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   The influence of tellurium impurities and heat treatment on the anisotropy of the magnetoelectric properties of 

extruded samples of the Bi0.85Sb0.15 solid solution in the range of ~77−300K and magnetic field strengths up to ~74x104 A/m 
was studied. It was found that in annealed samples of Bi0.85Sb0.15 with 0.001 at.% tellurium, the absolute values of α in the 
direction perpendicular to the extrusion axis are more sensitive to the magnetic field than in the parallel direction and the 
anisotropy of the thermopower (∆α) at a magnetic field strength H = 42x104A/ m reaches the value ∆α =80 μV/K at ~77K. 
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INTRODUCTION 
 

Recently, interest in anisotropic thermoelements 
have increased significantly, due to the maximum 
values of thermoelectric efficiency (Z) possessed in 
anisotropic substances. Extruded samples of solid 
solutions of Bi-Sb systems are the most effective 
material for creating various thermo- and 
magnetothermoelectric energy converters [1-3]. In 
connection with the anisotropy of the electrical and 
thermal properties of solid solutions of Bi-Sb systems, 
it is of interest to identify interplanar spaces (layers) 
with maximum and minimum values of electrical 
conductivity σ thermopower coefficients α and thermal 
conductivity χ, which allows these parameters to vary 
depending on temperature and magnetic field intensity 
(H) .  

Doping with different types of solid solution 
impurities of Bi-Sb systems can optimize the 
concentrations of charge carriers, which are the main 
charge carriers in this material. Bismuth and bismuth-
antimony alloys have a layered structure, so charge 
carriers are scattered differently in different directions, 
which leads to anisotropy of electrical and thermal 
parameters. Therefore, the study of the anisotropy of 
the electrical properties of solid solutions of Bi-Sb 
systems depending on the nature and concentration of 
magnetic field impurities, heat treatment in a wide 
temperature range to create more efficient anisotropic 
thermoelements, which lead to widespread practical 
applications of these materials and devices based on 
them, is relevant. The effect on the anisotropy of the 
electrical and thermal properties of extruded samples of 
the Bi0,85Sb0,15 solid solution of acceptor-type 
impurities in various concentrations of lead and donor-
type tellurium in concentrations of 0.0005 at% was 

studied in [4]. The effect of tellurium impurities in 
various concentrations on the anisotropy of the 
magnetoelectric properties of extruded samples of 
Bi0,85Sb0,15 solid solutions has not been studied.  

Taking into account the above, in this work, in 
order to clarify the influence of tellurium impurities in 
various concentrations, heat treatment and magnetic 
field on the anisotropy of the electrical properties of 
extruded samples of the Bi0,85Sb0,15 <Тех> solid 
solution, its extruded samples were obtained and their 
electrical conductivity (σ), coefficients thermopower 
(α) and Hall power (RH) in the range of ~77−300K and 
magnetic field strength up to ~74x104 A/m in parallel 
and perpendicular directions to the extrusion axis. 

 
EXPERIMENTAL PART 

 
The technology sequence for obtaining extruded 

samples of Bi0,85Sb0,15˂Тех˃ ((0,0001<х<0,1) аt.%) 
solid solutions is shown in [3]. 

Electrical parameters were measured along and 
perpendicular to the direction of the extrusion axis. 

We studied samples that had not undergone heat 
treatment after extrusion and the same samples that had 
undergone annealing. The results obtained are 
presented in the table. The table shows the absolute 
values of the thermopower (α) and Hall coefficients 
(RH). 

    
RESULTS AND DISCUSSIONS 

 
 With increasing tellurium concentration, the 

electrical conductivity of all samples increases, relative 
to the undoped Bi0,85Sb0,15 sample, in both directions of 
the extrusion axis. A particularly strong change occurs 
at low temperatures, where impurity conductivity 
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prevails. A similar influence of tellurium is observed 
on the coefficients α and RH. In samples with low 
tellurium concentrations and those that have undergone 
annealing, the electrical parameters are more sensitive 
to tellurium concentrations than samples that have not 
been annealed in parallel and perpendicular directions 
to the extrusion axis. As the tellurium concentration 
increases, the effects of annealing and magnetic field 
on the electrical properties are weakened. In samples 
with tellurium concentrations of 0.05 at.% Te and 
more, untreated and subjected to heat treatment, the 
influence of the magnetic field on the electrical 
properties is almost absent.  

