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An investigation of defect generation at the interface during growth of epitaxial~100! oriented Mo/W
superlattices by ion-assisted deposition has been carried out using molecular-dynamics simulations. The influ-
ence of the impact parameter within the irreducible bcc unit cell@001# surface and the incident ion energy on
the energy accommodation, the dynamics of energy transfer, and energy dissipation are discussed. A detailed
model of the generation of point defects is presented and the influence of materials upon the type and the
number of defects as well as the energy accommodation of the superlattice is revealed. It is shown that the
behavior of the superlattice as a whole is largely dominated by the material in the surface monolayer.@S0163-
1829~96!03627-2#

I. INTRODUCTION

The synthesis of metallic superlattices~SL! with desired
mechanical, optical, and electrical properties depends ulti-
mately upon the profound understanding of the fundamental
phenomena governing the growth of these structures. Inter-
face roughness, interdiffusion, the generation of point defects
and grain boundaries, stress levels, and relaxation are pro-
cesses that will greatly affect the use of superlattices in ap-
plications such as magneto-optical media, magnetic record-
ing heads, wear protective coatings, and electronic
semiconductor devices. It is a well-known fact that today,
due to technological requirements, most metallic superlat-
tices are grown by dc magnetron sputtering,1–5 a process that
requires a sputtering gas, and as such, a process in which the
bombardment with energetic particles plays an essential role
during the growth process. During the deposition process,
inevitably, gas atoms will be backscattered from the sputter-
ing targets and will impinge on the growing surface, thus
influencing various phenomena such as adatoms mobility,
local temperature, generation of interfacial point defects, and
many others.

The generation of interfacial point defects represents one
of the critical phenomena occurring during the growth of
metallic superlattices, as well as of ion-assisted thin films in
general. The type and/or concentration of point defects will
affect the physical properties of thin films, while at the in-
terfaces in superlattices, the generation of point defects can
result in interfacial mixing of the two atomic species, a pro-
cess that ultimately leads to rough interfaces and/or irregu-
larities in physical properties.6–10 These effects have been
studied extensively in Mo/V superlattices11–13grown by dual
magnetron sputtering, and the results show that the interfa-
cial defect generation processes are strongly connected to ion
energy, dose and type, growth temperature, and material
properties such as atomic mass, lattice, and/or elastic con-
stants. The material properties are shown to be especially
important in the sense that if the growing monolayers are
formed by the heavier metal, they will exhibit a lower sput-
tering yield, as compared with its reported bulk values,
whereas the situation is reversed when the lighter metal
forms the growing monolayer. The explanation proposed by

the authors was that the different mass ratios between the
incoming ion and the two metallic species will affect the way
in which energy is exchanged with the target surface.

In this paper we report a classical molecular-dynamics
~MD! study of interfacial defect generation in Mo/W super-
lattices. In conjunction with experimental observations, com-
puter simulations generally, and MD especially, give the op-
portunity to analyze the full dynamics of given phenomena
and thus assist in formulating new theoretical models. The
reason for choosing the Mo/W structure was that this is a
good model system, as is characterized by a much better
lattice match between the two atomic species, while the two
mass ratios of interest, Ar/Mo and Mo/W, are almost equal.
Also, in this structure, Mo is the lighter metal constituent;
i.e., this system seemed well fit to probe the previously pro-
posed model. For the same reasons, experimental work14,15

has started on the same system, thus allowing for a direct
comparison between MD and experimental results. We in-
vestigated the influence of incident energy, material proper-
ties, and impact parameters on the creation of residual point
defects. The motivation behind our work was the need for a
detailed, at the atomic level, description of the mechanisms
responsible for these phenomena and their dependence on
the above-mentioned parameters.

