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ABSTRACT

Thin films of tin (Sn) of varying thicknesses have been deposited on glass substrates in a vacuum. After
annealing, thin films of tin were heated in an air forms tin oxide (SnO,) films. The electrical resistances as
well as conductivity of the films have been measured. The electrical resistance and conductivity are the
functions of thickness and temperature of films. SnO, thin films show effect of annealing temperature and
thickness. The activation energy has been calculated as function of thickness for low and high temperature
regions. From energy of activation, conduction mechanisms have been predicted.

Keywords: SnO, thin films, thickness, temperature, resistancsmduictivity, activation energy.

INTRODUCTION

The direct band gap of Sn@etermined to be 3.76 eV and for SnSb is 3.83 eV. Thin films of Snand
SnOy: Sb prepared on soda glass substrates by phadlysiir at 140°C. The crystallinity, transmittance and
conductivity of the films were observed with anrieglin either air or vacuum and with change in kiniess
by [1]. The earlier studies of Sp@ims were mainly on the film structure, resistiiHall effect and Optical
properties reported by[1,2]. The specimens fronstals of natural Bolivian cassiterite studied thectrical
conductance of these samples in the temperatugera@C to 500°C and found the activation energy of
0.72 eV [3]. Polycrystalline bars of stannic oxidedoped and doped with antimony in the temperatange
100 °C to 900°C were prepared by [4]. He reported the conductandée range of 1®to 1¢ Q*cm? for
doped specimen and @ ™*cm™ for the undoped.

The electrical conductivity of compressed powercémens of Sn@prepared by the oxidation of SnO ranged
from 2.5x10° to 3x10’ Q*cm™ as the oxidation temperature was varied from 8@0to 1000°C. The
electrical conductivities of number of stannic oxigdolycrystalline bars prepared from Nigerian ciasde
powder were measured in the temperature rangé€@36 650°C. The activation energy obtained in the high
temperature from three samples studied is 0.428,0aAd 0.52 eV [5]. The transparent semiconductkig
films of tin oxide involving chemical vapor phasgidation of tin iodide. X-ray diffraction studiegvealed
the polycrystalline nature of films; the sheet sé@ince was greater than 10@m and an average optical
transmission in the visible range exceeding 80% [6]
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The temperature coefficient of resistance of tindexcoated electrically conducting glass betweeaon B00

°K have been measured by [7] and the results wseel for the precision thermometry. The undoped SnO
[8] has low electrical resistance and high optitainsparency in the visible range of the electromeig
spectrum. These properties make tin oxide suitdblemany applications, particularly as an electrode
material in solar cell, light emitting diodes, tsgrarent electromagnetic shielding materials, etg [9
Numerous works have been reported concerning dagpetl undoped tin oxide thin films using various
preparation technigques such as chemical vapor démog10], thermal beam evaporation [11], and gpra
pyrolysis [12], and sputtering techniques [13]. 8ering technique has advantages among other msthod
since film deposition can be carried out at low pemature, whilst yielding the preferred orientatiand
uniform properties [14].

Furthermore, sputtering technique is known to rdpoe thin films of various types of materials espbyg

the oxides [15]. Studies on effect of substrateetgmd temperature, deposition rate, oxygen papti@ssure
and annealing temperature are widely performed Bypyrresearchers to improve the structural, eleztaad
optical properties of the sputtered thin film. Taenealing processes, for instance, are usuallyopmgd to
reduce the intrinsic stress, to improve the lattiiematch and create longer mean paths for thedieatrons
in getting better electrical conductivity [16].

From the above survey it is concluded that Sfitns find applications in diverse fields. Dissation and
formation of new species have been observed duhagacuum deposition of several oxides [17]. ldevrto
avoid the formation of amorphous and disordered Sfilths and dissociation of SnOfilms formed by
vacuum evaporation method, we obtained griilbns by oxidation of tin films for the measuremeaf
resistance as well as conductivity for various khiesses in the present investigation

MATERIALS AND METHODS

2.1 Preparation of tin thin Films

Tin metal films of varying thicknesses were obtainen backed and cleaned microscopic glass slides by
vacuum evaporation of 99.999 % pure metal with aspure of ~ 10 torr using a conventional vacuum
system. The films were thermally oxidized in airaatemperature of 4P& with an atmospheric pressure for
36-48 hours, forms tin oxide (Spfilms.

