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TEMPERATURE PROCESSES FOR TUNABLE ELECTROSTATIC CHUCK CROSS- REFERENCES

[ 0001] Thwopsesznt application clains the benefit of U S. per@msiziassl
Patent Application Serial No. 60/369,773, filed April 2, 2002 in the nanme
of inventors Tom Kanp, R chard A Gottscho, Steve Lee, Chris Lee, Yoko
Yamaguchi, Vahid Vahedi, Aaron Eppler, commonly assigned herewith. FIELD
OF THE | NVENTI ON [ 0002] The present invention relates to sem conductor

manuf acturing. More particul ar§lgﬁgﬁlg§%e§% %i nvention relates to plasm
etching and deposition. BACK | ON [0003] In

manuf acturing integrated circuits, sem conductor wafers nmay be conpletely
coated with one or nore layers of materials such as silicon dioxide,

silicon nitride, or a netal. THELERBHYENHOR ial is then selectively
renoved ugj i m gﬁ’@j '
t hr ough av&g{éﬁ%%@%’g{rj@u@% ernsﬁézla{r'gggA%e c}?%g??lo?]gﬂg@t he

sem conduct or surface. For exanple, CHUCKar holes or grooves may be nade
where trench capacitors are to be forned. Mdst integrated circuit etching
renmoves material in selected regions only and is carried out using a series
of related processing steps. Frreiks-ResEREReopductor wafer is coated with
an adherent and etch-resistant photoresist. The photoresist is then

sel ect i ve[000dnoved The presevapplicition clains g berefit.of €S HFpyisiosakagentcarri ed

out to transfer.t mask .0 the un Yi I |

phot or esi p{‘%a“coﬁ “nﬁﬁB\fgﬁﬁéggiﬁi’ b%g&prg%dgﬁ#e%v@%éar&?éﬁg Ik@lé%rgﬁﬁ 0004]
Possi bl e iaaths Rithakt &hGBEschbCStbelel e thENEBE, Cfdko Edregiuehic Vahidcédhedyl asma
etching, reactive ion etching, ion beammlling, sputtering, and

hi gh- t enpéasniEpplerapammogtyctssigned eyt et ching is now commonly used in
fine-geonetry applications such as the

FIELD OF THE INVENTION
[0002] The present invention relates to semiconductor manufacturing. More

particularly, the present invention relates to plasma etching and deposition.

BACKGROUND OF THE INVENTION
[0003] In manufacturing integrated circuits, semiconductor wafers may be
completely coated with one or more layers of materials such as silicon dioxide, silicon
nitride, or a metal. The unwanted material is then selectively removed using one or more
etching processes, for example, by etching through a mask. Sometimes various patterns
are etched directly onto the semiconductor surface. For example, circular holes or
grooves may be made where trench capacitors are to be formed. Most integrated circuit
etching removes material in selected regions only and is carried out using a series of
related processing steps. First, a semiconductor wafer is coated with an adherent and
etch-resistant photoresist. The photoresist is then selectively removed to leave a desired
pattern. Etching is then carried out to transfer the mask pattern to the underlying

material. The photoresist is then removed (stripped) and the wafer is cleaned.

[0004] Possible kinds of etching include wet chemical, electrochemical, plasma
etching, reactive ion etching, ion beam milling, sputtering, and high-temperature vapor

etching. Plasma etching is now commonly used in fine-geometry applications such as the



1 WD 03/085721 PCT/ US03/09153 fabrication of sem conductor nenory devices.
As the integration density of sem conductor integrated circuits increases,
it will b&odaessi7able to inprove the controllability of s®kcCh/uSHIZbE1RT)
processes for form ng specific shapes of etched features such as deep
trenches, contact holes, and openings on a sem conductor wafer. BRI EF
DESCRI PTI ON OF THE | NVENTI ON [ 0005] An etch processor for etching a wafer

i ncludes a chuck for holding the wafer and a tenperature sensor reporting

a tenperature of the wafer. The chuck inc ) I trolled by a
t enper at u{agméaé‘r?flP&)Felgvg?cg%torﬁﬁ%n?réﬁﬁ\élf%‘ uésgggznr%%}? H‘?%?&S‘S‘ég?gt i vel y coupl ed
to the teyRRERIIUEST HRYrAted cisoifiiseMiréRed| R willberdebifeblé @nipgratarhe of the chuck
at a selectable setpoint tenperature. A first setpoint tenperature and a

second sempollshilityeofsuetuetahiag arasesses & ferming FReCilir BAPISOf SIAER EPABRCE he chuck
and set toQ f‘g‘gdél rtfénch?s%c?rﬁ%}dﬁhﬁe?,@ﬁ%gél#%%sl' onN&BSGlucios waign processed for

a first psélrC i e a nt tenperature and for a second
period of tinme at the second setpoint tenperature. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0006] The acconpanyin [ aw ngs, i incorporated into and
constitute a part of tBR %é@é&&%@ﬁ%%ﬁﬁﬁ@pﬁﬁﬁoﬁe orIo nor e
embodi ﬁenfggoﬂf the RhERAMrode8iRRed hin@Hafel ARAIAEE cHdFoF RElddRtaE | ed

descripti serve to explain the principles and inplenentations of the
i nvent i onwafeD @03 tehpetdnere demsar reapertinglaGemperagirqobthe svafeti ddeahvdfingludest chi ng

apparatus used to carry out the etching nethod according to.one specific

enbodi nent hﬁertcﬁgtrﬂ?e@s%'rﬁ ERGER P Sﬂr.’trqéls%iterﬁ' ?‘Ee 5?“?)‘?65%?6(#%? & of gn

et ching agﬂ@ét%}éscd#gﬁ:ﬁté theGtBmpYraid cdnt@l syRtcai oEaifielih 0 temperatid\f the
specific e

anot her odi ment of the present invention. FIG 3 is a block
di agr am ofhugk ehussdteatabdelsatpointiempenatire.t Adirgtseipiony tareresgdre Ind aeePddance with

one specific.enbodi nent of the present. i i i fd ow di agram
i1l ustrat yﬂam&t F@Ptﬁg@rﬁf ye's lf‘gﬁ?ngﬁ% W\E/l\fé:][ %sﬂﬂ%%ﬁ oRhe gﬂu@k aftBstiSo the 8
setpoint temperature. The wafer is then processed for a first period of time at the first

setpoint temperature and for a second period of time at the second setpoint temperature.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The accompanying drawings, which are incorporated into and constitute a
part of this specification, illustrate one or more embodiments of the present invention
and, fogether with the detailed description, serve to explain the principles and
implementations of the invention.
[0007] In fhe drawings:
FIG. 1 is a block diagram of an etching apparatus used to carry out the

etching method according to one specific embodiment of the present invention.

FIG. 2 is a block diagram of an etching apparatus used to carry out the

etching method according to another specific embodiment of the present invention.

FIG. 3 is a block diagram of a chuck used to carry out the etching method

in accordance with one specific embodiment of the present invention.

FIG. 4A is a flow diagram illustrating a method for etching a wafer in

accordance with one specific embodiment of the present invention.



accordance with one specific enbodi mrent of the present invention. 2 WO
03/ 085721 PCT/US03/09153 FIG 4B is a flowdiagramillustrating a nmethod
for etchiwg@oaos@ber in accordance with another specific emroodiso®otisof the
present invention. FIG 4Cis a flow diagramillustrating a nethod for
etching a wafer in accordance with yet another specific enbodi nent of the
present invention. FIG 5 is a graph of a tenperature change of a wafer
during an etching process in accordance with one specific enbodi nent of
t he present inventi @i [ - ' ' - :
conventional tr ench%?(%‘ Lgéh%ea[@ﬁ”egﬁg\?\a}aﬁgﬁé&ﬁgé %‘%&?g fgl ég%gg}]gfég?i%nal
di agr am ofacéorddrnee slithi anothern@feeificenttodiném of eeqoesdaniaeentionh one specific
enbodi ment of the present invention. DETAILED DESCRI PTI ON [ 0008]
Enbodi nents of the present invention are described herein in the context
of vari abl e tenper atgyre, ; i} Those of
ordinary skill in :PE(E' %@Esﬁﬁ?ﬁ%&g{?ﬂﬁ?&d&?ﬁtﬁgﬁ ﬁgﬁgg:@g&\}m@%gggg?g?hgd
descri pt i ancopdlarichevithryes envthérspenifi¢ embodiment ¢fitbe presany énventign.and i s not
intended to be in any way limting. Qther enbodi nents of the present
invention will readily suggest thenselves to such skilled persons having
the benefit of thigi@i§alosHsRef RRIPEANGE cHirge o @W ke diRiAg ahRidB@tgai | to
i npl erentations of the present invention as illustrated in the
acconpany ipnegest inwiceydanct vathsaneespeaifie pahedimenhefi thapssent W ventipe used
t hroughout the drawi ngs and the follow ng detail ed description to refer to
the sanme or like parts. [0009] In the interest of clarity, not all of the
routine features of HIGe6A iistoERsEcabhA diagttes of & batehgsml nreasheinsh@wheand
described. It will, of course, be appreciated that in the devel opnent of
any such &f¢fal inpl enentation, nunerous inplenentation-specific decisions
must be nmade in order to achieve the devel oper's specific goals, such as
conpliance with application- and business-related constraints, and

FIG. 6B is a cross-sectional diagram of a trench in a wafer etched in

accordance with one specific embodiment of the present invention.

DETAILED DESCRIPTION
[0008] Embodiments of the present invention are described herein in the context
of variable temperature processes for tunable electrostatic chuck. Those of ordinary skill
in the art will realize that the following detailed description of the present invention is
illustrative only and is not intended to be in any way limiting. Other embodiments of the
present invention will 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.

