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Influence of island mobility on island size distributions in surface growth
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A computer-simulation study shows that mobility of islarids cluster$ during growth has strong effects on
the statistics of layer growth. The exponent of the power-law relation between the maximum island density and
the normalized flux changes as the degree of island mobility is increased. With increasing island mobility the
island size distribution splits in an increased density of small islands and a peak that progressively shifts to
larger sizes.

It is well known that the mobility of different species on change as a function of island mobility. We observe that, as
the surface plays a crucial role in nucleation and grotth. the island mobility is increased, the size distribution splits:
For some years now, it has been known that small clusters dhe original maximum sharpens up and shifts to larger sizes
islands(containing less than 20 atoijnsn a surface can be while the density of small islands increases dramatically and
mobile and that their mobility decreases with sizéRe- a minimum develops for intermediate sizes.
cently, however, scanning tunneling microsc¢g&M) mea- In the computer model atoms are randomly deposited with
surements have clearly shown that not only small groups o# constant flux= on a lattice with square symmetry. Subse-
atoms, but also large islands, containing up to several hurjuently, all the atoms and islands, chosen at random, can
dred atoms can be mobile. Experiments on(¥f) have move on the lattice. The chance that an island moves de-
shown that large Ag islands can diffuse with an unexpectedlypends on its size. The mobility as a function of size is chosen
large mobility® Furthermore, it has also been shown that into beDy=Dy(&)N, whereN (N=1) is the number of atoms
heterogeneous systems large clusters, whether grown on tirethe island,D is the hopping rate for a single atom, afd
surface or deposited from a cluster beam source, can be eis-a number between 0 and 1. Thus, for increasing island size
tremely mobile®? Traditionally, however, growth theories the island mobility decreases and for increasirtge overall
assumed that islands on the surface were immadtiidn mobility of all islands increases. For simplicity we will use
these models the size of the so-called “critical nucleus,”£=0 to refer to growth with immobile islands. Whersigle
which is the maximum size of island on the surface that isatom is selected to attempt a move, it will always do so by
unstable, was all-important. This size, together with the ratione lattice unit. Thus the chance that an island moves is
(D/F) of the hopping ratd® of the atoms on the surface and (£)". The ratioD4/F is therefore determined by the average
the flux F of atoms impinging on the surface, then deter-amount of hops per atom in the time between consecutive
mined all the statistical properties of the film. deposits. In our simulationBy/F takes the role oD/F in

More recent models have included more details of thegrowth without mobile islands. When a move results in two
processes occurring during growth, such as edge diffision particles(atoms or islandstouching, they will stick. In the
and adatom exchange with the substfatindeed, just this model, desorption of atoms and/or particles from already
year Ratsclet al. have abandoned the concept of a criticalformed islands is not allowed. The model also does not in-
nucleus completel}# However, in these models the islands clude edge diffusion.
are still considered to be immobile. The guestion now arises It has recently been shown that the presence or absence of
as to whether the mobility of nucleated islands affects thenterlayer diffusion is strongly related to growth shapes on
growth statistics and, if so, in what fashion. Villagt al.  the surfacé® smaller fractal-shaped islands increase the
have derived the effect of dimer diffusion during growth onamount of interlayer diffusion. Since we do not allow edge
the power-law relation between the island density andliffusion, the growth structures found in the simulations
(DIF).*> Recent simulations including the mobility of have a strong fractal charactér®2°We have therefore in-
clusters® (or islands or dimers” (with or without dimer cluded interlayer diffusion in the simulations: when an atom
dissociation confirm the predictions by Villairet al. Fur-  lands on top of an island, it moves directly to the nearest
thermore, Jensert al. have reported that cluster mobility unoccupied lattice site.
during growth can lead to a wide variety of fractal structures The exponential dependence of the island mobility on size
on the surfacé® was chosen somewhat arbitrarily. The choice was made de-

