;e3e\ L\ HHI $J4IN>L6t LTLenvV. ~ t , ARPARATI TS AND METHOD FOR | NSULATI NG A
SEAL I N A PROCESS CHAMBER CROSS REFERENCE TO RELATED APPLI CATI ONS The
present application clains priority fromcomonly aSS|gn ng 5
U.S. Provisional Patent Application Serial Number 60/31 HWW@W@@E”
Apparatus and nethod for insulating a seal Eat in a process

sl ed August 20, 2001, which is incorporated herein by refereh@d TECHNICAL
FI ELD The present invention relates generally to systens and net hods for
heat 10 treating objects, such as sem conductor substra

specifically, the present invention relates to an apparymmymgmmﬁ od for
insulating and maintaining a seal in a pressurized) evacuate aus ted
process chanber. BACKGROUND Heat ed process chanbers are co 2? used in
manuf acturing, for exanple, 15 integrated circuits (1Cs) or sem conduct or
devices for heat treating, annealing, and depositing or renoving | ayers of
material on a substrate. Frequently, the process chanbers are pressuri zed,

evacuat ed or exhaust Q@pARATES AND METSON FORINSU IATINGPARBEAL de a suitable

processi ng environnent and/or fyatrROGEEStHAMBIR! sonnel . I n particul ar
many of the reactants and process gases used in 20 manufacturing

sem conductors are highly toxic and/or flammable. Thus, all openi ngs or
apertures i nt CROSS BEFEBRENCIVEMRELATED udPAJCARBONSt hr ough whi ch the
substrates are | oaded, process and vent gas supply lines, and vacuum or

exhaust ports nust- 19@ gt g%hmtm c?alrgéﬁn&ﬂl?mmﬁ&%{mm H&théd LEpRREL ve

fixture and fitting Gene , these seals Incl askets or o-ring type

seal s made Sof &S rlérs’ﬂsmeﬁtl’a;.%\t m}waeomﬁpequll*é\ml@uéﬁﬁéw , entitlad; drpqratus
fluorosil cone A r I ocar bon,
aszgt,,rea{ dﬂ'ﬁ{/ @?&M@ & 'ErP.P%éLo%QS AmIerEhf ey ﬁﬁ?@sﬁ 26, 2495

pol yacrylate, nitri ni t , neopr ene, e ‘propyl ene or
butyl rubber. V(hn@lpmmemednhpwndnmfewmeonal heat ed process chambers is

thermal 5 degw #: g seals and the resultant reduction in quality
or the seal |eading to t processi ng environnent being conprom sed,

i ncludi ng possible contam nation fromthe degraded seal, and the potent| al
exposure of personmhB$ Pr§eainggntion delpias gpncrlly . ‘°I—Té’étf"mééﬁ@ld'éftt@ﬂlsafﬁﬁ f24di at ed

fromthe Qroocef%%p%ﬁa;]&% st h@genﬁcm@&esmmtéapemy PaciGidllyC aeSgedche seal s
to lose their resilience, |eadin radual deterloratlpn of the_seal or 10

a cat ast r ophi dmyeRtign gelstes i angppasy Ei ragther} Top Msulptinecd pagtanies & feshBey | such

as a | ow pres%sﬁnfzg&@b&@kted/&%%anﬁﬁa)gﬁcésbQlEhrr(HePCVD) system deterioration
of the seal can |ead to outside air ing drawn in and adversely effecting

process chenm HAGKERDWNDt he thermal stability in the process chanber In
sonme instances the deterioration of the seal can | ead to contam nates being
drawn into the protRstsd ploasse ehambefsCdrel domgionly used in manufacturing, for example,

15  integrated circuits (ICs) or semiconductor devices for heat treating, annealing, and
depositing or removing layers of material on a substrate,

Frequently, the process chambers are pressurized, evacuated or exhausied
during a processing operation to provide a suitable processing environment and/or for
the safety of personnel. In particular many of the reactants and process gases used in

20  manufacturing semiconductors are highly toxic and/or flammable. Thus, all openings
or apertures into the process chamber including those through which the substrates are
loaded, process and vent gas supply lines, and vacuum or exhaust potts must be sealed
with a gas tight seal to their respective Oxtures and fittings, Gengerally, these seals

includc gaskets or o-ring type seals made of a resilient polymeric material such as



15 contam nation by particul ate matter and/or out-gassing fromthe degraded
seal itself. Deterioration of the seal can in turn |l ead to increased
operating costs and reduced equi prent or process chanber availability.

Because of theushac. fHBbNRE Ml bR AIGE! R0, neERRAIHL

resi stance requrretd of seals Used In process ¢ , they uently cost
in excess of $RonAGborlpolgmvdatettigile Gydrpgepated nityle, beopenea, adyland propdereor days
due to the need tq ol down, heat up, season and re-qualify a process
chanber foll O\th'ﬁys‘@éer‘r epl acenment. Thus, there is a need for an apparatus
and net hod for i nsOhatpratjemnvithinicofventivinaly teead sprosess ¢hampers ciss sheohenber s.

n pr oceas SchaRBERIOn B e K a s rataedRisdi MRiBRE dOfplRaRB s 1o
5,5781329, t o pResayepsir@iment beifpl AdviiEdnised) enchioling pasciblearoatamihatiyn frefuer ence.
Referring to El 1,. YAMAGA di scl oses a gl ass proce hanper 10.. heated a
nunber of heatﬂ?cr?efgéffdgg‘f?ﬁl’s?“f, ""3#?8‘5 W?\Rﬁ?ogwes(’zfrﬁgﬁ%ﬁ}fzi? ﬁ?zagl?}ﬁssf“? %F%I% 14 are
processed. Pr afeesSndindddaind padiged fas theSprodety detmberdiutig o poldesding apertidnet 106
t he process chanber 10 exhausted. or.evacuat.ed thropgh an exhaust port 18.
The gas inl et “3%°qUs® éﬁéﬁagdo o5° §'e'§ée§ﬂ’§ﬁcﬁp#§/§nf‘5 %@aéﬁp‘?%%‘[‘mélﬁﬁﬁﬁy'e B?P%fn o-ring
17, and the exhatstophltl hilk8 hSabeabwtdy skhaatek piocd? chambar) sgethauslowt r unk or
o2 suppor t 20 FSHHTE SLFBR e oS AN Saeendero ot 0 Sakoy
| owered by a liéddtto BREIBEHL Béhg dr@ém STudAdvelsely edRetingptoceSehyRiskrsndidi it r at es.
process chambdiorTe SRPILR o e TipeBes bepber e MBS duCRHIEBAGR 4 Wool ant
channel 28 in sthecahased i @bfardidatle beg aRsivia thita Gk tprdeesst damBer liMdddfy t 0 cool
the o-ring.. Wiile an.inprovengnt qver earlier ,un-co%lped dfeﬁi %JES’ ti)he
appr oach stowf°ra™ Ragticyiste AT png/as aptapsing fom) the Gperaded s drelfof
regsogs. Chhe pr obl @aitei-iaz%aﬁ&abf Eleodr?hl}’%ﬁgﬁ @indrad o tﬂaﬁ%ﬁdrdp@ﬂtﬁ@ Yo ol e?i
and that the side awa romthe heat rocess chanmber 10. .Heat .is sti
conducted to t'H cf)‘ff"i‘%ﬁ“%”t Pﬁ“'ﬁﬁiﬁﬁhﬁ{fﬁ?&‘ ?‘Wﬁﬁ’@‘é‘ym, cc\ﬁmedﬁ]ﬁi‘e‘ss‘?eﬂ‘éqh&%‘d from
t he cool eﬂ ﬁg%ﬁﬁ@l, ahé cBé’miﬁ;yl dnkl @teipdTath@. reti@Mice ir6quided @f fsedl$ @eddinfprovend Ihe

10 t t g 24 - 6. Co tly,
N h the appr GHERPTh Uy AbAesely ke 6t e b2 Mpiehved i taemes G el
degr adat i iy an@ava9igble Fbr dus WRLIBUFR BEed[tb @68 Wotrn] Feat fis; spAse esbrecqvantyey 10.
Al so, the approach in YAMAﬁlaA does not hing tg address thernal degradati on of
the o-ring 17 REFetsdemher lohewps §¢5] repfrgerpeps -grg‘éskglmlléadﬁe fPE 2B 2RBAYLYS port t
8 Moreover, thgdueod fors@hRiing Sl thiiglainiik sQdliGeSinPastedsichirdlers]i fficul ties or
probl ens, particul ?1'5% for [0CLSSes at _tenperatures a@&\;@ 10% C4212F).
One 15 probl emis CRETHEPERLINST PG TLHIFERES P BFVEE S0P §SGSSEEL i ti at ed
\%_ t Ee‘ dr ast i Qrédesk Cliantbersof Oﬁcapﬁf;ﬁhbﬁ&e;eméd ﬁ:h;e;.s:qaﬂmd N g5 78l 20 e1022,

Ich In turn gan cause un Lrabple variatio In the Process. ofr

cont ani nat4on fﬂ‘matgﬁét ?utﬁgﬁ:@g@@’ %&r.eb)i'mcgrpf’ré‘teai‘?/ Rt (R P%E%%"“E%F?c@pnlw th the
| at est gener aty OMATA TiRldsQ a SHNE! Rodebd Shinftief 10] VEASS laNBurieaBTeksstiher e a
heated | egion or zone in which the substrate is processed may be 20

separ at ed f r orfl4Etsd aAnd i), Which serpicapductas wpsiyales d A preRrrpessed o Frcps gador vet

anot her probl am da8 if fodiRed ot taSas S 16DEhe pockIRARGSL M ieRhaubtdd or _
cat astrophi c damage to the process chanber 10 in the event of a failure in

