CATHODI C ARC COATI NG APPARATUS TECHNI CAL FI ELD This invention relates to
cathodic arc coating apparatus, and in particular to cathodic arc coating
apparatus incorporating an el ongated hol |l ow cat hode. BACKGROUND ART The
deposit of material froma cathode onto a substrate article by the use of
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arc is well known. The process is conducted in a vacuum chamber which can act as the

anode, and the electric arc causes vaporisation/ionisation of the cathode material to be
deposited. The particles evaporated are subsequently deposited on the substrate article

to form a coating of the material from the cathode.

Elongated cathodes are also well known. For example, in patent specification US
5269898, there is disclosed an elongated rod shaped cathode/target mounted within a
vacuum chamber, and the cathode rod is coaxially surrounded by a helical magnetic
coil for the purpose of forcing the motion of the arc into an open helical trajectory on

the cathode surface.

Problems faced by known cathodic arc apparatus include the ability to obtain
acceptable uniform controlled erosion of material from the cathode/target, and also to

obtain uniform controlled deposit of a coating finish on the substrate article.

It is an object of the present invention to provide coating apparatus which will result in
acceptable erosion and deposit standards and thereby provide a useful alternative to

known cathodic arc coating apparatus.



substantially within the cathode, and el ongated cooling supply passages

| ocated coaxially and substantially within the cathode for directly
cooling the cathode. Means nay be included to rotate the cathode. In a
preferred exanple, the magnetic field neans includes nagnet bars of
different lengths along its |longitudinal axis. Preferably, in use, the
magnetic field neans causes __an el ongated closed |oop are path to be

f or med, MMMstantially the full length of the cathode.
Means may be provided to adjust the strength and direction of the magnetic
field. The cooling supply nmeans preferably include a central |ongitudinal
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met hods. The hol | ow tubul ar conponents of the apparatus may be of any
sui tabl e size or cross- section. According to another aspect of the

i nvent i onMehgymay Be ichided edrotad thediathodé.e coating apparatus adapted to be
connected to a bore through a vacuum chanber wall by coupling neans, the
coupling means being adapted to be electrically insulated fromthe chanber
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full length of the cathode. Means may be provided to adjust the strength and direction

of the magnetic field.

The cooling supply means preferably include a central longitudinal passage extending
along and within the magnetic means longitudinal axis, and connecting with further

passage means to feed the cooling medium onto the inner face of the hollow cathode.

The cathode may be formed of any suitable material or materials. For example, it may
be formed of two different materials, such as an inner elongated copper tube and an

outer elongated chromium target tube, bonded together using known bonding methods.

The hollow/tubular components of the apparatus may be of any suitable size or cross-

section.

According to another aspect of the invention there is provided cathodic arc coating
apparatus adapted to be connected to a bore through a vacuum chamber wall by
coupling means, the coupling means being adapted to be electrically insulated from the

chamber wall and to be pressure sealed from the vacuum chamber;



vacuum chanber and includes a hollow rotatable shaft for rotating the

cat hode/target, and which houses a co-axial magnetic neans fixed hol | ow
support shaft, and cooling passage neans including a central |ongitudinal
passage extending within and along the nagnetic neans support shaft and
magneti c neans | ongitudi nal axes, and said |ongitudinal cooling passage

means connecting wW further passage neans to facilitate the feeding of
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embodi ment of a cathodic arc coating apparatus constructed 1 n accordance
with t he helloonmagecticfledd mieanst he cat hode/target is adapted for rotation.

Figure 2 is a part tiopal,. view of the cathode, suh-assenbly of, Figure 1.
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coupling nenber 6 is electricall’y insulated fromthe chanber wa 4 and
pressure sealed fromthe vacuum chanber by a cylindrical flanged seal 8,

while th I @Mﬂpart of the apparatus 2 extends
W t hin tmm E; San el ongat ed cat hode sub-assenbly

10 whi ch houses a co-axial nmagnetic field

Figure 1 is a part sectional front view of an embodiment of a cathodic arc coating
apparatus constructed in accordance with the invention, wherein the cathode/target is
adapted for rotation.

