International Journal of
Microwave and Wireless
Technologies

cambridge.org/mrf

Research Paper

Cite this article: Mansoul A, Ghanem F (2018).
Frequency reconfigurable antenna for
cognitive radios with sequential UWB mode of
perception and multiband mode of operation.
International Journal of Microwave and Wireless
Technologies 10, 1096-1102. https://doi.org/
10.1017/S1759078718001150

Received: 23 October 2017

Revised: 10 July 2018

Accepted: 12 July 2018

First published online: 7 August 2018

Key words:
Antenna design; filters; modeling and
measurements

Author for correspondence:
Ali Mansoul, E-mail: amansoul@cdta.dz

© Cambridge University Press and the
European Microwave Association 2018

CAMBRIDGE

UNIVERSITY PRESS

Frequency reconfigurable antenna for cognitive
radios with sequential UWB mode of
perception and multiband mode of operation

Ali Mansoul! and Farid Ghanem?

IDivision Telecom, Centre de Développement des Technologies Avancées - CDTA, PO. Box 17 Baba-Hassen, Algiers
16303, Algeria and 2Telecom Product Direction, R&D&I, Brandt Group, Cevital Industry Pole, Garidi Il, Algiers,
Algeria

Abstract

In this work, an UWB/narrow band reconfigurable elliptical-shaped monopole antenna for
cognitive radio applications with sequential perception and operation modes is presented.
The proposed approach consists in integrating a reconfigurable filter, in an UWB antenna
ground plan, by the mean of four horizontal slots and integrated switches that allow insert-
ing/removing/varying zeros and poles in the frequency response. By acting on the slot lengths
in order to alter their resonance frequencies, the different switch configurations allow the
antenna to switch between an UWB mode that could be used for the perception (sensing)
and different narrowband modes, mono-band and dual-band, that could be used for the oper-
ation at 2.4 or/and 3.5 GHz. To validate the concept, an experimental prototype has been fab-
ricated and a good agreement between the simulated and the measured S-parameters has been
obtained. While the presented work uses the presence/absence of a perfect conductive strip
(PEC) to model real switch operation, it is believed that the obtained results conjugated
with previous work using real switches on a very similar structure allows validating approach.

Introduction

With the development of wireless communications, spectral resource requirements have
become increasingly important. The contribution of cognitive radio and the use of reconfig-
urable antennas made it possible to optimize the use of the electromagnetic spectrum
[1, 2]. Users can now use the other unused frequency bands at a time ¢ in the day in addition
to dedicated bands without harming the primary users of these bands, allowing better spec-
trum resource management and a high level of quality service regardless the time of the
day. In addition, the use of reconfigurable antennas has made it possible to introduce function-
alities directly at the antenna (signal processing antennas) and better flexibility in frequency
compared with conventional antennas (fixed operating frequency). The reconfigurable anten-
nas used in the cognitive and multiservice radios applications are classified in three categories
according to the functionalities they propose. The first category is the frequency reconfigur-
ation in which we find: frequency switching; the reconfiguration is discontinuous and is
done using switches like pin diodes and MEMS [3-8]. The second type is the frequency tuning
in which the operation frequency is adjusted continuously. Generally, components such as
variable capacities with the applied tension (varicap diodes) are used for the reconfiguration
[9-12]; another type consists of filtering frequency bands within a large band of operations
(notched band) [13-15]. The second category is the radiation pattern reconfiguration,
which modifies the antenna radiation pattern, and controls the direction of radiation and
thus focuses the maximum radiated power in a particular direction [16-19]. The third category
is the polarization reconfiguration; the antenna switches between different polarization modes
(circular right, circular left, horizontal, vertical) [20-23]. In the literature, it is also possible to
find antennas with two reconfigurable functions at the same time, for example, the radiation
pattern and frequency reconfiguration or frequency and polarization reconfiguration [24-27].

In this article, we propose a new approach to design reconfigurable antennas suitable for
cognitive radio applications. This antenna can operate in four different modes, an ultra-wide
band (UWB) mode for sensing the spectrum environment, and for the operation, three narrow
band modes, two mono-band modes, and one dual-band mode. To achieve this, modifications
were introduced to the structure of the basic antenna (UWB antenna without filtering in the
ground plane) by the addition of a filter consisting of four slots; the location and the electrical
length of the slots have been carefully chosen to have the best performance in terms of oper-
ating frequency and impedance matching at —10 dB. The principle of reconfiguration consists
in using switches to modify the distribution of the antenna surface currents in the ground
plane in order to achieve the desired radio-electric properties (frequency and radiation pat-
terns). To demonstrate our approach and feasibility, we have used ideal switches as a means
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Fig. 2. Simulated reflection coefficient of the antenna with and without upper and
bottom slots.

