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A printed reconfigurable ultra-wideband (UWB) monopole antenna with triple narrow band-notched characteristics is proposed
for cognitive radio applications in this paper.The triple narrow band-notched frequencies are obtained using a defected microstrip
structure (DMS) band stop filter (BSF) embedded in themicrostrip feed line and an inverted 𝜋-shaped slot etched in the rectangular
radiation patch, respectively. Reconfigurable characteristics of the proposed cognitive radio antenna (CRA) are achieved by means
of four ideal switches integrated on theDMS-BSF and the inverted𝜋-shaped slot.The proposedUWBCRA canwork at eightmodes
by controlling switches ON and OFF. Moreover, impedance bandwidth, design procedures, and radiation patterns are presented
for analysis and explanation of this antenna. The designed antenna operates over the frequency band between 3.1 GHz and 14GHz
(bandwidth of 127.5%), with three notched bands from 4.2GHz to 6.2GHz (38.5%), 6.6GHz to 7.0GHz (6%), and 12.2 GHz to
14GHz (13.7%). The antenna is successfully simulated, fabricated, and measured. The results show that it has wide impedance
bandwidth, multimodes characteristics, stable gain, and omnidirectional radiation patterns.

1. Introduction

Recently, the increasing demands for antennas with multi-
band and multimode operation in modern wireless com-
munication applications have attracted much attention in
academia and industry. In particular, UWB systems covering
wide bandwidth ranging from 3.1 GHz to 10.6GHz have been
released by Federal Communications Commission (FCC) in
2002 for indoor wireless communications [1]. Since then,
the UWB systems have drawn the attention of researchers
worldwide because of their low cost, high data rate, and good
resistance for multipath and jamming.

A UWB antenna is one of the most important com-
ponents in the system, and a lot of UWB antennas have
been proposed and investigated [2–4], such as microstrip
line feed antennas and coplanar waveguide feed antennas.
However, the UWB communication systems cover such a
wide bandwidth that overlaps with existing narrow band
communications applications, such as wireless local area

network (WLAN), C-band, X-band, and worldwide inter-
operability for microwave access (WiMAX). For the sake of
reducing the potential interference between UWB systems
and narrow band systems, narrow BSFs are added to the end
of antennas or equipment to reject the unexpected signals [5],
which will certainly increase the cost of the UWB systems.
A number of UWB antennas with one or two notched
bands have been achieved by using various technologies
[5–15], such as slots, stubs, and resonators. Widely used
methods are etching various slots on radiation patches and
the ground plane, such as C-shaped slots [6, 15] and pi-
shaped slots [7]. One effective method is to insert stubs
into designed antennas [8]. The inserted stub will generate
a notched band without deteriorating radiation patterns.
Another effective method is to integrate filters into a UWB
antenna which can resist narrow band interference [9].
However, the antennas reported above just work in UWB
mode or UWB mode with notched bands, which cannot
meet explosive demand on radio spectrum resulted from
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Figure 1: Structure of DMS-BSF.

the low cost systems, various communication protocols, and
high data rate wireless communication systems [16, 17]. The
current spectrum is scarce. In particular, there are many
systems working below 10GHz, such as WLAN, C-band,
radio frequency identification (RFID), andX-band.Antennas
are required to change operating modes to meet multimode
wireless communication and cognitive radio applications. A
more intelligent method is based on dynamic control, where
UWB systems will need an algorithm that can detect the
presence of interference from narrow band systems and then
avoid it upon detection of its presence. One way to perform
dynamic control is based on cognitive radio or software
defined radio. In order to meet this requirement, several
UWB CRAs with complex single- and dual-port structure
have been studied and investigated [16–20]. For single UWB
CRAs, the previous design cannot be designed flexibly. Most
of the proposed single port CRAs are designed with split-
ring resonators (SRR) in the radiation patch [19], which
will leak electromagnetic wave that deteriorates the radiation
patterns.