1 . .
the cool i ng wdtvafuated Spyeh agrhiugsporhide, The sagindet 4F iSmepled 1 3 ead seRrlY Hng esul t
in the wat®y i(@ot8whOS ﬁﬁoiﬁagmpinat@c Sehatist &M DG LcQled HOAMNBasR ] Pid1gh OF
ot herwi se damaging the base. 25 Accordingly, there is a need for an
appar ahi s and FREOPRHEUKGY VAFiUT RO igTeling) (oh Phewa)- niitgubesres 1 sedeld s ocess

chambers that y&r Bﬁsi%a 2 mbuihtel inGindiQ Bhsel phat IENGAREEEE Mldbd HoRERLBSSI NY.
It is desirable _that the apparatus  and pet hod be _adaptabl e for use with

seal s used on Gpémecheasmdpotshenn)ig oad ardrempy e stbsteatese fn s arisedipREfemi ng f or

exanpl e gas i nhebsse phtd12ilseIO {05 Addge 2P BNHE PPockdd cRMEIEr WHibG hn SUBg At es 30
or work pieces are loaded into tree chanber. The present invention provides

a solution to these and ot her problens, and
2




of fers other advantages over the prior art. 3 SUMVAIt'Y It is an object
of the present invention to provide an apparatus and nethod for insulating
and maintaining a seal in a pressurized, evacuated or exhaust'ed process
chamber. 5 Ac%atgn Qadsla RS ﬁ%Qﬁ&Lnt%Bmtx@ﬁSﬁﬁ%%&e S8R 1LRR and aBEQHESS
chanmber is provi s Reoti progesm ng work pieces, such as sem conductor
substrat es, attomegimmglﬁabewltﬂacb tiggiper at ures. The process chanber incl udes
a wal | havi ng an apgrture ] PA L e, haggr,; ure,

and an insul ator be vvee P\t‘ipo%’%lﬁ Ogaaeﬁgﬁpgﬁf%tl%r e§1 o |n§§fﬁ‘:§te sa seal

bet ween t he flmmm& mdtevﬁoilxu:ws&.ctomhé)r|anuuibatwfrre§spnmc‘i)lp}apﬂoplemos ihe¢| udes a
tube or coq Ioop i.n dema ched to
t he fl ange, an hyo ‘Fafﬁfl gé&e%f“}%k ”f“l%oocob n\é%alt %’%r’g%ﬁlae%%gﬁgésgeal i ng
surface agai nsdhaﬁvbtrclfm tmﬁt Hesall cﬁﬂcﬁﬂc&du@t}ﬁeﬂhngt%alﬂohlg}ngm ﬂangdl\%wﬂmahtwre I n
one enbodi nent fl ui

‘g ass thr tgg éi’ coaql i n oo g eat
transferred tocP¥ae 381‘1 HesHPIgE 2 by a‘hﬁ’é? VidR S°a”‘5‘?“8
operation. Gengpgsksd thﬁbbxeld h@mﬂ +the DEng 0altd 6@ olfing mpcaméqltemy,wm me e made

of a glass materi al uartz. The sj e c ng .l oop, .can _be

vel ded to the PR l‘hm 3‘56‘“’6#66%\%&@“???5%3?5‘?’1?? %ﬁﬂ‘é"ﬂ“ﬁﬂ%ﬁsé’\;\n th. In
one enbodi {ENt vactuldf of préfstifedn e pRocBRRharBIRY €0.1 ABo,aheIRProsBl int YW MAGIA @dek ch wor k
pi eces, such as sem conductor ;ubst at es, are .|l ogded |ntoh‘ége]1 pr oc

chamber . Al t er?odiing & yddresp theppaldsgradabign, of thep-fing hi o e F\“dc@ﬁnectl ng
t he process 20 a@ﬁ@ﬁb%ﬁﬂ{e(}xﬁaugt%ﬁqm punp, an exhaust line, or a process or
vent gas supply I n anot her enbodi nent, the flagge has. a cyllg? {%cal shape
open at a distal erdogp¥t.ather psnpk Wé“’f)r"(?elé@s‘ & radditinppl ; HiEiculsiss i%%g | oop
has a curved S@?ﬁkﬁ@t a&éuyar&' fo aassééﬁape%pmms%meamat (B10p) agkal |y
equal to that ange cooling Ioop itself can have an internal
passage W 1 epoblem i b¢ poightial f@fr cmnfmwf RI@@SSS&E@S indtiatgdoba thedrasiic f or
exanpl e squar ,.ql o o%‘? tgxﬁgeﬂt% :%Brhihla' oAl BRI, Uﬂ%hclﬂocllhn&ﬂ QARe
conprises a channel’ or ove machined into a portion of a surface of the
fl ange, and th@d@ﬂ;ﬂbmmaaw inHke pieeasher cwréammnthqféh@ Abstaes %aTs‘!ssa\ge

t hrough whi ch n%i}scd"ﬁﬂla éJn@é}ﬁwl hd Htcsi geﬁer%a%@gmmr 'sm@e st sGatt PRocERRL-

yet another e Iment, the cooling loop is a égrsed to function as _a Ilght
30 pipe to di rwbn@aﬂwreaah%dﬂ@glpm BhFaRdn phish e subsisiorPronResyd T4 O t he

seal . El echgo iy diath EN0E drh&dts br héheg.Onduct ed through the
mat eri al ?dsth‘[:agi,’gliIa ﬂ%ﬂtﬂ 4l mgﬁl)gess rg%gém urslt gs it does through an

optical fiber in fl'ﬁﬂraT@FhCF d’f%‘?ﬁm’ﬂﬂbﬂﬁ B, Ofrﬂ’étcbrcé%]@rﬂcé e petetide St i nuity
moving from Onatag%gblpyhmﬁ&g%f@o %cesswaﬁﬁe% aotrpm@e@ahefa fm@cwum.r@s a gas
or fluid in the insulator Tesu ts inreflection of sone of ener qy back
towar ds a procwstst supply; Fer standezs legs efrvateriflapycould mesult %%W&Fﬂ@éhﬁmlc ol, and
refraction aWaMast:‘i)%@ G Biadle ste-mew%{ng%frtuﬁ%mée%aﬁﬁ ifg @abhy reduce the
amount of el ectro-nagnetic energy coupled to the vu% nerabl e seal. 5
Preferabl y25the fI uieroptinglydhernivugeedtearw apraray and ayethod far ingelatingandy oj d
stresses in thﬁlaa@a g@eiwcaped £OProBAd chiARGE ek hlaRA & MRS Ciscoo! i ng
near an inlet to th oop, differential cooling at different points along
the cooling I ogwera@d didng meeessingnt Tt i olepigable thetihsf appatstssend mpthod be
vaporizati on Ofhagubledidt tse WA &ally @écﬁérféycmmme Afed fuch Bitoed Ll he
group consisting of air, nitrogen, I"'um or a I'n anoOt her version of
this 10 enbodi mmd}ngtfheﬂ@awlcms gdats. eXimOd@hrts énd Qpemhisﬂbroh@bwhieh subgtiadesi s a
process gasyus uring the processing operation,

and the ga§ |sg?ﬁ%}}@é%gsegg%%?%ﬁ?ﬁgﬁpﬁgg%ggs chanber after having passed
through the cool i ngThopssent freretop weadmsa saigionite trseerd ythgaproplemsy ando

i ntroduction i gﬁ@rs%&%rpdvg& %§ 09&%@0&{0 lI[hl s enbodi nent is particularly
desirabl e for those process i A whi ch iS necessary to maintain a 15
specified tenperature profile in the pr ocess chanber while providing a high
fl ow of process gases, for exanple in a Chem cal Vapor Deposition (CVD)
system According to another aspect of the present invention, a nmethod is
provided for insulating a seal between a process chanber and a fixture, the
process chanber having a wall with an apegture therein, and a flange

di sposed about the aperture. Generally, 20 the nethod involves: (i)
attaching a cooling | oop having a sidewall to the flange so




that the sidewall overlies the flange; (ii) attaching a cap to the cooling
| oop, the cap having a sealing surface agai nst which the seal seats to sea
the flange to the fixture; and (iii) passing a fluid through the cooling

| oop to reduce heat transferred to the seal fromthe process chanber during
a process opePBMMARYThe step of attaching the 25 cooling loop to the

fl ange can be acconplished by wel ding the sidewall of the cooling loop to

the flange. |In ongt AHAQYjedEstithe ﬁrb&nflha@gentmbﬁdem @pmtmsraddmabdﬁinape open
at a distal end distal, fromthe gagcess t he. c(g ﬁa g:t[g d%es(g
attaching a cEetating PYoHApBINgR £524 008 HHSEIA e"a‘t“f'“'ﬁérﬁfﬁé OB RG 1 oop
curved subst agiahitkd,y into a circle having a 30 diameter substantially equal
to the flange. in another enbodinent, the step of .passing a qu d through
the coolin§ | oop iMedories tq vae 2ERest 8 the BUEHY ‘5""'&5 t%PFﬂgﬁﬁﬁ ‘Ehﬁ’é‘ bl i ng

| oop. Pref er aBlyiaed h‘s‘r ﬁ%éesk iRy SRNEpled, hichmkbRicendudRr GRG0 Gighforai I,
ni trogen, helium or Aﬁter natively, the gas is aﬁ process gas used in

the process cHaned ‘Wfﬂﬁljest hdhe PERceS sTHREL B EsSoh Wl VIS a1y HETERep of

sl owi ng a gast}feﬁﬁxpldmnﬁck@sp%%la'b&ﬁthe%&hhg\éﬁhH@ﬁxsﬁlﬂbﬁ&@b&hlﬂ& ﬂ'tb@e zﬁfdQCESS gas
into the process chanber after flow qjg it through the cooling | oo hereby

preheating t h&xproedsslagns sog beswesnghe Hange g the fipgesor] hoERaidianP Braw NGs
S These ang VLol Quss BB SE cdofifk Wof Sadfitl RIKAN AG8FnOThe MESaithed Bvent i on
wi || be apparent upon readi ng of | owm ng det ai |l ed descrlptlon in

conj uncti on witehflange e@c@mrawﬂmggdheamqhgs ké’rﬁd"f{eh‘ép 4ppen et Bealv /e pr ovi ded
bel ow, wher e: adi i3t whichRhd n%glrs%§tslo %%ﬁ tfe A8 0 &8 v ath ok Babodinwh alid

conventi onal process cha nmper at ur e ]}gr ocessi ng havi ng a

cool i ng | oop @npassdd thrangk ﬂmcwhnerhooa @0‘5@08@@@ pnsteried By ety mi¥er s
scal ed by an grcfck%}gcléﬁﬂéw dinGa frodelsife Eﬁ&ﬁﬁns%bﬂﬂyﬁ'thé/ 'ﬂ@ﬂéeoﬁueaeom‘u%ess

chanber havin | ange t |ch an 1nsulator is attached taq |nsul ate a
seal seal ilig fienp mﬂahﬁg@lbta@? made ofiar glass awaderigl eravez. aFheetidrsnll Pl the wplinghe

