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X-ray-absorption fine-structure experiments at different temperatures in ZaSe(x=0, 0.1, 0.2,

0.55, 0.81, 0.93, 0.99, and }.bave been performed in order to obtain information about the
structural relaxation and disorder effects occurring in the alloys. First and second neighbor distance
distributions have been characterized at the Se and Zn K edges, using multiple-edge and
multiple-scattering data analysis. The first neighbor distance distribution was found to be bimodal.
The static disorder associated with the Zn—Te distance variance did not depend appreciably on
composition. On the other hand, the static disorder associated with the Zn—Se distance increased as
the Se content diminished. Using the bonding angle information provided by our experiments the
point of view of the anion has been related to that of the cation. The resulting structural model
indicates that Zn tetrahedra surrounding the anions remain essentially undistorted, but forced to tilt
from their ideal zincblende orientation to accommodate the minority element. The main origin of
structural disorder is suggested.2004 American Institute of PhysidDOIl: 10.1063/1.1763999

I. INTRODUCTION recently;” to the quaternary alloy M@n,_,SeTe,_,. In the

) . BAC model the anion present in less amount in the alloy
The development of the first green-blue semiconductor_. . . : .
) ives raise to a localized level that interacts with the conduc-
lasef was a consequence of the high degree of control of th . ;
ion band minimum, affecting the band gap value.

R . . 2_4
properties of ZnSe, and advances in doping techniies, . ; .
especially after the introduction of nitrogen as an acceptor This model contrasts with more classical approai:‘hes

using a plasma souré&. These achievements brought a re_where the b(_)wmg parameter s de_composed n two terms,
newed interest in wide gap II-VI semiconductors, as is mani—_b:_b' +_b”' W_h'(_:h represent the nonlinear effects a'fea‘?'y ex
fested in the numerous studies about ternary and quaternal Ing n a f|pt|t|ous ordered a”OYP')’ and the 'contr|but|on
alloys (Mg,Zn,_,SeTe,, ZnSTe,, and ZnSgTe; ,, for  © disorder itself(by,). b, may be in turn considered as the

examplg, necessary to achieve carrier confinement and opSUM ©f three different contributions; =byp +bce+bs. The

tical guide condition&® utilized in laser diodes based in fi'St 0ne,byp, represents the contribution from volume de-
ZnSe. Due to its applied interest, the band gap dependend@mation, and introduces the compression and dilation
on composition has been widely studi®d® which is produced in the unit cell of the constitue(d8 and
Understanding the band gél,) dependence on compo- AC) to adapt their size to that of the alloy. The second term,
sition (x) is also of fundamental interest. The band gap of thelce: takes into account the possible different chemical elec-
AB,C,_, semiconductor alloys strongly deviates from the av-tronegativity of the constituents, which may lead to charge
erage gap of the constituents. This effect, named bowing, igedistribution. The third onehs, describes structural relax-
often quantified using a bowing parametedescribing the ~ ation that occurs in the alloys. It is well knofitf" that
nonlinear part of(x), simple geometrical relationships which exist in pure com-
pounds between bond lengt{it,g andR,¢) and lattice con-
Bg() =X+ (1 =X)Eg "~ bX(1 ~X). 1) stantsasg andayc (R=(v3/4)a for zinchlende, for example
The origin of bowing still remains controversial. The are no longer valid for the alloys. In particular, a bimodal
so-called band anticrossing modeglBAC) has been distribution of first neighbor distances is observed.
develope to study bowing in 1l-\-N,_, alloys. The Information relevant td,p may be obtained from high
model has also been applied to II-VI ternary allfyand,  pressure x-ray diffraction experiments. We have already be-
gun this type of experiment$->* b depends on the inher-
Y absence of: ICMUV, Univ. de Valencia, c/Dr. Moliner 50, 46100 Bur- €Nt properties of B and C. X-ray-absorption fine-structure
jassot, Valencia, Spain; electronic mail: Julio.Pellicer@uv.es (XAFS) is sensitive to the local environment of the absorb-
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ing atoms, and yields information about structural relaxation. Zn K-edge

