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Abstract

In this study, molecular dynamics simulation of nano imprint lithography in which patterned stamp is
pressed onto amorphous polyethylene(PE) surface are performed to study the behaviour of polymer.
Force fields including bond, angle, torsion, and Lennard Jones potential are used to describe the
inter-molecular and intra-molecular force of PE molecules and stamp, substrate. Periodic boundary
condition is used in horizontal direction and canonical NVT ensemble is used to control the system
temperature. As the simulation results, the behaviour of polymer is investigated during the imprinting
process. The mechanism of polymer deformation is studied by means of inspecting the surface shape,
volume, density, atom distribution. Deformation of the polymer resist was found for various of the
stamp geometry and the alignment state of the polymer molecules.
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(d) System lattice
Fig. 1 Initial lattice
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Table 1 Parameter's value

prameter value
Clk 0.393
CIL 0.393
Ni 0.2%
Si 0.200
Clk 376922
CIL 1.544e-22
Ni 2.3%5e-20
Si 1.6%5¢-20
Kieel J/n1i] 5.746
Io[nm] 0.154
KogelJ/n7] 9.3%e-19
Bl deg ] 144
@ 1.6050-20
] ET 3208e-20
@ 2.167e-21
@ 508220
mass[g/mol] CIk 15021
CIL 14,014
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Fig. 2 Force field of NIL system

339



th 2 AEHE leap frogtH7VS o] 83519
ALFAIZFS time stepS 4fs= 3FO] 1.6ns7HA|
400,000step=  FH3FR L, ANAFA=
2,000step”} T} =7 3F A T

 RA Folle A2FIEel VAR il 9]A]
gb ztzbe] YA g A2 dxE e ¥ 1
ot ko, o] AR5 FHYH HALE
s T 9AE e WEEE(repulsive
force)TFO. 2 T H AT L3k, HAL Tl Al
o] &l (dissociation)t} AbE  ZF wLx}A E(cross
-linking)> HAYSA] o, AIYUE HAHFe
Al 2~E12 1] &} el (non-equilibrium  state) 2 {F

s,

o T 32

24 DADLE

BAbell QMM EEH A AEs XA oy
2 7F @ Az 2 dskwell-relaxed)E o] 1]
of gt} ol &l EEW HAZEC dis) XY
Hls]:oi._ T7]7ﬂﬁ]z7-].<2. Zu}sol:gi% rﬂfg@]
01 7] A% (sandwich® A)S Holslo] 1fsi2 oF

50,000stepo] g2l A& AT o= Fal
ofg] X'l U7t T3] e FHE FH
s gl Ak

aElal @ BARIA S U JEZYE 2
gl %9} 2B (stamping)e] ZAS TS
o] Fig3¥% #o] w3t sto agagict %%
AL A FAF A1ZH0.0ns)F-E YEZAFo] &
U= A1 (0.8ns)7HA] 450K 0.7 A 3far, oFA 3}

7} €Y w(1.4ns)7HA] 6e-4K/stepe] HEZE 350K
7HA B7E A7, ARIEE 9dd] A A=
BAbel FRAIF(L6ns)7HA ©] LEEAS A
AlZITh Hgh AR = Thg dde] Qe AxE
Z|wom Z7lde= EYW HAZERYT °F Im
Al Tmell A A AE o] AlFFs= A& (0.2ns)
FH Eye A13H(0.8ns)7HA] Smse] S22 4mm7t

0.0% 12.5% 25.0% 37.5% 50.0% 62.5% 75.0% 87.5% 100.0%

Tnm m

0.0ns 0.2ns 0.dns 0.6ns 0.8ns 1.0ns 1.2ns Ldns 1.6ns|

Ostep 50000step  100,000step  150,000step  200,000step  250.000step  300,000step  350,000step  400,000step

Fig. 3 NIL simulation process
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Fig. 5 Surface variation of polymer resist
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(4) random (5) y-dir (6) x-dir
Fig. 6 Surface variation of depending on the
changing of stamp geometry & resist alignment
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Fig. 7 Change of position mark in polymer resist
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Fig. 9 Atom distribution of polymer
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Fig. 11 No. of atom in cavity & stamp region
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