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TI TLE OF 1 NVENTI ON CRI TI CAL DI MENSI ON VARI ATl ON
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TEMPERATURE CONTROL CROSS- REFERENCES [ 0001] The

present application | s rel at Z@ to U S. Patent

Application serial . 09/ 8 432, filed April 30,

2001, in the nane of i nventors Neil Benjam n and

Robert Steger, entitled "Mthod and Apparatus for

control ling the spaSiBE G ERp&rAfTFQ Nli stri bution

across the surface of a workpiece support”, commonly

assigned herewith. The present application is also

related to U S Patmmmmmowrial No.

10/ 062, 395 i 1 ed Februa 2002, in the nane of
CRIMEA 6B RS TORC WA R H TGN & CSBENS ATI696ACRAISS 61 WAFER BY

tempor a OV eNaRE: Foiy SRR AR AR Bl CoRiROE

wor kpi ece support™ commonl y assi gned herewith. FIELD
OF THE | NVENTI ON [0002 The present invention relates
to a method and appa@% a8 WQiEﬁg a tenperature

[()0013r of i | epfd gﬁre?en e{caﬁén ﬂqgﬁfed% we Ci%rt&? A{b%leigét?o%%rial No.

rocessing in or npensate for
09/8460482t, GrqoieAmtilLa e 204 I, éic the n‘ahﬂtof dmseedeorsiNe# iBenfngh and Robert Steger,
.varjatiaon qf etched. feat res acros t he substrate
entltle<§ ‘1&1%

HIOISH I‘ﬁ%ppﬁfa&fse@g p(ﬁgro teaspperatjre) dERptiQ\pcross
the skrBRE3F a'%v&rkﬁ'e&@éu ?Bﬁ"s By Mlg@l@@ AERLMD. G @%éséﬁ?ap?)llcanon

reactor in here I's a ° chamber through
is alsp ed@ﬂedW@UQSaé’amnt @@sheatlfohcsmal\th ﬂDA‘O&ZB@S;:ﬁﬂadWebnuat;h]a 2002, in

the n%ﬁ ﬁgﬁ%@togﬁ;l&@e&gﬁg ‘?ﬂ‘ﬁ%&iﬁ’ Sga £41; %/;g{tfa “Meé]?(}/d( arpZIdApparatus for

contrBlliAS MR GR%aREmpetife Hﬁtrﬂﬁﬁ%h aWo%@th@%ﬁl%deadf a @&T{Ble@@ s@pport”,
pol ymer ‘mask on a surface of sem conduct or waf er

commily) gssigrsddtvth. nt o i nt egr at ed circuits (1Cs). Prior
to etching, the

FIELD OF THE INVENTION
[0002] The present invention relates to a method and apparatus for varying a
temperature profile for a wafer of material undergoing plasma processing in order to
compensate for other non-temperature effects that cause dimensional variation of etched

features across the 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
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in the chanber and held in proper position by a chuck
woeroohorHes , which exposes a top surface of thRCEEE04/004134

to the plasma. The chuck provi des an isothernmal

surface and serves as a he?ﬁ |nk for the wafer.

There are several types of Weks (al so soneti nes

cal l ed susceptors) known in the art. In one type, a
wafeg isrflecsd du Siecthanweiand; heldvisl nfopey pebitien by arehuek ehbolderbyhich

expogg%ca%g nlg& C(Jf?ﬁ@ afep toatﬂgépgﬁ]at Y cﬁuckclgréggﬁs an isothermal surface

sem C or wa ["ace

and sehves tis 0 dbattsink e theemg‘em eTrieste byveitﬁl t9pCIfTchGclsi (86l sometimes
gl sposed et ween the chuck and the wafer. The Er esent
calle ﬁ%ﬁ@tpb@a pewn fipihe b IlB ope Rt heanHeerlueips e fans Belddxglace for

808y BB PR BRI Ao e el
placedoyr 4ri elecrosfaticioee Igatheranad by baekcnic fidié d&pﬂsedaj&dwﬁl@he chuck and

fe In nost cases, it is desirabl e that
the w\é?egh é[&‘eﬂ’éﬁﬁtrlgge%’é’ndwﬂp@ﬁﬁbl? & 3o fég‘H é%/ﬁSP Wise Pf eickdiegr ee
since otherwise the ICs being fabricated will have
el ectronic characteristics that deviate fromthe norm

[0004}or e t hiara ﬁysiCdblslhmaébbtehinyapélatibm rise feactivesions of the plasma

[ith ] | | var i ons i.n e
chenfitlThct SABERNSEH! B0 55 atfn o1 s doRdnstal el | g6 most
casesSHtGHRBhTyedisiHisle tight %ﬁ&l RARresBY JIMRHARS 8 nefly ﬁeﬁ&@ Hegree since

increase in the size of wafer dianeter, the probl of

othersmgathe Hgs being fﬁbmcatyd ofill hoe dleatronid Qhamtdrangsaﬂua‘adﬂmate from the

Vi t
normy R8T LR CORERoBP hEuiphb o okrany 2ot Adve] B
variationd il@hPEehiap @ﬁcb&ts dEAThuse vilibibh froml Bk dedPMibtéhed t6iure
waf er surface to define the etching pattern. This

dimeggonsatiusthermens witheagh leanqassén\vheesmlo afaﬁdlam@tea,l the problem of
ensu@% lﬁﬁlfo(ﬂcmt%/tb? 168 %HI \ﬁﬁltuﬂrlﬁ ]{ggfg'%l%? 37559 nﬁgﬁ}otr? ﬁlfﬁcult.

