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Quantum Mechanics
Qubit is a quantum two-state system e.g. photon polarization

Superposition objects exist in many states at the same time
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Measurement if you observe a qubit, it collapses into |
one of the two states |0) or |1) with the ﬂfcnﬂ;fi'SEP;ZTjes

outcome a 0 or 1 classical bit ) f
Entanglement measuring the state of one qubit \ B
influences the state of the other qubit polartzing
beamsplitter

Superconducting Nanowire
Single-Photon Detector

Quantum Devices

Single photon sources
Entangled photon pair sources
Single photon detectors

Musiat Adv. Quantum Technol. 3 2000018 (2020) Kelley NIST(2021)
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: Quantum Quantum Sensing &
Quantum Computing Communications Metrology
: /P o &

LOCATION OF INVESTMENTS 2012-18

Investment

1QBit
35 D-Wave Systems

* Global effort $24.4 Bn N i i
« China $10 Bn o @ .

1 .
3 ID Quantique
b U S $ 1 . 2 B n Rigetti 75 / Silicon Quantum

120 China is heavily - Computing*
* Germany $3 1 Bn commercializing quantum 65
technologies including
* France $2 2 Bn secure communications.

But information on private

« EU Quantum Flagship $1.1 Bn funding dels s scace:

those disclosed tend not
to report amounts.

QUERCA Ltd. (2021) Gibney Nature 574 22 (2019)
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Europe: a fertile quantum ecosystem Dublin ——— June 20-23, 2022

4

Long and decorated history in quantum research.

5020 BOD

Wide network of world-leading universities & research
organisations.

Skills, know-how: a diverse & qualified workforce.

Broad & reliable industrial base of enabling tech. .38

Strong and committed government support for the
European quantum industry.
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Leading standardisation organisations and a
demonstrated committed to quality technology.

&

7
I....

QulC: the integration of these key
ingredients to achieve the maximum
commercial success of the pan-
European quantum Industry

90 L
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Non-for-profit association established in 2021 by several major business actors
- large enterprises, SMEs, startups, investors - from across Europe.

QuiC is the voice of the European Quantum Technology (QT) industry

Our aim is to enhance the pan-European industry competitiveness in
gquantum technologies on the global scale.

QuIC operates as a collaborative hub throughout Europe to build a strong,
vibrant ecosystem between SMEs, large corporations, investors, and leading

researchers.
'I:T

\

3 ’% European Quantum
Industry Consortium
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Member type Full Associate Total
Large 24 10 34
Enterprise

SME 65 25 90
Academic 28 28
Research, RTO

Association 8 8
Total 89 71 160

(Members as of 31 May 2022)
¢ L‘T;.
3 2VIC

\ European Quantum
' Industry Consortium
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Part of the largest and most influential industry voice on
guantum technologies in Europe

Influencing the Strategic Industry Roadmap on quantum
technologies

Informing policies and strategic orientations of European
countries in the area of quantum technologies

Networking and partnering with industrial and research
partners in the pan-European QT Value Chain
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Quantum Technologies

Research & innovation
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photonics & sensing - June 20-23, 2022

Quantum Research:
Nanoplasmonics as Enabler of Quantum Photonics and Quantum Sensing

at Room Temperature

Ortwin Hess

School of Physics and CRANN Institute The Blackett Laboratory
Trinity College Dublin Imperial College London

. London, UK
Dublin 2, Ireland T Sfl eneen EPSRC

Foundation . .
Ireland For what's next Pioneering research
and skills

@% W Trinity College Dublin

Colaiste na Trionoéide, Baile Atha Cliath

https://www.tcd.ie/Physics/research/groups/quantum-nanophotonics/
The University of Dublin
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Solvey Conference on Electrons and Photons (1927)  pubiin June 20-23, 2022

[Wikipedia]
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Quantum Computing Dublin ——— June 20-23, 2022

» " C @) Youraccount A Home News Sport Weather iPlaye
BB (®) Your account A News Sport Weather iPlayer Sounds agE o

| NEws
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Home | Coronavirus | Climate | UK | World | Business | Politics | Tech | Science | Health | Family & Eq
Home UK @ World Business Politcs Tech @ Science = Health = Family & Education

Science & Environment

Science & Environment IBM claims advance in quantum

THE IRISH TIME; computing

Google claims 'quantum st

Science editor, BBC News website

computer NEWS  SPORT | BUSINESS & OPINION LIF "

By Paul Rincon

Technology > Howto... | Data Privacy | Tech Tools
Science editor, BEC News website

@ 23 October 2019 | B f

Google unveils computer wit]
supremacy’, rivals say wait a

Tech giant flags advancements in Al, chemistry

© Wed, Oct 23, 2019, 20:49

Eagle is the first IBM processor to surpass 100 qubits

IBM has unveiled an advanced "quantum" processor that is part of an effort
to build super-fast computers.

