SEAL CARTRI'DGE FOR A ROTATABLE MAGNETRON Background of the Invention The
present invention is related generally to a nagnetron apparatus for coating
'substrate articles by sputtering, and nore particularly, to the seals used
5 therein. The present invention is related specifically to a seal
cartridge for use in a rotatable magnetron apparatus and a nethod of wusing
sane. The coating of large area substrates such as architectural gl ass,

aut onobi | e wi ndshi el ds and the like, 101 has been acconpl i shed by a
sputtering process that includes the use of a planar nagnetron. Such .
coatings include multilayer solar control coatings that are widely used on
comerci al buil di ng wi ndows. Because of the |arge surface area of the

gl ass to be coated, the coating 15 machinery is very large in scale. Mre
recently, a rotatable nmagnetron apparatus has been devel oped for such
coating applications to overcone sone of the problens known to inhere in
the - planar magnetron. A rotatable magnetron is described in 20 Uni ted
States Patent No. 5,096,562, issued to Al ex Boozenny and Josef T. Hoog.
on March 17, 1992, the entire dlsclosure of mhlch i s incorporated herein by
this reference. Cperx”* A LAl 380 I A - B kb Mgt AL OB m gnet r on
generally includes the rotation of a substantlally cylindrical
sputtering target in high 2 vacuum about a stationary magnetic
array, while prOV|d|ng approprlate f|UId cool ing. Thus, the rotating
magnet r on gerBackdrournd)ig yentoml drive nechanlsn1 bearlngs to

permt target rOtat'Onfﬂgnﬁrééght invention is related generally to
a magnetron apparatus for coating substrate articles by

sputtering, and more particularly, to the seals used

5 therein. The present invention is related specifically
to a seal cartridge for use in a rotatable magnetron
apparatus and a method of using same.

The coating of large area substrates, such as
architectural glass, automobile windshields and the like,

10 has been accomplished by a sputtering process that
includes the use of a pianar magnetron. Such coatings
include multilayer solar control coatings that are widely
used on commercial building windows. Because of the
large surface area of the glass to.be coated, the coating

15 machinery is very large in scale. _

More recently, a rotatable magnetron apparatus
has been developed for such coating applications to
overcome some of the problems known to inhere in the

- planar magnetron. A rotatable magnetron is described in

20 United States Patent No. 5,096,562, issued to Alex
Boozenny and Josef T. Hoog on March 17, 1992, the entire
disclosure of which is incorporated herein by this
reference. _

_ Operation of the rotatable or rotating

25 magnetron generally includes the <rotation of a
substantially cylindrical sputtering target in high



5. *magnetic array, and electrical and cooling conduits. Because such
rotational drive nechanismand conduits extend from an anbi ent environnent
i nto the vacuum chanber, the rotating magnetron further requires the use of
vacuum seal s around the rotational drive 10. mechanismand the electrical
and cooling conduits. Wile vacuum and rotary water seals have been used
for this purpose, such seals have a tendency to devel op | eaks under
conditions-of high tenperature and hi gh nmechanical |oading. 15

I n previous rotating magnetrons, such seaRs and bearings are placed
directly between a seal housing and a rotatable target spindle to effect a
dynam c seal. vVaenuman abower sarfsatatabnalry smﬁgdﬂtﬂdru;nxaygulwhﬁln

surface of the
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While vacuum and rotary water seals have been used for
this purpose, such seals have a tendency to develop
leaks under conditions of high temperature and hlgh
mechanical loading.

15 - In previous rotatlng magnetrons, such seals
and bearings are placed directly between a seal housing
and a rotatable target spindle to effect a dynamic seal.
Thus, an inner surface of the seal housing and an outer
surface of the spindle comprise the seal surfaces, or

20 the wear surfaces, of the dynamic seal. Consequently,

' the seal configuration of previous rotating magnetrons
exposes the seal hoﬁsing and spindle to significant wear
and thus, necessitates the time-consuming and costly
removal and replacement of worn seal housings and

25 spindles. '

Further, in the previous rotating magnetrons,
the removal and replacement of the target structure
involves the removal, handling and replacement of the
critical vacuum seals. While such handling exposes the

30 seals to moisture and contaminants, the replacement of
the seals further presents the opportunity for improper
reassembly. Thus, the reassembly of these rotating
magnetrons puts seal integrity, a critical aspect of
effective sputtering, in question.



the target structure in these rotating nagnetrons is conplicated and
requires several hours. Such ineffi- cient renoval and repl acenent
procedures result in large 5 | abor and production costs for |ess than
opti mum product throughput. Further, during such prolonged renoval and
repl acenent periods, the coating chanber is exposed to the anbient
environnent and thus, to noisture and contam nants. Such exposure
adversely effects both 10 - product quality and yield. Thus, in the
reassenbly of these rotating nagnetrons, gnnecessary production costs are
I ncurred, significant production tinme is |ost, and product quality and
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a vacuum seal yhbgl r&t&tHh4Cmagnetrons, unnecessary production costs
are incurred, significant production time is lost, and
product quality and yield are compromised.

_ Accordingly, it is an object of the present
15 ° invention to provide a protected seal design to improve
seal integrity in the rotatable magnetron.
It is another object of the present invention
- to provide a seal cartridge which includes seals and
seal surfaces therein for use in a rotatable magnetron.
- 20 It is a yet another object of the present
 invention to provide a seal cartridge which facilitates
the efficient removal and replacement of seals and seal
“surfaces of a rotatable magnetron. '
Additionally, it is an object of the present
25 invention to provide a method for the efficient removal
and replacement of seals and seal surfaces of a
rotatable magnetron.

