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Bring quantum technologies 
from the lab to the market and 
consolidate European scientific 
leadership in quantum research

Fundamental R&D

Technology Supply

HPC with Accelerators
Stand-alone Q ComputersQKD Infrastructure

Pilot Lines & Testing Facilities

Flagship

EuroQCI EuroQCS

2021-2027

European Chips Act

From Lab to Market

Develop short term 
training courses and Master's 
programmes in key capacity 
areas

Advanced Digital Skills
Build and deploy in the next 
decade a certified secure pan-
European end-to-end QCI for 
cybersecurity services

Build and deploy an infrastructure 
for high performance computing and 
quantum computing

Bolster Europe’s competitiveness 
& resilience in semiconductors & 
quantum chips including 
production facilities & Quantum 
Fund

Strategic Pillars of the EU Quantum Ecosystems

Q Sensing Deployment
Build and deploy Quantum 
sensing devices 

Quantum Gravimeters
Quantum MRIs



33 Skills & Education

Chips Act
Quantum Chips

Sensing Infrastructures
Space GravimetryIRIS² & 

EuroQCI

Equity Investments
& Support to Start-ups

Quantum Flagship

Quantum Ecosystem Strategic pillars
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Quantum Flaghip Ramp-up phase
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Projects started under Horizon Europe (from 2022):

 FPA QIA (7y)  full-stack prototype network
 FPA QSNP (7y)  further develop & deploy quantum cryptography
 RIA HyperSpace  entangled photons for long-distance space Qcomm
 …

Bringing technology to full maturity:
 Performance/functionality improvements
 Industrialisation; towards market uptake

Quantum Communications
Flagship: from ramp -up to tech demo
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- Integrated satellite and terrestrial system spanning the whole EU
for ultra-secure exchange of cryptographic keys

- Part of the EU Secure Connectivity Programme (IRIS²)

 Deployments
*Terrestrial segment
 DIGITAL: 6 industrial & 26 national projects, CSA
 Ongoing: procurement for QKD testing & evaluation
 2024+: CEF call for cross-border connections / OGS

*Space segment
 Eagle-1
 SAGA

EU Wide QT Network: First Step
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Quantum Sensing
Quantum -secured networks and quantum internet
made in Europe

a map of various quantum sensing basic technologies and use cases. (cc) Olivier Ezratty, 2021-2023



Quantum Sensing Deployment
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Developing and deploying a network of 
Quantum Gravimeters in Europe 
(HORIZON, IA)

• Demonstrate the advantage of quantum 
gravimeters in innovative operational 
settings (onboarded, networks)

• Procure the gravimeters and operate them 
for real-world use cases

• Opening/closing dates TBC depending on 
adoption of amended WP

AI in support of Quantum-Enhanced Metabolic 
Magnetic Resonance Imaging Systems
Digital Europe, SME support action

• Leverage sensing precision of quantum metabolic 
MRI for innovation in disease detection, diagnosis 
and treatment (e.g. of cancer or neurological 
diseases)

• Demonstrate the advantage of quantum 
technologies and AI together

• Support industrial innovation by becoming lead 
users of these technologies and opening up new 
markets

• Deployment in two phases (pre-clinical and clinical)
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Quantum Chips in the Chips Act

Chips for Europe Initiative – Overview
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High diversity of quantum chips
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Pilot lines & Testing Facilities
Quantum Flagship Projects
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Quantum Chips Act
Draft Roadmap

Phase Action Target Funding WP 2023 2024 2025 2026 2027 2028 2029 2030

QT Flagship R&D projects R&D community HE
Experimental Pilot Lines (high-flexibility, low-volume) HE
- Superconducting platform (computing, sensing) RTO + Industry Partner HE
- Photonics platform (communication, computing) RTO + Industry Partner HE
- Semiconductor platform (computing, sensing) RTO + Industry Partner HE
- Diamond platform (sensing, communication) RTO + Industry Partner HE
Industrial (stability) Pilot Lines (stage 1) WP24
Stability use-case 1 (PDK) RTO + Industry Partner CA
Stability use-case 2 (PDK) RTO + Industry Partner CA
Stability Trapped Ions (PDK) RTO + Industry Partner CA

Industrial (stability) Pilot Lines (stage 2) WP26
Stability use-case 4 (PDK) RTO + Industry Partner CA
Stability use-case 5 (PDK) RTO + Industry Partner CA
 Stability use-case 6 (PDK) RTO + Industry Partner CA

SGA1 - QU-PILOT/QU-TEST SGA2 - QU-PILOT/QU-TEST
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R&
D

R&D - RIA, IA, FPAs, SGAs

Basic design tools (for R&D at low TRL) Licence acquisition CA WP24
Advanced design tools (commercial products) Industry CA WP26
Competence centres
- Training for QT/microelectronics design skills MS CA WP24
- Support on design-to-manufacture transition MS CA WP24
- Support on advanced design tools MS CA WP26

* This implies the implementation of multiple use-cases, including materials (Al, Nb, Si, Ge, etc.) and …??
Dates here are intended "starting of project", i.e. the launching of the calls is 1 year in advance
In most cases 1.5 years is needed from setting up the pilot line and to actually "produce"

CO
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N
TR

ES Coordination with MS

Coordination with MS

DESIG
N Virtual design platform

Toolbox - Public procurement

First generation: 20 pre-
commercial use-cases (1+ 
company & 1+ platform) 

Second generation: X pre-
commercial use-cases (1+ 
company & 1+ platform) 

Stage 1: Production & 
Stabilisation: PDKs,
reliable characterization 
tools (quality assurance)  First generation: 

mass/batch production 

Stage 2: Production & 
Stabilisation: PDKs, reliable 
characterization tools 
(quality assurance)  

R  ( t)


ROADMAP A.4

		Phase		Action		Target		Program		WP24		WP25		WP26		WP27		2023		2024		2025		2026		2027		2028		2029		2030

		R&D		QT Flagship R&D projects		R&D community		HE										R&D - RIA, IA, FPAs, SGAs																												Funding (EU+MS) Scenario 1								Funding (EU+MS) Scenario 2

				Experimental Pilot Lines (high-flexibility, low-volume)				HE										SGA1 - QU-PILOT/QU-TEST								SGA2 - QU-PILOT/QU-TEST																		item		WP24		WP25		WP26		WP27		WP24		WP25		WP26		WP27

				- Superconducting platform (computing, sensing)		RTO + Industry Partner		HE																																				Expectation for Stability Trapped Ions use-case (PDK) 		20								20										1.  

				- Photonics platform (communication, computing)		RTO + Industry Partner		HE																																				Expectattion for Stability Superconducting use-case (PDK) - FPA		40				90				40				90						Technology		Call		Top-up		SGA1		SGA2

				- Semiconductor platform (computing, sensing)		RTO + Industry Partner		HE																																				Expectattion for Stability Photonics use-case (PDK) - FPA		40				150				40				110						Superconducting - FPA						40 - 2024		80 - 2026

				- Diamond platform (sensing, communication)		RTO + Industry Partner		HE																																				Expectation for Stability Semiconductor use-case (PDK)				35								20								Photonics - FPA						40 - 2024		80 - 2026

		PILOT (PRODUCTION) LINES		Industrial (stability) Pilot Lines (stage 1) 																																								Expectation for Stability Neutral Atoms use-case (PDK) 		Included in Photonics										40								Semiconducting				20 -2025

				Stability Superconducting use-case (PDK) 		RTO + Industry Partner		HE		40M SGA1				90M SGA2																														Expectation for Stability Diamonds use-case (PDK) 		Included in Semiconductor										15								Neutral Atoms

				Stability Photonics use-case (PDK) 		RTO + Industry Partner		HE		40M SGA1				150M SGA2																														Enabling technologies		12								12										Diamonds

				Stability Trapped Ions use-case (PDK) 		RTO + Industry Partner		HE		20M RIA																																		Basic design tools (for R&D at low TRL)		3								3										Trapped Ions		20 - 2024

				Enabling technologies				HE		12M RIA																																																						Enabling tech		20 - 2024

																																												Advanced design tools (commercial products)						5								5						Desing tools		May-04

				Industrial (stability) Pilot Lines (stage 2) 																																								Competence centres		5								5												May-26

				Stability Semiconducting use-case (PDK)		RTO + Industry Partner		HE				35M RIA		Top up microelectronics PL																														Total		120		35		245		0		120		75		205		0				Compentence centers		5 - JU Call

				Stability Diamonds use-case (PDK)		RTO + Industry Partner						Included in Semiconducting PL ?																																Unspent		280		245		0		0		280		205		0		0

				Stability Neutral Atoms use-case (PDK)		RTO + Industry Partner						Included in Photonics PL ?

																																														To top-up the microelectronics line with QT

		DESIGN		Basic design tools (for R&D at low TRL)		Licence acquisition				3M										Virtual design platform

				Advanced design tools (commercial products)		Industry								5M										Toolbox - Public procurement

		COMP.
CENTRES		Competence centres						5M																																		1. Proposed calls:

				- Training for QT/microelectronics design skills		MS														Coordination with MS																								a. 2024  120m

				- Support on design-to-manufacture transition		MS																																						i. Preparatory actions Stage 1 (photonics, superconducting): Funding 2x40m total per call (total 80m Including top-up of existing pilot lines)

				- Support on advanced design tools		MS																		Coordination with MS																				1. FPAs with two SGAs to have continuity

																																												ii. Enabling technologies (20m) Linked to the Pilot lines

		* This implies the implementation of multiple use-cases, including materials (Al, Nb, Si, Ge, etc.) and …??																																										iii. Stability Trapped Ions (20m)

		Dates here are intended "starting of project", i.e. the launching of the calls is 1 year in advance																																										b. 2025

		In most cases 1.5 years is needed from setting up the pilot line and to actually "produce"																																										i. Topping up microchip Pilot Line Semiconducting 1 x 

																																												c. 2026 

																																												i. Preparatory actions Stage 2 (other technologies ): Funding 2x20m total per call (total 80m Including top-up of existing pilot lines)

																																												1. FPAs with two SGAs?

																																												ii. Full Pilot Lines Stage 1 

																																												1. Funding 2x80m total per call (total 160m Including top-up of existing pilot lines)

																																												d. 2027 

																																												i. Full Pilot Lines Stage 2 (no specific technology): 

																																												1. Funding 3x20m total per call (total 160m Including top-up of existing pilot lines)











First generation: 20 pre-commercial use-cases (1+ company & 1+ platform) 


Second generation: X pre-commercial use-cases (1+ company & 1+ platform) 


SGA2 - Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

First generation: mass/batch production 


SGA2 - Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

SGA1 - Preparatory

SGA 1 -Preparatory



InterestMS

				Non-binding indication								Pilot lines ( Interest from MS to contribute from MS – High/Medium/None)						Interest to contribute (High/Medium/None)



				Country		Participants of people invited		Superconducting 		Photonics		Trapped-Ions		Semiconducting		Diamonds		Neutral atoms		Competence Centers(Quantum)		Design Tools		 WP Call 2024		Comments

						in bold chair of the group

		1		Austria				None		High		High		None		High		None		High				High

		2		Belgium				Medium/low (6)		High (3)		Medium (5)		High (1)		High (2)		High (4)		None (7)				High (8)		1. High interest: strong alignment with NL ongoing on a joint win-win scenario on bringing together the best in Europe on spin based quantum dot academic knowledge with best in Europe Silicon fabrication technologies. Various joint projects ongoing (QuPilot, QLSI, Horizon 2020), and close alignment of roadmaps pursued in QLSI2, with the goal of transferring processes to a modification of the imec silicon pilot line 
2. High interest: Preparing proposal for “Photonics for Quantum” pilot line, together with QDNL and other international partners.  This will leverage strong position of Belgium in photonics. Platform technologies: SiN, AlOx, modulators (BaTiO3, LiNbO),III-V semiconductors, heterointegration with sources & detectors. This involves a series of quantum platforms where photonics innovation is crucial: diamond, atoms, ions. See also 3-5
3. See 2, as part of a ‘photonics for quantum’ engagement
4. See 2, as part of a ‘photonics for quantum’ engagement
5. See 2, as part of a ‘photonics for quantum’ engagement, though less concrete than 2-3-4
6. Aligning with Finland on their efforts on SC qubits. Given relative positions, Belgium has much stronger cards for impactful work on Si spin and (quantum) photonics, and SC qubits are very far behind compared to the international state of the art.
7. Belgium has little ambition to invest separately in a competence center. 
8. For the WP Call 2024 we engaging on Spin and photonics for quantum pilot lines, and supportive of the Finnish effort on SC pilot lines

		3		Bulgaria

		4		Croatia				Medium		High		None		Medium		None		High		Medium				Not clear

		5		Cyprus

		6		Czechia				Medium		High		High		High						High 				High

		7		Denmark				High		High		Medium		High		Medium		High 		High 				Not clear		Denmark plans to establish advanced production facilities to meet the increasing demand of a broad diversity of quantum circuits and quantum chips. These facilities addresses super conducting and spin conducting platforms, as well as neutral atoms, photonics and trapped ions platforms.

