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The ECS-SRIA 3 S

The ECS Strategic Research and Innovation Agenda (ECS-SRIA): Electronic

Components

describes the major challenges and priorities, and Systems

and the necessary R&D& efforts to tackle them,
in the area of the electronics components and systems, and systems of systems

spanning the entire ECS value chain, from foundational and cross-sectional technologies to application domains.

Joint effort of the 3 Industry Associations

EPoSS .
AENEAS, EPOSS and Inside-IA, Aen eas @ Crpur gt o Insid
2021: with a core team of 12 members, 53 chapter leaders,
2022: with a core team of 9 members, 57 chapter leaders,

and the involvement of more than 300 experts from the ECS community.

Funding-programme agnostic, open and living document looking 15 years ahead.

The ECS-SRIA is the reference document for:

KDT (previously ECSEL), the KDT JU adopts the ECS-SRIA as the KDT-SRIA,
EUREKA Clusters (e.g. Xecs).
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Electronic
Components
and Systems

 Edited in 2020 * Edited in 2021
* Published in * Published in

January 2021 Strategic Strategic January 2022

Research and Research and

Innovge iem m o Inno s wesmm o
Agellda 2021 Ag@da 2022 (® ECS COLLABORATION TOOL

h_—, » L E
: X

https://ecscollaborationtool.eu/news-

https://ecscollaborationtool.eu/news-
overview/news-ecs-sria-final.html K DT S R I A 2 O 2 1 K DT S R I A 2 O 2 2 overview/news-ecs-sria-2022. html

KDT Call 1 (16/12/2021) KDT Call 2 (05/2022)


https://ecscollaborationtool.eu/news-overview/news-ecs-sria-final.html
https://ecscollaborationtool.eu/news-overview/news-ecs-sria-2022.html

E S

ECS-SRIA 2022 Timeline*

Electronic

sept/21 | 22/11/21 || 16/12/21 || 17/1/22 | 25/2/22 [l 27/4/22 | 27/5/22 Components
py . and Systems

ECS-SRIA 2021

1St
15t KDT KDT Call
Call Closure

ECS-SRIA 2022 li

2nd
KDT Call
Closure

EFECS 2021 ECS Brokerage Preparation

2022 starts
*Milestones related to KDT 2™ call to be confirmed. II



ECS-SRIA 2021: what is new? E S

» New Structure Electronic
Components
» Analysis of all Major Challenges allowed identification of 5 Main Objectives and Systems

» Global Timelines (short term, mid term and long term)

» Broadened Scope (Integrated photonics; flexible electronics topics; higher layers

of software)
» New introduction, that guides the reader through the SRIA
» Updated Long Term Vision Chapter

» Common Glossary (SRIA definitions of specific terms)



ECS-SRIA 2021 structure E S
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Foundational technologies Y )

Electronic

Components
The Foundational Technology Layers cover the technology and Systems

stack of a typical digitalization solution based on ECS.

They have hierarchical dependencies, due to the inherent
nature of ECS and the way they compose and integrate in
complex entities.

FOUNDATIONAL
TECHNOLOGY LAYERS

Essential to creating the main components of a digitalization
solution.

Represent a very fertile ground where new interdisciplinary
technologies, products and solutions can grow.



Cross sectional technologies

Four Cross-Sectional Technology chapters focus on transversal
areas, where innovative results emerge from the interdisciplinary
contribution of the foundational layers.

E.g.: embedded intelligence on the edge requires

new integrated circuits

to develop innovative electronic components

that can be used to develop smarter and more connected components, modules

and entire systems,

running smart software that will offer new functionalities and capabilities @ CROSS-SECTIONAL

S

Electronic
Components
and Systems

TECHNOLOGIES
that will allow these systems to interact, cooperate and merge in larger Systems
of Systems.

The innovation generated by cross-sectional technologies
influences foundational layers and amplifies the effect of
innovation also in the application domains.



E S

Application chapters and LTV

Electronic
Components

Six Application chapters describe the challenges of and Systems
specific ECS application domains, that are key for
Europe, and identify the required R&D&I efforts.

