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The surface structures and growth kinetics of InG2001) are studied. It is well known that during
molecular beam epitaxy GaN surfaces undergo a smooth to rough transition when the growth
condition is switched from Ga rich to N rich. It is found here that indium atoms have only a small
effect on this transition when deposited on GaN(0QOiut when deposited on G&abD0) the

indium acts as a surfactant and greatly extends the regime of smooth growth. Near the smooth/rough
transition of InGaN0001) growth, a bright v3Xv3 reconstruction is observed at growth
temperature. The formation kinetics of this reconstruction are studied in detail. Scanning tunneling
microscopy and total energy computations are used to study the structure of(B8BANsurfaces

under metal rich conditions. Indium is found to occupy the top two atomic layers of the crystal; its
incorporation in the second layer produces significant strain, leading to the formation of small pits
on the surface and increased indium concentration inside and around the piEO0@AmMerican
Vacuum Societyf.S0734-211X00)07004-9

[. INTRODUCTION In. Furthermore, we observe the formation of an array of
small pits(vacancy islandson the surface.

InyGa;_xN alloys have recently attracted great interest Thjs article consists of three parts. First, we present a
because of the successful development of InGaN/GaN basefétailed study of the effect of indium atoms on the GaN
blue light-emitting devices and lasers, where InGaN is usedurface morphology. It is well known that during molecular
as the active layerWhile the growth of high quality mate- pheam epitax(MBE) growth of GaN the surface undergoes
rial and fabrication of devices have been successful, fundasmooth to rough transition when the growth condition is
mental understanding of the growth, structure, and luminesswitched from Ga to N ricA-8 Here, we find that indium
cence mechanism is far from complete. Issues such agtoms have only a small effect on this smooth/rough transi-
indium compositional fluctuatioAsand an apparent surfac- tion when deposited on GaN(OEleut when indium is
tant effect due to indiuri were investigated recently. These deposited on Gaf000)) the gallium flux can be reduced
issues are explored here by an extensive study of the surfa@@eaﬂy before the growth becomes rough. Second3a
structure and growth kinetics of InGaN. X3 reconstruction is observed during InG@Q01) growth

The basic surface structures discussed here are illustrateggy the smooth/rough transition point. This reconstruction
in Fig. 1, for the limit of very In-rich conditions. Figurd  thys serves as a useful real-time indicator during growth of
shows the previously determined structure for the N-polafyhen the morphology is near the smooth/rough transition,
INnGaN(000) surface, consisting of a monolay@iL ) of In and we have studied the formation kinetics of the reconstruc-
bonded to a GaN bilayérFor less In-rich conditions this tion in an effort to determine its structure. Finally, In-
monolayer contains a mixture of In and Ga. For the Ga-polaGaN0001) surfaces under metal rich conditions were stud-
INnGaN(0001) surface, prior theoretical studies indicate thatied using scanning tunneling microscop$TM) and total
the surface consists of either a single ML of In in the top-energy computations. We find that the indium atoms occupy
most layer, or one ML in the top layer plus another ML in the top two surface layers. Based on theoretical results for
the second layet.The latter case is illustrated in Fig(t).  the surface structures, we argue that strain arising from the
Following the notation of Ref. 5 we refer to these layers agpresence of In in the secori83) layer leads to the formation
Al and S3, as indicated in Fig(l). As discussed below, we of small pits on the surface. Inside, and at the border of the
find that the S3 layer is actually only partially occupied by pits, the surface concentration of indium is found to be larger

than that far from the pits, which may lead to inhomoge-
3Electronic mail: feenstra@andrew.cmu.edu neous indium incorporation in the bulk film.
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Il. EXPERIMENT k]

The studies described here were performed in a combined = 1N _
MBE/surface analysis system. The growth chamber contains s, smooth (b)
gallium and indium effusion cells, a rf-plasma nitrogen  lsmooth ™. | Ga—polar
source, and a reflection high energy electron diffraction
(RHEED) system. GakD001) was grown on Si-face 6H-— I’OUQM. .

