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1 Cathodic Arc Vapor Deposition Apparatus (Annular Cathode)
2 BACKGROUND OF THE INVENTION
3 1. Technical Field
4 ' 'This invention relates to vapor deposition apparatus in general,
5 and to cathodic arc vapor deposition apparatus in particular.
6 2. Background Information
7 Vapor deposition as a means for applying a coating to a
8 substrate is a known art that includes processes such as chemical vapor
9 deposition, physical vapor deposition, and cathodic arc vapor
10 deposition. Chemical vapor deposition involves introducing reactive
11 gaseous elements into a deposition chamber containing one or more
12 substrates to be coated. Physical vapor deposition involves providing a
13 source material and a substrate to be coated in a evacuated deposition
14 chamber. The source material is converted into vapor by an energy
15 input, such as heating by resistive, inductive, or electron beam means.
16 Cathodic arc vapor deposition involves a source material and a
17 substrate t;) be coated placed in an evacuated deposition chamber. The
18 chamber contains only a relatively- small amount of gas. The negative
19 lead of a direct current (DC) power supply is attached to the source
20 material (hereinafter referred to as the “cathode”) and the positive lead
21 is attached to an anodic member. In many cases, the positive lead is
22 attached to the deposition chamber, thereby making the chamber the
23 anode. A arc-initiating trigger, at or near the same potential as the
24 anode, contacts the cathode and subsequently moves away from the
25 cathode. When the trigger is still in close proximity to the cathode, the
26 difference in potential betv)een the trigger and the cathode causes an
27 arc of electricity to extend therebetween. As the trigger moves further
28 away, the arc jumps between the cathode and the anodic chamber. The
29 exact point, or points, where an arc touches the surface of the cathode
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chanber the 23 anode. A arc-initiating trigger, at or near the
sane pot 8ntial asPrasaure). As aresult, cathode material at the cathode spot vaporizes
9 into a plasma containing atoms, molecules, ions, electrons, and
10 particles. Positively charged ions liberated from the cathode are
11 attracted toward any object within the deposition chamber having a
12 negative electric potential relative to the positively charged ion. Some
13 deposition processes maintain the substrate to be coated at the same
14 electric potential as the anode. Other processes use a biasing source to
15 lower the potential of the substrate and thereby make the substrate
16 relatively more attractive to the positively charged ions. In either case,
17 the substrate becomes coated with the vaporized material liberated from
18 the cathode. The rate of deposition, the coating density, and thickness
19 can be adjusted to satisfy the needs of the application.
20 The random movement of the arc can sometimes lead to non-
21 uniform erosion of the cathode, which in turn can limit the useful life
22 - of the cathode. To avoid non-uniform erosion, it is known to steer the
23 arc relative to the cathode. United States Patents Nos. 4,673,477,
24 4,849,088, and 5,037,522 are examples of patents that disclose
25 apparatus for steering an arc relative to a cathode. Some prior art
26 steers the arc by mechanically manipulating a magnetic field source
27 relative to the cathode. Other prior art steers the arc by electrically
28 manipulating the magnetic field source relative to the cathode. In both
29 these approaches, the speed of the arc relative to the cathode is limited
30 by the speed of the apparatus mechanically or electrically manipulating
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24 anode, contacts the cathode and subsequently noves away from
the 25 cathode. Wen the trigger is still iThisch@sksBe@Replacky t O
the cathode, the 26 difference in potenti al I i gger
and the cathode causes an 27 arc of electri Cmﬂ “l | HIlEH!' :
t herebetween. As the trigger noves further 28 s C junps
bet ween the cat hode and the anodi c chanber. The 29 exact point,
or pointd, where the magnetiofieldesoutdec Anotherclimititionhef thesehappeoaches is
2 2 the complexity of the hardware or switching mechanisms necessary to
3 manipulate the magnetic field source relative to the cathode. A person
4 of skill in the art will recognize that a production coating environment
5 is harsh and simplicity generally equates with reliability,
6 Many prior art cathodic arc coaters are not designed for
7 efficient, cost effective high volume use. In the example above, where
8 complex switching mechanisms and hardware are used to manipulate
9 magnetic field sources, cathode replacement can be cumbersome and
10 time consuming, and consequently costly. The same cost-problem
11 exists in most cathodic arc coaters that directly cool the cathode.
12 Direct cooling is generally accomplished by passing coolant between
13 the cathode and a manifold attached to the cathode, or by piping
14 coolant directly through the cathode. Either way, the cathode must be
15 machined to accept the manifold or piping, and the cost of the
16 consumable cathode is consequently increased (often dramatically). In
17 addition, some desirable cathode materials are not readily machinable.
18 Another problem with directly cooling the cathode is the labor required
19 to replace the cathode when its useful life has expired. In the previous
20 example where a manifold (or piping) is mechanically attached to the
21 cathode, the hardware (or piping) must be detached from the old
22 - cathode and attached to a new one, and the deposition chamber
23 subsequently cleaned of coolant. For those applications which require
24 cathode replacement after each coating run, the cost of the cathode and
25 the labor to replace it can be considerable.
26 In short, what is needed is an apparatus for cathodic arc vapor
27 deposition of material on a substrate that operates efficiently, one
28 capable of consistently providing a high quality coatings on a substrate,
29 and one that operates cost effectively.
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8 According to the present invention, an apparatus for applying

9 material by cathodic arc vapor deposition to a substrate is provided

10 which includes a vessel, means for maintaining a vacuum in the iressel,

11 an annular cathode having a bore and an evaporative surface extending

12 between first and second end surfaces, means for selectively sustaining

13 an arc of electrical energy between the cathode and an anode, and

14 means for driving the arc around the evaporative surface. The means

15 for driving the arc is positioned within the cathode bore, and produces

16 a magnetic field that runs substantially parallel to the evaporative

17 surface. The annular cathode is disposed radially inside of, and aligned

18 with, the substrates inside the vessel.

19 An advantage of the present invention is that the present

20 invention apparatus for cathodic arc vapor deposition of matérial on a

21 substrate is designed to operate in a cost effective manner. One cost

22 effective characteristic of the present invention is the cathode. The

23 present invention cathode is annular and can be cut, for example, from

24 a cylindrical casting and drilled. The simply formed cathode requires

25 minimal expensive machining, thereby reducing the cost of the cathode

26 and the overall coating process. Another cost effective characteristic is

27 that the cathode is readily inserted in the vessel. Some prior art

28 cathodic arc coaters have cathodes that are fastened in place with the

29 deposition chambef, and/or have attached cooling apparatus. In either

30 case, the labor to install and remove the cathode undesirably increases
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Another advantage of the present invention is that the magnetic
8 field source, and the positioning of the magnetic field source within the
9 cathode, help increase the efficiency of the coating process by
10 maximizing the amount of material that can be eroded from a particular
11 cathode.
12 Another advantage of the present invention is the simplicity and
13 reliability of the means for steering the arc around the cathode. The
14 means for steering the arc includes a magnetic field generator that does
15 not require a switching mechanism. The absence of a switching
16 mechanism increases the reliability of the steering means.
17 These and other objects, features and advantages of the present
18 invention will become apparent in light of the detailed description of
.19 the best mode embodiment thereof, as illustrated in the accompanying
20 drawings.
21 BRIEF DESCRIPTION OF THE DRAWINGS
22 FIG.1 is a diagrammatic view of the present invention cathodic
23 arc vapor deposition apparatus,
24 FIG.2 is a diagrammatic partially sectioned view of an
25 embodiment of the contactor.
26 FIG.3 is a diagrammatic partially sectioned view of the
27 contactor shown in FIG.2, including magnetic field lines emanating
28 from the magnetic field generator.
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3 FIG.S is a diagrammatic top view of a magnetic field generator.

4 BEST MODE FOR CARRYING OUT THE INVENTION

5 I. Apparatus

6 Referring to FIG.1, an apparatus 10 for cathodic arc vapor

7 deposition on a substrate 12, hereinafter referred to as a “cathodic arc

8 coater”, is provided having a vessel 14, means 16 for maintaining a

9 vacuum in the vessel 14, a cathode 18, a contactor 20, an actuator 22
10 for selectively actuating the contactor 20 into electrical contact with the
11 cathode 18, and means 24 for sustaining an arc of electrical energy
12 between the cathode 18 and an anode 26. A coolant supply 28
13 maintains the apparatus 10 within acceptable temperatures by cycling
14 coolant through cooling passages 30,32 within the vessel 14 and
15 contactor 20. The means 16 for maintaining a vacuum in the vessel 14
16 preferably includes a mechanical rough vacuum pump 34 and a high
17 volume diffusion-type vacuum pump 36 piped to the interior of the
18 vessel 14, Other vacoum means may be used alternatively, however.
19 In the preferred embodiment, the cathode 18 is positioned on a platter
20 38 which can be readily inserted and removed from the vessel 14, The
21 cathode 18 is mounted in the center of the platter 38, and is electrically
22 insulated from the platter 38. A plurality of pivotly attached substrate
23 pedestals 39, attached to the platter 38, surround the cathode 18.
24 Referring to FIGS. 2 and 4, the cathode 18 is substantially
25 annular, having a first end surface 40, a second end surface 42, and an
26 evaporative surface 44 and bore 46 extending between the first 40 and
27 second 42 end surfaces. The end surfaces 40,42 are substantially
28 parallel with one another. A line 41, extending radially outward from
29 the centerline 43 of the cathode 18, positioned on or substantially near
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9 Refemng to FIGS. 1,2, and 4, the contactor 20 includes a head

10 54 attached to a hollow shaft 56. The head is positioned inside the

11 vessel 14 and the shaft 56 extends from the head 54 to outside the

12 vessel 14. An insulative disk 58 electrically insulates the contactor 20

13 from the vessel 14. The contactor 20 preferably includes a cooling

14 tube 60 coaxially positioned within the shaft 56, a coolant inlet port 62

15 connected to the cooling tube 60, and a coolant exit port 64 connected

16 to the passage 32 formed between the coaxial coolant tube 60 and shaft

17 56. The coaxial arrangement between the cooling tube 60 and the shaft

18 56 allows coolant to flow in the cooling tube 60 and exit via the

19 passage 32 between the shaft 56 and the cooling tube 60, or vice versa.

