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Abstract: In this paper, Spray pyrolysis was applied to deposit Tellurium thin film on glass substrates at 498 ± 283 K in order to investigate 

the influence of thickness on the electrical and optical properties of the prepared thin films. The film thicknesses were measured in situ by 

weighting method. The thicknesses were from (150 to 800) nm.  X-ray diffraction results showed that the Te thin films formed were 

polycrystalline with hexagonal structure. The effect of film thickness on the electrical properties of the films was investigated by Hall 

Effect measurement through the analysis of the I-V plots. The conductivity of the films and carrier concentration were highly increased 

when the films became thicker. Transmission and absorption spectrum of the prepared thin film had been recorded using UV-VIS-NIR 

spectrophotometer in the photon wavelength range of 300 - 2000 nm. The values of some important optical parameters of the studied films 

(absorption coefficient, and optical band gap energy) were determined using these spectra. The transmittance showed better results when 

thicknesses were being increased. In addition, the absorption coefficient is higher for thinner films and decreases for thicker films showing 

little dependence for absorption coefficient on thin film thickness in infra-red region of the wavelength. It was found from the optical 

properties studies that the type of transition of Te film is direct transition. Also, the optical energy band gap was evaluated for different 

thicknesses. The results have shown that the optical energy band gap was increased by the increase of thickness. Experiments and 

measurement results are presented. 
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1. Introduction 

Due to their structural, electrical and optical properties, Tellurium 

thin films are widely used in various technological areas, 

especially in microelectronic devices such as gas sensor [1-3], 

optical information storage [4] and other applications [5-7]. 

Recently researches have shown that Tellurium films may be used 

for detection of harmful gases at room temperature such as NO2, 

CO, NH3, and H2S [8], selective surface devices among them [9], 

IR detectors, strain sensitive devices and thin film transistors. All 

these applications are due to remarkable physical properties of Te 

such as low band-gap and transparency in the infrared region [10-

11].  

The electrical conductivity studies are aimed at understanding the 

origin of the charge carrying species and the way in which they 

move through the thin films and its type. Also, knowledge of 

electrical properties of thin films is helpful in material study and 

characterization for device fabrication. Moreover, knowledge of 

optical constants of a material such as optical band gap, refractive 

index and extinction coefficient is quite essential to examine 

material’s potential optoelectronic applications [12]. Further, the 

optical properties may also be closely related to the material’s 

atomic structure and electronic band structure. On the other hand, 

the optical behaviour of materials is important to determine it’s 

usage in optoelectronic devices. The electrical properties of 

semiconductors are strongly dependent upon the band gap [13]. 

Hence, accurate characterizations of electrical and optical 

properties are essential in thin films applications. 

Various researches have characterized Tellurium films prepared by 

evaporation method [14-15]. Chemical spray deposition is a low 

cost and convenient method has recently been utilized to prepare 

thin polycrystalline films of a wide variety of compound 

semiconductors by a number of investigators among them [16][ 

Recently, Tellurium thin film has been prepared by chemical 

spray-pyrolysis [17]. Also, both electrical and optical properties of 

the prepared thin film have been investigated [10]. However 

obtaining Te films with superior electrical and optical properties 

suitable for device applications is still a technological challenge. 

Many researchers have shown that the film thickness has a strong 

influence on the optical absorption among them [18]. In the present 

work, we report the effect of thickness on electrical and optical 

properties in the wavelength range from (300 to 2000) nm of Te 

thin films deposited on glass substrate by chemical spray pyrolysis. 

Optical process or absorption method was implied to determine the 

band gap energy. Also, electrical resistivity and conductivity were 

determined. The experiment and calculations results are presented 

and the most important factors are discussed.  

2. Experimental and Measurement Techniques 

2.1.  Film Deposition Method  

Spray pyrolysis is a processing technique being considered in 

research to prepare thin and thick films. Unlike many other film 

depositions, spray pyrolysis represents a very simple and relatively 

cost-effective method (especially with regard to equipment costs). 

