WO 02/ 089531 PCT/ US02/ 12864 SPECI FI CATION TI TLE OF | NVENTI ON METHOD AND
APPARATUS FOR CONTROLLI NG THE SPATI AL TEMPERATURE DI STRI BUTI ON ACROSS THE
SURFACE OWOA2/083RKPI ECE SUPPORT FI ELD OF THE | NVENTI ON Thecpriessemses
invention relates to substrate supports. Mire particularly, the present

invention relates to a nethod and aggaratus for _achi eving uniform
tenperature distribution wthi L i ng plasma processing.
BACKGROUND OF THE | NVENTI ON A typical plasma etching apparatus conprises a

reactor in which there is a chanber through which reactive gas or gases
flow Wthin the chanber, the JHIRE QFENVENTIO®Y into a plasm, typically

abi e to feraiﬁ“l%ﬁlﬁiﬁﬁﬁtﬂm PERA RS FOERORENG ruab AT O30 *1©

sem conduct or WWTI@N ACReFSTAL S’URFA'G]@O@E s). Prior

to etching, the ma er t he chanber and held in proper position
by a chuck 'or hol der whi ch eEWOREPIECERMUBRORACe of the wafer to the
pl asma gas. There are several types of chucks (also sonetinmes called
susceptors) known in the art. The chuck provides an isothermal surface and

serves as a heat sink for thepmafeOF THE ONYENRON @ sem conductor wafer is
held in place for etching by nmechanical clanping nmeans. In another type of
chuck, a seni Jbaguserinveation rélachis) &abstmt@stmertbyl\/&reptrﬂeeleay ithe pisperis

generated by an e ctr d ., bet h he present
Povent | onienGBLEIGPa tpohg e SPREERTpt MG it P Sfed "0, LT
et chi ng oaetrﬁiun@ﬁmﬂmaE@@ﬁfate\@nmgrptasﬁtaptrcttessahgasrm gas chemcally react
with portions of nmaterial on a face of the sem conductor wafer. Sone

processes cause sone degree of heatlng of the wafer, but nost of the

heating is caused by the zhﬁ? qﬁ @ﬁ ﬁ@ﬁ?hon bet ween gas (ions
e ot an i

and radicals) and wafer materl is accelerated to
sonme degree by A fypichEepipgnattoling rappz&atof; compristafaeeactorlin dlichwaberis kenper at ur e

and rate %arg‘t?eerrtrlltr%g;;h \rzvlelﬁz%triegz?ivgtgase grcgasgg t%vs? 5%981111 theoclhgt[nbgrn tﬁehgases are
‘jonized into a plasma, typically by radio frequency energy. The highly reactive jons of

the plasma gas are able to react with material, such as a polymer mask on a surface of a
semiconductor wafer being processed into integrated circuits (IC's). Prior to etching, the
wafer is placed in the chamber and held in proper position by a chuck or holder which
exposes a top surface of the wafer to the plasma gas. There are several types of chucks
(also sometimes called susceptors) known in the art. The chuck provides an isothermal
surface and serves as a heat sink for the wafer. In one type, a semiconductor wafer is
held in place for etching by mechanical clamping means. In another type of chuck, a
semiconductor wafer is held in place by electrostatic force generated by an electric field

between the chuck and wafer. The present invention is applicable to both types of

chucks.

In a typical plasma etching operation, the reactive ions of the plasma gas
chemically react with portions of material on a face of the semiconductor wafer. Some
processes cause some degree of heating of the wafer, but most of the heating is caused by
the plasma. The chemical reaction between gas (ions and radicals) and wafer material,
on the other hand, is accelerated to some degree by the temperature rise of the wafer.
Local wafer temperature and rate of chemical reaction at each microscopic point on the

wafer are related to an extent that harmful unevenness in etching of material over a face
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wafer are related to an extent that harnful unevenness in etching of
material over a face 1 WO 02/ 089531 PCT/ US02/ 12864 of the wafer can easily
resul t ifwohe/os®saper ature of the wafer across its area varceasowmsesruch. In
nost cases, it is highly desirable that etching be uniformto a nearly

erfect degree _since otherwi:se the Integrated circuit.Devices (ICs) bein
1I‘O abri cat e?ng?F I"”lafq{ﬁ’éeaséllyéﬁﬁ tdﬁﬁ@%ﬁ?%{f%?f@? MELCTAALSS H%@‘ieﬁtvén?sgt(?% % he Ino?m
more thangjsy, AERbERRLA. it isF}H%}]ElB)%ﬂPefb?e thWf dibhiBR B8 uhi6heRSEndaRly et ze of

waf er di ameter, the problem ensuring uniformty of each batch of ICs
from | ar gdegreasindesathewissethe frgedretcd wsuinDewicell {(€s)deing fabricatedwil bawger cases,

it would bhe .desir.abl ta b |e .to control the surfage.t erature of the
wafer to _B‘Etﬁﬁnﬂc g’%ﬁfg‘?gﬁfﬁ%ﬁ%"é@te %?81 F 3BT M OF a}agrﬁ)ge{ Sértaﬁlgg rise of a

waf er dur Fighdi@REd, With dabiirREcabd Mahé REEDS vafer ORIntetdeNBBMrotaad of fidueing
attenpts in the past to control the tenperature of a wafer during etching

have beenunifgradty afieash hateh ofl€ls feane fargaranddargerov aferstbespmesmere dikfigyly &2 ur e

duri Rl E, I ] i i ) i.nal
oresour e WP RESCRNY 83y bf HERBR OFysb ko KB SRRl B R,
104 and t R wager tofobtdiea eliek pt&@ewhi ch hol ds the wafer 104. There is

generally no o-ring or other edge seal at the chuck perineter except for a
snooth sealing land extending from1 to 5 mmat the outer edge of the chuck

106,11 (2ndeT e ERANGE o AAlR0kuck SRK 8P wal Aihe Moty oh ilingAEplsast et

seal there is I rogressive pressure | oss acradss e sealing
| and, suctvell kadbwhendedgeuoittdniyes invhé past 1@dorits!] theadmgematuet gi ¢ vafeeduriipe heat

i npi ngi ng near the edge of e wafer 104 nust therefore flow significantl
g ol 1y el dnobendned. Bich TafRutteaty B coMTI TR CoREF S TR chuck

The arr O}[’"ﬁ]ﬂog 014 ggasc{_gr%cthhﬁ h‘é’ﬁﬁﬁ? iskihitetd M%Fsﬁﬁ%l@ plelduré RSB NéinbleWin

heati ng e waf er e flow of the heat inthe wafer 104 is illustrated
with the spce®02bdis@en tHeitettermpifahawaieny04 hed thddgep ebthe chiick H$ eltiak kolds way s
tends to he hatt than the rest of the surface. FIG 2 illustrates a

typi cal ta’ﬁﬁ’éﬁ}%‘tﬁ% distribution on the wafer 104. The pressure | oss at
the peripheral portions of the wafer 104 causes the wafer 104 to be nuch
hotter at the peripheral portions. One way of dealing with the need for
zone cool i ng i $here is/gﬁrrxprztlipy@og};riﬁg@éother edge seal at the chuck perimeter except for a

smooth sealing land extending from 1 to 5 mm at the outer edge of the chuck 106 in

order to reduce coolant leakage. Inevitably, without any elastomer seal there is
significant and progressive pressure loss across the sealing land, such that the edge of the
wafer 104 is inadequately cooled. The heat impinging near the edge of the wafer 104
must therefore flow significantly radially inward before it can effectively be conducted
away to the chuck. The arrows 108 on top of the wafer 104 illustrate the incoming flux
heating the wafer 104. The flow of the heat in the wafer 104 is illustrated with'the

arrows 110. This explains why the edge zone of the chuck always tends to be hotter than
the rest of the surface. FIG. 2 illustrates a typical temperature distribution on the wafer
104. The pressure loss at the peripheral portions of the wafer 104 causes the wafer 104

to be much hotter at the peripheral portions.

