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Electrical properties of semi-insulating CdTe-Cl crystals, grown by the vertical Bridgman and the travelling
heater method, have been studied. It is found that the travelling heater method provides electron conductivity of
the crystals, and the vertical Bridgman method — hole conductivity. Specific resistance of the samples is of (10°-
10°% Ohmem at 300 K, and Hall mobility of the holes and electrons is of (45 - 55) cm®V-s and (10 - 20) cm?/V-s
respectively. Very low values of electron mobility and an exponential temperature dependence of |, are due to
drift barriers with a height of €, =~ 0.20 eV. Formation of the barriersis caused by the fluctuations of the potentia
relief resulting from the microheterogeneity of the defect-impurity system. Quasi-photochemical reactions that
reduce electron mobility after photo-excitation have been observed in n-CdTe-Cl samples. In p-CdTe-Cl samples,
neither drift barriers, nor quasi-photochemical reactions were detected.
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I ntr oduction

Wideband CdTe semiconductor compound [1, 2] is
of considerable interest due to production of efficient
incoherent light sources, lasers, solar cdls, X-ray and
gamma detectors etc. on its base [1-7]. However, the
difficulties in controlling eectron spectrum and, as a
consequence, the properties of CdTe (especially doped)
restricc wide practical use of cadmium tdluride.
Therefore, the study of growth and doping mechanisms
in this compound is very important.

For most of the devices, a material with a high
specific resistance and maximum values of drift mobility
and lifetime of nonequilibrium carriers is required.
Typically, high resigtivity CdTe crystals are obtained by
controlled doping with shallow donors (In, Cl) which
compensate intringc acceptors (Vcg) [1-3,6, 7]. At
optimal doping, semi-insulating CdTe-In crystals are
mostly of n-type, while CdTe-Cl crystals show both
electron and hole conductivity. Peculiarities of the
electrical properties of the latter are the subject of our

study.
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I. Growing and experimental methods

Pre-synthesized from edemental Cd and Te
components (6N purity) specimens were used for
growing CdTe-Cl crystas. In the case of growing by the
travelling heater method, the ligature in the form of
CdCl, was introduced into the telluride melts. The
temperature of the hot zone was of 1020 K, and the
growth rate was of 0.58 cm/day. In the case of growing
by the Bridgman method, the ligature was placed in the
growth ampule with the synthesized specimen at 1380 K,
the temperature gradient at the crystallization front was
of (10, 15) K/cm, and the growth rate was of 2 mm/h.
The concentration of Chlorine in the met was of
~1" 10" at/cm®in both processes.

The samples for the studies were prepared with a
string cutting of the grown crystals. The surface of the
samples was polished with the diamond powders and
dicked with the diamond pastes. Finishing surface
treatment was carried out by chemical etching [8].

Electrical measurements were carried out within
(290, 420) K and (673, 1173) K temperature intervals
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Fig. 1. Temperature dependence of specific resistance p, Hall coefficient Ry and eectron mobility pin n-CdTe-Cl
sample.
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Fig. 2. Inverse Hall mobility of photoel ectrons versus position of Fermi quasi-level: 1—-increase of light intensity [;
2 —decrease of | (the dotted line denotes the maximum possible val ue of the e ectron mobility).

using rectangular samples (12 2 1.5 mm®) with two
pairs of potential contactsin the direct current mode. The
temperature dependences (TD) of the specific resistance
(p) and Hall coefficient (Ry), as well as Hall mobility of
the carriers L = Ry/p, were studied.

1. Results and discussion

Specific resistance (at 300 K) of the experimental
samples of both types of conductivity produced from the
ingots with different doping level isin awide range from
1 to 10° (Ohm-cm). In the case of semi-insulating
crystals (p > 10 Ohm-cm) the method of the travelling
heater gives n-type crystals, while the Bridgman
method — p-type crystals.

Temperature dependencies of electric characteristics
(p, Ry, w) of typica n-CdTe-Cl sample (Fig. 1) show
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difference between TD activation energies of specific
resistance and Hall coefficient. Such feature come out in
strong (exponential) temperature dependencies of Hall
electron mobility. This is due to the presence of micro-
inhomogeneities in the spatial distribution of point
defects (deep donors and compensating acceptors), which
lead to the fluctuations of the potentia relief and an
emergence of the drift barriers for current carriers[9, 10].

For the sample presented in Fig. 1 one can conclude
that a height of the drift barriers is g,=0.20¢€V.
Activation energy of Ry temperature dependency is not a
characteristic of the ionization energy of the deep donors
which control n-type conductivity in the region of barrier
mobility. lonization energy can be expressed through the
activation energy of the specific resistance temperature
dependency: €5’ =053eV. At the same time, Ry
temperature dependency gives the value g; =0.35¢€V.
The difference between these energies (0.18¢eV) is
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Fig. 3. Temperature dependence of Hall coefficient and hole mobility in p-CdTe-Cl samples.

somewhat less than the height of the drift barriers g,=
0.20 eV. Thismeansthat a degree of donor compensation
is greater than 0.5 [9], that is, equilibrium Fermi level
should be below the level of donors. Indeed, Fermi level
isplaced at £.—0.54 eV at 300 K, and the level of donors
at E.-0.50eV.

It was considered in the calculations that the
effective mass of eectrons is m,=0.1m, and
temperature dependency of donor ionization energy of is

given as ep= ep° — ogTep /Ey’, Where Ej =16 eV is CdTe

band gap at 0 K, ay= 40" eV/K — band gap temperature
coefficient.

