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• Manipulating light
on a microscopic scale

• Fiber-optic communication

• Sensing

• Quantum-optics

• …

• Often using semiconductor technology

Photonics: What’s in a name?
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• Different classes of devices

Semiconductor Photonics

CMOS Imagers VCSELs Photonic ICsLEDs
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• Photonic building blocks

• Integrated on a chip

• Connected by waveguides

Photonic Integrated Circuits

Laser

Modulator

Wavelength
filter

Fiber Coupler

Photodetector

Fiber Coupler

waveguide
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light
transport

detection

signal
modulation

wavelength
filtering

light
source

Glass, polymers,
III-V semiconductors

Silicon
Lithium Niobate

Polymers
III-V 

semiconductors III-V semiconductors
(GaAs, InP)
Germanium

III-V semiconductors
(GaAs, InP)

Photonic Integrated Circuits
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• Diverse platforms

• III-V compound is
still dominant

• Silicon is growing fast

PICs build on semiconductor technology 
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What is silicon photonics?

• The implementation of high density photonic integrated circuits by 
means of CMOS process technology in a CMOS fab

Enabling complex optical functionality on a compact chip at low cost
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Silicon Photonics (example: imec)
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• Scaling depends on

• Material parameters

• Fabrication quality

• Design capabilities

• Electronic control

Photonic Chips are scaling…

Margalit et al, APL, 2021
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Growth in silicon photonic chips
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• Typical data rate: 400-1600 Gb/s

• Typical symbol rate: 25-50 GBaud

• PSM4-8 (4-8 parallel fibers)

• WDM4-8 (4-8 wavelengths)

• PAM4

• Polarisation multiplexing

• Coherent (QPSK, 16-QAM)

Application driver today: Transceivers

Under development + early deployment: 

Data rate: >1600 Gb/s

Symbol rate: 100-200 Gbaud

Evolution towards Co-packaged Optics
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Co-packaged optics
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Value chain to build a chip…

EDA / PDA

Software to design 
EIC / PIC chips

IP Provider

Design IP blocks

Fabless

Design chips 
+ sell chips

Foundry

Manufacture chips

OSAT

Outsourced semicon 
assembly and test

electronics

Cadence, Synopsys 
Siemens EDA, Keysight, 

ARM, QualcommNVidia, AMD,
Broadcom, Mediatek

TSMC, UMC, 
GlobalFoundries

ASE, Amkor, JCET, 
Tongfu

photonicsLuceda, Synopsys,
(Lumerical), VPI Photonics, 
photondesign, GDSfactory

Epiphany, Alcyon, 
OpenLight

Sentea, Caliopa, 
Indigo Diabetes
Lightmatter, Quix, 
Ayar Labs, SiPhox

Tower, SMART, Ligentec, 
Globalfoundries, Silterra

LioniX, PhiX, VLC 
Photonics, Ficontec

Inspiration: Martin Fiers, Luceda

Integrated
Device 

Manufacturers

INTEL, ST, Samsung, Hynix,
Texas Instruments
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Value chain for SiPho optical links
communication
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Who can make silicon photonics?

Bharat Jha, The Evolution of Semiconductor Nodes: A Journey of Innovation and Progress, LinkedIn

Where silicon photonics is made
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Silicon (Nitride) Photonics Foundry 
Landscape

1. ULL Technologies (USA)

2. Applied Nanotools Inc. (Canada)

3. Intel (USA) 

4. Tower Semicon. (USA)

5. Globalfoundries (USA)

6. AIM Photonics (USA)

7. Skorpios Technologies (USA)

30. Skywater (USA)

North America

2

8. VTT (Finland)

9. SiPhotonic (Denmark)

10. Imec (Belgium)

11. Cornerstone (UK)

12. IHP (Germany)

13. LIGENTEC (Swiss.)

14. LETI (France)

15. CNM-IMB (Spain)

16. LioniX Int. (Netherlands)

17. STMicro. (France)

18. AMO GmbH (Germany)

19. CNIT (Italy)

20. X-FAB (France)

30. New Origin (NL)

31. Black Semi. (Germany)

32. SAL (Austria)

33. Silex

34. Xiver

Europe Asia
21. CUMEC (China)

22. AMF (Singapore)

23. CompoundTek (Singapore)

24. SilTerra (Malaysia)

25. PETRA (Japan)

26. IMECAS (China)

27. SAMSUNG (Korea) 

29. TSMC (Taiwan)

IDM Pure-play Foundry

R&D + Small volume

Source: Abdul Rahim - PhotonDelta
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Commercial Pure-play SiPho Foundries

