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Growth of GaSe ultrathin films on Si„111… substrates analyzed
by the x-ray standing-wave technique

A. Koëbel, Y. Zheng, J. F. Pe´troff, J. C. Boulliard, B. Capelle,* and M. Eddrief
Laboratoire de Mine´ralogie-Cristallographie, Universite´s Paris VI et Paris VII, CNRS URA009,

4, place Jussieu, 75252 Paris Cedex 5, France
~Received 8 April 1997!

The epitaxial growth of very thin GaSe films on H-Si~111!, 737-Si~111!, and)3) Ga-Si~111! has been
investigated using the x-ray standing-wave technique. The interface structure was found to be identical what-
ever the Si~111! surface preparation used and consists of a GaSe half-layer. Ga atoms are covalently bonded
with Si top atoms and are located inT sites. 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 substrate.@S0163-1829~97!07143-9#
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I. INTRODUCTION

GaSe, a lamellar semiconductor studied for a long time
currently under consideration for two purposes.

~1! A renewal of interest occurred recently1,2 for the bulk
GaSe material, because of the large infrared transpare
range~from 0.65 to 18mm! combined with high nonlinea
optical coefficients@about 150 times more efficient tha
KDP#. Unfortunately, GaSe is a soft material with a mod
ate melting temperature. Nevertheless, epitaxial films on
can still be useful for some applications.

~2! The observation of epitaxy between lamellar~2D!
semiconductors,3–5 despite strong lattice mismatches, led
hope that conventional semiconductors~referred as 3D semi
conductors! could achieve epitaxy by the means of the ins
tion of a few 2D layers in between the 3
semiconductors.6–10 To check this hypothesis, the nature
the interface between a 3D and a 2D semiconductor sh
be determined. Specifically the question is to find out if t
interface is 2D or 3D-like, i.e., if it consists of weak or stron
interactions. If the interface is 2D-like, the so-called van d
Waals epitaxy6,8,10,11is obtained and the epitaxy between 3
semiconductors can be achieved via a 2D buffer. On
other hand, if the interface is 3D-like, the growth of a 3
thin film on a 2D layer with a good quality will eventuall
fail.

In a previous work,12 we reported the structural analys
of GaSe thin films grown by molecular-beam epitaxy~MBE!
on various Si~111! surfaces. Using high-resolution transmi
sion electron microscopy~HRTEM!, a well-defined epitaxy
was found: GaSe~001!//Si~111! and GaSe@100#//Si@11̄0# for
H-Si~111!, 737-Si~111!, and)3) Ga-Si~111! as well.
We proposed a model of the interface where the Ga at
are covalently bonded to Si top atoms, and a GaSe half-la
is grafted onto the Si~111! surface. Electron microscopy can
not confirm the model and another technique has to be u

Two questions remain to be answered:~1! Is the inter-
face structure the same for H-Si~111!, 737-Si~111!, and
)3) Ga-Si~111! surfaces? ~2! What is the growth
mechanism after the interface?

To answer these questions and get a detailed descrip
560163-1829/97/56~19!/12296~7!/$10.00
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of the interface structure, two series of x-ray standing wa
~XSW’s! experiments were conducted. The first series de
with H-Si~111!, 737-Si~111!, and Ga-Si~111! at submono-
layer gallium coverage to determine the interface structur
each case. The second series dealt with ‘‘thicker’’ samp
ranging from 1 to 3 Ga ML, one full Ga monolayer havin
about 7.8331014 atoms per cm2. It is generally assumed tha
only submonolayer adsorbates can be analyzed easily u
XSW, because of the rapid drop of the measured ato
coherence due to multiple atomic sites. In this work, it w
be shown that valuable information on the continuation
growth can be deduced from a XSW experiment perform
on a thicker sample. This is possible, if the system is not
complicated and if a sufficient number of parameters
known in advance, especially on the submonolayer samp

II. EXPERIMENT

A. X-ray standing waves technique

Some thirty years ago, Batterman13,14 demonstrated the
existence of XSW’s inside a perfect crystal during Bra
diffraction. Further developpements15,16 showed that the
XSW’s also extend above the crystal and can be used
locate the position of adsorbed atoms.

In the Bragg diffraction geometry, the XSW nodes mo
from the diffraction planes to between the planes as the
cidence angle is scanned through the reflection curve.
monitoring the fluorescence from adsorbed atoms as
XSW moves, one can determine their positions relative
the diffraction planes.

