Controlling CD and CD Uniformty with Trim Tinme and Tenperature on a Wafer
'by Wafer Basis FIELD [0001] This disclosure relates to a nmethod and-system
to control critical dinmension (CD) uniformy of a wafer, and in particular

to controlling the CD uniformy during plasma etching. mmwwm\“‘

I NFORMATI ON [ 0002] Various processes and techni ques aré\

tontrolling etch or trinming processed to reduce variation.jpsfeature
profiles on a sem conductor wafer. For exanple, US—2611 0163420, which is
hereby incorporated by reference in its entirety, describes a process of

adj usti ng @ophollingRED 4 COY Unifyrmita WithoTAMIDINYERNd Teyseratire omna under | ayer
on the wafer. The mask is sel ¢dferby Wafer Baeis t 0 generate individual nask.
The process involves various deposition and/or etch phases, which include
trimsteps to formfeatures having an increased aspect ratio. US 7,018, 780,
which is hereby incorporated by reference in its entirety, describes a

t echni queclﬁbp renovi ng photoresist material froma sem conductor |ayer. The

met hod i i gned to, control and reduc rofile variatjon. dyring

oot or es 10668 PRRR g i fstende a reahpoeRievrEfuD Sortobedlicel over the
phot or esidwhen®ion (@D uaifdrally bPa wafer! ed WRdRticulat toCconeoRiflg e Che mask. The
t hi ckness of the conformal |ayer varies depending on the region of the

seni conduifermly gyrigg ptasma etchingi ng tri ming the center-to-edge profile
vari ation of ghot oresist lines critical dinensions is controlled. [0003] In

ot her kndMCREBEUMNRBINFOEMATIOMNN and et chi ng processes achi eving a desired
critical dinension (CD) target and CD uniformty pattern on the wafer can

cal | for [RO92]i pVerieis preresgesanddteeyques aredapwnyiorepntraling etchppr exanpl e,
o 205 gyl eleE DB RO tols IPLARES RS L=
i nvol ve twafendror egampl@; US 2011/0163420, which is hereby incorporated by
reference in its entirety, describes a process of adjusting a photomask pattern by
placing a polymer layer over an underlayer on the wafer. The mask is selectively
trimmed to generate individual mask. The process involves various deposition
and/or etch phases, which include trim steps to form features having an
increased aspect ratio. US 7,018,780, which is hereby incorporated by reference
in its entirety, describes a technique for removing photoresist material from a
semiconducior layer. The method is designed to control and reduce profile
variation during photoresist trimming by applying a conformal layer of polymer
over the photoresist mask and a portion of the wafer not covered by the mask.
The thickness of the conformal layer varies depending on the region of the
semiconductor. As a result, during trimming the center-to-edge profile variation

of photoresist lines critical dimensions is controlled.

[0003] In other known processes, deposition and etching processes achieving
a desired critical dimension (CD) target and CD uniformity pattern on the wafer
can call for multiple optimization steps in a development cycle. For example, US
2011/0143462, which is hereby incorporated by references in its entirety,

discloses a process in which the first optimization cycle can involve tuning the
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CD target by applying a trimstep that controls the CD by varying the step
"time. After achieving the CD target, the unifornmity can be optimn zed by
tuning the electrostatic chuck (ESC) tenperature which controls the wafer
surface reaction tenperature. This process can specify the use of multiple
wafers and include the critical paraneters being redevel oped every tine a
different CD target is requested, the-incoming CD or CD uniformity changes.
If the incom ng wafer varies in conmparison with the outgoing wafer with
regard to an initial CD and CD uniformty, achieving an optiml post CD and
CD uni f 010D taygétdsyosiplying a tnafstép that vafitesls lesCB bysvarging ftiea siebl tiene.as

achi eving _a desired po CD and CD uniformty target uses an iterative
process. figr ﬂ%ﬁ)ﬁngﬁq ébst?rgfﬁ’ tg?é’l’l“f?r(%'w %EP%HEW“_&BF bé(_t'é’HB_Qir&f‘? c lithography
tool is %&%ﬂo&l‘éti@'&ﬁ%l@(l&t teﬁ'@éreﬁMr%t\ﬁﬁi'%h'c%nﬁ@lBTHé‘wfaerr&JHécé prRtiBAt i n etch

tools coul d be con‘g_e_nsate for by the litho raﬁ_g\?/ tool. Use of this tool,
however , temseerahiie. dbisgrrAsetsecansPaciy thiprseal multinler walfers ard;includg the om

. . . i |
o a: mot RAUEEPoRrictols delfg FetiBioped Ve iy Siere OBl 2 ST ey (h

pl asma premestddhesipsoming €PBeorGI3 ueifornity chgngesaiféne mapming watssenbl y

i ncludin u it f . rol e t.em tur ontr ol
ones. ar Pagel oot MBS TRETR Wi s Be R BriBBREC A Fehoer o ur e
control zeiieityn athievingfadroptianal pastc©Dtanadl CB unifbrtityctarget ohsa wafeh by enper at ur e
control zone, the nethod, conprising: recejving proce ontrol. and

t enper at mager&ﬁ% |§§§>&qa§tqi%r%q$plea/?ng agdesir Bgﬂéﬁﬁngm%'&gwtyprocessed in
a pl asna i5Qantsds & itdrBvpeEBs. PIMGRWH S\BIEHS LfNdtch 85dtidebiaged fdrtd cal device
parameters of a wafer currently inserted in the plasma chanber; cal cul ating
a tar get speeifi¢ tithagraphy teolisbsrd ta enfyee thalpay sygiemadic pnuUndoBiY ent wafer to
be proce?rﬁ%qemﬁ%f]ﬁhqeofs%umﬂ&séﬁ Eﬁé'gtéﬂ’lforq'&qhéﬂfﬂ?)@hfbthgrﬁoquﬁs%&f the at

| east one previously processed vvalper and the criticCal device paraneters of
t he curr dms towf moweveendqesawd sempgnsate fouthe enon-wmifoemities resulting faenon of t he
target trimtine -3- v\/n*et e the tenperature of each device die location is
adj ust ed PEAESE P@ﬁa'{‘ﬁt&rﬁ A égtre‘f"@?rperat ure profile. [0005] A second

enbodi e rnel s to a systemfor controlling CD uniformty of a wafer in
a pl asmar%‘M@' i ng system conprising: a wafer support assenbly, including

a plurali f jndependently controll able erar.ur ontrol. zanes

arr anged [{’fXP‘ﬁrAi%Fﬁ?thOS"B%%ﬁfS%t%ﬁ@ﬁ6@3?90@%23’8%8@}89 u 'tcffﬁgyé)?ure control
zones; anke featirat bPhhvRifeCifiRe pIESIE ProcEssMReHisidn, Ghé systam KiaNhEa parameters
of an incom ng wafer and process recipe gararret ers . over a network;

cal cul at valer gunpert assembly ineluding aPEdiBeef indepsndgptly eoyrlieblee of the

i hcom ng AdideEdie i of the at
| east oné‘gﬁﬁ’%{ﬂ“@%ﬁﬁ“g%ﬁgsﬁ@&gm Efayr%gﬁ@hte cr iI ti caﬁd el\%gggg%eraanet ers of
t he i ncorthertergsdreture aontreldonss onlike wafgscand acendlles dat adolrolseathe | ocati on

for a durat] ef,. tri i ; I get

t enper at l}%b%%ct)ﬂalcénﬁft)%%j {hf "lthhlmrogI %gﬁﬁgn@g?%{@tp&@{% %tnﬁglné'ﬁ ansitory
conput er tempeatire datal assodiated mithat teashone eddéergprevidesly preoessed froa  per f or mi ng
a net hod ?f controllPIir} CD uniformty of wafer.in a.plasm processing
Syst em hAASTEA ShsEPRTOIShE PIRSMaRTOEREANG yRieTarerg Mg ieal G oy

I ndependgyatdmetepbf »Wafdt crreRfip fisakbd ¢ erplastha ERARBeR chROBAfAgian pProxi mty
to device die | ocations above the tenperature control zones on the wafer,

and a cor@ngst iris tingandcpiareel tempgeaiuterptieaf thecwmit waferdghe t he net hod

conpri si ng: (V! K gp#lrl t ?&}%‘P ted with
at | east ’%%%Js%gg%b%?865@%@?}3%?%@3@2g@ﬂﬁ%ﬁwg p argn(%{t %ﬁgl%%:art 0 t6 hg pl asma
processi pyewgesly processsd wafeg andithé celicall device pprametetscofshetumentur r ent waf er

o S S 5D TR o e oL

control and tenperature data of the at |east one previously processed
wafers and the critical device paraneters of the current wafer; and
processing the current wafer for a duration of the target trimtinme where
the tenperature of each device die location is adjusted based on the target
tenperature profile. -4- BRI EF DESCRI PTI ON OF THE DRAW NGS



[0007] In the follow ng, exenplary enbodi nents are described with reference
'to the attached drawi ngs, in which: [0008] Figure 1 illustrates an overvi ew
of a plasma etching systemin accordance with an exenplary enbodi nent.
[0009] Figure 2 is a flowhart of a nmethod of optimzing CD uniformty of a
wafer in accordance with an exenpl ary enbodi nent. DETAI LED DESCRI PTI ON
Y0010] Figure 1 illustrates an overvi®w of a plasma processing systemin
accordance with an exenplary enbodi nent. As shown in Figure 1, the plasna
processi ng system 100 i ncludes a wafer support assenbly 102 including a
plurali Ej whete thecteppesstord M@mtdegvide&fié mdaﬁapwa%ustedbﬁeéd oh t®nes 104 I
arranged, in proximty to_device die |ocations above the tenperature contro
zones 105far8ﬁ&empe\ﬁ%tp\éq'pmgt shown). The tenperature control zones 104 are
assenbled_in_a thernal r%Iﬁate 106, and are each independently controlled by

a cont r oll§S1unf seges empadignt Felptes to gifystemipr controling LLWREIMEY a hi gh or
| ow i de opty villoRFi 4 phiih pHdQssliasidi. CARTSRIG: Grwaiel Sugdf assoRfbi | OW i de

of the RF filter 110, e control I'er unit 108 'can be [ocated within a

pl asna clinghising a plurglity of indepasdentiyreppiroliatig teypperaiire sontrolzonesi t can be
attached : : . i e thereto.
Then_on. AAnGog it BiokimiBLERRNIce e BER B0l b EALE(ReNTBY © {1

encl osed zbneg ardrandentraller ednfiguted too rpeceive ctiticel device pacsmeters dfearcont r ol | er
unit 108.from RF interference. The controller unit 108 can.inglude a wred
or i r ol TR A AT TRESSS esPR At Melstoxy 4 Meont sefciibte Btpist

t ranscei @ tinkdasd b ehrdetitepsgdratge profill dfethe dontiRg waferieBe Phihé Or
facilitating communi cati on between thRﬁT cor]t roller unit 108 and t he network,
a pr _ocesQ&?Qesércoﬂ%'ra’]%tﬁmﬂeé%térel a qfffie Bt Ipast ABeRreYOBRlY RTOfE§RESi de of the
RE 1| t efyatdaricing-oritieXRVIRR! pdr8mb s B faRcsngifer hAd Aijuat A
processing system 100). -5- [0011] According to exenplary” enbodi nents
descr i bedemperatyre of gachydaviae dier locaitnn ey adusation efdhe trrgelstdm ime pr ocessi ng
t he surf } f For exanple, any of a

o) e({i Bnhe ch u'%%??ﬁ%g&%h{r| r@l‘{le.

