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CROSS- REFRiEINUESy21 0001] The present application clains th@cq%ggmgtlspf U. S.
Provi sional Patent Application Serial No. 60/369,773, filed April 2, 2002
in the nane of inventors Tom Kanp, R chard A CGottscho, Steve Lee, Chris
Lee, Yoko Yanmaguchi, Vahid Vahedi, Aaron Eppler, commonly assigned
herewith. FIELD OF THE | NVENTI ON [0002] The present invention relates to

sem conduct or manuf act uri ng. Xl t he present invention
relates to plasma etching and ND OF THE | NVENTI ON
[ 0003] In manufacturing integrated ci rcwts, sem conduct or wafers may be

conpletely coated with one or nore Iaﬁers of materials such as silicon
dioxide, silicon nitride, or alF&fHF IYNENIA@ANted material is then

sel ectivel by
ctcni ng « AREIBLE LERFR PR PROCESSIS LORTBNEE I RCRROSINRICT |
onto the sem conductor surface. For €HANgKe, circular holes or grooves may
be nmade where trench capacitors are to be formed. Most integrated circuit
etching renoves material in selected regions only and is carried out using
a series of related processingcRbBRSREFERBCEE sem conductor wafer is
coated with an adherent and etch-resistant photoresist. The photoresist is
then sel efd001¢ly r er’fdw @cestms application cldoss the hengfiiof &5 Prévisional Fatest t hen

i ed oyt f t h der | vi. ial. Th
ohot or s erliEionannE N BRELT: BRSP A draR Rt & BrensR A8 Gooa)
Possi bl e RS Radhaf ANGBEschb S el WeChENERE, Gtko YanR@hEC eI Gahedipl asma

Aaron Eppler, commonly assigned herewith.

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




etching, reactive ion etching, ion beammlling, sputtering, ai‘@ctoberzoos
hi gh-tenperature vapor etching. Plasma etching is now conmonly used in

fi ne- geon®O ¢3/@pHii cati ons such as the 1 2 Cctober 2006 PP EI40K3721
PCTI US03/ 09153 fabrication of sem conductor nenory devices. As the

I ntegration density of sem conductor integrated circuits increases, it wll
be desirable to inprove the controllability of such etching processes for
form ng specific shapes of etched features such as deep trenches, contact
hol es, and.openi n on a,sem conductor wafer. .BRl EE SCRI PTI ON OF THE

| NVENTI O\Ig"[b&gﬁ%ﬁn ‘%f?cg‘f"@ﬂd'b(g%rc@%@%y %Hwe%t‘%ﬁ{hﬁdn 5 ?%DFF[erTSWIO des a chuck for
hol di ng_t bémick@duetor aitelgratet RB@EsAhteBes SNSON bd ®BR4EBIE RYindrbepgr at ure of the
waf er. The chuck includes a heater controlled by a tenperature control
system Thentralspidifneligueh sehingrprocgsses ferformping rsgecﬁymﬁﬂag@s afgtahiad faagierer at ur e
control s ' i r a selectable
set poi nt %hpeagrdg?pu@(;ﬂgéf ?’F‘é@%’%@ﬂ%ﬁr@%@%@i %%Jﬁgorg&%g{;og v'gaté%bnd set poi nt
tenperature are selected. The wafer is placed on the chuck-and set to the

first setpoint tenperatur The wafer i hen sed for a first period
of time at the first séﬁ@%@mg%jﬁmma%cond period of tine
at the seqgypd) Set PORierdh @e,rs%r%;eetclﬁ%] {afdERfcilded h Shu&@rof hbid NGS

[ 0006] The actonpanyl ng draw ngs, whic

are | ncorporate I nto nd
const i t ut wager apda tenaferathiessensoe cdpoitingty temperatureis tha wafeyndhe chumkriecludes

enbodi nment f th resent inventio an together with the.detailed
descri pti 8ﬁ?a grequﬁofﬁ%%fegfpﬁrﬁwg CB&M@Y%FIE'S%gﬁﬁfmﬂcﬁﬁprgﬁﬁ?ﬁoéf% ons of the

i nvent i onepdrAPRTY cduplddhe tish emipBafiire Edrfzol $ystetn B Rhia€Hn dl!eQﬁﬁ?éﬂtﬁfe dhet chi ng
apparatus used to carry out the etching nmethod according to one specific

enbodi men¢hugk af meelegtahle pPQIRLIEMPPIBALre. FA Erst 3etpsink teammpsenugiaad rarscdf an
et chi ng a?e?ﬁ&iﬁttt%péﬁﬁl% 52 sCRERY. PHE whidfis placed on the chuck and set to the first

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 the 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 2 method for etching a wafer in

accordance with one specific embodiment of the present invention.



etching nethod according to another specific enbodi nent of th
invention. FIG 3 is a block diagramof a chuck used to carryezogc(iﬁﬁ%tzoos
et chi ng nmtdwessi;n accordance with one specific enbodi nentpcafydohgols esent
invention. FIG 4A is a flow diagramillustrating a method for etching a
wafer in accordance with one specific enbodi nent of the present invention.
2 2 Cctober 2006 WD 03/085721 PCT/ US03/09153 FIG 4B is a flow diagram
illustrating a nethod for etching a wafer in accordance wth another

opectite enhod e s 405, PHRSHIbAYFBNARR: « e S et h 0 o

illustrating a nethod f or nce %t anot her

speci fi ¢ esrberdantervittoinothee spcefiedihbddimentiof @t prédeft inberitfona gr aph of a
tenperature change of a wafer during an etching process in accordance with

one specific enbodi nrent of the present invention. FIG 6Ais a

cross-sectional _di aggrmyeh AnGeMEh lralfEDRR0R BalERE dartigf o7 - FI G

6B i.s a cross-sectional diagramo trenc na wafer etched In

accor danceacvorthneenvetls e andther spatific embadimeht ¢fithe preesé imventiorent i on. DETAI LED
DESCRI PTI ON [ 0008] Enbodi nents of the present invention are described
herein in the context of variable tenperature processes for tunable

el ectrostatic chuck.FiGnesea gapRbeii Rpérablit Changedf b R duritg lah efcBflg ze that
the follow ng detail ed description of the present invention is

i |1 ust r at ipreceshinacgerdancs witht onerspetitie dmbodimsni of theipreseny invieptien.ng. Ot her
enbodi ments of the present invention will readily suggest thenselves to
such skilled persons having the benefit of this disclosure. Reference wll

now be nmade in det aiRIGt 6A i PLoeBsEcabra) Biagtim of Heorverdanl trenvhdn ah efthed
illustrated in the acconpanyi ng drawi ngs. The sanme reference indicators
will be us¥e% hroughout the drawings and the foll owing detailed description
to

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




fer toth ik ts. [0009] In the int t of clagi I
refer to the same or like parts. [ ] Inthe interest o CZ#?‘%?%@P%%%

of the routine features of the inplenentations described her

and descr muees/iosst2twi ||, of course, be appreciated that irpdiigsesgmgs opment
of any such actual inplenentation, nunerous inplenentation-specific

deci sions nust be nade in order to achieve the developer's specific goals,
such as conpliance with application- and business-related constraints, and
t hat these speC|fic goals will vary from one inplenentation to another and

fromone 3,2 Oct 03/0 721 PCTI U 3 velo

another . Nvelgbio Shotey Ronllveg i VT PEpRaa e Bl S h 2 s PBEREREer 1 or
m ght be apigat wcoa;ﬁpie;& AMPRHAOBSNIIEE, bBtkowa uketriheless bdetRsine laﬁdeatakﬁ.gtl ne
undert akin of engi neeri for those of ordinary skill in the art having
t he benefi eagmefmng fey @ewgf ‘é‘"aTY[Sdell@]thqth&é’ﬁdﬁﬁ%ﬁfﬁfﬁ@ﬁélﬁ@l@ﬁ@ﬁ ng, it
Is prevalent to enploy stacks of -thin filns. For exanple, a typical
transi stor gate stack used for DRAM fabrication may consist of. Si /gate
oxi de/ pol JO@®Q]si | i ciloledrhizoniducts idahRlactuningy ieisgirévabind €0 ¢raploy stackd dfithin\Gi .

