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ŜtL·ŦŀōΩǎmission is to act as a catalyst for European academia and industry 

to strengthen the worldwide silicon photonics ecosystem.



WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
Abdul Rahim, ePIXfab

Global Photonics Market
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Source: Tematys/Photonics21
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Global Photonics Market

China
39%

Japan
13%

Korea
11%

Europe
17%

North 
America

16%

Other Χ
Global photonics market share:

ÅFrom 2015 to 2019, the share of the 
European photonics industry has 
been maintained at 17%of the global 
market thanks to the creativity of the 
European Research and the dynamism 
ƻŦ ŎƻƳǇŀƴƛŜǎ ŀŎǘƛǾŜ ƛƴ άƳƛŘ-ǎƛȊŜέ 
markets.

ÅAsia photonics industry is mainly 
focus in displays, PV, and LED 
production

Source: Tematys/Photonics21
Courtesy: EPIC
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Photonics in Europe

Consumer
5% Instrumentation

4%

Components & 
materials

16%

Mobility
7%

Industry 4.0
19%

Environment, 
lighting & energy

16%

Agriculture and 
food
1%

Healthcare
15%

Telecom
6%

Defense & security
10%

Large instruments 
& space1%

Source: Tematys/Photonics21
Courtesy: EPIC



WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
Abdul Rahim, ePIXfab

6

Different forms of photonics

Free space optical
technology

Optical fiber
technology

Photonic chip
technology
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Photonics Integrated Circuits (PICs)

Source: EECS Berkeley

PICs provide a route to commoditize photonics at larger volumes and lower costs
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PICs: platforms & application landscape

Wavelength
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
| | | | | | | | | | |

T
ra

n
s
p
a

re
n

cy
 W

in
d
o
w

Silicon nitride on insulator

Indium phosphide

Silicon on insulator

Aluminium Oxide on insulator

Germanium-based platforms (GeOI, SiGeon Si, Ge-rich SiGe, etc.)

Lithium niobate on insulator
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Datacom/TelecomDatacom

LiDAR

Optical interconnects and optical processing

Medical devices/consumer health/bio-sensing

Industrial sensing (Gyroscopes, FiberInterrogators)

| | | | | | | | | | |

Quantum processing/communication

Precision metrology and spectroscopy

Sensing and Defence applications

FiberRF and microwave photonics

Not exhaustive

¢ƻŘŀȅΩǎ 
Mainstream
platforms
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PICs: platforms & application landscape
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Indium phosphide

Silicon on insulator

Aluminium Oxide on insulator

Germanium-based platforms (GeOI, SiGeon Si, Ge-rich SiGe, etc.)

Lithium niobate on insulator

Not exhaustive

Focus of this 
talk

What else is not covered in this talk:
X PICs based on Compound semiconductors, R&D platforms, emerging platforms
X Imager chips
X VCSEL Arrays 
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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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From discrete functions to circuits

Jack Kilby

1958

Electronic IC (EIC)

Photonic IC (PIC)

~2000

Silicon technology
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Silicon photonics: Two CMOS ςfab 
compatible families

Silicon-on-Insulator 
(SOI)

Si

SiO2

[2um box]

Silicon: n=3.5
Silicon oxide: n=1.45

Very high index contrast

Silicon nitride: n=2
Silicon oxide: n=1.45

Moderately high index contrast

Silicon nitride 
(SiN)
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Main product today: transceivers for 
datacom and telecom

Under development: 

Data rate: 800 Gb/s

Symbol rate: 100 Gbaud

Not exhaustive
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Silicon photonics going beyond 
transceivers

Not exhaustive
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Silicon photonics: market size
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Current state & future evolution of 
silicon photonics

- From technological lens
- CǊƻƳ ǾŀƭǳŜ ŎƘŀƛƴ ƭŜƴǎ Ҍ 9ǳǊƻǇŜΩǎ 

position
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Silicon photonics waveguide stack

ὲ ρȢτ5
Silicon dioxide (glass)

ὲ σȢτ5
Silicon

ὲ σȢτ5
SiliconStrong vertical 

confinement
in the top layer
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Silicon photonics rib waveguide

ὲ σȢτ5
Silicon

ὲ σȢτ5
Silicon

Strong vertical 
confinement
in the top layer

Weak Horizontal confinement by the rib

ὲ ρȢτ5
Silicon dioxide (glass)
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Silicon photonics strip waveguide

