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STATISTIQUES DIVERSES

» Environ 75 conférences suivies (Yoan + Julien) => +50% vs 2022
» Environ 2 sans implications directes sur Manutech (Culture générale) => -80% vs 2022
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STATISTIQUES DIVERSES

» Environ 75 conférences suivies (Yoan + Julien) => +50% vs 2022
» Environ 2 sans implications directes sur Manutech (Culture générale) => -80% vs 2022

Nombre de Thématique Nombre de Technique |Nombre de Technique 2
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STATISTIQUES DIVERSES

» Environ 75 conférences suivies (Yoan + Julien) => +50% vs 2022
» Environ 2 sans implications directes sur Manutech (Culture générale) => -80% vs 2022

Nombre de Société

Nombre de Société

Répartition des conférences frangaises vues par entité Répartition des conférences allemandes vues par entité

Alphanov Amplitude Cailabs Centre  Entreprise LaHC Manutech Université Aachen  Centre tech. Entreprise Fraunhofer KIT Trumpf Université
tech. Autre  autre autre Autre autre autre
4MANIITEI}H
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29/01/2023 12411-2

Robot integration and laser processing

Femtosecond fiber delivery for industrial applications

Auteur(s) S. Guillemet

Soc-/iLab. Amplitude (Fr.)

Easy installation
Satsuma laser and injection module simply fixed on 12 mm thick aluminum breadboard.

Intéreéts * Laser fibering + robot demonstration | N

Fiber output module mounted on a robot arm to move it in 3D (translations & rotations).

_Z_ \\ Amplitude

Informations clés 1 photos

» 7 GloA{complete watercooling) + Satsuma 20W — 60

s\ _#¥brastobot/(Alphanov)

« ~_“1~Couplage Power and analyse de faisceau sur la tete du robot
o “\ideolive’: few Y beam deviation but quite stable P — XY

s~ 2-Processing un echantillon H et un V demo Alphanov + Amplitude logo : ripples
tres similaires

D Todémonstrate : 300W Tangor Laser

« - —Questions : watercooling (Yes) ; Z axis precision (ok) ; M? (1.2 demonstrated,
slight decrease). Thinking of integrating injection inside the laser. Loss of 5%
{during propagation) ; Pulse duration preserved (demosntrated 267fs)

[/ horec

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 6



:",29/01/2023 N°12411-3

/(T\i’\cle : Versatile phase & amplitude pulse shaping with SLM
Auteur(s) Lingxia Yang

| ';’»’"Soc / Lab lllinois Biophotonics university (USA)

l nte rets

*-~Informat|ons clés 0 photos
- Multlphoton microscopy

- : ",‘Gratmg dlsperser + focal + SLM + SLM + Grating compressor
f_"f°'j_“\_.".-.Custom,SLI\/I (15kS, higher speed)

-Half Wéveplate + SLM + return half wave plate + polar filter...

4““““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation



29/01/2023 N°12411-6

Challenges for marking of medical devices

The process needs to be

. . . . timized ; e
Black marking for medical industry with USP lasers at Sterilization and Passivationé_p e qug'a'f{s?;:y%:? »
different pulse durations W A,/

Auteur(s) Steffen Ribling -

UDI conform marking

Soc-/iLab. Trumpf (Fr.)

Intérets  Complete solution for Pharma Id o re——
k' . h . I Fading after passivation 1 W";ht n?ndoptfi;nized parar;’ne(ersl, the marking is prone to rust
. and to fade after repeated sterilization or after a passivation process.
B | a C k m a r I n g W It rl p p e S see ) Sattoc Riblog | Troncs Kiark ! Proc. SPIE 10906, Laser-based Micro- and Nanoprocessing XIII, 1090604 Source: TRUMPF Group “
Informations clés 2 photos
«/ Complete/supply chain from identification to marking and Corrosion resistant markings with ns and USP lasers
. d Different structures are created using different lasers
processing ata 5 I:nlneall;_lg process with ns laser LIPSS with USP laser
e ey . . o . = Okxide layer, Top layer remelted .
-~ Process definition to avoid fading after sterilization and - Some cracks i the surface ¢ Baterronk ncormodion et
- - - = Small process window - vulnerable (for fluctuations) = Big process window for reliable markings
passivation ranging from ns to fs. PO ool Rod

o USP Lipss = black marking and better corrosion effects

« ~Laser+Vision+Eclairage+Pointer all in one solution for product
identification. Medical conform markings " In the past conventional process for marking ¥ ndsperidact of vewog Btt

of medical devices = Less dependency on material

*AQuestion : black marking on glass? » Sharper edges of the markings

= No passivation necessary
after marking (Material dependent)

Proceedings of the SPIE, Volume 10092, id. 1009204 6 pp. (2017)

8 | Steffen Rubling | TruMicro Mark

4"“"““““ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 8



29/01/2023 N°12411-7 Motivation BT
‘-:,“ - > Malignant cells co-exist with healthy tissue , T
o . . | > Multi-modal imaging: d
Towards precision tumour surgery with picosecond lasers B o diognasis

» Current surgical tools
| * Lack precision, control, selectivity
AUteu r(s) Jon Shepa rd | * Order of magnitude worse than required
I » Default practice
* Remove cancers with margin of normal tissue

SOC. / Lab. Heriot Watt UnlverSIty (Angl.) ‘ : Try and ensure complete cancer eradication

Leaving cancer cells = recurrent disease

> Current surgical strategy = compromise: hitps://youtu be/okO1RYevtXY

Intéréts « Thématique : Usinage de tissues vivants
cancérigenes

Informations clés 3 photos

o/ Controlof ablation on alive tissues to remove cancer cells.

«— “Demonstration on fresh colorectal tissues. 90% recovering. Up
to-600um deep ablation depending on energy (few 10s pJ

s Speed-upscaling : be careful of deep thermal effects
«~Fibering delivery issues, new cores

[/t

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation



29/01/2023 N° 12360-35 Double-pass wavefront shaping for

scatter correction in a cataract’

s model
Wavefront shaping and optical memory effect of excised

crystalline lenses Comrecion s erees o " *41
Auteur(s) Alba Paniagua

Soc-/iLab. Universidad de murcia (Esp.)

Intérets * Travaux sur le cristallin

Informations clés 1 photos

«/ Optimisation of the Point Spread Function when view blurring
duetocataract effects

* < <Use-of Beam shaping to improve vision

s Excised human caractous lenses

o 12360-60 poster

rn'l'-

MANUTECH 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 10



29/01/2023 N° 12360-36 Optical Signal Discontinuity Zones (1):
OCT images of the human cristalline lens reveal local — S

changes in the morphology and transparency with ageing

Auteur(s) Danniel Ruminski

Posterior pole

M. Dubbelman et al, 2003
Scheimpfiug Imaging, in-vitro human eye 5}'"9( Sff‘:e Optical Coberence
i a OmOgr aphry, in-vivo humun eye

Soc-/iLab. Nicolaus Copernicus Univ., BOE Lab, (Pol.)

: -_‘ L
Intéréts e Travaux sur le cristallin 3 et}
; ," : ‘ ‘ "
Informations clés 6 photos e eenaress -
(1)
. Thickening of cristalline lens with age, mainly due to cortex .‘!))25
(a) (:)‘ * Artericr C1 » Possercr 1 ®) e
« “Moreconvex also and less transparent e RN
«Experts in OCT for cristalline analysis 5 st ok e w\éa’si*m
. . £ E (cezlmm'mc‘ 9 -ck:wu‘n-v:-:ca
» In'vivo analyze of age dependency of geometry and light back § ] . Lok ne SISO
: 3 3| b e i | Sy .
scattering £ 2] A ;’;j"’“‘ R
o (e) + Acterior comex sl
2 s, .ﬁ)‘. n 4
: 0 20 40 60 80 os W R=C8
Age (years) ol n ‘CT;'""
Age (years)
The thickening of the crystalline lens with age i primarily due to
thickening of cortex
- A e o e e e e

V Vttl ) B | -
J

17 l A
UMANUTECH 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 11




29/01/2023 12411-10 ~ Ablation rate @1030nm VS @515nm VS @343nm

Pork femur (metaphysis)

250 kHz 500 kHz 1000 kHz 250 kHz 500 kHz 1000 kHz 250 kHz 500 kHz 1000 kHz

Ultrafast ablation of bone tissue : process optimisation and
species dependence | il B | ] s |

o
°

wosf 7 (2500 mms | f:',;os. (4000 ms |
Auteur(s) Laura Gemini k. .
M i

o

Soc-/iLab. Alphanov (Fr.)

0.0 0.0
2 29239528627 2 292528627 2 292528627 2 29230628627 2 292628627 2 292528627 2 29239 528627 2 292528627 2 29252862
Power (W) Power (W) Power (W)

Intéréts * Projets Alphanov dans 'usinage de tissues

V | V a n t S + Lower repetition rates, higher average power and higher scanning speeds are favorable to maximize the ablation rate

¢ Ablation @515nm always leads to higher ablation rates (absorption by hemoglobin and melanin)

* A maximum repetition rate exists beyond which thermal effects become too important and the ablation rate drops

Informations clés 5 photos
Carbonisation @1030nm VS @515nm VS @343nm ALPhA NGV

»/ Cutting of bones with femtosecond laser to avoid thermal effects A
comparedito Ns lasers Bows  soowi: 1000k

»Today ~low ablation rate of fs (<0.15mm3/s) depending also on the ’
|

arigin‘of/the bone (for animal tests for instance)
s Better-ablation rate in Green, 6W, high speed (4m/s) _ | | |
Byt IR, 500kHz 1m/s, Green, 3W also better for lower carbonization MMJJ 1 | ik 1. ok

250 kHz S00 kHz 1000 kHz 250 kHz 500 kHz 1000 kHz
1030 v

;Ilm‘j L '} ; oo + ' - MJ

030 nmy
348 o

® Better‘ In Air rather than Water or- alr knlfe Or Water Spray for ablatIOn 2 zoznszu:r':m::(:::nr 2 202528027 2 nzns:ae:.-;m::l::o:: 2 202528027 072 2m Jvaznazri:ov::’z(;;uzr‘ 2 202828627
rate b ut b ette r fo r Ca rbo n izatiO n ( LI BS a n a |yS I S) * Stronger carbonization @515nm because of absorption by organic components (hemoglobin and melanin)
* Lower repetition rates, higher scanning speeds and use of IR wavelength are favourable to minimise the carbonisation
N B | OTI S : bo n e p atte r n | n g fo r bette r OSte OI nteg r-at I O n * Atemperature is likely reached at S00kHz at which a different ablation process kicks in (cavitation bubble dynamics?)

