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Introduction 1. Introduction
The 1998 publication, Photonics in Australia: International
Benchmarking Mission Final Report (an abridged version of
which is incorporated in this publication, see Appendix C)
was an important document which benchmarked Australia’s
photonics technologies and industry position relative
to international activities, and highlighted emerging
opportunities in the photonics industry.

The Australian Photonics Forum, a partner forum of
the Australian Electrical and Electronic Manufacturers’
Association Ltd (AEEMA), decided that the report should be
updated and research carried out to examine the present
state of the industry, and to identify what changes had
occurred in the local market against the backdrop of quite
dramatic fluctuations in the global photonics markets.

This updated document will provide an important starting
point for those interested in seeing past the ‘hype’ and
hyperbole that has been associated with this relatively new
industry, and learning more about particular trends and
opportunities that may exist for companies ready and
willing to take the risk. It will also form an important
reference document for those already familiar with the
Australian photonics industry, providing valuable statistics
on revenue, employment, exports and skill profiles.

The Australian Photonics Forum is committed to updating
this information regularly - an important activity for an
industry where six months can witness enormous changes.
The Forum was established under the auspices of AEEMA
and is chaired by The Hon Tony Staley. It aims to promote
the development of a technologically advanced and viable
photonics industry in Australia, and to position Australia
internationally as a leading supplier of photonics technology
and applications. This will be accomplished by providing a
specific focus on those factors crucial to the domestic and
international growth of the Australian photonics industry.

Australia has well-developed resources in the photonics
industry, including internationally recognised research skills
and a number of component and system developers. It is
essential that photonics be seen as a key enabling
technology of the information and communications
technologies (ICT) industries. The Forum will encourage
greater industry collaboration and communication, and will
assist the growth of the industry and maximisation of
market opportunities. Strong linkages with multinational
companies would provide access to overseas markets and
new research and development centres.
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The 1998 publication Photonics in Australia: International
Benchmarking Mission Final Report (hereafter referred to as
the 1998 report) identified six mainstream IT&T trends that

Figure 1. Relationship between various elements of the photonics industry.
(Source: The skills needs of emerging industries: A case study of the companies established by the Australian Photonics
CRC. TAFE NSW Industry Partnership Centre, 2001)

WHAT IS PHOTONICS?

A beam of light is both a wave form and a stream of
particles called photons. Visible light forms part of the
electromagnetic spectrum lying between short-wave
radiation such as x-rays and long-wave radiation such
as infrared and microwave. Photonics is the control,
manipulation, transfer and storage of energy and
information using photons. Light’s waveform and its
ability to be transmitted at a range of frequencies
provides the means of carrying multiple packages of
information simultaneously. Photons can carry more
information much faster than electrons. Information
can be transmitted across a huge bandwidth of
wavelength frequencies simultaneously. This is called
dense wavelength division multiplexing (DWDM).
As a key enabling technology, photonics underpins
the communications revolution, with a myriad of
applications in areas of telecommunications, diagnostic
equipment and sensing devices.

provided the greatest opportunities for development of the
photonics industry. These were:

• Internet growth

• Internet protocol (IP) packets over wave division
multiplexers (WDMs)

• Dense wavelength division multiplex (DWDM)
metropolitan area networks (MANs) and WDM/plastic
fibre local area networks (LANs)

• 100Gb/s all-optical packet switching

• Mixed media fibre to the curb (FTTC)

• Optical interconnects

Reflecting on the 1998 report three years after its
completion, co-author Ross Halgren believes events have
unfolded in line with what the report had suggested were
likely. After the 1998 report had been written, he joined
Redfern Broadband Networks (RBN), a start-up company
targeting the metropolitan area network and access
network markets - a demonstration of his faith in the quality
of the research!

In the period since the 1998 report’s completion, however,
the world’s leading photonics companies have had a more
tumultuous time on equity markets than anyone could have
imagined.
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Equity 2. Equity Market Issues
The two years to mid-2001 saw extraordinary growth
followed by equally spectacular falls in the values of publicly
listed telecommunications and optics-based networking
companies around the world. As these events have raised
questions about the fundamental direction of the global
photonics industry, they require some discussion.

The rapid rise in these companies’ stock prices took place in
the environment of a boom in high-tech company valuation
of historic proportions. The Nasdaq index rose to a peak of
over 5000 points in March 2000. From there it fell in a series
of collapses to under 2000 in early 2001, before continuing
to below 1700 points in mid-2001.

Much of the rise and fall was driven by unrestrained
enthusiasm followed by wholesale abandonment of Internet
companies. But there was a subsequent round of falls in
equity prices caused by the slowdown in the international
economy, in some countries to the point of recession.
International markets were further shaken by the 11
September attack on the World Trade Center in New York.

To a large extent, infrastructure organisations such as
telecommunications companies rode on the back of the
fortunes of these stocks. When the market for Internet
companies collapsed, investors initially fled to infrastructure
companies as a “safe haven”. By late 2000, however, the price
of these companies was also in freefall.

This was particularly the case in the US, where a number of
factors peculiar to that market were at play.

During the late 1990s in the US, new telecommunications
providers - called competitive local exchange carriers (CLECs)
- in the local access markets and long-distance carriers such
as Qwest, emerged in competition with incumbent carriers.
These new competitors invested in new optical networks
and Internet technologies. The incumbent carriers were
struggling to upgrade their own networks to accommodate
the rapid growth in data traffic across networks designed
to carry voice communications. They were also confronted
with the need to balance the growth in low-margin data
traffic against their traditional high-margin voice traffic
business.
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From 1996 to 2000, more than US$350 billion was invested
in capital by US phone companies because of this high-
pressure competitive environment (Fortune, Nov 27 2000).

But the decline in investment in dot-com businesses has
punctured the more wildly enthusiastic projections for
growth in data traffic, and the number of dot-com
companies demanding network access for high volumes of
data has declined markedly.

These events combined to severely shake confidence in the
telecommunications and networking industries, and the
values of the leading communications equipment building
companies in the world have crashed.

JDS Uniphase fell from a 52-week high of US$140 to a low
of US$6, Nortel US$89 to US$5.30 and Cisco from US$70 to
US$13.18. Lucent Technologies, which had briefly been the
subject of a possible takeover by Alcatel (whose own price
had fallen from a high of US$78.62 to a low of US$12.29) fell
from US$63 to US$5.04.

All these prices were lows prior to the destruction of the
World Trade Center in New York, which further shook market
confidence.

The leading US companies were more exposed to the US
marketplace, which turned out to be in a boom/bust cycle
initially more severe than other economies. The Internet
sector led the US high-tech sector down, in turn contributing
to a general decline in the US economy. The US led the
rest of world down, and the result was three waves of
declines in photonics equity prices.

Nonetheless, analysts were predicting a steadier ride in
Europe than in the US. Market research company Friedman,
Billings, Ramsey & Co estimated that capital spending
by US telcos leapt by 50 per cent to $100 million in 2000.
It predicted a fall of 10 per cent in 2001, but a return to solid
growth of eight per cent by 2003.

International Data Corp predicted that by comparison,
spending in Europe would increase by about nine per cent
in 2001. (Lucent, Nortel, and Cisco rely on the US for
approximately half of their sales, compared to Alcatel’s
30 per cent.) 

Companies were not helped by pursuing strategies that left
them more reliant than ever on continuing strong market
growth in telecommunications capital investment.

For example Cisco, which entered the telecommunications
equipment market from its traditional business supplying
corporate data networking equipment, found itself too
exposed to the new networking companies that emerged
in the US. It also aggressively employed vendor-financing
programs to help drive these sales, which left it exposed to
the most affected end of the telecommunications market
fall in the US (Cisco Fractures its Own Fairy Tale, Fortune, 14
May, 2000).

Lucent, too, pursued a strategy that critics have questioned
in retrospect. It was accused of failing to develop cutting
edge products in recent years, and of being too aggressive
in financing acquisitions of its products by its customers
(Lucent’s Dark Days, Business Week, 7 May 2001). For example,
both Cisco and Lucent had owed large sums to emerging
carrier Winstar, which declared bankruptcy in April 2001.

In combination, these data suggest that examining the
individual woes of corporations that have been among the
leading lights of the photonics revolution might create a
temptation to overstate the changes in the marketplace in
the short term, and provide little insight into what, if any, has
changed in medium- to long-term trends.

What has this meant for the core trend assumptions of the
1998 report?
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Mainstream
Trends

3. Mainstream Trends 
Revisited

Internetegrowth.

At the same time as dot-com companies were literally
disappearing off the Internet, broadband penetration into
US households was outstripping analysts’ forecasts.
Telecommunications Reports International reported that in
the first quarter of 2001, seven million US households had
broadband access through cable modem or digital
subscriber line (DSL). That represented a 165 per cent
increase in a year - millions more households than most
analysts had predicted.

One of the phenomena driving this increase has been the
popularisation of peer-to-peer applications, most notably
by Napster. Legal issues aside, Napster moved from a
college campus fad to a mainstream consumer program,
encouraging people to use and expect high-bandwidth,
always-on Internet connectivity.

Figures from the Australian Bureau of Statistics (ABS)
indicate the number of Internet subscribers in Australia
continues to increase. At the end of September quarter 2001
there were 603 ISPs in Australia supplying Internet access
services to 4.3 million active subscribers. According to
the ABS Internet Activity Summary, the number of
subscribers increased by 2.2 per cent (92,000) compared
with the June quarter.

IP over WDM.

Analysts are divided about the impact of the market
conditions on the uptake of IP over wave division
multiplexing (WDM) at the expense of SDH and ATM
networks and products. Some (for example CIBC World
Markets) predict that the telecommunications carrier
equivalent of Southwest Airlines, with a fundamentally
cheaper cost base made possible by IP over WDM, needs to
emerge to break the investment drought in these types of
networks. But they do not believe this ‘revolution’ will
emerge until 2002-03. Nonetheless, when this happens, they
expect an explosion in data traffic and great opportunities
for equipment suppliers.
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DWDM MANs and WDM/plastic fibre LANs.

The outlook for optics networking industries described by
many analysts remains very strong, despite the slowing
growth in telecommunications spending described
above. Insight Research Corp predicted that total optical
networking equipment revenues would more than double
from US$30 billion in 2001 to over US$70 billion in 2006. IDC
estimates that over the period 2001 to 2005, dense wave
division multiplexing (DWDM) equipment revenue alone will
almost triple, from US$13 billion to US$37 billion.

These predictions demonstrate strong consumer demand -
even before the ‘last mile’ technology bottleneck has been
overcome - and suggest that the assumptions of the 1998
report about market drivers look as though they will
continue to be borne out, despite the remarkable peak and
trough in the market since it was written.

All-optical packet switching.

Optical switches route information in the form of light
instead of converting it to electrons as most current switches
do. According to a white paper by Agilent Technologies, All-
optical switching: the next generation of communications,
all-optical elements will eliminate costly optical-electrical-
optical (OEO) conversions and bottlenecks, and reduce
networks operation costs by simplifying the network. As the
all-optical layer becomes dominant, optical cross-connects,
optical add/drop multiplexers and optical protection
switches will be at the heart of every next-generation
telecommunications network.

According to a paper by Sycamore Networks, which
has installed intelligent optical switches in various
configurations throughout Japan, intelligent optical
switching solutions promise to address the problem of
network scaling and end-to-end bandwidth provisioning at
the optical layer, while enabling service providers to derive
the most efficient use of their optical capital.

Mixed media fibre to the curb (FTTC).

Deployment of fibre to the curb (FTTC)/fibre to the home
(FTTH) projects has slowed since the market downturn
because of the huge up-front capital expense involved. Some
projects to deliver broadband in Australia, such as TransACT
in the ACT using VDSL, are continuing, but most activity is
overseas. Although the 1998 report’s observation that a mix
of media would be deployed in the access market appear to
be holding true so far, some analysts see evidence of change
in the conditions preventing FTTH from accelerating.

According to CIBC World Market’s Telecom Equipment report
(10 Sept 2001), lower component costs and new splicing and
trenching techniques have resulted in significant reductions
in the cost of deploying FTTH. For example, the cost of some
components has fallen by as much as 50 per cent, according
to the report. The report states that other costs associated
with laying fibre to homes, such as new trenching
techniques to install fibre more cheaply, are also being
reduced.

The report says that at the same time, DSL technologies
deployed in the US have not proved able to deliver sufficient
bandwidth to provide consumers with what it calls the
“triple-play” of voice, data and video. It sees this as pushing
consumers towards FTTH at the same time as FTTH
technology prices are falling rapidly.

What technologies will finally overcome the ‘last mile’ issues
is still an open question, but efforts to take fibre to the home
do have the support of some serious analysts.
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Optical interconnects.

According to a paper by David A B Miller, Rationale and
challenges for optical interconnects to electronic chips, due
to be published in a special issue of Proceedings of the IEEE,
optics could solve many physical problems of interconnects,
including precise clock distribution, system synchronisation,
bandwidth and density of long interconnections, and
reduction of power dissipation. Optics could relieve a broad
range of design problems, such as cross-talk, voltage
isolation, wave reflection, impedance matching, and pin
inductance.

According to Miller, although much sophisticated optical and
optoelectronic technology has been developed for long-
distance communications, the requirements of dense
interconnects are substantially different.The main problems
for optical interconnect are that the technology is still
immature and costly, and the systems that could take the
most advantage of optics are more likely to have different
architectures than those that are currently optimised around
the strengths and weaknesses of electrical interconnects.

Product Group 2004 Sales (US$ bn) 2000-2004
Compound 

Annual Growth 
Rate (CAGR)

Interleavers $0.16 51 per cent

L-Band components $0.45 60 per cent

Raman components $0.59 198 per cent

Tunable lasers $0.96 361 per cent

40 Gb/s actives $1.45 198 per cent

Next generation $4.08 220 per cent

Source: RHK 2000

COMPONENTS 2000 2001 2005 2009 2010

Dense wave division $10 bn $34.6 bn
multiplexing (DWDM) 
components

Electronically controlled $219.7 m $7.2 bn 
variable optical 
attenuators (EVOAs) 1

Optoelectronic application $1.32 bn $8.3 bn 
specific integrated circuits 
(ASICs)

Optical fibre amplifiers $2.65 bn $3.4 bn

Semiconductor optical $48 m $260 m
amplifiers (SOAs)

Optoelectronic and fibre $407 m $1.12 bn 
optic component
packages 2

Specialty optical fibre $239 m $4.38 bn

Fibre optic couplers $602 m $1.18 bn $2.8 bn

1. In the year 2000, EVOA array devices represented a market share of two per cent, or US$4 million, versus single pigtail devices. EVOA arrays will take over the
market lead in 2006, with a global consumption value of US$900 million or 58 per cent. By 2010, EVOA array devices will hold an 80 per cent relative market
share, or US$5.76 billion.

2. Standard packages (including TO can, butterfly and others) represented 42 per cent of 2000 consumption at US$171 million, growing to US$437 million or a 39
per cent value share in 2005.

Source: ElectroniCast 2001

Optical components will be a US$24 billion 
market in 2004.

Source: RHK 2000

Table 1.eGlobal consumption of particular photonics components. All figures are in US dollars.

Table 2. New optoelectronic product opportunities.
All figures are in US dollars.

EMERGING INDUSTRIES 7

Optical interconnects.

According to a paper by David A B Miller, Rationale and
challenges for optical interconnects to electronic chips, due
to be published in a special issue of Proceedings of the IEEE,
optics could solve many physical problems of interconnects,
including precise clock distribution, system synchronisation,
bandwidth and density of long interconnections, and
reduction of power dissipation. Optics could relieve a broad
range of design problems, such as cross-talk, voltage
isolation, wave reflection, impedance matching, and pin
inductance.

According to Miller, although much sophisticated optical and
optoelectronic technology has been developed for long-
distance communications, the requirements of dense
interconnects are substantially different.The main problems
for optical interconnect are that the technology is still
immature and costly, and the systems that could take the
most advantage of optics are more likely to have different
architectures than those that are currently optimised around
the strengths and weaknesses of electrical interconnects.

Product Group 2004 Sales (US$ bn) 2000-2004
Compound 

Annual Growth 
Rate (CAGR)

Interleavers $0.16 51 per cent

L-Band components $0.45 60 per cent

Raman components $0.59 198 per cent

Tunable lasers $0.96 361 per cent

40 Gb/s actives $1.45 198 per cent

Next generation $4.08 220 per cent

Source: RHK 2000

COMPONENTS 2000 2001 2005 2009 2010

Dense wave division $10 bn $34.6 bn
multiplexing (DWDM) 
components

Electronically controlled $219.7 m $7.2 bn 
variable optical 
attenuators (EVOAs) 1

Optoelectronic application $1.32 bn $8.3 bn 
specific integrated circuits 
(ASICs)

Optical fibre amplifiers $2.65 bn $3.4 bn

Semiconductor optical $48 m $260 m
amplifiers (SOAs)

Optoelectronic and fibre $407 m $1.12 bn 
optic component
packages 2

Specialty optical fibre $239 m $4.38 bn

Fibre optic couplers $602 m $1.18 bn $2.8 bn

1. In the year 2000, EVOA array devices represented a market share of two per cent, or US$4 million, versus single pigtail devices. EVOA arrays will take over the
market lead in 2006, with a global consumption value of US$900 million or 58 per cent. By 2010, EVOA array devices will hold an 80 per cent relative market
share, or US$5.76 billion.

2. Standard packages (including TO can, butterfly and others) represented 42 per cent of 2000 consumption at US$171 million, growing to US$437 million or a 39
per cent value share in 2005.

Source: ElectroniCast 2001

Optical components will be a US$24 billion 
market in 2004.

Source: RHK 2000

Table 1.eGlobal consumption of particular photonics components. All figures are in US dollars.

Table 2. New optoelectronic product opportunities.
All figures are in US dollars.



EMERGING INDUSTRIES8

Industry 4. The Australian Industry
This is the context in which the Australian Photonics Forum
conducted a survey of participants in the photonics industry
in Australia to obtain a quantitative picture of its state and
future growth prospects.

More than 350 survey forms were sent to companies that
were identified as having some relationship to the photonics
industry. It should be noted, however, that many of those
companies were only associated with the photonics industry,
for example investment organisations with an interest in
photonics-related companies.

Responses were received from 39 businesses. Although the
sample is large enough to provide a useful picture of the
expectations and experiences of a large proportion of the
Australian photonics industry, caution should be exercised
when extrapolating industry-wide conclusions.

One fact illustrated by the respondents’ answers is the
dramatic growth in employment since 1998. They reported
a combined workforce of 1663 people in 2000-01 - an
increase of more than 700 per cent from the 207 people
they employed in 1997-98 (see Figure 2). This places the
impact of the dramatic decline in the telecommunications
market in perspective. The respondents projected that
their total employment in 2001-02 would fall by 14.55 per
cent to 1421 — a significant decline, but a fraction of the
increase since 1997-98.
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The profile of people employed in the respondent companies
also shows the quality of jobs in the photonics industry.
Graduate and post-graduate educated people make up the
largest proportion of people employed in the companies, at
more than 41 per cent. Almost 22 per cent have entry level
or vocational education training level education, and 37.25
per cent have no formal qualifications (see Figure 3).

Figure 2.eEmployment in surveyed photonics companies in Australia.

Figure 3. Tertiary education qualifications in photonics in companies surveyed.
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Figure 4. Photonics revenues of companies surveyed.

Remarkably, revenue projections by the respondents for
2001-02 are 35 per cent higher than 2000-01, up from a
combined $164 million to $221.75 million. Again, this dwarfs
the $22.5 million they reported in 1997-98 (see Figure 4).

