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HUGE INNOVATION POTENTIAL OF PHOTONICS

Europe’s
age of light!

Leverage the unbroken
innovation potential of
Photonics

Photonics — a key digital technology for
global mega markets and challenges

Live longer, feel better — Photonics in life sciences
and healthcare
Feed the world - Photonics for safe, nutritious
and affordable food
Keep our traffic flowing — Photonics for autonomous
& connected mobility
Zero emission, less waste — Photonics for
sustainability and a clean environment
Empowering Industry 4.0 — Photonics in
manufacturing and production
A new quality of urban life — Photonics for smart
homes and liveable cities

@ Building our digital society — Photonics for a secure
and resilient [T infrastructure

',‘0“ Linking big ideas — Photonics as a driver of the digital

¥ knowledge society

See also Photonics 21
Vision Paper :

« Europe’s Age of
Light! How photonics
will power growth and
innovation »

https://www.photonics21.org/downl
oad/ppp-services/photonics-
downloads/Photonics21-Vision-
Paper-Final.pdf
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HOW TO DELIVER THE FULL POTENTIAL OF PHOTONICS ?

* Most of the targeted applications of photonics are in relation with connected
society.

* Most of the photonic components include an optical circuit, a driving or read-
out CMOS, a companion chip for data analysis or preparation and an optical
system

° Miniaturization, integration and embedded intelligence are mandatory to
reduce cost, size and improve functionalities and performances

°* We believe that four major technological trends will support the
evolution of photonics throughout the 21st century
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FOUR MAJOR TECHNOLOGICAL TRENDS TO ENHANCE THE PHOTONICS TOOLBOX

Convergence between Denser interconnection
photonics and CMOS between photonic and
technologies CMOS chips

PHOTONICS
TOOLBOX

Wafer level integration or Embedded processing or
suppression of lens or co-design technology-
optical filters software
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TOOLBOX TREND 1 : PHOTONICS MOVES TO CMOS-TYPE FAB AND DESIGN

8”

Thermal imaging,

12”

optical gas
sensors, OLED

and LCD
microdisplays

CMOS image sensors,
Silicon photonics

\ iah quality N
_ Trend 2 : Bond high quality _ Trend 4 : Share the same
Trend 1: _Increase epitaxies on 8” and 12” Trend 3 : L_arge r,r,larket” design tools and methods.
substrate size for I!I-V, CMOS. Develop CMOS demapq drives 8” to 12 Reach seamless
[1I-N and 1I-VI clgssmal compatible process steps for transition, whatever the integration of photonics
optoelectronics / optical materials. / technology into CMOS
/
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bl TOOLBOX TREND 2: DENSER INTERCONNECTION WITH ELECTRONICS
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Optics
simplification
« Componant curvature

« >Cost decrease
» > Size decrease

TOOLBOX TREND 3: LENS AND FILTERS INTEGRATION OR SUPPRESSION

Optics.integration Optics suppression

» 12” wafer level optics » Optical phased array
* New designs (freeform, * Lensfree imaging
non intuitive) * Intraocular projection
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TOOLBOX TREND 4: PROCESSING IN PHOTONICS

161 ™
Asrom\ot { A_-Lm
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Companion chip Embedded processing In pixel processing

* In pixel memory
» Sequential stacking

* Aberration compensation * Address Event Retina
» Edge extraction * ROl image sensors
* Noise correction * Low resolution IR
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EXPECTED MAJOR IMPACTS IN THE COMING 5 YEARS

Intelligent image sensors
Very small optical spectroscopic sensors

3D sensors for machine vision (industry,
transport)

* High speed low cost
communication

* Network on chip

* Alternative computing
architectures

* Low cost LED display
* Devices for digital realit
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IMPACT ON COM. AND COMPUTING : LIGHT IN SILICON

* llI-V laser integration on Silicon °* Ge based laser integration on Silicon
v" 11I-V patterning in CMOS fab v" Sn doping toolbox
v" CMOS compatible contacts on IlI-V v’ Strained Ge toolbox
v" Process compatible with existing Si photonics v’ Optically pumped laser at 180 K
I1I-V die bonding = on going Electrically pumped laser - on going
Upscale from 8” to 12” - on going Ambient temperature lasing - on going

64G NRZ, ER = 3dB. 7 i_;:j'.i,'r iy B i) Avplied Physics B
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IMPACT ON COM. AND COMPUTING: TOWARDS MORE COMPLEX CIRCUITS (1/2)

Increasing number of electrically
driven photonic devices

" Eiec?lcs

484 bumps

Integration/Co-integration level

3
F’.’ro!oni}BL 7

Fig. 2.  Architecture of IRIS TPA.

: Matrix of switches involving
Ry nearly a thousand of optical
components

100 Bumps 144 bumps

J 44 Bumps >
2012 | 2013 | 2014 | 2015 | 2016 | 2017
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A1l IMPACT ON COM. AND COMPUTING : TOWARDS MORE COMPLEX CIRCUITS (2/2)

ceatech

Integrated optical Improved computing  Alternative computing
communication

« Towards 1 Tbit/s secured  Potential constant latency * Neuromorphic computing
communication vs communication distance « Reservoir computing
« High bandwidth density * Horizontal network in « Quantum computing

* Large switch matrix datacenter

- Towards network on chip * Optically interconnected
neural network
N\ \ | N\
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IMPACT ON SENSING: THE SMALLEST MID INFRARED CHEMICAL SENSOR

Quantum
Cascade Laser
on Si

m Industry
Process control, fuel quality

Defense

LD . .
Smallest ,‘ D Hazardous gas & chemical agents detection
MIR integrated MIR | ARl
oplics chemical miniaturization
analyzer

g}o Healthcare

Breath analysis, hospital air control

Environment
3D Air quality, gas emission monitoring
interconnexion
with driving &
readout ICs
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IMPACT ON SENSING: INTELLIGENT PHOTONIC COMPONENTS

(wo) yidag

Image sensor pixels include 3
memories for depth mapping with
modulated illuminating light

Pixels adapt their samplig rate

depending on changes in the scene.

Address Event Representation

Communication and high quality

lighting with modulated LED light.
Possible use of LED matrices for
automotive, smart city and home.

leti I 75

ceatech
3 life.augmented
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METAVISION FOR MACHINES
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IMPACT ON DISPLAY : NEW GENERATION OF DISPLAYS

* GaN light emission on Silicon * High resolution GaN microdisplays
v" Nanowire based technology on Si v" WVGA resolution (873x500 pixels, 10y
v’ Better integration with electronics pitch) prototype microdisplay

v 30ME€ series-C funding in 2018
AR/VR devices, Head-Up Display and

High brightness displays = on going compact projectors = on going

1i-v lab
ﬁ\
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!‘eaetetr! EXPECTED IMPACT ON EMERGING APPLICATIONS AND DEVICES
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Smartphone, tablets Vision for transport Digital reality glasses

» 3D imaging » 3D mapping * Foveation, occultation

» Face recognition * Visible image sensors * 3D phase map solving

« Gesture recognition « Low cost infrared imaging vergence accomodation
- 3D displays - Compact lidar Issue .

« Haptic interface - Sensor fusion * Non orthogonal grid for

* A priori informations display
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TAKEAWAYS

The impact of photonics on the connected society requires componants and
systems with small size, low cost, low power consumption and advanced
functions

A new « toolbox » is under development allowing a tight and seamless integration
of photonics, electronics and processing

Large size markets will probably drive those developments and take benefits of all
the advantages of this toolbox

Impact will certainly be huge in all the applications from sensing to computing,
communication and displays

Conventional photonics will most likely be disrupted except in niche areas
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