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advanced devi ces that have high aspect ratio features and very sma
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[0002] During the plasma etching process, the photoresist material can be eroded or altered by
the etching chemistry and/or etching byproduct materials. Too much erosion of the photoresist
material can cause distortion in the photoresist mask pattern and corresponding etching
distortion in the wafer. Also, without proper control, the etching byproducts can reduce the

20 size of the openings of the photoresist mask pattern, thereby preventing the etching
constituents of the plasma from reaching the materials to be etched. Moreover, the above-
identified issues become even more problematic in fabrication of advanced devices that have
high aspect ratio features and very small dimensions. It is in this context that embodiments of
the present invention arise.

25 Summary
[0003] In one embodiment, a method is disclosed for defining a plasma process to be
performed on a substrate. The method includes determining a time-dependent substrate
temperature to be applied during the plasma process. The time-dependent substrate
temperature at any given time is determined based on control of a sticking coefficient of a

30  plasma constituent at the given time. The method also includes determining a time-dependent
temperature differential between an upper plasma boundary and a substrate to be applied
during the plasma process. The substrate serves as a lower plasma boundary. The time-

dependent temperature differential at any given time is determined based on control of a flux



tenperature at any given tinme is determ ned based on control of a sticking
coefficient of a 30 plasma constituent at the given tinme. The nethod al so
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includes controlling a temperature of the upper electrode assembly during the plasma process

20  so as to comply with the time-dependent temperature differential between the upper plasma
boundary and the substrate.
[0005] In another embodiment, a system for plasma processing of a substrate is disclosed. The
system includes a plasma processing chamber. A substrate holder is disposed within the
plasma processing chamber and is defined to hold a substrate. The substrate holder includes

25 one or more temperature control devices. The system also includes an upper electrode
assembly disposed within the plasma processing chamber above and spaced apart from the
substrate holder. The upper electrode assembly includes one or more temperature control
devices. The system further includes a temperature control module defined to control the one
or more temperature control devices of the substrate holder to maintain a target substrate

30  temperature. The temperature control module is further defined to control the one or more
temperature control devices of the upper electrode assembly to maintain a target temperature

differential between the substrate and the upper electrode assembly.



pl asma processing chanber and is defined to hold a substrate. The substrate
hol der includes 25 one or nore tenperature control devices. The system
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t aken i noeppjpdnrei on with the acconpanying drawings, illustrating by way of
exanple the principles of the invention. Brief Description of the Draw ngs
5Fi gure 1A shbigyrealpalse ohesd & thinraskohthe ardskamagirap teeuthgheptchindipstcsst r i ¢
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regi on ogtching rgﬁiﬁm%ﬁth%r dRatRd tetlaiding v Rdteiignoval of the etching

resistant coating and the remai ning mask material; 10Figure 2A denonstrates
how t®o nuch piguyaB@A denenstigtes drowitere mushf palyrecrecediing @pepingly odinthe etched

t | y.shutd th t chi ithin th hed i ng;
i gure 28 ST araL s e e SR Toover vea g BeEBefion can cause
pr emat ur e 1 eMpiak. O WROARKeTHR! hal AT IORLNGoBlng aep ShETa QL e

Figure 3A shows a plasma processing chanmber use in performng etching
150per at pensfure reraccd ptitin cmsiimadteroh endewisiedingen theoftchdddegnesent i nventi on;

Figure 3B shops an-anlarged anea, X ol e fidt Badbar rl 3590 NSNS L BG
enbodi ment of EHE prosBATS i huli iR oces it petformine. etchini
15  operations, in accordance with one embodiment of the present invention;
Figure 3B shows an enlarged area X of Figure 3A, in accordance with one embodiment
of the present invention;
Figure 3C shows a polymer deposition trend chart for a dielectric etching plasma
chemistry that uses C4Fs, O2, and inert gas (Ar), in accordance with one embodiment of the
20  present invention;
Figure 3D shows an example of temperature differential (AT) versus etching process
time, in accordance with one embodiment of the present invention;
Figure 3E shows example temperature profiles of the upper electrode Typper clectrode and
substrate Tgypsiate during a plasma etching process, in accordance with one embodiment of the
25  present invention;
Figure 4A shows an example plasma processing chamber, in accordance with one
embodiment of the present invention;
Figure 4B shows a top view of the multiple concentric temperature control zones of the
upper electrode assembly and substrate holder in the example of Figure 4A, in accordance
30  with one embodiment of the present invention;
Figure 5 shows a system for plasma processing of a substrate, based on the example
plasma processing chamber of Figure 4A, in accordance with one embodiment of the present

invention;



Fi gure 3C shows a pol yner deposition trend chart for a dielectric etching
pl asma chem stry that uses C4F6, 02, and inert gas (Ar), in accordance with

one enbodwoent2/36928he 20present invention; Fi gur e PBD'shawss@m exanpl e
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generally| Vi t bIe 15 that a pl.as .1l etch the material to some
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be controlled to ensure that they do not interfere with the etching process.
[0009] In some plasma etching processes, the gas mixture from which the plasma is formed
may include a passivation gas. This passivation gas can be defined to selectively reduce the
etching damage and erosion of the mask material relative to the materials to be etched. In one
25 embodiment, the passivation gas generates an etching resistant coating on the surface of the
mask material, which acts as a barrier to slow down the etching of the mask material. The
etching resistant coating associated with the passivation gas can also extend to cover vertical
surfaces within etched regions, so as to reduce erosion of the vertical surfaces and associated
undercutting of upper features. In the presence of the etching resistant coating provided by the
30  passivation gas, vertically biased etching can be used more aggressively to advance etching in
the direction perpendicular to the substrate. Therefore, use of a passivation gas in the etching
plasma mixture can be useful for mask protection during anisotropic etching processes,

particularly those that use high energy directional ion bombardment.



