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[0005] In particular, FIG. 1A is an example embodiment described in U.S. Patent No.
6,104,966 to Bailey, III et al., which is hereby incorporated by reference. FIG. 1A is a prior art
cross-sectional diagram of a plasma processing apparatus 100. The plasma processing
apparatus 100 includes a heating and cooling plate 104 that is thermally coupled to a plasma
processing chamber 132. The plasma processing chamber 132 has a substrate holding

mechanism 126 to support a substrate 122 during fabrication.
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138, heater block 112, thermal break 140, and cooling block 108. Accordingly, temperéture of
the vacuum plate 116 may be controlled through activation of either heater elements of heater
block 112 or cooling elements of cooling block 108.

[0009] Most top piece designs, however, are optimized for operational performance

within the chamber itself, and not for other considerations such as general thermal
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control device also includes a plurality of thermal interface layers in thermal communication
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chambers;

[0018] FIG. 2 is a graphical representation of sample data representing temperature
over time of an example plasma processing chamber;

[0019] FIGS. 3A-3C are illustrative cross-sectional representations of an embodiment
of the present invention;

[0020] FIG. 4 is an illustrative top view representation of an embodiment of the present

invention;
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to shrink. Furthermore, in a non-obvious way, the present invention provides for rapid
response temperature control of a plasma processing system.

[0026] In another embodiment, the temperature control system includes a heating and
cooling unit that is coupled to an outer surface of an upper chamber of a plasma processing
apparatus to be temperature controlled. A heating and cooling unit serves to transport heat into
or away from the surface(s) being controlled through the same thermal interface.

[0027] In another embodiment, the temperature control system includes a heating and
cooling unit that is coupled via a latching mechanism to an outer surface of an upper chamber
of a plasma processing apparatus to be temperature controlled.

[0028] In another embodiment, the latching mechanism is a clamp assembly.
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equal to 70 minutes, is representative of temperature drop occurring during an idle state of the
plasma processing chamber.

[0033] FIGS. 3A-3C are illustrative cross-sectional representations of an embodiment
of the present invention. In particular, FIG. 3A is a simplified graphical representation of a
cross-section of an upper chamber 300 of a plasma processing apparatus in one embodiment of
the present invention. An upper chamber 300 is sealed from atmosphere by a vacuum tight Iid
or plate 304. Lid 304 may be removably attached with upper chamber sidewall(s) 312 to

create a vacuum tight seal. One skilled in the art will appreciate that the selection of the
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stachi gt o3 e BE BTGB A BeRPe o arRe! RGP 312. A thermally
condubWe%Hd'y%4 ih FhePAL doBith@icatioh Gvith3vppes cl?anﬁdeﬂ&'db'ﬁvhﬁ@) 312 s
gr aphi cal representation of a cross-section of

configygskte supporbeomBmonts fof tenrezaivng cgn@@lébglcﬁéo&pﬁa@@img channel 338
is forng%g 1&§E$Q%Bg%lgédu§é§% B(gd fgf %frt]%a oﬁ)ﬂh% Q%dlﬁn}zlép rteoollng channel

a vacu

338 istd gifidle tirchins phaanel BR+hg dpath ﬁﬁﬂd(ﬁtﬁbﬂ{eshﬁck eﬂﬁl‘s!cﬂbinyorder to average
attached wi th upper._chanber sidewall(s) 312 to creat
thermal lgads\aygy thegpa!l bedy P34 diethisunannsy waaplpa@ ﬁ\efmm ¢0nductlve body

334 nRPRE S RLE & &)ﬁ SEhSEL ALy ULtd 's@ie@teﬁ% efficiently
ADRETTLRE CO0lng BRqIEAF AR

nstructing

condubeibtmma ehergl adiap grohouppex almmhteer 3t)®leAn§1 Inumbendmfaiot)hng flpids may be
igjdity, and cost

utlhze%ileig1 é&%\fqliatnéit w&%ﬁhﬁgre&% dnvention, dfn 003 fl\ﬁ)ﬁn:tfcliﬁalrtexy is used as the

ﬂu1dlcshlg§i\‘yﬁ'l |(§o°t91m§%)$n&lﬁt by HE E@Qh@&wﬁh%ﬁé‘&%ﬁ BbfiRfive body 334 in
surface having a circular profile, or may %

any0ﬁ©mwnbm¢ﬁeumag3knDWnphﬁwphadasmsqﬁﬁhg©QWhavwhqezn@teﬂhﬁaﬁ

a ur f ace Ate eratu ontro evi
coolinflgh Gab ol ST 324 it R ser e R Pt e ke 38 %in o
therm8ll feilubtive) mattAal sTEWRES poIYHRY fe@mtfbpéxa@qm CA pd@8litySof thermal
described in further detail below for FIGS. 3B-3 A

interfape dayses indisated iby 339 16fusthevillystzatedbind I6r 3€ect i on for
[0036£pper FharRels af’xgggrfiﬁgﬂﬂ%sq?e%ﬁgna? PTRRhtad6f oPEPONon OB¥he

f a variety o
example apparatus illustrated in FIG. 3B. In particular, FIG. 3C illustrates an example of the

thermal interface layers 330 (FIG. 3B) in close detail. In one embodiment of the present
invention, a thermally conductive material 344 comprises a thermal interface layer. Thermally
conductive material 344 may be used to improve the metal to metal contact between surfaces —

in this example, between the upper chamber sidewall 312 and dissipation band 348. As can be



protective skirts may be utilized as can be
appreci ated by one skilled in the art. Finally, upper
web@roe202800 i s supported by process chanber sPciBEUS1005021202
320. [0035] FIG 3B is a magnified and sinplified view
appredidtedbypond skilledih thdrart,akaquuley efthatlaimsal andiudti vitytheated two parts
in FIG.3A As noted above, tenperature contro
dependeafileast BoBriHRPn T BeCRB AP PrPirTer mal
[0037{3 OMMUN}CRhAPELsYY, BrUR R the CRABRGEaIHoHE WRé td BdteAdiZbeations,
hermal | y conductive body 334 in thermal conmunication
manufagtuting defects oirahpsical siefbematly Id@e Jo Bapingsorguishangilingofor example, may

v rSORPRhl, RTRSA S b SRR SRRl PSR

ensurifi® Béddnt WRrAROndE4ivit9. NOsEmenRk, tARGnO AL inaP D6 effectively
Cool i ng channel 338 is a'si%gle ci rcui tous, channel
condugfgd ithg Vectorarerpand ietilag én e daterfaceday. in erg ¢mbadigepe thegrgally

condu?rtg\ﬁeg rﬂ?t?rig hﬁrélrfgll tﬂeﬁﬂtglﬁpa(ay %F Pﬁ’l@le&ﬂﬁtl)diﬁggﬂé, lﬁg@}allgg&ghﬁ'n%@ive