E
phot oresi's ayer, nas 0S| n layer or other layer of a
sem cond ' r | [ hase or cycle
per 1 or modo0l, R Ui ERpaRtichS fiaSt AhoR-BEERES oo el eelhbl™ 7
conbi nat inseditirhdra@ivig, pragramm dodeeheodedtherciohifedpertarmiey a Tiethodof pe speci fi es

paranmeters used establish th roper _environnent ip the .pl asma chanber
For r eal contialion CRERI U PLavtietnahias B P oA RSlEsh BRYRY Bhe

sem condygfer suppbftrassémdly ifclLBIgEAPluFMecHifidépdndeathptortraigbrNt gas to be
introduced in the plasma chanber at a specified flgw rate, a pressure of

the pl asi@MearaieCONHAlZANes a5RRNELd dmBroxinaifitoreyice digircajorgabaveyr ovi ded to
t he ESC. i e bt A sccm of CF4
and 90 s S B B o e R e N aber

pr essur e teraperaturegontrol Zme, ther methed comRBings Ueceivingrpreeassi apatrobamdy of RF at
a freque rj ' erial al ong
a wdth g%'%gg{/%%ér e%%o?:@a%%%m@él%\l’}%&? Bﬁ%g{a(lfa%ﬁ g\??g%l?mo;aé%g%sm?éct ratio
(e. g. ratplasned cliaraber ¢f the piisina protesding sysierl] feceivintcritical desdde di nensi ons

CD) of th fer.. A [ t I . dj ts discl d herein th
D ni { o FFATETS &f 4B BPI gL o8 SRER P NG BRSO AT acr oss & bat ch-

of waf er galsidliagL@rie? tAtANEARd & targbichasbratied profikesf the Gufrevaref er s
previ ously processed in the plasma chanber. The desired CD uniformty can

be achi e\R@8e®Pndhe prAcesh GoRtFel andriemartatyie dalapbaialleasi ONGIRrRHoUHe wafer | s
pr ocessed, JUsBE wdisrs i The RAGS QBvied phraméBRlcH thd RErrBROLSRE I #G SYystem can

i ncl ude g)corrputer system or ot her sui tgabme mter%ace for providing control
and/ or proeeassingdheawotrenswafer fqsreoduratiomgf thedangettrum imeofharhdhevaf ers. [ 0014]

e oD e RASRARSERSRILE o AL s W RARERn KB P TS e

temperature profile.



-6- nmenory can include Random Access Menory (RAM, Read-Only Menory (ROM
'or any other suitable nmenory device as desired. The CPU can al so be coupl ed
to any nunber of input/output devices, such as a display, keyboard, nouse,
or any other suitable device as desired. The CPU can al so be coupled to

ot her processors or nmenory via a network. [0015] During operation, the CPU
tan be configured to execute wafer précessing according to software code
stored in nenory or on a conputer readable nedium such as, Magnetic
Storage Media (e.g. hard disks, floppy discs, magnetic tape), optical nedia
(e.g., CBR¥DB DESORIPOONORETHE QRMMINGE nenory devices as desired. The CPU
can al so receive process data and/or paraneters through any conbi nation of

i nput de\J0osd, thb fallpwingsxemptarh @eatbdiments arevdescribedrvitiveferehte CPU can
out put procgessing results and/qr,status to a user or operation via the

di spl ay. & @Q?%@Qrﬁjsr@\@'ﬁ‘@?a‘[‘é”@%trol signal s based on software code and
paraneters input by a ,user, the control signals, bein rovided to the

cont rol | dPOQR; t Figgee 1 Hluégﬂfgﬁé‘t“eo"&r‘éﬁwpéﬁlﬁ?”%@rﬁ@?‘ﬁﬂfg’é&ﬂ?dﬂi l e, through the

tuni ng ofackbRiah8aMAhan R neNaY @hbddimeat. 104. [0016] By tuning the power of
each tenperature control zone 104 under control of the controller unit 108,

the tenpgpedey eriguri 2 iLa ABWERSH Bf # FRUSOSF SiititniBifg TRDRRoAfyIbfpadi al |y and
azi mut hal'ly. "The tenperature control zones 104 can be arranged in a defined
pat t er n, vafeningscoedanse wath@n exengplary enaboedioggbnal grid, or other suitable
pattern for generating a tenperature profile as desired. Each tenperature
control A¥nBAILED BESQ%%LPTIQN mal plate 106 can be of a sinmilar size (e.g.
.109% to a single device die on the wafer. The controller unit 108 i ncl udes
a plural i[0910ff Bigurehdkistrates anhemenviewi@ nlasmee prasessipp Byt Bss power
supply a [ n.Jli C t en] ol zone
Toa oo 2rrOtiRes VB ATl in OEHE. 'R SAn IFERBRELAE A

el ectri cgrocawsirecsyisters 100 eclydasca wafgpsuppant dsgembly 102tincladihgees ar e
arranged such that,k eac wer . s ly line,is copnected a different group
of "t experslitaiy € Sierandetts, ConseBs Somart g nB0 s es J0d Airanont <

connect ethrbamity db HEGiEE die BEMEhsEbIVE RS fethperated Bbhtedl Z6ABSI040A tiet h each
tenperature control zone 104 being in one of the groups connected to a

g !
par t i cul avafpb(not sBewp)- yThe teerarafuimeoniol arey e asemiied 3o a
particul alﬁ?r?rgﬂ‘:prlaté‘ﬁ)ﬂ,r Ind éféeeaJhQBa%leH&an%@oﬁt?d‘ﬂE@r LAESHtRAMBE LRt 1?@”65 104
are connected to the sane pair of power supply and power return [ines.
Thus, a rEspemtroller urihbes adnube aangedbn adrigh eolbweside béandif filter dd0by

directin | rical rr. hr o . Rait, 0 I power
return |ﬁ’r¥§‘§ﬁ§*i? E%IEFH@F?Q%&%#%%@@%%ﬁ% hgﬁﬁgib@”‘ﬁg Cégﬁﬂfeéét ed. [0019]
Each t ermﬁﬁtatoacarckiwtdlcetedmmn A(plasmad charaberdt Z)oflethe drplasnm ﬁmbissiyg of
tenperature co ol elenents 122. The power su ied to t t enperature
control e?yémgéé'l‘ﬁﬁe@f'p‘ga&b%e? WQPGE%W@&{WBBO'E@%GTBW 1920™he smal | er
than 20 Wcdted prosdiBlecthefito "WHNGrEh fivitBide ofitidRF fitef aNQ&h@kohtréir 10 W The
tenperature control elenments 122 can be Peltier devices and/or resistive

heat ers siith! Gfsis gacipsad iva fagadaysshiald (1€ dp erate@riectianiasedne ni ca heaters,
metal heatdidCut 108 o/ RE ifrid¥ncdPTRE cdftolief BhRADE cBRBciide 4°- 9. VIO
sem conductor heaters, carbon heaters, or any other suitable type of

heat i ng owirexbot wingles$ eomentunicstides intertbceT hech asfiberaapiicecablimg. R el enents 122

can be inpl emented,d n..vVari,ous, desi r. nf | t 1. as being
corcen prTAECRveG TRt S4BT L Oy Flicb R BB RS oI Cobi 6
desi gn aSccfcilmhniedtionTb@Mebhcuk@eemrmlferluriemelapem@é getevcrl]gra pm:ceaécﬁnﬁnt s 122
may range from2 mceroneters to 1 mllineter, .an refer within a range
of 5-80 nﬁ'ﬁﬁrm%%ﬁ‘es%%d" h W%ﬁﬁ%eﬂ@e@%éweﬁéﬁl&ﬁ%ﬁﬁﬁe&1@@&%{90| zones 104
and/ or poMB&rmatRith¥ pithPeNEhbéret 12 6t dladifs prddessinglsgstent €@0)0f t he
tenperature control zones 104 can be up to 90% of the area of the upper
surface of the wafer support assenbly 102, e.g. 50-90% of the area. The
power supply lines or the power return lines (power lines, collectively)
can be arranged in gaps ranging from1l to 10 nmm between the tenperature
control zones 104, or in separate planes separated fromthe tenperature
control zones plane by electrically insulating |ayers (not shown).



-8- [0020] I'n an exenpl ary enbodi ment, the power supply lines and the power
‘return lines can be nade as w de as the space allows, for carrying |arge
current and reducing Joule heating. The power lines can be in the sane

pl ane as the tenperature control zones 104, or can be on a plane different
fromthe tenperature control zones 104. The materials of the power supply
and power return lines may be the san® as or different fromthe materials
of the tenperature control elenents 122. In an exenplary enbodi nent, the
materials of the power supply and power return lines are materials vvith_low
resi stivi[0@11]s udtcadinGo eRémphaty émbodﬂhenTsrdesched Heb€ia 1 the piasmaf er support
assenbly 102 is o abl e bo control Wﬁ?ﬁ rf‘ rrgerature and consequently
t he pl asPRCERSENS [ﬂ“b&%% edpe &HFO&SWE% RUIFAGEARYSR o B maxi mi ze the
yield of sdmicsiriuicior warémerohaixampld, angibf @xhitRbrasist IBYG0OHaBRMyert he pl asma
etching system 100 preferably has at |east 9 tenperature control zones 104.

[ 0022] Fi pgition jayep of P%\%l\?é(?f ofR Sﬁmf@ﬂﬁﬂ‘éﬁobwa@dﬁsrﬁ%ﬂﬁ@ @@ Rfni f or mi ty of a
waf er in i ncom ng
nafor 1o TR e e o R O ot oo ARE ep Tn &
tri m cyclas etgh phaset ohamhegrabination theaegfl accarding do atsperified recipe.r Ebei ve

nmeasur ed | ,.di mensi ons) at
a plurali g&b&fs Bgéé'@?sgéé%ﬁ‘e? gglagg?gégs{gﬁhghthe\%ﬁ Bgrt%r@%ébﬁhﬁ_ﬁ thg“ tical

devi ce peplama ehambemfor rezihzmig the desweditelaturhsbad cﬂmjtme dimensiens ohithé , per cent

overfill uni f o er or ot her swt ters as de5|red
e e SEORCQ Rl et T ECTe b et RO e B VA Of B G EIEE e aontrol | o
unit 108 jhtrsduced ivtHeoslasa Iméﬁib'éﬁﬁﬁélfspéélﬁéd e rateh@ prédsaes efthei r el ess

net wor k connection, an onboard neasurement tool, a user interface, or an

ext er nal RRYBRSBINDeN, And She pouanangd ffequansyiatutich RRds Brovideddp dhe nspect i on
Lool can Ee0mAS aANORdFalerltA e iEh At BRATE, UDSRERI ST (a0l - | n

anot her exenpl ary enbodi ment user Interface can errbody a hardware
or softwa&ﬂesdcm@frl'ﬂzag@wberrém;dcelﬁimt@lﬁ‘!ﬁedlammmﬁl]e Chaenhsopressureer unit 108
al so rece 3 ssociated with
at | east ég\é:b pgﬁﬁgbﬁ%&t?aééss%%g%ﬁgfgﬁ éegg? wgr%gt(%zoz). The
measur ed fraquencybf 2BMH:e paranmeters are obt a| ned duri ng a process in which
for each step, trimtinme can be varied (e.g., adjusted) along with a

vari at i orfoot2}t enpﬂn@tmartam plesevarrdyeld matental alorg aawidtheofapwhies fdteret 0 t he
entire wafer, qereas th terrperaturg varl ations an be |ng t‘Bendently

by 5

appl i ed t'9remHeYe NG AR FINEC L (8 rRYP %{ RatRNeI988c i ed

t enper at Yegups Q/fdti'\)e and Raficdl a.m@h@nd)rwwy SRS Mafdry A@eeﬁmgsw&emmé@ or phase
cycle the controll’'er unit 108 can independentl|ly adjust each tenperature

control Zmeodiveptsslisdosaddpreinripe un@rﬂnwrcé@w%fghtq!aﬁ pmgs@ ‘Eﬁﬂ f or m ty.
The pr eV'(Pé”z?dr)froﬂé@%@r%%@% dﬂﬂ%ﬁpﬁwsgi’s h&ﬁ!t; Wdg, Rt ér&ﬂéferé)estaw
processe a tine 1 med a acent to t € 1 ncom ng I‘ and/or at

| east oneﬂaméérfronhwafarspmvmsbswdceasedny the p’vasmaminambert Ffbe;dleen:eﬁm ng of

the curr i The con u s the received

critical e(gté\ynggma rie r\?eé%@\()edg@hgptg{uémg%Sm%gﬁ«{{?ﬁ%ﬁwﬁftgr & tenperature
sensi ti viwhichreh®) wafehiscproasswedi duriag the trith phagé bhcydie sensiti vi ty of critical
device paraneters at various |ocations on the incomng or current wafer in

rel ati on [0013]neTR ptdcelssipgisps®ehttsn intlidé)a cormputersiemictiothersnitablevi ty map
is a function of |ocatjion and can be nmeasured with respect to process tine

and/ or priBiegace frmsRYIdiNGCONtrplRIHIT RISFSRP RHABMBERIS (RTRIOEISSINLRR devi ce

par amet erfgaRfed Maht Wefdfisng waf er and the previously processed wafers, for a
specified trimphase or cycle, the controller un| t 108 cal cul ates a target
trimti a g (S206) .

