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A self-consistent rate-equation approach to the study of transitions in the critical islaridisigzabmono-
layer growth fromi =1 toi=2 and fromi =1 toi =3, corresponding to homoepitaxial growth on mézl1)
and (100 surfaces, is presented. In contrast to previous standard rate-equation results, the average island
density and monomer density are well predicted along with the transition temperaturé=frbrto a higher
critical island size. It is shown that the method’s implicit short-range correlations between attachment/
detachment rates, together with a careful estimate of the escape rates for small clusters, are important factors
for a good agreement with the kinetic Monte Carlo simulation res{#8163-182608)00227-9

I. INTRODUCTION the dependence of island and monomer density on the depo-
sition flux and on coverag€ '® However, it has been
The development of new experimental techniques, such ashowrt*® that this standard approach cannot gixentita-

scanning tunneling microscop§sTM), and reflection high- tive agreement with the experimental data or kinetic Monte
energy electron diffractiofRHEED), has made possible the Carlo (KMC) simulations.
real-time probing of microscopic details of the surface dur- Recently, Bales and Chrzan carried out a self-consistent
ing the early stages of thin-film growthThese develop- calculation of the rate coefficients for the case of irreversible
ments have renewed both the expenméﬁﬂ-&l and  |ow-temperature growf (corresponding to=1) that gives
theoretical®~*?interest in the scaling properties of the island quantitative agreement with KMC simulations. In addition,
Qensity and isIand—si;e Qistri_bution in submonolayer epitaxgles and Zangwitl have recently suggested a generaliza-
lal growth. On(_a mot|vat|or_1 is that the_ _dependence of the[ion of the self-consistent rate-equation calculation for the
submonolay?r %Iand dens;t)_t or;] deposmoln rate and M- ase of reversible growth corresponding to growth at higher
perature at fixed coverage in the precoalescence regime temperature. Using this approach, good agreement was found

may be used to identify important activation energies for . . . i o
microscopic processes on the surface. with Monte Carlo simulations for a model with no critical

One concept that has been extensively used in such Stubs_!and size and a detachment rate that decreased very slowly

ies is that of a critical island side(Ref. 13 corresponding to  With the island size. _

one less than the number of atoms in the smallest stable N the present work we consider a RE approach to sub-
island. According to the standard rate-equatigRE) ~ monolayer growth for a restricted pair-bond mdfiéfthat is
analysid® for a given critical island size, the island density elevant to low- and intermediate-temperature me14l0)

N (at fixed coverage) scales as and(111) homoepitaxy. Our model is very different from the
one studied in Ref. 21 since in our model only small islands
N~ (D}, /F) XigFi/(it2)keT 1) are unstable, while in the model studied in Ref. 21 all islands

are unstable and there is no critical island size. We note that
whereF is the deposition rate)=vge~ is the hop- in previous work? we have shown that for this model the
ping rate(where v is the attempt frequency arf, is the  standard RE approathleads to poor agreement with KMC
activation energy for adatom diffusinnE; is the critical simulations, as well as to a prediction for the crossover scal-
cluster binding energy, ang;=i/(i+2). With increasing ing function, which significantliyunderestimateshe transi-
temperature, a transition from a critical island sizel at tion temperature. It was suggestédhat this is due to the
low temperature to a higher critical island size at high tem-ack of a self-consistent treatment of attachment/detachment
perature is expected to occur. In particular, such transitions that approach. Here we focus on a rate-equation approach
have been observed in metall1l) and metal100 homoepi- in which a self-consistent calculation of the attachment and
taxy for a variety of system&®°12For example, a transition escape rates is used. We also compare our results with new
fromi=1 at room temperature ic=3 at higher temperature KMC simulations. As discussed in more detail below, our
was reported for Fe/F&00) depositiorf Recently, a transi- results indicate that such an approach leads to good agree-
tion fromi=1 toi=2 with increasing temperature has also ment with KMC simulation results for the average monomer
been reported in Rh/Rh11) deposition? density, island density, and crossover scaling behavior.

