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SEAL ASSEMBLY WITH REPLACEABLE BARRIER SHIELD 5 FIELD

OF THE INVENTION This invention relates to a seal assembly having a
WepRicdatiies barrier which shields an elastomeric seal from aireais2e06/20718

exposure to a plasma. 10 BACKGROUND OF THE INVENTION

Elastomer sealing components used in equipment for manufacture of

electronic components, for example semi-conductor devices, must meet

unusually stringent property requirements. Specifically, the seals are often

exposed to reactive plasmas, corrosi ning gases and high 15
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plasmas. Seal life is dependent on the severity of the exposure
envifBAPAEht and the proximity to the plasma environment. 25 Others have

improved the plasma resistance of perfluoroelastomer seals by judicious

4gelection of compoundy p Ivm Legare (U.S. Patent
0. 5,696,189) substi SIS, ' Feor—bteer and included
titanium didxidaner sealrid acogmpemshiseddstemapment for manufacture
of electronic components, for example semi-conductor devices, must meet

| unusually siringent property requirements. Specifically, the seals are often
exposed fo reactive plasmas, corrosive cleaning gases and high

15 - temperatures that may cause degradation of the elastomer, resulting in
loss of physical properties and generation of residue material which may

. contaminate the semi-conductor devices being manufactured.
Typically, elastomer parts which will be exposed to plasmas in
semiconductor manufacturing eguipment are fabricated from

20  perfluoroelastomers, flucroelastomers or silicone elastomers because of
their natural resistance (listed in decreasing order) to reactive plasmas.
However, even perfluoroelastomers degrade over time when exposed to
reactive plasmas. Seal life is dependent on the severity of the exposure
environment and the proximity o the plasma environment.

25 Others have improved the plasma resistance of perfiuoroetastomer
seals by judicious selection of compounding additives. For example,
Legare (U.S. Patent No. 5,696,189) substituted a metallic filler for carbon
black and included titanium dioxide and an acid acceptor in his elastomer
seal compositions. Katsuhiko et al. (JP 3303915 B2) employed fine

30  particle size aluminum oxide in elastomer seal compositions. Both patents



seal compositions. Katsuhiko et al. (JP 3303915 B2) employed fine 30

particle size aluminum oxide in elastomer seal compositions. Both patents
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Another method for protecting rubber seals from attack by plasma is to

place a sacrificial shield between the plasma and the rubber seal. 5

Shields are typically made from a material that is resistant to plasma

attack or materials that da not leaye behind harmful particulate when the
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elastomeric seals which are, a ) . _ _
Commercially available seal and barrier shield assemblies comprise

a bonded rubber seal and a continuous ring barrier that must be instalied
15 when the assembly is manufactured. Neither the bonded rubber seal, nor
the barrier shield ring may be readily replaced in the field. Thus, the entire
assembly must be replaced whenever either the barrier or rubber seal
needs to be replaced. While these assemblies do protect the primary
rubber seal and extend overal! seal life, they require that the whole seal
20  and barrier shield assembly be replaced and therefore are more
expensive. ltis desirable to minimize consumables cost while maintaining
the seal life associated with seal and barrier shield assemblies.
U.S. Patent No. 5,722,668 discloses elastomeric seals which are, at
least partially covered by a shield coliar which protects the elastomer from
25  plasma attack until the shield is eroded through by the plasma. When the
latter occurs, both the elastomer seal and shield collar must be replaced.
U.S. Patent No. 6,245,149 B1 discloses elastomeric seals which
are protected from plasma attack by a barrier shield which is a linear
strand having notched, slideably coupled ends. The shield is arranged in
30 the same groove as the elastomer seal in a location between the seal and



least partially covered by a shield collar which protects the elastomer from
25 plasma attack until the shield is eroded through by the plasma. When
the latter occurs, both the elastomer seal and shield collar must be
replaced. U.S. Patent No. 6,245,149 BI discloses elastomeric seals which
are protected from plasma attack by a barrier shield which is a linear

the Siramskhavinganiched. slideabliceupiedigbdsh the ghiglddseranagekia and
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replacement of the valve seat whenever the seal or barrier needed to be
locﬁgﬂé%é;aparate grooves. Both the seal and shield may be physically bonded to the

valve seat or they may be physically fixed to the seat by placement within a notch,
groove, or other feature. Bonding seals and shields to the valve seat would require

replacement of the valve seat whenever the seal or barrier needed to be replaced.

