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BAC_KGRO_UND OF THE INVENTION

Field of the Invention

The present invention relates to fabrication of semiconductor integrated circuits and,

more particularly, to temperature control of plasma processing systems.

Description of the Related Art

In the fabrication of semiconductor-based devices, e.g., integrated circuits or flat

panel displays, layers of materials .may alternately be deposited onto and etched from a -



Thereafter, portions of the deposited layers can be etched away { ‘?ermmmﬂlﬁ
various features, ¢ interconnect lines, vias, trenches, and etc. The
process wo@peleng may be acconplished by a variety of kn W?/Gs’ﬁ'&/ﬁﬂilﬂuesi

i ncl udi ng pl asma-enhanced etching. In plasma-enhanced etching, the actual
etching typically takes place inside a plasma processing chanber. To form
t he dewibsteaie pafacer Puoing thecfabudsion ptazesswedrious tayefsadenatatal apgr opri at e mask

(e.g.,.a nphotoresist nma s typicall rovideqd. Wth the 10 substrate
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and etching processes may bé rep€ated until the desired circuit is

obt ai ned. f.acid | - di Si O ElLG 1 depigts a si,nplified plasm

processi nglr?llﬁ gorcaegslcjéé#éi%ﬁge %’g#’?’ g% ? @Fhﬁdabgrai ‘@Efeﬁg?ﬁﬁfw@éﬁ? trct or - based -
devi césludhgplasmplenhineed ptehingn Ipplasns sntagcedaidhan@ thisackd) cidhilgidpRaly Pl asma
proces ing chanber 102 having an, el ectrostatic chuck (ESC) or  other wafer

suppofired glace ipside aplasmamsacestipg chamber. Ip dorm tha desired pattpmor the subsepter 1. 06

(i . e. watdthpiadt 89 agptopribe fROE {ecg?‘td Bﬁgﬁ@?ﬁ nodk] i@g)gjsiggtlwaé}g?i\g@é.eﬁ/i&{ 1

I s-etched by an appropriate etc t source rel'eased into
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waf er processin hanber. 102, Coils 114 provided on'the vacuum plate 110
are c?ﬂ'g F‘%‘Ggﬁb’agtqé
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AP dniereaRnRsh lipesy giag. fyenchssyand otksudesurenol he demasitioand used
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t hr ough t%e% gmerﬁe%lgyloé@eThe chlug?(@éfgg&r?%c@ﬁrlggg @5?6& ly RF powered

~during the_etch processes using a RF power supply (not shown). A punp 116
it8 al so i nke fagdiate disgussion; REGpk depicisa gmplifedipkisma pemessing appacitss FQ0om t he

| asng; duct 118 30 As is known by th
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sem conduct or - based device performa}nce% can be highly sensiti've to

- RenpePatapriateretehant souresas drat éurisesrdninte thewallseprocessing chamber 102. The

etchant source gas can be released through a showerhead 108. The plasma processing source
gas may also be released by other mechanisms such as through holes in a gas distribution
plate. A vacuum plate 110 maintains a sealed contact with walls 112 of the wafer processing
chamber i02. Coils 114 provided on the vacuum plate 110 are coupled to a radio frequency

25 (RF) power source (not shown) and used to strike (1gnite) a plasma from the plasma
processing source gas released through the showerhead 108, The chuck 104 is also typically
RF powered during the etch proceéses using a RF power supply (not shown). A pump 116 is
also included to draw the process gases and gaseous products from the plasma processing
chamber 102 through a duct 118.

30 As is known by those skilled in the art. in the case of semiconductor processing, such
as etch processes, a number of parameters within the wafer processing chamber need to be

tightly controlled to maintain high tolerance results. The temperature of the wafer processing
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system accurate control therefore is required. To further el aborhiZe MAYh@0[!
chanber tenperature at which etching processes are perforned needs to be
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feature sizes of nodern integrated circuits continue to be reduced, it
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rocess .control for the plasma processing apparatus which is

ter } . ;
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20 solutions were designed for aluminum liners of plasma processing chambers and thus are not

well suited for heating or cooling ceramic liners which is a more difficult task, Aluminum

flines also lead to significant contamination which is why ceramic liners are considered.

- In view of foregoing, there is a need for improved plasma processing systems that

provide better temperature control over semiconductor processing equipment.

- ' SUMMARY OF THE INVENTION

Broadly speaking; the invention pertains to a temperature mamigement system and
method that can achieve very accurate temperature control over a plasma processing
apparatus. In one embodiment. the temperature management system and method operate to

30 achieve tight temperature control over surfaces of a plasma processing apparatus which

interact with the plasma during fabrication of semiconductor devices. The tight temperature
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smal l er. The invention can be inplenented in nunerous ways, inclu i?g ‘%;. a
system apparatus, nmachine, or nethod. Several enbodinents of th MAY 200
i nvent i oW#&78i6scussed bel ow. As a pl asnma processi ng appaF@tusoseie

enbodi ment of the invention includes at least: a processing chanber having
walls and a lid, the walls and the lid both have an internal surface and
an ext épnigel offpredilpethe imenpiewproviden gresteaptrerssirentrgl fosthe plasnpr moassing

substr ' d by. process .gases, and a thernal
mnage%@ﬁ?ﬁéggg@% %11%? ﬁér rra| By Of E%EWBT%HE’PH&%?S; UFPEFS SMUNYE P B t he
pr ocessmaljerchanber, the thernmal nanagenent system including at |east one

conbi nation heating and cooling block that is controlled to regulate a

t emper at ur e_j nt er nal toghe Proces‘s,i'ng chanber. As a semni conductor

manuf act ur i @338’65?%‘%?@ Se it REHMERFUS (s, inclading ema systohudes at

| east : agpapdtas MhcRineCaSRENS. COREPR embB#; 0 otlomsurface; a
15 seal%\g lid renovably coupl ed tgl a l?%%wg%‘r |cr)1k§% n?aﬁgdgﬁﬁ‘sfs%ﬁeﬁo‘f"he

pl asma processing chanber; an RF powered el ectrode provided on an upper -
surface of fHé PlasHIqNIeCcasIiBg appargtug one embodimenpafitht invens@nisoindepatidaed t 0 t he

seal i nglde e CLSS| chanber : lﬁf’glf s} , heating and cooling
uni t coEpI gsc?mtgo" t e%ppe%‘%@f%@%lo ﬂ}eh‘gﬂgé‘gpi “# E"&E’haﬁ?ja‘h"’éeé'egnd heat i ng
and coirfanganthirt exseriqr sarfade) therproedssing Shinfte Beial ubéPioWabdess 2bubsiiGep! asna

processing chanber. 20 As a nethod for providing tenperature control to a

pl asna™ 3t A BroduestL T Propess easss: A0 theraad sunagemenpsystany thermblly met hod
- i1oc] ushapledlio b @tbribr$or@6d 6f BE pFlick &Gl chaftlbel. REY tﬁgr%g#ang%easé;{ﬁi 0

 tenperature internal to the plasma processing c _ ®he

- measurigeluding gplepgone sombingtiomhepsing radrpeslingileck thatds targrdifed tpteaghiee a
procesgj ' thermal control block that is thermally

coupl Z%P%aﬁﬁ‘g p a%l%t%spgé%eggfl ﬁh%ﬂbaeﬁ‘ber; and 25 cooling the plasnma

processi ng chanber by actively cooling the thermal control block. As a
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at east: a processing chanber haying walls and.a lid, the walls and the
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processR%ases; and nmeans for regulating a tenperature tntern
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when | fls] t IF I | ower target tenperature and
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20 As a method for pi-oviding tempe'rature control to a plasma processing chamber of a
plasma processih'g aﬁparatus. the met_hbd includes at least the acts of: direét]y or indirectly
measuring temperature internal to the plasma processing chamber; comparing the measured
temperature to a target temperature; heating the plasma processing chamber by heating a
thermal control block that is thermally.coupled to the plasma processing chamber; and

25 cooling the plasma processing chamber by actively cooling the thermal control block.

As a plasma processing apparatus, another embodiment of the invention includes at
least: a processing chamber having walls and a lid, the walls and the lid both have an internal
surface and an exterior surface, the procegsing chamber being used to proces.s a substrate
using a plasma produced by process gases; and means for regulating & temﬁerature intémal to

30  the processing chamber by heating the processing chamber with a heater element when the

internal temperature is below a lower target temperature and cooling the processing chamber,
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As a conbination heating and cooling block. according to yet anoy%rMAY 2004

enbodi nent of the invention, the conbination heating and coolin

'ock has

a sandwWygpg@esgt ruction and includes at |east a heater qJ(_ﬁ%% 1f1c00ling
element. and a thermal break el ement between the heater el enent and the

cooling elenent. The advantages of the invention are nunerous. Different
enbodihrenglsthe heatengitraerenviah heoslinmelenentivhentiee Rter iempratfas hbdveaid Ng
advant.ages. One advantage of the invention is that the invention allows

t enpe PBRG U S CHPHEWE pr ocessi ng devices to be 10 controlled with
substantially decreased drift.. Another advantage of the invention is that

t he

t enpefaRFPEIbERUPR Begtingand cpelingckiecks gcapeding tsyat another aabndimeitad wi t h

| nCt CARSHAREHIRE Yorh BnatAREnd Bid ElotR VG pho ﬁgs%&n\gﬁlé g@tsﬁ%ﬂ%} %r{%got her

advantage of the rnvention Is

rovi ded

't ir ougklwesarivasha hémerreddmemt ecdodiag eleStent. land a didigial bragly éisinagithediednne

i nven

i s .that usin ommon thermal interface, not only can both 15

ion i b a
- cool itﬁ?ﬁ?‘g ﬁﬂ%’ﬁ?’?tﬁﬁgbl?‘:&pgwaémenbut the resulting tenperature profile of
the surfac beigﬂpggem%grature controlled is uniformand snooth. Al so the

t enper at ur

HaverfiongrenupeicHyy Pdfeset smbpdimesingrol | ed can be

I nvarihgméattfd afydild bhé'Br Ak &Qh% hﬂpl%m%g%sc ?%’r?eﬁgig?ﬁ%{%él\?ljs tfil

processi ng. Yet another advantage o

e 1nventi

non- iinventionés thatithe syventign alblowstatmperane ofplasma propessing deniteammvignt ages of t he

ipvention.wll, beco arent ‘fromthe fqllow ng detailed description

t!gkencoflﬁc’%é(,)gn‘j”% gﬁs&%ﬁwﬁfﬁeqﬁéec&g%@m%dgme dhe inyenponds thapthe by way
__of exafiptraiuré 6fthe plabinh presdig ddVeces RYEBE EshitroIBRIRWE iRESLRY BN GF THE
_)DRN%VN%? 5 Theygresent invention will be readily understood by the

fol | S

el enent s.

§ betar devisn Ldayesa ipeiching. Amothshpdisatize af thetinventien isctbatrhodinyi ng

0] 2ningitng 43908 ek HFov G CHRREE SUMIREG BedBARALE. SiikBaRtr Uty a

eplicts a sinp i I"asha processi ng

appardvantagswif theoingerition i$ tiat by atinga commosehdrmahitite faoe.oasely cdavbes; 30 FI G

illustrates a heatin d.cooli unit accordi one, enbodi nent of
Be. cootitett it Srpied Sy e lad Bmpe iR prg s ah he pridacelBings 5 bl ack
di agtenmpepituie doRpRedib UhFoe® Biid ShotiS NP tAE i difrelPoMBRf RHAdidTent of the

invention, . FIG "3.is a cross-sectional diagramof a plasna processing
appaPQﬂE dempeype qqgtrpléeq)% be invariant in space and time during the transients caused
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by wafer processing. Yet another advantage of the invention is that it is non-invasive and

easily removable.