		8		Estonia

		9		Finland		Minna Gunes; Jonna Lehtinen; Pursula Pekka; Prunnila Mika		High		Medium		None		Medium		 None		None		High				 High		 VTT is coordinating the Finnish preparation of the quantum chip pilot line. They have discussed with the major  European organisations active in superconducting chips as potential partners for a pilot line. To mention one industrial partner,  IQM has confirmed their participation.

		10		France				High		Medium		Medium		High		Medium		Medium		High				High

		11		Germany				Medium		High		High		Medium		Medium		High		None				 Medium		The contribution of Germany depends crucially on substantial industry involvement. The WP 24 call should be revised accordingly.

		12		Greece

		13		Hungary

		14		Ireland

		15		Italy				High		Very High		High		High		High		High

		16		Latvia

		17		Lithuania

		18		Luxembourg

		19		Malta

		20		Netherlands				High (1)		High (2)		None (3)		Medium (4)		Medium (5)		Medium (6)		Medium (7)				High (8)		1. High interest for participating in SC pilot line : Dutch start-ups strong in SC value chain (QuantWare, Qphox, Single Quantum) and Orange QS and TNO for testing and standardization services respectively. Existing leading role in Qu-Test/Qu-Pilot.
2. High interest to lead the pilot Line (scope is ‘Photonics for Quantum’, connected to Photonics, Diamond and Neutral atom technologies). Proposal in the making together with IMEC and other international partners.  This will leverage the strong position of NL in photonics. Key players covering process technologies, packaging, testing: Lionix, Aluvia, Phix, Qphox, Single QuaTNO, Mesa+/ New Origin. End users: Quix Quantum, Pulse Quantum, QuTech. Platform technologies: SiN, AlOx, modulators (BaTiO3, LiNbO), III-V semiconductors, heterointegration with sources & detectors. We will adapt the proven model of JEPPIX to manage EU pilot line, with digital approach to PDK’s management. 
3. No strong activities in NL. ‘Photonics for quantum’ pilot line can potentially also be leveraged for addressing trapped ions. 
4. NL is setting up collaboration with IMEC for SiGe based quantum devices. The PDKs would be developed at IMEC. For a semiconducting pilot line, NL can play a role in device testing/evaluation.
5. ‘Photonics for Quantum’ pilot line (see point 2) is being designed to build photonic integrated circuits for colour-centre based qubits. For a  diamond pilot line, TNO and TU Delft can provide testing services, diamond wafer manufacturing and hetero-integration.
6. ‘Photonics for Quantum’ pilot line (see point 2) is being used for addressing trapped neutral Rydberg atoms. 
7. QDNL is funding the House of Quantum, as well as training, focused primarily on the Netherlands. Training aspects will be included in a winning proposal for pilot lines (especially SC, Photonics).  The connection with the semicon competence centre in The Netherlands will be investigated.
8. For the WP Call 2024 we are preparing a proposal for ‘Photonics for Quantum’ and superconducting pilot lines.

		21		Poland						Medium		Medium		Medium		Medium										TBC

		22		Portugal

		23		Romania				High		High		None		Medium		 Medium		None		High				 High		This is the interest from scientists, need to receive the interest from the government

		24		Slovakia

		25		Slovenia				None		None		None		None		None		None		High*				None		* Slovenia plans to support a single competence center within which quantum technologies will also be addressed.

		26		Spain				High		High		Medium		High		Medium 		Medium		High				High 

		27		Sweden				High		None		None		Medium		None		None		High 				High





NextStepsQCA

		Workgroups		Description		Member States 
(High/Medium interest)		Participants		1st Meeting		2nd Meeting		3rd Meeting		4rd Meeting				June

		IG1: Superconducting		EU Quantum Chips Act Interest Group with focus on the superconducting pilot line		Belgium, Croatia, Czechia, Denmark, Finland, France, Germany, Italy, Netherlands, Romania, Spain, Sweden		Pekka Pursula (Chair, FI), Daniel Conradson (DK), Kari Leino (FI), Bastian Hiltscher (DE), Somya Gupta (NL), Ana Bofil (ES), Ataman Stefan (TBC, RO), Per Delsing (TBC, SE)  		26.02.2024

		IG2: Photonics		EU Quantum Chips Act Interest Group with focus on the photonics pilot line		Austria, Belgium, Croatia, Czechia, Denmark, Finland, France, Germany, Italy, Netherlands, Poland, Romania, Spain				26.02.2024

		IG3: Trapped ions		EU Quantum Chips Act Interest Group with focus on the trapped ions pilot line		Austria, Belgium, Czechia, Denmark, France, Germany, Italy, Poland, Spain				26.02.2024

		IG4: Semiconducting		EU Quantum Chips Act Interest Group with focus on the semiconducting pilot line		Belgium, Croatia, Czechia, Denmark, Finland, France, Germany, Italy, Netherlands, Poland, Romania, Spain, Sweden				28.02.2024

		IG5: Diamonds		EU Quantum Chips Act Interest Group with focus on the diamond pilot line		Austria, Belgium, Denmark, France, Germany, Italy, Netherlands, Poland, Romania, Spain				28.02.2024

		IG6: Neutral atoms		EU Quantum Chips Act Interest Group with focus on the neutral atoms pilot line		Belgium, Croatia, Denmark, France, Germany, Italy, Netherlands, Spain				28.02.2024

		Design tools workshop		EU Quantum Chips Act - Design Tools Workshop		All				21 March 2024































































IG Chair-Representatives





				IG1: Superconducting				IG2: Photonics				IG3: Trapped Ions				IG4: Semiconducting				IG5: Diamonds				IG6: Neutral Atoms

				Name		email		Name		email		Name		email		Name		email		Name		email		Name		email

		COUNTRY		Chair: Pekka Pursula (FI)		pekka.pursula@vtt.fi		Chair: Somya Gupta (NL)		somya.gupta@tudelft.nl		Chair: Andreas Geissler		Andreas.Geissler@ffg.at; thomas.monz@uibk.ac.at		Chair: Maud Vinet (FR), Kristiaan DeGreve (BE)		maud.vinet@quobly.io; Kristiaan.DeGreve@imec.be		Chair: Nicole Fabbri (IT)		fabbri@lens.unifi.it		Chair: Jean Baptiste Beguin (DK)		jbeguin@nbi.ku.dk

		Austria						Andreas Geissler; Christina Hirschl; Borislav Hinkov 		Andreas.Geissler@ffg.at; Christina.Hirschl@silicon-austria.com; borislav.hinkov@silicon-austria.com		Andreas Geissler; Christina Hirschl		Andreas.Geissler@ffg.at; Christina.Hirschl@silicon-austria.com						Andreas Geissler; Christina Hirschl; Jaka Pribosek		Andreas.Geissler@ffg.at; Christina.Hirschl@silicon-austria.com; jaka.pribosek@silicon-austria.com

		Belgium		Dr Kristiaan de Greve (TBC)		Kristiaan.DeGreve@imec.be; 		Christian Haffner		Christian.Haffner@imec.be		Christian Haffner		Christian.Haffner@imec.be		Kristiaan DeGreve		Kristiaan.DeGreve@imec.be; 		Christian Haffner		Christian.Haffner@imec.be		Christian Haffner		Christian.Haffner@imec.be

		Bulgaria

		Croatia		Absent				Absent								Absent								Stasa Skenzic (TBC)		stasa.skenzic@mzo.hr

		Cyprus

		Czechia		Dr. Michal Macek 		michalm@isibrno.cz		Dr. Josef Lazar 		joe@isibrno.cz		Dr. Lukas Slodicka 		slodicka@optics.upol.cz		Dr. Jan Minar 		jminar@ntc.zcu.cz

		Denmark		Daniel Conradsen		dancon@erst.dk		Alexandra Lange ; Daniel Conradsen		alel@ufm.dk; dancon@erst.dk		Absent				Daniel Conradsen; Hamdam Ghanatian Najafabadi; Samaneh Sharbati;		dancon@erst.dk; hamd@sdu.dk; Sharbati@sdu.dk;		Daniel Conradsen; Alexander Huck; Christian Holstein		dancon@erst.dk; alexander.huck@fysik.dtu.dk; cho@ufm.dk		Jan Thomsen (TBC); Jean Baptiste Beguin		jwt@nbi.ku.dk; dancon@erst.dk; jbeguin@nbi.ku.dk

		Estonia

		Finland		Kari Leino		kari.leino@businessfinland.fi		Pekka Pursula		pekka.pursula@vtt.fi		Pekka Pursula		pekka.pursula@vtt.fi		Pekka Pursula		pekka.pursula@vtt.fi		Pekka Pursula		pekka.pursula@vtt.fi		Pekka Pursula		pekka.pursula@vtt.fi

		France		Jean-Charles Barbe LETI		jean-charles.barbe@cea.fr		Arnaud Brignon Thales, Niccolo Somaschi 		arnaud.brignon@thalesgroup.com; niccolo.somaschi@quandela.com		Luca Guidoni; Laurent Hilico		luca.guidoni@univ-paris-diderot.fr; Laurent.Hilico@spectro.jussieu.fr		Maud Vinet		maud.vinet@quobly.io		Thierry  Debuisschert Thales		thierry.debuisschert@thalesgroup.com		Adrien Signoles Pasqal      		adrien@pasqal.com

		Germany		Bastian Hiltscher		hiltscher@vdi.de		Daniel Lukner		lukner@vdi.de		Bastian Hiltscher		hiltscher@vdi.de		Claudius Klein		klein_c@vdi.de		Claudius Klein, Jakob Buchheim		klein_c@vdi.de; jakob.buchheim@dlr.de		Bastian Hiltscher		hiltscher@vdi.de; lukner@vdi.de

		Greece

		Hungary

		Ireland

		Italy (TBC)		Francesco Tafuri, Elisabetta Paladino		francesco.tafuri@unina.it; elisabetta.paladino@dfa.unict.it		Fabio Sciarrino, Roberto Osellame   		fabio.sciarrino@uniroma1.it; roberto.osellame@cnr.it 		Simone Montangero, Carlo Sias		simone.montangero@unipd.it; sias@lens.unifi.it		Marco Fanciulli, Camilla Coletti  		marco.fanciulli@unimib.it; camilla.coletti@iit.it 		Nicole Fabbri, Paolo Olivero		fabbri@lens.unifi.it; paolo.olivero@unito.it		Chiara Fort, Gabriele Ferrari		chiara.fort@unifi.it; fort@lens.unifi.it; gabriele.ferrari@unitn.it

		Latvia

		Lithuania						Vita Markevičiūtė (TBC)		vita.markeviciute@lmt.lt

		Luxembourg

		Malta

		Netherlands		Somya Gupta		somya.gupta@tudelft.nl		Erik van de Burgwal		h.c.vandeburgwal@minezk.nl		Somya Gupta		somya.gupta@tudelft.nl		Somya Gupta		somya.gupta@tudelft.nl		Somya Gupta		somya.gupta@tudelft.nl		Somya Gupta		somya.gupta@tudelft.nl

