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Project title  Merging data science and time-domain astrophysics using the 

Murchison Widefield Array 

Name of supervisor(s) Martin Bell 

Email address Martin.Bell@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

In this project, you will work with data collected from one of Australia’s 

most state-of-the-art low-frequency radio telescopes the Murchison 

Widefield Array (MWA; http://www.mwatelescope.org ). Over the past 

four years we have been surveying the time-domain properties of the 

Southern hemisphere sky with this telescope, and we have collected 

over ten thousand images. The science goals of this large project are to 

detect transient and variable phenomena, for example, exploding stars 

and merging black holes. With this dataset, however, previous Honours 

students have gone onto detect entirely new phenomena i.e. plasma 

density ducts in the upper atmosphere (see 

https://www.youtube.com/watch?v=ymZEOihlIdU). You will 

specifically work on applying cutting-edge statistical and data science 

techniques to extract new insight from this time-series data and 

images. You will work with our software package to filter out the truly 

exciting astronomical signals from the noise.  You will also work on 

developing new visualisation techniques to best display your results. A 

good proficiency in programming is desirable for this project.     

Techniques the student 

would be working with 

Data science, computational astrophysics, time-domain statistics, 

time-series analysis, computer visualisation.   

Infrastructure and support 

required for project 

execution  

Linux workstation or log-in to an appropriate Linux environment. 

Degree Applied Physics 

mailto:Martin.Bell@uts.edu.au
https://www.youtube.com/watch?v=ymZEOihlIdU)


3 
 

 

 

Project title  Big Data and the Parkes Radio Telescope 

Name of supervisor(s) Martin Bell and George Hobbs 

Email address Martin.bell@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

In this project the student will either work with large of volumes of 

data (> 1Pb) already obtained by the Parke’s radio telescope, or they 

will conduct new observations to service the project. Depending on 

the interests and abilities of the student this project could focus on 

the following areas: (i) Developing intelligent algorithms for the 

detection of Pulsars (rapidly rotating Neutron stars). This may involve 

the application of machine learning. (ii) Searching for slowly rotating 

stars. So far Parkes has been effective at searching for rapidly rotating 

Neutron stars with periods < 2s. This project will focus on searching 

for transient stellar objects which have periods of hours or longer. (iii) 

Commissioning the ultra-wide band receivers. Parkes has recently had 

a major $2.5 million upgrade in the form of ultra-wide band receivers. 

This project will focus on analysing data from the new system and 

conducting some of the first observations of known pulsars with ultra-

wide bandwidth. This is a co-supervised project and the student will 

be expected to spend some time at CSIRO Astronomy and Space 

Science working with George Hobbs 

(https://www.atnf.csiro.au/people/George.Hobbs/index.html).  

About Parkes: 

https://www.csiro.au/en/Research/Facilities/ATNF/Parkes-radio-

telescope/About-Parkes 

 

Techniques the student 

would be working with 

Data science, computational astrophysics, time-domain statistics, 

time-series analysis, computer visualisation.   

Infrastructure and support 

required for project 

execution  

This is a joint supervised project with CSIRO Astronomy and Space 

Science (CASS). The student will be required to spend one day every 

two weeks at CASS, which is located at Epping Sydney.   

Degree Applied Physics or Nanotechnology 

mailto:Martin.bell@uts.edu.au
https://www.csiro.au/en/Research/Facilities/ATNF/Parkes-radio-telescope/About-Parkes
https://www.csiro.au/en/Research/Facilities/ATNF/Parkes-radio-telescope/About-Parkes
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Project title  Light-sound interaction in soft porous materials 

Name of supervisor(s) Dr Irina Kabakova, Prof. Christopher Poulton  

Email address Irina.Kabakova@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Biological materials, such as cells and tissues, are soft materials that 

consist of a solid porous network and liquid filling. The mechanical 

properties of these materials are linked to their function, and 

maintenance of appropriate elasticity levels is critical for their healthy 

life cycle. It has been recently shown that cells change stiffness with 

progression of several diseases (e.g. cancer, fibrosis etc.) Thus, it is 

important to understand the mechanisms that influence the cell and 

tissue’s stiffness and be able to control it.  

In this project, 

numerical algorithms 

will be developed to 

assist with the 

understanding of 

mechanical and acoustic 

properties of soft 

porous materials. This 

will ultimately play a pivotal role in interpretation of experimental 

studies based on opto-acoustic interactions in biological materials such 

as those using Brillouin microscopy and spectroscopy. 