20 through conpletion of the etching process. Additionally, etching
byproduct materials need to be controlled to ensure that they do not
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passivation gas. This passivation gas can be defined to selectively reduce
t he et chl00dObinensecbadineessihe eastive B miéwe higrewhish thesplagmnais fognedyacludes

mat eri al b t ched ' o th ivation ener at es
an et chi ?\thfur éﬁ%gef%aanla "‘CB%W ﬁg%gw%?%gﬁgﬁ% Sragg‘enétso % aesﬁﬁi@? %ast glr 1|;hglap,§as i g{?
acts as awchmrdagds fofin Highly dRvivd feecRECWhiRE seifveltb@tdiBdhl eRpésed nddterialhién the
etching resistant coating associated with the passivation gas can al so

ext end t onhsbgier witk ingdyetens gichinedhe Wwiask matesinbdleel Htejnprractiens ogsunan basl thee
erosi§)n gf Al en\c/ielrtiagal surfaces an ssoci,at e u.ndercut.titrégi of gipl el The

erfica ateral surfaces .on, the substrate, ‘wWhich results in 150tropic etcHing profiles.
features.' tn the presence of°"t e Setchi hg resis ant' '¢oath ng prg\})l ed by the

30 passi prbémed Jabe p¥BRiier Gainhifig RihasethecplatthNang At BArdipEEHiNDERhRGGEESERVEl Y
to advance etching in the direction perpendicular to the substrate.
Ther ef or eoatiigeavfleppsijed oh vihe iseacgasf ithe elebed sieidtwgs phdgmask mxeiitle sases tve

useful for, nmas rotectio uring ani sotropic etching ocesse .

par t 1 cul SIEE holh e SQetHilyn e ARV IOMER P ae FSor e sRh it dtnny, i o
2012/ 03693 bSR6tAIARA379 5 [0010] In one enbodi nent, the reactive gas
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etched feature within the dielectric material 108 is defined by a width
feature depth to the feature width (D/W). In advanced integrated circuit device manufacturing,
the width of an etched feature can be as small as 0.1 micron (micrometer) or less, and the
depth of the etched feature can be 3 micron or more, thereby causing the etched feature to have
an aspect ratio of 50 to 60, or even higher. By way of example, high aspect ratio feature

30  etching can occur in fabrication of contact holes, via holes, trenches, memory cell structures,

among many others.

[0013] When etching features with small dimension and high aspect ratio, if too much of the

etching resistant coating, €.g., polymer coating, is deposited on the mask material and on the



25 Wand a depth D. The aspect ratio (AR) of the etched feature is defined
by the ratio of the feature depth to the feature width (DW. |In advanced
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t ar get n@@4£ns dispossd expohe thrpd rhdterig| 208 nandamdluder aresprong gl thredghhellich Aleso,
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etching resistant coating, e.g., posited g the
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300 for use in Perform’ ng etching o
achieving the etch depth are both important. Therefore, it is necessary to manage the amount
and distribution of the etching resistant coating, e.g., polymer coating, deposited during the
plasma etching process.
[0015] Figure 3A shows a plasma processing chamber 300 for use in performing etching
30  operations, in accordance with one embodiment of the present invention. In the chamber 300,
a substrate 301 sits on a substrate support 302, which could be an electrode or an electrostatic

chuck (ESC). An upper electrode 303 is positioned above and spaced apart from the substrate

support 302. Figure 3B shows an enlarged area X of Figure 3A, in accordance with one



30 operations, in accordance with one enbodi nrent of the present invention.
In the chanber 300, a substrate 301 sits on a substrate support 302, which
coul d be wp2e12436926de or an el ectrostatic chuck (ESC). ARaTaSp@En/osd3ect rode
303 is positioned above and spaced apar t, fromthe substrate support 302.
Figure 3B shows an _ enl arged area X of Figure 3A,_in accordance with one WO
2012/ 036928edimensoh they prsey gnvendem obicneiHarzed afaaeX gpeudast 2 iPAOAt ofothe upRer

enl ar ged j~N pordt i t e ,

port1 on SPE R SN §SrRolf'dy ShuBheel 8. SRPRRLPLEE S AR 0T Ml s
target makgdtindterdl B10aoR «éhelemdanphteripdt heykneete RIS K2 ndik posedloveZe dngprosed
over the target material 310. The patterned nmask material 320 includes an
openi ng Besriahpbhghhapitieadnmatc mategiat 3pinclydes agiqpenige 3y obeyeh gvhigle the

pl as durin he hi n [ s...Exposure.qf the target eri 10 to
Pho b ashie i D06 B A B TRy a e O R s MR AP P st 510

wher e t hgaepRNBNY (B3 H¥dbd SausENR 6lchElFdaRGe th@e E6EIEANG thE @G&Smat@fale i ng
resistant material 330, such as a polynmer material, is deposited fromthe
pl asma omherettheopragie HRtexistal 320 and surfaces within the 10 etched

feature. t chi resi.stant materi.al. 330 .within, th as has a.,nass

ai ot 11 ol P81 BUiER"Br S ENsr Tl SfAE Bl bk TR0 EFTE) F53TRES
particl emaaMe ik AHRNitedERN HIRAPlaGhA VS tHeNmEKIMaR3B32( aRd SRS Svithdk kHiecl es
330A of the etching resistant material 330 are denoted by "+" and snaller

nmasslpar eich¢eteaBBOBhsf etelting etsettint gnatersil SBAntithimtleer plasm3Bes amwsedivtttaitiony

During the,plasma etchin rocess,, the.etghing.resistant materjal 330 }s
oubj oot | MRS HBpRG P BeTe At dRerf G e AP R L baP R e
330A nov Pigtu%’\@E,Cia%@f frRsesitiasd 9 6f theQMing RERRhAhMAal B90thrt BensidEby ef"
mass particles 330B nove toward surfaces/regions of higher tenperature.

[0017] | and hmakxamp$sepaficlEs gaPB @Bhe atehamp egsestant enatérfidfl el3@noe dexped dybet ween
t he upper. el ectrode 303 and the substrate 301,. with the t erature of the
upper o DEEPEGLE FI5rB S50 Mif<gher D HaHTPREctSHBb PATTL. S0 thauBiEs et it o
301. (FheprbAbShorddk L&t 8% MELHRIalctOMLE PBiclt L5 TR nfBRe Sowal LAh&3/rd304 of
the etching resistant material 330 within the plasna nove toward the | ower

t enper at af vesubshpatwraEQid the swellatredss partidhes 330B spmb odvgard Andacesegienssel v,
smal | er @ﬁs particles 330B of the etching resistant nmaterial 330 within
the pl asHBR'WOVEPEGWATd t he higher tenperature upper el ectrode 303, as

denoted Ro17f the e§éﬁfpl@| of: Féﬁre[ Q818 telifhePHEre CXiRTRINE GXRAALERAEN thcp%rp o

tenperature difference betwe t he upper el ectrode 303 and the subst
301 nay blectadizui0328(d thei dubsttdie 30 ppeith ehe cimpedenu80d thawppe diderdde G8rbeing

tenperature. However, it shou be understood, that plasma processes n

var yﬁii gﬁigﬁ%ﬁﬁmtbe VPP RE P theoSubakie ﬁ?ﬂu&gﬂﬁf&aﬁi ipcite e blsorlet itHis B he
upper el NN V, i r . . t 01,
and somel i PR PI0RY e NpIRY rhEPRRTARER LR e o Bt

upper el estardde 13G3r teAleeatuie vebstagnB@ lude dofiotéd®hp dreatrirsgmilolsf Anénomavastlveen
t he upper el ectrode 303 and the substrate 301, or. between an%ecot her

sur f aces SHAHHI RIS HRATEHENBENE DHdhe ekRingateyisPbMApT Bt 654 -wigup i aksmafaove
Cermper at b P AARE Ry A A PR A PE TR OB "

