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11:00am EM2+CA+CPS+MS+SE+TF-WeM-13 Ga2O3 Polymorphs: Epitaxial 
Film Growth, Characterization and Contacts, Lisa Porter, Jingyu Tang, 
Kunyao Jiang, Robert Davis, Posen Tseng, Rachel Kurchin, Carnegie Mellon 
University; Luke Lyle, Penn State Applied Research Labs; Carlo Schettini 
Mejia, Carnegie Mellon University INVITED 

The last decade has shown a dramatic increase in research on gallium oxide 
(Ga2O3) as an ultra-wide bandgap semiconductor for electronics that can 
operate in extreme conditions, such as high power, high temperature and 
radiation exposure. This presentation will focus on unique and intriguing 
characteristics associated with two processes that are necessary to produce 
Ga2O3-based devices: the growth of epitaxial films and the formation of 
ohmic and Schottky contacts. Whereas β-Ga2O3 is the thermodynamically 
stable phase, the other, metastable, phases of Ga2O3 can be produced as 
epitaxial films in either mixed-phase or pure-phase form. Our results, along 
with those in the literature, indicate that the phase content and other film 
properties strongly depend on the growth method (e.g., MOCVD, HVPE, 
mist CVD, etc.) and other conditions during film growth, such as precursor 
chemistry, flow rates, temperature, and substrate material / orientation. 
Our group has also conducted comprehensive studies of ohmic and 
Schottky contacts to β-Ga2O3. For reasons that are not well understood, 
only a few metals have been demonstrated as practical ohmic contacts to 
Ga2O3. Whereas Ti/Au contacts annealed at 400–500 °C are widely used, 
Cr/Au contacts annealed in a comparable temperature range also form 
ohmic contacts to Ga2O3. Controlled studies of several different elemental-
metal Schottky contacts show that their electrical behavior highly depends 
on the particular Ga2O3 surface on which they’re deposited; observed 
behavior ranges from Fermi-level pinning on the (-201) surface to near-
ideal Schottky-Mott behavior on the (100) surface. Examples of the 
phenomena outlined above will be summarized and presented using results 
from high-resolution transmission electron microscopy, x-ray diffraction, 
and electrical measurements. 

11:30am EM2+CA+CPS+MS+SE+TF-WeM-15 Compensating Interfacial 
Parasitic Si Channels in β-Ga2O3 Thin Films Via Fe δ-doping, Prescott 
Evans, Brenton Noesges, Jian Li, Mark Gordon, Daram Ramdin, Shin Mou, 
Adam Neal, Thaddeus Asel, Air Force Research Laboratory, USA 

β-Ga2O3 is a promising material for high power applications given an ultra-
wide bandgap and predicted high break down field. One challenge with β-
Ga2O3 for lateral device architectures is the presence of undesired Si 
between epitaxial thin film and substrate which creates a parasitic 
conduction channel. This channel limits performance and can prevent 
device modulation. Attempts to remove this interfacial layer using etch 
methods have proven mostly successful. However, in plasma-assisted oxide 
molecular beam epitaxy (PAMBE), conventional removal efforts appear 
unsuccessful. Our results show interfacial Si can reaccumulate at clean β-
Ga2O3 surfaces from various Si sources inside the MBE tool such as the Si 
doping effusion cell. Hence, careful growth steps must be considered to 
avoid Si reaccumulating onto clean β-Ga2O3 surfaces in PAMBE. This work 
presents an alternative to mitigate the influence of this Si parasitic 
conduction channel via Fe delta doping at the interface. We demonstrate 
how a thin Fe layer at the interface can compensate interfacial Si and create 
an interface without excess free charge. The growth methodology 
presented involves multiple steps to avoid Fe diffusion from the interface. 
We first deposit the Fe followed by a low temperature (LT) undoped buffer 
before depositing an Si doped channel layer at higher deposition 
temperatures. The LT buffer helps minimize Fe surface riding and diffusion 
while the increased substrate temperature during the Si doped channel 
improves surface roughness. Secondary ion mass spectrometry (SIMS) 
results show Fe only resides at the interface between substrate and LT 
buffer layer with Fe concentration in the LT buffer and Si doped channel 
below the noise floor of the instrument. Furthermore, SIMS shows a 
smooth transition in Si concentration from the LT buffer into the 
intentionally Si-doped channel region avoiding any spikes between the two 
layers, indicating high degree of controlled doping localization. Initial 
capacitance-voltage (C-V) measurements on samples with the Fe 
compensation show no spike in carrier concentration near the substrate 
interface indicating Fe is fully compensating interfacial Si. These results 

