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The x-ray absorption near edge structydANES) for Cd;_,Mn,Te and MnTe in the hexagonal and
zinc-blende structure has been studied and compared with the results of a self-consistent linear muffin-tin
orbital calculation. It has been shown that hybridization effects are strong enough to make XANES spectra
at TelL, andL; edges sensitive to the energy position of the unoccupied ¥Mn<}ates. We present a unique
method of finding the energy position of Mrd3 states from analysis data from experiment and theoretical
calculations[S0163-182809)02631-4

[. INTRODUCTION In this theory we have one ground stafts;, and several
quartet 6=3/2) excited states of Mnd® ions, i.e.,*P, “D,
Interest in the study of occupied and especially unoccu#F, 4G. In crystal field the ground state becaf%; and the
pied electronic states in solids is steadily growing. Manylowest excitation energy to the first stdtee., T,) is equal
efforts have been made to develop or modernize many difto about 2.1 eV. The mean energy difference between the
ferent research and theoretical methods for that purpdse. ground state and all quartet states corresponds to the ex-
The x-ray absorption spectroscop¥AS), usually divided change energy splitting in the one-electron pictifr@he
into x-ray absorption near-edge spectroscOSRNES) and  possibilities of intra-atomic excitations, band-band excita-
extended near-edge spectroscopy(EXAFS) is recently tions, and their combination lead to difficulties in the inter-
employed. The XANES can be applied with success to theyretation of the experimental data. The ultraviolet photo-
analysis of the conduction-banfCB) density of states emission spectroscopy(UPS measurement vyields in
(DOS) due to the several favorable features of this methodCd, ,Mn,Te alloys show the spectra with a relatively sharp
when used in connection with synchrotron radiationpeak having a half-width of about 1 eV placed about 3.4 eV
facilities.” These features include very high accuracy of meabelow the valence-band maximuih?® This peak is com-
surements, high sensitivity, very short acquisition time, andnonly assigned to the nonhybridizirggsymmetric compo-
in general no limitations of the studied energy range. In adnent of the Mn 31 states. The,-symmetric Mn 317 state
dition, this technique is selective to atomic species and to theomponent was assumed to hybridize significantly with the
one component of the density of states! The energy de- valence aniomp-type states in a wide energy range. In addi-
pendence of the transition matrix element is weak in theion, the analysis of the difference spectra shows a shoulder
energy range near the absorption edge and, as a result, thear the top of the valence band and a broad satellite in the
XANES structures almost directly reflect the shape of theenergy 5-9 eV below the valence-band maximum
partial density of states of the unoccupied bands projected ofVBM).21~23 It is commonly assumed that it is a result of
the studied atom. Recent studies have shown that XANE®any-body iteractioR*~>* The energy position of the unoc-
for metals!! binary2*3and semiconduction compourtds'’  cupied virtual Mn 31| bands is much more questionable
can be satisfactorily used. than the respective situation for the Mul 8 states. The in-
The proper theoretical description of the band structure oferpretation of the optical absorption and reflectivity places
the ternary semimagnetic semiconductors requires the incluhe center of Mn 8] states between 2.9 and 4.5 éRefs.
sion of spin effects of the half-filled Mn & shell. In the 25 and 26 above VBM. The results of the bremsstrahlung
framework of the spin-polarized bands of the usual oneisochromat spectroscoplS) experiments for Cd_,Mn,Te
electron picture the Mn @ states are represented by only two made by Franciosi and co-worké&t$’? showed an addi-
exchange-split bands. The lower bands are fully occupiedional increase in the intensity of the BIS spectrum with in-
and spin polarizedspin up. The other ones are virtual and creasing Mn concentration. This was interpreted as a contri-
empty(Mn 3d spin-down statgs The exchange splitting en- bution of the Mn 31| states placed about 5 eV above VBM
ergy of these levels is usually calculated to be 4 to 6 eV. Thand the Mn exchange splitting was estimated to be about 8.5
biggest value of exchange splitting, obtained from ¥e  eV. It is almost twice as large as expected from earlier the-
