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1 Cathodic Arc Vapor Depositibn Apparatus This Sheet Has Been Replaced
s BACKGROUND OF THE INVENTION AL
3 1. Technical Field
4 This invention relates to vapor deposition apparatus in general, and
5 to cathodic arc vapor deposition apparatus in particular.
6 2. Background Information
7 Vapor deposition as a means for applying a coating to a substrate
8 is a known art that includes processes sucﬁ as chemical vapor deposition,
9 - physical vapor deposition, and cathodic arc vapor deposition. Chemical |

10 vapor deposition involves introducing reactive gaseous elements into a
11 deposition chamber containing one or more substrates to be coated.
12 Physical vapor deposition involves providing a source material and a
13 substrate to be coated in a evacuated deposition chamber. The source
14 material is converted into vapor by an energy input, such as heating by
15 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 “cathodé”) and the positive lead is
21 attached to an anodic member. In many cases, the positive lead is
22 atfached to the deposition chamber, thereby making the chamber the
23 anode. An arc-initiating trigger, at or near the same potential as the
24 anode, contacts and moves away from the cathode. When the trigger is
25 in close proximity to the :cathode, the difference in potential between the
26 trigger and the cathode causes an arc of electricity to extend therebetween.
27 - As the trigger moves further away, the arc jumps between the cathode and
28 the anodic chamber. The exact point, or points, where an arc touches the
29 surface of the cathode is referred to as a cathode spot. Absent a steering
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vapor deposition involves introducing reactive gaseous elenments into a 11
deposi ti on, chanber contajining one or nore substrates to be coated. _ 12
Physi cal vhpor depd@e¢hagism,# eathede spoywillimeverandombyabaut dhe syrfagepfthe 13
substrate 40 be CO%&@QﬂE” a evacuated deposition chanber. The source 14
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arc vapor deposition involves a source material and a 17 .
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is 21 attached to an anodi ¢ nenber. In nmany cases, the positive

lead is 2P pointof theicathode materialdpbtheravaenated-ehamber mressure). Mkang

the chambeg the et cathode material at the cathode spot vaporizes into a plasma

9 containing atoms, inolecules, ions, electrons, and particles. Positively
10 charged ions liberated from the cathode are attracted toward any object
11 within the deposition chamber having a negative electric potential relative
12 to the positively charged ion. Some deposition processes maintain the
13 substrate to be coated at the same electric potential as the anode. Other
14 ' processes use a biasing source to lower the potential of the substrate and
15 _ thereby make the substrate relatively more attractive to the positively
16 charged ions. In either case, the substrate becomes coated with the
17 vaporized material liberated from the cathode. The rate of deposition, the
18 coating density, and thickness can be adjusted to satisfy the needs of the
19 application.
20 _ Presently available cathodic arc coaters typically use a cooled
21 cathode fixed in place within the coater. One cooling scheme provides a
22 manifold attached to the cathode that permits the passage of coolant
23 between the cathode and manifold. Another scheme uses coolant piping
24 connected to a hollow cathode. A problem with either scheme is that the
25 ~ cathode must be machined to accept the manifold or piping. Not all
26 cathode materials are amenable to machining and even where possible,
27 machining adds significantly to the cost of the consumable cathode.
28 Another problem with directly cooling the cathode. is the labor required
29 to replace the cathode when its useful life has expired. In the previous
30 example where a manifold (or piping) is mechanically attached to the
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23 - anode. An arc-initiating trigger, at or near

potential as the 24 anode, contacts and noves a 0 Replaced
cat hode. Wen the trigger is 25 in cl ose prOXI Mn“ I |mlL
cathode, the difference in potential between the

t he cathode causes an arc of electricity to extend therebet ween.
As the trigger noves further away, the arc junps between the cat hode and 28
the anodi cl chanber. caﬂimieexlfecﬂnamﬁmldt(orplpmg)lmustbe\demcbethfromﬂletoid@h@gdc he 29

Zur face ofzt he cat hgn%eatltfchr ftgrz{ %gwt 8nea,sanad (fhat gOd%miSo%O e%esr{l seaqu%% ge" i ng
3 cleaned of coolant. For those applications which require cathode
4 replacement after each coating run, the labor costs and down time can be
5 considerable. Still another problem with direct cathode cooling is
6 leakage. Coolant leakage occurring during deposition can contaminate the
7 substrates being coated and require extensive cleaning within the
8 deposition chamber. Airfoils for gas turbine engines are an example of
9 an expensive substrate to be coated; one where it would be a distinct

10 advantage to minimize or eliminate losses due to contamination.

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

15 DISCLOSURE OF THE INVENTION

16 It is, therefore, an object of the present invention to provide'an
17 apparatus for cathodic arc vapor deposition of material on a substrate that
_18 operates in an efficient, cost effective manner.

19 It is another object of the present invention to provide an apparatus
20 for cathodic arc vapor deposition of material on a substrate that repeatably
21 ~ provides a high quality coating on a substrate.

22 According to the present invention, an apparatus for applymg
23 material by cathodic arc vapor deposition to a substrate is provided which
24 includes a vessel, means for maintaining a vacuum in the vessel, a
25 cathode, a contactor, mwhs for selectively sustaining an arc of electrical
26 energy between the cathode and an anode, and an actuator. The cathode
27 and contactor are positioned inside the vessel, and the contactor is
28 electrically connected to the means for selectively sustaining an arc of
29 electrical energy. The actuator selectively actuates the contactor into
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14 6 Processes usgn advinfisedd tikepresent ivventivk is thaethe present imvestiort he
substrate 7and apparatus for cathodic arc vapor deposition of material on a substrate is
8 designed to operate in a cost effective manner. One cost effective
9 characteristic of the present invention is the cathode. The present
10 invention cathode is preferably disk-shaped and can be cut, for example,
11 from a cylindrical casting. The simply formed cathode requires minimal
12 expensive machining, thereby reducing the cost of the cathode and the
13 overall coating process. Another cost effective characteristic is that the
14, cathode is indirectly cooled. Presently available cathodic arc coaters that
15 pass coolant in direct contact with the cathode (i.e., direct cooling)
16 generally require machining to accept a manifold or piping. The
17 machining significantly increases the cost of the consumable cathode.
18 Another cost effective characteristic is that the cathode is readily inserted
19 in the vessel. Some prior art cathodic arc coaters have cathodes that are
20 " fastened in place with the deposition chamber, and/or have attached
21 cooling apparatus. In either case, the labor to install and remove the
22 ~ cathode undesirably increases the cost of the coating process. Another
23 cost effective characteristic of the present invention is that the form of the
24 used cathode facilitates recycling. The used cathode is made of high
25 quality material that has been exposed to few, if any, contaminants.
26 Consequently, the cathodes have considerable scrap value that reduces the
27 cost of the coating process.
28 Another advantage of the present invention is ‘that high quality
29 coatings can be consistently produced. The platter provides for rotation
30 | of the substrates to promote uniform deposition, and the indirect cooling
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drawings.
8 BRIEF DESCRIPTION OF THE DRAWINGS'

