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CRC Photonics Activity Review 2010

Executive Summary

A panel of experts with international backgrounds in photonics technology was
convened to review the ensemble of photonics activities across five groups at CRC. The
Panel was provided with background notes prepared by CRC management and was
also given presentations and laboratory tours on-site at CRC by the staff on these
projects. Following on-site discussion of the data collected, this report was compiled
and reviewed by all the Panel members, taking into account surveys completed by
clients of each of the groups being reviewed.

The Review Panel was impressed by the calibre of the work presented, and especially
by the objectivity of the managers in their presentations and self-assessments. In
particular, the Panel would like to commend Dr Bérubé for his openness in arranging
and coordinating the review process. The insistence on a forward-looking focus made
this a healthy and valuable exercise and enabled the Panel to project more decisive
conclusions regarding the potential value of the various activities.

The Panel evaluated the projects for their anticipated impact and excellence on the
basis of a forward-planning 5-year window. The projects were assessed on their
potential for excellence, based on the Panel’s understanding of the competitive climate
within which this work is occurring. Based on the information collected, the Panel
offers recommendations, details of which are explained in the report:

e Across all the photonics activities, appoint a resource to pro-actively pursue a
sales/marketing approach in relation to the photonics expertise and innovations at
CRC, aimed at both generating revenues and collecting data. This resource should
be closely linked to Canadian industry and other worldwide experts. In addition to
actively looking for revenue opportunities this resource could provide an ongoing
check of how relevant the research is in comparison to commercial activity;

e For the five groups reviewed, the Panel has prepared recommendations specific to
each group and its activity, and these are detailed in the body of the report, where
sections 2.1.7, 2.2.7, 2.3.7, 2.4.7 and 2.5.7 refer respectively to the
recommendations for the RBON, ROCE, ROME, RPCT and RSS groups;

e The recommendations vary from sustaining, to revectoring and where necessary
closure of parts of the activities reviewed.

The Panel believes that by taking note of these recommendations, the activities would

be better focussed and matched to the resources, skillsets and funding available = -

within CRC, while simultaneously being coherent with the overall CRC-SITT mandate.
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Table 1: List of Acronyms

Acronym Description (or refers to)

ATIRON Autonomous Intelligent Reconfigurable Optical Network

APT Advanced Plasma Technology

CAGR Compounded Annual Growth Rate

CANARIE Canada’s Advanced Research and Innovation Network

CMC Canadian Microelectronics Corporation

CRC Communications Research Centre

CSA Canadian Space Agency

CTO Chief Technology Officer

DRDC Defence Research and Development Canada

EDFA Erbium-Doped Fibre Amplifier

FBG Fibre Bragg Grating

GMPLS Generalized Multiprotocol Label Switching

GSN GreenStar Network

HSVO Health Services Virtual Organization

IEEE Institute of Electrical and Electronic Engineers (USA)

IMS-CPFC Institute of Microstructural Sciences — Canadian Photonics Fabrication Facility
P Internet Protocol

IPR Intellectual Property Rights

LEOS Laser and Electro Optics Society (a part of IEEE)

MEF Micro Electronics Facility (=.ROME)

NINT National Institute for Nanotechnology (part of NRC, located in Edmonton)
NRC National Research Council

NSA National Security Administration (USA)

NSERC Natural Sciences and Engineering Research Council

OSA Optical Society of America

PLC Planar Lightwave Circuit

RBON Broadband Applications and Optical Networks

ROADM Reconfigurable Optical Add-Drop Multiplexer (optical switch)

ROCE Optical Communications and Electrophotonics

ROME Microelectronics facility and Optoelectronics Materials and Components
RPCT Photonic Component Technology

RSS Optical part of Satellite System Research

SITT Spectrum, Information Technologies and Telecommunications Sector
SOA Semiconductor Optical Amplifier

UCLP User Controlled Light Paths

WDM-PON

Wavelength Division Multiplexing — Passive Optical Network
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1 Overall mandate of the review exercise

1.1 The review process

This document outlines the conclusions of a review of the Photonics Research
programs and CRC Microelectronics facility. This review is in response to the
commitments made by SITT management following the 2009 CRC review.

The proposed review steps were:

Establish details within the review scope;

Research managers’ assessment of programs;

Management team assessment of programs;

External third party committee review and recommendations;
Presentation of report from External committee; and
Analysis of responses and recommendations.

The external committee was constructed to include broad multi-disciplinary
knowledge and was composed of 5 members representing international expertise, as
well as experience of Canadian research and Canadian industry.

The focus of this review was on excellence, relevance and impact. Organizational
assets and external factors were also taken into account.

1.1.1 Strategic Priorities

Within SITT (Spectrum, Information Technologies and Telecommunications Sector),
CRC co-exists along with five branches focused on other activities. The function of
CRC is to conduct world-class research that provides insight into future advanced
information and communication technologies to help Industry Canada develop
telecommunications policies and regulations. CRC’s mandate also includes supporting
other government operations such as national defence and public safety, and
supporting Canada’s communication sectors by engaging in industry partnerships and
working with other research organizations.

Within the SITT context, CRC is also expected to adapt to changes at a global and
national level, and these changes are influencing several fronts, such as:

Global changes in demographics;

Responses to economic crises in North America and the rest of the world;

Drives towards a more ‘green’ economy;

Better positioning to resist attacks on security of the internet and our
communications infrastructure.

Only a few years ago Canada was a world leader in telecommunications technology,
and especially in the photonics parts of that technology. Now the industrial presence
in that market is dominated by other countries, but the vast and experienced
Canadian. photonics workforce still exists, albeit now distributed across many
organizations and university laboratories. The potential for Canada to create new
employment, innovations and exports out of that resource base is substantial, and the
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CRC photonics activity is valuable in helping to preserve some concentrations of that
expertise.

Within the scope of this review the Panel has endeavoured to take into account the
fact that, while some of the technologies being studied have immediate potential in the
telecommunications field, many also have potential for benefits to other industry
sectors, for example past and new-generation fibre-Bragg grating technologies.

The challenge for CRC’s photonics activity within this context is to maintain an
awareness and a respected presence in the relevant communities, so that the
government can be kept informed and up-to-date with needs, developments and
technical advances. Ideally this is done with the most economical resource base
possible, and by complementing rather than duplicating activities at other locations in
Canada. Within the core activities some new technologies will emerge, and these may
offer substantial benefits beyond telecommunications, even beyond the extended
envelope of SITT responsibility. While these developments should not be curtailed if
they are found to be innovative and fruitful, it may eventually be more logical to move
some of them to a context of technology transfer or licensing, in order to ensure that:

a) returns on those investments are developed in a responsible manner on behalf
of the Canadian taxpayer, and

b) the focus of the CRC activity remains centred on technologies relating to the
SITT mandate. ‘

1.2 The review panel

In assembling a panel of experts to assist in this review, the intent was to bring
together individuals from different sectors who would comprise an awareness of the
global context of photonics in relation to these activities. Members were asked to
participate on the basis of their involvement in:

¢ Canadian photonics/telecom industry sectors;
Canadian photonics academic sector;
Canadian national laboratories and institutes involved in photonics research;
SME technology company sector;
Technology investment sector (Canada and global);
Other technologies that relate closely to photonics deployment for example
electronics.

The following is a list of the review panel committee members:

¢ Robert Blake, CEO, Octasic Inc, Montréal. Mr. Blake has extensive knowledge of
the telecom industry. He has been developing ASICs and programmable logic for
high-performance communication -applications for more than 20 years. At
Altera, Mr. Blake was responsible for defining the programmable logic product
portfolio, ensuring that Altera's products leveraged the most advanced
technology and precisely met customers' requirements. Prior to Altera, he
developed ASIC technology at LSI Logic and Fairchild, where he worked in both
engineering and strategic marketing.
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e Robert Corriveau, President and CEO, Canadian Institute for Photonic

’ Innovation (CIPI), Université Laval, Québec. Before joining CIPI, he was Vice-

President, Marketing and Business Development at PhasOptx, a new company

specializing in fibre-optic connectivity. Between 1995 and 2004, in his capacity

as Senior Vice-President, he oversaw technology and business development at

INO, a leading Canadian centre of expertise in applied optics and photonics,

which provides contract R&D to industry and conducts a significant internal
research program.

e Dr Paul R. Jay, Technology Consulting Services, Ottawa. Dr. Jay is the former
CTO of Intelligent Photonics Control Corporation and has held various Director
positions with the Canadian Photonics Consortium and Nortel Networks. He
was also an Executive-in-Residence and Adjunct Professor at the University of
Ottawa School of Information Technology and Engineering. For this Panel he
took the role of Secretary in terms of compiling drafts of the written summary of
the report.

e Dr Frank Levinson, Silicon Valley. Ex-CTO and Chairman at Finisar, Founder
Small World Group, Partner at Cleantech Circle. Small World is a mixture of
philanthropy, engineering and building profitable companies. The Cleantech
Circle is a group of serial entrepreneurs and investors based in Silicon Valley
who are committed to the growth and adoption of renewable energy generation
and resource/energy efficiency technologies. Dr Levinson’s specialties include:
fibre optics, high speed networking, biological sensing, and clean technology. -

¢ Dr David Plant, Chairman, Department Electrical and Computer Engineering
McGill University. Dr. Plant heads the Photonics Systems Group which is doing
research in packet-switched optical networks and agile all-photonic networks.
Professor Plant is a Fellow of the IEEE and the OSA, having received these
awards for his work in optoelectronics. He is also a Fellow of the Engineering
Institute of Canada. He is quite active in the OSA and IEEE professional
societies being an elected member of IEEE-LEOS Board of Governors. He has
been a member of the CMC technical advisory committee for a number of years
and also was chairman of the NSERC Strategic Grants committee for ICT in
2004 and 2005. He is also a VP of a start-up AKDP Photonics.

1.3 Purpose and focus of the review

This review was conducted following the commitments made by Spectrum, Information
Technologies and Telecommunications (SITT) management to review the
Communication Research Centre (CRC) major research programs following the
recommendations of the CRC 2009 review. Its goal is to review all the Photonics
research programs and the Microelectronics facility. In this document the
‘Microelectronics facility is included when discussing research programs.

The focus of the review is to assess the current abilities and their potential for future
impact in the domains of activity of CRC, and for the larger context of Industry
Canada.
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1.4 Brief historical context

A search for similar processes used by CRC in the past was done and various review
questions and formats were provided to the panel. For the context of research
organizations, the CRC Advisory Council meeting of October 16 2009 also noted the
criteria that such reviews should focus on, namely:

s excellence,

e relevance, and

¢ impact.

CRC has demonstrated and continues to demonstrate excellence in its research by all
standard measurable methods such as publications, collaborations, technology
transfers, IP generation, patents, licenses, etc. Excellence will be assessed in this
review. Also assessed will be the relevance and .impact anticipated from these
particular research programs in 5 years and beyond with respect to SITT and other
clients’ objectives and strategic priorities.

1.4.1 Previous reviews and outcomes

An earlier review in 1998 assessed the relevance and effectiveness of the Broadcast
Technologies Research Branch. It also considered whether the Branch was being
managed effectively, and examined the extent to which the quality of research and
services provided met the needs of the Branch’s clients and collaborators. The 1998
review was not limited to the Photonics activities. Data collect1on for the 1998 review
was based on the following methods and tools:

Analysis of recent publications;

Interviews with managers and staff;

Survey of 30 partners, collaborators and clients;

Interviews with subject matter experts;

Comparison with similar organizations in other countries; and

In-depth studies of five major projects.

® © o o o o

Another review in mid-2008 analysed the photonics projects underway at that time,
and compared the capabilities and outcomes to similar activities elsewhere, as well as
~ determining some success criteria and performance indicators to monitor and evaluate
the program. It also considered any options for cost reductions, and poss1ble
consequences of stopping research in photonics at CRC.

In March 2009 a CRC Review addressed the following questions:

What does CRC do for its annual spending of $48 million?

How does the work benefit Industry Canada and other clients?

Do CRC clients pay their fair share of the work being done for them?

How does CRC determine its research priorities and make decisions on budget
spending?

PO

A further assessment in October 2009 set out terms against which to measure the

Vision, Mission, Values and Goals of the various CRC R&D programs and Corporate

functions. These included assessment benchmarks covering:
o Needs of the clients;
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¢ Achievements of the program (value);
¢ Effectiveness of the program (cost); and
e Evolution of the program over the next 3-5 years.

The analysis phase would then ascertain whether less relevant programs should be:
¢ modified to better align with the CRC Vision, Mission Values and Goals;
¢ considered for transfer to another Government Department, or university/
private sector group;
¢ or considered for termination in the context of existing investments.

Accordingly, the CRC Managers and the 2010 Review Panel were asked to consider the
following questions (section 1.4.2) in their assessment of the CRC Photonics activities.

1.4.2 Questions presented to the managers and the review panel

Why?

e Why is this research program selected?

¢ Why is it relevant to SITT and other clients’ strategic priorities?

¢ Why should this research be conducted at CRC versus another government lab,
university or by industry at large?