High-volume, ultimate 
performance… (300mm)

• TSMC 

• GlobalFoundries

Medium Volume, mid-range 
performance (200/300mm)

• Tower

• Silterra
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Silicon Photonics R&D Fabs
• Act as R&D centers for large commercial foundries and fabless firms 

• Act as fabs for prototyping and small volume manufacturing with routes to larger volume through collaboration with 
speciality commercial fabs 

• Best effort service

and others

Fully Integrated Silicon Photonics Platform for 

1310nm/1550nm Wavelengths

– Low-loss Passive Silicon Waveguide Devices and Fiber Coupling Structures

– 56Gb/s+ (Ge)Si Modulators and Ge(Si) Photodetectors

Example:
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III-V PIC Fabs / Foundries

• Strong presence of IDMs and limited number of pure-play fabs

1. Coherent (USA)

2. Lumentum (USA)

3. Infinera/Nokia (USA, Finland)

4. Broadcom (USA)

5. NRC (Canada)

15. Freedom Photonics (USA)

16. Sandia National Lab. (USA)

North America

1

2
3

4

5

6. Smart Photonics (Netherlands) 

7. Almae Technologies (France)

8. III-V Labs (France)

9. Siver Photonics (UK)

10. Vector Photonics (UK)

11. Eblana Photonics (Ireland)

12. Fraunhofer HHI (Germany)

Europe

68
7

9
10

11

13. Win Technologies (Taiwan)

14. NTT (Japan)

Asia

13

14

12

IDM

Pure-play Foundry

R&D + Small volume

Laser Modules Only

15

16

Source: Abdul Rahim - PhotonDelta
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III-V Integrated Device Manufacturers
• Focused on III-V components and subsystems

• (mostly for transceivers)

• Infinera (Nokia)

• Coherent

• Innolight

• Lumentum

• InPhi (Marvell)

• Fujitsu 

• … and others
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Adding value: New material integration

• Adding new materials to the processes of established foundries

• Openlight: light-source integration

• SCINTIL: backside light-source integration

• LumiPhase: BTO integration

• Transverse: Transfer printed sources and modulators

– … and others

Source:openlight
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Value chain to build a chip…

EDA / PDA

Software to design 
EIC / PIC chips

IP Provider

Design IP blocks

Fabless

Design chips 
+ sell chips

Foundry

Manufacture chips

OSAT

Outsourced semicon 
assembly and test

electronics

Cadence, Synopsys 
Siemens EDA, Keysight, 

ARM, QualcommNVidia, AMD,
Broadcom, Mediatek

TSMC, UMC, 
GlobalFoundries

ASE, Amkor, JCET, 
Tongfu

photonicsLuceda, Synopsys,
(Lumerical), VPI Photonics, 
photondesign, GDSfactory

Epiphany, Alcyon, 
OpenLight

Sentea, Caliopa, 
Indigo Diabetes
Lightmatter, Quix, 
Ayar Labs, SiPhox

Tower, SMART, Ligentec, 
Globalfoundries, Silterra

LioniX, PhiX, VLC 
Photonics, Ficontec

Integrated
Device 

Manufacturers

INTEL, ST, Samsung, Hynix,
Texas Instruments
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Design Environments are Emerging
• Combinations of Photonics Design and EDA

• Physical simulation combined with circuit design

• Physical and functional verification

• PDKs with basic models
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Photonic Packaging: not an afterthought

Source: Tyndall
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The cost of Photonic Packaging
• 2006: Packaging and testing are 80% 

of the cost of a photonic chip product

• Today: not much better

• Push towards more cost-effective methods

• Wafer-level packaging

• Passive alignment

• Using techniques from electronics
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Outsourced Assembly and Test

• Large-scale facilities

• Building on electronics capabilities

• Mostly in Asia

… and others
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• Automation and positioning

• Optical fiber (arrays)

• Electrical probing

• Wafer-level, die-level

Assembly and Test Tools
• Optical and electrical (RF) tests

• Optical transmission tests

• Link transmission tests
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Recent trends in silicon photonics

• Scaling up: PIC Manufacturing is ramping up volume (>100k wafers/year)

• Performance improvements of key photonic IC building blocks
(especially high-speed modulators)

• Wafer-scale heterogeneous integration of different PIC materials 
to offset the missing functionality (lasers, modulators, …)

• Combining electronic ICs and photonic IC, 
(monolithic or advanced packaging) 
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32