" FIG.1 is a diagrammatic view of the present invention cathodic arc
10 vapor deposition apparatus. '
11 FIG.2 is a top diagrammatic view of the present invention platter.
12 FIG.3 is a side view of the platter shown in FIG.2.
13 FIG. 4 is a diagrammatic cross-sectional view of a contactor.
14 BEST MODE FOR CARRYING OUT THE INVENTION
15 I. Apparatus o
16 Referring to FIG.1, an apparatus 10 for cathodic arc vapor
17 deposition on a substrate 12, hereinafter referred to as a “cathodic arc
18 coater”, is provided having a vessel 14, means 16 for maintaining a
19 vacuum in the vessel 14, a cathode 18, a contactor 20, an actuator 22 for
20 " selectively actuating the contactor 20 into electrical contact with the
21 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 maintains
23 the coater 10 within acceptable temperatures by cycling coolant through
24 passages 30,32 within the vessel 14 and contactor 20, respectively. In the
25 preferred embodiment, the means 16 for maintaining a vacuum in the
26 vessel 14 includes a mechanical rough vacuum pump 34 and a high-
27 volume diffusion-type vacuum pump 36 piped to the interior of the vessel
28 14. Other vacuum means may be used alternatively.
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3 1 ~cat hode, the manifold (or piping) nmust be d taﬁ from

t he ol d cat hode 2 and attached to a new one, and t
(fhanber subsequently 3 cl eaned of coolant. For tho "’
applications which require cathode 4 repl acenent af
coating run, the | abor costs and down tinme can be 5 consi der abl e.
Still anot her problemw th direct cathode cooling i
' 1 Referring to FIG.2, the cathode 18 1s a substannally cylindrical
2 disk having a first end surface 38, a second end surface 40, and an
3 evaporative surface 42 extending therebetween. The end surfaces 38,40
4 are substantially parallel with one another. The material composition of
5 the cathode 18 will depend upon the material to be deposited, and in most
6 cases the cathode 18 can be cut from a cast rod. The axial length 44 of
7 the evaporative surface 42 is preferably longer than the anticipated final
8 axial length 46 of the erosion pattern 48 along the évaporative surface 42.
9 Keeping the erosion pattern 48 between the end surfaces 38,40 minimizes
10 the possibility that the arc will leave the evaporative surface 42 of the
1 cathode 18. |
12 Referring to FIGS. 1, 3 and 4, in the preferred embodiment the
13 cathode 18 is positioned on a removable platter 50. The platter 50
14 includes a tray 52, a plurality of pedestals 54, and means 56 for rotating
15 the pedestals 54. The cathode 18 is mounted in the center of the platter
16 50, on top of a plurality of spacers 58 (see also FIG.2) separated by
17 electrical insulators 60. Adapters 62 attached to the pedestals 54 can be
18 used to align the substrates 12 radially outside the cathode 18.
19 The means.56 for rotating the pedestals 54 includes a center gear
20 64 engaged with a plurality of pedestal gears 66. Each pedestal gear 66
21 is fixed to a pedestal 54, and the center and pedestal gears 64,66 are
22 " pivotly attached to the tray 52. The center gear 64 is driven by a gear 68
23 positioned inside the vessel 14. A shaft extending through the vessel wall
24 connects the gear 68 to a drive unit 70.
25 Referring to FIGS. 1 and 2, the contactor 20 includes a head 72
26 attached to a shaft 74, and means 76 for cooling the contactor 20. The
27 head 72 is positioned inside the vessel 14 and the shaft 74 extends from
28 the head 72 to outside the vessel 14. An insulative disk 78 (FIG.1)
29 electrically insulates the contactor 20 from the vessel 14. The means 76
30 for cooling the contactor 20 includes a cooling tube 80 coaxially
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turbi ne engines are an exanple of 9 - an expensiv be
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16 is, therefore, an object of the present invention to
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i nventi oig to provisgf g ai‘xﬂ&ﬁé%bbﬁngzﬁlbe 80, or vice Ve5a.C ThE Bead 72 iicludeiod
deposi tion of material on a substrate that repeat abl y

7 cup 86 and a shaft flange 88. Theshaftﬂange881sﬁxedtomeshaft74

8 and the cup 86 is fixed to the shaft flange 88. The cup 86, shaft flange

9 88, and shaft 74 are fabricated from an electrically conductive material
10 such as a copper alloy. The preferred embodiment of the head 72 further
11 includes a magnetic field generator 90.
12 Referring to FIG.1, the actuator 22 for selectively actuating the
13 contactor 20 into electrical contact with the cathode 18 includes a pair of
14 ~ two-way actuating cylinders 92 (hydraulic or pneumatic) for acting
15 between the vessel 14 and a shaft flange 94 attached to the contactor shaft
16 74. Mechanical apparatus (not shown) may be used in place of the
17 actuating cylinders 92. A commercially available controller can be used
18 to control the position and force of the cylinders (or mechanical
19 apparatus).
20 In the preferred embodxment the cathodic arc coater 10 includes
21 a biasing source 96 for electrically biasing the substrates 12. A contact-
22 " type switch 98 electrically connects the biasing source 96 and the platter
23 50. The substrates 12, which are mechanically and electrically attached
24 to the platter 50, are consequently electrically connected to the biasing
25 ~ source 96. Other means for electrically connecting the substrates 12 to
26 the biasing source 96 may be used alternatively.
27 Deflector shields 98 are used throughout the cathodic arc coater 10
28 to confine the vaporized cathode materials in the area of the substrates 12.
29 The shields 98 attached to the vessel 14, platter 50, spacers 58, and
30 contactor 20 help minimize undesirable material build-up on those
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21 rovides a high quality coating on a substrate

According to ?he present |gvegt|on yan appa?atus for applyi ﬂIhSB“anﬂmxd
mat eri al by cathodic arc vapor dep05| tion to a substrate is ’IHIUHHI

24 i ncl udes a vessel, means for maintaining a vacu

vessel , a 25 cat hode, a contactor, neans for selectively
sustalnlng an arc of electrical 26 energy between the cathode and

an anode,1 and an autfacesorIn fhie@refatrad émbddiment, the deflectod shields 88t attached:
posi ti on;ld i nside th vesse t he .cont act or.

28 .
electricdlly conndt vgge][ L‘b% sRnelly E@W\}%%"gﬁg?la]f%%aﬁnmﬁ% of 29
electrica energy.of laCelacttibaliybortit@vd maftirial 8adtHa¥ Giinlei€ seent actor into

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

5 the cathode 18 and an anode 26 includes a direct current (D.C.) power
6 supply 100. In the preferred embodiment, the positive lead 106 of the
7 power supply 100 is connected to the vessel 14, thereby making the vessel
8 14 act as an anode. The negative lead 108 of the power supply 100 is
9 electrically connected to the contactor 20. Alternative embodiments may
10 use an anode (not shown) disposed inside the vessel 14. An arc initiator
11 102, at or near the electrical potential of the vessel 14, is used to initiate
12 the arc.
13 II. Operation of the Apparatus
14 Referring to FIG.1, in the operation of the present invention
15 cathodic arc coater 10, a plurality of substrates 12 and a cathode 18 are
16 attached to a platter 50 and the platter 50 is loaded into the vessel 14.
17- During loading, the platter center gear 64 engages the gear 68 disposed
18 within the vessel 14 and the biasing source 96 electrically connects with
19 the platter 50. At this point the substrates 12 have been degreased and
20 substantially cleaned, although each will likely have some molecular
21 " contaminant and oxidation remaining on its exterior surface. The
22 actuating cylinders 92 subsequently actuate the contactor 20 into electrical
23 contact with the cathode 18 and the vessel 14 is closed.
24 The mechanical rough vacuum pump 34 is operated to evacuate the
25 vessel 14 to a predetermined pressure. Once that pressure is reached, the
26 high-volume diffusion vacuum pump 36 further evacuates the vessel 14 to
27 near vacuum conditions. The substrates 12 are then cleaned of any
28 remaining contaminants and/or oxidation by a method such as “sputter
29 cleaning”. Sputter cleaning is a process well known in the art and will
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substrates 12 are se ar bias via the iasing source
making them electrically attractive to positive ions emitted from the
cathode 18; (2) the substrates 12 are placed in motion at a particular
rotational speed; (3) the power supply 100 is set to establish an arc having
a particular magnitude of current and voltage, but no arc is initiated; (4)
the vacuum pumps 34,36 establish and maintain a particular vacuum
pressure of gas within the vessel 14; and (5) coolant flows are established
through the cooling passages 30 attached to the vessel 14 and through the
cooling passages 32 within the 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 102 is brought into and out of contact with the evaporative
surface 42 of the cathode 18, causing an arc to jump between the arc
initiator 102 and the evaporative surface 42. The arc initiator 102 is
subsequently moved a distancé away from the cathode 18, preferably
radially outside of the substrates 12. Once the arc initiator 102 is no

- longer proximate the cathode 18, the arc jumps between the cathode 18

and the deflector shields 98 electrically connected to the vessel 14 (or the
vessel 14 if there are no deflector shields 98). The magnetic field

- generator 90 positioned in the contactor 20 produces a magnetic field that

runs parallel to the evaporative surface 42 of the cathode 18 which drives
the arc along an arc path 104 around the evaporative surface 42 of the
cathode 18.