201273936 g3 BLTINUSROkAmDEOSBodiment, the temperature difference between the upper electrode

303 and the substrate 301 may be about 20°C, with the upper electrode 303 having the higher

temperature. However, it should be understood, that plasma processes can vary significantly

with regard to temperature requirements. Sometimes the upper electrode 303 will have a

higher temperature than the substrate 301, and sometimes the substrate 301 will have a higher

30  temperature than the upper electrode 303. Also, the magnitude of temperature difference

between the upper electrode 303 and the substrate 301, or between any other surfaces within

the chamber 300, can vary from process-to-process and within a given process. It should be

appreciated that control of the temperature differential(s) between surfaces to which the



8 plasma is exposed, e.g., between the upper electrode 303 and the
substrate 301, enables control of the spatial nass distribution of the

et chi ng rweiet2zansto2aat erial 330 within the plasma. And, pgTaseemnosddrng the
spatial mass distribution of the etchin% resistant material 330 within the
plasma, it is possible to control the mass distribution of the etchin

resi st anPlapmp dp iexPogdo eBpabatvedre henbpper taheetiode si0Paand thg1subpinga Y01 Fiepalies 3C
shows a e [t : - el ectr] |

chon st r SIS (ESBRB A0 gl AR GR A HC dBlinf &l PRkt SIEALAR B BB
enbodi menhdoby threrdqliGs thatsphtiid andss histributidnher @t efihitg fehisenemateenl 330 WithidF6
is the polymer formng gas. A tenperature differential (AT) is defined as
t he t enpticatlammen, i if Pepéhie do pentypd dhe mass dipipbrtiqmolethe efchgercsipignt paterial 330
substgat ?ﬁkk?h&n%&:ﬁb&%ﬂQ§§LeleCFrOde - Tsubstrate The chart of Figure 3C
shows™ th an I'ncrease in provi des nore pol yner deposition on the
substrat 019} FRhauBd HRwingdeosinte tepbdtionfead tdhan fone gieleyiirr ettimhi Plgngas
can be used in the etching plasma chem stry. Exanples of polynmer form ng
gas i ncl dermistsythagpeesotFs] Opi anddnerd 2aCHIP, InGRMRaN@2MBIF onCIRIPPINGPHBE theCH4,

Shows anP By S ZhsBF Sl depnd i an R Y M agS e Ay ecas

time, intageei@dndigentiil 0P anBadieaent tef tehiperddire sBitbreh&ly 8BiweeR - thd Rpper
exanpl e of Figure 3D shows three stages (I, I'l, and H') during the etching
pr octss. clsetaeyle andglie substrate.dlei. iyl prloge sswdicnvblmes Theichpglof Btewrd #g slafwt thet

ing. Stage |1 of the etchi . nvol t chi ng_d into th
openi ng. “Biaga+T 1y R uSatak iy e SReu P Ob i auBil: TrERRRE vithfetl'e

the openifag el that MRt QAL ﬁﬁhﬁ’ﬁ%" ahs c8RAREEseA He el &ehidePiIBsraNdh&histry.

exposes a material |ayer underneath the target material being etched. For
exanpl e, Eximplee of arodgnerntreigakad sichiddi ébheeter nat fiinited aodCHhle, ©plel, KgHsE, f or

et i g iTeabeFi Oy Ceth e bobrtng s S1enSUE S CHla opent ng 1 eaches
the pet aB)dZ?K?fgquErs@@@E I&nte'i@mgiee(l)ietféﬁlﬁ)i:f(étdr@l‘lﬁ?erer?ténﬁ ORPLIerl iy dbgnepaimlie of

Figure 3 e tenperature differentia AT) between the upper el@ectrode
and t he swmesinraterdascetwigh bize gebedichant efghs pegent invehtiom e heteshinply qitogesSD | n
stage |, deposition of | arger S. poJyner.is desired i rder to cover the
phot or esF&¥ni&le el €9 %ﬁ%iang éﬁ%e@fqnggow&pﬁwof@g fhetetefag process

mat er i al in BRds Aif dhifYehe LBEniaL SRRl oP neldith APFBLAY if )t ids b a!
etching. By naintaining a higher tenperature differential (AT) during stage
| of 30 ire tletglening. Prage &8 of tHeartgeng prsssspobylner oyeasetcholges easwe dhesdpeanigt ed
near _t he sybstrate surface. During ,stage |] of the exanple etching process
of F%@ur @ ,tartgﬁbméte&lﬂf Fgcles r?s@fiStr%é HeR! &Pd)toﬁéxlﬁﬂsﬁ% ﬁénaﬁg)éaﬁwr P@%ﬁea&é&wgr
Into t heta@%& hﬁﬂelfiﬁa&eg{geetcﬂgw%or Q%T@Q’ L Q?argét Iﬂgtefigleisea:[ &i@le@gicpﬁl gxéc? thd t
IS necessary to avol d excessive polyner depoSition within the etche
feature bpeniy RODRARIBABRCTHASHE 1s1de8TUIRBr-Btchindanayt erps evdeadr anhecdeiposy t ed
polymer fromrestricting access of the etching constituents of the plasm
to the efielficHly il the PPeHRe PRNSHIH Bt thdrepreapienegiesths melyl Inyrramaergedth ghe

t enper at Pfe?ecgicflfclgé're”ti al (AT) during stage Il of the etching process, a
more uni form nass distribution of polymer particles is achieved near the
subs?3 at fod7 fmde. exdnthle dfirHifge SIAOMe | teinpehtdrd @iffdreitiahgAD) peoe@s Sthe upper
addi ti onal polynmer deposition is not necessary. Therefore, an even | ower

