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Vanadium doped zinc telluride (ZnTe:V) thin films of various thicknesses for a particular 
composition of 2.5wt% V were deposited onto glass substrates by e-beam evaporation 
technique in vacuum at a pressure of 8×10-4 Pa. The deposition rate of the ZnTe:V films 
was maintained at 2.05 nms-1. The optical properties of ZnTe:V thin films for different 
film thicknesses have been studied in detail. Structural study of the films was performed 
by x-ray diffraction technique and it was found that the films are mixed crystalline in 
nature. Surface morphological study was done by using SEM technique. EDAX method 
was also used to determine the elemental composition in deposited thin films. The optical 
properties of as-deposited and annealed ZnTe:V films for different thicknesses were 
studied in the wavelength range 300 < λ < 2500 nm, respectively. For both types of 
samples, the values of the Urbach tail energy, optical band gap, refractive index, extinction 
coefficient and real part of dielectric constants were evaluated for different film 
thicknesses, respectively. Evaluation of these parameters may help in view of their 
technological applications in selective surface as well as in optoelectronic devices. 
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1. Introduction 
 
ZnTe is a low cost semiconducting material of the II-VI family. This crystal is usually a 

cubic, zincblende type in structure with lattice constant ao = 6.1034 Å. Like most of the ZnTe 
crystals is normally a semiconductor. In thin film, it is more insulating than the bulk. Usually, it is 
a material of high absorption coefficient [1] and shows a p-type [2, 3] in nature. ZnTe has direct 
[1, 4] transition of wide band gap [1] of 1.7 to 2.4 eV at room temperature. ZnTe has recently been 
focused of great interest due its low cost, wide band gap and high absorption co-efficient for 
application to photovoltaic [5] and photoelectrochemical cells [6-9]. It is a promising compound 
for development of various solid state devices including the blue light emitting diodes [10, 11], 
laser diodes [12], solar cells [10-12], microwave devices [13] and various optoelectronic devices 
[14-16].   

Literature reports [17, 18] indicate that the ZnTe exhibits improved photorefractive 
response when it is doped with vanadium. Vanadium is believed to be a suitable impurity in ZnTe 
and it has attractive use in a variety of applications including optical power limiting, optical 
computing and optical communication [18]. Since optical response is of great importance for many 
device applications, many efforts have been made to obtain optical response. Although there have 
been a number of investigations on the ZnTe films by a number of researchers, no systematic study 
appears to have been done on the structural and optical properties of ZnTe thin films in particular 
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using vanadium as a dopant. Hence, there is a need to systematic study, on structural and optical 
properties of vanadium doped zinc telluride (ZnTe:V) thin films deposited by e-beam technique. In 
this paper, we present and discussed on the structural and optical properties of e-beam deposited 
ZnTe:V thin films in view of their applications in optoelectronic devices. 

 
 
2. Experimental 
 
ZnTe:V thin films have been deposited onto glass substrate from the mixture of ZnTe 

powder (99.999% pure) and vanadium powder (99.999% pure) obtained from Aldrich Chemical 
Company, USA using electron bombardment heating technique in vacuum at a pressure of ~8×10-4 
Pa. The films of different thicknesses for a particular composition of 2.5wt% V were deposited 
onto glass substrate at room temperature. One mask was used for the deposition of the samples. 
The deposition rate of all films was maintained at 2.05 nms-1. The substrate-holder was at about 
0.09 m above the source material. A mechanical shutter was operated from outside, isolated the 
substrate from the evaporant. 

The deposition chamber was thoroughly cleaned with emery paper and cotton wool by 
wetting acetone and was then dried with a dryer (model: HP4514). A small quantity of source 
material was loaded into clean cermet-hearth based on the source turret. Cleaned substrate was 
placed on the substrate-holder and the chamber bell jar was then placed on the base plate. When 
the chamber pressure reduced to 8×10-4 Pa, deposition was then started with beam current 40-50 
mA by turning on the low-tension control switch of electron beam power supply (EBS) unit. 
Details of the film deposition process were reported by author’s work [19]. After completing the 
deposition, taking them out from the vacuum chamber, the film thickness was determined by the 
Tolansky interference method [20] with an accuracy of ±5 nm. 