Who?

¢ Who are the clients?

¢  Who are the collaborators?

¢ Who is the competition?

What?

¢ What is the anticipated impact to the strategic priorities?

¢ What are the milestones along the way?

e What organizational assets (staff, infrastructure, equipment and funding) do
you currently have and what will be required in order for this research program
to be successful in the next 3 to 5 years?

¢ What are the consequences of stopping this research at CRC (answers also to
be gathered from clients)?

When?

¢ When are the milestones anticipated?

¢ When is the impact anticipated?
How?

¢ How is this research excellent?

s How are external factors monitored to determine their effects on the relevance
and impact of the research programs?
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2 Summary of present capabilities

The following programs are within the scope of this review:
o The optical part of Broadband Applications and Optical Networks (RBON)
headed by Michel Savoie;

¢ Optical Communications and Electrophotonics (ROCE) headed by Dr. Stephen
Mihailov;

¢ Microelectronics facility (ROME) and Optoelectronics Materials and Components
(ROMC) headed by Robert James;

¢ Photonic Component Technology (RPCT) headed by Dr. Claire Callender; and
¢ The optical part of Satellite System Research (RSS) headed by Mario Caron.

2.1 Capabilities of RBON group (Advanced Optical Network Technologies
and Control & Management of Next Generation Optical Networks)

This activity is of strategic significance to the security of communications within
Canada, especially in a context of increasing threats of cybercrime against a network
infrastructure that is ubiquitously dependent on optical technologies. A substantial
segment of the Canadian technology economy is also rooted in this type of application,
and a well-focussed effort at CRC has the potential to provide globally-significant
valuable support to small and large industries in the Canadian communications

‘sector. The increasing pervasiveness of our dependence on secure communications

underscores the need for Canada to be knowledgeable and authoritative in this arena.

The topic is also under-served in the world, highlighting an opportunity for Canada to
take a leadership role in developing international cooperation towards new solutions
and standards for increased network robustness and security agamst localised failure
or deliberate intrusion.

2.1.1 Summary of current capabilities

The RBON team consists of about 8 individuals with considerable and relevant
experience in the domain. The capital investment in this activity is not large, given
that much of the actiVity can depend more on software and simulated approaches
than on the expensive state-of-the-art hardware needed for increasingly-high data
rates of the network core.

The review panel was impressed by the calibre and energy of the research team
involved in this group, and also noted that the core assets of this activity are primarily
intellectual assets, somewhat independent of high capital or operating costs related to
equipment, and so represent an excellent investment with a potential for high return.

2.1.2 Risks and potentials evaluation

A detailed risk analysis questionnaire specific to the RBON activity was completed by
internal CRC staff as well as by members of the external review panel. The questions
presented are reproduced in Appendix 2 of this report, and the summarised results
integrating both the internal and external inputs are reproduced in Appendix 3 of this
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report. Because of the nature and groupings of the questions, the small sample sizes
surveyed (12 on average), and the large deviations in the responses, we will limit the
analysis here to consideration of those responses that averaged in at least one of the
extreme high categories, i.e: involving either Significant Impact, or High Likelihood, or
both together.

For RBON only one response averaged a high category. Question F12 was felt to have
a high likelihood of occurring, with potential for moderate impact. Question F12
addressed the concern that the costs to run various programs and facilities may
continue to increase, and could result in a scaling-down of activities so as to remain
within budget.

2.1.3 Client base and evaluation

At this time the primary clients for this activity appear to be limited to university and
academic groups. Given the potential significance for this work to influence matters
relating to global standards and commercial deployment scenarios, the Panel felt that
it would be very valuable for the RBON group to engage relationships with some of the
major private sector players that are represented locally and across Canada. In
particular, the studies and outcomes of this work should be of interest to service
providers such as Telus, Bell Canada, Rogers etc., and would also be of significance to
companies in Canada and elsewhere whose activities are tributaries of the previous
photonics activity concentrations at Nortel, JDS-U, Newbridge etc.

RBON lists as clients a large number of entities, including groups involved in
university collaborations as well as private sector players. Of the 3 RBON clients
contacted for evaluation inputs, all of which were academic groups, only 1 responded,
and with a supportive, if not enthusiastic, evaluation. The Panel would recommend
RBON to cultivate more tangible forms of support of these joint activities, manifesting
in- either contract revenues or visible achievements in terms of contributions to
national or international standards definitions. "

2.1.4 Evaluation of competitive position

Activities in the RBON research program are essentially 5 projects grouped into two
themes:
1. Advanced optical Networking Technologies:
a. Autonomous Intelligent Reconfigurable Optical Networks (AIRON);
b. WDM Passive Optical Networks (WDM-PON);
2. Control & Management of Next Generation Optical Networks:
a. User Controlled LightPaths (UCLP) within a virtual environment;
b. Network Planning and Optimization; and
c. GMPLS control plane survivability.

The Panel felt that 1a (AIRON) and 2a (UCLP) are areas of competitive strength for CRC
and warrant further encouragement to develop their impact to a higher level. As a
combination, the two approaches can take advantage of functionality that is
increasingly built-into optical network elements such as optical amplifiers (EDFAs,
SOAs), optical switches (ROADMs) and optical performance monitors. By enabling
these elements with IP addresses, their remote activity can be monitored and modified
according to traffic demands or threats facing the network. By making each of these
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elements addressable and configurable as objects in a virtual environment it is
possible to simulate and also manage network parameters across a range of scenarios
from normal optimised operation to survivability in a damaged or compromised
situation.

The notion of addressability and reconfiguration of individual optical functions has-

been a possibility for several years, but as more and more of the deployed modules
include this capability, the need for an over-arching software approach to handle the
coordination is timely, and this group has the knowledge base and awareness to
contribute significantly in that domain.

Although an understanding of the line rate traffic characteristics (for example at
2.4Gb/s, 10Gb/s, 40-100Gb/s) is necessary for the team, the management and
hierarchical control of these elements generally takes place well below the high
capacity transport speeds, and so the most expensive equipment is less necessary.
The management and control layer is largely data-rate agnostic, and the required

functionality can be embedded in the increasingly powerful signal processing -

electronics that typically accompanies these functions in their field-deployed context.

2.1.5 Potential of this activity for future impact and relevance

This activity has the potential for major relevance in a world where network intrusion
is becoming an increasingly frequent threat to business, institutional and domestlc
users of the network.

Some parts of the activity (UCLP for example) have involved prior collaborations with
CANARIE as a test-bed, and the history of tool development from that relationship is
strong and widely-recognised. It would be good to develop that partnership further and
to see if CANARIE and CRC could jointly offer an environment for
evaluating/calibrating network management capabilities across elements made
(possibly loaned/donated?) by various commercial suppliers. Such a collaboration
would offer the benefit of being commercially independent ,and so enabling an
objective comparison of capabilities, as well as serving to keep Canada informed on
the evolving state of network control capability from a strategic control point of view.
An increased proactive role in standards organisations would be a valuable element of
this activity that would both serve to gather strategic understanding of network
evolution, and also provide a platform for third party equipment evaluation of value to
other global players.

By contrast, the Panel felt that the WDM-PON (1b) and WDM Network Planning (2b)
contributions were more difficult to justify, in a context where the pure optical part of
the network is a very competitive and economically challenging activity in which to
keep up to date. This type of work now centres on 40-100Gb/s, and also is becoming
increasingly dominated by electronic as opposed to optical approaches to impairment
compensation and correction. Effort from these projects would be more fruitfully re-
focussed on enhancing the control and reconfigurability aspects. Some parts of 2¢

(GMPLS survivability) would combine well with the UCLP work. Approaches to WDM .

configuration challenges would be better handled at a software level, and this would

help to minimise the otherwise considerable financial obligations of staying current




CRC Photonics Activity Review April-May 2010. Panel assessment report.
| | Release Date:  31-05-2010 | Page: 150f54

with WDM hardware technology in the high data rate transport plane.

216 Major challenges facing this activity at this time

This type of activity must be concentrated where it is most effective, and in the domain
of long-haul high bit-rate transmission technology (10-100Gb/s), equipment and
modules are expensive and evolving rapidly in a very competitive commercial
environment, making it very difficult for a non-commercial participant to maintain
competitivity. The notion of ‘all-optical networks’ is evolving into one of optical
networks with control and compensation managed through powerful high speed
silicon electronics. It is probably therefore not cost-effective for the group to expand its
investments in all-optical network technology.

Given that the lifetime of planning decisions made now would offer a potential 5-year
window of activity, it is a unique opportunity to apply the substantial CRC expertise in
this area towards enhancing the controllability and manageability of the network
using software approaches that could potentially result in tools and IP of a marketable
nature.

In order for any usable intellectual property to be recognised for its potential value, it
is important for the team to have presence and visibility in the relevant user
communities, and this could be achieved through:
a) more proactive business development activities building on this capability; and .
b) participation in joint exercise bodies such as standards committees etc.

2.1.7 Recommendations regarding this activity

Based on the information presented and received at the review, the Panel proposes the
following recommendations regarding the RBON activity at CRC:

1. discontinue the WDM-PON activity and refocus resources towards the UCLP
and AIRON projects;

2. minimise or discontinue the Network Planning and Optimization activity, since
the notion of all-optical networks is become progressively less likely as silicon
DSP control becomes more effective;

3. Focus on development and growth of the AIRON and UCLP activities, bringing
in survivability features of the GMPLS work, with the intent of developing
Canada’s role as a major player in the much-needed global effort for more
secure and robust networks standards, conditioned to resist and recover from
cyber-security threats.

4. Aim to get actively involved in standards bodies representing Canadian national
and industry interests;

5. By virtue of pursuing (3) Canada and CRC will be well-informed on strategic
aspects of communications infrastructure, as well as providing capability and
study results that will be of value to SMEs and major players in the
communications industry.

6. Work hard to get more paying clients in the commercial user space, particularly
Canadian service providers, and also to develop more joint projects taking
advantage of the CANARIE infrastructure. Establish a close dialogue with
Rogers, Bell etc which will provide valuable feedback on new aspects of network
usage, such as ‘how data centres are operating’ (eg Facebook, Google — new
players at the Optical Fiber Communications conference).
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2.2 Capabilities of ROCE group (Optical Communications and
Electrophotonics Research Program)

The activity in this group is born of the discovery over thirty years ago that structural
changes in optical materials could be created by illumination with ultra-violet light.
This subsequently led to the invention of a process for mass-producing optical grating
structures in fibre, and that technology has been successfully licensed to a number of
commercial users, creating a substantial income for CRC based on the revenues from
the intellectual property agreements.

A fortunate coincidence was that many of the applications of the Fibre Bragg Grating
(FBG) technology were optical functions that solved pressing problems in the newly-
developing domain of optical communications, resulting in extensive deployment of
FBG devices in the burgeoning fibre network. Many other FBG applications exist and
in some cases are still emerging, for example as sensors or as key elements in fibre
lasers or fibre optic gyroscopes, however these new applications do not yet approach
the volumes enjoyed within the telecom market. Indeed, for sensor applications, the
traditional FBG technology has a fundamental drawback in terms of high temperature
stability, which mitigates against its deployment in some aggressive environments
such as oil-well drilling etc.

Within the telecom context, the usage of FBGs may well have passed its peak as more
and more optical impairments can be corrected by using increasingly sophisticated
electronic signal processing techniques, and this is also occurring at a time when the
. period of patent protection for the original FBG process is coming to a close.

Nevertheless, building on this powerful heritage of expertise in FBG technology, the
ROCE team has applied its expertise and understanding of light sensitivity in fibre to
develop a potent new technique using ultra-fast infra-red pulses to induce localized
stable index changes in fibres, offering a new lease of life to the notion of FBG
technology and opening the door to a host of potential new applications. This is a
brilliantly insightful advance and represents a jewel of Canadian technology, for which
the most powerful applications may not even yet be apparent, and may well exist
outside the domain of fibre communications.

2.2.1 Summary of current capabilities

This 8-person team maintains a laboratory base of approx $3M worth of capital
equipment including high power lasers and other diagnostic/characterization
equipment. Other than some repair costs involved in re-commissioning some of the
excimer lasers for operation in the newly-occupied Photonics building, most of the
projected future costs for this activity are dominated by salaries and other operating
costs, many of which are offset for a few more years by revenues from the existing FBG
licensing agreements. The grouping of skills in this team appears well-suited to the
task of supporting existing licensee interests at the same time as developing new
approaches, in particular as emergent from the femto-second grating-induced
technology with its rich spread of potential applications.
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2.2.2 Risks and potentials evaluation

A detailed risk analysis questionnaire specific to the ROCE activity was completed by
internal CRC staff as well as by members of the external review panel. The questions
presented are reproduced in Appendix 2 of this report, and the summarised results
integrating both the internal and external inputs are reproduced in Appendix 3 of this
report. Because of the nature and groupings of the questions, the small sample sizes
surveyed (12 on average), and the large deviations in the responses, we will limit the
analysis here to consideration of those responses that averaged in at least one of the
extreme high categories, i.e: involving either Significant Impact, or High Likelihood, or
both together. :

For the case of ROCE, 1 question (R10) was deemed to be significant and with a high
likelihood of occurring, and this addressed the potential for cost recovery from IP
generation, especially in the context of the femtosecond FBG creation technology.

