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Copper selenide (Cu2Se) thin films were prepared by thermal evaporation at RT with 

thickness 500 nm. The heat-treating for (400 &500) K for the absorber layer has been 

investigated. This research includes, studying the structural properties of X-ray diffraction 

(XRD) that show the Cu2Se thin film (Cubic) and has a polycrystalline orientation 

prevalent (220). Moreover, studying the effect of annealing on their surface morphology 

properties by using Atomic Force Microscopy AFM. Optical properties were considered 

using the transmittance and absorbance spectra had been recorded when wavelength range 

(400 - 1000) nm in order to study the absorption coefficient and energy gap. It was found 

that these films had allowed direct transition optical band gap which decreases with the 

increasing effect of annealing, while it increasing with the increase in the annealing 

temperature at all ratio UV-Visible transmission spectrum. Hall Effect results presented 

that all thin films have P-type. It is quite possible that the heterojunction (p-Cu2Se/n-Si) 

solar cell device is a buried. The illumination current- voltage (I-V) characteristics showed 

that the solar cell, with (t=500 nm and T=500 K ) has highest efficiency (η =1.4 %).  
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1. Introduction 
 

Copper (II) selenide is interesting metal chalcogenide belong to compound I2–VI 

semiconductor materials suitable for optoelectronic [1] and thermoelectric [2] applications.  The 

copper chalcogenides Cu2X (X = S, Se, and Te) have photoelectric properties as well as ionic 

conductivity and applications in solar cells [3]. The phase of Cu2Se is cubic with lattice parameter 

a = 5.76 Å, [4,5] with a direct band gap [6] Cu2Se have corresponding band gaps in the range of (2 

- 3) eV [7] behaved as a p-type semiconductor [5,6,8] The Cu2Se has been produced by using the 

fallowing methods: hot injection [9,10] Solvo thermal synthesis[11] Chemical vapor deposition 

[12] electrodeposition [6]  chemical bath deposition method [13,14,15]  Sb-doped[15] chemical 

bath deposition with thermal treatment at 200ºC – 400ºC in air and vacuum[16] Magnetron 

Sputtering[17] Brush plating technique 300 ºC and 500 ºC [18] sputtering[19] The effect of 

different material doped on Cu2Se characterization thin films were investigated by various 

researches such as Bi3+, Cd2+, Na+ - doped Cu2Se thin Films [20]  the influence of Pb doping on 

the electrical resistivity it found increase when adding Pb doping [21] The effect of doped on 

Cu2Se(Bi) displayed strong band gap release at 629 nm, this doping make the Cu2Se preferable 

optical media [22]  The influence of Na doping on electrica,l structural, and  optical properties of 

Cu2Se thin film [13] Cu2Se with Cd
2+

-doped thin film by the chemical bath deposition technique 

then prepared films were annealed at 200°C [14]  0.03 Sb-doped Cu2Se films[15].                                     

                                                                                                 

 
 
2. Experimental  
 
Copper (II) selenide thin film has been deposited through using vacuum thermal 

evaporation technique (6*10
-6

 Torr) on to well cleaned glass & silicon substrates by using 
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ultrasonic path to study its optical, structural, and electrical properties, deposited on a silicon 

substrate to manufacturing solar cell. The weighed high purity (99.999 %) elemental copper and 

selenium percentages by weight (2:1) are taken in a pure cleaned quartz ampoule of length (20cm) 

under vacuum (10
-4

 mbar). Using a Cu2Se ingot as the source material. The elements for the ingot 

were mixed and sealed in quartz ampoules under vacuum. The ampoules were heated at 

temperature (1100 °C) over (6 hours), and then cooled to room temperature RT. These films were 

annealed at (400 &500) K for (1 hours). Optical transmission spectra of Cu2Se films have been 

recorded from (400 nm) to (1000 nm) wavelength using (UV/VIS) (Shimadzu Corporation Japan) 

at room temperature. 
X-ray diffraction (XRD) using to study the crystal structure of thin films with ( λ equal to 

1.5418 Å). Crystallite size (CS) calculate by Scherrer’s formula f Cu2Se thin
 
films:  

 

𝐶. 𝑆 =
0.9𝜆

𝐵𝑐𝑜𝑠𝛳
                                                                                        (1) 

 
where B the full-width at half-maximum of the main peak and the reflection

 
angle is θ [23,24]. 