One of the standard tools used in studying submonolayer The organization of this paper is as follows. After a brief
growth is the rate-equation approachRate equations with discussion of the model and of the crossover scaling form for
constant or power-law size-dependent capture numbers hatiee island density for the case of reversible growth, we
been successfully used to predict the qualitative behavior gfresent the details of our self-consistent rate-equation ap-

E,/kgT
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proach. We then present a comparison between our rate- 1/3 for u<1i
equation predictions and KMC simulations. A summary of

our results and conclusions are presented in Sec. V. 9u(u)= % for u>1. ®)

Il. RESTRICTED PAIR-BOND MODEL As already noted? the standard RE approdcheads to poor
AND SCALING OF THE ISLAND DENSITY agreement for both the island-density crossover scaling func-
. _ ) tion f,, and the effective exponent crossover scaling func-
The restricted pair-bond model considered here has begfyp, g,, and significantly underestimates the transition tem-

previously studied via KMC simulatioh$'®?2and standard perature. Accordingly, in the present work we focus on a
.17-22 . . . . 1

RE analysé. and is described by the following rule®)  seif_consistent approach. However, before discussing this ap-
Adatoms without a nearest-neighbor bofmionomers may  proach in detail, we first briefly describe our kinetic Monte
randomly diffuse(hop) to a nearest-neighbor site with hop- ¢4y (KMC) simulations of the restricted pair-bond model.
ping rateDy,. (b) Adatoms with one nearest-neighbor bond  aq i previous work>16192%imylations were carried out
may diffuse to a nearest-neighbor site with detachment ratgsing a simple solid-on-soliéSOS model with square and

~ — o—En/kgT : _ _ :
D,=ryDy, wherer;=e "N"s" and Ey is the nearest- jangular lattices. In both cases, adatoms were deposited
neighbor bond energy(c) Enhanced edge diffusion is in- starting with an initially flat surface at a rafeper site while
cluded such that adatoms with just one nearest neighbqjeposited adatoms without a nearest-neighbor in-plane bond
bond may diffuse along edges and around kinks with a rat¢nonomers were allowed to diffuse randomly to nearest-
De=reDp. (d) Atoms with two or more nearest-neighbor pejghhor sites with hopping ra@;,. Adatoms with one or
bonds are assumed to be immobile. . _more nearest-neighbor in-plane bonds were allowed to dif-

As already noted, this model is appropriate for homoepifyse as described above. In particular, for the case of rapid
taxial growth on(100 and(111) metal surfaces at tempera- eqge-diffusion on a triangular lattice, adatoms with one
tures for which two-bond detachment may be neglefét.  pearest-neighbor bond were allowed to diffuse “along an
low temperaturegcorresponding to stable dimgrhe criti-  gqge” (j.e., to a nearest-neighbor site that retained a bond
cal island sizei is equal to 1. However, with increasing yyith the original bond siteat a rateD,= Dy, . For the case of
temperature dimers become unstable, leading to an mcreas%id edge diffusion on a square lattice, adatoms with one
critical island size. In particular, at high temperatures on %hearest-neighbor bond were allowed to diffuse “along an
tr!angular. lattice[corresponding to' 4111 met.al.surfac]a edge” and around “corners” at a ra®,=D, in order to
trimers will be stable, corresponding te-2. Similarly, at  mimic rapid cluster relaxation. For both triangular and
high temperatures on a square latti@®rresponding t0 a gqyare lattices the edge diffusion of dimer atoms was sup-
(100 metal surfacgtetramers will be stable, corresponding pressed in order to prevent dimer mobility.
toi=3. _ _ _ In addition to adatoms that land directly on the surface,

