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Ellipsometric study of different surfaces of CdTe single crystals was carried out at a
light wavelength of 632.8 nm. CdTe(110) crystals with cleaved surfaces after long time
storage under ambient air conditions, Cd- and Te-terminated faces of (111) oriented CdTe
crystals aged at room temperature in air during different times and samples chemically
etched in a Br—HBr solution were investigated. The refraction and absorption indexes, and
thickness of the films formed on the surface of different samples were obtained and the
nature of these films was discussed. The ellipsometric measurement data have been well
described by the two-layer model of a reflective system which includes (1) internal presum-
ably pure Te layer with thickness of a few monoatomic layers and (2) external layer,
probably Cd or Te oxide film of thickness from 5 to 10 nm depending on the time of
storage in air.

Ha gnume BoaHbI cBera 632.8 MM mHpoBefeHO 3JIIHIICOMETPUUYECKHE MCCAETOBAHUS IIO-
BEPXHOCTH MOHOKPHUCTAJINUECKOTO TeJAYPUIa KaAMUA, BLIAEP:KAHHOIO B TeUeHNe AJINTENh-
HOTO BpeMeHHU NPUM KOMHATHON TeMIepaType B KOHTaKTe ¢ aTMoc(epHLIM Bosgyxom. Hccie-
noBaubl mopepxHoctu (111) ¢ Beixomom Hapysy artomoB Cd uam Te, mosepxuocts (110)
CKOJIOB M IIOBEPXHOCTL 00PASIIOB, IPOTPABJIEHHBIX II0CJE IJIHUTEIBHOTO BBIAEPIKUBAHHUA HA
Bosgyxe B 3 % pacreope Br B HBr. ¥Vcranosmerno, uro mamaydmum o06pasoM OIKMCHIBAET
ILIUIICOMETPAYECKNE AAHHBIE ABYXCIOMHASA MOJAENb OTPAMKAIOIIEH CHCTEeMBI, KOTOPas BKJIO-
yaeT BHYTPEHHUU CJIOH B IIPEAIIONOKEHMH CBOOOIHOrO TeJJIypa C TOJIIMHON OT OJZHOIO 0
IBYX MOHOATOMHBIX CJIOGB WM BHEIHWH CJOH OKCHIA, BOSMOMKHO KAIMWUS HJIN TeJLAypa, C
TONIUHONA oT 5 710 10 HM B 3aBHCHMMOCTH OT BPEMEHU BBIJCPKUBAHNA Ha BO3JyXe.

© 20183 — STC "Institute for Single Crystals”

1. Introduction

In practical use of CdTe crystals as nu-
clear radiation detectors, solar cells, sub-
strates and ones for other applications, it is
essential to have a clean, structurally per-
fect and smooth surface before applying
various technological procedures (doping,
oxidation, passivation, electrode deposition,
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formation of ohmic or rectifying contacts,
etc.). Chemical polishing etching is a com-
mon procedure to improve the state and
structure of the CdTe surface. However,
any surface treatment may be accompanied
by morphology changes, structure deteriora-
tion and formation of an elastically de-
formed region or layers with residual inter-
nal stresses. Moreover, the different crystal
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faces differ in properties and may be vari-
ously sensitive to different treatments [1,
2]. Therefore, it is important to know how
the applied technological procedure affects
the state, structure and properties of the
crystal surface. In particular the certain in-
terest consists in a study of the behavior of
the single crystals surface under action of
atmospheric air.

The investigations of oxidation peculiari-
ties of the cadmium telluride surface have
been well developed. In particular the prop-
erties of CdTe surface layer at its staying
in air atmosphere [3, 4], in vacuum after
the controlled filling by oxygen [5], and
during thermal oxidation of a surface [6, 7]
have been researched. It was most often to
determine a chemical content of the surface
layer. It was found that on a surface of a
single crystalline CdTe specimen due to its
interconnection with external medium the
films with different content as well as vari-
ous optical properties and a thickness in
dependence on previous surface treatment
and oxidation conditions, in particular tem-
perature, may be formed. Practically the in-
vestigations of the optical properties of the
oxidized CdTe surface are absent. In our
previous works [8, 9] it was found that the
polar faces of CdTe(111) crystals are oxi-
dized in atmosphere in different ways, in
particular the thickness of the film formed
on Cd-terminated surface is greater than
that on Te-terminated one.

