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EUV LPPEUV LPP Source RoadmapSource Roadmap

EUV power                                        --             4W         10W   115W
      @ intermediate focus
Plasma target                                   Xe            Xe              Xe    Droplet
Conversion efficiency                      0.6%         0.7%         0.8%      TBD
Laser power                                    1.5kW      2.5kW         5kW      TBD
EUV power in 2pisr 2%BW             4.0W         9.1W         40W     300W
Available collection solid angle         --               --              4sr       5sr
Repetition rate                                10kHz      10kHz       10kHz      TBD

Fiscal Year                       2003        2004          2005                   ~2008Fiscal Year                       2003        2004          2005                   ~2008

Technology for 10WTechnology for 10W
  Nd:YAG Laser, Liquid Xe jet

Technology for 115WTechnology for 115W
 CO2 Laser, droplet target
 Magnetic field mitigation
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LPP-EUV light source
　/High power/stability
　/Long lifetime
　/Low CoO

Target Technology
  - High velocity
  - High stability
　　

Laser Technology
  - High power
  - Short Pulse duration 

Chamber Technology
  - High vacuum
  - Small foot print
  - Heat management

Mirror technology
  - Long lifetime
  - Large solid angle
  - High reflectivity

Technology for Technology for 10W10W @ IF @ IF

Xenon Jet Target Nd:YAG
MOPA Laser

Mitigation:
  Gas Curtain

Xenon PlasmaXenon Plasma
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EUV ChamberEUV Chamber

Flying CircusFlying CircusⅡⅡ

Nozzle UnitNozzle Unit

SpectrometerSpectrometer
TMPTMP

MOPA Laser SystemMOPA Laser System

TMPTMP

MOPA system specificationMOPA system specification
  Average power :  Average power : 1500 W1500 W
  Rep. rate :   Rep. rate : 　　　　　　　　10 kHz
  Pulse duration : 6ns   Pulse duration : 6ns (FWHM)(FWHM)
  Wavelength : 1064nm  Wavelength : 1064nm

Nd:YAGNd:YAG Driver Laser System Driver Laser System
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XenonXenon
JetJet

LaserLaser

Xenon Jet TargetXenon Jet Target

  Xenon jetXenon jet
•• Jet diameter: Jet diameter: Approx. 50Approx. 50μμmm
•• Jet speed: Jet speed: >35m/s>35m/s
•• Jet stability: Jet stability: 9% (19% (1σσ))
                    @ 30mm from nozzle                    @ 30mm from nozzle

3030
m

m
m

m 3 mm

  Behavior afterBehavior after
      laser irradiation       laser irradiation (115mJ, 2Hz)(115mJ, 2Hz)

     - Break up length      - Break up length 1mm/pulse1mm/pulse
     - Deformation length      - Deformation length 3mm/pulse3mm/pulse

1 mm
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••  EUV Power at Source:EUV Power at Source: 9.1W9.1W  (2%BW/2(2%BW/2ππsr)sr)

                              at I.F.:                              at I.F.: 4W4W  (Calculated)(Calculated)
•• Conversion Efficiency: Conversion Efficiency: 0.61%0.61%
•• EUV Energy Stability: EUV Energy Stability: 1.3% 1.3% (1(1σσ, 50-pulse , 50-pulse aveave.).)

•• Laser Power:  Laser Power:                   　　1500W@10kHz, 6ns1500W@10kHz, 6ns
•• Target:  Target:                 　　 Liquid Xenon jet Liquid Xenon jet

EUV Power and StabilityEUV Power and Stability
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      Jun   Jun               AugAug                    Sep    Sep            NovNov               Jun      Jun     
                                            2003        2003       2003        2003       2004                                            2003        2003       2003        2003       2004  
In-band EUV powerIn-band EUV power　　　　  0.6W  0.6W   1.0W     2.2W      4.0W     7.2W       1.0W     2.2W      4.0W     7.2W     9.1W9.1W
　　　　　　　　　　　　　　　　　　　　　　　　(2(2ππsr)sr)

EUV energy stability         --       1.44%   0.72%    0.53%     1.2%      EUV energy stability         --       1.44%   0.72%    0.53%     1.2%      1.3%1.3%
    (1    (1σσ, 50-pulse ave.), 50-pulse ave.)

Conversion efficiency  0.14%    0.33%    0.33%   0.44%    0.55%   Conversion efficiency  0.14%    0.33%    0.33%   0.44%    0.55%   0.61%0.61%

Average laser power     420Average laser power     420WW     300     300WW    600    600WW     900     900WW   1300   1300W   W   1500W1500W
Repetition rateRepetition rate              10kHz    10kHz   10kHz   10kHz    10kHz                 10kHz    10kHz   10kHz   10kHz    10kHz    10kHz10kHz

Laser pulse duration     32ns       6ns       6ns        6ns      6ns         Laser pulse duration     32ns       6ns       6ns        6ns      6ns         6ns6ns

TodayToday

EUV Power DevelopmentEUV Power Development
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Mirror lifetime (estimated)Mirror lifetime (estimated)  : 10x1010x1066 pulses pulses w/o mitigation schemew/o mitigation scheme

■■  Exposure conditionsExposure conditions
  Sample   :  Au coated QCM

   (QCM : Quartz crystal micro balance)
  YAG laser  : 100 mJ, 10 Hz
　Plasma target  :  Xe liquid jet
　Chamber pressure  :   < 0.1 Pa

■■ Experimental SetupExperimental Setup

Mirror LifetimeMirror Lifetime
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LPP-EUV light source
　/High power/stability
　/Long lifetime
　/Low CoO

