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X-ray standing wave study of CdTe/MnTe/CdTe(001) heterointerfaces

J. C. Boulliard,? B. Capelle,” S. Gualandris, and A. Lifchitz
L.M.C.P., Tour 16, case 115, 4 Place Jussieu, 75252 Paris Cedex 05, France

J. Cibert and S. Tatarenko )
Laboratoire de Spectrontrée Physique, CNRS et Universid@seph Fourier-Grenoble, B.P.87,
38402 Saint Martin d’'Hees Cedex, France

(Received 11 June 1996; accepted for publication 21 October) 1996

The x-ray standing wave method is used to investigate some crystallographic features of the first
stages of growth of ultrathin pseudomorphic Md@l strained layers buried in CdTe on
CdTg001) substrates. Experiments with 004 and 113 reflecting planes show evidence of the
presence of both MnTe clusters and diluted CdMnTe alloy.
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I. INTRODUCTION A. Principle of the x-ray standing wave method

. : : . The XSW method is used to determine the localization
The physical properties of semiconductor strained het- ) .
f atoms in volume or on a surface. According to x-ray dy-

ienrtosr;ruct;re; arten stronggrdepﬁzgenzonn tt?]e mrorpr;ologyé Namical theory;”’ the interaction between the x-ray and a
f elt a(((:f Ia E:.p est?N‘_”‘ L:ug)] C 55 IO te P es:[edpe 0 crystal leads to the following result: when the crystal is at a
autts (dislocations, twins, €tc.). Lompiementary studies areBragg diffraction position, interferences occur between the

necessary to identify how a given mterfage can deviate frorTi1ncident and the diffracted beam leading to a standing wave
a perfect one, due to segregatioty interdiffusion after the

! T ) field with nodal and antinodal planes parallel to the diffract-
growth of the interfacé,or during its growth itself, or to the ing planeshkl, and having the same periatf,. When the
existence of two dimensiondPD) or 3D islands reflecting . yqia is rocked through the reflection domain, from lower

the surface morphology when switching the molecular beamtco higher angles, the positions of the node and antinode

4 . .
on or off.” The lateral scale of these deviations is @ keYpjanes are shifted inwards fij, /2. Thus, the fluorescence
parameter, and each experimental method will check the INyield of atoms, which depends on the intensity of the x-ray
terface at different characteristic length scales. For exampl%tanding wave field, is very sensitive to the atom position.
for optical studies of excitons confined in a quantum Well. An XSW experiment consists of simultaneously recording
the lateral scale is defined by the coherence length of thg,q rocking curve and the fluorescence yield of “impurity”
exciton, and the interface will be called smooth if it exhibits atoms(here a thin buried lay&rlt determines the position of
only 2D islands, 1 monolayer thick, wider in the interface atoms with respect to the bulk diffracting planes with a good
plane than the exciton size. If these islands are of the order gfrecision, typically within several hundredths of A. The in-
the exciton size, the interface is called rough since this sizgyrmation is along the normal to the diffracting planes: when
island gives rise to a brqadenlng of the exciton optical “nethey are parallel to the interfager the surfacg an XSW
due to thlckness fluctuations of the quantum well. If Fhe |at'experiment gives the vertical position of atoms above the
eral scale is even smaller, however, these fluctuations alterface; with tilted reflectionflike 220 for a(100)surface],

averaged out and the line is sharp again; then the interface iﬁgives lateral informatior{see Ref. 10 for details).
called pseudo-smooth. These different morphologies have

