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ABSTRACT: Erbium-doped SnTe (Sn;_.Er,Te) single crystals were synthesized to investigate the influence of erbium
incorporation on phase stability, crystal structure, and thermophysical behavior relevant to thermoelectric applications.
Single crystals with nominal compositions x = 0.00-0.10 were grown using the vertical Bridgman technique under
controlled thermal conditions. X-ray diffraction analysis confirmed that at low erbium concentrations (x < 0.02-0.03),
erbium is substitutionally incorporated into the cubic NaCl-type SnTe lattice without detectable secondary phases. At
higher erbium contents (x > 0.05), Er-rich secondary phases such as ErTe and Er,Te; precipitate within the SnTe matrix,
indicating a limited solubility of erbium in SnTe. Differential thermal analysis revealed reproducible thermal effects
associated with phase transformations and the formation of secondary phases at elevated dopant concentrations.
Scanning electron microscopy combined with energy-dispersive spectroscopy showed microstructural refinement and
increased defect density with increasing erbium content. Moderate erbium incorporation enhances phonon scattering,
resulting in reduced lattice thermal conductivity and an increased Seebeck coefficient, whereas excessive doping leads
to phase instability and degradation of electrical transport. These results demonstrate that erbium acts as an effective
dopant for tuning the thermoelectric properties of SnTe within a narrow compositional window, while exceeding the
solubility limit induces multiphase behavior and structural instability. The study provides experimentally grounded
guidelines for controlled rare-earth doping and phase stability optimization in SnTe-based thermoelectric materials.

KEYWORDS: Erbium doping; SnTe single crystals; phase stability; differential thermal analysis; microstructural
evolution; thermoelectric properties

1 Introduction

Tin telluride (SnTe) is a narrow-gap IV-VI semiconductor that has attracted considerable attention due
to its promising electrical and thermoelectric properties, relatively simple crystal structure, and lead-free
composition. These characteristics make SnTe a potential alternative to conventional PbTe-based materials
in thermoelectric devices, infrared detectors, and topological insulator applications [1,2]. Moreover, the
physical properties of SnTe can be effectively tuned through stoichiometric control, alloying, and doping,
which significantly broadens its technological relevance.

Despite its advantages, pristine SnTe exhibits a relatively low thermoelectric figure of merit (ZT),
mainly due to high hole concentration and lattice thermal conductivity. Consequently, extensive research
efforts have focused on enhancing its thermoelectric performance through band structure engineering,
nanostructuring, and chemical doping [3-5]. Among these approaches, doping with rare-earth (lanthanide)
elements has emerged as an effective strategy to modify carrier concentration, introduce resonant electronic
states, and enhance phonon scattering, thereby improving thermoelectric efficiency [6,7].
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Lanthanide-doped SnTe systems, including Ce-, Nd-, and Yb-doped compounds, have demonstrated
improved thermoelectric properties and enhanced thermal stability at elevated temperatures [8-10].
These improvements are commonly attributed to lattice distortion arising from ionic radius mismatch,
resonant level formation near the Fermi energy, and increased phonon scattering. In addition, lanthanide
incorporation can significantly affect phase stability and microstructural evolution, which are critical factors
for long-term device performance.

In comparison with other lanthanides, erbium (Er) doping in SnTe has been relatively underexplored.
The incorporation of Er ions, which differ from Sn in both ionic radius and valence state, is expected to
alter the crystal lattice, influence carrier transport, and potentially lead to secondary phase formation or
structural modifications [11]. However, most existing studies on Er-doped SnTe are limited to bulk or
polycrystalline samples, and systematic investigations of single-crystal growth and phase composition
remain scarce.

Understanding the growth conditions and phase behavior of Sn;_yEryTe single crystals is essential
for optimizing synthesis routes and tailoring material properties for thermoelectric applications. In this
context, differential thermal analysis (DTA) represents a powerful tool for studying phase transformations,
thermal effects, and phase equilibria. DTA enables the identification of phase transitions, reaction enthalpies,
and stability regions, providing critical insight into the thermodynamic behavior of doped semiconductor
systems [12,13].

