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FIELD OF THE ME TION (

[0002] The present invention relates to substrate support. More particularly, the

present invention relates to a method and apparatus for achieving uniform temperature

distribution within a substrate during plasma processing.

BACKGROUND OF THE INVENTION

[0003] A typical plasma etching apparatus comprises a reactor in which there is a

chamber through which reactive gas or gases flow. Within the chamber, the gases are
ionized into a plasma, typically by radio frequency energy. The highly reactive ions 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. 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 removing heat imparted to the wafer by the plasma.
In one type of chuck, 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



sonmetinmes called susceptors) known in the art. The

chuck provides an isothernal surface and serves as a
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wafer by the plasna. In one type of chuck, a
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between the bottom of the wafer 104 and the top of the chuck 106 which holds the wafer
104.

[0006] There is generally no o-ring or other edge seal at the chuck perimeter except
for a smooth sealing land extending from about 1 to about 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 may be inadequately cooled. The heat flux 108 impinging near the edge of the

wafer 104 must therefore flow significantly radially inward before it can effectively be



bet ween the bottom of the wafer 104 and the top of the
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but Wi @rﬁy give small temperature differentials at lower power flux. For instance, with

about 1W per cm? of uniform flux and about 3mm sealing land, it is possible to get center to
edge thermal gradients that lead to a 10°C to 30°C temperature increase near the wafer
periphery. Thermal gradients of this magnitude can be very effective as a process control
parameter. However, other processes may run at low power, for instance poly gate
processes, may have a flux of only 0.2W per cm?. Unless the average conduction is made
extremely low, which is very difficult to control and tends to result in inadequate overall

cooling, then there will be only a very small differential of typically less than 5°C.



set to a different pressure, thus varying the thernal

conduction. Each zone's operating conditions may be
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of uniformflux and about 3 sealing land, it is
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lead to a 10C to 300C tenperature increase near the
waf er periphery. Thermal gradients of this magnitude
can be very effective as a process control paraneter.

However, other processes may run at | ow power, for

i nstance poly gate processes, may have a flux of only

0. 2Wper cnR. Unless the average conduction is nmade

extrenely low, which is very difficult to control and

tends to result in inadequate overall cooling, then
there will be only a very small differential of
typically I ess than 50C [0008] Accordingly, a need
exists for a nethod and apparatus for controlling the
tenperature of semni conductor wafers during reactive
ion etching and simlar processes w thout requiring
significant plasma heat flux. A primary purpose of the
present invention is to solve these needs and provide
further, related advant ages. BRI EF DESCRI PTI ON OF THE

I NVENTI ON [ 0009] A chuck for a plasma processor

conprises a tenperature-controlled base, a thernal

insulator, a flat support, and a heater. The
tenperature-controlled base is controlled in operation

a tenperature below the desired tenperature of a

wor kpi ece. The thermal insulator is disposed over at

| east a portion of the tenperature-controlled base.

The flat support holds a workpiece and is di sposed

over the thermal insulator. A heater is enbedded

within the flat support and/or nounted to an underside
of the flat support. The heater includes a plurality
of heating elenents that heat a plurality of
correspondi ng heating zones. The power supplied and/or
tenperature of each heating elenment is controlled

i ndependent | vy.



The heater and flat support have a conbi ned
tenperature rate change of at |east |0C per
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secoeMperature of a workpiece in accordance W th anot her
enbodi ment of the present invention; FIG 6 is a flow
diagramillustrating a nethod for controlling the
tenperature of a chuck during etching in accordance
W th one enbodi nent of the present invention; and FI G
7 is a schematic diagramof a systemfor controlling
the tenperature of a chuck in accordance with one
enbodi nent of the present invention.



FIG 8 is a schematic diagramillustrating an exanple

of a wafer support have two spatial regional zones in
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FIG. 8 is a schematic diagram illustrating an example of a wafer support have

two spatial regional zones in accordance with one embodiment of the present invention.



one enbodi nent of the present invention. A

tenperature-control |l ed base 302 or a heat exchanger
whasocegwast ant t enperat ure bel ow t he desired PCT/US2005/043801

tenperature of a wafer 310. The base 302 supports a

thermal insulator 304. A support 306, preferably flat,

is mounted on top OETARFEhDESERIPTEINat or 304. A

eal er 30 embedded i n.the .support
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t he external coolant chiller and the tenperature of
consyrhmgcbiaf| veeitld nag/ex thelekd ba 2 aditine unésstakingf cagpowizdyr Hixge of

ordind S FEPRE el Bulnt ) S BRRRELY 7L my be more

econom cal |y practlcal tolimt one to two kW
operation. The base 302 further have several holes or
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therutat A(lhf%reﬁg;b %{)ntf'oq,r 1%5‘ g)@anllﬁlg BVeH€, but without requiring significant plasma

heat flux, for example less than 2W per cm®. FIG. 3 is a schemalic elevational diagram

illustrating an apparatus for controlling the temperature of a workpiece in accordance with
one embodiment of the present invention. A temperature-controlled base 302 or a heat
exchanger has a constant teﬁlquratm'e.below the desired temperaiure of a wafer 310. The
base 302 supports a thermal insulator 304. A support 306, preferably flat, is mecunted on top
of the theimal insulator 304. A heater 308 is embedded in the support 306. A wafer 310 is
disposed on top of the support 306. A thermal conductor 312 provides an intimate thermal
contact between the support 306 and the wafer 310. The thermal conductor 312 may be

preferably a gas, such as helium. The pressure of the helium controls the thermal



di sposed. Such service lines 314 nmay conprise power
lines for the heater, sensors, high voltage
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e support 30 onstructlon is of a "thin
w111 now recognize that the service lines are not limited to the ones previously cited.

