
The reflectivity and photoconductivity spectra of Cd1-xFexTe in the 1.0-30.0 eV energy range

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1993 J. Phys.: Condens. Matter 5 9345

(http://iopscience.iop.org/0953-8984/5/50/015)

Download details:

IP Address: 171.66.16.159

The article was downloaded on 12/05/2010 at 14:29

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/5/50
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


I. F’hys.: Condens. Mater 5 (1993) 9345-9354. Printed in the L K  

The reflectivity and photoconductivity spectra of Cdl-,Fe,Te 
in the 1.0-30.0 eV energy range 

D Dpbowskat, M Zimnal-Stamawskat, A Rodzikt, A Kisielt, M Piacentinit. 
N Z”§ and W Giriata 
t Institute of Physics, Jagellonian University, Reymonla 4, 30059 Cracow, Poland 
t Dipartimento di Energetics. Univenils. degli Shldi di Roma via A Scarpa 14.00161 Roma. 

5 lstituto di Struttura della Materia del CNR, via E Fermi 38,00044 Frascati, llaly 
7 lnstituto Venezolano de lnvestigationes Cientificas, Cenm de Fisica, Apa~iado 1827. 
Caracas IOIOA, Venezuela 

Received 13 July 1993 

Abstract The rellectlvily and photmnductivity spectra for mixed nys la ls  GLZFexTe  
(0.00 C x 6 0.05) have been investigated. The reflectivity “rements  have been carried 
out in a wide energy range-I .0-30.0 eV at 300 and 77 K. The photoconductivity spectra have 
been taken in lhe I.CL3.0 eV mge a1 300 K. The analysis of the energy positions of maxima 
in rellectivity and photoconductivity spectra as a function of Lhe Fe concentration allowed us 
10 confirm the existence of the deep donor-like state predicted by the band-smcbm model of 
these compounds. Using the photoconductivity data, Ihe value of 0.08 eV above the top of the 
valence band for the energy position of lhis deep donor-like slate was found. The influence 
of Fe2+(3d6) stares on the changes in the energy positions of the reflectivity maxima Eo, E l ,  
E ,  + A , ,  E?. E ; ,  E ;  + A, e, d, e. f, h and i has been analysed and the results obtained are 
consistent with the models existing in the litwmre. 

l d Y  

1. Introduction 

The mixed crystals Cdl-,Fe,Te belong to the group of materials known as ‘diluted magnetic 
semiconductors’ (DMSS). Because of their important semiconducting and magnetic properties 
[I], DMSs have recently been the subject ofextensive studies. These temary systems contain 
magnetic atoms that randomly replace some of cations in the II-VI semiconductor lattice. 
While the intrinsic properties of Mn-based DMSs are now reasonably well understood, the 
situation is quite different in the case of Fe-based DMSS. The predominant part of the physical 
properties of the DMS, in our case CdTe with Fe, depends on the location of the Fe2+(3d6) 
states relative to the top of the valence band (VB) or to the bottom of the conduction band 
(CB). In general, the Fez+(3d6) level is much higher in the band structure of the host crystal 
than the Mnz+(3d5) level that is well below the top of the VB [Z]. The first studies of the 
optical absorption of Cdl-,Fe,Te were carried out by Joshi and Mogoll6n [3]. They found 
that with increasing Fe content the absorption edge shifts to lower energies and also that 
a rich structure around the absorption edge can be seen. This structure was interpreted by 
them as transitions between the states of the Fe2+ ion (d + d transitions), in a similar way 
to the Mn-based 11-VI compounds. 

At the conference in West Berlin in 1985 Kisiel et al [4] presented the first reflectivity 
results obtained for Cdl-,Fe,Te samples in the 0.5-6.0 eV energy range. They observed a 
non-linear dependence of the energy positions of the maxima on Fe concentration. Sarem et 
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al 15-71 presented some optical data for the DMSs (CdTe, CdSe and HgSe) with Fe taken in 
the 1-12 eV energy range. They observed changes in the shapes of the measured reflectivity 
spectra, caused by the influence of the Fe content The experimental results were compared 
with the calculated band structure of the host crystals [8,9]. Their results have contributed 
to the models [10-12] of the elecwnic structure of these compounds. 

