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Abstract

Gallium oxide (B-Ga203) is a promising ultra-wide bandgap semiconductor with outstanding
breakdown strength and thermal stability, making it a strong candidate for next-generation power
electronics. However, the lack of reliable p-type doping significantly limits its integration into pn
junctions and complementary device structures. This study investigates the use of p-type nickel
oxide (NiO) thin films as a viable solution, focusing on achieving ohmic contact using Ni/Au
metallization. The research explores the effects of oxygen plasma treatment and post-deposition
annealing on contact properties, aiming to optimize contact resistance, specific contact resistivity,
and film conductivity. Circular Transfer Length Method (CTLM) measurements confirm that
moderate annealing temperatures (200°C) and plasma power (100 W) yield the best electrical
performance, while excessive treatment leads to contact degradation. These findings lay the
groundwork for further electrical characterization through Hall effect measurements to extract
carrier concentration and mobility, enabling comparison with $-Ga203 and guiding future

integration into heterojunction and p-MOSFET devices.
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Background and Motivation

Gallium oxide (B-Gaz0s) is an emerging ultra-wide bandgap semiconductor with
excellent thermal and electrical properties, making it ideal for next-generation power
devices. However, its lack of p-type doping limits the formation of pn junctions. Nickel
oxide (NiO), a wide-bandgap p-type oxide, is considered a promising candidate to
complement B-Ga:0s, but forming low-resistance ohmic contacts on NiO using Ni/Au
metallization remains a major challenge due to Fermi level pinning and low carrier
concentration. The research explores the effects of oxygen plasma treatment and post-
deposition annealing on contact properties, aiming to optimize contact resistance, specific
contact resistivity, and film conductivity.

Purpose
This project aims to develop a reliable process to form ohmic contacts on NiO thin films,

enabling accurate electrical measurements (e.g., Hall effect) and future integration into p-
channel MOSFETs and heterojunction diodes with f-Ga20s.

Method

NiO films were formed by RF sputtering and treated with oxygen plasma (100 W, 200
W). Ni/Au (50/100 nm) bilayer contacts were deposited via lithography. Post-deposition
annealing was performed in oxygen ambient at 200°C, 250°C, and 300°C. The Circular
Transfer Length Method (CTLM) was used to evaluate the contact resistance, sheet
resistance, and specific contact resistivity from I-V measurements. Since CTLM has a
concentric circular electrode, it avoids the need for lateral isolation and simple fabrication,
however a correction factor is needed in CTLM since the current in CTLM flows radially
between circular contacts, causing the electric field and current density to vary with radial
distance, leading to a nonlinear distribution that affects the effective resistance as
illustrated in Fig. 1.
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Fig 1: (a) illustrates the CTLM structure, (b) illustrates a CTLM resistance (slanted) and

the corrected version (straight) [1]

[1]: Berger C., Alquier D., Michaud J.F. How to Accurately Determine the Ohmic Contact Properties on n-
Type 4H-SiC



The correction factor is as below:
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Where Ro is the radius of the inner electrode and s is the spacing between the inner and
outer electrodes. The correction factor is then multiplied to the resistance to obtain the

real resistance. The total resistance between contacts is as given:

R=9Rct Foh-d

Where R is the measured total resistance, Rc is the contact resistance, Rsh is the sheet
resistance, d is the spacing between contacts, and W is the width of the contacts. We can
go on to obtain Rsh:

dR
Rsh = % x W
Rc can be calculated by taking the intercept (b) getting:
b
Re = 5 x W

And specific contact resistance (pc) can be obtained as:

dR
pc = Rsh x (% xb)

. Results

Ohmic behavior was confirmed in all non-degraded samples (shown in fig. 2, 3) as shown
in fig. 4. Optimal results were obtained with 200°C annealing and 100 W oxygen plasma
treatment, achieving a contact resistance of 29.47 Q-cm, specific contact resistivity of
0.01115 Q-cm? and sheet resistance of 44.595 Q/sq. Excessive treatment (>270°C or 200
W plasma) degraded contact performance due to gold delamination or interface over-
oxidation.
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Fig 2, 3: Shows the result of a usable sample on the left compared to an unusable sample

on the right.
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Fig 4: Graph comparing all I-V curves of the largest CTLM circle, all exhibiting Ohmic
properties.

Téﬁgtiz:iL 02 Plasma Rsh(Q/sq) Rc (Q- cm) pc (- cm?2)

X ow 67.14898711 38.84262852 0.01679
X 100W 64.05669239 0.01601
X 200W

200°C ow 43.76014633

200°C 100W

200°C 200W 63.64527968

250°C ow 43.79124821

250°C 100W

250°C 200W

Fig 4: Table comparing the different sheet resistances under different conditions.
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Conclusion

Carefully optimized annealing and plasma treatment significantly improve NiO contact
performance. The best results suggest that NiO can serve as a viable p-type layer for
Ga20s heterojunction devices. Future work will include Hall effect measurements to
extract mobility and carrier concentration, guiding further device development.

Review and Reflection

This research provided invaluable exposure to the semiconductor industry, particularly in
cleanroom operations, standard fabrication processes, and the broader research and
development cycle. I gained firsthand experience working with advanced materials such
as Gallium Nitride and Gallium Oxide, deepening my understanding of their roles in
next-generation electronics. I am especially grateful to Professor Wong King-Yuen for
sharing his passion for the field and for guiding me through every stage of the research
journey—from literature review and experimental design to hands-on execution. I also
sincerely thank the senior lab members for their patience and mentorship throughout this
project.
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