& [ 0001] The present invention relates in general to senicondu

11111112112112171171171121121121111111111 AN | NSULATED DI ELECTRI C W NDOW ASSEMBLY OF
.. AN I NDUCTI VELY COUPLED PLASMA PROCESSI NG APPARATUS FI ELD OF MWMENTI ON

nufacturing technologies and in particular to a dielectric ﬂ%ﬁw
ssenbly of an inductively coupled plasng. proce55|ng chamber—BAGKBROUND
0002] In the processing of a substrate, e.g.; a sem conduct or substrate or
a gl ass panel such as one used in flat panel display manuf act uri ng, plasma

is often enpl oye A &l fo‘g,g \(;dlp xampl e,
TENTRIREEER TR AT R S A

substrate is then processed in a series of steps in which naterlals are
sel ectively renoved (etching) and deposited (deposition) in order to form

el ectrical capepedt THEBEERTION [0003] In an exenplary plasm
process, a substrate is coated with a thin filmof hardened enul sion (i.

such as a photoresi 6601*}351% REdA inl CnrRInGBiald in ER2S 19berhidEndiREgieNed

enul sion are then selectlve y renoved, causing conmponents of the underlying
| ayer to beconbstexqpmamdactiheg Bsulnmlogt:saandsmtplaﬂrcuhr dzediclavtrec windewa

assembly of an inductively coupled plasma processing chamber.

BACKGROUND

[0002] In the processing of a substrate, e.g., a semiconductor substrate or -
a glass panel such as one used in flat panel display manufacturing, plasma is often |
émployed. As part of the processing of a substrate for example, the substrate is
divided into a plurality of dies, or réctangular areas, each of which will become an
integrated circuit or MEMs device. The substrate is then processed in a series of
steps in which materials are selectively removed (etching) and deposited
(deposition) in order to form electrical componeﬁts thereon.

[0003] In an exemplary plasma process, a substrate is coated with a thin

. film of hardened emulsion (i.e., such as a photoresist mask) prior to etching. Areas

of the hardened emulsion are then selectively removed, causing components of the
underlying layer to become exposed. The substrate is then placed in a plasma
processing chamber on a substrate support structure comprising a mono-polar or bi-
polar electrode, called a chuck or pedestal. An etching gas is then flowed into the
chamber and energized to form a plasma to etch exposed areas of the substrate.

[0004] Referring now to FIG. 1, a simplified diagram of an inductively
coupled plasma processing apparatus 200 includes a plasma chamber (chamber) 202
having a bottom chamber section 250 forming a sidewall of the chamber, an upper
chamber section 244 also forming a sidewall of the chamber, and a cover 252.
Process gas is flowed into chamber 202 from gas distribution system 222. The
process gas may be subsequently ionized to form a plasma 260, in order to process
(e.g., etching or deposition) exposed areas of substrate 224, such as a semiconductor
substrate or a glass pane, supported on an electrostatic chuck (chuck) 216 with an

edge ring 215 around the outer periphery of the chuck 216. Details of an exemplary
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processi ng chanber on a substrate support structure conprising a nono-pol ar
or- bi pol ar. el ectrode, called a.chuck or pedestal. An etching gas is then
flowed into the chanber and energized to forma plasna to etch exposed
reas of the substrate. [0004] Referring nowto FIG 1, a sinplified
iagram of an inductively coupled plasnme-2processi ng apparatus 200 incl udes
& plasma chanber (chamber) 202 having a bottom chanber section 250 formn ng
a sidewal |l of the chanber, an upper chanber section 244 also formng a
sidewal | of t , \/ dinto
chamber 202 1RoUFRIERGh sy oo SR Bl BrophORGREmERT. A dRE e
subsequent | y 8 @88 zwtmlidnsmeaomizlﬁsm h26éby ih¢orpordeed btyﬁeﬁfdmeﬁ%las(n& g.
etching or dep05|t| on) exposed areas of substrate 224, such_as
seni conduct orPreesssing gises spmmoglyaused gctde lip St s, é&*@n% ol ot H8§t atic
chuck (chuck) t g€.r 2 ter periphery of the
chuck 216. (E%%FSC"% %éﬁaﬁé)?ghgf HQEHZ,yi-[ gﬁ(”?ts r| Sj'gll on system nay be
found i n commonl y- denes] Un&mti%atoeﬂt%lklos s@aﬁw,ﬁdﬁthdmmr@rsﬁtm;ﬂasmaof whi ch

B A TS Eon R L RS R g b V2
H2, NH3, SF6,,.Rthity llﬁ{ﬁGCSngme -varying elE:&ﬁ@%]lrrérﬁ(ih'ﬂidﬂﬁhn%)prbcgs%% i §se§Q@ar at ed

from the |nter|or of t he plasma ‘chanber by a dielectric w ndow 204 form ng
the upper waldreaté plabrea 26 ihervindend bgtrmgotebts yndustion esil fomi presma? i, agd

i ndow bot . RvastserREleRE ReRRR T R AR o SR o) SR 4R T

- generated RF flhghdprdOsing cBanbsrakettan cburpjeu:fd 1ﬂ@u&i¢hrc@nt2321s1mmcmgn the
pl asma processi ng chanber:. Further coug3 ed to induction coil 231 is

mat chi ng net wiehwork232coupleéth RE grmeraionedhilhe Rizgenemer 3¢ sypplissRfor 234

vore prof or aniy R TR REaKREH AehE AR oSS A e el e

i npedance of 1F3F563Mrhﬁr MathiZBrettvork 182t atenptd e rpzitalstm uaﬁeda(nbypfkﬁl ly
operating at about 13.56 MHz and about 50 ohnps). Addi tlagnal ly, a second RF

energy sour ceSengBlaray4 e gt %@hﬁ Bli‘ﬁ‘l“é&@ Iﬁ%lﬁ@ﬂy Hﬁ?rétllﬁgwﬁ eetyich 36 Mk and ¢ he
bottom el ectr 24
(e.g., 2 M—Iz)é%ggases a dgggligg%dglé?Epéﬁgﬁe%vgﬁf%%$hga}sﬂp§n%er f“‘a
vacuum punp 2Bfbugh matching 68@6fk Z3érterthd bottons eleetredepH 60h ovdeokae agplegsREM 240

is coupledt chuc 6 in_qrder intain the substrate 224 at a,desired
t enper at ur e. P?eoé %?‘i]bﬁﬁat&;gfg i %W gésetfs'ﬁglbp?mgk} preEROypd &‘”(I}I#‘?I er
that punps a GaRkant gbg&ggﬂmggﬁ/mg es within the chuck, and heliumagas is

punped between the ¢ uck and the substrate to control ther mal conduct ance
bet ween t he subst ra[D@O@]ndGcmalbhme tmclrfea@hmf}’h@m %ﬂﬂlpﬁ@@ﬁ@#@ ¢haek eases

t he heat tra f er and de |n ure red S
transfer. 66Pé?§%é F‘&H‘é@g %ﬁ%?z‘{ %%gg’r?ﬁt% U@ %%?%ng
sophi sti cat edsy@@fﬂ%ﬁeﬁfﬁ uﬁﬁﬂ?rcbﬁbﬂﬁledmrcﬂﬁlldﬂghaﬁ %ﬁl\p@a@o&a@ghﬂi@h chﬂtlas
typi cal operating environment, manufacturing process paraneters

vol tage, gas Witkiwthe shuclszandrheliwmreas i P‘ml@siél?%ﬁenéh% chuckead &é”-h“é‘bélr gt g0
confi gur ed f Oéon%opﬁre}lﬁﬁ%og{m n%? %Ss%bg{gatcs t%g]cﬁﬁ"cq( therdlS ' fHeE&tg
processi ng reci 000 t| on, eati ng appara may

operate to coftessate inBiRades peticat mmfafratte taﬁd dé@eaisufgﬂ‘wmﬁfpﬁmfd etuidheaf t he

pl asma processi ng appar at us
transfer. Most plasma processing systems are also controlled by sophisticated

computers comprising operating software programs. In a typical operating
environment, manufacturing process parameters (e.g., voltage, gas flow mix, gas
flow rate, pressure, etc.) are generally configured for a particular plasma processing
system and a specific processing recipe.