ARC can b ,or i c or, inor i ¢ (Si ONX) nd rd-mask can be an oxide,
i de, - B OR RemPlges GPI) rangiingate SRS GG PR EORRAOB gt o
diel ectri %ﬁﬁé%f%l/ AM&T@fScﬁy-SW@ﬁ]Hdéﬂ%d fﬁﬁﬁ&RR@aivﬁel‘é'sﬁi&@él%'t 1&'&11 ht be

Si02, nitridized SIQ2, or any one of many new so-called high- terials
such as HW3ix, ZROXanbe orgrpl3r inorgain (SiOA6B9nd hardigasksambroan pmdasretre:le,

phot or esi st ma e | yer.
Sonet i nes Otrﬁeyliﬁ'éel‘)% g"%ti’ers 3g]g\/\h%"(—ﬁgh t Bﬁeélpﬁg{edg %QEC@QPYd%m&ng a
phot or esi Shask?eE, wleite g&e u&:lc&trﬁ@m@t eSB! nibddixe Sidh] gy ofe bhwagy st acks
for gate definition alone. Simlarly |arge var| ations are found in

defini ng tewmerfalded highiksnatarials suchas SHQacLrOs o Al eIr“dB‘i'ﬂifé@@"?soﬁl%md in
def i ni ng %91 'S u@gﬁﬂdt&%m%%aékrmﬁiﬁpﬁ%??ﬁ AR toC(Bﬁtdpaaf?Ehet fher.

[0011] In etching such conplex stac I's Thportant "to”etc na erials
Sometimes the ARC layer is removed when the hard mask is defined using a photoresist

mask. There is a large number of variations on these stacks for gate definition alone.
Similarly large variations are found in defining trenches for isolation, 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 v;fhcre 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 vaﬁaﬁon within chip is the line density: some regions

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



selectively and to maintain tightly prescribed profiles or sh
t hroughout the stack. For exanple, in gate etching, it is ty§?§§¥°P%F2?%%
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 shall ow
trench etching, the trench side-wall angle nust be carefully controlled.
The trench side-wall angle could typically differ fromvertical by as much
as 10-15 degrees. Mreover, in shallow trench etching, the shape of the
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n- doped poly-Si is used and other regions where p-doped poly-Si is used.
In such cases, it is inportant to maintain constant etch rate and profile

for both [gomgs of %?%ﬂing%i?ﬂ_'fﬂns f&%@ﬁ%ﬁdﬂtg&i c?e%’é%rfalyi‘iictaﬂ.gﬁ, it icgfnh‘?bnt he l'ine
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variations in area of the masking material - be it hard or soft mask. Such
vari at i on§ompenspte fpnchangesrinopemared by peengingrecipé pametenpachiaethesuch as

profile ag&]nﬁ'siﬁ&e&etﬁ%gé/si E&faltfﬂ)wﬂgeega%)i“pa? Jat erial, and within wafer
uniformty. ? IS CO n"'to conpensate Tof changes in open area by
changi ng reci pe paranmeters such as the conposition of the gas, total flow
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Similarly, 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 have 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 accqrdanée with one specific embodiment of the present

invention.




dependenci es can be conpensated by changi ng the overall wafer erat
In accordance with one specific enbodi nent of the present inv%gﬁ%ﬁ?rgb&s
met hod fowoeuessral | ing a profile of a wafer is by varyi ngedbesisRbas
tenperature step-by-step during the etching of conplex stacks to optim ze
profile, critical dinension, and selectivity. To nake such tenperature
variation practical, a fast-response wafer substrate hol der, for exanple,
an electrostatic chuck, may be used to avoid degradation of overall

t hr oughput N accoga ' di,xen re not be
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t o anot heretohihg medsdlatcording te ona dpatificlkanetinient dhwhe pafsent ihespionaThg e can be

control |l ed, by any. neans used to, change, tenperature within a short tine
scal e rel a‘ppéﬁ‘t?‘%‘“Hﬁ%‘véky&?“?kﬁr@!asﬁégcgmﬁ%mi D0gpa hepsed in thedIrecgraing essur e
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Another is to have heaters in the ESC itself and actively co%tro Ehe

t enper at ursystem tiddncluddserplaimareadior HPdtaving a flasangrhaodss 10F thetein. t &nper at ur e
control of the wafer is explained j detail bel ow FI.G and 2
st r at e pes gD ospr icnpt g8 abd Blasacher atolt 1 1 he

et chi ng pregResvdlN caRfN b TTPRWIrk 216 RRTA bia§ peNSIQAdpPRN 294 f1deRBinRr esent
invention. 0 5 2 Cctober 2006 V\@Op%g/085721 P /usos;’ 153 [0014] BFIG 1

i s a bl ockheiPkgna aregted avithin plasmechaser A04is used to carry out the ~etching
met hod according to one specific enbodi nent of the present invention. The
i llustrated inductively coupled plasnma etching system 100 may be used in
the proced80H§y and TeIFCRpdwartontrolie 106 o¢tsl v séiquoim o DEB powlissuppgUqDi vel y

coupl ed pl as rocessjng ,system 10 ncl udes | asma reactor 102 havi ng
a pl asma &ﬁﬁﬁg‘é‘% mpp'y@rr@pw_fﬁqgue@cry bé‘ﬁﬂ%‘r F@B@Bﬁ@%@%h pe@ork thtrol | er
106 and atahq&:paawpr16qeeﬁtéaoﬁéaﬁfﬂa§19§charn@ée?ge&.' X8IRF eaRpaeht WindGH 1R8YET
supply 110 and a bias power supply 112 influencing

typically provided to separate TCP coil 116 from plasma chamber 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, bcihg

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.




the plasma created within plasma chanber 104. [0015] The TCP p I

cont IrOoI |l er 106 sets a set Boi nt for TCP power supply 110 conffgfﬁgghe'fgoos
supply a weRibmossraquency (RF) signal, tuned by a TCP mat chpgigbsglokis314, to
a TCP coil 116 | ocated near plasma chanber 104. An RF transparent w ndow
118 is typically provided to separate TCP coil 116 from pl asma chanber 104
while allowng energy to pass fromTCP coil 116 to plasma chanber 104.
[0016] The bias-power controller 108 sets a set point for bias power supply

112 confi dto ]‘gﬁ i .hy. i h. network 120,
to an el eé?hrio e 122%‘;‘?1%%%? g w%ﬁ?ﬂ%{u Rse&ag%]gtghr%gg }sgaacgfeggd E%%Q e ing a

di rect cusulsntte(1D8)to bordzedagas vempdacts (gakena) hdderwhaceini Thaerping@rdcasy ecei ve a
substrate 124, such as a sem -conduct or fer, bei n_ghqﬁéocessed. [0017] A

gas suppl YA &MhEh thegasesgre convsyeding plasma chambst 19fhs ROVEcliypledr s
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required for the .manufacturi'ng process to the interio react or
104. An explinesed bpaeledtoddgd 1228nd nmed be biag amtchnuttworkel 20aindicas|add@ bimtoher from

wi thin pl C er 104.. Pressure jn_ the.plas hanber 104 i

mai nt ai neg&%?faﬁgﬁggo 8°‘E]tFﬂL}6kfet‘i5'&e°63'F W,de_flﬁfg,y ngl‘?'éﬁorg?ar nt %éﬁéﬁﬁqafﬁfz[‘;y pe.
[0018] A DaFpg e dtElfing prces| iheiplakBd réRRtdheintcallPeyithai® Slrfice o sittfstrhi@e chuck
122 by egul ating the power to heaters 136 within the chuck 122 using the