One way of dealing with the need for zone cooling is to vary the surface
roughness or to cut a relief pattern to effectively change the local contact area. Such a
scheme can be used without backside coolant gas at all, in which case the contact area,
surface roughness, and clamp force determine the heat transfer. However the local

contact area can only be adjusted by re-machining the chuck. Another way of dealing
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roughness or to cut a relief pattern to effectively change the | ocal
contact area. Such a schene, can be used w thout backside cool ant gas at
all, in wWpok/og®mse the contact area, surface roughness, &od/ushzmses orce
determ ne the heat transfer. However the local contact area can only be
adj usted by re-machi ni ng t he chuck. Anot her of deal.i ng. WD 02/ 089531
PCT/ US02/ Yﬁéééhtf n%figﬂr FHE cReliRg 4P u%%?%gf‘% &Egﬁegr?ssun%w%b%ﬁamcraa&e whose
pressure by N Rd iePmhNE4RASE. HBREvd tRerdiignBattchlsrial shbARGRAY ixehlOWgver
tho 1 el i ef L G e O ol Pttt Rl gD ng&t_he o071 ace
of the chdoidingithe sdifa¢eerfahe clamhdsto dififedaniogoned, ithuer weithelul selhB¢atiggllandds  as

di viders, and. supplying,separate coolin asses, to each zon a greater
degree of &ﬁ’d@ﬁeﬁ%ﬁﬂ@g%ﬁf%ﬁmﬁ% OEIBEg s eeaglaﬁ?%%g(g_rea%{éf%%%g Oguppl y to
each zonejjuByerdeN@padilichbir6tha F BRI Ved OThE gaMpE@t tole@ctBzdteth8r ek

pressure, thus varying the thermal conduction. Each zone's operating
condi t i ondiffeegnt bempeditiemeiebe seetd péiflcemt prsissurorthes /eiyingyhratheeral| y stabili zed

duri o . . iStri '
ncon g RaMEeRTh e gt SR RF BT S TR Ry R Mbp P &y bt

regions. dMasnit8ly staliBiddv@ingebitesiobas skp. Sucth et dépend daytdivdibltiogn! y

give smal|l tenperature differentials at |ower power flux. For instance,

wi t h aboutheingqseing begt THI fgom iy plasmasndaidraglies it intg diffegenf|regigny. aHHs isi t i s
possi bl e . l.gr adi t to 30C
t enper at u%egatﬁﬁi r(gefgers&[elgér\%%@gﬁﬂg&% erﬁg&llﬁﬁ)ﬁg’r @Qé %Iﬁl%l? ?reﬁa?ﬁeg“rﬁgﬁi Cgfrff@rgn%%gt hi s
magni t udeatdawebpowerfjuxe fHoe distanee asitiaatino ¢ 85 peroattof aihifpan due ted abddovever ,

ot her - processes nay run at |ow power, for _iInstance pol ate processes,
may have amf}§palipg landnif s gpssi éﬂeEW?ef%P%@§ﬁ?W?§¥P€F“é‘ée‘9‘é‘dﬁ%fg@t% on .is
made extr , ' | kfof i .0 result
in i nadqug?ie%ojvdg?z; %%:%o r% %é:i’epa% %%er?g ![tlﬁe\!;/ééfﬂ%l\#elrfp‘ﬁg@? nlgk%%algg}scgélgé‘gﬁ%%f

di f f er ent imapnitfdetcppibe akbtyyeffeetise thaprob@s contrarmirangdtyr, Howeed athdrsts for a

met hod and apparatus for controlli.ng the . tenperature of Eerric ndL%ctor

waf ers duPToRESFRREY FeatiIgy Pé’f”@ﬁifﬂbl_n (ABCSRGN BYF PRSEEeJBY V'etah@]d;[_ “requiring
si gni fi capfiyR) AR BRAL UnlddX iheAvRiabsBéntuBisPRISadRlextBRRI 18 CWhichiiHV&aRL | on
is to solve'these needs and provide further, rel ated advant ages. BRI EF
DESCRI PTI @iffict reentrpMENTIEDIN 1A resulidi ifadequatepd esathcqpling etbem thesowl bses a

temper at ufge CORLY Shhi® dieRASRia1 8 typically less than 5°C.

Accordingly, a need exists for a method and apparatus for controlling the
temperature of semiconductor wafers during reactive ion etching and similar processes
without requiring significant plasma heat flux. A primary purpose of the present

invention is to solve these needs and provide further, related advantages.

BRIEF DESCRIPTION OF THE INVENTION

A chuck for a plasma processor comprises a temperature-controlled base, a
thermal‘insulator, a flat support, and a heater. The temperature-controlled base has a
temperature below the desired temperature of a workpiece. The thermal insulator is
disposed over the temperature-controlled base. The flat support holds a workpiece and is
disposed over the thermal insulator. A heater is embedded within the flat support and/or’
disposed on an underside of the flat support. The heater includes a plurality of heating
elements that heat a plurality of corrq:sppnding heating zones. The power supplied

and/or temperature of each heating element is controlled independently.
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thermal insulator, a flat support, and a heater. The tenperature-controlled
base has a tenperature below the desired tenperature of a workpiece. The
thermal iweouwkaswslis di sposed over the tenperature-contr eCraobases The
flat support holds a workpiece and is disposed over the thermal insulator.
A heater is enbedded within the flat support and/or' disposed on an
undersi de of the flat support. The heater includes a plurality of heating

el enents that heat a pl wrgEFtDESERPATORSYP THEDRASKINGY zones. The power
supplied and/or tenperature of each heating elenent is controlled

i ndependent | y. TBe Woodm20898 3tavRagy, uddely e §8:9rpopReEMIOESDRIIPIIUEN DIt THE
DRAW NGS The acconpanyi n rawi nas, whic i:0Co [ Nt Q and
Conet |t ut Bssra BARA i R dRore MRLEAnBRR orAROHBRLERREntdH B

embodi mentspe@br WhE R @88Md deBdtitionOferad explabolt heinciplesant he det ai | ed
description, serve to explain the principles and inplenentations of the

i nvent i onimplamenfatienseaiithyvertian. 1 is a schematic el evational diagramof a
support hol di nﬂ}ﬁ@‘ﬁ?ﬁﬁi@ S,under process in accordance with the prior art.
FIG 2 is a plot rlTus fg'ting the tenperature of a wafer and the pressure
of a coolant in th&GppRraichemaic dtEtiolalidingaanof dang@rvhdldinghevaied or art.
FIG 3Ais a schematic elevatignal diagramillustrating .an apparatus for
cont rol | i Heder REoceEspaceRdpreeorithhthG@FiRpitece i n accordance with one

enbodi mrent of the present invention. FIG 3B is a schematic el evati onal
diagramillustrating an apparatus for controlling the tenperature of a
wor kpi ece in accor d&HG isia glotillostieting dindtehipemntre of a wafer apd dwgmessiirev@nt i on.