1
war ping o ermal 'y conductive
materiab344ad tieenhal groadei MgdisKpativintbaB@ 6848 asmprss andthern afithe plurality of

.hedi um sel ected.to efficien conduct . therpgal . ener )
physiclh eTFAE s, o it Ptz BB bEoRarte b d Bist it gisiipation
band F48ULAG 0XBYo PiStribhiel th&@fhl 10AdREERAN IS eheutfacd BEhEIMEISHonductive

i nvention. I n one enbodi nent, water is used as the

body F34uilhedlisserationof Beunhaldepds byidudissigpien hayd disferst fremigerduction of

therm15401s 0S AR CONAHGLL VDAY ARl AR (0L RHIR A dial with
respedtiEineer i Bryef furfac@Where donGudt®nli€slibstagtlallyci@pdndicular with
conduit 326 may be secured in the cooling channel 338

respechiq Kitesface tysasir{aceo ddistpation hend araterial may e ghosendeny ay of a

numb St GEHAR) Ry R WAt L e ot 3 bAE Eppodiment
dissipatfon 400388 iFetes BW0 dumimmgni fi ed cross-secti onal
[ epresentat i

[0038] | | ust Adicatsr fq?(eg{} @aco‘gpl%?rrgsipggrggl;etritog ﬁ,eeepﬁl’?ra %yéf%g%?r{aﬂnlfles}face layers.
In ond érﬁﬂb?lﬁrflé{t,eﬁea?é?_lz?})@m & DfaptdheetdHie o hedtdt efrhfe%ﬁﬁaclit?%? ER heater
330 (FIG " 3B) nb t of

irn close detail. In one enbodi nen

is selected bpsedamon thayweerss demaid parametetsl Redoridg btiefle badkttedil@l 2, a

344 c ri ses a rmgl interface |layer. .. Ther nal
tempeR s RP B EIE & AP SR AP Lo AP Goebathhe result of the
plasmied Bdat EEnoiRInd! pré@R$)Aeinh&tNBEhAU Th BERS to mafhtdif tifermal stability, a
exanpl e, between the upper chanber sidewall 312 and

heaterdpyesi3p@is wHizedrthusmakingyp védateyenibpimea leaderpsipyeateiewhile the
o B e B i s

upper Ppiisina ¢ROM b BHONRAL dperathg aidrdiee \Weientd frecdsaihg S In other words, a
[0037] In many cases, defects in_the mechanjcal bond
heatergpay boused e piitializggad stabilign the chamberRaforeapyalirpesss begipy. In

every 25‘%2%19 g:’hp%gtg O Ml eatil fhal, Be WL AN Badll ufbss AR QBtembOfature
range being maintained.

[0039] A thermal barrier layer 352 comprises another of the plurality of thermal
interface layers. Without being bound by theory, thermal barrier layer 354 may function as a
heat sink selected to make fluidic medium less efficient. In any thermal system, one skilled in

the art will appreciate that balanced thermal loading is desirable. In one embodiment, where



be present. Thus, the need for an interface nmaterial
that can account for these differences ensuring
webdosoizmnt t hermal conductivity. In this mannePCT/US2005/021202

thermal | oads may be effectively conducted in a vector
fluidipaediamds ptdvadedtad ah DeconoBed A6w rhtaythé efficienonef the fluidic medium

enbodi nent, thermally conductive matertal 344 is a
may ex¢sed the thﬁrgaal op}pub@%tg‘: PESES RS gxarqm%laﬁ@ppvatus configured in this
o TR 51 54 9B b BT e BE G opfy reach sub-optiml
operatmgmmpéxtawr@bnlphlpsh argriut bfnwaisawergyafynn 8 hewrt llamrt(elge ihagter layer

by the IS ed that the dISSI

350) e g coRRERTb St P RHED o5thelrrilier 5B RSV flgw of uid

may e ren&éﬁﬁerﬁuseftmg st dshahperhtude G EBRHEDs! of FlooRie &BdrenddiQluring
sipation of thermal |oads by a dissipation band

procesamtgf msral darrics dayige 8 1% in Biose eramples, mey déminjsheperturbation effects
d p
on ok BT RNFRIMELY B TSl Br RS2 i
the th&tivaf bareisr isiMylenBolocuiblbititd Dailatsle Sohsiaivius alahyfacturers.
erpendi cular wwth respect tq interface |ayer

[0040£ur f acedinabiayes (nat shawvm iy beeroadsdio Wt%éuémmfﬁhq thgrppally
condu@ff "ye lggd 6_‘33@ Fﬁﬂfsrf&rﬁlfl Vai/gf tu‘f"g%q érﬁﬁ(gd}ﬁ%t)é idi L‘isﬂ?réb'q% A¥&tor. A thermal
no I'n nment,

u
rmaterial’s wel e art. In one
arrestatingayi jpatlatera themuil 8a8ral dewer frem afﬁlﬁlﬁéhtad:rumramm Cl’[aﬁQ-SS]lusﬂresulting

BWECAETER el T
other ﬁﬁﬂf&nﬁﬁ@rrﬁa‘ﬂy&mﬁ&ﬁ&ﬂ@ a8 GRRAVdIDlovEA R art. THEsoRRRASHIdYments,

heater is sel ected based upon the process

doublejgidedhthepaal adhesévestapRaich as ITHERMASTIACHR I 12 drom Chomeries may be

used. & g? sl%le%ls’tf?%%yv glfeg:g%&?%&tahthe Qeg)er apgst ate't-‘%ci‘lé] Ingg Ss(:farfgel ((:"a

represb@taﬁorgeff@mbi afbqdimess s Rather, fig: 1aydrs a@ubsimadtradvre pukieés only.
to mai ntain thermal stabi I|ty a heater layer 350 is

