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The phase and elemental compositions and galvanomagnetic properties (4.2 K ≤ T ≤ 300 K, B ≤ 0.07 T) of sam-
ples from a single-crystal Pb1–x–ySnxNiyTe ingot (x = 0.08, y = 0.01) synthesized by the Bridgman–Stockbarger 
method were studied. Microscopic inclusions enriched in nickel were found. It is shown that in the main phase, the 
tin concentration increases exponentially along the ingot (x = 0.06–0.165), while the concentration of nickel im-
purity does not exceed 0.4 mol %. A significant increase in the concentration of holes along the ingot and an ab-
normal increase in the Hall coefficient with increasing temperature were found; both are due to the pinning of 
the Fermi level by the resonant nickel level located in the valence band. The dependences of the hole concentra-
tion and of the Fermi energy at T = 4.2 K on the tin concentration in alloys are calculated using the two-band 
Kane dispersion law. A qualitative model of electronic structure rearrangement is proposed. The model takes in-
to account the movement of the nickel level into the depth of the valence band with an increase in tin concentra-
tion and the redistribution of electrons between the valence band and the level. The energy position of the nickel 
level and the speed of its movement relative to the top of the valence band with an increase in the tin content in 
Pb1–xSnxTe alloys are estimated. 

Keywords: Pb1–xSnxTe alloys, 3d transition metal impurities, galvanomagnetic effects, resonant level of nickel. 

1. Introduction

Lead telluride and alloys based on it have been widely 
used for several decades to manufacture thermoelectric devic-
es operating in the medium temperature range (500–900 K) 
[1–5]. Usually, the efficiency of using semiconductors as 
thermoelectric materials is estimated by the dimensionless 
combination of their parameters and temperature ZT = σS 

2T/κ 
(σ is the specific electrical conductivity, S is the Seebeck 
coefficient, κ is the sum of the coefficients of electronic 
and phonon thermal conductivity, T is the absolute temper-
ature). To increase ZT, one has to increase the electrical 
conductivity σ and the Seebeck coefficient S and reduce 
the thermal conductivity of the material κ. However, since 
these parameters are not independent, the potential of this 
traditional approach to optimizing the parameters of ther-
moelectric materials is now almost exhausted after its ex-
tensive application for several decades. 

In the last decade, several new promising directions for 
designing new thermoelectric materials and improving 
their thermoelectric efficiency have been proposed, in par-
ticular, the so-called “band engineering” [4–9]. This direc-
tion is based on the phenomenon of a significant increase 
in the Seebeck coefficient with an increase in the density 
of electronic states at the Fermi level as a result of a par-
ticular modification of the band structure of a semiconduc-
tor. Currently, the practical implementation of this general 
idea in alloys based on lead telluride is possible in three 
main cases. First, when the extremes of the “light” and 
“heavy” valence bands located at points L and Σ of the 
Brillouin zone converge and cross with variations in tem-
perature, with the composition of alloys (PbTe1–x(Se,S)x, 
Pb1–xMgxTe(Se), Pb1–xMnxTe, …) and with the degree of 
doping with a number of impurities [6–13]. The coinci-
dence of the Fermi level with the top of the “heavy” va-
lence band leads to a sharp increase in the density of states 
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at the Fermi level due to particularly large values of the 
effective mass of holes and of the degree of degeneracy of 
the valence band extrema at the points Σ of the Brillouin 
zone. Second, when a sharp peak of the density of resonant 
impurity states appears in the vicinity of the Fermi level 
due to doping with group III impurities, transition or rare 
earth elements (Tl, Cr, Yb, ...) [14–20]. And finally, the 
first two approaches can be combined to obtain the maxi-
mum synergistic effect of increasing the thermoelectric 
efficiency. This may be realized by achieving the conver-
gence and intersection of the resonant impurity level, which 
stabilizes the Fermi level in the “light” valence band, with 
the “heavy” valence band varying the impurity type, matrix 
composition, and temperature. 

In the latter case, new promising materials are SnTe and 
its alloys doped with In [21–26] as well as Pb1–xSnxTe al-
loys doped with impurities from the second half of a series 
of 3d transition metals (Fe, Co, Ni, Cu) [27–29]. In these 
semiconductors, resonant impurity levels at low tempera-
tures are or may be located in the valence band in the vi-
cinity of the edges of the “heavy” and “light” valence bands, 
respectively. In particular, in PbTe, the resonant level 
of Fe at T = 4.2 K is just below the top of the “light” va-
lence band at points L of the Brillouin zone [30–32], but 
with an increase in the tin content in Pb1-xSnxTe moves 
down and approaches the top of the Σ-band [27–29]. The 
resonant levels of Co and Ni in PbTe seem to be located in 
the vicinity of the band gap [33–37], but their exact loca-
tion and movement pattern when changing the composition 
of PbTe-based alloys are still unknown. 