I on“anong nurrer

Variatehein the Ihftl&fg@aphl’;@ﬁ@ﬁ]ss tebult I:n mniﬁeﬂ ctl)lmaﬁdld)r(san ttige iefidBsist mask,
. fest ipages in Itiple | ocati gns over the wafer
whicly fi Ip Wra%thf: ¥ wHage forfiefag theretching Rty deyiatipn from
deal i bEUCHER3n of SR S8R (ARLMER Lol dinicsBns bkl BT
variapoogiessg temuberoussfeatutes tldetgront the vwdfer éuﬂacshi ft" from
the lithography operation. Likew se a neasurenent of
the CD s in the photoresist can be conpared to the

[00033t ched 1t gadomiRSn badfice t0 AEfiReTckNadEd B multiple locations over the
wafer surface, and these test images are often referred to as “critical dimension features” or
“CD’s” for short. A measurement of these CD’s after the photo imaging process can be
used to determine the “CD shift” from the lithography operation. Likewise a measurement
of the CD’s in the photoresist can be compared to the etched features that they define after
the etching process, and a CD shift can be calculated and attributed to the etch process. It is

desirable that these CD shifts be stable from wafer to wafer and uniform over a wafer



the etching process, and a CD shift can be cal cul at ed
and attributed to the etch process. It is desirable
wo bai/orisese CD shifts be stable fromwafer to mef/@s20a410h4134
uni form over a wafer WO 2004/ 077505 PCT/ US2004/ 004134
3/ 17 surface, so that a sinple correction bias to the
origi nal mask inmage can be 6 to conpensate out the
systematic CD shift. [0006] Historically such gl obal
surfagwsmth% ersinapleicorreviton iasdsith erjgibaltmasktimaghean eruset ton
I mum f mensions to 0.10 m crons and
Compr?nf%e Outttﬁ%s Sﬁefnflq 106;151’?8 ‘onger sufficiently
controllable, either globally or within a wafer,
t he previous sinple mask correction

[0006], ald 2 q uIétS@m@H?aﬁuqhsglia'éaj ghiftecgriegtion W@Saf@gmblg hxga;glm the@pluction
in ICSxHﬁlixﬁu rfe (ﬂllﬁg#lsq{ﬁ%st'o% 0 Iﬂﬁf‘(ﬁ% g 'i)@ th h b F lgeven
ual mat 1 on 18 BFedr

I'S |n

sufﬁ(tlél&lyﬁdbntrsha‘tﬂé sidhehglobilheoravidtin prvageas mak{n@QﬁJ previoub @finple mask
been known that plasma etching is a conbination
corre ?%@é%e%ﬁtebé%‘ﬁwt IsgeRMIedgs ampadeipgssasPs D kit in the photoresist

mask‘gg&ﬁéﬂstﬂﬁ?t & eﬁ]sz iRdividig \Lﬁﬁl[ Lei{r_(ﬁ u§d t‘ﬂ%\’ﬁhlrﬁ‘lalﬁlnll t%iter the CD

ature wd roces
shiftwéirpﬂhabmh@mﬂzepsandent but at the Iarger di nensi ons of
the past, for exanple, greater than 2 mcron, the
ef fect was not of significance vvith regard to

[000"]I new di Ba CRh kAbwn HENSYRfna efhirfd bt é)‘r c%?é Sboth

about 0.1 mcron, this tenperature ependen
etchl@g)amﬂ depokitioe. Ahe depristtiongmocess brethe featore sideatalis llvivsltontrol of

the T 50t d A AERr & GemaR et s gt Hahe tashisafmenians of the

past, &fr ei@tﬂp}”eogﬁdﬁ HanVIEchRirén, e dRgt Wﬁ@ﬁ&t‘ 0fQidnPtaBb& Wit Jegard to
and sim /| ar processes based on t he particul ar feature

hnerqlth@ﬁ%tmin $Hovrevar, wa flenensigng falhpelgw pbwd)sbrrmronhhls temperature
ion s ve th rovi de
deperlefiEills cop G Mk d el Frudle! ot Fe B S B T

IN\/ENFI ON [0009] An etching system for etching a wafer

a material has a nmeasuring device, an etchi n%r
[00058hanberAccaﬁi}n&lyCa)ﬂ@qdoWSé% for Fpethadangrapaaratis\fpeeontrolling the

o RAREER L iy LTI SO oceses
basedmemeipaﬂtmuht f@n&e dithensédns bhAagvafer. A primary purpose of the present

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

BRIEF DESCRIPTION OF THE INVENTION
[0009] An etching system for etching a wafer of a material has a measuring device,
an etching chamber, and a controller. The measuring device measures the critical dimension
test feature (CD) along the profile of the wafer at a plurality of preset locations. The etching
chamber receives the wafer from the measuring device. The etching chamber includes a
chuck supporting the wafer and a plurality of heating elements disposed within the chuck.

Each heating element is positioned adjacent to each preset location on the wafer. The



chanber receives the wafer fromthe neasuring device.
The etchi ng chanber includes a chuck supporting the
wowdoen7#mndl a plurality of heating el enents di SpPOBFE82004/004134

within the chuck. Each heating elenent is positioned
adj acent to each preset locatjion on the wafer. The WO
2004/ 077505 PCT/ US2004/ 00413417 4/ 17 et chi ng syst em
controller is coupled to the nmeasuring device to

etchipg gystape cemieollse isppluplvd ds theaueaswing dévice ta rperivd thalaatual measured

) [, ..Lh t ghi systemcontroller .is also ¢ ecte .
cD'§ B & parallify Sh He BURIE R G Bl BfleSRushiends s turatity
of heatlhgisit Sehithe The BRaraled beuak iRaeMphanid Heh 2RRMs dehbRMGiuring a

rocess to reduce the variation of critica

a p ¢ L / : . .
process Heisdnesibe dapHiprHeripurdmersjonsfaniangdhe plustdy pbprssetiigeations
1S] r r dent, i haracteristics of
by 5Lt BB AR SRR PR AP0 GLRAH RSl St o
CD viaribtiedintedudsy by ke lithopegha plicemerdhenhe 6RHipAgtetdIe
etch process. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010]
The acconpanyi ng drawi ngs, which are incorporated into
and constit USRTER DIk i RECHA! Qjﬁﬁﬁ ,
illustrate one or nnﬁgugﬁg§§§%%2ts dgAt e‘%@esent
[001@]nvent | Tire andmpartydigediasings] tvhichlaee mhedmotaget] into and constitute a
cription, serve . to explain the, princj|ples and .
part f?fﬁﬁ'is SRS BriLugFate PREO Mo s Bihnsnatifhe pRespRdnvention and,
togetBravkINGS ‘defall&d dé'scﬁ?ti@n,%eﬂf% Q@Eﬂgﬂaiﬂitﬁ@%&miﬁlké 45t S 8htAtions of
_systemfor controlling the tenperature and etch rate
the inyentidre waf er under process in accordance with one
enbodi mrent of the present invention. FIG 2 is a
graph of an exanple of the relationship between etch
[0011r ocesdn thd\@idGathsCD shift and wafer tenperature in
accordance w th one enbodi ment of the present _
i nvent 18K 1 Gschgniagc diageive tustrating agystam firlcostroling e

j ' n ck in_ .accordance.wth one,.
remp ek Aol SR Ohe R oo foufe pEREORARI Fidtghg oBBBaiment of
the pesdig imehtiordi agram il lustrating a system for

controlling_the ) )
FIG. 2 is a graph of an example of the relationship between etch process

induced CD shift and wafer temperature in accordance with one embodiment of the present
invention.