[0007] In addition, a heating apparatus 246 may operate to control the

temperature of the upper chamber section 244 of the plasma processing apparatus



-3- 200 such that the inner surface of the upper chanber section 244, which
is exposed to the plasnma during operation, is maintained at a controlled

t enper at ure. [ 0008] The upper chanber section 244 can be a nachi ned
pi ece of alum num or hard anodi zed al um num whi ch can be renoved for

cl eaning or replacenent thereof. The inng: surface of the upper chanber
section is preferably anodi zed al um numor a plasnma resistant material such

as a thermally sprayed yttria coating. [ 0009] The volunme of materi al
in the upper | SHR ' t I xﬁﬁ?e?] to the
pl asma pr oces@?%ﬁ%&f@%ﬁﬁ%@%&g%ﬁg}&%&glrs tgg%n%}éraihdé’l‘gﬁ% ate ave the

capacity to sbeieplhdnes doaingeperagiynf o mainthined etda patiotldd tendpergereer al , pl asma
processes tend to be very sensitive to te rature variation. For exanple,
a tenperature vari 6{69 otResraer ‘E}}?@bé’éﬁe&f}gFgﬁgaa‘b}Peo%E?ﬁhlPE PREC ®an directly

affect the eta‘l"tﬂnirnﬁﬁleorlh-gﬁf%d?zteﬂ LRARRAVREH bid Ye REIMNEE Brihalinsales is often

desired, since nmany plasnma processing recipes nust be perforned as
mul ti-step proplessemnt dterahiff Tleriendr suefapeofdhe nperwharnbersastionde predémblai ned

within tight tolerances. Because of this, the upper chanmber section.is
of ten tenper a?f‘ﬂ?llée‘g HEY BT 842 PE‘S’BF(H%SF“ %‘?ﬂ%\?‘g aéragtgf’mlazl%ﬁg?aé’f’%?ﬁ"a
settings. coating 0010] Upper chanber section design also mtigates

tenperature variation in the plasma processing system A replaceable_ upper
chanber to reduce t[@8@Hr afhewlyme phmatsniabimshe yprey chambesaetiondhrdedo add

m ni m zi ng heat ,transf.er nd her.nal . proyv.idi [
Cenper at ure drpoPRi el Bhe o Ui e e rbPteh Mol b e
comonl y- owneflatktidls tHiahartthPudpaciepatd QorelBermaléror HPIp eREEndédyserdids.dhosur e of
whi ch is hereby incorporated by reference. [ 0011] Tenperature -

variation corfiepefl pRaspiaerenestes tend; te bRivATIRNSHVE ndempp@iure Namasion. E&ct i on
woul d be desidLapl a%nzée?ﬁ{lfe'\%ﬁi IOV € &&\sﬂk}?ﬁﬁ O;newgméc Bt QFRGLAL Ur e

gradi ents during processing. upper surface to lower surface tenperature
gradi ent of tdffectihe leehtratecTavhpedaturc@peataslifytbetweem sobsitatesgs bfien desired, sur f ace

of the dielectric window by forced air or liquid and heating of the inner
surface due tséncﬁﬁ%’é’dga PEGSEHE TERRGSJRust h%gﬁrﬁgﬁﬁgras WistPARAFPSFS 24

center Lo edanntRPRIAILEOhAh Hllst b8MalRaH wit AT RcrhARS. Blcabitoredde
phere and thermal contact area with
t he chanber . this, the upper chamber section is often temperature controlled in order to achieve
target temperature settings.
[0010] Upper chamber section design also mitigates temperature variation |
in the plasma processing system. A replaceable upper chamber to reduce
temperature variation employing a thermal choke, minimizing heat transfer, and a
thermal mass, providing azimuthal temperature uniformity, in the upper chamber
section is disclosed in commonly-owned U.S. Patent Publication No. 2011/0056626,
the disclosure of which is hereby incorporated by reference.
[0011] Temperature variation control in the dielectric window of the
upper chamber section would be desirable. Dielectric windows can develop ndn-
uniform temperature gradients during processing. An upper surface to lower surface
temperature gradient of the dielectric window can result from cooling the outer
surface of the dielectric window by forced air or liquid and heating of the inner
surface due to process conditions inside the chamber. Additionally, a center to edge

temperature gradient can result from heat loss at the edge of the dielectric window to

the atmosphere and thermal contact area with the chamber.



-4- SUWMVARY [0012] Disclosed herein is an insulated dielectric
wi'ndow assenbly for use as an upper wall of an inductively coupled plasm
processi ng chanber in which sem conductor substrates can be processed. The
i nsul ated dielectric wi ndow assenbly conprises a dielectric wi ndow and an
upper polyneric ring. The dielectric w ndpw conprises a central bore

ext endi ng between upper and | ower surfaces which is configured to receive a
top gas injector, and at | east one blind bore in the upper surface
configured to receive a tenperature \ i sensor. The upper polyneric
ring is made of a thermally insulating nmaterial and is | ocated on an outer

exposed section of digl ectri.c wi ndow s t ubstantially .cover a
si de surface and aﬂbgﬁ]erﬁﬁglf’ﬁdo}hergp % ?‘fémﬁglﬁfga déeg?qfst%%gub %?’f&e%]i’lgl &ctric
wi ndow and t RRe@bin PFLYivdE o ahhiedudalclb@abipled plas@BpRocessinOdRdIbRYInARRIcENT
at nosphere. [0013] In one enbodinent, the insulated dielectric

wi ndow i ncl udeBiepndugier subsirataeeandenraerssady Thg insulaiadididdestiamiadare wal | and a
| ower annul ar X i . pal |-y i i P .| ower
ol yrrer 1 o1 ris Bty Exh B Ui BBl P URY by pbR S Pt bk uicl 0l O

t he di el ect r iwindbwdompaine adenttppisire estending be@teen gpirrahéd teew afsuefass pyioett

surface of the chanber. The | ower polyneric, ring insulates the |ower
surface of tHécenqiaué%{tpirecwqmmaa?mﬁthe%ﬁdm ongblingthore in ¢ ©UPP§T0014] In

an enbodi ”E”tsurf*a&?cdr{ﬁ?d}oegttg(i’%cﬁi\%'a%ﬁl?bx%rd% Hfé,ﬂwoﬂégngegs‘g&yThéug%bg@Qrﬁﬁ%on an

upper chanber assenb asma processing cha The r “chanber
assenbl y i nclrigss namde of a teamby irisnlating ameermd apd isdocatedeon anvmrtencxposed seal i ng

f dapt ed.to seal.. agai nst ti . | i hamb
and an_ upper SN orthe dielio PO Hetanbilf S B S e B A B sl
with the insuhadrgdritiedfaRe Gpger WhrTARWS tHd @ clePRiR wiAddW hAd théAdbypidugaki ng

surface conprises a-groove, which is dinensioned to receive an 0-ring and
t he | ower polthemnal barrienomThanrpunding aprbesnt desosghezacuum seal bet ween t he

di el ectric wi.ndow he, t op chanber .interf .3 The .| I LC ring
surrounds the O-ri ﬁgg}agr]d Iﬁlrocr)l\?iealesoggm t’etE%nla Su%ge‘r%rdlleelFC 8%%%%&%%&%%% ectric

