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1 Introduction

In this study we investigated the cluster-surface interactions for metallic alu-
minium using an optimised version of the DL_POLY molecular dynamics sim-
ulation code [1,2]. We were mainly interested in the analysis of cluster-surface
impact processes, and investigated a rather large system (for both substrate
and cluster). The system we considered consisted of an aluminium substrate
containing 36,000 atoms and an aluminium cluster of 864 atoms. The density
and temperature characteristics of the impact process were investigated in
detail. It is worth noting that aluminium is widely employed in the electron-
ics industry, for the manufacturing of thin film interconnects. Thus, study-
ing the thin film growth processes, which involves cluster-surface impacts of
aluminium and compounds, represents a challenging task of great interest.
There have been a number of theoretical works in past years, which have been
devoted to the cluster bombardment of metallic aluminium [3]. However, it
is significant that much of the existing theoretical and computer simulation
statistics available have been limited to a relatively small number of atoms in
the system. On the other hand, it is well known that the processes involving the
clusters and cluster-suface interactions exhibit very size-dependent dynamics
(see, for example, [4]).

2 Simulation method and system

We have performed MD simulations on the Fujitsu VPP700 vector computer
using the DL_POLY_2.11 code to study the cluster-surface impact process.
The optimisation of DL_POLY on a vector computer, providing significant en-
hancements in performance, has been reported previously [2]. For the metallic
system we have used the density dependent, many-body Finnis-Sinclair (FS)
potential, which is available in DL_POLY in the Sutton and Chen (SC) im-
plementation|1]. The metallic substrate was arranged in twenty layers (1800
atoms per layer) of a face-centered cubic (fcc) lattice (001) surface. The sur-
face area was 30ag x 30ag, with the lattice constant ag = 4.0495 K. All the
substrate atoms were considered to be dynamically mobile. Before collision the
atoms in the dynamical layers were prepared at T = 5 K using a Berendsen
thermostat. The surface was separately equilibrated at the required temper-
ature. Slab boundary conditions in the plane (z,y) were used (there was no
periodic boundary condition in z—direction perpendicular to the surface). The
cluster was prepared in thermal equilibrium: prior to impact, with an equili-
bration temperature of 190 K for 20,000 molecular dynamics time steps and
then cooled to ~ 5 K during the next 20,000 steps (with rapid quenching
every 2,000 steps) to minimize the effect of internal cluster kinetic energy on
the dynamics of system. The interaction between atoms in the cluster was de-
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scribed by the same potential as the substrate (i.e. the SC potential). The Al
cluster was positioned at h = 8.0 — 12.0 A above the center of the surface
and given an incident kinetic energy towards the surface. The velocity of the
center of mass of the cluster perpendicular to the surface was taken in the
range v = 0.5 — 5 km - s ~! (E;,. = 0.035 — 3.5 eV/atom). The integration
time step, At, was taken from the interval of 1 — 10 fs, depending on the
incident energy. After separate equilibration the substrate and cluster were
combined to evolve together. The simulation cell dimensions (L, Ly, L.) were
assigned the following values: L, = L, = 30ag, L, = 20ag; where L, includes
the substrate-cluster separation distance. The whole system was thermalized
at the required temperature for 1000 time steps before the impact .

3 Simulation results

We have considered in the present report the high energy collisions only; a
more detailed analysis of the results obtained will be the subject of our fol-
lowing papers. The density and temperature changes of the cluster-surface
system during highly energetic impacts are the least trivial and most complex
events to measure. From the MD simulation data we can, however, carry out
such studies with a high spatial-temporal resolution. For the purpose of analy-
sis we have divided all the data obtained (for the particle positions, velocities,
etc.) into several zones in the z—direction, with aq width each. For each zone
the density and temperature changes at each time step for both substrate
and cluster have been calculated. The analysis of simulation data allows one
to distingush easily two major channels of the cluster—surface impact yields,
viz., a soft landing and the implantation of the cluster into the substrate. An
example of a cluster implantation into a solid surface is shown in Figs. 1-
3, which are the results of MD simulations for a cluster incident energy of
Ein. = 3.5 eV/atom (h = 10.0 A) at t = 0.5 ps (Fig.1), t = 3.5 ps (Fig.2) and
t = 5.0 ps (Fig.3), respectively: (a) top view (left); (b) side view (middle); (c)
cut view (right). In the Figs. 4-6 the substrate and cluster density tempera-
ture distributions are shown. The calculated density and temperature profiles
correspond to the same cluster impact energy and the same moments of time
as Figs. 1-3: (a) density (left); (b) temperature (right). From the data pre-
sented by the Figs. 1-3 and Figs. 4-6 the density and energy exchange regions
among the cluster and substrate can easily be understood. In an early stage
of cluster impact (Fig. 1 and Fig. 4) the solid temperature in the front layers
(to the cluster one) increased rapidly, though there are no visible changes for
its density. Penetration of the cluster deep into the solid substrate (Fig. 2 and
Fig. 5) results in a highly dynamical process: formation a new liquid-like phase
during the very short time (order of several picoseconds). The temperatures
of both the substrate and the cluster are very high, there is a high mixing re-
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Fig. 2. The top veiw (left), side (middle) and cut (right) views of MD configurations
at t = 3.5 ps.
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Fig. 3. The top veiw (left), side (middle) and cut (right) views of MD configurations
at t = 5.0 ps.
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gion where the metallic phase doesn’t exist any more. The cluster’s temperature
however is distributed over its size nonuniformly: it is high in the front and
back faces, but it is lower in the central part. The density and temperature
profiles of Fig. 3 and Fig. 6 show us a final simulation configuration. Although
the front of the temperature wave by the cluster is still not stabilized, a ther-
malization condition imposed on the atoms of the substrate enabled one to
control the system temperature: the substrate temperature became very close
to the orginal state.