in addition, XAFS studies at low temperatures can provide 20 0 T T T T T

useful information about static disorder. So, XAFS provides ZnSe Te,

essential information about th® andb,, terms. L6 A
A previous XAFS study focused on first neighbor I x;gl 1

distanceg’ On the other hand, the pair distribution function 1.2 :=0:2 T

—

obtained in Ref. 26 by neutron powder diffraction did not ;? 0.8
yield information about static disorder, and was not able to ~
discriminate the different next neighbor contributions. We &< 0.4
have performed XAFS experiments at different temperatures =4

in the ZnSgTe, _, alloy in order to get information about first 0.0
and next neighbor distances, and associated Debye-Wallet
factors. We have then constructed a model describing the -0.4

structural relaxation and disorder effects. The knowledge of 16

these effects is fundamental to assess the problem of gar

bowing in the allows. Se K-edge

Il. EXPERIMENT 1.6+ 7nSe Te. -
x 1-x

the chemical vapor transport, and ZnTe grown by the cold __ o
travelling heater method. The growth method was chosen :< 0.8F x=0.55

The ZnSgTe,_, alloys were grown by physical vapor [ x=0.1 |
transport from the binary compounds: ZnSe, was grown by 1.2 V\WW\/WWFM-

to ensure random alloying. X-ray diffraction shows the char- 3 x=0.81
acteristic zincblende pattern. The samples studied corresponc %, , x=0.93)
to Se concentrations given by=1, 0.99, 0.93, 0.81, 0.55, ’ x=0.99
0.2, 0.1, and 0. The Se content was inferred from the lattice x=1 |
parameter obtained by x-ray diffraction through Vegard's law 0.0 1
(what has been checked for the lattice parameter in Ref. 17 o . S

X-ray-absorption spectra were measured at beamline 2 4 6 8 10 12 14 16
D42 of the high-energy ring at the Laboratoire pour la Utili- k (A'l)

sation du Rayonnnement Electromagnétiqu€/RE). The
experiments were performed in the transmission mode, at tH"éG-tl- EXAFi signal of Zn%ﬁe%-é ;’it Kthe Zn atmt(:] Se K edges. All tze .
Spectra have been measured a , excep € ones corresponding to
gﬁ??ﬁoﬁgmﬂisﬁ m}éniggféinza?c?fﬁ\é p\:\t/aeseléiidofahar—znse"ggTe"'m and ZnSgssT €45 Which have been measured at 52 K.
monics was avoided using tlig&11) reflection, and by partial
detuning of the monochromator crystals. A reference Cu foifounded by four SeZnSg or Te(ZnTe) anions situated at
was used to establish the energy calibration. The first inflecR=(V3/4)a. In the alloy the Zn environment depends in a
tion point of the Cu foil was set at 8979 eV. The resolution atdirect way on the Se content. The structure of the low k
the Zn and Se K edge was 7.8 and 11.2 eV, respectively. Oscillations is specially sensitive to the absorbing atom
The alloys were crushed to obtain a fine powder, mixed1€ighborhood, and it is seen in Fig. 1 that at the Zn K edge
with cellulose and boron nitride, and pressed in order to forntheir shape vary in a progressive way from ZnSe to ZnTe.
pellets. The mass of sample introduced in each pellePn the other hand, the Se first neighbors shell is always
(10 mg/cn?) was optimized to get the best signal to back-formed by four Zn atoms, and the dependence of the Se
ground ratio at both edges. At the Zn K-edge the total ab€nvironment on composition is only from the second shell

sorptionux ranged from 1.4 to 2, whereas it varied betweenon, so the low k oscillations are less sensitive to the Se
1.0 and 1.5 at the Se K-edge. content. The Se environment is directly accessible at all con-

Samples with a Se content given By 0.0, 0.2, 0.55, centrationsx# 0 through the measurements at the Se K edge.
0.81, and 0.99 were mounted in a liquid-helium cryostat, andiowever, the jump associated with the Se K edge diminishes
studied at several temperatures from 10 to 300 K. Alloyswith respect to the total absorption as the Se content is re-
with x=0.1 and 0.93 were introduced in a liquid-nitrogen duced, and the spectra become noisier.
cryostat. In this case the spectra were measured at 77 and The multiple-edge EXAFS analysis was performed using