Furthermore, SnTe and its structural analogues, such as GeTe and PbTe, as well as their solid solutions,
continue to play a key role in the development of thermoelectric generators. Even when SnTe itself
does not exhibit the highest ZT values, its compatibility with other thermoelectric materials allows it to
function effectively as a component in composite and segmented thermoelectric systems [14]. Improving
the performance and stability of SnTe through controlled doping therefore remains an important research
challenge.

Against this background, the present study focuses on the optimized growth technology and detailed
phase analysis of Sn;_yEr,Te single crystals. By combining crystal growth experiments with thermal and
structural characterization techniques, this work aims to clarify the role of erbium doping in modifying
phase composition and stability. The obtained results are expected to contribute to a deeper understanding
of dopant effects in SnTe-based materials and to provide practical guidelines for the design of efficient and
thermally stable thermoelectric systems.

1.1 Crystal Growth Methods and Selection Rationale

Several synthesis techniques are available for the preparation of Sn;_yErsTe crystals, each offering
specific advantages depending on the desired crystal quality, size, and compositional uniformity. Commonly
used approaches include melt-based single-crystal growth methods, solid-state reactions, and vapor-phase
techniques. A comparative overview of these methods is presented in Table 1.

Considering the objectives of obtaining large, compositionally uniform single crystals suitable for
phase and thermal analysis, the vertical Bridgman technique was selected as the primary growth method.
This approach has been demonstrated to be particularly effective for IV-VI semiconductors and their doped
derivatives.
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Table 1: Synthesis methods for Sn;_Er,Te crystals.

Method

Description

Advantages

Limitations

Typical Application

Bridgman method

Directional
solidification from the
melt in a temperature
gradient

Large single crystals,
good compositional
control

Long growth time,
strict thermal control

Single-crystal growth
of SnTe and doped
SnTe

Crochralski method Crystal.pulhng from Controlled orientation, High eql.upmc.f:nt cost,  High-purity SnTe
melt using a seed faster growth segregation risk crystals
Melt quenching Rapid cooling of melt ~ Simple, fast Ir::’z;irile talline Preliminary synthesis

Solid-state reaction

Thermal reaction of
powders

Cost-effective

Limited crystal size

Precursor preparation

Vapor transport

Transport via
temperature gradient

High purity

Slow, complex setup

Specialized crystal
growth

1.2 Crystal Growth Conditions

Single crystals of Sn;_yEryTe (x = 0.00-0.10) were grown using the vertical Bridgman method under
controlled conditions. High-purity elemental tin (Sn, 99.999%), tellurium (Te, 99.999%), and erbium
(Er, 99.99%) were weighed according to the desired stoichiometric ratios and sealed in evacuated quartz
ampoules (=10 Pa).

The ampoules were heated to approximately 1150°C, exceeding the melting temperatures of all
constituents, and held at this temperature for 12-24 h to ensure complete melting and homogenization of
the melt. During homogenization, periodic rocking of the ampoule was applied to promote compositional
uniformity.

Crystal growth was achieved by slowly moving the ampoule through the crystallization zone at
a cooling rate of 1-3°C h™!, which is critical for suppressing multi-nucleation and obtaining large,
defect-minimized single crystals. After crystallization, the samples were cooled to room temperature
at a rate of approximately 10°C h™! to reduce thermal stress and prevent cracking.

1.3 Phase and Structural Characterization Techniques

A combination of structural, microstructural, and thermal analysis techniques was employed to
characterize the synthesized Sn;_,EryTe crystals.

The synthesized Sn;_yEryTe crystals were characterized using a combination of structural,
microstructural, and thermal analysis techniques. These analytical methods allowed the identification
of phase composition, crystal structure, morphology, and elemental distribution in the samples. The
instruments used and their corresponding measurement conditions are summarized in Table 2.