20 The actuator 22 for selectively actuating the contactor 20 into electrical

21 contact with the cathode 18 includes a pair of two-way actuating

22 cylinders 66 (hydraulic or pneumatic) acting between the vessel and a

23 shaft flange attached to the contactor shaft. Mechanical apparatus (not

24 shown) may be used in place of the actuating cylinders 66. A

25 commercially available controller (not shown) can be used to control

26 the position and force of the cylinders 66 (or mechanical apparatus).

27 Referring to FIG.2, in a first embodiment the contactor head 54

28 includes a tapered end 70. The tapered end 70 is selectively received

29 by a support block 72 that supports both a magnetic field generator 74

30 and the cathode 18. The actuator 22 selectively actuates the contactor
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1 head 54 into and out of contact with the support block 72. The
2 magnetic field generator 74 is positioned within the bore 46 of the
3 cathode 18, substantially aligned with the axial midpoint 41 of the
4 cathode 18. The support block 72 electrically connects the contactor
5 20 to the cathode 18. An electrical insulator 76 and deflector shicld 78
6 positioned on the side of the cathode 18 opposite the support block 72,
7 help keep contamination and debris off the cathode end surface 40.
8 Referring to FIG.4, in a second embodiment the contactor head
9 54 includes a cup 80 and a lid 82 that houses the magnetic field
10 generator 74, The cup 80 is received within the bore 46 of the cathode
11 18, such that the magnetic field generator 74 is substantially aligned
12 with the axial midpoint 41 of the cathode 18. The cup 80 makes
13 electrical contact with the cathode 18, thereby connecting the cathode
14 18 to the contactor 20. The actuator 22 selectively actuates the
15 contactor head 54 into and out of contact with the cathode 18. FIG.4
16 shows mating male 84 and female 86 surfaces on the cup 80 and within
17 the cathode bore 46, respectively. The mating male 84 and female 86
18 connection facilitates the contact necessary for an adequate electrical
19 contact. Other connection geometries may be used alternatively. In
20 both embodiments, the contactor shaft 56 and head 54 are fabricated
21 from an electrically conductive material such as a copper alloy.
22 The magnetic field generator 74 includes an annular magnet 88,
23 preferably segmented, which has a first 90 and second 92 end surface.
24 The polar ends of the annular magnet 88 are aligned with the end
25 surfaces 90,92; i.e., one end surface has an “N” polarity and the other
26 has an “S” polarity. In an alternative embodiment, the magnetic field
27 generator 74 includes a plurality of magnets 94 and a holder 96. The
28 magnets 94 are held by the holder 96, and are uniformly spaced around
29 the circumference of the cathode bore 46. Readily available
30 commercial cylindrical magnets may be used. FIG.5 shows an
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8 opposite end of the rod 100 is connected to a variable speed drive
9 motor 102 via a drive beit 104,

10 The cathodic arc coater 10 preferably includes a biasing source

11 106 for electrically biasing the substrates 12, A contact 108 electrically

12 connects the biasing source 106 and the platter 38, The substrates 12,

13 which are mechanically and electrically attached to the platter 38, are

14 consequently electrically connected to the biasing source 106. Other

15 means for electrically connecting the substrates 12 to the biasing source

16 106 may be used alternatively.

17 Deflector shields 110 are used throughout the cathodic arc

18 coater 10 to confine the vaporized cathode materials in the area of the

19 substrates 12. The deflector shields 110 attached to the vessel 14,

20 platter 38, and the contactor 20 also minimize undesirable material

21 build-up on those surfaces. In the preferred embodiment, the deflector

22 shields 110 attached to the vessel 14 are electrically connected to the

23 vessel 14 and are made of an electrically conductive material resistant

24 to corrosion, such as stainless steel.

25 The means 24 for sustaining an arc of electrical energy between

26 the cathode 18 and an anode 26 includes a direct current (D.C.) power

27 supply 112, In the preferred embodiment, the positive lead 114 of the

28 power supply 112 is connected to the vessel 14, thereby making the

29 vessel 14 act as an anode. The negative lead 116 of the power supply

30 112 is electrically connected to the contactor shaft 56. Alternative
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II. Operation of the Apparatus

Referring to FIG.1, in the operation of the present invention
cathodic arc coater 10, a cathode 18 is attached to the center of the
platter 38 and a substrate 12 is attached to each rotatable pedestal 39
surrounding the cathode 18. The platter 38 is subsequently loaded into
the vessel 14. The substrates 12 have been previously degreased and
substantially cleaned, although each will likely have some molecular
contaminant and oxidation remaining on its exterior surface. The
actuating cylinders 66 subsequently actuate the contactor 20 into
electrical contact with the cathode 18 and the vessel 14 is closed. The
mechanical rough vacuum pump 34 is operated to evacuate the vessel
14 to a predetermined pressure. Once that pressure is reached, the
high volume diffusion vacuum pump 36 further evacuates the vessel 14
to near vacuum conditions. The substrates 12 are then cleaned of any
remaining contaminants and/or oxidation By a method such as “sputter
cleaning”, Sputter cleaning is a process well known in the art and will

" not be described in detail here, Other éleaning methods may be used

alternatively. After the substrates 12 are cleaned, the contaminants are
purged typically using an inert gas.

Prior to initiating an arc several steps are completed, including:
(1) the substrates 12 are set to a particular bias via the biasing source
106, making them electrically attractive to positive ions emitted from
the cathode 18; (2) the substrates 12 are put in motion at a particular
rotational velocity; (3) the power supply 112 is set to establish an arc
having a particular magnitude of current and voltage, but no arc is
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field source, and the- p03|t|on| ng he hagnetic field source within the
particular vacuum pressure of gas within the vessel 14; and (5) coolant

3 is cycled through the cooling passages 30,32 within the vessel 14 and
4 contactor 20. Specific process parameters will depend upon factors
5 such as the substrate material, the material to be coated, and the

6 desired characteristics of the coating, efc.

7 Once the aforementioned steps have been completed, the arc
8 initiator 118 is brought into and out of contact with the evaporative
9 surface 44 of the cathode 18, causing an arc to jump between the arc

- 10 initiator 118 and the evaporative surface 44. The arc initiator 118 is
11 subsequently moved a distance away from the cathode 18, preferably
12 radially outside of the substrates 12. Once the arc initiator 118 is no
13 longer proximate the cathode 18, the arc jumps between the cathode 18
14 and the deflector shields 110 electrically connected to the anodic vessel
15 14 (or directly to the anodic vessel 14).

16 Referring to FIGS. 2-4, the magnetic field generator 74
17 positioned in the contactor 20 drives the arc along the evaporative
18 surface 44 of the cathode 18. The annular magnet 88 (or magnets 94)

- 19 produces a magnetic field, a portion of which runs substantially parallel
20 to the cathode evaporate surface 44, FIG.3 shows an approximation of
21 where the magnetic field lines are believed to run. A vector 124
22 " representing the magnetic field extends between cathode end surfaces
23 40,42. The direction of the magnetic field vector depends upon the
24 orientation of the magnet poles. In the case of multiple magnets 94, all
25 magnet poles are oriented in like manner. A vector 126 representing
26 the electric arc, in contrast, extends away from the evaporative surface
27 44 in a substantially perpendicular direction. Together, the magnetic
28 field and the electric current of the arc create a force (the Hall effect)
29 on the arc that drives the arc a distance around the circumference of the
30 cathode 18. The dwell time of the arc at any particular cathode spot is
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FIG1 is_a diagrammatic, view of the present .invention_ cathodic §3
arc vapo? deposi t evaporative surfage 44 of the cathode 18. In the multiple magnet 94

6 embodiments where the magnets 94 are in close circumferential
7 proximity to one another, the individual magnetic fields collectively
8 drive the arc along the arc path 128. The number of magnets 94, the
9 relative spacing of magnetic fields emanating from magnets 94, and the
10 intensity of those magnetic fields can be adjusted to satisfy the
11 application at hand.
12 The symmetry of the magnetic field generator 74 relative to the
13 cathode helps increase the efficiency of the coating process by
14 maximizing the amount of material that can be eroded from a particular
15 cathode, Specifically, substantially aligning the magnetic field
16 generator 74 on the axial midpoint 41 of the cathode helps promote an
17 arc path 128 proximate the axial midpoint 41 of the cathode 18. In
18 addition, the symmetry of the magnetic field generator 74 relative to
19 the cathode 18 also appears to increase the parallelism of the magnetic
20 field lines relative to the cathode evaporative surface 44. Magnetic
21 field lines that extend a substantial distance along the evaporative
22 - surface 44, parallel to the evaporative surface 44, appear to allow the
23 arc to symmetrically travel on both sides of the “average” arc path 128
24 position. As a result, the erosion pattern 52 grows axially during the
25 erosion process, thereby maximizing the amount of cathode material
26 that can be eroded from a particular annular cathode 18 and
27 consequently increasing the efficiency of the coating process.
28 FIGS. 2 and 4 shows an eroded cathode 18 in-phantom,
29 substantiaily symmetrical about an arc path 128. In the embodiment
30 which includes the apparatus 98 for rotating the magnetic field
{F-7754} 12
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24 FIG2 is a diagrammatic partially sectioned view of an
25 enmbodi nent of the contactor. 26 ThisSI_le&HﬁB%eﬂ&pgced

diagrammatic partially sectioned view of the 27 Fo
in FIG 2, including nagnetic field lines emanating 28 |l e ﬁm
magnetic field generator.
6 1 FIG4 is a diagrammatic partially sectioned view of
anot her 1 generator 74 (see FIGS. 1 and 4), rotation of the magnetic field
2 generator 74 within the contactor 20 helps promote uniform axial and
3 circumferential erosion of the cathode 18. The rotation distributes the
-4 magnetic contribution of each magnet 94 around the circumference of
5 the cathode 18 as a function of time. It must be emphasized, however,
6 that rotation of the magnetic field generator 74 is not required to create
7 a circling arc. As stated above, the magnetic field of the annular
8 magnet 88 (or individual magnetic fields of the magnets 94 collectively)
9 forces the arc to circle the cathode evaporative surface 44.
10 Referring to FIG.1, the energy delivered by the arc causes the
11 material at the cathode spot to vaporize, thereby liberating atoms,
12 molecules, ions, electrons, and particles from the cathode 18. The
13 biased substrates 12 attract the ions, causing them to accelerate toward
14 the substrates 12, The ions strike the exterior surface of the substrates
15 12, attach, and collectively form a coating of the cathode material.
16 When a coating of sufficient thickness has been deposited on the
17 substrates 12, the power supply 112 is turned off and the arc
18 extinguished, The vessel 14 is purged with inert gas and brought to
19 ambient pressure. The contactor 20 is actuated out of contact with the
20 cathode 18 and the platter 38 is removed from the vessel 14. The
21 substrates 12 are subsequently removed from the platter 38 and new
22 substrates 12 attached. The loaded platter 38 is then inserted back into
23 the vessel 14 in the manner described earlier and the process repeated.
24 Although this invention has been shown and described with
25 respect to the detailed embodiments thereof, it will be understood by
26 those skilled in the art that various changes in form and detail thereof
27 may be made without departing from the spirit and the scope of the
28 invention. For example, a power supply 112 that simulates direct
29 current, such as one having an LCR circuit or other rectifying means,
30 may be used in place of a D.C. power supply. In another example,
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2 enbodi nent of the contactor. 3 ... . B {:ISLS is a

di agranmatic top view of a magnetic field gendiattminn e 6 aal BEST
MODE FOR CARRYI NG OQUT THE I NVENTION 5 f - l ml.;s 6

