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ABSTRACT: In this paper, a compact and reconfigurable radiation pattern dipole antenna based on the Yagi-Uda antenna principle and
operating at 2.5 GHz is designed. Controlling the switching states of three loaded switches allows for pattern reconfigurability. Three
modes can be chosen based on the results of the simulations and measurements. In the first mode M1, a directive-beam can be achieved
by turning ON all the RF switches, and a measured peak gain of 6.7 dBi is obtained with a corresponding half-power beamwidth (HPBW)
of 44°. In the second mode, only the director is required to enable a less directive beam. This allows for a larger HPBW of 62° and a
lower peak gain of 5.47 dBi. Finally, by disabling the reflector and director in the third mode, M3, we get an omnidirectional radiation
pattern around the y-axis with a maximum measured gain of 3.8 dBi. The comparison with other prior art antennas shows that the
proposed reconfigurable antenna has compact size, high gain, and simple design, making the structure a good candidate for new wireless

applications.

1. INTRODUCTION

ith the fast improvement of wireless communications,

many examples of pattern-reconfigurable (PR) antennas
have been designed which allow better radiation performance
and increasing coverage, quality, and capacity of signal prop-
agation [1,2]. Additionally, radiation pattern agility feature
contributes to avoiding noisy environments, improving secu-
rity, and saving energy by better directing the signal towards
intended users, enhancing the performance of modern wire-
less communication systems. Phased-array antenna is a clas-
sic technique for tilting a beam [3, 4]. Controlling the feeding
phase of radiation elements in the array antenna changes the
direction of the radiation pattern.

Nevertheless, some disadvantages of phased-array antennas
such as their large size, high cost, and complex design pro-
cess would limit their use in communication systems. Many
pattern-reconfigurable antennas have been proposed over the
last few years in order to overcome the problems mentioned
above. Many methods of pattern reconfigurability have been
recently proposed in the literature. Yagi-Uda is used in [5] to
realize different modes by controlling RF switching states in
parasitic elements. The proposed antenna in [6] produced sev-
eral reconfigurable beams by adjusting the amplitude and phase
of each feeding point.

The radiation pattern of the antenna is achieved in [7] by
controlling the phase of magnetic dipoles and using a two-
element dipole array model. In [8], the antenna was con-
trolled by a phase shifter and had two types of direction. It
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was mounted on an artificial magnetic conductor that acted as
a reflector. By shifting the states of the eight switches, eight
pattern-reconfigurable modes could be created in [9]. In [10],
a four-sector array was used, but the antenna’s feeding net-
work’s circuits were too complicated to implement. The an-
tenna in [11] achieved beam switching capability in the eleva-
tion plane by reconfiguring the parasitic striplines with 20 p-i-n
diodes. A pattern-reconfigurable antenna described in [12] pro-
duced radiation patterns in both horizontal and vertical planes
but was difficult to fabricate. In [13], a planar printed dipole an-
tenna with reconfigurable radiation pattern properties was de-
signed by combining two elementary dipoles. The agility of
this antenna was provided by four PIN diodes. Depending on
the switch state, the 2.56 GHz antenna can tilt its radiation pat-
tern in two opposite directions.

All of the above designs have a common disadvantage of low
antenna gain and large gain variation between different states,
especially when some electronic switches are built into the an-
tenna system. These problems make them less suitable for long-
distance wireless communication.

This paper describes a PR antenna operating at 2.5 GHz
which can exhibit both omnidirectional and directional radia-
tion. The antenna can switch among three modes based on the
states of the three switches.

By putting all RF switches in the “ON” state in the first mode,
M1, a far beam with a half-power beamwidth (HPBW) of 44°
and a measured peak gain of 6.7 dBi can be obtained. The sec-
ond mode, M2, will be obtained by activating only one dipole
and its director, resulting in a lower pattern (62°) and measured

Published by THE ELECTROMAGNETIC ACADEMY


https://doi.org/10.2528/PIERC24101402

PIER C

Dakhli et al.

(a) Substrate

Switch 52

Ground plane

W

F 3
Y

(b) 'y

L

Switch 3
Director

Reflector

(©)

FIGURE 1. PR antenna: (a) HFSS design; (b) top view and (c) bottom view.

peak gain (5.47 dBi). By disabling the director and reflector,
we were able to generate a third mode, M3. With this configu-
ration, only the active dipole is radiating, resulting in an omni-
directional pattern with a gain of 3.8 dBi. The antenna has high
gain and small gain difference in three modes, which is desir-
able for some medium/long-distance communication scenarios.

