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ABSTRACT

We have performed an extended X-ray absorption fine structure measurement of
Cd;_4Mn,Te solid solution for various concentrations x in the single phase range
0<x =0,7. Data have been collected on the Mn, K, CdLyyr and TelLjy; edges. We have
found well-defined different nearest-neighbor Cd-Te and Mn-Te distances almost in-
dependent of x, We have developed a model of the microscopic structure of the zinc-
~blende-type A{.4ByC ternary alloys based on a random distribution of cations.. The
model describes the bimodal distribution of near-neighbor distances in terms of distor
tion of the anion sublattice using only the lattice constant of the alloy and the bond-
-stretching constants of each binary component, Its application to Cdy_4Mn,Te and
Inl_xGaXAs alloys proved to be in excellent agreement with the EXAFS results, With
in the framework of this model we consider also the problem of the structural stability
of Cdy_yMn,Te,

(x) ~ On leave from Institut of Physics, Jagiellonian University, Crakow, Poland.



1. - INTRODUCTION

The CdTe-~-MnTe solid solutichs, which combine the semiconducting properties
of CdTe with the magnetic properties of 3d5 states of Mn, have been recently studied
with the main aim of having a consistent explanation of their magnetic and electronic

properties. Up to now, many significant results have been reported on this system,

c‘— I
concerning the optical(1_4) (5-7) (8)

ic(g—lz) properties throughout a wide range of Mn content, Nevertheless, there are

, the magnetooptical , the transport and the magnet
still essential contradictions in conclusions drawn from some investigations., In par-
ticular the photoluminescence studies(13) indicate that the d-electrons of Mn are lo-

calized and placed about 1 eV below the top of the valence band. On the other hand,

the integra1(14) (15)

and the angle-dependent photoemission studies may suggest a lar
ge delocalization and strong hybridization of the Mn 3d levels with the Te 5p valence

band.

The atomic scale structure of the zinc-blende-type ternary alloys (like Cdy_x
MnyTe) is still an open question too. CdTe and MnTe crystallize in cubic (zinc-blen
de) and hexagonal (NiAs) structure, respectively. Standard X-ray diffraction mea-
surements suggest that Cdy_yMn,Te crystallizes in zinc-blende structure up to x =
= 0.7 and undergoes a structural phase transition to a multiple~phase system at high
er-concentration of manganese(m’ 17). The lattice constant of this material changes
linearly with x in the whole single-phase region(lg), the feature commonly referred
to as Vegard's Law. Such behavior does not exclude a bimodal distribution of the
nearest-neighbor (NN) distances in the alloy. Diffraction methods do not provide suf
ficient structural information on the local distances of atoms in crystals. A new in-
sight was recently supplied by the extended X-ray absorption fine structure (EXAFS)
analysis applied to the Iny_,Ga, As alloy by Mikkelsen and Boyce(lg) and by Azoulay

(20)

et al, to the Er;_,Pr Sb alloy although in a very narrow range of composition x.

Those works together with our experimental results reported earlier for Cdy_yMn,

Te(zj" 22) yield the conclusion that impurity atoms create a bimodal distribution of the

NN distances,

There was other experimental evidence which obliged us to consider the NN and
NNN (next-nearest-neighbor) order in this alloy. For instance, the analysis of an ano

malous behavior of Cdy_Mn,Te fundamental reflectivity spectra measured versus Mn

concentration(lg’ 23, 24) which might suggest the local disorder induced by Mn atoms,

or the results of the investigation of the magnetic properties obtained by Galazka et

(10)

al, . Moreover, the recent calculation of the electronic states in hypothetic, cubic



MnTe(ZS) in which authors used the lattice constant extrapolated to x=1 from the li-
near behavior in the homogeneity region, showed that, regardless on the assumed
charge transfer, the resulting structure was metallic, in apparent contradiction with
expectations, The improper structural information used there was perhaps a reason
for this discrepancy. Therefore definite structural information is apparently needed
to explain the electronic and magnetic properties of Cdi_yMnyTe,

Our paper is just devoted to that problem, In Section 2 we present the results of
the EXAFS measurements performed on binary compounds CdTe and MnTe and on
their alloys and discuss the NN distances between components. Next, in Section 3, we
develop a model of the microscopic structure of the zinc-blende-type Aq1.xB,C ter-
nary alloys which explains consistently the experimentally found bimodal distribution
of NN distances, Section 4 contains the summary of our experimental and theoretical
results, a comment about the different approximations in the theory of alloys and, fi

nally, a discussion about the stability of Cdy_,Mn Te alloy.

2, - EXPERIMENTAL DETAILS AND DATA REDUCTION

The EXAFS measurements were performed at the National Radiation Facility
"PULS" of Frascati (Italy) with the light emitted by the Adone storage ring (1.5GeV,
50 mA), The experimental set up is described elsewhere(%).

