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He purpose of this study is to help position and develop r J ¢ Uc¢ Ynicdoelectronic and photonic industries, along with the mineral,
material and component industries that lie upstream and midstream of their value and supply chains to ensure the competitiveness  of
strategic industries (energy, defence, aerospace, electric vehicles, life sciences, etc.). Within these sectors, the analysis reveale d several
distinctive  niches in which Quebec could establish its leadership

m A cross -sectional analysis was carried out involving the microelectronic and photonic ecosystem both in Quebec and
T abroad . The analysis mapped over 500 stakeholders (approximately one hundred of which are located in Quebec and
[S5-H]

Canada ), a summary of over 150 reports and reference studies , along with some twenty interviews with industrial and
institutional  stakeholders

20z First and foremost, the analysis focused on the entire microelectronic/photonic supply chain, along with more than
85 minerals and materials involved in these sectors . An in-depth study focused on 13segments of interest and 15 critical and
strategic minerals (CSM) deemed relevant to the T ¢ Y| Hnidif business and research opportunities in Quebec .

overview, market outlook, stakeholder identification, and local outlook . Alongside this analysis, a study involving the
15 critical and strategic minerals focused on geopolitical aspects, export restrictions, economic vulnerabilities and local
production, along with refining and recycling potential

Finally, the study highlighted seven (7) major themes that could help structure future discussions and initiatives : Critical
mineral resources and the recovery of mining residues (including urban mining), value chain integration , collaborative R&D,
the issues regarding industrial upscaling , the creation of strategic alliances and, finally, the development of a culture that

. These 13 segments underwent a comprehensive analysis along four axes at the internationally and local levels : Technological
, promotes inter -sectoral links and synergies

SIA
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Background | Main Project Objectives (Recap)

|_This project seeks to further position and develop r J ¢ U ¢ Ynicroelectronic and photonic industries , along with the upstream and
midstream mineral, material and component industries within their value and supply chains . The objective is to identify distinctive
niches in which Quebec could establish its leadership , thus benefiting its strategic industries (energy, defence, aerospace, electric
vehicles, life sciences, etc.). J

TO HELP MEET THIS OBJECTIVE, A NEW PARTNERSHIP WAS ESTABLISHED WITH THE FOLLOWING STAKEHOLDERS:

PRIMA >>J ©—<  PRIMA Quebec

Les malériaux pour avance:

[ | mmmm@ & ——<  Innovation, Science and Economic Development Canada (ISED)

“’""&ébecgsj ©—¢ Theda DT jdé B9 YEDHE O & KD D E LeNde CED D ¢ (MBIE)C

Québec;g O—<C Thed a BaT jdésARessources naturelles et des C E H é(MRNF)
% &——<¢ The Technum r J & U gn¥ovation zone
is—?”aj O—<C Thege Giclic NY ¢ CeCHIYUD & Jdeg TAMITj 1 ¢ € Y HEBG § J ¢ U (ISEQ)
OPTONIQUE | ©— ¢ ~g¢ geCc¢ a0¢NY¢gCCc¢cbYe egj EPUgIc

THE SIA/YOLE GROUP CONSORTIUM WAS MANDATED TO CONDUCT THIS STUDY.

B sia/  ©ro

sia/
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Methodology |  Overview

@E‘é PHASES @ OBJECTIVES

A To collect, assimilate and
categorize existing research ;
A To define the scope of the

O O 1. Capitalizing existing resources and
identifying of the scope

150+ cross - sectional mandate :
studies
& (>  2.Analyzing the international and ATO_ outline  the  dynamics  and
local microelectronic/photonic business opportunities  involved ;
ecosystem To  position Quebec along
) ) 13 segments : Companies, expertise,
7 Interviews etc .:
S ¢ 8. Preselecting and analyzing the ATo  develop high business
13 segments of interest intelligence toward . the__se o
100+ specialized reports, 1gsiti0§;gme_nts and  rJ¢UgYul
13 interviews P g
Ivzing th ial dmi | d A 10 identify the available resources,
& <> 4. Analyzing the materials and minerals use strategic  links and potential  levers

in microelectronics and photonics regarding the materials used in

85 elements studied microelectronics/photonics :
<> 5. Drafting the analysis summary ATo identify the main themes of
Seven themes of interest interest that require action .

sia/
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Ecosystem Mobilization |

I The approach was designed in collaboration
r J ¢ U ¢ ¥dntextual

Levers

with the ecosystem . Targeted interviews
specificities . A steering committee
while ensuring their strategic alignment . Finally, several stakeholders
disseminate

helped clarify certain segments while validating
was consulted throughout
the findings .

the study to help guide the methodological
from the ecosystem were notified

choices
of the ongoing analyses to help
STEERING COMpy;
OBJECTIVES < O TTeg
Validate the methodological choices L] PRIMA >>
Ensure their strategic alignment ° Les matériauxpour e
Attract expertise and create proximity with the ecosystem °
Innovation, Sciences et Innovation, Science and
I‘. Développement économique Canada  Economic Development Canada
OBJECTIVES O—Q .
o _ . o Québec O—  OBJECTIVES
Identify major international, national ° M\
and local trends 0?' 1 m o . ® Provide early access to work  -related
Identify 13 segments of interest ° \Q OPTONIQUE cg,e’c!mq“ progress ) o
Validate the analysis regarding the ° Q\A & @ Align the work with the interim
13 segments of interest S findings
Enhance the analyses regarding \e DRDC FEMTFJM °T_—’-/T1° 'Zf_ ® Mobilize the ecosystem around the
ridcUcYal EJj QE EC mooc B ec Q_gm 1 ‘%‘ study
s Carmaclif @ P,D,?‘“Di % °©
9 kemitek. ' o=="0 ! @ ‘6
[5 T—— oW TELEDYNE DALSA ISEQ m
Q ’. Everywhereyoulook ”
o w? s - ADnD TEL®PS %
I C2M i DistriQ e 9\
w o Innavatic I =
£ nnr\_mmnnim. “ =
~ - = /‘ 4.PHOTONS m
® Conadi . . (QYOLE 2 2L °
[EE=sE  AEPINYX
sia/

Confidential - Sia



Major Trend Analysis

A. International Trends
B. Local Trends
C. Study Follow Up Impacts
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Major Trend Analysis |

an overall vision of the technological and industrial

13 high - potential segments, without neglecting

Link with the Overall Methodology
& // Q
< // &

sia/

dynamics
r J ¢ Uc ¥xpdrtise and industrial

involved while defining

1. Capitalizing existing resources and
identifying of the scope

2. Analyzing the international and
local microelectronic/photonic
ecosystem

v

Methodology

Issues and Objectives (Recap)

| The main objective is to better understand and position Quebec within the global microelectronic/photonic

£ ETIE

.

> Conducting an analysis that
sufficiently
establish the initial priorities
avoiding unnecessary details .

> Anchoring the
world conditions by
directly with sectoral stakeholders

analysis in

ecosystem . This requires
the scope of the in-depth analysis and identifying
capabilities

is

comprehensive to
while

real -
engaging

> Geographical Scope -
International, Canada, Quebec .

> Sectoral Scope - All
microelectronic and photonic
value chains .

7.




v

11 ‘ .
Trend Analysis | Reading Aid

I A survey of the literature, including approximately one hundred reports/papers,
trends involving microelectronics  and photonics at the international

along with the initial interviews, helped identify 44 major
each selected for their relevance and strategic contribution

and local levels . The following section summarizes 12such trends ,
to the rest of the study .

Major trends/observations __, Description of the idea and analysis of
revealed by the literature <

<

several key data and ideas
survey and interviews

Summary Vision (7/3)

TRENDS DESCRIPTION

Navigation aid
Geopolitical:
nternatio value chains

impacts the entire supply chain as minera
cordir 0

24 U.S. Geological Surve,

es require large quantities of very pure water and the Taiwan Sen
(TSMC) must regularly limit its product

Due to the

during major climate events (e.g., winter stc n Texa

considerable exposure to climate change, c

being made to reduce the environmental footprint associ
design, bio-based materials, etc.)

SIA

Legend to identify specific microelectronic/photonic trends,
or trends involving both

sia/
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12
Summary Vision

Summary Vision (1/3)

TRENDS DESCRIPTION

The economic war (primarily between the U.S.and China), impacts the entire supply chain as mineral,

Geopolitical:
@ Inter‘r)lationalvaluechains, machine, and chip producers. are selling fgwer.products . According to the 2.024 U:S. Geological
J thus very risky Survey (USGS), a 30% gallium supply disruption would cause an economic deficit equal to
Technological: The superconductor. (SC) industry invests approximately of its go Pharma o
a . . annual revenues in research and development .°In the U.S., by &% semiconduct. 20%
og Innovation race, massive . ) . . Fi o
@? o—2< R&D investments comparlsgn, only the. pharmaceu.tlcal industry reinvests more than %; Software 19%
’ 20 % of its revenues in R&D, while the SC sector surpasses that of E% Telecom 13.5%
software, telecommunications, etc . %E Consum. elect. NN, 9.5%
Manufacturing processes require large quantities of very pure water and the Taiwan Semiconductor
Resources : Manufacturing Company (TSMC) must regularly limit its production due to drought .'°° According to
Water, energy, mineral SIA, approximately will also need to be filled by 2030 , including over 1 million in
and human computing, approximately 300 ,000 in engineering, and 100,000 in technical positions .° Moreover,
these manufacturing industries consume agreat deal of energy and mineral resources .
\ Environmental : Due to their considerable exposure to climate change , companies are forced to reduce production
o o Local production, bio - during major climate events (e.g., winter storms in Texas, droughts in Taiwan) . Significant efforts are
=2 based components, being made to reduce the environmental footprint associated with these sectors (recycling, eco -
' recycling, etc. design, bio -based materials, etc .).