The manuscript is organized as follows. In Section 2, the
proposed PR antenna topology, design, and fabrication details
are presented. Then, in Section 3, the simulated and experi-
mental performances of the PR antenna are discussed. Finally,
Section 4 summarizes this work.

2. PR ANTENNA'S DESIGN METHODOLOGY

This section describes the methodology followed for the design
of the PR antenna. First, we will present the antenna’s design.
Then, we will explain the principle of the chosen reconfigura-
bility and the switching technique. Finally, we will present the
fabricated prototypes.

2.1. PR Antenna's Design

The PR antenna’s design process starts with a printed dipole.
The proposed printed dipole was fabricated with a Rogers
DuroidTM 5880 substrate with a thickness 0.8 mm, relative per-
mittivity €, = 2.2, relative permeability p,, = 1.0, and loss
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tangent § = 0.0009. ANSYS frequency structure simulator
(HFSS) was used to simulate the structure. As shown in Fig. 1,
the dipole has a three-layer structure. The dipole arm and as-
sociated microstrip positive lead are printed on top of the sub-
strate. The second dipole arm and associated microstrip nega-
tive feeder are printed on its underside. The total length of both
arms is 2 X Lg;p = 55 mm.

The antenna impedance matching is affected by the distance
L5 between the arms and ground plane. The ground strip length
was selected to be L.y = 60 mm, slightly larger than 2 X Lg;p,
in order to act as a reflector, concentrating the radiated energy
towards the frontside direction (positive z-axis). The ground
strip’s width (6 mm) and its feed-point portion (15 mm) were
chosen to accommodate the SMA connector and facilitate man-
ufacturing. An antenna operating at 2.5 GHz in the Industrial,
Scientific, and Medical (ISM) band operates with an optimized
distance Ly = 34 mm between the dipole arms and the ground
strip with no additional matching network. In order to increase
the gain of the printed dipole in the positive z-axis direction,
we added a metallic director to the ground side of the structure.
The distance between the dipole arms and the director is close
to A\g/4 where )\ is the wavelength. Radiation must be con-
centrated in the front side direction by a director that is shorter
than both arms of the dipole. The design details are presented
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TABLE 1. Design parameters of the PR antenna.

Parameters L w D Ldip Wdip L1 L2 Ldir Wdir L'ref Wmf Lg Wg
Value (mm) | 65 | 65 | 29 | 27.5 2 35 | 27 45 2 60 6 3 15
TABLE 2. Mode configurations by switches ON/OFF conditions.
Mode Configuration Switch 1 | Switch2 | Switch 3
M1 Dipole with activated reflector and director ON ON ON
M2 Dipole with activated reflector ON ON OFF
M3 Only dipole is activated OFF OFF OFF

in Fig. 1 and the parameters of the design are summarized in
Table 1.

2.2. Principle of Reconfigurability

To achieve the reconfigurability of the proposed antenna, we
have incorporated three switches into the structure. Each switch
works in two operating states, “ON” (short-circuit) and “OFF”
(open circuit). In Fig. 2, we explain the working principle of a
single switch in states “ON” and ‘OFF”. In Fig. 1, two switches
were placed in the reflector between the reflector and ground
strip while the third one was placed in the middle of the direc-
tor arm. The three radiation modes were chosen for the recon-
figurable structure. The mode selection process is detailed in
Table 2.

(a) (b)
*— . —o [ o .
State “OFF™ State “ON™
\ \ - . -
—~ - —]
‘ A
—~_ /

FIGURE 2. Working principle of the PR antenna: (a) States “OFF”
(open circuit) and (b) States “ON” (short circuit).

2.3. Fabricated Prototypes

The optimized PR antenna was fabricated and characterized.
Fig. 3 illustrates the prototypes of passive and the active printed
dipoles with reflector and director.

Since the reflector plays an important role in forming the di-
rective radiation, we have omitted mode 4, where the director
is activated, and the reflector is deactivated, since it is without
interest.

3. EXPERIMENTAL RESULTS AND DISCUSSION

In this section, we present simulated and measured results of
impedance matching, surface current distribution, radiation pat-
terns, gain, and efficiency for all modes.
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The realized prototype was investigated by measuring its
impedance matching over the frequency band 2-3 GHz and its
radiation properties (gain, efficiency, and radiation patterns) by
using an anechoic room (Satimo Starlab from the IETR Insti-
tute).

