38 | 4 | 48] 6 | 5 29 | 53| 4 5 | 35|53 5 29 | 53| 4
(dBi) 6
Bandwidth 14
ancw 14 |10 8 | 12| 8 |14 |21| 10 | 114] 9 |116 | 114 | 10 |145] 15
(%) 19
Effici 80
Y g7 st L st | 77 | 73 | s0 | sl 78 | 72 | 80 L 77 | 73 | 80 | 81
(%) 80
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TABLE 3. Proposed antenna parameter comparison with reference antennas.

References Number of bands | Maximum gain Antenna size Number of diodes Applications
2.89-4.07
[2] 51-6 19’ 2.6 0.66 x 0.66 x 0.021 4-PIN diode 5G, WLAN
2.81-3.73, 1.94-2.14
. 5G, LTE,
[14] 3.17-3.91, 2.2 0.37 x 0.37 x 0.016 2-PIN Diodes R
Wi-Fi, Wi-Max
2.34-2.94
2.5 . . .
[17] 59 3 0.53 x 0.66 x 0.02 2-Silicon Dies Wi-Max, WLAN
1.8-2.37 . . L
[18] 51235 5.8 1.10 x 1.47 x 0.011 | 2-PIN photo diodes | Wireless applications
. 3.8
White LED lamp 35,5,5.1,5 p
p d 79 5@G, 5 GHz band,
ropose . .
P Red LEDs and Fiber 3.5,5,52,5.5 0.58 x 0.37 x 0.02 2-Photo diodes 5.8 GHz ISM
antenna 53 L.
73 band applications
IR LEDs 3.5,52,5.8,55,35 6

ing state of the antenna. The simulated and measured return
loss comparison is given in Figures 9(a) and (b). The measured
return loss values in S 00, S 01, S 10, S 11 conditions are
—28dB, —32dB, —23 dB, and —23 dB, respectively. The max-
imum measured gain of the antenna at this condition is 5.3 dBi,
and minimum gainis 2.3dBiatS 10and S 11 condition of the
switch. As seen in Figures 10(a) and (b), a maximum efficiency
of 80% is achieved under S 01 and S_11 switching conditions.

6. RADIATION PATTERN

Figure 11 shows the radiation pattern of the antennas in ¢ = 0°
and ¢ = 90°. The proposed antenna’s maximum radiation is
along 90°. For the radiation pattern measurement, a reference
horn antenna is used. The measured radiation pattern is slightly
changed from the simulated radiation pattern. The radiation
patterns of 5 and 5.2 GHz are the same.

The simulated and measured antenna parameters with vari-
ous light sources are displayed in Tables 1 and 2. From these
tests, the antenna provides extremely distinct bands that emerge
at 3.5 GHz and 5.2 GHz when the S-parameter is measured with
infrared LEDs. When IR LEDs and white LED lamps are used
as photo-diode sources, a high measured gain is observed. In
every circumstance, the antenna’s measured bandwidth is larger
than the simulated values. The proposed antenna parameter
comparison with reference antennas is displayed in Table 3.

7. CONCLUSION

In this paper, parameters of the fabricated optically controlled
frequency reconfigurable antenna are experimentally measured
for S 00, S 01, S 10, S_11 switching conditions. The pro-
posed antenna radiates at 3.5 GHz without applying a light
signal, and it reconfigures its frequency to 5 GHz, 5.2 GHz,
5.5 GHz, and 5.8 GHz at various wavelength conditions. When
950 nm LEDs are used as a source, the antenna performs well
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in terms of reconfiguration, gain, and bandwidth compared to
other LED sources. When red LEDs are utilized as the opti-
cal source of the antenna, a maximum bandwidth of 21% is
provided. This antenna is mostly suitable for 5G application
at 3.5 GHz and 5 GHz band WLAN and Wi-Fi applications at
5GHz, 5.2 GHz, 5.5 GHz, and 5.8 GHz.
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