SUMMARY OF THE INVENTION

In a first aspect of the invention, there is provided a seal assembly comprising a
closure assembly having first and second grooves, an elastomer seal mounted in said first
groove and a replaceable barrier strand removably mounted in said second groove
whereby said barrier strand shields said elastomer seal from direct exposure to reactive
plasma, wherein said barrier strand has a T-shaped cross-section and at least one rib for

engaging at least one wall of said second groove.



SUMMARY OF THE INVENTION In a first aspect of the invention, there is
provided a seal assembly comprising a closure assembly having first and
second grooves, an elastomer seal mounted in said first groove and a
replaceable barrier strand removably mounted in said second groove
whereby said barrier strand shields said elastomer seal from direct

exppsyretedeastive asmavaunereinaait hasirleatrend Dasadbsh@Pede in
cross-section and at least one rib for engaging at least one wall of said
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and at least one rib for engaging at least one wall of said second groove.
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 shows a
cross-sectionapyigoh Rl eRRPNIHRT PHARC HIRESE TS Of the

- invention in the uncompressed state wherein the elastomeric seal is

bonbisd benBiHeF eIl rd ae SdabRbRdinantiret grsalassrmbineot the

invhagbiestranthisrpnavablymeiet WihiRRHRGANEAr2Vedelfolmolded to
‘ﬁ%i ent of a seal assembhly of the

h - ti | vi f
SR e B A L S gt e L

witbmmotdeddtgrthweclosure assembly within a first groove and the barrier
Stl‘&p}%i%l‘ ¥%bé¥ 1304 nEle %a \Iftl@{g 0 a%corggfgjm%\ﬁ?'ollgig 'sgaFQsos\év%ﬁ' l(‘?fnth@
view 6f & Slit valve door of this invention. ﬁg. Shows & éross-sectional

invgpénonahealesrprasved statsouhersit Seallztgemilyseal thecimlsiiondkiedeo the

clodpeamRIEssed aiate WhrkeIRdhe: clagtonesic.saakin FamovaRly RUME hted

_in afirst groove on the closure assembly and the barrier strand is
Wltww groove.

Fig. 3 shows a pian view of a slit valve door of thié invention.

Fig. 4 shows a cross-sectional view of an alternative embodiment seal assembly
of the invention in the uncompressed state wherein the elastomeric seal is removably
mounted in a first groove on the closure assembly and the barrier strand is removably
mounted within a second groove.

Fig. 5 shows a cross-sectional view of an alternative embodiment seal assembly
of the invention in the compressed state wherein the elastomeric seal is removably
mounted in a first groove on the closure assembly and the barrier strand is removably
mounted within a second groove.

Fig. 6 shows cross-sectional views of several embodiments of the barrier strand.

DETAILED DESCRIPTION OF THE INVENTION

The seal assembly of this invention comprises a rubber (i.¢. elastomeric) seal and

a removably mounted (i.e. replaceable) barrier



mounted within a second groove. Fig. 5 shows a cross-sectional view of

an alternative embodiment seal assembly of the invention in the

compressed state wherein the elastomeric seal is removably mounted in
VEOfirgtograwewe on the closure assembly and the barrier strancbisrememaily s

mounted within a second groove. Fig. 6 shows cross-sectional views of

several embodiments of the barrier strand. DETAILED DESCRIPTION

OF THE INVENTION The seal assembly of this invention comprises a
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assembly 20 on which a rubber seal 10 Is _ ‘
the entire seal assembly must be replaced, or in the embodiment having a
replaceable seal, only the seal need be replaced.

15 Referring to Fig. 1, one embodiment of this invention is a seal
assembly comprising a closure assembly 20 on which a rubber seai 10 is
mounted, and a seal seat 30, having a face 35 against which seal 10 is
compressed to form a seal when in use. Seal 10 may be bonded directly
onto surface 55 of closure assembly 20 (not shown), or, preferably, it may

20 be bonded within a first groove or notch having side walls 40 and base 50
as shown in Fig. 1. Bonding may be accomplished by use of a chemical
bonding agent, a mechanical bond, vuicanizing the elastomer seal under
pressure and temperature onto the closure assembly, or by a combination
of two or three of these known techniques. By “mechanical bonding” is

25 meant roughening the surface of the seal, closure assembly, or both to
enhance adhesion of the seal to the closure assembly. Seal 10 has a
sealing surface 60 for contacting face 35 of seal seat 30 when in use.,
Seal 10 may have a generally parabolic cross-section as shown, or it may
have any of the well-known cross-sections such as circular, dovetail-

