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Abstract

In this work, a chemical spray pyrolysis thin film of Tellurium has been reported. The film is
deposited on thin glass substrate at temperature of 498 + 283 K to study its structure and electrical
properties. The electrical properties are studied through variation of resistivity with temperature in the
thermal range of 313 to 473 K as well as measurement of electrical conductivity and activation energy
are performed. The results of Hall's effect showed that the prepared film is P-type. X-ray diffraction
spectrum has shown that the prepared film has polycrystalline structure and peaks for Tellurium
hexagonal structure. Also, the microstructure analysis using optical microscope illustrated the contrast
of topography of this thin film which showed highest homogeneity and regularity.
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1. Introduction

In the last years, the interest for the study of the electronic transport and optical
properties of Tellurium thin films has been intensified due to their importance for
various practical applications such as infrared detectors, thermoelectric devices, thin
film transistors, and solar cells (Athwal, et al, 1988; Rusu, 2001). Recently
researches have shown that Tellurium films may be used for detection of harmful
gases at room temperature such as NO,, CO, NHj3, and H,S using thermal vacuum
evaporation method deposited on ceramic substrate ([Sen, et all , 2008; Tsiulyanu, et
al, 2011). Sen Shashwati et al. have shown that the prepared tellurium thin film has p-
type conduction due to lattice defects acting as acceptors. There is a need for
development of a low cost solar cells which would permit utilization of solar energy.
Chemical spray deposition (spray pyrolysis) is a low cost process which has recently
been utilized to prepare thin polycrystalline films of a wide variety of compound
semiconductor by a number of investigators among them (Boone, et al, 1982;
Thiyagarajan, et al, 2009). The advantages of this method compared with vacuum
deposition techniques are the very low equipment costs that are involved. For coating
large areas, the low deposition efficiency of spray pyrolysis has an adverse effect on
the cost of material. Only a small fraction of the material supplied will be deposited
onto substrate (Sefert, 1984). Also, this method is to prepare thin films for
compositions with high melting temperature, which is difficult to be prepared by
other techniques like CdTe (Boone, et al, 1982). In this work, chemical spray
pyrolysis is used to prepare Tellurium thin film on a glass substrate. We report here a
detail instigation of the structural and electrical properties of this film.
2. Experimental Details

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 TeO, with molecular weight of 159.6 gm/mol is dissolved in
Hydrochloric acid (HCI) with concentration of 37%. The acid was added and mixed
with 0.199 gm from TeO, in order to prepare solution with 0.05 M after that a
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distillation water was added to obtain solution of Tellurium salt according to the
following chemical reaction equation (Encyclopedia of chemical technology, 1980):

TeO, +4 HCl = TeCl, + 2H,0
and
TeCly = Te+2Clp at 498 £ 283 K

This solution was sprayed onto a heated glass substrate using Nitrogen as a
carrier gas. The glass substrate rested on stainless steel surface which was heated
indirectly by an electrical resistance heater. The entire apparatus was located inside a
glove box. The stainless steel surface temperature was monitored with thermocouples
to provide a reference. 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 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 rate flow of 35 L/min to yield a thin film of
thickness of 380 nm by using weighting method. A photograph of the spraying
pyrolysis system (University of Technology) used in this work is shown in fig. 1.

A series of experiments were conducted in order to measure X-ray

diffraction and determine the crystalline structure of the prepared thin film using X-
ray diffraction instrument with the specifications of Source Cu-Ka and wavelength of
1.54050 A°. The spacing plane is calculated and the results were compared with the
standard ASTM X-ray powder file data as illustrated in table 1. The electrical
conductivity of the prepared film is measured using Keithley 619 electrometer and the
electrical resistance was measured as a function of temperature within the range from
313 to 473 K. From the results of resistance measurements, the resistivity is calculated
using the following formula:

p=(RWUL) (1)

Where L is the distance between thin film poles (in cm), W is the width of the
pole (in cm), t is the thickness of thin film (in cm) and R is the resistance of the thin
film (in Q). The conductivity of the prepared thin film is calculated from the
resistivity using the following formula:

o=L/p=(L/RWt) (2)

Also, activated energy can be calculated from the plot of (In 6 ) versus the
inverse of the temperature (1/T). The slope of the plot determines the activated
energy as given the following formula:

