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BACKGROUND OF THE INVENTION
1. Technical Field

This invention relates to vapor deposition appamtixs in general,
and to production sysfems in particular. '
2. Background Information

Vapor deposition as a means for applying a coating to a
substrate is a known art that includes processes such as chemical vapor
deposition, physical vapor deposition, and cathodic arc vapor
deposition. Chemical vapor deposition involves introducing reactive
gaseous elements into a deposition chamber containing one or more
substrates to be coated. Physical vapor deposition involves providing a
source material and a substrate to be coated in a evacuated deposition
chamber. The source material is converted into vapor by an energy
input, such as heating by resistive, inductive, or electron beam means.
Cathodic arc vapor deposition involves a source material and a
substrate to be coated placed in an evacuated deposition chamber
containing only a relatively small amount of gas. An arc, traveling
between the cathode and an anode, vaporizes the cathode into a plasma
containiﬁg atoms, molecules, ions, electrons, and particles. Positively
charged ions liberated from the cathode are attracted toward any object
within the deposition chamber having a negative electric potential

-relative to the positively charged ion. Some deposition processes

maintain the substrate to be coated at the same electric potential as the
anode. Other pr(‘>cesses use a biasing source to lower the potential of
the substrate and thereby make the substrate relatively more attractive
to the positively charged ions. In either case, the substrate becomes
coated with the vaponzed material liberated from the cathode
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deposition, and cathodic arc vapor 10

deposi tion. Chem cal vapor

deposi tilon invol ves i rﬂmmﬂﬂglavgilmuﬂwdicm coaters typicalhseseus cadledrent s i nto

a deposition chanmb
coat ed. 2Phy5| cal %

or, nore 12

N e 'of icBolant*

chanber. The source nateri | 'S converted |n 0 vapor by n energy 15

i nput, duch as hédetweeg the m&odsm&mamfoﬂ;eAmoﬂxuecheﬂeemsmollashm means.

Cat hodi . .d Lt t 7
Substrade to be GIRINEGoRhestsiito 2 bNOW Safbodeo X Rutbikn wilh, e sfhsile o
cont ai nig\g only 3 fifk M YethddeSmBst! beaﬁﬁélﬁﬂed)fo &2ept the nidrfifold bawlmg

7
8
9
10
11
12
13
14
15
16
17
18
19.
20
21
22
23
24
25
26
27
28
29
30

Not all cathode materials are amenable to machining and even where
possible, machining adds significantly to the cost of the consumable
cathode. Another problem with the above described “direct cooling”
schemes is the labor and time required to replace the cathode when its
useful life has expired. In the prévious example where a manifold (or
piping) is mechanically attached to the cathode, the manifold (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 labor costs and down time can be considerable.

Present vapor deposition coaters are typically not well adapted
for production exivironments, where it is desirable to establish a
continuous, high-volume stream of parts passing through numerous
manufacturing operations. Continuous processing helps minimize
downtime between operations and speeds up production rates.
Presently available low volume laboratory coaters commonly use the
previously mentioned fixed cathode that must be replaced after one or
two runs. The effort required to replace the cathode, and the limited
volume of laboratory coaters, make laboratory coaters an impractical
means of providing a continuous, high-volume stream of coated parts.
High-volume batch coaters, on the other hand, are capable of coating
large numbers of parts, but do not provide a continuous stream.
Spécifimlly, the length of time required to fill a large batch coater
from upstream manufacturing operations and the duration of the coating
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19 bet ween the cat hode and an anode, vaporizes the cathode into a

pLasma 20 contai ning atons, nol ecules, ions, electrons, and
particles. Positively 21 o charged ions liberated fromthe cathode
are attracted toward any object 22 wi thin the deposition chanber
havi ng a negative electric potential 23 relative to the positively
- charged ion. Sone deposition processes 24 - mai ntain the substrate
~to be cdated at tron makesargectriteti coapers dlbisuited fos cohtimitius production anode. O her
processes use a biasing source to |lower the potential of 26 t he

substrat® and t heEM¥HONMEME- t he substrate relatively nore attractive 27

Coat oa W ih the vapori Dot et ekl BLa T8 dcpOFoN PRUEHS saTe 20

4 that operates efficiently, one capable of repeatably providing a high

5 quality coating on a substrate, one capable of providing a continuous,
6 high-volume stream of coated parts, and one that operates cost
7 effectively.
8 DISCLOSURE OF THE INVENTION
9 It is, therefore, an object of the present invention to provide a
10 vapor deposition production system capable of producing a high quality
11 coating on a substrate. |
12 It is an object of the present invention to provide a vapor
13 deposition production system capable of providing a continuous high-
14 volume stream of coated substrates.
15 It is an object of the present invention to provide a vapor
16 deposition production system that operates éfﬁciently and cost
17 effectively.
18 According to the present invention, a vapor deposition
-19 production system for coating substrates is provided which includes a
- 20 plurality of vapor deposition coaters, a plurality of platters, a platter
21 " docking station, a shuttle track, and means for transporting the platters
22 between the coaters and the platter docking station. The shuttle track
23 connects the platter docking station and the coaters. Platters selectively
24 removed from the coaters are transported along the shuttle track to the
25 platter docking station where processed substrates are unloaded from
26 the platters and unprocessed substrates loaded on to the platters.
27 An advantage .of the present invention is that a vapor deposition
28 production system for coating substrates is provided that is capable of
29 producing a continuous high-volume stream of coated substrates. One
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2 1 , Presently avai | abl e cathodic arc coaters typically

use a cooled 2 cathode fixed inplace within the coater. One
cobol ing schene provides 3 a manifold attached to the cathode that
permts the passage of coolant 4 bet ween the cat hode and
mani f ol d. Anot her scheme uses cool ant 5 pi pi ng connected to a
hol | ow cat hode. A problemw th either schene 6 Is that the
cat hode Inust be rchatacteristic that givesithe pmsunnnfmibondhatmap'ablbty isthe Not
SRR AR, S R R R
3 connected to a cooling source, requires minimum machining, and is
4 easily installed and removed. Downtime attributable to cathode
5 removal and installation is effectively eliminated. Another
6 characteristic that gives the present invention production system the
7 capability of producing a continuous high-volume stream of coated
8 substrates is the handling system which includes the platters, shuttle
9 track, and platter docking station. These elements, by themselves,
10 minimize the time and labor required to process a large volume of
11 parts. Automation of the coaters,' platters, shuttle track, and platter
. 12 docking station, as is later described, can even further reduce the time
13 and labor reqﬁired, and facilitate production of a high-volume stream of
14 coated substrates. | .
15 Another advantage of the preseht invention is that an efficient,
16 cost effective vapor deposition production system for coating substrates
17 is providéd. The characteristics stated above that give the present
18 invention production system the capability of producing a continuous
19 high-volume stream of coated substrates are the same characteristics
20 that make it efficient and cost effective. In addition,: the relatively
21 inexpensive form of the consumable cathode (e.g., minimal machining
2 - required) minimizes the cost per run, consequently increasing the cost
23 effectiveness of the system.
24 These and other objects, features and advantages of the present
25 | invention will become apparent in light of the detailed description of
26 the best mode embodiment thereof, as illustrated in the accompanying
27 drawings.
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9 cat hode. Another problemw th the above described "direct

cooling" 10 schemes is the labor and tine required to replace the
cat hode when its 11 useful life has expired. In the previous
exanpl e where a manifold (or 12 pi ping) is nechanically attached
to the cathode, the manifold (or 13 pi pi ng) nust be detached from
the old cathode and attached to a new 14 one, and the deposition
chanber 1subsequeBRIEF DESCRIPTION OF THE DRAWINGS t hose

applicagions which re re cat hode repl gcene after each, coating 16
run, the& |abor costs ﬁé Liisidiegram chn pmsgmlgvequpnvapor

Present gvapor deg adapted 18
for pro?juction en ronm%y%ﬁlt %g‘ﬂsé XU%P'& o establ ish a 19
cont i nudus, hi gh- voI uFIGs2 maadiagfannmﬁcsvmwsaﬁmﬁﬂﬂxelpbhalitymﬁmﬁo
manuf acfuri ng opergtions. Contijnuous pyocessin s m ni ere 21
ownt | nS. bet v e BIERoh EVEREON PR degpsion & of
Present gy avai l aghfsgla / vol ume | aboratory coaters commnl y use the 23
previ ously mentione | xed cat hode that nust be replaced after one or
FIG.3 is a diagrammatic embodiment of a disk-shaped cathode

8 and contactor of a present invention coater.

9 FIG.4 is a diagrammatic embodiment of an annular-shaped

10 cathode and contactor of a present invention coater.

11 FIG.S is a diagrammatic top view of a platter.

12 FIG.6 is a sectional view of the platter shown in FIG.5.

13 FIG.7 is a diagrammatic perspective Viéw of the shuttle car,

14 bearing a platter, on a section of shuttle track.

15 BEST MODE FOR CARRYING OUT THE INVENTION

16 I Apparatus

17 Referring to FIGS. 1 and 2, a vapor deposition production

18 system 10 for coating substrates 12 includes a plurality of vapor

19 deposition coaters 14, a plurality of platters 16, a platter docking
20 station 18, a shuttle track 20, and means 22 for driving a platter 16
21 " between a coater 14 and the platter docking station 18. The vapor
22 deposition coaters 14 are preferably cathodic arc type coaters, although
23 other vapor deposition coaters may be used alternatively.  Each
24 cathodic arc coater 14 (see FIG.2) includes a vessel 24, means 30 for

25 maintaining a vacuum in the vessel 24, a contactor 32, an actuator 34
26 for selectively actuating the contactor 32 into electrical contact with the
27 cathode 36, and means 38 for sustaining an arc of electrical energy
28 between the cathode 36 and an anode 39. A coolant supply 40
29 maintains the coater 14 within acceptable temperatures by cycling
{F-7769} 5 e
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24 two runs. The effort required to replace the cathode, and the
limted 25 vol ume of laboratory coaters, make | aboratory coaters
ah inpractical 26 means of providing a continuous, high-vol une
stream of coated parts. 27 - Hi gh-vol unme batch coaters, on the

ot her hand, are capable of coating 28 | arge nunmbers of parts, but
do not provide a conti nuous stream 29 Specifically, the length

of timelrequiredcbolaht throwgh cuoling patsafesc4446willin the vessel 24 fnudm upst ream
manuf acturi ng operati ons_and the duration of ;the coating

3 2 contactor 32, The means 30 for maintaining a vacuumin the vessel 24

3 preferably includes a mechanical rough vacuum pump 50 and a high-

4 volume diffusion-type vacuum pump 52 piped to the interior of the

5 vessel 24, Other vacuum means may be used alternatively. The means

6 38 for sustaining an arc of electrical energy between the cathode 36 and

7 an anode 39 mcludes a direct current (D.C.) power supply 54. The

8 vessel 24 is preferably electncally connected to act as an anode,

9 although an anode (not shown) may be positioned within the vessel 24.
10 An arc initiator 56, maintained at or near the electrical potential of the
11 anodic vessel 24, is used to initiate an arc.