A further two questions (P3 and R11) were judged to be of high significance with a
medium occurrence likelihood. P3 outlined the risk of loss of production capability in
the event of equipment breakdown, especially in respect of the high cost laser systems
involved in the FBG fabrication process. R11 considered the potential to produce high
quality research in any given direction, based on the current knowledge and expertise
within the group. Notwithstanding that innate strength in the group, it would be
inappropriate to distract the axis of research too far from the main theme of the
current expertise.

Question F11 was assessed to have moderate potential for impact and be highly likely
to occur, and considered the risk of increasing costs to run various programs and
facilities, especially in relation to high costs of consumables and maintenance for the
high power laser systems used. :

2.2.3 Client base and evaluation

This group has developed a solid base of external clients and users, many of whom are
emerging Canadian suppliers with a strong reputation. The clientele for these
technologies are international in terms of demographics, and are not limited to
telecom users. ‘

Users from the US Defense industry speak of benefitting in a strategic way from access
to this group and the related technology, and acknowledge value in terms of services,
samples software and technical guidance. They predict that future involvement with
this team has potential to continue or even increase, representing a capability that is
unique in the world. Evaluations of the team’s contributions are ranked high to
maximum in both excellence and impact, and testify to an enthusiasm for ongoing
collaboration. International users also indicate value for Canada in terms of sales of
Canadian products to US entities, and increased visibility of Canadian technology with
US defence and industry users.

| While the number of external collaborators includes significant players in Government
as well as academic labs (both in Canada and internationally), the client base also
shows some rising stars in the Canadian SME sector as well as several major
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international names such as Schlumberger, Siemens, Exxon, GE and Sumitomo
Electric.

2.2.4 Evaluation of competitive position

The four main project areas of this activity are:
Photosensitivity in optical materials;

Bragg grating technology and applications;
Fibre-based component development; and
Exploitation of fibre component technology.

This world-class capability arises from the historical capability in FBG technology, but
has successfully built on that foundation to generate a powerful new approach to
gratings, taking advantage of ultra-fast pulse technology in which Canada has a major
base of expertise, such as Paul Corkum’s lab at NRC. Extension of this type of
materials modification to two- and three-dimensional periodic optical structures is a
new field of photonic crystal engineering, in which Canada again boasts a world-level
expertise, including Prof Sajeev John at the University of Toronto, and which will likely
herald a wave of as-yet unimagined applications.

With this set of resources and experience, Canada and CRC are well-positioned for
competitive advantage, especially in terms of potential applications for the new fs-
pulsed grating technology, whether in telecom or in other domains of application. The
group is also well-equipped to continue exploring for future advantages of direct
modification of optical properties of materials.

2.2.5 Potential of this activity for future impact and relevance

This technology set, especially the femto-second descendant of traditional FBG
technology, offers broad potential for a wide range of new applications, but the
challenge will be that these applications may be less in the domain of telecom
technology than in other sectors. Existing and future clients of CRC could find uses
for the new types of grating in high temperature sensors, or in emerging technologies
such as fibre lasers or fibre optic gyros.

Remote sensing is a growing market, and fibre-based detection approaches have many
advantages in terms of weight, cost, connectivity etc. Non-contact optical sensing as
well as fibre-based sensing techniques contributed to a $500M monitoring and
measurement market in 2007, growing at a CAGR of about 35%. In 2008 the market
for fibre lasers was around $300M and growing at about 65%/year. Increasing use of
optical and photonic techniques in Health Sciences created a $3.2B market in 20086,
with a CAGR of 14%.

Many of these applications could impact defence and security related markets which
are also within the direct mandate of CRC, but they could also certainly impact many
industrial opportunities in domains that fall outside the current CRC purview. The
Panel feels that for the context of telecom applications, the maximum volume usage of
FBG-type devices may well be passing its peak market size, as other (more electronic)
approaches to compensation start to dominate.
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2.2.6 Major challenges facing this activity at this time

The review Panel agreed on the excellence of this world-class technology, but
recognised that it faces a major challenge in identifying deployment markets that fall
within the tight telecom/defence/security purview of CRC. In terms of CRC’s broader
obligations to Industry Canada, the value of this activity to generate new business
opportunities is substantial, and represents a unique and compact investment from
prior CRC successes and positive reputation.

In an increasingly silicon-centric long haul telecom network, the opportunities for
grating-based solutions are probably not a major growth sector, however the CRC
team is to be applauded for their ingenuity in coming up with a valuable successor to
the traditional FBG technology, built out of a solid understanding of key basic
principles combined with emerging short pulse laser techniques. There are
undoubtedly large markets for this new technology, but many of them are not net
recognised.

2.2.7 Recommendations regarding this activity

Based on the strong reputation of this activity, and especially the high regard in which
it is held by current and past clients around the world, the Panel recommends that:

1. CRC should not abandon this technology even though the telecom applications
may be waning, Rather:

2. there should be an effort to find better resonance with the mandate, and
examine the potential of other application domains beyond telecom including
fibre lasers and fibre sensor-based applications.

3. In some cases this could result in future licensing of the new fs-pulse
technology, or even transfer of the technology to commercial entities whose
deployment could result in a new sustained stream of revenue generation for
CRC.

4. New applications of significance could include the growing market of fibre lasers
as sources of stable, robust, high power beams, in addition to the less well
estimated market of fibre optic gyros. Compared to fibre lasers, fibre optic gyros
have very similar technology dependencies and offer a lightweight, low cost, no-
moving-parts solution to high precision navigational or orientational stability,
frequently deployed in secure or military situations for which market data are
not readily available.

5. The Panel encourages CRC to recognise the world-class status of this activity
and to be patient as examination of new possible applications proceeds.

6. A logical place to initiate exploration of future development opportunities could
be through dialogue with the existing community of very supportive and
appreciative clients that depend on this service.
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2.3 Capébilities of ROME group (Optoelectronic Packaging and
Microelectronic Fabrication Technologies)

The ability to realise complex wafer structures and packaged hybrid combinations of
devices has enabled the realisation of powerful new functions as development of
electronics and photonics advanced together over the past couple of decades. In many
cases the small-scale crafted structures then became designs that could be more cost-
effectively and reproducibly manufactured in large-scale dedicated foundry operations
that, by running at close to maximum capacity could achieve close tolerances and
predictable characteristics. ‘ ‘

A by-product of the technology downturn of recent years has been the availability of
some items of surplus equipment which have become valuable resources for
prototyping facilities in research and development labs, although some of the older
equipment is now reaching the end of its useful life, at the same time as there is an
emerging capability for externally-sourced prototyping.

The services provided by the ROME team are of value to internal as well as external
clients and University groups who require ‘unusual’ processing steps on a customised
basis, and the group works in the connected domains of electronic and optical device
structures and module packages.

2.3.1 Summary of current capabilities

This activity combines 5 individuals and a substantial ensemble of processing
equipment, many items of which will apparently require renewal or replacement over
the next few years.

Equipment capabilities in the group allow for:

Hybrid microwave Miniature integrated circuits on thin film ceramic substrates;
Electronic packaging and component assembly for proof-of-concept prototypes;
Optical packaging with solder bump and flip-chip processes;
System-on-package implementations using multi-level metallization and spin-
on dielectrics.

This facility supports a number of internal research programs in other CRC
departments.

2.3.2 Risks and potentials evaluation

A detailed risk analysis questionnaire specific to the ROME activity was completed by
internal CRC staff as well as by members of the external review panel. The questions
presented are reproduced in Appendix 2 of this report, and the summarised results
integrating both the internal and external inputs are reproduced in Appendix 3 of this
report. Because of the nature and groupings of the questions, the small sample sizes
surveyed (12 on average), and the large deviations in the responses, we will limit the

 analysis here to consideration of those responses that averaged in at least one of the

extreme high categories, i.e: involving either Significant Impact, or High Likelihood, or
both together.
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For ROME, a total of 5 questions triggered a double high response, and a further 6
questions were judged high in at least one respect. All of these questions addressed
risks, perhaps resonating with the concerns expressed by the Panel in reviewing this
group and its dependency on outdated equipment.

The following 5 questions were all judged to be risks of significant impact and high
likelihood of occurrence: . ‘
R3: Risk that process development specific to a given client may lack reproducibility
unless it is developed in more depth beyond a ‘proof of concept’ stage.

F2: anticipates the risk that budget allocations will change, with adverse implications
for the scope and extent of the group’s activity.

F6: Similarly, this question considers the risk of little or no capital fiinding for renewal
of aging and obsolescent equipment, highlighting the Panel’s concern that maintaining
such a facility to operate on a small scale is not a financially justifiable proposition.
F9: Considers how the risk of reduced funding will impact ability to purchase spares
for the aging machines in ROME, and F10 observes that the activity is also
vulnerable to cost increases associated with transport of chemicals, spare parts etc as
needed to sustain the microelectronics fab operation.

Question P7 was scored with a large spread of results, but implied a significant degree
of impact and medium occurrence likelihood, and referred to the risks of calibration
difficulties with older equipment.

Questions R2, R5, R10 and F3 and F12 were judged as highly likely with moderate
impact: -

R2: risk that client needs move beyond existing capability;

R5: risk that mandate changes for CRC within SITT might change the role expected of
ROME;

R10: represents the risk that ROME’s capability may fall short of its mandate to “meet
key technical challenges of the 21st century for the knowledge-based economy”.

F3: addresses the risk of mid-year budget changes as mandated from above, and

F12 considers how staffing priorities may affect the activity in any realignment of
objectives exercise.

2.3.3 Client base and evaluation

Although in the past this group was able to provide services to a number of external
SME groups in terms of prototyping device structures (Zenastra, Metrophotonics, Gain
Microwave) the clientele is now predominantly internal to CRC (including RPCT for
photonic structures) and local universities. Occasional contract work has also been
done for DRDC and CSA.

External users appreciate the geographic convenience of this capability, although they
feel they could get comparable service elsewhere if the need arose. Impact and
excellence of the work were rated mostly high, albeit with some concerns over long
turn-around times. When discussing alternative places to get the same services,
clients suggested that costs would probably increase if they had to go elsewhere.

2.3.4 Evaluation of competitive position

This facility is especially useful to internal collaborators and to local university
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projects because of the geographical convenience and customised approach offered by
the team. A difficulty arises when major items of processing equipment reach the end
of their useful life and require replacement. Also, any microfabrication facility is an
expensive proposition to maintain and operate, consuming large amounts of
electricity, water, chemicals and gases which add up to a high loading of operational
expense even independent of throughput. In some cases the services are provided at a
very reasonable cost, which may be substantially less than the true market value of
such a service.

Over the last decade there has been a substantial increase in the number of external
commercial operations offering custom foundry services for wafer growth, processing,
post-processing (sawing, vias, dicing, etc.) and packaging. These commercial
operations tend to run at near-capacity and thus maintain optimum operation at
minimum cost and with maximum reproducibility. Examples of commercial entities to
explore could include: Universal Semiconductor (San Jose, California); Majelac
Technologies (Allentown, Pennsylvania); Spire Semiconductor (Bedford,
Massachussets); Covega Corp., (Jessup, Maryland); Photonic IC Corp., (Culver City,
California); Alcatel-Thales III-V Lab (Paris, France). A January 2010 survey
(http:/ /www.stw.nl/NR/rdonlyres /89EE02D8-8B9E-42F4-99B2-
38B7C108771F/0/GTIPprogramdescription.pdf) compiled by STW suggests multiple
European options for ‘Generic Opportunities for Integrated Photonics’. The company
Vixar (http://www.vixarinc.com/) in Minnesota, manufactures vertical cavity surface-
emitting laser chips based entirely on an out-sourced process. It is likely that many of
the operations offered by ROME could now be provided by some of these external
entities. In addition, Canada (NSERC and NRC) has made substantial investments in
major processing capability at CPFC in Ottawa, NINT in Alberta, and NANOQUEBEC
at 'université de Sherbrooke.

It appears to the Panel that without major investment and rejuvenation of the
equipment on which ROME depends, the capability offered has great difficulty being
competitive when compared to the external options, and whereas convenience might
suffer if internal users had to out-source their assembly and process steps, the costs
could largely be met by savings derived from decommissioning the existing equipment.

2.3.5 Potential of this activity for future impact and relevance

The panel feels that other than perhaps some of the printed electronics capability (ink-
jet, screen printed ceramics etc), the facilities upon which this group depends are
reaching the limit of their usefulness, and more cost-effective and consistent solutions
could be achieved through external facilities.

It was noted that the group has had some collaboration with Xerox Canada in the
domain of printed electronics based on organic inks, and there could be some value in
sustaining some effort on this emerging activity to evaluate its potential benefit to
electronic and photonic packaging functions.