method, equal to 6 eV, corresponds to the situation with theretical predictiong®° The limitations of the local-density
biggest magnetic moment localized on Md{3bands equal approximation(LDA) formalism was bland for it and a spin-
to 5ug .8 But we should also expect intra-atomic Mn-basedpolarized (31])%(4s])*(4p|)*-like ground state for Mn in
excitations. These lead to the many-electron multiplet theorythis material was suggested. The different interpretation was
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proposed from the first XANES measurements carried ouLSDA results do not produce discontinuity in a functional
for the CgysMngsTe alloy and for MnTe in hexagonal and derivative of the exchange-correlation energy between va-
zinc-blende structure’$:’ In this paper a full set of theoret- lence and conduction bands, which is present in the many-
ical analysis of these results has been presented and disedy theory’’~**The LSDA calculations underestimate qua-
cussed to elucidate the problems connected with the ¥n 3 siparticles excitation energies and thus respective
states. conduction-bands positions are too low, valence bands are
too high, and the energy gap is too narrow. The results ob-
tained from the many-body theory showed that the error in
the energy position of the LSDA states is dependent on the
The x-ray absorption measurements have been carried olgture of these states. The LSDA calculations give the wrong
with the use of synchrotron radiation at the Adone Wigglerposition of the unoccupied Mnd3 bands in relation to the
facility in Frascati® utilizing a Si111) channel-cut crystal Sp conduction bands in Gd,Mn,Te alloys** The unoccu-
monochromator. The original samples were high-puritypied Mn 3d| states are placed at least 1-2 eV too low. The
monocrystaline Cgd ,Mn,Te (x=0.0, 0.21, 0.52, and 0\7 calculations place them in the energy gap, which does not
grown by the Bridgman method in the Institute of Physics ofagree with the experimental data?®*°
the Polish Academy of Sciences in Warsaw. The samples In order to find the true energy position of unoccupied Mn
were powdered and deposited on polyacetate films as ré8d states we modified the standard LMTO method. Our
quired for XANES measurements. The resulting instrumentamethod could be divided into three steps. The first step was a
Gaussian broadening has been estimated for about 0.7 eV foprmal self-consistent LMTO calculation. Next, we changed
Te and Cd, ; edges and for about 1.0 eV for a Maedge. the potential parameter that defines the energy position of the
The contribution of each edge to the absorption coefficienweight point of the Mn 8| states. The physical meanings of
has been extracted by extrapolating the pre-edge spectrum tidat parameter and the other potential parameters used in the
higher energies by a Victoreen fit and by subtracting thd-MTO method were discussed in detail by Skriver in his
fitted curve from the remaining experimental spectﬁam, book®® The last step was the final calculation of the band
The complete set of experimental data for,CdVin, Te with structure and density of states with this modification. The
x=0.21, 0.52, and 0.7 and also for ZnpMn,Te with x increasing of the potential parameter caused the shifting of
=0.5 has been presented in a previous paparhere the Mn 3d| states upwards and the rehybridization effects pro-
data were compared with theoretical results obtained fronfluced changes in the other states and their projected densi-
the calculation of the ferromagnetic phases of these materiaftes of states. We made several calculations with the &l 3
using the standard linear muffin-tin orbitalLMTO)  states energy position shifted by different valyés, 1.0,
method®*3% In general good agreement was found, exceptz.o, and 4.0 eY. The results of such band-structure calcula-
for the comparison of Tk, ;edges and CH, ;edges, where tions formed a basis for x-ray absorption spectra calcula-
growing discrepancies with an increase of the Mn concentrations. The theoretical calculated spectra were compared with
tion was visible. The disagreement was especially large ifihe experimental data.
the slope of the x-ray absorption edge around the inflection
point of the Tel ; ; edges. This paper attempts to clarify this
situation. For that purpose we have made a calculation for
the antiferromagnetic phases using a modified LMTO According to the simple atomic-based selection rules, the

