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Cupric telluride thin lms (CuTe) of 100 nm and 200 nm thickness were produced using a thermal 

evaporation process and deposited at a rate of 15.3A/s on a well-cleaned glass substrate held at 300K 

under a vacuum of greater than 10−5mbar.A bulk sample of (CuTe) was also collected for study. The 

deposited lms were annealed for one hour at 375 K before being used for characterization. CuTe 

bulk material and thin (CuTe) lms have had their Raman spectra recorded. The composition and 

polycrystalline character of CuTe lms were con rmed by X-ray di raction experiments. Raman bands 

at 231cm−1, 240cm−1, and 259cm−1 were found on (CuTe) thin lms as well as bulk samples. The 

Raman peak position of CuTe lms did not vary signi cantly, but the peak intensity increased. Atomic 

Force Microscopy (AFM) tests indicate that the grain size of CuTe thin lms is roughly 40 nm. This 

work is motivated by the works of[1 - 

10]. 
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1 Introduction 

AIBVI compounds, which include copper telluride, are being extensively researched in 

relation to their potential use in thermoelectric generators, rapid switches, and hetrojunctions. 

Thin lms of copper chalcogenieds have attracted the interest of researchers for many years, 

owing to their diverse uses in solar cells, super-ionic conductors, photothermal convertors, 

electroconductive electrodes, microwave shielding, solar control coating, and so on. The CuTe 

recording media can utilize run-length-limited codes successfully, allowing for very large data 

storage capacity and data transfer rates (see[11-20]). At ambient temperature, the binary 

semiconductor (CuTe) has an energy gap Eg of roughly 1.5eV , which is quite near to the 

range for best solar energy conversion. As a result, this material is quite interesting for device 

applications. The mineral vulcanite (CuTe) has an orthorhombic crystalline structure (a = 

3.155¯, b = 4.086¯ , and a = 6.946¯). It belongs to the  pmmn space group and is strongly 

birefringent and pleiochroic. Bahl examined the K absorption edge on CuTe and concluded 

that the shift towards the high-energy side is caused by electron transfer from tellurium to 

copper.CuTe has been attempted to be used as a solar cell. Several workers have conducted 

detailed structural and optical studies on CuTe .According to Maheshwari and Sharma, the 
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vibrational frequency of CuTe is around 254cm−1, and the force constant is approximately 

1.612 × 10−5dyn/cm. According to Lefebure and Bocquet, the vibrational frequency of the 

CuTe molecule is approximately 253cm−1. Baranova et al. investigated electron di raction on 

CuTe alloys. CuTe possesses metallic properties in bulk and semiconducting qualities in thin 

lms. 

Seong used Te Te bonding to explain the metallic and semiconducting behavior of CuTe. 

Their research also revealed that there is no phase transition in CuTe and that the material is a 

p-type semiconductor with great electrical conductivity. However, Copper Telluride has 

received little attention. 

Raman spectrometry has evolved as a helpful tool for studying lattice vibrations and their 

interactions with other excitations in recent years. Raman spectroscopy is a nondestructive, 

very sensitive spectrometer technique used to characterize semiconductor structure and 

molecular vibrations. We provide the preliminary results of a Raman spectroscopy analysis of 

the optical properties of thin lms in this paper because no attempt has previously been made 

to analyze the Raman spectrum of CuTe(see[21-51]). 

2 Experimental 

Cooper Telluride (CuTe) alloy with 99.99 purity acquired from M/S Aldrich (India) was 

utilized to prepare thin lms by thermal evaporation. On properly cleaned glass substrates of 

0.01 × 0.03 m2, a known amount of CuTe material was extracted and evaporated the entire 

charge from a molybdenum boat under a vacuum better than 2×10−5mbar. Before placing the 

glass substrates in the vacuum chamber, they were cleaned with hot chromic acid and distilled 

water.Energy Dispersive Analysis of X-rays (EDAX) measurements were also used to gather 

compositional information. Figure 2 shows an AFM image of a CuTe thin lm with a thickness 

of 200 nm. The surface roughness and grain size of CuTe lms were estimated using AFM 

measurements. Raman characterisation was performed using a Reinshow in through Laser 

Raman microscope. A He-Ne laser source with a power of 18 mW was operating at a 

wavelength of 633 nm. At normal temperature, raman spectra with wave numbers ranging 

from 100 to 800 cm−1 were obtained. 
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Figure 1: XRD pattern of CuTe (a) bulk, (b) 

