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Vision
Will be an internationally leading Centre in biophotonics and nanophotonics.
Will provide a world-class laboratory for training Australian and international
research students.

Mission
To develop innovative nanophotonic devices for all-optical information technology.
To develop novel optoelectronic imaging methods for biological studies and
industrial applications.
To understand mechanisms for light interaction with biological materials.

Key facts for 2007
3 Professors, 1 senior lecturer, 12 research staff, 11 students, 1 administrative staff
and 1 technician.
21 publications in refereed journals.
21 plenary and invited presentations at national and international conferences.
44 conference presentations at national and international conferences.
2 provisional patents filed.
2 PhD thesis completions.
Total cash income in 2007 of $603,000 from ARC grants and $328,000 from industry
grants and $305,000 from the CRC-Polymers.

CMP group photo, 2007: (left to right bottom row) Xiaosong Gan, Johanna Lamborn, Mark Kivinen,
Stephen Weber, Kyongsik Choi, Ze'ev Bomzon, Manuel Schneckenburger, Dru Morrish, Min Gu, Peter
Zijlstra, Michael Ventura, Raz Shimoni, Daniel Day, Hongchun Bao, Jing Wu, Jiafang Li, (left to right top
row) Baohua Jia, Sarah Russell, Xiangping Li, Guangyong Zhou, Brendan Chick, Airan Rodenas Segui,
Jingliang Li, Elisa Nicoletti, James Chon, Joel van Embden.
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DIRECTORS REPORT

2007 was a very successful year for the Centre
for Micro-Photonics (CMP). | would first like to
express my sincere thanks to the staff and student
members of the CMP for their excellent
achievements in 2007.

The research achievements for 2007 are
highlighted by the extension of the Australian
Research Council (ARC) Centre of Excellence for
Ultrahigh-bandwidth Devices for Optical Systems
(CUDOQS), in which the CMP is one of the core
partners. The ARC has funded the CUDOS
extension with A$7.5m till 2010. In addition, the
CMP has made numerous outstanding
achievements in research and training in the two
focus areas of biophotonics and nanophotonics
which has led to an increase in collaboration with
industrial partners.

Biophotonics

1. CMP researchers, led by Prof Sarah Russell,
in collaboration with scientists from the
University of Pennsylvania, USA, published a
paper in the world’'s most prestigious scientific
journal, Science, on their discovery of
asymmetric division of T cells. The paper is
listed as the 6™ most important paper in all of
biology by the Faculty of 1000 and has been
ranked 7" in the Science 2007 Breakthrough
of the Year.

2. Members of the Cell Biology group received
three major grants from the National Medical
and Health Research Council (NHMRC), a
Project Grant, which is a remarkable
achievement in the biological community in
Australia.

3. A new initiative within the CMP, led by Prof
Min Gu and Prof Sarah Russell with Prof Ellen
Robey from the University of California
Berkeley, to integrate novel photonics and
cutting edge biology was awarded A$1.4m
from the international funding program, the
Human Frontier Science Program. It should
be emphasised that this grant was the only

successful grant led by an Australian
University in 2007.

4. A breakthrough in our in-vivo imaging
research through the development of
multiphoton endoscopy was presented as
an invited talking the Hot Topics session
on the world's largest biophotonics
conference Photonics West 2007. The
research was also featured as a research
highlight in the Technology Focus Issue
“Biophotonics”, Nature Photonics.

Nanophotonics

1. Members of the CUDOS group achieved
the revolutionary result of demonstrating
the control and engineering  of
spontaneous emission in a hanocomposite
material, which was published in Advanced
Materials. The significance of this result is
the potential to lead to the development of
all-optical circuits and new generation
photovoltaic devices.

2. A breakthrough in realising multi-
dimensional optical data storage was
achieved with the successful
demonstration of data storage in the fourth
and fifth dimensions, polarization and
spectral. This result was featured on the
cover of Optics Express, the highest
impact optics journal.

Industrial collaboration

2007 was a breakthrough year for the CMP to

establish a wide range of industrial

collaborations

1. Genera Biosystems Pty. Ltd. — the ground
breaking research into the development of
a high-sensitivity, specific DNA sensor was
awarded an ARC Linkage Project Grant.

2. Optiscan Pty. Ltd. — a collaborative project
to further develop the optical imaging
capabilities of the Optiscan fiber probe.
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CRC-Polymers — the CMP is a core partner of
the Victorian Biomanufacturing Consortium,
together with Monash University, CSIRO,
CRC-P and the Australian Stem Cell Centre
for the development of a novel 3D
microbioreactor for stem cells. The CMP
continues to conduct research with the CRC-
P on optical data storage systems and
materials.

New national competitive research grants

Prof Min Gu, Dr Alex Boussioutas (University
of Melbourne) and Prof Huikai Xie (University
of Florida) were awarded an ARC Discovery
Project Grant.

Prof Min Gu and Dr Dru Morrish were
awarded an ARC Linkage Project Grant with
Genera Biosystems.

Dr Daniel Day and Prof Keiji Sasaki
(Hokkaido University) were awarded an ARC
Linkage International Grant.

Prof Min Gu, Dr Guangyong Zhou and Prof
Tony Wilson (University of Oxford) were
awarded an ARC Linkage International Grant.
Prof Sarah Russell, Prof Min Gu and Prof
Ellen Robey (University of California,
Berkeley) were awarded a Human Frontier
Science Program Grant.

Dr Guangyong Zhou was awarded an
Australia-Europe Exchange Grant from the
Australian Academy of Science.

Prof Russell and her team at the Peter
MacCallum Cancer Centre were awarded
three NHMRC grants.

Total external fund of the CMP in 2007:
~A$1.23m

Prestigious awards

Prof Min Gu was elected to be a Fellow of the
Australian Academy of Science in March
2007.

Prof Min Gu was awarded the Chang Jiang
Chair Professorship of the Ministry for

Education, China, which is the highest
honour awarded to overseas Chinese
scholars.

Other highlights

The CMP members published 21 journal
papers as well as over 43 conference
presentations and 2 patent applications.

Ling Fu and Baohua Jia were awarded a
Doctor of Philosophy for their thesis’ titled
"Fibre-optic nonlinear optical microscopy and
endoscopy “ and “A study on the complex
evanescent focal region of a high numerical
aperture objective and its applications”.

The establishment of the Optical Society of
America student chapter called Swinburne
Optics and Applied Physics (SOAP).
www.swin.edu.au/feis/cmp/soap

Congraulations to Dr David Haylock
(Australian Stem Cell Centre) who has been
appointed as an Adjunct Professor.

Finally, | would like to emphasise that without
continuing support from the University,
including  Vice-Chancellor, Professor lan
Young, Deputy Vice Chancellor, Professor
Dale Murphy, Pro Vice Chancellors, Professor
Kerry Pratt and Professor Andrew Flitman,
Dean of Faculty, Professor John Beynon, and
many other staff of Swinburne, it would not
have been possible for the CMP to achieve all
that outlined above.

Professor Min Gu
Chair of Optoelectronics
Melbourne, July 2007
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Centre for Micro-Photonics (CMP)

Faculty of Engineering and Industrial Sciences

Swinburne University of Technology
PO Box 218, Hawthorn, Victoria, 3122
Australia

Phone: +61 (0)3 9214 5273
Fax:  +61 (0)3 9215 5435

http://www.swin.edu.au/feis/cmp

Director
Prof Min Gu

Deputy Director
Dr Daniel Day

Administration Officer
Johanna Lamborn

Mechanical workshop Technician
Mark Kivinen

Postgraduate Student Coordinator
Dr James Chon

Laboratory Coordinator
A/Prof Xiaosong Gan

Research Staff
Dr Hongchun Bao

Dr Ze’ev Bomzon
Dr Kyongsik Choi
Dr Baohua Jia
Dr Jingliang Li
Dr Dru Morrish

Prof Sarah Russell

Dr Shuhui Wu
Dr Joel van Embden
Dr Guanyong Zhou

Research Students
Brendan Chick (1% year PhD)

Ling Fu (4" year PhD)

Smitha Kuriakose (4" year PhD)
Jiafang Li (2™ year PhD)
Xiangping Li (2" year PhD)
Elisa Nicoletti (1% year PhD)
Raz Shimoni (1* year MSc)
Michael Ventura (4" year PhD)
Stephen Weber (Honours)
Jing Wu (2™ year PhD)