[0009] 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



that these specific. goals will vary fromone inplenentation to another and
fromone 3 WO 03/085721 PCT/ US03/ 09153 devel oper to another. Moreover, it
wi || be apprieossabed that such a devel opnent effort m ght pog/usosmiex and

ti me-consum ng, but woul d neverthel ess be a routine undertaking of

engi neering for those of ordinary skill in the art having the benefit of
this disclosure. [0010] In sem conductor manufacturing, it is prevalent to
enpl oy stacks of thin films. For exanple, a typical transistor gate stack

used for fapricatio iSt i D

oxi de/ pol %I}{l?ps?f Py il pciBver 1R 58 apflecitd @8 fich a de velopment effort

WSi (err), nAgiE be@Bmpiexaingainicscansumig] baniauld Seveiiheless e a mudnbandbrakslg can be
an oxide, nitride, _or oxynitride of Si. Another such stack nm ght be:
Si/gate drbengineeripg fy1thossiof argingry skid-in thesart havene %ﬁg?F‘éefﬁé’? éhlaH]’ég‘Q&%fFi ¢ m ght
be SiQerr), nitridized SiQ err), or any one of many new so-called high-k
materials such as Hf 2, Zr2, or A1203. In many cases, it is comon to use
a phot or e§0040] mask Imssndechduttoomannfagaiding,iibis prevalemh ta eypplof stackeofARB | ayer .
Sonetinmes _the ARC | ayer is. renmoved when the hard is.defined using a
phot or esi §‘§m_s'rﬁ§’§ _E’.‘a"ﬂl}i%’raetyl’@alaffz}“_ép égﬁﬁmp uéﬁéﬂw&lﬁim@ﬁo{l R¥e stacks
for gate defdidior:iSyra@lRiR/pol RSTkiliaidbMatdah e/ NRCI wheRngicMdeisgaglyi n
defining trenches for isolation, storage, and interconnection and in

defi ni ng #6%ik.28RE camble oiganicfogindrganie iANes ahdhardfmaptean &y anp oxisle, ritistcher .

[0011] In etching sugh conmplex s K (R & ials
sel ecti vePf/o’é)ﬁldm% oﬁgi‘n‘&éﬁ ertsfl&'?m%‘ @"E‘%%‘Elé?'i%@8@%‘?@%@%33 apfg?ﬁﬁﬁ

t hr oughoumAikR R, adlere gdt@dieRxarthight baSTR] gitredigdd $I@,, értanyone ypmaay for the
stack specification to be vertical or 90 degree's with high selectivity to
the gate @pwiseceledthighrkimgienials sych asdlfOnefrQyc0feldfeds nBrmant ¢hReY !t 1§ n shal | ow

Lrench ot By 1% 4 BERGIS B Rbba Aok & IifilorP, GRIGT 4 bie aRenbep! | o

The trench side ngl e cou ypl er fromvertica as nuch
as 10- 15 sdegtimes theMRE dayer is remosdtavhavthe herdahasktis Hefirgd wshng agfiapaesst t he

top and bottomof the trench be a critical .device raneter -
so- cal | ed Magk Xh‘?feb%‘%}@égﬁwl?‘?ég?yﬁﬁﬁ‘ﬂ%@q the??ﬁtmioro@?‘? g%md%%q @ﬂ%e,- t he

poly-Si megffiafiafbid)arid@RRre foufid ift BETEndBUnREs fof WoPRn, storage, and’
interconnection and in defining contacts and vias for interconnection of one layer to

another.

[0011] ~ In etching such complex stacks, it is important to etch materials
selectively and to maintain tightly prescribed profiles or shapes throughout the stack.
For example, in gate etching, it is typical for the stack specification to be vertical or 90
degree's with high selectivity to the gate dielectric so that it is neither damaged nor
etched. In shallow trench etching, the trench side-wall angle must be carefully
controlled. The trench side-wall angle could typically differ from vertical by as much as
10-15 degrees. Moreover, in shallow trench etching, the shape of the top and bottom of
the trench may be a critical device parameter - so-called top and bottom corner rounding.
In many device designs, the poly-Si might be dual-doped, i.e. there may be regions
within a chip where n-doped poly-Si is used and other regions where p-doped poly-Si is
used. In such cases, it is important to maintain constant etch rate and profile for both
types of doped poly-Si. Another variaﬁon within chip is the line density: some regions

have lines that are densely spaced and other regions where lines are more isolated.



within a chip where n-doped poly-Si is used and other regions where p-doped
poly-Si is wused. In such cases, it is inportant to maintain constant etch
rat e and wooBiogm2f or both types of doped pol y-Si. Anot hePCTarsnz0916h wit hin
chipis the line density: sonme regions have |lines that are densely spaced
and other regions where lines are nore isolated. 4 WD 03/085721

PCT/ US03/ 09153 Again, it is inportant that etch rates and profiles be as

i dentical as possible between dense and isolated regions of the chip.

[0012] In,et.ch 0. fi f ' ' Lon, it is
conmon t‘%g%’ﬁ’égft}%?%?h&a{rtgdé%Ecgrr?tg ?‘gdr& ?%ggrgtgg{dgﬂ 8¥%§§R%§E{’%g&ﬁ“§?2ri al - be
it hard odense®drd igslated regomsof\the ¢hapi ons result in alteration of the etched
filmproperties such as profile angle,. selectivity to underlying

material, and within wafer uniformty. It is common to conpensate for
changes | BoPA are@éeam@mgﬁ fof SrRoRAL ABL AES FabRERi RS itli) omMBAPOSI ti on
of the gas, total flowrate, rf power, etc. [0013] In each of the cases
descri bedo@hooumtertldrge warfiagions éngea of the enaskingmatérigbe be rhard eciofiemaskr anet er .

Et ching and deposition rates are erat yure dependent but .thes

t enper at W¥hd@ %Wﬁﬁquétsméﬁﬁra%‘i oétﬁg%ch%‘s EMFO Jg& Such 43 Hrgﬁlﬁ&ggli%bl e, to

M ni M ze ol3Qviteshdef] Pk nfatéid, ﬁh&htm@mfewuhffm(t}@%imn@ﬂbmtl ng the
overal | wafer tenperature. Simlarly, open area dependencies, selectivity
of one fidompeosanburivbanges iroptopireapy depaing seripeRaraasicsuebap@asat ed by
changi ng the ayeral.l, waf er erat yr accordance wth one specific
enbodi rren(‘ton?ﬂos\{lﬁ)g Ofglﬂées%aﬁttolta?]\ﬁgﬁtr?%hﬁpgwr?%?: fod for controlli ng a profile of
a wafer is by varying the wafer tenperature step-by-step during the

etching of conplex stacks to optim z,e%‘Pr ofile, critical dinension, and
sel ectivil0913lTo  meloecash efithe sasse described 3RAVE athe S1IGSEIBPSTRIIC 1S40 ast - r esponse

waf er sub, O?ttagtalig%g% ﬁér%an%\%.r gﬁﬁﬂgﬁgnﬁ’de i@éneﬁfers%?‘é @HPgraﬁHH ?1\%enﬁ@1yt e used

to avoid | gra roughput . n accordance th one
enmbodi nenthesettb@péranmpe daiendencis yreadt aliehatanst diohye St Btpeshible, topniogeEsi ng

while the tenperature ranps fromone state to another wi.ll result in a
simlar lﬁ‘éﬁé’l'ﬁetp.mfﬁﬁé“%%rra‘f:@}fff‘é?%eﬁl %2 Jélﬁ”lﬁetg%%‘?r?%lwi\gted 'HYPL Y reans used

toc hangeSimilarly, open area dependencies, selectivity of one film to another, and doping
dependencies can be compensated by changing the overall wafer temperature. In
accordance with one specific embodiment of the present invention, a method for
controlling a profile of a wafer is by varying the wafer temperature step-by-step during
the etching of complex stacks to optimize profile, critical dimension, and selectivity. To
make such temperatufe variation practical, a fast-response wafer substrate holder, for
example, an electrostatic chuck, may be used to avoid degradation of overall throughput.
In accordance with one embodiment, the temperature may not be at steady-state but

‘ processing while the temperature ramps from one state to another will result in a similar

benefit. The wafer temperature can be controlled by any means used to change
temperature within a short time scale relative to the etch time. One example is control of
helium pressure between the wafer being processed and an electrostatic chuck (ESC).
Another is to heave heaters in the ESC itself and actively control the temperature of the
wafer with the heaters. The process of the temperature control of the wafer is explained
in more detail below. FIG. 1 and 2 illustrates two examples of etching apparatus used to
carry out the etching process in accordance with one specific embodiment of the present

invention.



tenperature within a short tinme scale relative to the etch tine. One
exanple is control of helium pressure between the wafer being processed
and an elwotomsosizati ¢ chuck (ESC). Another is to heave heacersosmishe ESC
itself and actively control the tenperature of the wafer with the heaters.
The process of the tenperature control of the wafer is explained in nore
detail below FIG 1 and 2 illustrates two exanpl es of etching apparatus
used to carry out the etching process in accordance with one specific

emhod! MeNefily L he PEEGk o Uéi?&l&,%r%ﬁgor%n\é{%h ahed RET GRS/ gRiRs [ 0014]

