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Abstract

The nanoimprint lithography technology makes higher density of semiconductor device and larger
capacity of storage media. In this technology the induced damage while detaching polymer pattern from mold
should be minimized. In order to analyze the problem, the basic knowledge of adhesion between the polymer
and the mold is required. In this study a contact experiment of polyisobutylene specimen with spherical steel
tip and polyisobutylene bead tip was conducted using nano indenter. During the contact experiment with
various loading rate under load control the contact behavior of viscoelastic material was measured, i.e., the
load and displacement between the tip and the specimen were measured. The data was analyzed by HBK
model to obtain the stress intensity factor of contact edge and the contact radius as a function of time. Also the
adhesion energies between steel/polyisobutylene and polyisobutylene/polyisobutylene were obtained
employing the analysis of the crack of viscoelastic material by Schapery.
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Aluminum tip

Polyisobutylene bead

Fig. 2 Polyisobutylene bead tip.
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Fig. 3 Measured creep compliance function of PIB.
(a) PIB Mw 1,000,000. (b) PIB Mw 4,200,000.
Schapery
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Fig. 4 Schematic diagram of nanoindenter specimen 1,000,000 PIB
and tip.
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Fig. 5 Load, displacement and load-displacement curve during atypical loading-unloading cycle (PIB Mw
4,200,000 specimen and spherical steel tip, loading rate 9.30u m/s). (a) Load history. (b) Displacement
history. (c) Load-displacement curve.
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Fig. 6 Load-displacement curve between PIB specimen and tip for various loading rates. (a) PIB Mw 1,000,000
specimen and spherical stedl tip. (b) PIB Mw 4,200,000 specimen and spherical steel tip. (c) PIB Mw
1,000,000 specimen and Mw 1,000,000 PIB bead tip
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Fig. 7 Load-contact radius curve between PIB specimen and tip for various loading rates. (a) PIB Mw 1,000,000
specimen and spherical stedl tip. (b) PIB Mw 4,200,000 specimen and spherical steel tip. (c) PIB Mw
1,000,000 specimen and Mw 1,000,000 PIB bead tip.
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Fig. 8 S.I.F-displacement curve between PIB specimen and tip for various loading rates. (a) PIB Mw 1,000,000
specimen and spherical stedl tip. (b) PIB Mw 4,200,000 specimen and spherical steel tip. (c) PIB Mw
1,000,000 specimen and Mw 1,000,000 PIB bead tip.
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Fig. 9 Variation of adhesion energy with loading rate.
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Table 1 Adhesion energy of polyisobutylene.

ecimen PIB Mw PIB Mw
Tip 1,000,000 4,200,000
Stee 278.3+39.7mJ | 158.0+22.1mJ
PIB Mw
1,000,000 362.4+47.1mJ

(1) Zankovych, S., Hoffmann, T., Seekamp, J., Bruch,
JU. and Torres C. M. Sotomayor, 2001, Nanoimprint
lithography: challenges and prospects,
Nanotechnology, Vol. 12 No. 2, pp. 91~95.

(2) Falsdfi, A., Deprez, P, Bates, F. S. and Tirrell, M.,
1997, Direct measurement of adhesion between
viscoelastic polymers: A contact mechanical approach,
J. Rheoal., Vol. 41 No. 6, pp. 1349~1364.

(3) Johnson, K. L., Kendal, K. and Roberts, A. D.,
1971, Surface energy and the contact of elastic solids,
Proc. R. Soc. A, Vol. 324, pp. 301~313.

(4) Baney, J. M., Hui, C. Y. and Cohen, C., 2001,
Experimental investigations of a stress intensity factor
based description of the adhesion of viscoelastic
materials, Langmuir, Vol. 17 No. 3, pp. 681~687.

(5) Hui, C. Y., Baney, J. M. and Kramer, E. J., 1998,
Contact mechanics and adhesion of viscoelastic
spheres, Langmuir, Vol. 14 No. 22, pp. 6570~6578.

(6) Schapery, R. A., 1989, On the mechanics of crack
closing and bonding in linear viscoelastic media, Int. J.
Fracture, Vol. 39, pp. 163~189.

1035



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장