II. METHODOLOGY

The simulations of ion-induced effects during growth of
metallic superlattices were carried out for two different con-
figurations at 1000 K. The first configuration consisted of a
bulk portion of one metallic species with a single monolayer
of the alternate material placed on top. Typically, the first
configuration contained 3024 atoms placed in 21 layers of
12312 atoms each. In the second configuration the mono-
layer was shaved off, leaving 2880 atoms of the bulk mate-
rial arranged in 20 layers. The materials in the structures will
henceforth be referred to asX/Y whereX is the atomic spe-
cies in the top layer andY is the bulk metal.

The free surfaces were simulated by holding the two bot-
tom layers fixed. The two layers directly above were used as
a heat bath in which the velocities of the atoms were scaled
to the desired temperature of 1000 K in each time step. The
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atoms in the remaining layers were allowed to move freely
according to the interaction potential. Initial oscillations
were damped out and the box size was adjusted so as to get
a zero mean pressure. Periodic boundary conditions were
employed in the two directions parallel to the surface layer.

The simulation of atom bombardment was rendered by
introducing single Ar atoms into the simulation box above
the free surface, at a distance slightly larger than the cutoff
distance of the gas-metal interaction potential used. The in-
coming atoms were normally incident on the six impact
points chosen within the geometrically irreducible part of the
@100# surface unit cell~Fig. 1!. Kinetic energies of 50, 100,
150, and 200 eV where chosen for the incident Ar atom. A
variable time step with the upper limit of 1 fs was used so
that no atom in the simulation moved more than 0.01 Å /step,
in order to achieve relatively short simulation times without
affecting the energy conservation.

The metal-metal interactions were modeled using the em-
bedded atom method16 ~EAM!, which is based on density-
functional theory. The total energy for the system is approxi-
mated by

Etot5(
i
Fi~r i !1

1

2(i (
jÞ i

f i j ~r i j !. ~1!

HereF(r i) is the embedding function andf i j is the effective
two-body interaction potential. The electron densityr i is ap-
proximated as a linear superposition of atomic electronic
densities, computed from Hartree-Fock expansions17 of the
atomistic wave functions.

In this work two bcc metals, Mo and W, were studied
using the special form of the EAM as developed by Johnson
and Oh,18 which has been shown to be equivalent to the
original form proposed by Daw and Baskes.16 The form of
the embedding function is taken to be

F~r!52~Ec2E1V
UF!F12 lnS r

re
D 1/8G S r

re
D 1/8, ~2!

whereEc is the cohesive energy andE1V
UF is the unrelaxed

vacancy formation energy. Note that the pair potentialsf i j
are the effective pair potentials since the slope of the embed-
ding function is zero,F8(re)50, at the equilibrium electron
density,re . The pair potential was taken as a cubic polyno-
mial with an interaction range extending over nearest and
next-nearest neighbors. For distances less than the nearest-
neighbor equilibrium distance,r 1e , the pair potential was
stiffened using19

fa~r !5f~r !1ka@f~r !2f~r 1e!#S r

r 1e
21D 2, ~3!

ka54.5S 11
4

A20.1D , ~4!

whereA is the anisotropy ratio. The parameters in the ana-
lytical forms of the potentials are obtained by fitting the ex-
perimental data given in Table I.18

The interaction between different metallic atomic species
was modeled using the weighted arithmetic mean of single
species potentials:19

fX2Y5
f Y~r !

f X~r !
fX2X1

f X~r !

f Y~r !
fY2Y , ~5!

where f X,Y(r ) is the electronic density at a distancer from
atom X and fX2X , fY2Y are the pair potentials for two
atoms of typeX and typeY, respectively. For computing
efficiency the electronic density functionf and the effective
pair potentials were tabulated in the code and actual values
computed as needed using cubic splines.

Interactions between the noble gas atoms and metallic at-
oms were described using a Lennard-Jones–type potential.
Parameters were obtained from data for the pure materials
using the Lorentz-Berthelot rules:20

sXY5 1
2 ~sX1sY!, ~6a!

eXY5AeXeY. ~6b!