ZnTe:V thin films are annealed by a specially designed heater. A flat nichrome wire strip 
heater covered with mica sheet has been used to heat the film devices. In the heating cycle, the 
temperature of the film is increased to 473 K, held there for 3 hours and then it is cooled in air. 
This annealing procedure is maintained for all annealed films. The temperature is measured by a 
digital thermometer (England, model: Stk.610-067) with chromel-alumel thermocouple placed on 
the middle of the substrate. The heating and cooling rate is kept at about 10 K/min for each 
sample.  

The structural, surface micrographs, elemental composition and spectral measurements of 
ZnTe:V thin films of thickness 100 to 250 nm for both as-deposited and annealed films were done 
by using x-ray diffraction (XRD) technique, scanning electron microscopy (SEM), energy 
dispersive analysis of x-ray (EDAX) method and double beam spectrophotometer, respectively.   

 
 
3. Results and discussion 
 
3.1. Structural study 
 
The structure of as-deposited and annealed ZnTe:V thin films of different thicknesses for a 

particular composition of 2.5wt% V were examined by x-ray diffraction (XRD) technique with the 
monochromatic Cu-Kα radiation using an apparatus, RINT 2200, Rigaku, Japan. Peak intensities 
were recorded corresponding to 2θ values. Figs. 1(a) and (b) illustrate the XRD spectra of a 150 
nm thick as-deposited and annealed ZnTe:V thin films of composition 2.5wt% V onto glass 
substrate, respectively. In Fig. 1(a) of as-deposited ZnTe:V films, three peaks are observed at 2θ 
values of 34.16o, 39.26o and 42.85o, respectively. These peaks correspond to the phases with plane 
V6O11 (022), Zn (100) and ZnTeO3 (124), respectively. These phases and planes are found from the 
JCPDS cards [21, 22, 23], respectively. For annealed ZnTe:V film of Fig. 1(b), four peaks are 
observed at 2θ values of 31.67o, 34.37o, 36.26o and 41.69o, which correspond to V4O9 (410), V2O5 
(310), Zn (002) and ZnTe (220) phases with plane, respectively. These phases and planes are also 
found from the JCPDS cards [24, 25, 22, 26], respectively. 
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(a) 
 

(b) 
Fig. 1. XRD spectra for a 150 nm thick (a) as-deposited and (b) annealed ZnTe:V thin films 

of composition 2.5wt% V. 
 
 

In annealed condition, the XRD peaks show up more prominently than that of as-deposited 
one. This could be attributed to the more crystalline nature of the annealed films. Moreover, the 
XRD study shows a number of oxide phases present in the author’s samples. This oxide phases are 
formed after deposition by oxygen particles absorbed from the environment replacing one or two 
of the host elements in ZnTe:V. So, examination of both as-deposited as well as annealed ZnTe:V 
thin films exhibit the structure of the sample is of a mixed crystalline in nature. 

 
3.2. Surface morphology study 
 
The surface morphology of the as-deposited as well as annealed ZnTe:V thin films of 

various thicknesses were observed by scanning electron microscopy (SEM) using Philips, Model: 
XL-30, operated at accelerating 10 KV potential. Figs. 2 (a) and (b) show the SEM micrographs of 
surface morphology for a 100 nm thick as-deposited and annealed ZnTe:V thin films of 
composition 2.5wt% V, respectively. From both the micrographs, it shows that the film surfaces 
are dense and compact in nature. In the case of as-deposited ZnTe:V thin film, a few numbers of 
small-size-dots or pits were observed distributed randomly over the whole sample. After 
annealing, the dots or pits were removed and a very smooth surface morphology was obtained. 
From the study of as-deposited as in Fig. 2(a) and annealed as in Fig. 2(b) films, it is concluded 
that the film surfaces are dense, smooth and have a compact in nature. Due to the limitation of 
available SEM system, it was not possible to capture high magnification images of our samples.   

 

 
(a) 

 
(b) 

Fig. 2. SEM micrographs of 100 nm thick (a) as-deposited and (b) annealed ZnTe:V thin film of 
composition 2.5wt% V. 
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3.3. Elemental composition study 
 
The analysis of the chemical compositions for the as-deposited as well as annealed 

ZnTe:V thin films of thickness 100 nm was estimated by using the method of energy dispersive 
analysis of x-ray (EDAX). The results of elemental compositions are shown in Table 1. It is seen 
from Table 1 that for a 100 nm thick as-deposited and annealed ZnTe:V samples, the elemental 
composition of V and Zn do increase in annealed case compared to that of as-deposited one 
whereas, the Te composition is seen to decrease in annealed case. So, the EDAX study suggests 
that author’s ZnTe:V samples are non-stoichiometric in nature. 

