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Ensemble of point defects in CdTe single
crystals and films in the case of full
equilibrium and quenching
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The ensemble of point defects in CdTe undoped single crystals has been modeled. Two
extreme cases were calculated: full equilibrium and quenching. Dependences of the point
defect and free carrier concentrations on technological parameters of growing, post-growth
annealing in Cd vapor, and the sample examination temperature have been studied. The
growth conditions of single crystals and n- and p-type conductivity CdTe films were
defined. The results obtained have been compared with experimental data. This made it
possible to make conclusions concerning validity of the studied models and to propose
additional experiments to make final choice between them.

IIpoBeneno mMoaenupoBanre aHcaMOJIsa TOUEUHBIX Ae()eKTOB B HEeJerMPOBAaHHLIX MOHOKPUC-
TaJJaxX M IJIeHKAX TeJAypuaa KaaMusa. PacueTsl BBITOJHEHBI JJA ABYX KpalHUX CAydyaeB —
TOJIHOTO paBHOBecHUd U 3aKaJAKU gedeKToB. IlosyyeHbl 3aBUCUMOCTU KOHIIEHTPAIIUU COBCT-
BEHHBIX Me(PeKTOB, CBOOOMHBIX HOCUTENEH 3apsafa OT TeXHOJOTHYECKUX IapaMeTpPOB BhLIPAIIM-
BAHUSA, TOCJTEPOCTOBOTO OTIKUra B TMapax KaIMHUA W TeMIIepaTypbl UCCIeTOBAHUA OOpasIloB.
Oupe/e/ieHbl YCAOBUSA USMOTOBJICHUA MOHOKpPHUCTAJNIOB U ILieHok CdTe n- u p-tuma mnposogu-
mocTu. IIpoBeneHo cpaBHEHUE IIOJYUYEHHBIX PE3yJbTAaTOB ¢ AKCIEPUMEHTAJbLHBIMU JaHHBIMU,
YTO HOBBOJIWJIO CHEJATH BBIBOALI OTHOCUTEJIbHO O0OCHOBAHHOCTH PACCMOTPEHHBIX MOJeed u

© 2005 — Institute for Single Crystals
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BbIOOD MEXXIy HUMU.

A unique combination of physical proper-
ties in CdTe has drawn scientists’ attention
for a long time. The material is considered
to be a promising one to produce a range of
devices for semiconductor engineering, op-
toelectronics, microelectronics, solar power
engineering, etc. [1,2]. However, complica-
tions in manufacturing of CdTe single crys-
tals and films with programmable electrical
and optical properties caused remarkable
disappointment among the researchers. The
only way to solve this problem is to synthe-
size layered cadmium chalcogenide with
controlled ensemble of point defects (PDE),
as it is just PDE that defines the structure-
sensitive properties of the semiconductor.
The method of quasi-chemical reactions
(QR) [3] is often used at present to model
PDE in CdTe and then to choose optimum
physico-technologic parameters of growing
and post-growth material treatment to ob-
tain crystals with pre-specified properties.
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De Noble was the first who has calcu-
lated theoretically PDE in cadmium tellu-
ride at high temperatures [4]. Later, numer-
ous authors [5—11] used the QR method to
model state of the defects in the undoped
and doped material. Consideration of those
works shows that initially, the researchers
preferred the model where disordering of
the material occurs according to Frenkel
mechanism in the cadmium sublattice. At
the same time, it was supposed that inter-
stitial atoms appear in the course of crystal
growth due to excess of cadmium, when va-
cancies appear due to excess of tellurium.
This is a traditional model that is widely
used when calculating PDE in the material
[2, 3, 5]. The model developed by Chern pre-
sents an alternative point of view [6]. Ac-
cording to this model, interstitial atoms and
vacancies appear either in cadmium or tellu-
rium sublattice. Later, the existence of antis-
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Table 1. Main models of CdTe defect structure