In this paper we present the results of computer simulaspite recent experiments that found a power-law
tions that show the extent to which islafdustey mobility dependenc®Different theoretical studies of cluster diffusion
affects the growth statistics. We find that the magnitude ohave also come up with power-law dependerf¢é$ How-
the power-law exponeny that relates the island density to ever, it has also been shown that different size dependences
D/F increases as the island mobility is increased. Moreoverexist. In some cases, for example, the mobility undergoes
the scaled size distributions of the islands show a dramatioscillations as a function of size with larger, albeit still small
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FIG. 1. Two typical snapshots of growth morphologigsea
500x500 at a coverage of 0.4 ML for growth with immobile is-
lands(a); and for growth with mobile island&=0.8). (b) In both
casesD/F=1.6x10". It is clear that the increased overall mobility
leads to a large reduction in island density.

for x of —2 for growth with immobile islands and a critical
nucleus size of # —1 for growth with anisotropic surface
diffusion without mobile islandé? and — 2 for growth with
mobile dimers'® Recent computer simulations found values
of y=—0.35 for mobile dimers and y=—0.42 for growth
with mobile islands obeying a power-law size dependence of
eir mobility!® We attribute the difference between the
alue y of —0.35 obtained for immobile islands and the ex-
ected valug—3) to the interlayer diffusion. The interlayer

(N<20), islands sometimes being more mobile than smal
islands?® The exponential size dependence used in this stud
is chosen to focus on the influence of island mobility on

rowth statistics in general, rather than to make claims about..~ . .
g 9 IW%ffusmn has only a minor effect on the rest of the growth

particular systems. However, through some prelimina tatistics. Th for this is that the inter] diffusi
simulations using a power-law dependence, we have verifieg-arioucs. 1he reason for this Is that the interlayer difusion
vill cause islands to grow at a rate that is proportional to the

that the trends observed in the shape of the island size did

tributions (see below are general and independent of the product of the flux and their area. This rate should be com-
precise functional form oDy. The quantitative details of pared to the rate at which they grow due to surface diffusion

the simulation results do vary for different functional forms that is proportional tc?él;,l in most of the cases this is orders
of Dy. of magnitude larget?'*
; It has been proposed that the maximum island density is

Figure 1 shows two examples of typical growth mor- related to the fractal dimension as

phologies obtained at a coverage of 0.4 ML fog/F=1.6
X 10’ (for a 500500 lattice. In the case of no island mo-
bility _[Fig. 1@)] thg dgnsity of islgnds is a fgctor of 5 larger Mo F 24+ 40 1)
than in the case with island mobilit§;=0.8 [Fig. 1(b)]. Both
figures show the typical dendritic structures expected for
growth without edge diffusion. The increased mobility on thewhereds is the fractal dimension ang,, is the maximum
surface in the case of mobile islands decreases the nucleatiéstand density” It is clear that, for the values of the exponent
probability and therefore results in a reduced island densitythat we have found, this would mean a smooth transition
The exponential dependence Bf, means that large is- from ad; of 1.71 to the unphysical value of 0.88.
lands are virtually immobile. As a consequence the island In conventional growth theory it is well established that
density as a function of coverage remains constant after théize distributions obtained for different coverages and/or dif-
maximum island density has been attained. We found that folerent values ofD/F can be collapsed onto a single curve
a coverage of 0.4 ML all the different simulations had when scaled properf In the binary collision epitaxy model
reached and were maintaining their maximum island densitypy Bartelt and Evans the shape of the curve will then depend
Figure 2 shows a double logarithmic representation of the@nly on the size of the critical nucled$in this scaling one
maximum island density as a function bf,/F for several computessg\,nsla versuss/s,,, wheres,, is the average is-
values of&. For all values ofé the island density shows a land size,ng is the density of island of size and 6 is the
clear power-law dependence @n/F. With increasing is- surface coverage. Figure 3 shows the scaled island size dis-
land mobility the exponent of the power law, changes tributions obtained for different values Bf,/F for £=0.05.
from a value of—0.35 for é&=0 to —0.41 for £=0.8. These It is clear that the size distributions resulting from growth
values should be compared to theoretically derived valuewith mobile islands exhibit the same self-similarity observed
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FIG. 3. Scaled size distributions for growth wi=0.05 for FIG. 4. Scaled size distributions for different valueséofThe

different values oD, /F. The curves show a strong self-similarity. cyrves are guides to the eye. As the island mobility is increased the
distribution splits up into two parts separated by a pronounced mini-
mum.