This project is suitable for someone with an ability to solve problems 

using theoretical and computation approaches. Some experience in 

programming (MATLAB preferred, but other programming languages 

such as python and C++ are also appropriate). Knowledge of the finite 

element software package COMSOL is a bonus but is not required. 

Techniques the student 

would be working with 

Finite-element modelling (MATLAB, COMSOL), development of 

analytical models based on energy bounds approach  

Infrastructure and support 

required for project 

execution  

A COMSOL multi-user license is available for the student and 

supervisors within full duration of the project.  

Degree Applied Physics 

mailto:Irina.Kabakova@uts.edu.au
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Project title  Laser inscription of 3D hydrogel scaffolds 

Name of supervisor(s) Irina Kabakova, Alexander Solntsev 

Email address Irina.Kabakova@uts.edu.au  

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Hydrogels are attractive scaffolding 

materials owing to their highly swollen 

network structure, ability to encapsulate 

cells and bioactive molecules, and efficient 

mass transfer. These properties make 

hydrogels into ideal class of materials for 

biomedical applications, such as drug 

delivery and tissue engineering. Recently, 

it has been found that a liquid monomer solution can be polymerized 

by an exposure to ultrashort pulses of laser radiation. Such photo-

polymerization technique provides an unprecedented control over the 

structural geometry and mechanical properties of hydrogel scaffolds in 

3D.   

This project aims to develop a recipe for 3D inscription of hydrogel 

microstructures using polyethylene glycol as a material and 

femtosecond laser pulses as the trigger for photo-polymerization 

process. The polymerization of hydrogel will be characterized, and the 

mechanical properties of structures will be measured using Brillouin 

spectroscopy technique. The resulting 3D structures can be used for 

further cell mechanics and tissue growth experiments.  

You will learn how to operate powerful lasers used in the laser 

processing industry, how to handle polymers for biomedical 

applications, and how to utilize one of the most advanced material 

characterization techniques - the Brillouin spectroscopy. 

Techniques the student 

would be working with 

Ultrashort pulse laser inscription of 3D microstructured materials 

based on hydrogel (polyethylene glycol). Characterisation of photo-

polymerisation process using Brillouin spectroscopy technique.  

Infrastructure and support 

required for project 

execution  

Brillouin spectroscopy facility  (Irina Kabakova), MAU  

Femtosecond pulsed laser facility (Alexander Solntsev), MAU 

Degree Applied Physics 

mailto:Irina.Kabakova@uts.edu.au
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Project title  Colour-tunable nanowire light emitting diodes 

Name of supervisor(s)  A/Prof Cuong Ton-That, Dr Angus Gentle, Prof Matthew Phillips 

Email address Cuong.Ton-That@uts.edu.au  

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

It is widely accepted that nanowires will play an important role in the 
design of future functional nanodevices. Our recent work has 
demonstrated that light emitting diodes (LEDs) made from Ga-doped 
ZnO nanowires exhibit a tuneable emission wavelength and superior 
electroluminescence properties. The project aims to fabricate and 
characterise LEDs from Ga2O3 nanowires, then optimise for light 
emission efficiency. In this context, oxide nanowires with specified 
electrical properties will be grown for use in the construction of LEDs. 
Detailed characterisation of individual nanowires, assembly and the 
optoelectronic properties of nanowire-based LEDs will establish 
relationships between growth, doping conditions and the 
performance of the device. The project leverages on the 
semiconductor fabrication capability at a leading semiconductor 
fabrication company, Nanovation (www.nanovation.com).  

 

 
Electroluminescence spectra of nanowire LEDs and schematic of the 

device structure 
 

Techniques the student 

would be working with 

Plasma processing, thin film deposition, TEM, infra-red absorption 

spectroscopy, electroluminescence, cathodoluminescence, 

photoluminescence, Raman, X-ray diffraction.  

Infrastructure and support 

required for project 

execution  

This is a joint project with our industrial partner, Nanovation 

(www.nanovation.com). The project will employ nanowire growth and 

LED fabrication facilities at UTS.  

Degree Applied Physics or Nanotechnology 
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Project title  Oxide nanosheets for 2D heterostructure diodes 

Name of supervisor(s)  A/Prof Cuong Ton-That, Dr Helen Xu 

Email address Cuong.Ton-That@uts.edu.au  

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

The discovery of single-atomic layer graphene has led to a surge of 

interest in other anisotropic crystals such as oxides and nitrides. 

