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Objective:Objective:
Enhancement of EUV CEEnhancement of EUV CE

■ Enhancement of the EUV CE by matching the laser focal spot
    size and the micro-jet target diameter

SoP21
“Optimization of extreme ultraviolet yield from a large size continuous water-jet”
Chirag Rajyaguru, Takeshi Higashiguchi, : Wataru Sasaki, Shoichi Kubodera

■■  Further enhancement of the EUV CE by use of Further enhancement of the EUV CE by use of dualdual laser laser
    pulses, where the plasma hydrodynamic motion can be    pulses, where the plasma hydrodynamic motion can be
    regulated.    regulated.
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Dual laser pulse experiment:Dual laser pulse experiment:
Setup for dual ns laser pulsesSetup for dual ns laser pulses
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∆τ = -200 ns

w/o pre-pulse

∆τ = -10 ns

Pump laser intensity: 4.9 x 1011 W/cm2

Laser energy: 245 mJ (1064 nm)
Pre-pulse energy: 25 mJ (532 nm)
Focal spot size (FWHM): 80 µmφ
Jet diameter: 80 µmφ

Enhancement of EUV CE by use ofEnhancement of EUV CE by use of
dual ns pulsesdual ns pulses
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Enhancement of EUV CE using water jet:Enhancement of EUV CE using water jet:
Plasma expansion timePlasma expansion time

Pump laser intensity: 4.9 x 1011 W/cm2

Laser energy: 245 mJ (1064 nm)
Pre-pulse energy: 25 mJ (532 nm)
Focal spot size (FWHM): 80 µmφ
Jet diameter: 80 µmφ



Experimental setup: EUV emission by useExperimental setup: EUV emission by use
of of ultrashortultrashort, high-intensity laser pulse, high-intensity laser pulse

f = 150 mm
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Jet diameter: 80 µmφ
Laser energy: 25 mJ

Sub-ps laser experiments:Sub-ps laser experiments:
Pulse width dependence of EUV CEPulse width dependence of EUV CE
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Main pulse energy: 5.3 mJ (9 x 1014 W/cm2)
Pre-pulse energy: 5.8 mJ (6.1 x 1013 W/cm2)
Pulse width: 300 fs (FWHM)

Sub-ps laser experiments:Sub-ps laser experiments:
Pulse separation time dependencePulse separation time dependence



τdelay ~ 500-600 psτpulse ~ 400-500 fs

Pulse separation time dependencePulse width dependence

Resonant absorption thickness
τ ≈ 800 fs

Plasma expansion diameter
τ ≈ 780 ps

Enhancement of EUV CE:Enhancement of EUV CE:
Difference between time scales at optimal CEDifference between time scales at optimal CE
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Future plan: Enhancement of EUV CE usingFuture plan: Enhancement of EUV CE using
sub-ps/ns dual laser pulsessub-ps/ns dual laser pulses
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Summary:Summary:
LPP EUV source using liquid LPP EUV source using liquid microjetmicrojet target target

■ Enhancement of the EUV CE for dual ns lasers

- Increases the in-band EUV CE (η = 0.08% to 0.2%) for sub-ps lasers.
- Regulates the plasma expansion, leading to the efficient energy coupling.
- Reveals the optimum delay time of 400-600 ps by use of sub-ps lasers.

□ Pulse separation time dependence by use of dual laser pulses

- Increases the EUV CE (η = 0.15% to 0.26%) for ns lasers.
- Regulates the plasma expansion, leading to the efficient energy coupling.

■ Optimal EUV CE for high intensity lasers

- Reveals the optimum pulse width of 400-500 fs by use of high-intensity
laser.
- Regulates the resonant absorption, leading to the efficient energy coupling.

□ Pulse width dependence


