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Introduction

Reconfigurable antennas and arrays have been of interest for a variety of wireless
communication applications. Reconfigurable antenna can be classified into three
groups: frequency [1], polarization [2] and pattern reconfigurable antennas [3].
Based on their discrete and continuous tuning type, a general overview for
reconfigurable antennas is given in Table 1. The focus of this paper is on pattern
reconfigurable antennas with continuous beam scanning property. It has
advantages of low-cost and portable size, suitable for applications especially in
communication terminals.

References [4] and [5] proposed a pattern reconfigurable parasitic array structure
with lumped elements to control the main beam direction and realize beam
scanning. In this paper, a simple two strips antenna structure with stable return
loss working at 2.45GHz and smooth beam scanning in (-40°,,-, 40°) angle range is
proposed. This antenna has the advantages of a simple configuration, a compact
size and only a single tunable element.

Table 1. Summary of reconfigurable antenna types
I Discrete Switch I Continuous Sweeping I

Frequency ~ ~

Polarization ~ N/A
Pattern ~ Focus of this paper

Antenna Geometry and Beam Scanning Radiation Patterns

Figure l(a) gives the front and side views of the proposed antenna. It has one
driven element fed by a coaxial probe and one parasitic element loaded with a
tunable lumped element in the center 2mm gap. Both strip elements have the same
length (L=60mm). The feeding point is located 10mm above the center point of
the left driven strip to tune the whole structure to resonate at 2.45GHz. The width
of each strip is 4mm and the separation distance between each other is
S=24.5mm. The height between the strips and the ground plane is h=12.24mm.
To conveniently understand the operation mechanism, an infinite ground plane is
used. Between the strips and the ground plane is air. Figure l(b) summarizes the
status of the antenna when loaded with different lumped elements.
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Figure 1. Geometry of a dual-strip antenna loaded with a tunable lumped element
for continuous beam scanning.
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Figure 2. Simulation comparisons of (a) return loss and (b) radiation pattern when
the antenna worked at "Short" and "Open" conditions.

The structure is first simulated at two extreme conditions, "Short" and "Open",
through software IE3D and WIPL-D. It has a stable return loss result as shown in
Fig. 2(a). Since the H-plane (XZ-plane) cut is the principal radiation plane for
beam scanning, it is observed that the main beam directions are different at two
conditions.

Instead of the open/short cases, lumped element loadings are used to achieve a
scanning beam. The concept has been first proved in Fig. 3 with a capacitor
implemented in the middle of the parasitic strip. For each specific capacitor value,
the main beam points towards a specific direction. The main beam direction is
shown in Fig. 3 (b) when a capacitance is continuously tuned from O.5pf to 1.5pf.
There is a "Jump" phenomenon between Ipfand 1.lpfcases. Next, inductors are
used instead of capacitors in the antenna to realize its beam scanning performance.
For a small inductor value, the main beam is at -21 0 just as the "Short" condition;
while for a relatively large inductor, the radiation pattern is just the same as the
"Open" case. The main beam has a continuously scanning property if the
inductance is continuously increased, as shown in Fig.4 (b).
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Figure 3. (a) Radiation pattern when the antenna is loaded with varIOUS
capacitors (b) Main beam direction versus different capacitor values.
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Figure 4. (a) Radiation pattern when the antenna is loaded with varIOUS
inductors (b) Main beam direction versus different inductor values.

Discussion on Beam Scanning Operation

To understand different behaviors of capacitor and inductor loadings, an
equivalent four-element array model is established in Fig. 5(a). The bottom two
elements are obtained from the image theory due to the infinite ground plane. The
array factor and beam direction are determined by the magnitudes and phases of
both strips (II' ~;12 , (}2). If both strips have the same current magnitude (II =12 )

and proper phase differences ((}2 - ~), the array pattern can achieve the same

beam direction as the "Short" and "Open" cases, as plotted in Fig. 5(b). The main
beam direction versus the phase difference is calculated through the array model
and shown in Fig. 6. When a capacitor is loaded, zero capacitance is equivalent to
an open circuit, labeled as point A in Fig. 6. When the capacitance is increased,
the phase difference between two strips decreases, and the beam direction
increased. When the capacitance comes to a threshold value, the phase difference
will change from -180° to 180°, resulting in a jump in the beam direction of the
antenna. Similar explanation can be used to understand the continuous beam
scanning for the inductor loading.
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Figure 5. (a) Planar array analysis model of the antenna (b) Radiation pattern
of "Short" and "Open" condition analyzed though the array model.
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Figure 6. Main beam direction versus phase difference of two strip elements.

Conclusion
This paper presents a simple reconfigurable antenna with beam scanning property.
The antenna consists of a driven strip element and a parasitic strip element with
tunable lumped LIC loading. An array model is used to understand the beam
scanning behavior. The antenna has potential applications in mobile systems due
to the simple mechanical structure, portable size, and stable return loss.
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