Photonics

Legend: 5| Microelectronics

SIA Confidential - Sia
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Summary Vision

13

Summary Vision (2/3)

TRENDS DESCRIPTION
Ny o In August 2023, China imposed export restricions on gallium and germanium . of refined
ﬁ CSM export restrictions gallium production comes from China, along with of germanium . Five new critical minerals
J Concrete impacts already became subject to export controls from China in early 2025 : Tungsten, tellurium, bismuth, indium
observed and molybdenum
‘ f 3¢ UG YT areused ngbec alrga}dy mines or processes seyeral CSMs used i.n microglectronics and photonics ,sAuch“as N
O—O for key productsintﬁese |nd|um (refining  only), niobium, _palladlum, etc_. Some pilot prol_ects could_ help increase r J ¢ Uc¢ Yl
potential . One example would include a gallium recovery project that is currently underway at
' sectors Rio Tinto G Vaudreuil alumina plant . These elements are detailed in Section 4, CSMs and Materials .
Tensions are emerging in the The _Ur_1ited States, with suppprt from the_EU, Japa_n and other major s_takehc_)lders, _reinforced e_xport
E equipment manufacturing restnctpns fpr advanceq chip manufacturing equipment in 202$,Wh|ch directly impacted Chinese
N7 sector companies like Huawei and SMIC. For example, Japan restricted the export of 23 types of
semiconductor  production machines to China that year.
The International Traffic in Arms Regulations (ITAR) imposed restrictions on the export of defence -
Components used in related technologies, including certain semiconductors and manufacturing  equipment . This limits
defence and military international  trade with countries considered U &S. national security risks .U Exacerbated by the ITAR
applications are facing and its complex compliance framework, these geopolitical tensions are forcing certain countries to
growing tensions develop UK ~ 10sH ¢ ajtérnatives  to reduce their dependence

Legend: ?;'-_é Microelectronics Photonics

SIA
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Summary Vision

TRENDS

CSMs as by -products of

@iﬁ) primary mineral mining

r \ Quebec shows tremendous
O—3 mining potential
J
oy Recycling is necessary when
%@ diversifying the supply

Lack of a regulatory
framework to support
recycling

SIA

v

@)

(3/3)

DESCRIPTION

Most of the CSMs that are essential to the manufacturing of advanced components (gallium,
germanium, indium, tantalum, tellurium, etc.) are, in fact, by-products of the extraction and
processing of other minerals (zinc, aluminum, copper, etc.).”” These . w” (afe therefore dependent
on the supply and demand of these primary minerals .

Quebec is home to many resources, revealing a significant potential for the production of gallium
and germanium through zinc/aluminum  processing activities on its own territory However, these
minerals are not consistently mined, since their profitability  has yet to be determined . In addition,
certain minerals processed in Quebec do not stem from Quebec extraction sites, and vice versa .This
creates aloss in value .

Electronic component recycling must be scaled up, primarily with suitable infrastructures , which
involves significant investments and a rethinking of the value chain to facilitate recycling from the
product design stage in an effort to ease the collection, processing, and recovery activities that
surround strategic materials . Furthermore, the lack of a profitable  business model hinders its
adoption

Despite the fact that Quebec currently considers mining by-products as mineral resources, some
production  residues are still classified as Ul NT j whith complicates their transport and reuse . For
example, anodic sludges from copper refining contain tellurium and selenium but are classified as
hazardous waste, hindering their recovery .

Legend: ?;'-_é Microelectronics Photonics

Confidential - Sia



Detailed Segment Study

A. Preselection and Categorization of the 13 Segmgfits
B. In-Depth Segment Analysis

15
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16 Methodology

Detailed Segment Study | Issues and Objectives (Recap)

I The objective of this phase is to carefully identify and study the most promising segments .The concept is to conduct a comprehensive
analysis to better characterize the technologies involved, along with the R&D challenges, structures, market outlook and competitive
environment ,among other factors, to help steer r J ¢ U ¢ Strategic positioning  choices . I

Link with the Overall Methodology ﬁ -

> Comprehensively exploring
sectoral information, focusing
strictly on the extraction of high
added -value elements .

> Conducting across -analysis of the
results and the reality expressed

by  industry stakeholders to
consolidate  and reorient the main
L findings .
<> / ) 3. Preselecting and analyzing the
/ 13 segments of interest @
> Geographical Scope =

International, Canada, Quebec

> Sectoral Scope - The 13 selected
segments

$|A/ Confidential - Si

a



/ :
17 Methodology

Selecting Segments of Interest | 13 Selected Segments

| Based on the trends observed at the international and local levels, along with interviews with sectoral experts, 13 segments were selected
due to their local relevance and alignment with existing capabilities . These segments were analyzed in detail to identify business
opportunities  in Quebec . I

* PIDOWNSTREAM

Application sectors, sectoral structure,
market, recycling, etc.

< > SYSTEMS
1. Laser systems
2. Imaging systems

< <> MODULES
3. Printed circuits (rigid and flexible)

(e <> COMPONENTS
4. Semiconductor optical amplifiers 7. Micro -electro - mechanical systems
5. Semiconductor lasers 8. Bio - based electronics
6. Photonic integrated circuits 9. Compound semiconductors
Q <> TECHNOLOGICAL PLATFORMS
10. Packaging 6. Photonic integrated circuits
11. Post- processing 13. Optical interconnection
12. Quantum
o < MATERIALS (metals, chemicals, polymer - plastics, composites, etc.)
A Section 4, CSMs and Materials

Transformation, refining, etc.

v
L 3 # CRITICAL AND STRATEGIC MINERALS
sia/ Section 4, CSMs and Materials Confidential - Sia



Detailed Segment Analysis |

v

Angles of Analysis

EACH SEGMENT WAS ANALYZED ALONG FOUR  ANGLES OF ANALYSIS :

SIA/

1. Technological Overview

Technological Overview

woroam L

% 40030000

2. Market Outlook

Semiconductor

Market Outlook

3. Active Stakeholders

Semiconductor Lasers

+* Observations

Typical Partnerships

Methodology

Epitaxy

o3,

Upstream
Manufacturing

These elements are explained
in detail for all 13 segments

Complementary analyses
D, regarding r J ¢ Ucg Y indrket
outlook and positioning  have
been grouped together at the
end of the section (see below) .

ec Positioning

o CHPCL b Gulome

T ”

To provide a concise summary
and overview , these analytical

D angles have been reworked
“ and condensed into four slides
for all segments . They

conclude the section

Confidential - Sia
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19 Methodology

Content and Reading Aid (1/2)

Overall description of the issues

Schematic
teChngi/oegrl\zZi/v — Technological review and
related R&D issues
(maturity, benefits, etc.)
Integration and complementarity Main critical and strategic minerals that make up the technology
with other segments A more detailed analysis appears in Section 4, CSMs and Materials

SIA Confidential - Sia
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20 Methodology

Segment Datasheets |  Content and Reading Aid (2/2)

Semiconductor Lasers

N
‘ ) [ T—— NN/ srsums AR
1 ! ~ o AN s p
Active stakeholder — 1.Stakeholder Typology Substrates || | ot ecem @ e T e
; et e : anbrens
: : : o ' - Do )
typology gﬁronr::onf:r‘r:l:wrturrlg‘lg?c(j. undergoing diversification (Sony, ) & commun : NG INSULATORS [TD. :
i Semiconductor laser specialists (Nichia, Bluglass, EpiWork, T L memmssaRen D | . o .
(core profession, e . ( dlase: Epifiork. N . . .
- y
etc ) Tradilionall np(iclphnlonic stakeholders (Hamamatsu Photonics, A NICHIA I
. IPG Photonics, etc.) . S sonNy™ |
Material/substrate suppliers: Soitec, SCIOCS, etc. Ep1taXy lmlnm USHIO :
Value chain — 2. Value Chain Positioning ] N |
.. ) + The m:lxlrkez champio:s (C'oherem; Broadcom, etc.&) are often T - QWMMM“EW@ :
vertically integrate (from epitaxy to lownstream o
pOSItlonlng manufacturing), allowing them to optimize costs and quality. 03, amis :
H H H = Steps 01, Substrate Manufacturing, and 05, Operators and R OSRAM
(Vert'cal |ntegrat|on, Systems, are rarely handled by those who conduct steps 2 Upstream R :
PR - to 4, since the professions involved are quite different. Manufacturing L £ GomvisTne. D
specialization, etc.) c .
! sy soraa | |
Typical Partnerships T ’ | gucon  soundDh ——_ :
RO $3.38 04, e TopEaNEsars :
idati ] Acquisition H :
3?:;‘;‘“3:3"9 uclis: | Creating industrial giants and Downstream | (™" EIALOS :
reducing supplier dependencies Manufacturing AHuntERGme [
| oo PR S15M ) A |
Crerer e ti : iy Fundraising ” 1
ginnovation g o ihening technol b T
' gthening technological K = I
. | expertise regarding future products 05, 5"'”""5“,““ ;lfl 1
Integ fe]lesy) ] 60M . '
technologies from — icqulsmon Operators BRARCO R 1
te;:;gmg markets (LiDAR, | Benefiting from significant growth and Systems :
Creating industrial S VU oTooTTToooET Soooooooooaa
synergies e product‘lo;:scosts I Legend: @Top3  (QOtherstakeholders with significant markst share ~ @CA/QC stakeholders

o _ ‘Typical partnerships Detailed description of stakeholders positioned in the supply chain
(acquisitions, industrial synergies, etc.) (components, systems, integration, packaging, etc.)
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21 Laser Systems

Laser Systems | Overview

In 2024 , the global laser market reached an estimated value of CAD $20 .5B. Semiconductor  lasers (notably VCSEL and diode) are undergoing considerable growth driven
by optical communications, Al, 3D sensors, and medical applications .Other technologies (fibre, COF excimer, disk, LPSS) remain essential for heavy industrial applications

(cutting, welding, photolithography), but their growth has been moderate, particularly for COF and excimer lasers, as they face market maturity and technological
competition
i ) ) o ) ) Evolution ($B
I__raser Description lllustration Main Applications Benefits Disadvantage l\ge:ket *8) CAGR
ype are 2024 2029
Current passing through a semiconductor . . . 515)
Diode (EEL) junction, generating a beam. Very wide and SO © & Tele(;qm, detectiony Compact d'”?mab'e' (RISETh (OLer jimitedlby 24% e 8.7%
pA—— medicine, quantum very wide emitter [ | !

Diode - pumped doped fibre producing a

Heavy industry, medical, Efficient, low Initial cost, sensitive to 23%
guided, powerful, and stable beam. 0

detection maintenance, high power dirt

Robust, low cost, good

Electrically excited CO  Fgas in a tube, Cutting, welding, medical,

- i iti i (v 0
Gl generating a continuous or pulsed IR beam. lithography for non -metallic Sensitive alignment, bulky 17% - 3.7%
e T materals L _..——=® ==
’ - i h 2,6
DPSSL Diode that pumps a d_oped crystal emitting a PCB, OLEI_:)1 ultrafast Pre(:l_slon, compact, Moderate cos_t, cooling 12% 18 7.2%
coherent beam. Precise and compact medicine varied spectrum required [ | -

Noble -halogen gas excited by high - voltage
discharge, producing powerful UV pulses.

Photolithography, screens, Ultra - powerful in UV, Bulky, inefficient,

Sy ophthalmology ideal for microfabrication expensive T -

Vertically emitted from a Bragg cavity
VCSEL integrated into the surface of a chip. Very
compact and stackable.