The main aim of the current work con-
sists in an application of an improved ap-
proach to a solution of reversal task of el-
lipsometry with appropriate modeling of
surface reflective system in connection with
interpretation of experimental polarimetric
data for the determination of the optical
constants and the thickness of natural oxi-
dic film on Cd- and Te-terminated surfaces
of CdTe single crystalline (111).

2. Experimental

The objects of the investigations were
commercial (111) oriented semiconductor
CdTe single crystals produced by Acrorad
Corporation. Semi-insulating Cl-compen-
sated CdTe ingots were grown by the travel-
ling heater method and then were sliced
into wafers and polished by the manufac-
turer. These wafers of single crystal CdTe
differ from others in such manner that in a
direction (111) the layers of Cd and Te
atoms are followed by each others. We were
provided with CdTe(111) samples with di-
mensions of 5x5x0.5 mm3. The CdTe(111)
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crystals have two polar surfaces namely so
called A face (Cd-terminated) and B face
(Te-terminated). The crystals after storage
under ambient air conditions were used.
Therefore the ellipsometric measurements
were carried out on two opposite sides of
CdTe crystals namely (111)A face and
(111)B face of each sample covered by natu-
ral oxidic film. As an object of research the
same sample subjected to chemical etching
and wafers of the single crystal CdTe (110)
treated by air atmosphere during long pe-
riod including some months as well as some
years were used too. Chemical etching of
CdTe crystals was carried out in 8 % Br-—
HBr solution and then the samples were
thoroughly rinsed in methanol. Before
measurements all initial samples were
washed in acetone and methanol.

The optical properties of CdTe single
crystals were studied at two incidence angle
65° and 72°. The ellipsometric parameters
such as a phase shift A between the orthogo-
nal components of a polarization vector and
an azimuth y (Arc Tangenta of ratio for the
coefficients of an amplitude reflectance in
p- and s-planes of specimen surface) were
obtained by using a laser ellipsometer LEF-
3M-1 (manufactured by Institute of Semi-
conductor Physics of SB RAS, Novosibirsk,
Russia and Device Production Plant, Feo-
dosia, Ukraine) with He—Ne laser wave-
length A = 632.8 nm. The inaccuracies of
the measured data were following as 0A =
1-1.5° and &y = 0.02-0.07°. The obtained
values of A and y for different samples
were interpreted in terms based on the mod-
els of a single thin film and two homogene-
ous layers located on an absorbing substrate
[10, 11]. The refraction n and absorption x
indexes as well as a thickness d of the film
were calculated on the base of the funda-
mental ellipsometric equation using the de-
veloped program [12]. The appropriate opti-
cal constants of CdTe substrate ng= 3.04
and ¥, = 0.29 were taken from the litera-
ture [13]. The values n, ¥ and thickness d
of the modified surface layer were obtained
for both Cd- or Te-terminated sides of every
sample, and for the samples after chemical
etching and cleavage of the crystal planes
as well.

3. Obtained results
In Fig. 1 the measured ellipsometric pa-

rameters at the light incidence angles ¢ = 72°
and 65° for two opposite sides (A face or
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Fig. 1. Comparison of the experimental val-
ues of ellipsometric parameters cosA and tgy
(the symbols) obtained for the incidence an-
gles 65° (a) and 72° (b) with theoretical de-
pendences of ellipsometric parameters on the
film thickness (curves 1, 2 and 3) calculated
in framework of the one-layer model of a
reflective system for various magnitudes of
refraction n and absorption x indexes (Table 1).
The numbers near the marks within theoreti-
cal curves indicate the thickness of oxide
film in nanometers (through each 2 nm).

Cd-terminated side, curve 1) and (B face or
Te-terminated side, curve 2) of the samples
as well as for the samples after the chemical
etching and the cleavage (curve 3) are
shown. The initial point in Fig. 1 is indi-
cated by "CdTe"” and corresponds to the
CdTe substrate. The value of cosA and tgy
of the substrate were calculated in terms
based on the optical constants of a CdTe
single crystal with perfect surface [13].