The photoemission studies carried out by Taniguchi et a1 [lo] for Cdl-,Mn,Te 
supplied arguments for creating a band-smcture model for these crystals. Taking this into 
consideration and using the fundamental reflectivity measurements for Cdl-,Fe,Se, Kisiel 
et a1 [ l  I] presented a one-electron schematic diagram of the splitting and hybridization 
of Feat(3d6) states in Cdl,Fe,Se. According to this model the Fe2+ (3d6) level splits 
into spin-up (d5t) and spindown (dl$) states by the exchange interaction. Each of these 
states is further split by the crystal field (of symmetry Td in the zincblende structure) 
into a doublet e and a triplet t2. In the lattice with Td  symmetry the occupied tz states 
hybridize with p-like anion states, giving the main contribution near the top of the VB. The 
e states remain localized. According to Mycielski er 01 [13], the (d'$), acting as a deep 
donor, should appear as a state close to the lop of the VB. Soon after, Taniguchi eI a1 1121 
suggested a slightly different model for Cdl-,Fe,Se, assigning the structure present in their 
photoemission spectra at 0.5 eV below the top of the VB, to the e spin-down (dl$) state. 
Very recently Sarem et a1 [5,7], on the basis of existing models and their optical-reflectivity 
studies far Cdl-,Fe,Te, introduced a model of p-d hybridization for the AF-xFexBw wide- 
gap mincblende DMS. They located the e spin-down (dI.1) state above the top of the VB in 
agreement with the model for Cdl,Fe,Se [Ill.  This state, acting as a deep donor in 
Cdl-,Fe,Te, has been located in the forbidden energy gap at - 0.15 eV above the top 
of the VB [6]. Lischka et al [14], on the basis of their photo-EPR results for CdTe with 
very small substitutional Fe concentration, obtained a level identified as a deep donor. The 
ionization energy of this state, corresponding to the Fe2+ (d6) + Fe3+ (d5) + CB electron 
transition, has been determined to be 1.45 eV [15], i.e. about 0.1 eV above the VB maximum 
(VBM). Also the photoconductivity measurements for CdTe doped with Fe (Fe concentration - 3 x 10'' cm-') performed by Szadkowski [ 161 confirm the existence of an Fe2+I3+ donor 
state lying about 0.13 - 0.15 eV above the VBM and the value of the ionization energy as 
1.455 eV. 

In this paper we present the reflectivity measurements and the photoconductivity studies 
performed for the Cdl-,Fe,Te temary systems for 0.001 Q x Q 0.05 Fe content. The 
dependence of the maximum energy position Eo on Fe concentration, resulting from both 
methods, allows us to confirm and extend the model of the electronic structure for these 
materials. The influence of Fez+(3d6) stam and their s-p-d hybridization with the bands 
of the host crystal makes it possible to explain the behaviour of the changes in the shape 
and the energy positions of the other maxima in reflectivity spectra. 

2. Experiment 

The temary system Cdj-,Fe,Te crystallizes in the zincblende structure for x Q 0.06 [2] 
with the Fez+ ions replacing Cdzt at random lattice sites. The incompatibility of the NiAs 
structure, in which FeTe crystallizes, with the mincblende structure of CdTe imposes an 
upper limit for x .  

The monocrystalline samples of Cd,_,Fe,Te used in our studies were prepared by the 
modified Bridgman method using individual elements as starting materials. The samples 
were cleaved and their surfaces were cleaned with methyl alcohol just before the experiment. 



The reflectivity and phozoconductivity spectra of Cd, -z Fe,Te 9347 

In figure 1 the calibration curve presenting the linear dependence of the lattice constant, 
determined at room temperature from x-ray diffraction using the DebyeScherrer method, 
as a function of the concentration x of Fe, checked by microprobe (precision better than 
0.001), is shown. Taking into account the results for the measured lattice constant and 
the presented calibration curve the Fe content for the samples studied is as follows: 
x = 0.0,0.001,0.01,0.03, and 0.05. The linear dependence mentioned above is different 
from those indicated in [6]. Such discrepances might be attributed to different resolutions 
of the experimental techniques used. 