Summary of the Invention
The present invention improves upon the
30 rotatable magnetron by providing a pre-fabricated
unitary seal cartridge for providing a protected vacuum.
seal between the vacuum chamber and the ambient
environment. Particularly, the seal cartridge is
designed to provide a vacuum seal which is static,



4.rather than dynamic, with respect to the seal housing and the rotatable
target 'spindle of the rotatable nmagnetron. The seal cartridge is further
designed to house an internal vacuum seal which is dynamc with 5  respect
to the interior surfaces of the seal cartridge. In this nmanner, the sea
~cartridge houses the wear surfaces of the protected dynam c seal while
providing a static seal between the seal housing and the rotatable target
spindle. 10 Therefore, the unitary seal cartridge of the
present invention generally conprises an é4uter shell which contacts the
seal housing and an inner shell which contacts the rotatable target spindle
of the rotat aktethegnehann dypaariat, usvith nrespeet atoothtosealdathogsindge 15

outer and inner,.sh - tional fi hih rgs _ the. I
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seal cartridge carries th%}vacuunnseals |nternall¥p the interior, surfaces
& of thg &€

of the sed® cHesR&Rfe LhdMs InGeTioL. spnfages, ad cArEridafm seal
rather than suri aehdsof mbhaesgaltiwusead aukrtidder heuses nthe. weahhus,

housi ng. ant + BAREgs SFcep hPfeeseedrafRERLc BYST WAL BABF I ing o
rot at abl e nmagretst@tia seaddibstweeno theeseali housine and che mohahablef t he

rotatable rragq._egf#gh dbengietary seal cartridge 30 protects the
i nt er nal seal s rom” nmol sture and contam nants and eli m.nates individual

assenbl y & these vacuurfResgfore, Thhe uphtaryafegd, cpragddgeopfaddhe
protected sealpissént Whivehtion oyesessrly i obmgribesi an outer shell
which contacts the seal housing and an inner shell which
contacts the rotatable target spindle of the rotatable
magnetron. apparatus. In preparation for coating, the
15 outer and inner shells are rotationally fixed with
respect to the seal housing and the target spindle,
respectively. The unitary seal cartridge further
comprises an annular space between the inner and outer
shells in which internal vacuum seals and bearings are
20 housed. As the seal cartridge carries the vacuum seals
internally, the interior surfaces of the seal cartridge
shells comprise the wear surfaces of the vacuum seal,
rather than surfaces of the seal housing and the target
spindle. Thus, the unitary seal cartridge of the
25 present invention protects the seal housing and target
spindle from wear and increases their longevity in the
rotatable magnetron. '
In addition to preserving expensive components
~ of the rotatable magnetron, the unitary seal cartridge
30 protects the internal seals from moisture and
contaminants and eliminates individual assembly of these
vacuum seals. Thus, the seal cartridge provides a
protected seal design which improves seal integrity in
the rotatable magnetron. |



t he' rot at abl e magnetron. 5 1n the present invention, the seal cartridge
gned to be axially novable with respect to the seal housing

s further desi
of the rotatab

e magnetron. Thus, when the internal vacuum seals or the

internal” wear 5 surfaces of the seal cartridge becone too worn for
further use, the seal cartridge is sinply renoved fromthe seal housing and
replaced with a new pre-fabricated seal cartridge having fresh interna

vacuum seal s and seal surfaces. In. this manner, the seal cartridge 10

facilitates the efficient renoval and repl&cenent of vacuum seals and sea
surfaces of the rotatable magnetron. ©~ Particularly, the seal cartridges of
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facilitates the eff c1ent removal and replaceme
vacuum seals and seal surfaces of the rotatable
magnetron. Particularly, the seal cartridges of the
present invention provide for the quick removal and

replacement of the seals of the rotatable magnetron by

reducing the time required to accomplish this task from -

several hours in existing rotatable magnetrons to
approximately five minutes or 1less in the improved
rotatable magnetron.

In brief, the seal cartridge of the present
invention provides a pre-assembled sealed unit in which
the inner and outer seal surfaces, the seals, the seal
lubricants and the seal bearings are contained. The
pre-assembled unit is simply placed into the seal
housing to await placement of the target spindle
therein. Thus, there are no exposed seals which are
subject to improper assembly. Further, as the pre-
assembled unit is pre-sealed, there is no need to keep
the assembly area scrupulously clean during target tube
changes or routine service. Upon exhaustion of the seal
cartridge; the spindle is simply slipped out from the
seal cartridge interior and the Cartridge is similarly
slipped out of the seal housing to be replaced by a
fresh pre-assembled seal cartridge unit.

aAdditional objects, advantages and features of
the various aspects of the present invention will become

Upon

spindl.e is sinply sllpge out
n



seal cartridge interior and the cartridge is simlarly slipped out of the
seal housing to be replaced by a fresh pre-assenbled seal cartridge unit.
Addi ti onal objects, advantages and features of 35 t he vari ous aspects .of
t he present invention will becone 6 apparent fromthe follow ng detail ed
description of the preferred enbodi nents, which description should be taken
I n conjunction with the acconpanying drawi ngs. Brief Description of the
Drawi ngs 5 FIG- 1 is a longitudinal cross-sectional view of a
rot at abl e magnetron having seal cartridge® therein, according to the
present invention. FIG 2A is a longitudinal cross-sectional view of a
cartri dge seal spparent fwomnthedfollowingodetabledl@escriptionoofsithen in

