; e3eD, A$6T,t OMVWO 01/ 911G3 TUNI NG ELECTRODES USED | N A REACTOR FOR
ELECTROCHEM CALLY PROCESSI NG A M CROELECTRONI C WORKPI ECE FI ELD OF THE

| NVENTI ON wo bly@1185 esent invention is directed to the fi el dpof/yssii@omti c
process control, and, nore particularly, to the field of controlling a

mat eri al deposition process. BACKGROUND OF THE | NVENTI ON The fabrication
of m croel ectronic conponents froma mcroelectronic o workpiece, such as a
sem conduct or wafer substrate, polynmer substrate, etc., involves a
substanti al nunber of processes. For purposes of the present application, a
m croel ectronic wo [ ' | acl.u rkpi formed froma
_Substrate upon whi EW%W@% M&Nﬁgﬁémﬁﬁg data storage
el ements or | OB 10y BRGhER! qm § « There axe
a nunber of ~?L3‘T(’?¥%rent prg]cAgéIg?ng opg!rsgtﬁﬁgﬁ‘é per g)rl%s%rg%t e

¢m croel ectroni c workpi ece to fabr WAREKRIE€CHN croel ectroni c conponent{s).
Such operations include, for exanple, material deposition, patterning,

dopi ng, chem cal nechanical polishing, electropolishing, and heat
treatment. Material deposition processing involves depositing or otherw se
20 formnpg thin | terial on the surface of the mcroelectronic
wor kpi ecé&hﬁt@?ﬁﬁm sel ective deposition of a thin [ayer and/or
renoval of selected portions of these added | ayers. Doping of the

semi canduct or waf efhe Gfredthfiihdntbne 10 8lresHed X! MeMBEIP bE Gatorhiid HoRisCess
of adding inmpurities Known as "dopants” to selected portions of "the wafer
to al t ercortteolelaadf miaral partiemladyerto sthe cfeldf of bentsolbingr atmatesahdeposiibn Heat
treatment of the mcroel ectronic workpi ece involves heating and/or V wvr
- MOCE881911C>3 PCT/ USOL/ 1702-t cool i ng the workpi ece to achi eve
specific process results. Chem cal nechanical polishing involves the
renoval g@f } i chwm cal / mechani cal process while

el wet rop%ﬁ%@%dmﬁ/@ﬁﬁhmfﬁg\;%ﬂof material froma worhpi ece surface
usi ng el ectrochem cal reactions. a s Nunmerous processing devices, known as
processi ng "tool s, Thefateidagen dfemetegiestrame compenents from aanicnoelectodnit he

f oregoi ng praocessi ng operations. These tpols_take on different
confil@urafpﬂaﬁgcqaew&maﬁgaomlﬁen@%@r Jvafgpreabstiate. (plymen ubstraten teat i on

process 0 e t.0 .

Cont 1 gur SObE™ S ALSARRM BBl S CRRERRY BUL Blmtted G5 GRabBPplRlon o 1
Seni t ool a mitgoeledfroftia! WoHgitce M defindd tondlclhetis aawehkpiete tsrnfAéd from a

m croel ectroni c workpi ece _processing stations that are serviced by one or
nor e wor Kghsiwate upethwihéch microcksctrapicesizguitsfortdomponchis, deta fieragesi¢ments
stations uiilize a, ,wor kpi wce -hol.der _.and auzgrro ess . b or_cont ai ner f.or

i mpl emenPt Yy SRt Y g BY 'Oﬁ@eﬁw}%i%ﬁlg?n% i el LRRIE; 3§ L BIDFL L ons

i ncl uge aﬁf&Eﬁpg&@éebﬁﬂg Ghclicd pekfeffibdlon Ghe ShidbEReoficRRARiLO o
el ectropolishing, etc. In connection wth the present 1nvention, it 1s the
el ect r ocfabricatd thermixreelkectyomit atongpements)X] Such bperafiofd iiThivi¢, far eanmple,

noteworthy. Sych_el ectrochem cal progessing statipns performthe, foregoing
el ect ropF‘éﬁ‘?‘Fﬂj, deRasttiozho| PAIRTAME an‘fﬂﬂ%ti 6};@“"@9 . ,m‘éqehaf‘H@T]mEQ tronic
wor kpi ec f: i) r Elﬁﬂ’: hat the el ectrochem cal processing system
set fortﬁleﬁgpgﬁgﬂﬂnsg%gggﬁ%gaéo a&%pt ed to inplement each of the foregoing

el ectrochen cal prMsagss .dep@siﬁOﬁoFmgﬁng\ﬁ infvobres  clepbsiting abt oathefwisee
LT-210CTM t ool ,  the el ectrocheni ca stations include a workpiece

t > processin _
hol de20 afRrmingrthive layeeoaf anateriak paithe reantace p&g@a pigeeleatrenisnwoskpiedter . The

wor kpi ec ol der and,process container are operated.to bring the

i cr oel oBERGRE RO RIEH ey e ofh TaRREVEL BA6F agmonh o ety wicn
an el ect hegl1 GRthalE OfFIRE 1agers! UDbpIME RISBE dehitOEMRIOC et Vit dhdipk. Wien
the m croel ectronic workpiece is positioned in this nmanner, the workpiece
lhol der andcieelctrosiccwntipiecs; is thapmwcepssoetadding impanties knhwn asa{ddpantspen,

lencl osed, or, substanti al encl ose . .
? to selecte pof?ﬁons otJ fhe Wafer 1o aqfer the electrical characteristics of the substrate

25 material. Heat treatment of the microelectronic workpiece involves heating and/or
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El ectropl ati ng and ot her el ectrochem cal processes have becone 30 inportant
I n the production of sem conductor integrated circuits and other -2 WO
01/91 163 W&h{/MI63 111702 mi croel ectronic devices from m creel/esi/onic

wor kpi eces. For exanple, electroplating is often used in the formation of
one or nore netal layers on the workpiece. These netal |ayers are often
used to electrically interconnect the various devices of the integrated

const t ut GRS bF SYATKBIRRE IDARTERE. SEHIC ST PssR R iRe. fisdLeacRiechdnical
El ectropl ?%E%Wﬁvéé’@fe oWal SEMUREIaF BRBEER 2o I ye% ??érﬂircap EhaHiEal

sol der, n ron, etc. ectroplating I's genera ecte y tnitial

" formati onpebeess sl tlagropolishine imiotveasethectenmvab oflandtpriak roim atwerkpisem of a
very thin | ayer of netal, whereby the surface of the mcroelectronic
, wor kpi ece ShagengBg electioshempicahréagtions.conduct i ve. Thi's el ectro-conductivity

perm ts. subsequent ' f I r .Ra | ay, of sired
nmet al _ts)sy el ectropl a%n&%ggggcgcﬁgﬂg dg%ggs‘@‘f’h‘g‘ ﬁsgffrg ﬁ%&@h@ﬁl%a‘i‘&‘%&ﬁ% ni cal
pl anari ZaU’e@élOPé@YO hplarat ble beiRore oftheforeBoide proedsinyl opdiatitial t Ehdted or
met al bl anket Tayer formed during electroplating, resulting in the

f or mat i on tegls ttake de differeninepnfigizations depending oni therype tafowotkipiteienasedfin
netals at the,surf.ace of a rkpi ece involves the re al ,of at JLeast ,sone
of the el TAHEICAHOR profess AR CHEATQLESs BF BRkeRses FreCaPa ot BeiieRt aTe Hdloass
s eff ect iyptiliin! WRRAP & he ETIA0CI Hrddasihg2Rdi0anaNSdiBbk! b
carried out u8Sing the sane or simlar reactors as-electroplating.

Anodi zat | Sentitopl.clak),yof kalispedl, okomitaian ginaludes na f pluralitgy of miicrobleczonic
surface of the workpiece. For exanPI e, it mﬁwﬁe desirable to, selectively
oxi di ze c&Yarkpigcp @rocessingottationsetial arcasesviced (hynong op mgre| wkpiece dranster

ot ches. ¢ hIoBAISGSAER of BPYPHked PIRGBSHIRE MEHoRD AR M BIRE Hbide b
Further, anmdcéaticy erRooMEines &5t ifpleaemid wee ptctehsii@lopetaions. Jieh vas

perovskite materials, onto the surface of the workpiece) 2s As the size of
vari ous miproesssisgt raperations cincluleaneleetvoplotingt setdbige asteaning; eradedteoless

Fhe. maRur AePOrnAG FEerapolidhtii Fbols SHTeRAN AL FroBGaens RYERt bt e
descri bed e%h%?&’heﬁid%féﬂr%%‘?ﬁi{gf ?ﬂaﬁBﬁ?%@i&ﬁﬁ %%T—Wl‘ﬁ)@w t%f%‘ﬁéw& .
roel ec urther, the el ectrochefical

surface of a given m oni ¢ wor kpi ece.
process m$sichnektirdchemickbipeoeessmgwetakiphe cgerfornd ahei foregaingi elecemplating,3
WO 011 91163 PCT/ USQL/ 1702~ El ectrochem_ cal processes may, be conducted in
reaction € elishingi agodizatian. eicsidgthe Blceelestenisr warkpicpt e ¥ wil bsdes.

Where a Sir&%g‘?ﬁfédeﬁ% € electrochemical processing system set forth herein is readily
20 adapted to implement each of the foregoing electrochemical processes.
In accordance with one configuration of the LT-210C™ tool, the

electrochemical processing stations include a workpiece holder and a process

container that are disposed proximate one another. The workpiece holder and

process container are operated to bring the microelectronic workpiece held by the

25 workpiece holder into contact with an electrochemical processing fluid disposed in

the process container. When the microelectronic workpiece is positioned in this

manner, the workpiece holder and process container form a processing chamber that
may be open, enclosed, or substantially enclosed.

Electroplating and other electrochemical processes have become

30 important in the production of semiconductor integrated circuits and other
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" reaction chanber is used, inproving the level unifornmty achieved by the
process often involves manual trial-and-error nodifications to the hardware
confi gur aty®p9fics S the reaction chanber. For exanple, oper@lgss/ 124t he
process may experinent with repositioning or reorienting the el ectrode, the
wor kpi ece, or a baffle separating the electrode fromthe workpi ece, or may
nodi fy aspects of a fluid flowwthin the reaction chanber in attenpts to

i nprove the level uniformty achieved by the process. to In_a
mul ti pl e- BRgeekesenice adeiens cHambemuCiofiCHONifpr WorkRigEssodesFar e caamBlged in

sonme patter h Q es | n d. t cirLca r

cuppl 1 rEep e & S el b B ForbRa R RE BhE orooRafe i fabofion RRES
el ect r ochg@hgsibcd)’ OTRSR REtAPRISES ARs offfhehiséd b VeleathichBpSintciodineef thbe

el ectrodes are connected to different electrical nodes so that the

. el ectri cavarpasedeieesvofithe indegated tiycuihe Fusther, the sumings faymed fromtheled
i ndependent , qof the el ectrj.cal powe rovigded to other electrodes in the

ot oy e Bt ST ot g GResRianic JearescEh s sxlNrte Rradea el

| ocal i zed control o ikaal ggrg% : C c ' |y
process the mcroel E}:e{crﬁggfié&fm})r;eﬁ%?&g% i s@l['%%g?? geelél%ggér??’r%{l&’oﬁﬁ 1121%’
el ect ri casolfer, aickicbirong ate. Zélebroplatidg iogenernilyleffgcted tbgrinitivl fformation of at he

el ectrochem cal processing across, the surface of the nicroelectronic
wor kpi eceseideltyen ppathegmicroelepgpricewermense s yhe deomn it & oigty eiselayer &fi ng

o the o HRPIOERereBy B Shurae b P iS loPelbbioRs SirkpRes i RRER GBI L)
can begopr eéhdiTElEC Thi BleebldondhbEvie) peiniits Shbseghd@TEbAhatZsn Of a Wlanket or
el ectrical current, voltage, etc.) for a given €lectrode in a given

el ect r ochpatteratd payer ©f ¢he desizademetah by alegieoplating. aShhsequenpmcassmgisuchi al
and error approach. ', Usi such manual, trial, and error a oach,
however . EshhaBIcabingchanigal hauaT#agD, Mey hensed todemove avianted Botions of s do
not easi | M. Lap t i ol . & a

gi ven set Mlc?f g:%}é% ?)(r:a e@a?%?é?é&ﬁgﬁﬁ%%gggnglég%rgpmgqgs%ﬁ I tet(l)lea

t hi cknessfofnatioa dflthe dositabmetillizedsinronekect roni c . -4

WO 01/911G3 PCT/ US111/ 1702, .1 _vvor(épi ece cannot easi Ify be used to deriye the
el ect riscal par anet eElectropalishing|ofanetals af the Suptac (oftowarkmieeacHuolves they j | |

thi cknesstSafl 6 bl Ies, BURTRE W8 MEEE bnd ACHIBRoMnGal BROGEE, LohE ¢ o
use in el e&bﬁ_@a&@ﬁican?mgmr eff@dtivelyl thedrever¥eadfl the Blect:Dplatind réaction and

deficiencies in this trial and error approach are associated with other
types of @ eften cuhediovtbsipgdhe sarae of simudar, reagtors asaaleatmpleating:t r opol i shi ng,
etc.). Also, this nugl t.rial and error, approach often st .be repeated in
several conmon ci r%ﬁ%&‘@g,g@ﬁﬁﬁya Wg?gt%&?mgc@ng@ﬁl%llwgl agftﬁe

uni foryxi t ; 1 i s or
prof i 178 chabace SEARCARIGANGE FPARRARPIEICTAY S, URAMe ) SLIcbtvaly (e

f or egoi ngceainyoritons of a aletal tlayerhshcas 4 Cufdaypere tsfaciitatersubserpleat temaovat

wor kpi ece at can be used.to aputomatically identify_ electrical parapeters
that | causel aiwqut BORI08E i 3ceTuioniat @CE%ﬂ@\f@ﬂélzsd@hatwé#eﬁan@fﬁm Brnity
for a wdg ré oc hcal | aj. | s.(e " 1<)
ayer 1o RhRAGe0] Aol THNEE, AROABERGH el Phe el 16 Meplsiv oafH
woul d hav enasériils,fsuchab petdvskity maftAdVEROAtb thé haficl dfahe meorkpietaci ity for
automatically i dent i fying electrical paraneters that produce a high | evel
of uniBornity in el &6t thetiza fl vgripus cuisspelgetzonio pirewitse|andt compenents
wor kpi ece i s descri bed. Enbodinments qf this.facility.are.adagted to
accompdafEcsaTeso there 1 & PaRrunnding foseasin e mamificuing iileranges” that
‘condi ti onggysphéie Gy Shdrifactaitl BN PESindMabK l%iﬂfﬁﬁeqir i¥fEation as
materials, and conditions, and the nature and condition of existing

coatings desarfhedbmléo] eleetrockmmicali probgsses smisoimifbanlyspriocessythesyrfagpiofal | y
result in substantial autonaéim(l)n of E%ﬁctr chfm' cgﬁ ZS Erocessi ng, even
where a | &8 mistpelectemg ayorkpicee. | Furher dhe glectrogheraics Profess gpid apget such
aut oyl oy diffietdLto-SRRRETeLY uhfofRly teqlifEnGRst Of Skilled Iabor
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it




required to oversee a processing operation, as well as increase out put
quality and throughput. Additionally, use of the facility can both
stream i ng,pfiehid¥Pr ove the process of designing new el ect ipeRh@bi/NMd24
reactors. -5 WD 011911(3 PCTIUSOL11702.1 I n one exenpl ary enbodi ment, the
facility selects and refines electrical paraneters for processing a

m cr oel ectroni c workpiece in a processing chanber. The facility initially
configures the ele i cal. par ters in_accprdange wi,th either ]

mat henat i cal nodel C]é#ecfrﬂghegplggﬁgqqﬁseéhmege cﬁ"“éwffsgilﬁefﬁaﬁ oaaﬁgmga.eés _
deri ved TrRmoRRRE hindBCIBGIOR oPLANRSR! BBcAPRRDCWRAL!LSinddeItRbEE e | S

processe e init parameter cohfiguration, the results are
" measur ed @actien shamber W tyedramprovibg kel lened mni foemmgt dvhiextadcly thogpedcess t he

processi ng. chanber is used to select new paraneters that correct for any
defi ci encPléen Hya mseamua%@-%%%m&%ﬂpn& tq fheshar @R%P@E‘ig‘“m of

par aneter e i i e ' any be
Der Aol o e deel ol Sl | EoPEORRE! Blidrd PP REhLRL B st B,

| n anot hefepsxigiohing ¥ RIBRRANAEMhe eldefoliacihki workpidck] aea taffieRepardarihg heat ri X
data structure. The sensitivity matrix data structure relates"to a

deposi t i oelecthadhfront dhe depbpiecengr meaye magdifyoaspectsook pi Buid. flowe withiodhe i on
chanber has a is,nunpber. of . deposjti.on initjators, assocjated. w eggch of
Chion | s EacRon URTBET dRoRiebRolo dRRFEL e |Eved cpBERTID 2ERENEE b have
deposi ti ofyoBid i ators that are el ectrodes, whose control paraneters are
electric current levels or other control parameters. The data structure
cont ailns a nunber ol guwaudtipleatlevizodntadcesn ohanibenftvwahdr mqre ed¢ctteles favx a

gi ven change in the control paraneter associated with 20 a given deposition
initiator @rr@n&edé;aﬁemeew@ﬁ%ngécln 3 g@p@lgctwﬁ:Sﬁapemeated i ek pRstricHl PAWET ven

radius. T ' . I r he. dato r.m

revi sed dg%ggfml gﬂﬁ%ﬁ?? a’tﬁo"f§ %gétg‘r?ét é);ds e:f Oﬁse@gﬁ eér;\\_ec %f Bﬁremegég:hg)ecg%@fctaéd
materi al plocedsngs dperationd PeéfeRiblpr fflehdt sbftfe SERRSEIEQFodRIRE icdhnected to
t hi cknesses. | n anot her exenplary enbodi ment, the facility utilizes a

mat eri al @dfetensadéatiioal prdss seshatdhe etacineal power pivvded om theinn by the powest
parameter values used in. terial, deppsjtion prqcess. Thes rangters
have DSersHRE e Pe,prowified andependentapt the cleisticdlcpower prpuded docotist

resol ve difbi@5&RGRSHE en neasurenents of a workpi ece deposited using the

earlier-used set of paraneters in a target deposition S profile specified

for the deposition Blecteds.arilys leaving at pluodlitt/hofs eldatreded facititate looalized _ _
_ 6 n addi tiopal

/ 02~ b d to deposi
wor kpi Ecacqugrg]i{ %%ﬁlsgg&ﬁgg%t%epgﬁﬁﬁ%f Qeptesepestiealli pesess) ghe n
another exedRbRbofilPREINe. THE foRflitdd YorftRildf e Mbtrical parameters can

20 be used to provide greater uniformity of the electrochemical processing across the

surface of the microelectronic workpiece when compared to single electrode
systems without necessitating hardware changes. However, determining the
electrical parameters for each of the electrodes in the array to achieve the desired
process uniformity can be problematic. Typically, the electrical parameter
25 (i.e., electrical current, voltage, etc.) for a given electrode in a given electrochemical
process is determined experimentally using a manual trial and error approach.
Using such a manual trial and error approach, however, can be very time-
consuming. Further, the electrical parameters do not easily translate to other
electrochemical processes. For example, a given set of electrical parameters used to

30 electroplate a metal to a thickness X onto the surface of a microelectronic
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el ectropl ati ng process having nmultiple steps, which is perfornmed in an

el ectropl ati ng s chanber having a nunber of electrodes. For each el ectrode,
the facil pW¢ofe4ey M nes the net plating charge delivered tpurousgh/itdize

el ectrode during a first plating cycle to plate a first workpiece. This is
acconpl i shed by summ ng the plating charges delivered through the el ectrode
in each step of the process. The facility then conpares a plating profile
achieved in plating the first workpiece to a _target ,plating ~o profjle. In
such conpwerkpiece toaanet @apily yog disadi ta aleriyeythe ieger@%t paeaters Hsxt doed

| at i fil t | atj : file., Th il '
het pl at HEChnBBEE i LR ARbEE N, oSl e S ae SRR el SRR "
devi ati ongletRopla: & Yeoinel WnkBickaess KUf £3RknGhefalE58., ROPpEYGtar®gdhérall
charges, the facility distributes the new net plating chargé across the
.steps of nofe spitablesfor aisel s electioplatingt anbdiee dnataly esg.nelatipnmt)i ngSistitarges
to determ,ng . .ent . for | ectrode f h .st ft A
Second opl SENFIGIEFLIE iy HEAL ST BDIICREH (5 oS iedoBathatcs, RBFoE

usi ng the : ] - Qr C 2aC ep. t her
exerrgl ar yelggggﬁf&nélﬁ? Ftﬂt%ﬁgéss gégiq'?'t’;?’ﬂ gg%ﬁﬁg@egiégﬁggéﬁ%%ﬁgb% t%?i glAelck:étS]’r gp ating
reactor. maeudlaciihi tandf et @urbads cftemtnnestabe cripeatedein estbedy i crgmdiont he

reactor design to a set. of initial electrode current to determne_a first
resul ti ngCisFemstances; sich as wihea thgdthickngssconfyiek of upeformitytof, the eed dgyer

plating profile to a far ing. profi btain fi | f ce.
The. 1 aci | PigPaehoefh? baEk: BlsRbe i bEphftiyd dhBedain bion MR

revi sed e}f8eth scurrents, and applies the mathematical nodel to the set
of revised electrode currents to determne a second 2s resulting plating

profile. The facili fiyvisonpétlesfarhgoingcasystens fdrt électrqubeiicajlypproicesang @ t he
target plating,profile to obtain a second difference, gnd. eval.uates.the
desi gn ba%ﬂmg}?cfrl‘?@“o&"g Kge s@%rﬁ:ﬂndﬁ? USPE e ?“ﬁqmaz}?@ﬁﬁe}d%gﬁgﬁrﬂ&%f&?cgi
enbodimsna%ah{}ﬁ agii LS,€ hed .ine. ug.itiQle Sel [

par anet erg or %I]éeﬁlialrtl %:%hr?'tergl I'n lgpglreg‘?lag%a%?%éqge%%}il???oﬁ @gﬁcﬁgﬁ]oeorf to
deposi t mahifoimity dor awidé eaigedofneéarodhemicalayotdsaingopiriabiese®. £ osdedrlaydry

WO 01/) 111 3 PCT/USOL/ 1702~ wth a specified deposition pattern. The

appar atsus thiglnassess sgedrbaies tepesy leciiopl tedn) tald haye; sigticad
foll ow ng ﬁf‘ surenments: pre-deposition thicknesses of the sel ected wafer
before mat! al is deposited on the wafer; post deposition thicknesses of
an al ready-deposited wafer after material is deposited on s the

al ready- dgppadM R YWaf er; and pre-deposition thicknesses of the

al ready-deposited wafer before material is deposited on the wafer. The
apparatus further includes_a paraneter, selection subsystem.that selects the

paraneters to be us wlloyang. antasity) fynapematicpldy i identibying alectagalon

®
t he specif| |t . ! [ Cki f o
sel ect od PARDIERTBAHBEYEEK LRy LRt BUFOTRRC I PRI Bl hubEE, oo
waf er , sopaqifRIeRichronse MotlgsicsteRWstibed. NBiododatherftd of figis Fheifiadyredaapeddt 1od
waf er, and the post-deposition thicknesses of the already-deposited wafer.
| n anot heacenmemodatey vamduasd elostrochernisal peo¢dsses; acactor lssignesangl senditionst
surface usij a plurality of electrodes. The facility obtains,a current
speci 11 caplihesmRtetily At phufork: s erikEice yiGren s o oteiease) 10 Sgffitions
speci f i edaﬁ&%é‘n@ﬁfr&'aﬁﬂ' &ndiéh of ek%%ﬁhgeco%ﬂgébhtt}ie%o f&k! OAlBSordiply,
current levels of the current speciftication Set each represent a
modi f i cat nee of the facikétyt mhyp tepisaldy resolli mt subgtansiab dutonratient ofS¢lectrédheaticain
set, nodified in order to inprove results_produced by electroplating in
accor dénc BTQGessingneven whatga dagg numbanef ypuables ant disteren dimpsionsonre

“el ectrode f agl |y i ve . I cifi
el ectr odepﬁéﬁﬁﬁeagclthjérﬂr éﬁ%oqrg‘%ié’\éll P ?%gﬁ[go(%ﬁéélﬁp t2'8 It%\gﬁ%%zﬂgldggk ?’gdgelap%& gfgbd‘gr to
.el ect ropl a¢quitddetos eve@seed pracéseig operation, as well as increase output quality and

throughput. Additionally, use of the facility can both streamline and improve the

process of designing new electroplating reactors.
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I n anot her exenplary enbodi nent, the facility automatically configures
paraneters usable to control operation of a reaction chanber to

el ectropol iwh ewsRbected wafer in a way that optim zes confecriusy/madsh a
specified electropolishing pattern. The facility receives pre-polishing

t hi cknesses of the 2s selected wafer before the selected wafer is polished.
The facility al so receives post polishing thicknesses of an

al ready- pol i shed wafer the alre -pol j shed wafer i.s.polished. The facility
further receives pr eiBoPFQh?’FﬁjnP kﬁ@be@@% ttﬁ% gqcﬂgtgd)ge%g{jsi de‘Fee“’r
before the Ya i LS PRI f8Gikbi Se

par anmeters e?é odhg%ﬁi%éﬁ%gé}ggf)ﬁg%s\bggeg I%%g&e‘%e%n&?%e spg%:efc#i%dkggf)?%shl g
pattern, 3qhambepr eFlpoticilityngitidilyc koegass e eleetsall quiradetenf ar acédrdance

pre-polishing thicknesses of, g . WO 01191163 PCT]US(11/1702.1 the
al r eady- polwigh&tthor p apathgmatigal Bodel ok the procgsning shagbener sxpamgntgbdathed

waf er, and §he pogt-polishing.thickness t r eady-pol | fer. In
anot her %xé‘ﬁ?ﬁ%&y@ﬁﬁé’@? ,tﬁ%@%ﬁéi f?’?iﬁ&}%gﬁ?@ﬁ& eéf%?né ?p‘gﬂﬁpﬁf r !)Sni C
wor kpi ece. pTB@esﬁé’d; it Yhe ﬁﬁﬁal\/ﬁ&aﬁﬁhﬁf ElgRe AN, RHe FeRIIQf ddeamOisufed anded

| ayer that "has been applied to the workpi ece, such as froma netrol ogy
station. ThsenSitivity imatrixceased fupesn thiemathematicd model € the prodeasing chambdr tspon
the profile o& t he seed | ayer represented by.the r&c i.ved data, %Bd.
det er mi nes 16440 SHCREHRY AIArEmPIERG TaAtCOTERCt foR Ao IaTTRIHRIeS. Blcaiw efing the

manner tha i .dentf afiﬁl- lengi [ Layer.
The facili ¥p§8§é(;§gnﬁlgrs§€:a eign%E N?Js}ﬁgfgtg g’r n’g‘k{]éggq)se é(:)t? fSj(E)}Ectgﬁltl ru EF& E;‘glp S@n‘%s %l%lg at 0 a
pl ati ng16 ogkechmd weslepicte, pviaich maayt be sintitdeh measurkd, aidotheaesidsarsetdao further
enbodi ment, the facility is enbodied in a processing container for

el ect r ocherre6a¢ IBe paragetaIBng a m croel ectroni c workpi ece. The processing

t ai i nclud incipal fluidfl hanbey . At...different el t.]
"t he princi pal 11 ol #ROWEpsomblaly SuflafaRte fhe iy efieE o SSflbyC°
di sposed Sgnagix! @ath! HeRnkEE TIRSERtViEy AMAIRUabd sPadthR! RiMates ks AdRBItH oM 2

m croel ectronic workpi ece under process. The processing container fiutller
i ncl udes a ohantbeolfberdepbsiting smetenal gur e dvdarkprtet. VERe depositjbn ehambef hakea

concentric anqdes urrent that is both.(a) based upon.a current deljvery
t hr ough 1% h! ol rdeposHise %a&r&@w%éfeéam- rea%f oteddiigh 15 a control

; lect ran . g _ .
br ocessi ng Tap iR, 58} EXamAR thderR Bl Barhlr R bR A didtal Sittbls it
ear | i er - pr ageséleciroded) Ofhew!t cofirel parduptesecard Rlevadtdl ecuresrgniyvalsy or other

enbodi ment, the facility electroplates the material on a mcroelectronic
wor kpi ece. cpagol gerametprs. niffheddate stracture sontadisea umbereofoquarnigative entries,

o et R e
differepy o %(‘v@ﬁ! @g oiiﬁ@@iﬁi'@iﬁto%yﬂ{ea&%eefedtéhﬁng% fl t&%cﬁft’é& HUtEriAhldkneeatthat

is to be electroplated. For each of "the anod e facility induces an
el ectrical given esiubeffheaontands afithle datadstiidueumapde wkdttbaletdrorine revisedoni ¢

Eor o n A BRORBAGMIS! FEAah 1600 sonfneiha o uakap Sockie
m croel ectr 't‘ér &)Wﬁl%%r aﬁﬁloslg{% Iﬁﬁkﬁﬁfﬁgcl&ﬁsses' 9 WO 01/91113
A farel? ;

PCT/ USO01/ 1 ove on a ectroplating result achieved for the

previously el ectropl dnednather axeaplargnembodinkgiteche facility futilidesra anstenhbr y
enbodi ment, the facility &forms a sensitivity analysis of the i
el ect r opb atdepgsitiontprogess daga stEugture, sdiiek contginsipesat of peeametervalpecused in a

FUCIL 1 T i R

schemati ¢ i pRéRMRedn QW @Bpﬁraﬁie@él@ hR0redsBIveOAITRSEARE By wea M iaslitchRhd bf SPTe
enbodi ments of the optimzer. Figure 3 is schematic bl ock diagram of an

e| ect r ochemvorkipigueodaposited) usingt the cavlaertwsedt set! of ipasancetersaince tangethdepuosition
enbodi ment of .the optim.zer. Figure 4 is a owchart i)lLustrating, one
manner o dRPEHE SEte Toh e deppotkiy pracestc The SGaten pE RS Bk sreangemay
sensitivity values to generate a nore ~s accurate el ectrical paraneter set
for use in neeting targeted physical characteristics

. _6_




in the processing of a mcroelectronic workpiece. Figure 5 is a graph of a
sanpl e Jacobian sensitivity matrix fox a nultiple-electrode reaction
chanber. @816 i S a spreadsheet di agram show ng t he new@usento2out put s
20 calculated fromthe inputs for the first optim zation run. Figure 7 is a
spreadsheet di agram showi ng the new current outputs cal culated fromthe

I nputs for the second optim zation run. DETAILED DESCRI PTION A facility for
aut omati cal | el ecting and .refining electrical 2 aranmeters, for
orocessi noE HSGd K Aenasil oA OBAl N PHEe e iny Brealantpiaanor yith dhe Shesified |
many enbo@é'ﬂ()sﬂ{&y fof§e OPti m zer determnes process paraneters affecting the
. processing of a round workpiece as a function of processing results at
various radii on thia wanétheecexeplasp nenstidilinhiengntthe tfaeilwpt icshwels agh ust s
the -10.. WO 01/9113 PCI/ US0111702~ el ectrode currents for a nultiple

. el ect r odecleriEeplatipg progegs bawns smultiplecviepss which ipesformedeinrasnelestseplatingrver s

or der B0 SHER dAingd s BtES of KcERMuLE  Epp pitioifpE, e Pagitity A AHRes ' "
concave, feGet tpmﬁ@ GeRbeé Qelivéred Thdngh HE eRlcndde Hubiah acﬂmtiﬂﬁtﬁ{gt g@@ kped to

a s sem conductor wWafer. The optim zer adjusts electrode curren or
successi vplamoakfirst cwerkpicceonddns at ectemphstmdgby summing the qitatexes chirgehe
seed | ayer, .of the, i ncom ng workpi ece source of feed fo rd control),
and/ or t odelbrered ng}?uﬁlieFBP&? P e r?fGBc%fgﬂ}%PHPqeé$- \/\iﬁgréc tth%n anode
currents : st > . : . MSHNRY,
the opti m&%ﬁar%g a&%ﬁ%ﬁgg qui c% ygg{i:%’?g\%mﬁgqﬁ%wsﬁ\%ée% t)gfa tdr%géﬂ;[?l%tn I n
the caatipofdepdsisteld compatsdmithe €acilityt fueutifiss deviatibhabetweuahe achieved

intervention. The facility typically operates an el ectroplating chanber
cont ai ni nplating prefilend the arger plating m@@r TherfgcHity dgtezmines new Belcplatingles

Cypr car |y Rube R <obf nods Yelecld ¥ R0REE M i0eL AEVaBc b, B 0Ry ™"
east onewsHGiaRe Fbr cih B ShAR! EkIRRRaNNY KRIEES e MO thstibits A

i
el ectrochem cal processing fluid in théﬂprl nci fluid fl'ow chanber, at
| east durnew ret platingcthange adrops theestepsnof the pirheess] and esescthe ahstobutedkpysvece.

