Journal of the KSTLE Vol. 22, No. 4, August 2006, pp. 182~189
The Korean Society of Tribologists & Lubrication Engineers

A L=l 2|A0ToM ALBElE
2H=el 2|0 ME Aloje] HE SY

TN - YRE - YES

ARFNed FATs

Adhesion Characteristics between Stamp and Polymer
Materials Used in Thermal Nanoimprint Lithography
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Abstract — In this paper, the adhesion characteristics between a fused silica without or with an anti-sticking layer
and a thermoplastic polymer film used in thermal NIL were investigated experimentally in order to identify the
release performance of the anti-sticking layer. The anti-sticking layers were derived from fluoroalkylsilanes, (1H,
tH, 2H, 2H-perfluorooctyltrichlorosilane (Fi;-OTS) and (3, 3, 3-trifluoropropyl)trichlorosilane (FPTS), and
coated on the silica surface in vapor phase. The commercial polymers, mr-I 7020 and 8020 (micro resist tech-
nology, GmbH), for thermal NIL were spin-coated on Si substrate with a rectangular island which was fabricated
by conventional microfabrication process to achieve small contact area and easy alignment of flat contact sur-
faces. Experimental conditions were similar to the process conditions of thermal NIL. When the polymer film
on the island was separated from the silica surface after imprint process, the adhesion force between the silica
surface and the polymer film was measured and the surfaces of the silica and the polymer film after the sep-
aration were observed. As a result, the anti-sticking layers remarkably reduced the adhesion force and the surface
damage of polymer film and the chain length of silane affects the adhesion characteristics. The anti-sticking lay-
ers derived from FPTS and Fi3-OTS reduced the adhesion force per unit area to 38% and 16% of the silica sur-
faces without an anti-sticking layer, respectively. The anti-sticking layer derived from F,;-OTS was more
effective to reduce the adhesion, while both of the anti-sticking layers prevented the surface damages of the poly-
mer film. Finally, it is also found that the adhesion characteristics of mr-I 7020 and mr-I 8020 polymer films were
similar with each other.

Key words — thermal nanoimprint lithography, adhesion, anti-sticking layer, thermoplastic polymer film.
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Fig. 1. Images of island on Si substrate : (a) optical
microscope image of top of island, (b) scanning
electron microscope image of cross section of island.

Table 1. Conditions for polymer film preparation

Materials mr-] 7020 mr-] 8020
T, 60°C 115°C
Spin coating 1000 rpm for 35 sec
Baking 90°C for 3min  140°C for 3 min
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Fig. 2. Si substrate mounted on heater after spin-
coating.
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Fig. 3. Schematic of experimental setup.
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Fig. 4. An example of experimental results in case of
the silica surface without an anti-sticking layer and
mr-1 7020 polymer film : lead and temperatures of
heater and loadcell versus time.
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Table 2. Experimental conditions

Materials mr-] 7020 mr-I 8020
Imprint temperature, T; (°C) 185~200  225~240
Imprint pressure (MPa) 5.5
Imprint time (min.) 5
Separation temperature, T, (°C) 40 90
Unloading speed (mN/sec) 55

(a) i 12.5°

(b) ()
84° ' 113°

|

Fig. 5. Contact angle of silica surface (a) without anti-
sticking layer, (b) with anti-sticking layer derived
from FPTS, (c) with anti-sticking layer derived from
F;-OTS.
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Fig. 8. Microscope images of surfaces of silica and polymer film after separation in cases of (a) the silica without
an anti-sticking layer and mr-1 7020, (b) the silica with the anti-sticking layer derived from F,;-OTS and mr-I
7020, (c) the silica without an anti-sticking layer and mr-I 8020, (d) the silica with the anti-sticking layer derived
from F;;-OTS and mr-1 8020, (e) the silica with the anti-sticking layer derived from FPTS and mr-I 8020.
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