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Simulation for nanoimprint lithography process using temperature
controlled nonequilibrium molecular dynamics.

Sungjin Kwon, Youngmin Lee and Seyoung Im
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Abstract

Temperature is an essential process variable in nanoimprint lithography(NIL) where the temperature
varies between room temperature and above the glass transition temperature. To simulate NIL process,
we employ both the Nose-Poincare method for temperature controlled molecular dynamics(MD) and
force field for polymer material i.e. polymethyl methacrylate(PMMA), which is most widely selected as
NIL resist. Nose-Poincare method, which convinces the conservation of Hamiltonian structure and
time-reversal symmetry, overcomes the drawbacks inherent in the conventional methods such as Nose
thermostat and Nose-Hoover thermostat. Thus, this method exhibits enhanced numerical stability even
when the temperature fluctuation is large. To describe PMMA, we adopt the force field which account
for bond stretch, bending, torsion, inversion, partial charge, and van der Waals energy.
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Fig. 1 Molecular structure of PMMA . (a) all
atom model, (b) united atom model[4]
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Fig. 3 Initial model for NIL process simulation.
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energy plot: extended Hamiltonian(bright blue),
potential  energy(green), kinetic  energy(red),
initial Hamiltonian(blue)
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Fig. 5 Result of NIL process simulation: (a)

temperature control (b) reaction tip force
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Fig. 6 Result of NIL process simulation without
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