Of particular interest is the crossover behavior as a funcygatoms may land on an existing island. In this case the
tion of temperature from=1 to a higher critical island size deposited adatoms are assumed to diffuse in the same man-
i=2(3) ontriangular(squarg lattices. A general Crossover per as on the substrate, while monomers may diffuse over an

scaling form for a transition from a critical island size 1 jsjand edge to the layer below at the same rate as for ordinary
to i=k in the absence of two-bond detachment has alreadyiffusion?* Thus, for example, an adatom that lands on an-

been proposetf other adatom will almost immediately “diffuse” to the layer
below and form a dimer.
N~R*1’3f1k(r)£1kR), 2 In order to obtain good statistics for both the island den-

sity N (corresponding to the density of clusters of size 2 or

where N is the island density at fixed coverage R  largep and the monomer density;), averages were carried

=Dy, /F, and the crossover scaling functiég, satisfies out over 10-30 runs, using lattice sizes ranging fram
=500 toL=1000. In order to study transitions in the critical

const foru<1 island size as a function of temperature, the average island
f(u)~ u-2k- D32 for ys1 3 and monomer densities were measured in the submonolayer
' “precoalescence” regime (€ #=<0.3) using a wide range of
values for the one-bond detachment ratg(2.5x 10 6<r,

For our model, the standard RE res(il} along with a con- <10?) and diffusion ratioR=D/F (10° < R< 10,

sideration of the binding energy of the critical island implies
X1=3/2 for k=2,3122 We note that recent KMC
simulationg? on a triangular lattice have shown good agree-!ll. SELF-CONSISTENT RATE-EQUATION APPROACH
ment with this result X;,~=3/2), while on a square lattice a
slightly lower effective value has been found, {=1.33).

The crossover scaling forii2) also implies that the effec-
tive scaling exponeng=d(In N)/d(In F) may be written in a
similar form,

The rate-equation approach® involves a set of deter-
ministic coupled reaction-diffusion equations describing the
time (coverage dependence of average quantities. The RE
variables are the average densities of monorfiers and of
islands of sizes=2, (ny), wheres is the number of atoms in
the island. A general form of these equations, taking into

x(r1,R) =gy (r*R), (4)  account nucleation and aggregation of islands, direct im-
pingement of adatoms, and detachment of monomers from
where the crossover scaling functigg, satisfies unstable islands may be written as
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d(n,) R , assumed to satisty R,= as'/f with d; the fractal dimension
qg L1 2ku(ny)— Zz ks(ns) =2 7 0r1(ny) of the island andx close to ). Bales and Zangwiil have
= considered the following form connecting the macroscopic

R n n flux at the island boundary with the microscopic attachment/
(n2) (ns)
-1 2 -1 S,
- Z<nl>§‘2 os(ns) +2F -t F 323 ——»  detachment rates:
= = S
(63 any(R)
27R(Dy/4) P mg(Dy/4)n,(Rs+a)—Jg, (10)
d(n R
(<ng> =7 () (0s-1{Ng_1)— og(Ng)) +Kg_1(Ng_1) where Js= wg, 1({Ns+1)/(Ns) is the detachment rate at the

edge of an island of sizg a=1 is the lattice constantng is
_(ng) ~(Ngyq) the number of paths connecting next-nearest-neighbor sites
—kg(ng)—F *—+F t——, for s=2. to nearest-neighbor sites on the perimeter, and; is the
Ts Ts+1 effective detachment rate from an island of sizel. The
(6b)  factor of 1/4 in the capture term is appropriate only for a

In these equations, the terms witty correspond to the cap- square lattice geometry and in gene_ral shoulc_i be replaced by
one over the total number of hopping directions. A Taylor

ture of monomers by other monomers or by existing islands; ) ;
while the terms withr, ! correspond to the detachment of gxpagsmn of the monomer density neRy leads to the
monomers from islands of size The terms withk (where oundary condition,
ks=s since diffusion is much faster than deposili@orre-
spond to the deposition of adatoms directly on islands of size any(Ry)
s. The factors of 1/4 in the capture terms are included since ar
these terms are usually expressed in terms of the diffusion 1
constanD rather than of the hopping rai,, (D=D/4 for  With Neq(Rs) = Js/(MsD/4) andBs = (2mRs/mg) — 1. _
both square and triangular lattides Equa.t|ons(9) and (11) may be used to compute the mi-