We used (AFM technology) to study the nature of the surface topography, determine both 

surface roughness and grain size. 

The optical properties measurements for thin films (Cu2Se) on glass substrates were found 

using UV/Visible 1800 spectrophotometer from 400nm to1000nm. The energy gap Eg (eV) 

calculated from Tauce equation and absorption coefficient α   from lambert equation [25,26]: 

 
αhυ = C (hυ – Eg )

n
                                                                      (2) 

 

α=2.303 A/t                                                                           (3) 

 

The Hall Effect results showed (n or p) type of Cu2Se thin films have been achieved
 
by 

Van der Pauw
 
(Ecopia HMS 3000), it is determining mobility

 
and carrier concentrations for Cu2Se 

and in thin
 
films. 

Heterojunction where synthetic since (p- Cu2Se /n-Si) which done by the deposition of the 

composite thin films (Cu2Se) on (111) single crystal (n-type) silicon.  

 

 

3. Result and discussion 
 

Figure 1 shows the XRD patterns of Cu2Se thin film at RT and (400,500) K thickness 

500nm it can see from this Figure and Table (1) that the Cu2Se thin films
 
have the polycrystalline 

type Cubic structure
 
confined with the standard

 
values in ICDD

 
00-046-1129 card have three sharp 

peaks referred to directions (111), (311) and with prefer orientation is (220). From the FWHM 

values for the (220) peak we can estimate the crystallite
 
size by using Scherrers equation and is 

observed the crystallite
 
size increased when annealing temperature increase as displays in Tables 

(1). Note from Table 1 that there is a significant shift in the position of the peaks of the prepared 

films after the annealing process. The intensities
 

of the peaks increase by increasing the 

temperature this gives the probability that the crystallization of the films material increases by 

increasing the temperature.  
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Fig. 1. X-ray diffraction pattern for as deposited and annealed Cu2Se films. 

 

 

Table 1. Structural parameters for as deposited and annealed Cu2Se thin films. 

 

Ta 

(K) 

dexp 

(Å) 

dstand 

(Å) 

2θexp 

(deg.) 
hkl 

FWHM 

(deg.) 

C.S 

(nm) 

R.T 

3.357888 3.37 26.513 (111) 

0.3222 27.7891 2.050177 2.060 44.120 (220) 

1.755843 1.76 52.021 (311) 

400 

3.361748 3.37 26.482 (111) 

0.3002 
29.87318 

 
2.030862 2.060 44.562 (220) 

1.756722 1.76 51.993 (311) 

500 

3.367994 3.37 26.432 (111) 

0.2566 34.98885787 2.017251 2.060 44.879 (220) 

1.760378 1.76 51.877 (311) 

 

 

Fig. 2 shows the three
 
-dimensional (3D) of Cu2Se thin films at RT and (400,500) K.  The 

value of roughness besides the grain sizes are studied. It has been saw that a roughness for surface 

was equal to (8.89,12.9 and 15.9). The grain
 
size has been find (70,91.89 and 98.72) for at RT and 

(400,500) K respectively. So the average
 
diameter of Cu2Se thin films at RT and (400,500) K. 

(Fig. 2c) is larger than the Cu2Se thin film (Fig. 2a&b). 
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Fig. 2. 3D Atomic force microscopy and Granularity 

Cumulation Distribution of Cu2Se thin films at R.T   and (400,500) K. 

 

 

Table 2. The average grain size and roughness for thin films Cu2Se  at R.T   and (400,500) K. 

