;e3e28p6T2D e~. NS~ ~,' PLATI NG APPARATUS AND METHOD 5 BACKGROUND OF THE

I NVENTION i The present invention relates generally to a metjog aggdyng
apparatus for plating thin 10 fil s aqm“m“m “ﬁ‘uw\ml cularly, plating netal
films to forrmvoRyésonnects in sem co 2. DesEBeT/p89909096af t he
Prior Art: As sem conductor device featuressssonti nue to shrink according to
Moore's law, interconnect delay is larger than device gate delay for 0.18
um generation devices if 15 apugTmNGAPAAR LTS SNOPMEBTGDI || being used. In
order to reduce the interconnect delay, copper and low k dielectric are a
possi bl e solution. Copper/low k inter connect s provide several advantages
over traditional Al/Si02-a SERES N RN O Tine A PR A @ Significantly
reduce the interconnect O ' [ e0 ' per- of | evel s of
metal requirgd, mnimzing povver di ssi patl on and reduci ng manufacturing
costs. Copper 2 y in that its resistance to

el ectromgrati ogA%g(%Qth}){’?mWﬁ}mUm A variety of techni qgues have
been devel oped to deposit copper, ranging fromtraditional physical vapor

deposition (PVD) and chem cal vapor deposition (CVD) techniques to new
el ectropl ating met hodstielpofhelnvgaliessi t i on typical |y has a cuspi ng pr obI em

whi ch results in voi a,\%dlg

aspect 25 ratio. ﬁ%ﬁ% uﬁl ﬁér{lgn%%g?%er? 2?)? f)ngﬁlg?gg(pg% e@?rﬁ, I I m
during depo$0t i ﬁhns ankj rodre pamdtsiatdw Iplatihg tretab Sinag torfermaintesednnents insemiconductsnt
the inpurity in.order to obtain a lowresistivity Cu film Only

el ectropl at ed Cﬁe for:Aa) pI’OVI de both low r esistivity and excellent gap
filling capability & Dd&enmmie PRior Aot her i nportant factor is the cost;
the cost of electropl atlng tools is Lwo thirds or half of that of PVD or
CYD tool s, respecti vy §Fmigenguctorsievics feabirerceontiniedpmsaring asrrding soMagrgolap. f or
el ectropl ati ng n

xerogel s and ae%r&]ﬁjﬁscgl n sﬁjsggggg?‘r%ﬁ %glﬁée%atl gﬁg%ﬁé éw Cgén%&'t%ﬁr%@wc?&d&
2002 WO 99/ 444 3dluGitNSI) 4HdFd2 Etcesullrbamgaztaki Iffordeaw redien thesietdrcomeot deﬁyed

circuit boards, bu Iatkqg in.chip lf g{ﬁ ang etic heads for .

years. |In convefFPEARE 105 ki ﬂff%ﬁ?ﬁ@%s ERiony %?Pegﬂ’ t X IPreoRReakRroYidg, W to
the periphery ofevef @fsantaged 0@t @aditibal Ahﬁt)zt aaptrdraeh&enmﬁdmgf thafaBilisy tdhi s
causes a higher plating rate at the peri éﬂthan at .the center of wafers.

5 US. Pat. No. swuﬁmtlwﬁl%meu&?reme@tde esisoosaucing e e of belsof put
bet ween a subst paper.g daﬂuﬁﬂf}%% owep&%auwmﬁnie&icanltgtmmuﬁrcﬁihﬁ%@&ﬁmo rent

flow and el ectrolyte flowto t substrate 3,707 to Mori
di scl oses rra@n poffers irngomdateherbghtmn thenits tyyxstsmu to Iciqqgomiseangn emuth betier thande.

#LHS'[I E?Ea j et nozﬁﬁémgi3 Z&QQ\{&H%? mggcncg%% cﬁ)eéfa Bsr% ré?d egmgﬁch

Pat. No. 5, G70, @aditidral bbysﬁfay vdposcdepsﬁﬁoxﬁ(}!\r‘]ahsndebmhlyal r\apbrpd@oahomgcmde
in front of arotatlng waf er to inprove pIa}Jlngthchness unlfotznlt u. S.

Pat. No. 5,820, ghniqus m]gevaplgetmpéa@gg pethode PPOH ﬁm@ﬂ@ut}wa E?ép?a?uatnés
power supply toﬁfmhwha&?esm&%n%%' n%nwegmcg oﬁstg gtqnsmm%

waf er. All of these prior art approaches n ayer pri o the
Cu pl ating. 215 uwsiwaldKp Chbaﬂuglsemdnﬂtsaymrpostcdmstdeehct ﬁkm diring ddpdsituml which

barrier. This Cy d either. b sncal van

deposi tion (PVD), ee% q‘é@a%{nggﬁa{/ 3%?51 sz]irlf'f i téﬁ? ng ?FS?T[I og’éad" Bé?"br e,
however, PVD Cu résssﬁvxqatd ﬁlnh mlﬁeleumpm@ O el peovide/butic fow Rsistivity ahd exteilels
whenfllllng smal | aps 133' with a | arge aspect ratio with

subsequent Cu eﬁstz:fl 13 capap at@waw HBG AoHKT ImRsARtifctords ecopth Higegsodt ed
in the film20 duppi, hﬁﬂ, ED t gto
drive out the i n%ur‘?)'?chtegﬁ)clS?J?lg lEE)r Plr?(g;%a{ﬂg?g)agofpjo@vﬁ?gesi sfvlrpéi ﬁéﬁﬁ%ﬁ%ggggw

| ayer. As dévi céow pratass mnmemeﬂst(Bd)ﬁ'tbsSOtm) for électropletind Gy ere adwantagéms evith law nor e
serious proble Al so, osition of ed | ayer adds .an di.ti onal
process, whi chmikriﬁ‘\?lleégh"égo B@qfdﬁmge @ﬁere%fisg msﬂﬁcc?F 88 gﬁi"?ﬁﬂ‘?ﬁéﬁg%%&sof t he
prior art is that the plating current and electrolyte 25 flow pattern are
mani pul at ed dependently, or only the plating current is manipulated. This

l:lonmd|tts| gge process tuning w ndow, because the optinmum pIlmm"m““ﬂm"""lmt

*G00002*



does not necessarily synchronize with optinmum el ectrolyte flow condition
for obtaining excellent gap filling capability, thickness uni'fzof‘\%tZPUZand

el ectrical uniformty as well as grain size and structure uniformty all at
t he sane ti nwosdM@i4dnot her di sadvantage of the prior art is popusplmbéing
head or plating systens are bulky with |large foot prints, which causes

hi gher cost of owneggftdpidied ClHES Been Ased ih pHnfidGikEI0BoddR, Bing bhdflg in chip
PCTNS991 00964 SUMVARY d‘% THE INVENTION It 'is an object of tﬁe invention to
provi de a novepackageh onll magnesip heads farsnany yeass.dn icoryeaiianak RIAng Machi#es: dersity on a
barrier layer w thout usi . (Qﬁyp t han
plating. It i SX}‘aﬁ 1?‘1’1“% %%Tr%h{;g?‘géfﬁ%gp e%‘ ﬁ%ﬁ r?\een [ oﬁd%r%\[%?%a\?’i tgétqg%?]ezgew}ergt hod
and appar at us Wweferspl Biis cxgses nkipkdr platihgray etr the péripheryetharsaahle tamyee of Wadans.

enpl oyed in_ th rjior ar s an additjonal obje of . t.he inhvention to
provide a _n%ve 'S?é’?h%'a‘ilao‘{d%ﬂa@a [fedip 5t a_}blcgfcilk??ﬁs #‘fﬁ‘fsﬁr _P?‘{‘%pb\ﬁ PHYShbr e
uni f orm t hi cl r @@§Pa@aRP &S atbddah Sfger flobtdin ufifémd plafittedure 86h afd elelifolyte
i nvention to provide a novel nethod andﬁ{)ar atus for plating a conducting

filmwth a noflewdaitiorbsEreds i Bal Neohttictd7viptlyon disglgses anapeuiating pplating o
purther obl eclufh bDRntifiEROHzd 8r MOMldE B.NPUE NI HIDeAN TRARGAL S

for plating a a nore uni [mstructuré, grain size,
texture and or disslésas b eotatinigtanode with nuitipterjetatozeied tombtainheuriiforraand high piatipg ovi de

v R
i nvention 10 piewi Slteaaromﬁ\'ig'wﬂ@rt b emprade %Mﬁ.ﬂ%&!ﬂéﬁne@@ﬁmﬂérﬂﬁﬂyﬂw& PRt No.film
|

for interconnects in an integrated circuit chip. It is a further object
of the inventi&f2QPIptvvingedisclpss & thigdt Bred Paered fyar SERASte ROWST SURAYG 18 t hi n

film wth them%_?@?gtﬂzéﬁ?%%ﬁ%%ﬂw&mr's?gﬁg%m.ent pl ati ng current 20

control and el ect pattern contro t I's a further object of the
i nvention to provi dallafthese prioredrhappraanioks apppdia Luused byerprar itnthe £nplatibg. t hi n

filmfor a,da cen oce [ t.i fiuther. object of .the.invention to
plrovi de a hovgﬁ%@?'ﬁ%‘g&ﬁrfﬁgi&b’&rr'eilt°§stﬁ? E)C’Irpu?)gl]z}atflﬁfﬁlﬁlJO %iaf‘é‘F%\I ﬁq‘nsgﬁ W%Y ' ow
i mpurity | evel depdSitekit either By fphidied vapdtl @pbsidn [HED), BY @Rérhiedl ¥2PordBEP6Kition a

novel method and apparatus for plating C(‘)}%ger with a |l ow stress and good
adhesi on. It i €YDk AsmaHoRsg hefore, jpwevies PV €1 typisally bassrcysningerrablpgy Whichet hod

and. appar at Us fQiusphotdBOuflel Bt Skl (Lods |l GASdaRR bl Culopth (Y.

It is a further object of the i1nventio provi de a nov ating system
with a 30 snal bubkapemrGudiectioplaiing. aCHIY Cu thes high jregmirityoleveldiacorparated inothe fibm

i d . plating. systemwith a | t of. ship. It is.a.
PUrther obpact SBIESBOTIR R BIEC g GUPHESE FOGRE i G eyt Ly SPBHiien

order to obtain a low resistivity Cu seed layer. As device feature size shrinks this Cu

seed layer will become a more serious problem. Also, deposition of a Cu seed layer adds
an additional process, which increases IC fabrication cost.
Another disadvantage of the prior art is that the plating current and electrolyte
25  flow pattern are manipulated dependently, or only the plating current is manipulated.
This limits the process tuning window, because the optimum plating current condition
does not necessarily synchronize with optimum electrolyte flow condition for obtaining
excellent gap filling capability, thickness uniformity and electrical uniformity as well as
grain size and structure uniformity all at the same time.
30 Another disadvantage of the prior art is that plating head or plating systems are

bulky with large foot prints, which causes higher cost of ownership for users.



plates a single wafer at a tine. 3 1 2 AUG 2002 WD 99/41434 Pﬁc’,}'j&i’ 00964
It is a further obj ect of the invention to provide a novel bl2a ystem
with an in situ filmthickness uniformty nmonitor. It is a further object
of the invenwmspdigsspr ovi de a novel plating systemw th a bwiclrtusbaoeméseani ng
systemwi th wafer dry-in and dry-out. 5 It is a further object of the
invention to provide a novel plating systemw th a high wafer throughput.

It is a further object of the invention to provide a novel plating system
whi ch can handISéJMJVlM&OETH@W%O mm It is a further object of the

invention to provid 0 ¥ - \ el j t hs
and cl eani ng/ dryi ng(ftc%ailr}r‘t)ééﬁlcjésc.t I%ktﬂ{ei 1@9%1%%513?(? eo\ergt}} é&ep}ﬂcﬁx{ogeﬁ? %b n‘%tpgr@?o
provi de a novelplgting intgalSilsitdinectiyi dnha Banddrdnieeditidut isinga eded iidyer pradated by a

cl eaning/ dry chanber structure. It is a further object of the invention to
provi de a novelPTORESHIRRg ADPMAEAS-\\i t h aut omation features of the Standard

Mechani cal | nterface i @Mriher obfjdteof\Hé RVBIRE tolprol@dt glasheVabihed erdHMas Ftd t he
SEM Equi prent Communi cat i on ét andar d/ Generi c Equi prent Machi ne ( SECS/ GEM) .

It is a furtherP!aBpeasetafiln geerip e pesd laver tharoimrieyed iWBgBIOSMat i ng syst em
meeting Sem CO”dUCtW]isEQﬁ“aH&EESHaJ BflcVBE Ee! ﬁ?&tibﬂttgrﬂ?ﬁfideogaﬂové] dad
Eur opean safety specifications. 20 It is a further "object 'of the Invention
to provide a nappdratps for plagngsythindiimwiitthe momghmiferocthickiess 4cposhawiafeg a | ar ge

nmean tinme tween faj.lure B smal |.. schedul,ed do i and | ar.ge
Coa orent Bt mer 1 s 8 Wil LD e FReioR fO REOF ApeR Pehod BiaPoreus i
novel plating gysihgacemivesigy fil@dvitya Mo dhiFaAdlecaitAieh@ictivity dtrdts 8 wangar d
operating system such as an |IBM PC under a 25 W ndows environnent. |t

is a further object ligs adither ohjeshef thpinvention fnprenddea peyekmetbedndApparp@s &n wi t h
a graphical us i . . . : e ﬁ!,‘m r

obj ects and adggaﬁ?géggggpﬁ 'EN ﬁtguﬁgﬁ{@gﬁ(ﬁ%ﬁgﬁg%ﬁ?ne%%dé rousr?ﬁh@ét of the

novel nethod and appas atfurthehehjest of thé myentior th provides howl methodbarsitappgrams 86 fil m

to a desir t hi,ckne a.surface aof a.substrat.e in accordance with the
ovonton el ddRE TR Rlin Y bk ANERBRALE AR REEE on o | et
portion of the substriatdurthsr sthezeof thbiivértiofitd Frotibennglebinettlod andtappards fsred

t hi ckness on at | east a.secqnd portion, of the subhstrate to give a
conti nuous fil m‘aélf‘gtaﬁéewdﬁ??%H“&ﬁ?@ﬁ%@énb‘ﬁeﬁfﬁ%&@%%ﬁ%111%. Addi t i onal

portions of the subgfisathgthRréti@ess tAline&Ridh td RoRBEa RART Rethbd'shdtapBarkiul 1Br
al ready 4 1 2 AU G 2002
plating a thin film, with the method and apparatus having independent plating current
20  control and electrolyte flow pattern control.
It 1s a further object of the invention to provide a novel method and apparatus for
plating a metal thin film for a damascene process.
It is a further object of the invention to provide a novel method and apparatus for
plating a metal film with a low impurity level.
25 It is a further object of the invention to provide a novel method and apparatus for
plating copper with a low stress and good adhesion.
It is a further object of the invention to provide a novel method and apparatus for
plating a metal film with a low added particle density.
It is a further object of the invention to provide a novel plating system with a
30  small footprint.
It is a further object of the invention to provide a novel plating system with a low
cost of ownership.
It is a further object of the invention to provide a novel plating system which -

plates a single wafer at a time.



WO 99/ 41434 PGINS99/ 00964 pl ated on one or nore of the previous portions
are plated as necessary to give a continuous filin over thei@nAllg e€002urface
of the substrate. An apparatus for plating a filmon a substrate in

accor dance vwOl99s1Ia4 i nvention includes a substrate hol der fBCTPOMWIGENI NQ
the substrate for contact with a plating S electrol yte. The apparatus has
at | east one anode It Rfa fertHPbYjedd Bf At BivemBnas pioRitl alhovdl PRrifgIDStehtivith anth- at

| east two flow controllers connected to supply electrolyte contacting the
substrate. At Siufdm typimesymiomitysgenteh, i s coupled to the at | east one anode
and the at | east tupid AnGAHLbE B Iicifhl RYGALH VAT ARG & NG
current in conbination to suctessive portions of the substraté to provide a
cont i nuous, urbuilpimeledninglsystens with mafep Ary1i@ anddrysaMbst r at e by successi ve

plating of the filmaon th Lt of the substrate In.another aspect of
t he inventi%n, an g})ﬁaar M%rpﬁ’b?l gff;‘ﬁl?\‘bcn i fol ?ﬁo‘gﬂeéngﬁ%sﬁh?%’gesygﬁma%@b? dance

W th the inverkigpwafenttdngdigsit.a substrate holder for positioning the

substrate for contact th a plating electrolyte. The apparatus has at

| east two anodes f df IS&JPHey Phigrt o e imvgniean tp @FAvides noyel niahgg sysigre Which can

I east one fl ovyaRLNAR STz 6Q/3REFHRHNL O 15 supply electrolyte contacting the
substrate. At |east one control systemis coupled to the at | east two anode
and the at |east orléif & dutheoabjeas|afdhe inyepionviodquowie 8 tnowdl yplaingraystpinawiting

current in conbinatiion u Y 19?”' n f the substrate to provide a
conti nuousr,|1,0 u%@&%%@%‘f‘éﬁ%@%%(&g{%ﬁrﬁ{’@n é:h&%’srgr ate by successive plating
of the filmon the Ipiyd fudther shject bfths ubshtiad ®. pratidé B navél pldtingrsyasnedth #f t he

invention, an apparatus for _plating.a,filmqgn a substrate in accordance
Wi th the | nvent4art PGS AIEbS aad Heming ﬁ‘%ﬂ"ﬁ’éfsquﬁ?“eposi tioning the

substrate for cont agts Wrirthe objbddf e filveAtidnObYirbvide! B %1008 Rt L5stBd Swith

| east one anode for supplying plating current to the substrate and at | east

one flow cont raitématiopdinzteres ofl the Stamjard Mdcharticad|Interface o(SMHED, i thg Avtemated
substrate., JThe.a - I : ' .af. | t three
cylindri ca}5 wa?ﬁtgcé S)%ﬁ’lhre 3?‘%3;)’ %e&gﬁq@d?§%8ﬁ8ﬂ4@§%%%9 T %ﬁ%& mé?lcacélF "9
cent er port i onEqfiprhére Muachiaé (SECS/GBNMENdi ng upward closer to the substrate
than a second one ?llr'th %I ibndri g{ﬁl.vval ls gosi tj oned under a second
portion of the subs iA BrBEAPERkSe ITEHI0B 1 BV ATOVEL RIFHNE AV B farsting
mechani sm i s coubalubier El@pHiSinaavereiab dftermaforl (YEMD IS BRSbEAt arp! der
up and down to control one or nore portions of the substrate contacting 30
t he el ectrol yt @ecifigatioBast one control systemis coupled to the at |east one
anode and jie at | Gl @R bhRW ARRAKGS ol AoRELY AR e Skl Rurith
plating current in COnbi hat i o to successi v portions © the substrate to
provi de a cont prodentiyity bavirigor large mieak time defwdenfaiures M TBED stall tschedyled dowessi ve
plating of the.film,on the portions of the substrate. 5 1 2 AUG 2002 WO
99/ 41434 PCT/ US88/339 elq}’i’p&g?tug her aspect of the invention) an

apparatus for pl atiRg Pfufthdr Bbjest ofithR UREhiiGH © prévidCiveliamg witéin thgrolled
i nvention includes a substrate holder for positioning the substrate for

contact with abYprRersersl egreruter ayith astandaed QRSFHEING SYRETh S8ctnas anclidM PEnundshsde
for supplypshg Wiﬁ’&dwggqlcélﬁrfr&%e t0 the substrate and at |east one flow
controller connected to 5 suppﬁ y electrolyte contacting the substrate. The
at | east one fl ow chit & dirther objentof theaaveation taprovidh rawvelyilatingrsystem with & s

novabl e upward d.th ubstrate and downward away fromthe substrate,
to adjust a gaﬁéaglg?g\}\gseeﬁnﬁﬁgacgg'ﬁc&a?3tt°eu°gﬁ‘§eeélach of the cylindrical walls to
control one or noreThsE ahdhdated objbs atid Abvatages oNthachidangoh Meaycbe adhicvedt e. A
drive nmechanismis COUthél?d to the substrate holder to drive the substrate

hol der up and HEOMETEe elgherayelmethodand spparaipehesein disglasedor meBod fs plating &
contact i ngsg hefgh ¢ch H&Jir!c?]ﬁrickﬁ@sls loR AShrfARf GAMbiRte i)k %o?ﬂgnbé w4 @@eﬁu@nt he
at | east one anode and the at least one flow controller to provide

el ectrol yt e anthcpides plating: the rfidnt toj the alesited rthickumass oo asfist pesion efthe substrate of

t he substrate oy dg, a. cont i nu niformthickness filin.on the
substrate by staibet e BT isHAPHHIne ieed Ibeos S35 B mocthaigion of
substrate. 15 tie sibstrdte an@ivees cantimbis €itm tdiethé iesiredi Bitknad chp ARl Qubsteatd. Or
plating a film,on.a substrat i ncl udes _.a substrate holder for _posjtioning
the substrate iAﬁlgﬁmB‘ad’S‘?mSPS %fle‘g?:?‘;{’é??}? gurfase afjacent toARd coplactmedhs éﬁ‘n already
supplies plating cun-ent and el ectrolyte to the substrate. The novable jet
anode is novable in a direction parallel to the substrate surface. A flow
controller controls electrolyte flowi ng through the novable jet anode. 20
At | east one control systemis coupled to the novable jet anode and the
flow controller to provide electrolyte and plating current in conbination
to successive portions of the substrate to provide a continuous, uniform

o r " 1 .. o - B Y b1

-t
-




25 substrate includes a substrate hol der for positioning thﬁ Sk{gs?tzﬁ[ﬂte
above an electrolyte surface. Afirst drive nechanismis co 5Ie to the
substrate hol der to nove the substrate hol der toward and away fromthe
el ectrol yte »@PdatR4to control a portion of a surface of th®CTWSIVI0Gie
contacting the electrolyte. A bath for the electrolyte has at |east one
anode nount ed 'Bmetihsh bd br miré o€ aid prbvioue poridhaates plated asonmksatyto gibe abat h

to rotate the bath 30 around a v,ertuigéal is . to fonma substantially

par abol i ¢ shap&omAuqus &t _ I°¥E"t“i‘“o‘?"5?f°é e of e sUpsT et r ol systemis coupled to
the first and secongngpbi¥aud s piiths THIANG 4 Qblhee Alact&ailce B BRORNEIA
provide electrolyte and plating current in conbination to successive,
portions of théchdserwbsrateohgldesyfori @ositioning itieu sbstrate; fpr eertact itk & adaing | m

on the substrate b u ive ting of t El.m.on. . i of. .t he
Substrare. B efotP THERRAR ORI My ne 2B b FpBub FroBRk bufle pine
aspect of the kubsené mnat laus tap fmadongolias cqnunedtedg sapyly Elsetmhytacandeshy dice

i ncludes a substrate hol der for @ositi oni nglﬁéhe suhstrate a%)ovg an

el ectrol yt e suffosEae ALleast ane caprl systerp fonlsd fodhe g eastepeagoqapnd ek leas; e
hol der to nove i qiodlbsitioBts BOopreale tepioBbEtea Rt BWaNg fdufBAtt Meccdion |t e
surface to control a portion of a surface of 5 the substrate contacting the
el ectrol yte. Asussessivel Pertipnscofithe pubsiraleiq Brorige glceptinugus, paiferpptiickegse filbloger to
rotate the,substr i [oF-" face of the
substrate. li t%%ersggsg?éla\%g%g ng;gﬂ??g@éﬁg? éﬁ%b@hﬁéﬁ}%ﬁ@@{% hol der to
tilt the substrate oindther aspédt of the pmveEntiom ah lppasdtescibr playmgea Sim dme substatbat h
for the el ectrol yte has | east .one ode mounted.in the .bath, A .control
st em i o coupifeTERTR st GSpversSt RO e BRrR Aol don ry Rt FUREREng 1 o

the at |east ofg @nAgewitR PpRUNERIEhsIge! OlTé QpritdusPhal hthag Uk eitodésnfor
conbi nation to successive portions of the substrate to provide a

conti nuous, unPYRPIINE PlRtng fagsntitp the Pihstrate and A deashens i soniroliersioprectddPi ng
of the filngxon i ; §HEQ§$ a J WE ct of
t he invent irrgn, S@ﬁ%ﬁﬁg‘gl or H%IE%%}% a |tf' mkfbgasge%égcso;ﬁ?gﬂ git%htlﬁdggrgg?smgn a
surface of a suablsast twaeariode andcths apleast buk figw @onstolietto iprovidsf eletratytecamd pllating ng

nodul es and a substrate .transfen-i ngymechani S‘ﬁh Ab%&btsirat e.dsubsttr.ate is

pi cked from a SUBTE FRYEHBHIGR IO WOESHSY R BOEIBS L BY S VARG BIVIRG SRRUROHS s m
The substrate nfifirdadickndsfileh én the keHstrate dy Qliccisie peing bihe Higim va dhd Rstiodst h
the substrate transferring mechanism A filin is plated on the substrate in
the first the ShBe8YOsEHMe stacked plating nodul es. The 20 substrate is
returned togthe Subgid alediabaless i inderdtdf SUBBIEAL forlAREh Bl bRY ARERRNI S

| n anot her aspect of the Invention, an auto t oo plating a il mon

a substrate i ndt agerdance Withdka invensiop ingludaga Bistrase haldartfornosigioning the sebstrkted

rel ati onshi p, . SiJ h t r i.n
rechani om A £ oneeiER sl iR SlebBliic, th GinaR e RIBRL oeiode BRAMERS, | o
substrat e tranglating cmgentee tensubstratidamd at feadt dib floystamollar cnngkeddtot smpplige
substrate transferring nechanjs substrate hold and the platin aths to
conti nuously péh%ﬂﬂeﬁﬂ?%‘r“ﬁ{‘u?q ﬁbﬁraé% iﬁ%ﬁ W fgweqprajigricomprises %&Pc”t
substrat es257  three lifiicalRah, YOSt ARG NI HA964 inderalBRet portionT ti ON

of wafer surface is contact ebl with electrolyte (static anode( The above and
other objects d#e sHsTatp\exiending upivard closdteto Hiecwhyiates g dysecondeankorf ther
plating a thincliddial! wa6!dokii8kaiHas! § AlndobhlioRt P Bk @ PG [PBe
conprising: 1) ow ng el ectrolyte on a portpl On'Of A SUDStFAate Surtacs with
a barrier | ayeremerorpottion. t Apirivamoechini§mins ngupted OCGhe sulstrats chojpiterver dtive theat e
metal filmon t sane. porti area of substrate uptil .the filmthickness
reaches the pr U@l hgdsrup %‘?%&BS%?‘WQF%W&S more pRjons of it substea] contacting

30  theelectrolyte. At least one control system is coupled to the at least one anode and the at

least one flow controller to provide electrolyte and plating current in combination to
successive portions of the substrate to provide a continuous, uniform thickness film on

the substrate by successive plating of the film on the portions of the substrate.