FIG. 3 is a schematic diagram illustrating different regions on a chuck in
accordance with one embodiment of the present invention.

FIG. 4 is a schematic diagram illustrating a system for controlling the
temperature and etch rate of the wafer under process in accordance with another
embodiment of the present invention.

FIG. 5 is a schematic diagram illustrating a system for controlling the
temperature and etch rate of the wafer under process in accordance with another

embodiment of the present invention.



tenperature and etch rate of the wafer under process
in accordance with another enbodi ment of the present
wo pwetiseh. FIG 5 is a schematic diagramil | uBCT/aB2004004134
a systemfor controlling the tenperature and etch
rate of the wafer under pro s in accordance with
anot her enbodi nent of the ng sent invention. WO
2004/ 077505 PCT/ US2004/004134 5/17 FIG 6 is . a flow

di agr afiG| 4 isstfiat diagram ﬂbrsmialgaome@sdtf@rdmnrrﬁai%Be temperature

and eta]e %‘; q %gfr@ aﬂg’ﬁécfeﬁ%#aaté:ﬁ%r nce \x\@ géotft’f%de%{boggrg%rtﬁ%? tﬁe'bresent
invenfidyention. DETMLED DESCRI PTI O\l [ 0012] Errbodl ment s of

the present invention are described herein in the
context of a systemfor reducing surface profile

variations on a al waf er
tenperature cont\erq1f> ‘%‘E‘[ése o¥ c}rag)l !r[ggy skill in the
[001zgr t w |FJthoﬁﬁh$th§ ﬁf fhafprdshet ifrodntionaregiededizid fedein in the context ofa
escription of the present inventiqn is illus ve
systerodpryredying s1rfGe Profile Hafaions opa V‘f"@ﬁelg’r}’ flf "r?ﬁ I%P

tempeﬁ%tgrger(‘io%ﬁgp dh%%? to? Rﬁfm Sl i B Hrt \'Jvﬂyl%ﬁﬁieoﬂﬁaﬁ’\ﬂhé |follow1ng detailed

y ‘sugges ves to such skilled persons
descrip@ivh ggtlfefpgedaﬁnﬁﬁrerttlo&ﬁs flhissatiiesmlysnd i noRmt@ded; t@bein gny way
now_be made in

8 X N N
such g{TM ulgﬂscbns -ﬂgﬁng ?E@bén%ﬁ%ﬁﬁfé%dcﬁﬁhﬁ@tmfféreﬂw Wwilbgowi sethade in
out the~dra

w ngs and the follow ng detailed
detailde sepleptentarionoof the presews invraticaaeilystrated & hapeeompaypyinsg

BTN A T T e
folloxgﬂgv(‘fétaﬁgﬁj dgs%ﬁgflbﬁ’ Rfkefdriio Welshme OF likOpase, be

reciated t in the devel opnent of any such
act uaI [ rrpl enent ation, nunerous

[001_48r der t @ 9669%'3? ﬁfgfq 8€ Fiﬂ)fschg it %%at\!ﬂ%s gE. % ﬁn len?.qentatmns

oper s Sspeci

descrited HeRiPhledA6®n Whil BeRBiPEd. CRt\me,rbf cand;emfsappematcéﬂat mthe
constraints, and that these specific

dovelopmmionany sl STDISFIO S mOTRFO TS O i-specird
dec1sgo%s musp o mage A c?r'ﬂgletro -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.

[0014] By altering the wafer temperature in accordance with FIG. 2 (or its equivalent
for the photoresist and etching chemistries in use) this temperature dependant CD shift in the

etching process can be used to compensate the photolithographic induced CD shifis in each



Moreover, it will be appreciated that such a

devel opnent effort m ght be conplex and tine-
wa@omwgomisng, but woul d neverthel ess be a routi NBCT/US2004/004134

undert aki ng of engineering for those of ordinary

skill in the art having the62enefit of this

di scl osure. [0014] By alteri the wafer tenperature

in accordance with FIG 2 (or its equivalent for the
wafep Rblob pEwpEsts teraeneraliiimgrorp drei final CEXs fidelifyad thenintended

rature dependant CD shift in the etching process

dlme‘hggﬁ%e used to conpensate the photolithographic

i nduced CD shifts in each WD 2004/ 077505

PCT/U82004/004134 6/ 17 wafer or |ot of wafers to
[001gener al Inthe Rpardveire fids eipneld 8ot 8 siighetlpbal coveeting, even if

perfdér{(fl%g ?? ggcl{ ﬁldl;@ gﬁfgﬁﬁg llé/[ %H‘Eel naﬁeqbﬂ I%g%rectuéﬁ ﬁ;ﬁ fﬁs Whlgh result

ﬂomphaaf f)lmtmﬂiiog'tap]ﬁaapﬁmcm{ (s sluéld ItI]‘cle ﬁ*hl%tq beyhhbd\dﬂvic}etﬂentfo sever?lhsegments
uate to .correc shifts which resu romthe

and rﬁﬂlapfﬂqu Sl S edeisng Yok thig Hata\garl dhe e BEFIG. 2, 2

multf%bl‘{é fAeded ;ggd@stﬁleé’ Rl usé@%ﬁn (G 1%&)51?8 1&5&8?@1@/ S wafer.

fts can be ca cul ate ing t
curve in FIG 2, a nmultizone-heated pedestal can be
| oc IIy on

et e s, cereriinge Loln one
etch %@@of epﬁfafép 4 & zltdcﬂlgiah&ewftf? Hﬂ@&ﬁﬁéﬁlﬁwﬁj{}gf thﬁéfelgeﬂt?ﬁ\feﬁlggn. An

a wafer 104 in accordance wth one e nt o
etchipg exstam 10Goempiisns.a chambert I3 thipugly sthéch 1£0¢H vequap o g&sss fow (not