Sur 1 208 RSt BT (ORI 0 SAIPER NG HUGER TohdchrP efEERde, 1o 2P ouER oL | s
2 : | { ] al.i
ol ot r oaeoosy™ | RAEpOREpAEPERKEILIAY Hicnl¥E oG RARRL D AR 4 ool yRrRRRLEL 1, °

connect eduging tiecaraat detaininedfor cactppleptrdde f@adakch sifpe i ndependent supply
of power thereto. The apparatus also includes a control systemthat is

connected to the el brenotber exemplary gmbodimentc tha fasilityteviabiptes adesigndetri cal

Connect ccibriscpBFURE 6L UTHY BRIGIEEL Aty Y nBREthaPloal MORLABRERARY o
pover jpar gigelegétor AesinoVE Betobindfiall dlectt SHCHRPERND | det&diAe & fitkt abaAtingdes
based on one or nore user input paraneters and a plurality of predeterm ned

sensi ti vi platinginrefile. wihe diacility compasdst thei fixgt vesulting platingsprofide t@ aSaygebcess
erturbations resulting,fr.om pert ations..pf the electrical power.. .
Do et or PRORE G OTls 18 AP O B R B cR o B dasifis, Uikch, Aeklfts f SPBviyityes.

-11 technique to identify a set of revised electrode currents, and applies the

mathematical model to the set of revised electrode currents to determine a second

25 resulting plating profile. The facility compares the second resulting plating profile

to the target plating profile to obtain a second difference, and evaluates the design
based on the obtained second difference.

In another exemplary embodiment, the facility is embodied in an

apparatus for selecting parameters for use in controlling operation of a deposition

30 chamber to deposit material on a selected wafer in a way that optimizes conformity
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WO 01/911G3 PCT/ US0111702-4 For exanpl e, although the present invention is
described in the context of electrochem cal processing of the

m croel ecty@pi/$1190r kpi ece, the teachings herein can al so hemexdoended to
ot her types o{ m croel ectroni c woxl.-piece processing. In effect, the

teachi ngs herein can be extended to other mcroelectronic s workpiece
processi ng systens that have individually controlled processing el enents
that are responsive _to control paraneters and that have_interdependent

ef fects owith ghyBedified cdepastiany ipatterr. of Thge apparatis| iraludes @ wReaspresratt hat

is processed. using;the el nt.s..: sy st ens I sensiti vity tables
Cor hotr; coeeiis ohyeR REFoleReisl e b ey tafiindissn Preideibaian o,
nor e i NPUhiRlaie36Rt 6F theSfdlectb® vidfel Yefdre mateAeNIs @pRacd b fle watetepoltbat
accurately result in the targeted physical characteristic of the

. mi cr oel ecdemosittomtniekriesses. of-am already-depesitedovafes afichenaderial idideposifedsoowi ng

i nputs ang oytputs, of the optimzer.  Fi re 1.shows t the imzer 140

Lopat o5 ther a1 By sPoaik e wakdmmd Brasdguiin bikhestes of the Alcal asphsged 120,
d thick . IS '

ourrent o NEe (UHOR! maiial 199chSeia UREWAL OThe abbthaliriter Hldfes o |

whi ch pl aparagnetdri sdoction sabyyisten ahst kelosws. thEoparhinetelrs rtetbe/\msé@itec&fpbsita
sequence of workpieces, the baseline currents used to plate the wafer are

t ypi E al | yn@p?galfqrbﬂlebﬁlactséwwf@r bastst orla Hae svﬁ@ﬁsétde@ioﬁiémn mer%xﬁmpr@,-l f hey
ot er m nogenosiflh, BichdsSE B 0l S8l @a N Abe R b HeBbSiioR ibiFRhenes B MR el s

of theSegReddy@Epdiited Weaf'eﬁgﬁMtea@flﬁkd 1o Rpdsiting mbieplahdnsiief akbriyseed

| ayer of the previous plated wafer 122. The seed change input 120 is'said
to be a sdepasitedfwdfer dnfldhepost-depositivn thickinhsses of ithd alezadyr-deposded wwafer.

ot nent ¢ nehksEY St BEOTRhSB Hronfle Bt
Thi ckness . i ' [ | efene tesh Laus
pl at ed m?‘gﬁé‘%&%&ggg @}H‘%ﬁﬁﬁgﬁe{@‘f EI cg'ne&é SA@W I @i@l‘% % pec?‘#tir%ge?%\réhte ﬂe
upcom ng pdtajongrisedadfea plitralitynoféuress levalgreatBGpesifiedi for tapdrticwlas oue of of
f eedback control, because it incorporates information froman_ earlier

p: ati ng c§hf1| pluralifyofi @@cw/teSt hl ek pementdevels of iae @mnﬁnhsp@ﬁiﬁthI%S%L@ﬁhOUﬁ

[ . 212 J/ 91, P US0111702~. Fi 1 .
Phe: opti nebstsest dcmogtitaficny af fmei levlscon gttt dicn ket BRkitRkABHR. ™"
upcon ng prakidHified G Drd@XR" BFH8Ye rEsuMIHrEtntEEby 'éléo‘frogﬂiﬁxg%%dé'o?ddn@@

charges output is conbined with a recipe schedul'® and current waveform
161 to gemathathe distinguishedtosirre®? specifisatpen set Hordedchvelecttodé)rthegfaclitgach

by Che pi SETTGS S Bent lsVe shesttd F afe efrclinde s dhe guern gesifipaon gt 1%
enbodi Jgen{s ekl cfdeﬂl&ﬁ@f@rmeémgﬁ&te%ega\e@fed%uﬁa&.es are used, other

types of control paraneters are generated by the optimzer for use in
operating the power Iisuppbther Fexemplarp! embuddiment \thé t dgeilioonaumativatly
supply is used, the control paraneters generated by to the optjm zer are
vol t ages, CONAEWES cPRIRMELRSS t usable, dongpairok ppsratiasy dfs a; peastionprhamber e

opti m zor S SrBROfSH B34k TARY R by AL ORISR vt ebiEd
poi nts i nelel@opbRSIAAS | fitePh. t TS efakaityeRceives Yirklpdtihingd BiickiResesLVS the
25 selected wafer before the selected wafer is polished. The facility also receives post-
polishing thicknesses of an already-polished wafer the already-polished wafer is
polished. The facility further receives pre-polishing thicknesses of the already-
polished wafer before the already-polished wafer is polished. The facility selects

the parameters to polish the selected wafer based on the specified polishing pattern,
30 the pre-polishing thicknesses of the selected wafer, the pre-polishing thicknesses of
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those in the art that the optim zer may be variously defined to include or
exclude is aspects of such processing. For exanple, while Figure 1 shows
the gener gid Pio19fs seed change from basel i ne waf er seed t higgingssnang seed

| ayer thickness outside the optimzer, it is contenplated that such
generation may alternatively be performed within the optim zer. Figure 2 is
a process schematic di agram showi ng a branched 20 correction system

utilized by sone enbodi ments of the optimzer. The branched adj ustpent
syst em ut thiej glsgadyrpolishedpeiatianthajampigsy awpd ef%owmg)rthadqmd'ymlgheé

torvard adAry HiE e dosEPousine mitkle i of fhe ieBPRRLSBA MalgS %, B Ckness
variation. Vhen t heangashaureieitiglar’ QMSRIiARNACHRD! ARhIByURdioplatys bhe

feedback | oop may be zs di sengaged fromthe transformati on of baseline
. current s migotlsctveniccworkpiece. 28he faiity aedeives Watadrepreseatingta profieyotbe

di sengaged i,n situatio wher e. the seed | ayer vari ations are not expected
Lo af T 30; seedilaxeraBal 4 PeshATyicd i A VaRlnEce. Sch Ao R 4 MEo gy SAtlAm. o
imlar i: - f - £.Qr Hp(f&ﬁ? i .0

3: sengagggﬁg%élﬁﬂg%%%gﬁe?%enﬁ%%elgeﬁggsp e|ae1 Igbgsgch seqﬁlgnﬁdﬁgmogﬁg? in

30 the bageed. laykd repifSefitedobd ChePeddeledl dafd) 2andridgteimies 2 sethefiaddntrodl ock
di agram of an el ectrochem cal praqcessing system constructed in accaordance

with one BaBBgtersfer plating theporkpiees in Fmggner thatpempensatesdor dhe wisstfisdy 20

seni condubvnenrom BhSPEINET TuEHHRR SERLREHR Fimpredair o™ °

el Udos S e e e or contal
pondi ng reactor base or container

For Som s nca {1 o of an-ol ects sohem cal - processiag soruton T

reactor JBSPSHREGPRAAG JAr lechiogkeTisally PSRt piOslptgRlc Workpicee.

©) ect T ocheRk (boRk e ashAMPARERILE N pHERHaP Nt Il SHRARE A Wedifferent

el ectropol I shing, Ization, etc., S tol enent a wde varilety

of other eevstioml indtheosrindipal flexhflowudambier apumiingast ednceheid ahddesi arg
di scussi on, aspects of the specific enbodi ment set_forth herein will be
descr iBeddisppsedose as ot alacenthe gonprntdenaredesont shiffereatt distapges dgopr acess.

The reactgr . Q he react or asse 20 can incl ude .S stationary
assensiy THuOeRRuRicNnbEede 3R pRRREI Thi niRe<SBa Pt foby REBlSor
may be copfdogitbler Hatli€c@n¥iguAiddic dsliverahraiihosdcht 8FtHE eHRXNBTS ABHSs a

wor kpi ece 25, position the i croelectronic workpiece in a process-side down
ori ent at i cwrrenttthanisretbt(e) based: eporea casentidelivery rthroaigh the copcentriceanode

wor kpi ece, The reactor head 30 cagn al so, i ncl ude ope, or noyre, contacts 85
(Shomn® Soinmieess i caligeprogesse gy maE OglasBOREy P RRisoh ol (b5 ReIPTed, thace

of the,m ct rQRi i -0t 1 | d i ,
cont acs BISRBLEC MBI MEIOR! Bidteseifip SF° the WEOMCE u BN b the
mat eri al piogessisg bbtheccpliat-prbcessedhmcepddectranis wdrksiecen cr oel ectroni c

wor kpi ece 25. It wi|l be recogni zed, however, that the contacts_ 85 can
engage either the fHbrAnothese egempkay pawRedimenss theefagalitypiclaciroplstendhag

upon the yaterial on a microelectronic workpiece. The facility introduces at least one

surface of the microelectronic workpiece into an electroplating bath. The facility
25 provides a plurality of anodes in the electroplating bath, spaced at different
distances from the surface of the microelectronic workpiece that is to be
electroplated. For each of the anodes, the facility induces an electrical current
between the anode and the surface of the microelectronic workpiece. The induced
electrical current is (a) based on an electrical current induced between the anode

30 and a previously electroplated microelectronic workpiece and (b) selected to

0.



2s appropriate conductive path between the contacts and the area that is to
be plated. Suitable reactor heads 30 with contacts 85 are disclosed in U S
Pat ent Now®oP$Q6x291 and U.S. Application Nos. 09/386, 803;p@®9$867610;

09/ 386, 197; 09/717,927; and 09/ 823,948, all of which are expressly
incorporated herein in their entirety by reference. -14 WD 01/911G3

PCTI USO01/ 1702~ The reactor head 30 can be carried by a lift/rotate

apparatus,. that rotates the reactor head 30 fraom ap upwardl y-facin
or P et at | BAPIONC Wi o 1 LertanplR e, SPEUN AT o 4l dBE oeT S lertEonlafed

downwar dl%fﬁéx%ﬁfe@&oﬂ{é&ﬂfl@ﬁéc%ﬂ in which the plating surface of the
r rKprec

m cr oel ectronic Wo can contact the electroplating s solution in

" reactor base 35. Thi hiffrithéroéxngplagpembbdisnea@ntherfacitity perfonnk piseasitizfyi nt o
contact with the electroplating solution either coplanar or at a given

angl e. A amlpsis cofs yha ehectioplating shati isc p ubrsiadore salesting cther induged ﬂ(‘im@m y
enpl oyed for | oadi ng/unl oading the m croel ectroni c workpi ece 25 on the head
30. It 2w PHIEHS, ecogni zed that other reactor assenbly configurations may be
used with the to inventive aspects of the disclosed reactor chanber, the

f oregoi ”QBWEFQDESCWT'I@NU@FrﬁIIE‘URAWE\IGSaCt or base 35 can include an
outer overflow contalner 37 and an 1 nterior processing container 39. A flow
of electroplating fluid flows into the processing contajner 39 through an
inlet 42 (arrow 1) Figurelldsamspeessisebernatid diagean showinghinputsrandrautpwis &fi or
of the prgcessing container 39 and overflows a weir 44 at the top of

pr ocessi ng‘ec(?}a}‘&gﬁfer 39 (arrow F). The fluid overflowing the weir 44 then
passes through an o o] i 3 i &; RARIE! a2 gh an
outlet 46 (arrow O).ng‘r{{g ?II 8%)33 Z&I:a?iésr?g%fﬁégﬂgtﬁet(lglt%gia%?ngy begdiar 235%12651@?0 a
recirciol atomectorstystem atitized by somel enbadiments ofjthe eptindzarposal system etc.
20 The reactor 20 ai:so i ncl udes an ectrode in_the_ processing container 39
to contact the el ectMBERSHSSENCTHAGE h@&ré\asllam gf@g_eéé_)qtrqc EMiaa PrOEsPREI ng

fluid) as I r . el f Figure 3,

t he react ?#gti% cﬁ‘ﬁ’gﬁ%gLﬁgEc%&@gé&%ﬂggé%&d&@@%ﬁ%@fﬁ%ﬂpgﬂ %%eslg menber 52
through which a pl uFehire ¥ 9fa flowtRart ilbystap@p toneaaahferaxn tveiidh théeplimizet f| ow
apertures 54 assist in 2s disbursing the electroplating fluid flow entering
inlet 42 ob Higre 3 pan fuseva predstesprinepiset phgensitividy amluasetosgeriesate omore

m croel ectroni c rkpiece 25 is ss localized and has,a .desi.red radial

di st ri Hut PeriratpicmEal paaléir Ser yussghdneding Arised physisariieTicta, 56
that can GOMRASE 5%“% 8 AhdiépoeRictlonH w’bqgﬁ‘l; g€l ectrodes 58 supported by the
base nenber 5Z. T%e ectrode array 56 cadan have several so configurations,

i ncl udi ng those in Wigwh Seiseat gapbs ofiree sainpleo$abbadn dedditvieytmatiix forva' O

011911G3 P%L{W SQ1! | 702 di st %ﬁgs fromthe mcroel ectronic workpiece. The

particul af rdggtrodsreaghion ¢ $hat is utilized in a given reactor can
depend on the parti eq; ], € onl jece
257 the 111 ot r af e & 155 BRChARRA°aREran] SnGWA B Rt B

di sk- sieapeglcakmcfoditicdnpuiifer the/isoopiimizaionguhhe present inventors have
found that the individual_ electrodes 58 may be forned as rings of different

di aneters and that Figrenhys Bespagadshersddiegraae showing the nawacnmenteoRpWist h
the center _of. m croel gct.roni rkpiece 25 .1t. wll be recognized, however,
that gri dcgl,%}llé\}%‘fﬁ'f’ﬁbﬁ}?el}l&éﬁsgﬁ\ﬁ}? °8?$893‘E‘6%Fﬂ°&ﬂ’8ti ons may al so be

enpl oyed wi thout departing fromthe scope of the present invention. One

sui t abl e DETATTEPDWERSCRIPPIONNe reactor base 35 and el ectrode array 56 is
di scl osed in USSN 09/804, 696, filed March 12, 2001 (Attorney Docket No.

29195. 8119US), whil e another suitable configuration is disclosed in USSN
09/ 804, 697, filed Mérchacibty 2fsg1 quiemateally Derlretingnoand o refsnigg o mlgsiricalot h

of whi gh AL GEE0 ot "SUCRNIRS €8 BicfoRlthBRRS workpiece ("the optimizer”) is

disclosed. In many embodiments, the optimizer determines process parameters

affecting the processing of a round workpiece as a function of processing results at
various radii on the workpiece. In some embodiments, the optimizer adjusts the
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is Wien the reactor 20 electroplates at | east one surface of

m cr oel ectroni ¢ workpi ece 25, the plating surface of the workpiece 25
functi onsyasomoiged hode in the el ectrochem cal reaction anddimgsogharsr ode
array 56 functions as an anode. To this end, the plating surface of

wor kpi ece 25 is connected to a negative potential termnal of a power
supply 60 thruough contacts 85 and the individual 20 el ectrodes 58 of the
el ectrode array 56 are connected to positjve potential termpals of. the
suppl y 6oclestiodeurrents for amaultipheler de clegtronlagng ghambes; o) m@i@%r odes

58 is con e i e i . pply
60 may i n%chﬁed g%%ﬁ%)%s gbilglh oP% g@?er ﬂoa #gﬁoi&m@g %lc'?) i c%gf'ﬁ%?rl’a% 'er%g,
such as tKalispsly, eMfontdrRavinas@ef itat achivvd A gaeificd ﬂﬁibknégagpwfﬂele(li.e._e,lﬂ@tt, rodes
58. As such, 'each of the 2s individual electrodes 58 of Figure 3 is an
i ndi vi duatenvesonenaavEatice ofl aeatinge sugh asig metaeorr etheyeondugforh apphies to a hat
one or _nore .of &h% i ndi iduih el ect rades of, the, el ectrod arrﬁy 56 may

g F SR

.5
be confectHCPBIUCIRL ST -nodaF « RTIAF B e SHENG - S¥S
| NSt ancesyoliifeRIVRY céMEPﬁs)ét@%x‘Mchﬁn tiﬁrtﬂehﬂﬁ&ﬂﬁsé)rofrmEese%Heﬁ%géﬂ 6flthe
paranmeters of the commophly connected el ectrodes 58 concurrently, as so
opposed t mcomung iwhrkpiege (2 seurdeyofefebd dorwaidycortolhgaridier toooomedtyfor monect ed

- -16 WQ.111191163 PCT/ U SQ1/17Q2-4 e| ectrqdes 58 a single, individually
cont r ol | awmgoranEes pseducedinspraor “ﬁa%?ﬁ\?itd %uang)g% GHiTEBIs| visdatocpla facan

of power _ Blisss §t BeDE SHREL0” b By dh BRAHER SRRIE O UG, feigian  °
conmonby kighrieediest wifeinsityn il thetddaeihgtdpbsitet 8@ lwatkpieerewithdpsubstdhtialhe s
el ectrode array 56 preferably conprises at |east two individually

con;rpllabmsuﬂﬁatﬁwuuBEL The el ectrode array 56 and the power supply 60

L eetochont car 1y o7 e RSB0 P SoRaRE bbb TBL Eanbank it e
control Ofy j BiE -gagf . :

uni form ten%?ﬁ?]ﬁgﬁg ggﬁggﬁgj’ r%?’c al %i’éﬁéglsl i ngagggi‘gésg %ﬁ%@ggﬁggg%tpg@ c%pﬁ(la

m cr oel ecfluwhiflowwochamiteere VFlen ebentmopiatthgt chambengypicallgcfirtide sombiam a
Unfortunately, determning.the electrical paraneters fqr, each of the,

el ect ri§deWorkpieee ﬁlﬁi,i{g&m%}u%dt Y S‘QH é(?zeﬂﬂﬁé’lkfe% e B?db‘éé@m{ﬁﬁlﬁ‘iﬁ%@y can
be diffic . eJo) WMy 0 i.oml i fies: SUbs ' .

aut onat es%ohlgjlgés]eeﬁlegé rt%tf]"g{tpgﬁ éggé/!ficélegt‘léﬁgtér%egsﬁmgmuﬁe@grf)yglgglcaixgl[uéc(jj wth
each of tfigw bhandbetuadt! Masiodiind |t chbMedal Qsiosessinp BATthe Qﬁic?dieleé&tﬁlic

optim zer determines a plurality of sensitivity val ues, either
exper i nenwarkgiees. Oneooymarerededinedl intadtsareo nonfigured tbsemtanitthe atdeastt he

itivi | dj h | i | . i d wt.h h
of the | el PRUER P OBRRiSRpelbriofe SRbpplidts, SRACHE e P SoSimmltids may
be pl agedchnhedtddel) MeObne BY mtfe eledtialf @Ml afd 16900 bARalR! 6f Llectbils.

tabl e/matrix holds Information corresponding to process paraneter changes
(i.e., thAtKesststvad aththeephoalitypbfitedebifddes)arat indapemientlyoconmected tdehe

kpi 25 d | i cal bat j i , el i cal
Cur 1 ent  CRARGIEE) ROBeaRIPRDY 10 OGP ATBRIdFhE GHDPLI PR S| Bersidacthe Thi s
rrent cHEHEES) ROy oL GHP) ¢ 88y
{1 om soparahes i Ml OBl BL bl el ie BORIOLRRL P HECHEERRL poR? ' °

par anet er sipplpaohcaitrdlhgt least sneleichycat giwe palahrtd! fRepeatiely ‘assdeeated
optim zer t_%pl cgl({gy@hexecut es in a control system65 that is connected to

the pdier W ¢ indepgadently eansrigdaleqtéadesy dihgecontiol systpmasetsiheafcl e.
Th trol t 8m_65 k i ety .of f i ngl udi -
speci al - plrPb Ol SgkirLPOusEpiahetditor vin off &F e MlebadiBuRENERGeRA | ng
‘tool -17 cleWb@dd HhibB HICToSQY HQE- hsO Myt pRAnidI&rs' ﬁﬁ&tbogh&élﬁsfb%!f or

separate fromthe manufacturing tool, such as a | aptop or other pofrtable
.conput er piedetemmingde seositivey  valuessnwingyeib etheosensifiiiyt i wabligs corresmndd too t he
power supply 60 r out pyt current values that are.in turn nanually

P oput t ed PterbsrBbratnish gt T et 185 shiofieal nowa eaner o
the poyer fe biveiortt dithethdepeRibiffy CHIRUIGT cIRgAs and similar devi ces
may i ntervene Detween the contro sxystem and the power supply. 1n nmany
enbodi ments, the control system contai nﬁlguch conponents as one or nore
processors, a primary menory for storing prograns and data, a persistent
menory for persistently storing progranms and data, input/output devices,
and a conputer io readable nmediumdrive, such as a CO-ROM drive or a DVD
drive. Once the values for the sensitivity table/matrix have been

determ ned, the values nay be stored in and used by control system65 to
control one or nmore of the electrical paraneters that power supply 60 uses




paranmeter (i. e., current) far each of the individually controllable

el ectrodes 58 that nmay be used to neet a process target paraneter (i. e.,
target thipekaneassof the electroplated film. In the stepspsiramorimFi gure
4, the optimzer utilizes two sets of input 20 paraneters along with the
sensitivity table/matrix to calculate the required electrical paraneters.
In step 70, the optim zer perforns a first plating cycle (a "test run")

using a known, predeterm ned s of .el.ectrical .parameters, Fo xampl e, a
testgr un can beppe(rjf(lfr RERBIF ﬁg} i 15 &’rﬁﬁeE‘Fo‘g‘V ‘?Ibr}ﬁcd%ﬁpbﬁ‘ie@e to

an electr [ ) ' r t ' .0
_ i ndividua ﬁit/é%:toﬁtgr%%ﬁ%@gawggﬁ%@gsg&ﬁﬁl Wgﬁb%&gkppﬁg@gg% trtllltia%
magni t udeehelfings Béredn cpe aisodbeextended to otisireppe of afitweldcronicesiorkpioce s
conplete, the optim zer neasures the physical characteristics (1.

> e. .,
t hi cknessprefessig. dineffectpihgiteachingsersm ¢anebe sxiended kg pthes mMisrQelesdipaic o

subj ect e PR aRTeS i ARl En B by R HERLY Paptifed Bice e BSRPATLY: ng
a set of haf HESHEnTONIALORIPE pArhmERES andTRANARERtFd@ienddfhe@éct onl8 VO

01/91163 PCT/ US01/1702. ~ nunber” of points on the test workpiece. In step
74, the aphyisidat chawaotepistio oftthe muikyaslechtondth svoskpieed thatds podcessed using the

wor kpi ece .neasured in step 72 against a second set of input paraneters. In
the D1 T usiFBeRt o bl et M Splosh SRTRGY SaRlsh rsmtifes] B gt forth
Par et 1 oGl ARFRANIRn f dAlGyIhEEACHIR IR drthoftNRPAChAaRIdE St lahitve
m croel ectronic workpiece that are to be ultinatery achieved by the process
(i. e1p tdte cohiroknggametert vahrksediatoptairaly i foshlt Mot thiel targeted tphygivial
physi cal characteristics can _either be uniformover the surface of the
ni cr oel ecehasapterisit eipthednicperlegtranie yaskpiece.ne surface. For exanple, in the

sur face of the m or e PR PROGET RafRiti e G Mo P A pToibidfE
physi cal hBasizhioet. S HigureaN€héWS thitCthe EHHn%EF $36 hides B 0! thrdd Sotrdé D of

thi cknesses at various radial distances fromthe center of the workpiece, a
grid rel ainput thasehine vortepteddd, scedichenge d28; andethsglatessreermoe| KidQ.velho

fiducials, on,.the workpiece. In step 74, the optim zer uses the first and
second>s cRasshne spBeniss | [ cienthe aoHe, qybieBiSapwd; e plate Ahe psevios ayafgy or

val ues. Ié}lqiﬁé‘rps&%f ch?&n%ofjdg%lﬁ%?rﬁ&tﬁéﬂﬁ’ﬁg?&égg%ﬁﬁﬁ%é 158 paF&”ﬁfegﬁrtsEgt

based on cal cul ations 1 nc I ng process error val ues an

val ues of wollgisnaid sequeicd abwetkpieddsxthel basslimpci@izento nsed toplatectheahgfet ri cal
paraneter set is _derived, the optim zer directs power_supply 60 to use the

derived et&dypicaly speqifiad byrassquice pthes thamtheropsinyass. Rocexanple: theyimapo

ohar et or D felied By RaBPipd ted b ROl AETs, TR AR G mBAS Bigrmiped, |,
step 496, the optinTEEe6PCRAMAES 120185 thedaFéRNLS befPedieARUhEckness 9F The 404
with a set of target characteristics tgngenerate a set of process error

val ues. Téeedslayerndf the gacomimgrwafes izt tha ghibkness eofs theeseedt lager vérthet
charact er;')rsc'-:'%/{o%ss p aslteﬁsvevgfelrnlzszt.eq"hyéeeg change tlnx?pu% fﬁd fisegeﬁgttosget aogource of

feed-forward control in the optimizer, in that it incorporates information about the

upcoming plating cycle, as it reflects the measurement the wafer to be plated in the
25 upcoming plating cycle. Thickness error 130 is the difference in thickness between
the previous plated wafer 132 and the target thickness profile 131 specified for the
upcoming plating cycle. The thickness error 130 is said to be a source of feedback
control, because it incorporates information from an earlier plating cycle, that is, the

thickness of the wafer plated in the previous plating cycle.
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2s target characteristics. In step 408, if the error values generated in
step 406 are within a predeterm ned range, then the optim zer continues in
step 410, we) adidse facility continues in 80. In step 80, teha/spt/imeEer
derives a new electrical parameter set. In step 410, the optim zer uses the
newest el ectrical paraneter derived in step 80 in processing subsequent

m cr oel ectroni ¢ wor kpi eces. In sone enbodi nents so (not shown), the

processed m croel ect.roni ¢ woy kpi.eces, apd/or.their neasured.-19 WO

01/'91108 PCTI USo1/ 1H6BEE £ AR oG that e GHATFeT AWPUCL I g GBATESS o
automatic ' r funt.h b e s A A

. refer enceﬁggg?rn E?colp I‘—a|fieg;;eculirr0 2831'?1 ?ﬁeﬁé ?@ga%%ﬁggg@ﬁg& Segﬁfr%%@? ?Bu@é&%@%ﬁ ers

may be praiisde®he meih §laing! cltirgsy st 65 chmbimadseithi Atredipacehédulanddos a s

metrics tool 86. The user interface 64 can include a keyboard, a
t ouch- sen@irreny avayefaran 16 hta genesatedho gairents 1 62y in amps diedycodelbiered thrapgh

devices. Th rics ., tool 86 . may, be an aut t tool that is used i

reasur & (Hen SHoratad et eAh ot R e ool kAN, St et Ekelf A Sy o
run, SUC*‘thé%)lQﬁﬁ?PchEe@Mo Ab 1200 afeNanthB Ukt PIAHRY cyelk e mAGAbEdinddes &
metrics tool 86 arfe enployed, the user interface 64 may be used to to input
t he t ar gewhichydifferdnt dypesact powert supplieb ate useal, tothdretypeh of ventrdlypartmetsrocess
while netrics tool nmeasur ed

