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Thermoelectrics are critical for sustainable energy development because they allow for the direct conversion of waste 
heat into electricity, improve energy efficiency in a variety of applications, and provide a clean, dependable, and main-
tenance-free alternative for power generation. In recent days, metal chalcogenides have gained more attention in the 
field of thermoelectrics. Among the chalcogenide materials, Tin Selenide is a promising material for mid-temperature 
thermoelectric applications, whereas Bismuth Telluride is mainly known for its room-temperature thermoelectric ap-
plications. The combination of these two materials would probably enhance the performance of the thermoelectric 
generator. The present work deals with bilayer and multilayer thin film deposition of Tin Selenide and Bismuth Tellu-
ride on the glass substrates by physical vapor deposition. Then the deposited thin films were given a post-annealing 
treatment for 30 minutes at 323 K, 423 K, and 523 K. The structure and morphology of the thin films have been studied 
using X-Ray Diffraction (XRD), Scanning Electron Microscopy(SEM), Field Emission Scanning Electron Microscopy(FE-
SEM) and Atomic Force Microscopy (AFM). The Seebeck Coefficient and Electrical conductivity of the bilayer and 
multilayer thin films were studied using the Seebeck Coefficient measurement system as temperature as function in 
a range of 300K to 573 K. The maximum Seebeck Coefficent of -350μV/K was obtained for both bilayer and multilayer 
thin film at 573 K. The highest electrical conductivity of 220S/m and 170S/m were obtained for bilayer and multilayer 
thin film respectively. The power factor that gives the thermoelectric generator’s performance was calculated from 
the Seebeck Coefficient and Electrical conductivity. The overall power factor for 573 K annealed films of bilayer and 
multilayer thin films increases with rise in temperature. The maximum obtained power factor for bilayer and multilay-
er thin films were 25W/K2m and 18 W/K2m respectively. An increase in the annealing temperature leads to improved 
thermoelectric performance for both bilayer and multilayer thin films.

Keywords: Electrical Conductivity, Physical Vapor Deposition, Seebeck Coefficient, Thermoelectric, Thin films, Tin Sele-
nide, Bismuth Telluride, Annealing.
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1. Introduction
Thermoelectricity is defined as the conversion of 

heat flow or temperature difference into useful elec-
trical energy [1–4]. The performances of thermo-
electric devices are given by Dimensionless Figure 
of Merit (ZT). The Figure of merit was determined 
by Seebeck Coefficient (S), Electrical Conductivi-

ty (σ) and Thermal Conductivity (k). The thermal 
conductivity has to components one is Electri-
cal thermal Conductivity (ke) and other is lattice 
thermal Conductivity (kl) [5–8]. Electric thermal 
conductivity is related to electrical conductivity by 
Weidmann Franz law [9]. Because electric thermal 
conductivity is tied to electrical conductivity, re-
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ducing it will also diminish the material’s electri-
cal conductivity, compromising the systems total 
ZT value [10]. In semiconductors, lattice thermal 
conductivity, which was unrelated to electrical con-
ductivity, contributes more than 90% of the overall 
thermal conductivity [11]. The product of Seebeck 
Co efficient and Electrical Conductivity was known 
to be Power Factor [11]. The power factor should 
be maximized while thermal conductivity should 
be minimized for high ZT value [11, 13].

ZT values appear to be limited in bulk thermo-
electric materials. However, advances in thin film 
technology have improved the ZT value of thermo-
electric materials by nanostructuring [14]. Nano-
structures provide greater thermoelectric perfor-
mance due to higher thermal boundary resistances 
than electrical boundary resistances. Lattice reduc-
tion of the kl component of heat conductivity causes 
the ke/k ratio to increase. This may result in greater 
ZT values for nanostructured materials compared 
to bulk values, which has lately been a prominent 
topic of thermoelectric study [15, 16]. The desired 
nanostructures can change the phonon and elec-
tron transport characteristics of thermoelectric 
materials. Since L. D. Hicks and M. S. Dresselhaus 
asserted that the low dimensionality of quantum 
excellent superlattice materials can significantly 
improve the ZT value, the investigation of TE thin 
films has been encouraged for modern micro-ther-
moelectric devices [17]. Thin film technology was 
a good technique for improving the thermoelectric 
characteristics of materials because of the increased 
quantum confinement effect [18].

