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Abstract: Nanoimprint lithography (NIL) is an emerging technology enabling cost-effective and high-
throughput nanofabrication. To successfully imprint a nano-sized pattern, the process conditions such as
temperature, pressure, and time should be appropriately selected. This starts with a clear understanding
of polymer material behavior during the NIL process. In this work, the squeezing of thin polymer films
into nanocavities during the thermal NIL has been investigated based upon a two-dimensional viscoelastic
finite element analysis in order to understand how the process conditions affect a pattern quality. The
simulations have been performed within the viscoelastic plateau region and the stress relaxation effect
has been taken into account.

Keywords: Thermal nanoimprint lithography, Viscoelastic behavior, Finite element analysis, Stress
relaxation
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Fig. 1. Typical deformation behavior of thermal plastic
polymer as a function of temperature
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Table 1. Prony series constants for the shear stress relaxa-
tion functions of PMMA

n An(sec) G,(MPa)
1 7.92E-05 1.40E+02
2 6.12E-03 2.25E+02
3 1.79E-01 1.71E+02
4 2.67E+00 9.05E+01
5 2.75E+01 2.63E+01
6 2.16E+02 8.55E+00
7 2.49E+03 2.13E+00
8 4.89E+04 6.68E-01
9 1.94E+06 2.71E-01
10 1.39E+08 1.02E-01
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Fig. 2. Master curve for polymethyl methacrylate
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Fig. 3. Geometrical definitions used for thermal NIL
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Fig. 6. Imprinting pressure curve used in the simulation
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Fig. 9. Cross sectional profiles and Von Mies stress distribu-
tion in MPa for temperature variation at 200 s (P =
Sbar, t,=5s, TR =10, DR =0.50): (a) T = T,
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