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A Study on the Elastic Property Change with Temperature in Si Materials for MEMS

Sung-hoon Jung, Se-ho Lee, Sung-hun Lee, Dongil Kwon
School of Materials Science and Engineering, Seoul National University

Abstract - Electrostatically actuated test
devices were designed to evaluate the elastic
modulus of single crystalline Si (100) materials
for MEMS device. Elastic modulus was
calculated from resonant frequency by applying
Rayleigh’s energy method. Temperature effect
on elastic properties was evaluated by detecting
the resonant frequency change with increasing
temperature to 600TC. The elastic modulus
was decreased with heating and then increased
with cooling, but specimen with thermal cycle
showed a permanent change which is lower
than the initial value. This phenomenon was
explained by the change of interatomic force
and the formation of Si0Q: layer on 8i. The
thickness of oxide layer was estimated by
considering the change of mass and stiffness,
and the formation of oxide layer was observed
by the SEM photograph.
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Fig. 1. Photograph of test specimen.
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Fig. 2. The change of resonant frequency by
heating to 600C.
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Fig. 3. The change of elastic modulus by
heating to 6007T.
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Fig. 4. The change of elastic modulus by
heating and cooling.
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Fig. 5. The change of elastic modulus by
heating in different dwell time.
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Fig. 6. Schematic diagram of Si beam (a)before
oxidation (b)after oxidation.
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Fig. 7. Cross-section image showing SiO2z layer
formed at (a) top and (b) bottom of the
resonator beam(500C for 100 min.).

(g8

(1} F. Ericson et al.. "High-sensitivity surface
micromachined structures for internal stress and
stress gradient evaluation”, J. Micromech. Microensg.,
7, 30, 1997

[2] F. Ericson et al., "Micromechanical fracture
strength of silicon”, J. Appl. Phys., 68, 5840, 1990
[3] H. Kahn et al., “Heating effects on the Young's
modulus of films sputtered onto micromachined
resonators”, Mat. Res. Soc. Symp. Proc.. 518, 33,
1998

{4) H. Tada et al., "Determining the high-temperature
properties of thin films using bilayered cantilevers”.
Mat. Res. Soc. Symp. Proc..546, 39, 1999

{5] M. Fukuhara et al., "Effects on High-Temperature
-Elastic Properties on e@-/B8-Quartz Phase Transition of
Fused Quartz”, Journal of Materials Science Letters,
18, 751, 1999

(6] Y. Isono et al., "AFM bending testing of nanometric
single crystal silicon wire at intermediate temperature
for MEMS”, Proc. the 14th IEEE International
Conference on MEMS, 135, 2001

(7] S. M. Sze, VLSI techonology, McGraw-Hill, 132,
1983