		Poland						Marcin Michalowski, dr Anna Szerling, prof. Ryszard Piramidowicz		Marcin.Michalowski@mnisw.gov.pl; anna.szerling@imif.lukasiewicz.gov.pl; ryszard.piramidowicz@pw.edu.pl;		Marcin Michalowski, dr Anna Kamińska; dr Grzegorz Kasprowicz		Marcin.Michalowski@mnisw.gov.pl; anna.kaminska@creotech.pl; grzegorz.kasprowicz@pw.edu.pl;		Marcin Michalowski; dr Anna Szerling; prof. Ryszard Piramidowicz; prof. Regina Paszkiewicz		Marcin.Michalowski@mnisw.gov.pl; anna.szerling@imif.lukasiewicz.gov.pl; ryszard.piramidowicz@pw.edu.pl;  regina.paszkiewicz@pwr.edu.pl; 		Marcin Michalowski; prof. Regina Paszkiewicz		Marcin.Michalowski@mnisw.gov.pl; regina.paszkiewicz@pwr.edu.pl;

		Portugal

		Romania		Ataman Stefan (TBC)		stefan.ataman@eli-np.ro		Stefan Atman (TBC)		stefan.ataman@eli-np.ro						Stefan Atman (TBC)		stefan.ataman@eli-np.ro		Stefan Atman (TBC)		stefan.ataman@eli-np.ro

		Slovakia

		Slovenia

		Spain		Ana Bofil		ana.bofill@economia.gob.es		Ana Bofil, Veronica Fernandez, Valerio Pruneri, Carlos Dominguez		ana.bofill@economia.gob.es; veronica.fernandez@csic.es; Valerio.Pruneri@icfo.eu; Carlos.Dominguez@imb-cnm.csic.es;		Ana Bofil		ana.bofill@economia.gob.es		Ana Bofil; Francesc Perez-Murano		ana.bofill@economia.gob.es; Francesc.Perez@imb-cnm.csic.es		Ana Bofil, Pablo Acedo, Javier Prior		ana.bofill@economia.gob.es; pag@ing.uc3m.es		Ana Bofil; Leticia Tarruel, Daniel Barredo		ana.bofill@economia.gob.es; leticia.tarruell@icfo.eu; daniel.barredo@csic.es

		Sweden		Adela Saavedra Granholm, Lars Gustafsson 		adela.saavedragranholm@vinnova.se; lars.gustafsson@vinnova.se
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DesignTools

																												Interest for Quantum Pilot Lines																						Participant Name		Email

		Tool		Vendor		Country		Description		Link		Level of abstraction (1,2,3) 
1 = HW-specific; 2= Middle; 3=High level HW-agnostic		Upgradability needs		Currenent Quantum Clients		Ready to Use?		Licence type		Licence costs
in EUR		SW requirements		HW requirements		Superconductive		Photonics		Trapped Ions		Semiconducting		Diamonds		Neutral Atoms		Comments										floris		floris@quantware.eu

		KQCircuits		IQM		FI		Specific tool for superconducting qubit design (open source, maintained by IQM) 				1						yes		OpenSource		Free						yes		no		no		no		no		no												Stefan Filipp		sfilipp@wmi.badw.de

		Klayout		Klayout		DE		General tool for integrated circuit design (open source, maintained by Matthias Köfferlein, 				3				yes		yes		OpenSource		Free						yes																						Philipp Aumann		p.aumann@parityqc.com

		Ansys Electronics (HFSS, Q3D)		Ansys 		US		General tool for finite element simulations of electromagnetic fields e.g. 				3				Yes		Yes		Licensed								Yes						Yes																Nicolas Vialle (ANSYS)		nicolas.vialle@ANSYS.COM

		JePPIX consortium 		JePPIX		NL		JePPIX brings together the European InP and Triplex photonic integrated circuit (PIC) supply chain as a coherent force to advance and promote PIC technology.		 https://www.jeppix.eu/workflow/design-libraries/		3				yes		Yes		OpenSource & Licensed 								no		Yes		no		no		no		no												Nemanja Vokic (AIT)		nemanja.vokic@ait.ac.at

		Holland Semiconductors  		High Tech NL Semiconductors		NL		High Tech NL Semiconductors – formerly Holland Semiconductors – is a cluster of the sector organization High Tech and has a national scope.																																										Amr Osman		amr.osman@chalmers.se

		Qruise		Qruise		DE		Machine Learning-driven equivalent of a physicist, devised to synergistically augment the human capacity for scientific discovery in the laboratory environment.																																										Joanna Alice & Bob		joanna.pruszkowska@alice-bob.com

		Zemax is part of Ansys		Ansys 		US		Comprehensive Optical Design Software								Yes		Yes		Licensed										Yes																				Babis Bakolias [Ansys]		babis.bakolias@ansys.com

		Cadence		Cadence		US		Cadence is a leading EDA and Intelligent System Design provider delivering hardware, software, and IP for electronic design.																																										Chris Warren (Chalmers)		warrenc@chalmers.se

		WRSpice		WRSpice		US		WRspice  is a powerful and flexible circuit simulation and analysis tool.										yes		OpenSource																														Katia Panina		e.panina@tue.nl

		HFSS is part of Ansys		Ansys 		US		Multipurpose, full wave 3D electromagnetic (EM) simulation software for designing and simulating high-frequency electronic products such as antennas, components, interconnects, connectors, ICs and PCBs.		https://www.ansys.com/products/electronics/ansys-hfss		1				Yes		Yes		Licensed								Yes						Yes																Babis Bakolias [Ansys]		babis.bakolias@ansys.com

		COMSOL 		COMSOL		DE		Simulate real-world designs, devices, and processes with multiphysics software from COMSOL				1																																						floris		floris@quantware.eu

		Q3D is part of Ansys		Ansys		US		Ansys Q3D Extractor efficiently performs the 3D and 2D quasi-static electromagnetic field simulations required for the extraction of RLCG parameters from an interconnect structure.		https://www.ansys.com/products/electronics/ansys-q3d-extractor		1				Yes		Yes		Licensed																														Babis Bakolias [Ansys]		babis.bakolias@ansys.com

		QCircuit by Travis L. Scholten (in the meantime with IBM)  				US		Q-circuit is a macro package for drawing quantum circuit diagrams in LaTeX												OpenSource																														Alessandro Trenti (AIT)		alessandro.trenti@ait.ac.at

		SPICE (National Instruments, US based) +49 (0) 89 7413130		SPICE		US		SPICE is a computer simulation and modeling program used by engineers to mathematically predict the behavior of electronics circuits				1																																						Claudius Klein (GER)		klein_c@vdi.de

		ParityOS		ParityQC		AT		ParityOS is a software framework to map optimization problems to hardware-specific quantum algorithms, specifically optimized towards a given hardware layout.		https://parityqc.com/parityos		3				NEC		yes		Licenced		depends on the user needs		minimal		flexible		yes		not yet		yes		yes		yes		yes												Nemanja Vokic AIT		nemanja.vokic@ait.ac.at

		LightTrans 		LightTrans 		DE		VirtualLab Fusion, the fast optical design software enables the optical design and the simulation of illumination systems for shaping, splitting, diffusing and homogenization of both laser and LED light.																																										Cecile Perrault		cecile.perrault@alice-bob.com

		Quant 		TRUMPF Group		DE		Q.ANT develops quantum sensors and photonic chips and processors for quantum computing based on its Quantum Photonic Framework.		https://qant.com/about-us/

		A&B		A&B		FR		We design our chips with Fault Tolerance in mind

		OpenSuperQPlus

		QuantWare		Quantware		NL		Foundry services, offer best-in-industry technology to allow our customers to make their own designs a reality

		Design for automaded design checks						To be developed

		qiskitmetal		IBM Quantum		US		Specific tool for superconducting qubit chip design				1						yes		OpenSource		Free						yes		no		no		no		no		no

		Ansys RaptorQu		Ansys 		US		High-capacity electromagnetic simulation for quantum computing applications		https://www.ansys.com/products/semiconductors/ansys-raptorqu		1				yes		yes		Subscription								yes

		scQubits		Jens Koch research group, Northwestern University		US		A Python package for analysing superconducting qubits,
Quantum 5, 583 (2021)		https://scqubits.readthedocs.io/en/v4.0/		2						yes		OpenSource								yes		no		no		no		no		no		Lumped element description of superconducting circuits

		QuCAT		Delft University 		NL		A Python package for analysing superconducting qubits, Mario F Gely and Gary A Steele 2020 New J. Phys. 22 013025		https://qucat.org/		2						yes		OpenSource								yes		no		no		no		no		no		Lumped element description of superconducting circuits

		CircuitQ		University of Innsbruck and MIT		AT + US		A Python package for analysing superconducting qubits, Philipp Aumann et al 2022 New J. Phys. 24 093012		https://circuitq.readthedocs.io/en/latest/#		2						yes		OpenSource
(MIT licence)
 								yes		no		no		no		no		no		Lumped element description of superconducting circuits

		ConScience AB		ConScience AB		SWE		Foundry services, fabrication consulting, superconducting qubit devices		https://con-science.se/		2						Yes										Yes

		WMIKlayout		Walther-Meissner-Institute (WMI) and TUM		DE		Design tool for superconducting qubits based on KLayout python API. Has integration with ANSYS functionality. Maintained by WMI & TUM				1				WMI				currently proprietary, tbd								yes

		AWR Microwave Office		Cadence		US		RF circuit simulation

		Please add as appropriate
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IG_EC

				Responsible		Backup		Status/meetings

		IG1: Superconducting

		IG2: Photonics		Laurent

		IG3: Trapped Ions

		IG4: Semiconducting

		IG5: Diamonds						Laurent: meeting on 3/4, next one on 10/4, document in preparation (3/9 contributions received)

		IG6: Neutral Atoms		Laurent





Q&A

		Question		Answer 		Internal/All		Action		Comment

		Can we use structural funds for MS contribution?		Yes		all

		Can we use RRF?		No (not at the same time as HE or DEP)
CNECT decided NO for DEP		all		Tob e confirmed by Jason (A3)		“It should be possible that, in accordance with Article 15(3) of the Horizon Europe Regulation, contributions from programmes co-financed by the European Regional Development Fund established by Regulation (EU) 2021/1058 of the European Parliament and of the Council ( 7 ) (ERDF), the European Social Fund Plus established by Regulation (EU) 2021/1057 of the European Parliament and of the Council ( 8 ) (ESF+), the European Maritime, Fisheries and Aquaculture Fund established by Regulation (EU) 2021/1139 of the European Parliament and of the Council ( 9 ) (EMFAF) and the European Agricultural Fund for Rural Development established by Regulation (EU) No 1306/2013 of the European Parliament and of the Council ( 10) (EAFRD) be considered to be a contribution of the participating states that are Member States to the joint undertakings, provided that Regulation (EU) 2021/1060 of the European Parliament and of the Council ( 11) and the fund-specific regulations are complied with. In addition, it should be possible that contributions from the Recovery and Resilience Facility established by Regulation (EU) 2021/241 of the European Parliament and of the Council ( 12) (the ‘Facility’) be considered to be a contribution of the Member States that are participating states to the joint undertakings, provided that the provisions of the Facility and commitments set in the national recovery and resilience plans are complied with.”

		Shall  we request upfront MS funding commitment?		No, but yes a letter of intent		all		Eric (JU) confirmed		Letter of Intent. It is not part of the call. The funds itself can be in 2024 or 2025

		What happens if different MS do not agree on participation?		Is possible, better to solve it in advance		all

		How much money do we need to assign for Design tools and CC?				internal

		How the IP will be managed, what will be the ownership model and access to the PDKs? 		PDK are proprietary but need to be accessible		all				In agreement with the Chips JU, the proposals must submit a proposal to access the PDKs dwith consideration to access conditions

		What about the participation of universities in the pilot lines, are they allowed/desirable? 		yes		all				Sustainability of pilot lines at universities may be more difficult than at RTOs, Chips JU has no experience

		Industry pays for the access, but "favourable or preferential access" for SMEs, what does it mean?				all				Theres no further definition, it's kept like that and up to us to interpret 
and its up to the consortium to propose how they'll approach it. The proposers have to distinguish between large industry and SMEs

		Is there funding for 'walls' for the pilot lines?		In principle NO

		Can we top-up a PL from the microelectronic sector (e.g. Semiconductor) with QT?		Yes		all				Complementarity is ok. Contamination issues with different materials, access (time reserved) for the big pilot lines is to a large majority fixed. Eric to send questions and points to be clarified. Do they want research on specific materials?

