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• Current technology uses a CO2 laser, but:
• requires a pre-pulse (second laser)
• back reflections
• issues with power scalability

• We propose a 1064 nm Nd:YAG
• Advanced technology
• Control/Robust
• Scalability/Availability
• Temporal pulse shaping

GOAL: controlled EUV generation

Target: tin droplets
• study plasma formation and EUV 

generation on pico- and nano-
second time scale

• Controlled preparation of tin 
droplets with temporally shaped 
pulses

YAG
First pass

YAG
Second pass

Home developed software: 
automatic generation of 
arbitrary shaped pulses.

Future plans: genetic algorithms 
for optimum EUV generation.

We can focus down to a 
Gaussian or image the top-

hat profile on the droplet
( dl = 100𝜇𝑚 )

Focussing 
or imaging 
on dropletNew performances with energies:

0.43 ns pulse → 344mJ
not pre-shaped few ns or more → 490mJ

15 ns square output (as in the graph) → 430mJ

Critical dimension:

CD= 𝑘1
𝜆

𝑁𝐴

𝜆 = 13.5𝑛𝑚

Imaging

focussing

Shadowgrams from top to bottom:
o Comparing deformation using Gaussian and square pulses
o Deformation after laser impact of Gaussian shaped pulses for 

different delays.
o Target shapes 1.6 μs after laser impact for several pulse 

durations  ( Gaussian temporal profiles )

EUV generation

Emission spectra for 
various Nd:YAG laser 

intensities: 46 μm
diameter tin droplet, 96 
μm laser beam of 15 ns 

duration.
The gray-shaded area 

shows a 2% bandwidth 
around 13.5 nm.

Droplet deformation
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Examples of temporal 
configurations

o Multiple pulses (each 

pulse can be separately tuned) 

o Square or free form

𝜏𝑝 = 35𝑛𝑠

El = 309.5𝑚𝐽
𝜏𝑑𝑒𝑙 = 100𝑛𝑠

𝜏𝑝 = 1000𝑛𝑠

El = 10𝑚𝐽
𝜏𝑑𝑒𝑙 = 1.1𝜇𝑠

Experimental values 
for spectral purity 
(𝑆𝑃5.5−25.5𝑛𝑚) vs 

relative optical depth. 
The dashed line 

represents
𝑆𝑃5.5−25.5𝑛𝑚 as 

calculated from the 
radiation transported 
reference spectrum.
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Playing with the temporal shape of a high-power nanosecond  
1064 nm laser pulse to explore EUV generation and different 

droplet deformation regimes.

1.2 ns

0.43 ns

Gaussian GaussianSquare Square

t = 0.1 µs t = 0.6 µs t = 1.1 µs t = 1.6 µs t = 2.6 µs

EOD = 1.3 mJ

EOD = 1.3 mJ

𝜏p = 1.3 ns 𝜏p = 2.0 ns 𝜏p = 3.5 ns 𝜏p = 5.0 ns 𝜏p = 7.5 ns𝜏p = 0.5 ns