FIG 1, accordi @%f%@r P eassagmaataveaﬁ49$ déﬁé%iéﬂidn s%oh ngkuﬂbgébh

Cross-~ sectlona Vi eWw 0 use "an e end

rot at abl e magndr @engvngtian NJGh ﬁhammwx q H&r%mg-‘pr esent
invention. Description of a Preferred Enbodi nent The seal cartridge of the
present invention is used prlnarll i.n a rotatable nmagnet ron appar at us,
such as that sB&H¢5-RS8CE R AEAWNAS | cartridge 20 is used
‘in a rotatgble WBQHEtrOHEM@<ﬂ1IiS dESOHgbeddLnaB.ctbssésbctfbnabsvieatent

hel udi ng 5 Regtaeaatacaliscsaftion MvnG SedTiArERAaUORRCERER

by inventor Jonnclardémerto ttﬂ'te anesensinventi@msure of which is
incorporated herein by thiyg rohei8Ngelongitudinal cross-sectional view

of a cartridge seal for use in an end of the rotatable
10 magnetron shown in FIG. 1, according to the present
invention. '

' FIG. 2B is a longitudinal cross-sectional view
of a cartridge seal for use an opposite end of the
rotatable magnetron shown in FIG. 1, according to the

15 present invention.

Description of a Preferred Embodiment

The seal cartridge of the present invention is
used primarily in a rotatable magnetron apparatus, such
as that shown in FIG. 1. Preferably, the seal cartridge

20 is used in a rotatable magnetron which is described in
a United States patent application (Ser. No.
08/296,237), entitled "Rotatable Magnetron Including a
Replaceable Target Structure" and filed concurrently
herewith by inventor John H. Bower, the entire

25 disclosure of which is incorporated herein by this
reference. _ _

The rotatable magnetron apparatus including
the seal cartridge will now be described in reference to
FIG. 1. Particularly, the apparatus is shown to include

30 an end 10, an opposite end 12, and a cylindrical target
14 disposed between ends 10 and 12. The cylindrical
target 14 has first and second target ends 1l4a and 14b,
which define a target length 1L therebetween.  For



The' rot at abl e magnetron apparatus including the seal cartridge will now be
described in reference to FIG 1. Particularly, the apparatus is shown to
i ncl ude 30 an end 10, an opposite end 12, and a cylindrical target 14

di sposed between ends 10 and 12. The cylindrical target 14 has first and
second target ends 14a and 14b, which define a target length L

t her ebet ween. For 7 convenience, the cylindrical target 14 is shown in
abbreviated form because it- is typically quite lengthy with respect to the
ends 10 and 12 of the rotatable nmagnetron? 5 On an outside

surface of the cylindrical target 14, a sputtering target surface 34 is
forned. Duringconyenignaehe thei ncylimdricadettakgeits 16t dissdshiownt in

central |ongit ygli saXl ygggu 4. J

t hrough a rragngtglbgggﬁéigte?r ff%ﬁfi zos'trlée1.€'}“"t %élg?%%ﬁ ‘é‘bﬁ?e;i&tr’lg{{z?gne S
created by a nWdkd ixespeely to whecrends pdli @nshel wefhithe eotakakle 14
The magnetic ambgne®®ons generally supported by a magnet support structure

40 whi ch y be rotationglly fixed with respect to_its supposrtiye

structur ersTEZZ and 15 2§n( b@f‘ovﬁu\’/\ﬁaé%n sd'l&pf;ﬁq%/ REvabhe f&i’rfb‘y%jt?%t ure
- 42. As shown i baFgét 04, h® spusteblingmt@refetorsirfdder 34ndisudisrmedst and

second spindl e n | C PRQAL: f.Qr: e |.ndri gal; t e and

provi de for |§g§?‘8 a&%m' Egﬁgi %&Ilg'rnfﬁ}cap'l r%éd%\ﬁdigeggng%t% '

spi ndl es 30 an@bentiactertral riongitadizgd axiss 38 scodhet ithe target

engagi ng the fipgraead $£CERA sJuiistdd atArBughb.a rﬂﬁ?ﬁéu‘.&e'ébudefﬂ?g
cylindrical target-14. s further shown FI G the first and second

As | I.n ,
spi ndl es 38 an@i®B8-ar FRAF (PRANBYIF; SPUtLRTing zone is created by a
magnetic array 56 which is positioned within the target

14. The magnetic array 56 is generally supported by a
magnet support structure 40 which may be rotationally
fixed with respect to its supportive structures 22 and
15 24 (below) via an axially movable fixing structure 42,
As shown in FIG. 1, the rotatable magnetron
further includes first and second spindles 30 and 32
which support for the cylindrical target 14 and provide
for its rotation. | Particularly, first and second
20 spindles 30 and 32 include structures 30a and 32a,
respectively, for engaging the first and second ends 1l4a
and 14b, respectively, of the cylindrical target 14.
As is further shown in FIG. 1, the first and
second spindles 30 and 32 are carried by first and
25 second support structufes_zz and 24. Preferably, the
first and second spindles 30 and 32 are axially movable
with respect to the first and second support structures
22 and 24, such that they can be easily retracted
therein to disengage the target ends 14a and 14b,
30 respectively, during normal target tube changes. Such
removal of the target 14 and axial movement of the
spindles 30 and 32 relative to the first and second
support structures 22 and 24 are described in the above-
mentioned United States patent‘application'(Ser. No.
35 08/296,237) of John H. Bower, which is incorporated



