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1. Introduction

There is an increasing demand for multifunctional wireless communication devices, such as
handsets, PDAs, and laptop computers. Desirable features of such products include low cost, light
weight, long battery life, small/compact design and user-friendly operation. The antenna in these
devices must be integrated with the operational electronics. These antennas must either be multi-
band or should have the capability to be reconfigured. Such dynamic changes might include the
frequency of operation or the direction of the main radiation lobe. Such changes can be controlled,
dynamically and autonomously, to maintain antenna performance during all operation conditions.

One possible reconfigurable antenna type consists of a number of parasitic structures where
the current is controlled electronically using RF control circuits such as microwave p.i.n. diodes,
varactor diodes, MEMs switches, and GaAs FET switches [1]. This control can be used to change
the operational frequency and the radiation pattern [2].

In this paper, the tuning and steering of a rectangular patch antenna is controlled by
switching the patch and folded dipoles configuration. This reconfigurable antenna is controlled by
the changing the voltage across a number of p.i.n. diodes in the parasitic elements. This antenna
with the associated RF control unit [3-4] forms a reconfigurable antenna which provides one
solution to a number of communications problems [5-6].

2. Antenna Structure and Modelling

2.1 Antenna Structure

/EDipole u.c~ug.Iar F. Dipol E ErieldLv/m'

Fig. 1: The reconfigurable antenna: (a) rectangular patch antenna with parasitic folded dipoles (b).E-field
distribution of antenna structure modelled using FEM algorithm

The antenna consists of single rectangular patch at the centre and two stripline folded
dipoles positioned at two edges, right and left sides above a ground plane (see Fig. 1). The patch is
fed via a conducting probe protruding through the dielectric substrate. The two folded dipoles have
two p.i.n. diode switches (labelled A, B, C, and D in Fig. 1 (a)) which can be switched into one of
four conditions, shorted or un-shorted to ground and connected or disconnected to the active patch.
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These diodes form part of the switching circuit located on the bottom side of the ground plane
underneath the radiating elements. A ground plane of 65x100 mm dimension is located underneath
the dielectric layer in addition to a ground plane on the top surface representing the receiver
electronics. Table 1 lists the material properties used in simulation.

Shorting one dipole to ground via A directs the pattern to a direction away from A.
Connecting the other dipole to the active patch via C changes the antenna frequency because the
effective area of the driven layer is enlarged. Both folded dipoles can also be set in "open circuit
configuration" (un-shorted to ground and disconnected to patch) so only the rectangular patch itself
is active. The effect of these configurations is shown in Figs. 1 .(a), 2, 3 and 4.

Table- 1: The structure and dimension of reconfigurable patch antenna with parasitic folded dipole

Structures Antenna Dimension
Thickness (mm) Width (mm) Length(mm) Radius(mm)

Dielectric material: Roger RT/ Duroid 5880 0.5 65 100
(tm), Relative Permitivity. = 2.2
Conducting wire: Copper, Rel. Permit = 1 0.5 - - 1.5
PCB track (PEC) 0.05 65 57.5 _
Rectangular patch (PEC) 0.05 20 40
Folded dipoles (PEC) 0.05 20 40

Ground plane (PEC) 0.05 65 100

Table 2: Antenna switching configurations

Switching Configurations fo Main Beam
p.i.n. diode A p.i.n. diode B p.i.n. diode C T p.i.n. diodeD (GHz) Direction (0)

Off Off Off 0ff 10/11 0/180
Off On Off On 5/15 45/225
On Off On 0ff 5/15 315/135
Off On On 0ff 14/15 345/165

All possible switching configurations are listed in Table 2. The p.i.n. diodes operate at two
distinct states, "On" or "Off' respectively, which correspond to logic levels from a microcontroller.
These logic levels are determined by the control algorithm which receives inputs form the RF
circuitry. In practice, the logic voltage levels vary depending on the type of controller used. The
work reported in [3-4] using the PIC16F62x chip controller noted that the high logic level was
greater than 4 Volts when the generated power supply is approximately 4.9 Volts and the low logic
level was less than 0.5 Volts. If the controller chip CC1010 is used, then the low logic level is
approximately 0 Volt and the high logic level is approximately VCC+0.3 Volts (where, Vcc is the
supply voltage). Vcc can be typically set in the range 2.7 - 3.6 Volts. The generation of proper
biasing is a crucial step because it determines the residual impedance of p.i.n. diodes and so the
effectiveness of the switch [4].

2.2 Numerical Modelling

This antenna was designed to work at 5 GHz to suit the next-G of WiMAX mobile
terminals. It was modelling using FEM utilising the HFSS software [7]. The modelling results
showed operation bands at 10 and 15 GHz. Fig.1 (b) shows the E-field distribution across the active
structure at 5 GHz. This shows that the antenna is predominantly linearly polarised as the E-field
pattern is predominantly parallel to the antenna axis.

While most patch antennas have narrow bandwidths, this patch with folded dipoles has a
larger bandwidth. The structure dimensions were optimized to ensure the antenna operatures
successfully in the desired frequency bands. In the model, the p.i.n. diode was represented by a
perfect conductor for "ON" states and an open circuit for "OFF" states [8].

The various switch conditions have a significant effect on the current surface distribution
across the antenna (see Fig.2). In Fig.2 (a), the surface current Jsurf distribution is concentrated on
the rectangular patch with little current on the folded dipoles. In this case, the Jsurfvariation is from
zero to a maximum 1.936x102 (AIm). For the switching condition shown in Fig.2 (b) the Jsurf is
significant on the left dipole. Overall, at the active conducting antenna elements (rectangular patch
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and folded dipole), the current variation varies from zero to a maximum of 1 .5647xl02(I)
When both dipoles are connected to active patch (Fig2.(c)) then the currents are significant in both
dipoles.
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captures the signal then one line will be occupied immediately to establish the communication in the
network.

Antennas Users AtnaInitial
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Fig. 5: An application of constructed-reconfigurable antenna: (a) WiMAX network, (b) operation algorithm

The patch with parasitic folded dipoles forms an integrated, single port, antenna structure with a
number of advantages. These include, boosting the performance of WiMAX network terminals such
as laptops, PDAs, and handsets. The multifunctional and steerable pattern capabilities of the
antenna device allow the flexible and reliable communication access in the network because the
more bandwidth available and more compact and intelligent devices can be used. In future, the
typical WiMAX services can reach the coverage with the radius more than 20 km depending on the
frequency operation [9].

4. Conclusion

A patch with folded dipole antenna elements was found to be an effective reconfigurable
antenna. This antenna allows for three bands operation such as 5 GHz, 10 GHz and 15 GHz, as
required for WiMAX applications. The antenna must be supported by an RF control unit as an
integrated part of the transceiver circuitry to maintain the appropriate direction and frequency of
operation.
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