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LASER = Light Amplification by
Stimulated Emission of Radiation

= Zesileni svetla stimulovanou emisi zareni

= Zpétna vazba diky optickému rezonatoru (oscilator)

e Aktivni prostredi e Rezonator e Cerpani (buzeni)
» Zde dochazi k SE a zesilovani svétla »  Zpravidla tvoren zrcadly » Dodava laseru energii
» Pevnolatkové (krystal, sklo, keramika) >  ZajiStuje zpétnou vazbu » Optické
» Plynné » Vymezuje smér a dalsi >  Elektrické
(atomarni, iontové, molekularni) parametry laserového » Chemické
» Polovodicové svazku
» Kapalinové (barvivové) Cerpaci .
A , erpaci energie
»  Plazmatické Totlng odrazné
zrcadlo Castecné propustné
zrcadlo
Aktivni prostredi
Laserovy svazek
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LASER — reseni hledajici problem...

Laser Performance Review, July 24-26, 2012

Ted Maiman  First laser demonstrated on May 16, 1960
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Jak film predpovedel budoucnost...

1960 Teodore Maiman — 1. laser 1965 1. laser pro rezani

1964 James Bond: Goldfinger 70. |éta lasery pro fezani materiald
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Lasery = nhova ,chytra specializace” CR

HOSPODARSKE NOVINY
0O BYZNYS [EDIJUNGEM ZAHRANICNI  NAZORY ~ TECH  ART  EGO!  PROC NE?! EKONOM  EVENTS (

Ceské lasery mohou byt novy Google, vasi védci jsou v top
lize, Fika eurokomisar pro veédu Carlos Moedas

Praha - Evropa je silna v pfevadéni penéz do znalosti, ale ne v transferu znalosti tak,
aby pfinesly penize, shodli se po dneSnim jednani premiér Andrej Babis (ANO) a
evropsky komisaf pro védu Carlos Moedas. Podle Moedase ma Cesko velky potencial
pro skvély zakladni vyzkum, od doby jeho navstévy pied deseti lety se podle néj ve
védé a vyzkumu vyrazné zmeénilo k lepSimu. Premiér uvedl, Ze nejsilngjSimi castmi
¢eského vyzkumu jsou lasery, nanotechnologie a medicina, na které se také bude

zameérovat.
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Laserova centra HiLASE & ELI Beamlines

HILASE ELI Beamlines

Vysoky prumérny vykon Vysoky Spickovy vykon

A peak power

\ | |

Pulse Average
duration 1/(Rep. rate) . ¢
sl € 1) lintegrated)

Time
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Superlaser Bivoj — svetovy rekord od 2016
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Superlaser Bivoj: 100J @ 10 Hz (1 kW)
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Pevnolatkove lasery

Nd:YAG
A T a
\N\N> AN\N> NN ANN>
808 nm 1064 nm 940 nm 1030 nm
v
v
A =
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Lasery “nove generace” v HiLASE

" cilem je efektivni Cerpani a chlazeni

Cerpani JAK?

cerpani diodami cerpani vybojkami
n=30% n<5%

M " \\
@se »Teaming for Success = SUPERLASERS FOR THE REAL WORLD




Diodove Cerpané pevnolatkové lasery

DPSSL = Diode Pumped Solid State Lasers

B 1.0 — 1.0
80 1 Yb:YAG @ 300 K :

s g~ -0.8
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Centrum HILASE

» Technologicka infrastruktura pro vyvoj a hi-tech aplikace laseru

,nNa miru” dle konkrétnich potreb

= Most mezi akademickym svetem a

Laser
development

prumyslovou praxi

= Nedilnd & autonomni soucast FZU
Applications

= Projekt v ndrodnim zajmu CR

Experimentsin
optics, photonics,

= 96 FTE / 106 osob / 5 oddéleni | material science

Theory of
laser — mater
interaction

= V plném provozu od 2016
|

H " \\l/
se L1eaming for Success - SUPERLASERS FOR THE REAL WORLD

/




v 4 Czech .
Naie PROC... ? Sl b

‘ For The Future

Pomahame modernizovat cesky prumysl
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Prumyslové aplikace laseru

Kontinualni lasery Pulzni lasery
* fezani * mikroobrabéni

e vrtani « texturovani

e svarovani « strukturovani
« 3D tisk e vrtani

 testovani prahu poSkozeni (LIDT)
* laserove vyklepavani (LSP)

Q@-
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Laserové mikroobrabeni

 zalozeno na rychlém ubéru materialu - ablace

Application with long-pulse laser Application with ultrashort pulse laser
(e.g., microsecond) (e.g., femtosecond)
Long pulse :/ Ultrashort
_ I laser beam _/ laser pulses
Surf Ejected -
(;’ bafe material NO recast w
e Damaged layer No damaged
Recast surface No _ surface
layer debris  Plasma — /

plume =
e

No micro v No heat transfer
cracking to surrounding
matenal

Micro A B Heat-affected
cracking { zone

Shock : N\\\\

No melt

N
zone *Hot, dense

_ _ ion/electron soup
No shock waving (i.e., plasma)

~

waving . Heat transfer
to surrounding
material
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Viiv dé

ky laseroveho pulzu

CW N Pico Femto

“Cold processing” - pomoci velmi kratkych laserovych pulzi
je  mozné material prakticky zpracovat bez vedlejSich
tepelnych ucinku.
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Laserove mikroobrabéeni 784 svazky

