














VII.2 Radiofrequency Research: BushLAN

High-power radio-frequency heating systems are the
main plasma generating systems for the facility, and
wave propagation is an important aspect of the
fundamental physics of the plasma state. Experiments
on plasma formation and research into the dielectric
properties of plasma led to the “plasma lens” concept
and ultimately to the “plasma antenna” invented by Dr.
Borg, in which the plasma plays the role of a conductor
which can be “switched” on or off at will. These “spin-
offs” of facility research have applications in directional
communications (advanced cellular phone transmitting
antennas) and because they are ‘invisible’ in the off-
state, have defence applications in covert
communications. Both have generated research grants,
and work under the Motorola grant on plasma radio
frequency antenna switches is described later in this

section.

Figure 20: BushLan Group, clockwise from top
right: Gerard Borg, Michael Anderson, Tom
Green and Jetta Vedi.

These spin-offs and experience in techniques of detecting weak signals in plasma in turn led to

investigation of advanced modulation and demodulation (detection) techniques, and the use of VHF

(~1 metre wavelength) waves for communications. This project, “BushLAN”, is driven by the goal of

using long wavelength VHF waves to overcome the last mile Internet connectivity problem in regional

and remote areas. This year, to improve performance we have been studying distributed multiple

transmitter, multiple receiver (MIMO) systems to deliver long-range broadband. A paper entitled

Reciprocal Radio: a New Approach to Mesh Networking was submitted to the Australian

Communications Theory Workshop.

This new concept revolutionises networking by decentralising the base station portion of the network.

Figure 21: Distributed transmitters (black) and receivers (green) in a MIMO configuration.
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Figure 21 shows a system consisting of a distributed network of base and remote terminals. The base
stations are cooperative and are capable of sampling up-links from the remotes simultaneously on the
same spectrum, thus reusing spectrum.

We have compared a conventional cellular network with
this new type of distributed network. Figure 22 shows a
cellular network with base stations of the distributed
network located in the central cell. In the cellular

network, there is one high power base station in each cell.
The table shows the performance improvement of the
distributed network. L is the number of users per cell on

average (usually many hundreds). As can be seen, the

distributed network has a much greater coverage (range)  Figure 22: Distributed transmitters (®)
and receivers (°) in a single central
transmitter pattern and a 4 transmitter
throughput. This is achieved by having many more base =~ MIMO configuration.

stations with much lower power and hence cost.

and much lower spectrum utilisation for the same

Comparative Performance of Cellular and
Distributed Wireless Networks

Cellular Distributed

N Bases M LM
User BW B B
Total Occupied BW LB B
Total Base P,..q >LMP, LMP,
Prad per Base > LP, P,
Uplink BW per remote B B
Range (99%) 2.157, ViLr,

Miniature Plasma Switches For Personal Communications Systems.

Motorola has sponsored a PhD thesis to investigate the use of plasma as the switching or tuning
element in personal communications systems. The aim of this work is to investigate plasma as a
candidate for a medium to switch between antennas in multi-band mobile phones. This project is a
spin-off of the plasma antenna concept developed at this facility.

The prototype switch was manufactured in Australia by Minifab, Melbourne, with an active volume of
a few cubic millimetres. This tiny cell incorporated vacuum connections and 4 electrical terminals,
two for plasma formation, and two for the radiofrequency switch.

This year the PhD student Mr P. Linardakis published work on the Small signal impedance of a
radiofrequency plasma capacitor (published in Microwave and Wireless Components Letters) and
another paper on the Harmonic and Intermodulation Distortion Output of a Radio-Frequency Plasma

Capacitor to IEEE Microwave and Wireless Components Letters which has since been published.
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Figure 19: Measurements of impedance as a function of density and frequency

Figure 19 shows good agreement between measured and calculated impedances of the plasma

capacitor as a function of the measured density of the micro-plasma discharge.

Non-Linear Effects

Plasmas have the obvious disadvantage of
having a non-linear impedance and

Mr Linardakis performed extensive
observations of harmonic generation and
inter-modulation products. Even and odd
order harmonics are produced with second
and third order output that are, at worst, -35
dBc and -38 dBc respectively for a 20 dBm
input. Inter-modulation distortion is shown in

figure 20.