2 for additional portions of the substrate by flowing electrolyte to the
sane additional portion of substrate; 4) repeating step 3 $RtAUG 2002 entire
substrate surface is plated with a thin seed layer; 5) flowing electrolyte
to entire awea9mfsss he substrate; 6) supplying power 10 to ROPUSINIOHI4t | ve
potential to all anodes to plate the thin filmuntil the filin thickness

reaches a desired pyakiagr vapescor WBtibashich, ifglbirana(ior prting actimi n 2
contacted bar el ectrohde (static anodes) In a fiu~ther aspect tghﬁq
em

i nvention t hesubsiraje By asgprdanse Avibitheinvertion ingludes 2 pibgtratsolder f°r§°§’HP‘H“

directly on a t ey
flow ng el ect rLFDFQ%Ee?(gﬁ&tnﬁett‘@Sﬁaﬁ ﬁsu eg%gblg?é gﬂgﬁ agﬁ?sr}gatggp fe!és)? bg?%“t".a %léort he
thin filmonl yuptplyuig piatmtg aurentf totthesiubstoae aral & least Omﬁo%yomﬁibmongecmdsmt ive

potentlal n an an ose to t n_.o : face and by
appl yi ng gaf‘fnpg'% ?%ﬂmaﬁﬁ {f‘i S‘gth%tFplg'ﬁ gegst&nggg\n °8ntﬁ1 T FUPRITR A~ of
the substrat ejeayr ﬂ@ééQ:yl—iﬁtlrlchl WAIR zﬂd@b@dxpwh%mu @keruasamwvanumawaam apapt i on
20 of the substrate reaches a pre-set val ue; repeat i n% step 2 for an

addi ti onal pofemdhe Bbstrate taadia o a@rebemsenrt@pf@bﬁaﬁganéte@;b of l“l‘dr{chlé"%ol e
area of substyapg., oH%}%P ?rQ) &Jaoﬁ’s 58 sﬁt?s‘ﬁgte'&}é%un%ﬂqe%e%&blw. aatdyv film
on the whole area o esu rate at the sane tine appl ying positive
potential to methmwdms:oupicdﬂothmwbmt@mi@;so drfivet the stistrate boidcrh@ whdbwn

surface of .th rate reac t th| 2 AUG
2002 WO 9%‘? 41 g&ﬁ‘]’lﬁéﬁé‘l%@ jons’gthe SubSirate gb aég ?‘81”%%“‘5 acé"t leakt che
contacted by edarﬁfbﬂ Eyteytt 8 cailipldietg the 41iléagt one asdie taié theolkast ontﬂowﬁonmflﬂtmhl ch
h~ bin dated is nopved out of electrolyte In a fiirther aspect .of t

i nventi on t heP®Vvids "ﬂ?"@'@b@l"edﬂdaﬁ}é%{zmﬁﬁ Ffb&Off‘B‘F‘attﬂnatpl %‘@“&S‘B" POTipnSt ‘i"h toe
directly on a

fl owi ng el ect r"?#g?%lio I%VWEBF ﬁlﬁ:msur (T:Oé-lln 0 %@f&a&ggﬁm&h@%gg‘?cﬁéﬁrﬁe thin
filmonly on alapmgoftbmﬁhti onﬂnepembsiqfalneesubsmateace by applyi ng positive

potential nan anpde to t rtion_of the te surface
and by ap y| ng negh ogﬁreaﬁ?ecgf’f%‘% #”8? K 2R (.")‘h'é fOF ?tﬁxtn ke

remai nder of tslhsuﬁta,bﬁichﬁlbe aSsibbeate Holdet Ifort Pesitidnivige thef smmriténmkmeﬁsymf t he
portion of the 10 substrate surfa es re-set val ue;

e reac t he
el ectrol yte ofie§TdUe ot { g Rng PR et 08 ea%*mglpﬂp aP‘éEf‘%o‘BWP‘oﬂ‘d(fi‘g"Fﬁg“ to
substrate andea@Bsrtate Themblable/fefarivhié lsmdvabie i Bdirédign baﬁnem thie Rébstrate
non-pl ated portion of the substrate; 4) repeat steps 2 and 3 for plating
t he next port sofecef A ﬂ@w§gmllr=ac@tr01§)elqc@@iﬁtatﬂos\tlm)thmughtﬂilel meYydledpioinedar ea of

t he subst I on the
whol e sub rafc“é?%??mt%%e sar‘r@lg °ﬁ‘n§°ﬁ@’l‘§d§§ﬂ‘y g‘ilgjegom ?I\H/thh%g{) @mto llar{% al |
anodes and fl q’mvnt@ elbcﬂmﬂyt@layd 9lat1ng tchﬂemwmolcembmaticmcm sifkcdsdies porkists aff theunt i |

t he thickness mon the vvhol surf f th bstrate reaches a
br'e- set o hi orAEgdp e SppitoNs. Gty hieBirso R i O Spae B Suseatbed by
el ectrolyte atpldﬁﬁoogmeﬂhﬂgﬂme%aﬂloh@@ﬂhmtﬁha@ pl ated portion and the next
portion of the substrate are contacted ~y electrolyte In a further aspect
of the invention tkepstllduhe prrestiobthetinisntione epdapaeEs firpating 2ofilmhpm af i | m
directly 99 a r t r [ .l OWi ng
el ectrol ytg or?ﬁ a %er@élﬁc};‘g‘ratﬁlﬁgﬁxa? ﬁ({lﬁé fOlJU‘E)Bsﬂt%ir ‘é‘? tﬁé)gﬁbgﬁcég%r‘{g aggleﬁﬂ-al Ing the
thin film onl putdacet Heﬁrsﬂdrsfbnpolnmmsmusmupﬂddeo lessbsuaucéxokimrtbmemc salpsiriaigi ng
positive potentjial.on n anaod ) 5.to the firs

D obst rat e sur ARl P RarNas Bof B Blefrued mifien i sp Rt o A b8 on o
the substr at e theabhtsfe ConpictinSBt eleatrdlfke. A)batiofét 1hg elebEolfk had it@éayttcﬁlefa.ﬁodéo nt act
a second portion of the substrate surface and at the sane_tine keep

el ectrol yte sthqunteddmihgbathn A sepend drive meghanismgs ceyplediia the balyte satate Q’Ger'a‘ce
plating thg thifunfiialvaRal %{1% b a%@&%ﬁaﬂ}?{aﬁb@ﬁc Q‘Iagé QF?::@ WREFJIAE Surfddk ace

by applying positive potential on a ano ose e second portion of
t he substrat e A oorfteet evsmwa;plmlsd ﬂoghcaﬁna@dtscomed guvemechahismon ardto s deast! ose

to the first portia f the.s fac ting step 3 and 4
for prating a ThiPatsd erafe oMt il et i bty b s,
until the VWOlyﬁrt&fneafﬁhE sﬁH%&atSprtbt‘naé ecamhﬁa@amf&n@hﬁ&l@éss\ﬂhmnahetdnbsua&eed
layer; 7) plating the thin filmon the whole wafer at the same time by

appl yi ng posi tAnsEcessREHRistne of the film op thspegionnef the B9 1 2 AUG 2002 WD
99/ 41434 PCTNS99/ 00964 6




el ectrolyte on the full surface of the substrate until the thickness of the
filmon the whole surface of the substrate reaches a pre-skf AUt @ess
value. Method 5: Portion of substrate surface is contacted with

el ectrol y~ e¥WR¥MIM¥ anode. 5 for seed lager ylating o | n aPFIENEIspect
of the invention there is provided another nmethod for plating a thin film
directly on a subst imiet miother astsat off the iheeption, o appgratus derpplatérigng film gn a
flow ng electralyte on.a ort trate s er

| ayer on the t8 Bls%’ﬂﬁgdﬁ%ﬁde g’ﬁ eq“ﬁl&ce?orasj g 8mn %?‘efég%n%& abm%)%‘ glrep%ﬁ?‘l Se
power to pl at e sarfacet alﬁrﬁudﬁvbmecﬁahempeémpm td the efibstrite halddrsé mavethestbstratehe

filmthickness reaches a pre-s eatin teps.| and for an
addi ti onal por bPYR @Wa{df?élasam% P@t‘g éﬁcq‘?&? e cﬁlgﬂlfg an}oét(’? wedfose
to the addi i opgd suB@fdid Bdhisthing &R eséébaryfeat& seé&ldr(ﬁpeakemsﬁat@em?pwtd thet he
whol e area of the substrate isS plated with a thin seed |ayer. 15 nmethod 6:

Whol e substrat eumméile’dcﬂgT@@ﬁﬂmW@WO@FWPW@IMéWW@%Eﬂ we afgesf theor |1 n
a fU_I’t her aspe%§bsﬁ'£tct Reﬂ'llr wl&lé)c'ﬂdmﬂ IESCO CP{O %Ql%glg tl&?{ tﬂ?&l@gﬂ)s{: r
plating a thin mdlrec yon St arrier ayer on p,
conprising: 1 holdemwitls raspect foethé dhdtrow a‘mfaee oA bathSforth¢ eladtmlytahas aateast one

el ectrol yte; atin thet in filmagonly on a first 20 ort| of t
substrate surféﬁ‘gJeb‘Vmﬁ'g‘fﬁil i9ithg %sﬁt‘i%‘égﬁéf%/t@ﬁtlf 8‘?“"&'771 9 tbfseé'p Bose
to the firgp parvé macmushxlaan@whﬁést@éaa ohb bhcie @ praYidé ER@AIEhdPlRRg szrem
additional portions of the substrate by noving the novabl e anode close to
the additional pHeerobipsionde syqeessiye partipns of thesubsegietatnroidess eqptinuoyptynifoppe

AUG 200" W O o8 ATt T2 PCAARs PRy i b bR BV poriipe e

control |l ers | Lishiggrhteand Mul tiinle Power ~unDi es In a further aspect of the

invention there is rOVI aratus for a, t.hin irectly

on a substrate wit h *élﬂf%ﬁheﬁ a@%rotf)tﬁc f”dﬁntloeogﬁ'reﬁ’gﬁ?ﬁﬁ lagn%agirg 42 8esys der 5
for hol dingsa shibigiessdérea 3R@Me o2 sBbstateriatiide providiRe @ phadiity eﬁaﬁckte&\xplaanﬂgdes

wi th each anode bejng separated bi[ an insulating cylindrical wall;

separat e | i qui dqeyles and o inbseale FaIsiegmngechanism 6\| subsrgte shiastrate dy R/‘Pl‘@dfﬁan

through a spacguhehislet With HeQuifsithis GG Rhg WBdhaRishO —Ithe'é.@&trae RAbideatmaf the
substrate; a separate power supply to create a potential between each anode
and cat hode or atfiret oyabésta@meplanmenmqsmmMswmtmmgmeeww$MI be

10 pl ated onIy the i 0,

correspondi ng o ﬁ%g & ﬁ{l%\#u% {heéyes be IsT tgﬁ%ﬁa@ﬁﬁ%{)&t \'ﬁ‘elessame tinme.
Appar at us 20 Osebsﬁammnt:hﬂﬂ&b thia Qubistrate hqsitia vithile substiatd tianbfersing meehafmsfrt her
aspect of the inven here is B{Sovi ded anot her app e'l%t Uﬁl for at| ng 15
athin filmdirectl 8ﬂ° ET35Bet PhNS ygnAon, agAuqmate ta@ rs “‘%5 on a
conprising: a %U‘bs%afe%cﬁudé@ldﬁiéas‘ﬂﬁﬂldjplﬁkﬂ]gtﬂh&sgﬁﬁﬁéﬂeﬁrﬁa SRREE reddtiofdh§ys; laf Rhstt €
surface; a notor driving the substrate er up or down to control the
portion of the ob@rspbstateairalder Aod aambstris trﬁéfeenrecmp@wsr@ Atframeasiipperigothe

ol 15 the hei GHrBPIRE RE LA FRANELEE piebific AtyBhe BRRKGT RGBS o g

radi al dir &t i cystah it reuéd whstsubsm;e mmmfenmglmachhmqm,i silbstanas héliewand the
controller for oII|ng eIectroI te fla throu ace t we each
adj acent cyl i nd’ﬁ?c{g‘g s 1 qogtipuouyl ¥‘ﬁ%m5fﬁ5’ 18‘ Q?PP elagrlagt‘[ye fgﬁ\ﬁe

- supplies to creabgrapet enti al betmeen each anode and cathode or the
substrate; a portion of the substrate surface is plated only when the anode
close to the portion of the substrate is powered to positive potential and
the rest of anodes are 25 powered to negative potential and the portion of
the substrate is contacted by the electrolyte at the sane tinme. After the
pl ating thi ckness reaches a seed | ayer set-val ue,

U




the substrate is noved up so that the plated portion is Omh,ﬁ;ﬂjh?
electrolyte. This will allow no further plating or etching Goqqér
portions of the substrate are plated. 11 1 2 AUG 2002 WD 99/41434
PCTNS99/ 00982 9%41434. - Ml tiple LMFCs and One Connnon PowePCHURHP%N a
further aspect of the |nvent| on there |s pr ovi ded anot her apparatus for
plating a thiMe 3 2 } 0| ¥ ¢ Rler on top,

conprising: a substra eho e n hesubstrt bove an troI yte
surface; at |east Bh% 'E’%ra‘g’d ésngfd&wé"heé’f‘%as &t 8°&°B‘§?“§\R§Cb

insul ating cyhéthell ifsraplatirl h&mnaﬁﬁzemaeetyeoxhlsqwudmm 4 Ibaitieg Aayer adrl &dp, f Or
controlling electrolyte flow ng through a space between the two Ciil i ndri cal

wal |'s to toucwmprpingt dleveng derdolyinpya porion of geubsateSHIRSWaM RATHT2%ep
create potsentdghe iy t%ﬁﬁj} nﬁﬁﬁgo@md&gaggerhggﬁt%ctﬁmME rsﬁh@poraoxport ion
of the substrates ace 1s plated when its li1quid nass

control | er armleatdfeulstrare untsijpyfilin thlrclglessmemds mnp@tsettmludﬁé) @amng stmel apehnr

aratus 4 One CopgaR G 8AC e SOmPR, BOUEL, Susbiod B 8 bl EfARPoct  of

directly on gyo&wﬁsdfrsﬁﬁs&aw 4)he;ﬁath@rstdperuﬂua;mrenm subgtratecsntpde is prag:d with a
substrate 1 hol der hol di ng the substrate above an el ectrol yte surface; at

| east two andBBSeedlavas; %ﬁ@&@%rcﬁalyséﬁar%rfeuaww Sty P LTUPRRINGROMSEY i cal
wal I's;  the cybly ggﬁy g&%ltxvé’"ﬁetlzrﬁapﬁrnalpﬁmmvﬁ%lﬂg R i I uh@ REFERHhRIHRD
between the sub te and the top of the cylindrical walls, thereby to
control el ectresshes adeasisecdttbickness vadueport i on of the substrate adj acent to the
wal I's, one liquid mass flow controller for controlling electrolyte flow ng
through a space 20 betvveen the two cyli ndrr cal walls; one power supply to
creat e pot entMathod? ol vedfdr saxfipe atacle ¢ gc Gfatit higodesibstrate; a
portion of the substrate surface Will. be pl ated only Wnen t he cyI i.ndri cal

wal | bel ow t he pormPMr@%OQ@BWP%éﬂs@mrawqeé aﬂ?}b“éd“‘t}?f)dsfeft’ﬁt&tg% he
el ectrol yfe tQICAGS dkdayRAE mrtra@ef wtdte Stk Lyt %netl%j doltfpriBA¥e 1) SitRiRh

turned on at the sane tine. further aspect the invention here

is provided eslestabie epibefil Q!rlsfa‘?emfﬂpﬂ substrate; 3) platine the Iﬂml dilm evlyl ap ppertion
substrate wt r for
ol di ng. ¢ he <l AEEAE oY 8 B hEReGRTBAERLIG o AUICLERE BOLAR
pl aced 30 undsitianaf wdfersarface ahd by apiitying neganvet lbmmmk/mbhleOrhmmqseﬂosbm ng

capabl e of ing toward the substrate th the el ectral

fiomthe anoo‘g qual@gﬁolﬁ-g %’g é‘if"c“B @fr%{ﬂv @Gﬁ‘%ﬁ StheP %B%t rate;
one pomerz@upcmme t&sﬂt@%aeae@a@%eml@é 35)%\4&&@ stdpe fpvakhdtienederibebrand a
cathode or the substrate; a portion of substrate surface is plated , 12 ~

2 AU G 2002 vt@?g@tsz&tae@ rﬂemsgawpobgm tmwholgaess of ﬁebssetetlr Bh‘eéf“’lﬂheﬂ!!%rr face
is contacted tus 6:
Movabl e Anodeé%riﬁk @~t@nﬁﬁmﬁr§?ls%%gﬁlg ectﬁ%gtﬁse n &%nurtﬁﬁejaspect
of the i nventapq)tymgtmsmvnsaopnnahtdeﬂ anodzs fuetil ﬁnpphmlatesssoifthre fiina¢n thg whdléi n

filmdirectly on a th a b |er er on top, conprising: a
substrate holﬁlert%c F’ i?de%\lh?@ﬂ)sﬁgibé ‘he substrate being i mrersed
in electrolyte; a rmvabl e anode jet adj acent to the substrate, the novable
anode jet being novable toward the substrate surface, whereby the plating
current fromthe anode jet can be 10 controlled to go to any portion of the

. substrate; one power supply to create potential between the novabl e anode
jet and a cathode or the substrate; a portion of substrate




surface is plated only when the portion of the substrate is close to the
novabl e anode jet. Method 7: Plating Metal Film on tQ Substlra#8Gt #Mough a
Fully Automatign Platine Tool 15 In a fiuther aspect of the _invention there
i s provi ded Xitb¥HP4method for plating a thin filmonto a sERFISIE%*hr ough
a fully automated plating tool, conprising: 1 ) picking up a wafer froma
cassette and sending to one of stacked plating baths with a robot; 2)

plating metal fijlim 08 Qe W8 curthcetds L @htabled ibS N D8 oiviE aPh -“ﬂwﬂgﬂng up
the plated waf&r fTronrtr CKed pratring The robot an
transporting i pottione i of£ldetrolytg chanbers; 4)

Cl eaning the plated }‘ r'the I. fer. 6 Lckin t he
dried wafer from th& %ﬁ’é‘@?@ﬁgﬁgﬁﬁ‘ﬂ 7“&??/ ﬁel R %8‘?%“{%"{%#85;%‘%’6%{’9’5%
transporting i ihih @ldhBre6s 68k tsBbstateanitt d barfier fayet ¥n o) compisingf00) fib@ing
Plating Metal Filin on to Substrate 25 In a further aspect of the invention

there is provi gearadlytegntie full fustaae efce FBETalS of) piAtag thedhig fikporly qui3 paRichRlo a
bstrate, | Sif : : i ; s
el oL o s AN RO St oSN

mul tiple stacke ating . | I 'eani ng/ dryi ng
el ectrol yt e t ank theambstratesurfadsiand b appljiok degajive potontial oh all thee anddes tlese, to

liquid mass flow ng controller, an | i,nd. ful t t o0l
further conpriglécsre%mgg oﬁﬁ"(grsgba eé@@%ﬁ?@&%?@%%"c(l}%elfgﬁréggg’gﬁ&éé’ga}ehe
conput er and It hebs]ghde Qiirfaek asael;mts a prefset igmeaaj mavcth theleleanlyte iy oatrof epitiicainithg
system control software pac e resident . on copputer. 13 12 AU G
2002 WO 99/4143%%@%%%&@9‘%@% esEPIaY %ﬁkﬁpé{“? %ngﬁﬁﬁ?‘ﬁﬂé’;’i@rﬂ‘eﬁ%f b)ieon of
waf er surface 'n%n-gﬁ@d%ﬁﬁg oMk ButRlr@E:14) pett stp8d ahdd S PorpMting tHezfekt pbrifon ¥t~ NPX

portion f wafer are contacted by eleCtrolyte and In a further aspect of
the invention tlregubstiate; 5) repeatadp &4nwtihthe eraser ¢fche pubgwateits plated witha thin| m
directly on a substrat it . barri I [ i e I op,
conprising: 1 )Seﬁ ulra%?rhg) %Yﬁte%dﬁgr%f’géh ep%?/@? ;s%%aalgi&?]eg&gnef'iﬂ}r{gtb y%@?l&'lngn of
the substrdte pusifiec poterstial achll anodes and iflolwtigeeleanlytdiah the whbkel sutfatarof the
plated on the first portion.of the substrage; SL,‘?p; en the tal film

t hi ckness reacﬁB@é‘eﬁWELé‘%g“ F%é’?ﬂ}ce@'g‘a?rﬂa?ﬁ“@f’ w%"‘%’?rﬂf%%ﬁ“%‘ﬁéeaﬂ}esﬁme
addi tional por tord&s tidknéss Qaigsibst rate by making the one or nore additional
10 portions of the substrate contact the electrolyte, while continuing to
plate the first portion of the substrate and any previous of the one or
more addi ti onalynegd 1R S IcBliGiredy HERSRA 8 Besihfife, SnliBieh bohhe
entire area of € ated wth a thin er . | od 9:
Pl ati ne thi20 | -platedyortivens leqlextipagte the S ate Are@bntac deatriohte
contacted with 15 electrol yte. then bath lap te rtio d the next
portion of wafer arén?:. 5%¥gﬁt?a)‘3g‘im§an%a}§mdﬁ8’%§}dﬁga$°§h§r "}ﬁa.’togl%rl atgg a
fiuther aspect teh fillhediteote B laiibdiaR! With 8 HabrRY 18R oA AEY, REeMmpigAH 0d) mﬁ,ing
plating a filmdirectly on substrate with a barrier._layer or thin see

| ayer on top, CHPPIYSioRG: first pprilon of the guisiapeudice il 22 Plasne e oy firpligna
first portion qfe &sﬁﬁggﬁ&rf Gl s§H§ufa§:CsﬁrfE&'Hyaa5?1ytﬁaE poltifd SN off £y anp e LIGRL @

nmetal filmis plate the first portion o € substrate; 3) when the

met al il m25hi drikesErst perercof the substratetsurfadeyuntil thepmated Aln shickmess emthe firgtor
one or nore addjttonal I f.th X i [ _nore
addi t1 onal - por OBl Band RS0 Rackler bW, VTG S g T PR (R Bt o
continuing to eednd gohtonfdfrtd subsirdte susfaoé ahdst thellbaie fine kaepdthargjecpolgiel sills  of
the one or nore additiongl portions of the substrate; 5 repeating step
3 until all porct"f‘@ﬁé“gdge gﬁég‘gﬁ%?f&g? gubsfrate 6‘1"§P$c1")®§aﬁlﬁg ﬁzettﬁw{lg’e%@y P‘ég@r; 5)
contacting all QEonldperRAGE iheSbs@ite bitfics %ﬂﬁﬁﬁdﬁtﬁ@rétﬁ?iafhﬁﬁ&ﬁ&'c)éb@é 106)

applying positive potential to anodes adjacent” to al . e portions of
t he substratle tthe gecondepaztianiaf theishbsiratetsiwdack iahdrapplyinganregstiveennidntal an aj@gddeed

t hi ckness val ue t ~ 0: -Platin. I.Nev=ver - - first. ~ntion of
waf el surface icéosgg%%gcdggg’o@?%)f ﬁ‘-e %H)s(%fi@%u}f% e’_ls)trle%ﬁ%%'%/?teéir%& tirt{%rrp l%tg‘%ﬁ t he
first portion ahind partiorofnitk ubsttateosurfate; &) fregeatigestépoatumdl the whodd aeh dlthet e.

bay only the second portion of wafer i.s plated _]n a fiuther_aspect of the
i nvention ther esuggtrab{) '%Fe’apgl"ﬂt‘ﬁ‘g}a%‘iﬁ%é‘a}?yﬁf; DIPpG ghefhin film n the whole

wafer at the same time by applying positive potential to all anodes and flowing
9

S ()




filmdirectly on substrate with a barrier layer or thin seedlgl r (ﬁ top,
conprising: 1) 14 1 2 AUG 2002 WD 991 41434 PCT/ US99/ 00964 %ﬁy? g a
positive potential on a first anode close to a first portion_of tlae
substrate siY@8¥44349) contacting the first portion of the sBOYPPRLE4urface
with the electrolyte, so that the filmis plated on the first portion of

t he substr at e elparelyiecn thy fullisurface oé thejsphatmaisivatl the ticknress pEthe ifilra on the Whalh of
the subst rate i aehe AARIRTndaGro8k takbSvalibut her contacting a 5
second portion Of the substrate surtace I'l'e maintaining electrolyte
contact with the first portion of the substrate surface; 4) plating the
filmonly on e second portian of the substrate .sgurface b [
positive pote pisjoicame At guevimus

substrat e gur ff@Gee orpRfiny ioplg a sufficient positive potential on the first
anode close to the first portion of the substrate surface so that the first
portion of the 10 3mp&rthst aspeqpf the inviertiondherp s proyeded anotherapeths fopplating e q;  5)
repeating ste § p i t.hi bl fcotnﬂf’i bsityr ile
avoi di ng depl ﬁ??ﬁo@xéﬂ%%iaﬁs@&dﬁ%@gcﬁ% Torgrgl{citrgﬁgog’f t eS§1 'bzlt)rf???@m
surface; 6) refemtlytepnstpptioh dfehe sbstatssirface witkea bamier laper onuthestop direughur f ace

until whole area of .the substrate face is plated wt thin seed | ayer.
15 Dret hod 1 FoveRigiftAfodth hmfiont G o? iled fovfes Busiste Xl ne oo o ! &
contact ed 1by ok getstisdtrar vatil the §ind thidkBess ¢euGhdshapre-0Vdlud; 3) Adpainp eeps 0dhd _n_d
the next portion of wafer are cont el ectrolyte. and y the next

acted by nl
portion of wafféfran addgiogaiqertiay ﬁ@%ﬁ‘-@ﬂ@‘e g’éﬁ’@&‘flg e ’Pﬁ\’é‘biedﬁteﬂlf’g"oﬂmieﬁér‘@ is
provi ded anot hediiged Iiﬁi?liofnoéf Pl adubdtfted J)trE]béiti.ﬁE _Et‘éﬁt3| ¥ntNhé Wdle ALL oMtk 2
barrier layer or thin seed |ayer on top, conprising: 1) 20 contacting a
first porti on sefstratedspiated with aghinseedilayier.an el ectrol yte; and 2) plating thin
filmonly on the first portion of the substrate surface by applying
positive potential on a first anode close to the sane portion of wafer
surface unti | MethddbedVholk isghstrbte o 1 i J 6 t(iponabld arddes) fo

substrate surface reaghes a pre-st aI ue; 3) fiut er cont ai g second
portion of th . face while maintaining el ectrolyte contact with
the first 25 porti gR,@lrhelBpad BEfhE Aveniusth@E R prévidedlafbth@ndthea tbt piddifH ¥ on

the second portion of the substrate surface by applying positive potential
on a second anwddilm diretly on g [§ebstrate orith pbaTierdayep PN tope comprsingat b isunersinge and

Lvi ¢ it ) { : t h
Frrst porti on st SR s dlrBh B! AcrBe OFplatdithe BF B ELORA o i 1°
subst r at e 2ur fpattniof thecubgutast sacfadeily appbingpokitidepdtaitiation Hmovapeaiodagiost eps 3

and 4 for plati Q athir oftion of the substrate whi).e avoidin
Gonl at 1 oy of Bt gRrigh oS S e, I rspéing SEp B 4ot adefiogs] Pofions o,

repeating st ephet subdtrate YRR RS ndivalild nSdebSbsedtocths Wakitie al ipdrtidhslofheM th a
thin seed | ayer; 7? plating a further netal filin on the whole wafer at the

sane tine by &Bpirgichd) Tseeatng $iep goindth theavhalgara pf the sulstraigrigiplesA it a hip t he
whol e area of geqlader. 1 2 AUG 2002 WO 99141434 PC'T/ US99/ 00964 the
substrate surface until a thickness of the further filmon the whole
substrate Xurface reaches a desired thickness val ue. ARharatus 8v

