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Results of the studies on forming the conductive film in discharge gap of the trigger
injector during the operation of vacuum-arc plasma source are presented. The film was
deposited on the end of ceramic tube surface used for filling the discharge gap trigger
injectors. Experiments were performed in the practicable conditions for technological
processes of protective and decorating coating in the plasma sources with magnetic con-
finement of the cathode spot and chromium and titanium cathodes. It was revealed the
cathode materials and conditions of the coatings deposition influence on structure and
properties of the films obtained on ceramics Al,053-SiO,~—BaO,. The rate of the film growth
was defined, its variation is in the range of 1.1...3.3 nm/s.

ITpuBeneHsl Pe3yABTATHI UCCAETOBAHUI MO (POPMUPOBAHUIO MPOBOAAIIEIl TIJIEHKU B pas-
PAAHOM TPOMEKYTKE MYCKOBOTO MHIKEKTOpa B Tpollecce PaboThl BAKYYMHO-IYTOBOTO HCTOY-
HUKa TasMbl. [lneHKa ocakaanach Ha TOPIEBYIO TTOBEPXHOCTL TPYOKU U3 KepPaMWUKU, MPU-
MeHAeMOIl MJA BATOJHEHUA PaspAIHOTO TPOMEKYTKA MMyCKOBBIX MHIKEKTOPOB. JDKCIEPUMEH-
THl BHEITOJHAJWCH B YCIOBUAX PEAJLHOTO TEXHOJOTHUECKOTO TIpollecca HaHeceHUs
3aTUTHO-TEKOPATUBHBIX TOKPBITHUH B MCTOUHUKAX MJI43MBI C MATHUTHBIM yIeprKaHMeM Ka-
TOAHOTO TATHA M KATOMAMM M3 XPOMa M THUTAHA. Y CTAHOBJEHO BIUAHUE MAaTepUaia KaToia u
YCIOBUI ocaKJeHNA TMOKPHITHII HA CTPYKTYPY M CBOMCTBA TJIEHOK, MOJYYaeMbIX HA Kepamu-
xe cocTaBa Al,O5-SiO,—Ba0,. Ompenenena cKopocTh pocTa IIEHOK, KOTOPAA BAPLUPYETCA B
auanasome 1.1...3.3 um/c.

Memanegi naiexu dnn 3anycry eaxyymno-dyzoeéux dxucepen naa3mu. F0.0. Cucocs.

Hasegeno pesyabraru gociimxensb miomo GOpMYyBaHHS NPOBiIHMKOBOIL ILIIBKU Y PO3SPALHO-
My IPOMIMKKY IIYCKOBOTO iHMKeKTopa y mpolieci poboTu BaKyyMHO-IYTOBOTO [OiKepeJa ILIa3-
mu. IlmiBka ocamkyBajacd Ha TOPIEBY IIOBEPXHIO TPYOKU 3 KepaMiKu, sKa 3aCTOCOBYETHCH
IJIA 3alIOBHEHHS PO3PAIHOIO NPOMIMKKY IIYCKOBUX iH:KeKTOpiB. ExcmepuMeHTH BUKOHYBAJU-
¢ B YMOBAX pPeajbHOr0 TEXHOJIOTIUHOI'0 IIPOIEeCY HAHECeHHS 3aXUCHO-TeKOPATUBHUX IIO-
KPUTTIB y [QKepejax ILJIA3MH 3 MATHITHHM YTPHUMaHHAM KAaTOZHOI ILIAMHK i KaTogamMu 3
xpomy i Turamy. BecramoBieHo BILIMB MaTepiasy Karoma i yMOB ocamiKeHHsS IOKPUTTIB Ha
CTPYKTYPy 1 BaacrumBocti ILTiBOK, onepskyBaHmX Ha Kepawmini ckmany Al,05;—SiO,—BaO,.
Busuaueno mBuakicTs pocTy IIiBOK, AKa Bapime y miamasomi 1.1...3.3 mm/c.
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1. Introduction

Thin metallic film electric explosion is
one of the most effective methods to obtain
start-up plasma, which is necessary to initi-
ate vacuum-arc discharge in different
plasma devices [1, 2]. This film is formed
from the products of cathode materials ero-
sion on the surface of ceramic in a start-up
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injector discharge gap. Under vacuum-arc
plasma sources operation in the regimes of
ordinary vacuum-arc discharge extinction
(sputtered cleaning regime, low arc current,
using cathodes made of refractory materials
and etec.), the conducting film has no time
to recover in between the trigger injector
responses.
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Absence of the film in the discharge gap
of the trigger injector changes physical
processes of the start-up plasma formation,
which in this case arises due to the surface
dielectric breakdown. Mechanism of the su-
perficial breakdown in vacuum is rather de-
tailed described in [3]. It is characterized
with far higher voltage required for the
start-up plasma formation and reliable trig-
gering vacuum arc.