In recent research, compounds from the IVA, 
VA, and VIA groups have been identified as the best 
thermoelectric materials. The thermoelectric field 
has extensively explored these materials, including 
Sn(S, Se, Te), Pb (S, Se, Te), Ge (S, Se, Te), Bi2Te3, 
Sb2Te3, and their related alloys [15].Tin Selenide 
(SnSe) has long been recognized as material for 
mid-temperature applications due to its second-or-
der reverse phase transition at temperature ranging 
from 750K to 800K [12].  In 2014 Zhou et al. report-
ed that the ZT value of a single-layered SnSe crystal 
was 2.6 at 973 K [16]. Similarly, Bismuth Telluride 
Bi2Te3 is a good candidate for room-temperature 
applications [17]. In 2011,  Saleemi et al. achieved 
ZT value of 1.1 for undoped Bi2Te3 at 340K [18]. 
In 2015, Lipeng Hu et al. worked on Bi2Te3alloy 
and achieved  ZT value of 1.2 at 357K [19]. The 
ZT value of 0.21 at 719K was obtained for 6% Bi 
doped SnSe nanosheets in 2018 by Chandra et al. 

[20]. In 2020  Ju et al obtained enhanced ZT value 
of Te nanoneedle/SnSe composites which was 3.2 
times greater than pristine SnSe [21]. Bi2Te3exhib-
its a high thermoelectric Fig. of merit (ZT), as does 
SnSe[22–24]. At high temperatures, SnSe in par-
ticular shows very high ZT values, but Bi2Te3func-
tions well at typical temperatures. SnSe is a great 
thermoelectric material because of its high Seebeck 
coefficient and low heat conductivity[25]. Bi2Te3 is 
well-known for having a respectable Seebeck co-
efficient and strong electrical conductivity[26].  It 
could potentially be possible to get a wide tempera-
ture range of excellent performance by combining 
these materials. The current study compares the 
thermoelectric performance of bilayer and multi-
layer SnSe/ Bi2Te3 thin films.

Material’s surfaces act as an interface between 
the material and its surroundings, influencing a 
wide range of physical and chemical interactions. 
The deposition of a thin film onto a substrate mod-
ifies the surface in ways that can enhance or tailor 
the material’s performance for specific applications.  
In thermoelectric applications, the surface qualities 
determine the material’s capacity to convert heat 
to electrical energy. Thorough engineering and 
surface characterization are necessary to improve 
thermoelectric thin film stability, efficiency, and 
lifetime [27]. 

Most of the thin film deposition methods have 
been proposed for SnSe and Bi2Te3. They are DC 
Sputtering [24,28], RF Sputtering [29], Pulsed 
Laser Deposition (PLD) [30], Thermal Evapora-
tion [5,25,26] and Electro deposition [23,27,28]. 
Among these techniques, Thermal evaporation is a 
promising one for metal chalcogenides with vacu-
um-based technology. Also. it is possible to deposit 
a single or can be multiple materials in a layered 
structure. Thermal evaporation is the process of 
heating a solid substance in a high vacuum cham-
ber to a temperature that creates vapor pressure. A 
variety of sources are used to evaporate materials 
depending on whether they are available in wire, 
foil, ingot or powder form. Molybdenum boat 
which can withstand high temperature without 
reacting with the source material is used to hold 
the source material. A vapor cloud might form 
within the chamber due to the comparatively low 
pressure inside the vacuum. This evaporated sub-
stance is now vapor steam, which travels through 
the chamber and strikes the substrate, adhering 
to it as a coating or film. Quartz crystal thickness 
monitors, also known as digital thickness monitors 
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Fig. 1- Schematic Representation of two source physical evaporation.

(DTM), were used to measure the thickness and 
rate of deposition. Inside the vacuum chamber, a 
quartz crystal arrangement that can be adjusted 
near to the substrates is installed. It is critical to 
understand this crystal’s working frequency range 
and electrode quality. An electric monitor outside 
the chamber generates a current that causes the 
crystal to vibrate and measures the frequency over 
time. It is critical that this monitor reliably tracks 
crystal frequency variations and temperature char-
acteristics. These frequency variations in time can 
be converted to the actual thickness of the film by 
an inbuilt microprocessor. Although thermal evap-
oration provides many advantages, there are limita-
tions. Not all materials are suitable for evaporation; 
they are unsuited for coating surfaces with com-
plicated topographies, and maintaining the right 
stoichiometry in compound materials can be chal-
lenging since various elements have different vapor 
pressures and evaporation rates.

