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Il ~ Abstract

Due to the widely spreading of the mobile devices in recent years, the existing problems “leakage
current” and bias current consumption in semiconductor components are getting more attentions. The
researches of investigating RF MEMS switches have been developed as one of the major approaches to solve
this problem. Those RF MEMS switches often work with circuits that are composed of solid-state devices,
and are responsible for only a small portion of the circuit functions because they are equipped only with
on/off functions. Due to their limited capability, their applications are aso constrained. The MEMS logic
gates are MEM S devices that can perform Boolean algebra. They can identically function like the logic gates
that are composed of solid-state transistors (FET, BJT). With this computation capability, MEMS logic gates

are expected to be used in “power management” circuits to reduce the leakage current of IC transistors.

In order to achieve this goal, the research team designed a new micro-mechanical logic gates - The new
proposed MEMS logic gate was designed from different angle, not only carries out small size but also
performs NAND or NOR gate functions with the same mechanical structure. Due to its special ability of
accomplishing universal gates, this design can realize any basic digital signal circuits. This design imposed
three requirements on its fabrication process: carrying two voltage levels on a suspended plate, metal-to-metal
contact between shuttle electrodes and fixed electrodes; and low temperature process. Most of the existing
MEMS fabrication process can not meet these requirements simultaneous. For the achievement of the MEMS
logic gate, this study proposed two kinds of process designs, including CMOS MEMS process design and
metal-to-metal in-house developed process design. In a prototype design, the fabricated device is 250 ¢ m
long, 100 1 m wide and of 3.97 1 m gap. Experimental results show that the device can operate at 25/—25
V and 100 Hz, and achieve the proposed logic functions. In addition, several properties of this device are
experimentally eval uated, including power consumption, on/off resistance, lifetime and resonant frequency.

Keywords. MEMS switch ~ Logic functions ~ Power management, MEMS logic gates
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