[0016] In one embodiment, the thermal insulator 304 acts as a significant thermal
impedance break between the support 306 and the base 302. The thermal insulator-304 may
comprise a thick RTV bonding adhesive layer, or be 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
may for example have a thermal conductivity of a range of about 0.05W/mK to about
0.20W/mK. The thermal insulator 304 in this case both acts as a thermal resistive element
and a bond between the support 306 and the base 302. Furthermore, the thermal insulator
304 must be such that adequate RF coupling between the plasma and the base 302 is
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_symetrical or arbitrar he .heat er 8 -
contighane todes Giies of HsrRES P (o PRGSE AL IRE Lo 1R tines 314 and
oﬂwrheag%ggmglenent defines a heating zone or region that

%ﬁ?t cgntrolled i ndependently. The nulti-zone
pattern has one or nore planar heating el ements actin
oo b0 oS e
r
ceranfc%glig?e %ﬁ%—%lé@&%ﬂy 30Q1uFAYe REtedinl, sedsds, @ Expaples themarmic
t [east one sensor 309 associated with e?cc{hk
is

alumiigze aThahapeoftheayproebifrsay proferab dichids 0P SRR
eating.zone and. send .a si .
comnied SfSe AR Rel H b o o
electrﬁﬁ&ttb ifagk ¥t Akalbe Blcanatic hewhs ageehaniealtclanfofor drbdipg down the
e sensor may be an infrared em ssi g{}%sen

wafert316r dweemling to anethenemboimept HeuPRYY Eprg?r?l{:lté?or{ is of a “thin
disk l%)ghgcgg;a 1%%[@’1; tglgtﬁ,ooéfxegrglq%qhé fa?e%ré%ovﬁlmﬁ?ﬁiohnﬁa}y‘@é & high Ghat Tiecheater

enoun In or to the back

input Y11 bB §?1§H@&@érhlly3£b@ultiﬁgm henkfictB@&onayeraatipondhegupgort 306
power 1ines 312 disposed through openings 314 in the

shoult aipwehe hew i &isepaigdalihd the base 302. [0020] In one
enbodi nent, heater 308 conprises an inductive heater
I n anot her enbodi nent, heater 308 conprises a heating

[0018]2NP,  SHitheatr 30K cotppiises at leasiant zesistivp hegtelemeny. Ascording

t h i i
to ont ResbrBIcab i EooHBAUR B SLIRA BAE DRURE SIEPREES R e clamp
electntggg @E{ﬁ@ L&§ f)é E}%ﬁ)@&’ flL85desRata pattdh Ko ek dhgslapdynimetsikal wny

ptrona ose of ordinary skill in the art wll

arbitiABY Tledegi 368 hiwgtalsveinglude bes oriagTs pijas heating olgaygnts. Each
support 30
heating gl%

6.
ment 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. The temperature rate change caused by the heater

308 to the support 306 may be at least 1°C per second.

[0019] At least one sensor 309 associated with each heating zone may measure the
temperature of 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, the
sensor may be an infrared emission sensor or thermo-couple sensor that can be mounted

either through ports to read directly from the wafer 310. The sensors 309 can also be



[0021] FIG 4 illustrates a sinplified schematic of
thernal flow dynamc in the apparatus of FIG 3. The
woOnoewrmcssys pl asnma heat flux @ contributes to tReT/US2005/043801
tenperature Tl on the surface of the wafer 310. Heater
308 provides additional heat flux @3 to the wafer
mousted Rdthin &Q6 thashck o€ ileyppat 806 Wad heatl BOS nidyebd pawer€by power

. exiting the system.through the support 306 an her ma|
linesj3A 4 gisppesd trpaeh gpeHRELH ! 18@%@&@@895“5%0%13&%@1%5%ﬁg§02-
equal to both incomng flux Q@ and @B. Therefore: Q +

@B ~Q@ [0022] By definition, the sumof the
[00206nper afnuone efitbodiméerticheater 808 8aMprisas antindutitive deaten: ilajanother

embeiaT, ertpr 0 cerpRe 4 peaes D ek 1R ot e i’ Fanp,
Acco;rgl/ﬁ? de- yElanb {22 Shbbdinhe %bﬁeﬁﬁ)f&"&hﬂﬁis%@ﬁfen@e_léc&ri@ afodakd that

t
he“thermal conductivity of the thermal insulator )
can @0Hor eab With thermoelectrzanodiles ab@se ausi actheimal presdr rassabegptional.

heat er. 308, ..1.h controls DI. Therefore,
Thosg sty eb 1t AT, BR0 Rab s DS T S ol Sy B8Rty to heat
suppBftadgce a desired tenperature Tl on the surface of the
wafer for a range of Q. [0024] Preferably, the
tenperature of the base 302 is set to produce an
iting UX: RRL.OX%i : t W
10028 o B 1 RSP R sk Inchat 6% B Ty e
appagdifls M EIGT8X T ivdoning plasiB heat fappQ brontribetey tocthe sdmpepature T1
the maxi mum fl ux of _Q :(% @max when (g = 0,an
on theawupfase ofgheatars 1PhEisais Epepioviics éﬁ@ﬁ%‘} 1igat ﬂ%@% ty{hgwafer
[ I 0 f k.
supp} 308 ghl Sk ARSI Ay Fho OTnd Rt (P Gkl Eerk froues the
suppoRte3 06aie thermal insulawy A84 txthbyoclodbass I02rig aprirexinwaely agual to both

. power of th egter 308 in a nultizone heating pattern
incogumpgHpx QA@E&Q% tg%he embodi nent, the tenperature

of the base 302 is contr®j less Lgrabout 20C

[0022] By definition, the sum of the temperature T1 of the wafer 310 and the
differential temperature AT through the thermal insulator 304 is equal to the temperature T2
of the cooled base 302:

T2=T1+AT

[0023] It should be noted that AT is defined by the thermal conductivity of the
thermal insulator 304. The additional heat flux Q3, which is produced by heater 308, thus
controls AT. Therefore, the power supplied to the heater 308 can be adjusted so as to

produce a desired temperature T1 on the surface of the wafer for a range of Q1.
[0024] Preferably, the temperature of the base 302 is set to produce an exiting flux

Q2 of approximately half of the maximum incoming flux of Q3 when there are no incoming

flux Q1 and the maximum flux of Q3 is approximately equal to the maximum flux of Q1:
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cool er than a conventional apparatus in which the sum
of the maxi mrum value of @ and the maxi nrum val ue of @
wO0msmdgdost o t he maxi num val ue of 2. [0025] FPGI/US2005/043801
illustrates anot her enbodi nent of the chuck. A chuck
for a plasma processor has a tenperature-controlled
base 502 having a tenperature bel ow the desired
tenperature of a wafer 824 /Qg ayer of thernal
i nsul ation material 506%s disffBsed over the base 502.
A flat support 50gnh&sed f ®aindQB ML PRLhe wafer 504 is
di sposed on top of the layer of thermal insulation
mat er i aI 506. A heater 510 is nounted to an underside

