; DEe3eE@E=86TD) -0 3 FF~ 2005 PLATI NG SYSTEM W TH REMOTE SE@&E@?MW
FOR SEM CONDUCTOR MANUFACTURI NG TECHNI CAL . FI ELD 5 The present [

‘rel ates generally to sem conductor manufacturing technol ogy and nore
specifically to el ectroplating systens using consumabl e anodes. BACKGROUND
ART . In the past in the manufacture of sem conductors, there have been
numer ous 10 processes which required plating at various stakes to deposit
various nmaterials on sem conductor wafers. Al of these systens generally.
requi red human operator nonitoring or the addition of plating materials at
timed intervals. Since the addition of plating material was deened to be

one, which reunLA@ING:sYS“ﬁEMWRmcﬁf@ {51 33@{) ' , 1t was
not thought to be possibly to automate t |SSFF[§Z‘Q]3 m%m wi t hout
conpl ex, and expensive, SEMIGONDUQEQRMANUFACTURINGYSt ry has sought to

nmake smaller and smal |l er sem conductor devices with finer and finer device
connections, it has been found that conventional netallization techni ques
for maki ng TREHMICATEFIFIOPnections is are i nadequate for future generations
of products. This has resulted .in the shift frommaterials such as 20

al uni rum (Al) t dhgopissent (iDvgntiogo pelates i generdlysto tséﬁid‘oﬁdudﬁﬁpﬁﬁxhﬁfagwi ng the
netailizati ' i us fior, alum numand i s better adapte 0 .
deposi ti onlt%;n/n @ﬁ%ﬁ%ﬁg%rwgﬁg‘&l&&?lc&go @ﬁ@%&%‘@mﬁ)@n@e&ol ution.
Wth the adoption of the copper .interconnect, the device connection

t echnol ogyM@Ma great deal of effort placed into automating 25
copper pla T for seni conductors. This has neant the

i ntroduction of pPuRENS lpeent., Fhis.in. turn has nmeant .that nuch

. effort has been exp?r%gieﬁletjhg ’yluﬁé’"‘fr%(,’féd‘&cém@%?@’._ chaye bﬁ%?ﬁmé@lsses f or
depodft i ngPivegses Whicksreguireh platingy e vﬁﬁbﬁﬁ&&g@sﬂ&d&eﬁogitt‘)gﬁo,% ﬁl%gé}&lsc panber .

As the con§e%$+31{?ec€)r|§§éiénamde I.S consuned, it changes the geonetry and
the el ect rofoOtIVE 1o i thiess Rystemangmerallyattiquized duman upérhoEm
deposi t i onmohitdriiy G:aRP LAditioPHe Pl 198 Of copper, .l eads to
difficulties in AVENDED SHEETIH og%hig:ﬂfgglgg‘ggﬁ?g?%‘??’%\[m wﬁ%aﬂ tion o

pl anar i zatFigtngmassiah was decnied tebe vee Wiidoragtived aicefathldgRE ARG pEiiGe

peri meter . i r.. A salution for solving the

above- rrent?{gne eg?%%} fei(r‘rgg;h%&rp %ﬁ%ﬁﬁ’ bs, 29 it attpnitesthiscdlype pHapersoyht by

- and &P udedwithwy somplex] amll dxpeisive, asthputbPedhifingd8 735 discl oses a plating
system for platj nﬁﬁel ctrqni.c c n;ponents conprising a plating chanber,
having five | on‘éf' d?‘ﬁ?f?’y%%%g% odugleer sialigr pyd smaller semicenductonalelizesvhi ch
are. conneovithll fisert and dHRFEdRthe B01BREHRNG: E&CLYI NG a pal let of ten strips
of conponents whi ch i s connected _upe?%ﬁt gﬁeﬁg %ééetnhg%d ﬁ‘a} dopvertonahnk i s
provi ded dBffallization, techigues, forpmaking gthe hdeviver covnteions ris aird) Snalddddate Gbr SO! der

or other | i i and. air .of. . | s, .whieh are, connected up to
becoge an fg%%’g&?ﬁ%ﬂ) cat Egé%&lcgr reig{sral?ﬁ%fﬁ‘gg%lp %Slilﬁheﬁ%mals suethas
di sséf ves aiyrainpefAlhty copper(Ca). i nto sol ution, and the resul tant plating