Facial recognition, LIDAR, Low power consumption Low unit power, limited 1,1
3 , 8% g 11.6%

AR/VR, consumer X !
electronics easy integration spectrum = m

Disk Thin doped disk pumped by diodes, reflecting . sl - Self - soldering, fine cutting, Good thermal Complex optical system, 4% 066 0.5%
light for amplification. Efficient cooling. — LMD dissipation, beam quality high cost ° ' [ | 970
Lamp that excites a doped crystal (e.g., p q . . . . .

LPSSL Nd:YAG ), generating a visible or IR beam. Used \u‘ Dermatt:(leosgéya,rs;nsors. Simple des(;%r;,rhlgh pulse High malr}itfeer;ar;%e, short 3% 0,43 0,56 5.2%

,,,,,,,,,,,,,,, in aesthetics and selences. . c=m e o e e e e

Various technologies: Dyes, combs, QCL. .

Other Specialized sources used in spectroscopy, Gasldetection; Eroadlspectiumy High cost, limited market 1% 0,20 0,28 6.6%

spectroscopy, metrology scientific niches — [

detection, and quantum technologies.

SlA/ Confidential - Sia
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Laser Systems

Laser Systems | Non - Semiconductor Lasers

| Non -semiconductor  lasers (COF, fibre, excimer, disk) are primarily used in heavy industry (cutting, welding, marking), along with photolithography, defense, and research .
Their markets are stable and mature, with a slower growth than emerging semiconductor -based technologies . Quebec is well positioned in fibre lasers , particularly in
terms of research, telecommunication, material processing, and specialized stakeholders (MPB, Coractive ,etc .). I

Applications Description Fibre COF DPSSL Excimer Disk LPSSL  Other A FEW QC STAKEHOLDERS 7
Hioh erial Cutting and welding thick metals in the MPB Communications - Manufactures  fibre lasers and
igh - power material automotive and shipbuilding sectors, X X X optical amplifiers . Markets : Long -distance telecom and
processing (kW) T N L
,,,,,,,,,,,,,,,,,,,,,,,,, among others. . space . Specialized in spectral stability and robustness

) Processing fine materials (films, plastics, in critical environments
Low - power material

e ceramics), medical components (stents X X X X X X X ) o . .
77777777 pgandlranamS) Osela - Designs visible laser modules for industrial
) ) vision and metrology . Specializes in  structured
Engraving on metal, plastic, and leather, s d | l . P 5
Marking and engraving marking on packaging, components, and X X X prOJ_ecnon an aser alignment In - manufacturing
luxury products. environments
Photolithography Etching integrated circuits in EUV/DUV X X ITF Technologies - Supplies fibre laser components

microelectronic lithography processes. (FBG and splitters) . Markets : Telecommunications  and

OEM integrators . Strong capability for passive and

Pump source for complex lasers (e.g., active optical customization
femtosecond and  Ti:sapphire ).

*********************** Coractive - Manufactures doped fibres and
[DFEETE) ~CUEIEIEERELE, G CW/pulsed  fibre laser . Markets : Materials processing

Aerospace and defense designation, telemetry, and military X X X X X A A A . ] A
. and research . Vertical integration  with expertise in

””””””””””””” Findamental and applied fesearch ~ 1T TTT T T T T CEDAECS

Research and (physics, chemistry, biology, nonlinear - . .
development (R&D) optics, X -rays, and advanced X X X X Femtum - Develops specialized flpre optic Iasefs for
7777777777777777777777777 diagnostics). semiconductor  applications  (cleaning and correction)
Dermatology (hair removal and vascular Targets integrated photonics markets (SiN, TFLN, Al,
Medicine and aesthetics lesion treatment), ophthalmology, X X X X X X and data centers) .

dentistry, and laser surgery.

. The remainder of the study will focus primarily on semiconductor lasers , which target high -growth, high -tech markets . Their industrial systems (CO F, excimer,
SlA/ etc .) are less dynamic but more mature and standardized
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Semiconductor Lasers

Semiconductor Lasers | Technological Overview

IEmiconductor (SC) lasers are key components in modern technologies .They are used in communications, detection, and imaging . Among them, VCSELs (Vertical - Cavity
Surface -Emitting Lasers) are preferred for their compact integration and energy efficiency , while EELs (Edge - Emitting Lasers) dominate high -power and long -range
applications . Within these industries, substrates like gallum arsenide (GaAs), indium phosphide (InP), and gallium nitride (GaN) are key factors that influences performance,
reliability, and compatibility ~ with photonic circuits .Thus, several analyses focus on substrates when studying sectoral trends . _I

— Schematic Overview .sg. TECHNOLOGICAL REVIEW AND R&D ISSUES -
N
VCSEL EEL é’_’@: Technological Overview
/ .
) o tectoe : Applications L Substrates _L Wavelength : Benefits
DFB laser, /7 z7 | ] —————————————_—_——_—_--k - -k -k - -tV - -k -k — - k—_—_——_——-—- Y - - - - —————
K . 4 S1-InP Layer |
D8 mcudEfmn\Tsz;l; VCSEL | Optical communication, 3D detection, : GaAs, InP, : O T : Lower production cost,
[ L ’ e | LiDAR, medical imaging | GaN | | thermally stable
___+__________________—_T______T _________ - - - - - - T
; Horizontal | Industrial lasers, defense, space, long - | InP, GaAs | | High performance: Transmission
e\r/T?irstlsc;zL emission EEL | distance telecommunications | GaN, GaSb | 400 to 3000 nm | speeds and distances
@ R&D Challenges Over the Coming Years
__Main overlap with other -
segments Improve energy efficiency and Integrate lasers into silicon Extend wavelengths (>850 nm for
output power photonic  circuits VCSEL; MIR and UV spectra for EEL).
Solution . Develop optimized Solution . Develop sificon - Solution : InP VCSEL, GaN EELs for blue
Used with... sc Then integrated structures  (DBR for VCSEL, etc .), new compatible  VCSEL and EEL, new and UV lasers .
i lasers.. 1o with.. materials . assembly methods . _
7_21 KEY MINERALS AND MATERIALS REQUIRED —
E i~ Quantum 01, 02, 03, 4,
Compound ! /: Substrates ' Epitaxy | Upstream Manufac. Downstream Manufac.
materials ! [ ;
! Photonic ” ; o = ; . -
H / . Basic materials for epitaxial Deposition of active layers and Lithography, wet and dry etching, . . - Legend: --
.>:_./ |qteg_rtated development barriers cleaning, metallization, doping Cunggassembyjoackaging i Verfcritical '
B L — Circults . 1
opteal | Optical GalAs|In|P|N]|Sb Ha| Mo | Ast o] PHs, irfll\lusrclsﬁ 'lriZInAlli\IA%tl |BPed e, T
| ) . i i TMSb | TMGa | TMAI , i 1 or less critical
amplifiers interconnection Al205| ST C | Si I I H2S0 , | H,0,[CL, | BR,| SF, A7) RN ) ey trasenes :




Semiconductor Lasers

Observations

— 1. Stakeholder Typology

Semiconductor  giants diversification

Chorent, Lumentum, etc.).

Semiconductor laser specialists
etc.).

Traditional optic/photonic
Photonics, IPG Photonics, etc.).

Material/substrate suppliers : Soitec, SCIOCS, etc.

2. Value Chain Positioning

The market champions (Coherent, Broadcom, etc.) are often
vertically integrated (from epitaxy to downstream
manufacturing), allowing them to optimize costs and quality.

A Steps 01, Substrate Manufacturing, and 05, Operators and
Systems , are rarely handled by those who conduct steps 2
to 4, since the professions involved are quite different.

undergoing (Sony,
(Nichia, Bluglass, EpiWork,

stakeholders (GEWEMET

A
A
A
A
—_
A

Typical Partnerships
$3.3B
M Acquisition

Creating industrial giants and
reducing supplier dependencies

Consolidating market
champions

$15M
Fundraising

Strengthening technologlcal

Integrating key
technologies from

emerging markets (LiDAR, Benefiting from significant growth

telecom, etc.)

Creating industrial
synergies

prospects
&

Strategic alliance for GaN
on - SiC products
Reducing production costs

Key Active Stakeholders

v

Semiconductor Lasers

(non - exhaustive list)
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Compound Semiconductors |

I The race for performance

innovations

Schematic Overview

Active layer

sic
—
" @
3 S

Gatl GaN-on-
sic J si/sic/ Compound
- sapphire | Semiconductor
Gl S .
\

_ Actvelayer
e

Main Overlap with Other Segments

Used with... Compound Then integrated
! materials | with...
E E, Power electronics
Compound ! E )
materials ! /E/ Photonics
| i/\/i/ Radiofrequency

in the semiconductor
performance within various sectors that are traditionally based on silicon .Certain compound materials,
and photonic sectors for decades .GaN -on-sapphire has seen widespread adoption
in the form of GaN-on-SiC, which was initially used in defense,
in the power sector, promising widespread adoption

-

v

Compound Semiconductors

Technological Overview

industry drives continuous  innovation . With regard to materials, compound semiconductors help improve
like GaAs or GaN, are not new . GaAs has been used in the radiofrequency
in LEDs and has also been used in radiofrequency applications
then in telecommunications

in the coming years.

I;g TECHNOLOGICAL REVIEW AND R&D ISSUES

_________________________________________________ LEGEND
App].-lcat.-lons { Active layer : ; Active layer : 1 GaN : { GaN : { GaN : ; sic : ‘l Active layer :
SRt () G (e MM (e e ]

In production

|

In development

l— Photonics

Primary
application of this
material among
other established
compound SCs.

Puissance

By

KEY MINERALS AND MATERIALS REQUIRED
1 o1, 02 03 4

Au | Ni | Ge | Ti| Al| Pt | Pd

Al,0,4|Si| C| Si TMSb | TMGa | TMAI

or less critical

L]
Substrates — Epitaxy ’ 1+ Upstream Manufac.  « Downstream Manufac.
Basic materials for epitaxial Deposition of active layers and Lithography, wet and dry etching, . . 1— Legend
development barriers cleaning, metallization, doping Clungla=cembljackagig) ! Ve @itz
. 1
SiH,| Se| Te|Zn | Mg | Be
Ga|As|In|P|N|Sb Ho [N, | AsH 4| PHs, | S IS e |G| IN[CulW|Cu[N, | Moderate
1
1

H2SO , | H,0,|CL, | BR,| SFq Ar| He | Fe| Ni | Co

component

for the past 20 years, primarily
. More recently, materials like SiC and GaN -on-silicon have spurred significant I




Compound Semiconductors |

Observations

This segment includes the following four stakeholder
typologies :

A Vertically integrated stakeholders (Wolfspeed, etc.): These
produce their own substrates and seek self-sufficiency,
particularly for SiC power electronics. They also supply
substrates to third parties.

