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6.X nm with UCD 
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Experiment
Calculation

(1) Laser-produced plasmas for 6.7 nm using fs, ps, and ns 

(2) Discharge-produced plasma with laser-ablated Gd/Tb vapors 

(3) Atomic processes in plasmas (UCD) 



What’s new 

■Observation of the spectra of a potassium plasma 
■Evaluation of the multiple charge state ions 
■Comparison between LPP and DPP 
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Why alkari metal XUV? 

(1) Low melting temperature [K (potassium: 63 oC)] 

     (easy vaporization by dsicharge) 

 

(2) Strong gf lines around XUV spectral region 

 

(3) Little study of alkari metal XUV sources  

      (is equal to little academic paper) 

 



Potassium source around 40 nm 
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Figure  1:  T.  Higashiguchi  et  al.
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Publication 



One of JAP Highlights 



Applications by us 

Si SiO2 Remove SiO2 layer 

VUV CVD 

Cleaning of the grating 



Photo-stimulated desorption mass 
spectrometer using EUV emission 
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Tunable XUV 
light source	

・Photodesorption                →  No damage 
・Tunable XUV light source  →  Tunable material  

Previously New technique 



We characterize the capillary discharge-

produced plasma XUV source by use of pure 

alkali metal vapor. 

Objective 



Schematic diagram of the experimental 
apparatus 



Emission spectra from the different 
capillary inner diameters 

(a) Inner diameter: 1 mm  

(b) Inner diameter: 0.5 mm  



Capillary inner diameter dependence of 
the emission energy 
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Comparison of experiments and gf 
spectral line calculation 



Comparison of experiments and 
numerical simulation 

Time-integrated electron temperature: 12 eV 

Electron density: 1 × 1020 cm-3	

T. Higashiguchi et al., Appl. Phys. Lett. 96, 131505 (2010). 

Experiments Numerical simulation 
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Discharge current dependence of time-
integrated electron temperature 

 

O2+: l1 = 70.4 nm 
O2+: l2 = 83.4 nm 

 

O3+: l1 = 55.4 nm 
O3+: l2 = 61.7 nm 
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Discharge current dependence of the 
XUV conversion efficiency 



Angular distribution of the XUV 
emission energy 
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Electrode structure 

Spectrometer

X-ray  CCD  camera

Pumping  outlet

-  H.V.

GND

Potassium

Hollow  structure

Capillary

Cu  electrode

Cu

Hole

T. Higashiguchi et al., Appl. Phys. Lett. 96, 131505 (2010). 

・Limited to the emission region 
・Contamination emission spectra, together with the carbon  
　due to a capillary material 



Electron temperature to turn 12 eV 
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Temporal history of the emission  
at 39 nm 
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Wavelength: 1064 nm 
Laser intensity: 2 × 1010 W/cm2 

・The duration of the emission:    
    50 ns (FWHM) 
 

 ・ Recombination radiation 



Temporal history of the emission  
at 39 nm 

Time  (ns)

In
te
ns
ity
  (a
rb
.  u
ni
ts
)

  0

  2

  4

  6

  8

  10

12

14

16

  0   50   100   150   200

    Wavelength: 1064 nm, Laser intensity: 2 × 1010 W/cm2 

・The duration of the emission: 50 ns (FWHM) 

 ・ Recombination radiation 
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Emissivity of the 39-nm emission 
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Summary 

[Microdischarge] 
T. Higashiguchi et al., Appl. Phys. Lett. 96, 131505 (2010). 
T. Higashiguchi et al., J. Appl. Phys. 109, 013301 (2011). 
 
[Laser-produced plasma] 
T. Higashiguchi et al., Appl. Phys. Lett. 98, 091503 (2011). 

We characterized the emission spectra and temporal 

history of a pure potassium plasma. 


