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ABSTRACT

In recent years there have been considerable attentions on nanoimprint lithography (NIL) by the display device and
semiconductor industry due to its potential abilities that enable cost-effective and high-throughput nanofabrication.
Although one of the current major research trends of NIL is large-area patterning, the technical difficulties to keep the
uniformity of the residual layer become severer as the imprinting area increases more and more. In this paper we consider
the roll-to-plate type imprinting process. In the process a glass mold, which is placed upon the 2" generation TFT-LCD
glass sized substrate(370¥470 mm), is rolled by a rubber roller to achieve a uniform residual layer. The pressure
distribution on the glass mold by rolling of the rubber roller is crucial information to analyze mold deformation, transferred
pattern quality, uniformity of residual layer and so forth. In this paper the quantitative pressure distribution induced by
rolling of the rubber roller was calculated with finite element analysis under the assumption of Neo-Hookean hyperelastic
constitutive relation. Additionally the numerical results were verified by the experiments.
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Fig. 1. Schematics of rolling-type UV imprinting processes
and system; (a) pressing, (b) pressing and rolling.
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Fig. 2. Specifications of rubber roller; diameter of SUS
core and silicon rubber, C and B, are ¢$30 and ¢40

respectively, and length of roller, A, is 290 mm.
Hardness of silicon rubber is Duro 40.
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Table 1. Neo-Hookean model constants of silicon rubber

Duro Hardness Co
30 0.1909
40 0.2825
50 0.4106
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Fig. 3. Finite element model of roller, glass mold and glass
substrate.
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Fig. 4. Contact length of roller; comparison between
calculations by finite element analysis and meas-
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Fig. 5. Von Mises stress distribution and deformation of
rubber roller of Duro 30; (b) is a detail view of (a).
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Fig. 6. Pressure distribution induced by pressing of rubber
roller; load is 500 N; (a) Duro 30, (b) Duro 40.
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Table 2. Maximum pressure by rubber roller
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Load [N]
Duro 30 Duro 40
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