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0 Power electronics PCB assembly - Overall assessment

Growing power electronics volumes, progress in automation and supplier reshoring
make France a relevant location for power electronics PCB assembly

Synthesis by domain

Market attractiveness

* Power electronics sales are directly correlated
to electrification — All key actors (OEMs, Tier 1s
and EMSs) are ramping up production

PCB assemblies perform key functions within
PE systems (inverter/ OBC/ DC/DC), and have
highly automated production

New technology (WBG" dies) will increase
value add from PCB assembly as techniques
are more challenging to master

74

Market accessibility for
French players

» Power electronics PCB assembly has historical

footprint in France (though capacity has
decreased in favor of Eastern European
players): highly technical skills present in
France (potential for technological evolution)

Significant technical barriers to entry as
products are highly technical, and important
(EUR 100-200 m) CAPEX required for setting
up a new site (opportunity for partnerships
between French companies)

However, automation is enabling French players
to be competitive (<2% cost disadvantage vs
Chinese actors)

/4

Attractiveness for France

» Power electronics PCB assembly helps develop
key microsystems and electronics skills

» Power electronics play a fundamental role for
electrification — Important for French resilience

» Subcomponents, especially SiC dies are
crucially important for securing the supply
chain - Strong know-how in specific French
players, though without large manufacturing
capabilities

A

Source: Roland Berger

1) wide bandgap materials such as Silicon Carbide and Gallium Nitride used as substrates for active components
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c Market Attractiveness

Electrification drives power electronics to the central stage — PCBAs are a core
subcomponent with strong potential for manufacturing in France

Power electronics PCBA") main characteristics

Power electronics PCBA opportunity description ©)

Vehicle front

ﬁi "»:‘wi

Main inverter

Battery pack MY

Power electronics (PE) convert & control electric power, 3 main components in BEV/ xHEV:
* Inverter for bi-directional DC-AC conversion between battery & e-motor (~700€ for BEV)

* On-board charger (OBC) converting AC from power grid into DC (~300€ for BEV)

» DC/DC converter lowering battery voltage for auxiliaries (~120€ for BEV)

PCB assemblies perform the key electric (conversion/ control) functions within
PE components:

» PCB assemblies consist in active (e.g., ICs) & passive semiconductor
components (e.g., resistors, capacitors, inductors) attached to a blank PCB

» PCBA design and manufacture (attaching semiconductor components to
PCBs) is highly technical and significantly (recently) automated

12/48v battery Power electronics technology evolutions °

(low voltage)

@

Onboard charger

[ Component containing important PE PCB assembly

1) Printed circuit board assembly

Source: Yole, Roland Berger

» Automotive power electronics technologies are strongly advancing: ‘

— Wide bandgap semicon substrate (SiC/ GaN): shift away from Si semiconductors
towards substrates better suited for higher voltage/ switching frequency — Key
innovation, but limited disruption for PE components assembly

- New semiconductor packaging techniques: methods including embedded die
(embedding semicon into PCB) or press pack needed to accommodate cooling needs of
WBG substrates

&8

» Demand for power electronics directly correlated with
electrification, as it is essential to the BEV drivetrain

* Today, PE components account for ~3-5% of BEV value:

— While commoditization in inverters, DC/DC converters and
OBCs is ongoing, PE PCBAs are set to represent a larger
share of the BOM, especially driven by new substrates

— At system level, integration of the inverter/ e-motor and the
DC/DC converter/ OBC is ongoing, but not likely to change
PCBA demand

» PCBAs are key power electronics components, value chain
being reshaped by key changes in technology & competitive
positioning of Tier 1s, OEMs and EMSs

* Today, France already has significant PE capabilities and is
well-positioned to attract further assembly, which is highly
automated

— PCBA entails assembling components onto a blank PCB
through e.g., surface mount technology (SMT) for Si based
components

» Manufacturing processes for PCBAs with wide bandgap dies
are significantly different from Si based dies, necessitating
retooling

