; €3e8>8~~dFBr 6T>w= V1' O (12/0(1717 | CP W NDOW BEATER | NTEGRATED W TH
FARADAY SHI ELD OR FLQOATI NG ELECTRODE BETWEEN THE SOURCE POWER CO L AND THE
| CP WNDQ%E}Q%E@B?J, ND OF THE I NVENTION 1. The present invepihRpL&mbat es
generally to the tield of sem conductor processing chanbers. More ’
particularly, the present inventio an apparatus for regul ating
the tenperature of the lid of a semmm ,mmm ”“lwocessi ng chamber. 2. It is
advant ageous to provi de tenperature COI]EJI_ﬁl of structures used in plasm
processi ng chanbers. That is because of "T'he tenperature-dependent changes
that occur in the chem ' ﬂW‘F ESTRD WippPer materials, as
~well as any materials t@\ﬁn@@y%@%zgg on ﬁe suﬁ)ace g) t he chanber
structures. A sigFARABAY SBHCEDOR FIIDATINGSEhECGTRIODEGBEPVIEENSi ng i s

. generated by a bui 1 aray Uk BRsVEk Eht, SRR RO ates ¢ na
then has a tendency to flake off. The build up of material on the chanber

surfaces is hastened if those chanber surfaces are relatively cool, which
pronotes sublimtion of fr BACKGROUND QFFHEJNVENREONral) onto the

surfaces. Fl aki off of. the built u teri,al.i [onnt e ;
cycling (repeat ggeﬂ’éeﬁﬁgr"é‘fe&ﬁgn Wtﬁslg%%%,ep@&@ﬂ tt}fsﬁ%i(?gﬁeén%‘gﬁmf%g}%?%@a i's
repeat edl y cipdndid- € INRRIp A QNRGE (RSpresent RYShch WBREI S aaraﬁpa@m@ e sethlitthet he
chanber. Thus, both cool ness of chanber surfaces and thermal cycling of

t hose sur f thegsmpenaturé biithe lidofseminondueterf prpeassing ¢hameeri n seni conduct or
processi ng chanbers. 3. The fornmation of particul ates can be suppressed to
a certain xtenftibpdvemtdgeows tipeowidatehperagure yontoled structares epplnglasmad hi gher

t han anbi ent. The hi gher erature pnimzes the formtjon o ol yoer
1T on ¢ RESCERAmTErT JOBE S SRA LR ol BTN TR S aeP< PN &gtk bgf cectf T
par ticul at e, JUHEMHGH hed h}}?&‘ﬁﬁﬁ%Berﬁ’é@@f SHmbeY flate@lshd Welb bd ddy BaUSEs SOEE
anount of particul ate Fo form by ensuring flaking of any filmthat does

form on t heayfrermyesensan the serfacesf tirnchamibangitictures. f A significanpeancers i lagma or

particulate formation is the.lid of. the chanber be Ity Lrectly over
the waf er . SPRICPRANGIRERTESIBE {sec}on{rﬁlémglrﬁgasﬁe{angog)?? P%@ﬁ@ﬁe&’ ak‘)tﬁctu %é;a ore the
waf er is resRupmly §ddibychBiiRp oftasioGdakeials drthd eltiniter karfaeothaatiénany
filmthat has forned on the |lid begins to flake. Those particulate flakes

will W Gesla ehdareyto figke efETThsbuild mpof meterihon thewhambersuiiagesis bastasee i t
ke a, it f th . , d,
oy par ti cihip e GHiets o A AR ooy, vAEh hRSGIES ShUBRRGREERR PTDYECL

the chuck heyledubsiqsinidel] onhedteal} fieo Wafstrfacei (Flalling effloéilrecbufit op emsew! is
Particul ate |landing on the chuck is an additional problem because_. it may
cause the BESMOlGAPEhargateyshnggereatnddemprralie SBREs. FUGRia ROFHR "ERREE, whi ch
woul d resu L1 i P ' ters.

Thus. par t PSS e B e N P s e on

resul ts. 5ch&hberbdhuk,itdsh evodnasadfcHamber smfagenatdethenhal cydingrofdhnsd gerfacge and
non- conducti ve, depefndi ng o? the type and d‘(thi n _of t.nhe chanmber. Dielectric
material s &PRTIOPiEdR Teradian of BRrtiGalatei i SeROREICIE| RFOESHIRE 8PS ma pr ocessi ng
chanmber lids owing to their nonconductjve properties. |n the Cﬁ%g of a

dielectric3iid GEhednrmaiionef paicylates gan beisyPsesaed (9rageaad SrPFE REAFLINE thte 1 d
ds to b - ] by
necessary. FhRnRg EmeEdsi E 1 Rpdr it Highdr Shd GHIBRY The Hidhel DbRfangeer oY -

schene f or pliaghizegtht fermthitieh o€ polymes fimconithe chamber suefaessad itheyehyrmegenizes t hat

non- conducti ng behavior. 6. Unfortunately, Rgati 2:3, of di}}ﬁl gftri C Structure
of a pl asnihacamewsof partigeleiepreductipayHeweveretharapleyP iR WHESE 5SSO mon| y

used in sen - | H{grm&fgm@ fAfAhAY do8E fuHR faped

ceram cs an %gﬁgéféﬁ%@{tﬁ&gﬁﬁ?%se\égtﬁy es of  matérials have poor thernal
conduct i vi theaberBuefaggsobl em of heating a dielectric structure i s conpounded
when it is alarge itemlike the dielectric lids that cover the top of many

pl asma chagber s.Thé.chAnBEtaffaéesittiss chiRin fot pafticatateifoeation is the lid of the
i nducti vel y-coupl ed plasma chanbers is a Faraday shiel d ch i.s generally

, ., Whi
di sposed behawmber henause fitipBisectiyryer the vwatere dn the mpwents afipithe §}at§%1§a5 to control

the transfer .of .el actri [ FOtO gméﬁ 4 jdBdebRl td he
reader is 8?‘?3‘%‘{@1&%’?’ 3E bf&g‘?e tﬁétq’ 3%? 55&8&%‘?@%%%%0 rgﬂnénglétrﬁg‘?.l 8. gTh_us,
what i s neegelthridsanydimapdastatmet bathdbdbegin @l feeker Thost pantidulate Sakds veill
processi ng chanber w thout detracting fromthe non-conductive nature of the

dielectric structures. Preferably, mmmmmmnlmoul d be usable in
conjunction with a Faraday shi el d. HE INVENTION 9. It is an
aspect of the present invention to provi@m+efficient heating of a plasma
chanmber structure. -2




WO 02/ 11GL797 PCT/USO 1/SOQUAJ 10. It is another aspect of the present
invention to provide a heating assenbly arranged on the exterior surface of
a plasma Ghpshe id. 11. It is another aspect of the pre WNGR§ion to
provi de aﬁ I nt géﬁ’zt ed heater and voltage distribution el e??ﬁ%” g”a@?‘errbl y
arranged on the surface of a plasma chanber lid. 12. It is another aspect
of the present invention to provide efficient heating of a dielectric
structure wi thout conmprom sing the dielectric properties of the structure.
13. It is another aspect of the present invention to provide a heating
assenbly &k 3R@afe Ward:hRicvalft-as fialé a aleth etiefrbmi the khambey. Qrnchthe wafyr hasat i ts
. elements are perpendicular to the direction of an eLecgrgrg&\grﬁ%hc Iitgll d
that is diteectembveds auygpartiddate thaf eentiopes ojfall from thechaberdid will jall opto g o o ¢
of the present invention ide. J I ' iRCsMhe €
. segment s t‘ﬁ‘&?k Qr@eg?éadﬁa'g%ﬂr%iﬂﬁer‘gé{i}reagiltg‘?'ﬂ%éﬁ ,I‘ag%ﬁﬁagc%’aé{d}a%dgtg%grb by a
circul ar | 9Qek ROMtddanidhavioblet ktcaneitmapntse tehexswafer tshavegoet deatrird | i d
on which it rests. 15. It is still anoqther .ascglect of .ge tf)re%ﬁﬂt Ahyention
to provi decoatdsewithithe ehskawhigh wayldigsut @iapdpd F“Ff&}d’bocb PRSP Eiv R
i ncorporates at |e . revid tihddnsitegfbrodd@ionlresulls, a
further as%%rfletsrfs' ﬁés’%@é%za?e %’Ig;[/}gﬁ? }i%l\n@%ng‘%@%sei%égé(g]sheat?ng assenbly for

the dielecfric |jd of pl as i o Wcdilve

t ranspar en%- to {:1’@“%15 I?jiséfeamg%n@@g%ga?ﬁ%g ef‘rﬁfpelg ﬁ%%oﬁﬁaa%tbde;agﬁgl?g{cgﬂ% pl a’grra

i nsi de t hEdeﬁ;@ﬁ&E%bn tle/typk bind Gesim cHdll ¢Haomat. Bispeotic mbterials apr efsarthosenvent i on
to provide heating of a dielectric vacuum chaagﬁjer .atruct ure while

si mul t aneofos e jpriodudlively-couplsd piasmagiraqessing ehagpes 1ids AMVEEFO AP H I t i onal it y.
18. The present.inventi.on Nrovi BPdpRY shfaat

provi des efFICLFEYiP"RRE 1?%9185& %aqglgfe% g{:e%e?}rgqgsc?%éﬁ gggéi\zet hou? colp%pr omi si ng
the di el eC{){oEé?ssﬁ{gQihﬁﬁﬂbbﬁ $hedfd fideds st beummemoadudive sA thes it is trgnspassakis the RY

according to the preferred enbodi nent of the present inventi [ dapt ed
to fit a cemesgy Bacessashipseeunling igp the ﬂaalé’ﬁratodflg‘é%s"sﬁqﬁﬁ“%%ﬁ%m?@ﬁa%r. The

assenbly provid Letgd ilythréRremam noncuplaingner gy
onto the |F% grrxfﬁ‘ér ﬁee%%lgtrtﬁ% cga%gtﬁ%?@ﬁ%tgelsglﬂgt{j%éggiﬁglgggpus when used over ng

di el ectri cpéhiaicef an inductively coupled chanmber. In such an arrangenent,
the heating assenbly is placed _3_  CVO 02/(161717 PC7 /USOL/ 5(106(1

bet ween thg RF ¢Rishruaathly, heataigoraidiestic staictiere of a phesmdichimbenis often diffioie RF

coi |l couples energy into the vacuum chanber tc{) fhereb . eXClI tg tc?celmg&gcess
gases i nsi dbe dirdectiampterialssommonby Bsehdn sgmieendugioy PEOGESIRE VAU {1 90edls t o
m nim ze the separati - i Gk RINes bf MatetiBle hBeabadrg

assenbly i §reo%§$mb?%d%grn 5%%%%5?@3B%tﬁgfs_urs f ?ggs of t r?el di el e%t ricilid
and to be tHrmapamidgtitides) Ahesudislemmt hedting & dieleelzis strugiuredp s@ram}éldséf Bn

the coil and the lid, while_ at the, ti r owi_di nj,.f d
efficient Haagilarge demlpe the %E&?wﬁ@ggﬁf%ﬁ@g?ﬁ“z@ #%%“g%% or%°ﬁé@é€rg'of t he
heat er assenbly according to the resistive heatin di nents,Ls .