ὲ σȢτ5
Silicon

ὲ σȢτ5
Silicon

Strong vertical 
confinement
in the top layer

Strong Horizontal confinement by the strip

ὲ ρȢτ5
Silicon dioxide (glass)
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Silicon photonics waveguide stack

ὲ ρȢτ5
Silicon dioxide (glass)

ὲ σȢτ5
Silicon

ὲ σȢτ5
Silicon
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Shrinking SOI waveguides

ὲ σȢτ5
Silicon

ὲ σȢτ5
Silicon

ὲ ρȢτ5
Silicon dioxide (glass)
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Shrinking SOI waveguides

ὲ σȢτ5
Silicon

ὲ σȢτ5
Silicon

450nm

220nm

ὲ ρȢτ5
Silicon dioxide (glass)
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Current state and future evolution: 
Waveguides

Futureevolution:
ÅBetter process control (every nm3 matters)
ÅSubstrate quality 
ÅMultilayer platforms with medium index contrast guiding layers

Performance:
Propagation loss: ~0.5ς2 dB/cm
Bending radius: 5 ς20 micron

Source: J. Poon, JLT
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Fibercoupling to WG

Single-mode fiber

1mm

SOI wire

Requirements
ÅLow loss
ÅBroadband
ÅHigh coupling tolerance
ÅNo facet reflections
ÅWafer-scale testability
ÅEasy to fabricate
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Current state and future evolution: 
I/O devices

Loss (best) <1dB <1dB

Loss (inreal live) 2dB-7dB 3dB-7dB

Broadband > 100nm 35nm(1dB)

Misalignment
tolerance

1um (1dB) 2.5um (1dB)

Facet reflections Low -20dB

Waferscaletesting No Yes

spot 

size 

convert

or 

Single mode

fiber core
0.4m

m

80n

m

0.2m

m

500 

mm

Inverted taper
Grating coupler

Future evolution:
ÅBetter process control
ÅSubstrate quality WiWand WtW
ÅNew designs

T.Yoshida, IPR
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Current state and future evolution:
High-speed phase modulators

Future evolution: 
Integration of novel materials (Ferroelectrics, 2D, Polymers, SiGe, III-Vs, etc.) for low Vpi, low 
loss, high bandwidth, and low energy pure phase shift
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Low-speed phase shifter by heaters
ÅWaveguides are thermally sensitive:
ɝ‰ͯɝὲ ͯὝͯ ὖ ͯὠ ͯὍ

ÅIntegrate resistor close to the 
waveguide

Åefficiency: ὖ υ σπάὡ
(for silicon waveguides)waveguide

metal resistor

doped silicon
resistor

voltage

phase shift
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Current state and future evolution:
Low-speed phase modulators

Future evolution: 
Integration of novel materials for more efficient (power, loss, crosstalk) low-speed 
phase shifters
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Current state and future evolution:
photodetectors

Photodetectors [unit]
Absorption ʰ όŎƳ-1) 103

Dark Current I (nA) 0.2
Responsivity (p-i-n) R (A/W) 1
Bandwidth (p-i-n) B (GHz) >100
Gain x Bandwidth (APD) GB (GHz) 300
Guided Power* mW 30

Ge

Ge « Seed » layer 

400° C, 60s

2 µm

Ge

SiO2

Si

SiO2

Si recess

Two RPCVD steps to overcome lattice mismatch issue

Future evolution: 
Å Better process control for narrower 

intrinsic regions
Å Lower defect density for lower dark 

currents

S. Lischke,
Nat. Photonics
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Current state and future evolution:
Light sources

LaMP

V Use mature III-V technology
VWafer level test on source
V Known good die
φ No waveguide-in / waveguide-out devices
φ Sequential population of SiPhwafer

Flip-chip Integration

V Use mature III-V technology
VWafer-level test on source
V Known good die
V Fairly efficient optical coupling
φ Sequential population of SiPhwafer
φ Requires local back-end removal

Die-to-wafer bonding
V Efficient optical coupling
V Parallel processing of devices
VWafer-level test on target wafer
φ III-V processing on target wafer
φ No known good III-V die

GlobalFoundriesSCINTIL Photonics
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Current state and future evolution : 
electronic-photonic integration