Referring to FIG 1, an apparatus 10 for cat hddl 7

deposition on a substrate 12, hereinafter referred to as a "cathodic arc 8

coater", is provided having a vessel 14, neans 16 for nmaintaining a 9
vacuum i n It he vessdIG14 showsantagrieticlfield generaton T4 diavid@,a ploraity et or 22 . 0

for selectyvely actuating the contactor 20 into electrical contact with the
11 Uhodle  18DSERRE Meads holder 96. The anmlpgmagncs 88 bowsilo 1B 2 al
energy 12 Ji'eﬁé"ﬁﬁﬁ' . ) ol ant
supply 28 313 m mal ntlgi ns ?ﬁ?ﬁ@gﬁﬁ&g%%g?g%ﬁaj‘&éﬁgbl e
tenperatures by cycling 14 cool ant through cooling passages 30, 32
within the vessel 14 and 15 contactor 20. The neans 16 for

mai ntai ning a vacuumin the vessel 14 16 preferably includes a

mechani cal rough vacuum punp 34 and a high

{F-7754} 14
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17 vol une di ffusion-type vacuum punp 36 piped to the interior of

the 18 vessel 14. Qther vacuum means may be Used—atternatively,
however. 19 In the preferred enbodi ment, the caghadpy 3 is -
positioned on a platter 20 38 which can be r @ EH i Hmnd
renmoved fromthe vessel 14. The cat hode 18 Is ikl t he

center of the platter 38, and is electrically 22 I nsul ated fromthe

platter 38. A pl uM¢Fbe pivotly attached substrate hod 8 o4

pedestal 5 39, attagched to the platter, 38, sur.round ihe cathode 18.

Referri ngl to FI GSa'Z arﬁ'm%&t%g@gl@a g?é?fﬁ?&fq YAPSE

annul ar, 2havi ng ad&#dﬁoﬁwk@w@%ﬂ@ﬁsﬁg‘second end surface 42, and an 26
X

evaporative surface 44 and bore 46 ext endi ng between the first 40 and 27
second 43 end surfacesa vesseliend surfaces 40,42 are substantially 28

Phe cont &1 ine 43 of « REansforchBRidiog 8 a5 3l st V6Pl lgt anti al |y near
5 an annular cathode, having a first end surface, a second end
6 surface, an evaporative surface, and a bore, wherein said bore and said
7 evaporative surface extend between said first and second end surfaces;
8 wherein within said vessel, said annular cathode is disposed
9 radially inside of, and aligned with the substrates;
10 means for selectively sustaining an arc of electrical energy
11 between said cathode and an anode; and
12 means for driving said arc around said evaporative surface,
13 wherein said means for driving said arc is positioned within said bore,
14 and produces a magnetic field that runs substantially paralle] to said
15 evaporative surface;
16 wherein said arc of electrical energy extending between said
17 cathode and said anode liberates a portion of said cathode which is
18 subsequently deposited on the substrate located radially outside said
19 cathode.
1 2. An apparatus according to claim 1, wherein said means for
2 sustaining an arc of electrical energy between said cathode and said
3 anode comprises:
4 a power supply, having a positive lead and a negative lead;
5 wherein said negative lead of said power supply is electrically
6 connected to said cathode, and said positive lead is electrically
7 connected to said vessel, thereby making said vessel act as said anode;
8 and .
9 wherein said cathode is electrically insulated from said vessel.
{F-7754} 15
T THIS SHEET HAS BEEN
This Sheet Hys B, REPLACED

il



1 the axial m dpoint of the cathode 18, repr sents t he axi al

m dpoi nt of 2 t he cathode 18. The materi al coOrpR® HaS@nenm‘e plhcle
cdthode 18 will 3 depend upon the material to ) ' The
axial length 48 of the 4 cathode 18 is prefer:- , an t he
anticipated final axial length 50 5 of the er05|on pa
along the evaporative surface 44 of the 6 cat hode 18 Keepi ng t he
erosion pattern 53. bet Wacapparatuseacgording tacalainy1, whereln said meamsfoFi ni ni zes the
possi bi |l jty that the arc will le ve he evapor ati ve surface 44
of the céthode 18 said arc aroun F% cg%sesl 2, and 4, the
contact oy 20 i ncl udes ﬂ hépetic field generator, having a plurality of magnets and a

4 holder;

5 wherein said magnetic field generator is positioned within said

6 cathode bore, and is substantially aligned with an axial midpoint of said

7 annular cathode.

1 4, An apparatus according to claim 3, wherein said holder holds

said magnets in a uniformly spaced arrangement around a
circumference of said bore.

1 5. An apparatus according to claim 1, wherein said means for
2 driving said arc around said evaporative surface comprises:
3 a magnetic field generator, having an annular magnet;
4 wherein said magnetic field generator is positioned within said
5 cathode bore, and is substantially aligned with an axial midpoint of said
6 annular cathode.
1 6.  An apparatus according to claim 5, wherein said annular magnet
has a plurality of segments.
1 7. An apparatus according to claim 6, further comprising:
a protective coating, said coating encasing said magnets to
3 inhibit corrosion of said ferromagnetic center piece and said magnets.
1 8. An apparatus according to claim 1, further comprising:
2 a contactor, electrically connected to said power supply; and

[
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0 54 attached to a hollow shaft 56. The head 1s positioned inside

"the 11 vessel 14 and the shaft 56 extends fr lm llmmmlmun
outside the 12 vessel 14. An insul ative lem a | {1l il |y

i nsul ates the contactor 20 13 from-the vessel €14* The *cofit act or
20 preferably includes a cooling 14 tube 60 coaxially positioned
within the shaft 56, a coolant inlet port 62 15 connected to the

cool i ng tAibe 60, and a abRshuatar, whereipsaid agmaton selectively actuates said t o t he
passage 32 forned en th oaxi al, coal,ant,tube. 60 ft 17
56. The c‘%axial arcgﬁhﬁm@m %@hﬁéﬁﬁ%‘?@"@bfﬂ‘%ﬁ%ﬁ% aggqg%% he shaft 18
56 al | owsy cool ant e‘l&tﬁéaﬂ‘gdoﬁnécﬁesafd)@dth&& folkafll pve\Wipplyl t via the 19

aft

passage 32 between the s 56 and the cooling tube , or vice versa. 20
The actuator 22 for selectively actuating the contactor 20 into el ectrical
21 contact, wi th, the cathode 18 includes air .of two-way actuating
22 1 cyli ndeﬁgs 66 %Mﬁ ECCBF&%&J%{W% Wg'f??“h&“g&? Tihe vessel
and a 239 sh@hdpriskange attached to the contractor shaft. Mechani cal

apparatus (not 24 shown) may be used in place of the actuating
cylinders$ 66. A 25 a headppositioried lihsidensaid ivessely controll er (not shown) can

be used 1 oMt ol 29 4 hotow Sk, $ainet 8 s ek SFenting HSild i > ©° (©

W

mechani c& apparatus). 3
5 to outside said vessel.

10.  An apparatus according to claim 9, wherein said contactor
2 further comprises means for cooling said shaft and head.

11,  An apparatus according to claim 10, wherein said cooling means
comprises:

a cooling tube, positioned inside said hollow shaft, wherein a
passage is formed between said cooling tube and said hollow shaft;

a coolant source, connected to said cooling tube and said

A U bW N -

passage, for providing a coolant within said contactor.

12.  An apparatus according to claim 11, further comprising:

a platter;

wherein one or more said substrates are connected to said
platter; and

wherein said cathode is mounted on said platter, and electrically
insulated from said platter;

wherein said platter is loaded into said vessel prior to deposition

0 ~1 O U & W N

and removed subsequently.
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27 Referring to FIG2, in a first enbodinent the contactor
head 54 28 includes a tapered end 70. Ther}aneled pEiRedhiled S

sel ectively received 29 by a support bl pamp g pports both
H' I H' The act uat or

a magnetic field generator 74 30 and th
22 sel ectively actuates the contactor

REPLACENMENT SHEET 1 head 54 into and out of contact with
the support bl ock 3. Tikn apparatus accordingOclsiin £2,f whdreinoibplatter futther S
positione(i within the hore 46 of the

comprises:
3 a plurality of pedestals, pivotly attached to said platter, and one
4 or more of said substrates are attached to each said pedestal;
5 wherein said pedestals and said attached substrates, can be
6 rotated to change orientation relative to said cathode.

14.  An apparatus according to claim 9, wherein said means for
driving said arc around said evaporative surface comprises:

a magnetic field generator, having a plurality of magnets and a
holder, disposed within said head;

wherein said head is selectively actuated into said cathode bore,
to a position where said magnetic field generator is substantially aligned

-1 N W bW N =

with an axial midpoint of said annular cathode.