12 | _ The contactor 32 includes a head 58 attached to a shaft 60, and
13 means 62 for cooling the contactor 32. The head 58 is positioned
14 inside the vessel 24 and the shaft 60 extends from the head 58 to
15 outside the vessel 24. An insulative disk 64 electrically insulates the
16 contactor 32 from the vessel 24. The means 62 for cooling the
17 contactor 32 prefeiably includes a cooling tube 66 coaxially positioned
18 within the shaft 60, a coolant inlet port 68 connected to the cooling
19 tube 66, and a coolant exit port 70 connected to the passage 46 formed
20 between the coaxial coolant tube 66 and shaft 60. The coaxial
21 arrangement between the cooling tube 66 and the shaft 60 allows
22 coolant to flow in the cooling tube 66 and exit via the passage 46
23 between the shaft 60 and the cooling tube 66, or vice versa. The head
24 58 (see FIGS. 3 and 4) includes a cup 72 and a magnetic field
25 generator 74. The magnetic field generator 74 is disposed within the
26 cup 72 and the cup 72 is fixed to the contactor shaft 60. The magnetic
27 field generator 74 generates a magnetic field that runs parallel to the
28 evaporative surface 88 (described below) of the cathode 36. The
29 actuator 34 (see FIG.2) for selectively actuating the contactor 32 into
30 electrical contact with the cathode 36 includes a pair of two-way
{R-7760} 6 T
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1 run make | arge batch coaters ill suited for continuous

production 2 environnents. 3 In short, what is
needed i s a vapor deposition production system4 that operates
efficiently, one capable of repeatably providing a high 5 qual ity

coating on a substrate, one capable of providing a continuous, 6
hi gh-vol ume stream of coated parts, and one that operates cost 7
ef fectively. 8 actuating cylinder$ST8 (hydaulid-ofl pheundticattig Between a shaft

s erel oo 2 B Skn ol S BASBET el 45 o e S 1. O

3 Mechanical apparatus (not shown) may be used in place of the

4 actuating cylinders 78.

5 Deflector shields 82 are used throughout the coater 14 to .

6 confine the vaporized cathode materials in the area of the substrates 12,

7 The deflector shields 82 attached to the vessel 24 , platter 16, and

8 contactor 32 also minimize undesirable material build-up on those

9 surfaces. In the preferred embodiment, the deflector shields 82
10 attached to the vessel 24 are electrically connected to the vessel 24 and
11 are made of an electrically conductive material resistant to corrosion,
12 such as stainless steel.
13 In a first embodiment (FIG.3), the cathode 36 is a cylindrical
14 disk having substantially parallel first 84 and second 86 end surfaces, _
15 and an evaporative surface 88 extending therebetween. In a second
16 embodiment (FIG.4), the cathode 36 is an annulus having substantially
17 parallel first 84 and second 86 end surfaces, and an evaporative surface
18 88 and bore 90 extending between the end surfaces 84,86.
19 Referring to FIGS. 1,5, and 6, a platter 16 for holding the
20 cathode 36 and substrates 12 is mounted on rollers 92 for easy insertion
21 | and removal from the vessel 24. The platter 16 (see FIGS. 5 and 6)
22 " includes a tray 94, a plurality of pedestals 96, a rack gear 98 attached
23 ~ to aside of the platter 16, and means 100 for rotating the pedestals 96.
24 The cathode 36 is mounted in the center of the platter 16 (see FIGS. 3
25 and 4), on top of a spacer 102 and an electrical insulator 104, The
26 ~ means 100 for rotating the pedestals 96 may, for example, include a
27 center gear 106 engaged with a plurality of pedestal gears 108. Each -
28 pedestal gear 108 is fixed to a pedestal 96, and the center 106 and
29 pedestal 108 gears are pivotly attached to the tray 94. A gear 110 (see
30 FIG.2) positioned inside the vessel 24 engages the center gear 106
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10 vapor deposition production system capabl e of producing a high

quality 11 coating on a substrate. 12 It is an
obj ect of the present invention to provide a vapor 13 deposi tion
producti on system capabl e of providing a continuous high- 14
vol une stream of coated substrates. 15 It is an object of

- the present invention to provide a vapor 16 deposi tion production

system tlhat oper ayifn thé plattee 16liy patilosetSinsilié the vessel 24. &f &eaf¥ 11221 y. 18
According to the present invention, a vapor deposition 19

product ifon syst efxiesdingthrouglh the vessehwall connactsothe gear W) thadsiveamits a 20

plurality of vap e bt el Lt.Ve. I pl atter
21 4 docalbg QF%P i‘*&ﬁ?‘dgygﬁ‘f’f"e’a@ggg kfall %’%@Esﬁp%ﬁ% }51%5 porting
the platters 22 A second geabédl4vand dtive uaitaD2) provide %hhnilﬁrahmeli%rd&lf(rki ng
station._. The shuttle track 23 _ connect s e platter, docking
stationdand the JBEYAEthe éﬁ&?"t 6 nagd 9&?6@99’3@ 2. .'ﬁ‘e second.geAfed from t he

coaters gre tranyial pedrandy msidd the Vedstl 54, éngages'the ritk gear 98 attached

7 to the platter 16. A shaft 116 extending through the vessel wall
8 connects the second gear 114 to the second drive unit (D2).
9 Each coater 14 preferably includes a biasing source 118 for

10 electrically biasing the substrates 12. A contact 120, which makes

11 electrical connection with the platter 16, electrically connects the

12 biasing source 118 to the substrates 12 when the platter 16 is installed

13 in the vessel 24. Other means for electrically connecting the substrates

14 12 to the biasing source 118 may be used alternatively.

15 Referring to FIG.7, the preferred means 22 for driving a platter
16 16 between a coater 14 and the platter docking station 18 is a shuttle
17 car 122. The shuttle car 122 includes a pair of tracks 124 for receiving

18 the rollers 92 of a platter 16, a set of rollers 125 for travel along the

19 shuttle track 20, a third drive unit (D3) for driving the shuttle car 122

20 - along the shuttle track 20, and a fourth drive unit (D4) for loading a

21 platter 16 onto, and off of, the shuttle car 122. The third drive unit

22 " (D3) may, for example, be connected to a gear 126 engaged with a

23 rack gear 128 attached to the shuttle track 20.

24 Referring to FIG.1, the platter docking station 18 includes a

25 first 130 and a second 132 dock. Each dock 130,132 includes means

26 134 for loading and unloading a‘ platter 16 into and out of the dock

27 - 130,132, respectively. For example, the means 134 for loading and

28 unloading a platter 16 from the dock 130,132 may include a gear 136

29 engagable with the rack gear 98 of each platter 16, driven by a fifth

30 drive unit (D5) attached to each dock 130,132. The means 134 for
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25 pl atter docking station where processed substrates are

unl oaded from 26 the platters and unprocessed substrates | oaded
oh to the platters. 27 An advant age of the present
invention is that a vapor deposition 28 production system for
coating substrates is provided that is capable of 29 produci ng a
conti nuous hi gh-volume stream of coated substrates. One
4 1 loading and unloading a platter 16 from the dock 130,132 further
2 includes a pair of tracks 138 to support the rollers 92 of each platter
3 16.
4 Each drive unit (D1-DS), includes a commercially available
S “drive” which comprises an electric motor coupled with a gear box
6 (not shown). A commercially available position indicator (not shown),
7 such as a shaft-type or a linear-type encoder, is used to indicate relative
8 position. For example, a shaft-type encoder connected to the third
9 drive unit (D3) can be used to determine shuttle car 122 position by
10 equating third drive unit (D3) shaft rotations to linear distance from a
11 known reference point. Alternatively, shuttle car 122 (or platter 16)
12 position could be determined by other means such as limit switches,
13 etc.
14 A controller 140 having a central processing unit, an input
15 device, an output device, and a memory storage device is used to
16 control each of the coaters 14 and the shuttle car 122, shuttling platters
17 16 between the coaters 14 and the platter docking station 18. A wide
18 variety of controllers 140 are commercially available. Accordingly, the
19 details of the controller 140 shall be omitted hefe in favor of the
20 functional requirements of the controller.
21 I Qperation of the Apparatus
22 Referring to FIG. 1, in the operation of the present invention
23 | vapor deposition production system 10 for coating substrates 12, an
24 empty platter 16 is positioned in the first dock 130 of the platter
25 docking station 18. An operator (not shown) loads a cathode 36 and
26 substrates 12 to be coated onto the empty platter 16. At the same time,
27 a second platter 16 loaded with coated substrates 12 is cooling in the
28 second dock 132 of the. platter docking station 18. At this point m
29 time, one of the coaters 14 is empty, waiting to receive a platter 16
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1 characteristic that gives the present invention that capability

is the 2 - cathode utilized in each coater. Specifically, the
cathode is not directly 3 connected to a cooling source, requires
m ni mrum machining, and is 4 easily installed and renpved.
Downtinme attributable to cathode 5 renmoval and installation is
effectively elimnated. Another 6 characteristic that gives the

present li nventi obw'mgisubsms 3236?mcbh(ed7 After the first piauterglﬁ istlpaded proﬁum ng
a conti nuous hi gh-, am of coat strat es is the
handl i ng syst em W %&@E@f’u@é@@ ﬁlﬁbsﬁlaﬁﬁtlg the first; platter g% isremoved {ack, and
pratt er 3docki Ny Hof W firsf BESE 150 ﬁﬁ@ﬂ:{aged Bitol € MY Ear 122, The

mnimze the tine an or required rocess a large vol une of 11
parts. Automatloshmﬂeunelma'amp@rtsphatdadukplasbnwIt@theranktymatérﬁMatter 12

cocky 19551 20100 428 il e bamain BRRosd S W St e e L1 e 13

6 Referring to FIG.2, when the platter 16 is inserted into the

7 - coater 14, the actuating cylinders 78 actuate the contactor 32 into

8 contact (physical and electrical) with the cathode 36 and the vessel 24

9 is closed. The mechanical rough vacuum pump 50 is subsequently
10 operated to evacuate the vessel to a predetermined pressure. Once that
11 pressure is reached, the high-volume diffusion vacuum pump 52 is

12 operated to further evacuate the vessel 24 to near vacuum conditions.

