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Abstract
Frequency reconfigurable antenna is one of the important
elements needed for cognitive radio application. Such
antenna can be designed using highly resistive (HR) sili-
con (Si) operating as an optical switch. This letter pre-
sents a novel frequency reconfigurable planar monopole
antenna suitable for cognitive radio application. The
antenna is designed using HR Si working as an optical
switch. The main idea behind the design of antenna is
the redistribution of surface current on the antenna while
changing the state of Si switches optically from high
resistance to low resistance. The antenna is highly com-
pact and uses only two switches for multiband reconfi-
guration. It is switchable on 1.9 GHz, 2.75 GHz, 3.7

GHz, 4.1 GHz, 4.6 GHz, 4.8 GHz, and 7.6 to 11 GHz
frequency bands. Simulated and measured results are pre-
sented for the antenna. To the best of authors knowledge,
this is the first multiband optically reconfigurable planar
monopole antenna.
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1 | INTRODUCTION

Reconfigurable antennas are type of smart antennas which
can change their characteristics dynamically such as fre-
quency, polarization, radiation pattern, and main beam direc-
tion. Many single-function antennas working on different
frequencies can be replaced by reconfigurable antennas thus
reducing size and overall cost. Reconfigurable antennas are
highly desirable for cognitive radio application, where they
can switch their operating frequency dynamically to make
use of any available channel.1,2

Reconfigurable antenna in its basic form contains a
switch and reconfigurable element. The two parts of the
antenna are connected in such a way that the former can
change the characteristics (frequency, polarization, or main
beam direction) of the antenna dynamically. The antenna
works on one particular frequency when the switch is inac-
tive (OFF); however, if the switch is activated (ON), then it
works on a different frequency. The design of switch and its
location on the antenna is critical as it can affect the perfor-
mance of the latter.3–20 Therefore, it is important to make
sure that the switch does not affect the performance of the
antenna.

Reconfigurable antennas based on nonoptical and optical
switches are reported in References 4–13 and 14–20, respec-
tively. Optical switches are preferred over nonoptical
switches in designing reconfigurable antennas. Unlike non-
optical switches, they are fast and do not interfere parasiti-
cally with the radiation characteristics of the antenna.14–20

Most of the optically reconfigurable antennas reported in
literature are tuned in two or three frequency bands.14–20 For
instance, in References 14,15, the length of the printed
dipole is dynamically increased with the help of two silicon
(Si) switches to make the antenna frequency and polarization
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agile. The authors in Reference 16 have integrated broad-
band printed antenna with defected microstrip structure
(DMS) band-pass filter to make its frequency reconfigurable
without changing the dimensions of the antenna. In Refer-
ence 17, Franklin array antenna is made reconfigurable using
laser diode. In Reference 18, three Si switches are used to
change the effective stub impedance seen by the patch
antenna using low-power level from the optical source for
frequency tuning. Another frequency agile antenna is
reported in Reference 19 that uses high-power laser source.
All these optically reconfigurable antennas work maximum
in three frequency bands, and some of them require powerful
laser source for switching operation.

In this letter, a novel optically frequency reconfigurable
planar monopole antenna is presented for cognitive radio
application. The antenna design adopts two Si samples each
behaving as an optical switch. The characteristics of the Si
samples are reported in Reference 3. Unlike previously
reported reconfigurable antennas in literature, the antenna
here is compact and switchable on multiband frequencies
using only two Si switches. The prototype of the antenna is
validated by full-wave EM simulation and measured results.
A good agreement is found between full-wave EM simula-
tion and measured results. In future, this letter could help
engineers in designing various reconfigurable RF and micro-
wave circuits for various applications.

2 | DESIGN OF RECONFIGURABLE
MONOPOLE ANTENNA

Reconfigurable antenna is the core element of cognitive
radio. Typically, cognitive radio consists of ultra wideband
(UWB) antenna and reconfigurable antenna. The UWB
antenna senses the channel then depending on its availability
the reconfigurable antenna switches its operating frequency
according to it.1,2

