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Abstract—The purpose of this paper is to present the design,
operation and fabrication of a pattern reconfigurable patch an-
tenna. Two rectangular patches which are placed perpendicularly
to each other are fed with a common feed line. These patches are
fed from the corners so that the exact impedance matching could
be obtained for both elements. Switching between the patches is
achieved using PIN diodes, connected between the feed line and
the patches. The biasing of the PIN diode 1 excites Patch 1,
resulting in a broadside radiation pattern at 30◦ to the right
side of the yz-plane with a gain of 5.85 dBi. The pattern is
reconfigured by switching to Patch 2 using PIN diode 2, which
gives a broadside radiation pattern at −30◦ to the left side of
the yz-plane with a gain of 5.9 dBi. A good agreement between
simulated and measured results is obtained at the 2.43 GHz
resonating frequency. The antenna is printed on a low loss 1.524
thick Rogers TMM4 laminate (εr = 4.5, tanδ = 0.002). The
antenna has an overall size of (58× 100 mm2).

I. INTRODUCTION

With the rapid growth of different wireless communication

systems, it is highly desirable if one or more characteristics

of the antennas could be reconfigured in a single prototype.

Different techniques are used to reconfigure the antennas to

attain these characteristics. Depending on the application, the

reconfigurable antennas can alter their radiation patterns [1]-

[3], frequency [4]-[6], or polarization [7].

In [1], X. S. Yang et al. proposed a dual-band and pattern

reconfigurable, slot-loaded Yagi patch antenna. The modes of

antenna can be switched by changing the states of the switches

in the slots. The switching of modes enabled the antenna to

scan the beam in the E-plane. The slots were etched on the

parasitic patches which were placed on both sides of the driven

patch. The design was proposed for 9.5 GHz and the size of the

ground plane was (30× 60 mm2). Another design proposed

by S. H. Chen et al. [2] used a single-feed reconfigurable

square-ring patch antenna. Two shorting walls were controlled

by the PIN diodes and another two were directly connected

to the patch. The antenna was switched to different modes by

controlling the states of the diodes. With this technique, the

antenna can switch its pattern between conical and broadside

radiations. M. Jusoh et al. also proposed an antenna which

was surrounded by four parasitics elements [3]. These parasitic

elements were controlled by PIN diodes and these elements

acted as a reflector or director. The proposed antenna was
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Fig. 1. (a) Layout of the proposed antenna. (b) Fabricated prototype.
Optimized dimensions in mm are: ws = 100, ls = 58, wp =
15, lp = 4, wf = 5.5, lf = 2.26.

etched on a 120× 120 mm2 and it can switch the beam from

-30 degree to +30 degree with a maximum gain of 7 dBi.

In this paper, a printed patch antenna operating around

2.4 GHz for pattern reconfiguration is proposed, as depicted

in Fig. 1. The proposed antenna has two patches placed

perpendicularly to each other. A single microstrip feeding

line is used to feed both patches. PIN diodes are used to

achieve the switching between the patches, resulting in pattern

reconfigurability. The patterns of the antenna are reconfigured

from +30◦ to −30◦ in the xz-plane. The proposed antenna

has a simple structure, good gain and the pattern can be

reconfigured to a desired position by rotating the patch.

II. ANTENNA DESIGN

The final layout of the proposed antenna, along with its

dimensions is presented in Fig. 1(a). Initially, a simple rect-

angular patch was designed at 2.43 GHz then the patch was

moved along the x-axis. After moving the patch, it was fed

from the one end ensuring a match to 50 Ω. A good impedance

matching was observed at the 2.43 GHz. This patch was then

rotated to 45◦ and no change in the return loss was observed.

After observing the good matching, the diode model used in

[4] was used to make the patch reconfigurable. Additionally,

an identical patch (Patch 2), was placed perpendicular to the

first patch in a way so that its one end can be connected to

the microstrip line using a PIN diode, as depicted in Fig. 1(a).
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Fig. 2. Magnitude of simulated and measured reflection coefficient.
(a) PIN diode 1 is biased, and (b) PIN diode 2 is biased.

These PIN diodes are activated one by one to switch between

Patch 1 and 2, and thus reconfigure the pattern of the same

antenna.

III. EXPERIMENTAL VALIDATION

A Rogers TMM4 laminate (thickness=1.524 mm, dielectric

constant=4.5, and a loss tangent=0.002) was used to fabricate

the prototype, as shown in Fig. 1(b). All the measurements

were taken in an anechoic chamber using an Agilent N5230A

PNA-L network analyzer. Overall, a good agreement in terms

of bandwidth and resonant frequency is observed, as shown in

Fig. 2. When only PIN diode 1 is biased, patch 1 is excited

and it resonates at 2.43 GHz, as shown in Fig. 2(a). Similarly,

when diode 1 is unbiased and diode 2 is biased, patch 2 is

excited and it also resonates at the same frequency, as of

patch 1 as shown in Fig. 2(b). The small discrepancy between

simulated and measured results is due to fabrication tolerances,

PIN diode placement, and soldering on the prototype.

The measured radiation patterns of both the xz and yz-

planes are plotted in Fig. 3. It can be seen, when PIN diode

1 is biased, the xz pattern has a maximum gain at θ = 30◦,

as shown in Fig 3(a). On the other hand when PIN diode

2 is biased, the xz pattern shifted its maximum gain towards

θ = −30◦, as shown in Fig. 3(b). So it is shown that the pattern

can be reconfigured from +30◦ to −30◦ by switching between

the patches (1 and 2) using the PIN diodes. The patterns in

the yz-plane are almost identical for both switching states. In

Fig. 4, the simulated 3D radiation patterns are plotted. It can

be seen in Fig. 4(a), that the patterns have a maximum gain

at +30◦ to the right side of the yz-plane when PIN diode 1 is

biased and −30◦ to the left side of the yz-plane when diode

2 is biased.

IV. CONCLUSION

This paper presented a pattern reconfigurable antenna with

two rectangular patches placed perpendicularly to each other.

The patches are fed from the same point so that these patches

could resonate at the same frequency. PIN diodes are used to

connect these patches to the feed line. Biasing diode 1 activates

patch 1 resulting in a pattern that has a maximum gain of 5.7

dBi at +30◦ to the right side of the yz-plane. Similarly, the

pattern is switched to −30◦ to the left side of the yz-plane
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Fig. 3. Measured radiation patterns. (a) PIN diode 1 is biased, and
(b) PIN diode 2 is biased.
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Fig. 4. Simulated 3-D radiation patterns. (a) PIN diode 1 is biased,
and (b) PIN diode 2 is biased.

when diode 2 is biased and patch 2 radiates. Measurement

results of the TMM4 printed prototype matches well with the

simulation results at 2.43 GHz resonant frequency.
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