Finally, the Long-Term Vision chapter illustrates our
vision of the ECS beyond the time horizon covered
by the other chapters:

(") CROSS-SECTIONAL

» it seeks to identify the research subjects that must be @
addressed at IOW TRL |eve|S APPLICATION AREAS

« and help the research programs in the continuous
improvement of European digjtal technology



EU Main Objectives covered by SRIA E S

e Electronic
Boost industrial competitiveness Components

Q through interdisciplinary and Systems
technology innovations

Ensure European digital
autonomy through secure, safe
and reliable ECS supporting key

Establish and strengthen European application domains

"4 sustainable and resilient ECS
' value chains the Green Deal
| Gime Unleash the full potential of

intelligent and autonomous ECS-
based systems for the European Q’B
Digital Age




Global Timelines
Short-term example

» Global timelines provide a compact and
structured view of the main milestones

foreseen in the next 10 years.

» Three period:

> Short term (2021-2025):
The industry has a precise idea of what must be
achieved during that timeframe.

> Medium term (2026-2030):
Reasonably good knowledge of what can possibly be
achieved.

> Longterm (2031 and beyond):
Expected achievements are more of a prospective
nature.

» Described features expected to be available
as ECS at TRL levels 8-9 (prototype or early
commercialisation) within that timeframe

» Detailed timelines available in each
technology or application section

+ System of Systems refe;
architecture and implel

platforms

LINE: SHORT TERM 2021-2025

« EV passenger car

‘\ « Energy-optimized EV urban

| and H, long distance mobility
|+ Driver assisted and partially
| automated mobility

+ Embedded software el

to be easily configured

in the environment

+ Green awareness in sol

adapt to changes

are integration

|+ V&V procedures for partially

| automated mobility
\

b
|+ Pilot European Al Framework

| »Remote engineering and operations,
| telepresence

4
+ Physical and chemical sensors & imaging
and image-based detection

+ Materials enabling recycling and repair

* Additive manufacturing, rapid prototyping,
hetero-integration on multi-level

| +Pilots of Digital twins combined
| with data-driven models

+ Semiconductor equipment for 3nm node for logic and memory
+ ULP 18nm FDSOI technology

+ 3D heterogeneous integration

+ Devices enabling 5G connectivity

|+ Real Time (RT) digital twins for energy
\ and conversion and storage systems
* Smart energy networks for RT
application in smart grid
+ Communication infrastructure to
support self-organised communifies

+ Develop-
ment of new
neuromorphic
computing
technologies
and devices

+ Leveraging
open source
or alternatives
to develop

pean Al Edge
solutions

« Energy-ef-
ficient and
«green” Al-ba-
sed design
techniques
for inference/
learnings

advanced Euro-

+ Al supported
translation
of paylo-
adinforma-
tion between
limited set of
ontologies
and semantics
standards

+ Supply-chain

aware design
flows

+ Fail-aware CPS
+ Development

and secure
deployment of
safe updates
based on selec-
ted data from
the field

+ Interoperable

tool chains

+ Al-based,

multi-objective
optimization

* Modular

architectures
supporting Al
and Advanced
Control

+ Datascience
as enabler for
improving the
quality and
reliability of
ECSs

| +Internet of medical things for
[ patient generated data

+ Establishing
asecure and
privacy-by-de-
sign EU Data
Strategy &
Sovereignty

* Establishing

«loT for crops & animals health key
parameters monitoring

+ Monitoring in real-time water key
parameters

common

framework for |+ Environment monitoring of forests,
user know- | fieldsand sea

ledge, skills, & [

performance |

| +loT and robot-based infrastructure
“‘ inspection management systems

| *VR/AR pilots for remote training,
| forboth support and work
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S

Electronic
Components
and Systems



ECS-SRIA 2022 structure
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E S

Objectives of 2022 Update

Electronic
Components

Updates follow/influence research and market trends and focus and Systems
both on contents and on the relations between them.