Single crystals of CdTe and MnTe and of their alloys were powdered and sup-
ported on kapton and mylar adhesive tape or deposited from a water dispersion on Mil
lipore membranes. For CdTe thin films 2.6 um thick evaporated onto a mica substra
te were also used., EXAFS spectra were measured at three different temperatures
300, 150 and 80 K for Mn concentrations x=0, 0,1, 0,3, 0,5, 0.7, 1, The edges con-
sidered were the Telg and L;, the CdLypp and ]_.I and MnK at 4341, 4939, 3537,
4018 and 6543 eV, respectively, The MnK edge was measufed by fluoresceuce, In
MnTe the steepest edge was at 6545 eV, The average resolution was better than 1074
in this energy range, To check the homogeneity of our solid solutions in the whole
composition range and to measure their lattice constant, we performed an X-ray dif-
fraction study, In Fig, 1 we present the measured lattice constant as a function of
the Mn fraction x. The X-ray results indicated that the alloys were not.composed of
separate CdTe and MnTe phases and that the average lattice constant varied linearly
through the entire solid solution,

The extraction of the EXAFS modulation function X(k) from the background was

made with the usual procedure of data reduction, i, e,, a Victoreen fit to subtract the
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preedge background followed by a spline line fit to the atomic-like smooth background,

This procedure yields the well-known EXAFS function

f.(m, k)
A(x) = SN, ~Lo exp (- 2R. /A) exp (- Zkza,z)sin(ZkR,+ o.(k)), (1)
i J g2 J 3 i
J

where Nj is the coordination number of the jth shell at a distances Rj from the ab-
sorber, fj(n,k) is the backscattering amplitude for the jth atom, ¢j(k:) is the total
(backscatterer and absorber) phase shift, A(k) is the mean free path of the excited
electron and O’j2 is the mean square relative digplacement of the absorber-scatterer
pair. The photoelectron wave-vector k is given by

2 2

Hk
= + — )
fw EO W , (2)

where Eg, the photoabsorption threshold, has been taken to coincide with the maximum
of the derivative at the absorption edge.
The total phase and backscattering amplitude for the jth shell were obtained from

(27)

the usual analysis in k space, Namely, the k- X(k) data were Fourier transformed
(F'T) to real space and the contribution of the single shell j was backtransformed to
extract the phase and amplitude functions, From Eq, (1) the total phase factor (pj(k) for
a given shell j contained in the sine function can be exiracted if the interatomic distan
ce is known, viz., a suitable structural standard can be found, In our case the zinc-

~blende CdTe and the hexagonal MnTe binary compounds were adopted, Uder the as-

sumption of the phase transferibility for a given absorber-backscatterer pair, i.e.



: M
gp;‘(k) = g; (K), and from the relation ‘@?(k) 2kR;‘ + go;‘(k) the interatomic distance

R jx(k') for the unknown is simply given by

p: ¢

R;((k) = @j(k) - 90?/[(1{))/21{ , (3)

where M stands for model compound. Before discussing the ternary alloys data, we

shall examine the EXAFS of the standards at their different edges,.

2.1, - CdTe

LA S SR A,

CdTe, similarly fo a large number of II-VI compounds, is a semiconductor which
crystallizes in the zinc-blende structure, This structure is characterized by the tetra-
hedral coordination of atoms, i, e,, each atom of Cd is surrounded by four NN Te atoms
af the same distance, Cd (Z.=48) and Te(Z =52) are near in the Periodic Table and
this implies that their backscattering functions should be rather similar, For interme-
diate-Z atoms this function exhibits a double peak due to the Ramsauer-Townsend ef-
feeczt(27), Ag a result we expect a double peak in the modulus of F(R), provided X(k) is
transformed on an extended enotigh k range,

The Tel;gpj-edge EXAFS of CdTe is presented in Fig. .2 together with its FT cal
culated in the range 2.6 £k <38,1 A-1 using a Hanning window function, The first peak
is double and corresponds to the first Cd shell at R =2,80 A The experimentally de-

rived amplitude function f(w, k) for this shell is given by

2
Alk)R
, CdT
£o7, k) = < 55 (4)
- DN Y . 9Kk”“
N e ZA{CdPFe/;{(k/e 2k OCdTe

Cd

The amplitude function (s, k), is plotted in Fig, 2¢ and displays a clear double
maximum, The comparison with the theoretical amplitude function from Teo and Lee

{28)

tabulations indicates that only rough agreement exists, Considerable work has been

done on ZnSe and ZnTe by Stern et al.(29)

who based their analysis of the EXAFS spec
tra on the influence of many-body effects on the amplitude backscattering function, Fit-
ting the spectra with the theoretical parameters and correcting for the electron-electron
interaction through external S(z) and A parameters, reasonable agreement with the ex-
periment was achieved, On the other hand, Pettifer(30) critically examined the EXAFS
results for ZnSe and ZnTe and concluded that the agreement between theory and expe

riment was not satisfactory for shells other than thie first, The main difficulty was

found in the use of the plane-wave approximation for the backscattering functions. The



