Research on fabrication and characterization of
functional thin films for electrical and optical
application
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ABSTRACT

Progresses of formation method of thin films on roll-to-roll flexible plastic web substrates
are expected for farther development of increased contrast ratio and higher transparent
conductivity in the uses of displays and touch panels.

Two different film formation methods are mentioned in this thesis. One is the direct
reverse roll-coating (D-RRC) and another is the sputtering. . The D-RRC is a method utilizing
liquid material under conventional atmosphere, while the si)uttering is a method in dry
condition under vacuum. Both methods can form thin films thinner than several
micrometers on the web substrate with large area and high productivity. Detailed
investigations on several subjects in these methods, such as the thickness control in the D-
RRC and property control of transparent conductive film as indium-tin-oxide (ITO) in the
sputtering, are reported in this thesis. These subjects were experimentally studied and the
rules for controlling parameters in these processes became clear.

Polyethylene terephthalate (PET) webs were used as the substrate in the experiment.
Relation between thickness of the formed film and the speed ratio of running web to the
rotating applicator roll was examined in the D-RRC system. The sol-gel method was adopted
to prepare a coating solution. It was found that the solution is Newtonian and the main
composition of films after solidification is Si0,. The experimental results were well
supported with the theoretically calculated results based on the lubrication theory. That
means the thickness control in D-RRC became possible.

The degassing process was introduced in the sputtering method. The crystallinity and




electrical properties of ITO film were found to be mostly related to the dégassing of H,O from
substrate during sputtering. When the degassing of substrate was insufficient, much H,0
remained in the substrate and affect to formation of ITO film. Crystallization of the ITO
films by annealing was prevented and ionization of Sn atoms as the donor was prevented.
On the other hand, ITO films deposited on sufficiently degassed PET substrate were well
crystallized and Sn atoms were well ionized. That means the control of degassing is very
important to obtain superior quality ITO films on plastic substrate with suitable stability and
reproducibility for production.

Finally, laminated ITO/SiO, film with thicknesses of ITO film of 25 nm and Si0; of 55 nm
was fabricated on the PET substrate using D-RRC and sputtering processes and applied to a

resistive touch panel. As the result, reduced optical reflection and increased durability were

achieved.
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