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Abstract: The RF-sputtering technique was employed to prepare thin films of Indium Tin Oxide (In,0;+Sn0,
or ITO) on glass substrates. Five slides of ITO films were annealed at different temperatures ranging from
100 to 400 °C for a constant time of 15 minutes. The ITO thin films were observed to possess resistivities
in the range 5x10™ - 11.5x10*Q-cm at different annealing temperatures. The increase in resistivity due to
heat treatment was associated with filling up of oxygen vacancies and decrease in resistivity was attributed
to rearrangement and removal of defects as well as improvement in the crystallinity. ITO thin films were of
comparable quality to those deposited elsewhere for use as window layers in solar celis.
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Introduction

Numerous studies have been carried out over many
years to prepare indium oxide (In,0, or I0) and indium
tin oxide (In,Q; + SnO, or ITO) films for the application
of their transparent-conductive nature {Feng et al,
1979, Fan, and Bachner, 1975 and Green et al., 1976).
Many studies have reported the properties of those films
prepared by reactive evaporation (Mizuhashi, 1980,
Amanullah et al., 1995), magnetron sputtering (Morgan,
et al., 1998; VanDer Meerakker et a/., 1993 and Zahirui
Alam et al., 1996}, chemical vapour deposition {Turner
et ai., 1981, Srinivasa Murty, 1982), spray pyrolysis
{Manifacier, 1982, Kostlin et.a/, 1975 and Keshmiri et al.,
1995), sol-gel dip-coating (Nishio et al.,, 1996) and
pulsed laser deposition (Adurodija et al., 2000). The ITO
thin films have found extensive applications in
optoelectronics devices and window coatings for many
years (Hamberg and Granqgvist, 1996). Other
applications such as: gas sensor, transparent heating
element (on the glass windshield of cars, planes and
ships), anti-electrostatic coating, microwave shield
coating and surface layer on temperature control
coatings on orbiting satellites (Chopra et al., 1983,
Dawar and Joshi, 1984, Lampert, 1587) are also of much
interest. The attractiveness of ITO is related to its low
resistivity (~10* Q-cm), high optical transmittance to
visible light and high infrared reflectance it displays.
However, the attainment of these properties is strongly
dependent on the growth conditions such as oxygen
pressure and substrate temperature (T,) {Song et al.,
1998; Vink et al., 1995 and Yi et a/., 1995). The former
determines the oxidation state, while the later controls
the activation of cation (Sn) in the film during deposition.
The need to develop technologies that can meet low T,
growth of ITC films is on the rise. This is due to the
innovative optoelectronic application including liquid
crystal dispiays, which now use heat sensitive substrates
such as polymers. Such technologies are expected to
meet the low T, need, white retaining the high electro-
optical qualities of the films. Efforts to produce high
quality film at low T, using sputtering and etectron beam
evapoaration have often resulted in amorphous films with

poor electrical properties (Shigesato et a/., 1992; Oyama
et al,, 1992; Terzini et al., 1999 and Song et.a/, 1999).
It is well known that high quality ITO films are easily
obtained at high T, (>300 ©°C) using most of the ~
deposition techniques available (Tahar et a/., 1998).
Among the techniques available for ITQC thin film
production, sputtering is the most widely investigated
and large-scale deposition setups are also available
(Morgan et al., 1998; VanDer Meerakker et al, 1993;
Zahirul Alam et al., 1996 and Takaki et a/., 1988). In the
present study, we have investigated the effect of heat
treatment on the electrical properties of ITO thin films
prepared by RF-sputtering and deposited on glass
substrates.

Experimental Techniques: Indium Tin Oxide {ITO) thin
films were deposited by RF-sputtering on cleaned
Corning glass substrates at University of Northumberia,
UK. Deposition technique has been described eisewhere
(Tarig Bhatti, 1992). Five slides of ITO films were

‘annealed at different temperatures ranging from 100-
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400°C for a constant time of 15min. The electrical
resistivity of these samples was then measured by wetl-
known four-point probe technique (Rana et al/., 1999).
The contact resistance was determined by two-probe
method using transmission line model (TLM) {Reeves and
Harrison, 1982). For this purpose two springy goid
electrodes (diameter 1.Smm) were used. The ITO/Au
contacts were made tight to ensure good Ohmic
behavior. Temperature dependent resistivity
measurements were made by increasing the temperature
at a rate of ~ BK/min at the Department of
Physics/Materials Science, Bahauddin Zakariya
University, Multan, Pakistan.

Results and Discussion

The electrical transport properties of thin films are
strongly dependent on their structure (grain size and
shape, structural defects as well as characteristics of the
contact between them) and purity (nature and
concentration of impurities, absorbed and adsorbed
gases etc.). Heat treatment of thin films can modify
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these structural characteristics and hence the electrica!
conductivity of such films may change too. Therefore the
study of the heat treatment effects on electrical
resistivity can provide information on the processes
taking place.

Annealing Effect

Sheet Resistance and Contact Resistivity: Plot of
Sheet resistance R, of ITO thin films at ambient
temperature {20°C) and as a-function of annealing
temperature T, is shgwn Fig. 1
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Fig. 1: Plot Of Sheet Resistance ‘R;” Vs Amealing
Tenwerature “T,” for ITO Thin Films.

