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Optical radiation in breakdown of the acceleration gap of a forevacuum
pressure, wide-aperture, plasma-cathode, pulsed electron source

We have investigated the spectrum of optical radiation during breakdown in the acceleration gap of a wide-aperture,
plasma-cathode, pulsed electron source based on a vacuum arc discharge in the forevacuum pressure range (3—20 Pa).
The analysis shows that breakdown considerably increases the spectral line intensity and results in additional gas and
metal lines. The spectrum is dominated by atomic and molecular lines from the working gas. The presence of metal
lines under breakdown conditions suggests that cathode spots arise at the emission electrode, assisting the gas discharge

in the acceleration gap.
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Pulsed plasma-cathode electron sources operating
at forevacuum pressures of 3—50 Pa allow electron beam
treatment of conducting and dielectric materials without
any additional equipment for surface charge compensa-
tion [1, 2]. However wider application of such sources
is limited by a series of factors, among which is the
breakdown strength of the e-beam acceleration gap.

Breakdown phenomena have been investigated for
forevacuum plasma sources of continuous electron
beams based on a hollow-cathode glow discharge [3, 4]
and of small-aperture (less than 10 mm) pulsed electron
beam sources with current less than 10 A [5], but the
cause of breakdown in fore-vacuum sources of wide-
aperture electron beams with long pulse duration and
currents higher than 10 A is still little understood.

Among the possible causes of breakdown in an ac-
celeration gap is the backward ion flow and «secondary
plasma» in the gap [3], ion charging of dielectric inclu-
sions at the emission electrode or stabilizing grid [6],
acceleration system geometry, and change in perveance
of the gap [7]. All these factors contribute to accelerat-
ing gap breakdown, but which factor dominates in fore-
vacuum wide-aperture pulsed electron sources is not
clear. Here we report on our studies of the spectrum of
optical radiation produced in breakdown of the accelera-
tion gap of a forevacuum-pressure pulsed plasma-
cathode electron beam source based on an arc discharge.

Experimental setup and research technique

The fore-vacuum plasma electron source used is
described in detail elsewhere [8]. A schematic of the
experimental setup is shown in Fig. 1.

Cathode / of the plasma source is a copper rod en-
closed in ceramic insulator 2. Anode 3 is a hollow cop-
per cylinder at the base of which is an emission window
of diameter 90 mm covered with fine stainless steel grid
4. The arc discharge is initiated by an insulator flashover
between cathode / and trigger electrode 5.

The acceleration gap is formed by emission grid 4
and stainless steel grid extractor 6. The electrodes of the
acceleration gap are electrically insulated by high-
voltage insulator 7.

The electron source is located on flange &8 of the
vacuum chamber pumped by a mechanical forevacuum

pump. The pressure (3—20 Pa) is controlled directly
through gas supply to the vacuum chamber. The work-
ing gas is air.
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Fig. 1. Schematic of the experimental setup: / — cathode;

2 — ceramic insulator; 3 — anode; 4 — emission grid electrode;
5 — trigger electrode; 6 — accelerating electrode (extractor);
7 — high-voltage insulator; 8 — vacuum chamber flange;

9 — trigger generator; /0 — pulsed discharge power supply;
11 — DC accelerating voltage source; /2 — optical spectrome-
ter; /3 — optical probe; /4 — collector

The arc discharge, which is the source of the emis-
sion plasma, is ignited using pulsed trigger generator 9
and is powered by pulsed discharge power supply 70.
The extraction of electrons from the arc discharge plas-
ma and their acceleration is provided by DC accelerat-
ing voltage source //. In the experiment, the pulse-
averaged discharge current I, was 25-30 A, and the
pulse duration was 1.8 ms; the voltage across the accel-
eration gap was U, = 8—12 kV. The discharge current /,
and the emission current /, were measured with current
transformers.

The spectra of optical radiation produced in the ac-
celeration gap during its breakdown were analyzed us-
ing optical spectrometer /2 (Ocean Optics 2000USB)
with a wavelength range of 200—1100 nm. The signal to
the spectrometer was transmitted via fiber optics from
an optical probe /3 screened with quartz glass. The
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probe was located in the vacuum chamber at 7 mm from
the extractor, and the entrance aperture of the probe was
directed toward the acceleration gap so as to view most
of it. The spectral lines observed in the experiment were
indentified according to [9-11].

Results and analysis

Breakdown of the acceleration gap was judged
from the accelerating (gap) voltage U, and emission
current /,. Upon gap breakdown, the emission current /,
first increases steeply and then decreases to 0 within
about one hundred microseconds while the accelerating
voltage U, immediately drops to zero. Figure 2 shows
waveforms of the discharge current /,, emission current
1., and accelerating voltage U, under (a) normal and (b)
breakdown conditions. The normal condition provides
stable generation of electron beam without breakdown
of the accelerating gap.
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Fig. 2. Discharge current /,, emission current /,,
and accelerating voltage U, under (@) normal,
and (b) breakdown conditions

Figure 3 shows optical radiation spectra under (a)
normal, and (b) breakdown conditions.