Rot ating, pl ati ~pg bath to formna_ra_bolic shape of el ectrol y~(~gl e-anode)
51n a further aspect of the invention there is provided anot her apparatus
for plating a filmdirectly on a substrate with a barrier layer or thin
seed | ayer on top, conprising: a substrate chuck hol ding the substrate
above an electrolyte surface; a notor driving the substrate hol der up or
down to control the portion of the surface area contacting the electrolyte;
a bath with an anode imersed; a liquid nass flow controller for
controlling 10 electrolyte flowing to contact the substrate; a power source
to create potential between

FIRCs @Bntadi€l by elettrdlo

10



t he anode and a cathode or substrate; another notor driving the plating

bath to rot ate around its central axis at such a speed that 4 2WubGa2802 of

the electrol yte surface forms a parabolic shape; a portion ?t;strate
Vortspd

surface is pl My when the liquid mass flow controller Sower
supply are furred on at the sarre tine. After a pl at| ng 15 thlckne sreaches
a seed |ayer pramperaBisqindtultiple Liquid RlowsMaas &ontg (B i plu It he
next portion of substrate is contacting the eI ectrol yte and is pI at ed.
Apparatus 9: R g~l ating-bath to form parabolic shape of electrolyte

fmul ti-anodes! |n alf arfaftier mgecﬁtﬂmﬁwtrhien ithreveeis tprevidedhasr apparatug fag\platiog a

anot her apparatus _for tin 0 a f. dir ctI on a substrate w a
barrier |ayer JRB tﬁﬁ”‘lq“rg‘é d’“|a§y aﬁﬁ”’b‘cﬁr)gmrt% i t%corgp%%??%bf t%h{]gtff

hol di ng t he ssulgstKoddify aEPéLat@ibort aE tlesoyesusatd; aciesst Bvdambads, Eith sdchgnddae
substrate hol der up or down to control ¢the rtion of é{lhqe)z surface ar

cont acting t he beingsenagtsd by ma’tmfl@%tcyt%c%lﬁ%gleé SeRILAte i H‘éssbfe]l“h@“%‘g%{r at ed

by tvo i nsul at iggcubiin blecliyéBoluiig ol @PREALSEN le FRSS1hkAY Gl ol | er

for controlling e ectrolyte f ow ng through 'a 25 space between the two
cylindrical \A/altdns;htacpamott efcthe auhamtc,l Wmtctphé(ﬂS%Bb’rtatC@ates?eipmnaﬂlebepmr

supplies to create pate en e n

substrat e; anoteﬁ mﬁt% & f’nen%’ sub ﬁgt?’i ng %gﬁtﬁ otﬁ(?%)"{bg?age g‘?r(gatﬁ% 1ll
central axil® atplfeichnlg \smetﬁe tigaid ﬂbvs uﬁrftmuer afd pdveer Suppsty reotryspending foathe
forns a parabolic, shape; a portion of the substrate surface will be plated
only when the m&wé%ﬁtm SFétet‘Sn‘&’EneﬁBP?tl 2 UMSe substrate is 30 powered to
positive as well as that portion of the substrate surface is contacted by
electrolyte at the sarre t| nme. A|3er a pI at| ng thlckness reaches a
predet er m ned \G{par AT ‘ S g8 the next portion

of the substrat X ) AUG
2002 WD 991 41434 PC# %@5@%{58%58{% g‘rbgnq&t‘?mef( ‘gp‘%ﬁb%leét’ °\%a‘fp “f% ?’cf’lg‘“‘ r ound
y-axis or MSaxias&dnﬂtkredmﬂglehalsubstra‘wwtdnerbaﬁ&pm;/braftdpheothumgta@ﬁbstrhtere is
rovi ded anothe for platin mdirectly on a.substrate with
g barrier |ayer® B&P&ﬁﬁi 8%“&&@%%%%@ L%"niﬁr{ °t8r dring ths subsERtg c k

hol di ng the subpldepiyPordNHRo 3bntR) B é,bmoﬁbeﬂﬁmgs&eat&ﬁaeﬁh@afere&t@olw der 5

being rotatable around a z-axis, also tiltable around a y-axis or an

X-axis; an anodesast &vq w&émmﬁhwﬁ%éw pepRmted bydwodpsylating Fylwgntalhélalls
el ectrol yte tootﬁ %g%ffhle‘é H@é&t&%h&eb%rl?&ﬁt@ct ald Ssu&vﬁrd@facﬁﬁtdﬁeaﬁh%?

bet ween the an a ca or su rate; a peri pheral portion o
substrat e 0r f obstratel bnd eorptlnan daduld mhags flove rcontidles fdysionMIMQeimﬂolms ﬂowintged

aroundtheya and is rotate the z- |s soth

peri pheral :}hﬁ"t‘g’bﬂ’aﬁfs ecé’u%%‘t pjpceny q‘ggﬁ’ﬁagg’tagéo f/adé TP ﬂlr}aﬁ‘ﬁd t he
l'iquid nass fI Gep£RB IPotet SppHEtaDEreRE poRhtial Sefivetn leddh&bdO nd cathb® SR
time. apparatus 11: Tilting rota~n axis of wafer hol deL(nulti-anodesl In a

further aspect SpstiateeaipaUion(of S mhErs ﬁ@aﬁléplaﬁé&“b)hwbﬁeﬁhe &Efﬁiér“'&tsﬁéo Her
plating 1 S a fiddBndbf feldubsudB R p%%?eﬁrtﬁtﬁsx‘éf'}r]% Eﬁl@ﬂﬁ? i Qe fedY Elest Bfen

seed | ayer on tog, conprising. a substrate Ing the su trate
above an el%ct rpoiwered wundgatie, mtmabambﬂwaw@ldmbﬂ&e Hbitrage lsocqmmﬁﬂé)yaﬂmund a

Z e, anan ety al e SRS s S plorfie Bt Pihchis Phoct THR s dfihe,

separat e |iqui dhereststrite @s/\momerdtup)éol that tﬁ@ptaeolpbmeh lid o ofltiecéléctblytee Thisamiing
t hrough a space etvveen the t wo cylindrical walls tqQ contact a portion

of the substrat®Bow QaB%Q\Eret m"fe%gmt"@o&f@a?@hﬁé‘tbéﬁi“?a'PPB@Fween each
anode and cat hode or the substrate; a peripheral portion of the substrate
surface will be plated only when the substrate chuck is tilted around the

y-axis or x-axis and is rotated around the z-axis so that the peripheral
portion of the substrate is contacted by electrolyte, and the |iquid mass
flow controll ers and power source are 25 funmed on at the sane tine.
Bpparatus 12: Rotating | ~ating,~th to form Parabolic shane of electrol3 a
and tilting wafer holder around taxis or x-axis (sivpgle-anodel In a
further aspect of the invention there is provided another apparatus far
plating 30 a filmdirectly on a substrate with a barrier layer or thin seed
| ayer on top, conprising: a substrate chuck hol ding the substrate above an
el ectrolyte surface; a notor driving the substrate holder up or down to
control the portion of the surface area contacting the electrolyte; the
substrate hol der being rotatable around a z-axis, and also tiltable around
a y-axis or an x-axis; an anode; a liquid mass flow controller for
controlling the electrolyte 17



WO 991 41434 1 2 AUG 2002 PGI/ US99/ 00964 to contact the substrate; a power
source to create potential between the anode and a cat hode dr 2 AWGs 204t e;
anot her notor driving the plating bath to rotate around its central axis at
such a speed"@ 44434 surface of the electrolyte surface for ETAUFAPR6G!i ¢
shape; a peripheral portion of the substrate surface will be plated only
when t he substApparatue dudultiple BVIFLCE ardiOng ’ RWELLARRIY or x-axis and is

BcBPERD aflackiorplaglg ate

rot at ed aroundt - axis. s h: '
is contacted by el Ie%?ﬁ%#’?ft ,ecggrﬁﬁctlhg ni&zglle%q%
sour ce are fumatindilmadirdctie o arbdmateewittAa dhmter laer d20top] corgprisings hisahsthast h t o

form paraboli¢ sh .of electrolyte and tiltine 10 wafer hol.der aroupd
v-axis or x-a;‘Plge%"Pﬁhaﬁ e g Véa‘i‘a_f"‘tq? e%’tgiﬁé"(ilaflﬁ?“f‘?‘%a@ﬂ?ﬁemc?‘@w %here
i's provided amghBefepaRied it oo fidlafh@ tclyMtirRall Whils; i c&fkdty 1RGidAmasdShohat e
with a harrier layer or thin seed |ayer on top, conprising: a substrate
chuck hol di ng cenfeoliendes eqniroling plecteolyin Nawing tirongh asspacertienwreen the tyercylindgical/i ng

t he substrate : i < ' ey ar ea
contacti ng tth} %?o‘g{og%’rﬁ g%?%%%%’%ﬁ%é’to?’gtcégﬁlg gagﬁrkxg.ﬂ;lpﬁ%' t&%fegﬁggoﬁﬁﬁglr ound
a z-axis, andbatwzen tachtanbdearsircatiode ar the anbstrater a aortior &f ithe, substrate sigface wo
anodes, each apode bei epar at ed t pnsul.ating cylindrical |1s, the
cylindrical vveRP"It“(aa %&Wﬁgbﬁ%@ﬁ’r‘da?‘ Sttﬂ’g’v %q\l\?%git‘?répg%éﬁpol 5 SRR @'F%frﬂ%%/g‘é?t its
edge; a sqpar gesakditied mass flow controller for controlling electrolyte
flowi ng through a space between the two cylindrical walls to contact a
portion of the substrate; separate 20 power supplies to create potenti al
bet ween each ( nd @ ﬁ"&m@w : not or driving the
pl ating bath rotate around Its central _axl s sSuch a speed that a
surface of the el eltabirtheraspaat dfalxeinyention tharepaprabidtd anottea gpparatusfor platng of

the substrate suyrface,w || be ted gnly when the anode cl ose to, that

por t1 on_of -t hé Biaf afely on 5 el Wil p el fuen® B Foutshee oERon o
t he subst nat e psidef RAEnDHE BEbsEAL bt 8hlelBdiroRRe QirfR6d; holedst BvddnoliétC e ABodel Me.
After a plating thickness reaches a predeterm ned value, the substrate is

noved down so bemgseramiedaxiwojpsulatipg cylindripa wallpdhe exlindrieal svaHs ean kegmpyed; he
el ectrolyte a hS dBwatESsinst gﬁﬁﬂ.ﬁ hs wod e LAmhakien ting a
metal filmw {ﬁﬂ&&}? E\g’?ng éussgggﬁg%%%lyﬂe‘% pro %S}éc{c]h%;éﬂ; fgt?pcggls gt ﬁgir“g’t han
pl ating is t o threbydo gpmirghelettradyte ¢f comtdces pertion pfthe subsgdieadjacent tethe wablad to a
barrier |ayer)_si arrier. .l aver typi.cal s 100 tines .higher
oSt st vi y o 1985 195 a8, AL chfquef Y6 coPhigE clotrale dotnol ' dBe sPRTs g
theoretic@0 arbatwesn she i cylihdizcaPualis Odhe poiver Bpil th3éreREPAIBREDA He2Bhetn Talle
attai nnment of the foregoing and rel ated objects, advantages and features of
the invention 2 Iaﬂcli Bgaﬁhﬁ‘?eeorr %ﬁ%ﬁ?at%iﬁm"fttbef Ee §‘%§HCF sl !bﬁ pﬁ‘ﬁ-ﬂ art,
after revi ew ghiyiyifentd éyfial WRIL Bel6l R doffbn 38 Bfe'shitdiraRbulcelifi ol gl d On,
taken together With the 'drawings, in which: 5 BRI EF DESCRI PTI ON OF "THE
DRAW NGS Fi gurthat thegldctolytegorchesdhe prrtien qfithesubsirate and she peyen pypalyas unedianef ul
for understan%ﬁ,?s&g‘gmbgventi on. Figure 1Bis a plan view of a substrate
shown in Figure T. I'gure 2 is a corresponding plan view of a substrate
during pl &Sing in accordance with the invention. Figure 3Ais a plan view
of a portion of a plating apparatus in accordance 'tth i nvention.
F'gure 3B|S Ch ‘-'"Vv 3 5y J 0%'S “ O, a"-” li‘i “
in Figure 15 3A,  andla Radhet dpéchofthOfkerfioR el Ts bRWled Riotiter BppatdriifoPPRAIEAL US
in accordance with _the

a thin film directly on a substrate with a barrier layer on top, comprising: a substrate

=

holder for holding the substrate above an electrolyte surface; a movable anode jet placed
30  under and close to the substrate, the movable anode jet being capable of moving toward
the substrate surface, thereby the electrolyte from the anode jet can be controlled to
touch any portion of the substrate; one power supply to create a potential between the

movable anode jet and a cathode or the substrate; a portion of substrate surface is plated .
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invention. Figure 4Ais a plan view of a substrate ready for plating in
accordance with the invention. Figure 4B is a cross sectiqm wewl aken
along the line 4A--4A of the substrate in 20 Figure 4A. Figure 5 is a set
of wavefonn wioeguasse, useful for understandi ng operation of PChEs¥Vigeses
3A- 3B enbodi nent of the invention. Figures 6A and 6B are partial cross
section views gfiyRindh &R poHia bf dk SFfact!BRbsthctéd By d‘lébltrb%}'ﬁejétl%dieﬂ‘cﬁxﬁ fhadhdvgblef t he
invention. 25 Figures 7 and 8 are additional sets o vef orm di agr ans,
useful for a feamadadst under st andi ng operation of the Figures 3A-3B

enbodi ment of the invention. Figures 9A-9D are plan views of portions of
al ternative enbodi rrents of plati ng apparatuses in accordance with the

i nvention. Fi glpea pv it oA nafe with\Sebaratesl mmierse( e mojytper ati on of

?8?6‘;&;?30;553?na§§@b$€taﬁe@s%?qﬁr?ﬁ%v'e?ve 'Iff??fer‘ﬁ&’g&PF‘Bthil epialls Guplighe 0 °"
wavef orm di agr &ﬁlﬁnffmlh cﬁxl&c@n@{ ) Qubse4TH th EwdiTicd flay@r Bt €S S6mprikide COEELRME W t h

t he inventi on. AU G 2002 WD, 99/ 41434 PCTN899/ 00964  Fi gure 13Ais a
pl an view of a ﬂé?rt f%rh%"gaassémﬁ BB P FRbHTST bedngs PRy HppEFERIYS Fn

accordance wit g Lhge 'RYRNEL 8 [ 9 ace e RU1E shidRaleS e MGl QﬁJdU ¥ ban§mable

section, taken along t 3B in Figure 13A and part y in block
di agram form M\vatrdléxcsabamb smfaoq;llwmrﬂbydlﬁe alapvhacmmyt ﬁoapﬁiar@vdﬁsldl i¢an be

i T enbodt mohtrres Ry Fala A resielStne *ekleuP et SLE o Aef? RblsRE on. °

Figure 14B i s Betwesitheadviabl¢ anddeCienas & efthdderty theakidstrat;anportitie of kubstrate
14B--14B in Figure 14A, and partly in block dia %ramform of the third

enbodi nent  of aur&catslm%jedmbawrt%&mnqwf&&éa\’ dclggete themoveble andedst.
Figure 15A is a plan view of a portion of a fourth enbodi ment of a plating
apparatus in accordance W t h the i nvent| on F| gure 158 IS a VI ew, partly in
cross section, Mekioan/. 1g.Mdf ‘ SEIQ 5 dtiggafoedly in

o ol i agiam form of i 4e LU SARRMTIRL Sl GRS MTOAREBHRRLE |

accor dance W|th t he i nven an vieéw of a po of a
fifth enbodi mertin 6ifm anqolaahbs&gmahnpwglm fully amommed)pmamg:aowmhpﬁdmg i npiekihg on.

168~ 168 i n i GaPavel AT A alsban SoRing o o o ke Tt i 1otk )
enbodi ment  of ﬁlaﬁﬁ@ﬂeﬁgﬁhn on the wafer; 3) after finishing the plating, picking up the plated wafer
from the stacked plating bath with the robot and transporting it to one of the stacked

20  cleaning/drying chambers; 4) Cleaning the plated wafer; 5) drying the plated wafer; 6)

picking up the dried wafer from the stacked cleaning/drying chamber with the robot and

transporting it to the cassette.

25 In a further aspect of the invention there is provided a fully automated tool for
plating a metal film onto a substrate, comprising: a robot transporting a wafer; wafer
cassettes; multiple stacked plating baths; multiple stacked cleaning/drying baths; an
electrolyte tank; and a plumbing box holding a control valve, filter, liquid mass flowing
controller, and plumbing. The fully automated tool further comprises a computer and

30  control hardware coupled between the computer and the other elements of the automated

tool, and an operating system control software package resident on the computer.

13



20 apparatus in accordance with the invention. Figure 17 is a cross section
view of a portion of a fifth enbodinent of a plating appara]igs UG‘ 2002
accordance with the invention. Figure 18A is a plan view of portion of a
si xth enmbodiwessr41ad4 a pl ating apparatus in accordance w th POBUSIMIe¥HI ON.
25 Figure 188 Is a vi ew partly I n cross sectlon t aken al ong the I|ne

ol ol B =3 ¥ b AR q

enbodi ment of a pIat| ng apparat us | n accordancvm th the | nvent| oﬂ F| gure

apparatus in %’Wﬁqth the |nvent|on 30 Fi gure 198 |s a view, partly
I n cross section, takKen along the line 19B-19B in Figure 19A, and partly in
bl ock di agram f or min mﬂrﬁth&asp@efﬂxbimnmﬂmmmmts pmvid;dphethtrngetqur platnsg 4 n
accordance _wth e . nventi on, 1434 PCT/ US99/ 00964
 ur ea 20A. il SRRSO lbsusis iy Ve AyELr B Er B RAER A [0Rr CHPRIRED ock
di agram f or m 19hurAing &indbChoresiiediowrit 2)0maltnd b firktihritgiPaf thie UaibittedsigfaEclance
with the invention. Figures 21A and 21B are_views, partly in_cross section

and partly in camtee@nsleetr@&eatﬂ thafraetak filg isiplated eﬁbeérsﬁewtwwf the shsaisg
apparat us 10 a9 GREAMRISH il thi ewee EHel 8 Pre-det QUi Al Sech PALAT HF B OF 2
portion of at enbodi nent o at1 n§ apparatus in-accordance with the
i nvention. Fi g:urrmrezadmgnaé portons qﬁahet sybsirate diyomekisg thiei one, ot mioem additgong! t he

tent - erod metioBy o SrE g hiha PR e DSl PR b2 dher on

Fi gures 23A arw thé3Bbsiak apl any eioBs 6ff th@orerimapé additionbleportivng ofithd shivwarhdef h
enbodi ments of plating apparatus in accqordance with the, i nvent [ on Fi gure

24A is a plan 4 repeating " seppbyntil Hhe eptirearea of the sihsirpte asaizied Yith e thip segd Eﬂyﬁtl ng 15
apparatus in accordance with the invention. Figure 24Bis a view, partly in
cross section, taken aI ong the I|ne 24B—-24B in Fi gure 24A and partly in
bl ock di agr amMethed 9: @iz ertth , g is Qonis "
accordance Wt
of fourtegﬁthé}f—
I n accordance gj Brig\nit cthli gure 26A is a plan view of a portion of
a seventeenth enbo of a th apparatus i.n accordance with the

i nvention. Figure g%gﬁr@eaasw% PUTVETEPTILRErE 1SPELIded RPIBF, MEACRT BIFHRER ¢ he
line 26B--26B fjjn d:x'e&W@n &ﬁr@trat@'&ﬂm%érﬁé{- layer Bl Sk sedd RePHR (! Bamﬁﬂsmtgh?)

sevent eent h enbodi nert of
turning on DC or pulse power, 2) making a first portion of a substrate surface contact an

20  electrolyte, so that a metal film is plated on the first portion of the substrate; 3) when the
metal film thickness reaches a pre-set value, repeating step 1 and 2 for one or more
additional portions of the substrate by making the one or more additional portions of the
substrate contact the electrolyte, while continuing to plate the first portion of the
substrate and any previous of the one or more additional portions of the substrate; 4)

25  repeating step 3 until all portions of the substrate are plated with a thin seed layer; 5)
contacting all of the portions of the substrate with the electrolyte; 6) applying positive
potential to anodes adjacent to all of the portions of the substrate to plate a film until the
film thickness reaches a desired thickness value.

30 : i i - i 2

In a further aspect of the invention there is provided another method for plating a
film directly on substrate with a barrier layer or thin seed layer on top, comprising;: 1)

14



25 plating apparatus in accordance with the invention. Figures 27 and 28
are plan views of a portion of eighteenth and ni neteenth e %5\@3@@
pl ati ng apparatus in accordance with the invention. Figures' 29 are

pl an views ofyoa9Rfuski on of twentieth, twenty first and twenpyros®n0chs
enbodi nents of plating apparatus in accordance with the invention. 30

Figure 30A is a? @&:@‘ gbﬁw/cofrot&txgp!ﬂ hfﬁ}sz%oée EBEYoYa HRE HEnBARE M HBbuAd 2
pl ati ng appara 8 I'n accordance with the invention. Figure 30B is a view,
partly in croswrfses ) ompactimgktbe ficsk partiont ¢fshd subsra@GBrfa@0Bth the legiphe, 30that and

Bopar 4t us i n dbe BPRSAR=Y 5 e i pbiGu bt B ntborte e 2B s Bl p Roreda £

PCTNS99/ 00964 dr 1@l fiest pdhioh @fﬂueﬁduwﬂratel sarfacdf re®h@d pread Wiued filrthermdoyitattirigr 4 h
enbodi mrent of a plating 'g&g us in accordance with the inventjon Figure

31B is a videw,SepRAdRGFLoMHO statersuEce VhileoRanrmng qlerrols eonerwith fhe |y
Figure 31 A 5;56?&6146&‘ m&ugm&&u%&g&mt&gw ﬁlﬁ‘xforﬁm &%&Bﬂd B &F the
enbodi nent of | ati ng apparatus I n accordance viith the invention.
Figure 32A is sabwamwsurfaembbﬁp;dytp@pwm Retential topemsegorid moﬁe elatsoditheseconst  a

pl ati ng appar

partly in cr ozﬁs ?‘Z%‘c{']f %ggﬁsggtg%%g@otﬁnd taﬂﬂy'lhg \ég{?{gﬁﬁﬂt%&;@g ?‘g"gé’ }é%ﬁeaﬁg and
partly in bl ocinodé eigsata thefinst pofuohmftma/\mbkwa‘ sui'ﬂaisb mmadmmm pofnoa oIQhe
plating apparatus in cordan t he . ure3 Ian
view of a ortﬁ“ﬁﬁmﬁﬁ S“ﬁf%f%éﬂ?'}}’ %&?@Vﬁ%hlé d‘l"ﬁé‘ﬁ‘? fepﬁat'ﬂﬁ FP%

accordance W tihirBoltibnR tHeQbstiieGHHiR 236iBin! %eaaﬁﬂgesmao@ratimse&n@ba%sns
section, taken along the line 33B--33B in gure 33A, and partly in block
di agram form offthg smmr@csu@kme@m@éﬂprﬁefm smesavq&egl oftthengybetyafsasusfeess i n
accordance wt gﬂ@ﬁ tod o ection views of a
portion of ¥vae tl?]aggll\?éwnetg%? r@%busglntg %%ﬁéh nglagdt'lﬁlr'rjen l§)(,) pl ati ng
apparatus in accordance with the invention. Figure 35 shows a substrate
during plagj Mth a n accordance with the i vetlon 20 F|ures
36A_ 36D ar Q& Ll T iaElllY ¥ d N X CT - . J 224 o

age Ry elesty and-only thenest rex istpladed nvention. Figure
3?A i's a plan view lﬂfa fﬁm&?éiéde&rbfﬁ{e ehﬁérf t}xé(re% &H&J& é@g&é‘ Pﬁslatﬁx%ﬁ
pl ati ng apparatus in accordance wt e i nve t| on. | gure | ew,
partly in croshlinsédicectiyron subsmate wathom bartikrelaydr we g Bed 3§Br pm top, comprising: 1)

20  contacting a first portion of a substrate area with an electrolyte; and 2) plating thin film
only on the first portion of the substrate surface by applying positive potential on a first
anode close to the same portion of wafer surface until a plated film thickness on the first
portion of the substrate surface reaches a pre-set value; 3) further contacting a second
portion of the substrate surface while maintaining electrolyte contact with the first

25  portion of the substrate surface; 4) plating the film only on the second portion of the
substrate surface by applying positive potential on a second anode close to the second
portion of the substrate surface and applying a sufficient positive potential on the first
anode close to the first portion of the substrate surface so that the first portion of the
substrate surface is not plated but also not deplated; 5) repeating steps 3 and 4 for plating

30  athird portion of the substrate while avoiding deplating of the first and second portions
of the substrate surface; 6) repeating step 4 until whole area of the substrate surface is
plated with a thin seed layer; 7) plating a further metal film on the whole wafer at the

same time by applying positive potential to all anodes and contacting the whole area of * -
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Figure 38A, and partly in block diagramform of the thirty seventh

enbodi nent of a plating apparatus in accordance with the 4Rvaug i200d. Fi gure
39 is a set of waveform diagrans useful for understandi ng operation of 30

t he pl ati ngwappaigaius in Figures 38A and 38B. Figure 40 i s peTnisasnoggéLw of a
portion of a thirty eighth enbodi ment of a plating apparatus in accordance
with the inve Alﬁ«‘,ﬂ1 e 40B
is a view, pa?%“il %/tfﬂftﬁa%%?ugfs:%e &1@%@9@%% gﬁ%g t g@é@%%_@g%g%ﬁlrﬁk‘% gure
40A, and part Iryaches axesicdd thickmpssvahfeor m of the thirty ei ghth enbodi ment of a
plating apparatus in accordance with the invention. Figure 41Ais a plan
view of a portlon of a thirty n| nth enbodi rrent of a plating 5 apparatus I n
accordance W tAhdabifisig Aiith O ! G o3 ! \ o GREUR
section, taken a on the I|ne B—-41 B in F| ure 41A and partly I.n bl ock
di agram foPm of t H@af\mhﬁwpw ot the Evensian therg is atovaicﬁp%&ttxqﬁgpmfambtmm
accordance wt of a
Forti eth embod angegh 1 et Wi Bakicnial oF i 84 KB e ion o g

i nvention. Fi gubstrat2Buclshaldiug éw, subgratel apovearc elegwlde surfager, 2 matoedrisingribe t he
line 42B--42B in Fjgure 42A, and part | ock m for of. t
Fortieth enbodr TRt tiides 55155 B BRmarol hlrPHOLEc Beasral ot ufunt e

i nvention. Fi gleceslydda bath with ad afode@intefibd; wrligafdaniss Ao gontialler f@fcohtrd] g

under st andi ng 15 operation of the enbodi nent of Figures 42A and 42B. F| gure
45A is a ploan e\tchg}yt;fﬂoaw%po[qogﬁctdpe ﬁ“ttsB?tF’ya PQW%FWE?R)@OHW%W‘E‘W%"W&W ng
apparatus in EEAIABRAFa thinbicl dHubdiug RUifvifie thel Hathhg WaliYho BB | Y 11
Cross section, en a ong t 't ne 45 --45 | gur e par y in
bl ock di agr amai‘mmmttsaﬁnttahamﬁ @r sugh faispead tbzttamﬂrfmmf thd elactp:ll)ae smﬁjacetfo:apmr at us