FIG 1 is ock diagramof an € apparatus used to carry out the
et chi ng neiching mahoed sicogliioame speefic Embodimeodofiteapresént titenpores Eimt

invention, The illustrated inductive]ly coupl | asma et chji ng system 100
may be usé‘é}lsffﬁteflﬁlé‘i%F%@é§%‘?m“gcppléﬁBa 2 Pgé&%&BﬁgBEﬁ%’jﬁ%S Hh@FgFO%Wgces.
The i nducty - SirRO; JUIrnte e iRbasma
reactor 1 chﬁdz%ﬁcﬁg&g&%?g? ﬁgaﬁﬁ%ﬁ{ﬁg&%gﬁ?w&@éﬁﬁmﬁh 9’% rd alﬂnsf or rrgcﬁéts:lg%pl ed
power ( TCEYstannDO aidieles 2 phasmadestdyi 182 hovinga plasmarabhimder I@gthereas pct i vel y

control a TCP power supply 1 nd a bi oyer. supply 112.influencing the
pl asma cr é@?#agv&rmph‘e@Ba\gﬁfa(]fg%’iﬁﬁ%‘rolfféi& F’ﬁfg%éﬁas ?ﬁ\gel%/cagﬁaggélrd%om rol | er
106 sets ivRp) P5 TEERoRRVEUppHH P dhdlalBlas fewdrisgppled 12 anfhuepping a radi o
frequencyEfle(%%tlVEigjg{lbtgllluj,co tuneé) by ap'Fgg mat ch net wor k 1%%9 to a TCchoiI 116
| ocat ed nélzr plpsnasergateth swithisy plagaa chambRF1Q4-anspar ent wi ndow 118 is typically
provided to separate TCP coil 116 from plasma chanber 104 while all ow ng
energy to pass from TCP coil 116 to plasnma chanber 104. [0016] The bias

power confg@isjer 10§hsdiCP povaicomeslltr 1005ethh aa pomutsr BOP pbwerlsipplyclddf i gur ed
to supply a RF signal, tuned by a bias match network 120,@}30 an I?Iéﬁ trode

122 | ocaterfigirediorsupply ajrdierfeeapencyt(BI) signalciussd byg TS Hmpich e (DC)
bi as abov [ L Sia SGR, 0 ' sURsbat@glL4, such
as a sem ?"cgm‘{‘)@?ﬁ\?& ngr%e,d gf Sglﬁ%r ocesezceig%' ﬁé?ﬁ?yﬁpggs sﬁ]ggl y1 rsrec hani sm
126, suchtgscAlymprovitied @ separaesECH ¢@iM ofinom @ldserashamber 104 while allowing

energy to pass from TCP coil 116 to plasma chamber 104.

[0016] The bias powef controller 108 sets a set point for bias power supply 112
configured to supply a RF signal, tuned by a bias match network 120, to an electrode 122
located within the plasma reactor 104 creating a direct current (DC) bias above electrode
122 which is adapted to receive a substrate 124, such as a semi-conductor wafer, beihg

processed.

[0017] A gas supply mechanism 126, such as a manifold of mass flow controllers
upstream, typically supplies from a gas source 127 the proper chemistry required for the
manufacturing process to the interior of plasma reactor 104. An exhaust manifold 128
removes gas and some particulate matter from within plasma chamber 104. Pressure in
the plasma chamber 104 is maintained by using a throttle valve 130, often of the

pendulum type.

[0018] A temperature controller 134 controls the temperature of the chuck 122 by
regulating the power to heaters 136 within the chuck 122 using the heater power supply
135. The characteristics of the heaters are discussed further below. FIG. 1 illustrates a

closed-loop feedback-control control system for the heater.



upstream typically supplies froma gas source 127 the proper chem stry
required for the manufacturing process to the interior of plasnma reactor
104. An ewbagmss7eani fol d 128 renoves gas and sonme parti ceCatusosretiser from
wi thin plasma chanber 104. Pressure in the plasma chanber 104 is

mai ntai ned by using a throttle valve 130, often of the pendulum type.
[0018] A tenperature controller 134 controls the tenperature of the chuck
122 by regulating the power to heaters 136 within the chuck 122 using the
heat er po uppl vy LSt 23 gm; are di scussed
further brgﬁ%%f FIGInlp]t%?’?auﬁaﬁqgggg&g%lﬁ%ge%ﬁn olsalgg\élback%%?\l? ol control
syst em f ogubktiee h@atecioniz6d YO dvBhd2(pldemn) WBRIAVEALES THdAd®hg procpisas ma

chanmber 104, substrate etching i s achi eved by exposin substrate 104 to
i oni zed gHYTCURRIOHIR§35CE ﬁ*ea%?ngda@rpk\‘?%&gﬁ?’%%@%e?@W%pﬁwgé%§¥ere tarts
when t he BRFEP Bﬂ‘iéG‘BﬁW&bﬁ%&'byﬁ@ RAER AR woRRIMEonkRd the BaSesRTHR RIEFowE! | ver ed
by TCP coi 8 and tuned by  TCP match network 110 ionizes the gases. The

RF power , deliveteilberetsttroge 22 and wded hpbianmdtchmetseorkyl 26, induges ad)C hiss @ar k 120,

i nduces a bi on ubstrate. 124 to control, the direction. a ner gy of
i on bonba?“ggtéeﬁ? ?%11 tqs‘i?ﬁ‘zrtofi’teéﬁrfﬁ%?n and gapted of K %(fr%]%r%aergtrogéggsg,a{%t 22" pl asma
reacts chpgig@dhewiiddprobess tHE pRs@a efacs Whehicall g withde SfdcemdMdstraieer i al  not
covered by a photoresistive mask. [0020] I|nput paraneters such as plasma

react or sbi%tonemoys matstiak noigaresed By a phofpesistye®asky pl asma processing. The
anount of actual TCP power, bias power, gas pressure, gas tenperature, and
gas flow within plasma chanber 104 greatly affects the process conditions.
Si gni fi cao20R|r i anckputpashetats spoey plasshd teactotsetingslassofffuobiandeal 104 may

unexpect edly change the antici pated val ue of th?fr rocess variable
' e

par anet er EPOsi@REE IAPIFEARTATCSHAG T BH PR PhREPR] ¥E% §72S PR PB4t ure, -and

etch rate ik Sarfd b BBk, WA HRRMAchARb& 10 ek RRPRERMS used to
carry out Pt Sglpezé%scﬁn%r%uet h%n? ggccordi ng ?o angt er specgl?fil? enbodi nent of
t hehpr es embcéssvgn(r)r(l)iiim S?_gﬂicz;]rﬁ vatidnge i attesd pawengedvietadve plasmeghirebierpl asma
etching 5}’054t r%g;' unexpggtgglylcﬂarggeethg grﬁﬁ:?psa%édn\gah%noc% other process variable parameters

such as neutral and ionized particle density, temperature, and etch rate.

[0021] FIG. 2 is a block diagram of an etching apparatus used to carry out the
etching method according to another specific embodiment of the present invention. FIG.
2 illustrates a capacitively coupled plasma etching system 200 used in the processing and
fabrication of semiconductor devices. The capacitively coupled plasma processing
system 200 includes a plasma reactor 202 having a plasma chamber 204 therein. A
variable power supply 206 is coupled to an upper electrode 208 influencing the plasma

210 created within plasma chamber 204.

[0022] A grounded lower electrode 212, or a chuck, supports a wafer 214 to be
processed. In accordance with one specific embodiment of the present invention, the
chuck includes one or more heaters 216 embedded within the chuck. A temperature
controller 218 controls the temperature of the chuck 212 via a heater power supply 220
that is coupled to the heater 216. The characteristics of the heaters and the chuck are

discussed further below.



fabrication of sem conductor devices. The capacitively coupled plasna
processi ng system 200 i ncl udes a plasnma reactor 202 having a plasma chanber
204 t her eWn.03M85728r i abl e power supply 206 is coupled to amcuasesosdbect rode
208 influencing the plasma 210 created within plasma chanber 204. [0022] A
grounded | ower el ectrode 212, or a chuck, supports a wafer 214 to be
processed. In accordance with one specific enbodi nent of the present

i nvention, the chuck includes one or nore heaters 216 enbedded within the

chuck. A (20 U1 & a§ QUK Db SRR 900, AIEEPRRA Mo chuck
B pons Sl edbgsni e gt

212 via a I's coupled to the heater 216. The
char act ;ar ustieas, l@f)lchhﬁ s&@&hefrsmaargﬁs tsm:rce B2, khapmpercﬁhsmi&msyerdqtﬁmdtfhethebel oW.
7 WD 03/085721 PCT/ US03/ 09 02 A gas supply, ne |sm uch as a
mani f ol d BENYHALEIING BIRCESSAP f I‘P@Lg fdﬂ%st'?aer&ﬁ?tof d%l’”’ dﬁ?qlfé’i‘;?% m a gas

source 22r°emotv9§ & HRS6mE e cﬁfaw’ma@&lﬂdn@%hmpmm cmsawéfgm UPre§@rdinocess t o
the interior | asnma reactor . An exhaust nanifold 224 renpves gas

and some th:arplasmalchambcmz(ﬂes rrl’amba‘mtvd bhisings teetle yalya3e6, afgs of ieessure in

the plasna ch rrber 204 is maintained by using a throttle valve 226, often
of the pRTYEIYM¥PSpe. [0024] In the pl asma chamber 200, the etching of a
substrate such as a wafer is achieved by exposing the wafer 214 to ionized
gas conpounds (plasma 210) under vacuum The etching process starts when

t he gases[0§24] conve!}‘etbe phsma ghamsbri 20Rdhp sichinged 2 syprasusB g f Ya&ffilver ed by

vari abl e r.sup ered by the
el ect rodegc%fflé' giﬁlsgg&l t?‘glr\ﬁ @3}%%1#8%%?% t ﬁg(pé%g%ggj eog%é(lzfﬁuck 21% and
t he waf er y2hdm. Othei oichiigygroedse Biaftg Wbk tresmsest die cqiva gedhinRiflasmeaciasnber

chemcally with the surface of wafer 214 to re e materi al ered b
a phot oré ST*FCV%F RAYRE d"-[hde@é]bylff“@?blgPP%’C%S”?BWQ?R)&‘P‘&‘Z%t ﬁg%‘ﬁlﬁ%gﬁr ati ngy

an appar aé fw&@@%? %Jh 41080908 LARPELAOH HenBhrdnePdeir@&CRe LibuaasPr dance
with one e present 1nvention.

chuck 212 and the wafer 214. During the etching process, the plasma 210 reacts

chemically with the surface of wafer 214 to remove material not covered by a

photoresistive mask.