If R(Du) is the x-ray reflectivity andC~Du! the relative
phase of the diffracted beam with respect to the incid
beam, the normalized fluorescence yield of the atomic s
ciesa, Ya(Du) is written for symmetric reflection cases a

Ya~Du!511R~Du!12AR~Du!F
hW
a
cos@2pP

hW
a
2C~Du!#.

~1!

SinceR(Du) andC~Du! are given by the dynamical theory
the only parameters areF

hW
a

andP
hW
a

, the amplitude and phas
of the Fourier coefficient of the atomic distribution of th
atomica species. They are related by
12 296 © 1997 The American Physical Society
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F
hW
a
e2ipP

hW
a

5
( j 51

Na
e2iphW •rW je2M j

a

Na , ~2!

wherehW is the diffraction vector,rW j the position of atomj
with respect to the diffraction planes,Na the number of at-
oms of the speciesa, andM j

a the Debye-Waller factor of the

j th atom of the speciesa. The coefficientF
hW
a

will hereafter

be referred to as coherent fraction and the coefficientP
hW
a

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

In the case of a perfectly ordered adsorbate on a un
atomic site,F

hW
a

is near 1 andP
hW
a

is a relative measure of th
distance between the targeted atom and the nearest dif
tion plane. For a disordered distribution, still comporting o
unique atomic siteF

hW
a

drops from 1 to 0, giving the propor
tion of ordered atoms on the surface. If there is more th
one site, these numbers cannot be interpreted as simply
the values ofF

hW
a

should be decomposed into two comp
nents, one representing the order of the atomic distribu
and the other the site multiplicity. For a two positions ca
F

hW
a

is given by

F
hW
a
52F0

aucos~2pDP
hW
a
!u, ~3!

whereF0
a is the disorder contribution ranging from 1 to

andDP
hW
a

the difference between the two positions measu

along directionhW . Even for a perfect sample withF0
a near 1,

a low coherent fraction can still be measured if there is m
than one site. The study of those coherent fractions in m
tisite cases can lead to the knowledge of specific atomic
sitions that cannot be obtained using coherent positions o

B. GaSe structure and sample preparation

GaSe structures can be described as a stacking of la
each layer consisting of four two-dimensional sheets of
oms in the sequence Se-Ga-Ga-Se. The layers are bo
together by weak van der Waals interactions while intralay
bonds are of a covalent type. Different ways of stacking
layers induce various polytype structures. For bulk GaSeb
type ande type with two layers per unit cell are common
encountered~b,17 P63 /mmc, a53.75 Å, c515.99 Å; e,
P6̄m2, a53.74 Å, c515.89 Å!. Films grown on silicon
usually exhibit the g structure18 ~R3m, a53.74 Å, c
523.86 Å, with three layers per unit cell!.

If the silicon substrate is taken as reference, there
different ways to build the GaSe/Si heterostructure. Fi
GaSe@100# may be parallel or antiparallel to Si@11̄0#. This
operation is a 180° rotation around the GaSecW axis. These
two heterostructures have different stacking orientations
different layer configurations as well. The other two differe
heterostructures are obtained using a~001! mirror operation
on the two previous heterostructures. This operation does
change the layer configuration but changes the stacking
entation. On the four found structures, two stacking orien
tions are visible. For each stacking orientation, two confi
rations of the layer are possible but have not been recogn
with HRTEM.
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If one half-layer is present at the interface, it may pres
those two different configurations that are determined w
the Se position~see Fig. 1!. The Se may be in a site with n
silicon atom in the Si layer underneath, like a Si itself in
structure@Si-like structure, Fig. 1~a!# or may be like in the
GaSe structure with one atom present in the underneat
layer @GaSe-like, Fig. 1~b!#. After this half-layer, the stack-
ing may have two directions. HRTEM observations clea
demonstrated the existence of both stacking sequence
equal proportions but cannot conclude if both orientatio
possess one single-layer configuration or two.

The samples were prepared by MBE using a 2300 Ri
system10 and in situ reflection high-energy electron diffrac
tion ~RHEED! observations were performed. The substra
were 2-mm-thick 2-in.-diam Si~111! wafers polished on both
sides. The surfaces were prepared using a modified Sh
method that leaves a clean H-Si~111! surface. 737-Si~111!
surfaces were obtained in heating the H-Si~111! samples up
to 750 °C.)3) Ga-Si~111! were obtained in depositing
the Ga atoms at 450 °C, until a proper)3) surface recon-
struction was seen on RHEED.