References Types of defects
Voo | VB | Cor | o | vi | v | T | Ter | ca
[1] - + + - + - - - -
[2, 8] + + + - - - - - -
[4, 5] + + + + - - - - -
[6] + - - + - + + - -
[9] - + + + + - + +
[10-12] + + + + - + + - -
[13] + + - + - + + + -
[14] + + + + - + + - -
[16] + + - + + + + + -

tructural defects Te%Ja in CdTe was supposed

[12] and proved experimentally [13]. A more
sophisticate model with antisite defects pre-
sent in the material both in cadmium and
tellurium sublattices is considered in [14].
The range of opinions concerning charge
states of intrinsic defects and depth of oc-
currence of their energy levels in CdTe
band gap (BG) is extremely wide [1-6, 12].
Last few years, a new period in research
on CdTe defect structure is opened using a
new method to calculate the PDE formation
energy in semiconductors ab initio, i.e. bas-
ing on quantum-mechanical and thermody-
namical parameters of atoms in the material
[15]. This method made it possible to define
the intrinsic defect ionization energy in
CdTe and determine their charge state
thereof [16]. We should note that even with
the ab initio method, it is yet impossible to
calculate the occurrence depth of energy
levels in BG of the material as accurately as
it is necessary. However, the model from
[16] must be considered such one that re-
flects the real situation most adequately.
The basic models used to calculate PDE
in CdTe are presented in Table 1. Consider-
ing the literature data, one can conclude
that there is now no common opinion con-
cerning the type and electric activity of de-
fects in cadmium telluride. At the same
time, experimental data are interpreted ac-
cording to ideas of the PDE model in the
material used by this or that scientist. The
analysis is still more complicated due to the
fact that in most of the works, PDE is mod-
eled for the case of full equilibrium, while
practical research is usually carried out on
samples that are quenched to room tempera-
ture. As a rule, the presence of uncharged
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defects is disregarded, what makes it more
difficult to compare the calculated and ex-
perimental data.

Review of bibliography also proves that
there is no data about PDE modeling in
CdTe films. Still, there are numerous ex-
perimental works aimed at investigation of
electro-physical properties of those objects,
and the films themselves are widely used as
base layers in various microelectronic de-
vices. These are the reasons that determined
the aims and objects of this work. Basing
on conventional and the latest concepts of
the nature of intrinsic defects in the mate-
rial, we have modeled PDE state in cad-
mium single crystals annealed in cadmium
vapor for two extreme cases: full equilib-
rium and quenching. The results obtained
have been used to research the equilibrium
of intrinsic defects in CdTe films deposited
in various physical conditions. Refined data
on QR constants were used in calculations.
In our opinion, the comparison of the calcu-
lated results with experimental data will
provide the final choice between the basic
models of CdTe defect structure.

Quasichemical description of PDE in
CdTe single-crystals for the case of full equi-
librium. In practice, the grown CdTe single
crystals are usually annealed for a long time
at 735 to 900°C in cadmium or tellurium
vapor to obtain samples with pre-specified
electrophysical properties. At present, two
models of defects are considered to be the
most valid and describe experimental results
well enough. We used both of them to de-
scribe the equilibrium state of PDE in CdTe
single crystals being annealed under cadmium
overpressure. According to the model pro-
posed in [2, 5], the intrinsic defects are sup-
posed to appear according to the Frenkel

Functional materials, 12, 4, 2005
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Table 2. Quasichemical reactions of defect forming and their thermodynamical parameters,
K=K exp(-AH/EkT) or K = K, - exp(-AE/ET).