.of the t 5
VIR S
varie@1s Ba¥ihdizs THaols, heayea) tdrﬁp’eﬁiﬂ@ie ofthectafee edrclve zpﬂ;u\msd by

lines 514 or ot her service | i.nes e di_sposed.
contrgBingithehgating powenofthy heateri084a aﬁ%‘ﬁ%@f}q licatng BitteTh écq‘eme

Accolf a& go OI}e 11’?1enthﬂ%|'ff1?{§éraﬁgee%ﬁh§ B&Je%*z% béntfdIRAR Asbut 20°C

dinar e art will recognize
cooldr m d chﬁvaﬁEdﬂaD @ﬂaranmmvhacmﬁm shmfttbedmamrmm value of Q1 and the
previ ouslf( ci.ted. 0026 The heat 10 may be powered
maxigypnp¥iag o QAdsequed Odh%B{%’é%m{ll’{P Qﬁ peni ngs 514 in
the thermal insulator 506 and the base 502. The heater
510 includes at | east one resistive heating el enent.
[002%c cor di Fig. Sallustsatmﬂmoﬂlenenbodlmet ofighe ehudkl 0\ gleickifer a plasma

nmount ed t 0 an._under si d
prociRaiaa ARG e TS op BT R elnpsaf § BitoWihe desired
temp%%amﬁbf b %aalfer(y'04a rﬁpla%@cfﬁherﬁﬁﬁﬁlsﬁllaﬁon tateial soGERligbsed over the

eater 510 may include one or nore planar heatin

base 6D2nAnfla suiizehS 0fcesedl fier holding e welyr ¥k is ,ql@_spasqqiéa} top Qf %16 layer

o 3T o 3bar e SRE OGRS SREBHRR e

supp8HtBUBNThe B&del JT2 4nfdl 1HRPIG6 bi PErrhdl 1ﬁ§m@tmnﬂatemalomy further include
cool ing to the su&mor t 50 0027] At _|I|east one sensor
holeGacaaigiss Ciaitshawn) lahc*fhlﬂb%ﬁatwowshhnww Hihgr senvipg lines are

dispcf)feegp ﬁ{l&bgelrr‘zl?g I}Pesg%gprg r@@—ls{sg)%%ff‘ﬁge f&‘ﬂleqseﬁﬂeg R@hsok high

voltdﬁ@ Ridcabstati¢lclampingd |Tlﬁ§@dﬂf cbrdd]law slnulzkil ingheas wil esognige that the

el ement. For exanple, the sen gy be an infrared
servigerises aa neelmsed ko the gEeSRICHS Yélt nsor that can be
nmount ed

[0026] The heater 510 may be powered by power lines 312 disposed through
openings 514 in the thermal insulator 506 and the base 502. The heater 510 includes at least
one resistive heating element. According to one embodiment, the heater 510 may be
mounted to an underside of the support 508 and be shaped in any desirable pattern, for
example, symmetrical or arbitrary. (See FIG. 8 for example). The heater 510 may include
one or more planar heating elements. Each heating element may define 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 508.
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either through ports to read directly fromthe wafer

504. The sensors 516 may be enbedded within the
woeuppmess0508. [0028] FIG 8 illustrates an exarprasefosa43s01

support 508 having dual heating region: inner region

802 and outer region 804. Each region may be

[0027hdepende Mastyoreaehsd SbY abdodiatarwisieéachihehi@ad fne thaiOheasure the
se of ordinary skills in the art wll

shown) .. Those .
tempeERipisiAL fé‘g} hegting peneandseid a sigpal ta @ coaiellsreyicomputer system (see
: ' | O if % Y 0 %
FIG AT BIGA G rdeciEol B8 RN aich bt Temedt PRk e, the
senseinyey be ae thftanel emmissioh sensbt osthepngpeapds ssasovhat @i beanounted

... Si.ngl e etch recjpe i.ncl udes Itiple steps that are
cithe] S Pty TeetbezctiKitiog: (g tilen WH Lhe Seherest Kmal be embedded

Withﬁngggﬁ?optrm.eeds. Mul ti step etching processes are
used, for exanple, where a photoresist mask is used to

etch a nitrite layer which is in turn used as an

chi ng .for sub-sequent.|ayers. ditignally, the.

028 OSSR B A SRS SHSA 305 AR dektind Mron
innePreg@sSH2NEd oaitd iddieNS0aME R r@%‘l_@ﬁ‘ @Ry BeihdPehdtitly heated by its own

execution of the etch. In particular, it is offen
set ofjbeaters bnat sheyvl clhose oberdingey skibminghe i avillredoignige that the support

I Nit ] rat ure and subsequently

may HARES FolnBobldcefl AL B SRR i s

recipe so as to provide optimum etching conditions for

%he partjcul ar | ayer being etched. [0030] It is known
[0029hat * sokhe BreE3ssCompiedbroiesminoniegier davices ps prgeadered the use

ot nbSRETALSRs SR YDl Qi SRR g vt
vary Weef eichihg ometitidnisras tisd etghiby paicess ptbddeds) Mnlttepheteldag pocesses are
iLther to conpensate for or.to %ti lize, this

e . L C
used, 1oF ¥R 16 et ADRPIOPsSiS) Mgpk fsrhscd i rirhg njsfitsdaye wikh is in turm
used &% aHBIcRingHAK6! &bl 3Gudth HYef AL A& a1 SRk i

laterall § differ wt ﬁut e gr AtUr e ur?dlg?ﬁég@ﬁ{b’%fpmmular
layerp isoenhesiadgvitopiicessimgseonditidng Whhehfieget duciag theexesatiod of the

ter.that.t I f the etch. b ltering the
e SR DR A bl ST it
initiald tPEERRERSnH QQ&%huéﬂRS'edhaﬁ%"[ﬁe RIS aite e 180G s Wil this recipe
the 1 ocal concentration of reactance varies across the
s asiia pravidaepiinura etching doadisions farthdparticwaniaydrdsingatdes.

the wafer as well. This leads to
[0030] It is known that some etching process conditions are far more temperature
sensitive than other process conditions and as such, it is desirable to be able to alter the
wafer temperature step-by-step within an etch recipe, either to compensate for or to utilize,
this temperature sensitivity of the etching process. For example, the relative etch rates
vertically and laterally differ with temperature under some processing conditions, and this
effect can be used to alter that tapered angle of the etch by altering the wafer temperature as

the etching process progresses.
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variations in the etched feature dinensions across the
waf er, which is generally undesirable. It has been
wohsewmrosgsdst hat by using the tenperature sensit PeTUR26/043801
the lateral etch rate it is possible to induce a
radi al tenperature gradient by altering the wafer
[003Kuppor t Undarsome ppevesting exndéivnasthe dodahenneentsationdif spactance varies

t erat ur radi ent .and t herehby co t h
acrosh SFPEH B 88 BB SERY sGRTBRE SRR et i ats
variaR6RIHGh O SicENéhtukPdithehiBhs 42644l the Wwafeg, oMt ¥ gdhepillyrmdesirable.
di mensi ons across the entire wafer. [0032] In the cas