Materigl pelection and desienamastigingiovilkdistatedayer sgingal 1 oad was
[0041Er eat eﬁe nllge}] Ih% Ql 1%5%%%8 t%l‘é@q%k%nﬁqgﬁ of tem 0petrature

mbodi eater’layer

contrdbidevige B(bﬁelsu;h@@n ambmln’@ totmaa‘embo(ﬁﬁﬁnuof thepmpartamvangon This

enper re prior to processing,, In aoth wor ds,
emboq&f@?@b?fa héyrea%th@@&ﬂ%% rtanc@'rl? %ﬁ%mgft iCFqss éecttwa It may be

undergta&f@ﬁf th%‘%il%ﬁloﬁ%éﬂlsdoé&&%éss%% Q?oss 's&tr%\ﬁ%fpfoﬁ% Sithout
he capacity of heater may be sel ected based upon

hmltatlbue Nbsnm@blbekspdéﬂanwl@ attanlgesl With pashread of dienmdlly f@0IB6five body

t her nal bar.ri er Ia rlssanother th
334. BolipGig By e 2B TRl S8R nye Fast fipbfiits Bosiqif2 mey
serve ROMBRhRY¥NJORRE Yor al MBHPME sPsdérh 488 td sikere téRferdRYe control device 308
function as a heat sink selected to make fluidic

to an wingr eirAntes o 2 plasip erecessing anpparatie(ampinggrasnie apgemplished in any
manng'xkcloun“?odnli/ Rnown in the art.

[0042] In one embodiment, the clamp assembly may be integrated with the temperature
control device; such that a screwdriver, socket, or nut driver may be used to rotate a screw
coupled to a band having serrations, in order to secure the temperature control device to the
plasma processing chamber. As the screw is rotated, the screw threads advance the serrations

causing a reduction in the inside diameter of the band.



the art will appreciate that bal anced thermal | oading
is desirable. In one enbodi nent, wherefluidic nmedium
w0 goopoweded at an uncontrolled flow rate, thePCT/US2005/021202
efficiency of the fluidic nmedium may exceed the
[0043} her neln aisthee embbdintat, phioeansable blaip mapkaindgatedmwith the
paratus configured in this.nmanner m ght never r
tempegiturgsprEe) dspiceatich ghat & Rpié PEPIRTE 07 SRECHHT00 may%*féam?oyed to
SHO ek dTRle BREERIVRAE 1 U6 Q8hY cHRRBer! TRHLral) made f
seetr excess enerec ?r om a hea | %L/igrc e. %C, hee{ter rgyfé;na ©rom
an elaﬁiﬁﬁbly deﬁwhabln gnaiterial vdmrwnonmr@snvn cfmeasseappheqbtmtabs:cxtcndmg from
oSt S. t her lles, .t.he fl of f
the IG5, 45 s St B e SBfread b e Pl fhe Bhpressive force
causestht iRIRNGARetef of theVlahipite ddérbdse] ©BRBS aPpllyingt compressive force to a
proceSS|ng Thermal barrier layer 352, 1n those
hose ipserghthesein pay di mi ni sh perturbat | on ef fects on process
[0044L enmper fH offter g}ﬁbgﬁ%ﬂegﬂg ‘cﬁ'&=§cl§‘xn£gI Q?sfe %E %e%rgteh RS Ehe
ffects n one e ment t barr
tempehdthra rcoiodlydeaichosuah ehanum ipsd Iclanf;rlmhf udmsweruﬂ;amp half, a hinge pin

manuf act urers 0040] A f| Ia er not shown) may  be
conne S Irdateienelpie s DR PR e tﬁ‘ﬁ??fﬁt‘%w figice to the

plasm® gfaées?sﬁfg chhiiber. f TiAfast A Ghay do'ihp'i@érﬁ b@mgﬁiemtasmta‘ta%l@plvot pin
ermal arrestor. A thernmal” arrestor may i nsul ate a

mountetlem thellowerdaop halé\$lots niaydm paotidedin thenpmratammhalf and the lower

ctams Tl G5 S R P e B8 300 B Bhsagp e
the aséenREHOSPE] BStirhLrAiRY th\ahilRd, kid &RA @w%édl mi RIk&ShVigzhtening

well known in the art. In sone enbodi nents, double
the bodljte setaintike whnlanimibsiclaan aspembllich as THERVATTACH(r)

1412 f il
onss 12, T L BIRECE R TR s 0 TR Rocl G Beblono
tempesdtade@ohelrdzs e 388) mnslooéxcessimado a8 mdﬁn@rﬁrshst&atdmmerature
the | a ers are for illustrative purposes on

contrqydewirs 308 4 ikrassemiated rydu ey ninsslssing? ﬁlP@Png rrleta%tugtfem and
repeat{a??é%Bmﬁ&tzﬂrE@ure[\g%]tL \/\/B&fe k& LMol BeVit308%s nhinted is desirable.

ustrative top vie presentation of temperature
[0046F ont r oSechand meuﬂtﬂfg blecksH3Rdmayaserveradiatigchingent peints for cooling

cns LT o S B TR GRS B Do R e o
mounfihg El'éEl?sW}?f Q@&y S8Rbdron suda‘ble‘%nﬁsﬁyé’l‘[‘ {5 BPMe tah@ﬁaytﬁé' Wilized as

invention nmay al so enconpass ot cross-secti onal
attachpreof paints fou thhgoeling gendwit.i on. Mount i ng bl ocks 432 may

100478, \EGAEER B! s R 4500 8y S Pl A CH PRk B0t device

308. Hahdiks 4 TOMAY b& thebh@iokBoKARd ffmyte&qfevaemas:oaﬁr@la&hme 1308 so as to
points for a cl anping syst em 428 to secure tenper ature
reduce eh@lrr@lma@éb@rwl Bose invhaRystgperdéiandandes may by sf¢ed as required

w1thoEHr &%ﬁﬁﬁl‘ %n‘?ﬁ{éa HSiny AP NG niFRYRE ARG RIS hvh at 404.
nl'y K art.

er COﬂT nown Int
Temperature sensing device 404 may be used to interlock a plasma control system in the event

of an over-temperature condition. In one embodiment, a resistance temperature detector
(RTD) may be used to sense temperature. A heater attachment point 408 is connected with
thermally conductive body 334. Heater attachment point 408 provides stress relief for heater

layer 350 (FIG. 3C) and convenient access to the heater embedded in temperature control

10



[0042] In one enbodi nent, the clanp assenbly may be
integrated with the tenperature control device; such
W@ bab/ogoscr ewdr i ver, socket, or nut driver nmayPUBUSZE021202
to rotate a screw coupled to a band having serrations,
device 30801 dkatly} ease @tthchnidi® pbiaIPEs i3 thirMallp Kolatdd fienit@@pdrature control
the plasnma processi ng chanber. As the screwis
devwer%lf?épéa not fedniseque thermakbrpiseinipdhe &/t serrat i ons