Europe’s position in Photonic Chips



ICOS FINAL EVENT – Results & Recommendations on International Cooperation on 
Semiconductors for European Economic Resilience

           Wim Bogaerts, Ghent University – imec - ePIXfab
33

CHIPS JU

5 launched

In progress

6 selected

28 countries

Pilot lines

Prototyping of validated designs
Testing of equipment

Validation of process flows

Competence centres

Access to technical expertise, helping 
companies to approach and improve design 

capabilities and developing skills

Design Platform

Help designing semiconductor devices, via 
access to Electronic Design Automation 

tools and IP libraries

Quantum chips

Technology and engineering capacities for 
accelerating innovative development of 

quantum chips
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XFab: European SiPho volume production

• XPH90: Silicon and Silicon Nitride platform

• High-speed Si modulators

• Heterogeneous III-V integration

• Sources

• modulators

• detectors
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ST re-enters the SiPho game
• Foundry or IDM?

p+ Ge
n+ Si n+ Si

DRIB

MRIB

p n

Si Low-loss (<0.3 dB/cm)
Photodetector 

(Bandwidth >80+GHz)

SiN Low-loss 

(<0.4-0.5 dB/cm)

Edge Coupler <1dB

E/O Modulator 

(Bandwidth >50+GHz)

300mm - Based on 
a 32nm CMOS node
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Founding Partners

New Silicon Nitride Foundry (Netherlands)

• A semi-automated 200mm SiN pure-play foundry

• Medium volume (>20KWPY) with a high-mix wafer production for current and future applications of PICs

• Brand new fully equipped cleanroom 

• PDK for linear and non-linear applications using SiN PICs

• Integration of active materials with SiN

https://neworigin.eu/en/

https://neworigin.eu/en/
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InP foundry: Smart Photonics
• 4” InP foundry with standardized processes 

• Validated PDK for O & C-band 

• EPI for for high temperature applications

Source: Abdul Rahim - PhotonDelta
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Europe’s place in the PIC foundry space

• Europe has world-class processes

– IMEC, LETI, IHP leading-edge Silicon Photonics platforms

– Very strong III-V processing capabilities

– High-quality Silicon Nitride

– New Materials (Thin-Film Lithium Niobate)

• Emerging initiatives for volume foundries

– Silicon Photonics: XFAB and ST

– Silicon Nitride: XFAB, New Origin, …

– …
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Europe’s Photonic Design Tools

• The tier-1 EDA tools are mostly not European

• Several tier-2 European players

• Strong expertise in Europe

• Need for standardization

– Models and circuit simulation (“Spice for photonics”)

– Design for manufacturability

– Design kit format

• Opportunities for international collaboration
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• Bespoke packaging houses

• Custom solutions or

packaging templates

• Small volumes

Photonics Packaging in Europe
• Packaging in Labs

• Demonstrators



ICOS FINAL EVENT – Results & Recommendations on International Cooperation on 
Semiconductors for European Economic Resilience

           Wim Bogaerts, Ghent University – imec - ePIXfab

Value chain to build a PIC … in Europe?

EDA / PDA

Software to 
design PICs

IP Provider

Design IP 
blocks

Fabless

Design chips 
+ sell chips

Foundry

Manufacture 
chips

OSAT

Outsourced 
assembly and 
test

photonicsLuceda, Synopsys,
(Lumerical), VPI Photonics, 
photondesign, GDSfactory

Epiphany, Alcyon, 
OpenLight, Wave

Sentea, Caliopa, Indigo 
Diabetes, Lightmatter, 
Quix, Ayar Labs, SiPhox
iPronics, many SMEs…

Tower, SMART, Ligentec, 
Globalfoundries, Silterra,
ST, Xfab, New Origin

LioniX, PhiX, VLC 
Photonics, Ficontec,
But no large OSATs

Integrated
Device 

Manufacturers

INTEL, Samsung, Hynix,
Texas Instruments, ST

And no hyperscalers
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PICs in Europe: (current) strengths

• Europe’s Strengths: 

– Very strong photonics R&D

– World class research fabs with low-volume capability

– Building out medium/large volume production in different segments (XFAB, ST)

– Innovative Design tool companies

• Challenges for Europe: 

– Heavyweight EDA companies not in Europe

– No scaling OSATs for advanced packaging and large-scale testing

– No big European customers (e.g. transceiver vendors, hyperscalers, …)
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PICs in Europe
• EDA tools