 
2. Experimental

A glass is used as a substrate. The use of glass 

substrates in the synthesis of thermoelectric thin 
films provides thermal stability, a smooth surface to 
produce uniform films, and electrical insulation to 
prevent unwanted electrical conduction that could 
interfere with the thermoelectric device’s function. 
The glass substrates were cleaned ultrasonically in 
soap water, ethanol, deionized water, and acetone 
for 30 minutes respectively. Then the substrates 
were arranged in a substrate holder and placed in 
the vacuum chamber. The source materials SnSe 
(Alfa Aesar 99.999% metals basis) and Bi2Te3 (Alfa 
Aesar 99.999% metals basis) were taken in mo-
lybdenum boats separately. The base pressure was 
created by rotary pump while high pressure was 
maintained by diffusion pump to get contamina-
tion free deposition. The pressure in the chamber 
was monitored using Pirani Gauge and Penning 
Gauge respectively. The high vacuum of 3 x 10-5 
torr was maintained in the vacuum chamber. The 
digital thickness monitor (DTM) measures the 
thickness of the deposited film. The deposition rate 
is controlled by heating power and also monitored 
in DTM. Fig. 1 shows the schematic representation 
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Fig. 2 - Schematic diagrams of SnSe/ Bi2Te3 (a) bilayer (b) multilayer thin films. 
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of dual source physical evaporation unit. For bilay-
er deposition, first SnSe was deposited with a thick-
ness of 800 nm and then Bi2Te3 was deposited with 
a thickness of 800 nm. For multilayer deposition, 
the SnSe and Bi2Te3 were deposited alternatively 
with 100 nm thickness of each for 8 periods. The 
overall thickness of the bilayer and multilayer films 
was 1600 nm. Fig. 2 shows the schematic diagram 
of the deposited bilayer and multilayer thin films. 
The deposited films were given a post-annealing 
treatment for 30 minutes at 323 K, 423 K, and 523 
K respectively.

The Structural properties of the annealed bilayer 
and multilayer thin films have been studied using 
Cu Кα radiation (Shimadzu XRD-6000) diffraction 
ranging from 10˚- 80˚ with step size of 0.02. The 
surface morphology of the thin films was studied 
using Scanning Electron Microscope (SEM- Jeol), 
Field Emission Electron Microscope (Zeiss FESEM 
Sigma VP 03-04) and Atomic Force Microscope 
(Flex – Axiom AFM). The Hall Effect of the thin 
films was analyzed using hall effect measurement 

system (HMS 7000, Ecopia, South Korea). The 
Seebeck coefficient and electrical conductivity of 
the thin films were measured simultaneously as a 
function of temperature by the Seebeck coefficient 
measurement system (Marine India Seebeck Mea-
surement system –SM800).The Fig. 3 (a) Module 
of thermoelectric measurement. The Seebeck mea-
surement is a way to gauge how much of a thermo-
electric voltage is created by the Seebeck effect in 
response to a temperature difference across a ma-
terial. To maintain a correct heat gradient over the 
material, the test is conducted in a vacuum. Low to 
high voltage across the sample is measured using a 
high resolution Keithley multimeter. The Seebeck 
Coefficient measurement was measured from am-
bient temperature to 573 K. Fig.3 (b) Representa-
tion of Seebeck Coefficient measurement system.

3.  Result and Discussion
3.1. Structure and Morphology

Fig. 4 (a) shows the X-ray diffraction pattern of 
bilayer thin films of SnSe/ Bi2Te3 at various anneal-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3- (a) Module of thermoelectric Measurement (b) A schematic showing the Seebeck measurement set up. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 - X-Ray Spectrum of (a) Bilayer and (b) Mulilayer thin films at various annealing temperatures. 
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Fig. 4 - X-Ray Spectrum of (a) Bilayer and (b) Mulilayer thin films at various annealing temperatures. 
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Fig. 3- (a) Module of thermoelectric Measurement (b) A schematic showing the Seebeck measurement set up.