0.086 0.08
2(k) | Kk E:
a) CdTe L,, edge Te 2k ) CdTe L, edge Cd
0.03_ T=80 K 0.04 T=80 K
-0.00 ~0.00 /N
-0.03 -0.041
~-0.086 ! ! -0.08 | |
2.00 4.00 o 65.00 8.00 2.00 4.00 o 5.00 B8.00
K (A") (A1)
0.18
F (R) b)
0.12{_
—
0.08| / \k
/
\/ A\\
T I |
8.00 0.00 2.00 4.00 6.00 8.00
R (A)
! 1.00
r k
fle k) | c) Theory Flw k)| c) Theory
0.80;- — Exper. 0.801 -— Exper.
Cd Te
0.60L 0.80] //\
o.qa0 /N e 0.40L / \\ ..........................
0.200 \/’“\ 0.20._ \\
0.00 [ | 0.00 l |
2.00 4.00 6.00 8.00 2.00 4.00 k(z‘-l) 5.00 8.c0
K (A
FIG. 2 - a) EXAFS modulation function FIG, 3 - a) EXAFS modulation function

X(k}) above the Ljpy edge of Te in CdTe;
b) Modulus F(R) of ghe BT of (k) in

the range 2.6 k 8,1 A-1

using & Hauning

window function; c¢) comparison betwe-
en the theoretical (dotted line) and the
experimental amplitude functions of Cd
obtained by backtransforming the first

two peaks of F(R).

X (k) above the Liyr edge of Cd in CdTe;
b) Modulus F(R)»of-thec_}?“T of Z(k) in
the range 2.0<k$6,7 A~ 1 using a Han
ning window function; c) comparison
between the theoretical (dotted line)and
the experimental amplitude functions of
Te obtained by backtransforming the
first peak of F(R),



se functions differ strongly for heavier elements (Z > 40) at values of k lower than
8 .I.Z‘;.-:L from those calculated within the spherical wave approximation, In distinetion
to Stern et al‘,(zg}, Pettiter(30) suggests a significant effect on the NN backscattering
of the curvature of the outgoing electron wave for all chalcogenides zinc compounds
ZnS, ZnSe, ZnTe,

A preliminary analysis of CdTe was made on the same lines of a previous stu-
dy(21) where the main interest was on the corrections to be applied to Eq. (1), At the
Lyry-edge of Cd, measured at 80 K, the NN Te shell is not resolved into two structu-
res like at the Te Lypr-edge because of the narrower range of k accessible to the mea
surements (Fig, 3), Furthermore the amplitude function in Fig, 3¢ shows that the sec
ond peak occurs at values of k larger than 6 A-l. Although the identification of the
main features of F(R) can generally be made using only theoretical scattering func-
tions(21), the exact knowledge of these functions is hardly achievable, In view of these

difficulties we treat CdTe as a standard from which these functions are experimental -

ly derived and used in the analysis of the alloys.

MnTe has a well-defined hexagonal crystallographic str"ucture (NiAsg-type lé.tizice)
in which Mn is sixfold coordinated to Te with a NN distance of 2,909 A Here we are
interested to achieve experimental scattering functions for the Mn-Te and the Te-Mn
pairs to build a model environment for the cubic Cdy_4Mn, Te alloys, by using the con
cept of transferability of the scattering phase in the high electron kinetic energy regi-
me. We have measured therefore the EXAFS structure above the MnK-edge and the
Te Lyrj-edge in MnTe which are shown in Fig, 4a and Fig. 5a, respectively, The cor-
responding F(R) are displayed in Fig, 4b and Fig, 5b, respectively, In Fig, 4c¢ and
Fig. 5c we present the f?/[ (7w, k) function extracted using the same procedure as des ;.
scribed above, These functions are used subsequently to fit the Cdy_4Mn,Te EXAFS

data,

24 30 - Cd.imxl\/.[nXTe

2,3. 1. - Cd Lyqq-edge

The F(R) spectra around the Cd Liyjr-edge for x=0,1, 0.3, 0,5 and 0,7 in Cdy_x
Mu,Te are illustrated in Fig, 6, Due to the limited k range accessible above this

edge free from the absorption of the Ly Cd edge, the achieved resolution in the r spa
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FIG., 7 - Nearest-neighbor Cd-Te distances ver
sus k as derived from the EXAFS analysis of

Cdy_,Mn Te for several concentrations x.