I n accordance w i nventi o Figure 46A is a ortion of
2 forty second EBLERE Hop it P HRed ot Al SRR MRLIGHE atsc
invention. Fi glowecsHiBliérsand thd foWer BappLY re el @6 Sat SRCéanRntimé. akRdt pletgg t he

| ine 46B--46B in Figure 46A, and partly. in bI ock diagramform of the forty

second enbddi ﬁ)é’ﬁ'tmeé?r regchos;a meatqyrabpra‘tfmmea yalpe, the-ubstiee Maxed Aowmeo that
i nvention. Fi gﬂéﬁ'ﬁxflgcﬁ‘uéx%ﬁh@éu%a\@l?%ﬂc @E’Elteétﬂﬁyt&’ daisgfa fdgy third

enbodi nent of I ng apparatus In accordance wit I nvention. Figure
47B is a view, partly in cross section, taken along the line 47B--47B in
.bl , :

Fi gure 47A, an r |9yRa ,hg I[% ]% t(h'”id eEgS)di ment

Lg
In a further aspect of the invention there is provided another apparatus for plating

of a plating 3 ar at

20  a film directly on a substrate with a barrier layer or thin seed layer on top, comprising: a
substrate chuck holding the substrate above an electrolyte surface; a motor driving the
substrate holder up or down to control the portion of the surface area contacting the
electrolyte; at least two anodes, each anode being separated by two insulating cylindrical
walls; a separate liquid mass flow controller for controlling electrolyte flowing through a

25  space between the two cylindrical walls to contact a portion of the substrate; separate
power supplies to create potential between each anode and cathode or the substrate;
another motor driving the plating bath to rotate around its central axis at such a speed
that a surface of the electrolyte surface forms a parabolic shape; a portion of the substrate
surface will be plated only when the anode close to that portion of the substrate is

30  powered to positive as well as that portion of the substrate surface is contacted by
electrolyte at the same time. After a plating thickness reaches a predetermined value, the
substrate is moved down so that the next portion of the substrate is contacting the

electrolyte and is plated.
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Figure 48A is a plan view of a portion of a forty fourth enbodl mazﬁ(g a
pl ati ng apparatus in accordance with the invention. 23 984G 4 1 2 AU
G 2002 PCT/ US99/ 00964 Figure 48Bis a view, partly in cross sectlon t aken
along the |iROBBEBI48R in Figure 48A, and partly in bl ock BFEYSHA%%rm of
the forty fourth enbodl rrent of a pI at| ng apparat us I n accordance W|th t he

i nvention. Fi gurparaiallsIing Mg a5eung S{SiBgl¢-anad

enbodi ment of a pla

Flgure 498 is a Vi o 9Eg@f%?%‘n@‘i‘?%?é%@é??éﬁéﬁﬁifé‘és‘%ﬂgpﬂaﬁﬁﬁr’%ﬂnﬁéﬂmg
49B--49B in Fi gtﬁlm di@etly emalsubstraté with a birrieclayed ionthiraseed bwmondop {chmprising:

fifth enbodi ment ti paratus.in acgordance Lnv ion.
Figure SO is as l?gw Bg‘f}ﬁ’%}é}{%}%a@ SHE% g‘: a@f’Y o HRE Eﬁ .t Ehebfu & tedﬁgé

form of a 30 fyeikYotahblt Broand®lhxis nihd alko fltdbletroung ad PRy dilabl S -aki3; aameds:lance
with the invention. Figure 51 is a view, partl(%qln cross section and partly

in bl ock di agr diqpidomass Qﬁw ﬁomﬂlﬂyf%é@mlﬁ‘ge% cialyte tof contag! BeiSHpSTAhAr at us
i n accordance v g ross
section and si gte)gv\% g‘\g/\lrsﬁ‘:éogb %%t!s%s&e egrlrlbi(’)!J ?rergﬁ%é a?g& Qlllicgta f%ﬁ,%g@fg% g‘r‘r}%ﬁm ;
accor dance wi t Ipetipteral persine pithe subsSutebuglacewilideiptated dnllwmhmthtgsuasﬁamchg@eusat i on
of a portion of, 13 ftvva for.caontrol | aty t

Fi gures S4A-4 agr)éménc ermarg ccfd(p, c%ngslgr&‘ %8%‘%@%2'%}[{%58\%% g&}fméecond
enbodi nent 10f @onioatdflﬂ@ suppstta€is icontated byl elsalyed, tahd treliquitvasmssiflow. contrglisres SS
and S6 are schematic top views of third and fourth enbodi nents of 20

pl ating syst em@D$ ROMTSBWREHE BUTGdaR & e SIRRWAT i on. Fi gures 57A-S7C are
schematic top, cross section and side views of a plating systemin
accordance with the |nvent|on F| gure 88A |s a plan view of a portion of a
forty eighth et s ) § Oh holder (multisanodestiance with the

[ puention, 25 Fqurgy %ﬁ@a&ias%gﬁ @9%%? Fﬁ;re”%vfm R R
forty eightlh enifiini dirody @f a axbstkamé wn@aaapaxrlayensr thin aectlayd@nc@, mmisnﬁdgea

i nvention. Figure S9 m di agr po su

on/ of f sequencégbﬁ“ﬁtetfilg"k(aﬁﬁf%a\gls\é%n@ QY% Eg@e ‘%Fgf}'&j? Fﬁ’%&ﬁ”},’\e teptl‘og‘% ng.
30 Figure 60A ibging réthtable iolid #F-atis, kA8 hisOfiltbfe a@oﬁaratyymydaanﬂ‘eomdm%oof a
plating apparatus in accordance with the invention, gure 60B is a cross

section view, Fapdssscachrnode beinheppanaied by o Bepatingerlindsicavplis:a sspasate Yquid he
forty ninth em?x?&k H5W coftfolRr £} &rinding RRACH Y Bow g AFEHHIARES bibviedn tHi%wo

i nventi on.

20 cylindrical walls to contact a portion of the substrate; separate power supplies to create
potential between each anode and cathode or the substrate; a peripheral portion of the
substrate surface will be plated only when the substrate chuck is tilted around the y-axis
or x-axis and is rotated around the z-axis so that the peripheral portion of the substrate is
contacted by electrolyte, and the liquid mass flow controllers and power source are

25  tumed on at the same time.

In a further aspect of the invention there is provided another apparatus for plating

30  afilm directly on a substrate with a barrier layer or thin seed layer on top, comprising: a
substrate chuck holding the substrate above an electrolyte surface; a motor driving the
substrate holder up or down to control the portion of the surface area contacting the
electrolyte; the substrate holder being rotatable around a z-axis, and also tiltable around a

y-axis or an x-axis; an anode; a liquid mass flow controller for controlling the electrolyte
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1 2 AUG 2002 WO 99/41434 PCT/ US99/ 00964 Figure 61 is a partly cross section
and partly schematic view of a fiftieth enbodi nent of a pl 'A\% agpar at us
in accordance with the invention. Figures &-71 are schematic Vi ews of
fifty first WhPMIEA sixtieth enbodi nents of plating appar atR&JdsSopRI
accordance wth the invention. S DETAILED DESCRI PTI ON OF THE | NVENTI ON

Tur ni ng now t @o cordact! theensuhsfate; rmmcevqnamrbtwl credty Pptgnﬁldm\’e@nlth@ ampdetandrae i s

shown a portiq . di ng
the prosent 1 noun & abeygle Asbebirplos "SRR Bl uiR e Ao PLabANC
bet ween cent' agisdt @dha spéedvthitarsuﬁhuerafgha:ameme omfate fdmny afpaggbolid shapghows a
cross section vi f a conventi onal oun pe nd

sem conduct or W%P?B‘?E“W? "&’Fﬂ'al‘F ‘ﬁ‘@ iﬁé‘%é OW]?GFHBg?‘%W%Wa]H’dk 15
theoreticak cajfiedhdhndRe lySaxfsqrr xcms%mmfdwed ouraahe aiamlsodhattfuer@d%@serbret ween
the center and the 15 periphery of the wafer during normal plating.

Assuni ng pl at ipagion of therpubsiratesis cgntanted: hyeelegwolyee, wad e liguid mess floyw eomaroleme,

t he potenti al y the following fornula: Io PS
20V = () (~-a'ga%‘é’?&?&%‘%aﬁ%n&ﬂ&%e&eﬂeﬁg the radius (cm), ro is the
radius of a wafer (cnm), lo is the total plating current flow to the wafer
(Am.), ps is the shee! f b

Assum ng t he &PEAFE+ae
density i9¢9l KygkerBok

AL ORI R -ax i R x A9 i b rrent flowrng to the wafer
can be expressed as: ‘g_ In = 2) 30 60 Dat om 25 12

AUG 2002 WO 991 414bua foctirerasmegy ol@envcmerr @ererltprpgldr @O&eaﬁmgn@dﬁr Rlafing

are (1~ m np el GRRORE o Bl 1k bl Sl ol b cpfrifhdian o

Imin, q ' 82|§umeatechmkdxomlﬁg the isnlistrai® gb@\2)an fecholytel Eitface:, sEBfof &iving €00.
| D= 60 3 10 Tot al t. f Al cn?
(3 000 Sphstete ol G o 6 elifrol e hfton 58 iendice, dies A Heonds

on thickngsgs Qfecfrdrltt@) th@&ibsttAEh 18 Beidlg RtataldPasird I Watid)@nd albdniltablear&haat
resi stance at thickness of 200 ~ and deposited by a normal PVD or CVD

nmethod is in &-¥ERFENCFXIHE! least 3y anpres Facly anodeshping sensratalLm By Bsylging 13
Amp., ps = 10 4@1@}@ K i he
potentr al dr fr(‘% lr“&earrrlg%%et wee p eca](a:‘g%%sel’remgggs{rﬁoemgég?sg eragitr'pcee &réﬁ?t ity

waf er is: 20 ¢dge; 8 sgirateliqhél Basgdlow. coa®)lleT For comtrattixlg gidcarvlytegfiavahg agelghra acr d
Cuplatrngrsrn an of2 .0. 4 Mo i,S clear that such a enti al
di fference wi I F‘r&ﬁe |‘?E]er%'8s°§' ! %alt‘galtfstgtcgmﬁtrae%%lv %Irﬁhs SB%? Fﬁeef‘epg‘?% er by
a convent |2@naIporwlezaﬁuppgestteoircatdipaaniahw@benrrwcnlansdd 4rd estibde @rthakEras; t he

center 25 of the wafer usi ng over age, a Substantial quaptity of H-'
ions will conmdofiEr m@g%@ﬁ&mg\mqmatwgtb&rh tP(S?thczi’fwf‘ﬂéts ﬁé‘itfaﬁ)ﬁé‘F a %’thaﬁ@g‘?ﬂaf er,

whi ch mekes a 1RRQkurdHdabf thy el@étrdi‘ﬁ& &drfakd fofﬁls a{: Qii'aﬂoh@ s}?aﬁéna%&%(‘c;f ‘ﬂ{e substrate

i nt erconnect application, plated copper have ‘a very | arge
resistivity, ahdaggouill bmplphdloob'ywhcmﬂnmemee@lp@aro tbatl mmert pbrheosubstraéms al

.d' ffer ence bet %@Qd%’i}&ltﬂ% a%welllag%a(?%ogi n%kﬁ‘} ' i8Rt gg n‘%ackerago of the

I nvention 26
25  electrolyte at the same time. After a plating thickness reaches a predetermined value, the

substrate is moved down so that the next portion of the substrate is contacted by the

electrolyte and is plated.

The central idea of this invention for plating a metal film without using a seed
30 layer produced by a process other than plating is to plate one portion of wafer a time to
reduce current load to a barrier layer, since the barrier layer typically has 100 times

higher resistivity than a copper metal film. For details, please see following theoretical

analysis.
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1 2 AUG 2002 WD 99/ 41434 PCT/ US99/ 00964 As shown in Fig. 2, 1t£g hnwti on
only plates a portion of wafer at one tine. The potential di'f PBn

bet ween the position at radius r2 and the position at radius r, can be
expressed asWOOM4= | gy = | | dR=1 lo(~ r22 - ~r~~) (PECFAISYQ9pes"
(IDP~2) C(0.5r22 - r~Z1Inr2) - (0.5r~z - r,2 Inry ~ The worst case is
on the periphery of Thtattainmient of the faregoingt and related objegts,radvantagys apd fepiores of o

3. 6E-3 Anmp. (coprespondi P. =..2000 -~ i = S2/ squar e
into eq.(6): Vg‘,e %‘%BHTV%%P@%G "ﬁ%r%ﬁt ?gfﬂgt%@?}ggegdglﬁ@égﬁ% 3 g\élg@ i°§
about 0.83 V. {He followingamoichadtailtd deychipaoe of aherasventién, dakdnngpthert ity tha
accordance wth the invention. DESCRI PTI ON OF PREFERED EMBODI MENTS 20 In
descri bi ng t hed@¥in&&t Y "Hhanbodi nents of the invention, corresponding parts
indiffereny figures are designated with the sane reference nunber in order

to mnimze re%etitive description. 1. MJIti(E)ﬁI]e power supplies and nmultiple
LMFCs 25 Fi gs. BRAEEDESERIPRONOF THE BRAWINGYhe enbodi nent of the apparat us

f | at i dugi | fidl [ Y2 | L -
on t0p. i n" Bccor dancaBiee i (PRI of th aEHP IBAR, Mol & QERSRah @Y CE

anode rod 1 pl é&eadventiort ube 109, and anode rings 2, and 3 placed between
cylindrical walls 107 and .105 103 and .10 30 r.espectively. Anodes 1, 2,
and 3 are powered b} \r/l/gr's‘%lﬁlbﬂegso?ﬁ‘fbsié?s@mlﬁﬁ? %Ypectivel y.

El ectrol yt 934 is ppigRRQA ibY chirdipondin Rigwsoftd Wubst@ike during latis@inbdcbrigre h
inlets of liquid mass flow controll gﬁpgm(LNFCs) 21, 22, and 23. Then LMCs
21, 22 and 23 wéhihedpveatieet rol yte at a set flow rate to sub-plating baths

cont ai ni ng anodes 3g; di 1127 J 964
Faspectively. After TERSars AR ey br £phin 21l bRl el O o
t he cyl i ndri cathedmtehgorl 01, 103, 105, 107 and 109, electrolyte flows back to
tank 36 through spages tween cyl indrical wal 1Q0 d..10, 3 .and 105,
bnd 107 and 109, § oERRECRUAF e pasaoeeser ik ben el ide Hp-0% HBheon
the outlet 18 BAMENBParfifiéh block Qiapfapl bk, dfodklatiy hpataddkinelcetlidnt Wit dack to
tank 36 when LMFCs, 21, 22, 23 are closed. Bath tenperature is controlled by
heater 42, tenﬁ@F’&t%re sensor 40, and heater controller 44. A wafer 31 held
by wafer chuck 29 i gi6RMERLGH ReW B1ESubstiRPlcal fob biating i ft¥oriznce Vit i ©
mechani sm 30 is used to rotate wafer 31 around the z aXis, and oscillate
the wafer in thwestjony) and z directions shown. The LMFCs are anti-acid or
anti corrosion, 10 d _centam nation free.t ss..fLow,contrallers.of a
Cype Known in the af ot i ctoSie i id el Ang R Tng s BRI pRR 7,
p,min ordeo tdignkdi4A.n a | ow particle added plating process. Punp 33 should
be an anti-acid or anticorrosign, and contam nation free punp. | i pdrical
wal |'s 100, 1001, |o?{g%%?am?m?wa&f@lwﬁh&rwgwqp "H"Sf“%‘hg &ting,
anti-acid or apiduréz QA3 kbodirAéf o @mesitdn di ssol ved, netal free materials,
such as 15 tetraflugroethyl ene, polyvinyl chloride (PVC), polyvinylidene

fluoride (PVDF), poFigyres§iaad 6B am partiaborossissctionivigws of Rlatgd suhatesseiithfosr 31
with barrier | ayffer airsBidihg Bt thd BSedtBh 1 € | ayer

25 Figures 7 and 8 are additional sets of waveform diagrams, useful for a further

understanding operation of the Figures 3A-3B embodiment of the invention.
Figures 9A-9D are plan views of portions of alternative embodiments of plating
apparatuses in accordance with the invention.
Figure 10 is a plot of waveforms obtained in operation of apparatus in
30  accordance with the invention.
Figure 11 is a flow diagram for a process in accordance with the invention.
Figure 12 is a set of waveform diagrams for an another embodiment of a process

in accordance with the invention.
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203 is used to block diffizsion of the plated netal into the sil ﬁfn waf er .
Typically, titaniumnitride or tantalumnitride are used. 1|21A85d@

reduce the contact resistance 20 between the cathode | ead wire and the
barrier |ay¥®H4fetal film 201 is deposited by PVD or CVDPOHUBHA S i phery
of wafer 31. The thickness of netal film201 is in a range of 500 A to 2000
~ . The material &igu¢ 134292 rlan yewfafraaparjon pa seqepd smbpdimentopizd aBNt er |

For exarrple r S50 material of film201 for plating a
Cu filin. a&”%%c%é‘%&%{%%gﬁp%r 1 @grk.i ng conductive fi)sn for seed | ayer
directly on bar ri Figuray3B is Sviep, partlyfirr crossnsebBdnCtaRén alohg thedime t13RE-13B in

el ectrol yte qnl ches a or n,.of fer abov ano t e 2 Af ter
the flow of @t ﬁ aph?q é’g ﬁg’ﬁ&weﬂo% FBS v e
metal ionsw ly P Qﬂupinagcggdﬁawm@qrctm@ﬂn@{ ea of vvaf er 31 above anode 3. 30
Step 3: Wen %e t hi ckness of the net aI conductr ve fil mreaches the

set-val ue or thi ciFigues 144usm plpt vissnef 2 nogianyofia thidiembadimeritrof avplatine . St ep
4. Repeat st g LMFC 22 and power supply 12. Step
5: Repeat stegp% 4’%513‘15%% %ﬁgﬁﬁnﬁb&g 23 and power supply 13. 28 12

AU G 2002 WD 99/ 4 Figide P(B'ﬁslﬁ%ﬁv()ﬁﬁﬁyﬂfnDcmssmgctﬁdnetadtboadeng)tlatlmngwr-mks t he

Tode. In DO U TERCeHORERY &bl AT re! o BBl SRR & ARRGE  cn

node, or 1@ cqugraagm\aaédragﬁemﬁﬁm@rmamgonbr nati on of the constant current
node and constant volta node. The conbr nat i on of the cgnstant 5 current

node and const ant F@we 4 lﬁﬂdéa”fr@&}"(sot%a?m%@ poleeith smborument0f 4,platng ¢ ched
from one nods, %? OB RENEIERAR tiflikderfod he Pl ating process. Fig 5 shows
each power onP ? sequence during a representative seed |ayer plating. Tp
is called plati ng Rigure ] 5B iea vipwsparily én gro$sssecioon, takerealdng tlmgmarléBeyiBm Te is
call ed etchl tive uIse on t C .Te/ TP is
called the et ggﬁi a4 %& g’[a]?lS‘\’i( ﬁhg @%e?féﬂefp“ﬁh °f'ﬁ8 Htgéﬁlﬁl €0 to
1. As shown Ia@pﬁh@sm&éc&ﬂﬁmé&thﬂaehfﬁ&&oﬂ atio of Te/ Tp neans better gap
filling or |ess cuspin but a | ower rf)l ating rate, A small ratio of Te/T~,

means a hi gher pl ﬁ‘%‘@qﬁé 8,2 plan iy of gaperion pf Adfty emeadiment fj yplating B,

Process stepsagéggm§g%@&gmg“mmlm¢¢%&pg ont] a netal ee d la~-nlated in

process 6: Turn on LMFCs , 22, and 23. In principle, the flow

rate of electrol thegltr¢ d6B éne Mewlpatly n cross @shmwmalpwme ling 16Bf-86B inr ea

covered by t ¢ er 1 |ized,
Y o g0 BRS B0 k] R RRIE gk i, AL b fichi®orSd Ak

turn on power principle e curren ®ach’
power sumdy apparadusm&eérda&emith}ﬂwmvmﬁai to the wafer area cover ed by 20

correspondi ng anoge. 8: Tum of f power suppljies 11 13 at t he
same time when pl g‘ﬁali&?gﬂis sF‘§’°ﬂ§'§dV%feaE9¥P‘§E?fe?s€ﬂ}U ‘éﬁ‘%ﬁ

variabl e. Al tgonatt uPdc¥ordhite Wi\ invdpRPA.| €S can be turned of f at d| fferent
times for adeStI(I;i% plating filimthickness uniformty. 25 Fig. 7 shows a

repr esent ative se eneel%ors Ppplan ivigy gbedortian of »sixtthempedimpntafeal platingl seed
| ayer. rh&)gg_?ﬁg ﬁa#g rﬁanc%%tﬁl b@etnh&g time T3, T2, and T~ can be the
[

same mhen us |ng current as a variable to tune thickness
uni form t36 wi thin mgirerISBos a yiew, bpertigliid Emsemuammemalongﬂpllaierlrsg--uﬁBrm to

tuning the thi.ckn formt in awafer. 30 The nunber nodes can
be an;g/ nunber E‘%}Féﬁ Rm}ly %ﬁ@w fam, Gf dhe sixth smpagimept ?f‘f

- uniformty cagpphensiPeesence Walldheifvénfon.a trade of f between the per f or mance
Figure 19A is a plan view of a portion of a seventh embodiment of a plating

apparatus in accordance with the invention.
30 Figure 19B is a view, partly in cross section, taken along the line 19B—19B in
Figure 19A, and partly in block diagram form, of the seventh embodiment of a plating

apparatus in accordance with the invention.
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and cost, the nunber of the anodes is typically 7 to 20 fo&zp{@ i a 200
mmwafer, and 10 to 30 for plating a 300 mMm wafer. 29 1 AUG 20(12 WO

99/ 41 434 PC;?Z'OIS, @é 00964 As shown in Fig. 8, instead of usi%gmt@gmwwol ar
pul se wave form(a), a nodified sine-wave pul se wave form (b), a uni pol ar

| f . . f d | se- gn-.pyl
Porm (o Cor a dugteuey A ag AL B8 viPe poelh Mot o fnd Sl R g, "
pl ating processprarh f&%ﬂl{ﬁ@ﬁeéi%hih anssiment 6fmemataig%Pa:2ms@ndcaomﬂcéwmmme lis

usual l'y preferred, but the plating sequence can also be as follows: 1)
anode 1, thennebie® 2, and t hen anode 3; 2} anode 2, then anode 1, and then

anode 3; 3) anode 0 . yin L anode
1, and then anode F%?”%Jrqg a%ﬁ%ggfeaﬂ%g%%ﬁgg{eh %?S%%eéﬁ%%ﬁ@gﬁg eméﬁ(ic% Fi gs.
9A- 9D shoWw sclispiat i fornt,r afSs nméc embodimertvel © blathgd eppaeatizon aveotdanoef witindde and
wal | shapes. It can be seen that the wafer area above the space between

el ectrode 103"4RHOR:05 receives | ess pl ati ng current than the wafer area
above anode 3 doesikie N 35 Blalfviél bf SSporfih df GALHR enttdLMIAEL DS 2Vttt | ON
across the wafer if wafer 1s only rotated during plating process.” | n-order
to plate a beppaatugin dogendancg vath the inmentionhout oscill ating wafer in the x and

directions, the sh f. th d wal.l . :
! ciangle, square. TETPAABIE" ARG R tHor JGURT SRR Tiedoglind SRR
the platijng qygpirenAdiaid phriytih Glock allagiem Fues, agake uth @abcdsBerit BE avslitgls. 15

Fig. 10 shows a nechanismto verify if the seed | ayer becones a continuous
film 20 acr ofSPMRES hecerdapeeayith thy igventioRe resistivity of a barrier |ayer

(Ti/Ti N or Tal/ TaN)g;j t,a0. i t . Of: i t he
potential differ er?é B%?\%éear{éaznﬁe)gggegggﬁdﬂt&aseto?2n‘t)ée}£mg§¥%&égbﬂg?g"?‘?ﬁgregihseed
| ayer is muclenttiogimeents ¢fphating appasdtissn aptordanogwih themvientimus copper seed
| ayer. This resistance n be. cal.cul ated b ur i t he,.out pyt voltage
and can ent of poﬁg“@&%*é?l%v,‘e‘ﬁ??&mﬂé ﬁ%ﬁ?ﬁgﬂlﬁ?mf&a RIS ¢ he
seed | ayers begpgimfus i SRBidahte Rkt the Inentlone | 0adi ng resi stance reduces

significantly. In this way, it also can be determ ned which area is not
covered by a cont ifigga24Biis mview pajtlysingness sectign,3aken)along the line LAB--24Beins mal | |

and V13 is | & e i . e \/ j t
cont i nuous: - e 2447 Thd il oS idehin YEHC e A BARBEBING ol Rl
the filin on dpparawsieiccardenceatithvie mvestion2 i s not continuous; further under
condition (2), 30 . 1 2 AUG 20U2 WO 991 41434 PCT/ US99/ 00964 L‘iﬂv, 2 and V, 3
are close to each Hewss 258mab laW_ePlFiPI‘_ﬁP‘B?l k?ePMPBrOfaf"éE{e%’ﬁb e&ﬁ@q@?dl is
conti nuousy i dixtiehih Efbodkhehi@6 g AbbhbA0H odlbdrbe AR e ihftlioh.he Til1n on

the wafer area above anode 1 I's n ont1 nuous; ) , V,2 and V,3 are
| arge, then at | ed8gurclR6Afis b planyrew ¢ paafier ofsa sevenddsothenzhodueenBof splating

conti nuous; further .under cond'{htt'hon g%}
appara sSm accordancevw € 1mmvention.

Figure 26B is a view, partly in cross section, taken along the line 26B--26B in

Figure 26A, and partly in block diagram form, of the seventeenth embodiment of a
25  plating apparatus in accordance with the invention.
Figures 27 and 28 are plan views of a portion of eighteenth and nineteenth
embodiments of plating apparatus in accordance with the invention.
Figures 29A-29C are plan views of a portion of twentieth, twenty first and
twenty second embodiments of plating apparatus in accordance with the invention.
30 Figure 30A is a plan view of a portion of a twenty third embodiment of a plating
apparatus in accordance with the invention.
Figure 30B is a view, partly in cross section, taken along the line 30B--30B in
Figure 30A, and partly in block diagram form, of the twenty third embodiment of a°

plating apparatus in accordance with the invention.