 
 

Table 1. Estimated elemental compositions of V, Zn and Te by EDAX method. 
 

EDAX results Thickn
ess 
nm 

Composit
ion 

wt% V 
V (wt%) Zn (wt%) Te (wt%) 

Remarks 

100 2.5 02.63(±0.51) 41.98(±0.59) 55.39(±1.02) As-deposited 
100 2.5 03.55(±0.41) 42.45(±0.43) 54.00(±1.07) Annealed 

 
 
3.4. Optical study 
 
To measure the optical properties of ZnTe:V thin films for different thicknesses of a 

particular composition 2.5wt% V deposited onto glass substrate, Perkin-Elmer lamda-19, 
(UV/VIS/NIR), double beam spectrophotometer was used. For each sample of different 
thicknesses, transmittance and reflectance spectra were measured as a function of wavelength in 
the 300<λ<2500 nm ranges, respectively.  

Fig. 3(a) shows the transmittance spectra of as-deposited ZnTe:V thin films as a function 
of wavelength for 100, 150, 200 and 250 nm thicknesses, respectively. From this figure it is 
observed that the transmittance value decreases with the increase of film thickness for all 
investigated samples. This behavior is well agreed with the report of other worker [27]. From this 
figure, it is also found that the transmittance value of thick 250 nm sample shows anomaly in near 
infrared region from 1351.11 to 1711.67 nm, respectively. For each sample of ZnTe:V thin films, 
the reflectance data were measured as a function of wavelength. Fig. 3(b) shows the reflectance 
spectra of as-deposited ZnTe:V thin films for different thicknesses of a vanadium composition 
2.5wt% V as a function of wavelength in the range 300 < λ < 800 nm. All reflectance spectra of 
the samples of this figure show the interference in nature in visible and near infrared region. 

 

 
(a) 

 
(b) 

Fig. 3. (a) Transmittance and (b) reflectance spectra of as-deposited ZnTe:V thin films of 
composition 2.5wt% V for 100, 150, 200 and 250 nm thicknesses, respectively. 

 



25 
 

The absorption coefficients α of the ZnTe:V thin films of a composition 2.5wt% V for 
different thicknesses were calculated from the measured transmittance and reflectance data using 
the following relation as Pankove [28].   
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where T is the transmittance, R is the reflectance, ko= (αλ/4π) is the extinction coefficient, λ is the 
wavelength used and t is the thickness of t he films.  The absorption coefficients as a function of 
photon energy (hν) are plotted of the ZnTe:V thin films for different thicknesses and they are shown 
in Fig. 4. From this figure, it is seen that the absorption values of α increase in the region of 1.55 ≤ hν 
≤ 2.0 eV and then it continues to increasing until it reaches around the absorption value of 2.78×107 
m-1 at 3.44 eV.  
 

 
Fig. 4. Absorption coefficient (α) vs. photon energy (hν) of as-deposited ZnTe:V films for 

different thicknesses at a composition of 2.5wt% V. 
 
 

According to Tauc [29], absorption spectrum is possible to separate three distinct regions 
of amorphous as well as crystalline semiconductors. The first is weak absorption tail, which 
originates from defects and impurities; the second is the exponential edge region, which is strongly 
related to the structural randomness of the system and the third is the high absorption region that 
determines the optical band gap. Below 1.70 eV of the weak absorption tail, the absorption 
coefficient α indicates a long band tail in the absorption curves, which may cause due to defects 
and impurities of the samples [30].  
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Fig. 5. Plot of lnα vs. hν for different thicknesses of as-deposited ZnTe:V thin films at a 

composition of 2.5wt% V. 
 
 

In the exponent edge (from 1.70 to 2.0 eV), the values of absorption coefficient α for 
ZnTe:V thin films lie in the absorption regions of 0.56×107 < α < 2.36×107 m-1. In this range, the 
absorption coefficient is governed by the following relation as Urbach law [31], 

 
)E/hexp( e0 να=α                                                                         (2) 

 
where αo is a constant, hν is incident photon energy and Ee is the width of band tail or Urbach tail 
energy. Using Eq. 2, the obtained data of lnα is plotted as a function of photon energy (hν) for 
different film thicknesses which are shown in Fig. 5. From the slope of these curves, the calculated 
values of Ee for different film thicknesses are tabulated in Table 2, respectively.  