S o ™ S L o A o RS A et

i nsul ator, thée tlange, and ocess chamber of FIG 2
according to an enbooienemisodivhent,ithe Bxtursdne dom/eqwmma degrway gmoysh whigh anar

top view of t Q?ch]t LRADAE s ts&ﬁxcbm%@&f%ua%s 5k Radéd ﬁﬁ&g{e%éb@sst&aﬁﬂcr

enbodi nent of present i nvention; I's a partial cross-sectional
view of an ex hdsltemahpdy,t thie nftxfurgr Bockss aclﬁamar RondstH errEctmBalgePteesni ch an

insulator 5o ahLa6R58 @fcﬁﬁ’rﬁ%ﬁrﬂ& ah%xﬂﬁstqm,%'am&s%i v BasRiftENt 1 nvention;

In another embodiment, the flange has a cylindrical shape open at a distal end

distal from the process chamber, and the cooling loop has a curved substs’mtially

circular shape with a diameter subsiantially equal to that of the flange. The cooling

loop itself can have an internal passage with either a circular or polygonal cross-

25  sectional area, for example square. In one version of this embodiment, the cooling

loop comprises a channel ot groove machined into a portion of a surface of the flange,

and the cap overlays the channcl to form the internal passage through which the heat
transfer fluid is passed to insulate the seal.

In yet another embodiment, the cooling loop is adapted to function as a light

30 pipe to direct heat radiating from the process chamber away from the seal. Electro-

magnetic radiation or energy (light) is conducted through the malerial of the sidewall

of the process chamber just as it does through an optical fiber in fiber optic

" communication. The presence of a discontinuity moving from one medium, such as



FIG 5 is a partial cross-sectional ,view of an alternative enbodi nent of a
cooling loop of an insulator according to the present invention; FIG Gis
a partial cross-sectional view of a flange having a cooling |oop of nn 25
insulator integrally formed therein according tq ap alternatiye enmbodi nent
of the presengudr@y/erenpher medivn S‘JPh&%a&asﬁ%iF]ﬂ‘}ddg tTErl{},SggI%éisﬂl{t%ng%{??P%‘},nﬁgf t he

flange and the | | 3t OLnchRY bild Wa}dspke%rléé(g@éﬂggﬂe,cﬁéﬂiliiﬁ& tay@eispesar ding to

an enbodi ment or#@ts(ﬂe present 1nvention; is a planar top view of the
flange and t hémpestiraicontrohcand mefrastion pyaYelTen thoosrelenThe ret clstiingy wasls

according to an enbodi nen f the r I WeTapue = 1S a planar top
vi ew of the I\/éerﬁid%cn@ﬁam f"ﬁnétolf(ﬁgclﬁogﬁ @Etﬁ}@%kgﬁﬁgﬁgﬁ ?‘ES“ tnulé;gleg??{lfj ded into
segment s e&ch of whicfimabiy die Zndipisssithmgh the ponling daopas a gdseto aypid| strgsses
circunference,or di aneter | - hodi 1B+ t he

pr esent inventullglr‘%;co f%loi%%%%gftahe?aﬁggv{eéﬂggfﬁs %gtﬁg“ﬁﬁé‘gg@%}%}‘a ?rttef)ﬁ%d for
insul ating a 3$eapl diffetewds moalingred dsenivanthelpngthel coplih g kuopy er thetepedimegt t o an
enbodi ment of ,the esent [nventiaon.. 5 I : i Ng
enper atur e adb ot BRETT Shusb S pb ARty IEpie, Fort ety BT SOORAS,
i nsul at or accdioiti thg gtoap aonsistihg df aie nitrogén, htlemporesgot  Ih avethdriversiopiof thind

wi thout fluid flow thrqugh the cooling | ogp. ,DETAILED DESCRI PTI 0 The
present i nvent SR ‘F?ntdﬁ?géf B?fsetdotgrg%g}%\%f)é?ogﬁﬁgoognoa t'#gtl%%amfc%sf glasn‘ggl ating and
mai nt ai ni Nng a (5eetbeesdcambarsduring thd proevsainy ap@ahion) anexirogss icidirgluoakia® thshanmber s.

. Al t hough, descri be (th.reference S i fic.enbodiments and.exanpl es of
heat ed pr ocesé’r‘?fﬁ%frfg’é’P e %@nﬁﬁgeéﬁ?&ﬁﬁscgﬂyﬁ?%rﬂ‘?%g pﬁ%‘re%% éﬁl‘bf
illustration gnstestegar privkitoin®dduytionainth the pibdeks Bleardppr dtisaébdirhat i¢ he

i nventive apparat and . hod are 15 al so appl.icable to process chanmbers
1 whi ch hoat, BB A BRI F G P Bt T TR, TR RE LS GF BB boess
chanber 10@ hapédifiednemparstutearofile i hefpapscesschamnbiri wiglegneviding athdghnflovg o seal
110 according to an e

rrorgdi men} .of the, %\r‘?se i ngené(is\@ vvitl | now be
descri bed wi t FTFEISEPECET PHMBISER 2 5 ORIE, VIOF SEPSIEM S 6 et Bnal  vi ew of a
heat ed process chambesrdih@® Svdttienaspact fof &id Peesdnt Invientiona edethiol és proddedafoor 105
20 is attached to i nsu%l@he t he seal %%Ob Th&ﬁ?,eal 10 ‘%ene:nal seal s the
flange to a fiStIAEE 2 sepl petyeeny RYacsss FBPLHBNA Trivre s PEFSTRAPATDE BAGB%I nent .
]Ic:or pur poses af wéll afth Ta?i apimwmaemghdﬁa Ddngh aapfaﬂd Bbcnt eSpetaab Senstdly, or
urnaces that are e nown a are not .rel.evant top t resent
i nventi on 4rav %E’éﬁ%ﬁ’?%l@ﬁ.(‘)ﬁgfg’r‘?q ?1600?‘85 I;l—"f@ha?flgtaﬁé&ﬁvraﬁgggl? tiﬂﬁ’ﬁ?wﬁ%r 100
]gleneral I1>1/ isng!thhdﬁlie gdcw?ml ox@ﬂieegle?iadgam M) atthStBng ﬁBapeﬁadhwadudlin_ﬁmPi ehgdaﬁ heh
ange i,spose out or definin n apertyre or. gpenin , such as
a dogr way at dR nﬁﬁcfe%’fngtsﬁﬂ-a?ia&%’\’flﬁl"fh‘ %ﬁﬁﬁsﬂﬂﬁﬂ%ﬁe% aagee'@gg? é%‘ﬂ’@h as
sem conduct or 8IS pakeg aFuidiiRps the RO6lingNeopth réte hat raneadd tothe séahe
process chanbe Fur nace oi%rﬁoax' al heating elements 145 surround or are

di sposed aboutf{"i“héhepP@E’é§§ FINg GOPTPLFST ARFAROM y-1¢ ER obAtaWE Phe wor k

pi ece 30 tizer &oblitgdodiotthefdige darl B RREsmaildE. byl weldifiethe RideailNEithe éddEiny\Or K
pi eces is heated to 1100 C (2012F) and nore preferably from about 1200 C
(2192F) to abdfiP Pksflange.

In one embodiment, the flange includes a cylindrical shape open at a distal end

distal from the process the chamber, and the step of attaching a cooling loop to the
flange involves attaching a cooling loop curved substantially into a circle having a

30  diameter substantially equal to the flange.
In another embodiment, the step of passing a fluid through the cooling loop
includes the step of flowing a gas through the cooling loop. Preferably, the gas is
selected from the group consisting of air, nitrogen, helium or argon. Alternatively, the

gas is a process ras used in the process chamber during the processing operation, and



(2732F). Cenerally, the process chanber 100 can consist of any materi al
capabl e of withstanding tile heal, pressure of an evacuated or pressurized
process chanber and 7 chemi cal s used in processing the work pieces.

Sul table mat el al fAbwhS AL BEARE 1EBARR oc A dE it Rucidl Mpleipglsal ur e

gl ass, ceram CcS, and cl ear or opdque quartz glass or quanta. In a preferred
enbodi nent, t feo fireqresss dihmhdrafted Duwing it hrbughgheenpting logp| thesekyrprdieigd at one
end by the end wall 130 and at the other end by a fixture such as 5 a door
120, al so nmade*dtoGtF 2" TRI'E enbodi ment is particularly suitable for use
wi t h furnaces BRHEFIDESCREIIONOT THEDRAMWDNGS Oor s, Vertical Thermal

Reactors, and Horizontal Thermal Reactors commercially available from ASM.
Tnc., of La Vel dhoven. The [ _ j 1 i: :

sem conductor nanu;’(.g%sF L?lmll Hagrmt%%)!aﬁllp {)%ﬁg%gﬁ%w %@Qg%ggﬁﬂ%%?ﬁdgggg?&dﬂuve in
dopant nat eri &le,appaneht iporppeadingef thkefotiewing Getaided d¢ecriptiorpin|opnjyndtion siithitheyer s on
substrates. Cenerally he. procgess ch . 100 j.nclu . Or nore gas
inlets 155 forﬂch’i’fﬂaﬂ%ﬂ%ﬁ‘ﬁﬁ“ F%@@%angﬁ%?fabr’;ésrfgo%%gebggﬁgﬁég?n, and an
exhaust poet 160 f BIG.eklipritatarfds apeoss-sputions sidegeiee Df ancinventioygirpohest S.

