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Abstract. It has been successfully grown thin film CdTe, CdTe:Cu (2%) and CdTe:Cu (15%)
using DC Magnetron Sputtering method. Sample preparation was performed with different
temperature and plasma power parameters above the ITO (Indium Tin Oxide) substrates. Then
sample a thin film on annealing for 20 minutes. The addition of Cu doping causes the film
polycrystalline structure to change from zincblende (cubic) to wurtzite (hexagonal) crystal phase.
The optical transformation of CdTe as absorber is indicated parameter by the Eg = 1.48 eV or
a = 7,348x10* cm™! corresponding to the CdTe:Cu (2%) thin film sample with optimum crystal
size and high lattice parameters.

1. Introduction
CdTe thin film solar cells are one of the most promising for photovoltaic energy conversion. The
maximum theoretical efficiency for CdTe/CdS solar cells, on standard spectrums, is around 30% [1].

In accordance with the growth carried out, CdTe thin films can show n-type or p-type electrical
conductivity. It is known that excess cadmium (Cd) produces n-type conductivity while excess telluride
(Te) produces p-type [2]. In this system the p-type CdTe thin film plays a role as an absorber layer [3].

One of the limitation to improve efficiency is the difference between the crystal structure of CdTe
and CdS, each of which is cubic and hexagonal, because the large defect meeting is generated by the
interface [4]. The way to reduce this is to grow two layers with the same phase crystals. Because the
stable phase of CdS is hexagonal, it is very important to obtain CdTe in the hexagonal phase.

The high efficiency performance of CdTe thin film solar cells in many Researchers shows Cu doping
contributions which were originally introduced as back contact [5]. Addition of Cu in CdTe/CdS solar
cells can affect and replace the Cd site [6] so that it can change the structure conditions of CdTe and
CdS. In this study, the effect of Cu doping on CdTe performance as an absorber will be examined in
terms of the crystal phase and its microstructure.

2. Methods

Undoped and Cu-doped CdTe films were grown on Indium Tin Oxide (ITO) substrates by modified DC
Magnetron Sputtering. The target is made with a pressing system with a hydraulic pump into a pellet
measuring 2 cm in diameter. The materials employed were powders of CdTe and Cu,Te with a purity
0f 99.99%. The powders were mixed by ball milling. Films were grown at substrate temperatures 250
and 325 °C. Four samples were prepared and studied: two Cu-doped CdTe films and two undoped CdTe
films. The background pressure in the deposition chamber was 10 Torr and 43 W plasma power. The
vacuum in the chamber was maintained during the growth. The growth time was 2.5 hours. The
crystalline structure was determined by X-ray diffraction (XRD) with a Siemens D5000 diffractometer,
using the Cu-Ka line. The surface morphology and grain size of the films were observed by scanning
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electron microscopy (SEM) using a FESEM-Carl Zeiss Auriga. The transmittance spectra were obtained
using an UV-Vis Perkin Elmer Lambda 25 spectrophotometer.

3. Result and Discussion

Morphological imagery of SEM thin films CdTe and CdTe:Cu (15%) grown at a substrate temperature
of 250 °C is shown in Figure 1(a) -1(b). While the morphological image of SEM thin films CdTe and
CdTe:Cu (2%) grown at substrate temperature 325 °C is shown in figure 1(c) -1(d). In the picture it is
shown that the CdTe films shows uneven grains. Addition of Cu causes the resulting grains to be evener.
This is related to the role of Cu in CdTe as an interstitial ion (Cu") which will fill the vacancy of Cd (Cd

vacancy) [7].