RF location project

During 2006-2007 we provided advice for the
development of a new technology to perform
location measurements using radiofrequency
fields. This work was performed through a
successful ANU consultancy for 433
Location Aware Technologies, a local ACT
start-up involved in RFID. A report

entitled “ANU Final Report: Auto-

Location Measurements at CITEA”

was submitted in early 2007.

Figure 20: Intermodulation distortion versus output RF power for (a) Af =
1 MHz for n, = 10*"m—2 showing fi (O) fa
— fa2 (7). fr + f2 ($) and fa — f1 (x). A linear
least-squares fit 15 also shown for high second omder (

200 kHz and (b) A f
(&), 2fa — fL (O 2 f
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VIII STAFFING AND ADMINISTRATION

VIII.L1 Management Structure of the H-1 National Facility

Under the agreement with the Commonwealth dated December 2005, the Board structure has been
adapted from the original structure to recognise the industry links, the spin-off potential and to allow
for development of collaborative proposals covering a broader range of areas such as advanced
energy, fusion science and technology and materials.

The management structure of the Facility is shown in figure 21. This structure involves three major
organisations, namely the Department of Education, Science and Training, (DEST), the Australian
Institute of Nuclear Science and Engineering, (AINSE) and The Australian National University, all of
which have input into the decisions made by the H-INF Board. The Board, and the Management
Committees, have a direct impact on the Facility. The higher level role of the Australian Fusion
Research Group has been subsumed by the larger entity presently known as the Australian ITER
Forum, and at the lower levels, by incorporating active external researchers in the management
committee.

The management committee is based on annual roundtable gatherings of proponents which have
proved to be very successful. This provides a clear mechanism for proponent organisations and users
to have effective input to Facility operations planning, and equitably allows for the Director to also be
a Facility user. It combines the roles of the previous Steering and Operations Committees, and
consists of the Facility Director and Manager, leaders of Facility research pursuits, and one
representative or nominee of each user organisation as well as one proponent per organisation.

This committee meets annually with the full membership, and weekly, in a reduced form (just the
members that are on site). At annual meetings, scientific and technical operational plans and
associated budgets are developed, including Facility upgrades, collaborations, and research training
plans, consistent with this Business Plan. At

weekly meetings, the reduced Management DEST Australion
Committee executes the operational plan and Ohationay
niversity

schedules experiments. The role of AINSE lies ‘

mainly in the facilitation and coordination of Australion ITER AINSE
Australian collaborations and the allocation of Forum H-INF Board
(or successor)

travel funds in support of this. ‘ ‘

The Director oversees the implementation of the H-INF
. . . Management
operation plan in accordance with the contract, Committee

including reporting to the Board.

H-1

National
Facility

Figure 21: H-1NF Management Structure
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VIII.2 Membership of the H-1NF Board
Members of the H-1NF Board are:

Chair Prof. John O’Connor, BSc, PhD, DSc, ANU

H-1NF Director (ex officio) A/Prof. Boyd Blackwell, BSc PhD Sydney

Ex Officio ANU

Director, RSPhysSE, ANU (ex officio) Prof. Jim Williams, BSc PhD NSW, FAA, FTSE,
FAIP, FIEAust

DVC Research Prof. Lawrence Cram, BSc BE PhD Syd, FAIP,
FRAS

Representatives of Proponent Institutions

University of Sydney Representative Prof. Marcela Bilek, BSc Syd, PhD Camb
ITER Forum Representative Emeritus Prof. Robin G. Storer, BSc, PhD Adelaide

Representative of Government Research Organisations

Chief of Materials, ANSTO Dr. George Collins, BSc, PhD Syd, FInstP, MAICD
Scientific Secretary, and Dr. Dennis Mather, BSc PhD UNSW, Dip Ed
AINSE Representative (ex officio) STC

Experts in Associated Fields

Plasma Physics Prof. Robert Dewar, BSc Melb, MSc Melb, PhD
Princeton, FAA
Prof. Andrew Cheetham, BSc PhD Flinders