Optionally, the exhaust .port 160 can be .coupled.to.a vacuum punp.(not
shown) to evaégﬁ‘fléﬂi?f}%&@&?gm{?%??ﬁgwglh@ﬁng Bfoofine [qepend g%?’%é’ ﬁqjcl){h%ed at a
hi gh or | oM VaRukpedn the Bropése ERsrberis atuledrby hA0-rigredlur t her i ncl ude one ox nore

hol ders 1G5 for hol ding and posi.tioning.,one or r.e_substrates, (not. shown)
within a process zSﬂ(léf 15 §§7q8 'S%°H%“"’E¥18‘83’£ §P{:"ﬁ%lsﬁﬁ%r.‘beﬁ'ﬁaé""ﬁrao@%%%mz”‘r'c}“ﬁcél 170 is
a region wthida ihditqioOsaskedad antiete a 5eH) séalingihie dlangecop dxartarceording td dre
concentration of Qrocesfs gases. .is tightly controlled to facilitate the
processi ng of SHRUFBLRL AT IEseRIBVOPHYUL o ocess chanmber 100 is support ed

wi thin the furnacerus. 3406 hpatiiingosslseiond] SiebASE thy indulelof i flatipe, andlthedi ng a
front or face-piece_ 180 dispqsed a n outer circynterence of the flange
115, and alsbac%t‘r'f& of iﬂ'f’?d"ﬁ'icsspaﬁﬂjgerl‘g%lfﬁagﬁﬁﬁr ¥ Hﬂr‘?f‘ézmli?ﬁﬁmﬁpta@eewe%e |l er

t han an outer diaasi,er of the flange but |arger than that of the sidewall
125 of the process _chanber 100. CGenerally the cla 175_] ttached by 25
nechani cal fastenelFéG'l%lsta(?}aé‘arf‘PBK'FWF??HFJI@WS&M\H%%}“%Pf%@e%faﬁ‘rc’ % or an
encl osur e contiafkRBodifientRedk iphgert ieemloanent 145. Optionahy, brackets 200

may be attached to e front, plate 195 or t cl 175 for mounti.ng a
mechani sm ( not shoﬁ@' e P&{]PEFFB“ESrSEéPW Vl'ec‘)’%tgkie?ﬂﬁxgﬁgtﬁqté? 3L %safgarm bce)%eni ng
and cl osi ngp t higvidgar fladhge 1o Whichag isulanedismeathed hbwrdigoto ch2thbotielendefsha et al
ring 210 di sposed about, and 30 sealed by a gas tight seal to a central
quartz plate OFSYPLEYeR8L: hat substantially covers the opening 140 into the
process chanmber 10FIGTBEs Ut @rddf-sdcienallBiedl of i@ltetddlive mbbdimkmdofor coat ed
wth a materi al i,o {Desi t _c%%iarosi on.or reaction wth the process gases or
byproducts. Al $98HR&IoPR 8 3 psiatqy aasording o the Pressntipveatio i rel y of quartz ox

metal . The netal rifmg, 814G paigd videsSscati@aDaye oP2 Qafge hav¥ifg dltswing1deployser i C
seal 110, such, a

an,8 _o-ring or a seal . having a square, c[,0SS-sectional
area, fox Seal PHtjtos eerally *Ir"Fﬁ?flg CEE5 3608 diNE Y Eﬂ’e“&"@ﬂﬁ%?‘&h‘f HQFIP)P% & tight,
seal . Optional prgsentiieerionr 120 further includes a cooling channel 235
t hrough which a heg:tI t%ansfer. fluid, .su?h,as f/@tgr, i S ﬁlir.cu{ ated .to cool
the seal 110. 5 Thd'lHaf & § Brtighcrosisscdignl Vieroof e danes epdiPer BRI 1% | i ence
and ability tompkigkisteked codlinphbe bevordinpetolan eraballithéit of the plgkent inyerition;Wi t hst and
t he process gases qr _byproducts and thg be@%lgfroc;;nthe rocess ch@rﬁier 100.
Suitabl e material s flHcPutie PImBF fBxaRp o8 hey fager pa ihep}m%rhaamm FR'al such
as silicongy fédhRaRSd ddoBRbesaBEdrdihg HALRBILBA SRS e PRYELR RFvelon;
TFE/ Propyl ene, fluorocarbon, polyacrylate, nitrite, hydrogenated nitrite,

neoprene, 10 et hyl &AE- Pisegjananep yewihthe fangaand the inpaier hayimneoling e t he
present invent jj0fed ik S@alentd 105 &Rl whith thoiaind AakbRt Prpokfda &t RChEM to the
flange 115 to insulate and maintain a seal in a pressurized, evacuated or
exhaust ed process chanbers 100. By nmaintaining the seal 110 within designed
operating tenperatures, the insulator 105 and nethod of the present
invention provides, inter ails, inproved seal 15 110 integrity, and

i nproved process stability arid personnelg safety due to inproved seal
integrity. | addition, the insulator 105 and nethod of the present

i nvention reduce potential for process chanber 100 contam nation due to
thermal |y degraded seal 110, and reduced operating costs and increased

equi pnent availability due to extended seal lifetinme. 20 The insulator 105
of the present invention shown in FIG 2 will now be described in nore
detail with reference to FIGS. 3A and 3H FIG 3Ais a partial




cross-sectional view of an insulator, 105, flange 115 and a door 120 through
whi ch wor k pi eces, such as sem conductor substrates, can be |oaded into the
process chanber 1.00. FIG 3B is a planar top view of the flange 115 and
the insul ator 1?(:3\%&8&11&5'0@ d1%mct&50faﬁé 8kl lhPGrdith B 8 edPodihfl® JfiBdbRERE 105
general ly i ncflides an annul ar cap 255 having a sealing surface 257 against
whi ch the sealnvérit®nj s pressed when the door 120 is in the closed position,

and a cooling | oo r 6 \@ﬁ\;\ﬁn P H@ﬁ’l £ 8b cool i ng
t ube 260 i ncl udeslolf';:l[gi i n %Eho 6% {2%1 t%?lg%g% i f!’ g lLﬁl et 570%2 shown in
FIG 3B), andapglcks chzrmlser dﬁi/\aﬂimrzaﬁcodrhﬂgrslangn&ndummaf tﬂwlpmalssm‘geh@%

t hr ough Wn%ch a, 30 heat transfer fluid is passed or flowed. The heat
transfer ftui a“ ools the seal 110 and/or insulates it fromheat transferred
fromthe process cHa&neris ]aOQa;bIDshthgcbmpcrawbst afitnctdr] yf ting rtd nthtseate her mal
degradati on of Prefer a.b t he alin 55 are
nmade of gl ass rﬁ}’laﬁ’ﬂkf’?f sﬁﬁ{ §¥ e 13Sooail?r T6 %5 1i(’sa%f %’éj& 1me§1? Oq‘ntg g'?e?%rgt he
flange 115 anﬁhvteﬂlchﬂvatMﬁlvMﬂubhmmatd\xsﬂﬂooJ the ocding idogit antl ally gas tight
structure. cooling and insulating effect of the heat
transfer flui E%Mﬁﬁeétgggh&}wgce area of the cooling tube 260 in contact
with the flange 115 and the cap 255 selves a thermal barrier to reduce
conduct i onoof heat The preschhieventiocis sseatddanbe sppiRdis tod whthod balinsdlithg 54
Optionally, the.fl .an e 11 the co n 2 C r
portion of th&eLTa{aiRE, sf%S“bfpr?sFlun ear’ogvé‘éga%?haﬁbahauggg @Bce%%e hfglrﬂaqgleé)f rom
opaque quart z Althodghy ﬂdsnenberdesqﬁt}cefdr&mee tor spesifie embddithess arfdraxamplee ofheo®éds s
chanber 100 to_the r part z nicrescopic
air bubbl es hZFE“BeEH llJfzﬁs’r g‘aifcgﬁ'gthfre? r?ae§ o & fmg UF &¢ ﬁérei ﬂmglgtg%'éjgsan efore
the quartz haslesm‘pncdi dn])ednd iThviiblee appremquat 1be it:ﬂerawe appatabisesd mediot &ct he rate

eat i o 8 aPieR FORRLT oM BREo T e oo ferd Bl AR § 31 ot ect
imownI afhl [ gh';J pi pAng?mlsidﬁnladnt ]Em‘ trmlq)runtsscchamuaral()ZOgha\?mgt enengatdrl lehlrf]c)r m(::)an 100
rave roug rial .af ti o] 0Ccess C er
just as it doé’ésg'lrﬁi}% MR 'ﬁf’% (%asfﬂel ﬁg ﬂccor %e1J °81§P?§" co%tlc"rtu%ﬁlpreg nﬁ‘on The
presence of a mcsmmnwt;e deScribed withy réferemne@mélﬁradlﬂlm 2 suctrolsedioaalt z, to

h di bl
enother el U SYE Rl LS ARRPRIG I SHBRL 5 DA oReE AT

Ion O sone
of the eneXgy is stackeflite gisdate tickal i 0.t Tre sparlcthag@embylsalsm ﬂaagﬁtoavfky\néﬂom t he
seal 110. Thes C | ch heat
i s conducted fgc}'tn% £%§ eSh%é’glémquar %?‘E‘% % ET%V\%I dan IS

radi ated or |rgﬁmvdgn¢sad heatedprobess tpilambest ohﬁtmaeqs tlfa0 @re tvadehinknos@aind mo. The
beat transfer f qa'ﬁ?'ﬁ’h\,\g’%e%&ﬁ‘&ug Bave BUSH fAfed » nitrogen, helium or

argon, ox a Ilqu revent danmage to the insul ator 105, the
flange 115 and t heRpfeoigse Hhadbée pm@sa ttamberolfl0dgenersily includesrs statlewses

caused b A 1 AdAR 158 SR VuPaBgh. bl s Rech 081 8T okl dy 1 1S

deS|rabIe usg G % squi rd D rocesses per
t enper at ur es laptrome bmpemag a#0, Eadzh snR otoemw raamuarad of the Isalewalt)thrahgh which