* Project LARA (Laser Robotic Application) 3 years
|‘/|T-
MANUTECH

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 12
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‘Deep learning

30/01/2023 12408-1

. . How should we find parametrized functi
Deep learning based simulator for femtosecond laser P unctions?

micromachining

X: Image

Auteur(s) Shuntaro Kani

Soc-/iLab. University of Tokyo (Jap.)

"I/.,”‘f AKrathevaky of ot NPS 12 1007 (2012)

Intéréts e Utilisation d’IA H24 pour BdD d’anticipation
des usinages

l?eep learning approach
** Prepare multiple nonlinear functions and connect them!

Informations clés 5 photos

» 7 Deep learning basé sur une somme de fonctions simple

. Modek2D-basé sur des vecteurs locaux pour tenir compte de la rugosité

o ~_“Appligté-aux multi pulses

o ~Applique a 'optimisation des parametres

. Meister data generator : system tournant H24 laser+carac pour cumuler des
données

. Metals hard to predict because based on roughness and amorphisation surface
difficult to estimate.

« “=—Question : rep rate? One shot data. Did not take into account accumulation
effects yet

Silicon, 40 pJ/puise  se— smcon,lowl'pubo

*~From 1 material, transferable to another material? Not as easy but trying : vawmw%uwmm‘
Labopaadd 4
/~ AMANUTECH

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 14



130/01/2023 12411-20
“//High-quality cutting of heat-sensitive polymers with a high-
power femtosecond UV laser

Auteu r(s) Jim Bovatsek
';’»’"Soc / Lab MKS Instruments

’__;"’:?’:f"glnte rets * Usinage UV

i]\i*-lnformatlons cles 0 photos

~+ Laser40W — 1 MHz — UV

NS ‘,‘Bonne quallte d’usinage sur des échantillons polymeres
< transparents

~ + Découpe de Pl épaisseur 75 um
. : ~,viAyaflntage de I'UV sur des matériaux polymeres

r’lﬁ»ﬂ

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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30/01/2023 12411-22

Generation of micro pillars by ultrafast first order bessel
beam

Auteur(s) Valeria Viviana Belloni
Soc-/iLab. Femto st (Fr.)

Intéréts  Couplage de MEF sur verre pour fabrication
de nano pilliers sur verre

Informations clés 3 photos

o/ Vortex beams / Bessel beams
o “Bessel beams : 8mm thick glass cutting / Nanorprotusions

res with Bessel beams radially and

We obtained positive structu

« - Higher grder bessel beams (bessel + vortex phase). SLM + ) szmuthally polarized
focale 4 radial polarizer converter + focale + echantillon "/ We obtained structures up to 15 um in height with sub-yum diameter

«==>npilliers protubérants de quelques 100aine de nm de large et | We propose a model for the pillar generation be ¢

. L . jet of liquid material
dizaine de microns de haut. S A |
Applications; MEMS, NEMS, metamaterials, ...

«._Testé jusqu’a 1ps : ok ; 1kHz ;
o~ Matrix of pillars : 7um spaced

Surface anti-bactérienne mais temps d’usinage tres long

r4 MANIITEGII

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 16



+,30/01/2023 12411-23

///Fime-resolved measurement of stress wave profile during
//femtosecond laser processing of synthetic silica glass

Auteu r(s) Junya Hattori
Soc/Lab University of Tokyo (Jap.)

4_‘,:?":l:h-\tér_ét’s;; * Observation d’'ondes de choc dans le verre

1“*~-Informat|ons clés 0 photos

N ', Laser on glass in air = shock wave ; in glass = stress wave.
NE cOp.tICSV express 27(20) . Fs laser drilling : stress wave causes
X aﬁt'r-ac‘ks.\S‘hock peening : residual stress due to stress wave
~—_improves material properties.

4““““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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30/01/2023 12408-4 Advanced Laser Processing and its Optimization With Machine Learning

Curse of Dimensionaity
Advanced laser processing and its optimization with machine
Iearning 5 SgpOn POns per P armeter More parameters - more combinations
Auteur(s) Andreas Michalowski (Ger.) scad

o | :

Soc-/ilab. IFSW

Intéréts  Approche IA pour usinage optimisé

Informations clés 5 photos

o7 Qg:noms-de/fusion bionic

s\ _High power/usp can work now continuously : one laser for all kind of processes +
today Each kind process requires knowledge. => Deep learning aims at changing
that

«— —New project addsub mix of 3D and laser ablation

s~ Photonics res 2200045 (2022) : smoothing with burst
o <Step/by step milling + smoothing

«=.._Ciyan ultra fast beam shaping at kW

« =-High number of exp depending on number of param (expo). Can Al help?
e 7 Bosh

U] ssedalg  Aeno msedoug

e B e ——

4“““““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 18
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30/01/2023 12411-24

Wltrafast laser microfabrication of guided wave components for
spatial mode manipulation

Auteur(s) Robert Thomson

M. Haque et al, SPIE Newsroom 2015

Intéréts e Usinage dans la masse de verre pour du .
guide d’onde ;

MacLachlan et al, Opt. Mat. Express 3, 1616 (2013)

Soc-/iLab. Heriott Watt Univ. (UK)

Informations clés 4 photos _,j. —
. . . ' “ww"-km‘ﬂmw'ulw
«/ Challenges for multiplex / demultiplex fibers => Use of USP e
. .. .pe . . ‘_4““*:21:;3#4!‘“»:‘:'@“::;"““
laserbulk inscription of fused silica for integrated coupling e e et e e 4 o o ™
systems

o MCF: Multi Core Fiber
o 3rd harmonic to see the refractive index change

Conceptual diagram of the 3D Interconnect
+2012 prototype throughput loss ~ 5 dB. (b) the MCF coupling end of the 3D fan-out

Optical micrograph of (a) the 120 core MCF and

[/t

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 19



30/01/2023 12411-25

€omparative study of laser-assisted etching using femtosecond laser pulses
emitted at IR (1030 nm) and UV (343 nm) wavelengths

Auteur(s) Benedikt Hermann
Soc.’/ Lab. EPFL (Suisse) Polytechnique Lausanne

Intéréts e Usinage du verre sous UV + Etching

Informations clés 5 photos

«/ IR/ UV use for photoinscription in Glass
» “HF-orNaOH etching solvant
«~-100nJ)/ pristine material / NA 0.23 30mm working distance

Introduction
Ultra-Fast UV Pulses

Why use UV instead of IR wavelength?
Higher confinement, improved resolution

Fewer photons needed for lonization

ower pulse ener
5 \{fcsg cumulativ%y(thennal) effects

Laser used in this study: Amplitude Tangor
Avg. power: 100 W (IR)
Pulse duration: 450 (;5515 A48
Wavelength: 1030, 515, nm
Focusing: Reflective Objective, NA: 0,23, WD: 30 mm

Conclusions & Outlook

Highly efficlent etching regime using fs-Uv
Etching rate up to 380 pm/h (NaOH)
Low dose, few pulses (8-10 pulses / ym)
Laser rep. rate > 2 MHz

Machining speeds > 200 mm/s
=» Galvo scanning or holographic writing

Self-focusing => highly confined pores
Nano-scale fluidic devices
Porous membranes down to 100 nm
Photonic crystals

Direct write waveguides with fs-UV
Few pulses (~4 pulses / ym)
Very high processing speeds: 500 mm/s

=» Measurement of losses and refractive index B

T/] o

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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%30/01/2023 12411-27

/

* Comparaison Gaussien / Bessel pour
gravure de grating dans la masse de verre

ns clés 1 photos

scence images excitation ar 375nm to see the index change

'parison with Bessel beam : axicon alpha 2°, focale 100mm, x40 obj =>
336um depth bessel ; Helium Neon diffraction characterization ; 20um/s —
%4 W/cm? . Much faster (1pass for all the depth) ; AlImost 95% diffraction
~efficiency

7 Eu project FUN GLASS

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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30/01/2023

12408-7

Picosecond laser shock micro-forming of stainless steel

Auteur(s)
Soc-/iLab.

Intérets

Politecnica Madrid (Espagne)

Shock Pinning

Informations clés

1 photos

« “Utilisation du shock pinning pour améliorer la souplesse de

I"Inox—=mesure de la déformation apres pliage
o ~Parametres accessibles avec les outils Manutech

s
&
g

of curvature.

« But Radius of curvature remains (almost)
constant. Is Independent of the number gf
ﬂtuowhﬂnopmduceﬁhosm

IR B R < T
Radlus of curvature (mm)

Length of the treated area (mm)

® = ps-Laser Shock Micro-Forming
" Effect of treated length L
Parameter Treated length L @Bending angle @ Radius of curvature
Pulse energy e S s
Laser repetition rate f 1 kHz X 120 $ ®
Horiontalptch P dpm L £ Rt
&:mylmsp«d v 1mm/s é ~ . /’
Vertical pitch P, 20pm % - : o
« As the vertical pich Is fixed, to increase F {8t /'/
the treated length more lines are needed. 20 4 °
« Bending increases with treated 0 v - ~
area (number of lines), ] 0s 1 15 2 25

[/t

02/08/2021
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12411-29
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§§30/01/2023 12411-30
%

7)
7

éser glass cutting of complex contours with tailored edges
2

1 ‘\'\\_ns clés 3 photos

) process. 1 laser top cleave + CO2 laser

/\.‘ N A

e Multi point 3D dans la masse pour découpe
de verre

ckness Soda lime glass. Demo 10cm large in few seconds. 2

N

oint gaussien pour faire des courbes de découpe

irst then DOE fabrication by 3D lithography in fused silica. Good
ery small amount of zero order (~%)

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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31/01/2023 12411'34 Origin of the waveguiding

Ultrashort pulse laser processing of silicon

Auteur(s) Stefan Nolte

Soc~/iLab. University of Jena (Autr.)