The reflectivity measurements for the Cd,-,Fe,Te crystals were carried out in the 
1-30 eV energy range while the photoconductivity spectra were taken only in the infrared 
and visible regions. The measurement procedures and experimental apparatus for the 
reflectivity experiment in the energy range 1-6 eV are described elsewhere 1171. The 
measurements were taken using conventional light sources with a resolution better than 
0.01 eV. The reflectivity measurements were performed at 300 K (RT) and 77 K (LNT). The 
photoconductivity was measured at RT only, using the same set-up modified according to 
the suggestion given in [17], with the modulated beam light (modulation frequency equal 
to 12 Hz) in the constant collecting electric field. The ohmic electrical contacts for the 
photoconductivity measurements were achieved by evaporated gold. The crystals showed 
a good photoresponse and their resistance was of the order of 105-106 a. The reflectivity 
measurements above 5 eV were carried out at RT with the use of synchrotron radiation 
available at the vacuum ultraviolet beam line at the PULS facility in Frascati [18]. The 
average resolution of the set-up was 1-2 8, over the entire energy range. 

3. Results and discussion 

The reflectivity spectra of Cdg-,Fe,Te in the energy range between 1 and 30 eV are 
presented in figure 2. The shapes of the spectra were affected by the sample quality and 
the surface preparation. Variations as large as iO.01 eV of the energies of the reflectivity 
structures have been noticed while studying different samples. In order to clarify the details 
of the reflectivity structure and to make the analysis more convenient the results are divided 
into three energy ranges: 1-6 eV, 6 1  1 eV, and 11-30 eV. 

3.1. The 1 4  eV energy range 

A selected group of the reflectivity spectra of Cdl-,Fe,Te at RT and LNT are shown in 
figure 3(a) and (b), respectively. The main maxima for pure CdTe denoted in Cardona’s 
notation as Eo, E l ,  E l  + A!, and E%, are markd by arrows. With increasing Fe 
concentration, there are some changes in the shapes and energy positions of the maxima 
and also in their relative intensities. For the Fe concentration used in our investigation 
the blurring of the reflectivity structure, which occurs for CdTe with Mn [ 19-22], is not 
observed and all the peaks are well pronounced. In figure 4(a) and (b)  the dependences 
of the reflectivity maxima energy positions on the Fe content are presented at RT and LNT, 
respectively. Figure 5(a)  shows the photoconductivity curves for mixed Cdl-,Fe,Te and 
pure CdTe, for comparison. The first maximum Ep observed in the photoconductivity, and 
the Eo feature in the reflectivity spectrum of pure CdTe, are associated with the lowest 
interband transition between the top of the VB (r8) and the bottom of the CB (r6) at the 
r point in the Brillouin zone. For Cd:-,Fe,Te the energy positions of Ep and Eo are not 
the same because of the different initial state; Eo is still the transition from the top of the 
VB to the bottom of the CB while Ep becomes the transition from the highest occupied 
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Figure 1. The dependence of the lanice mnslanl on Ih: FIgure 2. The reflectivity spectra for Cdi-,Fe,Te in 
Fe concenmtion for mixed crystals Cd:-lFe,Te. the 1.0-30.0 eV energy range performed I 300 K (m). 

state [23] (even in the energy gap) to the CB. For the measurements performed at RT, 
with Fe concentration higher than x > 0.001, the Fe ions cannot be treated as impurities 
and therefore Szadkowski’s analysis [16], made for LNT, should not be directly applied. In 
Cdl-,Fe,Te alloys ( x  > 0.001) the population of the deep donor band increases and 
additionally the number of occupied states at RT because of the thermal excitations, is more 
than 104 times higher than that at LNT. Moreover, at the fundamental absorption edge the 
depth of light penetration decreases and the influence of the surface recombination processes 
on the intensity of the photoconductivity current increases. Because of the same method of 
preparation of our samples we can assume that the velocity of the surface recombination 
prosesses is similar for all samples. All these effects give access to the photoconductivity 
maximum of which the energy position E, shifts only according to the changes of the 
electronic band structure caused by the different Fe content. Therefore the analysis of 
the energy position of the Ep maximum as a function of Fe concentration Seems to be 
fairly good, particularly as far as the photoconductivity meamemens carried out at RT are 
concemed. 