The t ar garere) T pECaRpuler HSE Al Paiet 1Bt R REP 18,002 18088 {2 e

waf er i s preeessingdunib@ePU) thatlis counleditd mlemw ehsiior@esdﬁvﬂ@cse Tdfe t he i ncoming
wafer. The target tenperature profile is the tenperature at which the
incomng wafer is to be processed to maintain CD uniformty and is



cal cul ated for each tenperature control zone of the wafer support assenbly.
"The '-10- controller unit 108 receives data fromthe plasma etch assenbly
to process the incomng wafer for a duration of the target trimtinme, where
the tenperature of each device die location is adjusted based on the target
temperature profile. The ESC tenperature can be controlled based on the
t ar get tenperature profile by setti ngs“t he tenperature control zones 104 to
an appropriate tenperature. As al ready discussed, the tenperature control
zones 104 are controll ed independently and at a granularity dependent on
t he nunbenerobrytcamgpclade Randomt Actdess dsrsorydRAM), Readvifle Mesagryort assenbl y.
As a res CD uni formt an be controll das fu I O e ESC
t enper at EEQM [‘UO"‘?@] tWe%’r’ %b%erwwgfye&e\f'%e o) B%'rﬁﬂ‘ 'Eeségy (faﬁ] @%%Bgl asma
(ea:)?l ngd%ggbiémt? ang n'uh1b€err] vhinpuybEputiddvicusesiich as hididplay, ik]?ymadrdni mdsnsi ons

an uniformty than the inmedjate r i ng waf er sed on an
exenpl ar )P“‘Hﬁeh%a@é%‘lef5@69%B%Y'ﬁe?ﬁé’e§'6 rBﬁ‘F g%?g%fg?'éeaﬁecﬁﬂ”gfé@ Phe target
trim ti myuRdihrbEdBRBFPbUhEmeRANiEY ndtBrk. 0 achi eve the desired post trim CD
and CD uniformty for the new wafer (S208). [0027] The exenpl ary
enmbodi Menpe1 512nDhkng Hﬁér%ﬂsﬁlttﬁé meéﬁibeg;ohﬂgmea it® e cll® Wafgthes. For
exanpl e, 'each approach can vary in the manner tenperature and/or trimtine
for each m®¢eﬁsmaa;z§0tﬂ1ngm$ﬁfbrgare@0dg stlpd §t @eMANY PhEN BHOTMIWRTessi ng of t he
waf er . r define the

r}egé’{tn? ﬁ%r%g ‘pos aa%oma%%gn bﬁdrﬁbé%d@’f r?d?&td%fg Il%e

dependencé o Y RGr T T cal Sdevi ce rarret er asur ed
pr e-tri mdisdst maghetietaped q:pmcalnned!as{e.gndiﬁ)/iﬂ\m tl%@Nk),rta'tolhe!scoammttbta:ei ved at

the controller uniit 108,v ar re t war e, i nterface.
o e varmemEn iiidas i assias TRECHch A tobBh B nrdits o BT AY ot or o
target pqsirambis BHi6udPahy 66nbPatibMBf iBpUut doadesdsuticas pRuUsEEe/bsardnd
nmeasured critical device &arameter a terrgerature sensi IVItéﬁgﬂp can be

cal cul at & NeBYorkn Maresyen Hedr P ranautrutaresessiagesi Ofsed to

det er m ng,s@phi aaérahaﬁrpartﬁé wsgfw OThe @Putt%nr@éﬁé?ét@ Bhtror SGedIg badéed

| ocations on the wafer. I n one exenpl ary approac CD uniformty
can be opin softwate gode agd@aramemepma@utwawew,@mgorétql @@miahgqu t enper at ure
for each re t r trimtinme. In
thi s oxeripargt B eSdble it RAF o her e f iaPld @reRtle A8fict {40’16t he
cont rol | ehrolig8 the surtifigeof meeempemturﬁa:odarbbmnasethe ESC tenperature so that
each tenperature control zone 104 can be properly adjusted, the controller
unit 108 [06¢6] t Bg tlﬂmhg 'thaa;bomrrmfrwcbmer('\ﬁ“é))atmamnbblezmemomndeeaentrmlm

previ ousl roces ate erature coefficients for the
Penper at (31 g i 1hapne femPetallngintons ABibd proggsERSwEnEsh have o Cb

uni f orm tshaatedb‘émna@tau? amca:z«aﬁﬁthbmvﬁ@tem;@erafur@@oﬁirouzoaes0041 capber V2 can
have a CD uniformt 10nm and an ESC te erature of 40C. Based on the

critical alrangesiing defnad pettern. sHeh o8 a tactancylasridce hgxagA1ahBfig. DBi as of
the curr r ween t he Bias
of WL an b@r‘){ungﬂfe ca)égt{eé?n E%@Fér efa"‘tln at ur? e%&?gégrg@eﬁr&gé%rgg Et_l?_a;c’g CDBias is
defi ned eten'tpleeatdla‘¢mﬂr@hzme)é®4\eéﬂnetth€m[abpdﬂte 406hpbel of pesimjjan gize t o et chi ng

and the of | r re Ii e hi r O range
of the té@&e {c?/e)atoaggﬁ% Cze[‘gﬁ%ttﬁ%'r\@?%orﬂ% 0 "ér@'%'ﬂ?rﬁ‘ 1'1%3%]319(5/([5\]gé|§ves dat a
such as tdpluedlity bt switahegi(net smmmrr%edsowectt\dew gddresOpolgr suppbearsed fir st

and second vvafe and V\2 0 with the tri ture data for each
respect i OWE U(S"Z\l?/s ?)9”51‘?&&%‘&9 qﬁg:pé?mpp\@tgre @&?PE%O%J@‘H atures for each

t enper atur coniﬂrﬁ@ezone 104 are selected.and wa

processed® ¥eMplREy aupRQsAeNt I HIIMZG1he "HB‘%FF:QE g‘ﬁdﬂv%‘l al | yBest

Vaf er (€. @nneBfichd, %bm@*ﬁ%ﬁﬁ% WEUET reRirRYihEd B AfghdeRsduchthatesul ts) can
be determned and a radial terperature setpoint can be obtai ned. The
critical ershipaverauppbtliseds ﬁemqt%tq:adlﬁ@mrvlgé@lp ofdeeperatare: ¢RaWopbr ovi ded to
the controller unit 108. For exanple, the best wafer result determ ned .
after etch inspection (AElI), such as, after the wafer has been renoved from
t he plasma chanber (AElICurrentBest) and the best wafer result after

devel opnment inspection (ADD, such as, before the wafer goes into the plasnma
chanber (ADI CurrentBest) critical device paraneters can be



-12- input to the controller manually through an interface (e.g., software,
"hardware, nenory) or over the network through a host conputer or processor.
The ADI paraneters froma new wafer (AD NEWX,y)) can also be input to the
controller unit 108. Prior to determning the coefficients for the
tenperature map, the slope of the CD Bias with respect to the timng and
Yenperature of the trimphase nust be’determ ned fromthe data of the

previ ously processed wafers as follows: CDBias(Tenp) = Slope x Tenp +
Intercept (1) Slope(x,y) = CDBi asW2(x,y)-CDBi asW(x,y)(2), where the x and y
val ues r edoate 104 andieach poper s¢tumdirenid connected bea diffssgretgrovebf/, and b is the
difference in tenperature of, the wafer, support assenbl e.q., ESC

t enper at ?@Pe@égwﬁﬁtz% W.W'Fme%‘ﬁhf@f“ AR &9 roéﬁB%%liJ[ﬂ%H%@,nghe sl ope
can be a dnensttthe® §rodipscdfihédtel ¥ Hpartidufitelower eLpdly BA8 Sha e (df tigs

Sl opeConst ant) . 0050 Once the slope is determ ned, the controller unit

108 per f @raPs/eQNNeGedlel acpAriewlahrowRl fefro iBepost - et ch and post - deposi ti on
critical device paraneters and the slope, to obtain a tenperature

sensi ti vilP§1§lapNpdworterapeiatyRiGogirakacnes 1BAae CRENeEAGE iR S RS Peihe

control | g tpgweP s&&ﬁY %ﬁé %Ewgff%rﬁﬂ“gs? PHoP r‘é%?%é%iv@‘-‘:émbefaltlﬁr%rﬂbﬂ[rét ure

coefficien at var _ ~locations on e wafer. In an exenplary
process faonedédetant hengctivatedseyndiraating ejeatnigal cpmenttthiopgh@ pair dOBIWEr val ues

for the current fer cul af: | No: | (X,y) =

A2 ur' et BB 7 Rl et BAER o ooty SRR 388 S hest are
poi nt - by-gopnettedal ues of the wafer (W or W2) that produces the best CD
results, AElICurrentBest are point-by-point values of the -13-

[0019] Each temperature control zone 104 can inciude one or a plurality of
temperature control elements 122. The power supplied to the temperature
control elements 122 of each temperature control zone 104 can be smaller than
20 W, for example, or more preferably within a range of 5 to 10 W. The
temperature control elements 122 can be Peltier devices and/or resistive heaters
such as polyimide heaters, silicone rubber heaters, mica heaters, metal heaters
(e.g. W, Ni/Cr alloy, Mo or Ta), ceramic heaters (e.g. WC), semiconductor
heaters, carbon heaters, or any other suitable type of heating or cooling element
as desired. The temperature control elements 122 can be implemented in various
designs or configurations, such as being screen printed, wire wound, etched foil
heaters, or any other suitable design as desired. The thickness of the
temperature control elements 122 may range from 2 micrometers to 1 millimeter,
and preferably within a range of 5-80 micrometers. To allow space between
temperature control zones 104 and/or power supply and power return lines, the
total area of the temperature control zones 104 can be up to 90% of the area of
the upper surface of the wafer support assembly 102, e.g. 50-90% of the area.
The power supply lines or the power return lines (power lines, collectively) can be
arranged in gaps ranging from 1 to 10 mm between the temperature control
zones 104, or in separate planes separated from the temperature control zones

plane by electrically insulating layers (not shown).



best AEl results of either wafer WL or W2, and ADI CurrentBest are

"poi nt - by-point values of the best ADl results of either wafers W or \W2.
[ 0031] From Equation (3) an average CDBi as of best wafer :

(CDBi asCurrent Best Waf er Average) i s obtai ned, and an average of the ADI
val ues of the new wafer (AD1NewWaferAverage) is calculated as foll ows:
‘ADI New( X, y) ADI NewWaf er Aver age(4), whBre ADI New(Xx,y) are point-by-point
target after devel opnent inspection (ADI) CD values of the incom ng or
current wafer to be processed. The AD/ New val ues are provided to the

control | §0020]i tInlé}Beiéiﬂ;ﬁiag*Erhhﬁdlith}ﬁﬁ@p&ueﬂmm}oﬁﬁéﬁdﬂhemr108
cal cul ates an _average of the Al arameters of the. new wafer

( AEI NevWAEFRES RN Ve, 1o e gP afdbb BRaGREI0 rFAEYNgHatge GUERTEDRI as
par anet era?ld%d&é]ﬁ% st realifg. TieRbis s @ah BeSh WY Simo Gl ohgd 11 om

Equation (3) and The average ADI t he new waf er (ADI V\N\aferAverage)

cal cul at demparatefenontal 1Qtye3a1@4f er cme o plang\difieren diosy the=
CDBi asCu | |
ni 'tai 08&%:%9&%‘?%‘%%%@&%@%4 Tﬁ@h’?ﬁ%& of t‘h‘gf c@%(%%lyoé?faﬁlo ge control [ er

érmnes a I as
( CDBi as Naelugn iines rfnawlveathelsamerasrweilﬂﬁm'embfemmﬁlh@nmrlaﬂ@obmeanet ers of the new

now vt ot REFW g SBoF e, ! eBBspmbilerdfitaty NeBReBRA ag0 -

ADI New( X thi¢ pBivet SibH akd pBRepfRtGhiiBet ars nmértalé Witﬁflb\@ﬁes?stﬂ'itf/,fwcﬁnce bet ween
t he CDBi as Qf thﬁl &r‘,”re% best wafer (Equation (3)) and the CDBi as of the
new waf eras(éd] 0 rasOf fset = CDBi asNew( X, y) -
CDBi asCurrent Best ( X, ¥

[0021] The water support assembly 102 is operable to control the wafer

temperature and consequently the plasma etching process at each device die

location to maximize the yield of devices from the wafer. in an exemplary

embodiment, the plasma etching system 100 preferably has at least 9

temperature control zones 104.