FIG 3Cillustrates a sinplified schematic of, thermal flow dynamic in the
appar at us2§POlpRtan thgappayaiss in I&’s 1ip %‘i?ﬂ@i?ﬁ‘fef VRSB GHAl di agr am
illustrating an apparatus with a conbi ned single planar |ayer el ectrode

and heater for controlling the tenperature of a workpiece in accordance
Wi t h anot her enbodi FE@t3Afs 4 fehepres elavationglediagram illustrating an apparatus for

controlling the temperature of a workpiece in accordance with one embodiment of the

present invention.

FIG. 3B is a schematic elevational diagram illustrating an apparatus for
controlling the temperature of a workpiece in accordance with another embodiment of

the present invention.

FIG. 3C illustrates a simplified schematic of thermal flow dynamic in the

apparatus of FIG. 3A.

FIG. 4A is a schematic elevational diagram illustrating an apparatus with
a combined single planar layer electrode and heater for controlling the temperature of a

workpiece in accordance with another embodiment of the present invention.

FIG. 4B is a schematic top view illustrating an apparatus with a combined
single planar layer electrode and heater for controlling the temperature of a workpiece in

accordance with another embodiment of the present invention.



FIG 4B is a schematic top view illustrating an apparatus with a conbi ned
single planar |ayer electrode and heater for controlling the tenperature of
a wor kpi ewe o895accor dance wit h anot her enbodi ment of thePpraseni2ses
invention. 4 WD 02/089531 PCT/ US02/ 12864 FIG 5 is a schematic el evational

diagramillustratin apparatys for .controll.i he tenperature of a
wor kpi ece using a IE{QP%S.%S%?H%1C %?Vé‘gﬁnagﬁlbargBaéE ﬂgfshafl%%n?@éﬁi W th

anot her ab&Righdtd the (HHRLSHFESTa Whrkhidge @di@%ssmermweﬁﬁal ®feakhpfroabh ins a flow
diagramillustrating a nethod for controlling the tenperature of a chuck

i n accor dassoelante With aeotbatdimasive eobodimenpelie preseyeYAfion. FIG 7 is a
schematic diagramof a systemfor controlling the tenperature of a chuck in
accordance with one enbodi mrent of the present invention. DETAILED

DESCRI PTI ON Enbodi nert.s6 ©fa fldwe dippeseillustraingnt nethod @ cdesollingect herein in
the context of a nethod and apparatus for controlling the spatial

t enper at ufeEnpgrastTeioh acheek ecerrdanagavithsepereapodypery ofiiaRipsedt Mverfiflort . Those
of ordinary skill in the art will realize that the follow ng detailed
description of the present invention is illustrative only and is not

i ntended to be in aRIGVEy alscherhativgdiagohinesf asyiieni forcdsroliing the tquipes@nte
invention will _readily suggest thengsel ves thg such .skill ed persons having

t he benef Pfa%uckﬁli@c“@ir‘ga@%? @ne ep@i}@lﬁ%&gf PrESERRP B REde in detail to

i npl ementati ons of the present invention as illustrated in the

acconpanyi ng drawi ngs. The sanme reference indicators will be used

t hroughout the draw ngs and t DETALEOWDRJCREFTBION description to refer to

the same or |k arts. the interest of, clari .not,all of the routine
features of th n}%ﬂgllnéfi’?ésfﬂfjatg? BiFSent FUSBHIHYG dﬁ&n&eﬂ%éﬁén DHBRAOUeH Ogé‘scri bed.
Lt wilT,  HetfAuhd Gpples B @t thd@htiditethp@atudedigh BRABA herds tBOY such

actual inplenmentation, nunerous inplenentation-specific decisions nust be
made i n oswlace pba sshkpve suppoitie dlosmped ordingryeskilf incthg eeiive 1l realizh thps the

conpl i anc i t.h ication- a busi ness-r.el at ¢ tral d that
t hese speﬁql e @%Eﬂ}l%‘f@ﬁs?fquk?éh@%ﬁ ﬁ?egﬁglvF%(fnel ?lgl%sgrg ?genor?g ggiiostr}%gr and from
one devel gg{dell @ BORL A6 way IMAIRGY EthericinbdiditherieofBp pRsemtigtntibatviBuch a
devel oprment effort m ght be conpl ex and ) o

readily suggest themselves to such skilled persons having the benefit of this disclosure.

Reference will now be made in detail to implementations of the present invention as

illustrated in the accompanying drawings. The same reference indicators will be used

throughout the drawings and the following detailed description to refer to the same or

like parts.

In the interest of clarity, not all of the routine features of the implementations
described herein are shown and described. It will, of course, be appreciated that in the
development of any such actual implementation, numerous implementation-specific
decisions must be made in order to achieve the developer’s specific goals, such as
compliance with application- and business-related constraints, and that these specific
goals will vary from one implementation to another and from one developer to another.
Moreover, it will be appreciated that such a development effort might be complex and
time-consuming, but would nevertheless be a routine undertaking of engineering for

those of ordinary skill in the art having the benefit of this disclosure.

The apparatus of the present invention seeks to achieve precise significant

thermal differential control, for example over 5°C, but without requiring significant
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ti me-consum ng, but would neverthel ess be a routine undertaking of

engi neering for those of ordinary skill in the art having the benefit of

t hi s di scwoln#eds3iThe apparatus of the present invention seergSHnizmehi eve
precise significant thermal differential control, for exanple over 5C, but

i t hout iri i gpifi t 5 WD Q2/ 08953 1 ,US02/ 12864 I heat
L ux, 1 or PERHRBFE e PR GEnAB PR, B P B Soehendio ANa B0 i onal
di agram i fijapshd ﬂlhgt?ﬂir%&n%?%raﬁfslf& ddtroRRBthOlhipathtiorhormrpistdine of a

wor kpi ece in accordance Wi th one enbodi ment of the present invention. A
base 302 awcoslaheawith exe hmhgdimestipiibe presenttibventan. Arbage 302pr 8bept A support

306, preferably flat, is,munted .0 he | i r. heat er
308 1 5" enbraearr ehPhos s3nE iRl SR WoTRbPER0B sy Rt T s e, 1o ¢
di sposed g¥lhd thermsdl pRsaldtor3a. Ahédarielis eabetidet o the3bgpgat 806.d&s an
intimate thermal contact between the support 306 and the workpiece 310.

