Design of Beta-Phase Gallium Oxide Junction Barrier Schottky Diodes for Efficient Power Electronics

Timothy Lin, Electrical Engineering
Mentor: Dr. Hougiang Fu
Arizona State University

1. Introduction 4. Notes

e Doping Methods: lon implantation and diffusion are key

Project Aim:

Problem Statement.: Solutions on UWBG devices (Ga,0,) efficiency through:

processes for modifying semiconductor properties.

« By 2030, 80% of electricity consumption will be due to > varying junction barrier sizes

Power Electronics industry ($41.3 billion market 2024) e PN Junction Formation: Created by doping a P-type

> various P and N type semiconductor materials

semiconductor with donors to form an N-type region, leading to
* Reduce energy losses by transitioning from Wide ype reg g

nique electrical properties.
Band-Gap Silicon devices to Ultrawide Band-Gap (UWBG) Hnhiqd ICal propert

3. Results and Data Analysis

ATLAS Silvaco Simulation Results e Schottky Diodes: exhibit low forward voltage and are ideal for

Gallium Oxide devices.
high-speed applications.

10" , Ga,O, Junction Barrier Structure
 Inrossin UWBG devices have greater 273 E Work
a5 | e | , 9. Future Wor
5| N performance than WBG devices .~ NvAu
G 100+ 5 P P P
= ; % . . _ i i . . . . .
S with their larger band-gap Findings 1. Testing various N and P type semiconductor materials with
O . .
& leading to higher breakdown these parameters
7] . . . .
310" . " . n--Ga,0,, 13 pm e Variables: Width (x mesh), height o |
E voltage, higher critical electric | 2. Fabricating advanced structures in the Nanofab lab
© field and larger Baliga's figure of (y mesh), well spacing, number of
102l dLodos et it wells 6. References
Breakdown Voltage (V) n+-Ga203 Sub 1. "Applications of Wide Bandgap Devices." EEPowers,
2 A I. t. f P I t = ) ® TOO Iarge or Sma” ChangeS cause https://eepower.com/technical-articles/applications-of-wide-bandgap-devices/. Accessed 6 Apr. 2025.
] p p |Ca IO ns Or owe r e ec ro n ICS Ti/Al/Ni/Au o . 2. ARPA-E (Advanced Research Projects Agency—Energy). "CIRCUITS: Creating Innovative and Reliable Circuits Using
fOr IeSS effICIency fOF the deVICG Inventive Topologies and Semiconductors." U.S. Department of Energy,
P out (W] . o https://arpa-e.energy.gov/programs-and-initiatives/view-all-programs/circuits. Accessed 6 Apr. 2025.
10M 4 IGBT A, s:IIar ] ] 3. Hu, Chenming Calvin. Modern Semiconductor Devices for Integrated Circuits. 1st ed., Prentice Hall, 2010,
@ I EV Charging Slm u Iatlon https.//www.chu.berkeley.edu/modern-semiconductor-devices-for-integrated-circuits-chenming-calvin-hu-2010/. Accessed 6 Apr.
> SiC &= HEV/EV (Traction, OBC) 2025.
M -(} Motor Drives VICTORYDEVICE . . 4. Straits Research. "Power Electronics Market Size, Share & Trends Analysis Report - 2033." Straits Research,
O - =y HEV/EV (DC-DC. OBC) T : i ® When SImUIated’ the Varlables are https://straitsresearch.com/report/power-electronics-market#:~:text=The %20global%20power%20electronics %20market.period

—

| Networking/Servers

>3
100k > U Low Power Supplies

10k y
s Y&

© S)  “GaN

» FswHz]

1k 10k 100k M 10M

2] 0 » @ N - (-]
5 | \|||l|||||||\|||
§ i
sy
1 ]
1 g
) o]

altered to the most optimal well size for s,

the greatest power efficiency

%20(2025%2D2033). Accessed 6 Apr. 2025.

Tiwari, Sandeep, et al. "Emerging Power Electronic Devices Based on Wide Bandgap Semiconductors." MRS Bulletin, vol. 46,

no. 8, 2021, pp. 660-669. Springer, https://link.springer.com/article/10.1557/s43578-021-00458-1. Accessed 6 Apr. 2025.

7. Acknowledgements

Dr. Houqgiang Fu

2. Dinusha Herath Mudiyanselage

%’ Ira A. Ful_ton Sc:hoo!s of
I EE ]

Arizona State University



https://eepower.com/technical-articles/applications-of-wide-bandgap-devices/
https://eepower.com/technical-articles/applications-of-wide-bandgap-devices/
https://arpa-e.energy.gov/programs-and-initiatives/view-all-programs/circuits
https://arpa-e.energy.gov/programs-and-initiatives/view-all-programs/circuits
https://www.chu.berkeley.edu/modern-semiconductor-devices-for-integrated-circuits-chenming-calvin-hu-2010/
https://www.chu.berkeley.edu/modern-semiconductor-devices-for-integrated-circuits-chenming-calvin-hu-2010/
https://straitsresearch.com/report/power-electronics-market#:~:text=The%20global%20power%20electronics%20market,period%20(2025%2D2033)
https://straitsresearch.com/report/power-electronics-market#:~:text=The%20global%20power%20electronics%20market,period%20(2025%2D2033)
https://straitsresearch.com/report/power-electronics-market#:~:text=The%20global%20power%20electronics%20market,period%20(2025%2D2033)
https://link.springer.com/article/10.1557/s43578-021-00458-1

