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Almost a decade ago, ANFF was 
established to provide easier access to 
essential micro- and nano-fabrication 
equipment in Australia through the 
collaborative efforts of new and 
existing facilities. Since 2007, ANFF 
has been helping scientists, engineers 
and businesses to continue standing at 
the forefront of research in a miniature 
world.

ANFF bridges the gap between 
theoretical research and experimental 
findings, and the work carried out in 
all eight nodes has been continually 
helping to take a scientific approach  
to create tangible results.

From increasing international 
collaborations and providing training 
for engineers, to enabling access to the 
equipment needed for an affordable 
product development process, ANFF 
has been there for both national and 
international researchers as they turn 
their ideas into innovations, and their 
research into results.

There was welcome news announced 
in December 2015 with the 
Government’s National Innovation 
and Science Agenda, with incentives 
worth $1.1 billion over the next four 
years to stimulate innovation and 
entrepreneurship in Australia. These 
investments support what’s been 
known for some time – transforming 
world-leading research into globally 
competitive industries is essential for 
Australia to keep its seat at the top table.

Research breakthroughs often occur at 
the boundaries. For example, materials 
scientists and clinicians are working 

together to develop new ways of 
promoting nerve regeneration with 
“inks” containing printable organic 
conductors that support cell growth.

Increasingly, universities are working 
with industry on projects spanning 
from basic research to product 
development. National research 
infrastructure has a key role in seeding 
these collaborations. ANFF is enabling 
researchers to close the gaps between 
technological challenges and research 
outcomes through access to state-of-the-
art equipment and fellow researchers 
across the national network.

This year the ANFF casebook theme 
– Mind the Gap – explores our role 
in creating the connections between 
people, universities, companies and 
across disciplines. Inspired by the 
London Underground map, we’re 
going to be looking at how the ANFF 
capabilities in photonics, advanced 
materials, nano electronics and 
nanobio can be used to address 
challenges in areas including health, 
energy and resources.

The 2016 casebook highlights the 
ways in which the research carried 

out in ANFF nodes across the country 
is benefitting business, helping 
academics become entrepreneurs and, 
bridging the gaps found in the realm 
between research and the benefits 
ultimately felt by all Australians.

The case studies are categorised by 
the Australian Industry Growth Centres, 
highlighting the direct relevance of 
the work carried out with ANFF to the 
nation’s future economic success.

In addition to the featured case studies, 
we’ve included: a look at ANFF’s 
efforts to bridge the gap between 
Australian and international researchers 
by increasing collaboration; an 
overview of ANFF’s Design House 
software package, which bridges the 
gap between design and fabrication, 
enabling scientists to take ideas from 
the drawing board to the laboratory; 
and a look at the high-tech industries 
that are bringing the future a little closer.

ANFF continues to provide open-
access to state-of-the-art equipment 
and expertise in micro- and nano-
technology, and help Australian 
researchers transform Australia into a 
high-tech industry hotspot.

ANFF – Mind the Gap

Environmental
Change

Soil and
Water

Cybersecurity

Resources
Energy

Transport

Health

Food

Advanced
Manufacturing

MIND THE GAP

key to lines
      Advanced materials Nano electronics
      Nano-bio Photonics

Rosie Hicks
Chief Executive Officer

Australian National Fabrication Facility



anff.org.au ANFF – MIND THE GAP 3

Welcome ...............................................................................................2

Snapshot of ANFF ....................................................................................4

ANFF Facilities in Numbers ........................................................................5

Eyes on Innovation....................................................................................6

Advanced Manufacturing...........................................................................8

Showcase and Frater Awards ................................................................... 18 

Cybersecurity.........................................................................................20

Food & Agribusiness ...............................................................................22

International Collaboration Feature ............................................................25

Medical Technologies & Pharmaceuticals ....................................................26

Mining Equipment, Technology & Services ..................................................38

Oil, Gas & Energy Resources ...................................................................40

Awards ................................................................................................45

Design House Feature .............................................................................46

ANFF – Mind the Gap Contents

Australian National
Fabrication Facility Ltd
151 Wellington Road
Clayton VIC 3168

T: +61 3 9902 9619
E: info@anff.org.au

www.anff.org.au

Credits
Editor
Sean Langelier

Writer & Co-editor
Tom Eddershaw

Co-editors
Tracy Baylis
Nadia Court

Design
Peta Blackwell



ANFF – MIND THE GAP anff.org.au4

Snapshot of ANFF
ANFF was established under the Australian Government’s 
National Collaborative Research Infrastructure  
Strategy (NCRIS). 

ANFF’s mission is to provide micro and nano  
fabrication facilities for Australia’s researchers, SMEs  
and start-up companies. 

Over 500 facilities are located across 21 institutions around 
Australia in a national network of 8 nodes. Each node offers 
complementary specialised manufacturing facilities supported 
by trained staff.

South Australia 
Node

Victorian  
Node

ACT 
Node

Materials  
Node

Optofab 
Node

NSW 
Node

Queensland 
Node

Western Australia 
Node

The 8 Nodes of ANFF
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Around the ANFF facilities in numbers
To highlight the achievements of the separate nodes,  

we have broken them down and illustrated the ways in which they’ve stood out.

45
NO. OF ATTENDEES AT THE  

SA WINTER SCHOOL, NOW IN ITS THIRD yEAR

70
NO. OF DELEGATES AT THE ANFF-ACT-CHAIRED  

INTERNATIONAL CONFERENCE ON NANOSCIENCE  
AND NANOTECHNOLOGy (ICONN)

 53%
NO. OF HOURS LOGGED By INTERNATIONAL  

RESEARCHERS AT ANFF-MATERIALS

x4.5
INCREASE IN THE USAGE OF ANFF-WA  

By AUSTRALIAN INDUSTRy, COMPARED TO 2014/2015

644
NUMBER OF NEW RESEARCHERS INDUCTED  

TO ANFF-VIC’S MCN

$25 m
AMOUNT OF FUNDING RECEIVED By UNSW’S ARC COE CQC2T 
FROM THE AUSTRALIAN GOVERNMENT. COMMONWEALTH BANk 

AND TELSTRA ALSO ADDED $10 MILLION EACH

★
OPTOFAB WAS A FINALIST IN THE SA GOVERNMENT’S  
ExCELLENCE IN RESEARCH COLLABORATION AWARD

150
PUBLICATIONS By RESEARCHERS  

AT ANFF-Q

• ANFF’s booth at ICONN 2016. The conference was chaired by ANFF-ACT.
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The end of 2015 saw the Turnbull 
Government announce its Innovation 
Agenda to help to create a modern, 
21st century economy for Australia.  
It addresses the fact that while 
Australian universities and research 
organisations are among the best in 
the world, there is a gap between the 
research produced by these institutes 
and the creation of new products in  
the commercial sector.

With international trade on the rise, 
it’s the perfect time for Australia to 
be taking one of its most valuable 
assets, research, and converting it 
into measurable gains. Competition 
is fierce, so access to the latest 
instrumentation and training is essential 
to stay ahead of the pack.

With encouragement from the highest 
levels of government, commercial 
investors, research centres and 
research enablers, such as ANFF, 
entrepreneurs can make it through the 
“valley of death” and emerge with 
market viable innovations.

Industrial reliance on research is 
evident when looking at the similarities 
between the six sectors of future 
growth and the nine research priority 
areas identified by the Australian 
Government. It’s around these six 
Industry Growth Centres that this 
casebook is organised. They are 
recognised as sectors well positioned 

to take advantage of emerging 
opportunities with strong prospects  
for future growth.

Advanced Manufacturing
A healthy advanced manufacturing 
sector is dependant on new materials, 
new fabrication techniques and new 
applications.

Research, whether it results in an 
improved camera system to identify a 
part’s defects faster than its predecessor 
or a new fabrication method that 
knocks a few cents off production 
costs, can introduce massive savings in 
the context of mass manufacturing.

As an understanding of fundamental 
science improves, researchers are able 
to apply an increased knowledge of 
the nanoscale and quantum worlds to 
both devise new products and improve 
upon existing ones.

Cybersecurity
The Internet of Things, consumer 
electronics, supercomputing and 
servers the size of skyscrapers are now 
essential to everyday life. So too is 
protecting the information they contain.

Cybersecurity research also has trickle-
down technologies that can serve 
consumer electronics and artificial 
intelligence, to name but a few 
examples.

Food and Agribusiness
Food and Agribusiness encompasses 
two of the national research priorities, 
Food, and Soil and Water.

Farmers are now using advanced 
techniques to monitor their land and 
crops. Spectrometry, drones and other 
technologies made available by recent 
developments are enabling farmers to 
better manage drought, more efficiently 
distribute fertilisers and pesticides, and 
improve yields.

Downstream, businesses involved in 
producing food products are reliant 
on accurate processing, preservation 
techniques, logistical capabilities 
and safe, affordable packaging – 
all of which are advanced through 
fundamental research.

Medical Technologies 
and Pharmaceuticals
Life expectancy is increasing in the 

Australia is turning its attention 
to innovation. As the global 
market continues to readjust 
after the recent economic 
strife, those with advanced 
industries are farther along the 
road to recovery than those 
without, further highlighting the 
importance of collaborative 
efforts between business  
and research.

Eyes on innovation
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developed world, which is in part a 
sign of the achievements of medical 
technologies and pharmaceuticals, but 

it's also bringing a number of additional 
pressures to the health sector.

An ageing population and new 
diseases require cutting edge medical 
technologies to keep up. Only 
through an increased understanding 
of biological systems can we hope to 
arm ourselves with the tools necessary 
to treat these diseases and improve 
quality of life.

Mining Equipment, 
Technology and Services
Today’s mining sector must cope 
with a growing list of traditional and 
new exotic materials demanded by 
manufacturers.

Ecological and financial pressures 
are taking effect, forcing the industry 
to adapt. For example, intelligent 
mining with better sampling techniques 
allows for minimal disruption to the 
land’s natural state through geological 
targeting and waste reduction.

Mining is still regularly listed as one 
of the most dangerous occupations in 
the world, but technological advances 
allow employers to better ensure the 
safety of employees.

Oil, Gas and Energy 
Resources
The future of green energy needs a 
reliable interim fuel source, and the 
oil and gas industries need support 
for similar aspects to mining – finding 
resources while ensuring the safety of 
workers.

key to a successful energy future are 
renewables such as solar cells, which 
need to be made affordably and 
more efficient. This requires a keen 
understanding of the nanofabrication 
processes and advanced materials.

The learning 
curve (page 37)
Dr Florian Lapierre, the 
HEMAPEN™’s inventor, is 
employed as a Post-Doctoral 
Research Fellow at ASTech, a  
research centre established by 
Trajan and the University of 
Tasmania.

He is now undertaking an 
industry placement at Trajan 
and has a senior mentor who 
encourages him to think about 
commercialisation.

“As a researcher, my role has 
always been focused in providing 
innovative ideas in the field of 
medical devices,” Florian said. 
“To transfer these ideas into an 
industry context, I had to redefine 
my way of thinking by exploring 
new simple technologies that are 
cost-effective to manufacture.”

Milking it (page 23)
New Zealand’s dairy industry 
body, DairyNZ is a partner in a  
seven-year, $170 million investment 
in R&D that involves Fonterra, the 
largest dairy producer in NZ and 
the second largest in Australia, 
and the NZ Ministry for Primary 
Industries (MPI).

The aim of this Primary Growth 
Partnership (PGP) investment is to 
boost the value of dairy industry 
exports by $2.7 billion annually 
by the year 2025. Dr Rob Ward’s  
research into emulsions is 
supported by Fonterra and MPI 
as part of the PGP programme.

“The New Zealand Government's 
investment in PGP has funded 
many industry-with-academia 
research projects,” Rob explained. 
These include significant projects 
in New Zealand as well as with 
Australian universities and 
research organisations including 
the Universities of South Australia 
and Queensland, and Deakin, 
Edith Cowan and Charles Sturt 
Universities as well as CSIRO.

Into the rat race  
(page 39)
Professor François Ladouceur is 
one of the founding members of 
Zedelef. He supervised Dr Zourab 
Brodzeli and Dr Leonardo Silvestri 
in a research project at UNSW 
which led to the company’s 
signature transducer.

In early 2012, the three decided 
to commercialise the technology, 
naming the company after the 
trio’s initials, Z-L-F.

Delving into the industrial sector 
wasn’t a new step for François – 
in 1998 he left academia to join 
Virtual Photonics, a spin-off from 
the then Photonics CRC. After six 
years in the private sector, he then 
returned to academia at UNSW.

“This period in the private sector 
made a profound impression 
on me and certainly put the 
potential industrial usefulness of 
my research at the forefront of my 
concerns,” François said.
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A global demand for higher quality goods and 
reduced manufacturing costs is applying sustained 
pressure on Australia’s researchers and engineers,  
who must develop new processes and materials in 
order to compete. ANFF’s capabilities are helping 
Australian manufacturers stay ahead of the pack.

ADVANCED MANUFACTURING
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Atomically thin lenses that 
punch above their weight

Dr Larry Lu and his student, Jiang yang 
have fabricated a lens from just a few 
atomic layers of molybdenum disulfide 
(MoS2) – in the process, they’ve 
enabled the miniaturisation of light-
bending optics.

“We have demonstrated, to the best 
of our knowledge, the world’s thinnest 
optical lens consisting of a few layers 
of MoS2, less than 6.3 nm thick,” Larry 
stated. The lens outshines previous 
ultra-thin lenses made of a metamaterial 
consisting of 50 nm thick gold nano-bar 
arrays.

The component can focus light, 
allowing it to be used for a range 
of practical applications such as 
imaging, sensing and communications. 
Furthermore, these super-thin materials 
are also flexible and robust, making 
them suitable for futuristic systems 
such as flexible displays or advanced 
tunable optics. 

The pair started with a flake of MoS2. 
Using ANFF-ACT’s focused ion beam 
capabilities, they carved out a 20 μm-
diameter bowl-shaped structure to 
create a concave micro-lens.

Because the nanomaterial is so thin, 
there was little reason to expect it to be 
able to affect light that travels through 
it. “At the beginning we couldn’t 

imagine why MoS2 had such surprising 
properties,” Larry said.

But MoS2 has an interesting property 
that allows it to behave like a much 
thicker material.