been clearly identified in 111-V quantum wells grown under
various conditions. The x-ray standing wa$SW) method
is well known to be very sensitive to the position and the
order(or disorder)of very thin layergless than a monolayer
to several monolayers)® We report here on the application  The normalized fluorescence yield is given (sge Ref.
of this method to ultrathin MnTe layers grown in CdlB®1) g and references therein):
by molecular beam epitaxy. The results will be compared to
high resolution transmission electron microscdp\RTEM)
of MnTe layers in CdTdsee Ref. 9and to a magneto-optic Y(©)=1+|&(0)|2+2|&(0)|F i cog (0)
study (enhanced Zeeman effg¢af CdTe-CdMnTe quantum
wells3 —2mPhil, 1)
In the following sections we describe the XSW method
and the experimental setup; the results are reported in Sec.
lIl and discussed in Sec. IV. Where|§(®)|2 is the reflectivity and¥(0®) the phase of the
reflected wave. Thé®,, and Fy,, parameters are, respec-
ag] — . . tively, called the coherent position and the coherent fraction.
ectronic mail: boulliar@Imcp.jussieu.fr . .
bAlso with: LURE, bat. 209D, Centre Universitaire Paris-Sud, 91405 Orsay | N€se are related to the Fourier component, with respect to
Cedex, France the h diffraction vector, of the atomic distributiorp(z),

1. Fluorescence yield and structure
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along the normal to the diffracting planédefined with the In the case of one atom position, the coherent position is

Ny Vecton: equal tod¢/dy,, whered, is the position of the atom relative
- [p(2)ei2™Mma dz [ p(z)e'2™%u dz to the diffracting planes and,, the diffracting plane spac-
12T Phkl= = i i~ oi

Fhkie [p(2)dz [p(2)dz . ing. In the general case of several atomic siigg, and Py,

2) are given by:

2 _ 2
+ Ei fht COS 2P}y ®

Fhi=(1—Dsp) \/{2 fhi SIN27PYy)

and and the measurement devi@elinear capacitive sengoiThe

Eifihkl sin(27TPihk|) dynamic angulgr pre(_:ision is better than 0.01 arcsec. Long
, (4) term thermal driftgtypically 1 arcsec per houare estimated

Zifhig cog27Pyy) and corrected by periodically recording rapid rocking curves.

whereP!, is the “average” coherent position of thesite An experiment cpnsists of several tens qf step by s.tep scans

(perpendicularly to thenkl plane. Since the value of the f[hrough the rockmg_ curve angular doma!n. The entire setup

coherent positionP;,, is given modulo 1, we will choose, 1S conFroIIed by a microcomputer and an integrated software,

in the following parts, theP,,, value in the[—0.5, 0.9 in-  €SPecially designed for XSW tasksee Ref. 11

terval. When it is necessary, we will introduce the physical

position (divided byd,,,), calledDy,,, deduced fronP,,,.  B. Analysis of data

We have the relatio® = Py, +m, wherem is an integer Data consist of two sets of arraysne for fluorescence
number.(1-Dsgp) is the random static disorder, which takes 4 one for reflection curyef several scans. The first array
into account the percentage of studied atoms which argqnains the rocking curves and the second one the integrated
quasi-randomly distributed, i.e., which cannot be reduced tqorescence signals from three regions of interest: the first
one average position. The, factor takes into account the yegion s the fluorescence peak, the two others, located on
disorder, some crystalllographlc. characteristics of the sit€yach side of the peak, allow the determination of the back-
and the thermal agitation. It is given by: ground which is then subtracted. The rocking curves are
L =DhWAL 7 (5)  checked and then added and corrected for the intensity de-
: ) ) . crease. We proceed in the same manner for the fluorescence
The 7 parameter is the percentage of theite andDpy iS@  gata. After normalization, the final curves can be fitted. In
Debye—Waller type factor including thermal agitation andqqer to take into account the intrinsic instrumental function,
static displacementi@lue to crystalline defeckthe statistics imperfections of the sample and/or of the monochromator,

tan(2mPyy) =

of which is gaussian. Its expression is: the calculated rocking curves are convoluted with a gaussian
Lw=exp(—M},) curve which is also used for the fit of the fluorescence curve.
=exp( — 270" % dfy ) = exp( — B'/4dz,)). C. Monochromators
The Ay factor is a geometrical factor which is intro- | order to record precise data, the x-ray incident beam
duced when a site is asymmetrical. must provide a beam with an angular divergence smaller
than the studied rocking curve width and with low harmonic
Il. EXPERIMENTAL ARRANGEMENT contamination. In order to minimize dispersion, we choose a

monochromator such that the distance between its diffracting
planesd, ., is equal or close to the distanak,,,, of the