It hasWprenobaaived fhekby vsjes the deraperatupreseasisipgy of the latgial gich rate ftis
Neces [ 1O, i i
pos SR BBl SPFIAL AR SRR =

tempERARBESIES topatuct headisiaemperauré gradivnnime thefebgicampensate for this

di mensi ons_across the fer d/ t [
variapt i TieapRl Fety BRLCOmPISHOR AR PQTUGHS (it resull 1 coniant
ﬁgg : - | fer support is used under
featu%‘:egn |E1?1t8#§s§c\/5ﬁ%ﬁfel‘lggﬁtfrﬁgva\£%hes are operated at different
tenperatures, and a nultistep recipe is enployed which

alters the process congditjons during.th tch, it i
[0032k ¢ en n@:@% §%ﬁe3)”}tet53 A B’l%llat}’é’is G0 bteg Saﬁ i b&fneflﬁs%ary to alter
5 f K i 0
e rERER s G L 4 iy SR le sl ot
depending iupbw thteyneoéssith to miinfain &ature dizhénsipns eptgiss therveafer and/or to

0033] . The., duration of. typi.cal etching recj '
prodb ek e g8e ol PR sSSP GRS el [ et
suppBfSs AsciRid&AontiRiohS Fhiteld the2¥ResHRY 6péhted beisfordnt Fintperatures,
the recipe. As such, it is necessary to be able to

and amulistep recipe is euppyad which elters theraesss eonditionsAugingdhe etch, it is

seconds fo | tj,step tenpe 0
o gty o reatist b ERue LAY KinFitl R onublf Rafer support
zone5 REHRRr B Rchaf Forl drad ulipy B idivedrRlgiterhPertiurd senisBivity of the different
therefore desirable to be able to change zone
etchingepeditionf-es at a rate of approximately 0.3 C per
second, and preferably to be able to change zone
tenperatures at a rate of 1 C/ sec or faster. [0034]

[003BPr t heThaderatibn bheypisarl ewhing FSihdsay from dppeoxembietid2@iseconds to

heat er as described in, ) . vn s .
approximately two minutes, and a typical recipe will have several steps within the recipe.

As such, it is necessary to be able to alter a wafer support zone temperature within a few
seconds for fnultistep temperature control. In most cases of interest, these temperature
changes within a recipe are less than approximately 10° C. It is therefore desirable to be
able to change zone temperatures at a rate of approximately 0.3° C per second, and

preferably to be able to change zone temperatures at a rate of 1° C/sec or faster.

[0034] For the case of the ceramic ESC having the embedded heater as described in
FIG. 3, the basic design criteria for a fast ESC is that the thermal mass of the ceramic ESC
be small and that the heater power density be large. It is also desirable that the thermal

resistance of the thermal layer 304 below the ESC have relatively low thermal conductivity.
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FIG 3, the basic design criteria for a fast ESC is

that the thermal nass of the ceram c ESC be small and
woOheie/06é895 heat er power density be large. |t i sPargis2005/043801

desirable that the thermal resistance of the thernal

| ayer 304 bel ow the ESC have relatively | ow thernal

Thus, ahelthidkingsstof tHOBSC, the Bedtbr gdone Sensiy, bitbtheBerntahfesistance are
power . density, and the thernmal resistance are

heat er
Sele%teq? R 119 pegmi demperpraghangesfpderthan abath digésscs ast er
than about 1 C/sec. [0035] FIG 6 illustrates a flow
di agram i npl enenting the above solution by spatially
[00350t al sFIGedfihsthiey a dlont diagrhimrimpldneertiappiey sove €olfion by

i on of flat_support during an_etchin
Spa@ﬁ%5&@@%?@%@%&%@}%3& te@p&@@g@%ﬁp@r&r@anoe@%a flat support
duriR® i OEhihg r&%:gsg elﬁ?aﬂﬂ:uf‘ar)’ﬁ@% a%ggggr%eﬁ%‘éﬁbﬂ Yor processing a

process. At base i's provi ase i s
wafergiuring ian etthing mocsn sAn602, hdapeis provided. HEle base sahantained at a

f. . d,
consiFR SethetteBescs PRt the opispertiis O BREVRET to fihmsgeph As
previBisBf deBéribied, AMiyBE SCthSiM A MRuRkioh ﬂ%te%ifhz ?sfm@ﬁnt@@ﬁn tdp ¥ the base.

wafer is hefd against a top face o | at support _
At 60ihi the wiafre lis laild aghinstiariep fasp af p flat supgo ivdhichrmcndes distisdt ppatial

.descyribed. the fl.at rt_is, mounted, on top, of the
reeifi e miptpyly feperPhe SRR shoiet BT bt i eketof thormal
insuBfiah nterl280A0608)feastiépdtihll rabios WP BAA tlat §u]}tp6ﬁfi§§ﬁ€§éﬂdleﬂtly heated

heated to an injtial tenperature with at | east one
to amhigifiab tenpretittiedvitlh atdaast Aaeheaterangmiede an|vadersidsdithe Bat support

| Hhi I s i-ni tial . .

o RSN 0 5l SRRyl P lsgon may i o
one amtliereAt 608, 60 &mpdieuteaifaeleattione spitiahtedi®pst thefiat support during

spatial region of the flat support during the etching
the e&q%%g@% Inplickedle angthshismmeratyie aha raie of at 1gest 4°G peresepend. The

oS3k 0 BRG0P g e (o oach

regli on may one ano 36] In
accordance w th anot her enbodi nent, the tenperature of
ch spatial yegion nmay be further nitored with a )
mm’Sﬁns or g? %19988{3?%%1"’&@ aEéEFF phadimgent, g’git%tHPe“TWée Qf ¢35k ppatial
iGAR8Y BS AFHIRY noRfo S8 4] 6n, i
reglte E%ratureyof echQ‘?g{it?al rﬂggﬁegﬁﬁégglé%ﬁgng#%r%%@ The signal
genepasoreby thesphiossimayp be hsede atlimstthe f@OBTiture «F each smtial region by