Intéréts * Nouvelle longueur d’onde pour usinage
dans la masse de silicium

Informations clés 2 photos

G,Matthaus Optics express 26 24089 (2018)

o« ~1.55um, 800fs, 400kHz, 20um/s, <200nJ for waveguide
photoeinscription inside Silicon

o —Guiding @1.55um

«=Generation of nanodefects in the monocryst material

observed by TEM / shift of crystalline structure by Raman /
Annealing

T T e N TR 5 T
S TR ey

*»—“4InGaAs camera observation

35 Richier ot al Opt. Laser Tochnol B2, 99 (2016)
0. Zhang ot ol Opt. Expeess 26,917 (2015)

Perspectives Metal/semicond. Welding T L

M Pewilla ot ol Science 368, 80) (2019)

* TEM - Nano-defects
* Electron diffraction -

Crystal structure maintained

* Raman 2 shift of crystal features
* Annealing >

Waveguide properties degraded

Nror fueld imtomprty

Institute of
Applied Physics

n analysis'

Pt s efee ormesting

 glass-semiconductor”

’ -
2 -

cgnmlc-«n‘ eramic’
[ !

institute of
Applied Physics

4"‘“‘““““ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation




31/01/2023 12408-15

kaser micro-drilling of glass materials with high-speed laser modulation
and real-time monitoring toward data-driven laser processing

Auteur(s)
' National Instituteof : :
SHC. / Lab. al Instituteof Advanced Industrial Science and
£ \ Technology (Japon)
Intéréts  Controle du Process en direct

Informations clés
«/ Mesure-de la température a la surface de la matiére

+- “Différents modes de burst en MHz, avec énergies par pulse au
sein-du burst croissantes ou décroissantes

s Monitoring de la formation des LIPSS

2 photos

“ZAIST

Key tech II: In-process monitoring of USP laser microfabrication

-time process monitoring Is vital to
increase in efficiency of USP-laser microfabrication, real

::dkt the quality, discover process errors or control the process parameters for“uﬂ\e gg}imlzatlon.
USP laser microfabrication makes  real-time monitoring challenging because of i

structure sizes and high processing spees

Targets of monitoring in this work:

1. Surface temperature
(Fast & high spatial resolution)

Z 2. Micro-crack
Q Micro-crack at glass surface
+ Transpar erials 3. LIPSS formation®/&=% /T 51
¥ sapphire, etc.) -
* Met2

USP laser pulses

&AIT  |n.process monitoring of LIPSS formation
(collaboration with Prof. Miyaji & Mr. Nagal in Tokyo Univ of Agriculture and Technology)

We are developing in-process monitoring for LIPSS formation by utilizing the

non-reflective properties of surface periodic nanostructures.
Decrease In reflectance with concurrent increase in transmittance is monitored.

Formation of Laser-Induced

LIPSS

formation

OK:
Reflectance

Non-reflective features
due to continuous chang
in refractive index

down
Transmittance up

,....Q e~ fw m )

GaN A~ 800 nm

Refractive NO:
Reflectance dowrn
Transmittance dowr

R. Wagner et ol App!. Serf.
5ol 252, 8576-8579{2006)

P p———— PR = r — 14

T/] o

02/08/2021
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31/01/2023 12408-14 uol

® Customizing of Bessel beams length

Laser fabrication of length controlled sub um periodic
structures in the bulk of fused silica

» Principle: Introducing an annular aperture » Choosing the suitable dimensions » [xperimental results
1o cut the lateral beam width

= tuning of the Dessel beam length

SOt N

M ot d. Ot Tgeem hy ¥

= juppress Up-related shaping imperfections

-

1Y

Auteur(s) Nicolas Sanner

Soc-/iLab. LP3(Fr.)

» [fficient tuning of the Bessel beam length

» Smoother beam profile (shaping
imperfections are filtered out)

» Core radius wy of the Bessel beam is
unchanged

Intérets * Bessel dans la masse de verre

Il
|
i

Informations clés 6 photos

» “Fused sifica

« “Shaping customized bessel beams : principle introduction of a
ring-to filter just after the axicon : modify the length of the
beam

«_1ps/(longer interaction) / 200fs / 30fs. 1 channel = 1 shot

o —pchannel inscription. Comparison of 1ps/300fs/30fs and
nuancier Energy vs pitch between bessel engraved grooves

oy w
156,

> “Motivation : creation of metasurfaces / photonic crystals due
to good spatial dimensions of inscription anifel | able L adiisting laser pulse energy

7
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131/01/2023 12408-15

Li§§er micro drilling of glass materials with high speed laser modulation and
real time monitoring toward data driven laser processing

<

lbns clés 4 photos

\)
,a a driven active laser processing : processing => real time monitoring

arémeter optlmlzatlon

X\Nuartcier => carac ablation volume & proflle in 6h and data analysis in 1h.
_'Appﬁed to GHz burst. Ramp up / down 1MHz. Down more efficient on ablation

Wwith #a
With co

ring for LIPSS formation by

NCUrr: Nt Incre:

jostructur

se in transmitt:

tilizin

LIPSS
formation
OK:

Iy
i [ ctanc

Transmittanc

|
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§l‘\ 1/01/2023 12408-16

.

///Fs GHz burst laser processing for percussion drilling

f».o lications

,,,.@}“ Clemens Honninger

=

tions clés 9 photos

O

<Shorter GHz bursts are less efficient thant single fs

q%‘ Inverted trend with longer bursts.
, High speed drilling up to Imm deep with adapted GHz in glass

2\ ¥4
e

)

gimes : Surface ablation / Deep ablation / Saturation

v

, bservation of the number of burst per shot :

N7

% A_l
N

N &

o
N MANUTECH 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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531/01/2023 12409-4
/ /

',;IZ' tudy on the incubation effect during multi-shot fs laser
ation of quartz
L 7N

7,
[ ]
=1
=h

c
@
=
(@)
®
Q
@
Q
(@
Q
Q
@
=
(@)
@

Gy
4}?5 -

X

NN v \"i
pStes

2
e
NI
N
)
XX

=

3

%4
§

0%
Wy,

L

it g; ns clés 2
o)
haros de Light Conversion

)

(2
[\
v
Q
-

2>

»
%
3

No repetition rate

, 100 kHz E 7 —— | ‘ ‘1‘ rend for ;)::‘)}i Fth and
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31/01/2023 12408-17

Advanced high res. Cylinder structuring with parallel bessel
beams under use of UV fs laser irradiation

Auteur(s) Martin Osbild
Soc-/iLab. Fraunhofer ILT (Ger.)

Intéréts  Mise en forme haute vitesse de Bessel par
AOM
Informations clés 5 photos

»/ Greenwavelength / Beam splitting with AOM
« Cylindertexturing as bone screws

s~ To-avoid-spiral misalignments during continuous rotation/translation
of the processing, use of deflection high speed AOM to correct

»— Upgrading with 1um bessel beam (hard to achieve with gaussian with
high/tolerance) Axicon 170°, f75mm + 25mm asphere

«_Bessel beam characterization : x20microscope + f400mm-+camera :
Gaussian fit of the center => Formule calcul de fluence (PROCEEDING)

s “Metamorpha project
UKP Workshop (26-27 / 04 / 2023) & AKL 17-19 /04 / 2024

Ihe extremely high aspect ratio
of the Bessel beam enables
high-resolution micro and

nano structuring of cylinders

even with irregular surfaces
or concentricity,

10 Increase the productivity,

the processing is parallelized

& AOMinduced angle of incidence at
C xicon results In obique propagation
of Dessel beam

¥ M

b Dessel beam scannable for small angle

1 of Incidence at axicon (< 1°)

~ * Too large angles lead 10 loss in
Intensity frst and then 10 checkerboard-
e intensity patiern

* Acceptable Bessel beam profile for 210
MH2 around the base RF of 110 Mz

mmm--manwm

l“-

r4 MAIIIITEGII
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31/01/2023 12408-18 Structure evolution

Ultrafast nanostructuring utilizing interference technics and Ultrashort pulse UV laser interference iradiation of metals and semiconductors
plamonics effects

Auteur(s) Jurgen lhlemann

Soc-/iLab. IFNANO (Institute for nanophotonik, Ger.)

P Bevon of ol O Apel ot &

J M Kem Wieke of ol
Agpt Prys A 02, 508 (1990) 2 Prys Cheen. 214, 8 (2000)

Opt Exgr 21, 9017 (2010)

Intéreéts e DLIPUV
. o . ) Structure period is determined, but structure detgs
e Autre technique de génération DLIP par réseaux Narrow ridges, wall formation, drgag

IFNANO ...