A Suppliers dedicated to specialized or semi-specialized
substrates : Stakeholders like Sumitomo cover several
materials (GaAs, InP, SiC), while others are more specialized
(Freiberger for InP).

A Epitaxy stakeholders that are moving toward substrates
(IQE, Soitec, etc.): These capture more upstream value by
supplying complete wafers.

A Device manufacturers (not shown) that depend on third -

party suppliers : They do not directly produce substrates but
focus on the design and manufacturing of finished modules.

* Typical Partnerships

) ) Agreement
Securing supplies Signed a 2024 -2026 supply agreement

worth $110M with a Chinese stakeholder

Integrating key Infineon LA

> - Acquisition

technologies from

emerging markets GaN system acquired by Infineon
Strategic alliance for
GaN -on-SiC

Creating industrial sl

synergies

roduction costs

Key Active Stakeholders

v

Compound Semiconductors

(non - exhaustive list)

Main International Substrate Producers

This map shows the main international stakeholders involved in the production of crystalline substrates for
SiC, GaAs, and InP compound semiconductors

The map focuses on the upstream portion of the supply chain (downstream stages like epitaxial growth,
active component manufacturing, and circuitmodule integration are covered in other segments of this
sectoral analysis) .
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Optical Transducers

Optical Transducers | Technological Overview

I By converting electricity into light and vice versa, optical transducers play an essential role in high -speed data transmission . They are a key component in the digital
infrastructures used for telecommunications, data centres (DataCom ), and hardware components . They can meet long -distance transmission needs in the
telecommunications sector (>100 km) with coherent and complex technologies . Conversely, DataCom focuses on short -range transmissions and has undergone
considerable growth with the development of Al and data infrastructures .The telecom market . The analysis will focus on the promising DataCom sector, with its greater
stability and maturity I

— Schematic Overview .ﬁg TECHNOLOGICAL REVIEW AND R&D ISSUES =
. DataCom.
Housing é’-’@-‘; Technological Overview Telecom
Optical ignal J I Optical | Active Optical I Fibre -to -the - I i | MuIti/WlaveIel:ngth
wewsproders | [ _|_ nterfacing | _Cables(p0C) | _ _FEthemet | Home __, _Wieless ; _ Muliplexing _
mcu P | Board -to -board | | | Fibre -to - the - | Network | Long - distance
ik s Al _: or chip -to -chip : i) Bl | Inter -rack home access | 5G/6G | telecom network
Range | 1-3cm I 3-50m | 50m-10km | <100 km | 10-200 km | 100-800 km
TN $#&— e PR — SIEEE il sttt e —
A ectrial Signal Lasers | CW-DFB | VCSEL/CW -DFB | EML/DML/ICW - | DML/ EML | EML | Based on InP
. DFB
@ R&D Challenges Over the Coming Years
— Main Overlap with Other Segments — Reduce latency and simplify Achieve rates above 200 Glline
Reduce overall energy consumption integration . Solution . Optimize  the channel signal
Solution: Use linear pluggable optics (LPO) to limit Solution : Develop co -packaged optics (SerDes 224 G), optimized — EML/CW -
d with Ontical Then i d the digital signal processing ¢ h i polsumption, (CPO) and integrated optical interfaces, DFB lasers, packaging innovations .
Used with... ptical en integrate: new and more efficient materials (TFLN, BTO). reducing distances to a few
¢ transduc. ! with... centimetres
i : 721 KEY MINERALS AND MATERIALS REQUIRED —_
Opt.amp. |~ Quantum ™ o1, 02, 03,
i i Photonic Components i Electronic Components ; i Optical Transducers
N . MEMS
Print. circuits Com aging Lasers, TOSA, ROSA, Connectors, efc. DSP, TIA, LD driver, LA, etc. Final solution integration i~ Legend: -+
i | . 1 -
' —j  systems Similar to semiconductor lasers Si|Y[Ge|Er|Cu|Au|Sb|Se]|S]| Al |N| F|Cu|N,Ar 1 Vemeisdl
i 1. Photonic Ga|As|In|P|GeAlLO.|Si|C|si HINI[CO|H;S0,|S[CL,|BR,| | He | Fe | Ni | Co 1 Moderate |
SC lasers ! ' " integrated 2= SFe I orless crifical |
circuits L —----————-o 0|




Optical Transducers

Observations

— 1. Stakeholder Typology

Fully integrated champions (Coherent, Broadcom, Lumentum,
AQlI, etc.).

Specialists in active and passive subassemblies : Key players

in subsystem production, often involved in subcontracting.

Suppliers of specialized elementary components (lasers and
photodetectors).

A
A
A
A Assemblers/integrators
—
A

: Frequent white labelling.

2. Value Chain Positioning

Major stakeholders (Coherent, Lumentum, etc.) integrate the
entire value chain to optimize costs, accelerate time to market,
and consolidate their position in strategic markets. This helps
maintain a degree of opacity regarding the final processing
and testing stages, thus preserving technological sovereignty.

Smaller suppliers focus on design and innovation ,
abandoning low-margin stages (e.g., assembly and testing
<20% margin).

Typical Partnerships

7 Lt 1 B leg Photoricleamind

Acquisition
Supply chain expertise and
upscaling

Consolidation of market
champions

Access to new vertical
markets

Acquisition
Penetratmg new segments (data
centres, Al, etc.)

- $10B
_> Acquisition

Offering CPO or linear technologies

Synergies around mixed
platforms

|Key Active Stakeholders

01,

v

Optical Transducers

(non - exhaustive list)

Optical Components J

Active Components
(VCSEL, DML, CWL, etc.)

Active Subsystems
(TOSA, ROSA and BOSA)

Passive Subsystems
(Connector, coupler, WDM, etc.)
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SC Optical Amplifiers |

v

SC Optical Amplifiers

Technological Overview

I A semiconductor  optical amplifier is an optoelectronic device generally based on GaAs or InP compound semiconductor  materials that can amplify a light signal without

converting it to an electrical
for telecommunications

signal . When current is injected,
in particular,

amplifying

Schematic Overview

Electrical current
Input
signal * Amplified
i J output signal

Semiconductor Optical Amplifiers

__Main Overlap with Other Segments

Used with... SOA Then integrated
! N V- AV
i L LiDAR
E / | Quantum
1 / 1
Silicon ! / /;
photonics i [ | ' Photonic
! B |qtegrated
' " circuits
Optical i ?\ Optical
amplifiers i I interconnection

the physical properties
signals within fibre optic networks,

integrated  photonics,

and detection

of GaAs and InP amplify the signal by stimulating photon emission . This device is used
systems, including LIiDAR .

24

.ig. TECHNOLOGICAL REVIEW AND R&D ISSUES =
Z‘(ﬁﬂ Technological Overview
! | Wavelength _: Applications JI_ Substrates : Benefits
Amplification by | | Telecommunications (fibre I . | Wide bandwidth, compatible with
stimulated | 1200 -1700 nm | optic networks | | WDM networks. Issue: Noise reduction
O P! )
— — ——emission— } — — — — — — — — — B B T B B e b — — —— —— — —
Use of quantum | . | | High gain, low power consumption for
wells | 1300-1550 nm Integrated photonics I InGaAs/InP/GaAs | integrated applications
———————— o ittt e ettt e
Coqtrol]ed | 850 _3953 DR (AR | LIiDAR systems (detection and | GaAs | Compact, integrable into optoelectronic
polarization sensors) | telemetry) I 1 systems like LIDAR
@ R&D Challenges over the Coming Years
. . . izati Bandwidth
Noise reduction and gain improvement Polar_lzatlop and crosstalk o Solition = For 5C/6C retworks
Solutions : Optimize quantum well structure design ~ Solutions . Sensitivity — to  polarization  and SOAs must cover wider  bande
and confinement techniques to maximize optical ~ €/0SStalk in multiband  applications  (e.g., I materials
gain while reducing noise and phase distortion LIDAR, WDM) requires advanced designs to and structures
stabilize performance o _

7
o1
Substrates

KEY MINERALS AND MATERIALS REQUIRED

02,
' Epitaxy

03
L]
. Upstream Manufac.

4

Downstream Manufac.

Basic materials for epitaxial
development
Ga|As|In|P|N|Sb
Al,04|Si| C|Si|zZn|S

Deposition of active layers and
barriers
H,|N,| AsH ;| PHj,
TMSb | TMGa | TMAI ,

Lithography, wet and dry etching,
cleaning, metallization, doping

SiH,| Se| Te|Zn | Mg | Be
Au | Ni | Ge | Ti| Al'| Pt | Pd
H,S0, | H,0,[Cl; | BR,| SFq

or less critical

Ar| He | Fe| Ni | Co

Cutting, assembly, packaging |~ Legend: -7
1 Very critical :
In|Cu|W]|Cu|N, | Moderate !
|
I
I
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Photonic Integrated Circuits

Photonic Integrated Circuits | Technological Overview

Iﬁotonic integrated circuits (PICs) integrate several optical components (lasers, modulators, detectors, waveguides, etc.)on a chip when processing, transporting and
analyzing light . Unlike electronic circuits that rely on electrons, these circuits use photons, offering low latency, high bandwidth and low consumption . Based on
technological  platforms, each circuit comes with its own materials and characteristics :SOI (CMOS and InP compatible) allows the full integration of lasers in particular, but
it remains expensive, SiN provides low loss but no modulation, and LNOI offers fast and efficient modulation but remains immature . Their adoption is accelerating with
the rise of Al, data centres and large -scale production capabilities _I

— Schematic Overview .ﬁg TECHNOLOGICAL REVIEW AND R&D ISSUES .
wirebond Hybrid Laser 7

et :’.’@: Technological Overview

— Electronic ¢
Integration

Technological Platforms Photonic Functional Blocks
Copper
i . LASERS 1 MODULES I PHOTODIODE | WAVEGUIDE
i InP SiN Do —mmmoomeee e EE L R EPEEEEE e
ferc InP SiN Si