The experimental setup, installed at the beam line D25Bstudied reflection on the sample.
DCI of the LURE (Orsay is a double-crystal spectrometer Two monolithic grooved four-reflection monochroma-
with horizontal axes to preserve the polarization propertiesors have been used in this study: the first, the second, and
of the synchrotron radiation. This double spectrometer conthe fourth reflections are symmetric, the third one is asym-
sists of two goniometric holders: the first one with the mono-metric (the principles of this type of monochromator have
chromator and the second one with the microrotation devickeen previously described in Ref.)1The first monochro-
and the sample. The reflectivity is measured by means of mator uses Ge311. Its asymmetry angle for the third reflec-
scintillation counter(Nal crysta). The fluorescence is de- tion is, a=16°. The second monochromator uses Si220 with
tected with a SLi) solid state detector. The angular posi- a=10° for the third asymmetric reflection. The Ge311 deliv-
tioning of the sample and its measurement is achieved bgrs a beam with a wavelength near 1.7 A: the 933 harmonic
means of an electronic feedback loop between the rotatiois not detectable. The wavelength of the Si220 has been cho-
device (a lever arm rotated with a piezoelectric transduicer sen smaller, around 1.2 A.

A. Two-axis spectrometer
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D. Sample features fore the growth of the two samples and in the same condi-

Studied samples consist of CdTe-MnTe heterostructure%ons' From previous studies, the precision is better than
0

grown by molecular beam epitaxy on 5 mm square, well-—" """
oriented[+0.3° from (001)], CdTe substrates. They were
etched and de-oxidized in a Br-methanol solution and loadegl|. RESULTS
under dry nitrogen into the epitaxy chamber where they wer%
annealed at 340 °C under a Cd flux. A CdTe buffer layer -
(~1000 A) was then deposited at 340 °C under Cd-rich flux ~ Two sets of experiments were performed on each
in order to smooth the surface. Then 5 monolay®tks) of  sample: the first experiment used the Ge311 monochromator
CdTe were grown at 320 °C, followed by the MnTe thin (\=1.702 A and the CdTe004 symmetrical reflection. The
layer grown at the same temperaty820 °Q under slightly  second experimer(performed several weeks latarsed the
Te-rich conditions. Finally, a 50-A-thick CdTe cap layer was Si220 monochromatof\=1.113 A, A=1.244 A \=1.273
grown. o A) and the CdTe113 symmetrical tilted reflection. For the
The space group of CdTe i¥43m; it crystallizes in the 113 reflection, additional experiments have been performed
zinc-blende(sphalerit¢ structure, with a cell parameteay, after a 180° rotation of the samples: these 113 aifl re-
equal to 6.481 A. Bulk MnTe has the NiAs structuteex-  flections had been studied in order to detect a possible asym-
agonal, but, when deposited on CdT601), the MnTe has metry of the surface.
the same structure as CdTe, with a lattice parameter, as ex- Before XSW study, topography experiments were per-
trapolated from bulk Cd ,Mn,Te (Ref. 12 or measured on formed. For both samples, we get the same type of pictures
thick layers, equal to 6.34 A. showing that the crystal is bent and that inhomogeneities are
Two samples have been studied: 0.7 ML of MnTe waspresent. For XSW studies, we selected parts of the samples
deposited on sample No. 1, and 2 ML on sample No. 2that are as homogeneous as possible. Since the disorder is
These MnTe coverages are deduced from calibrations of thiaken into account in our data analysis by a gaussian curve,
growth rate of thick MnTe layers as measured by the frewe chose parts of the sample with symmetric experimental
quency of reflectivity high energy electron diffraction rocking curves. The size of the selected parts is typically
(RHEED) intensity oscillations, monitored immediately be- equal to a quarter of the sample surfaces. Note letier

Experimental conditions
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TABLE I. Fy,, andPy,, parameters extracted from XSW data.