Other aspects and advantages of the invention will become apparent from the
following detailed.description. taken in conjunction with the accompanying drawings

illustrating. by way of example. the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, wherein like reference numerals designate

like structural elements. and in which:

FIG. 1 depicts a simplified plasma processing apparatus suitable for fabrication of

semiconductor-based devices;

FIG. 2A illustrates a heating and cooling unit according to one embodiment of the

invention:



enbodi ment of the invention; FIG 4 is a cross-sectional diagramigf? MAY *200
pl asma processi ng apparatus according to another enbodi nent of the
inventi owpor3B16S is a top view of a cooling block provi dedrgeesdacuum
plate as provided by the plasm operating apparatus illustrated in FIG 4
according to one enbodinment; FIG 6 illustrates a cross-sectional diagram
of a pl asmaF}¥-d&eis 4itlerk digeramppd maemperatorsmodiralsystsmaasooidarz tewbedi ment of t he

i nvent - Fl oy 0ss-sectional diagram of a plasma processing
appara%IﬁEOdéglgé%%zlﬁ%ﬁivgnt%f‘ anot her enbodi nent of the invention; FIG 8A
ilTustratesgg. portion of side.wall heating and cooling systemfroma top
view havi ngﬁi'vﬂo‘s hé:acfsls (rg]%cnz%% P p4 2 Fﬂs{"gpfc?féﬁ%ﬁ ?R}’a%&ﬁ‘éc&%‘mcn@ PRBFeto; 15
FI G 8dmbodimantdifalgy mWerafonan al ternative construction of a chanber wall of a
p processing apparatus; asma FIG 9 is a top view of a cross-section of a

pl gsma pr ocmi4r19aef@fd@@sﬁoaﬂm@&ﬁm91asﬁ9$r&€%@fg%dﬁ&tat&fac&&8n{ Ryention;

FIG 10 illustrates a cross-sectional side vie a portion of a plasm
pr ocesBotgr embodimgnbelithe pvgpiiarth a chanber wall and an outer container wall -
are provided; and FIG 11 is a cross-sectional diagramof a plasma

processi ng Hpparsa top vew of dicogfingdlocktfirbvidethon & eacuanbmlaie e ptovidedttyethe

i nventpiléjsrl1Tia OD%L,%%%%RBE%I gg"g‘%*fﬁ{iﬁfﬁcl E%F(I}'{I)gﬁlﬁgghéﬂe i nvention pertains

to a tenperdture agenent sy medlhi eve very
accurate a p i se tenperature control _.over a plasna processing
appar at us. r}‘lqﬁ"_%g‘ﬁ'b‘%%ﬁ%?%‘ﬁ?‘fm?ﬁléﬁi‘?é%é’fép BRI eMENt syst em and net hod
ORpEr alpBpdratud aldodiflg td SYther LRIIBIMANYbALE fVeh@bn;0Ver surfaces of a plasma

_ processing apparatus which interact with the "plasnma during fabrication of

' ' duct ' ' : Y 200
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cont r ehotherembpdimertatthenverndosi ng appar at us which is becoming nore and
nore inportant as feature sizes continue to get smaller. In a plasna
pr ocessi ng Fappdk dlustraieh b phrtioned sjdeaslithehbagad dopling systed fipfocRpyvigasses to

manuf act.ure sem condyct ar devi ces he excitation of the process gasses to
pr odu %leﬁgwgg?ﬂtlggﬁggfg&gl%ﬁ?mpgwcwgdép%etphat causes heating of

[ f the pl
Vit ous Cowg.r@}ssa 1agrame0f%n%?tg1%ative construction of a chamber wall of a plasma

processing apparatus;

FIG. 9 is a top view of a cross-section of a plasma processing chamber according to

one embodiment of the invention;

FIG. 10 illustrates a cross-sectional side view of a portion of a plasma processing

20  chamber in which a chamber wall and an outer container wall are provided; and

FIG. 11 is a cross-sectional diagram of a plasma processing apparatus according to

still another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

25 The invention pertains to a temperature management system aﬁd method that can
achieve very accurate and precise temperature control over a plasma processing apparatus. In
one embodiment, the temperature management system and method operate to achieve tight
temperature control over surfaces of a plasma processing apparatus which interact with the

plasma during fabrication of semiconductor devices. The tight temperature control offered
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processi ng apparatus. The invention pertains to a tenperature manfl
system and nethod that can achieve very accurate tenperature control

a pl asmopiBsessi ng apparatus. In one enbodi nent, the tpopeselisg
managenent system and net hod operate to achieve tight tenperature control
over surfaces of the plasma processing apparatus which Jo interact with the
pl asky 1 Bryeptipry %vwdeegréatﬁwoeeﬁpe@m ?mtg? plagns g@sessing apperatyspitdsient at i on.
the epRehihdiSroaithok iyshs LHéiﬁ%esacoIIﬁrﬂIe'tQ%eP ol ing unit that is

coupled to an outer sur a pt asnma processi er, of a plasma

processin pnLr IIe The h at| ng and cool ing
unit ser vgrsl Q{B %ﬁﬁé&&fe&&?é%p% %@%H E%s% afg?% é’y e‘ﬁgﬁfp‘if’lce%&f)‘?sfst he

sur f m:mabm‘l‘aagrmnhcmidhﬁdr ddvie@sghe exdtalibn 60de prdcbﬁ;rgﬁées it bRIdLeCRe

Errbod ment.s of the i nvent.i on are di scussed below wth reference to FIGs.

2- 11P asmg 3 Rish ePergy QPETRTIPD Wt ¢ayseshicating of yaripuy enmepangnis i thecplasmea t hat t he

det a 0 es is for
D b T VBl ion 1GR9 e BARE Slaph MRSk W P G

emboucthoditbat cap ashigye 21y #dchurate teniperature hexttol ngeremﬂasmmpnon@smgl t 200

acco I nvention- The and cooling unit
200 |@ap%lé§d ﬂgegr{ggg%eg?gﬁ& € t%mgu'l"a?lgﬁ pagyym Ste?h?‘f‘ﬁ‘@@ hﬁ’g?p?’?teafg suned to
be aa&wdearget tehﬁfera‘tmqlabﬂit&ﬁ oveit Surfaeatdffig: pilinCstetdstitte abpirafX e, the
surface 202 c gél nitial I [equire heatjng then I a?er require cooling- In

4ny ‘B%@:t""‘f}‘éﬁ‘b pgeddp fg h@a@l}h?aeecmeﬁosdw@ﬁ;. red to be accurately and
precisely controlled. -The 25 heating and cooling unit 200 as shown in FIG
2A i ncl udong implemsniations the femperatpnsicontrel seste dncladdsedteating bikdbedolip@6, a

i”r}teewace llgggua{ﬁ&ﬁ ﬁﬂr}gﬂ%rﬁﬂ?&lmnﬁerl rg&Qs,nTtﬁmb%gpg -F‘%ﬁ’ﬁ‘tegﬁ;{rglj silicone

r ublEocessing at:pdnass so Iueetkempemajrq cénitgiiled§ Thehdarieg bhieedRingamey seiveb et because
conf or mab Hence, the

h d |
oo mE°8ﬁWt§me?tﬁg n"ﬁ'l a“faﬁ't & Q%%ﬁ ar}rﬁ‘PIB e Irtlﬁ‘?/eg'ﬁ‘%cqnh"@pﬁ&hfe%bw ng between

15 he samkfiGmalRertied. t he heating bl ock 206. The heating block 206 is able

to generate heat that couples to the surface 202 through the conf ormal

thermal  BEhbcihess of ik invkties Qﬁrﬁcﬁsgeb %ellagda\hth fetﬁ?'r%gk%at% F&%;f,b{]ggk 206 can

i ncl ude one or nore resistive MAY, WO 01 )0/ 31411
el ertaveyer, thase skidied in the aetlveﬂemdslycaanrehemthmhhe Iﬁeaﬂadm;smmmn @0 t hr ough use

of I As_an exa t he he ti.ng bl ock 206
e RefRNRA B WGP Bl iR b Y pPah e irdPpr e ak 206 1o
s andwyaidatesedinmesiemiiaiheaas.i ng bl ock 206 and the cooling 5 block 210. The
thermal break 208 is. for exanple, a silicone rubber substance. Typically,

20 FIG. 2A illustrates a heating and cooling unit 200 according to one embodiment of the

invention. The heating and cooling unit 200 is used to heat or cool a surface 202. The
surface 202 is assumed to be a surface that requires both heating and cooling. For example,
the surface 202 could initially require heating then later require cooling. In any case.

temperature of the surface 202 is required to be accurately and precisely controlled.- The -

25  heating and cooling unit 200 as shown in FIG. 2A includes a conformal thermat -

interface 204, a heating block 206, a thermal break 208, and a cooling block 210. The
conformal thermal interface is a thin layer of a material. such as metal-impregnated silicone
rubber. which has a relatively high effective thermal coefficient because of the thinness of the
layer and is easily conformable. Hence, the conformal thermal interface 204 provides high
thermal coupling between the surface 202 and the heating block 206. The heating block 206
is able to generate heat that couples to the surface 202 through the conformal thermal

“interface 204. To generate the heat, the heating block 206 can include one or more resistive
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the thermal conductivity of the thernmal break 208 is substantiallpj Depay. 200
than the thermal conductivity of the conformal thermal interface 204
because wbousestehi ckness of the layer. The thermal breakp29fiisagsisgp O
provide a transition region between the heating block 206 and the cooling
bl ock 210 so that both can be provided in the heating and cooling unit 200.
10 Thetlemeits.nfhdregisivedioments gyl keat thedwoling blecls 206 themugh@ie bha corglolledie

heati n apd_t he onf o I e | .interface 204. The cooling

bl ock %"ﬁo‘%k‘{%‘gg‘f'fﬂ%%%?’%’ﬂ“&%?‘ﬁe EE%B%W%B%@F%% of 3 Heta@ateRal WERAS at i on.
t he coahhahingnel enent is a tenperature controlled liquid (e.g., water) that
fl ows through the cooling block 210. The cooling block 210 can, for

exanpl e, be&hetBélta0bredR DS is saaBIicRS E’ét%@%le‘ﬂﬁg‘heét%g@l&k 2R a'ngltf;i‘ree 4 o(ﬁgg di agram

a tenperature control sz/stem 250 according to one enbo t he

of
i n¥ enthlesk. 219h d he dhsmpbbraate? Qfoist fop exanyple ensiliGihe oplehea swstance.cByically, t he

t enper, f : X le. . the. surface 252 can be
associtg‘%[lglgﬁnv(jlﬁ tcﬂﬁdal%m{éitg ‘Z‘rhﬁg%“é’gﬂ?féﬁ‘%ﬁﬁ‘sé"?ﬁ‘ y Bﬁ%ﬁ@%&%@emmer of a -
pl as meopdwtiesy bhithe apparmalubermbhintéréap 202 butise oNdhE Hiclikss SMhe el ncl udes a

t her g?enagﬁf %5)?10 hat contro|ls the 20 overall operation of "the
t enper EMAONE S 17 PHYICER ransitionTegiey petaeen s hepting blogk 30hed at a

sui t a%@t&?ﬁ@ﬁﬁ@ﬁlﬁ&l@;’llﬂ_ Sethi WA BAn BEBY Rk %?éegagat?ngoﬁg;cgﬂ@gé‘{%ﬁﬁoobOt h

heating and cool |£%_of_ the surface as nee € 'desired
t Ehperdhe eedingittheck Héripable toreord dher supfide 202 thirouphahe betiap dlock@06fnd B sur f ace