A review of the literature [22] reveals two trends in the behaviour of the fundamental 
gap Eg in DMSS, especially in those with Mn. These are (i) a general increase of the energy 
gap with Mn concentration (at fixed temperature T) and (ii) approximately the same value 
of E ,  extrapolated to x = 1, for A:-,Mn,Te compounds independent of A. Such an Eg is 
the value of the energy gap for a hypothetical zincblende MnTe compound and A represents 
different cations such as Cd and Zn [24]. The increase of the energy gap is seen in our 
reflectivity spectra for Cd-,Fe,Te, too (figure 4). On the other hand it is clear from the 
photoconductivity curves that the introduction of a very small amount of Fe ( x  = 0.001) to 
the host CdTe alters the position of the maximum Ep towards lower energies, while further 
increasing the Fe content raises the value of E, (figure 5(b)). 

It seems that our experimental results can be consistently explained within the frame 
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Figure 3. The reflectivity specIra for Cdl-,Fe,Te in the 1.M.O eV energy range performed 
( U )  at 300 K (RT) and (b)  at 77 K (wT). 
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F i r e  4. The energy wsitioci of maxima (a) EO, El. El t A I ,  Ez. E; .  and E;  + A  as a 
function of Fe concenuation at 300 K (RT) and ( b )  Eo, E l ,  El + A I ,  E:”. and E:’’ as a function 
of Fe concentration at 77 K (urr). 
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Fwre S. (a) The photoconductivity specm for mixed crystals Cd-,Fe,Te in the 1.0-3.0 eV 
ms. (b)  me dependen= of lhe energy position of Ep maximum on the Fe ConLent. 

of the previously proposed model of electronic states for these alloys. The existence of the 
substitutional Fe2+ ions in the host CdTe crystal implies the creation of the deep donor-like 
state above the top of the VB. Since the photoconductivity measurements are sensitive to the 
excitation of the occupied states existing even in the forbidden energy gap, for the smallest 
x we observe this deep donor-like state created by Fe, i.e. E, shifts to lower energies. The 
further increase of Fe mole fraction causes the bottom of the CB to move up, because the 
substitution of Cd2+ by Fe2+ cations results in an increase of E, (and E&. E, shifts to 
higher energies linearly according to E&) = (ax + 1.45) eV, for x 0.00 (i.e. the point 
for pure CdTe is excluded), with the slope a = (1 2 3  ?c 0.20) eV. 

The energy position of the EO maximum in the reflectivity spectra, representing only the 
onset of the interband transition between the valence and conduction bands, for Fe content 
0.00 < x < 0.05 at RT and LNT increases linearly following E&) = (bx + 1.52) eV where 
b = 0.9 f 0.20 eV (figure 4(a ) )  and E&) = (bx + 1.56) eV where b = 1.4 f 0.30 eV 
(figure 4(b)) .  At RT this slope, within the limit of experimental error, is similar to 
the slope determined from the photoconductivity measurements. The comparison of the 
estimated slopes of E&) and E&) curves for photoconductivity and reflectivity data 
(figures 4(a) and 5(b)) suggests that in both cases the bottom of the CB is the final state 
of the transitions. The value of 0.08 eV, estimated by us from the photoconductivity 
measurements (figure ~ ( L J ) ) ,  for the distance between the donor-like state and the top of the 
VB, is in fairly good agreement with the interval reported by Lischka et al [ 141. Moreover, 
ow photoconductivity measurements confirm the excitation scheme 3d6 + 3d5 + E 

Both experiments can be consistently explained if the model discussed in the introduction 
is applied [5, I l l .  The Fe 3d states, split by the exchange interaction, are fuhe r  split in 
the tetrahedral crystal field into a triplet tz(rls) and a doublet e (r12). The tz levels are 
even further split by the spin-orbit (SO) interaction into a singlet r, and a doublet r8, in the 
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notation of the double group representation 1251. The spindown occupied electron state, 
lying close to the VB maximum, could interact with p-like anion states of r8 symmetry at 
the top of the VB and because of this interaction the VB of the host crystal is likely to move. 