Ne Equation of reaction Equilibrium constant Thermodynamical parameters
K,, (ga-l, Pa, | AH, AE, eV
em % om ) |5,101] [16]
Model of defects according to work [2,5]
1 Cd® + VO «— Cdf + e K, -Poy=R= 102 -0.81 | —0.81
=n - [CHUMT! ~ n - [Cd]
_ _ 25
2 Cdgg <> Vg + Cdf Kp=[Vg4l - [Cd 10 1.7 | 1.37
3 Cd0 « Cdf + e K, =[Cd!]- n - [CdOT! 3.55.1014.7%/2 | 0.02 | 0.02
4 Cdf «> Cd2" + K, =[Cd?*] - n - [CdT 8.75.1018.7%/2 | 0.21 | 0.20
> V8g > Vgg + i K=V p-[V&! 2.44-10'%.73/2 | 0.05 | 0.20
6 V%H <> Vgt e K,=[Vgql - n- [V%a]—l 8.75.1018.73/2
’ O e + 7 n-p=K,=f(T,) 51039 1.50 | 1.50
8 n+[Vggl + 2 - [V&gl=p +[Cdf1+ 2-[Cd?*]
Model of defects according to work [16]
9 | Cd®«> Cddy+ V2 + 2e Kg=[V2:] - n2 - P&} 3.1052 1.47 | 1.47
10 Cd® «> Cd?* + 2¢- Ko =[Cd?*] - n2 . Pg, 8-10%5 2.09 | 2.09
11| Cdly+e <> Vgy+Cd® Ky =[Vggl - nt - Pgy g-101 2.08 | 2.08
12 | CdTe +e «> Te + Cd® Ki,=[Tel-nl- Py, 4107 1.19 | 1.19
13 Cdd « Cdf + e K, =[Cd:]- n - [CdOT! 3.5.1014.73/2 | 0.02 | 0.02
14 Cdf «> Cd2" + e K, =[Cd?*] - n - [Cdi]™ 8.75.1018.7%/2 | 0.21 | 0.20
15 V@, <> Vg + h* Kg=[Vggl - p - [V, 9.44.10'5.73/2 | 0.05 | 0.20
16 V> Vgg + e K, =[Vggl - n- [VET! 8.75.1018.73/2 | 0.70 | 0.80
17 Vig <> V2t + e Kyg=[V2] - n - [Vi ] 8.75.1013.7%/2 | 0.50 | 0.50
18 VE <= Vi + e Ky =NVl n- VeI ! 3.5.1014.78/2 | 0.40 | 0.40
19 Tel «> Te + At Ko = [Te7]- p - [TelI! 2.44.1015.73/2 | 0.80 | 0.80
20 | Ter + Vi« TeZy+5e  |K,, =[Tedy] n® - [TerTt - [V& ]l  2.51082 3.76 | 3.76
21 Ted, <> Te?* + 2¢” Kig=1[Te&] - n? - [Ted 1! 8.5-1018.73/2 | 0.40 | 0.40
22 0> e + 1" n-p=K;=fT, 51039 1.50 1.50

mechanism in cadmium sublattice only. The
model comprises the following types of point
defects: (CdP,Cdfr,Cdinr,V?;d,Vad,V%a). The sec-
ond model is based on calculations of intrin-
sic defect ionization energy in CdTe [16].
Its simplified wvariant was used in later
works [8-11] to calculate PDE in the mate-
rial. According to this model, the semicon-
ductor may comprise a wide range of de-
fects including vacancies, interstitials, and
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antisite defects in different charge states
(CaP.C?* Ve, Ve VEE Ve Vioa VBa TeP: Tei
Tedy).

The set of QR based on the model of
defects presented in [2, 5] is shown in Table
2 (equations (1)—(8)). Equations (9)—(23)
correspond to the alternative model of de-
fects. The same table contains the values of
thermodynamic parameters used to calculate
the QR constants. The corresponding ther-
modynamic constants are taken from [3, 5,
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8, 16]. Note that in [8], using an original
procedure to optimize results of Hall effect
measurements at high temperatures, K,
AH, AE values have been obtained that are
likely to be the most reliable at present. In
the modeling, we used two somewhat differ-
ent sets of defect level energy values in the
BG of the material. The missing constants
K, or K were calculated as described in [3],

with effective electron mass mj = 0.11-m

and hole mass m; = 0.83-my [2, 5].

In the set of equations used to calculate
PDE in the material, equations (1), (9)—(12)
describe the cadmium vapor-intrinsic de-
fects equilibrium; reactions (2)—(6), (13)—
(21), the intrinsic structural defects equilib-
rium in the solid phase; (7), (22), stimula-
tion of chalcogenide intrinsic conductivity;
(8), (23) are equations of semiconductor
electric neutrality. In these expressions Vg,
Vg, denote tellurium and cadmium vacan-
cies, respectively; Te;, Cd;, interstitials;
Tecy, antisite defect (tellurium in cadmium
site); e, k' electrons and holes, respec-
tively, n, p Dbeing the concentrations
thereof; Py, partial pressure of cadmium
in the course of sample annealing; AH, AE,
the defect forming enthalpy and ionization
energy, respectively; k, the Boltzmann con-
stant; T, temperature of single crystal an-
nealing. Index G corresponds to atoms in
vapor phase. The joint solution of the sets
of equations (1)—(8) and (9)-(23) for the
first and second models, respectively, makes
it possible to define all types of defects con-
centration for the case of full equilibrium
using QR constant K and partial pressure of
cadmium vapor Pgy4 or temperature of sam-
ple annealing T,.

