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Growth of GaSe ultrathin films on Si(111) substrates analyzed
by the x-ray standing-wave technique
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The epitaxial growth of very thin GaSe films on HEBL1), 7X 7-Si(111), andv3Xv3 Ga-S{111) has been
investigated using the x-ray standing-wave technique. The interface structure was found to be identical what-
ever the Si111) surface preparation used and consists of a GaSe half-layer. Ga atoms are covalently bonded
with Si top atoms and are located Tnsites. Beyond the interface, the growth proceeds layer by layer and not
atomic plane by atomic plane. Moreover, the first complete layer above the interface is almost completely
relaxed with respect to the Si substrdt80163-18207)07143-9

I. INTRODUCTION of the interface structure, two series of x-ray standing waves
(XSW's) experiments were conducted. The first series dealt

GaSe, a lamellar semiconductor studied for a long time, isvith H-Si(111), 7X7-Si(111), and Ga-Sil11) at submono-
currently under consideration for two purposes. layer gallium coverage to determine the interface structure in

(1) A renewal of interest occurred receﬁﬂ-’yfor the bulk  each case. The second series dealt with “thicker” samples
GaSe material, because of the large infrared transparenéinging from 1 to 3 Ga ML, one full Ga monolayer having
range (from 0.65 to 18um) combined with high nonlinear about 7.8% 10'* atoms per crh It is generally assumed that
optical coefficients[about 150 times more efficient than Only submonolayer adsorbates can be analyzed easily using
KDP]. Unfortunately, GaSe is a soft material with a moder-XSW, because of the rapid drop of the measured atomic

ate melting temperature. Nevertheless, epitaxial films on sfoherence due to multiple atomic sites. In this work, it will
can still be useful for some applications. be shown that valuable information on the continuation of

(2) The observation of epitaxy between lamell@D) growth.can be deduceq frpm a xXsw .experiment p.erformed
semiconductors;® despite strong lattice mismatches, led to on a thicker sample. This is possible, if the system is not too

hope that conventional semiconductémferred as 3D semi- complic_ated and if a sufficient number of parameters are
. ) : known in advance, especially on the submonolayer samples.
conductorg could achieve epitaxy by the means of the inser-
tion of a few 2D layers in between the 3D
semiconductor§-1° To check this hypothesis, the nature of
the interface between a 3D and a 2D semiconductor should A. X-ray standing waves technique
be determined. Specifically the question is to find out if the  gyme thirty years ago, Batternfdn* demonstrated the
interface is 2D or 3D-like, i.e., if it consists of weak or strong gyistence of XSW’s inside a perfect crystal during Bragg
interactions. If the interface is 2D-like, the so-called van dergjffraction. Further developpemefits® showed that the
Waals epitaxy®*%*'is obtained and the epitaxy between 3D xSw's also extend above the crystal and can be used to
semiconductors can be achieved via a 2D buffer. On thgocate the position of adsorbed atoms.
other hand, if the interface is 3D-like, the growth of a 3D  |n the Bragg diffraction geometry, the XSW nodes move
thin film on a 2D layer with a good quality will eventually from the diffraction planes to between the planes as the in-
fail. cidence angle is scanned through the reflection curve. By
In a previous work? we reported the structural analysis monitoring the fluorescence from adsorbed atoms as the
of GaSe thin films grown by molecular-beam epitdkMBE) ~ XSW moves, one can determine their positions relative to
on various Si111) surfaces. Using high-resolution transmis- the diffraction planes.
sion electron microscopfHRTEM), a well-defined_epitaxy If R(A ) is the x-ray reflectivity andV(A6) the relative
was found: GaS€01)/Si(111) and GaSEL0QJ//Si[110] for  phase of the diffracted beam with respect to the incident
H-Si(111, 7x7-Si(111), andv3xv3 Ga-S{11)) as well.  peam, the normalized fluorescence yield of the atomic spe-

We proposed a model of the interface where the Ga atomgies o, Y#(A 6) is written for symmetric reflection cases as
are covalently bonded to Si top atoms, and a GaSe half-layer

is grafted onto the $111) surface. Electron microscopy can- Y#*(A#)=1+R(A6)+2 \/R(Ae)FEcosDwPE—‘I’(AH)].

not confirm the model and another technigue has to be used. (1)
Two questions remain to be answeredl) Is the inter- . ) .

face structure the same for H(SL1), 7x7-Si111), and SinceR(A 6) andW(A6) are given by the dynamical theory,