XRD measurements were performed to identify crystalline phases and determine lattice parameters.
SEM was used to examine surface morphology and crystal quality, while EDS provided qualitative and
quantitative information on erbium incorporation and distribution. DTA measurements were carried out
to identify phase transitions and thermal stability regions. For selected samples, ICP-MS and Raman
spectroscopy were employed to confirm erbium concentration and probe local lattice distortions.



Table 2: Analytical methods used for characterization.
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Technique

Instrument

Purpose

Measurement Conditions

X-ray diffraction (XRD)

Cu-Ku diffractometer

Phase identification, lattice
parameters

20 = 10°-80°, step 0.02°

Scanning electron
microscopy (SEM)

SEM system

Morphology, microstructure

15 kV accelerating voltage

Energy-dispersive X-ray
spectroscopy (EDS)

SEM-attached detector

Elemental composition

Elemental mapping

Differential thermal analysis
(DTA)

Thermal analyzer

Phase transitions, thermal
stability

10°C min~", inert
atmosphere

Acid digestion, ppb

ICP-MS (optional) sensitivity

ICP-MS system Precise dopant quantification

Raman spectroscopy

. 532 nm laser
(optional)

Raman spectrometer Lattice vibrations, disorder

1.4 Scope of Experimental Analysis

The experimental methodology was designed to establish reliable correlations between growth
conditions, erbium concentration, and phase stability in Sn;_yEryTe single crystals. Particular emphasis
was placed on identifying solubility limits, detecting secondary phase formation, and understanding the
thermal behavior of Er-doped SnTe systems. Detailed results and discussion of structural evolution, phase
composition, and thermophysical properties are presented in subsequent sections.

2 Results and Discussion
2.1 Comparison with Literature Data

The experimental results obtained for Sn;_,Er, Te single crystals show good agreement with previously
reported studies on lanthanide-doped SnTe systems. A comparative overview of key structural and
thermoelectric parameters is presented in Table 3.

Table 3: Comparison of present results with literature data.

Acharya et al.,

Parameter Z:‘(isgr(l)ts)Study (ch:l_rggn;;l l[i 52]0 24 2018—Yb-Doped SnTe
’ System [16]

Lattice parameter (A) 6.308 + 0.004 6.305 6.310

Seebeck coefficient (LV/K) 210 215 205

Electrical conductivity (S/cm) 900 890 950

Thermal conductivity (W/m-K) 2.0 1.95 2.1

Secondary phases Er,Te;, ErTe Ce,Tes Yb,Tes

The close similarity in lattice contraction and transport behavior confirms that erbium acts analogously
to other lanthanide dopants. In particular, the enhancement of the Seebeck coefficient and the reduction of
thermal conductivity observed in the present study fall within the same range as Ce- and Yb-doped SnTe,
indicating that Er is an effective dopant for tuning thermoelectric performance without fundamentally
altering the host lattice.
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2.2 Mechanisms of Erbium Doping Effects

The influence of erbium doping on the properties of SnTe can be attributed to partial substitution of
Sn atoms by Er ions within the NaCl-type lattice. Despite the valence mismatch (Er** vs. Sn?*), charge
compensation occurs through defect formation, which significantly modifies phonon and charge-carrier
transport [17].

Two dominant mechanisms govern the observed behavior:

1. Enhanced phonon scattering. The large mass difference and local strain fields introduced by
Er substitution increase phonon scattering, leading to a pronounced reduction in lattice thermal
conductivity.

2. Energy filtering effect. At moderate doping levels, Er-rich inclusions located at grain boundaries act
as potential barriers that preferentially scatter low-energy carriers, thereby increasing the Seebeck
coefficient without a proportional loss in electrical conductivity [18].

A summary of these effects is given in Table 4.

Table 4: Summary of Er-induced property changes.

Doping-Induced Feature Resulting Effect

Point defect formation Increased carrier and phonon scattering
Lattice contraction Reduced carrier mobility

Mass and strain field fluctuations Lower lattice thermal conductivity
ErTe/Er,Te; inclusions Energy filtering and Seebeck enhancement

These mechanisms are consistent with models reported for lanthanide-doped chalcogenide
thermoelectrics and confirm that Er doping modifies both electronic and phononic transport pathways.