In this paper, the galvanomagnetic properties of   
Pb1–xSnxTe alloys doped with Ni are studied under varia-
tions in the matrix composition and impurity concentra-
tion. The main objectives of the study were to detect quali-
tative effects indicating the appearance of an impurity 
level with doping and pinning of the Fermi level by this 
level, to determine its energy position, and to build a dia-
gram of the movement of the level relative to the ex-
tremes of the valence bands with an increase in the con-
centration of tin in alloys. 

2. Synthesis and composition of samples. Measurement 
technique 

A single-crystal Pb1–x–ySnxNiyTe ingot with a nominal 
content of tin x = 0.08 and nickel y = 0.01 was synthesized 
by the vertical Bridgman–Stockbarger method. Crystalliza-
tion from the melt of a mixture of pre-synthesized PbTe 
and SnTe (Pb — 99.9999%, Sn — 99.9999%, Te —
99.9999%) with the addition of NiTe2 (Ni — 99.6%) was 
carried out in a vacuum quartz ampoule at a temperature 
gradient of 35 °C/cm and the speed of movement of the 
temperature front of crystallization of 1.5 mm/h. The use of 
NiTe2 as a component of the growth charge was aimed at 
improving the solubility of the Ni impurity in the Pb1–xSnxTe 
matrix, assuming that the melting point of this compound, 

as in the case of Fe impurity [28], is significantly lower 
than that of the metallic nickel and NiTe compound. The 
methods of preparation of the initial components and the 
modes of synthesis of a single crystal are described in de-
tail in [28, 31]. 

A cylindrical ingot, whose axis roughly coincided with 
the crystallographic direction <111>, was cut using string 
cutting perpendicular to the growth axis into 20 disks with 
a diameter of ~ 11 mm and a thickness of ~ 1.5 mm (Fig. 1). 
In the following, the disk numbers correspond to the num-
bers of the samples studied in the work. In this case, large 
numbers (for example, 20, 18) correspond to the beginning 
of the ingot, while the small numbers (for example, 4, 2) — 
to the end of the ingot. 

To determine the distribution of tin and nickel along the 
ingot, as well as the phase composition and uniformity of 
samples, x-ray fluorescence microanalysis was performed 
on a high-resolution scanning electron microscope LEO 
Supra 50 VP (LEO Carl Zeiss SMT Ltd, Germany) with 
the INCA Energy+ microanalysis system (Oxford Instru-
ments, England). For this purpose, samples similar in 
shape to rectangular parallelepipeds with characteristic 
dimensions of ~ 1 mm were extracted from the disks at the 
temperature of liquid nitrogen. In Fig. 2 microphotographs 
of cleaved surfaces and the x-ray emission spectra from the 
sample areas indicated in the photos are presented (the 
numbers in the photos correspond to the numbers of disks 
and samples studied in this work). It was found that within 
the limits of the experimental error, all samples have good 
uniformity and the main phase occupies almost the entire 
volume of samples. However, single microscopic inclu-
sions of the second phases were found in a number of sam-
ples from the end of the ingot. They are clearly defined 
microscopic areas or rather well-cut “microcrystals” enriched 
with nickel (22–27 at. %), which do not have a specific com-
position, but are close in composition to (PbSnNi)2Te3. 

Fig. 1. Distributions of tin and nickel along the length of   
Pb1–x–ySnxNiyTe (x = 0.08, y = 0.01) ingot obtained by the x-ray 
fluorescence microanalysis. The solid curve represents the ap-
proximation (1) for Sn distribution. 
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In the main monocrystalline phase, the tin concentration 
increases monotonously from the beginning to the end of 
the ingot, covering a range of x values from about 0.06 to 
0.165 (see Fig. 1). This behavior is normal and has been 
observed in almost all previously studied Pb1–xSnxTe alloys 
with 3d transition metal impurities. The distribution of tin 
along the length of the ingot is well approximated using a 
universal empirical formula obtained for the distribution of 
substitution impurities in IV–VI semiconductors [38, 39] 
(solid line in Fig. 1):  

 0 1 2
1 2

exp expL Lx x A A
t t

   
= + +   

   
. (1) 

Here h is the distance from the beginning of the ingot to 
the middle of the disk, h0 is the length of the ingot, L = h/h0 
is the relative coordinate of the disk, x0, A1, A2, t1, t2 are 
dimensionless fitting parameters. The area under the theo-
retical distribution curve of tin in the main phase is approx-
imately 0.09, which corresponds well to the integral con-
centration of tin in the ingot growth charge (x = 0.08). 