Pt oul A, oWl e B PR e b 0L SONIISALOR R P TRERAL O e

i nsul at or 108 an er 100 descrl he” UE€ 0f wat er
shoul d be | i mihtedhd prope*ss)cmms anioraromedamﬂ htatinp eleatents 645 Isatawmd o @reC

he rhic at witEReRroye orGoe SRABEGRD oh ottty v PEByr BLSPE Seflr ot

based on t3te apaeiato apelévanyacmyernae. 0l dnhempoditeas sheobakbietes iOhkatet] leatsi ze of

bl ow 115 naxi MG BOBAT) Ehfp R ag For s 1200 B @ sbalfr B3 21

(2732°F). Generally, the process chamber 100 can consist of any material capable of

(

withstanding the heat, pressure of an evacuated or pressurized process chamber, and



predeterm ned process tinme. For exanple, to maintain a silicone seal which
has a dianeter of about 41 cm (16 inches) at a tenperature bel ow about 350
C (662F), enployed on a process chanber operating at about 1100 C (2012F),

it is desirable to prOV|de a cooling |00 260 ha er

ci r cunf er encechsmistiorted 48 PEYFEYSHG ‘% Q’Y‘P ﬁ‘ﬂ“:éko‘ﬂ‘?t%zg? ic’d h \I/’mﬁ&ssan i nner
di ameter of agyhR88 100 inedE) High Q%&atufbcgl@@) cadific)amil RpaRoPamqhd quirtzhr ough
the cooling | oop 260 of from about t o about 200 |IE 1§6per m nute (LflVn,

and nore pref glessAngoatz. flﬂéwg%%ﬁe@@dmﬁeﬂf?%ﬁ%‘ 15 \7RE 4uasEr squar e
inch (PSI) to ;gﬂmﬁ%se oﬂgénﬁmeemﬂatn,lsbaﬁdmJme\eﬁaibwmuﬁrsuém cool i ng
| oop Z60 i s a Pprocess or vent gas that is flowed throu%h the cooling

| oop beforé beidney li2At alwduaiesf Qvarts. This epbedimen ivprabavtarly saiteble far e giBodi nent
has the adva”hﬁ% F ROk l’iﬂ i%nGi’cH&lu'P%cE{%grst h%nﬁ%ﬁlﬁ%ﬁ%l"‘ﬁéécﬁurs, and

si mul t aneously pre eat| ng t 3 gas thereby helping the heating el ements 145
to maintain aHstiaiits, ThirwelaReectere pamerdtlly areileble fpncasMlzdtfe of7d2 | n

anot her embodiipllyey! #f RORLANEs WARKH a?éiQ.d'eﬁ, w8 embARERr ?daﬂufeaﬂen froma
15 material sel'ected to enable the cooling’loop to function as Ilght pi pe
to direct heato, fariéatipleg afinealndiffiee pr ervesiy d@hﬁm?@ﬁen!beﬂfé\KaﬁfWr@rﬁ&P% seal

110. As expl ai, mﬁglc radi ati on or energy (light) can
travel th)rﬁgugh%tﬂﬁ ?ﬁog%/glrlf ls\}“eg(&he si dewal | 125 of the process chamber 100
just as it does thGeurgtllyathcqpedessathamberel00;incledesone opmiors Bkl léateron. The
presence of a cQon V, | i)[a&

anot her nedi uﬁl?qmucﬂn%gllagés%gé‘éﬁa&r‘leﬁ%ﬂg%c&ﬁ@ﬁgﬁ’ﬁ%ﬁggo Stspldgtgggg r%gﬁ[gi S i n
refraction andpamfplr@essi g3es0 bndé@nteypofdutthe @m@n@&i. ﬂiﬁha‘thauss ,pogolf® @h Yche
energy is reflecte ktothe refreact ed
away fromits 81:|'leg| F\aT ?llﬁllé‘c?unépn ?gﬁrgn\;é %Ztg theaggésg dé&éelg{’ f%:CLO The
net effectlsi s prawegeepdrfoymedeaudeglt dredowvaenwm. o'fheafrecwssr dianshernidicen &mbey
coupl ed to the Yue“o%rc%?'m%rsﬁéld 165 18 Rotdhe SR RLAGMe Bl Rndrl SR 280
suitabl e for $eafl an ex ST or” evacuation L1 ne an exhaust port 285
of a process c(hmrshrem)@@&xm j:ﬂocqsemigel7ﬁlas1b¢ pivects phaniber. eTlerraonces 20ne FIDG 4.

FIG 4 is apartlal (of sect I

process chanmbét  F§5"Hav n%le BoF %Sg%mb)é{?gdﬁt t’u\/]\jf"%lﬁctz nﬁ%ﬁ“’%s‘%&% %Or;@%ﬁ%ﬁ%xﬁcordi ng
to an enbodi rrmﬁprooésstghxes pnghte)nd:ontmwrw faumtatsmapltoacshnegipf tRefubstrdiesg to FI G 4,
the 30 insyl ator ener al,l n aLt I o p 300
wel ded to “and bet % 185 ha beI ;«g(g? ?uéjﬁ?)sgd a %u 91Jmlﬁgcef ?‘ﬁ:&ﬁgﬁ an gtc))peni ng
305 in the prmdmmlscﬁérﬁyezr cl%ﬂwamdludmbalnfnmﬂtar fecapic8d 08thdivpaserl ebosta | ng
surface 315 against which a seal. 320 fl 9

coupl ed to a ALRE qrelsERelioh B nudfe'yis RS EVEnL IRE of Bl BN ARETR |0
exhaust trunk mtnmal Sibmvie) smalleethih amgetedBmeter efchp Nagetout takger fax that ef 325 Dby,
for exanpl e, Q0 n cool i ng
channel (not sh rl}léé?o{&@pm i%b%ﬂbéand ﬁl%%&g’htﬁﬁﬁarﬁﬁ”é{g%{t&lﬂgd%assed to
cool the s¥al rﬁwharhem fastenérs 4@ ltd erfmmaulstzdﬁS of walh of ﬂmﬂmh@rorammcldstmg to an
enbodi nent of the e escrib can
be used to insy 2“ ﬁ%g%afm% n‘eae}ealaegfslla Omﬂf %Fﬂgge%sszs&cl n]f)e a(?tg.ih%g? shovvn)
It will be apph:ecfnoat pldtet 196t ort the SlaapbUth fqenm:unmlgoanmechamm (ot shovwrgdfof or

using a process, ga vent the heat tnan sfer, flui Al ternative
enbodi nent s ofa“fq%’@%lciﬁé’d?%f ?%Tg%mdllorr?BW%an&e CCRPEEFW ¥R 10 reference to
FIGS. 5 to 8. In ainemsbodiiens, tikhdown] 20rindhides a Mmetal Heg ZY0adispogpdtatibg aB60 of
t he insul a}oor

s]ézcx)lgd by a gas tight seal to a central quartz plate or disc 215 that substantially covers
the opening 140 into the process chamber 100. The surface of the metal ring 210 is
treated or coated with a material to resist corrosien or reaction with the process gases
or byproducts, Alfernalively, the door 120 can be made entirely of quartz or metal.

The metal ring 210 includes a groove 220 for holding a polymeric seal 110, such as an



has a square cross-sectional area. This enbodi nent has the advantages of
providing a larger area of a sidewall 33S of the cooling tube in contact
with the flange 115, thereby increasing the strength of the wel ded j oi nt
340 between the insulator 105 and the 15 f] ange ﬁ(‘gﬁg‘ [ ti o& t he cap
255 or seal i ngtiggef asel lzaarmg@aﬁquﬁeqom%g?om aFed ng\nwt‘ n@‘b 39 1 oop
260 by providj | A11y5 YRd d6eR 120 f&lﬂxeeliﬁcﬁuddeasurface
of the coolin I%Iglggﬁ #hg%%l%{gah% Ei)i%lﬁtosr@n& ﬁ,‘lﬂﬁalzlyse 115, and agaj nst which the
seal 110 wi | | codiag chafinel 935 thypug enmonlmmanﬁfa% ithesueh astwalsr, 13 qUEede of
reduci ng manuf a('f%lél ‘Jpqugl me and costs by elimnating a part, the cap 255,
and one or nofé eps, i.e., the steps of manufacturing the cap and
attaching bt to th'éheanattmahgftlhos;;al DIO0s selqsted dertitsaesilisneroaid gbiHty o 3HYiS 2i n FI G
6, the coolin b f r n the
fiange 115. 1 MPHEE CRR Mo hT b Bhark ek o R e B e nne
350 or groovehem«ﬂmnrmelprmess cpmlicr b80. asletalplf: a@tenzlssncbfdcxﬁqee‘famkg@smw and
the cap 255 ov rIa ing,.th 75 through
25 whi on-the. REYPers HRSTEFsER R dieotes shablAE, ERUELATRIDPEIARTR
advant age of eFEmrﬁmrﬂana,gﬂnctrecavblnd phistondetn, nihfée,chb@mﬂqgﬂwrbumlzﬁeeomme,t he

flange 115 there eli natl otenti al
ol tornati V8 oBOHERP-ratR FEoR ahacealonR Vi Hpbretciifensich ERAT
i nclude nul ti ple swmo\lviﬂngn inshietsr mmd-xeﬂuo m@eﬂangaobls tarigsuiatssaridatsnteine seal

110. In 30 FIG .7, the insul ator .105.in t st acked cooling
tubes 260a, 267%™ HRFFTRELE %t‘f%’éwﬁkgﬁ“""h % ‘%f%Fhe %%e% 5. FIG 8
il lustrates an i nsBlyahsintaibiiy ﬂﬂVSeﬂ!glmJMﬂihp!l desippad @ptmiing cmqwleframyeSI tizes 260a,