It has a particularly high refractive 
index, an indicator of a material’s 
effect on light. This caused light that 
passes through the lens to linger and 
bounce around within the material.  
By the time the light exits the structure, 
it’s effectively completed about 50 laps 
within the material, amplifying its 
manipulative effects. A simulation 
to confirm this was carried out by 
international collaborator, Assistant 
Professor Zongfu yu from the University 
of Wisconsin, USA.

What’s more, “It has been theoretically 
predicted that the refractive index of 
MoS2 can be tuned by applying [an] 

electrical field,” Jiang explained.  
“That means in the future, if we apply 
an electrical field to our micro-lens, we 
may be able to tune the focal length of 
it. This enables us to focus on objects 
at different distances from our micro-
lens not by moving the lens, but by 
changing its focal length. But for other 
bulk materials, their refractive indices 
are almost non-tunable.”

With this work, the pair have opened 
the world of two-dimensional materials 
to the field of optics proving that they 
can be used to bend light and creating 
a wealth of possibilities for the future 
application of other exotic materials. 
With lenses being used to manipulate 
light in just about every field of industry, 
the pair have potentially revolutionised 
future technologies for applications as 
diverse as communicating via fibre 
optics to directing car headlights.

An Australian National 
University-led international 
research project has created 
the thinnest optical lens 
the world has ever seen, 
according to the scientists 
who made it happen.

• The world’s thinnest lens is only a few layers of atoms thick. Credit: Stuart Hay.
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Previously, researchers have had to rely 
on assumptions regarding the nature 
of fibre-fibre contacts when developing 
and manufacturing fibrous materials.

Thanks to the work of two University 
of Queensland researchers, Dr Gleb 
yakubov and Grace Dolan, they can 
now measure the actual forces at play.

Their dip-and-drag technique probes the 
interactive forces between individual 
nanofibres within a fibre network. 
The technique uses an atomic force 
microscope (AFM), a device that is 
used primarily to measure a material’s 
surface topology through a process 
akin to reading nanoscale braille.

The microscope has a sharp tip, 
measuring just a few atoms wide, 
attached to a cantilever that registers 
contact with a sample as it is scanned 
across it. The cantilever bends or twists 
when it encounters a force or obstacle 
on the surface of the sample.  
By reflecting a laser beam off the  
end of the cantilever, even tiny 
deflections can be registered, allowing 
for extremely accurate measurement of 
nanoscale structures.

What’s more, the researchers can 
extrapolate from the twists and bends 
of the stylus, the micro- and nano-
Newton forces acting on the tip.

Gleb and Grace used the device’s 
immense sensitivity as the basis of their 
technique. By setting the microscope 
in “lateral force” mode, i.e. dragging 
the AFM tip from side-to-side, the pair 
were able to measure the resistive force 

when the point came into contact with 
the fibres.

When the tip encounters a fibre, the 
cantilever begins to twist. If the tip 
comes across a fibre that’s easy to 
push, the change in registered position 
of the light is small, but if a strongly 
bonded fibre gets in the way, the 
cantilever is heavily warped and the 
change is much bigger.

The dip-and-drag technique was 
validated using equipment and 
individual electrospun nanofibres from 
ANFF-Vic. “We successfully measured 
the adhesion forces arising from van 
der Waals interactions between the 
model electrospun fibres in networks  
of varying density,” Grace explained.

As well as providing realistic results, 
the technique offers other advantages 
when measuring these inter-fibre forces. 
Existing equivalent methods require the 
isolation of bonded fibres for accurate 
testing, but the dip-and-drag method 
eliminates the need for this.

Testing larger numbers of fibres at the 
same time also means engineers and 
scientists can get a truer representation 
of the material’s average properties. 
Also, bonds between neighbouring 
fibres are able to form naturally, 
as they would during a realistic 
production process, so the strength  
of the bonds is more reflective of a 
real-world result.

“Our approach can be readily 
employed in the design and evaluation 
of advanced materials that are 
increasingly incorporating nanofibres,” 
Grace said.

The pair envisages the technique 
being used to test the performance of 
nanofibres that have been added to 
improve the toughness of composite 
materials.

The team’s next step is to broaden the 
application to extract information about 
the mechanics and tensile strength of 
individual nanofibres.

University of Queensland 
researchers have found a  
new way to measure  
inter-fibre forces, allowing for 
the creation of stronger and 
more durable materials.

”Our approach can be 
readily employed in the 
design and evaluation 
of advanced materials 
that are increasingly 
incorporating nanofibres,” 
– Grace Dolan.

10 µm

Dip-and-drag:   
A new way to test inter-fibre forces

• An AFM tip used in Gleb and Grace’s dip-and-drag technique. Credit: Grace Dolan.
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Wires are typically used to connect 
the electrodes in electronic circuits, but 
incorporating them forces designers 
and engineers toward predetermined 
device architectures due to a wires 
rigidity and physical size.

Using a single light source to connect 
electrodes therefore provides an 
additional degree of flexibility not seen 
in traditionally fabricated chemical 
sensing systems. It also means there’s 
no need to spread electrodes out to 
ensure that they don’t short circuit, as 
they only become active when light is 
incident upon them.

Justin and his team found that by 
shining red laser light on a silicon wafer 
between two otherwise disconnected 
electrodes, they could induce a stable 
current flow from one electrode to 
another. Also, when the light was turned 
off, the current immediately stopped.

This novel means of conducting 
electrical traffic is made possible 
by coating the silicon with a single-
molecule thick hydrocarbon-based 
alkyne film, which protects the wafer 
while allowing current to flow. It 
provides protection by stopping the 
silicon from reacting with oxygen 
and water, which would diminish its 
ability to carry electrical charge. As 
the coating is incredibly thin, excitation 
from the red light allows the electrons 
to hop through the monolayer and 
produce an electrical current between 
the surface patterned electrodes.

The implication here is that discrete 
electrical connections can be 
temporarily established anywhere on 
the surface, on demand. It also means 
that multiple electrodes can be created 
at the same time, or in rapid succession 
by shining the light at different points 

simultaneously or by scanning the 
beam in a predefined sequence. Such 
capabilities hint at future possibilities in 
light-modulated digital computing.

In an advanced application of the 
concept, the team has demonstrated 
electrochemical sensing of target 
DNA sequences. The method works 
by anchoring a specific sequence of 
DNA to the hydrocarbon film. When 
the complementary strand of DNA 
binds to its surface-bound counterpart, 
the combined electrical properties 
of the pair effectively increases the 
number of charge carriers (electrons) 
that flow between the electrodes. 
This means that by monitoring the 
current between sets of electrodes, 
researchers can determine whether 
a complementary target sequence is 
present or not.

The ability to probe for the presence of 
specific DNA fragments in this manner 
could allow scientists to rapidly screen 
large amounts of genetic information, 
simply by scanning the laser light over 
an array containing a host of different 
targets.

Current electrochemical analysis 
requires a wire going to each 
component of the array to provide 
information about each measured 
spot. But with Justin’s new coating, 
reading the entirety of the array is 
possible using only a single electrical 
connection to the outside world.

“Conducting photolithography at ANFF 
has been pivotal to understanding 
what the current spatial resolution of 
the light-induced electrode, and hence 
achieable density of information, on a 
single chip was, and how to improve 
this,” Justin said.

Now, Justin and his team are 
continuing to explore the capabilities 
of their light-connected device. He is 
now trying to expand the size of arrays 
which can be tested.

An international group led by Scientia Professor Justin Gooding 
from UNSW has proven that electrical connections can be 
established – and modulated – with light instead of wires, 
potentially enabling the further miniaturisation of electronic 
equipment for chemical sensing.

• A simulation of DNA hybridisation demonstrated by Scientia Professor Justin Gooding’s light-connected 
electrodes. Credit: Dr Kate Patterson.

Connecting electrodes with light
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For the first time, researchers from the 
University of Queensland have cooled 
a helium film using a laser, and in 
the process found a way to measure 
waves on its surface.

These bizarre liquids could be used 
to create the most accurate inertial 
sensors to date, upgrading satellite-free 
navigational equipment to improve 
submarine guidance, the control of 
drones, and the way a smartphone 
finds its location indoors.

Superfluids such as supercooled 
helium, are quantum liquids with a 
peculiar property — their viscosity 
is effectively zero, so the flow of a 
superfluid never stops. 

With no viscous resistance to flow, 
tossing a pebble into a pool of 
supercooled helium would produce 
ripples that would, in theory, never 
fade. This unique property could 
benefit a number of advanced 
applications, but to behave this way 
the liquids have to be at temperatures 
approaching absolute zero.

Lasers are already widely used to 
cool gases and solid objects, but 
have never before been applied to 
cool a superfluid. To become the first 
team to do so, an international team 
based at the ARC Centre of Excellence 
for Engineered Quantum Systems 
fabricated microphotonic devices, 
using photolithography systems at 
ANFF-Q, which can confine a bright 
laser field capable of drawing energy 
from a liquid helium film.

This laser field exerts a force pushing 
back in the opposite direction to these 
waves, squeezing energy from the 
liquid; and as a result cooling it. The 
research also showed that combining 
superfluids with microphotonics in 

this way allows extremely precise 
measurements of superfluid waves.

It is this ability to monitor the waves 
which provides a pathway towards 
replacing state-of-the-art inertial used in 
navigation systems, according to the 
project’s chief investigator, Professor 
Warwick Bowen.

“Inertial sensors allow navigation by 
dead reckoning,” Warwick explained. 
“They tell you your velocity, and 
therefore allow you to navigate along 
a trajectory without external systems 
such as GPS. They’re important, for 
example, in submarine navigation 
where the sea water blocks GPS 
signals, or when navigating using a 
mobile phone indoors.”

Today’s highest precision inertial 
sensors are laser gyroscopes, which 
are essentially optical interferometers. 
Acceleration of the interferometer 
causes a change in the synchronisation 
of two laser beams resulting in a 
measurable change in the interference 

pattern produced by the light. 
Calculations can then be made to 
determine the velocity and direction of 
the motion.

In quantum mechanics, matter can 
also exhibit wavelike properties due 
to wave-particle duality. These matter-
waves can interfere to provide a similar 
measurement of acceleration. However, 
the wavelength of matter-waves is 
around ten billion times smaller than 
that of light waves and therefore can, in 
principle, allow for much more sensitive 
measurements of acceleration.

“Previous experiments have shown  
that ultra-precise inertial sensing is 
possible using superfluid helium. 
However, these experiments relied 
upon bulky architectures somewhat 
akin to a plumbing system for water,”  
Warwick said.

“The ability to cool, measure, and 
control superfluid waves on a silicon 
chip brings a new level of scalability 
and integrability to such sensors.”

When helium gets cold, it 
starts to get really cool.  
At temperatures close to 
absolute zero, it becomes  
a liquid that never rests.

Revolutionising navigational systems

• A laser field was used to draw energy from waves traveling on the superfluid’s surface. 
Credit: Christopher Baker.
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The method can also be applied 
to other types of nanoparticles or 
materials and is a major step towards 
“smart glass” applications such as 
3D holographic displays and remote 
radiation sensors.

The new technique allows 
nanoparticles and glass to be 
synthesised separately before they 
are combined. To date, nanoparticle 
integration has relied on the in-situ 
growth of the nanoparticles  
within glass.

The resulting hybrid combines the 
properties of these light-emitting, or 
luminescent, nanoparticles with the 
transparent properties of glass, as  
well as its ability to be processed  
into particular shapes or drawn into 
optical fibres.

“These novel nanoparticles have 
become promising candidates for 
a whole variety of ultra-high tech 
applications such as biological 
sensing, biomedical imaging and 3D 
volumetric displays,” said lead author 
Dr Tim Zhao, from the University of 
Adelaide’s Institute for Photonics and 
Advanced Sensing (IPAS).

Although this method was developed 
with luminescent nanoparticles, the 
researchers direct-doping approach 
has the potential to be generalised 
to other nanoparticles with interesting 
photonic, electronic and magnetic 
properties.

“If we infuse glass with a nanoparticle 
that is sensitive to radiation and then 
draw that hybrid glass into a fibre, we 
could have a remote sensor suitable for 
nuclear facilities,” Tim explained.

This means in the future there could be 
any number of applications of the 
technology, limited only by the functional 
varieties of nanoparticles available.

Until now, fabrication methods have 
limited the potential impact of the 
technology.

“We’ve seen remarkable progress 
in this area but the control over 
the nanoparticles and the glass 
compositions has been lacking, 
restricting the development of many 
proposed applications,” said project 
leader Professor Heike Ebendorff-
Heidepriem, Deputy Director of IPAS 
and Senior Investigator of the ARC 
Centre of Excellence for Nanoscale 
BioPhotonics.

This latest research, undertaken 
in collaboration with Macquarie 
University and the University of 
Melbourne, used ANFF’s Optofab 
glass manufacturing facilities located at 
the University of Adelaide to fabricate 
the hybrid glass samples.

The node’s specialised glass 
manufacturing equipment and technical 

expertise enabled the team to fine-tune 
its new direct-doping method, which 
involves synthesising the nanoparticles 
and glass separately and then 
combining them under optimal 
conditions.

“We’ve been able to keep the 
nanoparticles intact and well dispersed 
throughout the glass,” Heike said.

“The nanoparticles remain functional 
and the glass transparency is still 
very close to its original quality,” she 
continued, and this is essential for the 
technology to be incorporated into 
futuristic devices. “We are heading 
towards a whole new world of hybrid 
glass and devices for light-based 
technologies.”

Now, Heike and Tim are continuing 
the development of their novel hybrid 
glass, which they say would not be 
possible without the availability of 
the specialised glass manufacturing 
equipment and expertise at ANFF 
Optofab.

A team of researchers at the University of Adelaide has 
developed a way of directly embedding light-emitting 
nanoparticles into glass, improving on existing in-situ  
fabrication methods.

“We are heading  
towards a whole new 
world of hybrid glass  
and devices for light-
based technologies,”  
– Professor Heike 
Ebendorff-Heidepriem.

ILLUMINATING 
the future of smart glass

• Nanoparticles are embedded into a glass fibre 
by a direct-doping method. Credit: IPAS.
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Taking products from the drawing 
board to the factory floor
Semiconductor manufacturer 
Silanna is one of the only 
semiconductor manufacturing 
companies in Australia, and 
it’s got a global reach with 
centres in Singapore and the 
United States.