In this paper, a flexible triple band-notchedUWBantenna
with reconfigurable characteristics for cognitive radio appli-
cations has been studied numerically and experimentally.
The triple notched bands are realized using a DMS-BSF
embedded in the microstrip feed line and the inverted 𝜋-
shaped slot etched on the rectangular radiation patch. The
reconfigurable characteristics of cognitive radio applications
can be controlled by turning switches at ON state or OFF
state. The notched bands can be designed by adjusting the
dimensions of DMS-BSF and the inverted 𝜋-shaped slot.
The proposed CRA can work on eighth modes which is

suitable formultimode, multiband, andUWB cognitive radio
communications.

2. Antenna Design

In this section, the proposed UWB band-notched antenna
integrated with DMS-BSF and the inverted 𝜋-shaped slot for
cognitive radio applications is illustrated in detail. Design
procedures are divided into four parts. Firstly, we will intro-
duce the DMS-BSF which will be integrated into the UWB
CRA. Secondly, the band-notched UWB antenna integrated
with the switchable DMS-BSF will be investigated. Thirdly,
the band-notched UWB antenna with the inverted 𝜋-shaped
slot on the radiation patch will be studied. Finally, we will
study the UWB CRA integrated with DMS-BSF and the
inverted 𝜋-shaped slot. In this study, the ideal switches for
reconfigurability are metal bridges.The presence of the metal
bridge represents that the switch status is ON; in contrast,
the absence of the metal bridge represents that the switch
status isOFF [10, 18, 21, 22].The simulated results are obtained
by usingComputer Simulation Technology (CST)Microwave
Studio based on finite integration technique (FIT).

2.1. Characteristics of the Proposed DMS-BSF. Currently,
there has been a growing interest for research on planar filters
using defected ground structures (DGS), photonic band gap
(PBG), and electromagnetic band gap (EBG) [23]. Both DGS
and PBG have been used for designing and improving the
performances of various components, such as filters, anten-
nas, and power amplifiers. However, DGSs etched on ground
planes have problems such as radiation from ground plane
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Figure 2: Continued.
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Figure 2: 𝑆-parameters of DMS-BSF.

which will produce interference to othermicrowave elements
[24]. PBGs and EBGs have many parameters which make
them difficult to design. In addition, PBG/EBG parameters
also affect the band gap characteristic [23]. On the other
hand, the defected microstrip structure (DMS) is of great
advantages in design due to its reduced size and the feature of
electromagnetic interference (EMI) noise immunity [24–29].
Furthermore, DMShas higher effective inductance compared
to DGS [26], PBG, and EBG. Therefore, DMS has been used
for designing filters, reducing antenna size, and suppressing
the crosstalk of parallel microstrip lines [23, 24, 29]. In
this paper, a meander line DMS is employed to design a
multimode band-notched UWB antenna. The configuration
of DMS-BSF is designed and illustrated in Figure 1, and its
performance is investigated using CST.

From Figure 1, we can see that the DMS-BSF consists of a
50Ω microstrip line with width𝑊 and a meander slot with
parameters 𝐿

1
, 𝑔, gap, and 𝑔

1
. Detailed meander slot param-

eters are shown in Figure 1(b). In order to design a switchable
DMS-BSF, three ideal switches are incorporated into the
meander slot. The three switches are described as SW1, SW2,
and SW3 and shown in Figure 1(c). In general, horizontal
slots of the meander slot provide inductance effects, while
vertical slots exhibit capacitive characteristics [25]. Thus, the
resonant frequency can be adjusted by controlling dimen-
sions of the meander slot. To investigate the characteristics of
DMS-BSF, various parameters are analyzed using CST. DMS-
BSF is printed on a substrate with a dielectric constant of 2.65,
a loss tangent of 0.002, and a thickness of ℎ = 1.6mm, and
the dimensions are 𝐿

1
= 6.6mm, gap = 𝑔 = 0.5mm, and

𝑔
1
= 0.4mm. In the simulation, one parameter is varied,

while others remain fixed.The reflection coefficient (𝑆11) and
transmission coefficient (𝑆21) of DMS-BSF are illustrated in
Figure 2. Figures 2(a) and 2(b) show effects of varying 𝐿1,

and we can see that the DMS-BSF exhibits dual-band band
stop characteristics in frequency response. As 𝐿

