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CdTe thin films are representatives of AIBV! crystal group and show semiconductor behavior. They are
an important research field because of their wide applications in various fields of optoelectronic devices. A
better opportunity to manage in a wide energy range the band gap E for practical applications exists with
varying the content of CdTe-MnTe (from E;=1.46 eV for CdTe to E;= 3.1 eV for MnTe). The titled com-
pounds may be considered as a particular class of binary semiconducting compounds possessing promising
optical parameters. Cdi-.Mn,Te films were prepared on mica substrates by closed-space sublimation of pol-
yerystalline Cdo.ssMno.12Te powders. X-ray diffraction studies revealed that the as-deposited films had a zinc
blende structure with a preferential (111), (222) (333) and (444) orientations. Included Mn components cause
the increase in the lattice parameters (compared with parent compound CdTe/mica). From EDS analysis it
was observed that composition of the film was CdogssMnoosTe. The lattice parameter was refined by X-ray
diffraction: a = 0.6485(3) nm and V= 0.2727(3) nm3. Results of study of transmission and reflection spectra
of the CdogsMno.osTe films-substrate combinations are present. The transmission and reflection spectra of
the films exhibit periodic oscillations associated with the substrate. The spectral dependence of the optical
absorption of Cdo.ssMno.osTe films in the (¢hv)2— hv coordinates demonstrates the presence of the fundamen-
tal absorption edge. The value of the optical band gap of the Cdo9sMno.osTe films was found to be equal to
1.465 eV and formed by direct interband optical transitions. Within the framework of the pseudopotential
method, the dynamics of changing the parameters of the electronic subsystem of the Cd:-.Mn,Te is theoreti-
cally studied. Using the Kramers-Kronig relations, the dielectric permeability, reflective index and reflectiv-
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ity spectra that satisfactorily correlate with the experimental data are obtained.
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1. INTRODUCTION

In recent years, Cdi-.Mn.Te is believed to be a po-
tential material for radiation detectors [1-3]. The pri-
mary interest of research has been focused on nuclear
detectors fabricated by Cdi-.MnyTe single crystals [4].

To prepare Cd:-.Mn.Te films different methods are
used including electron deposition [5, 6], thermal evap-
oration [7], magnetron sputtering [8] and close-spaced
sublimation (CSS) [9]. Thermal evaporation under
vacuum by using CSS method is one of the most advan-
tageous methods for obtaining uniform films [10, 11].
Our last work was focused at obtaining and optical-
electronic study of Cdi-.Mn.Te single crystals [12]. We
take into account that for fabrication of large area ra-
diation detectors based on Cdi-:Mn,Te it is necessary
to apply thick film technologies. We are continuing
work connected with obtaining and optical studies of
Cdi-:MnyTe films.

The aim of the present work is to investigate the
structural and optical properties of Cdi-.Mn,Te films
which are produced on mica substrate by quasi CSS
method. In this paper, we present results of theoretical
and experimental investigation of the transmission and
reflection spectra, refractive index and dielectric per-
meability.

2. EXPERIMENTAL

Cdi-:Mn,Te films were obtained by quasi CSS
method [13] at a pressure of 1-:10-6 Torr. Deposition of
Cdi-:Mn,Te films was conducted on mica substrate
from polycrystalline Cdo.ssMno.12Te powder. The source
and substrate material temperatures were 900 K and
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PACS numbers: 52.70.K, 61.82.Fk

700 K, respectively. The temperature was controlled
using the PID-regulator of temperature PE-202 using a
thermocouple of the type "K". The substrates of 14 mm
in diameter were used for deposition of Cdi-Mn,Te
films. Before Cd1-xMn,Te film deposition, the substrate
surface was cleaned by boiling in a high purity CCls
solution during 0.5 h.

The phase analysis and crystal structure refine-
ment were examined with using X-ray diffraction data
on a STOE STADI P diffractometer at room tempera-
ture with CuKa radiation. Details of the method of
structural analysis were given in Ref. [14].

The spectral dependence of the optical transmit-
tance (AvaSpec-2048) of the obtained samples in the
visible and near infrared regions is studied at room
temperature [12].

