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Abstract

This thesis explores a number of novel approaches for the deposition of metal oxides and fluorine

doped metal oxide thin films using atomic layer deposition (ALD).

The first experimental chapter details how hydrogen peroxide adducts can be used as stable
hydrogen peroxide sources when combined with trimethylaluminium, diethylzinc and
tetrakis(ethylmethylamino)hafnium(IV) for the atomic layer deposition of aluminium oxide, zinc
oxide and hafnium oxide. Metal oxides deposited using hydrogen peroxide adducts (carbamide
peroxide and sodium percarbonate) are shown to have improved growth rates and modified
electrical properties when compared to a water based approach. Initially, aluminium oxide thin
films were grown as a test bed to assess the potential of hydrogen peroxide adducts as hydrogen
peroxide sources. Following this success, zinc oxide thin films were grown using carbamide
peroxide. They are shown to have significantly increased sheet resistance values and different
crystal morphologies when compared to films deposited using water. Hafnium oxide thin films
have also been grown at low temperature using sodium percarbonate, they show enhanced growth
rates when compared to water approaches. This is the first reported use of hydrogen peroxide
adducts as hydrogen peroxide sources for atomic layer deposition. Analytical techniques such as
thermogravimetric analysis mass spectroscopy (TGA-MS) and remote plasma optical emission
spectroscopy (RP-OES) have been used to assess precursor decomposition and vapour phase

composition.

The second experimental chapter explores how ALD aluminium oxide can be doped with fluorine
to produce thin film gate oxides which have a modified threshold voltage when incorporated into
AlGaN/ GaN metal-insulator-semiconductor heterostructure field effect transistor devices. A
+2.5V positive threshold voltage shift is observed in E-mode devices which may lead to safer and
more energy efficient devices. Low energy ion scattering (LEIS) is used and demonstrated as a
key analytical tool for the analysis of ALD thin films for the materialistic composition as well as

determining potential reaction mechanisms.




The final experimental chapter explains the design and fabrication of a pulsed fluidised bed
deposition tool for in situ synthesis of FAIMe> using AlMe; and powdered AlF;. The in situ
synthesis allows for controlled spatial fluorine doping of ALD aluminium oxide. LEIS is used as
a key analytical tool in assisting with the optimisation of deposition parameters as well as
providing insight into reaction mechanisms. This in situ synthesis method is the first documented
approach which utilises an intermediate chamber for the production of ALD precursors. The
fabricated system is optimised and the FAIMe; intermediate is captured and analysed via nuclear

magnetic resonance spectroscopy (NMR).

A hopetul outcome of this work is to provide new pathways and tools for the future benefit and
advancement of the atomic layer deposition field. The novel approach of in situ synthesis may
allow access to novel precursors, which cannot be synthesised by traditional methods and may

allow for the deposition of compositionally unique thin films.
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