It is clear that Rg shows only slight variations up to
annealing temperature 300 °C and then a rapid rise in Rg
is observed. Present results are inconsistent with those
of Hai Ning Cui and Shi-Quan Xi. The increase in ITO
sheet resistance is attributed to a decrease in current
carrier density by filling up a oxygen vacancies due to air
annealing {Guillen et al., 1997).

According to TLM, total resistance “R;” of the film
between two electrodes having distance ™" is the sum of
contact resistance and sheet resistance as given by
Rr=2p. +R I/ wW

Where p, is the contact resistivity and w is the electrode
width. Contact resistivity can be determined by a plot of
R Vs 1. Such plots for ambient ITO slide and ITO films
anneajed at 100-400 °C are shown in Fig. 2.

The values of p, obtained from the intercepts of this
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Fig. 2: Plot Of Displacement *L.” Vs Total Resistance “Ry” for Sample 1
(Ambiert Slide}, 2, 3, 4, 5 Armealed in Air at Temperatures 100, 200, 300 and
400 °C Respectivelv.

graph on the R; axis (i.e at | = 0) are plotted as a
function of annealing temperature in Fig. 3.
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Fig. 3: Plot of Contact Resistivity “pc” Vs Annealing
Temperature "Ta" for ITQ Thin Films

This Fig. depicts a decrease in the contact resistivity with
rising temperature. This decrease can be associated with
the improvement in the grain structure of the film just
under the contact and its vicinity (Girtan et al., 2000).
The lowest value of specific contact resistance observed
in this investigation is ~ 0.144 Q-cm?.

Electrical Resistivity: The variation of resistivity for
ITC coated glass slide as a function of annealing
temperature is drawn in Fig. 4. The minimum value of
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Fig. 4. Plot Of Electrical Resistivity Vs Amnealing
Temperature For I'TO Thin Films

resistivity (5.4x10"* Q-cm) is observed for ambient slide
and is comparable with already quoted value of 5x10™
Q-cm (Sze, 1981). The resistivity shows a rise for
annealing at 100 °C up to 11.5x10™* Q-cm and abeove this
temperature it decreases progressively.

Electrical resistivity of ITO is found to depend on 5n
concentration as weil as oxygen content. Low resistivity
ITO fims can be achieved by increasing SnO,
concentration up to 12moi% and/or by increasing the
oxygen vacancies (Nishio et al., 1996, Winchkler, 1992).
Therefore rise in resitivity (Fig. 4) on annealing at 100
°C may be due to decresing current carriers by filling up
of oxygen vancancies (Guillen et al., 1997). Whereas the
fall of resistivity (Fig. 4) may be associated with the
rearrangement and removal of point defect clusters and
recombination centers, which lead to an increase in
carrier density {Girtan et a/,, 2000).
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Temperature Dependence: Electrical resistivity of ITO
thin films (ambient slide) as a function of temperature is
presented in Fig. 5.
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Fig. 5: Plot of Electrical resistivity Vs temperature for ITO
thin film {ambient slide).

The resistivity is found to increase with temperature up
to 250 °C. After attaining a maximum it starts
decreasing for further increase in temperature. This type
of behavior is normally observed for disordered
materials. Moreover the Incorporation of oxygen atoms
(due to heating in air) can cause a decrease in current
carriers and hence a increase in resistivity. The fali in
resistivity can be explained by the improvement in the
crystallinity of ITO films with raising temperature. Nishio
et al. (1996) observed through x-ray diffraction
measurements that ITO begins to crystallize close to 400
°C and is fully crystallize at 600 °C.

Considering the well known dependence of eiectrical
resistivity on temperature: Ap = A exp(E / 2 kg T), where
E Is the thermal activation energy for electrical
conduction, A is a constant that depends on the nature
of the film and kg is the Boltzmann constant, Ap is the
difference between resistivities at temperature T and
room temperature. The in Ap = f (1000/T) curve for ITO
fitm (ambient slide) is illustrated in Fig. 6.
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Fig. 6: Arrhenius plot of relative elecirical resistivity "InAp" Vs
reciprocal of temperature.

The activation energy of 0.42 eV is found for the region
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where resistivity rises, This value is consistent with that
reported by Richard Wing (1992).

The nature and type of the film was determined through
thermoelectric measurements by hot probe method. it
was concluded that ITO film is n-type and it agrees with
the work of (Winchkler, 1992, Fahrenbruch and Richard
Bube, 1983), v .
Conclusion

It was concluded from the present work that:

® Below 400 °C annealing causes no change in sheet
resistance but at/above this temperature sheet
resistance increases rapidly,

Contact resistivity shows a decrease with rising
annealing temperature.

Etectrical resistivity increases by annealing up to 100
°C but decreases above this temperature. The
increase in resistivity is attributed to decrease in
carrier density by filling up oxygen vacancies and
decrease in resistivity may be associated with the
improvement in the grain structure.

Temperature dependent resistivity shows the
behavior similar to that of disorder matertal and
decrease in resistivity is associated with the improved
crystallinity of the films.
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