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- Strategic Partnership and Service Offer -
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Purpose of the APECS pilot line

= Position Europe’s R&D and industry at the
forefront of semiconductor innovation

= Establish a cutting-edge infrastructure for
heterogeneous integration and chiplet technology

= Advance technological capabilities for
cutting-edge semiconductor devices

= Support European industries (e.g., automotive,
telecom, healthcare, 10T)

= |ead the way in advanced packaging and
heterogeneous integration by providing diverse
technologies on a single platform
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EU Chips Act: Contribution of FMD

FMD: Advanced Packaging and Heterogeneous Integration for Electronic Components and Systems
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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

imec: RDL 1st Chiplet Packaging Demonstrator and Chiplet
Integration Package

CEA-Leti: FOWLP technology for RF (>150GHz) System-in-Packages
(SiP) and Glass substrates for > 100GHz RF passive component

TU Graz: ESD for heterogeneous integration
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



What are the challenges in heterogeneous integration?

Design complexity Standardization

= Integrating different materials (CMOS, InP,
GaAs, SiPh)

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

Manufacturing precision Cost management

High density interposers (organic/inorganic) = Reducing fabrication costs
Sub-micron alignment = |mproving yield

Defining universal design rules
Standardizing interfaces

Ensuring process compatibility
Establishing reliability benchmarks

Controlling process variations Scaling automated assembly
Enabling stress-free bonding Minimizing supplier dependency
New testing concepts
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APECS brings the connection between design, technology and testing

for wide range of applications

STCO design
Ready for chiplet integration Chiplet fabrication

telerogeneous integration into (quasi-) monolithic integration | I Chiplet integration platforms (2.5D & 3D): Functional interposer |
((@m1)
RF/photonic/ Uttra high density | | organic
MEMS interposer chiplet interposer interposers
200 mm 300 mm Si Up to 600 mm
Silpolymer/glas

'\/

Passive & active functionalities

Characterization Test Reli y (CTR)

I Photonic integration

3D stacking

I RF integration
WL 2.5D integration

| aMmi systems 200 mm: cMos +

DO

I QMI systems 300 mm: CMOS +

I External partners (RTOs, IDMs, foundries,...) I

Functional integration

Chiplet functionalization

HD assembly

Advanced packaging

Embedding & FanOut
Layer stack integration

All the developments are taking place under the dictum of the European Green Deal.

D-HO
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Examples for the integration at wafer and substrate level

| Integration at wafer level | | Integration at substrate level

Hybrid Cu/Cu bonds Metallic TF-on-organic
anti-tampering structures
HDML Si-Interposer

[ TF-embedded thin chip |

Embedded passives,
chips or SiP module

Embedded optical

| 3D-shaped mold cap I
waveguides

TSV/TGV/TPV

[ Embedded si-bridge |

S APECS



Key innovations of the APECS pilot line

1

Worldwide first advanced automotive chiplet
integration platform (2.5D and 3D) for multiple
core technologies (CMQOS, 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

IV RF chiplets with (Bi)CMOS for 300 GHz+
frequencies)

Novel testing concepts and technologies
for function-, quality- and yield- optimization
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Application areas of the APECS pilot line
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Potential for industrial uptake

Users Value Proposition
Design Services: enable chip, chiplet IP, and system design for APECS Pilot Line; provide
% Chip Foundries . .
and operate design platforms with support
Integrated D Process development, materials and tool validation: accelerate technology
development and validate processes for commercial transfer

QP Materials & Tools System Development: leverage APECS tech for new products and business; enable access
S Supplier to specialized technologies

Semiconductor Manufacturing Outsourcing: offer Proof of Concept, prototype runs, small-volume
Customer production, and scalable transfer options

Research Access: support research-to-application transfer; Provide easy

£y Research Commun

- access via local competence centers

Start-ups
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What we offer

Category Example services
Surface technologies PVD, CVD, LPCVD, ALD, CMP, ...

PaAcsksae?:l])? & Direct wafer bonding, C2W, TSVs, nano TSV, Flip chip, ...

Inline measurment In-line SEM, Overlay, Elipsometry, 3D surface metrology, ...

CTR RF characterization, CDM test system, Plasma-FIB SEM defect screening, ...

Chiplets & Sensors SiGe BiCMOS-InP-DHBT, InP EML chips, photo detectors, gas sensors, ...

PDK/ADK offers (interposer & chiplet integration, design platform)
S APECS



Coordination of service provisioning
Collection and clustering of services in APECS
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Coordination of service provisioning
Collection and clustering of services in APECS
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Service list — example (full)

—
Process mup modhte o0 T o e ot v e e
Process nup i mokie A-2-Bvato ooy
Teshesioz, Elserpansn
Technaog) SCo-BOMISnP-LHET Chilocpoogy seod P_OHET on S5e-BCMOS Pladoamaliosth POK, accersbie walB sovicelT)
Tenti Honciopogs EroadoundSpecnascop) and i syer charsorsizaion st massremend . co3-compaIEiS pocess enknrar
FOKIACK oferfverpse & Chite teg aon)