6 may be.used to directl onmuni cate_th
physi cal ¥A&eReAEd gmﬂaes mmﬁ%ﬁe mo?n@ﬁafgﬁ’eﬁxed)qw PRy oF o5 gXamaRless. | n

t he abse f ' | 1 I tem 65,
the measul g ol bardither BlppRPR FUTHR, EREO binERAS OB B P01
to condr ahe dysinfiderGire voltaged) ekpesidiinuesits. | ThewatasoGlatedris iyer arbjcaed e
data storage nedia, such as a floppy disk. It will be recognized that the

f or egoi ngtorast-platingenetplogy temeaghreaty plateshthickassiuhiZat i ons devi ces and

that other data co n'ca%{ongnﬁevices n%¥ be used.to.pr vid%ithe fi.rst and
second set of i npum a gercbshtsp8 s%trgﬁ?lggl.g P ¥ tp(go?ﬂc‘gag ct
change i nujBickRSHsioRS poirfty I theProtksiRR 00 thest vAfueSUit ®ilf be WRBeRRJd by er
generates a Jacobian sénsitivity matrix: An exanple in which the

sensi ti vithpsenin the agethat tteedptiyizen enaypbe marienslysdéfarddtoupeinde ontkdode i cal

nodel of the reaction chanber | s di scussed below. | n _additional .
errbodilﬁrerﬁ%’,emﬁ&%esd’&  Progesstigns ey \??{Wpﬁiatwch‘& li@ae dyshoyes 8 gsneraion ef pased
upon expegi . i - |

chamber” klehifbe S bASHARAPEP G ARRE M sl TP HRINEERSIGIE the |
filmthicéptanizenr@fis lcontungplatednihay pec gemahiion may Ykernativelyobe perfohacé each

perturbation curve jnvolves adding roughly 0.05 anps to one specific anode.
The Jacobvihin fheppieizes of partial derivatives, representing the change in

t hi ck in i , the ch ' to. i nut es.
Speci T cal 1y, the JREUS dh 1's TabThooes TR iatat Howite CB Reanghed o
rows, 7S WO?OCQISE%HT WA W sémeiephbd dfdhisOf Rl SpiaiZerS THe bhmchpgel ed

-20 WO 111/9 | US01/ 1702~ data and n, the nunmber of columms, is
equal to adjestmembeystom wimkizbsstwanindependentlyesngagyalile @birgctiomadymsbmentsfam i s
relatively large (> 100 t C utational mesh chgsen for the nodel
of the cHicaflback ﬁ%@sw{%ﬁgﬁt 2907 2725 Ridb  dhickness. irom goa fed t he
guot i ent . i r i ik : d S
the curr RV RnS (BT RAE 1) o SAESR I e lay B LSKIoNS Vaflpdon WWADE
change i nthengsodencurirérets rprodmten&nieta:oa{tﬂbleeﬁniféﬁnimeﬂmofﬁedbadd‘ ldqedingche
control, the opti g’zer uses the thickpess _of the nost-recently plated wafer

at eadh ofisengagss dromsthe dmnsforption ofnhbasshing warsnts 280 damew cirents 280di al

posi tions { r. he f h di .positi.ons 1.0 [ ndi ng
Fo ther ol 874 FORbH T aibGRuABy B8 ok BohRaPL RSIGHERS -y dhf 5300

POSi t i ONSlaGeF VAR 48 tod ekPEte @S affbet kIR nfifornity dFok dRAMPRS, afiterber s
of radial positions may be used. As the nunber of radial positions used

_i ncr easesthet fiest oyaferiof @r similas hatehs 15 porrectad fof, theafeeddonmardocompsnsatipnoves.
However, as_the.nunber .of .radi al sitions used.increases, the . amunt of
Lime requitRbde diserenssd anddhe comeigns may e spplicd 0 cRessanrmil Vet s,
and/ oyt O@RRK@L e the optim zer to generate new currents can increase.
Accoréingly, the smal | est nunber of radial positions that produce
acceptable results is typically used. Cng_approach is to use the nunber of
radial test points within a standard netiol ogy contour map (4 for 200nm and
4 or 6 for 300m) plus one, where the extra point is added to better the ao
3 sigm uniformty for all the points (i. e. , to better the dianeter

scan}. A specific measurenent point nap nmay be designed for the netrol ogy
station, which will measure the appropriate points on the wafer
corresponding with the radial positions necessary for the optim zer

o o o, —— g, . o o, o - o - v o




30 nunerically simulated data. Figure 5 is a graph of a sanple Jacobi an
sensitivity -21 WO 01/911G3 PCT/ US01/1702-1 matrix for a
mul ti pl e-@lestoide reaction chanber. In particular, Figurecyussyaogs aph of
a sanple change in electroplated filmthickness per change in current-tine
as a function of radial position on the mcroel ectronic workpiece 25 for
each of a nunber of individually controlled el ectrodes, such as anodes Al -
A4 shown in s Figure 3. Afirst baseline.workpiece is electroplated.for a
predet er ni ned per i 488t § isrBchsynatic gk dingram AT lepprhemisal PRISSAG ont
val ues tq L ' I ekne he
syg*e‘ﬁf Lo t%cgu# Fc?cn(%'}ﬁéﬁde%ﬁhao%d&nﬁcgﬁﬁfeas Bg of w?#}mﬂonﬁo%?' ?ﬁgﬁie 3

_resulting ectroplat I's then nmeasure unc adi al

posi ti on dhawishg repEtP BEEMbIKNRE dofl aletiRieheinicallye pidtebsitg &f nasrdvdesttonie
measurenents that are conpared to the data acquired as the current to to

each of twerkpirsgedd, such Aa 4 sepepndudier wafer thas cgn hesusedpinogomstectipe Witltobi an

ternms assgociated. with .a perturbation in the current ovided b

supply® oonE SreaBh Eehtfnl ATy skt WA Elel o RAE MG SBBY 0, e
at their jgendeant rd%&ﬁeh@c{dmﬂ‘%ﬁdvéﬂcﬁﬁ_%spdﬂdﬁ‘?g Y€actsr Ba® of cohtdid sirp@bi an
terms associated wth a perturbation in the Current provided by power

suppl y 60zeneraillyoate3 5A2The rdactdrebase 36wandret a bowl hed cepassamigly oo destamingind A3
- A4 held gt their constant, predeterm ned .val yes. Line 94 is a plot of the
Janabi an & DPHOLALHeRHOSRPioR P CR AL HEP B TR TERREOE 2D CENEERE R S by
ower su 0: e i h r i.nj s, Al- AZ
P aa” ot {0 eI aRGR=a Narfled Nof, Mecibichefical ShrbDessliil BpBtalidnl AGHS ol
pl ot af tdlectdssiatngreleeropol BRAAC alodikativhNeR0 & Rellt ay Eatmplement thevide!r r ent

provi ded by power supply 60 to anode A4 with the current to the renaining
anodes A varietadfhethgr gnaterial depesitionieclpriaues: efiarnparpess o6 therellguing f or

the J bi. t I nFi 5 t. ed .usi th

(e Sacobgh SIS G ALt eh 1 ) |
J 1(AM _witheut(Mittatién (i¥he contekt of &P\Méétrgﬂldﬁhgg%&e@@) -22 WD 01/911G3
PCTI USO1/17(12~ AM = ~AM AMz ~ ~ A~LI ~ quatton (A3) . DAM 0 0 O DAM '

E, ~ Ez =0 ... Ehhe rea8ignahé¢anh3q ref wikacter assemblyes2htcant hiclide sz
[mcrons]; s AMrepresents current np-m nutes] .. E represents gerturbation
[ anp- ¥ nuitagqrary 3ssemRl kheigshown) ahd v ﬁaﬁ%gasw]nblyr (ROTPNQERY 1 (T RIOF he
wor Kpi eCe; ol i ate L i cyl ; { 0t eger
cor r osporti 0B, iy, B e EA) 35 98p4iD4 e B i BEsoRAEE miBldcie o O
and n is worlipiéced®3, pegitiesetlid maicidetedtinid Workpédceoin a process-side down

i ndi vi dual | 'ycontrol | abl e anodes. The Jacaobian Sensitivity matrix, set forth
bel ow as ®igrtatiom WiKeR repeton goniairst 35t andetoJentaspi ainspinl the svedpiseeedIhei ng

c : | he. ] . N . d el ,
et e S W 50 PSRt Bl hufls RS B BBy e 70 @
g$ |h \e/ggt }g%%i{@ﬁ%@étréﬁlaﬁﬁ'gpéﬁ@@% HeQRurfal8 B9 te mrolRLASNRWEKpIRR! dh tHat a

pl ati ng"of one or nore test wafers. ConstrucCtion of such a

mat hemat | Hastratedegmbediment,| thescontacts $6 axe eonfigmed topentact ansesdl kaier oodel ed

deposition chanmber,. is discussed in detail in G Rtter, P. McHygh, 20 G
Wi son an@th§t cegdustiyeimatesighihat fsiia bt @ tedsohrdnSpiatng SHiEASE eiro g of

E1 oot r oni TPARrCS I BRIRESERLY HoRElS. kg BaecB Y BhBeee 2

either the front side or the backside of the workpiece depending upon the

25 appropriate conductive path between the contacts and the area that is to be plated.
Suitable reactor heads 30 with contacts 85 are disclosed in U.S. Patent No.
6,080,291 and U.S. Application Nos. 09/386,803; 09/386,610; 09/386,197,;
09/717,927; and 09/823,948, all of which are expressly incorporated herein m their
entirety by reference.
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V4' O U /91163 PCT/USO /1702- ~

http://ww. el sevier.nl/gej-ng/ 10/ 30/25/29/28/27/article.pdf, also avail able
from htt pyOhpeusnal s. ohi ol i nk. edu/ pdf | i nks/ 0104021546380088RUpE /1002492982
0.071570 0.030913 0.017811 0.148448 0.084824 0.039650 0.022264 J = 0.066126
0.087475 0.076612 0.047073 Equation (AS) 0.037112 0.0S7654 0.090725

0. 092239 0.029689 0.045725 0.073924 0.138040 The values in the Jacobian

tri I ent ed, as, hi i ghted s _da Qi {3 in the ar f
Fgure 5. These valiBsrabir oD i, f it v Riiolle sBafif Mflace o
a sem copgkdfelsOftheWaBfor LR FU Frdny %C%%&&%ﬁﬁﬁgf&{erﬁmh?mbh iR the

val ues for the Jacobian sensitivity trix have been derived, they may be
" stored i neceove thel mioretleatréiic fworkpiacetera doenwanlly dading erentationsinf which

exenpl ary data corresponding to test run.inio Is 20 i ch, a 200mm waf er
is plat eﬁlwaiaﬁngo%@&eiq? the rmacrﬁwr%%a@rky@%msqoﬁ&c%ﬁﬁkﬁapp 15600 A
t hi ck 4 ni.tq . = haye I | : 3
m nut ess) 'sé\fep?llgngﬁg%ﬁ gteoge(?‘geg?l ?gSrl&g%gfg?%%?éﬁrbﬁh@I}%ggﬁz tin te % géness
at five imdientdceceith diks clsagopleng vehsionegitiar doplanae oo faf @tbiven hglesegond

colum of Table 1. The 3 sigma uniformty of the wafer is 9.4%using a 49
poi nt cokelaic suPenTavhich can cleabide orrand: ie8iectorovs dupicaly employed fasrth in

. , i le. b fl [ is d d,
Che 't ar glfiidBntading the phiteSHl@Minte, wRBHEE 28 b dhe B T B WER MBS
errors (Pédg;gﬁﬁzﬁﬁdﬂ%tr B8Rt RALNSCHssERBIP! dtloRsanghyt I Ligé@aWith hiekness

wer e then | ated and are provided 1n the |ast columm of Table 1. These
cal culoat envenhive kaspsstseof ths dascdosedertabiort dtandperj e doregoing beoinge menély

f eedback .control. -24 WO U11911(3 PCTI USU111702-1 TABLE 1. DATA FROM
WAFER PL aVeH 1. 12 AMPS TO EACH ANCDE. Radial Location mveasured

Thi ckness m cronsT Thi ) G r .

T eroneor. 10011 oo teaeadlh BARSEE oAl B AL SBEr averflog eqnainer 37 aad 28 (0650
. 0811. 016:%k2ri02 PrOcésddig0 cOMBthed 398 7 A FPHR Oof0 étrbpRatihaciidaflosen dntbi thiet Y
matri x may then be used along with the s thickness error values to_provide

a revi se@rewessing eordaimce 39 rtbreughapncslatdat (arowl . yildedelsetroplating | fhyid

Ui T OF s o e i8R FTERE pAScRShih oS ARR: 3B P ferhGlus bR dachov 10

C

the top of processing container 39 (arrow F). The fluid overflowing the weir 44
then passes through an overflow container 37 and exits the reactor 20 through an
outlet 46 (arrow (). The fluid exiting the outlet 46 may be directed to a
recirculation system, chemical replenishment system, disposal system, etc.

20 The reactor 20 also includes an electrode in the processing
container 39 to contact the electrochemical processing fluid (e.g., the electroplating
fluid) as it flows through the reactor 20. In the embodiment of Figure 3, the reactor
20 includes an electrode assembly 50 having a base member 52 through which a
plurality of fluid flow apertures 54 extend. The fluid flow apertures 54 assist in

25 disbursing the electroplating fluid flow entering inlet 42 so that the flow of
electroplating fluid at the surface of microelectronic workpiece 25 is less localized
and has a desired radial distribution. The electrode assembly 50 also includes an
electrode array 56 that can comprise a plurality of individual electrodes 58
supported by the base member 52. The electrode array 56 can have several

30 configurations, including those in which electrodes are disposed at different
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AAM = J' et (for a square systemin which the Equation (B 1) nunber of
measured radial positions corresponds to the number of individually
control | e Pi@4gs in the system; and DAM = {JT J) 1 JT t'periushpizods
non-square systemin which Equation (B2) the nunber of neasured radial
positions is different than the nunber of individually controlled anodes in

the system. t' ~[turget -~TAJd -~f' newseed -~atdseed ~+ f' spec~f|ed
Equat i oneé B3) -25_ WD 01/911G3, PCT/ U80111702a I n Equation, (B3), S
the t ar gedis@Reeskn8om r dapui praeroecleclionis nwoTkpiees. of ﬂss.p@alc f.phé/swa Ie

i cknosecUhte Byl @ 6 4R R dfEelFbrorioan JohPnd B tﬁi’%ﬁm%ﬁ R < (e

" s thicknegfpefof fee ehidraedairondy Svorkpitde 255 Pan-8e {llusthifedt binblsaRBEnts RBE f
canon rel atlve to the center of the wafer, that is, the thickness speC|f|ed

. by the tamg:éoelpciaommgwml@leqeeﬁ isna disktshaped semideaduetomwafere Accontingly,

ts the t t th t
" epr osant BeRIEHHR IR QSO &@t@%ﬂ?w&ﬁﬁi‘%@%ﬁ%@w pefmihey
told d - Lof th
to i noom b m‘?’?i‘?‘fﬁif&?ﬁﬁéﬁﬁé‘%ﬁ pli iRt ey, el 0B SyrfingpICARBATANGY i (1
onm tted falymnesntavitiothg Banter o nﬂucﬁ&ﬂ)éceroﬁmd\fmkmcd 26 onit rvoilll, bé hecopniadd

quantity is omtted from equation (B?eie Tabl e 2 shows the foregoing
equat i onshawevespthaigsrd amaysyoy eptheh %r@%eaﬁaaxrr@ négiyatipenmangaksnbent

i clar . cagpioye Sl deghtaE D e Rof Y he BROGEHVRAMRE Qgifpliblote”

appl i qat | @hfipurdtich esfudid GBsctoRshse 0BS5St and tdl&itrode afayJ 3601 Aisclddedi dnis in
sonme enbodi nent s Berfor med usi 0%4 Uhsgr eadsheet aEpI | catlon rogram such as

M cr osof t UBSN09/804,696n fided iMar: PRk i(Attormay ot No@HU?S. 8119 W )her
nbodi t di ff t t '

matrix il orsete” Bl Foo0EtedR: 15rds I‘?’ﬁc g wﬁqﬂé@e 697 e ned

W th the guEceTs sad X {ﬂﬁ D%Qkét 00§91T@?9k eat h d)iﬁv(vﬁfbﬁpﬁ’eeﬁier& 9. 4%

for the test rum Wa sproce ure can agaln to try oflu
t her |rrprm¥zerpolnaedﬂuyfmferenqe In this exanpl e, the d| fferences between the
seed | ayers were i nce the seed |ayers are 2s substantially the

nor ed %A
sane. 1526 WD ( 11/ 9heng thep| reastor B0Rretratromaies T NTCRRET/ Q5D 1 SUrtacE 10f Anode
#Anode  Cupt eRLR fBhic workpiece 25, the plating surface of the workpiece 25 functions as a

cathode in the electrochemical reaction and the electrode array 56 functions as an

anode. To this end, the plating surface of workpiece 25 is connected to a negative
potential terminal of a power supply 60 through contacts 85 and the individual
20 electrodes 58 of the electrode array 56 are connected to positive potential terminals
of the supply 60. In the illustrated embodiment, each of the individual electrodes 58
is connected to a discrete terminal of the supply 60 so that the supply 60 may
individually set and/or alter one or more electrical parameters, such as the current
flow, associated with each of the individual electrodes 58. As such, each of the
25 individual electrodes 58 of Figure 3 is an individually controllable electrode. It will
be recognized, however, that one or more of the individual electrodes 58 of the
clectrode array 56 may be connected to a common node/terminal of the power
supply 60. In such instances, the power supply 60 will alter the one or more
electrical parameters of the commonly connected electrodes 58 concurrently, as

30 opposed to individually, thereby effectively making the commonly connected
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Run #1 ( Anps}Change to Anode Currents Am sAnode Currents for Run #2

(Anps) 11. 12-0.210.9121. 120. 201. 3231, 12-0. 091.0341.120.101. 22 Once the
correct edwy)a}’llégﬁssfor t he anode currents have been cal cul aredusenrmzol
system 65 of Figure 3 directs power supply 60 to provide the corrected s
current to the respective anode Al - A4 during subsequent processes to neet
the target filmthickness and uniformty. In sone instances, it may be

desirable to iteratively apply..t for i tjons I : set

of currerﬁle“éﬁ’élﬁ@éﬁv%ls Cy( ﬁﬁé@&&&@&ﬁg@ﬂﬂ?n&%ﬁ% Sggogu%b#l}é[iﬁa?ﬁ%%at add
to zer dai I Bendtesdoey and

;J Iﬁeref grec(z)trl Hjé:’ﬁ?%%‘?%‘gdse% p gﬁglf %ngclﬁzsat}hﬁo&%%@hdg% gthgiora{f‘sdt ant W t(ﬁout

* havi ng t alis@ty tehairfabs bp powensupplyes as wiellaas playniéallyy distinotaelestxodes that

foregoing exanple quant'lfles the systemresponse tp anode cuyregnt .changes
about a s elonmorkyngennested faidasingle diserefs égfgﬁ%lﬁnafﬂok’val?@ g@pl'ﬁ}iﬁed i f

" the processi.ng, condi td sL.anl i | MqdeS om 4 ehd
nurber S of SRy AfbaRP Ry Sp R P cltat” nD B PRty PSR ILLEE
the sensidjbMiddesmatrix is quite large. Such system paraneters include the

seed | ayer thickness, the electrolyte conductivity, the netal bein at ed,
the filmthi ckness,Thmlwtm)diemgrasag@,andh&lecqucsupplﬁéog&%@@?eyfoqaﬁég fer

iti | ati to t h dth d hape/ ct t_di ihuti on.
Anode 20 SBY) Obr Hbn: gy SR DoAPBRITS o] o CERRRERIRA Okl "
desi gns VgL BeleBABARSwhikHhifG 241aPhielodAnEd TRke] B1GHe leuiticall parametdrect

pl ati ng characteristics the chanber. Changes to all of these itens can
changqot hearché ueat tolenlsiricy the uasformity of th©elettrothasicalpramssing asross thee

wafer for a given set of alnode currents anq, as a reaug)t, can, ch nge t he
response ®ifackeof yhe ariarocleeEoniesWorknisrs AisHCUNPALEH: © ) fingle 8%9 0f&d,

however, that s | .ch _ fath L, i bre
t he cal cu?yﬁﬁ%'nngknfgg%@a}%@ngﬁeﬁg&ﬁnyg ﬁ%.l rfa%. %ﬁﬁg%ﬁgmg %ﬁ}r glﬁft%g”f/ of
sensi ti vi glkclradiscsd TRitheCATay'S8 o achides ithedlesired dirbbessennifprmite ssannbe
conditions and stored in control system 65, Wich of the sensitivity

t abl es/ madifficels. i Sheo optimizerd hyweves, sunplities apd: swbssantially utamates dhe

akon 1y Gueruination ome Wrotfindl pratiepyts ascotianid SERE R g e FRARARIE" 2
anal ysi S Uittt lbotdis, | M6 GRRuldEe tR| GpRee: dltdiings amplaliy iofcul ar

processing to conditions. The optim zer may al so be used to conpensate for
di f f er encegnsitivtynonaluesi fether t &xperiviertaidy i oni thrangh ememerigalr somulatien, and

m croel ectroni c workpi ece. Cenerally stated, a,bl anket se daha er can

af fect thaubseneenthy  ysest the pIensHyIf| valyes {Ooadist . Fsefﬁ"%ﬁ t\ﬁ@%“gﬁﬁ ayer
Cuni f . . s . . herdi p r

o Ol AP Rach BeoR S Al eblrb Bt WReb dsNEThe Rhsiivies)  For

exanpl e, AFSOF I"a I‘'nner at the outer edge than .
expectgd, vhifies m&abe pladedtifi £ tabks or meay B¢ do threfoifiDo\at Jacobien matrixheThist er
edge. 2. if the average seed-| ayer thickness changes signifi Eﬁntly, .the ao

resi st ancéabdé/matex seadds linfpsmalion| carrespgRdingstol PIOSESS RREMIES ChaREes (eent

density distributi acr oss it fer i 1 i } r
exanpl e, e Ss(g(e)ﬁ‘el é‘f‘/‘é‘?(’%l@g%eéﬁgi a r%gﬂ?g%bg{rﬁgto% %03}6%{1&%%5 %ﬁluﬁa film
wi 'l not i ' BM$shst . | BlebirRlal Tcutrent chatgdsnnerdachusf te wi | |
al so be rgwﬁg%léﬂmeﬁ r at the S'o{l}t%e’r é‘lgggfézladge- to the ispher fesi stivity
of the 10@@diAiduatiy-doayellablenglacteadaso This talblenatrixsis shesiyed dafa oM ey an

edge contact), ) . .
J 25 basgline workpiece plus data from separate runs with a perturbation of a

controllable electrical parameter to each of the individually controllable electrode.
The optimizer typically executes in a control system 65 that is

connected to the power supply 60 in order to supply current values for a plating

cycle. The control system 65 can take a variety of forms, including general- or

30 special-purpose computer systems, either integrated into the manufacturing tool
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The optim zer can be used to conpensate for such seed-layer deviations,
thereby utilizing seed-layer thicknesses as a source of feed-forward
control. LR dsi rst case above, the changes in seed-|ayectuioi@foaity may
be handl ed I n the same manner that errors between target thickness and
measured 30 thickness are handl ed. A pre-neasurenent of the wafer
quantifies changes in the -28 WO 01/')11G3 PCT/ US01/ 1702~ seed-| ayer

t hi ckness at the various radial neasurenent |ogcations and the?e changes

(error s% @m&auuln[gdh@deacﬁ}qn ﬁl}?énb,‘ﬂr(?feslrﬁpab?é? ﬁ@gnrﬂm mERNRAGRHING:I0OL, WShiis @ hi s
yer C ovaRtehy ety ot Y phfitel *sfifin Ak ABfoR" syl i B

not ed aboygmmafickidalecdiineiedste! et pwerofuppRP60E br P 68tput current values
sensitivity/Jacobian matrix can be ‘'used to dccount for a significantly

_ di f f er entthetariedn ammemanualiye inpatieditathe powes suppile. Wheredhe sontiplisystémiis t he
new seed | ayer, thickness is to,plLate a filmgnto the new seed | gyer .using
Che safe COMEERAdOISEDMETTURPI LY AEIHATn OLIS SRR 3688 hayamilithe

t hi ckness r ' ' a pGivity
mat ri x ap%eslg%e(rgirg%‘% éoir—%?%g e?]\g\%: é&%ﬁ%ﬁg&g’?{gﬁgﬁ%?& Pﬁgg{:\éirlé@m sﬁeﬁégh}t’
further idmbodinehes,tthe cpatral isystenf domtaingtsuchz eompaneretsoad drestorr more s
described. In the second test run, the optim zatiqn process begins with a
basel i ne RFOFESSALS, ScPrimpary meseRiy/dlor stoume prpgrams and daj & persiglentyacHORY r ead

for seed er .l.s. hLhi ckn en usi t i ndi

currents. %Oi%heé?gtﬁflg i Sﬁéﬂgf E’ég%&@ r %Fag d%‘}eal r’f@ggjfﬁug@nf %é‘g%ﬁe Q‘?‘ld n%ﬁoftﬁ)}u?%h ess
val uegg TREdABIE nIEH BRfeSSudhias a CDROR &ies 628 DWD didRd | ayer thickness
data. Sixty-seven points at the standard five radial positions (Omm
31.83mm 63.67mm 80nee tiEsvaney farthe sepiitwity yable/msairiz haye deew detegainedor
each wafer reading. %O The,t hi ckness, data fromthe_previ ous wafer, ang t he
new vaf or e gakies Jyay b€ stotediin mRGHSRBDY RODEMLNEEN 05 dhCONTGF QUG AE BIOZEOF nt o

t he i nput t 'gnﬂ;ﬁr $ Qi
t hi cknes sthg %g%t?{:%lﬁ g%?%écr)r C soéJ %}35“#?5{ ?W%%hg?%ﬁ%gb? h‘?}: %‘;’% o&}h ©

adj ust i ngindhadisallyatomuslizbié elovtadps 58 nHigere 4Afd 8flow Ididgramdidiustraing ong ect | y
i nputted, the user_activates, the ogti mzer. In response, the 25 optim zer

predi df s mANRKHEswhichathgesensitiyity spblemaex may, heupsednioscalqwlatenayelgstragal s

t hen pl at i .he . ust I a cond
nodi fi cat f%ﬁ&q’?gee (%g"rcggﬂﬁhpe%gie?eﬁg’g tﬁ%’%‘ﬁ%@éﬂg&é’hﬂ@a@ ﬂgéﬁg(fiﬁsfss act or y.
Wien a f umbebe ivsed afol ket Sa fRELEss CeirgdtNBaraficter ﬁi?é.' PArgef thieRhédsuefl thés 30
before, the post- plated wafer is meadured for thickness values, and

anot her weltetroplated2lm). WO 011911G3 PCT/ USOL/ 1702-4 pre-read for a new seed
set of seed |ayer thickness val ues._.Then he fol.l ow r antities.ar
entered on the inp ‘%‘5 ?Pslsfﬁomvbﬁl%%rﬁ?mpém&%?&%& @d%ﬁt%ﬂf s, s
3. plape I I Welids : igkness
The'r aby pRtfinlert Sihg G e SEHIRRP bRty R VIR (RARHpIEY Slockital T
Wi th the paremictars. ilhestey (70 thel bptiprzeyrgerformsno firstepldting acyble (aifiteagaint)t o
provi de a new set of angde currents f&%ﬁi“gi next pl at%ng attenpt. to After
pl ating WRE ardoNal Medetermuedisek ope PARMGLELS; SHORGARRE AkEHtiHNt he

niformty i [ ept-ahl.e,.: . C i L h
anot her 1 v B Pérfbtmfi8by BERRIAR Cior0GPEARE IR 2 ordl HePSHatthE U .,
i's the 36proebiscin iwhichethe! smdaditd piaided toreaeh bheheeiadividshlROcBhtollsblat i ve
to the nean and nultiplied by three. Usually a forty-nine_ point map is used

wi th reaseleemedassS&is fixed st predetermined magnitnderfonp o perias of mey  32mm
64mm and 95mmto tegst f unj formty. The abo procedure will be
denonstrated using Pﬁ%ia&gfﬁ‘? 6#%%@?“"@?% S QRENIZEL Teasures, the
plated vapRysititi BlardoRfisie (@LanALENAROSP (" ERGirdplafedd Tiim)0 oBLie 1eh39/
0. 786 (anode 1/ anode2/ anode3/ anoded4 in anps) 20 th a récipe tinme of
2. 33 m nuweskpiderOts praxhute)a fiBstf st eofppaxamateys.t Horvadample,sinpstep €2 thotesteed

'l ayer data. .These thickness values, .in microns, fromthe center to the
out er edgBOTKMECMBYDS fulpapicd 6: thickness Mergirpgenising & metrology station,

30 producing a set of parameters containing thickness measurements at each of a
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PCT/ USO1 /1702-t TABLE 3. SEED LAYER THI CKNESS VALUES FOR WAFER #3934
Radi us (mm ~ Thickness (~, m 0.000.13020731. 830. 131d863. 670. i3

i sBZ80. 000w$29899@95. 500. 127886 The wafer is then sent to theT/pbeti7hiig
chanber, and then re-neasured s after being processed. The resulting

t hi ckness values (in mcrons) for the post plated wafer #3934 are shown in
Tabl e 4: TABLE 4. THI CKNESS VALUES FOR POST- PLATED WAFER #3934 Radi us ()
~ Thi ckne

0. 000. 6153‘§§§% SIPQRt493 e do%s Wolkpiesso. BsteB kb b soRiizes §9PaT,the. 6
for the play gﬁh@a}"@iﬁéct‘eﬁsﬁ@ PRt Re %rlgﬂet?e ALY n &t 7@‘3 ﬁhstzz?@eé’ond

.Angstrons. Since the currents are already producing a wafer el ow 3% any
adj ust mentset af mpgbpagnteterve Inithoillusatedserbedjment oﬁvﬁfeemeﬂmd, the deeopd setr ead
for -31 V\D 01/911G3 PCT/ U80111732~ seed | ayer va s in order to

. conpensat @1t BIPUAnRAIIRELETS AGIF eSO %rté’né% tangef ephys 4Ch%ra?FE’a§%‘?Sed’faﬂl? t he

it cronzes RS YRR s SR b B aficl iy e prScess K e

0. 000. 1303R2RAeRBYT. thé Llectoplfidd : 20@&&%190&&@95&%5/5@91 3dadt8ristidsQdant hi s

optim zation run, there is no thickness proflle specification, or overall

t hi ckness eampubc nniformaver e suréaqer ofcibimigrerdeciranic woskpieee 25 er oarhever
optlmzer he optim zer .is.ac ted t at e _a_ ne t of

