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The 2025 ECS SRIA — What ?

* Presenting research topics to be investigated over next 15 years
 To foster and accelerate our European digital transformation reflecting European values

 Covering the whole value chain of Electronic Components & Systems (ECS)

ECS engineering tools

-
—
—

Materials, processes, Smart sensors, Systems and applications,
semiconductors, micro integrated devices, edge value creation, societal
& nano electronic
Al, embedded SW, ... goals,
components, ...
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ECS SRIA 2025 — Why? Align and coordinate

research policies
across Europe

W € ' EPoss
COMMUNITY ™
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| The 2025 ECS SRIA - Who ?
Patrick Cogez

AENEAS

, Core Team
Chairman

* Arco Krijgsman - ASML
e Christophe Wyon - CEA
* Jerker Delsing - Lulea University of Technology
e JUrgen Niehaus - SafeTRANS
: e Patrick Pype - NXP
Paolo Azzoni e Sven Rzepka - Fraunhofer
INSIDE |A * Wolfgang Dettmann - Infineon Technologies AG

Co-chairman

. . More than 280 European experts
Matthias Kintzel * Interdisciplinary

EPOSS  Across the whole ECS value chain

* Representing industry, RTO and academia

Co-chairman e 24 countries
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ECS SRIA 2025 is online

esearch and Innovation Agenda

https://ecssria.eu/

Home ECSSRIA 2025~ ECSSRIA2024~ ECSSRIA2023~ Change History Contributors

1 Foundational Technology Layers
Introduction & Overview

¥ ECS SRIA 2025
Outline
. Chapter 1.1 Chapter 1.2 Chapter 1.3
~ 1. Foundational Technology Layers

1.1 Process Technology, Equipment,
Materials And Manufacturing

¢f.) Chapter 1.4

1.2 Components, Modules and Systems
Integration

1.3 Embedded Software and Beyond

Users by Country in the last 12..,

1.4 System of Systems

¥ 2. Cross-Sectional Technologies 1.1

21edgecomputing and emieided — Process Technology, Equipment, Materials And

Artificial Intelligence

22 Connectivty Manufacturing

2.3 Architecture and Design: Method And

Tools Semiconductor process technology, equipment, materials and manufacturing form the foundation of the ECS value chain
2.4 Quality, Reliability, Safety And producing the chip and packaged chip-level building blocks for all digital applications.

Cybersecurity

+ 3.ECS Key Application Areas Nano- and microelectronics are key to achieving digital sovereignty in Europe, and they offer a range of solutions for a green and

3.1 Mobility sustainable society. If Europe wants to control the development of a digital future fitted to its citizens and their requirements, as

* Native indexing and analytics * Increased visibility and accessibility

. . e Attract new talents and experts
e More advanced functionalities for: P

 Topics search
* Selective reading
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https://ecssria.eu/

Global reach out
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20.

21.

22.

23.

Country
Germany
Netherlands
France
Spain
Finland
Italy

United States
Austria
Belgium
Sweden
Turkiye
United Kingdom
Ireland
Portugal
Japan
Greece
Poland
Switzerland
Talwan
Norway
India
Hungary

Latvia

Views ~
8113
6,551
5476
4023
3875
3714
3680
3,601
3026
2291
2008
1812
1,789
1247
1244
1214

992
780
”
554
498
461

444

Visited from
120 countries




Visits and engagement index

Page Visits Eng. Index
Website Home 8307
ECS-SRIA Home 12003 23
Introduction 5974 67
Outline 2392 28
CHP 1.1 3505 [ 80
o | ena | sl e enamenen

- index provides a
CHP 1.4 1268 51 ae e
CHP 2.1 3141 73 bett.er |nd.|cat|on of o MALE o FEMALE
CHP 2.2 874 Part 2 6773 63 audience interest 57.6% 42.4%
CHP 2.3 1384 59 on chapters
CHP 2.4 1374 70 1
CHP 3.1 1214 62 =
CHP 3.2 088 68
CHP 3.3 937 55 Users' interests:
CHP 3.4 1098 Part 3 ST g,
CHP 3.5 845 91
CHP 3.6 649 40 -Technology 51%
CHP 4 909 Part 4 909 58 - Finance 38%
Appendix A 814 - Politics 32%
Appendix B 529 Nearly 60000 visits - Lifestyle 31%
... Other pages 6391 in 2024 0

Total] 58843 | | . - Sport 28%
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ECS-SRIA structure

32 !
g Key ECS application domains for
Europe
a

Enabled by and driving ECS
technology roadmaps

0 /INTRODUCTION AND OVERVIEW

Why ? What ?
How ?