1 1
| + sivzverv RN eto ¢ SN EE)
asers | !
SOl LNOI | EA InP modulator |

@ R&D Challenges over the Coming Years

or less critical

__Main Overlap with Other Segments ical re—— Scaling up to 200 -400 G/} Delay in the characterization and
Opm.:é.l _component AV PZETER and Solutions : Integrate TFLN, BTO or polymer testing process
den5|f|cat|9n . i i moaulators on SOI, optimize SerDes 224 G, Solutions :  Develop optical test
) Solutions . Optimize  packaging  design, use co-packaged optics with ELS for heat  benches, optical interface
Used with... PICs Then integrated reduce unused Si surface, high - efficiency dissipation . standardization  to accelerate  testing,
' AV moaulation, and new materials (SiGe, BTO). automated active alignment tools .
SOA I i
| i 721 KEY MINERALS AND MATERIALS REQUIRED —_
; i~ Quantum 01, 02, 03, 4,
i i Optical Substrates ' Epitaxy | Upstream Manufac. Downstream Manufac.
i P amplifiers Basic materials for epitaxic Il i i 7 o
| pitaxial Deposition of active layers and Lithography, wet and dry etching, . . - Legend: --
| i . Imaging development barriers cleaning, metallization, doping Cutting, assembly, packaging 1 Vit @il :
] . 1
T 11 1
| systems Ga|As |In|P|N|Sb H,|N,| AsH | PHa, SiH,| Se| Te|Zn | Mg | Be In|Cu|W|CulN, U Moderate :
H 1
' 1
1 1

‘ Al,05]Si| C|Si|LiNDO 5 1isp Au | Ni | Ge | Ti| Al | Pt | Pd :
. Laser Systems ! [ TMGa | TMAI, Ar| He | Fe| Ni | Co
SC lasers y BaTiO, | Ge H2SO , | H,0,CL, | BR,| SF | He [ Fe | Ni |
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Photonic Integrated Circuits

Photonic Integrated Circuits | Key Active Stakeholders  (non - exhaustive /ist)

Observations SOI Supply Chain  (Highest Maturity)
— 1. Stakeholder Typology 01, 0z, 03, 04 . 05,
Tech start-ups focused on PICs: Ayar Labs, Lightmatter, PIC SOl Epitaxial = d Packaging
Xanadu; stemming from universities or spin-offs . Desi Substrat Wafer ounary
Material or component suppliers : Soitec, IQE, Sumitomo esign ubstrate
Electric and AXT.
Foundries : Ligentec, TowerJazz, and GlobalFoundries. (INNTLIGHT X;H@ intel —
Large  telecom/optoelectronics groups :  Lumentum, A inte . o\ m\ﬂqnt |@
Coherent, Broadcom, Cisco, and Huawei; established groups in Broancou.$y Openl-igthFUET S.; | tec LandqlMark SShconosts e
optical components that design and manufacture PICs &g sirownics C@HERENT sicoya .'. e e ASE HOLDINGS
internally to increase performance and reduce costs. ) sxomrios SCINTIL = AIM: ol eota
Design and collaborative R&D specialists : OpenLight and el Shlﬁg&..:tsu !,}9“"“" Seze” JABIL
Luceda Photonics. Pntenotoncs NEVIPHOLONICS QOHERENT‘ SEONRICE, fabrinet
. a a i ILERA BROADEX
2. Value Chain Positioning ) Ayarlabs €EXE 37 emonsex P p—— IQE SAMSUNEMEN%MM ot .
The major stakeholders (Coherent, Lumentum, etc.) integrate || Marveee J[ il "a;% o 4'\"’,‘&\"3& .
the entire chain, from design to assembly, to control ZZ Inphi Ormrens [ EY.N - g sute ATV
performance, costs and lead times, delivering ready-to-use q‘,ilnteIIiEPl PETRA m
modules. L Lumentumll eoptolink T e uMmc { 1
&3 cloudiight umnec vicon
Technological specialists : IGE, PHIX, Openlight, etc.; 3 n " Phl PHOTONICS

positioned to excel in one segment of the chain (design,
component, etc.).
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i i ZLUMENTUM [[ cisco [[CLEZNA v - SiPhotonlC -
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champions Advanced photonic integration

1 $6.1B
% Acacia L
Consolidation of market : am Acquisition
I
: expertise (coherent)

Co -development of :
develop feanovus ped = == JRNANI e

solutions based on each '
TjiNC¢coECaAGHGIT .(;(DUmq:d—Hdewdzlapment
+ -

Complete tech ecosystem ] ‘ Top 3 Q Other stakeholders with significant market share ‘ CA/QC stakeholders

development | Laser and filter integration into its
coherent PICs.




Quantum

Quantum | Technological Overview

I Quantum technologies lie at the crossroads of key disciplines like physics, engineering, advanced manufacturing, high - performance computing, telecommunications and
cybersecurity . This convergence represents a strategic driver of innovation . Still in its early stages , this technology shows considerable potential : Strengthening
communication  security, exceeding classical supercomputer  capacities, and providing ultra - precise sensors for various applications, including health, navigation and

geosciences .Faced with agrowing need for computing power, precision and data protection ,enabling technologies like superposition and entanglement can pave the way
to more powerful and resilient systems . I

— Schematic Overview ﬁ—g TECHNOLOGICAL REVIEW AND R&D ISSUES .

o"-’{é%fi Overview of Various Quantum Computer Types
/
|

I Lo Brief Description _______ _ | Development Horizon _ _ _ _ | Typical Number of Qubits
(l‘ { Annealing | Optimization through quantum tunnelling_ I Today |~ Upto5000+
| \’ Simulator :_Direct imitation of quantum systems | Today —If 12 to approx. 100
Tile N> ] —_———_—_——_———-.)t+———_—_-—-——_—_—_—_—_ e —_——_——_—_—_- - - - . — —_ —_—- - - — — ———_——_——_——_- g —_—_—_——_——_———————— — —
"~ NISQ_| Noise -limited computation __ _______ 0 Stoloyeas ____|____ 500500 ____
FTQC | Universal computation with error correction | 10 to 30 years ‘It Millions
T e T T e e e e e e e e e e e e — T e
Quantum Module Tiles Emulator | Software simulation on classical computer 1" Today and 5 to 10 years I 40 to 50
__ Main Overlap with Other Segments _ @ R&D Challenges Over the Coming Years
. . . Communication, computing, and
Quantum error correction Upscaling qubit platforms T
.S‘o/ut('an : Reduce the  number .of Solution . No doml/hant type of qubit Solution - Integrate quantum
Used with... Quantum Then integrated physical  qubits  needed to obtain has. yet gmerggd ; efforts are focused computing, communication, and
tech. Faj o U reliable logical qubits Njan essential on improving  fidelity and coherence . N, - interoperable
condition  for fault -tolerant  quantum

architectures  that meet the concrete

computing needs of industry .
Quantum —

SC lasers :
/:V computer

Photonic
integrated
circuits

%’] KEY MINERALS AND MATERIALS REQUIRED ]
— - Criticality - -

Packaging Quantum Neon | Si | He | Sapphire Plates | Rb | Rare Earths | Ca | Barium Isotopes ' - i
communication ' Moderate 1

a Y ' ; i

@ . . é p é é : or less critical .
Integration Quantum Main suppliers - L 4= o © = 3 = = | Unknown 1
sensor — I i

criticality




Quantum

Observations

— 1. Stakeholder Typology

A Traditional quantum stakeholders : IBM and D-Wave were
investing as early as the 2010s; multisegment presence to
consolidate their pioneering roles.

Diversifying stakeholders : Google, Amazon, Microsoft and Intel
view quantum technology as a strategic extension of their
traditional activities; anticipated technological disruptions.

Specialized stakeholders and integrated start-ups: Start-ups
(Pasqgal, Xanadu and Quantinuum) have adopted a vertical
approach from the outset; need to develop a proprietary end-to-
end ecosystem to compensate for the lack of shared standards.

Strategic end-users: Preparing their industrial transformation
while co-developing tailored solutions.

2. Value Chain Positioning

Strong hybridization of positions 1
several segments.

This multi -level integration seeks to compensate for the lack of
clear industry standards and ensure technological coherence while

securing critical components in an effort to maximize value within a
sector that continues to lack maturity.

stakeholders active in

Typical Partnerships

Technology layer alignment

Vertical partnerships:
Technology integration

Public - private alliances:
Catalyzing innovation

Usage case co -
development: Learning
by doing

Material simulation and
industrial optimization

|Key Active Stakeholders
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W
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Quantum

(non - exhaustive list)
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final
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Legend:

‘ Top 3 O Other stakeholders with significant market share ‘ CA/QC stakeholders



Imaging Systems

Imaging Systems | Technological Overview

I Imaging systems are used for detection, visualization, and scene analysis within various applications (medical, industrial, defence, automotive, etc.). An imaging system
generally consists of optical components (filter, lenses, etc.), a sensor (photodiode, microbolometre, etc .), a readout integrated circuit (ROIC) and, in certain cases, a
cooling system . These systems cover several ranges in the electromagnetic ~ spectrum, from infrared (near, mid, and far N)NIR, SWIR, MWIR, LWIR) to X-rays.This analysis

focuses primarily on IR, asegment expected to experience rapid growth by 2029 . I
— Schematic Overview .Sg. TECHNOLOGICAL REVIEW AND R&D ISSUES =
Ztbp 1.d z 1d z 1d zt [ Bl d
% Focal plane array | NIR | SWIR | MWIR | | LWIR
— I -
I | | | | =
CMOS (Si) | Quantum dots | | | Microbolometre
Cryogenic : : Germanium : : |
cooler | | InGaAs | InSb | :
| | Mercury -Cadmium - Telluride
| | : -~ P !
Sensor module + cooling I I Type- Il supeflattlces and similar archltectulres
________________ M M S U
R . . o | Biometrics, sorting, | Night vision, | Defence, gas, | | Thermography,
— Main Overlap with Other Segments J— Main applications | medical | humidity, inspection | multispectral | | security, ADAS
_________________ cMOSextension | - | Reducecooing | | Uncooled bolometric
Rl F | | | educe cooling | I i
Technological issues ! towards NIR ! Reduce costs I neads I I Sy
Used with Imaging Then integrated
1 systems ! with... Legend: CMOS - based platform Compound semiconductor platform MEMS platform
i ' 721 KEY MINERALS AND MATERIALS REQUIRED —
Opt. amp. | ! - Quantum o1, 02, o3,
i / MEMS Photonic Components i Electronic Components ) i Optical Transducers
Print. circuits E / /EF Imaging Lasers, TOSA, ROSA, Connectors, efc. DSP, TIA, LD driver, LA, efc. Final solution integration \— Legend: - T
i i .
; L . . i M itical |
pu : —  systems Similar to semiconductor lasers 3']("\,{\‘! (|3(e:(lj Ilzu %lé)l |Alé ’CSLb || %‘;l |S| A,l_|| | ,le |,(j_u |CI:\12 o ! :/:Z;;r:i: :
SC lasers i i . Photonic integrated Ga|As |In|P|GeAl,O4|Si| C|Si SF, 2900 2 2 | He | Fe | Ni | Co i e ¢
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Imaging Systems

Observations

— 1. Stakeholder Typology

A Traditional vertical integrators (RTX, L3 Harris, BAE systems,
etc.): Selling complete systems.