SiC(000)) substrates, with the polish damage removed by % 1 3 3
hydrogen etching.After the hydrogen etching, the substrate ¢a flux (10 em=%s7")

was introduced into the growth chamber and outgassed up to _
the temperature of 800°C. A few monolayers of Si Weref'G- 2(-6‘5”10""?”%‘%?“”a'“?l'“o” da) g_oo?jl)_ faget(r']\‘ po'a'?_a”d<tb) (g,og])t t

. ce (Ga polay. Nitrogen flux was fixed in both experiments. Substrate
deposned onto the Suorface gnd the substrate W_as then atﬁmperature was 600 °C. Experimental data are shown with dots, each with
nealed to about 1000 °C until & Xv3 reconstruction wWas an error bar. A dashed line is shown in each figure for comparison denoting

obtainedt® GaN was directly grown on this surface at growth the line with constant total metal flux. To the right of the transition lines
temperature of 670°C. GaN(0OOplwas also grown at (S°idlines the growth is smooth.

670 °C, on sapphire substrates, with pregrowth nitridation ofndium coverage are made on the basis of both STM images
the substrate performed at 950°C and using a lowand Auger measurements, with the Auger results mainly be-

temperature GaN buffer layer grown at 500°€ollowing  ing used to add confidence in the interpretation of the STM
the GaN growth with typical thickness of 200 nm, the sub-images.

strate temperature is lowered to 600—-630 °C for the InGaN

deposition. Typical growth rates for the GaN and InGaN ard!l- RESULTS

200 nm/h. Gallium and indium flux rates were calibratedA. Effect of indium on the smooth  /rough transition
with an in situ crystal thickness monitor. The nitrogen .
plasma source was operated at a power level of 550 W antd Dgtr_lng ’;ABE grOWt?h OI GaN, :]he surfhacle undehrgoe?ha
pressure of 1.8 10 °Torr. The substrate temperature was ransition irom smooth 1o rougnh morphology when he

g . . _ B 8
measured by an optical pyrometer with emissivity set to b rowth condition is switched from _Ga o N_”@h' I was
0.7. After growth, the sample was quenched to room temprewously observed that the material has high quality when
o ' rown in the smooth regim@it is therefore important to

perature, and transferred under vacuum to the analysis cha . . .
ber for STM and Auger study. The base pressures of th etermine the smooth/rough transition point for GaN and
) nGaN. It has been reported that indium atoms serve as a

growth and analysis chambers were in the ¥ orr range. tactant. keeping th th in th th . h
Auger spectroscopy was measured with a Perkin—EImej” actant, keeping the growth in thé smooth regime when
I

15-255G system. The amount of indium on the surface i he ga'lg“m flux 'S slightly re'duced aiﬂeat? tlhe(:strsnsmon
determined from the indium/nitrogen peak—peak intensity ra- X OWEVEr, Inour prior gro ot In%allon

tio as measured by the Auger spectroscopy. From the knowf#@N(000), such a surfactant effect was not observed. In-
bonding arrangements for In on the surfa@g. 1), using stead we found that indium atoms had little effect on the

electron mean free paths and atomic sensitivity factors obsmooth/rough tran;mo?’?, possibly due to the different po-
tained from Ref. 11, and using the bulk indium compositionlarity of GaN used in that case. In this work, a detailed study
obtained from x-ray diffraction(XRD) measurement, the IS carried out on the_smooth/rough transition of InGaN
amount of indium on the surface can be evaluated from growth on both the (00Qland (000 faces.
measured ratio of In 404 eV to N 379 eV Auger lines. How- We find a dramatic difference in the smooth/rough behav-
ever, when we apply this procedure to a surface for whichior between the (0001land (000)) faces, as shown in Figs.
the indium composition was confidently known from STM 2(a) and 2b), respectively. For both experiments, the nitro-
images’ the computed result from Auger data gives only gen flux was kept constant. Then, a certain indium flux was
about half of the expected value. The origin of this discrep-applied, and gallium flux was adjusted to find the smooth/
ancy is not well understood at present. Nevertheless, we feebugh transition point. For comparison, dashed lines in Fig. 2
that arelative measure of the indium surface concentrationshow where the total metal flux (indiuhgallium) is con-
between different samples should still be reasonably accustant. Figure @) shows that for the (0@1}‘3_(;9, even when
rate, and that type of procedure is used here in evaluating |arge indium flux is applied, the gallium flux can only be
surface coverages. In any case, our final determinations @&duced slightly before the growth becomes rough. In con-
trast, for the(0001) face, it is found that when the indium
JVST B - Microelectronics and  Nanometer Structures
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flux is applied the gallium flux can be greatly redudbg an
amount considerably greater than that of the added indium
flux) before the growth becomes rough. Thus, indium serves
as a surfactant for th@©001) surface.