Fig. 4- X-Ray Spectrum of (a) Bilayer and (b) Mulilayer thin films at various annealing temperatures.
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ing temperatures and Fig. 4 (b) shows the X-ray 
diffraction pattern multilayer thin films of SnSe/ 
Bi2Te3 at various annealing temperatures. The Fig. 4 
(a) and (b) clearly shows as the annealing tempera-
ture increases, the crystallinity of both the bilayer 
and multilayer thin films increases. Every peak in 
the bilayer and multilayer thin films corresponds 
to the JCPDS card (#491380). Both bilayer and 
multilayer films have a sharp peak at 2θ = 28.05°, 
corresponding to (3, 1, 5) hkl values. There is an 
additional peak in the multilayer thin film, which 
was annealed at 523 K at 40°, corresponding to 
(5, 7, 1) hkl values. The crystallite sizes of all the 
films were calculated using Scherers’ equation D = 
0.94λ/βcosθ, where λ is the wavelength of the X-ray 
beam (Cukα =1.54Å), 2θ is the angle between the 
incident and scattered X-ray beam and β is the full 
width at half maximum [35]. The crystallite sizes 
of the bilayer thin films annealed at 323 K, 423 K, 
and 523 K were 11.08nm, 12.61nm, and 13.69nm, 
respectively. Similarly, the crystallite sizes at 323 K, 
423 K, and 523 K annealed multilayer thin films 
were 5.6nm, 7.21nm, and 15.48nm, respectively. 
As the annealing temperature rises, the grain size 
of both the bilayer and multilayer thin films tends 
to increase and the peaks are getting sharper with 
high intensity. This indicates the change in phase 
structure of the coatings. The annealing tempera-
ture raises the kinetic energy of the atoms and 
molecules in the material, increasing their mobil-
ity. Grain boundary migration and other activities 
are made easier by the atoms’ increased mobility 
due to this improved diffusion [7,36]. The average 

crystallite size rises as a result of smaller crystal-
lites’ propensity to combine or coalesce. The mor-
phology of the thin films had been studied by SEM 
and FESEM. Fig. 5 (a), (b) and (c) shows the top 
viewed SEM image bilayer thin films annealed at 
323 K, 423 K and 523 K respectively and Fig. 5(d), 
(e) and (f) shows the top viewed SEM image multi-
layer thin films annealed at 323 K, 423 K and 523 K 
respectively. From all images of Fig. 5 it is clear that 
uniform grains are spread over the surface of the 
thin film. The grains of the deposited thin film were 
unevenly distributed for both bilayer and multilay-
er samples annealed at 323 K. Although the surface 
morphology of the grains did not change notice-
ably after annealing at 423 K and 523 K, the grains 
did enlarge with rising annealing temperatures. 
Due to the post-annealing treatment, there is a 
minor modulation in the morphology and grain 
size of the thin films. To confirm the bilayer and 
multilayer formation the cross-sectional FESEM 
was carried out.  The cross-sectional FESEM image 
of the bilayer and multilayer thin films annealed 
at room temperature was shown in Fig. 6.  Fig. 
6(a) shows the bilayer formation of SnSe/ Bi2Te3, 
and the multilayer formation of the thin films was 
shown in Fig. 6 (b). This shows the adhesion of the 
thin films to the substrates. The surface roughness 
of the bilayer and multilayer thin were studies us-
ing AFM. The AFM images of bilayer and multi-
layer thin films annealed at 323 K, 423 K and 523 
K were shown in Fig. 7(a) - (f) respectively. As the 
annealing temperature increases there is a uni-
form grains seen on the surface of thin film. The 

 

Fig. 5 - Surface morphology through SEM image of bilayer thin films (a) annealed at 323 K (b) annealed at 423 K 
and (c) annealed at 523 K and multilayer thin films (d) annealed 323 K (e) annealed at 423 K and (f) annealed at 523 

K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 -  Cross sectional FESEM (a) Bilayer Thin film (b) Multilayer Thin Film. 

 

 

Fig. 5- Surface morphology through SEM image of bilayer thin films (a) annealed at 323 K (b) annealed at 423 K and (c) annealed at 
523 K and multilayer thin films (d) annealed 323 K (e) annealed at 423 K and (f) annealed at 523 K. 
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average surface roughness (Sa) and the root mean 
square roughness (Sq) of the bilayer and multilayer 
thin film annealed at different temperatures were 
calculated using Gwyddion software. The average 

surface roughness (Sa) of the bilayer thin films an-
nealed at 323 K, 423 K and 523 K were 176.98nm, 
140.63nm and 123.712nm and the root mean 
square roughness (Sq) were 47.42nm, 42.02nm and 

 

. 
 

