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Scaling to Kilowatt Average Power
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Design and Development of Large Size Thin 

Disk Head for Kilowatt Operation
SummaryMid IR Pulse Generation

• Average power: 83W

• Optical-to-optical efficiency: 21%

400 m2

E. Allaria et.al., “Two-stage seeded soft-X-ray free-electron laser”, Nature Photonics, 7,  913–918 (2013).

Fermi FEL-2 EUV FEL

Seed 260 nm 324 nm

1st FEL 32 nm 40.5 nm

2nd FEL 10.8 nm 13.5 nm

A. Endo et. al., “Optimization of high average power FEL beam for EUV lithography application”,

FEL2014, FRA04 (2014).

Charge 300pC E-beam Energy 331.13MeV

Emittance 1mm•mrad Undulator Period 9mm

Energy Spread 10-4 K Value 1

Bunch Length 100fs/200fs EUV Wavelength 13.5nm

100W-EUV: 0.1mJ@1MHz

1kW-EUV: 0.1mJ@10MHz
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� Conceptual design of kilowatt EUV-FEL for lithography

• Two-stage FEL

• 100W EUV: 0.1mJ@1MHz

• 1kW EUV: 0.1mJ@10MHz

� Design of thin disk laser based seed source for EUV-FEL

• Yb:YAG thin disk based OPA / FHG

• Yb:YAG and Cr:YAG thin disk based SFG

� Present status of thin disk development

• 83W,  100kHz, 1.9ps

• M2:  1.25/1.15
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Cr4+ doped YAG ceramics


