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Chemical bath deposition has been used for depositing undoped 

and copper doped ZnSe thin films at 343 K temperature. Growth 

of the thin film requires zinc sulphate cation and sodium 

selenosulphate anion. The preparative parameters are optimized 

with an aim to obtain high quality thin films. Three different 

concentrations of Cu source are used. XRD pattern indicates the 

incorporation of copper in to polycrystalline cubic ZnSe in doped 

thin films and is confirmed by EDAX spectrum. SEM 

micrographs indicate that ZnSe dispersion in the films is 

homogeneous. UV–visible transmission spectra of the thin films 

have put into evidence that the dispersion of ZnSe nanocrystals in 

the thin film is improved their optical transmission. Room 

temperature PL spectra have shown that the addition of Cu into 

ZnSe enhanced the emission with additional green peak other than 

blue band edge emission. Electrical conductivity also modified on 

addition of Copper. 

 

 

Introduction  

 

The binary chalcogenide II-VI group semiconducting thin films are potential candidates 

in short wavelength optoelectronic devices like photovoltaic cells, lasers and light 

emitting diodes due to their novel physical properties (1-3). Metal selenides find various 

applications in light emitting devices, photovoltaic cells, optical sensors and optical 

recording materials (4-7). Zinc selenide has benign optical and luminescent properties 

with attractive characteristics which makes it promising candidate for optoelectronic 

applications (3, 8). It is an n-type wide band gap semiconducting material having direct 

band gap energy 2.7eV with unique physical properties such as high refractive index, low 

optical absorption and dispersion and high transmission in the visible and infra-red 

spectral region (9-10). ZnSe films find several applications in optoelectronic devices (11-

12), optical coatings, thin film transistors, window material in hetero junction solar cells 

(13, 14) and photo electrochemical applications (15). Polycrystalline ZnSe thin films 

have been reported suitable device applications in optoelectronics like non-toxic buffer 

layer for Cu (In,Ga) Se2 based photovoltaic cell, LED, blue green laser diodes (4-5, 16). 

 

     A vast variety of techniques are available for deposition of polycrystalline ZnSe thin 

films like Chemical Bath Deposition (CBD) (15-19), electrodeposition (20), 
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Solvothermal (21), hydrothermal (22), Successive Ionic Layer Adsorption and Reaction 

(SILAR) (12, 23-24) and Photo assisted Chemical Deposition (PCD) (25-27). In this 

work we report the investigation of effect of Cu doping on structural, morphological, 

optical and electrical properties of nano structured ZnSe thin films synthesized through 

typical chemical bath deposition (CBD). 

 

Experimental Details 

 

The chemicals used were ZnSO4, Na2SO3, selenium powder, Triethanol ammine (TEA), 

trisodium citrate (TSC) and NaOH. For the preparation of aqueous chemical bath 20 ml 

0.25 M Zinc sulphate solution was taken. Under constant stirring, 30 drops TEA was 

added in to it. The resultant solution becomes milky turbid indicating the formation of 

Zn(OH)2. Addition of sufficient amount of 4M NaOH dissolved the turbidity and the 

solution became transparent. Then 5 ml 0.1M TSC was added to the bath, followed by 20 

ml 0.25 M freshly prepared anionic source sodium selenosulphate (Na2SeSO3) solution. 

The Na2SeSO3 solution was prepared by refluxing 2gm Selenium powder and 6gm 

Sodium sulphite (anhydrous) in 40 ml water at 343 K for 5 hours under constant stirring. 

 

Sodium seleno sulphate releases Se
2- 

ions through hydrolysis in aqueous alkaline 

medium (28-29). Microscopic glass substrates of dimensions 75x25x2 mm
3
 were placed 

vertically in the chemical bath at 343 K for 1.5 hours. The properties of substrate affect 

the quality of thin films and hence substrates were well cleaned and ultrasonicated in 

distilled water prior to the deposition process.  The final pH of the solution was 

maintained at 12.25. The deposition is based on slow release of Zn
2+

 and Se
2-

 ions in the 

solution which condense on the substrate surface. ZnSe deposition occurs when the ionic 

product of Zn
2+

 and Se
2-

 exceeds the solubility product of ZnSe (14).   