Of those that responded to questions about their export
revenue, 29 per cent reported that they derived more than
half their revenue from exports, 21 per cent of those deriving
more than 90 per cent of their revenue from exports 
(see Figure 5).

Figure 5. Export revenues of surveyed companies from photonics.
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5. Environment
The 1998 report identified a number of issues relating to the
general environment for start-up companies in Australia.
Since then, many positive developments have emerged in
several of these areas, but these changes have in themselves
highlighted other issues.

In particular, the 1998 report pointed to immature venture
capital markets in Australia, which lacked both the
financial resources and the experience in commercialising
technologies that were available to researchers and
developers in, for example, the US. It provided the case study
of Indx, a spin-off of the Australian Photonics CRC, that was
acquired by JDS Uniphase after finding that the venture
capital necessary to continue as an independent company
was too difficult to obtain in Australia.

At the time of the study, the Commonwealth Government’s
Innovation Investment Fund had only just been launched.
Since then, through a combination of the effects of this
incentive and the worldwide venture capital boom, money
invested in Australian venture capital funds has grown
rapidly. According to the Australian Venture Capital
Association, $266 million was raised by Australian Venture
Capital funds in 1998. This rose to a record $1.197 billion in
2000.

Australian venture capital funds have also “dipped their toes”
into photonics, most notably Macquarie Bank and Allen &
Buckeridge.

Australia’s venture capital industry is still immature,
however, and small by international standards. For example,
of the $220 million in external equity raised by Redfern
Photonics and its subsidiary companies from 2000 to June
2001, $44 million came from Australia, indicating how far
the venture capital industry has come in a few years, but
how far it has yet to develop before Australian investors fully
understand and participate in the opportunities afforded by
the Australian photonics industry.

The Australian Photonics CRC used some of the proceeds
from the Indx sale to create Redfern Photonics Pty Ltd (RPPL),
an independent company, to act as its commercialisation
and investment arm. The RPPL strategy is to leverage the
success of each CRC spin-off by creating a marketing
infrastructure and an entry point for venture capital wishing
to participate in a mini-portfolio of technologies.
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RPPL successfully raised $54 million in difficult market
conditions in May 2001. This money will in turn be invested
in companies RPPL establishes to take to market individual
technologies and products developed in the Australian
Photonics CRC. The success at raising this money indicates
that the model of creating a brand to attract overseas
venture capital to Australian photonics investment
opportunities is favourably regarded by overseas investors.

Tax laws relating to employee share option plans (ESOPs)
were identified as a concern to high-tech start-ups in
Australia in a report to the Federal Parliament (Shared
Endeavours: Inquiry into employee share ownership in
Australia, House of Representatives Standing Committee on
Education and Workplace Relations, January 2000). Photonics
industry start-ups are among those companies affected.
Established information and communications technologies
(ICT) companies also tend to make more extensive use of
employee share participation programs than other
industries.

At the time of publication, the Commonwealth Government
had not announced any proposed changes to tax laws
related to employee equity ownership, but it is understood
that an inter-departmental committee had been
investigating the issue for several months on instructions
from the Cabinet.

The Commonwealth Government’s Competitive Pre-Seed
Fund for Universities and Public Sector Research Agencies
of more than $78 million over five years was announced to
address the perceived need to encourage further the
commercialisation of research conducted in the public
sector. At the time of writing, applications to manage the
funds were being received.

Another initiative of note announced by the Commonwealth
Government in 2001 was a $129 million World-class Centre
of Excellence in Information & Communications Technology
(ICT), designed to increase research and commercialisation
of ICT technologies.The Government expected to invite bids
from prospective operators of the centre in late 2001, with
a winning proposal to be announced mid-2002. It is possible
that photonics will be among the technologies receiving
consideration in this process.

The Major National Research Facilities (MNRF) Program is a
one-off competitive grants program to support the
establishment and operational costs for research
infrastructure of international significance, to improve
Australia’s capability in science, engineering and technology,

maintain and enhance Australia’s international scientific and
industrial competitiveness, and support the rapid
commercialisation of research results. The program was
announced in 2001 in the Government’s Backing Australia’s
Ability initiative, with $155 million allocated over five years.
The estimated value for 2001-2002 is $3.5 million.

The Australian Photonics Cooperative Research Centre was
a recipient of $9.5 million funding under this program, which
will be used in the development of new-generation
miniature high-speed optical fibre communications systems
at a national research facility. This new Bandwidth Foundry
will develop the science and technology in photonic
integrated circuits (PICs) and PIC packaging, and will offer
the opportunity to be the forerunner of large-scale PIC
manufacturing plants that will emerge in the next decade.
Establishment of the Foundry will give Australian enterprises
a competitive edge through early access to PICs, with an
ability to scale to demand and circuit complexity.

Cluster networks are an important means of encouraging
emerging technologies. There are three state photonic
networks operating in Sydney, Melbourne (the Victorian
Photonics Network) and Canberra. The aim of the state-
based cluster networks — which include companies,
government agencies and academia involved in the
photonics sector  —  is to facilitate greater collaboration and
communication on issues affecting these organisations,
which will in turn assist the growth of the industry and
maximise market opportunities.

It is anticipated that state networks will also be established
in Adelaide and Brisbane.The development of these clusters
is being facilitated by the Australian Photonics Forum
through AEEMA, with the support of relevant state
government industry agencies.

The electronics industry Action Agenda, announced in May
2001, will also provide important impetus to the further
development of the photonics industry in Australia. At the
first meeting of the Action Agenda Strategic Leaders Group,
three key working groups were established to develop
strategies in the broad areas of market access and industry
branding, industry development and the commercialisation
of R&D. At the meeting, the leaders developed a definition
of the electronics industry, and agreed that photonics
technologies be incorporated in this. The leaders also
discussed the current domestic and global position of the
electronics industry, and initiated discussion about a vision
for the industry.
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6. Conclusions: Emerging 
Issues and Trends 

In the wake of the telecommunications market turmoil,
particularly in the US, the need to address the economics of
the industry has become a major issue.

Going the ‘last mile’

As discussed earlier, the last mile connection of fibre optic
networks to the home and business has received intense
attention.

The rollout of DWDM technology in the long-haul market is
almost complete, but this capacity is hitting a bottleneck at
the next stages: the metro and access levels that will take
broadband capacity to within the reach of all businesses and
consumers. This bottleneck must be overcome for the next
wave of development and growth of the industry to occur.

Commentators point to two causes of this bottleneck. On
one hand, attempts to force open access to consumers
through creating a competitive marketplace in the local loop
have not succeeded to anything like the extent hoped.
This proved particularly traumatic in the US market, where
new participants in the telecommunications market were
caught undercapitalised in a falling market, dragging down
their technology suppliers with them, as described above.
This has led to calls for policy makers to re-examine the
competitive landscape.

At the same time, broadband applications for consumers
and businesses have not emerged at the speed necessary to
drive investment in infrastructure. Napster and similar
music-sharing services have demonstrated the speed with
which demand for capacity can be created by online ‘killer
applications’, but there remains a chicken-and-egg impasse
for broader business and residential markets.

Despite this persistent bottleneck, Professor Mark Sceats,
Chief Executive Officer of the Australian Photonics CRC and
Chief Technology Officer of Redfern Photonics (the majority-
owned spin-off company created in 1998 to develop
companies to commercialise technologies developed in the
CRC), believes last mile connectivity is an area where
Australian research and subsequent commercial investment
must increasingly focus in the near term.
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Current strengths of the Australian 
photonics industry:

• Scope and quality of research and development,
resulting in superior technology

• R&D is at the cutting edge, not in the mainstream

• Skill and knowledge level of Australian management
and researchers

• Speed to market

• Presence of multinationals such as JDS Uniphase with
R&D manufacturing capability located in Australia

• Capacity of CRC to generate spin-off companies

• Ability to attract high-level expertise in ancillary areas
such as marketing, human resources, start-up
ventures

• A strong cluster in Sydney, with emerging clusters in
Melbourne and the ACT, and potential in Brisbane and
Adelaide.

There are signs that larger equipment manufacturers are
investing in low labour cost countries such as China, and at
the same time they are cutting back operations in North
America and Europe.

If manufacturing costs are sufficiently reduced, then the
bandwidth bottleneck to the user will be opened.This could
have an impact on demand similar to that created in the
electronics industry by the invention of the integrated
circuit. This is what is presently driving investment into
China.

Perceived current weaknesses in the Australian
market:

• Volatile domestic market with major
telecommunications companies operating in a
deregulated market

• Absence of major systems developer

• Low level of investment by Australian venture
capitalists

• Low level of market research and market
development of the industry

• Apparent small size of the domestic market

• Low level of investment in the establishment of 
plant and facilities

• Critical mass has not been reached in any of the 
sub-component markets

• Low level of government support for developing
industries (not research)

• Low level of involvement in the nascent industry
association

• Low number and distribution of education and
training programs to support the industry

• Declining enrolments in physics-based science and
technology courses in schools, TAFEs and universities

• Loss overseas of leading Australian academics 
in this field.

The skills needs of emerging industries:
A case study of the companies established by the Australian
Photonics CRC. TAFE NSW Industry Partnership Centre, 2001.

Professor Sceats believes Australian research efforts must
focus on developing new manufacturing techniques and
possibly new materials applications in photonics
technologies to dramatically lower the cost of
manufacturing of photonics components.The development
of new materials and manufacturing techniques that reduce
labour costs as a relative proportion of manufacturing could
shift the economics of the industry without large parts of
the manufacturing process moving out of countries such as
Australia.
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The disinvestment in Australia by large multinational
businesses is an issue of serious concern. There have been
significant layoffs by telecommunication companies across
the board, with perhaps the most serious being Nortel’s
decision to close its Sydney photonics component
manufacturing plant.The reasons why these businesses are
reducing their efforts in Australia need to be considered.
Is there a disproportionate disinvestment here compared
with other parts of the world? Australia also needs to
consider what can be done to lure these organisations to
retain and reinvest in the high value-adding parts of their
businesses here as the global market recovers.

Ian Ritchie, Chief Executive Officer of JDS Uniphase in
Australia, says satellite offices of international companies
are vulnerable in the present downturn if they are not in
a market that has achieved critical mass, with good
infrastructure, customers and supplier bases. He says
Australia has yet to develop a unique, compelling reason for
multinational companies to site operating units here.

Research funding and personnel

The 1998 report identified how the Australian Photonics
CRC had provided a powerful focus and guiding hand for
photonics research in Australia since its creation in 1992.
This is mainly based on the awareness it has created
internationally of the skills available in Australia.

Funding uncertainties, however, seem to be causing
concerns in the area of personnel. Ross Halgren (co-author
of the 1998 report) fears that a cycle, similar to that relating
to funding described in his original study, is emerging in the
research personnel resources available to the CRC.

The 1998 report identified the mistiming of CRC funding
cycles — ie., the gap between one CRC round of funding
ending and another commencing — as presenting a
potentially serious problem because of the risk of a loss of
momentum during that period.The CRC has weathered that
period and is now into its second round of grant funding.

The Australian Photonics CRC is not precluded from seeking
a third round of CRC funding at the conclusion of its present
grant in 2006. However, there are still several points of
uncertainty on the horizon for the CRC.

The CRC faces a crucial milestone in 2002, when it is able to
apply for ‘top-up’ funding for the last two years of the
present grant round.The present grant provides $4.7 million
each year to 2004. In the last two years of the grant period,
funding falls to $2 million a year.

The CRC will apply in 2002 for additional funds to ‘top up’
funding to $4.6 million for these last two years. If its funding
application is unsuccessful, it is likely that the commercial
partners of both the CRC and the Redfern Photonics group
of companies will see this as an indication that the CRC is
not favoured for a third round of funding.

Even if the CRC is successful in receiving ‘top-up’ funding in
2002, this does not mean it is assured of receiving a third
round of funding. If the Australian Photonics CRC received
‘top-up’ funding but then failed to succeed in the next CRC
funding round, it would face problems winding up
operations, according to Professor Sceats. He says it is crucial
that the research projects under way in the CRC are given
time to wind down, and suggests that one way this might
be addressed would be for an additional two years
of ‘top-up’ funding to be extended to CRCs that were
subsequently unsuccessful in applying for a third full
funding round.

The round-by-round funding process and the uncertainty
it creates means the Australian Photonics CRC and its
associated research entities could face a difficult recruiting
period in the next few years.

The CRC must continually attract new research personnel,
and this need has accelerated with the growth of the
commercial photonics industry in Australia and overseas.
A steady stream of researchers from Australian universities
and the Australian Photonics CRC have entered the private
sector, both in Australia and overseas.

The Australian Photonics CRC has deliberately developed a
mechanism to allow researchers to do this in such a way as
to maximise the return to Australia. The Redfern Photonics
group of companies was conceived to allow researchers
to develop their entrepreneurial potential by following
the fruits of their research into start-up companies. Redfern
Photonics and Australian Photonics Pty Ltd identify
researchers and innovations suitable for incubating into
start-up companies, and assist researchers to move along
that process.
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Halgren warns, however, that the early success of this model
has already shown a need for a complementary structure to
recruit and train new researchers to continually replenish
the stock of new intellectual property. This will become
increasingly difficult as the present funding round draws to
a close, at the same time as the very success of the Australian
Photonics CRC so far is creating national photonics research
staffing challenges.

Halgren believes that there is now a danger that Australia
will develop a boom-bust cycle of photonics industries -
where the work of one generation of researchers is not
consolidated by using it as a platform for the next - unless
it can smooth the research recruitment pipeline. According

Skills and employment

Another area where industry participants report emerging
concerns is in skills and employment, at both the research
and enterprise level. Skills and intellectual property are
highly sought after by international photonics companies
and act as an important lure to overseas investment.

Photonics companies also face problems recruiting
personnel with the skills they require.

WEALTH-CREATION CYCLE AT THE CRC

According to Professor Mark Sceats, research programs in the Australian Photonics CRC typically require five years to
mature to the point where they are ready to be developed into a commercial enterprise. The Australian Photonics CRC
funding cycle has several points of uncertainty, even if its funding applications are all successful. The first of these is in
2002, followed by another in 2005-06 as the next round of funding rounds begin, followed by another three to four
years later when, assuming the next round is structured in the same way as the previous one, another ‘top-up’application
is made.

None of these periods provides a full five years of certainty, and, more importantly, the uncertainty about the future of
the program in the 12-18 months prior to each funding announcement is likely to cast a shadow over recruitment. If the
Australian Photonics CRC commercialisation process is to become a permanent wealth-creation cycle, it is important
that the research staff ‘pipeline’ is filled at the top at a steady rate so it can supply a constant flow of new technologies
and start-up businesses.

to Professor Sceats, the CRC has lost about a quarter of its
research personnel in the past three years to the businesses
spawned to take technologies created in the CRC to market.
Melbourne University’s Photonics group has lost three-
quarters of its researchers to companies in Australia and
overseas in the past couple of years and is presently on a
recruitment drive to rebuild its personnel resources.

Professor Sceats says the Australian Photonics CRC has also
embarked on a recruiting program under which it will
employ researchers and second them to the university
members of the CRC. He hopes in this way to address
staffing problems, but there are timing issues that remain
of concern.

According to an unpublished survey in 2000 of 12 Australian
photonics firms conducted by Tekhne Pty Ltd for the
Australian Photonics CRC, if Australia maintained its market
share at 1.2 per cent of the global market, then the resulting
skills requirement would be for 24,700 workers specific
to the industry and for 32,000 workers in associated
industries/areas by 2010. Data from the same study showed
that, by the year 2010, these 12 firms would create a total
of 2,750 jobs of which 1,200 would require VET/TAFE
qualifications.This would represent 43.6 per cent of the total
demand at that time (see Table 3).
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Qualification 2001 Forecast 2010 % increase

PhDs 65 140 115

Postgraduates 70 300 329

Undergraduates 300 920 207

TAFE 190 1200 532
(29.4% of the total) (44% of total)

Non-graduates 20 190

Total 645 2750 326

Data supplied by Tekhne Pty Ltd for the Australian Photonics CRC

It is hoped that this will not only encourage more young
people to take an interest in photonics, but also allow
students outside major metropolitan centres access to
world-leading curriculum.The Commonwealth Government
also provided the Australian Photonics Cooperative Research
Centre with $1.5 million to support photonics training.

TAFE NSW became a member of the Australian Photonics
CRC in 1998 and has developed nationally accredited training
for photonics, as well as a laboratory at Lidcombe College,
NSW. The TAFE Industry Partnership Centre (IPC) assists the
CRC and its companies to negotiate the VET system. It has
created links between the CRC and industry training and
advisory boards (ITABs) — both state and national — and
acts as an interpreter of the VET system for these companies.
The IPC, the CRC and its spin-out companies conduct school
tours and student visits of the facilities of these companies.

But JDS Uniphase’s Ritchie says there are skills issues beyond
the control of the photonics industry. He argues that there
is a compelling need for modern manufacturing industry
skills. Each photonics engineer needs to be supported by two
to three manufacturing, design, software and production
engineers, as well as other staff such as marketing and
logistics personnel, who provide functions to support
manufacturing operations and the development of market
opportunities.

Table 3.ePhotonics qualifications data from unpublished Tekhne survey, 2000.

TEKHNE sample (12 companies)

The Tekhne study forecast that the entire Australian
photonics industry would create approximately 24,700 new
jobs by 2010. On the basis of its proportional division above,
the number of VET qualified jobs predicted is 10,560.

The 2001 TAFE NSW study, Skill needs of emerging industries:
A case study of the companies established by the Australian
Photonics CRC predicts slightly lower numbers and on the
basis of current expectations would forecast a minimum of
6,916 jobs requiring VET qualifications by 2010. Given the
fact that the size or earnings of the Australian companies in
the industry are unknown, it would be wise to exercise
caution in this study in relation to forecasting future
demand. However, the hypothesis of rapid industry growth
appears to be substantiated by the growth of the individual
companies in this study and the industry globally. It is
reasonable to argue that significant numbers of workers will
be required and that demand for VET qualifications will be
strong.

To address the emerging industry skills requirements, the
Australian Photonics CRC — with the support of the ACT
and Commonwealth Governments — created the Photonics
Institute, which was officially launched in September 2001.
The Institute’s mission is to develop curriculum to take
students from secondary school through to the job market,
and to develop innovative ways of delivering that material
on line. It is working with numerous partners, including
Questacon, to take outreach students, and is based in
Canberra and Sydney.
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Ritchie says these general skills are essential to the
development of a whole range of industries, from
biotechnology to medical components. In this way, a
balanced industrial sector exists: one that is crucial to the
success of Australia’s photonics industry and that can be
stimulated by the success of that industry.

“A disturbing feature of industry responses in
both the Tekhne study and ours was that firms
expressed concern about the possible lack of
skilled workers to meet company growth plans.
If the Australian photonics industry is to grow,
there is now an urgent need to provide some
assurance to companies that programs are in
place to generate adequate numbers of skilled
workers to support their investment in growth.”

The skills needs of emerging industries:
A case study of the companies established by 

the Australian Photonics CRC. TAFE NSW 
Industry Partnership Centre, 2001

Packaging

Another important issue for development of the photonics
industry is packaging. The Australian Photonics CRC plans
to develop a world-class facility for the research and
development of the integration and packaging of
high-speed optoelectronic components, and the integration
of optoelectronic components with the necessary high-
speed electronics and control circuitry.The project covers the
design, prototyping, integration, pigtailing, packaging and
environmental certification of advanced optoelectronic
modules. The facility will deliver advanced prototype
modules that are packaged to MILSPEC/Bellcore standards.

