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The quantitative analysis of metallic atoms is important in sputtering and plasma processes, 
for understanding the deposition mechanism and controlling the process condition. In these 
processes, multi metallic elements are induced on a substrate simultaneously from targets in 
sputtering or gases in plasma processes. It is indispensable to measure the densities and 
temperatures of electrons, ions and neutral radicals. The absorption spectroscopy is powerful 
technique for measuring absolute densities of metallic atoms and has been used for 
understanding the mechanism. The light source that is emitting simultaneous multi-atomic lines 
is required for diagnosing behaviors of many kinds of metallic atoms at the same time. We have 
developed a multi-micro hollow cathode lamp (multi-MHCL) as a light source for absorption 
spectroscopy [1]. The multi-MHCL obtained the emissions of analysis lines of Cu, Zn, Fe, and 
Mo simultaneously. The absolute densities of Cu and Mo atoms in magnetron sputtering process 
were measured using multi-MHCL.  

Some researches about hollow cathode discharge have been reported on basic thoery [2-4]. The 
main mechanism of the micro hollow cathode discharge (MHCD) is assumed to be the Pendel 
effect which is the oscillatory motion of electrons between the opposite cathode fall regions, 
which causes a increase in the number of ionization. Therefore, MHCD can be stably generated 
in high-pressure without the arc discharge which causes the filament-like glow discharge and 
has a high current density, and fast electrons above 10-100 eV are oscillated. On the other hand, 
emission characteristics depend on the cathode dimension such as cathode length and cathode 
diameter. In multi-MHCL, in order to obtain the emission of the metallic atom, the working 
pressure is about 0.01MPa because the supttering effect is enhanced in lower pressure. 
Therefore, it is important to investigate the appropriate dimension of the cathode applyed to the 
light source. 
In this study, the emission characteristics of the multi-MHCL were investigated. We measured 

the emission intensities of metallic atoms as functions of cathode length or cathode diameter. 
Moreover, we measured the gas temperatures from the rotational spectra of the N2 second positive 
system (C3Πu-B3Πg). 



The schematic diagram of the multi-MHCL was described in Ref.[1]. Cu hollows were used as 
base cathodes and a Cu mesh was used as an anode. The gap between electrodes was set at 200 
μm. The discharge was generated by using helium as a working gas at a pressure of 0.01 MPa. 
The current and the discharge voltage were typically 40 mA and 400 V, respectively. Emission 
spectra were detected by the photomultiplier through a 25 cm monochromator or a multi-channel 
spectrometer.  

Figure 1 shows emission intensities of Cu and Fe as a function of cathode diameter. The 
emission intensity of Cu was larger than that of Fe because the Cu was used as a base cathode 
and the area of Cu was larger than that of Fe. Moreover, the sputtering efficiency of Cu was 
larger than that of Fe. The emission intensity increased with a decrease in the cathode diameter. 
The current density applied to the cathode becomes larger in the smaller cathode diameter. 
Therefore, the sputtering of Cu or secondary electron from the Cu cathode would be increased, 
resulting in the high emission intensity at the small cathode diameter. Moreove, the hollow 
cathode effect was enhanced with a decrease in a cathode diameter[3]. 

The rotational spectrum of the N2 molecule was measured for investigating the kinetics of the 
multi-MHCL. A small amount of N2 gas was added into the chamber for evaluation of the gas 
temperature. Figure 2 shows rotational temperature of the multi-MHCL as a function of cathode 
length. The N2 rotational temperature was used for evaluating the neutral gas temperature. The 
rotational temperature was evaluated by measuring the emission around 380.5 nm which was 
the (0-2) band in the N2 second positive system (C3Πu-B3Πg). The rotational temperature was 
determined by comparison with results between an experimental and a theoretical spectrum of 
the N2 second positive system. The gas temperature was slightly decreased from 350±100 to 
550±200 K with a decrease in a cathode diameter.  
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Fig. 1 emission intensities of Cu and Fe atoms 
as a function of cathode diameter. 

Fig. 2 rotational temperature as a function of 
cathode diameter. 