30  shaped, trilobe, dome-shaped, etc. The arrow marked “A” shows the
direction that plasma enters the seal assembly.



mounted, and a seal seat 30, having a face 35 against which seal 10 is
compressed to form a seal when in use. Seal 10 may be bonded directly
onto surface 55 of closure assembly 20 (not shown), or, preferably, it may
W2Rhs/hadied within a first groove or notch having side wall80GEAEEXE18
50 as shown in Fig. 1. Bonding may be accomplished by use of a
chemical bonding agent, a mechanical bond, vulcanizing the elastomer
seal under pressure and temperature onto the closure assembly, or by a

combinati twQ ort of these known techniques, By "mechanical
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etc. The arrow marked "A" shows the direction that plasma enters the
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barbed to improve retention of the in the groove once strand
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a mating surface 100 for contacting face 35 10 of seal seat 30 when in
use.%Lrh%ﬁ@ﬁ%@%r%’é@-@%é%ﬁ?@ﬁ‘@éﬁ’?éhape as shown or they may have

a barbed shape similar to that of a dorsal fin (Fig. 6b). In either case, ribs
15 orfins 71 help to make the barrier strand easier to install in the groove
without the use of special tools. Ribs or fins 71 alsc aid in the retention of
strand 70 within the groove by engaging one or more groove walls 80.
Since the materials commonly employed for barrier strand construction are
engineering plastics that are not forgiving and lack elastic properties, it is
20 necessary to incorporate flexibility into the design of the barrier strand to
facilitate easy installation. Alternatively, the barrier strand may have other
cross-sectional shapes such as “T" shaped without fins, circular, dovetail
shaped, trilobal, tooth-shaped, etc. as shown in Fig 6¢, 6d, 6e, 6f and 69
respectively and can be used in a standard groove configuration as shown
25 orin a dovetail shaped groove. However, retention of barrier strand 70
within the second groove is dependent upon an interference fit, and if
these alternative cross-sectional shapes do not have flexibility built into the
design, they may be more difficult to install in the groove without the use of
special tools. Dovetail-shaped seals and trilobe-shaped seals are
30 described in U.8. Patent Nos. 5,482,297 and 6,328,316, respectively.
Barrier strand 70 is made to a length whereby it runs the length of seal 10,



strand 70 is generally T-shaped with one or more lateral fins or ribs 71 as

shown in Fig. 6a. Fins or ribs 71 can be perpendicular to the base of the

"T" cross-section and be rectangular in shape as shown or they may have
Veoateadstiape similar to that of a dorsal fin (Fig. 6b). In eithereesspsits 718

15 or fins 71 help to make the barrier strand easier to install in the groove

without the use of special tools. Ribs or fins 71 also aid in the retention of

strand 70 within the groove by engaging one or more groove walls 80.

Since the maferials commonly employed for barrier strand construction
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15 When in use, barrier 270 contacts face 235 of seal seat 330 and
seal 210 is compressed against face 235 of seal seat 330 (Fig. 5).
Another embodiment of this invention is a slit valve door. Referring
to Fig. 3, door 200 is a closure assembly having first and second grooves
or notches for receiving rubber seal 100 (which may optionally be
20  replaceable) and replaceable barrier strand 700, Barrier strand 700 has
non-overiapping ends that meet in a butt joint 750. When in use, plasma
flows from the center of door 200 cutward toward the periphery of the
door, as indicated by the arrows emanating from “A”.
Elastomers suitable for use in seals 10, 100 and 210 of this
25  invention include, but are not limited to perfluoroelastomers,
fluoroelastomers, silicones, nitrile rubbers and ethylene elastomers such
as chlorinated polysthylenes, EPDM, ethylene/oiefin copolymers, etc.
Perflucroelastomers, fluoroelastomers and silicone rubbers are preferred.
Perfluoroelastomers are especially preferred. Typical

