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Non-Ostwald coarsening of the GaAs„001… surface

Wolfgang Braun, Vladimir M. Kaganer, Bernd Jenichen, and Klaus H. Ploog
Paul-Drude-Institut fu¨r Festkörperelektronik, Hausvogteiplatz 5-7, D-10117 Berlin, Germany

~Received 16 December 2003; published 9 April 2004!

We study the coarsening kinetics of the two-dimensional island/pit morphology on the GaAs~100! surface
after deposition of a fractional layer using grazing incidence x-ray diffraction. We find that the correlation
length l (t) increases asl (t)}tn, with n in the range 0.7–1.3. For spinodal decomposition~coverage 0.5!, we
observe linear recovery. Our observations do not fall into the known universality classes of conserved coars-
ening kinetics, the Lifshitz-Slyozov diffusion-limited kinetics (l}t1/3), or the Wagner attachment-limited ki-
netics (l}t1/2), and therefore cannot be explained by Ostwald ripening. We present experimental results on the
coverage, temperature, and orientation dependence of the coarsening rate.

DOI: 10.1103/PhysRevB.69.165405 PACS number~s!: 68.43.Jk, 61.10.2i, 81.15.Hi
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I. INTRODUCTION

A system brought into a nonequilibrium multidoma
state, e.g., by a phase transition in a solid, evolves to incre
the size of its individual domains to minimize the interfac
energy. If the fractions of the phases are conserved,
coarsening proceeds by detachment of atoms from sm
islands and attachment to larger islands. This proces
called Ostwald ripening. The kinetics of Ostwald ripening
well studied. For reviews, see Refs. 1,2. Remarkably enou
the time evolution is found to be the same in both th
dimensions~3D! and two dimensions~2D!, and it is indepen-
dent of the details of the system under consideration.
mean domain sizel (t) follows a power law,l (t)}tn, with an
exponentn51/3 for diffusion-limited kinetics3 and n51/2
for attachment-limited kinetics.4

The classical theory of Ostwald ripening was origina
developed for low coverages.3,4A number theoretical studies
computer simulations, and experimental investigations h
demonstrated its applicability to arbitrary coverages. It
well established that a single mechanism of coarsen
Ostwald ripening, is dominant in the whole range of cov
ages from 0 to 1, resulting in a coverage-independent t
exponent. A number of publications on Ostwald ripening
devoted specifically to the case of spinodal decomposi
~coverage 0.5!. Let us discuss a few examples.

Marqusee and Ross developed a time scaling scheme
applied it to the diffusion-limited case of Ostwald ripening
show that the coarsening exponent is 1/3, independent o
volume fraction in 3D.5,6 Marqusee extended this result
the diffusion-limited case in 2D, showing that the coarsen
exponent remains 1/3.7 Mullins derived the results startin
from the assumption of statistical self-similarity, without th
need for geometrical simplifications or mean-fie
approximations.8 Zheng and Gunton included pair correl
tions and showed that the growth exponent remains 1/3
though the island size distributions are strongly affecte9

Rutenberg and Bray derived the time exponents through
energy-scaling approach, again confirming an exponen
1/3 in 2D.10

Huse11 and Roland and Grant12 investigated Ostwald rip-
ening in the case of 2D spinodal decomposition using Mo
Carlo simulations, obtaining exponents approaching 1/3 fr
0163-1829/2004/69~16!/165405~7!/$22.50 69 1654
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below at late times. Yaoet al. studied Ostwald ripening both
analytically and by numerical simulations, finding coarse
ing exponents of 1/3.13 Sagui and Desai study the modifica
tion of Ostwald ripening by long-range interactions for fra
tions up to 0.4 in 3D, both analytically and by simulations14

The growth exponent is always below 1/3. The recent le
set calculations by Petersenet al.15 also reproduced the 1/3
time exponent.

