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mw HISTORY OF PHOTONICS BRETAGNE
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Photonics Bretagne : Photonics Innovation Hub
An innovative cluster + A technology platform

Telecom technologies spin-off: Startups and
PERFOS creations (PCF Fibers) in 2003
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mw |HE INDUSTRIAL PHOTONICS ECOSYSTEM IN BRITTANY

A Photonics Park In Lannion (>1000 direct jobs in Photonics in Lannion)
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mw HIGH LEVEL LABORATORIES AND UNIVERSITIES

From Operator to PhD

Lannion Lannion

Bac Pro Photonique
BTS Photonique

IUT Mesure Physique
IUT Réseaux et Télécom
Ecole d’ingénieur spécialisation
photonique ENSSAT
Doctorat photonique

Rennes Rennes

Mastére photonique :
Université INSA
Doctorat Photonique

IMT Atlantique
Masteére ;
Photonique ENIB
Doctorat
photonique

BRETRAGNE
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=== Photonics Bretagne : Photonics Innovation Hub
mmmm  An innovative cluster + A technology platform Phatonics Innovation Hub




mw CLUSTER ACTIVITIES

Photonics Intelligence letter - Special edition COVID-19
ey T e Scoop. [
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electronic parts supply chain coronavirus
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Corona virus or COVID-19 will widely impact Vertical farming partners focus on COVID-19 tests

World's economy, geopolitics, military to
technology and industry

T . AL

Tech Watch & Consultancy Regional & EU Lobbying Events & Networking

N°103

LA LUMIERE ET SES APPLICATIONS

ul-—b- - Voley Vactow Venebag Tebemmetre Torre Lume

Support for Building Communication & Visibility
Collaborative Projects
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mw CLUSTER ACTIVITIES

onrerences

QUANTIQUE
G i

04 Avril 2024
Orange Innovation,
LANNION

Organiseé par En partenariat avec Avec le soutien de

. -- ) ’
images & OALETES T ‘
irme: + S weyoTODICS exail otcpo

L'alliance numérique du Grand Ouest

Quantum event co-organised at Orange premises last April!

BRETRGNE

Photonics Innovation Hub
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PHOTONICS PHD DAYS

working all over Europe
> break potential mental barriers of young researchers
> present all the support options available on our territory

> Exploration of career options

> think about a research topic as a

through company visits & group work

e
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Photonics Bretagne : Photonics Innovation Hub BRETAGNE

An innovative cluster + A technology platform Phatonics Innovation Hub



ADVOCACY: HIGH SCHOOL INTERNSHIPS

> Week-long internships are in France
for pupils aged ~14

> New organised by CMQe
Lannion & hosted by Photonics Bretagne

> Avoid the overwhelm of individual requests to
companies

To make photonics as fun and accessible
as possible through

“%@TDI'IICS
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Photonics Bretagne : Photonics Innovation Hub
An innovative cluster + A technology platform



B PROFESSIONAL TRAINING

= We target and meet companies who might
have needs in upskilling or developing new
competences, in Brittany and beyond.

= We offer tailor-made training in photonics,
for all levels, backgrounds, and duration,
theoretical and experimental, in-house or at
the company’s premises.

= We act as the link between education &
apprenticeship curricula, students and
companies.

== Photonics Bretagne : Photonics Innovation Hub
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mw BIOPHOTONICS ENGINEERING

# Support companies in using photonics technologies

o (oY e [ R ke

IDEA / PROBLEM
R&D PROJECT AMALYSIS / CONCEPT METROLOGY

TECHNOLOGY
WATCH

e

INDUSTRIAL
TECHNOLOGY
TRANSFER
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Un Cluster Innovant + Une Plateforme Technologique Phatonics Innovation Hub



W TECHNOLOGY SERVICES

» Custom Instrumentation » Metrology and Diagnostic Aid
# Optical and mechanical design #1 Measurement and analysis of optical radiation
# Integration and assembly of devices # Calibration and characterization of systems

e i PP REOSLE Y
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Un Cluster Innovant + Une Plateforme Technologique Phatonics Innovation Hub




mw RTO SPECIALISED IN CUSTOM OPTICAL FIBRES!

