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Abstract

Nanoimprint lithography (NIL) process at room temperature has been newly proposed in recent years to overcome the
shape accuracy and sticking problem induced in a conventional NIL process. Success of the room temperature NIL relies
on the accurate understand of the mechanical behavior of the polymer. Since a conventional NIL process has to heat a
polymer above the glass transition temperature to deform the physical shape of the polymer with a mold pattern, visco-
elastic property of polymer have major effect on the NIL process. However, rate dependent behavior of polymer is
important in the room temperature NIL process because a mold with engraved patterns is rapidly pressed onto a substrate
coated with the polymer by the hydraulic equipment. In this paper, finite element analysis of the room temperature NIL
process is performed with considering the strain rate dependent behavior of the polymer. The analyses with the variation
of imprinting speed and imprinting pattern are carried out in order to investigate the effect of such process parameters on
the room temperature NIL process. The analyses results show that the deformed shape and imprint force is quite different
with the variation of punch speed because the dynamic behavior of the polymer is considered with the rate dependent
plasticity model. The results provide a guideline for the determination of process conditions in the room temperature NIL
process.
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Fig. 1 Schematic description of a room temperature
nanoimprint lithography.
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Fig. 2 Description of the unit cell for the analysis of
the room temperature nanoimprint lithography.
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Fig. 3 Variation of true stress—strain curves of
polypropylene with respect to strain rate.
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Fig. 4 Profiles of the imprinting force with respect to
the imprinting speed
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Fig. 5 Deformed shape of the polymer with the constant imprinting speed of 500 nm/sec



(a) h,=160mm

(¢) sp,=300mm
Fig. 6 Deformed shape of the polymer with respect to the imprinting nanopatterns.
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(b) h,,= 80 mm

(d) s,,= 100 mm
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