Target Technology
  - High velocity
  - High stability
　　

Laser Technology
  - High power
  - Short Pulse duration 

Chamber Technology
  - High vacuum
  - Small foot print
  - Heat management

Mirror technology
  - Long lifetime
  - Large solid angle
  - High reflectivity

Technology for Technology for 115W115W @ IF @ IF

Xenon Droplet CO2 Laser

Mitigation:
 Magnetic Field

Xenon PlasmaXenon Plasma
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  Schematic of Xenon dropletSchematic of Xenon droplet

Xenon Targets DevelopmentXenon Targets Development

Laser  /λ:1064nm
           /Pulse Duration:8ns(FWHM)
           /Spot Size:100μm(1/e2)

 YAG Laser

Controller Piezo Amp.
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  Xenon dropletXenon droplet
•• Diameter :  Diameter : 9090µµmm
•• Droplet speed: Droplet speed: 17 m/s17 m/s
• Frequency:Frequency: 90kHz90kHz
•• In high vacuum In high vacuum

 Experimental results Experimental results

Xenon droplets
train

Xenon Targets DevelopmentXenon Targets Development

Related Related presentpresentation:  Nov. 2-3 ation:  Nov. 2-3 by Mr. by Mr. NakanoNakano from EUVA from EUVA
Conversion Efficiency : 0.4%

(Not optimized)
Spectrum
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Fast Ion Mitigation for Xenon PlasmaFast Ion Mitigation for Xenon Plasma
Xe Nozzle Collector mirror

Xenon plasma

Mirror

Laser

B

EUV

Xenon Jet Nozzle

Ion

ElectromagnetElectromagnet

NozzleNozzle

50mm
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Fast Ion Mitigation for Xenon PlasmaFast Ion Mitigation for Xenon Plasma
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Laser

Angular dependence ofAngular dependence of
Total charge of Faraday cupTotal charge of Faraday cup

(Radial Position)(Radial Position)

Related Related presentpresentation:  Nov. 2 ation:  Nov. 2 by Mr. Komori from EUVAby Mr. Komori from EUVA

Xenon Plasma

Magnetic Coil Magnetic Field

Laser

Faraday cup
  [Axial Position]

  [Radial osition]

Experimental resultsExperimental results
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EUV Characteristics using COEUV Characteristics using CO22 Laser Laser

0.0E+00

1.0E+04

2.0E+04

3.0E+04

4.0E+04

5.0E+04

6.0E+04

7.0E+04

8.0E+04

9.0E+04

1.0E+05

10 12 14 16 18

wavelength [nm]

In
te

ns
ity

 [a
rb

. U
ni

ts
]

���
���

���
���

���
���

���
���

���
���

���

0

0.2

0.4

0.6

0.8

1

1.2

-0.5 -0.3 -0.1 0.1 0.3 0.5
Position [mm]

In
te

ns
ity

 [a
rb

. u
ni

ts
]

Horizontal

170um  (fwhm)

Xenon plasma spectrumXenon plasma spectrum
0

0.2

0.4

0.6

0.8

1

1.2

-0.5 -0.3 -0.1 0.1 0.3 0.5
Position [mm]

In
te

ns
ity

 [a
rb

. u
ni

ts
]

Vertical

160um  (fwhm)

Etendue : <1mm2sr

EUV ImageEUV Image

Conversion EfficiencyConversion Efficiency

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.0E+00 5.0E+10 1.0E+11 1.5E+11 2.0E+11

CO2 Laser Power Intensity [W/cm2]

C
O

2
 L

as
er

 L
P

P
 X

e 
Je

t 
C

.E
. [

%
]



19 　3rd International Symposium 2004

AverageAverage EUV In-band PowerEUV In-band Power

EUV Power :EUV Power :  0.7W0.7W  (2%BW, 2(2%BW, 2π π srsr))

COCO22 Laser :  Laser : 360W360W　　@1.8 kHz@1.8 kHz
< Pulse duration < Pulse duration ：：  100ns100ns ( (fwhmfwhm)>)>
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10W Source
9.1 W in-band power has been generated with a 1.5kW Nd:YAG laser and
a xenon jet target.

Mirror lifetime is estimated 10x106 pulses using Au coated QCM without
mitigation scheme.

10W light source will be based on Xenon jet and Nd:YAG MOPA laser
     technology.

115W Source
For 115W light source alternative technologies (CO2, droplet, magnetic
field mitigation) are considered.
Xenon droplet target has been generated in high vacuum.

Effectiveness of magnetic field ion mitigation has been experimentally
confirmed.

SummarySummary
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  LPP(YAG)LPP(YAG)
    - In-band Power- In-band Power 9.1 W9.1 W  (2%BW, 2(2%BW, 2ππ  srsr) at Primary Source) at Primary Source

4 W4 W    (2%BW, 2(2%BW, 2ππ  srsr) at IF  <Calculated>) at IF  <Calculated>

    - Conversion Efficiency- Conversion Efficiency 0.61 % 0.61 % @10kHz @10kHz (2%BW, 2(2%BW, 2ππ  srsr))
0.85 % 0.85 % @10Hz @10Hz (2%BW, 2(2%BW, 2ππ  srsr))

 LPP(CO LPP(CO22))
    - In-band Power- In-band Power 0.7 W 0.7 W (2%BW, 2(2%BW, 2ππ  srsr) at Primary Source) at Primary Source
  - Conversion Efficiency- Conversion Efficiency 0.2 % 0.2 % @1.8kHz @1.8kHz (2%BW, 2(2%BW, 2ππ  srsr))

Main target for 1Q 2006Main target for 1Q 2006    :  :  10 W10 W  (intermediate focus)(intermediate focus)

The Present Performance in EUVAThe Present Performance in EUVA
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