15.  An apparatus according to claim 14, wherein said holder holds

2 said magnets in 2 uniformly spaced arrangement around a
3 circumference of said bore. ”I

R D) A

1 16.  An apparatus according to claim 14, further comprising:
means for rotating said magnetic field generator within said
3 ~ head.

17.  An apparatus according to claim 9, wherein said means for
driving said arc around said evaporative surface comprises:

a magnetic field generator, having an annular magnet, disposed
within said head;

wherein said head is selectively actuated into said cathode bore,
to a position where said magnetic field generator is substantially aligned

N N AW N e

with an axial midpoint of said annular cathode.

{F-7754} 18
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3 cat hode 18, substantially aligned with thLaﬂaL_mdpm—n%—A& of

the 4 cat hode 18. The support bl ock 72 el ectrl caII

contactor 5 20 to the cathode 18. An electrj Bﬂ m and
defl ector shield 78 6 posi tioned on the Sld

opposite the support block 72, 7 hel p keep cont am natlon and
debris off the cathode end surface 40. 8 Referring to

FIG 4, iIn a second. enadappanitus fteoriny fCélgim I,awher8in said annular 54 incl udes a
cup 80 and a lid 82 that houses the nagnetic field 10 gener at or
74. TheZ2cup 80 i magaethasacplurality of segmentss e 46 of the cathode 11 18,

such that the magnetic field generator 74 is substantially aligned 12
with the axial mdpoint 41 of the cathode 18. The cup 80 nakes 13

el ectridal contad®. w {An ipparates dveoriingto ¢lhien 8pwhereimeatd megng for cat hode 14
18 to the contactaor, 20. The act uator 22 sel ectively actuates the
contact @ head 54rivingosaithareaeunsk saihaYaperative SKfagecomprisede 18. FIG 4 16

The cat Rode bore 4o, PAUMRERC VBId Eeabilor R5ing 8 At ot fetii b "'

connect igon facil hpRegs the contact necessary for an adequate electrical 19

contact. Cther connection geonetries mae?/ be used alternatively. In
5 wherein said magnetic field generator is positioned within’ said

6 cathode bore, and is substantially aligned with an axial midpoint of said

7 annular cathode.

1 20.  An apparatus according to claim 19, wherein said holder holds
said magnets in a uniformly spaced arrangement around a

3 circumference of said bore.

1 21.  An apparatus according to claim 8, wherein said means for

2 driving said arc around said evaporative surface comprises:

3 a magnetic field generator, having an annular magnet;

4 wherein said magnetic field generator is positioned within said

5 cathode bore, and is substantially aligned with an axial midpoint of said

6 annular cathode.

1 22.  An apparatus according to claim 21, wherein said annular

2 magnet has a plurality of segments,

This Sheet Has Been Replaced
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20 bot h enbodi nents, the contactor shaft 56 and head 54 are

fabricated 21 froman electrically conductive material such as a
copper alloy. 22 The magnetic field generator 74 includes an
annul ar magnet 88, 13 preferably segnented, which has a first 90 and
second 92 end surface. 24 The pol ar ends of the annul ar nagnet 88
are aligned with the end 15 surfaces 90,92; i.e., one end surface has
an "N' dolarity and the ot heABSTRACT OF THE'BISGIOSUREpol arity. In an
alternative enbodi nent, the magnetic field 27 generator 74 includes
a plurality of magnets 94 and a hol der 96. The 28 magnets 94 are

hel d by 4 he hol der 96, . i shace ¢ o L he
ci rcunf eir ence of the é‘?ﬁgd&@ E’o*rﬁg p&%&%&d q’;;/l’ g{llgf)ﬁ%gﬂé%%oapplymg
commer cidal cyl i nandterdd] byeeatissdic arewaper depositiofr tésa ubsians isprovided

REPLACEMENT SHEET ) L. .
which includes a vessel, apparatus for maintaining a vacuum in the

vessel, an annular cathode having a bore and an evaporative surface
extending between first and second end surfaces, apparatus for
selectively sustaining an arc of electrical energy between the cathode
and an anode, and apparatus for driving the arc around the evaporative
surface. The apparatus for driving the arc is positioned within the

10 cathode bore, and produces a magnetic field that runs substantially

11 parallel to the evaporative surface. The annular cathode is disposed
12 radially inside of, and aligned with, the substrates inside the vessel.

O 00 N1 N N

[
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1 ' enbodi ment having four (4) nmagnets 94 held within the hol der
96, 2 al t hough, the nunber of z%nis 94 can be varied to
accomodate the 3 process at Ref erri ng
to FIG 1, the preferred enbodi nent further |ncl}5% appar at us
98 for rotating the magnetic fiel enerator 7 h@rotatlon 6
apparatus 98 includes a rod 100 exieidi nox hrbughA he cool ant tube 60 7
and into the head 54 where it connects w @ holder 96. The 8
opposite end of the rod 100 is connected aj I abl peed drive 9
nmotor 102 via a drive belt 104. 10 —t : The cat hodic arc
coater 10 prefer@bl y includes a bi d82Ag kou }S\.\ 106 forZ&
electrically b| wg the sufgpyates 12. A g _ ?O [

P

24 .
pyrd I
L/ L )] ~— 22 ”
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/ ;\§ 30 w6
| e 56
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12 connects the biasing source 106 and the platter 38. The
substrates 12, 13 whi ch are nmechanically and electrically
att'ached to the platter 38, are 14 consequently electrically
connected to the biasing source 106. O her ngans for

el ectrically connecting the substrates 12 to the bIaJ=d§,S rce

106 may be used alternatively. 17 T 00 Deflector shi eI ds 110
are used throughout the cathodic arc |iL8 coater 10 to confine the
vapori z ed—cathode materials in the b oflpfe 19 substrates 12.
The deflector s!:,‘_ 4 Qq attached [pp it eiékégf’zfﬁ platter
38, and t Hes Saefieadl ” also m ni Lk € ra material 21

bui | d-up o i In the efer enbodi ment, the deflector 22
shiel ds 11Q\ia8tH \ he vessel NL#t |are ctrically connected to the 23
vessel 14 and are nade of an electift ductive Eﬁéerlal resistant 24

to corrosion, such as stainl ess st

ween

The neans 24
t he

for sustaining an arc of el ectricalge
cat hode 18 and an anode 26 incl udegfh
supply 112. In the preferred enbodipe
power supply 112 is connected tggt

70

currentESD C.) power 27
| ead 114 of the
4, thereby naking the

28

L4304
[/

N+

18

4 ]

41,

sl % NI I\
: 70 N I
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29 vessel 14 act as an anode. T

egat i v% | ead 116Fdf@.h4 power

supply 30 112 is electrically cghn qzkye contactor shaft
6. Alternative 1 10
1 enbodi ments nay use an anod no ghown) di sposed inside the
vessel 2 14. An arc initiat l11piocated inside the vessel 14
is maintained at or 3 near t el peyri cal potential of the
vessel 14. The arc initiatgr 118 can 4Nl ¢l@oved into and out of
contact with the cdthode f%?’“‘-~—___4_ ‘ \//’b
N N ‘/—/2-0
sS4 | N 74
NN [ 40 4°
80 ! . 18
28\ \ /
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: 1
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Yé Qperation of the Apparatus 6
FI 1, in the operation of the present inyention 7 REPLACEMENThSHERT e{rc

coater 10, a cathode 18 is attached to the center of thp 8
platter 38 and a substrate 12 is attached to each rotat ab e g}egégt_@ 39 19
surroundi ng the cathode 18. The platter 38 is subsequentl ? a o} 10

the vessel 14. The substrates 12 have been previously deg !
substantially cleaned, although each will Iikely have spne nol ecular 12
cont am nant and oxi dation remai ning on its exterior surface—Ffre—i3
actuating cylinders 66 subsequently actuate the contactor 20 into 14

el ectrical contact with the cathode 18 and the vessel osed. The 15
mechani dal rough vac%@ﬂmr%ﬁaw%@ﬁ@@@@ﬁ%@méﬁ%%&el 16

14 to a predeterm ned pressure. Once that pressure is reached, the 17

hi gh vol une diffusion vacuum punp 36 further evacuates the vessel 14 18

t o near dvacuum ccBNCKGR&JNﬁBFS]HBtINMMare then cl eaned of any 19
remai ni r&g cont am nants and/or oxi dation by a nmethod such as "sputter

Technical F

4 This invention relates to vapor deposition apparatus in general,

5 and to cathodic arc vapor deposition apparatus in particular.

6 2. Background Information

7 Vapor deposition as a means for applying a coating to a

8 substrate is a known art that includes processes such as chemical vapor

9 deposition, physical vapor deposition, and cathodic arc vapor
10 deposition. Chemical vapor deposition involves introducing reactive
11 gaseous elements into a deposition chamber containing one or more
12 substrates to be coated. Physical vapor deposition involves providing a
13 source material and a substrate to be coated in a evacuated deposition
14 chamber. The source material is converted into vapor by an energy
15 input, such as heating by resistive, inductive, or electron beam means.
16 Cathodic arc vapor deposition involves a source material and a
17 substrate to be coated placed in an evacuated deposition chamber. The
18 chamber contains only a relatively small amount of gas. The negative
19 lead of a direct current (DC) power supply is attached to the source
20 material (hereinafter referred to as the “cathode™) and the positive lead
21 is attached to an anodic member. In many cases, the positive lead is
2 attached to the deposition chamber, thereby making the chamber the
23 anode. A arc-initiating trigger, at or near the same potential as the
24 anode, contacts the cathode and subsequently moves away from the
25 cathode, When the trigger is still in close proximity to the cathode, the
26 difference in potential between the trigger and the cathode causes an
27 arc of electricity to extend therebetween. As the trigger moves further
28 away, the arc jumps between the cathode and the anodic chamber. The