2.3.6 Major challenges facing this activity at this time

This activity depends on out-dated equipment, and appears to have minimal clients
who are willing to pay market rates for the service. Costs of maintaining such a facility
are very high, and only justifiable if a facility is running at near-capacity.
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2.3.7 Recommendations regarding this activity

The Panel finds it hard to justify the continued operation of this facility at the current
level. Accordingly the recommendations are:

1.

2.

Audit the internal microelectronics processing capabilities against those
available on a commercial basis; .

Audit the internal microelectronics processing capabilities against those
available on a restricted basis through Canadian university or national
laboratory facilities;

address the need for alternative solutions to meet the demands of any internal
or DND client groups that might still require services unobtainable elsewhere;
assuming that virtually all the needs can be met through other sources,
proceed to close down most of this activity and minimise the financial load of
maintaining the existing equipment, with the possible exception of:

sustaining a continued lower cost option to investigate for printed electronics,
and possibly ink-jet interconnect substrates.




CRC Photonics Activity Review April-May 2010. Panel assessment report.
| | Release Date:  31-05-2010 | Page: 24 of 54

2.4 Capabilities of RPCT group (Photonic Component Technology)

This recently-created group addresses challenges relating to the integration of
photonic functions on a common substrate, and brings together resources from an
earlier Photonic Component Technologies team within ROMC.

The pursuit of integrated photonic functionality is much more difficult than the
corresponding electronics transition from discrete to integrated components 50 years
ago. For electronics, nature provided us with a substrate that was at once inexpensive,
and ideal for making active devices (transistors), and also supported a technology for
passive components and interconnect, facilitated by its ability to form a stable native
oxide. Its ease of integration, and the degree to which integration has scaled over
several decades, have resulted in a technological revolution unparalleled in history. In
the case of photonics the evolution is not so easy, since the best active optical devices
involve substrates that are costly and more difficult to work with. It is evident that
photonics has many dimensions of performance advantage to offer, but we must
remember that the field is still in its infancy as compared to the much more mature
integration of electronics.

A major focus of this forward-looking group is to explore the potential of planar
lightwave circuits (PLC), especially taking advantage of in-house expertise based on
silica waveguides and other functions integrated onto silicon substrates. Although this
means that most active functions (sources, detectors etc) can only be introduced in a
hybrid form (since they typically involve III-V semiconductor structures as opposed to
silicon substrates) it does provide a relatively economical approach that can realise
many passive functions, alignment structures and can take advantage of decades of
learning in silicon microelectronics.

This research thrust is a common interest for groups all over the world, and a
challenge for this team is to identify where their work can have the most unique
impact, especially while responding to the needs of CRC’s mandate.

In the near-term this activity addresses the search for economical solutions to high-
volume low-margin demands of access photonics, where signhals transition from the
hetwork environment to a more localised interconnection in user premises. This need
has a focus directly in the purview of CRC’s communication obligations. At the same
time, economic solutions to these needs could quickly translate into new integrated
functions for other applications, such as environmental sensors or medical detection
devices, which would be of great benefit to Canadians, even beyond the
communications sector.

2.4.1 Summary of current capabilities

This 9-person team, plus a visiting post-doc researcher, combines skills in design,
fabrication, processing and characterization of photonic devices. This ensemble of
expertise is relatively unique and is also well-respected for its reputation in these
technologies.

Some of the work is founded on processing equipment that, as in the case of ROME, is
nearing the end of useful life, and continuation of those services will involve
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replacement of expensive machines. Also the process steps for PLC presently involve
transitioning wafers back and forth between the APT and MEF labs, creating a mutual
dependence that may be compounded if, as suggested by the Panel, the complete
ROME activity may no longer be viable. A difference for the RPCT perspective is that
the prognosis for a healthy and productive future is much more positive than for the
microelectronics resources. It may still be true here that external alternatives could be
found for some of the process steps that depend on costly and elderly equipment.

An additional asset of this group is the shared heritage of FBG technology, such that
integrated Bragg grating devices can be usefully combined into several new functional
modules, especially in the area of RF photonics and other PLC elements.

2.4.2 Risks and potentials evaluation

A detailed risk analysis questionnaire specific to the RPCT activity was completed by
internal CRC staff as well as by members of the external review panel. The questions
presented are reproduced in Appendix 2 of this report, and the summarised results
integrating both the internal and external inputs are reproduced in Appendix 3 of this
report. Because of the nature and groupings of the questions, the small sample sizes
surveyed (12 on average), and the large deviations in the responses, we will limit the
analysis here to consideration of those responses that averaged in at least one of the
extreme high categories, i.e: involving either Significant Impact, or High Likelihood, or
both together.

As regards RPCT, 3 responses were judged to be of Significant impact and high
likelihood, and these are:

R1: which considers the risk that the ROME process capability will no longer meet the
needs for PLC fabrication, with associated implications for collaborations and other
project commitments;

R5: also fears that some key capabilities in ROME will cease to be available to RPCT.
R12: Entertains the potential that CRC may be required to adjust to new mandated
objectives, which would disrupt current research and force reorganization.

R16 was felt to be of significant impact and medium likelihood, and addresses the
potential recognition to be derived from collaborations involving the PLC research, and
so the need to maintain the associated expertise base.

Of moderate impact but high likelihood are:

R11: risk of realignment necessitated by changing needs of CRC/SITT/Industry
Canada;

F6 and F12, which both express risks associated with reductions of funding for capital
or operating expenses.

2.4.3 Client base and evaluation

RPCT does report having collaborations with local SMEs such as Optiwave, OneChip
and OpNext, although survey inputs came from 2 academic groups and a collaborator
at NRC. These clients express high appreciation for the excellence and impact of the
~ RPCT group contributions, and cite the facility as being unique in Canada. It appears
that although there are facilities elsewhere in the world to fabricate these exploratory
structures, the ability to collaborate with the expertise in the CRC team is highly-
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valued. One of the clients surveyed hinted that uncertainties as to the future focus of
research areas may be seriously inhibiting chances of ongoing collaboration.

The Panel felt that there could be value in expanding the group’s network of contacts
for increased awareness of other global activities in this topic. Introductions could be

. made to groups in other countries, for whom collaboration with Canada and with CRC

would be seen as a very positive initiative. It was also felt that possible applications for
this technology could be found in making integrated optical front-ends for high-end
test and measurement equipment (manufacturers such as Agilent etc.) used in the
telecom arena as well as other sectors. There is an urgent need here for solutions in
the 40-100Gb/s data rate range.

Existing collaborations also include work with Montreal-based EXFO, showing existing
value in the test/measurement sector, but likely in a very demanding context. The
group themselves pointed out that global expertise in PLC capability is advanced in
entities such as Alcatel-Lucent, or NTT in Japan. A CIPI-funded project with McGill
University involved industrial support from OpNext as well as Montreal start-up
Avensys/ITF.

2.4.4 Evaluation of competitive position

Three primary thrust areas summarise the group’s main activities:

1. PLCs for optical signal processing;

2. RF photonics;

3. Innovations in planar lightwave circuits.
Positioning is aimed more at developing optimised building blocks, rather than trying
to create full customized solutions.

The group themselves pointed out that global expertise in PLC capability is advanced
in entities such as Alcatel-Lucent, or NTT in Japan. NeoPhotonics (a company based
in San Jose, California as well as Shenzen, China) is a 2000 employee entity focussed
on technology and applications of photonic integrated circuits.

RF photonics is an emerging discipline into which some of the products growing out of
CRC’s FBG technology have penetrated (for example, grating-based chromatic
dispersion compensation modules manufactured by Teraxion for operation at 40Gb/s).
It has some overlap with the topic of microwave photonics discussed in the next
section.

The Panel felt that the skills and reputation of this group are very highly regarded, but
that it could be very valuable in terms of refocusing the group’s objectives to pursue a
series of internationally-enabled discussions exploring possible collaborations with
other countries having complementary strengths in this area.

2.4.5 Potential of this activity for future impact and relevance

The group can certainly provide services/collaborations of a type that are unique
within Canada, but on a global scale the impact could be more appropriately focussed
through the development of new collaborations as suggested above. .

Ultrafast signal processing is very elegant and potentially a powerful technique,
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however it is not clear that it would find application in the high data-rate core of the
telecom networks. For -this reason it was suggested to examine developing more
application opportunities in the high speed test & measurement sector, possible
through partners such as Agilent, EXFO etc.

The expertise of the group offers promise of possible innovative IP generation in this
topic of integrated photonics, which may or may not relate directly to the CRC
mandate of communications and defense technology.

With regard to the thrust of RF photonics, the Panel noted that this is a topic that has
been struggling to make a major impact for several decades, and in spite of the
ingenuity of some of the approaches, has yet to find a unique high impact application.

2.4.6 Major challenges facing this activity af this time

Probably the greatest challenge for this group since its recent, reorganisation is to
clarify where it can re-focus for maximum impact based on the excellence of its skillset
and reputation. Photonic integration will continue to be a research and development
challenge for the next decade or two, and this group is well-positioned to be able to
contribute significantly to that research, however an awareness enhanced by new
relationships with similar groups in other countries could greatly aid both the activity
and the strategic direction of the activity.

Within that re-focussed alignment of project objectives, the group will need to evaluate
how to handle its processing needs, especially if the dependence with the
microelectronics group is weakened or severed by proposed changes there. Again, a
greater awareness of what is available externally could help to inform those decisions.

Proposed future investments in equipment needs should be tailored according to the
new definitions of development activity.

As a resource base addressing new technological combinations, a challenge for the
group may be in encountering spectacular potential innovations that may not have

“direct impact on the CRC telecom mandate, but rather may be candidates for IPR or

technology transfer to external organisations.

2.4.7 Recommendations regarding this activity
The Panel is impressed by the ensemble of capability in this group, and understands
that the group enjoys a very respected reputation in academic and other circles.

Major recommendations would be:
1. as part of the ongoing process to adapt the objectives of this group in the

context of its recent reorganisation, it would be valuable to explore dialogue.

around possible relationships with similar groups in other countries, such as:
Singapore, Israel, Sweden, Finland;

2. consider a focus to develop high bit-rate integrated front-end solutions for high
speed test equipment such as manufactured by EXFO, Agilent, etc.;

3. Review the RF Photonics activity to determine whether it really has an identified
user sector with the enthusiasm to provide an applications pull, and if not, to
decide to refocus the resources more towards other needed objectives.
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2.5 Capabilities of RSS group (Microwave Photonics Activities in the Satellite
' Systems Division)

As a sub-group within the Satellite Systems division, the Microwave Photonics activity
is a recent addition targeting applications of photonics technologies to signal
processing needs at microwave frequencies. Within Canada this appears to be a
unique capability, and is of interest to external clients involved in military, space, and
high bit-rate optical modulation systems. This represents a good fit to the CRC SITT
mandated priorities and represents an expertise with strategic significance.

2.5.1 Summary of current capabilities

In addition to the manager, this team includes 3 experienced individuals and a visiting
post-doctoral fellow shared with the RPCT group. Their location within the Satellite
Systems division provides a system context that is distinct from colleagues with
similar interests in RPCT, where the emphasis is more at a component level. This
context probably helps in supporting the external interactions with commercial clients
such as COMDEV and National laboratory concerns such as CSA.

The activity is supported by a laboratory equipped with a value of approximately
$500k, and operating costs for the activity are quite modest. Prior discussions on
consolidating this team with similar interests in RPCT or ROCE have been resisted
with the intent of maintaining the system context for this work, however the
management points out that really the present incarnation of the group is below
critical mass, and requires some augmentation with new personnel if it is to continue
to be effective.

The activity has had some dependence on ROME for fabrication capability, but is now
meeting these needs elsewhere.

2.5.2 Risks and potentials evaluation

A detailed risk analysis questionnaire specific to the RSS activity was completed by
internal CRC staff as well as by members of the external review panel. The questions
presented are reproduced in Appendix 2 of this report, and the summarised results
integrating both the internal and external inputs are reproduced in Appendix 3 of this
report. Because of the nature and groupings of the questions, the small sample sizes
surveyed (12 on average), and the large deviations in the responses, we will limit the
analysis here to consideration of those responses that averaged in at least one of the
extreme high categories, i.e: involving either Significant Impact, or High Likelihood, or
both together. '

The RSS analysis considered R3 as being of significant impact and highly likely to.

occur, describing the risk that the fabrication facilities offered by CRC are not
adequate and thus generating a need to contract out the fabrication creating delays
and additional cost to the project. This tends to resonate with the observations and
recommendations of the Panel.

Question P1 was rated as significant impact and moderate likelihood, and addresses
the possibility that equipment breakdowns could undermine deliveries to client’s
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expectations.

2.5.3 Client base and evaluation

Over the last several years this activity has received a reasonable proportion of its
funding from external projects at CSA. COMDEYV is a major Canadian commercial
entity involved in equipment for space-borne systems, and has collaborated with this
group in a successful way, although no funding from COMDEYV has been involved.