13 The substrates 12 are then cleaned of any remaining contaminants

14 and/or oxidation by a method such as “sputter cleaning®. Sputter

15 cleaning is a process well known in the art and will not be described in
16 detail here. Other cleaning methods may be used alternatively. While
17 the substrates 12 are cleaned, the contaminants are purged typically

18 using an inert gas.

19 Prior to initiating an arc several steps are completed, mcludmg
20 (1) the biasing source 118 is activated and the substrates 12 are
21 electrically biased; (2) the substrates 12 are placed in motion at a
22 " particular rotational speed; (3) the power supply 54 is set to establish
23 an arc having a particular magnitude of current and voltage, but no arc
24 is initiated; (4) the vacuum pumps 50,52 establish and maintain a
25 particular vacuum pressure of gas within the vessel 24; and (5) coolant
26 flows are established through the vessel cooling passages 44 and the
27 contactor cooling passages 46. Specific process parameters will depend
28 upon factors such as the substrate 12 material, the material to be
29 coated, and the desired characteristics of the coating, etc.
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14 _ coated substrates. 15 Anot her advant age of
the present invention is that an efficient, 16 cost effective
vapor deposition production systemfor coating substrates 17 S
provi ded. The characteristics stated above that give the present 18

I nvention production systemthe capability of producing a continuous 19
hi gh- vol une stream of coated substrates are the sane characteristics 20
that nalle it effici enOmeedhe aforemédtioned steps haveabebnt completedctheadrat i vel y 21

[ [ f f. th bl th .Q,, mni chi ning 22
ngmoreggl)vreﬁ ni();nmi‘ggatpﬁgé'%g%g‘érafgﬂg\?“‘eﬁgg@gﬂgm ?r}}'?dﬁnié@rﬁg‘q he cost 23
effectiyeness of 4p &:t&ﬁ’ﬁ%?ﬂ% ﬁ%%})ectrically copnected to thé MnoGic AREsep RS ' TRP! €Ct S,

features and advant ages resen I'nventron Wi becone
appar en# i n | i ghtmaghetidficldegenetatal 74 subsequiently drived the arc along an afte best node

. - in th | g, 27
oo g™ ter e Qhin 72 (see H6!5) dround ‘the cvaporative surface 88 of the cathode

dr awi ngs.
’ 6 36. The energy delivered by the arc causes the material at the cathode
7 spot to vaporize, thereby liberating atoms, molecules, ions, electrons,
8 and particles from the cathode 36. FIG.3 shows an eroded cathode 36
9 in phantom. The erosion is substantially symmetrical relative to the arc
10 path ‘142. The biased substrates 12 attract the ions, causing them to
11 accelerate toward the substrates 12, attach and collectively form a
12 coating of the cathode material. Rotation of the substrates 12 relative
13 to the cathode 36 promotes uniform deposition of the coating on the
14 substrate 12. Coolant passing through the contactor 32 directly cools
15 the contactor 32, and indirectly cools the cathode 36. When a coating
16 of sufficient thickness has been deposited on the substrates 12, the
17 power supply 54 is turned off and the arc extinguished. The vessel 24
18 is purged with inert gas and brought to ambient pressure. The
19 contactor 32 is actuated out of contact with the cathode 36, the vessel
20 24 opened, and the platter 16 is removed from the vessel 24 and placed
21 onto the shuttle car 122, .
22 Referring to FIG.1, during the coating run, the empty shuttle
23 car 122 returns to the platter docking station 18 and the second platter
24 16 is transported across the shuttle car 122 to the first dock 130. The
25 shuttle car 122 then travels to the next coater 14 to be emptied,
26 receives the platter 16 bearing coated substrates 12 and transports the
27 ~ platter 16 to the platter docking station 18, where the platter 16 is
28 transferred to the second dock 132, Thus, the cycle of coating
29  substrates 12 repeats itself.
{F-7769} 11 e
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5 1

BRI EF DESCRI PTI ON OF THE DRAW NGS 2 : FI G

1 is a diagramatic view of the present invention:-vapor 3
deposition production system for coating substrates.
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The controller 140 provides the command logic for coordinating
the tasks of transporting platters 16 along the shuttle track 20, and
within the platter docking station 18. For example, the operator (not
shown) enters a command to transport the shuttle car 122 bearing a
platter 16 from a particular coater 14 to the platter docking station 18.
The oohtroller 140 compares the actual position of the loaded shuttle
car 122 with the stored reference value of the platter docking station 18
and commands the third drive unit (D3) to transport the shuttle car 122
to the platter docking station 18. A real time signal from the position
indicator sensing the actual position of the shuttle car 122 is sent to the
controller 140 until, the actual position signal coincides with the
reference value associated with the platter docking station 18. Similar
control logic is used to move the platters 16 in and out of the first 130

-and second 132 docks and in and out of the coaters ‘14.

The controller 140 also provides the command logic for
operating each coater 14. The described steps of: (1) opening the
vessel 24; (2) actuating the contactor 32 into electrical contact with the
cathode 36; (3) operating the vacuum pumps 50,52 to evacuate the
coater 14; (4) biasing the substrates 12 via the biasing source 118; (5)
rotating the substrates 12 by driving the gears 106,108 attached to the.
platter 16; (6) creating a potential difference between the cathode 36 -

" and the anodic vessel 24 via the power supply 54; and (7) initiating an

arc between the cathode 36 and the deflector shields 82 (or vessel 24);
are all coordinated by commands stored within the controller 140. The
commands can be created and stored in the form of a software program
using a commercially available computer software programming
language.

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

{F-7769} 12
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4 FIG2 is a diagrammatic view of one of the plurality of

coaters 5 I n the present invention vapor deposition production
system for coating 6 substrates. 7 FIG3 is a
di agranmati ¢ enbodi ment of a di sk-shaped cathaode 8 and cont act or
of a present invention coater. 9 FIG4 is a diagrammatic
enbodi nent of an annul ar-shaped 10 cat hode and contactor of a
present 11 nvent i ofha§®tMade without departing from the 5pifit and $het @faperati c top
view of a platter. 12 FIG6 is a sectional view of the

pl atter2shown i ninveatien. Fer example, the describedrplatter dockingastatipnabihrisa

Cect | ondof _shut t PR yart cdbebie'or sfistying e ppesevBllich MicBhieile 1 °
| NVENTI N 16 system 10. Mopatanplex systems capable of handling more than two

platters 16, such as a turret, may be used alternatively. Another

change from the best mode may be found in the drive units. For

example, a linear motor could be used to drive the shuttle car and
hydraulic actuators could be used to move a platter 16 on and off the
shuttle car 122.

O 0 3 O W
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17 Referri ng to FIGS. 1 and 2, a'vapor deposi tion

o MR oo Sont e o
| AQ

platters 16, a*platter mdoe 20 station 18, a shuttle track 20,
and neans 22 for driving a platter 16 21 bet ween-a coater 14 and
the platter docking station 18. The vapor 22 - deposition coaters
14 are preferabl Weelaimdi c arc type coaters, although 23 ot her

vapor deposition, coaters nmay, be _used al ternatively. JEach 24

cat hodi ¢ arc coater 13\'@5*?@“29“? cRRn; system far-goating sHbstres3o for 25
mai nt ai Bi Ng a vagymbifed e vessel 24, a contactor 32, an actuator 34 26
for selectively act atlﬁg the contactor 32 into electrical contact with the

27 3 cat hode aflumlity ofwapor d8pésitiosctersni ng an arc of el ectrical
energy 28 bet t he cathode 36 and an anode 39. A cool ant
supply 40 29 a PhRIZHERS: coater 14 within acceptabl e
t enper agures by cycli A%latter docking station;

6 ' a shuttle track, connecting said docking station and said coaters;

7 means for transporting said platters between said coaters and

8 said docking station;

9 wherein said platters are selectively transported between said

10 coaters and said docking station via said shuttle track, and into, and out
11 of, said coaters.

1 2. A vapor deposition production system according to claim 1,

2 further comprising:

3 a controller, having a central processing unit, connected to said

4 coaters and said means for transporting said platters, wherein said

5 controller controls the operation of said coaters and the operation of

6 said means for transporting said platters.

1 3. A vapor deposition production system according to claim 2,

2 * "wherein said means for transporting said platters between said coaters

3 and said docking station, comprises:

4 a shuttle car, adapted for travel along said shuttle track, having

5 a drive means for propelling said shuttle car.

1 4, A vapor deposition production system according to claim 3,

2 wherein each said coater comprises: '

3 a vessel;

4 means for maintaining a vacuum in said vessel;

{F-7769} 14
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cool ant™ t hrough cool i ng passages 44,46 within the vessel

?ﬁeaCSssglllm}llllullllllﬂﬂ”iﬂCtBie?’éaﬂ‘i reans 30 o1 e ntaining & vacuumin

punp 50 and a

vol une diffusion-type vacuum punp 52 pi ped

to the |nter|or of the vessel 24. Ot her vacuum neans nmay be
used alternatively. The rreans

O 00 ~1 O W

10
11
12
13
14
15
16
17
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a cathode, mounted on one of said platters;

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 selectively
sustaining an arc of electrical energy is electrically connected to said
contactor; and

an actuator, wherein said actuator selectively actuates sald
contactor into contact with said cathode, and thereby electrically
connects said cathode to said means for sustéining an arc of electrical
encrgy; -

wherein said controller controls operation of said means for
maintaining a vacuum in said vessel, and said means for selectively
sustaining an arc of electrical energy, -and said actuator.