30 perfluoroelastomers, fiuoroelastomers and suitable curative systems have



5 overlap in the groove and are not slideably coupled. When in use,

barrier 70 contacts face 35 of seal seat 30 and seal 10 is compressed

against face 35 of seal seat 30 (Fig. 2). In an alternative embodiment of
VRiSwWBASeN, Fig. 4, elastomer seal 210 is removably moumrerisadfinsts 718

groove having sidewalls 240 and 10 a base 250. The groove shape may

be any of those known in the industry such as generally rectangular,

dovetail, half dovetail, etc. The cross- section of rubber seal 210 may be

i i b hape k in the rubb
onl MRS SRS T b bugHe 186 EaMaRahbt, ERIeHE Nefen i
use, B2BELIT B tpdratisdbZr57B5004 884 Sdat 330 and Beabskis
inst f of seal seat 330 (Fig..5). Anpther
ebodmort S a8 G T R0 FatRArR) RPEnse oy
200 wrecsiosingaids dmisglivadiizetrin efesisacendognpovesiing candhes for
seceiyinsrsebhes s6@ &%%M&H@ﬁ%@@ﬁ?ﬂ%%%%&% PAEeRP LA

replaceable barrier strand 700, Barrier strand as non-oveflapping

enddhphihredarerdarysigsplityfriihe ifendripriviveeonditivtse

center of degIeR0R R waIshiBYRSIAbR, RRHRISN kIS sERAmAsIngicated
by the arrows(ﬁg{an(ating from "A". Elastomers suitable for use in seals 10,

100 DIRIPICIIRIR (S8 SUSAATG 8 TNAFE AYIEEmRLENgUm silicate,
perflantetasionseifatd)sroatasidmesistieorespisitbndabarsoed in this

th t such hlorinated polyethylenes, EPDM .
T g Fe s e B R R st st
and bitthessubbesienagsistanesl. pRerfiasasisiatom asdhpecessealilly of

prefqrr@eo;gwgﬁkﬁﬁg.pﬁ@&%&ﬁﬁ@fﬂﬁ&s oSBT oMM A SRS R be

curative systems have -7 _
any finely divided, easily dispersed plastic fluoropolymer that is preferabiy

solid at the highest temperature utilized in fabrication and curing of the
16  elastomer composition. By solid, it is meant that the fluoropiastic, if
partially crystaliine, will have a crystaliine melting temperature above the
processing temperature(s) of the elastomer(s). Such finely divided, easily
dispersed fluoropiastics are commonly called micropowders or
fluoroadditives. When used in the compositions of this invention, 1-70
20  parts by weight filler per 100 parts by weight rubber (i.e. elastomer) (phr) is
generally sufficient.
A whitener, such as titanium dioxide may also be present in the
elastomer compositions employed in this invention.
Closure assemblies 20, 220, door 200 and seal seats 30 and 330
25 may be made from metals such as stainless steel or aluminum, e.g. 8061-
T6 aluminum. Preferably, closure assembly 20 and seal seat 30 are made
from the same material.
Barrier strand 70, 270 and 700 may be made from a non-elastic
fluoropolymer such as polytetrafluoroethylene (PTFE) or the copolymer of
30 tetraflucroethylene with a periluoro(alkyl vinyl ether) (PFA). Other barrier



WO 2006/1..30546 PCT/U52006/020718 been well described in the art.
See for example, U.S. Patent Nos. 6,281,296 Bl; 6,114,452; 5,789,489;
4,214,060; and 3,876,654. Additives, such as fillers, stabilizers,

Wilastieidende lubricants, and processing aids typically utilizeddrelssiamsris
compounding can be 5 incorporated into the elastomer parts of the
present invention, provided that they have adequate stability for the
intended service conditions. Fillers such as carbon black, fluoropolymers,
pol imide?, and inorganic fillers (e.g. silicon dioxide, aluminum oxide,
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prqcessing temperature(s) of the elastomer(s). Such finely divided, easily
di§8¥?§5@%tﬁ%ﬁ§pﬂ§ﬁé§’ﬁr@°@6ﬁ?ﬁéﬁﬂy called micropowders or
fluoroadditives. When used in the compositions of this invention, 1-70 20
parts by weight filler per 100 parts by weight rubber (i.e. elastomer) (phr)

is generally sufficient. A whitener, such as titanium dioxide may also be
present in the elastomer compositions employed in this invention. Closure:
assemblies 20, 220, door 200 and seal seats 30 and 330 25 may be
made from metals such as stainless steel or aluminum, e.g. 6061- T6
aluminum. Preferably, closure assembly 20 and seal seat 30 are made