1. XANES MEASUREMENTS

IV. X-RAY ABSORPTION SPECTRA CALCULATIONS

method(see later in the next sectipn edgel is due to the electronic dipole transitions from the
2s core level top-like conduction states and ths, 3 edges
Il ELECTRONIC STRUCTURE CALCULATIONS are due to transitions from thep2core level tos-like and

d-like conduction states. The probabilities of the electronic

The spin-polarized bands and density of states have beejuadruple transitionsAl=0,+2) for the Te and Cd.; 3
obtained using the self-consistent, semirelativistic LMTOedges are negligibl. The constant-matrix element approxi-
method®*3® The exchange-correlation local spin density ap-mation has been used, so the absorption spectra were ob-
proximation (LSDA) potential was used in the form pro- tained from relevant one-projected density of conduction
posed by Vosko, Wilk, and Nusaif.The antiferromagnetic states convoluted with Gaussian and Lorentzian functions.
order of the Mn 8l spins has been used in calculations. It The Gaussian function reflects the instrumental resolution
caused the alloy environment in g£4nysTe to be simu- and the Lorentzian function reflects the core-level and final-
lated by ordered supercells, which enlarge twice the volumstate lifetimet*’ The calculations took into account the fact
of the primitive cell® This makes the calculations for the that the final-state lifetime is energy dependent. The part of
antiferromagnetic structure more complicated than for thehe value of the Lorentzian width, that reflects the core-
ferromagnetic structuf@ but better describes the physical level lifetime was optimized to obtain the best agreement of
situation of the CglMng cTe systent’ The openness of the the theoretical spectra with the experimental ones in the sur-
zinc-blende structure was dealt with in a standard way byounding of the absorption edg@bout 8 eV around the
placing additional “empty spheres” into a unit céfi.The edge-first inflection point In the LMTO calculation the
calculations were carried out using the experimental latticeaumber of bands calculated above the Fermi energy level is
constants. limited by the size of the basis function set. In addition, it is

Such calculations for real materials have the main diffi-known that the LMTO method has second-order error in the
culty in adequate approximation of the self-energy operatoE—V,1,, whereV,1; is the average interstitial potential.
even for very simple systems like Si, Ge, and Lf€f3The  Thence we do not expect a good description of conduction
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4.0 the energy gap and do not give information on the chemical
poeese 4 CdosMnosTe Cd Ls shifts. In addition, the inflection point of the absorption spec-
trum does not coincide with the conduction-band minimum.
To align the energy scale, we shifted the experimental en-
ergy scale by a value that was optimized to obtain the best
agreement of theoretical and experimental spectra in the vi-
cinity of the absorption edge. The last fitting parameter was
the y-scale normalization factor for the theoretical results.
The standard computer nonlineanNuIT minimalization
procedure was used to calculate all fitted parameters.

As already mentioned above, the ; edges arise from the

FIG. 1. Calculated Cdl, edge for CgsMny<Te. A, experimen-  superposition of the transitions selike and d-like conduc-
tal spectrum;B, theoretical spectrum for the transition matrix ele- tion states. The constant matrix element approximation
ment ratios:d=1:1; C, theoretical spectrum for the optimized ratio causes an additional problem of the value of the ratio of the
s:d~1:3. matrix elements o$- andd-like states. Assuming this ratio to
bes:d=1:1 we obtained a very poor description for the Cd
L; edge in CdsMnysTe. Thence optimization of the ratio
Jvas performed and the results are presented in Fig. 1. We
found that the best agreement theory with experiment was
);or the ratios:d~1:3. Theabsorption coefficient is propor-