While this contrast between the effect of indium atoms on

the surface morphology of th@001) and (000) faces is
dramatic, it is also important to realize that in order to incor-
porate indium into the bulk the gallium flux must be lower
than the transition flux of gallium in the absence of"
indium**®*Roughly speaking, the reason for this condition is
that indium atoms tend to segregate to the surface so th&Ponding to different amount of gallium atoms on the sur-

when there is enough gallium the indium atoms do notf@ce, with the 1 most gallium rich and 22 most gallium
incorporatel_‘]' Therefore, in order to grow InGaN with Sig_ def|C|ent(th|S 2X 2 reconstruction is different than the two

2X 2 structures mentioned in the previous paragraph, since it
r;s observed only during growth interruptsSince thev3

XV3 reconstruction appears only when the gallium flux is
reduced to near the transition point, we expect that there are
not multiple Ga layers on the surface, so a first guess of the
structure is an adlayer of indium with3 X v3 structure on

Another implication of this surfactant effect on traoo) 1P Of @ gallllurrf1f termInGatEI:\IleaN surface. Thus, Irlll'our flrrs1t
surface is that more nitrogen must desorb from the surfacSXpe”hment%_? ort, a i ayer ¥;/as grofwn n _?r? ium t];IC
when the gallium flux is greatly reduced in the presence ofrowth conditions to obtain a flat surface. € suriace

indium, since the growth is stoichiometric and now the totalsuowe?] a ki rleconstrL;]ctiondas usm;al when ocoofled down.
metal flux is lower than that during GaN growth without Then the sample was heated to about 730°C for 90 s to

indium. This increased desorption could come about either agesorb the excess gallium. The surface then showed a faint

a result of higher nitrogen surface diffusivity or higher nitro- ex2 r((jacons.trugnon Whﬁ_n coo]led down. Thefn indium a}toms
gen surface concentration, where in both cases the nitrog ere deposited onto this surface up to a few monolayers

_ 5 H
atoms have more chance to meet and form molecules a ,MLN_ 1"}4X‘1f01 atoms/crﬁ). with a raée of %'Sd_z. ML/h
then leave the surface. In GaN growth, it was found thafnn- Mo 3Xv3 reconstruction was observed during the

nitrogen accumulation leads to a higher diffusion barrier and!€POsition. The same process was repeated with indium
hence rough growthHowever, as will be shown in the next deposition carried out at Fhe_ grqwth temper_atu_re, and again
part of this article, with a nitrogen rich3 X v3 reconstruc- nov3Xv3 was observed, indicating that the indium adatoms

tion the growth can still be smooth, which implies that in- ©1 the gallium layer model is incorrect.

dium lowers the diffusion barrier even when the surface has Base‘?' on the above_ results, it appears tha’? nitrogen may
high nitrogen concentration. play an important role in th&3Xv3 reconstruction. So for

the next attempt, the nitrogen plasma source was turned on

when indium was deposited and this time ¥&xXv3 ap-
B. V3X {3 reconstruction on the  (0001) face peared very quickly. The same result ogcurred when indiqm

was deposited during the GaN growth if the growth was in

During plasma-assisted MBE of GaN, reconstructions arghe nitrogen rich regime. For the latter case, it was found that
rarely observed at the growth temperature. Some groupgev3xv3 was clearly seen when about 1/10 ML of indium
have reported a 22 reconstruction during growth, al-  was deposited, and the intensity of the reconstruction was
though we have found previously that this structure is due tgnaximum when about 1/3 ML of indium was deposited. If
the presence of arsenic atoms in the growth environtfient the gallium flux was not too small, so that in the presence of
(for growth using ammonia a different, intrinsic<2 struc-  an indium flux the gallium flux is well above the smooth/
ture occurs™). For the case of InGaN growth on t#@001)  rough transition point, then the intensity of the reconstruction
face, we observe a brighf3 X v3 reconstruction(in the ab-  will gradually decrease and finally disappear when more in-
sence of arsenjat the growth temperature. This reconstruc-dium is depositedconsistent with the observation that the
tion is observed when the Ga flux is near or below the trany3 x v3 can persist only near or below the transition ppint
sition point between rough and smooth growth, in thealso, when GaN is grown in the gallium rich reginfeith-
presence of indium. Figure 3 shows the correspondingut indium, then deposition of indium atoms does not lead
RHEED pattern, which is a 8structure when viewed along to v3xv3 reconstruction. Thus, N-rich conditions are re-
(1100) azimuth and X structure along (11@) azimuth. quired for the formation of th&3xv3 structure. In the ex-
We have varied the growth conditions and surface stoichitreme case, the3 X3 reconstruction was found to persist