300 K. the ab initio multiple-scattering MS) GnXAS packagé®—!
The GnXAS method is based on an n-body expansion of the
IIl. RESULTS AND DISCUSSION x-ray absorption crosssection. Within this method, the struc-

tural x(k) signal is given by a sum of contributions associ-

ated with two-body, three-body and higher-order atomic con-
The background subtracted, k-weighted XAFS spectra afigurations, averaged on the correspondingbody

the Zn and Se K edge are shown in Fig. 1. Pure ZnSe andistributions(g,, g3, ...) accounting for thermal and static

ZnTe share the zincblende structure. The Zn cation is surisorder. The irreducible-body terms contributing to the

A. XAFS spectra and data analysis
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TABLE I. Chalcopyrite(l_42d) model used in the phase shift calculation of Zn K-edge Se K-edgg
Se-Zii-Te and Se-Zn-Te three body signals. In our model AR v Bz Se] © T T PN
=5.888 A,c=2a=11.776 A,u=(1/4)+[(R, 1 R2,c)/a%]=0.277. 7\/\/\/\/\/\’/\/\”— Y, Se-Zn-
Atom Wickoff position Coordinates W_ 1
Se (4a) 0,0,0 ~L ".(:)z""se'zn. Y,%Zn:Se'-Zn
Te (4b) (0,0,1/2 < [ ¥, Se-Zn Se| \ ANNNNARSEZnSe |
Zn (8d) (u,1/4,1/8 =2 [
i v Se-Zn'-Tel n,” Se™-Zn-Te |

EXAFS x(k) signal are calculated using both MS expansion i ]
and continued-fraction techni(;1u%8s2,9 and are classified ac- j\&sj\/!\/\/\/\/\"
cording to the geometry and chemistry of the atomic con- Exp; nSe,y Teyss -
figurations. In particular, two-body® signals are numbered PR Sernve. 3 IR i &
according to bond distances and type of atoms invo[\mé?d 4 6 8 10 12 14 Aﬁ 6 8 10 12 14
is associated to the Se first neighbors of Zn, for example k(A7)
¥ signals contain the pure three-body contributions associ- Zn K-edge Se K-g.'(_ige
ated to triplets of atoms and are also classified according to T m' BESAEEEE o
their geometry. As the definition of a three-body configura- i Y, Zn-Se _\/\/\/\/\/\Y}\ﬁ;ﬂ
tion implicitly defines the lower-order two-body ones, it is Y, Zn"-Te{ ]
useful to incorporate the two—bocbf) signal associated with B 1 J
the longest distance in the three-body tegfdl. This gives - ]
the effective MS contribution due to the presence of a <& | 0,2 Zn'-Te-Zn | J
second-shell atom, defined =7+ o 2| Y2 SeZa'-Te] o

In this work, the two-body and three-body contributions X | /\/\/vaw
relevant to ZnSe, ZnTe, and chalcopyrite,&aTe(see Table ]
1) have been calculated for each atomic edge under consid- i
eration. Shown in Table Il are the two- and three-body con- Exp| ZnSe, Te, |
figurations used in the refinements. Each of them has been L, T E  T=1K
used only when relevant to either the Zn or Se K edge. The 4 6 8 10 12 14 4 6 8 10 12 14
dominant signal is always the first-neighbor two atom signal. k (A'l)
TABLE II. Two- and three-body configurations considered in the XAFS FIG. 2. Structural refinement corresponding to ZpSee, o and

analysis. The three-body configurations are defined by the two shortestnSe, ,Te, g spectra at 11 K. The structural fit has been carried out simulta-

bonds,R;, and R;5, and the angled between them. Deg is the number of
configurations as a function of the Se compositih The starred atoms
represent the absorbing atoms. The nomenclature employed to describe t
multiple-scattering signals is also given.