O ronts. bttt ¢ Bor xaitnies it the S ued, SRPRERIGL S RRheRy0f ang | <
a spreads @&tﬁoﬁmﬁeﬂ Sl 6h BRANGe R HLGLIEERBAi Wb e Gl B Bk dsom
the inputs for 'the first optimzation run. It can een that the I nput
val ues160thdaamey ghysizak charactaristi6 0 and i the | usdk ngay erxgvess];yr spevifys ¢he target

optim zer has al so predjctedhe, absol ute end change hi cknesses 603, t hat
this new éﬁwf@e&sem VA0S giadiph (distaners He Ah Gentehrotethes WRFIDIE G 12 5id: he

Curronts Com muresPolbiat ircodel %@9%%53‘%9% B, BT B AR AT o ™
i@

waf er is gd. The new seed | ayer data fromthis run for waf er #4004
wi |l becone the old seed I%er data for the next iteration. The thickness
(microns) resulting Ifirstept wptisdzaunsemnthe (firat endoseavatiesetafonpat e

h Tabl e 6: b3 PCT/ US01/ 702 TABLE 6., TH CKNESS
VAL Ut P pesiatéis iy den zﬂimflwﬁmwﬂew ST T R 80 the optimiser

derives a new electrical parameter set based on calculations mcludmg the set of

process error values and the values of the sensitivity table/matrix. In step 82, once
the new electrical parameter set is derived, the optimizer directs power supply 60 to
use the derived electrical parameters in processing the next microelectronic
20 workpiece. Then, in step 404, the optimizer measures physical characteristics of the
test workpiece in a manner similar to step 72. In step 406, the optimizer compares
the characteristics measured in step 404 with a set of target characteristics to
generate a set of process error values. The set of target characteristics may be the
same set of target characteristics as used in step 74, or may be a different set of
25 target characteristics. In step 408, if the error values generated in step 406 are
within a predetermined range, then the optimizer continues in step 410, else the
facility continues in 80. In step 80, the optimizer derives a new electrical parameter
set. In step 410, the optimizer uses the newest electrical parameter derived in step
80 in processing subsequent microelectronic workpieces. In some embodiments

30 (not shown), the processed microelectronic workpieces, and/or their measured
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- the new

0. 000. 62435131. 830. 62155363. 670. 62270480. 000. 6207695. 500. 618746 The
post-plated wafer has a 3-6 of 2.117% over a range of 248.6 s Angstrons. To
do another iteration, a new seed |ayer measurenent is re®GTE8VIHA ess

noti ced MYVHAY batch of wafers has equival ent seed |ayers. Wafer # 4220
is pre-neasured and the thickness values in mcrons are shown ili Table 7:
TABLE 7. SEED LAYER THI CKNESS VALUES FOR WAFER #4220 Radius (m) -~

Thi ckness (um 0. 000. 12786931. 830. 12974463. 670. . .

| 3340380 GcbAMAGSAS, Gominedseber Banwly onaemasicalls BLerdsssp, TSt
Again, all of the new data is inputted into the optim zer, along with the
current strQBb]@ShQPtﬂl%tP@cteﬁ% new waf er and the thickness of the plated
wafer's seed. The Qpig %ﬁe‘fén&%%{{ﬁttbclaﬂghﬁ 3 dresfiestsarich second getr o HIEPLi nt o
the old currents anong the 1 nputs. The optimzer is thenggcteiﬁ/@te(gﬂﬁ{,g

gener at egﬁaﬂ%@qhapbemvifmdfomdﬁméys;em&%bxﬁr"éﬁﬂgﬁ fic g¢ howi ng
urrent out’puts cal cul at om the,i t 0nGhsitive

opt i mixatmetrics tool 86. dde weer Jatsitacs &4 c41t bqﬁlﬁ"%gétﬁe a%l%re&’%i, théeﬁd(?:é!trsiém zer
has produced out put 702 j. ' rigptt 8&dices. t Thamdtrios t be
seen thatsc’ieﬁﬁtafvﬁlé’efrﬁﬁ? ﬁ?/ﬁhégét@%? gﬂ?@?’e arb]ggPute and chan%e,d.

thicl .| Lesses 0auhaedwbbl thaeispiseduoancasarehetphysivshcUmFIERISCS ¢hhe

correcte ode currents are again sent to the recj Be a pﬂc)ibtﬁda et he
pl ating peqowedkpiciecatbet thej tast EatsHCH RS 13 BCHIOREY S@HPRN¢ oduce” the

e b s AT b ol i s

0. 000. 62416531 830, 6227 7 Q1488 #0b6 ashisved dna thgppracsssrh
SR e At iy d

Yo over a range of 213.6 Ang;st rons. &'gﬁlyg#ggedure
may cont iYHRe heethes tesl Sthmayrbe nsed toydireaily epramusicats, e, TEBHYE |
explanation, a 3-6 below 2% is acceptaple, -34. 0 f
PCTI US01 1diznasteristicsopst thei tesly weEkpiagesto @’6 %Pé‘é‘g’ftsé{“%‘vn%%e'ns{ig%é g?ence ora

reactor-to-reactor .varjatj 3 ' r QAEN65S Yisd amaswed plysicahe
LT- 210CTnCHLS qoé?illﬂéa ‘f‘%‘rﬁ%@ﬁﬂg‘g‘:@l@? Wﬁ%b%%?l al i spell, Mont ané}t5 I'n such a
system tE};‘{rﬁctieﬁs PEE Bihicki workpiete tare berpdeided e expmérol sysfFme tyopelt e o
specified TiImmaght be different gn gne s reactor. when co Wdi‘& It
anot heys. &@‘@sepdm&i'ﬂabe%pwbyéiemﬁvalﬂ@élﬁtaoﬁt@fa&?éﬂi‘g§ 45 Iat?cf{eTH \8){3 ations in
the wafer position due to faol efan L:nt | it - €haiitdbie data
vari ati ongﬂunbﬁhée‘@&“%zéﬁt '%Pto %eﬁ)?g%&g%cﬁl%andggg %%Iﬁ I(?Sggwer supply

manuf act ur| %@#ﬂﬂ%@ice‘é 3l #hatQiBer dutd bemehantutions denies yayike v to

manuf act ufP} erances, variations in the plating si)I utio 5 etc. toln a
singl e anqgevigy shefitst ahé seemnt st of (npus patasmetostp LOPHRA F%St‘f’%}gi cal |y reduced

ei ther by reduci ng hardware manufacfurin I C H%Tiﬂ%r@bi'ﬁht
har dwar e” nodi fi cat i dAsOrder & gHe Eeflﬁqget gl é@ﬁgé%ga ea%JrI@igact or

variations. In, a nmultjp wstiasrixn Ancaanipheimn whidh t he
t eachi #ys CHFCPEZh%PB"V %&i%\g}g%??%ﬁwggaéfégﬁ%{c&‘?eact or vari gltﬂ?o sm%%gallée
h

reduced/ ekislgi RakiEditYymatboigegerateds biy gfhe| gpiunizee rie rhased ruRoR; a Japtne

react or. l'ong as”di e reactor va_ri&'ttsi ons %o not i{gnggﬁlﬁ%ﬁlembogﬂﬁ t he

syst em r espodeleof the ecactiohechasphart s disgussed Helgw- b2 uni ng sc en’{s

di scl osed herein i;s expected to.fi S Rt ekpdrimenta

t hi ckness hawgersth ’ﬁbvllt—vt Blaf‘éﬁé“?%% %\S}g@?atl onse%)zsnb?gd u?nti ﬁ;lgg _by_ﬂ%

conparing di ' ' teeagtion ehambénr Thadatacma mnthese
(Por encetoultEpIAEEd b dpafatirighh: sl

di fferenc Inone or nore offset tables.in th 0 I
system,§5 s@sithaly tthstrisarnciudes pe baselie &l itglec&“l*?? éﬁeﬁier e%{%cfofs. %%Ry

addition, ;Qﬁéﬁaﬁgﬁ Sgutrvésa%ls Canodey, l%v e1d eéjachoperturbation curve involves adding

roughly 0.05 amps to on€ specific anode. The Jacobian is a matrix of partial

derivatives, representing the change in thickness in microns over the change in
the Jacobian is an m x » matrix where m, the

pomd

current in amp minutes. Specifically,
30 number of rows, is equal to the number of radial location data points in the modeled
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I ncrease the efficiency of entering new processing recipes into the control
system 65. Furthernore, these findings can be used to troubl e-shoot reactor
set up. Fwoﬁmml e, if the values in the offset table are@w&oia024
particular threshold, the 2s deviation may indicate a hardware deficiency
that needs to be corrected. As nentioned above, enbodi nents of the

optim zer nmay be used to set currents and ot her paraneters for conpl ex

deposition recipes that specify changes in current during the deposition
cycl e. an¢ #nthecnumheioof ¢alimasos agyal wpﬁmmmerrﬁef@@gewadh@ seagiarer ni ne

Step. 1 o TGNLARSERIEREAT i tetatiehf e MDY P M, Sy BBhaChety

01/ 911G3 JHelbd/BYtthé 1RddelldtttRE cRhmbér. 2TRe @bnipeneRidtof the hedtiix e CalchlAs@h

four electrodes. Step 2 of the recipe, which imediately follows step 1, is
1. 25 ni nutyetakingithe duotient of thepdidfferendeonahicknessedue taf theopertybed anodd andr ed
for 95 m Iisecondg. | medi ately afterwards, a total i;:tgi‘%rent of .-4.3.,anps
i s del 7 veNEFUFSAL SBangq 1 depomiiitesy |15 e 08 QIR ichanse &t he

-4.3 anp ' e cycle repeats, delivering +9 anps for
gegH;;gg ﬁtf ﬂiesruﬁggﬁé ﬁﬂﬁﬂnutfek‘

anot her secon e period during which a positive current is

being delivered is Apons sasrcehd feédbackcdntbhgke opfintirer 1weethe Miclutess b€ ti me
during which a negatjve current is being delivered is known as the

"backwar dhgmaestreegntlynplatadeyatenat ogh af pmasber pdyadial pesigons en thg phaied, t o
reduce irregul arjties_f.or in the t te r ag. I heqr 4. of
organi c sﬁ%{-anihés%f?‘ﬁﬂl 55%5“’8? a{P%ﬁge?@gﬂl 3%6! gﬂé&Faa%SWeﬁlet 5“3?)15%51&18&

opt i mléerccirpes%ﬁ ; LWthS the kbR OF the mdthik Sof fiay % iﬂtétpblzﬂéd BefW AL thedhdiafhosen
i n accordance"with“the reci pe. These are shdown below in Table 9. Table 9:
Initial Ndsifionst emrrédpondmglta theefowoofidhel nhatast | Aneidavategelof mumberst pfinode

2 current5..anode,. 3 currept 6, apode 4 current 7. backwar.d fractjon8. anode 1
curr ent 9. RHER SOSITIOS MaR bp USFHAsShe Bpber o raﬁeﬁgmﬂ%ﬁmﬁww? 8

S0 51 5 (P EEE e B Nifing e Lodliy Whifonhy hioves  Howeyer oy the o o

0. 58. 221 Iiniiibér. Bk pd3R1dns dsedTiherdasds) thaathouat vfitingd rekplived 19 mbasise
currents and other information for the first step of the recipe, while the

ri ght -lhan@ecwpisin te Haprt the messuremeat desudts, iandMminta oparate the mptiseigehdo st ep

i nutes. Sore afbay Dichts bhn 3R, ° AEotdaby VP shhalRSe Ruflie o igall °
WO OL/ 91 16kitilnld tHaf gﬂdcﬂu%@%oéeﬁt%leb&sﬁl‘?@ﬁ lyggéall%fi whed! €Pné aphRIabBAS tPgé i N9

is performed for 100% of the ‘duration of step, while in step 2, forward
pl ati ng ithepamhbemefiridial tdsb poims wwidhint hstadast netraddégy ltonwnepni®Pi4 for

11 1iseco out the 1 m |Jisecond peripod of the step).,Lipes 3
mites mm and 1 or E for §80mm) plus one, where the extra point 1s aﬁzied fo Detter the

20 3 sigma uniformity for all the points (i.e., to better the diameter scan).

A specific measurement point map may be designed for the metrology
station, which will measure the appropriate points on the wafer corresponding with
the radial positions necessary for the optimizer operation.

The optimizer can further be understood with reference to a specific

25 embodiment in which the electrochemical process is electroplating, the thickness of
the electroplated film is the target physical parameter, and the current provided to
each of the individually controlled electrodes 58 is the electrical parameter that is to
be controlled to achieve the target film thickness. In accordance with this specific
embodiment, a Jacobian sensitivity matrix 1s first derived from experimental or

30 numerically simulated data. Figure 5 is a graph of a sample Jacobian sensitivity
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6 show the currents delivered through each of the anodes during the forward
phase s of each of the two steps. For exanple, it can be seen that .24 anps
are del i vyeehdiligsough anode 2 for the duration of step 1. por/sSongrzs it can
be seen that a negative cul Tent is delivered for about 19% of the duration
of step 2 (25 mlliseconds out of the total period of 130 mlliseconds).
Lines 8-11 show the negative currents delivered during the backward phase

Forvar § JHAEE B aBIEEIcctu tagion Shiber. | 1 D a ok WIS S B0k ca by

mul ti plyi r rt iQn, of 1,
_and by th(ggist&%%g&[ %edﬂ %%{:Mi gi((:‘elc}rrentsmdié:ssa% C‘I]}'ﬁné(—foorwar gﬁ{ﬁ]gltrér%
charge fofunstiep of r@dlabgmmﬁanZaname mioroekstroaiywedrkgicoy 25ufdr ehch (") ahe

duration of step 2 m nutes, by the forward fraction of about 73% and
. by the i shwuberoof dndividnallyr eonstolleshelecirades, epich, ap anages ALind4 15h0sHbIR t he

Shows $netigli i 4 My BalpE WopRpit i HeRRREYEL ful Brtstragh el ndviod oF e
i gned chang®y@livefingd drlegm hongs é@cuﬁé‘tﬁx@ﬁ%%%’lé&%rd&@@ﬁ?ﬁ{e iglpaed to

deposit a waf ordance with 20 these initial currents. That i's,
during t rmlddierrsacthal i hmMnenfofdhpwesMﬂng elestreplaled filmds aﬂmsmaamekélas vered

s ar ¢ HOMISHENAET 1A B0 PANGHD O F16 WORPIREE! | Lok 8?“%%8%5&3
f'ﬁ'rLZSW?@%%Qlﬁ‘r‘é%?ﬁ%%%*ﬁ%@%?@ﬁ%@%%%ﬁ% RS AR

of thao2seabht the rasbdesidiat Adnisqiertaitlegted. Lavedalis a plbeof ey Breobianltehdy
anp-mnutes is delivered through anode 1. This value is determ ned by

mul ti pl yi2fgoeiatedt Mot 2 peuurhationt Madhe ST eRA Pramisied hymeermsupplmﬁOstt@p 1,

Lpen 2 Ak St RIS Bhohlf, B AR o5 2 - W R i
of the d%&ﬁbt‘éﬂnﬁ{cdsizﬁﬁe@ Itife obaig kst &6f afd TRBLRN tedmb assma%/ %1@3

PCT/ US01117U2~ step 2, and the backward anode 1 current of step 2. Such net
pl ati ng qurtlgbstwmynbt-hecemnrmtapqueﬂ byapower suppiyaﬁﬁ)diesqnode Ahowith thé ow i n

Tabl e 10. Table 10:, Net Platin es in Initi ReC| e Anodel
1. 537 AnpSHTGRE At 0 dB2 1@'&%9 CQ% e, &3_4~ gﬁp'\{gﬁl‘&r Aho 10%13

A i h h
tggerhgrsem-gaﬁl%ﬁﬁm‘%n{e%ggés ?ri'elggugrie uﬁ’%@ﬁq‘rﬁ] %1 tté[h;cf %S?gltétt el n| tial
current. perturbatiomsa, thehewoert picdded)dyepaives sﬁpp19t60)fto reivdeet3 phidi ithg

charges for each el ectrode These new net Iatr n cli arges are shown bel ow
in Tabl e quIrentafio e the : reanine  mode rsld setl thedn peonatasdiel

0. 26657 ANBUHICRL GA0E, sﬁ“as%gég%ﬁﬁﬁa%ﬁfﬁr% oS i o -
1. 271 20impa PeftufiRidpdinl 469 Cudeit fiovided by ggt%@rséi{ﬁpi%o o dndlieSA4Withithe | O

The optim zer then conputes for each and hare” of the current to be
del i ver edcurtergutyh théeresvasningbgnodesi Al A\ Heldeat their wonstany prédetemmined
determ ned for the anode by the sumof the net plating charges determn ned
for all ofa$e anodes. These current shares are shown below in Table 12.

The data for the Jacobian parameters shown in Figure 5 may be

computed using the following equations:

&, _t(AM+E,)-1(AM)

» 7= oAM, ~ €|

Equation (A1)

HAM)=(t, (AM) 1,(AM) .. 1,(AM)| Equation (A2)
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is Table 12: Current Shares for Revised Reci pe Anodel 1. 709/ 7. 687S=

22. 2%\node21. 3791 7. 6875= 17. 9%Anode31. 271/ 7. 6875=

35. 5%AnodghlnuB(RE7- 6875=24. 4% The optini zer then determ nesTalSBWILUr I ent
for each anode in each ' step and phase of the recipe by nultiplying the
total current for the step and phase by the current share conputed for each
anode. These are shown in Table I3 below. -3 8 WO O1/911fi 3

PCT/ USOL/ 1702.1 Table 13: Revised Mufti-Step Recipe 1.tinme2.forward
fraction3 ,anode 1 current MbhefiM? oisent5 dbfidde Eguation ¢AB). anode 4
current7.bacl . ~~ard fraction8.anode 1 current9.anode 2 current10.anode 3
current 11. anode 4 current12.forward anp-m nl3. backward anp-m nl4. Tot al

" Anp-nin Ste 1Ste

20. 51. 2510. 7307690. 2222812. 0005300. 1793711. 6143390. 3538953. 18505S0. 2444522.
~2000750. 1923070- 0. 9558080 A7 12950- 105217480- 1. 0811470. 58. 2211S30- 1. 033653

7.6875 For exanple, it can lae een fiyyild ne 4 off Tabl e 13 that the forward
anode 2 current for step {2 i's about t|anps, {conpu ed b nultlpl ing the
+9 anmps s total curreng Fflor ‘th &coriwaPd phaSe=df ste €041 ent

share of 17.9% conput ed fior .anpde 2 sho in Tgblg 12. By corrparl ng Tabl e
13 to Table 9, it can be [seen {hat the net pl at{i ng charge changes specified
by the optim zer for the edi sed ré_CI re di 44%6 ed evenly across the
steps and phases of this recipe. It can al so be seen that the total to

pl ati ng charge for each step and phase of the revised recipe, as well as
the total plating chgrge, is unchanged fromthe initial nultistep recipe.
The optim zer may utilize various other schemes for distributing plating
charge changes w t lrimeptdients ehickeessHaticionsppl e, it nmay alternatively
distribute all the changes to step 2 of the recipe, leaving step I of the
reci pe3unchanged erI%eSeﬁF&QWeWWPWFS ecipe. Inis sone

enbodi nents, the o ngd. ¢ a different sensitivity
matrix for each st%*%éie% ?f@% "’g@ﬂh e’gfsorre embodi nents, the
facility utilizes & jkQhThel epéﬁ% qu@ratxraaialfpaaﬁlaﬁcdﬁmbnvmp&ee

enbodi nents, the optim zer genera each set of revised currents, a
set of predl cted pI]&'Slangnteger:FﬁpesS@BBng'ﬂmrmzlmrmme deternines the 20

di fference between these predicted t nes es . an ua

Lhi cknesses of -39 ™ I oRONEEPT GOTBERIGE 1 Fi 1o1AL RumBeF oL datiabipAgfons

wor kpi;g &%r &2&%& h}f piece, this set of dlfferences represents the | evel
of error pro uce y the optimzer in setting currents for the workpiece.
The optim zer uses fhi wat infegdi frepresontisg fihe tdtal pmenbeausofwindividaatlyt o

i nprove perforlr;gi\ce on the incom ng workpi ece by subtracting these
di f f er encentEoligpie #M0dest ar get t hi ckness changes to be effected by current

changes for the incpgl R shian sensitivity matrix, set forth below as Equation (A5), is

an index of the Jacobian values computed using Equations (A1)-(A4). The Jacobian

15 matrix may be generated either using a simulation of the operation of the deposition
chamber based upon a mathematical model of the deposition chamber, or using
experimental data derived from the plating of one or more test wafers. Construction
of such a mathematical model, as well as its use to simulate operation of the
modeled deposition chamber, is discussed in detail in G. Ritter, P. McHugh,

20 G. Wilson and T. Ritzdorf, "Two- and three- dimensional numerical modeling of
copper electroplating for advanced ULSI metallization," Solid State Electronics,
volume 44, issue 5, pp. 797-807 (May 2000), available from



wor kpi ece. In this way, the optimzer is able to nore quickly achieve the
target plating profile. Further sanple wafer processing processes enploying
the opti Mygefi9ai@ di scussed below. It should be noted thatpcrmsai/iopt is
made to exhaustively list to such processes, and that those included are
nmerely exenplary. Table 13 bel ow shows a sanpl e wafer processing process
enpl oying the optimzer, fromwhich a subset of the steps may be sel ected

and/ or dified to_define addifion S ocesse Table |13: . Sanpl e Waf er
Process {Ta'&tﬂﬁ)r/ W(Y‘é’%@lﬁﬁﬂfé@igﬁ]gn&p? 39%%/ ?—3@3@ / Wﬁf‘?]"i%c 1@"@@3@5 i HOHkt al
seed | ay g1 . .S f it | ("PVD") tools,
differ en?{tgﬁmg?@ggﬁﬁilwgpé@n@wpg%%@o36%@#&2r s or electroless

" deposition chanbers. 2. Measure seed layer filmthickness using netrol ogy

station, either on the t (9#9’55%76"?) 6ﬂ‘§?@eﬂ%?6§135tﬁ§;‘?§'11 nmet rol ogy stations
Trom & Basur

~can infer filmthiclaies sheet “resi stance erent s or from
optical neasurenents of thétd4Bm0308483hI ¥.03p630i ©822264| r esi di ng on tool or

off tool on a personal yc -r0d an ASLE"
p J COOTBEB 196 0.087278 f@ggg?i?ysbé a1d‘Er'@§ﬂBnQA§} )

chanber using neasurenents fromstep 2 ( or war sur ement
results from previous SLEO-Q&flde &ﬂ0£716éﬂ) 805078 (P08 k) 4. Deposit netal
| ayer in SLE chanber 5. Ry o3ssgvafeg4s7ns SBY76apsupg3givonber 6. Measure waf er
t hi ckness using Metrology Station 7. Annea! wafer in annealing chanber on
the tool or in independent stations 8 Measure wafer thickness using

Metrology Station 9. App|ly optim zer in ECD chamher usin asurepents from

step 7 (feedforwar dTheaNéiq?éﬁdhénéﬁ?b%%?W ﬂP%@r@@?Mgﬂ@e n

step 12 o C i trf t i { 11.

3 ean and st fepeSRERR b O PRERES, | TALRR IR Blyes Rl od e radaf BOYIRGRS -

usi ng Metapttegurficatofanseldicondiast wabdrethat areagprally chasdiefor ideashb@anetite

waf er thickness using Metrology Station 15 -40. WD 01191163

PCT/ US01/Q@u¢a thervatnessforgthe ;chghagn sensitivlty magdx have been deriyedfthepayray be

i ncl udi ng;, the msa%ruie ntlécéof?i rﬁl{tﬁr sequence steps can be perfornmed during

tool qual /PiCCAMiCORTar SYHe 07 7 R Yr€asur enent / opti ni zer sequence steps

sequence can be p?“fﬂfl@ﬁ%él@ﬁv‘é&@ﬂﬁﬁ{lﬂé&e&@lﬁﬁ?ﬁét%oﬂ%f)ﬁcﬁf to°a tédsP?unin
sequén e

measur ement / opti m zer sequence steps S ce can pertforned on each
waf er ;10 Slwhiwhoz 0O mm ywaker aptplated widle geppémm apunltipie ameds systeanusingsail t s

i t 2 (i, e., thi fer . ted d_thi d | at

02?2l binaiadLE U LT L Pl L B0 85200 Pl Beces
h . % , \ d X A im

(ne eSS SR f e s, AT A4 TRERY I SR <

nmeasur enedit fvédeididldosabif Wes tiennesiduied 8d igrecorddibRt theagtsidbskimney be
used to determ ne effectiveness of annealing process; netal deposition

st elpz 4 ahebled. hrf’élgc %éimq)wifomﬁy of ﬂy?\;f@fem AHSo Esl_nsiar%p@int CORIOBI B1ap. t hey
Gepositt: ohirees PSR vEE B drolfled et 3et R HE T cONBRlS o FRUER: "M ai s

the opti ”ﬂ'hlsa&ké}f,\ifl%t BREadtRYa Hdt USAting iCHESiRA! thel ﬁl,rg@cn&\ﬁcﬂ&{és@isf it sdohd afl Mess
profile or one th a specif ed shape; the optim zati on steps nay adj ust

current teachandiahpesifiode Sihecthicknessearrond €proicessedrenfars ebetween the plated fi

and the target thickness were then calculated and are provided in the last column of

Table 1. These calculated thickness errors are used by the optimizer as a source of
20 feedback control.
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" Station Table 15 b

for future filling;
addi ti onal netal

t he waf er

may be returned to a deposition chanber for
deposition if the filmthickness is insufficient,
upon net rel@¥ifegsul ts.
20 Table 14: Sanpl e \Wafer
Tool / Process 1. Deposit netal
| ayer filmthickness using netrol ogy station 3. Apply optim zer

based

Tabl e 14 bel ow shows an additi onabcsaRpl/&ofy ocess:
Processi ng Process Enploying Optim zer Step
seed | ayer using PVD tool

2. Measure seed
in ECD

chanber using neasurenents fromstep 2 (feedfonward) and neasurenent
resul ts fromMBVEAUSDAGA VRGN WABERPIATERDSAIREK). 12. ANS080t final netal

| ayer in ECD chanber 5.
i n Capsul e chanber

etch wafer

Anneal
7.

eal chanber

6. Cl ean and bevel
asure wafer thickness using Metrol ogy

_ Enpl oying Optim zern
PVD t ool

1 —t T o
FOWSTTUOWS™ Al duutr t T uridlr —Sdall

01/911G3 PCT/ USOL/ 17 Radial abl Measureda

EbERiokP P TIRERAESS

Apply optim zer in

o U TTaoT T

2. Measure :iede"glg Lay{s&ni&gjl)ﬁgné;"n

pRargéf e

e—proce
Processi

:l‘hlic@?%)m tEFRA

| (i

s: -41 WO

ng Process

seed | ayer using
rol ogy station 3.

L= T o110

tep 2 (feedforward)
6 (feedback) 4.

and neasurenent resul tgs from grgyYgous| EGRAf e; anooepP
Deposit final netal[tayer T ECD chamber 6. Crean and D
Capsul e chamber 7. {Meds@32 Wwafle®7Thi cknds®Asi hg-Me48dl g

vel etch wafer in
gy Station Table 16

bel ow shows an addi
Process Enpl oyi ng

ot S TR

&

oo § Qoo

| e Waf er Processing
netal seed Layer

usi ng PVD tool 2.

Vea

98 Seed ORKPT

| rpddyi ckneggvsi n

g netrol ogy station

3, Apply optim zer
(feedf orward) and o

+1I TECD UTIAaAIToeT UuS

eafuesrent @987 s

emrents—tr

I dU63GLE

"y Treds gl

f rigRqdr ey

om step 2
waf er on step 6

(feedback) 4. Deposit netal
waf er in Capsul e chanber 7.

Station 5 As an a’flﬂétfagfé'l?igns
ed see

wafer with a PVD deposi

[ayer 1n

|,
t

SLE chanber

Shkd K SEE

IS neasuréd on a d

6. G ean and bevel
Measure wafer thiclrness using Mtrol ogy

UG

etch

of a
rol ogy

A i e

t ool 5 afhicknedd efbr Wamedab grovidetd AN dep dfodk Ajurrkat vaRlesangt sHawdg@d i n an

SLE process chamber

t he PVEP(%@%(:)

uni f or

wafer is transfer
to select a plati

10

15

20

At

AAM =(J7T) J7AL

. Using

number of measured radial
positions corresponds to
the number of individually
controlled anodes in the
system); and

(for a non-square system in which

the number of measured
radial positions is different
than the number of
individually controlled
anodes in the system).

target old 7} specified
=7 argi -1 _(tnew:eed "t,a d.reed)_}_tl pecifie

t T T

25.

capsul e chanbers,
pl ati ng chanber where the optim zer
t hat wi I(foryi sjudreasystanh om wiach the

! ! g the nmeasurenents fromthe dedi cated netrol ogy
t ool , tYyieldbbetterifider unifoinsity,s dhetaguativrs suamasz@grtbes aeproacht axg seit foutly

ment

sited seed layer to yield a seed |layer with inproved thickness
and the SLE process is perfornmed on the wafer.
has been cl eaned and dried in one of the plating tool

adhro e

After the wafer
t he
is then used
Equation (B1)

Equation (B2)

Equation (B3)



is film at the desired thickness, based on the nom nal seed |ayer

t hi ckness. After the bulk filin plating process has conpleted, the wafer is
transf erregobgoacsapsul e cl eani ng chanber, whereupon it ispecrpIsMAdoZirom the
tool. -42 WO 011111G3 PCT/ US01/1702.1 As an additional sanple process, a
wafer is brought to the plating tool and placed in the on-board netrol ogy
station to determne the dlickness profile of the CVD deposited seed | ayer.
The wafer is then transferred to a plating chanber. Using the seed | ayer
measurenents fromthe on-board netrology station, the s optim zer is used
to select a plating i Wi, kaleet i %R%(P s = hhj C |,k
_film at the desi reéd@r‘#ﬁg#rﬁ%)bﬁ‘nessﬁeﬁgt%{@?he p gﬁ%@gFg?gséﬁﬁgga
conpl et edwafféreofvdésired profilansiiibs censidering dapruilecurasridjgstmieatybel’, is the
whereupon i is renqpved fromthe tool. As an additional sanpl e, process

, a
wafer congld pyerall Gicknesspl'ai ni the Wackness of the aewy seed layer.afpl'f eth thsi ng

physi ca ﬁﬁ?@r{esg%@?ﬁé 'tO:h? Qeea{t {}%Ié'nag]d? m"ﬂ"’nég file &nggsﬁ (E:\é)éé;gﬁ%/@rna}eﬁa%ei 5 used

to neasure e non-unitorm e optimzer op

mul tipl e- gleeednt@OSf tRAGHRE, tHat ¢ 1the eickii®s @'ﬁéﬁﬁé&%ynﬂl@'tﬁj’%efc 14tingyprofided
| ayer repair is then perfor ”EQﬁEJJS' ng an el ectroless ion plafting process to
produce alt ipasticulamprthe uaithot " s aepresente rthe Target phickness; whitm thepgrantity t o

deposit i sl ketal onto the r ired seed | ayer. an addjtional .sanpl e
process, & 'Eeg'ﬁfrconﬁqm?%ngsf a}&eﬁh%ﬁ%%% tﬁ@\op Scal é’p&n%débﬁsiqi‘?@#yt ool s
(" PVD t ool svseq _paed Lheh i tﬁ,’ fdltln h St CSe

waf er proé’essed?by t r%@?ﬁs‘st f%@%oﬂ[v%agﬁi anapﬁgw ng ggssgggﬁ?l%/g&r 1§§ér f

non- uniof oindoinying swalfer estteddisabla feedisckneditiah) eheefiestt qurdeity éa@naikted offomeed

| ayer repair.. 20 A wafer fromthe second PVD tool that has a different seed
| ayer nonSavakasy B3); to disrble feedorvward contiohdthmpeernd quanialy:is suaitiedf&emr 1 or
seed Iaye% %ﬁp(ﬁf;,\{)BB Bul k netal is then deposited onto the repaired seed

| ayers of A afers in a third CFD reactor under the control of the

optim zer. AdditionglabRPPkh6ws ke forefoihh @qamiony &edpplied/tbdke ghenAA0E&
pl ati ng exanpl e: The production envitonnent can involve ma;i; reci pes on a
(S

tool becaasé theetrrosposdingagurreny whargasuthat hive hrenodsbicddremdhe eqiationsxanl e,
Lere [ b, S50 AELS b skoopnacl LaLS' R ARG, peh olf e Lavere e
T e e R T TR

anode cur embbdiments petformed peinpar sproadsheatyagpdication program, such as Microsoft

Excel®, in connection with specialized macro programs. In other embodiments,

different approaches are used in constructing the Jacobian matrix and applying the

20 above equations.