t enper at Bieerefer 3k Bt JukptrataTy theslagggst dudngsiaghd drthgestahing prosessu it s@aad,

| ar ger y I nt [e. W ver - | L.t hin
the ot cnachp Bap AT ErefigBBs S luridht FALFEE bk b B RE PSSR RN

pl asma, suhredsce16dsysTehotbadset indilsk material, and also to cover the sidewall of the opening to

inhibit lateral etching. By maintaining a higher temperature differential (AT) during stage I of
30  the etching process, larger mass polymer particles are distributed near the substrate surface.
During stage II of the example etching process of Figure 3D, the etching constituents of the
plasma need to reach deeper into the etched feature. Thus, during stage II of the etching

process, it is necessary to avoid excessive polymer deposition within the etched feature in



generally exists in the formof particles. These particles are
characterized in part by a sticking 10 coefficient (Se), which is defined
as the nuwbeni2fBeparticles that stick to a surface divi egea/usgortiososnunber of
particles that contact the surface. Thergefore, a higher sticking
coefficient gpSe) of éEOl ymer material refers to nore sticking of the poltyrrer
mat eri al OisT & BisveRcae dEpasitedpolyiter Mg FasHicting Recest o€ KiengjcliBe CoRditushts ofse)
|'s a funglion.of  LRIBERA ‘ffo%lgé{‘t‘ﬂe %‘8&{51%30%% dnthd DR %g%&g%ﬁﬁﬁgrt rSture
Therefore, "an 1 ncrease I n substrate tenperature<corfesponds to a decrease

i n 15pol yitksensial CAT)N@uri@edtidecll & tthe §€hing iprécess, @ he@Surbfon@kiiafalipiBiitidnoft he
substrate. [0023] During the etching process, the tenperature of the
subst r at Bolygeg partigles éy achieyed dysay tie| sabistiade pikasesOped duimge sipeyiiee! theetshing
whi che f 1 into.the ch reqi.on -wll i ck si de |s.of th
etcned r Btst MRulgR BES L pLERl Barhh uihh i Tt BR AR leRabifar e

t o under giffeldnfigl (ADWRY gpplicih@urirgnpesalurte dkulch@®as Uhgdr @b pSly@ksdoes not
controlled to avoid excessive 20 build up of polymer material on the
si dewal | §itesfere wathdhe pread-etadign coreep whthéhthe siphgd fesgiiet o cappi ng of the etched

region b lymer. material... For exanple,.duning so hases of the

ot ohi g 1BAEERANG RisTRY hidiit's 6L AL i he el o 8F BoPyRe’ wtto
reaches taRrABLNR B the AQNELCHRHCIES AR pdHiSEHRE chirak@RRed Mepatit i Rigtkidont
clear. To acconplish this, the substrate tenperature can be decreased to

i ncr B ecedificisnt Gk miidioiefdefinedoa the Seymber of prstigles $hae stickootzhantaphdivided by
pol ymer sticks to.the to f the mask.and.,si dewall]s. of the etched o

et ore. r Bty PheeEt Bl sretnaventhet Thetstan s fgbdarere ShatrimbEY o
under st ogglytRatndidifl taBRabahseastidkinbrand balynleAhardial WaensdrtiRe UPReSolymer
el ectrode and the substrate controls the ambunt of etching resistant

mat er i al magergl, thepglclkimgrcoetficiant { st ofmacttbont dfgempersturasrel ddgyeasesnwitlolnicieagedt he

spati al ss distrlbution of the etchi 30 resistant material within the
o 2o, PUBTE. JHGHIUS0R RIEFSTBOUPTRER [PHE TR UOETECAP SR § HESSEBotY ot o
cont {9l SF&IE}&eﬁtidkﬁﬂ ARG (§h.ant, 2(188)stitky %@ﬁn@ﬂ&hﬂh@gugs@fﬁtét ant material,
e.g., polymer, which controls how nuch of" the etching resistant nateri al
adher es {928hPusiupshe ettleing Phaees, dreetempepost tof e obsedtehd. g watesj istcantrolled

material on the suhstrate during the. plasnma.etchin rocess c
2012/ 03682381 U2 PO AGBeVEish: HOVT s efgﬂ@fi&rﬂgmg"v’?ﬁ feto the
t enper at whey s dMfe Sihst Iregitoﬁ eﬂ&%’%}% t'a%r t@&ﬁﬁ&ﬁlffﬂéﬁﬁﬁ@r&lfe&fhﬁ{g hWlichReu e fhe

substrate and other surfaces wthin'the plasma chanber, such as the upper
el ect r odenddqrQ0@id. Hivgivee tBEtesipewsuexd i euisentear atsurcenfpoltdd toesoalf exchesivepper

el ectrode Tupper, el ectrode 5 (350) and substrate Tsubstrate, (340 uring a
pl as egelﬁ’ NE YrBlwas: Maferigl Ogy arﬁe%evwis Hiohe ehsddesient Wofe t%l)%g@éewt

| nvent | OBappHiFo EFBRRAE Hofonl! HEDERHCRIA(AT. IRPLIRRAC A7 IRBRE fHLGS L ol

and the ate at any poi rrng the etching processis given
Tupper ebtebing@decess, Tisiglistirableetolitdiskabd ambentwif gpelyaico dcht tdrahest the bbwspef dteur e
profiles of Figure 3E are provided for discussion purposes and do not |imt

in any walghedhEcgissdn wreerttankssp athareéchins fione sleapato @aweﬁléﬁstothésp phe subsiaie ng
| . ' ! (
plasma pfd ?a?fn@%aﬁ) Ee ae&&g% f(glfnﬁreager%}g %&%ﬁc%ﬁg@% 2%2 §§ tshe Bg{n‘ff‘ér{g it eSS

can be represente y essentl y an t wi th each
process pbdlgmepeticknttd ahd ypi sfaheidiadk) aad cllangiks bMnths wWidied at goti bafosy ahdliigg dired/ or
tenperature differential between the substrate and upper el ectrode (or

bet ween PPiEe8 ghthercighed &58i0bt her tenperature controlled surface within the

pl asrma CMfft) should be understood that the temperature differential (AT) between the upper
electrode and the substrate controls the amount of etching resistant material, e.g., polymer,

directed toward the substrate, by controlling the spatial mass distribution of the etching

