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Zinc telluride (ZnTe) thin films were prepared by vacuum evaporation of polycrystalline ZnTe onto glass substrates at 300-
450K. The films were characterized by X-ray diffraction (XRD) and atomic force microscopy (AFM).The crystalline structure 
was found to be cubic (zinc blende). The film crystallites are preferentially oriented with (111) planes parallel to the 
substrates XRD patterns and AFM images have been used to determine the microstructural parameters (crystallite size, 
lattice parameter) of investigated films.The optical bandgap (Eg=1.95 eV-2.40 eV) determined from absorption spectra 
indicates direct band-to-band transitions. The effect of the deposition conditions and post-deposition heat treatment on the 
structural and optical properties has been studied. 
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1. Introduction 
 
Zinc telluride (ZnTe) thin films are widely used in 

modern technologies of solid-state devices (light-emitting 
diodes, solar cells, photodetectors, etc.) because of its 
excellent characteristics, namely large energy bandgap, 
low resistivity, high transparency in visible spectral 
domain, etc. [1-4]. 

For this compound, there is a very sensitive and 
complex dependence of film microstructure on preparation 
method and deposition conditions [5-8]. 

In this connection, many studies have recently been to 
establish deposition conditions in order to obtain ZnTe 
films having a particular crystalline structure and 
morphology [2-6,9]. 

In a series of previous papers [8,10,11], we have 
studied some electronic transport and optical properties of 
vacuum evaporated ZnTe thin films. 

In this paper we extended these investigations by 
studying the dependence of microstructural and optical 
properties (transmission and absorption spectra) on the 
film thickness deposition conditions and post-deposition 
heat treatment. 

 
2. Experimental procedure 
 
ZnTe thin films were prepared by thermal evaporation 

under vacuum (p~10-5 Torr) of ZnTe polycrystalline 
powder (99.999% purity), using the quasi-closed volume 
technique [12,13]. Tungsten boats were used as 
evaporation sources. 

Source temperatures Tes were monitored by Pt/Pt-Rh 
thermocouples which were attached to the bottom of the 
boats. The values of Tev ranged between 1000 K and          
1250 K.  

Films were deposited onto glass substrates. A 
chromel-alumel thermocouple, which monitored substrate 
temperature, was attached to the front surface of the 

substrate. The substrate temperature was varied from           
300 K to 450 K. 

The film thickness was determined by the multiple-
beam Fizeau fringe method [14] at reflection of 
monochromatic light, λ=550 nm. For investigated samples, 
film thickness ranged between 0.13 µm and 2.80 µm. 

The film structure was analysed by X-ray diffraction 
(XRD) technique (using a DRON-2 diffractometer and 
CoKα radiation). 

The surface morphology was studied by means of 
atomic force microscopy (AFM). 

The temperature dependence of the electrical 
conductivity has been studied on surface-type cells 
[13,15]. Thin indium films were used as electrical ohmic 
contacts. 

The experimental arrangements for study of the 
electrical conductivity on the temperature are described in 
our previous papers [8,15-17]. 

Optical transmission and reflection spectra (in the 
wavelength range from 300 nm to 1400 nm) were recorded 
using a double beam spectrometer PMQII (C.Zeiss). 

The absorption coefficient, α, was calculated from 
expression [15,18] 

( )211 ln
R

d T
α

−
=                                   (1) 

Where d  is the film thickness, and R and T  
represent the reflection and transmission coefficient, 
respectively. 

 
3. Results and discussion 
 
3.1 Structural characteristics 
 
Analysis of XRD patterns (Fig. 1a) indicates that the 

studied samples are polycrystalline and have a zinc blende 
(cubic) structure. 
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Fig. 1a). XRD patterns for samples R.024 and R.253                
b) Nelson-Riley  plots  for  accurate measurement  lattice  
                     constants of ZnTe thin films. 

 
Different diffraction peaks were identified and the 

corresponding values of interplanar spacing, dhkl (h,k,l are 
Milles indices), were calculated from the Bragg equation 
[19,20] 

2 sinhkld nθ λ=                             (2) 
 

and compared with the standard values [1,2] 
The lattice parameter, a , for ZnTe cubic phase 

structure was determined by the relationship [19] 
 

      ( )
1

2 2 2 2
hkla d h k l= + +                              (3) 

 
The values of the interplanar spacing and cubic lattice 

parameters are indicated in Table 1. The corrected values 
of lattice parameter are estimated from Nelson-Riley                   
[19-21] method. Consequently, Nelson-Riley function 

 

( )
2 21 cos cos

2 sin
f θ θθ

θ θ
⎛ ⎞

= +⎜ ⎟
⎝ ⎠

                        (4) 

 
(where θ is Bragg angle) is calculated and the Nelson-
Riley plots are represented for different diffractograms. 