The energy delivered by the arc causes the material at the cathode

spot to vaporize, thereby liberating atoms, molecules, ions, electrons, and
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13 - overal |l coating process. Another cost effecti haracter| StIC
is that the 14 cathode is indirectly cooled. Pre d
cathodic arc coaters that 15 pass coolant in dire

the cathode (i.e., direct cooling) 16 generally r

to accept a manifold or piping. The 17 machi ni ng si gn| f I cant I y

i ncreases the cost of the consumabl e cat hode. 18 Anot her cost

ef fectivd char act epanrsfcnles:fnom theacathode 481 hBIG.4i showsaati egoded scathode 1in

|n t he vessel . or.art cathodi,c ar.c. coater cat.h es t hat are
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install and reane the hode unde5|rably I ncreases the cost

of the cdating pr dowssi ﬂmmbse'atesm The ions strike thef exterior surface oftthe i stic

of the present inve t .Of u at hode
facilitates recyclﬁ clﬁsnéi ?g%&l: ﬁoﬁ‘g{% d@r@f ah?‘aﬂ"gSOf the %3'9'08
quality material trﬁﬂ&nﬂas THeSrotfeR0SE the! Subsiites 12 RiitiveCdNihRéaftifes18 26
Consequently, the cathodes have considerable scrap value that reduces the

27 7 cost promotes unifermrdgppsition of theadating on the substrate 12. AGoolaat
coatings Ban be. caHSRSAURLEY bl Sy ook ke phrpetdh 20, a0 iaBeetly oplsiht | on
9 cathode 18. '
10 When a coating of sufficient thickness has been deposited on the
11 substrates 12, the power supply 100 is turned off and the arc extinguished.
12 The vessel 14 is purged with inert gas and brought to ambient pressure.
13 The contactor 20 is actuated out of contact with the cathode 18 and the
14 platter 50 is removed from the vessel 14. The substrates 12 (and cathode
15 18 if necessary) are subsequently removed and new substrates 12 (and
16 cathode 18) attached. The loaded platter 50 is then inserted back into the
17 vessel 14 in the manner described earlier and the process repeated.
18 Although this invention has been shown and described with respect
19 to the detailed embodiments thereof, it will be understood by those skilled
20 " in the art that various changes in form and detail thereof may be made
21 without departing from the spirit and the scope of the invention. For
22 - example, the means 76 for cooling the contactor 20 is described as having
23 a cooling tube 80 coaxially positioned within the contactor shaft 74.
24 ~ Alternative means of delivering coolant to the head 72 of the contactor 20
25 - may be used. Another alternative embodiment of the present invention
26 includes a second contactor (not shown) that actuates up through the
27 platter 50. The second contactor may also include means for cooling, for
28 improved cooling of the cathode.
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30 of the substrates to pronote uniform deposition, and the
I ndi rect cooling This Sheet Has Been Replaced

of the cathode via the contactor nininizes the chance of cogl!ﬂmml")mluHm
We claim:

contam nation. Hence, high quality coatings can be consiste
1. An apparatus for applying material by cathodic arc vapor

deposition to a substrate, comprising:

a vessel;

mwxis for maintaining a vacuum in said vessel;

a cathode, positioned inside said vessel;

a contactor, positioned inside said vessel;

means for selectively sustaining an arc of electrical energy between
said cathode and an anode, wherein said means for sustaining an arc of
electrical energy is electrically connected to said contactor; and

an actuator, wherein said actuator selectively actuates said
contactor into electrical contact with said cathode, and thereby electrically

O 00 3 O W & W N =

[ et e
[ I -1

connects said cathode to said means for sustaining an arc of electrical

ot
(7%

energy;

[y
F-S

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 inside said vessel.

post et
S L

2. An apparatus according to claim 1, wherein said means for
selectively sustaining an arc of electrical energy between said cathode and
said anode comprises:

a power supply, having a posiﬁve lead and a negative lead;

wherein said negative. lead of said power supply is electrically
connected to said contactor, and said positive lead is electrically connected
to said vessel, thereby making said vessel, and any member electrically
connected to said vessel, act as said anode; and

wherein said cathode is electrically insulated from said vessel.

O 00 ~3J & W & W N -

3. An apparatus according to claim 1, wherein said contactor

o wid contacter
AN )

2 comprises:
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on substrates. 4 These and ot her objects,
features and advantages of the present 5 i nvent i omhiAhekt HaeBespReplaced
apparent in light of the detailed description of the 6 “
enbodi nent thereof, as illustrated in the acconpanying 7 :
8 BRI EF DESCRI PTI ON OF THE DRAW NGS 9 I lis a
di agrammatic view of the present invention cathodic arc 10 vapor

deposi ti & apparat us. 14 head, positioned inside saidSvessely andt op di agranmatic view
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4, An apparatus according to claim 3, wherein said contactor further

comprises means for cooling said contactor.

5. An apparatus according to claim 4, wherein said cooling means
comprises: |
a cooling tube, positioned inside said bore of said contactor shaft,
wherein a passage is formed between said cooling tube and said shaft;
a coolant supply, connected to said cooling tube and said passage,

for providing a coolant within said contactor.

6. An apparatus according to claim 4, wherein said cathode is disk-
shaped having a pair of end surfaces connected by an evaporative surface,
wherein said actuator actuates said contactor into contact with one of said
end surfaces of said cathode.

7. An apparatus according to claim 6, further comprising:
a platter, for holding the substrates and said cathode;
wherein said cathode is electrically insulated from said platter; and
wherein said platter may be selectively removed from said vessel.

8. An apparatus according to claim 7, wherein said platter further

comprises:
a plurality of pédestals, pivotly attached to said platter, wherein the
substrates are attached to said pedestals. . .
TR O R
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16 Referring to FIG 1, an appar atus 10 for c?ﬁ.h&g&
vapor 17 deposition on a substrate 12, hereinafter
a "cathodic arc 18 coater", is provided having a vesa M

HafBden Replaced
16 for maintaining a 19 vacuumin the vessel 14, a c E“‘M“‘

contactor 20, an actuator 22 for 20. _ sel ectively actuating the
contactor 20 into electrical contact with the 21 - cathode 18, and
means 24 ¥or sust &.ni ngAnrapparatusf acebrding itw elaimn@,r wherin said platter fugtheeen t he

cat hode and an anode 26. A cqol ant .supplLy 2 i ntains, 23 , .. ., the
coater 10°within a‘?&‘&ﬂsﬁﬁl‘@%ng@‘r Zegheg %}X&Fgﬁ%' c‘gflﬁ’ﬁ'ﬁt Tptafing ;#id 4

passages 30, 32 W t{y emgp 'attﬂéﬁ n 8.C bR4nedd  the CSrRAEtioncby thé N t he
25 ¥ pr ef erﬂryggs%lrgrbo | ?rleiflt, t eg %ebgﬁg&% forg%?rai ntaining a vacuumin
the 26 4 v esubstratésirelativeudesaichcatikadeani cal rough vacuum punp 34 and a

hi gh- 27 vol une diffusion-type vacuum punp 36 piped to the
i nterior of the vessel 28 14. Ot her vacuum neans may be used

al ternatiyely. 10.  Anapparatus according to claim 9, wherein said means for rotating
2 said pedestals comprises:
| a center gear, pivotly attached to said platter;

a plurality of pedestal gears, each fixed to one of said pedestals
and pivotly attached to said platter, and each said pedestal gear engaged
with said center gear;

wherein said rotating said center gear causes said pedestal gears to

0 ~J O U W

rotate.