As long as the film in the discharge gap
of the trigger injectors of wvacuum-arc
sources plays an essential role when trigger-
ing arc discharge [4], it is a matter of inter-
est to study its formation process. Data
about the film growth speed, its resistance
and etc. observed as a result of experiments
might give information about the vacuum-
arc discharge burning duration at which re-
built of the film after injector actuation
takes place, and about the optimal parame-
ters of triggering impulses and etc.

Despite the fact that a long time passed
since the time of the first works related to
the vacuum-arc devices that used a metal
film for triggering [5, 6] the question of the
conducting film formation is still not well
studied. To a certain extend this article is
to fill in these gaps. The aim of this work is
to study the peculiarities of the conducting
film formation on the surface of ceramics
used to fill the discharge gap of start-up in-
jector and to study the film characteristics.

2. Experimental

According to the goal of defining the pe-
culiarities, speed of growth and electrical
characteristics of the conducting film struec-
ture we performed our studies over its for-
mation on the surface of ceramics in the
discharge gap of the initiating device under
conditions of a real technological process of
protective decorative films application. The
scheme of the experiment is given in Fig. 1.

Plasma sources A and B were regular for
"Bulat-6" devices, in which following meas-
urements were held: diameters of cathodes
were equal 80 mm, the trigger injector was
placed on the surface of an auxiliary anode,
that faced the vacuum chamber. Discharge
gap of the trigger injector was filled with
ceramics — ceramic tube with resistance
MLH-2, where resistive layer on the ends of
the tube was erased. Ceramic bushes (same
as in the trigger injector of plasma sources)
were used as samples, on the ends of which
the film was depositing. The samples were
secured to the excitation anodes.
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Fig. 1. Scheme of the ceramic samples dis-
placement in plasma sources during the film
formation on the ceramic surface research:
A, B — plasma sources; 14 — chromium
cathode; 1B — titanium cathode; 24, 2B —
discharge gaps; 34, 8B — ceramic samples;
U, — ignition voltage; R, C — system initia-
tion elements.

Process of the film formation on the ce-
ramic samples had several stages. At first,
the source A was working during 600 s at
pressure of residual gas in the chamber

1,33:1073 Pa (cathode — chrome X99).
After that A source was turned off and the
source B turned on (cathode — titanium

BT1-0). The source B worked for 1200 s in
nitrogen atmosphere at pressure of 2:10~
1 Pa. Arc current in the both sources was
100 A. The ceramic samples after the ex-
periment were unmounted and their end
surfaces were investigated using raster elec-
tronic microscope REM-106.

Resistance measurement was held on the
developed desk, providing movement of
spring loaded feeler of digital multimeter
UT-70D with accuracy 0,01 m. Multimeter
was connected to a computer and provided
resistance measurements with resolution
0,01 Ohm and accuracy 0.3 %.

As long as dielectric basis for the MLH
resistor can be made of different materials
[7] elemental composition and structure of
the samples were preliminarily defined.
These researches (results are given in Fig. 2
and Fig. 3) were held by means of electronic
microscope REM-106 with the energy-dis-
perse microanalysis system.

Data presented in Fig. 2 show that the
ceramic samples are made of celsian ceram-
ies Al,05-SiO,—BaO, [8], including multiple
voids of different size (Fig. 3).

3. Results and discussion

Morphology of the film on the surface of
ceramic bush end near the chromium cath-
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Fig. 2. Elemental composition of the ceramic
samples.

ode (source A) is shown in Fig. 4. It is well
seen that chromium based coating is not
uniform: there are areas of solid coating
with mirror sparkle that are situated closer
to the central part of the ceramic tube. In
Fig. 4 on the top of the photo there can be
seen such an area.

There are many droplets that mainly
have spherical shape and sized about 1 um
and less. Elemental analysis of the droplets
in chromium coating shows that they are
almost equally divided on chromium and ti-
tanium droplets. For example, in Fig. 5 in
the group of three droplets in the center of
the photo the average droplet consists of
chromium while the smaller and bigger ones
are titanium droplets.

Considerable quantity of titanium drop-
lets on the surface of the film that forms
close to chromium cathode can be explained
by the fact that during the last stage of the
technological process only B source was in
operation (titanium cathode). It is remark-
able that there are not titanium droplets
obtained on the other end of this ceramic
bush. It can testify that droplets having
overcome the distance of around one meter
reach the end of ceramic bush close to cath-
ode being deflected from the lateral surface
of chromium cathode.

Thickness of the chromium based film,
which was measured on the fracture of the
ceramic, was about 2 um and less in the
area of solid coating on the rest surface
~1 um (Fig. 6). This corresponds with the
film growth speed in a range of
1.7...3.8 nm/s at current of 100 A.
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Fig. 3. Surface morphology of the ceramic
samples.