Peak R, (A) Ry3(A) 6deg Deg Atoms XAFS sig
Derived from ZnSe
92
1 2.458 & Zn'-Se y2
4 Sé-Zn 7
2 4.014 12 Zh-Zn  incl. in z®
12 S€-Se incl. iny®
93
1 2458 2458 1095 ¥ Zn'-Se-zZn = 7
6 Zn-Sé-7Zn P
2 2458 2458 1095 6  Se-Zi-Se 7
1%  Sé-Zn-Se 7
Derived from ZnTe
g2
3 2.641 41-X) Zn' —Te ¥
4 4.313 12 Zh-zZn  incl. in 7®
93
3 2641 2641 1095 12-x) Zn'-Te-Zn 7
Derived from ZnSeTe
O3
4 2461 2645 1092 ¥1-x) Se-Zi-Te 7
12(1-x) S€é-zZn-Te 7Y

neously at the Zn and Se K edges. In the figure it is shown the decomposi-
tion of the multiple scattering into its two-body'?), three-body(»?), and

e contributions. Thep® signals include the two-body signal correspond-
ing to the longest distance in the triplet.

In the low temperature spectra of slightly alloyed com-
pounds, the second neighbor shells are also relevant.

Data analysis was performed directly on the absorption
data without any previous noise filtering or preliminary
background substraction. Structural and background param-
eters were simultaneously obtained minimizingZype re-
sidual function, following the multiedge method discussed
elsewheré®=? The same statistical weight was assigned to
the Zn and Se K edges.

The 2 two-body signals employed in the refinement
process to characterize the first shell contribution are defined
by their bond distance and associated Debye-Waller factor
(see Table Ii. In the ¥ and 7® signals, theR;, and Ry3
distances describing the shortest bonds in the triplet are iden-
tical to first neighbor distances, and do not introduce any
new parameter in the fi? represents the angle between the
shortest bonds in the tripleR;,, R;3, and § completely de-
fine the geometry of the triplet, and in particular, #nsig-
nals, they establish tHe,; long distance associated to second
neighbors. To complete the characterization of three-body
signals, a six parameter symmetric covariance matrix is de-
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i ) ) _ FIG. 4. Evolution of the Debye-Waller factor as a function of temperature
FIG. 3. Hollow symbols: First neighbor Zn—-Se and Zn-Te distances ingg, ZNnSe o5Tey 0(0D), ZnSg giTey 14 O), ZNnSQ seTeadA),

ZnSgTe, . Filled symbols: Results from Ref. 25. The original Zn—Te data ZnSe,Te, s © ), and ZnTéx). Continuous lines represent fits to E).
in Ref. 25 has been shifted 0.006 A to match the pure ZnTe values. o

fined. The covariance matrix contains Debye-Waller factorsfa.m"’uySIS the edge energy is defined by the maximum of the

associated t®;, andR,3 (again identical to that of two-body tlr:St denvgtlve .Of tlrtm_e a?slorgngn sdpscttrtt:m. The.prect|3|lon of
signalg, the angle variancer, and bond-bondogrg and € procedure 1S ullimately defined by the experimental reso-

bond-anglepg, dimensionless correlations. This kind of pa- Ejtlonl and :hetriﬁrogum_?_'“tg. Otf the .moBJ([)c'hr%n;ator p?flt_
rametrization is discussed in Ref. 29. lon. In contrast, the zn—Te distance IS oblained rom a it to

The composition in the first and second shells have beel’pe Zn K edge. As the Te content diminishes the contribution

@) ; : -
fixed in the analysis, assuming that the alloying is random.mc the y;3” Zn—Te signal is reduced with respect to the total
Additional nonstructural parameters considered in the fi

pne, and the error in the determination of the Zn—Te distance
are the energy difference between the experimental and théncre_asei. Our lmgasu;edments are .nﬁt precise enougt? tﬁ.de_
oretical energy scale8Eq(Zn), AE,(Se: and the amplitude termine the evolution of distances with temperature, which is

33,34 .
correction factorssi(Zn), S(Se. The AE, values are corre- of the order of 0.1% whefl varies from 10 to 300 K.