02,th ich reactiv as or es. fl ow
showio W1y B i 2, s ot 90 S i by o
frequief&} &Reoyl an@ra@e F%ﬁ@ﬂ'RP hRnndhot Sbivéh) dﬁgp%ﬁ’é@a[lﬁ))(/e ahé ﬁ&){cen‘c to a
gener at ed F antenna (not shovvn) di sposed above

top Wampvaa}oaéleqwn)tqf the clta@;bewl% oWle( hiehlysrhmm): igufs afffles plasma 106 are

able %3%5@ %Jlth]tﬂg Fur}:{'% olr% él%gl%‘l conglhc(f?rh afgr, f(?lts%eén%yoge?seg ﬂrqor to

etch1ﬁ§ rthe:waﬁu ¢04fs pladedrin i¥4chb@beg] (U fderEER. propérPosition by a chuck
hing, the wafer 104 is ﬁ)aced in the chanber 102

108 th%f&XH%ﬂea ajtop grEse of fissvateiolP4d) the plasak 106.08 t hat
exposes a top surface of the wafer 104 to the plasma
106. [0017] Several heating elenents 110 are arranged
[001At pr esSHvetabhedtingredernentd hi) arbaakngell®B prdséirlocations in the chuck

108. :Pjﬁle ﬂﬁj@%gtgéqoﬁﬁ gsrgg,gfmg ﬁéﬁa@%@b&?ﬁé lnl ne1l1ye Hﬁ:ln&dsé ﬁllrlnoheg}tgs, or any
other type of heaters small enough to fit in the chuck 108. Those of ordinary skills in the art
will recognize that there are many other ways to heat the chuck 108. An example of the
arrangement of the heating elements 110 is further illustrated below in FIG. 3. The heating
elements 110 are coupled to a controller 112 that adjusts the temperature of each heating

element 110.

[0018] A measuring device 114 coupled to the controller 112 measures critical

dimension test feature dimensions (CDs) on each wafer prior to processing. Critical



ot her type of heaters small enough to fit in the chuck
108. Those of ordinary skills in the art wll
WO e@agmisa® t hat there are many other ways to hREI/US1064/004134

chuck 108. An exanple of the arrangenent of the
heating el enents 110 is further illustrated below in
FIG 3. The heating element®l110 are coupled to a
controller 112 that adjusts the tenperature of each

Diméi&inis mgetrodd @nwols mdsObe s80 iBJetéct ardsenturg chieges é fedthire profiles.
oupled to the controller 112 asur crltlcal )

For 3o HRASS, HeoRpREng s %@amﬁﬁa COrPPESHESONRIF £

metrg%gy Eodl @ha@?solga%é& b %30%&@%111%%%@@7%% is an ogtlcal

UsS2004/ 004134 nmensi ons netrol ogy tool
techidquaoe thepsurde Rlot thackuessead dila m’hlamrg@s The themtiting device 1 14 may

deteffif s T oy i PR BroBuBiBiET e st Fratt apdgigevial
anglé ﬁ“@b §p@&§os’c§p1@@§ﬁle§ﬁ1r§rﬁ&ﬁ§ b® §[5‘ﬁ‘éfh‘1 eradinkitRSOREHY cfoskection

is an optical technique for neasuring film
proﬁﬂmomwe@s mapi@lsoi Herdeparmiredt iThs me*ahleﬂr@@meu IHg sambs dpga containing

on_t
measii ey FRLP R e o o7 r T aReR dBke BBl The
locatdiglof tHe BPAsERRNOSEP BE 6hdsth BRRSAUNE PRME hubibes PEGEurements.
grating targets. The cross-section profile of a wafer

The pigyetdpagsiopeoritesyafrh Y comgepard s ifdenepdeattheamal ragiganesthe
chucgeﬁ)g %8§ead%r{f1%1er§@<?1? letﬁgglthcﬂl h%r%gl\é%rtﬁlltl tﬁé gﬁ’c?fzspe%oscoplc CD

ocations on cont

metrbldgato discadset hbomai‘atif iamdédtormylinieing hag emt atheendhnging tools
: to the nunber of neasurenents. The preset | ocations
can s avitharedepermedsnm digisnentve cpm&ém Adisclpsedral
regions on the chuck 108. Those of ordinary skill in
the art will appreciate that the above spectroscopic
[0018D net Thé ogytrdlieoll 12lirshidss adalgbiithen d:cmta’iningitm eadedsiip between

be Ilimting and that her msasur can be
a feafjie s R CRTE R ?ﬂ@cf@?a?ﬁlmﬁ@wf leu%‘aﬁ PEQseEs. For

1llusl!?§c{c§1' ﬂh so6,/19824d is 4 8L br éﬁh@xa%i& Bpihle%aﬁéi%hwémeaﬁcn shift

an algorithm contal Ai ng the relationshi p between
and Wafat tmrpechtmen Suoh raiwawhlpnmytbaaawamtda foreenaepde, diroen @thplaucal

fer unde For str t| on urp Ses,

cata yBne 1o Rafe 1 esiuen et Homas e PRy B opdfEen
comﬁlﬁeﬁ mz‘ dpplid§ theWdb & aloBAME! t@ttiwﬂiﬁatestﬁé bheb@irad HHA $htb RefiPtature

be obtained, for exanple, fromenpirical
data. Therefore, the data containing measurements at several locations on the wafer 104
may be used to produce a custom temperature profile for the measured wafer 104. Thus, for
a particular measurement at a particular location on the wafer 104, the controller 112 adjusts
the temperature of the heating element 110 corresponding to that particular location on the

wafer in accordance with the above-defined relationship.

[0020] Thus, the etching system 100 includes a feedforward system in which it
dynamically alters in real-time the temperature profile for each wafer after accepting

information about the particular feature dimensions on the wafer. The controller 112 adjusts



data. Once the controller 112 receives the data from
the nmeasuring device 114, the controller 112 applies
into tenperature data. Therefore, the data contai ning
measurenents at several |ocations on the wafer 104
may be used to produce a cusgt/b%terrperature profile
for the neasured wafer 104. Thus, for a particular
the tereparatueneitach heaingaal¢ma 1 &0 béforanidor dminghiee pratess td fetluce the

.t he traoller 112 adjust e tenperature of. the
varialigi oF hotGRGNEHES IO e ol HRCTREITE RESelaratiog pahe wafer
104.1 ocation on the wafer in accordance with the

above-defined relationship. [0020] Thus, the etching
system 100 includes a feedforward systemin which it