(Alternate)
Turbulence, Fluids Prof. Julio Soria, BE, PhD
Environment Prof. Joe Baker, AO OBE FTSE MSc PhD QId, DSc

(Hon JCU), FRACI C. Chem

Corresponding International Member(s) connected with:

International Stellarator Research Prof. Jeffrey Harris, BSc, MSc MIT; PhD Wisc,
FAPS FAIP

ITER project/fusion research (to be appointed)

Minutes Secretary Ms. Bronwyn Stuart
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VIII.3 ANU Staff
Academic Staff

A/Prof. Boyd Blackwell, Director, BSc(Hons 1), PhD Sydney

Prof. John Howard, BSc (Hons 1), PhD Syd, FInstP H-1NF Diagnostics Coordinator
Dr. Gerard Borg, BSc, PhD Syd

Dr. Michael Shats, MSc Kiev, PhD Gen Phys Inst Mosc

Dr. Xua Hia, MSc Chonquing, PhD ANU

Dr. Frank Detering, BSc Oldenberg, PhD Saskatchewan(jointly with COSNet)

Dr. George Warr, PhD ANU (March-June)

Research Engineer and H-1NF Facility Manager
Dr. Horst Punzmann, BSc Polytech Regensburg

Technical Staff

Mr. Ananda Galagali Raghuttam
Mr. Mark Gwynneth
Mr. John Wach

Administrative Staff
Ms Bronwyn Stuart

Visiting Fellows

Professor Joe Baker, MSc PhD Qld, OBE, FTSE

Professor Marcela Bilek, BSc Syd., PhD Camb.

Professor Andrew Cheetham, BSc PhD Flinders

Professor Emeritus Sydney Hamberger, PhD DSc Lond., FAIP
Dr. Dennis Mather, BSc PhD UNSW, Dip Ed STC

Professor John O'Connor, BSc PhD DSc

Anthony Sproule, ME UT Syd., GradDipOR NSW IT
Professor Robin G. Storer, BSc PhD Flin.

Dr. Indrajit Roy, Geoscience Australia

Dr. Jeffrey Harris, Oak Ridge National Laboratory
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Students
Post-graduate Students

Michael Anderson, BEng ANU,APA/ASS

Scott Collis, BSc Sydney, ANUPTS

Ben Heslop, BE ANU, APA(])

Santhosh Kumar, BSc Calcutta, MSc Pune, ANUPTS
David Oliver, BSc Wollongong, APA/ASS

David Pretty, BSc Melbourne, ANUPTS

Jeta Vedi, BE BCom ANU, APA, ASS

Ben Powell, BSc BLM, CQU, ANU/MPhil
Chang-Yen Lin, M/Eng

Honours Students

Nafees Kahn Faculty of Engineering and Information
Technology (FEIT)

Muhammed Nahori FEIT, ANU

Matthew Curtis FEIT, ANU

Christopher Browne  FEIT, ANU

XinYun Fan FEIT, ANU

Yu Zhao FEIT, ANU

Yu Zhao FEIT, ANU

Lukas Kull ETH, Zurich

Summer Scholars

Jesse Read RMIT
Chang-Yen(Tony) Lin ANU
Holly Trowland University of Canterbury
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IX GRANTS AWARDED

Awarded this Year

DEST

International Science Linkages

Prof. J. Howard, Dr. R. Boivin, Dr. R. Jaspers and Dr. J. Chung

Using advanced optical technologies to help control and optimize performance of fusion reactors

2007 - 2011 $505,279

Continuing:

ARC Discovery

Prof. J. Howard and Prof. M. Persson
Development of microwave tomography techniques and inverse methods for biomedical imaging
2006 — 2008 $370,000

ARC Discovery
A/Prof. B.D. Blackwell and Dr. M. Hegland
High-performance Computational Data-mining Techniques for Feature Detection

in Complex Time Series from Large-scale, Networked Plasma Experiments
2004 — 2006 (extended until 2008) $197,370

DISR

Prof. J. Harris et al.

