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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 SAMSs, 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 per-

formance at the higher load (1.8 N).
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M &

vl A7} (micromachiningy2 ©]-4-3}] mlo]AE 2
o] HlM, 571, BE, ¥, 710 T3} Zo] FHY
gk Fopo] AXEo g 34 st Fgsle] dist
A7} olFo] A3 ). o]a1st MEMS FREEL
AA gt ¥ v7} ol & 5L 7Y o]z
Qlated 7]E9] Al&E”olA] T EZA] FUF BAHE
(capillary force), RFA2WrA 3(van der Waals force)
a2 A 713 (electrostatic force)d S FAH
2 e T2 o9 22 XUHELS MEMS T
2L 48H37] A dldsfior & HAFel st

22 2 212 9 A A1) : hsahn @kist.re kr

386

olt}. dejEoE AFd MEMS 7Z=9 HW Ats}
2 wgshe deldlelere w2 X9 AuUAE 71
o X942 9A Ao W MEMS FEREQ ®H
ol A2} L 272 (meniscus) FAHLE Q1% DA
3y 2dkAglo)] o]st M AE (adhesive force)2E Q)
gt F2E2] 225 YT shel M (stiction)
Aol AT 1-3]. ol 294 d4s g
MEMS 7x59] A84s 23 F3E932 3 Y
Aol w2 HE3 vnyge] dks FiAY
vpga} wpdo] @ 2EF #lo] F 29 Zo® B
3 #Evp AvH4,5]. o] 2 28 d48 WxEa
uh2g Fol7] g it 9o vz {r)1EXE
(organic molecular film)ol] 3t B& 77} APE
Ao f7lEAehe 284 wx)e} nla 7ael a3




Fig. 1. SPM topographical images of (a) epoxysilane SAMs{13], (b) SEBS[14] and (c) 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 1 Si0, 1.3 nm <5~10°
1 Si0, 1.3 nm
2 Epoxysilane ~50°
2 SAMs 0.54 nm
1 Sio 1.55
3 s e
2 OTS 2.5 nm
Si0, 1.3 nm
Epoxysilane .
4 2 SAMs 0.6 nm 100
3 SEBS 8.0 nm
1 Sio 1.3
5 - o
2 Epoxy+PPP 15 nm
1 Si0, 0.9 nm
Epoxysilane
6 2 SAMs 05 nm 100°
3 SEBS 7.34 nm
4 Epoxy+PPP 16.0 nm
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Fig. 2. The contact configuration of the sliding pair.

Fig. 3. SPM topographical image of the steel ball (scan
area, 4.9 X 4.9 um’). Surfaces roughness is 8.2nm Ra
and 11.3nm 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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