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  Emission spectra of arc plasmas contain valuable information regarding arc sites, 
plasma parameters and composition, and temporal dynamics of plasma expansion. 
Emission spectra within the range of 200-800 nm were measured for trigger arcs on 
triple junctions and sustained arcs between solar array strings. Spectra were recorded 
from arcs on several different brands of conventionally designed solar array samples 
immersed in simulated Low Earth Orbit plasma. The arc sites and cathode materials 
were determined for plasmas generated by primary discharges and sustained arcs. 
Statistical processing of spectral line intensities resulted in calculations of arc plasma 
electron temperatures and surface densities of some atomic species. The presence of a 
flux of energetic electrons (above 100 eV) was confirmed by analysis of the structure of 
the excited atom and ion energy levels. 
Physical mechanisms of differential charging and electrostatic discharges (ESD) on 

spacecraft surfaces have been investigated for over thirty years [1-3]. ESDs are located 
on areas of triple junctions (interconnector-coverglass-plasma) and are accompanied by 
bright flashes of light. To our best knowledge, the first-ever study of correlations 
between electrical and optical emission properties of ESD on a solar array sample was 
conducted in Ref. 4. It was shown that both light intensity and arc current temporal 
behaviors were practically identical, and emissive spectral lines of cathode material 
(silver) were clearly resolved and measured. ESD on triple junctions has many common 
features with vacuum arcs such as cold emission of electrons due to the high electric 
field in the cathode area, arc initiation on a small spot on the cathode surface, and traces 
of melted cathode material observed on its surface after the arc is extinguished. This 
commonality between vacuum arcs and ESD on triple junctions was confirmed by 
measurements of emission spectra of ESDs initiated on surfaces of dummy samples and 
real solar cells [5]. However, there are essential differences between vacuum arcs and 
ESD on triple junctions in discharge initiation and development [6]. In particular, 
emission spectra contain spectral lines that certainly do not belong to the corresponding 
metal atoms (or ions). This feature was briefly mentioned in Ref. 4, but spectral lines 
were not identified at that time. Good quality and wide wavelength  range (300-750 nm) 
emission spectra measured in Ref. 5 demonstrated not only narrow metal (Ag) lines but 
the atomic hydrogen H �   line also. This observation was not discussed in [5]. It is known 
that the spectra of vacuum arcs consist of cathode metal lines only [7] but adding air 
into the vacuum chamber (0.1 mTorr) results in the appearance of hydrogen and 
hydroxyl lines [8]. However, the presence of air could not be considered as an 
explanation for the observations [5,9] where the nitrogen partial pressure was below 1 
� Torr.  

The main stimulus for a further thorough investigation of arc emission spectra was to 
understand the important correlations between the electrical and optical properties of 
these discharges. The presence of dielectrics with specific physical and chemical 
properties in the area of ESD on triple junctions makes these discharges different from 
pure vacuum arcs, and if the electrical characteristics of arcs are different, one can 



expect the emission spectra to be different as well. The expectations were confirmed by 
measuring the emission spectra of arcs located on solar array sample interconnects, 
dummy sample electrodes, and in the gap between separate strings in cases of sustained 
arcs.  

Observations of spectral lines belonging to metal ions confirmed the presence of a 
flux of energetic electrons emitted by a protrusion on the interconnect surface.   
 

 
 
 

        
Fig. 1. Examples of emission spectra of arc plasmas. 
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