Simulated and measured results are in good agreement. The
use of switches, as described above, allows the electronic con-
trol of the radiated beam at the operating frequency by activat-
ing or deactivating the reflector and/or director.

3.1. Sy, Parameter

A comparison of the measured and simulated reflection coeffi-
cients versus the frequency is given in Fig. 4, corresponding to
the three modes M1, M2, and M3.

When Mode M1 is activated, the simulated frequency of
the PR is around 2.5 GHz, while the measured one is around
2.48 GHz. The minor discrepancies between the results of the
test and simulation are due to the effects of the switches. For
Mode M2, simulation and measurement results are in good
agreement at 2.5 GHz, as shown in Fig. 4(b).

In Fig. 4(c), we plot simulated and measured return losses
versus frequency for Mode M3. In this case, the simulation
operating frequency is 2.5 GHz (2.48 GHz for measurement),
and the obtained matched bandwidth (< 10dB) is 450.6 MHz
(350 MHz for measurement). The mild discrepancies between
the measured and simulated results are due in part to small fab-
rication inaccuracies and the presence of switches.

3.2. Current Distributions

To illustrate further the role of the switches in the antenna pat-
tern modification, surface current distributions were simulated
for the all studied modes as shown in Fig. 5. In the case of
Mode M1, when the two switches are turned ON, both the re-
flector and director are activated as shown in Fig. 5(a). For
Mode M2, the surface current distribution shown in Fig. 5(b)
shows that the director is disabled, and only the dipole and re-
flector radiate in the z-direction. In the case of Mode M3, when
the two switches are turned OFF, both the reflector and director
are disabled, and only the dipole is active.

WWwWw.jpier.org



PIER C

Dakhli et al.

—~
=
=
o

-15

Reflection Coefficient (dB)

-25

(b)

Reflection Coefficient (AB)

2 2,2

2,6

=Mode M1/Measurement
== RMode M1/Simulation
=20

2,4

2,8 3

Frequency (GHz)

= Mode M2/Measurement
—=——Mode M2Z/Simulation

2,2 2,4 2,6 2,8 3

Frequency (GHz)

(©)

Reflection Coefficient (dB)

A0
-15:
40:
45:

=30

Mode M3/Simulation

Mode M3Mozsuremont jl

2,2 2.4 2,6 2,8 3

Frequency (GHz)

FIGURE 4. Simulated and measured reflection coefficients: (a) Mode M1, (b) Mode M2, and (c) Mode M3.

152

WWW.jpier.org



Progress In Electromagnetics Research C, Vol. 151, 149-156, 2025

PIER C

(@)

Jsurfla_per_ml

. 4, BBEREe-AEA1
3. F143e-@A1

3. 4286e-881
3. 1429e-881
Z.8571e-8@1
Z.5714e-0@1
Z.2857e-8@1
Z.0000e-8@81
1. 7143e-881
1. 4286e-001
1.1429e-@@1
8. 5714e-002
5. 7143e-@82
Z.8571e-082
A, BBAE e +Raa

(b) JsurflA_per_m] 7
. L am |

3. 2857e-001

8. 571%e-0B1

7.8571e-001

7.o1429e-081

5. 42866-001

5. 7143e-AA1

5. BEERe-BE1

4. 2857e-0B1

3. 571%e-801

2.8571e-001 3
2. 1429e-8a1

1. 4286e-201

7. 1429002 1,

0. PERE+H0D

(©)

IsurflA_per_m]

. 1. GOGGE:+266
9, 2857e-2@1

3. 5714e-2@1
7. 8571e-2@1
7. 1429:-8@1
E. 428Ee-0A1
5. 7143e-2@1
5. ARARE -AA1
Y4, 2857e-8@1
3. 5714e-2@1
2, 857 1e-2@1
2, 1429e-8@1
1, 42&6e-2@1
7. 1429:-882
B, BEERE +AREA

FIGURE 5. Simulated current distributions at the operating frequency 2.5 GHz: (a) Mode M1, (b) Mode M2, and (c) Mode M3.

TABLE 3. Summarized measured performances of the PR antenna for the three modes.

