 ELECTROCHEM CALLY PROCESSI NG A M CROELECTRONI C WORKPI ECE FI ELD OF THE“ =Ed
| NVENTI ON s The present invention is directed to the field of automatic
process control, and, nore particularly, to the field of controlling a

mat eri al deposition process. BACKGROUND OF THE I NVENTION .' The fabrication
of m croel ectronic conponents froma mcroelectronic to workpiece) such as
a sem conduct or wafer substrate) polyner substrate, etc., involves a
substanti al nunber. of processes. For -purposes of the present application, a
m croel ectroni c workpiece is defined to include a workpiece forned from a
substrate upon which mcroelectronic circuits or conponents, data storage
el enents or |ayers, and/or micro-mechanical elenents are foaned. There are
a nunber of is different processing operations performed on the

m croel ectroni c workpiece to fabricate the mcroel ectronic conponent(s).
Such operations include, for exanple, material deposition, patterning,

doping) chert cal MG}t EpAEBSED REATSPALTON FOR and heat

treatnent. WMateri al i On processi ng I nvol ves depositing or otherw se
20 formng thi ELEW&@HEW@ABLN&R@GESWQwMé@BOELEQT@B oel ectronic

wor kpi ece. Patterning provides s eposition of a thin |ayer and/or
renmoval of selected portions of %@%ﬁgﬁgd | ayers. Doping of the

sem conductor wafer) or simlar mcroel ectronic workpiece, is the process
of adding inpurities known as "dopants" to selected portions of the wafer

;mopqgre3e., . T6T, I f TUNI NG ELECTRODES USED I N A REACTOR FOR G MAR San

to alter the electrical ch teristics of the substrate zs material. Heat
-ty eat ment FHLR (QF THE D EN i ¢ workpi ece involves heating and/or -1
5 The present invention is directed to the field of automatic process

control, and, more particularly, to the field of controlling a material deposition

process.
BACKGROUND OF THE INVENTION *

The fabrication of microelectronic components from a microelectronic

10 workpiece, such as a semiconductor wafer substrate, polymer substrate, etc.,
involves a substantial number of processes. For purposes of the present application,

a microelectronic workpiece is defined to include a workpiece formed from a
substrate upon which microelectronic circuits or components, data storage elements

L]
or layers, and/or micro-mechanical elements are formed. There are a number of

i

15 different processing operations performed on the microelectronic workpiece to
fabricate the microelectronic component(s). Such operations include, for example,
material  deposition, patterning, doping, chemical mechanical polishing,
electropolishing, and heat treatment.

' Material deposition processing involves depositing or otherwise

20 forming thin layers of material on the surface of the microelectronic workpiece.
‘Patterning provides selective deposition of a thin layer and/or removal of selected
portions of these added layers. Doping of the semiconductor wafer, or similar
microelectronic workpiece, is the process of adding impurities known as "dopants”
to selected portions of the wafer to alter the electrical characteristics of the substrate

25 material. Heat treatment of the microelectronic workpiece involves heating and/or
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cooling the workpiece to achieve specific process results. -Chem cal o
nmechani-cal polishing involves the renoval of material through a contli A& 2553
chem cal / mechani.cal process while el ectropolishing involves the renoval of
- material froma workpiece surface using el ectrochem cal reactions: 5

Nuner ous processing devices, known as processing "tools,"” have been

devel oped to i nplenment one or nore of the foregoing processing operations.
These tools take on different configurations depending on the type of

wor kpi ece used in the fabrication process and the process or processes
executed by the tool. One tool configuration) known as the LT-210CT"'
processing tool and available fromto Semitool) Inc., of Kalispell,

Mont ana, includes a plurality of mcroel ectronic workpi ece processing
stations that are serviced by one or nore workpiece transfer robots.

Sever al chooﬂis\lg tHO apksies: & SR spacifit Prbeuss redults] ZCheamivslr mptl@izahol der and
a process ho or container for_inplenenting vvei) pr.o eSSiQ!%F pera‘ti ons.

such wet PRisEEgdnyRjvesthe emaeyakof materialdhrongle 2 coppiner cgemicakeriiniad] eani ng,

el ect 1 ol eelss RROALIIABlisHEhE GhioNes e Rinitbhal 6F fatdrdl HRANEkerRPicwd L the
present invention) It Is the electrochem cal processing stations used in

t he LT- 219WpRe using clecwochsmasabraanyionsSuch el ect rocheni cal- processing stations
perform the foregohngShf at | Q*W b SBLP Yool R jon, etc.,
of t hemm' croel ectroni CC%J\R%&E%%%@ h{k?ccvﬁl _eﬁﬂse}é%%%?gego%sgat tﬁ’g&d

el ect r ochdevetoped po Duplementopneys nere of thefforeghinggredessing operadénsy Theseadapt ed to

i npl ement _ each, of the foregqing..electrochenm cal .procgssgs... ln cor dance
i Th one. 1o0R e pa dierent CtiiaBibeSns toeRing e sBPCHE RBRbses eBL i

processi NgheShkridaBon protRbLAR e PRICKH dtqRodtetd Rkedilél By FHeat6ls SOROMoRI ner t hat
are di sposed, proxi mat e one anot her.

The wor kpi ece hol der apd. process
cont ai ne_rcca’rftguéﬂi@ﬂat@@“’fﬂo aﬁ)r‘f“ﬁgLTﬁéoﬁ{"(':rHBFﬁé‘PSom"& ng I@b?‘[;g@ tfl'ﬂ“ﬂ by the
2s wor i §&Ritd8ll BR!, bl akfontink | ifdluds €4 FIRAINRM GFalmibYorRESSi®g 1 ui d
di sposed in the process container. en the mcroelectroni.c workpiece is
posi t i oneWorkpieqsi RFoRIRIAS statione thab prepieBdeedndl aee OLRYrH MOEIece ISR ner for m
8 Pr 0CesS i NGRRN of H2twEicE pid8ERing SHHoRS Bllizeh woMAEA Holdir fa encl osed.
El ectropl ating and other electrothemcal processes have become so inportant
in the pragoesespbowk orseomtatuan focimplernentiag vt procshsieg pPperations. dluchwet 2 T..
J ~ ~~ Ve 1. Gr r oni yi ce m m.cr-oel e i
wor kpi ece 'roclgsosrm %x%?@ngeﬁgé:lﬁ%p gﬁ‘ﬁ’gﬂé o?’ ttc{é{r’ﬁlgUsgia%lglﬁg’t hég&lf'u%?ér?gti on of
one or 1frodepositiaa, eleatrepalisbimg) éte. o capieetion wikth dlseprestd linveation,sit ivtheof t en

d | i,cal.ly i ) h ‘ i f the i d
circutt. - EREkReRmicl SrOtHER Gy WPRL T H BT ARCT TG e bRl ™ ©
const i t ut Such cdlemtoehémnnl Pratessinge stasiund) pasforme atié Wordgoirpe atkstroplating,

El ectropl at ed tals typically include co r, nickel, .gold l.ati num

‘sol der, niﬂiqggpgqﬁ}sg}ﬂg, é’ggﬁi‘zﬂ%f’ﬁ"op‘?fg&’fzn@‘q?‘gc?ﬁ@jﬁg’rcamoijkp_é&ecyegﬂgg’ei nitial

<X ormati on redogfize@ Qhat! RY Vechdchdrfcdl %rbé@kiﬁgts?ﬁ&ncsé@%kﬁ!lﬁ?én'iﬂ réddfyf orm of a
“very thin |layer of nmetal, whereby the surfaCe of the m croel ectrohic .

vior kpi @& e adapted ruierdementeach ofthe faregaing eaettashemical muecesses. ect r o- conducti vity

permts subsequent ﬁoa&;%ﬁg%gﬁmao{gé %ghﬁégggoﬁg?f Led 'Tﬁqzi to%i Ihge desired

metal by el ectroplating. uent proc such ‘as’ chemcdl Tmechani cal
pl anar i zatelestrochemyicile pusestingo statonsy ncludeant workpiece i lmiderofind fae presesser ned or

metal bl anket; | aYEE L8 BEshstl rOdmElee5hd QRIRL! "o’ GSHbldoBhahdbr &

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 wor‘kpiece ts 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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formation. of the desired nmetallized structure. is Electropollshlng g
netals at the surface of a workpiece involves the renoval of at |ea ﬁ“lonﬁ -~
of the metal using an el ectrochem cal process. The electrochenlcal process
is effectively the reverse of the electroplating reaction and is often
carried out using the same or simlar reactors as el ectropl ating.

Anodi zation typically involves oxidizing a thin-filmlayer at the 20
“surface of the workpiece. For exanple, it nmay be desirable .to selectively
oxi dize certain portions of a netal Layer, such as a Cu |ayer, to
facilitate subsequent renoval of the selected portions in a solution that
etches the oxidized material faster than the non-oxidized material.
Further, anodization may be used to deposit certain materials, such as
perovsklte materials, onto the surface of the workpiece. zs As the size of
various rmisresiecsonicondeyiees r Jiam s Mieracleeiranis  MOBKIREES.cas §OT  exmRle; s o
correspo Iy e net by
he. manur PR S 3fch e o TRE WAk of oo U SRRl Rr B MCZ

descri bedwh&bmm} eTheser metak taesd apy oftew swsed rtusttlea.mcﬂb'r mtsrcmbslyz t he

surface of a giyven nmenoe e chem cal
process n{fEto 5}’“"%0&8} kﬁ?g@g‘{jgﬁ%\lsgkgﬁ{é@% Elhﬁl #ﬁ%g‘&%g fﬁggﬁ@r@?\fs -3 9
MAR 2063 memtlayesherny aaktiptaanizsesbatroaie deeiceondbas e@d!wnueéla@dﬂ, el. chanbers

having either a single el ectrode o | ti Ie electr S
si ngl e-el ectrode r %gec‘&oBJﬁ%@‘rﬂ rWP'SWEV der?ﬁp%vi nl%gg gowgfaﬁ“un’i formity
achi eved &lder! hickélLifRE . (Eléc&fhpldﬂmghé@éhefml@lbﬂccﬁcd lbglmmalif-‘oemam ofa

“nodi ficati ons to the hardvvare confiqurati.on_of. s ;tﬂrt]e reac cha For
exanpl e, #P€riaysren die mirgog meﬁaw‘@fr}érq‘ﬁéﬂ?n th VET 9 Y6hPhg or

reorienti Rxgtai %ﬁé@%@%ﬁiﬁmé Jﬁh&ﬂﬁﬁ&&l@&ﬁml@%&pﬁéé i &n&&ﬁ@éﬁbmﬂw he

el ectrode from the workpi ece, may nod M aspects of a fluid flow within
t he relct fendustiearbEhis |CF¢0HNCQWJ!°§VHI) Pempisoubsagnent| fecragtionnffadblankel obchi eved
by the pr a %?P&% r nore
el ect rodegsgtgt"?]zmalﬁa elj& B%\g“tsegﬁr{e& a %%%u%ﬁiénﬁﬁ %i"b u&ﬁ I"ect rsé \égaflg

connect edag cheanc:ﬂlme:ﬂmmcail piqmamatmm ppyybetused tqrepoive elswahbd gogiomsofal power

used to e ecute e el ec 0 bly, at
| east so oPAtERIEd T p ng’é‘ﬂgﬁ &9%&%@@“&)%&?&&% 9@@?}1?&? nodes so
t hat the ﬁmhbneﬁthemmdméﬁuizﬂedtrﬁaukhem by the power is. suppl y may be
provi ded mdependerﬁ1 of the .el %ﬁtl’l oweraqprow ded to at (gr el ectrodes

t

in thetarray. El ect¥6HEPQ IFIH% Bistrfage; oh2 yorkniece RS Wil it ate

l'ocal i zed yGaBt Uf af lehdteson®d @ptﬂsé ﬁ@étalpﬁ@ahem&wmdnm ptoeeds! oghemi cal |y
process the m croel ectroni ¢ warkpi ece. This | ocalized control, of the

el ect ri callesupeEhatiet Progess %Cfff'é“t’]%l&dhft wVpEe of the Jeraplating fPacieRiadd of t he

el ect rochephgal cd?ﬁ&i:s*ﬁﬁisﬁ@ {RE bRRSorl SHRIlRUEAGS af Elebisplifigy, 0€l ectroni c
wor kpi ece when corrpare to single el ectrode systens w thout necessitating

.- hardware . changes.Appigation typially ninkplves onidizing rthléaflhfbéﬁ)’&ﬁﬂteﬁhﬁ for each

Can bor SHERER U RGERE | P LI E iy AOREIE B0 SDEORRR oL 0T T 1Y

el ectric alcertaimpemqnswcﬁ latmngd laytrcsurh ipa Ca lgyercto fmd:htatersmbeequmtaegbvaé n

and_error LS I o Tn A amRliBh A B s b B by ot B, LS
can be vempntoxbdiesah hatenial. Ferm&eranoﬂimnai aniy |haahsqdalt<ar®pens cgrtainot easily
translate to other el ectroci(E roce ses er g gi ven set of

el ectri cal ?55?%1?!@?5#@58‘%’855 ?%Hrgacﬁo ®t hi ckness X onto

the supface of a m gk ogkesiké BT Qarmus_iilucmelécti'omﬁc Tirciitd md*c&n}#&fchﬁl ece
cannot easjly be used.to derive the electrical paraneters used t

el ect r opl feafeasesethere iva Lormspopdingsdegreasy jn ther mmf@rityn@s@ @qae%qsrth%tm
par amet er%ﬁﬁ%ﬂrﬁabg'tﬁ&ﬁ.a@pmﬂ S4oFS 1h BOrufdelifh bith ifisven netal

(e.g., co are genera not- sul t or use in Iectrop?au ng anot her
met al (e gﬁ)scrmedthem@clem ¢mical processes must uniformly process the surface of a

given microelectronic workpiece. Further, the electrochemical process must meet

30 workpiece-to-workpiece uniformity requirements.
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5 deficiencies in this trial and error approach are associ at ed mnth Gfé
types of el ectrochem cal processes (i.e., anodization, electropollshvn fma
etc.). Also) this manual trial and error approach often nmust be repeated in
several comon circunstances, such as when the thickness or |evel of
uniformty of the seed | ayer changes, when the target plating thickness or
profile changes, or when the plating to rate changes. In view of the
foregoing, a systemfor electrochenically processing a mcroelectronic

wor kpi.ece that can be used to automatically identify electrical paraneters
.that cause a nultiple electrode array to achieve a high level of uniformty
for a wide range of electrochem cal processing variables (e.g., seed |ayer

t5 thicknesses) seed | ayer types, electroplating materials, etc.) would

have significant utility. SUVWARY , In the followng, a facility for
automatical I'y i denthléstrochemicel processes pmyaine tenductedain maotinmehanbﬂrgh | evel

of uniformty in electr enl c essing a m croel ec

vor kpi ece g st f sneteniaudrean wUpTe AReRiss; Whifedt SRefifaRes ,
aCanlTDda'&&cﬂlaﬂi Itcnuﬁbal lte%é@qhgmvg@ thlﬁrlefe@SﬁﬁBrmﬁ}ea&hWedg@Sﬂ@ Ngroedasl

conditions; plating materials and so i 0 ece nsi ons,

mat er i al s OTER VO, EIi“t""i“Bﬂén H-qrFRS %{woam\'@sﬁ g@%ﬁgﬂ@ﬁg

coatings @k fcAGHOMEHARIIRE € ForCEmipld, Qﬂ:lebh;torkl%ﬁt}%f rbls@srmg &ipevim@Bywith pi cal |y
result in substantial auytomation of el ectrochen cal processin even

where a | AFRASIONIABCAT rsoricnding 4he é@cquedﬂﬁfw&nma.wnba 8ﬁ§=eaf@tll}£r ent. Such
‘aut omat | ORIAASAL Bt AR Gl ;éc@ 619 ﬁ‘?‘f‘@ £elts O & 8uld adw @RHn'h hequired to
.oversee a proce33|am% opera I on, s Increase output quality and

t hr oughputreactidai chambar fity attemptsofo trhwofnadhd levgl emifotimityh achiewediby e and
i nprove ttba?%rpcess of designing new el ectroplating reactors. _5_ In one
exenpl ary *e di ment, the facility sel.ects and refines electrical
par anetiers for pr ociasarmltpple -piectraiel ma:tttmmhamhar kwo @c enom @ecMGM| ng :
chanber. The facilit |t| s .t he eletrlca mstersm
coor danciPeRl it paln, dirs of e sl bt SmrBrBanf st BlesPRAPEher o
exper i rrentsabplglaﬁaat pro\gddsv e éll’eﬁﬁbﬂpﬁdi\&érl Agedt twcﬂmalﬂa@redm&sshdﬂgcﬂhanber
After a workpiece is roc:l?rf l&!th t he |n|#at$ araneter confi uratlon
the resul (REOSSUNELRLANNS- rigfesably 8 lqast same F ieieCHQ<RsAT EﬁBﬂ“@é‘-
mat hemat i GffferdRf@bctfital dBedeG8SRE BRcERATRMer povitk@do thent 8y Bhd

paraneters that correct for any deficiencies asured In tk OCGSSI ng of
the fingt sHePlrpmagce piwidedpiadenendent sofathe elersrical uogver mrpvxdefééglm@era to
second wordfpieQe. inihk Ghayey be simlarly neasured, and the results used to
further refi&ne t lél par a%r‘g?er s. In anot her exenplary enbodi nent, the
facility utilizes aElketede amaysyhavirig asplerality d elacttades. fac'ﬁlimtes baealizedvi t y

ot or ot ol o A€ B BE° pbuBid SRR L DRty SRRGR' e

-2 /depositi omumetlmﬁomcswoﬂ@mel dhidlovalized eaatioladf théelebtrical parameterstan

szpar anet er., For .exa t he depositio nber, mgy have depositiqgn

i nitiatBr g Vgl 19 ngpﬁ%a%a mmasep r?chgpclp&}laﬂatre%s'aswa%aer. cal
current | ejgfase Oif ﬁiehﬁﬁcxﬁ@l@&t{rcﬁhc Wrﬁﬁi%&eer\ﬁwn-rt’@mﬁiﬁ%@ ol Eﬁlgieuéﬁcﬁ'&&t ains a
nunber of quantitative entries, each of V\:hl ch predicts, for a_given change

in the conbEimsp3ntheut aecessitatiogahardwayer |gh WE& gilosyeves péetermiging #a i at or |
the expect gektiBaafarhdlerd S0P SIchest tH@TeEHr esli 'tﬁé<8ﬁ‘§5§ t¢hctiedd HE e dx?agle The

contents of this data structure nay use et’erm ne revi se p05| tion
initiator ParessevRiformityr cat beoprebiematicr ndypieplsi thed elestrinal paramgteknesses

to at 855996 eP'eflctridal EfHfent SRRSEL, SR ) TBE £hivAL eleliSdt NG 550 %en 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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I n anot her exenplary enbodi nent, the facility utilizes a material z§ paR 2003
deposition process data structure, which contains a set of paraneter val ues
used in a materi al deposition process. These paraneters have been generated
by adjusting an earlier-used set of paraneters to resolve differences

bet ween neasurenents of a workpi ece deposited using the earlier-used set of
paraneters in a target deposition profile specified for the deposition
process. The contents of this data structure may -6 9" MAR 2003 be used - to
deposit an additional workpiece in great confornmance with the specified
deposition profile. In another exenplary enbodi nent, the facility controls
an el ectroplating process having nultiple steps, which is perfornmed in an
el ectropl ating 5 chanber having a nunber of el ectrodes. For each el ectrode,
the facility determ nes the net plating charge delivered through the

el ect r odeWaEkMerg eammot sasibi dei wgdcircdenye the lectrice]  pasamoterskpsedc & This s
acconpl i bl Ba@ Wk Abk D idth A ISER ARS HEkiaRloErihhoaN kR €l ectrode
e ares a pla

in each step the process. acility t’hen conp Ing profile
achi eved thectpoplate mgdasired film shickneskKi dfaegiven metahfegyet coppst) arg generpilyof i le. In

such conmpar,) son facili id i fi devi ati gn Lwean the.achi eved
pl ati ng prﬁéﬂf ?‘&éﬂ bzla‘%]gtg t ﬁlggtlgr é%ft?ﬂ?é}inlgnaﬁ °3‘r“"6f Hegaa é%hé’ @gmurﬁﬁt y %‘@fm‘ nes new
net pl &t i deficmigem this tddcimdebrort appteache hrecissocited rith athdrigpesiefiti f i ed

devi ations, in the. d i ece.. F h of .th t plati
char ges, | EIERPSNEI PP (IR GEoEia e RIoPGH SR GCErar JRea0FIS 1 he

steps of uh@uilr 6eRSs0d @Adr UPFoath CoftlinS iivisb Weefbpasied tin BéVerdd! édriién Char ges
‘o determipe a current, for each el ectrode for each step_of the process. A

‘second pl S¥EFyBstagres.csugh s whep thisthicknasscardgvel of pingformity o thenseeddavepi ece

usi ng t he cRipe® N Rerdfik A43LNAGIAL i GRER & I?Sfifeoaﬁn fo?%@nstﬁéagﬁaﬁh anot her

exenpl ary enbodi nent, thé& facility evaluates a dedign for an ectropl ating
react ot® THechanges.ity first applies a mathematical nodel embodying 20 the
reactor design to jnd L] e [ ): a first
resulting plating g? g}?l‘rg?ﬂ{fhwg}éﬁgiagi %lt(E ggt%gg%aglgéﬁot%%m&?yg?}%égu =f‘ng

pl ati ng pratioclscwenia werkpisce ghait ¢angbpruséd te autonudsically) iderftify stleatiiidal er ence.
Thefacil'gnyégﬁ l.J AR f i gue .0 | dent i f t of

revi sed e:pec ro g @gt?rcglgst%sg %ﬁ@igpﬁ}/ﬁcgédet %%Qﬂa@hg?r%l Yécgl ﬂ}r%dgﬁ"gk g’?t he set

of revi seangbeuity fte wide rape of elsctlethemidah progessingondiaBlas (eg | kdedrigyep! at i ng

profi l e facility .conpares the second resulti ing.prafile to the
Par get T ek, pief 508 Ghriarlk ol hatalh e bl herecuBifisanc ¢ he
desi gn bassitityon t he obtai ned second difference. In another exenplary
enbodi ment, the facility is enbodied in an apparatus for selecting

par anet eﬁdﬁmﬁg in controlling operation of a deposition 30 chanber to
deposi t n a* selected wafer in a way.that optim zes conformty

-wWith a specified deposition pattern. The apparatus includes a

..:ireasur ement r ecei vi nig theblloneny, ta Sicilitg cfor \antomdtizally | ilentifpigg nelectricatnent s:

o ST e ok SN e g

waf er af t anicroeleetrofiic workpieRois ideRsibed s EBodilicRRB IS BRI e ¥BbRid 0and
pre-deposition tEI cknesses  of the, already-depositedwafer before material is

deposi t ed 8GfPTEmadats rvapiousrgleciachemigal, Procepsepc Feartqr |dgsigns apd canditiens;sel ecti on
subsyst emplltig Metefifks Sarldh@MRBRE WhAGpTck Qia&mpnﬁ&rﬁw%at@aﬁhh@ on the

sel ected waf ey based on the specified deposition pattern, t

~ pre- deposi®ffdhe pafrgpkeenditiom ofexistiag coaingsair the, workpiepe.e Adeprdinigly, on

t hi ckness L = L r . depositing
mator Al o Cha e e G DS Bkl RRUAEOR oF IR E i liod .
t hi ckn@%s @soesssingecvenr wherp -a lasgs numbierwef saridblesamodififerend xdimphsions sebodi ment
the facili e : | Gt c | a. .pl ural bt f

el ect rodesﬁr ys'l?ﬁ{é %ﬁﬁ%ﬁgb@a;ﬁﬁsmg %griéign?o g%dé{l(%:% ]RIH ¢ ?toﬁééit‘ﬁis%r’%?qrsed of a
pl ural i ty réquiredrtocoversee acrosessing loperton,fasedelf as increae toutpmt gualitgeandf i st he
plurality tr e.cu Lve of,. the current. specification
set eachr étgoggigﬁltq' aﬁno ?lﬁﬁg’a?%oé\fr%P tf?:éﬁl? eér??‘ oy & %an%fnea i SHRYUTShed
current sisesess ebddsigning jewrdeitfaplatingmesCtater to inprove results produced by
el ectroplating in accordancewith the distinguished current specification
set. For each electrode, the facilityd®ivers the current |evel specified
for the electrode by the current specification set20to the electrode in
order to electroplate the selected surface.ln another exenplary enbodi nent,
the facility automatical |l yconfigures paraneters usable to control operation
of a reaction chanber toelectropolish a selected wafer in a way that

optimzes conformty with a specifiedelectropolishing pattern. The facility

o C oN—- .



t he al ready-polished wafer) paraneters used for polishing the PP
al ready-pol i shed wafer, and the post-polishing thicknesses of the 0 MAR 2003
al ready- pol i shed wafer. I n another exenplary enbodinent, the facility

el ectroplates a mcroel ectronic workpiece. The facility receives data
representing a profile of a s seed |ayer that has been applied to the
wor kpi ece, such as froma netrology station. The facility identifies
deficiencies in the seed | ayer based upon the profile of the seed |ayer
represented by the received data, and determ nes a set of control

paranmeters for plating the workpiece in a manner that conpensates for the

i dentified deficiencies in the seed |layer. The facility comruni cates this.
determ ned set of to control paranmeters to a plating tool for use in

pl ati ng the workpiece. In another exenplary enbodinent, the facility is
embodi ed i n a proc&ssingg exemplaih embiodiment.e dhe datititi csalelcss pnécefiveng a

| |

Tl or % T LA PRLKRERCRy ol0GRRE SoRRrD el WRAMpid A S BRocsdtld, T P
chanber, daamhchemmffamhﬁ:mmmycccmﬁgd&s the ]glecmcdi gmetélrasmt accotdanpd aﬁe t he
n ntr t Er nces rom.,.a roel ectroni.c. wor | ece
oot R EAE, n Marhicaat G Hoad] AR Grocet s HAmeE o GRBCMAUT 4 | o § ot

i's confsi gﬂdfrﬁﬁidt ﬁoﬂebpeming fmﬁ@taethale@ﬁdtes‘sing RRarfBYIC € M fidr Ca ARGHPIRcA i€ Ur r ent
that is both E‘Lﬂq upon a.current dellvery through the concentric anode

to procesBrogf cﬁP’é‘ébE%’éHCWF &Pm%t%mecﬂmtwee@easam meha se| ect ed
to z, 70 PIRANRY. rﬁatfmlbﬁsddruﬂoﬁrﬂ?& RlaffeRfafitdl Indtel Bf‘ﬁze%&i‘e@k:ﬁﬁ%hﬂﬂﬁ’&rss process
“:then the processSing of the earlier-processed nicroel ectronic workpiece. In
anot her eledpioaseject mewdparemetery that tampati foy aeyebﬁmpclas aecasyred fatthe i al on a
m croel ec [ a t rface of
the mecr og{ sﬁ|§m cthgofgit%or{ ﬁcgnt g.hégr? M%‘%’%g‘w?& %ﬂi{“ﬁg&ﬁ}é& lity zs
- provi tes se;opdl swoskpitoe, whwhnn@ebe similatle neasned, @nd e regulhanhsled to fimther at

di fferent % t&nces f{ﬁomthe surface of the mcroel ectronic workpiece that
is to he & ECtTo For each of the anodes, the facility induces an

el ectrical current Ihemogen ek&ﬁp}aﬁoéﬁb@didxeﬁthahéwdilat?eumfze& hesefibigikide| ectroni c
wor kpi ece.  The i nduced el ﬁ.gtrl cal .current a) based on an electrical

current | FIHCEARBSTREWFE-+ (BC SFRSHVity matry d&tqoﬁtawtgasrﬁlyteéﬁe& HRFiHPR

m cr oel ecanaﬂu@ fopidéposhiry Matbriabhn SCWBAGpRLEe! OTheddepoBiti¥hhdfBer hagsove on an
el ect ropl at%‘ngcroip‘h” t achieved for the previously eI ect ropl at ed

mi cr oefeclP SPosiben | inttipters @psoRiatede yatkp eagty nﬂb’& nn@, COHOLf aci | ity
performs fameidedrt Fét by I t &@ﬁ,! sis for
sel ecti ngg?he [ rﬁduce an%g%tty?gépsogingpggﬁﬁgé%é V% de CRI PT1 ﬁﬁ(éd%@

DRAW NGS~ rey glestiogsso vdnse wﬁg%mmtﬁgme@@mahgmmpuﬂ@cbﬁnqr otheput s of
the opti 2 r ranched
T0cor T ect onel RrdkErs”, TH: B AGE0% SAUREES MilebH AT IING Cles

. : each of which predxcts for a given change in the control parameter assoc1ated with
)

20 a given deposition initiator, the expected change in deposited material thickness at a
given radius. The contents of this data structure may be used to determine revised
deposition initiator parameters for better conforming deposited material thicknesses
to a target profile for deposited material thicknesses.

