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Abstract

Micro/nano-electromechanical (M/NEM) contact relays are widely investigated as
volatile/non-volatile switching solutions to computing technologies (memory and logic)
because they offer— abrupt on/off switching qualities, no off-state leakage currents and
relatively insensitive to external conditions (temperature/radiations). However, despite these
benefits, actuation voltages of such electrostatic actuated relays are typically high (~few tens
of Volt) for electronics applications and question in contacts re-opening against contacting
adhesion. In practice, pull-in is minimum actuating voltage required for the relay to be in
contact position (ON-state), whereas adhesion signifies the voltage swing required for the
contacts re-opening (OFF-state). But, in the extreme limit, adhesion determines whether the
contacts re-opened or remain in contact once the actuating voltage is turned-off (0-Volt),
which defines a complete hysteresis loop (HL). This effect sets the ultimate limit on
switching threshold and is greatly influenced by the device hysteretic behavior (small/large
HL). Therefore, low voltage is always a contradictory requirement in adhesion assisted
volatile/non-volatile contact relays. In concert with this aim of finding solutions on low
actuation voltage, this thesis presents research on such two essential but dissimilar properties

of electro-mechanical system.

This thesis is organized into three major themes proposed as follows. The thesis first
discussed the practical issues of sacrificial-oxide (SOX) etching related implications:
residual stress and SOX-cut. Such fabrication dependent imperfections in released MEMS
are leading concerns for low pull-in relays. We present experiments on refractory transition
metal (RTM) integration and demonstrate a verified solution using ns-laser based SOX-
releasing method. A detailed experimental exercise is performed which confirms >80%
stress-recovery (residual bending reduces from 12.9 pm to 3.2 pum) and controlled
molybdenum releasing properties. Another significant advantage is found in refining surface
properties for example, reduce surface roughness (7.5 nm to 3.8 nm) and improved electrical
conductivity of the Mo metal. The efficacy of using RTM, here, relaxed the restrictions on
the application and could be translated into high temperature (T >150°C) M/NEMS devices.

Next, as a second half to the thesis, a controlled SOX-sidewall thickness filling (STF)

assisted 2 Volt contact relay performance is presented which encountered much large



beyond pull-in adhesion (Fs,ying/Faan >> 1). This profound intrinsic geometry effect is
uniquely determined by STF of the deposited SOX layer and is experimentally verified. We
used commercially adopted Si-SiO> process rules and demonstrate a doubly clamped relay
design featuring stable actuation (~230% driving efficiency) implies high Fg,..;,, ; generation
ability without increasing voltage and low pull-in (Vp; = 2 Volt) which aid sharp ON/OFF
hysteretic property (Vy = 0.9 Volt). We fabricate devices on tens of um-scale below sub-
micron gap (~90-110 nm) and the entire experiment is performed at room temperature of 25
°C using single structural material (molybdenum) therefore, it offers a robust fabrication
against thermal mismatch. One more benefit of using all metal relay is that the same material
can be used for active devices and electrical interconnection, such that the integration efforts

are significantly reduced.

Then, ON/OFF hysteretic characteristics is harnessed, and a unified
voltage—adhesion framework is implemented to assess the switching property in high
temperatures. We collected a large amount of measurement data and verified our results.
The established framework outcomes improve the understanding of how contacting
adhesion (dominated by van-der-Waals force) beyond pull-in influences contacts’ re-
opening. A systematic experimental and theoretical evaluation of limiting adhesion between
refractory molybdenum metal is presented for a range of temperatures (RT to 300 “C). The
results confirm that the decreasing nature of pull-out voltage (13.9 V to 10.8 V) with
increasing temperature ensures a large hysteresis window (4.7 V at 300 °C). The fabricated
dielectric less metal relay design suppresses the nonidealities (no work function difference
and no dielectric-charging) in analysing temperature dependent switching, which is a major

improvement over the past approach.

The three-fold M/NEM system’s solutions obtained from the research shown here
could be translated into high-temperature, low-voltage adhesion limiting relay performance

and greatly impact their advanced electronics applications.
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