Google chief executive Sundar Pichai with one of the company’s quantum computers. Photograph: AFP (from
Google handout)
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Quantum system Physical property 10> 11>
Nucleus Spin Up Down
Electron Spin Up Down

Two-level system

Excitation state

Ground state

Excited state

Photon Linear polarization Horizontal Vertical

Photon Circular polarization Left Right

Josephson junction Electric charge N Cooper pairs N+1 Cooper pairs
{‘transmon’)

Superconducting loop | Magnetic flux Up Down
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Quantum system Physical property 10> 11>

Nucleus Spin Up Down

Electron Spin Up Down

Two-level system Excitation state Ground state Excited state
Photon Linear polarization Horizontal Vertical

Photon Circular polarization Left Right

Josephson junction Electric charge N Cooper pairs N+1 Cooper pairs
Superconducting loop | Magnetic flux Up Down
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Quantum Nanophotonics . Week

Single-Molecule Strong Coupling at Room-Temperature
June 20-23, 2022
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R Chikkaraddi, ... O Hess, JJ Baumberg, Nature 535,127 (2016)
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Strong Coupling

Cavities



Strong Coupling CTWeek

Cavities Dublin June 20-23, 2022

vV, = (A/n)3 single emitter
. weak coupling
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Quantum Dot Emitters Dublin June 20-23, 2022

H Grof3, JM Hamm, T Tuffarelli, O Hess and B Hecht, Science Adv. 2018;4:eaar4906 (2018)



Nanoplasmonic Quantum Networks CTWeek

Ultrafast Multipartite Quantum Entanglement Dublin June 20-23, 2022

Absorption
NFT
Purcell Enhancement
e Scattering
Plasmonically-Coupled

QDs

Si

F Bello, N Kongsuwan, and O Hess,
Nano Letters 22,2801 (2022)
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Ultrafast Dynamic Bi-Partite Entanglement Dublin June 20-23, 2022
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F Bello, N Kongsuwan, JF Donegan and O Hess,
Nano Letters 20,5830 (2020)



Nanoplasmonic Quantum Networks OTWeek

Ultrafast Multipartite Quantum Entanglement Dublin June 20-23, 2022

7

Plasmonically-Coupled
QDs

F Bello, N Kongsuwan, and O Hess,
Nano Letters 22,2801 (2022)



Ultrafast Multipartite Quantum Entanglement CTWeek

Fidelity of Greenberger-Horn-Zeilinger (GHZ) State Dublin June 20-23, 2022

For three quantum emitters:
Greenberger-Horne-Zeilinger (GHZ5) state: (|000) + |111))/v2

Fidelity: 12(p;; + pgg + C) with C = 2|pg|

| 1\ Signal envelopes with ultrafast
0.9 oscillations of tripartite entangled Si-based QDs
rd .
08 o - Multilayered Graphene QDs |
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F Bello, N Kongsuwan, and O Hess,
Nano Letters 22,2801 (2022)



Quantum Light Single Photon Transistor 01 Week

Dicke-Enhanced Single-Emitter Strong Coupling at Ambient Conditions
as a Quantum Resource

Dublin June 20-23, 2022

Quantum Light Single Photon Transistor

i QUANTERA



Quantum Plasmonic Immunoassay Sensing O1 week

Sensing: Plasmonic Immunoassay Dublin June 20-23, 2022

Room-Temperature Plasmonic Immunoassay
Single-Molecule Strong-coupling
in Nanoplasmonic Cavities

+ Antigen : !
Y Antibody i I i )
® Label i 10, : =108
'\\ -------- : )
1 nm ) f
200m Ay L0 Al x
\ : ’ i \

Nature 535, 127 (2016) d n=1.46
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Sensing: Plasmonic Immunoassay Dublin June 20-23, 2022