Both CSA and COMDEV feel that the CRC team brings strategic value to their
projects, and foresee the degree of involvement either being sustained or increasing.
They perceive this capability to be unique in Canada and valuable in terms of the
geographic convenience of the facility. The group’s contribution to these clients’
projects is estimated to be high in terms of impact and very high in terms of
excellence.(

2.5.4 Evaluation of competitive position

The Panel found it difficult to evaluate the competitivity of this group when considered
in the context of a field with some considerable history but relatively modest
penetration of commercial markets beyond uses such as broadband cable TV
distribution. Potential applications for microwave photonics frequently seem to be
compromised by non-linearities of the fibre waveguide as well as the high cost of large
area module functions integrated onto semiconductor substrates.

Although previous attempts to consolidate this group within more photonics-based
parts of CRC have been resisted, the sub-critical mass of the present group remains
an issue, and might be advantageously solved by amalgamating some activities as part
of a priority-based restructuring, and might even offer new opportunities for cost
reduction, e.g; by considering PLC-type platform solutions.

2.5.5 Potential of this activity for future impact and relevance

The expressions of validity from existing clients seem to prove that this group is
delivering valuable work, although it would be good if the financial support
forthcoming from the outside groups could mirror the high evaluation expressed in the
surveys. It was mentioned in the review that Lockheed Martin are also interested in
this technology, but that a preference would be to pursue such an engagement
through the intermediary of a Canadian company such as COMDEV.,

It seems that if the activity does indeed have the depth of value implied by the external
client assessments, then it would be appropriate to develop a business relationship
~ where investment flowing from the company would help to sustain or even expand the -
operation to the necessary dimension.

2.5.6 Major challenges facing this activity at this time

The biggest challenge appears to be the marginal size of the group, which has been
struggling valiantly at an understaffed level for several years. In this context it would
be very timely if external clients such as COMDEV or even Lockheed Martin could
express their level of interest in more financially tangible terms.
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2.5.7 Recommendations regarding this activity

The Panel recommends:
1. Re-examine possibilities of co-locating this group with other photonics activities
(such as in RPCT for example);
2. engage discussions with external clients such as COMDEV or CSA, or even
Lockheed-Martin, with a view to providing some support of a more
tangible/financial nature.
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3 Projected potential for impact across the Photonics activity

In terms of impact potential for the CRC photonics activity, the Panel considered
impacts in the following contexts:

1. Direct impact of elements of the SITT core mandate:
a. accelerating Canada’s economic growth and innovation through
development of ICT;
b. achieving excellence in policies, standards, research, regulation; and
c. advocating on behalf of a competitive ICT industry and Canadian ICT
infrastructure.

2. Impact of value to other federal organizations requiring strategically significant
expertise in photonics as applied to e.g:
a. defence-related objectives;
b. space program projects; or
c. national security matters.

3. Impact deriving from innovations encountered in the pursuit of excellence in
photonics, which may manifest in terms of ICT or non-ICT applications:

a. Ongoing support of clientele derived through licensing of CRC-generated
intellectual property now being used in the private sector both in Canada
and internationally, such is the case for Fibre Bragg Grating technology;

b. New technologies or intellectual property rights (IPR) emerging out of CRC
photonics work, for example femto-second pulse-induced grating structures;

c. Other capabilities, discoveries, understandings that are in some way unique
'to the CRC photonics team, but offer potential benefit to Canadian Industry
or more broadly to the Canadian people.

The following five tables endeavour to capture the intersections between the various
types of impact listed above, and the main areas of activity in each of the five groups
reviewed. This offers a visual tool with which to compare varying contributions to
near-term ICT needs, vs. more strategic functions or longer-term impacts of a less-
specific but nevertheless potentially useful nature.

These entries are based on data available to the Panel at the time of the review, and it
may be useful for CRC to consider how many more of these intersections could be
completed based on a more detailed audit of client activities specific to each group.

In most cases the check marks in these tables will correspond to items mentioned in
the text discussions of each group’s activity in section 2.

The Panel also recognises that many of the interactions between these groups and the
external technical community serve to establish and reinforce collaborations at
various levels, which although not necessarily compensated by incoming revenues can
be valuable to the fabric of the 1nterchange network of expertise within the extended
photonics community.
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Table 3.1: Projected potential impact for RBON group activities
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Table 3.2: Projected potential impact for ROCE group activities
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Table 3.3: Projected potential impact for ROME group activities
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Table 3.4: Projected potential impact for RPCT group activities
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Table 3.5: Prolected potential impact for RSS group activities
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Comments on the Risks/Potential opportunities questionnaire process

The questions presented for the analysis of risks and potential opportunities .
stimulated a broad set of responses, but in a format that renders the data somewhat
difficult to analyse and correlate. For a future exercise of this nature, it could be
beneficial to group the questions more closely by category of analysis and to try and
ensure that they complement and balance each other in a more coordinated manner.
This could substantially facilitate the interpretation of the data collected.

Implications of Projected potential

In evaluating the potential contributions of the CRC Photonics act1v1ty it is important
to identify a distinct domain of operation in which the projects will address work that
is not being duplicated elsewhere, particularly in the laboratories of other government
facilities (such as IMS-CPFC at NRC, or NINT in Alberta). At the same time it is
important to try and make sure that the CRC capability remains active in areas of
strategic significance such as support to national standards definitions and technical
assistance on matters of national and public security, where for various reasons it
might be inappropriate to allow such activity or knowledge to be developed in an
uncontrolled environment.

3.1 Implications for RBON group

The Panel does not recommend discontinuation of this activity, rather it sees value in
enhancing certain aspects, such as AIRON, UCLP, and GMPLS survivability aspects,
for their more distinctive value in the commercial and strategic context vs. the WDM-
PON activity and to some extent the Network Planning and Optimization activity.
Such an adjustment of program priorities may enable the group to establish a stronger
presence within standards communities, still using the experience of existing
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personnel.

The Panel is also keen to encourage the instigation of more fee-paying clients for
consulting services or design assistance, and potential revenue from these sources
could eventually be applied to adding staff in key areas.

Based on the data provided to the panel, anticipated capital investments in the next
year or two were to be aimed at equipment enhancements for the all-optical network
test-bed, however since the Panel feels that this is an area where it will be very
difficult for CRC to remain competitive, some savings on high cost equipment
investments should be possible. Involvement on the current HSVO (Health Services
Virtual Organisation) and GSN (GreenStar Network) CANARIE projects should be able
to continue, with the associated revenue benefits of those commitments.

3.2 Implications for ROCE group

The strength of this activity is in the combination of near-term licensing clients and
support activities built around the marketable aspects of CRC’s Fibre Bragg Grating
invention. The group has established a global reputation as an authority in the
domain of its invention and the clientele involved provides an excellent basis for
exploring deployment of ROCE’s longer-term capability in having developed a new type
of grating fabrication process which enables some totally novel applications,
potentially beyond telecom.

According to forward plans presented to the Panel, the ROCE group is using the initial
part of the next 5-year period to explore the potential of applications for the new
femtosecond-FBG technology, across the domains of telecom, defence and security.
These milestones include development of fibre lasers as well as silica- and sapphire-
based fibre sensors, both of which represent vigorous and growing market
opportunities. Other than a proposed $236k capital investment in 2009-2010 which is
financed by IPR revenues, the expectations of this group are mostly contained within
the existing resource base.

The overall plan appears to be conservative, but with substantial potential for an
upside based on possible revenues from new technology licensing agreements. The
five-year term provides an ideal opportunity to explore these new directions, which
with the assistance of a proactive business development resource (recommended
below) could develop into another generation of self-supported research placing
Canadian technology in a prominent and valued position.

The Panel applauds the intent to purse fibre lasef development, and encourages
consideration of a parallel activity on fibre optic gyros for their possible benefits in the
Canadian defence sector.

The planned development of high-temperature sensor technologies based on fs-FBGs
in sapphire also presents opportunities for new security markets as well as
geophysical exploration contexts in which Canada has major investment in the
Western Provinces.

This activity seems to- offer great promise and ability to build well on the excellent
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reputation of its previous achievements.

3.3 Implications for ROME group

This group appears to be struggling with outdated equipment that will require
expensive renovation if the activity is to continue. Justifications from clients seem to
be focussed on convenience and economy of the services provided rather than on the
availability of something unique. Indeed, in the view of the Panel, there are other
places to get this type of technology, and as such the continued existence of this group
(especially with the attendant investments for equipment upgrades) is hard to justify.
If there was a steady stream of revenue from clients willing to pay market value for the
services provided, it might be possible to show a benefit from the convenience
attributes, but given that the service provided is essentially a subsidised alternative to
external capabilities, it would be more logical to rationalise this activity down to the
minimum capability needed to provide unique and in-demand services.

This change could imply complications for projects in other parts of CRC, where their
dependence on the conveniently local ROME services will probably translate to a more
lengthy and involved procedure, especially for very small sample volumes. However it
does not appear to be viable to maintain this costly activity for a very small essential
clientele, and the situation is only going to get worse as more of the equipment
becomes unserviceable.

For these reasons the Panel advocates a careful analysis of all the users of the ROME
facilities, to determine where alternative solutions can be found, and thus decide

which items of equipment can already be decommissioned. Since a portion of the

ROME usage is for non-photonics assemblies, it will be important to assess the
impacts on those projects, and similarly to determine the optimum route for
alternative fabrication/assembly options.

Within the considerations offered to the Panel, it is clear that the ROME team has
given some thought to possible scenarios involving a ‘wind-down’ of the activity, and
an example suggested is to relocate some of the still-usable equipment to a university
or NRC lab, where possibly usage could be shared with other resources and
operational overhead costs. Possible outcomes of this nature should be part of the
scenarios presented in the analysis of these facilities. Even so, the emphasis in
processing lines is trending increasingly towards the need for reproducibility, which
typically comes with full line loading and up to date maintainable equipment.

Any implications for the redeployment of skilled staff involved may also need to be
addressed in terms of possible comparable positions at other processing lines in
Ottawa or at government laboratories elsewhere in Canada.

3.4 Implications for RPCT group

The Panel’s conclusions regarding this activity were firmly positive in terms of the
group’s ability to research and develop innovative solutions based on integration of
photonic functions. The subject is still developing and has a rich future of potential
discoveries to be made, many of which could align with key aspects of CRC’s mandate.
However the Panel also felt that there would be great value in exploring some focussed
collaborations with compatible labs in other countries, so as to maximise the
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originality and impact of the projects pursued at CRC, with additional benefits of flow-
through of needs to other areas. Members of the Panel are willing to make the
necessary introductions to facilitate exploration of these possible international
connections.

As an example of where integrated photonic functions could offer performance and
cost advantages of value to the telecom industry, the Panel envisaged possible
collaborations with high-end test and measurement equipment manufacturers, where
an integrated combination of optical detection functions with local signal processmg
might enable improved resolution instrumentation.

The Panel was less willing to be decisive regarding the RF photonics activity, and
suggests that, in conjunction with the microwave photonics activity in the RSS group,
it would be timely to review the potential user demand for those activities, with a
possible view to consolidating them.

Given the recommendations with regard to the ROME activity, the Panel is conscious
that some significant adjustment of fabrication methods used by RPCT will be needed,
given the degree of resource and equipment sharing between the two groups. Forward-
looking plans for RPCT anticipate some significant expenses in the near future for
processing tools (e.g: $350k for an e-beam evaporator) to replace aging equipment in
ROME. If as suggested above, external ways to provide those services can be found,
then this major expense might be avoided. Proposed major expenses in 2012/13
($250k optical DSP for 40-100Gb/s characterization) should be not necessarily
dismissed, but reviewed in the light of:

a) new possible collaboration topics determined from the 1nternat10nal search; and

b) the prevailing state of core network activity at that time.

Other major budget items earmarked for maintenance and equipment repairs should
also be reconsidered if a shift is made to more externally-based fab/assembly
processes.

3.5 Implications for RSS group

This very concentrated activity (3 employees) addresses a fascinating cross-
disciplinary topic, concerning the possible benefits of signal interchange between
electronic and optical waveguides. Since this appears to be one of the few Canadian
groups working in this area (others include Prof Jianping Yao at uOttawa, and Prof
Raman Kashyap at Polytechnique Montreal) and since the client base surveyed
expresses strong support for the CRC work, it should be concluded that there is value
in sustaining the activity.

The particular client base surveyed commented on the value of this group’s work in
applications of a strategic nature (space-borne and military equipment) which are less
appropriately pursued in the less-controlled domain of a university lab, further
emphasising the need to sustain this activity at CRC. However the isolated nature of
this group and the fact that it is currently staffed sub-critical mass, with potential
client projects on hold, suggests strong potential to rationalise the microwave and RF
photonics activities within a single management structure, with the possibility of then
applying more resources to the apparently viable and potentially lucrative needs of
existing client projects. It was mentioned that more potential interest exists in the
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defence client sector, and a consolidated téam might be better positioned to respond to
such needs.

