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LPP Development ScheduleLPP Development Schedule

Fiscal Year                      2003     2004     2005     2006Fiscal Year                      2003     2004     2005     2006 2007     20082007     2008

EUV power                                     -- 4        10        12        50      115
@ intermediate focus

Plasma target                                Xe          Xe        Xe         Xe       TBD      TBD
Conversion efficiency                   0.6%      0.7%    0.8%  0.9%    1.5%     2.0%
Laser power                                1.5kW   2.5kW    5kW 5kW     10kW    15kW
EUV power in 2pisr 2%BW           9.0         17        40      45        150       300
Available collection solid angle       -- 3.5sr     4.0sr      4.0sr    5.0sr     5.0sr
Repetition rate                             10kHz   10kHz 10kHz 10kHz 20kHz   30kHz

EUVAEUVA
Next Program
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LPP Experimental FacilitiesLPP Experimental Facilities

Component development             System developmentComponent development             System development

e.g. High power laser, Xenon recirculatione.g. CE, Mirror lifetime, Jet stability 
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EUV Characteristics (EUV Image)EUV Characteristics (EUV Image)

Source size:Source size:
<150<150××300 300 μμmm ((HxVHxV, FWHM), FWHM)

EtendueEtendue::
<0.13 mm<0.13 mm22srsr

Pinhole size:Pinhole size: 5050μμmm
Magnification:Magnification: 11
Filter:Filter: Zr  Zr  (200nm)

Laser

Liquid Xe Jet
(200nm)
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EUV Characteristics (Angular Distribution)EUV Characteristics (Angular Distribution)

Plasma

Lens
TMP

TMP

Laser Beam

AXUV100
with Zr&Si

Angle

Laser:            150mJLaser:            150mJ
Pulse width:  8nsPulse width:  8ns
Target:Target: Liquid Xenon jetLiquid Xenon jet

Nearly isotropicNearly isotropic
20% Decrease from 020% Decrease from 0°°to 90to 90°°
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EUV Characteristics (Conversion Efficiency)EUV Characteristics (Conversion Efficiency)

C.E. for 8 ns and 150 C.E. for 8 ns and 150 psps laser pulse durationslaser pulse durations
Target: Target: φφ1010μμmm　　Liquid Liquid Xenon jetXenon jet
Rep. rate:Rep. rate: <10Hz <10Hz 
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Pulse duration: 150ps (FWHM)Pulse duration: 150ps (FWHM)
Intensity:  3x10Intensity:  3x101313 W/cmW/cm22

Pulse duration: 8 ns (FWHM)Pulse duration: 8 ns (FWHM)
Intensity: ~5x10Intensity: ~5x101111 W/cmW/cm22



2nd International EUVL Symposium, 30 Sep. 20039

0.E+00

2.E-04

4.E-04

6.E-04

8.E-04

0 2000 4000 6000 8000 10000

kinetic energy (eV)

io
n 

di
st

rib
ut

io
n 

(a
rb

. u
ni

ts
)

8 ns
150 ps

EUV Characteristics (Time of Flight, TOF)EUV Characteristics (Time of Flight, TOF)

detailed information will be presented in “Session 6: Contamination 1”
“Study of ion damage on EUV light source collector mirror”, H. Komori, et al.

TOF for 8 ns and 150 TOF for 8 ns and 150 psps laser pulse durationslaser pulse durations

8ns Intensity:     ~5x108ns Intensity:     ~5x101111 W/cmW/cm22

150ps Intensity: ~3x10150ps Intensity: ~3x101313 W/cmW/cm22
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LPP System Development LPP System Development 

Jun 2003         Aug 2003         Jun 2003         Aug 2003         TodayToday
InIn--band EUV powerband EUV power(2(2ππsr)sr) 0.6W0.6W 1.0W1.0W 2.0W2.0W
EUV energy stabilityEUV energy stability 6.7%6.7% 3.4%3.4% 5.4%5.4%

(Pulse(Pulse--toto--pulse, 1pulse, 1σσ))

Conversion efficiencyConversion efficiency 0.14%0.14% 0.33%0.33% 0.33%0.33%

Average laser powerAverage laser power 300 W300 W 300W300W 600W600W

Repetition rateRepetition rate 10kHz10kHz 10kHz10kHz 10kHz10kHz

Laser pulse durationLaser pulse duration 32ns32ns 6ns6ns 6ns6ns
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EUV System DevelopmentEUV System Development (Gas Recirculation System)(Gas Recirculation System)