;
heat er powé? tasigEPVG matesl nqtrovend by aphpiosssistiye gRsk-he heaters are di scussed
further below. FIG 1 illustrates a closed-|oop feedback-control control
systemfor the heater. 6 2 Cctober 2006 WD 03/085721 PCT/ US03/ 09153 [ 0019]
I n pl asma[M28hber 1Dnhut parhsictest mck beplasiga teactat botkivascrdyf faxgandntg substrate

104 to ionized gas conpounds (plasm) under vacuum The etching process
starts m&ﬂpqwgﬁﬂbégsr}g"r Iéw&‘?f‘ﬁ\%'gy Zﬁe i P’b“tﬁ?é%tﬁa ﬁ%%ﬁ?’f » B3 POVEIa 83F power
del i ver edpressure, gas temperature, and gas flow within plasma chamber 104 greatly affects the
process conditions. Significant variance in actual power delivered to plasma chamber
104 may unexpectedly change the anticipated value of 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 ié coupled to the heater 216. The characteristics of the heaters and the chuck are

discussed further below.



by TCP coil 116 and tuned by TCP match network 110 ionizes the es.
R>Ié power, delivered by electrode 122 and tuned by bias match %gﬁﬂgﬁ'@@ﬁ
i nduces av®oiwgaz1on substrate 124 to control the directimagqndosgr gy of
i on bombardnent of substrate 124. During the etching process, the plasm
reacts chemcally with the surface of substrate 124 to renove material. not
covered by a photoresistive mask. [0020] | nput paraneters such as plasna
reactor settings are of fundanental inportance in plasnma processing. The

AU o (AN TR PRVGEL AR 00 07 a; PEERRMIRE AP NEETRRLIAN o a0

gas flow n plas er grea the rocess conditions.
Si gni i canpstveam, aypdeallyrsupglies #onpo pey sodrlei228) e ptopeptianiigncfegoibeat for R4 may

unexpectedly change the antjcj pated_val ue of other process variable

par anet er SIANY{RCRITNG RARATEY 19 theinéprios A E‘_@ﬂni‘)éﬁaﬁﬁ‘)&?‘%‘*-d’éﬁp§ﬁ%§‘ maHidd édire, and
steh rat erenbdbhs d3onte pabtichift Rkiotidif vARIPbIadHa EREIIR JoaPPREaIE, used to
tc (0] t her

carry out the I ng nme according to an specit1 ¢ enpbodi nent of

t he pr esemhe plasnsnchaptber B043s mdintained by nsing s throttkpabiet226edfyencafulsd ed pl asma
et chi ng s¥sthurg1 230 used in the processing and fabrication of sem conductor
devi ces. PRECHPaME% i vely coupl ed pl asma processing system 200 includes a
pl asma reactor 202 having a plasma chanber 204 therein. A variable power
supply 206 is coupled to an upper el ectrode 208 influencing the plasma 210
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mor e heat esciudi, 6Tiendictdae proaess Bians rhexll Cheligises ate t@ﬁagecaitnw ﬁasma)dfﬁalm'ﬂlel' er 218
controls rature of the chuck 212 via eater power supp. 220 -
that is céﬁ% iﬁe_ ROME" fdfeet by paatin gopreREb0beonce (BF e PBLRE: 5 and
the chuck payer ddiivefed D33kt &IbetEdaBR0Y BhRYS arfioh bORIbAREen? RNRrd MR BRIABRY 21
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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 support 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




[ 0023] A gas supply nechani sm 222, such as a manifold of nmass 0
controllers wupstream typically supplies froma gas source 2 bcr%e'b?%%r
chem stry required for the manufacturing process to the interior of plasna
reactor 204. An exhaust manifold 224 renoves gas and sone particul ate
matter fromw thin plasma chanber 204. Pressure in the plasma chanber 204
I's maintained by using a throttle valve 226, often of the pendul umtype.
[0024] In the plasma chanber 200, the etching of a substrate such as a

wafer is achieved by exposi he fer 214, QN zed S .conpounds

(pl asnma Zﬁfmﬁff’dﬁ'iﬂte%g?ﬁ@m O%E%%ﬁcéﬁ?ﬁﬁay clilg)eégo éﬁgt? E@OWA%@%“?SH%R gases are
conveyed iBhfelRtudSomBhE harBféce 704 The BEscRIO2RMTTovaed ¥ BeRHalRInkSF plathe power
supply 206 ionizes the gases. The RF power delivered by the el ectrode 208

causes an hesting ofvbaxtarmaheoalanighidler (neeshpvan e de vseditkmPnRimig t he waf er

Surface ofuRnanTS e BeBRRES ety HARRE LR e VIR Bl Ve
mask. [ 002%plaht &hillet and tiee waipermdre of the2gslann miy beskimittd rdessthapPEO0AY asd f or

controlling the tenperature of a workpiece in accordance wth one

enbodi ment—28TCmepeptvdenthg hase 07 fther passgxerabplesr cavitigs Mok hatHger
supports i : . . y ¥

nount ed os‘lé‘ﬁ"ngﬁgﬁ 'ltcklljel{rérﬁr%k B?‘?lésrul a?g r1 fggﬁi-ﬂﬁf&rehg%}lg}es%&Sﬁl?{é&&%ﬁ%&?&tﬁldﬁ t he
support 3Qfes Aayweokptiscpovdtlines {ir thealwater ysafisors, high dilsposledrastatic t he support

306. A thernmal cqQnductor,312 provides an, intinate t l. t act t
t he support®3gige-a S‘lét Qr%qr%ﬁg'gé\é{g’T@ﬁWHlé&ﬁ%@n% at ernﬁ"d?%ﬁ“%%‘% ; \ggen

pref er abl yiiAitdfd theSoHel pasvidiRly ¢i@d. The helium pressure controls the thernal
conducti on between the workpi'‘ece 310 and the support 306. [0026] According

to one enbodi nent, the base 302 conprises a netallic material, preferably

an al uni nugybase col ghopldl £ro daateiSiit Mt Beth Heubub Slcdlcuehy _constant

t enper at ure rough “a conventi ange system suc

cool i ngt hegnifignf theimalli@pedanée brak bagetwtharopjuet 3ndhmidherbake 302h&hbase 302
ey al so thermal insulator 304 may comprise a thick RTV bonding adhesive layer made of
polymer, plastic, or ceramic. However, the thermal impedance break of the thermal
insulator 304 cannot be too excessive otherwise the wafer 310 will be insufficiently
cooled. For example, the thermal insulator preferably has a thermal conductivity of a
range of about .05W/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 éavities 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 support 306 maybea

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



conprise a non-netallic material, such as alum numnitrate. Hoyever,k t
base 302 nust be chilled to a greater extent than in standard*gﬁg?gfféﬁps
wi t hout t W teemsen 308. For 8 2 Cctober 2006 exanple, thedaHesosdsre of

t he base 302 may be 10C to 50C bel ow the desired tenperature of the

wor kpi ece 310. The base 302 al so provides a thermal sink for plasma
heating. An external coolant chiller (not shown) may be used to maintain
the tenperature of the baseplate. Preferably, the anount of heat renoved

by the ext,ep id | t r f. y be
i ved & o dle dpRE ARG, fEEcoRife e oEERA A e HickyaE SR ABpoll Y
has sever a8306hphlasut Gmne adbivees, qreaif skiltownthe atttwitlredognizi ciimt loehat diickpesses | i nes
312 or other service B&Pes are dis &ied. Such service |]jnes ;rta conprise

power | i ndBa} ¢p0 phakiiaale, dccordingtganother epbartimentqthe sHRROT Y CONFIRICEP fvpi ng.
Those of  qyrdi-pah ViiskMohlcd tof B’ G, omeuvis_eaﬁggﬂafa;eoﬁdaeﬁoﬁ hey $esyhih | 1 nes

are not limted to the ones previously cited. [0027] According toc one
enbodi nmentthatttheheatasimput Wil be bpread lagoadl yaeswtingin ani igefifdctive monet saparatidn.