Interest in these two-dimensional 2D materials is motivated by the 

possibility of combining them to produce 2D electronic devices such as 

heterojunction diodes and field-effect transistors with enhanced 

performance [Nature Nanotechnology, 8, 100-103, (2013). 

DOI: 10.1038/NNANO.2012.224]. More significantly, material systems 

such as ZnO, SnO, Ga2O3 with highly efficient luminescence and 

desirable optoelectronic properties could offer opportunities for 

innovative device architectures in nanophotonics and nanoelectronics. 

The project will exploit recent advances in nanoscale characterisation 

to directly study at high magnification the structural, optical and 

electronic properties of oxide nanosheets.  
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Exciton emission in a ZnO nanosheet (thickness of ~6 nm) 

Techniques the student 

would be working with 

Transmission electron microscopy, energy dispersive spectroscopy 

(EDS) mapping, cathodoluminescence, plasma processing, 

photoluminescence, Raman, X-ray diffraction 

Infrastructure and support 

required for project 

execution  

The project will employ nanoscale characterisation tools available in 

the MAU at UTS as well as the facilities at our collaborator’s lab (Prof 

Vipul Bansal at RMIT University) 

Degree Applied Physics or Nanotechnology 

 

 

mailto:Cuong.Ton-That@uts.edu.au
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Project title  Development of new methods for surface functionalization and patterning using 

plasmas and electron beams 

Name of supervisor(s)  A/Prof. Charlene Lobo, Prof. Milos Toth 

Email address Charlene.Lobo@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Plasma and electron beam induced chemistry involve the dissociation of 

chemical precursors using reactive plasmas or electron beams rather than heat 

(as in the more conventional techniques of chemical vapour deposition and 

molecular beam epitaxy). Because the electron beam diameter is very small 

(tens of nanometres), electron beam chemistry enables highly selective, high 

resolution patterning and functionalization of materials. We have recently 

employed electron beam chemistry to achieve directed etching of the two-

dimensional (2D) semiconductor hexagonal boron nitride (h-BN), and to study 

the reaction chemistry of phosphorene, one of the newer 2D materials. This 

project will focus on developing new precursor chemistries and techniques for 

etching and functionalization of a number of technologically important 

materials, including phosphorene, MoS2, and nano-diamonds. The honours 

student will have the opportunity to collaborate with a team of PhD students 

working on other applications of the developed plasma and electron beam 

chemistries (eg, in fabrication of photonic and optoelectronic devices). 

 

Figure 1: High resolution directed etching of hexagonal boron nitride 

 using water as the etch precursor.  

Techniques the student 

would be working with 

Chemical and photochemical synthesis, mass spectrometry, electron 

microscopy, thermogravimetric analysis, among other techniques. 

Infrastructure and support 

required for project 

execution  

This project will employ facilities presently available at UTS. The student will also 

have the opportunity to conduct experimental measurements and collaborate 

with researchers at CSIRO Lindfield. 

 

Degree Nanotechnology/ Applied Physics 
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Project title  Synthesis and biomedical applications of polymer-functionalized black 

phosphorus nanoparticles. 

Name of supervisor(s)  A/Prof. Charlene Lobo, Dr. Olga Shimoni 

Email address Charlene.Lobo@uts.edu.au , Olga.Shimoni@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Emerging two-dimensional (2D) materials such as hexagonal boron 

nitride (h-BN) and 2D black phosphorus (BP) have unique combinations 

of properties, including direct, tunable bandgaps (in the ultraviolet and 

infrared respectively) and biocompatability. Prior studies have 

demonstrated that unprotected BP nanoparticles undergo degradation in 

air and in aqueous buffer solutions, resulting in the formation of nontoxic 

phosphates and phosphonates1-2. This project will develop methods of 

fabricating and functionalizing stable BP nanoparticles for use as 

biomedical sensing probes and therapeutic agents. Nanoparticle synthesis 

will be conducted using conventional wet chemistry methods, and the 

synthesized nanoparticles will then be encapsulated in biocompatible 

PEG-like block-copolymers to yield well-dispersed nanoparticles in 

aqueous media. Using this process, BP nanoparticles will be 

functionalized with multidentate polymeric ligands, allowing for further 

attachment of peptides, proteins, antibodies, other inorganic 

nanoparticles, and therapeutic agents such as anti-cancer drugs and 

antimicrobial agents to the nanoparticle surface. 