252 f r 256 .t h ' cou d the surface 252. In
accoréél}{r%:rgn%/]vi Fﬁé‘k{rgaﬁ%g@gt eecoggpgf%ipé%szrlpmnfehgzogggtv@ foplifee sensor
}256, tlamenthir omd impieagRAticASthedebRIidTRIBMENIE 8 tdiBperhtiR: c%kifrf)ﬁ&?licf'ﬁ@ (e.%.equi res

heat i ng gr cooling. gjlen thﬁ t her mal _nanager 254 determnes that The

sur f at@tebdbat %}H’foé' theopHBe blogk 24 febheoolinm hlgek 28 gars for exempleabe a

heat epmagd SFBEEI 28 AMuRinigat er el enent 260. Typically, the heater

el enents 258 and 260 are sinultaneously activated to heat the surface 252

i a siml f -Fpgn t mal manager 30
dlgterm' nesﬁﬁigtﬁq '? (l,)k)s%\)(rafuI ce %Eg?éné u%ﬂgesggégrgl %’E%m ?ﬁ%a“tcﬂ'ﬁrﬁﬁap nager 254
can agnbodimentaf throlovemipne Mbeterhpe Sirencuattral @RiM PED epetitedto Aol thypi cal |y,

t he cQoling el enent.s nd 264, are sjnulianeously activated to cool the
sur AeRroaef RPARERR P37, PN GERPleiSHRE 757 Sriesksaiedmt 8n 37316

PCTI Uil lsdifade dfla(lashBs prbbising @hariBerf QPRI ﬁ@&sﬁﬁg a%%atﬂﬁ.e coupled to
the surface 252 through the heating elements 258 an 60, respectively. By

coupl i ng tTHR 1eMpbrafiPe SrBR Sfstert 956 nﬁnfdéf E%&Smaﬁ%anélgﬁf 40 af A BRILET

el ements 258 and 260, a snoother spatial and tenporal tenperature profile
ean bwepllepemtian of thetemperafuge eomwd systdm 260 yo fhadbthe siufage 530s smaimaihat m

tenpeg QEM&%I@{emﬂe}a‘?ur@:[ The thermal manager 254 is able to control both heating and

cooling of the surface 252 as needed to maintain the desired temperature. The thermal

manager 254 obtains a temperature of the surface 252 from a temperature sensor 256 that is
coupled to the surface 252. In accordance with the temperature obtained from the

25 temperature sensor 256. the thermal manager 254 determines whether the surface 252
requires heating or cooling. When the thermal manager 254 determines that the surface 252
requires heating, the thermal manager 254 can activate a heater element _2“58 ﬁnd a heater
element 260. Typically, the heater elements 258 and 260 are simultaneously activated to heat
the surfa_\ce 252 in a similar manner. On the other hand, when the thermal manager

30  determines that the surface 252 requires cooling, the thermal manager 254 can activate a
cdoling element 262 and a cooling element 264. Typically, the cooling elements 262 and 264

are simultaneously activated to cool the surface 252 in a similar manner. As shown in
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the surface 252, Typically, when the heater elenents 258 and 260, gr g%{yl 200k
activated, the cooling elenents 262 and 264 are not activated and. en
the coalphgsedgnents 262 and 264 are activated, the hea s 258
and 260 are gjeact i vated. Nevertheless, in sone situati oné&ml%b&%y be
useful to have respective heating and cooling el enents both activated at
the sammg. 18, the ¥Bolidgtl@R@EPEOLH I RAare LB RN £ ingl ement
258 and the coolin A el ement 262 and tcﬁ@ ' conbi nat'i?é(;n "o?g%%ghﬁgg%rgrngel enment
260 arféEmenss %ﬁﬁﬁﬁdﬁgoeﬂeﬁ?ﬁéﬂ’felﬂsEY@aﬁphﬂgéh%mﬂmgatrnwitm thesurfreeB62t i ng and
cool i | | : ' I . Fl 3..S a cross-sectional
-di agr g%oggﬁ gxeéggtgin%ﬂeﬂgg%téggglg%%@%dgsg‘rrngﬁ @gr S\?Ggéla?&gé?ﬂ?‘?{ar EFPeEREC SFHYAI nent

of t hean hw pritvided to HeaupthasIf. fiembe pséduging ppAdra ud ol erhpthmeesrofilhgat i ng 15
and cgﬁ)l i n g#ﬁ.}ee 302 that is thermally coupled to a plasnma processing

> chramb e%’é%? pl asma processi ng chanber 304 has a wafer hol ding

mechani sm 306, tﬁ sypport, a wafer 308 (i.e., substrate) during fabrication.
As an exanpPBICAthe' f“éerhq‘PEﬂrGIel‘?&“F?@éﬁa"ﬁiigﬁQ FoEchHedbdhe eopliigect rost ati ¢
chuck efefaefs- 263R8d S84 hRGH: 2drivall MA! \%en%ﬁgcd(ﬁi Eteferﬁ?eq?%?’&ﬁ JYy pr i ate

pl asma processing source gas that is re eased-into Lhe waler pr ocessi ng
chanbastivaed. thetheatepgjements gb8 prdbtdsme depctivated eNgasthe ks, i somk esidny a

vari e f isns, _including a .showerhead o as distribution plate.
A vach#r%?'p egﬁ g@%ﬁaﬁ?%?g‘%ﬂ'gq]ga@&q“g§°8m ‘QE’P”\’&F E’H‘% %W@d 8485 ME he pl asma
pmoc:aa‘m‘enga ofeegtiigrdirdort, th€ebmbindtiddtoPthe YeAatiGhert P88 YAS v RliaL € 3 30 are
coup used to

dto radi o ifir equency éhRF) Power- source (not shown) an
stri kéemfli“g%ztaéa ﬂé??ﬂ’%@??é‘@r"(g ¢ hsatepplgment 3905nd she enplivgelareeny 364 coi eased
) NLO §e\omdhASEPastS BlcRal Aan PR AR TR S0P Mbsird BEAICEL N0l ding mechani sm 306

is also often RE powered during the etch processes USing a RF power supply
(not sho A punr.316. : | d to draw the r SS ses and
gaseous \[I)\?%I dé’tlgg;fﬁiq%t lgﬁ%ﬁg g?%gglgg?ﬁbocgﬁé%@rpa%% ‘?cﬁf%ﬁ Mg Oquct
316. omcenttedimenofithe icealiongTht plhemBpdcapmpabpsraiug 300 MdlgdestalRatigrper at ur e
(t??t’] t he vaCfﬁuuml 33’-“?11‘%&«3 %1%)?3{ t he $r1|‘as rocessi ng apparatus 300 such

at PAEP %patgp é Igpemally fouplgihiot mipsmaprpcesiingghamber 304.0Thhe pl asma
dur i nasepesratdssing chanbaR 304 abL dafk haldGRThéBhhiSsh 30680 REERIHE G heat i ng
and cooling plate: 302 is fornmed by seS{eEr al dilffer_ent I%@Jedrds og&-?@% MAY 2004
Wo 0fr-a7abgtrpgdunngdabrication. 46 ap eample. the wafca boldongmhemmnisny3etecandeol i ng

oper ghiefRfostyd EnRRIESEH! B dirfakd | lLing plate. 302 includes a
t her malc gag?(et - 320 !tt%at}]coups?ﬁeg dﬁ@%%&%&%%ﬁ%&%ﬁ k?g #‘a@@ﬁ?ﬂmﬁ:
pl_asm_a _processir_lg_ s_gurge_gas_that_ i_s .rglfzas:egiviflvto_ the wafer processing chamber 304. The

" 20  plasma proccss_ing source gas can be released by a variety-of mechanisms, including a
showerhead or a gas distribution plate. A vacuum plate 310 maintains a sealed contact with
walls 312 of the plasma processing chamber 304. Coils 314 provided on the vacuum

) plate 310 are coupled to a fadio frequency (RF) p;)wer source (not shown) and used to strike
(ignite) a plasma from the plasma processing source gas rel;eascd into the piasma processing

25 chamber 304. The wafe;' holdipg mechanism 306 is also often RF powered during the etch
processes using a RF.power supply (not s'hown). A purﬁp 316 is also included to draw the
process gases and gaseous'products from the plasma prqcessing chamber 304 through a
duct 316. |

The heating and cooling plate 302 operates 10 control the temperature of the vacuum
30 plate 310 of the plasma processing apparatus 300 such that the inner surface of the vacuum
plate 310. which is exposed to the plasma during operation. is maintained at a controlled

temperature. The heating and cooling plate 302 is formed by several different layers of



plate 310. The thermal gasket 320 is a soft material that provide’ dAY 2004
conformal thermal interface with respect to the outer surface of the vacuum

pl at e 3¥ oiBr®msheati ng and cooling 5 plate 302 al so i nclp¢tigssoassnaat er
bl ock 322 that is provided over the thermal gasket 320. The heater bl ock

322 includes resistive el enents that heat the heater block 322 when they
are gSupplidlde privide otlebeating and eeplingroperationsh dvinel pactieddclyd 2k heatipg and ded over

the h Wole! | 32 rovides a thermal separation
sone. op e P iadudes bifierhaf e HoRRY, gl Lty iaaRa B i o s

cool i rpiathBbekTE2GermTH gaden3 101y abbfiakard?A thal gldiads azodforRhlhalhdly of cool ing
el ements that. serve to cool the coqling block 326. Accordingly, the
heat | RO WILTCERS! [ (BF @Uen9irfass of dhe aesn plite 5 G sihndieahng and sacling

i nCl UAG30D8sS Rt a hmifwc@&mm?gﬁa%ﬁ{eg nwglhtﬂs kheRadr odsh& 3586*@{?; br eak

324, and the cooling block 326_ According e tenperaturé of vacuum
pl at e hgater blagk H2 ineludesorsistive: dhemergs thahkeat thethextat blonk 322 ehthéreytane heat er

el ene -he c 2 t ooling ele ts of .th 5 cooling
b1 ok Uil bukbr 4. B8 eel sk 331 Ropranef oRerape RSRET O ng

appar dheishe#Q6l leako3 2l p‘r%igés_ a &Bﬁﬂ%&p@ﬁhﬁﬂiﬁﬁe lb&tl“ibfen &nGt Aved k@face The pl asna
processi n aratus. 400 is simlar_to the plasm processing apparatus
300 i VE%&'F%F"E‘&"‘&?\"’%? Btiga C‘Pﬂ'é“%)w&glﬁéz‘?)ryéee@@ﬂﬁgbﬁ’ﬁbg?étﬂféﬂd@@@ i ncl udes a
hgat | PRkrANRY of &P Qe eRisanA Qe i | t ate 310.
The Zg h’egfiong al_ng cool isngﬁgl S%Z@E%%Q#géﬁ%@l@gdrcﬂ? 261 H%"%’?g’#fﬂ]é%nd cool i ng
pl at eh@ongiand cenlingtiplae BO2 ca i@ vigwedat fsandivich stokwdemchidganitinitenmst r uct ur e

i ncl udi e - 20, the heating  block 322 e thermal break
}324, Ellr?g‘g[t 'e'%’%@?‘{’tgg&g%%f%fége%mgﬁﬁ t’re% ,“%tth%c g‘é‘?i’if&ka#g cooling plate
402 i Actaidieglynticabaperdfife 6fitht hacungnglate 300eak bd2anaMdd Babeiieme406 in the
coolin bl oc#q#g% g ven that the heating and cooling plate 402 is |ocated
pr oxi AEVaiqroheifherihe Seaterfiermenty of the heaterbloek $2? ercthe geqlingrelementaefthewi t hi n
tibe PIRHARbRICRGSESI Ng chanber 402, a large anount of radio frequency (RF)
energy can surround the RF coils 314. As a result, the notches 404 and 406
provi ded i 2 L . . ctively,
Ad. s DERLSCeRb AR tightdm P pdifha (G SinPhBakarieio AGSREE o

serve to substantially prevent” couplifng o ner gy F coils

314 tamother bwbodimenbafithe inventimrat Ere lhmekprdedsiap appaams d0@is dindlakioIRE Mor e
particularly, the RE coi 4 can.30 {nduce circulating currents_in the
hoat diasTecsyoe gprariae o0 R oy 4”138 slashchuteepte SPEsaRd r ol f ng
t he Rircladds!shediidg hisd @olivip @R 402 thacidupled aaihiGhe PaeRlin a0 310N The

el ectromagnetic,, energy. .In addition, eddy currents that do not encircle

£he Reating and cppling pigtef(2gs sigylr & thedeptng andreptingplats? 2Hlpstragdda and
Pr OXiFtit ¥ if fhat Bendfides QishRdvith strifMRMAEudinh S MEHDE Sa4kQl 336 R Ahihg3 7316

block 322, the thermal break 324, and the cooling block 326. In addition, the heating and

cooling plate 402 includes notches 404 in the heater block 322 and notches 406 in the cooling

block 326. Given that the heating and cooling plate 402 is locéted prdximate to the RF

