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Ultra-Wide Band Gap Semiconductors
Definition

A semiconductor is a type of material that is intermediate in
electrical conductivity between a conductor and an insulator.
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Why?

profiles. Note that we have not confirmed l and n of the

n-Ga2O3 layer, because the substrate used in this study was a

small-size chip. Typical l and n of the epitaxial Ga2O3 films

grown under the similar conditions were around 100 cm2/Vs

and 5� 1017 cm�2, respectively.

Figures 2(a) and 2(b) show a cross-sectional schematic

illustration of the Ga2O3 MESFET structure and a micro-

graph of the fabricated device obtained using an optical

microscope. We employed a circular FET pattern, because a

device isolation technique has not yet been developed. In the

first process of Ohmic contact formation, a reactive ion

etching (RIE) treatment was performed using a gas mixture

of BCl3 and Ar for 1 min, followed by evaporation of

Ti(20 nm)/Au(230 nm) and lift off. The chamber pressure

and plasma power during the RIE process were 5.0 Pa and

150 W, respectively, leading to a 15-nm-deep etching of the

Ga2O3 film. We found that the RIE treatment significantly

reduces the contact resistance, as discussed below. Finally,

Schottky gates were fabricated by Pt(15 nm)/Ti(5 nm)/

Au(250 nm) deposition and lift off. Surface dielectric passi-

vation was not performed for the devices. The gate length

was 4 lm, and the spacing between the source and drain

electrodes was 20 lm. The diameter of the inner circular

electrodes for the drain was 200 lm.

Figure 3 shows two-terminal current–voltage (I–V)

characteristics of the samples fabricated with and without

the RIE process. The characteristics were measured between

two as-deposited Ti/Au contacts formed on n-type Ga2O3

substrates with n¼ 5� 1017 cm�3. The two contacts were

fabricated in a circular transmission line model pattern. One

contact was a circle 200 lm in diameter, and the other was

set to surround the circle and had an area hundreds times

larger than that of the inner one. The spacing between the

two electrodes was 20 lm. Note that the characteristics negli-

gibly varied if the distance was changed from 4 to 20 lm

because of the extremely low sheet resistance due to the sub-

strate thickness of about 300 lm. The contacts fabricated

with the RIE process showed an almost Ohmic behavior; on

the other hand, the clear feature of the Schottky contact was

observed for the sample fabricated without the RIE treat-

ment. The detailed mechanism is unclear; however, we con-

sider that the RIE treatment could generate large-density

surface defects such as oxygen vacancies that act as donors.

Similar phenomena have also been confirmed for LaAlO3/

SrTiO3 metal-oxide-semiconductor FETs.9

FIG. 2. (Color online) (a) Cross-sectional schematic illustration and (b) op-

tical microscope micrograph of Ga2O3 MESFET.

TABLE I. Material properties of major semiconductors and b-Ga2O3.

Si GaAs 4 H-SiC GaN Diamond b-Ga2O3

Bandgap Eg (eV) 1.1 1.4 3.3 3.4 5.5 4.8–4.9

Electron mobility l (cm2/Vs) 1400 8000 1000 1200 2000 300

Breakdown field Eb (MV/cm) 0.3 0.4 2.5 3.3 10 8

Relative dielectric constant � 11.8 12.9 9.7 9.0 5.5 10

Baliga’s FOMa �lE3
b 1 15 340 870 24 664 3444

aFor DC and low frequency.

FIG. 1. (Color online) (a) Bandgap dependences of the breakdown field and

(b) theoretical limits of on-resistances as a function of breakdown voltage

for major semiconductors and b-Ga2O3. The broken line in (a) is fitted with

the eyes.

FIG. 3. (Color online) I–V curves measured between two contacts (as-de-

posited Ti/Au) fabricated with and without RIE treatment on n-Ga2O3

substrates.

013504-2 Higashiwaki et al. Appl. Phys. Lett. 100, 013504 (2012)
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Higher Tolerance to Electric Field.

Power Electronics.

Emission of UV Light.
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Promising Applications

Electric Cars.
UV Photonics for Pandemic Prevention and Space
Exploration.
QBits Encoding.
High-Voltage Power Electronics.
High-Power RF Amplifiers.
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Advantages
High breakdown voltage.

High thermal stability.

High frequency operation.

High power density.

Improved radiation resistance.
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Disadvantages
Limited availability of materials.

High cost of production.

Temperature sensitivity.

Limited flexibility in device design.
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Conclusion

Ultra wide band gap semiconductors have the potential
to revolutionize the electronic device industry due to
their unique physical properties.
These semiconductors have the ability to operate at
higher temperatures, frequencies, and power densities
compared to traditional semiconductors.
However, their limited availability, high cost of
production, and poor electrical conductivity pose
challenges to their widespread adoption.
Further research and development is needed to
address these challenges and unlock the full potential
of ultra wide band gap semiconductors.
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