The computed values as such are listed in Table II.
To avoid a discontinuity at the cutoff of the interaction, a

cubic spline was used betweenr c5r 2e10.9(r 3e2r 2e) and
r s5r 2e10.5(r 3e2r 2e) for r andf, wherer 2e and r 3e are
the equilibrium distances to the second and third neighbors.

FIG. 1. Illustration of the bcc unit cell surface with the geo-
metrically irreducible part marked by the dashed line. The six dif-
ferent impact points are marked by their numbers.d, surface atom;
s, bulk atom.

TABLE I. Experimental constants used in fitting of the analyti-
cal forms of the interaction potentials for the two metals.Ec is the
cohesive energy,a the lattice parameter,V the atomic volume,B
the bulk modulus,G the Voight average shear modulus,A the an-
isotropy ratio, andE1V

UF is the unrelaxed vacancy formation energy.

Mo W

Ec ~eV! ~Ref. 31! 6.810 8.66
a ~Å! ~Ref. 30! 3.150 3.16475
VB ~eV! ~Ref. 32! 25.68 30.65
VG ~eV! ~Ref. 32! 12.28 15.84
A ~Ref. 32! 0.78 1.01
E1V
UF ~eV! ~Refs. 33–35! 3.1 3.95
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The simulation code was written in standardFORTRAN-77
and the simulations were carried out on a CRAY Y/MP-EL.
One time step typically used 1–2 CPU seconds to complete.
Dynamics of the simulation were visualized using an inter-
active graphic tool package developed by one of the
authors.22

To study the effect of the simulation cell size, the number
of atoms in each layer was increased from 12312 to
36336 for a total of 27 216 atoms. This simulation was car-
ried out for Mo/W and incident atom energy of 200 eV. We
found that, for the chosen configuration, qualitatively there
were no differences in the results as obtained for the corre-
sponding smaller system. As a further check of the quality of
the simulation, the mean square displacements were moni-
tored for each material simulated. From these, bulk and sur-
face Debye temperatures were calculated. The values ob-
tained are in good agreement with experimental data~Table
III !.

III. RESULTS

Typical defect generation events in the Mo/W structure
due to bombardment with 200-eV Ar atoms are shown in
Figs. 2 and 3. Each sequence of snapshots depicts the atoms
participating in the process within a single layer cross section
of the simulation cell. Figure 2 reproduces the effect of an
impact between two atoms of the monolayer and between
two atoms of the first bulk layer, i.e., impact point No. 3. The
initial impact @Fig. 2~a!# has the effect of pushing the two
atoms from the monolayer slightly downwards, towards the
bulk layers, but mostly laterally, beneath their nearest neigh-
bors in the monolayer@Fig. 2~b!#. At this time, the forward
~downward! momentum of the initially affected monolayer
atoms is reversed, and this results in sputtering one of their
nearest neighbors in the monolayer. This is followed after
;0.19 ps by the sputtering of the other nearest neighbor in
the monolayer and one of the initially affected monolayer
atoms @Fig. 2~c!#, resulting in a final structure with three
atoms missing@Fig. 2~d!#. The total time for this sequence of

events to occur is approximately 0.4 ps. Figure 3 illustrates
the effect of an impact between two atoms from the mono-
layer but straight on one of the atoms in the first bulk layer

TABLE II. Lennard-Jones interaction parameters computed
from the cohesive energy,Ec ~Ref. 18!, and the lattice parameter,
a0 ~Ref. 18!, considering nearest and next nearest neighbors only.

Interaction s ~Å! e ~eV!

Ar-Ar 3.37 0.019
Mo-Mo 2.49 1.11
W-W 2.50 1.42
Ar-W 2.94 0.130
Ar-Mo 2.93 0.115

TABLE III. Debye temperatures.

Material
Bulk
~K!a

Surface
~K!b

Experimental bulk values~K!
~Ref. 21!