TITWT PR RANOPw

s depend on laser and material parameters:
; lateral melt movement

Nt VAR 1Ing Interference lechmques and plasmonse
effects

Informations clés 5 photos
o/ “UVDLIP

—__2-gratings : one for diffraction / one for recombination

= _Gold : sharp linear walls <100nm opened from a bump groove.
With water, bump groove stays without bursting

— - Complex interference : Opt. Exp. 27, 28903 (2019)

«_<LIRSS theory : Interference with surface plasmon polariton (SPP) due
to/defects

ril MAN IITEI}II
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31/01/2023 12409-5 Generalized Axicons

Disturbing the constructive on-axis interference

DK Chen of al. arXiv propant. 1911 03103 (2019)]

Near-field Far-field
(Intensities) (Amplitudes)

D | Darsel Flamm et al. | RAD Laser Application

5 photos

m Tailored Non-diffracting Beams

afsque de phase, ils obtiennent des profils dlfferents gui peuvent
”Vorlser la propagation des cracks et donc du clivage. Un bessel
liptique favorise la coupe et la qualité de la coupe du verre

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 35



31/01/2023 12409-6

The formation of ultrafast laser-induced periodic nano- and 5
micro-ripples on fused silica Ultrafast Laser Pulse

Formation mechanisms

Auteur(s) ¥
Surface Energy Redistribution
) oice : s due to Surface Roughness [1],
Soc-/iLab. Univ Clemson USA N 7, SEE [2), Second Harmonic (]
y '.c& /. o. et.af.
7 A i “"ﬂ:ﬁz’\»ﬂ_n_ﬂ_l'«'_f ‘v[_‘(‘;___,’\,‘(’\,(‘l 3
Interets e LIPPS sur verre ‘
Modulated Ablation
Sample S L o s it L Thory " Py et 8203199111
T f.m'.mmm_...f:,__.__q“v
o V4 forsmiss i '
Informations clés 3 photos

LIPSS evolution

«/ LaserPharos @ 1030 nm (Fused Silica, 10 J/cm?)

« “SurleFused Silica, les LIPSS sont paralleles a la polarisation \

« -~ Applications de mouillage sur du verre, hydrophile, super-
hydrophile

* ~Enrouge sur la photo, c’est le nombre d’impulsions qui évolue,
onvoit I'apparition des ripples. La zone centrale qui n’a pas de
ripples est une zone fondue

4““"““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 36



12411-41

Tenue au flux fibres femto
2 axes fibres pleines (cavité) et creuses (transport)

GLOphotonics

3 photos

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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31/01/2023 12408-19 DLIP // Stainless Steel ALPhA@/
Surface functionalization of transparent materials : high i
throughput meet high resolutions "o Ao o b
Auteur(s) Laura Gemini T EEo
Soc-/iLab. Alphanov (Fr. | R Iﬂﬁ 287 RO e o e i e
/ p (Fr.) S , 2,
Intéréts e DLIP IR et UV sur du sapphire i

Informations clés 4 photos

o/ DHIP IR 2 faisceaux : interplay LIPSS + DLIP
o “DLIP-uv 4 faisceaux on sapphire

DLIP // Stainless Steel ALPhA NOV

« - Constraint of a large focusing lens!

P len

Homageneous periodical wructues on steed mith period «500rm

wmdwum1numdmmum.qm weer these
w0 Sstingt types of structures e

[/ T
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IFSRIKEH P8

GHz burst mode femtosecond laser pulse

31/01/2023 12408-20

In order to achieve more efficient ablation with higher-quality,

Novel surface nanostructuring by fs laser with GHz pulses

Auteur(s) Shota Kawabata

Soc-/iLab. Riken (Jap.)

Intérets e Effet du burst

— GHz burst mode

Tg~ pico(10-'?)seconds j

Informations clés 2 photos

LIPSS formed by single-pulse mode and GHz burst mode (50 shots) |

«/ “Not so much

Intra-pulse energy=188 nJ Intra-pulse energy=150 nJ Intra-pulse energy=120 nJ Intra-pulse energy=9§
A WTE0000 nm A s000-000 nm A, 5760+030 nm

AR AN 2001 nm ARITRS-2110 nm
Intra-
pulse
1 pulse 2pulse 3 pulse 5 pulse 10 pulse

GHz burst mode created Novel 2D LIPSS composed of periodic surface structures
both paraliel and perpendicular to the laser polarization direction (1]

[11S. Kawabata. ef al: LIEM val & N18AO4 190970

T/ Rairece
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31/01/2023

Femtosecond UV laser for industrial applications : recent
advances and challenges

Auteur(s) Aurimas Augus
Soc-/ilLab. Light conversion (Lit.)

Intéréts * Lasers UV de chez Light Conversion

Informations clés

«/ Laser<catalog in UV and deep UV
o 257nm-square beam shaping

o« 172nm

12411-43

2 photos

Perfomance and maintenance

e LionT
&) convarsion

7——

Outline
« Overview
. 24‘1’; nm (NUV) standard 30W
products
. 343 nm (NUV) 50W towards
productisation
. 257 nm (DUV) status and
advantages
» 206 nm (DUV) achievements
+ 172 nm generation
« Biburst and UV
- Beam shaping
+ X-ray
+ |-OPA
+ Conclusions

7% ey

3H CBMO3-30W CBMO3-20W
Pulse duration ~500 fs =200 fs
Power »30W »20W
Lifetime 10000 200 kM2 100000 §2 200
kM
M2 15 13
Beam size 2¢/05 mm 2+/0.5 mm
(FWHM)
SH power >»40W >40W
Max IR energy 400 w) iml
Detachable UV YES YES
section
Dimensions Identical
Polarization <1% <1%
Pulse to pulse >1% RMS >1% RMS
stability (after deviation over deviation over 24h
warm-up) 24h
Purge material AR AR

[T -
MANUTECH 02/08/2021

MANUTECH-USD — ne pas diffuser sans autorisation
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N
N
N

bz,
7/

1 /¢

774\:—“%"" with 300W station, 5days, 93% efficiency, 50fs,
e stic a little bit degradated

"113;3 femtosecond laser with USP compressed

l,llr

1

1,31/01/2023 12411-44
)

eur(s)  Clemens Honninger

"A\,}\\

t ,-7"6 ease pulse duration despite difficult with Ytterbium

,,,,,,

=il j 8

* Module de compression post laser des
impulsions

ons clés 3 photos

D

“fg.'l"l evelopment of a module for <50fs and >>100W

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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,31/01/2023 12409-12

//Towards mass production of functionalized plastic
""';v';;f'c*o¥mponents via multi-beam nanostructuring of moulds

:;'ff,"AutEUr(s) Petr Hauschwitz
Soc /Lab Hilase (Rep. Tech.)

;,»nterets * Machine multi MEF

* Impact des conditions de démoulage

I nformatwns cles 6 photos

—'°,_; '_,Hydrophoblc :micro pillars 30-40um pitch
‘ ‘f’ParaIIel processmg DOE splitter / Interf. / DLIP Pulsar
-‘;?{.3900cm2/m|n with SLM ripples texturing on large field

"‘5{PP vaccum better moulding following of the nanostructures

SN Ant[bacterlal properties / Enhancement of cells migration by
mjmlckmg the native morphology of human tissue

N ,S_,oft touch feel surfaces
°New machine that groups all beam shaping technics

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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431/01/2023 12409-13

';,/'j;;,H‘i,gh precision drilling with aspect ratios 1:40 from laser F
/SOU rce to appllcat|0n 7 , o _“ T G L - . EntFYdiameter,:ZOOUm

« Exitdiameter 200um

SEIES steel

:"ﬁr,'f,AutEU r(s)  Florian Lendner

;f‘,’"‘Soc /Lab GFH laser micro machining (Ger.)

“'?‘f’iln-"g‘er_eyts;y * Nouveau systeme de précession il fi pEjSEIETeE 000
SSS  Vendue uniquement avec une machine... A AR TR
“‘-»Informatlons clés 4 photos

\ f-,__'_Systeme de trépanation GL Trepan system. 30krpm

‘ “Up-to now limited on the thickness. Now working with longer
| 7';’,:;‘;;,focu51ng (75um that enables much longer depth (f250)). Done
“now-that energies are sufficient (2mJ, 200W to get 20-

< ,\';25J/ cmz)

S ffGL Trepan handles tens of m)

S Z shlftmg mandatory
' }'-,Examples at 3ps, 2mJ, up to 6mm, 8-15s per mm. Around
L.17300um diameter : 30s 2mm Al203 ; Carbide 5mm 40s ;

Y 4““““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 43



31/01/2023 12409-14

Ultrashort pulse laser system for nanostructuring the inner
copper surface of up to 15m long vaccum tubes

Auteur(s) Elena Bez
Soc~/iLab. CERN (Suisse) / Univ Leipzig =

Intéréts e Texturation ps intra-cylindre

Informations clés 6 photos

|‘/|'I"-

532nm, 200kHz, 10ps

* Fibrage laser

Improvesignal quality of vaccum Cu tubes of CERN where
protons-are accelerated at around the speed of light : future -m
upgrade/of LHC phase in 2026.

Technical challenge : 46mm diameter in 15m long Trenches

perpendicular
to proton

Laser ps vert injecté par fibre dans un robot qui focalise + beam direction
translate + rotate en méme temps. ‘

Usinage de rainures de 50um de pitch, 5-30pum profond

Beam delivery system

Beam focusing
Coupling Into fiber

GLOphg

Processing time : Few days per m Max. rotational speed:

~200 mm/s

Trenches
parallel to
proton beam
direction

¥ AP
Max. linear speed:
« 50 mm/s

Elena Bez | SPIE Photonics West 2023

MANUTECH

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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31/01/2023 12408-25 ser glass cutting

+ Precise cutting process with propagation-Invariant beam

g O(x,y,1;x) = explifzlp(ap) Mo Semelom

Hayly! dlepiud SObuny Mtusny

Stress control during USP laser for glass machining

Auteur(s) Hyungsik Kim
Soc-/iLab. Samsung Display (Cor.)

Intéréts  Bessel Vert pour la découpe de verre

e Suite aux travaux de K. Mishchik

Informations clés 3 photos

«/ Bessel par SLM + prod in green 20 300fs=>5ps NAO.3
« “Timeresolved plasma generation observation at high speed

= Bessel-beam [s better solution to cut glass than Gaussian.

= Bright-field lllumination. Contrast observed In Images may equally generated

«~Crossed/polarized light : direct stress visualization by local absorption or scattering by phase objects.