		Can they MS fund more than 50%?		Yes, but not using RRF funding		all

		Do National/regional funded projects enter into the co-funding scenario or should this be fresh money?		NO						Retroactive costs are not eligible 

		Can the contribution of the Member States be in-Kind on their 50% and/or beyond?		NO						It must be fresh money

		Is Israel eligible to participate?		Yes for HE money; DEP is different

		Photonics platform to link with the 5th PL?								Photonics Fab synergies with the quantum pilot line, have a look at that





ROADMAP A.1

		Phase		Action		Target		Funding		€		WP		2023		2024		2025		2026		2027		2028		2029		2030

		R&D		QT Flagship R&D projects		R&D community		HE						R&D - RIA, IA, FPAs, SGAs

				Experimental Pilot Lines (high-flexibility, low-volume)				HE		19M SGA1				SGA1 - QU-PILOT/QU-TEST								SGA2 - QU-PILOT/QU-TEST

				- Superconducting platform (computing, sensing)		RTO + Industry Partner		HE

				- Photonics platform (communication, computing)		RTO + Industry Partner		HE

				- Semiconductor platform (computing, sensing)		RTO + Industry Partner		HE

				- Diamond platform (sensing, communication)		RTO + Industry Partner		HE

		PILOT (PRODUCTION) LINES		Ramp-up Trapped Ions Pilot Line		RTOs + Industry Partner		CA		10M		WP24

				Industrial (stability) Pilot Lines (stage 1) 

				Ramp-up stability use-cases 1 and 2		RTO + Industry Partner		CA		20M		WP24

				1) Full implementation stability PL Superconducting* (PDK)		RTO + Industry Partner		CA		65M		WP25

				2) Full implementation stability PL Photonics* (PDK)		RTO + Industry Partner		CA		65M		WP25



				Industrial (stability) Pilot Lines (stage 2) 

				Ramp-up stability use-cases 3,4		RTO + Industry Partner		CA		20M		WP25

				3) Full implementation stability PL Semiconductor* (PDK)		RTO + Industry Partner		CA		60M		WP26

				4) Full implementation stability PL Diamond* (PDK)		RTO + Industry Partner		CA		60M		WP26

				5) Full implementation stability PL Trapped Ions* (PDK)		RTO + Industry Partner		CA		60M		WP26

		DESIGN		Basic design tools (for R&D at low TRL)		Licence acquisition		CA		5M		WP25				Virtual design platform

				Advanced design tools (commercial products)		Industry		CA		20M		WP26								Toolbox - Public procurement

		COMP.
CENTRES		Competence centres

				- Training for QT/microelectronics design skills		MS		CA		2M€		WP24				Coordination with MS

				- Support on design-to-manufacture transition		MS		CA		4M€		WP24

				- Support on advanced design tools		MS		CA		4M€		WP26								Coordination with MS

		* This implies the implementation of multiple use-cases, including materials (Al, Nb, Si, Ge, etc.) and …??

		Dates here are intended "starting of project", i.e. the launching of the calls is 1 year in advance

		In most cases 1.5 years is needed from setting up the pilot line and to actually "produce"



First generation: 20 pre-commercial use-cases (1+ company & 1+ platform) 


Second generation: X pre-commercial use-cases (1+ company & 1+ platform) 


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

First generation: mass/batch production 


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

Ramp-up (grant)

Ramp-up (grant)

Ramp-up (grant)



ROADMAP A.2

		Phase		Action		Target		Funding		€		WP		2023		2024		2025		2026		2027		2028		2029		2030

		R&D		QT Flagship R&D projects		R&D community		HE						R&D - RIA, IA, FPAs, SGAs

				Experimental Pilot Lines (high-flexibility, low-volume)				HE		19M SGA1				SGA1 - QU-PILOT/QU-TEST								SGA2 - QU-PILOT/QU-TEST

				- Superconducting platform (computing, sensing)		RTO + Industry Partner		HE

				- Photonics platform (communication, computing)		RTO + Industry Partner		HE

				- Semiconductor platform (computing, sensing)		RTO + Industry Partner		HE

				- Diamond platform (sensing, communication)		RTO + Industry Partner		HE

		PILOT (PRODUCTION) LINES		Industrial (stability) Pilot Lines (stage 1) 

				Ramp-up stability use-cases - most mature		RTO + Industry Partner		CA		20M		WP24

				Full implementation - stability use-case (PDK)		RTO + Industry Partner		CA		65M		WP25

				 …		RTO + Industry Partner		CA		65M		WP25

				Full implementation - stability use-case (PDK)

				Industrial (stability) Pilot Lines (stage 2) 

				Ramp-up stability use-cases - most mature		RTO + Industry Partner		CA		20M		WP25

				Full implementation - stability use-case (PDK)		RTO + Industry Partner		CA		60M		WP26

				 …		RTO + Industry Partner		CA		60M		WP26

				Full implementation - stability use-case (PDK)		RTO + Industry Partner		CA		60M		WP26

		DESIGN		Basic design tools (for R&D at low TRL)		Licence acquisition		CA		5M		WP25				Virtual design platform

				Advanced design tools (commercial products)		Industry		CA		20M		WP26								Toolbox - Public procurement

		COMP.
CENTRES		Competence centres

				- Training for QT/microelectronics design skills		MS		CA		2M€		WP24				Coordination with MS

				- Support on design-to-manufacture transition		MS		CA		4M€		WP24

				- Support on advanced design tools		MS		CA		4M€		WP26								Coordination with MS

		* This implies the implementation of multiple use-cases, including materials (Al, Nb, Si, Ge, etc.) and …??

		Dates here are intended "starting of project", i.e. the launching of the calls is 1 year in advance

		In most cases 1.5 years is needed from setting up the pilot line and to actually "produce"



First generation: 20 pre-commercial use-cases (1+ company & 1+ platform) 


Second generation: X pre-commercial use-cases (1+ company & 1+ platform) 


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

First generation: mass/batch production 


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

Ramp-up (grant)

Ramp-up (grant)

Ramp-up (grant)



ROADMAP A.3

		Phase		Action		Target		Funding		Total WP24 (EU + MS) €		Total WP26 (EU + MS) €		Requested € Interest Group MS		WP		2023		2024		2025		2026		2027		2028		2029		2030

		R&D		QT Flagship R&D projects		R&D community		HE										R&D - RIA, IA, FPAs, SGAs																														Scenario 1				Scenario 2				Scenario 3				Scenario 4				Scenario 5

				Experimental Pilot Lines (high-flexibility, low-volume)				HE		19M SGA1		19M SGA2						SGA1 - QU-PILOT/QU-TEST								SGA2 - QU-PILOT/QU-TEST																				item		WP24		WP26		WP24		WP26		WP24		WP26		WP24		WP26		WP24		WP26

				- Superconducting platform (computing, sensing)		RTO + Industry Partner		HE																																						Expectation for Stability Trapped Ions use-case (PDK) 		20				20						20		20				20

				- Photonics platform (communication, computing)		RTO + Industry Partner		HE																																						Expectattion for Stability Superconducting use-case (PDK) 		120						120		120				150						150

				- Semiconductor platform (computing, sensing)		RTO + Industry Partner		HE																																						Expectattion for Stability Photonics use-case (PDK) 				180		180				180						180		180

				- Diamond platform (sensing, communication)		RTO + Industry Partner		HE																																						Expectation for Stability Semiconductor use-case (PDK) 				20				20				20				30				30

		PILOT (PRODUCTION) LINES		Industrial (stability) Pilot Lines (stage 1) 												WP24																														Expectation for Stability Neutral Atoms use-case (PDK) 				20				20				20		Included in Photonics				Included in Photonics

				Expectation for Stability Trapped Ions use-case (PDK) 		RTO + Industry Partner		CA		20				20-30M																																Expectation for Stability Diamonds use-case (PDK) 				20				20				20		Included in Semiconductor				Included in Semiconductor

				Expectattion for Stability Superconducting use-case (PDK) 		RTO + Industry Partner		CA		120				150-180M																																Enabling technologies		5		5		5		5		5		5		5		5		5		5

				Expectattion for Stability Photonics use-case (PDK) 		RTO + Industry Partner		CA				180		180-360M																																Basic design tools (for R&D at low TRL)		2				2				2				2				2

				Enabling technologies				CA		5				5M?																																Advanced design tools (commercial products)				3				3				3				3				3

				Industrial (stability) Pilot Lines (stage 2) 												WP26																														Competence centres		5				5				5				5				5

				Expectation for Stability Semiconductor use-case (PDK) 		RTO + Industry Partner		CA				20		20M?																																Total		152		248		212		188		312		88		182		218		212		188

				Expectation for Stability Neutral Atoms use-case (PDK) 		RTO + Industry Partner		CA				20		20M?																																Unspent		248		0		188		0		88		0		218		0		188		0

				Expectation for Stability Diamonds use-case (PDK) 		RTO + Industry Partner		CA				20		20M?

				Enabling technologies								5		5M?																																		To top-up the microelectronics line with QT

		DESIGN		Basic design tools (for R&D at low TRL)		Licence acquisition		CA		2						WP24				Virtual design platform

				Advanced design tools (commercial products)		Industry		CA				3				WP26								Toolbox - Public procurement

		COMP.
CENTRES		Competence centres						5

				- Training for QT/microelectronics design skills		MS		CA								WP24				Coordination with MS

				- Support on design-to-manufacture transition		MS		CA								WP24

				- Support on advanced design tools		MS		CA								WP26								Coordination with MS

		* This implies the implementation of multiple use-cases, including materials (Al, Nb, Si, Ge, etc.) and …??

		Dates here are intended "starting of project", i.e. the launching of the calls is 1 year in advance

		In most cases 1.5 years is needed from setting up the pilot line and to actually "produce"



First generation: 20 pre-commercial use-cases (1+ company & 1+ platform) 


Second generation: X pre-commercial use-cases (1+ company & 1+ platform) 


Stage 1: Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

First generation: mass/batch production 


Stage 2: Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

Ramp-up (grant)



ROADMAP A.3 (no tech)

		Phase		Action		Target		Funding		Total WP24 (EU + MS) €		Total WP26 (EU + MS) €		Requested € Interest Group MS		WP		2023		2024		2025		2026		2027		2028		2029		2030

		R&D		QT Flagship R&D projects		R&D community		HE										R&D - RIA, IA, FPAs, SGAs																														Scenario 1				Scenario 2				Scenario 3				Scenario 4				Scenario 5

				Experimental Pilot Lines (high-flexibility, low-volume)				HE		19M SGA1		19M SGA2						SGA1 - QU-PILOT/QU-TEST								SGA2 - QU-PILOT/QU-TEST																				item		WP24		WP26		WP24		WP26		WP24		WP26		WP24		WP26		WP24		WP26

				- Superconducting platform (computing, sensing)		RTO + Industry Partner		HE																																						Expectation for Stability Trapped Ions use-case (PDK) 		20				20						20		20				20

				- Photonics platform (communication, computing)		RTO + Industry Partner		HE																																						Expectattion for Stability Superconducting use-case (PDK) 		120						120		120				150				150

				- Semiconductor platform (computing, sensing)		RTO + Industry Partner		HE																																						Expectattion for Stability Photonics use-case (PDK) 				180		180				180						60				60

				- Diamond platform (sensing, communication)		RTO + Industry Partner		HE																																						Expectation for Stability Semiconductor use-case (PDK) 				20				20				20				30				30

		PILOT (PRODUCTION) LINES		Industrial (stability) Pilot Lines (stage 1) 												WP24																														Expectation for Stability Neutral Atoms use-case (PDK) 				20				20				20				100				20

				Stability use-case 1 (PDK) 		RTO + Industry Partner		CA		20				20-30M																																Expectation for Stability Diamonds use-case (PDK) 				20				20				20				20				100

				Stability use-case 2 (PDK) 		RTO + Industry Partner		CA		120				150-180M																																Enabling technologies		5		5		5		5		5		5		5		5		5		5

				Stability Trapped Ions (PDK) 		RTO + Industry Partner		CA				180		180-360M																																Basic design tools (for R&D at low TRL)		2				2				2				2				2

										5				5M?																																Advanced design tools (commercial products)				3				3				3				3				3

				Industrial (stability) Pilot Lines (stage 2) 												WP26																														Competence centres		5				5				5				5				5

				Stability use-case 4 (PDK) 		RTO + Industry Partner		CA				20		20M?																																Total		152		248		212		188		312		88		182		218		182		218

				Stability use-case 5 (PDK) 		RTO + Industry Partner		CA				20		20M?																																Unspent		248		0		188		0		88		0		218		0		218		0

				 Stability use-case 6 (PDK) 		RTO + Industry Partner		CA				20		20M?