Arbitrary units
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states positioned higher than 1-2 Ry ab&kg-». For this
reason we modified the procedure of experimental data r
duction presented in original form earli€tIn the procedure
a limited energy range of the theoretical conduction densit " i
of states(DOS) for the x-ray absorption coefficient calcula- 1oNal to the square of the transition matrix element, so the
tions was used. The energy was set to range from théliké states have about 10 times bigger weight tisdike
conduction-band minimuntCBM) up to the energy cutoff states. Thls re'sult has begn conflrm.e.d by thg calculations
fixed by us at about 17 eV. The original experimental spectré(‘”th the inclusion of the d|po!e transition matrix ele_ments
were modified by subtracting the part, which represents thi1at were done by Markowski, Oleszkiewicz, and Kisfel,
absorption of hypothetical free-electron states above the ef?" Pure CdTe.

ergy cutoff’® According to Parratt® that part is represented

by the arctangent form. The energy position of the hypotheti- V. THE RESULTS

cal free-electron part in relation to the original data inflection
point was found from the alignment of the energy scale of
experimental and theoretical spectra. &m initio alignment Figure 2 presents a projected density of conduction bands
of the theoretical and experimental energy scales is not posalculated for CglsMng sTe with antiferromagnetic spin or-
sible because the LSDA calculations give a wrong value ofler. The figures present the results of calculations for normal

A. CdMnTe
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FIG. 2. Projected density of GgMng sTe conduction-band states per eV and cell for four theoretical cases of LSDA LMTO calculations.
The theoretical calculation was done with potential parameters changed in such a way that td¢ btat8s were shifted upwards tg)
0eV,(b) 1eV,(c)2eV,(d) 4 eV. The zero of the energy scale was assigned to the top of valence bands.
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FIG. 3. Comparison of the experimental x-rdgurve A)
Cdy sMng sTe Tel ; sabsorption spectré) and their derivativegb)  calculated line shape for Mnd3 states unshiftedcurve A)
with the theoretical LSDA LMTO calculations, with the Mrd3 and shifted by 2 eMcurve C). But calculation of the first
states shifted upwards by 0 e8), 1 eV (C), 2eV (D), and 4 eV  derivatives of the spectfdig. 3(b)] shows that the rehybrid-
(E). The zero of the energy axis was shifted to the first inflectionjzation effects are strong enough to produce significant
point of the experimental spectrum. modifications. We focus on the analysis of these modifica-

tions. The presented spectra for the DgandL; give the

self-consistent LSDA LMTO calculatiorfgase(a)] and for  best agreement for a different position of the Ma|3states.
calculation in which the average energy position of the MnWe account for it by using in the calculations only the con-
3d| was shifted up in the energy scale by 1, 2, and 4 eVstant transition matrix approximation. The modifications of
[casedb), (c), and(d), respectively. The result for caséq) Te edges are bigger than modification of Cd ed@e® Fig.
compares very well with the result of Podgotfipr Weiand ~ 4), as we should expect, because the first-neighbor shell of
Zunger? It is clearly seen that hybridization of the Mmi3  the Mn ions in C¢_,Mn,Te is created by Te ions and only
states with other states is strong enough to cause a significatite second-neighbor shell of the Mn ions is created by Cd
modification in the other component of projected DOS.ions. We obtained the best common agreement between the-
These modifications are spread in the energy range with aretical and experimental spectra in the case of calculations
width larger(more or less, depending on the catiean the  where the energy position of the center of the Mh| States
width of the 3| . The LSDA calculations do not produce the is shifted up by about 2 eV. The shifting of these states also
true value for the energy gap, so to align the energy scale anthuses a shift of the conduction-band minim@@BM) by
to make comparison we shifted the energy scale in such wagbout 0.6 eV. This increased the calculated energy gap up to
that for the caséa) the zero of the energy scale was placed atabout 1.9 eV, being in a relatively good agreement with the
the bottom of the conduction bands. For the ca$ss(c), experimental value equal to 2.3 é¥.Concluding all the
and (d) the energy scales were shifted in such way that thebove, we find that the center of the unoccupied Mh 3
details of the DOS in the energy range very high above thatates is placed about 3.8 eV beyond the valence-band mini-
conduction-bands minimum, where the influence of the Mnmum. The shifting of the Mn 8| states causes these states
3d| states is negligible, are the same for all cases. The cato become more energy delocalized—the energy width in-
culated energy gap was equal to 1.3 eV for cé®e® as  creased from 1 eVcase(a) in Fig. 2] up to 2.5 eV[case(c)
compared to 2.3 eV obtained from experim&t®—>1 in Fig. 2]. In addition, the value of the main peak of the Mn