[0022] Figure 2 is a flowchart of a method of optimizing CD uniformity of a

wafer in accordance with an exemplary embodiment.

[0023] For each incoming wafer to be processed in the plasma chamber for a
trim cycle or step in a trim cycle of an etch phase, for example, the controlier can
receive measured critical device parameters (e.g., pre-etch critical dimensions) at
a plurality of device die locations on the wafer (S200). The critical device
parameters can include line width, hole depth, percent fill, percent overill,
uniformity of coverage, or other suitable parameters as desired. The measured
critical device parameters can be received at the controller unit 108 from an
offboard measurement tool over the wired or wireless network connection, an
onboard measurement tool, a user interface, or an external processor. In one
exemplary embodiment, the off-board inspection tool can encompass an optical

and/or electron beam inspection tool. In another exemplary embodiment, the



-14- (0034] Once the CDBias offset is obtained from Equation (7),
‘tenperature demand map can be cal cul ated fromthe CDBi asOff set and the
slope as follows: CDBiasO f f set(x,y) DeltaTenp(x, y) = Sl ope (8)
Equations (1)-(8) are provided for calculating a tenperature map for an

initial

wafer in a batch of wafers being processed by the process

the delta
[ 0035]

etch

tool. For each subsequent wafer to bedprocessed, a point-by-point CDBias of

t he best

(X1 y) -
after et

previ ously processed wafer is obtained foll ows: CDBias(X,

y) = AEl

ADl (x,y)(9), where AElI(x,y) and ADI (x,y) are the point-by-point

aiser infgrfaceican gmitttdy pharawere os seftwiarefinterfadeaslabpadint i nspe

(ADI) par metercg, respectively, of the previously processed wafer.
rs

and ADI
controll
1) and t
user.

di8%rs, along with tenperature setpoint data are input
Bt b S B A5 o et SRR o),
parameters that are associated with at least one previously processed wafer or
outgoing wafer (S202). The measured critical device parameters are obtained
during a process in which for each step, trim time can be varied (e.g., adjusted)
along with a variation in temperature. The varied trim time can be applicable to
the entire wafer, whereas the temperature variations can be independently
applied to each temperature control zone 104 to achieve a specified temperature
profile. Thatis, during an exemplary processing phase or phase cycle the
controller unit 108 can independently adjust each temperature control zone to a
specified temperature thereby controlling CD uniformity. The previously
processed wafers can include at least one wafer that is processed at a time
immediately adjacent to the incoming wafer and/or at least one wafer that is
processed at any time prior to the processing of the current or incoming wafer.
The controller unit 108 uses the received critical device parameters to generate a
temperature map (e.g., temperature sensitivity map), which associates a value
with the sensitivity of critical device parameters at various locations on the
incoming or current wafer in relation to the control parameters (S204). The
temperature sensitivity map is a function of location and can be measured with

respect to process time and/or process temperature.

[0025] Using the measured critical device parameters of the incoming wafer
and the previously processed wafers, for a specified trim phase or cycle, the
controlier unit 108 calculates a target trim time and a target temperature profile of
the incoming wafer (S206). The target trim time is the duration during which a
trim process on the wafer is executed, and is calculated for an entire surface of
the incoming wafer. The target temperature profile is the temperature at which
the incoming wafer is to be processed to maintain CD uniformity and is

calculated for each temperature control zone of the wafer support assembly. The

ction
The AEI
to the
Equat i on
by a



[ 0036] Next, the controller unit 108 cal cul ates an average CDBIi as

'(Aver ageCDBi asPrevi ousBest) from one of the previously processed wafers
providing the best CD results. After obtaining this value, the controller
unit 108 cal cul ates a poi nt-by- poi nt CDBi as offset based on the Average CD
Bias, as follows: CDBiasO f fset(x,y) CDBi as(x, Yy) -

AverageCDB| asPrevi ousBest (10) [0037-]10The CDBi asO fset and the Sl ope are
used to calculate the point by point tenperature offset (DeltaTenp (X,Y)
specified by the previous wafer as follows: CDBiasO f f set(X,Yy)

Del t aTemaprirgllerunili@8aeceités dfiatRsh thie pleembestrie assamtely deprcdssthe of t he new

waf er is cal Itd the t t ffset of, Equat d
ydra 1 IEONG RTer 0P SUtaral e B oo o e NEore dhbianeTRtst 1)) =
Cur r ent BegichhéurEidi (ocation ts depidted BEDéK o the( ﬂa?get[t&aaeﬂatcrﬁeq)r@met rrabl er unit

108 uses the values provided in the tenperature demand map to set the
t enper at BRC iamaperaiire gappetgeatroliedbasaden te targahierperature prefie bew waf er .

setting the temperature control zones 104 to an appropriate temperature. As
already discussed, the temperature control zones 104 are controlled
independently and at a granularity dependent on the number of temperature
control zones 104 on the wafer support assembly. As a result, CD uniformity can
be controlled as a function of the ESC temperature.

[0026] When a new wafer is to be processed in the plasma etching system,
and this wafer has different initial critical dimensions (CD) and CD uniformity than
the immediately preceding wafer, based on an exemplary method described
herein the controller can recalculate the target trim time and temperature control
map to achieve the desired post trim CD and CD uniformity for the new wafer
(S208).

[0027] The exemplary embodiments can be implemented according to various
approaches. For example, each approach can vary in the manner temperature
and/or trim time for each trim phase or trim cycle is adjusted during the
processing of the wafer. In each exemplary approach, trim recipe parameters
that define the dependence of target post-trim critical device parameters on
measured pre-trim critical device parameters and trim temperatures are received
at the controller unit 108 via a hardware, software, and/or memory interface.
Using various parameters, such as the trim process recipe parameters, target
post-etch and post-deposition critical device parameters, and measured critical
device barameter, a temperature sensitivity map can be calculated for an
incoming or current wafer to be processed and used to determine optimal

temperatures for the term phase at predetermined locations on the wafer.



[0040] In a second exenplary approach for optimzing CD uniformty, ESC
'tenperature (e.g., tenperature of the tenperature control zones 104) and
trimtimng are adj usted in a single step. In this exenplary enbodi nent,
the CDBias of a current wafer is determned as a function of tenperature
and trimtinme. For exanple, the CDBias can be calculated fromthe

fol | owi ng: CDBi as(Tenp, Trinli me) = TlilnRate(Tenp) TrinTine +

CDBi asW t hout Tri m{( 13), where TrlnRate is the rate at which the current
wafer is trimed as a function of tenperature, TrimTime is the tine

al | ot t ed [0028]c dminet éxegnpléy approaghh &feuriformitg ican beraptidbBiddwing@mut Tri m i s

t he CDBi as_of avvafer havi n |f|ed ES ratu and th no trim
phase or?wahgsﬁé’f ﬁ&C%QV@S*L&&HQ?@B mpef? ikl %agﬁﬁe ﬁf&ﬁ?&%&% both zero
(0)). [0Q4hd 184 fbreths dutdtioreof AR tird tifley |ﬁrt|ﬁx§@s(§ﬁ>@|ac@bpp®awhlthe Benused to
generate the tenperature sensitivity map for a current wafer, where Wafer 1

(W) is pmsiepsedetenpingd apd pravided toéhecomrqlmﬂOév'%wevﬂtem&@e( BR1) and at

an ESC t Ti me
R R S ine e s AT

Vafer 3 @ﬂB)TOP%”yp@Qjé%tgéeﬁhefC@ﬂWﬂ?frﬁﬁ'trﬂé)s(lE?SihﬁF"ﬂQ&l dﬁnqﬁﬂlmléx ER3) and at
an ESC ;%%n LEePP6f %I%'élsg rt]\&a_%][ewgﬁyepl%%géeed Waerd m&.ﬁ%tﬁrtgm%%ta}re' mri me can

be deter coef tenperature sensi st be
obt ai ned.co[afbiﬁleﬁ}s fon thee ﬁempﬁratsntesenmtmtyaﬂ\an ehgrenamplesa ﬁnséwafﬁreW{ ed for each
of wafers

rs ar rocesse cul ate the
ona ol 1y sab ey e 8 VRS B FoRe St BritrEie 8 30 G Ayt hBY sy
i nt er f acevdi&enaichfhagé alCD e hityost' G&Eh@ﬂdranEBe&émpémiw@‘éfem devel opnent
i nspectiaon (ADI CurrentBest) critical device paraneters of the wafer

pr oduci n$asrd opdBe crifiral dinension dataf W1 ard W2, thedargattd? UbifRraiyet poi nt
( Tenper atghgiasok Bl dlrlent BF |nt&8ﬁ'lf|ndB\‘ﬁ/§féJr‘isS -5 Wlﬂas <MonZor ?éls\lla\é\ﬁ and the

TrinTime val ues (Tri nmTi meCurrentBest) of the best result o fers W, W,

and WB. T1heBissmfrWi ard Vi the targebEswem@ratuﬁegEts 30°Cet Tet 40°G.nEhect i on
par anet er&y f f er Aver age)
and after dés'\%l%dér(rfenr?t% ?Sﬁtggg{ﬁl on (a\%ﬁ'ﬁg\/\(tﬁye)tﬁgﬁ wgt?g?ae}{ésﬁ* %f@/\ﬁe new

waf er. [ @detdig ab(ithe €Dwd tla&jtbyer eatize aftemadtiting oamdéthined 4 01GIt(#8°G)r i or t he

tenperature sensitivity mp,,of i ncom ng waf er being generated. These
par anet errgng%eﬂgaée'f‘ﬂ‘éyaéﬁgwéa?‘gWZa waf er not being trimed

(D WS Trhd bl 308 SR Sl SESL cRbrBag L e

a trimr Yafarh8fefs 2 Me previously processed first and second wafers W1 and W2,
along with the trim temperature data for each respective previously processed
wafer. Next, radial temperatures for each temperature control zone 104 are
selected and wafers W1 and W2 are processed according to the selected
temperatures so that a RadiallyBestWafer (e.g., previously processed wafer
providing the best CD results) can be determined and a radial temperature
setpoint can be obtained. The critical device parameters from the
RadiallyBestWafer are then provided to the controlier unit 108. For example, the
best wafer result determined after etch inspection (AEI), such as, after the wafer
has been removed from the plas?na chamber (AEICurrentBest) and the best
wafer result after development inspection (ADI), such as, before the wafer goes
into the plasma chamber (ADI/CurrentBest) critical device parameters can be



(TrinmRatel ntercept (x,y)), and an average trimrate (AverageTrinRate (a
‘1C)), are determ ned on a point-by-point basis or average. The

TrinmRateSl ope is the ratio of CDBias values to TrinRate for a wafer, and
the TrinRatelntercept is the value of TrinRate when the CDBi as value at a

specified point on the wafer is zero (0). -17- For exanple,
CDBi asWthout Trimis calcul ated as f-dRows: CDBi asWthout Trin(x,y) =
CDBi asWB(x,y) - m [ CDBi asWL(x,Yy)-CDBi asWB(X,Y)] (14), where

CDBlasWB(x,y) represents the point-by-point CDBias for W8, CDBlasW. (X,Y)
represenﬁmdth@thmd:mt&dﬂwmehuélly&mjl@a éruntéffa,cer(ejgs dofftevafe, inafdwaref or W8, and
nis the difference i

bet 044] _Th f th
trimrat én‘F"s"OB’éPEHY%{ttEG n§%‘3 gﬁrﬁgslﬂmﬁ'@@&%mgwe( ?SPré@.?&S?Qijr IT;EWEABJ ope of the
D1 052 gorshe B hR Wi NDINEW S8 b i GDBersoRbonen) 1

TrinRat e pe% Ig/ =mtn
unlt 10 rior to determining the coefficients for the temperature map, the slope
of the CD Bias with respect to the timing and temperature of the trim phase must

be determined from the data of the previously processed wafers as follows:

CDBias(Temp) = Slope x Temp + Intercept (1)

CDBiasW2(x,y)—-CDBiasW1(x,y) (2)
b°C ’

Slope(x,y) =

where the x and y values relate to trim temperature and trim time, respectively,
and b is the difference in temperature of the wafer support assembly 102 (e.g.,
ESC temperature) between Wy and W,. in other exemplary embodiments, the
slope can be a function of radial values Slope(r) or a constant (e.g.,

SlopeConstant).