200 nm and (c) 100 nm 

 

3 Results and discussion 

 

 

 

 

 

 

 

Fig. 3 depicts the Raman spectra of CuTe thin lms and bulk material. Diatomic molecules have 

only one vibration along their chemical link. We discovered the following symmetries of zone 

center optical phonon modes from a group theoretical investigation of CuTe lms: 

2Ag + 2B2g + 2B3g + B1u + B2u + B3u 

where six modes of 2Ag + 2B2g + 2B3g are active in Raman spectra. 

Factor group analysis of CuTe Figure 2: AFM picture of CuTe thin lms (Crystal Space 

group: ; Z = 2; Zb = 2) 

! 

 Modes and degrees of 

freedom for each species 

site symmetry species 

C2v 

Factor group Species 

D2h 

Cu 

atoms 

Vibrational A1 Ag +B1u  

  B1 A2g +B3u  

  B2 A3g +B2u  

Te 

atoms 

Vibrational A1 Ag +B1u  

  B1 A2g +B3u  

  B2 A3g +B2u  

ΓvibCute = 2 Ag + 2 B2g + 2 B3g + B1u + B2u + B3u 
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We found a strong sharp band at 259 cm−1 and a shoulder peak at 231cm−1 and 240 cm−1 in a 

CuTe bulk sample. The Raman spectra of CuTe thin lms are extremely similar to the 

corresponding Raman spectra of bulk sample. Figure shows that a conspicuous peak is located 

about 259 cm−1 and that other peaks are present in all other lms. This corresponds to the 

reported values. The A1 mode is clearly responsible for the most strong Raman line, which 

emerges at 259 cm−1. This mode is caused by the interaction of Te and Cu atoms. The Raman 

spectrum’s sharp Raman Intensity (arb. units) peak suggests that the polycrystalline phase is 

prevalent in CuTe thin sheets. There is no substantial change in peak location, however there 

is some change in intensity. 

The intensity of Raman bands was thought to 

increase with the number of scattering molecules or 

the intensity of input light. The extent of the increase 

in Raman scattering cross section relies on the 

chemical composition of the adsorbed molecule, the 

roughness of the surface, and the adsorbent’s optical 

properties. In our situation, the roughness of the 

CuTe lm surfaces increases the intensity of the 

Raman spectra. 

AFM measurements reveal that the roughness 

RMS value is around 3.2 nm and the grain size is 

approximately 40 nm. Sherrer’s formula, when 

applied 

to XRD peaks, corroborated this. This lm’s X-ray di 

raction pattern demonstrates that these materials 

Figure 3: Raman Spectrum of CuTe 

(a) bulk, (b) 100 nm and (c) 200 nm 

are polycrystalline and con rms the compound composition. The 

emergence of a prominent peak may 

indicate that the lm is well crystallin. The surface quality of vacuum evaporated CuTe thin lms 

was independently checked using atomic force microscopy (AFM). The 2D AFM pictures of 

the room temperature deposited lms are shown in Fig. 2. The RMS value of surface roughness 

determined by AFM measurements of vacuum evaporated CuTe thin lms at ambient 

temperature is around 3.2 nm. After annealing, the RMS roughness of the lms ranges from 2.7 

to 2.9 nm. This could be attributed to the elimination of surface imperfections from the lms 

during heating. 

4 Conclusion 

Thermal evaporation was used to create thin lms of copper telluride (CuTe) under a vacuum 

of 2×10−3mbar. The Raman spectra of copper telluride thin lms and bulk materials were 

recorded. There are three Raman lines, with the strongest peak occurring at 259 cm−1. This is 

because of the A1 mode. It is formed by the motion of Te atoms in conjunction with Cu atoms. 

The X-ray di raction technique detected the extent of crystallinity and polycrystalline nature, 

which is re ected in the Raman spectra of the thin lms. The surface of CuTe thin lms was found 

to be smooth in SEM and AFM tests, and the grain size was calculated to be around 40 nm. 



                                                Raman Studies On Cupric Telluride Thin.... Remant Morbaita et al. 1079  

 

Nanotechnology Perceptions Vol. 20 No. S1 (2024) 

5 Acknowledgment 

We would like to express our heartfelt gratitude to all those who have contributed to the 

successful completion of this research report. 

