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Abstract

This review is a valuable introduction to the specialist field of transparent conductive oxide
technology. Particular emphasis is given to the application of thin films of Indium Tin Oxide
(ITO) by various sputtering technologies. A review of indium supply provides current insight
into drivers and enablers for ITO target production and an overview of this technology is given.
An analysis of sputtering techniques is given containing important processing parameters,
valuable for those wishing to experiment or indeed trouble-shoot production problems in the
light of academic research. BizEsp provides turnkey packages for manufacture of large TFT-

LCD grade ITO targets as well as all associated sputter processing technologies and know-how.
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INTRODUCTION

The science of thin film deposition is now a set of well established technologies playing
critical roles in many segments of industry. In the electronics industry, thin film deposition
is used for producing resistors, capacitors, memory devices, and is an essential
component in the fabrication of integrated circuits. Methods employed are dictated by
throughput, materials technology and end application, and include: vacuum evaporation by
e-beam, or resistive heating, sputtering, various chemical vapor deposition routes,
chemical methods (electro- and electroless plating, ion plating, anodization, gaseous
anodization, thermal growth). The advantages and disadvantages of the various methods
are summarized in Table 1. Evaporation-and sputtering technologies are perhaps the most

commonly used because of their wider applicability (Table 2).

Among thin film coatings, transparent conductive oxides (TCO) receive much attention
because of their many important applications, e.g: window electrodes of solar cells,
transparent electrodes in display devices (liquid crystal display, electro-luminescent
display, and electrochromic displays), conductive windscreens for aircraft, and EMI
shielding. There are also several applications of TCO coatings for architectural use (e.g. IR
reflective coatings - heat mirrors). The market for transparent conductors is growing
despite a fluctuating world economy. This continued upward trend in TCO usage is driven
by popularity of lap-top computers, the introduction of flat screen monitors for desk-top
PC’s and a growing market for LCD-TV’s, all of which require TCO on screens. Typical
TCO coatings use anIn90:Sn10 composition and so the price and availability of indium

metal impacts indium-tin-oxide (ITO) sputtering target pricing.
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Methods of applying thin films (M =M etals, S=Semiconductors, | =Insulators)

Method Order of rate| Ratecontrol | Type Advantages Disadvantages
of deposition,
Ast
Electroplating Up to }|04102 Current density M Simple apparatus Metallic substrate -
normally -
Chemical 10° Solutiontemp | M Simple apparatus. Can put I;Lr;::g?er;g;nc?gnzf matenals with
reduction metals.on insulators
- . Substrate temp may have to be high
Vapor phase |10 Pressure, temp | M, S, ﬁg;?s'i%gys‘ta" cleanfiims are | - 1000°C). Low-pressure gas
| systems may be required
Anodization 1-10° Current density | | Simple Apparatus. ' imi
y Amorphous films, continuous Metablllc s?bstra}e. Onlﬁ Ilmlteg_ |
at low thickness can be nhumber of metals can be anodized.
obtained Total thickness limited.
Thermal 10 Pressure, | , Limited number of materials give
temp. Simple Apparatus coherent films
. - Vacuum apparatus required.
Evaporation | 1-10° Source temp. | M, 5, | Large range of materials and | e mageria decompose on
| heating
- High Adhesion. Using RF : .

Sputterin 10 Current M, S, . :

p g density I techniques, very wide range Swtablcte target 're%uwed. Vacuum

T ' of materials possible apparatus require
arget Page 5 of 41
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Table 2. Applicability of Thin Film Deposition Methods in Microelectronics

Electroplating | Chemical Vapor | Anodising | Thermal | Evaporation | Sputtering

Reduction | Phase

Conductors,

Resistors, etc

Insulators,

capacitors

Active devices

Magnetic

Materials

Superconductors

Single hatching indicates the component can be prepared.by the method and cross-

hatching indicates the method is widely used.

INDIUM MARKET

Indium occurs as an impurity in zinc and, occasionally is also found in tin, lead and copper.
Indium-has a similar abundance to silver, however, its extraction for industrial usage has
only developed over the last ~30 years and demand has grown sharply over the last
decade being almost exponential growth since 1997. As a result the relatively insubstantial
supply base and previously low demand of indium has contributed to significant price
instability.  This instability coupled with (until recently) a relatively small worldwide

consumption of indium is the reason why few zinc producers bother to extract indium.

The massive recent demand for indium and the lack of supply, exacerbated by closure of
zinc refineries (probably driven by reduction in zinc usage) led to increase in indium prices
from ~ US$60.00/kg to prices exceeding US$600.00/Kg and in early 2005 prices as high

as US$1100/Kg. Zinc refineries in China and elsewhere may re-open to address this
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