30  resistant material within the plasma. Also, it should be understood that the temperature of the
substrate controls the sticking coefficient (S.) of the etching resistant material, e.g., polymer,

which controls how much of the etching resistant material adheres to the substrate. Therefore,

deposition of etching resistant material on the substrate during the plasma etching process can



15[ 0026] The plasma etching process in the exanple of Figure 3E includes

four steps (or stages) (I, I, IIl, 1V). The tenperature of the substrate
Tsubst r atwo(28®0)B6928Ccr eases fromstep | to step |1, stay®Ccramsgtansosvhrough
step Ill, then decreases in step |IV. Thf tenperature differential (AT)

bet ween the substrate and the upper el ec?rode stays the sane fromstep | to

step |1, beleonaled byr spntsaling by the deraperatpre of ke stulyisate nnds Hive temRarItEteep
111 A di ' h
to Sal?f%r%l\étahg&%%@ Itheoﬁfug%t?z}ef% ég&rgg{e?gﬁﬁfceggvlﬁﬁt{ ﬁlﬁ%&ﬁ{ﬁ%ﬂaaéha%-g%,hsle&g}%\égm the

substrate an er e erm nes the ude o ymer
flux direpgediccov@r.d the substrate. Control of the substrate tenperature
determ nes how t he EOl ynmer flux near the substrate is nanaged with regard

to its alis] bigurep 3Ehdowsxenpice teniseatpist Protikes difs@r opar REFEpde Bropv bidedf or

control | the substrate te rature and the.temerature different.jal
potweon 1D SR TR Tirrarpnultect BRETBdZb Bl BEFRLY oot B one

sur f ace) emPodih@8f of eheCHREANG linRAtiIYEThd RPGRIdriretiforehiid QU Hetvdden tﬂ@dlpﬁélt hin
etched features during the plasma etching process. [0027] Figure 4A shows

an exanpfleciidgsand the celessraiendf antipeburdutiog the ptchingdrekent & ivethbyderre mbedi nent

of the present .invention. The chanper, 400 js_ define a pl at 2, a
bot t om pitab e-aba o< TaA e Bl RV ET o e, 1 B e e
chanber 4QBuskonfgudpddby alds ANQ61 86 ahPwad tl@*X]{S@%le Reeiperaf® proMbLthal &an be
connected to an exhaust punp 412, for renoval of gases fromthe interior

cavi t§ 4e@pliegyduning plésenacprantreing4g( substrafppby vaias tondwdinagrse rioplpsma prgcgss

di d_ab d d i b te hol der 401, i pher al
hr b aSEbRb| FPIETRE By RRRH e Bimpiie o\t R EeL BB GSacRBTST 468 and
t he subsps@h@alROldeididdla tRafRr M Wb/ 1B3pE3RRCTELh B2 0k PRARE Aditibredtial

peri pheral boundary of a plasma generation vol une 405 between the upper
el ect r odketasem i yubstidezamd upper slebsodeatos teohetar thg GubstfatD2@] other deneperature

oo o RS SFGF BT SEBL oL 1o,B) 272, 00T 2111 vl ure 405
arroys 426 Nr€ plakMa etching process in the example of Figure 3E includes four steps (or stages)
(I, 1L, 01, IV). The temperature of the substrate Typgrare (340) increases from step 1 to step 11,
stays constant through step III, then decreases in step IV. The temperature differential (AT)
between the substrate and the upper electrode stays the same from step I to step II, decreases
from step II to step III, and stays the same from step III to step IV. Control of the temperature
20  differential (AT) between the substrate and the upper electrode determines the magnitude of
the polymer flux directed toward the substrate. Control of the substrate temperature
determines how the polymer flux near the substrate is managed with regard to its adhesion to
the substrate. The methods disclosed herein provide for controlling the substrate temperature
and the temperature differential between the substrate and the upper electrode (or other
25  chamber surface) in order to control polymer deposition on the substrate and within etched
features during the plasma etching process.
[0027] Figure 4A shows an example plasma processing chamber 400, in accordance with one
embodiment of the present invention. The chamber 400 is defined by a top plate 402, a bottom
plate 404, and enclosing walls 406. An interior cavity 408 of the chamber 400 is fluidly
30  connected to an exhaust port 410, which is connected to an exhaust pump 412, for removal of
gases from the interior cavity 408. Within the chamber 400, an upper electrode assembly 413
is disposed above and spaced apart from a substrate holder 401. A peripheral shroud assembly

415 is defined between the upper electrode assembly 413 and the substrate holder 401 to form



5 one enbodi nent, process gases are flowed out of the plasnma generation
vol ume 405 through ports 421 in the peripheral shroud assenbly 415, as

i ndi cat edwbyomvasees 423, into the interior cavity 408 ofcrhs2ahasizes 400,
fromwhi ch they can be exhausted through, t he exhaust port 410. In one
enbodi ment, a pressure control ring 425 1s disposed proximate to the ports
421, and?iReripBgrablbeundary 08 Hiplaseraj sgnergipnt ylamg Hind beinegn fthe rAPpefe clssireds

421, to %ggﬁksuhgggpgﬂ;ﬂ%m%%e§§%$gﬁgﬁIuid flow fromthe plasma generation

vol une 4 ough the por so, in some enbodi nents, the process
gas supp[(028PIi sneddmbodimehte pHiRp& o BtLEt ISR das &b IpyasthbIcacatidebhawt 403
mul tiple concentric zones (e.g., Zones A, B, Cin Figure 4A), wth each
zone havihvigughepratsatld arte vpapRspdordede agsapabi f13. s undigateehrpgows 4pPotBesingas
sourcg and fIBMLrate. [t shoul d O“%QQFr%%gpd that the pracess

|

orie embogiment fprocess ases dre ua eFIi)lasma g%ﬁlﬁ%n volume g@SS thSloJ Ly
and fTow control configurations depicte n gure are provide way

of exanp F@m andind@e petiphdrall shrdude sl ¢ 4p5 &8 iAdicitBe bl AMBWE 1408, idicStht asedor
herein. [0029] The upper el ectrode assenbly 413 is connected to a

r adi of r egarefycdP8( ®the soabersElr Ewmy pdichribiey sandb¢ exleadisted thiozals thet exREuUERREY t o

the pl as enerati.on. vol une 405. The . RE p r supplied to the upper

cl oct 1 odd ol es e ATt B P PR Bar vy BB FPsiid REGEERES 4250
The uppehnn®lsanbvBHeinahs afbttor 4y dharl hdicAwdleson (el phey 42f, themdbld thretiaient s
431 and a nunber of cooling elenents 433. I n one enbodi nent, the heating