V3XV3 Ga-S{111) surfaces? (2) What is the growth the only parameters aRaff and PE, the amplitude and phase

mechanism after the interface? of the Fourier coefficient of the atomic distribution of the
To answer these questions and get a detailed descripticatomic « species. They are related by

Il. EXPERIMENT

0163-1829/97/5@.9)/122967)/$10.00 56 12 296 © 1997 The American Physical Society



56 GROWTH OF GaSe ULTRATHIN FILMS ON %111 ... 12 297

N® _2imh-fi om M2

! i
FQGZin‘}_ EI=1e e
h n= N '

)

wherehi is the diffraction vectory; the position of atomy
with respect to the diffraction planell® the number of at-
oms of the species, andM; the Debye-Waller factor of the

jth atom of the speciea. The coefficientFE will hereafter

be referred to as coherent fraction and the coefficl@ﬁn

expressed between 0 and 1, will be referred to as coherent
position.

In the case of a perfectly ordered adsorbate on a unique
atomic site,FE is near 1 and?’ﬁ is a relative measure of the

1 GaSe [001]
® GaSe [100)

cystance between _the targete'd a_ltom and 'the neargst diffrac- a) Silike b) GaSe-like
tion plane. For a disordered distribution, still comporting one
unique atomic Sit§§ drops from 1 to O, giving the propor- FIG. 1. Schematic of a heterostructure between $hBaSe

tion of ordered atoms on the surface. If there is more thamolytype and Si. With the same stacking sequence, each layer, in-
one site, these numbers cannot be interpreted as simply atiiding the one near the interface, may have two different configu-

the values ofF¢ should be decomposed into two compo- raFions,_name_Iy,_ Si-likéa) or GaS(_a-Iike(b). Besi_des that from the
h . . ... . orientation within a layer, two different stacking sequences may
nents, one representing the order of the atomic d'Str'bu“O%ppear giving rise to four different heterostructures

and the other the site multiplicity. For a two positions case,

Fy is given by If one half-layer is present at the interface, it may present
those two different configurations that are determined with

' B the Se positiorisee Fig. 1. The Se may be in a site with no

_ ) o _ silicon atom in the Si layer underneath, like a Si itself in its

whereFg is the disorder contribution ranging from 1 t0 O strycture[Si-like structure, Fig. )] or may be like in the

andAPE the difference between the two positions measuredsaSe structure with one atom present in the underneath Si

along directiorfi. Even for a perfect sample wifhg near 1, layer[GaSe-like, Fig. tb)]. After this half-layer, the stack-

a low coherent fraction can still be measured if there is mord"d may have two directions. HRTEM observations clearly
than one site. The study of those coherent fractions in muldeémonstrated the existence of both stacking sequences in
tisite cases can lead to the knowledge of specific atomic pegdual proportions but cannot conclude if both orientations

sitions that cannot be obtained using coherent positions onl20SSess one single-layer configuration or two. .
The samples were prepared by MBE using a 2300 Riber

system® andin situ reflection high-energy electron diffrac-
tion (RHEED) observations were performed. The substrates

GaSe structures can be described as a stacking of layemsere 2-mm-thick 2-in.-diam $111) wafers polished on both
each layer consisting of four two-dimensional sheets of atsides. The surfaces were prepared using a modified Shiraki
oms in the sequence Se-Ga-Ga-Se. The layers are bondetkthod that leaves a clean H(BELD surface. X 7-Si(111)
together by weak van der Waals interactions while intralayersurfaces were obtained in heating the H1%il) samples up
bonds are of a covalent type. Different ways of stacking theo 750 °C.v3Xv3 Ga-S{111) were obtained in depositing
layers induce various polytype structures. For bulk GgSe, the Ga atoms at 450 °C, until a prop&xv3 surface recon-
type ande type with two layers per unit cell are commonly struction was seen on RHEED.
encountered(8,}” P6;/mmg a=3.75A, c=15.99A; ¢, The films were subsequently grown at a substrate tem-
P6m2, a=3.74 A, ¢c=15.89 A). Films grown on silicon perature of about 450 °C and with a Se/Ga flux ratio between
usually exhibit the y structuré® (R3m, a=3.74A, ¢ 8 and 9. The growth speed was about 11 A/mn. Shortly after
=23.86 A, with three layers per unit cgll the beginning of the growtf? to 3 seg, the original RHEED