 

Sample 
Avg. Diameter 

(nm) 

Roughness 

average (nm) 
r.m.s (nm) 

RT 
70 8.89 10.9 

400 K 
91.89 12.9 16 

500 K 
98.72 15.9 19.9 

 

 

a 

b 

c 
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To determine the effect of annealing of the optical measurements of thin films Cu2Se as in 

Fig. 3. The absorbance (A) and transmittance (T) measurements in the range (400–1000) nm. 

transmittance behaves the opposite of absorbance that the transmittance increasing with increasing 

wavelength of Cu2Se while The absorbance decreasing with increasing wavelength of Cu2Se.   The 

absorption coefficient is an important for calculating the material's ability to light absorption, 

function of the falling photon energy (hυ) and energy gap (Eg) [27]. Figure 3 show that the 

absorption coefficient (α) values, that considered using equation (3), high value ofα above (10
4
) 

cm
-1

. The α value increases (from 3.6 to 5) ×10
4
cm

-1
  as annealing increases, That is mean an 

increase in absorbance of Cu2Se films . While the values of band gap decreases from (2.1 to 1.9) 

eV. The decrease in the values of band gap (Eg
opt

) may be attributed to the increasing of the 

absorption coefficient, that is agreement with [7,28].  

 

 

      
 

      
 

Fig. 3. The absorbance (a), transmittance (b) verse wavelength, (c) absorption coefficient (d) (αhυ)
2
  

for thin films Cu2Se at R.T and (400,500) K. 

 

 
Table 3. Direct optical band gap and absorption coefficient (λ=500nm) of thin films Cu2Se at R.T   and 

(400,500) K.   

 

Sample RT 400 K 500 K 

Eg
opt

 (eV) 2.1 2 1.9 

α×10
4
 cm

-1
 3.6 4.2 5 
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The Hall Effect measurement RH was calculated are listed in Table (4) to determine the 

type of majority carriers and mobility of the pure (Cu2Se) at R.T T and (400,500) K. The obtained 

results displayed that all the thin films were positive confirm that the conducting carriers are of p-

type for all the films. This designates that the carriers are holes, our results agree with the study 

[14]. We can note from this Table decrease in the value of the Hole coefficient (RH) due to an 

increase in the carrier concentration for Cu2Se thin film will due to an increase in the current and 

voltages passing through the Cu2Se films, the increased probability of collisions between the 

carriers lead to decrease in the values of mobility (μH). The highest percentage of the charge 

carriers when the T equal to 500 K.  
 

 

Table 4. Hall parameters for of thin films Cu2Se at R.T and (400,500) K.    

 

Thickness( 500 nm) ρ 

(Ω.cm) 

µH 

(cm
2
/V.S) 

NA*10
22

 

(cm
-3

) 

R(H)  

( cm
3
.C

-1
 ) 

RT 0.1 0.000864 7.23 8.64E-05 

400 K 0.081300813 0.000911 8.44 7.41E-05 

500 K 0.064516129 0.000476 20.36 3.07E-05 

 

 

The variations of photovoltaic parameters of Cu2Se at R.T and (400,500) K derived from 

the current-voltag measurement are listed in Table 5. Figure 4 display the current-voltage (I-V) 

curves for three devices made from the same Cu2Se/Si heterojunction with different annealing 

temperature with illumination. The efficiency is increased with the powers for incident photo 

(10
2
mw/cm

2
) for  Cu2Se because the Jsc values began to increase that is due to the result of 

reducing the energy gap value as mentioned in the study of optical properties. However, there is an 

increase the value of open circuit voltages (VOC) that will increase in concentration of carriers 

increase the roughness and the absorption coefficient [29].  

 

 
 

Fig.4. Characteristic of I-V under illumination for
 
Cu2Se /Si solar cell at R.T and (400,500) K.    
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Table 5. Light I-V parameters of solar cell for Cu2Se /Si devices at R.T and (400,500) K.   

