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The ultrawide bandgap (4.7-4.9 eV) of B-Ga,0s3, in addition to its range of shallow n-type dopants (Si, Sn,
Ge) and commercially-available melt-grown substrates, have garnered significant interest for power
electronics and UV photodetector applications. Investigations of electrical contacts to this semiconductor
provide an understanding of the interplay between fundamental material properties and the
metal/semiconductor interfaces that form the building blocks of larger-scale, widely employed devices,
such as Schottky barrier diodes and power MOSFETS. In addition, the high temperatures, electric fields,
and current densities present in the applications for which B-Ga>O3 is most attractive necessitates the
development of thermally stable contacts able to withstand these conditions. However, in studies of
Schottky and Ohmic contacts to various orientations of B-Ga>O;, some metals exhibited chemical
reactions in the as-deposited state (e.g., Ti [1-3], Cr [4]) or at elevated temperatures (e.g., Pd [5], Ni[6,7]).
Such reactions have significant impacts on the electrical and thermal properties of devices.

In a prior study [8] of this system, we observed that as-deposited Au/(100) B-Ga,0O3 Schottky contacts
exhibited higher ideality factors than Ni contacts to the same substrate and processed identically. The
peculiarities of the electrical behavior of the Au/Ga;O; contacts suggested that undesirable chemical
and/or structural changes may have occurred, leading to local variations in the Schottky barrier height.
This presentation discusses our investigation [9] of the nanoscale structure and chemistry of the Au/p-
Ga,0s interface and their correlation with the inhomogeneous electrical properties.

Single crystals of (100) B-Ga203 grown by the Czochralski method were first characterized by Hall effect,
X-ray diffraction (XRD) and atomic force microscopy (AFM) prior to metal deposition via electron beam
evaporation. Ohmic contacts using Ti/Au (20/100 nm) metallization were formed and annealed for 5 min
at 400 °C followed by deposition of Au or Ni Schottky contacts in diameters of 500, 250, 125, and 62.5
pm. The as-deposited state of the Au/(100) B-GaxOs contact structures, with no heat treatment, was used
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in all subsequent characterization. Current Density-Voltage (J-V) and Capacitance Voltage (C-V)
measurements were conducted to characterize the electrical properties. Atomic-resolution high-angle
annular dark-field scanning transmission electron microscopy (HAADF-STEM) and energy-dispersive X-
ray spectroscopy (EDS) were employed to reveal the interfacial structure and chemistry of the contacts.
Lift-out samples for TEM were prepared from using a Focused lon Beam (FIB) and NanoMill.

The quantitative TEM analysis provided direct evidence of the inhomogeneous interfacial microstructure
and chemistry, believed to be associated with the nonideal J-V characteristics and Schottky barrier heights.
Specifically, it revealed a chemical reaction occurring at the Au/Ga,0s interface, forming “humps” of
defected Ga,O; at the interface, leading to a significant increase in RMS roughness (1.77-2.86 nm)
compared to the original semiconductor surface (0.8 nm). These humps formed by the asymmetric
diffusion of Ga and O into the Au contact, leaving behind a layer of nanovoids 5-20 nm below the
interface. This was confirmed both through EDS composition profiles and direct HAADF-STEM
visualization of interstitial migration. The resulting post-deposition structure is summarized in Figure 1.
These results suggest that even in non-annealed conditions, nano-scale interfacial chemical reactions can
significantly impact the electrical characteristics of f-Ga20O3 contacts, and highlight the necessity of high-
resolution studies for establishing stable metallization schemes. [10]
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Figure 1. (a) epresentative atomic-resolution HAADF-STEM overview image — high-pass filtered for
ease of visualization — and (b) schematic of the Au/(100) B-Ga>Os3 interface, showing the primary
structural changes arising from the chemical reaction.
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