0028 o7 o b neBieesy e 1 1 pish il ke PP Hieopish locations on
the val#@uIlo4t hig ppaichiag th@prek@addatien e BE h@@&d evertthesudke bf the wafer
The controller 112 adjusts WO 2004/ 077505 )
104. Fézrhpszeblocatiom@s grepn of praget {eospersamay eepsfseaiciesion on the wafer
i 1 .and/ ' t
o4 QERHL A FETGLIR PRLREEile o B IR BLPERRpgn

chucWar e¢cotdihcamithdnt Rtbpimsat of he pidsomsineehtione M@ Billustrates a
00211 The neasuring device 114 neasures feature

104,
chucki3hg _h[gvlaa sevan 1pgiea% one Gttt Briesaral regien A7 &y theganter o the
chuck @bb,’ s‘f)y%gﬁcentt ?éogti(ﬂ‘lés%\?\)g géﬁﬁ%édr@ﬁé‘ggﬁ)éio%% 02P 183 G Stldinary skill

the surface o preset Tocation or
in thaag mall pppdeciatecthet the cepidnis onsherehuck showes ere na intexgledno da limiting

he wafer . 104 and. the chuck 110. Fl 3,18 .
and @Mﬁﬁﬁoeﬁawaamﬁﬁr?@ag% AP hﬁ_ft@?é ithp Bl pring from the
inverﬁh}é%nbébtﬁﬁéélgﬁé%%b@&lew ERcHHRBi0RHAQRE BRIk 300 b oﬁ%@ﬁcﬁﬂtm a

I nventi on. illustrates a chuck 300 havi
regionennethe mafircnee thhmwafeesitsral topek Hgahatk 3@Q)i Barh3ogion mntthechuck

t th huck. 300 | x adjacent regio 304
300 Y cipdRHls PaHRGRIPE FlsieBh(n8b o v GBE o PVEREnHANS R shewn)
such ithht ilterefipbrathrt lof 8RMNBEIALE thd@Huck BOO hRG HRPBnePIIdd@dependently.
chuck shown are not intended to be limting and that

ot her configurations of regions or zones can be used

i t hout departin romthe _inventiyve copcepts rein
10023 & 07 05 B PR 5T B S R S S P Gpr B s
presét Qocation L6t B vaifert 102, Rtk fegdd@gy ifttudeal BastsdreHredRt foeftion from
_of the chuck 300. Each region on the chuck
which the measuring device 114 measures feature dimensions on the wafer 104. If more
than one preset location exists for a region, the measurements from that region are included

in a sample average that represents the average measurement from that region.

[0023] For illustration purposes, the etching system 100 may function as follows:
The measuring device 114 measures feature dimensions on the wafer 104 at preset locations.
Each preset location may define a region on the wafer 104. The controller 112 receives data
from the measuring device 114 about the wafer 104 containing feature dimensions at preset

locations. The controller 112 translates the data into a temperature profile based on known



300 may include its own heating elenment (not shown)
and its own controller (not shown) such that the
wo esrporEdur e of each region on the chuck 300 negT/82004/004134
controll ed i ndependently. [0022] The neasuring device
114 may neasure feature di nensions from severa
preset |ocations on the wafé¥1104. Each region may
i nclude at | east one preset |ocation from which the
relativastspbetveped éhvd foetutel dinwesisn differéreas andthditerepshmnsofthe wafer
.the wafer 4, |f re an .one preset | ocatjon
during op S g, T8¢ atresta el AU RS AERES T (oRPRRGAE PEgHDh
measit&l prisdt Ustalon bf iR WABP] R AahadRr thal SR SgloR®n the
average nmeasurenent from that reglon.gkoo ] For o
chuck|11Qs Thacowrolpud po Sws adjukis the tehipagtey of esnhiegiondy adjusting its
func(ﬁi og a?s fgﬁilll oxﬁ' The neasuring device 114
SO RN PR 8 F BR U E i }T%nsi ons on the wafer 104 at preset
| ocations. Each preset |ocation may define a region
on the wafer 104. The controller 112 receives data

[002¢} om t hin asasdanenyyithevetber embpdipenitof threprasemé invenidon, F1G. 4
illusi%%@g Al &gﬂﬁg{sgﬁ&ﬁr@O ?&%ﬂﬁgﬁ@g t?%teeﬁ{ggfagﬁrle ﬁk’lg %%h'r%%f a wafer

e contro 1 rans

404. VBt clah g sest@h dD0 cempased chambarod02 (Wou20 B4 €Elvéabtbre gas or gases
PCT/ US2004/ 004134 9/ 17 rel ati onshi p, between the
flowf(aefishpwny; Warhen B chamba 493cBs 2asrg arhionizsapup amkpsgasfoo, by

. 1 1 . - |
i REL o L M BRI SRS
adjaq@nheset tdpociatibwinanhdke) ofthechahier 4020 Thekightyr reecttle ions of the

correspondi ng regi.on. on the _chuck 110. The. c roll er
plastyq 25?6 ﬁﬁsabgeqﬁoag%% Sitgdne @iﬁ%@e? afa .S@nwni%w Walg o bgyne processed.
Priod) le@ﬁlll%] Qhd Wifer 804 fszﬁz&_@@ i g heabtnmoein@mRM inbkber position by a
[ 0024] W th f the

n accor danc anot her enbodi nent o
chucfp 68 ¢lmt expases b itgmsurfabef the walf¢rddd ta thesplasmadhi ng
system 400 for controlling the tenperature and etch
rate of a wafer 404. The etching system 400 conpri ses

[00291 chanbgeyefidichiin PsleMmeMB UEh afcOrfinbY®atdR8sePlocBBGRSn the chuck
flow (not shown). Wthin the chanber 402, the gases

408. afas illagtiatiod purnosesaths|hesling dement 10 mugiiaclpdefime hegfers, or any

oo S50 0 e A, ARG ) e o

coupldieaesondOfer ANahitiagiisy theratpertuie@fisach hdatifig eleh2an# 0.
406 are able to react with the surface of a

sem conduct or wafer 404 being processed.
[0026] The interferometer 416 samples the etch depth at several preset locations

periodically by means of switch 420 which sequentially directs light from one of the several
fiber optics 418 to an interferometer 416. Since the time to acquire a spectrum is less than

0.1 seconds, the wafer can be sampled over e.g. seven sites in less than a second.