  

Thickness( 500 nm) RT 400 K 500 K 

Voc (mVolt) 100 120 210 

Jsc (mA/cm
2
) 7 9 11 

Vmax (mVolt) 50 80 180 

Jmax (mA/cm2) 5 7 8 

Fill factor 0.357 0.518 0.623 

Efficiency 0.25 0.56 1.44 

 

 
4. Conclusions  
 

Cu2Se thin films have been prepared successfully by thermal evaporation in vacuum 

technique. It was found that the annealing temperature is an important role in the evolution of 

Cu2Se properties.  

The heat treatments change the optical properties under investigation in this study. The 

results show that the (Eg) is (2.1 eV) before annealing and (2 eV) after annealing in (400 K) and 

(1.9 eV) after annealing in (500 K). The film annealed at (500 K) is a good optical properties 

(lower transmittance, reflectance, energy band gap, and a larger absorption coefficient, it can be 

used as an absorber layer in the fabrication of thin film solar cells. XRD for alloy and thin films 

showed that polycrystalline
 
and have the Cubic structure and the (220) direction was prefer 

orientation. All thin film have p-type conductivity The efficiency increases after annealing, the 

maximum values of fill factor and efficiency were 0.623 and 1.44 when annealing temperature 

(500 K).  

 
 
References 

 

[1] Choi J, Kang N, Yang HY, Kim HJ, Son SU. Colloidal Synthesis of Cubic-Phase Copper 

Selenide Nanodiscs and Their Optoelectronic Properties. Chem Mater 22 (3) 586-8 (2010); 

https://doi.org/10.1021/cm100902f 

[2] Wang J, Liu B, Miao N, Zhou J, Sun Z. I-doped Cu2Se nanocrystals for high-performance 

thermoelectric applications. J Alloy Compd 772:366-70 (2019); 

g/10.1016/j.jallcom.2018.08.291https://doi.or 

[3] Mikael R°asander, Lars Bergqvist and Anna Delin, Density functional theory study of the 

electronic structure of fluorite Cu2Se, Journal of Physics: Condensed Matter, 25 125503 (7pp) 

8984/25/12/125503-https://doi.org/10.1088/0953(2013);  

[4] Najla M. Khusayfan, Hazem K. Khanfar, Structural and optical properties of Cu2Se/Yb/Cu2Se 

https://doi.org/10.1016/j.rinp.2018.11.099651 (2019); -hysics 12 (2019) 645thin films, Results in P 

[5] Brijesh Kumar Yadav, Pratima Singh, Chandreshvar Prasad Yadav, Dharmendra Kumar 

Pandey and Dhananjay Singh, Structural and wavelength dependent optical study of thermally 

-https://doi.org/10.1515/zna; 788 (2020)-Se thin films, De Gruyter, 75(9)a: 7812evaporated Cu

0098-2020 

[6] Wooju Lee, Noseung Myung, Krishnan Rajeshwar, and Chi-Woo Lee, Electrodeposition of 

Cu2Se Semiconductor Thin Film on Se-Modified Polycrystalline Au Electrode, Journal of 

Electrochemical Science and Technology, Vol. 4, No. 4, 140-145 (2013); 

https://doi.org/10.33961/JECST.2013.4.4.140 

[7] Milica Petrović, Martina Gilić, Jovana Ćirković, Maja Romčević, Nebojša Romčević, Jelena 

Trajić, Ibrahim Yahia, Optical Properties of CuSe Thin Films - Band Gap Determination, Science 

https://doi.org/10.1021/cm100902f
https://doi.org/10.1016/j.jallcom.2018.08.291
https://doi.org/10.1016/j.jallcom.2018.08.291
https://doi.org/10.1088/0953-8984/25/12/125503
https://doi.org/10.1016/j.rinp.2018.11.099
https://doi.org/10.1515/zna-2020-0098
https://doi.org/10.1515/zna-2020-0098
https://doi.org/10.33961/JECST.2013.4.4.140
https://doi.org/10.33961/JECST.2013.4.4.140