Experimental studies of heteroepitaxial fractional oxyg
layers on tungsten by Tringideset al.16 and Wu et al.17

showed a time exponent of less than 1/3 for different cov
ages between 0 and 1. For 0.5 monolayers~ML ! of Cu on
Cu~100!,18 growth exponents close to 1/4 are foun
Krichevsky and Stavans studied 2D Ostwald ripening in t
layers of succinonitrile with coverages up to 0.54, obtain
an exponent of 1/3.19,20Experiments with Langmuir films by
Seulet al.21 gave a growth exponent around 0.28 for a co
erage of 0.25. Jolyet al. found classical Ostwald ripening a
the late stages of spinodal decomposition in 2D, both exp
mentally in copolymer thin films and using a qualitativ
model.22 Studies of a system close to the current study,
temporal evolution of homoepitaxial 2D islands on Si~100!
by Theiset al.23 and Barteltet al.,24 found the detachment
limited case of Ostwald ripening with a time exponent of 0

The growth conditions in molecular-beam epitaxy~MBE!
are usually adjusted so that adatoms can move over
distances and nucleate two-dimensional islands when
meet. During continuous growth, the islands grow, coales
and form a continuous layer on which the next layer of
lands nucleates. This process is called layer-by-layer grow
In a diffraction experiment, layer-by-layer growth leads
oscillations in the diffracted intensity for diffraction cond
tions that are sensitive to interference between the be
scattered from different layers. If growth is interrupted a
noninteger layer coverage, the diffracted intensity recov
and the surface returns to its initial state before deposition
is natural to expect that the recovery proceeds by Ostw
ripening. We would expect a coarsening exponent betw
the limiting casesn51/2 andn51/3, or somewhat below if
the recovery is slowed down, for example, by impurities.

In the present study, we show that the coarsening of
islands or pits on the reconstructed GaAs(100)b(234) sur-
face proceeds in a qualitatively different way: we obse
©2004 The American Physical Society05-1
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coarsening exponents aroundn51, which means that the
mean island size increases approximatelylinearly in time
with lateral growth rates around 0.1 nm/s. The experime
verification of this result is based on the direct determinat
of the mean island/pit sizel (t) from the widths of the x-ray
diffraction peaks with a simultaneous consistency check
ing the total integrated intensity. We also determine the c
erage, temperature, and in-plane anisotropy of the coarse
rate.

II. EXPERIMENT

The measurements were performed at the PHAR
beamline at the synchrotron BESSY II in Berlin~Germany!
in a combined molecular-beam epitaxy/6-circle surface
fractometer system dedicated to thein situ x-ray scattering
analysis of III-V semiconductor growth;25 1 mm thick on-
axis GaAs~100! epiready substrates were used. We adjus
the substrate temperature to the center of the stability ra
of theb(234) reconstruction for a rather low As4 pressure,
which was necessary to avoid excessive coating of the
x-ray windows. This resulted in somewhat lower grow
temperatures around 530 °C instead of the widely u
580 °C. Nevertheless, the growth conditions are represe
tive for GaAs MBE, which is demonstrated by the presen
of strong intensity oscillations due to layer-by-layer grow
with low damping,26 in agreement with an earlier study usin
organometallic vapor-phase epitaxy~OMVPE!.27

The height of an elementary step on a GaAs~100! surface
is half of the bulk lattice period. This feature of the zin
blende structure allows us to perform measurements in a
nar grazing incidence—grazing exit geometry.26 The cubic
GaAs unit cell is formed by two layers that are shifted by

relative translationt5a@0 1
2

1
2 #, where a is the bulk lattice

period. A single surface step hence also implies an in-pl
translation ofa/2. The same translation applies to the reco
structed cells on the terraces. Therefore, a reflectionQ
5(2p/a)@hkL# contains a phase factor of exp(iF) between
the structure amplitudes of the two terraces, whereF5Q•t
5p(k1L). In a reflection with oddh andk, the phase factor
F5p ~destructive interference! is obtained in-plane atL
50 for terraces separated by single surface steps. In o
words, we detect the different terraces by thea/2 lateral dis-
placement of the lattice planes instead of their vertical d
placement. The 1 3 0 reflection is one of the stronges
surface-sensitive in-plane reflections and is therefore u
for most of the measurements used in the present study.
incidence and exit angles were just below the critical ang
L50.05.

