WX N E 0 E B

7R R ,
- Oxide Semiconductor Thin Film Transistors with High-K Dielectric Material Fabricated by

Solution Process
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Vacuum processes of sputtering and plasma-enhanced chemical vapor deposition are
generally used for the deposition of oxide semiconductors. Vacuum-deposition methods
require expensive equipment and result in high manufacturing costs. An alternative method,
solution process, was promising because of its simple and low cost. However, high annealing
temperatures, which are not suitable for the application on glass and flexible substrates, are
needed to obtain high electrical properties by the use of solution process. On the other hand,
high operating voltages are typically required to achieve high mobility and high on/off current
ratios for oxide semiconductor thin film transistors (TFTs) even fabricated by vacuum
processes, which increase the power consumption of electronic circuits.

In order to obtain high mobility InZnO (IZO) TFTs by the solution process with a low
fabrication temperature, an UV/Os-assisted annealing was used for the first time. Under the
UV/Os-assisted annealing, the TFT using IZO thin film fabricated at 290 °C showed almost
the same mobility of 2.2 cm®/(V- ) to that of the TFT using IZO thin film annealed at 700 °C
without UV/Os assistance. Since large amounts of carbon (C) impurities which originated
from the organic solution remained in the thin film, the mobility was not high enough.
Therefore, an aqueous solution using water as solvent and inorganic acid salts as solutes were
adopted. The aqueous solution-derived IZO TFT showed significantly decreased C impurity.
Meanwhile, very good surface morphology and good bonding of oxygen with metal were
obtained. An extremely high mobility of 19.5 cm*/(V- s) was obtained at a low fabrication
temperature of 300 °C. Reports showing a higher mobility than the value obtained in this
work are rare. . , '

Solution process-derived high-k material of SrTa;Os (STA) was used as the gate dielectric
of TFTs to decrease operating-voltage of TFTs. The STA thin film which was annealed at 700
°C showed the lowest loss tangent, lowest leakage current density, best capacitance-voltage
stability and a high dielectric constant (¢) of 41. This & was higher than those of many other
high-k materials. However, the annealing temperature of 700 °C was too high for the
fabrication on glass substrate. Therefore, the UV/O; treatment was proposed for decreasing
the leakage current of the STA thin film annealed at 500 °C. A decrease of 10° A/cm? (at 500
kV/cm) was obtained by the use of the UV/O; treatment. By the use of optimized STA thin
films, extremely high mobility of 237.4 cmz/(V' s) was obtained when the channel layer was
sputtered-InGaZnO thin film. On the other hand, a high on/off current ratio of 10° was

‘obtained at a low gate voltage of 5,V when the channel layer was solution process-derived

IZO thin film. In particular, an extremely low subthreshold swing (S) of 0.08 V/decade was -
obtained, which was very close to the limit value of S, 0.06 V/decade. The high € and smooth
surface of STA thin film contributed to this low value.
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