The films were subsequently grown at a substrate te
perature of about 450 °C and with a Se/Ga flux ratio betw
8 and 9. The growth speed was about 11 Å/mn. Shortly a
the beginning of the growth~2 to 3 sec!, the original RHEED
reconstruction~131 H-Si, 737-Si or)3) Ga-Si! faded
away and was replaced by a 131 reconstruction whose pa
rameter matches the Si parameter~131-Si!. This reconstruc-
tion remains until about 40 sec growth~one GaSe layer cov
erage! where the RHEED diffraction lines gradually move
a 131 reconstruction with a lateral parameter close to
bulk GaSe lateral parameter~131-GaSe!.

Six samples were studied for the present work. Four
them grown on H-Si~111! will be referred to as H0, H1, H2
and H3-Si; the two others deposited on)3) Ga-Si~111!
and 737-Si~111! will be noted Ga-Si and 737-Si.

As already reported,19 air exposition induces a slow deg
radation of the films. To minimize this effect, the sampl

FIG. 1. Schematic of a heterostructure between theg-GaSe
polytype and Si. With the same stacking sequence, each layer
cluding the one near the interface, may have two different confi
rations, namely, Si-like~a! or GaSe-like~b!. Besides that from the
orientation within a layer, two different stacking sequences m
appear, giving rise to four different heterostructures.
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TABLE I. GaSe coverage.u f , Ga coverage deduced from fluorescence data and coherent
fraction measurements;u r , Ga coverage extracted from RBS experiments.

Sample I Ga ~a.u.! I Se/I Ga % Ga u f ~ML !
% Ga
RBS

u r ~ML !
RBS

Ga-Si 21406180 1.9760.15 5267 0.960.1 4969 0.960.1
737-Si 28156220 1.6660.20 4868 1.260.1
H1-Si 43606270 1.9160.15 5168 1.960.1 5263 1.760.1
H2-Si 69206330 1.7160.15 4868 2.960.1
H3-Si 74006400 1.9860.15 5267 3.160.2 5163 3.460.2
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no-
were manipulated in a N2-filled chamber and a x-ray exper
mental cell, swept by a N2 flux, was used during x-ray ex
position. Under those conditions, film degradation occurs
several days instead of a few hours when exposed in amb
atmosphere. We would like to point out the quite low rea
tivity of the samples, as their 131 reconstructions seen b
RHEED immediately appear upon reentry in the UHV cha
ber after being exposed for several hours to ambient at
sphere. Those properties were observed by other author20

C. Experimental setup

The experiments were conducted on beamline D25B
the storage ring DCI in LURE~Orsay, France! using incident
beams ranging from 0.9 to 1.15 Å, in order to obtain
incident radiation near Ga~1.19 Å! or Se~0.98 Å! absorption
edge. To obtain a beam of tunable wavelength, with li
energy dispersion, monolithic grooved four-reflection mon
chromators were used.21 The nondispersive setting require
that each substrate reflection is recorded using a spec
designed monochromator using the same material and re
tion of the sample’s substrate. The XSW analysis can t
only be performed for a small number of reflections~in our
case, 111, 220, and 113 reflections!. That is why we obtained
less information about the Se position than for the Ga us
111 reflection, because the wavelength is too short and
Bragg angles too small to construct a monochromator
fits into the monochromator chamber. Experimental and t
oretical details about the XSW technique may be fou
elsewhere.22

III. RESULTS AND DISCUSSION

A. GaSe coverage

After XSW experiments, the x-ray fluorescence spectr
was recorded for five samples, apart from the reflectiv
curve, in order to obtain an x-ray fluorescence dosage.
results are shown in Table I. The given Ga percentages w
calculated, assuming an infinitely thin atomic distributio
the Se-Ga fluorescence counts ratioI Se/I Ga being, for the
50%/50% composition,

I Se

I Ga
5

mSe~l!PKa
~Se!

mGa~l!PKa
~Ga!

5
1931030.597

1237030.508
51.83. ~4!