If the silicon substrate is taken as reference, there aréeconstruction{1x1 H-Si, 7X7-Si orv3xv3 Ga-Sj faded
different ways to build the GaSe/Si heterostructure. Firstaway and was replaced by a1 reconstruction whose pa-
GaS¢100] may be parallel or antiparallel to [3il0]. This  rameter matches the Si parametex 1-Si). This reconstruc-
operation is a 180° rotation around the GaSaxis. These tion remains until about 40 sec growtbne GaSe layer cov-
two heterostructures have different stacking orientations anérage where the RHEED diffraction lines gradually move to
different layer configurations as well. The other two differenta 1X1 reconstruction with a lateral parameter close to the
heterostructures are obtained usin¢0@1) mirror operation bulk GaSe lateral parametét X 1-GaSg.
on the two previous heterostructures. This operation does not Six samples were studied for the present work. Four of
change the layer configuration but changes the stacking orthem grown on H-S1L11) will be referred to as b, H;, H,
entation. On the four found structures, two stacking orientaand H-Si; the two others deposited of3 Xv3 Ga-S{111)
tions are visible. For each stacking orientation, two configu-and 7x 7-Si(111) will be noted Ga-Si and X 7-Si.
rations of the layer are possible but have not been recognized As already reportedf air exposition induces a slow deg-
with HRTEM. radation of the films. To minimize this effect, the samples

- =2Fg|cog27AP})

B. GaSe structure and sample preparation
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TABLE I. GaSe coveragef;, Ga coverage deduced from fluorescence data and coherent
fraction measurement#®, , Ga coverage extracted from RBS experiments.

% Ga 6, (ML)
Sample lga(@.u) lsell ga % Ga 0; (ML) RBS RBS
Ga-Si 214@-180 1.970.15 52+7 0.9+0.1 49+9 0.9+0.1
7X7-Si 2815+ 220 1.660.20 48+ 8 1.2+0.1
H,-Si 4360+ 270 1.91-0.15 518 1.9+0.1 52+3 1.7+0.1
H,-Si 6920+ 330 1.710.15 48+ 8 2.9+0.1
H5-Si 7400400 1.98£0.15 52+7 3.1+0.2 51+3 3.4+0.2
were manipulated in a Milled chamber and a x-ray experi- ~ The Ga coveragé; is proportional tol g,. The propor-

mental cell, swept by a Nflux, was used during x-ray ex- tionality constant is evaluated using coherent fraction mea-
position. Under those conditions, film degradation occurs irsurements as seen in the next sectiynranges from 0.9 for
several days instead of a few hours when exposed in ambietfte thinner sample to 3.1 for the thicker.
atmosphere. We would like to point out the quite low reac- These values were cross checked for three samples with
tivity of the samples, as theirxd1 reconstructions seen by Rutherford back-scatteringRBS) elements dosage. As the
RHEED immediately appear upon reentry in the UHV cham-atomic number of Ga and Se are very close, the two RBS
ber after being exposed for several hours to ambient atma@lement peaks are difficult to separate, even using 2.2 MeV
sphere. Those properties were observed by other aithors. He; ions. However, the results are in good agreement for
both methods. The absolute reference of RBS dosage con-
C. Experimental setup firms the value of 0.9 Ga monolayer for the Ga-Si sample.
herefore, this sample will be used as a standard for the

The experiments were conducted on beamline D25B Ofnterface structure determination.

the storage ring DCI in LUREOrsay, Franceusing incident

beams ranging from 0.9 to 1.15 A, in order to obtain an

incident radiation near GA..19 A) or Se(0.98 A) absorption B. Ga fluorescence
edge. To obtain a beam of tunable wavelength, with little
energy dispersion, monolithic grooved four-reflection mono- . ]
chromators were uséd.The nondispersive setting requires A first series of XSW measurements was performed on
that each substrate reflection is recorded using a speciaIF\'ﬁe thinner samples in order to determine the interface struc-
designed monochromator using the same material and reflefdre. ) ) .
tion of the sample’s substrate. The XSW analysis can thus_ 1€ results are displayed in Table II. It shows the coeffi-
only be performed for a small number of reflectiairs our C|en'§sF _and P for the investigated reflec_tlor(q;)arallel 11_1
case, 111, 220, and 113 reflectinribhat is why we obtained and inclined 220 and 1)3The numben gives the order in

less information about the Se position than for the Ga usingvhich each experiment was performed; we will take this into
111 reflection, because the wavelength is too short and th@ccount to explain the loss of coherence due to non-UHV
Bragg angles too small to construct a monochromator tha@nvironment. The given errors vere calculated using the dls-_
fits into the monochromator chamber. Experimental and thePersion of measured fluorescence counts among each acqui-

oretical details about the XSW technique may be founos[tion. This_ error type arises from systematic shifts in the
elsewheré? piezoelectric rocking system. For these experiments, the

fluorescence counts were high enough to discard the standard

1. Interface structure

Ill. RESULTS AND DISCUSSION
TABLE Il. Coherent fractions and positions for the thinner