1
increases,

the first resonance shifts down slowly to the lower frequen-
cies, while the second resonance moves fast toward lower
frequencies. This is because the DMS increases the electric
length of the microstrip line and hence changes its current
distribution and the effective capacitance and inductance.
The increased horizontal length of the meander slot affects
the structure inductively [25]. The first resonant frequency
has a wide tuning stop band which ranges from 3.5GHz
to 6GHz, while the second one can adjust from 7.4GHz to
12.9GHz. Figures 2(c) and 2(d) demonstrate 𝑆11 and 𝑆21 in
terms of varying 𝑔. By changing 𝑔 from 0.4mm to 0.6mm,
the center frequency of the first resonance moves to lower
band, while the second resonant frequency keeps constant.
The characteristics of 𝑆

11
and 𝑆
21
when varying 𝑔

1
are shown

in Figures 2(e) and 2(f). With the increase of 𝑔
1
, the center

frequency of the first resonance moves to higher band. On
the contrary, the center frequency of the second resonance
slightly shifts toward lower frequencies. In addition, the pass
band characteristics are also deteriorated with the increase of
𝑔
1
. The switching characteristics are shown in Figures 2(g)

and 2(h). In this simulation, the ideal switches are replaced
with threemetal stripswith length 0.5mmandwidth 0.4mm.
It is obvious that DMS-BSF has two stop bands with all
switches OFF. The center frequency of the two stop bands
can be controlled by adjusting the dimensions of themeander
slot. When SW1 is ON and SW2 and SW3 are OFF, the DMS-
BSF has only one stop band which is near 8GHz. For SW1
OFF and SW2 and SW3 ON, the DMS-BSF also has one stop
band. However, the stop band characteristics are different for
these two situations. The DMS-BSF with SW1 ON and both
SW2 and SW3 OFF has wider stop band than the DMS-BSF
with SW1 OFF and both SW2 and SW3 ON. When all the



International Journal of Antennas and Propagation 5

Ground plane

Radiation patch

W

L

SW2 SW3

SW1

W1
L4

g2

L3W3

L2

W2

Figure 3: Cognitive radio antenna A.

switches are ON, the proposed structure is an all-pass filter
which passes all frequency. As can be seen from Figure 2, the
meander slot DMS-BSF has dual resonant frequency, while
conventional structure has only one resonance [24]. The
switchablemeander slot DMS-BSF also has tunable functions
which can work in all-pass mode, a stop bandmode, and dual
stop band mode.

2.2. Design of Cognitive Radio Antenna A (CRA A). A CRA
should have reconfigurable characteristics for meeting the
cognitive radio requirement. In cognitive radio (CR) com-
munication systems, unlicensed users (secondary users) can
access spectrum bands licensed to primary users at spectrum
underlay mode or spectrum overlay mode. In the underlay
mode, the secondary users are limited under a very low
transmission power which is less than −41.3 dBm/MHz for
UWB users [1, 19]. This approach can be realized by using
impulse radio (IR) based UWB (IR-UWB) technology. For
the overlay mode, the secondary users detect the existing
narrow band (NB) signals, such as those from WLAN and
RFID, and provide immunity to the NB systems. This can be
implemented by turning off the corresponding subcarriers in
orthogonal frequency division multiplexing (OFDM) UWB
(OFDM-UWB), depending on whether any primary users
exist or not in a particular band. In other words, the trans-
mission spectrum of UWB radios can be sculpted according
to the presence of the primary users in the respective
frequency bands in the environment [30]. Therefore, in CR-
UWB systems, CRA should cover the entire UWB band
from 3.1 GHz to 10.6GHz with no notch bands for underlay
applications and for detecting the licensed primary users
and providing immunity to these users using band-notched
technologies [19].
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Based on the investigation of meander slot DMS-BSF
and the requirements for CRAs, a CRA integrated with
the meander slot DMS-BSF has been proposed and shown
in Figure 3. The configuration of CRA A is printed on a
substrate with a dielectric constant of 2.65, a loss tangent of
0.002, and a thickness of ℎ = 1.6mm. CRA A consists of a
rectangular radiation patch, two square tapers at the bottom
of the patch with dimensions 𝐿4 and𝑊1, a DMS-BSF etched
in microstrip feed line, a partial ground plane, and a 50Ω
microstrip line. The radiation patch and the microstrip feed
line are printed on top of the substrate, while the groundplane
is printed on the bottom of the substrate. The dimensions of
the antenna are optimized and listed as follows: 𝐿 = 15mm,
𝑊 = 16mm, 𝑊

