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TEMPERATURE CONTROL MODULE USI NG GAS PRESSURE TO
CONTROL THERVAL CONDUCTANCE BETWEEN LI QUI D COOLANT AND

WEANP@BEBNT BODY BACKGROUND [ 0001] Pl asma pr oceBGIT/H§2008/012394

apparatuses are used to process substrates by

techni ques i ncl udi ng etching, physical vapor
deposition (PVD), chem cal vapor deposition (CVD), ion
i nplantation, and resist renoval. One type of plasnma

processi ng apparatus used in plasna proceSS|n8
i ncl TEMPERATURE Gﬁ)hé'ﬁaﬂi.eMQinLﬁl USINGtGASRBESSWURBE TO

N, SRR RYRL EMP L R EeBE WA TG EfiLANT

state to process sulNDatOMPONENT BODYI on chanber.
Due to shrinking feature sizes and the inplenentation

of new materials, inprovenent in plasnma processing
apparatuses to control the conditions of the plasnma
processing is required. BARMEROUNDG2] A tenperature
control nodul e for a sem conductor processing chanber
cl99l s Psasina ipepergsing agnar@éwseﬁear@ouﬁﬁﬂmww@@ay subgtates by

S e B e e S R

chapurelepolitRina@V DR ik @npRiIntatitre mndresist femevall ©aeshype of
tube and an interior surface of each channel is

aRlapMadProsesHRE ARPagatis| UseE iBfPIasnaa Niecessing ingluges a reaction
| QUi b e
Fier BRI 6o BRASH] Ackleatibns a8t pomall
vestabhsrmmbet&r&emme@ettwbésatd éb&:lmpﬁa:eﬁf@sgmm the plasma
source is E to.increase a stat] gs % [(
|#aéea@1p@6§§% SH SV%@édﬂé'éef%a%'o@o?ﬁarrBP‘P'ér Hﬁdo nking
V\%%‘ﬂ}’r@s‘?i{é@ah i frh H?efﬁtQtucﬁYéFHé\Fv%st%‘?l%lsS%ﬁ?ox?éhwent in
response to t e con A tenperature ’'sensor Is
apllapmacbmceasag Lam)arahmpes &0 gostrof the quinaliticnspoidbegdasma
coglponent .in thermal communication with the thermally
cOIPEEEPINGAS EMIBifent body and supply information to

the controller. BRI EF DESCRI PTI ON OF FlI GURES [ 0003]

FIG 1 is a cross-sectional view of an exenplary
enbodi ment of a SUMMARY

[0002] A temperature control module for a semiconductor processing

chamber comprises a thermally conductive component body, one or more
channels ih the component body and one or more tubes with each tube
concentric with a respective channel. A space between an exterior surface
of each tube and an interior surface of each channel is adapted to contain a
volume of pressurized gas. A liquid source is connected to the tubes and
operable to flow liquid through the tubes. A gas source and a vacuum pump
are connected to the spaces. The gas source is operable to increase a
static gas pressure in each space in response to a controller and the vacuum
pump is operable to evacuate each space in response to the controller. A
temperature sensor is adapted to measure temperature of a plasma
processing component in thermal communication with the thermally

conductive component body and supply information to the controller.
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pl asma processi ng apparatus. [0004] FIGS. 2A-2F
illustrate nmultiple enbodi nents of the thermal control

woremakss37¢ 0005] FIGS. 3A-3B illustrate an enboRdTES1008/012394

the thermal control nodule attached to a plasna
processi ng conponent. [0006] FIG 4 is a
cross-sectional view of an exenplary enbodi nent of a
pl asma processi ng apparatus including the thernal
control nodule. [0007] FIGS. 5A and 5B are graphs of
experinent al heaBRHgF AHSCBYPT KN QR E6GUIREDe t her mal

ofRT 6 o BRh e ol UEk ' cxgplEy Sapgaiment of a

pplasia @@ﬁ;@g@.ﬁgr aw@jg as plasma chem stry, ion
di stribution, electron

ener an
%at HGS ?el{—@F ilpstratednuliigle embodupentsaftae thermal control

phggggl ng results. In addition to these pl asma
paraneter controls, tenperatures of surfaces in a

pnomsgz dﬁeﬁnéJA-\BB |dbstcautefamenibbehrpéa'smfetharaheahalocdl&rol
g &(S) roI ?srm chem stry and hence, the
d %ﬁn%pﬁ%ﬁséH}%WBP”%%st rate such

a@bo%gp'afl% i@oéjgﬂos'é's%?tl% |H§/t6faéd?éx@rﬂg%fy 1%6%1&%3 ofa

ment of a showe ectro e ass
pblasme ;prmeesmgrqp;mn@msandsdlng thii tbarmalinéardrod uncodule.

t : i . _Th .
0020 b ng e aE8ris YoeRtmatie e el gaging
eﬂa@@é bPER theghafthstra rh@@ul@' ectrode 12, a backing
nber 14 secured to the top electrode 12, and a

therrral control plate 16. [0010] Thermal control plate
16 can be attached t i sui tabl e
fasteners 20 (e.g., %fggﬁéﬁg?%‘%%wum or the
| quO@B 1t M prteseRRy $ehRoRductoh lsgbsﬁéte%ndénltrblr&h&fblésma

ate 18 and into thermal control plate 16.
tmnamtets;ﬁ»upb|asmlaﬁ@alfdwar@lsbvfelp@r%nﬂrgyméslwf agd distribution,

g@%i’,{rbh ?eﬁ?&?étl.xﬁ%(’eté uﬁ% @dcfggélgggmlaﬁﬂ?jir%‘é%ﬁb results. In

cadditiom to gisal plgsmd mrdmmege@ntoblsx renlméraunee lisoefbses in a

ﬁa?&&éﬁg&ér wgtcg‘u %‘q{}%@pg ser?lazrga)t/ gls%l g’etz [JlstejcljJ to control
plasma chemistry and hence, the processing results of a semiconductor
substrate such as a wafer.
[0009] FIG. 1 illustrates an exemplary embodiment of a showerhead
electrode assembly 10 for a plasma processing apparatus in which
semiconductor substrates, e.g., silicon wafers, are processed. The
showerhead electrode assembly 10 includes a showerhead electrode
including a top electrode 12, a backing member 14 secured to the top
electrode 12, and a thermal control plate 16.
[0010] Thermal control plate 16 can be attached to top plate 18 with
suitable fasteners 20 (e.g., threaded bolts, screws or the like) through
aperture 22, which extends through top plate 18 and into thermal control
plate 16. The thermal control plate 16 is preferably made of a metallic
material, such as aluminum, an aluminum alloy, or the like. Thermal control

plate 16 can contain radially extending gas distribution channels 24 and
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bet ween t he backi ng nenber 14 and the thermal control
plate 16. [0011] A substrate support 30 including a

whoiwos3eé ect rode and optional el ectrostatic cPEpPs29g8/012394
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el ectrode is positioned beneath the top el ectrode 12

in the vacuum processi ng chanber of the plasma
processi ng apparatus. A substrate 32 subjected to

pl asma processing is mechanically or electrostatically
cl anped on a top support surface 34 of the substrate
s&pgﬁy extendirgpassagast 26 ingistriquie esoedss grsastiovplenaas 28

DS Beacktly BBl Lol ERebleh Bt oBlq 3L

[ [0oHA] TAeubstrary aippdt 80 itclsdiayer betsmeallgstdédsiand optional
asset %10 used in a plasma etch process can vary
rostati