Room-Temperature
Single-Molecule Strong-coupling
in Nanoplasmonic Cavities

Nature 535,127 (2016)




Quantum Plasmonic Immunoassay Sensing COTWeek

Plasmonic Immunoassay — Strong Coupling Dublin June 20-23, 2022

—— Empty dimer
16- Label-free
--=-- Dielectric-label
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Quantum Plasmonic Immunoassay Sensing . week

Quantum Emitter Ensembles Dublin June 20-23, 2022




Quantum Plasmonic Immunoassay Sensing € . WQek

Quantum Emitter Ensembles Dublin June 20-23, 2022
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N Konsuwan, X Xiong, P Bai, J-B You, CE Png, L Wu and O Hess,
Nano Lett19, 5853 (2019)



Ultrafast Quantum Sensing . week

Electron Beam Interrogation and Control Dublin June 20-23, 2022
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A Crai, A Demetriadou and O Hess,
ACS Photonics 7, 401 (2020)
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Nanoplasmonic ‘Hot-Spot’ Control Dublin June 20-23, 2022

Xiao Xiong, ... and Ortwin Hess, Advanced Optical Materials (2022)



Room-Temperature Quantum Nanophotonics . WQek

enabled by Nanoplasmonics Dublin June 20-23, 2022

plasmonic nano-confinement
room-temperature quantum dynamics
dynamic bipartite quantum entanglement
ultrafast multipartite quantum entanglement
quantum light optical trannsistor

Quantum Sensing
- nanoplasmonic structured surface
- room-temperature quantum plasmonic
immunoassay
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Integrated Photonics for Quantum
Technologies

Prof. Peter O’Brien
Head of Group (Photonic Packaging & Systems Integration)

Tyndall Institute,

University College Cork, Ireland.
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for Quantum Technologies
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Silicon Photonic Device
(MIT & Tyndall)

/



Large Investments OTWeek

in Manufacturing Dublin June 20-23, 2022
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Packaging & Systems Integration OTWeek

Challenges Dublin June 20-23, 2022

Photonic Integrated Circuit
(PIC)

Fibre Optics
Mechanical Package

Micro Optics

Thermal Management —
Source Integration

Electrical Packaging Electronic Integration



Packaging & Systems Integration OTWeek
at Tyndall Institute ublin June 20-23, 2022

~ rackaging
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From Design
to Integrated Systems
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Combined







From Advanced Prototypes OTWeek

to Pilot Scale Manufacturing | June 20-23, 2022

Photenic Packaging
Pilot Line

:.. PIXAPP

*

Gateway, Tyndall e
Cork, Ireland ey

Hermetic & Non-Hermetic
Packages

Optical Fibre Arrays

Micro Optics

Electronics
Photonic Wirebonds

Lasers

Thermal Management
& Microfluidics

European

—— Funded by the European Commission




Integrated Photonic OCTWeek
Design Standardisation Dublin June 20-23, 2022

€ Tyndall

T T TTFrrTT T

' —

Design Rules for Silicon
Photonic Packaging at
Tyndall Institute




Quantum Photonic OTWeek

Design Standardisation Dublin June 20-23, 2022

Electrical Connections

B Massachusetts
I I Institute of

Technology

Tynd all Optical Inputs

y

Optical Outputs




Quantum Photonic OTWeek
System Engineering Dublin

June 20-23, 2022

Si-PIC*for Test




Quantum Photonic OTWeek
Education & Training o — Jung.s,m

Integrated Photonic
Education Kits



From Quantum Devices

to Quantum Systems (Roadmap)

I Week

June 20-23, 2022

Quantum System
Manufacturing

Quantum System
Prototypes

Packaging
& Systems Integration

Sources, Detectors, Electronics,

Operating Environment

Grand Challenges

Pilot Manufacturing

B Siandardised
Quantum Packaging

Electro-Optic
Cryogenic Packaging

Ultra Low Loss
Optical Interconnect
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Thank you!