W ndow and t Neweppoloendaihg hianigg b @9kndricabsidawhallané hdsb@ranhilaewhnce, the
i nsul ated dielectric wi ndow assenbly, and a | ower polyneric ring. The_ top

chamber i nt erexépndinggngielly inward fometheaideuyall Thadersnrobanqrisgingis capbeuethpt ed
Lo seal agalngheBoRRbAABAREL PR sifeR AR RBARENRRRD el tRREr annul ar

vacuum seal ing s ace in hg a groove contalning an O-ring and the
| ower pol ynervaguiim BgalinigharfBed ofitgsuppont isahifag of theachatives Sak 1dedrnpobymérite

dielectric window and the top chanber interface, and the | ower | ymeric
ring surr oung:ﬁ“?é’gmﬁ‘ﬁéteﬁ)m’eﬁﬂ c Fﬂ?ﬁ@e&‘eﬁ?fé‘?wmdﬁﬁ’r ora Eheb%’tpﬁ%’é ﬁgr??‘f)é
dielectric w ndow a0d1dhein AR ARARRGH, 4RI AGLd RS HRIAF bidmbYy Adow
conprises a disk having a uniformthickness, and the | ower polyngric ring
i ncl udes a cyduppeitédoal arsupper vlednibeanshembly aff a plosmea panensingrchembér. dke endi ng
radiallyinwardfromalowe[) en 8f tthe iidg wa{l .

upper chamber assembly includes a top chamber 1nterface comprising a lower

vacuum sealing surface adapted to seal against a section of the plasma processing

chamber and an upper annular vacuum sealing surface adapted to form a vacuum

seal with the insulated dielectric window. The upper annular vacuum sealing surface

comprises a groove, which is dimensioned to receive an O-ring and the lower

polymeric ring. The O-ring provides a vacuum seal between the dielectric window

and the top chamber interface. The lower polymeric ring surrounds the O-ring and

provides a thermal barrier between the dielectric window and the top chamber

interface.

[0015] In another embodiment, an upper chamber assembly of a plasma

processing chamber in which semiconductor substrates can be processed comprises



BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES [0016] FIG 1 shows a
sirnplified diagramof a prior art plasnma processing system [ 0017]
FIG 2 shows an enbodi ment of an inductively coupled plasma processing
chanber incorporating an insulated dielectric w ndow assenbly.

[0018] FIG 3 shows a schematic view of & insulated dielectric w ndow
assenbly of an inductively coupled plasma processi ng chanber wherein the
assenbly includes a dielectric wi ndow, an upper polyneric ring and an

enboal ment ot PREANEH iRl sl B lelr o add ket phER G

embodi ment  ofpol . The kopEaintbef intgfdce comptsadS 1awkh@miibdr Wiciuns ul at i ng
material on a dielectric w ndow. ) 0021] FIGS. 6A-Cillustrate an
enbodi nent  ofSCtHE Jusiaes adspisgin seal agRipg arhpttopissecien olBA plaswr chamber aadywi ndow

2Egngef’ ?pDE?_%ﬁﬁ@Beﬂﬁ@_%% g%ﬁéﬁpséfﬁﬂné oebeRk iix‘(&xh&in§9‘gﬂlo%€ BhiaRiR A 6557 N9
and the lower polymeric ring, the O-ring providing a vacuum seal between the
dielectric window and the top chamber interface, and the lower polymeric ring
surrounding the O-ring providing a thermal barrier between the dielectric window
and the top chamber interface. The dielectric window comprises a disk having a
uniform thickness, and the lower polymeric ring includes a cylindrical side wall and

a flat lower annular wall extending radially inward from a lower end of the side

wall.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0016] | FIG. 1 shows a simplified diagram of a prior art plasma
processing system.

-[0017] FIG. 2 shows an embodiment of an inductively coupled plasma
processing chamber incorporating an insulated dielectric window assembly.

[0018] FIG. 3 shows a schematic view of an insulated dielectric window
assembly of an inductively coupled plasma processing chamber whereiﬁ the
assembly includes a dielectric window, an upper polymeric ring and an optional
lower polymeric ring.

[0019] FIGS. 4A-D illustrate an embodiment of the dielectric window.

[0020] FIGS. 5A-C illustrate an embodiment of the upper polymeric ring
for use as a thermally insulating material on a dielectric window.

[0021] FIGS. 6A-C illustrate an embodiment of the lower polymeric ring
for use between a dielectric window and a top chamber interface in an inductively

coupled plasma processing chamber.

DETAILED DESCRIPTION

[0022] Disclosed herein is an insulated dielectric window assembly of an

inductively coupled plasma processing chamber which will now be described in



-6- detail wth reference to a few preferred enbodi nents thereof as
iI'lustrated in the acconpanying drawings. In the foll ow ng description,
nunmerous specific details are set forth in order to provide a thorough
under standi ng of the present invention. It wll be apparent, however, to
one skilled in the art, that the present-g-nvention nmay be practiced w thout
sone or all of these specific details. In other instances, well known

process steps and/or structures have not been described in detail in order
to not unnece i re t LNy j r.ei t he
term "about"” d}ﬁa?)lu %P{Becefg%%%sttg rauijéﬁ ﬂt?%f%ﬁ%@Fﬁhg&\ﬁ/{aéh{ﬁggerﬁésﬁsgﬁﬁ%%&gﬁgbﬁ;e or bel ow

the val ues regtépanying drawings| BARSTollbhéng deboptiorg hymeoup kpetifid deails are
processi ng chanber shown in FIG 2 includes a cha&?er 10 whi ch includes a
| ower chanmbersetPrifin oxder tpprevideRdheropeh understanding ek the pEsseRtAnvietiphct udes a

top chanber ipgefd ag;ggreﬁé hBEER, tl%%g g%{,l:l%d & Beahefiaf it P%s@m%éﬁon%}% coi |

18 overlies the w ndow and supplies power for energizing process gas

into a pl asngprattate witheutckentehe atidittise sgdificddtaijs. festhemipsenas, Rdbkioee FI G
3) is nounted in the center of th vvindgavg/f r dE'J'Vec{;:in . prgcess gas from
gas supply | iBBCSDSCRHBAYSTBHYHSSRVE RUAFALE BRI WA NI Fi' e AP i nner

surface or anhneédiedrilfesdcuRahe PrsbtUA@ntiBA. As used herein, @A "Eddat" should
represents a cross section of an insulated dielectric w ndow assenbly 30

whi ch can be heseonstruedith enclirerradires 10 te hokrabove 61 lglow theTypduagireditedt ri ¢ Wi ndow
16 nmounts on a sup suLf ac f the ¢ er 10 such as the 1o hanber
interface 15. The ip@é%ﬂlat lbelglgg%élgtyr‘fo@pi\;ﬁ%%wa SSEH lfl%c l?eﬁéf]%‘gegn

dielectric WrdRwiddudean dipRBer FOWHIER ihdtudds Adovdr dhambBeT vadd 3h uppetl] ati ng
material on an outer exposed section of the wi ndow, and an optional |ower’

pol ymeri ¢ ri rambentf Ihe ypperchamberelbinsidesatopihamber inteafags hushichThe

dielectric w j ' r g, Kead; ' as. | njector
20a and an R&ggﬁgﬁ@egﬁn{s&s&y?‘ﬁggdﬁl ec 0‘;1%3128 ém&glgég\?vhig’insd%ﬁ %@nsggﬁtl Ye gas
i nj ector 20a.RHbewtofor emagihimg pro¢ess fadetolbplasiod stdesndde thpphimbaddum seal i ng

