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Abstract: Present work reports the photosensing properties and studies on nancube CuInSe2 thin films by simple route. 

As prepared thin films were characterized using XRD, FESEM and AFM to known crystal structure, surface morphology 

and microstructure properties. Elemental composition was studied using energy dispersive of X-rays (EDAX). Prepared 

thin films were employed for photosensing properties. The CuInSe2 thin film show quick rise time (120 s) and fast decay 

time (160 s). 
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1. Introduction 

During the last few years, the research on the growth of thin films has increased, for its technological applications in 

photoresistance, solar cell and optoelectronic devices. The semiconductor interface used for the construction of photo 

electrochemical cells has been the subject of intensive research [1]. Amongst these, the semiconductors CuInS2 and CuInSe2 are 

highly sensitive to light and other radiation because of this, the study of different properties of their mixed thin film structures is 

of technical and scientific importance. The chemical bath deposition method of preparation of thin films is very simple. It requires 

solutions of exact morality and quantity. One of these compounds, CuInSe2, with its optical absorption coefficient exceeding 3 

×104 cm–1 at wavelengths below 1000 nm, and its direct band gap being between 0.95 and 1.04 eV, is an excellent solar. Thin film 

polycrystalline CIS solar cells with a conversion efficiency exceeding 14% have already been achieved. High absorption 

coefficient and low cost methods for deposition of thin films make CuInSe2 a promising material for photovoltaic devices. 

In the last 3-4 decades semiconducting Chalcogenides thin films have found various applications in diverse fields of 

science and technology.  The optical property of thin films is also very important in many scientific, technological, and industrial 

applications and numerous other applications [2].  

Various deposition techniques, have been employed to prepare CuInSe2 thin films including flash evaporation [3], single 

source evaporation [4], multiple source evaporation molecular beam epitaxy [5], spray pyrolysis [6], and electrodeposition [7]. 

Chemical bath deposition is a method of growing thin films of certain materials on a substrate immersed in an aqueous bath 

containing appropriate reagents at temperatures ranging from room temperature to 100 0C. It has been identified as a low process 

suitable for the preparation of large area thin films.[8]  

Chemical bath deposition (CBD) method has attracted much attention since it is conformed as a simple and promising 

technique to obtain device quality films. CBD is a simple which is also used to deposit the semiconductor on photovoltaic device. 

The CBD method appears suitable for large area industrial process because it is the least expensive and a low temperature method 

[9, 10]. 

The deposited films samples were characterized by XRD, FESEM, EDAX, and AFM. This work investigates effect of 

Cu/In ratio on morphological properties of these thin films were discussed. The results were discussed and interpreted in this 

investigation. 

2. Preparation of Nanocube CuInSe2 Thin Films 

. All the chemicals were of AR grade and were used as received without any processing or purification. All chemicals 

were stored in evacuated desiccators to prevent degradation due to atmosphere or humidity. 

Starting solutions were prepared by dissolving requisite amount of respective elements in double distilled water. The 

Cu2+ ion solution was prepared using CuCl2·2H2O and In3+ ion solution was prepared by InCl3. The Se2- ion solution was prepared 

using Na2SO3 and elemental Se. The 1 M Na2SeSO3 was prepared by refluxing 7.90 g of elemental Se with 12.60 g of Na2SO3 in 

100 ml of double distilled water for 8 h at 90 °C temperature. The reaction leading to the formation of Na2SeSO3 is; 

Se + Na2SO3 → Na2SeSO3 -----------(1) 

The TEA (C6H15NO3) acts as a complexing agent to control the slow release of ions so that immediate agglomeration 

does not happen. The HCl is added to set the pH of the solution 9. After preparation of above precursor solutions, deposition of 

CuInSe2 thin films was carried out as below. 

The solution for the deposition of CuInSe2 thin film by CBD technique was prepared by firstly taking 5 ml of 0.5 M 

CuCl2·2H2O solution in a 100 ml clean dry glass beaker. To it was added 5 ml of 0.1 M TEA (C6H15NO3) solution. The addition 

was done under continuous magnetic stirring and continued for 5 min. Then to the mixture, 5 ml of 0.5 M InCl3 was added.  