[0025] FIG. 3 is a schematic diagram illustrating an apparatus for controlling the
temperature of a workpiece in accordance with one embodiment of the present invention.
A base 302 or a heat exchanger supports a thermal insulator 304. A support 306,
preferably flat, is mounted over the thermal insulator 304. A heater 308 is embedded in
the supporf 306. A workpiece 310, such as a wafer, is disposed over the support 306. A
thermal conductor 312 provides an intimate thermal contact between the support 306 and
the workpiece 310. The thermal conductor 312 may be preferably a gas, such as helium.
The helium pressure controls the thermal conduction between the workpiece 310 and the

support 306.

[0026] According to one embodiment, the base 302 comprises a metallic
material, preferably an aluminum base cold plate, that is maintained at a relatively
constant temperature through a conventional heat exchange system such as a

- cooling/heating fluid loop. According to another embodiment, the base 302 may also
comprise a non-metallic material, such as aluminum nitrate. However, the base 302

must be chilled to a greater extent than in standard operation without the heater 308. For



A base 302 or a heat exchanger supports a thermal insulator 304. A support
306, preferably flat, is nounted over the thermal insulator 304. A heater
308 i s emvoddess7en the support 306. A workpi ece 310, suclrcagisaomser, is
di sposed over the support 306. A thermal conductor 312 provides an
intimate thermal contact between the support 306 and the workpiece 310.
The thernmal conductor 312 nay be preferably a gas, such as helium The
hel i um pressure controls the thernmal conduction between the workpi ece 310

and t he. %ymn@%;*??egnpegggl%%ftlilbé:ﬁa%g.f‘ﬂla Be Q0€C RIBPEH BERSW thd digirpse 302

conprises a matertal, preferably an al um num base cold pl ate,
that is muémperhtnecbfahe workpiegt 31@l Fhe baosa $02akso peonidasat thermnal bink dorplasma

conventi | . heat h t, h ling/h ' fluid | .
Accor di ng MEwingniHENeBAROAILAT 1o B Datd) By BRasrHPaRrneunie i so a

non- net al |térﬁ?é?§t5ferdﬁllle ba%H}?theai’r&‘eMB’iyr,‘Hi@aﬂiduhﬁéﬁeamﬁﬂ%@d byftheextang 302
must be chilled to a greater extent than in standard operation w thout the

heat er 308oolFuirchlenand Bre0@BpRraturCT] thisoaylae 15y bedimitgsl © lessiiban 20008 ardir e of
the base %géﬂg’%g&bégyg 2 Sag%: g@f%u%\ﬁe} g sg$e§‘{1th%?es qtr%g?lﬁlésa#nég &q%a{lgt he

wor kpi ece ovi des a erna p ma

heating. Amroest #hidBlheslePpAdr izt B126r diférisesi@iies arydifsed eSuchaermident ai n
the tenperature of the baseplate. Preferably, the anount of heat renoved
by the extisenaay cooptiserrowssilinpsior Hedeales sersope Pighyodags eIeHESEYS] ant nay be

limted I 1z ' .
nas. sever SITRINES o Soul TR P ol S B Y A T nes

312 or ot hgditeglad Heasneb preoudlyeiddsposed. Such service lines may conprise
power lines for the heater, sensors, high voltage electrostatic clanping.
Those of ordinary skills in the art will recognize that the service lines

are not Ihapthed t i Ol ; ;
(b3 S0 L0 AL dAE bRl Ghd @Ermd GRRhor ST Lo one

enbodi nment’, e the 304 acts as significant thernal
i npedance stpnéfidantbemed impédanseibeek betg@en thaduppost Hifsand3be base382. Ther mal

' nsulator tk?e%arggulgt%pg6i ISh%yacoxtngl‘i(s:eka t%lrc\é W%Bﬂéﬁng%ﬁe%%v‘éﬁa%? Tade rzr)?de 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/mK to about .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 304 is maintained. Also, the thermal insulator 304 must tolerate
significant thermal-mechanical shear due to different materials and temperatures located
above and below the layer. Preferably, the thickness of the thermal insulator 304 should
be less than 2mm. Thermal insulator 304 may further incorporate several cavities or vias
(not shown) contiguous to the cavities of the base 304 for housing parts of the heater

power lines 312 and other service lines.

[0028] According to one embodiment, the support 306 comprises a ceramic
material. The ceramic may be a non-electrically conductive material, such as for
example alumina. The shape of the suppbrt 306 may preferably include a conventional
disk commonly used in plasma etching systems. The workpiece 306 may be a

conventional electrostatic chuck or may be a ceramic having a mechanical clamp for



pol yner, plastic, or ceram c. However, the thermal inpedance break of the
thermal insulator 304 cannot be too excessive otherw se the wafer 310 w ||
be i nsuf fwoioangi7gr cool ed. For exanple, the thermal insul acorusps/efiss abl y
has a thermal conductivity of a range of about .05WnK to about .20W nK
The thermal insulator 304 in this case both acts as a thermal resistive
el enrent and a bond between the support 306 and the base 302. Furthernore,
t he thernal insul ator 304 must be such that adequate RF coupling between

the plasmyonith §difn AESEECA0L AABIdHALRRE errbbifhent, ife MRAERlor ksbper 304

must tolera st gni ?I cant” ther ear due to different
mat er i al s 3066 dbeop2mnai llﬁce\se\deqmbedslqhbmﬂbe anavil etaognizh ¢hat ather thidknefses abl vy,
t he thickness of the thermal jnsul at 4 shoul

e a1 e aktothe Shaab Aot Cpringp anoihe aogtmon e srpor el b OBl s

(not showny ;e HﬁH@HﬁdédQOTaIE‘ﬁs@le%et b@erwike tHeQatBa$ BontldétidPal 085 A hparts of
the heater power lines 312 and her service |ines. [ 0028] According to

one gnbodnhmme ,heatee inpuppdi be aasacbl@wmliysrewltalg:@raanmff%ﬁm epresepargy@n. cer ani ¢
may be a non-electrically c such as for exanple
al um na. %ﬁ‘g BH’P&.S%S*‘BP%I%V&WS‘BE)ES"&E“’ é‘@%p y pr %f erably include a conventi onal

di sk commonly used in plasma etching systenms. The workpi ece 306 may be a
conventional electrostatic chuck or nay be a ceram ¢ having a nechani cal

cl anp for [6028% 03/ 0%‘?matP@Q&MFGQSl@éeash%ﬂ%ﬁeﬁ@UWWGMe Afgprdingdoone
pocor B 09 skipodiffert RO AL Y08 chB b SMHHBEPS, R sphBr 30BN, g fni,> about

2mm  However tdne art w gni ze t at ot
t hi cknessefectro@e/plahsandise shapddainlagy dédmblediartgrrt, ﬁora:maﬂnbbr syenmoetdicatentt , t he

support 306 construction is of a "thin disk b dt base"
ot her wi se aEanyatldeAeaten3 R ARY 8lse hakF e oL gnase glan ﬁ?‘?ﬁf‘“g glgmﬁgtét EP&anut will

be spread . Qtfr? e?%;Jr‘é(ntrd% Hedd lﬂﬁtlh% ﬂ{é dr'?gglf)l?ﬁfal Hﬁr%@@@ntﬁﬂ%ﬁﬁd' eRdentlyhe

support shou owt heat t I ssipate | oca [ 0029] The heater 308
conpri ses The mmasmnopatemhassane\m nedre plansr. heAncg)cldmngtStaotimmi@ oppodioehi ent , t he

N TR e A I T
zone may measure the temperature for each heating zone and send a signal to a controller
or computer system, such as controller 134 of FIG. 1 or controller 218 of FIG. 2, 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 308 may be powered by power lines
312 disposed through openings in the thermal insulator 304 and the base 302.

[0030] According to one embodiment, heater 308 comprises an inductive heater.
According to another embodiment, heater 308 comprises a heating lamp, such as krypton
or quartz lamp. According to yet another embodiment; heater 308 comprises
thermoelectric modules that can cool or heat. With thermoelectric modules, a base and a
thermal break may be optional. Heater 308 may also comprise resistive heating
elements. One of ordinary skills in the art will recognize that many other ways exists to

heat support 306.

[0031] FIG. 4A is a flow diagram illustrating a method for etching a wafer in

accordance with one specific embodiment of the present invention. A method allows
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arbitrary. The heater 308 may al so have one or nore planar heating

el enents. Each heating elenent defines a heating zone or region that may
be contr oWwbadosstdependently. The nulti-zone pattern has eoog/use3/emse pl anar
heating el enents acting in opposition to the conduction cooling to the
support 306. A sensor 309 associated with each heating =zone may neasure
the tenperature for each heating zone and send a signal to a controller or
conput er system such as controller 134 of FIG 1 or controller 218 of FIG

2, to m)&!:lruﬂg oP R 2FQWifRh aPBER R#’df&gésy).f OpiRd otPl BroRbsshedhy 1 Rle@nt fdror

exanpl e, a sefisor such as an I nfrared em ssion sensor” or therno-couple
sensor caholdimgnowafteshded temperatune sangbr repanting attemperatdreddiitbe chyckf i t he

wor kpi ece 310. The .sensors 309 can.also b nt.ed, w t.hi.n or to the back
of the. sugpbRis BoBimeRantaal ey G BARpoTET Eeb P BNeRer T peder 31

di sposed EdRunad bga%ﬂ%u}e‘%ohhel $yRRRTEThe (BRYERIUAE sc3dr g bé beerhassy 302.

[0030] According to one enbodi nent, heater 308 conprises an inductive
heater. ¢mpladdiiee tempeanbré eenteakisysi¢menmaintsn thertemperabbepl thesBuck Haat i ng

| anp, such.as .krypton or art £ Accor di t t r, embodi nent,
heat er 3o%¢‘%C§?PE? %gé)%oém tf’ﬁg?r%ﬁlé?‘eé% J#(?iggrfrlﬁﬁéfgtgggtk %%}peg%%%cagg{&%%?o Seat. Wth
t her moel egdipdifit tBRPelaRSe are sblR6ed aAU 464, atwienspldedak theeghuble AptoGrad . Heat er

308 may al so conprise resistive heating elenments. One of ordinary skills
in the artenperatureof thgrehyek 1sisak lofbmirsbegiraint japrerature ¢ Shis & aqsemplignsgd¥rt 306.