The SnQthin films were annealed at 388 for 6-8 hrs, after annealing the stoichiometrienfsl of SnQ were
used for measurement purpose. The Large area otwnitacts of evaporated Al were made at the endhef t
films.

2.2 Measurement of Thickness

The film thickness (d) of Sn{thin films was measured by gravimetric and opticderference methods,
reported by [18-20] (x100A) using the relation

M
gxA
Where
A - Surface area of the film
M - Mass of the film material
g - Density of the film material,
Both techniques of thickness measurements agretdnail0% for very thin films anda 5% for thick films.

d= cm e @)

2.3 Electrical properties
The measurement of electrical resistance of varytimgknesses of SnOthin films were carried out at
different temperatures from 300 to 56K.
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To eliminate the effect of adsorbed moisture, theasurements were made at reduced pressurel6f torr
keeping the film inside a glass vacuum tube corstkdb rotary pump. For all these measurements,slead
were connected to Al electrode using pressure otsita

RESULTS AND DISCUSSION

Several investigators [21, 22] have studied therntfa oxidation behavior of tin filmsa-SnO is formed [23]
as a result of thermal oxidation of vacuum evapsttatin films on air at atmospheric pressure in the
temperature range 130-28C and that no higher oxide (Sg)Qs formed in air.
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Fig.1: Plot of Log R versus 1000/T of Sn@thin films.

The plots of logR as a function of reciprocal abseltemperature (1000/T) at reduced pressure (>tafr)
are found to consist of two linear parts for eatickness shown in above fig.1. The dc dielectrgis®gnce is
found to vary as

R=Roexp AE/KT) -----o-momooeoeee- (2)

The presence of two distinct values AE for different samples in different temperatuemnges may be
attributed to two activation processes namely {1y iintrinsic conduction at band gap in high temgtere

region and (2) in low temperature region, conducti® due to hopping of charge carriers in the lzea

states at Fermi level.
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Fig.2: Plot of activation energy AE) versus thickness (d) of Snethin films.

Fig.2 shows higher values &FE for thinner samples may be explained qualitagiveh the basis of Island
structure theory of Neugebauer and others [24-26].

73
Scholars Research Library



Ugalal P. Shinde and Hiraman S. Aher Arch. Appl. Sci. Res., 2015, 7 (4):71-75

On the basis of this theorgE is given by [27]
AE = €IK.D + AEQ /2  —omemmmmmemmmeeeeeee (3)

Where

e = is the electronic charge

Eg = semiconductor energy band gap

D = the average linear dimension of the Island,
K = the dielectric constant of the material

Even though the films studied by us were much thicknd more or less continuous, the variatiomBfhas
the same trend as that of very thin films.
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Fig.3: Plot of conductivity (Log 6) versus temperature (T4 of SnO, thin films
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Fig.4: Plot of transition temperature versus thickress (d) of Sn@thin films
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As revealed by linear plots of Log verses T in lower temperature region shown in fig. 3. laynbe
mentioned that the break in graph shown in figogsinot occur at one constant temperature fohalfitms;
hence it cannot be attributed [27] to any changstinfcture or phase of the oxide.

Fig.4 reveals that as the thickness of the depdsitseases the transition temperature decreases. Th
decrease of transition temperature of gnfiin films is attributed to decrease of defectg¢hwincrease of
thickness.

CONCLUSION

Thin films of tin (Sn) have been well prepared iacuum by evaporation method and oxidized in air.
Measurement of electrical resistance and condugtiof SnG thin films are the functions of thickness and
temperature. The SnO thin films for any thickness show semiconductingture of two conduction
mechanisms showing two different sets of activagoergy values. Thickness dependent change ofitiams
temperature of Sn{thin films shows increase of thickness decrealegransition temperature.
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