In August 2001, a Faraday Partnership in electronics and
photonics packaging and interconnection (EPPIC) was
established in the UK. This aims to co-ordinate the UK
industry’s research effort on packaging, interconnect and
manufacture for the electronics and photonics sectors.

It will direct programs into the priority areas of
high-speed/power, harsh environment, integrated
optical/electronic, high-density, high-reliability, and low-cost
packaging. Its planned research programs include computer
modelling to investigate and predict failure of circuits
exposed to extreme environments of shock vibration,
thermal and electrical loading; the development of

photolithographic methods of achieving 3D connectivity;
and the incorporation of optical fibre interconnects into low-
temperature co-fired ceramic (LTCC) high-speed modules.

PHOTONICS IN POWER APPLICATIONS

A seven-year development project involving power and
automation technology company ABB, NSW high-
voltage electricity network owner TransGrid, and the
Australian Photonics Cooperative Research Centre has
resulted in the development of a fibre optic current
transducer (FOCT).

The device is a novel optical fibre and digital processing
system that measures changes in the phase-shift of a
light source caused by the magnetic field produced by
an electrical current in high-voltage networks.
The system then analyses light from the sensor to
measure the magnetic field and hence the current in
the high-voltage circuit.The configuration of the sensor
coil minimises the interfering environmental effects of
temperature and vibration. The wide dynamic range of
the FOCT makes it the first system of its kind to offer a
practical solution for driving protection, control and
metering devices from a single transducer. Because its
performance is not limited by the geometry of the
coil, is it suitable for a wide range of high-voltage
applications.

Its accuracy, bandwidth, dynamic range and
environmental performance are equivalent, and in some
areas superior, to conventional current transformer
technology, and well able to meet the demands of new
electricity markets. It is compact, light and has the
potential to be easily integrated with other high-voltage
equipment.
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Appendix A 
SURVEY SENT TO PARTICIPANTS IN THE AUSTRALIAN PHOTONICS INDUSTRY

PHOTONICS INDUSTRY SURVEY - COMMERCIAL IN-CONFIDENCE

Name:

Position:

Company name:

Street address:

Post code:

Postal address:

Post code:

Telephone: Facsimile: E-mail:

GENERAL INFORMATION

1. Principal business activity (if not photonics):

■■ Manufacturing ■■ Component Supply

■■ Equipment Supply ■■ Service

■■ Support ■■ Other (please specify)  

2. Date business established in Australia

3. ■■ Publicly listed company ■■ Privately owned 
Percentage o/s ownership  
(please indicate what country)

4. Indicate what segment(s) of the photonics industry you are primarily involved in (tick wherever applicable)

■■ Dense Wavelength Division Multiplexing ■■ Aggregation Devices

■■ Metro-Dense Wavelength Division Multiplexing ■■ Enterprise Access

■■ Access Systems ■■ Residential Access

■■ Wavelength Routers ■■ Other (please specify)

■■ Optical Switches _________________________

■■ Terabit Routers _________________________
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REVENUE

5. Indicate revenue (AUS$ amount) from photonics-related activities.

in 2000-01  in 1999-00 

in 1998-99  in 1997-98 

in 1996-97  

6. Revenue projections for next two years  

7. What percentage of photonics revenue is derived from exports? 

EMPLOYMENT & SKILLS

(If your company operates in a range of areas that includes photonics, please indicate the number of people employed in
photonics-related activities ONLY)

8. Number presently employed 

in 2000-01  in 1999-00   

in 1998-99  in 1997-98  

in 1996-97  

9. Employment projections for next two years 

10. Number of workforce with tertiary educational qualifications in photonics as indicated below.

■■ Entry level (trainee, apprentice, etc)  

■■ Vocational educational training, e.g. TAFE etc   

■■ Graduate   

■■ Post-graduate   

■■ Overseas qualifications not recognised in Australia:

■■ VET   ■■ Post-graduate   

■■ Graduate   ■■ Other (please specify)  

■■ No formal qualifications  

■■ Other (please specify)  
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Appendix B

SURVEY DATA ANALYSIS

AUGUST 2001

Number of companies sent survey: 362

Number of company surveys 
completed and returned: 39

Response rate: 10.77 per cent
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Preface

Purpose of International Benchmarking
Mission

The International Benchmarking Mission was undertaken at
the request of the Steering Committee of the Photonics in
Australia Industry Project. The primary purpose of the
Mission was to:

1. assess Australia's positioning in photonics technology
development and commercialisation; and  

2. to identify where opportunities for Australian Industry
may arise.

This report provides a detailed account of the information
obtained by the delegates, Ross Halgren and Phil Carmont,
through visits to world leading companies and research
organisations in Japan, UK, Sweden and the USA.
The information sought and obtained from these visits is
intended to provide informed input for the decision makers
in Australian Industry, relevant Australian Government
Departments, and Australian Research Institutions.

To benchmark Australia's technological and commercial
position, the following issues were addressed where
appropriate and agreed to by the Host Organisations:

• Research income or company R&D spending as
percentage of gross sales;

• Source of research direction (Own control, Product
Division, Customers; Government);

• Near term and long term product opportunities;

• Industries perceived to be driving demand
(eg, Telecommunications, Medical etc);

• Emerging photonics technology trends;

• Importance of vertical integration;

• Qualification requirements of R&D staff for institutional
research or industry employment;

• Interaction between industry and educational or other
research institutions;

• Degree of direct Government assistance;

• Existence and significance of entrepreneurial spin-off
companies;
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• Availability of private sector risk capital;

• Perception of Australia's photonics technology research
& product development; and

• Willingness to invest in and/or collaborate with
overseas counterparts.

Final Report Overview

This report summarises the technical and commercial
findings of the visits (outlined in greater detail in the Visit
Report) and presents the delegates' evaluation of Australia's
position and opportunities in photonics. It presents a
number of recommendations for the management,
technical direction and commercialisation of Australia's
photonics research, development and commercialisation
activities.

About The Authors

Ross Halgren and Phil Carmont were selected for the
International Benchmarking Mission by the Photonics in
Australia Steering Committee of which the Department of
Industry Science & Tourism,The Warren Centre for Advanced
Engineering and the Macquarie Bank are members.
They were chosen based upon their complementary
knowledge and experience in photonics technology
development, application, and investment strategies.
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and funding this International  Benchmarking Mission:

• The Warren Centre for Advanced Engineering

• The Department of Industry, Science and Tourism

• Macquarie Bank Limited

• The Office of the Australian Government Counsellor,
Industry Science and Tourism in Washington DC

In particular, the editorial advice from Greg Gurr
(DIST- Canberra) was greatly appreciated.

The delegates would also like to thank all representatives
associated with the Australian Photonics CRC and
their Australian Industry Partners who took the time to
organise visits or provide contact names for the delegates
to follow-up.

Finally, the delegates would like to thank the representatives
of the Host Organisations visited during the Mission, who
helped coordinate the visits, prepared and attended
presentations, and provided laboratory tours.
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Executive Summary

Introduction

This report benchmarks Australia's photonics technology
and industry position relative to international activities and
highlights emerging photonics opportunities that may be
addressed by Australian industry.

The information presented in this report is based on the
International Benchmarking Mission undertaken in May
1998 to Japan, UK, Sweden and the USA, and on additional
research before and after the Mission to extend the coverage
of the study.

The benchmarking information and opportunities are
presented in terms of Australia's underlying technology
capabilities, venture capital investment initiatives,
government infra-structure support and industry success
stories in accessing appropriate distribution channels.

Key Observations

I. The Future is Bright

Australia has built-up a solid intellectual property base
through its 25 year investment in the research and
development of photonics based technologies. As we
approach the year 2000, the 2nd generation of photonics
technologies being developed in Australia and overseas,
presents a range of new product and systems opportunities
for Australian industry. Given the infra-structure support
currently provided by Government and leading-edge
Customers; the recent Venture Capital (VC) funding
initiatives; and the role models of successful start-up
companies; there is every reason to believe that Australian
industry can break out of its mold as a provider of specialised
photonics technologies and components, and move up the
food-chain into value-added photonics products and
systems for the mainstream IT&T market.

II. Australian Research Standing

Australian research organisations have excellent coverage
of the range of 2nd generation photonics technologies being
developed overseas. The flip-side to this is that Australia's
research investment is being spread too thinly in some areas,
thus reducing its effectiveness. Where there is focus, such
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as in optical-fibre based technologies (couplers, in-fibre
gratings, multiplexers, circulators, sensors, etc), start-ups
have been successful in producing a range of internationally
competitive components that have attracted overseas
investment. An area of intense photonics research where
Australian technology is showing promise and international
attention is in Planar Optical Waveguides. Given these
successes, Australia is now recognised internationally as a
leading player in these particular photonics technologies.
This recognition should not however, be construed as being
a leader in photonics generally. Technology areas where
Australia falls short may need to be licensed rather than
developed if Australia is to mature as an innovator of
products rather than a developer of technologies.

III. Australian Industry Standing - IT&T Markets

Overall, Australia's industry standing in the more lucrative,
mainstream IT&T markets is considered poor by
international standards due to the lack of vertical integration
into higher-value, locally developed Photonic products and
systems. The challenge for Australian industry generally is
for fast-moving SMEs who have already exhibited vertical
integration capabilities for 1st generation photonics
technologies, to access VC funding; acquire 2nd generation
technologies through licensing or acquisition; and network
with 2nd generation photonics and Broadband technology
researchers and other SMEs, to move the industry up the
food chain as a supplier of 2nd generation photonics products
to the world market. Access to this market can be via
the systems integrators, such as resident multinational
corporations (MNCs). Indications are that it will take at least
10 years for Australian industry to mature in this way.

IV. Australian Industry Standing - Niche Markets

In contrast to the mainstream IT&T market, Australia's
positioning in the niche industrial (including Defence)
markets is already at the product and systems level for the
2nd generation photonics technologies. However, it is not yet
clear that Australian industry is leading in many areas. For
example, in the case of laser ranging systems and optical-
fibre based underwater surveillance systems, Australian
industry at both the SME and MNC levels is developing what
appears to be leading-edge products by 1st generation
standards, but these are less advanced than other US-based
industries who have greater funding and support from US
Defence research organisations. Optical-fibre based
transducers for measuring current in high-voltage power
systems appear to have the international attention of ABB,

however, it is understood that ABB are also considering a
number of alternative technologies in parallel. There is not
yet a clear winner.

V. Market Trends

There are several market trends that indicate where
future Australian research activities could be focused.
For example, the Internet growth that is currently driving
the commercialisation of Dense Wavelength Division
Multiplexing (DWDM) technologies appears to need 100
Gbit/s all-optical packet switching over DWDM as a future
technology in its evolution. It is likely that by the time this
technology is developed and commercialised, it will have
applications in Trunk Networks, Metropolitan Area Networks
(MANs) and Fibre To The Curb (FTTC) Networks. Interfaces
between optical and electrical media (RF, XDSL etc) will be
required in all cases. Associated with the Broadband
revolution will be the need for capacity upgrades at all levels
of the technology food chain. These factors are driving the
development of high speed optical interconnects for future
computer & communications equipments and the world-
wide interest in the integration of optical planar waveguides
and electronic circuits in a single package. In niche market
areas, local and remote sensing, measurement and spectral
analysis applications appear to be the main drivers for future
photonics technology developments.

VI. Future Research Focus

Australian researchers should focus on technology areas that
fit with the market trends and for which they have a leading
position. An increased competitive position for Australian
industry would be achieved by forming joint research
projects with others at different levels in the technology
food chain. For example, the photonics and Broadband CRCs
could achieve more together than in isolation. Examples of
technology areas where Australian researchers appear to
have a lead and could develop further include: Integrated
Optical and Electronic Circuits (IOECs), 100 Gbit/s packet
switched MANs and a range of photonics based sensors,
transducers and lasers for measurement, surveillance and
spectral imaging applications. The technologies needed for
acoustic underwater surveillance could be developed as part
of this. To maintain the development and accelerate the
commercialisation of these technologies, it is important that
the government/industry funding cycles for successful CRCs
overlap in future, and that key researchers move with their
technology into industry, as the product champions.
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VII. Australian Industry Opportunities

Photonics product opportunities are crying out for Australian
industry to pick-up and run with. Short-term opportunities
include: Wavelength Converters and optical Add/Drop
Multiplexers for interfacing 1st generation analog (RF) and
digital communications products to 2nd generation 16-40
channel DWDM networks; Optical Amplifiers for network
installations (in contrast to laboratory instruments); DWDM
MANs and Network Management Software for optical
DWDM networks. Longer-term opportunities (once the
technology has been developed), include: Optical Cross
Connect Switches, Broadband Packet / DWDM Routers,
application-specific IOEC components and a new generation
of MANs, FTTC access products and niche industrial products
based on IOEC components. In all these applications, the
potential benefit of having local expertise in IOEC
component design, simulation and pilot production facilities,
is the ability to develop high-volume, low-cost photonic and
electronic components that differentiate and secure the
intellectual property of Australian industry products.
The Mission results highlighted that the world-leading
MNCs are vertically integrated and rely heavily on their
in-house component development and manufacturing to
differentiate their products.
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Background

Mission Scope

The primary purpose of the International Benchmarking
Mission was to compare the technical direction, core
competencies and commercialisation of Australia's
photonics technologies with that of international research
and development activities. The technology and market
focus of the Mission was to be broadly based. It was
to investigate both telecommunications and non-
telecommunications applications of photonics and to
identify where opportunities for Australian Industry may
arise. A secondary purpose of the mission was to establish
new contacts and identify new collaborative opportunities
between Australian and overseas organisations for the
purpose of accelerating Australia's photonics developments.

In the three weeks that were allocated to the Mission, only
a limited number of organisations could be visited (15 in
total) and hence the sample size of the International
activities that could be investigated was limited.To diminish
the impact of this limitation, a mix of countries (Japan,
European & the USA) and a wide mix of organisations were
selected. These included:

• 4 Large Multinational Corporations;

• 2 Medium Enterprises;

• 2 Small Enterprises;

• 1 Telecommunications Carrier;

• 1 Engineering Consulting Company;

• 3 Universities;

• 1 Defence Research Organisation; and

• 1 Measurement Standards Organisation;

Additional research was undertaken by the delegates before,
during and after the Mission to extend the coverage of the
study. This included a conference call with CE Unterberg
Towbin, a US Investment Bank in New York and local visits
and discussions with two Multinational companies, four
SMEs, three Universities, DSTO (Melbourne) and Telstra
Research Labs.

Background
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to investigate both telecommunications and non-
telecommunications applications of photonics and to
identify where opportunities for Australian Industry may
arise. A secondary purpose of the mission was to establish
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between Australian and overseas organisations for the
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• 4 Large Multinational Corporations;

• 2 Medium Enterprises;
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• 1 Telecommunications Carrier;

• 1 Engineering Consulting Company;

• 3 Universities;

• 1 Defence Research Organisation; and

• 1 Measurement Standards Organisation;

Additional research was undertaken by the delegates before,
during and after the Mission to extend the coverage of the
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Towbin, a US Investment Bank in New York and local visits
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The following is the list of countries/continents and
organisations visited during the Mission:

JAPAN

1. NEC C&C Media Research Laboratories  (Tokyo)

EUROPE

2. British Telecom Laboratories (Ipswich UK)

3. Cambridge University Engineering Department (UK)

4. Arthur D Little - Cambridge Consultants (UK)

5. Ericsson Components (Kista Sweden)

USA

6. US Navy Research Laboratory (Washington DC)

7. Ciena Corporation (Linthicum MD) - by Telephone &
Brochure drop/pick-up only

8. Lucent Technologies (Murray Hill NJ)

9. Galileo (Sturbridge MA)

10. National Institute of Standards & Technology 
(Boulder CO)

11. University of Colorado at Boulder (Boulder CO)

12. New Focus - Milton Chang (Santa Clara CA)

13. CE Unterberg Towbin (New York NY) - by Telephone
Conference Call

14. Atmosphere Networks - Rob Newman (Cupertino CA)

15. HP Communications & Optics Research Lab.
(Palo Alto CA)

16. UCLA Electrical Engineering Department
(Los Angeles CA)

Detailed technical and commercial information pertaining
to the above organisations is included in the associated Visit
Report for the Mission.

Overview of Photonics Applications and
Technologies

A formal definition of photonics is:

The control, manipulation, transfer and storage of energy and
information using photons, the fundamental particles of light.

A non-exhaustive list of applications requiring the latest
photonics technologies include:

• Broadband Telecommunications needed to meet the
increasing demand for interactive Internet services and
future high definition video-on-demand, Hi-Fi audio, and
graphics based data services for the mass consumer and
business markets.

• High Performance Computing using photonics
technologies to speed up the transfer of massive
amounts of data between distributed electronic
processors and memory. Virtual reality (3D imaging and
video) - initially important to Defence surveillance and
mission planning, will also flow-down to the higher-
volume consumer and business applications.

• Industrial Measurement and Control — especially
in non-benign environments (high pressure, high
temperature, high voltage, high stress, etc) is proving to
be a niche but viable market for photonics technologies
where existing technologies are costly or inferior.

• Remote Sensing and Surveillance such as measuring
distances to "mm" accuracy, mapping terrain features or
water depth, detecting movement of remote objects
and characterising object features from a distance.
Applications include mining, geodesy, agriculture,
environmental monitoring and Defence.

• Medical imaging, diagnosis & surgery are one of the
oldest and well known applications that will improve
with time as new and improved photonics technologies
are introduced.

The relevance of the various photonics technologies and
Australia's positioning may be better understood by
expanding on the most common photonics components and
their applications:

• Optical Fibres, now no thicker than a human hair, were
first developed in the 1930s to transfer images over
short distances - the first fibre bundle being assembled
for medical applications. However, it wasn't until 1970
that fused silica glass fibres were first developed by
Corning with the low loss needed for practical
telecommunications applications. In Australia, relatively
low loss "liquid-core" optical fibres were first developed
in 1973 by AWA and the CSIRO, followed by "solid-core"
optical fibres in 1976. Today, there are two high-volume
optical fibre production facilities in Australia, albeit now
based on Corning and Sumitomo technologies, and one
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SME — Redfern Fibres Pty Ltd — providing special
purpose optical fibres to local and overseas customers.
Optical fibres have many variants and properties that
can be manipulated to meet the requirements of
different applications (communications, acoustic
sensing, temperature sensing, current sensing, strain
sensing, bend sensing, inertia sensing, etc). The delay
incurred by light travelling through an optical fibre can
also be used as a means of storing information for short
periods (eg, as a data buffer for packet switching).
Information can be stored for longer periods by using
loops of fibre with in-fibre optical amplifiers to prevent
the data from fading away (akin to Dynamic Random
Access Memory).

• Optical Splitters are components for broadcasting a
optical signal to multiple devices or users. Optical
Couplers are components for combining two or more
optical signals into one optical fibre for example.
Australian Optical Fibre Research (AOFR) in Canberra has
one of the world's leading research and manufacturing
facilities for these components. This technology was
developed in Australia, and is now owned by ADC of 
the USA.

• Planar Optical Waveguides are similar to optical fibres
(ie, Circular Optical Waveguides) except that they are
formed by depositing layers of doped glass materials
onto a planar substrate using masks to define the
waveguide structure - a manufacturing concept similar
to that used for integrated electronic circuits. It is
expected that these emerging Photonics components
will eventually be integrated with electronic circuits and
will replace most existing photonics components for a
wide range of applications (except optical fibre for
transmission). The development of low cost optical 
fibre pigtail and V-groove splicing technologies go 
hand-in-hand with this trend.

• V-Groove Splices are hairline grooves cut as a V-shape
in silicon or some other material for the purpose of
accurately aligning and connecting two-fibres 
together, or for connecting a fibre pigtail to another
component (laser, electro-optic modulator, photodiode
receiver, splitter, coupler, optical filter, planar optical 
waveguide, etc).