of X(k) measured above the Cd Ly

edge in Cdy_,Mn,Te for several

concentrations x,

ce is worse than around Te and the double components of the first peak are not observ
ed, Moreover, the width of the Te peak is approximately the same for the various con
centrations of manganese, By filtering out the first peak of F(R) and backtransforming
it in the range 1,5 <R £ 3.5 A we obtained from Eq, (3) the R(k) values of the Cd-Te
pair for various x, which are shown in Fig, 7. Within the estimated error bar for this
distance (* 0,01 f&), we measuiced a Cd-Te distance as equal to 2.80 jc{ for all concen-

trations., Such a distance is coincident with that of pure CdTe,

The above analysis applied to the MnK-edge yields a distance of the Te-Mn pair
o
ranging from 2,761 0,01 A for x=0.1to 2,747 0,01 A for x=0,7, The measured F(R)

spectra are shown in Fig, 8 and the R(k} function iz plotted in Fig. 9 for various x.

Fig, 10 shows the F(R) function above the Te LHI—edge for x increasing from 0,1

00
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and Cd atoms surrounding Te,
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to 0.7, calculated in the range 2.6 < k < 8,1 fa& The first and second peaks of F(R) cor
respond to the NN Mn and Cd atoms, respectively, in the first shell aurrounding Te,
By increasing the mole fraction of Mn the intensity of the Mn peak increases and, cor
respondingly, the intensity of the Cd peak decreases. As discussed in the case of pu-
re CdTe, the Cd peak is double and thus the Mn peak in the alloy is superimposed on
the lateral peak: of Cd.

We have best fitted F(R) by using as free parameters the anion-cation distances

and the Debye-Waller factors for Mn and Cd atoms (Table I). The starting values were

TABLE I -~ The best-fit anion-cation distances R, Debye-Waller factors

62 and change of E, for the Mn-Te and CdTe pairs.

B R S Mo Te ci-te ]
x R(A)| 62( x1072 a%) E (eV) R(A) |62( x1072 a%) E (eV)
0.1 12.755 0.01 0.311 2.801 0.60 0.068
0.3 {2.748 0.01 0.309 2.801 0.78 0.357
0.5 |2.747 0.25 0.370 2,800 0.65 2.57
0.7 |2.74 0.20 | 0.584 J 2,795 0.50 4.99

| ETTATRPRPY WSS S S — e ST SR SRR

those derived from the analysis of the Cd Ligr and Mn K-edges in Cdl_anXTe‘. The

amplitude and phase functions were deter-

mined from the model compounds and the

coordination numbers were calculated from  2.804

~ T Cd-Te

the nominal x in the alloy. The hest fit

0
R(A)
F(R) curves are reproduced in Fig. 10 (dot

ted lines) for various x and agree satisfac - \

s
torily with the experimental curves; The 275 L W 7]
- [ 4
anior-cation distances are almost indepen ' Mn-Te
| ! | J ] | ]
dent of x and are shown in Fig, 11 (full 01 03 05 0.7

dots). In Iny_,Ga,As Mikkelsen and Boy-

X in Cd1 Mn Te
ce(lg) ” )

FIG. 11 - The average Cd-Te and

of the cation peak but they observe a broad _M-ET-Te—nearest-neighbor distances

ening and a srall shift of the NN peak com in Cdy_yMnyTe alloys versus con-
- centration x. e Values from the

pared with pure binary compounds. They re best-fit of the EXAFS data: o Va-

solve it by a fitting procedure using two lues calculated from the model;

o Values of a(x) /3/4, as measu-

red by X-ray diffraction,

‘cannot directly observe the splitting

Gaussian distributions.
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Q ©
In Cdl_anxTe the further peaks of F(R) between 3 A and 5 A are assigned to
NNN Te and Cd (Mn) atomic shells. The intensity of this complex structure grows with

increasing x.

3. - THE MODEL OF THE MICROSCOPIC STRUCTURE OF RANDOM ALLOYS

Taking into account all the experimental evidence, it seems that a general pro-
perty of random solid solutions of binary compounds has been discovered: the A-C
and B-C distances in the zinc-blende-type A1_XBXC alloy at arbitrary concentration
are nearly the same as in pure AC and BC compounds, respectively. It is, therefo-
re, very interesting to consider in detail how the zinc-blende structure accomodates
two different cation-anion distances. Mikkelsen and Bo;yce(lg) drew an analogy betwe
en Ag 5By, 5C alloy and chalcopyrite (ABX,) crystallographic structures. Following
their approach directly one cannot, however, describe an alloy at arbitrary concen-
tration x.