– Tier-1: Currently very dependent on US owned providers

– Tier-2: Very strong EU presence

• Advanced packaging and heterogeneous integration

– Strong R&D and low-volume

– No high-volume OSATs in EU, subject to export restrictions

• Fabs & Foundries

– Mainly research fabs (low-volume)

– Currently no high-volume options within EU
X-FAB and STMicroelectronics can make a big difference
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The elephant in the room
• Photonics market is driven by datacenter interconnect

• But there are no European hyperscalers
(ST’s re-entry is driven by Amazon…)

• Only one pure EU transceiver builder
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Europe is not an island…
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• Corporate Ecosystems

• Innovation Ecosystems

• Regional Ecosystems

• Knowledge ecosystems

46

Semicon is about ecosystems



ICOS FINAL EVENT – Results & Recommendations on International Cooperation on 
Semiconductors for European Economic Resilience

           Wim Bogaerts, Ghent University – imec - ePIXfab

NVIDIA: Corporate Ecosystem
• Example: Quantum X800 Supply chain (CPO switch)
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TSMC/ASE Global SiPho Ecosystem

• Components
• Modules
• III-V
• Design House
• Testing
• Equipment
• Foundry
• Epitaxy
• Packaging
• PCB Foundry
• PCB Manufacturer

Source: Abdul Rahim - PhotonDelta
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Vertical integration trends
• GF acquires AMF

• GF acquires infinilink

• GF establishes packaging line in NY
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• Corporate Ecosystems

• Innovation Ecosystems

• Regional Ecosystems

• Knowledge ecosystems

50

Semicon is about ecosystems
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• Creating a value chain

• Coordinating between segments 

(e.g. standards)

APC: (Open) Innovation Ecosystem
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• Corporate Ecosystems

• Innovation Ecosystems

• Regional Ecosystems

• Knowledge ecosystems

52

Semicon is about ecosystems
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• 50+ B$ on Semiconductor ecosystem

United states

https://nist.gov/chips

https://nist.gov/chips
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AIM Photonics



ICOS FINAL EVENT – Results & Recommendations on International Cooperation on 
Semiconductors for European Economic Resilience

           Wim Bogaerts, Ghent University – imec - ePIXfab

AIM Photonics: Organizations



ICOS FINAL EVENT – Results & Recommendations on International Cooperation on 
Semiconductors for European Economic Resilience

           Wim Bogaerts, Ghent University – imec - ePIXfab

• Strong Industry – academia –

government synergies

Taiwan
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Korea
• Samsung (foundry)

Research institutes

• KAIST

• ETRI

• …

And quite a few startups
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• Rich Ecosystem

• Fabs (e.g. AMF)

• Design, Test, Measurement

• Packaging

• Equipment

• End-users

Singapore
• …and ecosystem with multiple (non-

photonic) semiconductor foundries
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And China?
• Rapidly developing semiconductor 

ecosystem, including PICs/SiPho

• Materials

• Tools

• Fabs

• Design

• Packaging

• Modules

• Systems
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Overview of strengths of different regions

ICOS deliverable 2.1
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• Corporate Ecosystems

• Innovation Ecosystems

• Regional Ecosystems

• Knowledge ecosystems

61

Semicon is about ecosystems

Opportunities for collaboration
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Knowledge: Cooperation Opportunities
• Academia are still the most ‘open’ to international collaboration

• Education, workforce development, and talent rotation programs

– E.g. India: IC design

– E.g. Taiwan, Korea, USA: process engineers

• Standardization and road mapping 

– Canada

– Japan
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Cooperation opportunities: supply chain
Build a resilient supply chain

• Design tools and expertise 

– E.g. US: Cadence, Synopsys, Keysight

• Advanced packaging and heterogeneous integration

– Japan: AIST, NTT, PETRA

– South-Korea: Samsung

– Singapore: A*STAR

– Taiwan: Taiwan Tech, ASE Technology, Hon Hai (Foxconn)

– China: Foxconn

– US: Marvel

• High-volume pure-play foundries



ICOS FINAL EVENT – Results & Recommendations on International Cooperation on 
Semiconductors for European Economic Resilience

           Wim Bogaerts, Ghent University – imec - ePIXfab

Summary
Europe is not in a bad shape for photonics

• Chip Fabrication and foundries are here (or coming)
for low, medium and high volume.

• Considerable design expertise, and design tool companies

• Packaging and testing know-how, but no scaling capacity

• World-class education and training initiatives

• But: No End Users (transceiver vendors, hyperscalers)

Opportunities for collaborations

• Reinforce our strengths

• Complete the supply chain 
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