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Dependence of stacking-fault nucleation on cluster mobility
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A set of rate equations is presented that allows one to predict stacking-fault probabilities and island number
densities in homoepitaxial growth. This set is shown to accurately reproduce the available experiments for
homoepitaxial growth on (£11). Moreover, based on an analysis of the atomistic data describing stacking and
diffusion on fc¢111) surfaces, three model cases are studied. They yield surprising insights into the importance
of cluster mobility for stacking-fault island formation.

DOI: 10.1103/PhysRevB.71.125423 PACS nun®er68.55.Ac, 68.35.Dv, 68.35.Fx, 81.15.Aa

I. INTRODUCTION tal results for temperature and flux dependence of the total
island number densities as well as temperature and flux de-
The face-centered-cubic(fcc) and hexagonal-close- pendence of the stacking fault probability in homoepitaxial
packed(hcp crystal structures, as well as the homologousgrowth on 1111 (Sec. ll). In Sec. IV we construct a
zinc-blende and wurtzite crystal structures with a two-atomfcc(111) model system allowing us to explore the roles of
base, differ only in the stacking sequence between successigeacking-fault energy and cluster mobility in the kinetics of
dense-packed layers. The stacking sequence for the fcc asthcking-fault formation with the help of rate equations. The
zinc-blende crystal structuresABCABCin the[111] direc-  conclusions of this investigation are qualitatively confirmed
tion, whereas for hcp and wurtzite crystal structures it isby comparison to the known experimental data.
ABAB in the [0001] direction. Errors in the stacking
sequence—stacking faults—are frequently formed during
textured or expitaxial thin-film growth and may strongly af- Il. RATE EQUATIONS FOR STACKING-FAULT
fect mechanical, electronic, optical, and magnetic properties NUCLEATION

of the film. Examples relate to the groavxth of GaN f"'lf'})%’ In this section we develop a formal description for nucle-
epitaxial growt? of ZnSe on Ga@?’ “ Pton N(ll%),lo ation in the presence of two inequivalent adsorption sites
BN on Ni(11D), gnd Co on W110"* and on C111).” with the help of rate equations. Without loss of generality, we
Even in homoepitaxy stacking faull'islzare formed. Arrlcs)_rlg theyill consider here the fdd11) surface with regular threefold
known sysltgzir;s are Si/ 8'1181)2’0 "~ Ag/Ag(11D), coordinated adsorption sité¢fcc sitesf) and irregular three-
Cu/Cu11D, ™ and Ir/IN111).7 o fold coordinated adsorption sitehcp sitesh). Adatoms

In a recent paper, we developed an atomistic model ablgove by passing alternatingly ovérand h sites, implying
to explain qualitatively the temperature dependence ofymps over two different kinetic barrier€!, ; for jumps
stacking-fault formation in homoepitaxy on(111).*® At a starting from arf site andE?} , for jumps starting from aih
given temperature the equilibriuiBoltzmann distribution  gjte The larger of the two activation energig}, (stacking
of the largest mobile cluster over regular and faulted S'te%ype s=f.h) is linked with the lower oneEil (s#5') by the

determines the distribution of large stable islands in the tw%. di i f the adatom in the t d
stackings: the largest mobile cluster will be immobilized by inding energy diflerence ot the adatom in the two adsorp-