29 exact point, or points, where an arc touches the surface of the cathode



20, ‘ cleaning”". Sputter cleaning is a process well known in the art

and wi Il 21 not be described ingdetail hergq: T

nmet hods may be used 22 alternatively. After th@k@d P@QTZ@@E Ar e
cl eaned, the contam nants are 23 purged typicaljly using an ineft
gas. - 24 Prior to initiaging an arc sqvdrap SNEPWW e
conpl eted, including: 25 (1) the substrates 12 jarle set to a
particul ar bias via the biasing source 26 106, —meRkTTgthém
electrically attractive to positive ions emtted from|27 t he

cathode 18; (2) the substrates 12 are put in notion at a particular 28
rotational velocity; (3) the power supply 112 is set to establish an arc 29

havi ng al parti cul arrefepgditd asia cathodelspotntAlssent & steérigpemebhtinisng, @irc i s’

2 cathode spot will move randomly about the surface of the cathode. -
3 The energy deposited by the arc at a cathode spot is intense; on
4 the order of 10° to 107 amperes per square centimeter with a duration
5 of a few to severat microseconds. The intensity of the energy raises
6 the local temperature of the cathode spot to approximately equal that of
7 the boiling point of the cathode material (at the evacuated chamber
8 pressure). As a result, cathode material at the cathode spot vaporizes
9 into a plasma containing atoms, molecules, ions, electrons, and
10 particles. Positively charged ions liberated from the cathode are
11 attracted toward any object within the deposition chamber having a
12 negative electric potential relative to the positively charged ion. Some
13 deposition processes maintain the substrate to be coated at the same
14 electric potential as the anode. Other processes use a biasing source to
15 lower the potential of the substrate and thereby make the substrate
16 relatively more attractive to the positively charged ions. In either case,
17 the substrate becomes coated with the vaporized material liberated from
18 the cathode. The rate of deposition, the coating density, and thickness
19 can be adjusted to satisfy the needs of the application.
20 The random movement of the arc can sometimes lead to non-
21 uniform erosion of the cathode, which in turn can limit the useful life
22 of the cathode. To avoid non-uniform erosion, it is known to steer the
23 arc relative to the cathode. United States Patents Nos. 4,673,477,
24 4,849,088, and 5,037,522 are examples of patents that disclose
25 apparatus for steering an arc relative to a cathode. Some prior art
26 steers the arc by mechanically manipulating a magnetic field source
27 relative to the cathode. Other prior art steers the arc by electrically
28 manipulating the magnetic field source relative to the cathode. In both
29 these approaches, the speed of the arc relative to the cathode is limited

30 by the speed of the apparatus mechanically or electrically manipulating



11 1
mei ntain a 2
14; and (5) cool

ant 3 is cycled through the 0 sSaoes
30,32 within the vessel 14 and 4 contactor 24. QE# iErAE@Tp%&EEs

initiated; (4) the vacuum punps 34, 36 establish an
particul ar vacuumgpressure of gas within the v

d

essel

paranmeters wi Il depend upon factors 5 3 such ag the substrate
material, the material to be coated, and=the 6 dess, NW

characteristics of the coating, etc. 7 nce the 1998
af orenenti oned steps have been conpleted, the arc 8 tAt-t--at

118 i s brought i
surface 44 of th

nto and out of contact with the evaporative 9

r

e cathode 18, causing an arc to junp between the arc

10U

initiator 118 and the evaporative surface 44. The arc initiator 118 is 11

subsequdnt |y rovée

magnetic fiekd sowes; Another limitatiom ofithesg apprpaghes i v 12

radially outsideyof c&nﬁ-‘pﬁeﬁﬁb&t 2 hirdvite ot SWRichiflS nf¥cfiardifthd hélellary & ' S NO

manipulate the magnetic field source relative to the cathode. A person
of skill in the art will recognize that a production coating environment
is harsh and simplicity generally equates with reliability.

Many prior art cathodic arc coaters are not designed for
efficient, cost effective high volume use. In the example above, where
complex switching mechanisms and hardware are used to manipulate
magnetic field sources, cathode replacement can be cumbersome and
time consuming, and consequently costly. The same cost-problem
exists in most cathodic arc coaters that directly cool the cathode.
Direct cooling is generally accomplished by passing coolant between
the cathode and a manifold attached to the cathode, or by piping
coolant directly through the cathode. Either way, the cathode must be
machined to accept the manifold or piping, and the cost of the
consumable cathode is consequently increased (often dramatically). In
addition, some desirable cathode materials are not readily machinable.
Ancther problem with directly cooling the cathode is the labor required
to replace the cathode when its useful life has expired. In the previous
example where a manifold (or piping) is mechanically attached to the
cathode, the hardware (or piping) must be detached from the old
cathode and attached to a new one, and the deposition chamber
subsequently cleaned of coolant. For those applications which require
cathode replacement after each coating run, the cost of the cathode and
the labor to replace it can be considerable.

In short, what is needed is an apparatus for cathodic arc vapor
deposition of material on a substrate that operates efficiently, one
capable of consistently providing a high quality coatings on a substrate,
and one that operates cost effectively.




13 | onger proximate the cathode 18, the arc junps between the

cat hode 18 14 and the deflector shields 110 gtrectricalty
connected to the anodic vessel 15 14 (or di re&ﬁ&%%ﬁ%ﬁ%ﬁbﬁi c
vessel 14). 16 Referring to FIGS. 2-4} the nmagnetic T1jidld
generator 74 17 positioned in the contactor 20} dmi t aric

al ong the evaporative 18 surface 44 of the cat 10?e5/§§.v ?ﬁ%

annul ar magnet 88 (or magnets 94) 19 produceg raghret-e—H-dl d, a
portion of which runs substantially parallel 20 ~ to the cathod
evaporate surface 44. FIG 3 shows an approxi mati on of 271 WRere T he

magnetic field lines are believed to run. A vector 124 22

representing the DEOIOSURE ICF THXINVENTIONWeen cat hode end surfaces 23
40,42. The direction of the nmagnetic field vector depends upop the 24

orientatd on of the madhis, thesefore, anrobjest of shecprasentrinventptaBigNdedAngs ol | 25

magnet | es are oriept LN, | i.ke manner M EeC epr. I ng 26

the electric arc,“WB‘éﬁ% 5&1?&1%%%%? nﬁ‘o(rioc#g)‘fl%éﬁ@v@pgrsa |vIee surface 27
44 in a gubstant itﬁiddpe%slqar@éd‘svhﬁ'écﬁ%ﬁﬁﬁnbﬂn- Toget her, the magnetic 28
field and the electric current of the arc create a force (the Hall effect)

29 5 on the arltisanethesobjest of the presentinyentiontoPrayideda t he
cireunfegence of atpggmtus for cathodic arc vapor deposition of material on a substrate

7 that consistently provides a high quality coating on a substrate.

8 According to the present invention, an apparatus for applying

9 material by cathodic arc vapor deposition to a substrate is provided
{0 which includes a vessel, means for maintaining a vacuum in the vessel,
i1 an annular cathode having a bore and an evaporative surface extending
2 between first and second end surfaces, means for selectively sustaining
13 an arc of electrical energy between the cathode and an anode, and
14 means for driving the arc around the evaporative surface. The means
15 for driving the arc is positioned within the cathode bore, and produces
16 a magnetic field that runs substantially parallel to the evaporative

17 surface. The annular cathode is disposed radially inside of, and aligned
I8 with, the substrates inside the vessel.

19 An advantage of the present invention is that the present
20 invention apparatus for cathodic arc vapor deposition of material on a
21 substrate is designed to operate in a cost effective manner. One cost
2 effective characteristic of the present invention is the cathode. The
23 present invention cathode is annular and can be cut, for example, from
24 a cylindrical casting and drilled. The simply formed cathode requires
25 minimal expensive machining, thereby reducing the cost of the cathode
26 and the overall coating process. Another cost effective characteristic is
27 that the cathode is readily inserted in the vessel. Some prior art

28 cathodic arc coaters have cathodes that are fastened in place with the
29 deposition chamber, and/or have attached cooling apparatus. In either

30 case, the labor to install and remove the cathode undesirably increases



30 cat hode 18. The dwell tinme of the arc at any particul ar

cat hode spot is . .. : —1+2
1 inversely related to the Hall effect force; iR ACBMENTHSHEEE 4
in the Hall 2 effect force, causes a decreas¢ in the dwelT T ne.
In the enbodi nent 3 utilizing.an annul ar magpe ,

conti nuous annul ar magnetic field b 25 Nbb'e‘l‘)%

1 the cost of the coating process. Another cost effective characteristic of
2 the present invention is that the form of the used cathode facilitates
3 recycling. The used cathode is made of high quality material that has
4 been exposed to few, if any, contaminants. Consequently, the cathodes
5 have considerable scrap value that reduces the cost of the coating
6 Pprocess.
7 Another advantage of the present invention is that the magnetic
8 field source, and the positioning of the magnetic field source within the
9 cathode, help increase the efficiency of the coating process by
10 maximizing the amount of material that can be eroded from a particular
11 cathode.
12 Another advantage of the present invention is the simplicity and
13 reliability of the means for steering the arc around the cathode. The
14 means for steering the arc includes a magnetic field generator that does
15 not require a switching mechanism. The absence of a switching
16 mechanism increases the reliability of the steering means.
17 These and other objects, features and advantages of the present
18 invention will become apparent in light of the detailed description of
19 the best mode embodiment thereof, as illustrated in the accompanying
20 drawings.
21 BRIEF DESCRIPTION OF THE DRAWINGS
22 FIG.1 is a diagrammatic view of the present invention cathodic
23 arc vapor deposition apparatus.
24 FIG.2 is a diagrammatic partially sectioned view of an
25 embodiment of the contactor.
26 FIG.3 is a diagrammatic partially sectioned view of the
27 contactor shown in FIG.2, including magnetic field lines emanating

28 from the magnetic field generator.