I npedance Qreak bet.we he,, s rt. 306 and,the base 302. The thernmal

i nsul at or ’@‘&f“% %H%ﬁlgogv Qeﬁﬁﬁgﬁdﬁ%’ﬁatﬁg‘h‘:&llﬁg adhesi ve | ayer made of

pol ynmer, 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 insuf fil80FHt1y cdeihsater BRF camprisps  leashene 1eeistivg element dvceordingde épabl y
has a therdmgoghf) ik héé%é{yao%fmﬂ,i b éiidd Oitnf]tﬁé’g@lpoﬂ%%%‘éiomh@ . 20WinK.

The thermal 1 nsul at In thHi's case s as a therm esistive
el ement arddecarobo pkind eidiseshapdrbinsmp esitabROfttamg fdrlea alplees ydtiAetricdlor t her nor e,

the thermal, .insulatqr 304 jnust be such that adequate . RF coupli bet ween
the pl s e MDeeals” SRy aI3a AYEARe o8 Foss BiaL satiog P RARS1 BGH at or 304
nust tol erphgng SbMBtdefinta RABREBOBRGEANN Bt may 88 EorttisleH tnddpédd@hent
materials and tenperatures |ocated above and below the |ayer. Pretferably,

t he t hi ckridesngti-zone pattesn hed orierns mage plan@UkatngelErients ectingsin oppesitignm
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zone may measure the temperature for each heating zone and send a signal t.o 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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(not shown) contiguous to the cavities of the base 304 for housi ar f
the heater power lines 312 and other service |ines. [00281 Acié}g?ﬁﬁréﬁog
one enbodmreat/gsstdie support 306 conprises a ceram c nat erp@hysodfaeisger am c
may be a non-electrically conductive material, such as for exanple

al um na. The shape of the support 306 may preferably include a conventional
di sk commonly used in plasma etching systens. The support 306 nmay be a
conventional electrostatic chuck or nay be a ceram c having a nechani cal

clanp for L 5 : | di wn t he
var ot 310 “RRE R HESE IR el e TR el Pl B IE Lo
i s about Jdeohingbwefeennd orenpetataiciskhsor tapotting aatmpevature oftheghucke THeat ot her

t hi cknesse may al.so be suitable. Accordi.ng_to another. enhodinment, the
Suppor ¢ 36BUTR g BTN ToREal cBRtact Wil i waf etk THE Ak P o pe et ighe,

ot her wi se chhigolledl AmBARIC Edrfefd] SRYerR TR e Ripafiturk Bésof M8y B@Bb&ﬁtii‘eﬂl‘[ﬁm wi

be spread laterall'y resulting in an ineffective zone separation. e
support sleoupled el the ipmiseatire gontrel systewitp atainthinded teynpefagoe of thieicbudieattaer 308

! | oo wattioge] caaer 308
neater a0kt B s ERRERBERTIey R AR BR kbR R oot oo

pl ane and s&poibepgdrdtite aryseibeedr ahle4 pakifer B,pldced of i ahuck. AyA0DEkHd cal or
arbitrary. The heater 308 may al so_have one or nore 'El anar heatin
o

el ement s. qmaRSTANR theghuek Briehto the firsh sxpeinkieBpratre: BiS&aqce@pﬁfrhegrbat ey
pe_cont roLhfidt doBEPGREME e chddkoth filst &AREnREMbERM1as one or more pl anar

heating elenents acting I'h opposition to co ction cooling to the
support 306. A sensor 309 associated with each heating -zone may neasure

t he tenper e for eatin one .an end a.signal.to a controller or
comput or SO | oL AT RS Rimopeds OF 4R BpdEtn onP Bt PeRE 218 of FI G
2, to nDHRradRdo GR¥eESd s%ﬂﬁiht}télﬂﬁ&igﬁféﬂiuﬁﬂh%@ﬁﬁe PRI of thel SERprocesE O

£
exanpl e, a sensor such as an infrared em ssron sensor or thernb-couple
sensor camh geeordsuer with ene speeificlamhggiment of the present invention, the process may be

accomplished in an incremental manner in which the temperature of the chuck
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
exampie, 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 femperature. 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
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ports to read directly fromthe workpi ece 310. The sensors 309 | s
nmounted wthin or to the back of the support 306. The heater %E%Qﬁﬁﬁrgggg

power ed bw@assmssrdii nes 312 di sposed through openings in tdhe/idsisms

i nsul ator 304 and the base 302. [0030] According to one enbodi nent, heater

308 conprises an inductive heater. According to another enbodi nent, heater
308 conprises a heating |lanp, such as krypton or quartz |anp. According to
yet anot her enbodi nent, heater 308 conprises thernoelectric nodul es that

o e lPhonld SIS S Geon o e AP

One of or diffay alloSkiior b tempéragiratoldrop Inl betveengashe siéial ATy, bt hafervays
exists to heat support 306. [0031] FIG_ 4Ais a flow diagramillustrating
a met hod fyPseapelyRyoeessRekier a serond peundrfiiee aithhsesprd ANy PEPAAWERI nent  of
the present invention. A nmethod allows 10 2 Cctober 2006 WO 03/085721
PCTI US03/ 09153 etching of a wafer within an etch processor. The etch
processor [B835]i ncl udéheaboimiplocéss mayttel gdherglizzduatising aevatral differparsetpoine sensor

reporting a tenperature.of the chuck. The huck s in jdnti e .t her mal
Cont act i CRPERBTGRP Grmirhse T ERDre olahe 04K i Theorarel st RBEILEOR, a
t enper at urBar et teMperadi®d pid¥ilel MEnel tENPALALSRANS ENMERMAPYudPRIcRRG &t | vel y

coupled to the tenperature control systemto naintai'n the tenperature of

t he chuck dgerease aseprdingpthe segnopitemparatier at ure. At 402, a first setpoint
tenperature and a second setpoint tenperature are selected. At 404, a
wafer is placed on the chuck. At 406, the tenperature of the chuck is set
to the fir[803@et poi UGt ¢@pe4 Howrdtagrahiilfusiratirecemelod $hasicHiyg a @iafdien  cool i ng
or heating the chuck to the first sefpqoint tepperature. [0032] At 408, the
t enper at uraéc‘_?fgalicﬁé" YR R“QtB?F&Qe“_f‘#B ﬁ?‘bﬁ‘gmﬂ“r%ftﬁ_q‘}s)@ie%’it Hveni@hpBieat ure to the
second setmedistatie CREEIEYCS M4y b Wvided ldi’c’??il?ﬁﬁlén@ theBhall 20Res g rexﬁﬁﬁlﬁ%ﬁs .
accordance W th one specific eénbodi ment of the present | nvention, the
process megateeembedded in the chuck may consists of a first heater component for heating the

inner portion of the chuck, and a second heater component for heating the outer portion

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 temperatuare of the chuck may thus

increase or decrease according to the different inner and outer setpoint temperatures.
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acconplished in an increnmental manner in which the tenperature, qof tge{]ﬁ@mk
I ncrenmental ly increases or decreases fromthe first setpoint t%ﬂ}ﬁé‘? \4 o]

the seconwo @aisprint tenperature froma tinme period of thecwaf@sonspcess.
That is while the wafer is being processed, the tenperature of the chuck

ranps up or down. The above process nmay be generalized to using several
different setpoint tenperatures to mani pulate the tenperature of the chuck
and wafer over a period of tinme during the process of the wafer, resulting

in nore t ne te rature prafil e, 3 The. h L RQ. coal.ing of the
chuck rrayf@ﬁgﬁ be aE}c}%rﬁFi& ,0? c??lgpeerétg‘%pﬁg?g%gﬁ angg%rr‘r‘g[gndr?oéa ﬁ%‘ébgrs in the
chuck or gleegiingcdobidanbe it ong speiiv entidimen of tHejeeswnf @vemivd. Thes chuck.
[0034] FIG 4B is a flow diagramillustrating a nmethod for etching a wafer

. g [
in accor erxample Jjuskateh be imrpesyaee ahepeeofiber ek duBRE pmEIChNEPEIFESS: llent i on.