Fig. 4. Film on the ceramic nearby chromium
cathode (source A).

WD=8.0mm

30.00kV  x12.0k

Fig. 5. Droplets shape on the surface of the
chromium based film.

There is another film structure on the
surface of the sample close to titanium
cathode (source B) shown in Fig. 7. In this
case the coating is matt and solid having
yellow tone in some areas. It is more uni-
form having higher droplet fraction. There
are some areas covered only with a thin
layer of titanium coating.
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WD=12.6mm

Fig. 6. Chromium coating ceramic fracture.

Unlike chromium coating the titanium
one has many bigger droplets of titanium
sized 5 um and more. They have prolate
form. Chromium droplets on the titanium
coating are not observed per se. Out of more
than 100 measurements one zone with chro-
mium content of about 62 % was detected.
Obviously it is due to the location of the
chromium droplets under the layer of tita-
nium. It also confirms the fact that there
were found chromium contents up to several
percents in the coating.

Thickness of the coating measured on the
fracture of the sample ceramics (Fig. 8) var-
ies in a range of 1.3...1.9 um, that corre-
sponds with the film growth speed in the
range of 1.1...1.6 nm/s.

Having close values of mass-transfer co-
efficients of chromium and titanium [9],
there is the less (about twice) film growth
speed on the sample placed in B source com-
paring to A source. Probably it happens due
to the film formation in the source B is
going on mainly under high pressure
(» = 2:1071 Pa), while in the sample in the
source A — mainly under low pressure
(» = 1073 Pa).

It is known that transfer to the solid
film at its deposition starts with thick-
nesses of more than 10 nm [10]. To achieve
the solid film in the discharge gap of the
start-up injector at its growth speeds in the
range of 1...83 m/s, 10 s time gaps between
injector responses is required. Still practi-
cally stable production of triggering system
is obtained at lower time ranges of the film
forming (up to several milliseconds). During
this period of time only an island structure
manages to form on the surface of the injec-
tor ceramics. In this case most likely break-
down happens due to redistribution of im-
pulse triggering voltage in between the "is-
lands” of the film. Appearing in the most
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Fig. 7. Film on ceramic nearby titanium cath-
ode (source B).

1
WD=10.7mm

Fig. 8. Titanium coating ceramic fracture.

advantageous place it spreads in the dis-
charge gap of the injector.

Films resistance along the radius of the
ceramic tube (approximately that is the way
of breakdown in the discharge gap of the
start-up injector) for titanium and chro-
mium based coating are shown in Fig. 9.
Dashed lines on the diagrams show resis-
tance of a conductor with 1 p? cross-sec-
tion. Values obtained for the chromium
based films satisfactory correspond to the
resistances of the micron thick films [10].

Lower resistance of the titanium based
films comparing to solid titanium is the
most likely due to presence of the different
chromium fractures which have lower resis-
tivity than titanium.

When studying the ceramic samples end
surfaces that were far from the cathode
(out of sight from the working surface of
the cathode) there were found droplets of
the cathode where the sample had been
placed. The droplets of the opposing cathode
were not observed.
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Fig. 9. Chromium and titanium based films
resistance.

In Fig. 10 the end surface of the sample
from A source is shown (Fig. 1) away from
the cathode with chromium droplets.

The droplets elongated form testifies
that they move at angle to the deposition
surface and are in a liquid state. One of the
possible reasons of the droplets reaching the
surface (that is out of sight from the cath-
ode working surface where they are formed)
can be their interaction with ions which
change the direction of the droplets move-
ment due to created pressure.

4. Conclusions

As a result of the study of the film con-
ducting on the surface of ceramics used for
filling the discharge gap of start-up injec-
tors of vacuum-arc plasma sources the fol-
lowing conclusions were obtained: Film
growth in the discharge gap of start-up in-
jector takes place at speed of several
nanometers per second. The film formation
speed range in the sample close to chro-
mium cathode was obtained —
1.7...3.83 nm/s, in the sample close to tita-
nium cathode — 1.1...1.6 nm/s. Difference
in the growth speeds is most probably due
to the forming at different pressures in the
chamber and the lower pressure gives the
higher speed. Resistance of the films mostly
containing one material approximately
meets the values for micron films of the
material. When operating several plasma
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f

Fig. 10. Droplets on the end of ceramic sam-
ple away from the chromium cathode: 1, 2, 3
— points of microanalysis.

sources with cathodes made of different ma-
terials the films resistance is defined by the
ratio of fractions with different resistivity.
Coatings that form on the surface of the
start-up injector ceramics contain high
amount of droplets from cathode materials.
It is obvious that such film structure will
define electrical blow peculiarities on the
conducting film when the start-up injector
responses.
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