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Abstract—The performance and characteristics of a cathodic to be the cause: 1) the movement of the cathode spots to the
arc deposition apparatus consisting of a titanium cathode, an side of the cathode and 2) an increase in the plasma resistance
2”%%%5"’*'3 r?]r;%r‘]"g:it‘:o:;‘ite% tﬁggﬁ;ﬁﬂ Th?hén%r&i "’; :g"cg:ﬁggg'”sredue to the flow of electrical current across the magnetic field
investigated. The arc voltageV, is measured with a fixed arc lines [7], [8]. An arC'Stab"'Z'”Q magnetic f|eld-can prevent
current for an anode diameter of 40 mm. The relationship the cathode spot from wandering off the working surface of
betweenV, and the magnetic field B with and without a mesh is  the cathode. In the pulsed mode, confinement of the arc spot
obtained. In addition, the relationship between the arc currentl, tg the working surface of the cathode is less of a problem,
and V., the voltage to which the artificial transmission line was as the duration of the cathodic arc is short enough that there
charged, is measured with and without the mesh to determine is insufficient time for the cathodic arc spot to move awa
the minimum ignition voltage for the arc when the anode hole P Away
diameter is 40 mm. The arc resistance increases with the focusing from the front surface of the cathode. Hence, an arc-stabilizing
magnetic strength B and decreases when using the mesh. Our magnetic field is less important in this case, but a focusing
results indicate that the high transparency and large area of magnetic field can still be beneficial. However, owing to the
the mesh allows a high plasma flux to penetrate the anode from gaconq factor aforementioned, the magnetic field exacerbates
the cathodic arc. The mesh also stabilizes the cathodic arc and th instabilit d d th t iall
gives better performance when used in concert with a focusing € arc instability an ecrease§ e arc current, especially
magnetic field. when a hollow or annular anode is used (a hollow anode can
increase the plasma flux). In this unstable condition, a higher
arc voltage is needed to keep the arc on. The higher arc voltage
is caused by the larger plasma voltage drop due to an increase
in the electrical resistance of the plasma for conduction across
‘the magnetic field lines. In this paper, we describe the use of
CATHOD|C arc plasma sources have been shown to gi¢emesh anode to stabilize and increase the efficiency of the

excellent results in surface modification of materials anghthodic arc. The characteristics of the mesh anode are also
industrial components [1]-[4]. However, for both coating dejiscussed.

position and metal plasma immersion ion implantation (PIII),
cathodic arc sources are prone to release “macro-particles”
(particulates of the cathode material of size on the order of [l. EXPERIMENTAL METHOD AND APPARATUS

a micrometer) that are detrimental to the treated materiaIS.The arc source was Composed of a negative'y biased tita-
Hence, a filtering system is sometimes employed to elimingigim electrode 1 c¢m in diameter and a zero-potential anode
these macro-particles from reaching the treated materials. Gfth a hole in the center. The anode was 16 mm from the
rently, the most common configuration providing an acceptaliithode and consisted of a hole in the center 15 or 40 mm
plasma transportation efficiency is the curved magnetic filtg{ djameter. A tungsten mesh (4 mm mesh size and 0.2 mm
duct developed by Aksenoet al. [5], [6]. ~_ diameter tungsten wire) was mounted on the anode hole and
In order to increase the output plasma flux, a magnetic fielfe distance from the mesh to the cathode was 15.8 mm. The
is imposed between the cathode and anode in a cathodic argjgical transparency of the mesh was about 90%.
better focus the plasma in the axial direction. For a long-pulseThe cathodic arc source was operated in a pulsed mode
or DC current arc source, the focusing magnetic field tends\igth a triggering frequency of 60 Hz. The duration of the arc
make the arc unstable. Two interrelated factors are believ@grent pulse was 0.24 ms and the trigger voltage was 3 kV.
The focusing magnetic fiel® was produced by an external
Manuscript received November 5, 1998; revised March 30, 1999. Tl‘ﬁ:éj'l positioned just in front of the a_n()de' The magnetic field
work was supported by the Hong Kong Research Grants Council Earmarigiiength was measured at the axis of the system and very

Grants 9040332 and 9040344 and the City University of Hong Kong Strategifose to the cathode surface. The vacuum chamber pressure
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I. INTRODUCTION