III. COARSENING AT HALF-LAYER COVERAGE

Figure 1~b! shows the recovery of the diffracted intensi
in the 1 3 0.05 reflection after the deposition of 0.5 ML
GaAs. The intensity drops rapidly after deposition as a re
of the destructive interference between the two layers of
half-covered surface. The subsequent slow intensity incre
is due to the lateral growth of 2D islands/pits: the number
2D islands/pits which coherently contribute to the diffract
16540
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intensity decreases as their size approaches the resolutio
the instrument. The relative contribution of destructive int
ference therefore decreases. Finally, the island size exc
the resolution limit and each island contributes incoheren

Additional information about the island coarsening can
obtained fromv scans~rocking curves! measured during the
recovery, Fig. 1~a!. The v scans are obtained by stepwis
rotation of the sample about its normal. Each scan takes
proximately 75 s. Thev steps are chosen nonuniformly, wit
a smaller spacing near the center of the peak, allowing u

FIG. 1. ~a! v scans of the 1 3 0.05 reflection during recover
after the deposition of 0.5 ML of GaAs. The time at each cur
refers to the acquisition of the point at the maximum. The brok
line below the top curve is anv scan of the bulk reflection 220 use
to determine the resolution. The curves are Voigt function fits to
experimental data. The curves are shifted vertically for clarity.~b!
Time dependence of the peak intensity. The thin black line is
measured peak intensity. Note the initial drop from a value of 2
cps prior to deposition. Circles are the peak intensities obtai
from the v scans during recovery in an independent growth r
The thick gray line is a fit to Eq.~2!. ~c! Time dependence of the
integrated intensity obtained from the Voigt fits.~d! Time depen-
dence of the correlation lengthl 52/Dq obtained from the FWHM’s
Dq of the Lorentzian components of the Voigt fits. The smalle
measured values forl are around 10 nm. Here, as in all subsequ
figures, the measured intensity is normalized to a storage ring
rent of 100 mA and the background is subtracted. The subst
temperature is 530 °C, the As/Ga flux ratio during deposition is
and the deposition rate is 0.2 ML/s.
5-2
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NON-OSTWALD COARSENING OF THE GaAs~001! SURFACE PHYSICAL REVIEW B69, 165405 ~2004!
accurately determine the shape both of wide peaks at
beginning of recovery and of narrow peaks as the peak sh
approaches a stationary state. The measured peaks are
volutions of an intrinsic peak profile due to islands~or, more
generally, surface relief! with the instrumental resolution
function. The latter function is obtained by interpolating b
tween the peaks of the 200, 220, and 400 in-plane b
reflections.25 The v scan of the nearest 220 reflection is i
cluded in Fig. 1~a! as a broken line. The peak shapes of bu
reflections are close to Gaussian. We therefore use a Ga
ian resolution function with the full width at half maximum
~FWHM! 0.0155 °. The corresponding x-ray coheren
length isl c5360 nm. We find that the measuredv scans are
well fitted if we choose a Lorentzian for the intrinsic pe
profile. Hence, we fit the measured intensities to a convo
tion of a Lorentzian and a Gaussian, which is the Vo
function.28 The Voigt function is used here in the same w
as it is usually employed in spectroscopy:29 the Gaussian
width is determined by the instrumental resolution and m
sured in an independent experiment, while the Lorentz
width is fitted. Then, the number of fit parameters is the sa
as for a single Lorentzian or a single Gaussian fit to
measured curve. We compare these fits and find that V
function fits of the surface reflections give smallerx2 values.
We therefore conclude that the intrinsic peak profile
Lorentzian, which indicates an exponential correlation fu
tion of the 2D structure on the surface. At the coverageu
50.5 we consider here, a coherent peak is absent and
Voigt function completely describes the peak shape.