It can be seen that during heat treatment in 
Bi0,85Sb0,15<0,001Те> samples there is a significant 
change in the absolute values of thermopower, with a 
simultaneous slight increase in electrical conductivity 
and Hall coefficient in parallel and perpendicular 
directions to the extrusion axis. 

  In samples with 0.1 at.% tellurium, the effect of 
heat treatment on the electrical properties is greatly 
weakened.   

Heat treatment leads to a decrease in the 
concentration of structural defects in the studied 
samples that arise during previous technological 
operations (during plastic deformation), to an increase 
in mobility μ and an increase in the prevalence of 
current carrier scattering. 

In extruded samples, there are defects that are 
difficult to anneal, causing changes in the 
concentration of current carriers and their mobility μ. 
Such defects can be twin boundaries or stacking faults 
that arise during plastic deformation. When obtaining 
Bi0,85Sb0,15 samples, an axial texture is formed due to 
plastic deformation, i.e. the trigonal axis of part of the 
polycrystalline grains is oriented in a parallel direction 
to the extrusion axis. 

  With optimal heat treatment of the studied 
samples, the concentration of structural defects 
decreases, which leads to an increase in the mobility of 
current carriers, which is reflected in changes in the 
values of the coefficients σ, α and RH. 

In samples of the Bi0,85Sb0,15 solid solution doped 
with tellurium in a small amount (up to ~0.0005 at.% 
Te) with increasing magnetic field, the 
magnetoresistance increases and the value σ˃σ⊥. In 
all cases, in a magnetic field σ˃σ⊥. At high tellurium 
concentrations, the anisotropy σ and its dependence on 
the magnetic field are further weakened. 

When doping extruded Bi0,85Sb0,15 samples with 
up to 0.1 at.% tellurium that have not undergone heat 
treatment, in the samples in the absence of a magnetic 
field over the entire temperature range, the 
conductivity in the perpendicular direction of extrusion 
σ⊥ is higher than in the parallel direction of the 
extrusion axis σ. After annealing, this ratio changes to 
the opposite, i.e. the anisotropy of electrical 
conductivity in undoped samples and samples with low 
tellurium concentrations changes its sign. 

The coefficients α and RH of samples doped with 
tellurium also exhibit anisotropy. At ~77K in undoped 
samples and samples doped with 0.001 at.% tellurium 

and subjected to heat treatment, the anisotropy of α and 
RH increases with increasing magnetic field strength. 
The experimental data obtained in samples doped with 
tellurium are satisfactorily explained by a change in the 
crystal structure of Bi0,85Sb0,15. 

During heat treatment, deformation defects 
formed during plastic deformation, which are centers 
for electrons, are “healed” [5]. As a result, σ of 
undoped Bi0,85Sb0,15 samples and samples doped with 
tellurium at ~77K increases strongly in the direction of 
the extrusion axis, and anisotropy σ  changes its sign. 

The magnetic field increases the resistivity of 
doped and undoped solid solution samples of 
Bi0,85Sb0,15 samples. It affects samples unalloyed and 
doped with 0.0005 at.% Te more strongly, and to a 
lesser extent at higher tellurium concentrations 0.1 at.% 
Te. The absolute values of magnetic resistivities 
decrease with increasing temperature, due to increased 
scattering of charge carriers. The influence of the 
magnetic field on σ of samples doped with 0.0005 at.% 
Te and undergone heat treatment is greater than in 
samples that have not undergone heat treatment. At 
tellurium concentrations of 0.1 at%, the effect of heat 
treatment and magnetic field on σ is almost absent 
(insignificant).  

At high temperatures (~300K), samples of the 
Bi0,85Sb0,15 solid solution are an intrinsic 
semiconductor; electrons are mainly scattered by 
acoustic vibrations of the lattice. Therefore, at high 
temperatures, the effects of heat treatment, tellurium 
impurities and magnetic field do not have a noticeable 
effect on ρ of the samples. The change in ρ at high 
temperatures, at high tellurium concentrations (up to 
~0.1 at.% Te) is probably due to a change in the band 
gap in the studied samples. However, the anisotropy of 
electrical properties relative to the extrusion axis 
remains at ~300K. Tellurium in an amount of 0.0001 
at.% practically does not change the value of α. A 
further increase in its concentration leads to a decrease 
in the absolute value of α, especially at low 
temperatures. In Bi0,85Sb0,15˂Те˃ alloys heavily alloyed 
with tellurium, the thermopower becomes anisotropic. 