• Lasers — first developed in 1960, are now a common
device for generating and manipulating1 photons of
light with a broad range of wavelength options.
Laser technologies include solid state (eg, Ruby), gas
(eg, Helium Neon), semi-conductor (eg, Gallium
Arsenide) and more recently, optical fibre lasers
(eg, Erbium doped). A laser has two optical mirrors -
one at each end of a cavity - to stimulate a continuous
emission of light. In the case of a Distributed Feed-Back
(DFB) laser, one of the optical mirrors may be a Bragg
grating or filter, which permits only one wavelength of
operation. Fibre lasers with wavelength options ranging
from blue to infra-red light have recently been
developed through Photonics CRC research activities.
Laser applications include communications, sensing,
medical, forensic and defence missile counter-measures.

• Electro-optic Modulators (such as Lithium Niobate) and
Optical Switches are devices developed to externally
manipulate (modulate) or control (block or switch) the
photons of light generated by another device (eg, a
laser). Australia has traditionally been weak in this area
in terms of product development, however, indications
are that this situation may be turned-around due to
recent Australian developments in planar optical
waveguides and associated electro-optic materials
technologies.

• Photodiode Receivers are components which convert
photons of light over a broad spectral range to electrons
of current, and then amplify the current to produce a
usable output voltage. Various photodiode options are
available to match the wavelength windows required —
850nm, 1310nm, 1550nm etc. Various receiver amplifier
options are available to meet the gain, bandwidth and
noise requirements of the application.

• Circulators are components that provide a non-
reciprocal coupling of light between two fibre paths.
Applications include bi-directional optical multiplexing
systems in communications, sensing and
instrumentation (eg, OTDRs). Photonics Technologies
in Sydney is a leading Australian developer and
manufacturer of these components.

1 In communications applications, the term “manipulation” may include the
“modulation” of laser light with audio/ video signals or data bits associated with
millions of telephone conversations, television channels or PCs.
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• Optical Filters are components that can for example,
selectively manipulate (attenuate or pass) a single
wavelength while letting all other wavelengths pass
through with low loss (or be attenuated with high
loss). Bulk optical filter components with broad filter
characteristics have been available for some time.
Dual-window optical fibre networks which operate at
1310nm and 1550nm can be built with components such
as these.

• Bragg Gratings are components which provide better
wavelength selectivity compared to bulk optical filters.
Their applications include Wavelength Division
Multiplexers (WDM) and Sensors (temperature, strain
and acoustic signals). The more recent development of
temperature compensated, in-fibre Bragg grating filters,
for which the Australian photonics start-up INDX is a
success story, provides low-cost, Dense WDM, enabling
40 wavelengths onto a single optical fibre. INDX
manufactures these components in Sydney for the
world-market, and is now owned by Uniphase
Corporation of the USA. These same Bragg gratings are
being used for strain sensing applications, and without
the temperature compensation feature, can be used for
temperature sensing applications.

• Optical Amplifiers are components or products which
can amplifier a broad spectrum of wavelengths
simultaneously. These products can be built using
semi-conductor, fibre laser or planar optical waveguide
technologies. The term "laser" is in fact an acronym
for "Light Amplification by Stimulated Emission of
Radiation". The main difference between a laser and an
optical amplifier is that a laser has two optical mirrors
— one at each end of a cavity — to stimulate a
continuous emission of light. An optical amplifier on the
other hand, relies on an input signal rather than mirrors
to stimulate the emission of light. Both lasers and
optical amplifiers require some form of external energy
to raise the energy levels prior to emission. Optical
Amplifier applications include telecommunications,
distributed sensing systems and optical storage and
processing systems.
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Photonics Opportunities

Benchmarking Framework

The results of the International Benchmarking Mission
upheld the importance of photonics to mainstream
Information Technology & Telecommunications (IT&T)
applications and niche applications, such as medical, remote
sensing and industrial measurement and control systems.
This was reflected in the words of Ericsson Components'
researchers: "Photonics is the next big opportunity after the
mobile phone," and was quantitatively supported by the
spectrum of photonics technologies, components, products
and systems identified and the number of organisations
working in similar technology areas.

Australia's position in the photonics industry is
benchmarked in terms of its photonics research standing,
industry standing and in each case, the accessible
opportunities. The main focus of this report has been on 2nd

generation photonics technologies (broadly defined as core
technologies and capabilities developed after 1990).
Comparison is made in terms of mainstream IT&T trends
and niche photonics applications. An overview of the
industries studied, the need for a strong technology and
component base, followed by trends in each of these
application areas, is included first to provide a backdrop for
these comparisons.

For the purpose of analysing and presenting Australia's
relative position in the photonics industry, the Vertical
Integration Food Chain is used as a reference model. This is
illustrated in Figure 1, where the more mature building,
manufacturing and mining industry is included for
comparison with the younger photonics industry.

Photonics
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Industries Studied

The Australian photonics industry can be broadly classified
as being focused on either mainstream IT&T markets,
or niche industrial markets (including Defence).
The mainstream IT&T players can be further categorised as:

A. Multi-National Corporations (MNCs) that initially
import 2nd generation photonics products but invest
in Australian photonics research in the hope of
developing some products locally;

B. Start-up 2nd generation Photonic component
companies - nearly all acquired by MNCs - who retain
the local R&D and manufacturing operations in
Australia, while providing distribution channels
overseas; and 

C. Indigenous SMEs that have developed products and
systems locally, have retained local Australian control,
but have not progressed beyond the 1ST generation
photonics technologies and have limited overseas
distribution (compared to MNCs). Since 2nd generation
photonics has been the focus of this report, only
category  "B"  industries has been studied in any detail.

The Need for Leading Edge Technologies and Components

Visits to large enterprises highlighted the importance of
vertical integration in keeping ahead of the competition.
From their perspective, developing new technologies 
and manufacturing leading-edge components before 
their competitors was essential to achieving product
differentiation, improved features, lower costs and product
protection.

For these same reasons, Australian SMEs and Large
Enterprises cannot hope to compete in the photonic
product and systems arenas if they do not have early
access to new components based on the latest photonics
technologies. If Australian industry has to rely on overseas
suppliers for all of its photonics components, then
generally its products will be technically behind its
competitors.

A corollary to this is that if Australia continues to sell-off
its photonics technologies and components to overseas
corporations as feeders to their overseas product
development groups, it may never give its local industry
the opportunity to develop world-leading products and
systems, and will restrict industry moving up the vertical
integration food chain.

Where there is a local technology shortfall, it is essential
that Australian SMEs "network" (eg, as alpha-test sites)
with overseas corporations making leading-edge
components, so that they are not deprived of the
technologies and components needed to be competitive.

Mainstream IT&T Trends

Mainstream IT&T trends are currently providing the
greatest opportunities for photonics technologies. These
trends are aligned to high volume, non-specialised
consumer and business applications where alternative
technologies may already exist, but where photonics
provides significant performance improvements at lower
cost. The following are examples:

Figure 1. Vertical Integration Reference Model
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• INTERNET GROWTH
The Internet growth has been so great in recent years
that it will soon dominate the incumbent telephony
network. Long-haul optical fibre networks now need
much more capacity than was forecast for telephony
applications. To overcome this problem, Dense
Wavelength Division Multiplexing (DWDM) is being
introduced into service by fast-moving start-ups such
as Ciena, with established industry giants such as NEC,
Ericsson and Lucent following their lead.

• IP OVER WDM
As the market is now Internet rather than Telephony-
driven, the need for SDH and ATM networks and
products is being questioned. The focus is now on
sending Internet Protocol (IP) packets directly over WDM
to reduce the number of processing layers, improve
performance and to reduce cost. Lucent has developed
a broadband IP packet switch that can be used in
these applications and new Telcos such as Quest are
understood to be using IP Switches for their new
telephone and Internet services.

• DWDM MANS  AND WDM / PLASTIC FIBRE LANS
DWDM based Metropolitan Area Networks (MANs),
plastic-fibre and WDM based Local Area Networks
(LANs) are emerging as "mainstream" opportunities.
In the case of the DWDM MAN applications, the initial
focus is on format-transparent multiplexing of many
different vendor's SDH, FDDI and IP switching products
on the same fibre backbone. The benefit of this
approach is that high capacity private networks can
now be formed and reconfigured, where previously this
might not have been possible due to insufficient fibre
and cost issues.

• 100 GBIT/S ALL-OPTICAL PACKET SWITCHING
In the future, 100 Gbit/s all optical packet switching
networks are forecast by some researchers. These
are claimed to be superior to format-transparent
multiplexing on separate DWDM channels, due to
the greater flexibility of packet switching compared
to circuit switching, and due to the trend to IP packet
switching of all services.

• MIXED MEDIA FIBRE TO THE CURB
For Access Network applications, Fibre To The Curb
(FTTC) was identified as a more likely trend than Fibre To
The Home (FTTH) due to non-technical reasons, such as

the high installation costs of fibre into homes.
Customers want high performance (eg, high
bandwidth) and low cost, they don't specifically or
consciously want "photonics". In some cases, photonics
technologies are the only way of meeting the
customer's requirements. More often than not, however,
the most pragmatic (and optimum) solution uses a mix
of photonics and Electronics with Fibre (eg, DWDM),
Radio (eg, CDMA) and Copper (eg, XDSL) as a mix of
transmission media options.

• OPTICAL INTERCONNECTS
For high performance computing applications, especially
in Defence, technology is advancing towards optical
interconnects to reduce bus and inter-processor traffic
congestion, and the associated software complexity
needed to manage the congestion. Applications include
virtual reality and digital signal processing for radar,
sonar and optronic video, where very fast tracking,
spectral analysis and "needle-in-a-haystack" pattern
matching are required. The same technology is also
applicable to commercial high performance computing
applications, such as medical imaging, geological
surveys and weather analysis.

Niche Applications

Niche opportunities for photonics include applications
where alternative technologies may already exist, but where
photonics can provide performance improvements or lower
cost under specialised conditions. Niche opportunities also
include new but specialised applications where there are no
practical alternative to photonics.

Examples of niche applications are:

• LOCAL SENSING AND MEASUREMENT
Localised sensing and measurement in harsh
environments or where greater sensitivity or
performance than existing electrical sensors or
transducers can achieve. Emerging applications
include current sensing in high voltage environments,
temperature/strain sensing in high temperature and
pressure environments.

• REMOTE SENSING AND MEASUREMENT
Remote sensing and measurement where low cost
distributed sensors are required, or where high
sensitivity and positional accuracy are required.
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Remote sensing and measurement where low cost
distributed sensors are required, or where high
sensitivity and positional accuracy are required.
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Applications include multi-point strain measurement on
bridges, military smart structures (ships/aircraft), gas
leak detection on long pipelines, acoustic surveillance
arrays, satellite laser ranging, terrain height / water
depth measurement and terrain spectral reflectance
mapping.

• MEDICAL IMAGING AND SPECTRAL ANALYSIS
Three dimensional medical imaging and diagnosis using
optical probes and spectral analysis of tissue layers, for
applications such as cancer cell detection.

Australian Industry Position and
Opportunities

Australian Photonics Research Standing

Discussions with overseas organisations familiar with
Australia's photonics research activities revealed that
Australia does have a high reputation in terms of photonics
research and technology development. The following
summarises Australia's core capabilities:

• FIBRE-BASED TECHNOLOGIES
As outlined in the Technical Findings section, an analysis
of Australia's core photonics capabilities highlighted
optical fibre and more recently, precision UV writing
technologies, as a common theme — a heritage based
on over 25 years of research and development in
Australia. Applications of this technology include:
optical fibre cable, fibre pigtails, couplers and splitters,
in-fibre Bragg gratings, circulators, filters, Erbium Doped
Fibre Amplifiers (EDFA), Wavelength Division
Multiplexers (WDM) and sensors (transducers).

• SPECIALISED LASERS
For niche applications, Australia's development and
application of lasers is also a core capability, although
US Defence research organisations clearly had advanced
further in this area due to their level of funding and
military need. Applications of this technology include:
laser ranging, spectral analysis, local and remote
sensing, scanning and cutting.

• FIBRE-LASERS
The Photonics CRC's development of fibre-lasers with
wavelengths ranging from blue to infra-red combines
the above two capabilities. The benefit of fibre laser
technologies are that they have both mainstream IT&T

and niche applications. As substitute products for semi-
conductor DFB lasers, fibre-lasers offer an opportunity
for Australia to access a market for which Australia has
previously had a low standing by international
standards.

• SIMULATION SOFTWARE
Whist not actually a photonics technology, simulation
software developed through the knowledge and
experience of our photonics researchers, is another 
key capability that can be applied to the development
of mainstream WDM Network Management Systems.

• PLANAR OPTICAL WAVEGUIDES
Planar optical waveguides is a new technology area
where Australia is recognised overseas as having
important capabilities and strengths. The core
capabilities behind this technology area has similar
roots to that of Australia's optical fibre technologies.
Specifically, pure science skills in optical and plasma
physics, materials science and chemistry, with applied
science skills in Chemical Vapour Deposition (CVD) 
and doping processes are at the root of many of
Australia's core photonics technologies, and in fact
are at the root of semiconductor manufacturing
processes.

Applications for planar optical waveguide technologies
include just about every application listed above that
is currently implemented with optical fibre based
components (except for the fibre-cable itself). As such,
planar optical waveguides may be a low-cost threat to
our existing fibre-based technologies and associated
components. Following the lead of large corporations
such as Microsoft and Kodak, it is commendable that
Australia is a leader in the development of a potential
substitute technology for its product base.

Technology areas where Australian research is behind its
overseas counterparts include: micro-machining, semi-
conductor lasers and associated bonding to silicon
substrates, external (Lithium Niobate) optical modulators,
optical (space division) switching, optical interconnects, and
>40 Gbit/s optical time division multiplexing and packet
switching. In the case of the US, many of these technologies
are still supported by large Defence and Defence-industry
funded research and development programs. It is likely that
all these areas can be addressed through the new
technology developments outlined in the following section.
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Photonics Research Areas of Potential for Australia

Based on Australia's technology positioning and core
capabilities, the following were identified as photonics
research areas that are both accessible and offer potential
for Australia:

• PACKET SWITCHING ELEMENTS AND PROTOCOLS
FOR MANS AND LANS
Building on the MAWSON project being undertaken
within the Photonics CRC, and prior research under-
taken by PRL on optical packet buffers, Australian
researchers could develop all-optical packet switching
elements in support of efficient ring-based protocols
(such as the buffer-insertion ring protocol) for
broadband MAN and LAN applications. Such a project
would need an industry sponsor having core expertise 
in these applications. The involvement of the Broadband
CRC as part of a joint-project would benefit both CRCs
due to their complementary experience and 
capabilities.

• OPTICAL ACOUSTIC SENSORS FOR FIXED AND TOWED
ARRAY APPLICATIONS
In conjunction with DSTO and a Defence industry
sponsor, there is an opportunity to develop distributed,
all optical, highly sensitive, acoustic sensor arrays having
a broad range of Defence and Commercial applications.
Examples include:

– Detection of vessels, such illegal fishing boats 
and submarines;

– Detection of induced seismic waves for petroleum
exploration; and

– Perimeter surveillance networks (Defence
establishments, prisons etc).

• INTEGRATED OPTICAL AND ELECTRONIC CIRCUITS (IOECS)
Planar optical waveguides manufactured from silica or
polymer materials at relatively low temperatures would
appear to be Australia's next leading photonics
technology. The technical benefit of low temperature
manufacturing is the ability to integrate high-speed or
low-power CMOS electronic circuits with planar optical
waveguides to produce integrated  "system on a chip"
devices which enable the development of more
competitive "system-level" products.

In contrast to the Australian Photonics "PE-CVD" planar
optical waveguide processes, overseas competition use 

a "Flame Hydrolysis Deposition" process at (1200(C)
temperatures which are too high to allow the
integration of electronic circuits.

It is possible that many existing fibre-based products
(Bragg gratings, fibre-lasers, couplers, splitters, etc)
will migrate with time to planar optical waveguide
implementations (thus becoming functional elements
or standard cells in ASIC terminology terms). To address
emerging photonics opportunities in mainstream IT&T
and niche applications, it is likely that new functional
elements requiring significant initial research (or
acquisition through licensing) may be implemented 
as shown in Figure 2. Examples include:

– Electro-optic modulator elements based on new
technologies being developed;

– Add/Drop DWDM multiplexer elements;

– Adjustable lenses, reflectors, switches, modulators
and sensing elements using micro-machining
techniques;

– RF Microwave multiplexing and transmission at
frequencies up to 40 GHz for mobile and multi-
point distribution applications;

– Erbium-doped planar waveguide lasers and pixel
arrays for high performance computer interconnect
and Digital Signal Processing applications;

– High-density, optical space-division switching
elements;

– Optical Signal Processing elements, including
regenerative optical amplifiers and radar pulse
stretchers for later integration with high-speed
Digital Signal Processors;

– Integration of soliton-type optical pulse generators,
pulse multiplexers / demultiplexers and opto-
electronic detectors for future 100 Gbit/s IP
networks; and

– Optical Packet Address detection elements for
future 100 Gbit/s IP networks.

In most applications, fibre-pigtail connections will be
required for the IOECs. Also, in some cases, the circular
symmetry of fibre-based components offers improved
performance over asymmetric planar optical
waveguides. A mix of circular/planar technologies is
therefore required, and a low-cost interconnection
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technique will be important (such as the Optical Fibre
Clip technology developed by Cambridge Consultants
Limited).

In contrast to optical fibre based Photonic components,
the long-term benefit of planar optical waveguides in
general and IOECs in particular is the potential for
high-volume, low cost manufacture using proven
techniques developed for the semi-conductor industry.

Based on discussions with researchers at BT Labs,
it would appear that a capital outlay totaling
approximately A$10 million over five years is required
to build and maintain a state-of-the-art IOEC
development and pilot production facility.

It was also evident from discussions with overseas and
Australian researchers knowledgeable of our technology
position, that while our existing skill-base is of the right
calibre, a larger number of Ph.D qualified personnel will
need to be employed and/or focused on this area of
applied research2 if Australia is to capitalise on its
current position in this technology.

Prospective customers for IOEC components based on
"standard" and "application-specific"  combinations of
the above (and more) functional elements include:

– Australian and overseas companies in the business
of developing state-of-the-art photonics products
with improved performance, smaller size and 
lower cost;

– Other IOEC manufacturers through licensing
arrangements.

Australian Photonics Industry Standing

Mainstream IT&T Products

Whilst Australia's high research standing in photonics has
provided the underlying technologies and components on
which Large Enterprises depend to remain competitive, there
are as yet no corporate champions in Australia — like
Uniphase or Ciena, that are able to invest in building a
portfolio of mainstream IT&T system-level products based
on these components. Australia appears to have been
relegated to being a component supplier only.

The purchase of the Australian INDX fibre-grating
technology by Uniphase (USA) reflected the increasing
worldwide demand for high quality photonics devices for
the IT&T market, and the high calibre of Australia's
photonics technologies. The same can be said for the
purchase of AOFR's coupler, splitter and DWDM technologies
by ADC (USA), and the 30% equity taken by Nortel in
Photonics Technologies for their circulator, filter and EDFA
amplifier technologies.

Unfortunately, since Australia did not and still does not have
a Uniphase or Ciena sized photonics company of its own,
the sale of INDX and AOFR was the best possible outcome
under the circumstances. In both cases, the ongoing
technology development and the manufacturing has stayed
in Australia and greater global market access has been
provided by the US owners. However, Australian industry
access to these technologies is now under US rather than
Australian control. In the new "global economy" this may
not be an issue.