670 

 

https://doi.org/10.2298/SOS1702167P4 (2017); 17-of Sintering, 49 167 

[8] Michael R. Scimeca, Fan Yang, Edmond Zaia, Nan Chen, Peter Zhao, Madeleine P. Gordon, 

Jason D. Forster, Yi-Sheng Liu, Jinghua Guo, Jeffrey J. Urban, Ayaskanta Sahu, Rapid 

Stoichiometry Control in Cu2Se Thin Films for Room Temperature Power Factor Improvement, 

/10.1021/acsaem.8b02118https://doi.org27 (2019); -d Energy Materials, 1ACS Applie 

[9] S. Liu, Z. Zhang, J. Bao, W. Tu, M. Han, and Z. Dai, Controllable Synthesis of Tetragonal and 

Cubic Phase Cu2Se Nanowires Assembled by Small Nanocubes and Their Electrocatalytic 

Performance for Oxygen Reduction Reaction, J. Phys. Chem. C, 117, 15164−15173 (2013); 

https://doi.org/10.1021/jp4044122 

[10] Shannon C. Riha, Derek C. Johnson, and Amy L. Prieto, Cu2Se Nanoparticles with Tunable 

Electronic Properties Due to a Controlled Solid-State Phase Transition Driven by Copper 

Oxidation and Cationic Conduction, Journal of the American Chemical Society, 133, 1383-1390 

https://doi.org/10.1021/ja106254h(2011);  

[11] F. Lin, G.Q. Bian, Z.X. Lei, Z.J. Lu and J. Dai, Solid State Sci., 11, 972(2009); 

https://doi.org/10.1016/j.solidstatesciences.2009.02.017 

[12] Y. Hu, M. Afzaal, M.A. Malik, and P. O'Brien, J. Cryst. Growth, 297, 61 (2006); 

https://doi.org/10.1016/j.jcrysgro.2006.08.038 

[13] A. P. Sudha, J. Henry, K. Mohanraj and G. Sivakumar, Effect of Na doping on structural, 

optical, and electrical propertiesof Cu2Se thin films prepared by chemical bath deposition method, 

1-5981-018-https://doi.org/10.1007/s00339Applied Physics A 124(2) (2018);  

[14] J. Henry, T. Daniel, V. Balasubramanian, K. Mohanraj & G. Sivakumar, Synthesis and 

characterisation of Cu2Se thin films doped with divalent cation (Cd2+) by the chemical bath 

deposition method, Phase Transitions, vol. 94, nos. 6-8, 567-576 (2021); 

https://doi.org/10.1080/01411594.2021.1945058 

[15] J. Henry , T. Daniel , V. Balasubramanian , K. Mohanraj & G. Sivakumar, Electrical and 

optical properties of Sb-doped Cu2Se thin films deposited by chemical bath deposition, Phase 

https://doi.org/10.1080/01411594.2020.1789918Transitions, (2020);  

[16] V.M. García, L. Guerrero, M.T.S. Nair and P.K. Nair, Effect of thermal processing on optical 

and electrical properties of copper selenide thin films, Superficies y Vacío 9, 213-218, (1999). 

[17] Liangliang Yang, Jiangtao Wei, Yuanhao Qin, Lei Wei , Peishuai Song , Mingliang Zhang, 

Fuhua Yang and Xiaodong Wang, Thermoelectric Properties of Cu2Se Nano-Thin Film by 

https://doi.org/10.3390/ma1408207513 (2021); -1Magnetron Sputtering, Materials, 14, 2075,  

[18] V. Rajendran, S. Arulmozhi Packiaseeli, S. Muthumari and R. Vijayalakshmi, Temperature 

influence study on copper selenide films, Nanosystems: Physics, Chemistry, Mathematics, 7 (4), P. 

702-699-4-7-2016-8054-rg/10.17586/2220https://doi.o702 (2016); -699 

[19] P. Fan, X.-L. Huang, T.-B. Chen, F. Li, Y.-X. Chen, B. Jabar, S. Chen, H.-L. Ma, G.-X. 