The addition was done under continuous stirring. The stirring was carried out for 10 min. After that 5 ml of 1 M 

Na2SeSO3 was mixed slowly under stirring. Lastly, 5 ml of 0.1 M HCl was added to the mixture and stirred for 5 min. At last 50 

ml of double distilled water was added to make the final solution 75 ml in volume.  

The pH of the final bath solution was measured and was found to be 4. The pre-cleaned glass slide substrate was 

immersed in the bath solution and kept vertical in the beaker containing final solution for thin film deposition to occur. The glass 

slide substrates used for deposition were laboratory grade glass slides having dimensions as 76 mm × 26 mm × 1 mm [Blue Star, 
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Delhi, India]. The procedure adopted for cleaning of the glass slides was; firstly the slides were thoroughly washed with detergent 

and dried in air.  

The air dried slides were then dipped in concentrated hydrochloric acid and were kept immersed for 24 h. After 24 h acid 

dip, the slides were removed and were given multiple wash with double distilled water. The water was allowed to drain off and 

the slides were air dried. The perfectly dried slides were finally given ultrasonication in acetone for 10 min. 

 Lastly, the glass slides were kept in an oven by maintaining it at 80 °C till used for deposition of thin films. The 

deposition was carried out at room temperature for 3 h. The glass slide with deposited thin film was removed from the solution, 

rinsed with double distilled water and allowed air drying. The as prepared CuInSe2 thin film samples were fired at 225oC for 10 

min. The optimum value of time, temperature and pH were tabulated in Table 1.  

Table (1) Optimum parameter to obtain nannocube CuInSe2 thin films 

Deposition Parameter Optimum value / item 

Deposition time 60 min. 

pH 4 

Concentration of precursor 

CuCl2·2H2O  

Na2SeSO3 

InCl3 

 

0.05 M 

0.1 M 

0.05 M 

Solvent Deionized water 

Deposition temperature 80o C 

Annealed temperature 225o C 

3. Characterizations and Discussion of Thin Films 

3.1 Structural Properties 

 
Figure (1) : X-ray diffractograms of  CuInSe2 thin film for samples D3 

Figure 1 show the X-ray diffractogram of pattern of the film. It shows presence of different strong diffraction peaks. 

Thin film sample D4 was scanned in the 2θ range of 20–80°.The analysis of the XRD pattern was done by powder-X software. 

All the diffraction peaks could be indexed to be that of CuInSe2 having tetragonal unit cell structure. 

The broadness in the XRD pattern appears due to the nanocrystalline thin film. The lattice parameters a and c calculated 

from the XRD patterns of the CBD as-deposited CuInSe2 thin film came out to be 5.782 Å and 11.621 Å respectively.  

All the indexed peaks and the determined lattice parameters were in good agreement with the standard data vide JCPDS 

Card Number: 40-1487. The XRD also confirmed that the CBD as-deposited thin film possess single phase CuInSe2, as no other 

binary phase nor non indexed peaks were observed. 

The value of tetragonal distortion Δ = 2 – c/a came out to be −0.009, the negative sign indicates compression. From the 

full-width at half-maximum of the diffraction peaks, the average crystallite sizes of the CuInSe2 have been calculated using the 

Debye-Scherrer formula.[11] It was found to be in the range of 14 nm. 

3.2 Elemental Analysis by EDAX 

      The atomic compositions of the grown thin films on glass substrate at room temperature have been determined by Energy 

dispersive analysis of X-ray (EDAX) method. Table 2 shows the elemental composition of the thin films from EDAX. 

Theoretically expected stoichiometric composition of CuInSe2 (in terms of at %) is: Cu = 25%, In=25% and Se=50% . 
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D4 

Figure (2): EDAX spectra of CuInSe2 thin film for samples D1, D2, D3 and D4. 

Figure 2 (D1 to D4) depicts the EDAX spectra of CuInSe2 thin films as different at % of Cu/In ratio. 

Table (2) Elemental composition of nanocubes CuInSe2 thin films. 

