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Abstract — Adhesion tests were carried out in order to investigate the effect of temperature on the adhesion
behavior between a PMMA film and a fused silica lens in the micro scale. For the tests, a microtribometer system
was specially designed and constructed. The pull-off forces on the PMMA film were measured under atmo-
spheric condition as the temperature of the PMMA film was increased from 300 K to 443 K and decreased to
300 K. The contact area between the PMMA film and the lens was observed during the test. The adhesion behav-
ior was changed with the change of the PMMA surface state as the temperature increased. In glassy state below
363 K, the pull-off force did not change with the increase of temperature. In rubbery state from 383 K to 413 K,
the pull-off force increased greatly as the temperature increased, In addition, the area of contact was enlarged.
In viscous state above 423 K, the fingering instability was observed in the area of contact when the PMMA film
contacted with the lens. It was also found that the adhesion behavior can be varied with the thermal history of
the PMMA film. The residual solvent in the PMMA film could emerge to the PMMA surface due to the heating
and reduced the pull-off force.
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Table 1. Physical properties of materials.

Material Property
Density (g/cm’) 2.2
Am({c;r\}/)h;:;;is;)o 3 Young’s modulus (GPa) 73
Poisson’s ratio 0.17
PMMA® Structure {‘“{:ﬁ
o
Molecular weight (g/mol) 540,000
Glass-transition 396
temperature, T, (K)
Young’s modulus (GPa) 5.0
Hardness (GPa) 0.41
Poisson’s ratio 0.34-0.40
Film thickness (um) 1
Anisole’ Structure ©/OCHS
Density (g/em’) 0.995
Molecular weight (g/mol) 108.14
Boiling point (K) 427
Melting point (K) 236

* ref.[341, * ref.[35], ° ref.[36]}
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Fig. 1. Schematics of experimental apparatus.
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Table 2. Experimental conditions for adhesion tests

Load (mN) 1
Approach velocity, Vapposn (LTV/S) 20
Rest time, 7 e (8) 10
Separation velocity, Viepsion (LM/S) 10
Temperature of Si substrate (K) 300-443
Temperature and relative humidity 3014£3K,
in the chamber 4045%
16.0
Process
14.0 1 Exp. Heating Cooling
12.0 L
™ —ae he-

Pull-off force (mN}
Lol
(=]
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Fig. 3. Pull-off forces on the PMMA film baked at
413 K for 2 minutes according to temperature during
heating and cooling process.
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Fig. 4. Pull-off forces on the PMMA film baked at
433 K for 24 hours according to temperature during
heating and cooling process.
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Fig. 5. Microscope images of contact surface during
the (a) heating and (b) cooling process of the first
experiment for the PMMA film baked at 413K for
2 minutes.
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Fig. 6. Radius of contact between the fused silica lens
and the PMMA film baked at 413K for 2 minutes
according to temperature during heating and cooling
process.
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the (a) heating and (b) cooling process of the first
experiment for the PMMA film baked at 433 K for
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