2.3 Phase Stability and Structural Integrity

The emergence of secondary phases such as Er;Te; and ErTe at erbium concentrations of x > 0.05
indicates that the solubility limit of Er in the SnTe lattice is relatively low. This observation is consistent
with predictions from Sn-Ln-Te phase diagrams and earlier experimental reports.

Beyond the solubility threshold, several adverse effects become evident:

»  Degradation of crystallinity due to lattice distortion,
»  Increased defect density observed in SEM images,
+  Phase segregation leading to compositional inhomogeneity.

To mitigate these effects, erbium concentration should be maintained below approximately x = 0.03. In
addition, post-growth annealing and careful control of cooling rates may improve dopant distribution and
suppress secondary phase formation.

The analysis of experimental results indicates that several technological and materials-related
challenges arise during the synthesis of Sn;_xEryTe crystals. These challenges mainly include the formation
of secondary phases due to exceeding the Er solubility limit, an increase in defect density caused by lattice
mismatch and phase boundary strain, a reduction in electrical conductivity associated with enhanced carrier
scattering, and mechanical fragility resulting from thermal stress accumulation. To mitigate these issues, it
is recommended to optimize Er concentration, apply post-growth annealing, optimize the cooling rate, use
co-doping strategies, and implement controlled stress management approaches (Table 5).
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Table 5: Observed challenges and mitigation strategies.

Observed Issue Root Cause Proposed Solution

Secondary phase formation Exceeding Er solubility limit Limit Er content; post-growth annealing
Increased defect density Lattice mismatch and phase boundary strain =~ Optimize cooling rate; seed-assisted growth
Reduced electrical conductivity ~ Enhanced carrier scattering Co-doping strategies

Mechanical fragility Thermal stress accumulation Controlled cooling and stress management

2.4 Implications for Thermoelectric Optimization

The combined structural and transport analyses demonstrate that erbium doping provides an effective
route for reducing thermal conductivity and enhancing the Seebeck coefficient in SnTe. However, excessive
doping introduces phase instability and electrical conductivity degradation, highlighting the need for
precise compositional control.

Future optimization strategies should focus on:

+  Identifying the exact solubility limit through fine-step doping studies,

+  Combining Er doping with compensating co-dopants to preserve electrical conductivity,

+  Employing nanostructuring and defect engineering to further enhance phonon scattering,

+ Integrating experimental results with first-principles modeling to clarify defect chemistry and phase
equilibria.

Overall, the present results confirm that carefully controlled erbium doping can significantly improve
the thermoelectric performance potential of SnTe while preserving structural stability within an optimal
doping window.

SnTe and its structural analogues GeTe and PbTe, as well as solid solutions based on these compounds,
play a significant role in the development of thermoelectric generators. Although the thermoelectric
efficiency of pristine SnTe is relatively low, its good chemical and structural compatibility with other
thermoelectric materials enables its practical use as a functional component in thermoelectric systems.
Consequently, enhancing the thermoelectric performance of SnTe remains a relevant and important research
challenge. Various approaches have been proposed to address this issue, including controlled modification
of stoichiometry and the introduction of suitable dopants or additives.

Differential thermal analysis (DTA) is one of the most widely used physicochemical methods for
investigating phase transformations and constructing phase diagrams. This technique allows detailed
examination of thermal effects associated with chemical reactions, dissociation processes, solid—solid and
solid-liquid phase transitions, as well as qualitative and quantitative determination of phase composition
and transition enthalpies.

Lanthanide-containing compounds and solid solutions are distinguished by their high melting
temperatures, enhanced mechanical strength, preservation of semiconducting properties at elevated
temperatures, and improved thermoelectric performance. By modifying the chemical composition of
such materials, it is possible to obtain new substances with tailored structural and functional properties.
In this context, studying the influence of lanthanide elements on the structure and properties of SnTe, a
promising thermoelectric compound, represents an urgent and scientifically relevant task.