surface 15c, and a | ower vacuum.ssealing s r_fai-(l:e 15d. _The ,uag)er vacuum
seal i ng sur f J6B gassigeiE 2Qagsee F1Gr gy aorgipdrin the cepter gf thgwigdow o ng 22 and
t he | ower pol i i <k . r oyl : ween
the di el ectri oot blofhs b el SEbiIONAC20 P BffondmbEHRSepin far

pol ynmeri ¢ ri ngveérca ummreo surdse o enPethendesiied amdigmrasiondes a t hermal barri er

between the dielectric w 16 and the top.chapber interface.15. The

t hermal barri er pro@bg‘gd ﬁ@fgﬁspf@%sm%%“gw%’g% @S?lfﬁ?gdfge%%ﬁwgwt he
transfer of haadmbly30wAIcIOtHnSe Red i @B cRAmb&E 0kheWaGH FIG. 2MThd Avldfrid O t he
top chanber interface 15. [ 0025] The upper polyneric ring 17

subst anti al | ywindowrl$ mowitsien 8 suipmctesutidée offttie &l dP spdhr as tba tagf chambapper

surface 16¢c of ,the diel.ectri i,.ndow 16. .The u r,pol ri.c,ring 17

e ot os andnidiiite L TG Sed bR \Rnd VB SRREL A HAIRE W0 27
upper surf acewiewal®ah Bped poBmiddiciraGe 71 thdrhally $tsul0MB tidieHi a2 R a8 Buter

at nosphere. A tenmperature control system which I ncludes one or nore

t effper at ur e sePeRdsseatinti @ighe wipdavh abhan epterabloyres palymeacred@Pnan ool i ng

apparatus can, he. iUy s%g?(ﬁpgfltﬁgwﬁ?c}o%.%lh%caﬁgléﬁqﬁw ‘!rﬂﬁ‘éé 1]66ig1tc{21}<1ig§. § 66t 1ksgr ced
air across the upper surface 1b6c of a central section o e drelectric
w ndow 16 to feRretki Of & g ghs @djecdr 20 andnd RF ddl B8 owtside sherdicletteopdnddwir e.
16 surrounds the gas injector 20a. The top chamber interface 15 includes an upper
vacuum sealing surface 15¢, and a lower vacuum sealing surface 15d. The upper
vacuum sealing surface 15¢ includes a groove 15g for receipt of an O-ring 22 and
the lower polymeric ring 19. The O-ring 22 provides a vacuum seal between the
dielectric window 16 and the top chamber interface 15. The lower polymeric ring 19

surrounds the O-ring 22 and provides a thermal barrier between the dielectric

window 16 and the top chamber interface 15. The thermal barrier provided by the



[0026] FI G 4A shows details of the dielectric window 16 which includes a
central bore 16a for receipt of the top gas injector 20a, blind holes 16b
in the upper surface 16c for recei pt of tenperature sensors, and optionally
a clocking feature 16d in a bottomflange 16e of the side surface 16f. FIG
4B is a side view of the dielectric window 16 shown in FIG 4A FIG 4C
shows details of a vacuum sealing surface 16g which is outward of a
recessed surface 16h which is coated with a ceranmi c coating such as plasna
sprayed yttri,umoxide. .FI.G .4D js cross. seGgtion of the outer ri phery of
the diel ect ril®™% %%erﬂ%n%égé?dﬁm%satp SR %f (gfghr?ﬁﬁ ?mra’éé’é‘ge§ p%}onedgt Shds into

and conpl et el dielasttiunddve 16 icie oy EtR@tbed ffterface 15. [ 0027] The dielectric
wi ndow 16 may be cor(‘;Bosed of quartz or a ceramc naterial such as al um na

or al um num ni t ri dd00}lef Breunpgr pelrmetr singdt/ sibstyitiallp wouds k side swpessed of
alumna. In i . SSi . . i ric

i ndow 16 can aan ik porkBh o kP EERE ST bo TP B Aric SIRIE b

i nches. Howewgiper pdigmerietiag i 7 imsubsitesdnd rdduceathe bensisnof lesat Homlthe gaer €. g.
have a di anet er . of out 13.5 inches, 22 inches, even | arger. .

[0028] FIG SR of tgepgwéémfw kog 3 ithe,5id s et gloierbrovRding AEbiEBher

pol ymeric ringmddomafe. tAh@hval ost1 ' I ic
ring 17 conpri sesp a ecyrli%ngreialcrzlgle'cm delzg%’véa{f}ﬁ wﬁ%}?gﬁﬁjdg%gﬁcgﬁgﬁ t?}g éer%“lig\;i!\cr}al | 17c
ext endi ng r adieasdrymionitemng Windawt thepsratiee wal 4 folTdsl aifltmliog lappatatus adn s de wal |
17b includes four circunferentially extending |l.ower cutouts 17d which
extend | nt o dPOlEE SUsA oA SRR RENAGH | R HEGH TSP Gbe AP E UPAH STTERRor
cutouts 17d ayeR otialenisdl QB&MHntdT i @¥ledRic wiBdow 1836 alAERaih e GEREBRT
conponents (not shown). The annul ar upper wall 17c includes four

ci r cunf er ent i windgwdstas adesitpdippperagg.out s 17f which extend radially from an

extond i nto an uppad V2l TR YATPRA s HEwRRHCis IR TS ubichHaBes,

upper cutout sa dehtrabbge doaRRSERIROF tH t@% oxd ilfecfIr ook, ed holk 16ben e upped 18
and/ or associ ated nounting brackets. The four |ower cutouts 17d and the

four upper cutpiaee]ceror mregpt phismpstrture serspss, and optionally gglegking deaturgriéfer r ed
enbodi ment, tihe bfo(t)[Uﬁ‘ldtllzﬁggrl?g UF%#%?deszHfa bl B, WUk a%ﬁﬁqgﬁgﬁ%t s 17f have
the tour X have

different |engths an ower "and upper ‘cutouts 1
m dpoi nt s whiditleatrie wisddw takhowmin FiGedA. FIG. A@shdvaadetails af b gaaaimseafiag nt s of
the four quesI;lrfaacr:]ed lggoyv\ﬁirch (i:su(glgcgvgu"sd olf7af r’ecg—szgd s%r acg Iig}]: \eNEIfaCl}JlliSy coated with a
ceramic coating such as plasma sprayed yttrium oxide. FIG. 4D is a cross section of
the outer periphery of the dielectric window 16 wherein a rounded annular recess 16i
extends into and completely around the side surface 16f.
[0027] The dielectric window 16 may be composed of quartz or a ceramic
material such as alumina or aluminum nitride. Preferably, the dielectric window 16
1s composed of alumina. In an embodiment for processing 300 mm wafers, the
dielectric window 16 can be about 1 inch thick and have a diameter of about 14.5
inches. However, the dielectric window 16 can be smaller or larger, e.g. have a
diameter of about 13.5 inches, 22 inches, or even larger.
[0028] FIG. 5A is a perspective top view of an embodiment of the upper
polymeric ring 17 of thermall.y insulating material. The upper polymeric ring 17
comprises a cylindrical side wall 17b and an annular upper wall 17¢ extending
radially inward from the side wall 17b. The cylindrical side wall 17b includes four

circumferentially extending lower cutouts 17d which extend into a lower end 17¢ of

