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Reshaping the European semiconductor ecosystem

EU Chips Act (2023):
= The EU Chips Act bridges the gap between

the EU’s advanced research and innovation »There’s no digital without chips.«
capabilities and their sustainable industrial .
eXp|O|tatlon E Ursula von der Leyen, President of the European Commission

= Ensures large-scale capacity building and
innovation within the EU

N g

- E’.
. . . . -
Creation of innovative pan-European Pilot . - P -
= [ - e
Lines by major European RTOs together " ® . -
With pa rtners Picture: Advanced Fan-Out nd Pvel Level Packaging base’on E ing Technology. © Fraunhofer 1ZM |Vﬂ Mai
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5 innovative pilot lines for Europe

~ Fraunhofer

imec

\’“ NanolC

ICFO

® PIXSUR P

APECS pilot line: Coordinated by Fraunhofer and
implemented by the FMD, dedicated to advanced
packaging and heterogeneous system integration.

FAMES pilot line
led by CEA-Leti (France)

NanolC pilot line
led by imec (Belgium)

PIXEurope pilot line
led by ICFO (Spain)

WBG pilot line
led by Consiglio Nazionale delle
Ricerche (Italy)




Key Figures

Global semiconductor market: v" Advanced Packaging paves the way to
n = ~ USD 700 billion in 2025 n overcome the limitations of Moore’s Law
" >USD 1 trillion by 2030 v" Total semiconductor packaging market:
Market growth driven strongly by = ~ USD 70 billion by 2030
= Computing and data storage (Al) = ~ 50% Advanced Packaging market
= Wireless communication share today
" Automotive electronics v’ Asia-Pacific holds strong packaging
ecosystems

Europe’s growing semiconductor demand is increasingly shaped
H by Compound Semiconductors (power electronics &
photonics) & Advanced Packaging

S APECS



What are the challenges in heterogeneous integration?

Design complexity Standardization

= |ntegrating different materials (CMQS, InP,
GaAs, SiPh)

Managing electrical and optical coupling
Ensuring co-design efficiency and thermal
stability

Defining universal design rules
Standardizing interfaces

Ensuring process compatibility
Establishing reliability benchmarks

Manufacturing precision

High density interposers (organic/inorganic)
Sub-micron alignment

Controlling process variations

Enabling stress-free bonding

New testing concepts

Cost management

Reducing fabrication costs
Improving yield

Scaling automated assembly
Minimizing supplier dependency

S APECS
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lllustration of possibilities and the complexity of advanced heterogeneous
system integration and advanced packaging

L APECS
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- Integration of opto-electronic

components as an example of
photonic systems

/




Integration of RF antennas as _
an example for RF systems |

Z APECS



Integration of components
for high-performance
sensing systems
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Integration of a 3D-Si-Stack
as an example for high-
performance computing
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Examples for the integration at wafer and substrate level

Integration at wafer level

Hybrid Cu/Cu bonds

HDML Si-Interposer

TF-embedded thin chip

3D-shaped mold cap

TSV/TGV/TPV

Embedded Si-bridge

Integration at substrate level

Metallic TF-on-organic
anti-tampering structures

Embedded passives,
chips or SiP module

Embedded optical
waveguides

S APECS
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APECS brings the
connection

between dESig n, sJe =0l Ready for chiplet integration
% Chiplet integration platforms g= Heterogeneous integration into (quasi-)
tECh nO|Ogy and (2.5D & 3D): Functional interposer o= monolithic integration ((Q)MI)
testing for wide ¥
range Of RF/photonic/MEMS interposer Ultra high density _
g | 200 mm | | chiplet interposer | | Organic interposers

appl ications Si/polymer/glass 300 mm Si Up to 600 mm
v

Passive & active functionalities

Vv

(2 Characterization Test Reliability (CTR)

I Photonic integration

| ]
| RF integration i | Functional integration Advanced Packaging
All the developments are taking I QMI systems 200 mm: CMOS+ | i[ﬁétlaﬁmgt, o EDbaS;Zmblé(F ous |
. | . i Iplet Tunctionalization mpbeaaing anUu
place under the dictum of the QMI systems 300 mm: CMOS+ ' | WL2.5D integration Layer stack inteqration

| External partners (RTOs, IDMs, ...)

European Green Deal.

S APECS
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Demonstrators: Advanced Packaging solutions for various applications

= Demonstrating that the pilot line can seamlessly perform all conceivable process steps

= Showing possibilities of the pilot line, but do not deliver specific products

Memory

HD interposer FRETRELED S <

I

-

6emo 1 - High Performance Computing \

xPU

KX ZLCCCERELEREETE

ﬁemo 3 - Photonic Systems

Photonic wire bonds

Opticel fi \

ber
array

Ill-V Tx opto chiplet

N\

Il -V driver chiplet

/ High-speed flexline array

1 chip interconnect

\

Gemo 2 - Multi-Materials Sensors \

Sensor frontend ICs, signal processing units

QM chiplets for CMOS+X components
3d-integrated chiplets for MEMS &

Passives II-V materials

Distribution layer DC + RF/

S o

ﬁemo 4 - Modules for Radar and Mobile Communication \

BiCMOS ~ RF antenna > 300 GHz interconnect
= el — Glas interposer |
'Ii’« Flexible substrate —
FDSOI CMOS l1l-V Frontend Microbumps lIl-V chiplet with In-bumps