Of crucial importance in the use of rate equations as a todgfroscopic form of the flux Z2Ry(Dy/4)[dn,(Rs)/dr] at the
to make quantitative predictions is an accurate calculation ofland edge. Equating this to the RE form,
the capture numbetks, and escape rates ! As has already
been mentioned, the restricted pair-bond model gives a real- (Ngy 1)
istic description of a critical island size transition on metal (Dp/4)o(ny) — m
(100 and(111) surfaces. In this model only the small islands ) )
(dimers and trimejsare unstable; therefore a careful calcu-the following expressions for the capture numbers and es-
lation of the attachment/detachment rates for these small i§:ape rates are obtainét:
lands is required.

Recently, Bales and Zangwfll have outlined a mean- 27RK(R/&)
field procedure for the self-consistent calculation of the cap- US:,B’lK (Ro/E)+ EKo(R./E)’ (133
ture numbers and detachment rates. Essentially, this consists s s 0t
of solving a diffusion equation for the monomer density

:Bs[nl(Rs)_neq(Rs)]a (11)

(12

n4(r) near an island of size of the form, w207 _1 _ Ws+10
L 2 =t Teri= Sms °, s=2, (13D
2 _ ¢ 2 _ _
Vony(r) =& ny(r) —(ny]=0, () whereK K, are modified Bessel functiof8 The extra fac-

where the screeningabsorption length & corresponding to  tor of 2 (which was not explicitly noted in Ref. 21n the
the effect of all the other islands and monomers is given byexpression forr; * is due to the fact that two monomers are
produced by the breakup of a dinfér.
We note that in the above discussion we have used the
£ 2=(4IR)ky+20(n)+ > og(ng). (8)  same form for the microscopic detachment rd¢@s in Ref.
$=2 21. The alternative fornds= w, (in which the outward flux

A . dial d the bound giti corresponds directly to the detachment rate from an island of
ssuming radial symmetry and the boundary conditiong;,e o) may also be used and was found to give similar re-

that far from the island t_he monomer density takes the avers .« "This leads to the same expressiondor but a modi-
age valug(n,), the solution of Eq(7) is

fied one for the escape rates,

n1(r)=(ny)—AKo(r/8), ) L ews, g ews
whereK, is the zeroth-order modified Bessel function, and 2 "om, S T mg =3 (139
the constan®A is determined by the boundary condition at
the edge of the island. For the case of low-temperature irreversible growdh (

Of crucial importance is a correct boundary condition for =0) the correct boundary condition in the absence of a bar-
the monomer density,(r) at the island edge=R, (where rier to attachment is;(Rs) =0, which leads to the constraint
R, is the radius of a circular island of sizeand is typically B *=0. In the previous work of Bales and Zangwitithis
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was accomplished by assuming tiag=2 7R, for all s and [a) — T
studying a model in which the islands were forced to be P
circular. In contrast, in our model this is a poor
approximation—and leads to poor agreement with KMC
simulations—since detachment is only allowed from small N
islands. On the other hand, a direct countingmffor small
islands leads ths‘1<0, which is unphysical.

In order to solve these problems, we have carried out the
following procedure. First, the attachment term correspond-
ing to the first term on the right-hand side of EGO) has 10* b
been replaced with a sum over all sites one hop away from
the perimeter sites. Carrying out a Taylor expansion, this 102 )
leads to the following expression f(ﬂs‘l, : T

/ m, (14 eb

where the sum runs over all sitpshat are within one hop of L T

an attachment siteyl, is the number of paths connecting 107 oo o s e

such a site with a perimeter site, anti=X; m}. In the

above expressiony is the number of hopping directions 0

(_M.:4 on_a square latticad =6 Or_' a triangular Iattl_c)e?nd FIG. 1. KMC (solid lineg and RE(dotted lineg results for the