— SMT isn't suited for SiC/ GaN die attach — Sintering, laser
soldering or glue-based techniques are being investigated but
still immature
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a Market Attractiveness

Silicon Carbide (SiC) and Gallium Nitride (GaN) substrates highly suited for power
electronics applications - SiC already adopted, GaN will remain niche until 2030

Semiconductor material trends

* Higher voltage (800V) & switching speeds

1,700 are key levers to improving power electronics
equipment - Si substrates run into barriers
+ Silicon carbide (SiC) MOSFETs are an
1,200 emerging technology that perform better at
higher voltages than silicon-based
= Si technologies:
=. 800 5 : -
- IGBTs2 — Reduces package size, weight and TCO,
o enables faster charging and longer range
S 650 — SiC already used in CVs and adopted in
S i some light vehicle models (e.g., Tesla
SR— I Charger model 3), expected to ramp up fast as
400 E 800V systems become standard
Si MOSFETs? * Gallium nitride (GaN) is another technology
200 | g --------------------------- ) Speeds:
bc/be W — Still an immature technology
Converter A - ”
0 ) - Use expected to be limited to specific
— applications through 2030
15 kHz 40 kHz 80 kHz .
Switching frequency ()
Efficiency: Low I [ W High % technology positioning .

1) Voltage specification semiconductor; is in average factor 1,5 above system voltage; 2) Insulated-gate bipolar transistor; 3) Metal-oxide—semiconductor field-effect transistor

Source: AVL, interviews with market participants, Roland Berger Roland Berger | 4



c Market Attractiveness

Power electronics PCB assembly is set to expand rapidly, fueled by growing
electrification and increasing value add from more complex subcomponents

Market evolution and trends

PE PCB assembly European market size evolution [EUR bn; 2022; 2028; 2035] Power electronics PCB assembly market drivers

‘ ‘ " [...] Automotive will become a major growth driver Trends
for EMS activity, especially with the advent of SiC"
— Major electronics player
Electrification « Demand for power electronics set to expand ~11x by 2030
because of fleet electrification @
» XEV motors will be most important application sector for
power electronics (in kW terms) and will drive future PE
design standards
= WBG substrates » Wide bandgap (SiC/ GaN) active components are much more
2022 2028 2035 expensive to source, and complex to assemble, driving up @

prices for PE PCB assembly
Penetration BEV & « WBG die assembly techniques (sintering, laser soldering, or
XHEV in LV sales m m glue-based methods) are much more complex than SMT,
driving up value add for assembly players
Value per car? 500-700 450-650 425-625

~5% - No significant differentiating factors, harsh competition and
pricing pressure by OEMs

EBIT?

@ Positive impact @ Neutral impact Negative impact B BEV XHEV

1) MHEV value per car at EUR ~100, PHEV at EUR ~500, BEV at EUR ~700 in 2022; 2) EMS margins around 5%, Tier 1s around 20% - Tier 1s typically take on operational risk, while EMS business does not tolerate uncertain demand

Source: Yole, expert interviews, NVR, Roland Berger Roland Berger | 5



c Market Attractiveness

PCB assembly is part of the intricate power electronics value chain - Significant
vertical integration and direct OEM/ EMS collaboration shape the landscape

Value chain and focus on key players

PE PCB assembly value chain and main players")