At 402, agkd : Int : ﬁ,q,pé: | erature are
sel ect ed.th%té%%qlﬁgs%%gf thfeg %Er%gﬂé%gg?\&tﬁgdg uc &leiﬁhggg}%&hg@emerature
of the chinckeabesthe groftle raundiniiat s treselt pafont. Usingp rrmblerESC,Abe d0k t he waf er
is then processed for first tine riod at t first et pain

{ enper at LIGPORTUE 19 Do e BRI Ce e e P as Skl or

tenper at uge,] edredti8mp&hte Tre émﬁiﬁé%u%éesfs @taﬁ‘t@&w&ﬂ(ﬁq{i%‘n &RipRAINRE tHeAraver at ur e.

I n accordance with another 11 2 Cctober 2006 WD 03/085721 PCT/US03/ 09153

speci fic earisodf steps, theftemperapyreefahe chupkdnincementatly dserped wgtiptha dpsiredeact or
may be t uéﬁﬁ%ptl?%&cé\(&g@i#(?rgllﬁsgrragégﬁﬁléﬁg%gef:ﬁi%rAeistaOcr(Sjsr ggcd&aprﬁgéﬁﬁrbf@ asma

steps. At u Yy processed fTor a seco period of

time at tbshvestisHal ireedhinianaféreapedntionaley eiced03btonkhet, FIGVEB praogess nmay be
generalized to using several different setpoi g_iaa tepperatures to mani pul ate
the t enpepeational dieram ef & Heegh in Agvaleretched dp accoptanrs WHY OP&SPRSHEE  t han one

'Ejerrper at uEﬁbQ&iﬁfeﬁé cﬁ“thgpﬁsén‘?m?/@ﬁ@&d?r e of the chuck may thus increase or

ecrease according to the setpolnt tenperatures.
[0039] The prcsént invention may be used to increase profile rounding at a trench
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 bottomn.

[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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[0036] FIG 4Cis a flowdiagramillustrating a method for etchin fer
In accordance with yet another specific enbodi nent of the pr&g,qgogel\!\%%
i nvent i onwoldswssBhectrostatic Chuck (ESC) may be divided ipgtaydshdi85 ent
thermal zones. For exanple, a heater enbedded in the chuck may consists of
a first heater conponent for heating the inner portion of the chuck, and a
second heater conponent for heating the outer portion of the chuck. At
416, different setpoint tenperatures may be set. The different setpoint

' r and outer...setpoint te ures and

tenperatures my c ri,se first inn er at

2 second  FRREALE PG 1 sk PLIcGuLe- Blpsmpram LGS Etopy iactere iy | <
pl aced on gbleERfer ddding the Grené@ch BYB&tALHSY Rlerdabifig ki@ devigy eiddsielont he
chuck is set to'the first inner setpoint tenperature and the tenperature

of the outhe rpageraf sempsiraturecusedd ey Vasy ¢rogidebhyo In ecordanse widianethes et poi nt
R L e L b

the first*rnner p e enperat ure of
t he inner gadiouted fengeratide@ondsustihé BSChebe raneictiiisdtpedentip asdifferetit i nner

setpoint tenperature and the tenperature of the outer portion_of the chuck
's fhen moEMPREIESSO pHiESAE BT erscs?fﬁbﬁorft'afew%ﬁéiﬁa@’@f’é.or pofilos, the

wafer is tdﬁ%nﬂftyCﬂ?éﬁatokpﬁm[ﬁéeg%g\faﬂastth@eorﬁ% i OffsefouhB& ﬁﬁﬁ%ﬂi‘i’yinéﬂﬁer and

out er setpoint tenperature. The above process may ‘be generalized to
usi ng sevdiX(l tedipefaprent i nner and outer setpoint tenperatures to

mani pul ate the tenperature of the chuck and the wafer, resulting in nore
than one tenperature profile. The tenperature of the chuck nmay thus

i ncrease qpo4igcr easdn agRRdAce ¢ith@nbier shbddanhemtof iy R eseanihventiony, thget poi nt
tenperatures. 12 2 Cctober 2006 WO 03/085721 PCT/US03/09153 [0038] FIG 5

i s a graptPresentinyetiea slews eonireh pfthegrofde (wiids andrhorgesst) ef advrwgd process in
accor danc e Il VRERE cBherdiE sPSSEARNEmbENMERE 8fhe dFD! S
exanpl e i IG\SFI\SGS%OE%?&;% f?ﬁg&%fé'ﬁ%%%gggg%ﬁgﬁge %f ts'PIE:lgeS cﬁucﬁlb%uﬁ%ng ar‘% e?chi ng
process. lerch firbéessipgof maickials. Thenaféracmpdratutesoopaohtty sirfase dmctiegsed duri ng
t he etching process to, e cee i

occurring on the microscopic feature and regulates the diffusion of species along the

surface, the absorption/desorption characteristics of the surface species, and the rate of

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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increase the profile rounding at a trench bottom Using a tunaple ESC, e
chuck tenperature in both heating zones could be ranped equalf?‘%ﬁl’zbe"z6616

separ at el wg@/@s=iingl e or dual target tenperature. The etpghiti@s/H188€SS
started with a high tenperature then over a series of steps, the
tenperature of the chuck is increnentally dropped until the desired STI
depth is reached. For illustration purposes, FIG 6A is a cross-sectional
di agramof a conventional trench in a wafer conventionally etched. In

contrast, 6B i . S- . Lonal. @i agr i waf er
etched i n[@é‘ cor dancgo%nﬁﬁt?a}r?g p?g%é{:sf ?% fo@%%&?%rg%m%#}% ﬁfe]aclgl?a {gg 82 r

i nvent i oncotff)B8Y a ddreadp pastiaby virymgtthowafenyennperatsediutiag ithecaedsgplocesi | e
rounding at a trench baottom by changi %the tegperature of -an

El ect r ost Ht # €2ReRiUR!Y cepipd.iva] HeAveROnRIASMAtIEhqrn or ¢y 2apliGaHant: @ 'H8C, t he

chuck tenpsgatirBobt ARt bHEAk bREsAODPSorRP 1 HaSised AIMAGLP Ailahby nok

separately to a single or dual "target tenperature. Achieviig desired STI
profil e obetheen d00 armlbMl scgmcan sonetines be difficult. Secondly each
custoners wafer have a different exposed area which prevents the transfer
of a successful STI and/or profile rounding recipe fromone wafer type to

anot her. Rjoadj ous bpﬁgmmpe@pgﬂqﬁg&tﬁﬁgumgc?ave limted success and
sonmetinmes create profile discontinuities. Also these past bottomroundi ng

reci pes coul d not pEprentimal pedfile eornteol aeg ménimgagon b incamaletaRich,ithe where t he

trench b e?f-ArﬁC %,II%P 24'pd ﬁ’%}qg‘% X% e{t F%g%p%@%#o Lg.ﬁ]ngtﬁc fi® P{lrli SP@Q RALhEM A

successful "profile rou ransition fromtop
(strai ght 1gpv Rinpegaturseiatihg the secondqiatto Mhs highi tagpe@nsd sarvesito arisiaszabove ur vat ur e

with no profile discontinuities or cqrners at the trench hott [0040] In
accor danc@ 4 ipigdn Wﬁpﬁt‘ﬁh@d&ﬁ?ﬁ?g B‘?ly?‘ﬁ'émﬁp‘i’éléﬂ‘f_ e chg%e t he
present| waAfe%%%P@eo\%a?@g%ﬁe t a'rglcggflﬁfefent Ol SERRBELIALS ITHE tAnd dlRaRIFofESC

etching apparatus. nos chem stries, reducing the chuck
t enper at uthe higicieawsseure pertioproftlicl etch mpyebe lomgisootghdbaizedepth greger themtises.