Mo 400 332 380
W 330 270 310

aComputed in this work.
bComputed in this work. Figure is an average over three top layers.

FIG. 2. The dynamics of surface roughening due to impact at
point No. 3 by a 200-eV Ar atom on a Mo/W structure. A thin slab
has been cut out of the three-dimensional simulation box and a time
sequence of snapshots is shown. Note that three of the surface at-
oms from the top monolayer are sputtered. The arrows show the
direction some atoms move, but are not scaled to the velocity.d,
Mo atom;s, W atom;s, Ar atom.

FIG. 3. Generation of an intrinsic residual defect~a Frenkel
pair! during the simulation for impact point No. 6 on the Mo/W
structure and for the Ar atom having the kinetic energy of 200 eV.
The line drawn through some atoms marks the atoms involved in
the process.d, Mo atom;s, W atom;s, Ar atom.
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~direct hit!, i.e., impact point No. 6. In this case, the initial
impact@Fig. 3~a!# has the effect of pushing the atom from the
first bulk layer straight downwards, almost without affecting
any of the atoms in the monolayer@Fig. 3~b!#. The down-
ward momentum transferred to the atom in the first bulk
layer following the initial impact is transmitted in turn to
atoms lying directly underneath in a billiard-ball-like se-
quence@Figs. 3~c!, 3~d!, and 3~e!#. The final result of the
impact is an interstitial, in the 14th bulk layer, i.e., at a dis-
tance of about 20 Å~7 unit cells! from the initial impact
point @Fig. 3~f!#. The total time elapsed during this sequence
of events is roughly the same as for the impact at point No.
3, i.e., approximately 0.4 ps.

In order to analyze the contrasting behavior of the impact
points, we have examined the dynamics of the kinetic energy
transfer to the individual layers of the superlattice. Figures 4
and 5 present energy dissipation as a function of time and
depth in the superlattice for impact points 3 and 6, respec-
tively. By examining Figs. 4~a! and 5~a! it can be seen that
the superlattice absorbs the impact energy in the same time,
approximately 0.20 ps. However, the mechanism of dissipa-
tion is totally different for the impact points. Following the
impact at point 3, the energy is diffused mainly within the
first four layers whereas for the other impact point a rapid
energy transfer from the monolayer to the deeper layers of
the superlattice is observed. This is due to the fact that at
impact point 3, most of the energy is transmitted via the
parallel component~144 eV! and very little~44 eV! via the
normal component as shown in Figs. 4~b! and 4~c!. The situ-
ation is exactly the opposite at impact point 6@Figs. 5~b! and
5~c!#, 9 and 94 eV for the parallel and normal component,
respectively. The mechanism of energy dissipation described
above confirms the importance that the impact parameter has
in the growth process. At impact point 3 the Ar atom strikes
between two nearest-neighbor surface atoms thereby pushing
them apart, giving the parallel energy transfer. On the con-
trary, at impact point 6, the Ar atom strikes between two next
nearest neighbors in the surface and directly on an atom in
the first bulk layer, which has the effect of mostly normal
energy transfer. Our results show that impact point 1 behaves
as point 6, while 2, 4, and 5 exhibit intermediate behavior
between the two extremes of impact points 3 and 6. Based on
the energy transfer mechanism observed in our simulations,
we conclude that, during growth, direct hits will most likely
produce deep lying residual defects while in-between hits
will most likely create residual defects in the growth surface.