It offers an extremely easy technique for preparing films of any 
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composition. The method has been employed for the deposition of 

dense films, porous films, and for powder production. Even 

multilayered films can be easily prepared using this versatile 

technique. In this paper spray pyrolysis method is suggested to 

fabricate Tellurium thin films in order to investigate the effect of 

film thickness on both electrical and optical properties. Typical 

spray pyrolysis set up used in this work to prepare the thin films 

under study consists of glass nozzle, compressor carrier gas, 

substrate heater, and temperature controller. The general schematic 

of a spray pyrolysis deposition process is shown in Fig. 1. 

 

 

Figure 1. The schematic of the spray pyrolysis setup  

A series of experiments were conducted to prepare samples of 

Tellurium thin films with different thicknesses using the schematic 

shown in Fig. 1. The thicknesses of Te thin films prepared for 

studying electrical and optical properties are in the range of (150- 

800) nm. 

 

2.2.  Thin Films Preparation 

The thin films of Te with different thicknesses used for electrical 

and optical properties measurement are prepared by spray 

pyrolysis technique utilizing the set up shown in Fig. 1. The spray 

pyrolysis technique consists of spraying a solution containing a 

soluble salt of Tellurium onto a heated substrate. For Tellurium 

thin film preparation, A Tellurium dioxide TeO2 with molecular 

weight of 159.6 gm/mol is dissolved in Hydrochloric acid (HCl) 

with concentration of 37%. The acid was added and mixed with 

0.399 gm from TeO2 in order to prepare solution with 0.1 M after 

that distillation water was added to obtain solution of Tellurium 

salt according to the following chemical reaction equation [19] 

 

           TeO2 + 4HCl ═ TeCl4 + 2H2O                    (1) 

and 

           TeCl4  ═ Te + 2Cl2          at 498 ± 283 K      (2) 

This solution was sprayed onto a heated glass substrate using 

compressed air as a carrier gas. The glass substrate rested on  steel 

surface which was heated indirectly by an electrical resistance 

heater. The steel surface temperature was monitored with 

thermocouple to provide a reference temperature. The exact 

temperature of the substrate surface was unknown and varied as a 

function of the heater temperature, the spray rate and the surface 

coverage. The substrate was Borosilicate with dimensions of 26 

mm x 20 mm and thickness of 0.4 mm. The reason for using small 

thickness of substrate glass in our work is to prevent producing a 

big difference between the temperature of the upper and lower 

surfaces of the glass and providing a uniform temperature. The 

substrate temperature during deposition approximately 498± 283 

K depending on spray rate. The time of one spray is 1-2 seconds 

and stop time for another spray is 30 seconds with gas flow rate of 

35 L/min to yield thin films of thicknesses in the range of (150-

800) nm. For measurement of Hall Effect, it is necessary to deposit 

four contacts in form of Ag strips made on the surface of the film 

by vacuum evaporation method. The strips dimensions are 4 mm 

in length, 4 mm in width, 0.4 μm in thickness and separated by 1 

cm. The I-V measurements were taken by using a Keithley Source 

Meter.   

Film thickness (t) in our study is an important parameter in the 

study of film electrical and optical properties. The thicknesses of 

prepared Te films were measured using weighting method which 

depends on the weight difference of the substrate before and after 

deposition processes of thin film. The weight difference is 

employed by a sensitive electronic microbalance, in this method 

the substrate was weighted before the deposition (m1) and after the 

deposition (m2) and the thickness of the films was obtained using 

(3) 

                 t = (m2 – m1)/ ρA                                (3) 

where ρ is the density of the film material (g/cm2) and (A) is the 

area of the film (in cm2). 