 

After the deposition, the samples were thoroughly washed in distilled water, dried 

in air and annealed at 373 K for 30 minutes. This work describes the synthesis and 

characterizations of copper doped ZnSe thin films with three different weight percentages 

of dopant such as 2%, 4% and 6%. The source of dopant, Copper sulphate solution was 

added into the zinc sulphate solution. The undoped sample was named as ZS and the 

doped samples with increase in copper concentration were named ZCU1, ZCU2 and 

ZCU3 respectively.  

 

Results and Discussion 

 

The undoped and doped films appear well adherent, uniform and pale yellow in colour. 

The thickness of the samples having mass ‘m’ is estimated using the equation 

 

                [1] 

 

 

where ‘ρ’ represents the bulk density of ZnSe 5.27x103
 Kg/m

3 and ‘A’ represent the 
deposited area of the film. It is seen from Table I. that the thickness decreases with 

increase in copper concentration.  
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Structural Properties  

 

The structural properties of the thin films are studied from the X-ray diffraction 

patterns in the range 20
0
 to 80

0
 and shown in Figure 1. 

 

Figure 1. XRD spectra of undoped and Cu doped ZnSe thin films 

      

The diffraction spectra of all the samples display the polycrystalline cubic zinc 

blende phase of ZnSe with lattice constant 5.618 A
0
 (JCPDS card No: 80-0021) (30). 

Two diffraction peaks are observed along directions (111) and (200) for all samples. 

Some samples possess orientations along (311) direction also. The intensity of the peak 

(111) increases with increase in doping concentration which indicates the preferred 

direction of orientation. 

 
TABLE I.  Structural Properties of ZnSe thin films prepared via CBD. 

Sample Thickness  

(nm) 

Grain size (nm) from Micro strain 

(x10
-3

) 

Dislocation density 

(x10
15

 lines/m) 
 W-H plot FWHM 

ZS 505 26.3 28.4 5.4 1.1 

ZCU1 483 26.9 29.3 4.3 1.07 

ZCU2 459 28.8 30.1 4.27 1.01 

 ZCU3 411 31.5 32.5 3.8 0.95 

 

The peaks become sharper with increase in copper concentration represents 

enhancement of clusters and hence better crystallinity in doped films. The peaks are 

gradually shifted to higher θ values with increase in impurity concentration designating 
adhesion of Cu in to the ZnSe lattice. As a result the lattice is under compressive strain. 

The grain size D can be evaluated using Debye-Scherrer Equation (31-32) 
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              [2] 

 

 

where ‘k’ is the shape factor (k=0.94) λ the wavelength of X-ray used for 

diffraction, ‘β’ the FWHM of the XRD signal with peak position ‘θ’. The average grain 
size is found to increase with increase in copper concentration. The grain size is also 

evaluated from the reciprocal of y-intercept of the W-H plot. The plot is shown in Figure 

2. The values obtained from the two methods are comparable. The negative slope of W-H 

plots confirms the compressive nature of residual strain in the doped and undoped thin 

film lattice.  
 

According to Williamson and Hall the FWHM (β) of the XRD peaks can be 
expressed as a linear combination of micro strain (ε) and particle size (D) given by (33) 

 

                       [3] 

 

 

The slope of the plot of (β cosθ)/λ versus (sinθ)/λ gives the residual strain and the 

reciprocal of Y-intercept gives the average grain size of the sample. The micro strain can 

be determined using the tangent formula (34) 

 

                    [4]   

 

 

Dislocation density is a function of grain size and is given by the equation (35-36)  

              [5] 

 

 

The micro strain and dislocation density values are found to decrease with the 

doping concentration. This represents the improvement in crystallinity in doped films. 

The estimated values are tabulated in Table I.  

 

    
 

Figure 2. W-H plot and Figure 3. Nelson-Riley plot of Cu doped ZnSe thin films  
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The lattice parameter ‘a’ can be calculated for cubic crystal from the interplanar 
spacing ‘dhkl’ corresponding to the Miller indices h, k and l value obtained from XRD 
spectra using the relation (31) 

 

                        [6]  

 

 

The corrected values of lattice parameter are estimated from the Nelson-Riley plot 

between calculated lattice parameters for different planes and the error function (37) 

 

                            [7] 

 

 

‘a’ can be determined by extrapolating the plot to θ=900
 or f(θ) to zero. The N-R 

plot is shown in Figure 3. and the obtained values are tabulated in Table II.  The lattice 

parameters are found to approach the ideal value with rise in copper concentration and 

show slight variation in doped thin films. The deviations in lattice parameter cause stress 

and strain in the lattice.  