[0031] FI Gl B BRI o i ampiERRd for et ching a v

in accordance w one ecific e t of t present invention. A
met hod allows 10 WO 03/085721 PCT/ US03/09153 etching of a wafer within an

etch processQr. The etch processor i pcl.ude a.chuck faor hol ding a wafer
and a tenf®3at ure séﬁé@%’ tb%‘ﬁ&??ﬁ%@?%@ﬁﬁ%?‘%&ﬂﬂ%f@fnf”ﬁélf%‘r?ﬁ@&%“‘The chuck

Is inintj |se GatsRpointidipdrfiGre WRHRE a FREP&GHYAUS tHPWafePBlddelR. a
heat er c%%gﬁt*lggéggsg ter?pg)rgturngbconterol gf}slt en11) The tenpera?u,re sensor
may be opbratcbrdahge witiompd gecifio enibedineny of the preseutdnvension sirs peaeessongabat ai n
the tenperature of .the. chuck

a 111t SBRBOE B RrIPe e Babc e e br hEBREREI ur e AL 402
incrementally increases or decreases from the first setpoint temperature to the second
setpoint temperature from a time period of the wafer process. That is while the wafer is
being processed, the temperature of the chuck ramps up or down. The above process
may be generalized to using several different setpoint temperatures to manipulate the

temperature of the chuck and wafer over a period of time during the process of the wafer,

resulting in more than one temperature profile.

[0033] The heating or cooling of the chuck may also be accomplished, for
example, using embedded heaters in the chuck or changing the helium pressure between

the wafer and the chuck.

[0034] FIG. 4B is a flow diagram illustrating a method for etching a wafer in
accordance with another specific embodiment of the present invention. At 402, a first
setpoint temperature and a second setpoint temperature are selected. At 404, a wafer is
placed on the chuck. At 406, the temperature of the chuck is set to the first setpoint
temperature. At 410, the wafer is then processed for a first time period at the first
setpoint temperature. At 412, after the end of the first time period, the temperature of the

chuck is modified to the second setpoint temperature. In accordance with another

11



setpoint tenperature are selected. At 404, a wafer is placed on the chuck.
At 406, the tenperature of the chuck is set to the first setpoint

t enrper at LWe.03/0%8781 i s acconpli shed by either cooling or heatriusgsdes chuck
to the first setpoint tenperature. [0032] At 408, the tenperature of the
chuck ranps fromthe first setpoint tenperature to the second set point
tenperature during a tine period of the wafer process. In accordance with
one specific enbodi nent of the present invention, the process may be

acconpl i s Qﬁei ifterfibdi MG TR seg?mgﬁt]idn?th\é’%it&% g élﬁsﬁ@fga%%ﬁ& $e@imedie chuck

increment af Ty i ncreases or decreases fromthe first setpoint tenperature to
t he secondff tsallpwiftit the emmerattiterte dfopaimbatwdenplasenaisteps oAt #hé, thefvefer pr ocess.

That is while the wafer i3 bei nlg%lgﬂr.oce sed, the terhtzjerature of the chuck
ranps up 6¥bsaangRtly PERECEISEIR Hic6R fqu}é@ g 3 ArESPILEPAY ERPHA Sever al
different setpoint tenperatures to mani pulate the tenperature of the chuck

and wafer over a period of tine during the process of the wafer, resulting
in nore t@035hne t effiberboverprogassmaly de ghi0dBjed Thesing saversd difered 6ePAFL of t he

chuck may al so be acconpljshed, for ex I i d / in the
chuck or GRS F ek ot atiur e R i ek BhO e RE SEhangdh fiche
[0034] FI GhandfRe itsmperhtuRprofiR i témpeiatfeadti thgclucketdiatiug dcreatecdri ng a waf er
in accordance with another specific enbodi mnent of the present invention.

At 402, adeéresse aceadipgitorthetsetpouyt emopesatiiést a second set point tenperature are
selected. At 404, a wafer is placed on the chuck. At 406, the tenperature
of the chuck is set to the first setpoint tenperature. At 410, the wafer
is then pregxssed f FIGHCE isrSllow idagrane illuedattg 4 methbil fetetching poiafir in
tenperature. At 412, after the epnd of ({,he first tine, period,,.the

t enper at uRecasgance withoyetanother spesifi¢ prpodimentRf tgeeBrSFﬁi“ Yepdetht Theenper at ur e.

In accor d%?&c‘?rog\@ﬁﬁé‘cﬂﬂaé C) ha %cﬁ%’d@@ﬁ\?@&if@%% WeBR40Rhes FRR&MpleCa
enbodi ment™ 0 e present I'nvention, the etching plasma reactor nmay be
turned ofikattoembddded fnothe thveckt reapermaistsrof atfstcheater comperteneton hpatigrthe st eps.

ﬁ]ellg géoagf@é\’\%%&%ﬂﬁ f@mgg%ﬁ ngleé/onﬁrh%gtgrs cso%(ljpgn%rrlt fr ﬁeea?%g%é) ggtéropdort%n time at
of the chuck. At 416, different setpoint temperatures may be set. The different setpoint
temperatures may comprise a first inner and outer setpoint temperatures and a second
inner and outer temperatures. At 418, a wafer to be etched is placed on the ESC. At
420, the temperature of the inner portion of the chuck is set to the first inner setpoint
temperature and the temperature of the outer portion of the chuck is heated to the first
outer setpoint temperature. At 422, the wafer is processed for a first period of time at the
first inner and outer setpoint temperature. At 424, the temperature of the inner portion of
the chuck is then modified to the second inner setpoint temperature and the temperature
of the outer portion of the chuck is then modified to the second outer setpoint
temperature. At 426, the wafer is then processed for a second time period at the second

inner and outer setpoint temperature.

[0037] The above process may be generalized to using several different inner and
outer setpoint temperatures to manipulate the temperature of the chuck and the wafer,
resulting in more than one temperature profile. The temperature of the chuck may thus

increase or decrease according to the different inner and outer setpoint temperatures.
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[ 0035] The above process may be generalized to using several different
setpoint tenperatures to manipulate the tenperature of the chuck and the
waf er, rewolosiosgy2i n nore than one tenperature profile. TiR€TiESopex1at ure of
the chuck may thus increase or decrease according to the setpoint
tenperatures. [0036] FIG 4Cis a flow diagramillustrating a nmethod for
etching a wafer in accordance with yet another specific enbodi nent of the
present invention. The Electrostatic Chuck (ESC) may be divided into

differ ent[c())i)@gr mal  ZeRes.iq E%gagﬁ)&?‘Wérﬁpe{%tpré@ﬁhﬁ%%gggsgiﬁgaﬁaghiﬁQUCk may

consi sts first heater nponent heat I nner portion of the
chuck, angtoeess @candrdaeet with onerendivtenitmdithedof g fresenomventiqporfhion  of the
chuck. At 416, different setpoint tenperatures may be set. The different
Set poi nt. CEEIRRAETA RN REAIEI O8NS G thch U b e ARe B g P EE bt
tenperat ug, a?tﬁ'lgllﬁ' S&£8B%he & tafds Qetr&dsed BHREY b Yichig Rbccdd® a wafer to
be etched ?s?p acec? on theeES ' ?At 220, tsﬁe terrperaturegpg‘? the i nner
portion oihctehse thbpokilé musdingaba trhechfhatom. | Using a senaplsiERC, theehyekat ure and

the tenperature of the.outer porti of the chuck is h t first
out er settﬁB}pﬁ’Eat‘{rEHbé‘?tﬁthﬁ?tE‘.g ZRfes ?‘P?ehrémWﬁﬁ 8911;}‘@ ¥P aégtglé@gfa osgjggé]‘?ri r st
period of qlal fRgAlterhit@atufd. e ekdhive prabéts Statted wittaptnteniperaere alidnr @ver At 424,
the tenperature of the inner portion of the chuck is then nodified to the

sfecoRd i nseaies obsters, e terapgraiues ofrthe ahnskihincremppea rdsprpedantil g dssifesh porti on
of the ch IS th L. \ ! . . At
226, "t ho Shraset & TERRER reriBtlifoh BireREORI B4 £l SESRELIIn SRR & 4T C

i nner andcawtgionabtrahnh atveilgreoatentionally0aahed. Theombmny FIGr 68 ésscrosyy be
generalized to using several different inner and er set poi nt

: ou
t enper at ufesHoRad diagriny of atrenchrp apwaiprestehed i acrordanse W Oke SR he waf er,
resul ti NG hBoIRE: c;ft?ﬁ@grggl;%ﬂn‘g%r@t ure profile. The tenperature of the

chuck may rbﬁus I ncrease or decrease according to the different inner and
outer setpoint tenperatures. 12 WO 03/085721 PCT/US03/09153 [0038] FIG 5

accor dantWORL b oneTGHBEHTY InVERBTGTRERE A € e ot BOAEC rvEneRgr A" "
bottom by changing the temperature of an Electrostatic Chuck (ESC) during trench
etching. Using a' tunable ESC, the chuck temperature in both heating zones could be
ramped equally or separately to a single or dual target temperature. Achieving desired
STI profile or bottom rounding can sometimes be difficult. Secondly each customers
wafer have a different exposed area which prevents the transfer of a successful STI
and/or profile rounding recipe from one wafer type to another. Previous bottom-
rounding recipes have limited success and sometimes create profile discontinuities. Also
these past bottom-rounding recipes could not perform profile rounding. Profile rounding
is where the trench begins to round (curve inward) well before the trench bottom. A
successful profile rounding will have a smooth transition from top (straight profile
section) to bottom showing constant increasing curvature with no profile discontinuities

or corners at the trench bottom.