el entht sofide fhrdfldefirove theadamesgeneration vabimeet®, thjugh thd prrtse le Adsodinnsene,
the coolin | enents 433 are defined as annel s t hrough i ch ol

i 0 carBeSiEede PENEvers THPPDnGu 456 10riae HePToaEopy 2ermbly t bl
enbodi mepésnching @ik BehRhereRhs @3l 2nds A08! CNE FRIBOBRS, Svith3Ack 26ndiving
defined in different 25ways so |l ong as they provide for controlled heatling

and cool bargrate eshmdependent, capdbilityevitippeenrdeioguogess gasawsmetsing flpi3ratd. G0BOpld
Al so, the heati I ts 431 and/ | i I ts 433 of .the. up

el eot r odb® 48GGERY el Becarnedss sadrinely ek v Pripleccalistiahins denarli Fgita,
eachjgzongahgy bf@ﬂricﬁ@ﬁﬁrﬁé‘éﬁo@%ﬁmﬁpg}' SREDSabL lirﬁﬁﬁlﬁ’]é)bﬂiﬂ%%e%ﬁ fRe 11RQAfi6h BRclosed

tenperature control. "For exanp Fi gure 4A shows three tenperature

control honms (Zones A, B, C) in the upper electrode assembly 413. Figure
15 shone BebP L SU oL 1% SNSEILL el Ly delied L epperslung, conr o, zones
e B S58BY o TWORH e Tt oAU HR, A Lot e gt
2012/ 036 9gpRET tdJBR0dpbeD Bledr&le assemfﬂy 413 can be single frequency or multiple frequency.
20  The upper electrode assembly 413 also includes a number of heating elements 431 and a
number of cooling elements 433. In one embodiment, the heating elements 431 are defined as
resistance heaters. Also, in one embodiment, the cooling elements 433 are defined as channels
through which cooling fluid can be flowed. However, it should be understood, that in various
embodiments the heating elements 431 and cooling elements 433 can be defined in different
25  ways so long as they provide for controlled heating and cooling, respectively, of the upper
electrode assembly 413.
[0030] Also, the heating elements 431 and/or cooling elements 433 of the upper electrode
assembly 413 can be defined in multiple concentric zones, with each zone having separate and
independent capability with regard to temperature control. For example, Figure 4A shows
30  three temperature control zones (Zones A, B, C) in the upper electrode assembly 413. Figure
4B shows a top view of the concentrically-defined temperature control zones of the upper

electrode assembly 413, in accordance with one embodiment of the present invention. The

upper electrode assembly 413 includes a number of temperature measurement devices, such as



12 thernocoupl es, that provide tenperature neasurenments to a tenperature
control nodule 435. In the case of nultiple zoned heating and/or cooling
el enent s,weaeoty/Bee nmay i nclude one or nore tenperaturePOEAS0IROBIITI devi ces
connected to the tenperature control nogyl e 435. The point to be understood
is that the upper el ectrode assenbly 413 includes effective, rapid, and 5
preci se {hsAPRGoAP|es cthalopoVISE (REPRIBIUTG MgasUAHBENAT LG HIPerdwE &tk module 435.

3 t
oasur STRPHETRN) SO AGIEARBREh PO TEESHARLERN SoROIGTn A bk or
to the ph@mn@em&amgmmbwﬂ%v&%coﬂnecte@eo eehatpereite confiel SBSIt 435 EThe

hol der 401 is connected to a radiofrequency ( f.YI 0 supply 411, so as to
transm t PRAt obpeRderstees sibatghe yprer glasepds pwem ‘[)iﬁ’em@ll@ées Fhsting rpmezrnd
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ref erencea@biiend potential. In one embodi ment, the substrate holder 401 is
defined as an electrostatic chuck éESC) [0032 The substrate hol der 401
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401 can be defined in nmultiple concentric zones, with each zone having
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control | e 435 e of nult oned he ng and/ or cooling
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connect egetfafif\eelLRIREUBY Yhe c&&ﬁltgre%mgﬂ%g uhe ofthe: suﬂ_s}ﬁeateol%l@ér 409 A b3 Qefined

understood is that the substrate "holder 401 includes effective, rapid, and
preci se irenpf@raitumaycontloog sapabiprovide andnaclbadr At®inize apk rcadling capability,

measyr enment / nonj t or i n cap y,. [0034] Additionally, in one enbodinent,
t he g(geri fPﬁB‘?céllve@h‘P{)‘H?i fﬁgﬂﬁ i18l.can incl ude a number of heating el ements

437 and g)%g@?%s% ﬁ%@%@%@ﬂ@%ﬁ%ﬁwé‘?&ohhg eRARNRTROY MR ubstrdfCholder 401

2012/ 036
can be defined in multiple concentric zones, with each zone having separate and independent

capability with regard to temperature control. For example, the substrate holder 401 includes
three temperature control zones (Zones A, B, C) that substantially match the temperature
25  control zone configuration of the upper electrode assembly 413. The substrate holder 401
includes a number of temperature measurement devices, such as thermocouples, that provide
temperature measurements to the temperature control module 435. In the case of multiple
zoned heating and/or cooling elements, each zone may include one or more temperature
measurement devices connected to the temperature control module 435. The point to be
30  understood is that the substrate holder 401 includes effective, rapid, and precise temperature
control capability, and accurate temperature measurement/monitoring capability.
[0034] Additionally, in one embodiment, the peripheral shroud assembly 415 can include a

number of heating elements 437 and a number of cooling elements 439. In one embodiment,