Fei Zhou (Visiting PhD)

Peter Zijlstra (2™ year PhD)
Adjunct Members

Prof Richard Evans

Prof David Haylock



INTERNATIONAL ADVISORY COMMITTEE

Prof Ping-Chin Cheng
State University of New York at Buffalo
USA

Prof Arthur Chiou
National Dong Hwa University
Taiwan

Prof Andrew Flitman
Swinburne University of technology
Australia

Prof Stefan Hell
Max Planck Institute of Biophysical Science
Germany

Prof Satoshi Kawata
Handai Frontier Research Centre
Japan

Prof Keith Nugent
University of Melbourne
Australia

Prof Paras Prasad
State University of New York at Buffalo
USA

Prof Kerry Pratt

Swinburne University of Technology

Australia

Prof Peter Rentzepis
University of California
USA

Prof Colin Sheppard
National University of Singapore
Singapore

Prof Din Ping Tsai
National University of Taiwan
Taiwan

Prof Tony Wilson
University of Oxford
UK

Prof Sunney Xie
Harvard University
USA



VISITORS

Bart Follink
CSIRO, Australia

Alessandro Martucci
University of Padova, Italy

Tony Wilson
University of Oxford, UK

Martin Booth
University of Oxford, UK

Vassilious Sarafis
Universtity of South Bohemia, Czech Republic

Tung-Tse Tseng
Taipei Economic and Cultural Office, Taiwan

Pao-Yu Lin
Taipei Economic and Cultural Office, Taiwan

Barry Masters
Massechusetts Institute of Technology, USA

Shen Zhiyu
National University of Defence Tech., China

Qin Shigiao

College of Opto-electric Science and Tech, NUPT

Tian Cheng Lin
College of Defence Tech., China

Dang Gang
National University of Defence Tech., China

Chen Yongchoy
National University of Defence Tech., China

Ying Chen
Australian National University, Australia

Der-Chin Su
National Chiao Tung University, Taiwan

Taras Plakhotnik
University of Queensland, Australia

Xue-Hua Wang
Sun Yat-Sen University, China

Yunlong Sheng
University Laval, Canada

Airan Rodenas Segui
Universidad Autbnoma de Madrid, Spain
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Deputy Vice Chancellor (HED)
and
Pro Vice Chancellor (Research)

Dean of the Faculty of Engineering
& Industrial Sciences

N\ J
( A
International Advisory Director: Administrator/PA:
Committee Prof Min Gu Miss Jo Lamborn
& J
( A
Deputy Director:
Dr Daniel Day
| . ' — |
Laboratory Coordinator: Postgrad Coordinator: Hazardous Materials Technical Officer:
Dr James Chon A/Prof Xiaosong Gan Officer: Dr Jingliang Li Mr Mark Kivinen
| |
Biophotonics Industry Nanophotonics
( T\ 4 T\ (
Cell Biology Genera Biosystems Photonic Crystals CUDOS
Prof Sarah Russell Dr Dru Morrish Prof Min Gu
& J & J .
( N\ ( N\ 4
Multiphoton endoscopy Optiscan Optical Data Storage
Prof Min Gu Prof Min Gu, Dr Hongchun Bao Prof Min Gu, Dr James Chon
(. J (& J &
1 N\ N
3D Microfluidics CRC-Polymers
Dr Daniel Day Prof Min Gu, Dr James Chon,
> g Dr Daniel Day
(" ) L _J
Cell Mechanics
Dr Ze’ev Bomzon
& J
4 T\
Laser Trapping
A/Prof Xiaosong Gan




PUBLIC SEMINARS

Prof Min Gu

Australian Academy of Science (Lecture)
Canberra, Australia, May 2, 2007

Victorian Branch of the Australian Academy of
Science (Seminar)
Melbourne, Australia, June 14, 2007

Victorian Branch of the Australian Academy of
Technological Science and Engineering (Seminar)
Melbourne, Australia, September 6, 2007

University of Padova (Seminar)
Padova, Italy, September 24, 2007

Ecole Polytechnique Federale De Lausanne
(Seminar)
Lausanne, Switzerland, September 28, 2007

Ecole Polytechnique Federale De Lausanne
(Seminar)
Lausanne, Switzerland, October 3, 2007

Fudan University (Seminar)
Fudan, China, November 5, 2007

Shanghai JiaoTong University (Seminar)
Shanghai, China, November 7, 2007

Shanghai Institute of Optics and Fine Mechanics
(Seminar)

Shanghai, China, November 8, 2007

Fudan University (Seminar)
Fudan, China, November 9, 2007

Prof Sarah Russell
Department of Microbiology and Immunology
(Seminar)

Melbourne, Australia, 2007

Austin Department of Medicine (Seminar)

Melbourne, Australia, 2007

University of Sydney (Seminar)
Sydney, Australia, 2007

WEHI Immunology Group (Seminar)
Melbourne, Australia, 2007

Dr Daniel Day

Hokkaido University (Seminar)
Sapporo, Japan, March 16, 2007

University of St. Andrews (Seminar)
St. Andrews, Scotland, September 21, 2007



COLLABORATIONS

Joint projects

Christian Depeursinge
EPFL, Switzerland

Professor Kishan Dholakia
St. Andrews University, UK

Professor Richard Evans
CSIRO, Australia

Professor David Haylock
Australian Stem Cell Centre, Australia

Dr Patrick Humbert
Peter MacCallum Cancer Centre, Australia

Professor Daniel Jaque
Professor Qingming Luo
Huazhong University of Science & Technology,

China

Professor Paul Mulvaney
University of Melbourne, Australia

Professor Satoshi Kawata
Osaka University, Japan

Professor Yoshimasa Kawata
Shizuoka University, Japan

Professor Yuri Kivshar
Australian National University, Australia

Professor Michel Orrit
University of Leiden, Netherlands

Prof Steve Reiner
University Pennsylvania, USA

Dr Helena Richardson
Peter MacCallum Cancer Centre, Australia

Professor Ellen Robey
University of California Berkeley, USA

Professor Keiji Sasaki
Hokkaido University, Japan

Professor Herbert Schneckenburger
University of Aalen, Germany

Prof Mark Smyth
Peter MacCallum Cancer Centre, Australia

Professor Peter So
Massachusetts Institute of Technology, USA

Prof Joseph Trapani
Peter MacCallum Cancer Centre, Australia

Professor Din Ping Tsai
National Taiwan University, Taiwan

Professor Tony Wilson
University of Oxford, UK

Professor Huihai Xie
University of Florida, USA

Professor Lie Xu
Fudan University, China



COLLABORATIONS

International

Darmstadt Technical University, Germany
Max-Planck Institute for Biophysical Chemistry,
Germany

Massachusetts Institute of Technology, USA
National Sun Yat-Sen University, Taiwan

National Taiwan University, Taiwan

Olympus Co., Japan

Osaka University, Japan

Oxford University, UK

St. Andrews University, UK

Shanghai Institute of Optics and Fine Mechanics,
China

Shizuoka University, Japan

Seoul National University, Korea

State University of New York at Buffalo, USA
Stanford University, USA

Tsinghua University, China

University of California Berkeley, USA

University of Pennsylvania, USA

University Politechnica of Bucharest, Romania

National

Australian National University
Australian Stem Cell Centre

Coherent Scientific Pty. Ltd.

CSIRO

CRC-Polymers

Genera Biosystems Pty. Ltd.

InVision Medical Technologies Pty. Ltd.
LasTek Pty. Ltd.

Macquarie University

Monash University

Olympus Pty. Ltd.

OptiScan Pty. Ltd.

Peter MacCallum Cancer Centre

St. Vincent's Institute of Medical Research
University of Melbourne

University of Sydney

University of Technology Sydney
Victoria University

3DCD Technology Pty. Ltd.



RESEARCH PROJECTS

Biophotonics

Cell Biology

Project leader: Prof Sarah Russell

Contributing staff:  Min Gu, Ze’ev Bomzon,
Daniel Day, Kim Pham (Peter MacCallum
Cancer Centre)

Students: Raz Shimoni

Objectives

This project aims to develop and use state-of-
the-art imaging technologies to understand the
mechanisms and consequences of cell polarity.

Achievements for 2007

The achievements for 2007 can be summarised

as follows:

1. Developed and used microfabricated ‘cell
paddocks’ for time lapse imaging of live T
cells.

2. Developed new software for the analysis of
T cell migration, interaction with antigen
presenting cells, and polarisation.