Welge 6relamping eleetroge i a@,ﬁﬂomd;b@egathwgthedopwée@mﬂe 12in
f
R OSSR oAb PRI R ACETURY Prafple” a

hesbdieste 32hs jactddito plasraapescddsimpisahevhaniody or
portions of a radio frequency (RF) powered showerhead

eP'@&tr%t@@celéx ¢lagirgd op oawpaoetew e 3bpt thersuhistiale
sEMFS 889 il o??’&ngéfét&%“s a%%vdé E@eFé&@d%dgfand

portions due to heat generate y the

shuverdie sdppbe (0 cate be I%;ﬁectechhpir&;orpdmtmgrmtampenahue control

dlffe[ @]g between the center and the edge of the
RORYIHEEEeI18t ect r ode can be up to about 100C. This

P“e 12]1 Ohé férﬁﬁé‘r%@u@M@shéw@ﬁfe%&él@@@é@é%@s%%gy ‘i@%sed ina

ctfode 1s run at higher power levels (e
t plasreoetchvprosgssoan vary wistety fromite- siartqurpinsrya |pmocessmg to

asmm, et chi ng. .. degre i t eratur.e vari ati o
PRHR B gt S0 ane R 2gbdct HRE ZaliifaCbefes 8
NWafery i tacyﬁglélvaér@a Rispia BEchodhataber, & KHE bééh abserved that
production run. [0013] Li kewi se, duri ng et ching of

stemperatusres of varieus artianseof aradiofrenenpy f3mmipgwered
o%@&%‘e‘a& al&&h de‘{’béﬂ/ &y ttln?é‘%nSh %t?éll rpao[rté&ﬁ‘ oﬁtr{é‘ce

e sem con resu

dshdwedradselofttroge tan begbmeainvee hebhterl m@ntafgeamlm@dgeiue to
of the substrate. Local wafer tenﬁerature and rate of

cheali gaeraiesdhy Hie BE rawsregshawasiead elegitasie: drer example, the
| @h%éé}@b%qﬁgﬁéﬁeet eBRMne BLh B8 8! et B! sHowRihead

over a tace of the wafer can resul
electrode can be up to about 100°C. This variation in temperature is more
pronounced when the electrode is run at higher power levels (e.g., 3,000 to
6,000 Watts) and can lead to non-uniformity in plasma etching. Thus,
decreasing temperature variation of the RF powered showerhead electrode
can provide more uniform plasma etching of wafers during a production run.
[0013] Likewise, during etching of substrate 32, the reactive ions of the
plasma gas chemically react with portions of material on a face of the
semiconductor wafer, resulting in temperature differences of up to 50°C
between the center and edge of the substrate. Local wafer temperature and
rate of chemical reaction at each point on the wafer are interrelated such that
non-uniform etching of material over a face of the wafer can result if the

temperature of the wafer across its face varies too much. Thus, a need



tenperature of the wafer across its face varies too
much. Thus, a needexists for a substrate support 30

wowRaob/osd3es abi lity to maintain a uni form subst retBEUS2008/012394
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tenperature. [0014] In light of the tenperature
variati on across plasma processing conponents (e.g.,
shower head el ectrode assenbly 10 or substrate support
30) which can result fromthe heat generated during
use, the tenperature control nodul e descri bed herein
c%XiS§§rf§V adwbistripte seppeit 30axith the akiliy tosnaintaini suaifermg

e portion of the conponent within a

dgg?s&%gé?érﬁﬁgﬁaeﬂ’%]e range. Preferably, the tenperature

i AR light bhme:wm@ér@nhefvraﬂﬁuéﬁrdc%sé plastepicteseny
tﬁmnw:]LOOOCi@l e.g., < 75C, < 500C, < 25C < 100C or <

ngp%@n&'o‘éﬁer_mr shewerhess: ¢lectredriassepbl £ gpsybstrate support
' @Q} \Hﬂﬁﬁ da[hdr%%ﬁﬁ‘?%}ﬁ ltP{e 889{ Aér%‘?éoedl]ﬁﬁé 0%8’ ﬁ%ggg?;?%ratu re

mnmz urevara nar

sd:mvtmlhﬁmuleldgsbnbdd heselarddnyprbmd@rmmrbsed @mcesssmm rdsults by
30. . [0015]  FIGS. 2A-2B illustrate an enbodi nen{ of a

{BRPERINTS BecGRlibensadPofton o (1P ARARPRGNEYSNINR desired
é%’é raﬁgg B’Pré%%gblphfh%'}eﬂ{égérgﬁﬁﬁ%rlgfloﬁ Q)?ltﬁéj cbfponent

pro a uniformte ature asma expose
cﬁncmpmmﬂer mmd!geus Ieswﬂﬁm 1@01@)(}9.9.,3076?C,a< ﬁ@ﬁ@eﬁf%ﬁ@ <10°C

| i1
FrE e BT nIRB e R atre pebtelmoRuinmerebly Befies
{ REIBBE ARSI GOEIRloIETREIRyB00ing s Sho@Brirhirihlzia) Rnerature

cross-secti‘onal view of tenperature control
1ewiaten@cress the aboweathaadotlectpde iassembly &0heesabgairate support
c$(2trol nmodul e 100. FIGS. 2D-2F illustrate

)Ss-sectional views of additional enbodi ments of

n &tmeﬂs ODBOillustestdl £ PBod[rRAGHf a%erhbém@rreaé@ﬂrol
I n

2A- 2B, tenperature control nodul e

i m@nu@eto%whm%atmgfcqsﬂmmeél1@21004&2&643@0 wdmb @r@cmeated
050808 10 B M B HEGE G658 o Ao Bpssdipmponen
asudreasralwafee suppott i30eorca showertteatid@ectrodemssembly 10. FIG.
coRdliskatos Al ecoRANSIOT PertARGHR BPRaR ViaAf IRimperature
Sl o008 U0 1 P A ABURBEAEH o
i temgperaturefcoatrohmufduldn@00. FIG. 2C illustrates of top view of
temperature control module 100. FIGS. 2D-2F illustrate cross-sectional
views of additional embodiments of temperature control module 100.
[0016] As illustrated in FIGS. 2A-2B, temperature control module 100
includes a plurality of channels 104A, 104B, 104C each having circular
interior surfaces 106A, 106B, 106C (illustrated in FIG. 2B) located within or
embedded in a thermally conductive component 108. In one embodiment,
thermally conductive component 108 is a circular plate composed of
aluminum or an aluminum alloy. Tubes 110A, 110B, 110C, having circular
exterior surfaces 112A, 112B, 112C, are placed in the interior of each of the
channels 104A, 104B, 104C. Annular spaces 114A, 114B, 114C (illustrated
in FIG. 2B) are located between the interior surfaces 106A, 106B, 106C of

the channels 104A, 104B, 104C and the exterior surfaces 112A, 112B, 112C
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channel s 104A, 104B 104C. Annul ar spaces 114A, 114B,
114C (illustrated in FIG 2B) are |ocated between the

WO paoewss3re surf aces 106A, 106B, 106C of the chamtiBUS2008/012394
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104A, 104B, 104C and the exterior surfaces 112A, 112B,
112Cof the tubes 110A, 110B, 110C. This configuration
provi des a concentric tubul ar arrangenent in which

t ubes 110A 110B, 110C are adapted to flow a heat
transfer qw d within channels 104A, 104B, 104C. _
safrtrh@dubes]g Dhe 1110Bed 10C0 AT his ToBfigurationfirevidaa @ epncentric

