dy =N
) &,
\
/
A
2] T )
0
—=l = |
fs
St AT s
! . .. “\ A
¥ '
] i
i
L

i
o
-
1]
L
=
o
<
O
-
o
L
o

FIEEC #InnovTech | Laurent Fulbert | 16 Juin 2022



!'eaetet! PLAN DU WEBINAIRE

° Introduction a la photonique intégree sur silicium

Laurent Fulbert
Adjoint au chef du département Optique et Photonique
CEA-Leti

* Valorisation industrielle

Yannick Paillard
Directeur commercial et marketing
Scintil Photonics

° Applications émergentes

Eléonore Hardy
Responsable des partenariats en photonique silicium
CEA-Leti
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INTRODUCTION A LA PHOTONIQUE INTEGREE SUR SILICIUM
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PHOTONICS @LETI IN A FEW KEY FIGURES
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QUELQUES DEFINITIONS

“Photonics is the science of the harnessing of light. Photonics encompasses the generation of
light, the detection of light, the management of light through guidance, manipulation and
amplification and, most importantly, its utilization for the benefit of mankind”

Pierre Aigrain

“The 215t century will depend as much on photonics as the 20" century depended on

electronics”
UNESCO

°* Laphotonique est partout, mais mal reconnue

* Optique
* Optoélectronique
* Optronique
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Familles de matériaux

* Silicium
* |lI-V

* |-V

* Verre

* QOrganique

QUELQUES PROPRIETES
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CPU TRENDS
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WHAT ABOUT OPTICS ?

Benefits of optical links:

* (almost) unlimited capacity: bandwidth x distance 1 million times larger than copper
* Low latency, excellent signal integrity

* Insensitive to EMI

* (Lower) power comsumption, lower footprint

* Scalability through WDM

Courtesy of IBM




WHY SILICON PHOTONICS ?

* Silicon photonics aims at integrating in the silicon
microelectronic CMOS technology optical functions initially
based on other technologies (InP, InGaAs, LiNbO3, Si02, ...)

°* Need for integration is driven by:

* Miniaturization: cost&size reduction, power consumption

* Increased complexity and functionnality

300mm Si wafer

FIEEC #InnovTech | Laurent Fulbert | 16 Juin 2022 |9



PHOTONIC INTEGRATED CIRCUITS

Electronics Photonics
Inveintlon of key component (transistor/ 1947 1969
semiconductor laser)
Semiconductor integration technology 1958 1987
Generic integration technology (MPWs) 1979 2008
Killer random dezfect densities 1987 2010

reported <1 cm

Published in: Meint Smit; Kevin Williams; Jos van der Tol; APL Photonics 4, 050901 (2019)
DOI: 10.1063/1.5087862

Electronic
Building Blocks
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OPTICS WITH SILICON ?

2
A . g - SisNi
’ Pros EO.O'I ® .§ -qlpi)-—
R n
* Transparentin the near IR E i 5
. . .. . . 22 &
* High index contrast = miniaturisation 2 0.1 A, o F T avelength )
. ©
* CMOS compatible - oSN
c aNa
* Low cost 8 . 1 SOl
® A InP
10 1 0.1 0.01 0.001
Propagation Loss (dB/cm)
°* Cons

* No photodetection in 1.2um to 1.6um - Ge photodiodes

* High index contrast= coupling with fiber difficult

* No electro-optic effect->free carrier induced dispersion modulation

* No efficient light emission-> external source or IlI-V/Si heterogeneous integration
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SUPPLY CHAIN SIMILAR TO MICROELECTRONICS

%;ﬂ'* e

Circuit sim./synthesis Layout,Place & Route Mask prep \
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Fabrication
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WAFER LEVEL TESTING
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KEY BUILDING BLOCKS AT 50GBPS

Emitter Receiver
o
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N Glass Fiber Glass Fiber R N - o
Muitiplexer Rt =sosmes = ﬁ tnoomon
Photodetector Host Logic

H/gh speed modulator Micro ring modulator

H/ghly conf/ned wavegu:des — Wavelength multiplexer Tunable filter
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TECHNOLOGY KEY PROCESS FEATURES

Metal2
W-Via
Metall
W-Plugs

Heater

\

PN Junction Modulato Ge PhotoDiode

Grating Coupler Wave Guides
BOX Shallow Rib Strip Deep Rib

substee Low parasitics 3D
Photonic/Electronic Integration

PDKs available (Cadence, Phoenix...)
Complete library with Models, Circuit simulation, Layout, Verification, Layout finishing

3D integration with electronics
Compatibility with 300 mm industrial foundry
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SILICON PHOTONICS MARKETS

SILICON PHOTONICS DIE FORECAST, BY APPLICATIONS
2020 - 2026 forecast

Datacenter transceivers Immunoassay

Long haul transceivers Consumer health

5G transceivers Fiber-optic gyroscope 2026

Co-packaged engines @ Automotive LiDAR IR S PN $1.1B
The silicon Photonic computing :‘ “‘
pmh;izglggfllg Optical interconnects .: $478M ':
shift from $0.9M o or B
optical com- CAGR,,,; 190% % s CAGRy425 81%a
munication to 2020 e >
consumer $87M _.“"'"'~
application in y ‘ ’o‘
the next five * U .

$3.1IM1 & s .
S $64M CAGRy3., 190% = $454M .
$2.9M -‘CAGRZI_Zézé%.IIIIIIIII

$0.035M \ g ) CAGRy,.54 12% . \’ R .
$0.6M $6.5M Q PLTSSS LA o
$1.5M CAGR, 5, 43% : o
$34M *
yg)lgehg ©Yole Développement — May 202 | CAG R202I-2026 49% CAGR,s.,, 321% e e 200 o e
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