ot cas oS e MR PP BRITRRRIY s SHRFRYS iy bl BBl HARC

process chemistry used to etch 0.18 um features to a depth of 2.5 pm, may be as follows:
50 mT/ 1200 (2)/ 1800 (27)/ 300 Ax/ 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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2 October 2006 WO 03/085721 PCTI US03/ 09153 tenperature down éjrl ng
process (i.e. plasma on) will continuously increase the profi S

during thevdexpshietch by continuously increasing the sideghdsosnoiss
redeposition. The range of tenperature used may vary considerably. In

accordance with another specific embodiment of the present invention, the
tunabl e 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

i nprove cent er, o waf d oth and or profile wuniformty. The
bottom pm(ﬁ«]ﬂ as wg aggnetdﬁ Onacgﬁ ‘is also rounded by nodifying the ESC

tenmperature. [0041] The SACCackRqeResthe Bppuiat kafipeiredienns ofohe HAR QT esent
invention, the present_ invention allows control of the Proflle oxi de and

phot or esi &t %PFC'&G%%\YEH lov tempertusdusng thedirgt ragt af theeighiar iC
control ok fyhsl s ﬁgﬁ &Eﬁﬁﬁ?a{g\&ﬂgrdt%ﬂﬂg'iﬂe% cSHdor gﬁtﬁﬂal Qﬁ%ﬁ%ﬁhﬁ&se@éan@ﬁ& er ' al's.

The waf er tenperatur e“surtace reactions occurring on

m cr oscopilbisfapatoacle takedadvagiagaoetbe five that $ifice witridefetdpeciowsr allogly t he
surface, the absor ption/desorption characteristics of the surface species,
and the r G heni cal reactions on the surface. Thr ough these

mechani sns the m croscopi c dinensions of the feature can be tuned duri ng a
single process step by varying the wafer tenperature. Oxide profile
charact er (§M47ts t haOneadGbprocesasybsiasgoasriper at ure incl ude bow and
striations and oxide etch rate. Photoresist profile characteristics that
can be tuned include resist faceting and deposition uniformty. [0042]

Exanpl es of r ef®emant Seip@E) 1680i2NE30004at/UdeC4H60 2 @2peCILE 8tT Hecotact  ( HARC)
etch and self aligned contact (SAC) etch. The present invention may be
i npl enented using for exanple both traditional 248 nmresist and new 193 nm

resist, yuseh is rrqﬁfs%ﬁsdft}! ﬁ]gésﬂreeér e@&iﬂu@&lﬁ;‘h%?m@féﬁﬁﬁ@goﬁ frfgeor €

Ilkelyto al l ow t he ormati on of striations opti ma e control
and mi ni msededtivary, it léaneoonitietesideescdt the hdioni-HAREE edrdéct irale. riéthd oppagite
temperat ur e, dihi0gsddi8alnd St R¥akied oult 156 S e RbOGRRSs, Rbxide 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 opei‘ating 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
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| ow tenperature during the second part. The high tenperature serves to
elimnate bow and striations in the HARC etch by increasing pdlQateber 2006
mobi l ity o dshesaurface of the wafer. The SAC etch requi pegldigefpPosite
tenperature scheme with |ow tenperature during the first part o? the etch
for high oxide etch rates and high tenperature during the second for
optimal silicon nitride selectivity. 14 2 Cctober 2006 WD 03/085721

PCT/ US03/ 09153 [0043] For illustration purposes, the following is an
exanpl e of , a nmethod f aontralling.,a conta rqofil e by yarying.the wafer
C omper at urBa PPN Ger1eE P pdFYRY Byipu aulr FRARS R B eving ap Yed g PO
frequency 1B} @eAReRpczitare, tieQbmadRaR AR ERIIONSainPfIéxabidty inRaye of 3000W
and a process pressure of 50nT may be used. The total gas may flow between
100 and 60Wilizatan andgen 49pidly ghjuscior ehangiag ipsodushmir theoughmdjabricasiono ghisnal

Carri oa odricafo R e sE pSRh AN, et BORRCSHR Bl of dfmp RN 63,67, O

t enper at ungediforiafig opdicarseooiod appsther chisgdinghe deaigednpdun tiat seuMeasqdie m ni m ze
bow and strjations in the HARC etch by increasing polynmer nobility on the
surface ofdegiqated ghgrabers warking ﬂé%&%@%‘itﬁ'ﬁp?rﬂ%"%sti cking coefficient of
reactive species. The tine duration of the high tenperature portion of the
etch may be | ong enough that -a depth greater than the maxi mnum bow depth
(usual Iy [[@é830]t han Whife ¢rpbodimeite dnd Fplicaticnypl $his mveytpinduive BEERGhopnocess

chem stry used to etch Q.18 mfeatures to,.a depth of .2. y.he as
ol | ows: 803 Aeibebaf voyld be agpadiyy i Whudh i0dhe e Bpvice s PendReg Sy ™
He/ 270s [ QfidRlsufe@hatTRdhy 1ibelesdifid€iohd the® mehbrfed@bOGESHS pokible GiBaite an
undesired bow in the profile about 5000A to 7000A bel ow the top surface of

the cont aclepartiog froni the Fventivs cageepts hareine TR inwgptien teaploree i nO40 b t wo
st eps, On%es?ttict@{l%ﬂgé ‘ﬁﬁ‘f%’f‘,ﬂ‘&%@y (P%'(?edactlail'rﬁw tenperature. The high

tenperaturé cou wering the He pressure and
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then the two-step process may be as follows: 50 mI/ 1200 (2)/ 1800 (27)/
300 At/ 15 CAF8/ 8 02/ OC LE/10 T He/200s 50 nil/ 1200 (2)/ 182@qtebyr 2606
At/ 15 CAF8/ 8 02/ OC LE/20 T He/ 70s The second step of the process may run
at |ower tenperature to avoid etch stop deep in the contact hole. By

rai sing the wafer tenperature by 20C, the bow has been reduced from about
40% of the original contact dinmension to | ess than 5% of the original
contact qiammsi on. 15 2 COctober 2006 WO 03/085721 PCT/ US03/ 09153 [ 0046]
Sel f-aligned contact (SAC): The SAC etch requires the opposite tenperature

scherme of jthe HARCH 8 tf&rbtc}ﬁlﬁfﬁz A .Q\ggl}{n %g% {e:tEh F&W&Sﬂ@? ﬁ{:}gér%cgs%ll ng the

first part of the etch for gh oxi ates & tenperature

during the segond fo tiopml sildcon ni.tri.de selectivity. This, approach
takes Cadv It SR B RS henare AR DR G St Lrosndibotih o
tenperature.6%0047 Cne(géc pr?cess may be as follows: 60 nil/ 1500 (2)/
1500 (27) Atlsay aApmberaiupsiplghe ‘Walas o) arganprregign pndiap oytenregiqngtheshughe 8 Torr
of He pressure creates a relatively hot wafer and good nitride

sel ect i vi i8eluding a fishheaterdyentdes thedimtbn eegien andresagond eatasthesting thonttact hol e.
If the opposite approach is used and the etch is carried out at |ower

t enper at ureion, threfinxardeseomd latercampbobedby a eingfeetureiohtrblngstehd, endle
selectivity nmay be poor. Using a two-step approach, such as 60 ml/ 1500

