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Because of its large bandgap (~4.8 eV) and high breakdown field strength (8 MV/cm), B-Ga,Os is
considered as one of the most promising ultrawide bandgap semiconductor material systems for next
generation energy efficient power and radio frequency electronics. Alloying -Ga,Os; with Al,O; can expand
the energy bandgap and provide opportunities for the formation of high mobility two-dimensional electron
gas (2DEG) with high sheet charge density in B-(AlxGai—)203/B-Ga,03 heterointerfaces with large band
offsets. Our recent studies [1-3] show that B-(AlxGa;«)20; epitaxy on top of -Ga,O; substrates is highly
dependent on the substrate orientation such as (010), (100) and (201). Recent theoretical calculations based
on density functional theory (DFT) revealed a distinct dependence of the band offsets between [3-
(AlxGai—x)20;3 and B-Ga»O;3 on crystal orientation [4]. However, experimental measurements of the band
offsets at B-(AlGai—)203/B-Ga,0; interfaces with different orientations are still limited.

In this work, for the first time we experimentally determined the band offsets of MOCVD grown [3-
(AlGai)203/B-Ga20; heterointerfaces grown along (100) and (010) orientations, with different Al
compositions. Phase pure f-(AliGai—«)>Os epitaxial films were grown on (100) and (010) -Ga,Os substrates
via MOCVD. The valence and conduction band offsets at B-(AlyGa; «)>03/B-Ga,Os heterointerfaces along
(100) [x=0.10, 0.33 and 0.52] and (010) [x=0.16, 0.26 and 0.35] orientations were determined by using x-
ray photoelectron spectroscopy (XPS). By examining the onset of the inelastic energy loss in core-level
atomic spectra, the bandgaps of B-Ga»Os and B-(AliGa;«),0;3 alloys with different Al compositions were
measured from 4.83+0.12 eV (x=0) to 5.85+£0.08 ¢V (x = 0.52). The valence band offsets were determined
to be -0.06+0.06 eV (x=0.10), -0.11+0.06 eV (x=0.33) and -0.19+£0.06 eV (x=0.52). The conduction band
offsets up to 1.21+£0.16 eV (x=0.52), were determined from the extracted bandgaps of (100) B-(Al«Gai—)>03
alloys. Similarly, for (010) oriented PB-(AlxGa; x)203/B-GaxO; heterointerfaces, the valance and the
conduction band offsets of -0.13+0.06 eV and 0.57+0.06 eV were extracted for 35% Al composition. The
determined band offsets revealed the formation of type-II (staggered gap) heterojunctions for all Al
compositions investigated along (100) and (010) orientations. The bowing parameters extracted from the
quadratic fitting of the conduction band offsets along (100) and (010) orientations were 1.25 ¢V and 0.75
eV, respectively. The (100) orientation exhibited larger conduction band offsets as compared to that of the
(010) orientation. Both valence and the conduction band offsets were found to increase as the Al
composition increases. The experimentally measured band offsets agreed well with the theoretically
predicted values [5].

In summary, we investigated the band offsets at MOCVD grown B-(AliGa;—«).0s3/p-Ga,Os heterointerfaces
grown along (100) and (010) orientations with the variation of Al compositions up to 52%. Results from
this study will provide guidance for future device designs and fabrications.
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Figure 1 Band offsets at f-(AliGaix)>03/B-Ga>0; heterointerfaces for (a) (100) oriented B-(AliGai«),03
alloys with Al compositions of 10%, 33%, and 52% and (b) (010) oriented -(AlxGaix)>O; alloys with Al
compositions of 16%, 26%, and 35%. The bandgaps and the conduction and valence band offset values are
represented in green, red, and blue, respectively.
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Figure 2 Conduction band offsets, AE. for B-(AlxGa;«)>03/B-Ga,0s heterointerfaces oriented along (100)
and (010), as a function of Al composition.