The Mission identified the following (non-exhaustive) list of
reasons why Australian technology companies (such as
start-ups and SMEs) have in the past, failed to commercialise
their mainstream IT&T products, leading to their acquisition
by overseas corporations:

• No venture capital funding to support the growth of a
single component or product company, or to fund the
acquisition of technologies and components needed to
build a product portfolio;

• No symbiotic relationship with an established corporate
partner or market player through which Australian
developed components or products can be sold in
volume;

• No overseas sales and marketing teams comprising
overseas nationals who know their market and the
contacts needed to make a sale;

• No successful role models to which Australian
companies  can seek advice regarding high technology
product commercialisation;

• Inexperienced management team;

• Insufficiently differentiated technology;

• Attempting to undertake costly product development
over several years, rather than introducing product
variants early, followed by incremental improvements;
and/or

2 “rather than on highly theoretical research activities that are unlikely to be
commercialised by Australian industry”, was a comment made by one researcher in
the UK.
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• Inadequate involvement by the technology champions
in product commercialisation (generally only applies to
Australian SMEs that license technologies).

Due to the above deficiencies, the Australian photonics
industry is still at the lowest level of the vertical integration
food chain for the more lucrative IT&T market. Additionally,
nearly all the start-ups and SMEs that have survived at this
level, have done so by being acquired by an overseas
corporation (generally US based) for the purpose of 
creating their own product portfolios. Nevertheless, there
are still advantages of retaining the development and
manufacturing operations in Australia, irrespective of who
owns them. For example:

• The Australian operations provide a foundation for
further growth of the industry, spurring the formation
of spin-off companies as an inevitable outcome of 
this growth;

• Increased management skills formed within the
companies serve as role models for start-ups /
indigenous SMEs or can be transferred to start-ups
and SMEs at a later stage;

• Multi-National Corporations that are linked tightly 
to Australia's technology base are potential corporate
partners or market players for which symbiotic
relationships can occur.

Mainstream IT&T Systems

These are supplied in Australia to the Telcos (Telstra, Optus,
Vodafone, AAPT, etc) via Multi-National Corporations who
are selected as Strategic Partners of the Telcos. Systems
integration is developed and supplied as a local (Australian)
capability, however, the photonics products which form the
systems are often imported or manufactured in Australia
under license. SMEs must generally go through the Strategic
Partners to access the Telcos. Fortunately, many of the
Strategic Partners are members of the Photonics CRC, which
increases the likelihood that these partners will develop
leading photonics products and systems in Australia.
Notably, the Strategic Partners provide a ready distribution
channel for Australian photonics technologies, products and
systems to the world, thus achieving the desired vertical
integration in the more lucrative IT&T market.

Niche Products and Systems

If we assume that a photonics product does not require all
the functions to be present that form the definition of
"photonics" (viz, control, manipulation, transfer and storage
of photons), then a list several pages long could be formed
for the number of niche photonics products and systems
developed by Australian industry (start-ups, SMEs and Large
Enterprises).

For the purpose of this report, only those niche photonics
products and systems which employ 2nd generation
photonics technologies are studied (the definition of 2nd

generation is necessarily vague, but it would generally
involve core technologies developed after 1990).

Examples of such products and systems developed by
Australian industry include:

• Current sensors (transducers) for high voltage power
systems;

• Satellite Laser Ranging systems with "mm" accuracy;

• Confocal imaging systems for tissue scanning in 3D;

• Hyper-spectral imaging systems for remote sensing
applications; and

• Towed acoustic arrays (using optical fibre for
communications only at this stage);

• Laser Airborne Depth Sounding system (LADS);

• Photonics simulation software programs;

• Vibration/noise sensors for detecting leaks in gas
pipelines or for movement detection around the
perimeter of a prison;

• Distributed strain sensing systems for bridges

• Special in-fibre gratings for other company's niche
products;

• Special optical filters for other company's niche
products;

• Special fibres and fibre-lasers for other company's niche
products;

• Light curtains for failsafe machine access control.

It is evident that Australian industry can address the above
markets at all levels — including Photonic components,
products and complete systems. For niche photonics
applications, Australian SMEs have achieved the benefits of
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• Current sensors (transducers) for high voltage power
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• Satellite Laser Ranging systems with "mm" accuracy;

• Confocal imaging systems for tissue scanning in 3D;

• Hyper-spectral imaging systems for remote sensing
applications; and

• Towed acoustic arrays (using optical fibre for
communications only at this stage);

• Laser Airborne Depth Sounding system (LADS);
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• Vibration/noise sensors for detecting leaks in gas
pipelines or for movement detection around the
perimeter of a prison;

• Distributed strain sensing systems for bridges

• Special in-fibre gratings for other company's niche
products;

• Special optical filters for other company's niche
products;
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products;

• Light curtains for failsafe machine access control.
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markets at all levels — including Photonic components,
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being vertically integrated, thus resulting in a pool of
engineering capability being embedded within the industry.

In terms of Australian industry's standing compared to
international competition in niche markets, there are few of
the above products and systems that could be considered
"outstanding". It would not however, be appropriate to
judge which are the best (or worst).

Often a niche market is accessible due to reasons other
than having the best technology. Reasons for apparent
technology success may include: geographical co-location;
better promotion; lower margins; corporate partners with
market access; "buy Australian" customer preferences; and
willingness to manufacture at a customer's location.

Australian Photonics Industry Opportunities

Mainstream IT&T Products

In contrast to the niche photonics products and systems
discussed previously, mainstream IT&T products must "stand
on their own" against world-class competition. This is
because the high-volume nature and demand for IT&T
products results in few barriers to entry (especially in
Australia).

The flip-side to this for Australian industry, is the opportunity
to export high-margin IT&T products in volume to a world
market that is 50x the size of the Australian market.
However, to successfully address the lucrative IT&T market
opportunities with vertically integrated products and
systems, Australian industry will need the best photonics
technologies available.

As a new global player on the block with access to venture
capital funding, Australian industry will need to follow
the lead of US corporations. Access to the best photonics
technologies will require a mix of local technology
development (where Australian core capabilities permit) and
overseas technology licensing (where Australian capabilities
fall short of world-class or cannot be developed within the
window of opportunity).

With access to the required photonics technologies, an
Australian start-up company or SME will need to develop
products that offer a short time-to-market. The company
should have a strategic vision of its future products, with a
incremental product evolution towards that end. Following
each product launch, the profits from sales must be fed back

in their entirety to fund the growth of the business and the
R&D necessary for the next product variant.

At some point in the company's growth, there may be a need
for further investment by a Large Enterprise having
complementary products, or for a merger with other SMEs
to grow the company into a Large Australian Enterprise in
its own right. This is often the point at which the venture
capitalists will make an exit.

Given that all the necessary commercial criteria are met, the
following product opportunities exist in the IT&T market,
and should be accessible by Australian industry.The products
are ordered in accordance with the evolutionary product
strategy described above.

• FIBRE LASERS
There is an opportunity made possible by the Photonics
CRC's development of fibre laser technologies, for a
Photonics start-up company to develop and market a
range of  DFB fibre-laser products of various wave-
lengths. These products can substitute for existing DFB
semi-conductor lasers where external modulation is used.

• WAVELENGTH CONVERTERS FOR DWDM
This is a product opportunity that involves the
integration of a range of photonics components,
including fibre lasers, Lithium Niobate modulators and
electro-optic receivers. Such a product would permit
the connection of off-the-shelf SDH and FDDI products
for example, to a multi-channel DWDM backbone for
point-point applications.

• DWDM ADD/DROP MULTIPLEXERS AND WAVELENGTH 
CONVERTERS
Through the integration of DWDM Add/Drop
multiplexer components with the Wavelength 
Converter products, a new product variant is formed
which permits distributed access of SDH and FDDI
products at multiple nodes, to a DWDM backbone
network (trunk or ring). Such a product is at the level 
of vertical integration that it needs to be managed.
Consequently, a processor, OA&M software and a out-
of-band management channel will need to be added
to complete the product. As part of the management
channel develop-ment, a packet switching protocol is
required. For ring applications, a FDDI protocol could 
be used. For trunk applications, a polling protocol is 
the simplest.
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• OPTICAL AMPLIFIERS FOR OUTSIDE PLANT INSTALLATIONS
This is another product opportunity that involves the
integration and packaging of a range of Photonic and
electronic components, including fibre lasers, add/drop
DWDM components for out-of-band management,
electro-optic receivers, a processor, a packet switching
protocol and software for network management
purposes.

• NETWORK MANAGEMENT  STATION SOFTWARE DRIVERS
Software drivers specific to the DWDM Add/Drop
Multiplexer (ADM) and Optical Amplifier (OA) products
will need to be developed to run on a industry standard
Network Management platform such as HP OpenView.
The graphical user interface can then be used to
manage a trunk or ring network comprising multiple
ADM and OA products. The NMS can interface to the
DWDM network via a Ethernet or FDDI LAN.

• OPTICAL CROSS CONNECT SWITCHES
As for all the above products, this is a product that
can be sold by itself, or integrated into a trunk or ring
network. Once again, it will require the integration of
several components, including space-division optical
switching and network management.

• BROADBAND PACKET ROUTERS
This is the first step away from circuit-switched DWDM
towards very high bit-rate IP-based packet switching.
A joint development with a packet router product
supplier is recommended. For example, Ciena have joint
ventured with Cisco for this purpose. The long-term
target is 100 Gbit/s, however, an initial product release
at 10 Gbit/s is more achievable in the medium-term.
As research backing to the data networking industry,
the MAWSON Photonics research project could be
directed towards this requirement. Acceleration of 
the MAWSON project could be achieved through
collaboration with the Broadband CRC.

• IOEC COMPONENTS
Due to the Photonics CRC's strength in low-temperature
planar optical waveguide manufacture, Australia is in
a prime position to develop the mixed Photonic and
Electronic technologies and IOEC components needed
to meet a range of system requirements. Australia will
need to coordinate and integrate its technologies and
management skills at all levels to achieve and
commercialise this opportunity of strategic importance.

A scenario for the development and commercialisation
of IOEC components and associated products could
involve:

– Photonics research & technology development
activities — including the development of ASIC
design libraries having photonics components as
standard cells;

– Formation of a start-up company to design and
manufacture Application Specific IOECs to enable
Australian industry to develop new products and
systems. Ideally, the semiconductor manufacturer
— Quality Semiconductor Australia who until
recently, specialised in electronic ASIC design and
manufacture, would be involved with the start-up
company;

– Volume production of IOECs for the mass market
may require licensing or off-shore manufacture,
with the Australian start-up providing pilot
production facilities; and

– Development by Australian industry (SMEs and
MNCs) of world-competitive products based on
the IOECs.

• IOEC BASED PRODUCTS
IOECs provide the benefits of higher performance and
lower cost for products comprising mixed Electronic and
Photonic technologies. Mainstream IT&T and niche
product applications include:

– Fibre To The Curb Access Units (with XDSL on
copper or CDMA radio to the home);

– Fibre To The Home Wall Units (with wireless
communications within the home);

– Metropolitan Area Networks (DWDM Add/Drop
Multiplexer & IP switching products);

– Plastic-Fibre and Wireless (Radio or IR) Local Area
Networks and Home Networks;

– Optical Interconnect devices for communications
within equipment racks, circuit cards and
processing devices; and

– Sensor sub-systems, specifically those products 
that interface optical sensor networks to electronic
processing and measuring equipment.
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Niche Products and Systems

Australian industry requires little external direction to
address niche product and systems applications. This is an
area where it appears to find its own way. Nevertheless,
some opportunities to be considered are:

• All-optical acoustic arrays (fixed and towed) for Defence
and Commercial applications;

• Radar pre-processor products using optical pulse
stretching techniques;

• Smart Structures for military aircraft, mine hunter
vessels, etc;

• Continued development of current and voltage sensors;

• Continued development of strain and temperature
sensors;

• Continued development of surveillance systems;

• Continued development of laser-ranging systems;

• Multi-wavelength solid state laser systems for various
spectral analysis applications (medical, forensic, remote
geological, agricultural, environmental and Defence
sensing).
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Technical Findings
This section includes a summary and analysis of the
International Benchmarking Data derived from information
presented in the Mission Visit Report. An overview is then
provided of the main photonics application areas for which
Australian industry is or can be involved. Finally, based 
on discussions with the organisations visited, cyclic R&D
processes are presented for career advancement and
technology & product development success in fast-
moving markets.

Vertical Integration Reference Model

The level of technical maturity and commercialisation of the
photonics industry in Australia compared to the rest of the
world, is represented by its current position or level in the
vertical integration "food chain". As illustrated in Figure 1,
this technology based food chain is used as a reference
model for this report.

Observation 1

Through both general observation and analysis of the
following International Benchmarking Data, it was
found that Australia is still at the lowest level of the
vertical integration food chain for the more lucrative
Information Technology & Telecommunications
applications of photonics. Only in niche applications,
such as sensing and medical, are Australian developed
photonics technologies being commercialised by
Australian Industry at all levels.

Presentation of International
Benchmarking Data

The technical maturity of the photonics technologies,
products and systems identified and discussed during the
Mission are tabulated in Figure 2 and cross referenced to the
organisations involved in these activities. Figure 2 therefore
summarises the International Benchmarking data used to
compare Australia's relative position in the photonics
industry.

To assist in identifying industry positioning and technology
trends, the organisations visited are grouped into:
Universities/Standards Bodies; Small to Medium Enterprises
(SMEs); Large Enterprises; and Customer Research
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organisations. Similarly, technologies are grouped into:
Generic Capabilities and Photonics Components and
Communications & Industrial applications (including
sensing and medical).

Shading is included as an additional dimension to Figure 2
to correlate industry positioning and technology trends to
the vertical integration model.

medium-shading indicates technologies being
researched or integrated into products.

light shading indicates products that can be sold
separately or integrated into systems.

solid shading indicates systems that are being
trialled or installed

The total number of organisations visited that are involved
in each technology is shown in the 3rd last column of
Figure 2, labeled  "World".The figures in this column indicate
the level of commonality between each organisation's
technical activities. It would be misleading to suggest that
these figures are representative of the market potential of
a given technology, especially given the small sample size
of the study. However, based on the premise that the most
important technologies will be investigated by more
organisations, it is possible to draw some conclusions
from this information.

For comparison, two columns labeled "Australia" 
and grouped under University/Government and
Industry/Customer Research, are included in Figure 2 to
indicate Australia's involvement in each technology area and
hence its current level in the vertical integration food chain.

General Analysis of International
Benchmarking Data

Observation 2

There are currently many areas in photonics which are
at an immature stage in their development. This gives
Australia the opportunity to invest in the development
and commercialisation of these technologies and
applications while the window of opportunity is still
open.

The level of immaturity generally in photonics technologies
is reflected by the small number of lightly shaded and solid
squares in Figure 2. Australia has relatively more medium
shaded squares than the combination of organisations
visited, indicating that Australia has well developed
technology and component capabilities — the essential
requirements for vertical integration, but insufficient
emphasis on developing the products needed to
achieve this integration. Mainstream communications
applications are an area where Australia is especially weak
in commercialising its photonics technologies. This
highlights a lack of focus by Australian industry on photonics
product and systems development for the lucrative
telecommunications market. Some reasons for this are
presented here and in the Commercial Findings section.

The following sections summarise the vertical positioning
and technology focus of each of the organisational groups
and technology groups listed in Figure 2. Interactions
between organisational groups are discussed to highlight
the mechanisms for technology development into 
products & systems. Comparisons are made with the
equivalent organisations in Australia. Interactions between
technologies are discussed to highlight trends that
Australian industry can lever off. The analysis is based on 
a synthesis of the International Benchmarking Data 
(Figure 2) and qualitative information drawn from the
detailed Visit Reports.
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Analysis by Organisational Grouping

Universities/Standards Bodies

Observation 3

Australian Universities are as good as overseas
Universities in most photonics technology areas.
However, US-based Universities still benefit by strong
Defense funding support and close development
relationships with Defense Industries. Dual-use programs
now enable technology to diffuse into commercial
applications with short-term returns. Overall, the
University and commercial environments overseas are
more conducive to forming spin-off companies that
move the photonics technologies up the food chain into
the products and systems needed to sustain the industry.

As for Australian Universities and Government Research
Organisations, the three overseas Universities visited, and
the US National Institute of Standards & Technology (NIST),
were primarily focused on research rather than product or
systems development. Like Australia, the overseas research
organisations also had close links with their local Industries.
Unlike Australia, the Universities visited in the USA were still
heavily funded by and directed to meet the application
requirements of the US Department of Defense and
associated Defense Industries. Dual-use programs now
allow the technologies developed to be spun-off into
commercial products and systems which offer repeat sales
with short-term returns.

In terms of technology focus, there were few technologies
for which overseas University research organisations were
well ahead of Australia’s Universities. The exceptions were
in semiconductor lasers, optical interconnects, optical signal
processing, micro-machining and high bit rate (>40 Gbit/s)
optical transmission. In some areas, such as long-distance
soliton transmission, Australian Universities were ahead of
their overseas counterparts. However, as pointed out during
the visits to BT Labs and NRL, long-distance soliton
transmission is no longer considered a practical technology
for the near-term. It does however, have application to the
generation of short (fempto-second) pulses for future 100
Gbit/s packet networks.

Like the Australian INDX and Virtual Photonics start-up
scenarios, the overseas Universities have also spun-off start-
up companies (SMEs). However, the difference to Australia
is the rate at which start-up companies are spun-off.
For example, the Optoelectronic Computing Systems Centre
at the University of Colorado in Boulder has spun-off 14 start-
up companies in recent years. This indicates that Australian
Universities are either less willing to spin-off start-up
companies, or find it difficult to do so due to the Australian
commercial environment.

Small to Medium Enterprises

Observation 4

Overseas countries are well ahead of Australia in terms
of new or established SMEs commercialising the latest
generation of photonics technologies into products &
sub-systems. Overseas SMEs achieve this through
collaboration with Universities, technology licensing,
focused or niche technology development and through
networking with other SMEs.

Referring to Figure 2, the high proportion of lightly shaded
squares associated with the SME grouping highlights the
overseas SME focus on product, rather than technology
development. In comparison, the small number of Australian
Photonics products (medium-shaded squares) is in stark
contrast to the level of Photonics research undertaken in
Australia (medium-shaded squares). Only in niche photonics
areas such as sensing systems (eg, smart structures) and
high-power lasers is there any evidence of vertical
integration and commercialisation by Australian SMEs.

The overseas SMEs visited were focused on the development
of component products that could be sold in volume
to larger product developers, systems integrators and
telecommunications carriers (telcos). There were however,
wide variations on the products offered. For example,
Cambridge Consultants’ “product” is really a low-cost fibre
connection technology that can be licensed. At the other
extreme, Ciena’s DWDM add/drop multiplexer and optical
amplifier products are configured and sold as sub-systems.
Ciena’s sub-systems are marketed as “products”, perhaps to
give the appearance of being low-down in the vertical
integration food chain, thus appearing to be less of a threat
to the larger enterprises.
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Small to Medium Enterprises

Observation 4
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collaboration with Universities, technology licensing,
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development. In comparison, the small number of Australian
Photonics products (medium-shaded squares) is in stark
contrast to the level of Photonics research undertaken in
Australia (medium-shaded squares). Only in niche photonics
areas such as sensing systems (eg, smart structures) and
high-power lasers is there any evidence of vertical
integration and commercialisation by Australian SMEs.