ometry in an effort to determine the geometric structure ofwhen the nitrogen plasma is kept on but both the gallium and
this reconstruction. For reference, various reconstructions oimdium fluxes were off. Also, if indium atoms were deposited
GaN(0001) at room temperature are well understdBdhere  onto the GaN surface when the nitrogen plasma source was
are “1Xx1,” 6 X4, 5x5, and 2<2 reconstructions corre- off (producing no/3Xv3 reconstruction subsequently turn-

Fic. 3. RHEED pattern of/3 X v3 reconstruction{a) a 3X structure when
ewed along (100) azimuth andb) a 1X structure along (11@) azimuth.

nificant indium content, growth on the (000face must oc-
cur in the rough growth regime whereas it can take place i
the smooth regime for théD001) face. Since one generally
desires smooth morphologymplying faster surface diffu-
sion) during growth, we conclude that th®001 surface
appears to be better suited for high quality InGaN growth.

J. Vac. Sci. Technol. B, Vol. 18, No. 4, Jul /Aug 2000
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other films with similar growth conditions we estimate the
indium content in the bulk to be 1%-2%. The surface was
known from Auger measurements to contain-0®™2 ML of
indium. From prior theoretical work we expect the possible
presence of surface structures containing In atoms either in
the top surface layer or in the top two layérss illustrated in
Fig. 1(b). In Fig. 4@), we see in the lower part of the image
a region of uniform X1 corrugation. We assign the struc-
ture of this region as having indium only in the top layer, and
we refer to this structure as the “Al phase.”The bright cor-
rugation maxima observed elsewhere in the image we at-
tribute to In atoms in the S3 layer, since the height of the
observed bright maxima, typically 0.2 A above the nominal
height of the X1 region, is consistent with theoretical result
of 0.30 A for the change in surface height induced by a
second layer indium atom as discussed in the following sec-
tion. The small black pits appearing on the surface appear
dark (lower surface heightfor both positive and negative
sample bias voltage, indicating that they are some type of
surface vacancy island. The pits dot grow with time, but
rather, they have an equilibrium diameter of 10-20 A. The
depth of the smallest pits seen in Fig. 2 is typically 0.7 A, but
this value is probably limited by the shape of the STM probe
_ o tip. For the larger pits we find a depth of 2.0 A, indicating
F'%‘ 24MLSTM image of InGak000Y surface: (&) surface containing 0.9 1ot 4t least one layer of atoms is missing from the surface.
+0. of indium. Image was acquired at a sample voltage-@f25 V, . o . .
and with tunnel current of 0.075 nA. Gray scale range is 0.5 A. DifferentIn surface regions containing the pits, we find 15%—-25%
surface regions are labeled Al and A33. (b) Surface containing 1.4 indium occupation of the second layer. As discussed in the

*+0.2 ML of indium, acquired at sample voltage 6f2.0 V and tunnel eyt section, we believe these pits form to relieve the strain
current of 0.075 nA. The entire surface consists of ther&838 structure. A

split gray scale is used, with separate terraces shown on the right- andfduced by incorporation of indium in the second layer. In-
left-hand sides of the image. A gray scale range of 2.4 A is used for bottdeed, as can be seen from Figay these pits are closely

terraces. related to the presence of indium in the second layer.
Figure 4b) shows a STM image obtained from an In-

ing on the nitrogen plasma source will make #&xv3 GaN000)) film grown with similar fluxes as that in Fig.

reconstruction appear and persist. All these experiments afk®: Put with slightly lower growth temperature of 600 °C.
carried out at the growth temperature, which was around he bulk indium content of this sample is about 4%, and the
600 °C. surface indium coverage is ¥0.2 ML. In this case surface