Hong Kong (e-mail: paul.chu@cityu.edu.hk). ~ mission line [Fig. 2(c)] withC' = 20 uF andL = 0.2 mH. The
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Fig. 1. Waveform of the arc current.
voltage V,, was measured at an arc currdgtof 100 A and Vo ~rlemm
with an anode hole 40 mm. The relationship betw&grand —lenmn~—

l

the focusing magnetic field with and without the tungsten =
mesh was determined. The relationship between the arc current @

1, andV,, the voltage to which the artificial transmission line

was charged, was measured with and without the mesh to =
obtain the m_inimum ignition voltage _for _the_ arc when the sample
anode hole diameter was 40 mm. During ignition, the voltage
of the cathode changed rapidly from. to V,. Both I, and

V. were the initial values of the current and voltage of the
cathode arc.

In our experiments, a 100-mm silicon wafer was put in
the vacuum chambgr at a distance of 100 mm frqm the measurament
anode facing the exit of the arc source. A smaller distance coints
between the silicon and arc source increased the deposi- -
tion—implantation efficiency but made high voltage implan-
tation more difficult due to arcing between the wafer and arc ]
source. The distance of 100 mm was selected for convenience.

The silicon wafer was partially covered in several places so (0)

that the thickness of the deposited film could be measured
on the steps formed using a stylus profilometer. The films e s Cothode
thickness was measured at four positions on the Si wafer T I T J_

(center, 17 mm from center, 33 mm from center, and close 1l C

to the edge) as shown in Fig. 2(b); the deposition rate was ] W I T ?
calculated on the basis of the mean value of these four
measurements. The experiment was repeated for different

anode configurations while using the same arc current and ©

trigger frequency settings to assess the deposition efficabig: 2. (a) Schematic of the experimental apparatus with the anode center

- o . . - : -hole diameter being 40 mm, (b) thickness of the deposited film on the 100-mm
A simplified schematic of the experimental configuration i ilicon measured at four different places: center, 17 mm from center, 33 mm

exhibited in Fig. 2(a). from center, and close to the edge, and (c) artificial transmission line.

Filrn thickness

ik

o Anode

The artificid frars mission line

Ill. RESULTS and without the mesh. With the mesH, increased withB

Using a 40-mm anode, the mean deposition rate wak/48 slowly and reached a steady value wh&nexceeded 400
and almost the same with and without the tungsten mesh when On the other hand, for the case without the mdsgh,
the focusing magnetic field was off. Hence, the mesh had vangreased quickly as the focusing magnetic fiégldvent up.
little effect on the plasma flux. For a 15-mm anode, the medine mesh acted to slow down the increasé/jnwith higher
deposition rate was A/s when the focusing magnetic field B. The arc currentl, increased withV, but decreased with
was off. This implies that the bigger the anode aperture, tktge focusing magnetic fiel@& both with and without the mesh
higher is the plasma flux through the anode. for the 40-mm anode (Fig. 4). The curves fBr = 160 G

The arc voltageV, value with or without the mesh wasand B = 320 G showed a similar trend and were thus not
22 V whenB = 0 (Fig. 3). V, increased withB both with plotted in Fig. 4. The/, value with the mesh was higher than
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Fig. 3. Arc voltageV, versus the focusing magnetic fielsl with the mesh
and without the mesh at an arc currdptof 100 A and with an anode hole l T
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(o . . . .
0 . : , i , ‘ the cathode arc is confined [Fig. 6(b)}, without the mesh
20 40 60 80 100 120 140 160 includes a component that overcomes the resistance of the

Ve (V) plasma to penetrate across the magnetic field lines. Thus,
i /2, th ltage to which the artificial transmission line was char ethe Combination- of an axial foc.us.ing m.agrlgtic field and a
\'::e%sjs a‘rc;’cturerze\rliib a%different focusing magnetic field settings for an angdg”g anode hole mcregses the mm!mum ignition voltage, and
hole diameter of 40 mm. when the arc current is constanf, increases. We have also
observed that the cathodic arc without the mesh becomes very
unstable wherB is larger than 300 G. A focusing magnetic
that without the mesh at the samg and focusing magnetic fie|g and large anode aperture increase the plasma flux through
field B. ) ) o ~ the anode hole, but these two factors also affect the ignition of
The relationship betweer3 and the minimum ignition e cathodic arc adversely. The situation can be improved by
voltage of the arc is exhibited in Fig. 5. When the focusmgdding a mesh on the anode. As shown in Fig. 6(c), the mesh
magnetic fieldB was off, the minimum ignition voltage with is a part of the anode, and the confined plasma flux from
, oo ) > f}ﬂg cathodic arc can easily reach the mesh. The mesh thus
the focusing magnetic field? was increased, the mINIMUM 0 4 ces substantially the deleterious effects on the ignition