CRRAE et RN 50T AT8h, PR D6 fl A38bted to flow a

t ReatPAnsTeNiuLad aneen bﬁbnﬁslg 1033, tioaBaio4e. CSﬂﬂ‘éth‘hg the
conponent 108 and the heat transfer |iquid. [0017]

chidesel 19ALJARB, 1098, anpamwansprcasohtéiv 1148 114C adapted to
SE AR B8 BobYReRegcB e SssIBAIRIY horoase tnoma
he@tdungémbenv@ae?mth%sthb@rﬁélly tGﬁ&ct%mﬂ@n@*ﬁﬁ’ﬁ&& and the heat
cool w% a heat transfer liquid can flow inside tubes
17anstef ligyid. 110C. In one enbodi ment, channel s 104A,

1 hr.
L7 ué*?'fa s IR OASRBAC G RsRBbaEaaraRbse
erdlatihe tbuhes:enlérﬁof thefBallyl tOMuetvesmpaparenti 1r6]8eﬁosprowde

oRRREITIG FeaiTO ChRlTa Prgcs dNahc 0o LEABoTaRTaggooig o

hg&dt tharRsts I?‘(funb 'caH'wi@?Hs'i&e tupest 10 A1 0131013001 191Coﬂé a
separate outlets 118A, 118B, 118C, respectively. For

telir@odrm@m n’eannelsrﬂé)%dMB dD4h‘e@an be dhrsiless epettatepcarneentric

Sl As luniatey By oF T e el sl fouid Bt s
cva ol f0B hﬂO@V@éé}Beﬂéﬁa ﬁlﬂ’étéqr16w CIWGBatMG@f réé}ﬁ:ctlvely and

l'i qui d. [0018] The heat transfer uid can be ang
| flepis én ﬁaxﬂsrfgdsnﬁttealbw@tmrhﬂ}&rmallmcgn pelive capepnpet10&r The

“ﬁg%ﬂst ﬁs???ﬁqj&&%tsh%@ mfrégclﬂfé’rﬁedgfe‘ B Sep: d% V%pgﬁ%ts 118A,

el 188 eMB Q) ne@pbctmelyl Eon tii lembyadieiehe tthy laeneurt C)Nfdat
m xt ures, the |1 ke, The cooling performance of

hté%’PSf?FrﬁﬁéPé'f'e Ihﬁahtrén&% ligid:fiawipgin &¢Pasy 11R3An4108, 1{100 can

|G RGkah) SIS OTREIMED CShi B8 omppratyre

t &md/onflowahte efiher liquid.e of the |iquid. To effect

hﬁ)%t1i8Tg’Tﬁehﬁegtet?énsfer liquid can be any liquid having suitable thermal
transfer properties for use in tubes 110A, 110B, 110C. For example, the
heat transfer liquid can be water (e.g., deionized water), ethylene glycol,
silicon oil, water/ethylene glycol mixtures, and the like. The cooling
performance of the heat transfer liquid can be controlled by using different
liquids and/or mixtures of different liquids, varying the liquid flow rate, and/or
varying the initial temperature of the liquid. To effect heating, the heat
transfer liquid can be heated. However, for a faster heating and cooling
response time, a chilled heat transfer liquid can be circulated in the tubes
110A, 110B, 110C and heater elements 120A, 120B, 120C can be used to

increase the temperature of each heating/cooling zone 102A, 102B, 102C.
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transfer liquid can be heated. However, for a faster
heating and cooling response tine, a chilled heat

wWo e@n®$83r6 | i qui d can be circulated in the tubeBC/LSM)S/012394

110B, 110C and heater elenents 120A, 120B, 12CC can be
used to increase the tenperature of each

heati ng/ cool i ng zone 102A, 102B, 102C.[0019] As
illustrated in FIGS. 2A-2B, annul ar spaces 114A, 114B
114C are fornmed between the interior surface 106A,

119689] 10%cillpstrates oHdmiel 2A-284 annees Bpaces ¢14Ad 1148, 114C

ot B MiRietatfiontdqa! odq stORk R Hif Hianmels

PTESHS, um@d1 dmtanurtaee&wncﬁ@rfateg 1emmfll1e8 HebOush the tubes
neon %n or nitrogen. In one enbodine the wdth

(T1QA, 110k HI0G ﬁ@ﬁyl%ﬁpaéﬁs difbe éﬂ45pé&é§ qamtlkoldlémB

ClﬁT %gghﬁ%&gh uﬁ%ﬁgpbﬁg’h@;exgag’ %eragﬂ}/q%bout é@ﬁ’ nltrogen_

(lmbeng efhbddiment) the WdtAJ].e Suagial dmsérrsmm)tmfemrihﬂér spm:es
b%z%kaced bet en the exterior surfaces 112A,
1

of 146he! @s qtys@@n 3 > Ml ANdARPYHEO] m"e(@bewt 0.005 to
]&ﬁl@ 1048,
1040&?’:120. r at e Eﬁﬁgb?ljtr%g@h r(gg?%nwésjlﬁé@ G 2B).
J06261t Suppart strestuie? 122 candeplased pebveers thamextarior surfaces
' ' ' [ . F , t . .
4195 AL 02 BEH Db OB aoBB8T o surtaces
e‘l‘@@A' fUG@ de@@ﬁeééﬁéhaﬂﬁ@laoma@4g 1‘04@§aslﬂlgétrated in

110B, 110C or protrusions integral w'th thé interior
semlaegﬁeisremm afd6s. 2B)6 Sufpathstnueiueesl 12Acan@oB)prise
port str 122 event ubes 1

s Tng Wi proiRBtoRs PhEFxahple siBronaituctes 122
196006 prétnacions ntd§rto 1A BxtetiBhSurfRes enahl Y12BUPPRC of

structures 122 nmaintain substantially uni form spaces
1tubas 1104811084 ¢ 106t orrietrerionsiipleasalrwith the intenior surfages

3l P By A0S R S g s 22
nprievehibelser 10, 1d@BjudOIOanobﬁ¢dmactdeﬂTemténor surfaces 106A,
T ctOR(S of SEEn R A0BA. RS IBA6r (P iSfpiabhi UppeFaisiures
e W e
tevdenwr syrfacesul B2A N1 28t E12Gbf fubels HH0A,1 1QBm1 1r0(I andénterior
OLurficET {HER 1068 106C of channels 104A, 104B, 104C. To minimize
thermal conduction between thermally conductive component 108 and the
heat transfer liquid, surface contact between the support structures 122 and
the interior surfaces 106A, 106B, 106C is minimized. Support structures 122
can also be composed to a thermally insulating material such as silicon
nitride or aluminum oxide.
[0021] Temperature control module 100 preferably includes independently
controlled heater elements 120A, 120B, 120C in thermal contact with
thermally conductive component 108. Heater elements 120A, 120B, 120C
can either be in contact with an exterior surface or embedded in thermally
conductive component 108 with at least one heating element 120A, 1208,

120C located in a respective heating/cooling zone. In one embodiment,
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[0021] Tenperature control nodule 100 preferably
i ncl udes i ndependently controll ed heater el enents

WA 2090588208, 120C in thermal contact w th therP&l/U§2008/012394
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conductive conmponent 108. Heater elenents 120A, 120B,
120C can either be in contact wwth an exterior surface
or enbedded in thermally conductive conponent 108 with
at | east one heating el ement 120A, 120B, 120C | ocat ed

in a respective heating/cooling zone. In one
eh@aier gtemoemis H2A0A, e1|2é}Be 29 Clamaesistio, hegting elements. If