6 = 6o eXp - (Eact/2KgT) 3
and
Ea = 2Ksg. slope 4
From measurement of Hall's effect, we can calculate Hall's coefficient (Ry) using the
following formula:
RH = (VH / IX)
(V' B,) (®)

Where (Vy / 1)) is the slope of the linear relationship between Hall's voltage and
external current, t film thickness (in cm), and B, is the density of the applied
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magnetic field (in Tesla). From the calculated Ry, we can obtain the carrier
concentration given by (Jones,1987):
P=(1/Ry.e) (6)

Where e is electron charge. The mobility of the carrier charge is calculated from the
following formula:
lle = G.RH (7)

Where o is the electrical conductivity at room temperature (Q.cm)™

3. Results and Discussion

To get a better insight into the nature of the prepared film, 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, the spectrum of Te exhibits sharp peaks at 20 equal to 23°
27.5°,38.1°,40.4°,47°,49.6°,56.9°which correspond to diffraction from (100), (101),
(102), (110), (200), (201), and (202) planes of the hexagonal Te phase respectively (
Rusu, 2001). Both peaks highest and peaks position are in good agreement with
ASTM X-ray powder file data for hexagonal Te (4,0554). Also, fig.2 shows that the
film was polycrystalline in nature and only one phase was indicated in the film. The
topographical properties of the film was investigated by optical reflection (Leitz-
Metallux3) with magnification factor of 200 and shown in fig. 3. The process of
deposition of Te showed that the film is silver colored. Experimental results obtained
here,  however, suggest that  Tellurium  film  was  homogenous.
The electrical properties of the prepared thin film were studied through variation of
the resistivity with the temperature in a thermal range from 313 to 473 K as well as
measurement of electrical conductivity as shown in fig. 4. From relationship (2) and
fig. 4, at low temperature, the conductivity increases slowly and their after a rapid
increase is observed ( Rusu, 2001). The increasing in the electrical conductivity as
the temperature increases is a behavior of semiconductor. This is because of
increasing in carrier concentration due to the breakage in electrons covalent bonds.
On the other hand, the increasing of conductivity with temperature is due to that the
prepared thin film is polycrystalline so that with increasing temperature, the grain
volume increases accordingly which leads to increase the probability of producing
tunnels by electrons from one grain to another. This reduces the scattering in the grain
boundary. Fig. 5 shows the plot of the In of conductivity versus the inverse of the
temperature (1/T) of Tellurium film. As shown, the film exhibits three activation
energies with values of 1.7 ev, 0.17 ev, and 0.157 ev respectively. We observed
increasing in the activation energy with increasing temperature . This is due to that the
conductivity of the thin film and the activation energy increase with temperature as
given in formula (3). The variation in Hall voltage with the current is shown in fig. 6.
It is clear that the film has electrical conductivity of P type (Sen, et al, 2008) and the
calculated Hall coefficient using formula (5) has positive value. From the plot we
observe that the increasing in the current passing through the film causes increasing in
the induced voltage in the presence of normal magnetic field, From formula (6), the
concentration of charge carrier is calculated to be 1.52x10%cm

4. Conclusions
In this work, Tellurium thin film is prepared by using chemical spray pyrolysis.
With the aid of the X-Ray diffraction we observed that the prepared film has
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polycrystalline structure with peaks for Tellurium with hexagonal structure. Also the
experimental results have shown electrical conductivity increases with increasing
temperature within thermal range 313 to 473 K . The increasing in electrical
conductivity as the temperature increases is a behavior of semiconductors and
Tellurium film exhibit three activation energies of 1.7 ev, 0.17 ev, and 0.157 ev
respectively. Hall's effect showed that the prepared film was of P-type and the
calculated concentration of charge carrier is 1.52x10**cm™. 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
because of high absorptivity of sun light. The obtained results of this work are in good
agreement with the known patterns of standard X-ray diffraction data file (Table 1).
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Table 1: 4-0554 MINOR

CORRECTION
- d %VE) 11, hkl
3.86 20 100
Air Blower 3230 100 101
Gilass Noz7le 2351 37 102
2.228 31 110
Heater Thermocouple 2087 L 3L
1.980 8 003
1.930 4 200
1.835 20 201
1781 7 112
1.759 2 103
1.616 12 202
Temperature Controller 1479 13 113
1.459 8 210
1417 8 211
1313 7 104

Figure 1 A photograph of
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Figure 2: X-Ray diffraction of Tellurium thin film.
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