Sample 

Number 

at % of the elements in film wt % of the elements in film 

Cu In Se Cu/In Cu In Se Cu/In 

D1 27.22 23.45 49.33 1.11 37.23 23.12 39.65 1.61 

D2 32.65 26.42 40.93 1.23 40.12 19.67 40.21 2.03 

D3 42.23 13.69 44.08 3.08 42.69 17.65 39.66 2.41 

D4 47.22 12.69 40.09 3.72 51.69 14.55 33.76 3.55 

It is clear from Table 2 that the films are observed to be nonstoichiometric in nature. 

3.3 Surface morphology studies using FESEM 

Fig. 3 depicts the FESEM surface topography of the film samples with different Cu/In ratios. We could observe a 

uniformly distributed growth of cubic-shaped CuInSe2 nanocrytals. The FESEM images show that the thin film surface is uniform 

and smooth without any major features. The film surface is continuous without any cracks stating the deposition to be 

homogeneous all throughout the substrate surface. 

It is noted that for the film formed without aging of precursor solution exhibit clear and smooth grains. Such cubic 

morphology makes this nanomaterial a good candidate for the production of solar cell, photovoltaic cell [12]. 

Estimated grain sizes ranged from 31 nm to 49 nm. Grain size decreased with the rise in at% of Cu and In ration from 

1.11 to 3.72. FESEM images revealed that the grain number increased with an increase in the at ratio of Cu/In, which may be 

attributed to increase in grain size. 

Further, we also observed expansion of larger grains to smaller grains, a characteristic of the nucleation stage. Surface 

diffusion plays a key role in CuInSe2 growth process, in which the particles translocate to adjacent surface sites; this movement 

increases with increase in at ratio [13]. 

 
Figure 3: (a), (b), (c), and (d) FESEM images of the nanocubes CuInSe2 thin sample. 
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The CuInSe2 films that deposit on the substrate do not possess adequate energy for the formation of the crystalline 

structure owing to less at ratio. Increase in at ratio results increase in the thermal energy that is necessary for the process of 

crystallization.  

Table 3.: Dependence of grain size on Cu/In ratio. 

Sample No. Figure 2 Cu (at.%)/ 

In (at.%) 

Grain size 

(nm) 

Shape of grains 

D1 a 1.11 49 Spherical and Cubic 

D2 b 1.23 43 Cubic 

D3 c 3.08 37 Cubic 

D4 d 3.72 31 Cubic 

 It is clear from (Table 3) FESEM images that the number of grains goes on increasing with the increase in Cu/In 

ratio. Also, with the increase in at % of Cu there is a decrease in average grain size. It could be attributed to small atomic radii of 

Cu ions as compared to indium. Smaller the atomic radii, larger would be the nucleation centres and smaller would be the grains. 

The amount of feed material available in the reaction vessel is constant for a particular reaction. If same material would be 

divided on the larger nucleation centres, the grain would not grow larger but remain smaller [13]. 

3.4 Microstructure Properties using AFM 

 
Figure 4: (a-b) AFM pictures of the sample D3 

An AFM nanoscope (model-NSE, Serial no-245) digital instrument with a silicon nitride cantilever was used to probe 

different portions of the film surface in ‘contact mode AFM’. The AFM images of the CBD as-deposited CuInSe2 thin film are 

shown in Fig. 4 (a) and (b). The thickness of the film used for AFM study was 0.188 μm. The Fig. 4(a) is the AFM 2D image of 

area 5 μm × 5 μm. This image shows the thin film consist of spherical grains which coalescences among themselves. 

  The Fig. 4 (b) is the AFM 3D image of area 5 μm × 5 μm. This 3D image shows spike like features covering the whole 

of the thin film surface. The spikes are of varied heights. The root mean square (rms) roughness determined from the AFM 

analysis came out to be 14.69 nm and the average roughness was 16.33 nm. The high value of roughness states over growth at 

some of the nucleation sites. 