A SWIR specialists, segmented by market .

A Microbolometre champions (Teledyne Infraray and Hikmicro
account for +60% of the market).

A New technology developers : Very active in R&D (TriEye,
Germanium, SWIR Vision System and Emberion - quantum dots,
etc.).

— 2. Value Chain Positioning
Defence market stakeholders ~(RTX, L3 Harris, etc.): Tend to
vertically integrate several  production steps  for
confidentiality reasons.

A Certain stakeholders position themselves against several
technologies to broaden their range of sensors (Teledyne,
Leonardo, etc.).

Typical Partnerships

) ) $103M
Economic partnerships to Fundraising
develop R&D and

Lo Access to financing helped
commercialization

commercialize its Ge technology
cheaper but less mature

N/A
[HALES f
BA % Joint venture

Co-creation of Lynred , then sensor
integration into Thales systems (binoculars,
visors, etc.) and Safran (turrets, naval
applications, etc.)

Acquisition

! SWIR quantum dot technology integration
into its CMOS sensors

Joint system
integration

Diversification and
technological
consolidation

Imaging Systems

Key Active Stakeholders

(non - exhaustive list)

NB: This analysis primarily focuses on infrared sensor manufacturers, who make up the bulk of
the technological and commercial value associated with thermal cameras.

01 3 4 05
Opt. and Mech. )
Compound L IR Sensors Components Integration OEM
p— (%L__urnm 8E L@EPs 8csm AS
V. % Photon: e
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Printed Circuits |

mnted electronics
biodegradable,
targets emerging applications
screen printing

provide

a complementary
or plastic substrates .It provides amore flexible and local production
like flexible sensors, smart textiles,
.It has aunique ability to meet specific,

Schematic Overview

Single - Double -

sided sided = Multi -sided
Screen [)I'\I]l " -
Solder  ~__ e — - .
copper e N
|
[ -

1

o —
§ %Adhcswc
“ Polyimide

Rigid -
flex

Rigid e = Flexible

— Main Overlap with Other Segments

Used in the

PCB Allows integration
manufacturing Faj gy
of... |
Bio - based e A
electronics = Imaging

Post - i Semiconductor
processing : lasers
. : Optical
Packaging ' ~__amplifiers
E MEMS
, 4 PIC
Ontical L ! H Compound
op ) i semiconductors
interconnection i

By

KEY MINERALS AND MATERIALS REQUIRED —

Laser systems

Technological Ove

alternative  to traditional microelectro

g TECHNOLOGICAL REVIEW AND Ré&D ISSUES —

f—'tiﬁ-": Technological Overview
‘

FR4 substrate (epoxy resin and
fibreglass), copper conductors
Polyimide or polyester substrate,
electrolytic or laminated copper

Stacking of rigid (FR4) and flexible
(polyimide) layers

Multilayer FR4 or polyimide with
| micro -drills and buried vias

High -frequency |
circuit |

@ R&D Challenges Over the Coming Years

Miniaturization  (densification)

Solution : Develop multilayer HDI PCBs with
microvias, buried  vias, and substrate -
embedded components

high - performance multilayers

that is less dependent
and integrated photonics
device -related needs like lightness,

Printed Circuits

rview

nics , relying on low -temperature  additi
on critical
. It uses functional

cost, and modularity

inks and innovative

——— 4 _ _ _ Composin _ __ _ _ [ ;10T W 5721t on s EE.

I Phones, onboard cameras,
aeronautics

Mobile connectors, wearable
devices, medical devices

Motherboards, networking
equipment, satellites

Special resins (BT and ABF) or polyimide,

Radar, 5G, embedded systems

High -frequency compatibility (5G/ 6G)
Solution : Use low DK/Df and more flexible
materials, along with controlled -impedance
interconnections  to limit signal loss .

ve processes compatible with flexible,

materials . Lacking the precision of microelectronics, it

deposition techniques like aerosol jet or

24

Key Advantages

Lightweight, malleable/foldable,
| vibration/shock resistant

I Low dielectric loss, high precision

Thermal management and lifespan
(reliability)
Solution : Integrate  thermal vias and IMS

substrates to effectively dissipate heat and
enhance the reliability of high -density PCBs.

soldering

' Substrates - Conductors =] Finish . Vias/Metallization = Passive
Components .
f 1~ Legend: - r
I e
Si|Al| Br|Sb|Si|F Cu|Ag|Au|Sn|Pb Ni|Au|Sn|Co|Pb  Cu|Ni| Co|Pb Talln|Nd |Dy|Pr ! Veyecrcal |
Epoxy polymerization, Electroforming, Flame - retardant : ll\/lodere_it_e | :
Chemistry 2 ;/?I;;rzg };/ mers. surface treatment resins, ENIG surface Electrodenosition Cathode sputtering D erizss@iiesl |
pagfini;des ' (ENIG, ENEPIG), treatment (Ni+Au) 2 deposits 00— —————----= !

Flex only



Printed Circuits

' Observations

— 1. Stakeholder Typology

A

A

A

Strategic client
partnership

Technological and
collaborative R&D
partnership

Vertical integration
partnership (manufacturing
and assembly)

Versatile PCB manufacturers : Directly produce printed circuits
(rigid, flexible and rigid-flex). They operate on a large industrial
scale (e.g., TTM Technologies, Unimicron, Jabil, etc.).
Assemblers/integrators Manage electronic component
assembly on PCBs, often for third-party clients (e.g., Flexium,
CMAC, BITTELE, etc.).

Specialized subcontractors : Provide complementary and
specialized services like small-batch manufacturing, complex
component assembly, prototype design, PCB engineering and
testing (e.g., Gentec, DSM, etc.).

2. Value Chain Positioning

Some industry leaders like TTM, Jabil, and Unimicron integrate
all stages of the value chain to reduce costs and time to
market, or to increase confidentiality for sensitive clients
(CISEREN

SMEs like Cogiscan and SMT Intelligence are highly
specialized, addressing the specific needs of high-value clients
while offering greater flexibility in response to technological
changes (e.g., transition to flexible PCBs for portable and
embedded electronics).

Typical Partnerships

- supplier

1

1

: R&D partnership to design fully

1 adapted PCBs for a local market
¥

| Alliance intended to

1 provide a complete,
! turnkey solution

g

Printed Circuits

Active Stakeholders

01,

02, 03, 04, 05,

Testing and
Inspection

OEM/ODM
Integration

Design/

. Upstream
Prototyping

Assembly

g;ﬁKYNZ&IcH |
(o) m A OLTERS g
N |

ployees

em

E:ﬂ KBrssnwnus
FoxXconn
HERARD

employees

‘ Top3 O Other stakeholders with significant market share ‘ CA/QC stakeholders



Bio - Based Electronics
I The emerging bio -based electronics sector currently holds a strategic intermediate  position in the electronics sector while incorporating renewable materials like PLA,
nanocellulose, and bio -based polyurethanes . Used in substrates, packaging, flexible components and conductive inks, these materials help create more sustainable,
flexible, and occasionally biodegradable devices . Driven by stricter regulations, growing demand for eco -responsible technologies, and advances in printed electronics,

this sector will pave the way to a new generation

of electronics . However, these devices continue to pose challenges when managing their performance and end -of-life
cycles . I

I;g TECHNOLOGICAL REVIEW AND R&D ISSUES

Semiconductor Technological Overview )
chips ; | Materials Used | NMT |

. g I T PLA, PBAT, bio -based PE, bio -based |

| PET and nanocellulose

Schematic Overview

Semiconductor

capsule Application Examples

Biopolymer -based components

.. XXX KKK XK M . i . T PLA composites, carbon nanofibres | Conductive inks and tracks for printed”
Bio - based conductive composites | v raphene 46 || et

| Bio- based polyurethanes and flexible | 5_, | Smartwaiches, medical sensors, solar energy
PLA

Biodegradable rc8 - YPeA I ___ I and food packaging
. substrate Biopolymer Packaging and Casings I PLA, starch, PHA and bio -based T 8-9 TE_Iectronic device pack_aging and
Biodegradable Substrate polyesters biodegradable packaging
@ R&D Challenges Over the Coming Years
__ Main Overlap with Other Segments _ ) ) Reduction in Critical Mineral Biodegradable Material Resistance to
Bio-based ~ Material ~ Performance Dependence Standard Temperatures and Solvents
Optimization Solution : Replace silver and copper with Solution : Develop low -temperature  printing
] ) Solution : Develop composites  doped conductive  inks made from bio -based processes  compatible with  biodegradable
Used with... e‘?g’c {r‘;iis;d Then integrated with  functional  fillers  to improve  carpon and functionalized — nanocellulose substrates while standaraizing — performance

Fuj sU conductivity — and thermal = stability .

Printed Circuits

/i

7}] KEY MINERALS AND MATERIALS REQUIRED
01 02 03 4

AE/,

.
i
i
Semi - ; /
conductors | MEMS r »  Electronic D o
' [ i i -
: ] . Material Synthesis | Component | Assembly and . Integration = Desel ==
' Photonic and Formulation Manufacturin Packaging ' ]
: integrated wvanuiacturng : \ 1 Verycritical |
' circuits ) o ) Printing and integrating circuits, Grouping components and Used in electronic products: | Moderate !
i ' Creation of conductive inks, flexibl i ice wi j | !
Packaging ! UL Gl R T () LR dlel2 sensors, antennas, transistors on protecting the device with sensors, smart textiles, I orless critical |
: —® son substrates, functional composites bio - based substrates b/odegr;adab/e or recyclable packaging, smart labels v ___ |
i materials

| A9 IC|CulGalGelSnlin Ag|C|Mg| ZnIBriClICu Cu|Sn Cu| Li




Bio - Based Electronics

Observations

— 1. Stakeholder Typology

A

A

Chemistry and materials stakeholders : Mainly positioned
upstream due to their ability to convert bio-based resources into
polymers.

Traditional electronics stakeholders : Very little presence in this
market due to performance constraints, integration into
standardized chains, and low volumes.

Technology centres and applied research institutes : Very
active in R&D for stages 1 to 3, they bridge the gap between
innovation, materials, and electronics applications; pivotal in
validating technologies prior to industrialization.

Startups : Positioned in stages 3 and 4, targeting niches (portable
devices, disposable sensors, biosensors, etc.).

2. Value Chain Positioning

Some stakeholders expand their operations toward assembly
by adapting their formulations to elec. manufacturing processes.
Most stakeholders stop short of final integration due to high
costs or misalignment with their core activites (e.g.,
formulation vs. product design).