For cognitive radio application, we developed a novel
optically frequency reconfigurable monopole antenna using
the experimental results of Si with different charge carrier
concentration as reported in Reference 3. The main idea
behind the design of antenna is the redistribution of surface
current on the antenna while changing the state of Si
switches optically from high resistance to low resistance.
Figure 1A illustrates the structure along with necessary geo-
metrical parameters of the reconfigurable monopole antenna.
The antenna consists of two regions, feeder line connected
to a lower rounded triangle, and an upper rounded triangle.
The two triangles are connected via two highly resistive
(HR) Si switches (S1 and S2). The first switch (S1) directly
connects the two regions from the middle of antenna,
whereas the second switch (S2) connects the right side of
lower triangle via strip to the top of the upper triangle in
such a way to make crown-like shape. The advantage
regarding such shape arrangement is the overall small size

and multiband reconfiguration of the antenna. Reconfigur-
ability is achieved by changing the two switch positions in
ON, OFF fashion which causes the surface current to redis-
tribute on the antenna through different paths. Thus, looking
from the feed point, the antenna can see different effective
lengths. The size and resistivity (ρ) of each HR Si switch are
1 mm × 1 mm × 0.5 mm and 10 kΩ cm, respectively. The
overall size of the antenna is 30 mm × 30 mm. To simulate
the antenna along with switches in CST Microwave Studio®,
we assumed the ON/OFF resistance of HR Si as character-
ized in Reference 3. The antenna is fabricated using
0.762 mm thick RO4003 substrate via rapid PCB prototyp-
ing equipment. Figure 1B shows the photograph of the fabri-
cated antenna with the HR Si switches placed on it.

2.1 | Reflection coefficient of the antenna

A low-resistive (LR) Si with resistivity, ρ, of 1 to 10 Ω cm
can be used to mimic the ON state conductivity of HR Si as
discussed in References 3,21. The room temperature conduc-
tivity of LR Si is similar to that of HR Si illuminated by laser

FIGURE 1 A, Geometry of reconfigurable monopole antenna
(all dimensions in mm) and B, fabricated prototype [Color figure
can be viewed at wileyonlinelibrary.com]

ALI ET AL. 1111

http://wileyonlinelibrary.com


source with power ≥50 mW.3,21 Therefore, LR Si can be
used to measure the return loss of the antenna in ON state of
the switches. For reflection coefficient measurement, four
antennas are fabricated that covers the four cases of switch
positions (S1 & S2 OFF, S1 ON & S2 OFF, S1 OFF & S2
ON, and S1 ON & S2 ON). A combination of LR and HR Si
are bonded at the desired location on the fabricated antennas
using silver epoxy. These combinations (S1 = HR, S2 = HR),
(S1 = LR, S2 = HR), (S1 = HR, S2 = LR), and (S1 = LR,
S2 = LR) are representing ALL OFF, S1 ON, S2 ON, and
ALL ON, respectively.

Figure 2 shows the simulated and measured reflection
coefficients of the antenna for different switch positions.
Multiband reconfigurability is clearly visible from S11
graphs. There is slight shift of 100 MHz in the measurement

results. However, generally, a good agreement is noticed
between simulated and measured results.

2.2 | Surface current distribution on the
antenna

The operating frequencies of the antenna can be grasped
from the surface current distribution on the antenna.
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FIGURE 2 Measurement and simulation results for the reflection
coefficient of the antenna for different switch positions [Color
figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 Simulated surface current distribution at different
resonance frequency [Color figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 4 Measured (solid line) and simulated (dash line) normalized radiation patterns of the monopole antenna in the xy-plane (left
side) and yz-plane (right side) at: A, 1.9 GHz; B, 2.75 GHz; C, 3.7 GHz; D, 4.1 GHz; E, 4.6 GHz; F, 4.8 GHz; G, 8.51 GHz; H, 8.9 GHz; I,
9 GHz; J, 9.7 GHz; and K, 11 GHz [Color figure can be viewed at wileyonlinelibrary.com]
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Therefore, in this section, we provided some examples
of current distribution and related resonances. Figure 3
shows simulated surface current distribution at various
resonance frequencies.

In ALL OFF case, the antenna resonates at two frequen-
cies (4.7 GHz and 8.72 GHz). Although the two switches
are OFF, still, there is strong surface current at 8.72 GHz at
the upper region of the antenna containing the crown-like
shape (see Figure 3). The size of this region is comparable to
the wavelength at these two frequencies causing strong
induced current. However, at 4.7 GHz, the surface current is
mainly concentrated at the feed line and the ground plane
near it. In addition, there is some current at the outer bound-
ary of the antenna.