” MultiSpot at
Separation focal plane

Focusin:g Lens 0 angl e

Beam ;
splitter DOE Focal length
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Laserova funkcionalizace povrchu

© Hydrofobni povrchy

- vodu odpuzujici

O Hydrofilni povrchy

— vodu absorbuijici

Hydrofilic structure
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LIDT (Laser Induced Damage Threshold)

» zjistovani prahu poSkozeni komponent

Damage probabilty

100% -
90% |
80% -
70% -
60% -
50% - m Spot undamaged -
40% - lSpot damaged
30% -
20% -
10% -
0% -

0,117 0,130 0,181 0,209 0,256 0,294 0,355 0,390 0,439 0,469

Damage probability [%]

Energy fluence [J-cm™?]
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Stanice LIDT
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Laser Shock Peening (LSP)

* laserove vyklepavani

Laserovy svazek
A =1030 nm

,,,,
o
o

AN

kryci vrstva (voda)

obétni vrstva
(Cerna barva nebo paska)
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Laser Shock Peening (LSP)

* laserové vyklepavani

load

Tensile Compressive
200
100 >
Compressive stress depth
0 |~ =

crack

-100

-200

Residual stress (MPa)

-300

-400

0 0.1 0.2 0.3 0.4 0.5 0.6

Depth below surface (mm)
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/pracovani zapustky technikou LSP
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Spoluprace s ceskym prumyslem
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Centrum vyzkumu Rez s.r.0.

[ﬁHODla @ FRRicycuicas Rosearch Cente ez :..;
Bl

’ BET = MATERIALS FRCESSIN
AlLU %\ CZECH
| (((l Z)))) OPTICAL
ASSOCIATION Cieparn Futais &)} CLUSTER

LASER USERS
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/akaznicke lasery ,,na miru”

30. CERVNA 2018 10:38 | LIDOVKY.CZ > BYZNYS > FIRMY A TRHY

Zajem o lasery z ceského védeckého
centra HiLASE roste, ozyvaji se 1 firmy z
Japonska
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Laserova platforma PERLA

Wavelength
PerlaA NI PerlaB N PerlaC | |

Oscillator (Ho-based
Fiber pre-amplifie

Regenerative
Amplifier

Cryo-cooled
power ampl. 1&2
Ho-based

Pulse compressor

1) >1 J/burst >1 kW 0.2-3.2 um 1kw
100 (500) Hz, <10 ps = 10 kHz burst, 1-2 ps <1 MHz, 0.3-2ps 100 mJ -1, 1-10 kHz
Cryo Low rep. rate High rep. rate 2 um

100 Hz, 1 J 1-10 kHz, 1-50 mJ 50-500 kHz, 1-10 mJ)

|
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Klicové technologie “in-house”

Tenkodiskové laserové zesilovaci moduly

Technologie sesavanych tenkych disku

Elektro-opticky modulator (Pockelova cela)

Chlazené optomechanické drzaky
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/Zakaznicky laser PERLA 100

- prvni dodavka technologického celku pro zakaznika v CR

- pfiprava licencovani vyroby partneriim v CR

»Teaming for Success”




PERLA 100: Stabilita vystupu

100

Output Power (W)
(@)} ~ ~ (0,0] 0] (Yo \o)
(0] o U o U o (0]

(o))
o

@-

0,25

0,5
Time (h)
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PERLA 100: Kvalita svazku

Parameter
Remark
Number of Pixel
Power

Peak

Peak Pos

Peak Pos

Interval; 10.0s (stopped)

Ost@nce; .79 mm

10bpp (Y16} 12805 1024 at 84 fps Min: 1% Max: 72%

Teeiode: Bear Fesuls - ol

Fit (1353 % -

Tnown camers

Current

No Background
a44502
3607E.+ 004
0.5858
2.365
¥ 2464
9
ver
Ne Background
20

@-

0,500 -

0.450-

0,400 -

0,350~

Beam diameter {mm)
= = =
ra I (]
= o =
[ = [
1 | 1

0.150-

0.100-

0.050-

IJ.DDD-I
B |
Load data

s .

W Save dataJ

e P

[

L

h< -

Waist position [

Waist width |

i)

Rayleigh length (rmm):
FriFm)

)

Full angle div. {(mrad):

Before lans

Herizontal

1.11
4286.2
30687
2118
0.69

Yertical

1.09
356555
34593
2219
064

»Teaming for Success"”

Harizontal |, ¥

werical |, ¥

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6.0 #8.0 70O Y20 740 TFEO0 Y80 800 820 840 860 880 900 920 940 960 930 10001020 104.0 106.0 108.0
Carmera position (cm)

™ Haorizantal waist and Rayleigh length
™ “ertical waist and Rayleigh length

After lens
Horizontal Vertical
86.9 866
27 a4
0.063 0.ovo
23.33 2043
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Vlaknové oscilatory GO: pico, femto, 2micro

Ultrastabilni oscilator ,, GO pico”
- upésne dodan zakaznikovi v Jizni Koreji

- dalsich nekolik dodavek v jednani

60

~ v
o =}

Power [mW]
w
o

0 2 4 6 8 10 12 14 16 18
Time [h]
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Navrat Ceského Iva — spolec¢né to dokazeme !

ium UENESE
USEFULNESS,

CREDIBILITY




