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Electronics Components and Systems
▪ 2013-2020 ECSEL-JU  

▪ 4.8 Billion € 

▪ Semiconductors 
▪ New technologies 
▪ New production capabilities 

▪ Packaging 
▪ System integration - software



Value is shifting across the CPS value chain (1/2) 
Today value is concentrated at 75% upstream

Autonomous vehicle



Value is shifting across the CPS value chain (2/2) 
By 2025, 2/3rd of the value will be captured downstream
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Key Digital Technologies

▪ 2021-2027 
▪ 7.2 Billion € 

▪ Added  
▪ Software from edge to cloud 
▪ Photonics on chip 
▪ Flexible electronics
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Introduction and overview

15

 � System-of-systems (SoS): A collection of independent and distributed embedded and cyber-
physical	systems	dynamically	composed	to	generate	a	new	and	more	complex	system,	provided	
with	new	functionalities	and	driven	by	new	goals	not	present	in	the	constituent	embedded	and	
cyber-physical	systems	individually.	The	difference	between	a	“system”	(comprising	subsystems,	
modules	and	components)	and	a	“system-of-systems”	(also	comprising	subsystems)	is	that	the	
constituents of a system are chosen and integrated during design-time (i.e. completely under 
the	 control	 of	 the	 engineers),	while	 in	 a	 system-of-systems	 the	 constituent	 (sub)systems	 are	
physically independent and dynamically form a system-of-systems at run-time.

The new structure and how to read it

In	 this	new	edition,	 the	first	 four	 sections	 focus	on	key	digital	 technologies,	describing	 the	Foundational 
Technology Layers and their technical challenges along the technology stack, from materials and process 
technologies	 to	 components,	modules	and	 their	 integration	 into	electronic	 systems,	 embedded	 software	
developments	and	software	technologies,	to	full	systems	and	systems-of-systems.	These	foundational	layers	
are	characterised	by	hierarchical	dependences	due	to	the	inherent	nature	of	ECS	and	the	way	they	compose	
and	integrate	in	complex	structures.	Advances	in	all	these	key	digital	technologies	will	be	essential	to	creating	
new	electronic	chips,	components,	modules,	systems	and	systems-of-systems	along	the	value	chain:	these	
are the fundamental elements required to build the digitalisation solutions of the future.

1.2 
Components, Modules 
and Systems Integration

1.1 
Process Technologies,
Equipment, Materials and 
Manufacturing

1.4 
System of Systems

1.3 
Embedded Software 
and Beyond
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CROSS-SECTIONAL 
TECHNOLOGIES

ECS KEY 
APPLICATION AREAS

FOUNDATIONAL 
TECHNOLOGY LAYERS

The new structure of the ECS-SRIA (Source: ECS-SRIA 2021) F.2
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Common objectives
1. Boost industrial competitiveness through interdisciplinary 

technology innovations 

2. Ensure EU sovereignty through secure, safe and reliable ECS 
supporting key European application domains 

3. Establish and strengthen sustainable and resilient ECS value 
chains supporting the Green Deal 

4. Unleash the full potential of intelligent and autonomous ECS-
based systems for the European digital era
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PROCESS TECHNOLOGIES, EQUIPMENT, MATERIALS AND 
MANUFACTURING  

The chip and packaged chip-level building blocks are the starting point for the other ECS-SRIA sections F.6

CHIP PACKAGE

BOARD SYSTEMS SPECIAL VERSIONS
Mobility

Digital 
Industry

Energy

Health and 
Wellbeing

Agrifood and 
Natural Resources

Digital Society

ECS KEY APPLICATION AREASOTHER CHAPTERSPROCESS, EQUIPMENT, MATERIALS AND MANUFACTURING

Process Technologies, Equipment, Materials
and Manufacturing

System on Chip (SoC)
(e.g. analog and digital MEMS/
Sens and controller)

Single Chip,e.g. Si
(More Moore) Packaged Single Chip

(More Moore) /More than Moore)

SoC and Single Chip Packaged Devices 
in Board

Chip in Board

System in Package (SiP)
Several chips in one package
+ passive
+ combine electronics  and 
    photonic functionalities

Packaged SoC

More than Moore
(Photonics, MEMS/Sens, Bio)

Embedded Software 
and Beyond

System of Systems
BGA
WLB
WLP

QFI
DSO

Leadless
VQFN

BGA Leadless

BOARD/LAMINATE

3D-IC

Components, Modules 
and Systems Integration

Semiconductor process technology, materials, equipment and manufacturing forms the base of the ECS 
value chain producing the chip and packaged chip-level building blocks for all digital applications.

