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Ion expansion from material ablation by focused EUV was studied and compared with that of laser ablation. 
Noticeable difference was observed in the expanding ion spectra. EUV ablation showed narrower angular 
distribution of expanding ions compared to laser ablation. The ion kinetic energy spectra of EUV ablation 
followed exponential decay with high-energy tail, and that of laser ablation showed sharp cut off at low 
energy with convex shaped energy spectrum. It was assumed that the ions from EUV ablation expands 
straightforward with one-dimensional planar geometry from high pressure plasma, and those from laser 
ablation expands with spherical geometry. 

 
1. Introduction 

Recently extreme ultraviolet (EUV) light 
sources have been widely developed and its 
application usage attracts much attention. One of 
the possible applications is material ablation by 
focused EUV [1, 2]. However, the details of EUV 
ablation, such as heating mechanism, plasma 
formation, and plasma expansion are not well 
known yet. An effective approach to investigate 
the properties of EUV ablation is comparison of 
ablation characteristics with that of laser ablation. 

It is expected that the wavelength difference 
between EUV and infrared laser result in critical 
difference in heating and plasma formation 
mechanism. One hand, the critical density of laser 
ablation is one or two orders below solid density 
and the material heating is dominated by thermal 
conduction of electrons energized by inverse 
bremsstrahlung absorption of laser energy. On the 
other hand, the critical density of EUV ablation is 
beyond solid density and the photon energy is 
close to ~100 eV. These EUV properties would 
allow the radiation penetrates through the plasma 
and resonant excitation of orbital electrons. 

In this study, we have studied the plasma 
formation and its expansion into vacuum. The 
expanding ions were measured by a charge 
collector array. The results were compared with 
laser ablation. Further, simulation study of 
material ablation was performed using a one 
dimension Lagrangian radiation hydrodynamic 
code, Star-1D [3], and theoretical expansion 
model including geometry of expansion [4] was 
also used for discussion. 
 

2. Experimental 
The laser produced plasma EUV source is 

described in Fig. 1. A Nd: YAG laser with a 
wavelength of 1064 nm is focused onto a solid Xe 
drum target. The Xe cryogenic drum target is 
cooled by liquid nitrogen inside a rotating cupper 
drum, so that Xe flowing along the Cu surface is 
solidified and fresh surface is always supplied. 
Similar drum target is described in reference [5]. 
The EUV light emitted from the Xe surface is 
collected by a toroidal elliptical total reflection 
mirror with a gold-coated surface, and focused onto 
a sample. The focused EUV intensity was ~5 x 109 
W/cm2, the spot size was ~150 µm, and pulse width 
was ~10 ns. For the comparison, laser ablation was 
also studied with the same intensity, spot size, and 
pulse width by focusing a Nd: YAG laser onto the 
sample. 

Time-of-flight (TOF) spectrum of ions expanding 
 

 
Fig. 1 The EUV source consists with a cryogenic 

Xe drum target and focus mirror. Pinhole image of 
the EUV emission on the Xe surface and ablation 

spot on the sample are also shown. 
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Materials were successfully ablated and plasma was 
produced by focused EUV radiation 
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from the ablation plasma was measured by a charge 
collector array. Four charge collectors were located 
at 0 (target normal), 15, 30 and 45 degrees. The 
TOF spectra were converted to kinetic energy 
spectra. 
 
3. Results and discussion 

The energy spectra of expanding ions of EUV 
and laser ablations are shown in Fig. 2. Noticeable 
difference between two spectra was observed. One 
hand, the expanding ions from EUV ablation 
include high-energy component and the energy 
spectra follows exponential curve. The other hand, 
the energy spectra from laser ablation showed a 
concave curve and drastic decrease around 100 eV. 
The spectra were fitted to an ion expansion model 
including geometries [4]. It was expected that ion 
expansion of EUV ablation has one-dimensional 
planar geometry and that of laser ablation has 
one-dimensional spherical geometry. Further, 
simulation of EUV ablation by Star-1D code [3] 
showed compressed plasma about 20 µm behind the 
original surface position with high electron density 
and pressure. This might have caused 
avalanche-like particle expansion into the vacuum 
resulting in the high-energy tail in the EUV energy 
spectrum, and straightforward one-dimensional ion 
expansion along the target normal direction. 
 

   

   
 

Fig. 2 Kinetic energy spectra of expanding ions. 
a) EUV ablation, and b) laser ablation. The spectra 

were measured at the target normal (0 degree). 

 
 

Fig.3. Plasma parameters of EUV ablation calculated 
by the Star-1D code. Hatched area is original material 

position. 
 
4. Summary 

Material ablation by focused EUV and laser were 
studied and the ablation characteristics were 
compared. Noticeable difference in ion energy 
spectra was observed. It was shown that EUV 
ablation plasma expands much more 
straightforward than laser ablation plasma. The 
geometry of EUV and laser expansion are expected 
to be one-dimensional planar and sphere by fitting 
the energy spectra. From the simulation results of 
EUV ablation, it was assumed that compressed 
plasma is formed and it expands into the vacuum 
one-dimensionally. 
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