[0030] Once the slope is determined, the controller unit 108 performs various
calculations using the post-etch and post-deposition critical device parameters
and the slope, to obtain a temperature sensitivity map for the incoming wafer.
From the calculations, the controlier unit 108 determines point-by-point values for
temperature coefficients at various spatial locations on the wafer. In an
exemplary process for generating the sensitivity map, point by point CDBias

values for the current wafer are calculated using:

CDBiasCurrentBest(x,y) = AEICurrentBest(x,y) - ADICurrentBest(x,y)(3),

where CDBiasCurrentBest are point-by-point values of the wafer (W1 or W2) that
produces the best CD results, AE/CurrentBest are point-by-point values of the



(15), where b is the tenperature difference between WL and W2. [0045] The
"trimrate intercept is calculated according to equation (16):

TrinRatel ntercept(x,y) = [ CDBi asWL( X, Yy)-CDBi asWB(x,Yy)] TrinRateSl ope(x,Yy).
a (16), where a is the ESC tenperature for W. (0046] The average trim
rate is calculated fromequation (17) as follows: AverageTrinRate (a + -20
= TrinRat eS|l opeVaf er Average (a + + -3+ nRat el nt er cept Waf er Aver age (17)

[ 0047] Based on the above val ues provided to the controller unit 108, the
controller 108 obtains an after-etch inspection average target val ue

( AE1NewW\bleet AEEre3gits obéitHdravaferowrti srVRr arelADE UrremBest dre ointhe-pairiter - et ch

-18- inspection critical dinensio ar ane S E1New( x,y)) of the incom ng
or curr erf@luggradthe ?\?FtMrrﬁﬁlétsa‘?ft%&eBE’@%r%&&ﬂ’f\g\il%nspect i on target val ue

( AD1NewMAf er Aver age}g is also calculated fromthe post-deposition critical
par amet ed903Up| Kol kayation,3) eRaverrds i HEiasof bgst waterwaf er to be processed.

The AEI ; § . sed to
NG Wi SN RIrAGE st e A reaﬂgz ln%,pé(ﬁq %ﬁ%g%@b@?ﬁtﬁ’éRDP

calculate the trimtine for t new waf er as
values of the new wafer (ADINewWaferAverage) is calculated as follows:

ADINew(x,y) - ADINewWaferAverage (4),

where ADINew(x,y) are point-by-point ta'rget after development inspection (ADI)
CD values of the incoming or current wafer to be processed. The ADINew
values are provided to the controller unit 108 through the interface. The
controller unit 108 calculates an average of the AEI CD parameters of the new

~wafer (AEINewWaferAverage) as a difference between the average of the
CDBias parameters of the best wafer (CDBiasCurrentBestWafer) calculated from
Equation (3) and the average ADI of the new wafer (ADINewWaferAverage)
calculated in Equation (4) as follows:

AEINewWaferAverage =

CDBiasCurrentBestWaferAverage — ADINewWaferAverage (5)

[0032] The controller unit 108 determines a point by point CDBias of the new
wafer (CDBiasNew(x,y)) from a difference between the AElI CD parameters of the

new wafer (ADINewWaferAverage) of Equation (5) and the ADI CD parameters
of the new wafer (ADINew) of Equation (4),

CDBiasNew(x,y) = AEINewWaferAverage — ADINew(x,y) (6)
[0033] A CDBias offset is calculated as a difference between the CDBias of the
current best wafer (Equation (3)) and the CDBias of the new wafer (Equation (6)),

CDBiasOf fset = CDBiasNew(x,y) — CDBiasCurrentBest(x,y) (7)



Tri mTi meNew = AEI N ewW af er Aver age- ADI NewW a f

‘er Aver age- CDBi asW t hout Tri mA\af er Average (18) [0048] The controller unit

108 next cal cul ates a point-by-point CDBias for the incomng or current

wafer as follows: CDBi asNew(x,y) = AEI New(x,y) - ADINew(x,Yy)(19) [0049]

Next, using the CDBias of the new or incomng wafer, the controller unit

108 executes a point-by-point tenperddure calculation for the incom ng

waf er as foll ows: CDBi asNew(Xx,y)-CDBiasWthout7'rin(x,y)

TrinRatel ntercept(x,y) Trimli neNew TernpNew(x,y) = TrinRateSl ope(x,y)
[0034] Once the CDBias offset is obtained from Equation (7), the delta

temperature demand map can be calculated from the CDBiasOffset and the

slope as follows:

CDBiasOf fset(x,y) (8)

DeltaTemp(x,y) = Slope

[0035] Equations (1)-(8) are provided for calculating a temperature map for an
initial wafer in a batch of wafers being processed by the process etch tool. For
each subsequent wafer to be processed, a point-by-point CDBias of the best

previously processed wafer is obtained follows:

CDBias(x,y) = AEl(x,y) — ADI(x,y) 9),

where AEI(x,y) and ADI(x,y) are the point-by-point after etch inspection (AEI)
parameters and after development inspection (ADI) parameters, respectively, of
the previously processed wafer. The AEIl and ADI parameters, along with
temperature setpoint data are input to the controller unit 108 through the user
interface. The CDBias(Temp) (Equation 1) and the Slope(x,y) (Equation 2) are

also values that are input by a user.

[0036] Next, the controller unit 108 calculates an average CDBias
(AverageCDBiasPreviousBest) from one of the previously processed wafers
providing the best CD results. After obtaining this value, the controller unit 108
calculates a point-by-point CDBias offset based on the Average CD Bias, as
follows:

CDBiasOf fset(x,y) = CDBias(x,y) — AverageCDBiasPreviousBest  (10)

[0037] The CDBiasOffset and the Slope are used to calculate the point by point

temperature offset (DeltaTemp (x,y) specified by the previous wafer as follows:

CDBiasOf fset(x,y) (1 1 )

DeltaTemp (x,y) = Slope



(20) [0050] The controller unit 108 calcul ates the best CDBias for a
‘previously processed wafer as follows: CDBiasCurrentBest(x,y) =

AEl Current Best (x,y)- ADI CurrentBest(x,y) (21) -19- [0051] Next, the
controller unit 108 cal cul ates a point-by-point tenperature cal culation for
the best previously processed wafer, as foll ows:

'CDBi asCurrent Best ( x, y) - CDBi asWt hout-br m(x,y) Tri nRat el ntercept (x,Y)
TenpCurrent Best (x,y) =Trinli neCurrentBest TrinRateS| ope(x,y)

[0038] A new temperature demand map of the new wafer is calculated using
the temperature offset of Equation (11) and a Hydra file of the previous wafer as
follows:

NewTempDemandMap(x,y) = CurrentBestHydraFile(x,y) + DeltaTemp(x,y)
(12)

[0039] The controller unit 108 uses the values provided in the temperatUre
demand map to set the temperature and timing of the trim phase or trim cycle for

the new wafer.

[0040] In a second exemptary approach for optimizing CD unifdrmity, ESC
temperature (e.g., temperature of the temperature control zones 104) and trim
timing are adjusted in a single step. In this exempléry embodiment, the CDBias
of a current wafer is determined as a function of temperature and trim time. For

example, the CDBias can be calculated from the following:
CDBias(Temp, TrimTime) =

TrimRate(Temp) » TrimTime 4+ CDBiasWithoutTrim (13),

where TrimRate is the rate at which the current wafer is trimmed as a function of
temperature, TrimTime is the time allotted for completing the trim phase or cycle,
and CDBiasWithoutTrim is the CDBias of a wafer having a specified ESC
temperature and with no trim phase or cycle being performed (e.g., TrimTime
and TrimRate are both zero (0)).

[0041] Atleast three previously processed wafers will be used to generate the
temperature sensitivity map for a current wafer, where Wafer 1 (W1) is
processed for a TrimTime (E1 = m + n) at an TrimRate(ER1) and at an ESC
temperature (T1 = a°C); Wafer 2 (W2) is processed for TrimTime (E2=E1) and at
a TrimRate (ER2) and at an ESC temperature (T2=a+b°C); and Wafer 3 (W3) is
processed for TrimTime (E3 = m), at a TrimRate(ER3) and at an ESC



(22) [0052] To optim ze the non-uniformty of the critical dinensions of
‘the hew wafer, the controller unit 108 cal cul ates the of fset tenperature
bet ween the incom ng wafer and the previously processed wafer as foll ows:
Del t aTenp(x, y) =Ter npNew(x, y) - TenpCurrentBest (x,y)(23) [0053] The
tenperature map of the incomng wafer is next calculated using the
tenmperature offset of Equation (23) dfd the Hydra file of the wafer
produci ng the best CD results as foll ows:

NewTenpMap(x, y) =Current Best Fi l e(x,y) + DeltaTenp(x,y)(24) [0054] For each
new waf etempetaturpr(08 estH)d Beftve the témperature andt TrilWBmeacanuse t he paraneters

bt d I , W2, \\B i th [ts t
ot army e@%@wﬁﬁﬁ?@%ﬂwﬁﬁmt&mop%ﬁatvgﬁgéﬂ%ﬂ&%?@r ¥ g%ggﬁ,{ggg exanpl e,
follo i nf - by- { | cul at th best f
coni oo (TS PR Dt dicB tadia! iimesrofliveS Bedtelbrigy o At ayarers W1 oSt VAl er
(Aver ageGpBi mvérﬂytﬁ%ﬁéférs' ére%%éﬁs@@@ to Eél@@l@]e NS adial/Be3tvair POI Nt

cal culation of the CDBias offset is obtained fromthe Average CDBias of the

best pr evingweeniiatieruniis!G8receives thrppah de ysasintrrfage theaier gighy y) -
Aver ageC%en}%f ABKSRRMBstrand Sat dev 'Ffib‘jm%'t g&%&&f’@ﬁ@%ﬁ%&b‘” e of f set

as specifi the best previous wa rmn
critical devnce parameters of the wafer producing the best CD results,

respectively, the temperature setpoint (Temperature Setpoint) for best results of
wafers W1, W2, and W3, and the TrimTime values (TrimTimeCurrentBest) of the
best result of wafers W1, W2, and W3. The controller also receives the target
after etch inspection parameters AEI(x,y) of a new wafer as an average value
(AEINewWaferAverage) and after development inspection (ADINew(x,y))
parameters for the new wafer.

[0043] Next, five additional parameters are calculated prior the temperature
sensitivity map of the incoming wafer being generated. These parameters
include the CDBias for a wafer not being trimmed (CDBiasWithoutTrim), an
average CDBias for a wafer not being trimmed (CDBiasWithoutTrimAverage), a
slope of the trim rate (TrimRateSlope(x,y)), a trim rate intercept

(TrimRatelntercept (x,y)), and an average trim rate (Average TrimRate (a +§°C)),

are determined on a point-by-point basis or average. The TrimRateSlope is the
ratio of CDBias values to TrimRate for a wafer, and the TrimRatelntercept is the
value of TrimRate when the CDBias value at a specified point on the wafer is

zero (0).



