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ZnSe films were deposited on glass substrates keeping the substrate temperatures, at room temperature (RT), 
75, 150 and 250 °C. The films have exhibited cubic structure oriented along the (111) direction. Both the 
crystallinity and the grain size increased with increasing deposition temperature. A very high value of 
absorption co-efficient (104 cm-1) is observed. The band gap values decrease from a value of 2.94 eV to 
2.69 eV with increasing substrate temperature. The average refractive index value is in the range of 2.39 – 
2.41 for the films deposited at different substrate temperatures. The conductivity values increases 
continuously with temperature. Laser Raman spectra showed peaks at 140.8 cm-1, 246.7 cm-1 and 204.5 cm-1 

which are attributable to 2TA LO phonon and TO phonon respectively. 
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1 Introduction 

Polycrystalline zinc selenide (ZnSe) thin film is an important promising material for optoelectronic devices 

such as light emitting diodes, ultrasonic transducers, photodetectors [1]. Due to larger direct band gap around 

2.7 eV at room temperature, ZnSe thin film have also attracted considerable interest in their applications in 

photovoltaic devices, for instance, ZnSe has been used to increase the open circuit voltage of solar cells [2]. 

Recently, ZnSe becomes an attractive material as the window layer of CuInSe2 based solar cells [3].  

ZnSe film has been prepared by various growth techniques, such as molecular beam epitaxy (MBE) [4], 

metalorganic chemical vapour deposition (MOCVD) [5], atomic layer epitaxy (ALE) [6], electro-deposition 

[7], chemical bath deposition [8], photochemical [9], spray pyrolysis [10], and thermal evaporation [11]. In 

addition, advances in low temperature epitaxial growth techniques such as MBE and MOCVD had been 

demonstrated to achieve high quality II–VI compound semiconductor films. The substrate temperature of ZnSe 

film grown by MBE was reported in the range from 250 °C to 450 °C [12]. 

In order to lower the production cost and to realize large-scale production, ZnSe films have been deposited 

on various substrates, such as ITO glass [13], glass [14], silicon [15] and silica substrates [16]. Currently, ZnSe 

film deposited on glass substrate becomes a very promising issue for optoelectronic application. The device 

performance has been demonstrated to be influenced by the structural properties of the deposited film [17]. The 

structural parameters such as the crystallinity, lattice constant, grain size, strain, dislocation density and crystal 

orientation depend strongly on the growth conditions such as growth temperature and Se/Zn ratio [18]. 

Recently, the influence of substrate temperature on compositional, structural, optical and electrical properties 

of polycrystalline ZnSe films has been reported [11], and the influence of Se/Zn ratio on the grain size and 

photo-conducting properties has also been investigated [19]. In this paper, ZnSe film has been deposited on 

glass substrates by the Electron beam evaporation (EBE) technique. The growth of ZnSe films is carried out as 
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a function of substrate temperature and the films were characterized for their structural, optical, electrical and 

surface morphological properties. 

2 Experimental 

ZnSe films were deposited on glass substrates maintaining the temperatures at RT, 75, 150 and 250 °C. 

Substrate temperature was selected from the analysis of the TGA result of the ZnSe powder. The vacuum was 

10-6 Torr during deposition of the films. Film thickness was measured by the stylus Profilometer (Mitutoyo). 

Crystallinity and orientation of the films were studied by X-ray diffraction(XRD) analysis using CuKα 

radiation from an Xpert pro PANanalytical XRD unit. Optical transmission spectra were recorded at room 

temperature using a UV-Vis-NIR spectrophotometer. Surface morphological studies were conducted by using a 

Molecular Imaging system atomic force microscope. Laser Raman spectra were recorded using Renishaw Invia 

Laser Raman microscope using a 18 mW 633 nm He – Ne laser. Electrical resistvity measurements were 

performed by making aluminium (Al) contacts. 

 

  
 

Fig. 1 XRD patterns for the ZnSe films 
deposited at different substrate temperatures 
(a) RT ( b) 75 oC (c) 150 oC (d) 250 oC. 

 

Fig. 2 (αhν)2 vs hν plot for the ZnSe films deposited 
at different substrate temperatures (a) RT (b) 75 oC (c) 
150 oC (d) 250 oC. 

 
Table 1 Lattice parameter, Grain size, strain, stress and dislocation density of ZnSe films deposited at 
different substrate temperatures. 
 

Substrate 
Temp (°C) 

Thickness 
(nm) 

Lattice para-
meter a (Ǻ) 

Grain size 
(nm) 

stress dyne 
cm-2 (x 1010) 

strain 

(x10-4) 
dislocation density 

(x1016cm-3) 
R.T 220 5.576 12.2 0.061 2.82 61.12 
75 235 5.561 17.1 0.134 2.01 32.01 
150 224 5.642 21.6 -0.074 1.61 21.00 
250 240 5.647 32.8 -0.072 1.10 9.36 