Liang, J.-T. Luo, Xianghua Zhang and Z.-H. Zheng, α-Cu2Se thermoelectric thin films prepared by 

copper sputtering into selenium precursor layers, Chemical Engineering Journal, 410, (2021); 

https://doi.org/10.1016/j.cej.2021.128444 

[20] A. P. Sudha, J. Henry, K. Mohanra and G. Sivakumar, Synthesis and Characterization of 

Monovalent, Divalent and Trivalent Cation Doping of Cu2Se Thin Films Using Chemical Bath 

Deposition Method, Jordan Journal of Physics, Volume 11, Number . pp. 125-130 (2018). 

[21] Zhu Z, Zhang Y, Song H, Li X-J. Enhancement of thermoelectric performance of Cu1.98Se 

5-2173-018-https://doi.org/10.1007/s00339747 (2018); by Pb doping. Appl Phys A 124: 

[22] He H-Y, Lu J. Chemical Bath Deposition of Undoped and Bi-doped n-Cu2Se Films and their 

Optoelectrical Properties. Nanosci Nanotechnol-Asia 8:208-15 (2018); 

https://doi.org/10.2174/2210681208666180517094621 

[23] B.D.Cullity, (1978), elements of X-Ray diffraction, 2nd edition, copyright © by Addison - 

Wesley Publishing company, Inc. 

[24] I. H. Khudayer and B.H. Hussien, Ibn Al-Haitham J. for Pure & Appl. Sci., 29 (2) ,41-51 

(2016). 

[25] Bushra K. Hassoon Al-Maiyaly, Ibn Al-Haitham J. for Pure & Appl. Sci., 29 3, 14-25, (2016). 

https://doi.org/10.2298/SOS1702167P
https://doi.org/10.1021/acsaem.8b02118
https://doi.org/10.1021/jp4044122
https://doi.org/10.1021/jp4044122
https://doi.org/10.1021/ja106254h
https://doi.org/10.1016/j.solidstatesciences.2009.02.017
https://doi.org/10.1016/j.solidstatesciences.2009.02.017
https://doi.org/10.1016/j.jcrysgro.2006.08.038
https://doi.org/10.1016/j.jcrysgro.2006.08.038
https://doi.org/10.1007/s00339-018-1598-1
https://doi.org/10.1080/01411594.2021.1945058
https://doi.org/10.1080/01411594.2021.1945058
https://doi.org/10.1080/01411594.2020.1789918
https://doi.org/10.3390/ma14082075
https://doi.org/10.17586/2220-8054-2016-7-4-699-702
https://doi.org/10.1016/j.cej.2021.128444
https://doi.org/10.1007/s00339-018-2173-5
https://doi.org/10.2174/2210681208666180517094621
https://doi.org/10.2174/2210681208666180517094621


671 

 

 
 

[26] B. H. Hussein, H. K. Hassun, B. K.H. Al-Maiyaly, S. H. Aleabi, Journal of Ovonic Research, 

https://doi.org/10.15251/JOR.2022.181.3741 (2022); -18 (1), 37 

[27] D. A.Neamen, (2003), semiconductors physics and Devices , Third edition , copyright©, 

McGraw Hill Compnies , Inc. 

[28] Nada Khdair Abbas, Anwar Ali Baker and Nadia Jasim Ghdeeb, J. Baghdad for Sci., 

651-https://doi.org/10.21123/bsj.11.2.641651,(2014); -Vol.11(2), 641 

[29] G. H. C. Radloff, F. M. Naba, D. B. Ocran-Sarsah, M. E. Bennett, K. M. Sterzinger, A. T. 

Armstrong, O. Layne, M. B. Dawadi, Digest Journal of Nanomaterials and Biostructures, 17 (2) 

457 - 472 (2022). 

 

https://doi.org/10.15251/JOR.2022.181.37
https://doi.org/10.21123/bsj.11.2.641-651