Nano-	and	microelectronics	are	key	to	achieving	digital	sovereignty	in	Europe,	and	offer	a	range	of	solutions	
for	a	green	and	sustainable	society.	If	Europe	wants	to	control	the	development	of	a	digital	future	fitted	to	its	
citizens	and	their	requirements,	as	well	as	its	social,	economic,	industrial	and	environmental	goals,	it	needs	
continued	innovation	in	the	field	of	semiconductor	technology.

1.1.1  
SCOPE

The key scope of this section is to cover all process technology, equipment and materials’ research and 
innovation to enable semiconductor chip and packaged chip manufacturing inside a cleanroom environment. 
This includes:

 � process technologies, equipment and manufacturing technology to advance integrated circuit 
(IC)	functionality	and/or	systems	on	chips.

 � packaging and integration technologies for chips, chiplets, system on a chip and system in a 
package (SiP).

 � solutions	to	challenges	imposed	by	other	chapters	in	this	SRIA,	which	include	challenges	from	
other	technology	building	blocks,	cross-sectional	technologies	as	well	as	key	application	areas	
throughout the value chain.

Clearly,	the	scope	of	this	section	involves	synergies	with	other	sections	in	this	ECS-SRIA.	First	and	foremost,	
the	section	links	with	the	Components, Modules and System Integration section,	but	also	with	Embedded 
Software and System of Systems	(SoS)	to	allow	for	an	integral	system	technology	co-optimisation	approach	
to	deliver	application-driven	solutions.	More	details	about	the	synergies	with	other	sections	are	described	in	
Sub-section 1.1.6.

1 Foundational Technology Layers / 1.1 Process Technologies, Equipment, Materials and Manufacturing  

31
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Major challenges 
1. Advanced computing, memory and in-memory computing 

concepts 
2. Novel devices and circuits that enable advanced functionality 
3. Advanced heterogeneous integration and packaging solutions 
4. World-leading and sustainable semiconductor equipment and 

manufacturing technologies
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COMPONENTS, MODULES AND SYSTEMS INTEGRATION  

ECS-SRIA 2021 — Strategic Research and Innovation Agenda for Electronic Components and Systems

66

Processing

Energy Procurement and Storage

Sensing Actuation

Data Communication

Knowledge Base

Integration

F.1 Smart systems are integrated with the (natural, man-made and social) environment, networks of power, natural 
resources and data. Smart systems provide (and use) cognitive support to (and from) their surroundings (Source: EPoSS)

ECS-SRIA 2021 — Strategic Research and Innovation Agenda for Electronic Components and Systems

Smart systems are integrated with the (natural, man-made and social) environment, networks of power, natural 
resources and data. Smart systems provide (and use) cognitive support to (and from) their surroundings (Source: EPoSS)

F.10 

Figure F.10	defines	an	integrated	smart	system	showing	its	components	and	modules,	while	interacting	with	
the	natural,	man-made	and	societal	environment.	Smart	systems	integrate	sensing	and/or	actuation	as	well	
as signal processing to enable actions. Such systems utilise multifunctional perception, and are predictive, 
contextual and adaptive. Smart systems perform human-like perception and actions, and can even generate 
energy	when	required.

1.2.2  
TECHNOLOGY-ENABLED SOCIETAL BENEFITS

Societal	 benefits	 of	 smart	 components,	modules	 and	 systems	 stem	 from	 the	 applications	 that	 they	 are	
enabling, as described in the Application chapter.	Improved	integration	technologies	and	miniaturisation,	
together	 with	 cost-,	 energy-	 and	 resource-efficient	 and	 eco-friendly	 manufacturing,	 will	 make	 future	
applications	 affordable	 for	 the	 broader	 public,	 and	 support	 sustainability	 of	 products	 and	 production	
technologies, enabling responsible use of resources (e.g. by means of assisting in the development of a 
circular economy).