FOUNDATIONAL
1 TECHNOLOGY LAYERS

1.4
" System of Systems
Basic technology stack of a B
. . . . . -U
typical digitalization 1.3 2
luti & hi hical Embedded Software = = oy
solution lerarchica and Beyond b & &
. T v (7]
dependencies 1 | d= 35
12 20 T8 =L
Components, Modules 'E% = EE = )
and Systems Integration ag £ = s 8
1 5% 1 i] i8] ;5 Transversal areas \
What needs to be Process Technologyl, - gn% ~ E P ‘:::_ E ¢E§ B fiti f
Equipment, Materials an i< i i< = i © neriting rrom
addressed now at low Manufactdting - o PR PN enefiting 1ro

interdisciplinary

contribution of the

foundational layers
*  Orsupporting

ECS KEY
APPLICATION AREAS technology stack

k across all layers /
LONG TERM

VISION @

TRL level to feed the
innovation pipeline

©
O
@
°,

CROSS-SECTIONAL
TECHNOLOGIES

ECS — Strategic Research and Innovation Agenda 2025




ECS-SRIA 2025 updates



Ch. 0 - Restructured in Why / What / How

e  Why ECS matter

THE ELECTRONICS VALUE CHAIN IN 2023

Market service providers 61177 BE

Electronic asse mbly 1397 BE

Electronic components % &\
755 BE Y &L
P &S
G LLE
% Semi- &€ — sc 10%
conductors L4

Materials & tools
160 BE

Strategic importance for the EU

 What? SRIA content, including new and/or expanded cross-cutting themes

Chiplets Open Source Hardware
Quantum Technologies

e How to make it happen
. Link with Pilot Lines and the Design Platform
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Ch. 1.1 - Process Technology, Equipment, Materials and Manufacturing
& Ch. 1.2 — Components, Modules and Systems Integration

Process Technology, Components, Modules and Systems Key Application
Equipment, Materials & Integration Areas
Manufacturing

Package

—
=

Board / system

MOBILITY
BGA leadless

Wafer manufacturing

e - Compute & memory ’ P.ac'iagic_‘
- \ore than

Moore ENERGY

Advanced functionality (Systems of) /
e.g. sensor, actuation and
other devices that enable Systems
advanced functionality
INDUSTRY
Packaged SoC
Advanced integration

e. g. 2.5/3D integrated devices,
wafer-to-wafer, die-to-wafer,
sequential integration

System in Package (SiP) Embedded
Several chips in one package HEALTH
+ passives combines electronic software

& photonic functionalities

. QFI BGA Leadless Special versions
S Wafer Fab Equipment DSO WLB VQFN
WLP

manufacturing

B et il T

| -
©)
)
O
>
©
C
(@)
9
=
]
(%)
<@
o]
(40)
=
(L)
+—
(%)
>
v

Embedded IC chips /
passives

Chiplet assembly !!! ‘=L
_ee——————————————————————

Packaging Assembly &

DIGITAL

Embedded packaged ,47,‘ SOCIETY
components :

Test Equipment
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Ch. 1.3 — Embedded Software and Beyond
& Ch. 1.4 — System of Systems

« Scale and complexity of System and SoS integration, monitoring and management over
its life cycle
* Including sustainability dimension
« Importance of engineering efficiency
 Embedded software
* New programming languages (Rust)
« Virtualisation and virtual prototypes
« System of Systems

SoS Architecture

Infrastructure AR

Company specific

* Model based engineering Solution
« Low code technologies Implementation Solution specific

