Abstract

Recent advances in micro electromechanical systems (MEMS) techniques enable
us to attain low-loss 3-D radio frequency (RF) and microwave systems, such as
rectangular co-axial lines (RCL) or (rectacoax) with air as dielectric. Different
types of fabrication processes have evolved; some have been commercialized, such
as Polystrata™ EFAB™. Good rectangular coaxial lines can be achieved by using
a simple surface micromachining process, with standard lithography, but at the
cost of several lithographic steps, which makes it more challenging. As both the
EFAB™ and Polystrata™ processes are well-established company has patented one,
and from a device point of view are disadvantageous in terms of large size and a

complex fabrication method.

This dissertation discusses the development of a high-frequency 3-D MEMS trans-
mission line, which is the first of its kind, and high gap out-of-plane actuators for
high-frequency applications by using a facile surface micromachining process. In
this work, we fabricated a semi-coax line on a glass substrate with a smaller number
of lithographic steps. The transmission line design is suitable for both on-chip and
off-chip transmission lines and shows good performance till 100 GHz. The semi-coax
design shows low loss and performance approaching that of a full-air dielectric rec-
tacoax. The three-sided coated SU-8 conductor has a very low electric field in the
SU-8, so the design reduces dielectric loss even in a poor dielectric like SU-8. This
obviates the need for suspended lines, which have reliability issues. A semi-coax line
with a characteristic impedance of 37-41 €2 has been fabricated on a Borofloat glass
substrate with copper conductors. The line characteristics have been measured from
1 to 100 GHz and showed the attenuation constant of 0.42 dB/mm at 97.5 GHz for
semi-coax. The design is particularly well-suited for applications within the V and
W band frequency ranges, demonstrating its potential for advanced high-frequency

applications.

For a complete RF integrated system, we do need switches with good isolation at
higher frequencies, and for that, we need high gap actuators. For actuating high gap
actuators, Lorentz force actuation is the better option as it gives a larger force than
electrostatic. An out-of-plane microactuator driven by the Lorentz force achieves a

good vertical stroke on a low-resistivity silicon wafer. The actuator was made up of
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electroplated copper having a thickness of 1-1.2 um. A deflection of approx. 4 um
has been achieved with the magnetic flux density of 0.45 T and applied current of
1.4 A. The vertical deflection has a linear dependence on the driving current because

the Lorentz force is proportional to both the driving current and the magnetic field.

An out-of-plane buckled actuator using a lithographically pre-shaped beam. The
beam is engineered to have an in-plane curvature, but a smaller cross-sectional area,
and the Euler stress in the transverse direction plays a crucial part. When the beam
is actuated in-plane, it buckles out of plane. Subsequently, it behaves like an out-
of-plane buckled structure. A large vertical deflection of 5-5.5 ym has been achieved
with the magnetic flux density of 0.40T and pulse current of 350 mA for 20ms. This
method obviates the need for greyscale lithography or adding stress to a beam to

make it buckle out of plane.

An integrated magnetic flux concentrator (MFC) for achieving a large gap out-of-
plane actuation is fabricated and demonstrated, which drastically reduces the power
consumption for operating the device. A deflection of approx.3.5 ym is achieved with
an applied pulse of 20 mA. Integrated MFC reduces the current drawn by approxi-
mately 7.2 times, which is approximately 50 times reduction in power consumption,

in comparison to the beam without MFC.

When taken as a whole, these findings solve many of the major obstacles to the devel-
opment of low-cost integrated mm-wave electronics by using a facile micromachining

process.
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