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Amorphous indium-based oxide semiconductor such as amorphous indium gallium zinc
oxide (a-1GZO) or amorphous indium zinc oxide (a-1Z0) semiconductor have been used as an
active channel layer in thin-film transistors (TFT), due to their high mobility (u), good
uniformity, reasonable reliability, and low power consumption. For the next generation display,
solution processed methods have been developed to replace the traditional vacuum-based
processed methods to reduce complicated process, higher scalability and lower production cost.
However, it is extremely challenging to improve the performance of solution processed TFT due
to their poor material performance.

Inorganic-organic hybrid material called “Siloxane” is introduced to protect the channel layer
as a passivation layer due to its special properties such as high thermal resistance, high
transparency, and simple solution process. However, the concentration of hydroxyl-bond or the
OH-bond from the siloxane’s chemical structure affect the stability of oxide TFTs.

In chapter 2, reliability of a-IGZO TFTs using siloxane as a passivation layer was compared
by both positive and negative bias stress for siloxane with different OH contents inside the
siloxane chemical structure which are 85% (high OH-bond) and 10% (less OH-bond). a-1IGZO
TFT with less OH-bond siloxane showed extremely high reliability compared with high
OH-bond condition which has a hump on the sub-swing threshold area. The high amount of
OH-bonds make extra charges to accumulate resulting in the hump phenomenon as expected.
SIMS analysis proved that hydrogen from siloxane layer diffused into the a-IGZO layer and
siloxane protected the surface of a-IGZO from ambient effects which improved the
characteristics.

Siloxane with less OH-bond not only shows a great barrier ability by protecting the
semiconductor surface from external ambient effects but its capacitance and gate dielectric

properties are also suitable for making it as a solution processed Gl on oxide TFTs as shown in



chapter 3. Two structures, a bottom gate structure using SiO, and top gate structure using
siloxane as a gate insulator (GI), were compared in the same TFT. Top gate a-1GZO TFT using
siloxane as a Gl showed excellent electrical characteristics and stability compared with bottom
gate a-1GZO TFT using SiO; as a Gl. The O-H bonds from the siloxane layer reacted with
hydrogen at the interface of Gl and channel layer and generated free electrons which increased
the pre. XPS analysis shows the reduction of oxygen vacancy (Vo) and the increase of H near
the interface between siloxane and a-1GZ0O, which reduce interface trap density (Dit) resulting in
a lower hysteresis.

In chapter 4, all-solution processed oxide TFT was fabricated using siloxane as a Gl and
using a-1Z0 as both channel layer and electrodes by UV-induced transformation technique. 12O
TFTs were treated by UV treatment under wavelengths of 180 and 254 nm to increase the
amount of Vo inside the 1Z0 bulk resulting in a higher electrical conductivity in the UV-effected
area. The electrical characteristics of a-1ZO TFT was examined as the first switching
characteristics without any metal electrode, which showed impressive electrical characteristics.
The  structure  and element  composition of  UV-induced  transformation
semiconductor-to-electrode 1ZO TFT was confirmed by STEM and EDX analysis.

This research establishes the benefits of solution processed siloxane as a good passivation
layer and gate insulator in improving oxide TFT electrical characteristics. Hydrogen, oxygen,
and hydroxide from siloxane support the oxide channel to improve the TFT performance.
According to these results, the novel structure of all-solution processed TFT will play a major

role for the next generation devices.
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