The stationary peak profile measured after sufficien
long recovery gives a mean terrace size of 450 nm, wh
agrees withex situatomic force microscopy measurements26

We can determine terrace sizes larger than the coher
length because the width of the resolution function is kno
and any additional contributions to the peak width can the
fore be separated. The ability to resolve features larger t
the coherence length therefore depends on the accurac
the raw data. In our case, we additionally benefit from
Lorentzian terrace peak differing in shape from the Gauss
resolution function. The broader wings at its base incre
the contrast between the two contributions, allowing an e
more reliable separation. The reproducibility of the measu
ments is demonstrated in Fig. 1~b!, where the intensity
maxima obtained from thev scans~circles! are compared to
the peak intensity measured in an independent growth
~black curve!.

The measurements were performed with a detector ac
tance of'1 °, much larger than the widths of thev scans in
Fig. 1~a!. The integrated intensity of a reflection in our me
surement is therefore the total intensity of the reflection. A
cording to the kinematical theory of scattering, it is prop
tional to the total number of unit cells contributing to th
scattering. Analyzing a surface requires that the surface
construction does not change, which means that the struc
factor does not change. For our case, this was shown
previous study by analyzing the shape of the crystal trun
tion rods during growth.26 Since the illuminated area is con
stant and the penetration depth is fixed by the constant i
dence angle of the primary beam, the integrated intensity
16540
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to be constant. This is proven by Fig. 1~c!, showing that the
integrated intensities obtained from the Voigt fits do n
change in time. Hence, the constant integrated intensity v
fies that we collect all of the relevant intensity. In particul
there is no very broad peak at the beginning of the meas
ment that we miss due to our finite scanning interval. Fig
1~d! presents the correlation lengthl (t)52/Dq(t) obtained
from the FWHMDq(t) of the Lorentzian component of th
Voigt fits shown in Fig. 1~a!. The linear time dependence o
the correlation lengthl (t) on time t is clearly evident from
the plot. This is the main result of the present paper. T
mean size of the 2D islands/pits increases with a cons
rate ofdl/dt50.11 nm/s.

The evolution ofl (t) can also be derived from the tim
dependence of thepeakintensityI (t) during the initial stage
of recovery. The integrated intensity of a Lorentzian peak
I5(p/2)I (t)Dq(t). ExpressingDq(t) through the correla-
tion lengthl (t), we have

l ~ t !5pI ~ t !/I. ~1!

Knowing that the integrated intensity is constant, we obt
l (t)}I (t). For a coverage of 0.5, a measurement of the p
intensity is therefore equivalent to a measurement of the
convoluted FWHM of the peak.

At later times, the peak intensityI (t) deviates from the
linear dependence because of the finite resolution of the
fraction experiment. The peak intensity of the Voigt functio
taking into account the resolution, is

I ~ t !5I 0exp@~ l c/2l !2# erfc~ l c/2l !. ~2!

Here, erfc(x) is the complementary error function,I 0

5I l c /(2Ap) is the peak intensity maximum correspondin
to scattering from infinitely large domains, andl c is the x-ray
coherence length. In the limit ofl ! l c , we retrieve Eq.~1!.
The gray curve in Fig. 1~b! is a fit to Eq.~2! with l (t)}t.

IV. COVERAGE DEPENDENCE

We have also studied the dependence of the recovery
netics on the coverage of the top layer. Since the recover
1 ML coverage is fast,26 this coverage serves as a convenie
and precise reference point. We therefore varied the dep
tion times between 0.5 and 1.5 ML instead of between
and 1.0 ML. Figure 2~a! shows the evolution of the pea
profiles after depositing 0.73 ML. Now, the initial peak in
tensity is higher, since the deposited fractional layer cov
more than half of the surface. The measured peak profiles
fitted to curves consisting of two components:30 a constant
resolution-limited coherent contribution represented by
thin solid line and diffuse scattering from 2D islands d
scribed by the previously used variable-width Voigt functio
~broken lines!. The correlation lengths obtained from th
Lorentzian components of the Voigt functions for differe
coverages are shown in Fig. 2~b!. The coarsening rates sho
a distinct asymmetry. The adatom islands~top layer coverage
u,0.5, which is the deposition of more than 1 ML in ou
experiment! coarsen faster than the pits~advacancy islands
u.0.5). Figure 2~b! indicates that not only the coarsenin
5-3
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BRAUN, KAGANER, JENICHEN, AND PLOOG PHYSICAL REVIEW B69, 165405 ~2004!
rates but also the time exponents depend on the coverage
exponents are larger than 1 for island coarsening (u,0.5)
and less than 1 for pit coarsening (u.0.5). Our current ex-
perimental data are not sufficiently accurate to further a
lyze the coverage dependence of the exponent. The expo
varies between 0.7 and 1.3. The exponent obtained in sev
growth runs for a coverage ofu50.5 is equal to 1 with an
accuracy better than 0.05. The initial slopesdl/dt obtained
from the data in Fig. 2~b! are collected in Fig. 2~c!. The
coarsening rate practically diverges at 1.0 ML coverage,
which we see a complete recovery within as low as 2031