The concentration of nickel impurity also appears to in-
crease along the ingot (see the dashed line in Fig. 1). This 
is also indirectly evidenced by the appearance of inclusions 
of the second phase at the end of the ingot. However, the 
maximum concentration of nickel does not exceed 0.4 mol % 
with a nominal nickel content of 1 mol % in the ingot 
growth charge. In addition, almost half of the experimental 

Fig. 2. Microphotographs of the cleaved surfaces and x-ray emission spectra from selected areas for samples 2, 6, and 16 obtained on 
a scanning electron microscope. 
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points on the y(L) dependence correspond to negative con-
centration values, and the error in the experimental deter-
mination of the nickel concentration for most of the sam-
ples was greater than the concentration value itself. Thus, 
despite the absence of a significant number of microscopic 
inclusions of other phases, the solubility of nickel impurity 
seems to be significantly lower than chromium, vanadium, 
and even iron in Pb1–xSnxTe alloys [28, 40] and does not 
exceed the experimental error of its determination. In this 
case, it is difficult to construct a real impurity distribution 
curve along the length of the ingot, and in the future we 
will only assume that the nickel concentration increases 
slowly and monotonously along the ingot. 

To study the galvanomagnetic effects using an electro-
erosion machine, samples were cut in the form of rectan-
gular parallelepipeds with characteristic dimensions of 
4.0×0.7×0.7 mm. The samples were then etched in a bro-
mine solution in hydrobromic acid and thoroughly washed 
with ethyl alcohol and distilled water. The electrical contacts 
to the samples were made of platinum or indium-coated 
copper wires with a diameter of 0.03 or 0.05 mm, respec-
tively. Current contacts were soldered to the ends of the 
sample with a micro-soldering iron with In + 4 % Ag + 1 % 
Au alloy, whereas potential and Hall contacts were welded 
using an electric spark unit. 

The temperature dependences of the resistivity ρ, Hall 
coefficient RH, and Hall mobility µH in weak magnetic 
fields (4.2 K ≤ T ≤ 300 K, B ≤ 0.07 T) were studied using a 
four-probe dc method. 

3. Composition and temperature dependences 
of galvanomagnetic parameters 

It was found that at liquid-helium temperatures, all the 
studied samples are characterized by the p-type “metallic” 
conductivity (Figs. 3, 4). As the tin concentration increases 
along the ingot (from sample 20 to sample 2), the resistivi-
ty ρ changes irregularly in a fairly narrow range of values, 
the Hall coefficient RH first increases slightly, and then 
monotonously decreases several times. The dependence of 
the Hall mobility µH = RH/ρ on the tin concentration virtu-
ally repeats the dependence of RH(x), and the maximum 
mobility value does not exceed 3·104 cm2/(V·s), which is 
at least an order of magnitude less than the values typical 
for undoped Pb1–xSnxTe alloys [41]. The most important 
qualitative feature of the composition dependences of the 
galvanomagnetic parameters of the nickel-doped alloys is a 
regular and significant (more than by a factor of 6) reduc-
tion of the value of the Hall coefficient RH. It indicates a 
significant increase in the concentration of free holes in the 
valence band p = 1/eRH (e — elementary charge) when the 
tin concentration increases. Just as in the previously studi-
ed Pb1–x–ySnxFeyTe alloys where the concentration of holes 
in the same range of tin concentrations increases by a fac-
tor of 3 [27–29], this may be due to the pinning of the Fermi 
level by the resonant impurity level and the movement 

of this level into the depth of the valence band with an in-
crease in the tin content. 

The temperature dependences of the resistivity and Hall 
mobility of holes in the studied samples have a “metallic” 
character: when the temperature increases from liquid-
helium to room temperatures, the resistivity increases by 
1–2 orders of magnitude, and the mobility decreases by 
about the same factor [see Figs. 3(a) and 3(c)]. In this case, 
the power-law temperature dependence of mobility at high 
temperatures (μH ∝ T –α, α = 2.5–2.8) is due to the preferen-
tial scattering of holes on acoustic phonons, characteristic 
of IV–VI semiconductors [41]. 