lated to interatomic distances. They have been determine'dowever’ We can use the d|.st§1nces obtained at dlﬁerenF tem-
Jeratures to estimate statistic errors. In the same figure,

from the analysis of pure ZnTe and ZnSe spectra, and mai AFS datd® obtained Usi d tructural
tained fixed in all refinements concerning the alloys. Thet d da ¢ % fune lus!ng pure C(imdpourfl_”sdas S [)u? ur_la_lh
amplitude correction factors are mainly correlated with Stanaards for data analysis Is presented as fifled symbois. 1he

Debye-Waller factorgo?). First of all we performed a pre- distances obtained with both analysis are in excellent agree-

. ) iy ment.
liminary refinement for every composition and temperature . .
Y y P P Zn—Se and Zn—Te distances display slow dependence

with the & considered free. Then the averaggvalue was with Se content, and do not follow Vegard’s law. The same
calculate Zn)=0.96 andsé Se=1.00 and introduced in . ' . . )
y c[%( ) (S8 9 I . ! conclusion has been reached in other alloys since the first

a definitive fit. - 90,21 :
Figure 2 gives an example of the structural refinemenpbservatIOﬁ of the phenomenon in GalnAs. XAS

corresponding to Zn$@;Te, 1o and ZnSg,Te, s Spectra at studies on liquid pseudobinary ionic all8§/$|ave shown that

11 K. The theoretical signal has been decomposed into itg1 liquids the first_r_leighbor bim_odal distributions do not de- .
multiple-scattering components. In the lower part of the ﬂg_pend_ on composition, so t_he linear dependence observed is
%nS|dered as a direct lattice effect.

ures the agreement between the experimental spectra and tH . .

. ° agr P P The evolution of Debye-Waler factors as functions of

simulations is shown. 2 e . .
temperature and composition is presented in Fig. 4. It is evi-
dent that the dependence of the distance variance on compo-

B. First neighbors sition is more pronounced in the case of the Zn—Se bond

than in the Zn—Te one. In order to analyze both behaviors,

otpe Debye-Waler factors have been decomposed in terms of

Zn—-Se and Zn-Te distances in the alloys as a function . . .
o ; . ! heir static(oa) and dynamic componentsr, 4). The dy-
composition. The Zn—Se distance takes part in the fit at bot : ; . . . L AeT
. namic component is described using an Einstein model,
the Zn and Se K edges. In our fit scheme, where we have

In Fig. 3 we show(hollow symbol$ the first neighbor

fixed the differenceAE, between the experimental and the o3 =0%,+0aq . (2a)
theoretical energy scales, the main sources of error in the

determination of the Zn—Se distance are on the one hand the 3 hon

possible existence of a chemical shift, and on the other the Tad= 2nion ”'(%) (2b)

experimental determination of the edge energy. We do not
expect the chemical shift to be important as the end comA makes reference to either Zn—Se or Zn-Te, is the
pounds are structurally and electronically very similar. In ourreduced mass, whereas, is a phonon frequency.
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FIG. 5. Evolution of the static disorder contribution to the Debye-Waller 114 T T T L T T
factor [see Eq.(2)] associated to first neighbors as a function of the Se
content. 113+ 4
~~
(o]
N’
o M2 -

The fit of the temperature dependence is presented asy,
continuous lines in Fig. 4. The obtained phonon frequenciesan 111 L
increase almost linearly from ZnT@&73 cm?) to
ZnSe(204 cnt), and are comparable to those of the optic 20
moded® in ZnSe(wro=205 cmt,w =250 cmy) and B

g
M

an

110

“‘ 9 Zn-Te-Zn

ZnTe (wro=177 cm?, w =205 cm?). The static compo- 109

nent of the Debye-Waller factor obtained in the fit is reported 108 |
in Fig. 5. OénTe does not depend appreciably on composi- o
tion, whereaso?, s Clearly increases as the Se content is 107 L— - . P .
reduced. It is also important to note that, following E2), 0.0 0.2 0.4 0.6 0.8 1.0
even at low temperatur@kT<fiw,), the static component X Se

oas represents only a part of the total Debye-Waller.