This is practically instantaneous on the time scale of F
2~b!.

V. TEMPERATURE DEPENDENCE AND ANISOTROPY

The coarsening process strongly depends on the subs
temperature, see Fig. 3~a!. For these data, the temperatu

FIG. 2. ~a! Time dependence of the diffraction profiles durin
recovery after the deposition of 0.73 ML of GaAs. For coverag
Þ0.5 ML, an additional coherent contribution~thin solid line! is
present.~b! Time evolution of the correlation length obtained fro
fits to diffraction profiles for different coverages. The coarsen
ratesdl/dt ~c! as well as the exponents depend on coverage. Isla
grow faster than pits.
16540
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range is varied within the stability range of theb(234)
reconstruction. We measure the peak intensities and fit th
to Eq. ~2!. The integrated intensitiesI are obtained fromv
scans performed prior to each run. Linear coarsening is
served at all three temperatures. The coarsening ratesdl/dt
obtained at different temperatures are shown in an Arrhen
plot in Fig. 3~b!. The slope of the linear fit yields an activa
tion energy of 1.6 eV.

Measurements in different directions along the surfa
yield an anisotropic coarsening rate, Fig. 4. Normalizing
peak intensitiesI (t) to the integrated intensitiesI, Eq. ~1!,
we find that the coarsening is approximately two tim
slower in the 3̄10 reflection, compared to the 130 and 1
reflections. The coarsening ratesdl/dt are plotted in a polar
diagram in the inset of Fig. 4 for the three measured dir
tions ~empty circles! and the ones related by the symmet
operations about the 110 and 110̄ axes~full circles!. The
shaded rectangle serves as a guide to the eye. Note that tv
rocking scans probe the orderingperpendicularto the scat-
tering vector. The Miller indices of a reflection therefore d
fer from the corresponding vector in the polar diagram. T
coarsening rate in the@11̄0# direction is about twice the rates

ds

FIG. 3. ~a! Time dependence of the peak intensities after de
sition of 0.5 ML GaAs at different temperatures. The gray lines
fits using Eq.~2!. ~b! An Arrhenius plot giving a coarsening activa
tion energy of 1.6 eV.

FIG. 4. Time dependence of the peak intensities in differ
in-plane directions normalized by the corresponding integrated
tensitiesI; 0.5 ML GaAs is deposited at 530 °C. The curves a
shifted both vertically and horizontally for clarity. The gray line
are fits using Eq.~2!. The inset shows a polar plot of the measur
coarsening ratesdl/dt in real space. Empty circles denote the me
sured values and full circles correspond to the ones obtained

reflections about the@110# and @ 1̄10# symmetry axes.
5-4
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NON-OSTWALD COARSENING OF THE GaAs~001! SURFACE PHYSICAL REVIEW B69, 165405 ~2004!
along @110#, which agrees well with the anisotropic island
observed by real-space methods.33–35The island aspect ratio
of 2 does not change in time, since the growth proceeds
constant rate.

VI. DISCUSSION

Our experimental results disagree with classical Ostw
ripening in two decisive points: first, we observe coarsen
exponents well above 0.5; second, we observe an expo
tial correlation function of the islands/pits on the surface.