In another exemplary embodiment, the facility utilizes a material

25 deposition process data structure, which contains a set of parameter values used in a
material deposition process. These parameters have 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 in a target deposition
profile specified for the deposition process. The contents of this data structure may



Fi gure schematic bl ock diagram of an el ectrochem cal processing systgpmn 2003 .
constructedance with one enbodi nent of the optimzer. Figure 4 is a WL
flowmchart illustrating one manner in which the optim zer of Figure 3 can
use a predetermnm ned set of sensitivity values to generate a nore 15
accurate electrical paraneter set for use in neeting targeted physi cal
.characteristics in the processing of a mcoelectronic Figure 5 is a graph
of a sanpl e Jacobian sensitivity matrix for a nmultiple-electrode reaction
chanber. Figure 6 is a spreadsheet diagram show ng the new current outputs
20cal cul ated fromthe inputs for the first optimzation run. Figure 7 is a
spreadsheet di agram showi ng the new current outputs calculated fromthe
inputs for the second optim zation tun. Figure 8 is a schematic di agram of
one enbodi nent of a process container that may be used_in the reactor
assenbl y behwsedhta derosty anadditionsl werkpigoein gsatgenformgses withdhe arecifigd vel ocity
fl ow profy . pated with the flow of the processing fluid through the
react or (ﬂ?hﬁ%%ﬁﬁé%eﬁr es 9 and 10 illustrate one enbodi nent of a conplete
processi ng chanberInasamitidry exemplanpy einbodiment, i nhe ofavdityi contielsh anhe present
invention, -10, .. 9 MAR 2003 Fiqures 11 12 are Cross- i | views of
conput er -SRsFoplating P%Fﬁﬁ?%%&?@ﬁ)’@&ﬁéu‘%g‘b s Qﬁﬁé’"ﬁ?‘g S ?lﬁéé%pg% er

enbodi ﬂEthaﬁEeﬂMgeﬁ n&nmrflahcusﬁ%rm cach elﬁﬁh'ddfi:a'tﬂel facitityadeterminasdi f i eg
version of the processing.chanber of Fiqure an , EFi gures 15 and 16
i 11 ust r attBe PGPl aﬁ%"n?@“’&’fquﬁﬁ’&lgg g?en%ecttf?gla g‘“?ﬂ%la]foﬁﬁtypﬁf’%rt%?yﬁgcr Rt e one or
nore progame! Nirstt wbilpige! Mhhis & QcEsnglished bedsmitling Phe afleting) chagar dance
with the teachings of the present invention. DETAI LEDJBES PTION A

faci | ity dedivergdt hcthe| glectrode dn gagh stap PEMhe, prrgesst e dihei 1RAMILY &helar anet er s

for pr ocec}gﬁoﬂé?ﬁgan@g ﬁgﬁ#o?ﬁé 5&:’?&\@\9981&%?9& ﬁféf%rk@&fcle% 5‘%51"%%; Pl Scl osed.

In many e e optimzer determnes process paraneters affecting
t he prigceprofiteg lofsugh comparisnor fifecilityaidentiffes deviatonsdsetyeenchis sichigvadesul t s at

vari ous radii | : i : | mzer adjusts
‘the el ect@g{aﬁeg_ @&ﬂ%’%}d\éﬁqé gnril éeg%?rmu F&B@%F@%&gﬁgﬁgﬁ%&%gﬁ@ |H %r anber,
such as meHatgesifer dfshalentrode seledtediv retheseltbe sdeofified devPatiomg dam theosecopk ovi ded by
Sem t ool ,

| nc. of .kalispell,, Mntana,,in order t hi.ev . | fied
S okmos swiiiecke HEF eadt OF piest ARy pldhe Fhiis, e HHiG EsfinlBE ML °F 1 o
aOI met al o?cv@haepga@@dmg@m?ﬁm stepk 6fxhe peess; andlusdsahe distributedivsy o]pti m zer
adj usts el ectrode current Oor successi ye rkpi eces.to conpen e for
change¥ i petrpating,shaggescte %FC‘FW@ gé:ggexpta{}/)é,e\a{\@\« éF?prdgoﬁ’F ﬁééhfnﬁb_“\?g]ig?(pi ece (a
source of pfeed, fA5ahd pﬁﬁﬂ% efélé ma2 Mkne doBd&Ed RGlatk Al sebGHA W&kﬁi‘éééﬂ ties
produced in prior wafers a he ahode currents used to plate them (a source

of feedbabsing therquetents determitied fopgach eleetrogs fortachrstaps abl e to qui ckly achi eve

a high level of unigf %Q?hgymhpnﬁé}? f@'ﬁ’?’ﬁie'ﬁ]@‘"d‘ﬁ%?%}ﬁ‘?d“maﬁgrﬂk@és@?‘%’Wi t hout

substantial manual "I nterven aci ypically opetates an

... el ect r opl an elegtregiatingreactont Hiefaciityfirst appliepaimathematichl raodel kmbbdying and a

el GEIAER, 5500l BRI bkl AR e
posi ti oneglatiag ipodfile At THeefasility bempared deefiref rdsiieingiplating| profileaioi tanget kpi ece in
contact Wt ing prStie o Shisin & fisk ditetemee Tfe bacil' chén bppiiel's Skhsiny ' U Y -

B 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 resuiting 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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9 MAR 2003 flow chanber. at |east during el ectrochem cal processing ?ygeﬂxﬁ
m cr oel ectroni ¢ workpi ece. One or nore electrical contacts are confi

to contact the at |east one surface of the m croel ectronic workpiece, and
an electrical power supply is connected to the one or nore el ectrical
contacts and to the plurality of electrodes. s At-least two of the
plurality of electrodes are independently connected to the electrical power
supply to facilitate independent supply of power thereto. The appar at us

al so includes a control systemthat is connected to the electrical power
supply to control at |east one electrical power paraneter respectively
associ ated with each of the independently connected el ectrodes. The control
system sets the at to | east one el ectrical power paraneter for a given one
of the independently connected el ectrodes based on one or nore user input
par anet ervithy #d speqified Hepesjties ngftermet kel apRRrafssnelpdes v mepsIBEMERtherei n t he
sensitivi 0 fowif S from
pertur batrF%erll‘éﬂ% ffs&rnf g@%}r fbge ves memrmpar a I%éeh;sa?%)df RQhe pg?—géeﬁ}]dsfg%g of the

i ndependdhmkgteswn@fethc es@leetedovafedgsforesmmnale»sadepbstedamt ﬂwugafet,rwsbr esent

i nvention r.i;bed in.the,cont f, e och 1.ng of the
i or ol oclePRRET fitiEFet 3f on plrcRBL kol FaFEHSHRELRTS BESIEIINIZ. o
other syphs akaéadmdepeﬁtcaaﬁdfm afid p@rdepbﬁﬁ@n hickneses ofithe hheafyidypbsltddhe

t eachi ngs hégfg can be, ex Fngto ot h croel ectr nlcmé%i i ece
processi NGy DeferRsmaterel 1 °1°‘l %@ﬁa‘ﬂ’ ARAF S ﬁ‘}‘ﬁﬁé "Hgsz"o el ement s
that are gR&RQRSsdlction SdRY&h tﬁﬁrmtseﬁfé ﬁdmnétbﬂt toNBY Qised ke Idepaandent
.--effect s on a physical characteristic of the_m croelectronic workpiece that

i)s pr ocesBUErtsOTh e recqderrater dasedmth,speeifigd daposition BIIRNSE IYi ty tabl es
or matri chpodifion BickRsid TahEisdeats WisS, &Q%Jdep&ﬁi&#m%meass ¥f tHle one or

nore input paraneters sets to arrive at control parameter val ues that
accur af e| alreedy-deposited rypler2 Parametpss aged, farsdepasiting anaseriad rans thecalisady-he

m croel ec [ am show ng
Mput o aroPEantda WEFe! Bhf B posl- ltlofbn oicheble G BR HRARTR e S8ET 207 20
uses up to three shummbercrﬁcempkaqt embxahmhntnéled‘amherrﬁlsctfopﬁa,temmdbw&dange 120,

d thi h t
foed to pratae B8z uiRynlof SRaR " ThedhiRRLortind & sPofey PERBERE, Wi cn
pI at i ng t#ntckmpssedrdsmbhlmlny of kmmmlcﬂébr eadhespf:mﬁsd forl® particular one of?rr~", 9 3

63 f t he basel
currorlPs TSR Re et LT BT o o R PP ES Y 8 ce ot her
than t he fqptesaatzsmodﬁixrauaxaﬂ Ftluﬁentt lé%ls B8 distiguehid lcﬁﬂ'eiﬂyﬂﬁcirflﬂﬁﬂuﬁﬁlgg ed to
change is

pl ate the wafer be manua deternjned, s The
the diff e§fé»n@ed%sé gﬁqrﬁ@ IFRTQVR ﬁesyits @roduged by glectraplating)in aq¢ardafetoni ng
vaf er | 21waRdnt hgsib] ﬁh&?%ﬁn&ﬁ %@&ﬁ%&ﬁﬁi ée@ye{)m%cﬁ NedifoBY g.'hfs; ed waf er

122. . The seed chan I nput Is sald source of or war d

wicontrol i felives tbptcmrztelcvehsnemﬂ@d fartthe elegtrqslertytthe ci!mnir&pamﬁeﬂtmalﬁom the

ubcomi g g it S inrad o cleck LTS scl e TRABI T (he MBTST L0 Pe

plated int Wass error 130 is the
di fference in thi cI{meanothat weempldty embodiment, plthé efhcvl&perauto'ﬁ&uaﬁl@ t he

t arget th'c ess rof|Ie 131, specified for the ypcom cycle. The
t hi ckness Braf@tqbr%ulﬁa}i’lﬁ % cang(gu Pega%?n ﬁb?féﬁt%ggﬁﬁ 8"9’ cause it
i ncor por ablestmpmh@]ﬁ ateleafedi WAt Bha @Ay | thaopBldids MOnfor&ite. wiﬁ‘l’ﬂ ﬁts tdified he

t hi ckness ,of the wafer plate n {,he previous plat.ing H%g |s Figure L
further sHEGEORONSRING Ratishy. i r{ﬂheefacﬂm Jatedvascreriokishing tb epses oEahe or each

el ect r:sdesdlébtémﬁaféiaﬁ@mé\ﬂze@Eﬁ&&&ﬂra@éﬁé BolisBXD" RS Bility aEHI?eJEPJEHESﬁU”' ts. The
new pl atlgglis har es output, is conbined with a recipe sch a current

wavef or m wee of a8 drpadypolished ovater, thenplcadywpolishedewnfesi®d t hr ough
each el ecbm&aﬁed atTlee.amlmgﬂm}mérnrécH‘%esf ?Fﬁ:‘-]ﬂﬁlsﬁﬁg%}ékﬁ%ﬁég‘ﬁg%@%@ [rents are

20 used by the platln process to rint ng cycl e.

I n enbodi Aelhed waleybefprethe faéfF@Ch’tPQ@Sb% wafer powelished.p il heeﬁcm selessl, ot her
types of ﬁﬁ%ﬁﬁﬁet&@&@%ﬁﬁf the QEI@ctg@ Qfaff]‘?tbggad% &Qgp&%éd;%&ﬁﬁm&% 3 1N

operating the power supply. For exa power
suppl y3% sthsguerpolisting Hyiekngssep af M&P@dg@fm theepiepplising dpcknesscenf ar e

vol't ages, expressed in volts. The wafer 25 so plated is then subjected to
post-plating metrology to neasure its-$lated thickness | 32.




While the optimzer is shown as receiving inputs and produci ng out®yssR atisy
various points in the processing of these values, it will be understood by
those in the art that the optim zer may be varlously defined to include or
excl ude 30 aspects of such processing. For exanple, while Figure 1 shows

t he generation of -13- - seed change from baseline wafer seed thickness
and seed | ayer thickness outside the optlnlzer( it is contenpl ated that
such generation may .alternatively be perfornmed*within the optim zer. Figure
2 1is a process schematic di agram showi ng a branched s correction system
utilized by sone enbodi mnents of the optim zer. The branched adj ust nent
systemutilizes two independentl|y-engageabl e correction adjustnents, a

f eedback adj ustnent (230, 240, 272) due to thickness errors and a feed
forward adjustnent (220, 240, 271 ) due to incom ng seed |ayer thickness
vari ati ont evﬂéqadmehdwddwa&ur pupmstery gskdc Eorapolisbingp thieh hireadyrfabishid y, t he

f eedback f b |
currents YR RN fod BolaR GRARE G AHIhd Ml SRRRATRALT 7! onrmy be

di sengaged in sit udniarotheshexempliny sodbddineper thﬂarfaalﬂutsondeta:@lmﬁt a®xpect ed
to arf ectyfdhakRfitTe WAL “Yne fdfliey SATRIE dafl %:%{'es el b R4Sy OF @

simlar I's correc for, rar I'on_nmay be

di sengageskedniajyet tieat hay bmtappliial toetke h@rlq:mmb; «udhtag fmh n&ﬁ@u@?tsmionwaf er in
15 the ba

chemati c,bl oc a a chem cal
pr ocessi ngﬁgﬂ‘? é%’ﬁé‘ﬁ‘d’fﬁ&‘ﬂ“‘f‘?ﬁ inths,sg TNB “éﬂ% r‘??ﬂ@ﬁ’ t he
_optim zer seedi ByEe répredtnivd By rtﬁ@q&&ﬁveasaﬁabhﬂd zﬁtefrﬁmeel £ Gef %‘fhﬁmr@ﬁ' l'y
“‘processing a mcroel ectronic workpiece 25. such as a sem conduct or waf er,

" that can Puapstess for plaging e werkpiges In Dmannes thit campensatey &rtthe identibiedsr a) | y
stated, agefdiRsHs"Rthe Qked n@ef e %k Fhci %Mmgﬁeé RS ddRPm ﬁeﬂ%@ﬂ:gS head 30

and a corresponding reactor base or co tai ner 'shown genera
react of0 beemrad pammetdsetaa plating tentifor upe msﬂaimglthc workpiepat ai ning a flow of an

el ectrochem cal prqge or of Fi 3_can be used
to i nplenent a var ?Igt%l%g&g eﬁ(g a‘(ggnegfﬁ ??‘I‘é“ %o %mzlﬂ?ﬁ lccip% g?‘flf)%g"s*hch as 25
el ef:t ropl ptacags(;jngactc&ﬁmerrfof elsbirdb@cmﬂﬂaliﬁl Ipic&btsmg a ﬁh&ocleéﬁoﬂdﬁ Worlgsiede0

i mpl ement wi de vari et mat.er.i posi tion.techni s. For

pur poses gﬁ © R°BHME S eHl"é‘éﬁ‘f‘él%ﬂn“ﬁE e@‘f’g 18 W qhambek ¢ i/t '%?émbdi ment

set }‘ ort heh:ieatﬁim inithd pﬁﬁc:ﬁﬂ_sl_iﬁndbm chrﬁH&ﬁLﬁ niélhﬁértﬁtdr?haenma ahb&s(?@@;grt g];)
an elegtr atiing progcess. e reactar the reactor_ assenbly

can in8 ug Pgs °§o 2 t4t F%ﬁzﬁ the SERnsFRTIE e ﬁwff&%ﬁt éflﬁtmcﬁ? Teuetpl y (not
shown) . ThsicioeleBtrormic wofkpicd? uMbEF ptOEk3s. a?ﬁ@ﬁi*%é’ssi?i@%oﬁﬁnﬁ?ﬁfrﬁ%‘hﬁ%&? receive

and carry an assom ated mcroel ectroni c workpi eCe 25, position the

mi cr oel ec@rteliciotrpiseealigured tprdstiverstheiugh eddwef dre eoncantrioranatlesnt n r eact or
t d 30
80 i nol CaenaBat it BSl0lF biscl updR iy AEIER) BESuen HE cpEARER udfie ] 00, COF

el ectropl 42 mgcepbwar earbet-n@cwcd amem@fect:mmc nwarkpiece cindo (b)c s&lmtdnb itece. In

the il d t t act
se:dI I gd;Z:PEor ot elgﬁr)&gi)"c u%‘p bl%%es% ?f;tm qugc con% ﬁrrog?sé‘d&ﬁﬁo ﬁgcpl gti ng

surface processing of the earlier-processed mlcroelectromc workpiece.

In another exemplary embodiment, the facility electroplates the
material 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
eleciroplated. For each of the anodes, the facility induces an eléctrical 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.



m croel ectronic workpiece 25. It will be recognized, however, that éIWAR anad
contacts 85 can engage either the front side or the backside of the

wor kpi ece dependi ng upon to the 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
whi ch are expressly incorporated herein in their entirety by reference. is
The reactor head 30 can be carried by a li R'rotate apparatus that rotates
the reactor head 30 froman upwardly-facing orientation in which it can
receive the mcroel ectronic workpiece to a downwardly facing orientation in
which the plating surface of the m crogl ectronic workpigece can contact the
el ect ropl atlfn%ovgo?rhtapo%lcf%’prk’é%t E?P‘ﬁbﬁg“’%%% o, they Pravigsafise %aé?d;t us can
bring the w@iuﬂeleeﬁ-@meﬁmaq,iéoe_to contact with the electroplating solution

ei ther coplanar or at a gjiven angle. A robotic system_ which can include an
end effector, is typghadinbersxempiormnmdimendha fcuity oedemey a srasitivity

i cr oel ect AR Gs W KPI A&foBRAl ddtds NP RkiSlor Lotk ! nPGnARRAMHCARD ( hat

ot her reactor “assenbly configufations may be use th the 1 nventive -
aspect s Sof cvhentgli scl osed reactor chanber, the foregoing being nerely zs
illustrative: The reactor base 35 can include an outer overfl ow contai ner
37 and an iBRIGFIESCRIPOESNI OB THEHRAMANGIO. A flow of electroplating fluid
flows into the processing container 39 through-an inlet 42 (arrow n. The
- electroplating flui 1@53@5@%@%@%8%@%@% shprwing dpYSAWUMHS cont ai ner
~.39 and overdrlygWsiighivgi 1 44 at 3o the top of processing container 39 (arrow
~. The fluid overflowng the weir 44 -15  then passes through an overflow
contai ner 37 and exifisueh2 iseacporessosehpmatig isgramusheringee (kpnhod O). The
fluid exjti : i zecl.Lcul ati on system
cheni ca red%?rg%@&sﬁ%&#ﬁ%@?%ﬁ%ﬁ%@%%@ﬁéﬁg?feg’ﬁe ﬁgt{u@f&efrhe reactor 20 al so

i ncl udes an el ect r oddgum 3tih echsmatie bkick diagrazm nf a1l ¢elettr@Bemisakpracessing t he

el ectrochem I i -l ing fluid) as it
flows thr O%ﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁ%ﬁﬁﬁ%&ﬂﬂ% gvﬁg%gﬁ%%gﬁdn@ﬁﬁp%fgﬂﬁ#@% 2&3, the reactor 20
i ncl udes an el ect r odéigaredcinialflowsbar #istrafing drmeanmeninewhisl theruptiodgder whi ch a
plurality of,fluid flow apertures 54 extend...The fluid flaow apertures 54
Dol ot i 1 RSB g e EPEsPORR! sl opir ety s Peb e R 5% oo
that thesflguu@le diccuedatphraplenbdt M sk theafing fagzctodrfigsiealdhiarateriarb ect roni c
wor kpi ece 25 is less |localized and_has a, desired radial distribution. The

el ectrode agdhoprogessing of a gicrpelechirmic Warkpieset r ode array 56 that can conprise
a plurality of individuals & 838 oRnPPRNbRE RisikibRy hagex meraer 52,
The el ectrode array 56 can have several configurations, 1ncluding those in
whi ch el ect mybiple-elparade sppsierichami¥rf f erent is di stances fromthe

m cr oel ectroni ¢ wor kgj T ,Q.gagﬂe' i8ral) ' j k lb@Ruishat is

. utilized in a given ?iéaggetegrm (Q:S’R epeﬁoul‘l'l‘lo_n t %gﬁ%% %%e a%d shape of
23t he i croel ealtwand fromuh& pipetsdorbe firsh optmizaionsey at ed enbodi nent, the

‘m croel ectroni c workpiece,25. i ' : Qgge SSHH GRAGNE t

Accordi ngly, the pr egéﬁfci?ﬁggr? l(')er%s egtt%ﬁ oungmt het E}'t%he |%‘§ﬁ/ﬂ}£\%&§fw

el ect rodes Gdculatyd fend the impdtsasr the sedond sphizdiiéd ement di aneters and t hat
they may be arranged_concentrically.in.alignpent with,. f

m croel ectronic V\Drkgf%lé% 282 F&'C'W%P?%b : c°§g‘?ﬂ°z%’a‘?%}6‘§‘§v‘gf€tp?‘fﬁ‘§ grid
arrays or otheasinel wethade: esed ay theqaddtgusseimboyn shavayindfigare 3¢ amhipklogiesd wi t hout
departing fromthe scope  of the prgesent invention.. On ui t,abl e '

confi guridt i Bﬁn‘l)"f“;[’faﬁ@n_r‘gf:@'teo?dﬁg e Rrefiley assoristrd ?i’r"?‘aé‘%go'f"so%iﬂ%ecl osed in
25 USSN 09/ 8Qkefiftfs, fifill HRGuIMRRS feadidr ciRibkr.( At torney Docket No.
129195. 8119US), whil e another suitable configuration is disclosed,in USSN
09/ 804, 697, filed MaFeguras? aphif) illusEats ope ¢ Rispt afa complos PEACSERY . bot h
of which ar epligrehye.l Suddl if e BN i) BR DB inARRERT 20

el ectropl ates at Igelsgsn{is%gﬁgﬂéﬁﬁace (1)]§ 30emnﬁclr ole ec rrosn?tcl wor kpi ece 25, the
plating surface of the workpiece 25 functions as -16

B
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9 MAR 2003 a cathode in the electrochem cal reaction and the electrgdﬁAP i
array 56 functions as an anode. To this end, the plating surface of VAU
wor kpi ece 25 is connected to a negative potential term nal of a power
supply 60 through contacts 85 and the individual electrodes 58 of the

el ectrode array 56 are connected to positive potential termnals s of the
supply 60. In the illustrated enbodi nent, each of the individual electrodes
58 is connected to a discrete termnal of the supply 60 so that ‘the supply
60 may individually set and/or alter one or nore electrical paraneters,
such as the current flow, associated with each of the individual electrodes
58. As such, each of the individual electrodes 58 of Figure 3 is an

i ndi vidually control}abl e El eﬁt rode. It will be recognized, however, that
one or nore of the i ndHvr ddAR 2t EoRESewngk views of|CeBpristacaarted 56 may
be connect extldoiy dlovossmpunrd RS hrakss g ch@hbdr BRbRANRR: SRS ?an% | such
i nstances, the power_su FI% 60 will alter the one or nofe electrical
paraneters of the coﬁﬁ%’g 3 ettt dliustrate e mrodified  #8sionmduthe gnodeysings opposed
to indivi dmbhﬁerdf@%@@@ gfdfgctively making is the commonly connected
el ectrodes 58 a single, individually controllable electrode. As such,
i ndi vi du'al |y cont r ol T'g¥ree l eard t Husmte twp trebgbimerits af prpcetismeiods thel ect r odes
that are copfemt&dolal i ' 3 0 Ly.60 as well as
physical ly di Lo _glégigfor? gigf’té‘g*"{“%%ingrﬁeﬁé%mﬂ%%n%E%‘%ﬁ‘ﬁ%&%‘%‘&“o?%"’%{"é’l ngl e
di screte t & FATARICce rithiborepchingspifpheq@eseThisveitiont r ode array 56 preferably
conprises at least two zo individually controll able el ectrodes. The
..electrode DEPAITD DESCRIETIDWEr supply 60 facilitate | ocalized control of
- the electrical paraneters used to electrochem cally process the
" microel ectroni c wor Kpi &c8itys forTigptpmagicallyt zsetectiont andl  wfininige ecentl i cal
par amet g S pamihdag: d apck:; Lf.orm f o4 el ectrpchem cal
processi ng a(:'rosss'ltj%g antggessﬁi? ageﬁ%‘%@ﬁ%&ﬁl{ccré%%%réﬁg Y urrrf%zp?r c& when
conpar ed t sisglospdiglla ey embertiments,t e optinfizart detramiiey , proese patanietess t he
el ectrical rnescy ge‘ﬁ%l} inthe arr 56 to
~achieve t hgeg_gsi"r egbgorcg%ii:ness ur??]?%{r”?‘lﬂ??cggénﬁglg'%g?r?%fglll}lcfs.s{?’?ﬁ suﬁ%ﬂ m zer,
however, sivepPusradd cantie sydskpieet | bl someaethiboditments, tthe ogtitésepriadiabts die of t he

el ectrical I at i.th, each of .the individually 3

control | ablcgagﬁ é@é%ﬁ%ggﬁ§?ﬁn%? Fiégﬁlf%qc.c THeplafing %?“?ﬂ?”rd‘@glé Fﬁp‘ﬁgg’?ea

pl uralitsy ahodd TeactionMARaRO8d siottei Pirazény 9@l proside€i by Semesplehsept al |y or

t hrough nungeri cg i mul at.ion, and subsequently uses the sensitivity val ues
to adj ust [?ﬁaéw%‘f Lc’?f’?‘&'% lﬂa‘?rg?f’e?oe?‘i“eé?s%é?% HemespR by (ieneflat,

i ndi vi dual legnesntéombbakie cflaaehfid esch a-Ethn&ﬂrb'?idtﬂc\‘icBHdu\é_iﬁlr, litd &Y, be pl aced

in atable or.may be in_the_form,of a Jacobian matrix. This's table/matrix

hol ds i nf orSTEYGOBREYr P’ég‘:ﬂ}onghﬁgp'ﬁ"@ﬁﬁ? GBSt Pertafetaireatiafog cvcqessiee |
thi ckness aforkpigcs3! 8 L@t tbr! dhfdesah tﬁ@?tlhagﬁsspg{ fHeSseRf l{iﬂ? o\fqﬁé([)' ece 25

..due to electrical paraneter perturbations ectrical’ curren
s“ghanges30 t dneassing sforkpiece (adbwice whifded fooverd cbitaid), andbre 6t cardes for Hons

““{abl e/ mat rix.d o | t rom.,a basel i ne workpi ece plus,data from
separ at e rulfrf%fovﬁ\nnftaﬁg gyope(r:f%r é}%?g% f%) ag]t eomi?aﬁf%ﬂt%m% tglpg%tfﬁ%%ﬁa par anet er
to each of spheeiofifiedbabkalohtyolyofit thidl Wah lthe: eptietizar ddisble Thauitkly iabhigesa t ypical |y
executes in. trol .system 65 that is connected.to the power supply 60 in
order to 53:Il %géguorfﬁlghtﬁxwgf llﬁletge PHIg ‘fﬁP‘%ﬂtFﬂa“ 3‘&9(@?%‘?“’% H’é'ge@r?\ﬂl‘\gﬂ?“t stem 65

can take a mamkkieredntibor ms, including general - or speci al - purpose conputer
systens,_either integr eg into the manufacturi n%ﬁt oot js containing the
reacti off chanber or egb‘%éf" PP PREARRMLFISToRiatng chaypber con@lingsa a | apt op

or other porindlpbflGiaTK Santtiés 20fn pllteliG Urleletlrodey HPBBRIBY thEprincipal
comuni catiyely Connected to the power Supply 60 may out’put ‘current

.0
val ues t hat2¥§ 9%, qhampenm ksl elecropiaingcehamber wypigdlye Authepsogtaingfer e t he

- control sysy&pieSe holder positioned to hold at least one surface of the microelectronic

workpiece in contact with an electrochemical processing fluid in the principal fluid

©o«l1-



connected to the power supply by a network, other conputer systens an(csiEwe nmp=:
simlar 20 devices nmay intervene between the control systemand the p %ﬂ? :
supply. In many enbodi nents, the control system contains such conponents as
one or nore processors, a primary nenory for storing progranms and data, a
persistent menory for persistently storing prograns and data, input/output
devi ces, and a conputerreadabl e nediumdrive, such as a CO-ROM drive or a
DVD drive, 2s Once the values for the sensitivity table/matrix have been
determ ned, the values nmay be stored in and used by control system65 to
control one or nore of the electrical parameters that power supply 60 uses
in connection with each of the individually control |l able el ectrodes 58.