Ehfa_ t her naprkpined é0.orucls apa fferbis dispesesiast hesuppast 3&ch REMAbEINdHEOThe
elium pLes 1%5/%6% 812?1{‘[1 Cegt% ﬁt@ﬁ%ﬂ%&@! be(f&r%g%g% Iﬁrlgého?te% X A thd @gﬁ%"i&g' ece 310

and the suppor to one e ase conprises a
metal lic gﬁl.efrlheaﬂhennalrceﬁcﬁroadrlﬂmnm@dpréﬁemmages, swdhchsielitim, THedicliim

mai ntai ned at a relatively constant tenperature thraough convent i onal

heat exchBissaIS ol bg shermal condgeiionRghwest theay Ofelmﬁ?ct? ﬁg(‘?ﬁg IEBPEitng t o
anot her eghodi nent, the base 302 may al so conprise a non-netallic

mat eri al, “such as alum numnitrate. However, the base 302.nust be chilled
to a greater extent than in standard operation w thout the heater 308. For

exanple, the t erature of the base 302 be.10C t g 50C bel ow t he
desired terrpergf rdingsto ORe eRBPdBIeRt dhe @f@?aﬁg@nﬁ‘%@ ajpeiale t%"pﬂag’vi des a

thermal s h%%r%ﬂ%gﬂ LAsIRuRaRks B8ld pite, St & MBIt LRA ARlrelafitdly kBhistddot shown)

may be us Intain the tenperature of the baseplate. Preferably, the

armount of temgetatwertimoegh bygonteationdl deatixclang aystern lsi¢H asva enedingtheatingrfpéidat ur e

of the copol ant be limted to | ess than 00OW and -20C r ecti.vely.
The base &9?' %Cﬁ%toﬁﬁ\? e&%%?‘%neﬂto Dase SR &S Cewgp%ﬁgﬁ'%eg#%ugh
whi ch heahfiterfdPWeEh dd D@Sinddenit@le. HdVRIves Bhio/bHRe 302 RSt BE ehilltRasgdateSuch
service lines nmay conprise power lines for the heater, sensors, high

vol t age ebxsentrtbart imtstanderdeenstaiipn Withegbthetheder?¢arkor skpmple, the tempergiuge
of the base 302 may be 10°C to 50°C below the desired temperature of the workpiece
310. The base 302 also provides a thermal sink for plasma heating. An external coolant
chiller (not shown) mail be used to maintain the temperature of the baseplate. Preferably,
the amount of heat removed by the external coolant chiller and the temperature of the
coolant may be limited to less than 2000W and —20°C, respectively. The base 302
further have several holes or cavities (not shown) through which heater power lines 312
or other service lines are disposed. Such service lines may comprise power lines for the
heater, sensors, high voltage electrostatic clamping. Those of ordinary skills in the art

will recognize that the service lines are not limited to the ones previously cited.

According to one embodiment, the thermal insulator 304 acts as significant
thermal impedance break between the suppdrt 306 and the base 302. The thermal
insulator 304 may comprise a thick RTV bonding adhesive layer made of polymer,
plastic, or ceramic. However, the thermal impedance break of the thermal insulator 304
cannot be too excessive otherwise the wafer 310 will be insufficiently cooled. For
example, the thermal insulator preferably has a thermal conductivity of a range of about

.05W/mXK to about .20W/mK. The thermal insulator 304 in this case both acts as a
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wi |l recognize that the service lines are not limted to the ones
previously cited. According to one enbodi nent, the thermal insulator 304
acts as swgonefsesant thernal inpedance break between the ®appsny/12866 and
t he base 302. The thermal insulator 304 may conprise a thick RTV bonding
adhesi ve 0 I ' ' t he t her mal
i npedanceh%%ﬁggalklg%%?\feh%e@%et?’éﬁng bﬁ%@h?‘i{ﬂ%@%&k@%ﬁ% 5lt)detjﬁtg\!)y(g)é/eg(ogiassi ve

ot her w seFufilgeritke the3thOrmidl lihsubior J0eiuhiist bé eunthl thiatcadeleale RF@buplingssgpivesn t he
thermal insulator preferably has a thermal conductivit a range of about

: : of
0SW Kt Hhecbisia andoby hee s THsEinad. | Mol e Berglansyidion i et dOlEEth act s
as a 6 WO_: b . LSt ond
bot neen t RETL AR dcrnifclicehitiod S aut Gy Rlepl FplcEielRa AT B e
i nsul at or al3B#4 and $elobeths layer.t Aatordicigdo aheeRPodiment, iheghiokheve @f thetthenpl asma
and the base, 304 is i.ntai ned. Al so, the thermal insulator 304 nust
tolerate I@P]éml‘épééhg‘ﬁfl ES?%&W&HEJB%‘F“@ sy t(lft?’(g4f’63yd€"ftg8’fl§ﬁ?rp %rials
and t enpetaki egviiQCaH Bk (nBPMEK 13 B6ntRRLAV RS cABNEY of RS BAEB0B dor HOuSE
enbodi ment, the thickness of the thermal insulator 304 should be |ess than
2mm  Ther pats éofitBeheterpo3@s lines/3 A andigheriseyipedieat e several cavities or
vias (not shown) contiguous to the cavities of the base 304 for housing
parts of the heater power |ines 312 and other service |lines. According to
one enbodi ment Act&girsUBRAE tmBOGintANREd SHPoid 306 tabasd¥Rl RFdndic matdli@. cer anic

may be a non-electrically conductive material, such as for exanple alum na.
The shapeTb¢ cemmicmpp b & 1ROG1astnicay eprdugb vy matpeial gachhascionoxamenle Almisg. s k

comonl y e i_n.pl asna in t e i 6

convent i o@? (Sj}équé)fc E‘%?sﬁug%)??%@@ﬁ’@g pg%\grr?gﬁgceﬂge %}eé\grg‘}%mé&ﬁag\c}l%%gc Ogﬁél%ﬁ) lé%ldc al
clanp for iﬁghﬂh@&cﬁiﬁ‘g@yﬁt&ﬁs.mﬁ@vvoﬁcﬁhce 306 ey bengednveivmaksibattstmot , t he

t hi ckness of the support 306 is about 2mm However, . one of skills in the
art will Feusgnimy Gemgergnicdiaving aorechanisal glamp drdioldiag down i wafer A or di ng
t o anot her, ' : t i [ ~t R JoS K
ponded A< CTRAEHBfS eabOSRRHERRL bickiCkRRRT bt 3o Bl Amot MSWAeRt
that the brabdfskilisipuhe wit klill rdvegsipe dadothat thickhesges mayhlsbibg suitabdd) | nef f ecti ve

zone separation. The support should allow the heat to digssipate |ocally.
The heat elACS‘ﬁélf’@dPrﬁPP'i‘%Tse%‘?oqﬂ@%t th&ﬁépﬁ%%?"%é?%“%‘ft’é’n%ﬁ?g a Aetok h@*qea one

to a base” type, otherwise the lateral conduction may be so high that the heater input will

be spread laterally resulting in an ineffective zone separation. The support should allow

the heat to dissipate locally.