 
TABLE II.  Lattice parameters of undoped and Cu  doped ZnSe thin films  

Sample  Ideal ZS ZCU1 ZCU2 ZCU3 

Lattice constant (A
0
) 

form 

d-value 5.618 5.63 5.653 5.64 5.613 

W-H plot 5.652 5.678 5.673 5.653 

 

Morphological and compositional properties 

 

      

    
 

Figure 4. SEM micrographs of undoped and Cu doped ZnSe thin films (inset x1500) 
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The morphological aspects of the thin films are studied from the SEM micrographs. 

Figure 4 shows the obtained SEM images of the samples with two different 

magnifications. The film grows in two dimensions resulting in homogeneous deposition 

over the substrate surface. Uniform round shaped agglomerations without cracks are 

distributed on smooth background. The introduction of copper in to the ZnSe lattice 

considerably increased the density. The smooth background may possess amorphous 

phase of ZnSe film (38). Doping caused the fusion of spherical aggregates with increased 

density of agglomerations on the film surface, which may be a reason for variations in 

optical and transport properties of doped films. 

 

The elemental composition of copper doped Zinc selenide thin films are studied 

from the EDAX spectra. A representative EDAX spectrum of 4% Cu doped ZCU1 is 

shown in Figure 5. The spectrum contains peaks corresponding to Zn, Se and Cu. The 

additional peaks like O, Si, C, Na and Ca are associated with the composition of the soda 

lime glass substrate (39-40). The inset shows the pie diagram showing the contributions 

of Zn, Se and Cu. The obtained atomic percentages of Cu in various doped samples are 

depicted in Table III. The observed doping concentrations are in agreement with the 

expected values.  
 

TABL E III.  Weight percentage of copper in ZnSe thin films 

Sample ZS ZCU1 ZCU2 ZCU3 

Weight  % of Cu 0 1.91 3.75 5.6 

 

 

 
 

Figure 5. Representative EDAX spectrum of ZCU1 

 

Optical Properties 

 

The UV-visible absorption and transmission spectra of the undoped and copper 

doped ZnSe thin film samples are shown in Figure 6 and Figure 7 respectively. 

Absorption of the samples are very low towards the visible and IR region. The samples 

possess sharp absorption edges indicating direct transition taking place within the sample. 

The doped samples possess very low absorbance which is further reduced with increase 

in copper concentration. 

       

All samples possess uniform optical transmission values and are found to increase 

with increase in dopant concentration. The thin films doped with 4% and 6% copper have 

a uniform transmission greater than 90%. This implies that a minimum amount of copper 
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doping is required to enhance the transmission. The uniform transmission may be due to 

the increased crystallinity and uniformity on doping. Optical transmissions at 600 nm are 

depicted in Table IV. 

 

                 
 

Figure 6. Absorption spectra Figure 7. Transmission spectra of Cu doped ZnSe thin films 

 

The optical band gap values of the thin film samples are related to the optical 

absorbance values through the Tauc relation given by the relation (41) 

 

                  [8] 

 

                  [9] 

 

 

where hυ is the photon energy Eg is the band gap energy, A and n are constants. A 

depend on transition probability, temperature phonon energies. For allowed direct 

transition n=1/2. The Tauc plot is depicted in Figure 8.  

 

 
 

Figure 8. Tauc plot of undoped and Cu doped ZnSe thin films   
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It can be seen that the plot varies linearly above the band gap value. The band gap 

energies are evaluated from plot by extrapolating the linear portion of the graph towards 

the X–axis. The linear nature of plot confirms the direct transition from valence band to 

conduction band in the thin film. The optical band gap value is found to decrease on the 

introduction of Cu in to the ZnSe thin films. Further increase in copper concentration 

enhances the optical band gap energy. The decrease in band gap on the introduction of 

copper may be attributed to increased lattice scattering due to defects and sudden increase 

may be caused by the improved crystallinity. The obtained band gap energies are 

depicted in Table IV. 