13 the heating elenents 437 are defined as resistance heaters. Al so, in one
enbodi nent, the cooling elenents 439 are defined as channel s through which
cool i ng fwoi2di2sm2be fl owed. However, it shoul d be undersTamsd)11obEr i n

vari ous enbodi nents the heating elenentf 437 and cooling el enments 439 can
be defined in different ways so_| ong as‘%hey provide a controlled 5 heating
and cool thegheating séngnisety’ st defiedpdsy resistngs hedeigudlees de apeyemboslimpgts e ¢ he
peri pher shr i . me u ment
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devi ¢& 50L,6R0 Wil BREMHanMRE 400 2PN EldaPRE AP S R ARUSBIERE HARNL 968 THN,
in the case of multiple tenperature control zones within the substrate

hol der 46dbstratadofder 401 inehndes anairrenore dsup@nterit caigel devidsd 508.amch epthe deating
mul tiple tenperature neasurenent vi.ces respectively corresponding to the
Tl 1 pl o BIBrAE e ERE SFmEgh 405, GrasenGel (eSEiP UGG Ao 06 (e
devi ce 50dhti} ePRBE§HCrd QrinB&ed BIBETBhHEIRICAN O niFRANIE cBPol A0dd10033] A

second tenperature neasurenment device 503 is disposed to neasure a
t enper at he upfer teleetrogipaserablgcltl B andudes Sapbl ynodd @mpetatwh oot e viecader1s twodd
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can represdnle 436l ti pl e tenperature neasurenent devices respectively

correspondinﬁéto the multiple tenperature_control zones. The second
t enper at [S0hfaliist Emsratisvnesuisosnt devighletsedisrased Hemeatiser ARBPBRENeh ol
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defined to store tenper
25  device 501 can represent one or more temperature measurement devices. And, in the case of

multiple temperature control zones within the substrate holder 401, the first temperature
measurement device 501 can represent multiple temperature measurement devices respectively
corresponding to the multiple temperature control zones. The first temperature measurement
device 501 is connected to the temperature control module 435.

30  [0037] A second temperature measurement device 503 is disposed to measure a temperature
of the upper electrode assembly 413. It should be understood that the second temperature
measurement device 503 can represent one or more temperature measurement devices. And, in

the case of multiple temperature control zones within the upper electrode assembly 413, the



5 data that can be retrieved and utilized by the tenperature control nodul e
435. In one enbodi nent, the data storage nodule 505 is a conputer nenory.
However, wO 28tposbat3be understood that in other enbodi memC3/[USRiE/08ETA
storage nodul e 505 can be defined in es?‘?nti ally any manner so long as the
data storage nodule 505 is capable of storing tenperature data that can be
retri evetfCcand tReratps AR UICHISt dayirer W8 TeRIRteRbMUHINR e peRTure eag@epgat

enbodi nept,. th - t ul e,505 1.5, def | it hi S e :
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the tenperature control nodule 435 may be defined to conmmunicate through
ei t her alQBBEdhe oyntese 508 nlsoringludgsrfias stosaasriaedyld A0 definaddrpptare tRnpreyiEe
defi ngd tside of .the system,50%5 ith . the conputing device defy to
Tormmi t af i o g8 & ofuREl MatRueon” dOGERR AT rfuletindt &Rs0s

i ncl udeseglBbdintehatthél &thian@srage trhdRid 8pendantonsptit mameryt ePesat, Uit ehb@ld e
applied during a plasnma process. The tine-dependent substrate tenperature

data is présvitded thai anothapgmbodismnthetheadata stosrgggamoduldud@ 55 teodefined in
tenperature control nmodul e 435. The ti.me-dependent s trate nper at ur e
datn at SHeGCHRt TEFS SeoPFai & O PR 00 Reht PRSI R & iR o ot
coef fi ci @itpetap@l dafa MaldaAHWrGRAED bhdBilizeAlby hE t&hh@itutel dBRroRBduleB5. In
tenperature of the substrate is correlated to the tenperature of the

subst® at enchombedimpol. theastyr edragy meduld SPStis detprsr withinetheesysigne eht Indetherce
501. [0040] The data storage nodul.e 5 gl so jncludes data that fines a
01 e depEraetiterBne A Bre PRt AR oPaN: AEdeNPIHE DEBaPe SFUgr Dhe ot i
assenbl ydandomninidddsh atetht QyR8masiBl P8 el pslbl! the Geh f@atlcASI R oP HREIBRS435The
ti me-dependent substrate tenpéerature differential data is provided as an

i nput f r ony thheletiagdatostonmagacat® tubezhsHhet @ wited cormuepabun eviedays coinenpetuioe
435. The tinme-dependent tenperature differ ial. data at any, given.ti is
Cort el ot BAOTBUUTHIRGTe Syt Rt Phevhons undl Sl REsdid Baped®
subsig at g afftaih MR @ty QBrabk MRdulCH41] The tenperature control nodule 435 is
defined to control the one or nore tenperature 30 control devices 509 of

t he subsf0039kTheldder stdfdge tnoodwid A0Aiimclades atagpethas dbStasat €imb0S:peedapesaltstne. | n
one enbodi nent,

the t t bstrate 403 t .at i i -d dent
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tenperature a y given tine 1s correlated to control of a sticking
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tenperature control nodule 435 is further defined to control the aone or
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mai nt ai nteﬁlﬂeﬂt&%t of the substrate is correlated to the temperature of the substrate holder 401
measured by the first temperature measurement device 501.
[0040] The data storage module 505 also includes data that defines a time-dependent
temperature differential between the upper electrode assembly and the substrate to be applied
25  during the plasma process. The time-dependent substrate temperature differential data is
provided as an input from the data storage module 505 to the temperature control module 435.
The time-dependent temperature differential data at any given time is correlated to control of a
flux of the plasma constituent toward the substrate at the given time.
[0041] The temperature control module 435 is defined to control the one or more temperature
30 control devices 509 of the substrate holder 401 to maintain a target substrate 403 temperature.
In one embodiment, the target substrate 403 temperature is a time-dependent substrate

temperature to be applied during a plasma process. The time-dependent substrate 403



5 tenperature differential between the substrate 403 and the upper

el ectrode assenbly 413. In one enbodi nent, the target tenperature
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2012/ 03692BPCT/ US2011/ 050379 16 during the plasma process. In one

enbodi mept, .the upper plasma boundary is defined by a surface of an upper
el ech od@"’ééig}%reyg gl ﬁowﬁlﬁ&%ﬁ pgtheR dorgfeliomg 2 RS pinsessde b Pero@ecdys a
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30  plasma constituent to adhere to the substrate. In one embodiment, the plasma constituent is a
polymer that is resistant to etching capabilities of the plasma process.
[0045] The method also includes an operation 603 for determining a time-dependent

temperature differential between an upper plasma boundary and a substrate to be applied



15 substrate during the plasma process. Al so, in one enbodi nent, each of
the tinme-dependent substrate tenperature and the tine-dependent tenperature
di f f er entwal2ot2a3e2en t he upper plasma boundary and t he ®abatse@tms6339 defi ned
as a function of radial position extendng froma center of the substrate
to a periphery of the substrate. [0047] Tn one enbodi nent, the nethod
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flux of the plasma constituent toward the substrate at the given tine.