demonstrate a potential method to mitigate parasitic Si conduction 
channels in β-Ga2O3. However, time-dependent C-V results show there is 
some capacitance transients when the sample is fully depleted. While Fe 
seems initially promising other compensating acceptors such as N or Mg 
need to be explored given this observation of capacitance transients in Fe-
doped structures. Overall mitigating this parasitic interface will help 
improve yield and performance uniformity in fabricated devices. 

11:45am EM2+CA+CPS+MS+SE+TF-WeM-16 Investigating Metal Gate-
Driven Interfacial Reactions in ALD-Grown Al2O3 on β-Ga2O3, Joy Roy, 
Adam A. Gruszecki, The University of Texas at Dallas; Khushabu S. Agarwal, 
Paolo La Torraca, Karim Cherkaoui, Paul K. Hurley, Tyndall National Institute, 
University College Cork, Ireland; Chadwin D. Young, Robert M. Wallace, 
University of Texas at Dallas 

β-Ga2O3 is a leading candidate semiconductor for next generation power 
electronics with the potential to outperform GaN and SiC owing to its high 
breakdown strength paired with low power losses.1 Integrating a robust 
gate dielectric and stable oxide interface is critical in leveraging these 
properties of β-Ga2O3.2 However, this cannot be achieved without also 
considering the gate electrodes' reactivity and their influence on oxide 
properties. This work explores interfacial reactions—particularly those 
associated with oxygen scavenging—and the resulting variations in gate 
oxide performance induced by Ni and Ti gate metals in Al2O3 on bulk (001) 
β-Ga2O3 substrates. 

Interface reactions were analyzed via in situ X-ray photoelectron 
spectroscopy (XPS) in an ultrahigh vacuum (UHV) cluster system. β-Ga2O3 
samples were scanned as-loaded, after atomic layer deposition (ALD) of ~2 
nm Al2O3, and a third time following UHV electron beam deposition of Ni or 
Ti (~1 nm) to assess changes in interface chemistries. Additional chemical 
states in Ga2O3 were below the XPS detection limit after oxide and metal 
deposition. However, an AlOx (sub stoichiometric) state appeared in Al core 
levels (2p or 2s) after introducing Ti. This, along with a TiOx state in Ti 2p, 
may imply oxygen scavenging from Al2O3. While both metals reacted with 
surface organic residues from metal-organic precursors, Ti exhibits more 
carbide formation at the gate/dielectric interface. Additionally, MOSCAPs 
were fabricated with ~12 nm Al2O3 and 10/100 nm of either Ni/Au or Ti/Au 
as the gate metal for I-V and C-V characterization. Ni/Au devices showed 
lower frequency dispersion and over two orders of magnitude lower gate 
leakage in accumulation than Ti/Au samples, consistent with the XPS 
findings. Dielectric breakdown strength will be further studied to explore 
electrical stability of the oxides. 

In conclusion, a fundamental understanding of gate metals’ influence on 
interface properties is essential for precisely predicting device behavior in 
power electronics. 

This work was supported by the National Science Foundation (Grant ECCS 
2154535) at the University of Texas at Dallas and by Research Ireland (Grant 
12/US/3755) at Tyndall National Institute through the US-Ireland R&D 
Partnership. (Corresponding author: Robert M. Wallace.) 

1 S. J. Pearton, F. Ren, M. Tadjer, and J. Kim. J. Appl. Phys. 124, 220901 
(2018). 

2 C. V. Prasad, and Y.S. Rim, Mater. Today Phys. 27, 100777 (2022). 
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