												5		5M?																																		To top-up the microelectronics line with QT

		DESIGN		Basic design tools (for R&D at low TRL)		Licence acquisition		CA		2						WP24				Virtual design platform

				Advanced design tools (commercial products)		Industry		CA				3				WP26								Toolbox - Public procurement

		COMP.
CENTRES		Competence centres						5

				- Training for QT/microelectronics design skills		MS		CA								WP24				Coordination with MS

				- Support on design-to-manufacture transition		MS		CA								WP24

				- Support on advanced design tools		MS		CA								WP26								Coordination with MS

		* This implies the implementation of multiple use-cases, including materials (Al, Nb, Si, Ge, etc.) and …??

		Dates here are intended "starting of project", i.e. the launching of the calls is 1 year in advance

		In most cases 1.5 years is needed from setting up the pilot line and to actually "produce"



First generation: 20 pre-commercial use-cases (1+ company & 1+ platform) 


Second generation: X pre-commercial use-cases (1+ company & 1+ platform) 


Stage 1: Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

First generation: mass/batch production 


Stage 2: Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

Ramp-up (grant)



GAP_Analysis_SotA

		Technology Platform		Service		Ambition by end 2026		Pillars		Status (including TRL)		Challenges

		Superconducting		PDK 1: Low-loss superconducting electrodes (e.g. Nb) on high-resistivity silicon
PDK 2: Low-loss Josephson junctions (e.g. Al-AlOx-Al)
PDK 3: Low-temperature superconducting flip-chip process for low-loss Josephson junction circuits
PDK 4: Low-loss superconducting through silicon vias		Establish processes that enable fabrication of qubit-based 3D-integrated quantum processors and sensors.
Establish easy-to-access Multi-Project-Wafer runs (design libraries).		Computing, Sensing		Experimental
(PDK1-3 at TRL >7, PDK4 at TRL >5)		Develop higher quality and increased integration density processes

				PDK 5: Moderate-loss trilayer-based Josephson junct		Establish processes for critical Josephson-junction-based qubit control and readout components.
Establish easy-to-access Multi-Project-Wafer runs (design libraries).		Computing, Sensing		Experimental (PDK5 at TRL >7)
		Establish high-TRL integrated solutions

				PDK 6: Nanopatterned thin superconductors		Provide high yield process for nanopatterned superconducting thin films.
Establish easy-to-access Multi-Project-Wafer runs (design libraries).		Computing, Sensing		Experimental		Establish high-TRL integrated solutions

		Photonics		Fabrication of PIC for photonic qubit generation and manipulation; Fabrication of PIC for QKD system; Fabrication of PIC for QRNG; Fabrication of quantum interferometer for spectroscopy		To develop full library of quantum photonic components and small circuits for QKD and quantum processing applications, available for application-oriented quantum PIC design from companies on MPW wafers.		Communication, Computing		Experimental (TRL 2 to TRL 5)
		Scale up quantum PIC, improve performance to match advanced specifications of QKD

		Semiconducting		Custom multi-level gate stack quantum dots (SOI, Si MOS, Si/SiGe, Ge/SiGe)
Option isotopically purified substrates (28SOI, 28Si, 28Si/SiGe, -73e/SiGe)
Advanced Nanofabrication options
3D cryo-packaging technologies (microbumps, TSV)		Development of a stable supply chain, ensuring availability of critical isotopically purified materials
Identification of the key technological routes to implement PDK’s
Identification of scalable “standard” cells
		Computing, Sensing		Experimental (TRL 3 to TRL 6)		Development of the fab services, PDK, standard cells, libraries, consolidation of the process
Small volume demostration
System integration through 3D/packaging

		Diamond		Increase diamond growth capacity and develop processes for pilot fabrication of nanofabricated diamond devices/prototypes		Develop a full library of processes and devices based on NV centers in diamond
Develop a few prototypes/systems based on diamond for industry		Sensing, Communication		Experimental (TRL 3 to TRL 5)		Extend fabrication to other color centres and host materials, develop PDK

		Trapped Ions		n.a.		n.a.		n.a.		n.a.		Experimental pilot line



































ROADMAP A

		Phase		Action		Target		Funding		€		2023		2024		2025		2026		2027		2028		2029		2030

		R&D		QT Flagship R&D projects		R&D community		HE				R&D - RIA, IA, FPAs, SGAs

				Experimental Pilot Lines (high-flexibility, low-volume)		RTOs		HE		19M SGA1		SGA1 - QU-PILOT/QU-TEST								SGA2 - QU-PILOT/QU-TEST

				- Superconducting platform (computing, sensing)		RTO + Industry Partner		HE

				- Photonics platform (communication, computing)		RTO + Industry Partner		HE

				- Semiconductor platform (computing, sensing)		RTO + Industry Partner		HE

				- Diamond platform (sensing, communication)		RTO + Industry Partner		HE

				Experimental Trapped Ions Pilot Line		RTOs + Industry Partner		CA		10M				Grant

		PILOT (PRODUCTION) LINES		Industrial (stability) Pilot Lines (stage 1) 		RTO + Industry Partner		CA		150M						Grant (TBD)

				1) Stability PL Superconducting* (PDK)		RTO + Industry Partner		CA

				2) Stability PL Photonics* (PDK)		RTO + Industry Partner		CA





				Industrial (stability) Pilot Lines (stage 2) 		RTO + Industry Partner		CA		200M										Grant (TBD)

				3) Stability PL Semiconductor* (PDK)		RTO + Industry Partner		CA

				4) Stability PL Diamond* (PDK)		RTO + Industry Partner		CA

				5) Stability PL Trapped Ions* (PDK)		RTO + Industry Partner		CA



		DESIGN		Basic design tools (for R&D at low TRL)		Licence acquisition		CA		1M				Virtual design platform

				Advanced design tools (commercial products)		Industry		CA		25M								Toolbox - Public procurement

		COMP.
CENTRES		Competence centres		MS		CA		10M

				- Training for QT/microelectronics design skills		MS		CA						Coordination with MS

				- Support on design-to-manufacture transition		MS		CA

				- Support on advanced design tools		MS		CA										Coordination with MS

		* This implies the implementation of multiple use-cases, including materials (Al, Nb, Si, Ge, etc.) and …??

		Dates here are intended "starting of project", i.e. the launching of the calls is 1 year in advance

		In most cases 1.5 years is needed from setting up the pilot line and to actually "produce"



First generation: 20 pre-commercial use-cases (1+ company & 1+ platform) 


Second generation: X pre-commercial use-cases (1+ company & 1+ platform) 


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   

First generation: mass/batch production 


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   



ROADMAP B

		Phase		Action		Target		Funding		2023		2024		2025		2026		2027		2028		2029		2030

		R&D		QT Flagship R&D projects		R&D community		HE		R&D - RIA, IA, FPAs, SGAs

				Experimental Pilot Lines (high-flexibility, low-volume)		RTOs		HE		SGA1 - QU-PILOT/QU-TEST								SGA2 - QU-PILOT/QU-TEST

				- Superconducting platform (computing, sensing)		RTO + Industry Partner		HE

				- Photonics platform (communication, computing)		RTO + Industry Partner		HE

				- Semiconductor platform (computing, sensing)		RTO + Industry Partner		HE

				- Diamond platform (sensing, communication)		RTO + Industry Partner		HE

				Experimental Trapped Ions Pilot Line		RTOs		CA				Grant

		PILOT (PRODUCTION) LINES		Industrial (stability) Pilot Lines (stage 1) 		RTO + Industry Partner		CA						Grant (TBD)

				- Stability use-case 1 (PDK)		RTO + Industry Partner		CA

				- Stability use-case 2 (PDK)		RTO + Industry Partner		CA

				- …		RTO + Industry Partner		CA

				- Stability use-case N (PDK)		RTO + Industry Partner		CA

				Industrial (stability) Pilot Lines (stage 2)		RTO + Industry Partner		CA										Grant (TBD)

				- Stability use-case 1 (PDK)		RTO + Industry Partner		CA

				- Stability use-case 2 (PDK)		RTO + Industry Partner		CA

				- …		RTO + Industry Partner		CA

				- Stability use-case Y (PDK)		RTO + Industry Partner		CA

		DESIGN		Basic design tools (for R&D at low TRL)		Licence acquisition		CA				Virtual design platform

				Advanced design tools (commercial products)		Industry		CA								Toolbox - Public procurement

		COMP.
CENTRES		Quantum Competence centres (Competence Clusters)		MS		CA

				- Training for QT/microelectronics design skills		MS		CA				Coordination with MS

				- Support on design-to-manufacture transition		MS		CA

				- Support on advanced design tools		MS		CA								Coordination with MS



First generation: 20 pre-commercial use-cases (1+ company & 1+ platform) 


Second generation: X pre-commercial use-cases (1+ company & 1+ platform) 


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   


Production & Stabilisation: PDKs, reliable characterization tools (quality assurance)   


First generation: mass/batch production 




FOUNDRIES EU27

		 Fab/Foundry Name      		 Location           		 Ownership          		 Ownership Nationality 		 Activities Description                                         

		 ASML                  		 Veldhoven, NL      		 Public             		 Dutch                  		 Develops photolithography equipment for semiconductor industry  

		 STMicroelectronics    		 Agrate Brianza, IT 		 Public             		 French-Italian         		 Produces a wide range of semiconductor products                

		 GlobalFoundries       		 Dresden, DE         		 Private            		 Global                		 Offers semiconductor manufacturing services                    

		 NXP Semiconductors    		 Nijmegen, NL        		 Public             		 Dutch-American         		 Specializes in high-performance mixed-signal electronics        

		 Infineon Technologies  		 Villach, AT         		 Public             		 German                 		 Produces semiconductors for automotive and industrial sectors   

		 UMC (United Microelectronics Corporation) 		 Crolles, FR 		 Public  		 Taiwanese             		 Provides semiconductor manufacturing services              

		 X-FAB Semiconductor Foundries 		 Erfurt, DE   		 Private   		 Global                		 Specializes in analog/mixed-signal and MEMS technologies         

		 ON Semiconductor      		 Oudenaarde, BE      		 Public             		 American              		 Produces power management and imaging solutions                 

		 STMicroelectronics    		 Tours, FR           		 Public             		 French-Italian         		 Develops and manufactures semiconductor solutions               





