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Abstract – Investigations on the cathode processes 

of vacuum discharges show that the cathode spot 

consists of few luminous fragments. They appears 

and disappears within the time interval of few 

nanoseconds or tens nanoseconds. In present work 

the number and time characteristics of cathode 

spot fragments were investigated experimentally 

for tungsten cathode at the current about 15 A. 

The cathode spot was driven from one cathode to 

another, located a few microns apart, by external 

transverse magnetic field. Current waveforms were 

taken simultaneously for both cathodes and sweep 

of cathode spot image was taken by streak camera 

as well. The current waveforms and streak pictures 

were synchronized to each other within accuracy of 

2.5 ns. The current transition from one cathode to 

another was found to be stepwise in character with 

minimum step value of about 2 A which is close to 

the value of threshold current for tungsten. The 

time behavior of cathode spot fragments is dis-

cussed. 

1. Introduction 

The current of high current vacuum discharge is pro-

vided completely due to the discharge cathode proc-

esses, namely, due to the injection of dense plasma 
from the cathode spot region into the vacuum gap. 

Kesaev [1] found experimentally, that the cathode spot 

consists of fragments, the each fragment exists for 

certain period of time and then disappears and a new 

fragment appears in the vicinity of few microns or 

tens microns from the cathode spot. Appearance and 

disappearance of fragments was investigated by auto-

graph technique [2] and by ultra high speed photogra-

phy of cathode spot in visible and near UV region of 

spectrum [3, 4, 5]. It was established that the current 
per cathode spot fragment is of few Amps or tens 

Amps. The fragment lifetime was studied by high 

speed chronography of cathode spot image (by using 

streak-camera) [6, 7, 8, 9] and was found to be of few 

nanoseconds or tens nanoseconds. The density of 

near-cathode plasma in the vicinity of about 10 µm 
from the cathode spot is unstable and could be as high 

as 1020 cm–3 [10]. 

The review works [11, 12] describe up-to-date ex-

perimental results obtained by most sophisticated 

techniques, and these results point to the extremely 

non-stationary nature of cathode processes. The re-

view of modern state of the theory of cathode proc-
esses is given in [13]. Most adequate approach to the 

understanding of discharge cathode processes is the 

ecton model of the cathode spot, put forward by Me-

syats [14, 15]. The model supposes the cyclic explo-

sive-like conversion of the cathode metal micro-

volumes into dense plasma as a result of interaction of 

cathode micro-protrusions with near-cathode plasma. 

It is supposed that the ecton is a basic phenomenon of 

any high-current vacuum discharge [16]. 

Nevertheless, it is not clear yet what is the relation 
between the current of the cathode spot fragment and 

the luminosity of the fragment plasma and what is the 

temporal behavior of the fragment current. 

In present work, our aim was to establish the op-

eration of the cathode spot on two cathodes located 

closely to each another and electrically insulated each 

from another. So that the part of the spot is on one 

cathode and the rest part of the spot is on another 

cathode. The current through each cathode should be 

recorded separately and simultaneously, and the streak 
sweep of the cathode spot image should be recorded 

synchronously to the current waveforms. The tempo-

ral resolution of the technique should be of few nano-

seconds. 

Experiments of that kind were performed earlier 

(without luminosity recording). Authors [17] were 

first who found that the cathode spot transition from 

one cathode to another located 5–20 µm apart is pos-
sible even at pure vacuum conditions and clean elec-

trode surfaces. We also performed such an experiment 

[18] and found that for tungsten electrodes at current 

10 A the current transition from one cathode to an-
other is stepwise and occurs within 10 ns or less. The 

probability of cathode spot transition for given pulse 

of arc current is of the order 0.1–0.01. 

2. Experimental setup and technique 

Experiment was performed in oil-free vacuum of  

10–8 torr. Vacuum chamber had co-axial electrical 

inputs matched to the impedance (75 Ohm) of power 

supply and signal cables. The bandwidth of the cham-

ber along with electrode system is about 1 GHz. The 

picture of electrode system is shown in Fig. 1.  
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Fig. 1. The photo of the electrode system 

Electrodes are made of tungsten wire by electro-
chemical etching. The cathodes have a diameter 

160 µm, the anode has a diameter 0.5 mm, the dimen-

sion of trigger pin tip is about 10 µm and the distance 

between cathodes is less than 10 µm. Before meas-
urements, the electrodes were cleaned by heating to 
the temperature of about 1800 K (white glow) by 
passing current through them for a minute or two. 