[0048gau5,| bsi(¢5 :g] 1??%%%%’ e&afnﬁ_ﬁ: C}Jé&:ce'sgﬁmg' %?&rutﬂ’lzm%@% embodlment

and. [ 004 er e I ment, e renova
the prevayt ilveentinh et atfast stapt 302t & plasreaplematien isingmtized| TM\VS a@lasma

such t hat air of Lers or. a speci t 00
chamig st §r Bitshrina s Fisrue b islhrieetiiod fhs chamber
is therf dMbiR2eAIH Ve dfed P fatiDhal PammRedrs a@RGLI®I. | As AR dpbRANaA, any
elastlca“%% def ormabl e material, when a conpressive

numbgr o eperpionsh piiemgteromay be eusalishet wordn@ﬁﬁom@rbmdmrmﬂwéon
recipe oﬁ ?éqgl?rer%egtrm&ﬁerr t? ocﬁameoe? s%'tg%ll zrs_c;ad ap g 51.%@%89 5%%@349 pcfaced in the

ressive Fce e di a

chamHehet Stépaﬂlé dnd tBe Cliapatse is d;imehﬁlwsta?cnntw to ghead 38R bpa atiotal
force to a hase inserted therein [004 4§ I n anpt her

paramglgfsc Sige r§98 Prge theghambersis siapilizemhyt stap 108 Bgrsubdtntsys processed at
step Si?ePlrog‘%Q%?%hHsrtﬁt&%f Eluggﬁlgﬁ?ﬁ ﬂfﬁ& rbf ﬁfasx?lg 0 &Q{%ns That is,

ower inge pin c nnectlng
plasms ey I’mahgmed aad dxanduagicé ea cynlie neampboyred tisedasired pta)eessmg has

t ure contr.ol devic t.he asna roc sSSsin
O A S I A ol B A A
510, i§ Ruakabl §f (kMR 1048 iR BHRE chdnB @t tepe12. CHaEBtepd discussed in
Slots may be provided in'the upper clanp half and the

furthet @mi bdb‘em’rpr EHIS 6406€ h fince hsulistrate l@ahemrngessw élmdn@hod

ceternfhe SHRGE TR ik Ty S ATRe ARk @ R B gyent cha

anothdrR@Psti@ateds echdgthe lpese ek dayintidsab s@PiS0E. WiRnbdl subdtfates are
retain the tubular in the clanp assenbly. [0045]

complyiedsthe methasanded on the device nust be sufficient to
(00498 Nt aF{Ggh 26?. BESkd &0 81103598 il d&ié%a&%¥ Ecglt o‘fllgx}’ét {efhperature in a

08, b excessive
plasmh @rqeessaigiehambentiti lidinglembeim3ms t}ﬁu’;deSehSmanstﬁm aAenbted above, at

ures. |In selecting a clanping nethod, unifor
least (3isq A5t g @Sétﬁﬁ%ﬁftrawguplearﬁﬁ%eme%%@ﬁ gisclosed

invenGA I TiRbe GREHGR n?e%d's%vlﬁ%ems%ﬁ’ssb&md@raéxf abl e. [0046]
Second, nounting bl ocks 432 may serve as attachnent

Tempgrafund Eoiitgol: Qg@tamglggnijmm/\&@@}gwﬂea At | east one i nl et
420 an outlet 424 unted on e|
100500t 1 AP0 B0 SRRk e S f DA PRDPEeR fhe present
inventi&. | InkpaRMLar 'FIC € AddihgramY a Reethtd dficogfloifing attéAFGARAL control
points for the cool ing conduit.
device where fluidic medium flow is constant and heat is variable. More particularly, FIG. 6A
describes in further detail step 510 of FIG. 5. At a first step 602, temperature of the upper
chamber is detected. Temperature may be detected using any of a number of temperature
sensing devices known in the art. Once the temperature has been read, it is compared against a

desired operating parameter selected by a user whereupon a query of whether the temperature

is too low is made at step 604. If temperature is too low (e.g., temperature is lower than a
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[0047] Handles 416 are provided to assist in the
handl i ng of tenperature control device 308. Handl es
wali®enop2be thermal ly isolated fromtenperat urBCUS1008021202
device 308 so as to reduce or elimnate thermal noise
desired Bettpbint Y dlegting Aeldeitiiomaivated ndites 60myGaeratidedaldag, a heating

requj red without departing fromthe present invention.
clemeng if gfseoactPE: slefAsIsnkrag avpriEior S he R e gpgonsant
00s1)Termper B AEnt8 Heh S APk BNy b li
[ ll nt erlltir:i:lt%&:ﬂ?e  asma ctont rol t‘i‘%’% ém |rn§l% he e%’/e(ril)owi£ lmltmg cireuit
(not slpwe)- ffhﬁpmﬂmdmrece@dmm queghwhétherdhe preriisds eempletezat step 614. If the

resi st gnee te .e _det ect be use
processds kMR bF TR CoRFuG AL el 4bifien T RroSE T ARt complete,
the mé&REHEHtiBGeVb tradtppenEtahibef RAthecdnire at eslg0Bad cditiati@rcycling
attachnent point 408 provides stress relief for heater
until theypreeesssocqumleie. 3C) and conveni ent access to the
eat er g r
[0052fI deal | Iy, H% ﬁlgg de{%{rgl rfg#] t@tsfé I%R% qg%)t tQIl_n &% ugflr?a:}}fg)gtoo low (e.g.,
tempetaiide ad leghérrtbm et ppiat)athic rrmethm:hqlreﬂbs dzhvthexea B&8ing elmnn Gton at
o jntroduce thernal noise into the s m 0048
step 6 1 s hatize gfenﬂﬁm 1i08 ¢ SRR S SRR P HAPD I pen the
query uf bt'ef[) gO9G a%‘w@t@@ KBRS c Bh& AR HeatitVaBhEQNs tu%e@off at step
first step 502, a plasma chanber is initialized.
610. Tl methpd axmaedshanfb%' whether dpaprecess sreopipdeie skitem6 H’avlf ﬁ@ process