Find more:
WWW.pixapp.eu

peter.obrien@tyndall.ie

iotweek.org
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Quantum Communication

Deirdre Kilbane
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Beijing

: Wangqingtuo - Gaocun .
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@ Control centre O Trusted relay ® User

® Backbone O All-pass optical Satellite
connection node switches station

Chen Nature 589 214 (2021)




EuroQCI - EU secure Quantum I'Week

Communication Infrastructure June 20-23, 2022

aaaaaaaaaa

Digital Europe Programme €440 M
Connecting Europe Facility €200 M

......
llllllll

Athlone

Naas' " Bray

2020 — 2023 1st Phase (Preparatory and first deployment)
Deploy advanced national quantum systems and networks
Testing quantum communication technologies

Integrating them with existing communication networks
Terrestrial and Space Segments

Limerick — Kilkenny

Dingle

KKKKKKK

eeeee

2024 - 2027 2"d Phase (Operational deployment) e
Operational deployment, testing, validation and operationalisation



IrelandQCI: Building a National OTWeek

Quantum Network for Ireland Dublin June 20-23, 2022
' National ) . :? Engineering and Testing Facilities
 Quantum T~

Network

- %

= = e
T

Consortium

Dr. Deirdre Kilbane (Walton)
Prof. Dan Kilper (TCD)

Prof. Peter O’'Brien (Tyndall)

Mr. Eoin Kenny (HEAnNet)

Mr. Jerry Horgan (Walton)

Mr. John Regan (ESB Telecoms)
Dr. Venkatesh Kannan (ICHEC)
Prof. Jiri Vala (NUIM)

Prof. Bogdan Staszewski (UCD)

]

/)

i

U

Fig. 1 IrelandQCI Vision
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Quantum TeChnalogy Roadmap ——— June 20-23, 2022

QKD City & National Quantum Technology

Use-case
Encryption Quantum Network Engineering and Testing Facilities
Government, Government, standards, Academia, financial banking,
End-User cybersecurity, internet exchange, photonics industries, high performance computing,
data centres satellite industry quantum computing, simulators and emulators
Application QKD as a service Classical/quantum coexistence Staging quantum internet, quantum interfaces &
& data storage emitters, quantum PIC assembly & packaging
Software QKD protocols & System architecture, SDN, Quantum algorithms, quantum money schemes,
key management Protocols, security, standards quantum states, distributed quantum computing
{ TRL7-9 TRL 5-% | TRL 4-6
EuroQCl Ready | /i‘r TIE Quantum Internet Ready \
9 (e -
aamEuEm ] bk &
Hardware Oiazziiied i P
Prepare & Cryogenic |nterf Repeaters &  PIC Packagi
QI Stage MDIQKD & Entanglement nterfaces P ackaging
Measure QKD Stations Memories
\. D/ 1\ NS , 4

Month MO M3 M6 M9
Fig. 2 IrelandQCI roadmap towards EuroQCl and the quantum internet
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Thank you!

Find more:
www.waltoninstitute.ie

deirdre.kilbane@waltoninstitute.ie

iotweek.org
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Quantum Communication

Jason Lynch
CEO
Equall
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AIRBUS

“Quantum technologies are
expected to create a
massive paradigm shift in
the way aircraft are built
and flown.”

Lee-Ann Ramcherita
Flight Physics Innovation
Airbus

MERRUK

“The problem is that most
quantum chemical problems
scale exponentially with
system size. And classical
computers struggle to cope
with this exponential scaling.
Realistically, they will never
enable quantum chemistry to
tackle real-world systems. This
intrinsic limitation can only be
overcome with a technological
paradigm shift, which is why
quantum computing is so
promising.”

Philip Harbach
Head of In Silico Research

=" Microsoft

“The world is running out of
computing capacity. Moore’s
law is kind of running out of
steam. We need quantum
computing to create all of
these rich experiences we talk
about, all of this artificial
intelligence.”

Satya Nadella
CEO
Microsoft

& Pfizer

“The growing application of
quantum computing will
drive speed in discovery
and development that we
cannot imagine today.”

Lidia Fonseca
EVP
Pfizer



$170B

Market Size 2030

Market Size 2040

30%

CAGR
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Source: Boston Consulting Group



QS and QComms start-ups saw slight investment increases, but QC
still has the largest estimated market and number of players.

— . , Estimated
B8] o= 1 o] = 2 |/
Number of players % Total raised start-up funding market 20403

Quantum computing (QC) Quantum sensing (QS)

228"

19| $0.4 billion?

