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Micro/Nano Adhesion and Friction Properties of Mixed
Self-assembled Monolayer
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Abstract — Micro/nano adhesion and friction properties of mixed self-assembled monolayer (SAM) with dif-
ferent chain length for MEMS application were experimentally studied. Many kinds of SAM having different
spacer chains(C6, C10 and C18) and their mixtures (1:1) were deposited onto Si-wafer, where the deposited
SAM resulted in the hydrophobic nature. The adhesion and friction properties between tip and SAM surfaces
under nano scale applied load were measured using an atomic force microscope (AFM) and under micro scale
applied load were measured using ball-on-flat type micro-tribotester. Surface roughness and water contact angles
were measured with SPM (scanning probe microscope) and contact anglemeter. Results showed that water con-
tact angles of mixed SAMs were similar to those of pure SAMSs. The morphology of coating surface was rough-
ened as mixing of SAM. Nano adhesion and nano friction decreased as increasing of the spacer chain fength and
mixing of SAM. Micro friction was decreased as increasing of the spacer chain length, but micro friction of
mixed SAM showed the value between pure SAMs. Nano adhesion and friction mechanism of mixed SAM was
proposed in a view of stiffness of spacer chain modified chemically and topographically.

Key words — self-assembled monolayer (SAM), micro, nano, adhesion, friction, tribology, SPM, AFM.
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Fig. 1. A view of scanning probe microscope (nano
tribotester).
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Fig. 2. Measurement method of (a) nano adhesion force
and (b) nano friction force.
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Fig. 3. A view of reciprocation type micro tribotester.
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Fig. 4. 2D topography of the SAM samples of (a) HTS
SAM, (b) DTS SAM and (c) OTS SAM.
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Fig. 5. Water contact angle and surface roughness of
SAM specimens with the chain length.
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Fig. 6. (a) Nano adhesion forces and nano friction forces
and (b) micro friction coefficient of SAM samples.
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Fig. 7. 2D topography of the mixed SAM samples, (a)
HTS+DTS, (b) HTS+OTS, (¢) DTS+OTS and (d)
HTS+DTS+OTS.
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Fig. 10. Micro/nano adhesion and friction mechanism
of SAM with different chain length; (a) adhesion of
short chain, (b) adhesion of long chain, (c) friction of
short chain and (d) friction of long chain.
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Fig. 11. Micro/nano adhesion and frictio mechanism of
mixed SAM; (a) nano adhesion, (b) nano friction and
(c) micro friction.

oldel Asg=RE Al o] Wsje WE v
2 2 v vhUES =4slste] s Fig.
103 2o} gollxe} 2ol Y3t SAM ERle] %
Al SAMS} A[QlEo] BRI stiffness® 285t 4

Journal of the KSTLE

o# - ol - T34 - Y

R -
ol7b &2 Aglo} 71 AAHT} 1A WP HK) gon

2 Zol7} &L A9 stiffness’} A Ho] L=
2 wpzElgo] IA s, ulgbx 71 = ole] 7_—‘. g

nhEale olx]A Hr}. Mixed SAMS] 7Z-$+= Fig.
11(a), b)lxet o] T4 FFe -.—x}— 7 -4 7
o] AR F”Z9] stiffness’} A 252 SAM2)

stiffness2.0F AolA)A| =9, o]z <ls}d .6.3'1.@ m
vpgE o] 7haso] Zth

pfolaz 2] vpEEe Al Zo] wHsjol ufet
Me 330) Z/8ldde Wi S 9 wh uﬂy]q/]é
I ZFO}(Fig. 10 #3%), mixed SAM2| 79 Fig.
1(cplMgt 7o) slo] Uie AU HTH 7%1 o]
Ao Aol7t 71 A ke AHle] Zdo|rt g
BAE YoM Agslez £ R B BY B
Foll oja) rtEo] AiE WA "

4.4 £

2% 12 wEARe) solazike 3 2 5
4o thste} o1gel Al A3t Thesh e AR
a9k,

(1) Aol o] wisell mebdE A9l Aol 743
71 OTS SAM Aol 714 B0 SRnZ7)5 714
2o slojaents niAET SRS Uepil