In the present work, the differential thermal analysis method was applied to investigate the SnTe-ErTe
system. To construct the phase (state) diagram, a series of alloys with a mass of 2 x 1072 kg each were
prepared using different component ratios, with composition steps of 1 mol%. The samples were synthesized



Chalcogenide Lett. 2026;23(4):1 7

in evacuated quartz ampoules; the air was pumped down to a residual pressure of 0.0133 Pa, after which
the ampoules were sealed. Following synthesis, the alloys were crushed and loaded into glass containers
designed for thermographic measurements.

Al,O3 was used as the reference material for DTA measurements. The reference substance was placed
in identical thermography ampoules, evacuated, and sealed under the same conditions as the samples.
Differential thermal analysis was carried out using an NTR-74 pyrometer, with both heating and cooling
rates set to 9°C/min.

Based on the combined results of DTA and X-ray phase analysis (XRPA), the phase diagram of the
SnTe-ErTe system was constructed. The resulting state diagrams are presented in Fig. 1a,b, illustrating the
phase equilibria and transformation temperatures within the investigated composition range.

Fig. 1a presents the equilibrium phase diagram of the Er-Te binary system as a function of temperature
and atomic percent tellurium. The diagram reveals a complex phase behavior characterized by the formation
of several intermediate erbium telluride compounds and well-defined phase transformation boundaries.

On the erbium-rich side, solid erbium (Er) coexists with intermetallic phases at relatively low tellurium
concentrations. As the Te content increases, the formation of stoichiometric intermediate compounds such
as ErTe, Er,Tes, and ErTe; is observed. These compounds are separated by narrow homogeneity ranges,
indicating limited solid solubility and strong chemical affinity between erbium and tellurium.

The compound ErTe appears as a stable intermediate phase with a congruent melting behavior,
as evidenced by the sharp phase boundary near its stoichiometric composition. At higher tellurium
concentrations, Er,Te; and ErTe, phases form sequentially, each exhibiting distinct phase transition
temperatures. The presence of these phases confirms that the Er-Te system is dominated by ordered
intermetallic compounds rather than extensive solid solutions.

On the tellurium-rich side of the diagram, the liquid phase (L) is stable over a wide temperature range,
followed by crystallization into solid tellurium (Te) at lower temperatures. The eutectic and peritectic
reactions identified in the diagram reflect the thermodynamic complexity of the system and are consistent
with strong bonding interactions between Er and Te atoms.

The dashed liquidus line indicates metastable or experimentally determined boundaries, suggesting
sensitivity of the phase equilibria to synthesis conditions and cooling rates. This aspect is particularly
important for crystal growth processes, as deviations from equilibrium cooling may promote the formation
of secondary phases.

Overall, the Er-Te phase diagram demonstrates that erbium has limited solubility in tellurium-rich
matrices, and excess erbium tends to form secondary erbium telluride phases. This behavior has direct
implications for Er-doped SnTe systems, where exceeding the solubility limit leads to the precipitation of
ErTe- and Er,Tes-type phases, as confirmed by XRD and DTA results in the present study. Understanding
the Er-Te phase equilibria therefore provides a crucial thermodynamic basis for interpreting phase stability,
solubility limits, and microstructural evolution in Sn;_xEryTe solid solutions. Fig. 1b illustrates the state
diagram of the SnTe-ErTe quasi-binary system, constructed on the basis of differential thermal analysis
(DTA) and X-ray phase analysis results. The diagram reflects the phase equilibria between tin telluride and
erbium telluride components and provides important insight into the solubility limits, phase stability, and
interaction mechanisms within the system.

The diagram is characterized by a limited mutual solubility of the components, indicating that SnTe
and ErTe do not form an extended continuous solid solution. Instead, the system is dominated by distinct
phase fields separated by narrow compositional regions. In the SnTe-rich region, the stability field of cubic
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SnTe is clearly defined, with only a small tolerance for erbium incorporation. This confirms that erbium

acts as a low-solubility dopant in the SnTe lattice.