The heater 308 comprises at least one resistive element. According to one
embodiment, the heater 308 may be embedded in the support 306 below the clamp
electrode plane and be shaped in any desirable pattern, for example, symmetrical or
arbitrary. The heater 308 may also have one or more planar heating elements. Each
heating element defines a heating zone or region that may be controlled independently.
The multi-zone pattern has one or more planar heating elements acting in opposition to
the conduction cooling to the support 306. A sensor 309 associated with each heating
zone may measure the temperature for each heating zone and send a signal to a controller
or computer system (see Fig. 7) to monitor and control each individual planar heating
element. For example, a sensor such as an infrared emission sensor or thermo-couple
sensor can be mounted either through ports to read directly from the workpiece 310. The

sensors 309 can also be mounted within or to the back of the support 306. The heater



enbodi nent, the heater 308 nay be enbedded in the support 306 bel ow t he
clanp electrode plane and be shaped in any desirable pattern, for exanple,
symet ri c&D 0ef0895ar bitrary. The heater 308 may al so have omeTarsommses pl anar
heating el ements. Each heating el enent defines a heating zone or region
control |l ed .independe The ti-zone S one or

e T8 FaRbe R Eraiu b ch Bory Al disrsbEr ot en ey b Bibaat | on

cool i ng t QhRRr30RBRE thedfd8e 3@ . SeENSOr 309 associated with each heating zone
may neasure the tenperature for each heating zone and send a signal to a

controller or conputer systeni(see Fig 7) to nonitor and control each

i ndi vi dual pIa eatin el e a_ sensar .as an
infrared em ss o stBP%%ka)ﬂ%E t@S%BrI WL@W%? B &Vﬁ%} “&d eit her

t hrough pA&&&dﬁ@ t6 @AGthEd dr@sddintert! Ramdri368 wmbﬁsee@erieaﬁ@g lahlg sudeR@ysoB09 can
al so be mounted within or to the back of the support 306. The heater 7 WO

02/ 08953 10PERtigduRp.1 Agerding(s yaidnoper pahediagnh ieaensds ¢qmpises12 di sposed

t hrough o t rding
to one. enBSArAaRiC plodfich VB ER cod BPHLE' eGSR rBaTes ee SEPTCT TS
anot her etreadilrmedk mhly’:‘Bé 8pticHaB Onepf draidaryeskiisinithgark s recopuibe tmt nypt on

or quartz |anp. According to yet anot her enbodi nent, heater 308 conprises

t her moel e@theT Wayodiyteto hgshsuppar 3080l or heat. Wth thernoel ectric modul es,
a base and a thermal break may be optional. One of ordinary skills in the
art will recognize that many other ways exists to heat support 306. FIG
3B i | | ust r at esFER@BAhseaboghatiartembbdintieat pf s endsentrivestioon In FIG.BBGtheé3B, t he

heat 308 | ud ched f hnol th f Il mh Th
hoat or 30ncaidP0tsE udescried fohtechiior e se S iR Srtieh OB he RS Flsta o
the back ?é eﬁlia@dde/eiif E}ieeﬁ@rkpﬁb'@ﬁﬁlﬁahrtggé of Héﬁosﬁ&?%‘?he HAck 8y @E wiikgheadi ng

adhesi ve (not shown), such as polyner each | ayer having a thickness of,
for exanpquqpostt’ﬁ@ﬁt(not(}lhBWn) nhayse oﬂb@m@ﬂhbswm shdven), susbragmblyimesul at or

304 and th t. 306, and bet t t 4 and .t
base302.  FoB MR RRYingahiskEss B Phimeite AP QR Uy P Bt HsRese T My nami ¢
in the appahatiHufbr 504 and3he sdfpRrt J06OMd bt RERSHB tHie@k] ihbdlxofI0L R the but es

to the tenperature
base302.

FIG. 3C iliustrates a simplified schematic of thermal flow dynamic in the
apparatus of FIG. 3A. The incoming plasma heat flux Q1 contributes to the temperature
T1 on the surface of the wafer 310. The heater 308 provides additional heat Q3 to the
wafer 310. The flux Q2 exiting the system through the workpiece support 306 to the
cooled base 302 is approximately equal to both incoming flux Q1 and Q3. Therefore:

Ql+Q3=Q2

By definition, the sum of the temperature T1 of the wafer 310 and the
temperature AT through the thermal insulator 304 is equal to the temperature T1 of the
cooled base 302: .

T1=T2+AT

It should be noted that AT is defined by the thermal conductivity of the thermal
insulator 304. The incoming flux Q3, which is produced by the heater 308, thus controls
AT. Therefore, the power of the heater 308 can be adjusted to produce a desired

temperature T1 on the surface of the wafer for a range of Q1.

8



Tl on the surface of the wafer 310. The heater 308 provides additional heat
@B to the wafer 310. The, flux Q@ exiting the systemthrough the workpiece
support 396 oseBe cool ed base 302 is approxi matel y equalPCraySov11s64 nconi ng
flux QL and 3. Therefore: Q+BzQR@ By definition, the sumof the
tenperature T1 of the wafer 310 and the tenperature AT through the thernal
insulator 304 is equal to the tenperature Tl of the cooled base 302: T1
=T2+AT |t shouPgtfdreblppthe derhperhtufslofithe bisti30R ik dey td predtdeemnaxditinpoifuQRiofi ty of
the thermal i.nsulator 304. The inconmng flu ,. Which is produced by the
heat er 308PPrPHmatelyhalf of the LM ,ﬂuwéﬁ 1 (e ien BEPRIN 08 can

be adj ust : [ : Y - th
v or 1 or 16 O Uy e B SE SO B Do s B AR T

t enper at u@: of the base 302 is set to produce an exiting flux @ of
approximately half of the maxi mumincom ng flux of @B when there are no
incomng flux @ and the maximumflux of @B is approxinmately equal to the

maxi mum flux of QL: Q@ = 1/2 QSHBQQ\MEI%‘(%%X: 0 and Bnmax Z Qmax In this
T

preferred schene, the range over which can be varied is maxi m zed. That
is, the local tenperature otwheh@lwafend O3nxleQbeust ed by controlling .the
heating power of a zone of the heater 308. According to one enbodi nent,
the tenperature of the base 302, i.e. the coolant tenperature, is set

about 20CHC@A MEfetBaBcRe)MeaRtdedal waRRAT Béanbel varictMy ralixitdifeds aMapis, t he
maxi mrum val ue of QL and t he maxi mum val ue of B is equal to the maxi num

val ue of e locpltempegatatsvettle wpier capbe %Qj@%wew_a@qnéroai B heriae PaivEg P
|11 ustrat L8R dFhe RERE S5 %c%é‘@]}dihg[%%%@ %8&'in§e'np %eeteﬂlrpgﬁ%e oPYRhaSL 864, 0de
g the a workp

and heater tor controllrn enperature o I'ece In accordance

W t h anot herthesdudsit tenperatird, esepiteme0°C tovta@nhamancorsestiomah apphrdrass 402
supports a_thermal insulator 404. A flat support 406 is .
which the sum of the maximum value of Q1 and the maximum value of Q3 is equal to

the maximum value of Q2.