. been cl eaped and ot herw di.e The chamber is
s compfidry s EBMPH sBHTmES AEuF S GRATAF TomiProdheRapledinpte, me
methodthéh efiftns DSe&PpRE claPitiee Eniefureal ¥iep G0DaAA Edntinues cycling until

operational paraneters may be established according to
the precegaistcoryled®- production reci pe or requirement. After
[00531 erlcggﬁgg Eluér %Et@ﬁ '6% Fseagls Ere 1r‘? 1@8}8&%5 ﬁhzﬁégﬁ&f n@%l‘? queries
wheth'bﬁaro@\tdr-@mﬂ)érytuﬁd (&iﬁtlitioileﬂlstsmttshp 6(ﬂES ifrtel amyves ad stopal 2 is no (ie.,

paranmeters at_step. 508. Once the chanber i Q@Ilzed
no ovgrteeme@ﬂsesondtﬁh@)sfé}ﬁe El}eaﬁ‘?éh‘i"%mﬁl;?f@é GITENY ?@Ec‘ﬂ@bt ppocess is
complp eo‘ﬁ @t%f%ng fRs fo%% 5\is e lbﬁc e Y tRWteRhin te@uﬁ*%ﬁé pl‘?)fce s is not
5
sma oper at 1 ohs at 1s, asma nmay be ignited

completd; thegnlethdmtecbntmues to;sodpi 602rmd nemtlrums cyclingentkthie me@bess is complete.

tran QRN B ARG b R BL s i TR Mot caehexcle
requn§§ £ eué% ddterniifd Wh@ih'epﬂhe Ptodebies H&hpleea&sumra@éa BAPRES 614.

nber at step 512. This step is dlscussed in further
ot §c Rigw/Sonstapiddeah substrate has

en e ed the thod et ef m ne et h .ano
00ssf°5T, PERSARhn 5ol Ae LA A7 ARG AR i s
inven€ME Nin ﬂahﬁhla’inﬂﬁ"' &B cﬁag}sﬂhﬁ ahthdd dfeadirellihp e tghpaemse control
continues to step 506. Wen all substrates are

devicg, whﬁqeéheﬂuldtqfee%mrﬂﬂyv Eritasiable god bgat ppipgt isgAangentg More
paI‘tIC?l)éﬁg% 16 %che?&?er '&YM&%P@&Q%&S’&&QHE 1cPlsl 1AW, first step 622,

ature in
temperature of an upper chamber is detected. Temperature may be detected using any of a

number of temperature sensing devices known in the art. Once temperature has been read at
step 622, it is compared against a desired operating parameter selected by a user whereupon a
query of whether the read temperature is too low is made at step 624. If the read temperature is

too low (e.g., temperature is lower than a desired set point), fluidic medium flow to a
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pl asma processing chanber utilizing enbodi nents the
present invention. As noted above, at |east three
waledobermat et hods of tenperature control are PCT/US2005/021202
contenpl ated by the disclosed invention. These
tempetHitlire @b 811 d¥Rich atbs B debrebseddit step $3& dThexmethdd proceeds to query

Tenperature Control: Constant Fluidic Fl WV i ab
whethme@@ P[OESF cupaletest siep O4n: éﬁéﬁﬁﬁ{%%ﬂ%&%& °f g?ﬂ' cptinues

149 [t @i h
o s ORGP IRl A58 e RIGR s e uperchambe
tempetaemaar sl 622 mwmlnuebewchmg witdrtie priooésdiiccomaletam f | ow

i s const eat .is variahle re rtlcu
10055} O o mer BBt Tineanat isP S S Ep et ) Ry e the
method: qaupflesawlflétﬁértansﬁv%pte@%ratﬁx% RBAdiAbA ELst9ht itﬁﬁ@& PElan over-
I's detected. Tenperature naﬁ be detected using
A

tempeaatyreo:bn@ltlnm dbesrnoy exisk tisarhiidie eedims flay rery/pecidsrersreht step 630.
The n}:egl}%ld?% egs te?%il%{ey \tzvneﬁgérietgg o%%%rlg etggl? Qtﬁé %gﬂ’ If the prdcess is

compré:eé ﬁﬁ:trﬁéih@d/ccﬂntiﬁ&esf atWhepra 4 gpIG. &) qliﬁhglpmﬁ:esshehdstemrrtﬂhae the
nperature is too lowis nmade at st 604.
methngﬁ%@rsgp Geas yppes Q—}@mb@g\;e(@e@aturetaémpgfg}decqngnpwichng until the
ir i
proce 0 A0ER 175 8% Ol SRR bl v
termigdtesmeNdtablg, each bpre oaquires ofjdery deﬂtemne Wb@thelotm ptrcessgp complete
lla hegblng eI ment is constant. [0051] In sone
as illyspigdPhelP 932 heat out put may be regul ated by a power
Tempetair (381r61; Vatihble FMEHicINOWMariablReIdxet hod proceeds t 0
query whether the process is conplete at step 614.
[00561] h e pr $86s&C issancexapipde procesh Sowedisgramed ene ﬁmb@dlmenéeﬁstbe present

ocess .| S t

1nvenH81i1 h&ﬂ)aé‘tb(ﬂ.l?% nﬁféi 61615’1?% s&%etbod (210 C mt)lgrgﬂiﬁé %ﬁgr‘.rn %r{%ﬁlée c?ntrol
dev1c§ %@reﬁfﬂﬁd@ ek dS@A loRLie S afylé hitDhdahbutbuf I8 @afidtde eM®rd particularly,

nplete. [0052] If the nethod determines, at a step
FIG. 604lescribes intferpetdstaih 0 310t 1G0b. MOWIEE S 642, temperature of an

I at I i

upper c%ggx%grs 15 %fﬂﬁer ae%ﬂ%ﬁ‘%tﬁl%%f@e de@&lté?l usin rgtel?l? og%g%?rﬁ)er of
tempérﬁtuﬁrd‘lﬁnhﬁgﬁbﬂgesahﬁymnh theSaro nOacredhe mnfmeramnertms becraisad; et is

a desired set point, then the gquery of step 608 is
compared\Agpiagt 4 §ested ORIt RATIGICIE °¥°Hé>yr?e“a5€¥ WHCEPRORR AU of

Wheﬂ{}# rte?ﬁ}?erﬁtl{l ¢ iftocThfRs e aff %]i—%f §%4. he %&E&Pﬁﬁ%@ra&xﬁe @¢ ﬁfel/upper