E/\/ : $1 billion-$7 billion3

Quantum communications (QComms)

%T—) $3.0 billion2

%/\/ $9 billion—$93 billion3

Quantum computing market estimates still have a
high level of uncertainty, caused by:

* Technological challenges in hardware

development |:|I|:|_|
 Lack of transparency on business impact due = 1111 %T—)j $0.7 billion? E/\/: $1 billion-$6 billion?®

to limited availability of detailed end-to-end ]
quantum solutions

1. Includes start-ups and incumbents that develop or offer QT products; see methodology page for details. Companies that develop products for multiple QTs are included in all relevant categories.
2. Based on public investments in start-ups recorded on Pitchbook and announced deals from 2001 to 2021. Actual investment is likely higher, excludes investments in internal QT departments or projects by incumbents.
3. Exchange rate for market estimates EUR to USD: 1.19.

Source: CapitallQ; Crunchbase; PitchBook; press search; Quantum Computing Report; expert interviews; McKinsey analysis McKinsey & Company




Most players are component and application software companies,
but hardware start-ups still get the biggest share of funding.

Number of QC players, by value chain segment®

Component Hardware Systems software Application software Services Total
manufacturers manufacturers

Number of > 10 O
players suppliers, which are

largely not specific to

quantum computer 72

hardware; there are

38 QC-focused

components suppliers I

that figure into the

overall company count

46

Share of start-
up funding® 4% 73% 14% 7% 2%

1. Includes start-ups and incumbents that develop or offer QT products; see methodology pages for details.
2. Based on public investments in start-ups recorded on PitchBook and announced in the press; includes announced deals for 2021; excludes investments in internal QT departments or projects by incumbents; actual investment is likely higher.

Source: CapitallQ; Crunchbase; PitchBook; press search; Quantum Computing Report; expert interviews; McKinsey analysis McKinsey & Company p



China and the European Union have announced the most public
funding planned for QC efforts; Germany has announced most in EU.

Not exhaustive

Announced planned governmental funding’
$ billion EU public funding sources, %

China 15.3

2.1

7.2

European Union

United States 1.9

Japan

1.8 133

Y
w

United Kingdom

India

Canada

N
o

Russia . 0.7
Israel .
. . B Germany B Netherlands
Singapore | 0.3 France Sweden
Australia I 0.2 European Union [l Others

Others F0.1

_*_

1. Total historic announced funding; timelines for investment of funding vary per country.

Source: Johnny Kung and Muriam Fancy, A quantum revolution: Report on global policies for quantum technology, CIFAR, April 2021; press search June 2021 McKinsey & Company 16




Technology giants dominate in superconducting qubits; start-ups
are catching up on trapped ions and photonic networks.

Non-exhaustive

Preliminary

e

Technology Superconducting Trapped ions Spin qubits Photonic networks Neutral atoms Majorana fermions
circuits

Qubit Difference in Cooper Internal energy Electron spin of one Occupation of a Internal energy Two Majorana

description pairs between two levels of ions electron localized in a photonic waveguide levels of highly modes at
islands of a trapped by semiconductor quantum excited atoms superconductor/
Josephson electromagnetic dot or insulator defect (eg, trapped by laser semiconductor
tunnel junction fields NV centers in diamond) fields interfaces

Maturity b B h A > 4

Funding ($m) M Start-ups

2,732

B Tech players

1. Assumptions: $500m per strongly invested player (Alibaba, AWS, Google, IBM, Microsoft), $200m per moderately invested player (Honeywell before merger with CQC, Intel).

Source: Crunchbase; Capital |1Q; PitchBook; Quantum Computing report; expert interviews; team analysis McKinsey & Company 27



Competitive Landscape

Physical qubits i
ol History The promise

IMW ® M qubits
: gy 2000-qubits 12 | -qubit

1000 1900-qubls @ 000-qubits
Equal1

| 28-qubits 0 .
i ® 100 qubits - @ 100 qubits

.7":-qubits (Bristlecone) _
54(53)-qubits (Sycamore) @ 64 qubits

49-qubits (Tangle Lake)

28-qubits
® PASQAL
| 7-qubits @ Tundra @ Alibaba
/ @ D-Wave ® el
® 5_gibics @ H-qubits ® MisIS, Russia
®Google :PsiQuantum
" WACQT
® 2_qubits S

1998 2000 09 I5 16 17 18 19 20 23 25 26

2022 ® Equall Proprietary & Confidential Source: Yole [http://www.yole fr/iso_album/illus_quantum_technologies_1998_2026_physicalqubitroadmap_yole_june2021 jpg}



QCS top-5 use cases

: - i
Photo by Arturo Castaneyra on Unsplash

11
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Quantum Simulation

Drug Discovery

Battery Development

Nitrogen fixation

Fast realistic ranking of design ideas based on binding energy can speed up the discovery of new
drug candidates and new battery chemistries however current bottlenecks are limited circuit

depth due to noisy qubits and the efficient mapping of electrons to qubits to handle dispersive
interactions.