[0040] In accordance with one specific embodiment of the present invention, the
presently disclosed process may also be implemented using a tunable ESC etching
apparatus. With most all STI chemistries, reducing the chuck temperature increases the
profile taper on both dense an iso-trenches. Lower temperatures increase the surface-

sticking coefficient, which increases sidewall redeposition. Ramping the chuck
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exanple illustrates the tenperature change of the chuck during an etching
process. In this particular scenario, the tenperature is decreased during
t he etchiwiQopogioess to increase the profile rounding at acrmsnxépibottom
Using a tunable ESC, the chuck tenperature in both heating zones could be
ranped equally or separately to a single or dual target tenperature. The
etching process started with a high tenperature then over a series of
steps, the tenperature of the chuck is increnmentally dropped until the
desired Tl d [ rodel [ S a
Cross-sec %nﬁpﬁéﬁg%i}bgé& a({r%%%gg%qc}égﬁseeérsltd{%% Sﬂ]%rogzgﬁﬂlFﬁggﬁ%?lgéﬁ%agééﬂr?ti onal |y
et ched. | profR@tapasdurinkglthz tréf3hieschebyccomsianosboinceasihg tieaideamllatdepositiemch in a
waf er etched in accordance with one specific ti:nbodi nt of th resent

i nvent i onThe oango P! tempepitegdised May ¥ARY; SRSIAbe %%‘é’&“{%o? (s é’&gfi’egr ofile

roundi ng g-éfic?ié é}rﬁ%ﬂp@gﬂt%@%ﬁ RRBH AN tHeEn d&PSC Rdif BsPlINthe inner

El ectrost ing trench etching. Using a tunable ESC, the
chuck t enped attar @mparaboe kotes af thegESO tele raoped insiependanipeat diffesnt y or

separately to a single or dual target t er at.ur e. Levin sired STI
profile o}/e“bﬁﬁr‘itﬁ’fﬁ F%%fﬁ‘aﬁtﬁggbrﬁi’f"%%ﬁgfr rgtglgt«g "%ﬁf?rf%déﬁﬁ%&héggé)ga%g?éeach

cust omer s ynignfify, ME@ Rl frbaleaRtweidaneshridre & Ay hn@ddyembaifiihg ter ansf er
of a successful "STI and/or profile rounding recipe fromone wafer type to

anot her. BS@vewmperayee-t om roundi ng reci pes have |inited success and
sonmetines create profile discontinuities. Also these past bottomrounding
reci pes could not performprofile rounding. Profile rounding is where the
trench begapgaa]t o rolngtcoedanvewith wastyr asbddiheftof enetpresent mivedtidmotieom A
successful profile rounding will have a snpoth transition_ fromtop

(st rai ght ppsetiingentigr adewhyontrsl BB@‘P(BFﬁfgﬁg%i’%ga‘@cﬂﬁ’é’f%?ﬁ‘St? ﬂ%‘?‘@é@‘f"'ﬂg curvature

with no p%9$ic%>ﬁdlﬁko§cf9£ﬁﬂegwr%ﬁ§ﬁ%g g?nzﬁﬁﬁ @Sftiéol%tf shbiErate’ (EMpEraRRE HXMg d 240] I'n

accordance W one specl ment of the present Invention, t
present | y etbhgebaessng pff matesslsniiyie alafw ténepdratpiearvatrvbdhaisirfage seactionsbl e ESC
etching apparatus. With nost all

ST| chem stri.es . reducing the chuck

t enper at uPECYrHpE é%g’&mlﬂf@w%? fratyre a?%f?@l’ﬁf?ﬁ .ﬂﬂfo‘%lllﬁtsug‘@ﬂ? S%ﬁ‘f.lq%éqi)qn@rt@%c hes.
Lover tenggk: P{hﬁ%béd?gﬁ&ﬁééofﬂﬁ%n SHahAERstics bf hiéisiEfaceapbtics iagdthe rakdioth
i ncreases sidewal | redeposition. Ranping the chuck '

chemical reactions on the surface. Through these mechanisms the microscopic

dimensions of the feature can be tuned during a single process step by varying the wafer

temperature. Oxide profile characteristics that can be tuned using temperature include

bow and striations and oxide etch rate. Photoresist profile characteristics that can be

tuned include resist faceting and deposition uniformity.

[0042] Examples of relevant applications include high aspect ratio contact
(HARC) etch and self aligned contact (SAC) etch. The present invention may be
implemented using for example both traditional 248 nm resist and new 193 nm resist,
which is more sensitive to etch chemistries and therefore more likely to allow the ‘
formation of striations. For optimal profile control and minimization if incomplete etch,
the HARC etch may need high temperature during the first part of an etch process and
low temperature during the second part. The high temperature serves to eliminate bow
and striations in the HARC etch by increasing polymer mobility on the surface of the
wafer. The SAC etch requires the opposite temperature scheme with low temperature
during the first part of the etch for high oxide etch rates and high temperature during the

second for optimal silicon nitride selectivity.
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13 WO 03/085721 PCT/ US03/09153 tenperature down during trench process
(i.e. plasma on) will continuously increase the profile taper during the
trench etwbobgpsont i nuously increasing the sidewall redep®€irttisosn915ihe
range of tenperature used may vary considerably. In accordance wi th anot her
speci fic enbodi nent of the present invention, the tunable ESC may al so
allow the inner and outer tenperature zones of the ESC to be ranped

i ndependently at different tenperatures to adjust and inprove wafer center

to waf er @ﬁggj dept &J]ﬁuﬁfatigfég[l%)&?es, HRIESRSWENE Ys an'@@nip bCNMBihelifhe as wel |

as the corners is also roun modi fying the ESC'tenperature. [0041] In
accor danceontiollimganmnbeet pefibobly naerping tfic whler pmpsestereiduviag thegtchingprocgasesent

i nvention, allows .cqontrol, of t rofile (oxide and otoresi'st) of advanced
sem condu‘é‘tao‘iapf“éﬁi’ea?’ éguﬁlffgé’ﬂ@lﬁ?ﬁqﬁﬁnﬁﬁlﬁﬁ%&%}ﬁt ?85 2 @&B@?ﬁﬁ?‘is’?é%fejr ature
during dry,Gi-Gif 300@WeAlatFoldss ﬁﬁ‘és%ié@ﬂﬁ)mﬂhﬁy%fu@éd.t"ﬂ{m@faﬁgw BagfAowr ol s the
surface reactions occurring on the mcroscopic feature and regul ates the

di f f usi onbesvespH¥) sl @0sagmt he surface, the absorption/ desorption
characteristics of the surface species, and the rate of chem cal reactions
on the surface. Through these mechani sns the mcroscopic dinensions of the

feature Cpp4fE t uneHighuAipest Ratki OgltectpP(HARES: step by varying the wafer
tenperature. Oxide profile characteristics that can be tgled us'tﬁng
tenperature i ncl udeForRpiimahgrafile sontioh Ard mipimazatign obincpmpleteetctpribg or esi st

rofile chans .S 1 . - | - j [ and
8eposi ti oﬁ%ﬁ? {;tgfrF1 ?hér{ Qgéﬁgﬁ‘]‘t%@‘ rrg?rg%&?)[? %%@%ﬁigﬁfﬂ%g??%g{@gﬁ? 2%ﬂgcl ude
hi gh aspepiv eaipemtiodurng the(sbARG)past The high tempéraaire garecs toamnawize pSAC) et ch.
T e e AR e b ST vy 1 e
to etch Cagf@tﬁﬁc{/jxeécc%hﬁin%tﬁﬁﬁr &RInG BBRidnt bleYctivR spbdie THeQimd QiraRéd en of

striations. For optlma rofile Control and mnimzation if inconplete
etch, t héeHiRGempetaturaportiosdf Hiegitch mapbe lmgreaouglr thaie dapth gieatsr theathe of an

? 2 (r:’rg e P ;,? ﬁ&lz)%ima nd Bg\l)vgigptgﬁgﬁ.ﬁhgﬁ%rs ﬁggﬁr Jtr{’]lpistrga%hg(‘ie. Clgglrdexg E)}e', a I}qo?carl] h%kc

process chemistry used to etch 0.18 um features to a depth of 2.5 um, may be as follows:
50 mT/ 1200 (2)/ 1800 (27)/ 300 Ar/ 15 C4F8/ 8 02/ 0C LE/20 T He/270s

[0045] For many dielectric films, this process may create an undesired bow in the
profile about 5000A to 7000A below the top surface of the contact. To minimize the
bow, the etch may be carried out in two steps, one at high temperature and one at low
temperature. The high temperature could be achieved by lowering the He pressure and

then the two-step process may be as follows:

50 mT/ 1200 (2)/ 1800 (27)/ 300 Ar/ 15 C4F8/ 8 02/ 0C LE/10 T He/200s
50 mT/ 1200 (2)/ 1800 (27)/ 300 Ar/ 15 C4F8/ 8 02/ 0C LE/20 T He/70s

The second step of the process may run at lower temperature to avoid etch stop deep in
the contact hole. By raising the wafer temperature by 20°C, the bow has been reduced
from about 40% of the original contact dimension to less than 5% of the original contact

dimension.
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and striations in the HARC etch by increasing polyner nobility on the
surface of the wafer. The SAC etch requires the opposite tenperature
schemre wiwb oBoss7eenperature during the first part of thePeraisos/arshi gh
oxi de etch rates and high tenperature during the second for optinal
silicon nitride selectivity. 14 WO 03/085721 PCT/ US03/09153 [0043] For
illustration purposes, the following is an exanple of a nethod for

control li ng‘a contact profile by varying the wafer tenperature during the
etching p in i upl ed, dual frequency plasma etcher.
For 200 app |cat|§)€1}g8 tgbg\égd%Av(@r of 3000W and a process pressure of
50mT may be used. Tike $ ACaitchgaguinasythé bp;wsitdatm\mmurmmmﬁjofﬁbﬁl—@d&n [ 0044]