4 | and the current drive the arc along an arc path 128 circling
tthe 5 evaporative surface 44 of the cathode 8,7 = FTED!
magnet 94 6 enbodi ments where the magnets 94 aﬁghﬁﬁk@%gg*iﬁf
circunferential 7 proximty to one another, fhe¢ indivi dual
magnetic fields collectively 8 6 drive the arcjakogd Nog gatfh
128. The nunber of magnets 94, the 9 -~ relative gpacing o
magnetic fields emanating from magnets 94, and the 10 rrtensi y
of those magnetic fields can be adjusted to satisfy thej_11 |
application at hand. 12 The symretry of the magnetic
field generator 74 ret@l4 ¥4 di né:’pamally sectione8 ¥idw e aktthdts | ncrease the
ef ficiency of the coatl ng process maxi m zi ng the anmount of
mat eri &l that cambbd;mnbdémefqonm@r.partlcul ar 15 cat hode.
Speci fically, substa Jy ni n the netic fie
generabor 74 on the gﬁ#% %ﬁ@%ﬂ&magif q’fg €%ﬂ?§8@%€?‘6§°§?’6&?&e an 17
arc path 128 proximate the axial mdpoint 41 of the cathode 18. In 18
addition, the symetry of the magnetic field generator 74 relative to 19
the ca#hode 18 BESG'MQ%FQR CARRYING OUTAHRINVENTION of the nmagnetic 20
field %I nes rel itl!ve t?uthe cat hode evaporative surface 44. Magnetic

6 Referring to FIG.1, an apparatus 10 for cathodic arc vapor

deposition on a substrate 12, hereinafter referred to as a “cathodic arc

7

8 coater”™, is provided having a vessel 14, means 16 for maintaining a

9 vacuum in the vessel 14, a cathode 18, a contactor 20, an actuator 22
0 for selectively actuating the contactor 20 into electrical contact with the
1 cathode 18, and means 24 for sustaining an arc of electrical energy
2 between the cathode 18 and an anode 26. A coolant supply 28

3 maintains the apparatus 10 within acceptable temperatures by cycling

4 coolant through cooling passages 30,32 within the vessel 14 gnd

5 contactor 20. The means 16 for maintaining a vacuum in the vessel 14
6 preferably includes a mechanical rough vacuum pump 34 and a high

7 volume diffusion-type vacuum pump 36 piped to the interior of the

8 vessel 14. Other vacuum means may be used alternatively, however.
9 In the preferred embodiment, the cathode 18 is positioned on a platter
0 38 which can be readily inserted and removed from the vessel 14. The

'1 cathode 18 is mounted in the center of the platter 38, and is electrically
2 insulated from the platter 38. A plurality of pivotly attached substrate
3 pedestals 39, attached to the platter 38, surround the cathode 18,

‘4 Referring to FIGS. 2 and 4, the cathode 18 is substantially

'5 annular, having a first end surface 40, a second end surface 42, and an
6 evaporative surface 44 and bore 46 extending between the first 40 and
7 second 42 end surfaces. The end surfaces 40,42 are substantially

'8 parallel with one another. A line 41, extending radially outward from

9 the centerline 43 of the cathode 18, positioned on or substantially near



field lines that extend a substantial distance al ong th

ratjve

surface 44, parallel to the evaporative surface 44 ap d’t’:PLEEWE‘WV‘BHHE?

arc to symmetrically travel on both sides of the "averaggg*arc

position. As a result, the erosion pattern 52 grows axilal
er osi on process, thereby maxi m zi ng t he -anount of cat hqgdq

that can be eroded froma particular annul ar cat hode 1

B

consequently increasing the efficiency of the coating
FIGS. 2 and 4 shows an eroded cathode 18 in phantom 2

rocess. 28

oy

substantially symretrical about an arc path 128. In the enbodinent 30
A e S he o BRP iR oFd Ghnbde ' bl BRUREL i &

2 the cathode 18. The material composition of the cathode 18 will

3 depend upon the material to be deposited. The axial length 48 of the

4 cathode 18 is preferably longer than the anticipated final axial length 50

5 of the erosion pattern 52 along the evaporative surface 44 of the

6 cathode 18. Keeping the erosion pattern 52 between the end surfaces

7 40,42 minimizes the possibility that the arc will leave the evaporative

8 surface 44 of the cathode 18.

9 Referring to FIGS. 1,2, and 4, the contactor 20 includes 2 head

0 54 attached to a hollow shaft 56. The head is positioned inside the

i1 vessel 14 and the shaft 56 extends from the head 54 to outside the

12 vessel 14, An insulative disk 58 electrically insulates the contactor 20

{3 from the vessel 14. The contactor 20 preferably includes a cooling

4 tube 60 coaxially positioned within the shaft 56, a coolant inlet port 62

i5 connected to the cooling tube 60, and a coolant exit port 64 connected

.6 to the passage 32 formed between the coaxial coolant tube 60 and shaft
56. The coaxial arrangement between the cooling tube 60 and the shaft

8§ 56 allows coolant to flow in the cooling tube 60 and exit via the
passage 32 between the shaft 56 and the cooling tube 60, or vice versa.

‘0 The actuator 22 for selectively actuating the contactor 20 into electrical

1 + contact with the cathode 18 includes a pair of two-way actuating

2 cylinders 66 (hydraulic or pneumatic) acting between the vessel and a2

3 shaft flange attached to the contactor shaft, Mechanical apparatus (not

4 shown) may be used in place of the actuating cylinders 66. A

5 commercially available controller (not shown) can be used to control

the position and force of the cylinders 66 (or mechanical apparatus).
Referring to FIG.2, in a first embodiment the contactor head 54

by a support block 72 that supports both a magnetic field generator 74

6
7
8 includes a tapered end 70. The tapered end 70 is selectively recéived
9
0

and the cathode 18. The actuator 22 selectively actuates the contactor

B~ W



13 1
magnetic field

generator 74 (see FIGS. 1 and 4), rotation of the

2 generator 74 within the cort &ePOICERENNSIHIE
e

pronote uni formaxial and 3 circunferential jerost
cat hode 18. The rotation distributes the 4 magnet L c contri
of each magnet 94 around the circunferenge of 5 4 5 HQL 19984

as a function of tinme. It nust be enphastzed, however,

b
e
th

rotation of the magnetic field generator 74 is not required to create

acircling arc.

magnet 88 (or i ndividual
forces hhe arc t

th t hode evaporative surfa 44, 10
g to FI Gﬁ&fi 5 into and ngaﬂg@m%ﬁ@ SPPIé’thleC’Eﬁse'Ehet he 11

Referri

As stated above, the magnetic field of “4the-anp-ar-3. 1
magnetic fields of the magnets 94 collectively)

materiab at the gabhadeRAAYen &g tof A5 ! ﬁuo thé Btef]ﬁa&déeaggét The 13

nol ecul es, ions,

el"ectrons, partl romthe ca

t
1
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7

bi ased 8ubstrat esadxﬁdaals,rmbstantﬁnilyl airmad mtlns&agxiahmidpmtaﬁcef theat e towar d

cathode 18. The support block 72 electrically connects the contactor
20 to the cathode 18. An electrical insulator 76 and deflector shield 78
positioned on the side of the cathode 18 opposite the support block 72,
help keep contamination and debris off the cathode end surface 40,

Referring to FIG.4, in a second embodiment the contactor head
54 includes a cup 80 and a lid 82 that houses the magnetic field
generator 74. The cup 80 is received within the bore 46 of the cathode
18, such that the magnetic field generator 74 is substantially aligned
with the axial midpoint 41 of the cathode 18. The cup 80 makes
electrical contact with the cathode 18, thereby connecting the cathode
18 to the contactor 20. The actuator 22 selectively actuates the
contactor head 54 into and out of contact with the cathode 18. FIG.4
shows mating male 84 and female 86 surfaces on the cup 80 and within
the cathode bore 46, respectively. The mating male 84 and female 86
connection facilitates the contact necessary for an adequate electrical
contact. Other connection geometries may be used alternatively. In
both embodiments, the contactor shaft 56 and head 54 are fabricated
from an electrically conductive material such as a copper alloy.

The magnetic field generator 74 includes an annular magnet 88,
preferably segmented, which has a first 90 and second 92 end surface.
The polar ends of the annular magnet 88 are aligned with the end
surfaces 90,92; i.e., one end surface has an “N”™ polarity and the other
has an “S” polarity. In an alternative embodiment, the magnetic field
generator 74 includes a plurality of magnets 94 and a holder 96. The
magnets 94 are held by the holder 96, and are uniformly spaced around
the circumference of the cathode bore 46. Readily available
commercial cylindrical magnets may be used. FIG.5 shows an

on

9



14 the substrates 12. The ions strike the ext[eu or—surface of the
RE

substrates 15 12, attach, and col l ectively far REBLACGRENDGSHEET t he
cat hode material. 16 When a coating of suffiqi fress--Nas
been deposited on the 17 substrates 12, the go §W¥ 12t is
turned off and the arc 18 exti&gui shed. The eilsea 998y ged
with inert gas and brought to 19 = anbient pregs The contaj tjor
20 i s actuated out of contact with the 20 cathode 18 and the

platter 38 is renoved fromthe vessel 14. The sthst+at-es—1

are subsequently renoved fromthe platter 38 and new 22 substrates

12 attached. The | oaded platter 38 is then inserted back into 23

the vesdel 14 i nembodimentbaving fouri(¥phagmsts 94ehelﬂrmth1h€th@holde596,r epeated. 24
Al t hou this invention _has heen_shown dd crlbdvvlth 25

respectg o the d gg t‘%agf‘ﬁ'égg to gecommedate ey by 26
those skilled in }‘%&dﬁ[ gat various changes in formand detail thereof 27
may be made Wlthg partlng fromthe spirit and the scope of the 28

i nventi dn. For exanpl Rpfmpp%ﬂ@ﬂpﬂqp&ﬁrdd@b@mﬁt&ﬂheﬁnchdés 29

may be dsed i n”pRAREASH S8 1or BRGIGALF TAGBH el BearBIRR- cRiggtaion |
6 apparatus 98 includes a rod 100 extending through the coolant tube 60
7 and into the head 54 where it connects with the magnet holder 96. The
8 opposite end of the rod 100 is connected to a variable speed drive
9 motor 102 via a drive belt 104.
10 | The cathodic arc coater 10 preferably includes a biasing source
11 106 for electrically biasing the substrates 12. A contact 108 electrically
12 connects the biasing source 106 and the platter 38. The substrates 12,
13 which are mechanically and electrically attached to the platter 38, are
14 consequently electrically connected to the biasing source 106. Other
15 means for electrically connecting the substrates 12 to the biasing source
16 106 may be used alternatively.
17 Deflector shields 110 are used throughout the cathodic arc
18 coater 10 to confine the vaporized cathode materials in the area of the
19 substrates 12. The deflector shields 110 attached to the vessel 14,
20 platter 38, and the contactor 20 also minimize undesirable material
21 build-up on those surfaces. In the preferred embodiment, the deflector
22 shields 110 attached to the vessel 14 are electrically connected to the
23 vessel 14 and are made of an electrically conductive material resistant
24 to corrosion, such as stainless steel.
25 The means 24 for sustaining an arc of electrical energy between
26 the cathode 18 and an anode 26 includes a direct current (D.C.) power
27 supply 112. In the preferred embodiment, the positive lead 114 of the
28 power supply 112 is connected to the vessel 14, thereby making the
29 vessel 14 act as an anode. The negative lead 116 of the power supply

30 112 is electrically connected to the contactor shaft 56. Alternative
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FIG 4 shows a magnetic field generatgor 74 having a

magnets 94 and a hol der 96. The REW?%'C@MEW%%ETBF
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embodiments may use an anode (not shown) disposed inside the vessel
14. An arc initiator 118 located inside the vessel 14 is maintained at or
near the electrical potential of the vessel 14, The arc initiator 118 can
be moved into and out of contact with the cathode 18.