Raw Material PCB Manufacturing PCB Assembly - Core focus PE System integr.  PE Vehicle integr.
Conductive material for  To realize basic function of pre- To build up value adding functions by assembling various electronic PCBA is integrated in  The inverter, OBC or
trace/ insulating material ~ designed electrical connection and components power electronics DC/DC converter is
for substrate or bonding  mechanical support components integrated in the vehicle
{ Syst
PCB desi ' PCB assembly players ystem
= | e Gower esan l’ Resistor y Py integrators
— | ]
2 + 4 N )
: Layer pattern Pattern Etching [ . = m o w’l o E_Ms 5 Ehﬁﬁn OEM
=S . development plating @  Transistor i i = sL=masesr >
T |e g > o £ | B D RAWE e dote
] 0 T LACROIN ey Tier 1 p—
<< yarn S [EADEX eolane” A it
8 - g [ X cLAVENS V ° —>] @
e May repeat several rounds for multi- 8 @  Capacitor AN
layered bare board 2 l i DAIMLER
Syn- S
@ thetic v -l @ LTzt
resin ] e
Lamination & drilling l. Sensor BOSCH <N
+ | \g A nea
Wood
¢ pu?s - ® Chip 3¢ HITACHI
Printing of solder mark l L BorgWarner Astemo y,
: fepe
” Power module/ discrete (incl. Si/ SiC/ GaN IGBT or MOSFET dies) Wo’fsf’eesd;.itec
"g = enau
a S Electromechanical components ( incl. terminals/ low voltage connectors)
=
@
£ . . .
g 8 High voltage systems (incl. high voltage connectors/ cables) sTELEANTIS
=2
-
n PE component housing (incl. bus bars/ injection molding/ casing/ sealing/...)
—» Product flow Design specifications @ French players

~Marketshare®) = = = - - c c e e e e - - -
Tier 1 EMS
~70% ~30%
a € Valea BOSCH zoliner  golane
@LGEx HiacH! [CATE I JPY BT

Market structure

 Around 500 PCBA players in Europe today, aimed mostly at high
mix/ low volume products such as custom assemblies for specific
components - French EMS more focused on large series prod.

The PE PCB assembly market being reshaped, as electrification
directly correlated to demand increases:

- OEMs gradually internalizing power electronics design, but
expected to keep outsourcing PCB assembly to Tier 1 & EMSs

— Tier 1s driving to vertically integrate to active component
manufacturing, as wide bandgap (WBG) semiconductors
drastically shift the value ratio of power electronic BOMs (e.g.,
power module is >70% of value for SiC inverter vs <50% for Si
inverter)

- EMS increasingly interested in automotive PE, as PCB
assembly techniques for WBG are more complex, enabling
higher margins

1) Non-exhaustive selection of players; 2) Automotive activity not situated in France; 3) Market shares for automotive electronics market, but high level split similar for PE PCBA

Source: Company websites, NVR, Expert interviews, Roland Berger
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c Market Attractiveness

Clear market roadmap for power electronics PCBA despite some technological
uncertainties — However, this drives opportunities for differentiation

Market attractiveness — Other criteria

Clear product roadmap

» Low market risk for power electronics considering strong
needs due to electrification

» Medium uncertainties in technology roadmap:

— At die level, WBG is set to take over power electronics, but
some uncertainties remain in manufacturing processes and
design (mainly on cooling)

- In packaging, PCBA is expected to be dominant, but
competing technologies (e.g., press-pack) are being
investigated, although limited short term substitution
potential

/A

| Low market risk but '
| technical evolutions |
|

|

-@— Window of opportunity for a newcomer

Potential for technological differentiation

« Strong potential for technological differentiation:

- Technical knowhow for WBG die attach is differentiating
and is a required capability to compete

- Manufacturing quality and reliability can be a significant
differentiator (up to 1,000x variances in DPPM") possible)

Strong
differentiation

_________ A
I
* Strong window of opportunity for new capacity, as the market is starting to evolve, but | :
strong knowhow is required for a ticket to play: I ‘ |
- Electrification is starting to take off, driving strong additional demand — However, key I I
players (Valeo/ Bosch/...) are already established and newcomers unlikely : New capacity I
— WBG will drive retooling need, established players will need to significantly expand | needed I
producton e J
@— Potential for diversification outside Automotve ——————————————————————— .
l |
« Significant potential for diversification towards CVs or other segments: I |
— Power electronics has significant applications in commercial vehicles, industry and : ‘ |
other segments I o |
_ - - : o Significant |
Automotive set to be the main market for SiC/ GaN based power electronics — Players | ; |
will need automotive footprint to compete in other segments | potential
-@— Environmental contribution —m—mmmm™m™m™m™™™™ ™ —— .
| |
« Strongly positive environmental contribution: | |
- Power electronics are a key enabler of electrification & dictate power use efficiency of : /‘ :
BEVs
: Significant |
| positive contrib. }