Anisotropy α can be associated with the presence 
of several nonequivalent extrema in the conduction 
band or several scattering mechanisms with different 
anisotropy of the relaxation time. 

Small absolute value of α with strong degeneracy, 
i.e. at high tellurium concentrations, it provides only a 
non-parabolic zone if scattering occurs on acoustic 
phonons. 

In samples containing up to 0.0005 at.% Te, heat 
treatment has little effect on the absolute value of α in 
the absence of H. In unannealed and annealed samples 
unalloyed and doped with tellurium up to 0.005 at.%, a 
significant change in α under the influence of a 
magnetic field is observed at low temperatures. In 
Bi0,85Sb0,15 samples with a tellurium concentration of 
0.001 at.% that underwent heat treatment, the absolute 
value of α in the perpendicular direction is more 
sensitive to the magnetic field than in the parallel 
direction to the extrusion axis. In the same samples, the 
thermopower anisotropy value (∆α) at magnetic field 
strength H = 42x104 A/m is   ∆α = 77 μV/K 
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Table 1.  
Electrical parameters of extruded samples of Bi0,85Sb0,15 ‹Te› solid solution in parallel and perpendicular 

directions relative to the extrusion axis 
 

 
 

At high tellurium concentrations, RH of the 
samples is almost independent of temperature. This 
behavior of RH confirms the presence of a large 
electronic contribution to the transfer phenomenon in 
Bi0,85Sb0,15 ˂Те˃ samples. 

Bismuth-antimony alloys have a layered structure, 
so charge carriers are scattered differently in different 
directions. Due to the fact that charge carriers are 
scattered more strongly along cleavage planes, the 
anisotropy ρ changes with temperature. With 
increasing temperature, the carrier relaxation time 
decreases faster in the direction of the trigonal axis. 
With increasing temperature, the mean free path of 
charges decreases, and the influence of the anisotropy 
of Fermi surfaces on the anisotropy ρ of bismuth and 
Bi-Sb alloys at high temperatures is weakened. 

Thus, the anisotropy of the electrical properties of 
extruded Bi0,85Sb0,15 samples is caused by texture 
formation along the extrusion axis during plastic 
deformation. In this case, the anisotropy coefficient 
depends on the tellurium concentration and heat 
treatment, which is mainly due to the change in the 
contribution to the conductivity of various charge 
carriers from the corresponding Fermi extrema. 

 
CONCLUSION 

 
It was found that unannealed samples of the 

Bi0,85Sb0,15 solid solution are more sensitive to Te 
impurities at low concentrations than samples that have  

undergone heat treatment. As the tellurium 
concentration increases, the influence of tellurium 
impurities and the magnetic field on the resistivity of 
samples that have undergone and have not undergone 
heat treatment is weakened. Due to the fact that 
bismuth-antimony crystals have a layered structure, the 
defects formed in them during plastic deformation are 
concentrated predominantly between the (111) planes. 
As a result, in extruded samples doped with tellurium 
and subjected to heat treatment, electrons are scattered 
more in the perpendicular direction of the extrusion 
than in the direction of the extrusion axis. The increase 
in mobility and electrical conductivity in the direction 
parallel to the extrusion axis as a result of heat 
treatment is greater than in the direction perpendicular 
to the extrusion axis. In this regard, in samples that 
have undergone annealing, the anisotropy σ  at ∼77 K 
is opposite to that of samples that have not undergone 
annealing. 

In extruded samples of Bi0,85Sb0,15 with 0.001 at.% 
Te that underwent heat treatment, the absolute values 
of α in the direction perpendicular to the extrusion axis 
are more sensitive to the magnetic field than in the 
parallel direction. In these samples, the thermopower 
anisotropy value (∆α) at a magnetic field strength        
H = 42x104 A/m reaches the value ∆α = 80 μV/K. High 
mechanical strength properties and values of              
∆α =80 μV/K allow us to recommend this material for 
the creation of highly efficient anisotropic 
thermoelements. 
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