Updates focused on contents:

* Improve the delineation of existing concepts and introduce new concepts
* Minimize unnecessary overlapping and avoid fragmentation

Updates are intended to highlight the ECS-SRIA “systemic” nature:

 Highlight and improve the synergies between the chapters
* Highlight interdisciplinarity

* Between technology domains

* Between technology and applications
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ECS-SRIA 2022 Outline

FOUNDATIONAL TECHNOLOGY LAYERS

1.4- SYSTEM OF SYSTEMS

1.2 -COMPONENTS, MODULES AND 1.3- EMBEDDED SOFTWARE AND

1.1-PROCESS TECHNOLOGY,
EQUIPMENT, MATERIALS AND

SYSTEMS INTEGRATION

MANUFACTURIN

System of systems (Sos) enable
the cooperation. orchestration,
‘management. control and evolution

systems (ECPS). This ayer covers
S0 architecture, technologles t
securely and safely compose ECPS in
505, ECPS and 505 interoperabilty,
‘advanced control, and ope

interoperable So platorms,
supported by SoS full ifecycle
automated engineering.

Faciltate engineering of embedided

ical systams (ECPS),
‘enabling digitalsation through the
feasible and economi

ECPS, continuous Integration and
deployment, ECPS engineering and
‘management across ther ifecycle,
including sustainabilty aspects
Starting from integrated hardware
systems, this layer provide the
‘embedded software (OS, iraries,
Virtualisation, middleware, etc)
required to produce fully funcrioning.
‘embedded and cyber physical systems.

Muitidomain engineering for physical
and functional heterogeneous
integration of several functionalities
into new physical entites at
‘companents, mociules and system
levels. Heterogeneous integration
5pans SoC, Systemin-Package an
larger modules and systems,including
Flxible electronics and photonics
T
hardware ntegrated systems including
Iowlevel software (e, firmware and
‘operating system riers)

Semiconductor process technology,
Ipment, materials and

manufacturing form the base of the.

ECS value chain and, from Single

chip (e.g 5. more Moore), more

than Moore technologies (photonics,

MEMS/Sens, Bio, ezc) and Syster

‘o a Chip, they produce the chips.

(Packaged Single Chip, System in a

Package, Packaged SoC) and packaged

chip-level buliding blocks (SoC and

Single Chip, Packaged Devices in

Boarc) for al digital applications.

2.1 - EDGE COMPUTING
AND EMBEDDED ARTIFICIAL
INTELLIGENCE

Hardware architectures and their
implementation (Systems of Chips,
Embedded architectures), for edge
ana“near the user” devices. Generic
technologies for compute,storage and
communiation (generic embedded
architectures) and technologies that
are more focused to

o , Technologies for devices
using Artifical Intelgence at the edge.

CROSS-SECTIONAL TECHNOLOGIES

2.2- CONNECTIVITY

The connectivty and interoperabilty

logy s focused on enabling the
mercal and socletal

benef

model layers 1, 5 and 6.

2.3 - ARCHITECTURE AND
DESIGN: METHODS AND TOOLS

Innovations, advancements and
extansions in architectures, design
processes and methods, and in
corresponding tools and frameworks,
that are enabling engineers to design
‘and build innovative ECS-based
applications with the desired quality
properties, efficently and cost
effectively.

2.4- QUALITY, RELIABILITY,
SAFETY AND CYBERSECURITY

Ensure qualty, refiabilty, safety,
dependabilty, privacy and security

OfECS 252 par of the Desigr,
Implementation, and Valldation/
Teszing process of comy
heterogeneous and inteligent ECS,
including human-systems nteraction.

manage the composition of ECPS.

reliablty,

which, by definition, are composed
of

P nd thei defriton of ... isakey facor fo 505 Tust must e
Distributed rfa the i tic
ofECPS
Ievel of sutomation required o orginace 5 Securty,
montor, o support Gedson making automated engindering processes priacy relaiiy, ecc. mustscale
and to control the comlexty o S . uh
nd
technologies, supporting effcency, | manage rus.
qualiy and sustainabilty.
ecrsare, 3
p ecrs
intellgence. i
devices ver-system o for embedoea
flture £CPS, due o their compiety. AL Tustshould be ensured by
. optimise design.
o nd " ehisleve,
€cr i ayer for i
provides also software support for o ECI to their entire ‘hardy 3
Aspecifichardware. machine learning ecyce. ectiviy, e D
and federated inteligence on the edge Quaty ¢
andnew computing paradigms eg,  plays a key roe n ECPS N
newromorphic)
smort il y
simolation,  represents a relabilty challrge which
intllgence v

arificial Intellgence on the sensor,
N

 low-
latency, low-power for edge and IoT
dev

toolsfor

design for

aduanced, efficent and sp

packages). Focus cover also lfecycle

management) for reiisble ECS.