-20- CDB las f f set(x,y) DeltaTenp(x,y)= Slope (26) [0058] Using the
‘of fset tenperature, the controller unit 108 cal cul ates a tenperature demand
map for a new wafer as follows: NewlTenpMap(x,y) = PreviousHydraFile(x,y)+
Del taTenp(x,y)(27), where PreviousHydraFile(x,y) is the tenperature nmap of
t he best previously processed wafer. 90059] I n anot her exenpl ary enbodi nent
of the present disclosure, the targetl/eritical di'nensions are determ ned
for an etch process where for each process step both tenperature and trim
time are adjusted. In this exenplary approach, the critical device
par anmet eiFer ekampla; QIDBfaisWithoyt Toino sastadated fagrfolldwst, W2, WB, and W) can be
used to obtain and optim ze the tenperature coefficients. For exanple,
Wafer 1 R o t_ (| i (El | fompiasva(hn+aPRatws (. BR1) and a
t enper at &ﬁ?l?%l:tgl&?.gﬁ\?@?’gﬁf ?%gdﬂg%@ce,@sed at a Tranmli me(E2=El), a
TrinmRate( ER2), and an ESC tenperature (T2=a+bC). Wafer 3 (WB) is processed
at a Trim Ti n€149)E3=mn), a TrinRate (ER3), and an ESC tenperature (T3=71).
Wafer 4(W) is processed at a TrimTinme (E4=mtn), a TrinRate (ER4), and an
ESC tenp T4x i g WoF-1 e } ters of the four
V! "(ﬁ)é/%f\/ev?&uygl rtéjﬁllfggnltshﬁe PgHt: ltj)? oirft I§%%E@FW§E

wafers the contro can te the ias for an inconing

waf er as GLYBirsWY(x, gDBPERsEHS thRpost-byrointiePRigsfer W1, m is the TrimTime
CDBi asW tfgr%Tgh%Tse {H@ éil%gr)ehce in TrimTime between W1 and W3.

[0044] The slope of the trim rate is calculated according to Equation (15) as

follows,

[CDBiasW2(x,y)-CDBiasWithoutEtch(x.y)

[CDBiaSWl(x,y)—CDBiasW3(x,y)
TrimRateSlope(x,y) = * min

n

1-
1

b

(13),

where b is the temperature difference between W1 and W2.

[0045] The trim rate intefcept is calculated according to equation (16):

TrimRatelntercept(x,y) =

[CDBiasz(x,y)—CDBL'asWB(x,y)
n

] — TrimRateSlope(x,y) a (16),

where a is the ESC temperature for W1.

[0046] The average trim rate is calculated from equation (17) as follows:
) b
AverageTrimRate (a + 5 °C) =
TrimRateSlopeWaferAverage - (a + %) + TrimRatelnterceptWaferAverage (17)

[0047] Based on the above values provided to the controller unit 108, the
controller 108 obtains an after-etch inspection average target value

(AEINewWaferAverage) of the incoming or current wafer from the after-etch



[ 0060] To calculate the tenperature sensitivity map the AEl and ADI
‘paraneters of all four previously processed wafers should be provided to
the controller unit 108. Next, the radial tenperature zone setpoint can be
determined by variously selecting radial tenperatures and processing the
wafers at the selected tenperatures to obtain the best critical dinensions
‘using the radial unifornmty technique.-18-21- (0061] After the radially best
CD wafer is determ ned, the associated after-etch inspection

(AElI Current Best) and after devel opnment inspection (AD CurrentBest)

par amet er s indpeictien betidal Glhevesian parametdrisgAEEew(k)9) bthpdiictiming os eupentnt  f or
wafers WL through Wi, and_the trimtinme values (Trinii neCurrentBest) for
waf ers W t"t‘ﬁfﬁ'ij n @yeraag altendeyelopmeniiBsReyen daroghyalue os ei t her t hrough an
interface ((ﬁ\DW\Iewﬁ@‘féWéﬁb ey Q%Eglcuﬁfeﬁémrtwé pB5t-AsitioR&rifigamor k from a
host conputer : rocess, server, or other renDte processi ng device on
t he netmrl@aranﬂa@r&mlgwe@((w) )i of S incPBYING AETUERRNIAERT A0 BejecenserET hew( x, v) )
and after AWER par anmet ers
for an |ncg4rang,§}e new \%\%‘%éﬁ&%%;éa %s’gb&%kr%k%rago %IU% Iaerg%'é%ﬁg 108. [0062]
The foll owoag:umemvm tmedbrileatexdwafes asgolowsded to the controller unit
108 through the user interface: TrinRate(T enp = a, X,y) =

CDBi asVB{ximyljinteDBmas\WL( x,y) (30), where a is the ESC tenperature associ ated
with wafers WL and WB, and n is the difference in Trim Tinme between wafers
WL and V\B@lNéﬁrMianfﬂatee‘(gT—@fmwwa&rAwagc—CQDBiMa@Mmeqfe@DBhﬁs@\%éx, y) (31), vy)
where a is the ESC terrperAa&ruJeerimatWhig WL and W} are processed and n is
the difference in TrimTime between waters W and \W2;

[0048] The controller unit 108 next calculates a point-by-point CDBias for the

incoming or current wafer as follows:

CDBiasNew(x,y) = AEINew(x,y) - ADINew(x,y) (19)

[0049] Next, using the CDBias of the new or incoming wafer, the controller unit
108 executes a point-by-point temperature calculation for the incoming wafer as

follows:

CDBiasNew(x,y)~CDBiasWithoutTrim(xy)
TrimTimeNew TrimRatelntercept(x,y) (2 0)

TrimRateSlope(x,y)

TempNew(x,y) =

[0050] The controller unit 108 calculates the best CDBias for a previously

processed wafer as follows:

CDBiasCurrentBest(x,y) = AEICurrentBest(x,y) — ADICurrentBest(x,y) (21)



CDBi asWthoutTrim{(Tenp = a, X, y) = CDBiasWL(x,y) - TrinR ate (Tenp = a, X,
‘y) mM32), where mis the TrimTine of wafer WL. TrinRateSl ope(x,y) =
TrinRat e( Tenp=a+6, x,y)-Tri nRat e( Tenp=a, X,y) -22- where b is the difference
in ESC tenperature between wafers Wi and W2 and between wafers WB and W,
and TrinRatel ntercept(x,y) = TrinRate(Tenp = a, X, y) - TrinRateS| ope(x,y)
a(34), where the TrinmRateintercept is tHe point at which the TrinRate of
previ-ously processed wafers (W, W2, W8, W) is zero. [0063] The controller
unit 108 al so receives TrinRat eAverage through the user interface, which is
cal cul at ed [085¢H blext, ke Cortradler nnjt 408 atlicolaies a point-by-point temperature

calculation for the best previously processed wafer, as follows:

CDBiasCurrentBest(x.y)—CDBiasWithoutTrim(xy) ...
TrimTimeCurrentBest TrimRateintercept(x,y)

TrimRateSlope(x,y)

TempC urrentBest(x,y) =
(22)

[0052] To optimize the non-uniformity of the critical dimensions of the new
wafer, the controller unit 108 calculates the offset temperature between the

incoming wafer and the previously processed wafer as follows:

DeltaTemp(x,y)=TempNew(x,y) — TempCurrentBest(x,y) (23)

[0053] The temperature map of the incoming wafer is next calculated using the
temperature offset of Equation (23) and the Hydra file of the wafer producing the

best CD results as follows:

NewTempMap(x,y)=CurrentBestFile(x,y) + DeltaTemp(x,y) (24)

[0054] For each new wafer to be processed, the controlier unit 108 can use the
parameters obtained from the wafer (W1, W2, or W3) producing the best resuits

to determine the temperature map for an incoming wafer.

[0055] For example, following the point-by-point calculation of the CDBias from
the best wafer CDBias (x,y), an average CDBias of the best previous wafer
(AverageCDBiasPreviousBest) is obtained.

[0056] Next a point-by-point calculation of the CDBias offset is obtained from

the Average CDBias of the best previous wafer as follows:

CDBiasOffset(x,y) = CDBias(x,y) — AverageCDBiasPreviousBest  (25)

[0057] The point-by-point temperature offset as specified from the best

previous wafer is determined from:



Tri nRat eAverage (Tenp = a + ,X, y) =
*TrinRat e( Tenp=a, x, y) +Tri nRat e( Tenp=a+b, x, y) 2 [0064] The controller unit
108 receives CDBi asWthout Tri nSl ope whi ch is deternined usi ng Equation (36)
as follows: CD BiasWthoutTrinSl ope(x, y) =

CDBi asW t hout Tri m({ Tenp=a+b, x, y) - CDBi asW t hout Tri m( Tenp=a, X, y) b where the
‘CDBi asW t hout Tri nSl ope i ncludes a setZ0es of points where the TrinTinme is
constant or is not adjusted. [0065] Based on the results, of Equations (35)
and (36), the controller unit 108 cal cul ates the CDBi asWthout Tri m nt ercept
and the CDBi asWtho A e aBid@irieans)

CDBi asWthout Trimn erceemf)g ?? CDBtoas W t hout Tr i n(T(éZn‘E) =

CDBi asW t hout Tri nSl ope(x,y) a (37),
[0058] Using the offset temperature, the controller unit 108 calculates a

temperature demand map for a new wafer as follows:

NewTempMap(x,y) = PreviousHydraFile(x,y) + DeltaTemp(x,y) (27),

where PreviousHydraFile(x,y) is the temperature map of the best previously

processed wafer.

[0059] In another exemplary embodiment of the present disclosure, the target
critical dimensions are determined for an etch process where for each process
step both temperature and trim time are adjusted. In this exemplary approach,
the critical device parameters of four previously processed wafers (W1, W2, W3,
and W4) can be used to obtain and optimize the temperature coefficients. For
example, Wafer 1 (W1) is processed at a TrimTime (E1=m), a TrimRate (ER1)
and a temperature (T1=a°C). Wafer 2 (W2) is processed at a TrimTime(E2=E1),
a TrimRate(ER2), and an ESC temperature (T2=a+b°C). Wafer 3 (W3) is
processed at a TrimTime (E3=m+n), a TrimRate (ER3), and an ESC temperature
(T3=T1). Wafer 4(W4) is processed at a TrimTime (E4=m+n), a TrimRate (ER4),
and an ESC temperature (T4=T2). Using the critical device parameters of the
four wafers the controller unit 108 can calculate the CDBias for an incoming

wafer as follows:

CDBias=TrimRate(Temp)*TrimTime + CDBiasWithoutTrim(Temp) (29).

[0060] To calculate the temperature sensitivity map the AEI and ADI
parameters of all four previously processed wafers should be provided to the
controller unit 108. Next, the radial temperature zone setpoint can be determined
by variously selecting radial temperatures and processing the wafers at the
selected temperatures to obtain the best critical dimensions using the radial

uniformity technique.