In summary, we find that the3 X v3 reconstruction forms ~fegions containing pits cover practically the entire surface,
under N-rich conditions, and it contains about 1/3 ML of With average separation between pits of about 40 A. We refer
indium atoms. It appears to consist of a structure involvingio this surface phase, containing pits and partial occupation
indium and nitrogen atoms, on the gallium terminated GaNof indium in the second layer, as “AdS3.” The higher
surface(depending on the relative indium and gallium pres-coverage of pits in this sample with higher indium surface
ence on the surface, some indium atoms can go into theoncentration is consistent with the conclusion that pits are
gallium layep. It is worth noting that growth can still be related to the indium incorporation in the second layer.
smooth with the nitrogen ric3 X v3 reconstruction, imply- Another important feature seen in Fig(aftis that the
ing relatively low surface diffusion barriers for this structure. indium concentration in the second layer is higher around

pits than that far from pits. This inhomogeneous surface in-
C. STM results of InGaN (0001) surfaces under metal dium concentration may contribute to the formation of the
rich conditions widely observed indium compositional fluctuation in the

Scanning tunneling microscopy has been used to study tH!/K InGaN=*? Instead of forming from bulk properties, the
structure of the InGal000)) surface, as shown in Fig. 4. indium compositional fluctuation could be grown in from the

The film shown in Fig. 4) was grown at 610 °C, with Ga inhomogeneous surface, produced by the processes of in-
and In flux rates of 1.%10" and 4.8<108cm2s7%, re-  dium surface segregatibnand formation of a strained sur-

spectively, well above the smooth/rough transition line. Thisface layer due to lattice mismatch between InN and GaN.
particular film was too thin to conveniently determine its This strain is large because the indium surface concentration
indium composition from XRD, but by comparison with is much higher than its bulk concentration.

JVST B - Microelectronics and  Nanometer Structures
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D. Theory and discussion 5 . . . .2 "
The results of the previous sections are all closely related = [ Hn = (k)

to the structure of the INnGaR001) surface. In this section ‘:’ 3r 7/4

we will review some previous theoretical work on the struc- & ot

ture of the INnGaN0001) surface as well as summarize recent E 1L 6/4

theoretical results that support our interpretation of the STM :,;c,” ol 5/

images. We will also discuss the relationship between the w /

surface structure and the expected diffusion mechanism for 1L s s ! L

nitrogen on the In-covered surface. -20 -15 1.0  -05 0.0
Previous theoretical studies of the InGAR0J) surface Foa (V)

Were performed in O_rder to gain an unde.rStandmg of mdlun]:le. 5. Results of total energy computation for INnGANO0Y) surfaces with
induced morphological changes occurring on @901 various indium coverages, computed using &2 unit cell. In all cases
surface®?° In those studies it was shown that under condi-there is 1 ML of indium in the top layefthe A1 laye}, with the remaining
tions leading to very high concentrations of indium in theindium residing in the second layéhe S3 layer.

films, the(000J) surface would be close to a structural insta-
bility, and that near the core of threading dislocations inter-

secting the surface it would be energetically favorable tollnear elasticity theory the surface energer 1x 1 cel) of

— ) o the various AH-S3 surface structures can be written as
form (1011)-faceted inverted hexagonal pyramids in order 5
to reduce strain energy associated with the dislocation. Of E(®)=Ea +(Ejnt+ucad® +Ejpn®°.