(C)WiFi mode

of reconfiguration. The on/off state of the switch is modeled by
the presence/absence of a perfect conductive strip (PEC), respect-
ively. It is important to mention that the use of ideal models
should not be seen as an obstacle to the validity of the proposed
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(b) Dual band mode

(d) WiMax mode

Fig. 1. Geometry of the proposed antenna with highlighted
dimensions (a) before the modifications, (b) proposed
reconfigurable antenna after the modifications.
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Fig. 3. Simulated reflection coefficient of the antenna with one slot with different
length in the middle.

Fig. 4. Ideal switches implementation for the four
modes (on/off state of the switch is modeled by
the presence/absence of PEC).

approach since real switches have been successfully used on simi-
lar structure in [7]. During the design phase, we targeted the usual
and widely used operating bands such as WiFi, WiMax, and
UWB. The use of two independent slots in the middle of the
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Table 1. Switches configuration for the four cases

Switches
Modes S1 S2 S3 S4 S5 S6 S7
uwB On On On On On On On
Dual Off Off Off Off Off Off Off
band
WiFi Off Off Off Off Off Off On
WiMax Off Off Off Off On On off

ground plane of the antenna makes it possible to have a dual-
band operation mode in the two bands of WiFi and WiMax at
2.4 and 3.5 GHz, respectively, and at the same time. Of course,
the proposed approach could be used to design antenna with
more bands by integrating other slots with different lengths.

Antenna design and study
Proposed antenna geometry

Figure 1 shows the geometry of the proposed antenna with and
without modifications. It is designed on FR-4 substrate with a per-
mittivity of 4.3, a thickness of 1.6 mm, and loss tangent of 0.018.
The values of the optimized geometrical parameters illustrated in
Fig. 1 are: L =84 mm, W =284 mm, L,=32.25mm, L, =63 mm,
L, =21 mm, L;=41.7 mm, L, =26.7 mm, Wg,;=2.9 mm, Wy, =
1.8 mm, y, = 2.45 mm, y, = 23.85 mm, x; = 5.6 mm, r; = 23.25 mm,
r,=26.5mm, h,=1.6 mm, h; =25.35 mm, h,=18225mm, h;=
14.475 mm, hy=11.1 mm, d; =6.5 mm, d, =7.2 mm, d; =5.7 mm,
and d, = 15.7 mm.

Filter implementation

The starting structure used for the design of the reconfigurable
antenna is a conventional UWB monopole antenna. The antenna
is composed of an elliptical-shaped radiating main element fed by
a 50 Q microstrip line on the top facade of the substrate and a
ground plane of dimensions 84 mm x 32.25 mm, on its bottom
facade as shown in Fig. 1(a). In order to introduce the proposed
reconfiguration mechanism, four horizontal slots have been etched
into the ground plane of the antenna as shown in Fig. 1(b). Each
of the slots has a specific function; the two slots at the top and bot-
tom of the ground plane which are placed symmetrically with
respect to the y-axis are used to fully filter the frequencies between
1.5 and 6 GHz (124%) as shown in Fig. 2.

The slot at the bottom filters the higher frequencies (low-pass
filter) of the UWB band, and the slot at the top filters the lower
frequencies of the UWB band (high-pass filter). The two other
slots located in the middle of the ground plane (on the left and
the right) are used to create poles in the filter response, which
allows creating new operating bands at frequencies proportional
to their electrical lengths (1/2) as shown in Fig. 3.

In this case, the filter passes only waves that have a wavelength
proportional to the electrical length of the two slots, to be radiated
by the elliptical-shaped main element; all other frequencies are fil-
tered (blocked). In the proposed design, the slot lengths are cho-
sen to create new frequency bands at 2.4 and 3.5 GHz, which
correspond to WiFi and WiMax, respectively.

In order to introduce frequency reconfiguration, seven
switches are used to switch between the modes of operation of
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Fig. 5. Simulated reflection coefficient of the proposed antenna in the four operating
modes.

the antenna, four located on the upper and lower slots; they are
placed symmetrically on the slots to decouple the two slots
from the microstrip feed line, and thus restore the starting oper-
ating mode of the antenna (monopole without filter). For switches
on the two slots in the middle of the ground plane (on the right
and the left), they are placed so as to decouple the two slots from
the feed line and also reduce the coupling between the existing
slots. The role of the switches is to activate/deactivate the slots
and thus the filtering effect. In the perception mode (UWB
mode), all the switches are turned on, as shown in Fig. 4(a),
which causes the deactivation of all slots, and the antenna retrieves
its UWB behavior. In the dual-band operation mode, all the
switches (S1-S7) are turned off which corresponds to Fig. 4(b).
The mono-band cases correspond to Figs 4(c) and 4(d), where
the switches of one of the two slots in the middle are turned
on. It is worthwhile mentioning that due to the length of the right-
hand middle slot (Fig. 4(d)), two switches are needed to deactivate
it. The configurations of switches for the four operating modes are
resumed in Table 1. The entire simulation process was performed
using the CST Microwave Studio software.

The resulting antenna is capable of switching between an
UWB mode (124%) to three narrow band modes, two in single-
band mode at 2.4 GHz (6%) and 3.5 GHz (5%) and one in dual-
band mode as shown in Fig. 5.