Custom solution from Conception to Integration! . A focus on PCF but also MCF, Active, custom coating, components...
> Active/passive fibers

)
‘9’3 TONICS Industry

RTO PERFIIS

Academic
research

Different doping (Yb, Er, Bi, F, B, Ge...), Phase vapor deposition!

Draw tower Bragg gratings
Metal coated fibers

" Fondamental

ndament RAPP”edh l Development Industrialisation
esearc esearc
Tapers, MFA, Fan In/Out
MATURING TRANSFER

>
>
>
> Stress rods, Capillaries
>
>

Simulation, Characterization, Consulting...

o |

fibre

modeling MCVD preform
fabrication

polymer
coating

preform

test &
L . reel storage
positionning

fibre drawing
@
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mw RTO PHOTONICS BRETAGNE SPECIALTY OPTICAL FIBRES R

iNeg= 1449784  n4= 1.449696

Neg = 1.449671

éLP,V$ PYs
N K

off= 1449656

Negr= 1449571 ng=1.449539

Technological capacity unique in the world in the field of specialty optical fibre manufacturing !!
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Un Cluster Innovant + Une Plateforme Technologique Phatonics Innovation Hub




MICROSTRUCTURED FIBRES

Soup-CoRrE

Supercontinuum | SUP *

Supercontinuum and nonlinear wavelength
COnversion

Optimised for pumping near 780 nm
and 1060 nm

Low background loss

5mall effective area

High nonlinear coefficient

Endlessly Single-Mode | ESM
White light delivery for life sciences

+ Single-mode at all wavelengths

= Wavelength-independent mode-field
diameter

= Available in polarisation-maintaining
version

Airclad | ACF

Power delivery, spectroscopy

* Multimode
= Ultra-high numerical aperture

* Alsa plug-and-play madules available on request

Product list available on Exail’s Eshop! Custom demand/design directly through us! ©

HoLLow-CoORE

Photonic Bandgap | HCF

Gas detection

Different transmission bands in
Mear-IR with low background loss
Ultra-low nonlinearity

High damage threshold

=98% of the optical power in the core
Ultra-low bend loss

Anti-Resonant | ARF
Low latency transmission, power delivery

Various spectral transmission bands
{700-3150 nm) with ultra-low dispersion
High damage threshold

~90% of the optical power in the core
Mearly single-mode guidance

CABLE

Hollow-Core Fibre Optic Cables

Low latency data transmission

+ Large bandwidth transmission
at 1310 nm, over the full C/L
bands and beyond

+ Low loss

+ Easy integration into existing
networks

mw RTO PHOTONICS BRETAGNE: SPECIALTY OPTICAL

Custom solution from Conception to Integration!

ALL SoLip FIBRES

Very Large Mode Area |VLMA*
Ytterbium Doped Fibre
High power ultra-fast pulsed
fibre lasers/amplifiers

All-solid step-index fibre

Truly single-mode PM

Mode area ~750 pm?
Photodarkening-free silica matrix
Cladding absorption =7 dB/m
Passive version available on request

Multicore | MCF
Sensing, telecom, lasers

= 7and 12 cores

= Excellent fibre geometry

= Passive, photosensitive, erbium or
ytterbium doped cores

COATINGS

Metal Coated Fibres
Sensing, amplifiers, lasers

= Multi/single-mode fibres with
aluminium or carbon+copper
coating

= Wide temperature range and
water/hydrogen sealing barrier

e

FIBRES

g™,

g

COMPONENTS

Draw Tower Bragg Gratings
Temperature and strain sensors

—— = Single or multicore fibres
x = Weak reflectivity
T » Customisable FBG length
and spacing

Boron Stress Rods
For polarisation maintaining fibres
= Highly doped

= Various core diameters and
lengths

Capillaries
Combiners, biophotonics

= High-precision homogeneous
vertical drawing

= Pure or doped (fluorine, boron,
germanium.__) silica

afag

ISC 9001

Qualeie

*wPIHOTONICS

BRETRGNE

Photonics Bretagne : Hub d’Innovation en Photonique
Un Cluster Innovant + Une Plateforme Technologique

Photonics Innovation Hub



0,0020

mw ACTIVE FIBERS

> Excellent control of glass composition, fabrication process, refractive 2
index and rare-earth profile! g oo

> Core diameter up to 6 mm 2

> Yb VLMA (large A, single mode, bendable...) ?;