They are also one of the best examples 
of how Australian industry can make 
the most of the considerable resources 
available within the ANFF network. 
Silanna has been using ANFF nodes 
across Australia to conduct research 
and continue to grow its product 
portfolio.

Silanna’s semiconductors have been 
used for a number of purposes, ranging 
from everyday consumer electronics 
and smartphones to more extreme 
applications including the Sauber 
Formula 1 team’s racing car, three Mars 
Rovers and a number of satellites.

The company has a long history with 
ANFF, and performs evolving projects 
requiring access to both the equipment 
and expertise found at the various 
facilities across Australia, according to 
Andrew Brawley, the company’s Vice 
President of Manufacturing.

“Silanna is an advanced technology 
development organisation and as a 
result seeks the access and knowledge 
of the very latest tooling and skills,” 
Andrew said. “ANFF offers training on 
specific tools in various nodes which 
makes it easier for our engineers to 
gain access and use the tooling.”

Andrew believes ANFF has been 
instrumental in shortening the 
development time of several projects, 
which translates to earlier 
commercialisation and deeper  
market penetration of a product.

One of the key enabling factors has 
been that virtually any step of the 

prototyping phase can be performed 
by Silanna staff at ANFF’s facilities, 
eliminating to a large extent the need 
for the company to leverage its own 
capital in order to test new ideas.

The first of Silanna’s latest two projects 
is developing a deep ultraviolet 
light emitting diode (DUV LED) that 
could play a role in sterilisation and 
polymer/epoxy curing, as well as 
medical and analytical applications. 
The second is a high thermal 
conductivity silicon-on-insulator (SOI) 
substrate for the radio frequency (RF) 
and power integrated circuit market.

The projects were assisted by ANFF 
groups in Victoria, New South Wales, 
South Australia and the ACT. ANFF’s 
engineers’ in-depth and focused skills 
were required as well as the access to 
equipment not available at Silanna’s 
manufacturing facilities.

Various fabrication equipment, 
including photolithography, etching 
and packaging tools, have been used 
in the prototyping phases of both 
projects. These processes were tested 
by ANFF engineers to perfect the 
fabrication methods and conditions to 
formulate commercial-scale operations.

Experiments into what materials should 
be incorporated into Silanna’s devices 
were carried out at nodes across the 
country, as well as subsequent testing 
to ensure their suitability for the end 
products.

Silanna’s own engineers were given 
access to ANFF equipment in order 
to conduct their own advanced 
manufacturing tests.

The company has been evaluating 
whether aluminium nitride is a suitable 
and manufacturable material for the 
construction of acoustic devices. It was 
found that it can be integrated with a 
standard silicon-chip, posing a distinct 
advantage for radio frequency and 
power devices.

“In manufacturing technology there 
is a wide variety of challenges 
both in terms of innovation as 
well as sustaining and improving 
manufacturing,” Andrew said.

“Gaining access to local expertise, 
rather than overseas, results in quality 
communication as well as lower cost 
and time to access critical equipment,” 
he concluded. “The contribution of 
ANFF is valuable in terms of time and 
easily available expertise.”

• Silanna’s semiconductor technology is used on the Sauber F1 team’s racing car. Credit: Sauber.
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By looking at the velocity and 
concentration of electrons within  
ultra-thin transistors, the team now 
have a better understanding of how 
to keep electrical conductivity at peak 
performance. Such improvements are 
opening up exploitable opportunities 
to improve device design and 
performance.

Electrons with different energies travel 
at different speeds within a conductive 
material, but there’s a sweet spot when 
the charge carrying electrons reach a 
maximum velocity. By changing the way 
electrons are confined within a material, 
the team hoped to find a way of 
keeping electrons near this upper limit.

The research was supported by Dr 
Gilberto Umana-Membreno, a research 
fellow at the University of Western 
Australia, in collaboration with scientists 
from yale University in the USA, and 
the French institutions, IMEP Grenoble 
and the University of Montpellier.

“Understanding what limits the speed 
of electrons in current devices helps 
identify opportunities for innovation,” 
Gilberto explained. This could be done 
by either exploiting fundamental effects 
or circumventing limitations with novel 
material structures or device designs.”

The research team was looking at 
ultra-thin silicon-on-insulator transistors 
for energy efficient portable consumer 
electronics and computers.

The group’s research seeks innovative 
ways of manipulating electrons in 
these transistors so they can operate at 
higher speeds using much less power. 
The hope is that manufacturers can use 
such transistors in portable devices to 
allow for extended battery life.

At the heart of this advance, was the 
observation that electrons within a 
10 nm thick channel in the transistor 
were found to exist in two distinct 
populations that travel at different 
energy levels. The research team found 
that, much like the slower moving water 
near the bank of a river, electrons near 
the surfaces of the transistor were much 
slower than the electrons in the centre 
of the channel.

The position of the electrons can be 
finely controlled by adjustment of the 
voltage that is applied to the so-called 
gate terminal of the device. By forcing 

the electrons towards the middle of the 
transistor channel, the percentage of 
them travelling within the “sweet spot” 
can be maximised. This knowledge, 
and the measurements and analysis 
methods employed, will enable 
manufacturers to design faster low-
power transistors.

The velocity of the electrons was 
measured using high-resolution mobility 
analysis at the magneto-transport 
characterisation facilities of the 
ANFF-WA node. “The analysis was 
performed by ANFF staff with world- 
leading expertise in mobility spectrum 
analysis.” ANFF’s Design House 
software was used for numerical 
simulation and modelling in order to 
aid in the interpretation and validation 
of the results.

The team’s focus is now being 
extended to investigate nanowire-
based devices. They hope that 
by understanding how electrons 
behave in one-dimensional materials, 
emerging and future devices can be 
better designed. Further collaboration 
with ANFF and IMEP Grenoble is 
anticipated.

An international team based 
in Western Australia have 
furthered the development of 
electronic devices by delving 
into how electrons behave 
within them.

“Understanding what 
limits the speed of 
electrons in current 
devices helps identify 
opportunities for 
innovation,” – Dr Gilberto 
Umana-Membreno.

Testing an electron’s top speed

• A simulation of an ultra-thin transistor. By speeding up electrons, transistors could run at higher speeds. 
Credit: Soon Hock Ng.
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Nanosheets make the fold

Formally introducing plasmene 
nanosheets to the world, he and his 
team have created self-folding sheets 
of nanoparticles that can change the 
behaviour of light.

The nanosheets consist of a superlattice 
of nanoparticles, organised in a 
hexagonal pattern much like the 
arrangement of carbon atoms in the 
wonder-material, graphene.

Wenlong’s team creates the materials 
by sparsely distributing nanoparticles 
covered with protruding polystyrene 
hairs, or ligands, across the surface of 
a water droplet. By evaporating the 
water the surface area shrinks, bringing 
the particles closer together. Attractive 
van der Waals forces between the 
nanoparticles draw them together while 
repulsive forces between the ligands 
manoeuvre the nanoparticles into the 
desired hexagonal configuration.

The nanoparticle-laden water droplet is 
suspended over an open cavity, in this 
case a hole in a copper sheet, which 
gives the nanosheet a place to form. 
Once all the water has been removed, 
a continuous nanosheet forms neatly 
across this cavity like the membrane on 
a drum, allowing Wenlong to begin to 
play with it.

Using ANFF-Vic’s focused ion beam 
(FIB) instrument at the Melbourne 
Centre for Nanofabrication, the team 
“scores” specific patterns into the 
sheets, deliberately weakening them 
at key points. The weakened regions 
are akin to the paper folding lines 
introduced in origami, where the layout 
and severity of the folds define the final 
three-dimensional structures.

This scoring process means the resultant 
shape’s properties can be tuned by 
manipulating the pattern cut into them 

and the order in which the folding is 
performed, enabling tailoring of the 
final product to meet specific end 
applications.

Researchers have investigated the 
properties of this self-folding before, but 
the designs of the well-defined origami 
structures of this kind have not been 
realised until now.

Light interacts and reflects off differing 
origami shapes in a way that is unique 
to each contour. By changing the 
structure, Wenlong can exploit his 
plasmene sheets to perform some  
useful tricks.

One useful application for these tiny 
sculptures is in nanophotonics as 
plasmonic waveguides for directing 
and switching light at the nanoscale by 
circumventing diffraction limits. 

The plasmene nanosheets produced 
can also be used as dual-coded 
encryption security labels as it’s almost 
impossible to fraudulently create the 
shapes without the initial blueprint.  
This poses enormous potential benefits 
to the banknote industry, which is 
always searching for more secure 
methods of deterring counterfeiters.

The plasmene sheet’s semi-
transparency, mechanical softness 
and uniform response to light suggest 
that it could be an ideal material in 
the production of secure identifying 
labels for chemicals, currency and 
commodities, among others.

Professor Wenlong Cheng has been investigating how  
to make an unusual class of materials with exotic  
properties and unprecedented real-world applications.

• Self-folding plasmene nanosheets could be used for advanced identification applications. 
Credit: Professor Wenlong Cheng.

The designs of the well-
defined origami structures 
of this kind have not been 
realised until now.

2 µm
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With their drastically improved 
performance, these nanolasers could 
lead to rapid data transmission through 
fibre optics. As information networks 
continue to grow, advances like this 
are going to be essential in keeping 
the security, cost and energy demands 
of an increasingly data-driven world  
in check.

Gallium arsenide (GaAs) is commonly 
used for a variety of purposes, often for 
either its light-emitting or, more frequently, 
its semiconducting properties.

Tim Burgess, a PhD student in the 
ANU Research School of Physics and 
Engineering, and lead author of the 
research, was initially investigating 
whether a GaAs nanowire’s conductive 
properties would improve if zinc was 
deliberately inserted into the materials 
structure – a process called doping.

“It was only when I happened to 
check for light emission that I realised 
we were onto something,” Tim said. 
“Normally you wouldn’t even bother 

looking for light from nanocrystals of 
gallium arsenide. I had some spare 
time on our photoluminescence setup 
after checking another related sample. 
I was mainly aiming to prove that I 
could not detect any light output.”

Before now, defects on the surface 
of materials used to make nanolasers 
have held the technology back. These 
defects, referred to as non-radiative 
surface traps, render areas incapable 

of producing light and drastically 
reduce a nanolaser’s efficiency.

In the past this problem was tackled  
with a process called passivation, which 
involves coating the surfaces in a thin 
non-reactive film; however, passivation 
also increases the complexity of the 
fabrication process.

To form the passivating material, 
the entire unit is exposed to high 
temperatures which can damage the 
materials. The passivating shell also 
has to match the atomic structure of the 
laser otherwise undesirable mechanical 
stresses are introduced.

“In our work, we took another approach 
and used doping to increase the rate 
at which light was produced by the 
nanowire,” Tim said. He explained 
that this gives less time for light to be 
lost at the surface of the GaAs wire, 
and therefore enables the material to 
produce laser light without passivation.

“Our work was really about thinking 
laterally and giving people another tool 
for improving the efficiency of these 
nanostructures,” Tim explained.

The technique is useful for any light-
emitting nanosized object. “The doping 
has really given these nanolasers a 
performance edge,” Tim said.

“It is an exciting discovery and 
opens up opportunities to study other 
nanostructures with enhanced light-
emission efficiency so that we can 
shrink the size of the lasers further,” 
research group leader, Professor 
Chennupati Jagadish said.

• Tim Burgess (left) and Dhruv Saxena (right) 
have been adding impurities to  

nanoscopic wires. Credit: Stuart Hay.

“Our work was really 
about thinking laterally 
and giving people 
another tool for improving 
the efficiency of these 
nanostructures,” – 
Tim Burgess.

Doped materials make  
for better nanolasers
Tiny lasers are now shining a whole lot brighter thanks to a 
100-fold improvement in the light-emitting capabilities, courtesy 
of a team of ANU researchers at ANFF-ACT who introduced 
impurities to nanoscopic wires.



The 2015 ANFF Research Showcase focused on the people 
with the spark to create companies from ideas. Entitled 
ANFF – the home of tomorrow’s entrepreneurs, the two-day 
event was held on 25–26 November 2015 at the Brisbane 
Conference and Exhibition Centre. 

The programme included talks from more than 40 speakers 
who demonstrated how the capabilities and networks ANFF 
provides are contributing to Australia’s entrepreneurial future 
in areas as diverse as diagnostic medicine, water purification 
and quantum computing. 

A highlight of the event was the signing of a memorandum of 
understanding with New Zealand’s MacDiarmid Institute for 
Advanced Materials and Nanotechnology to work with  
ANFF in strengthening research collaborations and facilitating  
access to research infrastructure across the Tasman.

It was also one of the last official appearances of former 
ANFF director, Gavan Harrop who stepped down from his 
board position last year. ANFF wishes Gavan the best of luck 
in his future endeavours.
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ANFF 2015 
    The home of tomorrow’s entrepreneurs

• Chris Fell (left) and Gavan Harrop (right).
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FRATER AWARD WINNERS

The 2015 Frater Award recipients were also announced at 
the showcase. Named after ANFF’s first chairman, Dr Robert 
Frater AO, the Frater’s are a professional development award 
given to ANFF staff for outstanding achievement. The award 
funds local or international travel aimed at fostering technical 
and professional growth.

The 2015 winners were Simon Doe (ANFF-SA, pictured),  
Dr kinnari Shelat (ANFF-Q, pictured), Dr Jeffrey Cheung 
(ANFF-NSW, pictured), Dr Lachlan Hyde (ANFF-Vic) and  
A/Prof Gilberto Umana-Membreno (ANFF-WA).

ANFF would like to again thank last year’s winners for their 
dedication, and encourage all ANFF staff to participate in 
future awards.
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CyBERSECURITy

An increasing reliance on data and computing power 
has started a technological arms race as nations 
and businesses try to secure their information and 
communications. ANFF is making major strides in this 
arena, developing foundational technologies that will 
help to secure digital information in the future.
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While researchers start to understand 
the world of quantum bits (qubits), 
the University of Sydney’s Quantum 
Nanoscience Lab, directed by 
Professor David Reilly, is investigating 
the challenges involved in realising a 
large-scale quantum computer.

A team based at ANFF-NSW has 
been working to drastically reduce 
the size of the components required 
to control and read qubit information 
in order to make them more useful. 
This includes developing circulators 
designed to operate at milli-kelvin 
temperatures.