pr ef er abl y 7constAnethesdeqtuig thal ineftesrysst 1t 1f ’t‘Ct}Yﬁg"bog]Bgeq‘?ﬂi%s%ﬁ%a?gﬁ%dsc?i vity
such as al umi num.ar copper. i 84 ¥k Sk 4al dasrNcaihr D i r e)
is att achehﬂ]{%’% ﬁ}élelrﬁlopjt%gcmlf 5@5@%@%@5{& el %lé\{_tel ectrical |y connected

t her et 0 andhiefd Wareditoadonng! theeransfer aflelestripfield snta tlee hombett FFan®Pr cul ar | oop

in a manner which naxi m zes the el ectramagnet i G, . LES] i .y

i npedance) ieformpg@orothe reader ﬁéiéﬁe%tf:g\“/ﬁ ﬁg ?Ptreg‘iﬁ‘ot' 4?&8t?ﬁé%€%?%%h%€neti c fields
produced by the coil. A layer of thermal insulat] paterjal i | on
the surfaces of Thus, whattieneedpd ientappargiys shat He3fs QF?‘%HI%%‘E“&W Of?‘rﬁ?‘%ggggt he

efficiency of the heater by. m.in,zin ‘ i@Etugdst . This
i nsul ati on & VIthoHt gefr ngf@fnﬁhefn(gg-cp ﬁ@%ﬁ%é?ﬁﬁe&fﬁg& '? %g%ﬂll}tsi@i?i t;e * or ced

air C0“VGCtﬁrggrdbg/,%éiﬁéatérwuww@saspeczﬁasnjh@catonfwim Firadsyushielde of t he
dielectric I'1d. 2I. According to an alternate enbodi nent, the heating

assenbly incorporates a flui dyiRRY OF HP INVENTIONt ure of the radial
and | oop elenents. Tenperature control of the dielectric |id 43 achieved in

this enbodigrent Iy droaspeaigf thettesentinveasiortmgrovids eficisRidiating ok AT
tenperature controlled fluid reservoir, through the channel in the heating
assenbl y. Yﬂf"r?&lrﬁ uid provides for heat to be exchanged between the
reservoir and the dielectric lid. 22. The active heating structure (either
the resistive heating wire or the thermal working fluid) portion of the
heating assenbly is transparent to the electromagnetic fields produced by
the RF coil. -2-
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23. Voltage distribution or shielding functionality is provided by the
electrically conductive structures incorporated into the heating assenbly,
t hereby puRydfispg;an i ntegrated heater/voltage distributi QerafsesRiogh di NY
assenbl y. WO U2/ UGL797 BRTEF DESCRI PTI ON OF THE DRAW NGS PCTI USO1

[aU(l GU 24. Additional objects and advantages of the present invention wll
be apparent in the follow ng detail ed description read in conjunction with
t he acconpanying drawing figures. 25. Fig. 1 illustrates a conceptual
diagramwith a partial cross-sectional view of a wafer processing apparatus
enbodi ed 3gcor ¢i;0gnbfet DB FIRNbretdhy BREAH toPovilié gheddinigldssentbipteangrdpl an
view of awring pattern for a resistive heating el enent according to one
enbodi menbnale ¢tteriqprsestent of mplesmp ekamberlidri g, 3 i1 lustrates a parti al
cut-away plan view of an electrical heating assenbly according to an

~ al t er nat e 1¢nbodi isenbthef adpeet qfitespmasenit inventidrote. prodde m fuegrated pepenanfdes a

i al - | an vi | i cal i -
Dot har  SMoBFgRd ShbHeH iREkeoe RSy SR ion Rokl e BP A GRS ARARLAINT 1O

illustrates a partial cut-away plan view of an el.ectfd at i assenbly
?‘é@% {fl Egl on. 30.

cal.h
accor di ng 1o a Ifigrenpider aspest PISRRSG HTVRBHAD OrPIOHES B Qé%‘ﬁpeiﬁ%é’
Fig. 6 illustrates Ll = i ik logkd dn@stukdlg assenbl y
accordi ng d@%ecﬁw PIFuS %&%ﬁ&l@l}@d&lc&é{brﬁg%@x%%gcg?lrggﬁ%vpﬂpeﬂég 0pr esent invention.
31. Fig. 7_illuystrates a cross:section i | : [
heati ng ellérren't.{? 15&‘6‘8&’?8??&“{ %fstbgpfea%ng 1@%@%& r?;oeéﬁ?‘\s/ldgﬁlh? %{[é@;hsgéggﬁ% a??\@éeer?ti on,
di sposed Qp tfe Q@@ Gkl dGelbéteic Gl iR sivhciway thavieemeB? arcfiegpen8icilak tstheat es a
cross-sectional detail view of a fluid heati el man%i, accqr ding to
vari ous endediioreof an electrompagnetie ald thatyeAirs t%{ﬂug deediclsirie i el ectric 1id

of a vacuum chanber. 33. Fig. 9 illustrates a parti al cut-,awa%;ge%n vi ew of
a fluid heatingt asetabtthemaspertdif thy nreseat uentivarto Rravidemheatisgs nt of the

present inventiogn. 34. Fig. illustr S | Aesnaetdd 1k by ¥i ew of
a fluid h Vi&@l@qeé*ﬂ%ﬁe,g"%%%tgﬁiaﬁega‘f%‘g?‘%gl a il Biadingt: %‘%ﬂ“%?%h tc&?{ di shosed on
a di el ect réifcula%r i cﬁ"tiBﬁﬁh‘Mﬂ?@'&WéﬁabBuﬁhe sdtheas dldielebiriedid at which ityasts.i al
cross-sectional Vi epw of a wafer processing apparatus accordi ng to anot her

alternate ] bOdlit TEAAT arother aspect of the present invention to provide a heating assembly

having a circular loop portion that incorporates at least one gap to provide an electric

break.

16. It is a further aspect of the present invention to provide a heating assembly for the
dielectric lid of a plasma processing chamber that is substantially transparent to the RF

field generated by the RF coil to generate a plasma inside the chamber.

17.  Itis an additional aspect of the present invention to provide heating of a dielectric
vacuum chamber structure while simultaneously providing a voltage distribution or

shielding functionality.

18.  The present invention provides for a method and an apparatus that provides

efficient heating of a dielectric structure without compromising the dielectric properties of

the structure.

19. A heating assembly according to the preferred embodiment of the present
invention is adapted to fit a circularly shaped lid of a plasma processing vacuum chamber.
The assembly provides a distributed heater over the lid to evenly couple energy onto the
lid. The heater is particularly advantageous when used over a dielectric lid of an

inductively coupled chamber. In such an arrangement, the heating assembly is placed



WO 02/ 0GL797 PCT/USI11/51111G0 36. Fig. 12 illustrates a cross-sectional
detail view .of an electrical heating assenbly, according to the enbodi nent
of Fig. L%Oogﬁg [,J. ED DESCRI PTI ON OF THE | NVENTI ON 37. AccepgiRe/di@esonme
enbodi nents, the present invention is enbodied as a heating elenent, a
voltage distribution electrode (including a Faraday shield), and a
processi ng chanber in conbination with one another. The heating el enent may
be enmbodi ed using either fluid (as a conduit for a thernmal working fluid to
flow through) or electricity (as an electrical heating elenment). 3 8..

Accor di ngutQ,.0f BRIRERHOdhdBRSmodgheriP kIS BNtheidilevtiit 8. The RFwilicedplas a
t enper at ure managenent apparatus for pronoting thermal | g{?gggﬁi:ty for a

un
" chanber wahérey sitotheetasuumichamper tlkerelpirxeke the nracastaesss is hgmbenng a
resistive, heating el emenpt. The tr : g Psnpihd has
. edges. Thé&"p éﬁ%sﬁlavgéaetﬁ'egmcﬁét %P(z&rj?g‘?latge@}sﬁ%?@%@ég{hg%% ‘ﬁéﬂasr{]u sth ? g(f?ie adj acent
to the edggsnd 118 1Be Bukgioraateenbl T edesighsd toadorfirm welapt thd sudaqerafvliede t her nal

comuni cation between the resistive hea}t)i n%ggl enent ?Rr%{j Lhe ?Ph nber, wal |
39. The pdtests hid Aed tasbaben srough (epetsnbLatialy fRereass fs USERE PR S b ut i on
of heat ener Vv fxhe ; iheefatRHEh QAR BEtheShape
has subst zfﬂ{li%éﬁl a}eggﬂ’;{mlse%g’rmt I @?%éégﬁﬁﬁggﬁwgﬁle enbodi nment ﬁ% he substrate
i s shaped digedmay gurpdcer al radial el enments and a circul ar el enment, disposed
at the periphery of the substrate, that joins the plural radial elenents
toget her . fccorgicngtibm Rp&HITESk: ek disaribly, accbelimtoshe msistivehetiaged to have
plural radial elenments and a circul ar el errent,,légigﬁ_{%gsed g_gar 1t he cg{pter of
t he subst reatbedirérds isj efesablheonsirugted frpmd mptegp 2o erapl coOREIV ng t o
ei ther of these .enbodinents, 't i I A il & dtfakieddr upt ed
by at Ieassf"&b?l%alﬂ'%?b“%Pﬁﬁ%qeﬁegg?sﬁl%t{vg;ﬁg%érrgk?g&t@ﬁés sﬁbs?‘%ﬂgtqv éﬁ?s

el ect ri calg, YheCmstbue taly¥ewaRot haingielectrivaliy canneotet] lgreetdiasd 5 Wowndoslorg det r ode.

40. According to another set of e oqi nment s, the&ﬁlr. sent. iinevse%{;ti on is
embodi ed aedial segm@@waandﬂ@mﬁéﬁa@@ﬁgﬁ%f VL L v ‘?ﬁ’r‘B%‘H 75 Ther nal

uni formty_for i.eUSH to@he dvekl hehbe vaRRarcltys tiencl udes a
condui t ane&ecgropﬁgﬁér}a%\%?a}g@ng'ef’%P%alﬂ%e fluid conedui_t has a predeterni ned
shape and diasromastbtid fields atddyicdd Wt theneitl Arlayes of thermalrinsufting meErRAILS wor ki ng

fluid is disposed in and f thrqugh the fluid condyit_ ;- Vi

02/ ( 111797lpEt/cndhe qurfassy 9%%%?@‘%@&‘%?‘&?-ngh‘%nsé‘?af“ﬁ’ﬁt“ﬂag‘!r’r&% ﬁ%*gﬁﬁvﬁsetr?tg, a
resistive hegll,00GheTERL: bmiisAtkiAshd Raakes heridienaid ITidinilor & used
for the thernmal “managenent,” such as reducing transients caused cf)% on/ of f
cycling of parfieularshel pful éorehe amhodimedts dat ttikes forepdrngony BEHANIA ET4SE P when

needed. 42. Certain optional, featur : Vi ageously used in

conj unct i of¥MAVE I"’rx%ﬁﬁ@gg"’ft ff%hglsggi%?el %ﬁ?gﬁlglreéﬁlgap%éd flui d enbodi nments.
Optional Iy, the apparatus i ncl yde. a f i spose i sligve
heating el 2hent Aseprdigty apa @tegglégggnq%g{;e g??ixﬁé)?ss%gﬁ ngég’? reaz[l%aér%&?hat is
opt 1 onal |y el iQyflnR. SARARE 8t BLhAkLIME G olahedhCTempaRtuIO 0] bfihe

conbi natio nperature sensor and a tenperature control circujt. The
t enper at ur gicrefRdid issichidant mdthsentboduapbg &cing aithermehwerking flaids PRVId§d: he
chanber wall so as to gener .tenperature si clel ' fssbABly.

t enper at ur op¥a &eweWRﬁemﬂLﬁa fﬁn‘%‘ﬁeé WB%&“Ocugﬁttg%ﬁHag%@gh :ﬁ?et l?e\éﬁ%% Anect &d to
receive th WESH? {RB&or Aatdo be edivastedietnedn thorasrvoir apd the de a
controll ed%g%mun ﬁ%?lﬂkg%rt% eneroéy to the res}gesti ve heating elenment, or to

t he wor ki ndieldctricdlid.as t he case may be. 43. An apparatus for processing

sem conductor wafers according to the present invention includes a vacuum
chanber andra t gnpastiidlicatinpsagerre (dithaptharesitive hgwting e anibe i

is
adapted to receive the sem conductor wafer.s. therei o

wal | . The teomgag ﬁu@)@om%é%maﬂéﬁaﬁﬁ’{bﬁ’ SHPﬁﬁpéFeé‘gf"yt%? %Eﬁgﬁg%‘ggfﬂ? ?eg{ 3
heater and_a fgndléﬁ tLhghgh the heater alone is sufficient). The heater is
di sposed oBIE1gE hthe vacuum chanber in thernmal contact with the chanber
wal | . The n i i SpQs near . : : dleaticaRer gy.