25 = second support structures 22 and 24. Preferably, the first and second
Spindles 30 and 32 are axially novable wth respect to the first and. '
second support structures 22 and 24, such that they can be easily retracted
therein to di sengage the target ends 14a and 14b, 30 respectively, during
normal target tube changes. Such renoval of the target 14 and axi al
novenent of the spindles 30 and 32 relative to the first and second support
structures 22 and 24 are described in the above- mentioned United States
pat ent application (Ser. No. 35 08/ 296, B37) of John H. Bower, which is

I ncor por at ed 8 herein by reference. For exanple, the axial novenent of
the first and 3ﬂn@nm bgiméfesenag beFézmé*éﬂpﬁeyﬂﬁhg gxiadl mopementoBiENg

structures 58 6 [ Is I tp. the
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has been renovépindde pesitigning ostepptures,$8 @nds 60axwhich apeasleo
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a0 58 cAVBROT: MU Aot by QEE e (HAEURE , CBPRcbhont
I n addition tohsmpabeénngembeeﬂlﬁﬁﬂxﬁptmdlmaaﬁetrbn'hppﬁxanuguwthéﬁéucture
and 15 ui { nPRg Yo SRS 1R e 1 e, S B, EF B9 A cn
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accommodat e t he passage of cooll | 'u t heret At
the opposiPe eld 1820t nkes eﬁgdwdla&q%l‘;boﬁemove urgng seal cartridge

replacement.

In addition to supporting the first splndle

30, the first support structure 22 generally provides

conduits (not shown) for supplying cooling fluid to and

15 withdrawing cooling fluid from the target structure 14
at the end 10 of the rotatable magnetron. Thus, at end
10, the spindle positioning structure 58 is hollow along
substantially its entire 1length to accommodate the
passage of cooling fluid therethrough.

20 - At the ‘opposite end 12, the second support
structure 24 generally provides power devices for
rotating the target structure 14 including a drive
source (not shown), a pulley 84 and pulley bearings (not
shown) . Generally, the second support structure 24

25 additionally provides electrical: devices for
electrically energizing the sputtering surface 34 of
target structure 14 including an electrical conductor
-(not shown) and an electrical contact device 88.

As cooling fluid is not ordinarily supplied at

30 this opp051te end 12 of the rotatable magnetron, the
spindle positioning structure 60 need not be hollow
along substantially its entire length; rather, it may be
solid at its end 60a and lie adjacent a thrust bearing
61. Thus, cooling fluid flowing through a hollow

35 portion of the spindle positioning structure 60 flows
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structure 24 generally provides power. devices for rotating the target
Stfucture 14 including a drive source (not shown), a pulley 84 and pulley
beari ngs (not shown). General ly, the second support structure 24 25
additionally provi des el ectrical devi ces for electrically

energi zing the sputtering surface 34 of target structure 14 including an
el ectrical conductor (not shown) and an el ectrical contact device 88. As
cooling fluid is not ordinarily supplied at 30 this opposite end 12 of
t he rotatable magnetron, the spindle posit%oning structure 60 need not be
hol | ow al ong substantially its entire length; rather, it may be solid at
its end 60a ando&teoﬁd;peehurastBobsanueaobngnﬁb.a channel betwewh fdri d

Lot 19 U ou0l e SO440% 0 MR Bhsk PR cHEAE R LOH Al i U1
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structures 22 and 24, rovi sion of cooling conduits,
rotationall®ri \H%ﬁ%?yaﬁ&t@ﬁ& gne; 95 Qi %%P?Etd§§€PFSEHe§n23hénd
24. Preferably, the above-described axially movable

components of the rotatable magnetron are so movable
irrespective of any such conduits or devices provided by
the first and second support structures 22 and 24.

15 The provision of cooling conduits, rotational
drive devices and energizing devices is described in the
above-mentioned United States patent application (Ser.
No. 08/296,237 ) of John H. Bower and United States
Patent No. 5,096,562, which are incorporated herein by

20 reference. As described above,'it is the provision of
such conduits and devices which extend from an ambient
environment to the vacuum chamber that calls for the
further provision of fluid and pressure seals.