“Circulators are widely used 
components that facilitate the one-way 
flow of signals in electrical circuits,” 
explained PhD student Alice Mahoney. 
“They are used to isolate noise and 
route signals to and from devices, and 
are integral to readout chains in a 
variety of solid-state qubit systems.”

Qubits are sensitive to noise, which 
can reduce their lifetime and coherence. 
Circulators can importantly be used in 
experiments to lower the thermal noise 
reaching a qubit device, and prevent 
interference from downstream sources.

Microwave circulators are commonly 
tens of centimetres in size and often 
more than one is required for complex 
multi-qubit experiments. As the number 
of qubits is scaled up – an important 
consideration in the creation of a 
useful quantum computer – these large 
components begin to take up an 
impractical amount of space.

To combat this growing infrastructure, 
the team focused on reducing the size 
of the circulators to the micrometre 
scale by making use of a uniquely 
quantum phenomena: the quantum Hall 

effect. This occurs in ultra-cold planes 
of electrons with a strong magnetic 
field. In these systems, narrow channels 
that form at the edges of a sample 
allow transport in one direction without 
dissipation. David’s team made use 
of these channels to carry microwave 
excitations from one port to another, 
enabling signals to be selectively 
routed.

Extensions on the quantum Hall 
circulator will continue to be fabricated 
at ANFF, with the aim of reducing the 
overhead that is currently required 
to conduct progressively more 
complicated quantum experiments.

“Our research is dependent on the  
ability to rapidly design and measure 
devices with structures on the nanometre 
scale,” David Reilly said. 

The fabrication of devices that trap 
single-electrons and can make use 
of quantum effects requires exacting 
control of process parameters. 
“Over the past few years we have 
collaborated extensively with the staff 
at ANFF and made extensive use of the 
capabilities present at the ANFF-NSW 
node,” David continued.

“We are now seeing the development 
of some of the devices and techniques 
that can make quantum computers  
a reality.”

Advances in quantum 
computing could take 
cryptography to new levels, 
allow for simulations of 
materials with unprecedented 
complexity and rapidly 
accelerate the discovery of 
new drugs. This is, however, 
utterly dependant on our 
ability to harness the power  
of quantum mechanics.

Quantum 
computing  
on a  

      scale

“Our research is 
dependent on the 
ability to rapidly design 
and measure devices 
with structures on the 
nanometre scale,” – 
Professor David Reilly.

• A team from New South Wales are replacing bulky existing circulators with micrometre scale devices 
fabricated on a chip. Credit: Alice Mahoney.

big 
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FOOD & AGRIBUSINESS

Food and agribusiness is one of the most diverse 
industry sectors around. From product packaging to  
soil analysis, ANFF-affiliated collaborations are 
exploring the fundamental science to help  
companies make better products.
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Magnificent microfluidics and 
the manipulation of milk

The research is helping experts to 
better understand particle interactions 
within milk and the various factors that 
contribute to milk’s properties, enabling 
the dairy industry to design better milk-
based beverages.

Milk belongs to a class of liquids 
known as emulsions, defined by 
the fact that within the fluid is a 
mix of insoluble constituents held in 
suspension. Any emulsion can become 
unstable under certain conditions and 
this can change its characteristics. 

In milk, one such instability is caused 
by the microscopic fat droplets and 
proteins that give milk its properties, 
joining together and forming larger 
clumps.   

The formation of these aggregates 
can change the milk’s appearance 
and make it unattractive to potential 
customers. It can begin to look as 
though the milk has “gone off”, but it’s 
actually still completely fine to consume. 
Figuring out why this happens is 
therefore important both economically 
and to ensure customer satisfaction.

Rob is now working to understand 
particle interactions with the aim of 
creating new ranges of dairy products 
that don’t clump, and meet the 
customer's expectations of what  
the beverage should look like.  
“By measuring particle interactions,  
we attempt to determine how stable the 
beverage is,” Rob explained. 

His results can also be incorporated 
into software simulation packages that 
allow manufacturers to better predict 
a product’s behaviour. This means 
future milk products could be designed 
and tested using computer simulation 
algorithms, speeding up the process 
and reducing waste.

To study the particles, Rob has worked 
with ANFF-SA to design and build 
custom microfluidic chips. These chips 
are optically-transparent devices 
around half the size and twice the 
thickness of a credit card. They contain 
miniature channels which work like 
underground pipes to transport fluids 
between separate chambers when 
combined with a pressure source. 

“The ANFF-SA team have been great 
to work with,” Rob noted. “They 
have helped us with the design of the 
devices, and then fabricated them 
using a variety of processes such as 
chemical etching, laser drilling, and 
laser cutting.”

Within this miniature platform where 
the laws of the microscale world 
dominate, the particles within the milk 

can be manipulated during experiments 
so that they are at the right place at the 
right time to be clearly imaged using 
microscopes and high-speed camera 
equipment.

Rob typically combines the chips with 
optical tweezers – which allows for the 
“tweezing” of microparticles using laser 
light. This allows him to grab individual 
particles or groups of particles and 
measure their interactions under 
differing conditions. 

One experiment performed in Rob’s  
lab was to grab two particles with  
the laser tweezers and measure the 
forces between them under different  
pH conditions. 

Other experiments use a variety of 
different levers to probe how the 
stickiness of particles changes, and 
these results are then used to build 
computer models that accurately 
simulate real systems.

Rob’s work with emulsions is pushing 
both his group and the ANFF into new 
cutting-edge research and fabrication 
territory. 

“Custom microfluidic chips have been 
a science and technology enabler, 
allowing us to drive emulsion science 
into a new experimental paradigm,” 
Rob said. “We are able to utilise 
the capability to study and design 
new products using new scientific 
techniques and under diverse 
conditions that have previously been 
impossible to study.” 

“We expect there to be many new 
and significant advances in emulsion 
science as a result of our research 
and the capability that the ANFF is 
providing,” he said. “We expect this work 
to continue to give us world-leading 
experimental capability.”

Dr Rob Ward from New 
Zealand’s Massey University, 
is developing a class of 
microfluidic chips that  
place milk firmly under  
the microscope.

• Dr Rob Ward has designed microfluidic 
devices for observing milk particles.  
Credit: Dr Rob Ward.
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Microspectrometers are set to 
make a massive difference

As a result, UWA’s Microelectronics 
Research Group’s (MRG) sensors are 
on their way to being incorporated into 
in-the-field devices for sampling soil 
compositions and water pollution.

Spectrometry uses the light spectrum 
produced by chemicals to analyse 
their composition. Each compound 
possesses a unique spectral signature, 
which can be used to identify the 
components in a mixed bag of 
chemicals. 

The UWA microspectrometer focuses 
on the shortwave, mediumwave and 
longwave infrared (IR) bands. 

“Infrared spectroscopy already 
has many uses,” Professor Lorenzo 
Faraone, Head of MRG, said. “The 
grains industry uses it to determine 
the quality and value of crops, the 
pharmaceutical industry uses it for raw 
materials testing and quality control, 
and there are many other applications 
in industries as diverse as oil and gas, 
medical diagnostics, defence and 
security.”

Existing IR technologies tend to be 
bulky and fragile, and are thus often 
confined to the laboratory bench. 
“That is set to change with the UWA 
Microspectrometer,” Lorenzo said. 

The team’s spectrometer is based on 
a microelectromechanical systems 
(MEMS) technology which makes them 
smaller, more robust and ultimately 
more affordable than traditional 
spectrometers currently on the market.

MEMS are micron-scale devices 
consisting of complex mechanical 
elements, manufactured using the 
same processes as integrated circuits. 
As such, the devices are exceedingly 
small, light, and can be incredibly 
cheap if manufactured in large enough 
volumes. 

“We used multiple ANFF facilities and 
capabilities in the development of these 
technologies,” Professor Dilusha 
Silva, a researcher from the UWA 
team, explained. “The initial part of 
any MEMS development process is 
computer modelling activity, which is 
enabled by a number of modelling 

tools, including those provided by the 
ANFF Design House.” Modelling let the 
team examine the theoretical behaviour 
of the device before building it.

ANFF-WA’s cleanroom facility was 
essential during the fabrication process. 
“Dust particles can be larger than 
some components of the spectrometer,” 
Dilusha noted. “In fact, a single particle 
of dust, if trapped between the mirrors 
of the spectrometer, can prevent  
the operation.”

The spectrometer’s mechanical and 
optical properties were characterised 
at ANFF-WA, before being laser-diced 
at ANFF’s Optofab node and returned 
to ANFF-WA for electronic packaging 
– a delicate process of making tiny 
electrical connections to a device  
that enables it to “speak” to the  
outside world.

“The team’s vision has always been to 
create real impact with the technology, 
and this aligns with the Government’s 
innovation statement encouraging 
translation of research to real 
applications,” Lorenzo said.

At the end of 2015, the 
University of Western Australia 
(UWA) and local firm, 
Panorama Synergy, signed 
a licensing agreement for a 
microspectrometer that’s been 
a decade in the making.

• Panorama Synergy have signed a licensing agreement for a microspectrometer that is set to bring 
about a big change. Credit: The University of Western Australia.

”The team’s vision has 
always been to create 
real impact with the 
technology,” – Professor 
Lorenzo Faraone.
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ANFF has been travelling to Italy, USA, Japan and  
New Zealand over the past year to meet with experts and 
create international collaborative agreements that encompass 
the globe.

ANFF continues to bridge the physical gaps present in 
international relationships and helps to build on Australia’s 
reputation as a global research hub.

ANFF’s international reputation is continuing to grow, with 
international usage of the facilities increasing by 33 per cent 
this year, and 79 per cent of ANFF related publications in 
2015 were featured in the top 20 per cent of international 
journals, as rated by Excellence in Research for Australia (ERA).

Other highlights included a Japanese semiconductor 
equipment manufacturer, Ulvac, signing an MOU with the 
University of South Australia in September 2016, formalising  
a long-standing relationship with ANFF-SA.

At the 2015 ANFF Research Showcase held November 2015, 
New Zealand’s MacDiarmid Institute for Advanced Materials 
and Nanotechnology also signed an MOU to work with 
ANFF in strengthening research collaborations and facilitating 
access to research infrastructure across the Tasman.

Continuing ANFF’s relationship with the US Air Force Office 
of Science and Research that began in 2011, Enabling 
Technologies Technical Exchange Meetings have been 
conducted in the USA, Italy, and Australia to build basic 
research collaborations between the host nations and  
South Africa.

Rosie Hicks, Chief Executive Officer, Australian National 
Fabrication Facility said, “These meetings have enabled us to 
identify areas of common research efforts. This international 
collaboration will open new pathways for our researchers to 
share ideas and allow each of us to leverage our national 
investments in research infrastructure to address global 
challenges in areas as diverse as health, energy and security.”

25

INTERNATIONAL COLLABORATION

s MacDiarmid Institute MoU, Prof Thomas Nann and 
ANFF Chairman Prof Chris Fell, November 2015.

s Enabling Technologies Meeting at UNSW, May 2016.

s  Members of the US delegation visiting MCN, May 2016.

s UniSA Ulvac MoU signing, September 2016
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MEDICAL TECHNOLOGIES & PHARMACEUTICALS

An aging population and new diseases are increasing  
pressure on the healthcare sector. New medical  
technologies and pharmaceuticals, made available  
through ANFF-facilitated collaborations, are just what  
the doctor ordered.
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The new plate will improve recovery 
times of wrist fractures and simplify 
procedures for surgeons.

Austofix has manufactured and 
distributed orthopaedic implants for  
the internal fixation of bone fractures  
for over 23 years. 

The company teamed up with the ANFF 
Optofab’s advanced manufacturing 
team and the Institute for Photonics 
and Advanced Sensing (IPAS), both 
located at the University of Adelaide, 
to develop a second generation volar 
radius plate (VRP) system.

The collaboration allowed Austofix to 
combine its design, engineering, and 
regulatory and clinical expertise with 

Optofab’s advanced manufacturing 
capabilities at IPAS, including precision 
3D metal printing and advanced 
ultrasonic milling.

A nine-month development project 
was carried out in consultation with 

Australian surgeons to seek out 
improvements to existing plate designs. 

Applying the feedback from the 
consultative process, a range of  
different improvements were developed, 
prototyped and tested with the aim 
of honing in on an optimal design. 
Prototype of designs were made using 
Optofab’s Prox200 3D metal printer 
and DMU-20 Ultrasonic  
five-axis mill.

A new device design emerged, 
featuring an improved locking 
mechanism for the plate as well as an 
increased variable angle for the screws 
that anchor the system to the bone, 
allowing the plate to be attached more 
securely and leading to quicker healing.

“Our Austofix product design engineers 
were able to innovate within a flexible  
design and manufacturing process,”  
Chris Henry, Austofix General Manager, 
said. “This environment was key to our 
ability to take the prototype to market 
within such a short timeframe.”

The VRP 2.0 plate system is expected 
to be suitable for treating 90 per cent 
of all wrist fractures and is expected to 
be available by the end of 2016.

Austofix is now continuing its work with 
Optofab to develop other implantable 
devices using 3D printing and 
advanced machining with the aim of 
improving patient outcomes for other 
surgical procedures.

“As a result of this project and the 
collaboration that’s been put in 
place, we are set to become the 
advanced manufacturing research and 
development lab for Austofix,” said 
Professor Andre Luiten, Director of IPAS.

The project was partially funded by the 
South Australian Government through 
the Photonics Catalyst Program, a joint 
initiative between the Department of 
State Development and IPAS.

“This environment was 
key to our ability to take  
the prototype to market 
within such a short 
timeframe,” – Chris Henry.

A South Australian orthopaedic implant manufacturer has taken 
a new wrist fracture plate system from conception to production-
ready in just nine months, thanks to additive manufacturing and 
industry/academic crossover.

Improving recovery times  
of wrist fractures

• Austofix’s VRP 2.0 system. Credit: Austofix.



If it works, the platforms could make 
MSC therapy an affordable option 
capable of helping manage some of the 
most inhibitive degenerative conditions, 
such as duchenne muscular dystrophy 
– a muscle wasting disease which 
leads to a reduced life expectancy and 
affects one in 3,500 males.

MSC therapies require stem cells to 
be implanted into a patient to replace 
damaged or dead tissue. Such 
treatments require the cultivation of a 
large population of healthy stem cells in 
order to be successful.

It’s been known for a while that the 
quality of a batch of stem cells is highly 
sensitive to the environmental conditions 
in which it was grown or cultured. 
Provide the wrong “mood” and the 
cells may stop dividing or worse, die 
off. The end result is a less effective and 
more expensive course of treatment.