for growth without island mobility. In order to obtain self-
similarity, we have excluded the contribution made by mono-

mers from the calculation of,,. _ . .
However, the self-similarity vanishes when comparingsma” islands that we observe. With the different exponents

scaled size distributions obtained with different island mo-0f the power-law relation between maximum island density
bilities. Figure 4 shows the scaled island size distributionnd D/F, it unfortunately becomes hard to extract informa-
for different values oft. As the island mobility is increased tion about the growth mechanism from such exponents, ex-
from the case of immobile islands to more mobile islandsgcept in the most obvious cases, such as, for example, an
the scaled size distribution changes shape and splits into twexponent of 0.27, which can only be due to anisotropic
parts. The first part is the broad maximum obtained withougliffusion?’

island mobility, which becomes higher and sharper while Our computer simulations are complementary to recent
shifting to larger sizes as the island mobility increases. Thealculations that first showed the effect of cluster mobility on
second part arises from a dramatic increase in the density a@fie scaling between the island density d/F.!® We have
small islands. In between the two branches of the distributiomow shown the profound effect that island mobility has on
a pronounced minimum develops. The increased density ghe size distributions. We have also reported how the expo-
small islands in the case of mobile islands is a direct result ofent of scaling gradually changes as the island mobility is
the increased overall mobility, which reduces the total nuMjncreased, making the relation between the fractal dimension

ber of islands; the smaller islands have less time to “find” 3nq the maximum island densifq. (1)] more and more
the larger islands and aggregate. Growth with mobile iSIandﬁnphysical.

therefore appears to lag behind growth without mobile is- 0 ghape of the scaled island size distributions found for
e s oy o, e Jovth with b andsFigs. 3 and i remiscen of

. Sity ! . the size distributions derived for vapor condensation in, for
We also note that the large increase in density of small is- )
lands is similar to the “shoulder” in the size distributions example, a cluster source. We speculate that this should not

observed for growth including atom exchange with the Sub_be too surprising, since such condensation is well described

strate, but the minimum between the two parts of the distriPy Smoluchowski-type rate equations in which the densities

bution is much more pronounced in the case we ar@f all the different-sized species in the vapor are coupled to
considering'3 each othef? This type of equation also describes growth
The fact that the shape of the size distributions dependWith mobile islands, albeit in two dimensions rather than in
on the mobility of the islands should affect the analysis ofthree dimensions.
size distributions in homoepitaxial growth obtained with the ~We have shown, with simple computer simulations, that
STM.2%%" The sharp distribution at large sizes obtained forthe introduction of mobile islandgclusters in  thin-film
deposition of Fe on F801) at high temperature@ompared  growth has profound effects on the growth statistics. As the
to a broad distribution at lower temperaturbas been attrib- mobility of islands is increased the scaling relation between
uted to a critical nucleus size larger thaf®We suggest that island density and/F changes. In addition, the size distri-
the change in peak shape might also be caused by the ondgition splits in an increased density of small islands while
of island mobility at higher temperatures, rather than athe rest of the distribution shifts to larger sizes.
change in size of the critical nucleus. This suggestion is cor-
roborated by a recent study by Bartettal., which shows the The authors would like to express their gratitude to H. M.
“sharpening” effect of dimer diffusion on the island size van Pinxteren for providing computational facilities. L.K. ac-
distribution during epitaxial growtf Their obtained island knowledges financial support from the EU Human Capital
size distributions do not exhibit the increased density ofand Mobility Programmé&ERBCHICT941738
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