[0027] The controller 412 receives data from the interferometer 416 during
processing. The interferometer 416 measures etch depth of the wafer 404 during an etching

process. A number of optical fibers 418 aimed at the wafer 404 are positioned on top of the



Prior to etching, the wafer 404 is placed in the
chanber 402 and held in proper position by a chuck
wdado@4hmEbs exposes a top surface of the wafer 4PAT/US20041604134
pl asma 406. [0025] Several heating elements 410 are
arranged at preset locations in the chuck 408. For
illustration purposes, the Hé%klng el ements 410 nmay
include filmheaters, or any other type of heaters
changhent(2. e"ﬁb@glhnb@ of opti¢ah ﬁbhl@ 4d B wokrest08ds thithe hambéemaf heating
eIe 41 ed t.0 a ntroIIer 4
ctom (L0 o i P s, S P B Bt g s o s
illust 202 SovENS FIGL BT AR LB S¥itdH 826 AR e flRGnfitieh AOSPER fiber
at several preset |ocations periodically by nmeans of
opticg il § éhthedgreripostetas dd e Abe aptisal avitel timeinngtipleteche eigaals from
t r tics. 4 nterfer
the v%f%r AR)% 1362 0 tﬁJ regfoh%){tagﬂl qusl%?% %\ge geév&é rd&ll‘shecosnd et‘épg)%aﬁﬁaple 0.1
secofd.l seconds, the wafer can be sanpled over e.g. seven
sites in less than a second. [0027] The controller 412
receives data fromthe interferonmeter 416 during
ocess S
[0028f OCESSITHL, 1ENGe Jh%gs{eﬁ{ gg@@gggés% m&l%@éoasg\ggga%g B Bnich i
dynanﬁcaﬂytamﬁd infreddeinse tha Sermemdrairoﬁleefomedchrwa@%aaéceon the

. osi ti.one th 2004/077
inforBRRPLEDTOE G SRR 16. CHERREROliEn4T2 st fiempeRture of cach
heat1ﬁ§%1e%‘é|nt ﬁl(b@éf@re“a%ﬁ/o‘f %ﬁf1§§ Hﬁ'}ﬁéce%é’tot 1@@'&1@%@&’1@ 91 etch rates and

heating elenments 410 in the chuck 408 or
therehy mdpeaduod thetveriatidn efgrgnolm stchdeptheonche wlafet (484 among the preset
ve in FIG 3. An optical switch 420

illustrat
bcm#@?§§§ﬁ$ﬁggfgagrnation fromthe fiber optics 418 to

the interferoneter 416. The optical switch tine
mul tipl exes the signals from the wafer 404, region by
[0029]egi on, FISFy StIalmsnlger@tlsciaargr@veHb}sufa@ng Aisytérs doroneaitrollingrthe

.0028] ,Th h
tempSRITR a4 ¥ Fote PR Vit MRS SuLatnEr R Rty pE e
preseﬁhy ﬁﬁlﬁhﬂi@i | An alchRigSytBmr588lcohtr6® thd@mpeReE ahd!EiRh rate of a wafer
ile for each wafer based on the information from

504. ﬂH@ qt?hl@g sistespaf G eomamsses Fisbarabeit 08| thiopgly vRhichdpaive gap er gases
flow &fd@ﬁ& rWltﬁfn tﬁ@glt;‘atmlﬂ;ﬁ g@%{gﬁsgg ﬁﬁ%ﬁzeﬁjlgtotﬁtegl%lﬁa ?(%d/b9 radio

i ng t e process y nod the e
frequandy erelngy génﬁrettﬂl byesURE ahteany @lot aﬁdv@{) ch)&fpob&fcbaﬂmhe ah@ hdjacent to a

epth on er 404 anpng_the prese
top window (not s own)Waf the chamber 502. gThe hlgﬁly reactlve ions of the plasma 506 are
able to react with the surface of a semiconductor wafer 504 being processed. Prior to
etching, the wafer 504 is placed in the chamber 502 and held in proper position by a chuck

508 that exposes a top surface of the wafer 504 to the plasma 506.

[0030] The chuck 508 may include several distinct regions through which fluid may
flow. The temperature of each region may be adjusted independently by controlling the
temperature of the fluid passing through each region with a temperature controller 510.

Each region may be arranged to correspond with each preset location on the chuck 508.



| ocati ons on the wafer 404. [0029] FIG 5 is a
schematic diagramillustrating a systemfor
w@omunwishs ng the tenperature and etch rate of P€TYES2004/004134
waf er in accordance with another enbodi ment of the
present invention. An etchi nq system 500 control s the
tenperature and etch rate oflldafer 504. The etching
system 500 conprises a chanber 502 through which
Eachrtemperatrge gergradler fHkiesoupledvo ¢ nattradlensind) thabidjtstneddheemperature
ntcgan_pﬁ)r 502, gases are ionized into a plasm 506, by
ContEoLdi o “frequency energy generated by an RF antenna
(not shown) disposed above and adjacent to a top
w ndow (not shown) of the chanber 502. The highly
[003Heact i v& mepsuring devives Pdaonmpled 06 theroentraldre 12 ongagurss critical

. L t m conduct.or waf er 504. bei .
aimeibf ik R DR Bl OO0 WA el o wp B apposuing
devides lthends it esntfifidg admbaductnhdhtPAtGRRSraliR8dek IRALINE ¢h the wafer

chuck 508 that exposes a _top surface of the wafer 504
504 tp ghg epntigllgis k. S, Pressd buptiomsondhe wrios 084 sarespead trithe different

regioﬁgggvﬁ@%%ﬁgbg]ct regi ons through which fluid may

e tenperature of each region nmay be adj usted
i ndependently by controlling the tenperature of the
ihro gh e Wth a tenperature

luid [ h i C | >
1003 8ot  of s cBlglIer Butaiclnagh for B ORI ARG 8 Feltionship between
| r [ 508
o RSO SRR B BB 1 L Mt
the r¢letnpeshaturie Fegpme 2.0 Onee tekOnirsllardiplredtites tike danfioad ther
512 t hat j usts each erature controller 510.
measpie Ve S 0 unGofieh I2PBE 56 Bhrbciatbido wanslate tre
measfﬁféﬂtda@i i€ teRrbéraliRa ahta e qhﬁfe‘f&rh,"tﬁ% datdIcBRARIIA mEESements at

eat ure di nensions (CDs) on each wafer prior to
severph loeatsanis 9y .therwaferrd@d maiy hg usetbipirrediBt4 custodstedwerature profile for

the nfeGRL S Bal sh T RERO R PR Fhe R RSBy PP St docarippen the
wafePS @S ele doRGBIEIS Afusts e YeRhREatBRIERS mﬁﬁg BRniedt 51®
different regions on the chuck 508. [0032] The

corregading to dhat Harticples lagaden e thel waser inlgeerdencai withdetaheve-defined
relatibfd ﬁ%i onshi p between a feature di nension nmeasurenent

ané1 ‘he tenperature of a wafer under process, simlar
to

[0033] Thus, the etching system 500 includes a feedforward system in which it
dynamically alters in real-time the temperature profile for each wafer after accepting
information about the particular feature dimensions on the wafer. The controller 512 adjusts
the temperature of each heating element 510 before and/or during the process to reduce the
variation of Critical Dimensions on the wafer 504 among the preset locations on the wafer

504.