The Covid-19 pandemic has demonstrated the critical role that smart components, modules and systems can 
play	for	the	world’s	security	and	health.	Key	topics	here	range	from	an	acceleration	in	the	analysis	of	DNA	
samples, the availability of automated medical support and diagnosis tools, and tracking systems for tracing 
and controlling the spread of the disease, not to mention the moral and physical assistance that smart 
devices	have	provided	to	quarantined	people	through	cellular	networks	and	the	internet.

The	Internet	of	Things	(IoT)	 is	one	of	the	main	technologies	enabled	by	smart	components,	modules	and	
systems.	It	supports	such	game	changers	as	virtual	reality	(VR),	augmented	reality	(AR),	extended	reality	(XR),	 
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Major challenges 
1. Physical and functional integration 
2. Materials 
3. Technologies, manufacturing and integration processes 
4. Decarbonisation and recyclability
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EMBEDDED SOFTWARE AND BEYOND  

1 Foundational Technology Layers / 1.3 Embedded Software and Beyond

87
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Industry
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Natural Resources

Digital Society

ECS KEY APPLICATION AREASEMBEDDED SOFTWARE AND BEYONDOTHER CHAPTERS

Process Technologies, Equipment, Materials
and Manufacturing

Components, Modules and Systems Integration

Exploiting hybrid computing platforms

Continous integration and 
deployment of products and process

Full Functional Embedded 
(CPS) Systems

Embedding data analytics and AI

Effi		cient	engineering	of	embedded	systems	
and beyond

Life cycle managementContinous integration and 
system integration (HW-SW)

Embedding reliability 
and trust by design

System of Systems

Embedded Software and Beyond

Positioning of the Embedded Software and Beyond section in the ECS-SRIA F.11

1.3.1  
SCOPE

Introduction
According	to	the	Artemis/Advancy	report	(Advancy,	2019),	embedded	software	technology	and	software	
engineering	tools	are	part	of	the	six	technology	domains	for	embedded	intelligence.	Embedded	software	
enables embedded and cyber-physical systems (ECPS) to play a key role in current and future solutions 
for digitalisation almost in every vertical domain. The reason for this section being entitled Embedded 
Software and Beyond	is	to	stress	that	embedded	software	is	not	only	for	a	system’s	internal	intelligence,	
but	also	so	it	can	communicate	with	other	systems	and	to	act	on	external	events.	Embedded	intelligence	
is	the	ability	of	a	system	or	component	to	reflect	on	its	own	state	(e.g.	operational	performance,	usage	
load,	environment),	and	as	such	is	a	necessary	step	towards	the	level	of	digitalisation	that	is	aimed	for.

Figure F.11 illustrates the role and positioning of the Embedded Software and Beyond section in the ECS-
SRIA.	The	section	on Components Modules and System Integration	 focused	on	functional	hardware	
components and systems that compose embedded and cyber-physical systems (CPS) considered in this 
section. While the System of Systems (SoS) section is based on independent, fully functional systems, 
products	and	services	(which	are	also	discussed	in	this	section),	they	are	also	the	constituents	of	SOS	
solutions. This section is also linked to the Architecture and Design, Methods and Tools	section,	which	
examines	engineering	processes,	methods	and	tools,	while	this	section	focuses	more	on	the	engineering	
aspects of Embedded Software and Beyond.

From a functional perspective, ECPS role in complex systems is becoming increasingly dominant 
(in	 cars,	 trains,	 airplanes,	 health	 equipment,	 etc)	 because	 of	 the	 new	 functionalities	 they	 provide	
(including autonomy) and the quality properties (safety, security, reliability, dependability, and, 
ultimately,	 trustworthiness)	 they	need	 to	exhibit.	They	are	also	 required	 for	 the	 interconnection	and	
interoperability	 of	 SoS	 (smart	 cities,	 air	 traffic	management,	 etc).	Due	 to	 their	 close	 integration	with	
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Major challenges 
1. Efficient engineering of software.  
2. Continuous integration and deployment.  
3. Lifecycle management. 
4. Green Deal.  
5. Embedding data analytics/AI.  
6. Software reliability and trust. 
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System of Systems