1. Lee, H. U.; Park, S. Y.; Lee, S. C.; Choi, S.; Seo, S.; Kim, 
H.; Won, J.; Choi, K.; Kang, K. S.; Park, H. G.; Kim, H. S.; An, H. 
R.; Jeong, K. H.; Lee, Y. C.; Lee, J., Black Phosphorus (BP) 
Nanodots for Potential Biomedical Applications. Small 
2016, 12 (2), 214-219. 
2. Shao, J. D.; Xie, H. H.; Huang, H.; Li, Z. B.; Sun, Z. B.; Xu, 

Y. H.; Xiao, Q. L.; Yu, X. F.; Zhao, Y. T.; Zhang, H.; Wang, H. Y.; 

Chu, P. K., Biodegradable black phosphorus-based 

nanospheres for in vivo photothermal cancer therapy. Nat. 

Commun. 2016, 7, 13.  

Fluorescence image of BP nanodots 

Techniques the student 

would be working with 

Chemical and photochemical synthesis, confocal and UV-visible spectroscopy, 

mass spectrometry, electron microscopy, thermogravimetric analysis, among 

other techniques. 

Infrastructure and support 

required for project 

execution  

This project will employ facilities presently available at UTS. 

 

Degree Nanotechnology/Applied Physics/Biomedical Physics 

mailto:Charlene.Lobo@uts.edu.au
mailto:Olga.Shimoni@uts.edu.au
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Project title  Small-scale experimental digital quantum simulators with circuit QED 

Name of supervisor(s) Nathan Langford 

Email address nathan.langford@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Moore’s law is dead, because classical digital electronics has hit the 

quantum regime! Quantum computing is making headlines globally 

for a new computer revolution, and circuit QED (superconducting 

quantum electronics) is a leading platform in the race [Devoret & 

Schoelkopf, Science (2013)]. Major investment from the world’s largest 

IT tech giants of Microsoft, Google, IBM and Intel, and cutting-edge 

startups like Rigetti and Silicon Quantum Computing (SQC), are 

driving an astonishing explosion of progress in the field. 

The first, most important applications of a quantum computer will be to 

perform digital quantum simulations (see Fig.) of complex quantum 

systems [Cirac & Zoller, Nat Phys (2012)].  Here, you will study 

small-scale digital simulators in 

circuit QED [Langford et al, 

Nat Comms (2017)], aiming to 

address key roadblocks to 

running simulations on the 

industrial quantum computers 

of the future.  

With Microsoft Station Q at 

USyd, SQC at UNSW and 

Centres of Excellence at USyd, 

UNSW, MQ and UTS, Sydney is a world-leading quantum computing 

hub. If you want a taste of a research or industry career in this exciting 

field, join Sydney’s only circuit QED lab for Honours. You will work 

in a new, international group of PhD students, postdocs and academics 

who are setting up a state-of-the-art circuit QED lab for cryogenic 

microwave experiments covering all necessary high-tech quantum 

science & engineering skills. Depending on taste, you can tailor your 

project direction across device design, numerical modelling, 

nanofabrication, and measurement and characterisation. 

Techniques the student 

would be working with 

Nanofabrication (reactive-ion etching, lithography, evaporation, etc); 

Cryogenics (incl. dilution refrigeration); Measurement (microwave & 

RF analysis, etc); Modelling (EM field solvers, quantum dynamics, 

etc); Hardware & experiment design, assembly and interfacing; & 

more 

Infrastructure and support 

required for project 

execution  

For nanofabrication, you will be trained to use state-of-the-art clean-

room facilities at UNSW and USyd. The lab will provide all other 

project infrastructure (computing, microwave, cryogenics). 

Degree Applied Physics or Nanotechnology 
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Project title  Dynamically reconfigurable optical surfaces 

Name of supervisor(s) Angus Gentle, Matt Arnold 

Email address Angus.gentle@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Interest in materials and devices that can alter their optical properties 

on demand is a growing area of interest. Here you will build upon our 

group’s expertise in materials deposition and characterisation of 

thermally switchable materials to develop a system which can vary its 

optical properties on demand based on external optical or electrical 

stimulus.  

  

 

Techniques the student 

would be working with 

Sputtering, thin film deposition, Spectroscopy, ellipsometry, 

photolithography, interfacing 

Infrastructure and support 

required for project 

execution  

All equipment required is currently available in the vacuum lab. 

Degree Applied Physics or Nanotechnology 

mailto:Angus.gentle@uts.edu.au
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Project title  Machine learning for parameter extraction and performance 

prediction of optical systems 

Name of supervisor(s) Matthew Arnold, Angus Gentle 

Email address Matthew.Arnold-1@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Machine learning is being extensively applied by both 

manufacturers and service providers (Facebook, Google, banks 

etc).  In science there are many problems that would benefit from 

machine learning techniques.  In this project you will investigate 

the application of machine learning to the optical properties of 

materials and/or devices, to extract key physical parameters from 

data and/or explore and optimize performance.   