DESIGN TOOLS

		Siemens





NQIMembers

		username		title		first name		last name		email		profile		profile title		organisation		postal address

		n00ee4mg				Neil		Abroug		neil.abroug@pm.gouv.fr		NQI Users		Risk Assessment Users		

		n00e7jgj				Antreas		Adamidis		aadamidis@dmrid.gov.cy		NQI Users		Risk Assessment Users		

		nahopaav				Paavo-Petri		AHONEN		paavo-petri.ahonen@gov.fi		NQI Users		Risk Assessment Users		

		nalexaco				Constantia		ALEXANDROU		alexand@ucy.ac.cy		Access		Access		

		nalemica				Monica		ALEXANDRU		monica.alexandru@research.gov.ro		NQI Users		Risk Assessment Users		

		nambaand				Andris		AMBAINIS		andris.ambainis@lu.lv		Access		Access		

		n00bsx3o				Ziyad		Amodjee		ziyad.amodjee@institutoptique.fr		Access		Access		

		nangditr				Dimitris		ANGELAKIS		dimitris.angelakis@gmail.com		Access		Access		

		narevago				Gonzalo		ARÉVALO		garevalo@isciii.es		Access		Access		

		n00d57cv				Stefan		Ataman		stefan.ataman@eli-np.ro		Access		Access		

		nbaticij				Ticijana		BAN		ticijana@ifs.hr		NQI Users		Risk Assessment Users		

		nbanasko				Konrad		BANASZEK		Konrad.Banaszek@fuw.edu.pl		Access		Access		

		n0094bm4				Lene Mandal		Bastholm		lenbas@erst.dk		NQI Users		Risk Assessment Users		

		nbinczar				Artur		BINCZEWSKI		artur@man.poznan.pl		Access		Access		

		n009mei5				Daniele		Binosi		d.binosi@fz-juelich.de		Access		Access		

		nbjerrdi				Ditte		BJERREGAARD		ditbje@um.dk		NQI Users		Risk Assessment Users		

		n00ee9dy				Ana Rosa		Bofill		ana.bofill@economia.gob.es		NQI Users		Risk Assessment Users		

		nboudaja				Jan		BOUDA		bouda@fi.muni.cz		NQI Users		Risk Assessment Users		

		nbuhrmhy				Harry		BUHRMAN		buhrman@cwi.nl		Access		Access		

		n00c9r8p				Tommaso		Calarco		t.calarco@fz-juelich.de		NQI Users		Risk Assessment Users		

		ncalarts				Tommaso		Calarco		tommaso.calarco@gmail.com		NQI Users		Risk Assessment Users		

		n002c37f				Tommaso		Calarco		t.calarco@fz.juelich.de		NQI Users		Risk Assessment Users		

		n007m7f7		Special Advisor		Frederik		Carsten Pedersen		fiks@ufm.dk		Access		Access		Danish Ministry of Higher Education and Research 

		nchmthia				Matthias		CHRISTANDL		christandl@math.ku.dk		Access		Access		

		n008cxq7		dr		Roberto		Cimino		roberto.cimino@mur.gov.it		NQI Users		Risk Assessment Users		MUR

		n00dpod9				Daniel		Conradsen		dancon@erst.dk		NQI Users		Risk Assessment Users		

		ncongnlu				Gianluigi		CONSOLI		gianluigi.consoli@miur.it		NQI Users		Risk Assessment Users		

		n00d0rks				Monica		Constantin		m.constantin@fz-juelich.de		Author		Author		

		n009hlzo				Marta		Cordoba		marta.cordoba@economia.gob.es		Access		Access		

		n00881ys				Aldo		Covello		aldo.covello@mur.gov.it		NQI Users		Risk Assessment Users		

		ncoxcoda				David		COX		david.cox@belspo.be		NQI Users		Risk Assessment Users		

		n0021dv3				Milena		Damyanova		m.damyanova@mon.bg		NQI Users		Risk Assessment Users		

		ndenatpo				Paolo		DE NATALE		paolo.denatale@ino.it		Access		Access		

		nnatalpa				PAOLO		DE NATALE		paolo.denatale@cnr.it		Access		Access		

		ndelsipe				Per		DELSING		per.delsing@chalmers.se		NQI Users		Risk Assessment Users		

		n00cuyhc				Guillaume		Dervaux		guillaume.dervaux@belspo.be		NQI Users		Risk Assessment Users		

		n00boskc				Leon		Diederich		leon.diederich@mesr.etat.lu		NQI Users		Risk Assessment Users		

		diezosc		Mr		Oscar		DIEZ		Oscar.DIEZ@ec.europa.eu		Leader		Leader		DIGIT.C.2.001

		ndipaagi				Panagiotis		DIMITRAKIS		p.dimitrakis@inn.demokritos.gr		Access		Access		

		ndomopet				Peter		DOMOKOS		domokos.peter@wigner.mta.hu		Access		Access		

		dompsfr		Mr		Frederic		DOMPS		Frederic.DOMPS@ec.europa.eu		NQI Users		Risk Assessment Users		GROW.J.1.003

		n00chdtz				Karel		Dumon		karel.dumon@imec.be		Access		Access		

		n00cz4wo				Maria		Egstrand		maregs@erst.dk		Access		Access		

		n002v6tp				Désirée		Ehlers		desiree.ehlers@bmk.gv.at		Access		Access		

		n0037m8p				Johannes		Ejerskov Pedersen		johped@erst.dk		Access		Access		

		n00432rb				Koenraad		Elewaut		k.elewaut@minezk.nl		NQI Users		Risk Assessment Users		

		nfalseve				Severino		Falcon Morales		severino.falcon@aei.gob.es		Access		Access		Agencia Estatal de Investigación

		n00b9sv3				Julia		Feddersen		julia.feddersen@quantumdelta.nl		Access		Access		

		n00ct9qf				Maria		Forciniti		uapoyo1.dgdia@economia.gob.es		Access		Access		

		ngaligad				Adam		GALI		gali.adam@wigner.hu		Access		Access		

		n00781sw				Ezequiel		Garcia		ezequiel.garcia@economia.gob.es		Access		Access		

		ngarcinu				Juan Jose		García Ripoll		jj.garcia.ripoll@csic.es		Access		Access		

		n008q9f5				Juan Jose		Garcia-Ripoll		juanjose.garcia.ripoll@csic.es		Access		Access		

		n00dyslq		Policy Officer International Affairs		Jop		Gerbers		j.gerbers@minezk.nl		NQI Users		Risk Assessment Users		Ministry of Economic Affairs

		n00eo570				Søren		Glensholm		sorgle@erst.dk		NQI Users		Risk Assessment Users		

		n00c47xf				Jozef		Granacka		jozef.granacka@mirri.gov.sk		Access		Access		

		ngrangph				philippe		GRANGIER		philippe.grangier@institutoptique.fr		Author		Author		

		n00d6u5l				Ferdinand		Griesdoorn		ferdinand.griesdoorn@minbuza.nl		NQI Users		Risk Assessment Users		

		ngunesmi				Minna		GUNES		minna.gunes@aalto.fi		Access		Access		

		n00ezc6d				Jhalak		Gupta		j.gupta@minezk.nl		NQI Users		Risk Assessment Users		

		nhansoro				Ronald		HANSON		r.hanson@tudelft.nl		Access		Access		

		n007vctz				Peter		Healy		peter_healy@dfheris.gov.ie		NQI Users		Risk Assessment Users		

		n008ha3n				Freeke		Heijman		freeke.heijman@quantumdelta.nl		Access		Access		

		nhaervma				Magnus		HÄRVIDEN		magnus.harviden@gov.se		NQI Users		Risk Assessment Users		

		v00c5hy4				LUUKAS KRISTJAN		ILVES		luukas.ilves@mkm.ee		NQI Users		Risk Assessment Users		

		n009uva1				Luukas		Ilves		luukas.ilves@mkm.ee		NQI Users		Risk Assessment Users		

		n00bfdp4				Anton		Jelenciak		anton.jelenciak@mirri.gov.sk		NQI Users		Risk Assessment Users		

		njexjeig				Igor		JEX		igor.jex@fjfi.cvut.cz		Access		Access		

		n00etzuy				Aistė		Kairienė		aiste.kairiene@lrv.lt		NQI Users		Risk Assessment Users		

		kalbegu				Gustav		KALBE		Gustav.Kalbe@ec.europa.eu		Author		Author		

		nkashcvy				Vyacheslavs		KASHCHEYEVS		slava@latnet.lv		Access		Access		

		nkavalpe				Petr		KAVALIR		pkavalir@ntc.zcu.cz		NQI Users		Risk Assessment Users		

		n00diq39				Roy		Keesenberg		r.t.h.keesenberg@minezk.nl		NQI Users		Risk Assessment Users		

		nkergero		Dr.		Robert		KERGER		robert.kerger@mesr.etat.lu		NQI Users		Risk Assessment Users		Ministère de l'Enseignement supérieur et de la Recherche

		n0021lm3		Dr.		Claudius		Klein		klein_c@vdi.de		Access		Access		VDI Technologiezentrum

		nkraamsi				Sille		KRAAM		sille.kraam@mkm.ee		NQI Users		Risk Assessment Users		

		n00brkvw				Fabian		Lausen		fabian.lausen@bmbf.bund.de		NQI Users		Risk Assessment Users		

		n007nd60				Jonna		Lehtinen		jonna.lehtinen@gov.fi		NQI Users		Risk Assessment Users		

		lequegi		Mr		Gilles		LEQUEUX		Gilles.Lequeux@ec.europa.eu		NQI Users		Risk Assessment Users		RTD.K.1

		lewisaa				Adam		LEWIS		Adam.LEWIS@ec.europa.eu		NQI Users		Risk Assessment Users		

		n00capjk				Ingrid		Linnas		ingrid.linnas@riks.ee		NQI Users		Risk Assessment Users		

		n00dgzkm				Ella		Loft		elllof@erst.dk		Access		Access		

		lowkath		Ms		Katie		LOW		Katie.LOW@ec.europa.eu		Access		Access		CNECT.D.4.001

		mailpas		Mr		Pascal		MAILLOT		Pascal.MAILLOT@ec.europa.eu		Leader		Leader		CNECT C2

		n006zozr				Sabrina		Maniscalco		sabrina@algorithmiq.fi		Access		Access		

		nmarkmtt				Mattias		MARKLUND		mattias.marklund@chalmers.se		Access		Access		

		n0094yrg				Michele		Mazzola		michele.mazzola@mur.gov.it		NQI Users		Risk Assessment Users		

		nmoojsep		Director		Joseph		Moore		joseph_moore@dfheris.gov.ie		NQI Users		Risk Assessment Users		Department of Further and Higher Education, Research, Innovation and Science

		nmorgasa		EU Funds Manager		Salvatore		MORGAN		salvatore.morgan@gov.mt		NQI Users		Risk Assessment Users		Policy Directorate & Implementation 

		n009jgt8				Martti		Myllylä		martti.myllyla@gov.fi		NQI Users		Risk Assessment Users		

		n00eclv9				Wolfgang		Müssel		wolfgang.muessel@bmbf.bund.de		NQI Users		Risk Assessment Users		

		nneslami				Milos		NESLADEK		milos.nesladek@uhasselt.be		Access		Access		

		nnounege				George		NOUNESIS		nounesis@rrp.demokritos.gr		NQI Users		Risk Assessment Users		

		olislla		Mr		Laurent		OLISLAGER		Laurent.OLISLAGER@ec.europa.eu		Leader		Leader		GROW.R.3

		nomyasse				Yasser		OMAR		yasser.omar@tecnico.ulisboa.pt		Leader		Leader		

		n00248k9				Janis		Paiders		janis.paiders@izm.gov.lv		NQI Users		Risk Assessment Users		

		npajntra				Radovan		PAJNTAR		radovan.pajntar@gov.si		NQI Users		Risk Assessment Users		

		n00ehwdm		Chief Specialist		Teija		Palko		teija.palko@gov.fi		NQI Users		Risk Assessment Users		Ministry of Economic Affairs and Employment, Finland

		n00eudrq				Tadas		Paulauskas		tadas.paulauskas@ftmc.lt		Access		Access		

		npavelle		Mrs		Letitia		PAVELESCU		letitia.pavelescu@mcid.gov.ro		NQI Users		Risk Assessment Users		Ministry of Education and Research

		npekojuk				Jukka		PEKOLA		jukka.pekola@aalto.fi		Access		Access		

		n007onx3				Tobias		Pichard Christensen		topich@em.dk		NQI Users		Risk Assessment Users		

		n00biux7				PQI		Portuguese Quantum Institute		admin@pqi.pt		Leader		Leader		

		ritmark		Mr		Markus		RITTER		Markus.RITTER@ec.europa.eu		Leader		Leader		CNECT.C.2.002

		n008h9mm		Director Industry & Digital Infrastructure		Jesse		Robbers		jesse.robbers@quantumdelta.nl		Author		Author		Quantum Delta NL / TNO