25 coils 314 that seﬁe to activate the plasma within the plasma processing chamber 402, a large -
amount of radio frequency (RF) energy can surround the RF coils 314. As a result, the
notches 404 and 406 provided in the heater block 322 and the cooler block 326, respectively,
serve to substantially prevent coupling of the RF .cnergy from the RF coils 314 to either or .
both the heater block 322 or the cooler block 326. More particularly, the RF coils 314 can

30  induce circulating currents in the heater block 322 or the cooler block 326 if a conductive
loop encircling the RF coils 314 is provided to facilitate the coupling of the electromagnetic
energy. In addition, eddy currents that do not encircle the RF coils 314 can also couple

energy depending on their area and proximity to the RF coils 314. However, the notches (or
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1,2 MAY 20 PCT/USOO 31411 slots) provided in the heater block 322 and the

cool er bl ock 326 serve to avoid the presence of conductive | oops ¥ BaMAY 20
woul d 9&yoifa78:@ recei ve coupled energy fromthe RF coils pddusiodidip reduce

the area for eddy currents. As such, the notches 404 and 406 prevent the RF
energy fromcoupling into the heating and cooling plate 402. Potentially,

t he RPtEPegyed i'nfth¢ heamrtéockaﬂmw\édhdmobsmmpjck 326 stiive thaatid thg paesenaool i ng

"t ot Sp s oRE el RouR st RFa” Bshie sPeo r ikee B oREFOL A1) %@f‘t@zt 0

generrédute fHeaGdPfon B Eurfedtili A L5100 NBE n6eRds| 404 mﬁaaus ?&vtex@( tREeRFK
mninze the RF coupling. FIG 5 is a top view of the cooling b ock 326

pr ovil@ELCWRIipg Bt the eating aadcaplipg alte 402 ﬂ?ﬂéﬁnﬂdﬂn thy RF(epengy ai ftewasper at i ng

panag enbodi ne The
?gol | ng %%&u%l%égl nc}ﬁ"’;A g%hcooclcﬁnﬁﬁ ?eggndé{\g)gﬂﬁ oA Pglaﬁlf’% 5@8‘&3&% cool i ng
t ube and]a:tolmgrplm# ﬂi@Zasnlttfcmwgﬂl thheemmditumg:obtrob ked¥2&thelpawkt ﬁlaﬂéble'&dﬂe cool ing
t ube has an, ' %{ an o? et 502 for the coollngllcl:uld In this
errboé?'}%a}‘l‘fpafrﬁﬁaﬂ 8t Tfﬁ@“F Pﬁ’ﬁm" éfﬁ"eaﬁléremt@r‘al(‘in g minppigg thgRfeh s a safe
and tagxagnsi ve liquid, but other fluids could also be 15 used. The cooling
el emrents are thus provi ded by the single cool ing tube that circul ates

hr ough {136 Ga8kvBhASHEZlingbldcki 98 HARG WTnE\ Gy pitcstigh e 00l 1 ng

tube can be utilized to provide the co |ng e enent s other words, in
¥hi spremided byrtret plasing éparatimg appertatusHH0 dlilustrated op FIGg! dachrligg wwinded. Wi t hin the

cool k t.t.he caoli e nts n dition, the
cool |rﬁ%ﬂ€+’g@k @%%ogﬁng%iall ncl%{égl"def %002‘63 %ﬁﬁ‘ gsotge ttaﬁ%Pm"Hiﬁagﬁé‘nt the 20
) not ctuveling rbeaind cOflaiek khrstigtathe dooblingbibek 306, TREFIQAS HRE B Rhbet HAG agut S 504

~and 5 erves to ent condu tive loops in the cooling bl ock 326 that
woul ‘ngéﬁ%@‘dt%’ 9‘5{?&?@9 %rﬁhf‘emh@g iqpide 4p fhﬁ%e‘EB‘PdlgleBtlﬂw qoplipg hewd gen ds, t he

Cut SheSPflerdne.. 510@? arhecm‘@awé anfl Iﬁaﬁe&@@ uc{agd l?sh?&dﬁeﬁﬁﬁdé Eortl Sl\éﬁe ool at

| east substanti.all.y -teduce. any coupling of RF energy into t ol i ng
1Bl octkeed 2Bheooling eh@mmwem pe@ddedley tbbamgfewmmgﬂlbﬁi\hhdtelrﬁﬂﬁics 5 illustrates

ap r. t e nts and .the cuts .50 d 506 of

o il beoBib, $1dhi’ 2, LGB 1IGETRSRIR Bt B R

al t @o pmwdae:he cmdingm@emd:msrelmtcsha-ndorﬂmtm hﬁﬁerﬁbd%b@nﬂ,lﬂiffdr@rﬁ@ortﬁﬂﬁ oﬁaéarfP| e, the

cool i rrent r rrultl |l e fl ow paths_instead of a

si ngcf’éﬂf ?p%ﬂ‘ﬂif gtﬂ“ﬂ@f‘%?%‘% %gﬁﬂ Fﬁé6 PR eme‘FtG'i‘ft ?f&llﬂgt":l’i‘é"e@%l i ng

G T o 8 PR R S o e S S0 ot pplemsnt e eo01 i g
2! atn%tcﬁ@.@dl%ﬁ”@ﬁt:hﬁs%cﬁn@é. 2N dhePhitdrBng of the cuts 504 and 506 serves to

prevent conductive loops in the cooling block 326 that would serve to receive RF energy

from the coils 314. In other words. the cuts 504 and 506 are formed in the cooling block 326
) to prevent, or at least substantially reduce. any coupling of RF energy into the cooling

block 326 of the heating and cooling plate 302,

25 While FIG. 5 illustrates a particular pattern for thé cooling elements and thc;. cuts 504
and 506 of the cooling block 326. those skilled in the art will recognize that alternat:ve
cooling elements and notches can be utilized. For example, the coohng element couId be
provided by multiple flow paths instead of a single inlet and outlet for a cooling liquid.
Further, the cooling elements and notches (cuts) could be arranged differeﬁtly to achievea

30 similar effect by using radial patterns.

While FIG. 5 depicts the cooling plate 326 having the cuts 504 and 506 to
substantially reduce any RF coupling from the coils 314, the heating plate 322 can similarly
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substantially reduce any RF coupling fromthe coils 314, the hea% itznml ?ﬁ[ﬁ
322 can simlar y Il 12 MAY 2V WD 01137316 PCT/ US00/ 31411 be pat fef hed

wi th cuwmsodn3pBrevent conductive | oops in the heating bl odcTARboMat woul d
serve to receive RF energy fromthe coils 314. Further, in one enbodinent,
the cuts in the heating block 322 are patterned the sanme and positioned
over tifepatigredsyih gpytosmevegt candiciivgdpensgn thslhgatingddeck 120hgtwedgdaeeed by

t he t her palk : r, hough FLGs. 3-5 do not.illustrate the
ot ovi 4P APy RE Berdf hromnSBAROME! Fuflhleh AP i imet Tt ) e et

i nt er ridbck 322 dre pREerowi the s@deland fosiioned dvdd ehenitsehatdnats0s of #lobBRg heat i ng
and cool.i plate coul d.be provid I rnal to the RF coils to provide
addi t ipgﬁgpgﬁ‘eth?‘f ¢8?{B‘°8§8|“Fﬁrf§?m‘§igﬁﬂgt3§‘éati ng and cooling plate could be
ar r anged ar}% utili zhed EC? siairél ar manner as the heating and cooling plate
302, 402. TYORPYET @t Pk ElG Qe ibatacdhs provisingnidgping ofcoglipgasma
Pr OCeLEmpanaRPa Helachil) plaRCRI@ificRAI Mn@ﬁ@tcgﬁg%ﬁ{@%ghﬂﬁ Rhed B 4 nventi on.

The pl asima processing apparatus 600 is simlar t e plasma processing
appar Smalenigeting padeqoling glatacoidde previded intemallta sreR Heaitsas provgde appar at us

400 i ted. i | G b4, er. inadditiagn, th | asma progcessi ng
appar g}g%ﬁgﬁéﬂ&%&#&" zhdgiecs%;o %n%o%ﬁ%me & %6‘%0?4%&19‘?@ %P@ﬁmng?f&md( he cool i ng
bl ockuiRfedoih atshilarkharthepds the hedithg @00 kbdlhgplR€ ko BQd2. 402. The cover plate
602 is, for exanple, made of nylon. In addition, a support plate 604 having

aiori gi d poFIGi @ﬂlu@ﬁﬁte&bﬁcrﬂ%ﬁcﬁ@neﬂlQia@rdnh@fi‘;ﬂ@s%aﬂ&océ@ﬂg%?ﬁéﬂaﬁg gBbat e 302,
402 in proper position against the vacuum plate 310, yet allow the heating
and cHSPrdipe p anothes gmbodigent of the nventiare dlePlasmai precessing epraratee6@hisi gur at i on

" Yof thgm: <G Eﬁﬁn .- . rogessi ng, apparat us 600
“incl uﬁgslﬁtﬁigegw Zgﬁicr?%t atSG%@ilgg%%Filﬁgg@%?ﬁrgheﬁ%ﬁ B\A’%gﬁssf'n@spect to
t he sapppuates #0atlest6et in 6. $pHomgserbihtiddindn Ghe phemy procesddigess agai nst t he
-cover_plate 2 to,bias the h ing.and coplin pl ate 302, 402 against the
out or 2 BarF S OGP g B R 4 igpronrbever dretoelig black 3R o€ 1504,  he
RbNs HeAfingand E&8ingdietkiz0g, A0 i THecobdplAR G0 Bik2sok CRARFIAL RadoftRish.t he heating
and cooling plate 302, 402 in good thermal contact wth the outer surface

of the vackudionPh aigpod hte 604 hilaia a Hii JISiAbh Bth B\ W hbRUNPh& 302, 402
can be rempved from the vacuum plate 310 wwth mnimal effort by rgtractlng
t he pindsoghes plate Hi3s4¢hia PrpRes @psitiph againse theeacuumy plate il Oc yoi dlloy hEat e 302,

402. ' L 4 | | n ate. 30 402 all ow
rapi &E?gggﬁrycgﬁgﬁg¥gaﬁéa%géxg?&r%%ﬁ?&togﬁagﬁ&gﬁggéfe? g%rﬁif%u\ﬂ?etl’oé’ao?gé%bl y for
consipdasex process apparatus 600. The plasma processing apparatus 600 includes pins 606

26 and 608 that guide springs 610 and 612 with respect to the support plate 604. The
springs 610 and 612 serve to press against the cover plate 602 to bias the heating and cooling
plate 302. 402 against the outer surface of the vacuum plate 310. Hence, the support
) plate 604. the pins 606 and 608, and the springs 610 and 612 ¢ooperate to hold the heating
- and cooling plate 302, 402 in good thermal contact with the outer surface of the vacuum
25 plate 310. Further, the heating and cooling plate 302, 402 can be removed from the vacuum
" plate 310 with minimal effort by retracting the pins 606 and 608 and withdrawing the heating
and cooling plate 302, 402. The easy removability of the héating and cooling plate 302, 402
allow rapid repair, maintenance or reconfiguration and yet allow reassembly for consistent

positional and thermal contact.