> Also custom solution and other dopants (Er, Bi, etc...)!
» Module and Passive version available

X

X

K K K

[Profil E0527 (Preform P0977M1)] —zomn) |

——220mm| |
200 mm
180 mm| —

[=—— 160 mm
=140 mm| 7
——120mm| |

e

-2

-1 0 1 2 3
Preform Radius (mm)

L T T T T T T T T T
/j - -
H A0 4 -
HPHOTONICS ACTIVE FIBRES 5 35,348 ]
/ BRETAGNE VERY LARGE MODE AREA FIBRE g _ - = .
. 1 40 pm core diameter e 'E a0 M ]
Product line PERFLIS - - ]
- _."] n _
8 1
Main characteristics H S0 i
@ Truly single mode polarization maintaining behavior Applications E i~ N
@ All-solid step index‘based fibre design based on our High power ultrafast pulsed Tl -
all-vapor phase delivery process fiber lasers/amplifiers for a0 ]
@ Industry standard low index polymer coating material  processing, life _
providing long term reliability & performance science, spectroscopy or S0 =
i . ) X defense applications.
@ Excellent fibre lot uniformity and consistency 100
- T T T T T T T T T T
@ Photodarkening free silica matrix 1280 1280 1300 1320 1340 1380 13&0 1000 1430 1440
Languaur d'ande {nm)

Fibre specifications

Photonics Bretagne : Hub d’Innovation en Photonique

Un Cluster Innovant + Une Plateforme Technologique

Bi-doped fiber for E-band telecom
amplification (1360nm-1460nm)
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mw ENDLESSLY SINGLEMODE FIBERS

"‘55PIQTOI'1ICS
//// BRETAGNE

Product line PERFIIS

MICROSTRUCTURED FIBRES
ENDLESSLY SINGLE MODE FIBRE

03/2021

Main characteristics Applications

@ Singlemode over the whole wavelength range Singlemode light delivery

@ Standard and PM versions

Measured fundamental mode shape

PRSI Various design, ESM5, ESM10, PM or not!
ESM20-PM and all-solid ESM on the way! ©

*wPIHOTONICS
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mw SUPERCONTINUM FIBERS

Typical supercontinuum generated in two SUP fibres

2.
5
2
g and =0,
5
P osod
50
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70 T T T T T
a30 830
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/ BRETAGNE

Product line PERFLIS

MICROSTRUCTURED FIBRES
SUPERCONTINUUM PHOTONIC CRYSTAL FIBERE

%‘;
01/2024
|dB/nm}
H
=z
= o
@ @ -

Spectrum (rel.u.)
o
'Y

Sp | p
—
=
L+

Main characteristics Applications

o . . 950 2620 om0 200 400 600 800 1000
@® Pure silica core, low background losses @ Supercontinuum generation Wavelongth (rm] Wavelangth(nm)
@ Small effective area, high nonlinear @ Frequency comb generation

coefficient

e Custom simulation and fiber desigh depending on
@ Dispersion optimised for pumping near

780 nm & 1060 nm

your pump & desired output spectrum

product

Distance (cm)

development
uCAIR microscopy market (& micro-flow cytometry) (research)
intraoperative diagnostic
market (med.)

@Q"(:}\' & diagnostic SR histopathology & fluid screening (med.)
WO S

New Horizon Europe project Ucair started early 2024 will help us to develop
new fibers for generating coherent supercontinuum for cancer diagnosis.

0 05 1 15

t(ps)

Photonics Bretagne : Hub d’Innovation en Photonique
Un Cluster Innovant + Une Plateforme Technologique
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mw MULTICORE FIBERS

- J
P I-|0TOI'IIC5 MULTICORE FIBRES

/ BI?CTFIGFIE e

Product line PE -..\

Main characteristics Applications
@ Photosensitive core designs @ Numerous applications in sensing such as
for FBG inscription structural health monitoring, shape sensing
@ Excellent fibre geometry @ Data centers oriented applications in active
control optical cables and/or silicon photonics
technology

“WPHOTONICS MULTICORE FIBRES

BRCTHGFIC 12 CORES
Product line F’ERF{\S

3

Main characteristics Applications
@ Passive/photosensitive or Erbium/Ytterbium doped @ Sensing
@ Index difference and dopants superior control and uniformity @ Telecom

among all 12 cores for both passive and active fibres
@ Laser

@ Excellent fibre geometry (core position and spacing) enables
optimal splice losses

Cilrm mmamifimabinme

Photonics Bretagne : Hub d’Innovation en Photonique
Un Cluster Innovant + Une Plateforme Technologique

12/2020

Custom design MCF available: Passive
& Active, integrating similar or
different core composition/size, spun
(or not), integrating FBG (or not)...