3. Awarded Human Frontiers  Scientific
Program - US$1,050,000 over three years
between Russel, Gu and Robey (UC
Berkely) labs.

4. Published first description of asymmetric cell
division in T cells (Chang et al, 2007,
Science, cited as one of the Top Ten
Breakthroughs of the Year)

Collaborative links

Prof Ellen Robey, University of California
Berkley, USA

10

Figure: Bipolar segregation of conserved
regulators of asymmetric cell division during
mitosis.

3D microfluidics

Project leader: Dr Daniel Day

Contributing staff:  Min Gu, Sarah Russell,
Jingliang Li, David Haylock

Students: Jing Wu

Objectives

This project aims to develop novel optical and
microfluidic technology for studying biological
models in three-dimensional microenvironments.

Achievements for 2007

The achievements for 2007 can be summarised

as follows:

1. Femtosecond pulse laser fabrication
technology has now been developed for the
etching of metal-coated and polymer
surfaces to enable the production of
photomasks, microstructure molds, micro-
electrodes and microfluidic devices.

2. The design, fabrication and characterisation
of micrometre scale resistive heating
elements based on the etching of aluminium
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coated glass slides is an important step
towards achieving a temperature controlled
microenvironment for the long term culture
or imaging of cells.

The combination of microfluidics and optical
sensing, called optofluidics has been
demonstrated with the integration of a three-
dimensional photonic crystal and
microfluidic channel. The optical sensor
was used to detect bulk changes in the
refractive index of the fluid in the
microchannel. This is a significant
development towards the incorporation of
non-contact optical sensing technology into
a microenvironment for biological
applications.

The success of the fabrication and sensing
research has led to the awarding of an ARC
Linkage International grant with Prof Keiji
Sasaki of Hokkaido University for the
development of nanometric optical sensors
for the characterisation of microbioreactors.

Collaborative links
Prof Keiji Sasaki, Hokkaido University, Japan.
Prof Kishan Dholakia, University of St. Andrews,

UK.

Multiphoton endoscopy

Project leader:
Contributing staff:

Prof Min Gu
Dru Morrish, Jingliang Li,

Ling Fu
Students: Wei Tao

Objectives

The development of optical techniques for in
vivo nonlinear imaging for early cancer detection
and therapy.

11

Achievements for 2007
The achievements for 2007 can be summarised
as follows:

1.

The development and demonstration of
supercontinuum generation within a double-
clad photonic crystal fibre.

The integration of a 2D and 3D MEMS
scanning mirror with the double-clad
photonic crystal fibre for two-photon and
second harmonic generation imaging.

Collaborative links

Dr
Melbourne University and Peter

Alex Boussioutas, Western Hospital,

MacCallum

Cancer Centre, Australia
Prof Huikai Xie, University of Florida, USA
Lei Wu, University of Florida, USA

Figure: The nonlinear optical endoscope system
using a double-clad photonic crystal fibre, 2D
MEMS mirror and GRIN lens.
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Cell mechanics

Project leader: Dr Ze'ev Bomzon
Contributing staff: Min Gu

Objectives

To understand how optical singularities and
angular momentum are manifested in non
paraxial focused beams.

Achievements for 2007

The achievements for 2007 can be summarised

as follows:

1. The development of an image processing
software platform for identifying, tracking
and monitoring the localisation  of
fluorescent proteins in cells.

2. The publication of a paper on the generation
of space-variant geometrical phases in
focused cylindrical light beams.

Collaborative links
Joseph Shamir, Technion Israel Institute of
Technology, Israel.

Laser Trapping

Project leader: A/Prof Xiaosong Gan
Contributing staff: ~ Min Gu, Dru Morrish

Students: Smitha Kuriakose, Manual
Schneckenburger
Objectives

This project aims to develop novel techniques
for cutting-edge research fields including single
molecule  detection, molecule assembly,
microfluidic systems and cell manipulation and
dynamics.

12

Achievements for 2007

The achievements for 2007 can be summarised

as follows:

1. Smitha Kuriakose completed her PhD thesis
of the title “A study on the complex
evanescent focal region of a high numerical
aperture objective and its applications”. The
main contribution of Smitha’ thesis is the
further development of a novel near-field
technique for imaging, sensing and
manipulation, particularly, on the topic of
simultaneously trapping, stretching and
folding Red Blood Cells (RBC) using a
single near-field trapping beam.

Collaborative links

Prof Kishan Dholakia, University of St. Andrews,
UK.

Prof Yunlong Sheng, Lava University, Canada.
Prof Barry Masters, MIT, USA.

Prof Lei Xu, Fudan University, China.

Prof Wendong Xu, Shanghai Institute of Optics
and Fine Mechanics, China.

Figure: The optical rotation of a trapped red
blood cell in a near-field tweezer.
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Nanophotonics

Photonic crystals - CUDOS

Project leader: Prof Min Gu

Contributing staff: Guanyong Zhou, Baohua Jia,
Craig Bullen, Shuhui Wu, Dario Buso

Students: Michael Ventura, Jiafang Li, Elisa
Nicolleti, Airan Rodenas Segui, Stephen Weber

Objectives

The goal of this project is to develop and
characterise three-dimensional (3D) photonic
crystals (PCs) possessing a complete bandgap
and novel nonlinear properties with the aim to
realise miniaturised all-optical devices for a range
of innovative photonic applications. To establish
such compact 3D PC photonic chip architectures,
various components such as PC waveguides and
superprisms, active low threshold and directional
emitters etc. are necessary. This project aims to
design, fabricate and demonstrate the above
phenomena.

Achievements for 2007

The achievements for 2007 can be summarised

as follows:

1. Successful measurement of inhibition and
enhancement of spontaneous emission of
QDs in polymeric 3D PCs in
telecommunication wavelength. This is one of
the most outstanding outcomes in 2007. This
is a crucial step towards integrated active
photonic devices and contributes significantly
to the overall goal on photonic chip. These
important results have been published in one
of the most highly cited journal: Advanced
Materials.

2. 3D photonic crystals in Chalcogenide glass
with higher order band gap. Another
important milestone achieved in 2007 is that
Elisa Nicoletti has successfully fabricated 3D

13

woodpile photonic crystals in arsenic
trisulphide (As,S3) thin films, which were
prepared by Prof. Luther-Davies’s group at
ANU, by using the direct-laser-writing
method. This significant achievement
promises to enable a variety of nonlinear
functional devices based on 3D high index
photonic crystals and is strategically
important for the entire CUDOS vision on a
photonic chip.

Figure: Images of an SU-8 template for
creating an inverse woodpile photonic crystal
by a sol-gel process.

3. Visible photonic band gap in polymer
based woodpile photonic crystals. Jiafang
Li and Dr Baohua Jia have made a
significant breakthrough in the two-photon
polymerisation method. They can tune the
photonic band gap from 1050 nm to 720
nm and improve the quality of the
structures by engineering the post
treatment conditions.

4. Near-field mapping 3D photonic crystals to
understand fundamental physics. To study
the light-mater interaction within the
photonic crystal, Dr Baohua Jia has been
working on characterising the detailed
local intensity distributions in 3D PhCs by
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utiising a scanning near-field
microscope (SNOM).

Photonic crystals in active lithium niobate.
Airan Rédenas Segui, a visiting PhD student
from Spain, together with Dr Zhou has
successfully fabricated 3D face-centered-
cubic void based PhCs in Nd** doped lithium
niobate crystal by using the microexplosion
method.

Photonic quasi-crystal — another platform to
control light. Photonic quasi-crystals (PQCs)
have neither a true periodicity nor a
translational symmetry, but a quasi-periodicity
that exhibits a long-range order and an
orientational symmetry. Dr Zhou has
fabricated 2D 8-fold PQCs in a polymer
material by using the microexplosion method.
Engineering the photonic band gap and
superprism effect of 2D photonic crystals by
changing the element shape. Stephen Weber
has investigated the influence of rod shape on
the bandgap and superprism effect of 2D
PhCs and he has observed an enhanced
higher order band gap at GK3 direction after
changing the shape of rod from circular to
ellipse.

optical

Collaborative links

Prof Tony Wilson, University of Oxford, UK.

Dr Martin Booth, University of Oxford, UK.

Prof Daniel Jaque, Universidad Autonoma de

Madrid, Spain.

Prof Alessandro Martucci, Padova University,
Italy.