Uma Suparamaniam, a PhD student at 
the ARC Training Centre in Biodevices  
at Swinburne University of Technology, 
is investigating whether electrical 
stimulations that replicate nerve 
impulses will increase stem cell 
proliferation. She is currently working 

with St Vincent’s Hospital in Melbourne 
and engineers at the ANFF-Vic 
Biointerface Engineering Hub to create 
the modified culturing platform for  
the cells.

To introduce the stimulation, the 
team selected a biocompatible and 
electrically conductive material called 
polypyrrole. They then coated this with 
either polymerised allylamine or acrylic 
acid – substances known to encourage 
stem cell growth.

Uma and her colleagues varied the 
thicknesses of the allylamine and 
acrylic acid films to find the right 
balance between having enough of 
these substances in the coated surfaces, 
and allowing the electrical stimulation 
from the polypyrrole to act on the 
cells. “The surfaces need to be thick 
enough to have a high enough density 
of functional groups to influence cell 
growth, but thin enough to maximise 
conductivity,” Uma explained.

“The idea is to preserve the natural 
roughness of the polypyrrole as well 
as its electrical properties. This means 
thin coatings are preferred,” she 
continued. “Currently, the allylamine 

A team of Victoria-based researchers is taking tips from 
Mother Nature to make muscle stem cell (MSC) therapy a 
more effective and affordable option for treating degenerative 
diseases. The group is attempting to increase the efficiency of 
stem cell proliferation by introducing nerve-like stimulations into 
the environments in which the cells grow.

 Providing a Platform 
for muscle stem cell therapy

and acrylic acid films are 3 nm thick. 
The data hasn’t been fully analysed 
but even a coating this thin reduces the 
conductivity of polypyrrole.”

The films were created using the 
Biointerface Engineering Hub’s plasma 
reactor. The device produces thin films 
by fragmenting a selected molecule 
with a plasma and coating everything 
inside the reactor with it, including the 
desired surface. It’s possible to vary 
the chemistry of the film by changing 
the conditions within the reactor, and 
the thickness of the film can also be 
changed by controlling the deposition 
time.

The versatility of the process also 
figures heavily in the group’s decision 
to use it – and also opens the method 
to the possibility of mass production.

“There are a number of wet chemistry 
methods that can be used to create 
organic thin films but the advantage of 
plasma polymerisation is that, unlike 
other methods, deposition is substrate 
independent and can thus be used 
to coat a wide variety of samples,” 
explained karyn Jarvis, a research 
engineer at ANFF-Vic’s Biointerface 
Engineering Hub who assisted the 
project. “There are some companies 
that have developed industrial scale 
plasma reactors to enable the coating 
of commercial quantities.”

Uma was trained by karyn to run the 
plasma reactor independently so she 
could produce her own films, and gain 
skills for her PhD. The facility’s staff also 
taught Uma to conduct ellipsometry 
experiments that could be used to 
determine the thickness of her plasma 
polymer films.

The team’s work is already providing 
indications that could improve the 
success of MSC proliferation. “While 
the experiments are ongoing, we have 
some preliminary results that suggest 
that acrylic acid surfaces are more 
favourable than allylamine surfaces for  
cell adhesion,” Uma added. “Such 
information may be used to dictate 
future direction of the experiments.”

• Stem cell therapy could receive a boost thanks to a
team of Victorian researchers. Credit: Neuromuscular 
Department, St Vincent’s Hospital.
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3D printing brain-like matter
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It’s now possible to study conditions 
including schizophrenia, epilepsy 
and post-traumatic stress in a far more 
realistic way than ever before.

Using human stem cells to grow tissue 
provides the best chance of replicating 
the function and behaviour of the 
brain, ACES stem cell expert Associate 
Professor Jeremy Crook explained.

Stem cells held in a bioink were printed 
under sterile conditions using 3D 
printers and bioplotters housed in the 
ANFF Materials Node at the University 
of Wollongong. The bioink, which is 
deposited in successive layers, forms 
a three-dimensional porous gel matrix 
that provides structural and biochemical 
support to the cells in a manner similar 
to native human tissue.

Stem cells exist in a non-committal 
state, awaiting orders to become a 
specific cell type. In Jeremy’s project, 
the stem cells are coaxed into 
becoming brain matter resulting in a 
synthetic tissue that could be used as a 
platform to study neurological disease.

“Developing a biologically relevant 
system will give us a more accurate 
picture of how the brain responds to 
disease and new treatments,” he said.

“The synthetic tissue we’ve developed 
has the potential to recapitulate the 
behaviour of complex neural networks 
in a three-dimensional configuration just 
like brain tissue.”

The work is part of ongoing research 
and development within the ACES 
Synthetic Biosystems theme for new 
additive fabrication techniques to 
develop implantable structures for 
medicine. “In the short term, we will 
use the tissue to study human neural 

development, disease and early-phase 
drug testing. Down the track they 
could even be used as the basis of 
replacement tissues,” Jeremy said.

“As the first example of using 3D 
bioprinting technology to engineer 
neural tissue from human stem cells, we 
are excited about the opportunity to 
further develop and apply the method 
for research and future clinical use.”

Further studies could include adapting 
the method to generate other tissue 
types. As all human tissue has its 
origins in stem cells, culturing 
and manipulating them can offer 
enormous benefits for research, tissue 
regeneration, organ replacement and 
transplant operations.

ANFF Materials Node Director and 
ARC Laureate Fellow, Professor Gordon 
Wallace said the researchers achieving 
this outcome required the integration 
of skills and knowledge drawn from 
materials science, engineering and 
biology.

“The culture of integrated research, 
supported by ANFF, has made this 
possible,” he said.

ARC Centre of Excellence for Electromaterials Science (ACES) 
researchers are paving the way to an improved understanding 
of neural disorders through the 3D printing of stem  
cell-supporting structures.

• Professor Gordon Wallace and an ACES team 
have 3D printed brain-like tissue.  
Credit: The University of Wollongong.

TRIGGERING STEM CELLS
Stem cells belong to a class of so-called pluripotent cells that can be triggered 
to specialise as one cell type.

In nature this happens as an embryo develops, while in the lab stem cell 
biologists recreate similar conditions to trigger growth of a desired cell type. 
These triggers include chemical signals from neighbouring cells, direct contact 
with already specialised cells and mechanical “feedback”.

By directing stem cells along a desired path, doctors can artificially create 
tissue that they can later implant in a patient.

Apart from applications in the healthcare space, creating tissue also offers 
opportunities for business. For example, the cosmetics industry is heavily 
invested in generating dermal tissue alternatives that could be used for testing 
products, potentially eliminating the need for testing on animals.



The device was designed to allow 
surgeons to sculpt customised cartilage 
implants during surgery, printing cells 
layer-by-layer to build up artificial 
tissues that perfectly suit the patient’s 
unique anatomy.

3D printing has brought about the 
possibility of personalised surgery. 
Using advanced scanning techniques 
and computer modelling prior to 
an operation, it is now possible for 
surgeons to print whole bones, portions 
of joints and even bionic hybrids, that 
exactly match the needs of a patient.

But for some soft tissue applications, 
such as cartilage repair, the exact 

geometry of an implant cannot be 
precisely known prior to surgery. This 
makes it extremely difficult to customise 
an artificial cartilage implant to fit a 
patient’s defect.

To allow for reactive fabrication of a 
cartilage implant, the team created 
the BioPen. It’s designed to be 
ergonomically held in the surgeon’s 
hands, giving them the power to create 
perfect implants while their patient is 
under the knife.

The device was created with the 
practical constraints of surgery in 
mind and fabricated using 3D printed 
medical-grade plastic and titanium – as 

a result the device is small, lightweight, 
ergonomic and sterilisable. Design and 
fabrication of the BioPen was supported 
by the Materials Node of the ANFF.

Using the device a surgeon can build an 
implant in vivo, sculpted into a defect. 
The surgeon is given unprecedented 
control, filling affected areas with 
tailored scaffolds, impregnated with 
viable replacement cells.

A class of materials called hydrogels 
are used as the “ink” for the BioPen. 
These gels provide the cells with a 
hydrated, non-toxic environment in 
which to grow and multiply whilst also 
sheltering them from the harsh printing 
pressures produced at the pen’s  
nozzle tip.

A low powered light source is integrated 
into the device, which solidifies the 
ink as it is dispensed from the pen, 
providing protection and a structure for 
the embedded cells to thrive.

Once the cells are drawn onto the 
surgery site with their scaffolding, 
they multiply, eventually forming 
large spanning networks, and begin 
assuming the duties of native cartilage. 
Later, the hydrogel scaffolding no 
longer being a necessary support, 
starts to degrade and is replaced by 
the cell’s own extracellular structure.

Professor Peter Choong, Director of 
Orthopaedics at St Vincent’s Hospital 
in Melbourne, developed the concept 
with ARC Centre of Excellence for 
Electromaterials Science (ACES) 
Director, Professor Gordon Wallace.

“The development of this type of 
technology is only possible with 
interactions between scientists and 
clinicians — clinicians to identify the 
problem and scientists to develop a 
solution,” Peter said.

The group are now working closely 
with a manufacturer in order to deliver 
a commercially available BioPen.

• The BioPen allows surgeons to 3D print cartilage during an operation. 
Credit: The University of Wollongong.

In a landmark proof-of-concept experiment, an interstate group 
of researchers has created a handheld 3D printing pen for 
“drawing” human stem cells in freeform patterns with extremely 
high survival rates.

Rewriting the rulebook:
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Surgical pen opens up in vivo 3D printing



Rewriting the rulebook: Nanofields of gOLd

Wearable sensors
Stretchable, conductive materials are 
driving the capabilities of tomorrow’s 
soft and wearable technologies.

Wearables may hold the key to 
accurate and comfortable health 
monitoring and movement detection. 
There’s also the potential for a range of 
intuitive human/machine interfaces to 
be created that could ultimately enable 
implantable biomedical devices.

Wenlong and a team of researchers 
from Monash University have been 
making a range of flexible sensors by 
coating elastic materials with interwoven 
networks of conductive ultra-thin gold 
nanowires (UGNWs). According to 
Wenlong, the UGNWs are the world’s 
thinnest gold nanowires at only 2 nm 
wide — a DNA double helix, by 
comparison, is just over 2 nm in width.

The elastic substrates that the UGNWs 
are grafted onto are flexible and 
biologically safe, making them ideal 
candidates for wearable electronics.

Researchers worked at MCN to 
create wearable pressure sensors, 
skin-attachable strain sensors, flexible 
transparent electrodes and stretchable 
supercapacitors.

To create a sensor, UGNWs are 
grown via a solvent-based chemical 
process that yields a host of hair-
like ultra-thin fibres. Once in a liquid 
suspension, the wires are “painted” 
onto the elastic material, forming 
an interwoven mesh of electrically 
conductive fibres once the paint dries. 
When the UGNW-coated elastic 
is stretched, the device’s electrical 
resistance changes too, providing 
a real-time and reversible electrical 
representation of the sensor’s state.

Wenlong exploits these changing 
properties to detect and monitor 
movement with an incredibly high 
degree of precision. His devices offer 
touch sensitivity and can pick up the tiny 
forces associated with artery wrist pulses.

“They are able to resolve pressing, 
stretching, bending, and torsion 
forces as well as acoustic vibrations,” 
Wenlong said. The team’s devices are 
cheap to manufacture and attachable 
to almost any surface, allowing 
accurate measuring of skin or muscle 
deformation anytime, anywhere.

In the health sector, for example, 
increased sensitivity of these devices 
could reveal previously undetected 
heart defects or be used to monitor 
detailed hand movements in robotic 
infrastructure such as advanced 
prosthetics.

Targeting tumours
At present, the vast majority of cancer 
treatments work by attacking cancer 
cells but often affect healthy tissue in 
the process. The approach, whilst 
effective, produces a large number of 
side effects including irreparable and 
extensive tissue damage, hair loss and 
nausea, among others.

There has therefore been a great 
deal of effort devoted to improving 
the selectivity of cancer therapies in 
order to minimise collateral damage. 
Increasingly, the idea is to hunt with a 
sniper rifle, rather than a shotgun.

Wenlong and his colleagues have 
gone a step further and developed 
what is effectively a guided missile 
that exclusively binds to target tumours 
before heating defective tissue to the 
point of destruction. Advancing a 
treatment called photothermal therapy, 

the method uses gold nanorods (GNRs) 
– shorter, wider versions of gold 
nanowires – which rapidly heat up to 
45°C when irradiated by near-infrared 
(NIR) light.

To specifically target the cancerous 
cells, the GNRs are coated with 
DNA-specific aptamers that Wenlong 
selected to identify DNA unique to 
the tumour cells. Aptamers are single 
strands of DNA that bind selectively 
to a complementary piece of genetic 
material. The theory is that once the 
aptamer binds to the target tumour cell, 
the GNR is heated with the NIR light 
and the cell is destroyed.

Wenlong and his team collaborated 
with a team led by Professor David 
Jans, NMHRC Senior Principal 
Research Fellow at Monash University 
to test the GNR-aptamer “missile” on 
breast ductal carcinoma cells residing 
in healthy tissue.

Wenlong’s team was able to observe 
the selectiveness and efficacy of this 
process using the MCN’s hyperspectral 
imaging capabilities. The initial results 
indicate that once the GNRs had been 
heated by NIR light, 96 per cent of 
tumour cells had been successfully 
targeted and 71 per cent of them were 
destroyed, with less than one per cent 
of healthy tissue affected.

Professor Wenlong Cheng from Monash University has been 
exploring unique properties of gold nanomaterials for over  
16 years. Two recent projects, conducted at ANFF-Vic’s 
Melbourne Centre for Nanofabrication (MCN), involved  
gold nanorods and gold nanowires.

• By “painting” gold nanowires onto an elastic 
material, Professor Wenlong Cheng has created 
a new class of soft and wearable sensors. 
Credit: Professor Wenlong Cheng.
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The Sweatch:  
It’s time for sweat to shine

Named the Sweatch, the device 
captures sweat and provides data 
on its sodium content in real-time, 
transmitting the information to a laptop, 
phone or tablet. The sweat is also 
stored on-board the device for potential 
further analysis.

