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A design of a planar microstrip-fed ultrawideband (UWB) printed circular monopole antenna with optically controlled notched
bands is presented. The proposed antenna is composed of a circular ultrawideband patch, with an etched T-shaped slot controlled
by an integrated silicon switch. The slot modifies the frequency response of the antenna suppressing 3.5–5GHz band when the
switch is in open state.The optical switch is controlled by a low-power near-infrared (808 nm) laser diode, which causes the change
in the frequency response of the antenna generating a frequency notch.This solution could be expanded to include several notches
in the antenna frequency response achieving a fully reconfigurable UWB antenna. The antenna could be remotely controlled at
large distances using optical fiber. The prototype antenna has been fully characterized to verify these design concepts.

1. Introduction

Ultrawideband (UWB) antennas with filtering properties
are demanded in many practical applications, owing to the
coexistence of UWB systems with other wireless standards,
such as WLAN (5.15–5.35 and 5.725–5.825GHz), WiMAX
(3.5GHz), X-band downlink satellite communication sys-
tems (7.25–7.75GHz), or ITU (8.025–8.4GHz). The antenna
with filtering properties is employed in order to mitigate the
devastating interference as well as to remove the requirement
of additional bandstop filters. Reconfigurable antennas can
have reconfigurable frequency, radiation pattern, polariza-
tion, or a combination of these properties. Planar antennas
with reconfigurable band notches have been proposed [1–3].
Notched bands were introduced using split ring resonators
(SRRs) and complementary split ring resonators (CSRRs).
Electronic switches were mounted across or along the res-
onators to activate the corresponding band notches. Optical
switches were introduced in the designs of the frequency
and beam reconfigurable antenna [4] and frequency recon-
figurable antenna [1].The ultrawideband planar antenna with
photonically controlled notched bands using silicon switch is
presented in this paper.

Photonic devices have been considered enabling tech-
nologies for future RF and microwave devices and subsys-
tems.The research of optically controlledmicrostrip switches
started in 1970s [5, 6] and is continuing throughout to today.
References have reported devices fabricated from coplanar
waveguides and microstrip transmission lines printed on
silicon substrate [7, 8]. Simple microwave switches have been
applied in designs of antennas, filters, phase shifters, and
couplers [9–11]. The main advantage of optically controlled
microwave circuits is high level of isolation between the
controlling electronic circuit and the microwave circuit.
Typically the highly resistive silicon wafer in these devices is
illuminated by a near-infra-red laser or a light-emitting diode
(LED), with the optical power of few milliwatts. Devices
that have proved themselves ideal for implementation of
silicon switches are reconfigurable antennas and cryogenic
components [12]. The main advantage in reconfigurable
antenna design is the elimination of biasing lines that can
modify the radiation pattern of the antenna. Several notches
controlled with optical switches can be easily included in
one antenna to control the frequency response and radiation
pattern.
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Figure 1: The design geometry of the proposed ultrawideband antenna.
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Figure 2: Front and back views of the antenna prototype.

2. Antenna Design

Thedesign presented in this paper, shown in Figure 1, is based
on the design of a monopole UWB antenna with an etched T-
shaped slot and with a partial ground plane designed to be
used for UWB from 3.1 to 10.6GHz. The antenna is based
on a Taconic substrate with the dielectric constant 3.5 and
thickness of 1.524mm.The radius of the circle is 18.3mm, and
the other dimensions are as follows: 𝐿 = 50mm,𝑊 = 50mm,
𝐿𝑓 = 7.5mm, 𝐿𝐿1 = 11.7mm, and 𝐿𝐿2 = 8.6mm.

The antenna includes a slot controlled with the optical
switch. This slot can be designed to generate a notch at the

desired frequency, and also the bandwidth of the notch can be
controlled with the resistivity of the switch. It is also possible
to introduce additional slots that would result in multiple
notches.

The optical switch is made placing a silicon dice over the
slot of the resonator. The dimensions of the dice of silicon
wafer are 1mm × 1mm.When the switch is mounted, the slot
resonator is causing the bandnotch in a frequency response of
the antenna when the laser diode is turned off and the switch
is in OFF state. When the laser diode is activated and the
switch is in ON state, the additional resonance is cancelled
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Figure 3: Antenna measurement in the anechoic chamber.
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Figure 4: Simulation andmeasurement of return loss of the antenna
when the switch is OFF and the slot generates a notch from 3.5 to
5GHz.

and the notch disappears. In this case, antenna operates in
full ultrawideband frequency range.