Prof Xue-Hua Wang, Sun Yat-Sen University,
China.

Prof Yunlong Sheng, University Laval, Canada.
Prof Barry Masters, Massachusetts Institute of
Technology, USA.
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Optical data storage

Project leader: Prof Min Gu, Dr James Chon
Contributing staff:  Kyonsik Choi , Joel van
Embden, Richard Evans (CSIRO)
Students:  Xiangping Li, Peter
Brendan Chick

Zijlstra,

Objectives

In this ARC funded multidimensional optical

storage project, we aim to demonstrate the

multidimensional recording/reading on the new

class of materials using various recording

mechanisms, also aims to demonstrate a

prototype system. The individual projects are

as follows

1. Multidimensional photorefractive optical
storage using semiconductor nanocrystal
guantum dots

2. Quantum dot-dye conjugate for high
density optical data storage

3. Multidimensional optical data storage
using metal nanoparticles/nanorods

Achievements for 2007

The overall achievements can be summarised

as follows:

1. A new type of nanomaterial (CdSe
nanorods) has been synthesised, which
will enhance the charge generation in
photorefractive recording as well as
polarization sensitivity of the recording to
achieve the polarization encoding. This
material will be tested in both bit-by-bit and
two-beam coupling systems to achieve
multidimensional recording.

2. The surface engineering of CdSe quantum
dots has led to the new type of 3D
photorefractive recording, which led to the
publication in Applied Physics Letters (Li
et. al.).

3. New mechanism of 4D optical recording
using CdSe quantum dot energy transfer
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was achieved, which was accepted in Applied
Physics Letters (Li et. al.)

Confocal readout of 3D microvoids was
explored through Finite Difference Time
Domain (FDTD) simulation method, which
was published in Optics Express (Choi et. al.)
and it was featured on the cover of the
journal.

Low threshold void recording on Au nanorod
doped polymer matrix was achieved, where a
new mechanism of microexplosion in polymer
matrix was discovered.

Polarisation encoding was achieved using Au
nanorods, which is now incorporated to the
existing spectral and 3D recording to produce
world’s first true 5D recording possible.

A heat dissipation of Au nanorods inside the
polymer matrix was studied and the effort has
been input to the multidimensional recording
to reduce residual heat damage to the matrix.
Single Au nanorod acoustic vibrational traces
were measured, where the mechanical
properties of a nanorod is found to be
sensitive to the local environment.
International conferences were attended to
promote the research results; CLEO Europe
07, and International Symposium on Optical
Memory 07.

Collaborative links

Prof Michel Orrit, MONOS, University of Leiden,
Netherlands.

Dr Jooho Kim, Samsung Electronics, South
Korea.

Prof Dingping Tsai, National Taiwan University,
Taiwan.
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Figure: The extinction spectrum of a PVA film
doped with gold nanorods.
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Industry Projects

Optiscan Pty. Ltd.

Project leader: Prof Min Gu
Contributing staff.: Hongchun Bao, John Allen
(Optiscan), Robert Pattie (Optiscan)

Objectives
Developing multi-photon
product for Optiscan Pty. Ltd.

micro-endoscope

Achievements for 2007

In vivo Two-photon micro-endoscope prototype

has been developed. The micro-endoscope has

been tested and proved to have following
features:

1. Large field of view: 475umx475um. This is
the largest field of view achieved by two-
photon micro-endoscope, to the best of our
knowledge,

2. Lateral resolution: ~1um. The NA of the lens
is 0.35. For such NA, the diffraction limited
lateral resolution is 1 um. The lens has been
well corrected the aberration within the field of
view and two photon endoscope has achieved
diffraction limited resolution.

3. Fast scanning: 0.04 mm? per second. Every
second, the endoscope can scan 0.04 mm?
field of view.

4. 3D imaging function. The compact probe of
two-photon  micro-endoscope can three-
dimensionally image biological sample with
scanning volume larger than
475umx475umx=250um.

5. 3m of double cladding optical fibre. 3m of
commercial available double cladding fibre,
which is cost effective and robust, is used in
two-photon endoscope for delivery of
excitation ultra-short pulses and collection of
fluorescence signal. The 3m fibre provides
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comfortable distance between test target
and optical and electronic hardware.

6. Handheld Probe for immediate imaging.
The probe of two-photon endoscope is
compacted and can be handheld, which is
flexible for in vivo imaging.

7. Axial resolution: <14.5 um. The diffraction
limited axial resolution of lens with NA of
0.35 is 10.5 ym. The axial resolution of
the two-photon endoscope is close to
diffraction limitation.

8. Penetration depth: >80 pm. If the
excitation laser to the sample with useful
power (from the core) of 30mw and pulse
width of 1.6ps, the two-photon micro-
endoscope can obtain good quality surface
image of kidney and penetration depth
over 80 pm.

Collaborative links
Dr John Allen, Optiscan Pty. Ltd., Australia
Dr Robert Pattie, Optiscan Pty. Ltd., Australia

Genera Biosystems Pty. Ltd.

Project leader: Prof Min Gu
Contributing staff:  Dru Morrish, Karl Poetter
(Genera Biosystems)

Objectives
Whispering gallery mode sensing of DNA
hybridisation reactions

Achievements for 2007
The achievements for 2007 can be
summarised as follows:
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1. Development of controlled micro environment
for whispering gallery mode (WGM) sensing
of DNA hybridisation reactions.

2. Demonstration of WGM spectral shift due to
DNA hybridisation reactions.

3. Simplification and optimisation of WGM
excitation, detection and instrument.

4. Refine WGM DNA hybridisation reaction
protocol.

Collaborative links
Prof Karl Poetter, Genera Biosystems Pty. Ltd.,
Australia.

CRC-Polymers

Project leader: Prof Min Gu

Contributing staff: ~James Chon, Daniel Day,
Jingliang Li, Richard Evans, David Haylock
Students: Brendan Chick

Objectives

The CMP is involved in two research projects with

the CRC-Polymers which are:

1. Multi-dimensional optical data storage. The
aim of which is the development of high
performance optical data storage recording
materials for a holographic data storage
system.

2. Controlling cell functionality. This project is
part of the Biomanufacturing Consortium
which involves researchers from the
Australian Stem Cell Centre, CSIRO, Monash
University and the CMP to development smart
surfaces for controlling stem cells.

Achievements for 2007

The achievements for 2007 can be summarised

as follows:

1. New holographic media and a new optical
drive system suitable for holography and
other optical methods of data storage are
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being developed. The research on new
media is directed at minimising the
distortions generated during
photopolymerization. Experiments using
our novel low-shrinkage  monomer
technology have shown significantly low
distortion in test gratings created in the
new media. Two patent applications (PCT)
have been filed and the project team is
currently looking for commercial
opportunities to further develop the
technology.

2. A technique for the fabrication of micro-
structured  surfaces that can be
incorporated into traditional cell culture
ware has been developed, based on
femtosecond pulse laser microfabrication
of metal embossing tools. This technology
could lead to the production of specifically
micro-contoured surfaces for different
applications in the study of biological
systems.

3. Computational fluid dynamic simulation of
the fluid flow properties in a range of
microchannels continue to enhance the
understanding and development of the
microbioreactor and its control of the
physical environmental factors that can
affect stem cell fate.

Collaborative links

Prof David Haylock, Australian Stem Cell
Centre, Australia.

Prof Richard Evans, CSIRO, Australia.

Dr Laurence Meagher, CSIRO, Australia.



CONFERENCE ORGANISATION

Prof Min Gu

Program Committee, Multiphoton Microscopy in
the Biomedical Sciences VII, PhotonicsWest, San
Jose, USA, January 20-25 (2007)

International Advisory Committee and Session
Chair, International Conference on Confocal
Microscopy (FOM2007), Valencia, Italy, April 10-
13 (2007).

International Advisory Committee, 6th Asia-Pacific
Workshop on Near-Field Optics, Yellow Mountain,
P. R. China, June 13-17 (2007).

Program Committee, Topical Meeting of Optical
Society of America: Digital holography and 3D
imaging, Vancouver, Canada, June 16-21 (2007).

Program Committee, Optical Sensing and
Metrology, CLEO-Europe/IQEC2007, Munich,
Germany, June 17-22 (2007).

Chair Organising Committee, 3" Asian and Pacific
Rim Symposium on Biophotonics, Cairns,
Australia, July 9-11 (2007).

