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Three Dimensional Molecular Dynamics Simulation of Nano-Lithography
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Systems (MEMS) Applications
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Abstract

The atomic force microscopy (AFM) based lithographic technique has been used directly to machine
material surface and fabricate nano components in MEMS (micro electro mechanical system). In this paper,
three-dimensional molecular dynamics (MD) simulations have been conducted to evaluate the characteristic
of deformation process at atomistic scale for nano-lithography process. Effects of specific combinations of
crystal orientations and cutting directions on the nature of atomistic deformation were investigated. The
interatomic force between diamond tool and workpiece of copper material was assumed to be derived from
the Morse potential function. The variation of tool geometry and cutting depth was also evaluated and the
effect on machinability was investigated. The result of the simulation shows that crystal plane and cutting
direction significantly influenced the variation of the cutting forces and the nature of deformation ahead of the
tool as well as the surface deformation of the machined surface.
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Fig. 1 Curves of various Morse potential
Table 1 Parameters used in the Morse potential

Pair D a r, |Lattice Constant
[eV] [[A]| [A]l  [A]

Cu-Cu |0.343 |1.35912.626 3.6153
Cu-C_]0.100 |1.700[2.200 -
Cc-C 2.423 [2.5552.522 3.5680
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Table 2 Computational parameters used in MD

simulation
Configuration 3-D MD simulation
. . 38ax38axlla
Workpiece mate .
rlfili)mens[ir(lj:l re (a=Lattice
constant,3.6 A=0.36nm)
Crystal setup | No. of atoms
A | (001)[100] 59062
. B | (001)[-110] 60059
Nﬂ;}‘(’)f}?“i’:c‘: e diooo1] | 58182
P D |(110)[-110]| 58182
E |(11D[-211] 58746
F {(11D)[-110] 58746
. . Hemisphere Tool radius =
Tool dimension 25a
(a=2.6A) Cone Tool height =
25a
Depth of forming 0.36nm, 0.72nm, 1.08nm
Forming speed 200 m/sec
Bulk Temperature 300K
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(a) 14ps: 2.8nm

(d) 35ps: 7.0nm

Fig. 4 Behavior of nano-lithography process
(result of (001)[100] simulation)
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Fig. 5 Force-forming distance curve obtained
in  (001)[100] simulation
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Fig. 6 Force-forming distance curve obtained in
(110)[-110] simulation
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Fig. 7 Variation of force, thrust force and resultant
force in MD simulations
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Table 3 Results of MD simulations

Force Thrust[Resultant
Orientation o Tool N/mm Force| Force
direction N Shape (x10%) N/mm| N/mm
(x109)] (x10%
1 [Spherel 2.305 |2.427| 3.347
A (00D100] 2 {Cone| 1276 |0.670| 1.441
3 Spherey 2.052 }2.258| 3.051

D[-11
B | (00D)-110] 4 {Cone| 1.088 |0.767| 1.331
5 Sphere 2.278 [2.476| 3.364
C| aioyoor] 6 |Cone| 1.167 |0.897| 1.472
7 [Sphere| 2.004 |2.040| 2.860
D MOE0] = 11022 [0.806] 1.301
9 Sphere 2.202 [2.749| 3.522

D[-21
E| (ihr21) 10| Cone | 1.263 {0.959| 1.586
11 [Sphere] 2.252 |2.468 3.341

-1
F| Aol 12{Cone | 1.285 |0.971| 1.611
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Fig. 8 Results of MD simulation with x-z cross section views of (a) (100)[001], (b) (100)[-110], and
(c) (110)[001] simulations
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