Next, we consider the very well pronounced reflectivity maxima El and El + AI. 
For Cdl-,Fe,Te mixed crystals only a small broadening of these maxima is observed but 
the energy positions remain the same compated to the CdTe structure. Hence, at LNT the 
reflectivity structure becomes much richer, the el  + A I  threshold appears and exhibits similar 
behaviour to the main El and El + AI  peaks. Taking into account the model discussed, 
photoemission studies [26] and theoretical calculations [27,281, we can try to understand 
the independence of the El and El + AI  energy positions as a function of Fe concentration, 
both at RT and LNT (figure 4(a) and (b)), respectively. As is well known, the El and El +A1 
maxima represent transitions from the SO split valence bands b . 5 .  k) in the vicinity of 
the L point along the A direction ((I 11)) to the lowest conduction band b. On the basis 
of the calculated band structure of CdTe, the connibutions of Cd and Te states near the 
L point have been already established. Using the LMTO results we can give a quantitative 
estimate of the contribution of p-like states of Te and Cd of 72% and 20%, respectively, 
and the contribution of d-like states of Cd of 7% [28]. The photoemission measurements 
yield information about the contribution of 3d Fe states at - 0.6 and 3.6 eV below the top 
of the VB for Cd]-,Fe,Te 1261. In the model discussed here, these Fe states should be of 
the t2 type. In the zincblende structure the local symmehy of Fe and Te sites is Td. For 
the Td point-group symmetry both the d-like character of the t2 state (Fe) and the plike 
character of the Te electrons are allowed in the representation and, as a result, these orbitals 
hybridize completely. On the other hand, as has been suggested before, the position in 
energy of the CB L6 is likely to be changed by the substitution of Cd2+ by Fe2+ cations. 
Therefore we can assume that the interaction in the VB region between d states of Fe and 
mainly p-like states of Te, as well as possible movement of the lowest CB, may influence 
the transitions near the L point. This makes El and El + A I  energy positions independent 
of Fe concentration. 

The E2 maximum placed at 5.4 eV is assigned to several transitions occurring in a large 
part of the BZ around the A and E directions. At low temperature (LNT) two components 
E t 1  and E:*’ of EZ are observed. This corroborates with the results of LMTO calculations 
performed by Markowski [ZS]. Both components show broadening with increasing Fe 
content but E;*’ shifts in energy whilst E;” does not. This complex situation relates to the 
circumstances occuring over a volume in the BZ as stated above. The admixture of Fe 3d 
states over the entire volume in k space may cause cancellation, which leads to the final 
result of no energy shift. 

3.2. The 6-11 eV energy range 

In the reflectivity spectra in the ultraviolet region one can distinguish Er and E; + A 
maxima (figure 2) related to the transitions between the so split highest valence band 
(L4.5. L6) and second conduction bands (k. L,5) in the vicinity of the L critical point 
along the A direction [29]. The initial states of these transitions are the same as in the 
case of El and El + AI maxima, therefore. one can expect a similar energy dependence. 
The energy position of the E; maximum with increasing Fe content (figure 4(a) )  remains 
almost unchanged as for the El maximum and the explanation of such behaviour suggested 
above for E ,  and El + AI maxima seems to be applicable here, as well. However, the 
energy position of E! + A changes in a different way, which should be connected with the 
nature of final states. Kisiel e1 al [30], using a virtual crystal model for the hypothetical 
zincblende FeTe for the interpretation of XANES experiments extracted the projected s, p, 
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and d-like densities of states (DOSS) of FeTe in Cdl-,Fe,Te. They found that the extracted 
Doss occupy presumably the bottom of the CB (p-like Dos) and the position 5 eV above it 
(s, d-like DOS). The latter s- and d-like states could eventually disturb the final state of the 
interband transitions. The detailed analysis of El + A I  energy positions as a function of Fe 
concentration indicates as well a small deviation from straight-line dependence. 

In the reflectivity structure of pure CdTe near 10.4 eV there is a shoulder associated 
with the transitions from the third valence band 6:’) to the second lowest conduction 
band (La’), which becomes more visible when the Fe content increases (figure 2). This 
feature should be connected with the influence of the Fe states in two different regions 
of the electronic band structure of these compounds. The final state Lz’ is likely to be 
disturbed, according to the symmetry of these states, by empty states of FeTe indicated in 
the XANES experiment [30]. On the other hand from the photoemission data [26] it is known 
that the 3d state of e-symmeby is placed next to initial state (3.6 eV below the top of the 
vB). This additional Fe states would be liely to lead to an increase of a joint W S  for the 
above-mentioned transition to the second lowest conduction band Lf). 