The K-shell fluorescence probabilitiesPKa
ratios were calcu-

lated using the approximation given in Ref. 22. The ove
absorption coefficientsm were estimated using the Cromer23

program.
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The Ga coverageu f is proportional toI Ga. The propor-
tionality constant is evaluated using coherent fraction m
surements as seen in the next section.u f ranges from 0.9 for
the thinner sample to 3.1 for the thicker.

These values were cross checked for three samples
Rutherford back-scattering~RBS! elements dosage. As th
atomic number of Ga and Se are very close, the two R
element peaks are difficult to separate, even using 2.2 M
He4

2 ions. However, the results are in good agreement
both methods. The absolute reference of RBS dosage
firms the value of 0.9 Ga monolayer for the Ga-Si samp
Therefore, this sample will be used as a standard for
interface structure determination.

B. Ga fluorescence

1. Interface structure

A first series of XSW measurements was performed
the thinner samples in order to determine the interface st
ture.

The results are displayed in Table II. It shows the coe
cientsF and P for the investigated reflections~parallel 111
and inclined 220 and 113!. The numbern gives the order in
which each experiment was performed; we will take this in
account to explain the loss of coherence due to non-U
environment. The given errors vere calculated using the
persion of measured fluorescence counts among each a
sition. This error type arises from systematic shifts in t
piezoelectric rocking system. For these experiments,
fluorescence counts were high enough to discard the stan

TABLE II. Coherent fractions and positions for the thinn
films. Estimated errors are60.01 for P and 60.02 for F. The
integern gives the order in which the experiments were conduct

Surface n Reflection PGa FGa PSe FSe

H0-Si 1 111 0.88 0.63
2 220 0.03 0.70
3 111a 0.89 0.40 0.21 0.44

737-Si 1 111 0.87 0.76
3 220 0.02 0.38 0.07 0.32
2 113 0.12 0.67 0.08 0.44

Ga-Si 1 111 0.89 0.95
2 220 0.03 0.87 0.12 0.68
3 113 0.15 0.38 0.10 0.34

aExperiments performed using a less reliable two-reflection mo
chromator at wavelengthl50.89 Å.
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statistical error, only leaving the dispersion error. The giv
relative errors of 2% forF values and 1% forP values are
the biggest errors calculated for all the presented exp
ments.

a. Results for the Ga-Si sample.The XSW spectra of this
sample are displayed in Fig. 2 for the 111 reflection para
to the interface and on Fig. 3 for an inclined 220 reflectio
For 111 reflection, the coherent fraction is near the theor
cal maximum when thermal displacements of the Si surf
atoms are taken into account. This implies that:~1! the Ga
site has a unique position,~2! the distribution of the Ga at
oms around the mean position is sharp edged, and~3! the
sample was not significantly degraded during the exp
ment.

Using both parallel and inclined reflections, the Ga ato
were located at 2.3760.03 Å above the top silicon atoms o

FIG. 2. Ga-Si sample. Experimental data and fitted curves
the Ga Ka normalized fluorescence yield and x-ray reflectivityR.
111 reflection parallel to the interface,l51.13 Å. Deduced values
areF111

Ga 50.9560.02 andP111
Ga 50.8960.01

FIG. 3. Ga-Si sample. Experimental data and fitted curves
the Ga and Se Ka normalized fluorescence yields and x-ray refle
tivity R. 220 reflection, l50.95 Å. Deduced values ar
F220

Ga 50.8760.02 and P220
Ga 50.0360.01, F220

Se 50.6860.02, and
P220

Se 50.1260.01
n

ri-

l
.
ti-
e

i-

s

the unrelaxed Si~111! surface. This value is consistent with
Si-Ga bond between a top Si atom and a Ga in theT site
~Fig. 4!.

It should be pointed out that, even under N2 flux, a loss of
coherence of the film is detected between the first (n51)
and the last (n53) XSW experiment. However, taking int

FIG. 5. Experimental data for the Ga and Se Ka normalized
fluorescence yields for H0 , H1, and H3-Si samples.~a! 111 reflec-
tion, l51.13 Å; a drastic evolution of the curve is observed.~b!
220 reflection,l50.95 Å; the curves shapes are very similar.

r

r
-

FIG. 4. Schematic drawing of the interface structure. The Ga
half-layer is constrained on the Si substrate. Se atoms lie at th
surfaceS site.
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account all experimental data, it appears that the degrada
affects mainly the coherent fraction and less the cohe
position.

b. Results for the other thinner samples.Ga-Si, 737-Si
and H0-Si samples have similar values forP

hW
Ga

coefficients in
all investigated reflections. This implies the same interfa
structure, whatever the Si surface preparation. This is an
portant conclusion. It appears clearly that the epitaxy
tween GaSe and Si~111! is not a ‘‘van der Waals epitaxy’’
but a ‘‘classical’’ pseudomorphic epitaxy. The results of t
Ga-Si sample show a clear modification of the Ga ato
positions from the)3) Ga-Si~111! for the clean Si sur-
face to the measured position.