(2) 7 1500 (el haliBASE téaperdfordébhd b ogé'at@‘?f,/ly Eaphdd to2Re tbrpfanBeont®d M/ 1500
(2)/ 1500 (27)/ 300 Ad 16 CA176/ 15 02/ OC LE/ 8 T Hel 60s the oxide

i nt i ned i 7y RATEHENE L ERE oA RRR SR SBRSEL Mt ecti vi 1y
I's degr ad(ﬁ% nqgthod comprising:
selecting a first inner setpoint temperature and a first outer setpoint

temperature;

selecting a second inner setpoint temperature and a second outer setpoint
temperature;

placing the wafer on the chuck;

heating the inner region of the chuck to said first inner setpoint temperature
and the outer region of the chuck to said first outer setpoint temperature; and

ramping the temperature of the chuck from said first inner setpoint
temperature to said second inner setpoint temperature and from said first outer

setpoint temperature to said second outer setpoint temperature while processing the

wafer for a period of time.

2. The method of claim 1 wherein said first inner and outer setpoint temperatures -

are respectively greater than said second inner and outer setpoint temperatures.
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a factor of three. The nitride etch rate is reduced by about 60% ? usin
30C hotter tenperature during the second step of the etch. [ Qiﬂ hﬂ%?gﬁk
was no practice of changing the tenperature from ARC open to netal stack
for exanple, or to adjust the wafer tenperature within a single chanber
fromone |lot to the next when the open area changes. Usually, dedicated
chanbers operating at different tenperatures were enployed. It is
impractical to use dedicated chanbers operating at different tenperatures
for each layer in a stack because of reduction in throughput and the

conconi tagt i NGHEaRehddbIcRth 10&h&mesaﬁzfﬁr9t-m§&tang%@9é Gnf gnperature |ayer
by | ayer enables the achievenent of profiles and selectivity 16 2 Cctober

2006 WO t hat: simal-y. cannot, be achi eved by any

ot her nea%%%%%é&%%?ﬁﬁgé#%géégﬁ%i%?%g?gSgﬁ%ﬁﬁ gan S?w%%@%ng%nperature, t he
senicondu?tor manuf acturer gains flexibility in capital wutilization and
can rapi dfSREGHEE- for changing product nix through the fabrication. This
| eads to cost savings as potentially fewer machines are required as al
machi nes can be wused for any open area or for any other change in the
device layout that would require dedicated chanbers working at different
t enper at udes. [T065Gthodfiflctrimntbebérnimrtiel chnck apppriseat iphaslitgfof tHengall nvent i on
have been shown and described, it would be apparent to those skilled in
the art hawiddg the benefit of this disclosure that nmany nore nodifications
t han nmenti oned above are possible without departing fromthe inventive
concepts herein. The invention, therefore, is not to be restricted except
in the spirit of the appended clainms. 17 2 Cctober 2006 Clains: 1. A

met hod f OE, et C%Qgﬂeﬁm\ﬁa&c eait 1tvbr er}eﬁ%aﬁtrgz?lp rg%ﬁﬁ&%gfnp}iggs: etch processor

heating the inner region of the wafer to said second inner setpoint temperature;

and

heating the outer region of the wafer to said second outer setpoint temperature.
6. The method of claim 1 wherein said ramping further comprises:

cooling the inner region of the wafer to said second inner setpoint temperature;
and

cooling the outer region of the wafer to said second outer setpoint temperature.
7. The method of claim 1 further comprising:

controlling a profile of the wafer with said selecting said first inner and outer

setpoint temperatures and said second inner and outer setpoint temperatures.

8. The method of claim 1 further comprising:
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i ncluding a chuck for holding a wafer and a plurality of tenperature
sensors reporting at least a tenperature of the wafer at an i%ﬁk*obéb?gﬂﬁ
and an outer region, the chuck including a first heater heating the inner
region and a second heater heating the outer region, the first and second
heaters controlled by a tenperature control system and the plurality of
tenperature sensors operatively coupled to the tenperature control system
to mai ntain theokteilies atapecoftf trédeh i€ theckafat with Sl eglt@llg@amiefiBiOnidr
tenperature, the nmethod conprising: selecting a first inner setpoint

t enper at upgq i &%diﬁt%&m?&%ﬁﬁessa%ﬁ@E’iki%conﬁi‘?ﬁ‘ﬂi@raﬁ& By saﬁdiﬁﬁkfng&aanés.econd

i nner setpoint termperature and a second outer setpolint  tenperature;

pl aci ng the wafer on the chuck; heating the inner region of the chuck to
said first inner setpoint tenperature and the outer region of the chuck to
said first out setpoint . tenperature; and ranping the tenperature of the
chuck fro saigaPFF@%@dhﬂﬁn%%ﬁﬁgﬁﬁpmﬂﬂﬁﬁﬁature to said second inner
setpoint tenperature and fromsaid first outer setpoint tenperature to

sai d second outertrdknpwravndingrpiarten tercheni ladogpadieensh pfa ader widifseid f or a
period of tinme. 2. The nethod of claim1 wherein said first inner and outer
set poi nt teapmgahidriast inacreind @sEe stthyiat engpesaires advaid saod saeeamd | nner and
outer setpoint tenperatures. 18 2 Cctober 2006 3. The nethod of claiml
wher ei n sai@r fdtpsiht teMpefataild outer setpoint s tenperatures are respectively
| ess than said second i nner and outer setpoint tenperatures. 4. The nethod
of claim1 wherein said chuck conprises a plurality of thermal zones.

10. The method of claim 1 further comprising:
controlling a bow of a trench in the wafer with said selecting said first inner

and outer setpoint temperatures and said second inner and outer setpoint temperatures.

11. The method of claim 1 further comprising:
controlling a striation of a trench in the wafer with said selecting said first
inner and outer setpoint temperatures and said second inner and outer setpoint

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

and outer setpoint temperatures and said inner and outer second setpoint temperatures.

13.  The method of claim 1 further comprising:
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5. The method of claim 1l wherein said ranping further conprises;, heatin
the inner region of the wafer to said second inner setpoint téi%rgér“a e 4006
and heating the outer region of the wafer to said second outer setpoint
tenperature. 6. The nethod of claim 1 wherein said ranping further
conprises: cooling the inner region of the wafer to said second inner
setpoint tenperature; and cooling the outer region of the wafer to said

second outer sebmpailliig 4 edfpel dimuneion of theMtfen®ith e4ld eélearg saidlfiktinhéer
conprising: controlling a profile of the wafer with said selecting said

fi rst i nngiq Gl Mokt taRBAAtand SBSERIN iSer Aol hifRAABToLARRL. and

outer setpoint tenperatures. 8. e nethod of claim1 further conprising:
19 0 2 Cctober 2006 controlling a taper of a trench in the wafer with said
selecting said first inner and outer setpoint tenperatures and said second

i nner and,outer, se i.nt tenperatures. 9. The nethqd of claim1 further
conpri si nc};g coﬁtrpﬁtﬁ"ggﬁc@f e&@‘%@]&'ﬁf?@‘”%‘h@ fh PIOSFRSHE: g??dat%}{l HBtT8h trench of a
wafer with said selecting said first inner and outer setpoint tenperatures
and sai d yetushing 3 ehnsk feinpldipg e ayaferernd gipherabiyrad deraparatess sergprs The et hod of
claim1l further conprising: controlling a bow of a trench in the wafer with