+ Al FGieteu ibes: SIBA, £108,c1 T P reaZitditea by
r @Hﬂféiﬁw?ﬂﬁﬁréysﬁiiém @paéesswms1 MBW 14G.4BhelHetfter %ll@ments

heat er enents al W precl se ten‘Fer ature control
aallaw arecise tareperatuis eondrol kryeadivating @nel caarrmﬁf%oflmpheatmg

1 [ ] an alternative enbodi nent,
%@ﬁ?ﬁeﬂ]{éq%g q%% éba(fmc can be portions of a si ngl e
C[ov22pudnsarcSiternativaé eehadieent, dhanntkOR4A 108 BND4E can be
portions of a continuous single tube. The fl owEgmassa € d be

ceeitigna g @ englgi qontinugug chagneandiuhes bilAet1P
RGBT s Y1) SRS Sl o5 rbesa soira,

thg étwlozbatergénzttfmwdhonealt inmyedolets agd _mneeorlrﬁam outlets.
t t
89¢meﬁgeehnsauir@%’£4#%8e%a$§”éqﬁr%@%ﬁtﬁ&g Aol the
Blute Or SRR 1R atRIMHTIng eI MOTEERS G2C.
erent anmounts In differ&nt zones of the surface.

TtOé)ZSl}oLmtIrlmg plasana pesasssing, the avtersunfaceyteriperatene of a
transfer n tu es 110A, 11 0C can
sESBBRUPE! Byt A R hatioh giadhte aPDsar Bhease
pb?@lﬁ‘féréntoémbhﬁtshlﬁ&ilfféxfe@ﬁ%Bﬁés ofthd éhﬁék%?e$hé Hwunt of heat
114B, 114C. By varying the static gas pressure wthin

sm@\sedlms:acmmme y theheahtransfer iguiddtavwingtin fukes TH0A,

bR B &%ﬁf%&%ﬁ@'egﬁéﬁmwd?w@% e Rk eaon

opresBarfesf thbteat tiaHifer #desut144) NidB, (1@t By varying
0.010 inch), the therma on uctivity of hel i um gas at

aﬂ}?rﬁé% 0as or eqsuférW'th"é spBees 188AW #PBK1 %wﬁlﬁaﬁherwl

Tor r |'vﬂ§’ Eer nra con \E%r%lg \‘9{"?‘5 [ érglgasgé@ﬁt 0 ou;ké%%gom

V%MVszﬂ(uS:ortdmrrqﬁel if the nddialdintessiort ofaspacms 1144\ t14B,
114C is about 10 mil (about 0.010 inch), the thermal conductivity of helium
gas at a pressure of 1 Torr is about 60 W/m?-K. However, by increasing the
pressure of the helium gas to about 100 Torr, the thermal conductivity
increases to about 600 W/m?-K. Thus, the ability of the heat transfer liquid
flowing in channels 104A, 104B, 104C to remove heat from thermally
conductive component 108 can be rapidly achieved and a desired localized
temperature can be maintained by quickly and selectively reducing the gas
pressure in spaces 114A, 114B, 114C with selective heating if needed.
[0024] As illustrated in FIG. 2B, controller 130 is operable to selectively
control cooling in heating/cooling zones 102A, 102B, 102C by varying the
static pressure of the heat transfer gas selectively in annular spaces 114A,

114B, 114C from gas source 140 or to selectively evacuate annular spaces
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flowi ng in channels 104A, 104B, 104C to renove heat
fromthermally conductive conponent 108 can be rapidly

w@elwesssds and a desired | ocalized tenperature BPEIURM08/012394

mai nt ai ned by qui ckly and sel ectively reducing the gas
pressure in spaces 114A, 114B 114C with sel ective
heating if needed. [0024] As illustrated in FIG 2B,
controller 130 is operable to selectively control
cooling in heating/cooling zones 102A, 102B, 102C by
vEr4A N1 4Bhel BtGito a V@CBEHUID@SGGFQ (eeg hdass thaartd erTaygswith

| ectivel 14B 14C §
Zviasc%@ahﬁﬁﬁai%o B s Piab SR evat Ao i P each
8%4% 1844C102B aomuumewgéwrﬂrom@r 930 is
Iess than 50 mlorr) with vacuum punp 150 to thermal |

ieparable horféoni@samelaﬂagsm eAchihgatingfcoolngaenes 102A, 102% 102C

SR RSy BERofP BB D S0brih SR g REna P TF 1204, 1208,
20 ngloe esbivige Zsuesr bty 16028n a@aﬁ:mmmg a@rrent (AC) or

power from power supply 160 to heating el enents 120A
1@@8‘3“1%@“#@@)69%% %UP%Y)V\E hugutp\psypmwgcﬁheabtraﬂsfer liquid

gﬂo \grd?f'ﬁ édqgel‘éH[ﬁ%a%rWaWo t?fofeé 1c||056\eqt1 0BY14 Sﬁtfrérgﬁ quid source

rsu a heat trans
I1m4|ad>n¢rellgxg gds bfe‘sﬂ;uomlmspm MAEH)MB; 1t1ul®andlﬁdj\.|sting

1 110C f | d 17Q, [l
Jefingrds Mredsidacdizen Erperaiure i e33R Weatpalols zone

PRRIA M2, fERSIed desaLiceRkddmerature in each

heati'ng/ cool 1 ng zone 102A, "10 102C can be precisely
r[@§abht dd or{eoemspdlmerm&eafn‘@did|cmedu;:t|\tme<bmmbh§ent 108 of

T8EmahtuE BBMRERTR e 1o Khp e B B e Ay o an

ad L AnWhtdlol/VatH t»I"R,fﬁJbla%Oﬁ 0AL}HOBB, HH0C and heafhg @lements
el enents 120A, 120B, 120C arranged in the casting.

A 20A,n0B,A20C prrangsd on the oastingn Alernetvelyc platesiof aluminum

R T R M

18:6n¢ Malfhaylineaéash prat@NTheftubés 1pOAL 0B obeant helocated
pl ate can be bonded or nmechanically attached with a

é[]lqu?oq)fé@éﬂﬁ‘ieﬁga%jr therpibeeplate sapthe bended ppmeshanicaly
aec{Hb‘F{ ALWRIS a Cs‘lﬁﬁa%% ug&ﬁtﬂeﬁrréﬁgemgﬁ?tobﬁ% NPl ATmAB

be nmac |ned to In cess rec I'Vving heater
demparaturé 20Atrol 2duld 200 Gdedzdttont iptate lvannsd snddbdifed to

llgélladelrgégssésnfo?rggctzgs{ng%néoa grI dn%ments q%o'Ah%HB' I1%00 beneath
the channels 104A, 104B, 104C. |n another embodiment, the thermally
conductive component 108 can be made of ceramic such as sintered
aluminum nitride (AIN), silicon carbide (SiC) or other thermally conductive
material.