Conductivity and charge carrier concen-
tration in cadmium telluride samples are
measured mostly at temperatures close to
room one, though single crystals themselves
are grown at higher temperatures. As a re-
sult, the real PDE state in the semiconduc-
tor corresponds to their partial equilibrium
at some intermediate temperature. The
higher cooling rate of the samples is, the
closer is the final concentration of defects
to the equilibrium at the single crystal
growing temperature. In this case, the com-
parison of calculated data with experimental
ones is more adequate, if PDE state in the
material is described by means of the model
of partial equilibrium or quenching [3].

We used the following reasoning to cal-
culate the concentration of defects for the
quenching case. If the samples are quenched
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quickly enough, the PDE that appears in
CdTe at high temperature is frozen. How-
ever, the quenching does not influence the
equilibrium balance of electrons and holes.
As a result, all the electrons and holes re-
combine at a low enough temperature, and
the intrinsic defects capture excessive free
carriers and become neutral. To take these
processes into account, one should add to
the set of quasi-chemical reactions describ-
ing full equilibrium state additional equa-
tions that characterize the constancy of
total concentration of charged and neutral
vacancies and interstitial atoms in the ma-
terial in the course of quenching. In this
case, the intrinsic defect concentration de-
pends on the measurement temperature T,
that does not coincide as a rule with the
temperature of single crystal growing or an-
nealing, T,.

Additional equation for the first model
of defects is the following:

[Cd{] + [CAZ] + [Cd?] = [Cdl,, = A(T), (1)

[Veal + [V&ql + [V&4] = Veglio: = 1(Tg), (2)

with [Cd;ps [Veglio: standing for total de-
fect concentration in samples in full equilib-
rium.

For the second model of defects, the fol-

lowing ratios are to be added to equations
(3) and (4):

[Ter] + [Tel] = [Tel;o; = A(Ts)s (3)

[Viel + [V2E] + [MRel = [Vrelior = f(Tg). (4)

Solution of the sets of equations en-
larged in such a way makes it possible to
calculate the PDE concentration in
quenched samples depending on technologi-
cal parameters of growing and temperature
of crystal investigation. Note that we get
an over-defined set of equations, i.e. the
number of equations exceeds that of un-
known defect concentrations. The reason is
that some of the equations are interrelated.

Fig. 1 shows the numerical calculation
results of PDE and free carriers concentra-
tion in cadmium telluride depending on Pgq
for the cases of full equilibrium and
quenching using models 1 and 2. When the
partial equilibrium model was used, the
temperature of sample investigation was as-
sumed to be equal to room one (T,=
293 K). Fig. 2 presents the respective de-
pendences in coordinates N-103/T, assum-
ing that chalcogenide was formed under ex-

Functional materials, 12, 4, 2005
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Fig. 1. Concentration of intrinsic point defects and free charge carriers at different partial pres-
sures of cadmium vapor at the temperature of CdTe single crystal annealing. The first model of
defects: full equilibrium (a); quenching (b). The second model of defects: full equilibrium (c);

quenching (d).

cess cadmium pressure P,;,. The Hall con-
centration of charge carriers is the main
parameter of cadmium telluride determined
experimentally. Therefore, we calculated de-
pendence of this value on Ppy in the course
of the material annealing basing on
ng = n—p ratio, where p = K;/n. The cor-
rersponding dependences for various PDE
models and cooling rates are shown in Fig.
3a. The same Figure displays the experi-
mental measuring results of the Hall carrier
concentration in chalcogenide according to
the data in [16]. Finally, critical pressure of
the material annealing causing the conduc-
tivity type inversion in the semiconductor
was determined, the results are presented in
Fig. 4. The second model was used to define
dependences that are taken as an example.
The same Figure shows dependences of Hall
charge carrier concentration on cadmium
pressure for the cases of full equilibrium
and quenching of CdTe at various annealing
temperatures.
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Where possible, we got analytical de-
pendences of defect concentration on tech-
nological parameters and compared corre-
sponding values with the calculated results.