the cylindrical side wall 17b. The lower cutouts 17d are dimensioned to provide



circunferentially spaced 900 apart. The four upper cutouts 17d each extend
about 10 to 20 along the circunference of the annul ar upper wall 17c.
Preferably the four upper cutouts 17d each extend about 15 al ong the
circunference of the annular upper wall 17c. [0030] FIG 5B
illustrates a side view of an enbodi nent.gf the polyneric ring 17. In the
preferred enbodi nent, the cylindrical side wall 17b of the polyneric ring
17 has a total height of about 1.3 inches, and the annul ar upper wall 17c
has a thicknegs_of abo .25 ] t ach have a
hei ght of abociffar?j’.cﬁgori cn(%wggrn%?rﬁe‘%%gfﬁta-ﬂ&ﬁt%&?@é%ﬁggﬁel%uq%nug)g%évr‘{%%?7§he
cylindrical ghélegalfburlciizumi&renfiflir extaidig wppeoedtsutd T which ektehé paliisibout 30
to 45 along the circunference of the cylindrical side wall 17b. Preferably,
the four | owdFore an simes edgedl 7gde jgn eRtce adgcabybual theanuby yrpsiavall Heeader ence of

the cylindric I; i . I

cylindrical se?gﬁéla\}\gﬁgl%h?r]ﬁ%? lgmg)rf gﬁﬁﬁggﬁ%&%ggpﬁﬁnﬁﬁ?ﬁgfg&r éﬁg?r%fgt({ugkﬁr

| ower cut out sl 74t dimersianddetd pindvidd cladrande fOr 18 Rhadil Vhaddéortassociaedai ni ng
cutout 17d has a height of__about 0.13 inch. 0031] FI G, _52C
iIlustrates a{n?‘H’ém&ibg%ﬁ‘S‘ﬁ-QF@%W%HP“GQ@H@W&HQP‘IWW Fe 1.7?%%17. In
the preferredogyaduprpl. the cylindrical side wall 17b has an outer
surface 17i with a dianmeter of about 15.25 inches and an inner surface 17
with a dianmeter of [802f]t Ih4 pr&feined kmbodifieat,dle four bkepe cahtsolf7dtand thkennul ar

I 17¢ h ter.di f t. 15,95 i nch d the |
edge 17 has AN SARSErANARE] SR ERBETAD: 9 RERER 10VEGRY BRS Siytoody |,

al ternate embodi MEfHaSe hli@poHe ShidOr¥ Werticelly alithed THeertiaVlg allizhdder ent
configurations and di nensions to support larger or smaller dielectric

wi ndows ( e. g.midgpmtreafdhe foyr upprsgnd iave cutpaks 1741 Rl 4reyprederably2 | nches, or

| arger and thi. f (3 han ' ) / faint
around har dvvaér1 %ﬁﬁgﬁgﬁaﬂm R4 %%%v?}ong}giv}\’/f' qrheQSS%%FrO%lé% S ﬁdega%gﬁ)e(?egggﬁéur% rO iC
ring 17 can he 20058pag et dicumf@eherottheaniulag uppdr, w4l EfcePrfdrybla tedfonani zed
silicone-based pol ynmer nmaterial, such as silicone foamrubber. The materi al
can have a haipReddows 14bheash extend aboutdyr alopg dhe aprypderancefifhe annylay

preferred er‘rtqgﬁ' e upper polyneric ring 17 may have a coating 17m of
about 0.05 in Ielil?gl:jﬂrll%z:iddi tional polymeric material. Preferably the coating

17mis a vul cani zed0830]i cBlite-SBalesirgpes ayside viewtodah @mbwilintena oSthe pelyfndrer dness
val ue of about 65-75 duroneters. I.n a preferred enbodi t e cpating 17m
is applied td“%ﬁﬁ%uplﬁége Eﬁ?%@"&bf’lg%?mtth‘écglfﬂﬁjgﬁcélrsq%pﬁéﬁr?ﬁ%f’{ttﬂi?epwcan

out er surfacel/fly Bfs 4 b1 fULhWabER 1.5 ifdBedahd tht ARAnulbPufhFWafl 19EGhEE T ed
enbodi ment the coating 17/mis applied to all surfaces not in direct contact

with the dieltbknéss ofabaiv@.266nch. The fourfupperdutdits] 7f6ach hivest haglsofabewp vi ew
of an enbodi . 0f the loywer polyneric ring.,l9. .The | ower ric ring
T0 has a oyl | it ighend feie e BRbPE s R aie syifden el Ik Bia Gnti ng
radial l'y i nwab@ef 88Utk 18d 63hi REMd@BbutsIots 488hlond B cifchfaferbitel dflthist r at es a
side view of the enbodi nent of the | ower polyneric ring 19. In a preferred

enbodi nent, tdyéindgi¢dl gideivesdll 175 Beeferably. thofpun lpgves sutoutsdr/ dsael extendiahouivhi ch

has a di anet o ut. 14. in j > N has a
ot or or cageloniRbbirctim Bl OGARE o BilclcSle R 16 End BllchlbRWbE &
surface 19e vibwehedtab7edoflheadindficalfsidebeall 1704 It piefierhedisembodirabritethiet of

enbodi ments the | ower polyneric ring 19 may have_alternate dimensions to
support vari dhs foyr Jewerguiduss | 74 havgiagight off ghout 0.53 inch while the remaining

cutout 17d has a height of about 0.13 inch.

[0031] FIG. 5C illustrates a top view of an embodiment of the upper
polymeric ring 17. In the preferred embodiment, the cylindrical side wall 17b has an
outer surface 17i with a diameter of about 15.25 inches and an inner surface 17j with
a diameter of about 14.75 inches. The outer edge 17h of the annular upper wall 17¢
has an outer diameter of about 15.25 inches and the inner edge 17g has an inner

diameter of about 12.5 inches.



[0035] FIG 6C shows a cross section of the |lower polyneric ring 19. In a
preferred enbodi nent, the |lower annular wall 19b has a flat upper surface
19f which contacts the underside of the dielectric wi ndow 16, the
cylindrical side wall 19a has a height of about 0.2 inch and the | ower
annul ar wall 19b has a thickness of about9-0.1 inch. The | ower polyneric
ring 19 has rounded edges. [ 0036] The | ower polyneric ring 19 can be
conposed of a polymer material or preferably a fluorocarbon pol yner

rr?'JI[EIe:rLICJ?I'I )Slcj)?hpglsyw[é@? |]gg[hgit§£]1@ uorl %IB%&% ter?mgﬂgﬁg$ rtijglra gggg}a;kt he

| ower pol yrrerdlfferentr@nﬁgunaaomndaﬁmdns‘msrmrm auppaasiargeebn§malizediedédicone.  An
exenplary glass reinforced silicone that can be used i s sold under the
tradenark " GAROEPWE(ay diampiery Qf\ﬁ@?utp]él Yinshi k4.3 inghes; 2 értﬁhP%lﬁ’ﬁb%g?rH’é‘ 0-ring

22 in the gr f ot
enbodi nent gt ﬁg\é %S?%ngqé?stspﬁa 08 ect ri&(rzl %%ﬁgéﬂﬁ%?tﬁ%ﬁngmgﬂdﬁggﬁ pper

surface 19f dhe trelomower polynmeric ring 19. The |lower annular wall 19b of
t he | ower polyneric g 9reducs heat. | gss f omanot r rtion of a
| oner surface 16 PB}?:ﬂ SIRPEL PY Wﬁ%ﬁﬂ? t"H‘BP?SSg gﬁgﬁﬁ'gfmicnt erface
15. The cyl i ndiiegal pretdipahhichRize®ilithr- Bz@&@ﬁol?ﬂ@’ﬁﬁfén@l shdttaskPidonguces
heat loss froma |ower portion of the side surface 16f of the dielectric

wi ndow 16 t o folrs rublier CHeathaterialvian hfecehdrgness of about Pd@eﬁﬂ duremegisr 8heyed nent ,

h hanb erf 15 h
< general 1y G0t SPIATRESTRRRRCR A S BebSRE bk ] S0 ool Sat o

wi thin a rangen 6£i80ab0.0s id df@nab@lubnilqao@mciﬂmmteﬁal Breféraiglythecqatiafi ng
process, top chanber interface 15 tenperatures may exceed t he heater

