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Introduction
An external magnetic field created in the vacuum arc discharge gap brings about an

increased burning voltage, appearance of multiply charged ions, change in the current
density distribution on electrode surfaces. High-current vacuum interrupters employ
electrodes with a contact area of tens of millimeters in diameter. In this case, the
magnetic field, oriented in axial (longitudinal) direction relative to the current direction,
determines the efficiency of the current interruption, at the level of several kiloamperes,
and of the recovery of breakdown strength of high-current vacuum interrupter chamber.

The mass-to-charge composition of plasma in high-current vacuum interrupter
chambers is usually analyzed by optical spectroscopy, which has a limited applicability to
detection of particles with charge states above 2+ since their spectral line intensities are
much weaker than those of exited atoms and singly-charged ions.

To resolve this issue, it is necessary to employ a different method based on the
emission of charged particles from plasma. The most optimal and technically simple is the
method of time-of-flight spectrometry.



Main Idea

Original electrode of vacuum 
interrupter (CuCr compound) 

Cathode of Mevva-5.Ru
metal ion source

The working surface of
the cathode is made from
a part of the original
electrode

In the present work, the cathode
current density and the magnetic field
induction near the cathode surface,
characteristic for high-current vacuum
interrupter chambers, were produced
by an ion source discharge system
Mevva – 5.Ru.

Under the experimental
conditions, the effect of the axial
magnetic field on the mass-to-charge
composition of high-current vacuum
arc discharge plasma, with composite
cathodes containing different
fractions of copper and chromium,
has been investigated using a time-of-
flight mass-to-charge spectrometer.
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Main Experimental Conditions

Waveforms of the vacuum arc
discharge current and the arc
discharge voltage.

Waveforms of the vacuum arc
discharge current together with the
magnetic coil current at the magnetic
field induction B = 1.2 T.



Mass-to-charge composition of
vacuum arc plasma

Without MF
Cathode materials

Cu1-xCrx
(x = 0, 0.25, 0.3, 0.5);
arc current – 350 A;

Scathode= 3.14·0.642/4≈0.32cm2;
ion current density -
(j=Id/Scath≈1 kA/cm2);

pulse duration – 300 ms;
0.1 pps.

With MF 1.2 T



Particle fractions and 
mean ion charge state

Ion beam composition at different content of
chromium in cathode material with and
without the axial magnetic field.

Mean charge state of copper and chromium
ions at different content of chromium in
cathode material with and without the axial
magnetic field.



Conclusion

The time-of-flight technique and a vacuum arc discharge source of metal ions in an
axial magnetic field was used to study the mass-to-charge composition of the arc plasma.
The cathode current density and the magnetic field induction near the cathode surface
were typical for high-current vacuum interrupter chambers, about 1 kA/cm2 and 1.2 T,
respectively. It has been shown that the mean charge states of copper and chromium ions
depend on their percentage in the composite cathode material and elevates in the
presence of an axial magnetic field. With the fraction of chromium increasing to 50 %, the
mean charge state of copper ions lowers from 2.1 to 1.9, while that of chromium elevates
from 1.73 to 2.18. The presence of a magnetic field also leads to an increased discharge
burning voltage by a factor of about 2, from 34 V to 67 V, as well as to the appearance of
atomic ions of hydrogen H+, oxygen O2+, and carbon C+ and molecular ions of hydrogen
H2+. Their total content in the plasma flux is about 20 %. The obtained results may be
useful for studying the current interruption and dielectric strength recovery in switching
devices based on a vacuum arc.
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