Thus, in addition to providing such conduits

25 and devices, the first and second support structures 22
and 24 provide seal bearing surfaces 76 and 78,
respectively. These bearing surfaces 76 and 78 surround
the outside surfaces of the seal cartridges 80 and 82,
respectively. As generally shown in FIG. 1, gland seals

30 90 and 92, typically o-ring seals, may be placed between
the bearing surfaces 76 and 78 and exterior surfaces of
the seal cartridges 80 and 82, respectively, to further
prevent fluid or pressure leaks and contaminant
introduction therebetween. These static seals 90 and 92

35 are recessed in grooves adjacent the bearing surfaces 76



above-nentioned United States patent application (Ser. No. 08/296,237 ) of
John H Bower and United States Patent No. 5,096,562, which are

i ncorporated herein by 20 reference. As described above, it is the
provi si on of such conduits and devices which extend from an anbi ent
environment to the vacuum chanber that calls for the further provision of
fluid and pressure seals. Thus, in addition to providing such conduits 25
and devices, the first and -second support structures 22 and 24 provi de seal
bearing surfaces 76 and 78, respectively.10hese bearing surfaces 76 and 78
surround the outside surfaces of the seal cartridges 80 and 82,
respectively. Amderndr asdy wwnthayFlﬁe lundikellysas sba0 damédgeddo?,

typically o-r| I et earing. surf and
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further preventshown dinr F;iﬁesshr estatke ghandomeadsndt anﬂrﬂ)ﬁiuma}'obe

t her ebet ween. 'ByﬁﬁééifﬂéﬁyS@@é§s§ﬁhaﬁﬂ 8303595 ﬁ&ﬁaééﬁ@sﬁﬁﬂ bﬁrQEE@%es

adj acent the béa surfdc 4& are _un ely to
be damaged %r i d\'7 &1 IRt &gslttﬂf@%‘ sP%? 88, 3@ apd |3jgﬁﬂefHFF eZhown
in FIG 1, st atp‘nev@namdaa&sl ana4condaﬂﬁnanw ilﬁtwdticiﬁldnlﬁie)twl‘emethedel n

arooves, adi acebeeal” 868 B bR IER! "I E e R DL PSR O

surfaces and t lpantnisiges Blrand 82 of the seal cartridges 80 and 82. The
seal cartridges 80 and 8Znyj | e%qwé?rﬂtoxd égﬁsgbl Ry ? | g I gfy ‘iﬁer\‘ﬁ?‘wtﬁe':' Gs.
e

2A and 2B, respectively, .In ich th are own i ndependently q

e
rotatablelﬁhgnékﬁﬁﬁlgﬁﬁaﬂﬁtﬁg erepgecka F1GE+ dA s 8B/ ax@speciinely,
in which they are shown }ndependently of the rotatable

magnetron apparatus.. The seal cartridges 80 and 82 are
shown to include outer shells 100 and 102, inner shells
104 and 106, and annular spaces 108 and 110
‘15  therebetween, respectively. .Disposed within these
annular spaces 108 and 110 are seals 112 and 114, seal
spacers 116 and 118, and bearings 120 and 122. These
interior components are retained within their respective
annular spaces 108 and 110 by thrust washers 124 and 126
20 and retainer washers 128 and 130, respectively.

. It is understood that the above-mentioned
reference numerals also refer to duplicates of the
referenced interior compbnents that are shown in FIGs.
2A and 2B, By way of example, seal cartridges 80 and 82

25 may require multiple internal seals in various
arrangements to provide an adequate seal. ' As
exemplified in FIGs. 1 and 2A, within the first support
structure 22 which is generally associated with the
provision of cooling fluid (above), seal cartridge 80

30 may require multiple seals 112 on either side of the
bearing 120, At the opposite end 12, within the second
support structure 24 of FIG. 1 which is generally free
of fluids (above), seal cartridge 82 of FIG. 2B may
require fewer seals 114 surrounding the bearing 122.

35 The number and arrangement of the seals 112 and 114 will



shown to include outer shells 100 and 102, inner shells 104 and 106, and
annul ar  spaces 108 and 110 15 t her ebet ween, respectively.

Di sposed within these annular spaces 108 and 110 are seals 112 and 114,
seal spacers 116 and 118, and bearings 120 and 122. These interior
conponents are retained wthin their respective annular spaces 108 and 110
by thrust washers 124 and 126 20 and retai ner washers 128 and 130,
respectively. It is understood that the above-nentioned reference nunerals
al so refer to duplicates of the referenceltllinterior conponents that are
‘shown in FIGs. 2A and 2B. By way of exanple, seal cartridges 80 and 82 25
may require rmgeneyaklyi depens oneahe bperaaihgummdmmnt(i e.g

B Chintho. i r POUTE, 1T and Finid BPeREERE; andionduids prebatifaiar
the provision dheantatphleinaqnekne), seal cartridge 80 30 may require

multiple seals 112 on eitAer ghbdd ojntggcgearzlppgaﬂgOzBAt tltﬁ gaﬂgﬂ,ﬁ end
4 of FIG 1 mhlc | S genera

12, within _the second, support _structure
free of fl& ds s_(%ﬁciﬁ/e}lg gafi dark r@%ePBEfBFaFJ-!a rofaryy §eans
seal s 114 surr dord noft ke péay rof 182as8bmeribe matercianndnard aageﬁen-t of

(e ambi ent SRoE bRt o ospARCHRACH JEPERERGA, viFncREPRpm f-ERae. ' o

rot at abl e nagn@uditionakﬂnwwthm beaxings 320 2amd 1122 iarerpueferabdyal s
112 and 114 ar ‘i'oq_rl‘@(rerﬁﬂﬂﬁ’lﬁd% %Fh’ltﬁ?adﬁshriﬁ@@efﬂﬂ@ féréefaeaigpl ppon .