The coarsening kinetics of 2D islands on t
GaAs~100!b(234)-reconstructed surface does not fall in
one of the classes of conserved coarsening kinetics.1–4 The
exponentn51 obtained in our x-ray diffraction experimen
is unexpectedly large. The deviation from the expected
havior therefore cannot be attributed to imperfections. S
imperfections could explain exponents below the expec
values since they would most probably slow down the coa
ening process. Instead, our values are too high. It is a
worth noting that as we approach the original validity ran
of the classical Ostwald model at low coverages, the co
ening exponent deviates to even larger values above 1
stead of approaching the expected values. The observed
crepancy with classical Ostwald ripening can therefore
be explained by an attempt to apply a model well outside
validity range.

We have used the same type of measurements and
processing in an investigation of the nonconserved coar
ing kinetics of surface reconstruction domains
GaAs~100!.31 The measurements were performed in part
the same samples in alternating sequence with the o
shown here. The diffraction conditions were the same,
fering only in the choice of fractional-order~superlattice!
reflections instead of the integer reflections used in
present work. We found coarsening exponents distin
smaller than in the present study,n50.2260.05 and n
50.4260.05. This indicates that the island coarsen
mechanism is qualitatively different from reconstruction d
main coarsening on the same surface.

The adatom islands~top layer coverageu,0.5) coarsen
faster than the pits~advacancy islands,u.0.5). This is pos-
sibly due to a larger adatom attachment energy at conc
steps ~pit boundaries! compared to convex steps~island
boundaries!. In addition, we do not expect mobile advaca
cies on the surface. Material transport in the case of
coarsening should therefore also take place by adatom
gration. This implies that atoms moving from one pit to t
next have to detach from the pit edge to the terrace surrou
ing the pit, a process that may be energetically more exp
sive or may have a smaller rate than detachment into the

The various models of coarsening typically produce v
ues for the time exponent that are fractions of small integ
It is therefore remarkable that we observe a coarsening
ponent very close to 1 atu50.5, deviating systematically to
larger values for lower coverages and smaller values
higher coverages. We speculate that this may be relate
well to the curvature of the steps~island/pit boundaries! on
the surface. For coverages somewhere below 0.5, the ave
16540
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curvature of the steps~adatom island boundaries! on the sur-
face is positive~convex! and somewhere above 0.5~adva-
cancy island boundaries! it is negative~concave!. The limit-
ing case in between has similarities with a~stretched!
checkerboard pattern, and the steps on average are stra
We therefore speculate that we do not have two compe
processes with time exponents above and below 1 that c
cidentally balance to 1 atu50.5, but instead a single proces
with a curvature dependence. This process atu50.5 may
constitute another generic or limiting case similar to the
and 1/2 time exponents of classical Ostwald ripening.

The activation energy of 1.6 eV we find for the coarseni
process agrees with the activation energy of 1.58 eV for a
tom diffusion on the GaAs~100! surface obtained from re
flection high-energy electron diffraction oscillations.32

Diffusion-limited Ostwald ripening, however, results in a
exponent of 1/3, even below the 1/2 expected for
attachment/detachment-limited case. It is therefore not o
ous which elementary process is characterized by this a
vation energy.

A constant growth rate is typical for crystal growth from
supersaturated solution, in which the shape of the cry
approaches a self-similar shape.38 This is consistent with the
results shown in Fig. 4. In such a scenario, however, a
ervoir of Ga atoms is needed to provide the supersatur
surrounding for the growing islands. If we continue grow
past the fractional coverage in our experiment, we obse
layer-by-layer growth with a constant period in the diffra
tion signal.26 Therefore, the deposited Ga atoms are incor
rated into the growing GaAs crystal and it is unlikely that
Ga reservoir is established from the atoms supplied by
Ga beam. If such a reservoir existed anyway, we would
serve a change in coverage during recovery. However,
fits are consistent with a constant coverage, see Figs.~a!
and 2~a!.