The temperature dependences of the Hall coefficient in 
all samples are qualitatively similar and anomalous, which 
is typical for PbTe-based alloys with resonant impurity 
levels in the electronic spectrum [see Fig. 3(b)]. Upon heating 
starting from the liquid-helium temperature, the RH value 
hardly vary at first but then monotonously increases by a 
factor of 2–2.5. This effect was previously observed in all 
lead telluride-based alloys with resonant levels of In [42], 
Ga [43, 44], Yb [45], Cr [46–48], and Fe [29, 32]. It is be-
lieved that it is associated with a decrease in the concentra-
tion of free charge carriers taking place when changing the 
position of the resonant impurity level with respect to the 
edge of the allowed band and with the redistribution of 
electrons between the level stabilizing the Fermi level and 
the band, upon increasing temperature. The magnitude of 
the effect depends on the position of the resonant level 

Fig. 3. Galvanomagnetic parameters of Pb1–x–ySnxNiyTe samples 
at T = 4.2 K as a function of the tin content in alloys. 



Resonant impurity level of Ni in the valence band of Pb1–xSnxTe alloys 

Low Temperature Physics/Fizika Nizkikh Temperatur, 2021, vol. 47, No. 1 33 

with respect to the edge of the allowed band (i. e., on the 
concentration of charge carriers) at liquid-helium tempera-
tures. The maximum increase in RH (approximately by an 
order of magnitude) was observed in Pb1–yFeyTe with a mini-
mum concentration of holes p ≈ 6·1017 cm–3 at T = 4.2 K [32]. 
In our case, the minimum hole concentration at T = 4.2 K is 
several times higher (p ≈ 2·1018 cm–3) and the effect is 
weaker by the same amount while being approximately the 
same as in the previously studied Pb1–x–ySnxFeyTe alloys 
with a similar hole concentration [29]. Therefore, we be-
lieve that this behavior of the Hall coefficient with increas-
ing temperature can be considered as yet another qualita-
tive evidence of pinning of the Fermi level by the resonant 
impurity level of Ni located in the valence band of the 
studied alloys. 

4. Discussion of experimental results 

The results of the study of galvanomagnetic effects are 
used to construct dependences of the hole concentration 
and of the position of the Fermi level at T = 4.2 K on the 
tin concentration in alloys. To this end, we first calculated 
the hole concentrations in all samples as p = 1/eRH, where 
e is the elementary charge, under the assumption of degen-
erate charge carrier statistics and based on the values of the 
Hall coefficient at the liquid-helium temperature. Then, the 
position of the Fermi level relative to the valence band top 
(Ev – EF) was calculated using hole concentration values in 
the framework of the non-parabolic two-band Kane disper-
sion law for Pb1–xSnxTe alloys [41]. Details of these calcu-
lations with parameters of the dispersion law given in [41] 
are described in detail in [48]. 

The results of calculations for all the studied samples 
are shown in Figs. 5 and 6. It is clearly seen that when the 
tin concentration increases, the hole concentration and the 

Fermi energy relative to the valence band top first decrease 
slightly and then rapidly increase, similarly to what was 
observed in Pb1–x–ySnxFeyTe alloys earlier [27–29]. A qualita-
tive explanation of this behavior can be given based on 
the electronic spectrum rearrangement models proposed in 
[27, 28] for Pb1–x–ySnxFeyTe alloys. These models assume a 

Fig. 4. Temperature dependences of galvanomagnetic parameters in the Pb1–x–ySnxNiyTe alloys (sample numbers are marked). 

Fig. 5. Dependences of the free hole concentration at T = 4.2 K 
on the tin concentration in Pb1–x–ySnxNiyTe and Pb1–x–ySnxFeyTe 
alloys (points — experimental data, lines — calculation in the 
framework of the two-band Kane dispersion law). 
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flow of electrons from the donor level of iron to the va-
lence band, pinning of the Fermi level by the resonant im-
purity level, and a shift of the level deep into the valence band 
with an increase in tin concentration. In addition, we can as-
sume that at the very beginning of the Pb1–x–ySnxNiyTe ingot, 
the Ni level is located in the valence band slightly above 
the Fermi level in the samples (Fig. 7). When the concen-
trations of the donor impurity of nickel and tin increase 
along the ingot, the gradual filling of the valence band with 
electrons (i.e., the decrease of the free hole concentration 
and the shift of the Fermi level up in energy), a shift of the Ni 
level down in energy (i.e., towards the Fermi level) and pin-
ning of the Fermi level by the Ni resonant level take place. 
With a further increase in the tin concentration along the in-
got, the Ni level stabilizing the Fermi level moves down rela-
tive to the top of the valence band, thus inducing a flow of 
electrons from the valence band to the unoccupied impurity 
states and a monotonous increase in the hole concentration. 