Chm%&%gg%atg(i?vg’?rgsiuﬁgﬁ%%%eﬁnea%%g.t emfor controlling the

[0037] 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 component 706 storing the
algorithm of FIG. 6, inputs and outputs of computer 704. A first set of sensors 708

measures the first zone on the chuck. A second set of sensors 710 measures the second zone
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chuck in accordance with one enbodi nent of the present
invention. A user 702 may define a set of paraneters
woaow/0egroput er 704. Such set of paraneters nmayPO®USE@®S/043801
exanpl e, the desired tenperature of a first zone on
the chuck, the desired tenperatur? nd Zong
on thetcheckc MRaskd of hesemperabirameasuyenagntiof & ‘iiFSE ??g g?"t“S%S
n| Z C 128 aBjusOihe $emperature
onmuﬁq %ﬁl%ﬁ&gggﬁgﬁﬁ%%g?%?'m%?ﬁﬁgﬁgfgrage %onponehg
of the fi® z§ﬁ@c§ﬂ 1he chhick. aBgped ioh i tefapElaG@re measmgmmst ofitle second set of

out puts of conputer 704. A first se
sensomgabspomputasdOf Bece conirel shtrerseanyeio Hea R SRiRul 14 o adiust
the ter%ﬁ%r% ezontytglg sSBAYbESort 1€ cBRGONd zoneon the ¢ h uck.

e tenperature neasurenent of the first set
of sensors 708, conputer 704 sends controls to the

first set of heat nts
[0038} enper AherceEeBFrat fFFéln I%P{ﬁg& oﬁlz?%@lec%h 5@‘“@@‘8 le ofa wafer
on an tei%@tr&s@%?f%ﬁk‘ hie 4 8RN RItEd io @fph&:ﬁﬁm&ﬁ adnducsiet Gufupled Plasma
nput er 704 sends controls to the

seco
(ICP) @eacessﬁngmaemng bat alse it anypothertsystay apelicatios. ewrpalvueny @1
econd zope on,the.ch lied t th
reqmrﬁ%L} Pia3da pﬁgpﬁﬂ% % B el ﬁ%ﬁt{s&n}g&éﬁ%]em%—}gﬁ%gepalteuroemy onet
ot RedVRf m&&tﬁanﬁﬂgﬁﬂhqsmansc chuck are not
apphdgﬁﬁﬁé‘gﬁelrt gd teo a%& ication in a Inductive Coupled
Plasna (1CP) processing machine, but also in any other

[0039 |yzts ﬁ;n\g% ?(Pchﬁl%ws E%ﬁé\g& li¥nL8¥8hisi¥entiBA WbV EBeed showh and

Thi's techni que may be
desc:r%@@I it %uldq)eadwa&hh@rtha@mhuedtm dresriimying the h@mﬁttoé Yhis disclosure

produce thermal grading exi 0039
fhat mmmm@ﬁmnaﬁwpu%\%% atgive mmfh oyt dppating from the
een_shown u FPRAtrRR dxept in the
invenfiys conceR(s hle%élg ﬁlé’%[??l ﬁﬁae%/elﬂr‘}\fgé {Sﬁlgb g)eneflt of thlps
spiritf i @%Bﬁcﬁedtdlrﬁmsnany nore nodi fications than nentioned
above are possible wthout departing fromthe
i nventive concepts herein. The invention, therefore,
is not to be restricted except in the spirit of the

appended cl ai ms. CLAIMS What is clainmed is: 1. A chuck
for a plasma processor conprising:
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a tenperature-control |l ed base having a tenperature
bel ow t he desired tenperature of a workpiece; a |ayer
wofodelvessoal | nsul ati on naterial di sposed over Baras2005/043801
base; a flat support for hol ding said workpi ece, said
flat support disposed over said | ayer of thernal
insulation material; and @igaier coupled to an

ndersi de of said flat support, said heater including
vw“ﬁ“ﬁﬁﬁ?ﬁ%ﬂ%y of planar heating el ements corresponding

1. 1 0ASHIkK d S1)snd ' bns in said flat
support, mhé%é?nzgg?%%ﬁgnggg S a tenperature rate
c haterepesituretcdngraied b€ hpeingsaempetati?e bdlbw thbdediredftemperature of
8 WO | aim 1 wherein power applied to each planar heating
3 éﬁght is controlled independently. 3. The chuck of
cl alafed of MELN inseRABh n$étgh] AishBSIBer %{?@9 tor
di sposed between said flat support and said’ workpi ece.
4. aflakbsuphoxt Kordfoldihg isaid Webrkpieden sadifldt support disposed over said layer of
re- trojl ed base is maintained at a
then{é%@%g%{()%trg%%@a e of less than 20C. 5. The chuck of
cl aheatdr douplelies ae ORI OPsad ﬂhﬂ#ﬁﬁbd}gﬁ,ﬁaﬂfheﬁfe[‘ ﬁfb‘i\ﬁiin%a plurality
ns,

corresponding with said plurality of "heating regio
of plangs healipslemenia srresngnding toseplaraligy af heagingregions in said flat
suppﬁﬁpr esentative of the tenperature of its correspondi ng
eating region. 6. The chuck of claim5 further
c owherieRi sail leato hbg @Hngrerit@fe 1eRCBhNId ¢F 28 Blast BCPRkcdob@M
sai d sensor and for.adjusting the power of each planar
heating el enent based on a set point for each heating

i R

sai d heater e
controed Bidependaatiyt.er s.
3. The chuck of claim 1 further comprising a thermal conductor disposed between said

flat support and said workpiece.

4. The chuck of claim 1 wherein said temperature-controlled base is maintained at a

constant temperature of less than 20°C.

5. The chuck of claim 1 further comprising a plurality of sensors corresponding with
said plurality of heating regions, each sensor measuring and sending a signal representative

of the temperature of its corresponding heating region.
6. The chuck of claim 5 further comprising a controller for receiving said signal from

said sensor and for adjusting the power of each planar heating element based on a set point

for each heating region.
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8. The chuck of claim1 wherein said heater includes a
plurality of induction heaters. 9. The chuck of claim

wa 20de6gion sai d heater includes a plurality of PheaisSzing043801
| anps. 10. The chuck of claim 1l wherein said heater

includes a plurality of thernoel ectric npdules.. .1 "
7. Tre ohbok &f dfing | ayherein o heater Bglv e%%!W@E%Bt?echmcg”y resistive
i ncludes an electrostatic chuck. 12. A chuck for a
hﬁamﬁﬂ asma processor conprising: a tenperature-controlled

base having a tenperature bel ow the desired
tenperature of a workpiece; a |layer of ther .