A summary of the different types of defects obtained from
our simulations, of Mo/W and W/Mo with Ar energies be-
tween 50 and 200 eV, indexed as intrinsic and extrinsic point
defects, is presented in Fig. 6. The classification of intrinsic
and/or extrinsic defects refers to defects involving atoms
combined with interstitials and/or vacancies of the same ma-
terial, while the latter involves atoms of two different atomic
species,23 Mo and W in this case. For the pure materials, the
distinction between extrinsic and intrinsic defects is possible
in MD by labeling the atoms of the surface layer. Only de-
fects residing in the surface monolayer and the two layers
immediately below the surface are considered, as this is gen-
erally viewed as the interface region in a growing superlat-
tice. The results point to the fact that both intrinsic and ex-
trinsic residual defects are generated either as single or as a

combination of point defects. Thus, at lower incident ener-
gies ~less than 150 eV!, only single point defects are gener-
ated, namely, intrinsic-Schottky-like@Fig. 6~a!#, extrinsic
substitutional@Fig. 6~b!#, and intrinsic@sputtering from the
monolayer, Fig. 6~c!#. As the incident energy increases
above 150 eV, combinations of point defects occur as shown

FIG. 4. ~a! Time evolution and depth profile of the total kinetic
energy transferred to the superlattice struck by 200-eV Ar atoms at
impact point No. 3. Layer 0 is the monolayer.~b! Normal compo-
nent of kinetic energy transferred to the superlattice due to impact
at point No. 3.~c! Parallel component of kinetic energy transferred
to the superlattice due to impact at point No. 3.
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in Figs. 6~d!, 6~e!, and 6~f!. It should also be noted here that
several different types of residual defects can occur in the
same simulation, for example, the types shown in Figs. 6~c!,
6~d!, and 6~e!. Analyzing the curves of the total number of
defects, Fig. 7, one can observe that for both Mo/W and
W/Mo there is generally an increase in the number of defects
as the incident energy increases from 50 to 200 eV. How-
ever, this trend is more evident for the Mo/W structure as
compared to the opposite one, and even more apparent when

examining extrinsic defects only~Fig. 8!.
In order to explain the different trends exhibited by the

two structures, we have examined the transfer of energy from
the incoming atom to the superlattice. A useful quantity in
measuring the transfer of energy in gas-surface interactions
is the energy accommodation coefficient~EAC! as defined
by24

ae5
Etot,f2Etot,i

Etot,s2Etot,i

. ~7!

whereEtot,f is the total energy for the atoms and/or mol-
ecules scattered from the surface,Etot,i is the total energy for
the incoming particles, whileEtot,s is the energy per atom of
the surface. In this work EAC was calculated for single in-
coming Ar atoms using only Eq.~7!, andEtot,s was consid-
ered negligible as compared toEtot,i . This is consistent with

FIG. 5. ~a! Time evolution and depth profile of the total kinetic
energy transfered to the superlattice struck by 200-eV Ar atoms at
impact point No. 6.~b! Normal component of kinetic energy trans-
ferred to the superlattice due to impact at point No. 6.~c! Parallel
component of kinetic energy transferred to the superlattice due to
impact at point No. 6.

FIG. 6. Different types of residual defects as obtained from our
simulations.~a! Intrinsic, Schottky-like.~b! Extrinsic, substitional.
~c! Intrinsic, sputtering.~d! Extrinsic, substitutional, and Schottky-
like. ~e! Extrinsic, 2 substitutional, and Schottky-like.~f! Extrinsic,
substitutional, and Schottky-like. For the pure materials, the distinc-
tion between extrinsic and intrinsic defects is possible in MD by
labeling the atoms in the surface monolayer.

FIG. 7. Total number of intrinsic and extrinsic residual point
defects, summed over the full bcc unit cell surface for the different
material combinations used in this study.
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the simplified lattice model25 for EAC in the limit of large
kinetic energies of the incoming particles.

