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Amorphous oxide semiconductors represented by amorphous In-Ga-Zn-O (a-1GZO) are expected for next
generation flat panel display such as organic light emitting diode (OLED). Although some defect states in the
bandgap had already been revealed until 2011 by electrical measurements and photoemission spectroscopy, the
understanding is not satisfactory to produce reliable devices for practical applications. In this study, | found
several defect species which have large impact for TFT operation and subgap states.

As a result, | found that the ozone annealing led to lower process temperature compared with conventional
methods. On the other hand, high-temperature >300 °C ozone annealing caused serious deterioration in TFT
characteristics. | found that the degradation arises from excess/weakly-bonded oxygens which form defect
states in the bandgap with negative-U behavior. It also explains why a-1GZO channels deposited at high oxygen
pressures do not produce operating TFTs. Furthermore, | also successfully detected the structural relaxation by
in-situ ellipsometry measurements; i.e., thickness-decrease by densification occur above temperature of 300 °C.
On the other hand, low density (low-quality, LQ) film shows further low relaxation temperature ~100 °C and it
shows sparse film structures observed by high-angle annular-dark field (HAADF) scanning transmission
electron microscopy (STEM). Such film can incorporate weakly-bonded species like weakly-bonded oxygen
and show poor TFT characteristics. Although 300 °C annealing for the LQ film provide apparent good
subthreshold swing value of 260 mV/decade and saturation mobility of 8.3 cm?/Vs, the columnar voids changed
to closed-pore which might result in instability in electrical property. In addition, I also investigated the effects
of weakly-bonded oxygen, void and hydrogen on subgap state by using hard X-ray photoelectron spectroscopy
(HAXPES) at Spring-8. I successfully divided the defects states just above valence band maximum (near-VBM)

to the —OH species and void from differential spectra.
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