In accordance with this qualitative model of rearrange-
ment of the electronic structure of alloys and by analogy 
with the case of alloys doped with iron, we assume that the 
range of alloy compositions in which there is an increase in 
the concentration of holes and in the Fermi energy relative 
to the top of the valence band corresponds to the pinning 
region of the Fermi level by the resonant level of Ni. Then, as 
in Pb1–x–ySnxFeyTe alloys [27–29], points from the pinning 

region of the Fermi level on the dependence (Ev – EF)(x) must 
fall on a straight line, which is essentially a dependence 
of the position of the resonant level on the composition of the 
alloys. However, in contrast to the case of Pb1–x–ySnxFeyTe 
alloys, this dependence lacks a point at x = 0 correspond-
ing to the position of the resonant level in PbTe. This 
shortage, as well as a significant spread of experimental 
points in Fig. 6, makes it difficult to independently deter-
mine the slope of the line (i. e., the composition coefficient 
of movement of the Ni level relative to the edge of the va-
lence band) and its intercept yielding the position of the 
resonant level of Ni in PbTe (x = 0). 

Taking into account the almost parallel movement of 
the resonant levels of Cr, V, and Fe with an increase in the 
concentration of tin in Pb1–xSnxTe alloys [27, 28], we as-
sumed that the composition coefficient of movement of the 
Ni level has approximately the same value as that of the 
closest to it Fe level: d(Ev – EFe)/dx ≈ 7.3 meV/mol %. As a 
result, fixing the slope of the straight line in Fig. 6 and 
adjusting only the assumed position of the impurity level in 
PbTe, using the least squares method we obtained the theo-
retical dependence (Ev – EF)(x) corresponding to the move-
ment of the resonant level of Ni with increasing tin con-
centration in alloys (see solid line in Fig. 6). Then, based 
on this theoretical dependence of the Fermi energy on the 
composition of alloys and taking into account the pinning of 
the Fermi level by the resonant level, the theoretical depend-
ence of the hole concentration on the tin concentration p(x) 

Fig. 6. Dependences of the Fermi level position measured with 
respect to the top of the valence band at T = 4.2 K on the tin con-
centration in Pb1–x–ySnxNiyTe and Pb1–x–ySnxFeyTe alloys (points — 
calculation in the framework of the two-band Kane dispersion law, 
straight lines — approximations by the least squares method). 

Fig. 7. The qualitative model for rearrangement the electronic 
structure of Pb1–x–ySnxNiyTe alloys at T = 4.2 K with an increase in 
the concentrations of nickel and tin along the ingot. 
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is calculated in the framework of the two-band Kane dis-
persion law (see solid line in Fig. 5). For comparison, in 
Figs. 5 and 6 dashed lines represent similar dependences 
for Pb1–x–ySnxFeyTe alloys studied earlier [27, 28]. It turned 
out that at liquid-helium temperature in PbTe, the impurity 
level of Ni is likely to be located near the very top of the 
valence band and possibly even in the gap. Without claim-
ing high accuracy in determining the energy position of the 
Ni level relative to the top of the PbTe valence band, we 
note that this result is in qualitative agreement with the 
data obtained recently in the study of the galvanomagnetic 
properties of Pb1–yNiyTe alloys [37]. 

Summing up the results obtained in this paper with the 
previously obtained data on the position of the resonant levels 
of other 3d transition metals (Cr, V, Fe) in Pb1–xSnxTe 
at T = 4.2 K [27, 28], it can also be noted that in the ge-
neral diagram of the electronic structure rearrangement 
of Pb1–xSnxTe alloys (Fig. 8), the line corresponding to the 
movement of the Ni level relative to the edges of the energy 
bands is only slightly higher than the similar line for the Fe 
level and can cross the top of the “heavy” valence band at 
x ≈ 0.70. The proximity of energies of the impurity levels of 
Fe and Ni is not surprising, since it fully corresponds to the 
situation in III–V and II–VI semiconductors [49]. Comparison 
of experimental data on the position of so far known levels of 
3d transition metals in PbTe and in these well-studied com-
pounds shows that in both cases, when moving along a series 
of 3d transition metal impurities, the impurity levels first shift 

down in energy (from Sc to Cr), then the Mn level falls deep 
into the valence band, but the levels from the second half 
of the series (Fe, Co, Ni, Cu) should return sharply to the top 
of the valence band or to the gap and be close to each other. 