» Al supported engineering tools
« Automation of test, verification and validation processes

Key trends in embedded Software SoS infrastructure concept
* Quantum Computing * Enabling company and application specific platforms
* Computing accelerators * Enabling efficient engineering of solutions

 Artificial Intelligence

ECS — Strategic Research and Innovation Agenda 2025




Ch. 2.1 - Key trends

More and more convergence between edge computing and embedded (generative) Al, but still a lot
of edge will be without Al

Emergence of Gen-Al at the edge

New Recommendations:

- A system becomes an orchestration of federated services, distributed or centralized (Software
Defined X).

- Disaggregation of complex SoC into chiplet + interposers, but still no ecosystem of interoperable
chiplets and overall architecture.

- Memory cost is crucial for generative Al at the edge. New innovations required to avoid to waste
RAM

- Emergence of (very) cheap Chinese Risc-V microcontrollers
- Further reducing standby power and fast on operation (stop and go for chips?)

- Still research required for new computing paradigms (neuromorphic, using physics to make
computation - analog computing -, etc) and their validation in product ready solutions.
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Ch. 2.2 — Connectivity

DATA UNIT FUNTION
7. Application Network process to application.
. Data representation, encryption and decryption, convert

6. Presentation Data machine-dependent data to machine-independent data. ]

Interhost comunication, managing sessions between
5. Sessi iefirges

2 applications. » Updates to the frequency scope of

4, Transport Segments ::“:bn‘: dellv.ery of segments between points wire Ie SS connectivi ty

Addressing, routing and (not necessarily reliable) « Downplaving significantly higher
S Network ExckevDitagiam delivery of datagrams between points on a network. fr eq u epnciyesg g y g
2. Data link Bit/Frame A reliable direct point-to-point data connection.

T e « Support for efficient engineering of
bidain s SRR ) application solution connectivity

« Support to SoS integration and
Interoperability

ECS — Strategic Research and Innovation Agenda 2025




Ch. 2.3 — Architecture and Design: Methods and Tools
& Ch. 2.4 — Quality, Reliability, Safety and Cybersecurity

e Architecture and Design * Quality, Reliability, Safety and
 Ever increasing functionality and complexity of Cybersecurity
ECS based systems comprising heterogeneous * A degraded behaviour in any of these 4
subsystems and components dimensions or an incorrect integration among
« Agile continuous development processes by them, would affect vital properties of ECS and
using data collected during run-time (and could cause serious damage
production, maintenance,...) e Rethink many “traditional” approaches and
 Alacurse and a blessing expected performances towards safety and
* Increased use of Al in components and subsystems, security, exploiting Al and ML (machine
with corresponding challenges for quality and safety Iearning)
assurance

* New text on

* Advanced productivity and cost-effectiveness by using . Chiplet-based approach

Al in Development and Test
* Need for sustainable design for sustainability

ECS — Strategic Research and Innovation Agenda 2025
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Ch. 3.1 — Mobility

Mobility modes considered in chapter: Energy type
- Automotive mobility for passengers and goods: — Battery electric vehicles (trains,
passenger cars, two/three wheelers, trucks passenger cars, trucks, off-road

machinery, airplanes)

- Maritime mobility: ships . )
— Hydrogen powered vehicles (trains,

- Aerospace mobility for passengers and goods: passenger cars, trucks, off-road
airplanes, helicopters, drones machinery, airplanes)

- Mobility on rails: trains — Hybrid vehicles

- Mobility in smart farming and off-road

machinery: smart farming machinery, smart Areas for ECS 5
mining, ... %8
— HPCHW and SW for Stacks in mobility =3
(e.g.SDV)
Automation level — HW and SW for ADAS/AD sensors

— Automated driving for various mobility

— Vehicles supported by ADAS (advanced driver
modes

assistance systems)

Ll

— Fast and energy efficient power +
converter chips (SiC, GaN) T

— Automated and autonomous vehicles (AD)

