Journal of the KSTLE Vol. 23, No. 6, December 2007, pp. 288~297
The Korean Society of Tribologists & Lubrication Engineers

gty EdH 8 L SEH A
O AHS0l| ChHet 2xof HEk

HYY' - R\gEA - dEE

e e Ee
FERBMRAFRI ERtol B2 15

The Effect of Temperature on the Nano-scale Adhesion and
Friction Behaviors of Thermoplastic Polymer Films
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Abstract ~ Adhesion and friction tests were carried out in order to investigate the effect of temperature on the
tribological characteristics of poly (methylmethacrylate) (PMMA) film using AFM. The pull-off and friction
forces on the PMMA film were measured under a high vacuum condition (below 1 x 10™ Pa) as the temperature
of the PMMA film was increased from 300 K to 420 K (heating) and decreased to 300K (cooling). Friction tests
were also conducted in both high vacuum and air conditions at room temperature. When the temperature was
420 K, which is 25 K higher than the glass transition temperature (T,) of PMMA, the PMMA film surface
became deformable. Subsequently, the pull-off force was proportional to the maximum applied load during the
pull-off force measurement. In contrast, when the temperature was under 395 K, the pull-off force showed no
correlation to the maximum applied load. The friction force began to increase when the temperature rose above
370 K, which is 25 K lower than the T, of PMMA, and rapidly increased at 420 K. Decrease of the PMMA film
stiffness and plastic deformation of the PMMA film were observed at 420 K in force-displacement curves. After
the heating to 420 K, the fiction coefficient was measured under the air condition at room temperature and was
found to be lower than that measured before the heating. Additionally, the RMS roughness increased as a result
of the heating.

Key words — Adhesion(-& &), friction( 7} &), poly(methylmethacrylate) film(PMMA ¥ &), atomic force
microscope(H AH7H HvlA).

LM £ 9] B8t @A Wi 100nm olste] FEEE A%

51717} ol -9-m A7) siMe B BlEe] &8

molAR AR AZ 7] YEE B vlh tule]  ®oh wEb Vv 2719 2RES AFE] )
Z(device) B FEE(structure)o] AIFHIL vk A A HAxPNE] A28 T (electron beam lithography) U+ B
de F2 Wied A 7N F XEALady  F2)ho#ld(probe lithography) S 74-e TRE WY
(photolithography) W& o]83}o] MEMS(microelec- S°] o] &5 Ut} o] HPRLe AzP o} @3S
tro mechanical system)¢l 722 wlo|ARwE] 2A U] o83l 4 A~ UienE A7)9] HEg WA
tute]=g AlFsiact. s ¥R AT 3D IR 47t AHe £ oz Aol &) Wi
2SR kimks@kaist.ac.kr oA B AZle] 28I o] Qs B ulEo] La
'AAA A} : tacho@kaist.ackr "o F2EY 7P vy 272 RO 1

L

288



=

ke Felv) BEe) the $3 3 42 Ao i e

He2opt sl wWet the 27] 3 Fael
A 47 WA AR AR S+ A A)
28 Az o] S FATH],

FUAZYE i

18] 5 (nanoimprint lithography,
NILy= of2igt el oz} AEA ARl Az
(nanofabrication) ¥ Z shuo|t}H2]. NILe] 7|23
D el vhemE 2719 seo] o] Zelg
@ E5(mold)E 719 9o R v "BEL
EoM HEAA g Z9d HEe dAlsle o)
t}. Poly(methyl methacrylate) (PMMA)S} 7+ &7}
&g E2v o] F= ASHY et BT )
doll et dA wdE ¢ I=ES s fElde]
2= (glass-transition temperature, T,) ©10.2 7}da)
= F, 5~13MPa®] ¥qgog B Fev IES
HFa, Eee 8L T, oBlE WA 3 2
EE wHohhA "ch3]. o] WE o]43t9 10nm ©]
ske] sjeo] HAE R oM [4], B A7)F, Fehy
EE59 Azlo] W3 9leh[5-10]. NILE 0|85
e gHo] Bl thE el Hls) 4, wh

o A

o AF AfoloA wvhak @S2 dao] k=] wAiEl
w, o|2 s o7 TEA Aol A} diE B
of, 71dd Zolv] 252 BEE FaEE UYEYE ¥
% (imprint process)ol|A] Z=9] el £
vk wiizel] Eejuizt BE dRle] wet FR3] ¥
3] X3l dske dEe] AUz AR ek B4
7b Bt 1), 3 BoE EYERE gojus
#-2] 3 (separation process)oIA] = HE3 Zjn
HE Alele] mpaEs} g os HAkE e
2Eo] HIEFHAY A= #ie] B [12] A
g AF EE9 dE= &E 5 glo13]. dde)
A28 (aspect ratioy’t T7FEGE HEWH 0] Z7)s)
7] wjie, mh 2 Ao 2 Qg AL FI4E
ATH 14].

