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Abstract

The IV-V semiconductors are of great importance due to their applications in various
electro-optic devices. Thin films of zinc oxide doped Tin oxide (ZnO-Sn0,) were prepared by
physical vapour deposition method. The ZnO-SnO; thin film was deposited on glass substrate at
a pressure of 10~ torr. This paper is aimed at studying the behavior of zinc oxide doped tin oxide
on the thin films which were fired at 450°C temperature for 30 minutes in air atmosphere. The
ZnO-Sn0; thin films were characterized by scanning electron microscopy (Morphological). The
UV-VIS absorption spectrum shows an absorption band at 385 nm due to Zn0-Sn0O; thin film
annealed at 450°C.The energy band gap of ZnO-Sn0O, thin film calculated by Tauc relation. The
D.C resistance of the films was measured by half bridge method in air atmosphere at different
temperatures. The films showed decrease in resistance with increase in temperature indicating
semiconductor behaviour. The TCR, activation energy and specific resistance of films were
evaluated at 450°C temperatures.

Keywords: ZnO-SnO, thin films, UV-visible Spectroscopy, TCR, resistivity, activation

energy.
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1. Introduction

The last several decades, All transition metal oxides have been exploited in many
challenging fields of Solar cells, Energy, nanomaterials, Computer science, defense, Opto-
electronics devices. Among transition metal and metal oxides, the IV—V semiconductors are of
great importance due to their applications in various electro-optical devices [1]. The
semiconductor metal oxide gas sensors like SnO, ZnO, WOs etc. have been studied due to their
range of conducting variability and their strong response to reducing as well as oxidizing gases
[2-3]. The Zinc oxide (wurtzite) and Tin oxide (T etragonal) is an n-type semiconductor with
band gap energy about 3.37 Ev and 3.6 eV at room temperature respectively while the optical
band gap of Zno-SnO; thin films were in the range 3.5-3.62 eV, depending on the deposition
conditions.[1].It is cheap, nontoxic and has strong oxidizing power, high photochemical
corrosive resistance, good electrical, optical and piezoelectric behavior. The methods for
preparation of thin film have been used by the researchers to synthesize metal oxide thin films in
various structured forms. Some of the methods are chemical vapour deposition [4], spray
pyrolysis techniques [5], sputtering [6], activated reactive evaporation [7] etc. Physical Vapour
Deposition (PVD) method is straight forward and simple one. It has several advantages of this
method [8] such as (a) Minimum impurity concentration in the film, (b) sublimation of materials
at lower temperature under vacuum, () considerably large mean free path of the vapour atoms at
lower pressure and hence a sharp pattern of the film is obtained, (d) wide substrate selection.
Another advantage of this method is that evaporation yields a large number of films of uniform
thickness. The deposition of thin film takes place in four stages [9, 10].Moreover, the post
treatments like annealing, etc. are important, too in obtaining the desired phases and the
stoichiometry. Annealing of films is a necessary step to control grain growth, altering the
stoichiometry of the film, introducing dopants and oxidizing the film, inducing compressive
stresses in the film are some of the reasons for post-film deposition processing [11]. Therefore,
in this paper, we prepared ZnO doped SnOs thin films on the thoroughly cleaned glass substrates
and were sintered in muffle furnace for 60 minutes to allow sufficient oxidation. These samples
were further annealed at 450°C. The Electrical and optical properties of the samples were studied

and discussed.
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2. Experimental Work

ZnO-8nO; thin films were prepared by thermal evaporation method using a vacuum
coating unit at 107 torr pressure. Initially Glass substrates were thoroughly cleaned by hot
chromic acid to remove contamination. They were then rinsed with distilled water followed by
acetone. Finally the substrates were dried under IR lamp at 80-100°C. The high purity Zinc
(99.99%, 100 g) thin foils and pure Tin metal granular (99.99% Pure, 100 mg) obtained from the
Loba Chemicals Ltd., were placed in single boat in the Hind High Vacuum coating unit at a
pressure of 107 torr.

The clean glass substrates were placed in the substrate holder nearly 12 cm above the
tungsten boat carrying materials. In this method, Tin was first evaporated by appropriate current
passing through tungsten basket using dimmerstat and later zinc to get bilayer of Zn-Sn thin
films. The deposited film samples were annealed at 450°C for 30 minutes to inter-diffuse Zn and
Sn elements for constant temperature [12].

2.1 Material Characterization

The optical UV- Visible spectrophotometer model UV-1900 was used to record
absorbance spectra of Zn—Sn thin films at room temperature. The thickness of the ZnO-SnO; thin
films were measured by gravimetric method. The film thickness (d) of ZnO-SnO; thin films was
measured by gravimetric methods (+100A) using the relation [13]

Where

A - Surface area of the film, M - Mass of the film material, p - Density of the film
material. The above techniques of thickness measurements agreed within +10% for very thin
films.