Al ternati vé?y, &Witag‘gﬁﬁgﬂ)ﬂlﬁrggr %@ﬁgﬁ@%ﬁ{m&% ?g?tﬁ)gldiéar{l??ﬁ%ees_ a co]gter ol | er
operating @ohfstist vetheaimbrioratedintanhe heatingvissdmbliprthéraby proyiding#annel s.

44. Such an apparatus according to the present irlventi on for processing
sem conducimegratetidester(velageaistiprtionfd shgldae 387 ¥nd a vol tage distribution
el ectrode. The RF coil is disposed adjacent to the vacuum chanber so as to
couple RF energy into the vacuum chanber. The heater is di sposed between
the RF coil and the chanber wall. The vof‘t‘age distribution electrode is

di sposed between the heater and the chanber wall. Preferably, the heater is
substantially electrically transparent to the RF energy coupled into the
chanber. 45. Rather than a voltage distribution electrode, such an

e b oy S - - L o e e o . Y




.wall is a

PCT/ USOL/ s(1(1 GO Faraday shield having variable shielding efficiency. The
Faraday shield is disposed between the heater and the dielectric wall. 46.
A Far adaywyghhgl@ed s generally understood in the art to beparhaygfiqyr plate
of conductive nmaterial disposed between the RF antenna and the |lid of the
chanber electrically connected (at least indirectly) to ground. A voltage
distribution electrode is generally understood in the art to be a |layer or
pl ate of conductive nmaterial disposed between the RF antenna and the |id of
t he chanber, that is either connected to ground or is electrically
floating. Thus, a voltaBRIGKDESOCRIPTHON @FtFREDRAVINGSdered to be a
. general concept that enconpasses within.its scope a_Far shield, ,as well
gt WEiE e

as ot her @dndudiddigonal ebierided ad wgiagat @<i9e BFCSHEWYREYD PRALCTY i the ystem

el ectri cal A4g el B9 i 8 Wil HOME abdoRipanyinB @raiing Gghifeh.C
e A T SR S T
Referring .o Fig. L onc i:aQr.am,w L.k WSEGL i on vi ew
of a vvafelztsproch%'s]i ngté%ﬁsé? g‘?%fggtlg%]gd&a ?&%&%P?iﬁﬁg‘?‘? %)S %hté&%ﬁ%ent i nvention
is illust rv@df@(brogééﬁn%&ppawm@hm‘mbeﬂ‘ed 2dddrdiag tathdipedsentinventiond 112. A punpi ng
port 114 evacuates the chanmber 110 to a pressure substantially bel ow
at mospher eg( e. Grig 7iIfQtrhted 8plah vidv LA vdmOpient fonafesistive Geatpighieae to be
processed rests on a pedestal 117 that places the wafer 116 in a position
so as to becedmgdednt empoginzanial b GrrRIeIIBVEGHI0Be| ect ed process gases
introduced into the chanber via a process gas inlet 119. 49. A heating
assenbly 180 i Fipl hilkdirhes wperiat hi-aRAy ptin vigw of an alecticalieadehasemblysi de of
the dielectric lid 112. The RF coil 0 coupl es rgy into the vacuum
chanmber 1PRIcRIgingie2BIeRets ¢ quBerHPiﬁEs@eﬁeﬁgglgeﬁgbg}de the chamber into a

plasma state so as to foamthe plasm cloud 115 § nce it |.s advaptageous
to minini 8.t heFlge"pd}L&tra@ﬁaWtaE@ﬂﬂW& qn oy Ogﬁ‘aaeﬁ‘élcﬁ‘i‘beﬁﬁ%% ?%S%m%'d 112
f t effi.cient [ i ly 130 is designed
to. cont or s e spROEE BNy B0 Bnent Do B RS T b chi
enough to not bstantial |y increas I WeBHLati il 120
andu'? he Ii '11;1%%\/\#1?1;1‘5&3{65%Wlégkajiﬁ&'aﬁa@tfang{ﬁ%\%@gﬁﬁig%ﬂlgnl For %1&%?1%5131‘8 : ci ent

heating of yd-hbgiifl @l LRkthbCalfeeidi@eabodifentldfahtipridminastenbl y 13d is provi ded
with power fromwa variable duty cycle switched power supply 132. A comand

signal forggel egl t Eai ) plioWewLiEh flugd heativg as@mblRdded(ding 7
PCT/ US( 11/3§§O(I ﬁal 'g%ll%(k}ﬁgrg%tpﬁg%g%t\er atsyl})ppl y 132 provi deséi s received froma
t enper at urt@ stitlranothler sliteroate tmbediment pEHp PreSEUrBVEEABor 136 that is enbedded
in the dielectric lid 112 provides feedback to the tenperature control
circuit 13#, 51FigA7lilbwtpess dodsisectiobdBddtall elewafianslaciricabloraping glemsnt he

heati ng assenbly 130 to suppr.ess a otential resagna | : i
ncenbly  1BORRE o Esious ETPBC IR AR LahaP Ty EERATE ADBr TR IoFRRER P,

5?. A fan LPM (forced air flow directed at the heating assenbly 130
and the dielectric Tid 112 to renove excess heat. The fan 140 is nounted on
a housing 142 that ,SNILO S € bl WadTg, | inens, e drtiing 130,
and t hat ré%‘ts 1rg.?Hfguﬁtrggég%cr{){%%e%&lﬁlgﬁ%&gﬁber 1%%1§h§%?1tgl?§ef_erri ng togFi g.
2, a plan j awicat eRbbilindngs ¢fahé presert arveatiom siisposaderheedicienigicdidefaritcuum
according to one enbodi nent of the present invention is illustrated. A
heati ng asekamhey. according to the preferred enbodi nent of the present

invention is adapted to fit a circularly-shaped |jid. that serv as_the
vacuum | i d3®f aFpg. 85Hustyatescanastiial guiyakal Rine MigHbra fﬁ‘#ﬂﬁﬂgﬁ%ﬁﬁ@ﬁ%g‘%‘:&@% is
particul arl seful, for, use i.n an i I +GgHpP!l ed chanbers having a

di el ectri c“{? g%"&ﬁf:ﬁl&ra?tﬁﬁpﬁpdﬁ%enﬁﬁ%@gﬁf&%%gh%g%g#ni ng description reference
is made to_a dielectric lid. However, it should / hat the lid
may al so bé"fusegl&-HOd}cl%gé‘iatqsiacféostsﬁﬁfuoé‘?leéqji%‘?Vﬁgfﬁalﬂgﬂ%l@%%élnc’ mat eri al .
54. A resigli ' '?}H&Ptofgp’%f&l's U8 oA 2 Badldetinlid bea caduaml cheinpess haped
diel ectri cg%éo\é(ﬁpggﬁﬂgg%ﬁ%ges or an ’eve¢1 heating of the lid. The resistive
heating el gpent .200,r. t.opn . AL &ioaMit D RE 2 Wl peRsding @iparem  The
ar r owheads 3l onﬁ%‘ﬁé 1ﬁ1sé§5u|$a§ iavpgl%efgﬁsélgé@loerrer%t 200 illustrate flow of

el ectri cit Yecordiah s akdtier dlfemavd embuglirperttt ern i s enbodi ed so as to have a
continuous path that provides for current flowin both directions (i.e.,
both forward and back) al ong each of the radial segnents and the connecting

arcuate portions. The reason for the consistent juxtaposition of conductors
with current flowng in opposite directigns is so that their

el ectromagnetic fields will cancel one andéther out. 55. Referring to Fig.
3, a partial cut-away plan view of an electrical heating assenbly accordi ng
to an alternate enbodi ment of the present invention is illustrated. One

aspect of this heating assenbly 300 is that the heati ng asse_r_r_b_!_y IS

T



WO 023011717 PCTJI 1Sf 11/ s00(ifl el ectromagnetic field that is directed
through the dielectric |id to generate a plasm cloud. Piecew se segnents
302, 304 @b dg9eati ng assenbly 300 are arranged in a ragicglysiB&INGs -
connect ed toget‘her by a circular |oop portion 306 having a di aneter about
the sane as the dielectric lid. Electrical power is input via the power

| eads 308. 56. The partial cut-away portion of the view (in the |ower right
guadrant) shows the top |layer of foaminsulation 307 stripped away to
expose the heater wire 309 resting on the substrate |ayer 30S. The heater
wire 309 kg 'aq:% Quti| ARG o BEssREQERIA &@ais eIEITIR B PicaBhdatmgastenedlyi r cul ar
. loop portion 306 in an anal ogous fashion to the wiring pattern shown fully
in Fig. 2according tarihe eshrosliment of §igplportion 306 preferably incorporates at

| east one gap 310 to provide an electric break. The purpose of the

. electrical break provDBGAHYED RESCRIBION OF E@W&’%ﬂ“ﬁﬂﬁv of an electric

current in_the heatj.ng assenbly .t hat uI d

el ect r o- mignet |A§°Pfdé‘il toosprr{eheén%glrgg}tis %tt p-‘ g{eﬁlﬁg‘sg %bl nyd%gq hgif%% tial
cut - away RiaenYi£ybiake aﬁtx@dlﬁ%hl’eleeﬁédmmmdiﬂg aFaeah} sdneld);@ndiamgodassmglot her
al ternate enbodi nent "of the present invention is illustrated

enbodi nentchamber inadinbitajion Wigmsd appféérevi @@e@a@s@ﬁm@n%w B3 e@h%‘ilﬁ%aflf‘%g

assenbly 400 a onnect.ed .t oget h I OF LieSicPBadtdpat is
nuch snal &€ fﬂ‘é‘ﬂi‘?%ccﬁ’id&ﬁré?r %%8?%1 Qﬁéﬁu&f%@ hg h?ect rical 9ge(l)wer i's
i nput Vi a Qe iRPnefing@adserd)8. The circular |oop 406 contains one or nore
gaps 410 to provide €electric breaks that to prevent el ectronmagnetically

| nduced cugy e“tA&fo?&Ih%'t&&ﬂa&gedztgbth@ntmﬁé Bres@s werhlion AQbodRd abhe parti al
cut-away portion o e view he upper ri ght quadrantf) shows t he top
| ayer of fte@muanﬁuhmhagumem@ippamtuqﬁ@e@rmwgtt reyep BRiEorHY Reaskambgrmalliog

resting on the bott.om er 4 I t he
ci rcul gr | SeRLEFiBh ‘tl?%apﬁ)a@?l{s%&pnge |aaﬁuf)§rat%dea %Q%Fﬂéez%%ﬁ?‘? g °s g%errrlg nf[?lé@ 402
in an anal éﬁ%?t‘t’asce B%Qbﬁﬂet%ﬂmh@&sh’éfpé bR haeddges. MTishesisti falieating elefiegt is2.  60.