S. A vapor deposition production system 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, thereby electrically connecting
said cathode to said means for selectively sustaining an arc of electrical

. energy.

6. A vapor deposition production system according to claim 5,
wherein said coater further comprises means for driving said arc around
said evaporative surface, wherein said means for driving said arc is

~ positioned in close proximity to said cathode, and said means for

driving said arc produces a magnetic field that permeates said cathode.

- 1. A vapor deposition production system according to claim 4,

wherein said cathode is annular-shaped having a pair of end surfaces,

{F-7769} | 15
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6 . 38 for sustaining an arc of electrical energy between the

cat hode 36 and 7 an anode 39 includes a direct current (D.C.)
power I ‘m “ vessel 24 is preferably electrically
conneJmmm ”I mulsanode, 9 al t hough an anode (not shown)
may be posgitiontd Within the vessel 24. 10 An arc initiator 56,
mai ntai ned at or near the electrical potential of the 11 anodi c
vessel 24, is usand amevaporative sutfaceaand a bofe extending between said éfide cont act or
32 inclpydes a head,58 attached to a shaft 60, and 13 means - 62
for codting the Y55t or 32. The head 58 is positioned 14 i nsi de

the vesgel 24 and theysafd i@ 26mh@P derbtes BiddnbRas ig%léyl&l:tf]ig}l ates the 16

out si de the vessel 24. _An I nsul ative disk 64 electric
cont actér 32 fr ocontdct withssaid cathode]theneby elecaivally connesting gaidrcathiode

contactor 32 preferably ingludes.a,cooli.ng tube 6 oaxi al | ositioned 18
W thin The shat  ocid meatfor fefeptyely SFusifihgc At o A G PHBcool | ng. 19
tube 66, and a cool ant exit port. 70 connected to the passage 46 forned 20

bet ween the coaxi al cool ant tube 66 and shaft 60. The coaxi al
1 8. A vapor deposition production system according to claim 7,

wherein said coater further comprises means for driving said arc around
said evaporative surface, wherein said means for driving said arc is
positioned within said bore of said cathode, and said means for driving
said arc produces a magnetic field that permeates said cathode.

Lt & W N

9. A vapor deposition production system according to claim 4,
wherein said contactor comprises:

a head, positioned inside said vessel;

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

i W N

10. A vapor deposition production system according to claim 9,
wherein said platter further comprises selectively rotatable pedestals,
for supporting the substrates.

11. A vapor deposition production system according to claim 10,
further comprising:

a biasing source, for electrically biasing the substrates attached
to said platters positioned within said coaters;

means for electrically connecting said biasing source to the
substrates.

AN W WD -
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arrangenent between the cooling tube 66 and the shaft 60

aIIows 22 to flowin the cooling tube 66 and exit via the
passage 43‘%““’ mﬁ‘m‘“mt ween the shaft 60 and the cooling tube 66, or
Vi ce vers 58 (see FIGS. 3 and 4) includes a cup 72
and a magnetic field 25 generator 74. The magnetic field

generator 74 is disposed within the 26 cup 72 and the cup 72 is

fixed tg the conct oA ¢dpridep6sitidh prodactic systetn according to cldimelf gener at or
74 generates a gnetlc field that runs parallel tq . the_ 28

evapor agi ve surf sgid aneans farjelgetrisally eennesting: said biasingssourgestoy g

ol cotri el cont ol TiPptaeR EeBfieRlt bicts ald Fakifg shilte igRater” 1M © 0

4 and said platter is electrically connected to the substrates.

13. A vapor d'eposition production system according to claim 12,
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.

N N B W e

14. A vapor deposition production system according to claim 13,
wherein said coater further comprises means for driving said arc around
said evaporative surface, wherein said means for driving said arc is

positioned in close proximity to said cathode, and said means for

h & W N -

driving said arc produces a magnetic field that permeates said cathode.

15. A vapor deposition production system according to claim 12,
wherein said cathode is annular-shaped having a pair of end surfaces,
~and an evaporative surface and a bore extending between said end
surfaces; .
wherein said actuator actuates said contactor into electrical
contact with said cathode, thereby electrically connecting said cathode
to said means for selectively sustaining an arc of electrical energy.

LS B - SV T - I S

16. A vapor deposition production system according to claim 15,

b

wherein said coater further comprises means for driving said arc around
3 said evaporative surface, wherein said means for driving said arc is

'\
This Sheet 4
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actuating cylinders 78 (hydraulic or pneumatic) acting
bet vveen a I/ﬂm flange 80 attached to the contactor shaft 60
and the ves ’ Iﬂ” Mechani cal apparatus (not shown) nay be
used in place of the actuating cylinders 78. 5

Defl ector shields 82 are used t hroughout the coater 14 to 6

confine the vapori zed cathode materials in the area of the substrates 12.
7 The kg 0. ?lfe‘iﬁ atter
16, and 8 dﬁs{ﬁ)@ont%lg{i%%@%&fgg%aﬁgn&gg ?Jﬂrﬁggagr ab %f%ftlrgxﬁgl

bui | d- ugS on t hosesaid arc produces a magnetic field that permeates said cathode.

. {R-7769} 18
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9 surfaces. In the preferred enbodi nent, the deflector shields 82

10 - attached to the vessel 24 are electrically connected to the
vessel 24 and 11 are made of an electrically conductive materi al
resistant to corrosion, 12 such as stainless steel. 13

In a first enbodinent (FIG 3), the cathodé 36 is a cylindrical 14
di sk having substantially parallel first 84 and second 86 end surfaces, 15

and an gvaporative surface SABSTRATT QF THE DISCROSURE N a second 16
enbodi nent (FI G 4), the cathode 36 is an_annulus having substantially 17

paral | e® first 84 andAs¥eRosdepesitionpraduetion system dorepating substtatesdssur f ace 18

Ref orri Rg Lo P cEroviae Wit lfiidks o BRlfly B VARG oty coiis, 5
cat hode436 and spheilitptofpldtiers, platnet dotking stafior;rssidtld aacigamd i nsertion 21

and renpval fromthe vessel 24. The platter 16 (see FIGS. 5 and 6) 22
include? a tray 3Ppargtusfor EaNsporting the M between the,coatery,and thes it ached 23

to a sige of theppial iGidf sudd TR Vuilrdk confbdt aoprhiér diisiy @' s ©6-

7 station and the coaters. Platters selectively removed from the coaters
8 are transported along the shuttle track to the platter docking station
9 where processed substrates are unloaded from the platters and
10 unprocessed substrates loaded on to the platters.

{F-7769} 19



24 The cathode 36 is nmounted in the center of the platter 16 (see

FIGS. 3 25 and 4), on tofof a spacer 102 and an electrica
insul ator 104. The 26- megns 100 for rotating the pedestals 96
may, for exanple, inﬁgude a 27 center gear 106 engaged with a
plurality of pedestal\gears_ 108 __Ea 28 pedestal gear 108 is
fixed to a pedestal 96 gnd t he cent & (o8~ 2e pedestal 108
gears are pivoggy attfagh o0 the tray,g . ear 11Q (see 30
FI G 2) positioﬁBd‘FnaL£§§§£ﬁ vessel apegsgy he ¢gnter gear 106
8 N -
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w Iy
G ///4 :
3 & g@;. N
® ° R0
)
N

T o1d4




1
112

2

when the platter
ext endi ng t hrough the vessel
whi ch provi des the power

a drive unit 3
the substrates 12. 4
provide a simlar function for 5

of the vessel

(D1),

16 i s positioned inside the vessel
connects the gear

A second gear
-nmoving the platter

24. The second gear 114, positioned inside the

gFééé%ké%d 7

wal |

means for

16

24. A shaft
110 to

rotating.
114 and drive unit (D2)
in and out

vessel 24, engages the rack gear 9 to the platter 16.
A shaft 116 extendi ng through the vessel wall 8 connects the
second gear 114, to the second drive unit (D2)g Each
coater 14 preferably includes a biasing sourc 118 é
electrically blaz\gg t he substrates 4—- ;pﬁf. 4 0, mhlch makes 11
el ectrical connection with the plattil [_-4 z onnect s the
\ / A\ \ /
COKHHUW[
POWVER. SUPPLY
SUPPLY
44
\ il
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56 g2 @Y 2% &= .
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12 bi asi ng source 118 to.the substrates 12 when the plég%er 16 is
arly

I nstall ed 13 in the vessel 24. Other neans for el ect

connecting the substrates 14 12 to the biasing s¢ur e 118 may be
used alternatively. 15 Referring to FIG 7 he preferred
means 22 for driving a platter 16 16 bet ween fiof g8l 14 and the
pl atter docking station 18 is a shuttle 17 chh [he shuttle
car 122 includes a pair of tracks 124 for reca%i\nggJ ! the
rollers 92 of a platter 16, a set of rollers 125 for t ing the 19
shuttle track 20, a third drive urg for driving | l e 2
20 al ong the shuttle tr?c:tl!ég,gand a fourth § M)gf%r

| oadi ng a 21 platter 16 onto, and off of,  car 122.
The third drive unit 22 (D3) may, f@ \nected to a
gear 126 engaged with a 23 - 'rack gear 128 attr ' the shuttle
track 20. 24 Referring to FIG 1, th ||‘ docki ng
station 18 includes a 25 first 130 apsmra sosdeli NP K h
dock 130, 132 i ncl udes neans 26 134 1 @& NND

platter 16 into and out of the dock 7L

N




27 130, 132, respectively. For exanple, the neans 134 for |oading

and 28 unl oading a platter 16 fromthe dock 130,132 may include a
gear 136 29 engagable with the rack gear 98 of each platter 16,
driven by a fifth 30 ' drive unit (D5) attached to each dock

130, 132. The neans 134 for '

9

Fi&.5

e U -
. . D
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-
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| oadi ng and unl oading a platter 16 fromthe dock 130, 132