operational rlmyis,a vepnizsdisicang- ba:ﬁgdnoﬁb/mm@wt@r@ spraathore Achardngseralupet ai | s
P e sk APPSRl 8§ BES SOIBEBY I SRR o EYa boune

whi ch is her elyuppecairfaoe aTledf ﬂhy anmﬂmnfpp%wall 17¢ and §0DOB8E] sultacg &71teFitiper at ur e
gradi ents shoul d_be avoided in_the diel ctrlc V\nndow 16 duri operation of
the plasnma pr@@@@%?%@ldéﬁ‘@ﬁﬂtﬂ’ InpghmQEsJIE eérﬁfjﬁﬁ’é’é ypent thgeqoating P’gEéf

tenperature fleaf alpgur% rgd ﬁ&@é&bsntmmawhlmm {vndotworg.cool ing the

out er surface orced air or liquid, and heating of the
i nner surface due t[00p4]ocEKSs Mdsttatmtopwsavdefarhenbcbthmbmrofthcbem:ter to

edge tenperature gradie | 50 can result f heat. |l ass af t d of the
dielectric wiBy 11‘6“?%?9% ﬁ@‘ PWESRAEPENGHRE ﬁﬁg%%?ylwéafa i n‘g‘;ig %%%tah t he
top chamber i1BGLRF {ffubar Il Mb@iténam%%@ahw m&m%ﬁnﬂ%c ihdricaBade Wallitbg.er nal

stresses in the dielectric w ndow o failure of the
dielectric V\,ilﬁélb\ﬁlBllﬂummbsrmder‘eszOtf thenen@b@@fmrﬁg)f@ie lower polgmede ring 18 Wdow
16. Additional I t| ons,, i

t { terf
due to a therhBli feﬁra? é)flvl\%eélﬁ’ tF%gy gldnlgg‘cst%?ei ngg\f\nﬁgna oweré)%?e?é&]?%éeel[r&%}ﬁ%anber
interface 15 gan dabéer sfadbsat 109MREREs, i pRessurfict 19d %ldh&aph@mtwofcessu ng

about 14.75 inches and the lower annular wall 19b has an inner surface 19e which

has a diameter of about 14.45 inches. In alternate embodiments the lower polymeric
ring 19 may have alternate dimensions to support various sized dielectric windows
16.

[0035] FIG. 6C shows a cross section of the lower polymeric ring 19. In a
preferred embodiment, the lower annular wall 19b has a flat upper surface 19f which
contacts the underside of the dielectric window 16, the cylindrical side wall 19a has
a height of about 0.2 inch and the lower annular wall 19b has a thickness of about
0.1 inch. The lower polymeric ring 19 has rounded edges.

[0036] The lower polymeric ring 19 can be composed of a polymer

material or preferably a fluorocarbon polymer material such as



a batch of wafers. The insulated dielectric w ndow assenbly descri bed
herein mnim zes heat transfer to the atnosphere and to the chanber

i nterface. 100391 In use, the dielectric window 16 can be cool ed
where it has the highest thermal |oads and the upper and | ower polyneric
riongs provide thermal insulation of the -d0oelectric wi ndow 16 where it has
the I owest thermal |oads to thus reduce the thermal gradients seen by the
dielectric vvi ndow 16 and | ower the average tenperature of the dielectric

w ndow 16. fﬁﬁgﬁé@ﬁ&&%g{ﬁ@g@@gg tgg%d&m " REHER &p} §5lg%gﬁaén%sses

within the di‘e Fic w ce wafer to ess shifts

whi | e pl asma diflocridePVQF) material. Niofefieferisbly tig ldwscpagpmeriexagpd & y
enmbodi nents and t he E@'ﬁt node,. nodi ficati ons and varl ation e made to
the di scl osedO8H98s% aglomsireia foresdesilifoRg: AW EXTRPIRRES %ﬁﬁﬁf‘é‘i‘irg% IPerit of

the inventi Orlhé’tscgﬂ%faw&ﬁs@aﬂdtdﬁﬁerf Ak h‘a&\éxﬂ&k@b@\!mum &2 A WS AED | S:

1. An insulated dielectric wi ndow assenbly f use as an upper wall of an
i nductively (mlg)l%silr;niuadme@ unggé nmtjle(gn@uvbelrSglqﬁ tiwhtiop lchaebérguterfacst .

zlcj)lr)r;? Ir 2;[ ﬁ; CaIn a prei%r 2 gr% 0 1inent 'Sle grlna(}f?}? (511eleelc:t?'lcc":tvsrlllngo\\J\I/VI lgqgstws &% ﬁm%qltl))lpgr

surface 19f of the lower polymeric ring 19. The lower annular wall 19b of the lower
polymeric ring 19 reduces heat loss from an outer portion of a lower surface 16j of
the dielectric window 16 to the top chamber interface 15. The cylindrical side wall
19a of the lower polymeric ring 19 reduces heat loss from a lower portion of the side
surface 16f of the dielectric window 16 to the top chamber interface 15.

[0037] In an embodiment, the top chamber interface 15 may comprise a
heater (not shown). The heater is generally used to maintain the top chamber
interface 15 temperature within a range from about 50 to about 70° C. However,
during the etching process, top chamber interface 15 temperatures may exceed the
heater bperational range, thus eliminating the need to operate the heater. Details of
an exemplary top chamber interface 15 comprising a heater may be found in
commonly-owned U.S. Patent Application 2007/0181257, the disclosure of which is
hereby incorporated by reférence.

[0038] Large temperature gradients should be avoided in the dielectric
window 16 during operation of the plasma processing chamber. An upper surface to
lower surface temperature gradient of the dielectric window 16 results from cooling
the outer surface of the window by forced air or liquid, and heating of the inner
surface due to process conditions inside the chamber. A center to edge temperature
gradient also can result from heat loss at the edge of the dielectric window 16 to the
atmosphere and thermal heat transfers with the top chamber interface 15. High
temperature gradients will lead to internal stresses in the dielectric window 16,
which may lead to failure of the dielectric window 16 and may result in cracking of
the dielectric window 16. Additionally, variations in the top chamber interface 15
temperature due to a thermal path between the dielectric window 16 and the top

chamber interface 15 can cause wafer to wafer process drift while plasma processing



a dielectric window including a central bore extending between upper and

| ower surfaces configured to receive a top gas injector and at | east one
blind bore in the upper surface configured to receive a tenperature
nonitoring sensor; and an upper polyneric ring of a thermally
insulating material on an outer exposed gection of the dielectric w ndow so
as to substantially cover a side surface and an outer portion of the upper
surface of the diel ectri ¢ w ndow and thereby provi de a thermal barrier from
a surroundin I trl ndow assenbl y
of claiml1, %bea}el ot fgrstrﬁ;%%rn Sulg edr%aerl‘i’cér1 § fvhlbdolwn% g'aﬁ%/ ) ed\ﬁllarrl cal side
wal | and an aﬂiﬁuhmsu@p&anmtbtmi plitge fraDioathé yhanmmeﬂfﬁdem an upper end
of the side wall, the cylindrical side wall including four |ower cutouts
circunferential ly Jp83¥d lapuetthediglesiicowimday liormap bg cpelgé wherrdt hasdtheof and

t he annul ar I Iy
spaced apartqg Stet}étwglglll |l%§kgg%?%|'{p%§arﬂgﬂq8§n ‘S(?]i%;g.gﬁé gsr&gwél%tg ef edge of
t he annul ar uUppéstionadflthe dielectric widdowhé wiiegd & bt the luweuﬂdwmslslemdsltytmis claim