The dice is made of highly resistive silicon placed on the
top of the microstrip gap and photoinduced with a near-
infrared laser diode. The silicon wafer used in the design is
highly resistive (around 6,000Ohmcm), type N, doped with
Phosphorus, with 111 crystal orientation, 0.3mm thick, single
side polished. The light was focused using a 200mW 808 nm
near-infrared laser diode module attached to the back of the
ground of the antenna. A 0.5mm hole was drilled through
the substrate, which allows laser light to reach silicon dice.
A prototype shown in Figure 2 was fabricated to verify the
performance.

3. Simulation and Experimental Results

Electromagnetic simulations of the ultrawideband antenna
were performed using CST Studio Suite, and the switch was
modelled with different material conductivities for OFF and
ON states. Switch conductivities were 10 and 350 S/m, respec-
tively. These values of switch conductivities were extracted
from themeasurements of the individual switch placed over a
gap of a 50Ωmicrostrip transmission line built on the same
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Figure 5: Simulation andmeasurement of return loss of the antenna
when the switch is ON, and the slot disappears. The antenna covers
all UWB from 3.1 to 10GHz.

Table 1: Gain versus frequency with and without notch.

Frequency Notch “on” gain Notch “off” gain
3.1 GHz 2.5 dB 2.7 dB
4GHz −3 dB 3.0 dB
6.85GHz 3 dB 3.5 dB
10GHz 2.1 dB 2.2 dB

Table 2: Polarization purity change in presence of T-slot.

Frequency Polarization purity change (dB)
3.1 GHz 0.96 dB
5.66GHz 3.28 dB
6.85GHz 2.72 dB

substrate. Measurements of the antenna were performed in
the anechoic chamber as shown in Figure 3. Antenna return
loss simulation and measurement results are shown in states
when the switch is OFF and ON in Figures 4 and 5. It can be
clearly seen in Figure 4 how the band from 3.5 to 5GHz is
rejected when the switch is ON and the antenna is working
from 3.1 to 10.6GHz with return losses better than 10 dB that
fulfils the FCC criterion [13].

Gain, efficiency, and radiation pattern measurements of
the antenna at different frequencies were performed in a large
far field anechoic chamber. The results of the gain measured
with andwithout notch are given in Table 1. Gain significantly
reduces when the notch is activated. The average efficiency
of the antenna is 70% and reduces to 60% when the switch
is ON. We performed measurements of the influence of T-
slot on polarization purity bymeasuring antenna polarization
purity with slot and without it. The results are summed up in
Table 2. We found that in both cases antenna exhibits good
polarization purity.

The simulated and measured E-plane- and H-plane-
normalized radiation patterns at 3.1 GHz and 6.85GHz for
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Figure 6: Simulated (solid) and measured (dashed) E-plane and H-plane radiation patterns for the center frequency: (a) 3.1 GHz and (b)
6.85GHz for OFF state of the switch.

both switch states are plotted in Figures 6 and 7, respectively.
Radiation pattern is quite omnidirectional and fits fairly well
with CST simulations. There are some differences that can
be caused by the feeding SMA connector and small parasitic
capacitance (0.2 pF) of the silicon switch.

4. Conclusion

The design of a new ultrawideband monopole antenna with
an etched T-shaped slot with integrated silicon switch and
photonically controlled band notch has been presented. The

photoconductive silicon switch was mounted across the T-
shaped slot resonator and used to activate and deactivate the
notch in the antenna response.

The main advantage of this ultrawideband antenna with
filtering properties is the elimination of the undesired band.
In our case a 3.5 to 5GHz band has been chosen, and a
controlled reduction of the antenna gain has been achieved.
The band notch switching has been successfully demon-
strated through simulation and measurements. The other
advantage of this reconfigurable ultrawideband antenna is
the elimination of biasing lines that could interfere with
the operation of the antenna. Applications requiring sensing
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Figure 7: Simulated (solid) and measured (dashed) E-plane and H-plane radiation patterns for the center frequency: (a) 3.1 GHz and (b)
6.85GHz for ON state of the switch.

and frequency band switching such as cognitive radio could
benefit from the proposed reconfigurable antenna.
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