X; is the difference between the distangerom the sitej 0 jsjand density(@ and for the monomer densitp) as a function of

the center of the island arRl. The constrainB; *=0 then  coverage on a triangular lattice for different values of the scaling

leads to the following expression for the “effective” radius variable Y. From top to bottom,r;=2.15x10"% R=10 (Y

Rs, =0.1); r;=2.15x10"% R=10 (Y=10); r,=2.15x107% R
=10° (Y=100).
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2 i case of large edge diffusion. As ca; be seen, in contrast to
—~ 7S the standard rate-equation resdfté? there is very good
(15 agreement between the self-consistent rate-equation results
and the KMC simulations for both the island and the mono-
For example, on a square lattice, for a monomer there ar er densities. We note that in the rate equations we assumed

: : : that islands with sizes=3 are stable, which corresponds to
four next-nearest-neighbor sites at a distaneg @nd four P ' :
next-nearest-neighbor sites at a distane2. Equation(15) g};gﬁi&ﬁ fulgg%eiﬁ dt%z dg.;”?,'fgff f gpi?:é)é -:—thﬁ;;agteaelzn
then leads tdR;=4a(1+v2)/(6+ ). A similar calculation o

: ___previously showf™?” that on a triangular lattice the islands
has been done for the small unstable islands on both triar); y 9

. _ emain fractal in the absence of two-bond detachment.
gular and square lattices. We note that the radius values ob- \ia have also calculated the effective exponent

tained from Eq.(15) are not significantly different from the =d(In N)/d(In F) using our self-consistent rate-equation ap-

previously mentioned _Valuagszsllfjf- However, the use of r5ach as a function of the crossover scaling variablas

the correct value ofng in Eq. (13b) is of crucial importance  ghown in Fig. 2. Also shown are previously published KMC
for the correct estimate of the escape rates for the restricta@sylt22 hoth with and without edge diffusion. For compari-
pair-bond model and is theoretically consistent with 84)  son, we have also included the standard RE results, as well
only if the radius is redefined as in E(L5). For larger is-  as RE results using capture cross sections appropriate for the
lands, for which both corrections iRy and detachment are irreversible casé’ but without a self-consistent calculation
negligible in our model, the usual expres$bR,=sdf was  of the escape rates. As can be seen, while there is very good
used along with the continuum approximation=27R;. agreement between the self-consistent RE results and KMC
simulations, the other RE approaches significantly underesti-
mate the crossover temperature. The improved agreement of
the self-consistent RE approach shows clearly that the corre-
A. Triangular lattice geometry lation between attachment and detachment rates, as ex-

Fi 1 sh tpical its for th ressed in Eq(13b), is the key factor in obtaining correct
\gure 1 Snows typical resufts Tor the average monomet. 15 \we note that the valuesrgf, R, andY, used in the

density and total island densitgorresponding to the density pe oqyits shown in Fig. 2 correspond to typical values for
of clusters of size 2 or largeras a function of coverage metal (111) deposition'2

obtained using our self-consistent RE approach for the re- \ile our self-consistent rate-equation results jagree
stricted pair-bond model on a triangular lattice correspondingye|| with the KMC simulation results, in the limit of largé

to growth on a metal100) surface. The results span a range(y~1cf) they appear to slightly overshoot the classical
of values of the crossover variabYe= rf’zR as well as of the  value y=1/2 corresponding to=2. Similar behavior can be

critical island size ranging from=1 toi=2. Also shown are  observed in the RE results corresponding to a variable cap-
KMC simulation results with the same parameters for theture cross section without self-consistent detachnfaashed

Re= et 72"

IV. RESULTS
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FIG. 2. Island-density scaling exponept=d(In N)/d(In F) as a sl
function of the scaling variablér=r3?R on a triangular lattice. 0re TR