The overseas SMEs visited were focused on the development
of component products that could be sold in volume
to larger product developers, systems integrators and
telecommunications carriers (telcos). There were however,
wide variations on the products offered. For example,
Cambridge Consultants’ “product” is really a low-cost fibre
connection technology that can be licensed. At the other
extreme, Ciena’s DWDM add/drop multiplexer and optical
amplifier products are configured and sold as sub-systems.
Ciena’s sub-systems are marketed as “products”, perhaps to
give the appearance of being low-down in the vertical
integration food chain, thus appearing to be less of a threat
to the larger enterprises.
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Since the overseas SME’s were focused on products, they
either: relied on their ties with Universities to access new
technologies (eg, Atmosphere Networks and the Australian
Broadband CRC); or networked with other SMEs who could
provide the technologies they needed (eg, Ciena with
Uniphase); or licensed technologies and undertook further
technology development, but in a very focused or niche area
(eg, Galileo with BT technology). The latter scenario also
applied to Ciena during its formative years (General
Instruments’ technology).

Observation 5

In principle, the commercialisation approaches adopted
by overseas SMEs could be used by Australian SMEs to
exploit the wide base of photonics capabilities and
technologies available. The SME networking approach
may however, be thwarted by the spate of Australian
SME acquisitions by large overseas corporations. It is
often not in the interest of large corporations to help
create an industry (whether in Australia or their home
country) that may eventually compete against them.

In benchmarking Australia with the overseas organisations
visited, one of the most notable deficiencies is the lack of
Australian industry-developed products based on the latest
photonics technologies available. Furthermore, the Photonic
products that have been developed (eg, fibre-based gratings
and splitters from INDX and AOFR) now belong to US
Corporations (Uniphase and ADC respectively).

In comparison to the latest photonics technologies, the 1st

generation of optical fibre-based technologies developed in
Australia and overseas 20 years ago, have resulted in a
gamut of indigenous and multi-national Australian industry
developed products that are now sold locally and exported.
Examples include: Fibre-optic 1 GHz Analog CATV networks
sold into China, FDDI-2 LANs sold to Singapore for ships and
to the USA for military aircraft, fibre-optic CCTV surveillance
and SCADA data networks. Note that only 2nd generation
and the most recent of the 1st generation photonics
technologies & products have been included in Figure 2.

As for the latest generation photonics companies and
products, many of the Australian SME’s and their 1st

generation fibre-optic products have similarly fallen into
overseas corporate hands (eg, Fibernet takeover by AMP, AWA
Transport & Communications takeover by Plessey S.A., JNA
takeover by Lucent). These overseas acquisitions have both

benefits and drawbacks. The benefits include access to
a broader market base and corporate R&D funds.
The drawbacks include loss of Australian control and hence,
the ability or desire to network with other Australian SMEs.
As for the latest generation photonics technologies, the 1st

generation technologies were often developed through
Australian Government grants, Telstra R&D contracts and
Defence-Industry funding.

Large Enterprises

Observation 6

Outside Australia, Large Enterprises depend on their own
core photonics research and technology development
to differentiate their computer and communications
products and systems. In contrast, there are no
indigenous Australian companies that have achieved
the same depth of technology and vertical integration.
Only through access to a pool of photonics technologies,
business networks and VC funds can Australian SMEs
hope to create virtual Large Enterprises that can develop
and successfully market world-class Photonics products
and systems.

Three of the four Large Enterprises visited exhibited total
vertical integration from computer and communications
technologies to associated products and systems. The only
exception was HP who tended to stop at the product level,
although like Ciena’s products, some HP products are verging
on sub-systems due to the number of components involved.

Unfortunately, Australia no longer has any indigenous
enterprises involved in the mainstream computing and
communications industry, that could be considered “large”.
All large enterprises in Australia that are involved in the
development of photonics products and systems for the
mainstream markets, are multi-national corporations.
Possible candidates could have evolved from Telstra or BHP,
however, Testra is becoming more of a service provider than
a technology developer, and BHP are again focused on their
core businesses (as evidenced by their sale of AOFR to ADC).

The results presented in the last two columns of Figure 2,
are consistent with the fact that many Large Enterprises
based in Australia rely on the Australian Photonics CRC
and/or their overseas Research Laboratories for most of their
photonics technologies. The exceptions are where a multi-
national corporation has taken over an Australian SME and
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has retained the Australian photonics technology base (eg,
Uniphase/INDX and ADC/AOFR). It is not yet clear whether
future photonics products and systems developed in
Australia by large enterprises will be based on technologies
developed in Australia or by their Photonics Research
Laboratories outside Australia.

Irrespective of what the large enterprises do with the
photonics technologies developed in Australia, there is
scope for Australia’s SMEs to exploit this technology base
to develop world-class products and systems. A broad
technology and product base equivalent to that of a Large
Enterprise can be achieved through the networking of fast-
moving SMEs with access to Venture Capital (VC) funding.
As evident from several local and international papers
presented at the World Innovation & Strategy Conference in
Sydney in August 1998, business networking is becoming a
world-wide trend.This trend reflects the needs of SMEs who
hope to unite and compete against the large enterprises
who continue to get larger (and possibly slower) through
mergers and acquisitions. It is also feasible that a successful
Australian SME network could grow to become a large
enterprise through a merger of the SMEs involved.

Customer Research Organisations

Observation 7

Like overseas Customer Research Organisations,
Australian organisations such as Telstra and DSTO
are a key resource for developing “customer-focused”
technologies and systems that can be licensed to
Australian industry for local sale and export. Similar
organisations with lesser research facilities (eg, Optus,
Energy Australia, Transgrid, State Rail & RTA) can achieve
the same result by providing market guidance and
infra-structure projects to Universities/CSIRO, SMEs
and Large Enterprises.

Customer Research Organisations, such as British Telecom
(BT) Research Labs and US Navy Research Labs were generally
focused on technology and systems development, but not
on product development. This is evident from the lack 
of lightly shaded squares against this grouping in Figure 2.
Product development was generally undertaken by their
industry partners.

The reason for undertaking research and the nature of
the research varies with each type of customer organisation.
As one might expect, the technology areas addressed by
these two organisations were almost mutually exclusive.
The only areas of common research were: >40 Gbit/s OTDM;
Integrated Optical & Electronic Circuits; Optical Signal
Processing; Photodiodes & Integrated Receivers; and Optical
Amplifiers. These areas are therefore ideal candidates for
dual-use (commercial & defence) development programs.

The reasons for customer organisations undertaking
research, technology and systems development were as
follows:

Like Telstra, BT need to undertake technology evaluation to
be an “informed purchaser”. Beyond this basic need, BT also
supports fundamental research and technology & systems
development to give them a competitive edge against
other emerging carriers. BT’s technologies are now being
commercialised through licensing arrangements (eg,
Galileo’s 1310mn fluoride fibre amplifiers) and through start-
up companies that spin-off from BT (a revived initiative that
previously failed). Systems, such as Fibre To The Home (FTTH)
and Curb (FTTC) are also being developed and trialed to offer
new services and thus maintain BT’s competitive edge.

Like DSTO, US Navy Research Labs also need to undertake
technology evaluation to be an “informed purchaser”.
However, in contrast to commercial organisations such as
Telstra and BT, Defence research, technology and systems
development are driven by a fundamental need (and a lot
more funding) to provide the best technologies and systems
needed to win a conflict or war. Once developed, these are
licensed to local Defence industries to develop products and
systems for local use and export (with limitations).

Examples of Defence Photonic systems developed by US
Navy Research Labs include: high-power lasers (eg, counter-
measures and weapons); smart-structures (eg, mine-hunter
ships and fighter aircraft); and surveillance systems (eg,
underwater fixed and towed arrays).

In Australia, 1st and 2nd generation photonics technologies
and systems developed by DSTO and Australian Industry for
Defence and Industrial applications include: Infra-red
sensing technologies, fibre-optic LAN/PBX networks (eg,
FDDI-2 / MILNET); laser ranging systems (eg, LADS - Laser
Airborne Depth Sounder); acoustic fibre sensors; and smart
structures for fighter-aircraft, high temperature pressure
vessels and bridges.
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Commercial 1st and 2nd generation photonics technologies
and systems developed in Australia by Telstra Research Labs
(TRL) and Telstra’s strategic (multi-national) partners include:
FTTH (eg, Alcatel MACNET); FTTC/ADSL (NEC Trials); and
fibre-optic MAN networks (eg, Alcatel / QPSX  Fastpac ).

Other customer organisations that would fall within this
grouping include: competing Telcos; Electricity Companies;
Rail and Road Authorities. Not all these customers have
research facilities of their own. In such cases, relationships
with photonics Research Organisations and industry are
essential to the development of photonics technologies,
products and systems which address real customer needs.
Furthermore these customer organisations can provide the
necessary infra-structure to trial the photonics products and
systems that are developed by industry partners. The
development of current sensing products for high-voltage
power systems is an example for which Transgrid, ABB and
the Photonics CRC are involved.

Analysis by Technology Grouping

The technologies listed in Figure 2 are loosely grouped into
Generic Capabilities and Photonics Components towards the
bottom and Applications towards the top. The Applications
group is further sub-divided into Communications and
Industrial applications. The former applies mainly to
Telecommunications customers, however, both sub-groups
may apply to Defence customers. The following analysis
looks at technology relationships and trends within and
between these groupings, with a focus on the core-strengths
and relevance of Australia’s Photonics Research and
Development.

Generic Capabilities and Photonic Components

Observation 8

Australia’s core photonics technology capabilities were
developed into products over a 25-year cycle of Basic
Research & Development. These capabilities include:
Pure Science skills in Optical & Plasma Physics, Materials
Science and Chemistry with Applied Science skills in
Chemical Vapour Deposition and doping processes,
specialised Optical Fibre drawing and manufacturing
processes and UV writing of Gratings into Optical Fibres.
Resultant component products include splitters, filters
and sensors. Future products that could be readily
developed and marketed by Australian start-ups or 
SMEs, include Fibre-Lasers and Optical Amplifiers.

The generic capabilities and component technologies listed
in Figure 2 were grouped with those producing saleable
component products at the top and capabilities towards the
bottom. The technology areas where component products
are maturing (whether sold separately or as part of a
integrated product) often showed a high-count in the
column labelled “World”.These products can be summarised
as follows:

•  Photodiodes and Integrated Receivers;

•  V-Groove based Optical Fibre Interconnects for Planar
Optical Waveguides;

•  DWDM Muxes / Filters, Splitters (Couplers) and
Circulators;

•  Optical Amplifiers for Network Installations;

•  Semi-conductor (In/GaAs/P) Lasers and VCSEL Devices;

•  External Optical Modulators (LiNbO3, Absorption);

•  Optical Switching Devices;

•  Special Purpose Optical Fibres; and

•  Optical Sensor Devices (current, strain).

Of the above technology areas, Australia currently supplies
only five component-level products to the market. These are
highlighted in the above list.

If we look more deeply into the core-capabilities and
technology areas that led to these products, it is in pure
science skills in optical & plasma physics, materials science
and chemistry, plus applied science skills in the development,
manufacture, manipulation and assembly of standard and
specialised optical-fibre based components.

Looking deeper again, Chemical Vapour Deposition (CVD)
and doping processes are at the root of Australia’s Photonics
component technologies. UV writing of Gratings into Optical
Fibres was a more recent development.These core photonics
capabilities were developed in Australia over a 25-year period
of basic Research and Development. Australia has not
applied the same level of R&D investment to any of the
other technology areas listed above, and the resultant lack
of Australian photonics products reflects this fact.

Given the above optical-fibre technology-base, there are two
product areas that Australia could quickly move into and
expect to capture a reasonable market share:

• Fibre Lasers; and

• Optical Amplifiers (fiber-based).
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Since these products are just components in large,
distributed sensing systems and communications systems,
they are non-threatening to the Large Enterprises addressing
these markets. Furthermore, since these are generic products
that have a broad range of commercial, industrial and
Defence applications, it would not make economic sense to
license the product designs to any one multi-national
corporation. Instead, they are the kind of products that may
be readily developed and marketed by Australian start-ups
or existing SMEs, and purchased by the multi-national
corporations in Australia or overseas, for local use and export
as part of their own products and systems. Start-ups and
SMEs aiming to develop and market these products should
be ideal candidates for VC funding.

Observation 9

Australia is well positioned to develop integrated
photonics products based on its new Planar Optical
Waveguide technologies and established Optical Fibre
technologies & capabilities. Furthermore, Australia’s
Planar Optical Waveguides employ unique, low
temperature manufacturing processes which enable the
development of fully integrated Electronic, Electro-Optic
and Optical Waveguide products . These are the
technology areas exhibiting greatest collective focus
by the organisations visited.

If we focus on trends in photonics technology development,
it can be seen from Figure 2 that the areas of greatest
collective development of new or improved technologies by
the organisations visited are (represented by the number of
medium-shaded squares):

• Planar Optical Waveguides (9);

• Integrated Optical and Electronic Circuits (8);

• V-Groove based Optical Fibre Interconnects for Planar
Optical Waveguides (7);

• Micromachining (6);

• RF Microwave and CATV on Fibre (6);

• >40 Gbit/s OTDM (6);

• Terabit/s DWDM & OTDM (5);

• Optical Signal Processing (5);

• Optical Interconnects & Pixel Arrays (5);

• Optical Switching Devices (5);

• Photodiodes & Integrated Receivers (5);

• 1550nm Fibre Lasers (5) and Optical
Amplifiers (4);

• DWDM Filters, Splitters & Circulators (4); and

• External Optical Modulators (4).

Areas of either high product maturity, low priority or niche
research included:

• Semiconductor Lasers (3);

• Flip-Chip Bonding of Semiconductor Lasers to Planar
Optical Waveguides (3);

• Solitons (3);

• 1310nm Fibre Lasers (2);

• Optical Sensor Devices (1); and

• Optical CDMA Devices & Networking (1).

It is noteworthy that the top four technology areas listed
above are important to all the technologies that follow.
As the density of wavelengths and bit-rates increase, the
need to manipulate and process signals in the optical-
domain increases. Whilst optical fibre as a signal processing
medium has served us well to-date, it will be Planar Optical
Waveguides which perform this function in the future. This
is because they are more readily integrated and
manufactured in volume compared to Circular Optical
Waveguides (ie, optical fibres).

The need to connect Planar Optical Waveguide components
to Electro-Optic components via low-cost fibre-pigtails, is
currently being resolved through new V-Groove coupling
techniques, such as the “Optical Fibre Clip” technology
developed by Cambridge Consultants. Such coupling devices
require very accurate alignment of the fibre-pigtail “core”
which is proving difficult with standard telecommunications
fibre. Again, an opportunity exists for Australian industry to
leverage its core-capabilities by developing high-quality
optical fibre-pigtail products for the emerging Planar Optical
Waveguide market. It is likely that this development will be
undertaken by the Photonics CRC.

In the longer term, increased performance and reduced cost
of components requires the integration of Electronic, Electro-
Optic and Planar Optical Waveguide components. This is
one of the most important areas of research being
undertaken by the organisations visited.

Product
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To Australia’s benefit and credit, the Photonics CRC is
recognised by several overseas research organisations as
having a low temperature Planar Optical Waveguide
manufacturing process that is superior to other high-
temperature processes. Only through a relatively low
temperature process can the Electronic and Electro-Optic
components be integrated in the future. The Photonics CRC
have already demonstrated this capability by integrating a
silicon PIN Photodiode Detector with a Planar Optical
Waveguide. In the future, it is feasible to have a common
silicon substrate with CMOS VLSI electronics, electro-optic
devices, external optical modulators, optical waveguides,
filters, splitters, V-grooves, optical fibre clips and special
optical fibre pigtails, all integrated into a single packaged
product (system on a chip).

If we seek out the roots of Australia’s technology capabilities
that brought us to this point, we will again identify the same
pure science skills in optical & plasma physics, materials
science and chemistry, plus applied science skills involving
Plasma Enhanced Chemical Vapour Deposition (PE-CVD) and
doping processes and UV writing of Gratings in Silicon
substrates.

If we go back even further, we will find that Australia’s first
CVD capabilities were developed more than 25 years
ago in the manufacture of electronic integrated circuit
components. These core capabilities have been fostered
through Quality Semiconductor Australia at Homebush and
through Australia’s photonics research activities. These
capabilities will go “full-circle” with the integration of
Electronic, Electro-Optic and Planar Optical Waveguide
components.

Communications Applications

Observation 10

Australian photonics research is focused more on
component-level products than system-level products for
Telecommunications applications. Given the disciplines
and capabilities required, it may be unrealistic to expect
more than this. If system-level products are to embody
the best of Australia’s Photonics and Broadband
Switching  technologies, then inter-CRC collaboration
in the form of joint projects is essential to creating a
vertically integrated industry in Australia. In terms
of market focus, products for FTTC, MAN and LAN
applications would utilise Australia’s photonics and
Broadband capabilities to the fullest.

In the communications area, the most mature photonics
technologies have been integrated into systems and
applied to Dense Wavelength Division Multiplexed (DWDM)
Trunk and Oceanic Networks. Operations Administration &
Maintenance (OA&M) Management of DWDM is an
essential sub-system requirement. This market has been
driven by the need for greater capacity to service the
growing Internet traffic. This traffic-level was not allowed
for in the 1st generation fibre-optic trunk networks.

The next most important areas of communications system
development are for Fibre-To-The-Curb (FTTC) and
Metropolitan Area Network (MAN) applications. Fibre-To-
The-Home (FTTH) is still on the agenda, but is more
research-oriented at this time. In fact, FTTH may not be
commercialised for at least 10-15 years due to installation
rather than technology issues.

Plastic fibre and Infra-red technologies for bit-rates up to 2.5
Gbit/s are under development for Local Area Network (LAN)
applications. Networks and products based on these
technologies may eventually displace existing category-5
twisted-pair networks and products. In the transition phase,
there will be an opportunity for protocol converter boxes
between them.

The transmission of Internet Protocol (IP) traffic directly over
WDM (or DWDM) is an area of considerable research focus.
The aim of this research is to reduce traffic congestion and
cost by eliminating unnecessary protocol layers and framing.
This could result in the elimination of SDH/SONET as
a multiplexing protocol for the backbone networks. IP
switching products are also emerging and these could
eliminate the need for ATM and PBX switching in the future.

Unfortunately, Australia is not as actively involved in the
research and development of  the above application areas.
There have been some FTTH, FTTC and MAN trials but very
little real product and systems development. The only
products that have come close, are the QPSX MAN product
(originally marketed as Fastpac by Telstra), and a 622 Mbit/s
ATM Ring product recently developed by Atmosphere
Networks — a spin-off from the Broadband CRC.

In contrast to the above, Australian photonics’ projects are
more focused on component-level research and associated
product development. The MAWSON project funded by the
Photonics CRC was intended to rise above this component
focus, however, closer examination reveals very little industry
direction for the project.This situation could be overcome by
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providing real applications to drive the project direction and
joint research with the Broadband CRC to bring valuable
protocol and switching experience to the project.

Industrial Applications

Observation 11

In-line with Australia’s traditional leaning towards
“niche” markets, Industrial applications are an area
where Australian SMEs are achieving vertical integration,
from photonics technologies to products & systems.
These technologies can be further exploited by SMEs
for Defence applications with support from Defence
sponsors, Large Enterprises and through closer
collaboration with DSTO in photonics R&D activities.

The industrial applications listed in Figure 2 did not form a
large enough sample size to allow any serious conclusions
to be drawn from the table itself. Most conclusions will
therefore be drawn from the visit reports and other studies
undertaken before and after the Mission.

The most notable observation is that this is a “niche”
application area where Australia is achieving vertical
integration of several photonics technologies. Strain sensor
systems for example, are being developed by an Australian
SME for bridge monitoring applications. These sensors use
similar in-fibre Bragg gratings to that developed in Australia
for the mainstream DWDM communications market.

