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Fabrication and Characterization of Electrostatically Actuated Microcantilever
Mass Sensors

Jungchul Lee*, and Bumkyoo Choi

Abstract

Microcantilevers have been actively used in probe-based microscopy and gravimetric sensing for biological or chemical analytes.

To integrate actuation or detection schemes in the structure, typical fabrication processes include several photolithographic steps

along with conventional MEMS fabrication. In this paper, a simple and straightforward way to fabricate and operate silicon

microcantilever mass sensors is presented. The fabricated microcantilever sensors which can be electrostatically actuated require
only two photolithographic steps. Resonant characteristics of fabricated microcantilevers are measured with a custom optical-lever
and results show size-dependent quality factors. Using a 40 ym long, 7 ;m wide, and 3 xm thick cantilever, we achieved sub-

femtogram mass resolution in a 1 Hz bandwidth.
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Fig. 1. Fabrication processes. (a) use inductively coupled plasma-
deep reactive ion etching (ICP-DRIE) to define the cantilever
structure, (b) deposit plasma enhanced chemical vapor
deposition (PECVD) oxide and pattern the PECVD oxide and
buried oxide (Inset: cross sectional view after oxide
patterning), (c) use XeF, isotropic etching to release the
cantilever, (d) use HF vapor to remove the PECVD and buried
oxide, (e) deposit metal using E-beam evaporator.
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Fig. 2. Scanning electron micrograph of a fabricated microcantilever
which is 40 ym long, 7 xm wide, and 3 ym thick.
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Fig. 3. Schematic of an optical-lever detection setup to ensure a focal
spot smaller than the width of fabricated microcantilevers.
The collimated beam is expanded with 5 X beam expander,
sent through a polarizing beamsplitter and a quarter waveplate,
and focused on the cantilever. The reflection travels back and
is directed onto a segmented photodiode via a quarter wave
plate.
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Fig. 4. Schematic diagrams for (a) open and (b) closed loop
operations. In open loop operations, the drive frequency is
swept near the cantilever resonance frequency and the
vibration amplitude and phase are measured with a lock-in
amplifier. In closed loop operations, the amplitude measured is
180 ° phase shifted and fed back to the drive electrode.
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Fig. 5. Resonant characteristics(amplitude and phase) of a fabricated
microcantilever which is 40 ym long, 7 /m wide, and 3 ym
thick. A simple harmonic oscillator model(solid red and blue
lines) is used to extract the resonance frequency of ~1.52 MHz
and the quality factor of ~ 500.
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Fig. 6. Extracted resonance frequencies and quality factors for 71
microcantilevers. There are four different types; 200 xm long
and 20 ym wide, 100 ym long and 12.5 ;m wide, 50 ;m long
and 12.5 ym wide, and 40 ym long and 7 ym wide. All types
have a same thickness of 3 ym. The quality factor generally
increases with decreasing cantilever dimension.
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Fig. 7. Resonance frequency vs. time measured for 10 seconds. The
standard deviation of the raw data(dots) recorded at a sampling
rate of 1 kHz is 1.63 Hz and the standard deviation of the
filtered data(red line) is 135 mHz.
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