Referring to Fig. 5,7a partial cut-away plan view of an ectric
assenbl y adisprsed ny thecsubsteate adjecentiotthe ﬁéeé of tRScYDSHERRR- "\ll?émﬁ? é%%i??g%

invention is jllustr ted In this e nldnd a RS 82 HRhYb&00 1S
confi gur edPTR¥1dg ﬂﬁﬁifnra GFDLRICR lﬂeltwgg?ﬁﬂ% \F/%{syngihgﬁgg% |ch are separ at ed
fromone apgfiher by gaps 530. Piecew se segnents 512, 514 of the

sem ci rcuI ar half 5x0 of the heating assenbly 500 are arranged in a radial
manner andsg 24 OGhd AseRiotlddSak Iid Aok{dtd dvenrdistdbutivecdfdtat oget her
by a sem - CI rcuﬂrr%?p%éi?ttg?l(é% 91% , sPel ecew se s%gmsnts 522, 524 of t%ie 1ot her
sem ci rcul a{er@ab\ferﬂﬂdblmfnbthwalheBltqffngblaﬁmd%ief%@edaﬁhépﬁ%sosuaﬁtﬁ’&%é 1l

radi al manner and onnected to e 526.

Each of th®/RBATE gﬁ%ﬂrgﬁngﬁ%f’{}ee%mg%%m %E%‘e%égﬁg&ﬁa %eﬁq?lh%er@g{auéear%bout

hal f the digpg ﬁranefa c‘iﬂ@@laﬁiblehﬁﬁtt fispoded dt thE|pEﬂph[dry‘.af theculsstraies thabjries Yiea t he

power | eads 51 61. The partial, cut é on f t he vi eﬁg{gd t he

ri ght si deplwﬁamahﬂm@mptd%WY A%cordiagiq ﬁ%@%ﬁ lger 7“}5’ Ty &

expose the heater 9 res it Agater wire
P W‘é‘iﬁﬁkaﬁg RATE 3{}“@9 cf?E'ulExheqerp 5%%33@& Blar WPeentd?df

529 is |ai P Raye PR se segnents 524 and the sem -circular

portion 52Qaﬂls&aé”ﬂﬁf‘ﬁh&gﬁé'§luffa”cl$£ﬁlz§1rtlér@erﬁd1©gwﬁwn n@ccpsdmgtomléihboﬂhﬁw ly in
Fig. 2. 62 he spacing of the radial ments 512, .514 522 é}rlﬁ%e%d in

t he heat i ngmhsdiarenisy tiBGircikr elspents eﬂ@l%gﬁf“amﬁ”&pﬁﬂ iy G 1AL %egtag re on the
i nner surf tHat € forhikea SgleageENg 1 S

pr ef er abl ya'teﬁﬁéeﬁre&)ragﬁq# £ﬂq§ r%\gvlseér%%c&%%%g?gg&ﬁl?\%\gﬁn adj acent r?gl al
segnment s S3zirimkthn ebodtrod®24 in order to renove excess heat fromthe
dielectric lid outer surface (i.e., atnosphere side) by forced air

conduct i ony,whi 'Aﬁccé{glxgétto%Bth%i’ée’Bgfanydsulfn@ﬁﬂm fhe preserttinvention istetmbddmcbasa
surface duetot conduction within the dielectric Lid. 63 S not
necessary téiﬂperhﬂurﬁrnem’etgememmnpanaw fomwom@pag theemplaafopmmity gqr at%‘é‘mfbﬁbw | ves.

| ndeed for sake of cit p efer emhodi ment
with a si nglﬁ@gﬂ’éét?@%ugzajrthep*’@&@iﬂé‘a igudes 8,69 &Lkelggsltdga %ﬁgﬁg%ln FI gﬁ{ll ed by a

singl e povey, @g&ﬁdﬁﬁlﬂa% ﬁréd@tehﬁﬁleé kRpeend ad £substaptisliefatened nross sackien.
enbodi nent o

heater wires sinply Cr,0Ss e gaps 530,
al ong wit h'ItHeehérthdeng fyidris giaposedyin psLigPve T}E’F@Jggqﬁ%ﬁ}é‘g candyi gsed | oop
heater wire, this is not a point of concern since the heater wire has a
sufficiently high inpedance so as to keep any RF field induced eddy
currents to a negligible level. 64. Ref ePri ng to Fig. 6, a partial cut-away
plan view of a fluid heating assenbly according to still another alternate
enbodi ment of the present invention is illustrated. The heating assenbly
600 ‘accor di ng to th| s enbodi nent incorporates a contl nuous fl UI d channel
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circle. 66. Fig. 6 also illustrates (in phantom an aspect of the present
invention that is optional for incorporati on into any of the enbodi nents.
The vol t age, @lygifbbution el ectrodes (i.e., heater assenbl B#C%H%%i/ﬁ(ﬁ%@s)
according the various enbodi nents are optionally connectable to ground

t hrough a variabl e i npedance 620. The shielding properties of the voltage
di stribution el ectrode can be mani pul ated by varying the value of the

vari abl e i npedance 620. 67. Referring to Fig. 7, a cross-sectional detail
view of an electrical heating assenbly, according to various enbodi nents of
the present], i nvaRbiding todi apoeeembodimett, @lreditiviehebting ddémentuaciedras efhaatonr i s

~illustrated. The bottom a er 710 of the heatin sse accorql n 8) t he
resi sti ve Welgtd fig @l%’dl fog Ui‘%%ﬁ?‘%ﬂéﬂ%ﬂ?“%n&cﬁ@ﬁf Bc%gérﬁfl%{%ﬁl %‘58
al um num & %?Pvc ﬁc?lf't{eqlegﬁI\VEOéléﬁqéh‘tcc{nﬁ%rfrérﬂmlﬁé‘MeMbﬁf!h@'hdtv{ﬂl?etn @gedyood

. thermal , um num or copper) he bottom |l ayer 710 is

paca i ﬂwnﬁi S5 o onel el AL EREbR b in faPofRoRoalita 2 9000

731 (for ”%%ctﬁ&@lmb%d@ﬂu@étﬁbocﬁﬁlehkschilfmmﬁal\m tle) appartidtrh@cineldde @ fathe bot t om
| ayer 710 wi thout being electri.cal I y connected thereto.and are vou ntgl al ong
the radi al lmgf?ﬁ’erma%ﬂ&rféﬁé@)‘fm@@flp%é egient§A & O FHBPVY FEFEMCRFIeIYs AWWY 5) i'n
a mariner G rﬁlﬁ'ﬁ% ARGRventio is the Mpedance)
of the oveF%HehIR %%E? (;:]flﬁjrl ue:at%to ggfefbﬁgtéﬁ%brrg?netl c fields produced
by the COIdombTxtthoheﬁfaeémﬁmrpmrqsemmrmdta khmmturmcmp sireudt. dl redtempeiasIE n t he
adj acent wire segrrents 730, into the

I S rre
page for o68s0séygAaRted ?Q@Eéihﬂoﬁ?tlndFtllﬁﬁﬁéofl@Ft ‘i"%ﬁgtlﬁ&ﬁg@gﬂt élgﬁon%snf) 731, for
exanpl e. Pt K BBaturtT theeeHahit@r @hBNETRE S
accordi ng ée%e'iah ﬁﬁf%ﬁ%éé?gn@%/dgéﬁ%t S are pr%?er ably oper;t ed using | ow
frequency pivieecomtiolngreaitis emmetbd td reéiBe Hie)temperatuhasignal es 8 fedbeck 9@nabFO a
| ow pass filter with the resistive.heat uf fi ively
pr event ¢ 1 1REFEi BgTER G SFRBPIELE T ST P e SRt Shis e
resistive r dayer of thermal insulating material 740
(preferabl\g/}&?&r%m]ghp%t?@ng?see?s pl aced on the surfaces of the heater wire
730 and may; ext ScédIginb 36 tHeGremher i al
| ayer 740 3rrpr ojgljeq rg{us&&l c;rpgetrsl‘%lﬁg]g%ﬁ%lcﬁgd%%%‘yéggﬂsagserrley byq)rrn ni m zi ng
heat | ossegvégidntaclatiy @vdcuainchaitibesandsiehgperature nmnpgamant ApRATALYs. hElpf ul f or

the enbodi ments that utilize forced air convection t;q tgrder%{l&)he(s move
excess heatactp@rhambenigagapted toreceive Hie Sepy¢onductas Weighs sl 284 189 i d 720,

70. The el ﬁ}%ﬂq&a}allhggé é]ﬂg)&ﬁt%?é‘ﬁhﬂaéeﬁmﬁ%ﬁﬁéfﬁls' pfefé&(blyrlﬂdluﬂéb tdieaheaterr20 by
a nmechani ca (t I'n phantom "or is secured an adhesj ve bond
bet ween t hend d ﬂmlﬂﬂxcmgﬂ th&lbeab&rtaﬂmms ayfficient)o Thy haatﬁéafhsé@??é@@fsﬂﬁ‘é) faboxy. If

the RF coil |ssff|C|en eayv, t e,
resting onVadyeit FP?\%éta‘g@éﬂ}? @amﬁg 6 use%ﬁl?s o o8 ogg(% geﬁlhﬁe)éﬁl

el ectri cal ,hegth ?&n@@é&@isﬂwﬁ@er{e@ t QRer@htivielg thd tdmpa@turd handesenshown i n
phantomis an optional variable inpedance 7b0 connectabl e, bet ween the
bottom | ayq:spa?ams mnhidgs @ conirqilst epereting aTreﬁtﬂtl%h@'f’rt%lhﬁoﬁP%@Pthﬁ"gWB'fk‘?%e
bottom | ayg 0 c n be mani pul ated. by varying the value of the variable

i npedance ?’2“3 Referring to Fi g 8, a cross-sectional detail view of a
fluid heating assenbly, accordin