11.  An apparatus according to claim 10, further comprising:

a drive gear, disposed inside said vessel, said drive gear attached
to a shaft which extends outside said vessel;

wherein said drive gear is selectively engagable with said center
gear;

wherein rotating said drive gear, when engaged with said center

Nl N bW N e

gear, causes said center gear and pedestal gears to rotate.

12. An apparatus according to claim 11, wherein said means for
selectively sustaining an arc of electrical energy between said cathode and
said anode comprises:

a power supply, having a negative lead electrically connected to
said contactor, and a positive lead electrically connected to said vessel,
thereby making said vessel and any member electrically connected to said
vessel, act as said anode; and

wherein said cathode is electrically insulated from said vessel.

0 3 N L A W N =

{F-7863} 13

. THIS SHEET
" S =




6 1

Referring to FIG 2, the cathode 18 |s a
substantially cylindrical 2 di sk having a fir
a second end surface 40, and an 3 evaporative surfa
ext endi ng t herebetween. The end surfaces 38,40 4

substantially parallel with one another. The material conposi t | on o

t he cathode 18 wil |l

6 1 cases t¥e coAnapparatusaseondingciex clainyd, furthescompaisingae axi al

| engt h 442 of

bly I
than-the “antici pated fi ngi&ﬁg S%mo?&télam a ’{ ngflé%ﬂ%'smg gr 2r O}S/I O(r)]nger

7

pattern 48 al ong the evmpsisafor electridallyecdihecting said biasing source to the

4

N W AW - NN B W e L W N -

L B W N e

substrates.

14.  An apparatus according to claim 13, wherein said means for
electrically connecting said biasing source to the substrates electrically
connects said biasing source to said platter, and said platter is electrically
connected to the substrates.

15.  An apparatus according to claim 7, further comprising:

a plurality of spacers;

an insulator pad, disposed between said spacers, said insulator pad
electrically insulating said spacers from one another;

wherein said spacers and said pad are disposed between said
cathode and said platter, thereby electncally insulating said cathode from
said platter.

16.  An apparatus according to claim 1, wherein said cathode is disk-
shaped having a pair of end surfaces connected by an evaporative surface;
wherein said actuator actuates said contactor into contact with one

- of said end surfaces of said cathode, thereby electrically connecting said

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

17.  An apparatus according to claim 16, wherein said contactor
comprises: _

a head, positioned inside said vessel; and

a shaft, having a bore, attached to said head, said shaft extending
from said head to outside said vessel.

{F-7863} 4
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9 Keepi ng the erosion pattern 48 between the end Sﬂiggﬁﬁﬁag&eé&placed

mini nizes 10 the possibility that the arc will Iea]]] ﬂ"‘ ””",

evaporative surface 42 of the 11 cat hode 18. 12

Referring to FIGS. 1, 3 and 4, in the preferred enbodi nent th

cathode 18 is positioned on a renovable platter 50. The platter 50 14
includes a tray 52, a plurality of pedestals 54, and neans 56 for rotating
15 1 the pd8est Amapparatiyaccording tieclaim 17, whereinsaidi gontagtorfanthesr of
the platfer 16 . 50, _on top.of asplurality of spacers 58 (see al so
FIG 2) s@parated S§mPIes means °f°8$‘é‘mﬂl€§f’“?ﬁ‘9{n ators 60. Adapters 62
attached to the pedestals 54 can be 18 used to align the
substrates 12 radially outside the cathode 18. 19 . The
means 561f or rotatl¥ng tAnapparatus accordingi toclaime18,awhersincsaid) eaolingymeans

64 engag(id W th aggl uraljty of pedestal gears 66. Each pedestal gear 66 21
Is fixed“to a ped Ws%slt, and the center and pedestal gears 64,66 are 22

pivotly gttached to th%édbﬁhﬁi&be,'ﬁbﬁﬁéﬁéﬂﬁfsicﬁ%ﬁfd&ﬂ'ebfsﬂﬂicbﬁﬁcwsﬂaﬂ,ear 68
23 posi tioned inside thé vessel 14. A shaft extending through the

vessel wél| 24  wherein a passageds formesl betweers said cogling tubg and; saidy shafz5

Referring to FIGS. 1 ang Biant SSppiy, connected &6 sdid Gooliig tuBe 154 Said passage,
6 for providing a coolant within said contactor.
1 20.. An apparatus according to claim 1, wherein said actuator
2 comprises a selectively actuating cylinder connected to said contactor shaft
3 outside said vessel, wherein said actuating cylinder selectively actuates
4 said contactor into electrical contact with said cathode by moving said
5 contactor into and out of physical contact with said cathode.

—

e

-

T
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26 attached to a shaft 74, and neans 76 for coolin
20. The 27 ' head 72 is positioned inside the vessel 14 and the

shaft 74 extends from 28 the head 72 to outside thﬁsmﬁséb$3 ‘md
insul ative disk 78 (FIG 1) 29 electrically insulat
contactor 20 fromthe vessel 14. The neans 76 30 g&
contactor 20 includes a cooling tube 80 coaxiall 5y
7 1 ABSTRACT OF THE DISCLOSURE
2 An apparatus for applying material by cathodic arc deposition to
3 a substrate is provided which includes a vessel, means for maintaining a
4 vacuum in the vessel, a cathode, a contactor, means for selectively
5 sustaining an arc of electrical energy between the cathode and an anode,
6 and an actuator. The cathode and contactor are positioned inside the
7 vessel, and the contactor is electrically connected to the means for
8 selectively sustaining an arc of electrical energy. The actuator selectively
9 actuates the contactor into electrical contact with the cathode, and thereby
10 electrically connects the cathode to the means for sustaining an arc of
11 electrical energy.

{F-7863} 16




1 positioned within the shaft 74, a coolant inlet port 82
connected to the 2 cooling tube 80, and a coolant exit port 84
connected to the passage 32 3 formed between the coaxial cool ant
tube 80 and shaft 74. The coaxial 4 arrangenment between the
cooling tube 80 and the shaft 74 allows coolant 5 to flow'in the
cooling tube 80 and exit via the passage 32 between the 6 shaft
74 and the cooling tube 80, or vice versa. The head 72 includes a 7

cup 86 and a shaft flange 88. The shaft flange 88 is fixed to the shaft 74

8 the cup 86 is fixed to the shaf flange 88. The cup 86,
shaft flange 88, and shaft 74 are ricateg froman
el ectrically comnductive material 10 "such—as a copper alloy. The
preferred enbodi itent of the ad 72 furpher L.ocl udes a
magnetic field generator 90/0% 12 -’ goReterring FIG 1, the
actuator 22 for selectively fctuagugo t heglt ont tor 20 into
el ectrical contact wtp=tkadcathode H G g.pal r of
t wo-way actuati ng.G b rs 92 ora Neatl lo d—rrreTrep ﬁg ' 15
bet ween the vesde qd a shaft fI-LTf°A A‘hed t t crpr ZBaf t
16 24 —» q;‘t"TlG@parat us ( Py ce of
t he ‘ ], ™ 2,2
2 2
106 : 30 78
\ 14
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102 a8 : 1 %2 qe4|
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17 actuating cylinders 92. 3% céy
can be used 18 to control thRe{po
cylinders (or nechanical 19

the preferred enbodi nent, the cathodl!
a biasing source 96-for electricallylc
22 type switch 98 electric§
the platter 23 50. The subg
el ectricall tﬁ%c. d 24 !
el ectrically cormé i

er ci,2l7¢ avail abl e controller
ion and force of the
Hs). 20 I n
i;er 10 i ncludes 21

e

+S]H4at es 12. A contact-
s the biasing source 96 and
whi ch are eghanically and

yer 50, are nsequently
sour 96. O her neans
0 26 t he bi asing

i
!
l Def | ect or shi el ds
|
)
\
k

ed to the biasinf
for electrically connecting the subs‘
source 96 nmay be used alternatively.ll
98 are used throughout the cathodic §
t he vaporized cathode materials in tN4
The shields 98 attached to the vessel
contactor 20 help mnimze undesirab.
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REPLACEMENT SHEET ' 8 1
surfaces. I'n the preferred enbodi nent, the deflector shields 98 attached 2
to the vessel -14 are electrically connected to the vessel 14 and are nade

3 of an electrically conductive material such as stainless steel.
4 The neans 24 for sustaining an arc of electrical energy
between 5 t he cathode 18 and an anode 26 includes a direct
current (D.C.) power 6 supply 100. In-the preferred enbodi nent,
the positive lead 106 of the 7 power supply 100 is connected to
t he vessel 14, thereby making the vessel 8. 14 act as an-anode.