21



if V1zand VI3 are significantly different, then the filmon t waf er
areas above anode 2 and anode 1 are not continuous; 10 If \/“1mz %9@22 are
significantly different, and V,z and V13 are close to each other, then the
filmon th"Q8¥¥A34 ea above anode 2 is not continuous, butPGTHEPPRS on t he
waf er area above area 1 is continuous; If V' and V,Z are close to each
other, and V, 2 an&igir@3bhds ipjan Viewaof & pouiof fafractwentyt foairth temebodirhent of a he

waf er area anode 2 i s ,conti nupus the filmon the wafer 15 area above
anode 1 is né}?a@gﬁpgaﬁ%ﬂg_acqafé)agciyﬁgﬂﬁug'e&%orhre close to V,1, then the film

on the wafer ar ea$iF§Lb@3m FPURwl pay ir cRELseeRSH, itdke® dong ThY RAOBIR-318DinC
check as shown in Fig. 11, it can be figured out where the seed |ayer is

continuous. Theme BlAt sk pastdiin blagle diagrasy formg, efathe fhwenie fousthherabodimentiaf a 12
shows a pgocg)?ﬁm?g%&gﬁnfa&fm&%' ﬁﬂ%mg@ r{ ayer with the whol e area wafer
ectroly e enbo

i mrersed in te enploylng I'ment of Figs. 3A-3B. In the
first half cycle, FRijre 924 &ra plaevicwlnd\agoniondé a wensy fifth pinbodingniaftteplataipd
waf er areas above anode é@gggwﬁ are in etching node. In the second half

cycle, the wAPRAALS BACCH _ : IBVEIHOR., ot chi ng node, and wafer areas
above anodes 2 anggdyr@BeR iidla Hedt b8y TR ERss éé&déd)'t&eﬂ\@)bnﬁgﬁe Red 32L32H88
plating current is cancelled by etching current, and therefore total

current flowHigire 3dApend pardly yin blockrdiagrerh deorny, f sheyiwenity fith| gmbodinens f a

| nst ead usi a_bipol.ar puls f.orm. other pulse wave forns as shown
in Fig. Ejbal gaq@ﬁﬁp%aéﬂﬂss@é?goﬁéa&g‘?%éﬁ'—ei%‘ﬁgé%w anot her enbodi ment of

appar atus for pl atRigige 334 @niplad View ofialpbition o8 6RnEERER edibbbimentofd gt

i nvention. The enbodi nent of Fi glpsfd 13A-13B is 30 simlar to that of Figs.
3A- 3B except appaiatus jpracgordance withdhednyentign.e repl aced by val ves 51, 52, 53 and

LMFC 55. Val ves 5L; : /; . eid4d pg of
LMFC 55 is deter m¥ﬁ£g8$ﬁ€§§%? ﬁ%g%@gﬁé&\@ﬁ@ﬁg%ﬂ%&% gﬁgivetgr g‘t e
setting of LNigurS334, kndzparflyin blockidragrdm formt o8 the twkn® ki @flidindt 3d/a41 434

PCT/ US99/.Q0964 F.R. 2 x f(valye 52) + E.R .1 x f(valve 53) where: F.R 1 is
the flow! até’?@ﬁ????datflw(aﬁ?%éé‘ciwz@ﬁﬁm‘?nfl% flow rate setting for anode

2, 5 and F. R 3 i Fifhtes $4A034D afeerssllstdtion vie®s oftl Pek8om of Bt seb¥ith Uodgh | S
the val ve status function defined as follows: f (valve #) = 1, when valve #

i s turned on;thigiethprebodimenieofplatingtapparatys infapcorgange with e inveptiehow anot her

nmbodi t of . | at.i ' fld:m,] ith
The.pr esent 1 nvent e 35 Byt G BEHEL Wi s brocssy ek e BEEUARGEE, 0
of Figs. 3A- 3bvemioept that LMFCs 21, 22 and 23 are replaced by on/off

val ves 51, 52, 53 and three punps 33. Electralyte flowing to each, anode is
control | @8 i ndepeddSHEs 355Ab§/6lgﬁ’é" Mewfgﬁmén%m&%a@wgwgw ogimenis

SA- 15B show mﬁﬁg@aﬁwiﬂgmm&h@m{h@%@ntﬁ&f plating a conductive 1 S

filmin accordance he present 1nvention. The enbodi ment of Figs.
15A-15B i s si m | arFigures 35 andf37B; ags crogyse@Bnaiayesmf aphdion afl thitty Gfiakndithoties S
and 4 are added, be en cylindrical walls 1Q9 an 07, and between
cylindri cal véé’fqi’ §m§€§m§?fﬁxﬁ’8}%t}“graé’eﬂé% f’\ﬁéf?},ga'%iﬁb"%é% WYHURY! i ndr i cal wal |
101 are taken out,Figid 38R/ Rfd palwWes 0B, pofton &3 thddy 8évenihn&fibddasleedfveen
the outlet of LMFCs 21, 22, 25, 24 and tank 36. 20 2A~ Pr~e~s~eo0s
for~lati S conefingapperatus inaceggdanse sathithgiaventipp.ect | v on | zarricrlaver. Step
1: Turn on LMFC 21, l. .82, . e fh[gF 22 neR3 and
val ve 81, so that 1%?'5e}gt3\régll§?§le§‘r?ilp§§{yoﬁc esgé%cﬁé&g%)l%%i%n ot@thﬁé?’\i/;\gf ggrB?grbove
anode 4, and Fibere ¥8A0wad patk i dlockikagtin fdimpuftherthittyrseventti bmbpdimest dfed ween
cylindrical vvaII s 100 and 25 103, through valves 82, 83, and 84. Step 2:
After flow of PRIMEAPPHRYS i aceargrnce Atk the YSNgH power supply 11. Positive
metal ions will DbepphRtygds QRkOof WaveRM difRahd il §5r dieARMURL ARG A of St P
3: Wien the thi ckn'elgls 03? %he p%ndugfc?@e l%lil m?eachers tﬁe pre g{%r m'ongd
set - val ug3®r thhplkking apparatusrimFigufes38Aend 38Bply 11 and turn of f LMFC 21. 30
Step 4. Repeat st 1 ta.3 for anode 3 (.tur n, LVEC 22 al ves.81, .83, 84,
and power supply 1 gurgﬁlg ‘?ﬁﬁf"%}f"f‘e"mﬁtg"éi“ Qgégwel%qpfgibgéfm%’ﬁﬁg?p?&ﬂ%l i es
11, 13, 14). Fparnkin RepRRAceSHiBNthE ifveaticanode 2 (turn on LMFC 23, val ves 81,
82, 84, and power supply 13, and tumoff LMFCS 21, 22, 24, valve 83, and
power supplies 11, 12,14).

(o]
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32 1 2 AUG 2002 WD 99/ 41 434 PCT/ US99/ 00964 Step 6: Repeat.l;,tgﬁﬁdzgé?or
anode 1 (turn on LMFC 24, valves 81, 82, 83, and power suppl d turn
of f LMFCS 21, 22, 23, valve 84, and power supplies 11, 12, 13‘} In the
above seed IW9&¥418¥ating process, instead of plating from t RETNSMYWMSry of
the wafer to the center of the wafer the plating also can be performed
fromthe center toFigwe 50}%)9;&4 wiews partly in esass ssetiope Faken n@agmqlwe 0Bxn48Briny

chosen anode %”ﬁ 23
and 24 and tursfﬁeng'hlﬁ16 Vel ;Irg{?n lfgkgglgragﬁfo hgflé1 prifci %p}el,%@he E)\?Vgrgate
of el ectrolyt q)laftmgap;ﬁmimmME@rdaﬂcmithmﬁmmrti onal to the wafer area
covered by the corr[F gdA node tep 8: Afte Bi-“é‘f | ow.i s st abﬁl l zed,

tum on power suppl ?LIBV‘SWcP sz°“’I°H ofRi tHEY emppedimgnt,of aplaing each

power suppky iz8p#8hs RScBiERRE Wi BRlinteRiéMe wafer area covered by the
correspondi ng I?mde 15 Step 9: Turn off power supplies 11, 12,13 and 14 at

the sane tinme whenFeguse #H3)icaivieenpartly inieross mgxmhta&mebsgmmr%&wmm ng

2 et g pl ot ABE (1 An R, Dy Bicl gy ol 2 4B¢ b i BBl PR,

enbodi ment of p@@@gapﬁmg‘mracw@mmltmmemdmm| ve 20 fi I m i n accordance with
the present invention. The enbodi nent of Figs. 16A-16B is simlar to that

of Figs. 15A 15B efémit 42Ads amﬁaﬂbwﬁww&av@gnmof giortigh embadipeat pEaAMAIAE and

the el ect gl yty Jirs only one between cylindrical
wal | s 100 lgnd ?B@Q&’zé‘ sp‘?gﬁ‘pbg’é‘fé%q@‘%q%&? Turn on LMFC 21 only, tum off

LMFCS 22, 23, 24. TFigura2B és avmiewy partly mwmsmchqnntaﬂcheabhgd:lterlaneytZB-AEB\naver
only the portl nof 0) ode 4 f.aces Wi e ol efrom
TVEE 21° B ep BRrpAr e SR Gt A5 B e taiie SbaToF bE BB

supply 11 to ngﬁbthsiﬁchc&%ﬁch\bﬁhmhﬁ%h&{ to electrode 4 and tum on power
supplies 12, 1 and 14 to output negative potential to electrode 3, 2, and

1, respectively. THiguwssof® andddiare sets rftwavefonmsdiegrams meefyl fareenderstapdingt o

the porti of When the thickness of the
conduct i vggfl 1 m@e‘%{: ﬁﬁe%ﬁ% %P%pgfﬁlg%es§dggre 4 \?al ue or thickness, turn off
power supply 11 an(hguné A58fi§ a b Gieddof Bportionlofa ﬁd&yCﬁrZDépﬁbdﬁaﬁMhlﬂ’aﬁng

PCT/ US99100964 Step 4: Turn on LMFC 22 only, tumoff LMFCS 21, 23, 24. In
this way, everfPRHEFSINAcPUAaNce Withithe MYRREPed in the el ectrolyte, only the

waf er area above amg 35]3 Si's § 3D PariPen Eo@MeBEbrCARER BRhY ttl’:“e fide5R-M58 i 2-

Step 5: Repeat step t for anode’ 3 (turn on power supply 12 to out put
positive 5 potlgurg éﬁAI@daaaUUenblocladtagqam/@m of the! fory fitst embadimantcbf 24plating
out put negative %ot ential .to a tggl}ﬁ ﬁ and 1, and turn off LMFCS 21, 23,
24). Step Aps Wy aggordance VA NG IMYenlion. >t urn on LMEC 23, and power

supply 13 to out PUtFif@6 U6A Yeta platt bW ok F&rﬁoﬁﬂpﬁfbx@ secdnd eRBYEimentTRlplARg1 1,
12, and 14 to output_ negative potential to anode 4, 3, and I, and turn off

LMFCS 21, 22, 2pRyramsi asperganpe Wil ghednvestieh 4 to 5 for anode 1 (turn on LMFC

24, and power s I ower
suppl i espll 12upp Fég%‘%%% lgg?gﬁ{’ neg I%lhs\é’gs &8@ eﬁtzlké’lll {ogg% %B'%%gng
and turn of f LINRGS 484, aﬁdeatﬂ3)m bldoktdlr@mbm sbdd foety esecqnidadmbogdinno o€ as,

I nst ead of25pI ag];.tlrlll% a{:;l)arrgtrtps 1Inha%ccl3 g anc W1t{1 ﬁw invention.
Figure 47A is a plan view of a portion of a forty third embodiment of a plating
apparatus in accordance with the invention.
Figure 47B is a view, partly in cross section, taken along the line 47B--47B in
Figure 47A, and partly in block diagram form, of the forty third embodiment of a plating
30  apparatus in accordance with the invention.
Figure 48A is a plan view of a portion of a forty fourth embodiment of a plating

apparatus in accordance with the invention.
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the wafer to the center of the wafer, the plating also can be perforned
fromthe center to 15 the periphery, or can be performed wi{h gyg adon y
chosen anode sequence. t o1 a nallt Step 8 Turn on L 22, 23
and 24. In"gﬁs’%gf’ﬁl e, the flowrate of electrolyte from ZOP@'?g%R?IEézj s set
as proportional to the wafer area covered by the correspondi ng anode, Step
9: After all fl owFigsres48his 3 yview, putly in efospesauen, daksp|aleg the line 38B-14B3Bhiy 14,

In principlegthe r . p sﬁsl_gpl %'! P i |, to
the wafer ar gﬁ%éé&béﬁgéﬁ%éﬁ %ggr%ke@%n i'ng ’aér?othg.fg@ ép Oé"?#gﬁlléng;b? apower
supplies 11, plafing 3ppapauslid aedorddice wAWthetinveativben pl ating current 25 is used
as the thickness uniformty tuning variahle. A so the power supplies can be

turned of f at di f FEEREOA iheRIAR 3icvaef BeTIAR Obt LTHhETh PmhedimeRiH{acrlating
uniformty. EFﬁhrat&Jin%WQQﬁthﬁ{ei%ﬁgﬁ.”e”t of apparatus for plating a
m

conductive fi in accordance with the present invention. The enbodi ment of
Fig. 17 is sim| aFigue ¢9Bis aviem, partly 3mcedBs sectierpttakenzalong thé fifie443--49Bhip 112

cyl Pndr i cal ST ke prrixda PR alngn 6B b BhE At R el bbdiegn

the diffuser y)i);ﬂgus @racehrdart yth fledgveatiopor ous materials with porosity range
of 10%to 90% The materjal for nmaking the diffuser is antj-acid,
anti - corrosion, p&iEEIQIsavievs ATk ARes BAtiqrand pagly in biock diagramptysm. ofp

o T Ry R AP R

r ] .
for plating a ance wt 'tcﬁelpr esent I nvention. The
enbodi ment of Fi gFigui83t ik@Riéve partlyith arost sectidredndqiartFyi ig dlocl8 Aiagldnmefocrapdf 4 hat a

charge accunmyl ator meter i.s added.t.o each pawer s ly. precj.sely nmeasure
the. ehar ge. oduy Fseilk eBhedifofiat diaiBs SaF iRy ervoresiby ¥id s TEStats” For
instance, the tot #FgudnPeL-50 ¢ QBfentikic AOR PRbssCRBLAE afid kigb vidvrdoPY filbe
accumul at ed chargigldl vi ded by two, because copper ions have a val ence of

two. Figs. 1%mbodimeshefie piattngtsusteraimangprdarne vith thppwertians for plating a

Fros. 1043108 15 SR ot Moo et QforBAaRote biYER st Rl SHETHE "o
el ectrolyte im&}thﬁlgt?st&he,fpigmdm 10 bath is two instead of one. This wll

further enhance the tlow rate uni form'_t%/ al ong the periphery of the
cylindrical wall s Iigues 3bee 27 schamaticston ergsosestignoang side viswsof a second ¢

any nunber | %ﬁ:% : 1k : BRKSce e uni formalong the
peri phery of t e&%@ﬁﬁrﬁ %%g%\%'gﬁéﬁ chgi gs. ez‘g&%%gwsc{l]ﬁnv anot her enbodi nent
of apparatus for Higten andcihaiesthematit Sorf views pf thirdcamd deurtheenmbadimertie of
present i ventli on. The .enbodi nent . of Fi ‘gel%HSZOA- 20B is simlar to that of

Figs. 15AY%5@ng spsiges in agcerdasige with hedpvenlian 't he hei ght of the cylindri cal

wal |'s i's increasi GgabOSTASNE BdiboneRdtic Af] dlosclidcasd e sids viReWT d Plaftig-
20A, and is reduced along the outward radial direction as shown in Fig.

20B. This pr dtemdn accarianes withhthe inyentigit e to mani pul ate the flow pattern of

el ectrol yte and plg, ' r i i i Ol
conditions. Figs. P%%lk@%ﬁ%‘f%%ﬁl@é g#&ﬁg&r&%oﬁfa%ﬁ?y% a%b%?g?e&kséﬁépﬁhpﬁlgdti ng
a conducti ve dpphratus in svcordantewith the inledtior. present i nvention. The embodi nment
o T he ey ha  caltiate PEBE o vfioh Bakiy i crosd ecudh, ben SR he 13 5B 5o 51 9"
Figure 58A, and partly in block diagram form, of the forty eighth embodiment of a

plating apparatus in accordance with the invention.
Figure 59 is a set of waveform diagrams showing power supply on/off sequences
in use of the Figures 58 A-58B embodiment during plating,
30 Figure 60A is a plan view of a portion of a forty ninth embodiment of a plating
apparatus in accordance with the invention.
Figure 60B is a cross section view, partly taken along the line 60B--60B in
Figure 60A, of the forty ninth embodiment of a plating apparatus in accordance with the

invention,
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along the outward radial direction as shown in Fig. 21A ang ii!ﬂ a%cing

al ong the 25 outward radial direction as shown in Fig. 21B. ’Fhl 3 vi des
an additional variable to manipulate the flow pattern of electrolyte and

pl ating curYeff#434 order to optinize the plating conditionsPCEPER009sA 208
show anot her enbodi nent of apparatus for plating a conductive filmin
accordance with tHagweeSleis ajpantihcioss section andbpasilyrsehematic Migys of 2 AREAB i s
30 simlar to_that of Fi . 3A-3B. except, that..the.cylindrical walls can
move Up and. conbameRy f tdRtes @i S AP SRuT R = o 228
cylindrical walls #igfen2l71@% sahd@ndieWasvsWi fif§firkitBlougnaxedtie elnbslimbsgs bf ows
toward the portion of wafer above wall 105 and 107. Plating process steps
are descri bedplaitngrapparatuses iggccordance vathghe goentign. 991 41434 PCT/ US99/ 00964 4A.
Process steps for plating conductive filin ~(or seed | aXer~direc ~v on
arrier laYe_r. Step 1: Turn on LMFC 21 only and nove cylindrical walls 101,
103 cl ose t o DEFAIBEBDESGRIPHEION IO THE INVENTIQNt ouches the portion of the
waf er above cylindical wall 01 and 5 103. Step 2: After the flow of

ol ectrolyte |2 staDimigat @ heArrGomsr i ia Fiseiss 1 & b Mot 5hghs
will be plat e%&ﬂ&r@oftﬂﬁiq?%bla‘ﬁﬂg A pa¥iisChsefil (HRAM&stadihd WIE pfednt WRkAHN101 and
103. Step 3: en the thickness of the conductive filmreaches the

predet erm ned set-value 10 or thickness, turn off power supply 11, turn off

LMFC 21, d fove.cvl i .cal ~walls 1.0L and 103 to a lower poskti.on. Step
4: Repeat %t e retical. .!- i tential 2 Oehiveen ce 2 »-:)_ g
cylindrical wanventidhalgifling07, and power supply 12). Step 5. Repeat step 4

for tube 109 (LMFC 23, tube 109, and power supply 13). 15t s cc et a 4A
Step 6: Turn on LNfess 12qshoys a cxassseetion yigl ofimcenyintiona) fouatain Was PiaERg ©oh o1,
103, 105, 107 ~ InNei ; ate
of el ectrol ytat-‘fffi‘l?a{rj %etr[#g(glg %agb%ﬁ%l it“gth\gﬁtﬁ:%ls);%sro% ?rﬁdghglé)%“ogb%%#@#agr ea
cover ed by t healadrtionsipdiodidetprhiniag, thet perifial Afffsrenca ktwdenvihe scestenland ithed,
turn on p r_suppli 11, .12, .and 13, |In princi.ple .the current fr each
povier suply PEPHES sEibs BRT Otk poumgLplafnd, AssiniBs Sleste By a5y padiondi ng
anode or pOWewhsldRPAfY: siPfaRe i thelshntt, Ghd pPret®i]l dffdtBice &an 1ok calehlat@ndy ke at
the sane time when plating current is ZE used as the thickness uniformty
tuni ng vari abfollowingdomsiigr supplies al so can be turned off at different
times for adjusting plating filmthickness uniformty. Figs. 23A-23B show
anot her two enbodi nents of apparatus for plating a conductive filmin
accordance with the present Igpyenti on. The enbodi nents of Figs. 23A and 23B
are simlar to those of_ Figs. 15@- 15B and Figs. 3A-3B, except that the 30
cylindric walls and aMGub—int{raf®) divided into six secfdrs by plate 113.
The nunber of sectors can be4rf'aln:y nunber |arger than 2. The follow ng table
2 shows possible 0

where: r is the radius (cm), 1o is the radius of a wafer (cm), I is the total plating current
flow to the wafer (Amp.), p; is the sheet resistance of barrier layer (€/square).
25 Assuming the atomic radius = 3 A, then we can calculate that the surface density

is 1E15 atom/cm?. The density of current flowing to the wafer can be expressed as:

Ip=( ) ( ) )
30 60 Datom
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conbi nati ons of anode to power supply connections and each sector to an
LM-C. 36 1 2 AUG 2002 WD 99/ 41434 PCT/ US99/ 00964 Tabl e 3 ZCAHBIi 4% i on

t ypeAnode connection to power Sect or connectionsupply in each sectorto
LMFClEach YR¥EHIFY connected to anEach sector is connect ed FCOUSAMPEbendent
power supplyi ndependent LMFC2Each anode ig connected to anSectors on the

same radi us ahetenkidp Eeddaing suvent denspip (A e és theichasgeand an gigefsemd@ant RVEC3Each
anode i s conpect to.anAll. tor. r n te o] Lnd nd ower
suppl ycommnﬂfi\ﬁ%ﬂ%m%&egﬁgﬁmﬁﬁémg‘é%@%r(ﬁgﬁﬁgpgf?aétggﬁ §‘g%§g1?e ?'E{e'c_ozgﬁeoc ed to

anconnect ed ¥gingq =i I8P ENCdemt =l pesdg@): LMFCpower suppl y5Anodes on the
sanme radi us areSectors on the sane radius areconnected to an

i ndependent connected to an i ndependent power suppl yLM-C6Anodes on the sane
radius argAl |l sectors are connected to oneconnected to an i ndependent conmon
LMFCpower suppl y7Al | anodes are connected to oneEach sector is connected to
ancommon power supplyi ddefdfdent LMFEHAL? x 30@des are connected to
oneSectors on the.sa radi u reconmon power suppl ected o an

i ndependent LMFCOAM = dnodes—= e(al XI%'@Q{}Q?@ ar ég)connect ed to
oneconmon power supplycomgon LMFC 5 I n ghe above table, the operation of
conbination types 1, 2, 4, and 5 are the sane as descri bed above. In the
case of conbination types 1,2, and 3, the wafer rotating mechani smcan be
el i m nat Si A ﬁi .ent sector is controlled by an ,
independzﬁt gg%gﬁ‘ﬁ%&ggﬁ‘e&gg%?&? ns a‘p\%:fg{lgt he thickness of the plating film
on a portion of 37 1 2 AUG 2002 WO 99/ 41434 PCTNS99/ 00964 t he substrate
can be mani pul ated by gontrolling the plating current or the plating tine
of the anode bel oW T fd %1%99’%&5’5F kBeA®Dhst rat e. Thé4bperation of
conbi nation types 3, 6, 7, 8 9 will be discussed later in detail. Figs.
24A- 24B show anot her enbodi nent of apparatus for plating a conductive 5
filin in accGShesresistaict depdnds pu ethiekhess 0f Bbnh,i and .thelmethedriod depositing afie fings.

24A-24B is simlar.to that, of Figs. 3A- except that t cyljndrical walls
and anodé\g ri ﬁgéeéf%“%taé’m é@é’ﬂﬁws ﬂﬁopl fg%ﬁw%%dﬁa aa‘??é@é’sp%é’ﬁg\ﬁ% Bethodog.

El ectrolyte ¢ t 1€ f surf d t hen
Flows bank 1o P Ra ool S0) e b By e LS P Etp -G, Mo 70
and anodes i §Y/squatengndit e 0p ke 20l cmninfohezy.($ 73 e otentiklediffdlendecbelWecartie gettér pl e
hol es between two adj acent ring of tubes and anodes for draining

el ectrol yte Bag¢fepgriphany(edee) °’fﬁ’§“f"t§?fll%vw ng table 3 shows possible

conbi nati ons of anode to power supply connection and each sector to LMC
38 1 2 AUG 2002 WD 99141434 Tabl e 3 PCT/ US99/ 00964 Conbi nati on typeAnode
connecti @8 to powdf F896 tedmhhdotti onsupply in each tubeto LMFCLESch anode is
connected to anEach tube is connected to ani ndependent power

suppl yi ndependent LMFC2Each anode is connected to anTubes on the sane

radi us arei ndepe”%@hoﬁﬁ’%fatiﬁglpﬁta‘gé HRECE Platifg AMn bR RdeRt4 Whks3 Hagh
an

anode is connected to .tubes are _connected to onei ndependent power
suppl yconmon clerrbaisvehie poisriial Hisfesmapewibmpkesit annossibin ta plafe dirsctynmteelarder t o
anconnect ed tl%egﬁ% 'a’%gﬁwpeﬂﬁﬁﬁﬁ‘éfa{%%‘éﬁ g0 th%h@%@t‘é?{tiusﬂ{mk éﬁl@é&%‘iﬁﬁe Qb€
sanme radi us arerubes on & AN radius areconnected to- an

i ndepend@it c afnke wafertby wsing onbe yehsien b pabeantial prinityMTQE Aard esillocorhd euts ane

radi us areAll tubes ,are connected tp oneconnected o, an, i ndependentco n
LNi FCpower s Upssiies Xyifh mefalgas aft eE%TﬂhE%’t%de’Fd”%?feEh@h nakR% 2 PR HIBCPled to

anconmon PoVKhetHURR, ¥orifle RemesatictbMatednhe R BRAR SR, Flafc@ BaGt Biin b1 ARRTUDES
on the same radius arecommon power supplyconnected to an i ndependent LIMF

C9Al | anodes adery largeresistivity.tand poer/mdrphalégys are connected to oneconmmon power
suppl ycommon LMFC 5 I n the above table, the operation of conbination types
1, 2, 4, and 5 are the sane as descri bed above. In the case of conbi nation
edretitd]l @aloEth@dn dTPbishiid) GliffeRe{ea BESUELC allsi@ea Rl ihsioaf Sakiml 26£ each

rent tube Is contr py an | ndependent p ply. For
i nstance, thelUIREPIEHBEQIIBE INERNODNG fil mon a portion of the 39 1 2 AUG
2002 WD 991 41434 PCTNS99/ 00964
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substrate can be mani pul ated by controlling the plating current or the
plating tine of the anode bel ow the sane portion of the sulst AlEe2rhe
operation of conbination types 3, 6, 7, 8, 9 will be discussed |later in
detail. | nsWO4d434p| aci ng tubes and anodes on a circul ar rPGHUSPNBGH ubes
and anodes al so 5 can be placed on triangular, square, rectangular,

pent agonal , pol ygoAsshowarinl Fed. 2j the invahtioni ontysplatds d portien eff wafsiaiane tismedThe
elliptical rings . a ho in Figs. 25A-25 2. |tiple LNIECs and Single
Power Supply ﬂ"é’.a{ %&CQ&%%@%MSH@P aéﬁ&?ﬁ?%?é’%h%?&é{‘ﬁﬁﬁmrf 8?“??‘1 ating
a conductive &Qrdstddsi N accordance with the present invention. The

enbodi nent of Figs. 26A-26B is simlar to that of Figs. 3A-3B except that
the anode rings and cylindrical walls are replaced by a single anode 240,
bar 242 a val ves,202, . 204, ..,20 208, 2 214, 216 and 218. The
power supplies is Y@Jﬁcdé’d'ofﬁgRa_ D%ré b’H\‘Ni&Sé‘l%béfy 200. The new val ves are
on/of f valves, and are used to control electrolyte flowing to the wafer
area. 15 Valves 208 and 212, 206,and 214, 204 apd 216, 202 and 218 are

pl aced symetrical |y Shlop&d (2431 r oS paet-i(Q8ry - n5MIHr ocess stef¥d for |eg
conductive filmf or seed layer directly on barrier layer. Step 1. Turn on
punmp 33, LMFC 55, and valves 202 and 218 as well as drive 30, so that 20
el ectrol yte cOR8 worsotise & orvhk \pesphitBPofhe walds. Subkttuleai€ bem, irhe 1¥edm,abes al
portion of the wafer above valve 202 and 218. Step 2: After the flow of

el ectrol yi&® i3 6Et3apBmpi(easeespanding f@rPnBoﬁéOOprﬁmy),mO? 1 &q BPQ E¥prveee infoons

w il be plat e%q%o t he peripheral portion of wafer 31 above valve 202 and
218. 25 Step 37 en the thickness of the conductive filmreaches the
predet erm ned set-value or thickness, turn off power supply 200 and tum off
LMFC 55, valves 202 and 218. Step.4: Repeat step 1 to 3 for valves 204 and
216. Step 5: RepanZlft%b734°10<§|22\')}§’|“\9/es 206 and 214. Step 6: Repdat step 4
for valves 208 and 212. 30 Step 7: Repeat step 4 for valves 210. During the
above plating process, the power supply can be operated in DC node, or any
of the vat] et Hydfogpubeevaltegeis abbutvih®3 W. Hi o5.cldr théOno h9drdgoll diBr <302 during