Process sep modhie 13
Process eg modée e Tungaren CHP b e e -t st
Process swp | modhde PVD dposion ‘Cuidmdepestion 11208, Sy, A 161 A2, el dmposon (1L, Al T] Slccn d crds vebd o cmos comparkie 6w ser abicaton
Process sep modie VD depaion Qeposrn of 1AL To7. W, AL AT oy vad o s wl MEMS ol labncvicn
Process e modte VD dapommon Depormn ol U6, &
Procers nup i mokde Usbogragins 035m wsokesn et uad o e andHEMSE walaelbicon
Process up medde Crengicceses et wed seidaion, TEDS, LPCYD SN it e ol
Processsip modie ALO depossion Deposinof 203, 12205, TE2. W02 202,320, TH, P
Process nup modis Dpecing Eiching S ode, OFE_Poly, metals ‘westabi o omes and VEMS 8 wales abicaton
Frocess g modhée Vetowchng . Caro-SC,HIPDS, FiA,EKC, S st e e
Processsep I mode iscope gas eichg e omes and VEMS 0w fbrision.
Process nug modhée s mesrissmaerss Smess,
Process sup modhie Giden Dy o oo and VEHS B wles abricason
Process sep modhle Oueet Wele brding. C2 bondey vl s s ard VEMS & wiles obication
Process nup modie ) Cosssecneni FTR veadabies
Technaiog, Presnre Capacie sndpiecos e wusdoble
Teshesioz, PCspluiom. cambinaonol e shasons devees demonsnct walatie
Technaog, BDeeectors nicrc-bedomote ot Simea  wolorighe domonce susiable
Technaog, PuDs domonsicr aealatie
Techooko, 3 O oo domomsaaor avalable
Techrviog, Acoclersion Sensors PEMS snchies demonsiice avslatle
Techroig) e Tovs s o0 waCoFng seababis s s and VEMS
Dmice B Chpr BedewedO:sodCnedEI e s
Technotoz, Pl PPN oo b
Techsiog, e Plam, LNCIME o ubsmates
Owice FighSpeed P Phesodurecics Deccuod SWhiphoodetector v ecues ce susaares
Deice A Platom,
Dovee Plariom 3
o "D Epaasialwaters POCVD gown Gab-based hatmoscnaes
Dever Chietrersraton Flafom Wavwlegis 630rm -0 e Trarespireig = evegraion
Devce Chaplettegraionbasedon kP DHET: wAhBICHOS YO s dechcatefor Chiie fograion o FPHE 500 BCMDS.
Process ug modhée Elade dong cmame. a1
Process sup modhée [ Dect sndipbedbondeg occhips 10 waler - 200 -
Process ep modie PickiiPlace. O soney 200 g g, v e packs, GeP sk,
Process nup modée Ouv-Bondng ke chp sssently o
Process modde CHOS processing Poby-S-Gare et and vios s Spacer 200 vato. 0o prccess mokie
Process mode CHOS pacessng L0008
Process mochie CHS processiog Sabond eocess 108-sbgried Shcon Sdende o consactfomm ion 200 vatos
Process modde CHOS processing Tomason ot corvactholes 200 vaters
Frocess mochde MO rocessig Flas o gt ifrarces ofshighes 200 vaies
Process modde oS, BEDU metabsatony 200 waters, A
Process ug  modhée Ubogaphrreipsrae . e o400, atntatrewson

wp oo Uibographcoxing e et PP
Process sep mohie Uik isimcorn Son et o g dessonent ard MEMS € v st absicatin
Process up i modie FVD doposncn Evapornsin of 1,502,702 b HES VM vl
Process nep i mokds PAD dopankion Sousrecdopostonol AL A, T AL Ta, a0 N, o205, L 8 oy, ALZT) e vabd fo CMIS ard MEMS 6 wadenf sbricarion

Page 14 07.11.2025 Romy Zschiedrich, Head of Communications l E % Fraunhofer
1zMm



Service Offer: Characterization, Test and Reliability
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Electrical Fault Isolation

Compact Digital Twin

Novel testing concepts and
technologies

for function-, quality- and
yield- optimization

Comprehensive characterization, test and reliability

platform to support manufacturing

Provision of complete functional and reliability test

capabilities and strategies along the whole value chain
Innovative and unique test system (photonics test head)
Test service (volume test)

Knowledge transfer (test hardware and methods)

Support by cutting-edge failure analysis capabilities for
industrial technology ramp up, series production and market
introduction

Support of continuous market success by field by

counterfeit detection and identification of IP violations
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How to access APECS technologies
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Submit your inquiry Our access team evaluates Inftial meeting ta discuss Access team involves
through our APECS your inquiry your project technology experts to
website identify the most suitable
FMD institute(s) for your
project
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Detailled discussion with Project implementation
institute(s) on project scope

and contract conditions 3 APECS
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Fraunhofer Institute for Reliability
Kontakt and Microintegration IZM

Erik Jung
Tel. +49 30 46403-230

erik.jung@izm.fraunhofer.de

Fraunhofer IZM Berlin Fraunhofer 1ZM-ASSID Fraunhofer IZM AuBenstelle Cottbus
Gustav-Meyer-Allee 25 RingstraBe 12 Karl-Marx-StraBBe 69

13355 Berlin 01468 Dresden-Moritzburg 03044 Cottbus

Germany Germany Germany

+A3nabni Fridthhofer.de +49 351 795572-12 +49 355 383 770-12
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