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Abstract. New experimental data confirming our suggestion about the universal character of critical phenomena 
accompanying the transition from “an impurity gas” to “an impurity condensate” with impurity concentration 
increasing are presented. The existence of the range of anomalous growth in the charge carrier mobility under 
transition to heavy doping is established for PbTe-PbSe solid solutions. The experimental results are analyzed on the 
basis of percolation theory taking into account alloy scattering and spatial correlations of impurity centers.  
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INTRODUCTION 

Heavily doped semiconductors are widely applied 
in various devices (tunnel diodes, thermoelectric 
devices, etc.). This stimulates interest in detailed 
studies of the mechanism of the transition from weak 
to heavy doping when the interaction between 
impurity atoms starts to make a substantial 
contribution to the formation of crystal properties. 
Earlier, for a number of semiconductor solid solutions 
we have observed [1-4] concentration anomalies of 
different properties in the range of small impurity 
concentrations (~ 0.5 - 1.0 at.%). We suggested [1] 
that these anomalies have the universal character, 
corresponding to the transition from an impurity 
discontinuum to an impurity continuum, and take place 
according to a percolation scenario [5]. Such transition 
is expected to be accompanied by critical phenomena, 
which, in turn, manifest themselves through anomalies 
in concentration dependences of different properties.  

To prove the suggestion about the universal 
character of the concentration anomalies of physical 
properties in solid solutions, it is necessary to expand 
the scope of objects and properties to be studied.  

IV-VI semiconductor compounds are well known 
as promising materials for optoelectronic, thermo-
electric and other applications [6].  

The objects of this work are PbTe-based 
semiconducting solid solutions in PbTe-PbSe system.  

The goal of the study is to obtain the dependences 
of charge carrier mobility µ and an exponent υ in the 
temperature dependences of µ on PbSe concentration.  

EXPERIMENTAL 

Polycrystalline samples of PbTe-PbSe system (0 - 
4 mol. % PbSe) were prepared by direct melting of 
high-purity elements in evacuated quartz ampoules at 
1250 K with subsequent annealing at ∼ 870 K for 250 
h. All of the alloys were prepared simultaneously to 
ensure the identical preparation conditions. X-ray 
spectroscopy and selective chemical analyses 
confirmed the homogeneity of samples and showed 
that deviation of chemical composition of the samples 
from the calculated one did not exceed ± 0.02 at. %. 
The electrical conductivity σ and the Hall coefficient 
RH were determined using a conventional dc method in 
the temperature range 77 - 300 K. The measurement 
error of RH and σ did not exceed 5 %. The Hall carrier 
mobility µ was calculated as µ = σ⋅ RH.  

RESULTS 

In Fig. 1, the room-temperature dependences of the 
relative charge carrier mobility µ/µPbTe on the PbSe 
content in PbTe - PbSe solid solutions based on PbTe 
are presented. For comparison, we also show 
previously obtained data for the PbTe - GeTe system 
[4]. It is seen that in both cases, in a relatively narrow 
concentration range of a second component (~0.5 - 2.0 
mol.%), an anomalous increase in µ/µPbTe is observed.  

It is seen from Fig. 2 that in the same concentration 
range, the increase in an exponent υ in the 
dependences µ ~ A⋅T-υ takes place. For comparison, 
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the obtained data for the PbTe-MnTe system [3] are 
also shown. 
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FIGURE 1. The dependence of a relative charge carrier 
mobility µ/µPbTe on the PbSe concentration in PbTe-PbSe 
solid solution; inset: the same for PbTe-GeTe solid solution 
([3]). 
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FIGURE 2. The dependence of an exponent υ in the 

temperature dependences of carrier mobility µ ~ A⋅T-υ on 
PbSe concentration in PbTe-PbSe solid solution; inset: the 
same for PbTe-MnTe solid solution ([4]). 
 

Considering this critical phenomenon within the 
framework of percolation theory [5], it is possible to 
estimate the radius of the impurity atom "action 
sphere" ro, using the equation [5]: 
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where Nc is the average number of sphere centers per 
volume unit, corresponding to the percolation 
threshold. Such estimate for PbTe-PbSe solid solutions 
yielded ro ≈1.5 a0 (a0 is the PbTe unit cell parameter), 
which is in good agreement with a short-range 
character of the impurity potential in IV-VI 
compounds [6]. 

It can be suggested that the formation of percolation 
channels through impurity (Se) centers upon reaching 
the percolation threshold stimulates self-organization 
processes. The formation of a superstructure is 
expected to cause the appearance of extremum points 
in the dependences of the properties on the impurity 
content. Note that the value ro ≈ 1.5 a0 corresponds to 
close packing of impurity spheres with the formation of 
an f.c.c. lattice with unit cell parameter a = 4 a0. 

Thus, the results obtained in this work for the 
isovalent PbTe-PbSe solid solutions (anion 
substitution) represent another evidence for the 
proposition about the universal character of critical 
phenomena accompanying the transition from weak 
doping to the formation of impurity continuum. 
Regardless of the character of interaction between 
impurities (Coulomb, deformational, magnetic etc.) the 
properties of a crystal change qualitatively when an 
uninterrupted chain of the channels is formed (when 
the percolation threshold is reached) and elementary 
excitation propagation speed changes.  
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