Transportation optimisation

This use case represents all the Knapsack and Routing optimization problems, which also
apply to many industries.

Supervised Machine Learning

In our image recognition and fraud detection use cases, classic implementations so far
outperform their qguantum partners, however, as quantum computers improve the hope is
that for certain problems, they will gain an upper hand.

Photo by Irvan Smith on Unsplash
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Commercial CMOS process Quantum dot 2D arrays of different shapes and

Patented quantum dot structures in form sizes optimising quantum performance

of lateral 2D confinement wells Signature staircase (V-shape) structures to

Floating source/drain contacts to inject modulate electrostatic interaction

and detect charge & electrostatic gate Readily scalable to million of qguantum dots
control N
o '... o : .: . . -:0:-:o°.."'.o . N :.:°:°.:

Interface
®eo, | Interface devices
3 eeg,, i devices
° ° j T
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Fully integrated Quantum Processor Unit [
comprising a quantum core co-located with control @ : » High Speed Pulse Generator QPU
+ detection circuitry RF | Quantum @
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BLUEFIN QPU

Quantum tile with adaptive error correction

8K physical qubits + adaptive EPU
resulting in 2 high quality qubits per tile

Patented A-EPU feedback applies active
correction

Quantum experiments Used:to.energise
error tensor

Proprietary traiming strategy

OCTWeek
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Quantum Technologies

roadmap, trends, challenges
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Quantum Quantum Sensing &
Communications Metrology

Quantum Computing

Intellectual Property Governance Principles
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. Quantum 4& ~==, | Quantum Sensing &
K - . . i &

: g 4Quantum Computing Communications =7 L Metrology

« Enormous potential to solve « Able to provide “perfect security” and « Can improve the sensitivity of sensors
problems and be disruptive are important from both a political and and offer new functionalities that

commercial perspective classical sensors cannot provide

: GeopI;)htlcaI ﬁoace todscale :p.f » Expected to grow almost « Important pillar of the quantum
nu:ft er, quality and speed o exponentially industry
qubits , : : : :

* Major QKD manufacturing companies » Several enabling technologies that are

- European sovereignty needs 2 in Europe have significant non- important for quantum technologies
functional, full-stack quantum European shareholders are currently not available in Europe
computing solutions based entirely « New start-ups emerging in Europe

on European-made components » Need to develop quantum repeaters

» Investmentis needed to develop and

improve the technology i I
( \ Jw e 4
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 Industry needs training and how to solve business « As quantum technologies mature and are more widely
problems using quantum technologies adopted, the relevance of standardization increases

- Europe needs to keep pace with industry demand - Although many standards organizations co-exist,
training a quantum technologies skilled workforce the industry is relatively fragmented with few or

no standards yet in place

= Intellectual Property %‘ Governance Principles

« A well-designed process for managing IP and licensing « Quantum technology can change the world is and has
is fundamental the potential to affect several economic sectors

« EU should create incentives for the generation of « It can improve healthcare, reduce poverty and
IP and establish a European-wide technology transfer enable economic growth 137,
process from R&D to corporations T

I e
d ) -
- @ z ’% European Quantum
- Industry Consortium



I Week

Dublin June 20-23, 2022

Spend
Grow from $412 million in 2020 to $8.6 billionin 2027

CAGR (2021-2027) of 50.9%

Investments
Reach c. $16.4 billion by the end of 2027
CAGR (2021-2027) of 11.3%
Drivers
Major breakthroughs in quantum computing technology,

A matg{rlng quantum computing as a service infrastructure and platform
marke

Growth of performance intensive computing workloads suitable for quantum
technology

SOURCE: IDC worldwide quantum computing market ;::

“s3o%
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33K 4K 11K 10.7K

Job

, Europe APAC US
Vacancies



How we see ourselves (QuIlC members)
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MATERIALS &
PROCESSES

Rare earth ionized
materials

Nitrogen, helium 2 and 3,
Nanocarbon, diamonds,
Specific silicones
Nanostructures

Hi-tech metallurgy
Vacuum generators,
Cryogenics
Photonics...etc.