the addition of an adatom and remain in the initial stackingtion sitesEg ,=Eg ;=|AE, /. _
during subsequent growth. Adatom clusters on the f¢t11) surface are built out of
Rate equations have been widely used to model nucleadatoms in sites separated by the in-plane lattice parameter
ation and growth processes on surfaces. Initially rate equann Such that each cluster has a specific stacking typd-
tions were employed to describe nucleation on homogeneodgough the actual diffusion mechanisms of clusters on
surfaces with an uniform distribution of equivalent adsorp-fcc(111) surfaces are compleX;** we assume here clusters
tion sites?1:22 Successive modifications have spread out thei@S rigid objects that move as a whole by jumps from one
application scope to more complex phenomena, such decal minimum in the potential energy landscape to the next
nucleation and growth in the presence of island-edgéne, alternating betweehandh stacking. For the problem
barriers2®  impurities?4#25  nonlocal  adatom-adatom under concern and cluster sizes up to heptamers this assump-
interactions?6:27 and surface reconstructif?° To solve the tion is the simplest possible, reasonable assumption to ap-
problem of stacking-fault nucleation we expanded the rateProximate the rate of change betwetandh sites and the
equation approach to take the two inequivalent adsorptioglobal cluster motiord? As for adatoms, in this description
sites into account and reached quantitative agreement b#1€ activation energies of jumps for a cluster of sizeit of
tween measurements and experiments for the temperatutiee two inequivalent sites are linked W} ;= ﬁ]i—|AEbyi|.
dependence of stacking-fault formatigh. According to transition state theory we thus define the jump
Here we present the full details of this approdSec. 1) rate of adatoms and clusters out of a specific stacking sype
and demonstrate its power by comparison to the experimeras
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Eg fkeT (1) ason fc€111) surfaces their dissociation becomes significant

' only at high temperatures. For these temperatures even on
where 15, is the attempt frequency prefactdt,is the tem- large terraces no more islands nucleate, i.e., no experimental
perature; andkg is the Boltzmann constant. Formally, we data are available for comparison to the calculation. Other

may link to these rates diffusion coefficients of adatoms andParameters in the rate equations are the capture nurabers
clusters in a specific stacking of clusters of size, which are assumed to be equal for both

types of stacking. We use the following capture numbers for
all calculations:o;=3 for i<8 and o,=0,=7 for i=8 as
simple yet reasonable approximatidis? Finally, the frac-
_ tional coverage of the surfad® and the deposition rate
where agp=a,,/ V3 is the jump width, i.e., the distance be- enter, which are taken identical to the experiments to which
tween two adjacent and inequivalent adsorption sites. Thehe calculation is compared. Clusters with stackisrabove a
quantitiesy and D}, needed below for insertion into the rate sizei=8 are considered immobile and counted together in
equations, require the knowledge g§; andEg;, which are  n{. This strong assumption limits the applicability of our
generally not accessible to experiment. How reasonable estinodel with respect to high temperatures, where clusters with
mates of these quantities can be obtained will be outlined im=8 might be mobile. On the other hand, it keeps the num-
the following sectiongcompare also Ref. 32 ber of rate equations and also the number of required experi-
Besidesy? and Df, the dissociation rateE}, and T for ~ mental input parameters limited. All this leads to four ex-
dimers in the respective stacking also enter the rate equgressiongi=1,i=2,2<i<8,i=8), which describe the time
tions. We neglect dissociation of clusters larger than dimersgvolution of the density of-size clusters with stacking

Vo= VSJ e
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Vg ;d s
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Equation (3) describes the time variation of monomers work,'® a version of Eq(3) with additional, incorrect terms
with stackings. The terms on the right-hand side account forwas given. However, the quantitative results presented in
deposition with raté=, neglecting the adsorption on already Ref. 18 deviate only marginally from the correct calculations
occupied sitegthe factor% takes care of the two inequivalent presented below.
adsorption sitgs for s'-monomer attachment monomers The general equation for mobile and stable clusters is
(s#s'); for smonomer attachment to monomers or to largergiven by Eq.(5) in which the terms of the right-hand side
clusters of stacking typs’ and sizei <8 (note that only  describe the capture of smaller or equal-szelusters, the
association between monomers or clusters with differenattachment of the cluster to an equal s&ecluster or to a
stacking is feasiblg for ss-monomer attachment t&'-type  larger one of siz€< 8, the attachment of the cluster to sin
clusters of sizei=8,; for dimer dissociation creating two cluster of sizé =8, the formation of clusters by aggregation
monomers(here we assume dimer dissociation of a clusterof smaller ones that take over the stacking state of the cap-
with stackings to yield both ans and ans’ monomey; and  turer [hereiDIV2=i/2 for i even andDIV2=(i—1)/2 for i
for jumps between the inequivalent binding sites. The mospdd], and the jump of-type (S'-type) clusters tos’ sites(s
important extension of the rate equations is given by the lasgjteg.
two terms,nS2$ andn? +¥ , which correspond to the loss and  Equation(4) for the time variation of the dimer density
gain of adatoms of stacking by jumps out ofs and intos  contains the same processes as specified above fai5Eq.
sites, respectively. Finally, we note that in our previousbut has, in addition, the dimer dissociation term included.
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FIG. 2. (a) Temperature dependen¢Eé=0.013 ML/9 and (b)
FIG. 1. (a) Temperature dependen¢&=0.013 ML/9 and (b) rate dependencéT=330 K) of the stacking-fault_probability in
rate dependenod =330 K) of the total island density, in Ir(111). Ir(111). Black symbols correspond to the experimental data and