H gh Aspect Rati RC): For. o f| I and

mi ni mi zat F6M SBFC‘F??Sg’ %EO& é’f%’ﬁ a)nlrﬁéiun fﬁf CH‘?RCO %Clbgqrﬁ?éhoxd?ﬁ at hi gh
tenper at uggy, gigd d?la rﬁg}ﬁteﬁipel%fmr@aﬁﬁngfhetsé&natfgho@m%l sliRYh hRABE Ry dur i ng
the second part. The high tenperature serves to mnimze bow and

striati onihusmppHQeCH—IAm aslverttageyofi the fashthiahgjligan itrisle ctabiss plowgr grhighe surf ace
of the vv% nd/ or decreasing the sticking coefficient of reactive

speci es. HE’HWE duration of the high tenperature portion of the etch may
be I ong enough that a depth greater than the nmaxi mum bow depth (usually

| ess than 1 r% is reached. For exanple, a typical HARC process chemstry
used to el947D. 18 nOnreSAG rrecess Maydess OS2 5 m may be as fol | ows: 50 mi/
1200 (2)/ 1800 (27)/ 300 Ar/ 15 CAF8/ 8 02/ OC LE/20 T He/270s [0045] For
many dielectric films, this process nay create an undesired bow in the
profile about &OQTALIL00 (ZPAGOO KZ1)0300 Ae 16dPIFESUIL2 BCEL0GTLE/ Rl Hoht st . To

m nimze the bow, the etch may be carried out in tw steps, one at high
tenperature and one at |low tenperature. The high tenperature could be

achi eved werin REMivE Eho"tWAfe?t 88 Qé&ﬁ'ﬁ%i‘e nmay be
N LT el ?E%QQF%);M&E%%%E‘%?@Q%SO% R o esT o 65 G 10 T

He/ 200s  Sdeatility IR0 0cayes) ¢xidSRGidoes7)t thedgpton of the c@uag/hol:. dﬁlhe@@pQSEFeZO T
Hel 70s approach is used and the etch is carried out at lower temperatures, the oxide may be
completely etched, but the nitride selectivity may be poor. Using a two-step approach,

such as

60 mT/ 1500 (2)/ 1500 (27)/ 300 Ar/ 16 C4F6/ 12 02/ 0C LE/ 20 T He/ 50s
60 mT/ 1500 (2)/ 1500 (27)/ 300 Ar/ 16 C4F6/ 12 02/ 0C LE/ 8 T He/ 60s

the oxide residue will be completely etched and good nitride selectivity will be
maintained. If the entire wafer is etched at 20 Torr He, nitride selectivity is degraded by
a factor of three. The nitride etch rate is reduced by about 60% by using 30°C hotter

temperature during the second step of the etch.

[0049] There was no practice of changing the temperature from ARC open to
metal stack, for example, or to adjust the wafer temperature within a single chamber
from one lot to the next when the open area changes. Usually, dedicated chambers
operating at different temperatures were employed. It is impractical to use dedicated
chambers opefating at different temperatures for each layer in a stack because of
reduction in throughput and the concomitant increase in cost of ownership. But

changing temperature layer by layer enables the achievement of profiles and selectivity

16



The second step of the process may run at |ower tenperature to avoid etch
stop deep in the contact hole. By raising the wafer tenperature by 20C,

t he bow hae obegsTer educed from about 40% of the original eomusoes/odsrensi on
to less than 5% of the original contact dinension. 15 WO 03/085721

PCT/ US03/ 09153 [0046] Self-aligned contact (SAC): The SAC etch requires
the opposite tenperature schene of the HARC etch, specifically with | ow
tenperature during the first part of the etch for high oxide etch rates
and hi gh . j i sl J T gt

cel ect rvi 15 iy SAobHE Ve RYIRFMEr iRy R hafing S UM e
nitride effeiwash sngpeedtu@l thBisghicohdupemadnufzturp O flaneliGAC cppidess may be

foll : 60 ml/ 1500 / 1500 (27)/ 300 Ar/ .16 C4F6 .02/ LE/ 8 T
rer | 3109 Uiticaion i anrepiy adiisigr Jbkies pEWR LRI ErSpendhe BURTIon I at or
and good E%atdﬁ%)‘?‘g"“ ?a?rkrfggtgb gi)lte}{vialfi“ﬁewlﬂeﬁ‘é&ﬁné&)ﬁrgf‘eqﬁﬁ& %ﬁﬁmﬁéhiﬁé@%aﬁfb&t om of

the conta pposite approach is used and the etch is carried
out at | owsed foeapeopmiaresor fohanyootheehamge ibdhe dayigs layait yhas wonlsldeqiite t he

nitride selectiyity may be.poor,. . .Usi a two-step approach, such as 60 mr/
1500 (2)/ dedige Eﬁ%{?beé%woﬁ?ﬁg N ETRR pBergBPes s Ly 20 T Hel 50s 60 i/
1500 (2)/ 1500 (27)/ 300 Ar/ 16 CAF6/ 12 02/ OC LE/ 8 T He/ 60s the oxide

residue will be conpletely etched and good nitride selectivity will be
mai nt ai ned0030§ t he &Whila embediments §n‘é%mﬁ@§l%ﬁs of thigyventign hayepegrydhown

it ai ned®00 the o
*educed by BT ORbIE Bo:be afp B BRIt ER AT AR UEREL NI g

step of t hscRisGR-thitQRAS] mdreenalifiesionothan awhtioredaboeh aregiosgble Invdthoerper at ur e
from ARC open to netal stack, for exanple, .or to adéu t the wafer
t enper at urdePaHingframthe iygnEve-IPRRERS hereing rhhg drvengen (tRereioge. A9t \QABN t he

-open ar e, ¢HA0EkeptAUAL Lpfric G SRR LORRET S

17



operating at different tenperatures were enployed. It is inpractical to use
dedi cated chanbers operating at different tenperatures for each layer in a
st ack becw098/085721 r educti on in throughput and the concom Pamtusoneriense i n
cost of ownership. But changi ng* tenperature |ayer by |layer enables the
achi evement of profiles and selectivity 16 WD 03/085721 PCT/ US03/ 09153

that sinply cannot be achieved by any other neans. By not having to

dedi cate chanbers for each tenperature, the sem conductor manufacturer
gains flexibility in capital utilizgtiQRs@nd can rapidly adjust for

changi ng product mx through the fabrication. This |eads to cost savings
as pot ent Wadat i cletmved isTachi nes are required as all machines can be used for
any open area or for any other change in the device.layout that would
require Hedi cétf%“dﬁ%gﬁﬁ@gg‘%‘v Fh}i{gg‘t" it 8%%55?reﬁl?ﬁ§?lci‘t%%e§?°r[ 0050] Wil e
enbodi men k ¢&tH lafid b RBPHrataRe RANR réRetin SH @Mperaind

descri bed%é%utﬂn%o%k%g&g%ﬁ;?%ﬁkaﬁg those skilled in the aérst \r?;pvi ng the
benefit off thhmaferdthe cheskuindudingta heataycontioledrbyl p 1¢raparatyresCoNHahs Yis&Hti oned

above are sible without departin romfh i t.s herein.
The i nven?‘f)dg ?tetr]l’%efgfl{?rsgf‘solr gp?{gﬁvett%c%"éﬁed?tgéﬁ?ﬁ%gjlpgéﬁgégé%{&gﬂﬁgﬂetgspi rit of
t he appeng@hisih HeBmpdratuOORE OBkl a REIEELISE 3¢198ihb@mpelatlilyRhe Whaliod s
clainmed is: 1. A matﬁod for etching a wafer within an etch processor, the

et ch proceyspising:ncl udi ng a chuck for holding a wafer and a tenperature

Sensor reporti g‘eq?cgrr%% S rs@l?wn? ten?ﬁelrﬁtnr% a%fa%[aeontdg%@tlp%mt'% hglidi ng a heat er

controlled by a erature control system an e tenperature sensor
operativel y coptiag theowifeeod glpaneture control systemto naintain the

tenperature of the chuck at a se| ectaple setpoint temperature, the nethod
conpri sing: sefdidng thy temperatute of they “ﬁ? ¢ @ﬁ%é%&?ﬂ?@ma%pﬁr Bt set poi nt

tenperature, ramping the temperature of the chuck from said first setpoint temperature to said

second setpoint temperature while processing the wafer for a period of time.

2. The method of claim 1 wherein said first setpoint temperature is greater than said

second setpoint temperature.

3. The method of claim 1 wherein said first setpoint temperature is less than said

second setpoint temperature.

4. The method of claim 1 wherein said first setpoint ternperature includes a first

inner setpoint temperature and a first outer setpoint temperature.

5. The method of claim 1 wherein said second setpoint temperature includes a

second inner setpoint temperature and a second outer setpoint temperature.

