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Lasers for real-world applications 

15% 

• Laser induced damage threshold 
measurement of optical materials 

• Laser shock peening 

• Compact X-ray sources for 
lithography 

• Precise cutting, drilling and welding of 
special materials for automotive and 
aerospace industry 

• Technology of laser micromachining 

• Laser paint stripping, surface cleaning 

 



Aiming very high 



Upscaling novel DPSSL geometries  
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Research Programme 1 

Development of multi-J, kW class 
thin-disk laser system (L1) 

Prof. Akira Endo 



Concept of kW-class thin-disk DPSSL 

Beamline-C Beamline-B 

500 mJ, 1-2 ps, 1 kHz 5 mJ, 1-2ps, 100 kHz 
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Scientific & Industrial applications thin-disk lasers 

EUV/BEUV 
metrology 

Pre-pulse laser 
for EUV/BEUV 

lithography 

MID-IR pulse source for 
Bio-medical applications 

MID-IR pulse source for LIDT 

Soft X-ray source via 
laser induced plasma or HHG 

X-ray source via 
 laser Compton  

Water window 
applications 

EUV micro-
machining 



Xe, Kr, N2 

Differential pumping 

EUV / BEUV 

Efficient EUV/BEUV source  

ps laser 
500 W  

Beamline B 

New: 0.5 J, 1-2 ps, 1 kHz 

 Continuous dense gas jet target 

 high brilliance 
 low debris   

Old: 0.5 J, 8 ns, 5 Hz 



HR 

OI 

FR λ\4 λ\2 PC TFP PBS 

Thin-Disk 
Laser head 

969-nm 
800-W 

Fiber-coupled 
laser diode 
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Yb-doped fiber osc. 
1030nm,  

20nm FWHM, 
2W@50 MHz 

FRONT-END REGENERATIVE AMPLIFIER 

COMPRESSOR STRETCHER 

OUTPUT 

47 mJ @ 1 kHz 

High Energy Regenerative Amplifier with 
pulsed zero-phonon-line pumping 



940 nm 
969 nm 
969 nm 

969 nm vs. 940 nm pulsed pumping 



M2 measurement of Beamline B  

   M2 

Horizontal Vertical 

1.25 1.23 

1/e2=40 µm 



Beam pointing stability 
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Horizontal Displacement [mm] 

RMS pointing stability:  
Horizontal- 3.8 µrad  

Vertical- 3.3 µrad 



• Solid-state laser 
• 3.3 mJ 
• 150 kHz 
• (500 W) 
• <10 ps 

Pre pulse laser 

CO2 lasers 

Pre-pulse Laser for HVM EUV Lithography 

Beamline C 



Beamline C: upgraded to 85W (02/2014) 



Mode-locked 
Fiber laser 

CVBG 

(Chirped Volume Bragg Grating) 

l/4 

l/4 

l/2 PBS 

• CVBGs designed for 2.2+-0.5nm bandwidth (FWHM) 
• Aperture 8x8mm 
• 180 ps/nm dispersion 
• 88% diffraction efficiency 
• Oscillator bandwidt approx. 20nm, i.e. 78.5% pulse energy losses in stretcher 
• Home-made oscillator  is being developed 
• Compressor (grating) efficiency 87 - 88% (measured) 

CVBG-based Pulse Stretcher and Compressor 



Beamline C:  compressed pulse <2 ps 

oscillator CVBGs + regen + precompressor 



M2 measurement of Beamline C 

z position [mm]
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X-direction                   Y-direction 
Waistdiameter      0.12 mm    Waistdiameter      0.15 mm 
Rayleigh Range     8.74 mm    Rayleigh Range    15.77 mm 
Divergence        13.67 mrad  Divergence         9.80 mrad 
M˛                 1.25       M˛                 1.15 



Evaluation of Various Thin Disks   
(in CW Multimode Laser Cavity) 

R=5m 

Thin disk 

8% OC 

Thermal 
camera 

Thin disk thermal lensing focal length [mm] 

Cavity is stable over the wide range of thermal lensing focal length 

2.8 mm pump spot 

Soldered 
thin disk 

Thin disk on 
diamond 
substrate 



Comparison Between Numerical Results and 
Thermal Measurement under CW pumping 

Thermal Image of Yb:YAG thin disk 

Numerical calculation of 
thin disk temperature distribution 



Optical-to-optical efficiency 



HiLASE Original Thin Disk Head  
for 5-kW Pumping 



Home-made Yb-doped mode-locked 
fiber laser 



Home-made Fiber-Based Preamplifier 

• CFBG stretcher 

• SOA pulse picker + YDFA amplifier 



Tin Rotational Target  
for EUV Metrology Source  

Sn dot target 

4 inch Si wafer  

Driving 
motor 

Vacuum chamber Laser 

EUV 

Magnet 

Sn dot size:  f10 mm 
Dot separation: 10 mm 
Speed: 4000 rpm 
Accuracy: +/- 1 rpm 
Pointing stability: +/- 5 mm 
Flatness: +/- 5 mm 



Status of in-house development 

47-mJ, 1-kHz 

25-W, 100-kHz 50-W, 10-kHz 

30-mJ, 1-kHz 

50-W, 100-kHz 

85-W, 100-kHz 

Jan. 2014 