——

\ ' Fan-out WLP - Sub-THz interposer /

S APECS
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Key innovations of the APECS pilot line

Unigue chiplet integration platform (2.5D and
3D) for multiple core technologies (CMOS, Opto/RF)
and non-electronic devices (MEMS, Opto, OLED),
leveraging the innovations of advanced packaging

Comprehensive end-to-end design flow and
methodology for chiplet-based advanced
heterogeneous systems integration — Design-for-
Performance, -Yield, -Power Efficiency, -Testability

Expansion of hetero-integration into quasi-
monolithic integration (QMI) for highest
performance density by leveraging Back-End-of-
Line and Advanced Packaging capabilities

Prototyping of high performance chiplet-
based systems for specific needs of the
European industries, in particular,
automotive, medical device and health care,
sensors and advanced manufacturing industries

Novel backend-of-line interfacing
technology for MEMS, opto/RF chips

(/V RF chiplets with (Bi)CMQOS for 300 GHz+
frequencies)

Novel testing concepts and technologies
for function-, quality- and yield- optimization

S APECS
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Application areas of the APECS pilot line

Fraunhofer IAF

Medical instrumentation

k”"‘ e \Pm;gh@fer\il\f
‘\ o < ._: N -

.

Sensor systems

ons

Telecommunicati

Industrial manufacturing

% » Fraunhofer EMFT [BIMidiller
o, %

¥ \0
i -
Al/ Machine Learning

S APECS



Research Fab Microelectronics Germany (FMD)

P (¥

(O]

Itzehoe
Fraunhofer ISIT

Berlin

O]
Leibniz FBH ©
Fraunhofer HHI  Frankfurt

Strong Cooperation of > 5,400 employees, Fraunhofer ZM (Odler)
i g o 0 Leibniz IHP
13 Fraunhofer and including > 2,900 scientists © Duisburg y
- . . s . : raunhofer ® Halle (Saal
2 Leibniz Institutes First patent applications: 191 S 4 T
under one virtual roof Active patent families: 2,986 LR OR
(® Wachtberg
Fraunhofer FHR Chemnitz @

Fraunhofer ENAS

& e
Fraunhofer IIS
Fraunhofer 1ISB
19,500 m?2 cleanroom space 2,200 tools/equipment
1ISO9001 Certification in 13 cleanrooms

Freiburg
Fraunhofer IAF Munich ®

Fraunhofer EMFT
Fraunhofer AISEC

1 MES over 10 institutes

€2,2 bn €673 m €272 m

Assets/Investment Budget/a Industry Projects g APECS



FMD joins forces with Europes’ leading RTOs

VTT: IPD and RF on silicon and glass substrates; Heterogenous 3D integration:

ALD for TSV and Wafer Level and LTCC Packaging of RF and optical MEMS 3

7
imec: RDL 1st Chiplet Packaging Demonstrator and Chiplet Q! g
Integration Package

¢

¥
CEA-Leti: FOWLP technology for RF (>150GHz) System-in-Packages _r W V/
(SiP) and Glass substrates for > 100GHz RF passive component e

TU Graz: ESD for heterogeneous integration

Ty

INL: 3D heterogenous integration of graphene FET biosensors
CNM/CSIC: Microchannel cooling, Printed antennas

FORTH: 3D Sequential Integration (3D SI) of GaN based
RF front end (RFFE) chips
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How to access APECS technologies: One-Stop-Shop

Submit your inquiry
through our website:
WWW.apecs.eu

f

A

®
s

\

y

evaluates your
inquiry

Our access team

4 . . I
)
\_ y

Initial meeting to

discuss your
project

4 o

A\ v

Access team
involves technology
experts to identify
the most suitable
FMD institute(s) for
your project

Detailled discussion
with institute(s) on
project scope and

contract conditions

Project
implementation

L APECS



The new flagship event for microelectronics in Europe

at designed as a trend
point for the

When:
Where:
Who:

Language:

Why:
ape’s future with
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Coordinated by Implemented by Pilot Line Project Partners

— e/ Forschungsfabrik Z Fraunhofer gigzi:and TU
/ " ' Institut
Z Fraunhofer //4 Mikroelektronik MIKROELEKTRONIK ‘# ru

Deutschland

[l

Co-funded by

With funding from the: SACHSE 2 aye v SH ﬁ* Schiesw
N A Co-funded by * Federal Ministry
* * . N of Research, Technology 3
L the European Union IandSpace : M\ %

Nordrhein-Westfalen

LAND
ttemberg BRANDENBURG SACHSEN-ANHALT

APECS is co-funded by the European Commission P —— y %:BUQUE s ns = Fodoral Minisey i* b
and national ministries of the eight member states i Ll el FRANCAISE ((\3 State of the Art ARG SERUBHC o At ] STy
within the framework of the EU Chips Act. Overall =

funding for APECS amounts to € 730 million over sl NI 7

4.5 years.

NORTE an

FINLAND

S APECS
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