Once strapped to the wrist, sweat 
enters the Sweatch through a sampling 
mechanism. The sample is passed over 
electrodes that generate a voltage 
proportional to the sweat’s sodium 
content before entering a holding area 
comprised of a high-capacity storage 
material. Signals generated by the 
electrodes are then passed to a custom-
designed electronics board to record 
the result.

Project lead, Professor Dermot 
Diamond from Dublin City University 
(DCU) explained that the information 
provided by the Sweatch about 
sodium levels in an individual’s sweat 
can indicate the onset of dangerous 
dehydration, or can assist in the 
monitoring of a variety of medical 
treatments and conditions.

“The device could also assist in 
monitoring the effectiveness of new 
therapeutic treatments for conditions 
like cystic fybrosis,” Dermot said. 
“These treatments are typically 
designed to restore normal electrolyte 

balance, which could be indicated  
by a return to normal levels of sodium 
in sweat.”

The researchers are also collaborating 
with Melbourne’s St Vincent’s Hospital 
to adapt the device to be used as a 
diagnostic tool for neuropathy.

The device is the result of a 20-year 
collaborative relationship that combines 
Ireland’s advanced sensing capabilities 
with materials development and 
fabrication expertise in Australia.

The Sweatch was developed through 
a partnership between DCU and the 

Australian Research Council’s Centre 
of Excellence for Electromaterials 
Science (ACES) at the University of 
Wollongong. The team used ANFF’s 
3D printing capabilities and expertise 
at ACES to assist with the prototype 
development, a facility led by DCU 
graduate, Dr Stephen Beirne.

“World class 3D printing facilities 
are a tremendous catalyst to forge 
collaborative research programs that 
can tackle complex multidisciplinary 
research challenges like the Sweatch,” 
Professor Gordon Wallace, ARC 
Laureate Fellow, said. “The ANFF 
Materials Node is uniquely equipped 
in terms of facilities and expertise to  
translate fundamental advances in  
materials, for example ACES discoveries, 
into structures and devices.”

Work is now underway to turn the 
Sweatch into a commercial product. 
“We plan to continue working with 
our collaborators at DCU,” Gordon 
said. “Our commercial collaborator is 
based at DCU’s Innovation Campus, 
and is also assisting us to consider 
commercial opportunities.”

Researchers from Dublin, 
Ireland and Wollongong, 
New South Wales have 
created an intelligent sensing 
device that is worn like a 
watch and gives continual 
feedback on the wellbeing of 
the wearer.

3D printing is starting to add up
3D printing offers a number of benefits in terms of speeding up product 
development times, but there are other applications that are also making the 
technique essential to the medical industry.

When combined with next-generation 3D scanning techniques, additive 
processes ensure that bespoke parts, such as those essential for hip 
replacements, can be quickly modelled, tailored to each patient, and then built 
with previously unattainable lead times.

What’s more, by manipulating the surface properties of the printed objects or 
applying specific coatings, such as hydroxyapatite, the implants can actively 
encourage bone growth and improve long-term patient outcomes.

• The Sweatch device. Courtesy: The University 
of Wollongong.
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Bringing molecular  
diagnostics to the market

New South Wales startup, kimiya, 
specialises in providing analysis 
platforms that allow non-invasive 
molecular diagnostics to be conducted 
at low-cost using portable devices. 
The company has been using ANFF 
facilities and expertise to help fabricate 
microfluidic chips that demonstrate 
what its future products are capable of.

The diagnostic technique central to 
kimiya’s technology applies molecular 
biology to medical testing and opens 
the door to personalised medicines 
as well as early-detection benefits of 
illnesses such as breast cancer.

By analysing specific genetic 
components from a patient’s DNA, the 
technique would let a doctor identify 
abnormalities that could, for example, 
indicate that a tumour is growing out of 
control or that a person is suffering from 
a particular viral infection.

Having this information would allow 
preventative measures to be taken that 
could save lives, reduce pressure on 
overstretched medical centres and cut 
down on the cost of care.

kimiya worked with ANFF while 
fabricating its proof-of-concept lab-on-
a-chip device that will eventually have 
the capability of rapidly detecting 
sequences of genetic code and 
transferring the information to a laptop 
or smartphone.

The chip, consisting of a network of 
chambers and microchannels, was 
fabricated by ANFF personnel in New 
South Wales before being passed 
along to kimiya for proof-of-concept 

testing in their purpose designed and 
built electronic testing rig.

As a startup, being able to implement 
early stage microfabrication with state-
of-the-art facilities and engage with 
local expertise within kimiya’s home 
state of New South Wales, was crucial 
for the company.

“This local engagement has meant 
that communications were efficient 
and streamlined, helping to make the 
process simple and cost-effective, while 
at the same time providing opportunity 
for kimiya staff to be trained in the 
use of advanced manufacturing 
equipment,” Matthew Worsman, a 
Director at kimiya, said.

He continued, “Without the ANFF 
partnership, the microfabrication 
process would have most likely been 
conducted overseas at a higher cost to 
the company in terms of finance, time 
and reduced support.”

Successful microfabrication of the 
kimiya proof-of-concept chip was a key 
technical milestone on the path towards 
the development of a fully integrated 
molecular diagnostic platform, 

enabling the system’s operation to be 
verified in kimiya’s laboratory. 

The company performed experiments 
using a simple test fluid to provide 
evidence that the control system and 
associated software functioned together 
with the proof-of-concept chip and 
other essential components.

“kimiya is very pleased to have forged 
a relationship with ANFF and has 
welcomed the professional support it has 
received,” Matthew said. “For startups 
undertaking technically challenging work 
in the areas of micro- or nano-technology 
having this level of assistance in early 
stage development is both encouraging 
and important for success.”

In the short term, kimiya plans to 
complete its proof-of-concept testing 
program before embarking on complete 
prototype development, a phase that 
will require iterative development of an 
increasingly complex lab-on-a-chip 
system, both in terms of the way it’s made 
and what it can do. “A deepening 
of our engagement with ANFF is 
anticipated as we progress on our 
journey,” Matthew added.

Molecular diagnostics is 
projected to be a rapidly 
growing, multibillion-dollar 
business over the next few 
years with many exciting and 
diverse applications.

• Kimiya’s Director Matthew Worsman (right) with ANFF-NSW’s Dr Andrew See (left) packaging 
Kimiya’s lab-on-a-chip technology microfabricated at ANFF. Credit: Dr Warren McKenzie.
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But now, thanks to new research 
undertaken by Dr Nicky Thomas in 
ANFF’s SA node at the University 
of South Australia, we have the 
beginnings of a weapon to fight back.

By studying what it is that makes 
superbugs “super”, Nicky and his team 
have taken an important step towards 
successfully creating medicines that 
could protect us against drug-resistant 
bacterial strains such as P. aeruginosa.

One way in which superbugs can build 
a resistance to medication is by living in 
large clusters surrounded by a protective 
slime, or biofilm — the film effectively 
acts as a shield to antibiotics.

Creating treatments for these biofilm-
associated infections is proving to be 
extremely challenging as drugs that 
could potentially treat the diseases 
can’t seem to penetrate the thick and 
slimy shell of the biofilm.

Nicky and his team’s research has 
resulted in development of basic 
principles for development of 

nanomedicines that can effectively 
penetrate biofilms, allowing drugs to 
reach their intended targets and deploy 
their antibiotic payloads.

“We were able to monitor the 
progression of bacterial growth in 
three-dimensional biofilms that are 
clinically associated with recurring 
infections of the lung, wounds and 
implants,” Nicky explained.

The team exposed the biofilms to a 
range of nanoparticles. “Fluorescently 
labelled particles a thousand times 
smaller than the width of human hair 
were able to penetrate the biofilms 
while larger particles were not,”  
Nicky said.

“If we design antibiotic-loaded particles 
of the appropriate size, it could help 
to eradicate biofilms,” he proposed. 
“These initial findings are crucial to 
guide the design of next generation 
antimicrobials.”

The experiments required the 
fabrication of a flow cell, a miniature 

fluidic enclosure featuring channels 
and reservoirs, to provide microscopes 
and sensors access to the biofilm as 
it grows and allow Nicky to make his 
observations. 

The device was designed at ANFF’s 
SA node, using the centre’s nanometre-
scale precision CNC mill to form the 
channels.

“The device required secure sealing 
options to avoid leaking of potentially 
harmful bacteria,” he explained. 
Feedback from the researchers further 
improved the original design, and was 
incorporated to ultimately generate an 
operational device within a few weeks 
after first contacting the facility.”

Once the flow cell was completed 
the team was also able to monitor the 
evolution of the bacteria as it went 
about building a three-dimensional 
biofilm network. This part of the project 
is still ongoing, Nicky’s team are now 
in the process of implementing an 
infection model in a round worm to 
better understand how these films are 
created in a living organism.

“We will continue to study antibiotic 
resistant biofilms in an even more 
realistic mode that will help engineer 
new medicines.”

knowing your enemy
Dr Nicky Thomas’ research on superbugs involved one  
of the most prevalent “super” bacteria, P. aeruginosa.

Most infections occur in people with weakened immune 
systems, often hospital patients suffering from other conditions, 
and are known to take hold in open wounds or the lungs.

Superbugs are commonly spread through hospitals on 
the hands of healthcare workers or when contaminated 
equipment comes into contact with a patient.

Environmental cleanliness is one of the best ways to prevent 
the spread of superbugs, but once these bacteria have 
spread, they are incredibly hard to treat.

• A scanning electron microscope image of P.aeruginosa in a biofilm. 
Credit: Dr Nicky Thomas.

The rise of antibiotic resistant bacteria has reached pandemic 
dimensions, with estimates predicting that by 2050 around 
10 million people will die each year due to antibiotic resistant 
infections.

2 µm

We’re at war with superbugs,  
we need “super” medicines
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The collaborative research involved 
scientists and engineers from UniSA’s 
Future Industries Institute (FII), and 
two NCRIS-funded centres – ANFF 
and the Australian Microscopy and 
Microanalysis Research Facility 
(AMMRF).

The investigation, led by Dr Roey 
Elnathan and Professor Nico Voelcker, 
aimed to create a low-cost and easily-
implemented solution for gene transport 
into live cells.

To do this, the team has designed and 
fabricated new arrays of vertically 
aligned silicon nanowires (VA-SiNWs), 
which resemble miniature silicon hairs 
standing on end, with unprecedented 
accuracy and spatial resolution. These 
nanowires are so sharp that they can 
penetrate between the spaces in a  
cell wall.

Conventional approaches to creating 
VA-SiNWs are based on vertically 
grown non-porous silicon, fabricated 
with conventional instrumentation and 
techniques including epitaxial, or 
layering approaches. This has thus 
far limited researchers’ freedom in 
manipulating the geometric parameters 
of the resulting arrays.

“Together with our collaborators, 
we have recently developed a suite 
of low-cost and easily implemented 
methodologies to fabricate VA-SiNW 
arrays with adaptable and 
programmable designs by combining 
a suite of new nanofabrication routes,” 
Roey explained.

Specifically, the project centred around 
the fabrication of programmable and 

customised masks which are used to 
grow the nanowire arrays. The team 
developed a series of processes that 
extend the geometric combinations 
of nanowires that can be fabricated, 
overcoming the fabrication hurdles that 
have limited cell-nanowire studies in 
the past. The fabrication incorporates 
variations of metal-assisted chemical 
etching (MACE), as well as a 
procedure using a deep reactive ion 
etcher (DRIE).

The processes enable the design and 
fabrication of novel nano-bio interfaces 
using nanowires with closely controlled 
geometries and architectures. These 
features are vital for orchestrating 
specific cellular processes essential 
to gene therapy, including cellular 
adhesion, morphology, migration, 
proliferation, and differentiation.

“We have demonstrated as a proof of 
principle that transfection of target cells 
can be maximised by manipulating the 
geometric parameters of ordered VA-
SiNW arrays,” Roey said. The platform 
offers high-throughput, localised, and 
parallel delivery of a wide range of 
bioactive molecules such as DNA, 

gene-editing tools, proteins, and small 
molecules into cells.

The advances have unlocked the 
potential for major breakthroughs in 
fundamental cellular studies, enabling a 
better understanding of the parameters 
that govern cell behaviour, function  
and fate.

“The ANFF-SA node is central to 
our research plans and to the FII’s 
development as a leading Australian 
research entrepreneurship hub,” Roey 
said. “Critical to the success of our 
research is the Facility Manager,  
Simon Doe, and his staff.”

The team has a strong track-record in 
training researchers in nanofabrication, 
and in running samples for Australian 
industry. “Their industrial and 
translational experience is important 
given that much research involving the  
DRIE system is expected to present 
opportunities for translation and 
commercialisation – thus, for exposing  
students to the skills and knowledge 
they will need for industry 
collaborations and possible careers 
in private-sector research and 
engineering,” Roey said.

The advances have 
unlocked the potential 
for major breakthroughs 
in fundamental cellular 
studies.

• An array of silicon nanowires, sharp enough to 
penetrate a cell wall. Credit: Dr Roey Elnathan.

Precision delivering 
of genetic cargo
Researchers from the University of South Australia (UniSA) have 
placed some of the first paving stones on the long road towards 
creating transfection technology to deliver genetic material to 
the heart of biological cells.

50 µm
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Carbon fibre is now wearing 
some flashy new jewellery,  
thanks to a team of Victorian 
scientists.

They’ve coated carbon fibre with 
diamond, enhancing the material’s 
usability in medical and sensor 
applications where the composite 
material offers huge potential 
advantages.

Microelectrodes are important in 
bioelectronic medicine for the treatment 
of a variety of debilitating conditions. 
They can often eliminate the need 
for drugs and, in the process, spare 
patients unwanted side effects. 
Treatable conditions include epilepsy, 
autoimmune and Parkinson’s disease 
and migraines.

Unfortunately, the materials currently 
used for fabrication of microelectrodes, 
such as noble metals or silicon, have a 
much higher density than human tissue, 
which is thought to produce scarring 
and reduce their long-term efficiency.

A team of researchers from CSIRO 
Manufacturing, Deakin University, 
Melbourne University and the Melbourne 

Centre for Nanofabrication (MCN), 
hope to solve this problem by combining 
two exceptional materials, carbon fibre 
and diamond that, used together, may 
possess the desired properties.