In order to develop a model possessing such a capability one must realize that
NN distances, as measured by EXAFS, are an average over a macroscopic volume,
It implies that a model must be statistical, and proper averaging over possible NN
distances should reproduce the experimental data,

To start with, we shall consider which sublattice is more likely to be distorted.
Our measurements do not provide enough information to analyse the NN distances.
Mikkelsen and Boyce(lg) report that the cation-cation distribution has a single peak
and it is only slightly broadened comparing to that in the pure compound, whereas
the anion-anion distribution is bimodal. Such experimental evidence suggest that much
stronger distortion occurs to the anion sublattice. Moreover, as Mikkelsen and Boyce
pointed out, if the cation sublattice were to distort, the average anion-cation distance
could not differ much from the virtual-crystal approximation (VCA) value. Decreas-
ing the distance of a cation from some anion we increase the other cation-anion distan
ces in the same tetrahedron, keeping the average close to the VCA value. Finally, we
point out that if we believe that the NN interactions are dominant in the alloy, it is
much more likely that the anion surrounded by different cations will leave its central
position in the tetrahedron instead that the same would happen to the cation surround-
ed always by four identical anions. The assumption about the dominant role of NN in-

teractions is made in the majority of alloy models,
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2, 1. - Formulation of the model

Taking into account the above considerations we construct our model of the mi-
croscopic structure of the zinc-blende-type

Ap_xByC alloy according to the following: A
a) We assume that the cation sublattice re- /\ A
rmains undirstorted (In general, the sublattice A

containing two types of atoms remains undir- \\ S y1

storted),

b) We consider all possible coordinations a- '/ 21
Y4

round an anion in the alloy - there can be 0, ‘

1, 2, 3 and 4 B-type cations at the vertices of "

the tetrahedron, For every coordination we A
consider the relationship between A-C and (a)

B-C distances when an anion is displaced A

from its central position., We assume that the

\
influence of disorder in the NNN and further ) B

shells does not affect a displacement of a cen ' * yg !
tral anion, The NNN interactions are much y
smaller than NN ones but it is not necessary

to assume that they are negligible. It is enough f TS

to observe that, due to the long-range disorder, .

the net displacing force acting on a central anj-

on will be close to zero, Fig. 12 shows all pos A )
sible geometrical situations for the 3 cases in

which we have 1, 2 or 3 B-type cations.in a te- A

trahedron, We assume that the anion has a ten A B

FIG, 12 - All possible coordinations around -CY °
the anion in the tetrahedra containing both ) -
types of cations. The open point and dashed ‘ /Z3 : Z, gy

lines mark the positions of the central anion g
and the bonds in tetrahedra when the anion .
sublattice is undirstorted, The solid lines '
and full points mark the bonds and the posi- B
tions of ion in distorted tetrahedra, (c)
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dency to get closer to the B-type cation (in our case B-type cation is Mn, in Mikkel-
sen and Boyce's case(lg) it is Ga).

If zn(x) jenotes the B-C distances, the A-C distances are given by

2 , .
yl(x) - /:1 ~(ZX) + zi(x) ; 2a(x) zl(x) ,

2. 5
75 = /i—;}ﬁ a) Y2 - 25+ 220, (5)

_alx) 1 / 2, . 22
y3(x) = \/§ -3 423(x) -3za (x),
for the cases a,b.and c in Fig. 12, respectively; a(x) denotes the lattice constant of
the alloy at concentration x. Inthe case when all four cations are the same, the te-

trahedron cannot be distorted - the B-C (or the A-C) distance equals Yo = 24 =

= a(x)y3 /4.

¢) For the next step we must consider the probability of finding tetrahedra with 0, 1,
2, 3 and 4 B-type cations in the alloy at concentration x, Let us consider an anion
picked up at random distribution of cations in their sublattice. Obviously, the proba
bility of finding the B-type cation at any vertex of the tetrahedron is equal to x and
the probability of finding the A-type cation is 1-x. Hence, the probability of finding
a tetrahedron with n B-type cations is given by the binomial Bernoulli distribution:

4 -
P(n,x) = )xn (1-x)*0 (n=0,1,23,4). (6)
n

Some remarks, concerning Mikkelsen and Boyce's model(lg) are in order here, They
claimed that in AO. 5BO. 5C alloy the tetrahedra containing 1 and 3 and 3 and 1 A-type
and B-type cations, respectively, should occur 4.2 times less frequently than those
with 2A and 2B cations. Their analogy to chalcopyrite is based on the observation that
in the AO.5B 0.5C alloy tetrahedra with 2A and 2B cations were predominant, This is,
unfortunately, not the case because in accordance to formula (6) for x=0.5 the proba-
bility of finding a tetrahedron with 2A and 2B cations is 3/8 whereas of 1-3 and 3-1
configurations are 1/4. Hence, it is more likely that we will find a tetrahedron with
1-3 or 3-1 than with 2-2 configuration even for x=0,5. It makes the validity of their

chalcopyrite analogy questionable(Bl).