With no breakdown in the gap (Fig. 3, a), the spec-
trum reveals lines of the working gas. In the forevacuum
pressure range (with a mechanical pump only), the re-
sidual atmosphere consists mainly of nitrogen, oxygen,
and water vapor. Thus the optical spectrum contains
atomic lines of H and O, molecular lines of N,, and mo-
lecular lines of OH from water vapor. The atomic lines
of O and H, like the OH lines of, can also be due to wa-
ter vapor [11]. In addition to the lines of neutral atoms
and molecules, the spectrum reveals lines of singly
charged N," ions which are most intense at 391.4 and
427.1 nm.

Under breakdown conditions in the gap (Fig. 3(b)),
the spectral line intensity increases considerably, and

additional gas and metal (Fe) lines appear in the spec-
trum. The gas lines dominate over the metal lines both
in number and in intensity. The lines of neutral molecu-
lar nitrogen N, are more intense than those of ionized
N," and than the lines of neutral OH and O. At A = 574
775 nm, the spectrum reveals three groups of lines
which, according to ref. [12], belong to the first positive
system (FPS) of molecular nitrogen N,.
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Fig. 3. Optical spectra under (a) normal,
and (b) breakdown conditions; p = 15 Pa

In the breakdown spectrum, only lines of Fe are
distinguishable among the metal lines, due to the high
percentage of Fe (higher than 70%) in the electrode ma-
terial (stainless steel) of the gap, and only lines of its
neutral atoms.

Thus the predominance of atomic and molecular
lines of the working gas and the presence of N," ion
lines in the breakdown spectrum suggest that break-
down in the acceleration gap of the source is due to the
ignition of a gas discharge. Early in the breakdown,
cathode spots may arise at the emission electrode, as-
sisting the gas discharge in the gap. The formation of a
cathode spot is evidenced by spectral lines of the metal
contained in the material of the emission electrode.

Conclusion

Our study shows that the optical radiation spectrum
produced in breakdown of the acceleration gap of the
forevacuum wide-aperture pulsed plasma electron
source is dominated by atomic and molecular lines of
the working gas. Also observed are lines from ions of
the working gas. The presence of metal lines in the
spectrum suggests that a cathode spot (or spots) is
formed at the emission electrode, assisting the gas dis-
charge in the acceleration gap of the source.

The work was supported by the RFBR grant
No. 16-38-00224.
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HccaenoBanue onTHYECKOT0 U3JIy4YeHHs POOOst
YCKOPSIOIIEro NpoMe:KyTKa (popBaKyyMHOro
IHMPOKOANEPTYPHOr0 HMIYJIbCHOTO MJIa3MEHHOT 0
HCTOYHHUKA 3JIEKTPOHOB

[TpoBeseHbI UCCICAOBAHKS ONTHYECKOrO H3ITyUYCHUS, BO3HH-
KaloIero npu mpoboe YCKOPSIOIIETO MPOMEKYTKA HMITYIIb-
CHOTO IIMPOKOANEPTYPHOTO IIa3MEHHOTO HMCTOYHHKA D3JICK-
TPOHOB Ha OCHOBE JYTOBOTO pa3psjia, HYHKIMOHUPYIOMIETO B
(dbopBakyymHoM auanazoHe aaeicHuit (3—20 ITa). ITokasawo,
YTO TI0 CPABHEHHUIO C ONTHYECKUM HM3IYYCHUEM MPH HOPMAlhb-
HOH TeHepaly My4ka Ipu Ipodoe YCKOPSIOUIEro IPOMEKYT-
Ka 3HAYUTEJHHO YBEINYMUBACTCS MHTCHCHBHOCTH CIIEKTpAllb-
HBIX JIMHAH W TOSBIIOTCS JOIMOJHHUTENbHBIEC JIMHAU ra3a U
MeTayuia. Y CTAaHOBICHO, YTO B ONTHYECKOM CIICKTPE H3ITyde-
HUS TIpH TIpo00e JOMHHUPYIOT CIEKTPaJIbHBIC JTHHIUHA aTOMOB
M MOJIEKyJI paboyero rasza, a Takke HAOJIONAIOTCS WOHBI pa-
Oouero rasza. [losiBieHHE CHEKTPabHBIX JMHHUH, COOTBETCT-
BYIOIIUX METAJUTy, CBUJCTCIBCTBYET O (POPMHUPOBAHUH Ka-
TOJHOTO ISITHA Ha MUCCHOHHOM JJIEKTPOJE, KOTOPOE CIIO-
cOOCTBYeT Pa3BUTHUIO Ia30BOr0 pa3psia B YCKOPSIOIIEM IPO-
MEKYTKE UCTOYHHKA.

KuiroueBble ci10Ba: mIa3MEHHBIA HCTOYHUK JJIEKTPOHOB, UM-
MyJBCHBIA ITyYOK AJIEKTPOHOB, AYTOBOM paspsia, MpoOOi yc-
KOPSIFOIIETO MPOMEKYTKA.
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