{
i nventi on, 44 sp§§@ﬁa‘b?’PP&rQﬂ’i‘%q‘°é€’f ’i‘%tol t}égi’%‘%g IQ/Va?@ﬁ%FE%a?S%QJmé Qe%n Iﬁ%tg {ra%t ed.
The heati ”%afe§§§1£f$’ {GRIPRI RE€8iland bibdlaganBlidleoodt] Mhe RE coflnuct ur &

of the radial s&gnents an e connecting arcuate segnents of a conductive
condui t 826xspa'&maejaamme tieovdcah ohBmbhiesodiséb eeunl¢ BF lenereB 3o the WEHIBY ed |n
this enbodi ment by forcing a thermal Ki f.IU| 8

t enper at ur ehamhary ﬁ"hF@EatP‘l‘éldéFPP%@et?WFefn ﬁ’f ﬁ% [ihg%lrl?%re 1?3139? {h&t
heat.ing as I é{tleﬂﬁﬁi th@ Ehaneat watl. E’eefenablyaﬁged
bet ween thg%?@s%lro \I}-(g|i‘l=:r"?;tr\z§8éi:tl{{S ﬂ%og%dleb%g@é?g@:}?d S30. A | ayer  of the ‘3

i nsul at i ngheaereis sebstAfially slepirizelyl tromspateat tthe BEesegy W%eéﬁhﬂﬂﬁ‘ﬁ’@@ Pondui t
820. This insulating material |ayer 850 inproves the efficiency of the
heating asggnbl Rafher Mai aWoliape diertbutioneteerode sudheancappareivs agearding f@the wo
(12/U11797 PCT/ USULl/ SU060 73. Referring to Fi t y plan
view of a prageuf inveationdoryseasbing e ET LAYt Hg%‘f ?SLPP? ﬂ‘ga? yaeillfabé)rdﬁe;atvém
enbodi nent of the present invention is illustrated. The heating assenbly
900 according to this enbodi nent incorporates a pair of continuous fluid
channel's within the structure of the radial segnents 902 and arcuate
segnents 904, 906 connecting the radial segnents 902 together. Tenperature
control of the dielectric lid is achieved in this enbodi mrent by forcing a
thermal work| ng f|UId in a flrst dlrectlon through the outer channel (via

- 7~ NS\ o o



76. A layer of thermal insulating material 1050 is placed on the surfaces
of the conductive conduit 1020. This insulating material |ayer 1050

i mproves {heofkioei ency of the heating assenbly by m ni m zicq4;d98006 0SSES
to the anbient air. -14 w0 (12/(1GL797 PCT/USO h(1O0& 1 77. Referring to
Fig. 11, a conceptual diagramw th a partial cross-sectional view of a

waf er processing apparatus according to another alternate enbodi nent is
illustrated. The vacuum chanber 1110 has a dielectric lid 1112. A wafer is
processed inside the chanber 1110 by a plasma cloud adjacent the lid 1112.
Refer to tramddesaéldplavion vafiafle ghielidgetfiaicnoy. eTtdelazadag dhieldpk disabsedn of t he

. functionality inside the chacgtier., 78 . In this alternate enbodi nent, a
heating adsersnyheieatesand iy BeleHER™41130 in conbination with a condictive
substrate 1140) is placed between the RF coil 1120 angaryt he altrm pheric side
. of the di éibect ri Barpday shield is gmerat upderptoed sthe gii &8 2 &3Y&T P F‘tﬁt"g t he vacuum
chanber 1110.to there j LO§] nber into a
pl asma st §quucgﬁeenﬁgee§{%|}l%§§§§se§g’ﬁ%{k gng%:egﬁofgﬁtﬁ%?%%ﬁtth?ga g%%&??f@ﬁ% i ncl udes a
conduct i velguially sérthetiedQatibat irdirectlyy po gounbeAwadiagd distributiod dlé@radeds t he

el ectrical heating elenment portion 1130 of the heating asse%. The
conduct i veeaelY vadesstaodin thaart éhke &ayRDITPI#IE QF ePNAAdR TatchghBFeSitherein to
convey thegr i i : i
Feservor r e 5Kt Mtcbut bl b8 KR i GRnBet SRR Gl ol BAUL MBS

i s optionalidericatinfieatisg Tiosgs oolrapevdisriautioardabbde isrpesidered to ikoa gehisealheat i ng
el ement 1130 is provided with electrical wer. .from a . variable duty cycle
swi t ched [oweapt @hgnopmnaetes withir s sro8e P@é’g’a%ﬂ“?léoﬁ e CP?‘g%t“ﬁe

tenper at ure?ec%ﬂ%srrg Arﬁfes%&eﬁo gtréﬁé 16 tHeQYREMmRYdbireeaignsor at the lid 1112.
The operation of this thermal control |oop is anal ogous to that described

W th respe to, Fig, 1 ! ‘ L 110G Begenbly is
suppr essed ‘by dqcf08891%?35?&?&?%?&1?@8&%5%?lo?eﬁtglﬁll\ég,f,n@ai gﬁaﬁSdH‘%r ovi des forced
air flow dihnag&tier ophindthe sapsble pgoraesenbl y and the dielectric lid 1112 to
renove excess heat. The fan 1150 is nmounted on a housing 1152 that
surrounds jde RbeE@ink 14 ¥29 128dokdepruapd@ibias wisls @ fiid) cragickettiat viewsifa on the
top of the vacuuem cngnber?é)lilo. 8_% Theg'heati ngﬁglgse,nbl - (which is shown
only conceptfaaprogessimgBpgaratg pmbedigd weserdine sULE PresamdayEEon & Hustiaiehat t he

eneral shape (i a i,ew) .of the.h i j i gs.
6 and o, arhun chBedabuRtn o O Ti S ARRRLRR B Apding:, O
82. Ref er rimgotréskssre shbstaiafly @8R vsaaioksead (ectet-al 0™ wpwAcfenrcondhetot r i cal
heati ng assenbl to the_enbodi nent of rat ed.

, accordin Fig. 11 is illu
The conducwaf@el{ﬁnwmk@idcawge pioeessadrests\gp apedestal (17 viapy Pgﬂeqsl %Sﬁaf?f?@éi’(‘ N
substrate) 1210 is _plac i [ ' i nGoldh@dl1120 so
25 To pr oRBE 0 ihEr BehosRL A PBLE TS celtel e, B o er
Wi re segmemisthk 2BAnbek33da prReatdanthad 190 the bottom | ayer 1210 without
being electrically connected thereto and are wound al ong the radi al

segments gyl Ccog %Qtﬁﬂ%"%séihlﬂ?llbﬁﬁs placd Hetwdearthé RFicbl 420 and theSmospherieranner
whi ch nmaxi m zes the €l ectrofmagnetic resistance (i i npedancel}@g{) t he

I.e.,
overal | hesifeof the dielasimialid 113.oThehRF epid 420 eorniaseneiey inta|thsVasHs & By the

coil. The heater suppl urrent flows i [1t.e: di j |

adj acent V\ﬁoetoégﬁ%@};?@tf ,ro"ieﬁ%faseégl.m{%ﬁggﬁ%gﬁegbnq%é?ga%%l?gﬁfén%o%sggr ates a
pair of flgid GhanRagk slohdG28. BR64itlinadantgeousits hinintzathe sémrationtofite Rfie
structure of the radial segnents and the _connecting arcuate segnents of the

conduct i vecdibl0cmdithy dielectriogid W2 (ferrmest effisisat seerey (ouplingh B1e 15AINS ded from a
tenperature contrqll.ed fl ui e ot | hd i@ e br h B8
through orSrRaYd SDieAme U bR Nl 10 13 shERRRE fuGicicaid ERuRaN BE

adj acent cihanaelugh 26fot stbambiliimgedst thetlista6® betvosen diesRF ooil Aziand betid
exchanged between the reservoir and the diel e%{,r,i c. lid 1(&28 84. A layer of
thermal i nbl2,athilagt thetseme sime; prnyidiag prifureendiisignthepingddhe dicleficn o at o
wire segmanu'%%chSO, 1231 and nmay extend over the bottom |l ayer 1210. This

i nsul ati ngs- &rial | ayer 1240 inproves the efficiency of the heating

assenbly by mnjim zing heat ,losses to.the anbient. air 1S 41 tion is
parti cul arg"} hng% éffat Srassteﬁ@llye alﬁipﬁcévﬁ(ﬁersa Wﬁé?oﬁ?rifmlgévﬁr ggrgéégﬁtgi%yélgonvecti on
in order t vat ah i 6igRAILESY seldctif thetdup) cyslerfbrbew afuchhe
dielectri C%#ﬁﬁ?g%ﬁf‘%«%ﬁ&r{i é}gﬂrﬁﬁ cal heating assenbl 3) iy§ optionally
secured to the lid 1220 by a nechani cal clanp 1250 (shown in phantonm) or is
secured by .an adhesi ve bond bet ween tiref1id 1220 and the bottom | ayer 1210
by a heat conductive epoxy. 86. The enbodinent illustrated by Figs. 11 and
12 has plural operational nodes. In a first operational node, the working
fluid is heated in the fluid reservoir to a tenperature above anbi ent and

o o v . o, " o v - - v




WO U2/ (1 (~1717 PCT/USOL/ SOY0 87. According to a second operational node,
the working fluid is cooled in the fluid reservoir so that it nay serve as
a nechani g hekiHemoving heat fromthe lid 1220. In this opgjahi/ang node
t he conductive 1bottom | ayer 1210 itself serves as a cooling c}evi ce In place
of the fan 1150. 88. O course, in the case of either of these operating
nodes, the conductive bottom | ayer 1210 continues to function to distribute
el ectric potential evenly across the lid 1220 and, when grounded, to act as
a shield. 89. Another feature of the invention is that it maintains a nore
uni form el getr net.| 1 : { i i Botit om
_layer of t‘ﬁg pﬂ\g’eartl ﬁ%&)gvgrsg%ﬁcﬁ(zg} P g(ra%gtg?‘\a/éee?\&,dq%(ﬁ%ggéc)%%é&%tiuikg%onggﬁgﬁii n the
fluid embadynentespefaumasemsor 036 dgeiscingtedddlinitondieleetricrlatEl2 praviddevel ops an
el ectromagnetic potential that is approximately equal to the spatially
_average pcfﬁ%i’i’ﬁ?lh{é the {ERPAIFEEE GOEP! ‘Elﬁ’g“tgﬁf‘i re area defined by the heating
assenbly. Thus, although the active heating structure (either {)he resistive
heating wile orA iavepessdittenl3usralesigeally sonpled & e Sratyie aSpnNdeY 1y assenbly
is transparent to t | L i el | RFt hat
penetrate TREEH BY Cﬁnﬁg?fel%d and&gﬁelélg?%itn ag (531{1}%)?gtliz'sj(?rrglqit h? %Sgtg gtggglagc{{}:ve
portion ofench® cheatimgfremsaeBfcolldR6s on the role of shaping the electric
potential produced by the coil. The result of this averaging is the
m ni i zation of A daf 140ERYRlks Ritacdison dekeed bofmysaingaspoiHpiBabsd theat are
too high (e.g., sputtering of the dielectric by the plasnp) and, gf
el ect r omaglieleitdc idt1dAttd agrsoterxcesaheat &&e|f@wlﬁ%xsgnqum®a%gggﬁ% that

d iti ielectyic lid), .T j I th
Cemper at o Brgndtige Ak i dresshCEr BN LR B8 B PROSIR APlon Mt | 12

regi on dirgghiy cashesento. to the Iid produces conditions that are very
favorabl e for achieving the desired plasma process results on the