1

f-urther 2 I ncl udes a pair of tracks 138 to support the rollers 92
of each platter 3 16. 4 Each drive unit (D1-D5),
includes a commercially available 5 "drive" which conprises an
electric notor coupled with a gear box 6 (not shown). A
commercially avail abl e position indicator (not shown), 7 such as

a shaft-type or a linear-type encoder, is used to indicate relative 8
position. For exanple, a shaft-type encoder connected to the third 9

drive unit (D3) can be used to determ ne shuttle car 122 position by 10
equating third drive unit (D3) shaft rotations to |linear distance froma 11
known reference point. Alternatively, shuttle car 122 (or platter 16) 12
position could be determ ned by other neans such as limt switches, 13

etc. 14 A control Ler_140 having- a central processing unit,
an i nput #5165-77




15.‘-' i devi ce, an out\put device, and a nenory st ) J 7&9
to.16 control each of the coaters 14 an
sfiuttling platters 17 16 between' the" coatg mﬁeﬁm erSG

docking station 18. A wide 18 variety o eriptios: paged...Ate paged |2
commercially avail abl e. Accordingly, thell9 OClais(s) | s paged ik to paged
controller 140 shall be onitted here in Tavor of } HéDrawing(s) : paged .’% to pagedgr';

functional requirenents-of the controller. 21 DrAbstract| | .: paped’ L.k®Pagdd .3,
t he Apparatus 22 Referring to FIfG 1,-in the operation Of '

the present invention 23 vapor depositi orpmctyptg&ﬂst@m}wqp

for coating substrates 12, an 24 enpty

in the fyrst dock 130 of t g Dbﬁéﬁn&@roducnon CoatilpC8yst@mst ati on 18. An
operator (not shown) | oads ap?at hode 36 and 26 substrates 12 to

be coated onto the enpty platter 16. At the sane tine, 27

- second piatter 1%%%%@%%&{35 12 is cooling in the

3 1. Technical Field

4 This invention relates to vapor deposition apparatus in general,
5 and to production systems in particular.
6 2. Background Information
7 Vapor deposition as a meaﬁs 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 .
18 containing only a relatively small amount of gas. An arc, traveling
19 between the cathode and an anode, vaporizes the cathode into a plasma
20 containing atoms, molecules, ions, electrons, and particles. Positively
21 - charged ions liberated from the cathode are attracted toward any object
22 within the deposition chamber having a negative electric potential
23 relative to the positively charged ion. Some deposition processes
24 maintain the substrate to be coated at the same electric potential as the
25 anode. Other processes use a biasing source to lower the potential of
26 the substrate and thereby make the substrate relatively more attractive
27 ~ to the positively charged ions. In either case, the substrate becomes
28 coated with the vaporized material liberated from the cathode.
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28 second dock 132 of the platter docking station 18. At this

point in 29 _ tinme, one of the coaters 14 is enpty, waiting to
receive a platter 16 ' 10
1 bearing substrates 12 to be coated. After the first platter 16
i s | oaded 2
1 Presently available cathodic arc coaters typically use a cooled
2 cathode fixed in place within the coater. - One cooling scheme provides
3 a manifold attached to the cathode that permits the passage of coolant
4 between the cathode and manifold. Another scheme uses coolant
5 piping connected to a hollow cathode. A problem with either scheme
6 is that the cathode must be machined to accept the manifold or piping.
7 Not all cathode materials are amenhble to machining and even where
8 possible, machining adds .significantly to the cost of the consumable
9 cathode. Another problem with the above described “direct cooling”
10 schemes is the labor and time required to replace the cathode when its
11 useful life has expired. In the previous example where a manifold (or
12 piping) is mechanically attached to the cathode, the manifold (or
13 piping) must be detached from the old cathode and attached to a new
14 one, and the depdsition chamber subsequently cleaned of coolant. For
15 those applications which require cathode replacement after each coating
16 run, the labor costs and down time can be considerable.
17 Present vapor deposition coaters are typically not well adapted
18 . for production environments, where it is desirable to establish a
19 continuous, high-volume stream of parts passing through numerous
20 manufacturing operations. Continuous processing helps minimize
21 downtime between operations and speeds up production rates.
22 Presently available low volume laboratory coaters commonly use the
23 previously mentioned fixed cathode that must be replaced after one or
24 two runs. The effort required to replace the cathode, and the limited
25 volume of laboratory coaters, make liboratory coaters an impractical
26 means of providing a continuous, high-volume stream of coated parts.
27 High-volume batch coaters, on the other hand, are capable of coating
28 large numbers of parts, but do not provide a continuous stream.
29 Specifically, the length of time required to fill a large batch coater
30

from upstream manufacturing operations and the duration of the coating

This is the replacement sheet
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2 with a cathode 36 and substrates 12, the first platter 16 is
renmoved 3 fromthe first dock 130 angd | oaded onto the shuttle car
122. The 4 shuttle car 122 transports the | oaded platter 16 to
the enpty coater 14 5 - and the platter 16 is subsequently inserted
into the coater 14. 6 R8ferring to FIG 2, when the platter
16 is-inserted into the 7 . coater 14, the actuating cylinders 78
actuate the contactor 32 into 8 contact (physical and electrical)
with the cathode 36 and the vessel 24 9 is closed. The nechanica
rough vacuum punp 50 i s subsequently 10 operated to evacuate the

vessel to a predeterm.ned pressure. €. 11 . ressure is
reached,! the hi gﬁ-"@d\‘ﬂ?{h’fﬂ%f Gﬂ?@%ﬁ&?ﬁ% cggm?tgouﬁ)roduc%on oper at ed
to further evacugpgirbh@entesse!l 24 t-o near vacuum conditions. 13

The -substrates 12 are then cl eaned of any renmi ni ng contam nants 14

and/ or d&idation by a Imeshort what is zeedeéd fsa’ vaporadepasitiony produstion systars

cleaning, is a . progess | | 0 in_ the t and w,l,l not..be described in 16
detail fere. Qh c?@ﬁ%ﬁ&?ﬁﬂ&d@%@%?ﬁ%&%‘@%?ﬁ%@ﬁ‘g&me

5 quality coating on a substrate, one capable of providing a continuous,
6 high-volume stream of coated parts, and one that operates cost
7 effectively.
8 DISCLOSURE OF THE INVENTION
9 | It is, therefore, an object of the present invention to provide a
10 vapor deposition production system capable of producing a high quality
11 coating on a substrate. |
12 It is an object of the present invention to provide a vapor
13 deposition production system capable of providing a continuous high-
14 volume stream of coated substrates.
15 It is an object of the present invention to provide a vapor
16 deposition production system that operates éfficiently and cost
17 . effectively. - ' _
18 According to the present invention, a vapor deposition
19 production system for coating substrates is provided which includes a
20 plurality of vapor deposition coaters, a plurality of platters, a platter
21 docking station, a shuttle track, and means for transporting the platters
22 between the coaters and the platter docking station. The shuttle track
23 connects the platter docking station and the coaters. Platters selectively
24 " removed from the coaters are transported along the shuttle track to the
25 platter docking station where processed substrates are unloaded from
26 the platters and unprocessed substrates loaded on to the platters.
27 An advantage of the present inventidn is that a vapor deposition
28 production system for coating substrates is provided that is capable of
29 producing a continuous high-volume stream of coated substrates. One

This is the replacement sheet.
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the substrates 12 are cleaned, the contam nants are purged

typically 18
ifitiating an arc several steps are conpletéd, including: 20 : (D)
the biasing source 118 is activated and the substrates 12 are 21
electrically biased; (2) the substrates # are placed in notion at a 22

particul ar

using an inert gas. 19 Prior to

rotational speed; (3) the power supply 54 is set to establish 23

an arc having a particul ar nagnitude of current and voltage, but no arc 24

is fnitiated,;

(4) the vacuum punps 50,52 establish and maintain a 25

particul ar vacuum pressure of gas within the vessel 24; and (5) cool ant 26
flows are established through the vessel cooling passages 44 and the 27
contactol cooli ngclmmmaemdigl&sahefptesemmvmnmambﬂnyﬁmb depend 28

upon factors such s the su str e 12 erj ri.al t 29
, aeférs Specirally. e cAthods ig not direcly

coated

3

O 00 2 &N U &~

10
11
12
13
14
15
16
17
18
19

nd the

20

21
22
23
24

26
27

connected toa coolmg source, requires minimum machining, and is
easily installed and removed. Downtime attributable to cathode
removal and installation is effectively eliminated. Another
characteristic that gives the present invention production system the
capability of producing a continuous high-volumé stream of coated
substrates is the handling system which includes the platters, shuttle
track, and platter docking station. These elements, by themselves,
minimize the time and labor required to process a large volume of
parts. Automation of the coaters, platters, shuttle track, and platter
docking staﬁoh, as is later described, can even_further reduce the time
and labor required, and facilitate production of a high-volume stream of
coated substrates.

Another advantage of the present invention is that an efficient,
cost effective vapor deposition production system for coating substrates
is provided. The characteristics stated above that give ihé present
invention production system the capability of producing a continuous
high-volume stream of coated substrates are the same characteristics
that make it efficient and cost effective. In addition, the relatively
inexpensive form of the consumable cathode (e.g., minimal machining
required) minimizes the cost per ruxi, consequently increasing the cost
effectiveness of the system. _

These and other objects, features and advantages of the present
invention will become apparent in light of the detailed description of
the best mode embodiment thereof, as illustrated in the accompanying
draﬁngs.