[0026] In an alternative embodiment, illustrated in FIG. 2D, temperature
control module 100 includes independently controlled heater elements 124A,
124B, 124C mounted to a surface of thermally conductive component 108.
For example, heater elements 124A, 124B, 124C can either be mounted by
brazing or bonding. Elastomeric bonding material, as described above, that
accommodates thermal stresses and transfers heat, can be used to mount

heater elements 124A, 124B, 124C to thermally conductive component 108.
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In an alternative enbodinent, illustrated in FIG 2D,
tenperature control nodul e 100 includes independently
controll ed heater elenents 124A, 124B, 124C nounted to

a surface of thermally conductive conponent 108. For
exanpl e, heater elenments 124A, 124B, 124C can either
bSurfacenaliigd heaténrzjemento hddAgl 248 at24Gwnevidette mipility to

mat er,j al s descri bed above at accommpdat es
Restrtheroe RoeSER e e J08s A HRHER E0lrEopept, thus
NRiNIciAERS BUeiRlIRABARSl rhddéy 124B, 124C to thermally
conductl ve conmponent 108. Surface npunted heater

e[0027)t SFIG& LE-2F ibugtrate gsiditiorss enmzodimients of tesnperature

BT R AT Hficf B RPN, cridici®e RolMhteRl 08 can be

[ PARITIbnEd @0 atfeddt drid heatimy Codtihd Zorenedntalnieg nirétthan one

of tenperature control nodule 100 in which thermally
cernngli1vd anslipomere thazopa hegting flemenbhée or stFfage mounted

comet isbslen nel _ |
et O 1720 AP P18, 28 FmBoakAe, BHcRHe8ibdRRoling
126n@n 02A[ 1628 contaihsd flertlitngf kéatimnelehfhts MR20tdred a plurality

Fl 2E i ment, each heating/coolin one 102A
1@5@%&%? ﬁg havid semGanyr "bf“t}?égﬁqléu"éi)gfﬁi‘?ﬁ Eyff’(ﬁ'ulﬁfoSpaceS
a u ' f ATHR; | ine A HSRE A tﬂgﬁg
118ASLﬁH(§J%I(§gC?FE§ anntﬂrﬁgg‘g?gg@\gs&gllfg Inﬂphig%ﬁl G ’F1OZB
eottdinsem pluraliy lof wbannaly/ tisbhavigg ooneeddRAubesAB0 surrounded

t B aBngzs solr b et Mastedty elRalsc ot Hiobnted
NRIALAHaBE of SHerflARUNIutve H@Hﬂfbﬂ@nf 908. surface of
thermal |y conductive conponent 108. [0028] As

i [0028] r A llustratedds. FI855.33\-3Bn he tharmally\copduetice component

2B R s R o ALkl BashdGhdlinfiidddb 202a, 2028, 202,
CeatRohE dohrmmiaglrbySestvandiRinheRDZG4 A 20048, 24 C ankdicheating
heati ng el ements 220 0B, 220C. In alternate

CHIBBIATE GROA¢ A8DBS RAACH rnaliernalp crobadimants (aghthaw inEIG. 3),

CORRRRNP coR N CRREREN 200087 LTINS RO 8 tree

cbamseritri€ dnesyddamh zone containing more than one channel 204 and/or
more than one heating element 220.
[0029] FIG. 3A illustrates a three-dimensional perspective view of
temperature control module 200 attached to a plasma processing chamber
component 280. FIG. 3B illustrates a cross-sectional broken view of
temperature control module 200 attached to a plasma processing
component 280. For example, plasma processing component 280 can be a
thermal control plate 16 or a substrate support 30 on which wafer 32 is
supported during plasma processing.
[0030] Temperature control zones across plasma processing component
280 can be defined as concentric regions 282A, 282B, 282C. During plasma
processing, each of the regions 282A, 282B, 282C can experience different

temperatures, adversely affecting plasma etch uniformity. As illustrated in

-9-



10

15

20

25

30

nore than one heating el enent 220. [0029] FIG 3A
illustrates a three-di nensi onal perspective view of

wao eowpesssrar e control nodul e 200 attached to a PUHBESZ08/012394

processi ng chanber conponent 280. FIG 3B illustrates
a cross-sectional broken view of tenperature contro
nodul e 200 attached to a plasma processi ng conponent
280. For exanple, plasma processing conponent 280 can
be a thermal control plate 16 or a substrate support

:«ﬂGﬁn Ihiaod 3 each Seatingicapling zeae @02Ang0gBag2RgC of

BR8P cob el FRER T HoBsF R hotERR fgeive

QeQRanR82A, 2828 0268228 Ihis e8ARuraBaCprévideés thephbisityeto
processin each of the regl ons 282A, 282B, 282C can
dRg @pew@%lymntml dve terBRpeataia Plregions &4 38281 284G ng

I E

03T TSt Bnh hShhaeioueOBe Rfaftisine fémBBFature
tcﬁffp&a“rwetbaweentreglommm of p3ms p'rcrcdslsmgnad)mponeatmo (near
i{th a respective ion 282A, 282B, 282C. [
cheraepter angrresion 28RA pe thsiedae) cep t?%%ﬁ%ﬂ@@n@l‘%}mng

%%l’njé prbB8sdiRg!] W&h%hﬁopfenﬁﬁ&'aﬁ% afFetserfdfCo84A,

Absent y mechani smto reglula te te erature,

t2834!3 e?ﬁ:ﬂe@ aanhe Idcéfe&irmrmelsé&%eﬂOQB;iZ@@Q&ZG &B). For

p as oceSS| n Oéﬂgggnggﬁéns rCE%ﬁgcgn!tﬁ%?&ﬁgonent

Pi&@&‘é‘n BéQﬁéﬁﬁb é)lérg Bt Jpbic téﬁiﬁé?ét@w%énsér%”@?ﬂ?é M(é? To
sensors 284A, 284 284C can be located in zones 202A

mveﬂamr(enurmormemwlatmampfll@ aqreawmma Oreeassing

284A, 28

PR A% PogoBat A Er bPTHIRHTAY oBEH 48 Retfia/cagling
| 2dfR 26210 i/ srregio MR8 2A Wah by SelbefiRay akdte By %lat/eoonng
across g{éasma processi ng conponent 280, regl on 28

| 2 deseiBedbelodd by heating/ cool i ng zone 202C

RN O cyh o
Ithrdugh tupestiA, tZﬂlBszHIOO.i Bor exdraplg, heahtrahsf@r liquid such as
‘i%'@?e”ci:éé%e‘fz%%ﬁvétefr%i aout 2045 6 lawerean (GeniuicBibbes 10A

roug% %ﬁ %@Faté%a@ﬁ%@oﬂf 1!0218h pfetihLMo about 3
gallons per minute. For individual control, channels 204A, 204B, 204C can
be three separate concentric channels. The heat transfer liquid can enter
tubes 210A, 210B, 210C via separate inlets to flow in a desired pattern and
exit via separate outlets as illustrated in the FIG. 2C embodiment. The
cooling performance of the heat transfer liquid can be controlled by using
different liquids and/or mixtures of different liquids, varying the liquid flow
rate, and/or varying the temperature of the liquid introduced into tubes 210A,
2108, 210C.
[0033] To thermally isolate tubes 210A, 210B, 210C, the pressure of the
heat transfer gas in spaces 214A, 214B, 214C is maintained at a vacuum
pressure (e.g., less than 50 mTorr) such that the thermal conductivity across
spaces 214A, 214B, 214C is less than about 50 W/m?-K. For example,

-10 -
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m nute to about 3 gallons per mnute. For individual
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separate concentric channels. The heat transfer liquid
can enter tubes 210A, 210B, 210C via separate inlets

to flowin a desired pattern and exit via separate
outlets as illustrated in the FIG 2C enbodi nent. The
cooling performance of the heat transfer liquid can be
c%ﬂﬁQGSIZ&f\ (3714l i g G can degneintainad @ aarapuom preasuredy a
of _ di fferent Haui ds, varying the liquid flowrate,
aYﬁﬁuélfn %étheterrperature of the liquid