Vertical startups (stages 3 and 4) attempt to master multiple links
to ensure performance and circularity.

Typical Partnerships
Platform molecules

derived from residual
forest biomass

Platform
molecule supply

BioProFor|
Laurentides

Collaborative
Research

Smart and recyclable
labels

Demonstration
projects

°cERCAQT
printed circuit

ouAT |

€3 JI\VA

01

02

03

04

Key Active Stakeholders

Functional
Material
Synthesis and
Formulation

Electronic
Component
Manufacturing

Assembly and
Packaging

Integration

J
J
J. 2

ARKE/A § NOVAMONT

9

Bio - Based Electronics

(non - exhaustive list)
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MEMS

MEMS | Technological Overview

I Micro -electromechanical  systems (MEMS) integrate miniaturized mechanical, electronic, and optical functions ,playing akey role in embedded systems . Their development

relies on performance
widely adopted . Innovation

activities

between 2025 and 2029 .

— Schematic Overview

MEMS Gyroscope

__Main Overlap with Other Segments —

Used with...

Printed
Circuits

SC lasers

SC Optical
Amplifiers

Then integrated
Faj eV
Photonic
integrated
/ circuits
Imaging
systems

Laser systems

Quantum
systems

4

-

advances, cost reduction,

focus particularly on energy harvesting,

Technological Maturity
and Market Adoption

el 2

material integration . Several technologies

cooling, advanced sensors and photonic structures, with

TECHNOLOGICAL REVIEW AND R&D ISSUES

MEMS
Pressure

- Sensors
Inertial Sensors -

Devices Under Deployment or Microphones

Awaiting Market Adoption Microbolometres

%

remain in the R&D or market validation phase, while others have been
industrial

milestones  expected

Inkjet Printheads

Thermopiles DLP

MEMS RF

Mature Devices Widely
Deployed in Their Target
Markets

MEMS Timing

Sensors
CMUT/PMUT

LBS

ols _
Microspeakers

Energy

Harvesting

!
|

i

i

i

i

]

i

i

'

i

]

i

|

i

i

MEMS Gas 1

]

i

i

'

i

]

i

|

i

q

i

i

Cooling ]
i
]

Adoption Barrier

7}1 KEY MINERALS AND MATERIALS REQUIRED —
1 Mobile Mechanical
E

Commaodities

Substrate ! 'l Structure 1 Actuator ‘| 1 Sensor
Si| Ga|As | Ge | Mo Si|ZnO | Zn| AN Al Si|Pb|Zr|AN |Ti| Ta|Nb | Nd SifinTGe[GalNd  _ |egend: =
. . I -
Electrode/ Interconnection/ Optical Components Integrated Power T critical |
Metallization Packaging (Opto -mems ) Source ! 'l\/'odefatt_e | !
or less critical
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MEMS

Key Active Stakeholders

(non - exhaustive list)

Observations MEMS Revenue (2023)
— 1. Stakeholder Typology 2
A Fully integrated manufacturers internally design, manufacture,
and integrate their components primarily for automotive or (@JBOSC’ }g::.,,.m w
consumer electronics. + Qor*v —TEQ ﬁﬂgﬁ;«;ﬂ&:mfﬁ ; r@
A Manufacturing subcontractors  focus on production for third- g ";. w OELQ Goermic
party clients (specialized designers). Q n )( u&‘:@ . « \(nowleg
A Assemblers and testers handle packaging and verification, @ Honeywell infineon G Q
critical in sensitive areas like the healthcare and automotive Ca‘“‘ Tim
sectors.
A Fabless designers develop functions while outsourcing
manufacturing. M
. . oyt . é *I'EI.{IITN. s'.'..e.}f
— 2. Value Chain Positioning S e Amphenol GICET
Positioning choices reflect different business models. Q P ofM STATSChipPAC
. & LYNRED o
A Integrated manufacturers seek to secure their supply, control ) MITSUMI ) PR ——
quality, and optimize costs. s Mctodic Execo oun son pra— censEen
A Specialized designers focus on functional innovation (precision, 3 P ——
miniaturization and low power consumption) to meet increasingly @ \A MEM:ensing
specific needs.
L .
A Subcontractors and assemblers are becoming indispensable JLUMENTUM
as components grow increasingly complex and production " ’
processes become more standardized. | vsH m oo @
S fol peepece
) . 3 PHILIPS. SILICON é’ STATHE&
Typical Partnerships & Swonty | SERGING ALPSALPINE
9 e Panasonic BEcasem
Technology co - ERNSS Goonfvean S| T dlaremea ol e
development between Development of integrated MEMS 9 unac T DENSO ARSI AR s
industrial stakeholders SEREE (i HEs Iz e
e iDMs | g
assembl:i‘.llg'r?teel Sr:tnors Creation of advanced tactile . Offering Integra_xted Assemb!y and Semi -
ey solutions that incorporate MEMS Foundries Foundry Device Testing Integrated Fabless
. Manufacturers Subcontractors Model
Investments and asset Services
acquisitions to strengthen . ¢ JHET Y
the value chain 5 B -4 Wl Legend: Q Top3 Q Other stakeholders with significant market share @ cA/QC stakeholders



Post - Processing |

ﬁe MEMS post -processing market will be worth an approximate
low volumes for other devices
include the need for chips of comparable sizes and low design flexibility
low volume of devices requiring

limited
Obstacles
on CMOS wafers, few actually do so due to the currently

to relatively

ol. Total Market Value

(2023 )
-
CAD $486M
24, ..

Anticipated Market
Growth
CAGR =6.4%

sia/

T T

]

Market Breakdown by
Device (2023)

(2023 -2028)

6%

Outlook

Examples of MEMS PT Applications

New functional inkjet printhead
elements

CAD $665 M by 2028 . Currently,
like CMUTs and gas sensors . Three major technological
. While most MEMS foundries have the technical
this type of integration

(Yole Analysis)

Heterogeneous integration of
inertial sensors

) o7

HP uses a back -etching process to
create MEMS ejection nozzles, while ST

&TDK s

TDK relies on ~w* . (fbundries  to
perform eutectic bonding (AlGe )
b the ASIC and the MEMS

integrates  CMOS heating  ele for
precise ink control .

New functional thermopile
materials

Structure .

MEMS + ASIC packaging for MEMS
synchronization

SENSIRION

TSMC provides the base CMOS wafers
while  Sensirion  performs  the final

MEMS manufacturing  step, including
thermal micromachining

MEMS
synchronization

Optical
MEMS

. MEMS
Thermopile
gyroscope

FHiTime #:Ase

BOSCH

SiTime designs ASIC circuits for MEMS
timing, Bosch provides oscillating MEMS
structures, and ASE performs the final
assembly .

=
accelerometer

it is primarily used for inertial

Post - Processing

sensors and MEMS oscillators but remains
each with their own technical challenges
capabilities to perform post -processing

7.

methods coexist,

oo M
il MARKET PROSPECTS

MEMS Sensors | Limited Usage

The use of post -processing remains marginal for most MEMS
sensor devices . Monolithic  architectures  are often difficult to
implement and their adoption limits design flexibility, thus
reducing industrial interest in post -processing  within  this
segment .

Strong High -Volume Market | Some Major Stakeholders

High -volume segments like inertial sensors and oscillators are
largely handled by dominant stakeholders like TSMC and ASE,
steps internally .PThas also grown
including imaging, where high
integration  costs .

who already integrate critical
within other sectors of interest,
market volumes help amortize the advanced

Emergence of 300 -mm MEMS Wafers | Easier Integration

By 2028 , certain types of devices will undergo agradual shift to
300 -mm MEMS wafers . These primarily include capacitive
ultrasonic  transducers (CMUTS), inertial measurement units
(IMUs), and MEMS oscillators . Since most CMOS wafers are
already manufactured in 12-inch formats (300 mm), adopting
this MEMS format will facilitate wafer bonding and strengthen
compatibility with integrated MEMS-CMOS post - processing
methods .




Post - Processing |

| Quebec has the strategic

and Teledyne . The province already masters the 200 -mm format,
hermetic packaging)
processing facilities adapted

flexible offer that can attract clients seeking specialized,

Segment Observations

assets to acquire new business opportunities

Quebec Vision

involving MEMS post -processing , primarily through specialized infrastructures
but the 300 -mm format may eventually be considered for specific needs (e.g., micro -assembly and
in high -potential segments (e.g., CMUT, IMU, MEMS oscillators) . A number of stakeholders
to these uses, ideally in a shared context to ensure profitability . In this context, Quebec has an opportunity to structure an integrated and
custom solutions J

Quebec Specificities

MEMS manufacturing requires advanced
facilities for bonding, packaging, and testing
operations, all of which are essential in post

processing activities.

Teledyne and C2MI: MEMS/CMOS lines, bonding,
packaging, and testing

INFRASTRUCTURES
A 300 -mm transition is crucial for certain high . .
volume markets; compatibility with this format 2008 exsﬁmz‘; ?;t?::'agtg) dd:izﬁ:;p S00 -mm
can help attract these segments. 9
MEMS/CMOS integration is at the heart of post
processing; it enables device compactness and Active C2MI, NRC, INRS, and 3IT
performance.
EXPERTISE AND
TALENT The development and operation of complex P 2T SR P S
processes requires a workforce trained in MEMS 0 BaL N H.I ul e .Y NLNCT & D tbeHIaje
technologies, advanced materials, and hybrid Polytechnique: Expertise in processes, materials,
’ processes ! MEMS and photonics
Quebec cannot directly compete with the volume
EeEReoEEae S el e (s generated by large Asian centres. It must therefore
sufﬁcie’;:n volumegs and xhpen g e position itself within differentiated technological
S e Ml EhE ?ﬂche niches that provide higher margins (e.g., cryogenic
MARKET AND 9 9 . bonding, integrated photonics, specialized inertial
POSTIONING MEMS, and biomedical microfluidics).
10 e [l M e e oo [l Quebec could seek to consolidate the local market (by
et-dhr-at—g dedicr;ted % P R pooling a dedicated line) or provide export services to
e en e [ p North America, where few specialized PT options
p 9P ’ currently exist.
INTEGRATION AND Integrated services attract clients who prefer Ecosystem structured around C2MlI, covering design,
VALUE CHAIN one - stop shopping. manufacturing, post - processing and packaging.

sia/

Post - Processing

like those at C2MI

are currently seeking partners who can offer post -

g A FEW QC STAKEHOLDERS ]

C2MI|  Positioned
Collaborative  innovation centre with equipment and an

industrial environment that can produce prototypes, as
well as small production volumes involving technologies
like bonding, MEMS, wafer preparation and packaging

Expertise in post -processing development for 200 -mm
wafers .
Teledyne Positioned