For the interpretation of the data ob-
tained during first stage of the measure-
ment we have applied the simplest model
due to one-layer film. It is known from the
theory of an absorbing layer [10, 11] that
when a film with refraction and absorption
indexes different from those ones for sub-
strate, the ellipsometric parameters A and

Y (in our case cosA and tgy) are changed
from the point "CdTe” along some continu-
ous curve (Fig. 1). Here, as it is seen in Fig. 1
the obtained experimental points are situ-
ated along three curves. In particular the
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points obtained for Cd- and Te-terminated
sides of the sample are situated on two dif-
ferent curves I and 2. From another hand
for the etching samples the points that
characterize Cd- and Te-sides of the same
sample are coincided with curve 3. The
points obtained for the aged CdTe cleavage
get this curve too. It can be assume that
concrete own values of optical constants
correspond to each of curves as well as ap-
propriate thickness of the film corresponds
to each point on the curve.

Thus, the parameters of the reflecting
system, which should be determined, are the
refraction and the absorption indexes and
the thickness of film. This task has been
solved using the automated program pack-
age [12]. The reversal task of ellipsometry,
i.e. a determination of the parameters of a
reflective system in connection with meas-
ured values of the ellipsometric parameters
in some cases permits multisignificant solu-
tions namely some sets of system parame-
ters for a given set of experimental magni-
tudes may exist. That is why the back-
ground of the results obtained in this work
needs a detail analysis of the procedure of
the parameter determination.

In the applied method [12] for each ex-
perimental point (the pair of the measured
values cosA and tgy) by using automated
program one calculates the sets of possible
magnitudes of optical constants n and x of
the film varying the film thickness d. It is
clear that when optical constants of the in-
vestigated object which correspond to vari-
ous experimental points are the same then
the obtained sets of data must be crossed,
and the point of the cross gives the neces-
sary pair of values n and k. The position of
each experimental point on appropriate set
area will give a magnitude of the film
thickness which corresponds to this point.

The sets of possible values of necessary
parameters of the reflecting system in Fig. 2
are presented by curves each of them is cal-
culated on a base of the experimental data
for certain sample from those presented in
Fig. 1. Along each curve (so called thickness
curve) the thickness is changing and then
the set from three necessary film parame-
ters corresponds to each point of the curve.

The detailed analysis of the results in
Fig. 2 permits to make some preliminary
conclusions.

1) The set of the experimental data for
all investigated samples with different sur-
faces gives the full set of possible parame-
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Fig. 2. Distribution of possible values of refraction n and absorption kx indexes obtained due to the
experimental data presented in Fig. 1 for Cd- and Te-terminated surfaces of single crystalline CdTe.
The curves Te, present other possible solutions for n and k.

ters of a reflecting system as three groups
of curves (curves Cd, Te1 and Te2 in Fig. 2).

2) Thickness curves for Cd- and Te-sur-
faces do not cross. It noticed that optical
constants of the surface layers for these two
surfaces are different.

3) The group of curves Te2 represents
other decouplings which arise only for some
samples. That is why the sets of the values
of the layer parameters which they repre-
sent in this case do not take into account as
possible ones.

The parameters of the films were found
by a consideration of the range of the near-
est laying at the curves. The obtained re-
sults are shown in Table 1. The theoretical
curves calculated in terms based on the ob-
tained layer parameters are in a good agree-

ment with the experiment (Fig. 1). The
films parameters found due to the experi-
mental results for the samples which coin-
cide with points on curve 3 in Fig. 1 were
calculated in a model of a transparent film.
In this case the refraction index and the
film thickness were directly obtained in ac-
cordance with both measured ellipsometric
parameters by means of automated program
[12]. In Table 1 the values of the refraction
index averaged by all samples data of this
group are presented. The errors of the layer
parameters were calculated as the root mean
square within series (3—4 times) of the
measurements carried out in the same way.
The errors (the verified interval for verified
probability 0.95) of the determination of
the parameters are as following An = 0.05,

Table 1. Values of refraction n and absorption k indexes used for calculation of the theoretical

curves presented in Fig. 1

The sample side | The curve number | Incidence angle, n K Interval of
in Fig. 1 degree thicknesses, nm

Cd 1 65 2.664 0.427 11-18

72 2.585 0.436 8-16
Te 2 65 2.756 0.316 10-16

72 2.665 0.326 9-14
- 3 65 2.42 0 1-10
- - 72 2.42 0 1-10
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Ak = 0.04, Ad = 1-2 nm. The significances
of optical constants obtained from the meas-
urements at the above-mentioned two angles
of light incidence are the same within these
errors.