Turning now to FIG. 4A, a schematic elevational diagram illustrating an
apparatus with a combined single planar layer electrode and heater for controlling the
temperature of a workpiece in accordance with another embodiment of the present
invention is shown. A base 402 supports a thermal insulator 404. A flat support 406 is
mounted on the thermal insulator 404. According to one embodiment, the flat support
406 comprises an inner spiral 408 and an outer spiral 410 both used as a heater for
heating a workpiece and an electrode for clamping the workpiece. Both heater and
electrode are combined to form a single layer planaf structure representéd by flat support
406. FIG. 4B illustrates a top view of the flat support 406. The differential high voltage
i—IV 412 is applied to between the inner and outer spirals 408 and 410 to generate the
electrostatic clamping function of the flat support 406. If the differential high voliage
HV 412 is applied to both inner and outer spirals 408 and 410 with respect to the ground,
the flat support 406 rﬁay act as a mono-polar electrostatic chuck. If the differential high
voltage HV 412 is applied in between the inner and outer spirals 408 and 410, the flat
support 406 may act as a bipolar chuck. A first controlled electrical power source 414 is
coupled to the inner coil 408 for generating a first heating zone. A second controlled
electrical power source 416 is coupled to the outer coil 410 for generating a second

heating zone.



nmounted on the thermal insulator 404. According to one enbodi ment, the flat
support 406 conprises an inner spiral 408 and an outer spiral 410 both
used as awb@awess3f or heating a workpiece and an el ectr od@ecCrarsopizepi ng t he
wor kpi ece. Both heater and electrode are conbined to forma single |ayer

pl anar structure represented by flat support 406. FIG 4B illustrates a
top view of the flat support 406. The differential high voltage HV 412 is
applied to betpren §hechdmfic @éﬂtl@ﬁﬁl%ﬁag%ﬁhﬁlﬂis&aﬁﬁ)@a@ aﬂal@s fo@c&ﬁﬁﬂﬁﬁ’ée the
el ectrostatic clanping function of | at support | f

di f f er ent ihalterhpeghturedit agerkpldoe 44iag aéataqabtmgadtbmemroanhm a@ﬁcﬂa@m with

spirals 408 and. . 410.w o the ground fl at 06 may
act as a ST BUFEPLYS %‘Bhl?(?iggm E?féﬁ%méﬁ?t Vet A dfl%e 1“81“ rﬁmﬂlﬁ)lélvol t age
HV 412 i shapBink @chyi bt died Weaftuldie a kdingsrataRboatibBed ﬁlﬁdﬁﬂdtéad”&&sﬁﬂ@dh&&ﬂ t he
flat support 406 may act as a bipolar chuck. A first controlled el ectrical
power sousleerigalhepting einpplaabiat diffelsat emperatyei 1 @ogerbie geneiedivage % i r st

heati ng zQne, e P coupl ed
ot ho outaponbh TR pARSE R 36 R, skl PRABE sABMECRE HEVR 05 Ds0551
PCT/ US02/ &%@6& to Elvﬁrklﬁectesscm %bﬁﬁﬂtlhﬂllﬁb@\éat)laﬁm&dthdlmpma tht baders®i ng an

appar at us, controlling the tenperature of a workpiece using a_lateral

thermal  bingARY QYPRORERNE R CHICONE SFREESCRIiRE2 hea{ stke rThﬁlaFr@WﬁéFﬁ’r%‘mé%odl ment
of the pr g%%r y be
used to c‘?r cu abga\{g{h Z%H%Sr gtn lrdg[ nga%tt?gﬁ%rgi @F%%?ér%ggggg a?jés?%élggtl rect
el ect ri casinkéad twg or)mona)thbmnﬂ zatesdfdrferample, T e apdTAt Whetempdrzmme]faach e

controll ed base 502 upports a thernpal insul ator 504 exa

cer ani c. gzemﬁtmg%m%i)@ CS@W%?%Q%"G’@@”%UM&“P“? ng t%ﬂ‘%ﬂ?%r&gerg‘g‘ge MTher nral

i nsul at or g R HYido P‘-‘tﬂﬂéluké’ oSERAKRERal NEaPSEFaIRAG fol AlbRrdrYRpsial ABHS. ZOones,
each zone representing a heat sink. The arrows represent the different
heat sink zones. In partl cular, the lateral thernal breaks 510 separate t he
heat sink int nor,e t hermal zones, . f

t enperat ure of 2 @gﬁs afipay ﬂ‘&gr%ﬁlélsmwgﬁemlﬁt@ﬂ? % qogggéhﬁg & WH’@ﬁfaIIVe 6’5

control I'i pghckhe aédokﬁeﬂcé W%n@feﬁib%dinﬁent 8EH8 phdsentdnlieidn, THBaic@lagFIGUEh
thermal break 510 allows for arbitrary spatial zones. FIG 6 is a flow

di agr am i llugsatesa method fﬁb@mm@lltrmth@tﬁmpemwﬁené atcheck batpes tyadistiot a  chuck

IFP Gacgor d&lrélgn%al\’\zno%gs Of%s€ gpor%mrg%a E nt tﬁg aRt il ?Qcoghﬁg ?llfgt Itl% metjh d %rytﬂec ular,

applied to a chuck having one or more thermal zones. In a first block 602, the
temperature of a first zone is measured with a first set of sensors. Based on these
measurements, the power of a heating element affecting the temperature of the first zone
is controlled to adjust the temperature of the first zone to a temperature set by a user
and/or a computer in block 604. In a second block 606, the temperature of a second
zone is measured with a second set of sensors. Based on these measurements, the power
of a heating element affecting the temperature of the second zone is controlled to adjust
the temperature of the second zone to a temperature set by a user and/or a computer in
block 608.