sai d sel eoteangingait tbafti ar tstnpemnee of thadvadertat pn f@epEigivn dnd apentt wwge ahd sai d
second i nner and outer setpoint tenperatures. 11. The method of claiml

further ceqpyifed, B cheelbinchldidg\Ofift Béatdrathll @Re@nddehteERling Reshb@ivepf er wi th
said selecting said first inner and outer setpoint tenperatures and said

second I njgrinARde QYL §fd H8RRE Rloiod, BIPESAIAN £8ond heaters controlled by a

temperature control system, and the plurality of temperature sensors operatively
coupled to the temperature control system to maintain the temperature of the chuck at
a selectable setpoint temperature, the method comprising:

selecting a first inner setpoint temperature and a first outer setpoint
temperature;

selecting a second inner setpoint temperature and a second outer setpoint
temperature;

placing the wafer on the chuck;

heating the inner region of the wafer to said first inner setpoint temperature
and the outer region of the wafer to said first outer setpoint temperature;

processing the wafer for a first period of time at said first inner and outer
setpoint temperatures,

changing the temperature of the wafer to the second inner and outer setpoint

temperatures; and
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12. The method of claim1 further conprising: controlling a facet of

trench in the wafer with said selecting said first inner and 2 Qcteber 2006
setpoint tenperatures and said inner and outer second set point
tenperatures. 13. The nethod of claim 1l further conprising: 20 0 2 Cctober
2006 controlling a critical dinmension of the wafer with said sel ecting
said first inner and outer setpoint tenperatures and said second inner and
outer setpoi nt pieeRei@hy aSer foddscchndPérivdctbfftdiic Alsaidisaghnd iM@drahd viufehi N an
etch processor, the etch processor including a chuck for holding a wafer
and a plugg%bﬁyﬁﬁ{eh@ﬁggrature sensors neasuring at |east a tenperature of
the wafer at an | ner region and an outer region of the wafer, the chuck
including a first heater and a second heater heating respectively the

i nner region and the outer region, the first and second heaters controlled

by a ratyre ste and the plurality of tenperature sensors
o%er at i veI 3 %‘ﬁ Qd(r)Of{cﬂ*?é n%]gpgt‘iﬁ’i“&mé@%i rol sygt em torrpmai ntain the
tenperature of the chuck at a selectable setpoint tenperature, the method
conpri sing: selkBewingghawhfer &t cdohdewn betvyson said fiesiperied or émeand seidirst outer
setpoint tenperature; selecting a second inner setpoint tenperature and a
second outerondetpod of timtenperature; placing the wafer on the chuck; heating
the inner region of the wafer to said first inner setpoint tenperature and
the outer region of the wafer to said first outer setpoint tenperature;
processing the wafer for a first period of tinme at said first inner and

outer setyp 0'nﬁg%%ﬂ%ﬁﬁ&%ﬁﬁéﬁﬁl4qﬁﬁﬂgkﬁﬂgﬁﬁ tenperature of the wafer to the
at

second i nner out er set point and

allowing the wafer to heat between said first period of time and said second

period of time.
17.  The method of claim 14 wherein said first inner and outer setpoint
temperatures are respectively less than said second inner and outer setpoint

temperatures.

18.  The method of claim 14 wherein said first inner and outer setpoint

temperatures are greater than said second inner and outer setpoint temperatures.

19.  The method of claim [4 wherein said chuck comprises a plurality of thermal

zones.

20.  The method of claim 14 further comprising:
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21 2 Cctober 2006 processing the wafer for a second period of tine at

sai d second inner and outer setpoint tenperatures. 15. The net#@¢tebecRas,
14 further conprising: allowing the wafer to cool down between said first
period of time and said second period of tine 16. The nmethod of claim 14
further conprising: allowing the wafer to heat between said first period of
time and said second period of time. 17. The nethod of claim 14 wherein

sai d first innesntelin@abAlS6LtHRE wWaker wHETRRT ldtins sad Grdt @sReakd ¥aky | ess
than said second inner and outer setpoint tenperatures. 18. The net hod of

clai m 14 wher:ai ﬁg@@}a@urfe &ﬁltsa-icﬂ:ﬂ:%n '%ﬁe%ﬁ%te?%étﬁ&hp{em fipegatures are

d
greater thah said second I nner and outer setpolht tenperatures. 19. The
nmet hod of claim 14 wherein said chuck conprises a plurality of thernmal
zones. 20. The nethod of claim 14 further conprising: 22 0 2 QOctober 2006

controlling a profile of t{he fer with said selecting said first inner and
outer set Sgl nt %Lgﬁﬁg%%ﬁggﬂd%gé?@%@&l@ﬁgi i nner and outer setpoint
tenperatures. 21. The nethod of claim 14 further conprising: controlling a
taper of a tr epetirdliing hapewdiartranich in Sgivehferevigh sdidhselecting stidfgst inmmer  and
outer setpoint tenperatures and said second inner and outer setpoint
t enper at uasboute2tpolitaernpérbineesahd chidisaechd ifinet bhd dutcosgprdist tagperatundst ol 1 i ng a
bow of a trench in the wafer with said selecting said first inner

22.  The method of claim 14 further comprising:

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

and outer setpoint temperatures and said second inner and outer setpoint temperatures.

23.  The method of claim 14 further comprising:
controlling a striation of a trench in the wafer with said selecting said first
inner and outer setpoint temperatures and said second inner and outer setpoint

temperatures.

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

and outer setpoint temperatures and said second inner and outer setpoint temperatures.

25.  The method of claim 14 further comprising:
controlling a critical dimension of the wafer with said selecting said first inner

and outer setpoint temperatures and said second inner and outer setpoint temperatures.
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and outer setpoint tenperatures and said second inner and outer setpoint
tenperatures. 23. The nethod of claim 14 farther conprising: %5%#98?729@ﬁa
striation of a trench in the wafer with said selecting said first inner
and outer setpoint tenperatures and said second inner and outer setpoint
tenperatures. 24. The nethod of claim 14 further conprising: controlling a
facet of a trench in the wafer wwth said selecting said first inner and
outer setpoint tenperatures and said second i nner and outer setpoint
tenperatures. 25. The nmethod of claim 14 further conprising: controlling a
critical dbmensy ARRH fSMEcHRE Bhvalirbh a58p e BF fEhhRItRF&NEd Eithprdifler  and

outer setpoint tenperatures and said second inner and outer setpolnt

t enper at ur es. ﬁ %g%i% é) E@ ”EIO {or etching a wafer on a
top face of a ¢ %% ) e{@ggﬁg %ggﬁ%ﬁ %?@Eﬂﬁge ed 9%8”;&Pyyst i nner

set poi nt %eqperature and a first outer setpoint tenperature; selecting a
second in %P‘?@Tﬁ%int tenperature and a second outer setpoint tenperature;
configuring said top face into a plurality of zones to which a cool ant gas
is capabl e of Selpgiigfgccoiiterpeseain tenrsiraite agds seeongdqygsisetpefnt f | owi ng
between said top face and an underside of said wafer; admtting the

cool ant g&snpenatoret he zones; and controlling a pressure of said cool ant gas
separately in the zones so as to control said first inner and outer

set poi nt t enpecadfuseimgisaid tap fack sito RPhirGety @ zbhd¥Be wigh 4 @olmdizgh i§econd i nner
and outer setpoint tenperatures for a second period of tinme, across said

warf er  dur CRgLRI GGRwih#9vhe?én aid coolant gas is capable of flowing between said top

face and an underside of said wafer;

admitting the coolant gas into the zones; and

controlling a pressure of said coolant gas separately in the zones so as to
control said first inner and outer setpoint temperatures for a first period of time, and to
said second inner and outer setpoint temperatures for a second period of time, across

said wafer during processing.
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