[0034] FIG. 6 illustrates a method for utilizing the etching system of FIG. 1. Ina

first block 602, the measuring device measures critical dimensions or other dimensions at a



the relation shown in Figure 2. Once the controller
512 receives the data fromthe neasuring device 514,
w0 b@4oo1svF ol | er 512 applies the above al gorit hP€T/0S2004/004134

translate the neasured data into tenperature data.
Therefore, the data containing jmeasurenents at
several |ocations on the maﬂ§%7504 may be used to
produce a custom tenperature profile for the neasured

pluraligy e losgiipns ThagvalenorEagh penatipe (8 associated witbmemgioatas discussed

antigul |location on the wafer 5 the coptroller, ..
abovBT A H B¢ ot Ehsen 1 Ferms PR ndpist] B aes Sageritica
dime@SibhesPMRATATE. tAa d0Bathe PRdshiaCidifie $yREA hdRedBs theQytaf Rsitioned
in accordance with the above-defined relationshinp.
on a clyghshatag Beating slesmats enyrespending wob therdpadissofdocations on the
egdf: r : | L ch ] ters in
watel CBHHRE WE'TFOGHS Aol S} e AR R 0P E TRy pents
basedion éptgeneratednémperaturoprofitout the particul ar feature
di mensi ons on the wafer. The controller 512 adjusts
the tenperature of each heating el enent 510 before

nd/ or i : g ri.at i f
00 el 0k b B el Gl UE R MeentAH3t bOh Fown and
desctitmia ftivodd bnapfaesmvaf guose S0Ued h@DS4] hislifg the behbfitséfrthiselisclosure
a net hod f tilizing the etching systemof FIG 1
that RSz inor padifiggtino MG TeRtRach A A GO e heNicapaie from the
inverftivielcbf@ptsdiet@AS TRE favehtiéH, e TR 88'8e AlstrftdMRxcept in the
2004/ 077505 PCT/ US2004/ 004134  12/17 plurality 5%
spirit| afdle dppesdaskrlzimsaf er . Each | ocation is associated with
a region as discussed above. At 604, the controller
generates a tenperature profile based on the neasured
critical dinensions on the wafer. At 606, the plasma
et chi ng system processes the wafer positioned on a
chuck that has heating el ements corresponding with the
plurality of locations on the wafer. During the
process, the controller adjusts the tenperature of the
heating el enents based on the generated tenperature
profile. [0035] Wile enbodi ments and applications of
this invention have been shown and described, it
woul d be apparent to those skilled in the art having
the benefit of this disclosure



that many nore nodifications than nentioned above are
possi bl e wi thout departing fromthe inventive

w@omamptsss herein. The invention, therefore, i SPEDUS1004/004134
be restricted except in the spirit of the appended
claims. WO 2004/ 077505 PCT/ L{?ﬁ 04/ 004134 13/17 CLAI M5
What is clained is: 1. An etehi‘ng systemfor etching a
wafer of a material, conprising: a neasuring device
measuring critical di manstAIMgst features along the

I f the wafer at a plurality of preset
Whaf%%gatuilng%gf an etching chanber receiving the wafer from

1. sahd efthBgUykiog evickRg aSaifer etLhbledal, 6h@phgnghavi ng: a
chuck supporting the wafer, a plural Iéefé of heating
el WERTIENG 1816 Brpasyring ditisalj Hmentektesigatirdsedengige profile of the

t.1:A0S4 1.1 [.acent to each preset |ocation on
Wafef%?%g&&gﬁé&gﬁ%%ﬁﬁsél | er coupled to said neasuring
dean etehing chasabied rgdeivind theywadér foeakaidgne@ken®ndsice, S@d dtching

ontroller adjusting the tenperature of each heating
Chalr&’F‘élPPé’ﬁ‘%g:duri ng a process to reduce the variation of

et ched g&%y@%@gﬁ%@ plurality of preset

| ocations. 2. ing Systemof claim1 wherein
sai d plaplatality oDlieaping skimehtsahdposstswitbingamghmdk, daoh beaing
lural.ity of contiguous regions substantially covering
clemp pogigongd %fﬁﬁ%@f@ B¢ prget{EagPT on DE-WalE e
ass@mitdtiecoibldd t8 _@ﬁdth%ts‘h‘i}%t ®WVRITBRH shiiPMS Ry f heating elements,
I I f h ments. 3. Th

plurality of heating ele e etchr'ng system
said egmtrolled adjusting drectiempttature of ¢axbdicating ¢lementfdringagirackss teereduce

e R R s B bR P P R R MRS ot e of
claim1 wherein said neasuring device includes a

spectroscopic Critical Dinmension (CD neasurenment
2. syBheeighing syptran ef elainh § vdipsaie said plusalith @f presefrlpeasions is grouped

mto acﬁﬂﬁﬁihﬁé)ﬁ%ﬁtiguous regions substantially covering the total surface of the wafer,

each region associated with one heating element from said plurality of heating elements.

3. The etching system of claim 2 wherein the surface of the wafer includes a central

region and a plurality of contiguous regions around said central region.

4, The etching system of claim 1 wherein said measuring device includes a

spectroscopic Critical Dimension (CD) measurement system.