FIG. 6. Upper panel, hollow symbols: second neighbor distance as a func-
tion of the Se content in the ZnSgTe, _, alloy. Filled symbols: results from
Ref. 25. The original Zn—Te—Zn and Zn—Se—Zn data in Ref. 25 have been

Second neighbor distances are obtained from the Spectisgifted to match the pure ZnTe and ZnSe values. Lower panel, associated
. . angles(see Table . Continuous lines represent linear fits. The dashed line
at low temperature, and shown in Fig. 6 as hollow symbols . responds to the virtual crystal approximation.
Zn-Te—Zn and Zn—-Se—-Zn second neighbor distances ob-

tained in Ref. 25filled symbolg are also shown for com-

C. Second neighbors

be the most disordered, and at x=0.55 there is no difference

parison. between Zn-Se—Zn and Zn-Te-Zn triplets. As we intro-
It is apparent the existence of two different behawors.duce Te in ZnseoéeSe follows OénZW but at x=0.55 it

The Zn-Zn second neighbor distance corresponding to th?eaches a lower maximum. The behavioraégT is different
. e L

Zn—Se—Zn and Zn—Te-zn trlple_ts present a small depe%@'\s it is only significative when Se is the minority compound.
dence on concentration, clearly different from that expecte

from the virtual crystal approximation. The associated boan Structural model
angled (see Table i remain nearly constant when alloying, - uctural mode
althoughé,,,_te_znis found to be smaller tha#,,,_s.-7, and It is widely accepted that the microscopic structure of
closer to the ideal value, 109.47°. On the other hand, thé&B,C,_, random alloys is different from that of the pure
Se—Se and Se—Te second neighbor distances in Se—Zn—&smpounds, AB and AC. Perhaps the most striking property
and Se—Zn-Te present a more pronounced dependence isnthat cation-anion distances show a bimodal distribution,
composition, although not as important as predicted by theemaining near to that of the end compounds. The
virtual crystal approximatioridashed ling In this case we ZnSgTe;_, system is not an exception, as can be appreciated
have d0se_7p-sd X==7%1°, d0ge_7o-1dX=-5%1°; andfis  in Fig. 3. To reconcile the existence of two different cation-
reduced as the Se content is increased. anion distances with the macroscopic zincblende structure it
The Debye-Waller factor associated with second neighis necessary to obtain information from farther neighbors.
bors has been calculated using the angle variang®b-  Mikkelsen and Boyc®?! found that in Ga_,In,As, the Ga
tained in the EXAFS fit. Its dependence with temperature haand In second neighbor distance distribution is nearly unimo-
been analyzed using E), and the static contribution to the dal, and closely approaches the virtual crystal. On the oppo-
Debye-Waller factor associated with second neighbors hasite, the As second neighbor distribution is bimodal, and
been obtainedsee Fig. J. The cation sublattice appears to strongly deviates from the virtual crystal. In the case of
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L L L L L L FIG. 8. Structural model describing the substitution of a Se atatrte
0.0 0.2 0.4 0.6 0.8 1.0 circles by a Te ongblack circlg in a(111) ZnSe zincblende plane. The Zn

atoms are represented by gray circles. The triangles drawn in continuous
lines represent the projection of the tetrahedra in(ftiel) plane before the
substitution, whereas the dashed triangles indicate the main distortions after
FIG. 7. Evolution of the static disorder contribution to the Debye-Waller the substitution.

factor [see Eq.(2)] associated to second neighbors as a function of the Se

content.

X Se

is maintained constant, would remain essentially undistorted.

L ) The presence of the enlarged tetrahedra would force the
ZnSeTe, the situation is similar, but with the roles of an- nejghhoring tetrahedra to tilt from their ideal positions. In

ions and cations interchanged. In our case the Se—Se a proces®ee_s,_swould increase ands._,,_rowould de-
Se—Te distances are close to the virtual crystal, whilst the o,5e Effectively, in Fig. 6, we can see thab_s,_sciS
. ' . ' -Zn-Se