wor kpi ece. 590. DS desaVibkioPa viAkg paieh Sirenkbivtivetaatinigeeinent he
chanber i as %%f?ﬁg"éﬁgﬁgf P el eat T P ehi s TS Sty A non-l i ting
exanpl e of adeomtingte queesemntiment efithegnesenyinpentionps Blvsiiated. Adieating a3sgmblye
present inventjon i s applicable in the_ context. 1 processi ng
chamber s h2fFP ﬂﬁoége B%ger\‘ﬁg% ‘1‘%"%‘?&‘8@“8? the esce(r)l{nl(ﬁlg%?tfo\?lgg ggibg%gr:l{oggﬁducti ve
mat eri al s. oi @i l0@aPEERE Hat bvVasitRvAtaBmIREST Lsasid predessinghacusn of
preferred enmbodi'nents, however, it will be appreciated that variou
nodi f i cat | chrambendThisheatingassenablydspasacuierbeused! fprausg da ap il}ﬁ‘é‘ﬁ%@%@? ts
wi t hout departing fromth C e i } : .o ALf 17)7
VAT 1S L Poentaers s PR e el el MR S e e R BT

el ement, a.fgLiRAenHsts i Bisldcant 1ol cdbwore, it sttidbsenrdeenomithaiohe fdagayssi ng
chanber, the sem conductor processing chanber conprising: a wafer support

di sposed i also Heusdddnotharbids thahagaet mafe ok Jlelerlicidite™ls posed in the chanber
to deliver gas adjacent the wafer support, and a chanber wall, the chanber
wal | bei ng5én t Aeesistivectmating tlemient200Hellpws  ipaty oa theeineulanirehappddielfettifno) t age

di stributi lectrode is di d adj .
Conbi nat | oA g for SeeBrRe TR REFE R ToL AT g Biment F00 =2
heating el gpnbpsdte H¥sOS A indhadiont:! Bhaariowhsaés glong heaedisneilrgting ement

conprises: a conduit, and a thermal working fluid flow ng througdh dt he
conduit. element 200 illustrate flow of electricity. Preferably, the wiring pattern is embodied so as

to have a continuous path that provides for current flow in both directions (i.c., both

forward and back) along each of the radial segments and the connecting arcuate portions.
The reason for the consistent juxtaposition of conductors with current flowing in opposite

directions is so that their electromagnetic fields will cancel one another out.

55.  Referring to Fig. 3, a partial cut-away plan view of an electrical heating assembly
according to an alternate embodiment of the present invention is illustrated. One aspect of
this heating assembly 300 is that the heating assembly is arranged on the surface of a

dielectric lid in such a way that its elements are perpendicular to the direction of an
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4. The conbination of claim1, wherein the voltage distribution electrode
has a circular shape. 5. The conbination of claim4, wherein the voltage

di stributy@gn,ekestrode conprises: a circular loop; and ragi ts
connect ed togetﬁgr by the circular |oop. 6. A tenperatur egg}rﬁgggﬁgﬁ{]

apparatus for promoting thermal uniformty for a chamber wall, the
apparatus conprising: a substrate having a predeterm ned shape and having
edges; a resistive heating el enent disposed on the substrate adjacent to
the edges of the substrate; wherein the substrate is adapted to provide

t her mal coOeomoniagattcoficldithat it tieeatdvathinegh Wed diclecttig lid ty\@eg2dte 2@lapgR cloud.

PCT/US(11/;11(14d1l 7. T ature nmana appar at,us of ..cl aj

wherein t 8"3&1%%5@1’3%5@@’ éﬁ%’g%%%%@ Se&@’iﬂg@f gE %ﬁﬁquolﬁ agpdi lergélmée?f’er gy
over the CHAME! 1opBthkr bPa cith@at IBEP 86:bHBO6 REVIAE S ARIMetdRPANEhe Sard asthai m 6,
. further conprising: a source of air flow disposed near the chanber wall so

as to renielectekdids £lbarical goseyis ingut vicnde pewpeleadsi8. managenent appar at us of
claim8, where the source of air flow conprises a fan. 10. The tenperature
rrgn atg e (rjre tnss. gp pldil!i@paﬂﬁalgfut-QMy pofiionfof thehaew Cmrtpe losven gightaquad rapdrshows thesensor
adapte 0 be disposed in.intjmte contact with_the chanbey wall so to
gelnfar at edtsﬁptl%’ﬁbéf @sglp‘@%%éﬁap}&e&qw R FXRYSE HediFRisr X’fﬁfgg osFstgend ganber
wal |5 and; 3 pOVer . CO88 M Phe RdatdrWite RPNE QLA Bk A16hg 18E BickOivish SednRMRLI0D, BOSL
signal as as?egﬁgggcgﬁii gneaﬁ?r aso alse to provide agrcon?reol Iled anount of power
di ssi pat eshdijie theularelsbp poutont3d6tin Ay aedlegayatfashion to the wiring pattern shown fully

in Fig. 2.

57.  The circular loop portion 306 preferably incorporates at least one gap 310 to
provide an electric break. The purpose of the electrical break provided by the gap 3101is
to prevent flow of an electric current in the heating assembly that would otherwise be

induced by the electro-magnetic field of the RF coil.

58.  Referring to Fig. 4, a partial cut-away plan view of an electrical heating assembly
according to another alternate embodiment of the present invention is illustrated. In this
embodiment, the radially aligned piecewise segments 402 of the heating assembly 400 are
connected together by a circular loop portion 406 that is much smaller than the diameter of
the dielectric lid. Electrical power is input via the power leads 408. The circular loop 406
contains one or more gaps 410 to provide electric breaks that to prevent

electromagnetically induced current from flowing in the heater assembly 400.

59.  The partial cut-away portion of the view (in the upper right quadrant) shows the
top layer of foam insulation 407 stripped away to expose the heater wire 409 resting on the
bottom layer 405. The heater wire 409 is laid out along the circular loop portion and 406
the radially aligned piecewise segments 402 in an analogous fashion to the wiring pattern

shown fully in Fig. 2.

60.  Referring to Fig. 5, a partial cut-away plan view of an electrical heating assembly
according to a further alternate embodiment of the present invention is illustrated. In this
embodiment, the heating assembly 500 is configured as a pair of semicircular halves 510,
520, which are separated from one another by gaps 530. Piecewise segments 512,514 of

the semicircular half 510 of the heating assembly 500 are arranged in a radial manner and
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11. The tenperature nanagenent apparatus of claim 10, wherein the power
di ssipated by the resistive heating elenent is controlled so as to be at a

m ni mum I g\gla /o pl asma i s energi zed near the chanber 0 be at
a maxi mum | evel wﬂen no plasma is energi zed near the cha\rlv\%glrnu\fgpfh.oa(gz. The

t enper at ure managenent apparatus of claim 11, wherein the m nimum | evel
corresponds to substantially no power dissipation. 13. The tenperature
managenment apparatus of claim®6, wherein the predeterm ned shape is
substantially radially symetric. 14. The tenperature managenent apparatus

of claim 13 chaned fbebier BY £ AhiesiFBultd GoRIVIIR 6C BIFeki RS e pheiita 522, AU alf
~elenments and a circulrar el'enent, disposed at_the periphery of the

subst r at e thq atheri segricitralashalf20 ohHiedicating aspmbly WPearnalso arangedina fadidler at ur e

nmanagenent  appar at u f [ k_p: irshef Ormed in the
.circular & rnafn% a-rstﬁ&me@l’fag%%f B??%lgﬁ?glﬁac}}?lj SUl%Ilnglei %ﬂlqgf%lghe
]EeWpe(rjatursEefﬂmaQEH?nés mllpdnﬁihassa apiiwslodicnmvatire wbrert dalf thetdidreetet ofithe gaps are
ormed in the circular elenent, the gaps being arr substanti al |

symmet ri calidlgetric lid.7 Elepfiecal BB INPUE Vg AR ?a‘%pﬁg?%us of claim 1%,
wherein the predeterm ned shape_con})ri ses plural, radial elenents and a
circul ar @élenerthe pditiap oseavayepartioe! e iesy (apfthe Hahistide shewetheften HV?ngft he

plural radial .el ements.together. 18. The,t I t ratu

ot cl ai m 17Am HLPOER 537 SPEZET SR Te P OO LS ERer g e TR BPRr L

19. The tqgRekss UTRe HEAGOMRESEY BRAdIAE AlSn® thedliciemist, sepmente 522,504 andidst r at e

Is electrically conductive and forns a voltage distribution el g'g‘t roode. 20.
M

The t enpersamircaculanpytion 26 Hppeanatagsupfaskionthihs, wigme pafism shewp BEdpie
heati ng elzgmant conprises: plural resistive segnments arranged such that
spatially “adj acent ones of the plural resistive segnents have el ectri cal

apparatus G o HAPIONE RhLrARHeL RBP4 T P TSR ARy

appar at us cl \ T _ *TesiSti've segnen
el ect ri caldgy iS OReR tEHairfaif BrunEBrmikdnibc@mareastothb ériner 8facA (it aeman uide) of

nmanagenment apparat us for promoting thermal uniformty for a chanber wall

t he appar ahedietsatrr lidsi Tlgg spacing is preferably chosen so as to allow enough area between ’
adjacent radial segments 512, 514, 522, 524 in order to remove excess heat from the
dielectric lid outer surface (i.e., atmosphere side) by forced air conduction, while still
achieving a uniform temperature on the inner surface due to the heat conduction within the

dielectric lid.

63. It is not necessary that this embodiment use two separate heaters for the two
halves. Indeed for sake of simplicity it is preferable to implement this embodiment with a
single heater wire powered by a single supply and controlled by a single power controller.
In the single heater implementation of the embodiment of Fig. 5, the heater wires simply
bridge across the gaps 530, along with the foam top layer 527. Although this creates a
closed loop heater wire, this is not a point of concern since the heater wire has a
sufficiently high impedance so as to keep any RF field induced eddy currents to a

negligible level.

64,  Referring to Fig. 6, a partial cut-away plan view of a fluid heating assembly
according to still another alternate embodiment of the present invention is illustrated. The
heating assembly 600 according to this embodiment incorporates a continuous fluid
channel within the structure of the radial segments 602 and arcuate segments 604, 606
connecting the radial segments 602 together. Temperature control of the dielectric lid is

achieved in this embodiment by forcing a thermal working fluid, provided from a
-11 -



a fluid conduit having a predeterm ned shape and having a substantially
flattened cross section; and a thermal working fluid disposed in and

flowng t BaRdoge fluid conduit. 23. The te
( 11 : : nperature na arat us
of clai mgffo V\Eer ein the predeterm ned shape pronotes even |Hs§??/ig%ﬁﬂ)on of

heat energy over the chanber wall. 24. The tenperature nman

_ _ . 24 agenent apparat us
of claim22, wherein the predeterm ned shape is substantially radi aﬂoy
symetric. 2~. The tenperature management apparatus of claim 22, further
conprising: a source of air flow disposed near the chanber wall so as to

remove excesseRBat BRIt fluidserviit @il d iid LeecRETY 608%K(thiougbthd chan@b. The
~tenperature nagenment apparatus of claim 25, where the source of air flow

\(lz\ﬁnpri fﬁs 1£a ;haheatizg.assfhéﬂx 60fh eFha vierkingeliiig erryides dpheabio e @ehangsd m 22

ere e er wor ki ng fluldqi | | 2 | r

_control | e P EEH DG Trser oyt nﬂﬁH%g%a?%{)%ésmé%ﬁgSﬁgggﬁagg?gieggﬁkg%ﬁgﬁg{égf 3;? :are
conpri si NGsidé) shas wiv kld ehamebelinthetatriesitisaeial eothieg Seiditboledgibtaitheraf er

t herein, the vacuum chanmber having a chanber wall; and a tenperature

managenentheappapsetPe®Mbri si ng: a heater disposed outside of the vacuum

chanber in thermal contact with the chamber wall, and a source r flow

di spos;ad near t Fee fivid heating essombly may heamRAdieousing:VaRuag g%?’]%?t@&wﬁé@ﬂi The
apparatus for processi e ; '
conpr 1 si nateParRTeB P aroBp 0E s AT EL Ay Bl gy Miod Boohil Mgkther

couple RF j . .
ChaPhe o AR RerkaOutibbe MAGmbATR Y morbgaieatiet thyidupalfiapos il bet veen

circle.