ctviy, Pt
<Py, Jerat h materials, for components, modules for ensuring secure integration of
systems,
ASICs) o Increase the edge computing d
performances and reduce power or ye ind Al Hardware
nsumption. Low level software safety.
support o enable Al-based cata
analyics s provided.
for hods and tools required
£C: indud
andor eciiclo
d el security by design. etc. Qualty and
applications. Use Al s nd flexible oduct
of semiconductor fabrication, to substrates.
master complexty,increase rellabilty, , early
shorten time to stable yild, improve stainable, aglle and qualty

qualty. productwity, sustainabilty,
resource saving volume production of

considered.

liabilty, .
prognostics heaith management of
ECSetc.

KEY APPLICATION AREAS
=7\ 34-MOBILITY wf’\\ 3.4- HEALTH AND WELLBEING
) enated by s
o urren digial aionin o
I matve. sedd . lised, partcpatory). Related
the saciety,the ecosystem and for European companies. The Green d
Deal and di ifcantly i i ved “heakhcare

0, and other

consumer" at the centre of the value thain. The ecosystem will rely on
d photonics, micro-

and
. high-qually,

ECS will play a key

mobilty (e g with srmart Flordable Gata, plat es

i d smart and pr int
r . di treatment and
here EC: bri i
partial or : ffordable, automated g stal , the creation
and connected mabilty for passengers and frelght on road,ral, air and of 3

the
development of the home s the central location of the patiert, the

and on reak-
y development of a more inegrated care delvery system and the creation
of
3.2-ENERGY 3.5- AGRIFOOD AND NATURAL RESOURCES
Midioce b i  healthy food,
ne jces In agriculnure, Ivestock, Jure, fisheries and forestry,
X .and also to
by 2050, over s i This chapter
ciu . focuses on ECS-based technologies (e.g smart [oT solutions, traceabili
energy management from on-ite to cstribution sysers,for future frameworks, obots, drones, AN ensrevestockand ropheatt,
for a clean, efficent ply b poid
a itoring and 5 p. irol i fooc S
fo o WIthSG, 0T, A, i
computing,
Moreover, the chapter focuses on the key role that ol systems can play
ustainabikty inwater Finaly,
ols i e the hap
jon and ion,
htacres and agorithmes e o sy
s lonered (agriculture, aquacuture, fisheries and forestryl. The objectves of the
ol neel - chapter are aligned with the key Horizon Europe missions and with the

distributed AC/DC network and grid technologjes.

3.3-DIGITAL INDUSTRY
“The Industry 40 have a profound impact on how factories, construction

3.6- DIGITAL SOCIETY

moblles, rains, arpi: elites, whit
furniture, toys and smarthanes), process Industries (e.g. chemical,
etrochemical, food, dstee,

provisioning, and also production services, connected machines and
robots. Emphasis is als type of

bi ty, energy and
5

awhole.

deep earning, virtual and augmented reailty, brain-computer interfaces

Electronic
Components
and Systems

?

value chans, S and and robotics. They willshape new ways of how peaple use and interact
European 3
Y ' adopton for the 1 U
o  artfical selffulfiment, empowerment and resilence, collectve "nclusion” and
P safety,
The ethical f
of automai e
i &, waste, material recycl herefore a key aspect of the £U:
misato Icis part of d
1 the reation of sustainabl
Infrastructures and added value services based on CS.
LONG TERM VISION
The Long Term Vision chapter. b ol bout a decad
from today. The chapt for
f 50 that
froma
s about 10 years, is and s The Long Term Vision s
polices. Clearly, all Innovation, be
innovati At the sare time, policies and policcaly
d Deal and the European
each hapes and ini i levels




Chapters synergies

Some examples

E.g. Al in ECPS
(2.4 MC2,3)
and in SoS SW
platforms (1.4
MC 1) are
adopted to
manage
composition of
ECPS in SoS,
improve
interoperability,
etc.