Filled symbols correspond to KMC results wilh,=0 (no edge-

diffusion), open symbols correspond to KMC results widh=Dy,

(rapid edge diffusion The solid line corresponds to the self- 9

consistent RE prediction, the dashed line to the standard RE with

variable capture numbers, and the dotted line to the standard RE FIG. 3. KMC (solid line§ and RE(dotted line$ results for the

with constant capture numbers. island density(a) and for the monomer densitp) as a function of
coverage for different values of the scaling varialflen a square

line) although not for the standard RE resultiotted ling. ~ 'attice for the case of no edge diffusio{=0). From top to
The most likely explanation for this is the existence of loga-Potom: r1=10 % R=10° (Y=4.6); r;=10", R=10" (Y
rithmic_corrections which arise in the self-consistent rate-~460); 11=10"*, R=10" (Y=4600).

equation approaéfl but which are effectively screened due
to correlations. For larggR=D,,/F these corrections are
very small (as can be seen from Fig) 2nd vanish in the
limit of infinite R. However, given the smallness of the over-
shoot it is also possible that slight numerical inaccuracies
that arise in the integration of the self-consistent rate equa-
tions for largeR may play a role.

0 005 01 0.15 0.2 025 0.3

B. Square lattice geometry

Figures 3 and 4 show similar results to those in Fig. 1 for
the case of reversible growth on a square laftcerespond-
ing to growth on a meta(100) surfacq both for the case
without edge diffusion(Fig. 3) as well as with rapid edge
diffusion (Fig. 4). The results span a range of values of the
crossover variabléY :r§13R ranging from smallY (corre-
sponding ta =1) to largeY (corresponding tdé=3). In this
case, the fractal dimension used wds=2.0 since even
without edge diffusion the islands are compact due to detach-
ment. As can be seen in Fig. 3, for the case of no edge
diffusion there is excellent agreement between the self-
consistent RE predictions and the KMC results. We note that T
the fluctuations observed in the KMC results are due to the el
very low monomer density that leads to poor statistics. Also 0 002 0.04 006 0.08 0.1
shown(Fig. 4) are the results obtained for the case of rapid
edge diffusion. In this case the island density is somewhat 0
overestimated by the RE, although the monomer density is g, 4. KMC (solid lineg and RE(dotted lines results for the
still well predicted”® island density@) and for the monomer densityp) as a function of

We note that for the RE results shown here we have ascoverage for different values of the scaling variaiflen a square
sumed that islands with four or more atoms are stable. Thigttice for the case of rapid edge diffusioB {=D,,). From top to
is a good approximation for the case with rapid edge diffu-bottom,r;=10"%, R=10" (Y=2); r;=10"%, R=10° (Y=200);
sion since in this case any atom that attaches to an island cap=10"%, R=10° (Y=4600).

<n >
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0.6 For comparison, Fig. 5 also shows the standard RE results
with constant capture cross section, as well as RE results
using capture cross section appropriate for the irreversible
case but without a self-consistent calculation of the escape
rates. In contrast to our self-consistent RE results, these re-
sults show a very poor agreement with the simulations.

Therefore, we conclude again that the improved agreement is
due to the use of a self-consistent calculation of the

attachment/detachment rates for small islands.

0.5

LI L B

0.4

s d v b b b v biaan

V. CONCLUSIONS

0.3 Ll ™y vl vovind vl vl vl

10! 10° 10' 10* 10° 10* 10° We have used a self-consistent rate-equation approach to
study a model of submonolayer growth that is relevant to
r 18R low- and intermediate-temperature meted0) and(111) ho-
1