Figure 3a) presents theoretical T, 3 X-ray absorption 3d| DOS was decreased by a factor of 2. It means that these
spectra calculated from the normal LSDA LMTO results andstates interact now much stronger with other conduction
from the LSDA LMTO calculations with a shifted energy states than in the initial noncorrected LSDA res(ittase(a)
position of the Mn 8| states and their comparison to the in Fig. 2].
experimental data. Neglecting the normalization the differ-
ences between two theoretical cases of theLTare very
small. Therefore, even a significant modification of the DOS
caused by rehybridization effects are almost disappearing as Many physical properties of Gd,Mn,Te are almost lin-
a result of convolution of the DOS with Lorentzian and ear with the Mn concentration. The limiting=1 concentra-
Gaussian functions. In addition, the theoretical calculatiortion is cubic MnTe*® Unfortunately, MnTe exists only in a
based on the LMTO method used the basic functions set\iAs structure, and the limiting concentration must be con-
which is limited and does not give a good description of thenected to a hypothetical MnTe with zinc-blende structure.
conduction bands lying far from the conduction-band mini-The energy-gap behavior of the CdMn,Te versus Mn
mum (CBM). We must concentrate the analysis in the areacomposition predicts the energy gap for zinc-blende MnTe to
around the CBM, where the theoretical results are the modie about 3.2 eV. The present theoretical calculations show
reliable. Thencéfrom about 5 eV below the CBM up to 5 the energy gap to be about 0.8—1.0 @\#>*This disagree-
eV above CBM line shapes of calculated x-ray absorption ment is caused by placing the unoccupied Mh 3tates too
edges show a weak dependence on the positions of the Mow. We calculated several times the electronic band struc-
3d| states. Figure 3 serves as an example; it presents thare of the zinc-blende antiferromagnetic MnTe by the modi-

B. Hypothetical cubic MnTe
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Mn d (d) Te p (d) L, ; edges after shifting the center of the Md 3states by
1o 0.4l about 3 eV up. The change of the energy position of these

with the others. The interactions are now stronger than be-

W states causes the change of the interaction of thie Sates

!

Density of States for hexagonal MnTe (arbitrary units)

0.0 ' — fore, but this effect seems to be weaker than for

Cd, sMng sTe because the energy width of the [3states was
increased from 1.7 eV up to only 2 eV. The center of the Mn
Mn d (e) Te p (e) 3d] states has been placed at about 4 eV above the VBM.

10f 0.4} The process of shifting the center of thd |[3states caused
the shift up of the CBM and increased the energy gap up to

- A\ MMM 2.8-3.0 eV.
e R
Energy (eV) Energy (eV) C. Hexagonal MnTe

FIG. 5. Projected density of hypothetical zinc-blende structure 1 ne€ Study of the Te., ; edges for hexagonal MnTe was
MnTe conduction-band states per eV and cell for five theoreticacOmpleted by the same method as for,@dng sTe. Figures
cases of LSDA LMTO calculations. The theoretical calculation was/ and 8 show the results. The calculated shape of the x-ray
done with potential parameters changed in such a way that the Mabsorption spectra differs from the experimental ones much
3d| states were shifted upwards () 0 eV, (b) 1 eV, (c) 2 eV, (d) more than for CgsMngsTe and zinc-blende MnTe. The
4 eV. The zero of the energy scale was assigned to the top da$hifting of the Mn 31| states does not produce a significant
valence bands. change in the shape but only very weak changes of edges

