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Abstract

A thermoelectric device is produced from several materials that can convert heat into
electrical energy or vice versa by generating the Seebeck effect and the Peltier effect. Then
the energy can be formed from a heat source. This research used copper monosulfide
(CuS) and lead monosulfide (PbS) as the primary materials for thermoelectric manufacture
in the form of films. The method used in this research is a spin coating. This method uses

the procedure of making a thin film on the substrate. The choice of this material is because
CusS and PbS have high electrical conductivity and low thermal conductivity, so the value
figure of merit (ZT) is high. From the thin film produced, an annealing process will be
carried out to remove unwanted elements. After the sample is finished, the electrical
conductivity test will be carried out with four probes, x-ray diffraction (XRD), and
scanning electron microscopy (SEM). The four probes' conductivity test characterization
results for one-layer, two-layers, and three-layers variations are 27.4 S/m, 53.6 S/m, and
106.8 S/m, respectively. From the SEM results, the grain size obtained from one-layer,
two-layers, and three-layers variations are 227.9 nm, 397.8 nm, and 269.6 nm,
respectively. Based on the XRD results, the crystal size obtained for variations of one-
layer, two-layers, and three-layers has a size of 43.65 nm, 43.55 nm, and 43.60 nm,
respectively. Furthermore, the lattice parameter has the same value from each sample
variation, which is 5.93 A.

Keywords: CuS, PbS, thin film, thermoelectric, spin coating.

1. Introduction

A thermoelectric device is a technology that can directly convert heat energy into electrical energy [1],
[2]. In principle, this technology uses a material that can collect thermal energy and convert it into
electrical energy [1]-[4]. This thermoelectric focuses on the temperature difference between objects
with high and low temperatures [5], [6]. Collecting materials and converting heat into electrical energy
can be necessary research to be developed in the future.

The thermoelectric efficiency of a system is described by the figure of merit (Z7) [6]-[8], where
the figure of merit is influenced by the value of thermal conductivity, Seebeck coefficient, and electrical
conductivity [6]-[10]. The good thermoelectric can be seen with a prominent figure of merit value,
which indicates that the thermoelectric efficiency is good [11], [12]. Thermal and electrical
conductivities are affected by the materials used in thermoelectric synthesis. Good electrical
conductivity mostly comes from materials that are conductors [13].

Recently, thermoelectric effects on nanostructured materials and low-dimensional systems have
attracted attention. Advances in nanoscale experimental techniques have been widely developed to form
fabricated structures with higher thermoelectric efficiency than ordinary bulk materials [13]-[15]. That
opens up a new perspective for developing more extensive thermoelectric energy conversion.

So far, thermoelectric thin films have been manufactured without adding other materials, but the
results obtained do not provide an enormous electrical conductivity value [15]—[17]. In addition, the
resulting thermal conductivity has an enormous value. That makes the thermoelectric have a small
efficiency [15]-[19]. For this reason, it is necessary to do further research on thermoelectrics that can
provide a prominent figure of merit value.
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In this research, a thermoelectric lead monosulfide (PbS) thin film with copper (Cu) doped will
be made and will vary its thickness which is expected to increase the value of the figure of merit [4].
Cu was chosen as doping because it is an element that has good conductor properties and a low melting
point [20]. In addition, Cu is relatively cheap and easy to get.

2. Method

PbS nanoparticles were synthesized by mixing PbS in tetra ethylene glycol (TEG). Then the solution
was stirred using a magnetic stirrer for two hours, and copper monosulfide (CuS) was added to the PbS.
The solution given CusS has then stirred again with a magnetic stirrer for two hours at room temperature.
The PbS solution added with CusS is then deposited on a glass substrate that has been sterilized using
alcohol. Then spin coating on the substrate with a rotation speed of 2000 rpm for one minute. The
sample was then heated at 100 °C for one hour.

Samples were characterized using x-ray diffraction (XRD) to determine the crystal size of the
sample. Furthermore, the shape and morphology characterization using scanning electron microscopy
(SEM). The electrical conductivity test was characterized using the I-V meter four-point probe to
determine the effect of thickness on electrical conductivity.