€ process 1s co ete at ste
champeois ésmdits be complogt, éhentone ofithir¢roattionsiman be gmigated @feq@)ers(l% a)a

b e s 3 PRGBS B gpen

activiB@ afNHui@RhéNHBTI W sl deB@ageat i | the process is
conpl'ete. [0053] If the query of step 608 is answered
[0057]n t he Hegletarménationef mbidhadernent is agtizated & response to a low

temperature condition is user determinable and may depend on a variety of conditions for

example, implementation cost, resource availability, or desired speed of reaction (i.e. system
agility). Thus, a user may select a heating element response where additional fluidic flow is
not available or cost effective. In like manner, a user may select to decrease fluidic medium
flow response where additional energy for activating a heat element is not available or cost

effective. In contrast, where maximum system agility is desirable and both availability and
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whet her an over-tenperature condition exists at step
612. If the answer to step 612 is no (i.e., no
w@@so1®eper at ure condition), then the net hod PCDUS®AIT021202

to query whether the process is conplete at step 614.
cost atefnot 1o AeRis lein®nte @&1B), Béting tehegndiie bdtbdtedeflniditahediuml flow

the process is not conplete, the nethod con i nues
decreasedpn®0E aghigatedn hey H@Q’Oéy’é%eﬁ%s Qe WhEhGS rt%%%ré’geﬁsés complete at
sep 63 o @ Gocess 1 RSk bR ARALRLhAnESRE LD ST B EE [Fihe process
is not b@ﬁplllet‘eeﬁheanﬂh@d setiros thetad uppee chmabem esmpdnaumab step 564?- gnd

Ete as Lllustrated @g step 614. Tenperature

Cm““%fﬁﬁW:Pgu%%k & BIOSess| I FUNRICHE ow/ Const ant Heat [ 0054]

[oossf' G 6F the nRihoR RIPeB @ 6RH $44 | tRYY tHE REfpRIAGE iOAR too low, then
odi nrent of the present i nvention. In particul ar,

the mﬁh@l q@Bicd whgthenan averdempriaigre eopditiop) wiﬁtﬁgatétepé‘iﬁeﬂ%%r\m@r-
tempe{lagplie %p@%&gﬁ gg%er\gc\'{% %%1%& &he méthgc'i %égiﬁ ?«5 &%Eé@ Whkf one of three

condlm{stalré3&kit%iehl, a)fd Keati ldﬁﬁﬁtr ik H%‘ctﬂvﬁleﬂ b)tthédic eesdainh ﬂstzvep

0O of FIG 5. At a first step 622 herrperature o‘%

mcreaag}a@r chmbensiag clemapbiselopdiy atcdang dhidic fleWiaipcrastbt g above,
the deﬁe?]rfél&%ti?ﬁ%{ ﬁfénc%r é{ﬂ% ése&ﬁlgélgggrﬁg{egédﬂsg t§§ﬂ%§2&?gé;rﬁﬂug@&)ndmon is
user dsteepindBI2,and tmadysdepembarr aedarmyyaoﬁemdalodlesmql@ﬂng; ger @nampgi;e

par anet er sel ect ed use reu
imple{iapgr Cosher s Derputn Sraestes iss8 Phmar e e Satem eeili).
Thus, SatL%Qr ng'selécft atﬂaﬁlr{geél&n&ﬁ'?&%BﬁéfelWI%ré fhck@8ed BUYd{cEAEw is not practical

tenperature is |lower than a desired set point),
or cost kffeddive. medi um fl ow t o atenperature control device may

e decre t st 626. .Th th d
o0 oo TR g ch 6% B0 s o TR L BAREAB R Ssc
wheré’é’e‘l’&ﬁ§% |h§atﬁ{gr€)érﬁérﬁ respBfseehbhiqdadiieal (bﬁU&b@tSef&icu&t e]lﬁ dohttast, where
the process is naot conplete, the ne

maxmegwstgmtagﬂrté aﬁd@gﬁé? apch both @vailabpiiy @a@ 69 2Ny thé]dtegaz@th
an | e
BB SPTHIEAEFL T OLIL 16 D533 L35G o s

procebéd1pejudtyuvketha thoprotes i @mpléthat srep B kﬁml&rpresesmhﬁectdxmﬂete the
an over-te er ature Confftfll on exists at
t

methoghcoplianeseH5iE 1 (Bl G Sl PGR84S PR complLs the Reiod rewns o
read the V%ngﬁcf?at{ﬁ%dit feh®Wn Bt iAGed J}Q[lﬁé‘ﬁﬁtﬁ thé pRIcBR i§88npIERe If, at step

procee to query whether the process is

648, arooger-edrepearatust @pdBi®d.is deftecttéﬂs tiproetbed tarmimataspl et e, t he
t hod contlnue at. Sh%BW514

5
006415 ot Acripraiid hefsie HEPOT bR Py dee ki s RPaRRE conol
for plﬁﬁﬁ&?ﬁ%e%ﬁ@%@ﬁt@h@ I'én z?ddlt%rﬁ PheféseaitihvEitni proeidecargdiohgic benefits

unt i rocess is conplete. If an over-tenperature
duempamltqmmfﬂewnsdﬁlm step 628, the nethod term nates.

t abl vy, a cIe
[006&2 ot herwpﬁ%%ﬁﬂg Célglgnl gsh g{:l%?sc?lb%jﬁ{t)ér&? ofjs%tlglrafrbt%?erred
embodiments, there are alterations, permutations, modifications and various substitute
equivalents, which fall within the scope of this invention. For example, the TCP 2300 plasma
processing type system manufactured by Lam Research Corporation of Fremont, CA may be

used to practice the present invention.
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as illustrated by step 632. Tenperature Control:
Vari able Fluidic Flow Vari able Heat [0056] FIG 6Cis
wa@rooexsopl e process flow di agram of one enbodi PENUSNS/021202
the present invention. In particular, FIG 6C diagrans
[0062p et hR@hedld aibibe dbtednbatahdre rpediainang altemnaticd wabeswifemplementing
where fluidic nediumflow is variabl e and heat t pyt
the methodsan appasatupsrad thrapreseat inypption. g Gth‘ﬁe{g’ %ds‘gﬁ’afﬁ'e
i | L i rhiiss, Sdr@fitations,
followg i HERIEEQ R 1R FRrncC 1 bl ne il Bkn Buerha B
modiflcatipey;, atdivaiomm yulistitdetqivaentssy fal vethin tfe tenerspiriiand g¢ope of the
t enper.at ure sensing devices known in the art. Once the
present diNGBHAR-ur e has been read, it is conpared against a
desired operating paraneter selected by a user
wher eupon a query of whether tenperature is too lowis
nmade at step 644. If the read tenperature of the upper
chanber is found to be too | ow, then one of three
actions may be initiated at step 646: a) a heating
elenment is activated; b) fluidic nmediumflow is
decreased; or c) a heating elenment is activated and
fluidic mediumflow is decreased. [0057] The
determ nation of which elenment is activated in
response to a low tenperature condition is user
det erm nabl e and may depend on a variety of conditions
for exanple, inplenmentation cost, resource
availability, or desired speed of reaction (i.e.
systemagility). Thus, a user may select a heating
el enent response where additional fluidic flowis not
avai |l abl e or cost effective. In |ike manner, a user
may select to decrease fluidic nmediumflow response
where additional energy for activating a heat el enent
is not available or cost effective. In contrast, where
maxi mum systemagility is desirable and both
avai l ability andcost are not limted, both elenents
(e.g., heating elenent activated, fluidic nediumflow
decreased) may be activated. The method proceeds to
query whet her the process is conplete at step 652. If
the process is conplete, the nmethod continues at step
514 (FIG 5). If the process is not conplete, the
nmet hod returns to read upper chanber tenperature at
step 642 and continues cycling until the process is
conplete. [0058] If the nmethod determ nes, at step
644, that the tenperature is not too |ow, then the
nmet hod queries whether an over-tenperature condition
exi sts at step 648. If an overtenperature condition
does not exist, the nethod proceeds to step 650 where
one of three
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conditions are activated: a) a heating elenent is
deactivated; b) fluidic nediumflow is increased; or
w@o0a/0kmat i ng el ement i s deactivated and fl ui dPCT/UE2905/021202