Industrial site with  MEMS manufacturing lines, along with
expertise and experience in high -volume 200 -mm post -
processing

INO  Positioned

Involved in optical/photonic
and has microfabrication capabilities that can support
200 -mm post - processing prototypes They are an
integral part of the development chain thanks to their
design expertise regarding products that require post -
processing

design and prototyping

Technum r J & U ¢ Ypotentia/

Seeks to develop this capability in the medium term .
They have a strategic interest in shared lines that
primarily involve 300 -mm formats for NGS microfluidics




Packaging |

Technological Overview

Packaging

I Packaging is fundamentally transforming the role of assembly in the semiconductor industry , integrating critical functions that are now part of system performance

Technologies
INFO unite miniaturization,

like hybrid bonding, 2.5D/ 3D integration,
performance,

challenges for design, manufacturing,

— Schematic Overview

Semiconductor Semiconductor
capsule chips

AN

Capsule PCB
substrate

Packaged Semiconductors

__Main Overlap with Other Segments

vsed in the_ Allows integration
manufacturing  pack. nto
SC lasers : ;
Optical i E .
amplifiers ' Vs Quantum
H / i
MEMS | | 1 Photonic
' W iqtegrated
o ' B i circuits
Photonic ' !

integrated circuits

and optical interconnections

and modularity

are pushing the limits of traditional
. This evolution meets agrowing demand for high - performance
and heat management

TECHNOLOGICAL REVIEW AND R&D ISSUES

Fan-out

Flip -chip

Fan- Out

Flip - Chip

_:-Flip - chip connected to the substrate via balls (Cu, Sn)

__________________________ _| —_—— e — —— — —— —

Heterogeneous | Integration of varied chips in a single package | HPC, Al, 5G, embedded
integration systems

@ R&D Challenges Over the Coming Years

Interconnection  pitch reduction 3D and HBM stacking  thermal
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Packaging

Observations

— 1. Stakeholder Typology

A Integrated stakeholders (TSMC, Intel): Chip, interposer, and
packaging expertise with vertical technology control.

A Alternative assembly and testing providers (ASE, Amkor,
JCET): Traditionally focused on mid-range (fan-out and flip-chip),
moving up-market through investments in UHD fan-out and chiplet
integration.

A Specialized suppliers (UMC, Adeia, Micron): Active in key
technological bricks (TSV, bridges, HBM), often in co-
development with chip manufacturers.

— 2. Value Chain Positioning

A Expertise across the entire chain helps optimize performance and
technological control: Method adopted by TSMC, Intel, and
Samsung.

A Conversely, certain stakeholders like ASE and Amkor invest in
the mid range.

A Others, like UMC and Micron, focus on specific technological
bricks like interposers or bump creation for interconnections.

Typical Partnerships

Joint hybrid
platform
development

Technological co
development

Technology licensing
agreements

Set up OSAT factories in
emerging countries (India,
Vietnam)

Industrial joint
ventures

| Key Active Stakeholder
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(non - exhaustive list)
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summary | Market Outlook and Growth (1/2)

I The microelectronic ~ and photonic markets under consideration show contrasting dynamics : Stable growth for printed circuits and MEMS, rapid expansion for advanced
packaging, optical transducers, and semiconductor lasers, and strong technological segmentation for infrared imaging . These developments are driven by a variety of
applications that include consumer electronics, mobility, defense, telecommunication, and data centres .

Market Main Applications* Trend” (38)
Segment Overall Market Description Share* p2024 CAGR*
2024 2024 2029
””””””””””””” The printed circut market is growing alongside electrories, 5G, e ke oT. | | (@Y () (vY o @ i
' ' : : . 102
CPFRHCEIEEI'DS Flexible models are advancing , but China continues to dominate production, $102B E}J % Ej 5.8%
creating sovereignty issues for Europe and the United States . 36% 21% 16% .‘
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,;; ,,,,,,,,,,,,,,,,,,,,,, I B é ? ,,,,,,,,,,,,,,,,
The packaging market is evolving rapidly, driven by Al and HPC. As a strategic t}“,\@,\ = 60
PACKAGING lever, it goes beyond the traditional assembly role to enhance performance, $60B 4 - 8 4 11%
competitiveness,  and sovereignty in the global semiconductor —ecosystem . 73% 129% 10% l
The global MEMS market is driven by the automotive, healthcare, industrial, ' = HE:" 21 27
MEMS and consumer electronics sectors . Used in detection, actuation, and timing, $21B j‘ =/ 2 J 5%
,,,,,,,,,,,,,,,,,,,,,,,,, ey wemegted mo smart and comeced cewces o e e W W
OPTICAL DataCom is growing rapidly thanks to Al and data centres, adopting silicon @% igh 18 S
photonics  for short links . Telecommunications are evolving at a slower pace, $18B =4 = . 11%
TRANSDUCERS : i ! [
targeting coherent long -distance solutions . 61% 30% — —
””””””””””””” The infrared imaging market is dvided between SWIR giowth (mspecton, o
AR . . (=11 Ll ,gy 9,1
IMAGING defense), military MWIR, cooled LWIRl for dem_andmg enwronmen_ts, and $6.8B ZL) % %i/ 6,8 6%
SYSTEMS uncooled LWIR microbolometres, which dominate the automotive  and . -
,,,,,,,,,,,,,,,,,,,,,,,,, industrial _sectors . ooooo® e e R T
Consolidated by strong investments (>$28B), the market is growing alongside P
SEMICONDUCTOR telecoms, data centres, Al, the automotive sector, and LiDAR. VCSELs are $3.9B E‘ @f%é { ”Z""} 3.9 6,6 17%
LASERS advancing in biometrics, while EELs dominate the industrial and telecom ' 4 o’ [ || o
sectors . 41% 37% 13%
*Source: Market Study  Nj . awn . Consumer Automotive and &) 204 2 [
s Yole Group Legend: EE;:U e, % Mobility g Telecom E'E | DataCom @ Defense @ Industry



summary | Market Outlook and Growth (2/2)

I High -growth markets focus on compound semiconductors, semiconductor  optical amplifiers, quantum technologies, and photonic integrated circuits, each driven by
key applications that include power electronics, telecoms, data centres, high -performance computing, and LIDAR. Emerging bio -based electronics could lead to more

sustainable solutions, notably in healthcare, agri-food, and the IoT. I
*
Market Main Applications* frend(58)
Segment Overall Market Description Share p2024 CAGR*
2024 2024 2029
The market is structured around several applications : SiC and GaN in power - P 4.5
COMPOUND electronics  for vehicles ; GaAs and GaN in RF for 5G, defense and satellite {ik) \_/, 2.1 17%
SEMICONDUCTORS  communications ; InP and GaAs in photonics for optical transducers and 3D $2.1B . g
detection, as well as conventional LEDs and microLEDs used in displays . 65% 20% 7' |
The market is divided between telecommunications , fast -growing integrated = 21
SC OPTICAL photonics  with  silicon photonic  circuits for data centres , LIDAR for g ‘EJ ) @ﬁl 11 11%
AMPLIFIERS autonomous  vehicles and remote sensing, and complementary  applications $1.6B — o
like spectroscopy and tunable lasers . 80% 20% !
The market is divided between computing (poised to dominate with QaaS and @ N 52
annealing computers), communications limited to point -to-point links but 1 : @) 13 - @
QALY expected to evolve with the arrival of quantum repeaters , and detection (still a $1.3B 4‘} > | . 31%
niche interest but promises ultra -precise measurements) . 1st 2nd ___| —
PHOTONIC The market covers a range of applications, including telecommunications,
) - . : i 20 3 AL
INTEGRATED dgta c_:entres, _HPC, and Al. Emer_gmg applications like detection and $0.4B g ge D\‘ 0.4 43%
biomedical devices also leverage various platforms supported by R&D efforts ; y /
CIRCUITS - - : [
and the integration of new materials . st ond 3nd —
””””””””””””” The market relies on hybrid flexible electronics for avariety of applicatons in
healthcare, agri -food, and the IoT. This approach paves the way to renewable Gl =T 0.24
ELBIIEC():ng?\II?gS and compostable materials (suitable for the circular economy), while providing $0.1B '_ ZL/‘ vz - 16%
opportunities in  wearable electronics through lightweight, durable 1t ond || |
biopolymers

*Source: Market Study  Nj
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| r J ¢ Uc ¥iefsified position is recognized for its strength in packaging, MEMS, optical transducers and imaging, as well as its emerging potential in printed circuits and
printed electronics . Driven by an active industrial ecosystem, strong scientific foundations and structuring regional initiatives, the province holds key skills and
innovation hubs that can meet the strategic technological needs involved while strengthening its sovereignty

QC
Segment Overall Position Description Stakeholder Quebec Specificities Interest/Capabilities
Examples
Quebec is home to a strong assembly ecosystem despite its e,'p q
PRINTED modest position in rigid PCBs. Printed electronics  provide a T A CaTL:J:CtE:itncovers SN A ’C\‘Oer\:lv Z]teilt:\lj:tad\?;ria -
CIRCUITS complementary  pathway that can promote local production and m A Major scientific assets A Stmgurmg projec?s

new applications in photonics and the loT.

Quebec holds significant  technological capabilities and a A Proximity to  American A Cutting -edge
PACKAGING customized  packaging differentiator . A number of regional - foundries stakeholders
initiatives  seek to create acoherent offer within this segment . <2Mi A Solid existing infrastructure A Volume deficiencies
Quebec provides favourable conditions that can help develop a A SME specialization  within A Gritee] far G SaEms
competitive MEMS sector thanks to an active industrial : ) :
MEMS . L . ; technological niches A Prototyping and

ecosystem , a recognized scientific  base , and structuring  public @ sTaTHERA A Integrated innovation chain upscaling
levers .
Quebec is recognized for its expertise in testing, silicon RESONETICS A Complementary ecosystem A Transition  to integrated

OPTICAL TRANSDUCERS phot_onlcs, passive ~components, connectivity, and ne_:t_vyork ) (e.g., passive components) photonlcs_
architectures, all of which complement integration capabilities EXFG A Excellence in optical testing A Technological

found elsewhere in Canada . sovereignty

Quebec is home to an advanced imaging ecosystem that

. ; . . %' Phot ialized in high - [ ti
IMAGING integrates  optics, Al and data processing , along with many & Photon: A :iﬁﬁgztlgiﬁg cl)?oh:gz complexity A (Sdeer;zlrt]'(\;s SS‘Z?S:; etc.)
SYSTEMS specialized stakeholders, despite lacking a complete sensor T e @ A strong functiognal etwork A Son bus’iness )gore.
chain . .
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