2, wherein the |ower cut outs extend a 30. to 5 ar ou t he
ci r cunf er encdeicethpthgppad er WWPg’Yrt qqél leice kg %dérangg%ﬂt@e BYRsTd
about 10 to Z0mp&auikdotie dﬁlé%ﬁ{d%W% Nedﬁélﬁ)nliﬁIﬂ?errrnﬁpérﬁaﬁ%ﬁt's%l”llr&mcet he
four |ower cutouts and the four upper cutouts having vertically aligned

m dpoi nts.  internal stdesschheitldn eheditiectricwindow 1 saelrbdyceofafer taiwaf@, prodess ei n
the verti cal ;s}/x{'i’?l il%?eq m dpoi nts of the four upper and | ower cutouts are
spaced 90 ap Gyplasma processig.  The djel ectric w ndow assenbly of claim
1, wherein the therjgaddy Hﬂﬁh‘%@isbl@ged@ifeﬁfﬁlé&ehx%o&hidnﬁs%ﬂtﬁ@@é&ﬁ%@@er with a

duroneter Shore A har dness value between 10 and
modifications and variations may be made to the disclosed embodiments while

remaining within the subject and spirit of the invention as defined by the following

claims.



6. The dielectric window assenbly of claim1, wherein the upper polyneric
rirng has a coating of about 0.05 inch of a silicone rubber with a duroneter

Shore A hardness val ue between 65 and 75. 7. The dielectric w ndow
assenbly of claim®6, wherein the coating is only applied to surfaces of the
upper polyneric ring not in contact withil2he dielectric w ndow. 8.

The dielectric wi ndow assenbly of claim1, further conprising a | ower
polymeric ring wherein a |ower surface of the dielectric windowis

posi ti oned on an uppﬁr ﬁ:f% e lower polynmeric ring so as to provide
a thermal barrier be (ﬁ‘éﬁ%g{:ﬁé |fgf§gtri ¢ wi ndow and a support surface of

the pl asna processi ng chanber. 9. The dielectric w ndow assenbly
of claim8, wherein the |ower polyneric ring incjJudes a cylindric i de
wal | and a | ower arinul a%nWéPllateéﬁ%FﬁFﬁ&“F‘ié’d‘i %ﬁsf"?{’]iy%%\‘ﬁf aISIaBﬁ‘PBerI‘?SaJe?fSend of

the side wally, inductiv?ly coﬁ'ﬁged [2Smd pRdL6difd ChauRf NvAR R §8RIbndlct! ai m 8,
wherein the lower polynmeric ring is fabricated froma glass reinforced

si licone. substrateskin b€ peocetssell sthe inisolanidniiducteis sendsiw asstmblyadomBisingher ei n
(ne over polyTer e 1 g 8RG8 SO LS R RO
; lhﬁmd In: l ect 1 izad WbwWertadesiahfiead efrek£i08h GstREdsanjeatot BAA e A3t biid Blend OF
bore in the upper surface configured to receive a temperature monitoring sensor; and
an upper polymeric ring of a thermally insulating material on an outer
exposed section of the dielectric window so as to substantially cover a side surface

and an outer portion of the upper surface of the dielectric window and thereby

-provide a thermal barrier from a surrounding ambient atmosphere.

2.  The dielectric window assembly of claim 1, wherein the upper
polymeric ring includes a cylindrical side wall and an annular upper wall extending
radially inward from an upper end of the side wall, the cylindrical side wall
including four lower cutouts circumferentially spaced apart and extending into a
lower end thereof and the annular upper wall including four upper cutouts
circumferentially spaced apart and extending radially from an inner edge to an outer

edge of the annular upper wall.

3.  The dielectric window assembly of claim 2, wherein the lower cut
outs extend about 30 to 45° around the circumference of the upper polymeric ring
and the upper cutouts extend about 10 to 20° around the circumference of the upper
polymeric ring, the four lower cutouts and the four upper cutouts having vertically

aligned midpoints.

4.  The dielectric window assembly of claim 3, wherein the vertically

aligned midpoints of the four upper and lower cutouts are spaced 90° apart.



-14- 13. An upper chanber assenbly of a plasma processi ng chanber
in which sem conductor substrates can be processed, conprising a top
chanber interface, the insulated dielectric w ndow assenbly of claim1, and
a |lower polyneric ring, wherein: the top chanber interface
conprises a | ower annul ar vacuum seal i ngjsurface adapted to seal against a
bottom section of the plasma chanber and an upper annul ar vacuum seal i ng
surface including a groove containing an O-ring and the | ower polyneric
ring, the O-ring providj - : el r'gﬂﬂﬁ dow and
t he top chanber int%rfgt%%lgﬁéﬁgwg@%ﬁggrseﬁg yrrerluté]hlgi“ﬁllg?éslﬁﬁec}hn |n18 t he

0-ring provi dhfidatihgtrhg@en@lis Siicsdedfoaetibme withheddopkre Shore Avhardosys aaliet he
top chanber interface; the dielectric w ndow conprises a disk having a

uni f or m t hi class¥een 19pmd 50. the | ower polyneric ring includes a
cylindrical side wall and a |lower annular wall extending radially inward
froma |l ower end of the side wall. 14. The upper chanber assenbly

of claim 13, whereitm t HEheuhigectrip@tipdmy assembhygofi danuld edhesein yHe upger cal si de
wal I and an annul ar upper wall exfending_radially.inward froman upper end
of the side vmlwe%%n%mwpe&?ft %%éoﬁéwc?ﬁ ‘i}fj@i %‘&Oﬁa ﬂ#gaﬂ v
ci rcunf er ent i §lord ASRAGRS G betBSh @XLgME.Ng into a | ower end thereof and
t he annul ar upper wall including four upper cutouts circunferentially

spaced apart and extending radially froman inner edge to an outer edge of
t he annul ar upper 1. . . 15. . The u r chanber .assenbl f claim 14,
wherein the | ower %j{ omesdlglfftgﬁc‘iv%%od’fjflssﬁ"%gfyo(’fch%alglrdl%hcfreflﬁg& cc\lléra{én erence
of the upper @@y ¥ppHelGo burfide@btht RBpdtHOBmM &I DY Sot &X beskt aidkhe dR1dcri20
around the circunference of the upper polyneric ring, the four |ower

cutouts and twadéwur upper cutouts having vertically aligned. nidpoints.

8.  The dielectric window assembly of claim 1, further comprising a
lower polymeric ring wherein a lower surface of the dielectric window is positioned
on an upper surface of the lower polymeric ring so as to provide a thermal barrier
between the dielectric window and a support surface of the plasma processing

chamber.

9.  The dielectric window assembly of claim 8, wherein the lower
polymeric ring includes a cylindrical side wall and a lower annular wall extending

radially inward from a lower end of the side wall.

10. The dielectric window assembly of claim 8, wherein the lower

polymeric ring is fabricated from a glass reinforced silicone.

11. The dielectric window assembly of claim 8, wherein the lower

polymeric ring is fabricated from a fluorocarbon polymer material.

12. The dielectric window assembly of claim 1, wherein the dielectric

window is fabricated from quartz, aluminum nitride, or alumina.