course, in the present case the pits seen in the films are muﬁbre,EAl is the surface energy of the 4/4 ML structuig,
smaller and are not associated with dislocations; they are g4 the energy cost to incorporate a single In atom into the S3
intrinsic feature of the indium induced surface reconstruciayer (for wea=0¢eV), and E,,_,, is the In—In interaction
tion. Nevertheless, the results of the previous investigationgnergy arising from overlapping strain fields. Using the cal-
also provide guidance for understanding the origin of thesy|ated surface energies we obtdip=0.86eV andE,
smaller pits seen in the present work. A key idea emerging- .46 eV. Higher order contributions i@ are an order of
from that work is that the energy of indium surface segregamagnitude smaller. The large positive valueEf implies
tion is comparable to the cost of forming the surface itself. Ithat In can be incorporated into the S3 layer only for very
other words, the incorporation of indium into either the bulk ga-deficient conditions hoe<—0.86€V). For uca
or the S3 layefFig. 1(b)], where it makes either four or three - _( 86 eV it costs energy to incorporate even a single iso-
compressively strained bonds with nitrogen atoms, competggted indium atom into the S3 layer. Over a large range of
energetically with morphological changes that allow the in-chemical potentials+£ 0.86 V< ug,<0 eV) the Al phase is
dium to be incorporated in sites where it makes fewer, buthe energetically preferred structure. We believe this is the
less strained, In—N bonds. In the case of the large invertedx 1 structure that is seen over large areas of the surface for
hexagonal pit formation, the indium is incorporated onto theyne |ow In-content film discussed in the previous section.
(1011) surfaces of the pits where it makes one or two In—-NThe atomic structure of the Al phase is indicated schemati-
bonds. In the present case we believe that the edges of thwally in Fig. 6a).
pits in the AH-S3 phase exhibit sites where the indium at-  The positive value foE,,_,, is indicative of an effective
oms are bonded to just one or two nitrogen atoms, and theepulsive interaction between the In atoms that arises be-
driving force stabilizing the formation of the pits is the re- cause it becomes progressively more difficult to relax the
laxation of the surface strain associated with the indium ateompressive strains as more indium is added to the second
oms incorporated into the S3 layer. It is essential that theéayer. Thus, with increasing In coverage the repulsive In—In
energy cost of forming the pits is sufficiently low so that the
combination of pit formation and the resulting strain relief is
energetically favorable. @O 040 e O+
Total energy calculations performed for a set of five struc- 3 IUO A 3
tures having between 0 and 1 ML of indium in the second
layer establish that there is a significant amount of strain 1
induced by substitution of indium for gallium in the second
layer. These calculations were performed in>a2 unit cell L -
and the second layer contained 0, 1, 2, 3, or 4 indium atoms. Ota oN On x (1010)

In all cases the top Iayer consists entlrely of indium. WeFIG. 6. (@) Schematic model of the Al phase. The distance between the

denote the structures in this set by specifying the total insecond layer gallium atoms and the first layer indium atoms is 2.70 A. The
dium coverage; thus the 5/4 ML structure contaifs distance between the layer 3 nitrogen atoms and the layer 2 gallium atoms is

=1/4 ML of indium in the second Iayer and 1 ML of indium 0.68 A. The bond angl@lzg is 110°.(b) Schematic model of the 5/4 ML

. . . . structure. A vertical corrugation in the top layer is caused by the partial
in layer 1(the Al _Iayeif. Ois the, indium coverage in the S3 occupation of indium atoms in the second layer. This corrugation, is
|ayer: The energies of t_hese five .StrfJCtL!reS are plOt_ted as 37,=0.30A. The distance between the layer 3 nitrogen atoms and the
function of the Ga chemical potential in Fig. 5. Assuming thelayer 2 indium atoms ig;—z,=0.98 A. The bond angl@,,5is 117°.

5

z (0001) !
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interaction makes the In incorporation less and less favorGaN it is found that the gallium flux can be reduced greatly
able. In this model the gallium chemical potential has to bebefore the growth goes to rough.v8 X v3 reconstruction is
reduced to values belowg,= — (Ej,+2E,,_n)=—1.78eV  observed at the growth temperature. It forms and is stable
in order for all the S3 sites to be occupied by In atoms. Thatunder N-rich conditions. It likely consists of a structure con-
the In—N bonds are compressively strained, even in the 5/taining indium and nitrogen atoms, residing on a gallium
ML structure, can be seen by analyzing the atomic structurgerminated GaN surface. INnG&001) surfaces under metal

In particular we note that the G&—In bond angled,,3de-  rich conditions were studied using STM and total energy
fined in Fig. &b) is 117° for the 5/4 ML structure. This angle computations. Indium is found to occupy the top two atomic
increases to 119° for the 8/4 ML structure. The optimal valudayers of the crystal; incorporation in the second layer pro-
for an unstrained system would be the tetrahedral anglejuces significant strain, leading to the formation of small pits
109.5°. Moreover, the In—N bond length is 2.13 A for the 5/40n the surface. It is found that the indium concentration in-
ML structure and 2.09 A for the 8/4 ML structure. In calcu- side and around the pits is higher than that far away from the
lations for bulk InN we find the In—N bond length to be 2.17 pits, which offers an alternative origin for the development
A. All these results indicate the existence of compressiveof the compositional fluctuations in the InGaN bulk.

strain, even for the low coverage 5/4 ML structure, and pro-
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