99/ 41434 PCTNéQ?/ 00964 %gr a. @tha.r r.s ,5~. Step 8 Turn on LMFC 55 and all
val ves 202, 2DA'MSHECCOGERCe Withthequentiony 4 - 515 218, so that el ectrol yte
touches the whole wafer area. 5 Step 9. After all flowis stabilized, turn
on power supplies 200. Step 10: Turn off power supply 200 and all the

val ves when t RESGRIFTIGNOQRPREFERED EMBORIMENTS, a| ue. The val ves can al so
be turned off at different tines with the power supply 200 turned on for
adjusting the plating filmthickness uniformty within the wafer. 10 Fig.
27 shows 2Mot her ehbdedéribing thefarzppafieatbodinfents ofthatinventian oatuesponding partsin n

accordance wth.th resent . invention., The enpodi ment, of. Fig. 27 is .simlar
fo that of Fi GUrg ABUERERcleslBiiad WA e s oA R o it 5 el "o
with a differ gpetitieliestsiptioh, or der to plate netal with better uniformty.
Pl ati ng processS steps are described as follows: 15 6A. Process steRs_for
pl ati ng conductive filmfor seed |layer directly on barrier la~e r. Step 1:

Turn on punp §3Mu|lt '*fCPg"g?rS@ﬁ?‘é,e\é%%S"@ﬁ%ﬁt%*E | as drive 30, so that

el ectrol yte comng *ou ouChes the peripheral portion of
t he waf er 28ibove val ve 218. 20 Step 2: After the flow of electrolyte is

stabilized, turn on, power_supply 200. Positive netal ions will be plated
onto the peri pher aF8ot4-?Bareichematicrviess of gag anbediment of g apparatus for plating

a conductive film directly on a substrate with a barrier layer on top in accordance with
the present invention. The plating bath inciudes anode rod 1 placed in tube 109, and
anode rings 2, and 3 placed between cylindrical walls 107 and 105, 103 and 101,
30  respectively. Anodes 1, 2, and 3 are powered by power supplies 13, 12, and 11,
respectively. Electrolyte 34 is pumped by pump 33 to pass through filter 32 and reach
inlets of liquid mass flow controllers (LMFCs) 21, 22, and 23. Then LMFCs 21, 22 and‘

23 deliver electrolyte at a set flow rate to sub-plating baths containing anodes 3,2 and 1,
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Step 3: When the thickness of the conductive filmreaches the predeterm ned
set-value or thickness, turn off power supply 200, LMFC 55 jahquGakidz 218.
Step 4: Re%at step 1 to 3 for valve 204. 25 Step 5: Repeat steF 4 for

val ve 216. YQ¥F1$4 Repeat step 4 for valve 206 Step 7: Rep&&T/USPUNWIH f or
val ves 214, 208, Z 12, and 210, respectively. D ning the above plating
process, theremével)su&ﬁtryﬂmmgcthmusb tbp@aatlmuwden Mfenﬁdeandrthartypoff thhe

vari ety of puls Fj ces suc eedl n;
retal bl ati nYBAORE a0k T sy L od oy SRRE BBl

LMFC 55 and glatesVBdrwesdn 2Phdridd1bwal®d800 244, 1(211210323541 1836and 187 &@ l(t;at

el ectrolyte touches the whole wafer area. 41 2 AUG 2002 WD 99/ 41434

PCT/ US99/ 009%apestiegy. 0A prgsewse legkivalveodd n%plg@eélbbthmdﬂletqwlﬁt @fnpq@m\éii a§d|pp| y
200. Stepn 10;

t hi cknesg5 re?alg QQ ¢ @s%?%%@gggﬁeé%ﬁggg @#éﬁgéﬁ}%&r‘%é? C)fz ;3 ﬁ%

SI }‘fer ﬁnt kt [ ﬂB&dV\B?th térhﬁer:ﬁmmaﬁ csmr]ﬁlle& b&?ﬁat‘eﬂmhdemperﬁmre seel§or sto] mlhmﬂaew ng
ilmthickness upiformt t t he e shows angt her
enboci ment | ofoBr e vt I bl i EBAI 20 SRBNEStFa O SBPE e 13 t h
the present LweNh Gfve J&ﬁmﬁéﬁb@@'isﬁﬁ% tc%tal% Wafel B ﬁuﬁﬂ%&%&xst&dwﬁﬂa@f Fig.
26 except that an additional bar is added to forma cross shape

struct ure 24the wagirvethe X0p andd dzmlonssimvahahemﬁczcaee amdaczcmr anmerr@smn 212

are pl ac |caIJ on .t he hor zont al f bar. ruc 4,

S Fari 50 AR etaaBiiot 8 ik S ok BouBg ot & bedng i e 4 FileE 24
symetrical | ﬁlt&@F&’ﬂ@cyﬁ‘&get th 0006 0.2 i drée t@@Btaﬁ;tzﬂéﬁlwiﬁché&hedﬁﬂaﬁnga| ves
on the horizontal portion of bar 244 also have a different radius from

t hose on t hepwpesss.iRump ﬁoshpuldrbe@n antiacid 44 anticoppsion, iané contaminatiemigegumres s

steps are de c ste can uctlve

film(or seegj %‘%‘gg ‘%f‘F %1 mhl%{iﬁ?mg 8%§§a§t,8%§ foe}etfﬁcg% gl

LMFC 55, andambidi® of lihtiedderosion, asd \WehlacidSdigdolwed, Ifktalsfed hﬁteralsecshds}olayt e

com ng out of valves 218 only .touches thﬁpe“ pheral l:vqportl on,_ of the waf er
€

above val¥estesauoserihyiens, melispnyd: chloride PR | pabyrerylident  flearifee (1D

stabilized, pu NeO¥ERe fikPP! Y 200. Positive 20 netal ions will be pI at ed
onto the peerR@rg}(cportlh%n of wafer 31 above val ves 218 and 202. Step 3:

When t he thi cknesEigef4A-UB shomthecwafer3 ¥ iith harrea ddyes2@3hen topellet barnerrieyer
set -val ue or

L ckness of f r .suppl yv. 200, LMEC 55 and,val v s 218
and 202. St e564!5 Y8g é%i"@ké%f siqn,Stathe giatesh istad T she, pjcomBaltr o3 VB
Repeat step ﬁtaBMn Mirideesr tadiuAngitriikOare 2P 1P ordde REARUSS @B cﬂmmrreyﬁaﬁees 222
and 234. Ste . Repeat step 4 for valves 206 and 214, 224 and 232, 208 and

212, and29® 10E@iwiesn theccathodq lepé wire @drththQmmnrelaa@roaen%alaﬁkmaolplsd@ewed bhie
power suppl ypﬁzﬁ;? %@Bﬁy@tp%gp%ég%s P'?r 1?19 ﬂﬂ&m@&yofgﬁetél *ﬁ%n‘éﬁ[ isGh¥ {;ﬂiﬁep“' S€

nodes shown | eps or succeeding neta g on
the metal seefl500ades 20001 At Gte hmwriabﬁﬁ‘ﬂnMI is Preferably3h2 @fire as that plated later.

For example, Cu is preferably chosen as material of film 201 for plating a Cu film.

25 rocess st ati ive or seed layer) directly o
Step 1: Turmn on LMFC 21 only, so that electrolyte only touches a portion of wafer 31
above anode 3.
Step 2: After the flow of electrolyte is stabilized, turn on power supply 11. Positive
metal ion will be plated onto portion area of wafer 31 above anode 3.

30 Step 3: When the thickness of the metal conductive film reaches the set-value or
thickness, turn off power supply 11 and turn off LMFC 21.
Step 4: Repeat step 1 to 3 for anode 2, using LMFC 22 and power supply 12.
Step 5: Repeat step 4 for anode 1, using LMFC 23 and power supply 13.
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WO 99/ 41 434 PCT/ US99/ 00964 Step 8: Turn on LMFC 55 and all val ves 202, 204,
206, 208, 210, 212, 214, 216, 218, 220, 222, 224, 232, 234, 12BAJGsH0 hat

el ectrol yte touches the whol e wafer area. Step 9: After all flowis

stabi | i zed, WPa¥H48h power supply 200. Step 10: Turn of f povB&T/ W IPBY6400 and
all valves when the filmthiclrness reaches the 5 set value. The valves can
al so be turned of thatngdhcﬁ fabm@mlatirignmcw,tthe mhwcxpmﬁeascﬂpﬂpbwomedmﬁéfd on

for adjustin ati ness .uni f or MLy, 't t S.
295 26 show TR PUREmaYS oh DT Bikn i b D i diTaolf RSl e 7,
plating a conqbu@tdd\iﬁeatodsmnt dsurﬁeﬁcmbdi@aﬁmu»tstaht tdtag@ﬁﬁaermtabmmniumftﬂme
enbodi nent 10 of Fig. 29A |S§I§Ln‘i lar to that%‘i)f Fi gs. . 26A- 26B except that

the nunmber ofcoBHY qugettn'epféea censtanh, veliage TRedes The Copbingiem of Wy srnsipknt
bars is 6@ T [ ¥ 26B
except that tcﬁgl-m?fun‘t‘)&I ﬁa%nﬁirnéglbgagleﬁg@ga@ee E'EHa'tggJio e}ELng anlﬂe%g‘tlt\%g%r? t wo
adj acent bar drding odSmodhte therbthdr mede dafingrthg plagiogLprasessi Hig éushctws ¢aobpowtr Fi gs.
26A- 26B except at the ced to 0.5, .i.e.half r. 15 .

A et mat e i Fantrieg apis & Bpr QOGRS skl g pidsing T Rishl Aire e iy st ep
sequence can ;h,emste philkeeh filhe auNBd Mescyele0Tislcallddn ey tuﬂBQreYn%fatnﬁd"i@ﬂé/@cfrﬁr or
started flomthe center of the wafer, or started randomy tarting from

t he peri pher yineg d4rig opg exsle. ﬂﬁpﬁé’ﬁ@ﬂﬂé@e@hﬁ%ElaﬂmraﬁPeWiSﬁéftr@llePélﬂ@Gngﬁet al

seed | ayef, ( i to

B ati ng tite. oo 3 A8 UM iRy Find G5 G M br e Ml i Hlnd 81
show anot her lesslvashing bt olowapplating rate. Acmajilratid ofjT AT aneudsie higher dlatingrate,
accordance with the sent invention. The enbodi ment of Figs. 30A-30B is
simlar to tH¥ pqﬁrgﬁ?é NESEROTEWSREept that fixed position valves (jet)
are replaced by two novable anode jets 254. Anode jets 254 are placed under
wafer 31 and sit on guide 25 bar 250 Anode jets 254 |nj ect el ectrol yte
onto a porti olB.Eroagsst sieps 2ar suegedding ahplating on the metefi seed-layerplase @aess n
Fig. 30B. Fr?l% el ectrolyte is suppl i ed through flexi bI e pipe 258 Thi s
enbodi rren]t specially preferred for plating a seed | ayer. The seed | ayer

pl ating proceSigp 65 TahOMLBFs@1| 2Sind 30. Bﬁpndarpm;eﬁéﬂ@wa:sofmc&omytstﬁioﬂg
conductive film(or seed ]~ ,yerl direc v on barner |~r~er. Step 1. Turn on

punp 33, LMFcCassLMEE '\?é‘?t\?éETOB‘B‘Gwﬁ@ toupfer grea gnvierrd byahe %ogetmatimémﬁer ol yte

com ng out of \Y fer
above val ves %:cg%b %? el?)él?ﬂga,&{ﬁg@gg%’ 6%8& g@? Q‘ﬁ%ﬁgﬁ(@ﬁ@g’%@gﬁﬁp I(valgglgi\é/aAf ter
the fl ow of ethecmrramt vf @ach powtrabpply 1sealso setiasproporponabto the prfey ai280ovarakhyt | ve
nmetal ions, wll QI ated, onto the peripheral portion of wafer 3 | above
val ves 35 S‘toé’:ﬁsPé’n 8FPdhe t hi ckness of the conductive film reaches the

predet er m neds&;es TahIf fowdrRhsdiiRe $5,121 & 101 4t tHeosaile tiiedPhen ptdlide chifvbrfeiP oS,
and valves 356. 5 Step 4: Mve anode jet 254 to the next p05|t| on with a

smal | er radi udsed 8p étpcl@essm;b@atnt)s fuapng1varigble. Hligrnativelye theHpawer Grrpdies aarebe i s
lated by th T fied
Potl ons: " st epitt Bl bitlrenf AR ARCUSRAPERRF, AEHTAGRR REARTL T ULC0S e

thi ckness of the conductive filmreaches a certain percentage of the

predetern ned set-yalue or thickness, start slowy novi anode | et 254
radi al | yn%%ward t IBWAPRVSCRTFpEssentatiyg SPateRe m&g\%gﬂaﬁad@ p@tﬁ%@t i's

det erm ned_DymblaesdRi pE! ACHARhaGhoValyA p%mgtﬁm‘tet? andVT$ arSbeRE sirhE

surface area plated K t he ano oporttonal to the radius of
the position wheraustngd g‘.gtatugmxrrenm arvatieblefo tnm/thmgness uniformity within wafer, or

can be different when using plating time to tuning the thickness uniformity within a

wafer.

30 The number of anodes can be any number larger than 1. The more electrodes, the
better film uniformity can be expected. Considering a trade off between the performance
and cost, the number of the anodes is typically 7 to 20 for plating a 200 mm wafer, and

10 to 30 for plating a 300 mm wafer.
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1 S anode jet 254 increases as it noves toward the wafer center tep 4:
When anode | et 254 reaches the wafer center, turn off poh/@rAljsﬁLJB@ y 200,
LMFC 55, and val ves 3S6. Figs. 31A-31B shows anot her enbodi nent of

appar at us Y@98149¢i ng a conductive 20 filmin accordance WEHUSHOMMesent
i nvention. The enbodi nent of Figs. 31A-31B is simlar to that of Figs.
30A- 30B except t has showm indig. t8|, imstaad ofusiig) the hlmgldepql@t\savarfm@d@dnpdiﬁpﬁe Y

Gimilar To (HRCare Pl WREERHaOh 3Rl RSy TRy 558 BEBERGRS 0 e

enbodi nent Olforrﬁ[Q@)a,rﬁﬁtﬂﬁe-&Dpulﬁﬂ \aiuerfgma(ec)mﬂdueﬁlbypul%viuelfbrm (fycandeaisetance
with the present jnvention. The enbodi nent of Figs, 32A-32B is si m I ar to
that of Figs. 30AN3DEed laXehPIafiAgProfesed seqpeqcs qfr%ﬁec%es%dhan@e ¢ Reand th

el ectrol we. ;pﬂ.g t er 31 in order
to focusy5|tol a?@gg?g%% @ o%ﬁga’%gﬁ?gﬁg%%/&r\%ﬁ?%% gé%lgo%?eaggoa{tg@él ze is in a
range of 0. 11)nm t anoBe iytherambdp? cmdtheblagode 3im The process sequence i s
simlar to that of thgtﬁrg nﬁ di e (# 30 Figs. 33A-33B show anot her
enbodi ment appPgt &by ?’“Oa?é’tal" 633‘8‘6 dictive filmin accordance with

t he present 3)nveniiogd?, theicaRdd9dindeith afddeHi;9s. 33A-33B is simlar to that
of Figs. 32A-32B except that fresh electrol yte is input fromthe center of
the bath thr@ugh ‘}ﬂoéég thegpanode { .caad then agedsds of et s 254 t hrough fl exi bl e pi pe
258. Waf IS ctrolyte. Simlarly, a novable
anode |sﬁ{ol aced v%lroégcl:’ltggg&?’ggi’f%%hgﬁ%%gzooz WO 991 41434 PCT/ US99/ 00964

wafer 31 in orderFiga %Qmsh@i/ sdﬁemgn@cmsmtndnmavmmﬁeﬂﬂnbddmafteof&bde The
gap size is in a mmto 5 mm_ and preferably 1 mm The process

]
sequence is %Wﬁléahatpﬁs tI'n%&“ l25’f$eFIi‘ H‘at ts. wqurggea zhoxe therspaseolstyestrelestesei nent s
of novabl e appdgs r A
shows an anode st rlll?gtrur g&(%g%‘g ﬁu e?t anocIE V@‘g& ddggggéedogg% dg%%?etﬁg& is
made of i nsutast of F@Be'fhlalcsussuthicka@stvemtwhl wmsséehgdfenéwaﬁvcs oribv/BRatedr

i Casel2ea R RIBTPE 1B T FLBd hPBTERS IO A HEoBoP EOREDE case

264. Fig. 34@aﬁhﬁmc RAn@ Y Qlectiht, UK shafe SRS kifdded18hdGhaliB RECBe, 26r2xa®bRCA T 0des
274 and 270, jnsulator 10 spacer 272 and case 262, and power supplies 276,

268. El ect r offianglp4squares geqtaigice pentazane pAVEYD Guellinse. B thessways dgPIAtings, and
el ectrode 27 o The finction of el ectrode

274 is to tr%ﬁ%ﬁ@‘%?ﬁf %gtggag?%g%tégﬁsg %%azgfge 262, therefore no filmis
pl ated on the waf Big. wﬂmmmtmecﬂaum& tcc\a:méy {017 se?dlknyérlheodmesm cofitireloac filmde 270

is to prevent electric e fromelectr 74.t0 mnigize an
15 et 20" hareies the HBRL ettt i PR §h bogiek Fatey G/ O et aD 361 o Sac

except that iduat 6658 10PAmBAmatoftRtRlietoppae t@@ﬁété}ﬁ‘af &ffe@h&csdwéeylteﬁa ddgef | ow
through. Fig. 35 shows the surface status of a wafer during &gatl ng. Wafer

area 280 wasansl theeerntsy hefore eptingyreseed dpyen ipganchshigher tthes {iroeksssplgiingorat i ng,
and wafer ar 0 (Lional
t hree enbodi %ﬁ%ﬁgﬂst&%&%ﬂa@?{g&f org}e?gE ge cag bgg?\l lﬁ%ptli gg%"%”’% ?}Héao? rdance
with the pres&ltﬁgelaﬁd/anfanproWstqjﬂsﬁ@ﬁilmtmmd)iBE@owﬁﬁPFﬂgSICSlthnahe §eedt hat
of Figs._ 30A:30B except that th nurrber of bars is increased to three. The
angl e be%%eehywbwameaeémnwr% 13, thp loatiig wsitfanse fediceofigmeantly s dn;this
simlar tot Rfadi 3 n?hg.ﬁ € R&tsSHi F

i ncreased tou?%ur a Th%ﬁabng%Z gm%e%\?\ghg%@gﬂegg@b%@{qﬂs Af ﬂln? u
enbodi nent ofnsfnge: 36C is simlar to that of FI gs. 30A-30B except that t he
nunber of bars is reduced to 0.5, i.e. half a bar. Alternatively, the
nunber of bars can be 5, 6, 7 or nore. The enbodi nent of Fig. 36D is
simlar to t'.\lﬁkis_giahﬁllgs 30A-30B except that the shape of bar 250 is a
spiral instead of straight line. Mowvabl e anode jet 254 is novable 30

al ong thé0spiral b)arf Yo, Yha@[e goalkl and X1 indargnithenrthe fijm onthepafarteaclaye

W t hout rota ' This sinplifies the wafer chuck mechani sm
Figs. 37A ané}“g%é lgﬁ%ﬁ/lvg%é ous’onal two enmbodi nents of apparatus for plating

a 2) if V4 is small, and V,, and V,; are large, then at least the film on the wafer
area above anode 2 is not continuous;

further under condition (2),
30



conductive filmin accordance with the present invention. TieAgebQe nents
of Fig. 37A 45 1 2 AUG 2002 WD 99/ 41434 PCT/ US99/ 00964 and 37B are
simlar to Fi gs. 30A-30B, except that the wafer is i de
down and ve%%%’g §/, respectively. Figs. 38A-38B show anot her e%gg%h%?rent of

apparatus for plating a_conduct{ive filin in accordance wth the present
i nvention. The enbodi me‘ﬁ'fvlbfmq:l fsare §k’/§§ igpepch othsr, £hep \?’Srﬁ\i\ff’oont atW%Tr FYs.

16A- 16B excepiovt hfdealid c@inkdig, anodes are replaced by a one pi ece anode 8.
Anode 8 is connected to single power supply 11. Plating process steps using
this enbodi nent are desif Mibad Vas afecdigrofigantlp different thes shesfilapen therwaferargang
conducti ve fibl m for éeledotl avtclarl directly on barrier la per. 10 Step 1. Turn
on LMFC 21 afffvoareried 1BBoganiuaeS 84 and turn of f LMFCS 22, 23, 24 and val ve
81, so thag el ectrligthg,,onbynd YyiCire Sarkd) @hdpodt tidasthefilth log thebvafer afravibove
sub-plating bath 66, and then flows back to tank 36 through the return

pat hs of spac®¥de3isR oMY ri cal wal |s 100 and 103, 105 and 107, 107 and
109, and tube 109. : : e flow of electrolyte is stabilized,
turn on power suppﬁh%%nagod?ﬁllﬁé%&% metal ions will be plated onto the
portion of wafer 31 aboN& sard-\hk ateisigpifivantly differe; thon e filthem thhrwafehpekness
of the condu tivglb%iel m r.eac qs t he predeterm ned set-val ue or thickness,

turn of f powdt°'§ 7 204 anogs L P CPORE 21, Step 4: Repeat step 1 to 3
for LMFC g2 (turn on L“’H‘@’@%ﬂd‘(/@}é&@%izﬁdﬂca&@ diféren Bl FPONRId VUM ¥lodd to and
turn off LMFCs 2123, 24, valve 82). 20 Step 5: Repeat step 4 for LMFC 23
(turn on LMrexchatheyghensthe &im ogthe wafer argeiahpypapods Zoisnpt continuays, Bugthe oy
LMFCs 21, 22 I ooSte " eat step 4 for LM-C 24 (turn on
LMEC 24, val 9“e§‘éévf¥§§g°?a§§‘?e%%d ‘88&‘/‘et‘rnﬁg‘%pp|y 11, and turn off LMFGCs 21,
22, 23 and valve 84). |W VW, handviguee clesdioleastesthdd] atd Vig apd 8Geas signifivheid of
plating fromthe periphery of the 25 wafer to the center of the wafer, the
bl ating al sodirenheneghs B eRthe TR cBetn Ll COBIURE. B hp AT 91 Ui Welsh be
performedy 4 ”m%a?@d%@%dé 150 9558n@Rgde sequence. ~, Process steps for
succeeding netal nlatinQ on the netal seed | ayer plated in process 30 Step
7. Turn on LMFCs 21, 22If \23 amhi¥2afe glvde tauVn, theh thedfilween i, waér, arg8)ab8ds | n
principle, the fllowd ate ogwel ectrolyte fromeach LMFC is set as

proporti onal a‘?ocﬁletﬁl@ PP ER cover ed by the corresponding LM-C. Step 8:
After all flows ar"?hr%hﬁtbhﬂdg?@ﬂlccﬁ & dho®i iPBIET 1, $taR oy fildred ShePhdde theweed of f
power supply 11 when the filmthickness reaches the set-val ue. 46 ~ 2 AUG
2002 WO 991 41le3er ipesmtiguoy Burpdurthereed laygnplgingcan Reperfrmedyt different tines

55, a1 88 £ UonTIE TR R A Frobles Bealth AT BB ATl vifh QRIS el O
83, and 84 ar gwaﬁr smmiersa dn elbcftrolylfhem@hyh_g,thebnabcudimbl}ttosf Higse 8AFI®B. I6 thofish t he
waf erexcept herﬁf ;[:yr}: e, rf:evf’?‘a erba(r)ég%bcs)yeba-nglig 5 isn pgg}lghmgcf'é, anAc‘isw;[lfgre arQa%Ve\llggvesa%%Hrle y 11

2 and 1 are in etching mode. In the second half cycle, the wafer area above anode 3 is in

etching mode, and wafer areas above anodes 2 and 1 are in plating mode. In this way,
25  part of the plating current is cancelled by etching current, and therefore total current flow
to the periphery of the wafer is significantly reduced. Instead of using a bipolar pulse
wave form, other pulse wave forms as shown in Fig. 7 also can be used.
Figs. 13A-13B show another embodiment of apparatus for plating a conductive
film in accordance with the present invention. The embodiment of Figs. 13A-13B is
30 similar to that of Figs. 3A-3B except that LMFCs 21, 22 and 23 are replaced by valves
51, 52, 53 and LMFC 55. Valves 51, 52 and 53 are on/off valves. The flow rate setting
of LMFC 55 is determined by the status of each valve as follows:

Flow rate setting of LMFC 55 = F.R. 3 x f(valve 51) +
31



remai ns turned on, netal ions wll be plated only on the areg abo¥@
sub-plating bath 64. Then LMFC 22 tons off at tinme t2. Si nil rﬁlﬂﬁ RFC 24
turns on at[%drre t3 and turns off at tine t4 to obtain extra atln% at the
waf er area Abo*8ub- pl ating bath 60. Turn off time of t2 &hR§

fine tuned by neasuring wafer thickness uniformt 10 Figs. 40A-40B show
anot her enbodi nent of apparatus for platih& axé@iﬂé’eéﬂ)Ve filmin accordance
with the present invention. The enbodi ment ﬁ Iﬂ:‘% g?A 40B is simlar to
that of Figs. 3A-3B except that all anodesRa 3 ed to single power
supply 11. Since the electrolyte only touches the portion of wafer above an
anode during the_seed | ayer plating process, the l=(p;éatr ng current w Ll only
pass througW}FFFeFjﬁ'tdd%thaﬁﬂWISteéﬁmtﬂ)fqﬁ“a‘tded tptér‘ih oY FALC SRENer oramge& ating
process st eRdd A1 35 felB bR sEthR%ﬁ:r%ﬁoc@fQ%nd BRaRB #isiihe PAVELaiHRREYo! 1

repl aci ng power supplies s. 41A-41B Show anot her enbodi nent
of appar at uslefined asifeltawsy a conductr ve f| | min accordance with the present

i nvention. The eﬁzoq%n Fi gs %1 - ]d is simlar to that of Figs.
40A- 40B except t Hat*'¥ cylt‘%"ini AR h move up and down 20 to adj ust
the flow pattern. As shown(]whdnvlive4tiBursadldendri cal wal s 105 and 107 are
noved up, so that the el ect r ol yte flows toward the portion of wafer above

wal |'s 105 and 10FigsThtAfRshewy apetherebodinegns of epparassforpighas asprduglive
d b | P.0
oo | D96, bl Biart g B G5aE S AL Ty bAbAARCACIHEL A LA B (o7

nove cyl i ndrsingiddr wv&iat sf Rigd ,3ALEE exdepsthat IOMIFIDs 2022 and 230art nertlaced &g tonolffyt e

only touches [ f the vvafer bov |'indrical walls 101 and 103.
Step 2: Aftép Vehéﬁ rS and HIrecPYERS A e gt ﬁ%‘amsttw%howoswe@nga iy 11.

