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Abstract— A parasitic surface based reconfiguration
technique for microstrip antenna beam steering has been
presented and discussed in this paper. This concept can
be used in reconfigurable antennas without additional
modification on the basic design of an antenna. This
paprasitic layer based antenna is designed using array of
5 by 5 pixel surface which can be connencted or
disconnected depending upon required configuration so
as to steer antenna beam in particular direction such as -
30°, 0° and +30°.

Index Terms— Reconfiguration, Beam Steering,
Microstrip antenna, Parasitic pixel surface, Antenna
array, RF MEM S switches, Radiation pattern.

The wirless network with rapidly in creasing demands of high
data rate and increasing popularity of smart gadgets requires
the smart techniques and technologies to support their smart
and fast functions. So a self reconfigurable antennas which can
modify their frequencies and or or radiation pattern depending
upon requirnment of network becomes the best solution [11].
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This paper presents a technique to reconfigure the antenna
beam in particular direction using an array of parasitic pixel
surface plased over the driven element. The RF MEMSS switch-
es are used to provid connectivity between the pixels. Here the
selection of MEMS switches over PIN diode and FET is made
because of its advantage of possibility of monolithic integration
and low power consumption. Fig 1 discribes the basic structure
of the proposed antenna.

2 RECONFIGURABLE PIXEL SURFACE

2.1 Pixel Surface

Fig 1 shows the geometry of the pixel layer for a5 by 5 pix-
e surface. In this section, the geometrical properties of the
metallic pixel grid, the switching technology are discussed.

To couple significant amount of energy from the driven
element, the pixel surface must have a significant electrical size
while the individual pixel dimensions are required to be much
smaller than the wavelength. Typical dimensions are grids larg-
er than half a wavelength with a pixel size smaller than a tenth
of awavelength.

2.2 RF MEM S Swithes

Suspended
MEMS beam

TaN bias line
Fig. 2. MEMS Switch

RF-MEMS, PIN diodes and FET transistors are the most
common techniques used for switching. The large number of
switches required for pixel surfaces compared with other re-
configurable antenna. The large number of switches increases
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the switch insertion losses results in a severe impact on the
antenna efficiency. A similar situation occurs when considering
the switch power consumption, leading to the requirement of
switching technologies with near-zero level of power consump-
tion. It has also consequences on the fabrication process. The
one by one external attachment of switches becomes rather
unrealistic. Thus, these requirements (low insertion loses, re-
duced power consumption and possibility of monoalithic inte-
gration) make RF-MEMS the preferred switching technology
for pixel antennas. The choice of monolithically integrated
switches has significant advantages regarding the biasing net-
work design [8]. The zero-current consumption of this technol-
ogy makes possible using highresistive materials to manufac-
ture bias lines, minimizing the undesired coupling with the
radiation pixels. Furthermore, the multilayer nature of the
switch microfabrication process enables the possibility of lo-
cating bias lines and metallic pixels in different layers. These
two different layers can be effectively isolated by taking advan-
tage of the sacrificial layer used for the microfabrication of
suspended structures like RF-MEMSS switches.

The interconnecting switchesused in the smulations are DC
contact type MEMS switch of which schematic is given in the
Fig. 2. A circular metallic membrane made out of gold (Au) is
suspended over an actuation electrode to which t he DC control
voltage is applied [3]. The applied DC voltage creates an elec-
trostatic force be-tween the membrane and the bias electrode.
When this force becomes larger than the mechanical force due
to the stress of the Au membrane, the membrane moves down
and makes a DC contact, thereby connecting the pixels. With
no voltage applied the pixels are disconnected.

3 ANTENNA STUCTURE AND WORKING M ECHANISM

A schematic of reconfigurable patch antennais shown in fig 3.
The driven element is standard patch antenna designed to oper-
ate at 10 GHz frequency using a RT/Duroid substrate with
1.575mm thickness. And the pixels are plased over a 1 mm
thick quartz substrate layer. The selection of quartz substrate is
made to ensure the monalithic integration of MEMS switches.
The overal diamenssions of pixel surface is approximately
selected as 0.65 times of the resonating wavelength and indi-
dual pixel diamension is selected as 0.10 times of the reasonat-
ing wavelength. The distance between the driven element and
the pixel surface is selected as 0.14 times of the wavelength[5].

Fig. 3. Simulated antenna Stucutre

Hence the designed antenna has the substrate diamentios as
of 40x30 mm?. The driven element has diamention as 9.20x3
mm?. The overall distance between driven element and the pix-
el surface is 4.15 mm. Each pixel has diamention as 3x3mm
with inter-pixel saperation of 1mm.
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Fig.4 Diffent switch status for different radiation patterns i.e. -30, 0, -
30 degree

Fig 4 shows the three different configurations of a pixel sur-
face for the beam angles of -30°, 0° and +30°. Where squares
represent the pixel elements and lines represents switch con-
nections which are found out by Genetic Optimization Algo-
rithm.

4 SIMULATED RESULTSAND DISCUSSIONS

The described geometry is simulated in HFSS 14 and fol-
lowing results are obtaioned.

The radiation patterns for the different configurations (fig 3)
are shown in fig 5. The different directions for the three dif-
fernts geometries are clearly achived in simulation i.e. -30°, 0°
and +30°. The reflection coefficient parameter (Sy) for the
discussed geometry shows the value of -21dB at resonant fre-
gquency 10.77 GHz. From the plot of Sy it is clear that the
bandwidth is ranging from 10.275 to 10.975 GHz which is ap-
proximately 500MHz (seefig. 6).

Fig 7 shows the VSWR for the simulated Antenna geometry
whichis 1.5 at resonating frequency.

Radiation Pattern 1
T

Fig. 5. Different radiation patterns for direction of arrival for patterns
shown in fig. 4
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Fig. 6. Simulated Plot for Return Loss
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Fig. 7. Plot for the VSWR

4 CONCLUSION AND FUTURE SCOPE

This paper presents a parasitic element based reconfigura-
tion technique having significant advantages regarding integra-
tion and generality. A specific microfabrication compatible
example for a patch antenna operating at 10 GHz is optimized,
demonstrating simultane-ous frequency and radiation pattern
reconfiguration. Results indicate that this structure is better
suited to provide radiation pattern reconfigurability rather than
frequency reconfiguration.

It should be noted that although in this project the steering
angles are chosen to be -30°, 0°, +30° steering in other direc-

tions such as £5°, +10°, +15°, +20° etc., along with polarization
configurability would be possible by further optimizing the
parasitic pixel surface.
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