/

1.4 - SYSTEM OF SYSTEMS

1.1 - PROCESS TECHNOLOGY,
MANUFACTURIN

EQUIPMENT, MATERIALS AND

System of Systems (SoS) enable

the cooperation, orchestration,
management, control and evolution
of an entire system composed

of embedded and cyber-physical
systems (ECPS). This layer covers
SoS architecture, technologies to
securely and safely compose ECPS in
SoS, ECPS and SoS interoperability,
advanced control, and open, secure
and interoperable SoS platforms,
supported by SoS full lifecycle
automated engineering.

¥ Semiconductor process technology,

equipment, materials and
manufacturing form the base of the
ECS value chain and, from Single
chip (e.g. Si, more Moore), more
than Moore technologies (photonics,
MEMS/Sens, Bio, etc.) and System
on a Chip, they produce the chips
(Packaged Single Chip, System in a
Package, Packaged SoC) and packaged
chip-level building blocks (SoC and
Single Chip, Packaged Devices in
Board) for all digital applications.

2.1 - EDGE COMPUTING
AND EMBEDDED ARTIFICIAL
INTELLIGENCE

Hardware architectures and their

implementation (Systems of Chips,

Embedded architectures), for edge

and “near the user” devices. Generic " Emm
technologies for compute, storage and

communication (generic embedded

architectures) and technologies that

are more focused towards edge

computing. Technologies for devices

using Artificial Intelligence at the edge.

4

Artificial intelligence to automatically
manage the composition of ECPS

in SoS and control their evolution.
Artificial intelligence to improve/
automate interoperability. Distributed
artificial intelligence to provide the
level of automation required to
monitor, to support decision making
and to control the complexity of SoS.

2.4 - QUALITY, RELIABILITY,
SAFETY AND CYBERSECURITY

Ensure quality, reliability, safety,

| ' dependability, privacy and security

i of ECS as a part of the Design,

i Implementation, and Validation/

i Testing process of complex,

i heterogeneous and intelligent ECS,

i including human-systems interaction.

End to end security starts from
semiconductors. New technologies

*------

\

to address security at silicon level are I I

considered, including application-
specific logic, heterogeneous SoC,
security by design, etc. Quality and
reliability in the semiconductor
production are also considered,
focusing on maximising quality KPIs,
monitor the process with Al, early
detect yield/reliability issues, qualify
the parameters that influence HW
reliability, adopt design for reliability,
prognostics health management of
ECS etc.

O L L L T T e T T g

2

E S

Electronic
Components
and Systems

E.g. semiconductors

(1.1 MC 2, 3) represent
the basement of end-2-
end security (2.4 MC 3)

E.g. quality and
reliability in
semiconductors
production (2.4 MC 1),
to maximise the yield,
improve efficiency, etc.
(1.2 MC3,4)



E S
Chapter cross references
Electronic

To highlight the synergies between Chapters and provide hints to the Components
reader, cross-references have been introduced alongside the text. and Systems

PAGE MAIN TEXT 1 — CROSS-REFERENCES

=
methods) a og e tack b the developonent phuse (1sing dighal tuks, (o esanrgle) - s the eus ol oy 3
major challenges “Cant i nd * and T

Chapter 1.3, which examines the software part of ECS, and Major Challienges 1

" A  Chapter icon
P S * Chapter number

Cross-references indicate that the topic described in the main text is
linked to the referenced Chapter.



ECS-SRIA 2022 updates Y i

Electronic

SRIA 2022 updates cover, in different ways, the entire SRIA and ond Bystems
include:

» Feedback from the ECS community and the EU Commission on specific topics
* The input provided by the 6 thematic workshops

* Updates already planned last year

* Updates emerging this year

New chapter leaders, e.g. in chapters 1.1 (PTEMM), 3.3 (Digital
Industry) and 4 (LTV).

New contributors, in almost all the chapters.



ECS-SRIA 2022 updates (2) : S

. Electronic
Introduction updates: Components

o and Systems
* Main Objectives update

» Extension of the analysis to the new challenges and re-check of updated challenges

* Main Objectives confirmation
* Global timelines update
 ECS-SRIA Outline

Scope extension to include quantum technologies, integrated photonics,
flexible electronics and open-source hardware.

