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Thesis Abstract

The thesis focuses on the design and fabrication of bistable MEMS-based metallic switches
in context to Non-Volatile Memory (NVM) and power gating applications. The bistable
MEMS switches are analogous to conventional push-to-on electrical switches, which does
not require biasing or voltage to hold its state. The bistable switches provide energy-
efficient solutions to the embedded systems as they do not require any voltage for holding

the On-state.

The objective of the thesis is to demonstrate the feasibility of non-volatile data storage
based on micro-electro-mechanical systems (MEMS) for rugged embedded applications.
This work introduces a MEMS cantilever and a beam structure having two stable

mechanical states.

Current mainstream NVM data storage technologies suffer from poor data retention when
exposed to harsh environments (high temperature). Along with current mainstream FLASH
technology, other emerging NVMs typically include resistive Random Access Memory
(RAM) i.e. R-RAM, magnetic RAM (M RAM), phase-change RAM (PCRAM) and
ferroelectric RAM (FeRAM). However, all these NVMs use different types of storage
media (charge, resistive, ferroelectric and magnetic based) to preserve the information and

exposure to harsh environment severely degrades the retention in storage media.

To address the aforementioned issues in emerging NVMSs', micro/nano-mechanical systems
based NVM were reported. These mechanical memories precisely manoeuvre the van der
Walls force to switch between the logic states. However, they lack a reliable de-actuation
mechanism. Thereafter the single side SET and RESET method based on vibration was
tried in MEMS-NVM, but this method lacks proper experimental validation and underlying
physics. Above all, the thesis introduces a new class of bistable memory, i.e. MEM-Z NVM.

The MEM-Z NVM employs a more reliable piezoelectric deactuation.
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The thesis describes more than Moore’s next-generation nanoelectromechanical system-
based flash memory (NEMS-Flash). The proposed structure is more than Moore’s in the
sense of higher bit density per transistor. The approach for multibit storage is realized by
altering the threshold voltage of a transistor to different levels by using switch controlled
floating gate.

Further the thesis demonstrates a 1 kB high-speed prototype and scalable
Nanoelectromechanical Read-Only-Memory (NEMS-ROM). The fabrication of the
NEMS-ROM involves the process of solid diffusion for the formation of sub-nanometer
coarse gap. The proposed NEMS-ROM is insensitive to thermal fluctuations (-100 °C to
+350 °C). NEMS-ROM core is suitable for storing the micro-operations for high-speed

rugged embedded applications.

The last chapter demonstrates the application aspects of the bistable MEMS systems, i.e.
NVMs’. The bistable switches offer energy efficient solutions to the embedded systems as

these bistable switches do not require any voltage for holding the ON-state.
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