= Different relaxation pathways been discovered for short (<4ps) and long

(>4ps) pulses, but at the end same density of
dt=4ns timo delay, ty of energy have been found at

* Cross-polarization microscopy. Pre
croates prossura chango up ¢ :¥Gpassure Wave generated by single pulse

= Highest pressure Wave been generated by 6ps pulses

o

B

/" AMANUTECH
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31/01/2023 12408-26 Large-Working-Volume Objectives
Fundamental requirement for diffraction limited spots

Tailored edge lagser flass cleaving supported by thermal N\
separation 9‘«{\

s

—

Auteur(s) Daniel Flamm

Soc-/iLab.  Trumpf (Ger.)

¢ § 313 .3 3

Intéréts  Découpe de verre par multipoint 3D

* Clivage par thermique laser CO2

¥ 1 Ot P | A0 Loner Avteton

Informations clés 7 photos
o Multifoc/dev en SLM puis DOE pour indus

Display Glass Cutting Through Thermal Separation
First tests with multi-spot focus distributions

«< ~Faisceaux courbes non envisageables car requiert NA=1 dans
les-cas utiles.

'=rmu MODIFICATION SEPARATION RESULTS NEXT STEPS
s Objectif de microscope de focalisation dev sur mesure (7
lentilles) pour compenser les défauts d’aberrations pour la
MEF 3D

Edge Stability
» “Resultats cleavage par CO2 par encore parfait sur des formes A
courbes Simulations
A TR - =

MANUTECH 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 46



131/01/2023 12409-56

lﬁ;reasing the ablation efficiency of metals using
'emtosecond fiber laser

Bogus Stepak

Fluence technology (Pol.)

* Fournisseur laser non référencé

2 photos

Harmonic Generation Module

Burst mode

duced thermal accumulation

possible plasma shielding

MANUTECH 02/08/2021

MANUTECH-USD — ne pas diffuser sans autorisation
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Inc.

Dlrectlonal broadband emissivity with fin-shaped microstructures
';Lpfoduced via femtosecond laser surface processing

* Moyen de caractérisation sub surface

Informatwns clés 1 photos

% - EDS energy dispersive X ray spectoscopy (EDS) powerful to
o j:measure ‘element composition of the textured surface with
sub um resolutlon

UJ,HL;I

Mlv‘”f“-‘

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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12409-56

/';liﬁcrea5|ng the ablation efficiency of metals using

/ & \

mtosecond fiber laser

Fluence Technology — Pologne

 Fabricants de lasers femtosecondes

2 photos

I Fluence

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 49
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31/01/2023 12408-28

Metallic microdots patterning with laser induced forward
transfer

Gaussian beam ()plicul vortex

Auteur(s) Haruki Kawaguchi

Soc-/iLab. Chiba Univ. (Jap.)

Intéréts e LIFT technique

Ops 10ps 20pus 60ps T0ps SO pus 90 us 250 s

e Utilité du vortex

Informations clés 2 photos

. LIET technic. Depot de microdroplets (Laser Induced Forward
Transfer)/ Tir laser dans le dos d’une cible. Ejection de matiere
et-dépot sur une seconde surface

» Vortex.améliore la résolution de la bille vs gaussian =>
perspectives d'amélioration et de dépasser I'existant par de

(W ACIRRLARLE LD J . e

¢ Opticalvoncxmblamcdimtpﬁntofl microdot with
close-packed Au nanoparticles.

+ Cavitation pressure caused the close-packing of Au

tels’'vortex nanoparticles.
Optical vortex laser induced forward transfer will open the
door towards next generation printed photonics/electronics.
]
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30/1/2023 12401-501

First demonstration of fusion ignition at NIF

Auteur(s) Jean Michel Di Nicola
Soc-/Hab. NIF
Intérets e Derniers résultats de fusion nucléaire

Informations clés 10 photos

» N

— s.\.Cl“ber 5
W ) 20
Ith 3,15 MJ of f, izon

3
2.8 (2,0 anew n
05 M) on tay feased engy :
( " 8Y laser |
26 target gain of 15 a)na;\ 4.2 Slightly thicker sheﬁ”aveu( sy
2.4 3 Capsule galn of 0 Ndresulted |n
2.2

18

) Ach\evingsuch
: ! ylelds
ii | Improve our: 'equ\redaconcened\ong-\ermeﬁomo
121 = Target quality
1.0
0.8

s ~ Dlagnostic capabllities
0.4

Fusion Yield (MJ)

= Laseraccuracy and Increased energy delivery

— Design
0.2
0

. ] * Improved understanding has led to design refinements
'2011'2012'2013'2014'2015'2016'2017 2018 2019'2020 20212022 enabling 3 shots that have exceed a M) since Fall 2022
Year

L]
MANUTECH

onition enables a new era of applications for stockpile stewardship and the foundation for inertial fusion energy
02/08/2021
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Mercredi 01-02-2023

RS
AP
LA

KR AR
NPT SIS




Vincent Denis
OGS (Fr.)

e Résultats d’avancement

ations clés

N

1,01/02/2023 12401-1

1 photos

02/08/2021
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01/02/2023 12408-31

Optical vortex laser material processing technologies

Auteur(s) Takashige Omatsu
Soc-/iLab. Chiba University (Jap.)

Intérets  Référence dans l'utilisation de faisceaux
vortex
Informations clés 6 photos

o7 Spiral wavefront
s Greendight'~ hundreds of mW
. Plinearpolarized laser do not enable creating chiral structures

« - ~Mainly-biological applications : chiral crystallisation, trapping, achiral crystals.
Also LIFT (cf conf precedente liée)

. LIFT; shoot a I'arriere d’'une surface et recup de la particule sur une seconde
surface.

«=.. _NA'0.05=>NA 0.35 : dropplets of down to 7um diameter
¢ Interested of collaborations with big JAPANESE project

“'aw freedom of chiral materials processing

e~ Question : what pulse duration to enable printing of chiral? Typical 5-10ps to
have the time to imprint the chirality

T/ Rairece
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01/02/2023 12408-32 Experimental procedure

Creating effiencient nanogratings buried in silicon through
laser nano lithography

Auteur(s) Alperen Satik
Soc-/iLab. Bilkent University, Turk

Intéréts e Bessel @1,55um pour Silicium

Informations clés 4 photos

«/ Use of SLM for a Bessel beam generation

« “|nside-marking of Silicon + Chem. Etching => 100nm large f mmmmfwwM"wf:;_wum

channels with high aspect ratios.

o Patent’a nano-scale lithography method US 17840023 2022

«~Periodicity of 7um => grating a bragg diffractive pattern
@1.55um

. _Periodicity of 1.5um and 600um deep => diffraction efficiency
82%

1-layer grating

H L =260 pm, & = 700 nm

il

]

2-layer grating

T/ Rairece
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e Foa]
01/02/2023 12408-33 Single vs multiple spots comparison on Stainless steel S aTECH
2.5 speed increase

X
. . . . . . A
Tribological properties improvement of stainless steel and nickel — Y S i

samples at large scale thanks to beam splitting with a fs laser

3

Process parameters :
« Material : Stainless steel

Auteur(s) Gwenn Pallier T area

. Pitch of splitting pattern : 200pm

SOC . / I_a b . CAI La bS .+ Pitch of scanning strategy : S0pm

. Total process speed increase : x2.5

PO
>0 |
.o

2328
pgess
you pos:

-’
3
<

e

pm P 90 /55 7Y« 8. MY g B o 0 o Y A = 115060 o

Intéréts * Résultats Manutech Multipoint MPLC Eo K M/\/\/W\MMN\/WW\q

Informations clés 5 photos

: Slnglo vs multiple spots comparison on Nickel
' Similar quality obtained

«/ Question/! pulse duration comparison to be tested
7, CANUNDA

BY CAILARY

- 1 O g B o 0 0 o ¥ Ay« WETT BT

- -

Single spot ~ Depth 7.44pm (o 0.13um) Mutiple spots ~ Depth 6.45um (o 0. 15um)

cailabs

[/ horec
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01/02/2023 12408-34

Wltrafast laser plateform providing dynamic peak and energy
deposition control : from laser source to industrialisation

Auteur(s) Steffen Ruebling
Soc-/iLab. Trumpf (Ger.)

Intéréts  GHz Burst pour le polissage

Informations clés 3 photos

. Silicon *GHz burst regime better quality (160W) (<ns pulses)

« ~“l Depending on materials, GHz burst not far from ns pulse
durations

¢ Titanium polishing more efficient with MHz/GHz bursts. (QCW
polishing = high frequency) => Decrease of the roughness

x Parameter flexibility leads to high surface quality

W woe = sl

e w ™
Exemplary influence of bursts in the MHz- and GHz-regime
At constant accumulated energy, Silicon dimpling can benefit from GHz-bursts
160 mfw uo| W m)I w |
_‘_ P[ —»""o— 3
= ol [
[ S
‘ " ; . '- /

_" 1m ‘ .wm‘
e

s it
Vbl '_'. ;".. o

’ ; i R .
* Ata constant tolal energy input, the influence of lemporal energy deposition can be invesligated

* For the machining of dimples on sil g P
qualities. A ke con, a GHz-burst enables highest processing speeds at high

6
Quamy offects of burst processing: Multi-step ablation of titanium

Photonscs West 2023 & ¢

T/ Rairece
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01/02/2023

Femtosecond GHz-burst laser processing for percu

Auteur(s)
Soc-/ilab. Trumpf

Intéréts  Burst / Taux d’ablation

Informations clés 5 photos

«/ Endonction des matériaux, un gros impact de la durée
d’impulsion. En Pico, on voit que 5 J/cm? c’est suffisant

\blation efficiency depending on fluence
\ moderate (peak-)fluence < 10 J/cm? leads to high efficiency*

Exemplary energy efficiencies depending on fluence “

= Determination of energy efficiency by engraving of
areas and measuring the ablated volume
depending on irradiated energy

« Efficiency of ultra-short pulsed ablation depends
mainly on fluence (energy per irradiated area)

« Highest efficiency on opaque materials typically for
fluences < 5 Jicm?