A
New “Keywords Index”, to quickly search key topics and  astraction 105
accelerators 465

simplify the SRIA “navigation” jumping directly to them. access control as a service (ACaas) 442



ECS-SRIA 2022 updates (3) E S

Chapters 1-1 and 1.2 ( Process Technology, Equipment, Materials and Manufacturing):

Components, Modules and Systems Integration

Electronic

* Improved delineation of concepts and synergies between the Chapters Components
and Systems

*  SoC to System-in-Package (SiP) represents the transition between 1.1 and 1.2

. In chapter 1.2, a new chapter structure has been included

* Extended focus on heterogeneous integration of devices and components for
physical and functional integration (PFl) (1.2)

* Including support for flexible electronics and photonics solutions

Chapter 1.3 (Embedded Software and Beyond):

* Better delineation of the concept of Embedded and Cyber-physical System (ECPS).
» Stronger link with embedded intelligence (2.1) Ecps —

* Trade off between HW resources and SW abstraction (Green Deal) ’—FH ’ ‘
*  More focus on: ‘

«  Open-source software @

* Digital twin

: Embedded intellj is the abili f s fl
*  SW features supporting SoS e elnces vty temcr sopernt o s




ECS-SRIA 2022 updates (4) - S

Chapter 1.4 (System of Systems): Electronic

« General restructuring and improvement of concepts delineation Components
and Systems
« M.C.1and M.C. 5 (2021) merged in a new M.C. 1 - “SoS architecture and open integration platforms”

« “Advanced control” topic moved from Chapter 2.1 and created a new challenge M.C. 5 - “Major Challenge 5:
control in SoS composed of embedded and cyber-physical systems”

* New M.C. 6 - “SoS monitoring and management”

Chapter 2.1 (Edge Computing and Embedded Artificial Intelligence):

» Complete restructuring and editing
Improved delineation of Edge Computing and Artificial Intelligence
And their convergence towards the embedded intelligence on the edge - Edge Al
Classification of edge computing levels included
Positioning of Embedded Artificial Intelligence

All 4 M.C. split between Edge Computing and Embedded Intelligence

* Broaden the scope of “advanced control” that has been moved in chapter 1.4 (SoS):

Edge Al remains linked to advanced control as an enabler



ECS-SRIA 2022 updates (5) E S

Chapter 2.2 (Connectivity): Electronic
Components

 Analysis of European HW production capability (6G focus) and Systems

» 6G focus: alignment with 6G EU Initiatives
* Expansion of connectivity from point-to-point to application-to-application:

* To support SoS paradigm and network virtualization

* New M.C. 5: network virtualization enabling run-time engineering, deployment and management of edge and cloud
network architectures.

Chapter 2.3 (Architecture and Design: Methods and Tools):

 Better delineation and extended focus on:
* Support for Fog-Edge-Cloud continuum
* [ntegration platforms
* Full lifecycle support, including maintenance and End-of-Life / second life aspects (Green Deal)
» Support for Al based components
* Support for legacy components

* Support for (SW-)updates



ECS-SRIA 2022 updates (6) E S

Chapter 2.4 (Quality, Reliability, Safety and Cybersecurity): Electronic

Components

* New topics:
and Systems

* HW quality and reliability:
* Digijtal twin - deeper look on the concept
* Virtualization support
* Simulation data and process management
* Design to field - to improve test and modelling using field load simulator
* SW/HW reliability in their interaction

* Development of novel security and safety approaches with respect to energy and the impact on environment

* M.C. 5 updated from “Human Systems Interaction” to “Human Systems Integration”

Application Chapters
Chapters 3.2, 3.3, 3.5, 3.6: general refresh, following the overall update guidelines



ECS-SRIA 2022 updates (7) \ )

Electronic

Chapter 3.1 (Mobility): Components
and Systems
* New/updated topics:

* SW defined vehicle

* Importance of new HW and SW architectures in electronics for mobility

* Edge2cloud continuum in mobility

* Influence of pandemic on long-term vision
Chapter 3.4 (Health and wellbeing):
* Refreshed the role of Integrated Silicon Photonics and Flexible Electronics
* Alignment with Health.E lighthouse
Chapter 4 (LTV):
» Complete restructuring and re-editing of the ECS long-term vision

» All the SRIA Chapters have been included
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Thanks for the attention.
Any question?
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