 
Table IV. Optical characteristics of Cu: ZnSe thin films 

Sample Band gap (eV) Transmission at 600 nm (%) PL peaks (nm) 

ZS 2.78 51.4 458 

ZCU1 2.69 59.6 437,524 

ZCU2 2.72 93.4 456,515 

ZCU3 2.77 95.9 433, 528 

 

Photoluminescent Properties 

 

The room temperature PL spectra of copper doped zinc selenide samples excited 

with electromagnetic radiation of wavelength 350 nm are shown in Figure 9.   

 
 

Figure 9. PL spectra of undoped and Cu doped ZnSe thin films 

 

The PL spectra of all samples indicate emission peak near 450 nm resulting in the 

band to band transition of ZnSe (42). In the Cu doped samples, an additional peak related 

to Cu impurity near 520 nm in green region is also present. It is reported that the peak 

around 520 nm is attributed to trap states (43-45).  For Cu: ZnSe, two copper acceptor 

centres have reported, one at 0.4 eV above VB (530 nm) and other 0.7 eV above VB 

(620nm) involved in red emission (46-47). The observed green emission may be resulted 

from transition of electrons from CB or surface states to the 
2
T2 acceptor level of Cu

2+
, 

which is a deep level transition (48). For deep transition states, emission indicates a small 
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shift as the transition is from deep levels. This may be the reason for slight shift in 

wavelength of peak for various samples. The observed peak and EDAX spectra confirm 

the doping of copper impurity in the ZnSe crystal.  

 

Electrical properties 

 

Electrical conductivity of the films is enhanced for the doped films. The room 

temperature electrical properties of the thin film samples are analysed by the Keithly two 

probe set up. According to Ohm’s law, electrical resistance is proportional to sample’s 
length ‘L’, and resistivity ‘ρ’ and inversely proportional to sample’s cross sectional area 
‘A’ given by product of the film thickness and the width of the film. The equation for 

resistivity is given by 

 

             [10]  

 

   

The estimated values are depicted in Table V. The resistivity increases on the 

introduction of copper initially. The increased concentrations of copper impurity further 

reduced the resistivity considerably. The resistivities of all samples are of the order of 10
4
 

Ω-cm. The increased resistivity on doping may be due to the lattice scattering occurred 

on the introduction of Cu impurity. The further decrease may be attributed to the 

improvement in crystallinity, which reduced the grain boundaries.   

 
Table V. Electrical properties of Cu: ZnSe thin films  

Sample ZS ZCU1 ZCU2 ZCU3 

Resistivity (x10
4
  Ω cm) 2.86 7.25 3.62 1.94 

 

 

Conclusion 

 

Nano structured polycrystalline Cu: ZnSe thin films prepared through CBD technique. 

The effects of addition of copper impurity into crystal lattice on various physical 

properties of the ZnSe thin films were analysed. The undoped and doped samples 

crystallized in to cubic zinc blende crystal structure. Doping slightly enhanced the 

crystallinity. The thickness and crystal imperfections like micro strain were found to 

decrease on doping and grain size increased. The lattice parameters of the unit cell were 

estimated and found to approach the bulk ZnSe lattice parameters on increased 

concentration of copper.  

 

The morphology shows that doped films are more densely packed than undoped 

films. The elemental composition one of the doped samples was confirmed by EDAX 

spectra. The doped samples with 4 and 6 weight percentages showed very high 

transmission above 90%. These properties make the samples a potential candidate for 

window and buffer layer applications in photovoltaics.  

 

The optical band gap energies were first found to decrease on doping which further 

increased with copper concentration. These properties make the samples a potential 
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candidate for window and buffer layer applications in photovoltaics. The PL spectra of 

the doped sample showed an additional peak corresponding to impurity level of copper in 

addition to the band to band transition. The PL emission intensity can be tuned by 

controlling the amount of copper in the reaction bath. This may be the reason for slight 

shift in wavelength of peak for various samples. The electrical conductivity of the 

samples found to decrease on introduction of dopant which further increased with copper 

concentration. The tunable band gap, increased electrical conductivity and induced green 

emission on copper doping and enables ZnSe thin films to find application in 

optoelectronic devices.  
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