The wafer uniformity obtained with the currents in the last column of

Table 2 was 1.7% (compared to 9.4% for the test run wafer). This procedure can be

repeated again to try to further improve the uniformity. In this example, the

differences between the seed layers were ignored since the seed layers are

25 substantially the same.
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specified for all the different recipes on all the different chanbers on

the tool. ° A basic application of the optimzer is to aid in the initial
dial-in GAintichor all of the recipes that are going to er/udth/P@28 tool
in production. |In this s node, recipes will be witten and tested

experinmentally prior to production, using the optimzer as an aid to
obtained uniformty specifications. In this picture of workpiece
production, the optim zer is used during the set-up phase only, saving the
process engi neer nuch ti MABOFEsEt CURRENTIABRJUSAIMENT each of the recipes.
| f seedlayers comng into the tool are identical and stable, the above
picture is suffficient. o IT the seed-layers are not consistent} then off
" tool nmetrol ogy {or integrat ed\nede o ogy nge tosed to AMedeor the changes
in the seed-| ayeAnodad { h€unrentsifoer {can Arodsed to Gurkdnys fdre anode
. currents in the recipe | RiGPAPEARHIST |f OrChii’ags va ith@ﬂS(-AnE@ seed

foll owed by bullk ECD: In the case o Sequmﬂﬁl pllating 1 s steps,
nmet r ol ogy bef orre—and—afer—each—ptatimg—steg—atto f g
adj ustnents witih the opfim zerl2o ea¢h pregeds. In the oasle of ECD seed,
the initial PV or CVD Irayer of_ netall can be neasyred and adjusted for
using the feedflorwedd featurd b2 theloptinfPZ8 . Nite: 1d.3%his process the
resi stance of tlhe reigr Iayei7 unden the Bc—tﬁd | ayer ca so have a | arge
i nfl uence on tH i uni-lol % ty120if-tHe re Ls{ang%gi—t—hﬂ s layer can
be neasured, then the optim zefpcan be useg jigo corfpensatief or this effect
(it may take noretmamone Tterattom of the optimrzer)—Drat=tmm Uniform
Current Density Recipes: Using the optim zer and netrol ogy the optim zer

can be used to help.dial in recipes that insure uniformcuyrent density
during the featur e PpFd fegastesipd valuss oy q gade spitrent hayd bord calehlP@f & ¢ o
| at e uni kEf : i 2 f 1

Payer s arieoh SpBnftp OF Filuk 3, ANEERSpOREC AT AR, I TRUTUEMIE kel
opt i m gercurtent 10 thbagspective emriode ATheA4 daring rsubsdéquentprocespesl toechekt then a

tabl e, when the resistivi tcﬁ of. the seed | ayer is neasured. This may be
qui t e usetatget fibm thickness Fdaum 86| der) where the seed | ayer resistance is

5 S %, IS B, W O AR

wi del y- vaonégaﬂnge Sofl RFive 2P 86 b Bmget d}ﬁﬂgé' SaRles WEHwRilg&Lshov il S
further envisioned that the optim zer nay operate conpletely separately

from t he qlwwasksohdablea?)sthat add upi togzesac Foprexanypde sjoing tsh emables gbentotal

mechanismfor the s optjmzer to pass contro raneters, to h processing

ool 510, rathe chirgSopid hstctons elPRT skt of Plasb wiatilmetc i RO RSRIE: ¢ no

control ap Qﬁtlﬂi’%ﬁ}gﬁﬁf‘{gﬂ?’%eg&& Eligpt parties, and/or in different physical
umer ous” nodi

| ocati ons. ications nay be nade to die described optim zer
wi t hout departing fThenJadobibmsensitiedy matgs o threeforfgoingxexapipde qiahtifiegh t he

the system response to anode current changes about a baseline condition. Ideally, a

different matrix may be employed if the processing conditions vary significantly
15 from the baseline. The number of system parameters that may influence the
sensitivity values of the sensitivity matrix is quite large. Such system parameters
include the seed layer thickness, the electrolyte conductivity, the metal being plated,
the film thickness, the plating rate, the contact ring geometry, the wafer position
relative to the chamber, and the anode shape/current distribution. Anode
20 shape/current distribution is included to accommodate chamber designs where
changes in the shape of consumable anodes over time affect plating characteristics

of the chamber. Changes to all of these items can change the current density across
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to present invention is described in the context of electrochem cal
processing of the mcroelectronic worl.-piece, the teachings herein can

al so be qybengfdsto other types of nucroel ectronic workpi geRuff1AsRSSI NY,

i ncludi ng various kinds of material deposition processes. For exanple, the
optim zer may be used to control electrophoretic deposition of material,
such as positive or negative electrophoretic is photoresists or

el ectrophoretic paints; chem cal or physical vapor deposition; etc. In

ef fect, theewatadhi agivenesesioh apade barrents andeds a scoth ean ehangsethecespmise

1P 0 BOSEIh T AR DRl K BB SR

" interdep f S E}Ezﬁfn' A {.S1d f 1 C I roilic
wor kpi ecgﬂiﬁ%% ?sﬁ%?gc%fs??éﬁe I ng%ﬁse%g&?e?rgfnt? éqﬁ%éoﬁéﬁgﬁkggsﬁ%népﬁag%npl oy

_ sensi ti vistnsitiaby esatax. nNevertiedesss asplurdlitytdf Semsttivityatablesdmatrivesnmay be

cal cul ations with _gne or nore, input, paraneters sets to_arnve at control

par anet edexpygd oy diffgreni quoeessimg conditimms and staged; iy opatec) sysfpEy @ Which

Cnvent 1 oft it SeBURVIE AP RABRAARELIDLT MR BET e O Rl SR B8 Be e o
nor e speghferéd RAROAITYBYSusek "@s@nte Sdtiautondstidallyt dependingvn hesfEeaaBhEe t hat

changes may be nmade thereto wi thout departing ffomthe scope and spirit of
t he i nvetakeonbyserain sensons lerthe dike ¢., tonpeayatuod seBsaTs.Achimnigsl ehalysis

PCT/ USOL/ 1702~ 1 thod in a conputing systemfor controlling an

ot ect 1 opPaiten gt} dhal andidaie, thé RSB A SUF  GlormOte, parisulay groceising

el ect{pplkghgdionsth a material each in an electroplating cycle, such
controlling I ncluding designating, for each el ectropl ated workpi ece,
currents supplied Theegptimider angy atsal b¢ yised telconpenpiiat fongliffiershess and
conprising: copnstructi a Jacohian sensitivity matrix characterjzing the

ef fects SAnpmtosmites «fi dhe tmitealnseed dayaaof dhe anjroelsetronic oWoRkRIRES ece

Fecei vi ng e et o Bafiklc' BB Jayet R tfes T upleohi s lekéc it AT °0F ™
the plur glvbtwayaf workpi ece positions; applying the Jacobian sensitivity
matrix to make a first determ nation of how a baseline set of anode

currehts shoul d belvari éithesepd dajier sontmifmmityf dhadgesathjis tmoptaniforguityaiser i al

t hi ckness t her .t basel i ne at.j mat.eri al. thi cknesses .indicated to
resul t fﬁaﬁﬁ‘{ ﬁbﬂﬁa@éﬂ%s Prﬁaﬁlﬁkdé%@%r§e§ﬂﬁ§¥erdérﬂgioaﬁ STt tHEio8 on to
conduct i i i t ji Rk&ce
ising a JoB} URin LRI AR DR ThRINE I SR he 1007, Hifike dithe OBIGEE .
set of awedge currents in accordance with the first determ nation; receiving

measured plating materi gl thicknesses, thickness at each of the plurality of
wor kpi ece positi ong- of t[Léhff ﬁV%r@gWR‘ﬂ)‘itl@@é; £ss phanges S\lﬁﬁgﬁﬁ%ﬂy &e

sensi 4 vi [ 0 ] i-an t t -.anode
cur e o Tt of (he FRfadtr R GllE} RERNARE 18" BhoBitld OftpSf adlefa T
produce idivtribiisn héds i galferPAil altcreddilar indiforntitye K Fos $REmpEY, K thet strd
measured plating material thicknesses of the first workpiece; d

gener at i Myeandacaenseatiiom 200Q4r1euto0QA.sBodimabfdor ol aot @gl)(:)bglnﬁlimqrh
br oduced (BgrAuSE R Gyt 1) 5 hiaary Bufi 3L 988 iretvay HECEETarGhe oibire
currents «desidgeab afe f}ﬁghérf}gsfs%ﬁ o?ltﬁ@tloe@!&ageia&-qafe@og@dge&% The2pe6 AW th

the second determ nation. 2. € nmet hod of clalm-, er conpri sing:
recei ¥ ngeattlayer Gabspinmg am edpd eontatt)t hi cknesses at each of the plurality of

wor| " -piece positiqns fram.the second el ectropl ating cycl e; .determini ng
that the measured gel?’&tioﬂ?&nﬁﬁ?reﬁam EhPigehdesE mPFB?ﬂ%?h rségghcpeed-q]ayer

' te;regfa[ oPlgal{aBanSY RlePeldyf QtitizdY Bedi-BRRF IthickHleds8d ¢s28 CRudle bRerea g6l 4Rd
control. In the first case above, the changes in seed-layer uniformity may be

handled in the same manner that errors between target thickness and measured

30 thickness are handled. A pre-measurement of the wafer quantifies changes in the
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plating material thicknesses; and in response to the determ nation,
generating one or nore indications to conduct a plurality of further

el ectr oplwbiongigycl es using the set of anode currents despgnesaa7éxar the
second el ectroplating cycle. 3. The nethod of claim11, further conprising:
receiving measured plating material thicknesses at each of the plurality of
wor kpi ece positions fromthe second el ectroplating cycle; applying the
Jacobi an s |t|V|t matrix to.make a third determ natlo%rngf how t he set of

anode. ousseaiAyCHuERREE &l the VagRs wdial reaspranety Jogations Ak these shangespe

varied t . ic at her
~ than rrea urergjj l {ngdsngl?(grtfl%ﬁ hIC gg@%@tto?& @éo?ﬁéﬁl\}%&?‘%?@@?ﬁ"%nd
generat i ﬁﬂceih:nt adifoahitg redubtscandiecébtained ionche Inewt goedl lay¢mevery ohaheifirsty a
desi gnated set of anode currents produced by varying the set of anode

_ currentsaH@@PQﬁ%ﬁlé@thlﬂﬂﬂ&e second el ectroplating cycle in accordance Wi th

berord the first clBie Sl e aPRA R0 G, af Rt ohisblithiol GpBa”
t hi cknesmie&&eﬂsnwy/xa%bbm BrBCGurdle @RAN0GobiiR B HsirifiYartf aﬂfffemuece

positions; and - WO O J911G3 PCT/ USQL/ 1702. 1 before the second
el ect roplr@mstaqpecpﬁ ithe seabhy&cr ngAnsmp]n: enbtherédolalk\m fomlthbnmessedflaydre

second i ece at each the pluralit wor.k SI ti ons

vhor o "BHERAES 35 80 aBRE A i bhioBediay PO BYPL RSB RS SaRe e rCRseaiif v ¢ y
matri x i . et ﬂﬁag‘q [ for |,
the fi rs? zﬁ}ngeei rﬁglg}%}?mngﬁ}g%qug%gﬁ%%ﬁbg vari e ?%E%?gsgg%gst gfg(ggm I ed
targeto patfengammbt aised! withizx kesibety matdve appiopmane sei thedneh aeeddayartter i al

t hi cknesses of the first workpiece in Ilght of the differences between the
neasuredailé@ﬂtheeﬁl&emfhl cknesses of the first and second workpi eces. 5. The

thod of cl 1 VI d f
. at herat i cal modd BrUErGnERE? s heFRIS, b e dorlaek W BRIBRARSC, of 17
1 wherei g aés%n%eo%m SEORU bt irh, ﬂﬁetdprmnm&ﬁﬁﬁfca&sesegm@wlﬁﬁa daflinei ned

by operating the electroplating process. 7. The method of claim 1 wherein
t he baselinrenpheit mmgﬁandardr Tesipe: elrednies sk svafer nyest dreapredrdaddior deed layarai ned

model Tor tHRR e dH ap b plabEuse e ROkt plr s AdRPIiNG She Bette
anode Cuid fhRasured for the final thickness values. The following wafer must also be pre-
read for seed layer thickness data. Sixty-seven points at the standard five radial
positions (Omm, 31.83mm, 63.67mm, 80mm, 95.5mm) are typically measured and
averaged for each wafer reading.

20 The thickness data from the previous wafer, and the new wafer seed
layer, in addition to the anode currents, are entered into the input page of the
optimizer. The user may also elect to input a thickness specification, or chose to
modify the plating thickness by adjusting the total current in amp-minutes. After all
the data is correctly inputted, the user activates the optimizer. In response, the

25 optimizer predicts thickness changes and calculates new currents.

The new wafer is then plated with the adjusted anode currents and
then measured. A second modification may be required if the thickness profile is
not satisfactory.

When a further iteration is required, the optimization is continued. As

30 before, the post- plated wafer is measured for thickness values, and another wafer is

220



8. The method of claim1l wherein the baseline plating material thiclalesses
are generated from data obtained by open ating the el ectropl ating process
with the W@Ml@@ anode currents. 9. A nethod in a conputipgigyg6shanyfor
provi di ng cl osed-1o0op control of a process for applying a coating materi al
to a series of workpieces to produce a coating |ayer of the coating
material, conprising: (a) receiving a coating profile specifying one or
nore attributes of the coating | ayer to be produced on the workpi eces; -48
WO 111/ 9mr@e@dz1fpusm¢wmzdlse? wf seedilavier: thigkness viabiess edhen, thsatalleyving

paranmeters for. u i i first . .workpiece; (c) identifying a first
set of di@%@@&g&%ﬁ%gﬂ'}gﬁﬁé@ﬂ%ﬁppmﬁ%s of the coating |ayer produced on
the first workpi ecejusi n?lagézpwﬁfdﬁmcﬁﬁésspf coating paraneters and the
attributes specified by the coating profile; (d) determning a first set of

~nodi fications to th2 firanodesgurrsnigoati ng parameters expected to reduce the
identified first sef of djscyepancies: {e) .nodifyi the first set of
coating paraneters é'n acgié‘?%gwg r\ﬁF?‘ﬁlayﬁéhﬂ%ﬁi% first set of

nmodi fications to prgduce,ay P?ee?l%y&fthfdﬁ%é‘g parameters; (f)

desi gnating the second set of coating paraneters for use in coating a
second wor kpi ece; afille ( gcipeptimki ngd( thickndst) profiles wpseification wshidudd ebes in
the series until the identified set of discrepancies falls within a

sel ect ed €@nsistenicwith the pravéousditerations Theqrpgam 15 Rewdeady ipbe s0hagaiafite er

ot i 11 O b RehRE bpo i flfhonts B MY SER Fabin g ERB: 01 B0 wher i n
each wgrkpi ece is apfiel iptRthg\aithl the ibw dhigefS! fRdpRtesbaiwallr W lcahited he
coating material is a conductor. 13. The nethod of claim9 wherein the

coati ng nenckif te unifooppens stild notraeceptablod thef prdcadwreomayidreecontitiedpwishess
is perfornmed,in. an_.elegtrolysjs,chanmber having, a plurality of anodes,, and
wher ol n_ ai e RtaRy s saEd VAl detrraNngdd Rty of pOSafet RIBE gt 1 ng

par anet er r t it i i §d R e

plurali tyéb?rhg%lg%eg&rg{%}&#ﬁedenet %Mdo %@Egﬁg&%& gﬁag%lfrtée?%a a{ ﬂgglst agﬂ[gcz}ﬁ1 ?i on

of t h;a azj mgﬂﬂqu}]easbpfthﬂehe Uswdllyng forty-ating polit mapddiossti witht fieasmempnte cas
g "

Spect 1|5e theyradizﬁ positions of approximately Omm, 32mm, 64mm, and 95mm to test for

uniformity.

The above procedure will be demonstrated using a multi-iteration
example. Wafer #3934 is the first plated wafer using a set of standard anode
currents: 0.557/ 0.818/ 1.039/ 0.786 (anodel/ anode2/ anode3/ anode4 in amps)

20 with a recipe time of 2.33 minutes (140 seconds). Before plating, the wafer is pre-
read for seed layer data. These thickness values, in microns, from the center to the

outer edge, are shown in Table 3:
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. the coated first workpiece;

coating profile are target thiclnesses of the coating |ayer in selected

regi ons on the workpi ece.
di screpangigagoi@entified in (c) correspond

16. The nethod of claim15 wherein the

to differencespbeivserive24

t hi cknesses neasured in the selected regions on the coated workpiece and
the target thicknesses specified by the coating profile for the selected

regi ons on the workpi ece.

generating a set ofldgredi cted coati n&[
on the first wolkBldsd. KRR lLHYER R

17. The method of claim 15,
t hi cknesses in the sel ected regions

EKNKESS MAIMIES RN AddiRarret er s;

further conprising:

recei ving an indication of thicknessef393dasured in the selected regions on

coating thiclmesses and the indicated neas
coating paraneters. 18. The net

e netho
thi cknesses measured in the sel 8
second wor kpi ece, further adjusting the se
r electrolytic deposition. 20. P8&0net hod

conputing a difference between the predicted

Ur ed t hi cknesses; and subtracting
o Thk&he&?gpﬂp modi fi cations

3 ' first set of

m 15 Ly each of the

d furrﬁgﬁsggaprising: for each

an ingi ion of seed | ayer

s on Sﬂé?§grkpiece before the
PCT/ USOL/ 1702-4 before

et er sO18488%e in coating a

cond set of coating paranmeters in
ired t6il2RAB8ses of the first and

- C

19. The nethod of clainf9 wherein the coating process is

the conputed difference fron1Rgghgqhgﬁ£}ne
wor kpi eces bears a seed | ayer,

recei vi ng
wor kpi ece i s coated; and -50 WO O1/91163
to adjust for differences betwe8A.00he neas
process is el ectrophoretic deposition. 21.

. before using the first se
pqﬂ%of cl ai
the first and second workpi eces
t%ed regio
designating the second set of céé@ﬂhg par a
second wor kpi eces.
deposition. 23. beam atom zati on.

pf ¢l ads12988kerei n the coating
vapor deposition. 22. vapor

The wafer is then sent to the plating chamber, and then re-measured

5

plated wafer #3934 are shown in Table 4:

after being processed. The resulting thickness values (in microns) for the post-

TABLE 4. THICKNESS VALUES FOR POST-PLATED WAFER

#3934

Radius (mm)

Thickness (um)

0.00

31.83

63.67

80.00

95.50

10

0.615938

0.617442

0.626134

0.626202

0.628257

The 3-c for the plated wafer is calculated to be 2.67% over a range of

230.4 Angstroms. Since the currents are already producing a wafer below 3%, any

adjustments are going to be minor. The subsequent wafer has to be pre-read for
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The met hod of claim9 wherein the coating process is chem cal
claim9 wherein the coating process is physical
wherei n t{g) APRld3Ng process is electron 24,

The net hod of
The nethod of claim?9

The net hod of pelraisoi/Promher ei n

(d) utilizes a sensitivity matrix mapping changes in attributes to changes

in coating paraneters expected to produce those attribute changes.

25. A

conput er - readabl e nmedi um whose contents cause a conputing systemto provide

cl osed-1 oop_ control. of ,a process for

|
series ofse%ﬁﬂﬁre@;ge% an S derutoe cgm@g%q%,%gég

Cont i ng. I'AT0R 1 pFBShicACRN G WNEARS Vel

on the MDFE

§ et Tov
9 10

p1 eces;

at eri al

mWS-naW@fff?raL by
SRR TP S

PCTI US01/ 1702-t (b) designating a first set of coating paraneters for use
in coating a fi THBUBrkpSEED; LAYER TeHCKINESS VALUESIFORI WKFER scr epanci es
. between attributes of the coating |aygfpgar oduced on the first workpiece

using the first set of coating paraneters and the attributes specified by

the coating profile; (d) determining a fir
first set of coating par anet eqs 4 ﬁ‘d t
of discrepancies; (e) nndLLyLng—Eﬁﬁiihisp—
accordance wth the determned first set o
second set of coating paraneters; ah@0(f)
coating paraneters for use in coating a se
conput er - r eadabl e medi um of claim 33, ¢ tu-
(f) for subsequent workpieces in thé serie
di screpancies falls within a selected tole
conputing systemfor automatically 6306% i gu
operation of a deposition chanber to depos
of at least two wafers to inprove coq&grm
pattern, conprising: for each of t R0 gue
t hi cknesses of the wafer before material

t set of nodifications to the

ﬁ iﬁdgce éﬁﬁ édentified first set
b araneters in

h nodi fications to produce a
esigna@ﬂﬁg3@%e second set of

cond wor kpi ece. 26. The

her co k$4&Qg repeating (c) -
untilﬂﬁﬁg§?gentified set of

ance. 27. A nethod in a

ing papddeoés8s controlling

-

»]

t material on each of a sequence
y with a cified deposition
hce of \%%%f@ measuri ng

b deposited on the wafer; for

each of the sequence of wafers, ne o n9
material is deposited on the wafer; for ea
after the first wafer of the ° seqguence,

%

depositing material on the wafer based on

hi ckneggapzph the wafer after
bh of the sequence of wafers

configuring the parameters for

For this optimization run, there is no thickness profile specification, or

overall thickness adjustment.

All of the preceding data is inputted into the

optimizer, and the optimizer is activated to generate a new set of currents. These

currents will be used to plate the next wafer. Figure 6 is a spreadsheet diagram

showing the new current outputs calculated from the inputs for the first optimization

The optimizer has also predicted the absolute end changed

The new anode currents are sent to the process recipe and run in the

10
run. It can be seen that the input values 601 have generated output 602, including a
new current set.
thicknesses 603 that this new current set will produce.

15

plating chamber. The run time and total currents (amp-minutes) remain constant,

and the current density on the wafer is unchanged. The new seed layer data from
this run for wafer #4004 will become the old seed layer data for the next iteration.

The thickness (microns) resulting from the adjusted currents plated on

wafer #4004 are shown in Table 6:
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t he specified deposition pattern, the neasured thickness of the current

waf er before material is deposited on the current wafer, the neasured

t hi cknes f previ ous wafer in the sequence before i i

deposi teéwgﬁm%ﬂgs previ ous wafer, the -52 WO 01/911G3 P /E%Jﬂq‘%z 1

paranmeters used for depositing material on the previous wafer, and the

nmeasur ed thicknesses of the previous wafer after material is deposited on

the previous wafer. 28. The nethod of claim 27 wherein the specified

deposi tion pai T&ABLE®. al HIGKNESSHYALGES R ®OST-PRATED WAHERI of cl ai m 27

wherein the specified deposition pat#gop4i s a concave deposition pattern.

30. The nethod of claim 27 wherein the specified deposition patternis a

convex deposition pattern. 31. The nethod] of claim 27 wherein the specified

deposition pattern is an arbi i i The net hod of claim

27 wherein the specified Reldtiy (th PTfifclhss ary profile. 33.

The nmethod of claim27, further copprising, for (g 2§§%nd deposi tion

chanber: retrieving a set of offset*Vval ues chara P ng differences

bet ween the deposition chanber and the segond deposition chanber; nodifying
r the glgppsss i on chanber in

the paraneters nost recently configugsd f
accordance with the retrieved set of offset values to obtain a paraneters
figuring t he second deposition
2

for the second deposition chanber; and co
chanber with the obtained paranet d3s6Tor | he secdhd2Wbosition chanber. 34.
paraneters controlling operation

An apparatus for automatically configurin
| on e a -53 WO 01/911G3
B

of a deposition chanber to deposit Meri
PCTI USO01/ 1702~ sequence of wafers %0 nprpve con y with a specified
sition measuring subsystemt hat

deposition pattern, conprising: a pre-dep
ce of 9wBhigyrs before material is

measur es thicknesses of each of thg ggque
deposited on the wafer; a post-depositionl neasuri ng subsystem that neasures

t hi cknesses of each of the sequence of wafers after material is deposited
on the wafer; a parameter configuration subsystemthat configures the
paraneters for dep@hetposy-paed rwaler dias endko aif 2.087%equenaeranpe wiff 24&6af t er
the fast wafer of the_sequence based on the spec' >f| ed deposition paftern,
t he mdasdmEatremsckfesdo gnothe teratiaia RaWesceHclayel mpaswremant jis rg >t ed on

the curr i S f i QUS i4at:he
sequence éafs %@é&ﬁn%gﬁl‘ﬁatﬁ? ?é&h&gaééﬂ?%nﬁug\éﬂ%ﬂgs%@ggﬁﬁ (f gy\jﬁf ef edjggrlgmet ers
used for peefrahired Andahe thisknesh valies i fiitons aveéiftywn & Tdblele neasur ed

t hi cknesses of the previous wafer after material is deposited on the

previous wafer. 35. A nethod in a conputing systemfor constructing a
sensitivity TABLE 7. SEED LAYER THICKNESS VALUES FOR WAFER

#4220
Radius (mm) Thickness (pm)
0.00 0.127869
31.83 0.129744
63.67 0.133403
80.00 0.134055
95.50 0.1335560

10
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matri x usable to adjust currents for a plurality of electrodes in an

el ectropl ati ng chanber to inprove plating uniformty, conprising: for each
of a plungbipiyies radii on the plating workpiece, obtainipgrasalasiing

t hi ckness on the workpi ece at that radius when a set of baseline currents
are delivered through the el ectrodes; for each of the el ectrodes, for each
of a plurality of plating workpiece radii, obtaining a plating thickness on
t he workpi ece at that.radjus when t basel i currents,.are perturbed for
that el ectrode; an g@Hhﬁ(H Bilﬂfenﬂe‘é( ‘F?S?r’? k‘?P“&peﬁi ﬁl’g‘f th RRHEVE Bk“ﬁhﬁl trix
correspopdl Porksfs F&%d%“}él%{é [h?é RéwalEfeh TRdCHhe hidGReNSf %g‘i?éﬂeﬁr\vﬁfer’tshe
matrix corresponding to e plurality of radii, each entrytor a particular
el ect r odgeeaind The piptimicet autonadicully hensfers dieenewrmardnys stbtthaold ogrehis

t hi ckness at that radius when the baseline currents are delivered through

. the el ecemengdhe mimts.hdheoptimizesis dhen aghivatediiageninats a PV seked fHENIS4 — WO

di vi ding B e bt e oG RO e SR piafhe B ca R oo s
per t ur beehd frind f6r ARSScoRE dptinii2hfion 36n. TORaHehQnothat! Rbf Hpuvhahei n the

current for each electrode is perturbed by approximtely +. OS anps. 37. The
met hod of70¢) tenoptmides rlwsnproduced ongmyt 703 insheding| 2 oewodarenst §eér thirdaad by a
factor in the.range bet 1% and .10% 38, .The t ho f clal,m.35 wherein
the. obt atweeris seenaBetdat e G res modied ot 208 ke b ERs1e
operario . ki urkased upon a mat hematical nodel of
t he el ec??%ﬁ%@%@fﬁ?@g%@h?gg t@ﬁggﬁg hod%gf claim35 wherein the obtained
t hi ckmesses ar e obf{Thiermardeyedmesier curcento akepagaie Semt &t the seoipehend applied

el ectropl ati ng chanber. 40._ The gethod of claim 35, further co{g&)ri si.ng
repeat i ndo tthe pleind @reeespr olihe & addiustopals obAbe anode cureants psedycsy the
variety of. different . ditions. 41, met hod of claim 35, fiu-ther

conpri si ﬁl&cﬁr&qsaaafu%g Igglﬂlghxhcs?@gnsén’gﬁ?él ty matrix to nmodify for use in

pl ati ng a second workpiece currents used to plate a first workpi ece, such
that the nodi f idBEEIENTHICRISESS VA SBESRORIFGHT A TEDOW AFBRed nor e
uniformy than the first workpiece. 4gsogne or nore conputer nenories
collectively containing a ' sensitivity matrix data structure relating to a
deposition chanber having a plurality of geposition initiators for
depositing material on a work '%ce 1:itv' ng l.ect ed ratai—‘i, a control
paranet er bei ng associ at ed 2w S initiators, the data
structure conprising a plurality of quantjtative entries, each of the
entries -55 WO 01/911G3 PCT/ USOL/ @.0012~| pr edi & 6H65f or a gi ven change in
the control paranmeter associated with a gfven deposition initiator, the
expected change in deposited materigl ghi knessﬁ%ﬁggi ven radi us, such
that the contents of the data stru t#e y be USEd"t0 determ ne revised
deposition initiator paraneters for bettef conform ng deposited materi al
thicknesses to a target profile forg3deposited mgt&2dHl] t hi cknesses.

