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Abstract: In this study, two-dimensional finite element models were developed and experiments were conducted using
an atomic force microscope to investigate the tribological characteristics of an SU-8 layer coated on a patterned wafer
for microsystem applications. The results revealed that both the adhesion and the friction forces measured by the atomic
force microscope were lower for the SU-8 coated surface than for the bare silicon surface. This is attributed to the
hydrophobicity of SU-8. Another important result derived from the finite element analysis was the critical load required
to fracture the SU-8 film with respect to the thickness. The critical loads for thicknesses of 200, 400, and 800 nm were
approximately 13, 22, and 28 mN, respectively, which corresponded to a Hertzian contact pressure of 1.2-1.8 GPa.
These results will aid in the design of a suitable SU-8 thickness for microsystem components that are in contact with
one another.
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Fig. 1 A schematic of spin coating for the specimen
preparation
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Table 1 Material properties of SU-8

. .. | Young’s . S . Tensile

Vl(sccgts)lty modulus PO;:;;H s 1(332:1% (fracture)
(Gpa) & strength(MPa)

2.49 2.0~4.0 0.22 1.19 60~70
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Fig. 2 SEM micrograph of an colloidal probe used in the
AFM experiment
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Fig. 3 A finite element model used in this study
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Table 2 Material properties used in the finite element

analysis
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Material |modulus PO;;ZOH s l()jnrsrllt;}), Tensile
(GPa) © gle strength(MPa)
Si0, 70 0.2 2.0 8400
Si 112 0.28 2.33 5000-9000
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Fig. 4 A force-distance curve obtained by the contact
between a colloidal probe and a SU-8 layer with
a thickness of 200 nm

Table 1, 2 ol A Ed o]l A}
A5 A BT

o

9 2 AR ¥

3. 21 2 E9

3.1 AFMAH Znf

Fig. 4 = AFM 7} Z2o|= ZT2HE o] &3h¢]
200 nm SU-8 ¥et xe] tisiA F43ste] I
3.1 9] A (force-distance curve)] <A °]t}. AFM
o B3 w9 A2 A EF A (stiffness)
A UxewE Y] NS JHAEE, g
o] A&y FHE 7heotA shv, A-weadS
AFM oA xWe d&E ¥ HJHEs SHs=
AAQl W o 2 A 1719 AFM Y7} Al 5 W 79
Ao g FoAgeo wstE etk 5%
HolE2HE 7z AHEs ZFRol= ZTRHl A
HE WU H =2 (contact force)S AlAFe| B H Table
3 o] AAIRE wEkep Zar, o] A5 o] 83l Hertzian &
Hol o ol HFSES AR, bare Si 9]
749- °F 64 MPa ©]™ SU-8 ¥ute] 79 oF [2~15
MPa = W9 3&S A TAA] &S A

o o)}y X~
S & 4 Stk

oL

A



470 ook%% *

Table 3 Contact and adhesion forces of each sample used
in this study

Material Contact force Adhesion force
ateria (nN) (nN)
Bare Si(100) 12.8 14.0
SU-8 200nm 19.2 14.3
SU-8 400nm 13.0 11.7
SU-8 800nm 13.7 10.9
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Fig. 5 Frictional forces of the bare silicon and SU-8
coating layers with various thickness slid against
a colloidal probe with respect to scan speed
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Fig. 7 FE simulation results that showed the critical
loads and strain with respect to the SU-8

thickness
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