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ABSTRACT 

 

The technological advancement and new device concepts in using 

semiconducting materials such as III-nitrides with exceptional electronic 

and optical properties have attracted substantial interest worldwide. One of 

the semiconducting materials is gallium nitride, belonging to the family of 

III-nitrides and a wide bandgap (3.42eV) semiconductor. It has a diverse 

range of applications, including military, high power, automobile and 

optoelectronic applications. The possibility to grow heterostructures 

(AlGaN/GaN) is another advantage of GaN. A 2DEG is formed in AlGaN/GaN 

heterostructures resulting from strong spontaneous and piezoelectric 

polarisation, make them suitable for the next generation high electron 

mobility transistors. Their efficient device performance is significantly 

influenced by the surface of these heterostructures. Another significant 

problem with GaN is the absence of a native substrate, which leads to 

threading dislocations (108 cm-2-10-10 cm-2) with high density. However, GaN 

nanowires are one of the most probable solutions to the lattice mismatch 

problem. The present thesis is focussed on the growth and characterisation 

of gallium nitride nanowires on high index silicon substrates, to investigate 

how surface treatments affect GaN epitaxial films and AlGaN/GaN 

heterostructures in order to solve device-related issues caused by surface-

related problems, and fabricate AlGaN/GaN circular HEMTs on 200 mm 

silicon and 3" sapphire wafers for sensing applications as the circular 

geometry provides a large sensing area. 
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 In the present work, firstly MBE technique was used for the growth of 

gallium nitride nanowires on high index Si (211) substrates without using 

any catalyst. The synthesis process started with the nitridation of the Si 

(211) substrates which was carried out at 11700C. The nitridation time of 

the Si (211) substrates was then optimised for the growth of the nanowires. 

The stepped nature of Si (211) substrates resulted in preferential orientation 

of the nanowires. The nanowires were characterised using various 

structural, morphological and optical techniques. The length of the 

nanowires is approximately 450 nm. The diameter of gallium nitride 

nanowires had a range from 20 nm to 80 nm. FESEM results confirmed that 

GaN nanowires are highly dense and oriented at 700 with respect to Si (211) 

substrate. The UV and NOx gas sensing application of the nanowires were 

also investigated. The nanowires showed a response of 2.2 % to UV and 24% 

to NOx gas with a fast recovery and excellent reproducibility. 

 Further growth and characterisation of heterostructures based upon 

MoS2-GaN nanowires on Si (111) substrates were carried out. Their 

structural and vibrational properties were studied. PAMBE technique was 

used to grow GaN nanowires on Si (111) substrates followed by the 

deposition of 2D MoS2 layers on the nanowires by CVD technique. SEM 

results confirmed that GaN nanowires are decorated by triangular shaped 

MoS2 domains. The numbers of MoS2 layers were investigated using Raman 

spectroscopy. The difference between A1g and E2g Raman peaks is 24.8 cm-1 

which indicates the presence of few monolayers of MoS2 on GaN nanowires. 
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Thus, the results obtained indicate that GaN nanowires can be integrated 

with two dimensional MoS2 layers. 

 The effect of chemical surface treatments in GaN epitaxial films and 

AlGaN/GaN heterostructures is investigated. Hot phosphoric acid treatment 

was used for polarity determination in gallium nitride films which leads to 

the formation of hexagonal pits in Ga-polar films and dodecagonal pyramids 

in N-polar films as studied using FESEM. In addition, it was observed that 

the hydrogen peroxide treatment in AlGaN/GaN heterostructures results in 

passivation of AlGaN surface and hence can result in improving the device 

performance. Hydrogen peroxide treatment leads to the increase in PL 

intensity and decrease in surface barrier height by 0.19 eV as assessed by 

XPS. Surface photovoltage spectroscopy, which uses surface photovoltage as 

a parameter, was also used to investigate the impact of hydrogen peroxide 

on the AlGaN surface. 

 Gateless circular HEMTs on 200 mm silicon substrates and circular 

HEMTs on 3” sapphire substrates were fabricated respectively for sensing 

applications. The saturated drain current (IDsat) of gateless HEMTs was found 

to be around 383 mA with a knee voltage at around 6.2 V. The gateless 

circular HEMTs showed a response (δIDS/IDS) of about 0.694% at source 

drain voltage of 100 mV along with a slow recovery time of 2394s due to 

persistent photoconductivity effect to ultraviolet light at room temperature 

with excellent repeatability. In addition for the AlGaN/GaN circular HEMTs 

on sapphire wafers with Pd as a gate metal IDSS was found to be 0.95 A/mm 

with a knee voltage of 5.6 V. The hydrogen and UV sensing applications of 
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circular HEMTs were then studied. The HEMTs exhibited a sensitivity of 

12.67 % to hydrogen gas and 4.58% to ultraviolet light at room temperature 

respectively.  

 The results of the present thesis show that GaN nanowires on high 

index silicon substrates have immense potential for sensing applications 

and circular HEMTs are desirable candidates for sensing applications as 

they provide a large surface area in comparison to conventional HEMTs.  
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