3. Result and Discussion
3.1. XRD Characterization Results
The XRD was carried out using a diffraction pattern of 20—60° with a wavenumber of Cu-Ka. To
determine the value of crystal size and crystal structure, it is necessary to have the value of the
diffraction peak and intensity [21], as is shown in Figure 1a. The diffraction peak at 26 (25.7°, 29.8°,
42.7°, 51.8°, and 54.2°) from the XRD results corresponds to the PbS crystallography open database
(COD) number 9013403. The PbS crystal formed has a cubic crystal system, a space group of Fm-3m,
and lattice parameters 5.93 A. The resulting lattice parameters on the one-layer, two-layers, and three-
layers samples are a = b =c = 5.93 A. The lattice parameter has the same value for all layers because
the variation used is the thickness, and there is no addition of materials other than Cu. The values for
parameters a, b, and ¢ are the same because the crystal structure is cubic, as shown in Figure 1b.

The crystal size of Cu-doped PbS can be obtained using the Scherrer equation (Equation 1),

D kA
" BcosO

(M

where 4 is the wavelength of Cu-Ka, f is the full width at half maximum (FWHM), and 0 is the Bragg
angle or diffraction angle. The value of & is 0.9, which is obtained from the fitting results that depend
on the shape of the crystal. The FWHM value is affected by the intensity of the crystal plane obtained
from the highest peak, and the FWHM value must be in radians. The crystal size of the sample is shown
in Table 1.
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Figure 1. (a) XRD results of Cu-doped PbS and (b) PbS crystal structure with spin coating method.
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Table 1. Crystal size of each sample by spin coating method.

Thickness Crystal Size
One-layer 43,65 nm
Two-layers 43,55 nm
Three-layers 43,60 nm
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Figure 2. Gaussian fitting results from Cu-doped PbS XRD.

Figure 2 shows the results of fitting Rietveld refinement using Rietica with a goodness of fit
(GOF) test of 2.61. The results are a cubic crystal system, space group Fm-3m, lattice parameter is 5.93
A, and volume is 208.9 A>.

3.2. SEM Characterization Results

SEM characterization was used to determine the morphology and distribution of particles in the sample.
Figure 3 shows the Cu-doped PbS SEM with a glass substrate's spin coating method. It is known from
the SEM results that the grain size and shape of the particles are spherical and oval. Grain size is
influenced by several factors, i.e. the temperature at which the sample is annealed, the time of stirring
the sample, and the type of material [13]. Figure 4 shows the results of the analysis of the Cu-doped
PbS SEM using the spin coating method. Table 2 shows the grain size of each sample.

@ (b) ©

Figure 3. SEM results of Cu-doped PbS samples (a) one-layer, (b) two-layers, and (c) three-layers, with spin coating
method.
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Figure 4. Results of the PbS distribution analysis of Cu-doped samples (a) one-layer, (b) two-layers, and (c) three-layers.

Table 2. Grain size of Cu-doped PbS with thickness variations.

Thickness Grain Size

One-layer 227.9 nm
Two-layers 397.8 nm
Three-layers 269.6 nm

3.3. The I-V Meter Four Point Probe Characterization Results

The characterization of the I-V meter four-point probe aims to determine the value of the electrical
conductivity of the sample. Characterization is done by comparing the thickness of the sample with the
value of electrical conductivity [16]. The results obtained from the characterization of the 1-V meter
four-point probe are shown in Table 3. The results show that the conductivity value increases with
thickness. The resulting conductivity is worth 102 and can categorize as a large conductivity. Figure 5
is a graph of the relationship between thickness and conductivity values.

Table 3. Electrical conductivity values with thickness variations.

Thickness Electrical Conductivity
One-layer (0,124 mm) 27.4 S/m
Two-layers (0,139 mm) 53.6 S/m
Three-layers (0,241 mm) 106.8 S/m
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Figure 5. Graph of thickness relationship with electrical conductivity value.
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4. Conclusion

The effect of thin layer thickness on thermoelectric Cu-doped PbS on crystal size is known that
variations of one-layer, two-layers, and three-layers are 43.65 nm, 43.54 nm, and 43.60 nm,
respectively. The lattice parameter of PbS thermoelectric with Cu doping has a value of a=b=c=15.93
A for each thickness variation has the same lattice parameter value. The grain size of each variation of
one-layer, two-layers, and three-layers has a size of 227.9 nm, 397.8 nm, and 269.6 nm, respectively.
Based on the results of SEM, PbS with Cu doping has a round and oval grain shape. At the same time,
the thickness of the Cu-doped PbS layer has a directly proportional relationship with the electrical
conductivity value. The electrical conductivity values for the variation of one-layer, two-layers, and
three-layers in a row are 27.4 S/m, 53.6 S/m, and 106.8 S/m by multiplying 10>
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