		nrudnilu				Łukasz		RUDNICKI		lukasz.rudnicki@ug.edu.pl		Access		Access		

		n002nnvf				Piotr		Rutkowski		piotr.rutkowski2@cyfra.gov.pl		NQI Users		Risk Assessment Users		

		n002qa4j				Trevor		Sammut		trevor.sammut@mdia.gov.mt		NQI Users		Risk Assessment Users		

		n00ac8nw				Francisco		Santos		francisco.santos@fct.pt		NQI Users		Risk Assessment Users		

		n002uuwl				Thomas		Schmidt		thomas.schmidt@uni.lu		Access		Access		

		nschmijg				joerg		SCHMIEDMAYER		schmiedmayer@atomchip.org		Access		Access		

		n002qwox				Bioern		Schulte		bjoern.schulte@bmbf.bund.de		Author		Author		

		n00e4hpj				Marie		Scoazec		marie.scoazec@dgtresor.gouv.fr		NQI Users		Risk Assessment Users		

		nsejquin				Joaquín Ángel		SERRANO AGEJAS		joaquin.serrano@aei.gob.es		NQI Users		Risk Assessment Users		AGENCIA ESTATAL DE INVESTIGACIÓN

		nsilauma				Lauma		SIKA		lauma.sika@mfa.gov.lv		NQI Users		Risk Assessment Users		

		n00ae3wx				Jaqueline		Silva		jaqueline.silva@pqi.pt		NQI Users		Risk Assessment Users		

		nskenzst				Staša		SKENŽIĆ		stasa.skenzic@mzo.hr		NQI Users		Risk Assessment Users		

		n007imo9				petra		smits		p.j.m.smits@minezk.nl		Access		Access		

		nsoldpet				Peter		SOLDAN		soldan@vdi.de		Access		Access		

		n002k6p8				Dmitrijs		Stepanovs		dmitrijs.stepanovs@izm.gov.lv		Access		Access		

		n00902b6				Enrique		Sánchez-Bautista		e.sanchez@fz-juelich.de		Author		Author		

		nsiklaum				Lauma		SĪKA		lauma.sika@izm.gov.lv		Access		Access		

		tanasdo		Mr		Doru		TANASA		Doru.TANASA@ec.europa.eu		Leader		Leader		DIGIT.C.2.002

		n008o72d				Dirk Oliver		Theis		dirk.theis@ut.ee		Access		Access		

		tramart		Mr		Martino		TRAVAGNIN		Martino.TRAVAGNIN@ext.ec.europa.eu		NQI Users		Risk Assessment Users		JRC.E.2

		trefzch		Mr		Christian		TREFZGER		Christian.TREFZGER@ec.europa.eu		Leader		Leader		CNECT.C.2

		n0044zmi				Stavros		Tsiakkouris		stsiakkouris@dmrid.gov.cy		NQI Users		Risk Assessment Users		

		n00bd8jm				Aigar		Vaigu		aigar.vaigu@metrosert.ee		NQI Users		Risk Assessment Users		

		n003wgvw				Jiri		Vala		jiri.vala@mu.ie		Access		Access		

		n00ewlaz				Erik		van de Burgwal		h.c.vandeburgwal@minezk.nl		NQI Users		Risk Assessment Users		

		n007r8t2				Geert		Van Grootel		geert.vangrootel@vlaanderen.be		Access		Access		

		nbenescj		Scientific Coordinator WACQT		Johan		VEIGA BENESCH		johan.benesch@chalmers.se		Access		Access		Chalmers University of Technology

		nvitanni				Nikolay		VITANOV		vitanov@phys.uni-sofia.bg		Access		Access		

		n005ar68				Viorel		VULTURESCU		viorel.vulturescu@research.gov.ro		NQI Users		Risk Assessment Users		

		nweihsgr				Gregor		WEIHS		gregor.weihs@uibk.ac.at		Access		Access		

		n00240gf				Barbara		Weitgruber		barbara.weitgruber@bmbwf.gv.at		NQI Users		Risk Assessment Users		

		nwendigo				Goeran		WENDIN		goran.wendin@chalmers.se		Access		Access		

		nweselda		Dr.		Daniel		WESELKA		daniel.weselka@bmbwf.gv.at		NQI Users		Risk Assessment Users		BMBWF

		n00284ue				Petra		Wolff		petra.wolff@bmbf.bund.de		NQI Users		Risk Assessment Users		

		nxuerand		Prof.		André		XUEREB		andre.xuereb@um.edu.mt		NQI Users		Risk Assessment Users		University of Malta

		n002qw99				Liviu		Zarbo		liviu.zarbo@itim-cj.ro		Access		Access		

		nzimamri				Mario		ZIMAN		mario.ziman@savba.sk		Access		Access		

		nzitkoro				Rok		ZITKO		rok.zitko@ijs.si		NQI Users		Risk Assessment Users		

		n00aq1nc				Rimantas		Zylius		rzylius@gmail.com		NQI Users		Risk Assessment Users		

		n00d9lq2				Adam		Ónodi-Szabó		adam.onodi-szabo@kim.gov.hu		NQI Users		Risk Assessment Users		

		n005bbk5				Rimantas		Žylius		rimantas.zylius@lrv.lt		NQI Users		Risk Assessment Users		
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Quantum Computing and Simulation

Continue funding, diversifying and deploying
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1
4

Superconducting

Neutral Atoms

Trapped Ions

Photonics (PICs)

Spins /Quantum Dots 

NV Centers

QU-PIC, QLASS

SPINUS

QLSI2

Quantum Computing in the EU Now

https://www.google.com/imgres?imgurl=https%3A%2F%2Fxeedq.com%2Fwp-content%2Fuploads%2F2021%2F12%2Flogo_top.png&tbnid=X-hPq5Kc-qV5eM&vet=12ahUKEwjGkJXXzfCBAxUoiv0HHaOHDMMQMygCegQIARA0..i&imgrefurl=https%3A%2F%2Fxeedq.com%2Fimpressum%2F&docid=kExpKGKR7Gp2nM&w=668&h=508&q=xeedq&client=firefox-b-e&ved=2ahUKEwjGkJXXzfCBAxUoiv0HHaOHDMMQMygCegQIARA0
https://www.google.com/imgres?imgurl=https%3A%2F%2Fsaxonq.com%2Fimg%2Flogos%2FSaxonQ_logo_clean.png&tbnid=gKPI8nXA_zLDoM&vet=12ahUKEwjTt4jdzfCBAxUQnf0HHYKHBAUQMygDegQIARBX..i&imgrefurl=https%3A%2F%2Fsaxonq.com%2F&docid=-n4l6DxAvFVegM&w=1020&h=307&q=saxonq&client=firefox-b-e&ved=2ahUKEwjTt4jdzfCBAxUQnf0HHYKHBAUQMygDegQIARBX
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Hardware 
connection 

between classical 
supercomputers 

and quantum 
computers

Use the quantum 
computer as an 

accelerator 
for the 

supercomputer

Develop a 
software platform 

for seamless 
programming of 

the hybrid 
system

Test and validate 
hybridisation in 
key applications

Priority use cases
• Climate modelling
• New materials 

(batteries)
• Drug simulation

6

EuroHPC Quantum Computer
Hosting Site

EuroQCS-Spain
BSC, Barcelona (ES)

EuroQCS-France
GENCI, Paris (FR)

Euro-Q-Exa
LRZ, Munich (DE)

EuroQCS-Italy
CINECA, Bologna (IT)

EuroQCS-Poland
PSNC, Poznan (PL)

LUMI-Q
IT4I, Ostrava (CZ)

2019 & 2020 2021 2022 2023 2024 2025 2026 2027

HPC Infrastructure
pre-exascale + 
petascale HPC 

systems

Several petascale, pre-exascale systems 
and exascale HPC systems

exascale and post-exascale 
HPC systems

Quantum 
Infrastructure

quantum
simulators

interfacing with 
HPC systems

1st generation of quantum computers + 
quantum simulators interfacing with HPC 

systems

2nd generation of quantum 
computers + quantum 

simulators 

Interfacing Quantum Computers with HPC

EuroHPC EuroQCS
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EuroHPC QC
Hosting Sites

EuroQCS-Spain
BSC, Barcelona (ES)

EuroQCS-France
Joliot-Curie
GENCI, Paris (FR)

EuroQCS-Italy
CINECA, Bologna (IT)

EuroQCS-Poland
PSNC, Poznan (PL)

LUMI-Q
IT4I, Ostrava (CZ)

Euro-Q-Exa
LRZ, Munich (DE)

Quantum Sim.
(HPCQS) 

• 2 Quantum Simulators  (100+ Qubits)

• Jülich: Jewels – PASQAL QS  (Germany)
• GENCI: Joliot-Curie – PASQAL QS (France)

• 6 Selected Hosting “Entities” (Consortia of 30 participating 
countries)

• Euro-Q-Exa, superconducting Qubits (DE)
• LUMI-Q, superconducting Qubits  (CZ)
• EuroQCS-Spain, superconducting Qubits (ES)
• EuroQCS-Italy, neutral atom Qubits  (IT) 
• EuroQCS-Poland, trapped ion Qubits (PL)
• EuroQCS-France, photonic Qubits (FR)

• Total investment > 140 Million EUR

ⴕ

*

Jewels
FZJ, Jülich (DE)

*) Analogue Quantum Simulator  ⴕ) Analogue Quantum Annealer 

*

 Both systems will be delivered in January 2024

EuroHPC QCS Infrastructure
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● Quantum computers could perform 
certain calculations much faster or with 
more precision than classical 
computers due to their parallel 
processing capabilities.

● Use less energy for certain 
computations because they reduce the 
need for multiple iterations of an 
algorithm, unlike classical computers 
that might need billions of cycles for the 
same task.

17

QC in Supercomputer Centres
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in quantum computing and simulation 
applications, for science and industry to:
1. Accelerate discovery of new quantum-

oriented applications and fostering of 
their knowledge and uptake

2. Develop technology-agnostic quantum 
applications for end-users

3. Integrate quantum/classical 
applications

European Quantum Excellence Centres (QECs) in 
applications for science and industry - European 
Commission (europa.eu)

Quantum excellence centres 
Applications (QC/QS) for science and industry

QECQEC European Quantum Excellence Centres

https://eurohpc-ju.europa.eu/european-quantum-excellence-centres-qecs-applications-science-and-industry_en
https://eurohpc-ju.europa.eu/european-quantum-excellence-centres-qecs-applications-science-and-industry_en
https://eurohpc-ju.europa.eu/european-quantum-excellence-centres-qecs-applications-science-and-industry_en
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Quantum Declaration
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Technolog
y 
roadmap

Basic 
Researc
h

Quantum 
Internet

Terrestrial & 
Space 

Infrastructure
s

Industrializatio
n (Quantum 
chips)

Supply 
Chain 
Independenc
e

Quantum 
Fund for EU

Entrepreneurshi
p

Talent 
Skills

Internationa
l 
Cooperatio
n

Standardizatio
n

Synergies 
with 

Member 
States

Governanc
e

Leadership in 
Quantum 
Technology

Leadership in 
Quantum Ecosystem

Enablers

Coordination and Governance

The EU Strategy
… to make Europe the quantum valley of the world
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Benchmarking Quantum Computing and 
Simulation

EU Perspective
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QC Benchmarking Why is crucial?

Aspect Description Current Challenges Helps on Examples

Performance Evaluation

Provides objective metrics for comparing 
quantum hardware and algorithms. 
Validates claims of quantum advantage 
through standardized measurements.

Developing universally accepted 
benchmarks, variability in results 
due to different quantum hardware

Objective comparison, 
guiding improvements

IBM Quantum Volume, Quantum 
LINPACK, Atos, QuTech, Compare to 
existing systems

Progress Tracking Tracks technological advancements 
and encourages continuous improvement.

Continuous advancements 
needed to maintain progress, high 
costs of development

Identifies technological 
milestones, fosters 
innovation

Improvements in qubit fidelity, 
coherence time advancements, 
progress in Q Flagship projects

Resource Allocation Guides investments and prioritizes 
research based on benchmark outcomes.