-15- 16. The upper chanber assenbly of claim 15, wherein the
vertically aligned mdpoints of the four upper and | ower cutouts are spaced

900 apart. 17. The upper chanber assenbly of claim 13, wherein the
thermally insulating material is silicone foamrubber with a duroneter
Shore A hardness val ue between 10 and 5Qj4.- 18. The upper chanber

assenbly of claim 13, wherein the upper polyneric ring has a coating of
about 0.05 inch of a silicone rubber with a duronmeter Shore A hardness

val ue between 65 ari% 75Anu erchalnll?e'éggsr%ﬁublll}pg?# Pﬁ%ﬁ%ﬁ&ce&?fgem%eﬁn claim 13,

wherein the dielectric w nadow IS I cate 0 m na,” quartz, or

al um num ni t Killeh semiconduci® subhtriaes kadbeproceded icompeisingertopbhaitagdi ent in a
di el ectric window used as an upper wall of an _inductively coupled plasm
processi ng cHblgdace, theripsulatpegiclectric window assqmy, phelaigy 1 gang alewsnr f ace and an

outer portion of ! irface of the dielectric window wth an upper
polyneric ri Wﬁ?%%%sﬁfg%{hé%&ée heat | oss at an outer edge of the dielectric

wi ndow to a surroundi nghatdpi chainbed iesfabec@npraged a lower annular vacuum sealing

surface adapted to seal against a bottom section of the plasma chamber and an upper
annular vacuum sealing surface including a groove containing an O-ring and the
lower polymeric ring, the O-ring providing a vacuum seal between the dielectric
window and the top chamber interface, and the lower polymeric ring surrounding the
O-ring providing a thermal barrier between the dielectric window and the top
chamber interface;

the dielectric window comprises a disk having a uniform thickness;
and

the lower polymeric ring includes a cylindrical side wall and a lower

annular wall extending radially inward from a lower end of the side wall.

14. The upper chamber assembly of claim 13, wherein the upper
polymeric ring includes a cylindrical side wall and an annular upper wall extending
radially inward from an upper end of the side wall, the cylindrical side wall
including four lower cutouts circumferentially spaced apart and extending into a
lower end thereof and the annular upper wall including four upper cutouts
circumferentially spaced apart and extending radially from an inner edge to an outer

edge of the annular upper wall.

15. The upper chamber assembly of claim 14, wherein the lower cut outs
extend about 30 to 45° around the circumferencé of the upper polymeric ring and the
upper cutouts extend about 10 to 20° around the circumference of the upper
polymeric ring, the four lower cutouts and the four upper cutouts having vertically

aligned midpoints.



insulating a side surface and a outer portion of a |ower surface of the
direl ectric window wth a | ower polyneric ring so as to reduce heat | oss at
the outer edge of the dielectric window to a support surface of the

i nductively coupled plasnma processi ng chanber. 21. The net hod of
claim 20, further conprising nonitoring -iénmperature of the dielectric

wi ndow and bl owi ng air across a center portion of the upper surface of the
dielectric windowto maintain the center portion of the dielectric w ndow
at a desired tenpergtur I g for use
in an insul ated di ]lectﬁ}ecup\ﬂ%pﬂlgwbaersgsesﬁ%ﬁ@%f}%ﬁ]aéllrl\{pllgﬁ {ék ;))elgtlc‘)%% ed pl asma
processi ng chitighet midpotis Ghthse’mraxppdmtddbweudﬂﬁwtamespm Qﬁéaparocessed, t he
i nsul at ed upper polyneric ring conprising: a thermally
insulating material configured to fit on an outer exposed section of the

di el ectric w ndow a a@w& yan outer
portion of the uppzl(ra] SETr qu%gp?{ gésg%ﬁg tri cal€1\,1 %Idg?ve%{h?ﬁg?g’%g provi de a
t hermal barr |1esulzitmymae13alns silinchengammoblean twitht digpetee Shore A hardnés3 valliee

upper pol yn'erl C r| 0 % aim 22, conprising a cylindrical side wall and an
annul ar upper &&“{9 rng rad| ally inward from an upper end of the side
wal |, the cyllndrlcal side wall including four |ower cutouts
circunferentially spaced apart and extending into a | ower end thereof and
the annul ar upper wd.| Thecippet dgmfmuassalpﬂpbrofmlnimult% whiereputheapeert i al |y
spaced apart and extend; e of
the annul ar L&OMP CHICHRE flasga coagmg 3&%01.1%8'6‘5 1ncho aﬁlllcoglg?%bb%r ﬁfnth%fl‘gu?«%mgt%gz?)
wherei n the Is}méAqm—d@ggsalee(b@wdera@ymdﬁﬂ to 45 around t he circunference
of the upper polyneric ring and the upper. cutouts extend about 10 to 20
around the circunference of the upper polyneric ring, the four |ower

cutouts and the foufg UPPEI,GUE QHlSPAWLRELY S i3 tdldRRdiabaRel Nt s-

window is fabricated from alumina, quartz, or aluminum nitride.

20. A method of reducing a thermal gradient in a dielectric window used

as an upper wall of an inductively coupled plasma processing chamber comprising:

insulating a side surface and an outer portion of an upper surface of
the dielectric window with an upper polymeric ring so as to reduce heat loss at an
outer edge of the dielectric window to a surrounding ambient atmosphere; and

insulating a side surface and a outer portion of a lower surface of the
dielectric window with a lower polymeric ring so as to reduce heat loss at the outer
edge of the dielectric window to a support surface of the inductively coupled plasma

processing chamber.

21. The method of claim 20, further comprising monitoring temperature
of the dielectric window and blowing air across a center portion of the upper surface
of the dielectric window to maintain the center portion of the dielectric window at a

desired temperature.



25. The upper polyneric ring of claim24, wherein the vertically aligned

m dpoints of the four upper and |ower cutouts are spaced 90 apart. -17-
26. The upper polyneric ring of claim 22, wherein the thermally insulating
material is silicone foamrubber with a duroneter Shore A hardness val ue
bet ween 10 and 50. 27. The upper pel yneric ring of claim22, wherein
t he upper polyneric ring has a coating of about 0.05 inch of a silicone
rubber with a duroneter Shore A hardness val ue between 65 and 75.

28. The upper pol Ficyl] f i Y/ | E LOg I
appl i ed tgpsurPacggﬁé; t gﬁﬁﬁﬁgP%%%kgkéﬁ?Ewgﬁ%gh%ﬁ?gﬁ“ﬁgéﬁgﬁgé%ﬁgg?n?o

contact with ' I C. . . .
atspe?anly %% gg}nrdlugtl\ygl}p g(?uvf)lled plasma processing chamber in which

semiconductor substrates can be processed, the insulated upper polymeric ring
comprising:

a thermally insuléting material configured to fit on an outer exposed
section of the dielectric windpw so as to substantially cover a side surface and an
outer portion of the upper surface of the dielectric window and thereby provide a

thermal barrier from a surrounding ambient atmosphere.

23. The ﬁpper polymeric ring of claim 22, comprising a cylindrical side
wall and an annular upper wall extending radially inward from an upper end of the
side wall, the cylindrical side wall including four lower cutouts circumferentially
spaced apart and extending into a lower end thereof and the annular upper wall
including four upper cutouts circumferentially spaced apart and extending radially

from an inner edge to an outer edge of the annular upper wall.

24. The upper polymeric ring of claim 23, wherein the lower cut outs
extend about 30 to 45° around the circumference of the upper polymeric ring and the
upper cutouts extend about 10 to 20° around the circumference of the upper
polymeric ring, the four lower cutouts and the four upper cutouts having vertically

aligned midpoints.

25. The upper polymeric ring of claim 24, wherein the vertically aligned

midpoints of the four upper and lower cutouts are spaced 90° apart.
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26. The upper polymeric ring of claim 22, wherein the thermally
insulating material is silicone foam rubber with a durometer Shore A hardness value

between 10 and 50.

27. The upper polymeric ring of claim 22, wherein the upper polymeric
ring has a coating of about 0.05 inch of a silicone rubber with a durometer Shore A

hardness value between 65 and 75.

28. The upper polymeric ring of claim 27, wherein the coating is only
applied to surfaces of the upper polymeric ring which do not come into contact with

the dielectric window.