Figure 2 is a part sectional view of the cathode sub-assembly of Figure 1.

Figure 3 is a part sectional side view of the magnet sub-assembly assembly of Figure 1.
Figure 4 is a part side view of the magnetic assembly of Figure 3.

Figure 5 is an enlarged part cross sectional view taken along the lines AA of Figure 4.

Figure 6 is a partial side view of Figure 1 showing the arc path in dotted outline.

Figure 7 is a sectional view of an alternative cathode formed of two different materials.



generating sub-assenbly 12. The upper or outer part of the apparatus 2
extends outside the vacuum chanber and includes a rotating nechanism 14
for rotating the cathode, and cooling water supply neans 15 for cooling

t he cat hode assenbly. A DC electrical supply is fed into the apparatus via
an el ectrical rotary connector assenbly adjacent the rotating mechani sm
seen I n Floure 2 the cathode sub-assenbly 10 includes an
SIMODEOF CARRYING QU R & INVERNTTION sealed at its | ower end by
an end cap 18 and sealed and attached at its upper end to a holl ow cat hode
drive shaft 20 adapted to be rotated by rotating nechanism14. In
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supply is fed into the apparatus via an electrical rotary connector assembly adjacent the
rotating mechanism 14.

As best seen in Figure 2 the cathode sub-assembly 10 includes an elongated hollow
cylindrical cathode/target 16 sealed at its lower end by an end cap 18 and sealed and
attached at its upper end to a hollow cathode drive shaft 20 adapted to be rotated by
rotating mechanism 14. In preferred examples, the cylindrical cathode tube has
dimensions of an outer diameter of 60mm to 120mm and a wall thickness of 6mm to

12mm.

As best seen in Figures 1, 3, 4 and 5 the magnet sub-assembly includes a hollow
magnet mounting tube 22. The hollow mounting tube 22 is coaxial with and located
centrally within the hollow cylindrical cathode/target 16. A series of 3 sets of magnet
bars 26 and 28 are mounted on the mounting tube 22 to form closed loop magnetic
tracks along the cathode axis. Each set is equally spaced radially around the magnet
mounting tube as shown in Figure 5. Magnet bar 26 is the shorter and has open ends.
Magnet bar 28 is the longer and is connected at its two ends to magnet rings 29. This
arrangement facilitates, in use, an clongated closed loop arc path extending along
substantially the full length of the cathode, as illustrated by dotted outline 27 in Figure
6.



connected to, and supported by a co-extensive fixed nmagnet support tube 30.
The support tube 30 extends upwardly through, and co-axially with, the
cathode rotary drive shaft 20. Located coaxially within the magnet support
tube 30 is a cooling water pipe 32. In operation, the cooling water is
directly applied to the cathode by flowing from supply inlet 15 (See Fig
1), throu t he p between the hol |l ow cathode drive shaft 20 and the
magnet suﬁg%wg&l%@@f%? PeRyied: vith Rrwerpieof iplastic coveringite paricetdhera AWwn hen
returns upRWasRhywhiF ough cooling pipe 32 (Fig 3). Referring to Figure 7 an
alternative elongated cathode 33 is forned of inner and outer el ongated
tubes 34 and 36 of different materials bonded by using known bondi ng

thods. The i be 34 is f d_of th terial  havin
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It will be appreciated that various changes can be nmade to the above
exanpl es tpwadlygbrosgh ceMing ppe 3h(Hipd).art wi t hout departing fromthe broad
concepts of the invention as defined in the following clainms. 5 CLAI M5
Referring to Figure 7 an alternative elongated cathode 33 is formed of inner and outer
elongated tubes 34 and 36 of different materials bonded by using known bonding
methods. The inner tube 34 is formed of copper or other material having good heat
conductivity. The outer tube 36 is formed of the target material such as chromium.
The bonded target assembly is fully compatible with the mono material target 16 of

Figure 2.

When utilising the rotating cathode embodiment, the plasma may travel in one direction,
and this enables the cathode to be located adjacent a chamber wall. Whereas in many

prior art devices, the elongated cathode must be located centrally of the chamber,

In many prior art arrangements, in order to achieve large coating area for mass
production, it is necessary to use multiple cathodes/targets, whereas utilising the
apparatus of the embodiments of the present invention it may only be necessary to

utilise one cathode/target. Thus making cost savings.