1
= 2mm, 𝑊

2
= 30mm, 𝑊

3
= 4.7mm,

𝐿
2
= 16.2mm,𝐿

3
= 3.7mm,𝐿

4
= 2.2mm, and𝑔

2
= 0.8mm.
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The dimensions of DMS-BSF of CRA A are 𝐿1 = 6.6mm,
gap = 𝑔 = 0.5mm, and 𝑔1 = 0.4mm.

In order to investigate the performance of CRA A, it
is evaluated and analyzed using CST. The return losses
of CRA A with and without DMS-BSF are simulated and
illustrated in Figure 4. It can be seen that CRA A without
DMS-BSF is a UWB antenna having bandwidth ranging from
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3.1 GHz to 14GHz. CRA A with DMS-BSF has two stop
bands near 5.5 GHz and 11.5 GHz, respectively. The two
notched bands are generated by DMS-BSF which changes
the distributive inductance and capacitance of the microtrip
feed line. This also alters the current path on the microtrip
feed line. For comparison, the tuning band-notched charac-
teristics of CRA A with all switches OFF are analyzed and
shown in Figure 5. We can see that both of the notched
bands move to lower frequencies by increasing 𝐿1. The
lower notched band near 5GHz shifts slowly, while the
higher notched band near 10.5 GHz shifts faster. In addition,
the CRA A works as a tunable band-notched antenna by
altering the parameters of DMS-BSF. It is also a UWB
antenna with two stop bands which can reduce or avoid
EMI between broadband wireless systems and narrow band
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communication systems. This antenna can also be used for
tri-band wireless communication applications.

To meet the requirement of CR communication appli-
cations, the switchable characteristics of CRA A have been
studied, and the simulated results are illustrated in Figure 6.
We can see that CRA A has two notched bands near 5.5 GHz
and 11.5 GHz with all switches OFF. In order to balance the
feed line, SW2 and SW3 turn on or off simultaneously. When
SW1 is ON and SW2 and SW3 are OFF, CRA A has a notch
near 8.8GHz and the bandwidth covers 6.2GHz to 9.5GHz.
When SW1 is OFF and SW2 and SW3 are ON, CRA A also
has a notch near 8.8GHz, but the bandwidth is narrower
with only about 0.5GHz. The notched bands help to prevent
the potential interference to a primary user or the services
operated in these bands. When all the switches are ON,
CRA A is a UWB antenna for underlay CR operation and for
channel sensing in overlay CR scenario.

2.3. Design of Cognitive Radio Antenna B (CRA B). To make
the proposed CRA more useful for practical applications,
CRA B is designed by etching an inverted 𝜋-shaped slot in
the radiation patch. The structure of CRA B is illustrated in
Figure 7. CRA B is printed on a substrate with a dielectric
constant of 2.65, a loss tangent of 0.002, and a thickness
of ℎ = 1.6mm. CRA B consists of a rectangular radiation

patch, two square tapers at the bottom of the patch with
dimensions 𝐿

4
and𝑊

1
, an inverted 𝜋-shaped slot embedded

in the rectangular radiation patch, a partial ground plane,
and a 50Ω microstrip line. The radiation patch and the
microstrip feed line are printed on top of the substrate, while
the ground plane is printed on the bottom of the substrate.
The dimensions of CRA B are optimized and listed as follows:
𝐿 = 15mm, 𝑊 = 16mm, 𝑊1 = 2mm, 𝑊2 = 30mm,
𝑊3 = 4.7mm, 𝑊4 = 9mm, 𝑊5 = 3.2mm, 𝐿2 = 16.2mm,
𝐿4 = 2.2mm, 𝐿5 = 4.1mm, 𝐿6 = 6.2mm, and 𝑔2 = 0.8mm.
The width of the inverted 𝜋-shaped slot is 𝑠 = 0.4mm. In the
simulation of CRA B, the switch 4 (SW4) is ametal strip with
length of 0.6mm and width 0.4mm.This piece of metal strip
is approximated as an ideal switch which has been used in the
design of most of reconfigurable antennas.