- solution is pur@ed to the, Iatliag chanber to plate the conponents. |P-A-04
362199 di scl osePRAf @I@EF‘PE“&I gt dengsitiop awsing the metabizatipm technighes used for . 15
t ank, haviahgnidufaasid 3§ beR&OhdHBl : rate to be plated as a
cat hode, containing a co peéﬁblegtﬁg ZOPEP'SO‘%. é#%g& sg'iL gltcf%(?f?q% B dinto
the pl ati REPILEIR opf ehp splutipecWithithe adoptiehlofuhd cdppes hitettaimedt, BRNGSHED! €

copper .aneggnsdifn 3e LoL llect.rode as an jngolubl e cathode. Copper ions
~are formed in tﬁré e%gﬁnkg’l y%".éc'“‘%e‘ﬁ“ Wg‘ftecg?l BferPgP?aEed o AuOmat;n 28
di sc+oses coppeneplating: techpdlogy g inicondapRA. fHid Bhd MeAnPuSGHhEANINGI G Waf er.
expensive equipment. This in turn has meant that much effort has been expended in
trying to reduce costs.

One of the processes for depositing COpPET uses iconsumable primafy anode

in the plating chamber. As the consumable primary anode is consumed, it changes the

30 geometry and the electromotive force in the plating chamber leading to non-uniform
deposition of thc.copper; Non-uniform deposition of the copper leads to difficulties in

AMENDED SHEET 1



DI SCLOSURE OF THE | NVENTI ON The present invention provides an

el ectropl ati ng system for sem conductor .25 wafers including a BI%FEagngS
chanber having a consunmabl e renpote secondary anode.connected by a
circulating systemto a plating solution reservoir. The sem conductor wafer
is used as the cathode with an inert prinmacy anode in the plating chanber
and a renote consumabl e secondary anode in the plating solution reservoir
for providing the netal ions for plating. The consunption of the consumable
shi el ded secondary anode 30 does not change the geonetry or the

el ectronoti a-! a?izﬁ ] f1.n0 C er . and intains a uniform

t hi ckness c%%g uc@o@ cor eﬁbgme%%% %‘ng'ﬁ %ﬂ%@ﬁe f”ée%%fgfd"yc%‘lsmzb@l petimetel/ENDED

SHEET 0 3ofth®safiddbnduck®viddér29875 PCT/ USA /18229 The present invention
per electroplating systemfor sem conductor wafers

further provides,a cop

i ncluding a pl atAngsogﬁﬁ’#befOf h&olving atheorabametiicationed p grroblen®t si ORERT Y
anode conn i L systemto,a caopper. pl ati ng sol ution
reservoir. ﬁ%ﬁgg%lgonﬁuéé{‘go;&g\%gpg& '%sza“ai’]ée@éh%ﬂqﬁeétm&feam th an inert

pl ati nfim anode iBPhke ”BmS%dm%laﬁ@%ﬁemgﬁtiﬁggfeﬂg?@l ieca{%% R?eqr% net al

secondary anode, i n th? plating sol ution reservolr

i ons for’ pl RAERE TH 288 hapbero rhaging tfivs bogisudienb passegepsspaatide b ekbrt

secondary ghagdPwRRSShi Cmp ometry. or the electronotive force in
‘the plating chamber %ﬁ%%l n g‘ﬁﬁésugtgﬁf?o& } #odrrand Jeeeivipg 2 pallet aditen

of the pre ..l pventign |1 become apparent to those s
froma reaj)?ﬁgdﬁlsﬁpﬁ?t‘%%l%ﬂj%l’ g i Shaabeseand: ¢qutdinmballs et dokdes rori dther

™~

d iti fipscdf o ith i @b} dig i l. ad
eposi t i on, Shipsodf dompeasits whidhois @bhaethd IR RREMS 2aRfhoaddi H"%\g"ﬁ %”%%t :?ﬁs