Table 1- Crystallite Size and Surface roughness of Bilayer and Multilayer thin films annealed at different temperatures

 

Fig. 5 - Surface morphology through SEM image of bilayer thin films (a) annealed at 323 K (b) annealed at 423 K 
and (c) annealed at 523 K and multilayer thin films (d) annealed 323 K (e) annealed at 423 K and (f) annealed at 523 

K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 -  Cross sectional FESEM (a) Bilayer Thin film (b) Multilayer Thin Film. 
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Fig. 7-  Surface morphology through AFM image of bilayer thin films (a) annealed 323 K (b) annealed at 423 K and 
(c) annealed at 523 K and multilayer thin films (d) annealed 323 K (e) annealed at 423 K and (f) annealed at 523 K. 

 

 

Fig. 7- Surface morphology through AFM image of bilayer thin films (a) annealed 323 K (b) annealed at 423 K and (c) annealed at 523 
K and multilayer thin films (d) annealed 323 K (e) annealed at 423 K and (f) annealed at 523 K.
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33.43nm respectively. Similarly the average surface 
(Sa) of the multilayer thin films annealed at 323 
K, 423 K and 523 K were 81.71nm, 66.77nm and 
56.850nm and the root mean square roughness (Sq) 
were 15.76nm, 23.20nm and 17.52nm respectively. 
The average surface roughness of both the bilayer 
and multilayer thin films decreases with increase 
in annealing temperature. The root mean square 
roughness of the bilayer thin films also decreases 
with increase in the annealing temperature but in 
case of multilayer thin films the root mean square 
roughness increases and then decreases. The crys-
tallite size and surface roughness of the bilayer and 
multilayer thin films annealed at various annealing 
temperature were listed in Table 1.

3.2. Thermoelectric Properties
The Seebeck coefficient and electrical conduc-

tivity of the bilayer and multilayer SnSe and Bi2Te3 
thin films were simultaneously measured by the 
Seebeck coefficient measurement device with tem-
perature as a function. The Seebeck coefficient of 
bilayer and multilayer thin films, are shown in Fig. 
8 (a) and (b) respectively.The Seebeck coefficient 
measures negative, for all annealed bilayer thin 
films, indicating that the majority of the charge 
carriers are electrons. At room temperature, the 
hall coefficient of all annealed bilayer and multilay-
er thin films were negative, confirming the n-type 
charge carrier. The carrier concentration of the bi-
layer thin films annealed at 323 K, 423 K and 523 
K were 2.14 x 1017 cm-3, 1.58 x 1017 cm-3 and 1.21 
x 1017 cm-3 respectively. Similarly, for the multilay-
er thin films annealed at 323 K, 423 K and 523 K 
were 2.16 x 1017 cm-3, 1.8 x 1017 cm-3, and 1.4 x 
1017 cm-3 respectively. The seebeck coefficient also 
increases as the crystallinity of the thin film in-
creases. As the temperature increases, the value of 
Seebeck coefficient also rises. The increase in the 
Seebeck coefficient of the annealed thin films could 
be attributed to decrease in the carrier concentra-
tion. The maximum Seebeck coefficient for bilayer 
thin films was -350 μV/K at 573 K for 523 K an-
nealed film. In the case of multilayer SnSe/ Bi2Te3 
thin films, the Seebeck coefficient decreases from 
positive to negative as the temperature increases. 
The maximum Seebeck value for multilayer thin 
films is -350 μV/K at 573 K for 523 K annealed film. 

Fig. 8 (c) and (d) illustrate the electrical conduc-
tivity of both bilayer and multilayer SnSe/ Bi2Te3 
thin films. The electrical conductivity of the bilayer 
SnSe/ Bi2Te3 thin films varies for different anneal-

ing temperatures. The electrical conductivity in-
creases with increasing temperature for 323 K and 
423 K annealed thin films, but for 523 K annealed 
thin films, the electrical conductivity decreases as 
the temperature increases. As a semiconductor, the 
electrical conductivity of all annealed bilayer and 
multilayer thin films has increased linearly with 
temperature. The increase in electrical conductivity 
could be attributed to a larger crystal size and better 
crystal orientation. Because conductivity is direct-
ly proportional to carrier concentration (σ = neμ), 
the drop in electrical conductivity of the 523 K an-
nealed bilayer thin film is attributed to a decrease 
in carrier concentration [37]. For multilayer SnSe/ 
Bi2Te3 thin films, the electrical conductivity of 423 
K and 523 K annealed thin films gradually rises as 
the temperature increases, but for 323 K annealed 
film, the electrical conductivity rises and then falls.  
The maximum electrical conductivity of 170 S/m at 
573 K for 523 K-annealed multilayer thin film was 
achieved. The increase in the annealing tempera-
ture increases the electrical conductivity because of 
high of increase in mobility for high crystal orien-
tation and increase in the crystallite size decreases 
the carrier concentration[38].

