
Christian Jirauschek

Technical University of Munich (TUM)

Department of Electrical and Computer Engineering

Computational Photonics Group

Munich, 19 July 2019

Zentrum für QuantenEngineering (ZQE) Garching



Professorship for Computational Photonics
Department of Electrical and Computer Engineering
Technische Universität München

2Prof. Dr.-Ing. Christian Jirauschek (TUM)

Zentrum für QuantenEngineering (ZQE)
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= Technology derived from science that cannot be explained by classical physics

Quantum Technology

Quantum 1.0

First Quantum Revolution
“Devices relying on effects of quantum 

mechanics” (energy quantization, tunneling,…)

• Lasers

• Transistors

• Magnetic Resonance Imaging (MRI), e.g. NMR

• …

J. Pritchard and S. Till, "UK Quantum Technology Landscape 2014." DSTL/PUB75620 (2014)
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Quantum 2.0, “Quantum technologies”

Second Quantum Revolution
“Devices exploiting quantum weirdness”

(especially superposition, entanglement)

• Quantum computing

• Quantum sensors

• Quantum communication/cryptography

• …
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Example Superposition
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Governmental initiatives
• UK National Quantum Technologies Programme: £270 million to accelerate the translation 

of quantum technologies into the marketplace (2013)

• US National Quantum Initiative Act: $1.2 billion to fund activities promoting quantum 

information science (2018)

• European Commission Quantum Technologies Flagship: €1 billion to support quantum 

technologies research in Europe (2018)
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Examples for Governmental/Industrial Activities

List of companies involved in quantum computing or communications

https://en.wikipedia.org/wiki/List_of_companies_involved_in_quantum_computing_or_communication
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Quantum Technology at Our Department
Lectures
• Quantum information theory

• Simulation of Quantum Devices

• Quantum Nanoelectronics

• Photonic Quantum Technologies

• …

Research Projects
• Q.Link.X: BMBF joint project "Quantenrepeater für eine abhörsichere Kommunikation über 

große Distanzen"

• QuaDiQua: BMBF joint project "Fehlertolerante Quantenkommunikation mittels Diamant 

Quantenphotonik“

• Qombs: European Commission Quantum Technologies Flagship project "Quantum 

simulation and entanglement engineering in quantum cascade laser frequency combs”

• MOQUA: BMBF project “Modulare Photonische Quantentechnologien“

• …

Newly established professorships
• Quantum Electronics and Computer Engineering

• Nano and Quantum Sensors
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Building
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Key Data

Costs (50% Federal Government, 50% Bavaria)
• Overall cost € 39,8 million

 Building costs € 31,3 million

 Large equipment € 6,5 million

 Initial fixtures € 2 million

Space
• Floor space 2.510 m² 

 Lab space 1.400 m² 

 Office space 835 m²

Staff
• Founding directors Prof. Pfleiderer (Physik)/

Prof. Boche (Electrical and Computer Engin.)

• 100 persons

 10 principal investigators

 Several junior research groups

Completion 2023
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Physics

13

Functional

Quantum Materials

Quantum Devices 

& 

Quantum Circuits

Systems, Modeling 

& 

Applications

Mathematics

Informatics
Electrical

Engineering

Chemistry
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Concept

Focus on solid state hybrid quantum systems and their development for applications
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Josephson-based quantum system
(e.g., superconducting qubit)

Microwave resonator

Interaction

Ideal resonator

Input port Output port

Coherent system
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Examples For Solid State Hybrid Quantum Systems

Photonic Superconducting

Quantum dot

Optical resonator Microwave resonator

Interaction

Ideal resonator

Input port Output port

Coherent system

Quantum 

system

Combine different physical platforms to benefit from their respective strengths
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Semiconductor-based single photon sources

• Applications: quantum computer, quantum cryptography, quantum random number

generators,…

• Goal: Reduction of error rate
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Example for Interdisciplinary Task

Pump light
Photonic crystal with 

quantum dots

Single 

photons

Physical realization
(Physics)

Modeling & quantum
post processing
(Engineering)
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Development for Applications
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NASA Technology Readiness Levels (TRL)
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Quantum technologies

Current status

Market maturity

First commercial 

products (e.g., in 

quantum sensing) 

expected in 10 years

ZQE will bridge between basic research and commercialization
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Summary

• Zentrum für QuantenEngineering (ZQE) focuses on solid 

state hybrid quantum systems and their development for 

applications

‒ Hybrid quantum systems combine different physical 

platforms to benefit from their respective strengths

‒ Applications involve quantum sensors, quantum 

communication/ cryptography, quantum computing,…

• For quantum technology (Quantum 2.0), the engineer must 

have expertise in quantum theory 