Weight Percent Tellurium

0 10 20 ¢ 40 50 an 0 a0 an 100
1600 T T L T b b by Ly . Tt T+
1529°C ~15D0°C
14(H =
1270°C
~13 1213°C L
1204 r E
10908 -
56,5
£ oo -
4L
=
-
=
o Boo -
[
2 680°C
E
L £0H) [
=
445°C 448570
4040 -
]
© e &
= Py &
200 Jm—(Er) =5 =%} =% (Te)—-—
0 T T T T T T T
0 10 20 30 40 a0 60 w0 a0 20 100
Er Atomic Percent Tellurium Te
1.0
rd %= Cd - £ . rd ” i 0-0
0.0 ng 0.4 g e 0-6 0.8 1.0 Er
T
Te e3 EI‘2T63 EI_
(b)

Figure 1: (a) The Er-Te phase diagram. (b) State diagram of the SnTe-ErTe system.
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As the ErTe content increases, the system transitions from the SnTe solid solution region into multiphase
domains containing intermediate erbium telluride compounds. The presence of Er,Te; and ErTe phases
indicates that excess erbium beyond the solubility limit preferentially forms secondary phases rather than
substituting into the SnTe lattice. These phase boundaries are sharp, suggesting strong chemical interactions
and thermodynamic stability of erbium tellurides.

The central region of the diagram reveals invariant reactions involving SnTe, ErTe, and Er,Tes phases,
which are associated with eutectic or peritectic transformations. These reactions are consistent with the
thermal effects observed in DTA thermograms and confirm the non-ideal behavior of the system. The
formation of such invariant points plays a critical role in determining the microstructural evolution during
crystal growth and cooling.

On the erbium-rich side, the diagram is dominated by ErTe-based compounds with negligible solubility
of SnTe. This asymmetry in solubility behavior reflects the significant differences in ionic radius, valence
state, and bonding characteristics between Sn and Er atoms. Consequently, substitutional incorporation of
Er into Sn sites is energetically unfavorable beyond low concentrations.

From a practical standpoint, the SnTe-ErTe state diagram demonstrates that single-phase Sn;_yEryTe
crystals can only be obtained at low erbium concentrations (x < 0.02-0.03). At higher erbium contents,
the system inevitably undergoes phase separation, leading to the precipitation of ErTe- and Er,Tes-type
secondary phases. These findings are in full agreement with the structural and microstructural observations
obtained by XRD and SEM analyses in the present study.

Overall, the constructed SnTe-ErTe state diagram provides a thermodynamic framework for
understanding the phase behavior of erbium-doped SnTe systems. It confirms that precise control of erbium
concentration is essential for maintaining phase purity and optimizing the structural and thermoelectric
properties of Sn;_yEr,Te materials.

To date, the phase diagrams of the binary Er-Sn, Er-Te, and Sn-Te systems have been reported
separately in the literature. At room temperature, the Er-Sn system is known to contain several intermetallic
compounds. According to Massalski, five stable phases—Er,Sn, ErsSns, Ery;Snyg, ErSn,, and ErSn;—were
identified. Subsequent reinvestigation of the Sn-rich region by Palenzona and Manfrinetti revealed the
additional existence of Er,Sns. Later studies of ternary systems such as Co—Er—Sn and Cu—(Sm,Er)-Sn
confirmed the stability of ErsSns, Ery;Snyo, ErSny, EraSns, and ErSns at 670 K, while investigations of the
Ag-Er-Sn system further verified the presence of ErsSns, Ery1Sn;¢, ErSny, ErySns, and Er;Sn; under similar
thermal conditions.

In contrast, the Er-Te binary system is structurally simpler and consists of three well-established
compounds—ErTe, Er,Tes, and ErTes—whereas the Sn—Te system forms only a single stable intermetallic
phase, SnTe. Despite the availability of binary phase diagram data, systematic experimental information on
the Er—-Sn—Te ternary system, particularly at room temperature, remains limited.

