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The temperature dependences of electric conduction, the Hall
coefficient, thermoelectric power, and the dimensionless field of
the transverse Nernst—Ettingshausen effect in CdInaTey crystals
have been investigated in the region of mixed conduction (250—
420 K). Using the experimental data on these kinetic coefficients,
we determined the concentrations and mobilities of electrons and
holes and the Fermi level energy in the interval of temperatures
350—420 K, where the scattering of charge carriers by optic
polarization vibrations of the crystal lattice is dominant.

The complex defective compounds with stoichiometric
vacancies which are formed in the (A3CS),
(B2C$S)1_. systems attract the attention of researchers
as perspective radiation-resistant materials for the
electronic technique. One of such compounds is
CdInyTey which is realized in the (IngTes),-
(CdsTes)1—5 system at z=0.75. Despite the available
works concerning the possibility to design electronic-
optical devices on the basis of CdInyTey [1,2], the
experimental studies of the fundamental physical
properties are mainly concentrated on the phase diagram
and crystallographic and optic properties [3—5]. From
electric characteristics, the electric conduction and
the Hall coefficient were investigated. In particular,
it was shown [1] that crystals of CdInaTes can possess
the n- or p-type of conduction with a charge carrier
concentration of ~10'® cm™2 and a maximum mobility
of 200 cm?/(V-s) at room temperature.

The present work is devoted to the study of
the transfer phenomena in crystals Cdlnp,Tes grown
by the Bridgman method. According to the data
on the temperature behavior (Fig. 1) of the specific
electric conduction ¢ (curve 4), Hall coefficient R
(curve 2), differential thermoelectric power « (curve 1),
and the dimensionless field of the transverse Nernst—
Ettingshausen effect €, (curve 8), the majority carriers
are electrons, whose Hall mobility [120—140 cm?/(V-s)]
varies weakly in the interval of temperatures 250—420 K.
The conduction activation energy determined from the
experimental data on lgR(T) = f(T) at T>300 K is
E,=0.45 eV, which is significantly less than a half of
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the energy gap for CdInyTey determined from the optic
measurements (Ey=1.23 eV at 300 K). This allows us to
assume that the intrinsic conduction is not reached in
the region of temperatures under study.

It turns out that the dimensionless field of the
transverse Nernst—Ettingshausen effect e, grows by
absolute value with decrease in temperature significantly
more rapidly than the theoretically predicted value in
the case of monopolar conduction [6]. By that work, the
change in €, is caused by a change of the charge carrier
mobility, which makes the Nernst—Ettingshausen effect
to be very sensitive to the presence of carriers of the
opposite sign. The negative and relatively large values
of £, observed by us testify in favor of the mixed
conduction when the electron component is dominant.
With regard for this circumstance, we calculated the
concentrations, charge carrier mobilities, and Fermi level
energies with the use of relevant formulas for the mixed
conduction in the relaxation time approximation for
the isotropic parabolic law of dispersion and a weak
magnetic field [7]:
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Here, a = n/p and b = u, /1, are, respectively, the ratios
of concentrations and mobilities of electrons and holes,
E, = (1.34aT) eV is the energy gap (o = —2.5x 1074
eV/K [4]), N, = BT?/? is the effective density of states
in the conduction band, r is the scattering parameter,
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Fig. 1. Temperature dependences of thermoelectric power a (1),
Hall coefficient R (2), the dimensionless field of the Nernst—
Ettingshausen effect £, (8), and electric conductivity o (4)
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Fig. 2. Temperature dependences of the position of the Fermi level
F relative to the bottom of the conduction band and the ratios of
the concentrations and mobilities of electrons and holes a = n/p

(1), b= pn/pp (2), respectively

and A is the Hall factor. At a fixed temperature,
the unknown parameters are a, b, r, and B. The
approximations accepted for the dispersion law and the
statistics of carriers are based on the results given in [9].

The low concentration of charge carriers, ~10''—
10 em™3, in the interval of temperatures 250—420 K
under study testifies to that the role of extrinsic ions
in the scattering of charge carriers is insignificant.
Therefore, in our calculations, we consider the scattering
of charge carriers by acoustic and optical vibrations
of the lattice, as well as by the neutral centers which
are the stoichiometric vacancies with the concentration
N, ~10%' cm™3.
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Fig. 3. Temperature dependences of the mobilities of electrons pn

(1) and holes pp (2) and the concentrations of electrons n (8) and
holes p (4)

As fitting parameters, we chose the quantities A, B,
and r. It turns out that the best agreement of theory
and experiment and the most correct results are derived
at T>350 K with B = 3.9 x 10%cm3K3/2, r = 1,
and A = 1.1. The value r = 1 indicates that the
dominant mechanism at high temperatures (7>350 K)
is the scattering of charge carriers by optic polarization
phonons. At T<350 K, the used approximations [and
thus formulas (1)] become unsuitable for the correct
determination of a(T") and. Therefore, in the discussion
of the results, we restict ourselves by the temperature
interval 350—420 K.

The temperature dependences n(T'), p.(T), o(T),
and b(T) and the Fermi energy F(T) are given in
Figs. 2, 3. According to Fig. 2, the Fermi level is
in the upper half of the energy gap and approaches
its middle with increase in temperature. In the region
of temperatures under study, the electron conduction
exceeds the hole one (0,,/0, = ab) by a factor of 14—
20. Therefore, the experimental values of the electric
conduction are satisfactorily described by the formula
that is valid only for one type of the electron conduction
[8]: ¢ = oo exp (&), where o = eNcpu,,, and F(T) and
un(T) are the derived temperature dependences of the
Fermi level energy (Fig. 2) and the mobility of electrons
(Fig. 3), respectively.

We note that the Fermi level F (Fig. 2) varies
linearly with temperature: F' = E, + ~T, where the
activation energy of donor centers E, = 0.4 eV, and
the temperature coefficient v = 1.5 x 107% eV/K.
It is worth noting that the derived value E, =
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0.4 eV differs from FE, = 0.45 eV, that is estimated
by the slope of the temperature dependence lgo =
f(10%/T), but coincides practically with the activation
energy derived from the dependence lg (éT’S/ 2) =
f(103/T). Therefore, we may assert that, with
regard for the accuracy of experimental measurements,
the temperature dependence of the concentration of
electrons in crystals CdInyTe, is mainly conditioned by
the deep compensated level of intrinsic defects with the
activation energy E, = (0.42 £0.03) eV.
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TEMITEPATYPHA 3AJIEXKHICTH KOHIIEHTPALIII HOCIIB
Y KPUCTAJIAX CdIngTey

II.M. Topaet, O.I. I'pywxa, O.1. Bopobeuwv, 3.M. I'pywxa
PeszowMme

JocniazkeHo TeMuepaTypHi 3ajI€2KHOCTi €JIeKTPOIpPOBigHOCTI, KO-
edinienTa Xosuta, TepmMo-epc i 6€3po3MipHOro IMOJIsA IOIIEPETHOTO
edexry Hepucra—Errinrcraysena kpucranis CdInyTeyq B obmacti
amimanol nposigaocri (250—420 K). Bukopucrosyroun ekcnepu-
MEHTAJIbHI JTaHl MUX KIHETUIHUX KOeIIiEHTIB, BUSHAYEHO KOHIIEH-
Tpariil Ta pyXJUBOCTI eJIeKTPOHIB i JAipok, eHeprito piBHsa Pepwmi y
nianazoni remneparyp 350—420 K, ne nominye posciroBansst HOCITB
3apsily Ha ONTUYHUX MOJSAPU3AIINHUX KOJUBAHHSIX I'DATKU.
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