The negative | ead 108 of the power supply 100 is

FiGa.3

FiG. 4 . :_|7 - (, — ".r_l_i.:

\\
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9 el ectrically connected to the contactor 20. Aliernative

enbodi nrents may 10 use an anode (not shown) di RERISEEMENTI SHEEThe
vessel 14. An arc initiator 11 . 162, at or nejr rthe—eteect++ea
potential of the vessel 14, is used to initiate 12 ' the arc.

13 Il. Operation of the Apparatud 14 3O NOV998ng| t b
FIG 1, in the operation of the present invention 15 cathodi ¢
arc coater 10, a plurality of substrates 12 and a catho@le 18 are 16
attached to a platter 50 and the platter 50.is | oaded im '

17 During | oading, the platter center gear 64 engages the gear 68
di sposed 18 wthin the vessel .14 apd the bi,asi ng source 96

el ectrically connects with 19 Cathodic Arc qlaﬁ@r eppsition AP $this point the
substrates 12 have been degreased and 20 substantially cl eaned,
al t hough each will |ikely have sonme nol ecul ar 21 cont am nant and
oxi dati on renmai ni ng BACKGROXUND IOF THE INVENTION 22 actuating

cylinders 92 subsequently actuate the contactor 20 into electrical 23
contact with the cathodechmicalnBieldhe vessel 14 is closed.

4 This invention relates to vapor deposition apparatus in general, and

5 to cathodic arc vapor deposition di)pamms in particular.

6 2. Background Information |

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

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

9 physical vapor deposition, and cathodic arc vapor deposition. Chemical
10 vapor deposition involves introducing reactive gaseous elements into a
11 deposition chamber containing one or more substrates to be coated.
12 Physical vapor deposition involves providing a source material and a
13 substrate to be coated in a evacuated deposition chamber. The source
14 material is converted into vapor by an enei'gy input, such as heating by
15 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 is
21 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. An arc-initiating_'u'igger, at or near the same potential as the
24 anode, contacts and moves away from the cathode. When the trigger is
25 in close proximity to the cathode, the difference in potential between the
26 | trigger and the cathode causes an arc of electricity to extend therebetween.
27 As the trigger moves further away, the arc jumps between the cathode and
28 the anodic chamber. The exact point, or points, where an arc touches the

29 - surface of the cathode is referred to as a cathode spot. Absent a steering



24 The mechani cal rough vacuum punp 34 is operated to

evacuate the 25 vessel 14 to a predeterm ned pr S8 ' I@Q ?SHE*
pressure is reached, the 26 - hi gh-vol ume diffusi n,@&ﬁmﬁum.g
further evacuates the vessel 14 to 27 near vacuyim conditi ons.
substrates 12 are then cleaned of any 282 remai ning GONOV 1998 s
and/ or oxidation by a nethod such as "sputter 29 | eani ng".
Sputter cleaning is a process well known in the art and Wl |
9 : !

_|
)

Oor s

1 mechanism, a cathode spot will move randomly about the surface of the
2 cathode. " |
3 The energy deposited by the arc at a cathode spot is intense; on the
4 order of 10° to 107 amperes per square centimeter with a duration of a
5 few to several microseconds. The intensity of the energy raises the local
6 temperature of the cathode spot to approximately equal that of the boiling
7 point of the cathode material (at the evacuated chamber pressure). Asa
8 result, cathode material at the cathode spot vaporizes into a plasma
9 containing atoms, molecules, ions, electrons, and particles. Positively
10 charged ions liberated from the cathode are attracted toward any object
11 within the deposition chamber having a negative electric potential relative
12 to the positively charged ion. Some déposition processes maintain the
13 substrate to be coated at the same electric potential as the anode. Other
14 processes use a biasing source to lower the potential of the substrate and
15 thereby make the substrate relatively more attractive to the positively
16 charged ions. In either case, the substrate becomes coated with the
17 vaporized material liberated from the cathode. The rate of deposition, the
18 coating density, and thickness can be adjusted to satisfy the needs of the
19 application.
20 _ Presently available cathodic arc coaters typically use a cooled
21 cathode fixed in place within the coater. One cooling scheme provides a
22 manifold attached to the cathode that permits the passage of coolant
23 between the cathode and manifold. Another scheme uses coolant piping
24 connected to a hollow cathode. A problem with either scheme is that the
25 cathode must be machined to accept the manifold or piping. Not all
26 cathode materials are amenable to machining and even where possible,
27 machining adds significantly to the cost of the consumable cathode.
28 Another problem with directly cooling the cathode. is the labor required
29 to replace the cathode when its useful life has expired. In the previous
30 example where a manifold (or piping) is mechanically attached to the



1 not be described in detail here. Qher cleanidfg-fretiods
used 2 - alternatively. After the substrates 12 aREPkﬂQg
contam nants are 3 purged typically using an ijn gas. 4
Prior to initiating an arc several steps _,are conpleted, ijndl u imﬂg\;(w%
the substrates 12 are set to a particul aP bias via the bihs ng source 96,
6 maki ng themelectrically attractive to positiyeki '
fromthe 7 cathode 18; (2) the substrates 12 ate placed in
notion at a particular 8 rotational speed; (3) “ttre=power supply
100 is set to establish an arc having 9 a particul ar nmagnitude

of current and voltage, ,but no | S Lnitjated:

vacuum punps 34, 36 G%tpa‘llﬂsitg%“!i‘ﬁggﬁahﬁtpé?lﬂ mﬂﬁtrq?q é@%ﬁ&%%oﬁmj&%
pressure of gas wthj e I onéN4dnd 3h Qﬁﬁbﬁﬁﬁ ichamber s6bsegiienlyl shed
12 E througﬁh?hatéa‘eého%l '?’?13 ’b‘é’iﬁs"é‘g’egnso %ttachedntq t he v.esfgl 191, and
throu]gh thg 13 cleaned ofocdolany. paFemdhkase3applications whick orequise oeathkgle
Speci fic process paraneters 4 . wi || end. u f act.qQr.s h as
the substréte rmt er Teplacemeat rﬂ%!@@%@“’i@gﬁ&wm B‘%rc]%%%hg{ea‘ﬁg e
desired chgracteri sihfigadhpibn® sififlanBeher réblem with direct cathode cooling is

6 leakage. Coolant leakage occurring during deposition can contaminate the
7 substrates being coated and require extensive cleaning within the
8 deposition chamber. Airfoils for gas turbine engines are an example of
9 an expensive substrate to be coated; one where it would be a distinct
10 advantage to minimize or eliminate losses due to contamination.
11 In short, what is needed is an apparatus for cathodic arc vapor
12 deposition of material on a substrate that operates efficiently, one capable
13 of repeatably providing a high quality coatings on a substrate, and one
14 that operates cost effectively.
15 DISCLOSURE OF THE INVENTION
16 It is, therefore, an objéct of the present invention to provide an
17 apparatus for cathodic arc vapor deposition of material on a substrate that
18 ~ operates in an efficient, cost effective manner.
19 Itis anothér object of the present invention to provide an apparatus
20 for cathodic arc vapor deposition of material on a substrate that repeatably
21 provides a high quality coating on a substrate.
22 ' According to the present invention, an apparatus for applying
23 material by cathodic arc vapor deposition to a substrate is provided which
24 . includes a vessel, means for maintaining a vacuum in the vessel, a
25 cathode, a contactor, means for selectively sustaining an arc of electrical
26 ~ energy between the cathode and an anode, and an actuator. The cathode
27 and contactor are positioned inside the vessel, and the contactor is
28 electrically connected to the means for selectively sustaining an arc of