Quasi-chemical description of PDE in
CdTe films in cases of full equilibrium and
defect quenching. When investigating the
defect formation processes in thin films, we
considered the two extreme cases: full equi-
librium and defect quenching, the same way
as with single crystals. The calculations
were carried out for the same alternative
models of defects used above. We consid-
ered the case of layer deposition by means
of semiconductor and cadmium co-evapora-
tion from two separate sources. It is possi-
ble to change cadmium vapor pressure over
the substrate through a wide range of val-
ues by changing the temperature of the ad-
ditional source. The modeling was carried
out for evaporator temperature T, and sub-
strate temperature T, usually used when
cadmium telluride films are condensed.
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Fig. 2. Concentration of intrinsic point defects and free charge carriers at different temperatures
of CdTe single crystal annealing at Poy = 60 Pa. The first model of defects: full equilibrium (a);
quenching (b). The second model of defects: full equilibrium (c); quenching (d).
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Fig. 3. Hall concentration of free charge carriers at different partial pressure of cadmium vapor (a)
calculated for a single-crystal, model of defects [5]: full equilibrium (1), quenching (2); model of
defects [16]: full equilibrium (3, 5), quenching (4, 6). To calculate curves 3 and 4, the set of
constants [5, 10] is used; for curves 5 and 6, the set [10, 16]. T, = 900°C. T, = 293°C. Experimen-
tal data denoted by points. (b) calculated for films, model of defects [5]: full equilibrium (1),
quenching (2); model of defects [16]: full equilibrium (3), quenching (4). T, = 700°C. T, = 500°C.

In this case, to describe the full equilib- thereto. The first of them describes evapo-
rium state of PDE in CdTe films, the QR ration of the compound at the evaporator
sets presented in Table 2 can be used, how- temperature T, and takes into account the
ever, two new relations are to be added compound dissociation at its transition

802 Functional materials, 12, 4, 2005



V.V.Kosyak et al. | Ensemble of point defects ...

-3
Ny, cm

]

1017

1014

101

PCdy Pa

Fig. 4. Critical pressure of cadmium vapor corresponding to inversion of CdTe conductivity type at
various temperatures T: (a) single crystals, (b) films. T, = 700°C. Model of defects [16]. Hall
concentrations of charge carrier for the case of full equilibrium and quenching at different P4 are

also shown.

from the solid phase (S) into vapor (G). The
second equation describes equilibrium in the
tellurium vapor-condensate system when in-
trinsic defects appear in CdTe film at the
deposition (substrate) temperature T,

CdTeS «—» CdCG + 1/2TeC, (6))

1/2
Pey - Pre” = Kcgre = f(Te)s

1 6
ETeg — Teb + V@4 ©)
[Vl
P%éjz = K1e, = [(T)-

The joint solution of the QR set enlarged
in such a way made it possible to define
dependences of concentrations of intrinsic
defects, free charge carriers, Hall charge
carriers on Pgq for various physico-techno-
logical conditions of layer condensation (T,
and T,). These results are presented in Figs.
3b, 4b, and 5a, c. The defect concentration
calculated for the full equilibrium basing on
the above-mentioned methods are used to
determine the corresponding parameters in
CdTe films subjected to quenching. These
dependences are shown in Figs. 5b, d. In all
the figures, the vertical dotted line marks
the P,,;, position.

The calculation results of PDE state in
CdTe single crystals using the first model
(Figs. 1la, b, 2a, b) made it possible to estab-
lish that such a type of the point defects in
the material as cadmium interstitials with
charge states Cd;* and Cd?2* prevail in cad-
mium high pressure range while in low
pressure one, the structure-sensible proper-

Functional materials, 12, 4, 2005

ties of the semiconductor are defined by the
Vgg and ng vacancies. The charged cad-

mium interstitials are shallow state donors and
the charged vacancies are acceptors, therefore,
when Py becomes lowered during the chalco-
genide annealing, concentration of electrons in the
material decreases, and as a consequence, the ma-
terial conductivity type is changed (Fig. 3a, curve
I). As Py decreases in the cadmium low pres-
sure range, the CdTe conductivity rises be-
cause of increased holes concentration.