 

Techniques the student 

would be working with 

Machine learning; Optical simulation; Hacking together existing 

Matlab or Python libraries;  

Infrastructure and support 

required for project 

execution  

All infrastructure available locally – potential for access to National 

Computing Infrastructure. 

Degree Applied Physics or Nanotechnology 
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Project title  Controlled spectrum light source 

Name of supervisor(s) Angus Gentle, Matt Arnold 

Email address Angus.gentle@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Development and characterisation of a spectrally controllable light 

source, using a diffraction grating and micromirror array.  

 

Techniques the student 

would be working with 

optical design, instrumentation design, fabrication of the system (3d 

printing) and characterisation of the performance of the source.  

optical, mechanical construction, computer interfacing, and testing. 

Infrastructure and support 

required for project 

execution  

All equipment required is currently available in the vacuum 

lab/science workshop. 

Degree Applied Physics 

mailto:Angus.gentle@uts.edu.au
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Project title  Optical Beamshaping for Advanced Fibre Imaging and Optical Tweezers 

Name of supervisor(s) David McGloin, Irina Kabakova 

Email address david.mcgloin@uts.edu.au, irina.kabakova@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Current optical manipulation techniques, capable of trapping and controlling 

microscopic particles using lasers, work in highly controlled environments on 

well-defined particles types. For applications in environments where these 

conditions are not readily met, there is a need for new types of tools to offer 

analytical capability. One example would be to trap and analyse particles in 

an engine, where contaminants, pressure and lack of optical access work 

against single particle, optically based, analysis tools. 

In this project the goal will be to develop fibre based optical manipulation 

and imaging tools that can work in extreme environments such as engines 

and field-based monitoring systems. The work will involve solving problems 

around carrying out imaging through thin optical fibres, extracting useful 

data about particle properties from the same fibre, and how to build robust 

optical systems in places where optics don’t normally need to go. On the 

application side, the work will explore trapped particle behaviour in these 

environments and look at particle changes over time. 

 
Figure: A dual beam optical trap designed to trap and study aerosols.  

The project will involve the development of the optical trapping and imaging 

instrumentation exploring new applications of the systems you build. For 

students interested in more general beam shaping projects there may be 

scope to explore applications using conical refraction, THz beams and other 

esoteric beams such as Bessel beams and Airy beams.  

Techniques the student 

would be working with 

This project will introduce you to techniques to shape and control laser 
light, and will involve building optical systems making use of optical fibre, 
microscopes and spectroscopy. You will work on instrument control using 
software such as Labview, Matlab and Python (and possible GPU 
programming) and learn to develop algorithms that can be used to create 
holograms capable of dynamically altering the laser beams in your system. 

Infrastructure and support 

required for project 

execution  

The project will make use of high end laser and microscope systems within 

Prof. McGloin’s laboratory with all the necessary equipment and training 

provided. 

Degree Applied Physics or Nanotechnology 
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Project title  A Holographic Microscope for Analysis of Aerosol Dynamics 

Name of supervisor(s) David McGloin, Irina Kabakova 

Email address david.mcgloin@uts.edu.au, irina.kabakova@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Holographic microscopy enables the 3-dimensional tracking of fast moving 

particles without the need for any scanning parts or labelling of the particles 

under study. It is well suited for the analysis of particles such as aerosols or 

dynamic biological organisms. It works by examining how light that scatters 

from the particle of interest interferes with light that is unscattered. By 

recording the interference patterns and then applying an algorithm that links 

the recorded pattern to the expected pattern the position of a particle can be 

inferred. 

In this project you will develop a simple holographic microscope suitable for 

analysing aerosol production from a medical nebulizer as part of a wider 

project on exploring the interaction of aerosols with optical and electric 

fields, and as a measure as to how simple lung-on-a-chip devices might be 

analysed in real time. 

 

Figure: Production of aerosol droplets using a surface acoustic wave device. 

The project will involve the building of the microscope and the development 

of the software to analyse the particle behaviour. There may be scope to 

examine simple machine learning algorithms to analyse the image data as 

well. The project will initially focus on imaging solid particles in fluid before 

moving to more challenging samples, such as airborne droplets with an end 

goal of looking at many thousands of particles in a nebulizer stream. 