It is seen (Fig. 1) that theoretical curves
describe the distribution of experimental re-
sults well enough for all three curves. From
Table 1 it is seen that in a whole Te-termi-
nated side of the samples investigated pos-
sesses greater refraction index as well as
smaller absorption index in comparison with
appropriate magnitudes for Cd-terminated
surface. The film thickness of the Cd-termi-
nated surface succeeds one for the Te-termi-
nated side of the sample and is greater more
than some nanometers. The film thickness
achieves the minimal value for the samples
described by curve 8 (Fig. 1).

Thus the experimental results confirm
that it is possible to create three groups
among the specimens investigated.

The first group includes the specimens
comparatively fresh ones staying in air at-
mosphere during less than several months.
For them it is obtained that optical con-
stants of the film grown in a result of stay-
ing in air under atmosphere condition de-
pend on a type of the used side of the speci-
men namely what atoms of basic substance,
Cd or Te, cover external surface of a single
crystal (curves I and 2 in Fig. 1).

In second group of specimens which in-
itially were produced in analogy to the first
group, i.e. they possess the Cd- and Te-ter-
minated surfaces but the specimens of this
group have another prehistory which in-
cludes long staying in air atmosphere and
chemical etching. For these samples it is
obtained that optical constants of the film
grown on both sides, namely the Cd- and
Te-terminated are the same because the ex-
perimental points corresponding to these
samples coincide within the same curve
(curve 3 in Fig. 1).

Third group of specimens includes
"aged” (110) single crystal cleavages of cad-
mium telluride which staying in air atmos-
phere conditions during long time namely
one year and more. Optical constants of sur-
face film for such cleavages coincide with
those ones for specimens of second group.
The experimental points for "aged” cleav-
ages impact to curve 3 in Fig. 1.

The difference in such behavior of the
material with respect to its low temperature
interaction with air atmosphere needs fur-
ther explanation.
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4. Discussion

Ellipsometry is not a method which per-
mits to connect the parameters of the film
with its chemical composition. In this case
for an interpretation of the obtained results
one may take into consideration only the
known literature numerous data to make
certain assumption due to a nature of the
films investigated in this work.

The first fact found in this work is that
the films on the surface of the investigated
specimens of cadmium telluride are charac-
terized by various values of optical con-
stants. This result does not contradiet to
the existing data of other researchers.
Namely in works [3-7] it was established
that the parameters of the films (in particu-
lar their chemical composition) that grow
on the surface of single crystalline CdTe
due to a contact with air are determined by
certain factors which reflect the state of
previous treatment of the surface, the con-
ditions of its oxidation (per esempio, the
temperature) and details of its morphology.
Likely an appearance of Cd or Te atoms on
active surface of single crystal CdTe is one
of such principal factors. In particular the
efficiency of implementation of oxygen
atoms into crystalline lattice is determined
by the characteristics of the surface ener-
getic barrier which these atoms succeed by
implementing into crystalline lattice. The
characteristics of such barrier are probably
defined in particular by appropriate atoms
filling of surface layer namely concrete type
of atoms, in given case Cd or Te atoms,
which are positioned on external surface of
a single crystal. That is why it becomes
clear that films formed on A and B faces of
a single crystal investigated in this work
may possess various values of the film pa-
rameters because they differ by composition
of the upper surface layer.

On the surface of the etched samples and
the surface of the aged cleavages the oxy-
gen films are growing in the same manner
and hence possess the same optical parame-
ters which differ from those ones that char-
acterize the films on A and B faces. This
fact may be explained by that the surface of
the best cleavage in plane (110) CdTe con-
tains both Cd atoms and Te ones. Moreover
a reflecting surface of the cleavage is char-
acterized by the step view. From another
hand one may suggest that during chemical
etching the uncontrolled destroying of
atomic bonds arises in such way that in
some places on a crystal surface the atoms
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of one type occure in layer but in other its
places the atoms of second type arise as
well. In some sense the surface becomes as
irregular one due to its composition. As a
sequence a reflecting surface of both the
cleavages and the etched samples possesses
similar homogeneous distribution of Cd and
Te atoms.