GlﬂiUC@@ht'rdiltéP 2300 erAnpatldignald ¥im té@Paadtuf®sensors
errralaléfl%l sol ate tubes 210A, 2 10B, 210C,

t he
p?%‘b%u? f284¢a Hdhe temaesatare ghany ﬁngpééégloeqm% 2828,

2168 258 Bt 2 DR SO ey

a@a:m@ur@g%t&ééléctn@yﬂ Bmcré?éskﬂri&stbas préduune af the hbat transfer

WnR- K. For exanpl e, spaces_ 214A 2 14B, 4C can be
n%ﬁ’%t"a’ihﬁéiﬂ)“éﬁSpé’n@H&ﬂEﬁﬁse% @ %fufﬁmmﬁwaf@dn static

[ &%@ﬂjrecéﬁ% ite8Eed ﬁ%gg g&ﬁ%ﬁéﬁ%ni tggﬂ%h%'la? ﬂ?héfécrrhﬁmd flowing in

nper ature sensors
tmbperzaom Q1OB 249Cond& heh thegemperaam\pf aRfEns 2826, P82B,

ta t t bl
TO53E o Bl hETBraS iper 8] Rnticier 23 28BS waliEm
S[SlﬂthZﬂyt%ssQéié&n@‘I thschating E@ﬂ'§5§6n(§iﬁ$ s'p%CEQQ1 4A, 214B,

correspondl ng spaces 214A, 21 hi's i|ncrease
| 21145641@ AVaeuess pressare (e. gndesmithen 5@ mTaroraisnit baat o

Slleghnnd 2RBli5a bk divibody chaghds 2985 20802005

d[‘O@BS] bert srviexidngpleaif 38inpbrItNRY Séniar, 282N d&teictLIhat B8gion 282A
causes vacuum punp 250 to sel ectively evacuate the

c@frp|é§f@6MDﬁQS%pg@@@®f@A28@ ig 3Ba temperatyre gieatenthan a

i dRp e sfibrafii BBl 2d0 beivapk ind Faoung,
2véBhaaigA{of lh@éiﬂ’@/c&@rngezm’@ﬂmm fTetmmetL&éLernt@ﬁeszso
284A detects that region 282A of plasma processin

CCRHSGRCAS SHUTOP P40 (ONCIGASES 2081085 GressiuP in i carresponding

LSRR O A R SR L, Sty S

zpress2@2(.g.Tabpet 316‘)0 rTerctonabalt|260 P@0). In one embodiment, the
gas pressure in space 214A is measured by a pressure sensor (e.g.
universal pressure controller). Preferably, the elevated gas pressure
increases the thermal conductivity across the corresponding space 214A to
between about 500 W/m?-K and about 600 W/m-K. For example, the heat
transfer gas can be helium at a pressure of 100 Torr in a space having a
radial dimension of about 10 mil (about 0.010 inch). By increasing the
thermal conductivity across space 214A, the heat transfer liquid flowing
through tube 210A transfers heat away from region 282A, thus lowering the
temperature. When the temperature of region 282A drops below the target
temperature, controller 230 causes vacuum pump 250 to evacuate space

214A to a vacuum pressure (e.g., less than 50 mTorr) and heater 220A is
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t he correspondi ng space 214A from vacuum pressure
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about 100 Torr to about 200 Torr). In one enbodi nent,
the gas pressure in space 2 14A is neasured by a
pressure sensor (e.g. universal pressure controller).
Preferably, the el evated gas pressure increases the
thermal conductivity across the correspondi ng space 2
1a|¢tivtabed)t§1 mmiy dﬂe@mo BIOMRBRAK b, adpidtargDPredise - K.
For exa %8? transfer gas can be heliumat a

ptleg&eﬂ? 8fcof ﬁ{:hée\é ce having a radi al
dio038} | Qﬂtrﬁte@b&m’bt&@ dfidny(ceost regidhls 282ACP82B BY82C falls

I ncreasing the thermal conductivity across space 214A,
thrlowdhe targatsemperaty e, contiellehg3e i epgrabieieactiie power

)

2206, rirpy héwting coatrol&MPBY saukes vacUUM qdulnqm 28600
causes vacuum pu 250 to evacuate space 214A t

v%ﬁia@tmq&f Svagiale (be GorrespaBdNEpaces Aidv:: 2 148y 2140 tora
'rﬁ ﬁ déés\(ﬁé ¢d gt QeSyBRY 56‘##0&)? it Wéagégﬁd ci¥tsto the
preci s€ 't énperat ure con

rap| can e ac I eved.
[ @ Graristert ippid EopirginuctearofelaB4An204B, 2@4Cons 282A,

2 C falls bel the t et t { .
DR37h " odunile. B Rprauis SRarn A etedts thas segion 2624
26005yl 86 LAL Y oHEMerR D80T SBE RS 1ot fhAEEREr,

A 22 220 Durii ng heating, control
ceandesdley 280 wantivates thethaatingehechanismyofdveatingl/eoaling zone

AL BN G 250250561 et o et ls fufhf BRUF o heating
CEIBFHERR 220AL WHICEhBaR! rebIcHSOZA. Wb%irﬁmfi@tﬂe%}nb[lnt of the
channel s 204A, 204B, 204C. [0037] For exanple, if

theptaenanaiedsanbeatinpalanuntA0A ﬁmtra@gfeb'mgz@medﬂeat

o fand Teuling ERIRRG5, 2188, h8ead HieHod egistro02a
ng&sriteolies 280false shiu ek aamﬂmngm%@@é@a@oaﬁssﬁé&ﬂ&@to a

causes power supply 260 to sup_&_ﬁ_ power to heating
VSRR Pressire (BidcHese fan 5@@“ r)Z'Oﬁbouf@Onfiqﬁorﬂdfemﬂﬁ%s

FORLE ¢ Lo B8 RER o SBRIPR O Y nBRH BAE R o R
t theaomitralleb23Q 1€Mninatisspalwer tohesdtingeleaerd22D@2 A,

[0038] FIG. 4 illustrates a cross-sectional view of showerhead electrode
assembly 410 and substrate support 430 including the integrated
temperature control module as described above. Showerhead electrode
assembly 410 includes a top electrode 412, a backing member 414 secured
to the top electrode 412, and a thermal control plate 416. Thermal control
plate 416 contains a plurality of heating elements 320 and channels 304 with
concentric tubes 310 for the flow of chilled heat transfer liquid. Spaces 314
surround tubes 310 and are adapted to contain heat transfer gas which can
be pressurized to increase thermal conductance between thermal control
plate 416 and liquid flowing through the tubes. Thermal control plate 416

contains separate heating/cooling zones 302A, 302B, 302C.
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controller 230 al so causes vacuum punp 250 to evacuate
space 214A to a vacuum pressure (e.g., less than 50

worTwe0383reqy about 60 seconds or | ess. Once the PCT/US2008/012394

tenperature of region 202A is heated to the target
tenperature, the controller 230 term nates power to
heating el ement 220A. [0038] FIG 4 illustrates a
cross-sectional view of showerhead el ectrode assenbly

4 10 and substrate su Fort 430 including the _ _

i 0381 atAlgotilbrgieated in E G oht sulistratel gupper 430xnntaisg heating

SO S AR AT S eTE DR VT R Pt I Kt AFE Bor
t eHilled Beht @dRsfét AquidnshdBspass 894 agaptadiio ddrithip 4 pPessurized