Fi 4
bt of mat oS At SRR g SRR RRGEs o LRl oRRGRR e, Y Y
current) fomwalgneceof Ohdrer imock Mbduedllc)bnﬁaﬁfaf@bdrfﬂgh&deﬂomhtaﬂdﬂﬁ a‘i&:atsthat -18

9 MAR 2003 .may be used.to nee rocess tar p rarre t ar get

t hi ckness of°n¥ ﬁglgfc&?t(rjgﬁltﬁ’tcéo& qcp'? S ARRIAEE §g§ﬁ'§ wéf @‘&RP%Y t he
optim zer utcbhﬂemﬂ th \tige vt 6r méreletuwiqaaemiﬁ wl magmmmb of BRcreds) ti Vit y
table/mat_rl toc cuI él t.he regg ectrléals araneters. In step 70,
the opti rfi z ¢ plpeafity, pL @ eﬁﬁ"‘%ﬁc‘f’é ipdepepdeofly  cRmmnscied &y BE kKnown,

predet ermi n%ﬂ:cﬁ‘&hl 9éwa4 Qpply fAkaclidta TRdPesdent Qhip pwngower ahdr@s! TmNcan be
performed by su a_ mcroel ectronic workpiece 25 to an

t
el ectropl at |aﬁbﬁ5i“16§ g’§|§ qi‘ﬂ“‘%ﬂﬁlacwﬂfrﬁbs)@tﬁm tyat lsp‘FWF‘H@%I 1q treleqined peHe
i ndi vi dual | Xuﬁﬁ’?tté Qbﬁ@@|QQEﬁgbﬁ€)gﬁ§&éﬁ ?&ér' ﬁ%?ﬁn&&r ﬂ:fs?é’cﬁqak%’sgﬂcm m

_,nagnltude for gi ven period tinme.toln step er the test run is
conplete, t h‘étbcﬁssh A ti!ermdﬁeem;a@scqmem@slp@mdes; hBhfa@;ctr@pl syistesssety the at

t hi cknesf of e a

first sel'i-a Og%ﬁ;@;ﬁﬁgﬁ%@p@@%ﬁ%ﬁ%ﬁ %& oﬁ&%ﬂ‘i@ [rﬁgb%gg?%c%?%%% may be

subj ect ed t slechpddenbassd nem e eore mige uysngnmltnmmbbgyasdaa inburzliyodfici ng a

set of para t u a { Snunber of
oi nts on ¢ REHsEpel B0l pikn A%l AR LARROL, Alu2Colrbol ¥

t hephysi cal Mmsmrhaﬂbnmsmmg ﬁ'emtl:xes:urbamﬂsmfemaflrtﬂnsal lpedrgr pnr:ﬁn?pr 72 f

against a s ers n ustrated enbodi ment o

t he met hod, %ﬁﬂggg %5%86 éﬁ’ﬁgf’aﬂ%ﬁ%@%@gﬂ%ﬁt@r% ixé)fkr'esponds to the target

physi cal 1schar act er | s tHot sexafnplel) ealthoughe kiexC presetit Cinvatiopi BCdesciibdd & ehd 0 be

ultimately achi eve th rqcess (i.e. t he. t hi ckness of. the

el ectropl at &QUETY fﬁi Qf\:igxioggqr@ca t ﬁ@chgF’éePf &ﬁ?s@@éﬁ'elm@&cf’v@ﬂ@é‘ﬁ%%n ei t her

be uniform Qmmngbﬁe@mréam@soqie d:ndBd & OBEEEPELHT \icAsYIddBloRikOwdRpiese var yover

the surface. For .exanp cﬁﬁf%ﬁ in the |Ilustrat ed enbodi nent, the th| ckness of

anel ect r opl FFEESHBY- nin tthedeachinge heprinen baextendadde othsr micraglekfanice 25 can
be usedas t t r e ti essly
specify t he%&%%g%sﬁrﬁél%%b%?g gghgt a&%r{l%‘ﬁs 1@533@1%@%%1;%& e@gﬁpg:]e center
.0f the wir kslesessis tiay AiedicsPaasive do contrdlepartmetsisead, th@trhamhmterdmmhce
gyst ens rel qlg I zer
‘uses the fi rste&gn%ﬁ)se?g#géaze?m%?mhpl@m\ﬁ?;@ gen@ﬁréegec?rto il &% 1?':\[][5&% &B{ ;n
process err @roogsded assing ﬁlestletpe:ﬁﬁl Such sypteingi may smqbkm mnmry\embled ect r| cal
paranmeter s based Q ul.atigns incl udi the s R 2003
process errgéavaﬁsuaé chfﬁ’[‘ﬁée%ﬁ“ﬁé‘é e e i @gﬂgﬁqusv‘f’%of‘%ﬁr @%f%“ﬁ( I'n
step 83. ongardnezernews eb anivel falonpelr pamhetr eattes halficurabsly rédaR iGphd m zer

di rects power 60 to use .the derived electrical parameters in

pr ocesm# WP?‘?'F @Bt‘ysﬁi Flﬁ?é?céﬂspbﬁf@c\%?rﬁﬁe%‘euc YRERICFn step 404, the
optim zer measures piBigiredl is Ghbass Sehefati€ diagfanp shd¥ing SffurVBidR In a
manner sim | r to ste . In step 406, the optim zer conpares t

char act er i st & edguge éﬁb?}"%@af the ontimizer{ 4Qpses 4p g thredsauess ef i stics

to gener at e jgnfet baQ,f:ler:r @&’é‘e?@s 1 %ed/%h&iﬁé 12‘6h%na%1c%esk HrP1130. The
characteristics my be the sane set of target characteristics as used in

step 74, or DRESHNBEUECRH Il 8rash thesaodp fcuranty esed aplats e ingeviess. walar step 408,
if the egyor ned
ange. hen EE R R o R el S RS il . PREHR P
corqtinues in 80. In step 80, the optlm er derives a new el ectrlcal
parameter set. In step 410, the optim zer uses the newest electrical

par, ‘ameter derived in step 80 in processing subsequent m croel ectronic
wor'kpi eces. I n sone enbodi nents (ndt shown), the processed mcroel ectronic
wor kpi eces, and/or their neasured is characteristics are exam ned, either
manual |y or automatically, in order to further troubl eshoot the process.
Wth reference again to Figure 3, the first and second set of input
pararret ers my be prow ded to the control system 65 by a user |nt erface 64

oy ~ o~ ——y T



Cnpnm

zo screen, a voice recognition system and/or other input devices. BhEAR i3
netrics tool 86 may be an autonated tool that is used to neasure the

physi cal characteristics of tire test workpiece after the test run, such as
a netrol ogy station. Wen both a user interface 64 and a netrics tool 86
are enpl oyed, the user interface 64 may be used to input the target

physi cal characteristics that are to be achieved by the process z5 while
metrics tool 86 nmay be used to directly conmuni cate the neasured physical
characteristics of the test workpiece to the control system65. In the
absence of a netrics tool that can conmunicate with control system 65, the
nmeasur ed physical characteristics of the test workpiece can be provided to
control  sys{gmpdRe lilr00helR CotUNEikpleBlS a6 Refife clireddy ubRIMRY pldlerheat a
storage nedia, such as a floppy diSk. [t 30 wil| be recognized that the

f or egoi ng aWéf%ﬁF%/tY@w&Hblsﬁ%‘—ﬂgﬁd B2 sewre othgr thapghe optinizer. 2HOBSXMMINI cat i ons
devi ces and gggﬂy' i i provi de
the first aﬁ%??%%fg%%%egtﬁﬁg?oyfﬁput p%‘rggrtrg %ﬁgﬁ%éo&g%ﬁ??%@gyﬁgﬁl%gy I n order
to predict é¢iemgeed.n thi ckness as a function of change in current, the
optim zeg generates gl aebiiafees 8P |st thY idiferlitle telweeA e ¥AERI:E bnmhi ch 5
the sensitivity matrix generated by the optim zer 1 s based upon a

mat hermat i casceddapir offthe soming wafsn 12hanbéhe thickniesscofsthie dedrk layoy, off e
addi ti onal i.men h % h nsktiVihy . MRkl e he

opti m ser | RENROS L ek TAFY Mo skt GBERF plout 130 TRUA kS bERSOURE 010

act ual r eacfeedfominadrbenrol Ththedptimizandial that it imcoiperassriaformetidnyabwat thie x

“.k.ncl udes a basel.i ne, f.il m thi ckness ofile and A, t rtur bation
nrves s anaamund kb Sl o€ BaERGhE ricaSuiRon s VR L S BERR I BBL oy
0.05 ams tapciting phating tyclaMitdeknedharctadCGOlN the differencatih tiickreds fravdenal
derivatives, representin h hange i n thickness Ln.qicrons over, the
change in c herng ‘f‘o‘i‘sri;]%tﬁﬁ%ﬁ#‘?ﬁﬁgﬁd _W@F%ﬁpﬁsg e‘]lglgg?cﬁe térgﬁ mx n
mat ri x wher gndBmihp ?laﬂﬂg‘@fﬁle.o‘ihé MiknedsenRA Y30 istsQid 1B®enBaRE offecibatkal

| ocation data points in the nodeled t5 data and n, the nunb?r of .col ums,

i s equal tocemELbaeaese ibincamomies wformation Sgm & carligrplating gvcle, HBati%| ye of m
is relativehy hRkG8s gﬂhgq)afg wPiniepe iRl P8Rle, TeSh chosen for the
e Co

nmodel of the chanber. T onents of the matTi"x are cal cul ated by taking
the quotisent of the digurel duther showshatiche gptimizer qusputs aoy plafing skaiz®8node and
the current j QER- Is ' 1S ot p flfer ent
change in Zégg%‘gg%ég}lt ed%ﬁq%fﬁgm?@h%ﬂdﬁltﬁgsé%%Egjﬂ’gé\%%gécae g? f eedback
contr olh, ]E henitpt The ne;v plasing cltHaEges !au@puhés@miﬁ?]etdh@llth@smcmeémuly apil &t eddm}‘ er
at each of a numnber r i.tiqns t radi a
posi tions nﬁf}"%rm)ﬁ%‘fc(%%]gl gg? Ztgtgeglglfaﬁcoﬁ}%t ﬁ‘g%lnifd?% ! %oﬁ?%%ggec ggl?ggcgondi ng to
the rows of tlirbegln@ichiclecrode avaychoointih ehenetipt echethele wdhesetriaer quardinta lare2 5

positions corr onding.to the rows,of the.matrix. A wi.de range of nunbers
~.of radia® p6‘§‘?qei% ng‘enag‘l??e PERCERS. ?OAglag‘ﬁ@ Raielr BF Pt RIf oSy 1:‘on&1 used
“iincreases,  felifbo@iidnls Hewhish ekt Sybdd dfagoveer @ﬁ%ﬂmramgseunbmr typs/off npr oves.

However, as the nunber of radial positions .used i ncfeases, the anmpunt of

tinme requir 89T DREHRTIFE 2 genpmated by thy PRiisiper 0B URk His ORSLHES: thF SANFY, s,

and/or to 0@61?15’1&.6 Eioh%x%%licm»ﬁ@fe awol&@egswxag&emm%;ﬂ i€ QEHdS teadbntrBLT ease.
Accordingly, t'he Smal |l est nunber of radial .71 R 2003 positjons that

produce acc @pramsies genapied by therapsimizariaje valiages. Gxpressp b xelts. | therwafgse t he
nunmber ragj _ j T Kjep (4 for
200mM a(rjlzc? 4%?’&&&?%?}1@%3%?%1‘%@82 Rgdt lﬁé\/ﬁ%?grogxgg }erﬁe?érugg%saﬁfr%{&?gl& added to
better the 332iesta unifornmty for all the points (i.e., to better the

diameter scan). s A SpEglihe FRATA URRbwh U ecllPRg bR ufioslodaady for the
outputs at various points in the processing of these values, it will be understood by
those in the art that the optimizer may be variously defined to include or exclude

30 -aspects of such processing. For example, while Figure { shows the generation of
-13-



metrol ogy station, which will neasure the appropriate points on the maMgQ
correspondi ng mrth the radi al positions necessary for the optim zer
operation. The optim zer can further be understood with reference to a
speci fic enbodi ment in which the el ectrochem cal process is electroplating,
the thickness of, to the electroplated filmis the target physical
paraneter, and the current provided to each of the individually controlled
~electrodes 58 is the electrical paraneter that is to be controlled to
achieve the target filmthickness. In accordance with this specific
enbodi ment, a Jacobian sensitivity matrix is first derived from
experimental or nunerically sinulated data. Figure 5is a graph of a sanple

Jacobi an sen3|t Vit trix for tipl ctr reacti.on, chanber.

I'n particul 3¢ %é’ hﬁmal ff e&hngi‘” &éeeéiﬁ &l‘ﬁﬂ"eéﬁ ‘@Esc‘ﬁ?eotﬁF ated film
t hi ckness pepsmhan@;as Icﬁnﬁmpra&lﬂtmﬁﬂﬁ%@&n@atfdﬂrkﬁﬁy Qﬁerﬁimfeadb@bcrﬂﬁﬁfea' on on

. the m croel et@&tﬁl C vvor iece 25 for each of a nunmber of individually

control | ed &f DRz uch as anodes Al -A4 shown in Figure 3. A first
basel i ne wor kpi ece i Blge}eeczt PRl piResst 9fhethalE e&tg;ﬁﬁ]msﬁ@,deegr sdn@kd 20 tine

T3
3243
LHE)

by deli ver| ng a g%edet er okmset of current val ues_to el ectrodes in the
nul ti pl e° antHEH §¥56‘?m u WRfegl Qﬁmﬁﬁéﬂfé}&ﬁﬁmﬁéﬂelgﬁb@mhﬁ@ed film
is then rrea@ﬁﬁﬂeﬁ%yﬁefnum&bm&hdéﬂéﬁdénﬁweﬁ{;ag@mb EbRE:BA a fskpi ece.

These dat a POI nts are then used as basel i ne neasurenents that are conpar ed

to the dat al®8eRpGK Aetnstrent N@%@AQ&PM@&@&W@M rEowrandes ford fopard
per t ur bat ecadjiduén8020,940, #119laublo iGmER a8 BhARIGEETARGE! ghed i o

. perturbation’in the current provid power to ano with
-the currenthe Pk CRIEFRS nmgceam)ae@pm e Lifprisy dthat eedbatk lapprmeahe

predet engn ”ﬁﬁ’en‘éﬂﬁééﬁﬁem'-th@ﬁm%%ox‘nﬁnﬁn Rk ‘BEseﬁ% dE%?en‘?@fﬂﬂoaﬁbﬁ Fﬁﬁ%ﬁsﬁwﬁpc' at ed

wth a perturbation in current provi power supply to anode A2
with the cuTh%fﬁedtfngﬂﬁé co@namumnamdme@smgaadcﬁnmam Waerel tizet seedhei r 30

accoc at ed 9 RAEE-Y R Rheasd MR B ioRol Sy SRERRF e oy

power suppl theddst wafanofie sﬂ&lamﬁatchtlheoﬁw’wcbfﬁr the fedforesm dconfignsnionles Al - A2
and A4 hel d_at

eir t predeterm es ast | e 96 is a
o o "t hamak bt bafeeed A e cBRPiAes YRy o6 ARPB . rash el YAE K o 1 on
provi deds bythp®uehr. supply 60 to anode AA vvrth the current to the remaining
anodes Al - A3 held Et therr const ant predeterm ned val ues, The data for

the Jacobi an par amet Elg¥reshirbematieibloekahiagraa °§6‘hﬁ'&?‘é‘th€r%li‘-‘r‘1bP‘1°ﬁ"é31P5I | owi ng

equati ons: N%sterd edrdtided il aceAfhnet moﬂcEem@aﬂﬁédt% (lﬁ't)pn%ﬁ%r ks A =T,
(AM r, , t~, ~AM~~ Equation (A2 SAM AV ~ - quat i on(A3)
shows' a reactor assembly 20 for electroc exmcally processing a mmroelectromc

waorkpiece 23. such as a semiconductor wafer, that can be used in connection with

20 the present invention. Generally stated, an embodiment of the reactor assembly 20

inciudes a reactor head 30 and a corresponding reactor base or container shown

generally at 35. The reactor base 35 can be a bowl and cup assembly for containing

a flow of an electrochemical processing solution. The reactor 20 of Figure 3 can be

used to implement a variety of electrochemical processing operations such as

25  clectroplating. electropolishing, anodization, etc., as well as to implement a wide

variety of other marerial deposition techniques. For purposes of the following

discussion, aspects of the specific embodiment set forth herein will be described,
without limitation, in the context of an electroplating process.

The reactor head 30 of the reactor assembly 20 can include a

30 stationary assembly (not shown) and a rotor assembly (not shown). The roter
-14-




isDAM OE, - E 0000.9M, O._. E~_. OO I IDAM Equation élﬁﬁQ o :
where: t represents thickness [ mcrons] AMrepresents current TAR 2003 :
(amp-m nutes); E represents pertubation (anp-mnutes]; i is an integer
corresponding to a radial position on the workpiece; .~3_ j is an

i nteger representing a particular anode; mis an integer corresponding to

the total nunber of radial positions on the workpiece; and ra is an integer
representing the total nunber of individually s controll able anodes. The
Jacobi an sensitivity matrix, set forth bel ow as Equation (A5), is an index

of the Jacobi an val ues conputed using Equations (Al )-(A4). The Jacobi an

matri x may be generated either using a sinmulation of the operation of the
deposi ti on chanber based upon a nat hemati cal nodel of the deposition

chanber, to or using experinental data derived fromthe plating of one or

mor e test By SENSEIMGELGB] o rSHER AdNBRYCIPECaedR RIceldBoNEl | as its
use to sinu g%‘gp%%?%ngﬁgé&?%q model ed depositi osﬁ ctﬁanbero,.e I s di scussed
in detail iworspiaepbepositon thmgproclectrani¢ Fyrikpipes M aRprosgrsrede devwp- and
three- di meps Il ' gy oRhdbiRg frae advanced
L1LSI et al P;&%ngatml%gn,' 5{31&?%&%53 eeEtgl%cathPc}?\?g@, ?ﬁgp\?{g?%rre l?fg I ssue 5, pp.
797-807 ( Maxeagoobyad Hyedn aléd includernne or more contacts 85 (shown schematically)

o o0 L M PR A 01
In the illustrated embodiment, the contacts 85 are configured to contact a seed layer
or other conductive material that is to be plated on the plating surface
microelectronic workpiece 25. It will be recognized, however, that the contacts 85
can engage either the front side or the backside of the workpiece depending upon

10 the 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 in their
entirety by reference.

15 The reactor head 30 can be carried by a lift/rotate apparatus that
rotates the reactor head 30 from an upwardly-facing orientation in which it can
receive the microelectronic workpiece to a downwardly facing orientation in which
the plating surface of the microelectronic workpiece can contact the electroplating
solution in reactor base 35. The lift/rotate apparatus can bring the wortkpiece 25

20 into contact with the electroplating solution either coplanar or at a given angle. A

~ robotic system., which can include an end effector, is typically employed for
léading/unloading the microelectronic workpiece 25 on the head 30. It will be
recognized that other reactor assembly configurations may be used with the
inventive aspects of the disclosed reactor chamber, ﬂlc_foregoing being merely

25 illustrative.

The reactor base 35 can include an outer overflow container 37 and
an interior processing comtainer 39. A flow of electroplating fluid flows into the
processing container 39 through an inlet 42 (arrow 7). The electroplating fluid
flows through the interior of the processing container 39 and overflows a weir 44 at

30 the top of processing container 39 (arrow F). The fluid overflowing the weir 44
- -15- |



"0.192982 i0.148448 J = (0. 066126 (U. 037112 Q0.029689 0.071570 0.0 8£MRib%“
0.087475 0.0576S4 0.04s7zs 0.030913 0.039650 0.076612 0.09072S 0-073924
0.017811 0.d22264 0.047073 Equation (AS) 0.092z39 0.138040 The values in
the Jacobian matrix are al so presented as highlighted 20 data points in the
graph of Figure 5. These values correspond to the radial positions on the
surface of a sem conductor wafer that are typically chosen for neasurenent.
Once the values for the Jacobian sensitivity matrix have been derived, they
may be stored in control system 65 for further use. 24 9 MAR 2003 Table 1
bel ow sets forth exenplary data corresponding to a test run in which a
200m wafer is plated with copper in a multiple anode systemusing a .
nomnally 2000 ~ thick initial copper seed-layer. ldentical currents of
1.12 Anps (for 3 mnutes) were provided to all four anodes A 1 - A4. The
resulting thickness 5 art five radial |ocations was theg%?ﬁﬁsured and is

recorded i MePHRAses AWiouSlt 81 GHFITISY cpaksinsr 17 anth gxits thefrarion At ¢ he

vaf er is 9qffieiusi Mrod 43, POFHR! AGRINERAHA: RO -oulie! 4 tmdyhibe kdiegtedies & t hen
provi ded and are set forth in colunmm 3 of Table 1. I'n this exanple, because
a fiat coatr¢airguiaonigssiensghemisa! replejshmen pyskave slisposal sYsiemBHe at each radi al
position. The thick S r$q ( : r etyegn the.piqated ~o
filmand the target t§i (r:%%{eogs%meégecpt glﬁgégalgféu gtéa_e-c(}fgan ar etpprgvi_ ded in the
| ast colsumeonthinfalfl ®© contaThibe elecabahainitabprotéssing flusd (eeg. s e slegirepleféngd by t he

0Pt 1 M 20 38 B RU1SE AL ERHIRRI S BlecrbBllfent of FRLA 1 fMeABEET PI 21 o0

wth 1.12 each "an
R VI eTaadi 2DasdndmirapetiErtrode lasseathtyoF0rhadikg e dadth inckibes§riteoagis Whith (ari cr ons) s(

DL IR RIS b e ion

disbursing the electroplating fluid flow entering inlet42 so that the flow of

10 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 amray 56 that can comprise a plurality of individual electrodes 58
supported by the base member 52. The electrode array 56 can have several
configurations, inchiding those in which clectrodes are disposed at different

15 distances from the microelectronic workpiece.  The particular physical
configuration that is utilized in a given reactor can depend on the particular type
and shape of the microelectronic workpiece 25. In the illustrated embodiment, the
microelectronic workpiece 25 is a disk-shaped semiconductor wafer. Accordingly,
the present inventors have found that the individual electrodes 58 may be formed as

20 rings of different diameters and that they may be arranged concentrically in
alignment with the center of microelectronic workpiece 25. 1t will be recognized,
however, that grid arrays or other electrode amay configurations may also be
employed withour departing from the scope of the present invention. Omne suitable
configuration of the reactor base 35 and electrode array 56 is disclosed in

25 USSN 09/804,696, filed March 12, 2001 (Attorney Docket No. 29195.8119U8),
while another suitable configuration is disclosed in USSN 09/804,697, filed
March 12, 2001 (Attorney Docket No. 29195.8120U8), both of which are hereby

mcorporated by reference.

When the reactor20 electroplates at least one surface of

30 microelectronic workpiece 25, the plating surface of the workpiece 25 functions as

-16-
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The Jacobi an sensitivity matrix may then be used along with the Th@cﬁgﬁsgum
error values to provide a revised set of anode current val ues that IHJQ
yield better filmuniformty. The equations sumrari zing this approach are
set forth beloww 5 ~M=J "~ (for a square systemin which the Equation (B
I ) . . nunber of - neasured radial positions corresponds to the nunber of
individually controlled anodes in the system); and 10 ~M~J ~~ s T r~r (for
a non-square systemin which Equation (B2) the nunber of neasured radi al
positions is different than the nunber of individually controlled anodes in

the system). "aegén nld "e,n"ed dd e d eyecied is fir, =r, -r; -(r, -t;
)+r° Equation (B3) |In Equation (B3), t, '~" is the target thickness
required to obtain a wafer of desired profile while considering the total
current adjustnent, r,"a is the old overall thickness, t;""" " ais the

t hi ckness of the . new seed |layer, r:.a" "" is the zo thi f.the old
seed | ayer, agh oge athe eﬁl“'gocﬁﬁ%nqahfeggthoélsaéld5%%%115%085%%ggg?‘%? PI\?/seaSt%' t he

rof 1100 gt o o BT B ot s Lhe. L ar oot i Ckness.
while the qf ?‘?P‘i“’clfe’fmm@'\' OFF poweg é@@%éﬂt@@é‘é&ﬁ%‘ﬁs %gcﬂ‘i‘gtqkiél &@W%}us waf er |

and the quaglekirydet 58 of the eledirode array 56 &8ROARRRH o PEEEHOpteHAl fer@malshe
t hi ckness of .the seed | ayer of the zs incomng wafer -- to disabl e feedback

control, 5t h&f 11 sturplyeft i tki@e&ﬂu@w@f%bﬁdbgm cachyvpgd Sl 3ndiyigaeli on B3 ) ;
to disable tReElRE%RIE AR to bhEis@eeORANAMARE itleY shiplPEd shedal kM

equation (B3). Table 2 shows the foregoing equations as applied to the
‘gi ven dat a S¥whapimensndividradlpshandier 2er prmer mergriipstricahparamaies. Besdn deri ved

from the eOuableafeh NS TGl HBEAS of L BRA5 BBk s8adiAuchocat | on
(best least square tt). ‘Such application o e equatrons, and construction
of the Jacobichnofrtiter individual plectondesddbofi Figoret 3 ipen flodinEdalis icnptrallabler eadsheet
appl i catj.,on amg.s S o] l,.inh_conpection wth.s ialized
macr o pr'ggrg%ét?&{ehm([)tt ﬁgp bgrrrﬁ%{l nz‘f%?l’t Is“?wgfégf%?teﬁ?c g‘bﬁ?"&ﬁc e]‘:(s{llealfi%wﬁhs?1 din
const r uct i ngletthaded 48 obf athe melectrodeaaday 66 ampy y bergedinected owe aeqoaimoans. The
wafer uniformty obtained with the currents. in the. |ast col of...,Tabl e 2
was 1 706 ( BRI B vy dpontk 66, 36 Bkolins e rtne BSkpEpPlROR " Cart be
repeat ed naaltert chet ropet or f suotehesdlectrival opsath&iersunr f e Mebyimlonlyt Mosinele@npl e, the
di fferences petween,the seed | ayers re j.gnored since the seed, |ayers are
i s substant F@F‘F%ﬁc’ ﬁ% CORGHre %ttﬂsé’pﬁ‘?se"&? Pé‘h%g%ﬁ'u tcf%?‘m}’é)&ﬁ%ﬁ‘g#mode
15 the commonly connected electrodes 58 a single, individually controllable electrode.
As such, individually controllable electrodes can be physically distinct electrodes
that are connected to discrete terminals of power supply 60 as well as physically
distinct electrodes that are commonly connected to a single discrete terminal of
i power supply 60. The electrode array 56 preferably comprises at least two
i 20 individually controllable elecrrodes,
The electrode array 56 and the power supply 60 facilitate localized
control of the electrical parameters used to electrochemically process the
microelectronic workpiece 25. This localized control of the electrical parameters
can be used to enhance the uniformity of the electrochemical processing across the
‘25 surface of the microelectronic workpiece when compared to a single electrode
system.  Unfortunately, determining the electrical parameters for each of the
elc;trodes 58 in the amay 56 to achieve the desired process uniformity can be
difficult. The optimizer, however, simplifies and substantially automates the
determination of the electrical parameters associated with each of the individualily

30 controllable electrodes. In particular, the optimizer determines a plurality of
' -17-



Currents for Run #1 Am sChange to Anode Currents Am sAnode Currents for Run
#2 (Anps)11.12-0.210.9121. 120?01, 3231. 12-0. 091 . 0341 . 1Z0. 101. 22 Oncel dH&k i3
corrected values for the anode currents have been cal cul ated. control
system 65 of Figure 3 directs power supply 60 to provide the zo corrected
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 the foregoing equations to arrive at
a set of current change val ues (the values shown in colum 3 of Table 2)
that add up to zero. For exanple, doing so enables the total plating
charge-and therefore the total nass of plated naterial-to be held constant

s without having to vary the recipe tine. The Jacobian sensitivity matrix
"in the foregoi ng exanple quantifies the systemresponse to anode current

changes aboutsemitbaselalos, come Eﬂcﬁ%ﬁmehféﬁglré/ryg}rgurﬁ%} Bﬂxﬁéﬁ?&il/ §;@gl:#i§1h2? abe

enployed if the processing conditions v I cant sel i ne.