The effects of 𝐿
6
of the inverted 𝜋-shaped slot with

switch 4 OFF are shown in Figure 8. It can be seen that the
CRA B has a notched band near 6.8GHz which is used for
RFID devices. The center frequency of the notched band
is tunable by adjusting the dimensions of the inverted 𝜋-
shaped slot. The notched band moves to lower frequencies
with the increase of 𝐿

6
. In order to reduce the potential

interference from RFID systems, the length is set as 6.2mm.
Other parameters that have little effect on the notched band
are not analyzed. In order tomake the CRA B reconfigurable,



8 International Journal of Antennas and Propagation

Ground plane

L

W

SW1

SW2 SW3

Radiation patch

SW4

s

W2

W3

g2

L2

L3

L4

W1L5

W4

L6 W5

Figure 11: Geometry of CRA C.

a switch SW4 is used on the inverted 𝜋-shaped slot. The
dimensions of SW4 are length of 0.6mm and width of
0.4mm. The reconfigurable characteristics of CRA B are
investigated and shown in Figure 9. For the case of SW4OFF,
CRA B has a notched band in the RFID band, and the center
frequency can be adjusted by changing the length of 𝐿

6
. This

is due to the fact that changing the length of the inverted 𝜋-
shaped slot alters the resonant length which corresponds to
the resonant frequency. The CRA B with SW4 OFF can be
used in the overlay mode. When the SW4 is ON, the CRA B
is a UWB antenna and can be used in the underlay mode for
channel sensing.

2.4. Design of Cognitive Radio Antenna C (CRA C). Based on
the studies of CRA A and CRA B, CRA C integrated with
DMS-BSF in CRA A and the inverted 𝜋-shaped slot used
in CRA B has been proposed numerically and experimen-
tally. Design procedures of CRA C are shown in Figure 10.
Firstly, a UWB antenna is designed. Secondly, a DMS-BSF
is embedded in the microstrip feed line of the proposed
UWB antenna to generate two notched bands for reducing
or avoiding potential EMI from WLAN, WiMAX, and X-
band, which is CRA A. Thirdly, an inverted 𝜋-shaped slot
is etched in the radiation patch of the UWB antenna to
produce another notched bands for preventing the poten-
tial EMI from RFID systems, which is CRA B. Finally,
DMS-BSF and the inverted 𝜋-shaped slot are incorporated
into the UWB antenna to form CRA C which is shown
in Figure 11. CRA C is the combination of CRA A and
CRA B.
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Table 1: Eight switchable cases and corresponding notch bands.

Case Notch bands (GHz) SW1 SW2 SW3 SW4
1 5.5, 6.8, 11.5 OFF OFF OFF OFF
2 5.5, 11.5 OFF OFF OFF ON
3 8.7 ON OFF OFF ON
4 8.7 OFF ON ON ON
5 6.8, 8.7 ON OFF OFF OFF
6 6.8, 8.7 OFF ON ON OFF
7 6.8 ON ON ON OFF
8 None (UWB antenna) ON ON ON ON

The dimensions of CRA C are optimized and listed as
follows: 𝐿 = 15mm,𝑊 = 16mm,𝑊

1
= 2mm,𝑊

2
= 30mm,

𝑊
3
= 4.7mm, 𝑊

4
= 9mm, 𝑊

5
= 3.2mm, 𝐿

2
= 16.2mm,

𝐿
3
= 3.7mm, 𝐿

4
= 2.2mm, 𝐿

5
= 4.1mm, 𝐿

6
= 6.2mm, 𝑔

2
=

0.8mm, and 𝑠 = 0.4mm. The dimensions of DMS-BSF of
CRA A are 𝐿

1
= 6mm, gap = 𝑔 = 0.5mm, and 𝑔

1
= 0.4mm.

