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A Study on Tribological Characteristics of Materials for
MEMS/NEMS Using Chemically Modified AFM tip
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Abstract —Friction and adhesion tests were conducted to investigate tribological characteristics of materials for
MEMS/NEMS using atomic force microscope (AFM). AFM Si tips were chemically modified with a self-assem-
bled monolayer (SAM) derived from trichlorosilane like octadecyltrichlorosilane (OTS) and (1H,1H,2H,2H-per-
fluorooctyl) trichlorosilane (FOTS), and various materials, such as Si, Al, Au, Cu, Ti and PMMA films, were
prepared for the tests. SAMs were coated on Si wafer by dipping method prior to AFM tip to determine a proper
dipping time. The proper dipping time was determined from the measurements of contact angle, surface energy
and thickness of the SAMs. AFM tips were then coated with SAMs by using the same coating condition. Friction
and adhesion forces between the AFM Si tip modified with SAM and MEMS/NEMS materials were measured.
These forces were compared to those when AFM tip was uncoated. According to the results, after coating OTS
and FOTS, the friction and adhesion forces on all materials used in the tests decreased; however, the effect of
SAM on the reduction of friction and adhesion forces could be changed according to counterpart materials. OTS
was the most effective to reduce the friction and adhesion forces when counterpart material was Cu film. In case
of FOTS, friction and adhesion forces decreased the most effectively on Au films.

Key words —self-assembled monolayer, MEM/NEMS materials, atomic force microscope, adhesion force, fric-
tion force
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Fig. 4. (a) Contact angles for three test liquids (DI
water, diiodomethane and ethylene glycol) on OTS
coated on Si wafer vs. dipping time (b) surface
energy of OTS coated on Si wafer vs. dipping time.
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Table 1. Thickness of OTS coated on Si wafer and FOTS coated on Si wafer measured by ellipsometry depending on

dipping time _
Dipping time 10 sec 30 sec 60 sec 2 min 5 min 10 min 15 min
OTS 95A 9.7A 158 A 17.1A 223A 257 A 24.4 A
FOTS 48 A 45A 76 A 1014 92 A 11.8 A

105 A

Table 2. RMS roughness values of MEMS/NEMS materials used in the friction experiments (a) RMS roughness
of materials used in friction measurement when AFM tip was not coated with SAM RMS roughness of
materials used in friction measurement when AFM tip was coated with SAM

Si Al Au Cu Ti PMMA75k PMMAS540k
OIS (a) 0.70nm  147nm 0.38 nm 2.09 nm 2.74 nm 0.16 nm 0.19 nm
(b) 0.69 nm 2.24 nm 0.29 nm 2.03 nm 2.85 nm 0.14 nm 0.18 nm
FOTS | (a) 0.70 nm 1.42 nm 0.37 nm 0.89 nm 2.90 nm 0.10 nm 0.19 nm
(b) 0.81nm - 2.40 nm 0.54 nm 1.30nm  3.13nm 0.11 nm 0.28 nm
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Fig. 6. (a) Adhesion force between AFM tip and MEMS/NEMS materials before and after OTS coating on
AFM tip (b) Friction force between AFM tip and MEMS/NEMS materials before and after OTS coating on
AFM tip.
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