The nunber oft" Q‘Ee_é*ﬁfpafr“‘énﬁleeﬁglsitihﬁr valyesi td | ad@sc ethe helettrical e paraineterst y
el et SESEBRATE BT ety ) Sol e SR S
bei ng pl at ed valupemey bmpldred imesble dtreapbat the fomt of a Tiwbkahagk. Mhig
dhapel cur fentarErrrERR LbakSef Lol SpbRuhe o ROCEROPPBRET SFMEE: (ifol uded o
accommdat e, EHelmsts ofithsiedpetoplaed dilim ac vargespaints bhahs hapkpiede 2oneUGRDI €
JATOSF Dhose teRed reithalt B AT Gt S RABES) hsdtapeet or
given set of idhodally woneolablesletmodes. aThie Mbld/mawiris ABMASTSh AafaSFRRYS €
' baseline workpicce plus data from separate nms with a perturbation of a
10 controllable electrical parameter to each of the individually controliable 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
special-purpose computer systems, either integrated into the manufacturing tool
15 containing the reaction chamber or separate from the manufacturing tool, such as a
laptop or other portable computer system. The control system may be
communicatively connected to the power supply 60, or may output current values
that are in wm manually inputted to the power supply. Where the control system is
\} con?xcctcd to the power supply by a network, other computer systems and similar
T 20  devices may intervene between the control system and the power supply. In many

embodiments, the control system contains such components as one or more
processors, a primary memory for storing programs and data, a persiétent mermory
for persistently storing programs and data, input/output devices, and a computer-
readable medium drive, such as a CD-ROM drive or 2 DVD drive.

25 Once the values for the sensitivity table/matrix have been determined,
the values may be stored in and used by control system 65 to control one or more of
the electrical parameters that power supply 60 uses in connection with each of the
individually controliable elecrodes 58. Figure 4 is a flow diagram illustrating one
manner in which the sensitivity table/matrix may be used to calculate an electrical

30 parameter (i.e. current) for each of the individually controllable electrodes 58 that
-18-



.of the systemto changes in the anode currents. It is expected, Wﬁ-‘r 2003
that small changes to many of these paranmeters will not require t L
cal culation of a new 20 sensitivity matrix. Nevertheless, a plurality of
sensitivity tables/matrices may be derived for different processing
conditions and stored in control system 65. Which of the sensitivity
tables/matrices is to be used by the control system 65 can be entered
~manual |y by a user, or can be set automatically depending on neasurenents
taken by certain sensors or the like (i.e., tenperature sensors, chem cal
anal ysis 25 units, etc.) that indicate the existence of one or nore
particul ar processing conditions. The optim zer may al so be used to
conpensate for differences and non-uniformties of the initial seed |ayer
of the mcroelectronic workpiece. Generally stated, a bl anket seed | ayer
can affect t [ t f i i . MAR
2003 I. |If tﬁg g%e Bg?e%ﬁelacoﬁ)rﬁéﬁ?stf gér;%{tté/a%crh c‘sgs V\@fﬁ s){ﬁtlglr(tn%%offotp‘%‘i ty is
added to theeledtroplatéd film). For exanple, if the seed | ayer is 100 A thinner at
the outer edge than e cted, .the.fnal |Imth|ckne be, 100 A
t hi nner -at the outer & Sty showpin nggreavé?%%ngéeé'd’“?%?e?%t# c‘ﬁﬁ@é‘% changes
Si gn:c f igant |ymamétgrsramigsm&rm(es@EmtvhytszMdamy@éalwlhtF t]@dl&ﬂﬁ@et{ﬁédmhcg’ﬂ Pgl ina
nodi fie urrent densit i buti.on across t er and altere ilm
ini form 14 et b el AR, BERRRS o a8 oBlK WO ATS 1000 A
t he final fnllsmgm khowmtprazleteymined sdtiof eRetrichligmpaitaters N®of Btdnipit, o dektrud S

t hi nner) but rel ativel thlcker at out r to edge due to
- the higher reagrbgtpe{fowcc@fyst“ﬁg CHFOH T % ‘Fﬁ)&ﬁ e Elaﬂﬁg
- seed- | ayter ]glaeedsmtmgnlaat Qﬁtgeuﬁ,@mtpa@h?ed iﬂ”l@acihﬁbf ﬂtezﬁfd%\ﬁ@dhu?ecdi&@ﬂ%thl@
conpensat e er vi ations ere utilizing see ayer
t hi cknesses "3 H@*‘o%ﬁ‘é xS‘fi %&W@W@)ﬂ“a%’e@ﬁéﬂﬂ?g@m%ase above,
the changes in seed- | gygép wiakey ekt wzs%n{p't%t@%ﬂ@b Br hagsu?@tRe MBNNer
ween tar et thi ckness and measured thi ckness are handl ed. A

that errors het
pre- measur er‘l&ﬁ'ﬁ‘c’t‘}f c?ﬁi@*@%“f“é? {(feathickocsy of e gelsctraplatede fwddof sjeertest hi ckness
at the vari ougrkpied & prFRa&Y arg Rt Af‘t%gafdéégf}gt %ijciﬁzﬁglg fﬁhﬁ 95 hEdprs) are

figured into the current adj ust nent i ons I'ng t I s "approach, 5
excel | ent unv9T&Pieee VaY@SGPEQCtebe thiskntss measiteroents heing evnetedoRyl siytEm, even on

the first z econd cas ote ove, an

updat e of oﬁb E%Lf ﬁgjl on o (f')r{%?ér oreﬂnthél%g?sglleﬁsmgbé}aﬁcgm‘tr ?x can be

used to &tcouwmbef of pamm gmtlfel teantrdirkpﬂta‘fhraep 74 etiesdpintigercfonipages g€ d- | ayer.
ust . for. .t he new seed | ayer. thickpness. is to plate a

A |
fi f%”gme o”fh@‘ %8%%%1 ter‘aftférOf&?tﬁﬁ WEPIece fpeastired 4 Siep I3 againgt 3 56BNt i ng a

filmon the qarmnpugaammrt alyehe illibeatddurmliouasent OF HR HethBATMY fRbofd @M t hi s
waf er can be with a sensitivity natrix appropriate for the new

seedi ayer td aﬁ'jpﬁrstpa’taﬁﬁ’t"iﬁrcr"gﬁﬁ@ndst'éo fthe t'AR8REt iPPYSieAl rehegactaristiespof ab¢ on of

2:the optini zenicrRie6mModvdrRsited (it Ars t@%&%ﬂ:tﬁﬁ@ly dchieVBE bF 4ROPFbbES UN. the
‘-:,:thl m zation $ igsc%d%;gl ns with a baseline so0 current”set or standard

feci pe cthr dh e ghaatropiated,filan)y Nptatn the weget physical characteristics
can either be uniform over the surface of the microelectronic workpiece 25 or vary
over the surface. For example, in the illustrated embodiment, the thickness of an
electroplated film on the surface of the microelectronic workpiece 25 can be used

as the target physical characteristic, and the user may expressly specify the target

25  thicknesses at various radial distances from the cepter of the workpiece, a grid

relative to the workpiece, or other reference systems relative to fiducials on the
workpicce.

In step 74, the optimizer uses the first and second set of input

parameters to generaite a set of process error vahies. In step 80, the optimizer

30 derives a new electrical parameter set based on calculations including the set of
-19.



', ?9 8 MAR 2003 thickness data, and then plated using the Indlcﬁi@ﬁﬁ%

currents., After plating, the wafer is re-neasured for the fatal

val ues. The foll owi ng wafer nmuse al so be pre-read for seed | ayer thlckness

data. Sixty-seven points at the standard five radial positions (Om 31
_83mm 63.67mm 80mm 95.Smm) are typically neasured and S averaged for

each wafer reading. The thickness data fromthe previous wafer, and the new

waf er seed layer) in addition to the anode currents, are entered into the

i nput page of the optimzer. The user nmay al so elect to input a thickness

specification, or chose to nodify the plating thickness by adjusting the

total current in anp-mnutes. After to all the data is correctly inputted,

the user activates the optim zer. In response, the optim zer predicts

t hi ckness changes and cal cul ates new currents. The neM/mafer is then plated

wi th the adjusted ano currents an hen Jv i cation
may be T equPTEE o e P RE BB G b S TOAD R mafied R $B6heq, OO
further it ewﬂmléméﬂghﬂaﬁﬁ&r sét Imadem'bﬁ,rthtzeptimnen chrecm rpnmnalpplgﬁéi) foef or e.

t he post - atreﬂcli v& ured for .thickness yal ues and.anot her waf er
i s pre-readY %ot ds&%ﬁn?é Pafamsiesyy IPaVQFesf‘HFC%ﬁegg VEIFRRICCPRIE,  (he

foll ow ng qwmpxédeesna:h,emeﬂé@a@d tﬁ@obﬂlﬁjzblnﬁié&sups%%ysﬁal dHapictgistef o
t hi ckness, :. ?. anode currents) ted wafer seed | ayer

t hi cknesd) Hdwst Wﬁ’é‘%‘%f‘%ra BEaRer| Sipiar t%?tétk ﬂésslnrﬁep A6 P ?rrW%fnd

thi ckness: pighpdres HiBRGarhétsddticd Mesdindd il siaf 409 N3 SLLNGS tigbcHahRiePR@MI OUS
iteration. The programis now ready to be run again to 25 provi de a new set

.of anode cuf® B¥eEAS 35ek ofeprARsss eisprataleRg akheaswpef tapgot eharpsteristisy T@YtHS t he new
currents, 1R BrGessGRlFRclsiRAS WsalindR) 14l of Rty Yok fefklitel & SUI |
not acceptable, the procedure may be continued W th another iteration. The
standard valtaigethaseieripiosg inngen APS, of the grrast valuasegeaerajed inters406 athi ch i s
t he stangar r e and 30
mul 1 pt 1o e it Rfclach 1ndes B, 60 oBllalie? bl 1 skf HOTCRE I

measur ement gaciity cammues)lm\ﬂQR Ize@a 88, hepmaapmlcrmsa new slecwicalgmmmstemat el y
Om 32mm t 9 f dure will
be denonst rgllte us r?goaégu%})@?‘ g%%t%%%é%{&éﬁ%%ﬂmezggé%f&% e first
pl at ed waf erSOuamg:easm@subséq@nanﬂandemmmewoﬂupmm.sln 8orbS Einbodddedis 1. 039/
0. 786 (anodg&/ nong{h anode3/ anodgI in.a reg}gg_e time of 2.33
m nutes (14 S the gupessied, groeaeapie, é"rccf sa[%’(%’r PSS | ayer
data. Thegse chhhﬁkrﬁlﬁ%§ aitodxaffined| Bither Gi:onaly bf SifomBecallgNinesrdéotot figtheut er
edge, are shomg.ln Table 3. Table 3. SEED LAYER THI CKNESS VALUES FOR WAFER
#3934 Radi n&ouPiHiogkhe pLocess.

0.000. 13020731. 830. 13%{#8etefehbl dghls 8 30RO, he RoBt 00nd $etSSH0input

parameters may be provided to the control system 65 by a user interface 64 and/or a

CEA : metrics tool 86. The user interface 64 can include a keyboard, a touch-sensitive

20 screen, a voice recognition system, and/or other input devices. The metrics tool 86

) may be an automated tool that is used to measure the physical characteristics of the
test workptece after the test run, such as a metrology station. When both a user

 interface 64 and a metrics tool 86 are employed, the user interface 64 may be used

to input the target physical characteristics that are to be achieved by the process

25 while metrics tool 86 may be used to directly communicate the measured physical

characteristics of the test workpiece to the control system 65. In the absence of a

metrics tool that can communicate with control system 65, the measured physical

characteristics of the test workpiece can be provided to control system 65 through

the user interface 64. or by removable data storage media, such as a floppy disk. It

10 will be r;cognized that the foregoing are only examples of suitable data
-20-



to The wafer is then sent to the pl ati ng chanber, and then re- rrea;s&éﬂ\n Lupy

after being processed. The resulting thickness vaI ues (in mcrons) for the

post pl at ed waf er #3934 are shown in Table 4: Table A TH CKNESS VALUES FOR
POST- PLATED WAFER #3934 Radi us ( Thi ckness

0. 000. 6159383L830. 61744263. 670. 62613480. D00. 626202 95.50 , 0.628257 The
3-a for the plated wafer is calculated to be 2.67% over a range of 230.4
Angstronms. Since the currents are already producing a wafer bel ow 3~0, any
adj ustment are going to be mnor. The subsequent wafer has to be pre-read
for 5 seed layer values in order to conpensate for any Seed | ayer

di fferences. Wafer #4004 is neasured and the thickness values in mcrons

are shown in Table 5: Table S. SEED LAYER THI CKNESS VALUES FOR WAFER #4004
Radi us | Thi ckness

2 AR R O BB, iy 1
overal | thiglpesge @eifivs haesicond¥kt obinphtparamedsti coptdbsyatensoi.nput ted into
the optimzer, and the optlmz act.i v d to ge e w. et of
currents These cur r it dg 19 plﬁgl%ggqygﬁdnﬁﬁﬁ%& } ﬁ%% @m ﬂatn PC%%F—‘? gﬁre 6is a
spr eadsheet . (-0 HA VPSRRI Bendrites NRN0BIE Sadbitiviy tiaulxs mémh;ﬂt gowhicom t he

inputs for the first optimzatio run It can,be Seen that ut val ues
601 haves geiesaRsiviyumBi gencedes by fh9 gRfAER @W@dﬁp?%r?t g&@ma

optim zer hﬁﬁdé'o?fthrr@ﬂhsﬁ efaiib® @m{m&@ DRIV, cha@oﬁdoﬁdhrenmﬁﬂm 603 t hat
this new current set wll produce. The new . anode gurrents are. sent to the

process rechqevandhe EﬁﬁlSllTlﬁltY meatpyt neadrhy S Optiavizer 1 Rased MPPR FEPSINFAIAYt o
- currents (apq 0 IheSd b GPRAEhGRE A keactio® chamber. The data modeled in the

sensitivity matrix includes a baseline film thickness profile and as many
10 perturbation curves as anodes, where each perturbation curve involves adding
roughly 0.05 amps to one specific anode. The Jacobian is a matrix of partial
derivatives, representing the change in thickoess in microns over the change in
current in amp minutes. Speciﬁc-ally, the Jacobian is an m x n matrix where m, the
number of rows, is equal to the number of radial location data points in the modeled
15 data and », the number of columns, is equal to the number of anodes on the reactor.
Typically, the value of m is relatively large (>100) due to the computational mesh
chosen for the model of the chamber. The components of the matrix are calculated
by taking the quotient of the difference in thickness due to the perrurbed anode and

Ty the current change in amp-minutes, which is the product of the current change in

20 amps and the run time in minutes.

As one source of feedback control, the optimizer uses the thickness of
the most-recently plated wafer at each of a number of radial positions on the plated
wafer. These radial positions may either be selected from the radial positions
corresponding to the rows of the matrix, or may be interpolated between the radial

25  positions corresponding to the rows of the matrix. A wide range of numbers of
radial positions may be used. As the number of radial positions used increases, the
optimizer's results in terms of coating uniformity improves. However, as the
number of radial positions used increases, the amount of time required to measure
the wafer, to input the measurement results, and/or to operate the optimizer to

30, generate mew currents can increase. Accordingly, the smallest number of radial
J2]-



and the current density on the wafer is unchanged. The new seed Ia%(}eﬁﬁ%ﬁgm3
fromthis run for wafer #4004 will becone the old seed | ayer data fo )
next iteration. The thickness (mcrons) resulting fromthe adjusted
currents plated on wafer #4004 are shown in Table 6: s Table 6. TH CKNESS
VALUES FOR POST- PLATED WAFER #4004 Radi us Thickness (mm) m 0.00 0.624351
31. S30. 621S5363. 670. 62270480. 000. 6207695- 500. 618746 ~0 The post-pl at ed
wafer has a 3-a of 2.117% over a range of 248.6 Angstrons. To do anot her
‘iteration, a new seed |layer neasurenent is required, unless notified that

t he batch of wafers has equival ent seed' |ayers. Wafer # 4220 is
pre-nmeasured and the thickness values in mcrons are shown in Table 7:

Tabl e 7. SEED LAYER THI CKNESS VALUES FOR WAFER #4220 Radi us ~ Thi ckness

0. 000. 12786931. 830. 12974463. 670. t 3340380. 000. 134055 ' 95. 500. 1335560 - 33 9
MAR 2003 Again. all of the new data is.inputted into t LJT] , along
wth che corriins R s ErabR il iy GRFLL Gt G BRrBRA LW 8E e

pl at edhvvaf leﬂic&llﬁzﬁeﬂ of Hﬂ%alqeitipﬁsimﬁﬁvitﬁui @@ﬁ%ﬁz@&lrﬁafmﬂd@rrmfnm r::Ilét)pe(flnﬁm/ cur Ei ents
into the o currents t inputs.. The optim zer i n.activated to
generate a @W’gé{‘déﬁggg& F’é‘%@ rﬁu?’ger?%? xgagﬁ}néésoaéiag%{oetbqngb &m showi ng
the new cur3 einaQuifbphity for kit tleijontls {il20% bétRr thelidntetératad)he second

optim zation run. It can be seen that; frominput value 70l he_ optim zer
has prodficed out put ’9‘021’?%@] JBFAGreRCRe oMY r 8Pt Tma¥t gel‘fes’cga\"fif{?ﬁ'il?%r be seen

that "t hat t eélogy |detionlashiett SUIC b SRt ipprophdec pomgedot tiec ke ses 703
that will be produced using the new currents. 1o The, corrected anode
~currents arrESeIINESFith the Tedid pogiipRRResessany §p the BPRBIZEHRPSAYNI ng process.

The 2"~ adj ustments 9R. bifinRBOMS HAEEM SABRR[NGAL ReedbitieGlnegscial ues in
m crons shown in Table 8: Table 8. TH CKNESS VALUES FOR POST- PLATED WAFER

#14220 Radi eBbedimpatdg Héid, the glesrorhenira! myacess Briggeplanm thpdickres.af00. 627005
95.50 ~ 9. i - : ' of 213.6
Angstron. e sttt i e aFbRYcE Bl S i 0 OHRECBERIATY T P
for the purgshef the indiivsluaipiantralledelectrodss 58 isalhosledfisdl pamoceptimblsae The

optim zer al used t,0 co sat.e for reactqr-to-.neactor variations
Th ol preeRRled o 4PEven SRIRRRI Al AR BRI £

Seni t ool , |embodiméntKal Jasghdddl senbipivitgndatrik ds FiaNiefived Sloaimexpidiedental Bra

D ey SRS S SBR oS Voot © Bl o Be Sl '

15 matrix for a multipie-electrode reaction chamber. In particular, Figure 5 is a graph

of a sample change in electroplated film thickness per change in current-time as a
function of radial position on the microelectronic workpiece 25 for each of a
number of individually controlled electrodes, such as anodes Al - A4 shown in
S Figure 3. A first baseline workpiece is electroplated for a predetermined period of
20 time by delivering a predetermined set of current values to electrodes in the
multiple anode reactor. The thickness of the resulting electroplated film is then
measured as a function of the radial position on the workpiece. These data points
are then used as baseline measurements that are compared to the data acquired as
the current to each of the anodes Al — A4 is perturbated. Line 90 is a plot of the
25 Jacobian terms associated with a perturbation in the current provided by power
supply 60 to anode Al with the current to the remaining anodes A2 — A4 held at
their constant predetermined values. Line 92 is a plot of the Jacobian terms
associated with a perturbation in the current provided by power supply 60 to
anode A2 with the current to the remaining anodes Al and A3 — A4 held at their

30 constant predetermined values. Line 94 is a plot of the Jacobian terms associated
22



9 MAR 2003 reactor when conpared to another. Sone possible sources f@nﬁﬁﬁgﬁﬂg :
differences include variations in the wafer position due to t ol er anceés “i'h =* E
the lift-rotate mechanism variations in the current provided to each anode
due to power supply manufacturing tol erances, variations in the chanber
geonetry due to manufacturing s tol erances, variations in the plating
solution, etc. In a single anode system the reactor-to-reactor variation
is typically reduced either by reduci ng hardware nmanufacturing tol erances
or by malting slight hardware nodifications to each reactor to conpensate
for reactor variations. In a multiple anode reactor constructed in
accordance with the teachings of the present to invention, '
reactor-to-reactor variations can be reduced/elimnated by running slightly
different current sets in each reactor. As long as the reactor variations

do not T UNCRHR A it atbfiBA Y fhel (ifreBY BrofAlLd 89 RRAREsrplyP60 10 Rdde S withvi LY

matri x), the selt tuning schene |.osed” herein i's expected to find anode
currents théie emsmt fto| thet tehaloirgs enodes ddt-sA2 Rk tAdr held- ple dliain copsantat i ons

- can be quangjfi.ed . ag i . ERi L 0.t fla seurrents
for each chéﬁﬁééetg@la%de‘gagﬁgi F‘ %’%&éﬁ%egsg 1égﬁnﬁc§g?§§cvfg€bb§%etgne O%O&Wét})?g@g?f set

tabl es in theexmobstial insthe toarredSprevided by polver sepply 6@ ¢0 prodeeyt athuthe| i zed i n
each reagtor, | ition,.th ffset | es y i ease the
efficienty %‘*ﬂcggtt‘gﬁlg%gmng%mﬁr g%@éf‘%é%eé?@e@ P%oc%ﬁtgﬂigjg?#%lﬁg%ét em 65.
Furt her nor eyaltdsese findi ngs can be used to troubl e-shoot reactor set up. zo
For exanple. if the lues ikn the offset table are over.. rticular

. ‘threshol d, the devi arﬁ%#a%at?ri%%ﬁg%c{bémap%? r%méfélf fnc:i:lé"?ll(r:essitrhét‘t lE’lﬁeeds to
--be corr ect ecompgedmirig taa &dloabny euatiedzodi nent s of the optim zer may be used
to set currents and other paraneters for conplex deposition recipes that
specify changes in current during the deposition cycle. As an exanpl e,
enbodi nents of the 25 qptdfmi z it to gghsig¥(ag)anode currents in
accordance with reci pé H#Mng two dEfifferent steps. Step % of the recipe

| asts for .5 mnutes, during which a total of ~ 1 anp of current is
delivered through four electrodes. Step Z of the recipe, which i mediately
follows step 1, is 1.25 mnutes long. During step 2, a total cogent of +9
anps is delivered for 95 nilliseconds. |Innediately afterwards. a 30 total
current Bf -43 anpé(-‘ﬁﬂé):a[éﬂ}“m do 40} -2-5%W)]secorﬁ§5‘?‘“%mh | Ii seconds
after 35 9 MAR 2003 delivery of the -4.3 anp current is concluded, the
cycle repeats, delivering +9 anps for another 95 mlliseconds. The period
during which a positive current is being delivered is known as the "forward
phase" of the step, whi 4 ti dur,i i : ive current is being
delivered is known as t 121 "[B’g{fkvj\hﬁ;ﬁ phaggi"w(;f E?%%ogggg}. s Backward phases
may- be used, for exanple, to reduce irregularities formed in the plated
surface as the result of organic substances within the plating solution. In
~:order to apply the optimzer to optimze currents for this recipe. initial
“:gurrents are chosen i cordapc® W th the Pecli pe. These are shown bel ow in
Table 9. 10 1. TABLE P: gl N TI LTI - STEP REQI PE 1.tinme2.forward
fraction3.anode 1 gurfent4{ anofe 2" curtent5. a odeoé%currﬁﬁaanode 4
current7. ~backwar & F|actiphg-andde| 1 Bt} et 9, andd®@8o%{fiPent | 0. anode 3
current 11. anode 4 curfent 1R. f of war d| anp- nji n23. packward anp-mi n14. Tot al
Amp-min Ste 1St-e 0 0 AdM,

2081. 2510. 7307690. 21. 80. 242. 160. 343. 060. 221.980. 192307- 0. 86- |

. 03-1, 46-0. 950. 58. 221 7530- L0336537. 6875 -

where;

f represents thickness [microns];
15 AM represents current [amp-~-minutes);
£ represents perturbation [amp-minutes];

i is an integer corresponding to a radial position on the workpiece;

-
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The | eft-hand colum of Table 9 shows currents and ot her infornatigppﬁgg
"the first step of the recipe, while the right-hand col um shows -3 @%&
2003 currents and other information far the second step of the recipe. In
line t, a can be seen that step 1 has a duration of .S mnutes, while step
2 has a duration of 1 25 mnutes. Inline Z it can be seen that, in step

1, forward plating is perfornmed for 1d0% of the duration of the step, while
in step 2, forward plating is perforned for 5 about 73% of the duration of
the step (95 mlliseconds out of the 130 mllisecond period of the step).
~Lines 3-6 show the currents delivered through each of the anodes during the
forward phase of each of the two steps. For exanple, it can be seen that
.24 anps are delivered through anode 2 for the duration of step 1. 1n line
7, it can be seen that a negative current is delivered for about |9% of the

duration of to step 2;i4pidedet pREONRMS Yakicdiar hisel Ot @l period of 130
m|1iseconds). Lines“8-11 show the ne@ative currents delivered during the

backward phase of st ef i2an ijteger somesponding methe otaheumber ofirpdiad positiony

delivered i ngd e wopf edarfahase of each step. For step 1, this is .5
anp- m nutes, conput Y multiplying the step 1 duration of .5 mnutes by

the forward fraction #fislan dnidgdry repnescsting dfie soteb nunfber waft dthdivideadlyts, 1 15

anp. The for i charge for step 2 is about 8.2Z anp-mn nutes,
- conput ed by %Fﬁlllﬁlﬁﬂr?ggsfhe duration of step 2, 1.25 minutes) by the

forward fraction of abDwulacd884 sewsiiviry mawex, senfooth behaw io EqaatibndAbS).aats in -
step 2, 9 anps; .Lin 3 the results of a simlar l.cyl,ati for the
“backwar d ph?élemglre k S(Ffeg)h 325%}41%% Yaiueg hoWEPY e UNEE ?‘Efﬁoﬂb&aﬂé;&é , ?H%875
-anp- mi nut es Jabsdmmariaymsuegagradiceithe gtk £bangeicdm i beGaith dfithes 12 and
13. The deposgiti.on chanber i§ used to, deppsjt fer .in accordapce with
these initia Ep?:ﬂ??negqa?q’%ﬁ'hﬁstcai@?“ &JF‘i‘thﬁn'%’r‘Féf ’F‘P&%ﬂtﬂ&ﬁg’i’ F‘cﬂﬂsﬁl‘j‘f‘é:hé?‘gﬁ'eposi tion
(step 1 )o -orishgpecparigente) e rdedvédiomotie PIARE of. odeUsr Mdrel st wapels. 1. 25

m nut es of t@e g_{\(gce%? é%lt e%l %‘)8 +1, 8 gnps are delivered through anode 1
for 95 mi Il i< WEBRALR of guch a mathigmatical modely pewell ps Yo pssdo SHRYHGIOPERESR | f or
25 m || i secofdle mbbieled B&position @AmbdrOMidchiser dhddail 81 Gl Rittd| b iMaggipds. and

t hen t he cyc(Jé .S repeﬁte_d unti|l the end of the 1.25 m nute duration of

step 2. Overd VilseandchaRgedosh "I wgsmd searidimensional numerical modeling of

copper electroplating for advanced ULSI metallization," Solid State Electronics,

15 volume 44, issue 5, pp. 797-807 (May 2000), available from

http://www elsevier.nl/gej-ng/10/30/25/29/28/2 7 /atticle.pdf, also available from
http://joumals.ohiolink edu/pdflinks/01040215463800982.pdf.