Thermal control plate 416 contains a plurality o

hleeati trRnséecgant SubstiatenstpParhdl alssoepping sepacalst ri c
t idded heat t f
|'|L'I€aﬁﬁ§”§:; é@%@@’é@%%ﬁé%ﬁ?%%%%@b@s 3?8 ancrjagfee;dapt ed

to contain heat transfer gas which can be pressurized
to_increase thermal conductance between thernal
LEI ate 416 and liquid flow ng through the

cb%

Hgoam) T waoBefBimBl b eferhiing BR5RhG 3R PSoling rates
St e e
PS54 WA BrcaRtic i BRR Tt pS i iMekian Re aiatic drs PsSrie It gpace
agqly SPAEANAILCORIMIALE 416 WaB SRR CBSENY bASuRGRIm alloy

transfer gas. Substrate support 430" al so Tontains _
switastaielese steel dgube S10rand: tasistivedratingcemedt 820 arranged in

TR AR nbLr e nie SeBP e R eSS halsreiiinbigie e having 2
Pt chhfiguiatiohUstaithdiaithinghel RREAGS T8BR IMThadansirye heat

304 with concentric tubes 310, as a function of static
oiiansfeeliguid dnleh apd gcsinglesoutipie Mivke Fdhbagpnmuierediameger of

1500 B b 108 AT A 308 Bt Bl ane
atheaaded dimehsionafspang .3 18t abaut @66 #iokels. t ube 310 was

singl e_continuous tube having a spiral configuration
310%43 JTRaTTl fontre! plats fhe was pstalied inan BXEL TLEX™

98iecLiO0RR oM AR Mool L gLk b iBboration,
doaatedein FoenmuminGalifodtid. dwriraptesting, Watenctasused as a heat
transfer liquid. Cooling water with an initial temperature of between about
15°C and about 20°C was flowed into tube 310 at a volumetric flow rate
between about 1 and about 2 gallons per minute. To determine heating rate,
thermal control plate 416 was heated from about 40°C to about 200°C by
applying about 6900 Watts to heating elements 320, while the static helium
pressure was varied from between about 50 mTorr to about 200 Torr.
Results of the heating test are summarized in FIG. 5A. To determine cooling
rate, thermal control plate 416 was initially heated to 160°C and cooled to
60°C, while static helium pressure was varied from between about 50 mTorr
to about 200 Torr while circulating water at 15°C to 20°C in tube 310.

Results of the heating test are summarized in FIG. 5B.
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the radi al dinension of space 314 about 0.06 inches.
[0041] Thermal control plate 416 was installed in an

wEXHRAHNErg FLEX(tm dielectric plasnma etch sysPEnUS2008/012394

manuf act ured by Lam Research Corporation, |ocated in
Frenmont, California. During testing, water was used as

a heat transfer liquid. Cooling water with an initia
tenperature of between about 150C and about 200C was
flowed into tube 3 10 at a volunetric flowrate

bi®0A2En FlBo BA ilusiatestibat a Btati heliumn peessvire of @boubS0 mTorr,

d | ne heat | | | o~
BBt Bet b e B eS80 0o g Ba b gt 2B0-C in
alpedsr SRHLIBEYES., healisgrhtecfel IR POSCARMuUtEN Ag thdistatic

static heliumpressure was varied from between about
Seregwure oft theilivm »Es ineieasetde eves S8fTarndaadiagitag 70°C

t . S L ¥ ] [

ERLirBR BPHITEYS drEfd kS, ago (% SRR Hagt bRferated

tigy he&XKg elinemtel 32D theowdlOthe Mélidre gaisah ispabel31mFIG. 5B
ressure was varied from between about 50 nilorr to

Hlieelrates shatomith arstatc befwmimersyeveliaiou 1 095toTT & Zegdorr
ettEFodiio R 8eT SISO KORAGR 1B B eabegorc in

aabxiwt iicmimaltesiifi.gur eboutr €0°@/matate). 50 mlorr, the
PR N TER L A e
ﬁtﬂfégifi@&‘ﬁ’b%ﬁHéﬁt)s-théﬁedf,h@ vl B bR &Ry tRosd skiled in the art

el tumwas increased to over 5 orr, heating to

rtqu/aé@smhw@&ﬁ;an@fmddjﬁmtiQmmn kel enacte, tetme equivalents
SRR Rl TEhe BB T S BoBE PBh FR 38

illustrates that with a static helium pressure of
about 100 Torr to 200 Torr, thermal control plate 416
can be cool ed from about 1600C to about 500C i n about
11 mnutes (i.e., about 10C/ mnute). [0043] Wile the
i nvention has been described in detail wth reference
to specific enbodiments thereof, it will be apparent
to those skilled in the art that various changes and
nodi fi cations can be made, and equi val ents enpl oyed,
W t hout departing fromthe scope of the appended
claims. WHAT IS CLAIMED IS: 1. A tenperature control
nodul e for a sem conductor processing chanber,
conpri si ng:
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a thermally conductive conponent body; a channel in
t he conponent body, the channel having an interior
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exterior surface; a space between the exterior surface
of the tube and the interior surface of the channel,
the space adapted to contain a volune of pressurized
heat transfer gas; a liquid source connected to the
tube and operable to flow heat transfer |iquid through
t 118:C :ler; and a gas source and a vacuum

Po " nofoase aouidar g 8RiPLIkdRIORE o ReinEHRBBE( PrBoessing

r es@0BEE dobnpringontrol l er and the vacuum punp
operabl e to evacuate the space in response to the

cont r of [teermally conguctisesermpanat ®eayr ol nodul e of
S aimi. . g . o
compongsedelE G YR LR R FES M My iptgrior

aswifacd;enper at ure sensor adapted to neasure a
tenperature, of the %asrm processi ng conponent_ and

suppl yaitpriin Yiegenannel oheribe fiaving ar extegiorpygace;
tenper QtsZBEaEF GAvESh tlﬁ'é’@%ie‘?io?fsuﬁaé{a@f%h{ﬁ)ﬂ%“%%% IrR&Gor
heati ng/ cooling zones, conprising: a plurality o
chanfencd of the dHamnehrtherspate audpieditd cbrtacoaventme ol | y

| ocated_in each channel; a plurality of heating
eP%H['§e$He?h&?%fgr88ﬁt act with the component body,

wher ei g |igakfisdlidk i dawneerRld ©ahéqlse BARIGHEIbIRNS fRiw RBAE

channel's 'and one or nore heating elenents; and a power
stippsfer hauigtteeough theltebei vel y supply power to the

heati n I nts . in response to the controller.4. The
temer%@ﬁpﬁrgﬁ%@g‘& nodul e of Claim 3, wherein the

pl ur al digasoureabndth SAQNRAPYUNAS Eomtddtal Nethavsphtd, thB]yas
thermal 'y conductive conponent body. '
source operable to increase a static gas pressure in the space in response
to the controller and the vacuum pump operable to evacuate the space in

response to the controller.

2. The temperature control module of Claim 1, further comprising:
a plasma processing component attached to the temperature control
module and a temperature sensor adapted to measure a temperature of the

plasma processing component and supply input signals to the controller.