Positive metgde bxﬂi&ﬁtoy\bylén Igtaegloggl&goitfl;}gvportr on of wafer 31 above
cylindrical Is 1 and 10 30 Step 3: Wen the thickness of the
conducti ve fi | m Fegsc hdA- lﬁﬁehwed@h@rambmédnmﬁ epparatusdior platingk asemsductivem of f

power sypply.,11 and I\/FCZ ve cylindrica to a
over pd.« 1 incorace i wB ol Svinfion” i SBpedt R ot sl 08 and
107 (LMFC 2Zimigatltd t‘riit bEPiks. -8B edcepthataditionalafiodes™ and’d Greladaed batkbdhOl 41434
PCT/ US99/ 00964 St e Repeat step 4 for tube 109 (LMFC 23 and tube 109) .

10B. Proces §yat<k}5§Pwéts W @pd 4087, %ad heivgen ﬁrlmdﬂﬁ% WS { B andbl G5, respectivelyy er
| at ed d
211 oyl | na (8RS s cngetal YAP 1% b5yl MaCortde yiives BeTds, REGITIC |

principle, tiherttd betweat the odtlcedfIVMFOS 91,82f 2304 eadttank B6=C i s set as
proporti,gnal to the wafer area covered by the corresponding LMFC. Step 7:
Ater af? flows are stabr l'i zed, turn on power suppl ies 11. St ep 8: Myve all

cylindrical @ . ]
at the sane ti ne, enturn

reaches the sfjﬁlehetTelﬂhplil hb@cs%t ﬂvg alrees @&éhmphi;‘h t@fl Qf&LMEF&}S %21|23V\%.4 Blzd can
al so be nov 0
adj ust thi cﬁ%e‘%ggwuﬁ?%hag ele{;t?JlﬁEOPfy'etgg&tew as %ﬁé%ﬁg&%lf at)gsve e 4 anﬁdrr cal

wal | s 105 anﬂerﬂﬂﬂ\wsabaekbflaﬂlg3&ﬂ'1NughTrethﬂmq)aﬂi §paeds betvieh bplmmalhvdlwﬁmaﬁd on.
The vvafezré area above cylindrical walls 105 and 107 15 will have extra

pl ati ng %i | MYnt qugtlvalesrst%% apggdextra plating times and | ocations can be
determ ned a n the
PR (- St e b L G S s s b e
enbodi nent oﬁlllthcenlaigbtaﬁtaﬂnsaomonhfwafetBbht@vparmledsuppl ies 20 and a single

LMFC f | fi.l.m di t i
"ayer on ¢ optPhda EEPORR BedRe ot iR optEGun ik el aR bedpmihsb et vt of
Fi gs. 42A42Borithickned, hath off@otvBeduply 1iafd ik S L@ 2cept that LM-Cs 21, 22,

23 and 24 are repl aced by a single LMFC 55. 25 11A. Process ste s
forpl ati¥e c@iﬁl@iﬁcﬁep@tﬁtpmﬂrﬁoi'ﬁ&r a@@%ﬁ (tasacan LMFES3:t vatves 81aB3.i8y andagpsver St ep

aiter the flORPRAZERR AT PErEs At v EL ol Sl (E08hT, 11T

out put posi t Steg SpoRepehi sidp #Cfoxednedé IZC(dEn 4n IeVTHCU23[ Raloes PRVE 8$U@ﬂ| po&fer 12,
13, and 14 to out put negative paotential to el ect r odes 3,.2, an

respect i vel ySUPRiYdBefng tum %%W&@ln@t & viabie$3zmd,goper ﬁ’é’Pb‘FSaltlebz dﬁ) y ont o
the portion of wafer 31 above anode 4. Step 3. Wen the thickness of the
conductive filmreaches the predeterm ned set-value or thickness, turn off
power supply 11. 48 9 2 AUG 2002 WD 99h41434




PCT/ US99/ 00964 Step 4: Repeat steps 2 to 3 for anode 3 (turn on power
supply 12 to output positive potential to anode 3, and power1 2uild i2e82 11,
13, and 14 ‘&ﬁ %ut“gut negative potential to anodes 2 and 1 ). St eg 5: Repeat
step 4 for AHSFE®? (turn on power supply 13 to output posi FTEPEBRt i al 5
to anode 2, andsé)ower supply 14 to output negative potential to anode 1 ).

y
Step 6: Repeatepsq: diepaatisiap Aamsopaoqeét(momwg@\éﬂ, valyns| 81, 82, 8% asdinemer
positive pot [ o) MF)C i . Y rn on/ of f
sequence forglg"itplgﬂdhté&\imaﬁ&e&?%r easS é’%zgh%@?\%g\agaﬁ%ggw%)%ﬁs@}égl,?’piazhégyl. The
power suppl yhptiepabovevasesd thysr latitg prévesss énsesad of platingnfieny tiel riphal, ofathie
forms, such as_a dified _sine-waye form_ a unipolar pul se, a reverse
pul se, a pul &éf%m"%ews@efcﬂfﬂ&%ﬁ} ¢ PiGpg also g wsmwd%?he&&memtﬁﬁe
above seed |B¥rﬁfheﬁl, 8 ¢ bo PERARE wi&x%%&ﬁi%ﬁl}péhoﬁﬂn%b&%egﬁéﬂ&.t he periphery of
the wafer to"the center of the wafer, the plating al so can be perforned
fromthe center to 15 the periphery, or can be perforned with a randomy
chosen anode,seguence, 1OB. Pracess steps for succeeding nmetal~latir~u on
the metal se&t—HAFESPLEFTRUYNEJREL R il MHC REd Seat Ayl aleGIN DIRLESE oy 8:
After all floas are stabilized, turn on power supplies I1, 12, 13 and 14.
In principle, the current of each gower supply is set as proportional to

the waf er ar 8pctv e oMK 2br 2% 23odi Hyandnwere off Stalyss §1, F4r §3, ¥ Ipower
supplies{d1, 12 E@éﬁ@ [ %}f@ LAt I ' ed as
t hi cknesééunp'f]%crlé#ttggtﬂ ﬁ‘;’ﬁ?aég%%%?‘g Ie.mﬁ‘le@rl‘na |\l/eef;j}%s p?%vg%&ep@ttg%%% ?es can
be 25 tur nedamhioatredbyf thecerespdndimgandder adj usting plating filmthickness
uniformty. Eig. 45A;45R | s anot her enbodi ment of an paratus wth

Tl £ ple. pousHPstipphREatioh & SRPed EURCH Bss HERRS 1. dontiand vé: 181 i n
directly on grgsdpe! Rt i &F éach otk EugpBY BT se0Bs g%pﬁfanﬁ%qw%@r Wi h the
present invention. The enbodi nent of Figs. 45A-45B

| is simlar to that of
Fi gs. 42A- 42Boexesdptthe perrespandinghededri cal wal |'s can nove 30 up and down to

adj ust fl ow pattern. hown 1.6 FEig B L ndrical | 1s,.105 and, 107
are mvezg)upg?e?oge' tﬁg{] éﬁﬁéwg'i %EPI?CSII% Qﬁ%\%%ﬁkﬁ?ﬂ“ﬁ ﬁrge \3@1?? P@ﬁ“%?mﬁ% waf er
above wal I's iisedns thi€khess hinefomhitt lufifig Wafdbis The bewer stppliestchn lsebbagine@nt are
descri bed as fol I_(%&/s: 12A.  Process ste for platipg conductive filrr~(or
seed |ayer dPHat ditieeat tnesfopsdystipy platingyilm tskaess wniteaaity. > AUG 20~

PCT/ US99/ 00964 Step 1: Turn on LMFC 55 and nove cylindrical walls 101, 103
close to the wafer, so that electrolyte only touches the portion of the

waf er above cyl i ndfigsc BIA-IGB skow @riotlzen @mbodifientSifapparatusifor platinp @ dohduetivé

electrol yte is stabilized, . n_on power .supply 11.. Positive l. ions
Wl Do BDat dmanascartie s R piped ap G a s Syboaiennar Fies ToANPE K01 and
103. Step 3: sivkifi td Bt bIFigk NSASIIH ecBst tBARMRIER vates Bl 80, 188 28018% rembved,

predet erm ned set-value or thickness, turn off power supply 11, and nove

cylindrical wadthe electolytegamrmpath isgeducedigeanlipensibetwasn cylindgealpvalls 188 gadt st ep
1 to 3 for cxb%ndrical wal I s 105 and 107 (cylindrical walls 105 and 107,
and power supply 12). Step 5. Repeat step 4 for tube 109 (tube 109, and
power supply 13). 12B. Process steps for succeeding netal |~g,on the netal

seed Taygt PlAl Bf Bu'steps for plaiiig conduetive film (or seed layer) directly on barrier layer.

Step 1: Turn on LMFC 21 only, turn off LMFCS 22, 23, 24. The whole wafer is
immersed in the electrolyte. However, only the portion of wafer above anode 4 faces the
flowing electrolyte from LMFC 21.
Step 2: After the flow of electrolyte stabilized, turn on power supply 11 to output

30  positive potential to electrode 4 and turn on power supplies 12, 13, and 14 to output
negative potential to electrode 3, 2, and 1, respectively. Therefore, positive metal ions
will be plated only onto the portion of wafer 31 above anode 4.
Step 3: When the thickness of the conductive film reaches the predetermined set-value
or thickness, turn off power supply 11 and turm off LMFC 21.
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Step 6: Turn on LMFC 55, and nove all cylindrical walls 10, 103 10 107
and tube 109 close to wafer 31. Step 7: After all flows are s‘la

turn on po lies 1 1, 12, and 13. In principle, the current fromeach
power suppl ?9§418$‘0p0rt| onal to the wafer area covered by tRGE/US§S/00964

correspondi ng anode or power supply. Step 8. Turn off power supplies | I,

12,and 13 at Stepé: sk on iLMFGAZ anlyl G off IeMF@&ritl 23 2dsbuthisswahevearnwbidaess
un|formtytunn r. el t he upI b turned
of f at differen fgfa%mg%rsgdgﬁhéa ¢ g’;‘t%/jl a’fthlﬁw |f M | cka% "‘se?‘&ftg"f‘%%ﬁ

Fi gs. 46A- 46Bowmgalwtr$19|reﬁet’d101dl~‘¢eazt of an appar at us vvrth mul tiple povver
supplies and_a single LMFC_for gl ating a conductive filmdirectly on a

substrate wi $¥Pa’ bRFREELFIER e’ R 3 AUHE 0% PENRCRIPRIY b theutphtgasiive
i nventi ons Thge4PRAMIRES, ﬁfdfdm supfpfiés ﬂﬁﬁlsl mmol r?&tqtegttate pBfenfitids -

42A- 42B except that the height of the cylindrical wall is reduceg al ong the
out ward r adi atoddﬂria@ndb,mnémnﬁ'\hw&s B1,@23,29B. The shape or flow 30 pattern

Gown. vinen 1 Hgb By FoRGP raEt A1 afe o DR Al néfersiiy 18 ot "o o

waf er area Wpésitiveepdtendain@daridile Rhan® bewtr @Jp}ﬂh&, m/rnerea@ mhte it RegddQEt i on
of the wafer will be touched by the el eCtr?}gﬂn@?— en the cylindri caI wal |

120 i s novedpetentiaht® anedess 8, %@sll, andyum of i B3 Pidcess steps WI th this

E?;?? ?Jlsgg ogg%pqei%ééa?% a@t Bl'&‘%@‘dr(ﬁ’g%ﬂn Pﬁ!@ %ﬁ%ﬁé‘“&%@eﬁpﬁl NP El wal |
1f20 t]? thglhp«gdltg;etpqmmz 'ia!tioo:modsﬁ mftrfapotzvh]es@b&estth:Man deataeabl_tpltu!nete%d‘niv?e area
of wafer : : er e . flow r e is stabilized, turn on
power suppl ypcitimtag%oq?f’?fﬁ{% tW@%&fMégsﬁoﬁaz e 4, and turn on power
supplies 12, 13 apghd4bdve seéatraygr prheagtpraeesspﬁtsem bfplatity FORSpediphdry otNd 1,
respectlvely Therefore, positive ne ions will 'be plated only ohto the
peri pher al pmetwaﬁnt@thewalﬁtelrof:mc wafowdmaﬂm allso c8n bp performied fromhibe ctritertoess of
or edet er I nelieeveral st PRTURRESED Caporay Fhoreharod pbiepas. “Srep 41
Move cyl i ndr| cal wall 120 to a Iovver p03|t| on so that only the peripheral
portion of the wafer pIated by the netal.thln f|Im|n step 3 IS out of the
e|ectr0|yte s .. O35 ) J PCRIRE TG I LY B g El SLC l B ted RO C @SS
12 to out putggosmlve potentr al to anode 3, and turn on power suppl iesl3

and 14 to output negative potential to 15 anodes 2 and 1 ). Step 6: Myve
cylindrical \‘M;:pIS T26n erol MEES 222, IZB)amiM)dmbniriodpie Siee ﬁdrmtat@nifa}ectmb'tqﬂwrhpheral

portion the ted b tal. thin filin i.n ste is out of the
Bl ect rol 90, Send T iBigfisFondliap3o I Gatptphtdkoiirst By IR BiERR B8y oo y
13 to out IOUt SRESI:t i Affer AL RV lidktabifiz@) A6IR &h pawer SuppResonl, PR &dPHY, Vinl4 to
out put negative potential to anode 20 1 ). Step 8: Move cyI i ndrical wall

120 to the nexeciplevde qyagmtmfmcwownrasum y6 setns spnastienehko Bisr walsh atsk t he
waf er pl ated Cl’%dhig’tg? &le oTI;\ i’ngfaM in step 7 is out of the electrolyte.

Step 9: Repea or~anode 1 (turn on power supply 14 to output
positive pot Gtepllal Thmefﬂmi&r%uﬁphes?ﬂ 42,13 a6d ¥4 at the sanfattinpe When plating comredtM-C

55, and ve,cyl i ndr wal | fo the hi ghest position, so that whol e
area_ of ot ers s %@eﬂe&ssu}mt%ﬁr@%rwg SRR, A acebouer suppliescap |Bw i s
stabilized, matméntﬁﬂ.{epkdrg Ju&ﬁ’éﬁ"%’ngjﬂfl tRiBkhe | nci ple, the

current from each power supply Is pro to t vvafer ‘area covered by
t he correspondi ngFegnddehays guother ershasiphent oMpparaIquoApEnﬂg)%mductwe film in

accordance with the present invention. The embodiment of Fig. 17 is similar to that of

Figs. 3A-3B except that a diffuser ring 112 is added above each anode to make the flow
30 rate uniform along its cylindrical wall. The diffuser can be made by punching many
holes through the diffuser ring, or directly made of porous materials with porosity range
of 10% to 90%. The material for making the diffuser is anti-acid, anti-corrosion, particle

and contamination free.
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WO 99/ 41434 PCTNS99/ 00964 Step 12: Turn off power supplies 11 Uﬁfq&&i‘ and
14 at the sane tinme when plating current is used as thi cknes‘%2 ty

tuni ng vari ternatively, each power supply can be f

di fferent t@ﬁ@%%‘?‘l adjusting the filmthickness uniform tylﬂw 309%517A 47B
i s anot her enbodi nent _of an apparatus with nmultiple power supplies and a
singl e LMFC for pFigsi i8g-1BR shavuangties embpdimeny ‘PfeﬁPpﬁrﬁmérford)@l!i‘Bé’t‘i"é‘filéCtWt h a

bar ner | ayer t. S

oabodt meat o fiih QPeolBnBE G R0 Blest iivenllGy. PHE %%é.‘*ﬁéé?’a%%?né@?é‘éept t hat
the posi ti onsiafilacyd thatcsfi RI@ SMGB edc2pt that 4 chaegd eodndlhaer neteels aitied tueeach
electrolyte is chan ed b ustln téhe flow rate of the 10. el ectrol

Wien the f1 oRPYEf WP SRt © iPharge; FR58 POMSE SEPLC POYidgt (g

high, so ShablaELH?FW@&Eefdﬁ@ﬁ&c{nc@rtﬁ@tdtﬁ nhﬁlBErk@d.lt&Ns sthRppireah b@chE\ﬂatewB?n the
flowrate is sm the electrolyte level is low, so that the peripheral
portion of wéifeecgnulated mge&lvxd&m@cbmwmpmm@hbm avalereapf twgB, The

pl ati ng process s S i f.o 15
Tan Process. ot epbittordtsl SR M af RO GrRbaheR & #BRGLs I e orfilBive ) o

barrier |a,~fiim iStacgordancel with the pkdyr€ ibzendiogl The aétiodindnt @RI ¢9A4UDBI 1@I ently
| arge that the el ectrolf&te touches the whole area of wafer 31. Step 2:
After the fl 8RB tosthaiaf Fags, 8 8-38; exceptifhatithepumbss of eb?ﬁq%ﬂwletg EPp@Fyﬂai@gt 0

out put 2Qnpo i t 2, 13
and 14 1 0 burhii? RuPBHER 6T, PR Ruher Sinlothe 185 MR EITUEPILRLY,
Ther ef ore, pq)sm;ihepyeofrmicafﬂmdml whlild. Thenyhisdreflinbend ylscocahde BN S5péy .. pheraal
portion of wafer 31 above_anode 4. Ste When the thickness of t
conduct i ve f ARRPE AR et ipAdenic rﬂiﬁ‘ﬁ%ﬁ%f’“? e alpng %eﬁ%@%ep the
set-val ue or iaekan&eds turn off power supply 11. 25 Step 4. Reduce the

flowrate of the electrolyte to such a value that only the peripheral
portion of the waFugs. }AaReR) show ammher@né)bdmhoffdplpmatua fentdgting a conduativef t he

el ectrol yte. Step 5: Repeat.sS o 3.for..ano rRSUPPlY
T2°Fo outpur WBaR ereuRET S e Pt iBunes TRG s B 5 20N0RTHE
and 14 to ouispnilar @ diRdt IOf FigNtISAL15E ah® Fagt0d6A-18BaRKceh) thaBheSh@ghtbof fReduce
the flowrate of the electrolyte so that only the peripheral portion of the
waf er pl at ed cjndrigdl Wikl 43 increpsing plopg, thepusyase ragligl dirggtion @s shayan ) Bigt 20yt e.
Step 7: Repe t out put
positive pot %(tl ?Saﬁatﬁzgggﬁ%%th%fm%mgwaﬂaﬁgﬁﬁmr supp| ywiél 2?%%%( ﬂoﬁl&ﬁgaau ve
potential to addiGorel Varjables® mardipdatéithie A6 Daitédn 39/cletbtdldteRGE/ LY/ DBSM4n St ep

8: Reducg the | ow r.ate ﬁf t he el gctrol yte so that only the peripheral
portion &f tﬁ’é%‘ﬁ’i’:‘“b?eé eRHRe GRAIGRS ol thin filmin step 7 is out of the

el ectrol yte. Steprgs HeRotl sk RfotRerlébddin®nt aﬂ atus (fouplBtingna mm&nv@uppl y
14 to output positive potential to anode 1 ). 4B. Process steps fo

succeedi ng mdilal ingiceardange avitht the presest] inyentign | Hy?embodav@d of AFigsr aéés?éBMA
Step 10: | ncrea | ar ea
of \R/af er 31 i°S agltjé:ﬁgtag ng’é@t %‘353 g}f 4 Fﬂ e%%%{)@%gc %dﬁ%?%vg rlp 1%%?\/9452@
stabilized, talong the opmwed rmubrmneetﬁonlés shbi%/,n 1313:xgamm 1dhd ik neduicingcalpige thet he

current from each p r.supply is pro ortlon . to the waf r area, covered by

the corr &Sporf¥HHy daqﬁig@élrswoamhowﬁpggs 2B &EFOV*ﬁﬁﬁﬁné‘ﬁ ?miv Bl i es

11, 12, 13, t he
‘iﬂéﬁu téthe! iy Eﬁfé?n bf fﬁé&ﬁglapeﬁ%ag@g ﬁlfi‘é}‘tt%gggdﬁls to“%ﬂmﬁétﬂe

thiclrness unitformty tuni hg varia 15 supply
can be turneglaing caditiondi ff erent time for adjusting the filmthi clrness

uniformty. Figs. 48 =4 s, anot h r e di rren of an aratus wth
mul tiple power sup A%%’ggﬁh showan e Of poparatys %P@GW&J%F? YYe i n
directly on qimmsacaaa@cwlth aletﬁésremernvérﬁmrrw etBRIinBnTCREL 20A228 tsh the

present invention. The enbodi nent of Figs
30  similar to that of Figs. 3A-3B, except that the cylindrical walls can move up and down to

adjust the flow pattern. As shown in Fig. 22B, cylindrical walls 105 and 107 are moved
up, so that the electrolyte flows toward the portion of wafer above wall 105 and 107.

Plating process steps are described as follows:
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20 48A-48B is simlar to that of Figs. 47A-47B except that 4tohgys et of
electrolyte is fixed and the wafer 31 itself can be noved ap and down to
adj ust the_si the wafer area contacted by the el ectrol waf er
3l is rmveﬁé%ﬁ“[lﬁ;é‘ | owest position, the whole wafer area ié%%@&g%\z}g’g&by t he
el ectrolyte. Wen the wafer is noved to the highest position, only the
center area of wafer 31 is contacted by the electrolyte as shown in Fig. 25
48B. The pl g, 1§ EH R i . ] as

ol ove: 15An-beRdi Rral AR A Ui (BEREI VR u e o BRER BEE 7T
direct| ~on &gy i:eTurhdnIMFC 23toaly dhd miave rylidricAlvG1S3 01,a0d chsy  thafvafer31 t o

such a positign that the electrolyte contacts the whole area of fer 31.
30 Stop' 5. APt SRREOEGRBPSRrEIE PO ST R Satarooys Sunaney e e
supply 1% tqgpgutput positive potential to anode 4, and turn on power

supplies 12, 13 and 14 to output negative potential to anodes 3, 2, and 1,
respect i vel \StepTherAdtesithe flpwsiftalegtolytst islstabdizsd, viiuinl orbpowsrssupply dil Positiveo t he

pe) Usoo; 00 Sk apiy il Bl SRR ERRASE Rafes o doeus s nieiL SR i o

peri pheral postion of the wafer reaches the predeterm ned set-val ue or
t hi ckness, tum off power supply 11. Step 4. Mve wafer 31 up to a position

such that onitSP 3:n&Vhsathg,thiskaess b theicondustive Bl yeachss thy predsierpyned ise-Yaliea| t hin
filminqgte . f i e gﬁid‘ VAR-3 BiirR: at
step 2 tlg SQF?Pb%r?géée OE{J rnd?%%pﬁg%&gr%u%tgry 1 9%’0&1§tﬁ0§3§9p05| ?Il ‘?%%e

pot enti al t dOamaodi®0Bto adowertpositiopower supplies 13 and 14 to out put negative

potential tq,anpdes 2 and Step .6: \ f 3 0 a.pasi.tion such
Phat onty ¢ RUCHE Ronear P b fos v SRR foy Sl Tar bl 4 i wall
filin in stepsand $0D4hd pdwaBpAEIW th the el ectrolyte. 10 Step 7: Repeat
step 2 to 3 for anode 2 (turn onﬂgower supply 13 to output positive

potential tdStembdRepeat stepct fonfube 300 FOVEE 23.tphd 1091andimewsusupply l3dgat i ve
potentigl- to anode 1 ). Step 8: Mywve wafer 31 up to a position such that
only the peripheral portion of the wafer plated by the nmetal thin filmin
step 7 i s oWB, ProceSEidx dutdeeding neetad plating i the Mdal Se@blader phigwiaa &

3 for anode (turn on power supply 14 to output positive potential to
anode ). r ed 11 hti dr 20 Step 10: Mve wafer 31 down to a position
such that t hgenpolrarpGEEMIECSERS 85, Ad 23SarkiORbRCAES 1iRNrdDGaR! EAIL 103, M08, Step
11: After flowis stabilized,” tumon power supplies 11, 12, 13, and 14. In
principle, tH& andtubentOSfalesmte wafer 3dviarprinciplsi theiflowpratepafreldctralyte fram each waf er

area covgre t.he correspondi anpde or power supply. 25 12: Tum
of f po s Wp&seﬁf pr?%?rg?%a? %ogﬂawif?r ra E%‘@feﬁ%éﬁ‘t ‘i%ﬁrgyﬂﬁﬂélﬂg fri@?? ng current
is used as tdieghneger ummbwriaisﬁauﬁliheanhmow?qsdvaftHugplieé\lmprz;laﬁd Ve Iy prificigle, power

supply can be turned off at a different tinme for adjusting the film
t hi ckness urfhe eument yfrony eachj poyyes speplieds Bgpptipnal iel s Wafer arepcovesed by dhe

49A-49B i s ' apparatus with a single power supply
et BB B el

and a single C uctive filin directly on a substrate
wi th a barri$ep Bafarn affipdbwgr supplies ¢ hridamacicl vt the datne tipreesiemtplating entrerans The

enmbodi t of Figs. A49A-49B.i.s simlar t.o that of Fig..45A-45B except that
Che nuntr orebeniic ey wutofraty Binriutifye offe Poysempic e BRO8 TR o
connect ed t Opff httHiffEreMAMRSs fSrdARIstinglHlating! filinl tAicla¥ess Rftformity.2 AUG 2002

Figs. 23A-23B show another two embodiments of apparatus for plating a

conductive film in accordance with the present invention. The embodiments of Figs.
23A and 23B are similar to those of Figs. 15A-15B and Figs. 3A-3B, except that the
30  cylindrical walls and anode ring are divided into six sectors by plate 113. The number of
sectors can be any number larger than 2. The following table 2 shows possible

combinations of anode to power supply connections and each sector to an LMFC.
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All anodes are connected to one

common power supply

All sectors are connected to one

common LMFC

In the above table, the operation of combination types 1, 2, 4, and 5 are the same

as described above. In the case of combination types 1,2, and 3, the wafer rotating

mechanism can be eliminated since each anode at a different sector is controlled by an

independent power supply. For instance, the thickness of the plating film on a portion of
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i nput to conputer 500 to |ocate the position along the perifpheusl 2002
direction. In this case, the bottomof the plating bath is made of
transparent material or has a wi ndow for a | aser beamto pass throu h Flg.
51 i s anot N 9%¥¥di nent of an apparatus with a thi ckness RGP
nonitor. This enbodinent is simlar to the enbodi nent of Fig. 50 except

t hat opti calthq‘ siubstrattsc}m begnamputhted/byl coptrolling the I:ﬂatingl algtrer the paingtissesS

t hr ough the er 504 t.o fer. . The |aser pbeam.reflected from
the wafer alf géﬁeé rsﬁ?]‘éﬂmp‘ﬁ’?f’@g‘lemq? ﬁé‘iﬁ /PPEHYOR 8 ‘iﬂr‘?r&mft"(? 3@% t or
500. The adﬁamtgageVIQi,eam@s@m@,qhﬂ@tan is that the bottom of plating bath
does not need to be made of transparent material. 25 A variety of metals
can be plated by Fisi A\2#8 shoyparcthersmhodimant nbapparstust fheplafing A cowshictiveor
exanpl e, . Co e I i um
Pal | adi u?n ynag%&hﬁlce “%:@ g1p¥ r%ﬁhg% oﬁgllmugnmé%d?ng t JPFelg?pI% e(fjﬂ%)\ngst h the
i nvention. Isimildneo Ctha!eof(ﬂlgsplm-BBg;xeqpnﬁit the myﬁﬁdﬁcylpazamf and efnbdeotiyg @fe ar e

d, d id, 30 trol yt The b
Composi 11 on TS R P TAEIH PeanBES Grg £ 105 GURBIACPIS Aol CISBaram
cyani de, Sodipy, r‘ﬂoﬁﬁfc@@lﬁha&rﬁfcr SPFcA! BnAMAGOROWE badk M tROGHR! (n6t %Wnt) tHBgpnbasi ¢

conposition of acid copper electrolyte is: Copper sulfate, Sul furic acid,
Copper fl uolmwltamlehom ﬁ@fba“hﬁ@baemﬁ anpdes Bonmg areiplaced inethp sarhe ciederpldeiet | on 56

s Cophlr  ByrOpRBle e Bervent S e o or BRR BRERB I AR 9 el oty °

Ammm a COfbﬁbld@fthﬂilmd e ﬂélﬂﬁﬁ@tabl&tﬁﬂfowﬂs éﬁﬁblbl@@blﬁblﬁﬁlmgbf ghdfeltd pbvére 1S
preferred for plating copper on a sem conductor wafer. In the case of

plating sil wepply gonspelignged exckseqtent9IMEG used. The basic conposition 5 of
cyanide electrolyte is: Silver cyanide, Potassium cyani de, Potassium
carbonat e, Potassium hydroxi de, and Potassiumnitrate. In the case of
plating gold, a cyanide electrolyte is used. The basic conposition 10 of
cyanide electrolyte is: Potassiumgold cyani de, Potassium cyani de,

Pot assi um car bonat e, Di potassi um nonohydrogen phosphate, Potassi um
hydr oxi de, Monopot assi um di hydr ogen phosphate, and Potassiumnitrate.

