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Scaling 13.5 nm LPP source to kW



Mist tin bunch formation

� Mist shape of a picosecond pre-
pulse is different from nanosecond 
prepulse

� Nanocluster distribution is key for
higher conversion efficiency and full 
exhaust of Sn



Temporal pulse structure of EUV FEL

SASE FEL  (FLASH) Sn laser plasma

E.A. Schneidmiller and M.V. Yurkov, Coherence properties 
of the radiation FLASH, FLASH Seminar, September 17, 2013
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Fresh bunch injection HGHG324nm, 100fs, 
20µJ

40.5nm

13.5nm

Seeding for 13.5nm FEL

Example  :  20 μJ x MHz = 20 W



Thin disk laser beamlines at HiLASE
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Thin disk geometry for high power lasers

Thin disk pros and cons:

+ Efficient cooling

+ Low thermal lensing

+ Axial heat flow

+ Low nonlinearities (B-integral,SPM)

+ High gain saturation

- Low single pass gain
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Thin disk parameters:

•220 µm thickness

• 10 mm diameter

• 0.1° wedged

• radius of curvature 4 m

• water cooled

Amplification technology - Yb:YAG Thin disk

28-pass

K. Macúchová, et al. “Innovative opto-mechanical design of a laser head for compact thin-disk 
laser”, Proceedings SPIE Optics and Measurement 2016, 11-14 October, Liberec, Czech republic.



Picosecond kW-class laser “PERLA”
(PERfect LAser)



High repetition rate thin disk lasers

PERLA C-100 PERLA C-500

High repetition rate platform PERLA C

� High repetition rate – 50 – 100 kHz (plan to 1 MHz)

� Pulse energy up to 8 mJ (average power < 0.5 kW)  

� Picosecond pulses – pulse length <2 ps

� Wavelength 1030 nm

� Nearly Gaussian beam – M2 1.4 – 1.8

� Excellent for precise material microprocessing
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� Tested at 280 W, for experiment increased to 330 W

� Longest operation for 10 hours at 330 W, power RMS 1.2% over 2 hours

PERLA C - 500 stability and pulse length



Mode-locked

Fiber laser

CVBG
(Chirped Volume Bragg Grating)

λ/4

λ/4

λ/2 PBS

• CVBGs designed for 
3 nm +- 0.5nm bandwidth (FWHM)

• Paired with a CFBG stretcher
• Aperture 8x8mm, 10x10mm
• 220 ps/nm
• Fine temperature tunning of dispersion
• Compressor (grating) efficiency 85 %, 92% new generation

CVBG compressor

seed
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Spectral bandwidth and compressed pulse

• Intensity autocorrelation sech2 fit 1.3 ps (FWHM recalculated)
• Bandwidth after compression 1.4 nm (FWHM) 
• Pulse bandwidth limit 0.8 ps (sech2)
• AC wings – third order dispersion must be compensated

Intensity autocorrelationPulse spectrum

�p = 1.3ps
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VIS-UV-DUV frequency conversion

UV: 206 
nm

257.5 nm

Visible: 
515 nm

Infrared: 
1030 nm

Short wavelength PERLA C  extension
� Fundamental wavelength 1030 nm
� Picosecond pulses <1 ps
� UV-B laser – glass cutting (solar cells, electronics) 

• 257.5 nm >6 W (world record)
• 205 nm >0.8 W

� Visible laser – Cu welding (automotive), etc.
• 515 nm >35 W



Layout of the up-conversion system
(515 nm, 257.5 nm, 206 nm)



2H&4H generation
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- LBO  – 8x8x10 mm
in an oven, T = 47°C

- Best result η = 63%, 35 W

2HG (515 nm) 4HG (257.5.nm)
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- BBO – 8x8x3 mm
- CLBO – 6x6x6 mm

in an oven, T = 150°C
- Best result 6 W (CLBO)

O.Novak et.al. “Picosecond green and deep ultraviolet pulses generated by a high-
power 100 kHz thin-disk laser” Opt. Lett. Vol.41, No.22, 5210-5213,(2016).



Mid-IR conversion

PPLN
1030 nm

KTP
2.2 µm idler, 9W

1.94 µm signal, 5W

1940 nm

Long wavelength PERLA C  extension
� Wavelength range – tunable from 1.4 to 2.6

um 
� Picosecond pulses
� Average power up to 9 W (comparable

commercial systems up to 1 W)
� High beam quality
� Environmental applications, medicine, 

semiconductor modifications



Future schedules
• Increase in average power beyond 1 kW
• Pulse shape optimization 0.5 ps – 5 ps
• Wavelength shift to mid-IR (2-10 um ) and UV (205 nm, 257 nm )
• Combination with fiber technology – compact disk lasers
• Cryogenic technology for J class pulse laser
• Continuation in advanced technology development

– disk bonding, isolators, Pockels cells, hollow core fiber pulse delivery, etc.



Summary

• Technology platform of kW class picosecond thin disc laser established

• Extendibility to DUV and mid-IR for 100W class average power

Ready for >kW LPP & FEL EUV sources