Black symbols correspond to the experimental data and open syn?P€N Symbols to the solution of the rate equations. Dotted line
bols to the solution of the rate equations. corresponds to the Boltzmann distribution of the heptamers.

) o . . . Eq;; the smaller one is obtained by subtractindr; (or

The time variation of immobile and stable clusters isAg, ) The attempt frequency prefactard; andv); are both
given by Eq.(6), which takes into account all the association set jdentical to an effective prefactos; which is obtained
processes, resulting in clusters bigger than heptamers Wltigx), estimatingvo,i:4D0'i/aﬁn. Finally, the experimenta: ef-

stackings. fective dissociation rat€,= v, gs£5s9eT is used as the dis-
sociation rate of the easier process, whereas for the more
Il. APPLICATION TO HOMOEPITAXY ON Ir(111) difficult process the free energy differendé, is added to

Eqiss These approximations are less crude as they may ap-

For homoepitaxial growth on (t11) the total adatom is- pear at first sight and are discussed in detail in Ref. 32. The
land densityn,=n{+n? and the stacking-fault nucleation actual data used can be read from Table 1 of Ref. 18. Finally,
probability given by the ratich/nL were measured over a for the solution of the rate equatiorsand® were set to the
broad temperature and deposition rate rahgfas shown in  experimental values.
Figs. 1 and Zfull symbolg. Here we demonstrate that these = Comparison of the calculatiorfepen symbolsto the ex-
data may be reproduced very well by numerical integratiorperimental datafull symbolg is made in Figs. 1 and 2. As
of the 16 rate equations specified in Sec. Il. can be seen in Fig. 1, the calculated total island number

As a first requirement for the solution of the rate equa-density n, agrees very well with the measured one for all
tions, the atomistic input datsy;, E3;, andI'5 are needed. temperatures and fluxes. Figuré@Pwas already reproduced
The adatom diffusion parameten%ll, v{,,l, Eq. and Efm in Ref. 18 and shows the agreement of calculation and ex-
were directly measured by field ion microscopyrom field  periment for the ratio of faulted islands to regular islands in
ion microscopy also the global diffusion coefficieni dependence of temperature. According to the construction of
=Dy ;efdikaT for cluster sizes Zi<7 are knowri®3!In ad-  the rate equations, at high temperatures the calculated ratio
dition also the distribution of clusters overandh sites was betweenh and f islands must approach the Boltzmann dis-
measured for cluster sizessd<4 (Ref. 3)), yielding the tribution of the largest cluster being able to become mobile.
free energy differencAF; betweenf andh sites. For cluster In the present case the largest cluster becoming mobile is the
sizes 5<i=<7 the binding energy differenc&E, ; has been heptamer. It is seen in Fig(& that the calculated values for
estimated®32From these measurements the desired data anef/n| approach the Boltzmann distribution of the heptamer
obtained as follows: the larger of the two activation energiegdotted line in Fig. 2a)] at 550 K. This temperature, thus,
EQYi and E{,,i is set identical to the effective, measured valuerepresents the high-temperature limit of validity for our cal-

125423-3



POLOPet al.

