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Development of Spinel-structured Ga,Os-related Heterojunctions for Transistor Applications
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Foryears, y-Ga,0O;-related semiconductor has not been spotlighted in spite of rapid development
of a-, B-Ga,0; semiconductors because of the little knowledge about the novel metastable
v-phase. In such a situation, we have recently investigated and verified that y-Ga,Os can be
treated like a-, -Ga,O; in terms of doping and alloying. In particular, y-(Al,Ga,.,).Os-alloy
attracts attention because its £, can be engineered from 5.0 to 7.0 eV, which allow us to design
v-(Al:Ga,.,),0; heterojunction-based devices, particularly, modulation-doped field-effect
transistors. In this study, for such future applications, we performed fundamental studies on
heterostructures consisted of y-Ga,0; and y-Al,Os, or end members of y-(Al,Ga,.,),0; alloy.
We first characterized 3.0-nm y-Ga,0Os, 3.0-nm y-Al,O;, and 1.0/3.0-nm y-Ga,05/Al,0s films
grown on (100) MgALO, substrates. X-ray diffraction measurements revealed that y-Ga,O; and
v-Al,O; films were coherent to the substrate with Poisson’s ratios of 0.31 and 0.28, implying
critical thicknesses of 5.3 and 4.0 nm, respectively. While, X-ray photoelectron spectroscopy
found that band gaps of the y-Ga,0; and y-ALOs; films were 5.6 and 7.4 eV, respectively, and
that the y-Ga,03/A1,0; heterojunction had type-I band-alignment with conduction- and valence-
band-offsets of 1.6 and 0.2 eV, respectively. These findings regarding the end members of
v-(AlGa,),0s will be beneficial for further study on y-(Al.Ga,.,),O;-based heterostructures.
Therefore, we then attempted to fabricate 10-period coherent y-Al,03/Ga,Os superlattices (SLs)
on MgAL O, substrates by molecular beam epitaxy. By varying the each layer thickness, we
tuned the average Al composition (x,y.) of the coherent SLs from 0.26 to 0.86, and obtained
nearly-lattice-matched SLs to the substrate at x,v. ~ 0.5. The lattice-matched SLs maintained
coherent interfaces up to a period length of X nm in spite of a large lattice mismatch between
the end members. Our results suggest lots of flexibility in designing y-(Al.Ga,,),Os-based

heterostructures for future functional heterojunction devices.
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