3. Results and Discussion 

In order to get a better insight into the nature of the prepared film 

in the present work, X-ray diffraction study was made to determine 

its structure and to identify the components and phases. The X-ray 

diffraction pattern of sprayed Te is shown in Fig. 2. It is clear from 

the figure that the spectrum of Te exhibits sharp peaks at 2θ equal 

to 23o, 27.5o, 38.1o, 40.4o, 47o, 49.6o, 56.9o which correspond to 

diffraction from (100), (101), (102), (110), (200), (201), and (202) 

planes of the hexagonal Te phase respectively . Both peaks highest 

and peaks position are in good agreement with ASTM X-ray 

powder file data for hexagonal Te (4-0554)[20]. Also, Fig. 2 shows 

that the film was polycrystalline in nature and only one phase was 

indicated in the film.  

 

Figure 2.  X-Ray diffraction of the prepared thin film. 

The topographical properties of the film was investigated by 

optical reflection (Leitz-Metallux3) with magnification factor of 

200 and shown in Fig. 3 (a, b, c) for thicknesses of 150 nm, 300 

nm, and 500 nm respectively. The process of deposition of Te 

showed that the film was silver coloured, Also from Fig. 3, several 

droplets are shown including overlapping of the disk shapes on the 

surface as they are being deposited. The lighter surface of Te thin 
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film as shown in Fig.3 (a) is for the thinner thin film (150 nm). This 

is due to that the droplet number density on the surface is not 

sufficient to ensure the formation of a thin film as compared to that 

shown in Fig. 3 (b) with thickness 300 nm, where it can be seen a 

good homogeneity and lower roughness. This is because that the 

individual droplets may spread uniformly on the surface of the 

substrate and form lamellae that may merge to form an integrated 

thin film. For Te thin film with thickness 

(500 nm). a stacked-coin pattern with darker disks is created as 

shown in Fig 3 (c). Experimental results obtained here, however, 

suggest that Tellurium film was with good homogeneity and lower 

roughness for thin films with moderate thicknesses. 

In order to study the electrical properties and evaluate the influence 

of Te thin film thickness variation on different electrical 

parameters, a series of experiments were conducted to achieve this 

purpose. Hall Effect measurements were also 

Figure 3. The topographical surface of the prepared thin films for 

different thicknesses (with magnification factor of 200). 

(a) t = 150 nm   (b) t = 300 nm   (c) t = 500 nm 

performed to determine the type of electrical conductivity of the 

prepared thin films and the variation of carrier concentration and 

conductivity with the film thickness. The variation in Hall voltage 

with the current is shown in Fig. 4 (a, b, c, and d) for thicknesses 

of 200, 400, 600, and 800 nm respectively. It is clear from the 

figure that the film has electrical conductivity of P type. Also 

Figure 4. Variation in Hall voltage of Tellurium thin film with 

current for different thicknesses (a) t = 200 nm (b) t = 400 nm (c) 

t = 600 nm and (d) t = 800 nm  
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it can be observed from the figure that the increasing in the current 

passing through the film causes increasing in the induced voltage in 

the presence of normal magnetic field for the given thicknesses. 

Table I shows variations of carrier concentration, conductivity, and 

resistivity with thickness of the prepared films.  It is clear from the 

table that the carrier concentration increases with increasing of film 

thickness. It can also be observed that there is a clear increasing of 

conductivity values with increasing film thickness. This change of 

the electrical conductivity values may be attributed mainly to three 

different contribution due to increase of the grain size and 

crystalline degree with increasing of thickness [21] as shown in 

Fig. 5 which shows variation of  film conductivity with film 

thickness. It is clear that the conductivity slightly increases for 

thickness from (200-400) nm and it abruptly increases for large 

thicknesses from (400-800) nm. We believed that such difference 

in conductivity value of the film could be associated mainly with 

the change of carrier concentration as shown in Fig. 6. These 

results are in good agreement with those obtained by [18]. 