The theoretical calculations were performed within
the framework of the density functional theory (DFT). To
calculate the optical functions (dielectric permeability,
reflective index and reflectivity spectra), we used elec-
tron band energy structure which was published in Ref.
[12]. Using Kramers-Kronig relations [15], the spectral
dependence of the optical constants was calculated.

3. RESULTS AND DISCUSSION

We present the results of calculation of optical spec-
tra using electron band-energy structure (see Ref. [12]).
Optical properties of materials can be studied by inves-
tigation of complex dielectric function &w). Its imagi-
nary part &(w) can be calculated from the momentum
matrix elements between the occupied and unoccupied
wave-functions [16]:
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where u is the polarization vector of incident photon;

Per and P are the conduction and valence band wave-

functions in k-space, r is the electron position operator.
The real part &1(w) of the dielectric function can be

evaluated from the imaginary part e(w) by the Kra-

mers-Kronig relation:
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From the spectrum of real and imaginary parts of
dielectric function, refractive indices n(w) and reflective
spectra R(w) can be obtained using the relations [17],
respectively:
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Calculated frequency dependences of the dielectric
permeability, reflective index and reflection spectra for
Cdo.s7sMno.125Te solid solution are presented in Fig. 1-
Fig. 3, respectively. Obtained theoretical optical spec-
tra show the first peak, which corresponds to the ab-
sorption edge. To compare theoretical and experimental
results, we synthesized Cdi-:Mn.Te (x=0.12) film.
The results of experimental studies are shown below.
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Fig. 1 — Real (&1) and imaginary (&) parts of the dielectric per-
meability spectra for CdossMno.i2sTe solid solution for unpo-
larization light (GGA)
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Fig. 2 — Refractive index for Cdos7sMno.125Te solid solution for
unpolarization light (GGA)
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Fig. 3 — Reflectivity spectrum for Cdo.s7sMno.125Te solid solution
for unpolarization light (GGA)

EDS analysis was used to evaluate the composition
and purity of Cd:-xMnyTe films. The composition of the
film was Cdo.9eMno.osTe. Mn content in this polycrystal-
line film was much lower than that found in the source
(see experimental details). The same situation was
realized in work [18]. This composition change is also
observed when depositing Cdi-.Zn,Te films and is
caused by the nonequilibrium deposition of the CSS
growth process [19].

From the analysis of the X-ray diffractogram of
Cdo.9eMno.04Te (CdMnTe) (Fig. 4) it is seen that the film
is comprised of a single phase with small impurity
phases. The compound CdMnTe belongs to the F43m
symmetry point group (ZnS structure type). A corrected
unit cell parameter is given in Table 1. A detailed
analysis of the positions of experimental reflexes and
their intensities compared to the theoretical peaks
showed very strong preferred orientation of grains of
the CdMnTe phase in the synthesized film (texture).
Reflexes from planes with (111), (222), (333) and (444)
hkl Miller indices are observed, whereas reflexes with
other sets of hkl are almost completely quenched in
intensity (the same situation is realized in CdTe [13]).
Insignificant noise that is present can be explained by
the contribution of the substrate.

Included Mn components cause the increase in the
lattice parameters (compared with parent compound
CdTe/mica (see Table 1)). It can be assumed that a
CdTe film doped with Mn atoms forms. For the result-
ing CdMnTe solid solution, the lattice parameters
should decrease with increasing Mn concentration. But
the same situation is realized in another solid solution
[14]. Based on the results for other compounds [13, 14],
we assumed that a solid solution was formed.

The impurity phases do not correspond to binary
compounds (CdTe or/and MnTe). We suggest that im-
purity phases related to the reaction of manganese
with mica substrate are observed.