= Decreasing efficiency for higher fluences

i
i
i
) ——TRankm :
' = Formation of thermally induced surface structures
- with increasing fluence (CLPs) depending on

o ~? material

00 10 20

Peak Fluence / J/em®

*only valid for volume g etc.
mmumm-mmumnm

Photonics West 2023 = Confidental

wuw&mmwmwmﬁ position col

Woesp  10° 10%s 107

P e e e
Influence of pulse duration on surface quality (fs/ps timescale)
For some materials, the pulse duration has a strong effect on surface roughness

Material

Copper
2.4 J/cm?

Brass
2J)/em?

Stainless Steel
0.6 J/cm?

Aluminium
1.7 )/em?

Silicon
43 J/cm?

For each material: Constant energy input and scan strategy

Reteeace Mare Samer PO e Ases  eentacter N Guersn, Foran Wane Rastac Scete Voo Dusamp Chuomg T

3 Grter Pamca Spering Bemyamn Furra Crveman Chemarat O M M St 2t A G acraaceng Doty
70 s proceTIeg o e Puma 15 GRT D e TrAdrT S R 17 Lamer Agpacamons @ LAMOM) XXV, 112670V 2 March 2020) =

Photonice Wes! 2023 ® Confidental

[/t
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01/02/2023 12408-35 Experimental Setup

Microstructuring in metals using a UV laser microspot SCANLAB

scanning system

Miror
Galvoscaer = x ZLUMENTUM

Auteur(s) Astrid Sassmannshausen

Soc-/ilab. RWTH Aachen (Ger.) PICAR. s

PHOTONICS

Intéréts e Taille d'impact min pour usinage

Target

i i ces
Berner Fachhochschule | Haute école spécialfsée bermiise | Bern University of Applied Scien:

Informations clés 6 photos
xamples

«/ How small can we reach with single spot ablation

o “LaserLumentum + Microscan 10mm objective UV (Pulsar
Photonics)

s Focal spot radius of 0.78um!
« ~1MHz — 40Layers — 4.4)/cm? Switzerland 400um large
e —PRercussion drilling <1.6pm in 10um foils

ikimedia Commons

e Field microscan : 500x500um

* ““B. Neuenschwander, Physics Procedia 41, 787-794, 2011
3erner Fachhochschule | Haute école spécifisée b ise | Bern University of Applied Sciences
— ey ——————
|'/|'I'-
MANUTECH
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12409-24

- ¢ Thématique batteries
~* Upscaling par MEF

8 photos

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 60



021/02/2023

Surface functionalisation of transparent materials by selective

laser etching
Auteur(s)

Soc-/iLab. Alphanov

Intérets * Faisceau de Bessel

Informations clés

« Gravure<sur sapphire a base de faisceaux de Bessel en IR, avec

un.Yuja.

o~ <Lespremieres gravures sont plus longues a réaliser que les

stiivantes.

«_Apparition de ripples dans des configurations particulieres.
* ~Process assez long qui ne permet pas de traiter de grandes

surfaces

5 photos

DI~ A NUV
. Bessel beam for high-throughput high-aspect ratio laser modifications W

Bessel Beam

Gaussian Beam

]
-
(s l
21 |
l “" \ \' \ "I Bl
Zas=rena| / V)
Single-pulse
-pul
:f::lr(t‘::c‘:\st: i . approach tc;
hi
achleve high achieve ?
aspect-ratios aspect-ratios
onina et al, Micromachines 11. 997 (2020)
O 0 4

e O S S ———
SLE-assisted generation of <400nm-periodicity LIPSS ALPh A NOV
jogy Cents

Before Etching After Etching Optics & Lasers Techn

1z Sk 10kH:  20kHz 50 kMz 1kHz  SkHz 10kMz  20kHz 50Kz

0013
0023

30 LU 005
0l1s
02s
05s M No LIPSS
; M Visible redeposition & amorphous material //
14z SkHr  10kMz 20kHz SOKM: 1Kz SkHz  10kMz  20kHz SOkHz Inset of LIPSS
0013 W uPss

60 u] 0,053
* The amorphous phase

covering the LIPSS is
selectively removed by the
etchant

= SLE leads to larger process
window for LIPSS generation

01/02/2023

[/t
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+1,01/02/2023 12409-25

,;;Lé.ser patterning and electrochemical characterization of
;’Z‘!th~ick cathodes for lithium ion batterie

'ijfiAuteur(s) Penghui Zhu
f’jfl:"'SOC /Lab KIT (Ger.)

 Thématique batteries
\ * Impact de l'usinage laser sur l'efficacité

t:_jlnformatlcons clés 5 photos
- ":/3D shaped LI lon batteries to improve efficiency but be carefull of
: «"l:'zk"l,,materlal less due to /12 cost of the all battery cost

o ‘;L,'.NMC 622 cathode thickness state of the art of 40-70um. Here 157um

ifi[j)lfferent textures grooves, holes, grooves + holes + hexagones. For
"‘*grooves 155um deep with around 20pum large

% Cyclmg stability tests : no obvious differences with textures but 26% to
130% capacity increase after >15 cycles compared to no texturing.
;E%nal grooves + Holes more efficient after more cycles (>100)

. '"‘:;j};‘,-;S'myrek et al. Journal of materials A 7 10 2019 5656 5665
, "?"NeW prOjeCt Bat-Wo-Man

I‘/

MAIIII'I'EI}II
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+1,01/02/2023 12409-27

i High throughput battery foil cutting : a comparison of
//Adifferent pulse laser approaches

'A‘u'téur(s) Daniel Murillo
: Soc.l/?"Lab. Trumpf (Ger.)

“Intéréts, * Foil cutting for batteries

“Informations clés 4 photos
N Lasercutting of foils : ns vs fs vs ps vs burst

$ vlou‘m'cop'per foils : 3x higher efficiency with « QCW » mode
X1 xUSH (50MHz), <10ps, 32um spot ; 8 to 50MHz, better

_ ;qualitative appearance

= Forlcopper + graphite anode : ns cut faster (3m/s) high rep

‘ ra't,e" USP do not provide high quality but recast / melting
I Aluminium + LFP cathode : 3ps faster vs ns ; better quality at
~/50kHz

.

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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+1,01/02/2023 12409-29
'l,f,E\f"),(tending the 3D battery concept large area USP
?'v",*,i?,'st;ructuring of multilayered electrode coatings
L"',',",Au‘t'.é‘ur(s) Yannic Sterz|

';’»’"Soc /Lab KIT (Ger.)

’_;"’:?’:f"glnterets * Application batteries
: * Roll to roll high speed x2 téte

i]\i*-~lnformatlons cles 6 photos

- LIBC L|th|on lon Battery

- : [{Lase( Texturlng of électrodes to enable multiple material
<~ <<composjtes

‘EdgeWave FX600, roll to roll. 2 parallel scanners

' ‘V’Co,rf}pvromise : texturing type / matter loss / speed

4““““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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01/02/2023 12408-38

Precision Figuring and Finishing of Glass Using
Femtosecond Lasers

Auteur(s)

Soc-/ilab. Rochester Institute of Technology (US)

Intéréts e Polissage |

Informations clés 1 photos

o/ 2-typesdiusinage pour faire du polissage, ablation ou soudure.
lIs<essayent par le calcul de trouver les limites de taux
d'ablation, ainsi que la température associée aux process, afin
de déterminer la meilleure paramétrie pour enlever le plus
délicatement de la matiere, et du coup diminuer le Ra.

VIAU LAB

Contributions

Demonstrated, for the first time, simultaneous femtosecond laser
figuring and polishing of glass, achieving sub-nanometer surface

quality

Established a dynamic pulse propagation model to predict ablation and
temperature evolution

Identified energy density as a metric to scale up the process

The demonstration of simultaneous figuring and finishing of the '\
glass is opening the path for fabricating freeform and complex
optics using ultrafast lasers

Scr@ Koz
NASA
Lh n’u't»:’:tuymz Innevation Fund

NSF 1IP-1822049 and IIP-1822026 JIE QIAO: jxqpci@rit.edul 4,

[/ horec
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1,01/02/2023 12409-31
7

)
z%f
:

77
%/;\ ect laser interference patterning of cemented tools
5

// o
/Auteur(s)
’/‘ ‘:\

S

ons clés photos
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01/02/2023 12414-2

High energy ultrafast surface texturing with variable

multispot pattern

Auteur(s) Daniel Flamm

Soc-/iLab.  Trumpf (Ger.)

Intéréts * Nouvelle technique de beam splitting

Informations clés
«/ Opt Engineering 60 2 025105 2021

o “MLA microlens arrays used generally as homogeneizers for UV

|laserscan be used as multispot.

o Coupling of 4 MLAs with relative movements + fourrier lens
gives'the possibility to play with the number of dots visible (up

toa hundred)

» “Add of a birefringent cristal to add spot inbetween existing.

Crossed polarized to avoid interferences.

4 photos

Beam Splitting using Microlens Arrays (MLAs)
Discrete diffraction orders from periodic lens structure

L)
Fourlerlens

[Titkorn, C., ef al., US Patent No. 11,160,387, 0 Nov. 2021)

7 | Danlel Flamm ot al. | RAD Laser Application 1 February 2023 .

Application Development: Variability Required
Varying the MLA-telescope - Varying the spot number

120,

MUA Posticn (o)

8pot number N determined by postion of MLA2 and MUA4 (P, C., of i, UD Dulust B, T, era e ol

Interesting special case: inear dependency (hghlighted yellow)

B | Darved Flamwn of @ | RAD Liser Apwsi st

O ‘MN‘“““" 02/08/2021
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1,01/02/2023 12409-30

GHz burst mode processing: ablation, LIPSS, TPP, LIPAA

Auteu r(s)

“Soc./iLab. RIKEN Ctr (Japon)

lhtéréts * ¢ GHzBurst e =50, P=2
SN cea N=50, P=1 N=50, P=2

s e LIPSS Single-pulse mode.