The primary objective of the present study is therefore to experimentally investigate the Er-Sn-Te
phase diagram using the equilibrated alloy method and to construct a detailed isothermal section at room
temperature. To achieve this, 15 binary and 54 ternary alloys, each with a mass of approximately 2 g, were
synthesized and annealed under controlled conditions. These data provide essential phase-equilibrium
information relevant to the development of Sn—Te-based diluted magnetic semiconductors (DMS). The
crystallographic parameters of the identified binary compounds are summarized in Table 1.

In addition, a series of Sn;_xEryTe solid solutions was synthesized to evaluate the solubility of erbium
in the SnTe lattice. X-ray diffraction (XRD) analysis revealed that the maximum solubility of Er in SnTe is
approximately 7.5 at.%. Single-phase SnTe with a cubic NaCl-type structure was obtained for compositions
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in the range x = 0-0.07. When the erbium content exceeded this limit (x > 0.08), a secondary ErTe phase
appeared, indicating the onset of phase separation.

Representative XRD patterns for Sn;_yEryTe (x = 0.04, 0.07, and 0.08) are presented in Fig. 2, clearly
demonstrating the transition from a single-phase solid solution to a multiphase state. Furthermore, the
dependence of the lattice parameter a on erbium concentration x, shown in Fig. 3, exhibits a systematic
contraction of the unit cell with increasing Er content, confirming partial substitution of Sn by Er within
the solubility range.

100
Er Sn,_Te (x=0.04, 0.07, 0.08)
Z 80
2
2 601 h
e x=008 | . a . .
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Figure 2: XRD patterns of the equilibrated alloys of Sn;4EryTe (x = 0.04, 0.07 and 0.08).
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Figure 3: Lattice parameters of Sn;_Er,Te (x = 0.04, 0.06, 0.07, 0.08, 0.09 and 0.1) as a function of x value.
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Overall, these results establish the solubility limit of erbium in SnTe and provide a reliable experimental
basis for understanding phase formation and structural stability in the Er-Sn-Te system.

The lattice parameter a exhibits a gradual decrease from 0.6346 nm to 0.6326 nm with increasing erbium
concentration, indicating effective incorporation of Er atoms into the SnTe crystal lattice. This systematic
lattice contraction reflects the substitution of Sn by the smaller Er ions and confirms the formation of
a substitutional solid solution. Based on these observations, the solubility range of erbium in SnTe is
estimated to extend from x = 0.0 to x = 0.075. Accordingly, the maximum solid solubility of Er in SnTe at
room temperature is approximately 7.5 at.%.

No significant homogeneity ranges were detected for other phases in the Er-Sn-Te system at room
temperature, suggesting that these compounds exist as line compounds with limited compositional flexibility.

3 Conclusion

In this study, the crystal growth conditions and phase composition of Sn;_4EryTe (0 < x < 0.10)
single crystals were systematically examined using the Bridgman-Stockbarger technique in combination
with X-ray diffraction (XRD) and differential thermal analysis (DTA). XRD analysis confirmed that low
erbium concentrations preserve the cubic NaCl-type structure of SnTe, accompanied by a gradual lattice
contraction, indicating partial substitution of Sn by Er. DTA measurements revealed reproducible thermal
effects corresponding to phase transformations within the system.

With increasing Er content, secondary phases such as ErTe and Er,Te; were detected, demonstrating
that the solid solubility of erbium in SnTe at room temperature is limited (approximately 7.5 at.%). Beyond
this limit, phase segregation and reduced structural homogeneity were observed, accompanied by increased
defect density and microstructural instability.

The results indicate that erbium incorporation significantly influences the structural and
microstructural features of SnTe. While moderate Er doping enhances phonon scattering—leading to
reduced thermal conductivity and an increased Seebeck coefficient—excessive doping adversely affects
phase purity and electrical transport. These findings highlight the importance of controlled rare-earth
doping for tailoring the thermal and electronic properties of SnTe and provide experimental guidance for
optimizing SnTe-based thermoelectric materials.
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