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Indium tin oxide (ITO) films were grown using radio frequency (RF) sputtering
technique. Conductivity or sheet resistance of the ITO films grown by this
technique depends on various conditions such as the post annealing
temperature, substrate temperature and the composition of the gas used for the
deposition. Current work presents the study on the variation of sheet resistance
by varying the conditions of growth. All the parameters such as post annealing
temperature, substrate temperature and composition of gas used were found to
affect the sheet resistance of ITO films.
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1. INTRODUCTION

Transparent conducting oxide films plays a significant role in a variety of technologies
such as solar cells, flat panel displays, flat transparent heaters, electro chromic windows
etc. [1-6]. Indium Tin Oxide is the most used transparent conducting oxide as one of the
electrodes. Indium Tin Oxide (ITO) is an n-type wide band gap semiconductor (3.3-4.3
eV) shows high transmission in the visible and near IR regions of the spectrum.
Depending on the deposition method, ITO films can have different conductivity,
transparency and surface structures [7,8]. The most common of all these methods are
sputtering, chemical vapor deposition, vacuum evaporation and e-beam evaporation
[9,10].

In this study, ITO films were deposited by reactive RF sputtering in an Ar an Ar/O,
plasma. This deposition technique is widely used for its excellent uniformity, high
conductivity and high transparency. It was reported that the properties of the films were
generally changed at high temperature, and therefore annealing could be an important
step to modify the films properties. The objective of this study was to investigate the
influence of in situ heating and to study the change in conductivity, transparency with
heating temperature.

2. EXPERIMENTAL PROCEDURE

ITO films were deposited on glass substrate by RF sputtering using an ITO target.
Before loading into the chamber, glass substrate was cleaned in an ultrasonic cleaner
with distilled water, acetone and propanol. The sputtering chamber was first pumped
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down to a base pressure of 5x10” Torr. Ar and O, were introduced into the sputtering
chamber through the separate mass flow controllers (MFC). The deposition process was
carried out in pure Ar and Ar/O, plasma. During deposition the substrate was heated at
250°C. The ITO films of varying thickness were prepared at deposition pressure of
7mTorr. The ITO films were deposited at a fixed power denS|ty of 1.6 W/cm?. The ITO
films were then heated in a yacuum of the order of 7x10° Torr and 1x10° Torr at
temperature between 200-600°C for a constant time of half an hour and then they are
allowed to cool down to room temperature in vacuum before taking out from the
chamber. The sheet resistance of the fiims was determined using two probe
measurement. The transparency of ITO films was recorded using UV/VIS spectrometer.

3. RESULTS AND DISCUSSIONS
3.1. Electrical Properties

Sputtering depends on many variables, like RF power, sputtering pressure, substrate
temperature and gas composition. To see the effect of heating on the sputtered ITO we
fixed the parameter of sputtering as power 140 W, thlckness of dep03|ted ITO as 300
nm, target height as 6 cm. we heated ITO at pressures -7x10° Torr and 10°° Torr. Figure
1 shows the plot of sheet resistivity vs. heating temperature. From the figure it is clear
that sheet resistivity is lower for heating in lower pressure. A m|n|mum of 4 ohm/sq sheet
resistance was achieved for annealing of ITO thin films at 600°C at a pressure of 1x107°
torr. This specifies that the grown fiims were dependent on the post annealing
temperature.
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Fig. 1: Sheet resistance of indium tin oxide thin films grown using RF-sputtering as a
function of post annealing temperature at different pressure conditions.

To see the effect of gas composition on the sheet resistivity, the deposition power and
pressure were kept at 140 W and 7 mTorr respectively. Figure 2 shows the variation of
sheet resistivity with O, percentage in Ar.
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Fig. 2: Sheet resistance of ITO films as a function of oxygen percentage used for the
sputtering of ITO.
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Fig. 3: Sheet resistance of ITO films as a function of substrate temperature.

Electrical resistivity of ITO films varies with substrate temperature. To see the effect of
substrate temperature on electrical resistivity deposition power and pressure were kept
at 140 W and 7 mTorr and ITO was deposited in pure Ar plasma. Figure 3 shows the
variation of electrical resistivity with substrate temperature. Electrical resistivity
decreases with the increase in substrate temperature. This can be explained by the fact

ISSN: 2249-9970 (Online), 2231-4202 (Print) [13] Vol. 4(1), Jan 2014



R.K. Sharma, Dr. Vaibhav Jain, Dr. Arunesh Yadav and Ruchi Agarwal

that the grain size increases significantly with the increase in deposition temperature,
thus reducing grain boundary scattering and increasing conductivity.

4. CONCLUSION

ITO films were deposited using RF-sputtering technique at different deposition
conditions. All the parameters were varied during the growth of these films and the sheet
resistance was measured using two probe measurements. Current work reveals the
dependence of the sheet resistance of the films on these parameters.

REFERENCES

[11 C.W. Tang and S.A. Vanslyke; “Organic electroluminescent diodes”, Appl. Phys.
Lett., Vol. 51(12), pp. 913-915, 1987.

[2] C. Yun, G. Xie, C. Murawski, J. Lee, F. Ventsch, K. Leo and M.C. Gather;
“Understanding the influence of doping in efficient phosphorescent organic light-
emitting diodes with an organic p—i—n homojunction”, Org. Elect., Vol. 14, pp. 1695-
1703, 2013.

[3] S.C. Tse, K.K. Tsung and S.K. So; “Single-layer organic light-emitting diodes using
naphthyl diamine”, Appl. Phys. Lett., Vol. 90, pp. 213502, 2007.

[4] J.H. Burroughes, D.D.C. Bradley, A.R. Brown, R.N. Marks, K. Mackay, R.H. Friend,
P.L. Burns and A.B. Holmes; “Light-emitting diodes based on conjugated polymers”,
Nature, Vol. 347, pp. 539-541, 1990.

[5] J. Kido and T. Matsumoto; “Bright organic electroluminescent devices having a
metal-doped electron-injecting layer”, Appl. Phys. Lett., Vol. 73(20), pp. 2866-2868,
1998.

[6] A.R. Duggal, J.J. Shiang, C.M. Heller and D.F. Foust; “Organic light-emitting
devices for illumination quality white light”, Appl. Phys. Lett., Vol. 80(19), pp. 3470-
3472, 2002.

[71 K. Saxena, V.K. Jain and D.S. Mehta; “A review on the light extraction techniques in
organic electronic devices”, Opt. Mat., Vol. 32, pp. 221-233, 2009.

[8] J.K.Kim, S. Chhajed, M.F. Schubert, E.F. Schubert, A.J. Fischer, M.H. Crawford, J.
Cho, H. Kim and C. Sone; “Light-extraction enhancement of GalnN light-emitting
diodes by graded-refractive-index indium tin oxide anti-reflection contact”, Adv.
Mat., Vol. 20(4), pp. 801-804, 2008.

[9] D.A. Rider, R.T. Tucker, B.J. Worfolk, K.M. Krause, A. Lalany, M.J. Brett, J.M.
Buriak and K.D. Harris; “Indium tin oxide nanopillar electrodes in polymer/fullerene
solar cells”, Nanotech., Vol. 22(8), pp. 085706/1-9, 2011.

[10] M. Slootsky and S.R. Forrest; “Enhancing waveguided light extraction in organic
LEDs using an ultra-low-index grid”, Opt. Lett., Vol. 35(7), pp. 1052-1054, 2010.

ISSN: 2249-9970 (Online), 2231-4202 (Print) [14] Vol. 4(1), Jan 2014