POO4 P113 F004 F 113

Sample No. 1 —0.08+0.02 0.26:0.02 0.610.05 0.58:0.05
0.7 ML
Sample No. 2 —0.12+0.02 0.120.02 0.65-0.05 0.61-0.05
2.0 ML

rocking curves and topographies are usually obtained with W

Cdy N 0sT€ substrates: here we chose pure CdTe sub- K3 \\_\——____@\_\—:__\

strates in order to have simpler heterostructuresminally S~ \\\\ 00+

they contain only pure CdTe and MnjTe 0 ——— 1>@ _______
S 13

B. XSW results N4

Two 004 and two 113 XSW experiments were per--FIG. 3. Schematic representation of Mn average positgample No. 1
formed on sample No. 1. Three 004 and three 113 EXPeIlequced from thd®,,5 and Pyy, experimental values. solid lines: Mn posi-
ments were performed on sample No. 2. Examples of resultgn. Dashed lines: Cd or Te lattice position.
and fits are given_in Fig. 1. No difference has been detected
between 113 and 1B results. The averagPy,, and F
experimental values are shown in Table . down positions or the one amidst both these positions. We

It may be pointed out that, for the 004 reflection, the Cdhave chosen the down position as origin of the 113 reflection
and Te atom positions are in the diffracting planes but, foiexperiments. So we gefor atoms of the bulk substrate
the 113 reflection, there are two different atomic positionsPi53"=0 andP8;=0.25 (Fig. 2). Both cases, Gg—T€oun
hereafter called up and down, and the diffracting planes rund Cdq.n—Te€,, have been considered in the analysis of the
near the middle of these atomic positiofiEig. 2). A #/2  data since the position of diffracting planes changes. The
rotation around th¢001] axis inverts these positions: if we fitted Py;5 value variation, from one case to the other, is
have, for example, Cd atoms at_the up position (bt3), approximately equal to 0.025. The calculated Mn atom posi-
they occupy the down position f@i13). For a given CdTe tions have always been found near the up position. Since in
crystal and an 113 reflection, three cases might be considMnTe, the Mn atoms occupy the same sites as the Cd ones
ered: the first is when the Cd atoms occupy the up positionwe conclude that the samples are of the,Edey,,, case
(and the Te atoms the down positions, consequgnthe  (Fig. 3) (see the complete demonstration in Sec. IV)A 1
second when the Cd atoms occupy the down positions and
the third when the crystal is of poor quality and exhibits thelV. DISCUSSION
two preceding cases simultaneousntiphase domains In Sec. IV A we assume that the interface is abrupt with
Moreover, when 113 XSW results are analyzed, another .

o . o a layer-by-layer growth of pure MnTe on CdTe, and vice-

point is the choice of the origin for th®,,, value. Three : : . i

pertinent origins might be chosen; there are the up or thyersa. In_ a first step the experimental distances will be com-
pared with theoretical value&Sec. IV A 1 and the agree-
ment between the differenP,, (and the corresponding

CLEMENT OF Dy values will be checked. In a second step, Ehg, val-

{ [oof] ISYMMETRY ues will be analyzedSec. IV A 2. In Sec. IV B, in order to
® [110] explain the rather lowy,, values, models of nonabrupt in-

0 \Z/ terfaces, implying diffusion and/or terrace nucleation, will be
><q/,>< QTC tested.
V3 /4N
4

A. Abrupt interface model

3 \\\\\ @ Cd 1. Elastic model of MnTe: Analysis of P ,,, parameters
K SR S AN We first evaluate the distand®,, that we might detect
Pis > SN /b with usual simple models. For coherent growth of the epitax-
0 = \«—004 ial MnTe layer on CdTé,the MnTe has the same lateral
NN lattice parameter as bulk CdTe, hence the layer has an in-
o o~ plane isotropic strain equal o en,=¢€yy
~ "3 =(a§iT—al"™®)/a)"Te=2.22x 10 %(a§ " andal"™® are the
—m \;U\ fcc lattice parameteys We may now estimate the vertical