-23- where the CDBlasWthoutTrimntercept is the point at which the CD Bias
“of a wafer not being trimmed is zero, and CDBi asWt hout Tri mAver age (Tenp =
a+-2, x, vy ) =CDBasWithoutTrim Tenp=a,x,y)+ CD B iasWthoutTrim Tenp
= b,x,y) 2 (38) where CDBi asWthoutTri mAverage is the average of the

poi nt - by-poi nt anal ysis of the CD Bias values of a wafer that is not
trinmed. [0066] Once the above param@flers are provided to the controller
unit 108, the controller unit 108 initiates the cal cul ation of the
tenperature sensitivity coefficients. During this process, the controller
obt ai ns 006N erAfyer thé radialyr bestt D wafgrés teterminedf fhiecassotiated after-etch

( AEl NewWaf er Ayer 1S valu an, be received ontroller unit 108
over the! Wﬂﬁ%&%@ﬁﬂﬁ&#)&@e@f&d dgge@pmn“nsg;c%m @Iﬁﬁ %@Pﬁem X,V¥)),
from whi caarém@teﬁé)aﬁthelﬂegf CEbrWéferlQr% &sainga! q%baéﬁpéﬂtmngécﬁm%er age. [0067]
Next, the average after devel opnent insp ectlon ;{)_ar aneters for the incom ng

waf er ( ADalRRmwy émrﬂvehm)ar@r@eéwm%%% bt (I BeraBesf) 96i nt map of

the af t ergRL&TWH HREGH VA afd Lriti8neasArbrLst  GPLARMiouGh ol the i ncomi ng

interface (e.g., software, hardware, or memory) or over the network from a host
computer (e.g'., process, server, or other remote processing device on the
network). The after etch inspection (AEINewWaferAverage or AEINew(x,y)) and
after development inspection (ADINew(x,y)) critical device parameters for an

incoming new wafer are also sent to the controller unit 108.

[0062] The following values are calculated also provided to the controller unit
108 through the user interface:

CDBiasWw3(x,y)-CDBiasW1(x,y)
- (30),

TrimRate(Temp = a,x,y) =

where a is the ESC temperature associated with wafers W1 and W3, and n is the

difference in TrimTime between wafers W1 and W3;

CDBiasW4(x,y)-CDBiasWw2(x,y)
. (31),

TrimRate(Temp = a,x,y) =
where a is the ESC temperature at which W1 and W4 are processed and n is the
difference in TrimTime between wafers W4 and W2;

CDBiasWithoutTrim(Temp = a,x,y) =

CDBiasW1(x,y) — TrimRate(Temp = a,x,y) *m (32),

where mis the TrimTime of wafer W1.

TrimRateSlope(x,y) =

TrimRate(Temp=a+b,x,y)—TrimRate(Temp=a,x,y)
b




[0068] Using the AElI and ADI val ues, the controller unit 108 cal cul ates the
*TrinTime as follows: TrinTinmeNew = AE | N ewa f erAverag e- ADIN ewwW a f

er Aver age- CDBi asW t hout 7' ri mMAaf er Average (39) [0069] Next, the controller
unit 108 cal cul ates poi nt-by-point CDBias values for the incom ng wafer as
foll ows: CDBi asNew(x,y) = AEl New(x, y) - ADI New(x,y)(40) -24- [0070]
‘Using the results of Equations (39) -28d (40), CDBias values, the unit 108
controll er next cal cul ates point-by-point tenperature values for the

i ncom ng wafer as follows: TenpNew(x,y) =

CDBi asNewherd b tHendifiérehoe @t ESQttempy)atilitd iebiveeiNexsEORV 4ard tWiRandr i n nt er cep

t (X,
(x,y) between wafers W3 and W1; and

TrimRatelntercept(x,y) =

TrimRate(Temp = a,x,y) — TrimRateSlope(x,y) - a (34),

where the TrimRatelntercept is the point at which the TrimRate of previously
processed wafers (W1, W2, W3, W4) is zero.

[0063] The controller unit 108 also receives TrimRateAverage through the user

interface, which is calculated based on the following equation:
. b
TrimRateAverage (Temp =a+s,x y) =

TrimRate(Temp=a,x,y)+TrimRate(Temp=a+b,x,y)
2

(35).

[0064] The controller unit 108 receives CDBiasWithoutTrimSlope which is

determined using Equation (36) as follows:

CDBiasWithoutTrimSlope(x,y) =

CDBiasWithoutTrim(Temp=a+b,x,y)-CDBiasWithoutTrim(Temp=a,x,y) (36)
b )

where the CDBiasWithoutTrimSlope includes a series of points where the
TrimTime is constant or is not adjusted.

[0065] Based on the results, of Equations (35) and (36), the controller unit 108
calculates the CDBiasWithoutTrimintercept and the CDBiasWithoutTrimAverage
as follows:

CDBiasWithoutTrimIntercept(x,y) =

CDBiasWithoutTrim(Temp = a,x,y) — CDBiasWithoutTrimSlope(x,y) -a (37),



(41) TrintRateSlope(x,y). TrinlTli meNew+CDBi asWthoutTrirri Slope(x,y) [0071]

* Next', point-by-point values for the best previously processed wafer are

cal cul ated as foll ows:

CDBi asCurrent Best ( x, y) =AElI Current Best (X, y)-ADI Current Best (x,y) (42) [0072]
Once the CDBias of a previously processed wafer is obtained, the controller
‘unit 108 can determ ne the point-by-poi2d tenperature values for the

previ ously processed wafer according to the follow ng: TenpCurrentBest (X,Y)

ﬁDBi as Cur r evtidee e €DBlasWithaar eniiterceprs tive poiniTat willicheiaiCDeBiaBesh- CDBi asW' t
out Tri m nt er.cept (X, (43)  Tr

i mRat eS| opé”(@f‘?&l‘?‘?t%q'%al“ir'gﬁﬁéﬁ IS BN CDBI asW t hout Tri Sl ope(x,y) [0073]
From a difference between the tenperature val yes of the best previously
processed WdfBiusW TtoptirmmdneBest|Demp ¥ @hd,thdse of the incom ng waf er
(TenpNew(x,y)), the controller unit 108 cél cufates the t enper ature of fset
of the i ncQPhRGy M BimrRE-hLa R Xw¥heuhS IRNGWL X, %) - TenpQur r ent Best (X, y) (44)
[0074] The 3 er mi nd38he tenperature nap
of the incom ng wafer:

NewTenpMap (wxhé@ :(,%giggﬁﬁtﬁggtﬁHA%)r(agye) i$ I%ael 5\9&%&8 9( th’Q ;gbzi’r“i_’tlby—point analysis

of the CD Bias values of a wafer that is not trimmed.

[0066] Once the above parameters are provided to the controller unit 108, the
controlier unit 108 initiates the calculation of the temperature sensitivity
coefficients. During this process, the controller obtains an average of after-etch
inspection coefficients (AEINewWaferAverage). This value can be received by
the controller unit 108 over the network or can be received as a point-by-point
map (AEINew(x,y)), from which the controller unit 108 can calculate

AEINewWaferAverage.

[0067] Next, the average after development inspection parameters for the
incoming wafer (ADINewWaferAverage) are calculated from the point-by-point
map of the after-etch inspection critical parameters (ADINew(x,y)) of the

incoming wafer.

[0068] Using the AEI and ADI values, the controller unit 108 calculates the

TrimTime as follows:

TrimTimeNew =

AEINewWaferAverage—ADINewWaferAverage—CDBiasWithoutTrimWaf erAiJerage ( 3 9)

AverageTrimRate(a+§°C)

[0069] Next, the controller unit 108 calculates point-by-point CDBias values for

the incoming wafer as follows:

CDBiasNew(x,y) = AEINew(x,y) — ADINew(x,y) (40)



-25- where CurrentBestFile is the tenperature profile of the best
‘previously processed wafer. [0075] For each next (e.g., incomng, new)
wafer to be processed, the controller unit 108 can use a previ ous best
wafer fromat |east four previously processed wafers to determ ne the
coefficients of and the overall tenperature sensitivity map for the
incoming wafer. [0076] It will be apprectXted by those skilled in the art
that the present invention can be enbodied in other specific fornms w thout
departing fromthe spirit or essential characteristics thereof. The

present |y di J00P8ledUsingakié resuits anQUaﬂIste(Bey en@(341)3)i OPBeat valued, the esipect s to
be illustratiyve and H%"t restricted. Sco venkpﬁn I s indicated
by the appendd&l® SANAPCHE" next ﬁ%PUI@F?a?TPQ"H WB?'EB@"PF&@@&‘:Y? HEs 55 g megming
changes that \GgBeEa¥dIBIVE: t he nmeaning and range and equi val ence thereof are
intended to be enbraced therein. -26- WHAT IS CLAIMED | S: 1. A
method@c {lpml_ng CD uniformty of the features of a wafer in a plasm
pr ocessi n t he system havi ng a wafer support assenbly including a
pl ural IJoylagfewtx@siﬂ%m@nucyptg@m,wI,Léxblvecutaﬁm@roaztr%ﬁu&@wgl zones arranged

in proXim Uy TR AaNkshse Ol BrinitmeNe PEDS oW Rrba  TFSobARp el at ur e (#bntrol zones on
the wafer, and a controller that controls each tenperature control zone,

t he net hod conpri si ng: recei ving process control and tenperature
data associated with at |east one mafer previously processed in a plasm

chanber of the }I)I asma processi ng syst receiving criti cal devi ce
par anet ers of[087Haf Bexe GPF'éﬁVTW'rltrY@léﬁefsé‘ar thg bestprisvioysly RIfeaRsed wafer are

calculated as follows:
CDBiasCurrentBest(x,y)=AEICurrentBest(x,y)-ADICurrentBest(x,y) (42)
[0072] Once the CDBias of a previously processed wafer is obtained, the

controller unit 108 can determine the point-by-point temperature values for the

previously processed wafer according to the following:

TempCurrentBest(x,y) =

CDBiasCurrentBest(x,y)-TrimRatelntercept(x,y) TrimTimeCurrentBest—CDBiasWithoutTrimIntercept(x,y) ( 4 3)
TrimRateSlope(x,y)-TrimTimeCurrentBest+CDBiasWithoutTrimSlope(x,y)

[0073] From a difference between the temperature values of the best
previously processed wafer (TempCurrentBest(x,y)) and those of the incoming
wafer (TempNew(x,y)), the controller unit 108 calculates the temperature offset of

the incoming wafer:

DeltaTemp(x,y)=TempNew(x,y)-TempCurrentBest(x,y) (44)
[0074] The temperature offset is then used to determine the temperature map
of the incoming wafer:

NewTempMap(x,y)=CurrentBestFile(x,y)+DeltaTemp(x,y) (45),



calculating a target trimtine and a target tenperature profile of the
‘current wafer to be processed based on the process control and tenperature
data of the at |east one previously processed wafer and the critical device
paranmeters of the current wafer; and processi ng the current wafer
for a duration of the target trimtinme where the tenperature of each device
‘die location is adjusted based on th&5target tenperature profile. 2.
The nethod of claim 1, wherein the previously processed wafers are test

waf ers that are processed using at |east one trimtime and at | east one

t enper at where CairehtBestFile is th&teniperatues beofilobf thediest previduelygrocedsedt ar get

tl’lmterEIS calculated for an entire surface of the wafer. -27- 4,
The met h8@®F clai m 1, wherein calcul ating the target tenperature profile
of the current wafer conPrl ses cal.cul atin erating t erature for
each t enp@9%Rlur BOrRARhNAXt (&G INncoming, nexv) %r HYFCe$S ﬁ'l 1, wherein the

process Gapkror LAt ds%ﬂhajs%télpfevﬂﬁfsaoe%smférwaweh& fbbepr@wmb@usl y
processed wafers received from mam)ré_ . The nethod of "claim1,
i

wher ei n tPRecessad meéerguteréﬁtﬂr@m e cogHiciants @mnmﬁ@ve@leem@@w@j from

menory é %IH & m1, wherein the feature dinensions of
t he curree{]SItIVI y7ma re recel veﬁ6 roma user interface. 8. The net hod

of cl ai mawqﬁgeﬁw.mbé DpoRRiarBy ARAEIRILIH hedtieh Hbretehtinpfithous! ¥

pr ocesse conpr critica ters
post - et cltapdresemabedisd in other specific forms without departing from the spirit or

essential characteristics thereof. The presently disclosed embodiments are
therefore considered in all respects to be illustrative and not restricted. The
scope of the invention is indicated by the appended claims rather than the
foregoing description and all changes that come within the meaning and range

and equivalence thereof are intended to be embraced therein.