29 electrical energy. The actuator selectively actuates the contactor into



16
arc

evaporative

17

18

- Once the aforenentioned steps have peem—conmt .
~initiator 102 is brought into and out d’tﬁ%aﬁﬂg‘éﬁﬁ&ft

surface 42 of the cathode 18,chUSing an arc

junp between the arc 19 initigtor 102 and the ev NGV 1998
surface 42. The arc initiator 102 is 20 = subseguéently noved a

di stance away fromthe cathode 18, preferably 21

bttty Ot

of t_he substrates 12. Once the arc initiator 102 is no 32 | on
proxrmate the cathode 18, the arc junps between the cathode I8 23

and the deflector shields 98 electrically connected to the vessel

the 24

magneti c fleld 25
produces azrragnetic
evapor ati ve surface

cJJl}&iedtot tﬁé‘tme%ﬁf1 for sustaining 'aHa%c BRERLARAI éeriyie The arc

of the cat
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An advantage of the present invention is that the present invention
apparétus for cathodic arc vapor deposition of material on a substrate is
designed to operate in a cost effective manner. One cost effective
characteristic of the present invention is the cathode. The present
invention cathode is preferably disk-shaped and can be cut, for e;ainple,
from a cylindrical casting. The simply formed cathode requires minimal
expensive machining, thereby reducing the cost of the cathode and the
overall coating process. Another cost effective characteristic is that the
cathode is indirectly cooled. Presently available cathodic arc coaters that
pass coolant in direct contact with the cathode (i.e., direct cooling)
generally require machining to accept a manifold or piping. The
machining significantly increases the cost of the consumable cathode.
Another cost effective characteristic is that the cathode is readily inserted
in the vessel. Some prior art cathodic arc coaters have cathodes that are
fastened in place with the deposition chamber, and/or have attached
cooling apparatus. In either case, the labor to install and remove the
cathode undesirably increases the cost of the coating process. Another
cost effective characteristic of the present invention is that the form of the
used cathode facilitates recycling. The used cathode is made of high
quality material that has been exposed to few, if any, contaminants.
Consequently, the cathodes have considerable scrap value that reduces the
cost of the coating process.

Another advantage of the present invention is that high quality
coatings can be consistently produced. The platter provides for rotation
of the substrates to promote uniform deposition, and the indirect cooling

14 (or

" idsrial'contpeh Sl 5F GePRes ond Bl Aol dner s
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particles fromthe cathode 18. FI G 4 shows an eroded

R

TR

phantom The erosion is substantially synmetrical rel

3 104. The biased substrates 12 attract the }lidns, causing thern
accelerate 4 toward the subst£ates 12.. The |cn539tmwa9981e
exterior surface of the 5 substrates 12 atit gch and col | ect}i \
forma coating of the cathode 6 materi al . rotation of 1 hg

substrates 12 relative to the cathode 18 7
dep05|t|on of the coating on the substrate 12. Cool ant

at h
Nto

ely

1 of the cathode via the contactor minimizes the chance of coolant
2 contamination. Hence, hxgh quality coatings can be consistently deposited
3 on substrates. _ '
4 These and other objects, features and advantages of the present
5 invention will become apparent in light of the detailed description of the
6 best mode embodiment thereof, as illustrated in the accompanying
7 drawings. '
BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1 is a diagrammatic view of the present invention cathodic arc
10 vapor deposition apparatus. |
11 FIG.2 is a top diagrammatic view of the presént invention platter.
12 FIG.3 is a side view of the platter shown in FIG.2.
13 FIG. 4 is a diagrammatic cross-sectional view of a contactor.
14 BEST MODE FOR CARRYING OUT THE INVENTION
15 I. Apparatus
16 - Referring to FIG.1, an apparatus 10 for cathodic arc vapor
17 * deposition on a substrate 12, hereinafter referred to as a “cathodic arc
18 coater”, is provided having a vessel 14, means 16 for maintaining a
19 vacuum in the vessel 14, a cathode 18, a contactor 20, an actuator 22 for
20 selectivély actuating the contactor 20 into electrical contact with the
21 cathode 18, and means 24 for sustaining an arc of electrical energy
22 between the cathode 18 and an anode 26. A coolant supply 28 maintains
23 the coater 10 within acceptable temperatures by cycling coolant through
24 passages 30,32 within the vessel 14 and contactor 20, respectively. In the
25 preferred embodiment, the means 16 for maintaining a vacuum in the
26 vessel 14 includes a mechanical rough vacuum pump 34 and a high-
27 volume diffusion-type vacuum pump 36 piped to the interior of the vessel

28 14, Other vacuum means may be used alternatively.



8 passes through and directly cools the contaetee.2Q .and
indirectly cools the 9 cat hode 18. 10 | REPLACEMENTVKREETa

coating of sufficient thickness has been deposited on tlhhg—t%t .
substrates 12, the power supply 100 is tyrned off and tihg i pgui $hed.
12 The vessel 14 is purged witl® inert gas ang tr%étﬁ&ﬁ%ﬁoi et

pressure. 13 The contactor 20 is actuated oyt | h
the cathode 18-and the 14 platter 50 is rengved fromthe vessg¢l
14. The substrates 12 (and cathode 15 18 if
subsequently renoved and new substrates 12 (and 16 cat hode 18)
att.ached. The | oaded platter, 50 is then inserte&back into

.the 17,
vessel 14lin the manner Refeseng e FlGads thercathade lsp?éﬂkésa‘%“qahﬁg%ﬁl’@@calw
A thouah this i ; b . .
tot t (r)\ggde a: fehngm)%ﬁ%e‘%?é 3 %?e%?? [ {ﬁ%ﬁﬁ?ﬁ%&ﬂggﬁﬂg %o y@?’ﬁ%g%]agki 'l ed

20 3 in thevaporativealurfuoe 42 extendingatherebetween nFhecendesuafaces 88460f may
be nmade 21 W t hout departing fromthe spirit and the scope of the
i nventi on4 For 22 are substantially pargllel with onganetherzg smﬂéwqiq?g‘mﬁ@ Mt act or

20 is desgribed as l;lﬂa%hﬂﬁg%% will dfi?g?? “9%? ﬁx%jﬂt&%ltt&m@ dgg?ﬁ@ﬁxﬁﬁd {most

positioned within the contactor s terhative neans of
del i vering cool ant cises thecdikede IR caf bé bat fromt st irod.0 The axial length 44 of

7 the evaporative surface 42 is preferably longer than the anticipated final

8 axial length 46 of the erosion pattern 48 along the evaporative surface 42.

