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The realization of future genetation electronics requires large-scale production
using transparent, cost-effective, and harsh-environment-resistant materials. Inevitably,

the huge research interest has shifted from wide bandgap materials (E; > 3.0 eV) to

ultra-wide bandgap materials (E; > 4.0 eV), such as solution-processed amorphous

Gallium Oxide (a-GazOx) which has valuable features. Nevertheless, obtaining electrical ‘

conduction on as-deposited a-GaxOx is quite challenging because the combination of
ultra-wide bandgap and an amorphous ‘struc’_rure has serious difficulties in attaining
electronic conduction. Thus, developing semiconducting solution-processed a-GaxOx
will be a superb research achievement. In' this dissertation, Fermi level engineering of
oxide semiconductor film is proposed by modifying the a-GaxOx film properties through
experimental and machine learning approaches.

Chapter 2 presents  the lflll"Sf demonstration  of sémiconducting
solution-processed a-GaxOx materi.al. By utilizing Fermi level engineering as an
attractive approach, insulating a-GaOx has been successfully conversed into its
semiconducting state. Fermi level engineering is a technique for material design which
rely on the Fermi level shifting phenoména by varying experimental conditions. Fermi
level estimation via UV-Visible spectra and XPS reveal the Fermi level shifting
phenomena is mainly affected by the hydrogen doping from the Hz annealing.

Chapter 3 presents the first demonstration of semiconducting as-deposited
solution-processed a-Ga;Ox material. By monitoriﬁg and controlling relative humidity

during thin film deposition, decent 'performance‘of as-deposited a-GaOx TFTs were



.achieved. The result showed that hydrogen doping which drive the electron doping
might have originated from either hydrogen annealing or water vapor (humidity). Those
hydrogen doping are vital factors to achieve the semiconducting behavior of
as-deposited a-GaOx TFTs

In Chapter 4, excellent Fermi level pfediction of 87% accuracy by Machine
Learning method has successfully achieved. By uéing regression models, experimental
data was used as an'input to further train the algorithm. The results show that machine
learning models can be used to predict the‘Fermil level of ultra-wide bandgap a-Ga:Ox
film. Likewise, it can identify opfimized fabrication parameters to achieve the minimum
Fermi level value. This method will be beneficial for rapid and cost-effective
" optimization of ultra~wide bandgap material.de_sign for future electronic applications.

This dissertation demonstrates a comprehensive study of amorphous ultra-wide. .
bandgap material modification via Fermi level engineering from both experimental and
machine learning approaches. These approaches will be valuable for rapid and
cost-effective optimization of ultra-wide bandgap material design for future electronic

applicatioﬁs.
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