6. ‘The method of claim 1 wherein said chuck comprises a plurality of thermal
zones.
7. The method of claim 4 wherein said ramping further comprises:

heating an inner portion of the wafer to said first inner setpoint temperature; and

heating an outer portion of the wafer to said first outer setpoint temperature.
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pl acing the wafer on the chuck; setting the tenperature of the chuck to
said first setpoint tenperature; and ranping the tenperature of the chuck
from sai dwDioB®8578et poi nt tenperature to said second set p@CEUSHEOHES at ur e
whi l e processing the wafer for a period of time. 2. The method of claiml
wherein said first setpoint tenperature is greater than said second
setpoint tenperature. 3. The nethod of claim1l wherein said first setpoint
tenperature is |l ess than said second setpoint tenperature. 4. The method
of claim1l wherein said first setpoint tenperature includes a first inner
setpoint tenperature and a first outer setpoint tenperature. 5. The nethod
of clai mg wheTks methat df slatmAdvisedipsaid rarhpinp durgten cempngdsudes a  second

i nner setpoint tenperature and secqnd outer setpoint.t erature. 6. The
met hod of cl ai fROINGAR AR\ER PRLCR O?Fﬂ?d’ka(%&fo‘ﬁﬁﬁlidsfrér%t 1gn |Sﬁ‘rP81'1t?‘§r}PQ§F§PWeP%l

zones. 7. The %ﬁiggqnfahte‘fgf&iﬁt%h%f%%ﬁéﬂo%aiid@irgn?dméﬁegpwﬁké?ﬁ;ser&@fa?ri ses:

heating an i nner rtion e wafer to said first inner setpoint

tenperature; and heating an outer portion of the wafer to said first outer

setpoint tenperature. .18 WO 5721 PCT/US03/09153 8. The nethod of
claim4 wherei ﬁﬁes@?@oflQﬁﬁﬁa%q%ﬁ%ﬁﬁ)m@g%g‘i ses: cooling an inner portion of

the wafer to s@inollidgSd profiest aSeAfBON I sdie sgledtaigsarl firsNtpotnatmpgaare out er
portion of the wafer to said first outer setpoint tenperature. 9. The
met hod of angl saidhsecorid sefprant teMRPRIUES- ng: controlling a profile of a wafer with
said selecting said first setpoint tenperature and said second setpoint
tenperature. 10. The nethod of claim 1l further conprising: controlling a
taper of g.treTRimethotilog clagth @rfumhdritomptidingel ecting said first setpoint
tenperature and said second setpoi nt tenperature i .

controlling a taper of a trench in the wafer with said selecting said first setpoint

temperature and said second setpoint temperature.

11.  The method of claim 1 further comprising:
controlling a rounding of a top and bottom trench of a wafer with said selecting

said first setpoint temperature and said second setpoint temperature.

12.  The method of claim 1 further comprising:

controlling a bow of a trench in the wafer with said selecting said first setpoint

temperature and said second setpoint temperature.

13.  The method of claim 1 further comprising;:
controlling a striation of a trench in the wafer with said selecting said first

setpoint temperature and said second setpoint temperature.

14.  The method of claim 1 further comprising:
controlling a facet of a trench in the wafer with said selecting said first setpoint

temperature and said second setpoint temperature.
15.  The method of claim 1 further comprising:

controlling a critical dimension of the wafer with said selecting said first setpoint

temperature and said second setpoint temperature.
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11. The method of claim 1l further conprising: controlling a rounding of a
top and bottomtrench of a wafer with said selecting said first setpoint

t emrper at uwe mes73ai d second setpoint tenperature. 12. The paatusosionass cl ai m 1
further conprising: controlling a bow of a trench in the wafer with said
selecting said first setpoint tenperature and said second setpoint
tenperature. 13. The nethod of claiml1l further conprising: controlling a
striation of a trench in the wafer with said selecting said first setpoint
tenperature and said second setpoint tenperature. 14. The method of claiml
further conprising: controlling a facet of a trench in the wafer with said
sel ecti ngl&ai dAfmetbdd Eetephingta wafenpéehst anrachaprdcesadrdthsetadrpiosassoi nt
tenperature, 15. The th of clLaim/1 further conprising. contraolling a
or1 s oal bk ok oo dag b oSt ol 8P Rte g S ¢ FEfeLinst o

t enper at upehaRfrSaind cRRKANSudink RMeher ESHIRAEAbY hRempdlatiée &53BBS L%,

PCT/ US03/ 09153 16. A nethod for etching a water wwthin an etch processor,

the etch mrdibessuperatireciensdir aperati vy ekurlest toribe wimpgraurggpeirolsyefer tPenper at ur e
sensor reporti.n te rature . of the fer, th ck .jnc ] heat er
controll e awala%l‘%%ﬁﬁ‘ﬁ%ﬁﬁ? 8“@88??%‘12{[3951\?%%1 ¢ S%tﬁ?aﬁ‘% %2’![] Qegar#ﬁllegf g‘t‘g Sllrlégg%cgnsor

operati ve&&ngﬁy@%ed to the tenperature control systemto nmintain the
tenperature of the chuck at a sel ectable setpoint tenperature, the nethod
conpri sing: sebadeating@ fystfseipoint SEMRSEAHES: t enper ature; sel ecting a second

emperat ure of “raraaeefriSeRRint HPEE 00, 1% onperatur e:  brocessi ng the
waf er for a fi phtingelid wafeobn thervhuelt; sai d first setpoint tenperature;

setting the temperature of the wafer to the first setpoint temperature;

processing the wafer for a first period of time at said first setpoint temperature;

changing the temperature of the wafer to the second setpoint temperature; and

processing the wafer for a second period of time at said second setpoint

temperature.

17.  The method of claim 16 further comprising:

allowing the wafer to cool down between said processing.

18.  The method of claim 16 further comprising:

allowing the wafer to heat between said processing.

19.  The method of claim 16 wherein said first setpoint temperature is less than said

second setpoint temperature.

20. The method of claim 16 wherein said first setpoint temperature is greater than

said second setpoint temperature.

21.  The method of claim 16 wherein said first setpoint temperature includes a first

inner setpoint temperature and a first outer setpoint temperature.
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changing the tenperature of the wafer to the second setpoint tenperature;
and processing the wafer for a second period of tinme at said second

set poi nt werp@szeure. 17. The method of claim 16 further PConsod/eding:
allowing the wafer to cool down between said processing. 18. The nethod of
claim 16 further conprising: allowng the wafer to heat between said
processing. 19. The nethod of claim 16 wherein said first setpoint
tenperature is less than said second setpoint tenperature. 20. The net hod

of claim wh i i . ] St [N ggm I L SerAhRahandihan  said
second se#gbinﬁﬁggﬁﬁggg dé%ﬁl 1ﬁﬁ#ﬁgs%gﬁho g?&% é?ﬁ#@% mﬁgreinssaid first
set poi nt k&opalimicds&poincietpesmnae tnd stecondneter sepgini tatnptanper at ure and a

first outer setpoint tenperature. 20 WD 03/085721 PCT/ US03/09153 22. The

met hod of claim 16 wherein said second setpoint tenperature includes a

second inper S%g%e@ﬁodt&@a%aféweraﬂqaﬁ RBOPASI LS, pRELIRYIoN thek@BPer at ur e.

23. The nmethod of claim 16 wherein said chuck conprises a plurality of
thermal 2zomms. 24. The nethod of claim 21 wherein said setting further
conprises: setting an inner portion of the wafer to said first inner
setpoint tenperature; and setting an outer portion of the wafer to said

first outen setrpeimthddesMesiAM 2N Bherdin sailliettimpiieitbrebmplisdsm 16 furt her

conprising: controlling a profile of a wafer with said selecting said first
set poi nt t enpesetting an inpgtpertiod of e oraferda spidifinst inrarsetpaing eanpepgureid met hod

of claim 16 further conprisi.ng: I [ t I . in the
wafer wth sai aetE% aep F%ﬁpérgf)g 0¥ ﬁ;@g{af%é 5%?5?“ ot%gér?ng%@é{nﬁgetéﬁ%%&se aid second
set poi nt tenperature.
25.  The method of claim 16 further comprising:
controlling a profile of a wafer with said selecting said first setpoint temperature

and said second setpoint temperature.

26.  The method of claim 16 further comprising:
controlling a taper of a trench in the wafer with said selecting said first setpoint

temperature and said second setpoint temperature.

27.  The method of claim 16 further comprising:
controlling a bow of a trench in the wafer with said selecting said first setpoint

temperature and said second setpoint temperature.
28.  The method of claim 16 further comprising:
controlling a striation of a trench in the wafer with said selecting said first
setpoint temperature and said second setpoint temperature.
29.  The method of claim 16 further comprising:
controlling a facet of a trench in the wafer with said selecting said first setpoint '

temperature and said second setpoint temperature.

30.  The method of claim 16 further comprising:
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27. The nethod of claim 16 further conprising: controlling a bow of a
trench in the wafer with said selecting said first setpoint tenperature
and sai d wemoss7set poi nt tenperature. 28. The nethod of clpairmsasofies t her
conprising: controlling a striation of a trench in the wafer with said
selecting said first setpoint tenperature and said second set point
tenperature. 29. The nethod of claim 16 further conprising: controlling a
facet of a trench in the wafer with said selecting said first setpoint
tenperature ang, 53| ' W Sid 3ectiBRaREIAgRinic! ai m
16 further con%@?%&sﬂe&gf%glv%ﬁ%gﬁgggggh%%%gg%}%g153 Econt roll i#r?g a-
critical empersuronndfaid kezondbepoini tetmpsmitwiesel ecting said first setpoint
tenperature and said second setpoint tenperature. 31. A nethod for etching
a wafer conprising: selecting a first setpoint tenperature and a second
set poi nt {enpenghithéd for BRhFgNOwaeredBpristgdi nst a top face of a chuck during
processi ng; configuring saig top face into a plurality of zones into which
zone cool ant gsedectiag a firsteeipaing fegnpeRtuisandasacandsepoit fRRETHRE: an under si de
of the workpiece;. adm tting. a cpoldn o] ol pective zones; and
controlling thﬁﬁg §§sW%rsag%¥ns%%ﬁ) fl%%eg?fgd?ﬁ%uﬁlééggﬁ 1 é%%lp’ in the respective
zones so as teonEiRntih@kaid b faediper aplurgity of sdieslidto Mitchs@hpoodlhnttgaspar at ur e
for a first period of tinme, and to said second setpoint tenperature for a
second peflpwdloang and batwese thedep sagedndan spdergids phife Y BERIES ng. 22

admitting a cooling gas into the respective zones; and

controlling the pressures of zone coolant gas separately in the respective zones so
as to control the temperature to said first setpoint temperature for a first period of time,
and to said second setpoint temperature for a second period of time, across said wafer

during processing.
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