The Seebeck Coefficient and Electrical Conduc-
tivity can be used to compute the Power Factor (PF 
= S2σ)[6]. The power factor determines the perfor-
mance of the thermoelectric generator. The power 
factor of all the bilayer SnSe/ Bi2Te3 thin films an-
nealed at various annealing temperatures increases 
as the temperature increases. The power factor of 
the bilayer and multilayer thin films at different an-
nealing temperature were shown in Fig. 8 (e) and 
(f) respectively. The maximum power factor ob-
tained was 25 W/K2m at 573 K for 523 K annealed 
thin film. Similarly, the power factor of all the an-
nealed multilayer thin films of SnSe and Bi2Te3 in-
creases. The power factor of SnSe/ Bi2Te3 multilayer 
thin film annealed at 323 K gives the least values; 
this was due to the poor electrical conductivity of 
the particular thin film. Maximum power factor of 
18 W/ K2m is achieved for the 523 K annealed film 
at 573 K.

The total thermal conductivity (k = ke + kl) is the 
sum of the electrical and lattice thermal conduc-
tivities. The electrical thermal conductivity (ke) is 
directly proportional to the electrical conductivity 
which was stated by Weidemann Franz law: ke = 
LσT, where L is the Lorentz number and it is 2.45 
x 10-8 W/K-2 [30]. As the electrical conductivity 
increases, the electrical thermal conductivity also 
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Fig. 8 - Seebeck Coefficient of (a) bilayer (b) multilayer. Electrical Conductivity of  (c) Bilayer (d) Multilayer. Power Factor of  (e) Bilayer (f) 
Multilayer. Electrical thermal Conductivity of  (g) Bilayer and (h) Multilayer. 
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increases. As a measure to decrease the electrical 
thermal conductivity, it reduces the electrical con-
ductivity of the thermoelectric materials. In semi-
conductors, more than 90% of the total thermal 
conductivity is due to the lattice thermal conduc-
tivity [39]. The electrical thermal conductivity of 
the bilayer and multilayer thin films annealed at 
various annealing temperature were shown in Fig. 
8 (g) and (h). The maximum electrical and thermal 
conductivity for bilayer thin film was 2.48 W/mK at 
573 K for 323 K annealed thin film. The 523 K-an-
nealed bilayer thin film shows poor electrical and 
thermal conductivity. In the case of multilayer thin 
films, the maximum electrical thermal conductiv-
ity obtained was 18 W/mK at 523 K for annealed 
thin film. 

4. Conclusions
The bilayer and multilayer SnSe/ Bi2Te3 were de-

posited on a glass substrate. After deposition, the 
films were given a post-annealing treatment at 323 
K, 423 K, and 523 K for 30 minutes. The structure 
and morphology of all the annealed thin films were 
investigated by XRD, SEM, and FESEM [24]. The 
thermoelectric properties of the bilayer and mul-
tilayer thin films annealed at various temperatures 
were studied. All the annealed films of the bilayer 
and multilayer thin films show a rise in Seebeck 
coefficient value as the temperature increases. Both 
the bilayer and multilayer thin films annealed at 
523 K gives the highest Seebeck Coefficient of 
-350 μV/K at 573 K. Since total thermal conduc-
tivity of the samples was not found, ZT value was 
not calculated. As the Seebeck coefficient value of 

the 523 K annealed film increases, the power factor 
of that film increases. In most of the cases Power 
Factor determines the performance of the ther-
moelectric Performance. The highest Power Factor 
achieved by bilayer and multilayer thin films was 
25 W/ K2m and 18 W/ K2m at 573 K. From both 
SnSe/ Bi2Te3 bilayer and multilayer thin films an-
nealed at various temperatures, the films annealed 
at 523 K show better performance which is suitable 
for mid temperature thermoelectricity generation, 
particularly in applications where temperature gra-
dients are present, such as in automotive or indus-
trial processes. It is also suitable for refrigeration 
and air conditioning. The mechanical adaptability 
of multilayer thin films makes them ideal for in-
corporation into flexible and wearable electronic 
systems, where thermoelectric materials can be 
used for both energy harvesting and temperature 
regulation.
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