from the same material. Barrier strand 70, 270 and 700 may be made
from a non-elastic fluoropolymer such as polytetrafluoroethylene (PTFE)
or the copolymer of 30 tetrafluoroethylene with a perfluoro(alkyl vinyl
ether) (PFA). Other barrier -8 WO 2006/130546 PCT/US2006/020718
CLAMgaterials may include, but are not limited to polyetheretherketone (PEEK),
polyphenylene sulfide (PPS) and polyimides. PTFE is preferred. The seal
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mountpgimpeid Genenarapdo vingeelly, gaishtiadten stitvsl shigkianditicclagalseOsel from
direct BXBERIRAS RELUEC ARGl QR ALING, RIASIOEL RAIS-AE h$_JANSINRMLIS section
as slit valve door seals. -9 CLAIMS: 1. A seal assembly comprising a
and atigssl R0e SN SrRAINSA s BElRNS MRl hel §Rd ves0aM JE98¥Mer seal
mounted in said first groove and a replaceable barrier strand removably
mounted in said second groove whereby said barrier strand shields said
2 aSRANBYSERPH Gth Cifect d5st A BAEIRR S SSRIAS WREREH Witlin said first
groovebarrier strand has a T-shaped cross-section and at least one rib for
engaging at least one wall of said second groove. 2. A seal assembly of
claim 1 wherein said elastomer seal is bonded within said first groove. 3.
3. Aseal assembly asfatdéom vivdreie saghalastastenent aaltis veatdyatdynted in said
ounted in said first groove. 4. A seal assembly of claim 1 wherein said
elastomer seal is a perfluoroelastomer seal. 5. A seal assembly of claim 1
wherein said elastomer seal has a parabolic-shaped

4, A seal assembly of claim 1 wherein said elastomer seal is a perfluoroelastomer seal.

first gr

5. A seal assembly of claim 1 wherein said elastomer seal has a parabolic-shaped

cross-section.

6. A seal assembly of claim 1 wherein said barrier strand comprises a polymer seiected
from the group consisting of polytetrafluoroethyiene, PFA, polyetheretherketone,

polyphenylene sulfide and a polyimide.

7. A seal assembly of claim 6 wherein said barrier strand comprises polytetrafiuoroethyiene.

8. A slit valve door for use in semiconductor wafer processing equipment, said door
having mounted thereon an elastomer seal in a first groove and a replaceable barrier strand
removably mounted in a second groove, said barrier strand for shielding the rubber seal from
direct exposure to reactive plasma, wherein said barrier strand has a T-shaped cross-section

and at least one rib for engaging at least one wall of said second groove.
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cross-section. 6. A seal assembly of claim 1 wherein said barrier strand
comprises a polymer selected from the group consisting of
polytetrafluoroethylene, PFA, polyetheretherketone, polyphenylene
sulfide and a polyimide. 7. A seal assembly of claim 6 wherein said barrier
9 sté%r?d comprises égﬁol}/tetraﬂuoroethylene. 8. A slit valve door foruse in
© el ater BrBc S LiRg BRI SIRSIAMPHSBR! fabriy sbwikie said first
groovéhereon an elastomer seal in a first groove and a replaceable barrier
strand removably mounted in a second groove, said barrier strand for
shielding the rubber seal from direct exposure to reactive plasma,
10.  whettinsdedddoarrie seandhaberdirshaigesl asossesaations asthaldegsinonated in
said ﬂlrétpgp(go%gaging at Iea_st one wall of said secpnd groove. 10 9. A sI_it valve
door of claim 8 wherein said elastomer seal is bonded within said first
groove. 10. A slit valve door of claim 8 wherein said elastomer seal is
11, ARGVARDEHOMEeE HimSBIGHLRLATOY &idsto M LN A0k 1 S &rrer seat.
wherein said elastomer seal is a perfluoroelastomer seal. 12. A slit valve
door of claim 8 wherein said elastomer seal has a parabolic-shaped
12, CrOsstSemieicbt Afdibivalve derrah Gaim Swherein said A pstEaBEk-shaped
_cor‘pgrises a polymer selected from the group consisting of
cross f)%(f)} éhafluoroethylene, PFA, polyetheretherketone, polyphenylene
sulfide and a polyimide. 14. A slit valve door of claim 13 wherein said

13. bﬁ réh‘?rvgﬁ%no%gro ORISR Q %X%?g%ﬂs”a‘?é%eatpr}@‘?gﬁar{& %omprEses a polymer selected
from the group consisting of polytetrafiuoroethylene, PFA, polyetheretherketone,

polyphenylene sulfide and a polyimide.

14. A siit valve door of claim 13 wherein said barrier strand comprises polytetrafluoroethylene.
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