Figure 1. Morphological images of SEM thin films (a) CdTe and (b) CdTe:Cu(15%

) grown at a

substrate temperature of 250 °C; Morphological image of SEM thin film (c) CdTe and (d)
CdTe:Cu(2%) grown at 325 °C substrate temperature.
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Figure 2. Results of XRD characterization of thin films of CdTe and CdTe:Cu(15%) grown at a
substrate temperature of 250 °C.
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Figure 3. Results of XRD characterization of CdTe and CdTe thin films: Cu(2%) grown at 325 °C
substrate temperature.
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In Figure 2 shows that in both XRD spectra the highest peaks of thin films CdTe and CdTe:Cu are
oriented at 39.26° which corresponds to the hexagonal phase and diffraction plane (110)H [8]. However,
in the XRD spectrum CdTe found several other peaks, namely at 76.12° orientation which corresponds
to the cubic phase and diffraction plane (511)C [9]. Whereas the XRD CdTe:Cu spectrum has several
additional peaks, which are not possessed by CdTe, ie at orientations of 48.30°, 54.92° and 67.23°, each
of which corresponds to the diffraction (201)H, (202)H and (105)H fields. Based on this, Cu(15%)
doping on CdTe grown at 250° substrate temperature has succeeded in changing the CdTe thin film from
the cubic phase to the hexagonal phase. However, the addition of Cu doping causes a lot of visible
orientation of Cu,Te. This is due to Cu's high doping concentration 15%. The addition of Cu doping
also causes the peak of ITO in orientation (400) to no longer be seen. This is because the thin film
CdTe:Cu(15%) has a morphology that is relatively more even than the CdTe film, although the peak
ITO in orientation (700) is still visible.

In Figure 3 the XRD characterization of thin films of CdTe and CdTe:Cu(2%) shows that the two
films have the highest peak at 28.93° orientation which corresponds to the hexagonal phase structure
and diffraction plane (101)H. From the JCPDS data [8], both films also have a hexagonal structure, but
the quality of the peak intensity of the fields (100)H and (101)H in the diffraction spectrum of XRD
CdTe:Cu(2%) is higher than in the XRD CdTe spectrum. Thin films of CdTe and CdTe:Cu(2%) were
grown at 325° when compared with thin films of CdTe and CdTe:Cu(15%) grown at 250 °C (figure 2),
had better quality, ie not has ITO peak because it has a relatively flat morphology (figure 1(c) and 1(d)).
Likewise, no Cu,Te orientation peaks were found because Cu doping concentrations were low (2%).

Table 1. Variation of microstructure parameters for CdTe, CdTe:Cu(15%) and CdTe:Cu(2%) prepared
at temperatures of 250 °C and 325 °C.

Sample c a(A) D (nm) 8 (x10''cm?) € (x10%)
CdTe - 250 0.424 6.487 28.3 1.224 2.950
CdTe:Cu(15%) -250 0.652 6.491 28.6 1.404 6.125
CdTe - 325 0.423 6.485 29.5 1.083 2.575
CdTe:Cu(2%) - 325 0.357 6.485 30.4 1.148 1.938

Microstructure analysis is performed including calculation: degree of orientation (o) [10], lattice
parameter (a) [11], crystallite size (D) [12], dislocation density (6) [13,14] and micro strain (g) [14,15].
Table 1 shows the results of microstructure analysis for CdTe, CdTe:Cu(15%) and CdTe:Cu(2%)
prepared at temperatures of 250 °C and 325 °C. Both CdTe thin films without Cu doping at temperatures
0f 250 °C and 325 °C revealed similar microstructure parameters. Only the dislocation density () and
micro strain (¢) parameters of the CdTe thin film grown at 325 °C have a lower value. Temperature
effects have succeeded in reducing the possibility of higher crystal defects. In another part, the CdTe:Cu
thin film (15%) has a microstructure parameter value that is greater than CdTe:Cu(2%) except in the
parameter crystallite size (D). High values of degree of orientation (), lattice parameters (a), dislocation
density (9) and micro strains (€) due to the large Cu doping effect. Excessive Cu Doping tends to worsen
crystal quality.

The absorbance graph for the wavelength of the thin film CdTe and CdTe:Cu(15%) is shown in
figure 4(a). From the graph, it can be seen that the CdTe thin film is only able to absorb light at a
wavelength range of 454 nm down while the thin film CdTe:Cu(15%) is only able to absorb light in the
wavelength range 439 nm down. Both films have not shown good characteristics for solar cell maker
materials. F. de Moure-Flores ef al. [3] suggested that the CdTe thin film which is good for solar cell
applications is the CdTe thin film which is able to absorb almost the entire visible light spectrum, which
is at a wavelength range of 800 nm and below.