;_‘*~-~I'nformatibns clés 3 photos

N Amelloratlon du taux d’ablation en Burst GHz, el LIPAA Laser

Induced Plasma Assisted Ablation

'm-{j

A= sk
/&/,3:!_@;; 18 nm

N=50, P=5

GHz burst mode

Gene raf

Hon of laser indUCed

nlasmaz

4““““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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01/02/2023 12408-43 Experimental Set-Up

, Picoblade 2 / FUEGO

Laser structured électrodes for battery production JJ2-Plate  Folding Mirrors 500
excelliSCAN 14 : f‘:"= 200 kHz -8 MHzZ
Auteur(s) Beat Neuenschwander Picoblade 2 ’ A > B

» excelliSCAN14
> fopy = 160 mm
» wo =160 um, M> =14

Polarizer

Soc-/iLab. Bern university (Ger.)

» A=532nm

Intéréts e Usinage classique e » IntelliSCAN1 4se

> fopy = 160 mm
» wo =11.0 um, M2 =15

PH
Bern University of Applied Sciences | ALPS | 135 SP|E-W|

Informations clés 11 photos

. . ) _ Laser Stuctured Electrodes
€ Plusieurs texturations : trous, trous rapproches, rainures

o “Espacements 60um et 30um et largeurs d’usinage /2.
o JaseriR/et Vert, ps

2 S n L

« structuration de lignes est le plus performant dans le cadre de o

recharges lentes

RS ';\ .’.("- A »" y ” Sy -
{v " A \ Ty ) S
/ ;s\-fassr genefated:(a) ghid and ‘bﬁin ;truct)udsilicon/g’raphnﬁg e
3 ) > _ — ]

) 200pmr‘ R FiieRdes /15
AL LN T S

“- 15 kV %100
W. Pfleging, "Recent progress in laser texturing of battery materials: a review of tuning electrochemical performances, related
material development and prospects for large-scale manufacturing”, Int. J. Extrem. Manuf., 3, (2021), 012002

Y A Rl |

» W. Pfleging at KIT demonstrated that the specific discharge capacity can significantly be improved
by laser structuring of the electrodes.

» Perform own tests to evaluate this technology.

Bern University of Applied Sciences | ALPS | I13S

SPIE.0E
[/t
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1,01/02/2023 12409-32
sj,,-,iz*.ijfo.rming of metal sheets textured by LIPSS

:;'ff,AutEUr(s) Girolamo Mincuzzi
Soc /Lab Alphanov (Fr.)

| nte,rets * Texturation Ripples par polygone & Roll to
S Roll

I nformatwns clés 3 photos
- Par rapport a I'année derniére, ajout de |I'étude des ripples sur
TSL j:Ia mecamque des foils 250um d’épais.

X k"f*-"'/?"*yTests de traction / fatigue des échantillons texturés. Impact de
f,rorren’canon des ripples en fonction du sens de I'étirement. Pas
> ;\;_d,e qlgfference significative notée.

N/
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01/02/2023 12408-53

Radial scanning strategies leading to substantial
improvements in processing time

Auteur(s) Dominic Von Bergen
Soc-/iLab. Berner Fachhochschule Tech. & Info. (Suisse)
Intéréts * Synchro laser et nouvelle méthode

d’ussinage

Informations clés 8 photos

Dev d’une carte de pilotage en interne pour la synchro mais manque

d’efficacité a cause des temps mort de va et vient sur une trajectoire
scanner

Nouveau concept de pilotage par cercles concentriques ou spirale. Fait
suitelaux pertes de temps lors d’'une trajectoire scanner

Défauts notables : cercle minimum (res scanner), gestion de la position
des pixels, vitesse de rotation accessible vs RR utilisé, trajectoire de

redémarrage apres chaque cercle, répartition uniforme des points en
s’eloignant du centre d’une spirale...

[/ horec

iew - Synchronization
System Overview Sy » Synchro V3:

LG i . Clocked with the
i s 1 Jaser clock
- - ‘ , Generates the clock
-
E > g jouia ) g for the RTC-Card
el (Movement)
| » Synchronizes the laser
[rrc Clock I A pulses to the
movement
1 E @ , Controls the laser
|

Galvanomeltric Scanner 1

L

H cialisee berno! Y e
schule | aute école spé ise | Bern Universit of Appl
C

USP -Laser

d Sciences

gerner Fachho

g |

With synchronization

M'KWIM«*wﬁn&mb«m:MM:ﬁydemn
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1,01/02/2023 12409-34

lﬁltlal surface roughness influence on the generation of
ZLIPSS on Tiand SS and their effect on Cell/bacteria viability

A'utéur(s) Lamborghini Sotelo
'T;v"’Soc /Lab AIMED (Ger.)

* Impact des textus ripples sur les bactéries

lnformatn@ns clés 2 photos

:"‘,.../f!'f;,,,\_;_"ijlmpact ef pollshmg/ RA on wettability / lipss formation on Ti
< -and SS. No clear effect

~v507r‘rcells/ impact

;Quostlon Blood rather than water for wettability tests in the
.centext of medical applications?

d "
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1,01/02/2023 12409-35

f;""j_,?ff\fi‘zualisation of LIPSS beyond optical resolution by non
""';}Iim/asive optical method

:;'f'f/v,AutEU r(s) Jose Alberto Aguilar Mora
Soc / ‘Lab.  XLIM (Fr.)

;_nterets * Participation de Manutech

A nformatwns clés 5 photos
—'°,_;_"_,New technlc based on confocal microscopy

‘ ’}'Resolutlon below 100nm, interesting for LIPSS observation

"+ Demo with NA 1.37

"‘%'\,U}se as a standard microscope, so implemenable with other

=X mlcroscoplc technics.

- I\/Iore adapted to reflective materials

lumination mic

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation
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12409-36

7 photos
VY
‘}'l"(*f parameter windows at 12ps on Ti Alloys
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01/02/2023 12408-54

P Importance of laser ablation technologies

L]
. Laser ablation technologies have been employed in many research areas, such as surface patterning, material sampling,

Ultrafast ablation dynamics of Cu by single pulse and GHz fs

I and drilling/cutting, via ablative material removal processes.

aser « Femtosecond (fs) lasers theoretically reduce the heat affected zones due to ultrashort energy deposition time ~ 100 fs.
. kR 2.6 Jem?

AUte U r(S) | : Ko = 1] Reduced molten traces

Soc~-/iLab. Lawrence Berkeley National Lab

400 450 500 S50 600
Wavelength (nm) Wavelength (nm)

Applied Physics Letters 119, 224103

Intérets e GHz Burst

Significant molten traces
L A R i o el

iPIE Photonics West

Appilied Physics Letters 116, 234108

Informations clés 10 photos

‘hapter 2 Experimental setups In-situ probing techniques

Ablation dynamics by single pulse & GHz fs laser

P GHz burst W|th 200 pulses: 0.09 J/cm2 per pulse

SEM/FIB

P> Irradiating Laser Parameters (Tangor, Amplitude)
GHz fs laser at a 1.28 GHz (0.78 r\ws pulse separation)

. ¢ Scattering imaging

1) 50 pulses (38 ns dwell time)

e e e

50 pulses Time

cd  Gate width: 100 ns - %
A 0 ejecta | surlace / 2 Wy g‘

Intensity (a.u.)

booooo=
NONBO®XO

Pulse fluence = F / 50 (J/cm?)

2) 200 pulses (156 ns dwell time)

Fluence

e T

200 pulses Time

Pulse fluence = F / 200 (J/cm?) 50 100 150
Time (ns)

- No.irregular surface morphologies (& single pulse)

- Ablated Volume ~ 582.6 um?® (10x single fs pulse)

- Recoil pressure by fs pulses ejects the molten liquid poo!

limi iqui to freeze on the surface

Intensity (a.u.)

booooo=
NOoONBO®O

{PIE Photonics West

;PIE Photonics West

F‘ﬂ MAN IITEI}II
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01/02/2023

Auteur(s)
Soc:-/iLab.

Intérets .

Informations clés

12414-10

Real time holo 3D beam manipulation for USP processing

Bastian Kaiser

Photonic Center Kaiserslautern (Ger.)

MEF 3D SLM Haute vitesse

High speed CGH. : compute only required pixels + compression

+ parallelization (CSGS — CSWGS) Pozzi 2021
Holoeye/' SLM
Demo-movie on the fly calculation of 3D hologram spot Text

10it"50ms. Test of marking to compare calculation speed vs

liquid cristal response. Ok!

Zero order is here

3 photos

* random superposition algorithm
* Gerchberg-Saxton algorithm

* welghted Gerchberg-Saxton

* Iterative Fourier transform algorithm
Now do that 1000x as fast!

1. only compute the plxels you really need |
2. use compressive sensing (c< 1) |

(Rs)
(Gs)

(Was)
(IFTA)

3. parallelize on GPUS |
e.g. Python + CUDA

Real time 3D CGH algorithms from Pozzi et. al:
* Compressive sensing Gerchberg-Saxton (C565)

* Compressive sensing weighted Gerchberg-Saxton (CSWGS) 4 02
Published for research use: %
Pozzl, P. and Mapell, J,, “Real time of three di | patterns for multiph 10

stimulation®, Frontiers in Cellular Neuroscience 15 (2021).
Pozzi, P., "SLM-3dPointCloud.” https.//github. [s i/SAM-3dPointCloud. (4 27 January 2022).

i mren s Cant,

Beam propagation simulation

= Fourier optic Ppropagation with setup
data

Visualization of focus positions
* target values transfered to GPU

) * individual intensities possible
= computed within Python framework

y 4 r"u‘*-

SMANUTECH 02/08/2021
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01/02/2023 12414-11 TOPOgraphy design ang laser patterning (
INg (um)

UV and IR fs laser irradiation on PET and PA66 textiles for g - . SPIE,figpec
liquid repellent clothing

Auteur(s) XXX Sedao
Soc-/iLab. LaHC (Fr.)