Techniques the student 

would be working with 

You will learn about, make use of and help to build a range of instrumentation 
including lasers, microscopes, microfluidics and nebulizers. You will develop an 
understanding of light scattering techniques and inverse algorithms and make 
use of software such as Labview, Matlab and Python for instrument control 
and data analysis. 

Infrastructure and support 

required for project 

execution  

The project will take place in Prof. McGloin lab where all the necessary 

equipment is available. This includes all the optical and laser components for 

building the microscope, the necessary computers and software and aerosol 

production equipment. 

Degree Applied Physics or Nanotechnology 
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Project title  Tunable photonic crystal cavities embedded in polymers 

Name of supervisor(s) Sejeong Kim, Igor Aharonovich 

Email address Sejeong.Kim-1@uts.edu.au 

Project description & 

aims 

(250 words max, 

summary written for 

prospective students)  

Photonic resonators with integrated optical systems have been studied and 

developed steadily. Among the diverse characteristics of photonic cavities, 

spectral tunability is a sought-after feature, as the resonant wavelength is 

often mismatched with the desired wavelength due to unavoidable 

fabrication imperfections.  

In recent years, 2D van der Waals 

materials have attracted great attention 

due to their exceptional optical and 

electrical characteristics. This year, our 

group first demonstrated optical cavities 

from hexagonal boron nitride (hBN) – a 

wide bandgap, hyperbolic van der Waals 

material that has recently attracted 

considerable attention as a promising 

host of ultra-bright, room-temperature 

quantum emitters. 

This project aims to realize a tunable 

hBN photonic cavity embedded in a 

polymer. A photonic crystal cavity consist of an array of rectangular 

nanoblocks will be embedded in the flexible polymer having low refractive 

index. This device will enable a flexible photonic crystal cavity with large 

tuning range that can be directly applied for quantum emitter integrated 

system. 

*Student may choose to focus on either experimental or simulation part.  

Techniques the student 

would be working with 

Simulation: Use finite-different time-domain method to design and simulate 

photonic crystal cavities embedded in polymer. 

Experiment: nanofabrication of hexagonal boron nitride using electron-

beam lithography. 

Infrastructure and 

support required for 

project execution  

N/A 

Degree Nanotechnology, Applied Physics 
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Project title  In situ characterisation during nanowire synthesis  

Name of supervisor(s) John Scott, Prof. Milos Toth 

Email address John.scott@uts.edu.au 

Project description & 

aims 

(250 words max, 

summary written for 

prospective students)  

Solid-state quantum devices rely on the fabrication of nanostructured 

materials with precisely engineered properties. Simple bottom-up synthesis 

methods have shown to be a promising alternative to traditionally used top-

down techniques. The major advantage of bottom-up methods is control 

over the nanostructure size, shape and composition at the atomic level. 

However, mechanistic understanding of the fundamental processes 

involved in synthesis is still lacking. Symmetry breaking structures such as 

nanowires offer interesting new physics but remain an even greater 

synthesis challenge.  

New insights into the fundamental processes involved in nanowire synthesis 

can be achieved by real-time characterisation during their formation. In this 

project, students will examine the reaction pathway from a starting 

precursor to a resulting nanowire. Students will gain experience in the 

synthesis and characterisation of metal-complexes as well as studying 

dynamic behaviour during thermolysis by diverse techniques including:  

scanning electron microscopy/environmental scanning electron microscopy 

(SEM/ESEM), thermogravimetric analysis with gas chromatography mass 

spectroscopy (TGA-GC-MS), photoluminescence (PL), cathoduluminescence 

(CL) and x-ray diffraction (XRD). The project provides training on highly 

specialised equipment in a competitive research environment and 

addresses real problems with important ramifications in both industry and 

academia. 

Techniques the student 

would be working with 

 Synthesis of precursor compounds and characterisation (UV-VIS, FTIR, 

NMR) 

 Characterisation of nanowires (SEM, TEM, XRD) 

 In situ characterisation during precursor-to-nanowire conversion (XRD, 

SEM, TGA-GC-MS, PL, CL) 

 

Infrastructure and 

support required for 

project execution  

N/A 

Degree Applied Physics, Nanotechnology 
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Project title  Photonic crystal cavity tuning 

Name of supervisor(s) Igor.Ahanaronovich, Mehran Kianinia 

Email address Igor.aharonovich@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Optical cavities suffer from unavoidable fabrication imperfection. As 

the result the cavity mode is slightly different from the one which it 

has been designed for. To address this issue various techniques have 

been developed to tune the cavity mode. In this project the tuning of 

the cavity will be performed through controlled condensation of gas 

at cryogenic temperatures. The technique should be useful in 

detuning between a quantum emission and the nanocavity mode for 

cavity quantum electrodynamics experiments, such as mapping out a 

strong coupling.  