5. The etching system of claim 1 further comprising:
a plurality of sensors coupled to said controller, one sensor periodically measuring an
average trench depth in a local area on the surface of the wafer for each preset location,
wherein said controller computes a local etch rate for each preset location based on

said measured trench depth, said controller adjusting the temperature of each heating



a plurality of sensors coupled to said controller, one
sensor periodically neasuring an average trench depth
w0 nooa/obseml area on the surface of the wafer fPCT/E8004/004134
preset |ocation, wherein said controller conputes a
| ocal etch rate for each preset |ocation based on said
neasured trench depth, sai d4bhtroller adjusting the
tenperature of each heating WO 2004/ 077505
elemeRCTrld§206-6¢ @6 4d Btlucd the Yrigicanefilocadl erchmgtes apoog ead phugality of
reduce the variation of |ocal etch rates anong said
presetdpetioN$-ty of preset locations. 6. The etching system
of claimb5 wherein said plurality of sensors include
an interferometer. 7. A nethod for etching a wafer of
6. aThatehinglsystempfickiimg wheranseidjuedifg pownsdb mohileomn
. ftest features along the profile of the wafer at a
et GPIEEf 1y of preset |ocations; heating the underside
of the wafer at said plurality of |ocations; adjusting
said heating during a process to reduce the variation
7. ofA wpthhd dorfedehing asvafernd agnaleniad cPMOFSINET y of preset
| ocations, . - Gl [ o 300 ;
o GajrrrigRol FEaf8) SRERRARE Rodl he BAANELRHE AU fler at a plratiy
of prepdtUs@kibhy, of contiguous regi ons substantially covering
the total surface of the wafer, each __region
absvmedheundgrside e%GM%fi%algPMW of fpcalePs; net hod of
¢ lag]tugﬁ% Q’X‘?c?ﬁ&'tiﬂgtd ﬁn%‘dﬁ(ﬁ:%?s' thre&JEE M fatib OF MRS Ratures
central® region dn ural ity of contiguous reglons
among k4id ptlrslaty df pesser latatiomgi on. 10. The nmethod of claim?7
wherei n said neasuring includes using a spectroscopic
Critical D nmension (CD) neasurenment system 11. The
g. mahbodatfd & @il 7 whetei\@id SI8ramty §f Rifset P&atietd B@kduped into a
nmeasuring a trench depth on the surface of the wafer
pluralityof eanttgupneseions|sulbstdritioy covering the total surface of the wafer, each

region associated with one heating element.

9. The method of claim 8 wherein the surface of the wafer includes a central region and

a plurality of contiguous regions around said central region.

10.  The method of claim 7 wherein said measuring includes using a spectroscopic

Critical Dimension (CD) measurement system.

11.  The method of claim 7 further comprising:

periodically measuring a trench depth on the surface of the wafer for each preset
location;

computing a local etch rate for each preset location based on said measured trench

depth; and



conmputing a local etch rate for each preset |ocation

based on said neasured trench depth; and WO
wWQO@4N078505 PCT/ US2004/ 004134 15/ 17 adj ust i nBCHEBZN04/004134

heating during a process to reduce the variation of

| ocal etch rates anong said plurality of preset

| ocati ons and thereby reducd5tife variation in final

trench depth across a wafer. 12. An apparatus for

et aljusighgesaidifieting dugingapsocess to cadvee itlsd vigiatior afibchlogtch rates

measuring the critical di sion along the profi]e, of
amon g Rl EiCa Pt %rese;sflftﬁaapﬁl% aglﬁrg rEppEgpcy t%l@é(@wa@l, ingfnghgench

deptﬂ?&oﬁ%%éf@ﬂ t he underside of the wafer at said
plurality of |ocations; means for adjusting said

heating during a process to reduce the variation of

12, 7 RS 10 RS SPART AL BEAF oL PP ner of n- o

wherein said

Pl MERsithymehsubig S8 critRePdihRASioh §loﬂg@%‘3ﬁﬁ@6ﬂh@vvafer ata
plurality of contiguous regions substantially covering

plurafifjeofippeset lasatiénsce of the wafer, each region
associ i th one, heati el ement ., 14. .The ar at us
o gy i sV deierie s SeBTRr Ve dttiaep RRERIGRS
a @edtsfet adj@@in@aideidtife Bhrilodd pro¥estfo Ediite tHeéQMSiation of critical
regi ons around said central region. 15. The apparatus

dimepgiony amhenglspidupiradity of prese feggtiont each region is
hexagonal . 16. The apparatus of claim 12 further
conprising: neans for periodically nmeasuring a trench

13. dephdappardtieofsildifrewbéreinai dypinetity eff prese locativdsie prouped into a
| ocation; means, for conputing a |l gcal etch rat %@f or
plurakif o GonEgEeuS| Tegians Bhsisadally @iyeung the tetahsyifasg of theyafer, each
: ; 9({1&; I j Usting said heating during a
regm%?ag%géaé oltfrpégg geéa{t@ﬁee ?é\?%é#l?at ion of local etch rates
anong said plurality of preset |ocations.
14.  The apparatus of claim 12 wherein the surface of the wafer includes a central region

and a plurality of contiguous regions around said central region.
15.  The apparatus of claim 14 wherein the shape of each region is hexagonal.

16.  The apparatus of claim 12 further comprising:

means for periodically measuring a trench depth on the surface of the wafer for each
preset location;

means for computing a local etch rate for each preset location based on said
measured trench depth; and

means for adjusting said heating during a process to reduce the variation of local

etch rates among said plurality of preset locations.

17.  An etching system for etching a wafer of a material, comprising:



17. An etching systemfor etching a wafer of a

material, conprising: WO 2004/ 077505 PCT/ US2004/ 004134
wagdor/p7mosreasur i ng device neasuring critical dPOENS1004004134

test features along the profile of the wafer at a

plurality of preset |ocations; an etching chanber

recei ving the wafer from sa1i6élf7measuri ng device, said

etching chanber having: a tenperature controlled

chuckswwingpbvidengeastmngiaitizal digwnsion hest keatured aldngithearofile of the

lural it f distinct regions filled with fluid, the
wafer% 4Hp ralﬁ%logﬁ@ﬁetﬁ‘é(ﬁin%s’heat ed to a different

t STPShALEhEmBY B He RafeLibmCHldBhENrihk Wbdlce, said etching

tenperature control System each region positioned

chamtgdhacegt to each preset location on the wafer; and a
controller coupled,t i d, measur.ing dewice and said
t enper _ﬁttqﬂl%el%tgﬁ% ?ngrpg%é l% I%?ppoggﬁa%ﬁlg oft Fol I er _
adj ust k41 chik hepRpatphialigfoftdi@intt tétbnk filleaehthr gl ahie fluid

during a process to reduce the variation of etched
at each eegiqir keptethierigliHatent tsmpemfure Yy srcapy ekerecirgdlatingfaid

temperature control system,
each region positioned adjacent to each preset location on the wafer; and
a controller coupled to said measuring device and said temperature controlled chuck,
said controller adjusting the temperature of the fluid in each region during a process to

reduce the variation of etched features among said plurality of preset locations.