Fig. 5 shows the transmission spectrum of the
CdMnTe film-substrate combinations. The transmis-
sion coefficient strongly depends on the film structure,
which is determined by the preparation methods, film
thickness and deposition conditions. The transmission
and reflection (Fig. 5, Fig. 6) spectra of the films exhibit
periodic oscillations associated with the substrate.
Peaks obtained at 520 and 700 nm from the reflectance
spectra may be related to substrate defects.
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Fig. 4 — Measured and calculated XRD patterns for CdMnTe
(CuKou radiation). Experimental data (circles) and calculated
profile (solid line) indicated in the legend

Table 1 — Structural data for CdMnTe solid solution (ZnS
structure type)
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Fig. 6 — Reflection spectra of CdMnTe film at room temperature
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Sample Space group a, nm V, nm3
Cdo.9sMno.04Te/mica F43m 0.6485(3) [0.2727(3)
CdTe/mica [13] F43m 0.64765(19) | 0.2717(2)
Cdo.9ssMno.os2Te [12] F43m 0.64647 0.27018
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Fig. 5 — Transmission spectra of CdMnTe film at room tem-
perature

The spectral dependence of the optical absorption of
CdMnTe films in the («¢hv)2— hvcoordinates (see Fig. 7)
demonstrates the presence of the fundamental absorp-
tion edge. Extrapolation of linear segments of the (ahv)?

1.60
hv, eV

Fig. 7 — Spectral dependence of optical absorption for CdMnTe
film

curve until intersection with the axis of energies (see
Fig. 8) was carried out by the techniques described in
[20], and the value of the optical band gap of CdMnTe
films was found to be equal to 1.465 eV (Table 2).

The linear behavior of (ahv)? = f(hv) dependences in
the range of 1.46-1.55 eV indicates the formation of the
absorption edge by direct interband optical transitions.

The observed discrepancy with the experimental
data is insignificant. Thus, we can affirm that the cho-
sen calculation technique can be successfully applied to
predict the optical and energy properties of films.

Table 2 — Optical parameters of Cd:-.Mn.Te film obtained from experimental (x = 0.04) and theoretical (x = 0.125) studies

. A=700 nm
Parameters Direct band gap, eV R % R. % -
This wqu This work CdMnTe This worl}q (= 9'04; This work This work | This work
Reference | (experi- | (calcula- (x=0.032) [12] calculation using (experimental) | (calculation) | (calculation)
mental) tion) e equation from [12]) *P
Value 1.465 1.48 1.496 1.5432 ~ 22 ~ 24 ~2.95

4. CONCLUSIONS

This work was focused on basic research of optical pa-
rameters of Cdi-MnyTe film. Cdi-.Mn,Te film was ob-
tained by quasi CSS deposition method on mica substrate
from polycrystalline Cdo.ssMno.12Te powder. We observed
that Mn content in this polycrystalline film was much
lower than that found in the source. It was revealed from

EDX analysis that composition of the film was
Cdo.gsMno.osTe. X-ray diffractogram of Cdo.gsMno.osTe film
showed that the film is comprised of a single phase with
small impurity phases. Compound Cdo.9sMno.osTe belongs
to the F43m symmetry point group (ZnS structure type).

The transmission and reflection spectra are discussed.
The optical band gap of CdMnTe films was found to be
equal to 1.465 eV.
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The theoretical calculations were performed within

the framework of the DFT. It was found that the opti-
cal spectra calculated ab initio agreed rather well with
the experimental data.
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Onruuni Bnacrusocri miaiBku CdMnTe: ekcriepumenTanbHi Ta TEOPETUYHI aCIIEKTH

I'. Inbuyk, E. 3mitioebka, P. Ilerpycs, I. Cemxis, 1. Jlomatuncbkmit, A. Kamnry6a

Haujionanvruii ynisepcumem “Jlvsiscora nonimexuira”, eysn. C. Bandepu, 12, 79013 Jlvsis, Yrpaina