In this method the value of lattice parameter is 
determined by extrapolating of Nelson-Riley functions 
to ( ) 0f θ → (Fig. 1b). The obtained values was              
a=6.142 Å. 
             

Table 1. Structural characteristics of some samples. 
 

Sampled d 
(µm) 

Ts 
(K) 

(hkl) 2θ 
(deg) 

dhkl 
(Å) 

a 
(Å) 

β2θ 
(mrad)

D 
(nm) 

(111) 29.2 3.540 6.089 2.90 57.3  
R.024 

 
0.235

 
293 (222) 60.8 1.766 6.110 7.65 24.4 

(111) 29.2 3.540 6.089 3.90 42.2 
(220) 48.9 2.160 6.109 4.25 41.6 
(311) 58.2 1.840 6.102 7.14 25.8 

 
 

R.253 B 
 

 
 

2.528

 
 

450 
 (222) 60.9 1.766 6.110 5.78 32.3 

(111) 29.3 3.540 6.089 3.90 42.6 R.253 A 
 

2.528 450 
 (222) 60.9 1.766 6.110 6.63 29.3 

 
 (hkl), Miller indices of the planes; d, film thickness; Ts, 
substrate temperature; β2θ fullwidth at half-maximum of 
diffraction peaks; D, crystallite size; A, after heat 
treatment; B, before heat treatment. 

The XRD patterns show (Fig. 1a) that the film 
crystallites are preferentially oriented with (111) planes 
parallel to the surface substrate (in addition to other 
prominent reflections (222), (220)). 

The high degree orientation is observed for films with 
smaller thickness (d < 0.4 µm). At greater thickness the 
orientation of film crystallites is changed. 

After a heat treatment (consisting of several 
successive heating/cooling cycles within the temperature 
range, ∆T=300-475K [8,10,11,17]), a significant increase 
of peak intensities, corresponding to (220) and (311) plane 
take place. For films with greater thickness a characteristic 
peak for tellurium crystals at about 2θ=450 [12] has been 
observed. We consider that this behavior is due to 
tellurium excess atoms in the films. These atoms may 
diffuse at crystallite boundaries and form Te 
microcrystallites for films with greater thickness. The heat 
treatment favours this effect (Fig. 1). 

The crystallite size, D, was determined using the 
Debye-Scherrer formula [19-21] 
 

( ) 1
2 cosD k θλ β θ −= ∗                   (5) 

 
where k is the Scherrer constant (k=0.90[19]),λ denotes 
the wave length of used radiation (for CoKα, λ=1.7889 Å), 
β2θ is the full-width at half-maximum of the peak 
considered. 

For studied samples, the crystallite size (ranged 
between 24 nm and 58 nm), increases with increasing film 
thickness and substrate temperature (from 300 K to 450 K).  

For samples with greater thickness (d > 0.4 µm) the 
heat treatment little influenced crystallite size (Table 1). 
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b) 
Fig. 2. AFM image (1µm×1µm) for sample S.036 
(d=0.358 µm) a) -before heat treatment: Rrms=1.405nm; 
Rabs=1.107nm  b) -after  heat  treatment:  Rrms=1.960nm;  
                                   Rabs=1.530 nm 

 
                        a)                                                         

 
b) 

Fig. 3. AFM image (1µm×1µm) for sample S.128 
(d=1.28 µm), a) -before heat treatment (Rrms=4.650nm; 
Rabs=3.680nm),  b) -after heat treatment  (Rrms=9.020nm;  
                                Rabs=6.230 nm). 

 

Figs. 2 and 3 show the typical AFM images for 
studied samples. We observe that the films have a grain-
like surface morphology. The AFM images provide some 
quantitative data about the surface roughness and 
crystallite size of the studied thin forms, as shown in Table 
2 and Fig. 4. 

 
Table 2. Roughness of the film surface. 