0.192982  0.071570 0.030913 0.017811
10.148443  0.084824 0.039650 0.022264
J=10.066126 0.087475 0.076612 0.047073| Equation (AS5)
{0.0371 12 0.057654 0.090725 0.092239
[0.029689 0.045725 0.073924 0.138040

The values in the Jacobian matrix are also presented as highlighted
20  data points in the graph of Figure 5. These values correspond to the radial positions
on the surface of a semiconductor wafer that are typically chosen for measurement.

Once the values for the Jacobian sensitivity matrix have been derived, they may be
stored in control system 65 for further use.
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del i vered through anode 1. This value is deternmed by nultiplying du 8 9002
forward fraction, and anode 1 current fromstep 1) then adding the B % b
of the 30 duration of step 2, the forward fraction of step 2, and the
forward anode f current of -37 9 MAR 2003 step -2 then adding t he product
of the duration of step 2. the backward fraction of step 2, and the
backward anode 1 current of step 2. Such net plating charges nay be
cal cul ated for each of the anodes, as shown below in Table 10. 2. TABLE 10:
‘NET PLATING CHARGES IN I NI TIAL MULTI - STEP 5 RECI PE Anodel 1.537 Anp-mn
Anode2 1.845 Anp-m n Anode3 2.614 Anp-min Anode4 1.690 Anp-m n These

pl ati ng charge values are submtted to the optim zer together with

t hi cknesses neasured fromthe wafer plated using the initial current. In
response, the optim zer generates a set of new net plating charges for each
to el ectrode. These nmwmﬁbela\baémmﬂp@@ﬁmmyaateceﬂmpﬁndiﬁgmmiesvt ekl e 11. 3.
TABLE 11: NEW . NET PLATING CHARGES FOR REVI S Cl PE Anodel 1.537

Anp- i n+0. 174i5g52 2000w mafer ive W%Cﬁmsﬁéwezn uplecangp SYEM WSigeE57

AMp- i n= 1. Giphi 2000 Aapdemitia @é@;cﬁ@&dﬁhﬁrﬂ&nﬁ%%mwmﬂm /1
Anp-m n Anode4 1.690 Anp-min + 0O mn = 1. Anp-m n

optim zer t K& SBmyissLyercdroudehtoaloiur @pqdﬁsaAé —ot4.t e eq&alﬁ@atﬂuﬁlawﬁ% be
del i vered t ryf &ve Pad‘izﬂ @oﬁﬂ&%ew&vthea iﬂcﬁ'&u?&i &Jaqs P&\%&ﬁn Blcakbdtl NBLYST

determ ned for the anode by the sum of the net%f ating charges det erm ned
for all of tt‘\'beanoa%?’%émémﬁfmf%maﬂ‘%@ areA%hsing »4P paint forrgt e 12. 4.

gAE/}&E %(2)030&%35%@%%'6{?5&3&%@%&%1%15%55@ Fretrin/Qflnin §8F Fabis 1% - 38
In this example, because a flat coating is desired, the target thickness is the same at
each radial position. The thickness errors (processed errors) between the plated
10 film 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 feedback control.

Table 1. Data from wafer plated with 1.12 Amps teo each anode.

R Me Ta
adial asured rget Error
Location | Thickness | Thicknes | (microns)
(m) (microns) |s
{microns
)
0 1.1 1.0 -
081 291 0.0790
0. 1.0 1.0 -
032 778 291 0.0487
0. 1.0 1.0 0.0
063 226 291 065
0. 1.0 1.0 0.0
081 169 291 122
0. 0.0 1.0 0.0
098 9987 291 304




Anode21. 379/ 7. 6875 = 17. 9%&node31371/7 6875 =35. 5%Anode41. 879/ 7 6§7§ 2g§4%)
The optim zer then determ nes a new current for each anode in each'°&@
phase of the recipe by nmultiplying the total current for the step and phase
by the current share conputed for each anode. These are shown in Table 13
below. 5 5. TABLE 13: REVI SED MULTI - STEP RECI PE 1.ti neforward
fraction3.anode 1 currenta.anode 2 current5, anode 3 current6. anode 4
current 7. backward 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-m n St

1st 0. 5L2510. 7307690. 2222812. 000S300. 1793711. 61 43390. 3S38953. 1850550. 2444522
. 200p750. 1933070- 0. 9558080- 0. 7712950- 1. 5317480- 1. 0511470. 58. 22t 1530- 1 . 03365
37.6875 For exanple, it can be seen in line 4 of Table 13 that the forward
anode 2 current for BieePcdbibd sBRPEity 1m§h1xaﬁﬁz th&P'EP‘%Is@@ eﬁ’dﬁ Mykchi@e ying the
+9 -39 9 MAR 2003 anps total current for t f or war ase of step 2 by
the currenthigkngse eapr vyatuegito peeyigrue styviged sclwfoanede csmmvarms Tabiskould. By
conpari ng t t char ge
changes spé@??lg§§g§ﬂlﬁggg§¥fn1géﬁ ?H?ESHe reV|§g% %éﬁ]gglaggédPﬁgributed 5
evenly acr ®¥v%he steps and phases of this recipe. It can also be seen that
the total plating charge for each step and phase of the revised recipe, as
wel-l as the total - ﬂgtlﬁgrchar ge, is unchang;d fromthe initial nultistep-
reci pe. *The optimi'zer Jfqriaysaiarg Aystem i whish thes Equstios (Bd) di stri but i ng

pl ati ng charge changes mﬁthln the recipe. For exanple, it may alternatively

- distribute all the changes to stepudb&forlGsdr fA5H 331t1$1%%\6h@ onbep 1 of

“the recipe unchanged fromthe initd @k nihid ¢ cﬁ@i )
énbodi ments, the optimzer naint aﬁmen Y % d{lﬁ @gpeﬁ%asenm tivity

matrix for each step in a nufti-step reci pé n sorre enbodi nents, the
-facility utilizes a formof predictive control feedback. In t hese
enbodi nents, the optim’zer generates, for each set of revised is currents,

a set of pred| cted 'PJ th| cknesses The optim zer determ nes the
di fferepce betﬁﬂ%ﬂ Hes red| CHS Eg SEI and ”}b\B ual Iat ed
t hi cknesses of the correspondl ng e& SYESP ea(,lﬁ ?‘f&% 8{:% this set of

differences represents the |evel of error produced by the optimzer in
setting currents for the workpi ecéhe number of measured radial positions is

different than the number of individually

controlled anodes m the system).

id i i 1
15 A!, — t‘mrgzr e (t ewived oldjeed)+r:p¢c{r ed Equatlon (B3)

i 1

In Equation (B3), +“* is the target thickness required to obtain a
wafer of desired profile while considering the total current adjustment, +* is the
old overall thickness, £/°*““ is the thickness of the new seed layer, “*“ is the

20 thickness of the old seed layer, and ¢7%* is the thickness specification relative to

the center of the wafer, that is, the thickness specified by the target plating profile.

In particular, the term %' represents the target thickness, while the quantity
£°™ 1™ represents feedback from the previous wafer, and the quantity

newseed  cold seal H
¢ —17"*" represents feedforward from the thickness of the seed layer of the

25 incoming wafer -- to disable feedback control, the first quantity is omitted from
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The optim zer uses the set of differences for the previous morkpiegegto ‘
i nprove 20 performance on the incom ng workpi ece by subtracting thes AR 2503
differences fromthe target thickness changes to be effected by current
changes for the incom ng workpiece. In this way, the optimzer is able to
nore qui ckly achieve the target plating profile. Further sanple wafer
processi ng processes enploying the optim zer z5 are discussed below. It
shoul d be noted that no attenpt is made to exhaustively |ist such
processes, and that those included are nmerely exenplary. Table 13 bel ow
shows a sanpl e wafer processing process enploying the optimzer. from which
a subset of the steps may be selected and/or nodified to define additional
such processes. 40 6, TABLE 13: SAMPLE WAFER PROCESSI NG PROCESS
EMPLOYI NG OPTI M ZER Step Tool/Process | . Deposit nmetal seed | ayer using
one or more phssibg a3 )Y aPakatle RRAIGHAA donfYDihk seQRaSdhfify St SRlindhgier s on
the same pVD tool, or CVD chanbers or el ectroless posrtion chanbers. 2.
Measure seed®§¥38% (B m t hi ckness using netrol ogy station, either on the

tool or. an independent,§itat Jo t : L N '

thi ckness from sheet rg@i_g%gﬁgsemﬁe@%%cﬁbeﬁe%agg%risg B@lﬁfﬁgtt#géﬁé%é%%g%tenent S
of the fil m 3dthgperyesppading owvent changesi thitiigvobeenaistivat fradfthd eqiations ta
personal ¢oONpUielie-@rd I?-E?sd r “SLE") chanber, using
nmeasur enent s frfoﬂrgllesttarec’cp5lﬁ ( eed?{)?ym%rﬁ?ﬁggg@ﬁﬁgggé?%%ﬁf S?’]'é%ﬁlf fSr“(‘}En

previ ous SLEARRHEH?O Sie cqusicos, Sd( fometmipsio Jof4he Depbiaint marmikak ih ayat in SLE
chanber 5. Rips&i I el I er 6... Measure wafer thickness

- using Metrol ogy lsiﬁglztlgo%ér@%ﬁﬁﬁnea :/\Hhﬁg%g%rﬁggnﬁggﬁgﬁancﬁgm‘ S Aé tool or
- i'n i ndependeMicrewodt Eaerl®g.in Moasestion \witle spedializkd anscrol rograidel r &f @gyer St at i on

9. Apply optjim [N [ in asurenentg from.step 7

(f eedf or war d)rﬂgar] %%33%%@%@%@5??@ @?%?chgﬁ%a@éﬁ%ﬁ”emg@ﬁ a8dep 13 or
14 (f eedbtckapphing e pbeveteqhiativms. met al | ayer in ECD chanber 11. C ean and
bevel etch wafer in sul asure wafer thickness using

chanmber . 2..
Metrol ogy Station 13. ‘F’\F%fgi “%ﬁﬂ*’@f%%‘%ﬁﬁé‘ﬁﬂ%ﬁ&%@ts 1n 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
15 substantially the same.

Tabl.e 2. Current Adjustment

Anode Change Anode
Anode # | Currents for to Anode Currents for
L Run #1 Currents Run #2 (Amps)
g (Amps) (Amps)
1 1.12 -0.21 0.91
2 .12 0.20 - 1.32
3 1.12 -0.09 .03
4 1.12 0.10 1.22

Once the corrected values for the anode currents have been

calculated. control system 65 of Figure 3 directs power supply 60 to provide the

20 corrected current 1o the respective anode Al — A4 during subsequent processes 1o

meet the target film thickness and uniformity.
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14. Measure wafer thickness using Metrology Station These steps may be AT
qualified in a variety of ways including: the 5 neasurenent/optim zér MAR Lt
sequence steps can be performed during tool qualification or "dial-in'
t he neasurenenr/optim zer sequence steps sequence can be perforned
periodically to nonitor performance; the neasurenent/optim zer sequence
steps sequence can be perforned on each wafer, SLE process may be opti onal
dependi ng - al 9 MAR 2003 upon ne neasurement results in step Z (i.e..
this water tray routed around this and associ ated process steps); wafer
sequence tray be term nated, rerouted, or restarted based upon the
nmeasurenent results of step 2, 6, 8, 12, and 14; neasurenent/optim zer
steps may be perfornmed only after process/hardware s changes; neasurenents
before and after annealing (e.g., sheet resistance) may be used to
determ ne effectivengs f . cal | [ QCESS:: tal ; it sheps 4 and
10 may be depositi onnﬁlo oﬁ%n@%ggaligglg?y ?lgf ?%Pgﬂ[? %etugll%goay ?% could
deposi t t hefossomersgiations 3o agiveiaf £ gat efituricat hisangonaluey (woyaluesshawndeposi ti on
steps could be use i deposit one ar more. different - .§ he

opti ni zat i o“r?lf'é"f“égﬁﬁé%&& F‘B‘?Bp E:‘h?f?r%n? ar ?’Eﬂﬁ’é%éinigeS%aenPﬁg% Q{Cﬁﬁo? ness
profile or @Rghd¥Hakhed-fRBdréfofcthe Bdlenast bEplaed mmteral-—enbshepsomseant adj ust
current to generate a desired current density profile for future filling;
the waf ef n¥iheyd having oy 16 refiRfdi¥BSi ti on chanber for additional metal
deposition if the fi{ge ifbbikneetitiviry gtk fih Sleefresoas ehnide quarmifico| ogy
results. Table 14 bel ow shows an additional sanple process: .is.7. TABLE 14:
 SAVPLE WAFERE PREDESSPNISE prexsdesurspchmsriconts beszhne epndiniop, Jiradlotess 1.

~Deposi t et gkrS8ethabRY By Wil AMhIGMR if AR prdcesiBa ShEHSRE dark V@i fidantln
t hi ckness using netrol og{} station ,, 3. Apply optim zer in ECD chanber

usi ng nmeasufremethe baseling sThp MRmber Of fSystew r RRAFAAENS nBak FR¥NBRCRESKIFt s from

previoug, E ! RAGKY iquilCRRR! tSuchis@bmTkAherb@yer in

ECD chaz%efgggmkﬁ?ﬁggpcs\s/\gife@FZ?‘ﬁitgﬁgeafh%ﬁa%g? 6. O_éarfpan%lr%eve?, etch waf er

in Capsul e inhlmdbghe Zeedvirysutidckuessrthe relasckalytes cordugvifet the | B! 8eiagi on 8.

Table | °S bg| ho I ;1 onal. I " MRR2OF a8y TABLE

157 SanpLe VAR Br RS M BRin REP s ROSEE g ETE‘%RIT Stép Tool | Process

1. Deposit pmitain mitide katherchambergaid/thetanode shape/current distribution. Anode
shape/current distribution is iticluded to accommodate chamber designs where

15 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
the wafer for a given set of anode currents and, as a result, can change the response
of the system to changes in the anode currents. It is expected, however, that small
changes to many of these parameciers will not require the calculation of a new

20  semsitivity matrix. Nevertheless, a plurality of sensitivity tables/matices may be

derived for different processing conditions and stored in control system 65. Which
of the sensitivity tables/matrices is to be used by the control system 65 can be
entered manually by a user, or can be set automatically depending on measurements
taken by certain sensors or the like (i.e., temperature sensors, chemical analysis

25 umits, etc.) that indicate the existence of one or more particular processing
conditions.

The optimizer may also be used to compensate for differences and
non-uniformities of the initial seed layer of the microelectronic workpiece.
Generally stated. a blanket seed layer can affect the uniformity of a plated film in

30 two ways:
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3. Measure seed layer filmthickness using netrology station 3. .a pIK
optim zer in ECD chanber using neasurenents fromstep 2 (feedforwa d‘j@ %r&ﬁﬁg
measurenent results from previous ECD wafer on step 6 (feedback) 4. Deposit
final metal layer in ECD chanber 6. Cl ean and bevel etch wafer in Capsule
chanber 7. Measure wafer thickness using Metrology Station Table 16 bel ow
shows an additional sanple process: 5 10. TABLE 16: SAMPLE WAFER PROCESSI NG
PROCESS EMPLOYI NG OPTI M ZER Step Tool /Process 1. Deposit netal seed | ayer
tine PVD tool 2. Measure seed |ayer filmthickness using netrol ogy station
3. Apply optim zer in ECD chanber using nmeasurenents fromstep Z

(feedf orward) and neasurenent results from previous SLE wafer on step 6
(feedback) 4. Deposit netal layer in SLE chanber 6_ C ean and bevel etch
waf er in Capsul e chanber 7. Measure wafer thickness using Metrology Station
As an additional sanple e.thickn i Lorm.t : fer with a
PVD- deposi ted seed rgyer?{@g%%%asﬁﬁ'%dm&ﬁmééggﬁga (,g(ﬁgmesrolngfgn)llfB ool , after

t o whi ch t higaddedas tHedirl HlughForterample, ifliatseedlayads 106 tphae edtht puan SLE

process chanber. Usin e repents fromthe icated netrol ogy tool,
the opt.im &8¢ iﬂ'éa“lfé‘BEFq?‘{a wmﬁ&% 5§ By O{H?aﬂ]%% ’?‘Pnﬁﬁﬁlﬁgﬁf)mteﬁe
PVD- deposi tegide seed -43 9 MAR 2003 layer to yield a seed layer with

i mproved thi ckness iformty, and the SLIT process is perforned on the
wafer. After the vva;{per hig}hs&ﬁras?é%@ayeaﬁalc ‘?Sé&ﬁi“f?e%ﬁénﬂ{cail% B ati ng

t ool capsuligsiahaRber he deb@lavel Rill icBarldeaRsifl@id adl atBodified aldrdg adwaiper where
the optim zer .is,then used to select a_plating_ recipe that will yield a

~:uni f or m buldistdbytionacross thepwalgeand Aigradifilax wefsminys £ sxpeme hgwises seed

~layer thi CHBRR SiecRblRI frdll 2000 kol 1000 D16RE 1A AR GARSnAAGIf AP, he
wafer is transferred to a capsule cleani ng chanber, ereupon it Is renoved

from t he tdbpcaugesthaprnaldilm sikinnerh by it will slse be relativedif dickesalthegylir to t he

pl ating,f oaly.. ' - r trol tatl t0.d m ne the

t hi ckneé&s gérd ngﬁ%moﬁgﬁggdcﬁé&g@ﬂqﬂggggi @g g gée)dd%%ryczorr&g emv\rig é?éﬂs t hen

t r ansf er r edetdlagen(assuiming arhadgbeontact).Usi ng t he seed | ayer neasurements from

t he on-board netrol station, the optimzer is used to sele a plating
recipe that will yie gp@r(l)“nz ’éxcaf'cg%t“g?‘i {pﬂi E%‘pe"sﬁe fi‘;r shel 5ee8—tlayer

deviations, thereby utilizing seed-layer thicknesses as a source of feed-forward

control. In the first case above, the changes in seed-layer uniformity may be
15 handied in the same manner that errors between target thickness and measured

thickness are handled. A pre-measurement of the wafer quantifies changes in the

seed-layer thickness at the various radial measurement locations and these changes

(emrors) are figured into the current adjustment calculations. Using this approach,
\, excellent uniformity results can be obtained on the new seed layer, even on the first
20 attempt at electroplating.

In the second case noted above, an update of or selection of another
stored sensitivity/Jacobian matrix can be used to account for a significantly
different resistance of the seed-layer. A simple method to adjust for the new sced
layer thickness is to plate a film onto the new seed layer using the same currents

25 used in plating a film on the previous seed layer. The thickness errors measured
from this wafer can be used with a sensitivity matrix appropriate for the new seed-
layer to adjust the currents.

To further illuminate the operation of the optimizer, a second test run
is described. In the second test run, the optimization process begins with a baseline

30 cumrent set or standard recipe cumrents. A wafer must be pre-read for seed layer
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bulk film at the desired nomi nal thickness. After the plating proQﬁ?ﬁﬂ?%ﬂw
conpleted, the wafer is transferred to a capsul e cl eani ng chanber, « *'"% =¥
whereupon it is is renmoved fromthe tool. As an additional sanple process,
a wafer conmes to an electroplating tool with a seed |ayer, applied using
physi cal vapor deposition, that i5 non-uniform A netrology station is used
to neasure the non-uniformity, and the optinizer operates the
mul tiple-el ectrode reactor to correct the nmeasured non-uniformty. zo Seed
-layer repair is then performed using an el ectroless ion plating process to
. produce a final, nore uniform seed |layer. The optim zer then operates to
deposit bulk netal onto the repaired seed | ayer. As an additional sanple
process, a sem conductor fabricator has two physical vapor deposition tools
("PVD tools"), each of which has its own particular zs characteristics. A
waf er processed by the first PVD tool and having a_seed.|l ayer
non- uni f orthicksess @%iaﬂéél%e@d’?%tﬁ)f‘ésqﬂ t?‘% indifgfedicyrrants. ALET g&ﬁng’ i%&‘f’%fﬁ for seed
| ayer repgi ?e—?{(%?érﬁrf?t{cﬁfarftﬁé)ﬁhﬁihﬁick%Q@gluQQ(DTBQ%H(;vhﬁé s Augdli diferent seed

| ayer non-uni y Is directed to a second nultiple-electrode reactor for
seed | ayemre-eadifor seBiilayenthickness datan Sixtyteqyss peiats & taosteklard Byrafadial seed
l-ayers of fersin & hhids ) 5@AGOh il mdalGeg ol rol of the
optim zer ptogﬁﬂﬁmﬁg %A% 20037, . . %ﬁi’ t§|5’o{rr]:§ﬁ appl'i ca?in(l)hs of the .
opti ni zer avereRedifer c8lvwyfer potdivg.ng exanpl e: The production environnent can
| nvol ve many T eci PefhcQfficEndsd Aara 1BAGE Waff antie hEH RS s ti pl e
processing steps. For exanple, there may be 5-7 netal interconnect |ayers
_and each dayerhw hddjtéons tos theasmedd | dufrentenare pintased sntp the epus rpage Pirthher nore, a

. stool may be..processi i.ffe d t Ehe. ad havi ng a

S multiple aoﬁ)gg{é?e?'e;@f: gl(rg c%ﬁxfhghtcggf {O(W‘Ekga %@8%%6%? ?alagf( 100?1) g?goﬁﬁ% uni que
anode cur mesdify énglajgithiskngse b advemeetraytabeursqpe i knpdninotes.alAlftet he
differ gt JegeRes @Roaldy Shs ! £ETEN L ANRINGE SpRRANe 1 A%l RRST C
applicati e 15 z 'S’ TO ard Tn e’inrtral diarsTn"to” process
for all ofoptiffizer peddpesthidkatssahinggs el auldies wesncurenss. t ool i n production. In
this node, recipes wll be itten gnd.tested experd mentall rior to
production, using t _B‘?ﬁ”fi“f#&e‘? ﬂi"é‘ ﬁlﬁtegi _ ﬁlﬁ"e(ﬂﬁﬁ(‘gﬁ%ﬂ’ ﬁicf"ﬁﬁf?ta?_ _ _
speci f i catth@ifeadubed. hA Sefindt HodfeftionandyPberquipddUBé thidknetshsroBRLiE M zer is
used during the set-up phase only, saving the process engineer much tine in
setting upilqlﬁ%ilsf%‘éﬂ"y-and each of the recipes. 1f is seed-layers comng into

t he t i denti : i H i t. If th
e togj are identiggky %”E'mﬁ&aﬁé:tﬁ od ﬁereﬁﬁ?ééglﬂﬁ’é rrg{at‘rﬁ{a.ﬁahén sutddinland e

seed-layers are not consistent, then of I ogy or Integrated
met r ol ogy &abelpee. yBeosto platadl waler thmeengedyar thiskudse vabwsl- #ndlyanotheand t he

optim zer S i f s I HeCl pg. to
conpensat e&&gg %B&tlﬁg%za‘v@?%t%géng& @nc%g‘gel%gft%%%vsv&ega@ggbl}?’ %LE%E): In the
case of sefptlewtrigajuaplitesiareensereden thestpuobaggy before and after each plating

.,Step allows for recipe s, agﬁ‘#%ésrsrents with the optimzer to each

Ziprocess. In the case of see tnitial PVD or CVD | ayer of netal can

““be measured and adj Rist edmbads cwrshisg the feed 25 forward feature of the
optim zer. Note: In,this. proce S%‘ﬁtﬁa resi.stance of the barrier |ayer under
the seed | ayer can a so H%%?fgwﬁfsef iﬂ)‘.%ﬁﬁ%ﬁ%ewn the plating uniformty,

i f the resistance of. thimew wyferscedhybethiRagyr ed, then the optim zer can be

used to conpensate Irgr this effect. (jt. may take nmore_than one jteration of
the optimzer). ~t5ine Tecipe time and ‘thickness profile specification should be

consistent with the previous iteration. The program is now ready to be run again to
25  provide a new set of anode currents for the next plating attempt,

Afier plating with the new currents, the processed wafer is measured
and if the uniformity is still not acceptable, the procedure may be continued with
another iteration. The standard value determining the uniformity of a wafer is the
3-a, which is the standard deviation of the measured poins relative to the mean and

30 multiplied by three. Usually a forty-nine point map is used with measurements at
-30-



9 MAR 2003 Dial-In Uniform Current Density Recipes: Using the optim zer %3&3
nmetrol ogy the optim zer can be used to help dial in recipes that ld&ﬁﬂgah
uniformcurrent density during the feature filling step. Table Look-Up: The
optimal currents to plate uniformly on different 5 thickness seed-|ayers
(assum ng the seed |layers are substantially uniform can be determned in
advance, using the optimzer to find these currents. Then the currents can
be pulled froma table) when the resistivity of the seed | ayer is neasured.
. This may be quite useful for platen plating (solder) where the seed | ayer
resistance is constant for the whole plating run. 1o The optim zer may be
used to control process paraneters for a wide variety of types and desists
of m croel ectronic workpi ece processing devices. Various illustrative
exanpl es of such devices are discussed below Figure 8 illustrates the
basi c const j s [ [ [ ' jfner 39,
i ncl udi ng aﬁ%ﬁhggrP@%nggq#ﬁﬁ?@?gﬁgﬁp;ﬂégh?%o fggmﬁgggﬁggP?gggggEﬁ?nalso
i Il ustrat esutifi@mdtyr r espondi ng fl ow vel ocity contour pattern resulting from

t he processing contaiper.construection, ;As.sho . I nt ai ner
39 generally conpri SZEC §bﬂ‘é‘7 Rmfcf%]‘ﬁﬁl “fl}lol?ﬁ é?fﬁ?%g?teég’gfn%%qgﬁtﬁé%nﬁﬁer S10, a
f1ui ]g inl ehcﬂn‘{ble.a;ﬁhﬁﬂlﬂ?ﬂﬁh the ﬁiﬂsop&acﬁdll‘wfvmﬁfﬁlsiﬁgfa sapxlaframidagl nielepl enum )
520 fromthe ante r , 0z sl qt..,ass 30.separating the
o enum 28, SHTRID T T Oih LoRaniafe dga i dodex RATi et b ERRVC | o

provi de a fivitaqkcipd daferod@BSmhinates Pr40csessids)y Béfufechifthey ehe wifet 3ere-

el ectropl atin

| ut | t rh 1. | ect ronic. ' 25 that. h
Subst anti al TRt 8751 o o ERRGe FACTRS Ak oM SR TR Lo T at o