Another feature of the obtained data con-
sists in a formation on A and B faces of
(111) CdTe of absorbing films in opposite to
an appearance of transparent films at the
same light wavelength on a surface of the
etched specimens and (110) cleavages, i.e.
the content of the formed films is charac-
terized by various chemical components.
This fact as well as high significance of the
absorption index are not agreed to applying
the one-layer model for a description of the
films formed on A and B faces of (111)
CdTe single crystal. Actually by theoretical
and experimental researches of a process of
the interaction of the atoms on a surface of
a single crystal CdTe with atmospheric oxy-
gen it was found that oxydic compositions
of cadmium as well as tellurium are formed.
For example, in [14, 15] theoretical investi-
gations based on a first principle calculation
of pseudopotential method were carried out.
The absorption of oxygen atoms through
surface (110) CdTe was studied. It is found
that interaction of oxygen atoms with basic
material undergoes several stages. At the
final stage the bond Cd-Te is destroying
and the complexes Cd-O, Cd-0O,, Te-O (at
high temperatures) or complexes of type
Cd-0-0 and Cd-O, are formed. The oxides
of both cadmium and tellurium on a surface
of cadmium telluride sample were observed
experimentally as well. For example in [16]
on a chemically modified surface CdTe the
layers of TeO, were found. In [5] the prop-
erty of the selected oxidation of Te atoms
on surface CdTe (111) and in subsurface
range was found. The films CdTe oxidated
in air atmosphere contain both TeO, and
CdO [4]. At a condition of thermal oxida-
tion on the sample surface of CdTe single
crystal under the action of oxygen a compo-
sition CdTeO; was also found [6, 17, 18].
The peculiarity exists that each oxide from
the above-mentioned ones does not absorb
light in the visible spectra.

Then from possible cadmium oxides only
CdO is the most stable [19, 20] in particular
in connection with action of atmospheric
factor. This oxide possesses semiconductor
properties and its refraction index in single
crystal state at light wavelength 671 nm is
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equal to n = 2.49. Oxide compositions of
tellurium exist like these TeO, TeO,, TeO;
[19], their refraction index lies within in-
terval 2.3-2.5 and the all materials are
transparent or weakly colored ones. Thick
films of cadmium oxide and double oxide of
tellurium are transparent for light with
wavelength (photon energy) of the presented
research namely 1.96 eV. Moreover in ac-
cordance with [21] the optical interval for
direct electron transitions in a case of the
deposited films TeO, is closed to 8.75 eV
and for the films CdO obtained by oxidation
of cadmium one is surrounded at 2.2 [22,
23] or 2.11 eV [23].

For the etched samples and the aged
cleavage we have observed the films which
are transparent and possess the refraction
index equal to 2.42 (see Table 1) that is well
agreed with significance of 2.4 obtained by
ellipsometric method at this light wave-
length [23] for films CdO.

Thus the films that are formed on CdTe
sample surface due to its interconnection
with atmospheric oxygen may contain such
oxides as CdO and TeO, or their mixture.

The obtained values of the absorption
index of 0.3-0.4 for surface oxide films of
the samples with their strong positioning as
a type of A and B faces in a case of a single
crystal CdTe is characteristic for the al-
lowed direct electron transitions that form
the edge of fundamental absorption. For
films CdO within this range only indirect
electron transitions were attributed and ap-
propriate significance of absorption index
(in order of 0.05) was observed [23]. Thus
on A and B-faces of cadmium telluride crys-
tal the oxide films which may not be simple
oxides of cadmium or tellurium as well as
their mixture.

Also great significance of an absorption
index may be a sequence of an addition of
highly absorbing material into the bulk
transparent oxide film in particular an ap-
pearance of each component of basic sub-
stance in oxygen deficit-like state. In [16] a
presence of tellurium on the unmodified
single crystal CdTe surfaces was registered
and in [5] its elevated content as a pure
component was detected on the surface of
(111) CdTe cleaned by chemical method. The
appearance of Te atoms in chemically free
state may be a sequence of some reactions
that occur on a surface as a result of its
interaction with atmospheric oxygen.