Efficient allocation of funds, 
ensuring promising technologies 
are not overlooked

Informed investment 
decisions, prioritization of 
impactful research

Investments in QC technologies via 
European Quantum Flagship

Standardization and 
Interoperability

Promotes consistent and reliable 
performance measurements. Ensures 
compatibility across systems.

Lack of universal standards, 
varying technical specifications 
across different systems

Consistency in evaluation, 
interoperability between 
different systems

IEEE standards for quantum computing, 
Quantum Flagship initiatives, EU 
Standardisation efforts, ETSI

Market and Industry 
Development Assesses commercial readiness and 

facilitates industry collaboration.

Balancing innovation with 
commercial viability, scaling up 
production

Encourages market growth, 
promotes industry 
collaboration

Commercial readiness assessments by 
firms like IQM and Pasqal. 
Procurement via EuroHPC JU

Technical Insights Evaluates algorithm efficiency and 
identifies advancements in error 
correction.

Complexity in developing efficient 
quantum algorithms, high error 
rates

Guides software and 
hardware co-design, 
improves algorithm 
performance

Evaluation of VQE for chemistry by 
Jülich, QAOA for optimization by 
European research consortia

Policy and Strategic 
Planning

Informs policy decisions with data-
driven insights and aids strategic 
roadmaps for quantum initiatives.

Ensuring policy keeps pace with 
technological advances, aligning 
with international standards

Data-driven policy making, 
strategic alignment of 
resources

European Quantum Flagship's SRIA, 
EU Chips Act integration, EuroHPC JU 
procurement QC
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Speed

by solving specific 
problems faster, 
leveraging superposition 
and entanglement, as 
seen with Shor’s 
algorithm for factorization 
and Grover’s algorithm 
for searches. 

Energy Efficient

by performing large-scale 
computations more 
energy-efficiently, with 
quantum annealing 
reducing the energy 
footprint compared to 
classical methods, 
benefiting data centers.

Precision

by offering higher 
precision in simulations, 
enhancing fields like 
materials science and 
pharmaceuticals, evident 
in accurate molecular 
modeling and linear 
equation solutions.

QC vs Classical Targeted Quantum Advantage?

Scalability

measures how quantum 
systems maintain 
efficiency as they grow, 
crucial for benchmarking 
their potential in real-
world applications. 
Effective scalability 
supports larger datasets 
and complex 
computations
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● Develop consistent and reliable 
performance evaluation standards.

● Create benchmarks for objective 
comparisons of different systems.

● Use benchmarks to identify and 
address system bottlenecks.

● Establish clear performance metrics 
to guide investments and market 
development.

● Foster international collaboration 
and competition through 
standardized benchmarks.

● Ensure benchmarks are applicable 
to a wide range of use cases.

● Continuously update benchmarks 
to keep pace with technological 
advancements.

24

HPC vs QC Benchmarking

Aspect
High-Performance Computing 

(HPC) Quantum Computing (QC)

Objective
Measure performance of parallel 
computing systems.

Measure performance of quantum 
processors and algorithms.

Key Metrics
FLOPS (Floating-point operations 
per second), bandwidth, latency.

Qubits, quantum volume, gate fidelity, 
coherence time.

Common 
Benchmarks

LINPACK, HPCG (High Performance 
Conjugate Gradients).

Quantum Volume, Q-score, random 
circuit sampling, quantum supremacy 
tests.

Challenges
Scalability, energy efficiency, 
communication overhead.

Error rates, qubit connectivity, quantum 
decoherence.

Focus
Maximizing computational speed and 
efficiency.

Achieving and proving quantum 
advantage, error correction.

Standardization
Well-established standards and 
benchmarks.

Still developing, with diverse 
approaches and metrics.

Hardware 
Dependency

Comparatively low (more 
standardized hardware).

High (due to different types of 
quantum computers).

Use Cases
Weather simulation, astrophysics, 
bioinformatics.

Quantum chemistry, optimization 
problems, cryptography.

Community 
Involvement

Broad involvement from academia, 
industry, and government.

Increasingly broad but currently more 
concentrated in academia and specific 
industry labs.

Tooling and Software
Mature tools for performance 
analysis and optimization.

Emerging tools, often specific to 
platforms like Qiskit, Cirq, etc.
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App/Algorithmic Benchmarks
● Quantum Speedup by comparing 

classical and quantum algorithms
● Specific Algorithms like  Shor’s 

algorithm, Grover’s algorithm, etc.

Hardware/System  Benchmarks
● Qubit Count
● Fidelity, error rates, coherence times
● Gate Speed

25

Types of QC Benchmarks

BCG, https://www.bcg.com/publications/2022/value-of-quantum-computing-benchmarks, FEBRUARY 23, 2022

https://www.bcg.com/publications/2022/value-of-quantum-computing-benchmarks
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● Different National and 
Industry benchmarks

● Focuses on practical 
applications in industry and 
academia.

● Features methodologies for 
error correction and noise 
resilience.

● Includes real-world testing 
for algorithm efficiency.

● Helps companies evaluate 
quantum readiness.

● Plans to expand 
benchmarks to include 
diverse quantum models.

26

Some EU QC Benchmarks
Origin Benchmarks Basis Consortium

Germany BenchQC

- Quantum machine learning, Physics 
simulation, combinatorial optimization

- Evaluation of both the classical and 
quantum parts of the computing.

BMW Group, ML Reply, 
Optware Quantinum, 

Fraunhofer Inst. (IKS, IIS)

France BACQ

- Optimization, linear system solving, 
quantum physics simulation, prime 

factorization

- Aggregation and analysis of multiple 
metrics (computational and energetic)

LNE, Thales, CEA, CNRS, 
EVIDEN (ATOS), Teratec

The Netherlands TNO project - Q-Score methodology extension 
(hardware and applications) TNO

The Netherlands QPack

- Quantum Approximate Optimization 
Algorithm (QAOA) and Variational quantum 

eigensolver (VQE)

 - Aggregation of multiple metrics.

TUDelft

EVIDEN Q-Score
- Single score for the effectiveness of 
solving standard problems (MAXCUT 

optimization problem)
EVIDEN (ATOS)

Europe Qu-Test

- Supporting open testing and 
experimentation for quantum technologies 

in Europe.

- Establishing measurement capabilities for 
characterization and testing.

- Developing harmonized measurement 
protocols for agreed key characteristics.

12 RTOs and National 
Metrology Institutes from 

NL, FI, BE, DE, AT, FR, IT 
and 12 industrial 

companies
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QC Benchmarking Developing Benchmarks

● Toolkit (Catalogue) Benchmarking Model
○ Combines holistic and component-specific metrics to choose as needed. 
○ From Applications, Algorithms, System level or Hardware

● Standardization of Metrics
○ Common metrics and methodologies
○ Unifies efforts, aligns strategies

● Inclusivity of Emerging Technologies (Evolving)
○ Flexible criteria for new technologies and HPC/QC integration

● Sustainable & Energy Efficient Benchmarks
○ Reflects global emphasis on sustainability

● Industry & Academic Collaboration
○ Encouraging joint industry-academic partnerships 
○ Ensures robust, applicable, industry-relevant benchmarks
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QC Benchmarking Catalogue/Sets

Catalogue (living DB) of current benchmarks that 
can be consulted online, filter by criteria:

○ Level (application, system, hardware)
○ Only quantum/HPC integrated
○ Use cases (material science, finance optimization…)
○ Technologies (Agnostic, trapped ions, superconducting,…)
○ Responsible of the benchmark 
○ Code (link to github) and how to run it (or adapt it)

Benchmark Sets (Suites)
○ Select a set of predefine benchmarks/metrics based on the 

requirements from the user

User-Friendly 
Benchmark 
Selection
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QC Benchmarking Toolkit/Catalogue

Benchmark Nameg Level Only 
quantum/HPC 

integrated

Use cases Technologies Responsible of the 
benchmark

Code (link to 
github) and how to 
run it (or adapt it)

Benchmark Set

Benchmark 1 application Only quantum finance optimization photonic Atos (EU) link Financial Portfolio 
Optimization

Benchmark 2 system HPC integrated logistics optimization topological Rigetti link Logistics and Supply 
Chain Management

Benchmark 3 hardware Only quantum climate modeling neutral atoms Pasqal (EU) link Climate Modeling
Benchmark 4 application HPC integrated pharmaceuticals color-center Oxford Quantum Circuits 

(EU)
link Pharmaceutical 

Development
Benchmark 5 application HPC integrated quantum machine learning, 

physics simulation, 
combinatorial optimization

Agnostic BMW Group, ML Reply, 
Optware Quantum, 
Fraunhofer Inst. (IKS, IIS)

link Quantum Machine 
Learning

Benchmark 6 system Only quantum optimization, linear system 
solving, quantum physics 
simulation, prime factorization

Agnostic LNE, Thales, CEA, CNRS, 
EVIDEN (ATOS), Teratec

link Linear System Solving

Benchmark 6 hardware HPC integrated hardware and applications Agnostic TNO link Hardware and 
Applications

Benchmark 7 application HPC integrated Quantum Approximate 
Optimization Algorithm (QAOA), 
Variational Quantum 
Eigensolver (VQE)

trapped ions TUDelft link Quantum Optimization

Benchmark 8 system Only quantum solving standard problems 
(MAXCUT optimization 
problem)

Agnostic EVIDEN (ATOS) link Standard Problem 
Solving

https://github.com/Atos/QuESTFinance
https://github.com/Rigetti/DWaveOcean
https://github.com/Pasqal/ProjectQClimate
https://github.com/OQC/PennyLanePharma
https://github.com/BenchQC
https://github.com/BACQ
https://github.com/TNO/project
https://github.com/TUDelft/QPack
https://github.com/EVIDEN/Q-Score
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QC Benchmarking What Europe should do?
Establish a Coordination Forum: Create a single forum to unify various European 
benchmarking initiatives, facilitating collaboration and consistency. 

Promote Exchange and Collaboration: Encourage interaction between 
standardization and benchmarking activities to harmonize efforts EU and internationally.

Define a Support Programme: Develop an EU-level program to support R&D with a 
cross-disciplinary approach, involving both academia and industry.

Fund and Support Infrastructure: Allocate funding and resources to build the necessary 
infrastructure for comprehensive benchmarking efforts.

Facilitate Access to Quantum Machines: Use EuroHPC to provide researchers access 
to quantum computers for benchmark development and testing, ensuring the creation of 
quantitative and objective benchmarks.

Encourage Public-Private Partnerships: Foster partnerships between public institutions 
and private companies to drive innovation and practical applications of benchmarks. 
Facilitate Co-desing (Apps/Users - HW)

Regular Review and Updates: Implement a system for the regular review and updating 
of benchmarks to keep pace with evolving technological advancements.
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EQTC 2024
Lisbon 18 -20 November

Highlights from EQTC 2023 | LinkedIn

https://www.linkedin.com/pulse/highlights-from-eqtc-2023-silvia-marigonda-yuzye/


Thank you
more info in qt.eu

© European Union 2023

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are 
not owned by the EU, permission may need to be sought directly from the respective right holders.

https://creativecommons.org/licenses/by/4.0/
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Types QC Benchmarks Low level
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Types QC Benchmarks Application level
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Types QC Benchmarks Other benchmarks
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Applications where Quantum Technologies could offer Advantages

Quantum Computing: 

Drug discovery through 
molecular modeling, 
optimization problems in 
logistics and manufacturing, 
and cryptography.

Integrate quantum computers 
with classical computing 
systems like HPC 
supercomputers

Quantum Communication: 

Secure communication 
channels based on quantum 
key distribution (QKD)
technologies, offering superior 
security against potential cyber 
threats. New services with 
Quantum Internet.

Quantum Sensing and 
Metrology: 

Enhanced precision in 
sensors for applications 
ranging from magnetic field 
detection to gravimeters, 
enabling advancements in 
areas such as navigation, 
medical imaging, and 
geological exploration.


	Quantum Technologies EC� & Benchmarking June 2024
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Quantum Sensing Deployment
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	The EU Strategy… to make Europe the quantum valley of the world
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Thank you�more info in qt.eu
	Backup Slides
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Applications where Quantum Technologies could offer Advantages