3 Results and discussion 

X-ray diffraction studies indicated that the films are polycrystalline having the fcc zinc blende structure 

irrespective of the substrate temperature. Figure 1 shows the XRD pattern of the films deposited at different 

substrate temperatures. It is observed that the films exhibit highly preferred orientation along the (111) 

direction. No other peaks are observed which confirms the formation of single phase ZnSe. The associated 
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micro structural parameters for the ZnSe films deposited at different temperature are presented in table 1. The 

deviation in the lattice parameter values from the bulk value observed in the present case clearly suggests that 

the grains in the films are under stress. Such behaviour can be attributed to the change of nature, deposition 

conditions and the concentration of the native imperfections developed in thin films. This results in either 

elongation or compression of the lattice and the structural parameters. The density of the film is therefore 

found to change considerably in accordance with the variations observed with the lattice constant values 

[20,21]. The increase of lattice parameter with increase of substrate temperature suggests that the grains were 

strained in the as-deposited film possibly due to the appreciable concentration of the native imperfections.  

The grain size is observed to increase from about 12 to 32 nm with substrate temperature. The stress 

developed at higher substrate temperatures is likely to be due to the formation of native defects developed from 

the lattice misfit or dislocations. The defects have a probability to migrate parallel to the substrate surface with 

the surface mobility greatly influenced by the substrate temperature so that the films will have a tendency to 

expand and develop an internal tensile stress. This type of change in internal stress is always predominant by 

the observed recrystallization process in polycrystalline films. The stress relaxation is mainly considered as due 

to dislocation glides formed in the evaporated films. The decrease of internal stress beyond 75 °C may be 

attributed to a decrease in dislocation density. It is observed that the microstrain variation exhibits a slow 

decreasing trend up to 75 °C and decreases afterwards with further increase of substrate temperature. The 

reduction in the strain and dislocation density with substrate temperature may be due to the movement of 

interstitial Zn atoms from the bulk of the grain to its boundary region which dissipate to larger area leading to 

reduction in concentration of lattice imperfections. Similar trend has been observed earlier [11,18]. 

The degree of preferred orientation in cubic ZnSe thin films can be assessed by calculating ratio of the peak 

intensity of (111) plane to the intensity of (220) plane. The degree of preferred orientation of the films is found 

to decrease when the internal stress and microstrain are stronger. Similar behaviour is observed with increasing 

dislocation density. Such behaviour shows the degree of preferred orientation is the measuring index given the 

essential characteristics of the inherent defect states. An increase in the height of the XRD peak indicates 

preferred orientation which in turn is expected to enhance considerably the reduction process of the 

imperfections originating from lattice misfit in the EB evaporated ZnSe films. Venkatasubbaiah et al. [22] have 

observed the same defect characteristics for the ZnSe films prepared by the close space evaporation technique. 

A close analysis of the dependence of the above microstructural parameters on the substrate temperature 

indicates that the degree of preferred orientation along with the other microstructural features are more 

prominent than the crystallite size for films with low thickness. This type of correlation is observed and 

reported by earlier workers [18,23] for other II-VI thin films like CdSe as well.  

The optical properties were studied by recording the transmittance and absorption spectra of these ZnSe 

films in the wavelength range 400 – 2000 nm. The sharp rise in the absorption curve below 500nm confirms 

the highly crystalline and monophase nature of the deposited films. The absorption co-efficient (α) values 

calculated from the transmittance data are about 104 cm-1 near the absorption edge as well as in the visible 

region. A plot of (αhν)2 vs hν (Fig. 2) is linear the absorption edge confirming the direct band gap transition in 

ZnSe films. Extrapolating the straight line portion of these plots to the hν axis and from the point of 

intersection on the hν axis , band gap values in the range 2.94 – 2.69 eV are observed for the films deposited at 

different substrate temperatures. The band gap values are blue shifted from the standard value of Eg (bulk) 

(2.60 – 2.70 eV). This may be attributed to the increase of crystallinity and highly oriented nature as well as to 

the reduced crystallite size of the deposited films. As the substrate temperature increased the crystallite size 

also increases as revealed from XRD studies. The red shift in the absorption edge with increase in grain size 

can be assigned to the quantum size effect. Such a red shift has been reported for chemically deposited ZnSe 

[24]. The red shift in the bandgap with increase of particle size can be predicted by the three dimensional 

confinement model based on effective mass approximation [25] ΔEg = Eg
eff - h2π2/ 2μR2, where, 1/μ = (1/me

* + 

1/ mh
*), where Eg

eff is the effective band gap energy, Eg is the bulk band gap energy, R is the particle radius, h 

is the Planck constant, μ is the reduced effective mass and me
* and mh

* are the electron and hole effective 

masses respectively. 

The optical transmittance variation (Fig. 3) was studied in the wavelength range of 400 – 2000 nm for the 

films deposited at different substrate temperature. The transmittance spectra exhibit interference fringes. The 

refractive index was calculated from the transmission spectra by the envelope method [26] using the following 

equations: 

n = [N + (N2 - ns
2)]2 (1) 
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N = (ns
2 + 1)/2 + 2ns(Tmax - Tmin)/ Tmax Tmin (2) 

where ns is the refractive index of the substrate, Tmax and Tmin are the maximum and minimum transmittances at 

the same wavelength in the fitted envelope curve on a transmittance spectrum. Figure 4 shows the variation of 

the refractive index for the films deposited at different substrate temperatures. The refractive index is nearly 

constant about 2.39 – 2.41 in the visible region. Beyond the absorption edge region, there is a sharp rise in the 

refractive index value. However, a small increase is observed in the average refractive index values for the 

films deposited at higher temperatures. This can be attributed to the improved crystallinity of the ZnSe films at 

higher temperatures. The value of the refractive index is comparable with the value of 2.457 reported for 

vacuum evaporated films [17]. 