When S1 is ON and S2 is OFF, the surface current redis-
tributes from lower region to upper region via S1 which
causes four resonances (2.9 GHz, 4.12 GHz, 9 GHz, and
9.5 GHz). The surface current at 2.9 GHz and 4.12 GHz is
mainly concentrated in regions near switch S1, feed line, and
ground plane near the feed line. However, the current in the
lower region of the antenna is stronger at 2.9 GHz than
4.12 GHz. Moreover, the surface current is stronger at the
right side of the antenna at 9 GHz and 9.5 GHz. The electri-
cal size of the antenna at these two frequencies is almost half
of a wavelength, if we look at region where current is stron-
ger. The OFF state of S2 is causing weak current at the left
side of the antenna. As a matter of fact, because the current
distribution at 9 GHz is covering almost half a wavelength
on the antenna, as a consequence, we expect a dipole-like
radiation pattern from the antenna at this frequency. It will
be demonstrated in the following section where radiation
patterns of the antenna are discussed that at this frequency,
the antenna provides donut-like radiation pattern.

When S2 is ON and S1 is OFF, the surface current redis-
tributes from lower region to upper region via S2 which
causes three resonances (1.8 GHz, 4.58 GHz, and 8.51 GHz).
At these frequencies, the current is mainly concentrated at the
left side of the antenna except at 8.51 GHz, which also has
strong current at right side of the antenna. Furthermore, the
lowest resonance frequency can be estimated from the longest

effective surface current path (Leff = λeff/2).
22 Of note,

1.8 GHz is the lowest frequency of the antenna in simula-
tion, and the Leff is approximated using the method
described in Reference 22. Figure 3 shows the current path
for Leff = 52 mm. The lowest frequency (f = c/λeff, λeff = 2

Leff
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
εr + 1ð Þ=2p

is 1.94 GHz.22 The measured results show
that the lowest resonant frequency is 1.9 GHz which is quite
close to the calculated value. The reason for small difference
in measurement and simulated lowest frequency can be due
to simulation inaccuracy.

Finally, when both switches are in the ON state, a new
resonance appears at 3.68 GHz. The surface current is
mainly concentrated on the feed line and ground near it.

2.3 | Radiation patterns on the antenna

To determine the radiation characteristic of the antenna, we
measured the radiation patterns of the antenna in anechoic
chamber in xy and yz plane. Figure 4 shows the simulated
and measured normalized radiation patterns of the antenna at
different resonance frequencies in xy and yz plane. There is a
good agreement between simulated and measured patterns of
the antenna. The experimental results are proof of an omni-
directional behavior from monopole antenna except at cer-
tain frequencies where this behavior is slightly distorted.
The reason for that is the marginal distribution of the surface
current on the antenna. Although the antenna has asymmet-
ric geometry, the radiation patterns are almost symmetric.
The omni-directional behavior of the antenna shows that it
could be an ideal candidate for various wireless applications.

The simulated gain and total radiation efficiency of the
antenna are tabulated in Table 1 at several resonance frequen-
cies. The antenna gain is varying from 1.2 to 5.3 dBi. How-
ever, the radiation efficiency is varying from 70% to 94%
except at 1.9 GHz where efficiency drops to 51.42%. The
small efficiency at 1.9 GHz is due to the small electrical size
of the antenna at this frequency. At high frequency, the elec-
trical size of the antenna is large enough to give high gain and
efficiency. These crucial results together with the frequency
reconfigurability of the compact monopole antenna allow it to
be used for cognitive radio and handheld portable devices.

3 | CONCLUSIONS

This letter presents a novel design of optically reconfigur-
able antenna for cognitive radio application. The multi-
band reconfigurable antenna is designed by using HR Si
pieces acting as optically tunable resistors. This concept is
demonstrated in terms of experimental reflection coeffi-
cient and radiation patterns of the antenna. The frequency
reconfigurability of the antenna is visible from the return
loss plots. The omni-directional radiation behavior of the
antenna shows that the antenna is suited for various wire-
less applications.

TABLE 1 Simulated gain and radiation efficiency of the antenna

Frequency (GHz) Gain (dBi) Efficiency (%)

1.9 1.2 51.42

2.75 1.33 74.7

3.7 1.6 87

4.1 1.74 92

4.6 1.94 91

4.8 2 91.7

8.51 4.13 94

8.9 4.62 93

9 4.81 93

9.7 4.05 86.8

11 5.3 85
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In future, various optically reconfigurable antennas can
be designed for 5G or next generation wireless networks.
This method can be applied to design multiband polarization
and pattern agile antennas.
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