This is fhe replacement sheet

4 0 NOV 1838~

MNatas



11 1 Once the aforenentioned steps have been conpleted, the

arc 2 initiator 56 causes an arc to junp between the cathode 36
and the 3 defl-ector shields 82 electrically connected to the
anodi ¢ vessel 24. The 4 - magnetic field generator 74 subsequently
drives the arc along an arc 5
1 . BRIEF DESCRIPTION OF THE DRAWINGS
2 FIG.1 is a diagrammatic view of the present invention vapor
3 -deposition production system for coating substrates. -
4 FIG.2 is a diagrammatic view of one of the plurality of coaters
5 in the present invention vapor deposition production system for coating
6 substrates. | _
7 FIG.3 is a diagrammatic embodiment of a disk-shaped cathode
8 and contactor of a present invention coater.
9 FIG.4 is a diagrammatic embodiment of an annular-shaped
10 cathode and contactor of a present invention coater.
11 FIGSisa diagrammatic top view of a platter.
12 FIG.6 is a sectional view of the platter shown in FIG.S.
13 FIG.7 is a diagrammatic perspective view of the shuttle car,
14 bearing a platter, on a section of shuttle track.
15 BEST MODE FOR CARRYING OUT THE INVENTION
16 L Appamatis |
17 . Referring to FIGS. 1 and 2, a vapor deposition production
18 system 10 for coating substrates 12 includes a plurality of vapor
19 deposition coaters 14, a plurality of platters 16, a platter docking
20 station 18, a shuttle track 20, and means 22 for driving a platter 16
21 between a coater 14 and the platter docking station 18. The vapor
22 deposition coaters 14 are preferably cathodic arc type coaters, although
23 other vapor deposition coaters may be used alternatively.  Each
24 cathodic arc coater 14 (see FIG.2) includes a vessel 24, means 30 for
25 maintaining a vacuum in the vessel 24, a contactor 32, an actuator 34
26 for selectively actuating the contactor 32 into electrical contact with the
27 cathode 36, and means 38 for sustaining an arc of electrical energy
28 between the cathode 36 and an anode 39. A coolant supply 40
9 maintains the coater 14 within acceptable temperatures by cycling
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5 path 142 (see FIG 3) around the evaporative surface 88 of the
cat hode 6 36. The energy delivered by the arc causes the materi al
at* t he cathode 7 spot to vaporize, thereby liberating atons,

nol ecul es, ions, electrons, 8 and particles fromthe cat hode 36.
FI G 3 shows an eroded cathode 36 9 6 I n phantom The erosion is
substantially symetrical relative to the arc 10 path 142. The

bi ased substrates 12 attract the ions, causing themto 11 -
accelerate toward the substrates 12, .attach and collectively forma 12
coating of the cathode material. Rotation of the substrates 12 relative 13
to the cathode 36 pronotes uniformdeposition of the coating on the 14

substfatk 12. Coctoelant throughn goolingopassages 44 Abrwithinghe yessgl 2é@ndy cool s 15

of Csurt i ent ¢ oL f2s. Thb ReafE 300t BRGARMRCS vakhur i eSS 09, 7°
power supply 54 iﬁrefdiiﬂl?dnﬂﬁdes%ﬁleﬁﬁﬁi@l gouphi vadGumpiumap 50aad eckigk! 24 18

is.purged with inert gas _and brought to anbient pressure. The 1
contactot 32 is awlumediffusion-tifpecasuemipump 52 pipeddatthe interier, of the vessel

S vessel 24. Other vacuum means may be used alternatively. The means

6 38 for sustaining an arc of electrical energy between the cathode 36 and

7 an anode 39 includes a direct current (D.C.) power supply 54. The

8 vessel 24 is preferably electrically connected to act as an anode,

9 although an anode (not shown) may be positioned within the vessel 24, -
10 An arc initiator 56, maintained at or near the electrical potential of the
11 anodic vessel 24, is used to initiate an arc. )

12 The contactor 32 includes a head 58 attached to a shaft 60, and
13 means 62 for cooling the contactor 32. The head 58 is positioned

14 inside the vessel 24 and the shaft 60 extends from the head 58 to

15 outside the vessel 24. An insulative disk 64 electrically ins';ulates the
16 _contactor 32 from the vessel 24. The means 62 for cooling the

17 contactor 32 preferably includes a cooling tube 66 coaxially positioned
18 . within the shaft 60, a coolant inlet port 68 connected to the cooling

19 tube 66, and a coolant exit port 70 connected to the passage 46 formed
20 between the coaxial coolant tube 66 and shaft 60. The coaxial

21 arrangement between the cooling tube 66 and the shaft 60 allows

22 coolant to flow in the cooling tube 66 and exit via the passage 46

23 between the shaft 60 and the cooling tube 66, or vice versa. The head
24 58 (see FIGS. 3 and 4) includes a cup 72 and a magnetic field

25 generator 74. The magnetic field generator 74 is disposed within the
26 cup 72 and the cup 72 is fixed to the contactor shaft 60. The magnetic
27 field generator 74 generates a magnetic field that runs parallel to the
28 evaporativé surface 88 (described below) of the cathode 36. The

29 actuator 34 (see FIG.2) for selectively actuating the contactor 32 into
30 electrical contact with the cathode 36 includes a pair of two-way
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20 24 opened, and the platter 16 is renoved fromthe vessel 24
and pl aced 21 onto the shuttle car 122. 22

Referring to FIG 1, during the coating run, the enpty shuttle 23

car 122 returns to the platter docking station 18 and the second platter 24
16 is transported across the shuttle car 7122 to the first dock 130. The 25
shuttle car 122 then travels to the next “coater 14 to be enptied, 26
receives the platter 16 bearing coated substrates 12 and transperts the 27
platter 16 to the platter docking station 18, where the platter 16 is 28
transflerred to the second dock 132. Thus, the cycle of coating 29
substrates 12 repeats itself.

1 actuating cylinders 78 (hydraulic or pneumatic) acting between a shaft

2 flange 80 attached to the contactor shaft 60 and the vessel 24.

3 Mechanical apparatus (not shown) may be used in place of the

4 actuating cylinders 78.

5 Deflector shields 82 are used throughout the coater 14 to

6 confine the vaporized cathode materials in the area of the substrates 12.

7 The deflector shields 82 attached to the vessel 24 , platter 16, and

8 contactor 32 also minimize undesirable_méteﬁal build-up on those

9 surfaces. In the preferred embodiment, the deflector shields 82
10 attached to the vessel 24 are electrically connected to the vessel 24 and
11 are made of an electrically conductive material resistant to corrosion,
12 such as stainless steel. | '

13 In a first embodiment (FIG. 3), the cathode 36 is a cylindrical
14 disk having substantially parallel first 84 and second 86 end surfaces,
15 and an évaporative surface 88 extending therebetween. In a second

16 embodiment (FIG.4), the cathode 36 is an annulus having substantially
17 parallel first 84 and second 86 end surfaces, and an evaporative surface
18 88 and bore 90 extending between the end surfaces 84,86.

19 Referring to FIGS. 1,5, and 6, a platter 16 for holding the
20 cathode 36 and substrates 12 is mounted on rollers 92 for easy insertion
21 and removal from the vessel 24. The platter 16 (see FIGS. 5 and 6)
22 includes a tray 94, a plurality of pedestals 96, a rack gear 98 attached
23 to a side of the platter 16, and means 100 for rotating the pedestals 96.
24 The cathode 36 is mounted in the center of the platter 16 (see FIGS. 3
25 and 4), on top of a spacer 102 and an electrical insulator 104. The
26 means 100 for rotating the pedestals 96 may, for example, include a
27 center gear 106 engaged with a plurality of pedestal gears 108.. Each
28 pedestal gear 108 is fixed to apedestal 96, and the center 106 and
29 pedestal 108 gears are pivotly attached to the tray 94. A gear 110 (see
30 ~ FIG.2) positioned inside the vessel 24 engages the center gear 106
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12 1 The controller 140 provides the command | ogic for
coordinating 2 the tasks of transporting platters 16 along the
shuttl.e track 20, and 3 within the platter docking station 18.

For exanple, the operator (not 4 . shown) enters a command to
transport the shuttle car 122 bearing a 8 platter 16 froma
particul ar coater 14 to the platter docking station 18. 6 The
controller 140 conpares the actual position of the |oaded shuttle 7

car 122 with the stored reference value of the platter docking station 18 8
and commands the third drive unit (D3) to transport the shuttle car 122

1 when the platter 16 is positioned inside the vessel 24. A shaft 112

2 extending through the vessel wall connects the gear 110 to a drive unit

3 (D1), which provides the pbwer means for rotating the substrates 12,

4 A second gear 114 and drive unit (D2) provide a similar function for

5 moving the platter 16 in and out of the vessel 24. The second gear

6 114, positioned inside the vessel 24, engages the rack gear 98 attached

7 to the platter 16. A shaft 116 extending through the vessel wall

8 connects the second gear 114 to the second drive unit (D2).

9 Each coater 14 preferably includes a biasing source 118 for
10 electrically biasing the substrates 12. A contact 120, which makes
11 electrical connection with the platter 16, electrically connects the
12 biasing source 118 to the substrates 12 when the platter 16 is installed
13 in the vessel 24. Other means for electrically connecting the substrates
14 12 to the biasing source 118 may be used alternatively.
15 Referring to FIG.7, the preferred means 22 for driving a platter
16 16 between a coater 14 and the platter docking station 18 is a shuttle
17 car 122. The shuttle car 122 includes a pair of tracks 124 for receiving
18 . the rollers 92 of a platter 16, a set of rollers 125 for travel along the
19 shuttle track 20, a third drive unit (D3) for driving the shuttle car 122
20 along the shuttle track 20, and a fourth drive unit (D4) for loading a
21 platter 16 onto, and off of, the shutﬁe car 122. The third drive unit
22 " (D3) may, for example, be connected to a gear 126 engaged with a
23 rack gear 128 attached to the shuttle track 20.
24 Referring to FIG.1, the platter docking station 18 includes a
25 first 130 and a second 132 dock. Each dock 130,132 includes means
26 134 for loading and unloading a- platter 16 into and out of the dock
27 130,132, respectively. For example, the means 134 for loading and
28 unloading a platter 16 from the dock 130,132 may include a gear 136
29 engagable with the rack gear 98 of each platter 16, driven by a fifth
30 drive unit (D5) attached to each dock 130,132. The mears 134 for
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9 to the platter docking station 18. A real tinme signal fromthe

position 10 i ndi cator sensing the actual position of the shuttle
car 122 i's sent to the 11 controller 140 until, the actua
position signal coincides with the 12 : reference val ue associ at ed
with the platter docking station 18. Sin®lar 13 ' control logic is
used to nove the platters 16 in and out of the first 130 14 - and
second 132 docks and in and out of the coaters 14. 15 The
controller 140 al so provides the command logic for 16 . operating
each coater 14. The described steps of: (1) opening the 17 vesse

24; (2) actuating the contactor 32 into electrical contact with the 18
cat hodet 36; (3) loadingtandgnldadinge plattep L6rfiront thesdpekd 30y 132 forder he 19

coater 14; (4) hiasing the subsirates 12 via.the,biasi 118; (5) 20
rotati g the subdB¢ Q@%Mi}”&h@éﬁ&f%&&ﬁ?@%%ﬁéﬁﬁi to the 21
pl attery 16; (6) fgeati ng a potential difféerence between the cathode 36 22

and the anodi ¢ vessel 24 via the power supply 54; and (7) initiating an 23
arc betdween the cat hoBach3drienunit (R1d28)| includes aigomm y(ayrilaghlesel 24):

5 “drive” which comprises an electric motor coupled with a gear box

6 (not shown). A commercially available position indicator (not shown),
7 such as a shaft-type or a linear-type encoder, is used to indicate relative
8 position. For example, a shaft-type encoder connected to the third |

9 drive unit (D3) can be used to determine shuttle car 122 position by

10 equating third drive unit (D3) shaft rotations to linear distance from a

1 known reference point. Alternatively, shuttle car 122 (or platter 16)

12 position could be determined by other means such as limit switches,

13 etc. _

14 A controller 140 having a central processing unit, an input

15 device, an output device, and a memory storage device is used to

16 control each of the coaters 14 and the shuttle car 122, shuttling platters

17 16 between the coaters 14 and the platter docking station 18. A wide

18 variety of controllers 140 are commercially available. Accordingly, the

19 details of the controller 140 shall be omitted here in favor of the

20 functional requirements of the controller.