8. i Tishuck oficleir 4 hercinsapoeust poBtELa fligie é’?ﬁ’lg‘lﬁl%l% heaters.
support for holding said workpiece, said flat support
di sposed over said layer of thermal insulation

9.  Mph&strk of ahimd Wisatiasaidietdtingludes hpRiralidy @f heajing lamps.
support, said heater including a plurality of planar
heati ng el enents corresponding to a plurality of

10, hzﬁ\é &}ﬁﬂ:%{ro?gia S WhersidisdidHeafer Si¢RRIRE b plushilétyeif therimeelectric
tenperature of said heater and said flat support are

modulRslapt ed to be capabl e of change of at |east | 0C per
second. 13. The chuck of claim 12 wherein the power of
each planar heating elenent is controlled

11 | Rflerpndentdam Ldherthnsakifiasupforcinatuded & élastrdstatic chuck.
" conprising a thermal conductor di sposed between said
flat support and said workpiece. 15. The chuck of

claim wher ei n_sai d re-control l ed base is
12. nﬁ’??huﬁ%%%rda Elgsrgaglgﬁg%sg% d}?@{nsgﬁe%!at ure of |ess than
ZQQan,&atuBleoxﬁmréa base Ielvitign teApbrattrh belowotinp diesitadgemperature of

pluratity of sensors corresponding with said plurality
a workpiebgat i ng regi ons, each sensor neasuring and sendi ng

2 S, nale gl ePLES | i39>stEFREs@dWase;0f its
e e R R _ |
a flat support for holding said workpiece, said flat support disposed over said layer of

thermal insulation material; and

a heater embedded within said flat support, said heater including a plurality of planar
heating elements corresponding to a plurality of heating regions in said flat support,

wherein the temperature of said heater and said flat support are adapted to be capable

of change of at least 1°C per second.

13.  The chuck of claim 12 wherein the power of each planar heating element is

controlled independently.

14.  The chuck of claim 12 further comprising a thermal conductor disposed between said

flat support and said workpiece.

15.  The chuck of claim 12 wherein said temperature-controlled base is maintained at a

constant temperature of less than 20°C.
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17. The chuck of claim 16 further conprising a

controller for receiving said signal from said sensor
wanaefoessoadj usti ng the power of each planar heaCTmg2005/043801

el ement based on a set point for each heating region.

18. The chuck of cl aim 16wherein said heater includes

a plurality of electrically resistive heaters. 19. The

chuck of claim 16 wherein said heater includes a
16. pI dhgrhygk aficlaimdliciurtber epsanrising a Qluralrtmf SShewR cotfresppading with

r | | of h
said %ﬁlﬁﬁ? 2 ?Qatﬁ% I‘g%lﬁﬁ e S%}} éeﬂ?&ar ﬁ%a%%gvﬁ dgé| ads1 sz eé)F es%ntatlve
ofthertelhpkd&lﬁraaoﬁltwoafespcmdﬁfg HeaghgRpiact i c nodul es. 22.
The chuck of claim 16 wherein a thickness of said flat
support, a power density of said heater, and a thernal
re B&S, e gﬁp% r
17. a ?gﬁ%er at ut{lre Eealcalange ?Iﬁcrogg;néi a &Eﬁggro%?}eecf’ i‘%{lg %% ngﬁal from
said k@Gopand e adjusting2Be poiver afvack phhacheating demshebsied os aiset point
f flahﬁ®%E20tt i ncludes an el ectrostatic chuck. 24. A
or Gagh F8%%ntrol ling the spatial tenperature across
a wor kpi ece conprising: providing a base maintai ned at
a constant tenperature, said constant tenperature
18. beilhg chiskowclaim. toemosimsaid beasér intledesor ppiaditeof dledtdcally resistive
he atbase having a | ayer of thermal insulation materi al
Hdunt ed on top of said base; 005/ 043801 hol ding the
wor kpi ece against a top face of a flat support having
a &Iurallty of spatial regions, said flat support
modhe elnckofichndid wherein|saiddieatst inchisiesra pluralifylogindution heaters.
mat eri al ; i ndependently heating each spatial region of
said flat support with a plurality of heaters nounted
20. t oThechirtersie 16fwisaeid shiddicastRRRides a@ﬁﬂalﬁ?@!ﬁﬁbz{iﬁlgtl&ﬁps
tenperature of at |east one spatial region of said
flat support during an etching process at a rate of at

21. | e28L cHfeRFC1a5558Wherein said heater includes a plurality of thermoelectric

modules.

19.

22.  The chuck of claim 16 wherein a thickness of said flat support, a power density of
said heater, and a thermal resistance of said layer of insulation material permit a temperature

change in said flat support of at least 1°C per second.

23.  The chuck of claim 16 wherein said flat support includes an electrostatic chuck.

24. A method for controlling the spatial temperature across a workpiece comprising:

providing a base maintained at a constant temperature, said constant temperature

being below the temperature of the workpiece, said base having a layer of thermal insulation

material mounted on top of said base;
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25. The nethod of claim 24 further conprising
monitoring the tenperature of said plurality of
wepeieiassos egi ons with a sensor placed in each Pegiusmo5/043801
26. The nethod of claim25 further conprising
adj usting the tenperature of each spatial region bas .
dolding therworkpiecs agpinst 7 toprfase abe HBlBUPPOTE ﬁa‘flﬁg gl’?%ﬁﬁtryeqefgpa“al
., said plurality of heaters i. alihdon Qfterial;
regiong g it sughoy TK%‘&‘%‘{] mtoph%g%@?é’g pufpRating] hod of .
q#leé AéhiWNREGhDeRRisPatitl wecbi dsaif flatesappors withel plursdityeof
plurality of induction heaters, 29. The net hod of
heatercinaimte® b wherdstsidesef; saidoflatsHPRAT 288¢ heaters incl udes a

pl.urality of heat]i . 1Lhes id fof sedpRirinduzihg an
vhepeEng ﬂﬁeaﬁe]ﬂlpﬁ 4t 3??? %/1@%%?%%%%@1? lsllélglnogﬁﬁgglg a p?ltr ality ®
etchin® prdoB&I AR ehte OF bi lRasiitDberssec@id. A net hod for