BRETRGNE

Photonics Innovation Hub
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mw ARF FIBERS (AND PATCHCORD/CABLE)

PI:IQTDFIICS
/ BRETAGNE

Product line PERFIIS

MICROSTRUCTURED FIBRES
ANTI-RESONANT HOLLOW CORE FIBRE

04/2021

Applications

Main characteristics @ Low latency data transmission

@ High damage threshold @ Gas-filled AR hollow core fibre laser
@ Nearly single mode guidance @ Molecular tracing, gas detection
@ Ultra low dispersion in the @ High power delivery for pico- and

transmission bands sub-picoseconds optical pulses

Optical signal in a hollow core anti-resonant fibre propagates in an air core surrounded by single
ring of anti-resonant tube elements. Guidance is based on an anti-resonance from the thin glass
membranes constituted by the non-touching tubes surrounding the hollow core. The extremely low
overlap of guided power with the surrounding silica, less than 2)(105, added to the mode effective
area, confers to this fibre design record material non-linearity.

Also NANF

Fibre specifications

Fibre type ARF-40-240 ARF-33-160 ARF-45-240 ARF-40-230 ARF-120-400
Optimised for 750 nm transmission 1064 nm transmission 1550 nm transmission 2 pm transmission 3 pm transmission

Optical parameters

Attenuation (d8/km) <50 @ 750 nm < 50 @ 1064 nm « 35 @ 1550 nm <B0@2pum <70 @ 3pm
U et Syt i e 700 - 915 1000 - 1350 1450 - 1750 1600 - 2200 2900 - 3150
(< D0 dB/km)

Mode field diameter pm) 29 @ 750 nm 26 @ 1064 nm 37 @ 1550 nm 335@2pm 90 @ 3pm
Dispersion {ps/nm/km) ~0.8 @ 750 nm ~2 @ 1064 nm ~ 1@ 1550 nm ~2@2pm ~0.8 @ 3uym
Mode overlap with core =99.99 %

Mumerical aperture ~0.02 ~0.03

HOM suppression (d8) M.A. 10 (after 3 m) 10 (after 5 m) = 25 (after 3 m) MN.A.

3 dB Bend loss radius (cm) 4 +/-1@750 nm 4 +/-1 @ 1064 nm 6 +/- 1@ 1550 nm B+/-1 @2pm 11 +/-1 @ Ium
Physical/Material parameters

Fibre material Air Core

Core diameter (um) 38+/-2 B2 46 +/-2 40 +/-2 19 +/-2
Cladding diameter (um) T1+-3 66 +/- 3 99 +/-3 105 +/- 3 233+/-3

Continuously improving the losses of our hollow-core fibers:

Photonics Bretagne : Hub d’Innovation en Photonique
Un Cluster Innovant + Une Plateforme Technologique

bandgap Design!

Low latency cable/patchcords available

Collaboration with Idil & Exail!

@1/2J[W » INDOOR/OUTDOOR CABLE ASSEMBLY

Low latency hollow-core cables

- Low latency data transmission

- Light travels 50% faster than in solid core fibers
(+ 1.7ps/km)

- High bandwidth transmission

- Low loss (<10dB/km @1550nm)

- Indoor/outdoor cable and termination

- Inter server distance: from few meters to kms

- Easy to integrate into existing networks

- Operating from -40°C to +60°C

- Traction: 1000N

- Custom lengths, number of fibers, conneclors...

+  Telecom networks
Financial trading

+ Data centre

+  5G mobile networks

and

+ Cloud computing

Eye Diagram (Transmission)

10Gb/s NRZ, L=100m +  Quantum com.