Cathode spot is ignited at the lateral surface of the 
first cathode by high voltage trigger pulse of ampli-
tude 18 kV and duration 40 ns, the trigger electrode 
current is limited to 5 A by low inductance carbon 
resistor. Then the cathode spot is driven by external 
transverse magnetic field of about 0.2 T towards the 
second cathode. The magnetic field is produced by a 
pair of steel wires of diameter 0.5 mm which are lo-
cated at a distance of 1 mm behind the cathodes and 
parallel to the cathodes. The current pulse through 

these wires is bell-shaped of duration 15 µs and ampli-
tude of 600 A. This current pulse is produced by aux-
iliary scheme. The anode is located above the cathodes 
surface and a bit aside, so that it does not prevent the 
direct end on observation of cathode spot by streak 
camera. 

The discharge current is provided by co-axial cable 
line of electrical length 350 ns and impedance 75 Ohm. 
The cable is charged by DC voltage of 750–1000 V, 
so that the arc current is 10–15 A. The cable line pro-
duces a rectangular current pulse of duration 700 ns. 

The current of each cathode is recorded separately 
by shunts of resistance 0.34 Ohm (first cathode) and 
0.1 Ohm (second cathode). The streak traces of cath-
ode spot are obtained by CORDIN Model 173 streak 
camera (CORDIN Inc.) through the quarts window of 
vacuum chamber and through photo-port of stereomi-
croscope Stemi 2000C (Carl Zeiss Jena GmbH), mi-
croscope has a numerical aperture 0.095 and free dis-
tance 90 mm, microscope and streak optics are made 
of glass. Total magnification of imaging optics is 12–
15 times. An example of static image (without sweep) 
of cathodes taken by streak-camera is shown in Fig. 2, 
in this case the cathodes are back illuminated. The slit 
of streak camera is set to full open an as a matter of 
fact we work without slit at all. Waveforms of cath-
odes current are recorded simultaneously with streak 
camera trigger pulse so that to synchronize waveforms 
and camera trace. 

 

Fig. 2. The static (without sweep) image of the electrode 

system taken by streak-camera, electrodes are back illumi-

nated. The camera image is rotated 90° counterclockwise in 

  comparison to the image in Fig. 1 

It is not possible to predict at what moment after 

the arc initiation the current transition will occur. We 
set the streak camera to observe the certain time inter-

val with a preset time delay to the arc ignition, and we 

waited for the chance that transition occurs within the 

time window of streak camera. 

3. Results and discussion 

It has been found that the two types of the current re-

distribution between fragments exist: slow – during 
few tens of nanoseconds, and stepwise – within 1–2 

nanoseconds. In Fig. 3, the new emission center ap-

peared on the second cathode and then the current of 

this fragment increased smoothly. 

 

Fig. 3. The slow change of the current of cathode spot frag-

ment. Waveforms of current are at the top and the corre- 

  sponding sweep of cathode spot luminosity is at the bottom 

In Fig. 4, the current transition occurred before the 

start of streak camera and at the moment of measure-

ments the cathode spot existed on both cathodes. In 

this case, the redistribution of current occurred step-
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wise. We suppose that in this case the new emission 

center appeared on the second cathode. The intensity 

of cathode spot luminosity was not changed at the 

appearance of new emission center. Thus, we have 

obviously at least two fragments of cathode spot: on 

the first and on the second cathode, but they have a 

common cloud of plasma covering them, so the frag-

ment of cathode spot consists of structural elements – 

emission centers which are not visible separately by 
optical observation. 

 

Fig. 4. The stepwise change of the current of cathode spot 

  fragment 

As the current through fragment decreases the lu-
minosity of fragment increases (Fig. 5). The spectral 

investigation [19], performed at the same experimental 

conditions, shows that in visible range of spectrum the 

main light emission is due to lines of the excited neu-

trals. Our measurements performed in visible light due 

to the use of glass optics. We suppose that as the 

fragment current decreases the density of neutral at-

oms in the near-cathode plasma increases. 

At the complete termination of current pass 

through the fragment, the luminosity of fragment 
plasma disappears at the same moment of time as the 

current disappears (Fig. 6). In this case, at the moment 

of measurements the cathode spot existed on both 

cathodes and spot fragments are seen separately. The 

absence of time delay of luminosity disappearance 

(due to the lifetime of excited states) allow us to sup-

pose that in the near-cathode plasma there are effec-

tive processes of atoms de-excitation.  

4. Conclusions 

Thus, the experimental results obtained allow us to 
make conclusions as follows: 

 

Fig. 5. The rise of the cathode spot fragment luminosity as 

  the current through this fragment decreases 

 

Fig. 6. The disappearance of the cathode spot fragment 

The current decrease through existing fragment of 

cathode spot leads to the increase of fragment lumi-

nosity. 

At the appearance and disappearance of emission 

center, the time of the current increase (decrease) is  

1–2 ns for tungsten cathode. 

At the complete termination of current pass 

through the fragment, the luminosity of fragment 

plasma disappears at the same moment of time. 
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