 
Fig. 6. Plot of (αhν)2 vs. hν for ZnTe:V films of different thicknesses at a particular 

composition of 2.5wt% V. 
 
 
In the high absorption region (>2.0 eV), α can be represented by the relation as Pankove [28], 
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                                                                  (3) 

where B is constant depending on the transition probability, Eg is the optical band gap and P is an

To calculate the refractive index n and extinction coefficient ko, the method suggested by 
Manifac

 

)Eh(Bh g
P−ν=να

 
 

index that characterizes the optical absorption process and is theoretically equal to 2, 1/2, 3 or 3/2 
for indirect allowed [32], direct allowed [1], indirect forbidden and direct forbidden transitions, 
respectively. The usual method for determining the value of the band gap Eg involves with the 
plotting a graph of (αhν)1/P versus photon energy (hν) in accordance to Eq. 3.  If an appropriate 
value of P is used to obtain a linear plot, the value of Eg will be given by the intercept on the hν 
axis. To apply this relation for author’s sample under investigation, a number of curves based on, 
(αhν)1/2, (αhν)2, (αhν)1/3 and (αhν)2/3 as a function of hν are plotted (not shown) and it is seen from 
all the plots that the best fit plot is the plot of (αhν)2- hν which covers the widest range of data. The 
best fit plots (αhν)2 vs. hν of ZnTe:V samples for different thicknesses are shown in Fig. 7. 
Similarly, all optical parameters are evaluated of annealed ZnTe:V thin films (not shown) for 
different film thicknesses. The band gaps Eg obtained by extrapolating the curves to (αhν)2 = 0 for 
direct allowed transition and their values for the samples of different thicknesses are ranged of 
1.92 to 2.49 eV, respectively. The corresponding calculated values of constant B (using Eq. 3) lie 
in the range of 0.30×108 to 1.10×108 m-1-eV1/2 and they are also tabulated in Table 2. The author’s 
result of Eg for ZnTe:V sample does agree well with that of ZnTe value reported by the Rusu et al. 
[1].  

ier et al. [33, 34] is used. The refractive indices are calculated using Manifacier’s formula 
by using the iterative method and the same iterative method is used for ZnTe thin film by Amutha 
et al. as [27]. 
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where R1 = (n + na)(ng + 1), R2 = (n - na)(ng - 1) are the absorption coefficients, n, na, ng are the

Table 2. Evaluated optical parameters of ZnTe:V thin films of composition 2.5wt% V for 

 
As-deposited thin films Annealed thin films 

 
refractive indices of the film, air and glass substrate, respectively. The real part of dielectric 
constants ε1 of ZnTe:V films were calculated using the formula ε1 = n2 – ko

2 for different 
thicknesses at a particular composition of 2.5wt% V. 

 

different thicknesses. 

Thickn
Ee 

(  
Eg 

(  (m ) 
ko ε1 Ee 

(  
Eg 

(  (m ) 
ko ε1 esses 

(nm) eV) eV)
B×108 n 
 -1eV1/2  eV) eV)

B×108 n 
 -1eV1/2

100 1.29 2.49 0.85 2.98 0.  8.54 3.07 0.68 8.96 58 1.63 2.33 0.88 
150 0.82 2.48 0.81 2.94 0.53 8.36 1.04 2.26 1.10 3.00 1.06 7.88 
200 1.17 2.29 0.30 2.92 0.34 8.41 1.15 2.20 0.87 2.96 0.86 8.02 
250 2.14 2.27 0.44 2.89 0.39 8.20 2.01 1.92 0.54 2.93 0.72 8.07 

 

Table 2 shows the evaluated values of optical parameters of as-deposited as well as 
anneale

 

d ZnTe:V thin films for different thicknesses at a composition of 2.5wt% V. It is seen from 
the table that the values of band gap, Eg refractive index, n and constant, B decrease with 
increasing film thickness in both as-deposited and annealed films. It is also found that the Urbach 
tail energy, Ee and extinction coefficient, ko (calculated at wavelength 500 nm) are found to vary 
disproportionately with film thickness. The real part of optical dielectric constant, ε1 is seen to 
decrease disproportionately in both the as-deposited and annealed films with increasing film 
thicknesses. Author’s results of refractive index of ZnTe:V thin films ranges from 2.89 to 3.07 and 
their results do agree well with the value reported by Ziari et al. [17] and Shing [5], respectively. 
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4. Conclusions 

nTe:V thin films of different thicknesses for elemental composition 2.5wt% V have been 
prepare
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