—m— I -
. —A-Pt
002 I \ —Q— CU 1

0.04

g
/l

-0.02 " 4

i (eViatom)
| |
/
a

AE,
S 5
g ¥
>

—A

S
2

V6 T
cluster size i (atoms)

PHYSICAL REVIEW B 71, 125423(2005

0015 . . : :
ulr
uPt
0010} Al Rh o(l)
¥
0.005|
(IhmCu oy ™
mAg
000 ) ) 1 1 1
800 001 002 003 004 005
E, /E..

FIG. 3. Cluster size dependence of the difference in binding FIG. 4. Stacking-fault energgRefs. 36, 42, 43, and 4%s ac-

energy per atonAEy;/i for Ir,18313539p40 and Cu*! The values

tivation energy for monomer diffusiofiRefs. 30, 41, and 46—%2or

for a complete monolayefML) are the bulk-twin fault energies some selected fcc metals. Open squares denote the three studied
taken from Ref. 36 for Ir, from Ref. 42 for Pt, and from Ref. 43 for cases.

Cu (see text

rived in a realistic manner from the current knowledge on

culations. Finally, Fig. ¢) exhibits the calculations for the binding energy differences betweémndh sites and cluster
flux dependence of the ratio of faulted island to regular isMmobilities for fcd11]) surfaces. The model system will be
lands at 330 K. While the calculations reproduce the experilSed as a vehicle to move, in a meaningful way, through the
mental trend, the overall agreement is only moderate due tBvailable parameter space. However, it does not represent
scatter of the experimental data. It should be noted that vanany actual material.

ing the deposition rate by two orders of magnitude only

In a first step we try to gain an understanding of how the

changes the probability of stacking-fault formation by lessPinding energy differencedE,; typically depend on the
than a factor of three, whereas changing the temperature h&lister sizei for fcc(111) surfaces. In Fig. 3 the cluster-
a much more pronounced effect. Therefore, we will in thePinding energy difference per atolvE, /i is plotted against
following concentrate on the temperature dependence dh€ cluster sizé (note also the axis break after7). The

stacking-fault formation.

difference in binding energy per atom for a complete mono-

We have also performed additional calculations neglectl@yerAE, (or stacking-fault energywas assumed to be equal
ing dimer dissociation. The results for the stacking-faultto the bulk twin-fault energyif available the experimental
nucleation probability show only negligible changes. At thevalue for this quantity was usgdWe note that a surface
temperature of dimer dissociation even the largest mobilstacking fault presents a situation closer to a bulk twin fault
cluster considered in our calculations—the heptamer—iéhan to an intrinsic or extrinsic stacking fault that consists of
mobile. Thus, dimers dissociate only at such high temperalWo correlated stacking faults. Consequently, we expect that
tures, where the validity of our calculations for the predictionthe twin-fault energy approaches better to the difference in
of the stacking-fault probability is anyway hampered by thebinding energy per atom for a complete monolayer, as it was

artificial cutoff in the cluster mobility at=8. Additionally
we found that the terms in Eq&)—(6), which largely deter-
mine the island densities for each type of clugteandh),
are those related with the jump of clusters betweenf thed
h sites and those where monomer diffusion is involveel,

obtained for 1111) in support of our assumptidh¥:*¢For the

case of Ir, the difference in binding energy per ataf, ;/i
depends strongly on the cluster size and even changes the
sign. Adatoms strongly prefér sites, trimer atoms are found
with equal probability orh and f sites, and atoms in larger

association of monomers with other monomers or clusters clusters energetically prefer the regulrsites more and
This is expected because, first, exchange of clusters betwe&#0re. As pointed out by Papadiet al®’ with increasing
both stacking sites is a process needed to account for diffefl-€lectron filling for transition metals, a change from hcp to
ent stacking probabilities, and second, monomers have tH§C stacking occurs. For elements having-alectron filling
|argest diffusion coefficients and' Consequenﬂy’ these prd.ust sufficient to eStab“Sh fCC StaCkIng N the bulk, adatomS
cesses give rise to the largest rates. The rest of the terms c8Ad small clusters experiencing a smaller effecthaectron

be neglected without significantly changing the accuracy oflensity than the bulk still prefer thesites. Though Ir is the

the model predictions.