2600 bet veen the, bl agge,d 10,200 h%SAR ARt Mol AROLAE Bl e 0BE 1 v

enbodi nent ude seg coollﬁ ubes
wherei n edsh deqimedritg,ondsmproved poodsatsability qmdrpqrsonnabfsa&@/ ductthempmactd I n the

enmbodi nent sho in ElG copl i.n v
segnents each St W%tﬂ clgoﬁdgglﬁ}}'?‘ h%‘)éqgsquarni‘e ro(a tﬁggrets%q?‘je%&n
ci rcunf er ence reduce Ipaﬁﬁﬁﬂlfowﬁroédaedsﬁﬂ:bt 1@con%1mﬁondumthenﬁalh drgtaot] f or

i nsul ati ng and t ai pi sea ween proc 00 and a
fixture (suchS® 5&@0?‘1‘{1}?@&33 0@8?511%&05{5 argnm%rﬁﬁsg‘aleﬂlélﬁ?e%fav?‘ a%qﬁggeen
i nvention w |l lexratediealdidaie bed with reference to FI G 10 FI G 10 is a
fl ow chart__show ng od for, .inpsul atj tyeen a
process cHinber 106i5ﬁ ug%fr @tsu?e ° EERSHAPTTUR fe fnh% |2n\)”5 anégr g\é(el )
attachi ng a caiekdribgd iniiereodeldiboph 2ﬁ€treimvuornga B dmi\3B| F2G6234Ads aiparﬂal ange
11S so that the sid waII overlie te achi ng
a cap 2S5 to tHE EH: Par]lgv“f {) ulatgﬁtcla&ga{%n agll%n%n%a 800?22% ﬂ"&i éﬁ:e 257
agai nst whi ch wdrk preal, sutt @s saaﬁuadﬁo@rsdatratbé;eaﬁbedmgbd intcothe prot:m clﬁamhenr e
52&5264(32& ar&%o'( II-JIb.) Sﬁ)%SaS]IJIm%r ?opfwjicuvlvg Qrﬂ%r‘,‘g%hl lt_i 25d %qnslupagor 19585 )gl%o 2? 0

25  Referring to FIG. 3A, the insulator 105 generally includes an annular cap 255 having a

sealing surface 257 against which the seal 110 is pressed when the door 120 is in the
closed position, and a cooling loop or tube 260 between the cap and the flange. The
cooling tube 260 includes an inlet 265 (shown in FIG. 3B), an outlet 270 (shown in
FIG. 3B), and walls or sidewall 262 defining an internal passage 275 through which a
30  heat transfer fluid is passed or flowed. The heat transfer fluid cools the seal 110
and/or insulates it from heat transferred ffom the process chamber 100 to reduce or
substantially eliminate thermal degradation of the seal. Preferably, the cooling tube
260 and cap 255 are made of glass or quartz and the cooling loop is fused or welded to
the flange 115 and to the cap with quariz o form a substantially gas tight structure. In



transferred to the seal 110 fromthe process chanber 100 during a process
operation (step 410). The step of attaching the cooling |oop 260 to the
flange 115 can be 15 acconplished by wel ding the sidewall 262 of the

cooling loop to the flange. |In one enbodi t des a
cylindrical sHdpwndpdhe &?°1’ég &P@t"&filag%e'g?cét“gfhef ﬁ%’?‘ﬁ%’%ﬁ‘ dé(]g%sesrec %?rber 100,
and the step gfral L3£0t 3 c%omgqbwgsol i9QRnE0viEOhE hnangel Hisged 154 exp 2580,

i nvol ves attaching a cooling l'oop curved substanti i nt cl e havi ng
a di aneter susssteanathammplbagipy reggpecpRuCEHIn qLhgatIoR) %P i Fﬁ”‘gﬁbh'ﬁp

enbodi ment, the shep of passing a fluid tluough the cooling |oop 260, step

410, i ncl udes ¥ he step of flowing a gas through the cooli Qrgl(l oop

Preferablyj the gadptiopaliwtheclasee {15 Hetdeeling Bop2tloeicsr Piy °r£|1’r°m°ﬁl t rogen,
helium or arggpg, A%dteggﬁ 434 bf/ LS{amcEJaG‘ch%@er'@o %a:ps@ﬁl@@es&&ﬁs:phtﬁ@dluhﬂ& fohe
process chanber 16 uring e processi ng operati on and t g hod further
i ncl udes the Swépr m‘dwmthpduﬂtfbfngf haat from gF FEEES ‘ij‘a%‘ #ntdY onge pradddls
chanber (stepg Mg | 9 which LRSI BiE 1600ty Rfel BRR R8st ep 41 0,
t her eby pr ehea?}(ﬁ')C ﬁ?{e-tgpl? olgg?s gas pri (gr ?ngcuse ) EXAMPLES The fol | owi ng
exanpl es |Iluéumn£tlbe aawwargasprmesa forp e @euis batrialidiBech JeCBISTA®Y to the
present i ent: for | e r ahanber 30
100. The géar’rﬁllI %?sere%l%%%&%na? q'g!gtlga ghégeertal ﬁR ?%qu?ts of the
present i nventlieante aawiiichiheat iodinted ﬁnnhe.hc procds§ phambcmwostedpeﬁcaif“ﬂhél dmvention
in any way. Re errln to.E1G. 3 Ry 9r aph
420, denonstr &8 ﬂ‘gnéf)lhﬁlt %}P%% eéenct}?ﬁﬁs&f;&{c secigh (gccgglggl{ﬁ t Ea%gﬁ

enbodi ment of tHrb@hpmemmmai ofvide tsidowalt b2513f the mrcs@ﬂsa;henbersléébusnoﬁsb?sel y by
l'i ght piping and heter I houLt ned b lsQWeddaLauah the
cool i ng tube %ﬁugth Ecaéggengﬁf’ °$ %e |n WE’ES (5Slm:ﬂutel%etg d%70 tolwJ

cool i ng tube 2&ingeren bm‘med)tpn,rsuc‘roasactunm pdnmoé'ler mnﬁuwaﬂ@TaS\mmpr@@ t hr ough
the cooling cha n 235.in_the do r t I 1 ons
per minute S ¢ bles it s Pats) Ba Ochs%l%st ref?actﬂg]t(l)glll ?egfﬁg% gl ally 1Siélégaced
apart about tleﬁergyri’mg lsea:hxelomhc éh‘etgrxsaﬁbuwdtbw tarttle proaess fZoteoLitls aud
heating, the proc ﬁhaggﬁb 100 reached a tenperature of 500 Cin the
process zone o) T8 T1Rg 'h a maxi mum ori ng tenperature of about 250 C,
as shown in FIG 11‘hdexy miehgopioair bobisieredub? Bothviad fatelz wdnvhtHeet is asreldctedixi mum
tenperatu es of o-r S U his.l0.a this
time, the Zﬁeatﬂérf’“ é%\qﬁ?qwaﬁ% mlldn@?(raa agﬁ?&%é}tdé %dra%(siﬂf)g#mé |e?1%§ nﬂg%(l num
o-ring terrperqimuessom&m‘aérdomoza5ﬁabmoer about hal f an hour of heating, as

i ndi cated by refer n [ 4 0 gr aph
435, denonstrates Eiﬁ Ee gfmsferﬂu @lﬁl n uf%‘\or ngﬂ %:ﬁjd?‘%]i{%&?'gg%

enbodi nent of othélqpudeaﬂn\ts'atem\ﬂbmremm ctamagmmlhealhmlaa[orsléathQﬂ@gwﬂéﬁalai th¢uid is

rovvingthrouhthe co 6 sexa e at a
rate of 160 cuBPESTHR eﬂﬁ%ﬁrcgf%]ﬁs)““ oglf)egse%&“t d%ﬁa RAI{“ eﬂc%géﬂi}l% | oop
260, and vest erthdmuﬁal&ae&aﬁslﬁromgm it He dembieﬁ:gatcﬂ\anmelofzaﬁdl be ﬂ1hnted1@mr at a

t ft d hal f || t bout t f
heati ng the 207ERBLPATTIEL FrPTIENBPb LIRS B oRe A AR SETIIT val e
about 1100 C, m/rphineulhhaw&@ab ﬁdﬁbtérﬂanBEdorﬁeﬁfﬁtmlmmf&fdaahguto ﬂaafﬁhsﬁ],atoas shown

by reference 440. The f i,n tlono seifi nbodi nment s
and exanpl es (r# taﬁﬁﬂlerﬂ?éci‘?fsi E?iagz?ﬂ‘ésgﬂg%rs"% fredse 8{“’?'% HFS’S?@“%
iIlustration apgrddesespcpoinid at fierahirdiouigly tobecizieemt i on has been
illustrated by certain of the precedl ng, exanples, it is 25 riot t

const rued s bei ng Preferblecthe Real apysferFivid is 4.8as. Mot Rreferallye the getp at glﬁkéust ive

or to Iimt thee iBY8RsOfRedugh ttﬁ@c@&lﬁﬁ'l%@p heo 15 seleaisd 8sed, onamé SRydrigps! y
many nodi fications, enbodi nents, and variations are Posm le_ in Ilg t of

t he above teadﬁmngaquoﬁtée PWF“éﬁElW‘thQO theesize ol Se goolinghloop gy Fieisigg of

enconpass the {geg& i1go, %‘%ﬁmﬂhhﬁé §laDNatdr el 95 RE maBBR M tdd NBmpdratiitsroaRPEeNded
hereto and their equival ents.
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30 14 Wiat is claimed is: 1. A process chanber conprising: n wall having
an aperture therein a flange di sposed about the aperture; and S an
i.nsul at or between the flange and a fixture to insulate a seal between the

flange and the fixtur t he i.nsul.at or risi ving a
(1 doanl 1 over TGAeRmERg e SHss e ok D Pt ¢ YRR, S iR Tl 2
overlying theqigekt BPatouPs) ER1E AR ﬂ@n@pc&ﬁ.&é bagwsabmitaerse °ﬂ:0(662}ﬁ) nst
which the seal seats to seal the flange to the fixture _where he cool i ng

tube reduces trployadraamsreqesscamberoperadngoat abqup bl GOng (B?]&c@sgl“‘c‘#éﬁ‘t? ©during a
processing Opﬁr"%fé%nwoﬁnghéq?&% dgcg'ﬁ{mﬁfcr 3F GRfuttrenck A abtt B km Woer ei n