Tellurium is a highly refractive and
strongly light absorbing anisotropic mate-
rial with trigonal structure and possesses
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the refraction index of about 6 and the ab-
sorption index exists in the interval of 2.7—
4.6 at light wavelength within range of this
research in the visible in dependence on an
orientation of crystallographic axis [24].
Thus its presence in the bulk of the film
medium in chemically free state must
strongly influence optical constants of ma-
terial in a whole. But at homogeneous dis-
posal of Te atoms within a bulk of oxide
film both the reflection index and the ab-
sorption index must only increase as com-
pared to optical constants of basic material
of this layer namely cadmium oxide and tel-
lurium oxide. At the same time our results
obtained for the refraction index of CdTe
films are close to those values which are
characteristic for Cd and Te oxides.

That is why the above-mentioned sugges-
tions insist on a substitution of this simple
model of a reflective system based on an
existence of the homogeneous film on a sur-
face of a single crystalline cadmium tellu-
ride. The additional source of criticism due
to this simple model is the great values of
the film thickness (Table 1). It is difficult
to image that on the surface of a single
crystal CdTe at the condition of low tem-
perature oxidation the films with thickness
of about 20 nm may be formed as it is ob-
tained for the investigated samples in the
framework of the used one-layer model.

During second stage of a treatment of
the experimental data we have used more
complex film morphology namely the two-
layer model for its description. Having
taken into consideration the fact of an ex-
istence of chemically free tellurium layer
found in [5, 16] at certain condition we
have supposed as the most probable such
model that includes interstitial Te atoms
layer between the surface (111) CdTe and
thin film based Cd oxide as well as Te
oxide. Accurate selection between these
types of oxides is not possible because of
both substances possess similar signifi-
cances of the refraction index.

Usually in the two-layer model one de-
fines the numeration of the layers begin-
ning from the upper medium. Then n;, ¥;
and d; correspond to optical constants and
the film thickness respectively (in this case
it’s oxide layer), and n,, k9 and dy are opti-
cal constants and the thickness of Te atoms
layer respectively.

In Fig. 3 the results of the calculation
within such two-layer model are presented
in comparison with the same experimental
data that are in Fig. 1 too. The numeration
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Fig. 3. Comparison of the experimental val-
ues of ellipsomeric parameters cosA and tgy
(the symbols) obtained for the incidence an-
gles 65° (a) and 72° (b) with theoretical de-
pendences of the ellipsometric parameters on
the film thickness (curves I, 2 and 3) calcu-
lated in framework of the two-layer model of
a reflective system for various magnitudes of
the refraction n index (Table 2). The curve 4
corresponds to Te atoms layer on the sub-
strate of a single crystalline cadmium tellu-
ride. The numbers near the marks within
theoretical curves indicate the thickness of
oxide film in nanometers.

of the curves 1—-3 is also served and curve 4
corresponds to the parameters for the layer
of chemically free Te atoms on a surface of
single crystalline CdTe, curves 2 and 3 de-
scribe the change of the thickness of exter-
nal layer (oxide layer) laying above the Te
atoms layer, curve I is a dependence of
layer thickness change on the surface of
sample CdTe where the interstitial layer of
Te-riched medium is absent.

For optical constants of tellurim the sig-
nificances averaged for two orientations of
optical axes and presented in [24] were
used. The parameters of the calculation of
the curves are presented in Table 2. The
notification Ad; concerns with area in which
the thickness of oxidic film on a surface of
the investigated samples is changed.

It is necessary to notice that only a cal-
culation of the refraction index of the films
on a surface of the etched samples and the
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Table 2. Refraction n and absorption K indexes of the upper (using 1 as a low symbol in the
numeration of the parameters of the layer) and the lower (low symbol as 2) layers used for
calculation of the theoretical curves and presented in Fig. 3, and the thicknesses of appropriate
layers founded in accordance with the positions of the experimental points relatively to the

theoretical curves

Curve number nq K ngy Ky dy, nm Ad;, nm
1 2.42 0 6.05 3.65 0.4 7-11
2 2.42 0 6.05 3.65 0.18 6-8
3 2.42 0 1-10
4 - - 6.05 3.65 - 0-0.4

cleavages of a single crystalline CdTe sam-
ple is reliably determined (curve 3 in Fig. 1
and Fig. 3). As it is seen (Table 2) for the
investigated films comparatively great in-
terval of the film thicknesses is overcoming
in spite of essential calculation errors, and
theoretical curve 1 describes well enough
the positions of the experimental points.
For the samples with A- and B-type of the
surface it was not possible to obtain the
experimental results with big number of
samples at wide interval of a change of the
thicknesses of surface film. That is why we
have suggested that on these samples of a
single crystal CdTe as compared to the
etched ones and its cleavages the same sur-
face film exists. Then in accordance with
the positions of appropriate experimental
points relatively to the curve 4 (it corre-
sponds to Te atoms layer) one may deter-
mine for such Te-riched layer its thickness
dgy presented in Table 2.