(about 4 eV around the first inflection pointisible only on
fied LMTO method by arbitrarily shifting the center of the making the first derivatives of the spectra. ThelTespectra
unoccupied Mn 8| states. The DOS results are presented inn the area around the first inflection point are almost insen-
Fig. 5. To compare the theory with experiment we need thesitive to the shifting of these states up to 2 eV. Thelke
experimental results of their hypothetical zinc-blende MnTeedge is more sensitive than the Tge edge and the best
This result wasxtractedfrom an experimental Gd ,Mn,Te  agreement of theory with experiment was obtained for a
data set in a way “similar” to the idea of virtual crystal 3-eV shift, but for this shift the agreement for Te becomes

approximation(VCA) for x-ray spectra- worse for smaller shifts. The shift of 2.5 eV seems to be a
good compromise for both edges. As a consequence the cen-
Cd;—xMn,Te=(1-x)CdTe+ xMnTe. (5.1 ter of the Mn 31| states is placed about 3.75 eV above the

Figure 6 presents a comparison of the extracted data with/BIvI
theoretical calculated x-ray absorption spectra. Clearly, the
uncorrected LSDA result does not agree with the experiment.
The calculated x-ray absorption spectrum forlT,ehas two From the presented results it follows that LSDA LMTO
peaks while the experimental spectrum has only one pealkalculations produce x-ray absorption edge spectra which do
The shape of the calculated Tg spectrum is drastically not fit very well with experimental ones, while the same
changed by a shift of the center od8 states. The best LSDA LMTO calculation, corrected by a shift in the energy
agreement of theory and experiment was obtained for the Tposition of the Mn 8| states, improves the agreement sig-

VI. DISCUSSION
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FIG. 8. Comparison of the experimentaurvesA) Te L ; ab-
sorption spectrga) and their derivatives with theoretical LSDA
LMTO calculations for hexagonal MnTe. The theoretical LMTO
calculations were done to shift the Mml 8 states upwards by 0 eV
(B),1eV (C),2eV (D), and 3 eV E). The zero of the energy axis
was shifted to the first inflection point of the experimental spec-
trum.

the occupancy of the states localized on the Te site and neg-
ligible changes of the occupancy of the states localized on
the Mn site. It means that the correlation and relaxation ef-
fects connected with the Mnd3 states are relatively negli-
gible in the transitions which produce Te ; edges. The
conclusion, which we draw from the above, is that the
method presented in this paper allows us to determine the
energy position of the Mn @| states with good accuracy
(Table ). The shift of the energy position of the Mnd3
states increases the energy gap. It is surprising that the the-
oretical x-ray absorption spectra, which best fit the experi-
mental ones, have been obtained from the calculations giving
also the best agreement of the energy gap with experimental
values(Table ).

Table | also presents the value for the exchange splitting
of the Mn 3d states. These values have been obtained using

FIG. 7. Projected density of the hexagonal MnTe conduction-the described method and from the experimental values of
band states per eV and cell fOI’ five theoretical cases of LSDA{he energy gap and the energy position of the occupied Mn

potential parameters changed to shift the MK 3tates upwards by
(@0eV,(b)1eV,(c)2eV,(d) 4 eV. The zero of the energy scale

was assigned to the top of the valence bands.

nificantly. The energy position of the Mnd3 states has
significant influence on the Tk, ;3 edges and, in a weaker

in fact, they are much bigger than the values predicted by
earlier theoretical works. Our value of the exchange splitting
is a little smaller than the value of 8:3.4 obtained by
Franciosiet al?"?*It was thus suggested that a big exchange
splitting is caused by an artificial configuration with total
spin-polarized Mn (81)° states and with additional spin-

way, on the CdL; ; edge. The transitions that produce Te polarized Mn 67)* and Mn (p1)? states. We agree that the
L, zedges are localized on a Te site and cause big changesliscal density-functional theory has many limitations when

TABLE |. Energy position of the Mn 8| states above CBM, E@®, ), value of the exchange splitting of
the Mn 3d statesAEy, and the energy galy from our method. The results are in eV.

