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Spectral emission lines from a low pressure d-c arc discharge with a Ti cathode were studied in various ambient
gases; N, Oz, and Ar. Light from the plasma was detected by an optical spectrometer multichannel analyzer
(OSMA). The spectral intensities of Ti, Tj Ar and N, were measured as a function of the gas pressure in

the ranges x 1073 — 0.5 mbar. The measurements were performed in the inter-electrode region at different
distances from the cathode. Fog Bind G, as the filling gases, the intensities of Ti and Tncrease with the

gas pressure up to pressure values of the ord@ref 0.4 mbar, while they decrease for higher pressure values.
With Ar gas, a different behavior of the Tiintensity was found; it presents an increasing general trend. The
behavior of the lines was qualitatively analyzed in terms of the most relevant atomic processes that take place
in the metallic plasma - gas structure (charge-exchange, electron impact excitation and ionization, etc.). It is
found that the behavior of the observed spectral lines can be satisfactorily explained in terms of the relevance
of these processes as functions of the neutral gas density and electron temperature.

1 Introduction 2 Experimental setup

In a vacuum or low-pressure arc a plasma jet with energe-The experimental setup is shown schematically in Fig. 1.
tic metallic ions @0 — 100 eV) is ejected from the cathode  The vacuum chamber is a stainless steel cylinder with a
surface. Under vacuum operation, these ions can be deporength of 40 cm and a diameter of 25 cm, acting as the groun-
sited onto any substrate located in the inter-electrode spaceged anode. The cathode is a Ti cylinder with a diameter of
forming a metallic coating[1]. In many situations, the dis- 56 cm, surrounded by a floating shielding, connected to the
charge chamber is filled with a gas, either with the purpose negative terminal of the arc power supply. For optical di-
of forming complex coatings (using reactive gases)[2] or to agnosis two circular optical windows with a diameter of 4.0
produce a pretreatment of the substrate surface that improzm were mounted on tubes with lengths of 10 cm protruding
ves film adhesion. In particular, inert gases like argon havefrom the lateral wall of the chamber. The two windows (A
been used for this last purpose([3]. and B, respectively) are located at axial distances of 9 and
Several interactions of the metallic plasma jet with the 25 cm from the cathode surface.
gas particles take place in the discharge chamber such as

elastic scattering, leading to ion slowing down and diffu- @
sion, and charge exchange reactions. lonization of gas parti- W
cles by electron impact and several recombination processe: °g{)1;?1
(dissociative or three body recombination) also contribute to
generate a complex plasma-neutral gas structure[4]. window At Oos nlet

T window B
In a previous work[5], optical emission spectroscopy m ’
was used to obtain information on this structure. A Cu — —
cathode was employed with@nd N, as background gases I
in the pressure range 80—+ — 0.4 mbar. ’ b

. water cooling
In this work, a new spectroscopy study of a vacuum arc capacitor ¥

with Ti cathode is presented, but using also a monoatomic nk 5
ﬁl L *

gas (Ar) besides ©and N, as filling gases, in a pressure nducto ‘ iy
range of5 x 10~3 — 0.5 mbar. Arc power = v Capacnaltlce
. . sowce “ Inanoine exr
The behavior of the observed spectral lines can be ex- : Pump

plained in terms of the relevance of the different atomic pro-
cesses that take place in the plasma inter-electrodic regior.

as functions of the neutral gas pressure and electron temperigure 1. Scheme of the experimental setup including the spectros-
rature. copic diagnostic system.
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Using an oil diffusion pump the vacuum chamber is eva- lines follows approximately the Ti-I line behavior with pres-
cuated to a base pressure below4@nbar and, during the  sure, but with maxima positions somewhat shifted.
discharge, a gas flux is introduced and its pressure monito-
red with a capacitance manometer. Ap &hd G, are used
as filling gases in the pressure rarige 10~3 —0.5 mbar.

The discharge circuit consists in a current supply of 150
A and 18 kW, in parallel with a capacitor bank of 165 mF

connected to the electrodes through a series inductor of 2.8 35000
mH to provide arc stability. The discharge is ignited with 30000 \\ Ter
a Tungsten striker put into contact (and later removed) with 250001 \‘
the cathode, and the arc is operated in a continuous mode at
100 A. £ 20001

The light emitted by the plasma is transported from the 3 15000-f‘ o B gy
optical windows to the entrance slit of the spectrograph by @) 10000, | \ ‘ Tf‘ (//‘m
optical fibers with a diameter of 1.5 mm. This spectrograph 5000 ‘\‘ /1 jJ\ \ KN w
has a crossed Czerny-Turner design with an optical grating Lot N Pl VA S
of 1200 lines/mm, and the emission spectrum was monito- 370 375 380 385 390 395 400
red in the spectral region from 320 to 850 nm. The light A (nm)

from the spectrograph is intensified by a multi-channel plate
and detected by a photodiode array (OSMA). The sensibility

of the OSMA was determined by employing a He-Ne laser 30000 T -
of known output power as the light source. It was found that 25000 (\ i /
. . T Til
130 £ 20 photons passing through the entrance slit of the U
spectrograph produce one count in the detector[5]. @ 20000+ I \ )‘
§ 150004 | )\ {/_ Tl "{\\ |
10000 I I ‘
T ‘ I
3 Resu ItS 50004 ’/"1/‘;\}(\“ \”l ,/*"’ Y 1\‘ \‘\ o "J w \J \ /‘ﬁ\
In Fig. 2 are presented typical spectral diagrams obtained 445 450 455 4éb 465 470\ 475‘ 430
from window A for a high vacuum (pressure bela®—* . (nm)