The team involved in this work appears to be highly productive and well respected,
and is successful in attracting external financing towards its work. A challenge here is
that the timescales for developing microwave photonics systems are somewhat
protracted, and a few more years’ work may be necessary before the true benefits are
evident. Nevertheless, this type of work fits well to the mandate of CRC in respect of
technologies with strategic potential, and within the 5-year planning window of CRC
this is the type of project that should be seriously considered, since developments of
this nature and scale are unlikely to happen in academia.
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4 Panel recommendations

Recognizing the challenge of sustaining a strategic photonics activity within CRC, it
might be useful to compare the operating model with similar organizations elsewhere.
A similar intent is fulfilled to some extent by the inevitably much larger US-based
Telcordia organization in New Jersey. Telcordia grew out of the BellCore activity that
was a standards-oriented entity. Current staff at Telcordia frequently have multiple
roles, being simultaneously academic staff at nearby universities, and in some cases
having a parallel existence within strategically-focussed groups such as NSA (National
Security Administration) where their expertise can be applied to consultations on
matters of a highly confidential nature. Telcordia succeeds in maintaining a high level
of visibility and excellence through participation at conferences, in working groups,
and in some cases by letting contracts and collaborations, with the intent to transfer
or encourage the incubation of new promising technologies. It also houses the
expertise to provide contract consulting services to corporate sector clients, as well as
licensing out intellectual property emanating from some of the longer range projects in
progress within Telcordia. (see for example: www. telcordia.com/innovation/research/fy09-
strategic-research-program _rpt.pdf ). In the UK Qinetig, which was previously the ensemble
of national defence research establishments, has progressively migrated towards a
similar combination of strategic in-house expertise and high-calibre revenue-
generating consultation services, while still maintaining a framework able to respond
on matters of national significance.

The CRC photonics activity shares many of the same intents as Telcordia, albeit on a
smaller scale, and one key aspect of the uniqueness of the work at CRC is that it can
address topics requiring a longer timescale of consideration than is normally tolerated
in commercial laboratories. This special attitude (e.g. a five-year window of operational
objectives) affords a special advantage that CRC management should strive to protect,
since it is the type of context that can give rise to far-reaching discoveries such as the
original Fibre Bragg Grating technology, and its emerging successor based on femto-
second IR pulses.

With the recent demise of large industrial R&D labs in Canada, there is virtually no
long-term research of a focussed nature happening in the country’s commercial sector,
and surprisingly the academic sector has also tended to foreshorten its timelines of
interest into zones that appeal to the near-term needs of possible industry partners
who could provide matching funding or support letters to grant applications. Work on
photonics at the National Research Council (for example the Ultrafast photonics lab at
the Steacie Institute, and the CPFC at IMS) provide good examples of long-range and
pre-development work respectively, and it is valuable to ensure that the CRC activities
continue to complement rather than compete with groups such as those.

General recommendation: Pro-active Business Development for Photonics capability.
The Panel feels that the powerful expertise set contained within the CRC Photonics
groups could help to offset the costs of its existence by developing more opportunities
for revenue-generating consulting services to external organisations. A path to
identifying revenues of this nature could be developed by assigning a sales/marketing
type of resource to pro-actively connect with the community of photonics users, and
simultaneously:
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pursue new possible markets for CRC-generated IP;

e pursue opportunities for consultancy services based on the CRC photonics
expertise;

e establish involvement in standards activities at which CRC subject matter
experts would be key participants;

e collect information on market status, developments and needs, with which to
"help orient activities and longer range planning of the CRC activities.

The Panel’s view was that a single skilled individual reporting to the VP level could
establish a valuable presence in the community where these objectives would take
seed (Photonics, Optics conferences, standards meetings, discussion groups etc) and
provide a bi-directional role of promoting new business revenues as well as brmgmg
back valuable information on market needs etc.

Group-specific recommendations (detailed earlier in section 2 of the report).

RBON group recommendations (see section 2.1.7):

1. Discontinue the WDM-PON activity;

2. minimise or discontinue the Network Planning and Optimization activity;

3. refocus available resources towards AIRON and UCLP activities (plus GMPLS
survivability) and get more actively involved in standards, strengthening work
on cyber-security;

4. by being informed on strategic aspects of communications infrastructure, be
able to advise and support SMEs and other industry players;

5. target more paying clients for services rendered. Develop role with CANARIE
and dialogue with major Canadian service providers;

6. Sustain but refocus this activity.

ROCE group recommendations (see section 2.2.7):

1. Do not abandon this technology even if telecom usage falls off;

2. explore other possible resonances with the mandate and beyond telecom;

3. aggressively pursue licensing possibilities for the - fs-FBG technology for

potential revenue generation;

4, continue to explore fibre lasers and additionally look at fibre optic gyros and
other fibre sensor-type applications including technology licensing and transfer
opportunities;
patiently explore the wide range of potential applications for this capability;
establish vigorous dialogue with existing FBG licensee community regarding
new opportunities; :

7. Sustain this activity.

oo

ROME group recommendations (see section 2.3.7):
1. Audit the internal capabilities and needs vs. commercially or externally-
available alternatives;
2. if necessary sustain a minimal part of the activity to meet any needs not
obtainable elsewhere;
3. target closure of most of this activity and thereby reduce the additional
financial obligations of operations, equipment maintenance, renewal and
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replacement;

4. if necessary maintain a low cost capability for printed electronics.

RPCT group recommendations (see section 2.4.7):

1.

2.

3.

4.

Use Panel introductions to explore collaborations with similar groups in
Singapore, Israel, Sweden and Finland;

develop possible solutions for integrated front-end units in high speed test and
measurement equipment;

review the RF photonics activity and examine options to consolidate with the
RSS-based microwave photonics group;

Sustain this activity.

RSS group recommendations (see section 2.5.7):

1.
2.

3.

Re-visit option to consolidate this sub group with similar skills in RPCT;

pursue more financially supportive interest from external clients such as
COMDEV, CSA and Lockheed-Martin;

Sustain this activity.
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5 Summary

The Review Panel was impressed by the calibre of the work presented, and especially
by the objectivity of the managers in their presentations and self-assessments. In
particular, the Panel would like to commend Dr Bérubé for his openness in arranging

" and coordinating the review process. The insistence on a forward-looking focus made

this a healthy and valuable exercise and enabled the Panel to project more decisive
conclusions regarding the potential value of the various activities.

It is acknowledged that some perceptions of the role of CRC’s photonics activity may
differ from its actual mandate, and this can create some challenges as regards to
content choices. The CRC lab is seen by many as ‘a government lab that should be
doing things not getting done elsewhere, especially if they have some ‘strategic’ value’
as opposed to the more focussed SITT mandate for telecom, defence, security etc.
Given the special timeframe (5 years) allowed to planning at CRC (which the Panel
applauds) CRC has a type of autonomy to tackle some areas that other labs cannot,
and these can range from more complex applications such as optical signal
processing, to basic research such as fs-pulse induced changes of optical properties.

Within the types of work that this timeframe allows, there will arise some brilliant
ideas and innovations that, though they may ultimately have applications not within
the standard SITT remit, will nevertheless be valuable technologies that can benefit
other aspects of Canadian society or industry. The Panel would therefore like to
encourage a climate that is able to nurture this breadth of innovation, with the option
to later transplant the seedling developments into an environment where they can
flourish.

Canada is extremely rich in photonics technology expertise, as witnessed by the
breadth and depth of topics covered in this review. However, in comparison to other
countries with much more extensive national laboratory resources, Canada has to be
very selective in which topics it can cover, and the Panel has tried to assist that
selectivity, even though it may mean truncating some activities that still have inherent
value.

The overall assessment suggests that, by some adjustment of project content, this
photonics activity at CRC can be positioned for a further period of innovative
contributions that will not only support the national position in terms of policy,
security, and regulatory aspects, but will also generate collaborations that can
encourage new entrepreneurial activities in a technology domain that will transform
our lives over the next few decades.
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Appendix 1: Questions used for on-line survey of CRC clients

1. Was the outcome of your involvement with the CRC team of strategic value
to your organization and/or to Canada in any way? [Yes/No/please explain]

2. Does your involvement include payment contributions (cash and/or in-kind)
to the CRC group for: [Yes/No]
‘a) services,
b) samples,
c) software,
d) advice/research conclusions, or
e) other (please explain if yes).

3. If this CRC capability was not available to you, where would you have to go
for comparable help?

4. How do you see this involvement developing over the next few years?
a) potentially increasing,
b) potentially decreasing,
c) likely to stay about the same,
d) don't know.
e) other (please specify)

5. What is your view of the capability of the CRC team Wlth which you are or
have been_involved:
a) Not unique;
b) Not unique but geographically convenient;
c) Not unique but economically convenient;
d) Unique in Canada;
e) Unique in the world;
f) Other (please specify).

6. Please tell us how you rate the followmg from previous contributions from
the CRC team:
a) Excellence of the contr1but10ns (rank 1 (low) to 5 (high));
b) Impact on your requirements (rank 1 (low) to 5 (high));
c) comments:

7. Please tell us how you rate the impact on your work of anticipated future
contributions from the CRC team: (rank 1 (low) to 5 (high));
comments:
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Appendix 2: Question sets presented as risk analysis.

The questions sets listed below were compiled for each group reviewed, and were
completed both on behalf of the groups themselves, as well as by members of the
external Review Panel. The overall responses to the questions are summarised in
Appendix 3, and discussed in the text of the report.

RBON QUESTIONS:
Risk [ impact [T CWhees | Comments

1 that govemnment regulations could current
sa and of output due 1o squipment [Proper mantonance can help prevent this and support contracts with |
2 |failing. This risk is enhanced by the age of the critical pieces of advanced replacements can mimize the downtime. Replacement of
|equipment. aging equipment should be identified in the capital pian.
3 There is a nsk of conflict b h groups and |Anytime there is a limited resource, there is potential for conflict
over shared resources and lab s =
Isarskof ot easily integrating with other CRC Since the majority of our work |8 focused on optical based

4 |research groups and other communication technologies W.nmmmmwmm

in other fisids

There is a risk that lack of space could affect future equipment and

5 [testing capabiliies. Any changes have to be made with space
is in mind.

8 Tmbll‘hthmpmm«mrumldm

S adokk

Random power fallures have happened before causing downtime and
costin: o

lumi ﬂn&mh«nﬁnmehmlnd
cument CRC research not fitting into the plans for the future
T is potential that CRC will be asked to take on a new driving
2 |projectifocus, which would disrupt current research forcing a re-org

s a sk hat ack of contrbution 1o he scientinc communty

alill

The demands of SITT/industry Canada can aiways change
The demands of SIT1/indusiry Canada can always change

Unlike companies, The govemment 1s judged not only Dy products

3 mmmnlm ! will limit manufactured but by other factors such as efficiency, peer recognition
sspect from ndustry Jof excellence and reputation
4 Thunhlﬂll(MbymlﬂIﬂmmofmmm 5
" gf oing technolog mu
: - :
-__-' howCRCIl lig MI‘HnSf'I'T."In

tial for cost recovery through intellectual property(IP

There is that current dge and will
1o produce high quality ressarch in whatever direction given

Risk of being unable to meet the CRC mandate to *meet key
mwmumzs‘mwuw

[ outside collaboratons become a focus, results can be tied fo factors

1 |government financing, change in abilities can lead to changes in
numbers and quality of collaborations.

beyond our control such as NSERC funding. These changes are
usually slow and can be predicted as they are tied into funding cycles

lwhich are easily monitored

There is a risk current budgeting will be changing in the future

'What we can or cannot do is directly affected by budgeting from

Industry Canada. Since what we get or do not get is out of our control,
there is not much we can do except make the most of any opportunities

3 There is a risk of yearty budgets being adjusted the year
{There is a risk that power fallures or accidents could damage
pan: Arocessing equip 1

‘We have seen this before and needs to be managed accordingly.

mmmmwmmmm
costin:

cmebwnmmmmwm
extemal

money seems to appear at random intervals depending on
external
Since the money app 1o come randomiy, how it is is not
always tied directly to any program or desire to develop
abilites

. that the current capial plan doss ot adequately
for future req

[There is risk in that any new capital is typically difficult to spend due
8 |to purchasing time frames and regulations

Many required equipment cannot be bought within the allotted
time frames. In recent history, capital money has not been allocated
until the late fall or winter.

on allotment sizes and time frames many smaller pieces of

There is a risk that even though capital plans are in place,
2 |purchases are nol according to needs instead they are done by capital equipment are bought instead of high need high cost items

what fits the at the
|Tmumkhhm=ﬂulmmnmmmmm Capital money is sometimes awarded but not always with consideration)

10 s to the costs for g and 9 to the costs o maintain and support the equipmant
the over time
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= ﬁmh:mﬂmmmmmwmm

RSamng ons 15 ¥ people did leave for reason, the ability 1o restaff in a short
mwm«:mm.cmnmumh period of time is not very good
lost
uuwmwm&mnmdom«nmm {Uncertainty and change can have a negative affect on peoples
research : {motivation
I mi(mm\plnmumynwmlnd
7 in will with lack of

il o ing budg fusion and P

IEM position wsmn&gx'mmu
There is a risk of staffing changing due to [Retirement within CRC is a risk. The retirement of existing staff is of

18 higher impact as staffing position is currently difficult and the trend
recently is to not restaff the positions of the people leaving.