30 FIG. 7 is a cross-sectional diagram of a plasma processing apparatus 700 according to
yet another embodiment of the invention. The plasma processing apparatus 700 is similar to

the plasma processing apparatus 300 illustrated in FIG. 3, but further includes a plurality of '
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positional and thermal contact. 30 FIG 7 is a cross-sectional dﬂa@rﬁmojgg@
"pl asma processi ng apparatus 700 according to yet another enbodi nent of the
I nvent iwa 01313e6 pl asma processi ng apparatus 700 is sim | apct@seddig Pl asma
processi ng apparatus 300 illustrated in FIG 3, but further includes a
plurality of 12 2 MAY WO 01/37316 PCT/US00/ 31411 side-wall heating and

cool i side-wail heatingrangcepling uriigo [FIG Totwe of a piyradity of dde-wall lhelttigf drdg and

cool i unj.t. 704. ] lustrated. . Typi cally,.the heating and
cool i%%“ﬂ%l“ﬁ‘zszm n%bn](eé)4 agerl(l)@l&gé%f"a FERGE ‘ﬁ‘ghﬁéﬁﬁgﬁﬁéﬁ ol Yrts "b‘ﬁl&@essi ng
chanbgovided around fherperiphean ef the pedtessng ceamet hetuhfirmwmmMdeh sid@sRect to FI G
The. si.de-wal | he%%rt]ggla(?% cooling unit 702 includes a thermal gasket
Jo, ‘ne

9. 5

706. deserigd plovhvih ges rmal break 710, and a cooling bl ock 712.

Simlarly, the side-wall heating and .cooling unit 704 includes a thernal
- gasket 714hegideawpibheqing epd gagding angty8R pegludss @ akermabgasketd706aa betti ng bl ock

722. i t t) ' upi.ts 702 and 7 have a

_arr an%otg‘ @?J%%P%jrﬂ?tg%‘h’??'e eaﬁaﬁag gﬁdgk('?g%.l |§lnnglgI %llyoég Sf%(’)wglllllp?fgﬂgfp din
FI G caglinghimat Hidein clng?sjgotham?bl (g?]rxkbt ﬁga.al}xefrlenmzsclfmﬁamml?ﬁﬁﬂbﬂemevmlaw couple
agai nst_an gut.e urfac si de s of the plasnma processing
c%anﬁlecpo%ao"‘rl‘hZzie‘éf‘ioﬁ‘gnéﬁdﬁ’ﬁEﬁqtiqu‘ng%elw units 794 and d4 have ancont rol | ed to
ei t hafrak@aienosintROto ﬁhhﬁeﬁin@%&@b&l&g@loéﬂtﬁ)ﬁﬁh_ﬁs"‘tfﬁ?ed%?‘iﬁ.s?}\f‘Q“PE{HE%YH{;I’ d304’

thergléal controlling the tenperature of the inner surface o e walls
Bt ped prodisgeloments 212 g0g 7064 thampally souple aminat amouighsurfaGs offthelsideswallst es t he

heat | ' | he. vacu | a 10., it should
b uB e B hceRind el 61 PLAhGREE Ry Sid Bk Do Rof e ' s

: )enbodrbmmhlbd ancititeh htatton eogd|tiaesside walicefthe plysap prucadsity chafhbeRY0Qmaedye t o
provid he luralit f. heating. and. coaling unjts coupled to the side

wal | %0"3?5%%“‘Ef¢é%ﬁ%ﬂtﬂﬂ¥’d’3&%‘f‘ﬂ%j Su%ﬁ%ﬁﬁfé‘ﬁe go wallyotthy Plsmadyosesting ncl ude t he
heat tlipgntrp8io4 00l i ng pl ate 302 coupled to the 20 vacuum pl ate 310.

Neverthel ess, if the heating and cooling plate 302 is provided with the

Bl asma pr ARRGEIHFIGA R Fikisth i d &Rkl Li . can al so
Ii ncl ude notches 404 and %(%%h%g{r}a?%%&suppg?gg%%ﬁg%?g?ﬂgh%‘%gﬁ 6. and

608 BiaE 3 Aat shyuldhe uedetstoediliaighe h¢ating ahd Geoling pdate 363 is dfftionel inhkisheat i ng and
cool | 5Ta)! rally desiagned in accordance 25 with the
heat %ﬁ%dgﬂ%&téégﬁzﬁw ggé}iaaégﬁe%gﬁgﬁg?ar%tf’%z&} ﬁ'aﬂ)@c{mf O PR}V e%‘ﬁ illustrates a

par t plonaligrof heating and cooling units coupled to the side walls of the plasma processing

chamber 304 and may or may not include the heating and cooling plate 302 coupled to the
"20  vacuum plate 310. Nevertheless, if the heating and cooling plate 302 is provided with the
plasma processing apparatus 700, the heating and cooling plate 302 can also include
notches 404 and 4-06 or the support plate 604, the pins 606 and 608 and the springs 610
) and 612 (see FIGs. 4 and 6). '

While the heating and cooling unit 702 and 704 are generaliy designed in accordance
25 with the heating‘and cooling block 200 illustrated in FIG. 2A, FIG. 8A illustrates a particular

embodiment for the side-wall heating and cooling units 702 and 704.

FIG. 8A illustrates a portion of side wall heating and cooling system 800 from a top
view. The heating and cooling system 800 acts to heat or cool an outer surface and. thus the
inner sufface. of a wall 802 of a plasma processing chamber. In this example. the plasma .
30 processing chamber has a circular design and thus the exemplary portion of the wall 802 is
shown in FIG. 8A as having a curvature. FIG. 8A also illustrates two heating and cooling
units thermally coupled to the exemplary portion of the wall 802. Each of the heating and
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enbodi nent for the side-wall heating and cooling units 702 and 7%. me
illustrates a portion of side wall heating and cooling system 800 on

top viewodiBgibeating and cooling system 800 acts to heatpcqiydah@i4rfn OUt er
surface and, thus the inner surface, of a wall 802 of a plasma processing
chanmber. In this exanple. the plasma 30 processing chanber has a circular
desi gncealngumiis isshewasie Fiffp-f7y frpar a topncross-sehBonad view8 Olheileatisfiamicdoting| G 8A

havj ng. - : |so.illustrates two heati d [
i to P Aol ¥ Blek eolles P b bRRdes RSPt R Al Rer L N ce0BE  Each of
the hedieimaj gasict fiGisiprovadevid¥od Biertl) QL BHBEAWRGT ' TOMndlhdosBR! il Units is
shown in ’;‘l G 8A %o%ﬁl to %ﬁr g@%-segt i onal view. The heating and cooling
units anclthe, Quter syrface ed‘ff@ . hentéine Hidopplieg uaitgaksorinelode ebeatér t her mal
- 1 3t erh1361e806! Neach o efeRhed BRKES BGdd"fﬁtﬁwHEsoél {e@ﬁﬁv@&?ﬁeﬁt@? rIFz:tqt é%l\'olw\lgf *ol l?y%&bet neen

the heating and cooling units an e outer surrace . The
heat i ri§e Apatercdentk #$ whintascustepbisidinckied ehraugiett eesidivelealenB®67. Fach of the

heat er; _hl. ' S. a,-nesistive element 8 that serves to heat the
heat erheg*lfg%léé%%%ﬁ%gﬁﬂtyaﬁg%w Wdf aparr g F%@f@dcglﬂ%g%%aﬂd@ Or cdiesq ¢apding| enent
807. Thgionheapdctigelgintlededooligy BRiresitsH09 Anil BPi.Uﬂ§a§e%ﬂe,%e Gﬁ&ini ng regions
808 and 810. _These cooling K regions respectively include coo m& el enent s
809 arftFmaents Swrﬁlém}sﬂg@f%%&mongh whichrasneoleddBgidifhews 1 Thekamtipgr t ai n
tQpa tHRRob KOG i LQU,d of aahe.heati.n and cooling
units al so incl udgwg lﬁ%%nﬁﬁﬂgﬁgké%?ﬁt?g m?e\é%rt\het%°§11855?ql?1‘88ﬁ}£ﬂfc€lﬂe808 and
the Mheatingijotd itk a8OE theanal taediRirntstwidmethk c@olihghegive € 10 hf@HedRhtiipd I egi on

810 a . h LN | ock 806. t hermal pbreaks 812 and 814 provide a
)r egi o%ﬂa{ ??Sgﬁﬁ%%ait r%‘%tséﬁgélpgggggmv % 1gpoR trough whish the ranesieng

r egi odifi@éncantet@edthrrdokferebRAI0BRNRIS0 kn@ OB HeaIndBIoB! 806 hdhevi th a
t her mal (F:"i_‘;%d‘lﬁl nt 15 Wiile the wall 802 in FIG 8A1s shown as a single

pi ecePr¥ alsiealgmadienty  enbodi nent where the wall is a sandwich
constructign :802d. The inner wall el enent 802a - can be nmade of particul ar
ntt erial adVhilsithewall §02 fFKp BA isahpwn ast single pitcas FIG. 8Bxhessiangthex hanber .
The o : RN . i material. with si cal
propelr*%liséécg}m'%l Jowfﬁéurﬁct i oﬁﬁgﬁaﬁg‘p‘fﬁ%ggﬁv}{\% ﬁ{n E(Z%Jpgﬁg m‘f‘ﬂé"a&h‘\?’vg e%%6?'4“’802a and
t he beandiemgadesnfgartiul®@fateril aj siiteidng thehmplivutionaf theeplammpbracdliza and 802b
nmust a‘aveqe;e eonlﬁblj ealihfrmal g nductivities to allowthe tenperature

cont r BRIt hd PHAY2S Sl £4TG Ay Shitable maggrishwith PBpsigal iransrtiase :
heat | dunctibnee dhd gersyal APppSRO THAGMR: ball B0 ad i BEndinR HiRiaTBRY [ al 802
t hi ckness and * conposition may be varied to accommlcliat taherrra control
p?@r f dp%glea\gg Waéld:,lements 802a and 802b must have reasonable thermal conductivities to

allow the temperature control of the inner surface of the inner wall element 802a with the
heating and cooling system 800 shown in FIG. 8. The bonding material 802¢ thickness and
) composition may be varied to accommodate thermal control performance desired,
cqmpensation of mismatches in thermal coefficients of expansion between inner and outer
25 wall materials 802b, 802a. The bonding material 802c¢ thickness and composition may also be
varied change the electrical conductivity between the inner and outer wall elements thus
allowing an electrically floating iqner wall if desired while still controlling the temperature.
This construction has a number of other advantages in some situations. The matex-'ial of the.
inner wall 802a may be chosen with less concern for the structural requirernenté of the wall
30 802 thus allowing expanded choices for the chemical or electrical properties of the material
facing the inner volume of the plasma processing chamber. In addition, this allows choices
of materials that may not be available in sizes or shapes desired for the wall, but where the

material facing the inner volume of the reactor is important. This tiling of inner wall material
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conpensation of msmatches in thernmal coefficients of expansion bet gegm: 2
i nner and outer 25 wall nmaterials 802b, 802a. The bondi ng materi al

t hi ckna®g osBmdiconposi tion may al so be varied change thepetesbtoiigal
conductivity between the inner and outer wall elements thus allow ng an
electrically floating inner wall if desired while still controlling the

t enpefdt birashievathby appsppniateshaping dfake dlenamplacapienpehshovachyempasgidde i n sone
S|tua li:ﬁrk?) r{]ﬁ perl al of the inner wall 802a may be chosen with | ess
conce fuctural requirenents of the wall 30 802 thus allow ng
expanded c 1 cal_qr ectric operties of the material
faci ng themenﬁeglﬁn%oﬁld EOO‘%“? ﬁ;u@ Zagrf%rtb yde @ ﬁﬁap G RAEE PTPeEssigi tion, this

al | ovehaatber seshowafin FEGE 7isal $ ddraitneaytoﬁ@éludﬁthawaﬂch@@x%ldtglttﬁt k% or shapes
desired for . the wall, bhut where the nmaterial facing the inner vol une of.
t he riEQEdEd in e heanneand coolng Rlatei302 ryichy s isieatedya F1Gydt because the WO 01/ 37316