controlling the spatial tenperature across a workpi ece

conprising: providing a base nmai ntai ned at a const ant

t erat yr hd RSt i Wine theleipettireof sdié
25. tiﬁ%@?ﬁi"ﬁr"zcg‘f‘ﬂ tzﬁ'e wor Igg?%ggiﬁggg(i;%{obage hai\%@ng a |l ayer
plurali® of §RtiEkgions withtal sensarplaged &1 cashuegied on top of said

base; hol ding the workpi ece against a top face of a

flat support having a plurality of spatial regions, _
26. SFhe rJe:trﬂfd GRS AIRHE RfhRRirz0jBling diedtelpymature bf each spatial

thermal 1 nsulation nmaterial;independently heating each
regiorbitd ah said giomitorifgsai d flat support with a plurality

of heaters enbedded within said flat support; and
changing the tenperature of at |east one spati al ]
r a9l AiRfd Sl sl 3akhareRnald pldkalityef Irateet inbludgs pplicaliy of
at arate of at |east 10C per second. 32. The nethod
electrithlly kesistiv8 hedtenst her conpri sing nonitoring the

tenperature of said plurality of spatial regions with

a sensor placed in each region.

78.  The method of claim 24 wherein said plurality of heaters includes a plurality of

27.

induction heaters.

79.  The method of claim 24 wherein said plurality of heaters includes a plurality of

heating lamps.

30.  The method of claim 24 wherein said plurality of heaters includes a plurality of

thermoelectric modules.

31. A method for controlling the spatial temperature across a workpiece comprising:
providing a base maintained at a constant temperature, said constant temperature
being below the temperature of the workpiece, said base having a layer of thermal insulation
material mounted on top of said base; |
holding the workpiece against a top face of a flat support having a plurality of spatial

regions, said flat support mounted on top of said layer of thermal insulation material;
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33. The nethod of claim 32 further conprising

adj usting the tenperature of each spatial regi on based
wOonosH6ER0AONI t ori ng. 34. The net hod of cl ai m 3pCHuUS2@®E/M43801

said plurality of heaters includes a plurality of

electrically resistive heaters. 35. The nethod of

cl mdapaﬁenﬁlﬁhﬁtlﬂg%&b}ﬂspﬁhamaglbh)6f edid Meeduppsrtivie] M?E@alﬁy of

[ ur i nduction heaters. 36. The nethod o
heat% ﬁmg?@{ﬁd\mgﬁ’éﬁﬁ élétﬂlpﬁpﬁr%‘i ty of heaters includes a
| cat. |
o SRR ool BV 08 S s

etchinf ptrévesnaiel retetdflatleand&d:‘ @8r se88nd.An appar atus for
controlling the spatial tenperature across a workpi ece
conprising: neans for providing a base maintained at a
co tayr. o [

P L RO Lo KRR, BB P ia

plurdiigy phgpatial ragions withtalsensvalplaced il m:h ocgiomt er i al nount ed
on top of said base; neans for hol ding the workpiece
against a top face of a flat support having a

33. pl hehdethodff cl%ﬁﬁ@Q%rtﬁ&%bﬁﬁbﬁm ?%ﬁﬁwﬁﬁ@fh&%&ﬁﬁ%ﬁﬂe of each spatial
nmount ed on top of said layer o ermal insul ation

regioiehased e sai@meiténg.i ndependent |y heati ng each spati al
region of said flat support with a plurality of
heaters nmounted to an underside of said flat support;

34. anthémetndiofclaih 30 ovhitgeih BEid parakefyAf hefeRflindtdds@asiiralfeof
spatial, region of said flat support during an etching

eleCtBF%B’e@%lStaYeg@aFeé%e of at |east 10C per second. 39. An
apparatus for controlling the spatial tenperature
across a workpi ece conprising: nmeans for providing a

35. ba¥ke meihotiaif okin 81 wheesin siid plurhibtyd hadterséncléddsd plurality of

. .. con ant tenperature being bel ow the tenperature of

indugtion hegtekSi ece, sai d base having a | ayer of

36.  The method of claim 31 wherein said plurality of heaters includes a plurality of

heating lamps.

37.  The method of claim 31 wherein said plurality of heaters includes a plurality of

thermoelectric modules.

38.  An apparatus for controlling the spatial temperature across a workpiece 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 layer of
thermal insulation material mounted on top of said base;
means for holding the workpiece against a top face of a flat support having a
plurality of spatial regions, said flat support mounted on top of said layer of thermal

insulation material;
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thermal insulation material nounted on top of said

base; neans for hol ding the workpi ece against a top
wbacw/o8808 f | at support having a plurality of spatisalos/43801

regions, said flat support nounted on top of said

| ayer of thermal insulation material; neans for

| meapehndindepgndenty hﬁwgng gath S;ppmluraglon e flgt S‘%’QP’E{ vyifhsd

with a.pl ur aI
pturai BB fialesy oip s #8 Sdea bt REReRusIRgErE 1
L SRR B éﬁﬁlgﬁfg taé tdnﬁﬁaﬁiﬁn@w aSpastionb spapl coxiaf ofsaidiflat support
flat support during an etching process at a rate of at
during ameichingpyasesssb e orig of a0cash 1 i PRSIERK. chuck assenbly
for a plasma processor, the chuck conprising: a
si ngl e-pi ece base el enent thermally separated by at
39, | aasbpaatsfat @nabllidgehesdatibl tempeiahire aabsd 2wetkpieos comprising:
portions, including at, least a.first é(?ort on an

s tsartofop BravidiAg aéﬁ%ﬁ rgaifned at g SRRYAnt SFRRRIATSY F%‘E&g‘éséam
temp ewavrﬁre ] e@%pl%'(l)c?\? ttllleﬁgﬁlh g@ﬁnégﬂhg %ﬂ%ﬁG&n chi@Bhdd Mm%( dRyer of

. I east first thermm
thermé&l 1ﬁﬁtﬂmoxﬂﬁmtfen@1uheld1tt<bomfoﬁ)@rﬂsalﬂﬂveset; enper at ure of t he

s D BONY We D Glede: tsRirn B LR
plural 6&%??5%}%%1&1% %asféé&‘%ﬁﬁﬁrﬁﬁﬁmﬂw aﬂwbﬁi@maayém tﬁ@ﬁﬁhd