Program Committee, Optical Trapping and Optical
Micro-Manipulation, the 52" Annual Meeting of
the International Society for Optical Engineering,
San Diego, USA, August 26-30 (2007).

Co-Chair Biomedical Optics, The 7th Pacific Rim
Conference on Lasers and Electro-Optics (CLEO-
PR2007), Seoul, Korea, August 26-31 (2007).

Organising Committee, International Conference
on Optics, Laser and Applications (ICOLAQ7),
Yogyakarta, Indonesia, September 5-7 (2007).

International Program Committee, the g™

International Conference on Correlation Optics,
Chernivtsy, Ukraine, September 11-14 (2007).
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Program Committee, Optics in Health Care
and Biomedical Optics (PA04) and Holography
and Diffractive Optics (PAQ9), Photonics Asia,
Beijing, P. R. China, November 11-14 (2007).

Program Committee and Session Chair,

Photonics: Design, Technology, and
Packaging Il (AU04), International Symposium
on Microelectronics, MEMS and

Nanotechnology, Canberra, Australia,

December 4-7 (2007).
Prof Sarah Russell

Organising Committee, 3" Asian and Pacific
Rim Symposium on Biophotonics, Cairns,
Australia, July 9-11 (2007).

A/Prof Xiaosong Gan

Organising Committee, 3" Asian and Pacific
Rim Symposium on Biophotonics, Cairns,
Australia, July 9-11 (2007).

Dr Ze'ev Bomzon

Organising Committee, 3" Asian and Pacific
Rim Symposium on Biophotonics, Cairns,
Australia, July 9-11 (2007).

Dr Daniel Day

Co-Chair Organising Committee, 3" Asian and
Pacific Rim Symposium on Biophotonics,
Cairns, Australia, July 9-11 (2007).

Dr Dru Morrish

Organising Committee, 3" Asian and Pacific
Rim Symposium on Biophotonics, Cairns,
Australia, July 9-11 (2007).



PROFESSIONAL SOCIETY MEMBERSHIPS

Prof Min Gu

Fellow, Australian Academy of Science

Fellow, Australian Academy of Technology and
Science

Fellow, Optical Society of America

Fellow, SPIE — The International Society of
Optical Engineering

Fellow, Australian Institute of Physics
Vice-President, International Commission for
Optics

Regional Council of the International Society of
Optics within Life Sciences

President of the International Society of Optics
within Life Sciences

Member, Australian Optical Society

Member,  American  Association  for  the
Advancement of Science

Prof Sarah Russell

Member, Australasian Society for Immunology
Member, American Society for Cell Biology
Member, American Association of Immunologists
Member, American Society of Biochemistry and
Molecular biology

A/Prof Xiaosong Gan

Member, Australian Optical Society
Member SPIE - The International Society of
Optical Engineering

Dr James Chon

Member, Australian Optical Society
Member, Optical Society of America
Member, Australian Institute of Physics

Dr Daniel Day

Member, Optical Society of America
Member, Australian Optical Society

19

Member, SPIE — The International Society of
Optical Engineering

Member, Australian Institute of Physics
Member, ARC/NHMRC Fluorescence
Applications in Biotechnology and Life
Sciences Network

Dr Ze’ev Bomzon

Member, Australian Optical Society
Member, European Society of Biomechanics

Dr Guangyong Zhou
Member, Australian Optical Society
Member, Optical Society of America

Dr Baohua Jia

Member, Optical Society of America

Figure: Prof Min Gu and Dr Daniel Day at an
Australian Academy of Science dinner at
Parliament House, Canberra, where Prof Gu
was elected as a Fellow of the Australian
Academy Science



EDITORIAL BOARDS, PROFESSIONAL ACTIVITIES

Editorial boards
Prof Min Gu

Topical Editor Applied Optics: Optical technology
and biomedical optics — USA

Associate  Editor International Journal of
Biomedical Imaging — USA

Topical Editor Optics and Photonics Letters -
Singapore

International Journal of Scanning Microscopies —
USA

Optics Communication — UK

Journal of Microscopy — UK

Chinese Optics Letters — China

Optik — Germany

GIT Imaging and Microscopy — Germany
International Journal of Biomedical Imaging —
USA

Journal of Biophotonics — USA

Applied Optics — USA

Journal of Innovative Optical Health Sciences —
Singapore

Journal of Biomedical Optics — USA

Frontier of Optoelectronics — China

Optics and Photonics Letters - Singapore

Prof Sarah Russell

Journal of Biological Chemistry - USA

Dr Daniel Day

Guest Associate Editor International Journal of
Biomedical Imaging - USA

Atomic, Molecular and Optical Physics Insights -
NZ
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Professional activities
Prof Min Gu

Vice President of the International Commission
for Optics (2005-2007)

President of Jiao Tong University Alumni
Association Australia (2006-2007)

Optical Data Storage Steering Committee,
Australian Corporative Research Centre for
Polymer (2006-2007)

Fellows and Honorary Members Committee,
Optical Society of America (2007)

Strategic Initiative Committee, ARC and
NHMRC Network on Fluorescence
Applications in Biotechnology and Life
Sciences, Australia (2007)

Member of the Council of the Australian
Optical Society (2007)

RQF Journal Ranking Committee, Australian
Academy of Technological Sciences and
Engineering (2007)

International Committee, Australian Academy
of Science (2007)

Figure: Prof Gu receiving the Chang Jiang
Professorship Chair by the Ministry for
Education, China.



THESIS COMPLETIONS

Thesis completions

Ling Fu

Awarded Doctor of Philosophy

Thesis title: "Fibre-optic nonlinear optical micros-
copy and endoscopy”.

Baohua Jia

Awarded Doctor of Philosophy

Thesis title: “A study on the complex evanescent
focal region of a high numerical aperture objective
and its applications”.

Michael Ventura

Submitted Doctor of Philosophy

Thesis title: “Fabrication and characterisation of
three-dimensional photonic crystals”.

Smitha Kuriakose

Submitted Doctor of Philosophy

Thesis title: “Characterisation of near field optical
trapping and biological applications”.

Figure : Prof Min Gu and Prof Barry Masters from
MIT, USA.
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Figure: Ling Fu’s PhD graduation ceremony.

Figure: A/Prof Xiaosong Gan, Prof Min Gu and
Prof Yunlong Sheng from University of Laval,
Canada.



GRANTS

ARC Centre of Excellence

Centre of Excellence for Ultrahigh-bandwidth
Devices for Optical Systems (CUDOS), M. De
Sterke, B. Eggleton, Y. Kivshar, J. Blows, L.
Botten, J. Dawes, M. Gu, W. Krolikowski, B.
Luther-Davies, R. McPhedran, J. Piper, M.
Withford, S. Kawata, R. Slusher , $840,000
(2007 - 2010).

ARC Discovery Project

Functional nonlinear optical endoscopy - the third-
generation optical endoscopy technology toward
early cancer detection at a cellular level, M. Gu,
A. Boussioutas, H. Xie , $640,000.

ARC Linkage Project

Spectroscopy of complex and biological micro-
objects for biosensing applications, M. Gu, D.
Morrish , $78,000.

ARC Linkage-International

Nanometric optical sensing for characterisation of
microbioreactors, D. Day, K. Sasaki , $25,800.

Adaptive aberration compensation in high
refractive index materials for next-generation
active microphotonic devices, M. Gu, G. Zhou, T.
Wilson, M. Booth , $39,000.

Australian Academy Science
Rare-earth ion doped lithium niobate crystal for

active nonlinear photonic devices, G. Zhou, D.
Jaque, $8100.
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CRC-Polymers

Multi-dimensional optical data storage, M. Gu,
J. Chon, $180,000.

Controlling cell functionality, M. Gu, D. Day,
$135,000.

Genera Biosystems Pty. Ltd.

Photonic DNA sensors, M. Gu, D. Morrish ,
$60,000.

OptiScan Pty. Ltd.

Two-photon endoscopy, M. Gu, $130,000.
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Book chapters

1. Image formation in multiphoton fluorescence
microscopy M. Gu, Handbook of Biological
Nonlinear Optical Microscopy, Peter So and
Barry Masters eds., Oxford University Press,
pp 2007.

Journal papers

1. Spectral encoding on gold nanorods doped in
a silica sol-gel matrix and it's application to
high-density optical data storage J. Chon, C.
Bullen, P. Zijlstra, M. Gu , Adv. Functional
Materials, 17, 875-880 (2007).