In order to better understand the operation of the filter and the
antenna, a study on the surface current distribution was carried
out. Figure 6 shows the current distribution for UWB mode,
dual band, WiFi, and WiMax, respectively.

Figs 6(a) and 6(b) show the surface current distribution of the
antenna for the UWB mode at 2.4 and 5.2 GHz, respectively. For
both frequencies, there is a current concentration in the feed line
and the area between the main radiating element (elliptical struc-
ture) and the ground plane; the antenna radiates like a conven-
tional UWB monopole (the filter is disabled). Figs 6(c) and 6(d)
show the surface current for the dual-band mode at 2.4 and
3.5 GHz, respectively; we can see a high level of current distribu-
tion on the two middle slots, the right slot at 3.5 GHz and the left
slot at 2.4 GHz.

For the WiFi mode (Figs 6(e) and 6(f)), there is a high current
concentration on the left middle slot, which has an electrical
length proportional to the wavelength of the WiFi. We can see
also that the effect of the second slot at 3.5 GHz (Fig. 6(f)) is
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deactivated (S7 is turned on) and there is a current distribution on
the slot; the filter passes only the WiFi frequencies, to be subse-
quently radiated by the main radiating element. For the WiMax
mode (Figs 6(g) and 6(h)), there is a current concentration on
the right middle slot, which has an electrical length proportional
to the wavelength of the WiMax. We can see also that the effect of
the second slot at 2.4 GHz (Fig. 6(g)) is deactivated (S5 and S6 are
turned on) by comparison to dual-band mode; the filter passes
only the WiMax frequencies.

Experimental results and discussions

The antenna has been fabricated and measured with a vector net-
work analyzer. Figure 7 shows a photograph of one of the
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Fig. 6. Surface current distribution of the antenna:
(a) UWB mode at 2.4 GHz, (b) UWB mode at 5.2 GHz,
(c) dual band at 2.4 GHz, (d) dual band at 3.5 GHz,
(e) WiFi mode at 2.4 GHz, (f) WiFi mode at 3.5 GHz,
(g) WiMax mode at 2.4 GHz, and (h) WiMax mode at
3.5 GHz.

prototypes realized with ideal switches (UWB mode).
Superposed simulated and measured reflection coefficients are
shown in Fig. 8 in separated curves for more clarity. The experi-
mental results obtained clearly show the ability of the antenna to
operate in different modes (mono-band, dual-band, and UWB).
The measurement results show a decent agreement with those
of the simulation in the four cases, with a good adaptation to
—10 dB. We can also see some discrepancies between the simu-
lated and measured results, especially for the UWB case, which
could be explained by manufacturing tolerances (misalignment
of both sides of the antenna) and also by the uncertainty in the
thickness and/or the dielectric constant of the FR4-epoxy sub-
strate. To demonstrate this for the UWB case, the antenna has
been simulated by taking the spacing between the center of the
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Fig. 8. Measured and simulated reflection coefficients
of the proposed antenna.

radiating element of elliptical form and the ground plane of the
antenna y,=25.35 mm, and the obtained result was in better
agreement with the measurements as shown in Fig. 9.

Figure 10 shows the superimposed realized gain of the pro-
posed antenna for the four cases. The maximum gain at 2.4
and 3.5 GHz is about 4 and 4.5 dB, respectively. In the UWB
case, the gain increases with the frequency. The maximum gain
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is obtained at 5.8 GHz with a value of 5.5 dB. It can be noted
also that compared with the UWB mode, the use of the antenna
in one of the narrowband modes provides close gain performance
or even better. However, outside the operating band, the reconfig-
uration does provide gain suppression that could exceed 10 dB at
some frequencies, which could justify the cost associated with the
use of the switches.
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Fig. 11. Radiation patterns of the proposed antenna in the E-plane.

Figs 11 and 12 show the measured and simulated radiation
patterns of the proposed antenna for different cases in the E-
and H-planes, respectively. The measurement results show that
the proposed antenna has an omnidirectional radiation pattern
in the H-plane and bidirectional radiation in the E-plane for
the UWB mode (at 2.4 GHz). For WiFi and WiMax modes, the
antenna has directional radiation patterns.

Conclusion

In this work, a multi-selective frequency reconfigurable antenna
capable of switching between an UWB operating mode and
three selective narrow band modes, two in single band at
2.4 GHz (WiFi) and 3.5 GHz (WiMax) and one in dual band,
has been presented and demonstrated. The measured data com-
pared with those of simulation showed good performance and
an acceptable agreement. While the presented work uses the

https://doi.org/10.1017/51759078718001150 Published online by Cambridge University Press

Fig. 12. Radiation patterns of the proposed antenna in the H-plane.

presence/absence of a PEC to model real switch operation, it is
believed that the obtained results conjugated with the previous
work using real switches on a very similar structure allow validat-
ing approach. The proposed design approach is potentially for use
in wireless communication systems such as cognitive radios.
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