Techniques the student 

would be working with 

Cryogenic micro photoluminescence, High vacuum system 

Infrastructure and support 

required for project 

execution  

All experimental setups are available at UTS 

Degree 

 

Applied Physics 
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Project title  Indistinguishable photons from hBN point defects 

Name of supervisor(s) Alexsnder Solntsev, Mehran Kianinia 

Email address Alexander.solntsev@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Consecutive photons with identical wave packets (indistinguishable) 

are the main requirement for many applications in the field of 

quantum information technology.  Two photon interference 

experiments based on Michelson interferometer will reveal the quality 

of the photons emitted by a single photon source. In this project the 

measurement will be done on single photon emitters in hBN to 

measure the coherence time of these sources at cryogenic 

temperatures.  

 

Techniques the student 

would be working with 

Cryogenic micro photoluminescence, High vacuum system, Quantum 

Interferometer 

Infrastructure and support 

required for project 

execution  

All experimental setup are available at UTS or will be setup during the 

project. 

Degree 

 

Applied Physics 

mailto:Alexander.solntsev@uts.edu.au
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Project title  Laser writing of colour centres in hBN 

Name of supervisor(s) Milos Toth, Mehran Kianinia 

Email address milos.toth @uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

In the fast growing field of quantum optics, colour centers in 

Hexagonal Boron Nitride (hBN) have become the potential candidates 

as a source of single photons. These luminescence centers have been 

used in various areas of quantum optics such as coupling to photonic 

crystals cavities and super resolution optical microscopy. However, 

further research is hindered by the ability of producing these centers 

deterministically. The focus of the project will be using the high power 

pulse laser to create point defects in the structure of hBN in the 

presence of different gases. The unique setup at UTS will allow the 

exploration of different chemical reactions driven by the laser in hBN 

for introducing defects and colour centers in this 2D material. 

 

Techniques the student 

would be working with 

Direct laser writing, Laser ablation, 2D materials exfoliation, Micro 

photoluminescence microscopy, 

Infrastructure and support 

required for project 

execution  

All facilities are available from within UTS 

Degree 

 

Nanotechnology 

mailto:milos.toth%20@uts.edu.au
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Title Utilization of electron beam induced heating for deterministic 

nanofabrication 

UTS Supervisors  

 
Name: James Bishop, Milos Toth 

james.bishop@uts.edu.au 

Project description 

and aims 
Focused electron beam induced processing (FEBIP) is a range of 

deterministic nanofabrication techniques that use the electron beam of a 

scanning electron microscope (SEM). FEBIP enables direct-write 

nanofabrication with nanoscale resolution. Electron beam induced 

deposition and etching, analogous to nanoscale 3D printing and 

engraving are the most widely utilized of the FEBIP techniques. 

However, the electron beam of a SEM may be useful for far more 

nanofabrication applications than are currently used and new 

applications of FEBIP remain to be discovered.  

 

Recent work has revealed the possibility of utilizing electron beam 

induced heating (EBIH) for deterministic nanofabrication. In this project 

we will attempt to induce localized deposition of metals by EBIH in an 

SEM, to coat luminescent nanostructures such as ZnO nanowires. We 

will also characterize the effects of EBIH upon the luminescent 

properties of such structures. Computer modelling work using the finite 

element method will also be involved. The student will have the 

opportunity to become proficient with a range of electron microscopy 

and computer modelling techniques and explore a previously overlooked 

usage of electron beams.  

 

The work will be done in a dynamic UTS research group comprised of 

numerous PhD students and postdocs who work together on electron 

beam techniques, nanophotonics, nanoplasmonics and nanoelectronics, 

publish their work in top journals, and collaborate with FEI Company 

(http://www.fei.com), a world-leader in the manufacture of electron 

beam systems. 

 

Techniques the 

student would be 

working with 

Scanning electron microscopy, transmission electron microscopy, 

energy-dispersive X-ray (EDX), cathodoluminesence (CL) and 

photoluminescence (PL) spectroscopies. Finite element and Monte Carlo 

computer modelling. 

Infrastructure and 

support required 

 

This project will employ facilities presently available at UTS.  