Intéréts e Participation de Manutech

* Deperflex

« Multiscale * Plateau design: ~50 um repeating unit, ~ 50 um elevation
» Re-entrant surface * Fabricated by fs laser 1030 nm / 400 fs
* Liquid doesn’t impregnate * Laser scan (Galvo scanner) along X- & Y-axis

* Curved top formed by additional laser ablation

Informations clés 3 photos e e ———————
./ Deperflex | SPIE, ;o
o “Water repellent surfaces 10um peaks in nature.
« - Optimized Hydrophobicity when inverted peaks Surface with water repalient propery
s Laser texture + dendrimer = superhydrophobic :,;::::l;d‘”":"'h"m'du,
e Transfer to fabrics (maillage) : damage of mechanical strength, :::s:ml"k'y”m':'b:'l‘d"“m:""‘“”“'“mww
touch and appearance => Not acceptable dmﬂ"::::::::"WP°=='blnommm.c.,,d.c.ummm.mwh-m-wm
« -Water penetration time on the textile increase with textile +
dendrimer + texturing
I
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02/02/2023 12409-38

kW level USP lasers for high rep. Rate drilling of airplanes
structures

Auteur(s) Emeric Biver
Soc.’/ Lab. Multitel (Bel.)

Intéréts kW + Split + Multi-tétes + DOE

: Multitel &
Informations clés 7 photos

o7 “MultipointEU project

s kW femto laser (amplitude) for aeronautic drilling applications
« ~_“Betterquality with trepanation but much longer

< 570fs =7

s = 2 splitting modules : one for different optical paths, one just before focusing :
DOE. Multitel developped the splitting strategy based on polarisation

o< \Machine 2m width (Lasea + Tekniker)

* ~-Standard scanner : Laser. High pressure assisted gas scanner : Tekniker
. 500um Ti foils : 15s / 5 holes

*»“/Questions : DOE transmission (15% losses)

T/] o

Multitel E
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1,02/02/2023 12409-39

[j_,T\hermaI accumulation and its threshold repetition rate in
//ultrafast laser materials processing

Auteur(s)  Xin Zhao
Soc/Lab Clemson Univ (USA)

Intéréts:  « Temps de relaxation matériaux et | S ST e

Pulse Energy [pJ]

accumulation thermique

1“*~-Informat|ons clés 9 photos

e Lasef 190fs, fused silica
%~ 2temperatire model
< First ‘stepjf: valence => conduction few fs, then valence excitation => heating

- ‘“V\_/hh;the_rr’hal accumulation : increase of ablation rate even at low rep. Rate.
—~ Then >100Hz, increase of heat and even more ablationr ate

> ﬁTherméI relaxation ms range : fit with heat influence at 1kHz

:* o< '10'kH"z : increase of temperature

TS Copper >1MHz thermal accumulation occurs (very different from glass)
NS > Thermal diffusivity is the number one factor for thermal diffusion

4““““0“ 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 80



1,02/02/2023 12409-40

17, H"igh speed processing with ultrafast lasers and resonnant
//’scanning systems

| "'A‘u't.feur(s) Bastian Kaiser
: :Soc.ﬁ/‘l»?Lab. Photonic Center Kaiserslautern (Ger.)

‘_:f': "Iﬁntér_éts;—  Scanner résonnant et correction de
L trajectoire par SLM

—Anformations clés 6 photos
N } ' Previous RESOMACH project Femtotech gmbh dev resonant scanner
C ',‘Now,x‘how to/apply it for processing applications
(o Reso‘nnahf scanner : SF : scanning field size PO : pulse overlap
X< Non 'Iinearfity of the speed to carry out.
S ivRes'onnant scanner : fill the gap between speed and small area. (polygon scanner
not efficient for small areas)

<+~ Use of an SLM to correct the non linearity of the positioning! Ref : Diffrzctive
—elegment design for resonnant scanner angular correction : a beam retardation
—_approach
_.*_“Resonnant vs galvo ablation coherent.

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 81
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02/02/2023 12442-16

Characteristics of large active area phase only SLM with
dielectric mirror

Auteur(s) Hiroshi Tanaka

Soc-/iLab. Hamamatsu (Jap.)

Intérets e Nouveau SLM 30x30mm
e 60W démontré sur femto

Informations clés

« JApplication pour I'laeronautic et high number of data
management

o SEM 30x30mm to improve laser damage. Pitch 30um, 96%

efficiency
* ~Test sur Monaco 260fs, 60W, 1MHz, IR
. Still 60Hz

4 photos

High'laser power irradiation improvments to take into account

Development of large area LCOS-SLM
Specification of prototype large area LCOS-SLM

/_ Conventional device (X13138)
Conventional Large area prototype
o LCOS-SLM LCOS-SLM
S Active area 159 x 12.8 30.24 x 30.7
R [mm]

Pixel Number 1272 x 1024 1008 x 1024

Pixel size 125 30.0
[um]
Fill factor [%] 96.8 96.7

l Large area prototype device

-------------------

Development of large area LCOS-SLM

Experiments Phase Measurement

Method

v Polarization interferometer

v’ Voltage-dependent birefringence of the device

v’ Investigation of change in maximum phase value with laser

intensity

1035nm Fs
laser

Condition
w ¥ Laser for irradiation of the LCOS-SLM:
Monaco (Coherent Inc) 60W, 1MHz, 260fs, 1030nm
@®3mm (Surface of the LCOS)
v’ Laser for examination of the birefringence
Forte (Laser Quantum) continuous-wave . 1064nm

Result

v’ Total amount of the phase modulation > 1A

v NO Irreversible changes in case of full power of Monaco
Laser.

v" Degradation in the total amount of phase modulation

< 5%

|

Nonmllzed total phase

Output laser pawer (w)
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7 Microprocessing with MPLC beam shaper & a 515nm fs
//laser

A‘u'tfeur(s) Pu Jian

. Soc l"/l»?Lab. CAlLabs (Fr.)

4_:-": »Intér_ét/sy‘;- * MEF TopHat par MPLC en Vert

g-I"nformatvibns clés 0 photos

Laser Induced Periodic Surface Structur

“/+ 3W500fs/515nm f100mm & 260mm

th a 50um t

T

02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation

83



Q2/02/2023 12409-43

\
ub um structuring of surfaces with DUV lasers

ur(s)  Serhiy Danylyuk

N

Fraunhofer ILT (Ger.)

e DOE UV sur mesure

f;gurﬁatlon de lithographie en DUV

7/ photos

mDOE champ proche pour se rapprocher d’'une
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Artificial neural notwork{ 2

Figures of merit to evaluate the aNN output

Application of machine learning to overcome challenges of generating

. . . . Phase mask: Intensity in target plane:
phase masks for dynamic beam shaping in complex optical elements intermediate target actual target
:‘\\\_ ‘ : Propagation
Auteur(s) Robin Kurth -5:5- e
Soc-/iLab. Aachen Univ (Ger.) MSE RMSD
Intéréts  Couplage IA + SLM + TopHat adaptation P w0 = 155 e iy
M:ar} SFJ;rw Error Root-Mean-Square Deviation

BPIE Photonks West 23 | Appacation of maciine kearming 10 overcome cfhader
Phase Masks kv dynamic Dheam shaptng In compses opecal sysems | R
Chaw ke Technoogy of Opeical Systems | Fetvuary 2+, 2023 3

O e
ey

» V 4
Informations clés 2 photos
>/ Motivation’iRetroaction for SLM (phase retrieval) Stop 2: Cutting edgo optical eloments ‘ Q |
s Iterative-calculation or neural/machine learning e haral networke
« ~_“Artificial Neural Network approximates function to determine phase masks + Interpretation of a serios of DOEs as the layers in an optical neural network B
without. pyi k led f tical t =«1lit ti But Its highl + Pixel DOEs are the neurons = Interaction through wave-optical propagation (Huygen's principle)
pylor knowledge of optical system = « 1 [teration ». but results highly « High design flexibllity: Multiple target planes, additional phase optimization, robust design

dependent on the training process and time consuming to train = F
*<—Goal[:arbitrary beam shapes " - [-

* . —<Tophat : much better theoretical fit for continuous phases than discontinued (pi
0->255)...

= DNN with phase optimization =» high depth of field
Buske ef o, Opt. Express, qul), 277”-'{28‘10

e :
B | T RNER

MANUTECH 02/08/2021 MANUTECH-USD — ne pas diffuser sans autorisation 85

Viod



02/02/2023 12414-29
High throughput SLM based multibeam laser marking

amplitude modulator
SySte m * 355 — 1070 nm operation

* 200 kHz switching rate
» 20 mJ/ecm? damage threshold Dumped Input  Output

\lt

Auteur(s) Gregory Jacob BCiatscals control

Top view of PLV

Soc-/iLab. Silicon Light Machines (USA)

Intéréts * Nouveau type de modulateur mécanique

e Stratégie d’usinage par bande

Planar Light Valve (PLV™)

® The PLV is a MEMS diffractive

Side view of PLV

Static

Dynamic

Dumped

? 4

Informations clés 10 photos
«/ MEMS piston SLM Creating an image
»- “Grayscale control / 20mJ/cm? threshold ® The pattern changes as the
eam is scanned to place
* ~1088x40 pistons (27X1mm) marks at desired Iocgtlon
- 90W. 10ps 200 BT than e e st
e “High'speed demonstration of black marking by bands :::.Z?mm Ll
A TR
MANUTECH
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Application adapted beam shaping with cutting edge
optical elements in laser materials processing

Auteur(s) Annika Voll
Soc-/iLab. Aachen Univ. (Ger.)

Intérets e MEF neuronale

Informations clés 1 photos

«/ Adaptation of tophat répartition with répartition of
temperature on sample

o —Diffractive neural network
s Buske Opt Express 30 (13) 22798 22816

[/t
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REVISIONS

m“ Description / Modifications

A 06/02/2023 Création du document
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