d) Having defined the geometry and the probability distribution of different possible te

trahedra one can calculate the average NI distances., If can be done if distances yn(x)



and z,(x) are properly weighted by probabilities (6) and additional weights W(n) = 4-n
(and W(4-n)) arising from the fact that in the tetrahedron containing n B-type cations
there are 4-n A-C (and n B-C) distances, Then, the average A-C and B-C distances

denoted by y and 7z, respectively, are given by :

4
- 1 o
v = 5 n2=0 W(n) P(n,x)y (x) , (7)
where
4
Plx) = ¥ Wn)Pn,x),
n=0
and
- 1 4 '
z(x) = =T nz-':O W(4-n) P(n, x)z (x) , (8)
where

4
P'(x)= 3 W(4<n)P(n,x).
n=0
e) To complete the calculation of the average NN distances we have to know all six va
lues y,(x), z,(x) (n=1,2,3) and to realize this, the following procedure is proposed,
The 71,(x), given below, are minimized as the functions of z_(x) for all cases n=1, 2,

n
3 and for each value of x

’e 2 2,2, ¢ Vo2 22
Mp(x) = — W(.q:..-n)(zn(x)-zp) + *)2-’- Win)(y (x)-y7)". (9)
8Zp 8yp P

The Zh and yp denote the B-C and A-C NN distances in the pure BC and AC com-
pounds, and a, and ay denote the bond-stretching constants of these compounds, re
spectively, The functions (9) can be interpreted as the energies which are needed for
changing the length of bonds and they are written on the basis of Keating's(Bz) scheme
of the valence~force-field (VFF) approach(33). The bond-stretching constants are tak
en from the paper of Martin(34). Furthermore, it should be noticed that the proposed
minimization procedure follows the empirical observation mentioned already above,
that the A-C and B~C NN distances in the Al-xBxC alloy tend to be, as far as possi-
ble, the same as in the pure compounds., That the minimization is carried out for each
configuration of atoms in each tetrahedron is consistent with the assumption of the pre

dorninant role of the NN interactions,

The procedure used in our model can be summarized in a few words :

- the set of values z,(x) and ¥n{x) has been obtained by means of the minimization of
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functions (9) with the use of relations (5);
- from Eq. (7) and Eq. (8) z(x) and y(x) - the average NN distances -"were calculated,
The sufficient input data for the calculation are the lattice constants of the alloy
a(x) and the bond-stretching constants of the components, Obviously, z2, = a(1) ﬁ/4
and yp = a(0) V3/4.

3. 2. - Application to Cdy_xMn Te and Inq . GayAs alloys

The lattice constants for CdTe (a(0)=6,463 :A) and Cdy_.yMn,Te (0=x < 0.7)
were obtained from the X-ray diffraction data(lg). The linear dependence of a(x) was
extrapolated and the value a(l)=6,333 :51 for pure MnTe was obtained, The bond-stret
ching constants, as mentioned above, were taken frorm the paper(34). For CdTe,
Cegre = 29.02 and for the MnTe the value ¢y, e = 31,35 was used as an approxima-
tion. The Zn atom differs from the Mn atom by five d electrons {Zn: 3d104g2 s
Mn: 3d54s2) but they have the same number of valence electrons, Hence, we believe
that the stretching constant for the Zn-Te bond does not differ much from the MnTe one,
The results of calculations for Cdy_,Mn, Te are illustrated in Fig. 11 and detail
ed values are presented in Table II, Fig,

R(}&) L 13 and Table III show the results of the

application of our model to Mikkelsen and

2.60[_ (19)

Boyce's data . The bond-stretching
constants of InAs and GaAs were also
taken from the paper(34k). In both cases

2.55 the agreement is very good.

3. 3, - Additional comments on the model

2.50 Finally, we would like to add the fol
lowing remarks:
‘a) Further improvement of the model is

245 possible by including the bond-bending

L 4 terms into functions (9). In this way the

0 02 04 06 08 = 1 full Keating's scheme!32) will be employ

InAs GaAs _ -
x in In_Ga As ed.

FIG. 13 - The average In-As and Ga-As b) In some further applications not only

nearest-neighbor distances in In; _,GayAs the average values z and ¥ but the de~

alloy versus concentration x, All marks

are the same as in Fig, 11. tailed distances z, and y, (as listed in
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Table II and Table TII) may be useful as well,

_____ s in Cdl_anxTe alloys versus concentration x. The
values yq, yo, Y3 and zq, Zg, 23 are the distances obtained for different‘configurg
tions a, b and ¢ in Fig, 12, respectively, 7 and 7z are the NN average distances,
a(x) is the lattice constant and a(x) Y3/4 is the NN distance in the undistorted te-
trahedron, All distances are in !

e e e T T T T T T D DT T e e e
Cd - Te distance Eiilmiég Mn ~ Te distances
4
% a(x) y Y, Y, y3 z, z2 z3 z

