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ABSTRACT

John Elias Yanni Kiriazi, “Reconfigurable Antennas Using MEMS Technology”,
Master of Science dissertation, Ain Shams University, f- <2

Key words: MEMS technology, bulk micromachining, series MEMS switch, dipole

antenna, slot antenna.

Recently, reconfigurable antennas have found many applications due
to their reduced size, weight and cost. A reconfigurable antenna is a
single aperture that can be intentionally modified by means of some
external controls to change its radiation characteristics. Current trends in
wireless communications; military, satellite, biomedical and mobile
communications enhance the development of such multi-standard
devices. In addition, the recent development in MEMS (Micro Electro
Mechanical Systems) technology made these devices possible to

implement and satisfy the current requirements.

The main objective of this thesis is to study the feasibility of using
MEMS technology for the implementation of reconfigurable multi-band
antennas and to demonstrate the effect of the MEMS switches on the
whole antenna performance compared to the ideal switch case.

The first designed antenna is a reconfigurable dual-band dipole
antenna using series MEMS switches and operating at the £.AT and A.2A
GHz frequency bands. The dipole is printed on a ©Y°um High Resistivity
Silicon (HRS) substrate coated by a ).¢um (SiO+/SirN:) layer. The
dipole is designed to be directly fed by a differential feed. The effects of
the series MEMS switches on the antenna performance are then studied.
The design is performed using the YD electromagnetic simulator HFSS®.



VI ABSTRACT

Using the designed series MEMS switches, the obtained antenna
return loss is V+.Y dB and Y).1 dB, at the lower and upper frequencies,
respectively. However, comparable to the case of ideal switches, the
resonance frequency decreased by +.£% and of Y.A% at the lower and
upper frequencies, respectively. The antenna, including the MEMS
switches, has bandwidth of Y.9% and YY.1% at the lower and upper
frequencies, respectively. The antenna directivity is ¥ dB at the lower
frequency, and is ¥ dB at the upper frequency. However, the drawbacks
of this design are mainly the high cost due to the use of a relatively large
area of HRS chip and the problems associated with a differentially-fed
antenna at such high frequency band.

Consequently, in order to overcome the drawbacks of the previous
design, another topology has been investigated. It is a CPW fed slot-line
dipole over a standard silicon substrate (1)-)° Q.cm) coated by a Y+um
Benzocyclobutene (BCB) layer. The later helps as a shield for the electric
field lines from the lossy silicon substrate. In addition, trenches are
etched by bulk micromachining just below the slot and the feed line to
reduce the losses caused by the silicon substrate. The antenna is designed
for operation at Y¢ and Y¢ GHz. This topology provides a compact area
of +.1¥1 c¢m'. The effect of the MEMS switches compared to the ideal
switches case is also studied.

Finally, for measurements purposes, the slot antenna topology is
scaled down on a dielectric substrate (g~=Y.¢) for operation at ¥.¢ and ¥.¢
GHz. However, since MEMS switches in a compact packaged form were
not available, the reconfigured slot was implemented using ideal
switches. This is of no inconvenience since the effect of the MEMS
switch, based on the conducted study, is minor at frequencies below ©
GHz. The measured data were comparable to the simulation results.
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