is increased. As noted above, the determ nation of
whi ch el enment is activa@ledM$ response to a high
tenperature condition is user determ nable and nay

What schimgd & a variety of conditions including, for
exanpl e, inplenmentati on cost, resource availability,
or desired speed of reaction (i.e. systemagility).

1.  TAusmperatseconmy deatefor canthdhng tsgnpetature of an BBPRY I@g@nber of a

ere increased fluidic flowis not practical or cost

wh
plasmg ProSEISiEAPPPIHESPMPRSIke nanner, a user may sel ect

| B eHeall Peoridubti ¢ Kodyaal mah ligtwr kaFRenne adaree surface removably
selectzgg_a heating el enent response is not practica
fi

connegled pihtandfin thermelkcommunieniiop y6th thoyppe chamberhts/RlaEm
aqi |l i [.S. desirabl e and both availability and cost
procesasglg aﬁ)%grajful%m ted, both elenents (e.g., heating el enent
Ck bluralitg o€ éeeméill itietliace fab@wjn thaymdleommhinvatioo withite thermally
met hod proceeds to query whether the process is
condugyfopadyevhereia pgjragspe i}YFr {Sﬁ’g‘eﬁp’&% %lggleg% conpl ete, the
e LDAtheCith iR ERnR edShiaPihe binddd! thermally cbhdudi®e Bb@F&RBthermally
is not conplete, the method returns to read the .
coupl¢cewisle thet upper cltangtee pf 4 Plaamd prenesdingiapparared Whegeirth¢ tooling

the process is gonplete. I1f. at step 648, an
ebanb@Fg?@ﬁﬁ@$§i%¥@u 6H§P&F8ﬁﬂpgnﬁetected, t he met hod

t &1 IBhd1 BhE BemcPROR]sehi¥or PoraefiMERnpereird of tHeaippEedRber of the

i nvention provides agile tenperature control for

plasmg [pgeneesing appestisag systens. I n addition, the present

invention provides. er . ' [ : .
| R RO E Ry B SB0B T BT e PR doplifle ctemen:
and been described in terns of several preferred
enmbodi nents, there are alterations, pernutation
méditehing meshanisn donsspyringsthe ipyerate OBl dexice e tHie upper chamber
which fall within the scope of this invention. For
exanpl e, the TCP 2300 pl asma processing type system
2. mdhutanparatact doptrbbdeviResdataitn 1Gshqgeinahé therrodllyrroadoetive body is
.CA may be used to practice the present
alumifPent j on. [0062] It shoul d al so be noted that there
remai n many alternative ways of inplenmenting the
met hods and apparatuses of the present invention. It
3. | Shetempdrauee ¢ontrehdesdcet dfataimhlewheskinghs hepting stanepad is a kapton
l.aj s _be interpreted as including all such
‘*dmgﬁ?L?%ﬁ?bns, pernut ati ons, nodifications, and various
substitute equivalents as fall within the true spirit

and scope of the Fresent i nvention, CLAl M5 ,
4. The temperature control device of claim 1 wherein the inner most layer of the plurality

of thermal interface layers is a thermal contact material such that heat transfer is enhanced.

5. The temperature control device of claim 1 wherein at least one layer of the plurality of

thermal interface layers is a diffuser such that heat is radially diffused.
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What is clainmed is: 1. A tenperature control device
for controlling tenperature of an upper chanber of a
WER@sOBROpr ocessi ng apparatus conpri sing: a thepPemiUE2005/021202
conductive body having an inner surface and an outer
6. SUhS REMeFAIR BN deoRBOEtialin Wiviteredmel lleast bhe tayad of the plurality of
conmmuni cation with the upper chanber of the plasm
thermg)ripteefaesi laxera prrathatna bagiep| urality of thermal interface
| ayers in thermal comunication with the thermally
conductive body wherein at |east one |layer is a
7. hgh¢ tenpeait@rrohtrolalesmelof nigine [l dnmtir comprisivg @dhetimahanr¢stor such

banded t her mal conducti ve, body and ther.pally coupl ed
that thﬁt%rﬁpqrﬁt@rmwgpl g%"é‘f?o‘é Proa?“?%gmm tﬁ?‘b‘@{ér"%a%% ng
apparatus wherein the cooling elenment is configured to
conduct a fluidic nedium at |east one tenperature
8. s@hstmemtursensirolgleyioepé chaind evhstein tre ¢aobiag clemenbiscopfigured to
. the plasma, procegsin r S; -
recei hep R RBREET P A R p ot e B cfif, GRAAC

configh&d fotpekEiimBipons @ tembehiabd Vigiation Mathirstine uppershembemg
the tenperature control device to the upper chanber
2. The tenperature control device of claim1l wherein

9. : gﬁ%éeiﬁgée%hlleycoﬁﬁgg?&ﬁ I\t RN dvl?eéékr#fi@ %é BlemEReis configured to

ure con evi ce of clal in the
allowhépkintgt & heedlunicsriafléapt doidik mhéid ifi oisporive 4 tampedaturEh@riation
. .tenperature_control device af claim.l wherein.the
withiy fhsappersdempstad heredhiaating Flefient S eReVerd o Capyas boat
outpuLayers is.a thermal contact material such that heat
transfer is enhanced. 5. The tenperature contro
device of claim1l wherein at |east one | ayer of the
plurality of therpal .interface | ayers i [
10. 8 ermestafigonril ety vude e bouBe ot K ogpgeured o
allowGRstint @8iHeGRIPhetfié AbW oF INAERE RleBiadh rdspasse t6 Renpeaytare variation
of "the plurality of thermal interface [ayers is a )
within Herupaer dhambeeand whergindhe bepbiag glemeat @Gﬁﬂg%ﬂm@ 8/QRegatg fn response

o tenipet g o S P b e fodicut ce i o protected from
anmbi ent condi tions.
11. A temperature agile upper chamber of a plasma apparatus comprising:

a continuous sidewall;

a combination heating and cooling band in thermal communication with the continuous
sidewall, the heating and cooling comprising a heating element and a cooling element wherein
the cooling element of the band is configured to conduct a fluidic medium;

at least one temperature sensor thermally coupled with the upper chamber of the plasma
processing apparatus; and

a thermal regulating control unit for controlling the heating element and the cooling

element.