- Soft.ware defined vehicles .(in—vehicle sta.ck, off- _  Al'supported engineering tools and
vehicle cloud stack) (Infotainment, cockpit, toolchains to significantly increase ‘
ADAS/AD, Body & chassis control) = development efficiency in DevOps D

processes
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Ch 3.1 - Major challenges in ECS for Mobility

— Major challenge 1: SDV hardware platforms: Modular, scalable,
flexible, safe & secure

These 2 challenges were
combined in one topic in

— Major challenge 2: SW Platforms for SDV of the future; SRIA 2024
Modular, scalable, re-usable, flexible, safe & secure, supporting
edge2cloud applications

— Major challenge 3: Climate and energy neutral mobility: CO,-
neutral mobility

— Major challenge 4: Digitalisation: Affordable, automated, and
connected mobility for passengers and freight

— Major challenge 5: Edge2cloud mobility applications: Added
end-user value by cloud2cloud features

— Major challenge 6: Validation: Methods and tools using Al for
validation and certification of safety, security, and comfort in
mobility

ECS — Strategic Research and Innovation Agenda 2025



Ch. 3.2 - Energy

Electronic components and systems
(ECS) are key to future energy systems
being optimised in both design and

operation, for high efficiency,

substitution to zero emission Figure 9: Change in total COz emissions from combustion in the European Union by
driver, 2022-2023

technologies, low CO2-emissions, cost,

~ 2550
and security of suppl 8 =GP
Y PRIY: S 2500 —_n__l'l Temperatures
B Hydro recovery
Nuclear partial recovery
2450

Renewable electricity deployment
W Lower emissions in industry

2 400

Other
2 350 _
2 300 =

2250

2022 2023

IEA (2024), CO2 Emissions in 2023, |EA, Paris https://www.iea.org/reports/co2-emissions-in-2023, Licence: CC BY 4.0
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Ch. 3.3 - Digital industry & Ch. 3.4 — Health and Wellbeing

Impact of introduction of cutting-edge digital technologies

* Targets
* Driving P4 (Predictive, Preventive,
Personalized, Participatory) medicine
* Home as central location of care

* Targets
e Sustainability
» Safety and security of workers

tificial Intelligence

F|EX.Ib|e and resilient EU Supply g}l,,?*m'gy.d AR B & * more healthy life years for an ageing
Chains - '- ' ‘ .
population
* Key ECS research threads * Key trends
* Trustworthy, responsible Al, XR and robotics * MedTech and Pharma moving towards comprehensive
» Exploitation of next generation HW architectures and healthcare platforms using smart devices, remote monitoring,
new chip design (e.g. RISC-V, PIC) data analytics, and Al

* Blurring the boundaries between Pharma, MedTech, and Chips
companies, fostering cross-industry collaboration

ECS — Strategic Research and Innovation Agenda 2025



Ch. 3.5 — Agrifood and natural resources & Ch. 3.6 — Digital Society

* Targets

* Meet global food needs

* Safeguarding farmers’ livelihoods @SYS‘W‘WMS

3.
Embedded Software

* Contributing to decarbonisation and beyong el
* Slowing climate change and limiting abmemsiniegaton | 32| 2
ow M cn
. . 11 oL g
its impact (B R IR B B

0|0|0|0}

* Foster an inclusive,

sustainable, and resilient

* Accelerate the deployment of smart systems in agriculture, society
food production, natural resources and ecosystems . Trends
* Increase electrification and use of agrivoltaics solutions e .
* Digitisation

* Increase the development of agroforestry . Use of Al-based tools (such as ChatGPT, ..)

