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An experimental study of the metallic ion flux in a pulsed copper vacuum arc with an annular anode and operated
with an axial magnetic field is presented. It is employed an insulating drift duct surrounded by an external coil
which generates an axial magnetic field. Operating the arc under vacuum condition, measurements of the ion
flux and the plasma potential at different axial positions along the duct and different magnetic field values are
presented. The arc voltage and the total discharge current as functions of the magnetic field intensity are also
reported. We find that the decay of the ion flux through the duct walls is not exponential. A simplified model
for the ion emission is used in order to obtain an interpretation of the measured ion current for different axial
positions and magnetic field strength, and a good agreement with the experimental points is found.

1 Introduction the discharge parameters (arc voltage and arc current) is stu-
died. The experimental data are compared with a simple
The study of the ion transport through axial magnetic fields conical model for the cathodic ion emission [6], and a good
is of special interest for Vacuum Arc plasma sources. Theseagreement with the measurements is found.
devices are attractive for the deposition of thin films, since
an intense jet of metallic plasma including relatively high-
energy ions (15-120 eV, depending on the cathode material
and charge-state of the ions) is produced with a high effici- 2 Experimental setup
ency at the cathode surface[1]. The ions come from minute
points on the cathode known as “cathode spots”, and the
ion current amounts to 8-10 % of the total discharge currentA schematic of the experimental apparatus (PROTO 2CC)
[2]. However, cathodic arcs also produce macroparticles ofis shown in Fig. 1. The arc was pulsed for 35 ms, with a
the melted cathode material that are deposited on the subsPeak current of 400 A. It was produced by discharging an
trate. The presence of macroparticles increases the porositglectrolytic capacitor bank with C = 0.075 F, connected to
and roughness of the coating, affecting the films properties.a series inductor-resistor (L = 2 mH, R = 0.88), which
Several filtering systems to separate the arc plasma and théritically damped the discharge. A mechanically controlled
macroparticles have been developed [3]. Presently, magnetungsten trigger rod ignited the arc. The arc was operated in
tic filtering is a widely used method for removing the macro- @ high vacuum, with a background pressure of 0.01 Pa.
particles. This kind of filter consists of a tube with an axial A grounded copper cathode (5 cm in length and 1 cm
magnetic field. The plasma flux is guided through the tube in diameter) was placed in front of an annular anode with
by the magnetic field, whereas the massive macroparticlesan aperture of 5 cm and a length of 2 cm. The cathode la-
[1], which are ejected mostly at large angles with respect to teral surface was cover with a Pyrex insulator, so as to en-
the cathode surface, bounce or stick on the duct walls. Thesure that the ion emission was through the front surface of
tube can be a straight tube (rectilinear filter) [4, 5, 6] or a the cathode. The distance between the cathode surface and
curved one [7, 8, 9]. The main drawback of these filters is the closest plane of the anode was 1 cm. At the end of the
the ion losses along the filter, producing a significantly re- anode it was located the entrance of the magnetic duct. The
duction in the deposition rate. For this reason, it is important magnetic field was established by three external coils wrap-
to understand the mechanism of these losses, in order to opped around an insulating tube, 23 cm long and with an inner
timize the filtering system. wall radiusr p of 5 cm. The coil was supplied with dc cur-

In this work we study the plasma transport in a recti- rent from an independent power source. The magnetic field
linear filter with insulating walls. The plasma ion current strength was measured with a calibrated Hall probe, and the
and the floating potential of a collector located at different magnetic field intensityR) was characterized with the value
axial positions along the filter, and for different magnetic fi- measured at the duct center. The maximum obtained mag-
eld intensities are measured. Also, the way the field affectsnetic field intensity was 253 G.
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Figure 1. Scheme of the experimental apparatus (PROTO 2CC).
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The arc produced a fully-ionized plasma jet with multi-
ply charged plasma ions, in particular for copper the averageFigure 3. Arc voltage vs. magnetic field intensity (a), and discharge
charge isz,, = 1.85 [10]. An aluminum collector plate was current vs. magnetic field intensity (b).
positioned perpendicular to the axis of the duct and could
be moved axially along the duct. The collector plate radius
(r ) was almost coincident with the duct inner radius, so the
collector plate collected nearly all the charge axially flowing
along the duct. The collector plate was floating to measure
the floating potential\(z) or it was connected to ground th-
rough a resistance to determine the ion currentf(om the

In Fig. 3a) and 3b)y/,. andl, vs B are presented, res-
pectively. Each point in the figures represents the average of
five consecutive shots performed under identical conditions.

; . It can be seen that both quantities are almost independent o
resistance voltage drop. The resistance value was selecte

enough low so as to ensure that the collector voltage was™’ and take the valueé, ~ 50 V andly ~ 400 A.
smaller tharV/g. Bothl; andVy were measured as functions In some discharges without magnetic field, the annular
of B at several axial distanced)(from the cathode surface. anode was changed by a disk anode, and placed in front the

The arc voltage drop\(,. ) and the discharge current cathodge. In these discharges 'ghe measured vaIVgcohas
(1) as functions o were measured using a resistive vol- approximately 10 V less than in the annular configuration (

tage divider and a calibrated small-value (8x3Q ) resis- ~ 40 \,/)' and 'ghis fact indicated t'he presence of an anodic
tor, respectively. potential drop in the annular configuration.

In Fig. 4 the ion saturation current as a functiondof
with B as a parameter is presented, and in Fig. 5 the ion
saturation current measured at the middle of the filtier (
14.5 cm) as a function @ is presented. It can be seen (Fig.

