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Nano/Micro Friction with the Contact Area

Eui-Sung Yoon', R. Arvind Singh and Hosung Kong
Tribology Research Center, KIST

Abstract — Nano/micro friction with the contact area was studied on Si-wafer (100) and diamond-like carbon
(DLC) film. Borosilicate balls of radii 0.32 pm, 0.5 pm, 1.25 pm and 2.5 pm mounted on the top of AFM tip
(NPS) were used for nano-scale contact and Soda Lime glass balls of radii 0.25 mm, 0.5 mm, 1 mm were used
for micro-scale contact. At nano-scale, the friction between ball and surface was measured with the applied nor-
mal load using an atomic force microscope (AFM), and at micro scale it was measured using ball-on flat type
micro-tribotester. All the experiments were conducted at controlled conditions of temperature (24+1°C) and
humidity (45£5%). Friction was measured as a function of applied normal load in the range of 0-160 nN at nano
scale and in the range of 1000 uN, 1500 uN, 3000 uN and 4800 uN at micro scale. Results showed that the fric-
tion at nano scale increased with the applied normal load and ball size for both kinds of samples. Similar behavior
of friction with the applied normal load and ball size was observed for Si-wafer at micro scale. However, for
DLC friction decreased with the ball size. This difference of in behavior of friction in DLC nano- and micro-
scale was attribute to the difference in the operating mechanisms. The evidence of the operating mechanisms at
micro-scale were observed using scanning electron microscope (SEM). At micro-scale, solid-solid adhesion was
dominant in Silicon-wafer, while plowing in DLC. Contrary to the nano scale that shows almost a wear-less sit-
uation, wear was prominent at micro-scale. At nano- and micro-scale, effect of contact area on the friction was
discussed with the different applied normal load and ball size.

Key words — nano, micro, friction, tribology, contact area, AFM.
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Fig. 1. Optical micrograph of borosilicate ball with
radius 1.25 um used as AFM tip, mounted on the tip of
commercial triangular cantilever.
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Table 1. Properties of the ball materials and the test specimens.

Material Youngs modulus Poisson's Water contact angle Interfacial energy
(GPa) ratio (Degrees) (mN/m)
Borosilicate Glass 63 - -
Soda Lime Glass 68 0.16 - -
Si(100) 165 0.28 22 72
DLC 120 0.26 66 41.3
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Fig.2. A close-up view of the ball-on-flat type micro-
tribotester.
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Fig, 3. Friction force measured using AFM in Si-wafer
with the applied normal load (Tip radii- 0.32 um,
0.5 um, 1.25 pm and 2.5 pm).
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Fig. 4. Friction force measured using AFM in DLC with
the applied normal load (Tip radii-0.32 pm, 0.5 pum,
1.25 pum and 2.5 pm).

A5 npgEo] EXlsh=d, ole npEES WA
7% o8] 94 FolA WP 232 (Adhesive Force)2]
FEFoRE A UoH15]. AL HEHo= IH
9,] Dkﬂ.»}-ﬁ 247({71323 H]—E]]g_tla E‘_g]' %_9,] O]E}oﬂ 9,]
3 FEe werhr dEA slom[d], HE deld
o] A% ﬂ#* (11,1622 <late] mAaE[12)e

5 22Ee S7ped A rleddia 9«18
& ¢ 7 3ok HYE Yol tizHoE DLC E
58 4294 (Table 1NO.Z Q&) A|#AH0] A 714%

< & % 9ok A ()F @Fe WYU27 2 (meniscus))
Hg= ‘&H]E%‘i@"’ﬂ ofs) LAlE SAE-E Jep
I Ut

F,=4nRycos @ )

=

A7) R e} WA, = el medE, o A

Vol. 21, No. 5. 2005



212

HEwo] tld s5e) P22 ek,

Fos,= ARI6D’ )

lo
rE

714 A% Hamaker ¥<F, RS H 73
w7k EeE AREg vERn.

T A B ZAEe gl ub Roll Ao

2 o|Ee 4 o, dEE dolHet DLC 9t
5 9o A7)7t Ukl wet $3EHe] Fukske
} 5= 9tk 53] A golHdxel $28e] DLC
Fato]] v)3)] =2 o= FHIAUXA/F A7 ZA#HE
| ZA vehtr] wiEolrt.
A2]Z dlollet DLC vt F 9o oA e
upgE e pAEE el APHoE FIIHe Fig
33} Fig. 45 B8 1% 4 dom, | Z77) S0}
Sl webx mpEE sk FURES #8914 ik
ol BUE7|H=(a single asperity contact)ol] $ojA]
npaHE e APAo T HA HEWAH vHEHTv=
Bowden and Tabor®] 7]&#Q] vh3 0|02 st
T JEH17]. ol& 43} &1 4 ) Pt

Fr =1, 3)

¥

j
-

>

1z o

O

AN A= AREO|L, 4 A HE Aol
Az} olsis} DLC Hietoine] mldee el 4
B ok o)23 WHF Aol k. Fig 5= 54
S5 20nNIM 160 nNZX) HSAFE zhzte) =
717} e gol delE delns} DLC Bt HEa)
t WA AN 2% BT gl PEus

of

KR
Az slolzle] AeE A4y FRolE 27 wate

=

w#sle] JKR FHE Ao 18], DLC Hfele]
A4 24/ FHO|EE Hertzian BE-S A3
Fig. 525 HE: WAL 716z 7 a3 g =

225

&2 200 1 Silicon DLC s Tip Size (um)
\7: 175 ——0.32
o _ —-—05
: 150 —a—1.25
& 125 ——25
2 -+ -0.32
<« 100 @ e T R ® a3
-
@ 75 -k 125
£ To-e-2s
£ 50
S 1 s Moo R
25 4 a
0 | el Fim 3
[1} 40 80 120 160 200

Applied Normal Load (nN)

Fig. 5. Estimated contact area for Si-wafer and DLC
with the applied normal load for various tip sizes.
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radius at 3000 N normal load.
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Fig. 11. (a) SEM images of the wear track in DLC
against the glass ball of 0.25mm radius at 3000 N

normal load and (b) cross-sectional view of the depth
profile of the wear track by AFM.
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