25  temperature control of the substrate support during the plasma process.

[0048] In one embodiment, the plasma process includes a high aspect ratio feature etching
process in which a number of high aspect ratio features are etched into one or more materials
present on the substrate. In this embodiment, the time-dependent temperature differential
between the upper plasma boundary and the substrate is set during the high aspect ratio feature
30  etching process to ensure that the flux of the plasma constituent toward the substrate provides
sufficient amounts of appropriate masses of the plasma constituent near the substrate and
within the number of high aspect ratio features. Also, in this embodiment, the time-dependent

substrate temperature is set during the high aspect ratio feature etching process to ensure that a



[ 0051] The nethod al so includes an operation 705 for holding the substrate
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[0053] In one embodiment, each of the substrate holder and the upper electrode assembly is
defined to include multiple radially concentric temperature control zones. In this embodiment,

the time-dependent substrate temperature is obtained for each of the multiple radially
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temperature control feedback signal, so as to maintain a temperature difference between the
upper electrode assembly and the substrate holder in accordance with the time-dependent
temperature differential between the upper plasma boundary and the substrate.
[0056] Additionally, in one embodiment, the method includes an operation for measuring a
20  temperature of peripheral components during the plasma process. The peripheral components
are located within the plasma processing chamber around a plasma generation volume. A
peripheral component temperature control feedback signal is generated based on the measured
temperature of the peripheral components. The temperature of the peripheral components is
controlled based on the peripheral component temperature control feedback signal to maintain
25  a target temperature of the peripheral components during the plasma process. Controlling the
temperature of the peripheral components includes operating a heater within the peripheral
components, a chiller within the peripheral components, or a combination thereof. In various
embodiments, the peripheral components include confinement rings, a peripheral shroud, or a
combination thereof. Also, the target temperature of the peripheral components can be
30  specified as a function of time during the plasma process.
[0057] Example embodiments discussed herein identify a polymer specie within the plasma as
an etching resistant material whose deposition on the substrate is controllable through

substrate temperature control and through control of differential temperature across the plasma
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generation volume. However, it should be understood that the methods disclosed herein can be

applied to control deposition of essentially any plasma specie that has a differential mass
distribution subject to thermophoresis effects, and that is capable of depositing as a protective
layer on the substrate. Also, it should be understood that the plasma referenced herein can be
generated through either inductive means, capacitive means, or a combination thereof.
Additionally, the methods disclosed herein can be applied to plasma processing of essentially
any type of substrate, including but not limited to semiconductor substrates, flat panel
displays, solar panels, and the like.

[0058] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and studying
the drawings will realize various alterations, additions, permutations and equivalents thereof.
It is therefore intended that the present invention includes all such alterations, additions,

permutations, and equivalents as fall within the true spirit and scope of the invention.
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Claims:

1. A method for operating a plasma processing chamber, comprising:

obtaining a time-dependent substrate temperature to be applied during a plasma process,
wherein the time-dependent substrate temperature at any given time is correlated to control of a
sticking coefficient of a plasma constituent at the given time;

obtaining a time-dependent temperature differential between an upper plasma boundary
and a substrate to be applied during the plasma process, wherein the substrate serves as a lower
plasma boundary, and wherein the time-dependent temperature differential at any given time is
correlated to control of a flux of the plasma constituent toward the substrate at the given time;

holding the substrate on a top surface of a substrate holder, wherein the substrate holder
is disposed at a location below and spaced apart from an upper electrode assembly which defines
the upper plasma boundary;

controlling a temperature of the substrate holder during the plasma process so as to
control a temperature of the substrate in accordance with the obtained time-dependent substrate
temperature; and

controlling a temperature of the upper electrode assembly during the plasma process so as
to comply with the obtained time-dependent temperature differential between the upper plasma

boundary and the substrate.

2. The method as recited in claim 1, further comprising:

measuring a temperature of the substrate holder during the plasma process;
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generating a substrate holder temperature control feedback signal based on the measured
temperature of the substrate holder; and
controlling the temperature of the substrate holder based on the substrate holder
temperature control feedback signal to maintain the temperature of the substrate in accordance

with the obtained time-dependent substrate temperature.

3. The method as recited in claim 2, wherein controlling the temperature of the substrate
holder includes operating a heater within the substrate holder, a chiller within the substrate

holder, or a combination thereof.

4. The method as recited in claim 2, further comprising:

measuring a temperature of the upper electrode assembly during the plasma process;

generating an upper electrode assembly temperature control feedback signal based on the
measured temperature of the upper electrode assembly; and

controlling the temperature of the upper electrode assembly based on the upper electrode
assembly temperature control feedback signal and the substrate holder temperature control
feedback signal to maintain a temperature difference between the upper electrode assembly and
the substrate holder in accordance with the obtained time-dependent temperature differential

between the upper plasma boundary and the substrate.

5. The method as recited in claim 4, wherein controlling the temperature of the upper
clectrode assembly includes operating a heater within the upper electrode assembly, a chiller

within the upper electrode assembly, or a combination thereof.
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6. The method as recited in claim 4, further comprising:

measuring a temperature of peripheral components during the plasma process, wherein
the peripheral components are located within the plasma processing chamber around a plasma
generation volume;

generating a peripheral component temperature control feedback signal based on the
measured temperature of the peripheral components; and

controlling the temperature of the peripheral components based on the peripheral
component temperature control feedback signal to maintain a target temperature of the peripheral

components during the plasma process.

7. The method as recited in claim 6, wherein controlling the temperature of the peripheral
components includes operating a heater within the peripheral components, a chiller within the

peripheral components, or a combination thereof.

8. The method as recited in claim 7, wherein the peripheral components include

confinement rings, a peripheral shroud, or a combination thereof.

9. The method as recited in claim 6, wherein the target temperature of the peripheral

components is specified as a function of time during the plasma process.

10.  The method as recited in claim 1, wherein the plasma constituent is a polymer that is

resistant to etching capabilities of the plasma process.
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11. The method as recited in claim 1, wherein each of the substrate holder and the upper
electrode assembly is defined to include multiple radially concentric temperature control zones,
wherein the obtained time-dependent substrate temperature is provided for each of the multiple
radially concentric temperature control zones of the substrate holder, and wherein the obtained
time-dependent temperature differential between the upper plasma boundary and the substrate is

provided for each of the multiple radially concentric temperature control zones of the upper

electrode assembly.



