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This research is based around the idea that  there are better alternatives for semiconductor for power 

electronics  other than the conventional Silicon, Silicon Carbide and Gallium Nitride, this material is 

Gallium Oxide that has been researched lightly and has shown the potential to be more efficient and 

more durable than the materials aforementioned.

The method that was used to find the results for this research was to read  articles that talked 

about the use of the new material and how it has been modified and how it compares to the 

other materials that are currently being used  in the field and what were the disadvantages and 

the advantages that this materials brings up, It made sure that both sides were being brought up 

as the good and the bad have to be determined if it is a viable option for an alternative for the 

materials in transistors. The methodology involved comparing the efficiency and the Voltage and 

current of the transistor versus the ones that are currently being used in the electronics inside 

the field.

The results of this research were the finding that while Gallium Oxide has shown to be more 

efficient at higher voltages and has the potential to reduce the heat if a diamond substrate is used in 

the transistor it has also been shown that it also has a lot of difficulties being used and molded into 

being a transistor  and usable compared to the other. The pros of using this material over using other 

type of semiconductors is that, it is more efficient in higher voltages than Silicon Carbon and also

Gallium Nitride, The other things is that it has higher amount of switching that helps reduce energy 

making it decently amount cheaper, one thing that makes it better for power electronics as they deal 

with high amount of voltage. This material also has a significant larger electric field strength than the 

other materials making it stronger and allowing it to be doped more heavily by more dominant doping 

profiles and allowing for flexibility, it is more than twenty times stronger than that of silicon and twice 

as strong  Silicon Carbide and Gallium Nitride.

While this material has a lot of upsides it is still not very well known and also it is very hard to work 

with making it an undesirable choice currently. One Of the main cons of this material is that it does 

tend to get hotter quicker than others material and making it dangerous and at really high 

temperatures it is also less efficient. This problem can be solved if a diamond substrate is used the 

issue with that is that it would drive up the price making it less desirable compared to the other 

semiconductor that are being used in today's electronics. While it does have some downsides and it 

has been difficult to work with this material has shown the potential to be more beneficial if more 

research is done to it, because it has the ability to be more efficient and make it more desirable than 

the ones that are currently being used because it would in the longhaul be more cost effective and 

use less energy.

The skills that were needed for this research was the understanding of devices and materials and what happens 

inside a MOSFET and BJT transistor and how it relates to voltage and the magnetic field. Also requires basic 

knowledge of how this relates to power and how to determine what is useful when determining what is the best 

for Power electronics. I had only basic knowledge of materials and devices and almost none of power 

electronics as I have taken no class in that regards but only have experience from parents and articles that I 

have read.

The things that were learned in this experience is what is needed and wanted in a power appliance 

and what is desired in terms of voltages and what constitutes a good material for this kind of 

applications. I have also learned how what effects materials has on the appliances and the real life

implications and what each material is capable of and how it is important for the right type of material 

to be used for the right stuff.
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A future plan for this project is to be able to do simulation and be able to see how this material under more 

conditions and different voltages, so that the data gathered can be more useful because the articles at times has 

different numbers for different uses that make it inconsistent and make it harder to make to find the true benefits 

of this material over the other ones that are being used.  

This work is supported by the USDA National Institute of Food and Agriculture, 

Interdisciplinary Hands-on Research Traineeship and Extension Experiential Learning in 

Bioenergy/Natural Resources/Economics/Rural project, U-GREAT (UnderGraduate 

Research, Education And Training) program (2016-67032-24984).

• Clarke, Peter. “Step Forward for Gallium-Oxide MOSFETs.” EeNews Power, 18 July 2018, www.eenewspower.com/news/step-forward-gallium-oxide-mosfets.

• Davis, Sam. “Gallium Oxide Could Challenge Si, GaN, and SiC in Power Applications.” StackPath, 9 Oct. 2018, www.powerelectronics.com/technologies/alternative-energy/article/21864241/gallium-oxide-could-challenge-si-gan-and-sic-in-power-applications.

• Clarke, Peter. “Gallium Oxide Boost for High Voltage Power.” EeNews Power, 21 Jan. 2017, www.eenewspower.com/news/gallium-oxide-boost-high-voltage-power.

• Flaherty, Nick. “Developing FETs from Gallium Oxide.” EeNews Power, 7 Feb. 2018, www.eenewspower.com/news/developing-fets-gallium-oxide/page/0/1.

• Flaherty, Nick. “First Vertical Gallium Oxide Power MOSFET Developed.” EeNews Power, 13 Dec. 2018, www.eenewspower.com/news/first-vertical-gallium-oxide-power-mosfet-developed/page/0/1.

• National Institute and Communication and Technology. “Development of World's First Vertical Gallium Oxide Transistor through Ion Implantation Doping.” Phys.org, Phys.org, 13 Dec. 2018, phys.org/news/2018-12-world-vertical-gallium-oxide-transistor.html.

1. The objective of this research is to find a better and more efficient material for the use in power electronics and other power applications than the already common ones such as Silicon Carbon and and Gallium Nitride that 

are very popular in the transistors that are used today.

2. The other objective of this research is to find why this material is not being used more often and why there is little research on it and what are the difficulties that are involved with using this item in the electronics for 

today's appliances. The goal is find the pros and cons of this material to see if it's worth the replacement and if it's better than what we have right now.

The want to explore the field of power engineering and understand the materials that go into the electronics that are used in the field and the ways to make the industry more efficient and making it easier for us to advance in 

technology and make energy more cheaper and more accessible for everyone that needs it is one of the motivations for this research and should explain why there has been an increase in research in this topic that is 

relatively new to the world.

There has been little experience with power electronics and research, but have had family in the power industry before but in different discipline such as the power industry that is pertaining to oil and in different types of 

engineering like Mechanical and Chemical where they have passed down some knowledge of how the industry works but nothing relating to the electronics parts.
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