A. GaSe coverage films. Estimated errors are-0.01 for P and +0.02 for F. The
After XSW experiments, the x-ray fluorescence spectrurﬁmegem gives the order in which the experiments were conducted.
was recorded for five samples, apart from the reflectivity ”
curve, in order to obtain an x-ray fluorescence dosage. Thaurface

n Reflection  Pg, Fga Pse Fse

results are shown in Table I. The given Ga percentages welg, s; 1 111 0.88 063

calculated, assuming an infinitely thin atomic distribution, 2 220 003 0.70
the Se-Ga fluorescence counts ralti/l g, being, for the 3 117 089 040 021 044

50%/50% composition, 7% 7-Si 1 111 087 0.76
3 220 0.02 0.38 0.07 0.32

| usd NPk (S€  19310<0.597

_Se_ = =1.83. (4 2 113 012 067 0.08 0.44

lca mcdM)Pk (Ga) 12370<0.508 Ga-Si 1 111 0.89 0.95
- . 2 220 0.03 0.87 0.12 0.68
The K-shell fluorescence probabiliti® ratios were calcu- 3 113 015 038 010 034

lated using the approximation given in Ref. 22. The overall
absorption coefficients. were estimated using the Crorfigr  3Experiments performed using a less reliable two-reflection mono-
program. chromator at wavelength=0.89 A.
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FIG. 2. Ga-Si sample. Experimental data and fitted curves forthe unrelaxed %111) surface. This value is consistent with a

the Ga K, normalized fluorescence yield and x-ray reflectiiRy SFITGa4b0nd between a top Si atom and a Ga in Theite

111 reflection parallel to the interface=1.13 A. Deduced values (Fig. 4). .

areF$3=0.95+ 0.02 andP%3=0.89+ 0.01 It should be pointed out that, even underfix, a loss of
coherence of the film is detected between the first 1)

. ) ) ) . and the lastf=3) XSW experiment. However, taking into
statistical error, only leaving the dispersion error. The given

relative errors of 2% foF values and 1% foP values are
the biggest errors calculated for all the presented experi- L L L L B B L L BN B
ments.

a. Results for the Ga-Si samplEhe XSW spectra of this
sample are displayed in Fig. 2 for the 111 reflection parallel
to the interface and on Fig. 3 for an inclined 220 reflection.
For 111 reflection, the coherent fraction is near the theoreti-
cal maximum when thermal displacements of the Si surface

Normalized Fluorescence Yield

atoms are taken into account. This implies tHa): the Ga 10 1= N
site has a unique positio2) the distribution of the Gaat- = | 7
oms around the mean position is sharp edged, @hdhe
sample was not significantly degraded during the experi- - .
ment.
Using both parallel and inclined reflections, the Ga atoms
were located at 2.370.03 A above the top silicon atoms of 0.0 Liis =~ L (L.
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FIG. 3. Ga-Si sample. Experimental data and fitted curves for
the Ga and Se Knormalized fluorescence yields and x-ray reflec- FIG. 5. Experimental data for the Ga and Sg¢ Kormalized
tivity R. 220 reflection, A\=0.95A. Deduced values are fluorescence yields for ¢ H;, and H-Si samples(a) 111 reflec-
FS2=0.87+0.02 and P$4=0.03+0.01, F55,=0.68+0.02, and tion, \=1.13 A; a drastic evolution of the curve is observéu).
P>5=0.12+0.01 220 reflection\ =0.95 A; the curves shapes are very similar.
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TABLE lll. Coherent fractions and positions for higher GaSe
coverages. Estimated errors atd.01 for P and =0.02 forF. 6
represents the Ga coverage.