el ast OI'TEI’I C material in Cross- sectl ona

vacuum gr &8se. ?Qﬁﬂt?%ﬂa?b?repﬁe SSQPFﬁgyePZOQﬂufhﬁﬂﬁ%ﬁk srefaces| Pfrol | er
bearings whi chsdal redyteidhest @ceasdt Bag Uprle combination of such

seals 112 and 114 and bearings 120 and 122 within the
seal cartridges 80 and 82, respectively, provides
effective isolation between the ambient environment and
15 the vacuum chamber while allowing the target spindles 30
and 32 to rotate freely within the seal cartridges 80
and 82. This rotation of the target spindles 30 and 32
within the seal cartridges 80 and 82 is facilitated by
the-configuration of the seal cartridges upon assembly,

20 which is described below. _
In the assembly of the rotatable magnetron in
preparation for coating, the seal cartridges 80 and 82
are placed in the first support structures 22 and 24,
respectively. The outer shells 100 and 102 are then
25 rotationally fixed with respect to the bearing surfaces
76 and 78, respectively. By way of example in FIG. 1,
a flange 100a on the outer shell 100 of seal cartridge'
80 is shown to be so fixed By a bolt 130. The bolt 130
also serves to mount the end shield 132 and to prevent
30 rotation of the seal hou51ng 136 which provides the
bearing surface 76. It is understood that at the
opposite end 12 of the rotatable magnetron apparétus, a
similar flange 102a of outer shell 102 is capable of
being so fixed by such a bolt (not shown) used to mount



10 * them and thereby, reduce wear on the seal surfaces of seal cartridges
80 and 82. The conbination of such seals 112 and 114 and bearings 120 and
122 within the seal cartridges 80 and 82, respectively, provides effective
i sol ati on between the anbient environnent and 15 the vacuum chanber while
allowing the target spindles 30 and 32 to rotate freely within the seal
cartridges 80 and 82. This rotation of the target spindles 30 and 32 within
the seal cartridges 80 and 82 is facilitated by the configuration of the
seal cartridges upon assenbly, 20 whichtas described below. In the:
assenbly of the rotatable magnetron in preparation for coating, the sea
cartridges 80 ahe¢ SAdRhiRIFAB4 arded i prdven®Pedtation CHE I Eve 2geand 24,

~ respectively. The _ou s_100 re then 25 r ot |onaIIy :
[ xod o th T espeiAing anB kR, srayis: oy £ fiksade By vay

- of exanple in FIG |1, a aﬂdﬁgéonamhypninrthnaaaemﬁiy bflmneototeaable
cartridge 80 i 0 I T b

" serves to rmun?l ?Eg%g?,ﬁ ﬁﬁ %‘ﬁéf; é(?][sg llgae&grjﬁ,gq Qﬁe ?b{:a%'ﬁg%ﬁ?ge se

housi ng 138 whfdkepr wtaegetswe%m tdhe rgtatable tazrqet Spinttles oY that

at the opposi tﬁnan92}2ré§ O€ Ve talﬁ WwERO BT eXamplBaiAl PEcs 2 JA ARARS

(not “shoun) us28+t GARRH(® hdfzy inéaﬁmf arnél GRE5Y B85t 44 Ahchil e at | on
of the seal honespgc]:ﬁ&e\Myl,chfprO\ammgimge Wlsgindléaceomand 32.
168 S RV Ve o 4 B DN A AT
spi ndl es 30 anhezzwaﬂéspééﬂl vangd fof spdndles i 301 @nd 28%nto .
rotationally f£fix the lnper shells 104 and 106 with
respect to the spindles 30 and 32.
Thus, once the rotatable magnetron is fully
assembled in the above-described manner and is put into
15 6peration, static seals are formed between the outer
shells 100 and 102 and the bearing surfaces 76 and 78,
respectively, and between the inner shells 104 and 106
and the spindles 30 and 32, respectively. Such static
seals may be effected by the recessed gland seals 90,
20 92, 94 and 96 described herein. While the outer shells
100 and 102 remain rotationally stationary within seal
housings 136 and 138 and the inner shells 104 and 106
rotate along with the rotating target spindles 30 and
32, a dynamic seal is formed between these outer and
25 inner shells by way of the internal seals 112 and 114
and bearings 120 and 122 within the annular space 108
and 110 of the seal cartridges 80 and 82. 1In this
manner, the seal cartridges 80 and 82 provide effective
seals between the vacuum chamber of the rotatable
30 magnetron and an ambient environment, while protecting
such seals from contamination and wear and preserving
the bearing surfaces 76 and 78 of the seal housings 136
and 138 and the outer surfaces of the target spindles 30
and 32. Fdrther, these axially movable seal cartridges
35 80 and 82 facilitate the efficient removal and



2B, inner shells 104 and 106 carry pins 140 and 142, respectively, for
engagi ng the spindles 30 and 32. Particularly, as shown in FIG 1, pins 140
and 142 fit 10 key-ways 144 and 146 of spindles 30 and 32 to
rotationally fix the inner shells 104 and 106 with respect to the spindles
30 and 32. Thus, once the rotatable magnetron is fully assenbled in the
above- descri bed manner and is put into 15 operation, static seals are
formed between the outer shells 100 and 102 and the bearing surfaces 76 and
78, respectively, and between the inner shklls 104 and 106 and the spindles
30 and 32, respectively. Such static seals may be effected by the recessed
gl and seal s 90repdacesentysofinthes sesks i apd Beadi surfsnes: contaimed
shel|s 100 and tj@zelgRi Pafﬁiéﬁl&f@}'hﬁé@ttmaéé/aﬂ“éﬁ@rﬁd‘?és hwsaass 136
and 138 and th |nner she éOi 106 ro a$§ al on h rot t1ng
target spindle 3(?%910““9@ o¥edyAlnithe Lptatabie g H‘B@nt \@er and