1 Foundational Technology Layers / 1.4 System of Systems
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ECS KEY APPLICATION AREASSYSTEM OF SYSTEMSOTHER CHAPTERS
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Embedded Software and Beyond
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Structure: System of Systems. (Source: EFECS-SRIA 2021) F.16 

1.4.1  
SCOPE

 

The systems of embedded and cyber-physical systems technology layer represents the upper layer of 
ECS-based solutions for digitalisation. This technology layer emerges from the composition of embedded 
and	cyber-physical	systems	(CPS),	connectivity	and	distributed	software	platforms.

In	the	ECS	domain,	a	constituent	system	of	a	System	of	Systems	(SoS)	is	defined	as	a	set	of	embedded	
hardware	 hosting	 algorithms	 designed	 to	 perform	 a	 particular	 task	 or	 solve	 a	 specific	 problem.	 A	
constituent	 system	 can	be	 distributed,	 but	 from	a	 logical/conceptual	 perspective	 it	 is	 “contained”	 in	
one	unit	and	is	autonomous	and/or	independent	from	the	other	constituent	systems.	The	complexity	
of	these	constituent	systems	is	rapidly	increasing	with	the	development	of	the	underlying	technologies,	
as	well	 as	 the	 rising	demand	 for	 functional	 and	extra-functional	 requirements	by	 the	users	of	 these	
systems.

According	to	the	definition	of	SoS	(Maier,	1998),	they	must	satisfy	five	characteristics:	(i)	the	operational	
independence of constituent systems; (ii) the managerial independence of constituent systems; (iii) 
geographical distribution; (iv) emergent behaviour; and (v) evolutionary development processes. A 
system	that	does	not	satisfy	these	characteristics	(specifically	the	first	two)	is	not	considered	an	SoS.

In	modern	hyper-connected	digital	solutions,	systems	rarely	operate	 independently.	On	the	contrary,	
the	primary	added	value	of	these	digital	solutions	is	the	cooperation	between	heterogeneous	systems	
to solve more complex problems by exploiting the set of multi-technology, multi-brand and even multi-
domain functionalities generated by the cooperation. While talking or reading SoS is typically pronounced 
entirely	“System	of	Systems”,	so	“an	SoS”	sounds	odd.	An	SoS	emerges	from	the	composition/integration	
of multiple systems to perform a task or reach an objective that none of the constituent systems can 
perform	or	reach	on	their	own.	In	the	SoS,	each	constituent	system	is	considered	a	“black	box”:	it	remains	
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Major challenges 
1. SoS architecture 
2. SoS Interoperability 
3. Composability of embedded and cyber-physical systems in SoS 
4. Systems of embedded and cyber-physical systems engineering
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ECS-SRIA 2021
▪ Available here:  

https://artemis-ia.eu/publication/download/ecs-sria-2021-final.pdf

https://artemis-ia.eu/publication/download/ecs-sria-2021-final.pdf
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Need help understanding?
▪ Process technology and components: Michael Salter RISE, 

michael.Salter@rise.se 
▪ Packaging and reliability: Dag Andersson RISE, dag.andersson@rise.se 
▪ Embedded system and System of Systems: Jerker Delsing, LTU 

jerker.delsing@ltu.se 

▪ Other programs than KDT are available 
▪ Direction and calls influenced by ECS-SRIA

mailto:michael.Salter@rise.se
mailto:dag.andersson@rise.se
mailto:jerker.delsing@ltu.se
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In Sweden
▪ Smartare Elektronik System 

▪ 40-50 MSEK/år 
▪ Magnus Svensson, 

magnus.svensson@smartareelektroniksystem.se 
▪ Thorbjörn Ebefors 

thorbjorn.Ebefors@smartareelektroniksystem.se

mailto:magnus.svensson@smartareelektroniksystem.se
mailto:thorbjorn.Ebefors@smartareelektroniksystem.se
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Questions 

jerker.delsing@ltu.se

mailto:jerker.delsing@ltu.se
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