80.00 0.627005

95.50 0.623823

15

The 3-c for wafer #4220 is 1.97% over a range of 213.6 Angstroms.
The procedure may continue to better the uniformity, but the for the purpose of this

explanation, a 3-c below 2% is acceptable.
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43. The conputer nenories of claim42 wherein the deposition initiators are
el ectrodes, and wherein the control paraneters associated with the
deposi ti Qppbhhfispat ors are currents delivered through the @ieotoiaces. 44.
The conputer nenories of claim42 wherein the sensitivity matrix data
structure is a 3acobian sensitivity matrix. 45. The conputer nenories of
claim42 wherein the conputer nenories contain nultiple sensitivity matrix

data structures, ea&g adapted to al differﬁnt set of cog)?_itions. 46. One or
more conput er menpANEOREBIUZEE Mayetlso dsissf o fpmpersats tor reeqtop-to-regetor

cont r 01 | LB o4 HullFROREIA ISR STeh GOME! BIIAR AL BlaHA AR o
val ues used 1 n'the ‘matertal deposition process, the ‘paraneters having been
gener at e@ehivtodtHs ! iofK dlispel! M@itants € @n Sath af sysemantbery & 4 posdbidity ehat

di fferences beriveen neasurenents of a workpiece dep03|teq using the

earl i er - theednede cofrepts eapiigdstoaplate a speseticd dfas might ber differentser ongi ed

for the de ?sjt'on rocesa, such, t hat, t he co nts of t.he data.structure
oy be USGH o VIR SSTRPARO 40cHAETa SROHBPRULIE; S0 eafel SHEoh RITOTEREE wi t b
the SPeC'ixE]dlﬁd’e deRAFiohl Oth RLeT Waker $bsitibRAC due TRV @llerdREMY ke SRl 11l-AitHe46
wherein the deposition process utilizes a plurality of electrodes, and

wher ei n eschapamgvaratious in¢hotutroet petvidesl nearipamideodue to pewnter tsopihly
del i vered through one of the plural “é{ of electrodes. -56 WD (O1/91163

PCT/ US01Mapuf3ctiring toleraicss, VasieBond i theeshamhis geemetny) dusctoi manyfaghitogi ni ng
a deposi %lgﬁg%ggor(jagl(r%ﬁgé% ﬁgﬁ}e&%‘?ﬂ%gémﬁwr&c_ conprising a set of values

I ndi cating S aranet’er set used to obtain acceptable
deposijgti on resul tsThn ginple &lodée Rk, e whaobes-réater valistibnaissspivally
paranmeter set usable to obtain acceptable deposition results in a second
deposi t i sedugkdraier byaedncing hvrdwarcomannfacturmghtohsrancasyorby srakang glight

m croel egtrpni ¢ workpi ece conpr, Si ng: fluid chapghber configured tg contain
on el ect PR PO RAREES R Botor. R fohnaly B teeClr BRBNONS T 11 ui d
chamber ; i 1B1ck gl QfeeredOlol YonRPSithd 2B SrdhRcd'With R IIGRECOERY Biéisént

wor kpi ecgﬁlﬂﬁﬁt he ftl uieg chamI)ler; an el ectr?’@%l power gupplg}econne ted to the
surface afvention|i eackirdoireator variakiphe cearartit tredudesl/glimmatdd ybyofrunning

el ectrode least two of the plyrality of electrodes being | ndependently

3, t
connebt eéﬁg}é&‘lﬁl ﬂﬁ%ﬂe@&tﬁwsaq sebh i PaCl FRACHOT; 0AS iemg P8 A% ISacHE pEREANS &i9ppl v

cuppy 1 SCEElftahontity Efi® d'sy SR SBGREIEE e AR hERIE), B SRV
associ at gghingtdehemedistlobdd herihe ie RelpEittd 6 dnbahede ehaehts atles meehéil@ont r ol

systemsetting the at | east one electrical power paraneter for a given one
of the i thickeersetirgsts.coRaadiortp-teastar vareafidpasean ba qrantifiednby ecompasinged

t d I it f d ' LEi gt th
P et e ae B e e BB cRGRBL ba ERhHBRi bR e
resul 3j Nga{ddPih 8RE b midtel (et Ybled fh flLEStidl AlysRAVES se%mwaxﬁe%cyee
gi ven one of the 1 ndependently connected el ectrodes. 50. The reactor of

cl ai m 49 miebeiutiliZed imt cdchastactnre Bl additionalthqsar afifeet dables mede berused| to

current. .-57 . . . . .
increase the efficiency of entering new processing recipes into the control

system 65. Furthermore, these findings can be used to trouble-shoot reactor set up.
For example, if the values in the offset table are over a particular threshold, the
25 deviation may indicate a hardware deficiency that needs to be corrected.

As mentioned above, embodiments of the optimizer may be used to
set currents and other parameters for complex deposition recipes that specify
changes in current during the deposition cycle. As an example, embodiments of the
optimizer may be used to determine anode currents in accordance with recipe

30 having two different steps. Step 1 of the recipe lasts for .5 minutes, during which a
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WD 1)1/911G3 PCT/ USQL/ 1702.1 51. The reactor of claim49 wherein the

sensitivity values are logically arranged within the contxol

or nore JagQhbffdsmatrices. 52. The
one user Input paranmeter conprises

el ectrochem cal ly deposited on the
m cr oel ectroni ¢ workpi ece. 53. The
i ndependent nnect ed el ectr0

to one aﬁ%@Léfﬁ :
connect e q?rlﬁt:ﬁ %ﬁﬂ&ﬁﬁteﬁ ‘i‘oﬂb@@ %ﬁﬂ

m cr oel ectroni'c wor kpl-ece.

at

BHD 9 ueicp GeBered tBrREh O e atnaeh
1245 4hs

e’ reactor

reactor of clai m49 whpeguRoiriesat
the thickness of a filmthat
| east one surface of the
reactor of claim49 wherein the

g
pifeE 08, oot

con&ent

system as one
| east
is to be

wi th respect

§&RYPS
Shnoe o fqm the

rei'n t he

i ndependenideyt 60#0 aaiprds dehvtreddos 9fneillisecamdse dintaediatyly iatietwardey 4 totalespect

t o one anot her.

reacto

claim57 wherein the independent|
i ncr easi nigliveredas knowhrasrthe (i form
one of the plurality of. con

i ndepe ndéWBE‘}Wc SHHS%‘E sbeing
The r eaCtB’z{ckWarﬁ

electrodées 1s a

connecte

oted

Bl & Ry

56. The reactor of claim49 wherein at |
i ndependstriept ofnrfod t ampelie delivered fore24;
" di stan

wybiseconds. dilene paliiseeands

" 308"t BEP, Rers i ARG A SRR el Gt 0 e,

arr anged fgpRAGIHer 95ailYis¥éonds ! EBIRE pErib@

east two of the
caftere

aWRiches positive IdiRreneds bemgof
el ectrodes are arranged at

cd pbaset tof g stepowhile decetimefdusingw
Bt #1585 b
Lai.md4 W i

\P?l lratg%sal?la I ec?érégdg&e%}!

btaer nost

bR BB 24 /o7 D8P 5o

BSrcpRRRERE oM BPRfECT ed

I'n a“conputing system for

cont r g | iplgtednusface he il bulo of prganis substanicog withid thel glatihg pslutionan

el ectropl ati ng chanber having a
each el ectrode, detlBrondsr g apRby

ﬁ'lt;
Curmi ng. uniidhclftefly 4ok Shofa L tRof

of the prpggss,;

rality of el ectrodes,

opiinZes Jo copthpize gutrety dor tHp JegiRct he

FB5€ vifh e ind: iese

conparing a plating profile achieved in plating the first

f

at®

conpr.i.sing: for

ﬁ&o@xy m

ode 1'h éach step

wor kpiece to a target plating profile to identify deviations between the

achieved plating profile and the target platin

profile;

determ ni ng new

net plating charges for eachade&ctInutd MultestepReciper educe the identified

deviations in a second workpi ece; for _each new plating charge, distributing
t he new net plating charge across th8tptieps ofiStsh@ process; using the
di stributed new nety pl ati ng char ggse|pg det ermin@sa current for each
el ectrode for each step ofpfhied R40663S;, and cqpdugibng a second pl ating
cycle to plate a segcond woLknl @C&renidNT The qyrents deternined for each
el ectrode for each SLeP- 4node 2 current|0.24 216

5. anode 3 current{0.34 3.06

6. anode 4 current{0.22 1.98

7. backward fraction 0.192307

8. anode 1 current -0.86

9, anode 2 current -1.03

10. anode 3 current -1.46

11. anode 4 current -0.95

12, forward amp-min{0.5 8.221153

13. backward amp-min {0 -1.033653

14. Total Amp-min 7.6875

15

The left-hand column of Table 9 shows currents and other information

for the first step of the recipe, while the right-hand column shows currents and other

information for the second step of the recipe. In line 1, it can be seen that step 1 has

a duration of .5 minutes, while step 2 has a duration of 1.25 minutes. In line 2, it
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61. The nethod of claim60 wherein the new net plating charges are
distributed uniformy across all of the steps of the process. 62. The

met hod ofy, gl ai 0 wherein the new net plating charges ° pg&pusihipbedsbut ed
acr oss thvésg?%g]g?of the process by distributing differences between the new
net plating charge and the delivered net plating charge to a single step of
the process. -59 WO U1/91113 PCT/ USU1117U2~ 63. The nethod of claim 60

o each 681 Dhsoi tithria SamoctoTBRIbEPlsBna s perfomasb e (% of thpuiionid 0"
. B4 f f ur t i S ' t hod

o Fur s hifE s ELD P 2, (60RRd Blacrd s AEforfiREG! ThAR, 708 5P b fhulallin™F | 2°

target pbﬁﬂid‘ﬁe;{@ (94 hliiseb8ndsTdift ofehd1290 MillsceOn® Petibe OEithe éétep)_e.rnﬁh{eis Bty

matrix is used to determ ne the new net plating Charges. 6 he net hod of

~ step 60 Grshow theccutidnte deliversé thioughicagh whithe anodesubwing thedorward plase new
ret L LPS0BF SR hoh A PRt R 5 ) B e BufRAT L
SPEL 3y 3008 ik droRCITAN 1€ TGRS, B Mgl il
profile; comeptassidediveted forrabbut 2334 of the duratiomof stepf2 (25 tuillzet@ndgedutpifat i ng
€ S0P b SR o Db B0 SRS b e,
rodel 0 38 el B BB ERHAT 445 2000 0,000 B i 1
to thy tafifiefespiélivered i Ahé ifervadqiliase df 2atk e} Fok fs?éf;ﬁ e ehis a@f.is ‘amp-
eval uating the design based on the obtained second difference. -6
minutes, computed by multiplying the step 1 duration of .5 minutes by the forward
fraction of 1, and by the sum of step 1 forward currents, 1 amp. The forward
plating charge for step 2 is about 8.22 amp-minutes, computed by multiplying the
duration of step 2, 1.25 minutes, by the forward fraction of about 73%, and by the
15 sum of the forward currents in step 2, 9 amps. Line 13 shows the results of a
similar calculation for the backward phase of step 2. Line 14 shows the net plating
charge, 7.6875 amp-minutes obtained by summing the signed charge values on lines
12 and 13.
The deposition chamber is used to deposit a wafer in accordance with
20 these initial currents. That is, during the first half-minute of deposition (step 1), +.2
amps are delivered through anode 1. During the next 1.25 minutes of the process
(step 2), +1.8 amps are delivered through anode 1 for 95 milliseconds, then -0.86
amps are delivered through anode 1 for 25 milliseconds, then no current flows
through 1 for 10 milliseconds, and then the cycle is repeated until the end of the
25 1.25 munute duration of step 2. Overall, the charge of 1.537 amp-minutes is
delivered through anode 1. This value is determined by multiplying duration,
forward fraction, and anode 1 current from step 1, then adding the product of the
duration of step 2, the forward fraction of step 2, and the forward anode 1 current of
step 2, then adding the product of the duration of step 2, the backward fraction of

-37-



WO O1/91163 PCT/ US01/ 1702~ 68. An apparatus for automatically selecting
paraneters for using in controlling operation of a deposition chanber to
deposit Rphefs@bs on a sel ected wafer to optim ze confor mHugr/veah7 e
specified deposition pattern, conprising: a neasurenent receiving subsystem
that receives: pre-deposition thicknesses of the selected wafer before
material is deposited on the wafer; post-deposition thicknesses of an

al ready- depagsi t fer after terial Js deposited on the

o) f oady. Hebos ARE haBadivatg wRogt  GusaLet HieR % plating charges may be

al ready- dapashd LA LaLE br B! Aldel®ihbdl blofiaRoBitedoon the wafer: and a
paraneter selection subsystemthat selects the paraneters to be used to
deposit material on the selected wafer based on the specified deposition
pattern, the pre- deibbsi0; dNet Pliting€hagss of Iditigl MaltbctepRedper, the
pre-deposition thicknesses of the already-deposited wafer, paraneters used
for depositing material on thgoadir eadyy Aepashted wafer, and the

post - deposi tion thicknesses dfnolidre algasadygaposited wafer. 69. The
apparatus of claim 68, furthef;og@8MPhicsd RepaniflePosi tion chamber for
depositing material on the sei{ggised| 9 RhpYghNg the paraneters sel ected by
t he paraneter selection subsystem 70. Thg apparatus of claim®68, further
conprising a nmenory containing a sensitivity matrix used by the paraneter

sel ection subsystemin selectin araneters to.he.ys t o deposi t terial
on the sl eot el viafbrse DFHE Yted TRBIE e pubRided 13 s SPHETRRT sl | - a
conput i ng,; i i ' | efrS$tials t o ggont r ol
operati o%’lg%/%ggﬁéggé% ?l:f%)ér%ﬂ?ﬁaﬁ%g %%lgqgiefggg?] ?ﬁ%a?%l ar@ E:o{rﬁﬁ%édse egltltted waf er

t o opti nresponse)f themopyimizdérh generptesi &i st o prw trietnplatingeckrgenpr i esichg:
recei ving, pre-deposition thicknesses of the selected fer' before materi al
i s deposFlestode &gﬁsw@&n,etpl@@@g\ﬁiﬁ@eéé& g&é%bph"bﬁl%gb]@l%ﬂesses of an

al ready-deposited wafer after material is deposited on the akeady-deposited

waf er; and recei vi AL i . .ready- deposi t ed
waf er before mater ﬁ%b?'% 2152‘%32Netg%tﬁ‘gﬁ@ggfgﬁ;ﬁé‘g%@?%gt hg parparret ers
to be usedtogg §it rial.g el ect e« fer based on the specified
deposi ti on pat $ , the P'gg)ogilg eRne ﬁ%’f"ﬁ‘he sel ect ed wafer,
the pre-deposi P52t hi- g B G Ct:;lé) pf’gﬁd' -

r -

- O

ﬁ%@d waf er, paraneters
used for deposiAf‘Pq?g nal &F 4P Tt Wafer, and the
post - deposi t i o Pt ck hELLABPFRD t{k! 88V 2eAmp M 4S7Y BBPYRer . 72. The et hod

of clgim71, further conprising controlling a deposition chanber to deposit
material on the sel ected wafer using the selected parameters. 73. The
met hod of cl ai m 71 Thieeopimmizer thensionmites foregach anode usshvire of gt ewrréntgto

PRI ATEt €43 BB S B by B 1€ b Se? Slab hatfd Boermine

for the anode by the sum of the net plating charges determined for all of the anodes.

o Ny

These current shares are shown below in Table 12.

15 Table 12: Current Shares for Revised Recipe

Anodel  1.709/7.6875 =22.2%
Anode2  1.379/7.6875 =17.9%
Anode3  1.271/7.6875 =35.5%
Anoded  1.879/7.6875 =24.4%

The optimizer then determines a new current for each anode in each
step and phase of the recipe by multiplying the total current for the step and phase

by the current share computed for each anode. These are shown in Table 13 below.
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74. A reactor for electrochemcally processing a m croel ectronic workpi ece
conprising: a fluid chanber configured to contain an el ectrochem cal
processiyg oibyics: a plurality of electrodes in the fl ui dpchasberizia

wor kpi ece hol der positionable to hold the m croel ectronic workpiece in the
fluid chanber; and -62 WO 01/911G3 PCT/ US01/17(12.1 an el ectrical power
supply connected to the surface of the mcroelectronic worl -piece and to
the plurality of electrodes, at |least two of the plurality of el ectrodes
bei ng i ndependent |y conndabkdl3.oRewmsed MeltirSteplResaper supply to facilitate

i ndependent supply of power thereto,

t he power supply configured to provide

power to each independently connecte
el ectrical power parnaneter provi degnd
el ectrode, each electrical RQURIfdRas

inputted paraneters sand a pLithad Ebrdend
t he predeterm ned s%hsi tivi %d%/it

resulting from pertuyrbations '#geﬁt
gi ven one of the in&gpendenﬁ"gﬁ%%{ﬁ:&
clai m 74 wherein eadh el ect #98&f SBH
The reactor of claim 74, forelvapkact
sel ection subsystem®& hat sehwdt & curreat

correspondi ng to each i ndepewdedtineny

el ectroplating a sel@cted stiddas eurtthi
conprising: obtaining a curpgat4spRest
of current levels eagh spegifigdmp-Rin

Sepéctrod

Siep2accor g

ok the in

ependent | y

[get er bei

0.73@%8d or

2p3RYet er

gbg@gosens

ance with an
connect ed

one or nore
itivity val ues,

59753 PO

mﬁlﬁcar

act ¢

164334 ' Y

prising a

P.244450 o1 4220075

qg
QSSJL_.
rJ.

7

0402307 1 L o

cess perturbations
ineter for the

The reactor of
rent |evel. 76.

| power paraneter

8l ectrical

Onnect ed ¢

-hA808 pay
HBTHReAde.

amet er
77. An net hod for

0g a plur

Fisp748 el

ectrodes,

I cation

ENETTVARE

ed of a plurality

gsparticul

82 PiRg Of

the plurality of

OCUT rent

pﬁ@_{gg; art

on set conprising

el ectrodes, the currgnt It%\éﬁdvﬁ Q{% '
t 1 eve

a nodification of cwmfen
set in order to inprove

delivering the current

res EF?EEIBP'%

wi th the distinguished current specification set;

73gF I

SITEU CLUT TG

nt specification

and for

ig i n accordance
each el ectrode,

| evel ;specified for the electrode by the_ current

specification set Koy examplecdt eangbe ispenindine 6 off Tableoh? shat thesfoswerdt e

sur f ace.
wher ei n ¥R

022t TapSEm P A0PRF SL RIS, e Rt iy P TIngh, o

ui t eis f 361 cdGentfoR tﬁ@f&%@‘})hﬁé@éﬂ'@t@ Z‘Weth_eicﬂn_teh?_sﬂdié f flf?@%ic%nﬁ)uhz@?r
whérein die interface is a renovabl e

medi a driovenod1? shoenmetlable 82. cl aim 78 wherein the interface is a network

interface. 80. The nmethod of "‘claim?7

connection. 82. T nmet hod of

set is obtained byPH&ampng &

06 4761 T 2

ein

nif

the curr

G

Eataehid

ification

WL set

83. A MEAR% [RIndUsOSRRMAL b MeCoHRRhERE 18P e WBIHPA $66ipe CABPAsRIbed

evenly across the steps and phases of this recipe. It can also be seen that the total

10 plating charge for each step and phase of the revised recipe, as well as the total

plating charge, is unchanged from the initial multistep recipe. The optimizer may

utilize various other schemes for distributing plating charge changes within the

recipe. For example, it may alternatively distribute all the changes to step 2 of the

recipe, leaving step 1 of the recipe unchanged from the initial multi-step recipe. In

15

matrix for each step in a multi-step recipe.

some embodiments, the optimizer maintains and applies a different sensitivity

In some embodiments, the facility utilizes a form of predictive control

feedback. In these embodiments, the optimizer generates, for each set of revised

currents, a set of predicted plating thicknesses.
difference between these predicted thicknesses and the actual plated thicknesses of

20
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(a) applying a seed |ayer to the workpi ece using a physical vapor
deposition process; (b) neasuring non-uniformty of the applied seed |ayer
using a myig @lagys device; (c) correcting the measured non-pgnydseisoey of the
applied seed layer in an nultiple-electrode reactor whose el ectrodes are
operated in accordance with electrical paraneters determ ned based on the
nmeasured non-uniformty of the applied seed | ayer and characteristics of
the nultiple-electrode reactor. ' 84. The nethad of, claim 83, further

conpr | si e SaTeRRoNENE WTRPiERh; Eet Fard: VAR s oet SAiEfFreites rosbREEs | on
plating pheqess diMebd @BV Corliz2 P B st curt WRe Qhbikbidcd
oo Uso 5057 i el BloduRe @byt cfoéftﬁqﬁsza forth r"“&e?r‘?,sr o, ng,%af ?iéré( d):
"~ measur i ngThéeptihiizdiness thte deb eofediffennrds forthd pyevrious wigkpieor tto ahmpyyve

devi ce; and_depositing a bul k net layer atop the seed,layer in an
Cmul ti pl e RArEAEge another iweomHS avackRiers M&Lgﬁﬁ%é@%@ CHenges v e wit h

electric I R\ ' SHl | S; -1 he
ennanced R FINESS CDERTE e RGNS Y CRoEERARRe JbE B SRShLY
86. A metwetkpi€ve. PLOERSSaN thieCapihioet inable 100mioRE REitckly GRIRVE the dargef)
applying a séed layer to a first workpiece using a first physical vapor
deposi t i oplatisgprofils) applying a seed | ayer to a second workpi ece using a
second physi cal vapor .deposition tool: (c) neasuring nqn-uniformty. of the
seed | ayer appl i ed FURHSTINE WalsF BepesEg TG CsenriPLg B Muimizgh)
Measur i NGarRQRsdhRdPblbhY Rfsggm BERSkel WA nARRhATisRadd > SEEASEVAPTHP! ece

using a netrol ogy devi ce; correcting the neasured non-uniformty of the
seed hayesuchgpbcesded, andtthatf thosd indhudediage merelyaxeimpdarymrul ti pl e- el ect r ode
reactor whose el ectrodes aye operated in accordance wtli electrical
paraneters determ nt@b Eﬁe&%wp&wﬁéémpgdwﬁ&ﬁﬂm”%% PIpCess @Wﬁ’é’é%
| ayer ap pﬂh{e%@atﬁn‘ﬁgéﬁ Frdih r&ﬁicﬁ éﬂxb@b@&ﬁh@'&%ﬁs%&%‘e%ﬁczéd GRa/0f n#&ﬁﬁ&} to'
mul ti pl e-el"ectrode’reactor (f) correcting the asured non-unitormty of
t he seed d&iryadibpbnddutl ptdstfesgegcond wor kpi ece in a second
mul tipl e-el ectrode reactor wiose electrodes are operated in accordance
with electrical paraneters determ ned based on the neasured non-uniformty
of the seed | ayénablgpld:i Sampls WaterdyooessingoPiosesscEmplaying Qpsisisger st i cs of
the second nmultiple-electrode reactor. -65

Step Tool/Process

1. Deposit metal seed layer using one or more physical vapor deposition ("PVD") tools, different
chambers on the same PVD tool, or CVD chambers or electroless deposition chambers.

2. Measure seed layer film thickness using metrology station, either on the tool or an independent
station — metrology stations can infer film thickness from sheet resistance measurements or from
optical measurements of the film

3. Apply optimizer -- residing on tool or off tool on a personal computer -- in a seed layer

enhancement ("SLE") chamber using measurements from step 2 (feedforward) and measurement
results from previous SLE wafer on step 6 or 8 (feedback)

Deposit metal layer in SLE chamber

Rinse wafer in SRD/Capsule chamber

Measure wafer thickness using Metrology Station

Anneal wafer in annealing chamber on the tool or in independent stations

Measure wafer thickness using Metrology Station

Apply optimizer in ECD chamber using measurements from step 7 (feedforward) and
measurement results from previous ECD wafer on step 12 or 14 (feedback)

10. Deposit final metal layer in ECD chamber

11. Clean and bevel etch wafer in Capsule chamber

12. Measure wafer thickness using Metrology Station

13. Anneal wafer in anneal chamber

14. Measure wafer thickness using Metrology Station

e A

15
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V1' O 01! 911G3 PCT/ USOL/ 1702~ 87. The nethod of claim 86, further

conprising, after (f): neasuring the tluckness of the corrected seed |ayer
of the fingdoywnkpi ece using a netrol ogy device; depositi negcrubulikozet al

| ayer atop the seed |layer of the first workpiece in a third

mul ti pl e-el ectrode reactor whose el ectrodes are operated in accordance with
el ectrical paraneters determ ned based on the neasured thickness of the

Chird mil t) pheel oot TBge pBEs B s luictt T B YeR0 R AL OSSP 08, e
seed | ayemegburehRniBpRRHzM Y REREEstEPS Bin DeBIrfGnRA) daeg ¢Sol ganifiatibny a

. bulk netal |layer atop the seed |ayer” of the second workpiece in a third
mul ti pl e- ot &dial-ud'e the asasurentend/optimizar rsequencer sepmpeaqaience can he psrivamed with

el ectrical paraneters determ ned based.on the nmeasured thickness of the

 Corr ect edPSUGHCRLY, dp BIONIFG RESIOSHAGG 1) BIEASWRMCaH QP AR SIUERoE FIoPHc
hird reul ti ] _ , .

third mu t&é eﬁc@EE{?%%?fdiﬁ%ﬂto%reacﬁew%fgf,r@@%?%éégg rx}xﬁi{‘)ﬁ ng&%ﬂgnig?eﬁdxﬁ{gafy

of deposition process *paraneter sets use erlia
deposi ti onpdwthe ineasirententdsultplie sepr2 (i0¢., flos waferamayaoatedadrbend kas ander to
control materijal_ deposition, conprising: receiving a @Iurality of recipes,
each reci pesoctaed pragest sigps); Malpesrqueace sraychmteaminated resanted Geregedgd n

performn epositi r oc .t h topl ;. for,eagh ecgi,ve ecj pe,
operati nggfl%éid_t'gg?ﬂi ﬁﬁ) cgtbefa&g%%%% trﬁg“pﬁse_ 3&%@@ %’ndgtoﬁt rgizl’ [ %ﬁaegtc of
the contr gleaB@eficht/optinfisd’ GaPpse nidyt bedherfornedl oRBf aafdre pro&iss/hardwkarosi t
a test workpiece; evaluating the déposited test workpiece; identifying
devi at itonshingesemeastrenentd baforoandfaftencanpepling (ed., theet wsistpiost anahbea

D 0] cct caur b AEBn L RERFL P HDE GRRCeShn B GePoNaoD SR a0

PCT/ USQL/ 5 t&?jo : gﬁgé' ' il i ter ' t hat
associ at egai(}tﬁaéﬁb?h hg&rotgg(g ve ]‘;[ﬂeegiﬂge(ﬂ c@%ﬁ%@ﬁgﬁﬁeﬂ?ho(}héftcgilg ﬁqe%%ﬂ%@

fi. >zt her sgraemidtal wing déffa@eht bathoruneodr hmbee mictal aepbsition stepsicoatd be nsed,
response tq . the recipe selection, retrieving the paraneter set assogiated

with the ¥drieltidenosiénseor anercopifarentagetale, thsolOpHAN ALY GteRe ey t3dieste
sel ect 1 LEGLRE. tgggg%f;%g%;%gbbt's @ﬂ;ﬁ?e%? Horild%r Y Wiln BOLPISRLL sREST AR Ce

with tne ev
optimization steps may adjust current to generate a desired current density profile

for future filling; the wafer may be returned to a deposition chamber for additional
metal deposition if the film thickness is insufficient, based upon metrology results.