conj uct i omplating ndtbal 208 .Gfgﬂsdﬁrﬂ%@h 10 BRI EF DESCRI PTI ON, OF THE
DRAW NG Flg 12( PRI OR AR%)% sﬁ%ws ap a@?%&"%‘%%‘ﬁ@é’? ‘83%‘6‘5%%@“%@%%urmbl e
anode; FI GCathodeR| Erctrolyyis svithis the pbsmwbingaﬂhdmwsl\ftﬂehpﬁﬁ,% Hdtﬂ%] Gheot N
consumabl e gﬂg?& gqﬁgggsgi an Fl G . 3.shows ‘a pl ating chamber having the
remote anode Of “the pPreeanti SodiHionyapprmp the GhatgberTtdEplatd/ENTI ON
15 Referri Hp componentsl G 1 (PRIOR ART), therein is shown an el ectropl ating
system | O havi a ?Lﬁél gg hanber 12. The plating chanber 12 has an
outlet 14 connedteil 1 % @0 rideqiuoplating appivatuis cotnpirising e rplamgnect ed

t o ansi nl etapkS hi e i W.thin the plaiting chanmbéer 12 is
a consunabl é‘k’p‘riﬁrrg%?%ﬁ}ogg %‘%%@%@5 %\“tbﬁ%é}ﬂt?% Plated A5 sathede 22. 20

Above the E¥HaBINgM sopner pdatingasodution2 0Thes scﬂuﬁ&iﬂscﬂﬂ%&éatiﬁfo uﬁgﬁémgg‘lm%ﬁw ng a
conductiveﬁgﬁegh Eﬁ&gﬁg%@%eﬁg. '[he seed [ayer 26 is connected by a R
connect or é t o & Regars oell wh ﬁ@@%?&@“%@%ﬁ&%%%tm aplatinata f or

the pl ati nelegirarteeassan ksluble Thtodeu crBhE rmhedl RORL Gl 30 4%, 1o
pl ace the @? d laver 26 in contact w {)h ap gtztlﬁng s%lqg%iekﬁﬂ%m'cﬁﬁiﬁor t he
el ectropl a ‘ﬁﬁ“ ‘copper the consumable primary anode 20 i s rmade of copper

and 20e pl ati ngusoAlst i7on @82g Casdicy r opper ipns. .Wien _the vol t ages
are applied, .copper ions are m é@ae?z%éfglgcr%&ﬁﬂ%mgoﬂg@nﬁﬁpﬁrpmwoaﬁode 20

to.the secmggpductopwafesng t he el ectronotive field indicated by straight

arrows 34 through the plating solution 32. The plating solution 32 is
recirculated by the recirculating punp 16 to maintain as constant a copper

i on conce THE INVEBNTEON1e cat hodi ¢ reaction at the seed | ayer
26 causes the de%osi tjon of netallic copper on to the seed | ayer 26.
Referring now t OPSFPEESCE jnpegtion paoyides tanceledtroplating reysvemt foe sehiedndastopt | Ng
syst2$n 10 m&ﬁnﬁcﬁ,ﬁﬁge&%ﬁgp&}ﬁm 519195'9 ss. The .consumabl e primary anode
20 is shown partially consunmed and si grggi %%F‘F‘gbl?éﬁ‘%@dsqcﬁ“&f!émﬂm ch
changes t (fonBestereby g circulating switem tlo arplitingesol@ion Geidtvdif 1R S@gji&g,dﬁggpber 12.

The shape vp;fﬁ‘tgg'é&i&c LQ tive fiield  as indicated by curved arrows 35,

i nfluences the depositlo I98e SLIPER POBKLY #Rede e theeplatinghamper ardin of t he

seni condustmotevainsumable sddofd4rd ahéil: B IBOIBL Iy and .the
el ectronoti va field in, the zfrgti ng changgtr]ﬂéljsz%mﬁ?g‘%g%g%éﬁrip&“glf‘géh?ret al 27

p .
on the sefMd8H8nt s plginge Tho gonsumptig of i eansemable shiclded betofdiig Auéde The
met &0 27 Wokd nbE [ , istance hetween the consumable primry
anode 20 and the se Sléﬁg)e?\guct ob %ﬁgreéfﬁmpgﬁﬁgorgemtrﬂe Pqﬂ“ng chamber and

pzintains a uniform thickness conductor core depiosition which is easily pl;'marized.