National Plasma Fusion Research Facility

April 1997 — May 2005

June 2005 — June 2010 $8,700,000
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X  PROJECT PROGRESS VERSUS MILESTONES

Project Milestones

The Table below lists the 2007 project progress against milestones from the MNRF contract.

The Milestones updated in the 2005 extension to the contract are highlighted.

Milestone

Magnet Power Supply

0.5 Tesla

1.0 Tesla

ECH Plasma Heating

100 kW into dummy load

150 kW into plasma

ICH Plasma Heating
Demonstrate rf heating at low field (0.1T)
100 kW into plasma

200 kW into plasma

RF Heating Modulator Upgrade

Diagnostics

Solid state spectrometer for flow and
temperature profiles, operational
Multiple retarding field energy analyser
operational

2D tomographic density interferometer
operational

Replacement for Thomson scattering
Fast scanning interferometer upgrade
2D visible Doppler spectroscopy system
operational

Electromagnetic Turbulence Simulator

Fast Coherence Visualisation System
Dual Poloidal Mirnov and variable cutoff
SXray Array

Data system

Real time experimental participation
demonstrated from remote sites—

Plan

5-1998
Q3-2008

3-1998
6-1998

9-1997
10-1998

6-1999
Q4-2007

7-1997

8-1997

4-1998

Q4-2007
Q1-2007
1-1999

Q3-2006

Q3-2008
Q3-2006

7-1998

Revised Achieved

2-1999
2009

6-1997
4-2002

9-1997

6-1998
4-2002

7-1997

2000

4-1998
Q2-2007
Q1-2007
9-2000
Q3-2006

Q4-2006

6-1998

Status/Progress

Achieved
Likely to be 2009.

Ahead
Shot 47355

on time

Ahead

Shot 47034 (Argon)
Delayed by problems in
ECH System

on time

Complete: (Supplanted
by advanced probe array

and Doppler spectroscopy)
on time

Complete
Completed
installed 9/1999

Complete
on track
Complete, (SX electronics

under construction)

Ahead

Milestone completion status for H-1NF Development

Xl FINANCIAL STATEMENTS

Detailed Financial Statements are included in a separate appendix.
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ACRONYMS

ABC Australian Broadcasting Commission

AFRG Australian Fusion Research Group

ANU Australian National University

AINSE Australian Institute of Nuclear Science and Engineering
ANSTO Australian Nuclear Science & Technology Organisation
CDX-U Current Drive Experiment-Upgrade

COSNet Complex Open Systems Research Network

CQU Central Queensland University

DC Direct Current

DISR Department of Industry, Science and Resources

DSTO Defence Science and Technology Organisation

DT Deuterium-Tritium

ECH Electron Cyclotron Heating

ECRH Electron Cyclotron Resonance Heating

ELSI Electronically Swept Interferometer

FEIT Faculty of Engineering and Information Technology
GAE Global Alfvén eigenmode

GAM Geodesic Acoustic Mode

H-1INF H-1 (Heliac) National Facility

IAS Institute of Advanced Science

ITER International Fusion Experiment

JET Joint European Torus

LCD Liquid Crystal Display

LHD Large Helical Device

MEMS Micro-Electronic Mechanical Switch

MDS Model Data System

MHD Magneto-hydrodynamic

MOSS Modulated Optical Solid State

NIFS National Institute for Fusion Science

OVMS Open Virtual Machine Operating System

ORION Oak Ridge Ion

PIC Particle-in-Cell

PIN P-type (intrinsic layer) n-type diode

PC Personal Computer

RF Radio-frequency

RIEFP Research Infrastructure Equipment and Facilities Scheme
SOFT Spread-Spectrum Optical Fourier Transform

SPIRT Strategic Partnerships with Industry - Research and Training Scheme
SP3 Space Plasma and Plasma Processing

TFTR Tokamak Fusion Test Reactor

TJ-11 Torus de la Junta de I’Energia Nuclear, the second device (a Heliac)
ucC University of Canberra

VNC Virtual Network Computer

WiMAX Worldwide Interoperability for Microwave Access
WKB Wentzel-Kramers-Brillouin
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