Table 14 below shows an additional sample process:

20 Table 14: Sample Wafer Processing Process Employing Optimizer

Step Tool/Process

1. Deposit metal seed layer using PVD tool

2. Measure seed layer film thickness using metrology station

3. Apply optimizer in ECD chamber using measurements from step 2 (feedforward) and
measurement results from previous ECD wafer on step 7 (feedback)

Deposit final metal layer in ECD chamber

Anneal wafer in anneal chamber

Clean and bevel etch wafer in Capsule chamber

Measure wafer thickness using Metrology Station

NV s

Table 15 below shows an additional sample process:
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to deposit a workpiece. 90. The nethod of claim88 wherein the control
points of the deposition tool are electrodes, and wherein each initial and
modi fi ed Ry @mRiQr set specifies a manner of controlling eagfuseisiobe

el ectrodes. 91. One or nore conputer menories collectively containing a
plurality of deposition process paraneter sets for use in controlling a

mat eri al deposition tool in which multiple control points are controlled in
order to control material deposition, each paraneter set being associated
with a processihapleddi pramplea Water Drogassing BraeessdinaployipgOpHmiRy how t o
control each of the control points when perform ng the processing recipe.
92. The c®mputer nenories of claim 91 VhelfRedgesst he paraneter sets are

det er m nedi. eXressitiRiil 3t Yayen@me PYONPeit er control . 93. A nethod for

per f or m n@. m@kirabeed RPOSilhitiaEknes using\REtkdlig® @QtiorlCONMPr i Si ng: sel ecting one of
a plurality ppRrHpaRSSt HECDEHRRES usindrhcasurdiabriislirshl #6552 Becifdewirl) dad( 12~ i n
response to hgsh&tdnPRaiR femipréibus ECDNater Bh We@b (adbstk) deposi tion process
par amet er @eQ§¥gﬁyﬁﬁnhaﬁqa§xﬂqyﬂﬁaﬁﬁﬁh y under conputer control, retrieving

I

a paranet gf SGlnaAseostak a‘ﬁr%ip%ﬁeg\n‘ﬁ&t ed recipe; and operating a
depositiont ' : - cted recipe, and controlling
each of an7pl 3‘?5?‘?’?;”/‘&%?9‘5:"ont$§ﬁ pl\t)lo‘l'rr?fti gﬁﬁ{nﬁe tool in accordance wth the
retrieved paranmeter set, to deposit a worlcpiece. 94. One or nore conputer
menories collectiv contaj ning an el ectrop| ati current data structure,
the data structur e%’rﬁﬁgiﬁe"@"ﬁﬁ?‘ﬂﬁ H‘B@ﬁaﬁ“’é‘ﬁ{eﬁm MJOC¥Sr each of a
plurality of seed layer resistivity ranges, a set of currents to be

del i dt f t ' kpi
navi ng a seed | Sa0 ARSENAE WARE PrblkspindFrob s ABI R, Shlafels I 0

conputer ger pries of claim94 wherein %&/ﬁg&% of currents specified by
i nf or mt FeRF—R—the—tata—sttoetHre—are—aierental-y—detesnned—ande
ntifegpstt rggal soed faverisggi Py Dotoels npyt ng systemfor automatically
configuri ngg eastre S3oF dverdlimthickngss uging metrolegy et on of a reaction chanber to
el ect r opol s iApplyseptimizeriy BiAY chambes uging mpasyremeniyirom siek  (frpdforwardsandei f i ed
el ectropol i simeagpresaant esults fiommpevians SHE wintse ot sieprfy(fgsdeacibol i shing t hi cknesses
of the sel%ctRegosirhasal ldyefinSEEichambse| ect ed wafer is polished; receiving
post - pol i shi rfgeanand kevelstahisvaikfr imGapatle ehathperpol i shed wafer after the
al r eady- pol.i Meduressiater thidngohsisgMelrolagn@tatiocei vi ng pre- pol i shing thi cknesses
of the5 al ready-poli shed wafer before the already-polished wafer is
pol i shed; selecting the parameters to be used to polish the selected wafer
?ﬁsed |0n thg speci fAgdnRAlditidtalSalpld Brodess, Be PhiekYsi wlifdMhifyhbE i Resees of
e selecte
with a PVD-deposited seed layer is measured on a dedicated metrology tool, after

conput er co

which the wafer is brought to the plating tool and placed in an SLE process
chamber. Using the measurements from the dedicated metrology tool, the optimizer
10 is used to select an SLE recipe that will augment the PVD-deposited seed layer to
yield a seed layer with improved thickness uniformity, and the SLE process is
performed on the wafer. After the wafer has been cleaned and dried in one of the
plating tool capsule chambers, the wafer is transferred to a plating chamber where
the optimizer is then used to select a plating recipe that will yield a uniform bulk
15 film, at the desired thickness, based on the nominal seed layer thickness. After the
bulk film plating process has completed, the wafer is transferred to a capsule

cleaning chamber, whereupon it is removed from the tool.
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wafer, the pre-polishing thicl.-nesses of the already-polished wafer,
paraneters used -68 WO 111/9111>3 PCT/ USULl/ 17U 2~ for polishing the

al ready- pad bpheeh waf er, and the post-polishing thicknessaxTisothe2s

al ready- pol i shed wafer. 97. A nmethod in a conputing systemfor determ ning
deposition paraneters to use in performng material deposition on a

wor kpi ece, conprising: receiving thickness neasurenents at predeterm ned

bt tern inowhi on nasen sftftiold SEnpldiael BITH RuREhl o RRty L, L%,
st ar t i ngaseblabd JRRRE | Iri-BearBaheislosy StatinStordétefineethe thidkhesiepriFilé iofn

t hi ckness asurenents, and a star??ng set of deposited thicknesses

cor r espotiei GYD-depditedt seed ilayers eTlse whfardpdbin irensfored tetacplsting ¢hamber.

pr e-depoﬂtiog}&t hi c zkess measur enent s, baaﬁeﬁc;l upt))n the received and t?xbt ai ned
i nf or mat MSHE dat serd nlaygr dneasurements oy i, qaboard: Brerology sation, the
per f or.m Q.. I PANe rd R 98. d claim
07 wndr coPRsT d fscfl HIRer Atpfitak 18R that RiftjReld’) collhS [RaAMRIN™ 2
deposi t i bilkofilinh eatah& pdestredi aofdnalr thiclatkssisi Nafteernheé t platihy prebsy dass. 99.
A nmethod in a conputing systemfor electroplating a, nucroelectronic .

wor kpi eceomplsigs; ithe r\’g’@i%? scopnsfaged 4o a qappulesdeaning chamber,iwhergepon ¥dsd

| ayer that has ‘tB)eent&aE |ied to the workpiece; identifying deficiencies in
the seedl§MQ¥H HTge g%ln the profile of the seed | ayer represented by the
received data; det A&Wh@&ﬁ%napgmﬁﬁlegﬂe&és@,l aBRARIRLAIS b0n Bleptrbplitihfe
wor kpi ece in a manner that conpensates for the identified deficienciés in
t he swedtddweth aaeel tayemappiedi using pleysiex] empondepasitiomfthatas mookwpforanet er s
to a plating tqQol for . use in plating the workpiece. .69 0l /91163
PCT/ US0LA1 TEATOLog) Gatiafs L5ratSRl dOoTEaRIEE nhgon: Fite 286t B PRRARNZSE of

control BaLARR! 81 rhiriple0LicBBGd HadoPhyl Ay @ SLEGHLOdRh-AiskiifnPl ati ng

tool, one*or mnore curr eve e delTvere roug C e.

101. A pReeddaydrarepaiit & G berfoghed tusipham elattrolepy deeglathe process to
m croel ectronic workpi ece conprising: a principal fluid flow chanber; a

pl ur al i t prashuce @nfinel mere anutoss:, seed . akhedopiimizssithen eperatesrio deposiie
princjpal £l uid,fl chanber, so .3s. to place the concentric anodes at
di ffepenk’“ihlg?ém@go%ﬁ&ﬁpgr?ﬂ%‘?ﬁ(‘}g%?ftroni ¢ workpi ece under process; and

As an additional sample process, a semiconductor fabricator has two

physical vapor deposition tools ("PVD tools"), each of which has its own particular
characteristics. A wafer processed by the first PVD tool and having a seed layer
non-uniformity is directed to a first multiple-electrode reactor for seed layer repair.
20 A wafer from the second PVD tool that has a different seed layer non-uniformity is
directed to a second multiple-electrode reactor for seed layer repair. Bulk metal is
then deposited onto the repaired seed layers of the two wafers in a third CFD
reactor under the control of the optimizer.
Additional applications of the optimizer include:
25 Single plating example: The production environment can involve
many recipes on a tool because each wafer may require multiple processing steps.
For example, there may be 5-7 metal interconnect layers and each of the layers have
different process parameters. Furthermore, a tool may be processing several

different products. The advantage having a multiple anode reactor on the tool (like

-43-



a controller configured to deliver through each of the concentric anodes a
current that is (a) based upon a current delivered through the concentric
anode to ®EEMTs;AN earlier-processed mcroel ectroni c wor lgeitaeeiands (b)

sel ected to produce a nore uniform processing of the workpiece under
process than the processing of the earlier-processed mcroel ectronic

wor kpi ece. 102. The processing contai ner of claim 101 wherein the plurality

f ' d . d ' [ di st f h
m cr ool acTFGTD tackp dx 4ntr GG oo HbERR AR SpRIAL TERtoRRAs My be
concent | ~gRfRsPorial he diffeRMIRRip&th all tdifftétidhhinbe o BRABHOL.T 1 C

anodes. 103. The processing container of claim 102 wherein the principal
"fluid flow chanber Asbalaé iappticatiornofuhpesptimizer o to heid cnf they inatialadigl -l

wal |, the angle [ 1 uppQrting one ar nore of the urality.of concentric
~anodes. |m.cgaa§r§ﬁ&f£§5%gpm35m0% e by o8 wﬁL%pwd&ﬁ@%r & of
the pluyrali . 1 G | L Lt 63
ber Dt b, Ry AN rifBRART thted khbhith@ntaliyofifor 1o Bradublo Yystd
virtual athedeptimiverisesn akh térubigined amifimiguspetifidiionsy B Hiiogesataoff | ui d

inlet and a processing fluid outlet, the processing fluid outlet being
di sposed workpieesspiodagtion. the optiniezeris asebluang dig sctwp phase oaly saeingghecess:

and at |east one conductiyve angode. el ene L spased. in e anode er
nous: ng. - BpEe ARG BbN Rt B efhg MR ohe AN EIHPE ROBRE TORAS,,
one Conduﬁtybiéecoi‘lﬁiﬂ Snk) #RDS] 4re idHtITalahd SELRN thSBdve Pit@itd Al suffifiént. The
processing contai nér of claim 101 and fwther conprising a plurality of
nozzl €9 di sposed t olfpthwisded-daydrpvaref noh eonsistent,otreniofztoobr metrokigyg of | ui d

to the principal, fluid flow chanber, the pluraglity of nozzl.es bein
o amceh tceitaanetaiogy SR BEA e mOBEPT i L HARaEaIn FHE S ROIRGRES EBHBRent s

radial Ly Spomi SR R0 M Blde Uprodt T B MRipe toUhspOERAR L

pr ocessi ntheg®Radatiwis. of cl ai m 101 wherein the principal fluid flow chanber
is defined at an ugger portion thereof bﬁ?, an angled wall, the angled wall
supporting one or mBE® seed Fellpyved hyibuk ECRonke fer faseaploshauentigioplating
processi ng_cont ai ner of, ¢l ai m 10l wherai n;t.he principal fluid.flow ch
Purtnes corh: bBRTe heoroPhd sl Bhell bishs M B, e uibe i
conf i gur edlempiey with fe\(itiobiztr @ ERBlprbba. TRFhd LA FSECRCcA A ihftl Of

processing fluid flowin wer portion of the principal fluid flow

chanber. RVD ofHEVR dayssofhmetaintan bermedsucédhiamd 1adjustéd rfohersimgpthpr fegidag a

current optim zati on syhsystem for _sel ect | the currents deli,vered through
t he conce rwaéé Z%HESOE&%MHQ]%{T qt%;reﬁl nsgplrocess tlfle resistance of the barrier J

layer under the seed layer can also have a large influence on the plating uniformity,

nmber

20 1f the resistance of this layer can be measured, then the optimizer can be used to

compensate for this effect (it may take more than one iteration of the optimizer).

Dial-In Uniform Current Density Recipes: Using the optimizer and
metrology the optimizer can be used to help dial in recipes that insure uniform
current density during the feature filling step.

25 Table Look-Up: The optimal currents to plate uniformly on different
thickness seed-layers (assuming the seed layers are substantially uniform) can be
determined in advance, using the optimizer to find these currents. Then the currents
can be pulled from a table, when the resistivity of the seed layer is measured. This
may be quite useful for platen plating (solder) where the seed layer resistance is

30 constant for the whole plating run.
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-71 WO 01/911G3 PCT/ US01/1702.1 111. The processing container of claim
110, fwther conprising a nenory containing a Jacobian sensitivity matrix

refl ectingo@h@igteristics of the principal fluid flow chpebesomsed by the
current optimzation subsystemin selecting the currents delivered through

t he concentric anodes by the controller. 112. The processing contai ner of
claim 101, further conprising a punp for circulating processing fluid

101 wher ein the 1 01 ERIPRALIGE e dotimbesf oBhO6E it SRENP bl Flaci o
Sol Ut on of aideheficy ) ok et K JToSE@RPETIEB Y KBS Rces L1t i Ftthr

processing confainer of claim 113 wherein the current livered by the
cont r ol | envistonedc thatndble optimideectmay topepate doompletelyr separatedy nitoay etheof

el ectropl at ed ,mat erial &n the m ¢roel ectroni.c workpi ece under. rPce s than

W pr oQEEASHRE L REPERING: il BGERAcE: il CRBOAPEE B USE. 107 156 A

met hod, f qr..el-ect ' ' L Ll i '

compr 11 SpEE 1R LU Mo paBhElerPlo SRbhrll AR ol PBEed e B fifeer

wor kpi ecandn?mcasfs' aoblsoplagt bagopated wideri diengoatrpl wndldrt ywakrshijpads i n
p

the electro ati&% ath, the plurality of anodes being spaced at different
di st ancediffersnt parsicas andéersin ¢ renf phydiealdpcatinsni cr oel ect r oni ¢ wor kpi ece

h ' be el | d; . h,qof I | § .t V..0f d
i nduci ng an o ect r Peaneiauy unBalihe FPE 02 mblE & Cdesetitto, BB0RER
surface Qfitidie d8 Frdoh GRE CoadR bdachiigs thBROfNIPELExAtpd, ' dlfRjugh Uhieent

being (a) based on an electrical current induced between'the anode and a
pr evi tusIpyeseht atventibat is dlestnbabire the omitextvof klickoehemital pyocssingtafdthieo

I mprove on, an, el ectropl at.in Lesul 'achi eved fo tgg revi ousl
el ect 1 op PRCEIGHTIPE: MEERPIBFE dhedraehings dercin san algg b piiendsd Brethossmpes 7oz~
116. A mefehpdoBbicchBhi® WorkplRRE ehcEaiih, OindiliEinB! Vadbid %ifds IOUERerial

deposition processes. For example, the optimizer may be used to control

electrophoretic deposition of material, such as positive or negative electrophoretic
15 photoresists or electrophoretic paints; chemical or physical vapor deposition; etc. In
effect, the teachings herein can be extended to other microelectronic workpiece
processing systems that have individually controlled processing elements that are
responsive to control parameters and that have interdependent effects on a physical
characteristic of the microelectronic workpiece that is processed using the elements.
20 Such systems may employ sensitivity tables or matrices as set forth herein and use
them in calculations with one or more input parameters sets to arrive at control
parameter values that accurately result in the targeted physical characteristic of the
microelectronic workpiece. Although the present invention has been described in
substantial detail with reference to one or more specific embodiments, those of skill
25 1in the art will recognize that changes may be made thereto without departing from

the scope and spirit of the invention as set forth herein.
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is provided with a fixed electrical current over a substantial portion of
the el ectroplating process. 117. The nethod of claim 115 and further

conpri si ngddidiadzep of providing a substantially uniform peragbiidegw of

el ectroplating solution to the at | east one surface of the mcroelectronic
wor kpi ece. 118. The nethod of claim 115 and further conprising the step of
providing a substantially uniformnormal flow of electroplating solution to
the at | east one surface of the m croel ectronic workpi ece without an
internedi ate di ffuser disposed between the plurality of anodes and the at

| east one surface of the m croel ect rOpDATMSOr kpi ece. 119. The net hod of
claiml115 wherein each induced electrical current is selected to i nprove on
a level of plating uniformy achieved for the previously el ectropl ated

m croel ectronic V\orWﬁi(‘é%l@l.i 120. The method of claim 115 wherein each

i nduced electrical current is selected to inprove conpliance of a plating
profile achieved for the previously el ectroplated m croel ectroni c workpi ece
with a target plating prRfihéhod2in Thecdimpitiith 08ysiéBiP b5 cohttbllii@ an
conprising selecting the induced electric current’s. 122. The met hod of

cl ai m 12%kleqtroplating pronsss & wighe af sqperes of swonkpiered ane elgetrgplatedowith e
electroplating,that.is basis for selectin hge. i ndu el.ectric cyrrents.
25t " o Bite I easiain SisdRon g exafe. Ateh Mt g mefullng uEtacingr for

pr ocessi i I QA Kpi C S Ny I id¥Ciap i dof | ow
chanber; r%cgl Elregzﬁé? %/Eﬁg# g«pg I%eghﬁiegtgogggﬁ?ﬁdtﬁ’e %rclancdiiggl %fl‘]%ilh f?{c;w
chanber ; dectroplgtigranddesdesmpnsingi oned to hold at |east one surface of the

m croel ectronic workpiece.in contact with an el ectrochenical A praogcessing
fluid in the princigeRstraeingia fpenbiamsenseivitt melias charastenging the eliseisetn cal

Cont act s ot ahtEn, BGRSEE b o ERPURF G BpRos TSRy BTN RN A 5 e
m cr oel ec&m’tgﬁmﬂ@gie@gﬁbf&ﬂhegjt?iofahom\e_r supply connected to the one
or nore electrical contacts and to the plurality of electrodes, at |east

two of the plural i trgceiving @epecafdeationedirigrget pdasmgimatdrial duokass atl cach ofie
electric wer., supply to fc:.. ilitate independent supply of power

t her et o; q;heg’ﬁﬂf‘{lm Owgfﬁ@’ﬁ%‘?ﬁé@% to the electl-ical power supply to
control at |east Oﬁggjéiﬁgtthé Pééoﬁ?ﬁi"@énsﬁ?v‘i Blix 16 HRAE! 4 YR ASRARARIET

wi th each of the i ently connected €l ectrodes, the control system
setting tdfehaw d baselinerset ef aabdé catrepnvehoufhbanaired tboprodugs denspevéfied t he
i ndependently connect ed, el ectrodes based on ong or npre user i nput

par anet ertarash@laimg matgrial yhigknesses gatbenthaabasehae @mm&r@é@%m
predeter %%teﬁ%ﬁjeéﬁl\b‘h%ﬁ%'@é' QL STRADEL Qhereflish” OS5 perturbati ons

resul ting Tromperturbations e electrrcal power paraneter for the
given one of the i nsipiepii@nah indiRBHEE t6 ConlBcH 4 Fes electroplating cycle with

respect to a first workpiece using a designated set of anode currents produced by

varying the baseline set of anode currents in accordance with the first determination;
receiving measured plating material thicknesses thickness at each of
the plurality of workpiece positions of the first workpiece;
applying the Jacobian sensitivity matrix to make a second
determination of how the set of anode currents designated for the first electroplating
cycle should be varied to produce the specified target plating material thicknesses
rather than measured plating material thicknesses of the first workpiece; and
generating an indication to conduct a second electroplating cycle with

respect to a second workpiece using a designated set of anode currents produced by
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124. A reactor as clainmed in claim|23 wherein the at | east one el ectrical
paraneter is elecfirical current. 125. A reactor as clainmed in claim 123
wherein tywe ¢3@gkti vity values are logically arranged w t hocnusher7opnt r ol
system as one or nore Jacobian matrices. -74 VWO 01/911G3 PCT/ USUL/ 17U2- 4
126. A reactor as clained in claim 123 wherein the at | east one user input
paraneter conprises the thiclaless of a filmthat is to be

el ectrochem.cal depgosited on the at. | east.ong syrfa f the .

i or o6l eqBISiNE dht PR B oot Sirdal€ BlienaaL ot e sy iFeefintfellly syelgin o o
at | east gbygrdahcd R4th the QBSsREMtbminahogct ed el ectrodes are di sposed at
different effective distances fromthe surface of the mcroel ectronic

* workpiece. 128. A reactor as clainmed in claim123 wherein the i ndependently

connected el ectrodes are. arranged concentgically with respect to one

another. 129, A reactor @ng!%ﬁﬁq?ﬁnbﬂaé“ﬁﬁlﬁﬁg%ﬁ@?’éﬁgn t he i ndependently

connected el ect roderécé} diﬁ&%% ath ﬁﬁféﬁ'aﬁf&ﬁ&&{egﬁfdg?t% e Jfrapp t he
hé e 30.

at |east one surface o e mcroelec ni C WOr kpl ece. react or as
cl ai med ipluraligyt ﬁf\_'iVZ)Qk;]WB@d poditibhefomntie pecsiaheleytroplating todleg! ect rodes are
arranged concentrically wmth respect to gne another. [31. A reactor as

clained in clai m 1Z8etemenmignthat éhe measessdcplatipg anaeaalk thicknesses feas the e

arranged conc rically with respect to_an n . AT

ol o med SOOI PrrSRlaher it afE Rl pomaER )R Rhes P Ins Pl Bl
ar r anged pMtidgmaRl MicRhékédgad fromthe at |east one surface of the
m croel ectroni c worhpiece froman outernost one of the plurality of
concentric anodes tin response o thesdetemunation, lgeneratidgemdsoritoreaodivationsito

el ectrodes. ,133. react qr clainmned i.n clajm 123 erein one or nore of
TheCl naoendech  pliuaifcer Suthnseles Goating SxCled sty i witql i de opstontg,o

o1/ 911(3§§%?§§é&;%~5&§ﬁ3 e’fécﬁ%ﬁﬂtﬁ{g c%r%lé?l ainmed in claim 133 wherein the

vi rt ual

3. The method of claim 1, further comprising:

receiving measured plating material thicknesses at each of the
plurality of workpiece positions from the second electroplating cycle;

applying the Jacobian sensitivity matrix to make a third determination
of how the set of anode currents designated for the second electroplating cycle
should be varied to produce the specified target plating material thicknesses rather
than measured plating material thicknesses of the second workpiece; and

generating an indication to conduct a third electroplating cycle using a
designated set of anode currents produced by varying the set of anode currents
designated for the second electroplating cycle in accordance with the second

determination.

4. The method of claim 1, further comprising;
before the first electroplating cycle, receiving measured seed layer
thicknesses of the first workpiece at each of the plurality of workpiece positions;

and
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conprises: an el ectrode chanber housing having a processing fluid inlet and
a processing fluid outlet, the processing fluid outlet being disposed in

cl ose pr¥ dlloi¥st © the microel ectronic workpi ece under pppgRZsi/1ats | east
one conductive el ectrode el ement di sposed in the el ectrode chanber housing.
135. A processing container as clained in claim134 wherein the at | east
one conductive electrode elenent is fornmed froman inert material. 136. A
processi ng container. as,clainmed jn clai.m123. and further conprisjing a

bl ural ity of nozzItECom BESSEAY lesiraniatas £elo areavinkanerlid seddayen

pr ocessi I ivglﬁ'!': i : L of

nozzl es tE%lk%éégg P g%%gﬁgﬁg I rE%th ee%{ %’%&péflot\f}}él&’e ve t{;@ﬁbﬁﬁ%ﬂ%ﬁ?ﬂgfﬁf luid

fl ow conponent s t haid wheiRimthe secgnd determimatmbmade byadpplying ithe faobiamal

fl ow conponent radially (gqcr 0SS the gi} | east ong s&{éace of .the workpi ece.
137. A rseREPyHY meatrixpsardaternipriaen 65 pAY the sebak anefrecuenty desigpatgd for

: | . ) . b s nel udi
2 vor kpittk S78 e HTRAE Eyotb ML AR ERbloTh P I S E R Clanb a0
wor kpi eGRateHRP titkddidedPRithér HAAGNENARESD PldthgBieerRi ahickheRks @Frthadrsiv t h

t he m croel ectroni c workpi ece; a processing container including a plurality

of nozzlwerkprepelindight of Spodifierénces betvereneht nafasuredrsead il thickmessed ofy
chanber tﬁtﬁ | evel wi ‘a'hi n, t.he %Eri nci pal fluid flow chanber bel ow a surface
of a battht SEStANGSeCONd WorkpieEesor nal |y cont ai ned therein during i mrersion
processing; a plurality of individually operable electrical conductors

di sposed in the principal fluid fl ow chanber and positioned for electrical
contact with the pFocesEhemethod of claith 1 wit€reid Hed J4AGhiRCRnsbiitylmaRixl 138.

A reactar as claiped in claim 137 an rther conprising an el ectrode
di sposeds generafegdEemymathamatic ﬁ@dsf@{@@sqlwgmﬁm PIOCESSo provi de

el ectrical contact between an electrical power supply and the processing
fluid. 139. A reactor as clainmed in claim 138 wherein the processing

container is definmed atTiROmeBRRT oPClairh ANwhBRiL dhe PacobiarpSedisREiembtrixt he
processi ng container further conprising at |east one further electrode in

fi xed pdsigenematad fapingdate nbtamachby hperatigg et electroplatipg pvoatss.el ectri cal
contact between an el ectrical power supply and die processing fluid. 140. A
reactor as claimed in claim 137 and further conprising a notor connected to

tate th kpi | ' t ' qm) t
rotate the workpl ege Sgﬂgf@%tﬁ(?@'oﬁ%lﬂﬁﬁ%ﬁéx%% %@'b‘ag%lﬁ%h%ﬁ%hgroe K@l ece a

| east during processin e at | east one surface ectronic

wor kpi echickihédses Aaree geheratddofrommeatai obtapredc &ys simulafing operaien esft thni ¢

wor kpi ece, th? reactor conpri si n&: ) X
electroplating process using a mathematical model of the electroplating process, the

simulation using the baseline anode currents.

8. The method of claim 1 wherein the baseline plating material
thicknesses are generated from data obtained by operating the electroplating process

with the baseline anode currents.

9. A method in a computing system for providing closed-loop
control of a process for applying a coating material to a series of workpieces to
produce a coating layer of the coating material, comprising:

(a) receiving a coating profile specifying one or more attributes of

the coating layer to be produced on the workpieces;
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a processing container having a processing fluid inlet through wuch a
processing fluid flows into the processing container, the processing

cont ai ner wfglhtd1§d3 having an upper rimformng a weir over pgii@diRf@¢essi ng
fluid flows to exit from processing container; at |east one helical flow
chanber di sposed exterior to the processing container to receive processing
fluid exiting fromthe processing container over the weir. 142. A reactor
as clainmed in claim1141, wherein the helical .fl ow chanb i s di sposed about
and circumvents eXPari SHCSE3ERgR g56?“t‘1f§°ﬁ?%&@§€4“?’ﬁjm§g{ﬁf Yt C “E"Y‘g_a WO
01/91163ﬁﬁ53%ﬁ§§@£é702~ 143. A reactor as clained in claim 142 wherein the
. processing contialnér conprises one or nore projections circunmventing
exterior sidewal | c)heridefitifyineg a dirst saof disvrdpankies tdeweareatdibutoebl dad f | ow
chanber. 144. A reactor as clained in claim 143 wherein the reactor further
conpr i sexatngolaver produeshem dhe dirsbrworkpisee prisgethy dist ot fhepatiigit eri or

or of oot 1GHERels EaRd HE o RBE Ak B Rl Do een, 145, n
apparatus for prog@ysi Ndktémiinfifp0qQ! fiedt’ et 6f WRbHIFicRE6ns AFPIheSFiRd: sét of

plurality of workpiéce processing stations; a mcroel ectronic workpiece
robot i ¢ ¢oatingfparameterd expectedrte rodudertbe pdentied fyrsbsetvfrdigareprmcaspcessi ng
stations including a reactor. hayin rocessi ng container.conprising a
principal fluid {16l cHa g, | Brsh ?eﬁwfgﬁo%i?zlpé@%ﬁﬁm H}layngﬁﬁdé%éed in
one or I \(@#1? f pLd pel : i I W t hin
the pri %ﬁga@: 151% ul F&;Vf\;u%tﬂgegb%frﬁ%gﬁgd&nfghgl}gfﬂgggﬂ%#Q?@Egﬂé?}@%& 61p‘)rc g%@s%i ng
flui d nogarmdnketergont ai ned therein during i mersion processing. 146. An

apparatus as claingd in_claim145 wherein the plurality of nozzles are
di sposed with resgdbt tdesignatingothsesecond pieb\algeoatng patumeliers YoAdWSSl 11 | ui d

flow co nts. t C ine 1o generate a substantially uniform nornal

fl ow co%glﬁgﬁta SF&Q?@W@Q@EF&%@ he at |east one surface of the workpiece.

147. An appar at Ush@? c| RipERsh (b)d@?!ﬁérlﬁﬁ_s&@ﬂn@'\ﬁbrkﬁi%c@é i fei deYie®nfiDz z| es
a a

are azranged so_t the substantially uniformnornal flow conponent is

sl i ght | ythgnéerntdiednset af disgirepancies falld wthint & selectedteferarmeced to t he wor kpi ece
thereby form ng a nmeniscus that assists in preventing air entrapnment as the
wor kpi ece i s

10. The method of claim 9, further comprising, after (g),
designating the most recently-produced set of coating parameters for use in coating

subsequent workpieces.

11.  The method of claim 9 wherein each workpiece is a silicon

wafer.

12. The method of claim 9 wherein the coating material is a

conductor.

13.  The method of claim 9 wherein the coating material is copper.

14.  The method of claim 9 wherein the process is performed in an

electrolysis chamber having a plurality of anodes, and wherein at least a portion of
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-78_ WO O1/91113 PCT/US01/17112-4 brought into engagenent with the
surface of the processing fluid in the processing container. 148. An

appar at usygsg % fizmed in claim 145 whereiui the processing P?JQH}S@]/WEJ further
conprises a vented antechanber upstream of the plurality of nozzles. 149.
An apparatus as clainmed in claim2148 wherein the processing contai ner
further conprises a plenum di sposed between the vented antechanber and the
plurality of nozzles. 150. An apparatus as clained in_claim 14S wherein the
vent ed atheetaiingeparametars aesscumettn ke trapamititbroughddentifded paedesmongnthet he

v>| et porii o h‘?f/i ng, a slrialler cross-section conpared to the outl et
portion. Wity g %&&Fat us as clained in claim 147 wherein at |east sone of
"the plurality of nozzles are generally horizontal slots in the one or nore
sidewal I s of the principal fluid fl ow chanber. 152. An apparatus as cl ai ned
in claim 145 wher eilf. t hdher methquhloff thaird 9| wheriandieleaktra ipertiapfr thees a

Venturi effect i t. 153. An apparatus as cla ned [n. claim1j1 erein the
Venturi & EF’Si‘;H &!e Waﬁé@r E’ %rﬁreiuw@r ¢ the WRIKDPIESES SPEQ 18@% the
recircul aji [ j L I ' . (A anci pal
f1uid f|g\§’vz‘%ﬁ%"§ﬁ?o‘§§3§g§9 @%@Sgsseufsn%% %P%é%ﬁér%éggg&&?‘fﬁé{@%f%%of a
processi Rgorkpiecel during imrersion processing of at |east one surface of a

m croel ectroni c workpi ece, the processing container conprising: a principal
fluid fl ow chanmber; -79 WO 01/911&3 PCT/US0111702~ a plurality of nozzles

angul arly di sposed.in o or r.e sSkde | § of. the ,principal .fluid flow
chanber at a |evel ]\% t hﬁﬁﬁ%’%ﬁ.@?%@ I‘@ea?lf’ltﬁevd&%? .aé‘ leﬁéﬁg%'fgedsﬁlrface
of a bat oéorRsspeRatb iribichbes BANRNRIKhEQES nikadifdds heTRI R regions

on the coated workpiece and the target thicknesses specified by the coating profile

for the selected regions on the workpiece.

17.  The method of claim 15, further comprising:

generating a set of predicted coating thicknesses in the selected
regions on the first workpiece based upon the first set of coating parameters;

receiving an indication of thicknesses measured in the selected regions
on the coated first workpiece;

computing a difference between the predicted coating thicknesses and
the indicated measured thicknesses; and

subtracting the computed difference from the determined first set of
modifications before using the first set of modifications to modify the first set of

coating parameters.

18.  The method of claim 15 wherein each of the workpieces bears
a seed layer,
the method further comprising:

for each the first and second workpieces, receiving an indication of
seed layer thicknesses measured in the selected regions on the workpiece before the

workpiece is coated; and
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processing. 155. A microel ectronic workpiece processing container as

cl ai med i n cI ai m 154 wherein the plurality of nozzles are disposed in the
one or ﬁ% wal | s of the principal fluid flow chanber pep/@61/i7024 or m a

t he substantl ally uniformnormal flow conponent radially across the surface
of the workpiece in which the substantially uniformnormal flow conponent
is slightly greater at a radi al central portion thereby form ng a neniscus

that assists in pr nt| alr as the rkpiece.is brou ht into
engagement with thg’eg é‘ ?qy@ggﬁeigoﬁpgﬁ\’@g Ea{qqéet%rls Ls

cont ai ner o r ai med
ool o mepaaga ReEhines % R R S LTt %’1%%““&6%

pl uralityinaeb admse fasdiffefencan bewnwenithe niisoeddhioknssses e thofiss andtsecond he
removal of gaseous conponents entrained in the processing fluid. 157. A

ni cr oel ec¥oikpiesesor kpi ece processing container as clained in claim156 and
further conprising a plenum di sposed between the antechanber and the
plurality of nozzles. 158. A microel ectronic workpi ece processing container
as claimed in clai mgl54 Ther@ebihodhefatlagahanbghicreRMhe S @satii} iprbeéssang an
outlet, the inlet having a smaller cross-section conpared to the outlet.