21 I. Operation of the Apparatus

22 Referring to FIG.1, in the operation of the present invention

23 | vapor deposition prbduction system 10 for coating substrates 12, an

24 empty platter 16 is positioned in the first dock 130 of the platter

25 docking station 18. An operator (not shown) loads a cathode 36 and

26 | substrates 12 to be coated onto the empty platter 16. At the same time,
27 a second platter 16 loaded with coated substrates 12 is cooling in the

28 second dock 132 of the platter docking station 18. At this point in

29 time, one of the coaters 14 is empty, waiting to receive a platter 16
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24 are all coordinated by conmands stored within the controller

140. The 25 commands can be created and stored in the formof a
sof tware program 26 : using a commercially avail abl e conput er

sof tware programm ng 27 | anguage. 28 _ Al t hough
this invention has been shown and descrilfed with 29 respect to

the detail ed enbodi nents thereof, it wll be understood by 30

fhose skilled in the art that various changes in formand detail thereof
13

1 bearing substrates 12 to be coated. After the first platter 16 is loaded
2 with a cathode 36 and substrates 12, the first platter 16 is removed
3 from the first dock 130 and loaded onto the shuttle car 122. The
4 shuttle car 122 transports the loaded platter 16 to the empty coater 14
5 and the platter 16 is subsequently inserted into the coater 14.
6 Referring to FIG.2, when the platter 16 is inserted into the
7 coater 14, the actuating cylinders 78 actuate the contactor 32 into
8 contact (physical and electrical) with the cathode 36 and the vessel 24
9 is closed. The mechanical rough vacuum pump 50 is subsequently
10 operated to evacuate the vessel to a predetermined pressure. Once that
11 pressure is reached, the high-volume diffusion vacuum pump 52 is
12 operated to further evacuate the vessel 24 to near vacuum conditions.
13 The substrates 12 are then cleaned of any remaining contaminants
14 and/or oxidation by a method such as “sputter cleaning”. Sputter
15 cleaning is a process well known in the art and will not be described in
16 detail here. Other cleaning methods may be used alternatively. While
17 the substrates 12 are cleaned, the contaminants are purged typically
18 . using an inert gas.
19 Prior to initiating an arc several steps are completed, including:-
20 (1) the biasing source 118 is activated and the substrates 12 are
21 electrically biased; (2) the substrates 12 are placed in motion at a
22 particular rotational speed; (3) the power supply 54 is set to establish
23 an arc having a particular magnitude of current and voltage, but no arc
24 is initiated; (4) the vacuum pumps 50,52 establish and maintain a
25 particular vacuum pressure of gas within the vessel 24; and (5) coolant
26 flows are established through the vessel cooling paSsages 44 and the '
27 contactor cooling passages 46 Specific process parameters will depend
28 upon factors such as the substrate 12 material, the material to be
29 coated, and the desired characteristics of the coating, etc.
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1 may be made without departing fromthe spirit and the scope of

the 2 I nvention. For exanple, the described platter docking
station 18 is a 3 sinplistic version capable of satisfying the
present invention production 4 system 10. More conpl ex systens
capabl e of handling nore than two 5 11 platters 16, such as a
turret, may be used alternatively.” Another 6 . change fromthe best
node may be found in the drive units. For 7 exanple, a linear
notor could be used to drive the shuttle car, and 8 hydraul i c

actuators could be used to nove a platter 16 on and off the 9

. Shuttle car 122.

1 Once the aforementioned steps have been completed, the arc
2 initiator 56 causes an arc to jump between the cathode 36 and the
3 deflector shields 82 electrically connected to the anodic vessel 24. The
4 magnetic field generator 74 subsequently drives the arc along an arc
5 path 142 (see FIG.3) around the evaporative surface 88 of the cathode
6 36. The energy delivered by the arc causes the material at the cathode.
7 spot to vaporize, thereby liberating atoms, molecules, ions, electrons,
8 . and particlés from the cathode 36. FIG.3 shows an eroded cathode 36
9 in phantom. The erosion is substantially symmetrical relative to the arc
10 path 142. The biased substrates 12 attract the ions, causing them to
11 accelerate toward the substrates 12, attach and collectively form a
12 coating of the cathode material. Rotation of the substrates 12 relative
13 to the cathode 36 promotes uniform deposition of the coating on the
14 substrate 12. Coolant passing through the contactor32 directly cools
15 the contactor 32, and indirectly cools the cathode 36. When a coating
16 of sufficient thickness has been deposited on the sulistmte_s 12, the
17 power supply 54 is turned off and the arc extinguished. ‘The vessel 24
" 18 . is purged with inert gas and brought to ambient pressure. The
19 contactor 32 is actuated out of contact with the cathode 36, the vessel
20 24 opened, and the platter 16 is removed from the vessel 24 and placed
21 onto the shuttle car 122.
22 | Referring to FIG.1, during the coating run, the empty shuttle
23 car 122 returns to the platter docking station 18 and the second platter
24 16 is transported across the shuttle car 122 to the first dock 130. The
25 shuttle car 122 then travels to the next coater 14 to be emptied,
26 receives the platter 16 bearing coated substrates 12 and transports the
27 plattér 16 to the platter docking station 18, where the platter 16 is
28 transferred to the second dock 132. Thus, the cycle of coating
29 substrates 12 repeats itself.

This is the replacement sheat

Date: 30 ﬂﬂV 199



V‘é- clabm 1 1. ‘A vapor deposition production system for
coating substrates, 2 - conprising: 3 a
prurality of vapor deposition coaters; :

12

1 The controller 140 provides the command logic for coordinating
-2 the tasks of transporting platters 16 along the shuttle track 20, and
3 within the platter docking station 18.. For example, the operator (not
4 shown) enters a command to transport the shuttle car 122 bearing a
5 platter 16 from a particular coater 14 to the platter docking station 18.
6 ‘The controller 140 compares the actual position of the loaded shuttle
7 car 122 with the stored reference value of the platter docking station 18
8 and commands the third drive unit (D3) to transport the shuttle car 122
9 to the platter docking station 18. A real time signal from the position
10 indicator sensing the actual position of the shuttle car 122 is sent to the
11 controller 140 until, the actual pdsition signal coincides with the
12 reference value associated with the platter ddéking station 18. Similar
13 control logic is used to move the platters 16 in and out of the first 130
14 and second 132 docks and in and out of the coaters 14. _
15 The controller 140 also provides the command logic for
16 operating each coater 14. The described steps of: (1) opening the
17 vessel 24; (2) actuating the contactor 32 into electrical contact with the
18 . cathode 36; (3) operating the vacuum pumps 50,52 to evacuate the
19 coater 14; (4) biasing the substrates 12 via the biasing source 118; (5)
20 rotating the substrates 12 by driving the gears 106,108 attached to the
21 platter 16; (6) creating a potential difference between the cathode 36
2 and the anodic vessel 24 via the power supply 54; and (7) initiating an
23 arc between thé cathode 36 and the deflector shields 82 (or vessel 24);
24 are all coordinated by commands stored within thé controller 140. The
25 commands can be created and stored in the form of a software program
26 using a commercially available computer software programming
27 language. | _
28 Although this invention has been shown and described with
29 respect to the detailed embodiments thereof, it will be understood by
30 those skilled in the art that various changes in form and detail thereof
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4 aplural‘i'ty of platters; 5 a platter

docking station;. 6 . a shuttle track, connecting said
docking station and said coaters; 7 nmeans for
transporiing said platters between said coaters and 8- sai d
“docking station; 9 whel3ein said platters are selectively
transported between said 10 coaters and sai d docking station via-
said shuttle track, and-into, and out 11 ) of , said coaters. 1

2. . A vapor deposition production systemaccording te claiml, 2

further conprising: 3 a controller, having a central
processing unit, connected to said 4 coaters and said nmeans for

transpodti ng sai dnay be mads withbet départing from the spirit and the scopsi ofdhe cont r ol s
the operzat on ,Of ir?vaeingox(lz.o o?reiat%gfé, tﬁ?eedgsgrexf)g& ﬁﬁﬂeroaocldng station 18 is a
simplistic version capable of satisfying the present invention production

system 10. More complex systems capable of handling more than two

platters 16, such as a turret, may be used alternatively. Another

change from the best mode may be found in the drive units. For

example, a linear motor could be used to drive the shuttle car and

hydraulic actuators could be used to move a platter 16 on and off the

shuttle car 122.

O 00 N O\ WV & W
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6 said means for transporting said platters. 1 3.

A vapor deposition produet+-en systemaccording to claim2, 2

wher ei-n sai ?!lﬂi nstlfor transporting sal d platters between said coaters 3
I

and said d ,I lMFrrprl ses: a shuttle car,
adapt ed for d shuttle trh4:k havi ng 5 a drive

means: for' propel | i ng sail d shuttle car. ~T 4. A vapor
deposi ti on producti on system according to claim3, 2 wherei n each
sai d coater conprises: 3 a vessel; 4
means for maintaining a vacuumin said vessel;
We claim: _

1. A vapdr deposition production system for coating substrates,

2 comprising: |

3 a plurality of vapor deposition coaters;

4 a plurality of platters;

5 a platter docking station;

6 a shuttle track, connecting said docking station and said coaters;

7. . means for transporting said platters between said coaters and

8 said docking station;

9 wherein said platters are selectively transported between said

10 coaters and said docking station via said shuttle track, and into, and 6ut
11 of, said coaters. '

1 2. A vapor deposition production' system according to claim 1,

2 further comprising:

3 a controller, having a central processing unit, connected to said

4 coaters and said means for transporting said platters, wherein said

5 _ controller controls the operation of said coaters and the operation of

6 said means for transporting said platters.