G.1 6.455 2.800 2.810 2.826 2.841 2,795 2.751 2.765 2.780 2.755

0.3 6.428 2.797 2.798 2.813 2.829 2.783 2.740 2.754 2.768 2.752

0.5 6.407 2.794 2.786 2.801 2.817 2.772 2.728 2.743 2 757 2.750

0.7 6.374 2.791 2.774 2.789 2.804 2.760 2.717 2.731 2.745 2.747

TABLE IIl ~ The NN distances in Iny_xGa,As alloys versus concentration x, All
symbols are the same as in Table II,
In-As distance Ga~As distance
X a(x) v y y y éiilﬁég 2 z z 5
1 2 3 4 1 2 3

T:f'““ “““““““ st s b oot bt b refenle et o e T e e e e e e e e
0.025 6.048 2.622 2.666 2.715 2.765 2.619 2.486 2.529 2.574 2.489
0.1 6.016 2.619 2.652 2,701 2.749 2,608 2.473 2.516 2.560 2.486
0.25 5.954 2,613 2.624 2.672 2,720 2.578 2.450 2.491 2.534 2.481
0.5 5.852 2.601 2.577 2.624 2:671 2.534 2.411 2.450 2.492 2.471
0.75 5.753 2.589 2.533 2.577 2.624 2.491 2.374 2.410 2.450 2.461
0.9 5.690 2.580 2.504 2.548 2.594 2.464 2.350 2.385 2.424 2.452
10:99 | _5:8680 | 2.577_ __5_599__-_E.'.?E‘E?_l__E;?_Z?____?_:fﬁil_ -_2:389) __2.373 | _2.411)  2.450_

c) A general structure of the model is that the average positions of the anions in the di

storted sublattice (Te in our case and As in Mikkelsen and Boyce's case(lg))

over all

possible 15 different positions is at the center of the tetrahedron (The existence of 15

different positions in distorted sublattice can be immediately seen as follows: in an un

dirstorted tetrahedron the anion is always in the center; for the configurations a, band
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¢ shown in Fig., 12 there are 4, 6 and 4 equivalent positions, respectively). This means
that the average over all possible NNN distances between aniong will not differ from
the value of the NNN distance in an undirstorted sublattice, or, in other words, from
the VCA value, In spite of that, the distribution of the NNN distances between anions
will show the bimodal character similar to that for the NN distances. All particular
NNN anion distances be split into two groups. The distances C-A-C and C-B-C will
group close to those values in the pure AC and BC compounds, respectively, This qua
litative description will be supported by a detailed calculation being in progress. Such

a behavior of the NNN distances has been found experirmentally in In;_,Ga As alloy:s( 19),,

d) Our model, in fact does not congider the problem of the violation of the random di-
stribution of cations in the alloy. All quantitative results and conclusions drawn from
it when confronted with experimental data of different measurements (X-ray diffrac-
tion, EXAFS, magnetic) may or not confirm such a violation,

However, there is an explicit evidence that for the diluted Inl_XGaxAs alloy the distri
bution of the cations is random and the deviation from randomness is estimated to be
not larger than 15% for concentrated alloys(lg). Investigations of the magnetic proper
ties of Cdl_anxTe by GaYazka et al.(lo) support basically a statistical distribution
of Mn ions(35), Further support against chemical clustering of Mn icns may be drawn
from EXAFS studies of other magnetic alloys(%). Nevertheless, we are considering
the possibility - or necessity - of taking into account, on the top of the present version

of the model, a correlation between different tetrahedra,

e) The expression for the average over all NN distances can be writien in two equiva

lent forms (see Eq.{7) and Eq. (8))

~ 4 4
I S \ \ ! . ‘
D= B) + P () -_HEOW(LL? P(n,x)yn(x,l-F MEOW(Ll—n) P(n,x).z.n(x)] s {10)
or
D= (1.-x)§(x)+x;(x). (11)

The latter one was proposed by Mikkelsen and Boyce(lg)o Comparing Eq. (11) with
Eq. (10) one can thus understand the internal structure of the phenomenological ex-
pression (11), If we evaluate the expression (10) using all NN distances as listed in
Table 1I and Table III, we will obtain the average NN distance D as measured by X-
-ray diffraction in the particular cases. Such a test of consistency was done, showing

perfect agreement,

f) It is also possible to relax the first assumption of our model and let cations move
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a little from the vertices of the tetrahedron, Then the displacements of the ions in both
sublattices should be calculated in self-consistent way. Unfortunately, the last idea will

change our simple model to a very complex one,

4. - DISCUSSION AND CONCLUSIONS

The EXAFS studies of Te, Cd and Mn edges in Cdy_4Mn,Te alloy bring the follow
ing significant conclusions:
a) At the Ly edge of Te (Fig. 10), the NN peak is split into two peaks, The simulation
confirms that they are related to Mn and Cd backscatterers at two different distances
2,74~2,755 A (depending on x) and 2,80 A from the Te absorber, respectively, In
Cdy_4Mn, Te the modulus F(R) of separated Cd and Mn peaks significantly decreases

and increases with the grow of Mn content, respectively,

b) In CdTe at the Ly edge of Te, the peak at about 4,3 1’3 is composed of unresolved
peaks due to the Te second shell and the third shell of Cd, In the Cdy_yMn,Te alloy the

positions of this complex peak does not change appreciably with x,

¢) Within the experimental resolution the position and the width of the Te peaks at the