[001] component of one MnTe buried layer. For several lay-
FIG. 2. Schematic illustration of a CdT@®01) surface. Side view along ers’_ th? classical E|a5t.lc model m!ght be used .WIthOUt any
[110]. Geometrical representation Bf 113. On the left size, the positions h_eS|tat|0n- Although this mOdel_ mlght be questioned for a
along[110] are reported. single monolayer, we may use it in order to get upper esti-
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mation of thePyy, parameter. The stress being null perpen-  p, = PiP+0.7%Pg04 (here Poy, is negative.
dicular to the surface we haveo,,=0=cCj€,,

+Cyz€xt+ Cro€yy, from which we get: For sample No. 1 we calculaf®;;5=0.19 (from the ex-

perimentalP,,,) and we measur®,,5=0.20=0.02 (Fig. 3.

cyp a5iTe—afnTe In the same manner, for sample No. 2 we calculate
€27~ _2C11 aB/InTe - P113:0.157 and measu@ll3=0170i002

This agreement shows that there is no presence of Mn
The MnTe compliance coefficients are not known but thoseatoms on the down sitg8antisites”). One can notice that a
of CdTe and CglsMng sTe (See Ref. 1Bhave been measured mixing of 113 up and down positions for Mn would give a
and it has been found that tleg,/c,, ratio does not signifi- P, intersection out of the axis of symmettfig. 2). The
cantly vary. The Mn position along the verticalaxis (here Py, would be insensitive to the up and down position mix-
parallel to[001]) with the origin on the diffracting planes, in ing but the 113 experiment would detect two positions: the
comparison with the Cd one is then: presence of Mg, would decrease th@,,; value and the

triangulation of theP,,,; would give a point out of the axis of
d""=dg"(1+€;) symmetry.

MnTe dCdTe
2. Analysis of the F ,,, parameters
ag

0
X(1+ fzz)mdoCdT{l— —gWe
0

We will now discuss thd=,,5; and Fyy, values of each
sample. Let us remember that thg,, parametergformula
(3) and (5)] depend on thé®},,, positions of Mn atoms, on
=0.950“, the random static disordefl—Dpg), and on parameters

Whereer‘lTe_ag/lnTe/4 anddOCdTe:ange/4. SO, thd3004value fhkl ?DWAhkln Whel’feD |S a DebygAWa”er type 'iaC'
is here equal to 0. 9@.nd P004— 0. 05) tor, 7] the percentage of atoms at siten hk» @ geometri-

Another model, which has been suggested for thin InAS cal factor, taking into account the asymmetry of Sitdt is
layers in GaAs? is based on the hypothesis that the burledreadlly seen that a discussion e}y, values needs more hy-

MnTe layer has the same behavior as in a homogenem%omeses than one about tAg,, values. We first assume that
alloy. In other words the Mn—Te bond is constant in Iengtht e random static disorder is negligible. Indeed HRTEM ex-
but can rotate. We get: periments on similarly grown MnTe buried lay8tsave not

detected any significant rate of faults which could explain a

CdTe__ aMnTe (

C
1+2—12)
Cn

(a§i™®2  (alnTe)2)| 12 significant value of the random static disorder. We will also
dVn=| — s 316 ~0.934“, assume that the asymmetry of the site is not importeet,
AL =1) and can be included in the Debye—Waller factor:
Here,Dy,=0.934 andP,,,=—0.066. the distortion from symmetry might be estimated to be close

In sample No. 1, the experiment@lyy, experimental to the parameter misfits as suggested by the work of
value, equal to 0.920.02 (Py,=—0.08+0.02), is a litle  Balzarottiet al'? on Cd_,Mn, Te alloy. Moreover, since the
low but seems in quite good agreement with the value of thé®, ,, are more or less compatible with 1 ML on sample No. 1
second model. and 2 ML on sample No. 2 we will not consider, in a first