5. Conclusion 

Using scanning electron microscopy and x-ray fluores-
cence microanalysis, the phase and elemental compositions 
of samples from Pb1–x–ySnxNiyTe single-crystal ingot (x = 
= 0.08, y = 0.01) synthesized by the Bridgman–Stockbarger 
method were studied. It is shown that the tin concentration 
increases exponentially along the ingot (x = 0.06–0.165). 
The concentration of nickel impurity also seems to increase 
but does not exceed 0.4 mol %. At the end of the ingot, mi-
croscopic inclusions of the second phase, enriched with nickel 
and close in composition to (PbSnNi)2Te3, were found. 

The galvanomagnetic parameters of samples in weak 
magnetic fields (4.2 K ≤ T ≤ 300 K, B ≤ 0.07 T) were stud-
ied under variations in the sample composition. A signifi-
cant (more than by a factor of 6) increase in the hole con-
centration at T = 4.2 K with an increase in the tin 
concentration along the ingot and an abnormal increase in 
the Hall coefficient with an increase in temperature were 
found, indicating that the Fermi level was pinned by the 
resonant Ni level located in the valence band. The depend-
ences of the hole concentration and of the Fermi energy 
relative to the valence band top at T = 4.2 K on the tin con-
centration in alloys are calculated in the framework of the 
two-band Kane dispersion law. 

A qualitative model for rearrangement of the electronic 
structure of alloys is proposed taking into account the redistri-
bution of electrons between the level and the valence band 
with doping and due to the motion of Ni resonant level deeper 
into the valence band with an increase in the tin concentration. 
Taking into account the similarity of the movement of the 
resonant levels of the previously studied 3d transition me-
tal impurities relative to the edges of the energy bands in 
Pb1–xSnxTe, the energy of the resonant level of Ni and the 
speed of its movement relative to the top of the valence band 
with an increase in the tin content in Pb1–xSnxTe alloys are 
estimated. It is shown that in PbTe at T = 4.2 K, the impu-
rity level of Ni may be in the vicinity of the top of valence 
L-band. As the tin concentration increases, it moves deeper 
into the valence band, approaches the top of the “heavy” va-
lence Σ-band, and can cross it at the tin concentration x ≈ 0.70, 
similarly to the previously studied Fe level. 
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Resonant impurity level of Ni in the valence band of Pb1–xSnxTe alloys 

Low Temperature Physics/Fizika Nizkikh Temperatur, 2021, vol. 47, No. 1 37 

Резонансний рівень домішки Ni у валентній зоні 
сплавів Pb1–xSnxTe 

E. P. Skipetrov, N. S. Konstantinov, E. V. Bogdanov, 
A. V. Knotko, V. E. Slynko 

Вивчено фазовий та елементний склади, а також гальва-
номагнітні властивості (4,2 K ≤ T ≤ 300 K, B ≤ 0,07 Tл) зразків 
з монокристалічного злитка Pb1–x–ySnxNiyTe (x = 0,08, y = 0,01), 
який синтезовано методом Бриджмена–Стокбаргера. Вияв-
лено мікроскопічні вкраплення, які збагачені нікелем. Пока-
зано, що в основній фазі концентрація олова експоненціально 
зростає вздовж злитка (x = 0,06–0,165), тоді як концентрація 
домішок нікелю не перевищує 0,4 моль %. Виявлено значне 
збільшення концентрації дірок уздовж злитка та аномальне 
збільшення коефіцієнта Холла із підвищенням температури; 

обидва зумовлені закріпленням рівня Фермі резонансним 
рівнем нікелю, який розташований у валентній зоні. Залеж-
ності концентрації дірок та енергії Фермі при Т = 4,2 К від 
концентрації олова в сплавах розраховуються за двосмуго-
вим законом дисперсії Кейна. Запропоновано якісну модель 
перебудови електронної структури. Модель враховує пере-
міщення рівня нікелю в глибину валентної зони зі збіль-
шенням концентрації олова та перерозподілом електронів 
між валентною зоною та рівнем. Оцінено енергетичне по-
ложення рівня нікелю та швидкість його руху відносно 
вершини валентної зони зі збільшенням вмісту олова в 
сплавах Pb1–xSnxTe. 

Ключові слова: сплави Pb1–xSnxTe, домішки 3d-перехідних 
металів, гальваномагнітні ефекти, резонанс-
ний рівень нікелю.
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