9. The nethod of claim11, further conprising: recal culating a target
‘etch' timng and a target tenperature profile for each successive wafer to
be processed after the wafer using the process control and tenperature data
of the previously processed wafers and respective feature dinensions of
each successive wafer, respectively received in the plasm processing

system 10. The met hod of cl afrl, wherein the target tenperature
profile is a spatial tenperature profile or a tenporal tenperature profile.
11. The method of claim 1, conprising: mappi ng a sensitivity profile of

t he receiWHATASICLAMED4Si ce paraneters; and calculating the target trim
time and the target tenperature profile based on the nmapped sensitivity
profile, the process control and tenperature data of the -28- previously

processed wafqrs aA%éthSd%f béht?@llmgj@w SififoRRitR BEtherfeatdfes dfea whfer @nh wWaf er .
12. The method of claim1l, wherein the at | east one previously processed

waf er i s PiASHRRBEASESSNg éﬁ@ﬁbth%%ﬁ@@ haxings wafey sHaperé apserelyyt he current
waf er. mcludm%% Sp %ﬁt\xﬂﬁ‘iﬁ&%eﬂ&eﬁt r&ila%‘férﬁb@raﬂ]’@ BhtrbAHesONe.

previ ously riror to receiving the
current walfa@ged in pmwmba@rdsevmeo@emaugn@ aamthe temperatur@monmob met hod of

Shcen of 2P Pt UBrat ah P8 thnBr A Bl IGRPERMARof 25, o 2

bat ch of
the method comprising:

receiving process control and temperature data associated with at least
one wafer previously processed in a plasma chamber of the plasma processing
system;
receiving critical device parameters of a wafer currently inserted in the
plasma chamber;
calculating a target trim time and a target temperature profile of the current
wafer to be processed based on the process control and temperature data of the
at least one previously processed wafer and the critical device parameters of the
current wafer; and
~ processing the current wafer for a duration of the target trim time where
the temperature of each device die location is adjusted based on the target
temperature profile.

2. The method of claim 1, wherein the previously processed wafers
are test wafers that are processed using at least one trim time and at least one

temperature profile.

3. The method of claim 1, wherein the target trim time is calculated for
an entire surface of the wafer.



15. The nethod of claim 14, wherein the process tenperature data of the at
‘| east one wafer is an average of the process tenperature data of the batch
of wafers. - 16. The method of claim1l, wherein the target trimtine

I s cal cul ated based using Tri nTi reNew AEI NewWaf er Aver age -

ADI NewWaf er Aver age - CDBi asW t hout Tri mMaf er Aver age AverageTrinR ate (a + Q)
‘wher e AElI NewWaf er Average is the aver®de of the after-etch inspection
paramnmeters of the current wafer, AD NewWaf er Average is the average of wafer
paranmeters after devel opment inspection of the current wafer,

CDBi asW él hou]E Ir i MAthe mistlkodigfeclaisn a,nmlaerrerre@cm&igamedérget pampératuméy

processe er wwthout a_trimste arnmed, AverageTrinRate is

B er age. FrOMRE IS GHAR Walsr CoMTeEn R A0S 0.SPRTaBdPRPeie 9h ESC

t enper at téra@h@émge,faltdrgtcoﬁfrgp@dp,@sly processed wafer, and b is a difference in
ESC tenperature of the |rst preV| ously processed waf er and a second

previ ously processed wafe . The nmethod of claim1, wherein
the target teRper afrl]?én%'ﬂ‘?ﬁ pf @3'6? 1t‘HEer@mﬁh§rﬁr°9%ﬁsé?°nF"9 3 cul at ed using

NewTenp Mi‘@rﬁéebé)tur@-ﬂart@ BERRHES Wabothy bf@?ddsﬁ;r&%éé‘séd)wafers recel/B8Fi®m

CurrentBestFile is the tenperature profile of the best previously processed
waf er, am@ementa Tenp is a tenperature offset of the current wafer to be
processed.

6. The method of claim 1, wherein the feature dimensions of the

current wafer are received from memory.

7. The method of claim 1, wherein the feature dimensions of the

current wafer are received from a user interface.

8. The method of claim 1, wherein the process control data associated
with previously processed wafers comprises pre-etch critical device parameters

and post-etch parameters.

9. The method of claim 1, further comprising:

recalculating a target etch timing and a target temperature profile for each
successive wafer to be processed after the wafer using the process control and
temperature data of the previously processed wafers and respective feature
dimensions of each successive wafer, respectively received in the plasma

processing system.

10. The method of claim 1, wherein the target temperature profile is a

spatial temperature profile or a temporal temperature profile.

11.  The method of claim 1, comprising:

mapping a sensitivity profile of the received critical device parameters; and

calculating the target trim time and the target temperature profile based on
the mapped sensitivity profile, the process control and temperature data of the



18. A systemfor controlling CD unifornmty of a wafer in a plasnma

* processing system conprising: a waf er support assenbly, including a
plurality of independently controllable tenperature control zones arranged
in proximty to device die |ocations above the tenperature control zones;
and a controller configured to: receive critical device paraneters of
‘an inconm ng wafer and process reci pe2Baraneters over a network;

calculate a target trimtinme and a target tenperature profile of the

i ncom ng waf er based on the process control and tenperature data of the at

| east oneréViePpRcEssEPNaRsE andVBHedritRBAdéVIG: Bdraictérs o ehd 6@rdmr amet er s of
the incom ng wafer; and adj ust the tenperature of each device die

| ocati onWaer-a duration of the target trimtine based on the cal cul ated
target tenperature profile. -30- 19.The system of claim 18, wherein the

' _(|3_0_”t _rl__0| | ﬁkra I s 190nf TR hRAhdPorhifth AlvBereltrthbadt #aist bhé B}é\)idﬂ%lyJSi ng
ri nmri meNew
processed wafer is processed at a time that is temporally adjacent to the current

wafer.

13.  The method of claim 1, wherein the at least one previously
processed wafer is processed at any time prior to receiving the current wafer in

the plasma processing chamber.

14. The method of claim 1, wherein the at least one previously

processed wafer comprises a batch of wafers.

15.  The method of claim 14, wherein the process temperature data of
the at least one wafer is an average of the process temperature data of the batch

of wafers.

16. The method of claim 1, wherein the target trim time is calculated

based using

TrimTi;neNew
_ AEINewWaferAverage — ADINewWaferAverage — CDBiasWithoutTrimWaferAverage

AverageTrimRate (a + %°C)

where AEINéwWaferAverage is the average of the after-etch inspection
parameters of the current wafer, ADINewWaferAverage is the average of wafer
parameters after development inspection of the current wafer,
CDBiasWithoutTrimWaferAverage is an average CDBlas of a previously
processed wafer without a trim step performed, AverageTrimRate is an average
of the trim rate of previously processed wafers, a is an ESC temperature of a first
previously processed wafer, and b is a difference in ESC temperature of the first

previously processed wafer and a second previously processed wafer.



AE| NewWaf er Aver age - ADI NewWaf erAverage - CDBi asWt hout Tri mAaf er Aver age
*AverageTrinRate (a +li Q) wher e AElI NewWaf er Average is the average of
the after-etch inspection paraneters of the current wafer,

ADI NewWaf er Average i s an average of wafer paraneters after devel opnent
inspection of the incom ng wafer, CDBi asWthoutTri mMAaf er Average is an
average CDBl as of a previously proce®8ed wafer without a trimstep
performed, AverageTrinRate is an average of the trimrate of previously
processed wafers, a is an ESC tenperature of a first previously processed
waf er, and b i19.a Thefraethoceof clain®d, idrgreinathertargdt tehpdratuse profilei ousl y
processed wafer and a second previously processed wafer. 20. The
syst em ofofdh@ichrent wier i6i Galewataschusingl | er is configured to calcul ate the
target tenperature profile of the current wafer using

NewTenpMap( X, Wen E ; wher e

Cur r ent Best Fi &@ﬁ@éﬁ%e?g?élﬁgééﬁ?{%}zIg?%é-’(eblﬁéqx’y&r evi ously processed
wafer, and Delta Tenp is a tenperature offset of the incom ng wafer to be
processed. where Surremtieséjistis thepterepesatwre profilhefrtae bestpreviobslyol 1 er is
conf i gur oéé%s%@knfdfé@%ﬁ%ﬁé@‘a?@)ngqg SBhpeituBARd: 81ing AhbheksRF | Dot veen
tenperat ure val ues of the best previou Fy processed warer

( TenpCur rberprBesssed, y) ) and tenperature val ues of the incom ng wafer
(TenpNew(x,y)). -31- 22. A non-transitory conputer readable nmedi um
havi ng pr ogramecod perfor@in d f controlling
CD uniform tymgf ag‘vé/g {ééﬁqfdg Cté’“ﬁf"ﬁ@%@%@i@”é‘?ﬁgh s@asl?re'ﬁé‘\glgwg a wafer
support gesesssing systdm,diamgprising:ural ity of i ndependently controllable

tenperature control zones arranged in proxin.ty. .o, device die |ocations
above the tenﬁe"f’%@h?lépQﬁﬁSSP‘ gﬁ’é@“%ﬂgﬁk@“r\%kﬁ'éﬁ ,'ndrﬁﬁ’ﬁnge’_&ilxntrol l er that
contr ol s RAGBIIARERINBEreLfe €ORr6lFongd Bfran§&@inBrokiadityae Mekics idid:

recei ving process control and tenperature data associated with at | east one

waf er pr d¢a3i08F RbRYS thestertperaiute eANhZORIRAPEr of the plasma processing
system a controller configured to:

receive critical device parameters of an incoming wafer and
process recipe parameters over a network;

calculate a target trim time and a target temperature profile of the
incoming wafer based on the process control and temperature data of the
at least one previously processed wafer and the critical device parameters
of the incoming wafer; and

adjust the temperature of each device die location for a duration of

the target trim time based on the calculated target temperature profile.



receiving critical device parameters of a current wafer to be processed in
*t he 'pl asma chanber; calculating a target trimtine and a target
tenperature profile of the current wafer based on the process control and
tenperature data of the at | east one previously processed wafers and the
critical device paraneters of the current wafer; and processing the
‘current wafer for a duration of the $38fget trimtine where the tenperature
of each device die location is adjusted based on the target tenperature
profile.

19.  The system of claim 18, wherein the controller is configured to
calculate the target trim time using

TrimTimeNew

_ AEINewWaferAverage — ADINewWaferAverage — CDBiasWithoutTrimWaferAverage

AverageTrimRate (a + %°C)

where AEINewWaferAverage is the average of the after-etch inspection
parameters of the current wafer, ADINewWaferAverage is an average of wafer
parameters after development inspection of the incoming wafer,
CDBiasWithoutTrimWaferAverage is an average CDBlas of a previously
processed wafer without a trim step performed, Average TrimRate is an average
of the trim rate of previously processed wafers, a is an ESC temperature of a first
previously processed wafer, and b is a difference in ESC temperature of the first

previously processed wafer and a second previously processed wafer.

20. The system of claim 19, wherein the controller is configured to

calculate the target temperature profile of the current wafer using
NewTempMap(x,y)=CurrentBestFile(x,y)+DeltaTemp(x,y),

where CurrentBestFile is the temperature profile of a best previously
processed wafer, and DeltaTemp is a temperature offset of the incoming wafer to
be processed.

21.  The system of claim 20, wherein the controller is configured to
calculate the DeltaTemp(x,y) based on a difference between temperature values
of the best previously processed wafer (TempCurrentBest(x,y)) and temperature

values of the incoming wafer (TempNew(Xx,y)).



-31-

22. A non-transitory computer readable medium having program code
encoded thereon for performing a method of controlling CD uniformity of a wafer
in a plasma processing system having a wafer support assembly including a
plufality of independently controllable temperature control zones arranged in
proximity to device die locations above the temperature control zones on the
wafer, and a controller that controls each temperature control zone, the method
comprising:

receiving process control and temperature data associated with at least
one wafer previously processed in a plasma chamber of the plasma processing
system;

receiving critical device parameters of a current wafer to be processed in
the plasma chamber;

calculating a target trim time and a target temperature profile of the current
wafer based on the process control and temperature data of the at least one
previously processed wafers and the critical device parameters of the current
wafer; and

processing the current wafer for a duration of the target trim time where
the temperature of each device die location is adjusted based on the target

temperature profile.