Cd Ly edge are approximately the same for the various concentrations of Mn, As de-
o

scribed in Section 2, 3, the Te-Cd average distance equals 2.80%0,01 A and it is almost

independent of x,

d) From the Mn K-edge data, the Te-Mn average distance changes from 2,76 A to 2,74
Q
A with increasing x, Also the overall width of the Te peak is approximately the same

for various concentrations of Mn,

We would like to emphasize that the NN distances obtained from Cd Lirr and Mn K
edges are in agreement with those obtained from the Te Lirp edge. These results are
direct experimental evidence which confirms the bimodal distribution of the NN distan-
ces in».Cdl_XMnxTe alloy, i.e., ascertains the existence of two different well-defined
average distances between Te-Cd and Te-Mn,

The model of the microscopic structure of the zinc-blende-type Al-xBxC alloys
gives all the particular NN distances as well as the average NN distances in very good
guantitative agreement with both Mikkelsen and Boyc:e's(lg) and our experimental data,
The analysis of the model enables us also to understand qualitatively -detailed calcula-
tions are in progress - a behavior of the NNN distances as deseribed in Ref, (19) (our
experimental resolution was unsufficient to observe such a subtle changes in Cdl-x

My Te).



We believe that the local distortion in zinc-blende-like A; B, C alloys described
by our model is a universal feature of such alloys., One of the important consequences
is that it makes "classical" definition of the VCA questionable, One either must accept
that the VCA is more rough than one has though about and that in this approximation all
distortions of the sublattices of the alloys are ignored or one must consider the genera
lization of the VCA which includes also the proper averaging of the potential of C atoms
over all possible position in their distorted sublattice,

The same can be applied to more sophisticated one-electron alloy theories like
CPA or ATA, Besides taking into account the scattering on the different cations, one
should incorporate into these theories in some way also the effects of averaging the a-
nion potential over different geometrical sites.

Finally, we would like to discuss the problem of the stability of the tetrahedral co
ordination in Cdy_,Mn, Te alloy. According to Phillips and Van Vechten ;;1pproach(37),
the ionicity of CdTe is equal to 0,717 which is near to the critical ionicity value (0,785)
at which the transition from a covalent to ionic structure or, in other words, the transi
tion from the fourfold (zinc-blende, wurtzite) to the sixfold (rocksalt, NiAs) coordina
tion occurs, Since Mn in MnTe has sixfold coordination, MnTe is reported to be more

38)

ionic than CdTe( . This indication is supported by core-level shifts from X-ray photo

(39) and effective charge calculations(40), The addition of Mn in CdTe

emission spectra
should increase the ionicity of bonds in the alloy. The question arises how the crystal
structure of Cdy ,Mu,Te is still cubic up to x=0.,7, taking into account that CdTe is
just near to the structural phase transition., The answer is that the local distortions of
the lattice (distortions of the tetrahedra) described by our model, stabilize the zinc-
-blende-type structure up to x=0,7, To understand this one should notice the following:
a) In nearly covalent compounds the center of gravity of the bonding charge is placed al

most at the middle of the bond, and its shifts towards an anion when the bond ionicity

increases,

b) The distortion of the tetrahedra containing 1, 2 or 3 Mn ions, i.e. the shift of Te ions
towards Mn, compensate for the displacement of the center of gravity of the bonding
charge and decreases the effective bond ionicity, Such a shift is also favored by the smal

2+

ler ionic radius of Mn“ " ions as compared to that of CdZ+.

¢) The probability of finding a tetrahedron with 4 Mn ions increases rapidly for x> 0,7
(see Formula (8)). Such tetrahedra accordingly to our model cannot distort and the di-
splacement of the bonding charge cannot be compensated, Therefore, the fourfold coor
dination of Cdq_,Mn, Te becomes unstable and the transition to the phase typical for

ionic compounds occurs,
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Summarizing the discussions about the stability of the Cdy_xMn,Te alloy we would

like to say that phenomenological considerations about the ionicity, supported by conclu-

sions drawn from our theoretical model of the microscopic structure of the alloy, gives

a satisfactory, qualitative explanation of this problem,
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