E (3d]) AEy Eq
theory experiment
CdygMngsTe 1.75£0.25 7.60-0.35 1.90:0.2 2.30-0.02
hexagonal MnTe 2.260.25 7.25-0.35 1.26:0.2 1.27:0.02°
zinc-blende MnTe 1.500.25 7.50-0.35 2.90-0.2 3.20+0.1°2

8See Refs. 45 and 49-51.

bSee Refs. 50 and 51.
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TABLE Il. Results of fitting of thel’, core-level width. TABLE IIl. Position of the edge-first inflection point in relation
to the conduction-band minimunkE=E,—Ecgy. The quantities
Tel, Tel, CdL, CdL, are in eV.

CdygMngsTe 2.25-0.1 2.1x0.1 2.00:0.1 2.40:0.1 Tel, Tels cdL, CdL,
hexagonal MnTe  2.180.2 2.4:£0.2
zinc-blende MnTe 2.4080.2 2.4-0.2 CdysMngsTe 1.6-0.1 1.50-0.10 2.05-0.05 0.70:0.05

hexagonal MnTe 150.2 0.68:0.14
zinc-blende MnTe 1.60.1 1.48-0.08

describing systems like Gd,Mn,Te. The LSDA approxi-
mation generally gives bad descriptions of the excitations
energies, as we discussed in Sec. Ill. We hope that the cafloes not change. As a result the accuracy of the energy gap
culations that include the self-energy operator, or at least better than the accuracy of the energy position of the Mn
LSDA calculations with corrections arising from the self- 3d| states.
energy operator, describe all the electronic states in semi-
magnetic semiconductor compounds much better.

The method presented in this paper also gives additional
results. Table Il presents the value of the core-level width We presented a method that allows us to localize the en-
I'., and Table Il contains the energy position of the firstergy position of the unoccupied Mrd3 states. The method
inflection point of the edges in relation to the conduction-is based on the study of the details of the Tg; x-ray
band minimum. These results depend on the details of thabsorption edges. The transitions, which producé. Tgab-
calculation(i.e., the energy position of the Mnd3 stateg.  sorption lines, are localized on Te sites, so we should expect
In Table Ill the results corresponding to the best agreemerthat the correlation and relaxation effects that arise during
of the theoretical and experimental x-ray absorption spectréhese transitions do not have significant influence on the en-
are presented. The error of the width has been taken from ergy position of the Mn @| states(localized on the Mn
the fitting. The error of the energy position of the Md 3is  site). The mechanism is clearer than in the case of the optical
not easy to be estimated. It is observed that the study of thigansition from the valence to conduction states. For the op-
Te L5 edge gives a value of the energy localization of thetical transition the correlation and relaxation effects are very
center of the Mn 8] states a little bigger than the value strong, which leads to difficulties in the interpretation of the
obtained from the study of the Tle, edge. It is the case for experimental and theoretical resufts>3° The presented
all three studied compounds, i.e., &GN, sTe, zinc-blende procedure is a unique method to establish the energy position
MnTe, and hexagonal MnTe. The observed discrepancy caof the unoccupied Mn 8| states in the Cd ,Mn,Te-like
be explained as a result of using a constant transition matrigystems. The energy accuracy of this method was estimated
approximation. The different energy dependence of the tranto be about 0.4eV. To establish the energy position with
sition matrix element from the core state<,d-like con-  better accuracy, a theory should be applied that does not
duction states can be an explanation of the facts mentionelthve a constant transition matrix approximation but that does
above. A significant role can also be played by some relaxhave a big function set describing precisely the electronic
ation and correlation effects, which are usually stronger foband structure in a very wide energy scédé¢ least 50 eY.
states with a greater number. The fitting procedure was
foqused in the 10-eV energy range around the'|.nflect|on ACKNOWLEDGMENTS
point of the edges. The accuracy of the energy position of the
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