Sample n Refl Pgas Fga Pse Fse 6(ML)
H4-Si 1 111 076 0.29 1.9
2 220 0.02 054 009 041
3 113 0.14 045 011 0.32
H,-Si 3 111 063 0.30 2.9
1 220 002 035 007 031
2 113 0.14 0.29 0.12 0.23
H,-Si 1 111 0.65 0.25 3.1
2 220 003 032 006 024
3 113 0.15 0.23 0.15 0.14

account all experimental data, it appears that the degradation _ _ _ _
affects mainly the coherent fraction and less the coherent FIG. 6. Schematic drawing of a thin heteroepitaxy (
position. =3.0 ML). Ga, Sg, Gg, and Ga are the atoms starting from the

b. Results for the other thinner sampl&a-Si, 7 7-Si nearest to Si, their vertical positions are described in the text.

. . Ga . . .

anq I—b—SllsampIeS havg S|m|Iar.va}Iues. ﬂaﬁ COEffICIer_]tS In Using this relation, and taking only into account the first
all investigated reflections. This implies the same 'nterfaceexperiment 6=1) to limit the effect of the non-UHV envi-
structure, whatever the Si surface preparation. This is an imr‘onment, we obtain a minimal value for the Ga coverage
portant conclusion. It appears clearly that the epitaxy bepe yalyes calculated for the different samples are shown in
tween GaSe and @ill) is not a “van der Waals epitaxy” Tapje |iI. They agree rather well with those deduced from
but a “classical” pseudomorphic epitaxy. The results of theq,rescence and RBS experiments shown in Table I. There-
Ga-Si sample show a clear modification of the Ga atom§gre the assumption of noncommensurability is confirmed.
positions from the/3xv3 Ga-S{111) for the clean Si sur- Moreover, another feature of the GaSe growth can be ex-
face to the measured position. tracted from the XSW data. By using a value of 7.94 A for
the thickness of a GaSe layédefined in Fig. 1 and the
vertical position of Se(see Fig. 6 measured in Sec. Il C,

The second experimental series of XSW experimentshe vertical positions of Gaand Ga (also in Fig. 6 are 5.45
dealt with GaSe films of increasing coverages. The resultand 7.84 A. If those values are used to simulate the coherent
are summarized in Table Ill. As shown in Fig. 5, using theposition and coherent fraction of the Ga atoms for a film
111 parallel reflection the fluorescence yield changes witltonsisting of one half-layer plus an entire layer, it comes to
increasing coverage, whereas using the inclined 220 reflec-
tion it almost does not vary. Consequently with the parallel Fp €% ™Pi= § @208 ] 4 27 (784/3/5.43)
reflection, the XSW detect all Ga planes, while with inclined
reflection, only the interface plane is seen. This can be

achieved if, beyond the interface, the GaSe in-plane parame, . ¢ ula givesPS2=0.65 andF®=0.32, two values
eter is not commensurate with the Si surface parameter. Iner close 1o those félulnd 1.‘or the HSill(le—é 0 ,ML) sample
fact, this result strengthens the hypothesis of a GaSe half- y 3 v P

. P . (Table IV). If a variable coverage is considered, the calcu-
layer grafted on the Si surface. Indeed, if this half-layer |s( o Ga_ Ga_ i
strained, the upper layer should be relaxed due to the wedgted values ford=1.8 ML areP3;=0.76 andFy3;=0.34;

van der Waals interactions between those two entities. values very close to the experiment_al Oones. Finally, it ap-
This is confirmed by the%? values analvsis. Assumin pears a good agreement between simulations and observa-
IS : y o vVa ysIS. uming tions, especially for coherent positions.

such a relaxation, thEhga values, if they are equal for 220 This agreement gives the key to elucidate the growth
and 113 inclined reflections, are a direct measure of the Geode after the deposition of the interface half-layer. An en-
coverage. This is possible in this case, because the latertite layer in the sequence Se-Ga-Ga-Se is growing until the
positions for the upper layer can have any value and only theurface is covered. The growth does not proceed atomic
half-layer atoms contributes to tig; andPj; values. In this  plane by atomic plane.

case, the coherent fraction is simply

2. Growth beyond the interface

+e2i7r(5.45/§/5.43])]_ (6)