1 3. A vapor deposition productioh system according to claim 2,

2 wherein said means for transporting said platters between said coaters

3 and said docking station, comprises:

4 a shuttle car, adapted for travel along said shuttle track, having

5 a drive means for propelling said shuttle car.

1 4, A vapor' deposition production system according to claim 3,

2 wherein each said coater comprises:

3 a vessel; |

4 means for maintaining a vacuum in said vessel;
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15 5 __a._cathode, nounted on one of said platters; 6
a contacror"’bsltloned i nside said vessel: 7 means for

sel ec'.[ i vel i‘m\‘ ‘“““\“ﬂ‘“n arc Of el ectr I;al ener gy

a cathode, mounted on one of said platters;

a contactor, positioned inside said vessel;

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

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

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

energy; |

wherein said controller controls operation of said means for
maintaining a vacuum in said vessel, and said means for selectively

QOO b W= O 0 N W

sustaining an arc of electrical energy, and said actuator.

S. A vapor deposition production system 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, thereby electrically connecting
said cathode to said means for selectively sustaining an arc of electrical

1 O WD

energy.

6. A vapor deposition production system according to claim 5,
wherein said coater further comprises means for driving said arc around
said evaporative surface, wherein said means for driving said arc is
positioned in close proximity to said cathode, and said means for

W & W N -

driving said arc produces a magnetic field that permeates said cathode.

7. A vapor deposition production system according to claim 4,
2 wherein said cathode is annular-shaped having a pair of end surfaces,
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8 _ bet ween sai d cat hode and an anode, wherein said nmeans for
sel ect i-vety—9 ouotalning an arc of- electrical energy is
_eTectrlcaII connected to said contactor; and 1

an act ua[ ll mﬂﬂnﬂmmﬂ act uat or selectively actuates said 2
contacto th said cathodel6éand thereby electrically 3
connect s sai d cat hode t0 said nmeans for sustaini ng an arc of electrical 4

energy 5 . wherein said,controller controls operation of
said neans for 6 mai nt ai ni ng a vacuumin said vessel, and said
means for selectively 7 sustaining an arc of electrical energy,
and. sai d actuator. 1 5. A vapor deposition production system
accordi g to cl aigdid4n evaporative surfawmldea boreasxtendirtghbetweerns sald ®hd shaped
havi ng a pair of end surtaces 3 connected by an evaporative
surface4 surfaces; _ '
5 wherein said actuator actuates said contactor into electrical
6 contact with said cathode, thereby electrically connecting said cathode
7 to said means for selectively sustaining an arc of electrical energy.
1 8. A vapor deposition production system according to claim 7,
2 wherein said coater further comprises means for driving said arc around
3 _ said evaporative surface, wherein said means for driving said arc is
4 positioned within said bore of said cathode, and said means for driving
5 said arc produces a magnetic field that permeates said cathode.
1 9. A vapor deposition production system according to claim 4,
2 wherein said contactor comprises:
3 a head, positioned inside said vessel;
4 a shaft, attached to said head, extending from said head to
5 outside said vessel.
10. A vapor deposition production system according to claim 9,
wherein said platter further comprises selectively rotatable pedestals,
for supporting the substrates.
1 11. A vapor deposition production system according to claim 10,
2 further comprising:
3 a biasing source, for electrically biasing the subst'ratés attached
4 to said platters positioned within said coaters;
5 means for electrically connecting said biasing source to the
6 substrates. |
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4 wherein said actuator actuates said contactor into
cont act—wth—5—— ———one of sali d end surfaces of said cathode, thereby

I'fectrical l i connect i n aid cathode to said neans for

sel ectlv Hlﬂl& “m; HI‘ arc of el ectri cal 7 energy. 1
. production syst¥maccording to claim5, 2

V\/nerel n said" coater fur t her conpri'ses neans for driving said arc around 3
sai d evaporative surface, wherein said neans for driving said arc is 4
positioned in close proximty to said cathode, and said neans for 5
driving said arc produces a magnetic field that perneates said cathode. 1
7. A vapor deposition production systemaccording to claim4

wher ei nlsai d cat A2de iAs vapomdepositiom produttion sngmpmrdmgterﬁmgulf,aces,

2 wherein said means for electrically connectmg said biasing source to
3 the substrates electrically connects said biasing source to said platter,
4 and said platter is electrically connected to the substrates. |

13. A vapor deposition producuon systzm accordmg to claim 12,
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 obnnecting
said cathode to said means for selectively sustaining an arc of electrical
energy.

NN N AW

14. A vapor deposition production system according to claim 13,
wherein said coater further comprises means for driving said arc around
said evaporative surface, wherein said means for driving said arc is
positioned in close proximity to said cathode, and said méa’ns for

: dﬁving said arc produces a magnetic field that permeates said cathode.

W AW N

15. A vapor deposition production system according to claim 12,
wherein said cathode is annular-shaped having a pair of end surfaces,
and an evaporative surface and a bore extending between said end
surfaces; _

wherein said actuator actuates said contactor into electrical
contact with said cathode, thereby electrically connecting said cathode
to said means for selectively sustaining an arc of electrical energy.

L I - SV B IV

[

16. A vapor deposition production system according to claim 15, .
wherein said coater further comprises means for driving said arc around

3 . said evaporative surface, wherein said means for driving said arc is
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16 _g/a.nd.@n'—évaporative surface and a bore extendi ng between
said én sur faces : wherein said actuator
act uat eﬂ“\“\ﬁ\lﬂ“ “‘mﬂ“‘l nto el ectri cal -

|

L

4 positioned within said bore of said cathode, and said means for driving
- said arc produces a magnetic field that permeates said cathode.

This is the replacement shest

Date: 30 NOV %8



6 contact with said cathode, thereby electricall Qnoe

g=aqi d
cat hode 7 to said means fior sel ectively susta THEEBKEFRMAS’ EN
el'ectrical energy. 1 8. A vapor depositi df proqbgpucgo syst gm
according to claim?7, 2 - wherein said coater f e
means for driving said arc around 3 sai d evaporatlve surface .
whereirn said neans for driving said arc is 4 positioned within
said bore of said cathode, and said means for driving 5 . - said arc
produces a magnetic field that perneates saird cathode. - 1 9.

A vapor deposition production systemaccording to claim4, 2
wherein said contactor conprises: 3 a head, positioned

Iegfgﬁgi ﬁgl ?r\érensgg! d ﬁeadviapor Deposition Product%1 on ’Coai'ma(g}% engo sai d head,

ABSTRACT OF THE DISCLOSURE

A vapor deposition production system for coating substrates is
provided which includes a p]izrality of vapor deposition coaters, a
plurality of platters, a platter docking station, a shuttle track, and
apparatus for transporting the platters between the coaters and the
platter docking station. The shuttle track connects the platter docking
station and the coaters. Platters selectively removed from the coaters
are transported along the shuttle track to the platter docking station
where processed substrates are unloaded from the platters and
unprocessed substrates loaded on to the platters.

O 00 ~1] O W & W D -
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5 .out si de said vessel. 1 10. A vapor deposition -
production system according to claim9;, 2 wherein said platter
further conprises selectively rotatable pedestals, 3 for
supporting the substrates. 1 11. A vapor deposition
production system according to claim10, 2 further conprising: 3
a. biasing source, for electrically biasing the substrates attached 4

to said platters positioned wi.thin said coaters; 5 ' nmeans
for electrically connecting said biasing source to the 6

substrat es.
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17 1 12. A vapor deposition production systemaccording to

claim11l, 2 wherein said neans for electrically connecting said
biasi ng source to 3 the substrates electrically connects said
~biasing source to said platter, 4 - and said platter is

el ectrically connected to the substrates2
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1 13. A vapor deposition production systemaccording to claim
12, 2 wherein said cathode is disk-shaped having a pair of end
surfaces 3 connected by an evaporative surface; 4

wherein said actuator actuates said contactor into contact with 5

one of said end surfaces of said cathode3 thereby electrically connecting 6
said eathode to said neans for selectively sustaining an arc of electrical
7 ener gy. 1 14. A vapor deposition production
system according to claim13, 2 wherein said coater further
conprises neans for driving said arg2 around 3 sai d evaporative

surface, whepg@, §ai d means foroﬂ/lvi ng said arc is 4 posi tioned
in close proximty4o0 said cathdde, and said neans for
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5 driving said arc produces a magnetic field that perneates said
cat hode. 1 15. A vapor deposition production system accordi ng
to claim12, 2 wherein said cathode is annul ar-shaped having a

pair of end surfaces, 3 and an evaporative surface and a bore
extendi ng between said end 4 sﬁrfaces; 5 wher ei n

said actuator actuates said contactor into electrical 6 cont act
wi th said cathode, thereby electrically connecting said cathode 7

to said neans for selectively sustaining an arc of electrical energy. 1
16. A vapor deposition production system-according to claim15, 2
wherein said coater further conprises neans for driving said arc around 3
sai d evaporative surface, wherein said nmeans for driving said arc is
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18 4 positioned within said bore of said cat'hode, and said neans for
driving 5 Said arc produces a magnetic field that perneates said
cat hode. ' ' '
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TEXT OF THE ABSTRACT

VAPOR DEPOSITION PRODUCTION COATING SYSTEM

A vapor deposition production system (10) for coating substrates (12) is provided which
includes a plurality of vapor deposition coaters (14), a plurality of platters (16), a platter
docking station (18), a shuttle track (20), and apparatus (22) for transporting the platters
(16) between the coaters (14) and the platter docking station (18). The shuttle track (29)
connects the platter docking station (18) and the coaters (14). Platters selectively removed
from the coaters are transported along the shuttle track to the platter docking station where
processed substrates are unloaded from the platters and unprocessed substrates loaded on to
the platters. '

Figure 1.
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