PCT/ il ofan . he ti,l es, and

pl acgﬁe%£as sﬁga/n u9§s gﬂ%gggzlﬁgr@md?g{a Eggg%gkﬁfﬁggf@\gg%@ CEﬁ"'ﬁlb géltn | ng and

cool irmgeivmantyssignifitant B cbuoplinghfeorsititecoilalohshofactine piata shim ignieaksplagiga. chanber

as shown in FIGS. 7 and 8 do not need to include the notches or slots that

vvere pr o\iIGe# is mtdphaevhefia crogs-serdion 0Hh phgnﬁbﬁic@ssﬁ%?chaﬁib@hmm;adcbi—diﬁérat ed in
4, beCﬁ%dse t he. . heatin Fﬁ?;O“n units utilized for the side walls

of tﬁ%"m%@ meptfdhs wge'&twghg@v—‘ cesspg Fhambes Y04 illsrRies ant  RF

g0 UPlcha@bérean 902earkiQinl otite? RohiReY HaL DY, pJA%Eﬁestmmteaﬂng@éﬁdecJo:illﬂ pl asmﬂ FIG 9

is a toE view of a cross-section of a plasma processing ¢ er

accomfickg 906 areshermaliy semedio the outesurfage af thoghariber V}ﬁﬂh%@ﬁa As simemsmng

V505 0 bk BEALERSR Ll S OB REL sl AR Ay R e PR

)

t he ofitherchsmbéragal @fﬁ" tlhehls hmlhbéllmatmlthereﬁu'é siAGers(6Y\Reating ahidl @olthg t he heating
and ocks 906 .can be equi di stantl ced around. the periphery of
20 BRRkLO% BT S (e Rare S sthreisnie o e BSmbe el P owByec et 1

and geld BQrecb% Zsé@thmﬁnﬁ‘eﬁm AUBbd PHEARE 2hQ 6O abcﬁs%ulcﬁé%ﬂ*g ?& ure of the

chanber  wal | However, it 5 should bé recognized that erent
nu nbeﬁovmcdh@aatlw%@rbaﬁdh%ei fongueioned thathambenwill 901!)@ aligr elsgnd'e:dnﬂy or

part i V
Si gnJ|[ % %E%%yaré%?fﬁghﬁﬁsgggg&y BlB%i(qu{zﬁ ehﬁ:eéetﬁl ng an coc‘)’Tga?'r?%iz s was
enl aa!geuc: aﬁmlmd:ianﬂdcd wall [cogdiiction bsishosindn Fixe8B. Fankiw elehef thd ﬁ@dng\/al |

8B., Furt her of the heating and cooling

o oo SR BEIS A0S hisked aghinSh et et ol e GrantE BRI Ml | 909 by a
280 Sfpi-in@gnd%bdlpﬂpbw "FH3QBring Bﬁséﬂ%@go%@g@%@%a%@&ﬁﬁ tBP5PY bi ased

against to the outer container wall orce the heater bl ocks 906

agai spataingravall R4 todorce thedhegter blosks Pidfhasainst the outer surface of the chamber

wall 902. The spring biasing not only improves thermal coupling and repeatability. but also

provides easy removability which simplifies repair. maintenance or reconfiguration.

FIG. 10 illustrates a cross-sectional side view of a portion of a plasma processing
25 chamber 1000 in which a chamber wall 1002 and an outer container wall 1004 are provided.
As an example, the chamber wall 1002 and the outer container wall 1004 can be provided
similar to the chamber wall 902 and the outer contaiﬁer wall 904 illustrated in FIG. 9. ‘Here.
the plasma processing chamber 1000 includes a pair of vertically posiﬁoned heating and

cooling blocks, namely, heating and cooling blocks 1006 and 1008. Spring biased pins 1010

30 and 1012 respectively bias. or force. the heating and cooling blocks 1006 and 1008 against

the chamber wall 1002. The spring biased pins 1010 and 1012 act against the outer container
wall 1004. In addition. the spring biased pins 1010 and 1012 are coupled to a handle 1018,
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wal | 902. The spring biasing not only inproves thermal coupling gndy May: 260
repeatability, but also provides easy renovability which sinplifies

repai r. wowmmsnmance or reconfiguration. FIG 10 illustrat®sgsoos1411
cross-sectional side view of a portion of a plasma processing 25 chanber

1000 in which a chanmber wall 1002 and an outer container wall 1004 are
provi d8e.handls 1818 eHawph echnibianch eastig remadd thd BERIng REd EHRIn8WISks 10HE ai ner

wal | 10 n be_proyided . siml|ar to the chanber wall 902 and the outer

cont aiaﬁgjO%Wa}gﬁEq ‘%F g’?ﬂ?‘%ﬁ é‘gﬁli 02 ffes, mayntepgnce, repaipgeniacsment o wherssi ng

chanmbebherhd0fs ok titeshea [ Mg [ Ji ' nd coolin
o oan 008ty HENELTY 4 i HRRTgHE B T .

bl ocks, nanely, heating and cooling pring bi ased
pi ns tenerelissaRy Prdme baek fhedandle| 191 $ avay form therater colreinaewhll 1g04Nthec 00! | ng

block . i he .ch r wall 1002. .The spri bi ased pins
1010 3%‘?1’%@?%%&%‘0323%%29Bﬁre"“éaﬁ‘t%gr“’@%ﬁﬁ‘éihﬁ%‘i‘“g |‘i°°‘i'é£‘§'9¢ Qe ¢ on, the
spri ngndi éfenb lohper FebQAgainst thOcHantrr #allq002 26 ARHvAHRFAA & AVSrelatRel 2 MAY,
200 01 32316.PCT/ US0Q/ 31411 The handl e 1018 allows a technician to .
easi | {f & T MiRORLISTAPE ToOR B2y dBMPKY OB FEkRE 1006 and 1008 away from the

chanber Wahké]quz for maintenance, repair, replacenent or other operations
to the chahthér! \apicrosgaectionak Heagrameafiapasaadreesssing apparates 51 00G@6ordingg 1008

t hensg) ffSanoB¥r Bbbd; o ) L from the gut.er container
val | 1_05(_)4) o he sprl?ﬁﬁgagﬁzise n%?%ﬂ%’%ﬁgﬁv%{lﬂg PRI %ﬁ}bslﬁ that the
Heat i siglanty o plasmg piicessing dpatiteritudOR] in FIGOD frethatit ﬂﬁﬁldagﬂkﬂl‘éﬁtiﬁ%jle

er

chanber . 2 allow th arts to.nove relative to each ot
Wi t ho%}d c‘é@#ﬂa %ge %@Pqi% %YeF’éﬁ%P?'a?m%ngﬁsmg@ePw@S 1190 ingludesadditdonpd ¢t j onal

) di agrammhents fdrasoting bheCashs6F thd PREMRE Hiocdd ahdingo. il anot her
enbodgrre t of the invention. The ;p)l asrrg ;gr og%sa?lﬁng ‘gégg‘? a{rﬁ?saﬁtiéll’g%r’i s 10
si mi B¢ P REPCS PP Rgrabisekld0rncludns arcaverplate |1 482 that isgrovided aBer thei n t hat i t
i ncl ydehind BRch8PH | | d 0 wever the plasma processing
appar at u![s1é 1100 ?éngfglggg&g]&él t idgﬁg?é)b@%e?pﬂéhé‘%)g?)afsw PRSP ™My ot her areas of
tihe ppperatsdd O elseiimjudes panpporsplatQ0 04 timt haw 4 figad Mygid poditién PABFEEpel OCESSI NQ

I.ncl ud I h ' I ded h
coo! g ha prbBssHE R RGO riasBe aei 1 fof o avcoetdaiondt s wmer

pr oc eha¢ Di04lbwapbieabus platd 0002 SsinBa1 WSS I ISURPRE ecl @ ?r&\;]ige that has a
fixed.ri |dw§05|t|on wth respect to the plasnma processi chamber 304.
cq d‘%sdgﬁlh?fﬁ

Pi ns ™ 1196gnd ! 080 ng35h cedlnznipp 302 agaipstthe wdd4 t oward t he
CoVekuRtdT tHelf2uumiYPia@ 8501 &Workd 1Re %{@gﬁ?ﬂf%ﬁ lvleigt%éeo'ré% ided wth the

pins | 106 and 1108 to bias the heating cool 1 ng pl t‘Elgai nst the
Hut eprovida 4 faree fomitheswppot piatpll Hd4todbais thncavehplatendi0dso forbethepehtigs 1 110

and Mﬂlgoo%nﬁ p'fhscg 905. ggainst the vacuum plate 310. Still further, the support plate 1104 may
also support DC coils 1114 and 1116. The weight of the DC coils may be sufficient to apply

| ) enough force to dispense with the pin 1106, 1108 and spring 1110, 1112 arrangements if the
support plate 1104 and cover plate 1102 are in contact. The DC coils 1114 and 1116 can be

25 used to alter the plasma distribution within the plasma processing chamber 304 through use
of magnetic fields. Additional details on the operétion of DC coils aﬁd their use with respect
to plasma processing apparatus are described in U.S. Application No.l09/43__9,.661 (Attorney
Docket No. LAM1P122), filed concﬁrrently herewith, and entitled IMPROVED PLASMA
PROCESSING SYSTEMS AND METHODS THEREFOR, which is'hereb;/.-iﬁtorpofated by

30 reference. Further, to cool the DC coils or the support plate 1104 that suppoi"'ts.the DC
coils 1114 and 1116, the support plate 1104 includes cooling elements 1118 and 1120 that
cool the support plate 1104. In one implementation, the cooling elements 1118 and 1120 can

be provided by a tube (channel) through which a cooling liquid flows. In this manner, the
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20 provide a force fromthe support plate 1104 towards the coveilpd dMA 2l
to force the heating and cooling plate 302 agai nst the vacuum pl ate 310.
Still fwotohatsigt he support plate 1104 nay al so support ﬁﬁ%/?m 14 and
1116. The weight of the DC coils may be sufficient to appl’y “enough force
to dispense with the pin 1106, 1108 and spring 1110, 1112 arrangenents if

the sangpeattrept athichlh® DBedlsdA Ve and | BlGopkiR2e ATHR dobled 2B RS they MG dPC COI | S
1114 and 11é6 .can be 25 ed to alter the plasma distribution within the
%@%0562 that

pl asml BPEE JUERH PR Hsifgrmagaturesanhegsaely tonsralled tddi t i onal
ey e e R

processi n(% apparatus are describ I on , 661
( At t opeibsyl 11head &l 16ushe ¢oaking PlerR)s 1fiil 8 and tfoanbe ptdwdddati@etly indange ent i t | ed

| VP R ROGESSING, SYST D MET. THEREFOR, which is hereby
i r‘lcoquch;rl% é’f%@ﬂ)@a% rer irP 8%?1§§8FM§?§¢\‘ C?Wﬁlﬁ@‘@@“w Rlatsy 1 10fés support
pl at euskd @ piebathe Sid ey dn‘d&bﬁné@ate%ﬁ'(&n?@ﬂaﬂur@@%tﬂol%ﬁldv&i{ﬂ?aﬁgﬂgﬁf t plate

1104 i ncl udes cool Iﬁ@?ﬁel ements 1 118 and 1120 that cool the s 3port pl at e

1104. 22PISHINE VAFHTR RigER 240 (roparafireconirpling surfapmdnit is epvisk@ed ththt ith@dy ban  be.

