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Unique Features
Single Crystal Silicon resonating 

element
• Potentially lower internal friction 
and higher Q
• Process independence

Ultra-thin capacitive gaps
• Self Aligned process
• Sacrificial oxide thickness 
defines gap sizes

All silicon process
• Polysilicon sense and drive electrodes
• CMOS compatible materials and process steps

High Frequency SCS MEMS Resonators



Device Layer Silicon
Bottom Oxide

Handle Layer Silicon

Low Resistivity SOI substrate
2-40 microns  thick device layer
0.5 to 2 microns bottom oxide

Pad Oxide

~1 micron of thermal oxide

Definition of resonator boundary

Pad isolation & parasitic reduction

Nitride

~3000°A LPCVD nitride deposited

Pad oxide protection

Post area silicon and silicon dioxide 
plasma etching (ICP)

Polysilicon

1-2 µm doped LPCVD polysilicon deposition 
for the post

Vertical trenches etched around the resonator all the way down 
to the bottom oxide

define the boundary of resonator

accommodate electrodes

Fabrication Process

100 to 10000°A sacrificial LPCVD oxide (HTO) deposited and 
etched back on the surface (anisotropically)

defines the final capacitive gaps

can be scaled down to 10’s of nm independent of lithography limits

Sacrificial Oxide

Trenches refilled with doped LPCVD polysilicon

electrodes will be parts of the refilling polysilicon

polysilicon is kept on the pad area

Metal

300 °A chrome and 2000 °A gold deposited using e-beam 
evaporator and patterned by lift-off

Metal provides a wirebonding platform

Oxide removed on the release holes area in plasma (ICP)
Release openings etched in ICP

extra polysilicon in the trenches is etched while electrodes remain

provide diffusion path for HF during relase step to undercut the 
structures

15 to 30 min HF dip

sacrificial oxide in the resonator-electrode capacitive gaps is etched

resonator structures are undercut and free to move



Fabrication Results



Questions???