...enbodi ment , odtBeedg8r@ glidveh inlTaBlei3s centered about central axis 537 and

possesses a nearly uni form conponent normal to the surface of z5 the

m croel ectroni ¢ \abito3.eSEEPI.AYERSTHESKINESS VABURSBORINWIARBR #8984f or m nass
flux to the mcroel ectroni c workpi ece surfface that, in turn, enables
substantial |y uniform processi nRadies eof . [Not abThicknésss desirable flow
characteristic is achieved @Ghmhout the usg(mi)a di ffuser di sposed between
the el ectrodes/anode(s) and surface of thd 30 m croel ectroni c workpi ece
that is to be electrochem cally (bcessed|(e.g.0.130087 electroplated). As
such, the anodes used in the electroplatinpg reactor can be placed in close
proximty to the surface of the 3i&r oel ectir oni c0.WdbKIpi ece to t hereby

provi de substantial control over |ocal elgctrical field/current density
paranmeters used in the el ectropl&tGing prodess. Th3B8ubstanti al degree of
control over the 5 electrical paraneters gllows the reactor to be readily
adapted to meet a wide range of 8 ®tropl 4ti ng 9-EfH3Benents (e.g., seed

| ayer thickness, seed |ayer type | ectrogl ated material, etc.) without a
correspondi ng change in the reackol har dwar e. Rt HE386 adapt ati ons can be

i npl emenged by altering the electrical paraneters used in the

-.-el ectroplating process through, for exanple, Software control 10 of the

“power provided to t hdRaNEdEds thenscrtdadhe plateg thpmben andehem re-messuged

de- coupl es ey fr j t . € Ce f kel An

advant age o?ﬁﬁhtlgééﬁgagﬂrc%%% F(s,ﬂg]trﬁ%tl&? {gﬁ{a&}%gséc’r&v‘\;ep mnlénz(fg%g)if Pey% E‘?%—w for

el ectropl at Phgfdaﬁ‘ﬁferdgﬁéﬂ axgisbown dcHahie dal processes (i.e., a design which
provides a substantially uniformdiffusion |ayer across the is

m croel ectroni c 18Plegh SCMCKIESSY ABUESROR PIQST-RUATER WAFERA#3ded when
el ectropl ating or other el ectrocheni cal prjocess apglgl cations require

signi fi cant changes to the EI ﬁﬁt?‘?‘@“’?-i el d.| The Ph5KBESi ng contai ner 39, as
noted above, is provided Wit B™ plurality [d#mM)ndividually controlled

el ectrodes (referenced herepnafter; vvithmg,-ogelg imtation, as "anodes"). In
the illustrated enbodi ment, "a principal ar g is disposed in the | ower
portion of the main chanbersp@s. If the perdﬁgﬁél edges of the surface of
the m croel ectroni c workpi ece 25 extends rja beyond t he extent of

cont oured sidewal | 560, thegﬂﬁe peri pher.sl0 (ﬁ%@ﬁs are electrically shiel ded
from princi pal anode 580 and reduced pl atijng w take place in those
regions. As such, a z5 plurghppy of annul Ero'éﬁﬁﬁigs 585 are disposed in a
generally concentric manner on slanted sidewal'l, 565 to provide a flow of

el ectroplating current to the peri phergj _regions. Anodes 580 and 585 of the
illustrated enbodi nent are disposed at different distances fromthe surface
of the mcroelectronic workpiece 25 that is '




Sl

3a being electroplated. Mre particularly, the anodes 58Q and 585 are NP
concentri.cal ly -47 9 MAR 2003 disposed in different horizontal p@aNé% 2
Such a concentric arrangenent conbined with the vertical differences allow
t he anodes 580 and S85 to be effectively placed close to the surface of the
m croel ectroni c workpi ece 25 without generating a correspondi ng adverse

i npact on the flow pattern as tailored by nozzles 53 ~. s The effect and
degree of control that an anode has on the el ectroplating of

- m croel ectroni c workpi ece 25 is dependent on the effective distance betmeen
't hat anode and the surface of the mcroel ectronic workpiece that is being
el ectropl ated. More particularly, all other things being equal, an anode
that is effectively spaced a given distance fromthe surface of

m croel ectronic t o workpiece 25 will have an inpact on a | arger area of

t he m croel ectroni c workpi ece surface than an anode that is effectively
spaced fromthe surface of msmmoelectronia(mgnmsvece 25 by a |l esser anount.
Anodes that are effectively spaced at a conparatively |arge distance from
the surface of m croel ectronic workpi ece 25 thus have |l ess |ocalized

control over the ele pl ati prqcess .than do those that are is spaced at
a smal | er distance. C]Eh%s ? etF%Pl&‘feg ?l‘?%?‘@atﬁ%toe‘?q-eﬁ%\}’é’lﬂyaF“’é&%{?é t he
anodes in claee Angibais.! Birce tHeRnents hACLready HoBh QRS s%&v&ruefo“wok@mece 25
since this allows nore versatile, |ocali zedycontro‘T of the el ectroplating

process. Ad\?glr'l‘ts“a‘&é‘tscaafﬁ o bermiper.¢ The subsequent eafa dias o be tpse-EeRifon e
greater unifsgsqiabyr ﬂi}uéshﬁ d’rﬁérudotdoﬁfbeﬁéa?ecﬁfr &%E@djl yel Mrertiels CRMEP! 1S

-exercised, for exanple t% acing the 20 e ectro ating power provided to

.the indivi dif40 ‘bﬁé’éf‘é‘é“’éﬁhw @H@cl@ssﬁwesmmmr@sagw@mmé‘abhrﬂ:rm|er or the
“like. Adjustnents.to hg E’RJE; | ating _power can thus be made subject to
software control bY¥&d- OF R*)THJG?‘E}PE NeYALEA EOR WAFER#00& 1 at ed

enbodi nent, anode S80 is effectl Al%/l seen" by croel ectroni ¢ workpi ece 25

as being positioned a distance BN om tHe sur fBE¥NEE 25 ni croel ectronic

wor kpi ece 25. This is becaui'é‘.‘ﬂ)_h.e_LaLa.r_i_o.niﬂlﬂLbME&n_t he anode 580 and

sidewal | 560 creates a virtigly anode havi N%. 23 fective area defined by

t he i nnernost di mensions of sidewall 560. In contrast, anodes S85 are at

effective distances B2, 83. 3arq B4 proceedi m the innernost anode to

t he out ernost anode, W|th t he out ernost arjode "bel ng cl osest to the

m croel ectroni c workpi ece 2g3 630 Al of tf@ﬁ@g@fs 585 in this enbodi nent

are in close proximty (i,e., about 1 in. 9 MAR 2003 less. with

t he outernost anode being sgagad from the [ @Gh %:I ectroni ¢ wor kpi ece by

about 10 mm) to the surface of the mcroeljectronic workpiece 25 that is

being el ectroplated. Since @pgges 585 are |0(113@%p§e proximty to the surface

of the mcroel ectronic workpiece 25, theylcan be used to provide effective,
| ocal i zed

For this optimization run, thete is no thickness profile specification,

10 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 run. It can be seen that the input values 601 have generated output

15 602, including a new current set. The optimizer has also predicted the absolute end
changed thicknesses 603 that this new current set will produce.

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

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



s control over the radial filmgrowh at peripheral portions of tha a

-m croel ectroni c workpi ece. Such |ocalized control is particularly ﬁ%&p@ f

at the peripheral portions of the microel ectronic workpiece since it is

t hose portions that are nore likely to have a high uniformty gradi ent

(nmost often due to the fact that electrical contact is nade with the seed

| ayer of the mcroelectronic workpiece at the to outernost peripheral

regions resulting in higher plating rates at the periphery of the

m croel ectroni c workpi ece conpared to the central portions thereof). The

f oregoi ng anode arrangenent is particularly well-suited for plating

m cr oel ectroni ¢ wor kpi eces having highly resistive seed | ayers as well as

for plating highly resistive materials on mcroel ectroni c workpi eces.

CGenerally is stated, the nore resistive the seed |layer or material that is

to be deposi Hmﬁm' - e C ral anode

580 (or centhé(gf&zf%o eth}% hgﬁé%fa be |%lgggg@éﬁ&{]orr%é{vgE%Cdﬁirﬁ?'%grﬁ F% fﬁ?rlhm

Fi gur es 9- 1this tunfert wafer#400f will becomentbe didrseat lapdr data fonthemextitaraiont or

chanmber. The enbodi t ..l lustrated,.in these fjqures retains th

advant ageous 20 el egﬁ"? gmflﬁn SéméﬂﬂnsP f%b}ftlgﬁ%pg%ﬂlgtafbgﬁeggu%?ntfﬁigtcﬁgpegoi ng

react or consuafeuét0@rarykiidver iodhabiera:ent |y being useful for situations in

whi ch anode/ el ectrode isolation is desirable. Such situations include) but

are not binited Teblethd HEIKNESH Y ALYVES FOR POST-RbATEDR NAEERF#OOE hem cal

el ectroplating solution nust pass over an el ectrode, such as an anode, at a

high flow 2s rate to be opti nmal IRadiws ectilve; i A%ikAESs in which one or

-:snore gases evol ving from tfB"| ect r ocheni ) reactions at the anode

-surface nmust be renoved in gﬁier to insur ﬁg%ffrm el ectrochem cal
“processing; and 30 instance€s’in which c Bfe el ectrodes are used. 9
MAR 2003 Wth reference to Ejgures 9 and t reactor includes an

el ectrochem cal el ectropl at ﬂigﬁjsol ution fljlgéelégﬁh into the innernost

portion of the processing CE%H'EH that is OVE{% ii mlar to the flow path of

t he enbodinent illustrated | igure 4. As™ R conponents that have

simlar functions are not 5@ t her identiaéﬁgéhere for the sake of

sinplicity. Rather) only th% portions of reactor that significantly

differ fromthe foregoing e;%g'?i ment are :@%%l ed and descri bed bel ow.

One significant distinction ween the q nts exists in connection

with the anode el ectrodes and the appertaining structures and fluid flow to

"~ paths. More particularly, the processing container 39 includes a plurality

of ringshaped anodesTi® pbst-plOdd waldd2fas anslcloB0.11 ratovar & Lapeentagcal |y

di sposed wi fh respeci to one another in respective anode chanber housings

1017, 1022,J"¥B‘??“§nd1“16‘§2’1° T SRR B5TH SSHb g meesuremeny is i‘?ﬁ?ﬁe‘gnd 1 030

has a verti mdbdsyotfiedtizethe butch 3€ eraferehastclaivalest @EERlyer, twae: by f ace

area of the_correspqndi odes shown a in the foregoing enbodi nents. Four
-such andglesprﬁfrﬂeaéwgﬁél%g‘%i‘ﬁ&qﬁs%ﬁﬁ%ll%%ﬁo%%éi%tﬂgr@lﬁWa | ar ger or

~“smal | er nunber of osle in e el ectrochem cal
processi ng par ane’lzag’?esﬂaﬁﬁgﬁmgﬁﬁeﬁﬁﬁgﬁpﬂ%%@c‘ﬁﬁm%z 15, 1020.
1035 and 1030 is supported int ac{.gsspective a digl(éharrber housi ng 1017,
1022. 1027 and 1032 by at | 2ast &% or r dspondi b" Fport/conductive 20
menber 1050 that extends t ' essi ng base 37 and
term nates at an el ectrical gggnnector 1093 {Bigggonnection to an el ectrical
power source. In accordance with the discl osed enbodinent, fluid flowto .
and through the three outerzngst chanber fhpusjpgs 10Z2, 1027 and 1032 is
provided 25 froman inlet 1060 that is sqgparate frominlet 515, which -
supplies the fluid flow thrgygh an innernggsissahganber housing 1017. As
shown, fluid inlet 515 provides electropllating solution to a manifold 106S
having a plurality of slotsgdgy0 dispose dgyﬂotjﬁ exterior wall. Slots 1070
are in fluid communication with a plenum{l0/5 that includes a plurality of
openi ngs 1080 t hrough whi chg4 ke el ectropl qﬂzﬁg @gl ution 30 respectively
enters the three anode chanber housi ngs 1027, i 7 and 1032. Fluid --50-
o

-33-
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9 MAR 2003 entering the anode chanber housi ngs 1017, 1022, 1027 and 1032

flows over at |east one vertical surface and, preferably, both verhi§§@ 03
surfaces of the respective anode 1015, 1020, 1025 and 1030. Each arodé
chanber housing 1017, 1022, 1027 and 1032 includes an s upper outlet region
that opens to a respective cup 1085. Cups 1085, as illustrated, are
di sposed in the reactor chanber so that they are concentric with one
anot her. Each cup includes an upper rim 1090 that term nates at a
predet erm ned height with respect to the other rins, with the rimof each
~cup termnating at a height that is vertically below the i mediately

adj acent outer concentric cup. Each of the three to innernost cups further
~includes a substantially vertical exterior wall 1095 and a slanted interior
wal I 1200. This wall construction creates a flow region 1205 in the
interstitial region bghitean ofdCcesv Ghtaad inputled RS e@ spipszdrexiorPiditmg t he
i nnernost cup that has_a contqured interior, wall that efinqi the fluid

fl ow regi onTE2eBTeRBNSER A% DA the Asst WAES mnd d tickgess oh D5 Pl 3@ e ted wit h
the outer mosdy al‘lﬂdﬁ%inﬁ%?tautoﬁdﬁﬁﬂﬁﬁﬁa?ﬁ&d fhe HeGicrRnisNAtof theloth &drves upwar d
toward the surface the mcroel ectroni c workpi ece under process. The
i ncrease i namoagthefinmus. j The gptindzng éctiicn prsiviled ite Senesile § 8P ERLSS CHITBHE t he
vertical I g ' ,Iaaﬁs - OCH ' r
portion of ?Léeh%?% eg%aglhé@ﬁ%é . eh\ré cﬁmgﬁg%%t%ﬁ%gf%%%?@doﬁﬁe fluid
fl ow at t he thepipputs forr the sacastl aptigizpaioniren| Hrcapn| beysepr ghagnfromonmipevalue
interstitia i : i f i,C i n ps
effectivel ybgfeﬁt? %ggt@%}l@?ggh&ﬁ%ﬁ%ﬁ%@ 7(9? qgglgﬁﬁ-%fa Igédf)?é]dl?a t?stgﬁ Il)tf ga\ll/&i rtual
-:anodes, eac urther be sdenahad dlent it facilitychas qurediated ghsabwmaridathangad thitknesses
~correspondi ' N, Lts re i ve anode chanber housing. The
size and shggéﬁgfgggg%&ggiggglnaﬁ%ﬂgwﬁﬁﬁﬁﬁés seen by the mcroel ectronic
wor kpi ece® under procd@&is coseddl gede calrénts amecgpiarseartd tid recipe aatd zpplésdd shape
of the correspondi act ual odg. . As_such, consumabl e apnodes, that vary in
ol e and shiptonaite Pt TRES™sd Bt onrBE SRB Pip SR PR Bifes 1015,
1020, 1025 aicknb3aiws ilmidroms showh @sPaileBng change in the overal | anode
configuration is seen by the mcroel ectroni c workpi ece under process.
Further, given t Hebkidc TRIGKNESSSARUESTOR POST-REATED WAFER #8220t 30
proceeds vertically through flow regions {1205, a high fluid flow velocity
may be 51 9 MAR 2003 introducBadiner osp t he Rhdektriecal surfaces of the
anodes 1015, 1020, 1025 and i@ i n t he ahgdamd)hanber housings 1022, 1027
and 1032 while concurrently producing a very uniformfluid flow pattern
radially across the surface &%t he m croe|@824!8di c wor kpi ece under process.
Such a high fluid flow vel ocity across the vertical s surfaces of the
anodes 101s, 1020, 1025 and 3348, as not eH0-884A#&, is desirabl e when using
~certain el ectrochem cal electroplating sojutions, such as el ectroplating
s&luids available from Atot ec®38urther, sl @f2081dh fluid flow velocities may

“"be used to assist in renoving sonme of the]gas bubbles that format the

surface of the anodes) parti logrly inert|%A%H9S. To this end, each of the
anode chanmber housings 1017, to 1022, 102f _ and 1032 may be provided with
one or nore gas outlets (not $Pustrat ed) | 46238 upper portion thereof to
vent such gases. O further note, unlike the foregoing enbodi nent, el enent
1210 is a securenent that is formed froma dielectric material. The
securenent 1210 is used.to.cla lural ity of the st tures formng
reactor Base 35 toget ﬁ_‘%&?&‘ﬁ%@%@ 1§Z@E%/°e?r‘f§ﬁta ri‘igfd’frr?agf-ﬁo’én%%rf’ﬁﬁd froma
conduct i ve Mhe@tdcatiure endylbahtiide toBYndrURCEAIRPmMAY, B R Rf the fulisosk BPAfigTOST
anode seen by the. nmcroel ectronic workpi ece under process is preferably a
virtual ano& PWP@S%%‘F&%?&WH@"PWW@H or nost anode 1015. Figures |l and
12 111ustrate comput emhesypilial gl vd dah f LhRMEEIG FUGRRLRNGS, Of @
reactor constructed in accordancé wth the enbodi nent zo shown I'n Fi gures
13 through ¥8uatjass tifas malipdklireasior sysism, efcht aee enbl€d 06 tavailabdmdioor base
may be i g0l r f f id thr ode_ch r. hgusings. To
this endz,so F?g@?g&l' W?’If&aﬁé\%@eg c%n#équ |lﬁi5§8'?%‘]8}t$§?%‘é~ﬁt§%ﬁ%t‘§,% %g%%%tlfﬁys&?ﬁat occur
when a fl owtst argde curspls aeqitedsol piaieon spesifadofiind edghthbo differeacin ofie t he
anode chamber housings, while Figure 1234.llustrates the fluid flow velocity
contours that zs occur when there is no flow of electroplating solution
provi ded t hrough the anode chanber housi ngs past the anodes. This latter
condition can be acconplished in the reactor of by turning off the flow the
flow fromthe second fluid flowinlet (described below and may |ikew se be
acconplished in the reactor of Figures 9 and 10 by turning of the fluid
flow through inlet 1060. Such a condition may be 30 desirable in those

e T o . - o " R AR




Figure 13 illustrates a variation of the reactor enbodi ment shown ifi“f:ifgw’ffi
10. For the sake of sinplicity, only the elenents pertinent to the AR™ 24
following 5 discussion.are provided with reference nunerals. This further
enbodi ment enploys a different structure for providing fluid flowto the
anodes 1015, 1020, 1025 and 1030. Mre particularly, the further enbodi nent
enpl oys an inlet nenber 2010 that serves as an inlet for the supply and
di stribution of the processing fluid to the anode chanber housi ngs 10l 7.
1027, to 1027 and 1032. Wth reference to Figures 13 and 14, the inlet
menber 2010 includes a hollow stem 2015 that may be used to provide a flow
of electroplating fluid. The hollow stem 201 S term nates at a stepped hub
2020. St epbechoideid2lripafdUdeihothel Worle! doksiffe SRS B0GRN fifkgach | ncl ude
a groove di msim oned to'receive and is support a corresponding wal'l of the
anode chanb¥iclusgu¥anagiens pp othe swpleh Hositics dus @ rtelstandes nw othe hlifi-gotetde chanber
housi ngs t hgRukHMiH. R it afris r e 0 mani f ol d
area into the res%lefcta%tz&dgr%gg chang@?bﬁgﬁggg%y@hfi‘gdﬁ%ﬁ gor‘Hrn#Pgl?ly
ar r angenent TaBYfagiEng tpldrance orriations in fhe ghimgbedr gedmetnduestnontmufattidng | 020,
1025 and;I 0 : I | ectrical isolation 20 occurs due to
5| Ogf céﬁc@@ﬁﬂﬁuﬁ'@%ﬁ &[%I%atgg g@‘?ﬁ?

t he i ncreased resi'stance 5% 11 ow pat h between the anodes.

The increased resi st kngeingh modé systém,tBS tattopto-featiol ReiARAgE ojpenagyh of the
fluid flow &%{1‘?&% c[tirﬂ@xIIPeXi st. between t he .anode chanber housi ngs. The nmanner
c

in whi ch t hS aractrpratadiyne badyarsmanniagtring pleranges on by BaXBE FHSH

wor I|_<pi ec ef abartware rpmiiﬂq:ﬂéﬂenato iﬁigeestchﬁrt%e(@f)ﬂﬁérfsﬁt@tféa i'dﬂ@toﬁ\élﬁ:ﬁﬂohs.f i B 25

~quality o . de Lted nmetal. Sone o e mpre desirable characteristics

of a cont ac%‘ngl geeir%b%ﬁﬁ TREE CPBS%'F@&“H@C“? c%W&Et@%BF%P&?QOfﬁBWF&S‘MCI ude,

for exanpl einvedtibnf atdcowtogeactdinivirgitiohslicah 1 b wediRB/OfimMa@E! bPPuRhiEI pgwer
o

about the p§r ihﬁhgrf\éeé()f t he microel ectronic workpiece to maxim ze the
uni form ty BEWHSITETESHIEY 55 jcachrgacton ppfongrsdhe gegaior yadstions dnt act

char act er i shdtdendamehBfY ERandB IR sybRmYRERhsd Rief ma&wﬁvi%mrﬁﬁlmg Qg ustion of
t he contact_assenply qn the m craoel ectraoni c. workpi ece "peri phery to maxi m ze

the avai | abBIg L3RG ‘58@%%%3’%(}88&?0@(1;‘0@@. angfigicHmentp kit inregt Glm t he
barrier | aygicka@aubrgeRe REAERRbSEIER NV abatiRis %%ﬁgﬁﬁxﬁi%&‘gﬁ%@%aﬁ%" bi t

peel ing and/or flaking. To neet one or nore oreg
char act &} i sfifigeencesap shesfinal sgederuyrents fxr eath chashhere Fhegrydifferencasteat be assenbl y

t hat incl udgsed Reor trﬂ&{ﬁ in Figure 3. The contact assenbly
may be desi gngd t%‘ 'E))(?‘}O}/I ?f%?ttthﬁelfassgp@gﬁ%ﬁloaggsge%pgé?}%‘agﬁe%?g?ﬁrﬁﬁlpeor a high
number of dingy betusilietdein edchatactamt lcadlitiving Fhebd offtdrankled anl renised wor kpi ece

25. 13y proyi.ding e . continuous contact wi.th the outer peripheral edges
of the m cr%lgll%é%t rﬂgenig?{c\}\%]r%%p?gc?&w%‘? YV (PRS0 JeSPEuARIC: Hig 6?}{)

ci rcunf er ensystenf 63 Wenrthenharenttlexet finidinge ke be Gsedtb hOGHLSHE GlctdrSetypp! i ed i's
to the ga cr eleect rPni.%hV\o:alngi ecglé%S thgéo ér onot es uni form current
. densi ti 8. TRSARPFor nifEURMNER a0 dimeiftet Eble A avek aupariconar tupshald i the dept h of
“the deposi tdtiatieh atdyahdicatd @ he@naAcdefiRRAQMAhvncERY ol aGhHEG£ONt act menber s
that provide mninmal intruysion about thé m croel ectronic workpiece

peri phery while conchf msntipgedabeve. fimhediseanty of atoptonzenaaywhe tsetlhe seed

| ayer. Cont@flteumkid dnlCotkd j : | ont-act nmenber
structure that upr,otvi desDa_wﬁﬁi%ﬁlak.?%/ﬁr' ﬁé“a‘@???ﬁﬁ‘gsgéﬁé&#eﬁg@eg?&% yer as
the microel SaRESH eurvpst dpirghe depdsitonghitle] AS an exaapleyamiiodivhérhs dfthe cont act

ayer sy agipirng bR ke o TRRERAR bbdk IS dn e it HeBretfe. cont act
structure WuingHwosiffarentseps. Sitp loofitersuebipe lasti o Sinytedf durfhg which £nt
densities o) o+ amp of current is delivered through four electrodes. Step 2 of the recipe,

which immediately follows step 1, is 1.25 minutes long. During step 2. a total

current of +9 amps is delivered for 95 milliseconds. Immediately afterwards. a

30 total current of -4.3 amps is delivered for 25 milliseconds. Ten milliseconds after
-35-



~.-gmbodi ment of a progessing. { QAL

zs about the microel ectronic wor kpi ece periphery is increased and the

resulting filmis nore uniform Further, such consistency in the el db itk ail3
contact facilitates greater consistency in the electroplating process from

waf er -t o-waf er thereby increasing wafer-to-wafer uniformty.

The contact assenbly may al so inclu
barrier, individually or

de one or

9 MAR 2003

nore structures that provide a

in cooperation with other structures,
separates the contact/contacts 85, the peripheral

t hat

edge portions and

backsi de of the m croel ectronic workpiece 25 fromthe plating sol ution.

This prevents the plating s of neta
further,

near the edgg; of, iMf. WLLACL

o
el ectropl ating environmnent-

a

C

ece

eI

onto the individual
assists in preventing any exposed portions of the barrier

S RE SR

contacts and,
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Payer and
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adher ed el l,at ed mat is.s
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Figure 15 i

lefies a plurality of processing stations 20 1610. Preferably,

“these processing stations include one or nore rinsing/drying stations and

one or

reactor® such a$. t heTABLE GbIERL MULTISREP

processing stations constructed in

may al so b~ enpl oyed. The system al
processing station, 125 gheh as at 1
reactor that is adapted for rapid t
are transferred betweenfr¥ed ictieess
161 using one or nore rohatig trans
for linear novenent along a central
stations 1610 may al4so mmdol paemt e

executing an in 9 MAR 2803 situr
stations as welt ast he®PBHbEFEtra
cabinet that is prow deghowtd&nbdil te
thereby limt airborne contam nants
t he microel ectroni c ‘or Rskeedirstiece
in

t hat incl udes attreas
_ Unl i Be t hededneeti men
reactor is serviced By a dedi cat ed

robotic mechani sm 1640 #FPEHEor k
t he robotic transfenjnmeghad &5 162

“portion 1630,
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It

portion 1630 in
is envisioned that the

optim zer may be usqUiei RFORAAOCoRRHLE o3t 89S Of slﬁlﬂﬂelcm'rr\-’:ﬁtrsyiaﬁ'@ @hgcesses for
processi ng. sem conduct or _wor kpi eces. It is further envisioned at the

optim zer HHTRANERHPE RAPE atea) §f hepasint.evhild thermightdiand cphwuestxiwsg t ool s
perform ng such processes, with only some mechanismfor the ' optimzer to
pass control parameters to such proceé@%ng toots. I ndeed, the optim zer and
processing tools may be operated under the control and/or ownership of
different parties, and/or in different physical |ocations Nunerous

nodi fications may be nade to the described optim zer zs w thout departing
fromthe basic teachings thereof. For exanple, although the present
invention is described in the context of electrochenm cal processing of the



m croel ectroni c workpi ece, the teachings herein can al so be extengeﬁﬁgqmgg
ot her types of mcroel ectronic workpi ece processing, including various

ki nds of material deposition processes. For exanple, the optim zer may be
used to control so electrophoretic deposition of material, such as positive
or negative el ectrophoretic -56i 9 MAR 2003 photoresists or

el ectrophoretic paints; chem cal or physical vapor deposition. etc. In
effect, the teachings herein can be extended to other mcroel ectronic

wor kpi ece processing systens that have individually controlled processing
el ements that are responsive to control paranmeters and that have

i nt erdependent effects on a physical 5 characteristic of the

m cr oel ect r&gﬁgﬁs\%& KRieEGRorkfARbn %Ozb QEGREAED HShB Gt Rle 181BEBNE 2an SUCH

systens may sensitivity es or natrices as set forth herein and
use them i rsecmthptbapilohns amlurpiamef Srmimpies, Whiktistep Artmaat dwratiopeelsl2y arrive

at control tek. y3l u t 1kt ol i S el ARt physi cal
characteri slgl&gzl%gi? I?kll“e]gr'ﬁ gf%%ﬁ)gg%erﬂ gtﬁlgtt[n\?\%ﬁpyﬂ fe‘%\g&dﬂlé%ulg%et he priggent
i nventi on hHE%efihe dastich o thei step,, ovhile lirs tiap 0] firwelelt patingnis tpierfomfeask ionce t o one

or nore specific enmhodi nents, 0se skill im the W L ni ze that
changes Srraya%ﬂlét ﬁ?h%g’? %?@?%wat‘ﬁﬁﬁﬁep géspg’rdﬂlf?f o5 %%%fﬁéé é&%lélhg%gggpi rit of
the inventigpiodsofstaé sfepy.t ILiteersé rhow the curreifls MR 20D Br@igh #h\Wf tbeaim 1. A
method in a c ting,systemfor constructin sensitiyi Lx usabl e
to adj ust c%}oﬁg’np‘?‘gmlgﬁpe iorﬁ’la{?r'%ﬂaf‘? E}P‘E?Fhé’? &et P%’d‘gﬁpsi n °§r?xaélpépcét ?gc;%'lg Ig%(i ng
chamber to jeBpHRY Q4pingisiargddliviefed tifoligh ammdenribsibegiurdtion ofaeh lofindinpl ural ity
- of radii. on_the plating workpiece, ohtai.nin | at i i C §S on the
_.wor kpi ece ab 1?%&1%%“5% A 4 R8RS UEETE gﬂﬁ@éq%itﬁreﬁ@ﬁ% :lée]%t(}igﬁardép%gpio\?er ed
~through ,§ heggl eqbs efiiecdn@s oafsMiefofah gerdldest 130daslliséondgyadiines 84l pl urality
of plating workpiece radii, obtaining a plé;agng trﬁlﬂg—%}g{g{ss 0i1 \[_lhelgvorkpl ece
at that radshes thnaensative comes felyetedidng Shedraekarry <t HAE "el ectr ode;
and Constfugffomwfmgé irféam;?—tﬂiﬁitést dSliveRaSh e RiwirdpnaRidfiescicaed. esgondi ng to
y of elecifodes, a

the plurali , setond di mensi on, of "the matrix correspondi ng
to the pl urstep tythis isr.5cimp-mesids, compuged by multiplying dhe ster d| duatgf and a

par ti cul ar faduS, DEL eigd BLUASH IDhnd P AR BOAE btk BaEsLaY t hat

radi us when ine currents arfe delivered through the el ectrodes from
the thi gkneampatThe fatwardglatisg wharge fdvetepasislaboet £ pmpteingics, gesiutadbed for

t hat el ectrode, . then dividin t he ni tud j urrent
for that el EFP@&Q%?‘%?W‘I?%B’%&P ?o)ngg uufﬁssgy %e%%&gtﬁpﬁ nZ‘S%ﬂgt met hod
-of claim 1 wher eidiby e ok 6feRd forwirdeaabnte st 002 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

20  values on lines 12 and 13.
The deposition chamber is used to depasit a wafer in accordance with
these initial currents. That is, during the first half-minute of deposition (step 1), +.2
~ amps are delivered through ancde 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
25 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
1.25 minute 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

30  duration of step 2, the forward fraction of step 2, and the forward anode | current of
-37- :



perturbed by approximately +.05 anps. 3. The nethod of claim1 wher ei}@gt ?@3
current for each electrode is perturbed by a factor in the range bg‘t n=1%
and 10% 4. The nethod of claim1l wherein the obtained thicknesses are
obtained by executing a sinulation of the operation of the electroplating
chanber based upon a mat hematical nodel of the electroplating chanber. -58
9 MAR 2003 5. The nethod of claim1 wherein the obtained thicknesses are
obt ai ned by neasuring workpieces plated in the el ectroplating chamber. 6.
The nethod of claim1, further conprising repeating the nethod to produce
‘additional sensitivity matrices for a variety of different conditions. 7.
The nmethod of claim1, further conprising using the constructed sensitivity
matrix to meghbyukphd&se [ ‘ﬁf’fﬁﬁ r Ky § ed to
plate a fi rsthw();rk i ece; sdt}%rﬁhﬁg?g%eﬁde no ﬁ%is\g% %3&%&%@&%5@@9@ second
wor kpi ece t Hehé: Hidihe fackyrasd argdedr enrient pisien De Shglr set plauinigpiheryes my One or
nor e conput JIRRE I nt ai.ni ng. ngjtivity matri x data
structure rg‘f%tl ngE% gﬁg&@e‘ipfgg%n%gei rb%!‘Pé’\gﬂnﬁEfl%ge m'ural ity of deposition
initiators for depositing material on a workpi ece having selected radii, a

control paranet bei [o]oF ] f the de iLtion initiators,
"the data structg'e cgﬂg%gjﬁhgﬁmbﬁﬁgegtﬁmlﬁ{%WZTbﬁTE?eS, each of
the entrfesRBEWE cting, for a given change in the control paraneter
associated with a given deposition initiator, the expected change in
deposi ted material thickness &°%!gilvéhAFE®tus, such that the contents of
the data structure may be usechnbd22 dQises Bhflid €vi sed deposition initiator
-paraneters for better conform ng deposited material thicknesses to a target
~profile for deposited material®®? clfbé4Brmig. The computer nenories of
‘tlaim8 wherein the depositi opghdakt il.egt;@mp_g,gne el ectrodes, and wherein the
control paraneters associated with the deposition initiators are currents
delivered through the el ectrodes. 10. The conputer nenories of claim3$8

Whter ein tgg sensi ti viteée PRdtink ehGBE Frafilel Yl WhGhidedl @ tﬂl@%%mn?z r%oegrelz b1 vity
matrix. - . . .
with thicknesses measured from the wafer plated using the initial current. In
response, the optimizer gemerates a set of new met plating charges for each

10 electrode. These new net plating charges are shown below in Table 11.