the fl ange, coo cap are conprised of quartz. 3. A
process chanbechaymedaliroy mbmgdmammaa inngihdiaraster afiableast 2 gem O AR Bd8S)opaque

quartz to reduce heat a hip fidg seal .
20 4. A proceggﬁévm e%aggcctg}rg&rqtﬁ C%EIF@ gﬁgg&ﬁ&%@re Int eta??“gr%g%lcorrprl ses
a cylindrical p&rmmteo@ﬂ’m;ihnchmbtespmferaéhdoﬂfremadbmﬁtrM?kﬂeatpﬁmebsut(ﬂﬁ)anber
and wherein the ooI i n remblg @tqgrﬁ §ls a curved substantially circular

shape havi ng B™Hi Elprgts Y- Equal to the flange. 25 5. A process
chanber accordi ng hxmrrelcm“bnmﬁn,enw\kl'ergas flowtkthoogh thegovlingdodrs 260dia gtreetcsso

functi on 35 @) LG uPhREi ol i B HELodBE b 10t d BARE RARLESER HChanber

away from 0Cess ei
fluid is passgfbc@@ chﬁmhnngmt feis cobbdimgntt hab éhe aﬂSantagE of Aogling @ad mselatingber

e 10,1, ) St b ey b T,

group consi sti
chanber accor dleﬂ@nﬁ‘b 04$:toanmtﬁn awhblee&lmateldeempcmwe irsthapiorae ess 1@@.5 used in

brocess gas i s It FotRGieuen AP SR BRe T T PR, PR 157 PR e

t hrough the ceehdriaDsdldehd,to enable the cooling loop to function as a light pipe to direct heat
radiating from the process chamber 100 away from the seal 110. As explained above,
electro-magnetic radiation or energy (light) can travel through the material of the
sidewall 125 of the process chamber 100 just as it does through an optical fiber in fiber
optic communication, The presence of a discontinuity moving from one medivm, such

20  as quartz, to another medium such as a gas or fluid in the cooling loop 260 results in
refraction and reflection of some of the energy. That is, some of the energy is
reflected back to the process zone 170, and some is refracted away from its original
direction of travel and away from the seal 110. The net effect is to greatly reduce the
amount of electro-magnelic energy coupled to the vulnerable seal 110,

25 An embodiment of an insulator 280 suitable for sealing an exhaust or
evacuation line to an exhaust port 285 of a process chamber 290 will now be described
with reference to FIG. 4. FIG. 4 is a partial cross-sectional view of an exhaust port
285 in a process chamber 290 having a flange 295 to which an insulator 280 according
to an embodiment of the present invention is attached, Referring to FIG. 4, the

30  insulator 280 generally includes a quartz cooling tube or loop 300 welded to and
between the flange 295 disposed about or defining an opening 305 in the process
chamber 290, and an amular cap 310 having a sealing surface 315 against which a

seal 320 is pressed when the flange 295 is coupled 1o a fixture 325 such as a foreline

11



such that the process gas is preheated prior to introduction into the
process chanber. 15 9. A process chanber according to claim1l, wherein the
sidewal | of the cooling tube is welded to the flange. 10. A process chanber

according to claim1l1, wherein the co t ube n al | rmed with
the flange. 20f aYacuym pEpeeEan @H‘Q%EP‘%%{@&%}’H 'thﬁdfp %{5118 c%ﬁkaégﬁ t he
aperture COMPLFRSIA ﬁo%rV@XmﬁlgrQM%p\B@@ Cbpﬁonﬁﬂiﬂtﬁ@ﬂﬂuﬁtm canlRtudake is
| oaded into the process chanbe roces accordl(Pt to

claim 1, wher edaling ﬁ@mﬁd@%@"@ﬂ‘fﬁdﬁ%ﬁh‘: |S%a] B?(g%%?‘}i’ a‘ﬁﬂ%&‘éaasé?
exhaust ed. 13008 @S thep haber according to clai m 1, wherein the

I nsul at or furt?’n I ncl udes an addi tional cooling tube havi n(ig a sidewal |
overlying fhe fl angénaﬁet versiercofern inenlatoraacearding iian sRbARFYt ©f fWcmiesthe

cooling tube. ;14 4 Bﬁmm%ghagfa@gm@éd a%Sﬁ:OEHi mswtoqhﬁw 4 seaVES Sis iikthe

cooling tube I's a ségnente ool ing tubé, in which each segnent reduces
heat transfer ted Hresess dvmbpbfnobfshm el begpprecingd thotthiscashodimentriver

according to CLrﬁEmrI}J'Sunwf'oﬁ-ﬁ Ll 4 BBd spgﬂlo%& gl bGkaiAGlidRs an addi ti onal

cool i ng tube RAVIN concentric wth the cooling
t ube, and attachedAltcrnath@ mh:wldlmgtSt @ib@camlﬂam 1ewidhpow De| dpscrikedrtiiod of
I nsul ati ng,a §§ﬁj n&%ﬁf@s ?I ass process chanber and a fixture, the
process chanber RAV] ng a vva with an aperture therein and a gl ass flange
di sposed about thelmpmbndmenthhommrfda &hpedoingiybe 2&bhef the inselatontdi ng a

cool ing tube oyl 0l SISHRb L T5i thaeRen Bad BELaVIE,S W pRldngaer 1 o

the fl ange; ng a ca e coo aV|n
seal i ng surf ategageianin snd/hwzi]rﬁlSWé ﬂ@@ad!lmé‘dlesn eantastwith thhélaﬂsealﬁéethﬂdm he

fixture; and @&?‘%&ﬂg tﬁ? E+éﬁ6& &Ihﬁ’lg (helt f}&np R B&gﬁénﬁg ABlak s ean@%@et

transferred to mthe g ass process c¢ u I ng a process
operation.l5 flange 115. In addition, the cap 255 or sealing surface 257 can be integrally formed

with the cooling loop 260 by providing a substantially flat planar surface on an outside
surface of the cooling loop facing away from the flange 115, and against which the
seal 110 will seat. Thus, this cmbodiment has the further advantage of reducing
manufacturing time and costs by eliminating a part, the cap 255, and one or more
20 steps, i.e., the steps of manufacturing the cap and attaching ii (o the cooling loop 260.
In another embodiment, shown in FIG. 6, the cooling tube 260 of the insulaior
105 is integrally formed in the flange 115. In this embodiment, the cooling tube 260
comprises a charmel 350 or groove machined into part of a surface 355 of the flange
115, and the cap 255 overlaying the channel to form the internal passage 275 through
25  which the heat transfer fluid is passed. This embodiment has the advantage of
eliminating the weld between the cooling loop 260 and the flange 115 thereby
eliminating a potential source of leaks.
In other alternative embodiments, shown in FIGs. 7 and 8, the insulator 105
can include multiple cooling tubes 260 to further cool and insulate the scal 110. In
30 FIG. 7, the insulator 105 includes multiple stacked cooling tubes 260a, 260b, between
the flange 115 and the cap 255. FIG. 8 illustrates an insulator 105 having multiple
concentric cooling tubes 260a, 260b, between the flange 115 and the cap 255.
In yet another alternative embodiment, the insulator 105 can include

segmented cooling tubes 260, wherein each segment cools and insulates a portion of
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1 ~~ 17. A nethod according to,claim 16, wherein the flange conprises a
cylindrical shape open at n distal end distal fromthe process the chanber,
and wherein the step of attaching a cooling tube conpri ses the step of

attaching a cooling tube curved subst Ia aV|
di anet er substiasesl-a/ the epbpdimend shoxa 1g E@? 4“]’ gng‘ 8‘562%3 lde g&accordl ng
to claim 16, Rlefits ol 6r ShRR Bbl ald RAGAEE @uafi@Obfl The twlbanmﬁmaencses t he
step of. attaching a coollns tube adapted to function as a |light pipe to

h

di rect heat r@igingter ¢fghd s8hhlPhe gl ass process chanber away fromthe seal. 25

19. A nethod accor g pghddmé&dtat Mntfod M%mhﬁmgtmn&h@amaga@manmweeﬁl ui d
through the cooling tube conprises the step of flow ng a gas Lg{‘ou h the
e ’é‘ﬁ%

cool i ng t ube. a poces chambrsd 0B erdor HriHly Ewrhes &P?ﬁ 128) “\ﬁPF@F@ltﬂ ap

passing a gasg, ﬁﬁgggg&tm‘émm%h ngw@@scﬁwa%uﬁ%ﬁr&lmo%@mcofml mrdsAg a gas
selected fromthe ' group 30 consisting of air; nitro hel ium and argon.

17 21. A neflbwchas sbewipg gtepn o p atasioddlor sdptien ¢ lb%§eth”§°’aa BF58Ess gas

used in the g h e i NEhe tRh R iRERRS (M0atRPBhAh icBingand
wherein the s%ﬁa%eflwgﬁﬁﬁgg@agﬂtgwb 5 h t he cool |ngwtgtbe é%‘ cr| glgs t he

step of |ntromlpe|0ng)0pr2é0|hn‘tlmeﬁéevgﬂﬂa3§§ t@ﬂ@cﬂ@w PR Satet ‘J&fsﬂdéi"a]lll"ml??g i t
through t cqol t K I W’ prior to
I nt roduct an ?“%t%ﬂ?%{é&g%%)s(‘g%g%é&s“ %cﬁﬁ%%tgﬂ%%%ﬁng%g%h%d glcezgordl ﬁ@at o claim
16, wherei'n thahomcunfavg 257 rgainsnitts ths sgilad@ seatmde viteb ithsi fangnd 15 t@ Pheof
attaching a c t f

wel di ng t he s @pr % hl% @@%I rg%tst}"{%aip& htﬁﬁw q%ﬁg%plgo?fg&,gﬁéeﬁﬁgtﬁl at or
for insulati ngamsfMl to et sealel Ocfrqur Seaueressriabber 1QA dludng # progess OPETAEODDr ocess

chamber havi n?ﬁt@ h’}éﬂe} %spapf?l %ﬁl‘\ the E&%ﬁ%'l&f fdadtoatruglﬂgﬁg% {1sa0@&,edi sposed

about the ape nprisin ass tap having a
seal i ng susf a@e:oagzhshcsltbymmmg thmd@elaIZG%eﬁtfnscqorhns@ap tqﬁeﬂgﬂgass flange to

the fixture; and hgal,, emeﬁlg.%hha;eggé o/ 198 idchABSPRALEAL dafiPGhen bl ARELT 11 Ul

" bet ween t he_gl ass nge an ss cap erein t transfer fluid
passed t hr ouglend Hietzhram the Hn@ﬁmhan:éahlé’or @dljhee%epz@ effechingtar epabingeleeredf% o t he

seal fromthe, PR a;.ge,cs&}g%@rmd (résr%tgg}l%Qgﬁ?%%%%@@ubs%ﬂﬂd@rhforhsUl at or

according to C alm erein rans
circle having a diameter substantially equal fo that of the flange.