Carbon fibre has been exciting 
medical circles due to its small 
diameter (<10 μm) and ability to act 
as a light-weight, conductive filament; 
but in practice it typically has to be 
insulated in bulky glass capillaries in 
order to be useful. To try and solve 
this, the team began attempting to 
coat the fibres with microcrystalline 
diamond to form a thin, insulating and 
biocompatible sheath.

The difficulty is that growing diamond 
requires harsh conditions that can 
easily damage the carbon fibres. 
Through careful tuning of the diamond 
seeding – an early stage process 
in which nanodiamond “seeds” are 
ultrasonically embedded in the fibre 
surface – and deposition conditions, 
the team has managed to achieve 
uniform diamond coatings that leave 
the carbon fibre intact.

“The project relied heavily on the 
diamond coating facilities and expertise 
of Dr Lachlan Hyde and Dr Alastair 

Stacey at MCN,” said Dr kallista 
Sears, a CSIRO researcher and project 
leader. “I’ve been impressed by MCN 
staff, who have become an integral 
part of this project.” Both kallista and 
Dr Julius Orwa, a Deakin University 
researcher on the project, and kallista 
received training on MCN’s diamond 
coating suite.

After coating, cross sections of the 
composite fibres were examined using 
MCN’s focused ion beam system in 
order to show that the carbon filaments 
were still intact.

“This has been an extremely rewarding 
project and these new micro-electrodes 
have real potential to improve 
neuroscience research and people’s 
lives with debilitating neurological 
conditions,” kallista said. “One of the 
best aspects of this project has been to 
work with such a stimulating group of 
interdisciplinary scientists and leaders 
in their fields.”

The next step is to further optimise the  
process and benchmark the diamond-
coated carbon fibres for their 
performance as microelectrodes.  
“This will require further involvement 
with ANFF-Vic staff and use of their 
world-class diamond coating facilities,”  
Julius added.

• By coating carbon fibre with diamond, the team has created a potential bioelectrode. 
Credit: Dr Kallista Sears.

2 µm
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“One of the best aspects 
of this project has been 
to work with such a 
stimulating group of 
interdisciplinary scientists 
and leaders in their 
fields,” – Dr kallista Sears.

biomedicine
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The device enables DBS sampling to 
be performed by both healthcare and 
non-healthcare professionals in remote 
or clinical settings. 

The pen is currently being developed 
and validated by Trajan Scientific and 
Medical and the ARC Training Centre 
for Portable Analytical Separation 
Technologies (ASTech), a $5.2 million 
program part-funded by the Australian 
Research Council (ARC), University of 
Tasmania (UTAS) and Trajan.

Traditionally, individuals are often 
required to go to a clinic to give a 
blood sample, which is then sent off to 
a centralised laboratory for testing.

The device is designed to offer 
portability and multi-sample capacity 
and therefore has the potential to  
allow blood collection in a “near-
patient” setting and in situ sampling.  
It combines an integrated cartridge that 
stores dried blood with a simple-to-use 
design.

“After pricking the fingertip using a 
standard lancet, the user collects a 
specific amount of blood using the 
HEMAPEN™. The user can then click 
back the device onto its support base 
and securely store the collected blood 
sample. It is that simple,” HEMAPEN™ 
inventor, Dr Florian Lapierre explained.

To help facilitate easy adoption and 
correct use of the technology, Florian 
decided to base the device’s overall 
design on the classic four-colour 
ballpoint pen. The design was then 
refined using the advanced 3D printing 
capabilities available at the Melbourne 
Centre for Nanofabrication, part of 
ANFF’s Victorian node. “At least five 
iterations of the HEMAPEN™ prototype 
were designed and manufactured 
before reaching the desired result,” 
Florian noted.

“The 3D printing capability offered a 
rapid prototyping option at low cost, 
allowing me to test different prototype 
designs over a short period of time,” 
he said.

The pen collects and stores the blood by 
combining front-end microfluidics and 
end-to-end capillaries with DBS paper.

The integrated advanced microfluidic 
capability in the form of precision glass 
capillaries allows the device to collect 
an accurate volume of blood from the 
fingerstick, without the need for external 
actuators like pumps or syringes, thereby 
leading to a considerable size 
reduction.

The collected blood is automatically 
transferred onto regulatory-compliant 
blotting paper housed in the device for 
safe storage. The entire collection and 
storage mechanism is closed to prevent 
cross-contamination of the sample and 
the blood is securely contained, thereby 
preserving sample integrity for testing 
and ensuring minimal biohazard risk.

“HEMAPEN™ is expected to save time 
for both the patient and laboratory by  
delivering superior samples in a  
closed system for better results,”  
Florian concluded.

The HEMAPEN™ is a proposed portable device that allows 
collection and storage of up to four blood samples from an 
individual. The device has the potential to benefit therapeutic 
drug monitoring, medical research, and screening for a range 
of diseases, including diabetes, by providing accurate dried 
blood spot (DBS) analysis.

• The HEMAPEN™ device being developed by Trajan and ASTech. 
Credit: Trajan Scientific and Medical.

Bloody nora!
Blood analysis can be used to detect anything from diabetes to pregnancy, but 
current techniques often require individuals to visit a medical professional to 
ensure a blood sample is suitable for testing.

In June 2016, Grand View Research released a report on the global blood 
testing market, estimating it to be worth more than US$50 billion in 2015 and 
expecting it to grow rapidly across the next decade.

A growing need to reduce the time patients spend in hospitals due to ever-
increasing demands on health services is reportedly driving the market, as well 
as a shift towards early detection of diseases.

Blood sampling made easy
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MINING EQUIPMENT, TECHNOLOGy & SERVICES

It’s Australia’s big business, but without the help of  
world-leading research facilities provided by ANFF, 
reaping the benefits of the nation’s natural resources 
in a safe and sustainable manner would be an even 
bigger challenge.
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Enlightened information – optical sensing 
networks for hazardous environments

This is why UNSW spinout Zedelef 
began designing and building light-
based sensing networks to safely 
transmit information about hazardous 
environments. Its transducers, which 
convert voltage to light signals, are one 
of the few technologies that promise 
less bang for your buck for applications 
in coal mines, refineries, and offshore 
drilling platforms.

From a narrowly defined initial project, 
Zedelef’s research effort led to a broad 
platform technology that is generating 
a lot of interest both in academic and 
industrial circles. In the past year alone, 
Zedelef, working closely with various 
ANFF facilities, has extended its 
product offering in a number of ways.

Zedelef has demonstrated a new  
type of voltage sensor that could be  
used to monitor high-power lines.  
The researchers also produced an 
array of transducers, as opposed to a 

single cell. This enables the creation of 
optical electrodes – or optrodes – that 
could “see” neurons firing, potentially 
leading to the creation of a brain/
machine interface at some point in 
the future. Critical in the realisation of 
these devices were optical photomasks 
produced at ANFF-Q, which then fueled 
experimental efforts at ANFF-NSW.

Associate Professor Alex Fuerbach from 
Macquarie University has developed a 
new type of monolithic Q-switch laser 
by combining Zedelef’s transducers 
with chip lasers characterised at 
ANFF’s Optofab node in Sydney.  
The new device produces short pulses 
of intense laser radiation and has a 
wide range of potential applications. 
These include lidar (light-based radar) 
for the control of autonomous vehicles, 
ranging (accurate measurement of 
distances), materials processing, time-
resolved spectroscopy, and much more.

Zedelef’s core technology is a series 
of electro-optics transducers capable 
of turning small electrical signals into 
light-transmitted information. The device 
uses a variable reflectance mirror 
which reflects a certain amount of light 
depending on the voltage applied. 
Zedelef’s technology then measures the 
amount of light reflected to determine 
the initial voltage. Importantly, this 
transduction is done passively and is 
therefore safe.

The vast majority of existing sensors, 
be they pressure, flow, temperature, 
microphones, hydrophones, or gas 
sensors output small voltages as a 
means of conveying the result of their 
measurements. This means the Zedelef 
electro-optical devices can be used to 
read a host of conventional sensors.

Coupled with optical fibre-based 
networking technology, it is then 
possible to develop sensing networks 
that are ideally suited for hazardous 
environment such as coal mines.  
In many cases it requires no power  
and can be retrofitted to existing 
sensing networks.

“Through a constant collaborative 
effort with the participants and the 
support of ANFF, we were able to 
define and refine a technology to 
reflect real engineering needs and 
address industry pain-points,” François 
Ladouceur, the company’s founder and 
professor at UNSW, said.

The sensing technology Zedelef has 
developed relies on the assembly 
of liquid crystal cells that require a 
cleanroom environment for a number  
of steps of the fabrication process. 
These steps were carried out using 
ANFF-NSW’s facilities and expertise.

“The fabrication of our liquid crystal 
cells require high-precision assembly, 
UV-curing, characterisation and surface 
processing services which were either 
available or developed at ANFF’s 
facilities as part of the project,” he said.

Modern technology allows information to be transmitted in 
many forms, but most of them aren’t suited to hazardous 
environments. In parts of the resources industries any potential 
ignition source could cause catastrophic damage but data still 
needs to be collected and reported.

• A Zedelef transducer device. Credit: Zedelef.
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OIL, GAS & ENERGy RESOURCES

keeping up with Australia’s energy requirements is a  
big challenge made easier through the research and 
development conducted at ANFF.
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Out-of-this-world radiation monitoring
Microdevices developed 
in New South Wales are 
improving our methods 
of monitoring radiation, 
providing a better way to 
ensure the safety of people 
working in radiation-filled 
environments.
Researchers at the Centre for Medical 
Radiation Physics (CMRP) at the 
University of Wollongong have 
designed a new generation of devices 
using ANFF-NSW equipment that 
better represent biological tissue, 
and in turn provide a more accurate 
evaluation of a person’s exposure to 
radiation. 

People are exposed to radiation in 
a number of ways, but the amount 
varies depending on their profession. 
Two examples include nuclear power 
plant, which could be at risk from the 
radiation in a nuclear facility, and 
aircraft crew, who endure heightened 
exposure to cosmic radiation, a type 
of ionising radiation caused by high-
energy particles originating in space.

Increasing a person’s exposure to 
radiation also increases the risk of 
radiation-related sickness — primarily 
cancer. It’s therefore something that 
employers need to keep an eye on.

In order to truly understand the risks 
these people face, accurate monitoring 
of the radiation fields are required. 
Proper measurements of the radiation 
levels can help officials to impose 
restraints on work-hours, minimising the 
risk of overexposure or sickness.

One of the most accurate devices to 
measure radiation is a tissue equivalent 
proportional counter (TEPC). This 
incorporates a sphere filled with a 
low-pressure, tissue-mimicking gas, also 
called a sensitive volume (SV).  

“By changing the pressure of the gas, it 
can simulate the density of a sphere of 
tissue with a 1 μm-diameter,” explained 
Dr Linh Tran, who carried out the 
research.

“However, in reality this gas chamber 
has a size of 5–10 cm,” Linh explained. 
“This means it is impossible to make an 
array of gas chambers to mimic micron-
sized cells.”

Linh and her colleagues proposed a 
new method of measuring radiation 

via an array of microfabricated 
SVs, addressing the shortcomings of 
conventional techniques with a concept 
called silicon microdosimetry — one 
of the inventors of which is the CMRP’s 
director, Professor Anatoly Rozenfeld, 
who led the team.

A silicon microdosimeter is extremely 
small. Each SV measures 10 μm3, so the 
team were able to fabricate thousands 
of them on a millimetre-sized sensor. 
“The spatial resolution of this device is 
also much better than the TEPC when 
we have to move the detector within 
micron increments to take precise 
measurements,” Linh said.

The team designed its second 
generation silicon microdosimeter using 
Synopsys’ Technology Computer-Aided 
Design (TCAD) software — one of four 
specialised design programs available 
through ANFF’s Design House — and 
partially fabricated the device at 
ANFF-NSW at UNSW. The node has 
previously assisted in mask fabrication, 
diffusion and annealing processes, 
aluminium sputtering, chip testing, 
and packaging as the team at the 
CMRP manufactured several prototype 
versions of their microdosimeters.

These proposed devices are of great 
interest to medical radiation facilities 
for radiobiological effectiveness 
studies and can be used as radiation 
dosimeters for protection in mixed 
radiation fields such as aviation, 
space, and nuclear power sites.

“We are looking forward 
to further collaboration 
with ANFF,” – Dr Linh Tran.

• The CMRP team (from left to right: Professor Tatsuaki Kanai, Lachlan Chartier, Jae-ik Shin, Dr Linh Tran, 
Soorim Han.) Credit: CMRP.

• A packaged microdosimeter chip.
Credit: Dr Andrew See (ANFF-NSW).
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Reducing the price of progress

Fortunately, a group of Australian 
researchers are developing a new 
generation of computer components 
and nanoelectronics that could reduce 
the drain on the world’s power grids. 
Remarkably, they’ve demonstrated that 
a pair of insulators can be combined 
to create a highly conductive material 
with controllable properties.

As the demand for more powerful 
computers continues to grow, the 
world’s chip manufacturers have been 
forced to devise increasingly difficult 
and clever means of cramming more 
transistors into a tiny footprint. This high 
concentration of components creates 
a huge amount of unwanted heat, 
which has to be removed to keep the 
components at close to their optimum 
performance.

Maintaining a computer-friendly climate 
thus demands a huge amount of 
electrical power, which is enormously 
expensive and puts additional strain on 
resources.

A team from UNSW and the University 
of Queensland have worked with 
ANFF-NSW to develop high-functioning 
alternatives to currently used materials.

“There has been enormous drive 
to develop new materials and 
technologies to meet the demands of 
the global microprocessor market at 
elevated temperatures to maintain the 
rate of device shrinkage and retain the 
overall performance goals,” Hailong 
Hu, a PhD student at UNSW working 
on the project, explained.

One of these new materials is 
comprised of a pair of oxides, 

lanthanum aluminate (LAO) and 
strontium titanate (STO). Combined, they 
conduct electricity with low resistance at  
elevated temperatures, meaning that for 
a fixed computational workload, they 
would require less cooling to do the job.

The LAO/STO pairing is promising but 
also somewhat surprising.

Both materials are by themselves 
insulators and are, by definition, poor 
carriers of electrical current – but at 
the interface where they meet, current 
can flow with ease. Hailong explained 
that the two materials generate 
a two-dimensional electron gas 
between them, allowing for an almost 
completely unhindered current flow.