2. Synthesis of high refractive index composite
for photonic application S. Wu, G. Zhou, M.
Gu, Optical Materials, 29, 1793-1797 (2007).

3. Rewritable polarization encoded multi-layer
data storage in 2,5-dimethyl-4-(p-nitrophenyl-
azo)anisole doped polymer X. Li, J. Chon, S.
Wu, R. Evans, M. Gu, Opt. Lett., 32, 277-279
(2007).

4. Use of two-photon polymerization for
continuous gray-level-encoding of diffractive
optical elements B. Jia, J. Serbin, H. Kim, B.
Lee, J. Li, M. Gu, Appl. Phys. Lett., 90,
073503 (2007).

5. A single-beam near-field laser trap for optical
rotation, stretching and folding of erythrocytes
M. Gu, S. Kuriakose, X. Gan , Opt. Express,
15, 1369-1375 (2007).

6. Direct laser writing of three-dimensional
photonic crystals within a PbS quantum-dot-
doped polymer material M. Ventura, C.
Bullen, M. Gu, Opt. Express, 15, 1817-1822
(2007).
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10.

11.

12.

13.

14.

Metallic nanorods doped optical recording
media — the use of nanorods as nano-heat
sensitizers J. Chon, T. S. Kao, H. W. Hsu,
Y. H. Fu, C. Bullen, D. P. Tsai, M. Gu ,
Jap. J. Appl. Phys., 46, 3952-3954 (2007).

Fibre-optical nonlinear optical microscopy
and endoscopy L. Fu, M. Gu, J.
Microscopy, 226, 195-206 (2007).

Two-photon induced three-dimensional
optical data storage in CdS quantum-dot
doped photo-polymer X. Li, C. Bullen, J.
Chon, R. Evans, M. Gu , Appl. Phys. Lett.,
90, 161116 (2007).

Two-photon  polymerisation for three-
dimensional photonic devices in polymer
and nanocomposites B. Jia, J. Li, M. Gu ,
Australian J. Chem., 60, 484-495 (2007).

Photonic bandgap and planar cavity of
two-dimensional eightfold symmetric void-
channel photonic quasicrystals G. Zhou,
M. Gu, Appl. Phys. Lett., 90, 201111
(2007).

Three-dimensional nonlinear optical
endoscopy L. Fu, A. Jain, C. Cranfield, H.
Xie, M. Gu, J. Biomedical Opt. 12, 040501
(2007).

Spectral redistribution of spontaneous
emission from quantum-dot-infiltrated 3D
woodpile photonic crystals for
telecommunications J. Li, B. Jia, G. Zhou,
C. Bullen, J. Serbin, M. Gu , Adv.
Materials, 19, 3276-3280 (2007).

Space variant geometrical phases in
focused axisymmetric light beams Z.
Bomzon, M. Gu , Opt. Lett., 32, 3017-3019
(2007).
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15.

16.

17.

18.

19.

20.

21.
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Characterization of a subwavelength-scale 3D
void structure using the FDTD-based confocal
laser scanning microscopic image mapping
technique K. Choi, J. W. M. Chon, M. Gu ,
Opt. Express, 15, 10767-10781 (2007).

The effect of heat accumulation on the
dynamic range of gold nanorod doped
polymer nanocomposite for optical laser
writing and patterning P. Zijlstra, J. W. M.
Chon, M. Gu, Opt. Express, 15, 12151-12160
(2007).

Fiber-optic nonlinear optical microscopic
imaging L. Fu, M. Gu, China Science
(Chinese), 37, Suppl. 138-145 (2007).

Formation of high refractive-index three-
dimensional inverse woodpile photonic
crystals by multiple infiltration B. Jia, S. Wu,
J. Li, M. Gu, J. Appl. Phys., 102, 096102
(2007).

Direction-dependent spontaneous emission
from near-infrared quantum dots at the
angular band edges of a three-dimensional
photonic crystal J. Li, B. Jia, G. Zhou, M. Gu ,
Appl. Phys. Lett., 91, 254101 (2007).

The tumour suppressor Scribble dictates cell
polarity during directed epithelial migration:
regulation of Rho GTPase recruitment to the
leading edge L. Dow, J. Kauffman, J.
Caddy, A. Peterson, S. Jane, S. Russell, P.
Humbert , Oncogene, 26, 2272-2282 (2007).

Asymmetric T lymphocyte division in the
initiation of adaptive immune responses J.
Chang, V. Palanivel, 1. Kinjyo, F.
Schambach, A. Intlekofer, A. Banerjee, S.
Longworth, K. Vinup, P. Mrass, J. Oliaro,
N. Killeen, J. Orange, S. Russell, W.
Weninger, S. Reiner , Science, 315, 1687-
1691 (2007).

Conference proceedings

1. An integrated biophotonics approach for
studying cell mechanics Z. Bomzon, K.
Pham, D. Day, S. Russell, M. Gu ,
Program and Book of Abstracts, 70-71
(2007). Presentation on the 3rd Asian
Pacific Rim Symposium on Biophotonics,
Cairns, Australia, July 9-11, 2007.

2. Erythrocyte stacking using an evanescent
field S. Kuriakose, X. Gan, M. Gu ,
Program and Book of Abstracts, 89 (2007).
Presentation on the 3rd Asian Pacific

Symposium on Biophotonics, Cairns,
Australia, July 9-11, 2007.
3. Fluidic sensing based on a three-

dimensional photonic crystal sensor J. Wu,
D. Day, M. Gu, Program and Book of
Abstracts, 113 (2007). Presentation on the
3rd  Asian Pacific Symposium on
Biophotonics, Cairns, Australia, July 9-11,
2007.

4. Transferrin-conjugated gold nanorods for
cancer targeting, diagnostics and therapy
J. Li, D. Day, M. Gu , Program and Book of
Abstracts, 90-91 (2007). Presentation on
the 3rd Asian Pacific Symposium on
Biophotonics, Cairns, Australia, July 9-11,
2007.

5. Fibre-optic nonlinear optical endoscopy L.
Fu, L. Wu, S. Russell, H. Xie, M. Gu ,
Program and Book of Abstracts, 78 (2007).
Presentation on the 3rd Asian Pacific
Symposium on Biophotonics, Cairns,
Australia, July 9-11, 2007.

6. Advanced live T cell imaging using three-
dimensional microfabricated grids K.
Pham, D. Day, J. Oliaro, M. Gu, S.
Russell , Program and Book of Abstracts,
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10.

11.

12.
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103 (2007). Presentation on the 3rd Asian
Pacific Symposium on Biophotonics, Cairns,
Australia, July 9-11, 2007.

Using photonics to solve biological questions
Z. Bomzon, K. Pham, D. Day, M. Gu, S.

Russell, Program and Book of Abstracts,
235-236 (2007). Invited talk on the 3rd Asian
Pacific Symposium on Biophotonics, Cairns,
Australia, July 9-11, 2007.

The optical Hall effect in tightly focused light
beams Z. Bomzon, M. Gu, Program and
Book of Abstracts, 27 (2007). Presentation on
Pacific Rim Conference on Lasers and
Electro-Optics 2007 (CLEO-PR 2007), Seoul,
Korea, Aug 26-29, 2007.

Combining optical tweezing and confocal
microscopy for the study of cell mechanics Z.
Bomzon, K. Pham, D. Day, S. Russell, M.
Gu, Program and Book of Abstracts, 47
(2007). Invited talk on Pacific Rim Conference
on Lasers and Electro-Optics 2007 (CLEO-PR
2007), Seoul, Korea, Aug 26-29, 2007.

Modified spontaneous emission using higher-
order pseudogaps in 3D polymer photonic
crystal at telecommunication wavelengths M.
J. Ventura, M. Gu (Presentation on the 91°
Annual Meeting of Optical Society of America:
Frontiers in Optics 2007, San Jose, USA,
Sept 16-20, 2007).

Fibre-optical multiphoton microscopy: toward
endoscopic applications M. Gu (Invited talk on
IEEE/LEOS Workshop on Fibre and Optical
Passive Components (WFOPC 2007), Taipei,
Dec 5-7, 2007).