9 Keeping the erosion pattern 48 between the end surfaces 38,40 minimizes
10 the possibility that the arc will leave the evaporative surface 42 of the
11 cathode 18. '
12 Referring to FIGS. 1, 3 and 4, in the preferred embodiment the

13 cathode 18 is positioned on a removable platter 50. The platter 50

14 includes a tray 52, a plurality of pedestals 54, and means 56 for rotating
15  the pedestals 54. The cathode 18 is mounted in the center of the platter
16 50, on top of a-plurality of spacers S8 (see also FIG.2) separated by
17 electrical insulators 60. Adapters 62 attached to the pedestals 54 can be
18 . used to align the substrates 12 radially outside the cathode 18.
19 ' The means.56 for rotating the pedestals 54 includes a center gear
20 64 engaged with a plurality of pedestal gears 66. Each pedestal gear 66
21 is fixed to a pedestal 54, and the center and pedestal gears 64,66 are
22 pivotly attached to the tray 52. The center gear 64 is driven by a gear 68
23 positioned inside the vessel 14. A shaft extending through the vessel wall
24 connects the gear 68 to a drive unit 70.
25 Referring to FIGS. 1 and 2, the contactor 20 includes a head 72
26 attached to a shaft 74, and means 76 for cooling the contactor 20. The
27 head 72 is positioned inside the vessel 14 and the shaft 74 extends from
28 the head 72 to outside the vessel 14. An insulative disk 78 (FIG.1)
29 electrically insulates the contactor 20 from the vessel 14. The means 76

30 for cooling the contactor 20 includes a. cooling tube 80 coaxially
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1 positioned within the shaft 74, a coolant inlet port 82 connected to the
2 cooling tube 80, and a coolant exit port 84 connected to the passage 32
3 formed between the coaxial coolant tube 80 and shaft 74. The coaxial
4 ~ arrangement between the cooling tube 80 and the shaft 74 allows coolant
5 to flow in the cooling tube 80 and exit via the passage 32 between the
6 shaft 74 and the cooling tube 80, or vice versa. The head 72 includes a
7 cup 86 and a shaft flangé 88. The shaft flange 88 is fixed to the shaft 74
8 * and the cup 86 is fixed to the shaft flange 88. The cup 86, shaft flange
9 88, and shaft 74 are fabricated from an electrically conductive material
10 such as a copper alloy. The preferred embodiment of the head 72 further
11 includes a magnetic field generator 9@.
12 Referring to FIG.1, the actuator 22 for selectively actuating the
13 contactor 20 into electrical contact with the cathode 18 includes a pair of
14 two-way actuating cylinders 92 (hydraulic or pneumatic) for acting
15 between the vessel 14 and a shaft flange 94 attached to the contactor shaft
16 74. Mechanical apparatus (not shown) may be used in place of the
17 actuating cylinders 92. A commercially available controller can be used
18 to control the position and force of the cylinders (or mechanical
19 - apparatus). |
20 In the preferred embodiment, the cathodic arc coater 10 includes
21 a biasing source 96 for electrically biasing the substrates 12. A contact-
22 type switch 98 electrically connects the biasing source 96 and the platter '
23 50. The substrates 12, which are mechanically and electrically attached
24 to the platter 50, are consequently electrically connected to the biasing
25 source 96. Other means for electrically connecting the substrates 12 to -
26 the biasing source 96 may be used aitematively.
27 Deflector shields 98 are used throughout the cathodic arc coater 10
28 to confine the vaporized cathode materials in the area of the substrates 12.
29 The shields 98 attached to the vessel 14, platter 50, spacers 58, and
30 contactor 20 help minimize undesirable material build-up on those
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the cathode 18 and an anode 26 includes a direct current (D.C.) power
supply 100. In the preferred embodiment, the positive lead 106 of the
power supply 100 is connected to the vessel 14, thereby making the vessel
14 act as an anode. The negative lead 108 of the power supply 100 is
electrically connected to the contactor 20. Alternative embodiments may
use an anode (not shown) disposed inside the vessel 14. An arc initiator
102, at or near the electrical potential of the vessgl 14, is used to initiate
the arc.

II. Operation of the Apparatus

Referring to FIG.1, in the operation of the present invention
cathodic arc coater 10, a plurality of substrates 12 and a cathode 18 are
attached to a platter 50 and the platter 50 is loaded into the vessel 14.
During loading, the platter center gear 64 engages the gear 68 disposed

. within the vessel 14 and the biasing source 96 electrically connects with

the platter 50. At this point the substrates 12 have been degreased and
Substantially cleaned, although each will likely have some molecular
contaminant and oxidation mmainiﬁg on its exterior surface. The
actuating cylinders 92 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
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connected to said vessel_.act _as said

An apparatus according to claim 1, wherein said nmeans for
| d

n*

wherej n said cat hode Is electrically insulated

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 96,
making them electrically attractive to positive ions emitted from the
cathode 18; (2) the substrates 12 are placed in motion at a particular
rotational speed; (3) the power supply 100 is set to establish an arc having
a particular magnitude of current and voltage, but no arc is initiated; (4)
the vacuum pumps 34,36 establish and maintain a particular vacuum
pressure of gas within the vessel 14; and (5) coolant flows are established
through the cooling passages 30 attached to the vessel 14 and through the
cooling passages 32 within the 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 102 is brought into and out of contact with the evaporative
surface 42 of the cathode 18, causing an arc to jump between the arc

- initiator 102 and the evaporative surface 42. The arc initiator 102 is

subsequently moved a distance away from the cathode 18, preferably
radially outside of the substrates 12. Once the arc initiator 102 is no
longer proximate the cathode 18, the arc jumps between the cathode 18
and the deflector shields 98 electrically connected to the vessel 14 (or the
vessel 14 if there are no deflector shiélds 98)'. The magnetic field
generator 90 positioned in the contactor 20 produces a magnetic field that
runs parallel to the evaporative surface 42 of the cathode 18 which drives
the arc along an arc path 104 around the evaporative surface 42 of the
cathode 18. |

The energy delivered by the arc causes the material at the cathode
spot to vaporize, thereby liberating atoms, molecules, ions, electrons, and



12 3 a head, positiohed I nsi de Salr‘d"'V?S'SG'I—“—'&FM'-
a shaft, having a bore, attached to said head, said shaflt RERLAGRMEN] BHEET
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1 particles from the cathode 18. FIG.4 shows an eroded cathode 18 in
2 phantom. The erosion is substantially symmetﬁcal relative to the arc path
3 104. The biased substrates 12 attract the ions, causing them to accelerate
4 toward the substrates 12. ‘The ions strike the exterior surface of the
5 substrates 12, attach and collectively form a coating of the cathode

-6 material. The rotation of the substrates 12 relative to the cathode 18
7 promotes uniform deposition of the coating on the substrate 12. Coolant

'8 passes through and dire;:tly cools the contactor 20, and indirectly cools the
9 cathode 18. '

10 When a coating of sufficient thickness has been deposited on the
11 substrates 12, the power supply 100 is turned off and the arc extinguished. |
12 The vessel 14 is purged with inert gas and brought to ambient pressure.
13 The contactor 20 is actuated out of contact with the cathode 18 and the
14 platter 50 is removed from the vessel 14. The substrates 12 (and cathode
15 18 if necessary) are subsequently removed and new substrates 12 (and
16 cathode 18) attached. The loaded platter 50 is then inserted back into the

17 vessel 14 in the manner described earlier and the process repeated.

18 Although this invention has been shown and described with respect
19 to the detailed embodiments thereof, it will be understood by those skilled
20 in the art that various changes in form and detail thereof may be made
21 without departing from the spirit and the scope of the invention. For
22 - example, the means 76 for cooling the contactor 20 is described as having
23 a cooling tube 80 coaxially positioned within the contactor shaft 74.
24 Alternative means of delivering coolant to the head 72 of the contactor 20
25 may be used. Another alternative embodiment of the present invention
26 includes a second contactor- (not shown) that actuates up through the
27 platter 50. The second contactor may also include means for cooling, for
28 improved cooling of the cathode.
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i nsi de said bore of said contactor shaft, 4 vvh
formed between said cooling tube and sai d, shaft; a
cool ant supply, connected to said cooli n.g_tube and said{p ssﬁ@eNmM
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shaped having a pair of end surfaces connected by an eva
wherein said actuator actuates said contactor into contact with oné o 3
4 end sunfaepsmof said cathode. 1 7. An appar at us

accordl ng to claim®6, further conprising: -
1. An apparatus for applying material by cathodic arc vapor

deposmon to a substrate, comprising:

a vessel; "

means for maintaining a vacuum in said vessel;

a cathode, positioned inside said vessel;

a contactor, positioned inside said vessel;

means for selectively sustaining an arc of electrical energy _between
said cathode and an anode, wherein said means for sustaining an arc of
electrical energy is electrically connected to said contactor; and

an actuator, wherein said actuator selectively actuates said
contactor into electrical contact with said cathode, and thereby electrically
connects said cathode to said means for sustaining an arc of electrical
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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 inside said vessel.
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2, An apparatus according to claim 1, wherein said means for
selectively 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 supply is electrically
connected to said contactor, and said positive lead is eléctrimlly connected
to said vessel, thereby making said vessel, and any member electrically
connected to said vessel, act as said anode; and
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wherein said cathode is electrically insulated from said vessel.