Monolithic EPICs

Options:
Å Selective growth of Si by removing the BOX layer 

from 220nm SOI wafers
Å Bulk Si wafer with local growth of poly-Si on local 

oxide trenches
Å On sub-100nm SOI wafers by local under-etching of 

Si substrate under the BOX layer
Pros and cons:
V Reduced parasitic inductances and capacitances
V Viable to meet stringent power requirements for 

short-reach interconnects
V FEOL integration
φ Large photonic real estate on expensive electronics 

wafer

Hybrid EPICs

Options:
ÅWire-bonding of electronic IC with photonic IC
Å 3D assembly using copper pillar bumps (flip-chip)
Å Co-packaging of electronics and photonics
Å Micro-transfer printing
Pros and cons:
V Completely decoupled electronics and photonics 

process development enabling optimization of 
photonics building blocks

V Better economic feasibility
V BEOL integration
φ Larger parasitic effects and reduced intimacy 

between electronics and photonics 

Future Evolution: Higher intimacy between electronics and photonics becoming more 

important

IHP

GlobalFoundries

STMicro.

Tyndall
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A generic cross-section of a silicon 
photonics platform

I/O

WGs HS Mod. HS Det. EPICsP.S
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Current state & future evolution of 
silicon photonics

- From technological lens
- CǊƻƳ ǾŀƭǳŜ ŎƘŀƛƴ ƭŜƴǎ Ҍ 9ǳǊƻǇŜΩǎ 

position
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Silicon photonics value chain

ŀƴŘ Ƴŀƴȅ ƻǘƘŜǊǎ Χ

and 
ƻǘƘŜǊǎ Χ

ŀƴŘ Ƴŀƴȅ ƻǘƘŜǊǎ Χ

and many 
ƻǘƘŜǊǎ Χ

ŀƴŘ ƻǘƘŜǊǎ Χ

Inspired from: Steve Blank: The 
Semiconductor Ecosystem ςExplained

Chip Intellectual Property 
Cores

Design 
Automation Tools

Materials and 
Subsystem

Wafer 
Fab Equipment

Chip
Companies

Fabs
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Ecosystem status: materials and substrates 
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9ǳǊƻǇŜΩǎ Ǉƻǎƛǘƛƻƴ

VOne of the largest SOI wafer manufacturer is based in Europe 
(SOITEC)

VClose collaboration of EU fabs and substrate manufactures to 
meet future substrate demands (wafer sizes, uniformity)

φDiversity of material systems makes it difficult for substrate 
manufactures to make a bet (a lot of parallel R&D)

φAccess to novel material likes TFLN and EUs push to include 
novel materials with SiPh.

38

Ecosystem status: materials and substrates 
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ÅLarge EDA vendors (that are mostly US-centric organizations) 
offer integrated photonics design frameworks

ÅThe fab PDKs are getting rich but still lack compact models and 
not at-par with electronic PDKs

ÅLack of unified process flow for electronic-photonic co-design

ÅLack of standardization and no incentive in doing that

ÅLimited number of design houses and IP vendors

39

Ecosystem status: electronic photonic 
design automation 
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VA number of smaller but collaborative companies offering best-
in-class for various aspects of photonic design flow

VClose relationship of the stakeholders with EU and non-EU 
foundries to support various PIC platforms

φChallenges in attracting and retaining talented HR, limited 
scale-up funding, limited business in EU

φAsia and US driving the narrative and winning the business

40

Ecosystem status: electronic photonic 
design automation 
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Ecosystem status: manufacturing 
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VRenowned R&D institutes with a an established track record in 
integrated photonics offering open-access pilot-scale 
manufacturing of silicon photonics

VRich portfolio of platforms with their complementary strengths

VFull value chain in EU: electronics, photonics,  packaging

φNo pure-play high-volume and high-end silicon photonics fab 
today

42

Ecosystem status: manufacturing 
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Å70% of the costs associated with silicon photonic device 
production arise during this packaging process

ÅRapid evolution of technologies and solutions

ÅToolmakers have emerged

ÅLess investment and lack of standardization

43

Ecosystem status: assembly and packaging 

Photonics Spectra

FicontecPIC Assembly Tool
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VKnow-how, expertise both a pilot-scale and beyond

VEU equipment providers for assembly and packaging

φLack of co-design tools and lack of experts

φDominance of outsourcing to Asian suppliers

44

Ecosystem status: assembly and packaging
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Future trends in silicon photonics

45
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Future Trends - Large-scale photonic 
integration

Margalit et al, APL, 2021

Å Growing order of integration; 10Ks of components

Å photonics + electronic drivers

Å different applications (AI, ML, LiDARs, Computing)

Å Small chip volumes (compared to electronics)

Harris et al, Nature Photonics 2017
Shen, Harris  et al, Nature Photonics 2017
Harris et al,  Optica 2018