* Increasing need to protect against fake

* Introduce loT solutions based on Al

* Provide education and agriculture-based services

* Reducing food loss and waste video and audio

* Increasing importance of cybersecurity
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Ch. 4 - Long Term Vision Chapter

Identify the research subjects that need to be addressed now at low TRL in order to feed the
pipeline of innovation of the European ECS ecosystem in the longer term

* Major topics:
 Sustainability
* Energy, power, water in chemical processes
* Recyclable devices
* Environmental aspects
* Innovative materials

* Quantum technologies and enabling ECS

* Distributed intelligence (includes "Distributed Al”, “Embedded Al”, etc.)

e Connectivity (Information transfer, connectivity for system integration, security issues)
* Non-conventional computing and storage devices

* Advanced packaging and heterogeneous integration technologies and tools

* Autonomous systems

» Resilient (robotic) applications

* Supply chain issues

ECS — Strategic Research and Innovation Agenda 2025
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ECS-SRIA 2026

* ECS-SRIA 2026 Chaired by EPOSS

* Elisabeth Steinmetz — vdivde-it
* Christoph Hesse - vdivde-it

* K.O. hold on 19/02/2025 — ECS Brokerage Event.

* Confirmed the important role for our community, Chips JU and Xecs.
* High visibility and reputation / world-wide recognition.

* EC estimates the high level of content but is missing strategic guidance
and priority setting by the ECS-SRIA.

* The influence of the ECS SRIA as basis for the bottom-up calls in the
Chips JU was reduced during the last years (more and more Focus Topic
Calls and larger investments in the Chips 4 EU initiative).

ECS — Strategic Research and Innovation Agenda 2025 3




Change request process overview

Open consultation

The community can submit change requests to the ECS-SRIA team through an online
form during a consultation period (...)

* All changes are collected in a tracking system

* Approval and implementation status is tracked

* Chapter teams and Core team use the request form as well

» After the consultation period, the changes are reviewed and aligned
* The rest of the yearly process remains similar to the previous years

ECS — Strategic Research and Innovation Agenda 2025



The change request submission form

e Where to find it: In the ECS SRIA 2025 view

* What can be submitted:
e Contact information
* Formatted text including images
* Sub-Chapter
» Affected additional chapters

e Security check

* At each request, a new excel is created with all requests up to now.
* Email is sent to two chapter leaders

ECS — Strategic Research and Innovation Agenda 2025



The change request submission form (2)

Home ECSSRIA2025~ ECSSRIA2024~ ECSSRIA2023~ Change History Contributors w

/oS smA 202 2 CROSS-SECTIONAL TECHNOLOGIES

Introduction & Overview

Outiine z P ~~
~ 1. Foundational Technology Layers € ) Chapter 2.1 () chapter 2.2 X ) Chapter2.3 @) Chapter2.4
1.1 Process Technology, Equipment, =7, = .
Materials And Manufacturing

1.2 Components, Modules and Systems
Integration

1.3 Embedded Software and Beyond
1.4 System of Systems

~ 2. Cross-Sectional Technologies
2.1 Edge computing and embedded

241
Artiica ntelligence Edge Computing and Embedded Artificial Intelligence

2.2 Connectivity
And Tools
2.4 Qualit, Relibiity, Safety And
Cybersecurity Edge computing and embedded Al are crucial for advancing digital jes while ing energy efficiency, system ity, and sustainability. The i ion of Al into edge devices offers significant benefits across various sectors,
~ 3.ECS Key Application Areas contributing to a more efficient and resilient digital infrastructure, keeping privacy by processing sensible data locally. Distributed computing forms a continuum from edge to cloud, with edge computing processing data close to its source to improve

31 Mobllity per , reduce data ion, latency and idth, enhance safety, security and decrease global power consumption. This directly impacts the features of edge systems.
3.2 Energy
3.3 Digital Industry Al, especially and Agentic Al, various sectors such as productivity, environmental preservation, and transportation, enabling for example autonomous vehicles. The availability of new hardware L ™ . .
3.4 Health & Wellbeing jes drives Al inability. Op initiatives are crucial for innovation, cost reduction, and security. 'I? I (== i A C I-: SUDMIS
3.5 Agrifood And Natural Resources
3.6 Digital Society Embedded Al hardware was principally developed for perception tasks (vision, audio, signal processing) with high energy efficiency. But generative Al is also emerging at the edge; first fueled by smartphones and computers (Copilot+PC, Apple

4. Long-Term Vision Intelligence) with the need to be able to process most of the data locally and adapting to the user's habits (fine tuning performed at the edge), and will extend into other edge applications (robotics, interfaces, high level perception of the A : | 1 I U 2 [