The presence of the drift barriers, "killers' of carrier
mobility, is confirmed by a strong shift of the inverse
Hall mobility of the photoelectrons (Fig. 2). In this case,
Fermi quasi-level (in the process of increasng of light
intensity in the region of the self-absorption edge)
crosses the energy level of the donors at (E. —0.50) eV.
Such shift is related to the concentration N, the cross
section of the scattering centers S and the thermal
electron velocity \Y by the ratio
A(1000/p) = 10% (M, /e) (N:S = 2.2.10%(NS)  (V-s/em?)
(at 300 K). Then, for A(1000/u) = 100 one can obtain
NS~ 4.10" cm™. If we assume that isolated Coulomb
centers are recharged (S~ 4.10" cm? npu 300 K), then
N;~10°cm™ Of course, such vaue of defect
concentration is unacceptable not only in this case, but
also for cadmium telluride crystals in general. Therefore,
the model of collective drift barriers should be
considered. The shift at (E.—0.42) eV is obvioudly also
due to the "dimination" of the drift barriers caused by
micro-heterogeneity of the spatial digtribution of fully
compensated donor centers with the ionization energy of
~042eV.

It should be noted that quasi-photochemical reactions
take place in these samples. These reactions are followed
by a decrease of photo-mobility at illumination of the
samples, which resultsin Fig. 2 by a non-matching of the
curves taken at different directions of the change of light
intensity I: an increase of | (curve 1), and then its
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decrease (curve 2). So, the height of the drift barriers
increases, which can be explained by an expansion of
space charge regions which is caused by micro-
heterogeneity of point defects system. It is known [11]
that in CdTe-Cl crystalsthe main defects are Cl+. shallow
donors and V¢4 acceptors, but these defects also form
associates  of different  configurations. Under a
sufficiently strong photo-excitation, when quasi-Fermi
level is approaching corresponding bands, a recharging
of the centers which are the component of the associates
takes place. Radiation-accelerated diffusion can affect
the configuration the associates and thus the screening of
space-chargeregion.

The anomalies of the electric characteristics in n-
CdTe-Cl cystals have not been detected in p-CdTe-Cl
crystals. Fig. 3 shows the temperature dependencies of
Hall coefficient and hole mobility in two p-CdTe-Cl
samples (from different ingots). Since the changes of
carrier mobility are negligible (not exceeding 20 %),
activation energies of Ry and p temperature dependencies
almost coincide and are of 0.76 and 0.68 eV for samples
1 and 2 respectively. Although, there are no drift barriers
for the carriers in p-type samples, complete
microhomogeneity of the defect-impurity system can not
be ensured. In particular, two scattering mechanisms (on
the lattice vibrations and ionized centers) are not enough
for the explanation of |, temperature dependencies. It is
necessary to take into account a third weak temperature
dependence mechanism. It can be scattering on non-
overlapping space-charge regions (us~T>°) [12]. This
condition is possible with a sufficiently high screening
charge at low concentration of the carriers. It is clear,
that a weak compensation (not exceeding 30 %) of
working acceptors isafavorable factor for this matter.

Conclusions

Electrical properties of semi-insulating CdTe-Cl
crystals, grown by the vertical Bridgman and the
travelling heater method, have been studied. It is found
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that the travelling heater method provides dectron
conductivity of the crystals, and the vertical Bridgman
method — hole conductivity. Specific resistance of the
samples is of (108-10%) Ohmxm at 300 K, and Hall
mobility of the holes and eectrons is of (45-
55) cm?%V-s and (10-20) cm?V -s respectively. Very low
values of electron mobility and an exponentia
temperature dependence of W, are due to drift barriers
with aheight of g, =~ 0.20 eV. Formation of the barriersis
caused by the fluctuations of the potential relief resulting
from the microheterogeneity of the defect-impurity
system. Quasi-photochemical reactions that reduce
electron mobility after photo-excitation have been
observed in n-CdTe-Cl samples. In p-CdTe-Cl samples,
neither drift barriers, nor quasi-photochemical reactions
were detected.
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JlociipKeHO eJIeKTpHYHI BIACTUBOCTI HamiBizomorounx kpucranis CdTe-Cl, BUpOLIEHUX BepTUKAILHUM
MmeronoM bpipkMeHa Ta METOZOM PyXOMOro HarpiBHHMKa. BcTaHOBIEHO, IO METOI PyXOMOrO HarpiBHHKa
3a0e31euye eIeKTPOHHY MPOBiAHICTb, a BepTUKAIbHUN MeTox bpimkmena — nipkosy. [Ipu 300 K nuromuit onip
3paskis craoButs p = (10°-10% OwmveM, xomTiBchbka pPyXIHBICTB: RipOK Hp = (45 - 55) cM?/B-c, eNeKTpoHiB
U~ (10 - 20) cM¥/B-c. Jlyke HH3bKi 3HAUCHHS i EKCTIOHEHI}HA TEMIEPaTypHA 3aIEKHICTh |, 3yMOBJICHi
npedidoBumu  Gap’epamu 3 Bucororo &,~ 0,20eB. ®PopmyBaHHA oOcCTaHHIX IIOB's3aHe 3  (uykTyarisMu
MIOTEHIIAJIBHOTO pelbedy 3a paxyHOK MIKPOHEOJHOPITHOCTEH JeeKTHO-IOMIMKOBOI cucteMu. KpiMm Toro, B
3paskax N-CdTe-Cl marorp Micue kBa3ioToXiMiyHi peakmii, IO NONATAIOTH y 3MEHLICHHI PYXJIUBOCTI
enekTpoHiB michst (oro3Oymxenns. B 3paskax p-CdTe-Cl e BusBieHo Hi apeiigoBux Oap’epiB, Hi

KBa3ioTOXIMIYHUX PEaKIii.


mailto:b.p.rudyk@nuwm.edu.ua
mailto:serhii.solodin@gmail.com