For comparison, return losses of the UWB antenna, CRA-
A, CRA B, and CRA C are plotted and shown in Figure 12,
where all the switches are OFF. It can be seen that the UWB
antenna can work in a wide bandwidth ranging from 3.1 GHz
to 14GHz. The proposed CRA C has three notched bands
which are the combined results of CRA A and CRA B. The
center frequencies of the three notched bands agree well with
CRA AandCRA B. In addition, the notched band at 6.8GHz
and the other notched bands can be adjusted by changing
the dimensions of the inverted 𝜋-shaped slot and DMS-BSF,
respectively.

As a CRA, CRA C should be reconfigurable so that it
can work in cognitive radio environment. Therefore, CRA C
is investigated for eight possible operation modes which
are listed in Table 1. Return losses of these eight cases are
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Figure 13: Switchable characteristics of CRA C with various cases.

demonstrated in Figure 13. For case 1, CRA C is a UWB
antenna with triple notched bands which can prevent the
interference from licensed primary users. In case 1, CRA C
can be used as a CRA in overlay mode. CRA C in case 1 can
also be used as a multiband antenna which works at 3.1 GHz–
4.2GHz, 6.2 GHz–6.6GHz, 7.0GHz–10GHz, and 12.2 GHz–
14GHz. When CRA C works in case 2, case 5, and case 6
modes, it can provide two notched bands. For case 2, the two
notched bands are 5.5 GHz for reducing the interference from
WLAN, WiMAX, and C-band and 11.5 GHz for preventing
the interference fromX-band.As for case 5 and case 6, the two
notched bands work at 6.8GHz and 8.7GHz. In these cases,
CRA C can avoid the interference from RFID and X-band,
respectively. Furthermore, case 6 has a narrower notched
band than case 5.This has the similar characteristics as DMS-
BSF discussed in 2.1. When CRA C works in case 3, case 4,
and case 7, it has a notched band which works at 8.7 GHz,
8.7GHz, and 6.8GHz, respectively. However, the bandwidth
of the notched band is different. Case 3 has a wider notched
band bandwidth than those of case 4 and case 7. The band-
notched characteristics of case 3 and case 4 are determined
by DMS-BSF, and those of case 7 is mainly determined by the
inverted 𝜋-shaped slot. In these cases, CRA C can work in
overlay mode. For case 8, CRA C is a UWB antenna, which
can be used in underlay mode.

3. Results and Discussions

To verify the above design and compare with measurement,
CRA C in case 1 and case 8 are fabricated and measured.
For comparison, the four ideal switches, switch 1 (SW1),
switch 2 (SW2), switch 3 (SW3), and switch 4 (SW4) are
also metal bridges which are replaced by a metal strip in
fabrication. In simulation and fabrication, the metal bridges
with dimensions of 0.5mm× 0.4mmare used to approximate
SW1, SW2, and SW3. SW4 is replaced with a metal strip with

a length 0.6mm and width 0.4mm. For reducing the cost of
fabrication and measurement, CRA C with all switches ON
and OFF is fabricated and tested to verify the accuracy of
CST simulations. CRA C with all switches ON and OFF is
optimized, and the optimal parameters are as follows: 𝐿 =
15mm, 𝑊 = 16mm, 𝑊

1
= 2mm, 𝑊

2
= 30mm, 𝑊

3
=

4.7mm, 𝑊4 = 9mm, 𝑊5 = 3.2mm, 𝐿2 = 16.2mm, 𝐿3 =
3.7mm, 𝐿

4
= 2.2mm, 𝐿

5
= 4.1mm, 𝐿

6
= 6.2mm, and 𝑔

2
=

0.8mm. The dimensions of DMS-BSF are again 𝐿
1
= 6mm,

𝑔 = 0.5mm, and 𝑔
1
= 0.4mm. The optimized antennas,

as shown in Figure 14, are also fabricated and measured
using Anritsu 37347D vector network analyzer. Measured
and simulated results of return losses are compared in
Figure 15.