References 

[1] Milton Ohring. The Material Science of Thin Films. Academic Press New York, 1992. 

[2] K. Wasa, M. Kitabatake, and H. Adachi. Thin Film Material Technology. Springer, 2004. 

[3] B. Lio, Y. Xie, J. Huang, Y. Liu, and Y. Qian. Chem. Mater., 12:2614, 2000. 

[4] H. Saloniemi, T. Kanniainen, M. Ritala and M. Leskela: Thin Solid Films 326 (1998) 78 82. 

[5] R. Chen, D. Xu, G. Guo and L. Gui: J. Mater. Chem. 12 (2002) 2435 2438. 

[6] J. W. Gardner: Engl. Electr. J. 18 (1963) 16 21. 

[7] W. Lehmunn: J. Electrochem. Soc. 104 (1957) 45 50. 

[8] D. A. Cusano: Solid State Electron. 6 (1963) 217 232. 

[9] M. Aven and D. A. Cusano: J. Appl. Phys. 35 (1964) 606 611. 

[10] P. J. Mosticat: Phys. Status Solidi. 11 (1972) 531 538. 

[11] G. P. Sorokin, G. Z. Idrichan, L. V. Derkach, E. V. Kovton and Z. M. Sorokina: Izv. Akad. Nauk 

S. S. S. R. Neorg. Mater. 10 (1974) 969 974. [12] K. Srudhar and K. Chattopadhyay: J. Alloys 

Compd. 264 (1998) 293 29 

[13] Allen J. Bard and Larry R. Faulkner: Electrochemical Methods, (John Wiley and Sons, Inc, United 

States of America, 1980) p. 32. 

[14] I. Barin: Thermochemical Data of Pure Substances Part II, (VCH, 1989). 

[15] M. Pourbaix: Atlas of Electrochemical Equilibria in Aqueous Solution, (Pregamon Press, Oxford, 

1966) p. 385. 

[16] R. K. Pandey and S. N. Chandra: Handbook of Semiconductor Electrodeposition, (Marcel Dekker, 

Inc, New York, 1996) p. 44. 

[17] JCPDS Data Base, Card No. 39-1061 (unindexed peaks), JCPDS, Swarthmore, PA. JCPDS Data 

Base, Card No. 39-1061 (unindexed peaks), JCPDS, Swarthmore, PA. 

[18] W. S. Chen, J. M. Stewart, R. A. Mickelsen. Appl. Phys. Lett. 46, 1095 

(1985). 

[19] C. Nascu, I. Pop, V. Ionscu, E. Indra, I. Bratu, Mater. Lett. 32, 73 (1997). [20] H. Okimura, T. 

Matsumae, R. Makabe, Thin Solid lms 71, 53 (1980). 

[21] M. A. Korzhuev, Phys. Solid State 40, 217 (1998). 

[22] H. M. Pathan, C. D. Lokhande, D. P. Amalnerkar T. Seth. Appl. Surf. Sci. 

218, 290 (2003). 

[23] P. F. Carcia, F. D. Kalk, P. E. Bierstedt, A. Feretti, G. A. Jones, D. G. Swartzfager, J. Appl. Phys. 

64, 1671 (1988). 

[24] C. Paparoditis, C. Stella, D. Darmagna, J. Bernard, (Comm. Coll. Int. Phys. Couches Minces, 

Clausthal, Gottingen) 732 (1965). 

[25] Gurevich, S. B. and V. B. Konstantinov, "Real-time holographic interferometry in a physical 

experiment," J. Opt. Technol., Vol. 63, No. 10, 725, 1996. 

[26] Pawar, S. J., P. P. Chikode, V. J. Fulari, and M. B. Dongare, "Studies on electrodeposited silver 

selenide thin lm by double exposure holographic interferometry," Mater. Sci. Eng. B, Vol. 137, 

232, 2007. 

[27] Chen, W. S., J. M. Stewart, and R. A. "Mickelsen, Chemical deposition and characterization of 

Cu3Se2 and CuSe thin silms," Appl. Phys. Lett., Vol. 46, 1095, 1985. 

[28] Neyvasagam, K., N. Soundararajan, Ajaysoni, G. S. Okram, and V. Ganesan, Low-temperature 

electrical resistivity of cupric telluride (CuTe) thin lms," Physica Status Solidi (b), Vol. 245, 77, 

2007. 



