
EUV ablation experiments with gas-puff and capillary discharge sources 

Abstract 

Three different EUV laboratory sources working at different wavelength were used for ablation experiments. PPEES polymer was studied as   

a potential material for EUV ablative micro/nano structuring.   
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Ablation mechanism 
Ablation of polymer materials is initiated by photo-induced polymer chain scissions. 
The ablation occurs due to forming volatile products in the polymer EUV radiolysis 
released from the irradiated surface into the vacuum. In general, a cross-linking of 
polymer molecules can compete with the chain decomposition. 

Target 
The target used during the experiment is   
Poly(1,4-phenylene ether ether-sulfone). 
 
 

Capillary Discharche Laser at CTU Prague (from prof. J.J. 
Rocca, CU, USA) 
characteristics: 
Dimensions: 0.4 x 0.4 m2 (0.4 x 0.8 m2 with TM pump) 
Weight: 400 kg 
Wavelength: 46.9 nm 
Pulse length: 1.5 ns (FWHM)  
Pulse energy: > 10 mJ 
Repetition rate: 5 Hz – typical, 12 Hz – maximum 
Capillary lifetime: (2-3) x 104 pulses 
Current: ~21 kA 
Capillary: Al2O3 (inner diameter: 3.2 mm, length 210 mm), 
Ar filled (50 Pa) 

Gas-puff source at LLG  
Fluence: 127 mJ/cm2 
A new laser (1.2J) replaced the old 
 one to increase the fluence 
A new Schwarzschild optics was  
inserted in the system. 
Characteristic: 
 Modified design 
 Mo/Si multilayer coating 
 Peak wavelength 13.5nm (± 2%BW) 
 Imaging of plasma 
 Micro-focus with high EUV fluence 
Xenon target 

Double stream 
Gas-puff source at 
WAT 

  Ablation test on PPEES gave no positive results at LLG. This can be 
explained, with respect to the results obtained in Prague, considering that for 
PPEES, which has a density of about 1.24 g/cm3  and the following elemental 
composition C18SO4H12,  the attenuation lengths at a wavelength of 13.5 nm 
(photon energy: 91.8 eV) is 215 nm. The attenuation length at a wavelength of 
46.9 nm (photon energy: 26.4 eV) is approx. 20 nm.  
  So, there is at least one order of magnitude higher energy density in PPEES 
near-surface region when irradiated at 46.9 nm than in the case of irradiating 
the material at 13.5 nm at the same surface energy density. Positive results at 
WAT are due to polychromaticity of used optics resulting in higher fluence.  
 
 at 46.9 nm the ablation threshold should be much lower than at 13.5 nm; 
 during the exposure at 13.5 nm, the near surface region is not so 

"overexposed/overheated" as in the previous case (at 46.9 nm), so that single-
photon radiolytical processes would play an important role in material ablation, 
causing the difference in radiation stability of PPEES and PMMA. 

CDD Laser at CAS: results for 1-10-100 shots 

WAT Results 

Number of shots: 
30     15    5 
40     20    1 
50    25    10 

Conclusion 
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