The way in which these LAO and STO 
materials are grown changes their 
magnetic and electrical properties. 
Hailong and the team have now also 
shown that by tailoring the growth 
conditions, they can control the 
properties of LAO/STO components so 
that, one day, they could be tuned to 
meet the demands of a manufacturer.

Using ANFF-NSW’s laser molecular 
beam epitaxy (L-MBE) capabilities, 
a technique that can precisely grow 

nanometre-thick layers of a material, 
the team prepared ultrathin films and 
atomically sharp LAO/STO interfaces. 

“The layer-by-layer growth in conjunction 
with a precise control of thickness 
down to a single unit cell is critical to 
the success of this project,” Hailong 
said. “The L-MBE system at ANFF-NSW 
node provides an unmatched capability 
of the precise control of thin film 
growth, layer thickness and sharpness 
of the interface.”

He explained, “Our results indicate 
that tuning of electrical and magnetic 
properties through changing the 
growth condition is a feasible strategy 
in designing magnetic storage and 
spintronic devices with LAO/STO 
heterostructures.”

“The fabricated oxide heterostructures 
in this project will promote the 
development of nanoelectronic 
devices with enhanced functionality, 
higher speed and reduced power 
consumption in the near future,” 
Hailong said. “Society could benefit 
from the introduction of a variety of 
new devices that combine logic, 
storage and sensor applications.”

The USA’s Semiconductor 
Industry Association predicted 
that by 2040, the collective 
energy consumption of 
the world’s computers will 
outpace global production 
of electricity if current trends 
continue.

• ANFF-NSW’s laser molecular beam epitaxy enabled Hailong’s research. Credit: Hailong Hu.
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Now though, by combining the 
benefits of back-contacted solar cells 
with perovskite materials, researchers 
have achieved a much sought after 
pathway to more efficient photovoltaic 
devices.

Solar cells work by using a 
photovoltaic material to produce an 
electric current between an anode and 
cathode when illuminated by the sun. 
However, the way a cell is structured 
and the materials it’s built from can 
have a dramatic effect on its ultimate 
performance, and thus its relevance in 
real-world applications.

The two leading types of devices 
are currently back-contacted silicon 
cells and perovskite-based devices. 
They each have their own efficiency 
advantages, but also limitations.

Perovskite is a material which is 
incredibly good at taking in light 
and converting it to electrical energy. 
However, perovskite solar cells (PSCs) 
are currently built using a “sandwich 
structure”, which requires a conductive 
and opaque electrode above and 
below the photosensitive perovskite 
material, limiting the directions in which 
they can receive light, which reduces 
the overall device efficiency.

Back-contacted solar cells are the 
widely preferred method for collecting 
the electricity created by photovoltaic 
material. Building the electrodes into an 
underlying structure of the light-sensitive 
material reduces transmission losses 
associated with top-side electrodes 
and allows it to be illuminated from 

all sides. Back-contacted silicon 
photovoltaic cells have already been 
manufactured and are commercially 
available, but silicon isn’t as good 
as perovskite at converting light to 
electricity.

Adaptation of a back-contacted design 
to the perovskite solar cell is incredibly 
difficult as the interdigitated array of 
electrodes must be delicately structured, 
which provides a number of major 
fabrication challenges.

However, the latest research from 
a team of CSIRO and Monash 
University researchers, working out 
of ANFF-Vic’s Melbourne Centre for 
Nanofabrication, has combined the 
benefits of both device types using a 
series of photolithography and vacuum 
deposition processes. The technique 
enabled an alternative design in which 

the interlocking array of anodes and 
cathodes were no longer on the same 
plane, but still remained on only one 
side of the perovskite absorber layer.

The result has, for the first time, 
demonstrated the possibility of 
constructing a back-contacted PSC. 
And while efficiencies are lower than 
what can currently be achieved in 
conventional silicon-based devices,  
the new cells have the potential to 
provide far higher conversion rates 
once optimised.

Now, the team are working to develop 
the processes used to make these cells 
in order to make them suitable for mass 
production. Once found, scalable, 
affordable fabrication techniques will 
bring back-contacted perovskite solar 
cells into the light, along with all the 
advantages they offer.

Solar cells are one of the most promising and accessible 
mechanisms by which the country can reduce its carbon 
footprint. However, the technology is still maturing and 
inefficiencies remain a barrier to widespread usage.

• Researchers have found a way to manufacture back-contacted perovskite solar cells. 
Credit: Dr Askhat Jumabekov.

300 nm

The light at the  
end of the tunnel

• Back-contacted perovskite solar cells have 
been realised. Credit: Dr Askhat Jumabekov.



Lead is weighing down  
solar cells, but not for long...

An international team from Australian 
National University (ANU) in Canberra 
and Nanyang Technological University 
in Singapore is investigating antimony 
as a safer alternative to lead, and it’s 
providing promising results.

The essential characteristics of a viable 
mass-market solar cell are that it is: 
easy to manufacture; highly efficient at 
converting solar energy into electricity; 
and extremely durable.

Perovskite materials happen to meet 
nearly all of these requirements, but 
only when they contain lead. In the 
field, the presence of lead could pollute 
local environments in which they are 
used and introduce additional health 
risks on the factory floor.

As the benefits of using perovskite 
materials continue to be demonstrated 
and commercial uptake becomes more 
widespread, their environmental impact 
becomes increasingly relevant – so too 
does finding a way to ensure it’s kept 
at a minimum.

However, finding a suitable 
replacement is proving tricky – 
elements with similar traits to lead 
like tin, copper and germanium were 
expected to be viable options but 
failed to compare in terms of electrical 
transmission or structural integrity.

Now, the latest research from a team 
led by Dr Hemant kumar Mulmudi, a 
research fellow at ANU has produced 
some encouraging insights.

Using a combination of antimony 
and other smaller positively charged 
elements, they hope to replace the lead 
in the perovskite structure. Specifically, 
they’ve been testing rubidium- and 
cesium-based antimony perovskites as 
viable alternatives.

Investigating the performance 
of the new solar cells required 
cathodoluminescence (CL) analysis. 
Using equipment that combines a 
CL detection system with a scanning 
electron microscope (SEM-CL) at 
ANFF-ACT, researchers were able to 
correlate both structural and optical 
information about the candidate cells.

The team found that rubidium allowed 
the right crystal structure to form, 
enabling efficient conversion of light 
into electricity and a stable current. 
Cesium, however, did not fare as  
well, forming the wrong type of  
crystal structure.

The next step for the researchers is 
to test how the cells do under heavy 
lighting conditions. This involves 
designing and installing a light source 
into the SEM chamber and will allow 
Hemant to study the influence of light 
on the solar cells which is integral 
to their functionality as an energy 
harvesting devices.

Perovskite materials are 
continuing to improve upon 
the efficiencies of solar 
cells, but their widespread 
deployment is being hindered 
by the presence of potentially 
toxic levels of lead in their 
chemical makeup.
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• A SEM Cross-section image of a typical perovskite solar cell. A perovskite solar cell contains several 
layers, from top to bottom they are, a gold electrode contact, a zinc oxide (ZnO) hole conducting layer, 
the perovskite layer where the light is absorbed, a titanium dioxide (TiO2) electron conducting layer. 
The scale bar is 1 micron.

• A SEM (left) and a composite CL image (right) of a perovskite active layer.
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Dr Elaine Saunders

Professor Justin Cooper-White

Professor Chennupati Jagadish 

ANFF’s AwARd-wINNINg pERsONNEL
anff relies upon the leadership of pioneering researchers in order to 
stay at the cutting edge.

over the past year, a number of anff’s board members and node 
directors have been recognised for their outstanding contributions to 
australian science and innovation by both the government and the 
scientific community. 

anff would like to congratulate each of the award winners, and take 
the opportunity to thank them for their invaluable contributions.

s

s

Credit: Michael Gal.

      anff-Q node director, Professor Justin Cooper-White received the marshall 
and Warren award from the national Health and medical research Council in 
July 2016. 

Justin is based at the australian institute for Bioengineering and 
nanotechnology (aiBn) at the University of Queensland and is a CSiro office 
of the Chief Executive (oCE) Science leader.

Professor Gordon Wallace

      anff-materials node director Professor gordon Wallace won the prestigious 
CSiro Eureka Prize for leadership in innovation and Science, announced at the 
beginning of September 2016. 

recognised for his work as an internationally renowned researcher in the field of 
electromaterials science, gordon was commended for his cultivation of a research 
vision in the area of intelligent polymers – a number of his research projects are 
presented within this casebook.
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s      dr Elaine Saunders can now add an australian academy of technological 
Sciences and Engineering (atSE) Clunies ross Entrepreneur of the  
Year award to her long list of achievements. listed as one of the most 
influential women in australia in 2015 by The Australian Financial Review, 
Elaine is an anff board member and managing director of the advanced 
hearing aid manufacturer, Blamey Saunders hears.

      in January 2016, anff-aCt node director, Professor Chennupati 
Jagadish became a Companion (aC) of the order of australia, awarded for 
merit of the highest degree in service to australia, or “humanity at large”.

Jagadish was formally recognised for eminent service to physics and 
engineering, particularly in the field of nanotechnology, to education as a 
leading academic, researcher, author and mentor, and through executive 
roles with national and international scientific advisory institutions.



Design House: NCRIS partners team up  
     to virtualise nanofabrication platform
When ANFF moved to establish 
the Design House (DH) in 2013, it 
was keenly aware that in order for 
Australian entrepreneurship to flourish, 
its offerings had to be a “closed 
loop”, providing not just the physical 
spaces and instruments necessary for 
fabrication, but the virtual design and 
simulation tools central to the creation 
of modern devices.

The DH program, currently nearing the 
conclusion of its pilot phase, is already 
making great progress towards closing 
this loop.

As the program continues to develop, it 
aims to provide Australian researchers 
with simpler access to the design tools 
essential for innovative micro- and 
nano-fabrication. In conjunction with, 
Monash University’s e-Research Centre 
(MeRC), the MASSIVE, and NeCTAR, 
ANFF is working hard to streamline 
this valuable resource for the Australian 
research community.

User input has been essential to 
the development of DH since its 
early stages. In late 2012, ANFF 
commissioned a national scoping study 
with the aim of identifying a suite of 
computational resources to support the 
national fabrication network.

The plan was to select a set of core 
software tools that would broadly 
support the majority of the design and 
simulation needs of the scientific 
community, while also supporting 
purchase of node-based computer 
resources and niche software 
capabilities.

Following a national survey of the 
nodes, a collection of virtual tools 
dubbed ANFF’s Design House was 
officially launched in 2014. The core 
offerings initially chosen were: Mentor 
Graphics (formerly, Tanner-EDA), 
Synopsis, Coventor and Intellisense.

Together, the packages provide all 
of the essential elements for taking a 
device from concept to reality. These 
include the tools for initial device 
design and layout, process simulation, 
design rule checking, circuit simulation 
and mixed-signal processing, and 
MEMS utilities for structural simulations, 
to name a few.

In order to help facilitate broad uptake 
across Australia, the core packages 
were made available via a national 
license server, hosted out of the ANFF’s 
Victorian node with assistance from 
Monash University. This arrangement 
– made possible through extensive 
negotiations with software vendors 
– represented an unprecedented 
consolidation of virtual resources; 
extending access to more than 20 
Australian universities and the CSIRO.

In only three years of operation, DH 
users have logged more than 20,000 

combined hours of activity with 
representation coming from all eight 
ANFF nodes. And with the numbers 
of users and demand for access 
continuing to grow, the challenge of 
accommodating this additional traffic is 
becoming increasingly important.

To continue the service’s success, it’s 
fundamentally important to ensure 
quick and easy access to DH tools for 
the growing user base. The program 

• Kirsten Brookshire – UWA. 
Credit: Kirsten Brookshire.

To continue the service’s 
success, it’s fundamentally 
important to ensure quick 
and easy access to  
DH tools for the growing 
user base.

MEMS 
Modelling
Design House’s CoventorWare 
FEM suite enabled kirsten 
Brookshire of the University of 
Western Australia to optimise 
microelectromechanical system 
(MEMS) structures, reducing 
total development time for the 
final design significantly. The 
improved devices could allow 
more accurate and adjustable 
electro-optical devices.

kirsten is continuing to use the 
DH software as her project 
develops. “Continued modelling 
of experimental outcomes gives 
us insight when troubleshooting 
undesired post-fabrication 
structural deformations,” she said.
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Design House: NCRIS partners team up  
     to virtualise nanofabrication platform

is making plans to improve upon its 
current server-based approach to allow 
ANFF users unfettered access, anytime, 
anywhere.

To facilitate this, the DH software will 
need to be brought into the cloud and 
made accessible through any web 
enabled PC. Doing so will eliminate 
the need to travel to a node in order 
to access a DH workstation, allowing 
users greater flexibility to perform their 
research from any location in Australia. 
Cloud-based virtual machines will also 
remove any potential issues associated 
with local IT support which is often 
needed for software installation and 
license server configuration. In order 
to make this a reality, ANFF-Vic is 
working in cooperation with MeRC 
and MASSIVE to craft a custom virtual 
platform for hosting DH resources on 
the NeCTAR Research Cloud. This 
effort will build on an existing project, 
called the NeCTAR Characterisation 
Virtual Laboratory, that provides access 

to imaging software to over 600 
Australian researchers. The Design 
House Virtual Laboratory (DHVL) will 
provide a clean single entry point for 
all DH users, allowing login with their 
existing Australian university credentials.
In order to make this a reality, ANFF-
Vic is working in cooperation with 
fellow NCRIS partners MeRC and 

NeCTAR to craft a custom virtual 
platform for hosting DH resources. 
The Design House Virtual Laboratory 
(DHVL) will provide a clean single entry 
point for all DH users, allowing login 
with their existing Australian university 
credentials.

The DHVL will also provide the 
necessary framework for tracking 
of user activity. This will provide 
valuable usage data and statistics for 
the consumption of the resources —a 
key element in ensuring the financial 
sustainability and continued availability 
of DH tools.

Infrared sensors are hotting up
Dr Nima Dehdashti Akhavan, from 
the University of Western Australia, 
has proposed a new design for 
infrared sensors that will reduce the 
cooling requirements of the device.  
Until now, the deployment of 

infrared detectors has been limited 
by the need for cooling.

Nima used Design House’s Synopsis 
package for device modeling and 
process simulation to inform his 
designs.

• Nima Dehdashti – UWA.
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