66.  Fig. 6 also illustrates (in phantom) an aspect of the present invention that is
optional for incorporation into any of the embodiments. The voltage distribution

electrodes (i.e., heater assembly substrates) according the various embodiments are
optionally connectable to ground through a variable impedance 620. The shielding

properties of the voltage distribution electrode can be manipulated by varying the value of

the variable impedance 620.

67.  Referring to Fig. 7, a cross-sectional detail view of an electrical heating assembly,
according to various embodiments of the present invention, disposed on a dielectric lid of
a vacuum chamber is illustrated. The bottom layer 710 of the heating assembly according
to the resistive heating embodiments is preferably constructed from anodized aluminum,
but can be suitably constructed from any material that has good thermal conductivity (e.g.,
aluminum or copper). The bottom layer 710 is placed in direct contact with the dielectric
lid .720 s0 as to provide good thermal communication therewith. The resistive heater wire
segments 730, 731 (formed from material such as Nichrome wire) are attached to the
bottom layer 710 without being electrically connected thereto and are wound along the
radial segments and connective circular loop (refer to Figs. 2 to 5) in a manner which
maximizes the electromagnetic resistance (i.e., impedance) of the overall heater wire
circuit to the electromagnetic fields produced by the coil. The heater supply current flows
in opposite directions in the adjacent wire segments 730, 731. That is to say, the current

flows into the page for one segment 730 and out of page for its adjacent segment 731, for

example.
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wal | ; and a voltage distribution el ectrode di sposed between the heater and
the chanber wall. 30. The apparatus for processing a sem conductor wafer of
cl aim 29, iQ-the heater is substantially electricall gnt to
the RF engﬁggh%gﬂéled into the chanber. 31. The apparatus¥Fg&%g?§@Q§sing a
sem conductor wafer of claim?29, wherein the heater does not substantially
hi nder generation of plasma in the chanber by the RF energy coupled into

t he chanber. 32. The apparatus for processing a sem conductor wafer of
claim 28, further conmprising: an RF coil disposed adjacent to the vacuum

chanmber sq;eas tﬂle%umﬁgel%eﬁ@%wdin@tt@tﬁerbqeecv@@atu@mb@@imesrarepfeeerhmt er being
~ di sposed between the coil and the chanber wall -21 wo 02~0~, m~m

: and (
r c Ts oo axpemtddarsatplpvshie@ledcshaliarrajing nrran (60 &hH@ Had.sg that thesospesion e

shi el d bei.ng di sposed. between.the h I. . E@gr The
. appar at us P rpafﬁr@geés‘g‘iﬂhg'ea{e%g%e?‘g tg{ﬁg'érgrls %ﬁ%ﬁr&g@f) %2“1% ai m‘%ﬁl@%&%éﬁ?‘ﬁ t he
heater is Suhstamd @il #omlig@ldiicalieyt flowrns frrresittiteheatee wRle. ener gy coupl ed
into the chamber. 34. The apparatus fox processing a sem conductor wafer of

claim 28, gherej .rl‘aa;gﬂ gf ﬁl@ﬁHQ‘?ﬁs],cu‘l‘ﬁinlgfﬁa&eﬁalWu@gpﬂe%ablﬁ?oanfédq:oﬁiﬁﬁﬁb ftplacetior

processi ng ‘a sem uctor wafer of claim?2 erein the chanber_wall is a

dome- shapesh the gurf@ss o the tepteawire 730 fand may sxtesd ongr the Setiom omductdbr Thaf er of

| ai m 28, wherein the ch val | | i i cal. id 37. Th
Cpnarat us olAREeSRHaS Tah Bt he bR SR ITh Galing ABREOR AL T e
of air fl Ox’ﬁﬁn‘ﬁﬁm?ég- BES |GsdsAD th3BnbitheiR PIEs alsuBiibois puroasas ndpfal for the

sem conductor wafer of claim28, wherein the heater is in physical contact
With the cémbdsémentalthat utiize forced air convection in order to remove excess heat from the

.AFI . A As. As. A, A A A . CAULAACACA . A L As. A . AU. A. AbU
+Ka, 3BR) wr?i‘ﬁ%rﬁ*r‘f'c c),é]”@% Kot ]@aﬁ@f@&ﬁ@a cal caV] ca} ia] ca] ca] ca] ca] ca] ca] c: a]
ca] ca] ca] c% .C.a] ca] ca] calca]¢a]calc

15=Q {") +8J", 1.
i#goaimc ga]&i Ia]~ca C'ay(lq 9&%@;}%?&13@ %?é%’@ gg%&%ﬁ]ég%%%iﬁi&%ﬁ%fgﬁ] ca] ca}!I ca} (é/a
L/ O Y/ K/ / /’6‘8%?%%@%%@}@9&3&”%“ W‘c@ﬂ‘@g ca) cal gg %g] gaﬁ:va“’]bég] c?gwf:égféaej cal ¢
B e e o

. VA , Z wWr ch ajlcal caj.Cal.ca calC
a] ca] ca] calfeay chpR BecHy 8] él}ecﬁgfeaﬂl 8%’8’&?%5@7@6’]5%‘8%%8 ’JCSILITG %f% ai%%]g%@lajc’%la! 405
YU UdULV_! %ﬁl%ﬁa ?% ]s%éa dayalhGohdhidb hidahibly fol thi kdp) sTrbpkd a8V ca] ca] ca] ca] ca]

ca]ca]calc cal ca] ca]caV] ca] caV]ca] ca]ca]ca]ca]ca]ca]c"a]ca]ca]caU

! y 2 :
I ca] ca] cal ’ff" ) (:o;ﬁhégr]rng{éf)é%té&{tlf g?’géltfkﬁg?aé{ {dddbSelpeaheie] &b lcepleabea] ca] cal ca

U] ca] ca] ca] ca] ca cajc | ca] ca] cg&cﬁﬂica} ca] ca] ca] cal] ca] ca]
ca] ca] ca! Co@meds {hetogbinXpyaall0ahd ginall pajectitlc lje DepjopaltisaPEREcal ca cal
cajca] ca] Cgé%]tocrg]leg%; ’(7:{i gagl] lg:ear]ngr?i%ﬁlg\!eﬁ%b%%}y?g ﬁl%]v%ﬂe%%!th%%’éble impedance 760.

72.  Referring to Fig. 8, a cross-sectional detail view of a fluid heating assembly,

according to various embodiments of the present invention, disposed on a dielectric lid of
a vacuum chamber is illustrated. The heating assembly incorporates a fluid channel 810
within the structure of the radial segments and the connecting arcuate segments of a
conductive conduit 820. Temperature control of the dielectric lid 830 is achieved in this
embodiment by forcing a thermal working fluid 840, provided from a temperature
controlled fluid reservoir, through the channel 810 in the heating assembly. The working
fluid 840 provides for heat to be exchanged between the reservoir and the dielectric lid
830. A layer of thermal insulating material 850 is placed on the surfaces of the conductive
conduit 820. This insulating material layer 850 improves the efficiency of the heating

assembly by minimizing heat losses to the ambient air.
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exchanged between the reservoir and the dielectric lid. The partial cut-away portion of the
view (in the upper right quadrant) shows the dual (inner and outer) fluid channels that
carry thermal working fluid (in opposite directions) the length of the heating assembly

900.

74.  Referring to Fig. 10, a cross-sectional detail view of a fluid heating element,
according to the embodiment of Fig. 9, is illustrated. The heating assembly incorporates
an inner fluid channel 1010 and an outer fiuid channel 1012 in tandem with one another
within the structure of the radial segments and the connecting arcuate segments of a
conductive conduit 1020. Temperature control of the dielectric lid 1030 is achieved in this
embodiment by forcing a thermal working fluid 1040, provided from a temperature
controlled fluid reservoir, in a first direction through the inner channel 1010 and in an
opposite direction through the outer channel 1012. The worki.ng fluid 1040 provides for

heat to be exchanged between the reservoir and the dielectric lid 1030.

75.  The primary advantage of this embodiment compared to the other fluid
embodiment (see Figs. 6 and 8) is that it provides better temperature uniformity over the
surface of the chamber lid. By running fluid in opposite directions, the temperature
gradient of the working fluid in the conduits cancels out. The trade off, though, is that the

"dual channel embodiment is more complex to implement.

76. A layer of thermal insulating material 1050 is placed on the surfaces of the
conductive conduit 1020. This insulating material layer 1050 improves the efficiency of

the heating assembly by minimizing heat losses to the ambient air.

-14 -



FS 100678’ () - GFL0%& () - 3FYS 100F°&' ()- GFf 10000’ ()- f 100@& ()-  f
10967& ()- +d++, ,w - dEYNC -s10967& ()-1)!1096& ()-1 (mLO%& ()-1$! 109 & ()-Y

"1095T& () ¥1Q9F St ) -3--. ./ E/1/J/KI dE:/ 10T 10T =10%T& ()- :
109 () SIMIORH () 01008 ()2 /" 109E () -k LI YTk |1 0bLer t Tor °

f110%@ ()-& ' 10%@& ()- 109%@& ()-'!10%@& ()-F" 10%@& ()- Y-

F20E () - @t 109 () L0%@ ) 1st00 1 e () 1%

. " () - @ni 10%@& () - MF10%@& () - 33&F 10%@& () - g8k8l 8nBn8

10TOLLONGE (). 3~ TR () -~ 100@ ()10 (- logioa oo ooRe

]1'8%1 (())O/ (@EF( ? i%ﬁlég;’tb Efgi?gg«/‘a & EABeptaAIdisgeR(Vyith ¥ Sartieh@RSY-Jectipnal view of a

~ e ' () - St 10O, () -

ig}/&pf(%)@mffr ProgeSSHER a@yarft)@@%(r§3rxg 1@@#@%&%@9%%%?&@%@%& The

- " 1 QOAER,. 1 " )

o 1 RO S 2, R 3 poedateidn s
1110 by a plasma cloud adjacent the lid 1112. Refer to the description of Fig. 1 for a more

detailed explanation of the functionality inside the chamber.

