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Source Concept of MassSource Concept of Mass--Limited LPPLimited LPP--EUV SourceEUV Source

A high conversion efficiency of 2.4%, and 23 W at 13.5 nm (2%BW/2π) at source
Stability and Lifetime Test
Proof of concept of the potential of power scaling as a viable high-power source. 
Source power is specified for long-term operation (not burst mode), it is a 
significant source power milestone for laser produced plasma EUV-sources.

The mass of tin within each 
droplet is limited to 
approximately  1013 atoms/ 
droplet. 
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Focused laser

Target size limited to the number of atoms that are required 
as radiators in the plasma.
No particulate debris from target.
Minimal mass of target material used.

Stable source of targets
New target for each shot.
High repetition-rates ( 20 - 200 kHz).
Precision target positioning (~ 3μm).
Small mass of target material in source chamber.
Low background vapor pressure.

Principle of source configuration with laser cluster in 
temporally and/or spatially multiplexed operation [1]

Focal Spot Characterization 
at target position

Two high-power/high repetition-rate DPSSL (Nd:YAG) laser coupled to the 
target chamber

EUV Spectrum and Conversion Efficiency obtained in 01/2007
Spectral image

EUV Spectrum and Conversion Efficiency obtained in 09/2006

Highest CE obtained for Sn-doped droplets was 2.4%. 

Significant improvement in CE compared to 09/2006 achieved by optimizing 
the intensity and the laser target coupling.

Droplet
velocity
20 m/s

[1] Samir Ellwi, “High Power Lasers for EUV Sources,” 5th EUVL Symposium

Vacuum Chamber
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• Intelligent 3 –D imaging feedback system 
controls target and laser beam pointing 

• 3-D droplet stability of 3 μ m
• 24 hour operation at 30 kHz 
• Single term operation for several days  already 

demonstrated

30 kHz stable laser 
irradiation demonstrated

Total EUV – source power of 21.34 W at 
13.5 nm (2%BW/2π) was achieved by 
temporally multiplexing of two laser 
modules.

Total EUV – source power of 9 W at 13.5 
nm (2%BW/2π) was achieved with one 
laser module.

Cross-calibrated with the “Flying  
Circus”

Mo/Si multilayer mirror, (450 angle of 
incidence)

Zr metal filter to select EUV wavelengths: 
6.5 – 16.8 nm (FWHM)

Si-PIN x-ray photodiode from IRD  to detect 
EUV radiation

Calibrated EUV energy Detector

The picture shows the lens used for the 
last experiments after several hours of 
operation. 

No damage of AR-coating

Principles

Spherical Droplet Target Scheme

LPL laser plasma EUV source facilityLPL laser plasma EUV source facility

Flat-field Spectrograph 
(FFS)

High Resolution (12 – 19 nm)

NdNd: YAG laser for high: YAG laser for high--power EUV sourcepower EUV source
Lifetime and Stability TestsLifetime and Stability Tests

(09/26/07(09/26/07--09/27/07)09/27/07)

Power Demonstration with MultiplexingPower Demonstration with Multiplexing

Continuous, long term operation, 13 Hrs Shot-to-shot  EUV signal stabilty, 
without  target stabilization

Target Delivery SystemTarget Delivery System Source CleanlinessSource Cleanliness

SummarySummary
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