I. Operation of the Apparatus

Referring to FIG.1, in the operation of the present invention
cathodic arc coater 10, a cathode 18 is attached to the center of the
platter 38 and a substrate 12 is attached to each rotatable pedestal 39
surrounding the cathode 18. The platter 38 is subsequently loaded into
the vessel 14. The substrates 12 have been previously degreased and
substantially cleaned, although each will likely have some molecular
contaminant and oxidation remaining on its exterior surface. The
actuating cylinders 66 subsequently actnate the contactor 20 into
electrical contact with the cathode 18 and the vessel 14 is closed. The
mechanical rough vacuum pump 34 is operated to evacuate the vessel
14toa preﬂetermined pressure. Once that pressure is reached, the
high volume diffusion vacuum pump 36 further evacuates the vessel 14
to near vacuum conditions., The substrates 12 are then cleaned of any
remaining contaminants and/or oxidation by a method such as “sputter
cleaning®. Sputter cleaning is a process well known in the art and will
not be described in detail here. Other cleaning methods may be used
alternatively. After the substrates 12 are cleaned, the contaminants are
purged typically using an inert gas.

Prior to initiating an arc several steps are completed, including:
(1) the substrates 12 are set to a particular bias via the biasing source
106, making them electrically attractive to positive ions emitted from
the cathode 18; (2) the substrates 12 are put in motion at a particular
rotational velocity; (3) the power supply 112 is set to establish an arc
having a particular magnitude of current and voltage, but no arc is
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deposition to substrates, conprising:

means for maingaining a vacphum % gaydgygsyel;;

initiated; (4) the vacuum pumps 34,36 establish and maintain a
particular vacuum pressure of gas within the vessel 14; and (5) coolant
is cycled through the cooling passages 30,32 within the vessel 14 and
contactor 20, Specific process parameters will depend upon factors
such as the substrate material, the material to be coated, and the
desired characteristics of the coating, etc.

Once the aforementioned steps have been completed, the arc
initiator 118 is brought into and out of contact with the evaporative
surface 44 of the cathode 18, causing an arc to jump between the arc
initiator 118 and the evaporative surface 44, The arc initiator 118 is
subsequently moved a distance away from the cathode 18, preferably
radially outside of the substrates 12. Once the arc initiator 118 is no
longer proximate the cathode 18, the arc jumps between the cathode 18
and the deflector shields 110 electrically connected to the anodic vessel
14 (or directly to the anodic vessel 14).

Referring to FIGS. 2-4, the magnetic field generator 74
positioned in the contactor 20 drives the arc along the evaporative
surface 44 of the cathode 18. The annular magnet 88 (or magnets 94)
produces a magnetic field, a portion of which runs substantially parallel
to the cathode evaporate surface 44. FIG.3 shows an approximation of
where the magnetic field lines are believed to run. A vector 124
representing the magnetic field extends between cathode end surfaces
40,42. The direction of the magnetic field vector depends upon the
orientation of the magnet poles. In the case of multiple magnets 94, all
magnet poles are oriented in like manner. A vector 126 representing
the electric arc, in contrast, extends away from the evaporative surface
44 in a substantially perpendicular direction. Together, the magnetic
field and the electric current of the arc create a force (the Hall effect)
on the arc that drives the arc a distance around the circumference of the
cathode 18. The dwell time of the arc at any particular cathode spot is

may be used in place of the plurality of magnets 94 and hol der

1. An apparatus for applying mate il; '%EM,@WW%E%T grc
3

Ve

a



5 an annul ar cathode, having a first em -5 nd
end 6 surface, an evaporative surface, and{aRbYAEEMERIE SEERT slai d
bore and said 7 evaporative surface extend befweensairu-first; and
second end surfaces; 8 wherein withip SaZQSﬁ§§5§§$ aitd
annul ar cathode is disposed 9 mg‘l;%adially i ns{dg Of d I gned
with the substrates; 10 ns for selegtt L nifng an
arc of electrical energy 11 bet ween sai d cathode and an anode} and
12 means for driving said arc around 3al i
surface, 13 wherein said nmeans for driving said arc is positioned

within said bore, 1 and produces a magnetic field that runs

4
substantially painveisely reltdiothd Hall effect forod {RDOHRlrcK@sE Ul HRMaN 16
wherein_said arc of electrical energy extendi ng between said 17

cat hode2and sai defierd derce; eausen 2decrease in therdwsll Smed Todbe combodimienh i s 18
S podusnt!y dePamiAGy'af dnhiifs RbERE 88! fie' BRARERs WARIE migetcAdy ' ¢ 1°
4 and the current drive the arc along an arc path 128 circling the

5 evaporative surface 44 of the cathode 18. In the multiple magnet 94

6 embodiments where the magnets 94 are in close circumferential

7 proximity to one another, the individual magnetic fields collectively

8 drive the arc along the arc path 128. The number of magnets 94, the
9 relative spacing of magnetic fields emanating from magnets 94, and the
0 intensity of those magnetic fields can be adjusted to satisfy the

11 application at hand.

2 The symmetry of the magnetic field generator 74 relative to the
13 cathode helps increase the efficiency of the coating process by

4 maximizing the amount of material that can be eroded from a particular
i5 cathode. Specifically, substantially aligning the magnetic field

{6 | generator 74 on the axial midpoint 41 of the cathode helps promote an
17 arc path 128 proximate the axial midpoint 41 of the cathode 18. In

i8 addition, the symmetry of the magnetic field generator 74 relative to
9. the cathode 18 also appears to increase the parallelism of the magnetic
0 field lines relative to the cathode evaporative surface 44. Magnetic
A | field lines that extend a substantial distance along the evaporative

2 surface 44, parallel to the evaporative surface 44, appear to allow the
3 arc to symmetrically travel on both sides of the “average” arc path 128
4 position. As a result, the erosion pattern 52 grows axially during the
5 erosion process, thereby maximizing the amount of cathode material

'6 that can be eroded from a particular annular cathode 18 and

17 consequently increasing the efficiency of the coating process.

'8 FIGS. 2 and 4 shows an eroded cathode 18 in-phantom,

'9 substantially symmetrical about an arc path 128. In the embodiment

J0 which includes the apparatus 98 for rotating the magnetic field
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An apparatus according to claiml,

wherein said .neans for

22 sustaining an arc of electrical energy tREPEAC Bing WE}TO—FG and
said 23 anode conprises: 24 P OWEF—SHB P Y, -
having a positive |lead and a negative |ead; 25 wher ¢i p said
negative | ead of said power supply is eigctri cally 26 25 NOV "8nhnected to
sai d cathode, and said positive lead isz®lectricall { cohngct ed

to said vessel, thereby making said vessel act as sdid anode; 28

and 29
sai d vessel .
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wherein said cathode is el ecth

generator 74 (see FIGS. 1 and 4), rotation of the &S.gnetic field
generator 74 within the contactor 20 helps promote uniform axial and
circumferential erosion of the cathode 18. The rotation distributes the
magnetic contribution of each magnet 94 around the circumference of
the cathode 18 as a function of time. It must be emphasized, however,
that rotation of the magnetic field generator 74 is not required to create
a circling arc. As stated above, the magnetic field of the annular
magnet 88 (or individual magnetic fields of the magnets 94 collectively)
forces the arc to circle the cathode evaporative surface 44,

Referring to FIG.1, the energy delivered by the arc causes the
material at the cathode spot to vaporize, thereby liberating atoms,
molecules, ions, electrons, and particles from the cathode 18. The
biased substrates 12 attract the ions, causing them to accelerate toward
the substrates 12. The ions strike the exterior surface of the substrates
12, attach, and collectively form a coating of the cathode material.
‘When a coating of sufficient thickness has been deposited on the
substrates 12, the power supply 112 is turned off and the arc
extinguished. The vessel 14 is purged with inert gas and brought to
ambient pressure. The contactor 20 is actuated out of contact with the
cathode 18 and the platter 38 is removed from the vessel 14. The
substrates 12 are subsequently removed from the platter 38 and new
substrates 12 attached. The loaded platter 38 is then inserted back into
the vessel 14 in the manner described earlier and the process repeated.

Although this invention has been shown and described with
respect to the detailed embodiments thereof, it will be understood by
those skilled in the art that various changes in form and detail thereof
may be made without departing from the spirit and the scope of the
invention. For example, a power supply 112 that simulates direct
current, such as one having an LCR circuit or other rectifying means,

may be used in place of a D.C. power supply. In another example,

from



1 3. An apparatus according to claim1, wherein said neans for

2" driving said arc around said evaporative sgrfaceT i i
a magnetic field generator, having a plurality of mag eﬁégﬁaﬁgﬁﬁﬁga
hol der; 5 wherein said nmagnetic fieldjgénerator is
positioned within said 6 cat hodg, bore, and i ubsst qe oBY
aligned with an axial m dpoint of said g& annyl rl?ésat hode. il
4, An apparatus according to claim3, wherein saidth '

1 FIG.4 shows a magnetic field generator 74 having a plurality of
2 magnets 94 and a holder 96. The annular magnet 88 shown in FIG.2
3 may be used in place of the plurality of magnets 94 and holder 96.