In our fits to the diffraction profiles, we consistently ob
tain Lorentzian peak profiles. This is a remarkable res
since it implies an exponential island/pit distribution, som
thing which is not expected for classical Ostwald ripenin
The universal size distribution3 of Ostwald ripening is
sharply peaked at the mean island size, which would lea
split diffraction peaks with a peak separation comparable
the peak width, in contradiction to our observations.

In this context, it is worth to compare our results to t
previous x-ray studies on Ag homoepitaxy39,40 and on the
growth of GaAs by OMVPE.27 These studies measure th
peak profiles during deposition and find side maxima au
50.5 during growth. This is not necessarily contradicti
our results, since the surface kinetics during growth
dominated by nucleation and coalescence instead of coar
ing. The time scale for this process is three to four orders
magnitude smaller than the recovery studied here. It is th
fore likely that nucleation and coalescence are governed
mechanism different from the one at work during coarseni

One may think that kinetic limitations due to the lo
growth temperature destroy the island-island correlati
typical for Ostwald ripening in our experiments, thus leadi
to the observed unsplit peak profiles during recovery. We
however, working in a regime where we observe strong d
5-5
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fraction oscillations with low damping if we continue grow
past the fractional coverages discussed here.26 This means
that we have almost perfect layer-by-layer growth with hi
surface mobility. Fuosset al.27 found a similar behavior in
OMVPE growth: the oscillations with low damping persi
down to 520 °C substrate temperature, where the growth
comes limited by the incomplete cracking of the precurs
leading to an increased period of the oscillations. To ve
that the deposition kinetics do not affect our results, we h
also studied the recovery after growing several layers, s
ping growth at 8.5 ML coverage instead of 0.5 ML. We o
tain the same exponentn51 in both cases. Both the OMVPE
study on GaAs as well as the works on Ag homoepitaxy
not follow the recovery long enough to deduce a coarsen
exponent. The initial recovery data shown, e.g., in Fig. 1
Ref. 27 are sufficiently similar to our results, not to rule o
linear recovery for OMVPE as well. One has to keep
mind, though, that the unknown kinetics of the precur
decomposition at the surface as well as significant flux tr
sients, especially at the termination of growth, complicat
direct comparison of OMVPE with MBE experiments.

The classical theory of Ostwald ripening is based on
very limited number of assumptions and therefore descr
a wide range of systems. This is most probably the reason
its universal applicability. On the other hand, this means t
there is not much room for modifications of the model
produce larger exponents. One of the results of the theor1–4

is the existence of only one relevant length scale in the s
tem, which in our case would be the average island size.
have already seen that a peaked island size distribution is
present in our experiments. The theoretical models ass
that the chemical potential difference inside and outside
island is proportional to the curvature of the island bound
~Gibbs-Thompson pressure!. It is not obvious why this as-
s
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e-
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sumption should not be true in our case. The crystal gro
of compound semiconductors, however, differs from t
growth of elemental semiconductors in that the chemical
tential of at least one of the constituent elements can
pinned. In the case of GaAs MBE, this is done by fixing t
As4 pressure. This has been suggested as a possible re
for the unexpectedly large density of adatoms observed
the GaAs~100! surface.36 The equilibrium with the As4 beam
may modify the energy of adatom detachment from the s
edge,37 but there is no obvious reason why this should aff
the coarsening exponent. Apart from that, the activation
ergy of 1.6 eV obtained in the present work is notab
smaller than the activation energy deduced in these ada
density studies.36,37 The fact that a coarsening exponent
1/2 is observed for Si~100! ~Refs. 23,24! may indicate, how-
ever, that the mechanism responsible for linear coarsenin
specific to compound crystal growth.

VII. SUMMARY

In conclusion, the coarsening kinetics of 2D islands/p
on the GaAs(100)b(234) reconstructed surface does n
fall into one of the universality classes of conserved coa
ening kinetics,1–4 showing distinctly larger time exponentsn
from 0.7 to 1.3. The exponent is remarkably close to 1
half-layer coverages. Since the most closely related sys
2D epitaxial islands on Si~100!,23,24 has been shown to yield
n51/2, we speculate that the origin for this exotic behav
is specific to compound semiconductor growth.
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