o Y Foll & ¢ vhEe YiesEn) Zey
Atole]l Aol zggit), =3t Zely B2 ¥4 34
ol we} fEjRelR oo JHEHAT) W7t
At E2v dE9] B4, 7IAF BAL 2
2t 2 geAE2[15] E29 E2H EE Al
2 g ouiE B4R 2x 26 uel 24 gk

W T4 mo
u A= ]
>,
>

ogt 1o

I

rok

o

g 289

g Stk 28 EZ NILN Ao s Artst
7] geiMe 9 AdFE ARG =9 a2y
4E Alole] $3 g v 548 RARR: Zo] #Ha

2 Y= AE FARR ol wlAafAAd
(microfluidic channel)S ©]-8-3t Bio-MEMS % mic-
rofluidics £olollx] E2j B9 AMo] F5312 §
7] wjiEo PMMAS} PDMS (polydimethylsiloxane)2k
7Zre Eew "Eol dlsl thdst Sz mlo]
AR/ WeERo|BER] AT A% A7vr @) A
= ATH16-19]. B3 vjadfigio] PAE] e &7
W "Ee] EffolEaA) 54 tid Av= FHY
th20-21]. ©] AF-ELS F83 AAE AAEGA
ZE 09| T, olsle] 2%o04 Fs o] T, F-Zolut
I o)de] 2 M I ERs Ego)BER AN
o tisire AR e B2 Eev] 28 o
3 Ego]BEA] A gt &= o] ZAEHU
om[22-24], o|& B8l v EHY T, 24 &
2 9 mpgEo] gl R E It NILAM &
o} Zgn) IE Alojo WAEhe & R uiE A
4 olElsl] fI8l T, F-2olxe] Gk Eeie 2
5o EfjolERA] EAE RAlske Alo] dasiAw
o} 7] olef il FE A= wlE|si.

B APME NILAA sk B2 d7kad
Eg BE Alole) Effo)lEBRR] @S olEE]
& AFME- o83l Griavg EEW FE9] v &
2w mE 7Eel gk 229 JEe AR
NILFHOMA 2 AMEHE 229 97iad 29
e &A% Sish PMMA & Alele] 32 2 mpz
E2% FABIEY. 23F(1x10™" Pa) B 7]A
PMMA E&-& 7MEAIATE Wz 7PaA Z42ke] &
T 20N AE g s sk wgk A4
29 AT 4719 37 271 sk mkE
S SY3I9aL, o|2RE rlEATE ST

2. M #

2-1. Mg % AlEQ #4|

2kl 540,000 g/mole) 2, T/t 396 K1, PMMA
(Cat#. 037D, Scientific Polymer Products) ®% 3 g
S 27g%] anisole(No. 123226, Sigma-Aldrich)l] =
o 10% PMMA &9 FH|3I8ItE o] §9g pir-
anha8-N o= F#J3 Si 718l 3000 pmo=E 30%

Vol. 23, No. 6, 2007



290

Table 1. Physical properties of specimens

Polymer sample

Material

e
Structure (ru,—(l“,
O’C()Cﬂs

PMMA

Molecular weight, M,, (g/mol) 540,000
Glass-transition temperature, T, (K) 396
Young’s modulus, E (GPa) 5.0°
Hardness, H (GPa) 041°
Poisson’s ratio, v 0.34 -0.40"
Film thickness (um) 1
Cantilever

Material Silicon
Spring constant (N/m) 1.02-1.23
Tip

Material Silicon
Radius of curvature of tip (nm) <16
“ref. [25]
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Fig. 1. Schematics of the AFM system.
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Fig. 2. Measurement methods of the pull-off and
friction forces: (a) force-displacement curve, (b)
friction loop curve.
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Table 2. Experimental conditions to measure the pull-
off and friction forces

Room-temperature High-temperature

experiment experiment
Friction tests
Applied load (nN) -2-20 2.5
Sliding speed 1
(pa/s)
Scanning area
Ix1
(p)
Numbe¥ of 128 1
scan line
Substrate 297 299, 320, 345,
temperature (K) 370, 395, 420
HV HV

Ambient atmosphere (1.0x10™* Pa),

-4
air (24% ripy (107107 P)
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Fig. 3. Friction force on the PMMA film according to
temperature of the substrate: (a) friction force
versus the scan line, (b) friction force versus the
temperature of the substrate. (Scanning area=1 um’,
number of scan line=32, applied load=2.5 nN, slid-
ing speed=1 tam/s).
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Fig. 4. Pull-off force on the PMMA film according to
the temperature of the substrate: (a) pull-off force
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Fig. 6. Friction force and coefficient of friction on the
PMMA film. (Scan area=1 uam’, number of scan
line=128, applied load=-2-20nN, sliding speed=
1 tm/s).
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Fig. 7. Topography images of the PMMA surface: (a)
before (RMS roughness=0.35nm) and (b) after
(RMS roughness=0.65 nm) the high-temperature ex-
periment. (Scan area=2.5 um’, applied load=4nN,
scanning speed=1 ym/s).
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