3.3, The 11-30 eV energy range 

There are different explanations in the literature on the origin of the maximum a appearing 
for pure CdTe at about 12.13 eV. Kisiel el ai [la] interpreted it as a core exciton of 
the 4dsI2 level of Cd in contrast to the interpretation of Krause and Gumlich [31] who 
connected this maximum with a transition from the 5s states of Te. On the other hand, 
according to the recent (1990) LMTO band-structure calculations [U], the main contribution 
to peak a could come also from the band-to-band transition, i.e. from the two highest valence 
bands to the fifth conduction band. However, taking into consideration the broadening of 
the reflectivity maxima depending on the life-time of initial and final states with many- 
body corrections [32] associated with given transitions the contribution of the band-to-band 
transition to peak a becomes so small [28] that the explanation of the origin of peak a as a 
core exciton should not be excluded. Looking over the behaviour of this maximum in our 
reflectivity spectra (figure 6). one can notice the independence of its energy position from 
Fe concentration. Therefore both interpretations, as the core exciton and the band-to-band 
transition, are possible. 

The next maxima c, d, e and f (figure 6(a)) occur in CdTe at the energies 13.08, 13.77, 
and 15.63 eV, respectively, with e and f not separated from each other. Figure 6(b) illustrates 
the shifts in the energy positions of these maxima with changing Fe content. Such similar 
behaviour is fairly well understood assuming the assignment of these peaks to transitions 
from the same initial states dS/z of Cd to Xg, DOS, r7 and Lp bands, respectively [18]. 
The other authors [31-33] associate the e reflectivity maximum in pure CdTe with different 
transitions. Krause and Giimlich [31] assigned it to the core exciton. In all Cd chalcogenides 
Freeouf [33] found a doublet, e and d in our notation, split by about 0.6 eV. The fact that 
the energy of splitting does not change upon going from the sulphide to telluride implies 
that the splitting is intrinsic to the Cd atom. Moreover, it is in good agreement with the so 
splitting of the Cd 4d level in the free atom [34]. This doublet is identified by Freeouf as a 
dsI2 and d3/2 band to the CB transition at X, lying at about 3.5 eV above the VB maximum. 
Taking into account Freeoufs results and our data on Cd,-,Fe,Te, both interpretations 
concerning the maximum d seem to be acceptable. 

The last two features of reflectivity specm are the peaks h and i appearing for the host 
crystal at 18.8 and 21.4 eV, respectively. The energy positions of both maxima shift linearly 
with the Fe content although for higher concentration these maxima are undistinguishable. 
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Figure 6. (a) The reflectivity s p u a  for Wr-,Fe,Te in the l0.C-30.0 eV energy range 
performed at 300 K (RT). (b) The energy positions of maxima a. c, d. e, f, h and 1 as a 
function of Fe concentration. 

4. Summary 

In this paper, we present the results of the optical studies of mixed crystals Cdl-,Fe,Te 
(0.00 6 x 6 0.05). representative of the Fe-based DMSS. The reflectivity measurements 
were carried out in the 1-30 eV energy range at RT and LNT whilst the photoconductivity 
spectra were taken only in the infrared and visible region at room temperature. 

In contrast to Eo@), which behaves linearly for 0.00 6 x 6 0.05, the analysis of the 
energy positions of the main maximum E,, in the photoconductivity spectra as a function 
of the Fe concentration x shows a jump to lower energy when even a small amount of Fe 
ions ( x  = 0.001) in the host crystal of CdTe appears. A further increase of Fe concentration 
causes the linear dependence E&). The slopes of E&) and Eo(x) taken from the 
reflectivity measurements are almost the same within experimental error. These results 
indicate the existence of the deep donor-like state, predicted by the band-srmcture model 
[5, 1 I ]  of Fe-based DMSs. localized near the top of the VB. Using the photoconductivity data 
the value of 0.08 eV above the top of the VB for the energy position of this deep donor-like 
state was found. This is in good agreement with the photo-Em results [14]. In the frame of 
the model mentioned above the influence of Fe2+(3d6) states and their s-p-d hybridization 
with the bands of the host crystal has been analysed The changes in the shape and the 
energy positions of the reflectivity maxima connected with the interband transitions Eo, E l ,  
El + A I ,  Ez. E ; ,  and E;  + A as well as corelevel (c, d, e. f, h and i) excitations have 
been discussed in detail. 
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