 

From the results of experiments and measurements, the optical 

properties of the prepared thin films were investigated and graphs 

for various thicknesses are plotted for this purpose. Fig. 7 shows 

the variation of the transmission (in percentage) with the 

wavelength. It is clear from the figure that the transmission in 

percentage increases with decreasing film thickness. The film with 

thickness of 150 nm displays a high transmittance value of 60 % 

in the infra-red region as compared to that displayed by the other 

two film thicknesses of 300 and 500 nm respectively. This is due 

to increasing of the scattering and attenuation effects with 

increasing thin film thickness. Fig. 8 shows plot of calculated 

values of absorption coefficient (α) versus the wavelength for 

 

Table 1. Comparison of the measured electrical parameters for different 

thicknesses of the prepared thin films 

Thickness 

(t) nm 

Carrier 

concentration 
(P) cm-3 

Conductivity 

σ (Ω.cm)-1 
Resistivity 

ρ (Ω.cm) 

200 2.57x1014 6.2x10-3 161 

400 9.7x1015 9.9x10-3 101 

600 3.6x1017 4.2x10-2 23.5 

800 1.47x1019 8x10-2 12 

 

Figure 5. Variation of conductivity vs.  thin film thickness. 

different thicknesses of the prepared thin film. As shown in the 

figure, thin film has high absorption coefficient at low values of 

wavelength and decreases as the wavelength increases this is 

because of high transparency of thin film at these wavelengths. 

Also it can be seen from the figure that the absorption coefficient 

is higher for thinner films and decreases for thicker films showing 

little dependence for absorption coefficient on thin film thickness 

in infra-red region of the wavelength. 

 
Figure 6. Variation of log of carrier concentration vs. log of thin  

film thicknesses 

Figure 7. Variation of Transmission (%) vs. wavelength 

 

Figure 8. Variation of absorption coefficient vs. wavelength 

 

 

 

 

 

 

In order to calculate the energy band gap of the prepared films, we 
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plotted the values of (αhν)2 versus photon energy (hν) as shown in 

Fig. 9. It is clear from the figure that a linear variation at the short 

wavelengths (high photon energy) is obtained. This indicates 

obtaining a direct energy band gap by plotting extra straight line as 

illustrated in the figure.  The energy band gaps for the prepared 

thin films are obtained from the intersection of the drawn lines of 

the indicated thicknesses with photon energy axis. These energy 

band gaps are found to be 0.68, 0.72, and 0.75 ev for thin film 

thicknesses of 150, 300, 500 nm respectively. From the figure, it is 

clearly observed that the value of energy band gap (Eg) increases 

with increasing thickness and have been attributed to the decrease 

of localized states in the band gap. The behaviour of variation of 

band gaps with thicknesses of the prepared thin films is similar to 

results reported by [13]. 

 

Figure 9. Variation of (αhν)2 vs. photon energy for different thicknesses  

 

Conclusion 

In this work, Tellurium thin film was prepared by using chemical 

spray pyrolysis to investigate the influence of variation of thin film 

thickness on the topographical surface of the prepared thin films 

and film characterization (both electrical and optical properties). 

Results of topographical surface have shown that films with 

moderate thickness resulting films with good homogeneity and 

lower roughness.   With the aid of the X-Ray diffraction we 

observed that the prepared film has polycrystalline structure with 

peaks for Tellurium with hexagonal structure. Various parameters 

related to electrical and optical properties were calculated for 

different thicknesses of Te thin film. It is observed that the 

electrical conductivity values increase as the thickness of the films 

increases. This increase of the electrical conductivity with film 

thickness could be attributed to the lesser relative contribution of 

the carrier scattering at the film surface and grain boundaries. Also, 

the carrier concentration increases as thin films increases and 

Hall's effect showed that the prepared films were of P-type. 

Experiments results have shown that the transmission increases 

with decreasing thickness of thin film, which produces absorbance 

in opposite behaviour. In addition, the absorption coefficient 

increases with decreasing thin film thickness and the thickness of 

the thin has little influence on absorption coefficient in infrared 

region. It is found that the type of transition of Te is direct 

transition. Moreover, the band gap of the film increases with the 

increase of thickness. The obtained results give possibility to use 

the prepared film in manufacturing near IR detectors and selective 

surface devices. Also, such film may have application in solar 

energy collector. 
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