FIG. 7 is a schematic diagram of a system for controlling the temperature of a
chuck in accordance with one embodiment of the present invention. A user 702 may
define a set of parameters to a computer 704. Such set of parameters may be, for
example, the desired temperature of a first zone on the chuck, the desired temperature of
a second zone on the chuck. Those of ordinary skills in the art will recognize that the

chuck may have one or more zones. The computer 704 communicates with a storage

10



illustrates a nethod for controlling the tenperature of a chuck having two
distinct thermal zones. Those of ordinary skills in the art will recognize
t hat the wetohosvsany be applied to a chuck having one or meTaSoteasnal

zones. In a first block 602, the tenperature of a first zone is neasured

wth a first set -~ sensors. . Based hese  neasurenments, the wer of a
heating ef¥HBMEY %%@P’i“%t@ﬁgo{ﬁ%é’?gﬁri Uty ?@Scﬁtplgfeoé%q{’épuq‘?rs g'ohAt rol | ed
to adj ust fi}éa@atto%@a?se?sth;qﬁ&{gggfb%efﬁﬁsﬁzoné@mhé cléhu%k.t ANREHA 4t Of SdkodY 18 USer

and/ or a conputer in bloc In a second bl ock 606, the tenperature of a

second zowasures the aeaonddong omhihg chdko fdassé pn dfe tewpepiuse nMRaswement of [Hess e

\ f h ' I ffecti : f
The: secontd ol reRRBnts PorfboeE s Pafe SRl v B BpLABL hafinbRIRERE 06 one

to a tenpelRntdiduss te tbiparatif€bf &edirQizode 60 tHelwhetk.i BaseBloathke Gfperdtlc 7 i1s a
schematic diagram of a systemfor controlling the tenperature of a chuck

i n accor dasesiremen of e ssaprshivetrehiensgrs ThQ qopwsies{/04 ﬁ@%@?@?‘i‘.’lsi&’ thespcond2 may
define a set r . S may
o, for SiarBruRERIRGELTIA S QuBPTR I aherdilfe o HE Rechl 26 BRIBTRRGLE (™, |
desired tenperature of a second zone on the chuck. Those of ordinary
skills inthe art will recognize that the chuck nmay hav ,e?f;:e or_ nore

/

zones. The conpi G?Sé‘rge?%ﬁ%f‘éiﬂﬁﬁtﬁP‘é%@é sonifalingthe {PRGRPT 30‘8§8§‘1n
PCT/ US02/ %@@éétros?é’c{g@ga%rel{&? ofil %it&gtotalfﬁﬁné’&tﬂ»ﬁfih B'i‘ﬁﬁ&tivgb@u%l@d PlRRML S and
4. A Tirst set o f

out puts of conputer sensors 708 neasures the first
zone on t (€ brmkssidy seching betalsoin sgnslmrsystdd appiesionesspediellsewothdt zone on

t he chuck. Based, on fhe tenperature neasurenment of the ., first set of
Sonsor s THEIMERMIST BIETAROUBHUC: BuHe POIEE. (B muEdRalchs anphied BaTg
el ement s o%@?aﬂg@ic@t@'&ﬂé%h&r@@néﬁ%%@éd&%e@ﬁlﬂ é}ﬁdiﬁmhléﬁfsts.zone on the chuck.

Based on the tenperature neasurenent of the second set of sensors 710,
conput er 704 sends controls to the second set of heating elenents 714 to

adjust the te rature of the second.zone on.the.chuck. These generalized
met hods for co 1%1 GTRORYIDRRYS R lﬁf‘tﬁ?né OE}tB? mvgr_ltb?nhl_éav\%’fgl? 5}%‘/ i _

el ect r ost gtdcEib&d) Yot DeRPhareit t¥ tifddk kBHed th AR BHIHAKNL AR béhefit bNALCT i Ve
Coupl ed Plasma (1 CP) processing nmachi ne, but also in any other system

appl i cat i disclosurpdledt anany mere madaficatioayihian exentionesiabervasieergsghlervithawk to the
wafer. Th 'dgpatrt%?ghﬂloﬁl'{ﬁe {Tn%gnt?\% c%%&laﬂtg ﬁier&%. ABY invention, therefore, is not to be

restricted except in the spirit of the appended claims.
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ot her applications where a need to produce thermal grading exists. Wile
enbodi nents and applications of this invention have been shown and

descri bedwoio/osssal d be apparent to those skilled in the aPCTh®e2/m$64 he
benefit of this disclosure that nmany nore nodifications than nentioned
above are possible wthout departin% khgg1the i nventive concepts herein.
The invention, therefore, is not to E stricted except in the spirit of
t he appenggg & @hifed isl WO 02/ 089531 PCT/ US02/ 12864 CLAIMS What is
claimed is: 1. A chuck for a plasnma processor, said chuck conprising: a
tenperature-control |l ed base having a tenperature bel ow the desired

t enperature of ,a,wn iece:; a thermal .in t di sposed over said base; a
flat suppi‘rt fé‘rChHS%E&r? %%?%p%ersﬁ(%?é%%Fﬁl%ség(%g%fig{n@support di sposed over

said thernmal bigapcitafe-candllad barthavingahedpatuyd balow thadabitbiat support. 2.
The chuck according to claim1 further conprising a thernal  conductor
di sposed tepaer#ens of giveprkpigee;support and sai d workpi ece; 3. The chuck

according to Chﬁierﬂngﬂi ;rﬁishg's% %%Fgai&)l;aséai d heater further conprises a
ater. 4. e cC ucE i

plastic film he according to claim1 further conprising a
| ayer of bondi agladsiippsit\fer haldinp esiddvdrkpives said diatsupbert nidposeisuveasadd and sai d
support, and between said thermal insulator and said

t enper at ubETRYHPFBPEA 8 ase. 5. The chuck according to claim1 wherein said

heater further ,¢onpristsided RlitfAdaid Hat anar heating elenents. 6. The
chuck accordi na to c allsl% 5 mﬁer@%an s%tisgﬁ%l urality of planar heating

elenments forns a corresponding plurality of heating zones on said
wor kpi ece aim6 wherein the of e%Fh

et Chen 1 ng ThE e S ey b e omta] SoRFE: o

between said flat support and said workpiece;

3. The chuck according to claim 1 wherein the power of said heater further

comprises a plastic film heater.

4. The chuck according to claim 1 further comprising a layer of bonding adhesive
disposed between said thermal insulator and said support, and between said thermal

insulator and said temperature-controlled base.

5. The chuck according to claim 1 wherein said heater further comprises a plurality

of planar heating elements.

6. The chuck according to claim 5 wherein said plurality of planar heating elements

forms a corresponding plurality of heating zones on said workpiece.

7. The chuck according to claim 6 wherein the power of each planar heating

element is controlled independently.
8. The chuck according to claim 7 further comprising a plurality of sensors

corresponding with said plurality of heating zones, each sensor measuring and sending a

signal representative of the temperature of each heating zone.
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8. The chuck according to claim7 further conprising a plurality of sensors
corresponding with said plurality of heating zones, each sensor neasuring
and sendiwg@ oa/08®Bgnal representative of the tenperature ofPCeawsh2/insat i ng
zone. 12 WD 02/ 089531 PCT/ US02/ 12864 9. The chuck according to claim8

further cgnpri Lol l.er I Y4l S 3l sensor
and for agj ust?hg&%]%lé%gg(\g/{gﬁlgégcgrgﬁfhﬁgﬁgﬁhﬁgﬁl rggconﬁlégé&ﬁiior egg%ed%asl on a set
poi nt f or siga4l irdpesdid sghsoomel fot Bdjusiingthie jowarofzach planar leatcgsisment saed chuck
conprising: a tepperature-controll ed base having a tenperature bel ow the
desired P’é?fﬁ@rpé’lrﬁrf‘é“?f‘F ; fece; a thermal insul ator disposed over said
base; a flat support for holding said workpiece, said flat support disposed
over said thermal insulator; and a heater disposed on an underside of said
flat suppdd.t . Alchuéldm’tahdmlsnﬁauprom&brc sdidlbm@ktchmpirisimger ature across a

