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ABSTRACT

Molecular dynamics study has been performed to investigate
the effect of extreme dynamic loading condition on thin Nickel
films. Due to the novel aspects of thin films, it has attracted
attention over the years for Nano-electro-mechanical systems
design. This would be helpful for the analysis of ultra short
pulse laser induced fabrication or machining of thin films.
Uniaxial high tensile strain namely 10° and 10" s™ has been
used on a Nickel thin film. The Embedded-atom method
(EAM) potential function for Nickel has been used for the
interaction of the atoms. We have observed ductile failure
mechanism on both the cases. With the increase of strain rate,
not only high strength has been found but also the elastic
modulus has been affected less. Random non spherical void
growth and their coalescence have been also observed during
higher loading condition which leads to a ductile failure
mechanism.

INTRODUCTION

Due to the advancement in Optics, Laser ablation could be used
for the fabrication or machining of thin films. The high strain
rate induced during ultra short pulsed laser spallation process is
of great interest. Several researches have been done to
understand the behavior of this kind of process [1-9]. Short
laser pulses and ultra short laser pulses induce strain rate
exceeding 10" s and 10® s respectively. Such extreme
loading condition should be analyzed to understand the
phenomenon precisely. Nickel has been chosen as Nickel thin
films and Nickel alloys are widely used in Magnetic storage
devices and Nano-electro-mechanical-system (NEMS) based
technologies. As material size reduces to nano-scale, the
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material properties greatly vary from the bulk one which
emphasizes the great importance of exploring the nano-scale
material property.

MODELING DETAILS

Fig.1: Model of the Thin Nickel Film

Size of the Monocrystalline nickel thin film is
1.76x14.08%14.08 nm and contains 35200 atoms which has
been illustrated out in Fig.1. The lattice constant of Nickel is
0.352nm. Periodic boundary condition has been maintained in
y-direction only. It is also the direction for uniaxial tension test.
To incorporate accurate surface phenomenon, other two
directions have been maintained as free surface. All models
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were subjected to relaxation for equilibrium state at room
temperature (300 K) by energy minimization using the
conjugate gradient method to allow the models to reach natural
and dynamical equilibrium status consistent with the specified
temperature. Uniaxial high tensile strain rate such as 10’ and
10" s has been used on the Nickel thin film to observe the
extreme loading condition which has been referred as Case 1
and Case 2 respectively. One end of the thin film has been
maintained fixed in its position by maintaining zero forces on
the atoms of several layers. Other end of the thin film was
subjected to engineering strain by deforming that portion/side
with constant velocity. Nose/Hoover thermostat has been used
to maintain the temperature and time integration of the atoms to
create system trajectory [10-12].

The EAM potential function for nickel developed by Foiles
[13] is used here for the interaction of the substrate atoms. The
EAM method has been originated from the density-function
theory and based upon the approximation that the cohesive
energy of a metal is governed not only by the pair-wise
potential of the nearest neighbor atoms, but also by embedding
energy related to the “electron sea” in which the atoms are
embedded. This electron density is approximated by the
superposition of atomic electron densities. For EAM potential,
the total atomic potential energy of a system is expressed as:

E tor =1/22 ¢ij(l”ij)+z F:(B 1)
i,j i

Where ¢ ; is the pair-interaction energy between atoms i and j
and F; is the embedding energy of atom i. p; is the host
electron density at site i induced by all other atoms in the
system, which is given by:

pi= z pi(ri) @)

J#i

All the simulations of this model use parallel molecular
dynamics program LAMMPS [14]. The discussion provided
below is from the careful observations of the MD simulations.
For visualization, an open source molecular visualization
program namely VMD- Visual Molecular Dynamics has been
used [15].

RESULTS

The stress-strain relationship and corresponding visualizations
have been shown on Fig. 2. The reason behind the sudden drop
might be due to the undergone phase transformation of the thin
film materials which has been also reported by Park et al. [16].
It can be understood from the stress- strain relationship that

the possible phase transformation occurs in one step. Further
investigation will be focused on this aspect and undergone
structure of the thin film will be identified. In Case 1, with the
gradual increase of strain, thin film first undergo random non
spherical void nucleation at almost 23% and it is followed by

void growth and coalescence which is finished at almost 32%
strain.

We observed a ductile failure mechanism at almost 60% strain.
For case 2, we observed a similar behavior except the
nucleation occurs at 30% strain and coalescence occurs at
almost 40% strain. The ductile failure mechanism is observed at
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Fig.2: Stress-Strain relation of the Ni thin film at (a) strain rate
10°and (b) 10 s™".

almost 76% strain. For calculating the elastic modulus, the
linear fitted portion up to elastic limit has been used. From the
slope of that portion we obtained elastic modulus for Case 1 is
147.8 GPa and for Case 2 is 150 GPa. Obtained yield strengths
for Case 1 and Case 2 are 14.14 GPa and 15.62 GPa
respectively. The calculated elastic modulus is almost
unaffected at both the cases however, the strength of the thin
film increases with increased strain rate. Similarly, increase of
yield strength with increasing strength rate was also observed in
copper nanowires [17]. The discontinuity in elastic-plastic
region is totally different from the corresponding bulk material
behavior which indicates the detailed analysis of elastic-plastic
region for thin films should be taken into consideration for
better understanding.
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