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In this paper, we present room temperature unpolarized Raman scattering spectra of Ni doped PbTe
single crystal sample. Crystal of PbTe(Ni) was grown by the Bridgman method. The Ni concentration in
the sample used here was 1 × 1019 at./cm3. Well resolved peaks appear at about 126, 143, 181, 362 and
724 cm−1. The modes at 126 and 143 cm−1, which are also observed in other telluride compounds, originate
from vibrations in TeO2. We assume that the mode at about 181 cm−1 is connected to excitations of a
local phonon mode in the vicinity of an impurity atom (donor Ni3+ state). Modes at about 362 cm−1 and
724 cm−1 are the second and fourth harmonic of a local phonon mode, registered here due to multiphonon emission.

PACS numbers: 71.28.+d, 63.20.−e, 78.30.−j

1. Introduction

The doping of AIVBVI semiconductor compounds with
transition metal impurities has significant scientific and
practical interest due to the new materials preparing pos-
sibilities. Lead telluride (PbTe) belongs to the AIVBVI

IR-sensitive narrow-gap semiconductors group, which ac-
quires new properties as a consequence of doping [1, 2].
Transition metals behave either as donors (Cr, Co, Ni) [3]
or neutrals (Mn) [4]. For example, when PbTe is doped
with chromium, free carrier concentration n increases to
1.3× 1019 cm−3 and remains unchanged with further in-
crease of the Cr concentration, up to the chromium sol-
ubility limit.

In the case of many IV–VI diluted magnetic semicon-
ductors (DMS) deviation from stoichiometry (metal va-
cancies) results in the carrier density sufficiently high to
produce strong ferromagnetic interactions between the
localized spins. The carrier concentration can be con-
trolled in a wide range by thermal annealing or doping.

In this paper we present Raman scattered spectra of Ni
doped PbTe single crystal sample. According to our best
knowledge this is first Raman scattering measurements
of PbTe(Ni).

2. Samples and experiment

Single crystal of PbTe(Ni) was grown by the Bridg-
man method. The impurity concentration in the starting
mixture was 3.3 × 1020 at./cm3. The Ni concentration
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in the crystal used here was 1 × 1019 at./cm3, deter-
mined by chemical analysis [5]. The structural param-
eters were obtained using the X-ray diffraction (XRD)
powder technique. All the registered reflections corre-
sponded to PbTe crystals and gave the parameter of the
cubic unit cell of a = 0.6455(3) nm, which is in good
agreement with values cited in the literature [6]. The
dislocation density was (5–7)× 10−4 cm−2, registered by
selective etching [7]. The Hall effect and conductivity
measurements showed that the crystal exhibits n-type
conductivity with room-temperature electron concentra-
tion of 6× 1016 cm−3. The Raman spectra were excited
by several lines of argon-laser line and measured using
a Jobin Yvon model T64000 monochromator, with CCD
detector.

3. Results and discussion

Unpolarized Raman spectra (Fig. 1) of PbTe(Ni) are
shown in the spectral range between 30 and 1000 cm−1,
at room temperature. Well resolved peaks appear at
about 126, 143, 181, 362 and 724 cm−1. The modes
at 126 and 143 cm−1, which are also observed in other
telluride compounds, originate from vibrations in TeO2,
which is always formed on the sample surface.

We assume that the mode at about 181 cm−1 is con-
nected to excitations of a local phonon mode in the vicin-
ity of an impurity atom (donor Ni3+ state). Modes at
about 362 cm−1 and 724 cm−1 are the second and fourth
harmonic of a local phonon mode, which registered here is
in consequence of multiphonon emission (MPE). Namely,
in the PbTe(Ni), the equilibrium position of the ground
donor level before the electron capture is in the upper
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Fig. 1. Unpolarized Raman spectra of PbTe(Ni) at
room temperature.

half of the gap (Et) (Fig. 2). After the capture of the
electron, the lattice near the defect relaxes in such a way
lower the equilibrium position of the level in the energy
gap. Immediately after the capture of the electron the
lattice is displaced far from the new equilibrium position
and there will be a violent lattice vibration at the defect.
The vibration will rapidly damp down to the amplitude of
the thermal vibrations (ω0) after a small number of vibra-
tional periods. During the damping, the localized energy
propagates away from the defects as phonons. This justi-
fies calling this process nonradiative capture by MPE [8].

Fig. 2. Diagram illustrates how capture of an electron
takes place. The smaller arrows represent the amplitude
of thermal vibrations (ω0). The large arrow represents
the amplitude of the lattice vibrations.

The registered MPE, and effects connected with it, are
of fundamental importance. Namely, it gives the direct
proof that electron capture on an impurity level results
in a displacement of the impurity center from the equilib-
rium position. As a consequence barriers are formed in
configuration space between all the states of the systems
with a different number of electrons.

4. Conclusion

In this paper, we present room temperature unpolar-
ized Raman scattering spectra of Ni doped PbTe sin-
gle crystal sample. We assume that the mode at about
181 cm−1 is connected to excitations of a local phonon
mode in the vicinity of an impurity atom (donor Ni3+
state). Modes at about 362 cm−1 and 724 cm−1 are the
second and fourth harmonic of a local phonon mode, reg-
istered here as according to MPE.
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