wor kpi ece havin mul ti aid nethod co in V|d|ng a base
mai nt ai ned at e@@i??é‘l‘t %C%ﬁgﬁfgﬁsﬁ Vlngé‘lt?}nE?fﬁtélfea é]i’r‘%‘(l.ers g bei ng
bel ow t he; &@W@Q\,&f@g&e wor kpi ece, said base haV| ng a ther mal

i nsul at or unted on top of said base; holding the wor kpi ece against a top
face of a fl atashepparinsulaaf dlsp¢sad0§um©uirbase,rmunt ed on said thernal

i nsul ator; and heatin h.zo f t vvork end ntI \Mtha
heat er dlsposea ﬁllr??aﬂ%%r;q&dzl‘f‘ "3183{?5 F¢e Sai %?@Pﬂ‘g{%ﬁ%ase ng to
claim 11 fHerhRehs8aBPRRLEI Ng nonitoring the tenperature of the mul tiple
zones with a sensor for each zone. 13. The nethod accor di ng to claim12
further conpri 8heajedipresed ogan hedarddpel swide supportbach zone based on said

nonitoring. 14. A nethod for controlling the tenperature across a workpi ece
having nultiple zones, said nmethod conprising:

11. A method for controlling the temperature across a workpiece having multiple
zones, said method comprising:

providing a base maintained at a constant temperature, said constant temperature
being below the temperature of the workpiece, said base having a thermal insulator
mounted on top of said base;

" holding the workpiece against a top face of a flat support, said flat support

mounted on said thermal insulator; and

heating each zone of the workpiece independently with a heater disposed within

said flat support.

12.  The method according to claim 11 further comprising monitoring the temperature

of the multiple zones with a sensor for each zone.

13.  The method according to claim 12 further comprising adjusting the temperature

of each zone based on said monitoring.

14. A method for controlling the temperature across a workpiece having multiple
zones, said method comprising:

providing a base maintained at a constant temperature, said constant temperature
being below the temperature of the workpiece, said base having a thermal insulator

mounted on top of said base;

13



provi ding a base nmaintained at a constant tenperature, said constant
tenperature being below the tenperature of the workpiece, said base having
a t her mmlwongos®sor nounted on top of said base; 13 WO 02PCO8$5312864
PCT/ US02/ 12864 hol di ng t he wor kpi ece against a top face of a flat support,

said flat sup : - id .t | el tor; and heating each zone
of the workpi %ﬂaﬁnﬁﬁﬁgﬁﬁﬁﬁ%ﬁfﬁ%&lﬁﬁ tgsﬁ%gtogra q%lygs%gglétdsaé@ﬁg SUPBGer si de of
sai d fl at meugpdoh saidlSheriabinswlatvothndccording to cl ai m 14 further conpri sing

nmonitoring the tenperature of the nultiple zones with a sensor for each
zone. 16. The MSHR aaﬁb{‘w(ﬂﬁf H$ Yerkpiess mdependgnilywith adiepier dispesed@past i ng t he

tenper at ugRierdde 2610 ARREpRAEEd on said nonitoring. 17. A nmethod for
controlling the tenperatu‘?e of a chuck: nmeasuring the tenperature of a

first zone of the chuck; controlling the power of a heating el enent
said fir zone to a first tenperature based

af fecting the f.enperature of t [

on said n asur*l??g‘?*e{‘?@éléﬁﬁfﬁlggtt%81%'.1;%2?131% PRMBFISIES MANFRENG HideBPealEe chuck;
and cont rgflthd paltpie zaeerittd schshient éded z6hement affecting the tenperature of
said second zone to a second tenperature based on said neasuring. 18. An

apparatus for controlling the tenperature across a workpi ece having

mul tiple on sai d ;apparat us conpri.si.ng: nmeans for proyiding a base

mai nt ai nelooz' at e’ghecrg% P gﬁ?‘%{r@%g‘? 31511??2‘,1 f‘é‘theg C%H’é‘?ﬁ%?‘%uﬁgﬂﬁ)@e CAPE ng

bel ow t hepfteaspedmtbaced 6 sdiddthonnbkms ece, sai d base having a thernal

i nsul ator nmounted over said base; neans for hol ding the workpi ece agai nst a

top face of a support, said support nounted over said thermal insulator;
PR A LT T A A
conpri si ng: measuring the temperature of a first zone of the chuck;
controlling the power of a heating element affecting the temperature of said first
zone to a first temperature based on said measuring;
measuring the temperature of a second zone of the chuck; and
controlling the power of a heating element affecting the temperature of said

second zone to a second temperature based on said measuring.

18. An apparatus for controlling the temperature across a workpiece having multiple
zones, said apparatus comprising:

means for providing a base maintained at a constant temperature, said constant
temperature being below the temperature of the workpiece, said base having a thermal
insulator mounted over said base;

means for holding the workpiece against a top face of a support, said support
mounted over said thermal insulator; and

means for heating said support.

19.  An apparatus for controlling the temperature across a workpiece having multiple
zones, said apparatus comprising:

means for providing a base maintained at a constant temperature, said constant
temperature being below the temperature of the workpiece, said base having a thermal

insulator mounted over said base;

14



means for providing a base maintained at a constant tenperature, said
constant tenperature being below the tenperature of the workpiece, said
base haviwg o/084ser mal i nsul ator nounted over said base; PETWSDPI689531
PCT/ US02/ 12864 neans for hol ding the workpi ece against a top face of a
support, said 0 I i (8 ans for -
heating an undzﬂtégl?s é)tr8?@1‘%%@%8%2%%6%%%8%Jlﬁhqg%pdg%;s? hg&?oSFu d%gﬁ}gér}gl ling the
t enper at uppuafed dvehdstkther@anssul6r; adAsuUri ng the tenperature of a first zone
of the chuck; neans for controlling the power of a heating el enent
affecting the H@ﬁ?ﬁeﬁ%@ﬁ?@g@“@ﬁﬁsﬂgﬁﬁ%@ﬁw-to a first tenperature based
on said neans for neasuring the tenperature of a first zone of the chuck;
means for measuring the tenperature of a second zone of the chuck; and
means f or 2@.ont Aaldppagtusifer gowetlingfthatehpataturg ofhehedkt af f ecting the

tenperature of said second zone to a second tenperature _based on said
means for measFf %%38%%3%?{%@“8?0 a?’éﬁf&ﬂgg%ﬁx@‘%‘fwkbhe chuck. 15

means for controlling the power of a heating element affecting the temperature of
said first zone to a first temperature based on said means for measuring the temperature
of a first zone of the chuck;

means for measuring the temperature of a second zone of the chuck; and

means for controlling the power of a heating element affecting the temperature of
said second zone to a second temperature based on said means for measuring the

temperature of a second zone of the chuck.
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