An area of technology and product development where
Australia appears to be ahead is in current sensing for high-
voltage applications. Unfortunately, a visit to ABB in Sweden
could not be organised for this particular Mission, so there
was no overseas input into this analysis. Whilst ABB are
working with the Photonics CRC, it is understood that they
are also tracking other technologies, such as those being
developed through their subsidiary companies in Canada
and the USA. It is not yet clear which of these technologies
will be adopted as ABB products and marketed
internationally.

Laser ranging, optical scanning and spectral analysis systems
are another technology area where Australian SMEs are
providing vertically integrated solutions. Applications
include:

• Satellite Laser Ranging:
(eg, WESTPAC-1 used to measure movements in the
earth’s surface to an accuracy of  millimetres)

• Water Depth mapping:
(eg, LADS - Laser Airborne Depth Sounding System)

• Surface Spectroscopy:
(eg, HYMAP Airborne Hyperspectral Imaging System
for mining, forestry, environmental and Defence
applications)

In contrast to the communications applications, only two of
the overseas organisations visited (Cambridge Consultants
and US Navy Research Labs) were involved in industrial
applications. Notwithstanding this, the visit to NRL indicated
that their research and development was more advanced
than any similar R&D being undertaken in Australia for
applications such as Surveillance Systems, Smart Structures
and Very High Power Laser Systems.

Optical fibre towed arrays for example, are known to exist
for both submarine detection and petroleum exploration,
however, such arrays generally use fibre-optics for
communications purposes only. NRL have taken their
research further to develop all-optical fixed and towed-
arrays that employ fibre as both an acoustic sensor and as
a transmission medium for the acoustic signals. They have
licensed the towed-array technology to Litton Corporation
for petroleum exploration applications.

Unfortunately history continues to repeat itself, since the
fibre-based acoustic sensing technology developed by NRL
was previously demonstrated 10 years ago by both AWA
Research Laboratory and AOFR, but was not commercialised
due to inadequate co-operation in this area, between DSTO
and industry researchers.

Based on recent discussions with NRL and DSTO, and
through knowledge of current Defence industry activities in
Australia, there is again, a strong case for the development
of photonics based surveillance systems in Australia. Optical
fibre arrays can be developed for both towed and fixed
sensing, for Defence, Industrial and Mining applications.
With the support of Australian Defence sponsors and DSTO,
vertical integration could be achieved by Australian SME’s
supplying specialised photonics sensor components and
products to Large Enterprises that are experienced in
Defence systems integration and project management.

EMERGING INDUSTRIES 53

providing real applications to drive the project direction and
joint research with the Broadband CRC to bring valuable
protocol and switching experience to the project.

Industrial Applications

Observation 11

In-line with Australia’s traditional leaning towards
“niche” markets, Industrial applications are an area
where Australian SMEs are achieving vertical integration,
from photonics technologies to products & systems.
These technologies can be further exploited by SMEs
for Defence applications with support from Defence
sponsors, Large Enterprises and through closer
collaboration with DSTO in photonics R&D activities.

The industrial applications listed in Figure 2 did not form a
large enough sample size to allow any serious conclusions
to be drawn from the table itself. Most conclusions will
therefore be drawn from the visit reports and other studies
undertaken before and after the Mission.

The most notable observation is that this is a “niche”
application area where Australia is achieving vertical
integration of several photonics technologies. Strain sensor
systems for example, are being developed by an Australian
SME for bridge monitoring applications. These sensors use
similar in-fibre Bragg gratings to that developed in Australia
for the mainstream DWDM communications market.

An area of technology and product development where
Australia appears to be ahead is in current sensing for high-
voltage applications. Unfortunately, a visit to ABB in Sweden
could not be organised for this particular Mission, so there
was no overseas input into this analysis. Whilst ABB are
working with the Photonics CRC, it is understood that they
are also tracking other technologies, such as those being
developed through their subsidiary companies in Canada
and the USA. It is not yet clear which of these technologies
will be adopted as ABB products and marketed
internationally.

Laser ranging, optical scanning and spectral analysis systems
are another technology area where Australian SMEs are
providing vertically integrated solutions. Applications
include:

• Satellite Laser Ranging:
(eg, WESTPAC-1 used to measure movements in the
earth’s surface to an accuracy of  millimetres)

• Water Depth mapping:
(eg, LADS - Laser Airborne Depth Sounding System)

• Surface Spectroscopy:
(eg, HYMAP Airborne Hyperspectral Imaging System
for mining, forestry, environmental and Defence
applications)

In contrast to the communications applications, only two of
the overseas organisations visited (Cambridge Consultants
and US Navy Research Labs) were involved in industrial
applications. Notwithstanding this, the visit to NRL indicated
that their research and development was more advanced
than any similar R&D being undertaken in Australia for
applications such as Surveillance Systems, Smart Structures
and Very High Power Laser Systems.

Optical fibre towed arrays for example, are known to exist
for both submarine detection and petroleum exploration,
however, such arrays generally use fibre-optics for
communications purposes only. NRL have taken their
research further to develop all-optical fixed and towed-
arrays that employ fibre as both an acoustic sensor and as
a transmission medium for the acoustic signals. They have
licensed the towed-array technology to Litton Corporation
for petroleum exploration applications.

Unfortunately history continues to repeat itself, since the
fibre-based acoustic sensing technology developed by NRL
was previously demonstrated 10 years ago by both AWA
Research Laboratory and AOFR, but was not commercialised
due to inadequate co-operation in this area, between DSTO
and industry researchers.

Based on recent discussions with NRL and DSTO, and
through knowledge of current Defence industry activities in
Australia, there is again, a strong case for the development
of photonics based surveillance systems in Australia. Optical
fibre arrays can be developed for both towed and fixed
sensing, for Defence, Industrial and Mining applications.
With the support of Australian Defence sponsors and DSTO,
vertical integration could be achieved by Australian SME’s
supplying specialised photonics sensor components and
products to Large Enterprises that are experienced in
Defence systems integration and project management.



EMERGING INDUSTRIES54

Technology & Product Development Cycles

New Career Cycle for R&D Professionals

Discussions with Hewlett Packard Labs amplified the trends
to shorter product life cycles and the hence the importance
of reducing the time-to-market, from basic research
through to technology and product development. This need
translates to a new career cycle for R&D.

Observation 12

It is no longer possible for researchers to simply throw
their technologies “over the wall” to the development
group and hope that a product champion will pick them
up and produce a product. Instead, it is now important
that the researchers take “ownership” of the
development tasks and follow their technologies
through into the product stage. When this R&D process
is complete, the researchers can either move up the
career ladder into management, or if they still have a
technical bent, they can cycle back to the laboratories
to work on the next research project.

The above cycle of technology and product development is
illustrated in Figure 3.

In the case of Australia, where there are currently no
corporate champions similar to Uniphase or Ciena, there is
a greater need for start-up companies to form, comprising
researchers and technologies emerging from the Photonics
CRC and other similar research activities. These start-ups
need to develop the photonics technologies into products,
thus moving Australia up into more profitable areas
of the vertical integration food-chain. The financial and
management models for such start-ups are outlined under
Commercial Findings.

As an alternative to start-up companies, existing Australian
SMEs can acquire the technologies developed under the
Photonics CRC and similar projects. Such SMEs would
normally have complementary products, capabilities and a
business growth strategy that underpins the need for the
new photonics technologies.

Based on the above commercialisation “ownership” issues
identified by HP, it is important that both the technologies
and the researchers are acquired by SMEs (this is generally
a given for start-ups). In contrast to the US, the importance
of  “human capital” has in recent years, been under-valued
by Australian companies, a situation that must be turned-
around if we are to stop losing our best Australian
researchers and technologies to overseas corporations.

Figure 3. The New Career Cycle for R&D Professionals.

EMERGING INDUSTRIES54

Technology & Product Development Cycles

New Career Cycle for R&D Professionals

Discussions with Hewlett Packard Labs amplified the trends
to shorter product life cycles and the hence the importance
of reducing the time-to-market, from basic research
through to technology and product development. This need
translates to a new career cycle for R&D.

Observation 12

It is no longer possible for researchers to simply throw
their technologies “over the wall” to the development
group and hope that a product champion will pick them
up and produce a product. Instead, it is now important
that the researchers take “ownership” of the
development tasks and follow their technologies
through into the product stage. When this R&D process
is complete, the researchers can either move up the
career ladder into management, or if they still have a
technical bent, they can cycle back to the laboratories
to work on the next research project.

The above cycle of technology and product development is
illustrated in Figure 3.

In the case of Australia, where there are currently no
corporate champions similar to Uniphase or Ciena, there is
a greater need for start-up companies to form, comprising
researchers and technologies emerging from the Photonics
CRC and other similar research activities. These start-ups
need to develop the photonics technologies into products,
thus moving Australia up into more profitable areas
of the vertical integration food-chain. The financial and
management models for such start-ups are outlined under
Commercial Findings.

As an alternative to start-up companies, existing Australian
SMEs can acquire the technologies developed under the
Photonics CRC and similar projects. Such SMEs would
normally have complementary products, capabilities and a
business growth strategy that underpins the need for the
new photonics technologies.

Based on the above commercialisation “ownership” issues
identified by HP, it is important that both the technologies
and the researchers are acquired by SMEs (this is generally
a given for start-ups). In contrast to the US, the importance
of  “human capital” has in recent years, been under-valued
by Australian companies, a situation that must be turned-
around if we are to stop losing our best Australian
researchers and technologies to overseas corporations.

Figure 3. The New Career Cycle for R&D Professionals.



EMERGING INDUSTRIES 55

Improved CRC Funding Cycle

Observation 13

Early guarantee of next-round funding for successful
CRCs provides further recognition and motivation to the
key researchers to stay in Australia and follow their R&D
career cycle through to technology commercialisation
with a profitable outcome for Australia. Retention of the
key researchers, whether in start-ups, SMEs, local multi-
nationals or in the photonics research facilities, also
provides a source of training and role models for new
researchers being introduced into the CRC program.

Discussions with photonics researchers who have left or are
leaving Australia to work for US corporations, highlighted a
deficiency in the Photonics CRC funding process that, along
with the lack of local investment and industry funding, is
contributing to the “brain-drain” of good researchers to
corporations overseas.

Under the current CRC funding scheme, the key researchers
are enthusiastic and accomplished in producing valuable
technologies during the first 3-4 years of CRC funding.
For the successful CRCs, such as the Photonics CRC, this
results in a number of researchers moving-on (as they
should) to form start-up companies (eg, INDX).

The flip-side to this success is that researchers who have not
yet completed their technology developments are put under
increased work-load and pressure due to the loss of skilled
photonics resources (personnel and materials). Insufficient
confidence in accessing future round(s) of CRC funding and
associated industry funding prevents the successful
researchers from being replaced with new Ph.D qualified
talent. This current CRC funding cycle is shown in Figure 4a.

In the absence of any Photonics CRC or industry
commitment to funding, remaining key researchers often
leave prematurely to accept more secure and well paid jobs
with a multinational’s overseas research laboratories,
product development facilities or overseas research
institutions.This brain-drain process reduces the number of
technologies that are full-developed and commercialised 
in Australia.

To help reduce the brain-drain process, the Australian
Government could allow early submissions and approvals
for the next round of funding for CRCs that have
demonstrated successful research outcomes during the first
3-4 years of the current round. This overlapping cycle of CRC
funding is illustrated in Figure 4b. Of course, Government
support alone is not enough to reduce the loss of
experienced researchers. As outlined in the following
Commercial Findings section, venture capital and industry
investment play an even more important part in building a
sustainable photonics industry that would attract our own
as well as overseas researchers.

Figure 4. CRC Funding Cycles.
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Incremental Technology & Product Improvements

Observation 14

For the fast-moving communications technologies &
products discussed, it is important that an incremental
approach to technology & product development be
employed. For example, only through incremental
product developments by fast-moving start-ups or
SMEs can rapid market changes be tracked and
accommodated into the next product. This is in fact,
one of the processes by which product life cycles are
being shortened.

Discussions with Rob Newman at Atmosphere Networks
highlighted that the QPSX MAN technology for which
Australia is renowned had a 2.5 year product development
cycle, which was far too long. Consequently, when the
product was complete, the original market requirements on
which it was based were no longer valid. Rob stated that
these days, 50% of the original market requirements for any
high-tech communications product are invalid after only 
12 months.

In terms of technology development, Australia has a
tradition of losing opportunities due to lack of
commercialisation. The response to this is often to “leap-
frog” the competition in the hope that we may get it right
next time. This cycle of “technology leap-frog” and
“commercial failure” is partly an outcome of the issues
discussed above. Often the outcome is a one-off technology
sale to an overseas corporation — a process that (as
discussed in the Commercial Findings section), offers little
more than a linear return on investment.

In contrast to the “leap-frog” approach, an incremental
technology and product development approach with local
commercialisation, offers the reward of early product sales,
re-investment in upgraded technologies and products, and
hence a compounded return on investment.

To stop the cycle of technology “leap-frog” and “commercial-
failure”, it is important that Australian researchers and
product developers commercialise what exists now and
grow more rapidly through profits from sales and
reinvestment of profits in incremental technology and
product improvements. As highlighted from discussions
with HP Labs, the involvement of the photonics researchers
in the product development process is key to a successful
outcome.
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Commercial Findings

Use of the INDX Case Study

In order to encourage a free flow of dialogue on the
important issue of commercialisation, a case study was
presented by Phil Carmont which focussed on the recent
fund raising and commercialisation experiences of an
Australian photonics start-up company, INDX Pty Limited
(“INDX”). The case study highlighted the challenges which
faced INDX after it was spun off from the Australian
Photonics CRC and the mixed reaction which its eventual
sale to a US multinational had caused in Australia. Our
host organisations were then encouraged to give their
opinion on the INDX story and to share some of their own
experiences and insights with regard to technology
commercialisation.

The slide presentation which was used as an aid in
presenting the INDX case study is included in Vol.3 of this
report, however, an abridged version is as follows. INDX,
the first of three companies to be spun-off from the
Australian Photonics CRC, manufactured photonics
components based on in-fibre processing, primarily for
Wavelength Division Multiplexing (WDM) applications in
long-haul, optical fibre telecommunications networks.
The CRC had recognised that the rapidly growing
WDM components market created an opportunity for
companies such as INDX to fill technology gaps which
traditional telecommunications equipment suppliers
no longer had the resources or  inclination to address.
This situation was a reflection of a general state of flux in
the telecommunications industry where the traditional
roles of telecommunications carriers, equipment suppliers,
and components manufacturers were (and still are) 
being redefined.
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Observation 15

Whereas once the telecommunications carriers would
maintain their own systems and networks, they have
now become more focussed on value added services,
such the provision of internet services and pay television.
This trend has seen equipment suppliers increasingly
take on the role of maintaining telecommunications
systems and network equipment. This upwards
migration in the telecommuni-cations food chain
created a role for companies such as INDX to be
niche providers of photonics components formerly
manufactured by the equipment suppliers.

INDX performed the role of a niche components supplier
very successfully. After commencing operations in October
1995 with a staff of ten (primarily Ph.Ds from the CRC and
Masters graduates from Macquarie University); seed funding
from the CRC of around A$900,000 (which included the
value of manufacturing equipment and salary support); and
licenses from the CRC, INDX had achieved a roughly break-
even operating result in less than two years, sales growth
of 260% per annum, and a projected annual rate of
sales growth in excess of 100% for the next four years.
This growth led to an inevitable working capital crisis.
The CRC could not justify playing the role of a venture
capitalist to INDX, however the company desperately needed
funds to enable it to grow and meet market demand.

The CRC made the decision to seek a trade buyer for 49% of
INDX. The purchase price of A$2.5 million (which was to be
left available to fund INDX’s growth and not returned to the
CRC), implied a value of approximately A$5 million for 100%
of the company. A trade buyer was seen as preferable to a
venture capital investor(s) because of: INDX’s pre-existing
knowledge of likely bidders; the urgency of its funding
requirement; and for market access — local venture capital
funds consulted by INDX and the CRC were unfamiliar with
the industry and could not move quickly enough.

Four trade buyers indicated an interest in INDX. This was
later narrowed down to two serious bidders. A medium
sized US multinational, Uniphase Inc., was ultimately chosen
because of its good strategic fit, historical relationships
between the personnel from both companies, and the
preparedness of Uniphase to build its South East Asian
manufacturing base in Australia. Significantly, there was no
Australian company capable of buying and successfully
integrating INDX into its operations. The other short-listed
bidder was a company owned by UK interests.

In the process of bedding down the purchase, it was realised
that INDX would require significantly more than A$2.5
million in new funding over the subsequent two years to be
successful. Uniphase eventually negotiated to buy 100% of
the company (for approximately A$8 million) so that it could
fully integrate INDX into the newly established operations
of Uniphase Australia Pty Limited.

The discussion points drawn out of the case study included
the following:

• Should it be seen as a negative development that a CRC
spin-off company, developed with Australian public
funding and Australian intellectual property and know-
how, was now owned 100% by foreign interests?

• In the circumstances, was there a better course of 
action available to the CRC?  

• Because INDX established an early technological
advantage in WDM components, equipment suppliers
were prepared to buy from it despite the fact that it was
a one product company with an uncertain future due to
its lack of access to capital. Once INDX’s competition
caught up in technological terms, was it doomed to be 
a victim of its small size and limited product offering?

• Uniphase, which grew its sales by 55% to US$107 million
in 1997 and has been a stellar performer on the NASDAQ
stock exchange, has successfully employed a strategy of
growth through acquisitions - with INDX being one of
its smaller purchases. Was it possible to grow an
Australian photonics company of similar stature or are
we inherently limited to trade sales to foreigners?

In reviewing the insights of our hosts, as well as our own
reactions to what we observed over the course of the
Mission, it became apparent that it was most appropriate to
analyse our experiences in Japan and Europe separately to
those in the US — such was the contrast in the approach of
each group to the issue of technology commercialisation.
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Japan and Europe

Our visit to NEC offered little in terms of commercialisation
insights relevant to Australian photonics companies.
This was not entirely unexpected, given that the Central
Research Laboratories are responsible for developing NEC’s
“day after tomorrow” technologies and not for developing
strategies aimed at getting products to market. The highly
structured “big corporation” approach of NEC also had little
in common with the fragmented Australian photonics
industry, characterised as it is by a lack of large corporate
players.

Observation 16

In visiting British Telecom’s Networks Research
Laboratories in the UK, it was apparent that they too
were grappling with many of the same issues facing
Australian institutions like Telstra, the CSIRO and our
Universities. Notwithstanding that BT continues to
undertake significant levels of R&D with the stated
intention of remaining an “informed purchaser”, there is
growing pressure for this publicly listed company to earn
a commercial rate of return on these outlays.

Commercialisation of BT’s technologies was already
happening on a small scale through royalties on technology
licenses. New ideas being contemplated by BT included the
formation of spin-off companies, the seeding of BT
developed technology within established companies (in
return for equity), and the secondment of BT staff to
established technology companies so as to build their
entrepreneurial skills.

BT’s senior research staff could provide no insight as to how
small photonics start-ups in Australia could overcome the
problems associated with being cash strapped, single
product companies, particularly when no medium to large
sized Australian company was capable of picking up 
smaller photonics enterprises, funding their growth, and
successfully managing their ongoing operations. Selling
INDX or companies like it for a profit seemed an acceptable
result to BT.