20 In another embodiment, the step of passing a fluid through the cooling loop
260, step 410, includes the step of flowing a gas through the cooling loop. Preferably,
the gas is selected from the group comsisting of air, nitrogen, helium or argon.
Alternatively, the gas is a process gas used in the process chamber 100 during the
processing operation, and the method further includes the step of introducing the

25  process gas into the process chamber (step 415) after flowing it through the cooling
loop 260, siep 410, thereby preheating the process gas prior to use.

EXAMPLES

The following examples illustrate advantages of an apparatus and method

according to the present invention for insulating a seal 110 in healed process chamber

30 100. The examples are provided to illustrate certain embodiments of the present
invention, and are not intended to limit the scope of the invention in any way.

Refeming to FIG. 11, the first example, illustrated by graph 420, demonstrates

the ability of an insulator 105 according to an embodiment of the present invention to
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conprises a channel machined into a portion of a surface of the glass
fl ange, and wherein the glass cap is wel ded over the channel to forma
cool ing tube through which 25 the heat transfer fluid is passed 25. An

i nsul ator according to claim23, wherein the heat transf ns .cqQnpri ses
a cool i ng t ub@sHagiargalak] O salelyr b kight ppigernd; ﬂEFeﬂlS‘?“%?rEFF? ”%ﬁoélélﬂl“g t he

gl ass Mange, G\Qﬂ’ﬂ/ﬂﬁ'%h%c odifi 91'bé§§0 Clﬁ@mt@xﬁ?ledﬂg unazasa@d&uﬂemmftotﬂae out er
wal | facing away 3 romthe gl ass flange 8 . AFN, . AFl R A

AFI AYY?. A3YOOqA13g A@epZGOchrAjeonpmtoAggmggphﬂs, ?deu‘l"%fPth‘aF passe through the
A %ytoje [V o%lng/] 51?113 ?J&@]&GJ ¢R) 58] GAd Sﬁlxs@l:?@]ﬁﬁlgmhcﬁrcainq@] calcalc
a]ca]ca]ca]ca caV] ca cal c<a] cTal] ca! +'

0201311, 222} x §GPM). Zrlwpw}xplaq @fa]@:samamset oped @éi]aﬂzamaqd@@]lc ayathe &1708) ca] cal c
AES5 #:
a] Ci] gi]:gmglméa&nﬁﬁ] @?] E]%] Cfﬂ]f ‘]&@]0 i ﬁg @‘g%?%l ca]glgé]z%gl%)] ca] ((:a](ca

] ca] ca] ca] ca] catlrd] cinperhinz QibqO@aFcla]ﬂmI]re@]SteqneaF&af]Sé g i O RBRBKNOBPP" Sf STU

al ca) ¢l cal caf }Jnlaq*zﬂs‘} O RAfLnCl) RO IR o2 Bt nn

9kk, Il  mummoo b¥lowp st rrtads mprynmrywie mpc:xature of most types of o- r1ngs used in this
ysy}xsnl d 11 e ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
ajcaJca] ca ca]lag 1 g% ca] ca] ca] ca] ca] ca! syyyyz9zz0{{| 7}}}0 Q&y* #9j p} xsni d_Z] ]
] ca] ca] ca] ca] ca] ca]kcal]lcai_lnm]thra]l@at]rcsa] peifit ¥pe dfcrmatadalocH0c & eespliimp dnlaca] ca ca
l.<
L] o8] ob] ob] oaT RATRLY S B Bl e S S A el | L
eA&(V3{#I Y\'} xsmd1c}axeslrhydctzz]e]1c]eom]nba)]43a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca) cal cal cal ool col Qo ke alaale Ahiaker by 5a148] Eal AR e wbiliy of a
@LO%& () - &3! s TDuR1ar)10S BOMRlifg tocaBEnlibdivgint pE (Bt pFezent invention to insulate a seal

To0 ()1 LA i R e g gy o SRR 0 2O el Biar VL)

10%&' () - Lz 10%&NE)) at lal rateGFR'60 ubid fect Per@RMICRRWES passedAn@ugl thelcoeling loop

1094 ()] zod¥oPp2 i) st Wgnal B8 SRR eyt os i il O e pres,

109 () - S! DFI %nd 11g4.g4l)ond Oper Xbitiirte! (CIFMOKS Affer! &onome( houre, GfOBGRYIAY -thel 0% () -

Love ?()%LfL fzg()éé%}”(%ﬁéoé%%‘”ﬁ? (Ia‘gyéibﬁé’offq% e ?’&" B%”{l 10, Godillethe ) 4

10L?MLOY& () - tssammwa@edam@ ) of abo i) CRAY Shewdl by teB9@icE hutnbex448:2 X6 SHE! D

10%( $( & ( )-*1s 3% I(:Ié‘ gglig)ld%scn%gt%ﬁ of s%émﬁc bbb abd c*(ar}lglég GF the -

10% & () - ##$& """
invention have been prcsented for the purpose of illustration and descrption, and

alihough the invention has been illustrated by certain of the preceding examples, it is
25  uot to be construed as being limited thereby. They are not intended to be exhaustive
or to Jimit the invention to the precise forms disclosed, and obviously many
modifications, embodiments, and variations are possible in light of the above teaching,.
It is intended that the scope of the invention encompass the generic area as herein
disclosed, and by the claims appended hereto and their equivalents.
30
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wherein the cooling tube reduces heat transferred to the seal from the process

chamber during a processing operation.

2. A process chamber according to claim 1, wherein the flange, the

15  cooling tube and the cap are comprised of quartz.

3. A process chamber according to claim 2, wherein the flange comprises

opaque guartz to reduce heat radiating from the process chamber toward the seal.

20 4, A process chamber according to claim 2, wherein the flange comprises
a cylindrical shape open at a distal end distal from the process chamber, and wherein
the cooling tube comprises a curved substantially circular shape having a diameter

substantially equal to the flange.
25 5. A process chamber according to claim 2, wherein the cooling tubce is
adapted to function as a light pipe to direct heat radiating from the process chamber

away from the seal.

6. A process chamber according to claim 1, wherein a fluid is passed
30 through the cooling tube.
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gas used in the process chamber during the processing operation, and wherein the
10  process gas is introduced into the process chamber after having passed through the
cooling tube,
such that the process gas is preheated prior to introduction into the process

chamber.

15 9. A process chamber according to claim 1, wherein the sidewall of the

cooling tube is welded to the flange.

10. A process chamber according 1o claim 1, wherein the cooling tube is
integrally formed with the flange.
20
11. A process chamber according to claim 1, wherein the aperture
comprises a doorway through which a semiconductor substrate is loaded into the

process chamber.

25 12. A process chamber according 1o claim 1, wherein the process chamber

is pressurized, evacuated or exhausted.

13. A process chamber according to claim 1, wherein the insulator further
includes an additional cooling tube having a sidewall overlying the lange and attached

30 thereto and concentric with the cooling tube.
14. A process chamber according to claim 1, wherein the cooling tube is a
segmented cooling tube, in which each segment reduces heat transferred 1o a portion

of the seal.
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10%& () -! ql0%+& (heacthing @ UbSEig(thive heinkOPddwall tGhe flange so that the sidewall

overlies the flange;
10 attaching a cap to the cooling tube, the cap having a sealing surface against
which the seal seats to seal the flange to the fixture; and
passing a fluid through the cooling tube to reduce heat transferred to the seal

from the glass process chamber during a process operation.

15 17. A method according to claim 16, wherein the flange comprises a
cylindrical shape open at a distal end distal from the process the chamber, and wherein
the step of attaching a cooling tube comprises the step of attaching a cooling tube
curved substantially into a circle having a diamecter substantially equal to the glass
flange.

20

18. A method according io claim 16, wherein the step of attaching a
cooling tube comprises the step of attaching a cooling tube adapted to function as a
light pipe to direct heat radiating from the glass process chamber away from the seal.

25 19. A method according to claim 16, wherein the step of passing a fluid
through the cooling tube comprises the step of flowing a gas through the cooling tube.

20. A method according to claim 19, wherein the step of passing a gas
through the cooling tube comprises the step of flowing a gas selected from the group
30  consisting of*
air;
nitrogen;
helium; and

argom.
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23.  An insulator for insulating a seal bctween a process chamber and a
fixture, the process chamber having a wall with an aperture therein, and a glass flange
disposed about the aperture, the insulator comprising:

15 a glass cap having a sealing surface against which the seal seals lo seal the
glass flange to the fixture; and

heat transfer means for transporting a heat transfer fluid between the glass
flange and the glass cap,

wherein the heat transfer fluid passed through the heat transfer means reduces

20  heat transferred to the seal from the process chamber during a process operation.

24, An insulator according 1o claim 23, wherein the heat transfer means
comprises a channel machined into a portion of a surface of the glass flange, and
wherein the glass cap is welded over the channel to form a cooling tube through which

25  the heat transfer fluid is passed.

25.  An insulator according to claim 23, wherein the heat wransfer means
comprises g cooling tube having an ouler wall, one side of which is welded to the glass
flange, and wherein the glass cap is welded (o a porlion of the outer wall facing away

30 from the glass flange.
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