Low Threshold Photothermal Recording of
Phase-change Media Doped with Metallic
Nanorods, J. W. M. Chon, P. Zijlstra M. Gu
(Invited talk on International Symposium on

Optical Memory, ISOMO07 Singapore, Oct
21-25, 2007)

Conference abstracts

1. Low threshold photothermal recording on
Ge,Sh,Tes doped with gold nanorods J.
W. M. Chon, (Invited talk at International
Super-RENS and Plasmon Science &
Technology Symposium ISPS07, Tsukuba,
Japan, Feb 18-19, 2007).

2. Three dimensional multiphoton endoscopy
system M. Gu, (Plenary talk on Photonics
West 2007, San Jose, USA, Jan 20-25,
2007).

3. Fabrication of 3D woodpile photonic
crystals in a quantum dot composite
material J. Li, B. Jia, G. Zhou, M. Gu ,
(Presentation on the Sixth Workshop of the
Australian Research Council Centre for
Ultrahigh-bandwidth Devices for Optical
Systems, at Murramarang, Feb 21-23,
2007).

4. High refractive index inversed woodpile
photonic crystals formed by infiltration S.
Wu, B. Jia, M. Gu, (Presentation on the
Sixth Workshop of the Australian Research
Council Centre for Ultrahigh-bandwidth
Devices for Optical Systems, at
Murramarang, Feb 21-23, 2007).

5. Near-field characterisation of three-
dimensional woodpile photonic crystals
fabricated with two-photon polymerisation
B. Jia, J. Li, M. Gu , (Presentation on the
Sixth Workshop of the Australian Research
Council Centre for Ultrahigh-bandwidth
Devices for Optical Systems, at
Murramarang, Feb 21-23, 2007).
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10.

11.
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Aberration of the point spread function in
anisotropic lithium niobate crystal and its
compensation G. Zhou, M. Gu, (Presentation
on the Sixth Workshop of the Australian
Research Council Centre for Ultrahigh-
bandwidth Devices for Optical Systems, at
Murramarang, Feb 21-23, 2007).

A cage for photons: dynamics of sources
within 3D periodic materials M. J. Ventura, M.
Gu, (Presentation on the Sixth Workshop of
the Australian Research Council Centre for
Ultrahigh-bandwidth  Devices for Optical
Systems, at Murramarang, Feb 21-23, 2007).

Study on spontaneous radiation from
guantum-dot infiltrated three-dimensional
woodpile photonic crystals J. Li, B. Jia, G.
Zhou, M. J. Venture, M. Gu , (Presentation on
the Sixth Workshop of the Australian
Research Council Centre for Ultrahigh-
bandwidth Devices for Optical Systems, at
Murramarang, Feb 21-23, 2007).

Three-dimensional photonic crystal based
sensor for microfluidic devices J. Wu, D. Day,
M. Gu, (Presentation on the Sixth Workshop
of the Australian Research Council Centre for
Ultrahigh-bandwidth  Devices for Optical
Systems, at Murramarang, Feb 21-23, 2007).

Femtosecond biophotonics M. Gu, (Invited
talk on 2007 PIERS: Biomedical Applications
of Light Scattering Methods, Beijing, China,
March 26-30, 2007).

Radiation dynamics of quantum dots
embedded in three-dimensional photonic
crystals M. Gu, (Invited talk on 2007 PIERS:
Optical Matter: Modeling and Experimental
Realizations, Beijing, China, March 26-30,
2007).

12. Optically controlling erythrocytes in a
scanning total internal reflection
microscope M. Gu, S. Kuriakose , (Invited
talk on the 2007 International Conference
on Confocal Microscopy, Valencia, Spain,
April 10-13, 2007).

13. 3D tissue image with a nonlinear optical
endoscope probe L. Fu, L. Wu, S.
Russell, H. Xie, M. Gu , (Presentation on
the 2007 International Conference on
Confocal Microscopy, Valencia, Spain,
April 10-13, 2007).

14. Spectral redistribution in spontaneous
emission from quantum dot infiltrated
three-dimensional photonic crystals J. Li,
B. Jia, C. Bullen, J. Serbin, G. Zhou, M.
Gu, (Presentation on the 2007 European
Conference on Lasers and Electro-Optics
(CLEO/Europe) and European Quantum
Electronics Conference (EQEC), Munich,
Germany, June 17-22, 2007).

15. Two-photon induced refractive index
change in quantum dot doped
photorefractive polymer X. Li, C. Bullen,
J. W. M. Chon, R. A Evans, M. Gu ,
(Presentation on the 2007 European
Conference on Lasers and Electro-Optics
(CLEO/Europe) and European Quantum
Electronics Conference (EQEC), Munich,
Germany, June 17-22, 2007).

16. Wavelength multiplexed optical storage in
plasmonic gold nanorods P. Zijlstra, J. W.
M. Chon, M. Gu, (Presentation on the
2007 European Conference on Lasers and
Electro-Optics (CLEO/Europe) and
European Quantum Electronics
Conference (EQEC), Munich, Germany,
June 17-22, 2007).
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17.

18.

19.

20.

21.

22.
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Optical readout of nanoparticle fluorescence
using supercontinuum generation for optical
data storage B. J. Chick, J. W. M. Chon, R.

Evans, M. Gu, (Presentation on the 2007
European Conference on Lasers and Electro-
Optics  (CLEO/Europe) and European
Quantum Electronics Conference (EQEC),
Munich, Germany, June 17-22, 2007).

Formation of high index three-dimensional
inverse woodpile photonic crystals by single
infiltration B. Jia, S. Wu, J. Li, M. Gu,
(Presentation on the 2007 European
Conference on Lasers and Electro-Optics
(CLEO/Europe) and European Quantum
Electronics Conference (EQEC), Munich,
Germany, June 17-22, 2007).

Near-field mapping of three-dimensional
woodpile  photonic  crystals by using
supercontinuum generation B. Jia, J. Li, M.
Gu, (Presentation on the 2007 European
Conference on Lasers and Electro-Optics
(CLEO/Europe) and European Quantum
Electronics Conference (EQEC), Munich,
Germany, June 17-22, 2007).

Advanced imaging and image analysis
techniques for the study of polarity protein
motion in T cells Z. Bomzon, J. Oliaro, K.

Pham, D. Day, M. Gu, S. Russell,
(Presentation on Exciting Biologies: Biology in
Motion, Evian Royal Ermitage, Evian-les-
Bains, France, Oct 11-13, 2007).

Frontiers in Bio/nanophotonics M. Gu,
(Plenary talk on the 2007 Annual Meeting of
Shanghai Laser Society, Shanghai, China,
Nov 1-2, 2007).

Third-generation optical data storage based
on nanophotonics M. Gu, (Invited talk on
Photonics Asia, Beijing, P. R. China, Nov 11-
14, 2007).

23.

24,

25.

26.

27.

28.

29.

Fiber optic nonlinear optical microscopy for
3D tissue imaging L. Fu, M. Gu, (Invited
talk on Photonics Asia, Beijing, P. R.
China, Nov 11-14, 2007).

Biophotonic Imaging M. Gu, (Invited talk
on the 2nd International Workshop on

Advanced Optical Imaging, Melbourne,
Australia, Nov 26 — 28, 2007).
Femtosecond lasers light optical

microscopy M. Gu, (Pleanry talk on 5"
International Workshop on Nanophotonics,
Taiwan, Dec 4, 2007).

Control of radiation emission from three-
dimensional photonic crystals in nano-
composites M. Gu, (Invited talk on
International  Symposium on  Micro-
electronics, MEMS and Nanotechnology,
Canberra, Australia, Dec 4-7, 2007).

T cells undergo asymmetric cell division S.
Russell, J. Oliaro, A. Pasam, F.
Sacirbegovic, K. Pham , (Presentation at
the 94" American Association  of
Immunology Annual Meeting, Miami, USA,
May 18-22, 2007).

T cells undergo asymmetric cell division,
orchestrated by the polarity network and
interactions with dendritic cells S. Russell ,
(Invited talk at the Brisbane Immunology
Group Meeting, Caloundra, Australia, Aug
23-24, 2007).

T cells undergo asymmetric cell division
orchestrated by the polarity network and
interactions with dendritic cells J. Oliaro,
A. Pasam, F. Sacirbegovic, K. Pham, M.
Ludford-Menting, Z. Bomzon, M. Gu, D.
Day, S. Russell, (Invited talk on the
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30.

31.

32.

ComBIO, Sydney, Australia, Sept 22-26,
2007).

T cells undergo asymmetric division driven by
antigen presentation S. Russell (Invited talk
on Antigen Presentation 2007, Dunk Island,
Australia, Oct 7-11, 2007).