3. TABLE 11: NEW NET PLATING CHARGES FOR REVISED
RECIPE
Anode]l  1.537 Amp-min +0,171286 Amp-min = 1.709 Amp-main
Anode2  1.845 Amp-min - 0.46657 Amp-min = 1.379 Amp-min
Anode3  2.614 Amp-min +0.106337 Amp-min = 1.271 Amp-min
Anode4  1.690 Amp-min +0.188942 Amp-min = 1,879 Amp-min

The optimizer then computes for each anode a share of the current to

15 be delivered through the anode by dividing the new net plating charge determined

for the anode by the sum of the net plating charges determined for al] of the anodes.
These current shares are shown below in Table 12.

4, TABLE 12: CURRENT SHARES FOR REVISED RECIPE

Anodel  1,709/7.6875 =23.2%
-38- ‘



O9MAR 2003 11. The conputer nenories of claim8 wherein the conputer :
menories contain nmultiple sensitivity matrix data structures, each d%f%fﬁk g
to a different set of conditions. 12. One or nore conputer nenories £
col l ectively containing a deposition chanber offset data structure,
conprising a set of values indicating howto adjust a first paranmeter set
used to obtain acceptable deposition results in a first deposition chanber
to produce a second paraneter set usable to obtain acceptable deposition
results in a second deposition chanber. 13. A nethod in a conputing system
for controlling an electroplating process having multiple steps in an

el ectropl ati ng chanber having a plurality of el ectrodes, conprising: for
each el ectrode, determi ning the net plating charge delivered through the

el ectrode during a first pAmsténgrzyoleerstoiplate a first workpi ece by

sunmm ng the plating charg dellvered t hrough the el ectrode in each step of
the process; conparing a ﬁ%&@pngLﬂ tERF e BTt eved in plating the first

wor kpi ece to a target platiRgedpr0fhh@sisaasdgntify deviations between the
achieved plating profile and the target plating profile; determnning new
net plating charges for each el ectrode selected to reduce the identified

deviations in a secancp@@hgigﬁgdeﬁqghgaggwgq¥hgﬁg5yggmgngagﬁléghstrlbutlng

the new net plating charge across the st rocess, usin

di stri but e8fenapd pletse of the ragjpe by mydtplyiog @Ettetatlmmecm fmﬁie step afid rphaac h

el ectrode {Pme2aaESHSR a d_plating

cycle to plgte a second cgﬁ?E%?g%gﬁﬁﬁéiﬁa ?ﬁgggﬁﬁﬁé&#ggggﬁgﬁﬁgﬁgﬁ for each

electrode for each step. 14. A nethod in a conputer systemfor evaluating a

~design for an e ect @RB| n QR - 60 9 MAR 2003 appl yi ng

'to a set of initial Fegﬁ?og%ﬂgﬁgé%mﬁgia—ﬁéi$€§§¥i6a+m#®deI enbodyi ng the

reactor design to determne a first ngsuting{sokmii ng profile; conparing

the first resulting plating profile ffo a target aflatlng profile to obtain a
|

first difference; applyi a sensiti\9§y techaltfie to ildentify a set of
revi sed el ectrode 2. forward fraction {1 0.73076%

3. anode ] currem 0.222281 2.000530

4. anode 2 current {.179371 1.614339

anode 3 current 0.353895 3.185055

w

6.  anode 4 cumrem 0.244452 2.200075

7.  backward fraction 0.192307
8.  anodel cumem 0 -0.955308
A 9.  anode 2 current 0 -0.771295
'7fff; 10. anode3current |0 -1,521748
11, anode 4 current 0 -1.051147

12, forward amp-min 0.5 8.221153
13, backward amp-min |0 -1.033653

14, Total Amp-min 1.6875

For example, it can be seen in line 4 of Table 13 that the forward

anode 2 current for swiep 2 is about 1.6] amps, computed by multiplying the +9
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currents; applying the mat hemati cal nodel to the set of revised E|eg§ﬁ@ﬁF”“" ]
currents to determne a second resulting plating profile; conparing LT .
second resulting plating profile to the target plating profile to obtain a
second di fference; and evaluating the design based on the obtained second
difference. 15. An apparatus for automatically selecting paraneters for
using in controlling operation of a deposition chanber to deposit nmateri al
on a selected wafer to optim ze conformty with a specified deposition
pattern, conprising: a neasurenent receiving subsystemthat receives:
pre-deposition thicknesses of the selected wafer before material is
deposited on the wafer; post-deposition thicknesses of an al ready-deposited

waf er aft erapiRt @ lurd fSePsh reg6 Y ﬁg% afierp, and
pre-deposition tt?i cknesses of I:‘ﬁlgd gﬁ?sgg)g;?egepggﬁéej ' vva¥ té.??ﬁl%\ee{?é?gmrrat erial
i s deposi t edrHiadHer sgre? shawminal abler Bet er sel ecti on subsystem that sel ects

the paraneters to b Sq4t rd t £gr based
on the specified de%g?%%%;%?&f&wﬁéﬁ&Zﬂ_cg@%gss?%[} %‘g{{ @%iﬁlggglg@ﬁsés of the
sel ect ed weatherge dhangesrspecifipd by ttho optihizek firsthe sedfed: freipal are alilrllieabsi t ed
waf er, r r r siting. material on,the already-deppsited
wafer na WELS st E o aF B pOBTRUET Renl bsp HE SR HBDYEIPBN et or
-61 9 MARI&D@3hage fbheachppey andiphaé of s revibbd récipd, las rweliogpthe sblaD a

deposi tion nber for. depositin terial an the.selgcted wafer using the
par anet er s pg%fhé‘cct?%r&eblﬁ %nﬁlga“pﬁ‘i %@%ﬁ?‘é’&‘flpﬁﬁp ETHEy stUmPPHBZEr Y appar at us
of clai m 1ayilitevihieus ethempschemeg fer diembitheCpRtiag Bhitge ThSRIRS ivithth tthe Mat ri x

‘used by the_par ter selection suhsystem.in selecting paraneters to be
used 1o depsdPe HrEAmBIE BinaialteTBuly ditiResll the changes io Step 2 of the

10 recipe, leaving step 1 of the recipe unchanged from the initial multi-step recipe. In
some embodimenis, the optimizer maintains and applies a different sensitivity
matrix for each step in a multi-step recipe.

[n some embodiments, the facility utilizes a form of predictive control
feedback. In these embodiments, the optimizer generates, for each set of revised

15 currents, a set of predicted plating thickmnesses. The optimizer determines the
difference between these predicted thicknesses and the actual plated thicknesses of
the corresponding workpiece, For each workpiece, this set of differences represents
the level of error produced by the optimizer in setting currents for the workpiece.
The optimizer uses the set of differences for the previous workpiece to improve

| 20 performance on the incoming workpiece by subtracting these differences from the

target thickness changes 10 be effected by cwrent changes for the incoming
workpiece. In this way, the optimich is able to more quickly achieve the target

plating profile.
Further sample wafer processing processes employing the optimizer

25 are discussed below. It should be noted that no attempt is made to exhaustively list
such processes. and that those included are merely exemplary.

. Table 13 below shows a sample wafer processing process employing

the optimizer. from which a subset of the steps may be selected and/or modified to
define additional such processes.
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18. A nmethod for electroplating a selected surface using a plurali %gg%
el ectrodes, conprising: obtaining a current specification set conﬁii 2@%3
a plurality of current |evels each specified for a particular one of the
plurality of electrodes, the current |levels of the current specification
set conprising a nmodification of current |evels of a distinguished current
specification set in order to inprove results produced by electroplating in
accordance with the distinguished current specification set; and for each
el ectrode, delivering the current |evel specified for the electrode by the
current specification set to the electrode in order to electroplate the

sel ected surface. 19. The nethod of claim 18 wherein the current

specification get i KN Ly it via an interface. 20. The
met hod of claim 19 %gl?ée??f ?ﬁﬁﬁ‘&?‘%é&%‘@sﬁ@@ PR ce. 21. The
met hod of EMBIRYING @RJHMIZER he interface is a renovabl e nedia drive. 22.

The met hogl.of claim 19 wherein the interface is a network connection. 23.
The net th‘Eg‘r—cm-m—l-e-ﬁaepa-ﬁhphe_Eﬂ?_@ECﬁ?' i WPEaaess specification set i s obtained by
modi fyi ng it heDegbsttriefapidiaiy@rhsmbl b4 ificatjon set. -62 9 MAR 2003 24.
A nethod for processi ng a c%oecl g%?rgglﬁg%a}\‘/%?rk ?°é188?6%\6{?r’bf°i°§1'dff&?m‘( a)

appl yi ng a seed™ "4 P thysamn BVReok pi @GRchasbentpr eleqibl SidemkitkaRMneAEPOSi ti on

process; @b) Meaaflitdd Mer Mtk ] f the applied seed | ayer using a
netrol ogy devi ce; (c;@cor eot] E\sg&%%&ﬁ%%ﬁg?&e 'g“ﬁ'f"lf f PRRitipdepmdenhe appl i ed

seed |ayer i n &P milrpipIveiaiine eanrinferdilm dakienrfionhbeeraglaesd HACBSAL & oper at ed

in accordance with electri cagm&)@u Egﬂrgrnget§rnigned based on the neasured
~non-uniformty of the applied see ayer a BR8P hcteristics of the
ol ti pl e- 81 ect rBH¥oREHReE vFesidiagon TH er ofbtbd otla pfsodl @imPued- infautdiieL, conpri sing,
after (c) (d) subi:8Ghki e kpi.ece to an el ectroless ion platin

pr ocesg i)n( ) su Fnkrﬂgsif"?cﬁﬁﬁ{ﬁm&mg measurements from siep 2 (feedforward) ang J

measurement results from previous SLE wafer on step 6 or 8 (feedback)

4, Deposit metal layer in SLE chamber
S. Rinse wafer in SRD/Capsule chamber
6. Measure wafer thickness using Mewrology Station
7. Anneal wafer in annealing chamber on the too] or in independent stations
8. Measure wafer thickness using Metrology Station
9. Apply optimizer in ECD chamber using measurements from step 7 (feedforward) and
measurement results from previous ECD wafer an step 12 or 14 (feedback)
10. . Deposit final metal layer in ECD chamber
N 1L Clean and bevel etch wafer in Capsule chamber
L 12 Measure wafer thickness using Metrology Station
| 13. Annea) wafer in anneal chamber
14,

Measure wafer thickness using Metrology Station

These steps may be qualified in a variety of ways including; the

5 measurement/optimizer sequence Steps can be performed during tool qualification
or "dial-in"; the measurement/optimizer sequence steps sequence can be performed
periodically 1o monitor performance; the measurement/optimizer sequence steps

sequence can be performed on each wafer; SLE process may be optional depending
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order to enhance the seed layer. 26. The method of claim 25, furtherg MAR 2003
conprising, after (d): neasuring the thickness of the enhanced seed | ayer
using a netrol ogy device; and depositing a bulk nmetal |ayer atop the seed

| ayer in an nultipleelectrode reactor whose el ectrodes are operated in
accordance with electrical paraneters determ ned based on the neasured

t hi ckness of the enhanced seed | ayer and characteristics of the

mul ti pl e-el ectrode reactor. 27. A nethod for perform ng nmaterial deposition
on a workpi ece, conprising: selecting one of a plurality of processing

reci pes; in response to the recipe selection, froma plurality of
deposition process paraneter sets determ ned experinental ly under conputer
control, rebbh 4 ishsireRRIARRIR I $8p z%ﬁé?@h@&,ﬁ@r ol I?m.&@@ar%ﬁh@ﬁﬂ@ﬂnc{ eci pe;

and operating a deposition tool 1 n accordance wth the selected recipe, and
cont r ol | i n@ssegiatedgrogessHstensy| wafer ssfuanse tmay|bejeomivated frerohted: erestimedac cor dance
with the I ehidse\inPHA RSt 1RUAEPHST LoRt YOT kP gCer; - Gg¢ 19MAR 2003

28. One or nore nputer nmenories co ctive cont'ai i ng~an el ectropl ati ng

current datesasurement{ppemizenestetst magt beicpenfoemned uly sifteg professAnidivare

speci fyi.ng Lo f | urali f.seed | ayer resistivi rgnges, a set

of currént gh{n%e%gﬁ%gw%\}]eeﬁtég) 3?059 g %Fylggrpa%‘?ﬁ&ge(&gr’c?&gé rleﬂstay%fgﬁatygbe_

el ect r opl atesdarowlstexpinecdfebtwentg of anpeding pyeessyviesst depssitidn stedsyd 4l | S Wit hin
e sets of

t he range. . Hhe.conput er _nmenorjes of..claim2 erein th

currents sp]ié?:ﬁ’yi R sRgSIngy 8%??&?"7 B Snort%ggrﬁﬁtt’ge?‘gr'ﬁé e@(r‘é)u&% SRS nental |y
det er mi ned samelsetat osipg dferano bithe lone 30mors MEhhdositioR stepFuld hgussy.st em f or

- automati call c&nf i guri n Igar arr? ers u%azbltg to .control operati 8n of a
_reaction cHANPeFROST SR8 BRS) fORTRt BRlt By QRLMIFNEE SRS BAL WSt ormi ty
“with a mpecinftms telgendrie po fus tiidkeRapiotileor GRENMWITHS i NPecified ShapeNthe

pre-pol i shi ng t hi.cknesses of, the sel ected wafer before the sel ected wafer

i s pol i she@PUFZEHAR, SIRRS HAK S quEtenhiy SeRriaterrodesized grran densinnpRpfilsol i shed

vaf er af t effort fagur@fineedite Pelférshafhd\hffied © PRpbHNES! chakr tHCAIdiIoAS

re-polishing._thickpesses of the already-polished wafer before the
2| r egdy_ pof™® élap%g{ogrx? &sg ﬁgmtlinglﬁ@& is msu¥ﬁcpi)cnt, based upon metrology results.

Table 14 below shows an additional sample process:

15 7. TABLE 14: SAMPLE WAFER PROCESSING PROCESS
EMPLOYING OPTIMIZER

Step Tool/Process

L. Deposit merz] seed layer using PVD tool

2. Measure seed layer film thickness using metrology station

W

Apply optimizer in ECD chamber using measurements from step 2 (feedforward) and
measurement results from previous ECD wafer on step 7 (feedback)
Deposit final meral layer in ECD chamber
Annes] wafer in anneal chamber

Clean and bevel etch wafer in Capsule chamber

SR VR A

Measure wafer thickness using Metrology Station

Table 15 below shows an additional sample process:
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sel ecting the paraneters to be used to polish the selected wafer basngaQ 2009
the specified polishing pattern, the pre-polishing thicknesses of th i
sel ected wafer, the pre-polishing thicknesses of the already-polished

waf er, paraneters used for polishing the already-polished wafer, and the
post pol i shing thicknesses of the already-polished wafer. 31. A nethod in a
conputing systemfor determ ning deposition paraneters to use in performng
mat eri al deposition on a workpi ece, conprising: receiving thickness
measurenents at predeterm ned | ocations on the workpiece; -64 9 MAR 2003
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 starti 0 L i Qﬁﬁﬁyrenents, and a
starting set ofEﬁepo@??gﬁq?h%@&ﬁgggggéggf?gg%%%%$@g§?8 the starting sets of
deposi ti on pHPa@¥ING ORMIZER- deposi tion thi ckness neasurenents; based upon
t he receiveorgnd obt ai ned infornationﬁ_o- ermning a set of deposition

par amet er s Fe=use—n—perterm-ng-—taterich=—tEiasi-{--oR—aami-Re=pekpiese: 32.
The method of claim 31 wherei npihe Gek e 1nfERAS PYHR Paraneters to use in
perform ng material deposition on the workpiece is determ ned using
sensitivity *echni ques. 3Bicaspe gt lapr filmthigkness ppag metrglogystaiom f or

el ectroplating a m f i i Si.ng, IV dat a
representi ng'{la pr orp?p ?ng&!ﬁi &g&%gggh%ﬁa%%’r%?ﬁ%tm fng ﬁ‘%‘%ﬁ‘gg%%‘fe?féﬁ‘laf‘% he

wor kpi ece; identifyi ng mdsbientmrailte o pretitve EER edfet @nsep 6 (fesiedklupon t he
profile ofl the

Deposit final metal layer in ECD chamber
6. Clean and bevel etch wafer in Capsule chamber

7. ' Measure wafer thickaess using Metrology Station

Table 16 below shows an additional sample process:

5 10. TABLE 16: SAMPLE WAFER PROCESSING PROCESS
EMPLOYING OPTIMIZER
Step Tool/Process
1. Deposit metal seed layer using PVD ool
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 SLE wafer on step 6 (feedback)

4, Deposit metal layer in SLE chamber
6. Clean and bevel etch wafer in Capsule chamber
7. Measure wafer thickness using Metrology Station

As an additional sample process, the thickness uniformity of a wafer
with a PVD-deposited seed layer is measured on a dedicated metrology tool, after
10 which the wafer is brought 10 the plating tool and placed in an SLE process
chamber. Using the measurements from the dedicated metrology tool. the
optimizer is used to select an SLE recipe that will augment the PVD-deposited seed
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seed | ayer represented by the received data; determning a set of cort MR 2003
paraneters for plating the workpiece in a manner that conpensates for the
identified deficiencies in the seed |ayer; and comruni cating the determ ned
set of control paraneters to a plating tool for use in plating the

wor kpi ece. 34. A processing container for electrochemcally processing a

m croel ectroni c workpi ece conprising: a principal fluid flow chanber; a
plurality of concentric anodes disposed at different elevations in the
principal fluid fl ow chanmber so as to place the concentric anodes at
~different distances froma mcroel ectroni c workpi ece under process; and -65
9MAR 2004 a controller configured to deliver through each of the concentric

anodes a CusfoeR yLRAY ook 1248 wiFBECo AN AU iR JeLAVRL RFELRLAUON  he

concentric &ano to proce | er-processe croel ectroni c workpi ece
and (b) selieperéumed op thrawfer. sAfiertes walef tasibepr dewwdiang dotd inhenevafthiepi ece
under proc : oIt IR ] Ler- 2 croel ectronic
wor kpi ece. e%@mtg;}ﬁée] %P%%%ém nggég%t‘g;lfﬁ}elrg%s&é‘%%aﬁ% ghﬁ\i}ﬁ%?gﬂ% ﬁ‘reh%% urality
of concent rthe optnoctersis ahen wsed 0 galekt atplatingrrecipe thgt oiil tydeld e umifoombutke

m cr oel ect rQni rkpi from an.outernost one, of the.pluraldty of

concent r%i c fﬁﬁo%%%f’?ﬁ%ﬁ%ﬁ%ﬁ%ﬁedc?ﬂ SRl sﬁF‘bfaXFri &Fkg ssc%é %ic
anodes. 36.bullhGimrEloess progess ok adonmletaf, tht arafer3h WdiBfeicd fohe cagsurci pal
fluid fl ow chanbe iﬁ debi ned at. an U‘PB%{?B\P rti?n t hereof by an angl ed :
wal |, the &F§PEd ‘:\FAHP T WP BTROPALS STROYS eHOlt he plurality of concentric
anodes. 37. The procassi diditoas!sampRprédess; harafrIdbiiehEb thopatigy odor e of the
-plurality of c%ntri C g}rgg?dﬁs is a virtual  anode.  38.. The pr(%cessi ng

_ contai ner Gfd %Fag? TERe, mefrplogy Stetion odrirrmineothp thiskess pilheide chanber

““housi ngichahe\QVR-IposieaisicBy 1l kil Thei wifal is 308 PhnBfeA8@ 55 h Plhrihb Yhatngwt | et, the
processing fluid outlet being disposed in close proximty fo. t he
ni cr oel ect roHI& Mfopsedi byer meanrenmit dog thenandpademstrologk waivdudhe ve anode

el ement di gpAReAr iNudeldGo 3PRAS HHARP fcipe that will yield a convex (center-thick)
bulk film, at the desired nominal thickness. After the plating process has
completed, the wafer is transferred to a capsule cleaning chamber, wherenpon it is

15 removed from the tool.
As an additional sample process, a wafer comes to an electroplating
tool with a seed layer, applied using physical vapor deposition, that is non-uniform.
A metrology station is used to measure the non-uniformity, and the optimizer
operates the multiple-electrode reactor to correct the measured non-uniformity.
- 20 Seed layer repair is then performed using an electroless ion plating process to
S ) produce a final, more uniform, seed layer. The optimizer then operates to deposit
- bulk metal onto the repaired seed layer.
As an additional sample process, a semiconductor fabricator has two
physical vaper deposition tools ("PVD tools"), each of which has its own particular
25  charactenistics. A wafer processed by the first PVD too! and having a seed layer
non-uniformity is directed to a first multiple-electrode reactor for seed layer repair.
A wafer from the second PVD tool that has a different seed layer non-uniformity is
directed to a second muitiple-clectrade reactor for seed layer repair. Bulk metal is
then deposited onto the repaired seed layers of the two wafers in a third CFD

30 reactor under the control of the optimizer.
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housi ng. 39. The processing contai ner of claim 37 wherein the at |easf WABR 2003
conductive anode elenment is formed froman inert material. 40. The
processi ng container of claim34 and further conprising a plurality of
nozzl.es di sposed to provide a flow of the el ectrochem cal processing fluid
- 66 to the principal fluid flow chanber, the plurality of nozzles being
arranged and directed to provide vertical and radial fluid flow conponents
that conbine to generate a substantially uniformnormal flow conponent
radially across the at |east one surface of the workpiece. 41. The
processi ng contai ner of claim34 wherein the principal fluid flow chanber
is defined at an upper portion thereof by an angled wall, the angled wall
suppoerting one or nof ey . } A i c anodes. 42. The
processi ng cont ai nerA&;df“?% ag%b%h%\%ﬁé{;%%ﬁ%ﬂfeﬁgg’?ﬂgl&pal fluid fl ow chamber

- further conprises arbiiglé glatogspemplt: affha produstiop entiremdiheaeofivalveat | s

configured id uri_effect. that facilita recircul ation of
processi ng "%“19‘6’%83%30% ?ﬁ%z%%%cr caﬁ%rv'faltf noof FEHE B%”?‘}P@?%%Fgﬁﬂﬁ SgePf'l ow
chanber. 4For Ehampepthessmay be da? andterintezfconhert @k addiedchesf thenprersi ng a

- t optimzati b t f oCt | t ts deli dth h
he condontple S e o T BRIBoi & QIS B BECEHGECHER nor of

cl ai m 43, f}‘diﬂfér_hmrprcdiimh ri'lsieragv@_tagenﬁvmgﬁqmnﬁbmian@de?g?cfmpﬁi ?le t@ﬂmmetni)vi ty .
matrix re C gcaracterlstlcso t he r-1 NCl pa oW Cha er use
by the currtg%ﬁ:ﬁp'fef‘ﬂ??aﬁ ittt %gﬁ?%ﬁw@a@c?ﬁwlpﬁgownﬁ%m livered

t hrough the?&@ﬁmieﬂal . tglzmef&hﬁ@lﬁ&l rédipdson aliahd digfelent ¢ : mT.;_hﬁh@de@c_gssi ng .
,_'c_ontalner (0] clalm urther .co rrysin a U Qr. cLrcuj, 1,LNg. processi ng
~fluid within the priAn@f’ﬁ‘élap&I‘%P‘&ﬁgﬁib%PPg‘R@?‘pﬁng’ ﬁ‘ﬁd@e@‘%i‘ﬂ'&g{c@ﬁ W ner of
clai m 3% WhescRbsfol AR of thieirétifids Ot BRATBRG tolbe rdkl 3Rk @bl iPprefAdt@N 1@ fhis

el ectrolyte solution for electroplating the m croel ectronic workpiece. -67
47. The pr &¥EsTeqpes ¥l Be mariteaand |tefted expenmenially, PhptocRipfegtiondesing/er ed by

the cont rolgheppfi 8RN 2RRRO0R bitaif€d GRSt sd%Ef?ig!rt’tﬁdﬁsa A dféi?tiuf‘e%fn | ayer of

el ectroplated nmaterial on the m croelectronic workpiece un process than
workpiece production, the optimizer is used during the set-up phase only, saving

the process engineer much time in sctting up the tool and each of the recipes. If
15  seed-layers coming into the tool are identical and stable, the above picture is
sufficient.