3 Results 4) thatl; decreases significantly witth for B values lower
than 130 G, but for higheB values, the ion current remains
. . ; ; almost constant along the filter, with the only exception of
A typical profile ofB corresponding to a coil current of 26 A dthe caseB = 130 G, where the ion current decreases signi-

is presented in Fig. 2. It can be seen that the magnetic field,. . .
strength remains almost constant along the tube, but it sharJicantly at the filter exit. It can also be observed from both

ply drops at the duct extremes. For example, for a magneticf?gures Fhaﬂi increases with the magnetic fie!d, and in par-
field of 130 G in the middle of the duct, the magnetic field t'?lélgré'i sgg\évsGan aclj:)rupt)t grtowtp fﬁ;_v%!l;vesl, in the range
at the cathode region is about 30 G. For that reaBat,the 0 0 » and saturates for higizevalues.

cathode region is too small to alter the discharge parameters.
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Figure 2. Typical profile oB corresponding to a coil current of 26 Figure 4. lon saturation current as a functiordafith B as a para-
A. meter.
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4 Discussion and final remarks

3,0-
2,51 + + * The first point to consider is an estimation of the plasma pa-
2,01 rameters in the duct in terms of the presented measurements.
From thel; value forB=0 G (I; =~ 0.2 A, see Fig. 4), as-
<< 1,51 suming that the whole probe’s area collects ions, and using
— 1,0 + Lam'’s electrostatic probe theory [11], the plasma density in-
051 side the duct can be estimatedres’ 3x10'° cm=3. If it is
’ assumed that probe’s theory remains valid for the evaluation
00{ = ® of the ion saturation current in the presenc8gkrpendicu-
' ' ' ' ' ' lar to the collecting probe surface, fBr= 253 G (; const.
0 50 100 150 200 250 = 2.5 A, see Fig. 4), and assuming that the whole probe’s
B [G] area collects ions, the plasma density inside the duct can be

: _ PR i X
Figure 5. lon saturation current measured at the middle of the filter estimated as ~ 3x10' cm™?, From_ the_ floating potential
(d= 14.5 cm) as a function d. measurements f@ = 0 G, and considering that the plasma

potential §/,,;) is given as the anode potentia(50 V) mi-

In Fig. 6 the collector floating potential \swith B as nus the anodic sheath potential drog 10 V), (V,; ~ 40

a parameter is presented. It can be seenhatemains V), the electron temperature can be estimated as® eV
roughly constant along the filter and shows an increase withfrom the same theory [11].

the magnetic field value. In Fig. 7 the collector floating po-  |n order to obtain an interpretation of the measured ion
tential measured at the middle of the filter as a functioB of  current for differentd andB values, and following Ref [6],
is presented. It can be seen thatslightly increases witB g simplified model for the ion emission is proposed. It is as-

up toB values of 130 G, and then remains almost constantsymed that the ion emission with a total currepaind with
(Va =29+2 V) for higherB values. This behavior could be  an emission aperture angieemerges from a virtual point P
related to slight variations of the plasma potential (of the or- |ocated at a certain distan@ behind the cathode surface
der of the anode potential) with, although it is difficult to  (of radiusr, ). This geometry is illustrated in Fig. 8, where
establish any correlation between both potentials due to thethe gray zone indicates the massive cathode. The ion flow is

experimental uncertainties. assumed to propagate in a ballistic way along the duct, since
the characteristic time for ion diffusion losses; ~ 0.2
35. r2,/D,, where O, is the ambipolar diffusion coefficient) re-
sults one order of magnitude larger than the ion transit time
30, t- along the duct ¢z ~ 2x107% s; 74, ~ 2x10°° s, for an
25 ion velocity of~ 10° cm/s).
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Figure 6. Collector floating potential wswith B as a parameter.

35- Figure 8. Scheme of the assumed model for the ion emission. The
30 gray zone indicates the cathode.
] % L L]
25 L]
20 E The ion current; collected by a circular plane surface
E 151 of radiusr r perpendicular to the symmetry axis and loca-
= ted at a distance R from P, considering that the collector is
104 completely covered by the ions, is:
5 I =[I,/(1 = cos@)].[1 — (1 + 72 /R?)~3/?]
, , , , , , where R =d + Z, = d +r. / tan (see Fig. 8). For the
0 50 100 150 200 250 case in which the ion flux is enough collimated so that the
B [G] collector is only partially covered by the ions,is:

Figure 7. Collector floating potential measured at the middle of the

filter as a function oB. 2 3/2
I = [I,/(1 — cosa)].[l — (1 + tan® ) /2]
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In Fig. 9 the theoretical; (calculated according to one authors claimed [4, 5] that in this conditions ions are lost to
or another of the above given equations) is plotted with li- the walls and hence the plasma is charged negatively. This
nes as a function of d fdp = 0.8 A. The aperture angle was charge induces radial electric fields in the plasma that reduce

varied froma = 0.1° for B= 253 G tooe = 85° forB=0 G.
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v B=T5G, 1,=0.8 A, 0.=15°
3,0 * * B=253G, 1,=0.8 A,0.=0.1°
251 v ¥ X ;
20] T T .é,
< 1,91 i
~ 10, Ly .
051 o v
0,0 Bog e § ™
6 8 10 12 14 16 18 20 22 24
d[cm]

Figure 9. Theoretical (lines) and experimental ion current (scatte-

red points) as functions affor B=0, 39, 75, and 253 G.

the rate of ion loses. For magnetic field values larger than
95 G, the ions are also partially confined, and a strongly de-
creased plasma loss rate should be expected because of tt
collimating effect ofB on both kinds of particles. There-
fore, a saturation ion current must be expectel @95 G,

in good agreement with our experimental results.
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