1080 Remant Morbaita et al. Raman Studies On Cupric Telluride Thin....                                                                             

 

Nanotechnology Perceptions Vol. 20 No. S1 (2024) 

[29] Okimura, H., T. Matsumae, and R. Makabe, "Electrical properties of Cu2 xSe thin lms and their 

application for solar cells," Thin Solid Films, Vol. 71, 53, 1980. 

[30] Korzhuev, M. A., "Dufour e ect in superionic copper selenide," Phys. Solid State, Vol. 40, 217, 

1998. 

[31] Fonash, S. J., Solar Cells Device Physics, 78, Academic Press, San Diego, 1981. 

[32] Pathan, H. M. and C. D. Lokhande, "Deposition of metal chalcogende thin lms by successive ionic 

layer absorption and reaction (SILAR) method," Bull. Mater. Sci., Vol. 27, 85, 2004. 

[33] Collier, R. J., C. B. Burckhardt, and L. H. Lin, Optical Holography, Academic, New York, 1971. 

[34] Prabhune, V. B., N. S. Shinde, and V. J. Fulari, "Studies on electrodeposited silver sulphide thin 

lms by double exposure holographic interferometry," Appl. Surf. Sci., Vol. 255, 1819, 2008. 

[35] Chikode, P. P., S. J. Pawar, V. J. Fulari, and M. B. Dongare, "Study of di usion process in sucrose 

solution by using double exposure holographic interferometry (DEHI)," J. Opt., Vol. 36, 157, 

2007. 

[36] Dongare, M. B., V. J. Fulari, and H. R. Kulkarni, "Monitaring the deposition of Cu thin lm using 

the double exposure holographic interferometry technique," Thin Solid Films, Vol. 301, 62, 1997. 

[37] Pawar, S. J., P. P. Chikode, V. J. Fulari, and M. B. Dongare, "Studies on electrodeposited silver 

selenide thin fllm by double explosure holographic interferometry," Material Science and 

Engineering, Vol. B37, 232, 2007. 

[38] JCPDS data le No. 22-0252. 

[39] Pathan, H. M., C. D. Lokhande, D. P. Amalnerkar, and T. Seth, "Preparation and characterization 

of copper telluride thin lms by modied chemical bath deposition (M-CBD) method," Applied 

Surface Science, Vol. 218, 290, 2003. 

[40] Mane, R. S., S. J. Roh, O.-S. Joo, C. D. Lokhande, and S.- H. Han, "Cosensitization e ect of 

CdS/CdSe on the quantum- dots sensitized solar cells," Electrochmi. Acta, Vol. 50, 2453, 2005. 

[41] W.S. Chen, J.M. Stewart, R.A. Mickelsen, Appl. Phys. Lett. 46 (1985) 1095. 

[42] C. Nascu, I. Pop, V. Ionscu, E. Indra, I. Bratu, Mater. Lett. 32 (1997) 73. 

[43] H. Okimura, T. Matsumae, R. Makabe, Thin Solid Films 71 (1980) 53. 

[44] M.A. Korzhuev, Phys. Solid State 40 (1998) 217. 

[45] ASTM Data File Nos. 7-106, 22-252 and 7-110. 

[46] S.J. Fonash, in: Solar Cells Device Physics, Academic Press, San Diego, 1981, 

p. 78. 

[47] R.R. Ahire, B.R. Sankapal, C.D. Lokhande, Mater. Res. Bull. 36 (2001) 199. 

[48] C.D. Lokhande, B.R. Sankapal, R.S. Mane, H.M. Pathan, M. Muller, M. Giersig, H. Tributsch, V. 

Ganeshan, Appl. Surf. Sci. 187 (2002) 108. 

[49] C.D. Lokhande, A. Ennaoui, P.S. Patil, M. Giersig, K. Diesner, M. Muller, H. Tributsch, Thin 

Solid Films 340 (1999) 18. 

[50] A. Pistone, A.S. Arico, P.L. Antonucci, D. Silvestro, V. Antonucci, Solar Energy Mater. Solar 

Cells 53 (1998) 255. 

[51] S.D. Sartale, C.D. Lokhande, Mater. Chem. Phys. 65 (2000) 63. 