IV. DEPENDENCE OF STACKING-FAULT NUCLEATION
ON FAULT ENERGY AND CLUSTER MOBILITY

only case where this behavior has been measured
experimentally! recentab initio calculations indicate the
same behavior for RF which is also located at the bound-
ary between hcp and fcc stacking. For elements with
d-electron filling well above the hcp-fcc boundary a different

In this key section, the rate-equation approach developetehavior seems to be more typical. As suggested by the cases
in Sec. Il will be used to explore the kinetics of stacking- of Pt and Cu in Fig. 3, for these elements the difference in

fault formation. To this purpose an fdd1) model system is

binding energy per atom appears to be largely independent

constructed. The properties of the model system will be defrom the cluster size and close to the stacking-fault energy
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AE,,. For the model system, we will consider this simpler and
probably more frequent case and assukig ;=iAE,.

In a second step we need to obtain an overview on the
parameter space of stacking-fault energies versus cluster mo-
bilities. In order to make the available data for the different
materials comparable, they need to be normalized to the re-
spective cohesive energi&s,,** For the cluster mobilities
we choose, for lack of better knowledge, the activation en-
ergy of adatom diffusiorEy ; as an indicato(see also be-

low): a low (high) scaled activation energy of adatom diffu- % 50 7% 100
S g ; o ; (b) TEE,, (KieV)
sion is assumed to indicate lollmigh) activation energies of ooh
cluster diffusion. As above for the stacking-fault eneidsy,, TE
. o . . KT/
we use the twin-fault energiagain, if available, the experi- | 43x10° 8610 130107
mental valug Figure 4 gives a survey dkE,/E., versus 10— ;

Eq,1/Econ for selected fc€l1l) surfaces. Based on this data
representation one may distinguish two groups of metals
with low (Cu, Ag, Ni) and high(Al, Rh, Ir, Pt stacking-fault
energy, while the mobility decreases from Cu at the high-
mobility side to Ni at the low-mobility side. To explore this
parameter space we choose for the model system three dif-

ferent situations denoted by I, I, and Il in Fig. 4: Case |

represents large stacking-fault energy and low mobility =
(AEp/Eon=0.01 and E4,/E.,,=0.043; case Il, small r ' 1
stacking-fault energy and low mobilityAE,/E.,,=0.0025 07— 10 15
and E4 1/E,=0.043; and finally case I, small stacking- (c) TE.... (KieV)

fault energy and high mobility(AE,/E;,,=0.0025 and . .

Eqg1/Econ=0.01. By varying independently both parameters, FIG. 6. Temperature dependence of the sta_cklng-faul_t probabil-

their influence on the stacking-fault nucleation can be studity for the three model case, II, and Ill). Full line: solution of

ied. rate equations with the heptamer being the largest cluster becoming
Before starting to solve the rate equations for the t|,",eén0bile. Dotted line: Boltzmann distribution of the heptamer.

cases(, I, and Ill) constructed above, in a third step we Dashed line: solution of rate equations with the 10-atom cluster

need t(; Sp,)ecify explicitly the cluster m,obilities. The global being the largest cluster becoming mobile. Dash-dotted line: Bolt-

cluster diffusion coefficients, activation energies, and attemp%mann distribution of the 10-atom cluster.

frequency prefactors were measured experimentally only fofemperature at which thiecluster has a jump ratg=1 s%,
Ir(111) and P¢111).3%3153In order to make the activation andTy; is calculated from the measured valuesEgf and
energies comparable we work with a single, generalized aty,;. Note that aftT,;, where the mobility of the cluster be-
tempt frequency,=5x 10'? s, This value fory, is around comes relevant, the jump ratesand vie“ calculated with the
the average of the measured cluster diffusion attempineasured and effective values coincide. The effective activa-
frequencie®31%3and matches in the temperature range oftion energiefgf{ for Ir and Pt are represented in Fig(lBack
interest the universal prefactdizT/h of transition state symbolg. Both materials show the same trend, so we use the
theory. We calculated effective activation energ%f by  average of both data sets as effective activation eneﬁjﬁas
defining Egﬁ:kBT“ In vy for both systems. Herél;; is the  for the low-mobility cases | and lflopen squares in Fig.)5
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TABLE |. Results for different materials: Normalized stacking-fault enek@y/E.or, Normalized activation energy for adatom diffusion
Eq,1/Econ temperaturé,, at which the stacking-fault probabilitye,, has been experimentally measured; and temperagrat which the
stacking-fault probabilityPre is calculated by the rate-equation approach.