25 inner shefp ub.reaaytmfréinevenwmatepwée tlhésandselalmwﬂt Pbdgesgs 120

52 in LR “H&ﬁﬁﬁ%35%9*?5%%{#0%%}@%%&%%#%%“8#%% 18R s oal s

bet ween t he vaomdercnﬁnﬁdweomimMaSOm Aess.30 nmagnetron and an anbi ent
environnent, ~while protecting such seals from contam nati on and wear and
preserving t he bearing surfaces 76 and 78 of the seal hou3|ngs 136 and 138

and the outer surfaces offtt hd& altfet R pdarsgpedy that pwhiike  these
axially ”DvablQn&éﬁtlearmmskﬁ§e65des&Q1bédiaﬁﬁbefwwthlrebpecthto a

efficient renmpyval ac of .the eals seal surfaces
cont ai ned thergpﬁCiﬁéFtlgﬁﬁigF %uh IH%%?Wﬁﬁﬁ' (ﬂéﬁ? (%ﬂﬂp 18
10 intended to 111ustrate and not to 11m1t the scope of the
invention, which is defined by the scope of the appended
claims.



82. are enployed in the rotatable nagnetron, the tine required to renove and
repl ace these seal cartridges 5 with fresh pre-assenbl ed seal cartridge
units is on the order of five mnutes or less. It is to be understood that
while the invention has been descri bed above with respect to a specific

preferred enbodinent, the description is 10 I ntended to illustrate
and not to limt the scope of the invention, which is defined by the scope
of the appended clains. = 14 IT IS CLAIMED: 1. r-ot at abl e

magnet r on apparatus conprising: a cyl{ dr|caI_LaLgeL—hav+ﬂg—%+fsf and
second target ends and being rotatable about a Ion M Ml @ thereof;

at | east one giggg%hmﬁgﬁggture for carrying therei one
support structure having a bearing surface there| ei ng

capable of engagi ng one of 10 said first and second t ar get ends and havi ng
an annul ar outer surface.al opg a potatablieher eafagnettdon Uni apparatals
cartridge haV|n guter and inner shells, an annul ar space therebetween, and
a bearing and CRIPra82%ne vacuum seal dlsposed wi thin the annul ar 15
space, said outer shell adicyddandaindladmangathchdreing nfixetf and secomd

support 5”“05% eE”Qn&Qta?rfd m‘ﬂ rE'té@?bWetQ GEF’@CltorIél?ﬂﬂu dﬁ%‘x‘ié nner.

shel | surroun the ann surftace o said spi'ndl e an
rotationalﬁy Fhﬁé&%ﬁtklrespect thereto. 2. The rotat abl e magnetron
according to claim at least one support structure for carrying

therein a spindle, said one support structure having a
bearing surface therein;. |
said spindle being capable of engaging one of
10 said first and second target ends and having an annular
outer surface along a portion thereof; and
a unitary seal cartridge having outer and inner
shells, an annular space therebetween, and a bearing and
at least one vacuum seal disposed within the annular
15 space, said outer shell disposed adjacent the bearing
surface of said support structure and rotationally fixed
with respect thereto, said inner shell surrounding the
annular outer surface of said spindle and rotationally
fixed with respect thereto.

2. The rotatable magnetron according to claim

1 in which said spindle is axially movable with respect

to said unitary seal cartridge to engage-said'one target

end when sufficiently extended outwardly with respect to

5 said unitary seal cartridge and to disengage from said

one target end when sufficiently retracted inwardly with
respect to said cartridge.

3. The rotatable magnetron according to claim
1 or claim 2 in which said unitary seal cartridge is
axially movable with respect to said support structure.

4. The rotatable magnetron according to _claim
3 in which said spindle and said unitary seal cartridge



1.in which said spindle is axially novable with respect to said unitary
seal cartridge to engage said one target end when sufficiently extended
outwardly with respect to 5 said unitary seal cartridge and to di sengage
fromsaid one target end when sufficiently retracted inwardly with respect
to said cartridge. 3. The rotatable magnetron according To craimI or —
claim2 in which said unitary seal cartridge is axiall '

respect to said support structure.. 4. The rot at abl eﬂmnaﬂ"mmn'mm ng
to claim3 in which said spindle and sak@ unitary seal cartritge® $15 are
axially novable with respect to said support structurée to be renovable
therefrom 5.are TheiftB} athGvaBDOCtWwDEh aCsEs8eMY o Claafal suppbieh said

i nner shell includes neansg for en ing.said spindle to fix a rotati onal
posi tron of SHPG et ’9&"&%‘9"}% SR spindle. 6. The |
rot at abl e magnetron according to claim1 in which the annul ar space has an
end which is closer toghe t | e at
| east one vacuum seal i%’ di S%%%Z’é#&%%}%@?ﬁ@%ﬁ@%‘{%ﬁ% %rgm%f%jr'mspace,
sai d beari ng 1 sindivdpictfe saishainrex rerhebboticluder nganscfomrengagipgce, and
at |east anotdiglg \GaHAIS R £ H SROSH% Hel 158k 53 sh ReRrdLpa apgnipe
opposite end of _.thé annular space, sajd unjtary seal cartridge providing a
vacuum seal Fhelde Vit 458R9GH U 8akd fRRADHE 1 he annul ar outer surface

