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Molecular Dynamics Study on the Effect of Process
Parameters on Nanoimprint Lithography Process

Ji-Hoon Kang', Kwang-Seop Kim and Kyung-Woong Kim'
Dept. of Mechanical Engineering, Korea Advanced Institute of Science and Technology (KAIST)

Abstract — Molecular dynamics simulations of nanoimprint lithography (NIL) are performed in order to inves-
tigate effects of process parameters, such as stamp shape, imprinting temperature and adhesive energy, on
nanoimprint lithography process and pattern transfer. The simulation model consists of an amorphous SiO, stamp
with line pattern, an amorphous poly-(methylmethacrylate) (PMMA) film and an Si substrate under periodic
boundary condition in horizontal direction to represent a real NIL process imprinting long line patterns. The pat-
tern transfer behavior and its related phenomena are investigated by analyzing polymer deformation char-
acteristics, stress distribution and imprinting force. In addition, their dependency on the process parameters are
also discussed by varying stamp pattern shapes, adhesive energy between stamp and polymer film, and imprint-
ing temperature. Simulation results indicate that triangular pattern has advantages of low imprinting force, small
elastic recovery after separation, and low pattern failure. Adhesive energy between surface is found to be critical
to successful pattern transfer without pattern failure. Finally, high imprinting temperature above glass transition
temperature reduces the imprinting force.

Key words — nanoimprint lithography, molecular dynamics simulation, process parameters, pattern transfer.
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Fig. 1. Model of analysis.
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Fig. 2. Stamp position and temperature profile.
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Fig. 3. Simulated density-temperature curves for two
PMMA configurations.
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Table 1. Glass transition temperature of PMMA obtained
by experiments and MD simulations

T.K T K AT,
(i-PMMA) (s-PMMA) K)
Experimental 318 387 69
AMBER 595 611 16
AMBER/OPLS 474 538 64
peff 430 485 55
Current result 415 479 64

(c¢) Triangular pattern

Fig. 5. Normal stress distribution of PMMA film
during imprinting, after imprinting, and after stay.
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