78, Inthis alternate embodiment, a heating assembly (a heating element 1130 in
combination-with a conductive substrate 1140) is placed between the RF coil 1120 and the
atmospheric side of the dielectric lid 1112. The RF coil 1120 couples energy into the
vacuum chamber 1110 to thereby excite the process gases inside the chamber into a
plasma state. The heating assembly according to this embodiment includes a conductive
substrate 1140 that is disposed between the lid 1112 and the electrical heating element
portion 1130 of the heating assembly. The conductive substrate 1140 has one or more
fluid conduits formed therein to convey thermal working fluid to and from a temperature
regulated fluid reservoir. The conductive substrate 1140 is either permitted to float, or is

optionally connected to ground via a variable impedance.

79.  The heating element 1130 is provided with electrical power from a variable duty
cyele switched power supply, which receives feedback loop commands from a

temperature controller that monitors a temperature sensor at the 1id 1112. The operation of
this thermal control loop is analogous to that described with respect to Fig. 1. Resonance

of RF energy in the heating assembly is suppressed by a low pass filter.

80.  Optionally, a fan 1150 provides forced air flow directed at the heating assembly
and the dielectric lid 1112 to remove excess heat. The fan 1150 is mounted on a housing
1152 that surrounds the RF coil 1120 and the heating assembly, and that rests on the top of

the vacuum chamber 1110.

81.  The heating assembly (which is shown only conceptually in Fig. 11) is
advantageously embodied so as to have the general shape (in plan view) of the heating
assembly shown in any of Figs. 2-6 and 9. The cross-sectional view, though, is

substantially different.

82.  Referring to Fig. 12, a cross-sectional detail view of an electrical heating assembly,

according to the embodiment of Fig. 11 is illustrated. The conductive bottom layer (or
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wound along the radial segments and connective circular loop (refer to Figs. 2to 5)ina
manner which maximizes the electromagnetic resistance (i.e., impedance) of the overall
heater wire circuit to the electromagnetic fields produced by the coil. The heater supply

current flows in opposite directions in the adjacent wire segments 1230, 1231.

83.  The heating assembly incorporates a pair of fluid channels 1262, 1264 in tandem
with one another within the structure of the radial segments and the connecting arcuate
segments of the conductive bottom layer 1210. A thermal working fluid 1266, provided
from a temperature controlled fluid reservoir, is forced ina first direction through one
fluid channel 1262 and in an opposite direction through the adjacent channel 1264. The
working fluid 1266 provides for heat to be exchanged between the reservoir and the
dielectric lid 1220.

84. A layer of thermal insulating material 1240 is placed on the surfaces of the heater
wire segments 1230, 1231 and may extend over the bottom layer 1210. This insulating
material layer 1240 improves the efficiency of the heating assembly by minimizing heat
losses to the ambient air. This insulation is particularly helpful for the embodiments that
utilize forced air convection in order to remove excess hieat from the outer (i.e., top)

surface of the dielectric lid 1220.

85.  The electrical heating assembly is optionally secured to the lid 1220 by a
mechanical clamp 1250 (shown in phantom) or is secured by an adhesive bond between

the lid 1220 and the bottom layer 1210 by a heat conductive epoxy.

86.  The embodiment illustrated by Figs. 11 and 12 has plural operational modes. Ina
first operational mode, the working fluid is heated in the fluid reservoir to a temperature
above ambient and functions to smooth out thermal transients. Thermal transients arise
due to the sudden step changes caused when the electrical heating element is energized
and de-energized or when the fan 1150 is turned on and off (if the fan is incorporated).
The constant flow of heated fluid in the channels 1262, 1264 of the conductive bottom

layer 1210 serves as a stabilizing influence.
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operational mode the conductive bottom layer 1210 itself serves as a cooling device in

place of the fan 1150.

88.  Of course, in the case of either of these operating modes, the conductive bottom
layer 1210 continues to function to distribute electric potential evenly across the lid 1220

and, when grounded, to act as a shield.

80.  Another feature of the invention is that it maintains a more uniform
electromagnetic potential across the dielectric lid. The bottom layer of the heating
assembly (alternatively, the conductive conduit in the fluid embodiments) forms a voltage
distribution electrode that develops an electromagnetic potential that is approximafely
equal to the spatially average potential determined over the entire area defined by the
heating assembly. Thus, although the active heating structure (either the resistive heating
wire or the thermal working fluid) portion of the heating assembly is transparent to the
electromagnetic fields produced by the coil that penetrate the dielectric lid and generate
the plasma, the conductive portion of the heating assembly takes on the role of shaping the
electric potential produced by the coil. The result of this averaging is the minimization of
detrimental effects of electromagnetic potentials that are too high (e.g., sputtering of the
dielectric by the plasma) and of electromagnetic potentials that are too low (e.g., heavy by-
product depositions on the dielectric lid). The simultaneous control of both the
temperature of the dielectric lid and the electrostatic potential in the region directly

adjacent to the lid produces conditions that are very favorable for achieving the desired

plasma process results on the workpiece.

90.  Although the description has consistently referred to the chamber lid as being
made from a dielectric, this is simply a non-limiting example of how the present invention
may be implemented. Certainly the present invention is applicable in the context of
semiconductor processing chambers having lids and walls made of any conductive or non-

conductive materials.

91.  The present invention has been described in terms of preferred embodiments,
however, it will be appreciated that various modifications and improvements may be made

to the described embodiments without departing from the scope of the invention.
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1. In combination, a heating element, a voltage distribution electrode, and a
semiconductor processing chamber, the semiconductor processing chamber comprising:

a wafer support disposed inside the chamber,

a gas delivery channel disposed in the chamber to deliver gas adjacent the

wafer support, and

a chamber wall, the chamber wall being in thermal contact with the heating

element;

wherein the voltage distribution electrode is disposed adjacent the chamber wall.

9. The combination of claim 1, wherein the heating element is an electrical heating

element.

3. The combination of claim 1, wherein the heating element comprises:

a conduit, and
a thermal working fluid flowing through the conduit.

4. The combination of claim 1, wherein the voltage distribution electrode has a

circular shape.

5. The combination of claim 4, wherein the voltage distribution electrode

comprises:
a circular loop; and

radial segments connected together by the circular loop.

6. A temperature management apparatus for promoting thermal uniformity for a

chamber wall, the apparatus comprising:
a substrate having a predetermined shape and having edges;

a resistive heating element disposed on the substrate adjacent to the edges of the

substrate;
wherein the substrate is adapted to provide thermal communication with the

chamber wall.
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7. The temperature management apparatus of claim 6, wherein the predetermined

shape promotes even distribution of heat energy over the chamber wall.

8. The temperature management apparatus of claim 6, further comprising:
a source of air flow disposed near the chamber wall so as to remove excess heat

energy.

9. The temperature management apparatus of claim 8, where the source of air flow

comprises a fan.

10. The temperature management apparatus of claim 6, further comprising:

a temperature sensor adapted to be disposed in intimate contact with the chamber
wall so as to generate a temperature signal indicative of the temperature of the chamber
wall; and

a power control circuit connected to receive the temperature signal as a feedback
signal so as to provide a controlled amount of power dissipated by the resistive heating

element.

11. The temperature management apparatus of claim 10, wherein the power
dissipated by the resistive heating element is controlled so as to be at a minimum level
when plasma is energized near the chamber wall, and to be at a maximum level when no

plasma is energized near the chamber wall.

12. The temperature management apparatus of claim 11, wherein the minimum

level corresponds to substantially no power dissipation.

13. The temperature management apparatus of claim 6, wherein the predetermined

shape is substantially radially symmetric.

14. The temperature management apparatus of claim 13, wherein the
predetermined shape comprises plural radial elements and a circular element, disposed at

the periphery of the substrate, joining the plural radial elements together.

15. The temperature management apparatus of claim 14, wherein at least one gap

is formed in the circular element.
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16. The temperature management apparatus of claim 15, wherein at least two gaps

are formed in the circular element, the gaps being arranged substantially symmetrically.

17. The temperature management apparatus of claim 13, wherein the
predetermined shape comprises plural radial elements and a circular element, disposed

near the center of the substrate, joining the plural radial elements together.

18. The temperature management apparatus of claim 17, wherein at least one gap

is formed in the circular element.

19. The temperature management apparatus of claim 6, wherein the substrate is

electrically conductive and forms a voltage distribution electrode.

20. The temperature management apparatus of claim 6, wherein the resistive
heating element comprises: plural resistive segments arranged such that spatially adjacent

ones of the plural resistive segments have electrical current flowing in opposite directions.

21. The temperature management apparatus of claim 20, wherein the plural

resistive segments are electrically connected in series with one another.

22. A temperature management apparatus for promoting thermal uniformity for a

chamber wall, the apparatus comprising:

a fluid conduit having a predetermined shape and having a substantially flattened

cross section; and

a thermal working fluid disposed in and flowing through the fluid conduit.

23. The temperature management apparatus of claim 22, wherein the

predetermined shape promotes even distribution of heat energy over the chamber wall.

24. The temperature management apparatus of claim 22, wherein the

predetermined shape is substantially radially symmetric.

25. The temperature management apparatus of claim 22, further comprising:
a source of air flow disposed near the chamber wall so as to remove excess heat

energy.
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26. The temperature management apparatus of claim 25, where the source of air

flow comprises a fan.

27. The temperature management apparatus of claim 22, where the thermal

working fluid is provided via connection to a temperature controlled reservoir.

28. An apparatus for processing a semiconductor wafer comprising:

a vacuum chamber adapted to receive the semiconductor wafer therein, the vacuum

chamber having a chamber wall; and
a temperature management apparatus comprising:

a heater disposed outside of the vacuum chamber in thermal contact with

the chamber wall, and

a source of air flow disposed near the dielectric wall to remove excess heat

energy.

29. The apparatus for processing a semiconductor wafer of claim 28, further
comprising: |
an RF coil disposed adjacent to the vacuum chamber so as to couple RF energy

into the vacuum chamber, the heater being disposed between the RF coil and the chamber

wall; and

a voltage distribution electrode disposed between the heater and the chamber wall.

30. The apparatus for processing a semiconductor wafer of claim 29, wherein the

heater is substantially electrically transparent to the RF energy coupled into the chamber.

31. The apparatus for processing a semiconductor wafer of claim 29, wherein the

heater does not substantially hinder generation of plasma in the chamber by the RF energy

coupled into the chamber.

32. The apparatus for processing a semiconductor wafer of claim 28, further
comprising:
an RF coil disposed adjacent to the vacuum chamber so as to couple RF energy

into the vacuum chamber, the heater being disposed between the RF coil and the chamber

wall; and
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33. The apparatus for processing a semiconductor wafer of claim 32, wherein the

heater is substantially electrically transparent to the RF energy coupled into the chamber.

34, The apparatus for processing a semiconductor wafer of claim 28, wherein the

chamber wall is a flat lid.

35. The apparatus for processing a semiconductor wafer of claim 28, wherein the

chamber wall is a dome-shaped lid.

36. The apparatus for processing a semiconductor wafer of claim 28, wherein the

chamber wall is a hemispherical shaped lid.

37. The apparatus for processing a semiconductor wafer of claim 28, wherein

source of air flow comprises a fan.

38. The apparatus for processing a semiconductor wafer of claim 28, wherein the

heater is in physical contact with the chamber wall.

-22 -



