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Abstract Nanoimprint lithography (NIL) fabrication process is regarded as the main alternative to existing expensive
photo-lithography in areas such as micro- and nano-electronics including optical components and sensors, as well as
the solar cell and display device industries. Functional patterns, including anti-reflective moth-eye pattern, photonic
crystal pattern, fabricated by NIL can improve the overall efficiency of such devices. To successfully imprint a
nano-sized pattern, the process conditions such as temperature, pressure, and time should be appropriately selected.
In this paper, a cavity-filling process of the moth-eye pattern during the thermal-NIL within the temperature range,
where the polymer resist shows the viscoelastic behaviors with consideration of stress relaxation effect of the polymer,
were investigated with three-dimensional finite element analysis. The effects of initial thickness of polymer resist and
imprinting pressure on cavity-filling process has been discussed. From the analysis results it was found that the cavity
filling can be completed within 100 s, under the pressure of more than 4 MPa.
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[Fig. 1] Typical deformation behavior of thermal plastic
polymer as a function of temperature
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[Table 1] Elastic modulus and relaxation time of PMMA

n A, (sec) G, (MPa)
1 3.9780E-06 LO56E-01
2 8.0000E-05 1.3355E-01
3 15400E-03 1.2741E-01
4 2.3630E-02 1.6223E-01
5 2.1832E-01 L964E-01
6 LO730E+00 15835E-01
7 7.0342E+00 8.6638E-02
8 8,3083E+01 2.0769E-02
9 434565403 6.7752E-03
10 1.6603E+06 3.1756E-03
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[Fig. 2] Finite element model and boundary condition:
(a) mold shape(W, hn) and initial resist
thickness ho; (b) quarter of mold shape
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[Fig. 3] Filling deformation and residual layer formation
with time: (a) t=15s; (b)t=5s; (c) t =50
s; (d) t = 100 s; (e) completely filling shape
at t = 100 s
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[Fig. 4] Change of polymer resist thickness with time
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