(2) SAME ETHFORA EW AD7)7} F7HL

tlo m,i

o, ke g3 9 slaeo] sk slolaz b
2o g we A9 Ale 2he BT

=g
(3) A vlolAZnte &2 € vlE dyh S
ZHE] SAMe] ERlEo] uFehe] dtiffness® 2851,
Al Aoz} Ao w} stiffness7} 7HAFET SAM
o} &3t 93] stiffness’} AAshd wlolazEal: &
2 g uld A6 9E2 vjie ¢ 4 Ui

7|

-{oh

£ dAte A7t 2147] ZEE]o] ANy
Q W7 EE 2 27 )7 BAR] (http://www.nanomecca.
rekn)d SV ALLANG ] Ae] g wol 42
PHA

'

m
o
2t

i

1. Tai, Y.C, Fan , L.S. and Muller, R.S., “IC-Processed



=gt

A7) 29 WRAGY plolaR /ihe 83 R W1 5

Micro-Motors: Design, Technology and Testing,”
Proc. IEEE Micro Electro Mechanical Systems, pp.
1-6, 1989.

. Deng, K., Collins, R.J., Mehregany, M. and Sukenik,
C.N., “Performance Impact of Monolayer Coatings
of Polysilicon Micromotors,” Proc. MEMS 95,
Amsterdam, Netherlands, Jan-Feb.

. Maboudian, R., Ashurst, W.R. and Carraro, C., “Self-
assembled monolayers as anti-stiction coatings for
MEMS,” Sensors and Actuators A: Physical, vol, 82,
pp- 219-223, 2000.

. Maboudian, R., “Surface processes in MEMS tech-
nology,” Surface Science Reports, Vol. 30, pp. 207-
269, 1998.

. Carraro, C., Yauw, O.W., Sung, M.M. and Mabou-
dian, R., “Observation of Three Growth Mechanism
in Self-Assembled Monolayers,” The Journal of
Physical Chemistry B, Vol. 102, No. 23, 1998.

. Kluth, G.J., Sander, M., Sung, M.M. and Maboudian,
R., “Study of the desorption mechanism of alkylsi-
loxane self-assembled monolayers through iso-topic
labeling and high resolution electron energy-loss
spectroscopy experiments,” J. Vac. Sci. Technol. A,
Vol. 16, No. 3, pp. 932-936, 1998.

. Kluth, G. J., Sung, M.M. and Maboudian, R., “Inter-
action of H(D) Atoms with Octadecylsiloxane Self-
Assembled Monolayers on the Si(100) Surface,”
Langmuir, Vol. 13, on the Si(100) Surface,” Lang-
muir, Vol. 13, pp. 6491-6496, 1997.

. Kato, K., Koide, H. and Umehara, N., “Micro-Wear

10.

11

12.

14.

15.

16.

- 23A, &Y, AT, A, B89,

57

Properties of Carbon Nitride Coatings,” Wear, Vol.
238, pp. 40-44, 2000.
“IBAD
Hoz FYE PTFE Bfote] mlo|as s 83
upzk B4 A 363 a2 EAISETI]
pp. 55 62, 2003.
Ando, Y. and Ino, J., “Friction and pull-off force on
silicon surface modified by FIB,” Sensors and Actua-
tors A, Vol. 57, pp. 83-89, 1996.
Ando, Y. and Ino, J., “Friction and pull-off forces on
submicron-size asperities,” Wear, Vol. 216, pp. 115-
122, 1998.
Maboudian, R. and Roger, T. Howe, “Critical
Review: Adhesion in surface micromechanical struc-
tures,” J. Vac. Sci. Technol. B, vol. 15 (1), pp. 1-20,
1997.

O, WY, P, TIA, “SPME o8 A
E27 sl ge 1¢%a 9 9T B4R
837, A|17d, A33, pp. 191-197, 2001.

e o

—r—z\j,

294, ¥AQ, F55, LFF, FEY, O
SAMS| w233 S99 B8 4P 47 BF

&83}3)%], 174, A435, pp. 276-282, 2001.
2o, UAH, P55, $4, 939, “IBADZ
NP8 YeE ERY he EgolBzAY &
A sk gelsl x|, Al18H, 18, pp. 1-8, 2002
L1u, H. and Bhushan, B., “Investigation of nanotribo-
logical properties of self-assembled monolayers with
alkyl and biphenyl spacer chains,” Ultramicroscopy,
Vol. 91, Issues 1-4, May, pp. 185-202, 2002.

Vol. 20, No. 2, 2004