Quenching of single crystal samples results
in considerable change of PDE state in the
semiconductor (Figs. 1b, 2b). As a consequence,
the material resistance increases in some range
of cadmium pressure by almost eight orders
(Fig. 3a, curve 2). The pressure values and Py
range where the material becomes semiconduc-
tive are defined by the material annealing tem-
perature. As T, goes down, the cadmium pres-
sure range enlarges and shifts to lower Pgy
renge. Besides, in ny — Ppy dependence (Fig.
3a, curve 2), a pressure range is observed
where the material conductivity does not de-
crease so considerably (by 2-3 times as com-
pared to equilibrium state of defects). But the
task to grow in this range CdTe crystals of
high conductivity by providing intrinsic
charged defects is still complicated.

The results we got basing on the second
model of intrinsic defects in chalcogenide
(Figs. lec, d; 2¢, d) are of great interest. As
the calculations show, in the high cadmium
pressure range, the structure-sensible prop-
erties of single crystals are defined by Cd;*
and Cd,-2+ and interstitial atoms, while in
the low pressure range, Vg2~ and Tepgy?*
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Fig. 5. Intrinsic point defects concentration in CdTe film at various substrate temperatures T. The
first model of defects: (a) full equilibrium; (b) quenching. The second model of defects: (¢) full
equilibrium; (d) quenching. T, = 700°C, Py, = 60 Pa.

defects are dominating in CdTe. At the
same time, the concentration of the latter
defects increases very quickly as Pgy de-
creases, and goes beyond the bounds of the
material homogeneity region. The region of
solid solutions existence within the investi-
gated temperature range makes up 1019 to
1020 ¢m~3. This fact evidences that tellurium
precipitates may be formed in the semi-con-
ductor, obtained at Ppy < 1071 to 102 Pa (de-
pending on T.). Note that the alternative
model of defects, as well as the first one,
predicts the change of conductivity type from
n to p-type as Pgy decreases (Fig. 8a, curves
3, 5). The corresponding values of cadmium
critical pressures increase as the material
annealing temperature rises. The pressures
at which conductivity type of the semi-con-
ductor is changed, predicted by the two
models, are close enough. The same con-
cerns CdTe conductivity in high Py region.
Most of the experimental data are obtained
in this very region, therefore it is rather
difficult to make a choice between the two
models. The reason is that both of them
describe experimental data well enough, but
better coincidence is observed in the data
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(Fig. 3a), obtained on the basis of the sec-
ond model.

A characteristic feature of the model of
defects [16] is an additional change of CdTe
conductivity from p to n-type in low cad-
mium pressure area (Fig. 8a, curves 3, 5).
These technological conditions correspond
to the material annealing under excessive
tellurium pressure. The antisite defect
being a donor appears as the interstitial
atom Te; substitutes V4. This causes for-
mation of the n-type conductivity material
in this region. This is possible because this
defect formation enthalpy AH—,—eCol = 3.76 eV

is lower than that of cadmium vacaney for-
mation AHVCd: 4.75 eV. We should men-

tion that in [13], n-type conductivity CdTe
was observed in experiment to be formed at
annealing in chalcogenide vapor, but chlo-
rine doped material was used. The authors
[11] who also used chlorinated semiconduc-
tor have obtained similar results proceeding
from the model somewhat simpler than the
present one. The results of modeling prove
that similar effect must be observed as well
in the undoped material annealed under ex-
cessive tellurium pressure. In our opinion,

Functional materials, 12, 4, 2005
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similar investigations are of importance
today and should help to determine the real
defect structure of cadmium telluride.

