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The Second Quantum Revolution

is built on photonics

Quantum CommunicationQuantum ComputingQuantum SensingQuantum Imaging

Photonics is a key enabler for quantum systems, providing both core 
quantum functionality and the means by which quantum effects can be 
achieved, expressed, combined and utilized

Imaging around 
obstacles, ultra-high 
sensitivity

Magnetometry, gravity 
anomaly detection, for 
surveying, medical 
diagnostics, 
environmental 
research, industrial 
controls

Computing power many 
orders of magnitude 
beyond present day 
computers, for drug 
design, cryptanalysis, 
logistics, …

Secure key distribution, 
secure communication 
over fibre networks, in 
buildings and in space
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The Challenge – and the Opportunity

From room-sized experiments To integrated circuits of a few mm2

All functions in integrated form, merging classical 
and quantum, to form basis of practical Quantum 
Tech products

Photo:  Katharina Zeuner, KTH Stockholm

Figure:  E. Pelucchi et al., accepted for publication 
in Nature Review Physics



PIC technology is a European strength
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‒ Major investment by industry and by EC over 
more than 3 decades

‒ 30 projects supported by Photonics Unit in 
Horizon 2020

‒ Pilot lines for InP PICs (JePPIX/InPulse), silicon 
nitride (PIX4LIFE),  packaging (PIXAPP) 

‒ Generic platforms established for major 
technologies (JePPIX for InP and silicon 
nitride, ePIXfab for silicon photonics and 
silicon nitride)

‒ World-leading expertise in technology 
development and exploitation in diverse 
domains (communications, aerospace, 
sensing, …)

Quantum Random
Number Generator

Multi-Wavelength
Transmitter

Optical Switch 
Matrix

Optical Frequency
Discriminator

Quantum Key 
Distribution

MWP Filter

[Abellan et al.,OPTICA
3(9), 2016]

[Andriolli et al., IEEE 
JSTQE 24(1), 2018]

[Fandiño et al., 
Nature Phot. 11(2), 
2017]

[Sibson et al., Nature 
Communications 8, 2017]

[Fandiño et al., OE 
21(3), 2013]

[Stabile et al., 
ECIO, 2016]

A few examples fabricated on the JePPIX platform (InP)
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Quantum Photonic Integrated Circuits: some examples, 
things are moving fast

npj Quantum Inf 7, 93 (2021)

c/o K. Jöns, University of Paderborn

Università di Padova, Scuola Superiore Sant’Anna, InPhoTec, Italy
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Quantum Photonic Integrated Circuits: some examples, 
things are moving fast

c/o K. Jöns, University of Paderborn

Team led by University of Bristol, UK
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Quantum Photonic Integrated Circuits: some examples, 
things are moving fast

c/o K. Jöns, University of Paderborn

Sapienza Università di Roma et al., Italy

CNR, Italy, and University of Southampton, UK
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Optical micrograph of an assembled ion trap device 
with an eight-channel fibre array attached

K.K. Mehta et al.,  Integrated optical multi-ion 
quantum logic, Nature (2020) 
https://doi.org/10.1038/s41586-020-2823-6

ETH Zürich, Switzerland

Quantum Photonic Integrated Circuits: some examples, 
things are moving fast

https://doi.org/10.1038/s41586-020-2823-6


C. Abellan et al. (ICFO, Barcelona), Optica,  vol. 3, p. 989 (2016)

Quantum random number generator

• Quantum entropy source
• InP chip fabricated at Fraunhofer HHI
• Two-DFB lasers interference
• Heterodyne detection
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Quantum Photonic Integrated Circuits

E. Pelucchi et al., accepted for 
Nature Review Physics, 2021

Some key challenges for 
QPICs:

Performance
Ultra-low loss, ultra-low laser 
linewidth, ultra-high extinction 
ratio, very high sensitivity, high 
device count/complexity

Functionality
Single photon sources, entangled 
pair generation

Environment
Cryogenic temperatures

Multi-technology integration
Atomic/ion traps, superconducting 
devices, MEMS, electronics, fibre 
interconnects, packaging



Quantum PICS Focus Group: 
Experts from Photonics and Quantum communities join forces
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Objectives
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‒ Make QPICs a European priority as a disruptive enabling quantum 
platform

‒ Strongly support the development of materials, devices and 
components associated with quantum photonic integration with 
tailored programmes

‒ Promote infrastructure for monolithic, hybrid, heterogeneous, and 
composite integration challenges of QPICs

‒ Invest in a significant education effort to train next-generation 
quantum photonic engineers



Collaboration on Quantum Photonic Integrated Circuits
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‒ Joint focus group of Photonics21 and Quantum Flagship formed in June 
2020

‒ Initiative of Photonics21 and Quantum Flagship to coordinate activities in 
Quantum PICs and maximise collaborative efforts in this important field

‒ Numerous working meetings
‒ Position paper drafted, containing technical survey, analysis and 

recommendations
‒ Successful workshop held on 1st March 2021, with 285 attendees from 

30 countries
‒ Second workshop held online, 6th October 2021
‒ 3rd workshop will be held at European Quantum Technology Conference 

(EQTC), 1st December 2021
‒ Programme recommendations will be approved by Photonics21 and 

Quantum Flagship Boards



QPIC Landscape in Quantum Flagship
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Include QPIC 
development, 

8, 42%

Intend to look into QPICs , 4, 21%

No development 
and no intention, 

7, 37%

Flagship projects including QPICs



Next steps
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‒ Final version of position paper will be available shortly
o Currently in final editing following feedback from community
o Requirements, analysis, recommendations (~23 pages)

‒ Workshop at European Quantum Technology Conference, 
https://www.eqtc.org/ (Workshop 3.1, online, 1 December 2021), 
https://www.photonics21.org/events-workshops/2021/11/2021-11_QPICS-
workshop.php
o Maximizing dialogue with PIC community

‒ Discussions on formal collaboration and joint programmes
‒ Provide input to Horizon Europe WP 2023/4 by end of 2021

https://www.eqtc.org/
https://www.photonics21.org/events-workshops/2021/11/2021-11_QPICS-workshop.php


Thank you
With special thanks to Focus Group co-chairs 
Roberta Ramponi, Eleni Diamanti and Klaus 
Jöns, all members of the Focus Group and 
members of the wider community who are  
helping to build QPIC capabilities in Europe

M.Wale@ucl.ac.uk
M.J.Wale@tue.nl

qpicworkshop@photonics21.org

16

mailto:M.Wale@ucl.ac.uk
mailto:M.J.Wale@tue.nl
mailto:qpicworkshop@photonics21.org

	Slide Number 1
	The Second Quantum Revolution
	Slide Number 3
	PIC technology is a European strength
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Quantum random number generator
	Slide Number 10
	Slide Number 11
	Objectives
	Collaboration on Quantum Photonic Integrated Circuits
	QPIC Landscape in Quantum Flagship
	Next steps
	Thank you