12.  The thermally agile upper chamber of a plasma apparatus of claim 11 wherein the

combination heating and cooling band further comprises a plurality of thermal interface layers.
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8. The tenperature control device of claiml1 wherein
the cooling elenent is configured to receive a

w@ sl vol unetric flow of fluidic nedia andP@iTEsm®0$021202
the heating elenent is configured to operate in
response to tenperature variation within the upper
chanmber. 9. The tenperature control device of claim

13, \whbg @Pﬂn@tl%agelsymﬁgchanéﬁwﬁa Rlasmaampiptise clamal? %wrem at least
one ofaflk gﬁ&myaf @bl S A UTRNL 5 o HeAhOLichlon df € redi a in
response to tenmperature Vvariation n the upper
chanmber and mhereln the heating elenent is configured

onst ant .heat out 0., The te ontro
o2l R et S e MaPE o Rle AP Sl 1oWhérin the
heatmgf@l&iﬂeaurs%qcab&n%tmm@ﬂiheaérwent to the volunetric flow

fluidic nedia in response to tenperature variation
wi thin the upper chanber and wherein the heating

15. i Eﬁ%@r@é?élfyea ?l'gf :pg%rrcgl%m\k?rt (#p S#l?s;:ﬁa %P%altea?és ?Pom @ \?(llerel’g\ the

coolmgem&matswbﬁﬁg@eﬂ o LHOPIOE achbrasidhe voluinetripilow 5 flaphamatiasind
conmprisjing; a continuous sidewall; a conbination

whereeihe hPAING CIETREIH IS GRRTIBHITH 1 APRIALE AREASPRASER FMPSEATeNs Vfiation

“mhunﬂ§u@&ﬁkhﬁﬂ&%s sidewal |, the heating and cooling
conpri sing a heating elenent and a cooling el ement

wherein the cooling el ement of the band is configured
to, con a fl uidi at | east on enpe ure
6. o ShEBRHAy Al presiamby ohA Mo PRGBS Ciraber BreTEHdhe

coolm@'e?e‘fﬁ@it RrBaAZHA% é‘lﬂ%ﬂ@ﬁ@h&tﬁyen%%@vélhﬁ%fm:' 16 efihaimcr}gedla in
control unit for controlling the heating el emrent and

resportsh éo sowkiatire shdation withia theTippet thenrhar kyd whetewn thp peating element is
asia, apparatus of claim 11l wherein the

“mﬁgg %gbﬁg¥mgwgh%%PWﬁatand cooling band further conprises

a plurality of thermal interface |ayers.13. The

thernally agi.l e upper chanber of a plasna appar at us of
17. ciThs thenmaliyrgilsiuppen chppbet ofsnlawpa anparabps afplgimyl loyherein the

coohn% ?ern;@%]lt sI é&hﬁ @8 % Lll"f’é@ Eﬁ ngleﬁt {(ﬁﬁé {l&ﬁm%{rﬁ:r@(m/ of ﬁﬁidwﬂﬂ?dm in

e upper c of a asma a
resporsk &0 mrq;arm rvanandmeulnaalhe M[g)eebl&infdﬁt‘ andSwheﬂeﬁpﬁhe heating element is
etched foil heater. 15. The thernmally agile upp
configlfedriB Gpeigte iy TEPARTEO AGTPRS ARV ASRIEN Witk the HARZ G bFFe
cooling elenment is configured to receive a constant
volumetric flow of fluidic nmedia and
18. The thermally agile upper chamber of a plasma apparatus of claim 15 wherein the fluidic

media is water.

19. A method of using a temperature control device, including a latching mechanism, for
controlling the temperature of an upper chamber of a plasma processing apparatus comprising:
providing a combination heating and cooling band wherein the cooling portion of the
band is configured to conduct fluidic flow having a constant temperature;
adjusting the volume of the fluidic flow in response to temperature variation within the

upper chamber; and
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wherein the heating element is configured to operate
in response to tenperature variation within the upper
w@b@abe021 16. The thermal ly agil e upper chanmbePCDUSH05/021202
pl asma apparatus of claim 11 wherein the cooling
ehdjneinlg thshexwohipgusfitle heatimlgletemend jrietpomeé td @nipbture variation
...volunetrjc L|OM/Of fluidic nmedia in response to
“MhuﬁgﬁﬁEW%Fh@B Wariation within the upper chamber and
wherein the heating elenment is configured for constant
heat output. 17. The thermally agile upper chanber of
20. aAphetbodiofipyieg atamperfturs|cantnel ke vich of elaim tl f evheozih thegrolume of the
Auidié qgent i@ configured to allow adjustment to the
PRI @ | ow of fluidic media in response to
tenperature variation within the upper chanber and
wherein the heating elenment is configured to operate ,
21. i h methpdpbesinga teamseatue sotreldey ise o alaim f Rivherdie thedisatoutput is
conﬁ§$anber. 18. The thermally agile upper chanber of a
pl'asma apparatus of claim 15 wherein the fluidic nedia
is water. 19. A nethod of using a tenperature contro
devi ce, including a I atching nechanism for
controlling the tenperature of an upper chanber of a
pl asma processi ng apparatus conprising: providing a
conbi nation heating and cooling band wherein the
cooling portion of the band is configured to conduct
fluidic flow having a constant tenperature; adjusting
the volunme of the fluidic flowin response to
tenperature variation within the upper chanber
andadj usti ng the heat output of the heating elenent in
response to tenperature variation within the upper
chanber. 20. A nmethod of using a tenperature contro
device of claim 19 wherein the volune of the fluidic
flowis constant. 2 1. A nethod of using a tenperature
control device of claim 19 wherein the heat output is
const ant .
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