4. Photo conducting Application of CuInSe2 thin films 

• I-V characteristics of thin film 

 
Figure (5)  I-V characteristics of the films 
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Fig. 5 depicts the I-V characteristics of CuInSe2 thin films, the symmetrical nature of the I-V characteristics for particular 

samples shows that the dark current was negligible, while the current under illumination increases almost linearly upon increasing 

the intensity of the light. The measurement results were investigate and regions where ohmic conduction mechanism. The contact 

is ohmic in nature and it shows the semiconducting property [14] . 

• Measurement of Photo conductivity as function of wavelength 

 
Figure (6) :Photo current as Function of  Wavelength 

 The plot of photocurrent vs. wavelength of light is as shown in Fig. 6 for the CuInSe2 thin film respectively. The 

photocurrent increases with wavelength and attains a maximum and then decreases. The maximum photoconductivity is at the 

centered on 530.  

The photo response is found to decrease both on shorter as well as longer wavelength side. The decreasing photo 

response on shorter wavelength side may be due to absorption of short wavelength radiations in the surface recombination states. 

The decrease in photo response in long wavelength region is due to structural imperfection such as cationic vacancies [15].  

As the population of these defect levels goes on decreasing above the valence band, the photocurrent decreases with 

decrease in energy of the illuminating radiations. It  is seen that for lower intensity of light, the slope are less than unity showing a 

sub linear behavior which is clearly indicates that the photoconductivity of films is defect controlled. The photosensitivity of a 

CuInSe2 thin film is dependent on the wavelength of the incident light[6]. 

 

• Rise and decay characteristics of CuInSe2 thin film 

 
Figure (7) Rise and Decay of photocurrent with time of CuInSe2 thin film. 

The Fig. 7 shows rise and decay of photocurrent with time at room temperature  for  CuInSe2 thin film. The light falls on 

the film, the photocurrent is high and increases with respect to time that is the growth of current and is also called ‘ON’ condition, 

and when light is switched off, then the photocurrent is decreases as time called decay of current is also called ‘OFF’ condition. 

When light is illuminated on the film, the photocurrent is high. Initially high value of photocurrent is due to the 

absorption of photon by film, which excites the electrons from the valence band to conduction band. Most of the electrons are 

from the surface of the CuInSe2 thin film which moves from valence band to the conduction band, it increases the process of pair 

generation initially, which in turn increases the carrier concentration, resulting in high photocurrent, but when light is turned off. 
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  The photocurrent rise and decay characteristics are another important aspect for characterization of defects in film. 

Slow rise and decay of photocurrent upon illumination which are accurately measured. The photocurrent is dependent on the 

wavelength of excitation and increases as applied voltages. In present study, the deposited film shows a slow rise and decay of 

photocurrent indeed always indicates the existence of high defect density in the films. This slow rise and decay of photocurrent is 

attributed to the presence of trap levels in the band gap. [16] Slower increase up to a longer time may be because of slow release 

of trapped electrons. The decay shows a fast decrease due to recombination followed by a slow variation [17]. 

To measure the rise and decay of photo conductivity with time, light was turn on and rise of current was measured as 

function of time. While when light was turned off and the decay of current as function of time. By plotting the graph of photo 

conductivity (photo current) and time, it is clear from the characteristics that the photo current initially rises fast then becomes 

slows, saturating after certain time. The behavior of rise and decay curves is similar at different intensities. When light is turned 

off, initially photo current decreases fast and after a few seconds it decrease steadily with respect to time [18,19]. 

Figure 7 shows the information regarding switch ON and OFF time for the CuInSe2 thin film. The thin films shows quick 

ON time (120 sec.) and fast OFF time(160 sec.) 

6. Conclusion 

Nanocubes CuInSe2 thin films were prepared by simple and inexpensive chemical bath deposition technique. The 

structural, surface morphological and micro-structural properties confirm that the as-prepared CuInSe2 thin films are 

nanocrystalline in nature. XRD study confirms phase of CuInSe2.The elemental analysis conformed that as prepared thin films 

were nonstiochiometric in nature. The analysis of the recorded AFM 2D image of the thin film surface showed presence of 

spherical grains having coalescence between them. The 3D AFM image showed spike like growth on the film surface. The photo 

decay methods are employed both for investigation of the photo-sensitive, photovoltaic’s and photo switching devices. 
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