3. The temperature control module of Claim 1 having multiple
heating/cooling zones, comprising:

a plurality of channels in the component body;

a tube concentrically located in each channel;

a plurality of heating elements in thermal contact with the component
body, wherein each heating/cooling zone contains one or more channels
and one or more heating elements; and

a power supply adapted to selectively supply power to the heating

elements in response to the controller.
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5. The tenperature control nodule of Claim3, wherein
the plurality of heating el enents are bonded or brazed

W@ 2008/05837¢ ace of the thermally conductive conpP@ENS2008/012394
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body. 6. The tenperature control nodule of Caim 3,
wherein the thermally conductive conponent body is a
circular plate conposed of al um num al um num all oy,
alumnumnitride or silicon carbide. 7. The
tenperature control nodule of Claim®6, wherein the
channel s and heating elenents are at different radia

5. " Tho't erpar @by petdnfs E5MSmPhulst Siaih 5 ¥ndle i e

CioIRAlity oh Beatiip eldmehts it WoRtaiRed Witin tHeethahinailly @onductive
surfaces of the channels and the exterior surfaces of

t ¢eMPEReRt badke support structures adapted to naintain
annul ar spaces of substantially uniform di nensi ons
bet ween the exterior surfaces of the tubes and opposed

interi®r suThetempefatubecofiasimbduleof O]bﬁntiﬁmreh'uhhe
control npdule of Caim8, wherein the sup

sRIHERIitY, PEEG{%WP@)PI%G@F@? bongdge srbrared {Q Be%”@fce of the
"EWe%'aﬁ\? céHHu&ﬁFéSc?rhﬁogul 3 %4); h projections. 10. The

tenperature contro Claim6, wherein the
heating zones are concentrically arranged relative to

a center of circul ar Iatel e.tenperature
ontrob: o teferatufs sBnfpGnadie A Re whelo the
" Al CBRASERR Gm Sﬁéﬁedbo%hglé cifcilet p@&dc@mgea%@
. The tenperature control nodule of Cdarm3
wﬁermnwnt aningrmalloy atwnihue initdde omsdicontcanbidhe. | s

attached to a showerhead el ectrode and contains one or
nore gas passages for the flow of a process gas to the

sem copduct Phe @éﬁ@%&hf@céﬁ%ﬁﬂbdulb%f (Tbﬁnteﬁ‘mrémhé
control. module of Claim3, wherein the ther mal |

ceirnneals aed é@&ﬁag@h@msawaresatailﬁfa@méaadlal @Iswrr@taélve toa
S&H’ﬁ@%fth% i é%lgféd of controlling a tenperature of
a pla

siha proceSS|ng conponent having nultiple regions,
conpri si ng:

8. The temperature control module of Claim 3, further comprising
support structures between the interior surfaces of the channels and the
exterior surfaces of the tubes, the support structures adapted to maintain
annular spaces of substantially uniform dimensions between the exterior

surfaces of the tubes and opposed interior surfaces of the channels.

9. The temperature control module of Claim 8, wherein the
support structures comprise protrusions on the tubes or interior surfaces or

rings with projections.
10.  The temperature control module of Claim 6, wherein the

heating zones are concentrically arranged relative to a center of the circular

plate.
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supporting a sem conductor substrate in a plasm
processi ng chanber containing the tenperature control

wore@absssod Cl ai m 3, wherein the nultiple regi oPCT/US200$1€12394

10

15

20

25

30

pl asma processing conponent are in thermal contact
with the heating/cooling zones of the tenperature
control nodule; flowng liquid through the tubes of
the tenperature control nodul e; nmeasuring a
tenperature of one or nore of the nmultiple regions of
t he pl ddna phedesyiangtuse epotrehmodutecefe@laimgs, aviperedsiee

ool v p o LRI o RehES s eRuP BRI e GbByE o0 mi

one or nore regions is above a target tenperature and

decreasing the pressure of the heat transfer gas when
t he t edBer atfiedesireratire gentsel medele efC@ie 3, whereswthe

e R PR S P R sASGEAR Bocrode

pard sontainsioneermomnyas phssduessipatasflendfaplocesd gas to the
power to one or nore of the heating el enents when the
t

SRUGORAYEIOTr ArOESRSIRG ENBMBSSr ¢ regions is bel ow the
target tenperature and term nating power to the one or
nore heating el enents when the tenperature of the one
or nor é3r egiTbedempeestuad cortrohmotalegeft Clagrie veiareat the
erein at erature difference across the multiple
%f lly onfiilive tompepaes bady IsatEcnediaa sybsateiaupport
wherein increasing the pressure of the heat transfer
gas results in a thermal conductivity across the space
of bet ien Aupethahof samirtingd teimperate Goof/dpagma processing

- GRPRLha e BT Balns: FomPRingt oae the O
cyl i ndsisgdrtifgacsermicongastdr Rabsalruh P8 KrocdRdirghe

heat transfer gas is helium neon, argon or nitrogen.
16hamber epntatin®thedemperaduregantel madide loé &laim dnwherein the

OBt LA Ll RSB St f 18t Borvec
Twith tlae theatiig/Eooling 2dned bethetehaskraturélcantiol lhoder ei n
the t eHgv?/lrn%tlilEIqru?d gﬁr];LSL ?Rg ?ut;ess of the temperature control module;
measuring a temperature of one or more of the multiple regions of the
plasma processing component;
increasing a pressure of a heat transfer gas to an elevated pressure
in at least one of the spaces when the temperature of the one or more
regions is above a target temperature and decreasing the pressure of the
heat transfer gas when the temperature of the one or more regions is below
the target temperature; and
maintaining or decreasing the pressure of the heat transfer gas to a
reduced pressure in one or more of the spaces and applying power to one or
more of the heating elements when the temperature of the one or more
regions is below the target temperature and terminating power to the one or
more heating elements when the temperature of the one or more regions

rises above the target temperature;
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| ess than 25C or less than 10 C. 18. The nethod of
Claim 14, wherein the tenperature difference is |less

wo b@e/058376 19. The net hod of O aim 14, further PCT/US2008/012394

conprising: introducing a process gas into the chanber

wi th a showerhead el ectrode assenbly attached to the

tenperature control nodul e; generating a plasnma from

the process gas in a region of the chanber between the

shower head el ectrode assenbly and the substrate; and

pr oceswhatgin ketempss atune diffgrehce laerqasatheemultiple mgions is less
t had,, Claim19, further conprising: supporting the

sTB5y e on a substrate support attached to the

tenperature control nodul e, wherein the processing

conpri ses plasma etchi nc% o )
15 The method of Claim 14, wherein increasing the pressure of

the heat transfer gas results in a thermal conductivity across the space of
between about 500 W/m?K and about 600 W/m?K; decreasing the pressure
of the heat transfer gas results in a thermal conductivity across the
cylindrical space of less than about 60 W/m?K; and the heat transfer gas is

helium, neon, argon or nitrogen.

16.  The method of Claim 14, wherein the heat transfer gas is
helium, the reduced pressure is about 1 Torr or less and the elevated
pressure is between about 100 Torr and 200 Torr.

17.  The method of Claim 14, wherein the temperature difference is
less than 25°C or less than 10°C.

18. The method of Claim 14, wherein the temperature difference is
less than 5°C.

19. The method of Claim 14, further comprising:

introducing a process gas into the chamber with a showerhead
electrode assembly attached to the temperature control module;

generating a plasma from the process gas in a region of the chamber
between the showerhead electrode assembly and the substrate; and

processing the substrate with the plasma.

20. The method of Claim 19, further comprising:
supporting the substrate on a substrate support attached to the
temperature control module, wherein the processing comprises plasma

etching.
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