Mode | Frequency operation (GHz) | HPBW (°) | Peak Gain (dBi) | Efficiency (%)
M1 2.5 44 6.7 68
M2 2.52 62 5.47 80
M3 2.48 - 3.8 88

TABLE 4. Performance comparison with antennas available in the state-of-the-art literature.

Reference Total size (mm) Switch number | Mode number | Fr (GHz) | Maximum Gain (dBi) | Bandwidth (%)
[15] 80 x 60 x 0.8 16 3 2.7 6.4 15.2
[16] 60 x 30 x 0.8 12 3 9.3 N/A 6
[17] 67.4 x 43 x 0.76 2 2 2.4 5 20.8
[18] 32 x 62 x 1.524 4 3 2.03 5.8 2.46
This work | 65 X 65 X 0.8 3 3 2.5 6.7 13.6

3.3. Radiation Patterns

The measured radiation patterns were obtained using the
Satimo StarLab near-field measurement instrument. The radi-
ation patterns for 2.48 GHz, 2.5 GHz, and 2.56 GHz are shown
here because the antenna is intended for wireless communi-
cation applications. Figs. 6, 7, and 8 show the 3D simulation,
3D measurement, and the 2D measurement and simulation
radiation patterns for these three modes, respectively.

The PR antenna presents a simulated peak gain of 7.64 dBi
at the operating frequency 2.5 GHz (6.7 dBi for measurement)
with a corresponding half-power beamwidth (HPBW) of 42°
(44° for measurement) in Mode M1.
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The 2D-radiation patterns demonstrated in Fig. 7 confirm this
behavior predicted by simulations. Compared to Mode M1, the
PR antenna has a less directive beam. The measured maximum
gain is 5.47 dBi at the operating frequency of 2.52 GHz, while
the simulated maximum gain is 5.69 dBi at the resonant fre-
quency 2.5 GHz. In measurement, the half-power beamwidths
are 62° and 65°, respectively.

Consequently, we obtain an omnidirectional radiation along
the y-axis (Fig. 8). This is expected since the dipole’s two arms
are oriented along the y-axis. The maximum measured peak
gain is 3.8 dBi (4.13 dBi for simulation.). The simulated radia-
tion patterns in the H-plane (OY Z) at the operating frequency
2.5 GHz are plotted in Fig. 8(c).
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3.4. Summary

It is clear from Table 3 that the antenna may display both a
directive pattern (Modes M1 and M2) and an omnidirectional
pattern depending on the switch states (Mode M3). It may
switch simultaneously between a radiation pattern with direc-
tivity (Mode M1) and one with low directivity (Mode M2)
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(since the director naturally improves the gain by better direct-
ing the radiation, was disabled).

According to Fig. 9(a) and Fig. 9(b), the measured results
corresponding to Mode M1 showed maximum gains of 6.7 dBi
and radiation efficiency of 68%. In the case of Mode M2, the
measured peak realized gain values and radiation efficiency are
respectively 5.47 dBi and 80%. Finally, the measured peak gain
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and radiation efficiency are 3.8% and 88% for the omnidirec-
tional mode, respectively. We can note that the gain variation
is stable across the entire operating bandwidth for all the con-
sidered modes. Although Mode M1 is less efficient than the
passive one, it still manages to achieve 68% efficiency at the
operating frequency.

Table 3 provides a summary of the measured performance
characteristics of the proposed PR antenna in the three studied
modes in terms of frequency operation, HPBW, peak gain, and
efficiency.

The profile, number of modes, frequency, peak gain, and
bandwidth of our work are compared to some important pa-
rameters of existing PR antennas in Table 4. The proposed
antenna indeed displays high gain, good efficiency, moderate
bandwidth, and low profile.

4. CONCLUSION

A planar printed dipole antenna with reconfigurable radiation
pattern properties has been proposed for wireless communica-
tion systems. The agility was ensured by using three switches.
The antenna is designed to operate around 2,5 GHz. In Mode
M1, 6.7dBi of gain is achieved in a directive pattern and
5.47 dBiin aless directive pattern. When all switches are turned
off, the antenna exhibits an omnidirectional pattern at 2.5 GHz
with a maximum gain of 3.8 dBi. A frequency can be tuned by
altering the distance between the reflectors and the dipole. The
reflectors’ size and shape can also be adjusted. This antenna
has a greater gain and a less gain difference between states than
other PR antennas. This antenna is an excellent choice for in-
door wireless applications, such as ceiling-mounted antennas.
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