If the seed-layers are not consistent, then off-tool metrology or
integrated metrology can be used to monitor the changes in the seed-layers and the
optimizer can be used to modify the anode currents in the recipe to compensate for

20 these vanations.

ECD seed followed by bulk ECD: In the case of sequential plating
steps, metrology before and after each plating step allows for recipe cument
adjustments with the optimizer to each process. In the case of ECD seed, the initial
PVD or CVD layer of metal can be measured and adjusted for using the feed-

25 forward feature of the optimizer. Note: In this process the resistance of the barrier
layer under the seed layer can also have a large influence on the plating uniformity,
. if 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).

-45-



was produced on the earlier-processed mcroel ectronic morkplece %
TUNI NG ELECTRODES USED I N A REACTOR FOR ELECTROCHEM CALLY PROCESSIN RAR 2003
M CRCELECTRONI C WORKPI ECE ABSTRACT A facility for selecting and refining

el ectrical parameters for processing a mcroelectronic workpiece in a
processing chanber is described. The facility initially configures the

el ectrical paraneters in accordance with either a mathenmati cal nodel of the
processi ng chanber or experinmental data derived fromoperating the actual
processi ng chanber. After a workpiece is processed with the initial

parameter configuration, the results are neasured and a sensitivity matrix
based upon the mathematical nmodel of the processing chanber is used to

sel ect new par anet ersial.-fidUnEBin €RlrchObeRAY 1&‘&‘1 ECi eRflaSe %E%Mcﬁﬁ'ud n the
processing of the first workpiece. These pararret ers are then used in

processi ng BeEdeBhihevRRtiarE @R Rihiseh terbpiphdiak imnfecipes Yhatdasig 8aioEhd t he

results us%ﬁcﬁtééﬁglbh&{nﬂa%éfb@m} gg ters. In sonme enbodi nents, the
facility analyzes a rofile of the s | ayer applied to a workpiece, and

det erm nes and conmmu hlfaLe@t-Up dhergpamaladurmdats 66 plateotnifossly ep diEredf cont r ol
paranet e { estﬂsfc%x&n%% L &?Q%?ﬁ&n gLl laqu%%%rs'u%@%épa'l@%foﬂnﬁcﬂPQ@er t hat

conpensa nCI es |n"t e See i
. AVKY. A?. Aydetdrininkd. bty advdpce)A(sing the optimizer to ﬁnd these currents.  Then the

. A< A<A<A9 Al A AA9 OA Y% Az. AB. A A(. A
2R M0 0. \FUREH. \P‘”AP}&@ G At %@ﬁ ygg‘té &"3&? LTGRO VNS
. V. A@. AVe. reashred. This may be quite useful for platcn planng (soider) where the seed layer
. Av. A% AH A A Li. AYL) Xby: $pb" bXZab

,C?Qol i }xsnlrasl%““&%]1 éﬁ%@‘&%?&]”gﬁ’ﬁ% T )ca] c/a] Ea] ca] ca] ca] ca] ca] ca] ca] ca]
ca]_ca]@ca] 82])83]1 E:a] caili:uaq‘];ﬁﬂﬂm@}rﬁ@] balied'th )é&ﬁtfclff@r&%&s padmeters for a wide | cal cal
L--@. ¢ v a] ca cal ca al ca al.ca] ca] ca] ca
ca] ca] ca] ca{®4aPcs t’?%fc?é‘? ‘LaF é’k ’Blﬂ' 818 16 q’\B&%@Q’%? he 5]
><>>>>7?7) ?-Qarfdud Hﬁls&ﬂﬁm%'&m&\i%&%@ﬂﬁc&wdw&ﬁ] cajc

a] cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] caU] ca] cal] %a]jca] ca]ca] cal ca]

Figure 8 illustrateés the basm constriction” of one einbodiment o
a] ca] ca] ca] k! T U9 \ihel [P b bhdibidkaRPedonsdi d_Z] ca] c
a]J ca] ca] ca]caJcaJca]ca ca] ca] cal ¢a] ca] ca] ca] c ca] cal ca] ca] ca]ca] C
a] ca] cajra) dequedpea)lt & S@a] lustraies Her corsespondine, Aoy ¥ElagY) FOROUEPRISE xsni d_Z] ¢

Z} g:} g:} gg}%gl ﬁﬂ%%}rgg] % ]CS ﬁl% cal nxm g%$n +, ]ﬁé] gcscgﬂng\ﬂ c]calc
a] caV] ca] cac]a:Mméra?]%‘ge]'le:a]Ip a]ymal]lma]aaa]uua]mtaﬂow] ahainber 5%], ea]aou]:hm:}
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of a diffuser disposed berween the electrodes/anode(s) and surface of the

30 microelectronic workpiece that is to be electrochemically processed (e.g.,
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L R10%&: (§‘m§ i3 anode §0 andg'gducecﬂnahng will take place in those reglons As such, a
25 plurahty of annular anodes 585 are disposed in a generally concentric manner on
slanted sidewall 565 to provide a flow of electroplating current to the peripheral
rogions.
Anodes 580 and 585 of the illustrated embodiment are disposed at
different distances from the surface of the microelectronic workpiece 25 that is

30  being electroplated. More particularly, the anodes 580 and 585 are concentrically
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Hf c! 10% & (with tHechelildl di¥fetances allow the anodes 580 and 585 to be effectively placed

close to the surface of the microelectronic workpiece 25 without generating a

corresponding adverse impact on the flow pattern as tailored by nozzles 533.

5 The effect and degree of control that an anode has on the
electroplating of microelectronic workpiece 25 is dependent on the effective
distance between that anode and the surface of the microelectronic workpiece that
is being electroplated. More particularly, all other things being equal, an anode that
is effectively spaced a given distance from the surface of microelectronic

10 workpiece 25 will have an impact on a larger area of the microelectronic workpiece
surface than an anode that is effectively spaced from the surface of microelectronic
workpiece 25 by a lesser amount. Anodes that are effectively spaced at 2
comparatively large distance from the surface of microclectronic workpiece 25 thus
have less localized control over the electroplating process than do those that are

15 spaced at a smaller distance, [t is therefore desirable to effectively locate the
anodes in close proximity to the surface of microelectronic workpiece 25 since this
allows more versatile, localized contro] of the electroplating process. Advantage
can be taken of this increased control to achieve greater uniformity of the resulting
electroplated film. Such control is exercised, for example, by placing the

20 electroplating power provided to the imdividual anodes under the control of a

“:.‘;f-‘i‘r', prdgrammable controller or the like. Adjustments to the electroplating power can

' thus be made subject 1o software conirol based on manual or automated inputs.

In the illustrated embodiment, anode 580 is effectively “seen” by
microelectronic workpiece 25 as being positioned a distance B1 from the surface of

25  microelectronic workpiece 25. This is because the relationship between the anode
580 and sidewall 560 creates a virtual anode having an effective area defined by the
innermost dimensions of sidewall 560. In contrast, anodes 585 arc at effective
distances B2, B3. and B4 proceeding from the innermost anode to the outermost
anode, with the outermost anode being closest to the microelectronic workpiece 25.

30 All of the anodes 585 in this emmbodiment are in close proximity {i.e., about ] in. or
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* concurrently being usefil for simations in which anode/electrode isolation is

desirable. Such situations include, but are not limited 10, the following:

» instances in which the electrochemical electroplating solution
must pass over an electrode, such as an anode, at a high flow

25 _ rate to be optimally effective;
. instances in which one or more gases evolving from the

electrochemical reactions at the anode surface must be

removed in order to insure uniform electrochemical
processing; and

10 » instances in which consumable electrodes are used.
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reactor that significantly differ from the foregoing embodiment are identified and
described below.

One significant distinction between the embodimems exists in
connection with the anode electrodes and the appertaining structures and fluid flow

paths. More particularly, the processing container 39 includes a plurality of ring-

“shaped anodes 1013, 1020, 1025 and 1030 that are concentrically disposed with

15

20

25

0

respect to one another In respective anode chamber housings 1017, 1022, 1027 and
1032. As shown, each anode 1015, 1020, 1025 and 1030 has a vertically oriented
surface area that is greater than the surface area of the corresponding anodes shown
in the foregoing embodiments. Four such anodes are employed in the disclosed
embodiment, but a larger or smaller nurnber of anodes may be used depending upon
the electrochemical processing parameters and results that are desired. Each anode
1015, 1020. 1025 and 1030 is supported in the respective anode chamber housing
1017, 1022. 1027 and 1032 by at least one corresponding support/conductive
member 1050 that extends through the bottom of the processing base 37 and
terminates at an electrical connector 1055 for connection to an electrical power
source.

In accordance with the disclosed embodiment, fluid flow to and
through the three outer most chamber housings 1022, 1027 and 1032 is provided
from an inlet 1060 that is separate from inlet 515, which supplies the fluid flow
through an innermost chamber housing 1017. As shown, fluid inlet 515 provides
electroplating solution to a manifold 1065 having a plurality of slots 1070 disposed
in its exterior wall. Slots 1070 are in fluid communication with a plenum 1075 that
includes a plurality of openings 1080 through which the electroplating solution

respectively enters the three anode chamber housmgs 1022, 1027 and 1032. Flud
-50-
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entering the anode chamber housings 1017, 1022, 1027 and 1032 flows over at least
one vertical surface and, preferably, both vertical surfaces of the respective anode
1015, 1020, 1025 and 1030.

Each anode chamber housing 1017, 1022, 1027 and 1032 includes an
upper outlet region that opens to a respective cup 1085. Cups 1085, as illustrated,
are disposed in the reactor chamber so that they are concentric with one another.
Each cup includes an upper rim 1090 that terminates at a predetermined height with
respect to the other rims, with the rim of each cup terminating at & height thar is
vertically below the immediately adjacent outer concentric cup. Each of the three
innermost cups further includes a substantially vertical exterior wall 1095 and a
slanted interior wall 1200. This wall construction creates a flow region 1205 in the
interstitial region between concentrically disposed cups (excepting the innermost
cup that has a contoured interior wall that defines the fluid flow region 1205 and
than the outer most flow region 1205 associated with the outer most anode) that
increases in arca as the fluid flows upward toward the surface of the
microelectronic workpiece under process. The increase in area effectivety reduces
the fluid flow velocity along the vertical fluid flow path, with the velocity being
greater at a lower portion of the flow region 1205 when compared to the velocity of
the fluid flow at the upper portion of the particular flow region.

The interstitial region between the rims of concentrically adjacent
cups effectively defines the size and shape of each of a plurality of virtual anodes,
each virtual anode being respectively associated with a corresponding anode
disposed in its respective anode chamber housing. The size and shape of each
virtual anode that is seen by the microelectronic workpiece under process is
generally independent of the size and shape of the comresponding actual anode. As
such, consumable anodes that vary in size and shape over time as they are used can
be employed for anodes 1015, 1020, 1025 and 1030 without a corresponding
change in the overall anode configuration is seen by the microelectronic workpiece
under process. Further, given the deceleration experienced by the fluid flow as it

proceeds vertically through flow regions 1203, a high fluid flow velocity may be
-5]. .
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introduced across the vertical surfaces of the anodes 1015, 1020, 1025 and 1030 in
the anode chamber housings 1022, 1027 and 1032 while concurrently producing a
v.ery uniform fluid flow pattern radially across the surface of the microelectronic
workpicce under process. Such a high fluid flow velocity across the vertical

5 surfaces of the anodes 1015, 1020, 1025 and 1030, as noted above, is desirable
when using certain electrochemical electroplating solutjons, such as electroplating
fluids available from Atotech. Further, such high fluid flow velocities may be used
to assist in removing some of the gas bubbles that form at the surface of the anodes,
particularly inert anodes. To this end, each of the anode chamber housings 1017,

10 1022, 1027 and 1032 may be provided with one or more gas outlets (not illustrated)
at the upper portion thereof to vent such gases.

Of further note, unlike the foregoing embodiment, element 1210 1s a
securement that is formed from a dielectric material. The securement 1210 is used
to clamp a plurality of the structures forming reactor base 35 together. Although

15 securement 1210 may be formed from a conductive material so that it may function
‘as an anode, the innermost anode seen by the microelectronic workpiece under
process is preferably a; virtual anode corresponding to the interior most anode 1015.
Figures 11 and 12 illustrate computer simulations of fluid flow
velocity contours of a reactor constructed in accordance with the cmbodiment
20 shown in Figures 13 through 15. In this embodiment, all of the anodes of the
reactor base may be isolated from a flow of fluid through the anode chamber
housings. To this end, Figure 11 illustrates the fiuid flow velocity contours that
occur when a flow of electroplating solution is provided through each of the anode
chamber housings, while Figure 12 illustrates the fluid flow velocity contours that
25 occur when there is no flow of electroplating solution provided through the anode
chamber housings past the anodes. This latter condition can be accomplished in the
reactor of by muming off the flow the flow from the second fluid flow inlet
(described below) and may likewise be accomplished in the reactor of Figures 9
and 10 by turning of the fluid flow through inlet 1060. Such a condition may be

30 desirable in those instances in which a flow of clcctroplatlncr solution across the
-53-
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surface of the anodes is found to significantly reduce the organic additive
concentration of the solution. \

Figure 13 illustrates a variation of the reactor embodiment shown in
Figure 10. For the sake of simplicity, only the elements pertinent to the following

s discussion are provided with reference nurnerals,

This further embodiment employs a different structure for providing
fluid flow to the anodes 1015, 1020, 1025 and 1030. More particularly, the further
embodiment employs an inlet member 2010 that serves as an inlet for the supply
and distribution of the processing flnid tv the anode chamber housings 1017. 1022

10 1027 and 1032.

With reference to Figures 13 and 14, the inlet member 2010 includes
a hollow stem 2015 that may be used to provide a flow of electroplating fluid. The
hollow stem 2015 terminates at a stepped hub 2020. Stepped bub 2020 includes a
plurality of steps 2025 that each include a groove dimensioned to receive and

15 support a corresponding wall of the anode chamber housings. Processing fluid 1s
directed into the anode chamber housings through a plurality of channels 2030 that
proceed from a manifold area into the respective anode chamber housing.

This latter inlet arrangement assists in further electrically isolating
anodes 1015, 1020, 1025 and 1030 from one another. Such electrical isolation

20 occurs due to the increased resistance of the electrical flow path between the

anodes. The increased resistance is a direct result of the increased length of the
fluid flow paths that exist between the anode chamber housings.

The manner in which the electroplating power is supplied to the

microelectronic workpiece at the peripheral cdge thereof affects the overall film

25 quality of the deposited metal. Some of the morc desirable characteristics of a

' contact assembly used 1o provide such electroplating power include, for example,

the following:
. uniform distribution of electroplating power about the
periphery of the microelectronic workpiece to maximize the

30 uniformity of the deposited film;
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consistent comtact characteristics to insure wafer-to-wafer
uniformity;

. minimal intrusion of the contact assembly on the
microelectronic workpiece periphety to maximize the available
area for device production; and

. minimal plating on the barrier layer about the microelectranic
workpicce pcriphetjr to inhibit peeling and/or flaking.

To meet one or more of the foregoing characteristics, reactor

assembly 20 preferably employs a contact assembly that includes the contacts 85

shown in Figure 3. The contact assembly may be designed to provide either a

" continuous electrical contact or a high number of discrete electrical contacts with

the microelectronic workpiece 25. By providing a more continuous contact with
the outer peripheral edges of the microelectronic workpiece 23, in this case around
the outer circumference of the semicanductor wafer, a uniform current is supplied
to the microelectronic workpiece 25 that promotes uniform current densities. The
uniform current densities enhance uniformity in the depth of the deposited material.

The contact assembly may include contact members that provide
minimal intrusion about the microelectronic workpiece periphery while
cancurrently providing consistent contact with the seed layer. Contact with the
seed layer is enhanced by using 2 contact member structure that provides a wiping
action against the seed layer as the microclectronic workpiece is brought into
engagement with the contact assembly. This wiping action assists in removing any
oxides at the seed layer surface thereby enhancing the electrical contact between the
contact structure and the seed layer. As a result, uniformity of the current densities
about the microelectronic workpiece periphery is increased and the resulting film is
more uniform. Further, such consistency in the electrical contact facilitates greater
consistency in the elecroplating process from wafer-to-wafer thereby increasing

wafer-to-wafer uniformity.
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microelectronic workpiece 25 from the platmIT solution. This prevents the plating
of metal onto the individual contacts and, further, assists in preventing any exposed
portions of the barrier layer near the edge of the microelectronic workpiece 25 from

being exposed to the electroplating environment. As a result, plating of the barrter -

{ayer and the appertaining potential for contamination due to flaking of any loosely

adhered electroplated material is substantially limited. Exemplary contact
assemblies suitable for use in the present system are illustrated in USSN
09/113,723, while July 10, 1998, entitled "PLATING APPARATUS WITH
PLATING CONTACT WITH PERIPHERAL SEAL MEMBER“ which is hereby
incorporated by reference.

One or more of the foregoing reactor assembly's may be readily
integrated in a processing tool that is capable of executing a plurality of processes
on a workpiece, such as a semiconductor microelectronic workpiece. One such
processing tool is the LT-210™ electroplating apparatus available from Semitool,
Inc., of Kalispell, Montana. Figures 15 and 16 illustrate such integration.

The system of Figure 15 includes a plurality of processing stations
1610. Preferably, these processing stations include one or more rnsing/drying
stations and ome or morc electroplating stations (including ome or more
electroplating reactors such as the one above), aithough further immersion-chemical
processing stations constructed in accordance with the present invention may aiso
be employed. The system also preferably includes a thermal processing station,
such as at 1615, that includes at least one thermal reactor that is adapted for rapid
thermal processing (RTP).

The workpieces are transferred between the processing stations 1610
and the RTP station 1615 using one or more robotic transfer mechanisms 1620 that
are disposed for linear movement along a central track 1623. One or more of the

stations 1610 may also incorporate structures that are adapted for executing an in-
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' 20 processing tools performing such processes mtg only some mechanism for the
] ' optimizer to pass control parameters to such processing tools. Indeed, the optimizer
and processing tools may be operated under the control and/or ownership of
different parties, and/or in different physical locations:
. Nurmerous modifications may be made to the described optimizer
25 without departing from the basic teachings thereof, For cxampie, although the
present invention is described in the context of electrochemical processing of the
microelectronic workpiece, the teachings herein can also be extended 1o other types
of microelectronic workpiece processing, including various kinds of material
deposition processes. For example, the optimizer may be used to control -

30 clccm)phoreuc deposition of material, such as positive or negative electrophoretic
. N
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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
10 substantial detail with reference to one or more specific embodiments, those of skill
in 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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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 currents are perturbed for that electrode, then
dividing by the magnitude by which that the current for that electrode was

perturbed from its baseline current.

2. The method of claim 1 wherein the current for each electrode is

perturbed by approximately +.05 amps.

3. The method of claim 1 wherein the current for each electrode is

perturbed by a factor in the range between 1% and 10%.

4. The method of claim 1 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.
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5. The methed of claim 1 wherein the obtained thicknesses are obtained

by measuring workpieces plated in the electroplating chamber.

6. The method of claim 1, further comprising repeating the method to

produce additional sensitivity matrices for a variety of different conditions.

7. The method of claim 1, 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.

8. 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 predicting, for a given change in the control parameter
associated with a given deposition initiator, the expected change in deposited
material thickness at a given radius,

such that the contents of the data structure may be used to determine
revised deposition initiator parameters for better conforming deposited

material thicknesses to a target profile for deposited material thicknesses.
9. The computer memories of claim 8 wherein the deposition initiators are
electrodes, and wherein the control parameters associated with the deposition

inttiators are currents delivered through the electrodes.

10.  The computer memories of claim 8 wherein the sensitivity matrix data

structure is a Jacobian sensitivity matrix.
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12.  One or more computer memories collectively containing a deposition
chamber offset data structure, comprising a set of values indicating how to
adjust a first parameter set used to obtain acceptable deposition results in a
first deposition chamber to produce a second parameter set usable to obtain

acceptable deposition resuits in a second deposition chamber.

13. A method in a computing system for controlling an electroplating
process having multiple steps in an electroplating chamber having a plurality
of electrodes, comprising:
for each electrode, determining the net plating charge delivered
fhrough the electrode during a first plating cycle to plate a first workpiece by
summing thé 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 betweén 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.

14. A method in a computer system for evaluating a design for an

electroplating reactor, comprising:
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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.

15.  An apparatus for automatically selecting parameters for using in
controlling operation of a deposition chamber to deposit material on a
selected wafer to optimize conformity with a specified deposition pattern,
comprising:

a measurement receiving subsystem that receives:
pre-deposition thicknesses of the selected wafer before material 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.
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16.  The apparatus of claim 15, further comprising a deposition chamber for
depositing material on the selected wafer using the parameters selected by

the parameter selection subsystem.

17.  The apparatus of claim 15, 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.

18. A 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.

19. The method of claim 18 wherein the current specification set is

obtained by receiving it via an interface.
20.  The method of claim 19 wherein the interface is a user interface.

21. The method of claim 19 wherein the interface is a removable media

drive.
22. The method of claim 19 wherein the interface is a network connection.
23. The method of claim 18 wherein the current specification set is

obtained by modifying the distinguished current specification set.
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24. 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;

(c) 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.

25.  The method of claim 24, further comprising, after (c):

(d)  subjecting the workpiece to an electroless ion plating process in

order to enhance the seed layer.

26.  The method of ctaim 25, further comprising, after (d):

measuring the thickness of the enhanced seed layer using a metrology
device; and

depositing a bulk metal layer atop the seed layer in an multiple-
electrode reactor whose electrodes are operated in accordance with electrical
parameters determined based on the measured thickness of the enhanced

seed layer and characteristics of the multiple-electrode reactor.

27. A method for performing material deposition on a workpiece,
comprising:

selecting one of a plurality of processing recipes;

in response to the recipe selection, from a plurality of deposition
process parameter sets determined experimentally under computer control,
retrieving a parameter set associated with the selected recipe; and

operating a deposition tool in accordance with the selected recipe, and
controlling each of a plurality of control points of the tool in accordance with

the retrieved parameter set, to deposit a workpiece.
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29. The computer memories of claim 28 wherein the sets of currents
specified by information in the data structure are experimentally determined

under computer control.

30. 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 for polishing the already-polished wafer, and the post-

polishing thicknesses of the already-polished wafer.

31. A method in a computing system for determining deposition
parameters to use in performing material deposition on a workpiece,
comprising:

receiving thickness measurements at predetermined locations on the

workpiece;
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based upon the received and obtained information, determining a set of
deposition parameters to use in performing material deposition on the

workpiece.

32. The method of claim 31 wherein the set of deposition parameters to
use in performing material deposition on the workpiece is determined using

sensitivity techniques.

33. 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.

34. A processing container for electrochemically processing a
microelectronic workpiece comprising:

a principal fluid flow chamber;

a plurality of concentric anodes disposed at different elevations in the

principal fluid flow chamber so as to place the concentric anodes at different

distances from a microelectronic workpiece under process; and

-65-

vU41 \10% & ()-z 4"10% & ()-510$$10$$10$$



+ 10% & ()-= \ 10% & ()- \ 10% & () [\\’\’\ H a|[ NA4110 @! 10%(I '%w;\{ 2003
$@D!'10% ( & ()-v. @' 10% & ()-v. @'10% ( & ()-v. @'10% & ()-v. 10% LB
& ()-vaccdddddd| obU41l +h10% f+[ & ()-10uulOuulOuu K@!' 10%u& ()-v. H@! 10% (
& ()-v. @'10% ()& ()-v. @'10%9 ()& ()-v.dfgiijj|[:bUsl + #%H0%A-& ()-
#YL0YRA- &&' () - #°/<10°/d\-& ()- #9%0%A-& ()- #°/<10°/d\-& ()- #9O0YA-& ()-jkl;

] obW41 il L7940 A- A- 74$100

SAS1090A. 08 (I)a C%“+r°1l‘?6 ﬂl\%@'%@toé’?@%ﬁ A&(ﬁﬁq g?r%ﬂ ?‘”Cg%!léaefs

1 10% & 0 1

ylovk e (7 Saret Sellis (af BiSa (ool 5 flladhilaginiibg, fh&f@???‘ the. GORGERIT
Fl 10% & (@node! kD yracdss ahlé%l&T—@)ec&ssedvmwﬂmeUnib w)oﬂQQ(&e& 40d o)

| Y109%%- O+- +10+- +10+-+ GL7! 10%*- +& é(s 61*10% & %

Ov. ! 10% &ei%ct fﬁy%{qq@} B MRE1 UnB@m 0vgcesting of the Mopiece) under

i protess, (0 ey rhusesstd o0 eD oAty “ridipriasioniq

H@ 109%- &vc(r)(plece@ 10%$- #& ()- . BS~ |[:bU4l Fod0%]-e& ()- FYLOW - V& () -
FOA0oM - W& () - MLOYD - O& ()- _f 10%-& ()- & 10%-& ()- 89:; F| obU4l 2#
10%- & ()-010]-10]-10] - " +p#10%-& ()- ~+p#10%-& ()- ~ +p#L0%& ()-

@a0vp. pat)  TMaEpso e SRR B b 4R {8 DSty

Se9\ z&10%n%des- afe ZAMakdEYs at Snbdeash d‘lé@%é‘s(ﬁroﬁp‘tﬁQ ﬂchroeIectromc
@10% & ()-. | : - 410F-Fh- O\ z&109%- F& () - 0S ~O\ 2&10%- E&' () -

Wwo\ z&lO%WGF&p(GPE foorpgarz QUEBEYNOBE OfNE- OfOthI&%Iz&IIW/Df canganttio anodes to an
a9\z&1ocy 3t 10||: ED, o k00 %’% 1o 10WG V() - % 10908 Q& () -
le%Né s 9\&‘{5’*’ ity R COPEBRIIEANOdREI OF- Fh | + 100M- W& () - +
10% % & ()- Z$&10°/e & ()-3 L$&10%- & ()-3 D$&L0%- & ()-3 6%&10%- & () - 3k
WUW410 10% & ()- 10% & ()-10 " 10 "

36. The processing container of claim 35 wherein the principal fluid flow

chamber is defined at an upper portion thereof by an angled wall, the angled

walt supporting one or more of the plurality of concentric anodes.

37. The processing container of claim 34 wherein one or more of the

plurality of concentric anodes is a virtual anode.

38. The processing container of claim 37 wherein the virtual anode
comprises:

an anode chamber housing having a processing fluid inlet and a
processing fluid outlet, the processing fluid outlet being disposed in close
proximity to the microelectronic workpiece under process; and

at least one conductive anode element disposed in the anode chamber

housing.

39. The processing container of claim 37 wherein the at least one

conductive anode element is formed from an inert material.

40. The processing container of claim 34 and further comprising a plurality
of nozzles disposed to provide a flow of the electrochemical processing fluid
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optlmlzatlon subsystem for selecting the currents delivered through the

concentric anodes by the controller.

44. The processing container of claim 43, further comprising a memory
containing a Jacobian sensitivity matrix reflecting characteristics of the
principal fluid flow chamber used by the current optimization subsystem in
selecting the currents delivered through the concentric anodes by the

coniroller.

45.  The processing container of claim 34, further comprising a pump for

circulating processing fluid within the principal flow chamber.
46. The processing container of claim 34 wherein the fluid flow chamber is

adapted to contain an electrolyte solution for electroplating the microelectronic

workpiece.
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ABSTRACT

A facility for selecting and refining electrical parameters for processing

a microelectronic workpiece in a processing chamber is described. The facility
initially configures the electrical parameters in accordance with either a mathematical
model of the processing chamber or experimental data derived from operating the
- actual processing chamber. After a workpiece is processed with the initial parameter
configuration, the results are measured and a sensitivity matrix based upon the
mathematical model of the processing chamber is used to select new parameters that
correct for any deficiencies measured in the processing of the first workpiece. These
parameters are then used in processing a second workpiece, which may be similarly
measured, and the results used to further refine the parameters. In some
embodiments, the facility analyzes a profile of the seed layer applied to a workpiece,
and determines and communicates to a material deposition tool a set of control

parameters designed to deposit material on the workpiece in a manner that

- compensates for deficiencies in the seed layer.
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