7. The rotatable magnetron according to claim®6, further conprising nmeans
wi thin said support structurg for.s ing fluid to and,,wthdramng fluid
froman interior of the tar (ﬁ'{e rggpgggéél m%%‘??‘??%‘gécﬁpd‘fﬁlaﬁ%g°a%1‘g

1 in which the annular space has an end which is closer
to the target tube than an opposite end thereof, at least
one vacuum seal is disposed towards the end of the

5 annular space, said bearing is disposed towards the
opposite end of the annular space, and at least another
vacuum seal is disposed between said bearing and the
opposite end of the annular space, said unitary seal
cartridge providing a vacuum seal between the bearing

10 surface and the annular outer surface.

7. The rotatable magnetron according to claim

6, further comprising means within said support structure

for supplying fluid to and withdrawing fluid from an

interior of the target, said seal cartridge providing a

5 fluid seal between the bearing surface and the annular
outer surface. '

8. The rotatable magnetron according to claim
3; further comprising at least one seal disposed within
said support structure, adjacent the bearing surface
thereof and said outer shell.

9. The rotatable magnetron according to claim
3, further comprising at least one seal disposed within
said spindle, adjacent the annular outer surface thereof -

and said inner shell.



5. fl'uid seal between the bearing surface and the annul ar outer surface. 8.
The rotatable magnetron according to claim3, further conprising at |east
one seal disposed within said support structure, adjacent the bearing.
surface thereof and said outer shell. 9. The rotat abl e magnetron
according to claim3, further conprising at |east one—seal—ti-sposet—wthin

'said spindle, adjacent the annul ar outer surface there
shel | . 16 10. A unitary seal cartridge for provi d|n %{I g w HI
bearing surface surrounding the cartridge and a rotata Surd

the cartridge, conprising: outer and inner shells seffed with respect to 5
one anot her and havi ngian amuirﬂrtamaacsealhw&ﬂntl\w foiptrotiiding hel |

h f ' t h,f hat, .th t hel

ot at Lonal Ty SFite et RRR 8 BEaP LR PRr BHEE F e R A e RS s 1 or
engagi ng theand a rotataible smaf@a:ewltélmthemartrmea memprisgigid: is
rotationally fixed wt Q ‘i:%i-p ‘Hd tl'}ﬁ-fﬁ%t BheANd %e%?.%rd %&&ﬂ‘}ﬁé&a o ON€

vacuum seal di sposed wt |n t e annu space aci ng
~seal neafs wPhR ABprhsEBRd daNing: A% amua%gﬁépﬁoﬁwe&ettw@maw ng: (1)

a cylindrical.target h%&'lof.xltéi't snedlsaseﬂﬂgtﬁéﬂ@é f&LdSe lﬁérﬁhe
rot at abl e abput a_|lon u | nal t her eof ; % % ast one .support
structure foPSBarPgi AY*F ﬂ‘é?e’?‘hch"slﬁ%&l}? outpy &hy r’ts ing a
bearing surf ficzethedehnregppctaitheseitngl e bei ng capabl e of engaglng one of
the first and second tgﬁgatiEHQE @ﬂgll having means for engaging the
10 rotatable surface such that the inner shell is
rotationally fixed with respect thereto; and
a bearing and at least one vacuum seal disposed
within the annular space.

11. A method of replacing seal means with
replacement seal means in a magnetron of a type having:
(1) a cylindrical target having first and second target
ends and being rotatable about a 1longitudinal axis
S thereof; (2) at least one support structure for carrying
therein a spindle, said support structure having a
bearing surface therein; (3) said spindle being capable
of engaging one of the first and second target ends and
having an annular outer surface along a portion thereof;
10 and (4) means disposed within the support structure for
providing a seal between the bearing surface and the
annular outer surface, said method comprising:
(a) providing seal means within a seal
cartridge which is axially movable with respect to the
15 support structure; .
(b) removing the seal cartridge £from the
support structuré7 and |
(c¢) replacing the seal cartridge with a
replacement seal cartridge having replacement seal means
20 therein.



havi ng an annul ar outer surface along a portion thereof; 10 “and (4) neans
disposed within the support structure for providing a seal between the
beari ng surface and the annul ar outer surface, said nethod conprising: (a)
providing seal neans within a seal cartridge which is axially novable with
respect to the 15 support structure; (b) renovingthe seal cartrldge from
the support structure; and (c) replacing the seal ca

repl acenent seal cartridge -having replacenent seal ”’Hm‘jﬁmmmmﬂu“‘

17 12. The nethod according to claim 11z7further conpri s¢ ng prrovidi hg sai d
spindle which is axially novable with respect to the support assenbly and
removabl e therefrom ang. prrgy mMetHcRIAdcgdihe seatlaimaily i figetheom t he

suppo.rt StrU(é[olé{pezrlsrl%rrgovbri%v1adl%gsp's%q.lde fsi:?.rq]d&he SHPBR' U4 S‘SSE,E’PAYJ_Y
movable with respect to the support assembly and
removable therefrom, and, prior to removing the seal
5 cartridge from the support structure, removing said
spindle from the support assembly.