It will be appreciated that various changes can be made to the above examples by a
person skilled in the art without departing from the broad concepts of the invention as

defined in the following claims.



1. Cathodic are coating apparatus including an el ongated hol | ow cat hode,

el ongated nmagnetic field neans | ocated co-axially and substantially within
the cathode, and el ongated cooling supply passages |ocated coaxially and
substantially within the cathode for directly cooling the cathode. 2.

Cat hodi ¢ arc coating apparatus according to claiml including neans to
rotate the cathode/target. 3. Cathodic arc coating apparatus according to
claiml or claim2 wherein the cathode is forned of inner and outer

el ongat edcjuliggs of different materials. 4. Cathodic arc coating apparatus
according to any one of the preceding clains wherein, in use, the nmagnetic
field causes a closed |l oop arc path to be fornmed which extends al ong
substantial by the f.ull length of the cathode. 5. t hodi rc coatjng
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| ongitudinal axis. 6. Cathodic are coating apparatus according to any one
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cooling nediumonto the inner face of the hollow cathode. 7. Cathodic are
coating appara utﬁ (?ccordi ng to claim®6 wherein the central | ongitudinal
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arc coating appatahbde/arapted to be connected to a bore in a vacuum
chanber wall by coupling neans, the coupling neans being adapted to be
electrically insulated fromthe chanber wall and to be pressure sealed from
the 3. Cathodic arc coating apparatus according to claim 1 or claim 2 wherein the

cathode is formed of inner and outer elongated tubes of different materials.

4. Cathodic arc coating apparatus according to any one of the preceding claims
wherein, in use, the magnetic field causes a closed loop arc path to be formed

which extends along substantially the full length of the cathode.

5. Cathodic arc coating apparatus according to any one of the preceding claims
wherein the magnetic field means include a series of magnet bars placed along

its longitudinal axis.

6. Cathodic arc coating apparatus according to any one of the preceding claims
wherein the cooling supply passages include a central longitudinal passage
extending along and within the magnetic means longitudinal axis, and
connecting with further passage means to feed the cooling medium onto the

inner face of the hollow cathode.

7. Cathodic arc coating apparatus according to claim 6 wherein the central

longitudinal cooling passage is located within the magnetic field means.



vacuum chanber; an inner part of the cathodic arc coating apparatus adapted
to extend wthin the vacuum chanber and including an el ongated hol | ow

cat hode whi ch houses a co- axial elongated hollow magnetic field neans; an

outer part of the cathodic arc coating apparatus adapted to extend outside

t he vacuum chanber and including a hollow rotatable shaft for rotating the

cat hode, and i ch houses, a co-axial, magneti c neans fi xed hol | ow support
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means | ongitudi nal axes,  and said | ongitudihal” cooli ng passage neans
connecting wi t¢ledtticalheinsyated dgen thearhgmbeowhlhend td be preséuee Sedali fagmahe cool i ng
medi um al ong the inner E?a(_:e of the hollow cathode. 9. Cathodic are coating
appar at us accoYEl’ff'lHlé‘cﬁ‘Sm Fai m 8 wherein, in use, the magnetic field causes
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acconpanying dpayy eﬁ]&%atea hollow magnetic field means;
an outer part of the cathodic arc coating apparatus adapted to extend outside the
vacuum chamber and including a hollow rotatable shaft for rotating the cathode,
and which houses a co-axial magnetic means fixed hollow support shaft, and
cooling passage means including a central longitudinal passage extending
within and along the magnetic means support shaft and magnetic means
longitudinal axes, and
said longitudinal cooling passage means connecting with further passage means
to facilitate the feeding of cooling medium along the inner face of the hollow
cathode.

9. Cathodic arc coating apparatus according to claim 8 wherein, in use, the
magnetic field causes a closed loop arc path to be formed which extends along

substantially the full length of the cathode.

10. Cathodic arc coating apparatus substantially as hereinbefore described with

reference to Figure 1 of the accompanying drawings.