Quantum
computing
hardware.,
fe!

(& PASQAL

Quantum sensing

IXblue

Quantum comms

@ @ QUSIDE

LUXQUANTA

|KETS) (Bo

Q]
SYNDESIS

KEEQUANT

Enabling ecosystem

~ Fraunhofer

) nextnano

QUANTONATION

JULICH

Forschungszentru m

=) BluSpecs

Quantum software

= r
= river
MULTIVERSE Lane

@ o

QuantrolOx

USERS

uuuuuuuuu

THALES
BOSCH [Jeypyp

Invented for life e .

try

Ry

MERCK BBVA

*Indicative only. Non-exhaustive list of members QuiC



The quantum value chain

Components Quantum System QC Hardware M QC Software QC Algorithms

Cryogenics Control Plane Framework Platforms Algebraic

e Superconducting Language
Dilution Fridges S Processor
\ Integration Heat Mgt. -
Architecture

Chemicals & Materials

—

Simulation

Life Sciences

4K Cryo
Cryo-CMOS

Linear Algebra

Quantum Plane e -
Advanced Nanofab ; Trapped lons _ Leda b M " ; .
m Control Logic ! Optimisati
Tier 1 Foundries ‘ g St
B ntun camrot

lon Beam Milling Silicon Spin
Electron Beam Lithography Q Comms Device GhEed  Q Networks

Q Comms Protocols

lon Implantation Advanced Protocols

! Nodes Package

Sources _
Measure

STM Hydrogen Lithagraphy J L Transport Layer
Chemical Vapour Deposition Nevitral Atoms J / Key Mgt. &
Network Layer
M
A
1
% 1' Link Layer

- £ i
Photonic ﬁ‘l Charale ; : i

| SO
i ' Certification

Q Probe Signal Processing Clock — Sensor - Camera

P | Interfoce
;
Low
SWaP
Field
Portable —

Advanced Microfab

Quantum Safe Cryptography ) & Infrastructure

Micro Traps

s | /‘.\

NV Diamonds

& Medical Diagnostics

Photonics
Probe
Diamond Probe
5 SPAD+TCSPC
Atomic Vapours ! —
Vapour Cell
lon Cell
Further Cold Atom Cell
innovation Atom Interfer.

High Performance Lasers

‘ \ Energy & Resources
/ 11 \ Inspection & Monitoring

Single Photon Sources

Single Photon Detectors

Security & Defence

Silicon on Insulator

Silicon Nitride

Innovation
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Show me the money...

Start-up activity and investments in quantum computing have skyrocketed

since 2015.
Volume' of raised funding, $ millions
Raised start-up funding?
Announced start-u p funding®

2,000
>70%
$1.7

of total investment
allocated to
billion I
quantum-computing
start-ups founded

hardware players

' Bubble size = Number of

1,500
1
| 50
]
i 25
J‘!
1,000 ] 10

]
!

$0.7—

billion

500

Quantum computing: An emerging
ecosystem and industry use cases

McKinsey & Co. | Dec 2021
0
2010 2015

2001 2005

2021

Based on public investment data recorded in PitchBook; actual investment is likely higher.
?Public announcements of major deals; actual investment is likely higher.
SStart-ups from 2019 and later are likely still in stealth mode or are not yet recognized as quantum-computing companies by relevant platforms and experts.

Source: PitchBook; McKinsey analysis
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High capital entry barriers
High R&D entry barriers
Intensive input from academia and RTO

Market currently structured around major corporates but a rich
landscape of start-ups is emerging

High reliance on public funding and VCs until the technology stack can
be democratised
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National QT industry International QT
groups in Europe consortia

QUANTUM TECHNOLOGY AND . .y B
3 APPLICATION CONSORTIUM

x «

” o ,\ \\ Quantum STrat dustry Alliance for Revolution
U KQuantumg' g European Quantum (), -~ Q STAR
.'x A

Industry Consortium \/

CANADA

(and others ...)
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Thank you!

Find more:
wWww.euroquic.org

info@euroquic.org

iotweek.org



https://iotweek.org/
http://www.euroquic.org/
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