[ ' | i | ionid.tl . In thi
S T R i S G i g R G v AP

oper @lengun ! bid andol 188 ferdhe haolingthdyckdd Orant! covaridbe ft02dur i ng oper ati on and/ or
so that their tenperature can be generally controlled to provide for nore

Uhi f or m’ opidheanbbng blonkoraa utitipt eoatinpanbes throfigh whith kefula Sl ihwy ot he DC
coils 14 and %116 thgl? coo| ip?%nel epents 1118 and 1 120 can be provided
di r e SPPVIE ARFRFAteA Surfagesy b pre implomeration, ths temperatyee ofdheyerolise water iDC coi | s

) 1116 fixkd dflabvnt 1 SODRRpHeePCALRS 2dDheirste o AEH it %ﬂf@é& g}g ig:srﬁgfﬁg di9a0d cooling

plate 302 (tenperature control sandw ch asse he “vacuum pl at e
310 (hespslipgraie by thargaobing bleckyurf ace), it is envisioned that it may be
possible to thernmally and nechanically substitute the cool ed support plate
1104 .wi t h The ghearmal bredleiswieperaliy formed ofinbbetsutbes t diicone obbbeg. THeock 310 and

ve ~ ( ' bl ocks, can util.ize cooli tubes through
B clenlctifire b{dcloh Kiig 2ot R iE oS Bhctlnin feutiseetdl) 4 Wagsn °°
i npl Kwemdt mbrcopartitilarly stoped Wattsdn®. Thethe@ll igAkeV@inllso e folhXgdr at about
15-20 ge re(ﬁ_;za Cel s“{:{s qad;{ii.the rate of flowis controlled to increase or
decr B E‘gs‘f sIpIpiivgdedylicass rybbhsr.cHeweYRs. the Biskmatmasket fedosignedteak i s
genehalel ayhif gy MR R i s Y . T 5 t. rature
o A T byl RD36 iy o RONFERBIS o1 6.1 -2

coefficient for the thermal” barrier can be gener
Wat t 5/bgiterkhermadlyponpleg 40 the sutfage of thcbwacuuh plidte.t by thisifegaftiahé hebbenlisegasket can

. 28 SO0 e RLIRY gg ' & d .metal - | qaded silicone rubber. However,

9 o fop mﬂE ol g é(te il :sréll’vaﬁfégé]«?tdﬁg Increase its &ermad] conductivity. I:l"'ﬂe
temperature Sensors can be provided in numerous places. In one embodiment the temperature |
sensor is coupled to the outer surface of the vacuum plate for use by the heating and cooling

) plate, and coupled to the side walls at suitable positions to monitor the temperature for use by

the heating and cooling elements,

25 The present invention is able to control the temperature of the plasma processing
chamber on the order of +/-5° Celsius during operation of the plasma processing apparatus.
The invention can also provide for smooth spatial temperature distribution about the present

processing chamber for use of the appropriately positioned heating and cooling elements.

The plasma processing chamber can be silicon carbide (SiC) which has a good
30 thermal conductivity (e.g., >200 Watts/m K) but is more difficult to heat and cool than metal
liners because of thermal expansion issues. The invention is particularly suited to provide

temperature control to plasma processing chambers made of silicon carbide. The invention
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have a hi gher thermal conductivity (e.g., 4 Watts/m K) so that tl’1e hﬂggm
and cooling plate is better thermally coupled to the surface of t%e )fn
pl ate. IWOOHBz16 egard. the rubber used 20 for the thermal pgaekedsiapn be
silver loaded to increase its thermal conductivity- The tenperature
sensors can be provided in nunmerous places- |In one enbodi nent the

t enper 201Ny §phejcgoling iyt also seppligs heriingras segded c dhoheating andcoohngpodfat e f or
use by i ; ( I . oupl,ed to,t side walls at

st t ap s Hestrb AR B bl o Ui oro Ml FRHPUE Syl o HES Rt f ng and
cool i ngroebssmgrehamb2s The present invention is able to control the
tenperature of the plasnma processing chanber on the order of +/-5 Cel sius
during oper @he advaatagedief the Aivemionre€ paHedds. aPIFRélt wmbodibititd stventi on can

al so provide for snnot,&dspati al tenperature distribution about the present

pr dcesSFRigMEHaHRRS MPYoYicldoue gF moproithe fallowing adwantages. (Qusndyantage phgeand

cool i NgvehRES iRt tHENRvARLiBR ' - [ el car bi de
(SIC) which has % good éo_mgngﬁﬁgﬁhﬁggfﬂ%%h gegg%?‘%edfgtflcﬁk Rt s/ m K) but -
i s noreongplled withisubsiantieHly ineredsesiaskcunabp andiprecikion] iAretler béeantge ofthet her mal

expansi 1SS The j.nvention.is particularly suited t rovid

terrperllgt%l}]rné)ﬁé%n 18 LH?‘ gét&gaagﬁﬁog%aéggfoﬁb&gﬁéﬁﬁéigcﬂ‘&ﬂ‘é’“éﬁ‘ar&aﬁ‘ﬁﬂﬁmﬁar bi de.

The i rStihiriotier hdvantayeMiheitidntion WRhEHYySushigba EinltnbStieraarihierAel, MR by

sugpl ies the cgollg‘g but gl s0 supplies heating as needed. The heati Hg and

cdBl i rfgnépth qogling pud hsating be pravided: bl shaeesulting feanerattearofle of ghe stafice r om t he

out si dg;df I r. v, j.nvent i on
are noe e o R SRR nd SABSE! el HEo R A o I ne. o
Yor e df thahi if nin-mvesive andleasibagewvallee advant age of the invention is that
‘the invention allows tenperature of plasma processing devices to be

cont r ol | ed Alitickgk phlytadfietv emtodimenty efithe greaan wiveaiion Aivelices dsicpibed ANOt her

dvant £t i tiop is that both heati d caool i i ded
i o, €5 e wREboS Malhe brisen: WRichrion Hiny CRSmbRd PR HEEY Gfberne .

| M entspevifid forfb itHout dépaRlhoFronPIRERPirk BESIBPE of MeShidfien. MREreRIbYinE O Can
both cooling and heating be provided, but the resulting tenperature profile

of t hereseptrexamplesaralg becapudaed asdllagrtive rnd ot restrigliveo and thednwemdionfis  Yet
anot h . [ ' ' | fies -d.nvasiv nd easily
r ermvglg'i fg%%ﬁ" ouggﬂeo%%lslﬁeév%{e }et%‘g’obé':[ ﬁrrlélk?) gt‘%‘%“t’f‘%“g""gﬁ@se‘%ﬁ“ ﬁ\‘?gmae. on have

been dpmodededimm - detail, it should be understood that the present

i nvention may be enbodied in nany other 15 specific fornms w thout departing
fromthe spirit or scope of the invention. Therefore, the
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present exanples are to be considered as illustrative and not resy rz' q%yv?ag.
and the invention is not to be linmited to the details given herein, but ™
may be nodified within the scope of the appended clains. 18 Wat is
clainmed is: 1. A plasnma processing apparatus, conprising: a processing
chanber having walls and a lid, the walls and the |lid both have an internal
surface and an exterior surface, said processing chanber being used to
procesghRissisidigt e using a plasma produced by process gases; and a

t hermal nmanagenent systemthernmally coupled to an exterior surface of said
processi ng chanber, said thermal managenent systemincluding at | east one
conbi nat i o pldeeat dravgsenychpparalus,egmplisbgk that is controlled to regulate a
tenperature j . I [ : i i t | east one
conbi nat i oﬁa ‘1@%%’@34"3%‘@”?%‘6% ‘ﬁ%@%ﬁ%k&]?‘g vfrahrlsg ani %21 y ﬁvggggkggﬁai nst the
ext er isgfacg@nd arexiesor sufeer. SRid BESETIG Charisheaing ysed IR RIPCEEHASYPPHRSSI ng

appar ak a@@Smgpﬂoamdb@p@b@gghgbs; adderei n said conbi nation heating and

cooling bla i s a sandwi ch, st i : er elenment; a
cooling el '?‘i'[n?' %%Sg%m%%s Pite tE%&é@LC%g g%%’%ﬁ%béﬁggﬁacg& %ﬁ]_eat er el enment
and saratessinglchambes) seifdiarmalnanaggment sistepy ineheting at [paslPpa FATIRLAR recited in

cl ai Mp2atinglaRd EdoinFEtbct 1R RlBhrARbPIIREYUIakeSa tehPeratiipd ihigrant Bhig Probéssinge exteri or
surfac sai d processing chanber, and said cooling elenent thermally

0
coupl é’Ea'Pti'Jer't he exterior surface of said processing chanber through said
t her mal br edkreingatt as east oheednetinatibrelm@iing and codinp blesiig Mectanesky iagedppar at us as

reci tec\gaihé}ttf‘e'e!':?cieFTbr%urfé(n‘,‘&%!E Slidpre@stdnd@akeer el ement is thermally coupled to
the exterior surface of salid processing chanber, and said cooling el ement

thermally couples to the exterior surface of said processing chanber and
sai d [zeat e pdsermpndcesdirigrapparhtus as whcitddar ez 1hwberkin s&id cdmighaionbeglinocessi ng
appar I LiRich LRy fandMfbied sai d conbi nation heating and
cool i %é&@oﬁ@q(ﬂl?%u&t%ga}nmﬁcﬁy ccoueane\(?atB gne of the walls of said processing
chanber. 6.2N8aB1dM*tpr ocessi ng apparatus as recited in claimb5, wherein

t he wal | s afcosimpdlemphitpareissi ng chanber is conprised of a bonded sandw ch of

materials. 8]Zhesrr§|algalre%§ %n’@ﬂtoo(\eﬁéegh 84 ﬁ&?&reﬂa%ﬁt & sﬁﬁ%hé]ﬁg eieﬁ\eﬁ:t! aimb5, wherein

the wall s

3. A plasma processing apparatus as recited in claim 2, wherein said heater element is
thermally coupled to the exterior surface of said processing chamber, and said cooling element
thermally couples to the exterior surface of said processing chamber through said thermal break

and said heater element.

4, A plasma processing apparatus as recited in claim 2, wherein said heater element is
thermally coupled to the exterior surface of said processing chamber, and said cooling element
thermally couples to the exterior surface of said processing chamber and said heater etement

through said thermal break.