Specifications:Specifications:
XeXe flow rate flow rate <0.4 SLPM<0.4 SLPM
XeXe backing pressure backing pressure <5 <5 MPaMPa
XeXe temperaturetemperature 180K180K--200K200K

Pumping speedPumping speed 4600 liter/s4600 liter/s
Vacuum chamber pressure Vacuum chamber pressure 

~0.1 Pa

Gas recirculation systemGas recirculation system

~0.1 Pa
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EUV System Development (Driver Laser)EUV System Development (Driver Laser)
Beam profileBeam profileMaster
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Pulse shape
Driver laser schematic (MOPA system)Driver laser schematic (MOPA system)

Master Oscillator SpecificationMaster Oscillator Specification
Average power : ~ 7 WAverage power : ~ 7 W
Rep. rate : 10 kHzRep. rate : 10 kHz
Pulse duration : ~ 7 ns Pulse duration : ~ 7 ns (FWHM)(FWHM)Master OscillatorMaster Oscillator
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EUV System Development (Driver Laser)EUV System Development (Driver Laser)

MOPA system specificationMOPA system specification
Average power : Average power : 600600 WW
Rep. rate : Rep. rate : 10 kHz10 kHz
Pulse duration : 6 ns Pulse duration : 6 ns (FWHM)

Beam Profile
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EUV System Development (Liquid Xenon Jet)EUV System Development (Liquid Xenon Jet)
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SpecificationSpecification
••Target:Target: Liquid Xenon JetLiquid Xenon Jet
••Jet diameter:Jet diameter: ~50~50μμmm
••Jet speed:Jet speed: >35m/s>35m/s
••Spatial stability:Spatial stability:<25% <25% (1(1σσ))

@10mm from nozzle@10mm from nozzle
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EUV System DevelopmentEUV System Development　　(EUV Power)(EUV Power)
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••EUV Power: EUV Power: 2.0W 2.0W (2%BW/2(2%BW/2ππsr)sr)

••EUV Energy stability:  EUV Energy stability:  5.4% 5.4% (1(1σσ))

••Conversion Efficiency:  Conversion Efficiency:  0.33%0.33%
••Laser Power: Laser Power: 600W@10kHz, 6ns600W@10kHz, 6ns
••Target: Target: Liquid Xenon jetLiquid Xenon jet
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EUV System DevelopmentEUV System Development　　(Energy Stability)(Energy Stability)
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Burst mode operationBurst mode operation
•• Energy stability:Energy stability: <4.9%<4.9%

(1(1σσ,  50,  50--pulse pulse aveave.).)
•• RepititionRepitition rate:rate: 10kHz10kHz
•• Target:Target: Liquid Xenon jetLiquid Xenon jet
•• Number of burst: Number of burst: 33
•• Number of pulses:Number of pulses: 1500 pulses/burst1500 pulses/burst
•• Interval time:Interval time: 2 sec2 sec
•• No feedback control ofNo feedback control of

Laser energyLaser energy
Laser alignment, etc.Laser alignment, etc.

1Sigma: 4.9%

1Sigma: 2.2%

1Sigma:2.9%

Burst #1
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Burst mode operation
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SummarySummary

InIn--band powerband power 2.0W2.0W (2%BW 2(2%BW 2ππsr)sr)

Plasma targetPlasma target Liquid Xenon JetLiquid Xenon Jet
Conversion efficiencyConversion efficiency 0.33%0.33%@10kHz@10kHz

0.53%0.53%@<10Hz@<10Hz

Energy stabilityEnergy stability < 4.9% < 4.9% (1(1σσ, 50, 50--pulse pulse aveave.).)
Relative change of EUVRelative change of EUV
angular energy distributionangular energy distribution < 20% < 20% ((±±9090°°))

Source sizeSource size < 150 < 150 ×× 300300μμm m ((HxVHxV, FWHM), FWHM)
EtendueEtendue 0.13 mm0.13 mm22sr sr 

Laser powerLaser power 600 W@10kHz, 6ns600 W@10kHz, 6ns

LPP Light Source PerformanceLPP Light Source Performance

Main target for 2004:                   4W Main target for 2004:                   4W (intermediate focus)(intermediate focus)
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