159. A n>glestodyic depositiomor kpi ece processing container as clained in claim
154 wherein at |east sonme of the plurality of nozzles are generally -80 wW
o(ry"1r I 163 PCT/ USOl/ 1702~ horizontal slots disposed through the one or
nore sidewal I's of tq | wed wee hapdie 0 .

cont ai ner as cl ai mec |n clai maf'g ercealhg1 tgr:]e pr|{r{IC|%gl c? urd §§V§Schanber
conpr i sescledteophiorenis depasitienir ed si dewal |'s at an upper portion thereof to
inhibit fluid fl ow separation as the processing fluid flows toward an upper
portion of the principal fluid flow chanber to contact the surface of the

T54 wher oi n the pri TEi palts Fited bECRERWARCEEHE g Biolesd ifbfiahlal 1 o

thereof byapdepediienal | . 162. A microel ectronitc workpiece processing
container as clained in claim 154 wherein the principal fluid flow chanber
fiuther conprises a Ventur| effect inlet di sposed at a |l ower portion

thereof. 163. A mc oni c Le oces cont ai ner. as cl ai ned
in claim162 wherei the f&%me&li“?‘im? lé@gpc?eﬂﬁ@{ 8?%?@93?%15&%?%
Venturi acilitates recircul ati on of processmgflwdflowma
| ower 2{pgrgtdg#’g@if:}eﬁpr| nci pal fluid flow chanber. -81 . Al.AYs. AY.s. A

A% AY . A[L A3U . AFs. A

. A3" . AFAs. AA A3A . A3U . AL% AA" ALO? AFA. AL% A. A, . AAs. A
A . AUs. A5s. A % AYh23. AY. the methgpd ofclaim 9 wheremn the coating process is electron

hs. A% . AFs. As% AF& . As. A" . A3As% As% AUs% A{ 9. A A
“9. Ahs. A@?a@?fﬁ@gg A s%A 9 AR A(A

9. A(. As% A@ % AYsO. A(s. ALs. A(. A% A3’ 9. AALL. Ass. Al U. A’ s. Ay" 9. Ahs9. Au. As. As.

A{ " % AUs. A( s9eo( DElI dkopqu3

24.  The method of claim 9 wherein (d) utilizes a sensitivity matrix

mapping changes in attributes to changes in coating parameters expected to produce

those attribute changes.

25. A computer-readable medium whose contents cause a
computing system to provide closed-loop control of a process for applying a coating
material to a series of workpieces to produce a coating layer of the coating material
by:

(a) receiving a coating profile specifying one or more attributes of

the coating layer to be produced on the workpieces;
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L& ()- | Patterorsmeonyvex depouEIn PAUEIL 3F+3" 109& () - @ &$109%°?& () - NmK 109;
109 Y' 10%=& ()- @"109%& ()-3"10%&' ()-Y's10%& ()- 10%&' ()- 10 10D4dEK
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’ pattern is an arbitrary radial profile.

32. The method of claim 27 wherein the specified deposition
pattern is an arbitrary profile.

33.  The method of claim 27, further comprising, for a second
deposition chamber:

retrieving a set of offset values characterizing differences between the
deposition chamber and the second deposition chamber;

modifying the parameters most recently configured for the deposition
chamber in accordance with the retrieved set of offset values to obtain a parameters
for the second deposition chamber; and

configuring the second deposition chamber with the obtained
parameters for the second deposition chamber.

34. An apparatus for automatically configuring parameters

conirolling operation of a deposition chamber to deposit material on each of a
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10! y&10%RL § ) 0% ()-!3,:$10%&' ()-nt 10%& ()- 3"10% ()- yZ"10%&' ()-
) He* 49, BT ﬁ%o'% 10983&' () - 4nt 109& () -, S2: $10%&’ () -

+z 1o|%& ()-& )" $109%6: frp-depo@itibhoiedguring: Subisysters ehat- measured thitknOses of) -
10%& (- cach of the sequence of wafers before material is deposited on the wafer;

a post-deposition measuring subsystem that measures thicknesses of
each of the sequence of wafers after material is deposited on the wafer;

a parameter configuration subsystem that configures the parameters
for depositing material on each of the sequence of wafers after the first wafer of the
sequence based on the specified deposition pattern, the measured thickness of the
current wafer before material is deposited on the current wafer, the measured
thickness of the previous wafer in the sequence before material is deposited on the
previous wafer, the parameters used for depositing material on the previous wafer,
and the measured thicknesses of the previous wafer after material is deposited on

the previous wafer.

35. A method in a computing system for constructing a sensitivity
matrix usable to adjust currents for a plurality of electrodes in an electroplating
chamber to improve plating uniformity, comprising:

for each of a plurality of radii on the plating workpiece, obtaining a
plating thickness on the workpiece at that radius when a set of baseline currents are
delivered through the electrodes;

for each of the electrodes, for each of a plurality of plating workpiece
radii, obtaining a plating thickness on the workpiece at that radius when the baseline
currents are perturbed for that electrode; and

constructing a matrix, a first dimension of the matrix corresponding to
the plurality of electrodes, a second dimension of the matrix corresponding to the
plurality of radii, each entry for a particular electrode and a particular radius being
determined by subtracting the thickness at that radius when the baseline currents are
delivered through the electrodes from the thickness at that radius when the baseline
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36. The method of claim 35 wherein the current for each electrode

is perturbed by approximately +.05 amps.

37. The method of claim 35 wherein the current for each electrode
is perturbed by a factor in the range between 1% and 10%.

38. The method of claim 35 wherein the obtained thicknesses are
obtained by executing a simulation of the operation of the electroplating chamber
based upon a mathematical model of the electroplating chamber.

39. The method of claim 35 wherein the obtained thicknesses are

obtained by measuring workpieces plated in the electroplating chamber.

40. The method of claim 35, further comprising repeating the
method to produce additional sensitivity matrices for a variety of different

conditions.

41, The method of claim 35, further comprising using the
constructed sensitivity matrix to modify for use in plating a second workpiece
currents used to plate a first workpiece, such that the modified currents cause the

second workpiece to be plated more uniformly than the first workpiece.

42.  One or more computer memories collectively containing a
sensitivity matrix data structure relating to a deposition chamber having a plurality
of deposition initiators for depositing material on a workpiece having selected radii,
a control parameter being associated with each of the deposition initiators, the data

structure comprising a plurality of quantitative entries, each of the entries
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revised deposition initiator parameters for better conformmg depos1ted material

thicknesses to a target profile for deposited material thicknesses.

43,  The computer memories of claim 42 wherein the deposition
initiators are electrodes, and wherein the control parameters associated with the

deposition initiators are currents delivered through the electrodes.

44,  The computer memories of claim 42 wherein the sensitivity

matrix data structure is a Jacobian sensitivity matrix.

45.  The computer memories of claim 42 wherein the computer
memories contain multiple sensitivity matrix data structures, each adapted to a

different set of conditions.

46.  One or more computer memories collectively containing a data
structure for controlling a material deposition process, comprising a set of parameter
values used in the material deposition process, the parameters having been
generated by adjusting an earlier-used set of parameters to resolve differences
between measurements of a workpiece deposited using the earlier-used set of
parameters and a target deposition profile specified for the deposition process,

such that the contents of the data structure may be used to deposit an

additional workpiece in greater conformance with the specified deposition profile.

47.  The computer memories of claim 46 wherein the deposition
process utilizes a plurality of electrodes, and wherein each parameter value of the

set is an amount of current to be delivered through one of the plurality of electrodes.
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deposition results in a second deposition chamber.

49. A reactor for electrochemically processing a microelectronic
workpiece comprising;

a fluid chamber configured to contain an electrochemical processing
fluid;

a plurality of electrodes in the fluid chamber;

a workpiece holder positionable to hold the microelectronic workpiece
in the fluid chamber;

an electrical power supply connected to the surface of the
microelectronic workpiece and to the plurality of electrodes, at least two of the
plurality of electrodes being independently connected to the electrical power supply
to facilitate independent supply of power thereto; and

a control system connected to the electrical power supply to control at
least one electrical power parameter respectively associated with each of the
mmdependently connected electrodes, the control system setting the at least one
electrical power parameter for a given one of the independently connected
electrodes based on one or more inputted parameters and a plurality of
predetermined sensitivity values, the predetermined sensitivity values corresponding
to process perturbations resulting from perturbations of the electrical power

parameter for the given one of the independently connected electrodes.

50. The reactor of claim 49 wherein the at least one electrical

parameter is electrical current.
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52.  The reactor of claim 49 wherein the at least one user input
parameter comprises the thickness of a film that is to be electrochemically deposited

on the at least one surface of the microelectronic workpiece.

53.  The reactor of claim 49 wherein the independently connected

electrodes are arranged concentrically with respect to one another.

54.  The reactor of claim 49 wherein the independently connected
electrodes are disposed at the same effective distance from the microelectronic

workpiece.

55.  The reactor of claim 54 wherein the independently connected

electrodes are arranged concentrically with respect to one another.

56. The reactor of claim49 wherein at least two of the
independently connected electrodes are disposed at different effective distances

from the surface of the microelectronic workpiece.

57.  The reactor of claim 56 wherein the independently connected

electrodes are arranged concentrically with respect to one another.

58.  The reactor of claim 57 wherein the independently connected
electrodes are arranged at increasing distances from the microelectronic workpiece
from an outermost one of the plurality of concentric anodes to an innermost one of

the independently connected electrodes.
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for each electrode, determining the net plating charge delivered
through the electrode during a first plating cycle to plate a first workpiece by
summing the plating charges delivered through the electrode in each step of the
process;
comparing a plating profile achieved in plating the first workpiece to a
target plating profile to identify deviations between the achieved plating profile and
the target plating profile;
determining new net plating charges for each electrode selected to
reduce the identified deviations in a second workpiece;
for each new plating charge, distributing the new net plating charge
across the steps of the process;
using the distributed new net plating charges to determine a current
for each electrode for each step of the process; and
conducting a second plating cycle to plate a second workpiece, using

the currents determined for each electrode for each step.

61.  The method of claim 60 wherein the new net plating charges
are distributed uniformly across all of the steps of the process.

62.  The method of claim 60 wherein the new net plating charges
are distributed across the steps of the process by distributing differences between
the new net plating charge and the delivered net plating charge to a single step of

the process.
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one of the steps of the process.

64. The method of step 60, further comprising repeating the
method to further reduce deviations between the achieved plating profile and the
target plating profile.

65. The method of step 60 wherein a sensitivity matrix is used to

determine the new net plating charges.

66.  The method of step 60 wherein a different sensitivity matrix is

used to determine a new net plating charge for each step of the process.

67. A method in a computer system for evaluating a design for an
electroplating reactor, comprising:

applying to a set of initial electrode currents a mathematical model
embodying the reactor design to determine a first resulting plating profile;

comparing the first resulting plating profile to a target plating profile
to obtain a first difference;

applying a sensitivity technique to identify a set of revised electrode
currents;

applying the mathematical model to the set of revised electrode
currents to determine a second resulting plating profile;

comparing the second resulting plating profile to the target plating
profile to obtain a second difference; and

evaluating the design based on the obtained second difference.

-60-



bAO<& ,) 109& ()- M| F" 10%@& ()-! 10%@& ()-s10%@& ()- 10 10
10& 109& () - YSWU3DAO! , ) 109& ()-M!{ ,)10% ()-M! Q
)10%)0& ‘% Q/QU(@) 109%8[ S[ & ()-M!, ) 10% , & () - M A0, ) 109%&' porMRKmirosY | SH10%
U& -110% U8 ()- 10@ 10@ 10@
00/@ ()-I )10%3P& ()-MD!IbK}[<~\: 0!l LI 9$10% m& ()-!L! 9$1094JU& () - : $10%
U8 ()-!: $1008JU& () -: $10% U& () - & : $1098JU& () - &Kb afghl}’\SHZOH 10 U 10 U 10

e T
- lovee’ (3 Spditg dpertion 9T %’Eﬁ%@wﬁ%ﬂ&%&&%ﬁ?@ﬁ%‘bﬁ@ el
@10%& (WafdiOf dptinhizE co et sition pattern, comprising;

109B& ()-w) }[9_=0!! #: $10% (& ()-l 10%{( ) - KF$10%+& () -
. F$10%IDd&’ () - F$10%meqspreraen Teoging (Spbyystapghatageeives: s 10% U ()- 10( 10(

LOC 0% & ) -1 S10% (& b aBAOMUE Lot S BOMAS e Mol i Qa1 0%

is deposited on the wafer;

post-deposition thicknesses of an already-deposited wafer after
material is deposited on the already-deposited wafer; and

pre-deposition thicknesses of the already-deposited wafer
before material is deposited on the wafer; and

a parameter selection subsystem that selects the parameters to be used

to deposit material on the selected wafer based on the specified deposition pattern,
the pre-deposition thicknesses of the selected wafer, the pre-deposition thicknesses
of the already-deposited wafer, parameters used for depositing material on the
already-deposited wafer, and the post-deposition thicknesses of the already-
deposited wafer.

69. The apparatus of claim 68, further comprising a deposition
chamber for depositing material on the selected wafer using the parameters selected

by the parameter selection subsystem.
70.  The apparatus of claim 68, further comprising a memory

containing a sensitivity matrix used by the parameter selection subsystem in

selecting parameters to be used to deposit material on the selected wafer.
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after material is deposited on the already-deposited wafer; and
receiving pre-deposition thicknesses of the already-deposited wafer
before material 1s deposited on the wafer;
selecting the parameters to be used to deposit material on the selected
wafer based on the specified deposition pattern, the pre-deposition thicknesses of
the selected wafer, the pre-deposition thicknesses of the already-deposited wafer,
parameters used for depositing material on the already-deposited wafer, and the

post-deposition thicknesses of the already-deposited wafer.

72.  The method of claim 71, further comprising controlling a
deposition chamber to deposit material on the selected wafer using the selected

parameters.

73.  The method of claim 71 wherein a sensitivity matrix is used in

selecting parameters to be used to deposit material on the selected wafer.

74. A reactor for electrochemically processing a microelectronic
workpiece comprising:

a fluid chamber configured to contain an electrochemical processing
fluid;

a plurality of electrodes in the fluid chamber;

a workpiece holder positionable to hold the microelectronic workpiece
in the fluid chamber; and
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an electrical power supply connected to the surface of the
microelectronic workpiece and to the plurality of electrodes, at least two of the
plurality of electrodes being independently connected to the electrical power supply
to facilitate independent supply of power thereto, the power supply configured to
provide power to each independently connected electrode in accordance with an
electrical power parameter provided for the independently connected electrode, each
electrical power parameter being based on one or more inputted parameters and a
plurality of predetermined sensitivity values, the predetermined sensitivity values
corresponding to process perturbations resulting from perturbations of the electrical

power parameter for the given one of the independently connected electrodes.

75. The reactor of claim 74 wherein each electrical power

parameter is a current level.

76.  The reactor of claim 74, further comprising an electrical power
parameter selection subsystem that selects the electrical power parameter

corresponding to each independently connected electrode.

77. An method for electroplating a selected surface using a
plurality of electrodes, comprising:

obtaining a current specification set comprised of a plurality of current
levels each specified for a particular one of the plurality of electrodes, the current
levels of the current specification set comprising a modification of current levels of
a distinguished current specification set in order to improve results produced by
electroplating in accordance with the distinguished current specification set; and

for each electrode, delivering the current level specified for the
electrode by the current specification set to the electrode in order to electroplate the

selected surface.
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obtained by receiving it via an interface.

79. The method of claim 78 wherein the interface is a user

imterface.

80. The method of claim 78 wherein the interface is a removable
media drive.

81. The method of claim 78 wherein the interface is a network
connection.

82.  The method of claim 77 wherein the current specification set is

obtained by modifying the distinguished current specification set.

83. A method for processing a microelectronic workpiece,
comprising:

(a) applying a seed layer to the workpiece using a physical vapor
deposition process;

(b) measuring non-uniformity of the applied seed layer using a
metrology device;

(¢) correcting the measured non-uniformity of the applied seed
layer in an multiple-electrode reactor whose electrodes are operated in accordance
with electrical parameters determined based on the measured non-uniformity of the

applied seed layer and characteristics of the multiple-electrode reactor.
84.  The method of claim 83, further comprising, after (c):

(d)  subjecting the workpiece to an electroless ion plating process in

order to enhance the seed layer.
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second workplece using a metrology device;

(e) correcting the measured non-uniformity of the seed layer
applied to the first workpiece in a first multiple-electrode reactor whose electrodes
are operated in accordance with electrical parameters determined based on the
measured non-uniformity of the seed layer applied to the first workpiece and
characteristics of the first multiple-electrode reactor

(f)  correcting the measured non-uniformity of the seed layer
applied to the second workpiece in a second multiple-electrode reactor whose
electrodes are operated in accordance with electrical parameters determined based
on the measured non-uniformity of the seed layer applied to the second workpiece

and characteristics of the second multiple-electrode reactor.
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88. A method for constructing a library of deposition process
parameter sets for use in controlling a material deposition tool in which multiple
control points are controlled in order to control material deposition, comprising:

receiving a plurality of recipes, each recipe identifying a different set
of characteristics to be used in performing a deposition process with the tool,;

for each received recipe,

operating the tool in accordance with the recipe, and
controlling each of the control points in accordance with an initial parameter set, to
deposit a test workpiece;

evaluating the deposited test workpiece;

identifying deviations between the evaluation of the deposited
test workpiece and a target deposition profile;

modifying the initial parameter set in a manner projected to

reduce the identified deviations; and
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when performing the processing recipe.

92.  The computer memories of claim 91 wherein the parameter sets

are determined experimentally under computer control.
93. A method for performing material deposition on a workpiece,

comprising:

selecting one of a plurality of processing recipes;
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VWD XXXXBY] [ : bUA10 dfl F X &é) % mg}e computer memories collectively containing an

electroplating current data structure, the data structure comprising information
specifying, for each of a plurality of seed layer resistivity ranges, a set of currents to
be delivered to a group of electrodes in order to electroplate a workpiece having a

seed layer whose resistivity falls within the range.

95. The computer memories of claim 94 wherein the sets of
currents specified by information in the data structure are experimentally

determined under computer control.

96. A method in a computing system for automatically configuring
parameters usable to control operation of a reaction chamber to electropolish a
selected wafer to optimize conformity with a specified electropolishing pattern,
comprising:

receiving pre-polishing thicknesses of the selected wafer before the
selected wafer is polished;

receiving post-polishing thicknesses of an already-polished wafer after
the already-polished wafer is polished; and

receiving pre-polishing thicknesses of the already-polished wafer
before the already-polished wafer is polished,;

selecting the parameters to be used to polish the selected wafer based
on the specified polishing pattern, the pre-polishing thicknesses of the selected
wafer, the pre-polishing thicknesses of the already-polished wafer, parameters used
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receiving a deposition profile specifying the pattern in which material

is to be deposited on the workpiece;

obtaining a starting set of deposition parameters, a starting set of pre-
deposition thickness measurements, and a starting set of deposited thicknesses
corresponding to the starting sets of deposition parameters and pre-deposition
thickness measurements;

based upon the received and obtained information, determining a set

of deposition parameters to use in performing material deposition on the workpiece.

98. The method of claim 97 wherein the set of deposition
parameters to use in performing material deposition on the workpiece is determined

using sensitivity techniques.

99. A method in a computing system for electroplating a
microelectronic workpiece, comprising:

receiving data representing a profile of a seed layer that has been
applied to the workpiece;

identifying deficiencies in the seed layer based upon the profile of the
seed layer represented by the received data;

determining a set of control parameters for plating the workpiece in a
manner that compensates for the identified deficiencies in the seed layer; and

communicating the determined set of control parameters to a plating

tool for use in plating the workpiece.
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:rifdipal fluid flow chamber so as to place the concentric anodes at different

distances from a microelectronic workpiece under process; and

a controller configured to deliver through each of the concentric
anodes a current that is (a) based upon a current delivered through the concentric
anode to process an earlier-processed microelectronic workpiece and (b) selected to
produce a more uniform processing of the workpiece under process than the

processing of the earlier-processed microelectronic workpiece.

102. The processing container of claim 101 wherein the plurality of
concentric anodes are arranged at increasing distances from the microelectronic
workpiece from an outermost one of the plurality of concentric anodes to an

innermost one of the plurality of concentric anodes.
103. The processing container of claim 102 wherein the principal
fluid flow chamber is defined at an upper portion thereof by an angled wall, the

angled wall supporting one or more of the plurality of concentric anodes.

104. The processing container of claim 101 wherein one or more of

the plurality of concentric anodes is a virtual anode.
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F Z"10%R M () - F%g.%‘/%'g%r&éssmg container of claim 104 wherein the at least one

conductive anode element is formed from an inert material.

107. The processing container of claim 101 and further comprising a
plurality of nozzles disposed to provide a flow of the electrochemical processing
fluid to the principal fluid flow chamber, the plurality of nozzles being arranged and
directed to provide vertical and radial fluid flow components that combine to
generate a substantially uniform normal flow component radially across the at least

one surface of the workpiece.

108. The processing container of claim 10! wherein the principal
fluid flow chamber is defined at an upper portion thereof by an angled wall, the

angled wall supporting one or more of the plurality of concentric anodes.

109. The processing container of claim 101 wherein the principal
fluid flow chamber further comprises an inlet disposed at a lower portion thereof
that is configured to provide a Venturi effect that facilitates recirculation of

processing fluid flow in a lower portion of the principal fluid flow chamber.

110. The processing container of claim 101, further comprising a
current optimization subsystem for selecting the currents delivered through the

concentric anodes by the controller.
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Ff5310% & () -F FF3' {{8% & \d prdeebang t3tatndr) of claim 101 wherein the fluid flow

chamber is adapted to contain an electrolyte solution for electroplating the

microelectronic workpiece.

114. The processing container of claim 113 wherein the current
delivered by the controller to each anode is selected to produce a more uniform
layer of electroplated material on the microelectronic workpiece under process than

was produced on the earlier-processed microelectronic workpiece.

115. A method for electroplating a material on a microelectronic
workpiece comprising:

introducing at least one surface of the microelectronic workpiece into
an electroplating bath;

providing a plurality of anodes in the electroplating bath, the plurality
of anodes being spaced at different distances from the at least one surface of the
microelectronic workpiece that is to be electroplated; and

for each of the plurality of anodes, inducing an electrical current
between the anode and the at least one surface of the microelectronic workpiece, the
induced electrical current being (2) based on an electrical current induced between
the anode and a previously electroplated microelectronic workpiece and (b) selected
to improve on an electroplating result achieved for the previously electroplated

microelectronic workpiece.
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118. The method of claim 115 and further comprising the step of

providing a substantially uniform normal flow of electroplating solution to the at
least one surface of the microelectronic workpiece without an intermediate diffuser
disposed between the plurality of anodes and the at least one surface of the

microelectronic workpiece.

119. The method of claim 115 wherein each induced electrical
current is selected to improve on a level of plating uniformly achieved for the

previously electroplated microelectronic workpiece.

120. The method of claim 115 wherein each induced electrical
current is selected to improve compliance of a plating profile achieved for the

previously electroplated microelectronic workpiece with a target plating profile.

121. The method of step 115, further comprising selecting the

induced electric currents.
122. The method of claim 121, further comprising performing a

sensitivity analysis of the electroplating that is a basis for selecting the induced

electric currents.
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one or more electrical contacts connected to electrically contact the at
least one surface of the microelectronic workpiece;

an electrical power supply connected to the one or more electrical
contacts and to the plurality of electrodes, at least two of the plurality of electrodes
being independently connected to the electrical power supply to facilitate
independent supply of power thereto;

a control system connected to the electrical power supply to control at
least one electrical power parameter respectively associated with each of the
independently connected electrodes, the control system setting the at least one
electrical power parameter for a given one of the independently connected
electrodes based on one or more user input parameters and a plurality of
predetermined sensitivity values, the predetermined sensitivity values corresponding
to process perturbations resulting from perturbations of the electrical power

parameter for the given one of the independently connected electrodes.

124. A reactor as claimed in claim 123 wherein the at least one

electrical parameter is electrical current.
125. A reactor as claimed in claim 123 wherein the sensitivity

values are logically arranged within the control system as one or more Jacobian

matrices.
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127. A reactor as claimed in claim 123 wherein at least two of the
independently connected electrodes are disposed at different effective distances

from the surface of the microelectronic workpiece.

128. A reactor as claimed in claim 123 wherein the independently

connected electrodes are arranged concentrically with respect to one another.

129. A reactor as claimed in claim 123 wherein the independently
connected electrodes are disposed at the same effective distance from the at least

one surface of the microelectronic workpiece.

130. A reactor as claimed in claim 129 wherein the independently

connected electrodes are arranged concentrically with respect to one another.

131. A reactor as claimed in claim 127 wherein the independently

connected electrodes are arranged concentrically with respect to one another.

132. A reactor as claimed in claim 131 wherein the independently
connected electrodes are arranged at increasing distances from the at least one
surface of the microelectronic workpiece from an outermost one of the plurality of

concentric anodes to an innermost one of the independently connected electrodes.

133. A reactor as claimed in claim 123 wherein one or more of the

independently connected electrodes is a virtual electrode.
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136. A processing container as claimed in claim 123 and further
comprising a plurality of nozzles disposed to provide a flow of the electrochemical
processing fluid to the principal fluid flow chamber, the plurality of nozzles being
arranged and directed to provide vertical and radial fluid flow components that
combine to generate a substantially uniform normal flow component radially across

the at least one surface of the workpiece.

137. A reactor for immersion processing at least one surface of a
microelectronic workpiece, the reactor comprising:

a reactor head including a workpiece support;

one or more electrical contacts disposed on the workpiece support and
positioned thereon to make electrical contact with the microelectronic workpiece;

a processing container including a plurality of nozzles angularly
disposed in a sidewall of a principal fluid flow chamber at a level within the
principal fluid flow chamber below a surface of a bath of processing fluid normally
contained therein during immersion processing;

a plurality of individually operable electrical conductors disposed in
the principal fluid flow chamber and positioned for electrical contact with the

processing fluid.
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electrical contact between an electrical power supply and the processing fluad.

139. A reactor as claimed in claim 138 wherein the processing
container is defined at an upper portion thereof by an angled wall, the processing
container further comprising at least one further electrode in fixed positional
alignment with the angled wall to provide electrical contact between an electrical

power supply and the processing fluid.

140. A reactor as claimed in claim 137 and further comprising a
motor connected to rotate the workpiece support and an associated microelectronic
workpiece at least during processing of the at least one surface of the

microelectronic workpiece.

141. A reactor for immersion processing of a microelectronic
workpiece, the reactor comprising:

a processing container having a processing fluid inlet through which a
processing fluid flows into the processing container, the processing container
further having an upper rim forming a weir over which processing fluid flows to exit
from processing container;

at least one helical flow chamber disposed exterior to the processing
container to receive processing fluid exiting from the processing container over the

welr.,

142. A reactor as claimed in claim 141 wherein the helical flow
chamber is disposed about and circumvents exterior sidewalls of the processing

container.
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145. An apparatus for processing a microelectronic workpiece
comprising:

a plurality of workpiece processing stations;

a microelectronic workpiece robotic transfer;

at least one of the plurality of workpiece processing stations including
a reactor having a processing container comprising

a principal fluid flow chamber;

a plurality of nozzles angularly disposed in one or more sidewalls of
the principal fluid flow chamber at a level within the principal fluid flow chamber
below a surface of a bath of processing fluid normally contained therein during

Immersion processing,.

146. An apparatus as claimed in claim 145 wherein the plurality of
nozzles are disposed with respect to one another to provide vertical and radial fluid
flow components that combine to generate a substantially uniform normal flow

component radially across the at least one surface of the workpiece.

147. An apparatus as claimed in claim 145 wherein the plurality of
nozzles are arranged so that the substantially uniform normal flow component is
slightly greater at a radial central portion as referenced to the workpiece thereby

forming a meniscus that assists in preventing air entrapment as the workpiece is
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An apparatus as claimed in claim 148 wherein the processing
container further comprises a plenum disposed between the vented antechamber and

the plurality of nozzles.

150. An apparatus as claimed in claim 148 wherein the vented
antechamber comprises an inlet portion and an outlet portion, the inlet portion

having a smaller cross-section compared to the outlet portion.

151. An apparatus as claimed in claim 147 wherein at least some of
the plurality of nozzles are generally horizontal slots in the one or more sidewalls of

the principal fluid flow chamber.

152. An apparatus as claimed in claim 145 wherein the principal
fluid flow chamber further comprises a Venturi effect inlet.

153.  An apparatus as claimed in claim 151 wherein the Venturi
effect inlet generates a Venturi effect that facilitates recirculation of processing fluid

flow in a lower portion of the principal fluid flow chamber.

154. A processing container for providing a flow of a processing
fluid during immersion processing of at least one surface of a microelectronic
workpiece, the processing container comprising:

a principal fluid flow chamber;
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entrapment as the workpiece is brought into engagement with the surface of the

processing fluid in the processing container.

156. A microelectronic workpiece processing container as claimed
in claim 152 and further comprising an antechamber upstream of the plurality of
nozzles, the antechamber being dimensioned to assist in the removal of gaseous

components entrained in the processing fluid.

157. A microelectronic workpiece processing container as claimed
in claim 156 and farther comprising a plenum disposed between the antechamber

and the plurality of nozzles.
158. A microelectronic workpiece processing container as claimed
in claim 154 wherein the antechamber comprises an inlet and an outlet, the inlet

having a smaller cross-section compared to the outlet.

159. A microelectronic workpiece processing container as claimed

in claim 154 wherein at least some of the plurality of nozzles are generally
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horizontal slots disposed through the one or more sidewalls of the principal fluid

flow chamber.

160. A processing container as claimed in claim 154 wherein the
principal fluid flow chamber comprises one or more contoured sidewalls at an upper
portion thereof to inhibit fluid flow separation as the processing fluid flows toward
an upper portion of the principal fluid flow chamber to contact the surface of the

microelectronic workpiece.

161. A processing container as claimed mn claim 154 wherein the
principal fluid flow chamber is defined at an upper portion thereof by an angled
wall.

162. A microelectronic workpiece processing container as claimed
in claim 154 wherein the principal fluid flow chamber further comprises a Venturi

effect inlet disposed at a lower portion thereof.

163. A microelectronic workpiece processing container as claimed
in claim 162 wherein the Venturi effect inlet is configured to provide a Venturi
effect that facilitates recirculation of processing fluid flow in a lower portion of the

principal fluid flow chamber.
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