la
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0 3 FED 2005 WO 02/29875 PCT/USA /18229 shortest and will be thinner where
t he consumabl e pri mary anode 20 and the sem conductor wafer 24 0a3 #EBuZBller
apart. The variation in thickness of the metal 27 makes it very difficult
to pr opN¥P 9228 hari ze the semiconductor wafer 24 by subs@qmﬂm)l/lszw

h | - mepRARiEA i Qe def.ect
Chteor at eq Ciecise @RI proidePh 358 ERouBifng Sttt on MGt oyt
Ref er riPHRAIs SRiatiBe ehawber éamgrwwahleswmwmo&neoemmnmmmwg bs e s¢cemldig

accor diysign tooa édpper ﬁ)Iaﬁﬁgﬂ%qubd'lﬁé@WoirO MThe SRfcofdnbiet 20 i8hdeA s &Y SRR o L gl pdes a
plat| nected to a recirculating punp 56

ut | et 54 co
which T's @%% ée]fél}? %“e%@g‘ag% ST ‘ié’f‘s“%‘ébq? @Peer freepdam gnods fn fiei Rlpting solusien, oj r
605 THeseRypia forrmgodidinathe awetat ecslerfarqplmnﬁo The cmmqmﬁ of &byco&uﬁm BdppérnthRldedl tO

th | sadoha no e gdo T 0! rce e i
or' o a&%nodﬁb%4mcgnén%gmectg%@ Yol b 1 18R bt Ao G01R B2 e Sy B ol o
r

prima ﬂ g5 oqnguctr cope ﬂ‘i!??%‘?"i“ éﬂh“’h {ktspsiin meednﬂle abqyk endpd@tonﬂlmdtah@gep bt i ng
"proceshke Iacsdat \ntvertion iwdll Be0smeCppAEHNRAhosS siGlRd ASthd hrifrbih 4 RaliiRl bf thed BAYRnd RBabder t
pri rradgscgmg%‘glﬂeﬁﬁl%@&n%%ontglﬁ]%tagcrIﬁﬁ%{g{el%ﬁgG Qaw ng a conductive seed | ayer

68 t hereon e see yer iS¢0 a connector 69 to a negative
vol tage source 70 and acts as the 15 cathode for the plating process. The

s§ﬂ1 conductor wafer 66 is positioned so as to place the seed layer 68 in

cofit a MMMMZ In the plating solution reservoir 60 is

a consumblmnmmwammaemb&% ACORaMFRInGe; ' EnDte secondary

anode 75 i t he Sltl A Ita urce 62 and is in_fluid

comuni catl%(l)n % Ek%%e[t)lgnﬁer 1§m i{ t@ﬁ%”%ﬁ“’g & cquppnagle anoforopsymed; aggy 20

The consunm&Bf: ésh@ﬁﬂpbﬁ@e”émehaymaﬁmotﬂmdeof@e@mmmmentndmat as it is

consuned, the geonetry and the electronotive field in the plating chanber

52 do not change so the electronotive field for netal ions plated on the
ORES BOR CARRVING OUTTEHE INNENTIONdI rect |y bet Ween the inert primry

a de 64 a f [ .66 as |nd cat t he straight arrows

2395, &1 2R 5P AONENRIGRL B BLeD o LB B Y Sl e 0

seed FhEpber 1gg The pltingehggiber 12 hf o pytietoid opme@me sgeoptnilating wirhy 160@hiehais firtjier

pl anammetbdl&yansnl&sewtﬁdiﬂauﬁmlg@iz mechani cal planarization processes. In

operati on, o] note secondary anode 75 introduces_ netal ions
ot he. bl S BB o | PR} e PR AR el b cmponiuldah bt pleee Tt

platify solution 72 is then reC|rcuI ated to the plating chanber 52 either

byo gr aV| t Y Ab6RGhe REsuBmAIN B HmaBY anBaMlid WeehROdns: %Z%Wow tvhg'egd gpanber

52, th |nert ?wgza%/ %node 70. and the seed
el ect rorm?° 878 Yy SO deprBierted Pacopuetar 28it8ﬁ§e@HYeo"°!W$é s@@@é"%@/@? agfhe 30 As
t he nﬁ%‘&ﬁﬂ%ﬁeﬂ@m&pmqusm ted and the plating solution 72 becomes di | ut ed

it |sreC|1r§dJJe§§ B stabhe o m{me nta
back t h% pl at?%g%o%ﬁ%%%e@%ég??s%ggm%%‘?ée‘?kggcoh‘sum & e‘?nr)tlné
g

seconﬁ’a‘?‘y ode 75 will reéeplenish the netal ions uniformy. In t he

d&posi t i onFafthecsdpreniating hixopiee the lodiyiab Prilsry @fiods 0P Ratiade 8P@Pjet Bl thy mgr ocess

