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1. Capillary discharge-produced potassium plasma XUV source 

Photon energies between 10 and 100 eV correspond to wavelengths between 12 and 

120 nm in the electromagnetic spectrum. The discharge plasma light source is found to be 

an efficient source in these spectral regions. A discharge-excited extreme ultraviolet 

(XUV) laser and production of a plasma column have been demonstrated, e.g., the XUV 

laser at 46.9 nm by use of fast capillary discharge reported as a short wavelength light 

source [1]. On the other hand, it is well known that the quartet level of the highest J of a 

given configuration in an alkali metal atom is metastable against both auto-ionization and 

radiation in the XUV spectral region [2]. The properties of XUV emission from 

multiply-charged alkali metal ions have not been investigated in detail. The generation of 

a discharge-pumped XUV source, however, requires the presence of a substantial density 

of high purity metal vapor in a capillary. From the plasma physics point of view, our 

approach is to use a potassium (K) target operating in a hollow cathode discharge mode to 

produce a high electron density and temperature. We have demonstrated a compact, 
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hollow cathode discharge-produced plasma XUV source using pure potassium vapor [3].  

The capillary was a 1-mm long pipe with a diameter of 500 μm made in a 

Polytetrafluoroethylene (PTFE) block in the vacuum chamber. The maximum discharge 

voltage and its current are 28 kV and 200 A by use of a pulsed power supply connecting a 

condenser capacity of 2 nF at a repetition rate of 10 Hz. The axial emission of the 

discharge in the XUV spectral region was analyzed with a normal incidence vacuum 

spectrograph using the iridium coated grating of 1200 lines/mm (Acton VM502). The 

distance between the exit of a capillary and the entrance slit of the spectrometer was 1 m. 

The time-integrated spectra were obtained by a thermoelectrically-cooled 

back-illuminated x-ray charge coupled device (CCD) camera.  

Figure 1(a) shows a typical time-integrated XUV emission spectrum between 25−70 

nm. Potassium ions produced strong broadband emission around 40 nm, which was 

mainly due to 3p−3d transitions between K2+ and K4+ ions, together with several oxygen 

line emissions. The spectral bandwidth of the potassium emission was about 8 nm 

(FWHM) at 40 nm. We performed a theoretical evaluation to find scaling of the 

optimum plasma parameter by use of a hydrodynamic model. This model assumed 

collisional-radiative equilibrium (CRE) process in a plasma that was optically thin for 

all radiation. Figure 1(b) represents the numerical calculated spectrum at the electron 

temperature of 12 eV around the electrode surface with the electron density of 1020 cm−3. 

The experiment observed spectrum in Fig. 1(b) approximately agreed with the 

numerical calculated spectrum. The numerical calculation, therefore, represents a clear 

insight of the optimization of the spectral control and may be useful for the design.  
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Fig. 1. The observed XUV emission spectrum (a) and the numerical calculated spectrum (b), respectively. 

In the XUV spectral region, the discharge current has been required to be in the range 

of kA due to the plasma heating to produce the multiply charged ions. The scheme would 

allow the effective discharge XUV source in a low discharge current less than 1 kA to 

avoid heat load to the pulsed power supply and the plasma light source. Figure 2 shows 

the discharge current dependence of its voltage of this source. The sustaining voltage of 

the discharge was almost 1 kV in its current of 100−200 A. This characteristic of the 

dependence is expected for a hollow cathode discharge mode [3]. The high density and 

high energy electrons are produced by the strong electric field in the sheath near the 

cathode electrode surface with a potassium metal. These electrons excite multiply 

charged ions, this excitation is attributed to the impact of electrons from the plasma on the 

potassium electrode. In addition, the electron temperature of the potassium plasma 

increases with the increase of the discharge current due to the Joule heating in the hollow 

cathode discharge mode. As a result, the increase of the emission intensity originating 

from the multiply charged potassium ions is attributed to the high energy electrons in the 

hollow cathode discharge at the potassium electrode surface. The effective potassium ion 

density responsible for the 40-nm XUV emission increases near the potassium electrode 

surface. The angular distribution of the XUV emission was measured to be 170 mrad. 
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This distribution is evaluated to be 150 mrad limited by the capillary wall and the light 

source at the potassium electrode into a capillary. In other words, the effective ions may 

be localized around the potassium electrode at the hole into a capillary due to the hollow 

cathode discharge mode.  

 

Fig. 2. Current-voltage characteristics of microplasma under the hollow cathode mode. 

In summary, we have demonstrated a compact, discharge-produced microplasma 

extreme ultraviolet source by use of pure potassium vapor. Potassium ions produced 

strong broadband emission around 40 nm with a bandwidth of 8 nm (FWHM) at a 

discharge current of 200 A and a repetition rate of 10 Hz. We have also discussed the 

possibility of the hollow cathode mode in a potassium plasma. This compact capillary 

XUV source with photon energy of 30 eV is a useful XUV emission source for surface 

morphology application. 
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