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Quantum 1.0

Technologie basierend auf dem quantenmechanischen Verständnis von Festkörpern 

Große Erwartungen für Quantum 2.0
Kai Bongs, DLR QT, 5.11.2024



Quantum 2.0

Superposition und Verschränkung

Superposition Verschränkung

Teilchen gleichzeitig in mehreren Zuständen 
 Schrödinger‘s Katze

+ +

„Verschränkung über mehrere Teilchen hinweg“
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Zutaten für die Quantentechnologie

Quantenteilchen

Atome / Ionen

Photonen

Natürliche Atome

Künstliche Atome 
NV Diamant

Quantenpunkte
Supraleitende Ringe

…

Kontrolle+

Nichtlineare Kristalle
Photonische Systeme

Laser- oder RF Pulse Elektronik
Software
Abschirmung
Verpackung
Nutzerschnittstelle
…
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This is how it looks like
DLR Iodine clock
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Quantum Magnetometers
Superposition of energy levels depending on external magnetic field

DE ~ B

DE ~ B

Oscillation frequency
depends on magnetic field

+ =
n1 n2

Rotation of
polarization
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Quantum Technology Applications and Markets

Quantum Computing ($9-$93B)
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Market estimates in 2040 (source: McKinsey Quantum Technology Monitor, 2023) 

Quantum Communications ($1-$7B)

Quantum Sensing ($1-$6B)

Overall economic impact much larger (e.g. estimate for QC in 2035: $620B-$1270B)
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Disruptive consequences of new sensors

 Historic examples based on sensor-related Nobel Prizes

Sensors and clocks are enabling system capabilities with large economic impact

X-rays

MRI

Giant 
Magnetoresistance

Electron 
Microscope

Aperture synthesis in 
radioastronomy

CCD

SAR Radar

Hard Drives

Sensor utility needs systems thinking!Kai Bongs, DLR QT, 5.11.2024



Was macht Quantensensoren attraktiv?
Quantenuhren – Einzigartige Eigenschaft: Ultimative Genauigkeit 

100 ml, 100 mW, €1k

10 l, 10 W, €10k

100 l, 100 W, €100k

1000 l, 1 kW, €1M

1 ms 1 ns 1 ps
Deviation/day after Synchronisation

CSAC

Miniature Rb

Cs Reference 
Clocks

Rb Clocks

Optical Vapour 
Cell Clock

Today: Lab/TRL3

Optical Lattice or 
Ion Clock

Today: Lab/TRL3

Optical Vapour 
Cell Clock

Potential: 2030

Optical Vapour 
Cell Clock

Potential: 2040

Optical Lattice or 
Ion Clock

Potential : 2035

GNSS accuracy
5G requirement

100.000 x better

Robust enough for
mobile platforms

100 times „better“ 
than GNSS
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Quantum 2.0 for Navigation and Time

Quantum clocks are powering current global satellite navigation systems

Credit: ESA

Navigation Synchronisation
Impact: 5-10% of GDPKai Bongs, DLR QT, 5.11.2024



Commercial Opportunities through Quantum Clocks
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Credit: ESA

Credit: DLR Credit: DLR Credit: DLR

Satellite Navigation

3D Radar Urban Flight Global Height Reference

Autonomous Vehicles

Credit: DLR

Communication

Credit: ENISA
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Was macht Quantensensoren attraktiv?
Quantenmagnetometer – Einzigartige Eigenschaft: Hohe Empfindlichkeit bei Raumtemperatur
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Existing Technologies- Adaptation to Head Size



Its here NOW: Commercial Offering

Joint venture between 
University of Nottingham 
and Magnetic Shields Ltd.



Quantum Inertial Sensors: low bias and accurate scale factor
Laser

Common laser 
beam

Near-Perfect 
acceleration 

suppression and 
alignment in Atom 

Interferometry

Nature volume 602, pages590–594 (2022)



Enabling Gravity Cartography
• Relevant to a range of 

applications, including:

• Water monitoring

• Infrastructure 

• Archaeology

• Agriculture

• Navigation

Nature volume 602, pages590–594 (2022)



Schematic Setup of a Quantum Navigation 
System 

Acceleration
Sensors

Rotation rate
Sensors

Acceleration in
lab system

Correction 
local Geoid

Correction 
Coriolis Acceleration

න…

Orientation

Velocityන… Positionන…

Gravity map

Gravity/Gravity 
Gradient sensing
+ Map Matching 

Inertial Sensing 
Time 

Time Time 

Mag Gradient
+ Map Matching Kai Bongs, DLR QT, 5.11.2024



GNSS critical dependencies
Need for independent alternatives

Wirtschaftswoche 10, 2024

UK Blackett 
Report 
2018
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Market Roadmap for Quantum Navigation Systems

Cost and regulatory requirements as key drivers

2030 2040 2050

Strategic platforms 

Market 
volume

Unit cost xM€

xxM€

Autonomous ships and 
underwater vehicles

xxxk€

xxxM€

Autonomous vehicles

xxx€

xxxxxM€
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Potentially Accessible Quantum Sensor Markets

Key Drivers: Robustness and Cost

Operational Environment

Laboratory Outdoors / static Hot air balloon Aeroplane

€1k

€10k

€100k

€1M

€100

€10

€1

xxM xxxM
xxxxM

Magnetometers

Gravimeters

EM sensors

Clocks

Ref

Nav

Comm
networ

ks

Autono-
mous

vehicles

Nav

Health
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Health-
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Gaming
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Thank you for listening
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Questions?

Kai Bongs, DLR QT, 5.11.2024


