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Design of Millimeter MEMS-Based
Reconfigurable Front-End Circuits Using the
Standard CMOS Technology
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Recent trends significantly increase the demands of millimeter-wave
wireless communication systems. The potential applications include
60 GHz high-speed wireless data link, 77 GHz automotive radar, 94
GHz radar imaging, etc. In order to enable low-cost consumer devices,
integration for multiple standards and functions, which requires smart
and reconfigurable radio transceivers, becomes highly desired.

The solid-state tuning elements, such as p-i-n diodes or varactors, have
been considered the territory of lll-V compound or silicon-germanium
(SiGe) technology when the frequency reaches the millimeter-wave
region. However, for those components fabricated in the CMOS
process, the performance is often severely degraded. MEMS devices
provide another solution with many advantages including low loss,
broadband operation, high cutoff frequency and good power handling
capability. Moreover the MEMS devices fabricated in standard CMOS
technology can lead to high circuit compatibility and economical

manufacturing and packaging.

In this work, four reconfigurable CMOS-MEMS front-end circuits,
including a bandstop filter, a filter-integrated switch, a slot antenna
and a switchable phase shifter, are implemented using standard 0.35-
Km and 0.18- . m CMOS processes. Those circuits are designed
in V-/W-band to demonstrate their capabilities for high-frequency
operation. Additionally, a new-type of electrostatic laminated actuator
driven by fishbone beams is introduced to provide dual-state/multi-

Fig.2 > The photographs of the proposed slot antenna (left) and a
switchable phase shifter (right)

state reconfigurations, wherein the electrodes consist of a set of
lateral cantilever beams, attached to a longitudinal fixed—fixed pole
resembling a fishbone. The actuation voltage can be reduced due to
the increase of electrostatic force. The success of these CMOS-MEMS
circuits demonstrates the great potential for future low-cost, single-
chip RF multiband transceivers with improved performance and
functionality.
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