Concerning sample No. 2, we can estimate the 004 Mrstep, the presence of parts of additional layers. Then the co-
distance from its experiment#lyy, value in the hypothesis herent fraction is reduced to the Debye—Waller fa¢tdrich
that there are two perfectly organized layers with the samés supposed to be isotropifor sample 1, and depends on the
spacing(and the same Debye—Waller fadtoket us define Debye—Waller factor and the coherent positions for sample
P! ., the coherent position of thi¢h monolayer. The position 2.
of a second layer is given bB93,,=3P3%,,. From the experi- The maximum value of the Debye—Waller factor might
mental valuePyq,=—0.12(which is an average over the two be estimated under the hypothesis that the Mn thermal vibra-
monolayers we get P§y,=—0.06+0.01. This last value tions are close to the ones of the Cd atoms in the CdTe
would be in very good agreement with the second model. substrate. Since we ha@*%=1.711° the calculated Debye—

Additional information may be obtained when compar-\yaller factor areM°004= 0.85 ance~ M "113= 0.89. We
ing the Poo, and Pyy3 results for each sample. We have wijl first discuss theF oy, It is readily seen that the experi-
pointed out that 113 XSW is sensitive to the fact that thergnental value on sample (0.61+0.05 is much lower than
are two atomic sites, labeled up and down in Fig. 3. If wethe above estimated Debye—Waller factor. Considering
assume that the Mn atoms sit only at the up positiovtich  sample number 2 we can extract the Debye—Waller factor if
will have to be ascribed to the Cd sit¢hen the site is on an e take into account the fact that there are two monolayers
axis of symmetry anq we can relate ﬂﬁ@lgv_a_lue to thePoof1 [formula (3)]. With Pl,=—0.066, we get e~M%004
one. With theP,,5 origin on the down position, we obtain: _ F00/0.925= 0.70+ 0.06, which is smaller than the value

calculated for thermal vibrations. Such a low value has been

P119= P11+ C0s 6)dooa/ A1zl Poos, ©) already reported for adsorbate structufese Ref. 16 and
where §=25.24° is the angle between thi@01] and[113] references therein, for exampleut seems difficult to justify
directions. So we get: for our buried layers. Concerning the; ;5 values one can
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three layers, anéF,,,=0.61 for four layers. We might con-
clude that a MnTe island model needs at least three layers,
but in this case th®y, value (Py,=—0.2) becomes lower
than the experimental one and therefore this extreme model
must be rejected. Moreover it is easily seen that derived
models (with variations of the layer percentagegive
equivalent conclusions.
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within this layer byxP§y,, WherePgo, is the above value in
MnTe, and shift the atoms sitting on it byx®%, (this de-
scription should hold well for dilute alloys, and probably less
for concentrated alloys where the formation of Mn pairs,
FIG. 4. Schematic of the models used for the 2 ML saniNle 2), (a) ideal  triads, and larger clusters should introduce some disprder
2 ML, (b) islands,(c) alloy, (d) mixed (open circles: Mn, solid: Cd We see at once that if sample No. 1 actually contain a mono-
layer of Cd)Mny-Te due to a rapid diffusion within the

: : : . surface layer, we should measure a larger valuePgf,,
expect that their value must be higher, sing; is greater POO4=—O.Oy4, andF oo, close to 1 since it %vould comsg‘;ise

thgndom. It is not the case and so a higher lateral disorder isOnly the Debye—Waller contribution as in Sec. IV A. Refer-
evidenced. ence 3 suggests that we have several layers of (din, Te

fln tc'(\)/lngll_usllon It s L?aﬁ'ly seent tr;at :Ee hypot&ess Ofalloy, with x resulting from a complete intermixing, during
perfect MnTe layers, which accounts for the measPgg the growth of the interface, between tfjast incorporatet

valuesd.callwnlot exp(ljalp trt]edlowh'g.' reslultséwnhlcz/utBassum:rg surface layer and the monolayer being groWwgg, andF o,
exceedingly large getect densities. in Sec. 1V 5 we will In- .o easily calculated for a given composition prokjeand
troduce interface models which might explain the experi- o .