2. Growth beyond the interface

The second experimental series of XSW experime
dealt with GaSe films of increasing coverages. The res
are summarized in Table III. As shown in Fig. 5, using t
111 parallel reflection the fluorescence yield changes w
increasing coverage, whereas using the inclined 220 re
tion it almost does not vary. Consequently with the para
reflection, the XSW detect all Ga planes, while with inclin
reflection, only the interface plane is seen. This can
achieved if, beyond the interface, the GaSe in-plane par
eter is not commensurate with the Si surface paramete
fact, this result strengthens the hypothesis of a GaSe h
layer grafted on the Si surface. Indeed, if this half-layer
strained, the upper layer should be relaxed due to the w
van der Waals interactions between those two entities.

This is confirmed by theF
hW
Ga

values analysis. Assumin

such a relaxation, theF
hW
Ga

values, if they are equal for 22
and 113 inclined reflections, are a direct measure of the
coverage. This is possible in this case, because the la
positions for the upper layer can have any value and only
half-layer atoms contributes to theFhW andPhW values. In this
case, the coherent fraction is simply

FhklÞ1115
f 0

N[
f 0

u
, ~5!

where f 0 is the coherent fraction of the half-layer alone a
the numberN is the number of adsorbate atoms above
surface divided by the number of coherent atoms~i.e., the Ga
coverage expressed in monolayers!.

TABLE III. Coherent fractions and positions for higher GaS
coverages. Estimated errors are60.01 for P and 60.02 for F. u
represents the Ga coverage.

Sample n Refl PGa FGa PSe FSe u ~ML !

H1-Si 1 111 0.76 0.29 1.9
2 220 0.02 0.54 0.09 0.41
3 113 0.14 0.45 0.11 0.32

H2-Si 3 111 0.63 0.30 2.9
1 220 0.02 0.35 0.07 0.31
2 113 0.14 0.29 0.12 0.23

H3-Si 1 111 0.65 0.25 3.1
2 220 0.03 0.32 0.06 0.24
3 113 0.15 0.23 0.15 0.14
on
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e
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Using this relation, and taking only into account the fir
experiment (n51) to limit the effect of the non-UHV envi-
ronment, we obtain a minimal value for the Ga coverageu.
The values calculated for the different samples are show
Table III. They agree rather well with those deduced fro
fluorescence and RBS experiments shown in Table I. Th
fore, the assumption of noncommensurability is confirme

Moreover, another feature of the GaSe growth can be
tracted from the XSW data. By using a value of 7.94 Å f
the thickness of a GaSe layer~defined in Fig. 1! and the
vertical position of Se1 ~see Fig. 6! measured in Sec. III C
the vertical positions of Ga2 and Ga3 ~also in Fig. 6! are 5.45
and 7.84 Å. If those values are used to simulate the cohe
position and coherent fraction of the Ga atoms for a fi
consisting of one half-layer plus an entire layer, it comes

F111e
2ipP1115 1

3 e2ip0.89@11e2ip ~7.84)/5.431!

1e2ip ~5.45)/5.431!#. ~6!

This formula givesP111
Ga 50.65 andF111

Ga 50.32, two values
very close to those found for the H3-Si (u53.0 ML) sample
~Table IV!. If a variable coverage is considered, the calc
lated values foru51.8 ML are P111

Ga 50.76 andF111
Ga 50.34;

values very close to the experimental ones. Finally, it
pears a good agreement between simulations and obs
tions, especially for coherent positions.

This agreement gives the key to elucidate the grow
mode after the deposition of the interface half-layer. An e
tire layer in the sequence Se-Ga-Ga-Se is growing until
surface is covered. The growth does not proceed ato
plane by atomic plane.

C. Se fluorescence

The key problem with the Se fluorescence is the deter
nation of the Se position. As seen in the structural sect
there are two possible options to place the Se atoms: Si-
or GaSe-like.