AEb/ Ecoh Ed,1/ Ecoh Texp (K) Pexp TRE (K) F)RE
Pt 0.0114 0.0435 >150 no SE 169 ~107
Ag 0.0024 0.0329 120 0.64 120 0.16
220 0.25 220 0.16
Cu 0.0023 0.0106 286 no SF on flat surface 40 ~1078
215-400 0.2-0.7 on stepped surface
Al 0.0097 0.0118 >68 no SP

3Reference 55.
bReference 54.
‘Reference 14.
dReference 17.
®Reference 16.

The effective activation energies for the high-mobility caseactivation energies fronngf4 to E§Tf7 (compare Fig. bwe
Ill are obtained by scaling down the previous activation en-obtained effective activation energies for cluster sizes up to
ergies by a factor of 4.3, such that the conditigif,/E.,, i=10. The resulting solution of the rate equations is plotted

=0.01 is fulfilled(open circles in Fig. 5 From these two sets in Fig. 6@ as dashed line, which approaches at high tem-
of diffusion barriersEgﬁ we compute the diffusion barrier Peratures the Boltzmann distribution of the 10-atom cluster

for every adsorption site in the model systemes§'=gST  shown as dotted dashed line. The effect of extending the
and ES™N=E"_{AE,. Finally, we neglect dimer dissociation 'ange of mobile clusters is essentially to extend the tempera-
in the model system. Now we are ready to numerically inteUré range of the base level toward higher temperatures. \We
grate the set of 16 equations for the three selected situation@0t€: however, that the used effective activation barriers for
Figures 6a)—6(c) display the results of our calculations C'“St?r sizes =7 is just a reasonable assumption with no
for the three cased, 11, and I11). In each figure the full line physical basis. Other assumptions would influence our re-

. I sults differently. We additionally note that, as can be read
represents the stacking-fault probabllnS// nL and the dotted ; : -
line, the Boltzmann distribution for the heptamer. Despite th from Fig. 8a), T for the heptamer solutiofheptamer is the

, ) qargest mobile clustgris given as the temperature at which
different scales ok andy axes, the three stacking-fault prob- g so|ytion starts to deviate from the 10-atom cluster solu-

ability curves exhibit a similar shape characterized by threg;y, (10-atom cluster is the largest mobile clutéinally, in
ranges. At low temperatures the stacking-fault probabilitythe calculations we assumed random deposition of the mono-
decreases rapidly, stays on a base level at intermediate tefers on the two types of sites, yieldind/n'=1 at tempera-
peratures, and eventually approaches the Boltzmann distribygre pelow the onset of monomer diffusion. Assuming tran-
tion of the heptamers at high temperatures. To get a deepgfent mobility one might argue as the alternative limit for the
physical insight into the results, we recélthat at a given  monomers to obey a Boltzmann distribution even beyond the
temperatureT the stacking-fault probability? is roughly  gnset of thermal mobility. This difference influences the re-

given by sults only for temperatures below the onset of dimer mobil-
nn . ity. In the temperature ranges, in which the calculations are
P=—~¢gAB/KsD) (7)  displayed in Figs. @)—6(c), both assumptions yield identical
M results.