 
Sample d(µm) Ts(K) Rrms Rabs 
T.168 1.697 313 4.06 3.02 
T.200 2.000 313 3.69 2.61 
T. 052 0.523 298 2.99 2.01 
T.075 0.749 298 1.68 1.31 
R.026 0.257 313 1.42 1.05 
R.253 2.525 473 8.92 5.81 

 
d, the thickness thin films; Ts, the support temperature; 
Rabs, the average roughness and Rrms, root mean square 
roughness. 
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b) 

Fig. 4. The histograms sample R.253: a) -before heat  
              treatment; b) -after heat treatment. 
 
 
The average roughness, Rabs increases from 1.05 nm 

to 5.81 nm and the root mean square roughness, Rrms, 
increases from 1.42 nm to 8.92 nm, when the films 
thickness increases between 0.257 µm and 2.525 µm. 

 The crystallite size distribution for two studied 
samples is represented in Fig. 4. 
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After heat treatment, the films show an enlargement 
of the large crystallites and the structure is also strongly 
densities. This process is accompanied by a reduction of 
the crystallite high. 

 
3.2 Optical properties  
 
It is known, that in the vast majority of papers 

studying optical properties of polycrystalline 
semiconducting films the effect of crystallite boundaries 
are neglected  on the assumption that such influences on 
the optical properties are usually small [13,15,22]. 

Relating to optical absorption, it was experimentally 
established that absorption spectra of the polycrystalline 
semiconducting films possess an additional absorption 
peak (compared to single-crystal films) for photon 
energies less than energy bandgap [22]. This absorption is 
not important for ZnTe which is a semiconductor 
compound characterized by direct opticalgap [1-4]. 

The optical transmission spectra are shown in Fig. 5 
for two ZnTe films with different thickness. It can be 
observed that, generally, the transmission is high which 
can be attributed to the improvement in structure and 
stoichiometry of the films. After heat treatment the 
transmission coefficient strongly decreases (Fig. 6). This 
effect is due to presence in films of tellurium 
microcrystallites (this fact is confirmed by XRD patterns), 
which have a greater absorbance in the visible domain 
[18,24]. 
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Fig. 5. Transmission spectra for samples R.024 and R.026.                  

400 600 800 1000 1200 1400
0.0

0.2

0.4

0.6

0.8

1.0

Sample R.026
          d=0.257 µm

 before heat treatment
 after heat treatment

T

λ (nm)

 
Fig. 6. Effect of the heat treatment on the transmission 

spectra (sample R026). 

The estimation of the spectral dependence of 
absorption coefficient was calculated using a method 
elaborated by Swanepoel [25,26]. This method (which has 
been used in a series of our papers [8,10,15,16]) take into 
account the anvelopes around the interference maxima, 
TM, and minima, Tm, due to multiple reflections at the film 
interfaces.  

The shape of the absorption edge is determined by the 
characteristics of optical interband transitions (Fig. 7) 
[14,18,22]. 

For allowed direct transitions (neglecting exciton 
effects), the energy dependence of the absorption 
coefficient, α, near the band edge is described by the 
expression [14,18,22,27] 

 
           2/1)( ga EhAh −υ=υ⋅α                         (6) 

 
where hυ  is incident photon energy, aA  denotes a 
characteristic parameter (independent of photon energy) 
for respective transitions, and gE  is energy bandgap, (at 

wavevector 0k =
r

). 
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Fig. 7. Spectral dependence of absorption coefficient for  
                            different ZnTe thin films.  
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Fig. 8. Dependence (αhν)2 =f(h ν) for studied samples. 
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In vicinity of fundamental absorption edge, according 
to Eq. (6), the dependence ( ) ( )2h f hα υ υ=  must be linear. 
Fig. 8 shows this dependence for three studied samples 
and confirms the direct nature of band-to-band transitions. 
The optical energy gap, gE , was determined by 

extrapolating the linear portions of ( ) ( )2h f hα υ υ=  
dependences to ( )2 0hα υ = . For studied samples the optical 
bandgap values ranged between 1.95 eV and 2.40 eV, 
which are in good agreement with the values of bandgap 
width reported for ZnTe crystals [1,2,28]. 

 
 
4. Conclusions 
 
A study on the crystalline structure and morphology 

of vacuum evaporated ZnTe thin films has been made by 
X-ray diffraction technique and atomic force microscopy. 
The films are polycrystalline and exhibit a zinc blende 
structure. 

The optical bandgap determined from absorption 
spectra (supposing allowed direct band-to-band 
transitions) varied between 1.95 eV and 2.40 eV. 
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