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Outline

➢ Introduction

– photonic integrated circuits - PICs

– quantum PICs - QPICs

➢ Quantera project uTP4Q
– towards quantum PIC (for optical communication)

– heterogeneous photonic integration – micro-transfer printing

– selected results

➢ Conclusion
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Integration of components
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Integrating electronics into electronic integrated circuits - ICs
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➢ small, can be co-integrated with IC

➢ high functionality on small area

➢ one package required

➢ uniformity, reliability

Integrating photonics into photonic integrated circuits - PICs
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Electronic integrated circuit - IC Photonic Integrated Circuit - PIC

- electrons - - photons -

➢ passive and active 

components

➢ different technologies

(see further)

➢ in case of silicon technology  

CMOS process

➢ low losses at high freq., fast 

signal processing
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PIC material platforms

➢ III-V semiconductors: InP, GaAs 

➢ Silicon-based: Si, Si3N4 ,  + Ge - use advantages of CMOS processing

➢ Lithium Niobate: LiNbO

➢ polymers

➢ others

Transparency windows for low loss waveguiding for different platforms
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Basic components in Si PICS

Passive Active

Integrated lasers – heterogeneous integration of III-V

W. Shi et al.: Scaling capacity of fiber-optic transmission systems, Nanophotonics 2020; 9(16): 4629–4663

(Ge PD)
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Courtesy of Roel Baets and Wim Bogaerts, Ghent University
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Health

Environment

Energy
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Quantum technologies 

& photonic integration
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Quantum technologies

Courtesy of Dr. Heike Riel, IBM, SPIE 2022 conference
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- Quantum as a Service (cloud)
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Quantum optical communication

Secure communication between “Alice and Bob” – quantum key distribution 
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passive activeeavesdroppers:
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Using single photons for key distribution in optical communication

single-photon source

single-photon detectorrandom polarization switching

for each photon (Alice’s Bases):

random polarization switching

independent of Alice (Bob’s Bases):

(including missing photons and some uncertainties)

Extracted secret key

at Alice and Bob side

after Bob receives Alice’s Bases 

and after Alice receives Bob’s bits

If a photon is detected by an eavesdropper it gets lost or by re-generation it changes its property



15

Quantum photonic integrated circuits - QPICs
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QPICs

➢ computing

➢ communications

➢ simulations

➢ sensing

Source: QPIC position paper 2022

QPICs for quantum:
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uTP4Q project
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Call: QuantERA II JTC 2021
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PIC for quantum

communication
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An advantageous way of heterogeneous integration –

combining components from different platforms on wafer scale

Single-photon detectors

Modulators/

Switches

Single-photon

sources

Low-loss SiN connections and 

passive components
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Device Independent Quantum Key Distribution - DIQKD

photonic

integration
aim

E. Ruiz et al., PRL 106, 012222 (2022)

Central Heralding Station

Local station 

ALICE
Local station 

BOB

J. Krc et al.                                                                                 FOAN 2023, Oct. 30 – 31. 2023, Ghent, Belgium

Discrete realization:

QPICs

single-photon 

source

single-photon 

detector

modulator/

switch

J. Kolodynski et al., Quantum 4. 260 (2020).
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~930 nm @ 10 K

GaAs In(Ga)As

Lodahl et al, Rev. Mod. Phys. 87, 347 (2015).

QD dipole

122 MHz
Single-photons

Uppu et al, Science Advances 6, 50 (2020)

Single photon sources - InAs quantum dots

Uppu et al, Nat. Comm. 11, 3782 (2020)
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Fabricated

GaAs coupon for

micro-transfer printing

GaAs coupler
place for 

QDs

contacts
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LiNbO modulators, switches

10𝜇𝑚
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100 μm

SiN waveguideprinted LN coupons

https://youexec.com/plus
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Single photon detectors - NbN superconducting 

nanowires

NbN nanowire

SiN waveguide

Au contacts
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S. Ferrari et al., Nanophotonics 2018; 7(11): 1725–1758
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SiN chip for micro-transfer printing 

of single-photon superconducting 

nanowire detector

photon(s) in

pad for printing 

single-photon detector
Possible 

non-detected

photon(s) out

300 mm
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Printed coupon (first tests)

coupler
contacts

place for nanowire
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SiN platform offers low losses

Europractice & imec webinar on SiN MPW, 2022
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6.3 mm

3.9

mm

SiN test chip

l = 930 nm
fabricated at

Ghent Uni.
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Coupling of light from a single-photon QD source

to SiN waveguide
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M. Davanco et al., Nat Commun, vol. 8, no. 1, Art. no. 1, Oct. 2017.
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Coupler



L1

W1 W2, W3, W4, …

Optimization of GaAs coupler considering realistic situation
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QD
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Possible 

misalignment 

of Ga As waveguide

BOX

SiN

BCB

300 nm

170 nm

3 μm

GaAsair

GaAs

Width (W) fabrication 

tolerances and possible

sidewall nanoroughness

L2, L3, L4, …

Cross-section Top view of GaAs coupler

Different BCB 

thicknesses 

possible
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Coupler optimization – simulation results (FDTD, EME)

reference

Before optimisation

Optimisation for robust coupling

considering tolerances in widths and BCB thicknesses

different comb.

of width tolerances 

and BCB thickness

project 
target

shape of the 

GaAs coupler 

(top view)

optimization of 

GaAs coupler shape
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Coupler optimization – simulation results (FDTD, EME)

reference

Before optimisation

Optimisation for robust coupling

considering tolerances in widths and BCB thicknesses

different comb.

of width tolerances 

and BCB thickness

project 
target

shape of the 

GaAs coupler 

(top view)

optimization of 

GaAs coupler shape



31

Conclusion

➢ Both is combined in the project uTP4Q aiming to establish a  

versatile  platform for quantum photonic ICs, such as integrated

DIQKD solutions

➢ Integrated photonic is important for quantum communication and  

other quantum applications

➢ Micro-transfer printing enables heterogeneous integration of 

high-performance quantum components on wafer scale
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➢ Successful demonstration of printed devices (single-photon sources,

modulators, single-photon detectors) on low-loss SiN platform was presented

and also some results of optimization of GaAs couplers.
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Source: QPIC position paper 2022

QPIC
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Quantum computing

Courtesy of Dr. Heike Riel, IBM, SPIE 2022 conference
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SiN integrated structures – University of Ljubljana

(PECVD, litho, plasma etching)
air waveguide

cross-section
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4” wafer

1 cm x 1 cm
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Quantum communication

Communication between “Alice and Bob” 

passive active
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eavesdroppers:
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Micro-transfer printing basics
Device processing, release, pick-up & print 
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