ignition voltage without the mesh increased much faster th%? the cathodic arc caused by the magnetic field and large

that with the mesh. Hence, our results indicate that the mesh . .
S . . anode hole size. It can also be observed that the cathodic arc
makes arc ignition easier at high.

discharge was quite steady for the entire rangéafised in
this experiment.
IV. DISCUSSION V, consists of the voltage drop at the electrodes (mainly

Without the focusing magnetic field, the plasma exten@&thodic drop) and across the bulk of the interelectrode plasma.
in all directions from the cathode [Fig. 6(a)]. The plasm&he focusing magnetic field raises the part o/, related to
can touch the rim of the anode as easily as the meshe plasma voltage drop due to an increase in the electrical
Therefore, the mesh does not play a significant role in alteringsistance of the plasma for conduction across the magnetic
the minimum igniting arc voltage and/, when B = 0. field lines. The increase in the plasma resistivity with the
When the focusing magnetic field is on, the plasma frointroduction of a transverse magnetic fighdcan be described
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by [8]

p(B) - p(0) ~ kp(0)(wr)? o B2 (1)
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part of the anode component, the mesh has the same voltage
as the anode, and the plasma from the cathodic arc can reach
the mesh easily. The mesh minimizes the electrical resistance

where p(B) is the electrical resistivity perpendicular to the?! the plasma. We also found that a tungsten mesh has the best

magnetic field lines,p(0) = p(B 0), w eB/m is
the electron cyclotron frequency, and m are the electron
charge and mass, respectivehyis the mean free time between
collision, andk is a constant that depends on the mean iomy
chargeZ. V, increases with the focusing magnetic figkdas

(2)

where AV = V,(B) — V,(0) and ¢ is a constant. In this
work, the relationship betweel, and B without the mesh
displayed in Fig. 3 deviates slightly from that predicted by
(2). The focusing magnetic field here becomes concentrated
between the cathode and the anode in the axial direction. [Al
the interelectrode space, both the value and the direction of
the focusing magnetic field vary from point to point. We havee]
characterized the magnetic field with a one-point measurement
near the cathode for simplicity. However, the magnetic fielq7]
measured in this way is not exactly suitable for (2), even
though the trend o versusV, is correctly disclosed.

The axial magnetic field increases the plasma resistance fg;
conduction across the magnetic field lines, or equivalently,
increases the distance between the cathode and anode [Q],
and so the voltage drop across the plasma is increased. When
the mesh is added onto the anode hole, the anode-to-cathode
distance for the axial plasma confinement is almost unchanged
when the focusing magnetic field increases. Hence, with the
mesh,V, only changes slightly when the focusing magnetic
field B is varied (Fig. 3).

Several kinds of metal mesh are used in our experiments
is found that a brass mesh is ruined due to overheating wk
the time average arc current is over 2 A, and a stainless mu
suffers damage at a time average arc current over 5 A afte
one-hour experiment. The damage manifests in the form o
hole 0.5-2 cm in diameter in the center of the mesh. On t
other hand, when a tungsten mesh is used, no damage cai
observed even for a time average arc current of 8 A after o.._
hour of operation. We have also noticed that the center of the
W mesh is clean but the area close to the rim is clogged up with
the cathode materials. This decreases the optical transparency
of the mesh. However, by selecting the mesh size in the center
and the rim areas properly, the seriousness of the problem
be minimized.

[2]
AV =~ cB?

(3]

[4]

V. CONCLUSIONS

A focusing magnetic field together with a large anod
aperture is an effective way to increase the plasma flux
a cathodic arc source. Unfortunately, it makes the ignition
the cathodic arc more difficult, and the magnetic field ca

durability, perhaps due to its high melting point.
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