such @,ﬁg,pngm r Ca [ and the Inert p

anode. 64 | Igffe?rfal%nﬁ; M%nﬁﬂ?ﬁg eg(r%geu;r?gg?%ewlpg Fops %@8&&”@‘ ®anode

75 |s°°8f““’ﬁéf aqof3 pip fhe ssrd frxri2f alona fhe qlystsomotive figkd inicatridul straight prpwesidé

p: at | thpughtbaileing Sdytioh AR The pltigrsylu@n g2 kmuw@tmewMg ﬁdn%' 19 td BaikeiR

pl ati n ri,n atin auset e nert primary
BGebRHDEhooe fonUofoaliHiof AIBARH ML D0 BAL AL DIGRUSS 1

apnode, 70_does i ssolve an ecause y
atfodedepesition of retafliccappst earte thapeedlasendfependent  of the georretry and the

el ect r onot Rafeariig 8dveltol FIGE DePRLRIAIY, Shanhes e 129875
PCT/ | J3RLAE229. W I, | Lhe & pvent Lan has, anom e Soor g fes 16wt B L eh

a speci EPfode© ° SBEY 3hye 8%8@6@@@%@%&@% Stenifisagtly

modi edused insiss whishshanassitzetseamryy wid the eletrapjotiverfarnd in e plaifsdarster 12, ae é.hapetohe art

) |80 dechimdE Al 38 ARG, UaSEIBk Bon SEEORLIMANGn of be hSur B ENASELL 0

eﬁbr %A ¢ such aI ternatives, nodifrlcations vari at1ons I'C
Wlthl Y Ll PRipondusr Wegi?d of the appended clainms. All matters
hi t her-to- Dmeﬂmehmémmbg&nheyﬁumeemhmﬁblﬂdth@plﬁﬁgmmQ&d@ﬁcﬁiﬁbﬁ‘gs are

t 0 beyfiathéli By %L% éeﬂlcgﬂauétérlv%?etr h# twﬂi/l?e u%re]\genql? gen yt éog Ves € Se metal 27 will be

. thickest where the distance between the consumable primary anode 20 and the semiconductor wafer 24 is the
2

K)




4  Replacenent page 5 0 2 FEB 2005 CLAIMS: 1. A plating system (50) for a
"~ semiconductor wafer (66) conprising: 5 a plating chamber (52); (a3 (FE& 208D

sol uti on wesefy@ir (60) connected to the plating chanber
circulating system (52, 56, 58, 61) for circulating pl atlﬁ) %ﬁ”ﬁﬁ%’h (72)

bet ween shaiest pidaxiil bﬂjhlemwbw thé m;uuabidpmdw qubdxt20 ayl thedetiichrdictdr@GRT MGikd fufiep) |
an inertpd i mary anode (64) I n the pl ati ng chanber (52) and connectible to
a 10 source % posi.tive Vv Itage (62); a sem conductor wafer connector (69)

in the plati ?‘Ei‘ﬁ‘??erm °s% 108l ReoMA@C 27 Biakestib vergndiliewlt toh gropeslyi aserire cthor
vaf er ( 8@dicondnctar watur 2ebofubke@@at dhuitical Slihag@l HlizatidShosscOmMa YRR i dEEIRE €.

d g&“ﬁj ng.solutio servoir 15 (60) and
vigﬁﬁgc?%ﬁ&g eéas‘%#ﬂ%%&&t&{)%gefl vce0 VP HHE %62) 2. A plating system as
clai med in cRefemipg rowitie FEG. 3, tilisesing is sbarimadni elestropkasing mysem250 H0ordibi)o thaqafasdles a
punpi ng ifyfibe NTeMebtrdpliting sy 50 iRAbd Nplatdelc h'&ﬂb%z(ﬂa?:ﬁaigﬁ g&ﬁei ﬁte BleREd

atl n syst em
as ol i FeAlsaledu 36 PR o ool e e of gt e iotipmieneic ). Teolaiaee. o
punpi ngS@V@n@FPﬁ(O’éé()lsi:omeqmdﬁmasagoqdhxﬂamhtgﬁﬁmauﬁglcﬂda:b(er752) frgm 'Erhe pl ati ng
sol g§ion reszﬂB'tﬂep(aQQ% chtaBbJrlaflsQL ﬁl’éﬂt%ﬁnaﬁbﬁ?at | nge%t%ia 03 post n(/%ﬁtaéjssource