mbar) discharge. Both figures correspond to the same dis-
charge but with different spectral ranges. The exposure time
of the detector was-1 s, and the reproducibility was good,
with statistical dispersion below 15%, evaluated after 15 re-
gisters obtained under identical conditions of the discharge.
As can be seen, several lines of Ti-l and Ti-Il are registered,
but none of Ti-1ll (within the whole studied spectral range)
in spite of being this species the most abundant in Ti cathode
arcs (Ti ions are emitted from the cathode spot with charge
state ofz = +1, +2,+3 and percentages of 27%, 67% and
6%, respectively[6]).

Figure 3 shows a typical spectral diagram from window
Afor Arat (5.0 £ 0.5) x 102 mbar. Only lines from neutral
Ar (Ar-1) were found.

In Fig. 4, a typical spectral diagram from window A A
is shown for N at (2.7 + 0.5) x 1072 mbar. The diagram 12000,
shows the characteristic band emission of neutsalAgain, 10000+
no ionized gas species were detected. Besides, no lines (or

Figure 2. Spectral diagrams from window A for a dischrage in
vacuum (pressure below 16 mbar).

bands) corresponding to oxygen were found. 0 8000 Al ’

Figure 5 shows the behavior with pressure of characte- S 6000+ ol \ Al
ristic lines of Ti-I (468.19 nm), Ti-1l (454.96 nm), and Ar-I 8 4000 \ /
(811.53 nm) when Ar is used as filling gas. The intensity \ \ f "‘
of each species (that is given in detector counts) is normali- 200041 ,U \\ /&

zed to its maximum. Fig. 5a) shows the results from win- e —

dow A and Fig. 5b) those from window B. The maximum of 805 810 815 820 825 830

Ti-I for window A, corresponds to approximately 0.1 mbar, A (nm)

while for window B this maximum appears at ab8ut10~2

mbar. The behavior of the Ti-Il line from window A shows

a continuous increase, while for window B it shows some Figure 3. Spectral diagram from window A for Ar@.0 + 0.5) x
oscillations but with an increasing general trend. The Ar-1 1072 mbar.
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pressure with a maximum at 0.2 mbar for N,, while that

10000- maximum appears at 0.3 mbar for G (see Fig. 6b)). A
N characteristic emission line ofsN775.3 nm) is also plotted
80004 : in Fig. 6a), and presents an increasing behavior at low pres-
sure, reaching a maximum-at0.08 mbar and following the
«» 6000 _ behavior of both Ti lines.
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Figure 4. Spectral diagram from window A fopMt (2.7 + 0.5) x 5 021 -
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041 4 4 Discussion and final remarks
0.01 0.1 1
p (mbar) A systematic study of Ti emission lines in the presence of
various ambient gases at different pressure values has been
carried out.
B) In order to interpret the obtained results some points are
Figure 5. Behavior with pressure of characteristic lines of Ti-I, Ti- worth remarking.
Il, and Ar-1 when Ar_is used as filling gas: a) results from window Since the sensitivity of the OSMA is known, it is pos-
A; b) results from window B. sible to evaluate the density of Ti excited states to obtain

a given registered amplitude. Taking into account that the
Figure 6 shows the behavior with pressure of the sameplasma is transparent for the studied lines[7], and apart
characteristic lines of Ti-1 and Ti-Il used before, for win- from geometrical factors, the line intensity is proportional
dow A only and for the other two gases. Fig. 6a) corres- to the emission transition probability of the line- (108
ponds to N and Fig. 6b) to @. From Fig. 6a) it can be s~ ') and to the population of the upper excited state of the
seen that both Ti lines present the same behavior with theline. For our geometrical setup, a density of excited species
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~ 105—10°cm~3 is enough to give an intense register (close In the presence of molecular gases, there are practically

to saturation) in the detector. no gaseous ions (because of the presence of dissociative re
Since the ejection velocities of the ions at the spot are combination, which gives a strong remotion channel for ga-

~ 108 cm/s[6], and taking into account the above quoted seous ions), and hence the lines follow the behavior of the

emission probability, the resulting mean free path for spon- electron temperature.

taneous radiative decay is 1072 cm. Hence, it can be To summarize, the registered behavior of the spectral li-

concluded that the generation of a given excited state popu-nes can be explained in terms of the relevance of the dif-

lation is a local phenomenon which has no memory of the ferent atomic processes that take place in the plasma inter-

original ion state at the spot. electrodic region as function of the neutral gas pressure and
The absence of Ti-lll lines, in spite of the fact that the electron temperature.

z = +2is the most abundant species for a Ti cathode, can be

explained considering that charge-exchange cross sectiongccknowledgments

are very high, so practically no Ti-1ll species can be found at

window A even for very low gas pressures[4]. Besides, the

absence of this line is also consistent with the lack of excited

particle levels by electron impact, since visible transitions of

Ti-1ll correspond to highly excited levels (with bound ener-

gies of about 20 eV) while the electron temperature in the References
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