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Abstract—In this paper, a new design of a reconfigurable
antenna is proposed. The antenna structure is using two PIN
diodes for switching between two radiation patterns (directional
and bidirectional) and a SPDT switch to achieve good impedance
matching. The simulated results show a good impedance match-
ing, with S11 below -10 dB using the SPDT switch configuration.
In addition, the far-field directivity for both configurations is
around 5 dB.

Index Terms—Reconfigurable antenna, CMA, Radiation pat-
tern, PIN Diode, SPDT.

I. INTRODUCTION

Reconfigurable antennas are required by a significant
number of modern wireless communication systems. Their
excellent ability to modify some antenna parameter such as
radiation pattern [1], polarization [2] and operating frequency
[3], makes them a good solution to beat space volume,
wireless standard diversity and user-effect problems.

The Characteristic Mode (CM) theory [4], [5] has an
enormous potential in antenna engineering, since it delivers
an easy approach to physically understand the characteristics
of an antenna, such as the radiation pattern, polarization
and bandwidth. In many designs [3]–[6], the CM theory
has proved its great potential and insight toward physical
behavior understanding, what leads to devise antenna systems
with high performance.

This work is an improvement of the previous design pre-
sented in [1]. Based on the Characteristic Mode Analysis
(CMA) shown in the previous work, two PIN diodes were
used in two parallel plates to switch between two radiation
pattern directions. In the earlier design, the antenna port was
located at the the direction of the radiation pattern. In the
current design, the antenna port was located at the edge of
the plates, far away from the direction of the radiation pattern
maximum. A SPDT (Single Pole Double Throw) [7] switch is
inserted in order to perform the adequate impedance matching.
One of the two outputs of the SPDT is connected directly to
the antenna to obtain a bidirectional radiation pattern (case
1), whereas a circuit matching located between the second
output of the SPDT and the antenna is adjusted to produce a
directional radiation pattern (case 2).

Fig. 1. (a) Antenna top view: (b) Antenna bottom view.

II. PROPOSED ANTENNA DESIGN

The basic structure was proposed based on a CMA in
[1]. It consists in two PEC parallel rectangular plates with
the same size. The CMA showed that there are two main
modes: Antenna mode J1 (where current flows in the same
direction in both plates) and transmission line mode J ′1 (where
current flows in opposite direction in both plates). However,
by exciting the structure using a probe, it is observed that
the resulting radiation pattern gets varied from a bidirectional
beam to a directional pattern by means of slightly expanding
the dimension of one plate.

A. Antenna geometry

The new proposed structure for the antenna is shown in
Fig. 1 and its dimensions are presented in the Table I. The top



TABLE I
ANTENNA DIMENSION PARAMETERS.

Parameter W L WS LS H εr
Value (mm) 28 41 47.6 35 1.524 2.2

plate of the antenna contains the matching switching network.
It consists of the main antenna input port of 50 Ω that is
connected to a SPDT in order to choose the appropriate line
to feed the antenna, depending on the desired configuration
(case 1 or case 2, see Table II). The lower plate is considered
as the ground plane, and its dimension can be increased by
means of two PIN diodes connected at the two edge arms
located at each side, as shown in Fig. 1(b).

B. Bias circuit configuration

The antenna switches are divided in two roles: the PIN
diodes are controlling the switching between the two cases
that provide the two different radiation patterns, whereas the
SPDT switch is intended to match switching. To perform
a good DC biasing supply to the PIN diodes, a DC block
capacitor is introduced between the port and the ground plane.
To decrease the matching lumped elements in the structure,
case 1 is matched by putting the input transmission line at
the appropriate position. Case 2 is matched by a series and a
shunt capacitors both of them of 0.6 pF.

TABLE II
ANTENNA SWITCHES CONFIGURATION.

Case Mode PIN Diodes SPDT
1 J ′

1 OFF VDD = 5 V, VCTL = 0 V
2 J ′

1 + J1 ON VDD = 5 V, VCTL = 3.3 V

C. Results and discussions

After presenting the configuration of the proposed structure,
a full-wave simulation is carried out using CST Microwave
Studio. All electronic components are taken into consideration
in the simulation in order to provide the most precise results.
The antenna design and the switches setup are optimized to
be controlled with a microcontroller. The antenna radiation
pattern structure is based on the two configurations shown in
Table II:

Case 1: To excite mode J ′1, the PIN diodes are reverse
biased and a nought is given to the SPDT VCTL (0 V). The
S11 parameter in Fig. 2, with blue line, shows the band
obtained at 2.44 GHz with this configuration. As a result, a
bidirectional radiation pattern is achieved, with a directivity
of 4.8 dB at both directions (θ = 0◦ and θ = 180◦), as
presented in Fig. 3(a).

Case 2: The combination of modes J ′1 and J1 is excited
through the forward bias of the PIN diodes and by altering
the VCTL of the SPDT to 3.3 V. This second configuration
shows a S11 parameter with a bandwidth larger than the first

configuration, as shown in Fig. 2. Both configurations go
along with the 2.4 GHz band. As a consequence, a directional
radiation pattern is obtained with a directivity of 5 dB, as
displayed in Fig. 3(b).

2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3

−40

−30

−20

−10

0

Frequency (GHz)

S
1
1
(d
B
)

S11 OFF State (case 1)

S11 ON State (case 2)

Fig. 2. S11 parameters of the case 1 and case 2.
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Fig. 3. Simulated radiation patterns: (a) Case 1; (b) Case 2.

III. CONCLUSION

In this design, the issues of the feeding cable and the
matching of the design presented earlier in [1] are resolved.
A radiation pattern reconfigurable antenna is proposed with
a suitable control of the pattern, without drastically changing
the antenna structure.
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