. the resultingPgg.:
mentalF o, values without the recourse to structural defects.

o
0.0 0.0

i 1 1

B. Nonabrupt interface models Poos= 2,2<i X;PoostXiPooa

In the preceding sections we have discussed our resull$ necessary, an integer number has to be added in order to
under the hypothesis that the 0.7 ML sample has only ongemain in thel—0.5, 0.5 interval. All reasonable composi-
Mn position(incomplete ideal perfect MnTe monolayend  tion profiles (uniform x; or profiles from Ref. B lead to
the 2 ML sample, two Mn positiongideal MnTe double largerPy,, than for the nominal profiléSec. IV A) andF g,
monolayey. We will now assume that terrace nucleation andvalues close to 1.
exchange of Cd/Mn atoms across the interface appear during
the growth of the MnTe thin layefFig. 4). Terrace nucle-
ation is suggested by the observafiofia roughness increas- )
ing with the thickness of MnTe layer@hese layers were ~ From the two preceding models, and from the abrupt
thicker than in the present studythe atom exchange was Intérface model, we must conclude thé&) in the abrupt
described in Cd ,Mn,Te heterostructures with around mterfgce model, the values &y, are correct_but we cannot
0.3%3 We have first tested two extreme models, one witheXPlain the lowF 4, values; andb) the formation of clusters

roughness only and one with dilution only. or 3D island(or roughnessdecreases the values B, and
F ooa; if we assume that all Mn atoms are incorporated in 3D

islands, the calculateié, parameter can be decreased down
In the first model we consider that the Mn is organizedto the experimental value, but the calculafgg, value is too

in MnTe islands, several monolayers thick. In order to estidow; (c) the dilution of MnTe into a Cgd_,Mn,Te alloy in-

mate the minimunt 4, value we will assume that each layer creasesP,; if we assume that all Mn atoms are incorpo-

has the same lateral sigee., the same coverapend thatthe rated in laterally homogeneous £CdMn,Te alloy layers,

Phi parameter for one perfect layer has the value deducethen the calculate®y, parameter is larger than the experi-

from the rotation bond modéhote however that this is in- mental one, and thEyy, is close to 1.

deed the case where the bulklike elastic model should better Actually a better agreement can be found by assuming

apply. Let us call, as aboveéy,, the Mn 004 position of the that both islands and alloy coexigFig. 4(d)]. We have

ith layer. We haveP}q,=(2i —1)P3,, and P3,,=—0.066.  checked this for sample No. 2 which exhibits a larggp,

The Fqo, values, without the Debye—Waller factor, are suc-value(i.e., better ordering We assume that the MnTe layer

cessively equal td¢,,,=0.91 for two layersfFq,,=0.73 for  is composed with one complete MnTe monolayer covered

3. Roughness and dilution

1. Roughness
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with MnTe pyramidal islands and Mn diluted atoms. Forwhich agree with those expected for MnTe coherently

example, the respective area of each layer of the pyramidairained to CdTe. If we assume perfect interfaces, a slightly

island corresponds to the ratio 4:2:1. With a quantity of di-better agreement is found if we assume that the strain is

luted Mn atoms equivalent to 0.5 ML and pyramidal islandsaccommodated by bond rotation only, than if we apply bulk

the bases of which occupy 28% of the surface, we get thelastic coefficients. However, the experimental coherent frac-

experimentaP y, value (Py,=—0.12 with Fyy,=0.8. This tion valuesF,, lead suspect that the interfaces are not

last value agrees with the experimental value corrected frombrupt. The vertical Mn distribution on the 2 ML sample is

the thermal vibrationgF,,,=0.769. Similar morphologies compatible with a crude model including one MnTe layer

(pyramidal MnTe islandsind diluted Mn atomg may also and a mixing of MnTe islands and diluted Mn atoms

account for the 004 experimental values of sample No. 1. OfCdMnTe alloy. The 0.7 ML sample seems to contain MnTe

course the exact morphology of these islands is not knowrislands together with CdMnTe alloy.

Moreover, a precise calculation should take into account

strain relaxation at the island edges, and the existence FfCKNOWLEDGMENTS
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