Comments
P uwﬁ-hn‘nimm
There are healih and safety risks associated with having bs fﬁwmmmmm mdmmmmw
high pressure gas-based and solid state-based high gency Resp ‘sam (ERT) team and other safety procedures.
hlmnmmmnﬂmw |An important example of risks due to poor infrastructure is the failure of the
issues If certain house services are lost or interrupted fora [ventilation system in the cld 28 labs which resulted in the shut down of the
significant period of time axcimer laser facility S years ago. Failure to repair the existing infrastructure due

|to cost, di y of asbestos, and g opening of the New Photonics
|Building, has had a sarious impact on the unt research program. Some

2 capabilities have been recently restored in other lab spaces but full capacity
cannot be realized until the New Photonics Building is opened. There is a further

risk to fs-laser system if uni pted power is
is & risk of and lack of p due o High p laser sy are p pheud' quip
and proper p are ,‘ d inorder to reduce the impact of
Vendor is xpensive but aiso
3 mmummmmmnumm
PWGSC because of the cost. This has (]
and lack of p
T & risk thal the new bulkding 2E will never be fully wmmmhmhmmm‘qam
4 |brought up to original specifications needs to be ction would be nice but is not
uummmwuuﬂnﬁmm Equipment will be moved out where possible, will be enciosed in boxes by the
§ |occur to equipment located In the labs and offices. site carpenter where not possible
There is a risk that power failures or accidents could damage Wﬂmm can 9 p
P P 9 equip this could be blem are tol upted Power S
s (s laser, wmmmm There is an issue if ske
generators go offline for any reason (ex. Thursday Feb. 25)
Fmememmnwh 4 of 5 excimer systems have been in storage for 5 years. Potential that
existing squipment refurbishment of lasers will be needed. Costs unknown, original purchase price
T of stored equipment ~$600K. Meter long stage may need refurbishment (upto
~$50K)
— [Presently forced 10 operate fs laser in overcrowded |ab in 25. Heat j0ad in room
hmwmmmwnm mmmmm
1t is still a p jon of the laser in this
umhmduwmwum Original
purchase price of the unit ~$850 K
TR [Research Program Management Risks
There is risk that CRC will loose Its worid class research status) Mc?cbwmmnmw fs-laser generated gratings
mmmm«mmmm MMW mmmumwum
P b L in costs and Imp
o uh\luraym: Mwmwmmmmm
1 to caich up. We will loose our leadership In this
mlmnmualmmmmsﬂmm
than supporting SME's
There is risk that any outsourcing of fabrication could result in Depending on the supplier, delivery time and quality or returned work could
2 |factors outside of our scope of control directly affecting project affects our research and we would have no direct control of these factors
iﬁnmawmmmwm [Research program focused on f as well a5 and
a ging for the fabrication of g of next g b hnology. | i mwmm
|emarging communication based devices. ¥ its
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No critical capability Is localized 10 a singie _onua_‘h

maintained within the unit.
Value of being d by its i and for its
WWMMI
{Fessarch sxoebence of The Gnil s recognized Sxiemally Thiough pUBHCRDONS,
; with and gy transfer to industry.
1A major focus of the program is the of optical

networks

demands of /industry Canada can always change. Research has been
[demonstrated time and again to support Canadian SMEs

The demands of SITT/industry Canada can always change. Reallocation of
effort from areas where we are world class to areas where we are marginal will
result in the loss of our world class status.

Wmmwmwmmmum
mmmmmnnmmwﬂm Potential is

diminished as facilities age and of tech
mmmmmmmmmwm
in revanues

There Is potential that current knowledge and experiise wil
continue to produce high quality research in whatever direction

[CRC has a well esiabished reputation with knowiedgeabie slafl over & broad
range of Itisa asset for SITT.

1" given Realignment of research away from where ROCE has made a significant impact
jwill force us to play catch up with the rest of the world rather than the other way
around. It will be much more difficult to be impactful.

- |FinanciaUPersonnel R
¢ Risks

Is sk with that their of needs
can change which is indepandent of our control A downturn in
1 in abilities can lead to
Whmmummmum

Jﬁwﬂldhmﬂnﬂhﬂmhmalmmwm

|custom prototypes or license new technology. cmahummu

hnology through
|important

There is a risk current budgeting will be changing in the future

iﬁummamﬂn'-‘ cily affected by Itis
Imparative to identify lunding sources, moemummmmm
1o fundficense the by the

3 | There is a risk of yearly budgets being adjusted throughout the

[We have seen this before and needs 1o be managed accordingly.

Iigummwummﬂummm
and p g of new equig

Capital money seems lo appear at random intervals depending on extemal
|departments, making it difficult to plan effectively. Typically this is managed by
having up to date g jons from vendors so that if money comes
available is can be rapidly p y if &t is on g offer. Itis
mmmmmmmmnmmmwm
processed by PWGSC

There is a risk of capital funding for new of replacemant

[This could have a high impact as much of the equipment in the ROCE unit is

5 |equipment will not be available middie aged (assuming a 20 yr ifetime)
There s @ risk that the curment capiial plan does not mndunbmumm 3 of new capital eq In order to
6 |adequately prepans for future requirements. maintain a state of the art laboratory.

75 18K In hat any new caphal 18 typically Gificull 1o
spend due to purchasing time frames and regulations

WMMMMMMMWMWMNM

mmmmwmmmnmmm
can be p In a timely manner.

Unfe ,moﬂm quip mwmmm

contracts (standing offers) with the federal g

mmhmmmmmnommmﬂmsc

P and prioriies making acq

There is a risk that even though capital plans are In place,
jpurchases are not according to needs instead they are done
by what fits the money at the time.

Depending on aliotment ses and time frames many smaller pieces of capital
lequipment are bought instead of high need high cost Rems.

muwmmmmnwwmm
planning as to the support aq staffing and
9 costs to run the equipment

mmmummwmwmm to the
|costs to maintain and operate the equip and

muummmmmmnmumm
unit OM if all sy wers g at their full capacity

10 Mh-ﬂﬂﬂumwmmb

uumummnMwmmmm laser gases and optics

mmmm-m Some cost are

S LR L L el
In the present environmaent, there is not much risk in loosing staff to industry.
When the photonics industry tums around that will no longer be the case. To
reduce the risk, technical expertise is shared leaving no individual in sole

ofa

is & risk of current staffing arrangements changing due
o realignments or recrganization within CRC/SITT Andustry
Cannda

If the unit Is halved, the research program will focus on fis successes and

[tech transfer mmrumuw:m capabilities will be
cpanded and ped along with of the
|research program

There is risk within HRUStaffing. mﬂrbuﬂ:ﬂ
|positions Is very low under cument conditions. Groups could be|
understaffed in a hurry If people were lost

[The ROCE unt has been reiatively stable, however i has been Gificul 10 restall
vacancies due 1o budgetary considerations over the last couple of years. Issues
from HR are minimal
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s & risk ihat employse motivation and desire will have [Research within the uni is deadiine driven. Financial Incentives exist for the
15 |direct affect on the amount of research being performed P of in and of ay.
There are risks that moral (see employee survey resulls) and This has nol had a direct Impact on the moral of the ROCE unit to my knowledge
1% in 0! will with qQ lack
of 9 fusion and sp as
future SITT. -
17 is a risk of due to retirement There is litthe risk of @ member of the unit retiring within the next 5 years.

ROME QUESTIONS:

Risk Comments
T Low odium [High Low _[Medium [Hig

’

There is a risk of a toxic gas leak causing injury to personnel, Rmmmmmm perating
1 d | impact and emb 1o the g proper facilities, gas ds R Team

ﬂnmwmmm

(There is a risk of & spill ing injury to | w«mhmumnmmmm s0 spilis
2 are usually small and easily managed.

ﬂmhlmkdmwapﬂwmwﬂcgumm Rimmmmmmhn d perating o

impact and o g proper facilities, gas o i R Tlull

(mmmmmm Qulﬂnhsur
3 chemicals in use at any given time are low, so spills are usually

small and easily managed

There is a risk of miscommunication between site services and lab New ication procedures are being ped to mitig
4 in regards to and lab access that could this risk.

result in o or 1o

There is a risk that accidents or loss of site services (power failures, Random failures have hapg in the past, ing downti
s loss of nitrogen, vacuum, de-lonised water, etc) could damage mmthw is ive, i

P P g Squil or pose health and safety risk to mswuwmwmumm
| lpersonnel Jto repiace the equipment

Thers is @ risk of downtime and lack of production due 1o equl This Is miligated by appropriate p i
8 This risk is hgrnulpo{w:nlphounl adequate funding and proper procedures

processing equipment

There is risk of going out of 1o affect p As equip and faciiities age, is difficult

results such that process requirements are not met 1o maintain. numnmmmmm
7 impact our ability to maintain the process capability.
[~ [There is potential that technological Shifts could render process [Process ge is mai by p jon, run
§ |capabilities that were previously developed for other users in the sheets and institutional memory.

recent past 1o become important to industry again

(There is risk that changes in federal g g could [Changes in reguiations may require additional funding to meet

force changes 1o lab op and g P the requirement of more siringent health and safety procedures.
9 Where additional funding is not available, resources must be

shifted from other projects.

[There is risk that limitations in lab space could affect our ability to
P W P When plans are made for new equip the g P

10 mmwmmu-nmlhnmh

available for the equipment before making commitments to use it.

= % mean re older to make room for new.
ﬂlmmmmm
There is a risk thal poor communication batween clients and Facility| Betier and tion with clients di
1 may p client needs from being anticipated early future process needs would better integrate and align the facility
gh to adeq by the needs in a timely manner. within CRC and other dlient needs
Mhlmmlmmwmkmmﬁ [ In equig P and funding prevent us from
client neads ding and i capabilities. Current cent
2 MMNMWMMMWM
not be available to ad new regq
| There is a risk that p L developed for clients may Many processes are developed for one-off client requests to
mummummmmm evaluate proof of concept devices on a ‘best effort’ basis; these

process requiremaents are often not repeated. As a result,
3 |process development stops when the process is deemed ‘good
{enough’ rather than fully developed and documented.

[There is a risk that increases in client needs could create a E«cmmmmw.mmm
P that the y of staff to icompanies, or CRC budget changes forcing groups 1o have work
in & timely fashion. mummhmmsu imore completed in-house.
Fi
There Is a risk that current demands and needs for facilties will |While reviews of ai are undh the
change as CRC's mandate and position within SITT changes, maMCRCMmﬂomdﬂnMEFma

y the p are being closely examined,
5 The outcome of this review and resultant changes in client
direction will have a strong impact on the future role of the facility.

[There is potential in ing or hnologies unique New b gi6s and capabililies can sometimes bring In
hCRCMMMMEFMhMmm collaborations and clients. CRC may be positioned to offer a mix
L of capabilities that is unavailable at any single location sisewhere,

to the benefit of Canadian industry.
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There is risk of day to day variation in process results due to

EMMMWNMMdW
rather than th

]

10

p | issues mdwlhnllorm
I&m-uh on the g the
73 mmmmmmwmm Thus, results
may be subject to res of p | issues affecting the
technologist's behaviour.
There is p for taking ad ge of p y not
o faciliies to adapt processes o

imeet new requirements

'Where fabrication processes rely on skill of operators rather than
‘automated processes, mummmm

modifying p chniques as needs
lwarranl. TMMWMMMEFNMMM

|mm1mmuwmmmmm

There is a risk that curment capabilities will be affected through
heaith or other issues with staff. Some capabilites are limited to
only one employee

This can be mitigated through cross-training of staff.

[Risk of being unabie to meet the CRC mandate to ‘meel key

technical challenges of the 21st century for the knowledge-based
[aconomy”™

Many binati ofm *m-mm
(any Y
Mmmmnhmmw
Fm rib top
h .ffom g CRC's d muwﬂdum
and the g to the

mmd?mmwm

1 BT

mnmmmmm:«wd

can change independently of our control. A
mhmhmwy Whl\eﬁw change in abilities
can lead to ges in L and quality of
collaborations.

erNnWmmmmw
processes, results can be tied to factors beyond our control.
'Some of these changes are siow and can be predicted (as they
are tied into funding cycles which are sasily monitored).
Industriai collaborations are subject to changes in management
priorities, which in tum are dependent on market forces.

There is a risk that budget allocations will change in the future

|What we can or cannot do is direclly affected by budgeting from
Industry Canada. Since the funding we receive or do not receive
is outside of our control, there is not much we can do axcept
make the most of any opportunities.

[There is a risk of yearly budgets being adjusted the year

Mid-year adjustments to budgets make it GIfficull o plan
effectively for the year.