5. Appendix A This drives new. ints not only for parts, but also to improve memory efficiency. D i M =

= 6. Appendix B
6.1 Acronyms used in the document The Major Challenges are:

6.2 Glossary . . PR ne . - . " . .
1. Energy Efficiency: Developing innovative hardware and data are critical for energy-efficient computing systems. Memory is becoming an important challenge as we are moving from a computing-centric

6.3 Main objectives: An analysis of all o SOpN geia ;
major challenges paradigm to a data-centric (driven by Al). Zero standby energy and energy proportionality to load is essential for edge devices. WE a rec iatE ﬂ U r fEEd ba{:k C | i Ck
N
Submit Your Feedback 2. System Complexity ing the ity of systems through interoperability, modularity, and dynamic resource allocation in a safe and secure way. Web cascade to edge i WASM, pp IF
protocols, ...) forming a continuum of computing resources. Using a federation of small models in a Mixture of Agents or Agentic Al instead of a very large model allows to better manage complexity and modularity while using fewer computing

T the button below to open the form.

April 1, 2025, 3, Lifespan of Devices: Enhancing hardware support for software i ility, and d-lif ications. This will require hardware that can support future software updates, increasing memory capabilities, and communication
stacks. Aggregation of various devices into a “virtual device" will allow older devices to be still useful in the pool.

We appreciate your feedback. Click
the button below to open the form. 4. Sustainability: Ensuring European sustainability by developing solutions aligned with ethical principles (for Al) and ing i ions into i (for example, based on open standards, such as RISC-V, and for

innovative solutions such as neuromorphic computing). Europe should master all steps for new Al technologies, especially the ones based on collaboration of Al agents.
Open Feedback Form

Open Feedback Form

|

2.1.2 Scope

This chapter focuses on i and more specil on i edge ing devices and systems using Artificial Intelligence (Al) at the edge. These elements rely on process technology and embedded
software, and have constraints on quality, reliability, safety, and security. They also rely on system composition (systems of systems) and design and tools iques to fulfill the of the various application domains.

Furthermore, this chapter focuses on the trade-off between per and power i ion, and i ity (i ling security, safety, and privacy) for embedded architectures to be used in different
applications areas, which will spread edge computing and Al use and their ibution to European ili

This chapter mainly covers the elements foreseen to be used to compose Al or edge systems:

Open consultation start date to be confirmed!
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The change request submission form (3)

Feedback Form

‘¥ Feedback can be submitted from March 28, 2025 to May 14, 2025.

Name *

Organisation *

The feedback form

—— v includes a WYSIWYG

V editor, allowing to provide
text in a rich format and

include also images.

Math question* 2+ 0=

This question is for testing whether or not you are a human visitor and to prevent automated spam
submissions.
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ECS SRIA 2026 Timeline - 1

We

are
here

19/02/25 25/03/25

Around
14/05/25

Beg. Apl’il - 20/5/25
J

ECS-SRIA 2026

Community open

SRIA
kick-off
meeting
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ECS-
SRIA
process
briefing

consultation
(4-6 weeks for
change requests)

Chapter teams to
propose their

changes (using telcos as

needed and change
request form)

chapter .

teams

chapter .
review

telcos

ECS-SRIA
entire
team
telco:

alignment
of change
requests

Chapter reviews by
chapter teams



ECS SRIA 2026 Timeline - 2 - preliminary

End of
August ‘25
Beginning
May to August ‘25 Sept 25

EFECS
04/12/25

i

'

Team
telco as
needed:

alignment
of
reviewed
chapters

Chapter reviews by
chapter teams

Cha

Chapter initial core

drafts (incl.
LTV &

summaries)

ECS — Strategic Research and Innovation Agenda 2025

v

ECS-SRIA 2026

SRIA

Finalincl.

appendices
(web)

3IA
Evaluation

Technical
writer review

pter review by
team and intro
creation Communication

points

SRIA Pre-
final
Version

Design of new figures, appendices



Thanks for you attention
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