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Background – Why Gallium Oxide?
Gallium oxide (Ga2O3) is a promising semiconductor material that has many advantageous qualities. Gallium 
oxide is a wide bandgap semiconductor ranging from 4.5eV to 5.3eV, corresponding to the ultraviolet end of 
the electromagnetic spectrum. A polymorph is a material with the same chemical composition (in this case 
Ga2O3) but with different crystal structures and properties. Gallium oxide has five polymorphs α, β, γ, δ, and 
ε each with their own properties, for example: beta-phase has a bandgap of approximately 4.7eV to 4.8eV 
whereas, the alpha-phase is typically reported as having a bandgap in the region of 5.1eV to 5.3eV. Wide 
bandgaps are not the only property that makes gallium oxide useful, they have higher breakdown electric 
fields, higher temperature tolerance, and better resistance to radiation than current generation 
semiconductors.

Gallium oxide can be used to make a range of devices such as, UV photo-blind detectors, meaning that 
visible and infrared radiation regions of solar radiation do not trigger any response in the device other than 
the UV end of the spectrum. Further applications include purifying water and sterilizing food.  Gallium oxide 
can make good gas sensors for a range of organic molecules that pose respiratory risks to humans. 

Fig. 1. A diagram indicating the various 
applications of UV devices and the related 
wavelengths (left).

Fig. 2. The different crystal structures of
α, β and ε phase gallium oxide (right).



The Primary production of Ga2O3 is expensive as it requires high-vacuum and high-temperature deposition equipment which can make it cost prohibitive to study. Traditional epitaxial 
growth methods of growing gallium oxide are pulsed laser deposition (PLD) where a laser is used to vaporise a gallium source, with the resulting gas particles being absorbed onto a 
substrate, it requires a high-vacuum and laser to use this method; similarly molecular beam epitaxy (MBE) and mist-chemical vapour deposition mist-CVD requires a high vacuum to 
achieve high purity and quality samples, with the overall thickness controlled by the deposition time. Another technique used is (PE) atomic layer deposition (ALD) which uses gaseous 
molecules to construct alternating monolayers of two elements onto a substrate to grow layer by layer, where the overall thickness is controlled by the number of cycles. All the 
aforementioned techniques require expensive and sophisticated equipment that make it prohibitive to study. The goal of our project is to deposit gallium oxide onto sapphire substrates 
using methods and equipment widely available in any lab and does not require massive investments to produce. Additionally, the wavelength of light that gallium oxide can absorb (UV-
C) is slightly outside the range of UV light from the Sun (UV-A and UV-B), decreasing the overall efficiency and effectiveness when making devices for use as solar-blind detectors.

The proposed methods for achieving this goal is chemical solution 
deposition (CSD), which is a term used to describe any technique 
whereby a chemical precursor solution is used to create a film. 
Methods include drop casting, where a precursor solution is pipetted 
onto the substrate. Another method is chemical bath deposition in 
which a substrate is partially or fully emerged into a heated precursor 
solution to allow chemisorption onto the substrate. Both methods can 
be used with equipment that is very common in labs, such as hot 
plates, pipettes and beakers. After deposition onto the substrate the 
sample is then heated; once to evaporate remaining solvent (water) 
and again to form Ga2O3 . The final annealing temperature will 
determine the final polymorph of gallium oxide produced. Gallium 
nitrate hydrate Ga(NO3)3 .xH2O was the chosen precursor solution for 
CSD because it is very soluble in water, decomposes into gallium 
oxide at relatively low temperatures and is fairly inert. The bandgap of 
gallium oxide can be tuned (lowered) by introducing a dopant in the 
form of iron nitrate because iron has a bandgap in the red visible 
region of the EM spectrum, the resulting alloy should have a bandgap 
in between both materials when oxidised together.

The Problem

The 
Solution

Fig. 3. Illustration of the drop 
casting and sonication method 
with drying on hot plate (above).

Fig. 4. Gallium nitrate precursor 
solution being doped with 
increasing concentrations of iron 
nitrate. Doping is done by simple 
combining solutions to a desired 
ratio (left).



Results
Throughout the project many different parameters 
were explored to determine which yielded the best 
overall semiconductor material. Some of the 
parameters considered were: 

• Deposition Method
• Drying Temperature and Duration
• Annealing Time and Temperature
• Solution Concentration
• Doping Ratio

Two methods were used to determine what was the
best final semiconductor material; ultra-violet visible 
spectroscopy (UV-VIS) and scanning electron 
microscopy (SEM)

UV-VIS

SEM

The bandgap and the Urbach energy (a measure of 
the defects within the crystal structure), can be 
extracted from UV-VIS graphs (Fig. 5. and Fig. 6.). UV-
VIS measures the transmittance, since the 
semiconductor material will only absorb light at a 
wavelength close to the bandgap, the bandgap 
appears as a sharp drop in the curve.

Fig. 5.  UV-VIS of a sample set testing the effect of sonication 
time on the final quality of gallium oxide. 

Fig. 6. UV-VIS measuring the change in bandgap of gallium 
oxide via iron doping. Two drops indicates lack of alloying. 

Fig. 7. a)SEM image of sample. EDX maps of elemental distribution, the 

intensity of white indicates the presence of a particular element: b) 
aluminium, c) oxygen, d) gallium, e) iron and iron doped gallium 
samples being loaded into SEM machine.

SEM was used to see the surface morphology of 
semiconductors to measure the uniformity of thin film and 
was also used to measure the prevalence of elements, 
especially when doping with iron.

a) b) c)

d) e) e)

Conclusion
• Gallium oxide semiconductors can be successfully 

synthesised via CSD techniques. 
• Iron can be easily doped into gallium but more work is 

required to form an alloy between iron and gallium for 
successful tuning of the bandgap.

• Future work will include looking at more parameters
and further investigation into the electrical properties
of the semiconductor devices so far only optical 
properties have been investigated.