We suppose that the two-layer model
with interstitial layer which contains non-
binding Te more preferable to describe our
ellipsometric data in comparison to the one-
layer model. In particular it is found that
Te atoms layer essentially influences ellip-
sometric parameters of the light wave re-
flected. The thickness of this layer on Te-
terminated side of a single crystalline CdTe
is equal to 0.18 nm that is close to monoa-
tomic layer but on Cd-terminated side its
thickness is 2 times greater, i.e. 2 monoa-
tomic Te-riched layers are attributed to this
A face of a single crystal CdTe sample.

It is possible to image that in a process
of the interaction of the surface atoms of
CdTe single crystal with atmospheric air
oxygen atoms destroy the bonds between Cd
and Te atoms in external layer forming the
complexes with these atoms. Then after
each such action the basic surface (111)
CdTe remains unchanged and this oxide
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process repeats again for deeper layers on
the surface of CdTe single crystal.

5. Conclusions

Application of the model of the two-layer
film allowed us to describe successfully el-
lipsometric results obtained under study of
the reflection of light from the different
surfaces (Cd- and Te-terminated ones) of
CdTe(111) single crystals as well as from
surfaces of the chemically etched samples
and cleavage surfaces of this crystal. In this
two-layer system the external layer is the
film of Cd or Te oxides and their mixture
and the inner one adjacent to the substrate
of single crystalline cadmium telluride is
the layer of chemically unbinding Te. The
refraction index of external layer is close to
value of 2.42 for the all investigated sam-
ples and the film thickness is varied from 5
to 10 nm in dependence on staying time in
air atmosphere. The thickness of the inner
layer in an assumption of the presence of
chemically free Te atoms within this layer
on the surface of single erystalline cadmium
telluride may be estimated for its Te-termi-
nated surface as a value of one monoatomic
layer (0.18 nm) in a contrary to Cd-termi-
nated one where the thickness of Te atoms

layer is about 2 monoatomic layers
(0.4 nm).
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OnTuuHi MapaMeTpu NPUPOAHHOI ILUIIBKM HA MOBEPXHIi
MOHOKPHMCTAJIYHOTO TeJyPHUAY KaaMiio

B.A.'namwk, B.A.Odapuu, JI.B.Ilonepenko,
I.B.IOpzeneeuu, Topy Aoxi

Ha goesxuni csitsoBoi xBmiai 632.8 HM IpoBegeHO eJillcOMETPUYHI MOCHIIKeHHA Io-
BEPXHI MOHOKPHCTAJIUHOIO TeNypULYy KaIMilo, BUTPUMAHOIO IIPOTAIOM TPHUBAJIOIO Yacy 3a
KiMHaTHOI TeMIepaTypu y KOHTakKTi 38 armocheprum moeirtpsam. Hocaimxeno mosepxui (111)
iz Buxogom wuazoBHi atomie Cd abo Te, mosepxmus (110) ckomiB Ta moBepxHs 3paskis,
MPOTPABJEHUX MicJA TPUBAJOTO BUTPUMYBaHHs Ha moBiTpi B 8 % posuwmui Br 8 HBr. Bera-
HOBJIEHO, IO HAWKpallle omMHCcye eJillcOMeTPUUHi JaHi ABOIIapoBa MOJejb BifOMWBaiOuoi cuc-
TeMU, fKa BKJKYAE BHYTPIMIHifI mIap B NPUNYIIeHHI BIALHOTO Teaypy 3 TOBIIMHOIO Bif
OMHOTO [0 MABOX MOHOATOMHUX IITapiB Ta BOBHINIHIN NIap OKCUAY MOMKJIWBO KaJAMil0 YU
Teaypy 3 TOBIUUHOWIO Bix 5 70 10 HM B 3ayeXHOCTI Bifi yacy BUTPMMYBaHHS Ha MOBITPi.
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