 

  
 

Fig. 3 Optical transmittance behaviour of ZnSe 
films deposited at different substrate temperatures 
(a) RT (b) 75 oC (c) 150 oC (d) 250 oC. 

 

Fig. 4 Refractive index graph for the ZnSe films 
deposited at different  substrate temperatures a) RT 
b) 75 oC c) 150 oC and d) 250 oC. 

 

  
 

Fig. 5 EDAX spectrum for the ZnSe films deposited 
at a substrate temperature of 250 oC. 

 

Fig. 7 Raman spectra for the ZnSe films deposited at 
different substrate temperatures (a) RT and (b) 250 oC. 

 

 
 

Fig. 6 Three dimensional (3D) topographic AFM images of ZnSe fims deposited at different substrate temperatures (a) 
RT (b) 75 oC (c) 150 oC (d) 250 oC. (Online color at www.crt-journal.org) 
 

Compositional analysis was done for the films deposited at different substrate temperatures. Figure 5 shows the 

EDAX spectrum of the films deposited at 250 °C. The films deposited at room temperature (RT) had a 

selenium rich composition (Zn: 45.1% and Se : 54.9 %), as the substrate temperature increased the composition 

changed to zinc side. For the films deposited at 250 °C, the composition was Zn: 51.0%, Se: 49.0 %. The 
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silicon peak is due to the silica glass substrate. This value is in agreement with the data on chemically 

deposited ZnSe films [24]. 

When a temperature gradient is maintained at the opposite ends of a semiconductor film, thermo power is 

generated, due to which a thermo emf (electromotive force) is developed. The temperature difference 

maintained at the two ends of the film tends to drive the majority carriers from the hot end to the cold end. This 

is the cause of the thermo emf. The semiconductor is placed on a metal plate (also films deposited on either 

conducting substrates or non-conducting substrates) and a heated metal is connected to the metal base through 

a multimeter. One end of the metal base, which is connected to the multimeter, is called the cold junction and 

the hot tip is the hot junction. When the semiconductor is momentarily touched with the hot probe, the current 

flows from the cold junction to the hot junction for n-type semiconductor and for the p-type, current flows 

from the hot to the cold junction. The results of this study indicates that the ZnSe films deposited by the EB 

evaporation technique exhibit p-type behaviour. 

Figure 6 shows the atomic force microscopic images of the EB evaporated films deposited at different 

substrate temperatures. The films exhibit a uniform surface with fine grains. The average value of surface 

roughness is about 0.12 nm. As the substrate temperature increased the grain size also increased with a coarse 

morphology. The grain size is observed to increase from about 25 nm to 65 nm as the substrate temperature 

increased from 30 °C to 250 °C. The surface roughness also increased to 0.67 nm for the films deposited at 

higher substrate temperatures. The grain size obtained by the EB evaporation technique is lower than those 

obtained by thermal vacuum evaporation [27]. 

The values of resistivity of the films are in the range of 106 Ωcm. This high resistivity is due to the excess 

selenium present in the films. The value reduces to 3.05 x 105 Ωcm as the substrate temperature increased to 

250 °C. This is due to decrease in selenium content in the ZnSe films deposited at higher temperatures as 

evident from EDAX studies. The value of resistivity is lower than the resistivity values obtained with thermally 

evaporated and chemically deposited ZnSe films [27,28]. 

The Raman spectra of the films exhibit LO and TO phonons at 246.7 cm-1 and 204.5 cm-1. The intensity of 

the peaks increased with substrate temperature. Figure 7 shows the Raman spectrum of the films deposited at 

RT and 250 °C. A peak corresponding to 2TA is also observed at 140.8 cm-1. Similar observations were 

reported earlier by Lu et al [26]. From previous reports, the LO phonon frequency of crystalline ZnSe films 

was 254 cm- 1 and that of single crystal ZnSe was 255 cm-1 at room temperature and for ZnSe polycrystalline 

nanoparticles, the TO and LO phonon frequencies were observed at 210 and 255 cm-1 respectively, and exhibit 

a broad Raman peak due to the high surface to volume ratio of small particles [30]. In this work, the LO and 

TO phonon peaks of the ZnSe films are shifted towards the lower frequency, which may be due to the effect of 

small size. 

4 Conclusions 

The results of this study indicate that uniform and device quality ZnSe films with cubic structure can easily be 

deposited by the EB evaporation technique. Films with direct band gap in the range of 2.69 – 2.94 eV can be 

deposited. Films with grain size in the range 25 – 65 nm can be obtained. Thus the EB evaporation technique 

possesses the advantage of growing ZnSe films with nanocrystalline grains and low resistivity compared to the 

thermal vacuum evaporation technique. 
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