Advantages and Disadvantages of Australian 
Technology Sales

Our visit to Cambridge University saw a continuation of the
same line of argument with regard to INDX. Dr David Moore
argued strongly that there was nothing wrong with selling

our technology to foreign interests, or alternatively, buying
their technology: after all, technology is just another
commodity and if a profit is made on the sale, then it is a
good deal for Australia. After some reflection, we remained
of the review that although the CRC had acted prudently
and sensibly with regard to INDX, the result can be sub-
optimal for the following reasons:

First, whereas the benefit of repeated re-investment of
capital from start-up companies sold for a profit is roughly
linear (eg. invest $5M, sell for $20M, re-invest $10M and 
so on), …

Observation 17

if ownership and manufacturing operations are retained
locally, the company’s expertise can build upon itself in a
compounding way as sales grow and operations expand,
producing balance of trade benefits for Australia and a
much larger capital gain over time.

In support of the CRC decision, this sales growth scenario
continues to apply due to the retention of INDX’s
manufacturing operations in Australia.

Secondly, …

Observation 18

when an Australian technology company is sold to a
foreign controller, access to that company’s know-how
and intellectual property can be lost to other local
industry participants. This can result in expensive new
technology acquisition and redesign costs for Australian
industry.

The sale of a semiconductor plant at Homebush in Sydney
(formerly owned by AWA), demonstrated how limiting this
can be.The new owner, US company Quality Semiconductor
International, was initially prepared to perform new chip
design and manufacturing on a contract basis for Australian
companies. Importantly, this was the only such resource
available in Australia. However, as AWA and others were to
learn to their detriment, when Quality Semiconductor’s US
management changed the business strategy for the
Australian subsidiary, contract manufacturing services were
withdrawn. In a larger country with an established IT
industry, this would not have been a problem. In Australia,
however, it meant that the local industry now had a reduced
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capability to develop sophisticated products for export
markets and for import replacement. Additionally, local
industry incurred the added expense of having the
integrated circuits on which their export products depended,
redesigned for offshore manufacture, or alternatively had to
make last-buy purchases.

Thirdly, …

Observation 19

access to valuable human capital can be lost when a
local technology company is sold to a foreign acquirer.
This human capital may be transferred overseas and
employed furthering the growth aspirations of the
foreign acquirer, rather than growing an Australian
company capable of earning export income or replacing
high tech imports.

The greater the number of quality people that leave in this
way, the more diluted the pool of local commercial and
scientific talent becomes. This in turn makes it increasingly
difficult to create the next generation of start-up ventures.
Ultimately, good people may return to Australia to establish
new technology ventures, but this is a long term scenario
and not the fast-tracked growth strategy which many argue
Australia needs.

Following our thought-provoking discussions with David
Moore at Cambridge University we were faced with a
difficult question: how do we achieve critical mass in the
Australian photonics industry in the absence of a local
corporate champion?  One thought was to investigate the
level of cooperation between the eight Australian CRCs in
the IT&T cluster, with a view to potentially creating critical
mass via the Australian Government’s own contribution.
This was thought was tempered, however, by a realisation
that direct government intervention has been shown
historically to be a poor substitute for private sector
investment.

Comparisons between Australia and Scandinavian
Countries

Like NEC in Japan, Ericsson in Sweden is a very large company
(accounting for 15% of Sweden’s export income) and
consequently the senior researchers from Ericsson’s
Photonics Research Laboratories did not have a great
appreciation of the issues facing start-up companies such
as INDX.

We posed a question to Ericsson that we had often heard
asked by average Australians. Why was it that Australia, with
a population roughly twice as large as Sweden’s or Finland’s,
had not produced a company of the stature of Ericsson or a
Nokia?  In reply, Ericsson pointed out that:

• Both Ericsson and Nokia were companies with over 110
years of operating history and their current success had
not been achieved overnight; and

• Both companies collaborated with their respective
government owned tele-communications utilities, and
with each other, to develop Scandinavia’s world leading
mobile telecommunications capability. Not only was a
substantial amount of R&D and project risk directly
subsidised by the governments of both countries, but
there was also a ready made and financially 
dependable consumer in the form of each of the
government owned telecommunications carriers.

This reply reinforced two difficulties for Australia:

First,…

Observation 20

it is a relatively young country which is trying (as it
must) to keep up with or outperform nations who have
had a significantly longer period of time to understand
their markets and grow mature companies to critical
mass.

Secondly,…

Observation 21

in a country with a small population, it is very rare for a
company to succeed on a global scale without
significant local support in some form.

Ericsson’s reply also reminded us of an earlier thought we
had had after visiting BT. Since Telstra is no longer a
government owned entity, the fundamental research once
performed by Telstra Research Laboratories (TRL) may no
longer be undertaken by them. Consequently,....
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Observation 22

the public sector’s direct contribution to R&D in
telecommunications now takes place primarily through
the CRCs in the IT&T cluster. It is therefore essential that
these CRCs act in a coordinated way to achieve
maximum critical mass. Fortunately, the combined
output of these CRCs should be even more valuable to
Australia than the work formerly performed by TRL, since
the technology can be made more accessible to
Australia’s SMEs.

Japan and Europe - Conclusions

Although our period of observation in Japan and Europe was
very brief, we did not see any clear evidence of a developed
skill in turning R&D and intellectual property into
successful commercial products and spin-off ventures. Large
and successful companies like NEC and Ericsson were
demonstrative of a model which was not highly transferable
to the Australian context because they had achieved critical
mass through a combination of government subsidy and
their close proximity to large consumer markets.

The researchers we met seemed to posses very little sense
of an ability to grow a small, technology based enterprise
into a large one. Trade sales to larger, more established
companies seemed an inevitable and acceptable result.
Our own instincts told us that there should be a better way
— it just wasn’t obvious yet.

United States of America

Two of the three weeks available for the Mission were spent
in the US. Not all visits were of equal importance in terms
of insights for commercialisation, so only the more
significant sites have been highlighted below.

Our visit to Lucent’s renowned Bell Laboratories in Murray
Hill was well timed. The Director of Lucent’s Photonics
Laboratories, Alastair Glass, had just returned from a trip to
Australia and was very enthusiastic about our photonics
capabilities. His personal view was that Australia was unwise
to sell INDX because such companies were necessary to build
a local photonics industry. Having said this, Alastair did not
have an answer for how we could fund the growth of such
companies in the absence of a well developed venture
capital market or a Uniphase style of company in Australia
which was capable of successfully consolidating smaller

photonics companies and funding their growth. Note that
the recent acquisition of JNA by Lucent indicates that the
internal views of large corporations are not necessarily
consistent.

Alastair’s view of government assistance was that it
shouldn’t be directed at specific companies, but rather it
should be focused on providing infrastructure and an
economic/regulatory environment which is conducive to the
growth of corporate activity generally. He claimed that this
had been part of the success of Silicon Valley.

Alistair suggested we study the short (but very successful)
history of Ciena to see how a start-up can grow to achieve
critical mass very rapidly. He had been amazed by Ciena’s
success and recalled meeting with them (not all that long
ago) when they only had fourteen employees. He did point
out however, that the close relationship between Ciena and
the large US telecommunications company, Sprint, was a
significant contributor to their success.

Growth through Acquisition and Licensing Strategy

Alastair did not see any reason why Australia could not
develop a Ciena style success story. He (like David Moore at
Cambridge University) also highlighted the following
strategy:

Observation 23

There is merit in the idea of Australia purchasing or
licencing-in technology where it has knowledge gaps.
It is common practice for companies like Ciena and
Uniphase to purchase or licence technology rather than
develop it in-house. An attractive aspect of having large
local players grow in this way is that they tend to drag
along many smaller companies with their momentum.
These small companies then become medium sized
companies over time. Again, the obvious missing link for
Australia is such an Australian corporate champion in
the photonics field.

Galileo, a medium sized optoelectronics company which we
visited in Massachusetts, held useful parallels for Australia,
only on a smaller, corporate scale. The company had once
been very tied to the idea of being a large, local community
employer. Consequently, whenever Galileo acquired a
new business it would be relocated to the company’s 
Sturbridge facility.
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Observation 23
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This view has now been jettisoned, with newly acquired
facilities owned in Montreal, Florida, Berlin, and New
Hampshire.The trigger for Galileo’s changed world view was
the loss of a single contract (supplying high-speed copier
components to Xerox) which cut the company’s revenues
roughly in half overnight, from US$38 million to US$19
million, and saw its share price plummet from US$22 to
US$4. Fortunately Galileo had zero debt and US$19 million
in cash reserves which have allowed it to acquire multiple
businesses over the last eighteen months, rebuilding its sales
and lifting its share price back above $15.

It became important for Galileo not to be blinkered about
where the company’s head office was situated or how many
jobs could be created for the residents of Sturbridge. Galileo’s
management saw a parallel for Australia,….

Observation 24

Australia should not be provincial with respect to foreign
ownership. The single most important issue is to make
sure the country remains (or becomes) a genuine
participant in the communications revolution which is
sweeping the world. The purchase of INDX should be
seen as a positive sign of the growth of a world class
photonics capability in Australia and that the sale to a
US company is not a backwards step.

Galileo also believed that a key ingredient for success in the
photonics industry lay in being an early entrant into markets
created by new technologies. This made sense in terms of
the INDX experience — because of its early entry into the
WDM components market, INDX was able to succeed in spite
of its limited product offering and its lack of financial
backing. Galileo hoped to gain a similar early advantage in
the market for their new fluoride optical amplifiers.
They saw it as critical to be in the market first because, given
a choice, companies would choose to deal with established
names like Ciena, from whom they probably bought most of
their other WDM components.

Whilst in the San Francisco Bay area, we were fortunate to
catch up briefly with Milton Chang. Milton is a well known
US photonics industry entrepreneur. An engineer by training,
he held senior management positions in industry before
becoming involved in a series of start-up ventures (almost
exclusively in the photonics field), all of which have grown
into successful enterprises. New Focus is one example, of
which he is Chairman. Milton was also one of the founders

of Uniphase and is therefore familiar with its recent
acquisition of INDX.

Observation 25

Milton Chang believed INDX was a real success story for
Australia in that it demonstrated the quality of our
photonics technologies and legitimised us on the world
stage. Uniphase is currently one of the darlings of the
photonics industry and it was a big compliment that
they were prepared to fund a new Australian operation
on the strength of the INDX acquisition.

Interestingly, Milton saw Ciena as a “false god” in terms of
being the sort of model that Australian start-ups should be
trying to emulate. To an extent, he believed that Ciena had
been in the right place at the right time and it had benefited
enormously from having Sprint as its development partner.
These are not circumstances applicable to most start-ups.

Government Infrastructure Strategies

Milton thought that government intervention to foster the
growth of Australia’s technology sector (eg. by limiting
foreign ownership of CRC spin-off companies) would 
be a negative development. Milton expressed the 
following view,…

Observation 26

if assistance is to be provided by a government, it should
come in the form of provision of infrastructure only. For
example, Silicon Valley’s success was very much a result
of the lack of regulatory intervention and the existence
of a free flow of information and ideas. However, even if
the economic environment was perfectly conducive, a
real critical mass in the Australian photonics industry
would still probably take about 10 years to develop.
This same viewpoint was expressed by researchers at
Ericsson.

Milton was of the view that a country’s R&D should be very
industry focused and he liked the theory behind the CRC
program. The difficult issue, he thought, was getting
academics to switch onto product focussed R&D when their
whole reward system was geared to the generation of
technical papers.
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Whilst in San Francisco, we also interviewed (by telephone
link-up) John Dexheimer from the New York office of
technology investment bank, CE Unterberg Towbin.

John has a long history of involvement with photonics
companies and was involved in taking Uniphase public in
the US. Approximately 80% of John’s work in the photonics
field now relates to private equity investments, some quite
early stage. John explained that he was presently involved
in a spin-off company, backed by a Swedish consortium,
which was developing tuneable lasers for WDM tests and
back-up systems.

In terms of commercialisation insights, John pointed to the
success of the so called “Israeli model”. A large number of
communications and software companies, with strong
technology but weak management, had successfully raised
money in the US capital markets by installing resident US
CEO’s and having an established US sales and marketing
presence. Because the time zones are more conducive,
European sales and marketing operations often stayed in
Israel. Given that the US is the major market for software
and communications products, it made sense for the
company’s sales and marketing personnel to remain close to
their major buyers.

Coincidentally, after we had returned to Australia, the
Chairman of the Israeli Venture Capital Association, Eliezer
Manor, spoke at Sydney venture capital conference. Eliezer
verified the success of the Israeli model, explaining that in
just 6-7 years, the number of venture capital funds in Israel
had grown from 1 to 81. Like Australia, Israel’s local market
was too small to grow world class companies. Rather than
being threatened by the prospect of US interests 
acquiring Israeli technology companies, this was part of 
the accepted corporate life cycle - be it though a trade sale
to a US company or a NASDAQ listing. Listing on a local 
stock exchange was rarely contemplated. In summary, it
seemed that….

Observation 27

the Israeli Government were comfortable with the view
that technology is a commodity for sale to the highest
bidder. Because the Israelis had been able to sell their
technology enterprises to US interests with such regul-
arity, it had become part of a virtuous cycle for their
domestic economy.

Venture Capital Funding Strategy

One of our last US visits was to Rob Newman, CEO of
Atmosphere Networks Inc, a spin-off company of the CRC
for Broadband Networking and Telecommunications in
Perth. Atmosphere Networks is significant in that it
employed the VC funding model to fund its growth and
development, whereas INDX gave up on venture capital
funding and sought a trade-buyer. Rob Newman’s
involvement in Atmosphere Networks had little to do with
any direct role in the CRC, but rather was a result of a
fortunate combination of circumstances.

Rob had returned to his home city of Perth for a one month
sabbatical after leaving a senior position with the US
networking company, Bay Networks. Tony Cantoni and Gary
Pennefather, both from the Broadband CRC, had put
together the basic business plan for Atmosphere Networks
as a spin-off proposal and were using the services of John
Poynten, a well-known Perth stockbroking identity, to seek
funds for commercialisation. They spent six months trying
to drum up local VC interest, but the Australian market had
considerable difficulty understanding the company’s
potential. Australian Mutual Providence were keen to play a
role but the $1-2 million investment was too small for them.

Rob then introduced the business plan to a US VC firm where
he was temporarily positioned as an entrepreneur in
residence.The proposal was introduced in February 1997 and
two VC funds, Benchmark Capital and Institutional Venture
Partners, made their investment in June that year.

Observation 28

Atmosphere Networks was attractive to the VC investors
for three reasons: it had a differentiated technology; a
proven management team; and a rapid growth
opportunity. Atmosphere Networks was incorporated in
the US and this company purchased the Australian R&D
operation.

After the first round of financing, the VC’s held 40% equity
(20% each), 10% equity was held by the CRC, and
management and staff held the remaining 50%. The 10%
equity allocation to the CRC proved difficult to negotiate
with the VCs, but they were finally persuaded that this
allocation was fair given that the CRC contributed valuable
technology which Atmosphere Networks would have
otherwise had to pay for. The 50% equity allocation to staff
was seen as necessary to provide a reserve of employee stock
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options to attract top talent in the very competitive Silicon
Valley employment market.

On the second round of financing, an additional 20% of
equity was granted to new VC investors. This brought total
VC funding to US$17million. The initial VC investors also
topped up their investment in this round so as to maintain
their respective 20% investment shares. This has left staff
with roughly 40% equity and the CRC with an 8% interest.

Operationally, Atmosphere Networks is a US company with
an Australian development group. The company employs 37
people, 18 in Australia and 19 in the US. The plan is to keep
the Australian engineering operation basically intact and
rapidly grow the US sales and marketing team.

Atmosphere Networks plans to take up a third round of
private financing before seeking a public listing. At the next
round, an additional 10-15% of equity will be sold and the
investor is likely to be a corporate, both because of the higher
valuation multiple obtainable from corporate investors 
and their importance in providing strategic partnering
relationships. Strategic corporate investors provide
important distribution channels for the company’s products
and also introduce the prospect of an exit by way of a trade
sale, although this usually is at a discount to the potential
public market valuation.

When discussing the INDX experience and getting Rob
Newman’s view of commercialisation models, he was of the
opinion that,…

Observation 29

even in the telecommunications market, it was possible
to be a one product company and be successful. For a
company such as INDX to grow and succeed without
being acquired by a larger company, it is necessary to
have a symbiotic relationship with an established market
player and to have access to venture capital funding in
the early growth phase of the company.

One such example was a company MMC which has been VC
funded by Institutional Venture Partners (Jeff Yang).
This company has a very close relationship with Cisco,
providing a single chip which is a vital part of a US$500
million product market for Cisco. MMC (NASDAQ symbol

“MCN”) commenced operations five years ago with a
handful of people performing contract development work
for larger companies. Today it is a successful NASDAQ listed
company, still producing a single component. In retrospect,
Uniphase may also have been able to provide this sort of
partnering relationship for INDX but the missing link was
the availability of venture capital funding at the critical
moment in INDX’s development.

An observation made by Rob with respect to growing viable
companies in the telecommunications market, was that, ….

Observation 30

it is difficult to establish an appropriate sales and
marketing team out of Australia. By hiring US locals
(with the attraction of stock options) it was possible for
Atmosphere Networks to employ people who already
had valuable connections with most of the important
buying groups in the US.

The US is by far the largest market for Atmosphere
Networks’ products, so a successful US sales and marketing
team is vital. Rob did not believe that it was possible to
succeed by having another company distribute your
products in return for a royalty payment because the royalty
stream was invariably never enough to fund the high
product development costs of a start-up company.

United States - Conclusions

In reviewing our US experiences, there was one very obvious
feature which differentiated this country and gave it the
ability to produce “overnight”successes stories such as Ciena
— the existence of a highly developed capital market. From
the level of the venture capitalist through to the investment
banks, executives with access to funds understand
technology investment and there is a well understood
formula for commercialising intellectual property and
making money.
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Observation 31

There are many factors which have contributed to the
success of US technology companies, such as having an
abundance of potential corporate partners and having
access to a large domestic consumer market. However,
with the general trend towards globalisation, and our
proximity to Asian and China markets, these factors
are becoming relatively less important for Australia.
What Australian technology start-ups and SMEs need
is venture capital money and good advice from people
who have traveled the road to commercialisation many
times before.

If we are looking for a benefit to Australia through photonics,
the Atmosphere Networks model has some attractions, but
it too is not ideal. If the spin-off is a success, the CRC’s equity
stake will become very valuable, however the lions
share of financial benefits will go to the US investors and
US based senior management. Also, Atmosphere Networks’
manufacturing function is being performed by another US
company. In this respect, INDX is actually a better model
because Uniphase Australia is building a manufacturing
base in Australia.

Given the above, the optimum model for an Australian
photonics start-up would appear to include the following
characteristics:

• VC funded (preferably from local institutions)

• Established corporate partner (not necessarily
Australian)

• Australian R&D and manufacturing base

• US based sales, marketing and senior management

In INDX and Atmosphere Networks, we see some, but not all
of these characteristics. If Milton Chang’s prediction is
correct, and provided that the Australian Government
provides the necessary infra-structure and a conducive legal,
regulatory, and tax framework, our relatively young
technology industry should evolve over the next decade and
gain critical mass. Ideally, more and more start-ups will
posses more of the above characteristics. There is a clear
model and precedent in the US for what we have to do to
succeed in the commercialisation of technology.There would
appear to be little downside in playing follow the leader.

Observation 32

In conclusion to the INDX story, there was no shortage
of trade buyers, so arguably there was potential for a
symbiotic relationship to be established with a large
corporate partner (such as Uniphase or Galileo) once
INDX had secured its ongoing financial viability.
Such a partner would have provided INDX with access
to the necessary distribution channels overseas.
Unfortunately, due to lack of VC funding, this didn’t
happen, so the Uniphase acquisition was the best
outcome under the circumstances.
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