. _ I'on 0 t he’ 4"71. The chuck assenbly according
insulation edasérial; 40, wherein said first thermal el enent and

AT B SHFERTOUE BT Ere o P e S A s bt
phuralfty o@'hédtééterﬁﬂéﬁﬁéwltlﬁh%ﬂiﬁﬁlat ashoBakt second 1 her mal
enment are disposed in the shape of a . coil

c lnmaafls ﬁﬁshmgﬂyg thedonperAyre of 2 ﬂ%ismrwcﬁpawé?%% 0§ %ﬁlg Fiat support
rst. thernal d it f
dun11%%§1ret§mn§_p6%c§ﬁ%%t(ar& refsa‘llts‘f;a %t\ljeéijlegsﬁ%%#&s'é I44y '(I)'he chuck
assenbly of claim40, further conprising an insul ator

di sposed between the base el enent and fh
s Upporlpiesicsitaek assembly for a plasma processor, tﬁe aluvc\:%fcgrrnprising:

a single-piece base element thermally separated by at least one lateral thermal break
into at least two portions, including at least a first portion and a second portion; and

a wafer support element disposed over the first portion and the second portion, the
wafer support including at least a first thermal element configured to affect the temperature
of the workpiece disposed above the first portion of the base and a second thermal element
configured to affect the temperature of the workpiece disposed above the second portion of

the base.

41.  The chuck assembly according to claim 40, wherein said first thermal element and

said second thermal element are substantially flat.

42.  The chuck assembly according to claim 40, wherein said first thermal element and

said second thermal element are disposed in the shape of a coil.
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45. The chuck assenbly of claim 40, further conprising

a thermally conductive nedi um di sposed over the wafer
weuppmessosl ement . 46. The chuck assenbly of cl aCmuU$2005/043801

wherein the wafer support elenment further conprises a

first tenperature sensor di sposed above the first

portion of the base and a second tenperature sensor

dj sed abo the n 0 n of 1.
HRE ARG SRR Brcoctiae i el 30, Tt stif g iefigma Glembie
1nclud6§’9£>fu%ﬁt? lof 5@EMY RN td D resinlieh dlemsitsand second
tenperature sensSors and configured to contro
Lenperature in the first and second portions of the
e., 48. k. a j [
4. ¢ TRSemiR astarSPree *onprt <SP E SRR L veen
thebawaémgwﬁﬂth@wla&atsupyorﬁ@erﬁml 49. A wor kpi ece chuck
assenmbly for a plasma processor, the chuck conprising:
a S|ngle plece base el ement thermally separated by a

45. VY sz lal - hek Q@rﬁ?ﬁélflgé%ﬁrﬂaﬁ ¥ Qotuctive medium

| e I ons ing at” | east an

dmpokﬂnﬁérﬂmshﬁahﬁ@pdiamﬂbnwn and an outer disk-shaped
portion; and a wafer support element disposed over the
i nner and outer disk-shaped portions, the wafer

46. S %@9 1{101@45@{1:55‘1 of ﬁt kAo Nghébin! tﬁé‘%fé’i‘ shpport elbllii@ﬁﬂlﬂi'ther

["errent con to affect the tenperature of
compﬂ&fglﬁﬂﬁttﬁnijb&pﬂs eehsab«hvlmsbth ebavierthe fight pRrtiohap dep 1??(9‘@ ﬂﬂfbh
and a second th nt configured.to.affect the
secondl &erRRFTAILR W ¢ WQS%%&’&?@F& & %“8%@\/&%%% out er
di sk- shaped portion.50. The chuck assenbly of claim
49, wherein at |east one of the thernmal elenents is in

47. t ﬁéle$ha¢eassémblymzfuclalxﬁ146 fm@etmmmeemtsplléf respegsiye to said
rein at | east on

first apa é?q?&ggergpgpw%fepﬁvs 8?(? g%}f} edytg Ig:gt;l]tg@ é?l%h&lrgggé gh the ﬁrst and

Sﬂmna R Df tIRPbasdne chuck assenbly of claim 49, further
nprising an insul ator di sposed between

—zZ0

48.  The chuck assembly of claim 40, wherein said first thermal element comprises

thermoelectric modules configured to heat or to cool.

49. A workpiece chuck assembly for a plasma processor, the chuck comprising:

a single-piece base element thermally separated by a vertically disposed lateral
thermal break into at least two disk-shaped portions, including at least an inner disk-shaped
portion and an outer disk-shaped portion; and

| a wafer support element disposed over the inner and outer disk-shaped portions, the
wafer support element including at least a first thermal element confi gured to affect the
temperature of the workpiece disposed above the inner disk-shaped portion and a second
thermal element configured to affect the temperature of the workpiece disposed above the

outer disk-shaped portion.
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t he base el enent and the wafer support elenent. 53.
The chuck assenbly of claim49, further conprising a
woheverasdoy conducti ve medi um di sposed over theP@afusz005/043801
support el ement. 54. The chuck assenbly of claim 49,
wherein at | east one of the thermal el enents conprises .
50. aTltdrémTh nbet]senﬂsty of alajoA% vaderein gleest oppohidgthegmat gfepgais 1s 1
e..chuck assenbly of claim49, wherein the wafer
thesmg’ﬁﬁﬁarc?lelenent further conprises a first tenperature
sensor di sposed above the first portion of the base

and a second tenperature sensor, di Spos ove the
51. sﬂmimcmmenﬂ@h' claiped sderein gt leagh @n% Hgﬁﬁaﬁ

includé sa M-3Ry o 1aﬁ oﬁt?e%ﬁ Slie 1 GR8kE ol | er respons| ve
Foot Rilyaly o d

Second enperature sensors and
confi gured to control terrperature in the first and
second Eortlons of the bas
52.  The chuck assembly of claim 49, further comprising an insulator disposed between

the base element and the wafer support element.

53.  The chuck assembly of claim 49, further comprising a thermally conductive medium

disposed over the wafer support element.

54.  The chuck assembly of claim 49, wherein at least one of the thermal elements

comprises a thermoelectric module configured to heat or to cool.

55.  The chuck assembly of claim 49, wherein the wafer support element further
comprises a first temperature sensor disposed above the first portion of the base and a

second temperature sensor disposed above the second portion of the base.
56.  The chuck assembly of claim 55, further comprising a controller responsive to said

first and second temperature sensors and configured to control temperature in the first and

second portions of the base.
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