5. A plasma processing apparatus as recited in claim 4, wherein said combination heating
and cooling block is thermally coupled to one of the walls of said processing chamber.

6. A plasma processing apparatus as recited in claim 5, wherein the walls of said

processing chamber is comprised of a bonded sandwich of materials.

7. A plasma processing apparatus as recited in claim 5, wherein the walls of said
processing chamber is comprised of a bonded sandwich of materials formed by tiling.
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processi ng chanber is conprised of a bonded sandwi ch of materi aI 1;? rﬁmdjm/
tiling. 19 11 2 MAY 20( A plasna processing apparatus as reC|t

claim4, wherein said conbination heating and cooling block is thermally
coupled to the lid of said processing chanber. 9. A plasma processing
apparatus as recited in claim8, wherein said processing apparatus further
conprises an RF coil used to generate RF energy to ignite a plasm, and
wherein at | east one of said heater elenent and said cooling el enent
include slots to mnimze RF coupling fromsaid RF coil. 10. A plasm
processi ng AeFEIRIAFESURY APRRAILE AS Tehlted| RFiRA, Wikein&pid CP'ﬁ@“@QﬁHW"@ﬁ structure

f or sainfl ceMndblodktis Mernadaidupiad &itbe D lshit grobésamly chanideher conprises a
conformal gasket, and wherein said heater elenent is thermally coupled to
the exterior surface of said processing chanber through said confornmal
gasketd; and masing pcesebdingppedratae At repitedtihelaimel. |y  coupl ed to the exterior

surface of V\fh@v'eﬁl] @fd%&é&.d@%pﬁ&}éﬁ%ﬁhér%w@as sRRA cbineed® gehbaRiRF sai d  heater
el enent _an onf orHB gasket. 11. A plasna processi ng apparatus as
e

reci té’ﬂer%md‘i‘@femp S Pein at | east an inner surface of the walls and the
lid of sai awhpredeeisstoge olmittienteasienert pachsa codling elenpnbisrpledgrideiessi ng

appar a{itsiz8 RF85ih§ florh Sai¢RRLM). 11, wherein the ceramc is SIC 13. A plasm
processing apparatus as recited in claim?2, wherein at |east an inner

surface of the walls and the Iid of said processing chanber are ceramc,
and wher ei mmirrd pheatstg apb@amsbs eotddadldmenol i ng el enment are nmetal . 14. A

pl asma pro%&%lg %Eﬁ%t%%tu?esrorr s%ﬁt‘Joﬁﬂg%t‘iebrn%'eﬂﬁn@aﬂg’c?o‘é@iﬁﬁdkﬁuuﬁ@d t her mal

break and sai or ma gaske Isru processing
appar &?’U@'SS%aP‘éE‘if{"é'cﬂaP'Tf’t’@F im14, wherein the ther rral conductivity of said
ther mal gasketinissidsiegsi dienteambislinerpagab@iedib e edeeortshedosmf seonduct i vity of

Sa' d @I%%m' cp%&aeﬁﬁmréugn tsé?‘d eén%m r@&@?%ﬁm o ppqié.éraéhg.s%errnswgt ed inclaim

rein one I natlon bl ock is
sprl ngomegg@tﬂuegggmq«sgygrchagf5@;&rétpqequnwpma@réhrgtpghssgmdhermal break, said

heater element and said conformal gasket.

11. A plasma processing apparatus as recited in claim 1, wherein at least an inner surface of

the walls and the lid of said processing chamber are ceramic.
12. A plasma processing apparatus as recited in claim 11, wherein the ceramic is SiC.

13. A plasma processing apparatus as recited in claim 2,

wherein at least an inner surface of the walls and the lid of said processing chamber are
ceramic, and

wherein said heater element and said cooling element are metal.

14, A plasma processing apparatus as recited in claim 13, wherein said thermal break and

said conformal gasket is rubber.

15. A plasma processing apparatus as recited in claim 14, wherein the thermal conductivity
of said thermal gasket is significantly greater than the thermal conductivity of said thermal break.

16. A plasma processing apparatus as recited in claim 1, wherein said at least one

combination heating and cooling block is spring biased against the exterior surface of said
processing chamber.
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processi ng chanber. 20 [12 MAY 20N 17. A plasma processing appara“ug QEW 201
recited in claiml1, wherein the spring biasing of said at |east one

conbi nati on heating and cooling block is provided by a spring, and wherein
said at | east one conbination heating and cooling block can be renoved from
its thermally coupled position with the exterior surface of said
processi ng chanber by retracting the spring. 18. A sem conductor
manuf act uri ng apparatus, conprising: a plasma processing chanber forned by
wal s and a bottom surface; a sealing lid renovably coupled to a top

porti o of A PlRSGERrPEesHt PR PR ESEEdIP /8BKsi ng  chanber; an RF powered

el ectrode piremirtkae s@ing Basiippieridstithacrs efmimatich iaatg ang cbolidy batk keast one

t enperat u nsor caupled to said sealing lid or said plasma processing
chanbé%?m%SPiggﬁﬂﬁég@ing and cooling unit coupled to the upper surface of
sai d seal i nheteinBaidaitbagt ose eepkinglieaheating akboelw bjogkcantietrenegpmed 6o an out er
sur f aggrer@hiyicBap dBddsBioPitSiBé ExtélorSifRce PisaRprRkaThgERanRe by repheingiHe said first
heati n .ang cooling unit is renovably nmechanically biased agali nst the
upper Bt ace of said sealing lid or said second heating and cooling unit
is renovably nechanically biased against the outer surface of the walls of

sai d plgasmg RLAGRRRN hahliAHRRG appfaud \cifgHsmgnduct or manuf act uri ng appar at us
as recited 1n claim18 rein sald firs heatia%gand cooling unit is

,  Whe fir
conf i gur ed ARESEGRECEFHNILhARIPeLREME RIoUAIE AAYR BIORSUBREr gy from said RF
power ed el eckalngédid removatsipeapted tost top patiomd treervehlls ofckididpsmaiptocehg A
senic%nﬂH&;or manuf acturing apparatus as recited in claim 18, wherein said
first eating and cooling unit includes slots to substantially avoid
coupl i ng of"RE Renelied §leriFadmpexidad paan RpRIcTUERred’ 83 pRstiRd idht o said first
heat i ng andit leabhég@mperiature sehsor Aoupistite seidistatigy lidreasalfi plesrod processipgpar at us as
recit%gﬂhﬂwclain118, wherein each of said first and second heating and
cooling uni'ts is a sandw ch structure and conprises. a heater elenment; a
cool i ng el @rfieshheatigg andcoplngryi Foupled Ak the Lerfe pyrfape phiaidifedian fidiedt er el ement
and sai d cegktdng hedtRgand cooling unit coupled to an outer surface of the walls of said plasma

processing chamber,

wherein said first heating and cooling unit is removably mechanically biased against the
upper surface of said sealing lid or said second heating and cooling unit is removably
mechanically biased against the outer surface of the walls of said plasma processing chamber.

19. A semiconductor manufacturing apparatus as recited in claim 18, wherein said first
heating and cooling unit is configured to substantially avoid coupling of RF energy from said RF
powered electrode into said first heating and cooling unit.

20. A semiconductor manufacturing apparatus as recited in claim 18, wherein said first
heating and cooling unit includes slots to substantially aveid coupling of RF energy from said RF

powered electrode into said first heating and cooling unit.

21. A semiconductor manufacturing apparatus as recited in claim 18, wherein each of said
first and second heating and cooling units is a sandwich structure and comprises:

a heater element;

a cooling element; and

a thermal break element between said heater element and said cooling element.
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"? 1 2 MAY 2 22. A semnmi conductor manufacturing apparatus as reC|tqd2|MAy 201
claim 21, wherein said heater elenent of said first heating and cool

unit is thermally coupled to an exterior surface of said sealing lid of
sai d plasma processing chanber, and said cooling el enment of said second
heating and cooling unit is thermally coupled to the exterior surface of
said sealing |id of said plasma processing chanber through said thernal

br eak ;3nd %a@ge% LeaIRN m%htﬁﬁ@ﬂh% aa,siarat& £ B R 0 %H&Eburﬁéaﬂﬂ{e@fek's

conpri si ng processin havi nq | s and a vvgl | s and the
lid bc?!e}'f‘el‘?h‘?féa'ﬁﬁrsF ’l‘ﬁaéfﬂgfﬁ]d COQE‘EP%@“E '&ﬁ‘“@ﬁdé‘? F'b?’“"s'\?F ?Lﬁf@‘ée °f§ 4fd processing
chanbeeallbgiingr saRiethsing pricesegShanisu et said eoolingsélagera ofaisswrorpiteatinged by

procesgy 9&%ﬁ§un rﬁé‘aemﬁg@ou}% tJtﬁgb&g&H Qe &%msﬂﬁqwoﬂsa ﬁ?eag to said

processin processing ¢ er w a heater

el enerﬂooﬁ#ﬁé‘rﬂOt'ﬁebqrmf@*ghaﬁldﬂ@ffﬂﬁﬁ’@@h?@ﬁaéi healepeEeMower target tenperature
and cool i ng sai d proceSS| ng chanber, through the heater elenent, with a
cool i e internal terrperature i s above an upper target

nt
terrpe%gt uré\pq?%ﬂgrpé?cﬁssé%a@p?@tgﬁ COPRIMYaqul ating the tenperature is spring
bi ased agaiarpstcesding cbambesrihaying walls et @ lid thegegllg anst the bk katthbpve BaimiEral 24, A

conbi @a&a\c@ Bnd'&R&:4dHar émﬁcé: eab baages@in@eﬂfarﬁb%w;m; (Re8 W HWesda SBBEAtE UCt i on for

use oce35|n mber that processes a substrate using a plasm
pr odué’é‘ﬂg BV%’P%E@Q%"E& Br§°95§§?%?s ¥8nbi nati on heating and cool i ng bl ock

conpri ses: nwahefat egulating meerbperature dridrnal ¢p widgeressingehdmbertbydeating siideak el enent

bet V@%Fbcé&'in(a &R (Nltﬁg Sg%é}tele@rréqt ﬁl?én%eﬁﬁl@}n‘angmﬁérmé belovV\Q RWel fArgeal d
combi nat1 on "heat i nﬁn cool 1 ng bl ock I's renpvab ﬁieﬁ'{? w@l cally biased

agai ndMREAIER AR FA9HNISRIcPERAES T ‘é‘amﬁerptP@H@é@F AT §C00U"G orbi nat i on
heat i r@gn@ndvieatid ingnpl tehgoraterelieatiovesh uppecta@erte@deratateer ei n sai d combi nati on

heating an | d refolgs bi P&S‘% hstdtd Sedmgd to said
heat er el e%{e}%%% S’Qa@gne%h%ﬁ%e ngﬁ?{gé rgg‘f?r?ng aﬁ%ﬁg 3 I ng p ate asI recited in
cl ai mspuRce ghgidireresdarheBf el break is a rubber product, and wherein said

heater el ement and said cooling el enent are netal.
24, A combination heating and cooling block having a sandwich construction for use with a
processing chamber that processes a substrate using a plasma produced by process gases, said
combination heating and cooling block comprises:
a heater element;
a cooling element; and
a thermal hreak element between said heater element and said cooling element,
wherein said combination heating and cooling block is removably mechanically biased

against an exterior surface of said processing chamber.
25, A combination heating and cooling plate as recited in claim 24, wherein said combination
heating and cooling plate comprises:

a conformal gasket attached to said heater element.

26. A combination heating and cooling plate as recited in claim 25, wherein said thermal

break is a rubber product, and whersin said heater element and said cooling element are metal.
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