Ga _

¢ ¢ C. Se fluorescence
Fhkl#lll:/TO/E 50, (5 The key problem with the Se fluorescence is the determi-
nation of the Se position. As seen in the structural section,
wheref is the coherent fraction of the half-layer alone andthere are two possible options to place the Se atoms: Si-like
the numberV is the number of adsorbate atoms above theor GaSe-like.
surface divided by the number of coherent atdngss, the Ga A first analysis of the collected data reported in Tables I
coverage expressed in monolayers and Ill locates a Se atom on a vertical line running through
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TABLE IV. Comparison between experimental and calculated TABLE V. Fg, andPg values for 220 and 113 reflections as-

results.f; Ga coverage deduced from relati(s). suming variable proportions of Si and GaSe-like configurations.
Sample n Reflecion Pgy, Fga Pga Fca 0 % Si-like P35 F3% P Fiss
Experiment Model
85 0.12 0.79 0.08 0.79
Ga-Si 1 111 0.89 0.95 0.89 0.99<1 80 0.11 0.72 0.10 0.72
2 220 0.03 0.87 0.06 0.97 75 0.09 0.66 0.11 0.66
3 113 0.15 0.38 0.15 0.96 70 0.07 0.61 0.13 0.61
7X7-Si 1 111 0.87 0.76 0.87 0.75 1.1
2 ﬁg 8'23 8'23 8'22 g'gg tion. To do that vyill hopefully _induce .in some areas the
_ : : ' ' stacking of layers in the GaSe-like configuration. The calcu-
Hy-Si 1 111 076 029 076 034 18 |ated positions as a function of the Si-like configuration per-
2 220 002 054 006 054 centage are shown in Table V. The experimental values for
_ 3 113 014 045 015 053 each sample can be explained in assuming a different per-
Hy-Si 3 111 0.63 030 063 034 2.8 centage. Proportions are found to be 85/15 for the Ga-Si
1 220 0.02 035 0.06 0.34 sample, 75/25 for i#Si and H-Si, 70/30 for H-Si.
2 113 014 029 015 0.34 However, this proportion of another site occupancy at the
Hs-Si 1 111 065 025 0.65 032 3.0 interface cannot explain the bigger proportion of almost
2 220 003 032 0.06 032 50/50 for the two stacking orientations found by HRTEM or
3 113 0.15 023 0.15 032 by grazing incidence x-ray diffraction on thick€s and 7

ML) samples This implies that the stacking sequences may
start at the interface, perhaps with Si-like and GaSe-like half-
the center of the triangle formed by three Ga interface atomiyer configurations but also further due to the occurence of
whatever the Si surface preparation. stacking faults.

The vertical position of the Se atom is found to be 1.07 A
above the Ga interface atoms, distance shorter than in bulk IV. CONCLUSIONS
GaSe. This is not surprising, since the Ga triangle has been

expanded bY 2.6%, to match the Si surface parameter. If thf?‘;lce structure of the GaSe($11) heteroepitaxy to consist of
Ga-Se bonding lengths are kept constant, the Ga lateral ex-

. . " GasSe half- fted onto thgBil) surface. What
pansion lead to a Se theoretical position 1.08 A above the Gﬁ e ?nit(ieal 2urf2)(/:2r Srre?paera':i) (;]noi ed H ééisf)r ?S(e7_8i(<1':11el;/er
interface atom. The found position of 1.07 A is in good orv3xv3 Ga-S{111), the interface structure is the same. Ga
agreement with this model.

i . . atoms are covalently bonded with Si top atoms while upper

it Tge Ifattﬁ raI'ISef posmc;n ma\}\(;.fgﬁsihgt the lnte:facet;/]wtu tl?‘ e atoms occupy two different sites. Beyond the interface,

f' €s0 h elg' |l;:|ur_n Stﬁr ag.e'l.k : ]'f asstL_Jmp_:Ion,t teda' “the growth proceeds layer by layer and not atomic plane by

ayers shou € In the Si-ike connguration Hustrated In o, ;e plane. Finally, after the interface, the first entire Se-
Fig. 1. However, the Se distribution at the interface seem

licated: (1) Se lateral i deduced f Ga-Ga-Se layer is almost relaxed with respect to the Si sub-
more complicated: ( ) € lateral posilions deduced oM o aia ang the distance between the half-layer and the first
220 and 113 reflections do not cross check very well

. .‘complete layer is consistent with the bujkGaSe structure.
whereas there is a good agreement between those reflections P y

for the Ga interface atomg2) There is a large dispersion of
the measured positions, while there is almost no dispersion
for the Ga measurements. We would like to thank C. Cohen and F. Abel from the

One way to solve this dilemma is to introduce at the in-GPS (Universities Paris 7 and Paris 6, Jussieu, Frarfice
terface a proportion of Se atoms in the GaSe-like configuratheir kind help during the RBS measurements.

In conclusion, the XSW technique has shown the inter-
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