2 said magnets in a uniformy spaced arranger ] 3
cirrcunference of said bore. 1 5. An appar%ﬁ@%m;r%{ﬂrgrt

claim1l1, wherein said neans for 2 driving saijd {farc around sajd
evaporative surface conprises: 3 a magnet iZS MmN qug
generator, having an annul ar magnet; 4 5 \her ei n sai

magnetic field generator is positioned vlehi n said 5 cattod or e,
and is substantially aligned with an axial mdpoint oft.said 6

annul ar cat hode. 1 6. An apparatus according to claimb, ™
wherein said annul ar magnet 2 has a plurality of segments. 1

7. An appar at We ¢lgissr ding to claim 6, further conprising:

1 1. An apparatus for applying material by cathodic arc vapor

deposition to substrates, comprising: _

a vessel; RO A o

means for maintaining a vacuum in said vessel;

an annular cathode, having a first end surface, a second end
surface, an evaporative surface, and a bore, wherein said bore and said
evaporative surface extend between said first and second end surfaces;

wherein within said vessel, said annular cathode is disposed
radially inside of, and aligned with the substrates;

means for selectively sustaining an arc of electrical energy
between said cathode and an anode; and

means for driving said arc around said evaporative surface,
wherein said means for driving said arc is positioned within said bore,
and produces a magnetic field that runs substantially parallel to said
evaporative surface;

wherein said arc of electrical energy extending between said
cathode and said anode liberates a portion of said cathode which is
subsequently deposited on the substrate located radially outside said
cathode.
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2. An apparatus according to claim 1, wherein said means for
sustaining an arc of electrical energy between said cathode and said
anode comprises:
a power supply, having a positive lead and a negative lead;
wherein said negative lead of said power suppiy is electrically
connected to said cathode, and said positive lead is electrically

connected to said vessel, thereby making said vessel act as said anode;
and

O 0 ~1 A W & W N -

wherein said cathode is electrically insulated from said vessel.



2 a protective coating, said coating encasing sai d nmagnets

to 3 i nhibit corrosion of said ferromagnetic Cﬁﬂ-t'eaﬁiFP?s@F%H@ﬁﬁ aid
magnet s. 1 8. An appar atus accordi ng to}claim.l,further
conprising: 2 a contactor, electricalljyiconnected to sajd
power supply; and 16 25 NQV 1998
REPLACEMENT SHEET =
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1 3. An apparatus according to claim 1, wherein said means for

2 driving said arc around said evaporative surface comprises:

3 a magnetic field generator, having a plurality of magnets and a

4 holder;

5 wherein said magnetic field generator is positioned within said

6 cathode bore, and is substantially aligned with an axial midpoint of said

7 annular cathode.

4, An apparatus according to claim 3, wherein said holder holds
S
said magnets in a uniformly spaced arrangement around a

circunference of sid bore AR O AV

1 5. An apparatus according to claim 1, wherein said means for
2 driving said arc around said evaporative surface comprises:
3 a magnetic field generator, having an annular magnet;
4 wherein said magnetic field generator is positioned within said
5 cathode bore, and is substantially aligned with an axial midpoint of said
6 annular cathode,
1 6. An apparatus according to claim 5, wherein said annular magnet -
2 has a plurality of segments.
1 7. An apparatus according to claim 6, further comprising:
a protective coating, said coating encasing said magnets to
3 inhibit corrosion of said ferromagnetic center piece and said magnets.
1 8. An apparatus according to claim 1, further comprising:

2 a contactor, electrically connected to said power supply; and
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an actuator, wherein said actuator gselectively_actuates

contactor into electrical contact w tfh %mﬁbw&wmmg‘[a nd
y 5 el ectrically connects said cat hodq tg-sae-power
1 9. An apparatus according to cl ai m 8, whereihn
tor 2 conprises: 3 a |hdad2 SHRY (9%hed
said vessel; 4 a7hol I ow shaft,} attached to sajd
extending fromsaid head 5 to outside sjaid vessel. 1
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3 an actuator, wherein said actuator selectively actuates said
contactor into electrical contact with said cathode, and thereby

electrically connects said cathode to said power supply.

1 9. An apparatus according to claim 8, wherein said contactor

2 comprises:

3 a head, positioned inside said vessel;

4 a hollow shaft, attached to said head, extending from said head
5 to outside said vessel.

1 10.  An apparatus according to claim 9, wherein said contactor

2 further comprises means for cooling said shaft and head.

1 11.  An apparatus according to claim 10, wherein said cooling means
2 comprises:

3 a cooling tube, positioned inside said hollow shaft, wherein a

4 passage is formed between said cooling tube and said hollow shaft;

5 a coolant source, connected to said cooling tube and said

6 passage, for providing a coolant within said contactor.

1 12,  An apparatus according to claim 11, further comprising:

2 a platter;

3 wherein one or more said substrates are connected to said

4 platter; and

5 wherein said cathode is mounted on said platter, and electrically
6 insulated from said platter;

7 - wherein said platter is loaded into said vessel prior to deposition
8 and removed subsequently.
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comprises:

a plurality of pedestals, pivotly attached to said platter, and one
or more of said substrates are attached to each said pedestal;

wherein said pedestals and said attached substrates, can be
rotated to change orientation relative to said cathode.

14.  An apparatus according to claim 9, wherein said means for
driving said arc around said evaporative surface comprises:

a magnetic field generator, having a plurality of magnets and a
holder, disposed within said head;

wherein said head is selectively actuated into said cathode bore,
to a position where said magnetic field generator is substantially aligned
with an axial midpoint of said annular cathode.

15.  An apparatus according to claim 14, wherein said holder holds

said magnets in a uniformly spaced arrangement around a

circumference of sad bore RN

16.  An apparatus according to claim 14, further comprising:
means for rotating said magnetic field generator within said
head.

17.  An apparatus according to claim 9, wherein said means for
driving said arc around said evaporative surface comprises:

a magnetic field generator, having an annular magnet, disposed
within said head;

wherein said head is selectively actuated into said cathode bore,
to a position where said magnetic field generator is substantially aligned
with an axial midpoint of said annular cathode.
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1 18.  An apparatus according to claim 17, wherein said annular

2 magnet has a plurality of segments.

holder;
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annular cathode,

19,  An apparatus according to claim 8, wherein said means for
driving said arc around said evaporative surface comprises:
a magnetic field generator, having a plurality of magnets and a

wherein said magnetic field generator is positioned within said
cathode bore, and is substantially aligned with an axial midpoint of said

20. An apparatus according to claim 19, wherein said holder holds

said magnets in a uniformly spaced arrangement around a

3 circumference of said bore.
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annular cathode.
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2 magnet has a plurality of segments.

21.  An apparatus according to claim 8, wherein said means for
driving said arc around said evaporative surface comprises:

a magnetic field generator, having an annular magnet;

wherein said magnetic field generator is positioned within said
cathode bore, and is substantially aligned with an axial midpoint of said

22.  An apparatus according to claim 21, wherein said annular
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a magnetic field generator, having a pl REPUACEY of rfp ne2§ I&Q\fi 1998
hol der, di sposed within said head; 5

, ; wherein saidjh¢ad is
selectively actuated into said cathode bore, 6 to a positipn
where said magnetic field generator is substantiall j

wi th an axial mdpoint of said annul ar cat hode. 1 15.
apparatus according to claim 14, wherein said holder holds 2
magnets in a uniformy spaced arrangenent around a 3

circunference of 53)6liiPArR-Vapor Deposition Apparatus (Annular Cathode)

1 ABSTRACT OF THE DISCLOSURE

According to the present invention, an apparatus for applying
material by cathodic arc vapor deposition to a substrate is provided
which includes a vessel, apparatus for maintaining a vacuum in the
vessel, an annular cathode having a bore and an evaporative surface
extending between first and second end surfaces, apparatus for
selectively sustaining an arc of electrical energy between the cathode
and an anode, and apparatus for driving the arc around the evaporative
surface. The apparatus for driving the arc is positioned within the
cathode bore, and produces a magnetic field that runs substantially
parallel to the evaporative surface. The annular cathode is disposed
radially inside of, and aligned with, the substrates inside the vessel.
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( Figure 1)
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1 . 16. An apparatus according to claim 14, further conprising: 2
nmeans for rotating said nagnetic field generator within
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head. 1 17. An apparatus according to clai rein

means for 2 driving said arc around said evapo i ve surface
conprises: 3 a nagneticlfield gener at or{ ha2SOMAIeBIndl ar
magnet, di sposed 4 w thin said~head; 5 wher ei
said head is selectively actuated into said cathode bore;, 6 to &

position where said nagnetic field generator is substant I
wi th an axial mdpoint of said annul ar cathode.
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3 a magnetic field generator, having bural ity of magnets
and a 4 hol der; 5 wherein sai d REBDRIFNE riel g
generator is positioned within said 6 cat hod ; '
substantially aligned with an axial m dpoint of said
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around a 3 circunference of said bore. 1 .

apparatus according to claim38, wherein said neans fo riving
said arc around said evaporative surface conprises: 3 a

magnetic field generator, having an annul ar nmagnet; 4
wherein said nagnetic field generator is positioned within said 5
cat hode bore, and is substantially alignQ@ th;boan axial mdpoint of said
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TEXT OF THE ABSTRACT

CATHODIC ARC VAPOR DEPOSITIONS APPARATUS (ANNULAR CATHODE)

According to the present invention, an apparatus for applying material by cathodic arc vapor
deposition to a substrate (12) is provided which includes a vessel (14), apparatus (16) for
maintaining a vacuum in the vessel (14), and annular cathode (18) having a bore and an
evaporative surface (44) extending between first and second end surfaces, apparatus (24) for
selectively sustaining an arc of electrical energy between the cathode (18) and an anode (26),
and apparatus for driving the arc around the evaporative surface. The apparatus for driving the
arc is positioned within the cathode bore, and produces a magnetic field that runs substantially
parallel to the evaporative surface. The annular cathode is disposed radially inside of, and
aligned with, the substrates inside the vessel.

Figure 1.
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