1) Defective parts per million, can range between 2-2,000 DPPM in PCBA

Source: Yole, Expert interviews, Roland Berger
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a Market Accessibility

New PE PCBA capacity can be established at EUR 100-200 mn CAPEX - However,
high technical barriers to entry & a lack of available skills are key hurdles

Market accessibility — Assessment

Technical barriers to entry

Availability of the necessary skills

_________ A e |
« Significant technical barriers to entry as significant R&D and process : | * France holds required talent pool, but skills are in high demand : |
expertise is required: | _F ; ; ; |

I rench EMS ecosystem is well developed on automotive, but still I
— PCBA requires significant electronics and semiconductor process I ‘ : lacks scale to offer complete solutions I :
knowhow [ | - Research on emerging technologies (crucially WBG dies) is limited | |
- Rapid technological evolutions can push players into obsolescence, | I today, putting French players at a disadvantage vs peers I I
driving a need for significant R&D as WBG, new packaging | o I | - . I
techniques and design requirements evolve : Slg:;:c-li:?:t I “"Automotive is the deepest [EMS] segment due to the : Slgne:g:i?:lglzkms I
| high number of plants in France" |
! | — Former VP EMEA at AsteelFlash ! |

Manufacturing CAPEX Traction from French OEMs

_________ A e |
+ Capex required for specialized tooling and testing equipment : | * French OEMs are in line with peers regarding electrification, with : |
required/ WBG set to increase CAPEX: | | similar vertical integration vs other OEMs | |
— Initial small capacity factory CAPEX EUR 20-40 mn - Scaling up to | ‘ : | ‘ :
EUR 100-200 mn as production volumes increase to ~1 mn units | | | I
- Automation is a key driver of Western European competitiveness, : | : |
but entails significant CAPEX I : I
» Need to study potential of partnerships, for instance between : EUR 100-200 mn | : In ling |
automotive Tier1s and chip / substrate suppliers (cf. Wolfspeed and | I | |
ZF in Germany) e e

Source: Expert interviews, Roland Berger
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e Attractiveness for France

New PE PCB assembly capacity in Europe is highly likely — Western European
countries can be competitive through high automation levels

Attractiveness for France - Industrial set-up

Plants — location & cost structure’ Footprint of key players [non-exhaustive]

<1% Target manufacturing footprint
..5'% » Pan-European market with 1-2 sites per major player expected, potential for establishment in
— Demand for PE PCB set to expand rapidly colne
- Automation drives increasing West EU competitiveness @ Ruscaon #Lacroix
Zaliner
— Demand pull for more European capacity @:}@ @ BoscH
W ALL ) S VeC
T LACROIX w WURTH
Rationale ALL
« Additional manufacturing in Europe expected — Demand pull and existing knowhow is highly
relevant:
— Strong momentum for production in Europe exists — While not required for logistics, EU buyers
push towards EU capacity for TTM/ co-design/ sustainability reasons, automation is also boosting

EU competitiveness
- Strong historical footprint for PE PCBA in Western Europe (e.g., Valeo) Cost structure dominated * Significant capacity in Europe already exists ~ Around 500
companies active in PE PCBA across the continent:

by raw materials (core & spare components) and labor:
— Western Europe holds strong PE PCBA footprint, expected to

70-80%

* EMS cost structures for PCB assembly dominated by 2 factors: . : , )
. ) . . L o . stay thanks to growing automation & high-quality products
— Raw materials (especially dies, expected to increase further with SiC) are significant cost drivers — o
Establishing reliable supply is key — Eastern European players hold strong competencies in power
, , , 7sis module (incl. die) assembly with significant moat — Relatively
— Degree of automation can drive labor costs down to ~5%, but requires i limited footprint in PE PCBA

extensive CAPEX - Tradeoff to be made ) , , )
« Sourcing (especially dies) from outside Europe today, but players
moving to establish SiC capacity in the EU (e.g., Wolfspeed/ ZF)