A first analysis of the collected data reported in Tables
and III locates a Se atom on a vertical line running throu

FIG. 6. Schematic drawing of a thin heteroepitaxyu
53.0 ML). Ga1, Se1, Ga2, and Ga3 are the atoms starting from th
nearest to Si, their vertical positions are described in the text.
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the center of the triangle formed by three Ga interface ato
whatever the Si surface preparation.

The vertical position of the Se atom is found to be 1.07
above the Ga interface atoms, distance shorter than in
GaSe. This is not surprising, since the Ga triangle has b
expanded by 2.6%, to match the Si surface parameter. If
Ga-Se bonding lengths are kept constant, the Ga lateral
pansion lead to a Se theoretical position 1.08 Å above the
interface atom. The found position of 1.07 Å is in goo
agreement with this model.

The lateral Se position matches at the interface with
site S of the silicium surface. With this assumption, the ha
layers should be in the Si-like configuration illustrated
Fig. 1. However, the Se distribution at the interface see
more complicated: ~1! Se lateral positions deduced from
220 and 113 reflections do not cross check very w
whereas there is a good agreement between those reflec
for the Ga interface atoms;~2! There is a large dispersion o
the measured positions, while there is almost no dispers
for the Ga measurements.

One way to solve this dilemma is to introduce at the
terface a proportion of Se atoms in the GaSe-like configu

TABLE IV. Comparison between experimental and calculat
results.u: Ga coverage deduced from relation~5!.

Sample n Reflection PGa FGa PGa FGa u
Experiment Model

Ga-Si 1 111 0.89 0.95 0.89 0.99,1
2 220 0.03 0.87 0.06 0.97
3 113 0.15 0.38 0.15 0.96

737-Si 1 111 0.87 0.76 0.87 0.75 1.1
3 220 0.02 0.38 0.06 0.84
2 113 0.12 0.67 0.15 0.83

H1-Si 1 111 0.76 0.29 0.76 0.34 1.8
2 220 0.02 0.54 0.06 0.54
3 113 0.14 0.45 0.15 0.53

H2-Si 3 111 0.63 0.30 0.63 0.34 2.8
1 220 0.02 0.35 0.06 0.34
2 113 0.14 0.29 0.15 0.34

H3-Si 1 111 0.65 0.25 0.65 0.32 3.0
2 220 0.03 0.32 0.06 0.32
3 113 0.15 0.23 0.15 0.32
y

n
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tion. To do that will hopefully induce in some areas th
stacking of layers in the GaSe-like configuration. The calc
lated positions as a function of the Si-like configuration pe
centage are shown in Table V. The experimental values
each sample can be explained in assuming a different
centage. Proportions are found to be 85/15 for the Ga
sample, 75/25 for H1-Si and H2-Si, 70/30 for H3-Si.

However, this proportion of another site occupancy at t
interface cannot explain the bigger proportion of almo
50/50 for the two stacking orientations found by HRTEM
by grazing incidence x-ray diffraction on thicker~5 and 7
ML ! samples.24 This implies that the stacking sequences m
start at the interface, perhaps with Si-like and GaSe-like h
layer configurations but also further due to the occurence
stacking faults.

IV. CONCLUSIONS

In conclusion, the XSW technique has shown the int
face structure of the GaSe/Si~111! heteroepitaxy to consist o
a GaSe half-layer grafted onto the Si~111! surface. Whatever
the initial surface preparation, i.e., H-Si~111!, 737-Si~111!,
or)3) Ga-Si~111!, the interface structure is the same. G
atoms are covalently bonded with Si top atoms while upp
Se atoms occupy two different sites. Beyond the interfa
the growth proceeds layer by layer and not atomic plane
atomic plane. Finally, after the interface, the first entire S
Ga-Ga-Se layer is almost relaxed with respect to the Si s
strate and the distance between the half-layer and the
complete layer is consistent with the bulkg-GaSe structure.
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d TABLE V. FSe and PSe values for 220 and 113 reflections as
suming variable proportions of Si and GaSe-like configurations

% Si-like P220
Se F220

Se P113
Se F113

Se

85 0.12 0.79 0.08 0.79
80 0.11 0.72 0.10 0.72
75 0.09 0.66 0.11 0.66
70 0.07 0.61 0.13 0.61
*Also at L.U.R.E., CNRS-MEN-CEA, Bat. 209D, 91405 Orsa
France.
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