ARF : Anti-Resonant Fibers

ol

Optical signal in the fiber propagates
in an air core surrounded by single
ring of anti-resonant tube elements

Example of fiber terminations

—

Multichannel armed cable

"
3
c
0
c
o)
o
£
0
(@)
o3
"
0
-
Q
(o)
0
o)
i

Fan-out

N »SMF-28 (control)

mto kms

Currently developing 0.5dB/km loss fiber @ 1.55um!

TONICS

Fig
PH BRETAGNE
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mw FIBER BRAGG GRATING ARRAY (FBGA)

*PHOTONICS >
/ BRETRGNE FIBRE BRAGG GRATING ARRAY @E

Product line PERFL [ChEEn

02/2022

Main characteristics Applications
- @ Weak reflectivity (5% max) @ Temperature and strain sensor 0 r—= BN NS N S N N N N N N S O
—— | |FBG written in 0,21 NA Photosensitive Fiber
If‘ - @ Strong mechanical strength @ Shape sensing @ =54 pm,
,h e @ Customizable FBG length (1 to 10mm) @ Structural Health Monitoring I ‘ SN U S O I O
<o S - Perfect FBG A
’ \ L 3 @ Customizable FBG spacing (from 100pm to more than 1m) | I— Single Pulse 5 mm FBG
@ Customizable Sensor length (up to 2km) a -10
=
> SLSR > 10dB ]
> Strength: g ;
» No degradation of intrinsic fiber strength 3 !
5 S,
> Up to 1000s uninterrupted FBGs on a single fiber draw (DTG) x -2 [\/ A
» Accurate positioning of FBGs on fiber, Gratings on MCF available ! /\/
» 200 pm min gap between FBG up to 10 cm max error location on 1 km \/\
-30 L

1539,5 1539,75 1540,00 1540,25 1540,50 1540,75 1541,00

> Applications: Wavelength (nm)

» Structural health monitoring: wind turbines, aircraft wings, bridges

» FBGs based Distributed temperature sensing

» Non invasive surgery with continuous FBGs based shape sensing (MCF)

BRETRGNE

Photonics Innovation Hub
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| SPEC'AL COAT'NG » Aluminum > Custom drawing of your preform

N » Already available : Radiation
“HPHOTONICS COATINGS e
L  RREINGIE ALUMINUM-COATED FIBRE g:%g 3 resistant, SM, MMGI, MMSI

Product line PERFLIS

Collaboration with Exail!

Main characteristics Applications

o
@ Custom multimode or singlemode silica fibres @ Signal transmission in harsh AI u m I n u m
environment ®
@ Handling wide temperature/radiative ranges t d F b
@ High power active fibre cooling co a e I e rs

@ Water/hydrogen sealing barrier

@ Distributive temperature sensing bl i =
@ Drawing of customer’s preform available

Overview

ﬁ A

| wwh

' \_\‘ wwm ﬂ |

» Under development: carbon,
> State-of-the art microstructure, mechanical properties and attenuation polyimide and copper

BRETRGNE

Photonics Innovation Hub
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mw FIBER COMPONENT

Custom Silica Capillaries
Boron stress rods
End-Cap

MCF Fan in/Fan out
Mode field adapter

Combiner

Vv V V V V VY VY

Taper

"PHOTONICS
Photonics Bretagne : Hub d’Innovation en Photonique } BRETAGNE

Un Cluster Innovant + Une Plateforme Technologique Phatonics Innovation Hub




mw FIBER BASED CHIRPED PULSES OPTICAL PARAMETRIC SOURCES (PHD THESIS)

Development of fiber ultrashort multi-wavelength tunable energetic light sources for nonlinear
spectroscopy, based on microstructured fibers developed and drawn at Photonic Bretagne facilities

1.0+

0.8

u)

Widely tunable

0.4
|
LR
" \\ | |
_r'.“‘il.l l |H‘|\ | U1 |“| M\
0.0 I.-"r/ﬂl Il&‘ lLIA S f ,\ LA ll L)
T80 BOO 820 B4D B0 1300 1350 1400 1450 1500
Wavelength (nm)
—— Idler - High feedback
— Idler - Low feedback
-100
Pump
. -120 4 ]
g L
I3 \A\jl‘ r‘p‘” T
% “J l',r‘ r ‘ | \J
= _140__,‘Jm‘w,w‘swwk‘" i , | v
o |
-160

1Low intensity noise

— . e
10 10° 10°

Offset frequency (Hz)

Photonics Bretagne : Hub d’Innovation en Photonique
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DCF Spool
D ~ - 2000 ps?