4 Conclusion

In conclusion we have used an optimised version of the DL_POLY molecu-
lar dynamics simulation code [2] to study the cluster-beam-surface impact
processes for the metallic phase (aluminium). The system we have considered
consisted of aluminium substrate containing 36,000 atoms and aluminium clus-
ter of 864 atoms. The characteristics of the collision ranged from soft landing
(< 0.1 eV/atom) up to higher impact energies (> 3 eV/atom). Modifica-
tion of the surface, exposed to the cluster-beams, was studied by monitoring
the molecular dynamics configurations of the system in real time and defining
the critical impact energies, necessary to produce implantation. The density
and temperature distributions in the system of cluster-substrate under highly
energetic irradiations was investigated in detail.
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Xonmyponmos X. u Jp. E11-2000-228
MonemipoBaHue MPOLECCOB CTOJIKHOBEHMS KIIaCTEPOB

C MOBEPXHOCTHIO I METAUTHYECKUX (ha3

METOIOM MOJICKYISIPHON AMHAMHUKU

C wuCHoNB30BaHUEM ONTHMH3HPOBaHHONH Bepcuu mnporpammel DL_POLY
IS MOJISKYJIIPHO-TUHAMUYECKUX PacyeTOB H3YUEeHBbI IPOIIECCHl CTOJIKHOBEHUS
KJIACTEPOB ¢ MOBEPXHOCTHIO I MeTaUINdeckux ¢pa3. C MOMOMIBI0 MHOTOYaCTHY-
Horo noteHImana Ouaarca—CHHKIIBHpA UCCIICTOBAHb] B3AUMOICHCTBHS SHEPIeTH-
YEeCKHMX KJIACTCPOB C TBEPAOH IOBEPXHOCTBIO. XapaKTepHCTHKH CTOJIKHOBEHHUI
H3yYeHbI B NIUPOKHX MpeJesiax: OT «MATKOro» coygapenud (< 0,1 sB/atom) o BBI-
COKHX DHEPIrHii Iafaloero Ha IOBEpXHOCTh Kiactepa (> 3 sB/aToM). Momuguka-
IIUs TIOBEPXHOCTH HOJ, BO3JICHCTBHEM BBICOKOSHEPIETHYECKUX KJIACTEPOB H3y4YcHa
Ha OCHOBC aHAJIM3a MOJICKYIIPHO-IHHAMIYESCKUX KOH(DUIypaIyii B peaJlbHOM Bpe-
MEHH, a TaKXe IyTeM OllpelesIeHHs KPUTHYECKOI SHEpPriM CTOJIKHOBEHMIA, HE00-
XOMMMBIX UIf MMIDUIaHTAIIMH KJIACTepa B MaTepHal NMOIIOXKH. Pacrpenernenue
IUIOTHOCTEH U TEMIIEPATyp B CUCTEME KJIaCTEP—IIOUIOKKA HOJ JEHCTBUEM BBICOKO-
DHEPreTHYECKOro OGIIyIeHHS H3YUECHO NCTATBHO.

Pa6ora Bemonnena B Jlaboparopun uH(GOpMAaHOHHBIX TexHoorui OMAN.

IMpenpuat O6BEANHEHHOTO HHCTUTYTA SOCPHBIX HccnaenoBanuii. [fy6na, 2000

Kholmurodov K. et al. E11-2000-228
Molecular Dynamics Simulation
of Cluster-Beam—Surface Impact Processes for Metallic Phases

An optimised version of the DL_POLY molecular dynamics simulation code
has been used to study the claster-beam—surface impact processes for the metallic
phase. The interaction of an energetic cluster of atoms with a solid surface was in-
vestigated using the Finnis—Sinclair many-body potential. The characteristics
of the collision range from soft landing (< 0.1 eV/atom) up to higher impact ener-
gies (> 3 eV/atom). Modification of the surface, exposed to highly energetic clus-
ter-beams, was studied by monitoring the molecular dynamics configurations
of the system in real time and defining the critical impact energies, necessary
to produce implantation. The density and temperature distributions in the system
of cluster-substrate under highly energetic irradiations was investigated in detail.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.
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