moepitaxy. We have also studied the crossover behavior in

FIG. 5. Island-density scaling exponeptd(In N)/d(in F) as a  the island density as a function of temperature for this model.
function of the scaling variabl¥=r1%R on a square lattice. Filled Good agreement was found with KMC simulations for both
symbols correspond to KMC results wib,=0 (no edge diffu- the monomer and island densities as well as for the island-
sion), open symbols correspond to KMC results with=D,, (rapid ~ density scaling exponeny for both triangular and square
edge diffusion. The solid lines correspond to the self-consistent RElattices. This is in contrast to previous approachésat gave
predictions with higheD,/F for small Y (upper curv¢ and lower  poor agreement for both the island and monomer densities
Dy /F for smallY (lower curve. The dashed line corresponds to the and greatly underestimated the transition temperature.
standard RE results with variable capture numbers, while the dotted Of key importance in obtaining good agreement with the
line corresponds to RE results with constant capture numbers.  KMC simulations was the use of a self-consistent calculation
I,of attachment and escape rates. Such a calculation implicitly
surprising that we find good agreement for both the castPKeS into account short-range correlations between attach-
without edge diffusion andwith edge diffusion. As previ- ment and detachmenF processes. This Iegds to a “correction
ously noted in Ref. 29 this appears to be due to the fact thd@ctor os/ms that multiplies the microscopic detachment rate
while monomers that attach to an island may detach in th@nd gives the reduced effective escape rgté.*" We note
case without edge diffusion, they are very likely to quickly that such a factor is equivalent to the heuristic correction
reattach to the same island at a stable binding site and so dactor already used in Ref. 22. In our case, the “correction”
not lead to a significant modification of the rate equationsfactor was obtained by a careful counting of the total number
We note that in our calculations we also considered the case, of microscopic paths for attachment to small clusters.
in which detachment from islands of sizes 5 and 7 was alAlso important was a redefinition of the effective island ra-
lowed (see Appendixsince for these island sizes at least onedius R, as expressed by E¢L5) in order to satisfy the cor-
atom may detach. However, this led to results that were natect boundary condition in the limit of no detachment.
significantly different from those already shown. While our results indicate that the self-consistent rate-

We have also used our self-consistent rate-equation ageguation approach gives significantly improved results for
proach to calculate the exponeptis a function of the cross- average quantities, the predicted island-size distributions
over scaling variabl¢f as shown in Fig. 8% The parameters ng(¢) remain in poor agreement with simulation restfts.
used were again chosen to be typical for meth00  This is similar to what has been previously observed for the
deposition” In particular, we have included two RE curves, case of irreversible attachmefitAs pointed out in Refs. 20,
one corresponding to smalD,/F at low temperatures 22, and 18, this appears to be due to the existence of corre-
(vo/F=5%x10" E,=0.4eV, Ey=0.2eV, 200KT lations that modify the size dependence of the capture num-
<350 K) the other corresponding to a higher valueDgf/F bers o4 although the average capture numlagf, remains
for the same value off (vo/F=10% E,=0.45eV, Ey unchanged. Such correlations have so far not been properly
=0.6 eV, 380 K<T<700 K). As can be seen, for largé  taken into account using a rate-equation formulation, al-
(corresponding to high temperaturdkere is very little dif- though in Ref. 18 the size dependence of the capture cross
ference between the two RE curves. However, for the smabectionos was measured for a point-island model with irre-
Dy /F case the effective value gfis lower for smallY (low  versible attachment and compared with the corresponding
temperaturethan the expected value of 1/3 due to the factself-consistent rate-equation prediction. The neglect of such
that the corresponding,,/F values are not in the asymptotic correlations may also be the origin of the slight overshoot in
scaling range. Also shown are previously published KMCthe value ofy observed for largey.
results fory (Ref. 22 both with and without edge diffusion. In summary, our self-consistent calculation has led to sig-
As for the triangular lattice, there is now very good agree-nificantly improved predictions for the average monomer
ment between the self-consistent rate-equation results ardensity, island density, and crossover scaling behavior in a
KMC simulations, although again there appears to be thenodel of metal(100) and(111) homoepitaxy. This suggests
possibility of a very slight overshoot in the value gffor  that a similar approach may be a useful tool in the study of a
very largeY. variety of other systems.

immediately find a stable binding site. Therefore, it is rathe
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