2021
Energy Labour cost? [l R&D [ Equipment amortization? [l Raw Materials3)

1) Approximate EMS PCB assembly cost structure; 2) Highly dependent on share of automation; 3) includes ~5% logistics; 4) Wiirth has several development sites in Europe, but main production is in Asia

Source: Expert interviews, Roland Berger Roland Berger | 9



e Attractiveness for France

Limited potential for sourcing in Europe today, but key regulatory & industry steps
being taken to reshore supply chains, especially on active components

Attractiveness for France — Materials and upstream impact

Breakdown of raw materials

5% Active components
_ — « Several EU players establishing capacity for SiC dies (ZF/
B Wolfspeed built first EU 8-inch SiC device fab, STMicro building
15% : 8-inch dedicated fab in 2024)
* Less sourcing options for Si based dies & devices

15% Other SMT components
0 * Very limited sourcing in Europe today, with limited future
potential — Cost leadership is essential

» Several EU players (e.g. Wiirth) have prototype assembly plants
in Europe, with production in Asia

 No significant change expected, as cost is the key driver

Connector
— » Today, niche connectors can already be sourced in Europe, with
future potential expected
AN
2022 IR

Other [l Connector Blank PCB Other SMT components [l Active components (incl. die)

Source: Expert interviews, Roland Berger

Potential

9

O

+ Today, overall limited potential for
sourcing in PCBA subcomponents in
Europe — Base materials supply chains well
established in Asia

* However, growing EU interest to reshore
active components (incl. die)
manufacturing, especially with the
increasing prominence of SiC and GaN:

— Regulatory interest (European Chip act)
to get 20% of global chip production in
Europe by 2030

— Industry players are moving towards SiC
capacity, as this is a key driver of added
value in power electronics in general

e

. High sourcing potential O Low souring potential
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e Attractiveness for France

Power electronics PCB assembly is a significant opportunity for France to create a
competitive industry that builds key electronics skills & supports French resilience

Attractiveness for France — Impact for France & other economic social benefits

Direct employment [# FTEs]

Jobs in 2023 and in 2035
in Europe [#FTEs]

Job creation between 2023
and 2035 [#FTEs]

2023

2035

2023-2035

2023-2035

Hypotheses:

» Employment of ~13.5k in EU based on revenue per employee
benchmark

* France set to hold 5-10% market share, at 750-1.5k employment
(~7.5% MS today)

: Revenue generated per FTE is estimated to be at EUR ¢.720,000

Source: Expert interviews, Roland Berger

-@— Support to resilience of French economy

_________ A
| |
+ Significant contribution, establishing a pillar of French electric vehicle ecosystem : |
— Electronics skills are fundamentally important to French resilience, esp. given ongoing electrification efforts I __‘ :
- Capabilities to be competitive in PE PCB assembly - Buildup of expertise can create spillovers across the | Supply chain |
electronics ecosystem | resilience I

l__ =~ _ _

T_GT‘

Yl Impact on Trade Balance —m———————————————7"————#¥#+#¥6¢+#"6¢77-—+ -
J I |
« Strongly positive impact on trade balance: | I
— Power electronics are fundamental to electrification — France can strongly reduce dependency on imports if | A I
more capacity is set up : |
— However, other EU players are also strong and are likely to dominate their local markets so significant export | Stror!Q'Y positive |
is less likely | impact Jl
Skill Level Assessment ~0————-——m—m-me--—-—"——""-—r-r—"—— -

* Enables cultivation of of microsystems/ electronics skills — Strong R&D and innovation impact:

- PCB assembly requires deep electronics knowhow and helps build expertise in cutting edge electronics
manufacturing techniques in an area where French players can be competitive

— Research in new die attach and PCB design methods can strengthen French electronics competitiveness

Strong skill
development
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