wherei' denotes the size of the largest mobile cluster at this [N the following we want to focus in the discussion on a
temperature. AlthougH' strictly represents natural numbers, comparison of the base levels for the three cdse, and

in this oversimplified treatment it may be considered as dll) represented by Figs(&-6(c). For case [(high stacking-
continuous function determined by some effective diffusivityfault energy and low mobility the base level of the
of the relevant mobile clusters. The particular shape of thétacking-fault probability is about T0and stays within this
stacking-fault probability curves depends on the specific diffange untilT.. For case I(low stacking-fault energy and low
fusion barriers we chose in each case. The common featufgobility), the stacking-fault probability in the base level
to all cases is that, due to the limitation of the number ofStays around 0.1. It is not surprising that a lowiéf;, leads to
cluster diffusion coefficients taken into account, the hephigher probability for stacking-fault formation. At a given
tamer stays the largest mobile cluster beyond a critical cutoffemperature, due to identical mobilities, the numbiérior
temperaturd,. Thus forT>T, our calculated stacking-fault the two cases are identical. We obtain with K@) that
ratio approaches to the Boltzmann distribution of the hepP'/P"~e™ (AE~2Ey)/keT where the | and Il denote the re-
tamer. T, thus, defines the limit of validity of our calcula- spective numbers for the two cases. Apparently, WA
tions. We also tested the effect of taking into account ar>AE, the ratioP'/P" becomes much smaller than unity as
increased number of clusters. By linear extrapolation of theseen also by comparison of Fig§apand &b). For case Il
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the stacking-fault probability in the base level is again low,with the cluster sizgsee Fig. 3. For a system with high
around 108, This appears surprising at first glance, becausatacking-fault energy and high mobility both factors disfavor
for case Ill the same low stacking-fault energy as in case Il igault island formation. Therefore it is no surprise that for
used. The difference of seven orders of magnitude inl/Al(111) stacking faults were never obsen®dSome-
stacking-fault probability is apparently only due to the in-\hat unclear is the situation for Cu/ClL1). This system is
creased cluster mobilities. With the help of B@) this can  jose to our model case Ill, for which essentially no
be understood as follows. For a given temperature, for th‘%tacking-fault islands are predicted. On nominally flat

high-mobility case lll, the largest mobile cluster is much Cu(111) with miscut angle below 0.1° indeed no stackina-
larger than for the Iow—mobilit}/ case fl.e.,i"!'>i"). Thus fau(lt is)lands were obsegrved in an .STM stddywvhereas ag

i pllpll o (M= AE KT : . S
we obtain P"/P!~e (" TAE/ET, a number much yarmg) energy atom-scattering stdlyfinds significant

smaller than unity, as is also apparent by comparison of Figg cing-fault formation on a sample with a miscut angle of
6(b) and Gc). Comparing the effect of stacking-fault energy ~1°. Possibly for Cu/C(L11) steps play a crucial role in

to the effect of cluster mobility, we find that a variation by a . : Y . .
. i . stacking-fault formation, an effect which is not included in
factor of about four in the associated energetic parameters

gives a similar effect on the stacking-fault probabilitiés-7 our model.
orders-of-magnitude variatipnTherefore the effect of clus-

ter mobility is equally important for stacking-fault island for-

mation as the effect of stacking-fault energy.

Comparison with measured data shows that the calcula- In conclusion, a rate-equation approach was shown to ad-
tion results are in qualitative agreement with the experimenequately predict the kinetics of stacking-fault island forma-
tal findings (see Table )l For the system Ag/Adl1l) tion for unreconstructed fcc metal surfaces. Using the atom-
stacking-fault formation is observed experiment&ty? This istic input data for the Ir/lf111) system excellent agreement
system is close to the model case Il, for which the rate equabetween measurements and calculations for flux and tem-
tions also predict significant stacking-fault island formation.perature dependence of island densities and stacking-fault
No stacking-fault formation is predicted for a system like probabilities is obtained. The study of three model cases,
Pt/P(111) similar to model case |, as verified covering the known parameter space of stacking-fault energy
experimentally® We should remark that the system and cluster mobility for fc€l11) metals, shows that a low
Ir/Ir(111) does not behave like the model case | due to thestacking-fault energy and a low cluster mobility are equally
unlike behavior of the difference in binding energy per atomimportant factors favoring stacking-fault island formation.

V. CONCLUSIONS
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