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ABSTRACT

In this paper, molecular dynamics simulations are performed to analyze the adhesion between a diamond mould and
a copper substrate in diamond nanoimprint lithography. The diamond nanoimprint lithography process is simplified
as punch-type nanoindentation. The copper substrates are assumed to monocrystalline and defect free and consist of
22500~80000 atoms depending on their dimension. The diamond moulds consist of 916 or 2414 atoms, which is
assumed to be rigid. The consistent results for the maximum normal force and the adhesion force are obtained
regardless of the size of substrates and the adhesion hysteresis is shown in all cases. It is found that the friction acting
on the sidewalls of the mould affects the adhesion significantly when the mould is released from the substrate.
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Table 1 Morse potential parameters

Atom-Atom | D(eV) | a(AY) | r.(A)
Cu-Cu 0.3429 | 1.3588 | 2.866
C-Cu 0.1000 | 1.7000 | 2.200
Copper
~ |substrate
Diamond
=1 mould
Zone 1 S
Zone 3} Zone2 | Zor

Fig. 4 Three zones in copper substrate
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Table 2 Simulation conditions

Approach speed 10 m/s
Indentation speed 10 m/s
Indentation depth 1.5 nm

Rest time 1.0 ps
Initial temperature of substrate 300K
Time step 397fs

Table 3 Dimensions of (a) diamond moulds and

(b) copper substrates
Diamond Dimensions Number of
mould (nm) atoms
Mould 1 1.0x2.0x2.5 916
Mould 2 25x20x25 2414
(@
Copper Dimensions Number of
substrate (nm) atoms
Substrate 1 54x54x%x9.0 22500
Substrate 2 | 5.4 x 5.4 x 18.0 45000
Substrate 2 72%x72%x90 80000
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