S. Russell, (Invited talk on the 4th Garvan
Signalling Symposium, Sydney, Australia, Oct
15-16, 2007).

How cell shape regulates T cell fate
determination S. Russell, (Invited talk at the
Cell Polarity Symposium, Kanagawa, Japan,
Dec 9-10, 2007).

Public seminars
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Femtosecond photonics: biophotonics to
bioengineering D. Day, Hokkaido University,
Sapporo, Japan, Mar 16, 2007.

M. Gu, Public Lecture, Australian Academy of
Science, May 2, 2007.

Advance in optical microscopy, M. Gu, Public
Lecture, Victorian Branch of the Australian
Academy of Science, June 14, 2007.

Optical microscopy lights life M. Gu, Public
Lecture, Victorian Branch of the Asutralian
Acdemhy of Technological Science and
Engineering, Sept 6, 2007.

Femtosecond biophotonics D. Day, Seminar,
University of St. Andrews, St. Andrews,
Scotland, Sept 21, 2007.

Control of radiation emission from three-
dimensional photonic crystals in
nanocomposites M. Gu, Seminar, University
of Padova, Italy, Sept 24, 2007.

7. Bio/nanophotopnics based on
femtosecond lasers M. Gu, Seminar, Ecole
Polytechnique Federale De Lausanne,
Switzerland, Sept 28, 2007.

8. Near-field laser tweezing M. Gu, Seminar,
Ecole  Polytechnique  Federale De
Lausanne, Switzerland, Oct 3, 2007.

9. 3D Biophotonics: imaging, manipulation
and engineering M. Gu, Seminar, Fudan

University, China, Nov. 5, 2007.

10. Bio/nanophotonics: a frontier in optics M.

Gu, Seminar, Shanghai JiaoTong
University, China, Nov. 7, 2007
11. Bio/nanophotonics:  optical microscopy

lights life M. Gu, Seminar, Shanghai
Institute of Optics and Fine Mechanics,
Nov. 8, 2007.

12. Nanophotonics based on femtosecond
lasers M. Gu, Seminar, Fudan University,
China, Nov. 9, 2007.

13. S. Russell, Seminar, Department of
Microbiology and Immunology, Melbourne,
Australia, 2007.

14. S. Russell , Seminar, Austin Department of
Medicine, Melbourne, Australia, 2007.

15. S. Russell , Seminar, University of Sydney,
Australia, 2007.

16. S. Russell, Seminar, WEHI Immunology
Group, Melbourne Australia, 2007.

Articles
1. Nonlinear optical endoscopy allows three-

dimensional deep tissue imaging Min Gu,
Ling Fu, Sarah Russell, Lei Wu, Huikai
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Xie, Newsletter of the International Society for
Optical Engineering, https://www.spie.org
/x14599.xmI?highlight=x2416, 2007.

Patents

1. Holographc recording medium, R. Evans, N.
Malic, M. Gu, K. Choi, J. W. M. Chon , US
provisional Application 60/924719 filed 29
May 2007

2. Method and apparatus for recording optical
information, K. Choi, J. W. M. Chon, R.

Evans, N. Malic, M. Gu , Patent application
No. 2007902139 (2007).

Figure: CMP members and family members at a BBQ at Studley Park Boathouse.
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Centre activities

39 Asian and Pacific Rim
Symposium on Biophotonics

The 3™ Asian and Pacific Rim Symposium
on Biophotonics (APBP2007) in conjunction with
Biophotonics Downunder Il was held in Cairns,
Australia from July 9 — 11, 2007. The Chairs for
the conference were Prof. Min Gu and Dr. Daniel
Day from Swinburne University of Technology,
Melbourne, Australia.

The conference was run over four days
starting with a Welcome Reception on the Sunday
the 8" July 2007, at the Shangri-la hotel, Cairns.
The technical program commenced on the
Monday morning, o July 2007 at the Hilton hotel,
Cairns. The conference was official opened by
Prof. Gert von Bally, Associate Secretary,
International Commission for Optics (ICO),
followed by three plenary talks; Prof. Bruce
Tromberg (Beckmans Laser Institute, USA), Prof.
Akihiro Kusumi (Kyoto University, Japan) and
Prof. Dongqing Li (Vanderbilt University, USA).

The technical program for the conference
was run in three parallel sessions beginning on
the Monday o July after the plenary talks and
concluded on Wednesday 11™ July 2007. A
conference poster session was run on the
Monday evening in the industry exhibition room.
A conference dinner was held on the Tuesday
evening on Green Island, located in the Great
Barrier Reef, a short 45 minute ferry ride from
Cairns.

The total technical attendance at
APBP2007 was 148 people with and additional 17
industry representatives. The technical program
consisted of 3 plenary speakers, 57 invited
presentations, 59 contributed oral presentations
and 29 poster contributions. Of the conference
attendees 42 were students. The strength and
depth of the technical program can be seen in that
the conference was able to attract attendees from
the following 17 countries; Australia, Canada,
China, Germany, India, Indonesia, Iran, Japan,
Korea, New Zealand, Philippines, Russia,
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Singapore, Switzerland, Taiwan, UK and the
USA. Particularly, APBP2007 attracted more
than 50 scientists, engineers and students
from Australian universities, government and
industrial organisations, which significantly
promoted biophotonics research in Australia.

During the conference 10 international
and local industry sponsors held trade booths
including; Olympus Australia Pty. Ltd.,
Newspec Pty. Ltd., Coherent Scientific Pty.
Ltd., Leica Microsystems Pty. Ltd., Warsash
Scientific Pty. Ltd., Optiscan Pty. Ltd.,,
Femtolasers GmbH, Lastek Pty. Ltd.. Scitech
Pty Ltd. with Andor Technologies Pty. Ltd and
the Australian Research Council Network
Fluorescence Applications in Biotechnology
and Life Sciences (FABLS). In addition, two
major national research centres, Australian
Research Centre of Excellence for Ultrahigh-
Bandwidth Device for Optical Systems and the
Australian Corporative Research Centre for
Polymers supported APBP2007.

This year APBP2007 was very
fortunate to have strong support from a
significant number of national optical societies
including; Australian Institute of Physics,
Australian Optical Society, Chinese Optical
Society, Indian Laser Association, International
Commission for Optics, Optical Society of
America, Optical Society of India, Optical
Society of Japan, Optical Society of Korea and
International Society for Optics Within Life
Sciences.

Figure: Prof Min Gu at the opening ceremony
of APBP2007.



Centre activities

Human Frontiers Workshop

To make the most of the international
collaboration between the CMP, Immune
signalling lab at Peter MacCallum Cancer
Centre and the Ellen Robey’s lab at University
California Berkley, in Oct 2007 6 members of
the Robey team flew to Melbourne for an
intensive  week-long workshop based at
Swinburne University. 17 researchers from the
3 labs participated in the workshop, the purpose
of which was to familiarize each other with our
respective expertise, present preliminary data
related to the Human Frontiers project, and plan
collaborative projects. The meeting was
extremely productive and exciting, and many
collaborations between individual members of
the groups were established. We discussed all
the goals of the research proposal, and set
priorities, fine-tuned our experimental strategy,
and determined who would drive each
component.

Figure: Members from the Robey lab from UC
Berkley, the Peter Mac and the CMP taking part in

the Human Frontiers project workshop.
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Student chapter

Swinburne Optics and Photonics know as
SOAP is an Optical Society of America (OSA)
Student Chapter. All members of SOAP are
currently  enrolled  Swinburne  students
interested in optics and photonics
predominately from The Centre for Micro-
Photonics here at Swinburne. Our aim is to
support the development of both graduate and
post graduate students in the filed of optics.

Support the development of undergraduate

students by providing interaction with

postgraduate students via workshops and

seminars.

Serve as a means of communication and

interaction between students, faculty and

administration.

Stimulate cross collaboration between

other university research groups.

Activate  collaboration  between the

university and industry.

Establish interaction between students and

local sections and national headquarters of

the Optical Society of America.

Broaden the student’s insight of post-

graduate opportunities.






Further information

Centre for Micro-Photonics

Faculty of Engineering and Industrial Sciences
Swinburne University of Technology

John Street

Hawthorn, Victoria, 3122

Australia

Telephone: +61 (0)3 9214 5273
Fax: +61 (0)3 9214 5435
Web: http://www.swin.edu.au/feis/cmp