3. An apparatus according to claim 1, wherein said contactor
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2 comprises:
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platter;
renmoved from sai d vessel .

claim7, wherein said pl atter further 2
a pl urallty of pedestals, pivotly attached to said platter, wnereuu
substrates are-attached to said pedestals.
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a platter, for holding the substratps ' e ;
anr_ei n sai d cat hode igs el ectricall R@’lﬁ{@ﬁ%@ mﬁ:ﬁ

wherein said platter y] be sel ective
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conprijses:
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a head, positioned inside said vessel; and
a shaft, having a bore, attached to said head, said shaft extending
from said head to outside said vessel.

4, An apparatus according to claim 3, wherein said contactor further
comprises means for cooling said contactor.

S. '. An apparatus according to claim 4, wherein said cooling means
comprises: .
a cooling tube, positioned inside said bore of said contactor shaft,
wherein a passage is formed between said cooling tube and said shaft;

a coolant supply, connected to said cooling ﬁbe and said passage,
for providing a coolant within said contactor.

6. An apparatus according to claim 4, wherein said cathode is disk-
shaped having a pair of end surfaces connected by an evaporative surface,
wherein said actuator actuates said contactor into contact with one of said
end surfaces of said cathode. |

7. An apparatus according to claim 6, further comprising:
a platter, for holding the substrates and said cathode;
wherein said cathode is electrically insulated from said platter; and

wherein said platter may be selectively removed from said vessel.

8. An apparatus according to claim 7, wherein said platter further

comprises:
a plurality of pedestals, pivotly attached to said platter, wherein the
substrates are attached to said pedestals.
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further 2 conpri ses neans. for rotating SIEERL@EEMENTSSHE\EMG ein
rotating said 3 pedestal s and the at t ach¢d psubstrates—ehahges
the orientation of the 4 substrates relalveéﬁ@vgﬂg% t hofe. 1
10. An apparatus according to claim 9,1 erein said ofajing 2
sai d pedestal s conprises: 3 a cenfel..gear. pivotl

attached to said platter; 4 a pl uallty of pedestal gears,
each-fixed to one of said pedestals 5 . aN EB=epinsi ' to
said platter, and each said pedestal gear engaged 6 W|th sai d
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comprises means for rotating said pedestals, wherein rotating said

3 pedestals and the attached substrates, changes the orientation of the

4 substrates relative to said cathode.

10.  Anapparatus according to claim 9, wherein said means for rotating
said pedestals comprises: '

‘a center gear, pivotly attached to said platter;

a plurality of pedestal gears, each fixed to one of said pedestals
and pivotly attached to said platter, and each said pedestal gear engaged
with said center gear;

wherein said rotating said center gear causes said pedestal gears to

00 ~ O L A LN =

Totate.

11.  An apparatus according to claim 10, further comprising:

a drive gear, disposed inside said vessel, said drive gear attached
to a shaft which extends outside said vessel; '

wherein said drive gear is selectively engagable with said center
gear,

wherein rotating said drive gear, when engaged with said center

Nl O W =

gear, causes said center gear and pedestal gears to rotate.

12.  An apparatus according to claim 11, wherein said means for
selectively sustaining an arc of electrical energy between said cathode and
said anode comprises:

a power supply, having a negative lead electrically connected to
said contactor, and a positive la_ad electricaliy connected to said vessel,
thereby making said vessel and any member electrically connected to said
vessel, act as said anode; and

wherein said cathode is electrically insulated from said vessel.
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further conprising: 2 a drive gear, dis MQMEQ[S%@EE} )
vessel, said drive gear attached 3 to a shaf{ which extends
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sel ectively engagable with said center 44 gean; |6 _ '
wherein rotating said drive gear, when engaged w th saijd mer—7

gear, causes said center gear and pedestal gears to rotjate. 1

12. - An apparatus according to claim 11, wherein said neans for 2

selectively sustaining an arc of electrical energy between said cathode and
3 sai d anode conprises: 4 supply, having

a n‘_egat ive | ead ellBet riABRPDATAWS Jecqrding;'g claim 7, ﬁlrﬂler%g&%\éﬁ@gm actor, and a
posi-t | ve ead electri Cadbiﬁgiﬁgr&aﬂx%,eﬂortéle&ﬂéﬂly"lﬁﬁﬁﬁt the substrates;

3 means for electrically connecting said biasing source to the
4 substrates.

14.  An apparatus according to claim 13, wherein said means for
electrimily connecting said biasing source to the substrates electrically
connects said biasing source to said platter, and said platter is electriéally
connected to the substrates.
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15.  An apparatus accbrding to claim 7, further comprising:

a plurality of spacers; "

an insulator pad, disposed between said spacers, said insulator pad
electrically insulating said spacers from one another; '

wherein said spacers and said pad are disposed between said
cathode and said platter, thereby electrically insulating said cathode from
said platter.
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" 16.  An apparatus according to claim 1, wherein said cathode is disk-

shaped having a pair of end surfaces connected by an evaporative surface;

wherein said actuator actuates said contactor into contact with one

of said end surfaces of said cathode, thereby electrically connecﬁng said

cathode to said means for selectively sustaining an arc of electrical energy
between said cathode and said anode.
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" 17.  An apparatus according to claim 16, wherein said contactor
comprises:
a head, positioned inside said vessel; and _
a shaft, having a bore, attached to said head, said shaft extending
from said head to outside said vessel.
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13. An apparatus acgcording to claijmi{7, further
a bi asi n_gfio

urce, for elledt rEMOY B:si

ng

18.  Anapparatus according to claim 17, wherein said contactor further

comprises means for cooling said contactor.

19.  An apparatus according to claim 18, wherein said cooling means

" comprises:

a cooling tube, positioned inside said bore of said contactor shaft,
wherein a passage is formed between said cooling tube and said shaft;

a coolant supply, connected to said cooling tube and said passage,
for providing a coolant within said contactor.

20. An apparatus accordmg to claim 1, wherein said actuator
comprises a selectively actuating cylinder connected to said contactor shaft
outside said vessel, wherein said actuating cylinder selectively actuates
said contactor into electrical contact with said cathode by moving said
contactor into and out of physical contact with said cathode.
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1 ABSTRACT OF THE DISCLOSURE

An apparatus for applying material by cathedic arc deposition to
‘a substrate is provided which in_clﬁdes a vessel, means for maintaining a
vacuum in the vessel, a cathode, a cdntactor, means for selectively
sustaining an arc of electrical energy between the cathode and an anode,
and an actuator. Thecammdeznulconummuran:poﬁﬁonedinﬁdethe
vessel, and the contactor is electrically connected to the means for |
sﬂanknﬂysumahﬁnganﬁn:ofekxxﬁautxmngy.'TheacREMQrsﬂanhnﬂy
actuates the contactor into electrical contact with the cathode, and thereby
 electrically connects the cathode to the means for sustaining an arc of
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TEXT OF THE ABSTRACT

CATHODIC ARC VAPOR DEPOSITION APPARATUS

An apparatus (10) for applying material by cathodic arc deposition to a substrate (12) is
provided which includes a vessel (14), means (16) for maintaining a vacuum in the vessel (14),
a cathode (18), a contactor (20), means (24) for selectively sustaining an arc of electrical
energy between the cathode (18) and an anode (26), and an actuator (22). The cathode and
contactor are positioned inside the vessel, and the contactor is electrically connected to the
means for selectively sustaining an arc of electrical energy. The actuator selectively actuates
the contactor into electrical contact with the cathode, and thereby electrically connects the
cathode to the means of sustaining an arc of electrical energy.

Figure 1.
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