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Abstract — Monolayers such as self-assembled monolayer (SAM) have received considerable attention to
reduce stiction and friction in micro-devices and microelectromechanical systems (MEMS). Various
organic molecular films were investigated to obtain better understanding of their tribological behaviors
and adhesion property. The organic molecular films studied in this work are: epoxysilane SAMs,
octadecyltricholosilane (OTS), multi-layers composed of epoxysilane SAMs, poly[styrene-b-(ethylene-
co-butylene)-b-styrene](SEBS) and compound of epoxy resin and poly .(paraphenylene) (EP/PPP). The
pull-off forces of these films were also obtained from force-distance curves measured in static mode of
operation of atomic force microscope (AFM). Tribological tests were conducted with a ball-on-flat
reciprocating friction tester. The OTS showed the lowest pull-off force, indicating its low adhesion
property. It was revealed that, the OTS, EP/PPP and the multi-layer of epoxysilane SAMs, SEBS and
EP/PPP exhibited good tribological properties at the lower load (0.3 N) whereas the OTS showed best
performance at the higher load (1.8 N).
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Fig. 1. of (a)
epoxysilane SAMs[13], (b) SEBS[14] and (c)

SPM topographical images

epoxy+PPP[15]. The vertical scales are 4.0 nm,

7.0 nm and 7.0 nm respectively.
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Table 1. The tested organic molecular films on
Si(100) wafer.

No. | Layer Films Thickness Contact
Angle
! 1 Si0, 1.3nm | <5~10°
1 S10, 1.3 nm
2 Epoxysilane ~50°
2 SAMs 0.54 nm
1 Si0, 1.55 nm .
P OTS 2.5nom | 110
1 Si0, 1.3 nm
Epoxysilane .
4 2 SAMs 0.6 nm 100
3 SEBS 8.0 nm
1 SiO, 1.3 nm o
3 2 Epoxy+PPP 15 nm 100
1 SiO, 0.9 nm
Epoxysilane
6 | 2 SAMs 0-5mm 400
3 SEBS 7.34 nm
4 | Epoxy+PPP | 16.0 nm
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Fig. 3. SPM topographical image of the steel ball
(scan area, 4.9%4.9 1 m’). Surfaces roughness is
8.2 nmRa and 11.3 nm Rq.
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Fig. 4. Variations of the pull-off force of organic

molecular films coated Si.
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Fig. 5. Variations of the coefficient of friction of

organic molecular films with normal load of 0.3 N.
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Fig. 6. Variations of the coefficient of friction of

organic molecular films with normal load of 1.8 N.
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