The dependence of the EAC’s for the different material
combinations, as a function of incident energy and impact
point, can be seen in Figs. 9 and 10. From these figures it is
evident that the transfer of energy is much more sensitive to
the impact parameter in the case of the Mo/W structure, as
compared with the W/Mo case. As there is basically no dif-
ference between the atomic radii of Mo and W and their
elastic properties exhibit relatively small differences, this ef-
fect must be attributed to the different mass ratios of the
atomic species, namely, 0.42 for Ar/Mo as compared with
0.22 for Ar/W. This effect is emphasized in Fig. 11, where
the EAC’s, averaged over all impact points, are plotted and
compared with the EAC average values obtained for the
single metal cases. The results are consistent with predictions
of the hard-spheres model,26–29 which gives the EAC as a
function of only the mass ratiom and the angle of incidence
u i :

ae'3.5m cosu i /~11m!2. ~8!

The predicted values of the energy accommodation using Eq.
~8! are 0.73 for Ar/Mo and 0.51 for Ar/W, whereas our simu-
lations give 0.74 and 0.61. The higher value of EAC for Mo
as compared to W translates into more energy transferred to
the lattice. This means that more defects are expected to be
created in Mo, which is indeed consistent with our results
~see Figs. 7 and 8!.

It is interesting to note that for both the Mo/W and W/Mo
structures, the values of the EAC are drastically changed by
the addition of the alternate material monolayer. This has the
effect that the value of the EAC for the respective structure
gets shifted towards the value of the same material as the
monolayer when freely exposed to bombardment. In other
words, in terms of EAC, the elastic and mass properties of
the surface monolayer are largely determining the behavior
of the whole structure.

However, in contrast to the single metal cases, the behav-
ior of the values of the EAC does not translate directly into
the number of defects generated for energies below 150 eV
~Fig. 7!. This effect is even more pronounced when examin-
ing the extrinsic defects only~Fig. 8!. The W/Mo structure
consistently exhibits more extrinsic defects, pointing to the
fact that the generation of this type of defect is not affected
in the same manner by the atomic mass ratio. Another dif-

FIG. 8. Total number of extrinsic residual point defects only,
summed over the full bcc unit cell surface for the different material
combinations used in this study. For the pure materials, the distinc-
tion between extrinsic and intrinsic defects is possible in MD by
labeling the atoms in the surface monolayer.

FIG. 9. EAC values for the different impact parameters and
energies for the Mo/W structure.

FIG. 10. EAC values for the different impact parameters and
energies for the W/Mo structure.

FIG. 11. EAC values for the different material combinations
averaged over the full bcc unit cell surface.
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ference is that the Mo/W structure exhibits an increasing
number of defects generated with increasing incident energy,
while for the W/Mo structure this increase is much weaker.
A probable explanation for these findings is the following
one. In order to produce an extrinsic defect, for a given in-
cident energy, an atom from the surface monolayer has to
break the bonds between several bulk atoms and the bonds
with its surface neighbors, a process considerably more ex-
pensive energetically compared with breaking the bonds be-
tween the surface atoms and creation of an intrinsic~surface
in this case! defect. In the case when theEc of the bulk
atoms is larger, as compared to that of the monolayer atoms,
the extrinsic defect formation energy is greater as compared
to the opposite case. Thus, in our case study, when the
monolayer consists of W atoms, the energy required to gen-
erate an extrinsic residual defect is considerably less than
that required to produce the same damage when the mono-
layer consists of Mo atoms. However, as shown by the
analysis of the EAC as a function of the atomic mass ratio,
the incident energy plays its role in these processes, and so
when the incident energy becomes sufficiently large, the
metal with a higher EAC value will be the more likely can-
didate of generating extrinsic defects, in our case Mo. Our
results suggest that this occurs somewhere between 150 and
200 eV for the Mo/W system. This is in agreement with
experimental x-ray diffraction studies of the Mo/W system15

showing that the W/Mo interface is broader by a factor of 2
than the Mo/W interface, for SL grown with Ar as the sput-
tering gas.