Degree Major 

 
Nanotechnology/Physics Honours 

 

 

Left: SEM image 

of ZnO nanowires, 

an excellent 

sample for the 

project. 
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Project title  Optical traps for nano-applications 

Name of supervisor(s) Dr Carlo Bradac, Prof Igor Aharonovich 

Email address carlo.bradac@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

The project aims to develop new optical 

tweezers (OTs) for non-invasive 

manipulation of small nanodiamond 

(ND) particles in a 3D liquid 

environment. Optical tweezers use 

tightly focused light to trap particles 

suspended in liquid. Existing techniques 

can only trap relatively large particles 

(≥100 nm), which clashes with the push 

towards reaching the (sub)nanometre-scale regime of several nano-

applications (e.g. single-molecule detection for biology, nano-

manipulation and -actuation for assembly of nanoscale systems, etc.) 

In this project the candidate will be investigating a new approach of 

optical trapping of small nanoparticles (size ≤50 nm) based on exploiting 

resonant forces acting on atom-like artificial impurities—called colour 

centres—incorporated within the NDs. The project will focus on three 

areas: i) synthesis of diamond nanoparticles [material science], ii) set up 

of the optical tweezers [optics and photonics] and iii) characterization of 

the property of the optical trap for use in biological environment such as 

the cell [bio-physics]. 

Techniques the student 

would be working with 

- Chemical Vapour Deposition (for diamond growth) 

- Confocal microscopy 

- Optical trapping 

- Spectroscopy 

Infrastructure and support 

required for project 

execution  

All facilities are available at UTS (or will be assembled in the course of 

the project). 

Degree 

 

Applied Physics or Nanotechnology 

mailto:carlo.bradac@uts.edu.au
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Project title  Nanoscale optical refrigerators 

Name of supervisor(s) Alex Solntsev, Trong Toan Tran 

Email address a.s.solntsev@gmail.com 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Optical refrigeration — the technique using light at an appropriate 

wavelength to cool the temperature of an object — has been emerged 

as a superior method over the mechanical or electrical counterpart. As 

the technique 

makes use of 

light-matter 

interaction to 

pump the heat 

out of the 

object, it is 

free of 

vibrations and 

is compact. To date, optical refrigeration has, however, been 

demonstrated on narrow-bandgap semiconductors only. The ability to 

demonstrate such technique on wide-bandgap semiconductors such 

as diamonds or hexagonal boron nitride (hBN) is of vital importance 

for a cryogen-free accessing to quantum systems embedded in these 

materials. Moreover, with the miniaturization of the materials down 

to the nanoscale, the hosted quantum systems act as nano-

refrigerators and can be potentially used in a range of biological 

application such as cellular cryotherapy.  

In this project, you will carry out a study of optical refrigeration of 

nanodiamonds or hBN nanoparticles. 

Techniques the student 

would be working with 

Nanophotonics, confocal microscopy, atomic force microscopy 

Infrastructure and support 

required for project 

execution  

All facilities are available from within UTS 

Degree 

(Applied Physics or 

Nanotechnology) 

Applied Physics 

mailto:a.s.solntsev@gmail.com
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Project title  Atomically thin ‘dimmer switch’ for quantum emitters 

Name of supervisor(s) Dr. Zaiquan Xu, Prof. Milos Toth 

Email address Zaiquan.xu@uts.edu.au 

Project description & aims 

(250 words max, summary 

written for prospective 

students)  

Monolayer hexagonal boron nitride (hBN), also known as “white 

graphene”, one of the thinnest two-dimensional (2D) materials, is found 

to host colour centres that emits non-classic light and is considered 

highly promising for various applications. Yet, electrically controlling 

resonant energy transfer of quantum emitters in atomically thin hBN 

enables switching these colour centres on and off remains challenging, 

and has many applications in quantum optics, bio-sensing and light 

emissions. Graphene’s optical transitions are tunable through 

electrostatic gating over a broad spectral range, which makes it possible 

to modulate energy transfer from quantum emitters in hBN to graphene 

at room temperature. This project aims to fabricate an on-chip device 

which controls the photoluminescence of quantum emitters by 

electrically tuning the Fermi level of graphene. The technology 

developed in this project will lead to many applications in 

optoelectronics, on-chip optical information processing and future 

communications. 

 

Techniques the student 

would be working with 

Scanning confocal microscopy, atomic force microscopy, 

photolithography, Electron beam lithography 

Infrastructure and support 

required for project 

execution  

All facilities are available from within UTS. 

Degree 

(Applied Physics or 

Nanotechnology) 

Nanotechnology 