The electrical measurements were carried out by using the half bridge method. The
electrical resistance of the ZnO-Sn0O, thin film samples was calculated by the relation [14]. Sheet
resistivity (ps) of each thin film samples was calculated from the dimension of the film samples.
Sheet resistivity (p;) = p/t, where p = resistivity of ZnO-SnO, thin film resistors, t = thickness of
the thin film samples. The effect of temperature on the resistance was studied to determine the
TCR and calculated as
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TCR:l(ARi) 1fC 2. 0)
R \AT

where AR = change in resistance between temperature T, and T, AT = temperature
difference between T and T», R, = Initial resistance of the film sample. Using Arrhenius relation,
the activation energy of thin film samples were evaluated

: R=Re2EXT s )

Where R, is constant, AE is the activation energy of the electron transport in the
conduction band, K is Boltzmann constant and T is Absolute temperature.
3. Result and Discussion

3.1. UV-Visible Spectrophotometer Analysis

The UV-visible optical absorption spectra were measured from a double beam
spectrophotometer in the range 200-800 nm. A record spectrophotometer (BSR UV-VIS-NIR
Model No.UV-1900) was used for these optical measurements of ZnO-SnO,thin film samples
deposited on glass substrate fired at different temperature.
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Fig:1. Absorbance spectra of Zn0-SnO; thin film samples fired at 450°C.
Figure 1, It is seen that the absorption spectrum of ZnO doped SnO; thin films deposited
on glass substrate fired at 450°C exhibits a shoulder at 360 nm along with an ill-defined band at
385 nm. The variation of optical density with wavelength was analyzed to find out the nature of

transition involved and the optical band gap. The wavelength at which ‘o’ rises suddenly
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corresponds to the band gap energy estimated [15]. The absorption coefficient is found to be 0.1 5
supporting the presence of direct band gap. The energy band gap found to be 3.22 eV.
3.2. Scanning electron micrographs of ZnO-SnO, thin film.

C 5 T ey |

Fig.2. Scanning electron micrographs of ZnO-Sn0O, thin film deposited on glass substrate
fired at 450°C.

Figure 2 shows the typical SEM micrographs of ZnO doped SnO,thin film deposited on
glass substrate fired at 450°C for studying the surface morphology. The SEM micrographs of
ZnO doped SnO; thin films fired at 450°C shows polycrystalline structure with number of pores
distributed on the surface of the film, basically due to evaporation of organic solvent during the
firing of the films. The average particle size being 157nm at 450°C was observed for the ZnO
doped SnO; thin films deposited on glass substrate.

3.3 Electrical Analysis

The DC resistance of the ZnO doped SnO; thin films fired at 450°C, was measured using
half bridge method as a function temperature. The resistance of thin films decreases with
increase in temperature showing semiconducting behavior. Figure 3(a) shows the resistance
variation of ZnO doped SnO, thin films fired at 450°C temperatures in air. ZnO doped SnO,thin
film samples exhibited three regions of resistance similar to semiconducting materials prepared
screen printed thin film resistors. The plot shows different conduction region such continuous
fall of resistance, an exponential fall region and finally saturation region. Any increase in

temperature of thin film causes the electrons to acquire enough energy and cross the barrier at
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grain boundaries. There is a decrease in resistance with increase in temperature indicating
semiconducting behavior [16], obeying R=RO e AFKT i1 the temperature range of 50 to 400°C.

The initial value of resistances at room temperature of the ZnO-SnO, thin films fired at
450°C are evaluated. The resistance of the ZnO-SnO; thin film at room temperature is 428560
Mohm.
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Fig.3 (a) Variation of resistances with Fig.3(b) Variation of Log R with
temperature of ZnO-SnO, thin film reciprocal of temperature of ZnO-SnO,
samples fired at 450°C. thin films fired at 450°C.

Figure 3(b) shows Variation of Log R with reciprocal of temperature of ZnO-SnO, thin
films fired at 450°C.This variation is reversible in both heating and cooling cycles obeying the
Arrhenius equation R=Roe X7 1t is seen that the curve has two distinct regions of temperature
namely low temperature region (323 to 433°K at 450°C) and high temperature region (553 to
663°K_ at 450°C). The activation energy in the lower temperéture region is always less than the
energy in the higher temperature region because material passes from one conduction mechanism
to another. From lower to higher temperature region, activation energy decreases, because a
small thermal energy is quite sufficient for the activation of the charge carriers to take part in
conduction process. In other words, the vacancies/defects weakly attached in lattice can easily
migrate. Hence increase in the conductivity in the lower temperature region can be attributed to

the increase in charge mobility.
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The value of Sheet resistivity, TCR and activation energy of the ZnO doped SnO, thin
films fired at temperatures of 450°C is summarized in Table i

Table:1. TCR, Sheet Resistivity and Activation Energy of ZnO doped SnO, thin films
fired at 450°C [Thickness of film samples: 8um]

Firing | TCR, x Sheet Activation Energy, eV

Temp | 1073 (/0C) | Resistivity ps | Low Temperature | High temperature

‘c) x10"'Q/o Region Region

450 6.209 0.26785 0.26697 0.83348
Conclusion

Zinc oxide doped Tin oxide based thin films deposited on glass substrate using Physical
vapour deposition technique. The SEM micrographs of ZnO doped SnO, thin films fired at
450°C shows polycrystalline structure with number of pores distributed on the surface of the
film. The average particle size being 157nm at 450°C was observed for the ZnO doped SnO, thin
films deposited on glass substrate. The Pure and ZnO doped SnO, thin film resistors was
observed to be semiconducting behaviour and showed a negative TCR. From optical studies, the
maximum absorption of spectra of ZnO doped SnO, was found to be 0.15 at 450°C. The energy
band gap found to be 3.22 eV. The DC resistance of thin films was measured by using half
bridge method as a function of temperature. The resistance of doped Tin Oxide thin films
decreases with increase in temperature indicating semiconductor behaviour. It also shows porous
between the particles basically due to evaporation of the organic solvent during the firing of the
films.
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