Touxri mwriekn CdTe e mpencraBauravu kpucramivyaol rpymu AIBV! 1 qeMOHCTPYIOTE ITOBETIHKY HAIIIBIIPOBI-
IHUKIB. BOHM € BAyKJIMBUM HATIPSIMKOM JOCJTIZKEHD Yepe3 IIMPOKe 3aCTOCYBAHHS B PI3HUX TaJIy3sX OIITOEJIEKT-
porHux mpuctpoi. Kpara MokIuBICTE KEPYBATH B IIIMPOKOMY €HEPreTHIHOMY [1alla3oHi, HATIPHUKIIAL, IIHPU-
HOW0 3a00poHeHOI 30HU E, 11 MpaKTUYHUX 3acTocyBaHb icHye mpu 3miHi Bmicty CdTe-MnTe (Bix E; = 1.46 eB
st CdTe no Eg = 3.1 eB mis MnTe). Hassanl crosyks MoskyTh pOSTJISIATHCS SIK OCOOJIMBUN KJIac OIHAPHUX
HAMBIIPOBIAHUX CIIOJIYK, 10 MAlOTh HepcreKTuBHI orrrryHi napaMmerpu. [lmsku Cdi-.Mn.Te Gymo orpumano
MeTosoM KBasizamrHeHoro o0emy. OcakeHHsT IUTIBOK IIPOBOJHJIOCH 3 IIOJIKPHCTAJIYHOIO IIOPOLIKY
Cdo.ssMno.12Te ma marmanky cmonu. 3 anamidy mudparrorpavu s Cdi-Mn,Te BcraHoBseHo, 1m0 ILUTIBKA €
oxaodasuon. Paza — cromyra CdTe (crpyrrypHumit tun — ZnS, npocroposa rpyna — F43m). eranpuuit anams
TIOJIOMKEHHS €KCIIEPUMEHTAIBHUX peddyIeKCIB Ta IXHIX IHTeHCUBHOCTEH Y TOPIBHSIHHI 13 TEOPETUIHIME 3aCBLIINB
LIysKe CHJIBbHY IepeBaskHy opieHTarro 3epeH dasu Cdi_.Mn,Te y curresoBasiit s (tekcrypy). Crocrepira-
10ThCS pedpiekcr Bif mronuH 3 iHmexcamu Misutepa hkl (xyz). BriroyertHss MaHTaHOBOI KOMIIOHEHTH € TIPUYH-
HOIO 30LIBIIEHHS ITapaMeTpiB rpatku (mopiBHAHO 3 BuximauM 3'emHanaam CdTe/cmona). 3 amamisy EDS Gyito
BCTAHOBJICHO, 1110 KOMITO3UITIMHUH cKiias 1TiBku cTaHoBUTH CdogsMnoosTe. YTounenwmit mapamerp esemeHTapHOl
romipru a = 0.6485(3) um 1 V=0.2727(3) um3. HaBogsiThest pe3ysabraTil IOCIIIKEHHST CIIEKTPIB IIPOIYCKAHHS Ta
BigouTTst crpykrypu Cdo.gsMnoosTe/cimoma. CriekTpu mpoIryCKaHHs Ta BIIOUTTSA ILTIBKA JEMOHCTPYIOTH IePiojIu-
YHI KOJIMBAHHA, AKI BUKJIUKAHI 0coOmBicTI0 maxaanku. CIeKTpasbHA 3aJIeHKHICTh OINTHUYHOIO IIOTJIMHAHHS
wriBok CdogsMnoosTe y wxoopmuraTax (ahv)2—hv neMOHCTpYE HASIBHICTH OCHOBHOI rpaHi morsmHauHs. Haii-
MeHIIle 3Ha4YeHHs IIpuHU 3a0oporeHol 3oHm 1u1st InBky CdogsMnoosTe cranours 1,465 eB 1 xapakrepuayers-
CSI IPAMUM MI3K30HHUM ONTUYHUM II€PexofioM. B paMkax MeTojly MCEeBJIONOTEHIANy TEOPETHYHO BUBYAETHCS
IuHaMika 3MiHu mapamerpis esexrponHoi mgcucremu Cdi-Mn,Te. 3 Buropucraususm crissiguomens Kpame-
pca-Kponira orpuMani mieleKTpUYHA IPOHUKHICTD, CHEKTP BIOOMUTTA Ta CHEKTPAJIbHA 3aJIEMKHICTh MOKA3HUKA
3asomseHHs. TeopeTnyHl Ta eKCIIePUMEHTAIbHI Pe3yJIbTaTH 3aJ0BLILHO KOPEJIIOITE Misk CO00I0.

Kmnrouosi ciosa: Meron kBasizamkHeHoro o0'emy, Tonka maiBka, 3aboponeHa 3oHa, IIpomycranssa, Onrmami

dyHRIIII.
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