system claiped in claim
conf i gu?éedm?rbpr’rmémﬁ‘}ea@l‘ﬁ@f as’&?‘?ftal’ (Y’iﬁl"{‘?"ﬂbm@:%@mtlh@elmg prpeeisiad whighisdet (64)
and t hecanpmsdyechkeplatam(pg). secondary anode (75) 5. A pl at| ng system as

clained in Ck%vmﬂé’mmanme@ 1%‘ ngn%ggl C a;gélra ];? {\avgug a conductive seed layer 68
thereon. The seed layer 68 is connected by a connector 69 to a negative volitage source 70 and acts as the
15  cathode for the plating process. The semiconductor wafer 66 is positioned so as to place the seed layer 68 in
contact with a plating solution 72.
In the plating solution reservoir 60 is a consumable remote sécondary anode 75. The consumable
remote secondary anode 75 is connected to the positive voltage source 62 and is m fluid communication with the
inert primary anode 64 via the second inlet 61.

20 The consumable remote secondary anode 75 is placed so that, as it is consumed, the geometry and the
electromotive field in the plating chamber 52 do not change so the electromotive field for metal ions plated on
the seed layer 68 is always the same and directly between the inert primary anode 64 and the semiconductor
wafer 66 as indicated by the straight arrows 76.

With the electromotive field being direct, the plated metal 78 on the seed layer 68 will be of a uniform

25  thickness which will be easily planarized by subsequent chemical-mechanical planarization processes.

In operation, the consumable remote secondary anode 75 introduces metal ions to the plating solution
72 in the plating solution reservoir 60. The plating solution 72 is then recirculated to the plating chamber 52
either by gravity feed (as shown) or pumping (not shown). In the plating chamber 52, the inert primary anode 70
and the seed layer 68 provide the electromotive force to deposit the metal ions onto the seed layer 68.

30 As the metal ions are deposited and the plating solution 72 becomes diluted, it is recirculated by the
pump 56 (as shown) or gravity fed (not shown) back to the plating solution reservoir 60 where the consumable
Temote secondary anode 75 will replenish the metal ions uniformly.

In the deposition of copper, the seed layer 68 is of copper deposited by a process such as sputtering or
chemical vapor deposition, and the inert primary anode 64 is of platinum (Pf), and the consumable remote

35  secondary anode 75 is of metallic copper.

By having the inert primary anode 70 in the plating chamber 52, the geometry and the electromotive
field in the plating chamber 52 are not changed during plating because the inert primary anode 70 does not
dissolve and because the consumable remote secondary anode 75 is in a separate area independent of the
geometry and the electromotive field in the plating chamber 52.



30 has a seed |ayer (68) and the plating chanmber (52) is configured to have
pl ati ng solution (72) contact the seed | ayer (68). 0 3 F~~ quppgg Z”5
Repl acenent page 0 2 FEB 2005 6 6. A plating system:as clainmed in clarm

i ncl udi ngvmomv&e of positive voltage (62) and a source pfT/AeaRiswe

| t 70 7 A t f duct f
Conpr Psi ng: o o b QB sk e TG PO 414 MGe SFHRTDn
r eser vdhat m@ﬁOf)ltemmaemoaﬂcaums 1dné variatige rwﬂpbﬁippﬂgxt@dﬁﬁﬁbﬁﬁne(i@ﬁm azanChghCéflt&I i ng
syst em koL oﬁ!g r&é&hﬁt} ngA &; 1* QSn Rhal Bgenﬁagacy ilon (aZtgr}la b?s&‘é‘n%@&cgﬁ %se Fm\flm ;

copper Iatln%ncha e copper Ia ing

(60); JATatipgs, Which Wm ﬁb‘ﬂbﬂn(i Mpe pfthe hmveedyépbunSp thattgs biftertyefore (5§ Ryrthand
Conisec thefin@r iHOwiinIBY HcoepAiinP@ivwihds\aet 1Y 6¢ tdRotedd Bron S SR ThEANIMEER senda f er
connector (69) is in the copper plating chanber (52) and connectible to
connect the sem conductor wafer (66) to a source of negative 15 voltage
(70); and the renote consumabl e copper anode in -the copper plating solution
reservoir (60) and connectible to the source of positive voltage (62). 8.
The copper plating systemas clainmed in claim7, wherein the circulating 20
system (52, 56, 58) includes a punping system (56) for punping copper ion
pl ati ng solution (72) fromthe copper plating chanber (52) to the copper
“ion plating solution reservoir (60). 9. The copper plating system as
claimed in claim7, wherein the circulating 25 system (56, 61 ) includes a
punpi ng system (61 ) for punping copper ion plating solution (72) fromthe
copper ion plating solution reservoir (60) to the copper plating chanber
(52). 10. The copper plating systemas clainmed in claim7, wherein the
copper plating