Zn—Zn distance shows a bi_mé)eg?z)a?l’gistributi((ﬁig. 6. These  pigger, andfs._y-resmaller, than the zincblende value. The
differences in behavior indic that the Zn sublattice g5 me type of reasoning is valid for the substitution of a Te

is more likely to be distorted than the anion one. In Fig. 7,50 by a Se one in a Te rich alloy. Now the Se centered
the behavior of the static disorder associated with seconghiranedra would be contractedg,_,,_. bigger than in
neighbor distances support this argument, as the static diso;,cplende antre_y_1eSmaller.

der is more important in the cation sublattice than in the

anion one. From an intuitive point of view, following | ¢t s imagine an anion corresponding to the minority com-

Balzarottiet al,*” if first neighbor interactions are dominant pound in the center of a Zn tetrahedra. A displacement of the
in the alloy it is very likely that Zn atoms, surrounded by 4nion in the direction of one of the Zn atoms will give origin

different anions, will leave its central position in the tetrahe-;4 the existence of two different cation-anion distances
dron. The cation-anion distance has been theoretically inves- '

Finally, we can discuss on the origin of static disorder.

tigated using statistical models where all the configurations di1=doth, (3a)
around the Zn atoms, with,1,2,3, or 4 Seatoms, have

been taken into account. On the other hand, the anions, 4= \/h2+£d +§d2 ~d _h (3b)
which are always surrounded by four identical Zn atoms, 2 Jg e granmzn =0 g

should remain in their undistorted positions. — . _
We have tried to relate the information about the cationwheredo=(6/4)dz,-z, describes the distance from the cen-
environment with that of the anion, in order to give a globalter to the corners of the tetrahedra, and h is the displacement

vision of the alloy. With this in mind we have focused our Of the minority compound. Ih>0 the anion will approach
attention on the angle information provided by our measurethreeof the Zn atoms, and will become more separated of the
ments, explicitly introduced in the description of the triplets Otherone We can estimate the static disorder originated as,
appearing in Table Il. The results suggest that the Zn tetra- ) h?
hedra surrounding the anion remain essentially undistorted, 0= 3
but they are forced to tilt from their ideal zineblende orien-
tations to accommodate the minority compound. The precise way in which the minority compounds move
Let us imagine the substitution of a Se atom by a Te onénside the tetrahedra depends on energy considerations. As
in a Se rich alloy. For simplicity’s sake we will concentrate the inner part of the bond potential is harder than the outer
in (112 zincblende planeg-ig. 8). Other planes adequate to one, it should be expected that the anion would approach
represent different Zn displacements are described in Fig. lthree of the cations, f|/3 distance, with the other one be-
of Ref. 38. Our arguments can be readily extended to thoseoming a distancéh| further away, rather than in the oppo-
distortions. The tetrahedra where the Se is substituted woulsite sense. To estimate the displacement, we have assumed
be enlarged to accommodate a Zn—Te distance which, at¢hat in a Te rich alloy(x=0.2) the Se atom approaches three
cording to Fig. 3 is nearly equgbut not exactly to that of Zn atoms up to the equilibrium distance in pure ZnSe
ZnTe. The slight difference is induced by the compressived,=2.454 A). In a Se rich alloy(x=0.81) we have supposed
environment. In a first approximation the substituted Tethat the Te atom moves away from one of the Zn atoms up to
would be in the center of the tetrahedra, whichgas .-,  the equilibrium distance in ZnTed;=2.643 A). In this way

(4)
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TABLE Il Estimation of the static disorder generated by small displace-is substituted by a Te one in a Se rich compound, the Te

m_ents _of the minority compound inside th_e tetrahedra. Energy consider—atom is maintained at the center of the tetrahedra by the
ations implyd,<d,. In ZnSg ,Te, s We have fixedd, to that of pure ZnSe. Isi t of the bondi tential
In the same way in Zn3g.Tey 19 d; is estimated from the pureZnTe com- repuisive part o € bonding potenual.

pound. We have shown that the use of XAS to study the envi-
ronment of selected atoms, combined with the utilization of

x Se do (A) dy (A) d, (R) o5 (A9 the GnXAS package, constitutes a powerful tool for struc-

Zn—Se bond tural analysis.
0.20 2.489 2.595 2.454 0.0037
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