When the samples are quenched, the
semiconductor PDE changes considerably
(Fig. 3a, curves 4, 6), and as a result, CdTe
takes insulating properties within almost
the whole range of investigated cadmium
vapor pressures. The conductivity of chalco-
genide turns out to be lower than it is pre-
dicted in the first model (Fig. 3a, curve 2). It
should be noted that dependences of PDE
concentration and free charge carriers on
Pey (Fig. 3a, curves 3, 5, 4, 6) were not
changed considerably as different data sets
on energy of point defects in cadmium tellu-
ride were used. This proves that our calcu-
lations are highly reliable and correspond to
the real situation. The PDE state in films is
similar to that in single crystals. The tem-
perature of film growing defines to a great
extent the pressure at which the semicon-
ductor conductivity is changed from p- to
n-type. As Ty grows, the critical pressure of
conductivity inversion increases, though the
character of the free carrier concentration
change remains almost the same. The second
model of defects predicts, as well as in single
crystals, that it is possible to get the n-type
conductivity chalcogenide in the very low cad-
mium pressure region (Pgy < 1072 Pa) (Fig. 3a,
curves 3, 4) and high condensation tempera-
tures (Fig. 4b). At temperature T, < 400°C, it
is impossible to get electron material under
high tellurium pressure throughout the whole
range of P4 changes (Fig. 8b, curve 4). In
the case of film quenching, by analogy with
single crystals, the conductivity decreases by
6-9 orders (Fig. 8b, curve 2). According to
the first model, the region where the layers
have half-insulating properties, is wider (Fig.
3b, curve 2) in comparison with single crys-
tals (Fig. 8a, curve 2). According to the sec-
ond model, the film conductivity is decreased
more considerably, it is observed throughout
the whole range of the investigated Pgq val-
ues (Fig. 3b, curve 4).

In conclusion, the QR method has been
used to model PDE in CdTe single crystals
and films for the cases of high temperature
defects equilibrium and quenching at an-
nealing under excessive cadmium pressure.
We used two models of defects, which are
considered to be the most valid at present.
The nature of dominating defects in the ma-
terial of n- and p-type conductivity has been
determined. The calculations have shown
that both models give close enough wvalues
of charge carrier concentration in the mate-
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rial within high cadmium pressure region
and predict inversion of chalcogenide con-
ductivity from p to n-type as Py increases.
At the same time, the model of defects
given in [16] shows that the n-type conduc-
tivity chalcogenide exists in the region of
low cadmium pressure. Experimental obser-
vations of changes of the undoped material
conductivity during annealing under exces-
sive tellurium pressure have to give evi-
dences in favor of this theory or deny it.
Quenching of the samples formed under ex-
cessive cadmium pressure in a wide range of
P4 causes considerable decrease of cadmium
telluride conductivity. This effect is more
pronounced in the case of films. On the one
hand, this makes it possible to get easily
cadmium chalcogenide with semi-insulating
properties, which is a promising material as
a base layer for y-detectors instead of chlo-
rine doped CdTe. On the other hand, this
reduces opportunities to regulate the mate-
rial conductivity by changing its
stoichiometry. As a result, it is difficult to
get layers of cadmium telluride with high
conductivity, a promising material in the
field of solar energy, for example.
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AncamM0ap TOYKOBUX Med)eKTiB y MOHOKpPHCTAJIAX
ta nmaiBkax CdTe y sumagkax moBHOI piBHOBaru
Ta TapTyYBaHHS

B.B.Kocax, A.C.Onanacwok, 1.€.I1poyenko

ITpoBegeno MomeI0OBaHHSA aHCAMOJII0 TOUKOBUX MedeKTiB y HENErOBaHUX MOHOKPUCTAIAX
i nniBkax Tenypunay kaamiio. PospaxyHKM BUKOHAHO AJA ABOX KpalHiX BUIIaJKiB — moBHOI
piBHOBaru i BaraptyBanHa gederTiB. Omep:KaHO 3aJIeKHOCTI KOHIEHTpaIii BiacHUX [e-
derTiB, BiTBHUX HOCIIB 3apsALy Bifl TEeXHOJOTIYHMX NapaMeTpPiB BUPOUTYBaHHSA, TiCAIPOCTO-
BOTO Bifmasy y mapax KajaMiio i TeMIeparypu JocHifKeHHaA 3paskiB. Busnaueno ymoBu
BUTOTOBJIeHH:A MOoHOKpucTanie i maisok CdTe n i p-tuny nposiguocri. IIpoBegeno mopiBHsH-
HA OTPUMAHUX Pe3YJLTATIiB 3 €KCIIePUMEHTAJTLHUMHU AAHUMH, IO AO3BOJUJIO 3pOOUTH BUC-
HOBKHM IIIO0 OOTPYHTOBAHOCTI POBTIIAHYTHX MOJeJjiell i 3ampomoHyBaTH AOMATKOBI eKCIlepu-
MEeHTU, AKi AO3BOJAIOTL 3pOOUTH ocTaTOUHUl BUOIp MimK HUMU.
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