30 chanber (52) is configured to have copper ion plating sol utb gﬁzm
cover the inert platinumanode (64) and the renpte consumabl e %6‘9% iVdde

(75). 0 ~ FED ZoO~ Repl acenment pad4e 0 2 FEB Z005 11. A copper plating
systemas clained in claim7, wherein the sem conductor wafer (66) has a
copper -seed | ayer (68) and the copper plating chanberﬁe("s‘lz?fnqntpag@nfi gured to

have copper ion plating solution contact the copper seﬁg 'ﬁ% (68). 5 12.
A copper plating systemas clainmed in clg m7, includi Bce of

positive voltage (62) and a source of negative voltage (70). .A

2. A1 2. ASE. A, %%Igs, AH2 A2, XhOB&+ ~ytohb[V]ca Ul c”a] cha

U c”a] ca] ca] ca 'a] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]ca]calc

aJ ca] ca] ca]cal] cfalJca]cMalcalc"a

50rrrrettrm"t Y/ /14 AM]/11111111122~ytoj d_ZU] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca
] caU caU] ca] c. a] ca] ca] ca] ca] ca] ca] ca] caU] ca] c"a] ca] ca] ca] ca] ca] ca] cal] ca]ca
I 2: 37334L44) 5nbH6 6 7A PlaiBBE88MI(0MA@semiconductor wafer (66) comprising:
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: a plating solution reservoir (60) connected to the plating chamber (52);
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‘ an inert primary anode (64) in the plating chamber (52) and connectible to a
10 source of positive voltage (62);
a semiconductor wafer connector (69) in the plating chamber (52) and
connectible to connect the semiconductor wafer (66) to a source of negative voltage
(70); and
a consumable remote secondary anode (75) in the plating solution reservoir

15 (60) and connectible to the source of positive voltage (62).

2. A plating system as claimed in claim 1, wherein the circulating system (52, 56,
58) includes a pumping system (56) for pumping plating solution (72) from the plating
chamber (52) to the plating solution reservoir (60).

- 20
3. A plating system as claimed in claim 1, wherein the circulating system (56, 61)
includes a pumping system (56) for pumping plating solution (72) from the plating
solution reservoir (60) to the plating chamber (52).
25 4. The plating system as claimed in claim 1, wherein the plating chamber (52) is

configured to have plating solution (72) cover the inert primary anode (64) and the

consumable remote secondary anode (75).

5. A plating system as claimed in claim 1, wherein the semiconductor wafer (66)
30 has a seed layer (68) and the plating chamber (52) is configured to have plating
solution (72) contact the seed layer (68).
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a copper plating chamber (52);
a copper ion plating solution reservoir (60) connected to the copper plating
chamber (52);
a circulating system for circulating copper ion plating solution (72) between
10 the copper plating chamber (52) and the copper ion plating solution reservoir (60);
an inert platinum anode (64) in the copper plating chamber (52) and
connectible to a source of positive voltage (62);
a semiconductor wafer connector (69) is in the copper plating chamber (52)
and connectible to connect the semiconductor wafer (66) to a source of negative
15 voltage (70); and _
the remote consumable copper anode in the copper plating solution reservoir

(60) and connectible to the source of positive voltage (62).

8. The copper plating system as claimed in claim 7, wherein the circulating
20 system (52, 56, 58) includes a pumping system (56) for pumping copper ion plating
solution (72) from the copper plating chamber (52) to the copper ion plating solution

reservoir (60).

9. The copper plating system as claimed in claim 7, wherein the circﬁlating

25 system (56, 61) includes a pumping system (61) for pumping copper ion plating
solution (72) from the copper ion plating solution reservoir (60) to the copper plating
chamber (52).

10.  The copper plating system as claimed in claim 7, wherein the copper plating
30 chamber (52) is configured to have copper ion plating solution (72) cover the inert

platinum anode (64) and the remote consumable copper anode (75).
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