In Figure 4(b) it can be seen that both films have E, 3.55 eV or absorption coefficient o=1.128x10"
cm’, extending far from E, ideal for solar cell applications of 1.5 eV. E, value is obtained from a linear
extrapolation graph between the square of the absorption coefficient on photon energy.
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Figure 4 (a) Graph of absorbance of wavelengths, (b) Squared graph of absorption coefficients for
energy photons for thin films of CdTe and CdTe:Cu(15%).
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Figure 5 (a) Graph of transmittance to wavelength, (b) Quadratic coefficient of absorption coefficient
for energy for thin films CdTe and CdTe:Cu(2%)

Transmittance graph for the wavelength of thin films CdTe and CdTe:Cu(2%), Figure 5(a), shows
that both films are able to absorb light in the wavelength range of 780 nm and below. The thin film is
suitable for the application of materials for solar cells that are able to absorb almost the entire visible
light spectrum.

Figure 5(b) shows a graph of the square of the absorption coefficient on the energy of the thin film
CdTe and CdTe:Cu(2%). From this graph, E; CdTe thin film is 1.52 eV and E, value of thin film
CdTe:Cu(2%) is 1.48 eV or absorption coefficient o = 7.348x10* cm™. This value is suitable for solar
cell applications [16,17].

4. Conclusion

The thin film CdTe:Cu(2%) grown by dc-magnetron sputtering method at 325 °C has better absorption
performance compared to CdTe thin film grown at 325 °C/250 °C and CdTe:Cu thin film (15%) at a
temperature of 250 °C. The thin film CdTe:Cu(2%) showed high absorption coefficient a=7.348x10*
cm™ (absorbing at a wavelength of 780 nm and below, an optical band gap of 1.48 eV). This corresponds
to the morphology of flat surface grains, hexagonal crystalline structure phases and low values of
microstructure parameters (degree of orientation, lattice parameters, dislocation density and micro
strains). The hexagonal crystal structure phase of the CdTe:Cu(2%) thin film is suitable as a p-n junction
pair with CdS which has the same stable structure phase. Heterojunction is a candidate material that can
be applied to solar cells with high efficiency.



5th ICMSE2018 IOP Publishing
Journal of Physics: Conference Series 1321(2019) 022018  doi:10.1088/1742-6596/1321/2/022018

References

[1] McEvoy A, Castaner L and Markvart T 2013 Solar Cells : Materials, Manufactures and
Operation (New York: Academic in Press) 225

[2] Kalogirou SA 2017 McEvoy’s Handbook of Photovoltaics: Fundamentals and Application
(New York: Academic in Press) 309

[3] Moure-Flores F D, Quinones-Galvan J G, Guillen-Cervantes A, Arias-Ceron JS 2012 J Appl
Phys 112 113110-1

[4] Farid S, Mukherjee S, Jung H, Stroscio MA and Dutta M 2015 Mater Res Express 2 2

[5] Perrenoud J, Kranz L, Gretener C, Pianezzi F, Nishiwaki S, Buecheler S, and Tiwari AN 2013
J Appl Phys 114 174505-1

[6] Krasikov D, Knizhnik A, Potapkin B, Selezneva S, and Sommerer T 2013 Thin Solid Films 535
322

[7] Burst JM, Farrell SB, Albin DS, Colegrove E, Reese MO, Duenow JN, Kuciauskas D and
Metzger WK 2016 APL Matter. 4 116102-1

[8] JCPDS powder diffraction files, card number 19-0192 for hexagonal CdTe

[9] JCPDS powder diffraction files, card number 15-0770 for cubic CdTe

[10]  Enriquez J P, Mathews N R, Hernandez G P and Mathew X 2013 Mater Chem Phys 142 433

[11]  Kumarasinghe PKK, Dissanayake A, Pemasiri BMK and Dassanayake BS 2017 Mater Res Bull
96(3) 190

[12]  Mote V D, Purushotham Y and Dole B N 2012 J Theor Appl Phys 6 6

[13] Islam M A, Rahman K S, Haque F, Akhtaruzzaman M, Alam M M, Alothman Z A, Sopian K
and Amin N 2014 Chalcogenide Lett 11 235

[14] Islam M A, Hossain M S, Aliyu M M, Karim M R, Razykov T, Sopian K and Amin N 2013
Thin Solid Films 546 369

[15] Hasani E and Raoufi D 2018 Mater Res Express 5(4) 046413

[16]  Punitha K, Sivakumar R, Sanjeeviraja C and Ganesan V 2015 Appl Surf Sci 344 93

[17]  Kephart JM, Geisthardt RM and Sampath WS 2015 Prog. Photovolt: Res. Appl. 23(11) 1490



