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Thesis Summary

A wide-gap semiconductor f-Ga2Os has attracted increasing attention for power electronics applications.
Development of -Ga203 based solid solutions is a key to realizing practical devices having high carrier mobility. In
this dissertation, epitaxial growth and characterizations of f-Ga203 based solid-solution films are described with
particular focus on pulsed-laser deposition (PLD) method and the heterojunction properties.

Following the general introduction in Chapter 1, preparation of f-(Al:Gai—)20s3 films using a pulsed-laser
deposition (PLD) system with oxygen radical is described in Chapter 2. This oxygen-radical assisted PLD is
revealed to be useful for realizing stable growth rate at high temperatures and regulating cation composition.

Chapter 3 describes heteroepitaxy method and the band alignment of p-(Al:Gai—)203/f-Ga20;3. Repeating
alternating ablation of a-Al2Os and $-Ga20; single crystals and the use of (100) plane are found to effective for
eliminating the formation of protrusions on S-(Al:Gai—+)203 surface, which are often observed when continuously
ablating single polycrystals. The band alignment is determined to be type-I with using electron spectroscopies,
where the conduction-band offset is 4 times greater than that of the valence-band offset.

In Chapter 4, epitaxial growth and the bandgap of complete solid-solution f-(AliGai-x)20s films are investigated.
A prior-growth treatment to -Ga20O3 substrate surface is found to be effective for realizing a layer-by-layer growth of
p-Ga203 and complete solid-solution f-(Al:Gai—~)203 films. Moreover, the bandgap of p-(AliGai~«)20s is
determined.

Chapter 5 describes epitaxial structure and electronic properties of f-Ga20s films grown on MgO (100). MgO
(100) substrate enables to grow f-Ga20s films having both of crystallinity and conductivity higher than those grown
on a-AlO3 (0001).

In Chapter 6, epitaxial growth of a ternary solid solution is demonstrated, which is found to be an ideal barrier with
perfect lattice mismatch and large bandgap offset to f-Ga20s.

It is concluded that high-quality f-Ga20s solid-solution films can be obtained by using a PLD system and a number

of methods revealed in this dissertation. The present study provides fundamental knowledges of f-Ga20; based
solid-solution being useful for further development of semiconductor power devices.