[There is potential for cost recovery through contraching-in or
|generation of Intellectual Property

S

wmmmm.«mm
g-in, (i ity of staff and equipment)

There is potential that capital money will be made available for the
P and p ing of p g equipment

Capital money seems to appear at random intervals depending
on external departments. Where capital funding is made
mmmmmmummwumam

||ﬁsun t an oppH ity 10 imp and upg:

There is a risk that capital funding for new or replacement
equipment will not be made available

Availability of capital funding seems to be dependent on political
whim rather than proper financial planning of priorities and
requirements. Many items deemed urgent on the S5-year capital
plan have been listed for over 5 years. As equipment ages or
capabilities are lost when the
umlhmm Lﬂduﬂﬂmmu
from acquiring the capabilities d y to add
emerging technological needs.

There is risk that new capital may be made available but that
purchasing rules prevent us from taking advantage of the
opportunities.

mwmnmm-wmmu

o acquire p (which often
ludﬂmnoﬁ: 14 weeks to manufacture and deliver). In recent
history, capital money has not been allocated until the late fall or
lwinter, 100 late to pass the many hurdies required of govemment
purchasing regulations for capital assets. As a consequence,
lopportunities for capital upgrades are allocated on the basis of
'what can be delivered within the limited time frame available

There is risk in having capital money to buy equipment but no
planning as to the support equipment, staffing and associated costs
o actually run the squipment.

fatia han o coemtonal piorten,
capital funding is made available for the purchase of

lequipment, increased O&M funding is not provided to cover the
costs of installation, training of staff and running costs of the new
assel. This prevents us from taking full advantage of the
capability represented by the new capital asset.

[There is a risk that decreasing budgets could lead to shortages in
parts for equipment and restrict process capabilities

Lack of funds for req and appropri i
i - and p capabilites - 1o degrade,

[There is a risk that costs o run vanous programs and faciites will
iebedpt

|With changes in the transportation laws and the reduction of

\Mlmllhaqupmombm mnupnkmﬂmiﬂinu
ity when equip nears the end of

Mu-wdmmmummum

g or naw employ

Wl&ﬂmhmomm
Ismmhmwmmuwumm
doponclunonhlkllof fors must be re- and
lsloot

Mhlﬂﬂdwmmmmu
within CRC/SITT/Industry Canada

mmmwmﬁ-«mwmn
sarvices, depending on the priority placed upon associated
research goals,
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There is risk within HR/Staffing. The ability to easily staff positions i
very low under current conditions. Groups could be understafied in
a hurry if people were lost

Institulional pressure 1o maintain a imited, fixed number of FTE
positions within CRC creates pressure not to restaff vacancies to
gain flexibility in realigning staff to new priority areas.

mu-mmmmwmumm

Uncertainty and change and can have a negative affect on
motivation.

affect on the it of {pecples
[There are risks that morale (see employes survey results) and Low morale causes loss of productivity and laissez-faire attitude
in 9 will d with g lack of towards research and institutional goals
15 [directi g budg and sp ion as to
CRCs future position within SITT, yC of
Canada

RPCT QUESTIONS

Comments
8iNg b8 and Equipt Risks (Labsa/Equipment ~
are heaith and safety risks associated with having labs with chemical Risks are mitig with training , proper facilities, gas
1 |and gas based processes y Resp Team (ERT) team and other
(There is a risk of conflict groups and employees over s based on historical lab set up and chents.
2 |shared resources and lab space.
There is ¢ that new devel [ i
3 sWMumlMMMhmmmh
materials and devices
There is a risk new transportation of dangerous goods regulations will
1o affect supplies of p ing ; y
4 costs and/or imited availability of essential chemicals and gases.
There is a risk to equip wﬂ-ﬁm ing ability, and health and operation o Processing
mm!ummummm«mma wmm Il'unsmmrnimumpudbn
significant period of time significant period of time, equi can be
5 mmmm.«mﬁmmmm:
[but all processing ability would be lost. Electricity is another
critic service as some processes involve many day run times.
Ensure backup systems in place, UPS for key equipment and
bottled 8.
There is a risk of ime and lack of production due to Increased maintenance and proper procedures can help
6 |breaking. this. Consid i 1o minimi

= rmmmmmmnm bulding 2E will never be fully brought

AT

ﬂmhlnlkﬂ!dduhonpﬁsdhﬂl&\ozs damage could occur 1o
8 |equipment located in the labs and offices.

MWWMMMM.'
Maintain good communications with faciliies staff and protect

There is a risk of RPCT capabilities not easilly integrating with other CRC
® |research groups and other communication technologies.

in vanous
lndlnobnm mmammmm
other research

[There is a risk that power failures or could d in

power .mwmm
and o A

{will not meet the needs for the fabrication of planer lightwave circuits and
other silica based devices

and It grap carmied out in MEF are|
Mhmmmmmm problems

Ther is a risk that f current in house abiliies are not sufficient, no
alternatives curmently exist.

. Groups have different priorities and

\nudui!wu mummmw
p. Review of
interdepeandench quired to risks to RPCT
research =
If the work that is done in MEF does not meet the needs of the
group, no pre lished alt ives exist. Investig
1o have key p done on fee-for-service basis

o with another lab to

|mm

There is risk that any outsourcing of fabrication could result in factors
3 outside of our scope of control directly affecting project timeliness.

anmdnqunm:anpphr delivery time and quality or
retumed work could affects our research and we would have
no direct control of thesa factors. Small volumes would make

There is a risk of current technologies not staying relevant with changing
! for the fabrication of . s

based devices.

Rmmﬁmmmum-mm
onwormlnghnh rl!wrmnnwnlinulluurﬂ

There is a risk that W-MNMEFManmnRPﬁT
5 |research will not be repl P librated due to differing

—%immwmﬂhmmmﬂw
6 |other issues with staff. Some capabilities are limited to only one employee

There is risk that current research and focus will be dramatically adjusted
7 |depending how CRC is realigned within SITT/Industry Canada
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Tm.u-mm-mamuummWw
through papers, ‘will limit gnit
and research iosing peer respect from Industry

Unlike companies, the govemment is judged not only by
products manufaciured but by other factors such as efficiency,

There is potential in continuing 10 provide excell rch and exp
on optical based gies and ‘

There is inuing scope for i in

There is potential that new technologies in the millimetre and THz
frequency spectrum will benefit from optical based devices such as
photonic fightwave circuits.

|1Emmmmmunm;
nmbmwmmmnw

appiications ummnwﬂmmmm

12

123

Mhamummwmmmmml

MuMMCRCﬂhwuuhonlmm
projectifocus, which would disrupt curment research forcing a re-org and re-

Mummmmmwmmﬁ}
generation

Maintain core expertise and equipment and exploit ;
ities in a manner.

14

(CRC has a well established reputation with

staff over a broad range of communication technologies. Itis a
[valuable asset for SITT. Support research staff financially
lorganizationally - high morale will translate into high quality
|research.

[There is potential that current k and tinue to
MMMMhM\mmM
lmummnmu_c_ac o ‘meet kay techni
marum century ..." Our Laboratory’s R&D focus is on
logies that "add value” or enhance the
f of broadband rh and app As part of
CRC-Nm ctm:l for

[for the knowledge-based economy.

R&D-wmhdonuwmmmmumzmm

There is potential that current and new

wmnmmwmm»mm

, government
mmmm-mwhdﬂmhmwmnr
collaborations.

In outside collaborations, results can be tied to factors beyond

our control such as NSERC funding. These changes are

mﬂy*«ﬂmuwummumm
s which

is & risk current budgeting will change in the future

is & risk of

here is a risk of yearly budgets being adjusted throughout the year
[There is a risk that power failures or accidents could damage expensive
processing equipment

is potential that capital money will be made available for the

P E g of p 9 equip

Capital mhnmhﬂmuhwmhhwt
op . Capital plan should be ied to research priorities

[ " _Ibe available

There s a risk of capital funding for new or replacemant equipment will not

h}podnplkﬁ'hmm-b—dlh
lan in plac

There is a risk that the current capital plan does not adequately prepare for
future requirements.

There is risk in that any new capial Is typically Aificull 1o spend due to
purchasing time frames and regulations

Many tmes required equipment cannal be bought within the
allotted time frames. Equi is y not
mﬁmmﬂmwmmmﬂﬂwm
take months, contracts need to be started before the end of
.hm!mq.aﬁnlmqmmhun
allocated until the late fall or winter. Assign capital funds at
start of fy

| lime

is @ nsk that even though capital plans are in place, purchases are
not according to needs instead they are done by what fits the money at the

Depending on allotment sizes and time frames many smaller
mumwmmmmwwm

Mumhmm%mwmmbmmﬂmnhuu
o the suppon iF costs to run the
equipment

|Capital money is sometimes awarded but not always with
|consideration 1o the costs to maintain and operate the
|equipment. Examples can be seen with the ultafast lasers,
ISEH,IMAP‘TMW Capital planning should have

P Lo

[Thare is a sk that decreasing budgets could lead to shortages in parts for
and limit

Use end of year money o stock up on parts, pump kits etc.
lists of necessities

There is a risk of costs 1o run various programs and faculties will continue
1o increased

(With changes in the transportation laws and the reduction of
semiconductor research within Canada, the availability of
ical lies is d ing and costs

Mhumwmmuhmmmumr

is always a nisk of losing staff for a vaniety of reasons

If people leave, the ability to restaff in & short period of Ime 18
limited by process and HR priorities.

Iumwmmmmmunmmmm
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17

18

There are risks that moral (see employee survey results) and confidence in
will & with A -

inuing lack of di 9
and lation as to CRCs future position withing

|mﬁnmm’mmm
here is a risk of staffing changing due to retirement.

Relirement within CRC is & fisk, The retirement of existing
staff is of higher impact as staffing position is currently difficult
land the trend recently is 10 not restaff the positions of the
pecple leaving. g for key posit

RSS QUESTIONS

1

P |wmwinum

T —

Risk that squipment will break and that projects will be delayed resulting
in failing to meet client's expectations.

2

Risk that not sufficient funding be provided/obtained to properly
2 |maintain lab faciiities
R LQMMM
There is a risk that the paperwork d to the
1 ger 1o Y Justify its h program p himmher

from his’her research activities.
There is a risk that the priority of intemai projects change over the year
due 1o I client's reqs 1o urgent matters or due to

2 ST %

‘) not initially p or due o the need

There is a risk that extemnal factors result in a shift in technology
direction a less

There is risk that collaborators in external organizations do not deliver
what was promised on time or within the agreed scope.

There is risk that corporate ‘rational’ decisions impact the proper
stion of the program under the context of a research
result o program within a p riented larger org

Thers is risk that insufficient administrative support (i.e. finance,
p HR, etc.) be provided impacting the of both
internal and clients

mu-mmmmmhmmmm
based on a change of management style and that a new packaging/re-
of wil

There is & risk that funding allocation be provided foo late in the year
and will impact the progress of projects

There is risk that prog P g funding for proj are
ing the comp of projects in a suitable Eme.




CRC Photonics Activity Review April-May 2010. Panel assessment report.
L [ Release Date: __31-05-2010 | Page: 52 0f54

. Appendix 3: Summarised Risk Questionnaire responses

Note: for the following summaries, (*) indicates that there was a wide variation in the
responses as shown averaged here, and in cases where there was a tie, results were
rounded up. Response references correspond to questions detailed in Appendix 2.

RBON RESPONSES:

Risk Map RBON Summary

Significant (3)
P2,P4,P6 R1,R2,R5,R6,R7,R8,R9 Fi2
R3,R10 F1,F2,F3,F5* F6* F7 F8
F4,F13 F9*,F10,F11,F14,F15,
F16,F17* F18"
Moderate(2)
[P1,P3,P5
Minor (1)
Low (1 Medium (2 High (3
Likelihood
ROCE RESPONSES:
Risk Map ROCE Summary
P3 R10
R11
Significant (3)
P1,P5"P8 P2,P4,P7T Fi1
|R2,R4,RE R1,R3,R5,R7,R8,R9
F12 F1,F2,F3,F4,F5F6,F7,
. F8,F8,F10,F13,F14,F15
Moderate(2) F16
Fi7
Minor (1)
Low (1 Medium (2 High (3

Likelihood
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. ROME RESPONSES:

Risk Map ROME Summary

P1,P2 P7* R3,
F2,F6,F9,F10
Significant (3)
P3,P8,P10 |Fa.P5,P6%,P9 RZ,R5,R10
Fa4F5* R1*R4",R6,R7*,R8,RY* F3,F12
F1,F7*F8*F11,F13F14
|F15
Moderate(2)
Minor (1)
Low (1 Medium (2 High (3
Likelihood
. RPCT RESPONSES:
Risk Map RPCT Summary
P1 R16 R1,R5,R12
Significant (3)
P3,P4,P8 P2,P5,P6,P7,P3,P10 R11
R6 |R2,R3,R4,R7,R8,R9" R10, R14,R15|F6,F12
F4,F5F13 F1,F2, F3,
F7,F8,F9,F10,F11,F14,F15F16,
Moderate(2) F17* F1i8*
[R13
Minor (1)
Low (1 Medium (2 High (3
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’ RSS RESPONSES:
Risk Map RSS Summary
P1 R3
Significant (3)
P2 :
R1,R2,R4,R5,R6,R7,R8
F1,F2
Moderate(2)
Minor (1)
Low (1 Medium (2 High (3
End of report.