Based on our investigations of the sequence of atomic
displacements generating different types of residual defects,
as obtained from our simulations~Fig. 6!, we propose the
models36 for point defect generation illustrated in Fig. 12.
They are based on the following observations:~1! there is no
evidence, in our simulations, of the incoming Ar atom pen-
etrating any of the targeted structures deeper than between
the monolayer and the first bulk layer at any value of the
incident energy;~2! there is no Ar trapped in or on top of the

structures;~3! both intrinsic and extrinsic defect generation
are accompanied by Schottky-like and/or Frenkel-like pair
formation; ~4! there is no evidence in our simulations of
interstitial extrinsic defect generation; i.e., no atom from the
monolayer ends up as an interstitial in the bulk of the super-
lattice. Whole sequences of events occur only for high
enough incident energies (. 150 eV!, when more defects are
formed due to a single incoming atom. Figure 12~a! shows a
process for impact point 1 where the atom hit by the Ar is
pushed down into bulk layer two. The bulk accommodates
this by moving the resulting interstitial along a close-packed
direction, finally expelling an atom on the surface. In Fig.
12~b!, an impact at point 3 results in a deep-lying interstitial
in the same manner as shown in Fig. 3. The dynamics are the
same in Fig. 12~c!, but in this case the impact is at point 1
and results in an extrinsic substitutional defect as well. The
process shown in Fig. 12~d! is typically occurring for impact
points 2, 3, 4, and 5 at energies of at least 100 eV. Generally
only parts of the sequences shown in Fig. 12 will be ob-
served at lower energies, and a smaller number of defects
will be generated.

IV. CONCLUSIONS

We report an investigation of the mechanisms responsible
for residual point defect generation in Mo/W superlattices
and the role played in these by the impact parameter, mate-
rial combinations, and incident energy. In a growing super-
lattice, the situation where several monolayers of the same
material have been grown can be regarded as a single metal
case. For these cases, we find that the number of residual
point defects created is well mapped by the values of the
EAC. This means that the process of generating defects un-
der these conditions is a mass-effect-dominated phenom-
enon. In contrast to this situation is the case when the growth
of 1 ML, of the alternate, has been completed. Even though
the value of the EAC of the whole structure is close to the
EAC bulk value of the monolayer, the same pattern is not
extended into the number of defects. This is especially true
for the extrinsic defects, which are the types of defects
mainly accountable for the intermixing of the interface. We
find that at low enough energies, below 150 eV, for the
Mo/W and W/Mo systems, the whole structure is influenced
more by the bulk properties of the metal beneath the surface
monolayer. By bulk properties we specifically refer to the
characteristic defect formation energy of the metal, which is
related to the cohesive energy.37 At higher energies the mass
effect will become predominant again and the whole struc-
ture will have defect formation properties similar to the
monolayer.
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FIG. 12. Proposed models of residual point defect generation.

54 2223MOLECULAR-DYNAMICS STUDIES OF DEFECT GENERATION . . .



1M. G. Karkut, D. Ariosa, J. M. Triscone, and O” . Fischer, Phys.
Rev. B32, 4800~1985!.

2M. G. Karkut, J. M. Triscone, D. Ariosa, and O” . Fischer, Phys.
Rev. B34, 4390~1986!.

3J. M. Triscone, D. Ariosa, M. G. Karkut, and O” . Fischer, Phys.
Rev. B35, 3238~1987!.

4D. Ariosa, O” . Fischer, M. G. Karkut, and J. M. Triscone, Phys.
Rev. B37, 2415~1988!.

5D. Ariosa, O” . Fischer, M. G. Karkut, and J. M. Triscone, Phys.
Rev. B37, 2421~1988!.

6M. R. Kahn, C. S. L. Chun, G. P. Felcher, M. Grimsditch, A.
Kueny, C. M. Falco, and I. K. Schuller, Phys. Rev. B27, 7186
~1983!.

7A. Hu, S. Zhang, X. Yuan, Q. Shen, Z. Lu, and D. Feng, Phys.
Status Solidi A107, 153 ~1988!.

8J. L. Makous and C. M. Falco, Solid State Commun.68, 375
~1988!.
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