It can be seen fromFigure 15 that CRA Cwith all switches
ON is a UWB antenna which has a wide bandwidth ranging
from 3.1 GHz to 14GHz. In this case, CRA C can be used in
underlay mode. As for CRA C with all switches OFF, it is a
UWB antenna with triple notched bands which can prevent
the interference from C-band, WLAN, WiMAX, RFID, and
X-band. In case 1, CRA C can be used for overlay mode. In
addition, CRA C in case 1 is also a four band antenna which
can operate in multiband wireless communication systems.
The measured results agree well with the simulated ones,
which help to verify the accuracy of the simulation. The
discrepancy between simulated and measured curves may
be due to the errors of manufactured antennas. Thereby,
we can control the switches ON and OFF to allow the
proposed antenna to work in underlay and overlay modes
for cognitive radio communications. The proposed antennas
can also be used for multiband communication systems and
multimode wireless communication systems by controlling
the switches ON and OFF. Measured radiation patterns at
3.5 GHz, 6.4GHz, and 9.0GHz of case 1 and case 8 are shown
in Figure 16.
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(a) Top view of fabricated antenna of case 1 (b) Top view of fabricated antenna of case 8

(c) Bottom view of fabricated antenna of case 1 (d) Bottom view of fabricated antenna of case 8

Figure 14: The fabricated CRA C in case 1 and case 8.

0
−5

−10

−15

−20

−25

−30

−35

−45

−40

−50

−55

−60

2 3 4 5 6 7 8 9 10 11 12 13 14
Frequency (GHz)

Re
tu

rn
 lo

ss
 (d

B)

Simulated result of case 1
Simulated result of case 8

Measured result of case 1
Measured result of case 8

Figure 15: Return losses of fabricated CRA C in case 1 and case 8.

It is worth noting that the radiation patterns of CRA Care
omnidirectional in the H-plane (𝑥𝑧-plane) and dipole like in
the E-plane (𝑦𝑧-plane) when all the switches are turned on
or off, respectively. The E-plane radiation patterns of CRA C
with all switches OFF have a little distortion, which is caused

by the power leaking of the inverted 𝜋-shaped slot. It is found
that the measured results of CRA C using the DMS-BSF, the
inverted 𝜋-shaped slot, and the ideal switches well satisfy
the requirement of UWB cognitive radio communication
applications. The peak gains of CRA C with all switches ON
or OFF are obtained by comparing with a double ridged horn
antenna in the operation bands. In measuring of the gains of
the fabricated antennas, only the key points in the operation
bands are measured. As for CRA C with all switches OFF,
addition points are also measured in the notched bands. The
measured and simulated peak gains of the fabricated antennas
are illustrated in Figure 17. It is found that the stable gains of
the fabricated antennas have been obtained with fluctuation
less than 2.2 dBi throughout the operation band except the
three notched frequencies. As expected, CRA C with all
switches OFF has three sharp gains, which decrease in the
vicinity of 5.5 GHz, 6.8GHz, and 11.5 GHz, namely, the gains
drop deeply to −2 dBi, −0.9 dBi, and −0.7 dBi, respectively.
However, CRA C with all switches ON has stable gains over
the UWB band. The measured gains are little lower than the
simulated ones, which may be caused by the space loss of the
environment formeasuring the proposed low power antenna.

4. Conclusion

In this paper, a cognitive radio antenna integrated with DMS-
BSF and the inverted 𝜋-shaped slot has been investigated
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Figure 16: Measured radiation patterns of fabricated CRA C in case 1 and case 8.

numerically and experimentally. DMS-BSF is analyzed and
discussed before CRAs design. The design procedures of
proposed CRA C are illustrated in detail through analyzing
CRA A and CRA B separately and then combining them
together. The reconfigurable functions are obtained using
four ideal switches on DMS-BSF and the inverted 𝜋-shaped
slot.The switchable functions and band-notched characteris-
tics are numerically investigated. By switching ON and OFF
status of the four switches, CRA C can work in eight cases for
underlay mode and overlay mode CR applications. CRA C
with all switches ON and OFF is fabricated and measured.
However, the ideal switches cannot be adjusted online. In
the future, we will investigate the real switches, such as PIN

diodes or switch circuit networks.The impedance bandwidth,
radiation patterns, and peak gains of the fabricated CRA Cs
are given and discussed. The proposed CRAs can also be
used as multiband or multimode antennas. As a result, they
can well meet the UWB cognitive radio communication
requirement and effectively change the modes to prevent
potential interference between secondary users and primary
users.
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