30 GHz PhD

20 GHZ
Real-time oscilloscope

SUP5- 8 cm DM
4..._...
A
i
|
%

JR—
ESM10 PM - 197 m

Chirped Pump
500 ps - 1036 nm - 5 W - 968 kHz

: A2 A2

ISO /
/2

Up to 500 nJ at 820 nm
Up to 300 nJ at 1380 nm

nsity (a.

Inte

1.0+

0.8 o

0.6 -

0.4

0.0

; J

670 f§ ——=

T T T T T T T
-60 45 -30 -15 0 15 30 45 60

Delay (ps)

Su

b-picosecond pulse durations

gmngia
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@EPIC YY) ,
mw ACTIVITY AT EUROPEAN LEVEL 0@ oz PHOTONICS®!

Networks
»Photonics21, EPIC, Opfatec, S3 Platform, Interreg projects... STEPHANIE ﬁ PHOTONHUB \ PHOTONICS
EUROPE A nglustNy

Interreg Europe
Conferences & Tradeshows
»Laser World of Photonics, Photonics West/Europe, OFC, ECOC...

HILCITCY “
North-West Europe

6 International Projects A
» 4 Horizon Europe 2SN
v" UCAIR: PCF Fiber for chemical analysis imaging of cancer NEW!!
v PHORWARDS21: Advocacy and fostering interregional collaboration in Europe NEW!!
v PHOTONHUB: Fostering cross-regional collaboration via vouchers
v PHOTONQBOOST: Fostering cross-regional collaboration via vouchers NEW!!

PIE PHOTONICS
> 2 Biregional Project with Wallonia World of | s e EUROPE

v' CAFCA: Fibre bragg grating array for strain/T° sensing

v RIBLETS: VLMA Yb taper for laser manufacturing SPIE\_/)@
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and we need more...with you! ©

Are we unique? Do you know any other organisation in the world
manufacturing all the type of specialty fibers we make?

Photonics Bretagne : Photonics Innovation Hub
An innovative cluster + A technology platform

“%@TDI'IICS

BRETRAGNE
Photonics Innovation Hub



mw OUR TEAM

David MECHIN
Directeur

ANIMATION FILIERE

Gwenaélle LEFEUVRE

Responsable
Développement

il b .
Mathieu JACQUEMET
Chargé d’Affaires

Formations

Responsable
Administratif
& Financier

ADMINISTRATIF ET SUPPORT

Agnés MELIN

Responsable QSE &
Achats

FIBRES ET COMPOSANTS

Sébastien CLAUDOT

COMMUNICATION ET EVENEMENTIEL

Agnés GAUTRET
Responsable

Evénementiel

Communication et

Sabrina LE GALL

Assistante de
Communication

~

Emrys LE GALL

Assistant de
Communication

o

Achille MONTEVILLE

Responsable Technique Ingénieur Process

Fibres et Composants

Olivier LEGOFFIC
Technicien MCVD

Tristan GUEZENNEC
Doctorant

Photonics Bretagne : Photonics Innovation Hub
An innovative cluster + A technology platform

Laurent PROVINO
Ingénieur Modélisation

Kelig TERRIEN
Assistant Ingénieur

Adil HABOUCHA
Ingénieur Laser

Jérome QUINTIN
Assistant Ingénieur

Bertrand DUDOUX

Ingénieur Composants
et Méthodes
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“
Antoine JUGUET
Assistant Ingénieur

Robin POUYET

Ingénieur Matériaux
et Chimiste Polymere

PARTENARIAT ARVALIS

Antoine FOURNIER
Ingénieur Capteurs

Benjamin GAC
Ingénieur
Agrophotonique

BIOPHOTONIQUE

Denis TREGOAT

Responsable
Biophotonique / CRT

Stéphane PERRIN

Chef de Projets
Biophotoniques

Sofian HELMER

Lisa UGUEN

Assistante Ingénieur
Biophotonique

Ingénieur
Biophotonique

Gaspard RUSSIAS

Biophotonique

Guirec HERNOT

Assistant Ingénieur
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~ THANK YOU FOR -
"YOUR ATTENTION!
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