Addi tives can used to enhance filmQality in ternms of snooth surface,
small IS 20 grain size, reducing the tendency to tree, small film stress,

| ow resistively, good adhesion, and better gap filling capability. In the
case of acid copper plating, the following nmaterials my be used as
additives: glue, dextrose, phenol sulfonic acid, nolasses, and thiourea.
Addi tives for cyani de copper plating, include conpounds having active

sul fur groups and/or containing netalloids such as seleniumor tellurium
organic amnes or their reaction products with active sul fur containing
conpounds; i norgani c conpounds containing such netals as sel enium
tellurium Lead, thallium antinony, arsenic; and organic nitrogen and

sul fur heterocyclic conpounds. 5. System Architecture Design (stacked
structure) Figures 52A-52C are schematic views of an enbodi nent of a
plating systemfor 25 30 plating a conductive filin on sem conductor wafer
in accordance with the present invention. It is a stand alone, fully
conputer controlled systemw th automatic wafer transfer and a cl eani ng
nodule with wafer dry-in and dry-out capability. It consists of five
stacked plating baths 300, 302, 304, 306, 308, five stacked cleaning/dry
chanmbers 310, 312, 314, 316, 318, robot 322, wafer cassette 321, 322,

el ectrolyte tank 36 and pl unbi ng box 330. As described above, plating bath
300 consists of anodes, cylindrical walls or tube, wafer chuck and a driver
to rotate or oscillate wafers during the plating process. Electrolyte tank
36 includes a tenperature control. Plunbing box 330 consists of a punp,
LMFCs, valves, a filter, and plunbi ng connections. The plating system
further includes conputer control hardware, a power supply and an operating
system control software package. Robot 322 has a large z-travel. A

tel escopic type (stacked)
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ayer .
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al I UTI UB aCll U,

O s the T Tadlias are”
connected to an independent

power supply

AT e TSRt dadh oRe
common LMFC

of

All anodes are connected to one

common power supply

Each tube is connected to an
independent LMFC

All anodes are connected to one

common power supply

Tubes on the same radius are
connected to an independent
LMFC

All anodes are connected to one

common power supply

All tubes are connected to one
common LMFC

In the above table, the operation of combination types 1, 2, 4, and 5 are the same

as described above. In the case of combination types 1,2, and 3, the wafer rotating

mechanism can be eliminated since each anode at a different tube is controlled by an

independent power supply. For instance, the thickness of plating film on a portion of the
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additives or different process tenperature. Al so, the plati n?a har dwar e may
be different, considering seed |ayer plating needs, such as1d 4HG ity
nucl ear si tes snoot h 5 nor phol ogy, beconmi ng a continuous filmat very
early stagWOP¥4few hundred ~), and need for a conformal PEYESGE6E
succeedi ng plating on the seed |ayer needs a high plating rate, single
crystal st rabstatesangerminipilated by aenirodingdhnt rdatnmumntoprg@qoplmngl tln’mowl@ hout

(o0 B GO L el b IR QB AL
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cl eani ng/ dryngsgTdagulne sqmreadlélhpimal]mtgsafe@hmn ﬁﬁ?igmGM-ZiSG the foll ow ng
tabl e. Typel23No. of plating bathl123No. of cleaning/drying chanber987 The
preferred range is shaded in the above table. 8 9 .... r: : 8 9 .:.

S S~~~ Z“MﬁltﬂpleLMFCs and Singlk $owePSippiC are schematic vi ews of anot her
enbodi nent of a plating %%st em 20 for plating a conductive filmon a

sem conduct or vvalFlefF 26A-20d% shosaarnshapiembodimentyfeapparatup frgiating @, comdustirg gs .
54A-54 b n d| f xgept
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t hat robot 322 does npt need rmv&)ér the Z direction 8 i cking up a

unpr ocessedeRRFl by ?é‘rﬁ‘ﬁ?@“&%%‘& %‘ﬁ’oanér"abfﬁi £0h $0% %9633% &2 Lt 1y back
into cassetigy ZePa1sMM aﬂnog{éﬁﬁﬁﬁﬁn%ﬂﬁf‘edﬁcrearié|%°§1ﬁépe”§b\§e?%ﬁ 6h191206. new!9: 55

is a schematic view o er ‘enbodi nent of a plating systemifor plating a
conduct i ve Ydlvésmarenn/affseines,candiare osedviafeemtrdl gleatralytediovang Wi thh watie apeaesent

that ropb J83esdh ﬂ% Dotk 8 PR o Pt 189 DA A TREI A L o move

in the X di §€64ri2ad; redpectivelys Way, the robot may not need the function of
rotating around t he axis. Fig. 56 is a schematic view of another

enbodi ment of a plating system for plati ng a conduct| ve filin on a

seni conduct gk MAELL oLik ACSH s - QR Jhe system
of Fig. 56 T< T " ) pt that the
pl ati ng bat Stepand‘un{ mapumgwrmsmssrmdbdws mzenaams amwﬂm dmb Bonso tK@onpar ed

with the enmbodi nt of Fi rlnt mi.s reduced,
howeverfo t hele FW‘P?F\SLR)’I%BGW@? %&,@@82&8 rrlyéguc 9"&2’)(‘853 PAUARLAEN? ¢ vi ews
of anot her gakpdhdvRNaIveR0Rak] Afgl N Ssystem

Step 2: After the flow of electrolyte is stabilized, turn on power supply 200. Positive

metal ions will be plated onto the peripheral portion of wafer 31 above valve 202 and
218.
25  Step 3: When the thickness of the conductive film reaches the predetermined set-value
or thickness, turn off power supply 200 and tumn off LMFC 55, valves 202 and 218.
Step 4: Repeat step 1 to 3 for valves 204 and 216.
Step 5: Repeat step 4 for valves 206 and 214.
Step 6: Repeat step 4 for valves 208 and 212.
30  Step 7: Repeat step 4 for valves 210.
During the above plating process, the power supply can be operated in DC mode,

or any of the variety of pulse modes shown in Fig. 8.
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10 for plating a conductive filmon a sem conductor wafer in accordance
with the present invention. It consists of three colums of b?aﬂﬂh@mﬁaths
and cl eani chanbers, a linearly novable robot 322, dIS

screen 340naéﬁﬂxg@gcked cassettes, a plunbing box 330, and %ﬁT WW%Iyte
tank 36. Pl ating process steps are simlar to those descrlbed for t he
enbodi nent oRBERI9SEess s2ps P succellrg meia Banesmchemetak sage o plated Eproed Sa
further enbodi ment of the apparatus for plating a conductlve filmdirectly
on substrate™with barrier layer or thin seed |ayer on top in accordance

w th the preSepts: Tuest LMFC Thandpll abliveR (20204, 206 R08]2$0,a21008 41 Did, 21§lsaced i n
tube 109, and anode_rings 2, and 3 ﬂéaced between cylindrical walls 107 and

105, 103 andt@b@ec@@gﬁmﬁl?éll‘%/‘”h%%ﬂ T¥c2.2 and 3 are powered by power
suppl i es 43, Sae?Q mrlﬂﬂoaqs&aﬁ%atm%ow@ha phiargg. del i vered by each of
the power supplies in the plating process is rmnltored by charge neters
11A, 12A, an8tep3A; Tuss pﬁ@pwesqpplyaOé@nd all ;l'teefaBms mexptlumféd thigknessmsad®st o

pass filter 32 and.re nlets of ui d S Wcont ) 21,
D5 S and 25, Hrah Lukecd RO AI08Has o0 b ittt oy R et Mo Pibdbe eGP e
to subpl at i ngobaititd ondut ajustingtha pRARS filky) thickaesd udiforirity Metin thelvdter Af t er

flowi ng through a gap 25 between wafer 31 and top of cylindrical walls,

el ectrolyte is fed back to tank 36 through spaces between cylindrical wall
100 and 1, 103 eak
val ve 38i§)s pl aceg&gg?\%g%“r,l@gﬁotﬂﬂcgtzmg?ﬂmm@d {?gﬁ*rﬁﬁggdtarr og%ig d%?glglﬁégmt?odll eak
el ectrol yte baokdahce wahkheaﬁ‘resmemvtmiﬁﬁ:sﬂﬁelemm;me’x‘@ ofiFw. 27 osshdilarBattlimt of

t enperature C | ed by h r 42, tenperature sensor d heater
control ler 4 1353%%)&5% %Feﬁﬁa&ﬁlﬂﬁi@’ﬁ apsplager o tl}ﬁﬂ?& Zzglt?édlféfﬁ?é 85 o
pover suppli gajel o plate 3Rdallith AcARCRARDIAN. SPatiy Hl%@é%sts@epg Oir@tdgsc%é@ras?’l
around z-axis at speed cuzl, and oscillate wafer Y,
direction. LE®OWSs an anti-acid or anti corrosion, and cont am natl on free
type massc<flow controller. Filter 32 should filter particles |larger than

0.05 or 0.1 pm 60 12 AUG 2002 WO 99/41434 PCT/ U899/ 00964 in order to
obtain a Iow iceds @tep : & |t -acid or

anticorrosio a d ont ani natl f : oY dr|aI I's 00, 1001,
103, 105, 107PRn AP PRR A5 W@ﬁeﬁ) rqgﬁawaf‘yg‘; st well ﬁgadﬁa? éﬂi 5¢ dhatThe
materials ar %le@t‘r@l?te%hhné‘@htdomalébnﬁg&ﬁ rt&ﬁhé%”the %F@Hbl{&fh” B@ﬁioﬂ o?'tﬁéQJaYér”?é

netal free materials, such as Tef ol ypr opyl ene
Process stepsabcb\@rval\/p 248i ng a conductl ve f| | m d| rectl ~on barrier la~Yer ~ an

ultra-thi pl, .. Turn, on r,.supply.11. 10 Ste Tur LMFC 21
only- sonacdl Eeast tedidneh PTrute Bt ay R suly 208 hagiive
Posi ti ve met &!Ihetalﬁlihs\mlﬂbe pRitadl oatotlle putipRerhitriainesT wad Bil abovefvamaleg. 31 above
anode 3. Step 3: Wien the_ thickness of conductive filmreaches_ the

set-val ue or Xem Bk theghickaess pEthe gonguctivesiimeteachs frepregetegniaed satmabie on.
15 Step 4: R nd power supply 12),
go to step 5%\?\“ %%%?“Jsflﬁ%&i”. esﬂ{ﬁmg’g’ﬂﬁnﬁ_’%ﬁgﬁggiq 22 on. Step 5:
Repeat step &Stdpot: Rapeatssted I(thBHGr @Be8d. power supply 13). Wien film

t hi ckness_on whol e waf er reaches t-value, turn off all power supplies and
LMFCs at Séeaprée‘%‘?ﬂ?é Ste?die%ﬁ?’*ﬁ he above plating process, power supplies

can be operatgﬁ,@tR%{%e;fopoalpéQ(ge node, or DC pul se m xed node. Fig. 59
shows each power supply on/off se%ence during seed layer plating. After

conpl eti on ofSten pRepeatstap blor palvesvidi i 20§213f andderespegtplely. 11 can be reduced

waf or  above anode S GAEie Bk pite ok B PR 308 e SO FHEE L EL,
vol t age of panete o8 appbf the vdriety dfpuisamaddes shodt ¢EFigl & a Ievel such that total

charges delivered to anode 3, 2, and 1 during tine T3, T2, and T 1 neets
the fol | W ng requirenment: B / (area above anode 3) _ 30 @2 / (area above

anode 2) Ql /gH P&;ADONGoANCARhe T F5 EE Yt oy rge

del i vered to anode 3~ during whole pla rOCess, otal chnar
delivered to @ode 2, and Q 1 total charge delivered to anode 1 duri ng the
whol e pl ati ngStgp gc’?um onqd]MFC 55 and all valves 204, 206, 208, 210, 212, 214, 216, 218, so that

electrolyte touches the whole wafer area.
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1 2 AUG 2002 WD 99/41434 PCT/ US99/ 00964 Charge nonitors 11 A 12 A, and 13A
are used as in-situ thickness nonitor. For instance charge vag iAG 205
caused by fluctuation of any power supply can be feed back to a conz)uter.
The conput ¥P%4H3%orrect the variation either by adjusti ngPElUFEH0%4
delivered by the sane power supply or adjusting the plating tinme. 5 An
advant age ofSteptSovftqrrall dlessis stabitizeds tunmoordewtea supply 23ppens duri ng whol e

pl ati ng progess,.. Such | atin | d,cause additjonal .t.hi ckness variation,
and i ght c%g?emc?f%? Oq%wte{)sqpﬁg/\’%)ﬁé\pgaﬁy I"‘]I%Fﬁ Wg?‘b&‘?q@‘ﬁ,&ﬁ% s%WSé?eéﬁlbet her

embodi ment  @ét vaRRATId Wiives @fin §1kBd tihe€ OffAiffevedt filmehWith tiRGRMeE aipply 200 h t he
present invention. The enbodi nent of Figs. 60A-60B.is 10 simlar to that of

Fi gs. 58A- séBnedeior adinsting platipg filn thickness uaHemey within fgapi®@d by multi smal |

nozzl es 800. Tho A i i.f: i i 1 shows
anot her g nmbodi e %f"g. 2 ? nglﬁ‘géa?“\gplﬁ é elfig&rﬁg%gto? H@Ja&%{r‘\%g P *a&gé ?}cPﬁr/ﬁmlcﬁkg%%lg%‘d ance

wi th the prassndancewéthtthopresdit aivemignoBiicherBBodimert aif Fige @8hy simike ahthai 6fn neans
(not shown) to . forma parabql.i.c rface, of electrolyte. Anode 804 is set

i nsi de of bdith Z8F*ePtd ae&aﬁkie o aftl_éagéﬁﬂetf’ He%ﬁlcyo%éh%l’e\)%fé‘ru%a@%i-zg is
driven in X,wafves 208 agd 0PY 0% ahd 2891906 gnd Plt@g@giaﬁcf Stngle biRed sy@hstricaily

Process steps foy In ating conductive filmdirectly on barrier Layer or

ul tra-thin sadhe horigmgportipe |of bearr stac@ra2ds| Jimslarly, tadves 280 @nd 286,222 st at e
bat h 80Q,ar - axi e . rabgld c ce on top
of el ecS P ol ?? g’?z%t ep 2?2 %ﬁﬁg%ns?%‘g?m%?c\g@ﬁﬁé%g g‘%ﬁ%aﬁlgfg g‘ﬁ%zf& tk?b?/%%t%‘gmfhuck
down at a cedsaAd vapesdn i hdrizbdel pufdneo ViR 244 albiaee aidifférontabdids omby

el ectrolyte. The rotation angle or tilting angle.is in the range of 0 to
180 degr ees.thopsan sheaveaticst pariien efmae%wfpwgv% NG IPGRSHESPS; 45¢ 3¢ssandi I m

t hi ckness digkijjgdtion. This initial thickness distribution affects
potential across the wafer during the succeeding plating. Step 5 when the
filmreaches the pre-set value, turn off electrolyte punp, power supply, 30
and driving neans to drive hath 800, 1 A 002 WO 99141434
PC—rngglléog 0§ 197 Didl 'OGI!'_-- a4 QF "!_;,J‘ ‘,;'- ;_‘ L —i!‘.l; I'ar Ound the
z-axis to f g Br renkapump33 IMPC 95048 va¥ve 218%nA Q02ES VAN 66 drfelI00s @bt t he
chuck is preferred to be opposite to that of bath 80. Figs. 62 and 63 show
anot her two caselyteneamriag ont efpyalivea 2l onlyrtopghgs thegpesipheraldpartion af the| wafem
accordance %B&Mﬂ@m%ﬁ’ﬁfd‘imi nvention. The enbodi nents of Figs. 62

Step 2: After the flow of electrolyte is stabilized, turn on power supply 200. Positive
20  metal ions will be plated onto the peripheral portion of wafer 31 above valves 218 and
202.
Step 3: When the thickness of the conductive film reaches the predetermined set-value
or thickness, turn off power supply 200, LMFC 55 and valves 218 and 202.
Step 4: Repeat step 1 to 3 for valves 220 and 236 .
25  Step 5: Repeat step 4 for valves 204 and 216.
Step 6: Repeat step 4 for valves 222 and 234.
Step 7: Repeat step 4 for valves 206 and 214, 224 and 232, 208 and 212, and 210 only,
respectively.
During the above plating process, the power supply can be operated in DC mode,

30  orany of the variety of pulse modes shown in Fig. 8.

oces eedi al_plati tal lat
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and 63 are simlar to that of Fig. 61 except that single anode is rﬁﬁ aced
by multi-anodes. The height of insulating walls | ocated at edgzaAfJg her

t han t hose at center of bath. The advantages of th
HE5ahas, o FRF iS00, .. o

enbodi nent additional variables to control filmu

wafer. 10 Figs. 64 and Fig. 65 show another two enbodi nents of apparatus
for pl at i ng Semeudam/e KMFR S5mnd all gatian e 0tr0s, @08 o2z, 2Hy aRei 2R, The

enbodi ment s j .o j 62 and 63
except that ?&é@zg?zgﬁﬁ? ﬁlzd? 9i’r‘?’gglsg{i}f\aﬁgﬂe%qlﬁétcfugléég?fgecsi&?@%mg{eggmgent er to the
edge of the Sieg & After dllfovsiatebilifddgturibén pdvoarsupplp?®er enbodi nent  of

apparatus f W\t 1N nductive film,ipn 15 accordance with the present

i nventi on. %?Eg)Lﬁbtgﬁﬁg’rfgﬁW%ef sﬁpé!.zfoéénflé‘ﬂgf‘ﬁﬁ ynen ge tﬂ“SItF_'eﬁ? be.a"}g"i%&cept

that chugk 28t ¢ak. The tAV@ALMalSd Befhck REF A diffdrént Bied Bath repowter Sehply2do only

peri pheral part of wafer is contacted by electrolyte. The rotation angle or
Yy

tilting angltamed on forafiustingplpsing filng thigkneSomifegribekithin thevmfery ocess st eps for
| p ating_ conductive fi directly on [harrier layer or ultra-thin seed
Stepl: Deliver electrolyte to bath 800, Step2: Rotate chuck 29 around
y-axi s at an anglRgiARIAO€shdw pgecticat of ah udditidithl airesl atlbadiiemts ofiepparapeed of

wzl, 25 Step.4: Turn o 0 suppl 806;. Step 5: Mowve.chyck 2 own
(z-axi s) at B Blaraes FrdptibA Hmes Ffw%@n%%qﬂé eéﬁntsw—fl%%ﬁs _CB’gH Hetled by
el ectrolypt e.ofTyg. 30£G6 sPiilas Y Gat WP \HIRY BAMBE ek&bNiHaN @R fithbdrads ddrd 19

thi ckness distribution. This initial thickness distribution affects

pot enti al adnecrsased kethyeaf Ehe abgleibetyveeh éwes adjematibargisfi0at Thegmb@OinBnepf Big. When

the fil th - val , f trol yt nm,
Suppl y. | and SR BisHE R et BbFgR298-2H chbeBotafhe Blber ox B0 ety 41434
PCTNS99/ 0~96¢,, Dtk Bl Pb AT ERTwS hER®nt Bed Busvafhe rembgdiﬁfﬁhﬂ dfyg nbaGs ﬁﬁimglg »

el ectrolyte, the wafer chuck can be rotated around the y isto m
hori zont al . t®hthst wf |Higse M0ARSE tkeepf ithat theniblao nsvireduced-itg.0.% 7i.anlthlfFiagbar68 show

anot her two odi nents of. apparatus for plating S conductive filmin

accor dan]_cse_ vﬁgﬁ%ngﬁ'%'pﬁ‘ﬁgﬁlﬁwrioﬁ%ﬁﬁ"}ff?hﬁ°E:H’t9EFdi ments of Fig. 67 and Fig.
68 are simlar tqﬁégﬂétmgfsteﬁb%ue&@ cAXBERArtddTIm albdsRWs€ toANOPerighery sTheaced by
mul ti anodes. The advantage of these two enbodinents is that they provide

addi ti onal veafertor started figpnthe spnter ofnthe Wafesy ai stgrtesicrapdamlyaBlaptingHrem e shows

anot her enbaodj : e i . I ilmi 1((3
accordance vﬁﬁﬁ %g?%l}ei\@%ﬁt{:@&%\?eer{]etﬁ is'%)l{r]}~ %W&lﬁﬁgﬁ%ﬁﬁ%& slf—:lgagl.ag} 9 |lt§ )
conbi nat i on lafget Hameted)f cakribg .uséiiltoasodditat gurréf forTpiatirgotiia ntxageedlayehiwdth a

enbodinent is to provi de additional variable to control position of a wafer
relative?d o Wﬂ%‘eégl@‘& -of the electrolyte. 19. Process ste s for plating

conductive film dgigecohy3oBshBR MA6ther &RbMmE: of |afn;§a§5tﬁ§1foﬂpﬁlﬁﬁg atandelcBie 1:
Deliver electrolyte to bath 800, Step2: Rotate chuck 29 around the y-axis

at an angl e 8in irspesgrdgnceRgitlthe mrmoklrméltmoﬁ_hd embedimentxofsFigs. IAspRds of
1) 550 RSN A0S PRIt 101 el RO e B
supply 806; two movable anode jets 254. Anode jets 254 are placed under wafer 31 and sit on guide
25  bar 250. Anode jets 254 inject electrolyte onto a portion of wafer 31, and can move in
the x direction as shown in Fig. 30B. Fresh electrolyte is supplied through flexible pipe
258. This embodiment is especially preferred for plating a seed layer. The seed layer

plating process is shown as follows:

30  8A. Process steps for plating conductive film (or seed layer) directly on barrier laver.
Step 1: Turn on pump 33, LMFC 55 and valves 356 as well as drive 30, so that

electrolyte coming out of valves 356 only touches the peripheral portion of the wafer

above valves 356.
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Step 6: Move chuck 29 down (z-axis) at a certain speed unti]) tﬂ?@
waf er surface is contacted by electrolyte. The speed of thel & K VI ng
down detergmines initial filmthickness distribution. This initial thickness
di stributi¥R%I488ts potential across the wafer 25 during PREVSRE¥4di ng
plating. Step 7. Wien filmreached the pre-set value, turn off electrolyte
punp, power Stmp?pl Hfienthg ftow of elgctrabidads stapitizedyiamen RoweTsuaply 208uResitDs.

During proc f te, the

waf er chuck%fgal &oél R’é@b%gl §t°3¥%}ée %exr é/or%af&n I'S g&%%éo‘l%t §§ ?ngyont al. This

W | | enhancgteplte Wihkintherthickiiess b§the Ebgﬁlctﬂd)ﬂlaﬂﬂac'ﬂ:s sHeqwederepinined sétwalue
enbodi nents of  apparatus_for platin onduct I‘FB‘f film i n accordance with the

present i nvehtickRCssTHE QERpRyYST SPRIY 201 YalYesA0are sinilar to that
of Fig 9 g t I I l'tiple 64 12
AUG 2002§V\D @%M%%&%’ﬁ%&%sfggg&&gpﬁ%moa@rﬁ% Sgg‘ggrnlgglaguof t hese two
enbodi nent s Step 5t tiﬁpeathap lgoé\mtihhaMthmﬁalareaaﬁplatb(ﬂ by thedhinditmr ol fil m
uniformty ﬁ.ﬁ 9SS t he waf er é)*.llc? iuather be apparent to those skilled
in the art tRAEPVEPIYEE s&?&ﬁ‘b‘bgerf’ﬂ 18T 3 81 et ai | s of the invention as
shown and dgepl i BRe BB3bRe nade. It is intended 5 that such changes be
included within the spirit and scope of the cI ai ns appended hereto 65
:HE\ US : ! Sep2i$ame asghop570' -, "i, +<19 89 ' 2395 , ..

W. p\“[get hod
for pl at zljng %I\&nh%nothg Lg’g‘él?eﬁseaf hr% E%Lg:gge gﬁegeagﬁs%ééﬁ%&ém% tra
conpri si ng: pfddewnmedmetalametor dlightness, staﬂtulbwdmmdvmgamddp Jarﬁmhmhailyrtbwmel of t he

substrat e; pIa the_jslmto_the .desjred hICk nafirst portiazt
of the subst g‘? ]J hg dtep PE NS fai“P‘iﬁ ‘%I TeF‘E‘dCC[ ﬁﬁycﬁ’ﬁess on

at |east a %ﬁ%%ﬁmﬂ@d Eét%lu@for rngdbAlbalre ﬁlursﬁ@&% 4 oAk afileljguouS
filmat the desired thickness on the substrate. 2. met hod of clalmlln
whi ch the dés# n:edrophrtmhal tnebcsradmsquﬂhapwm mfeesnodsméé& thayag obmovingt he
ftlxn oig the% X i gn clfal mt2 further conprising the
step o: f”pl 889 eaﬁ é‘dcdﬁsfsoaﬁé m'ﬁﬁs ?(‘?‘n%g ST/ @ont i nuous seed | ayer to
gi ve a cont iSpapotiSVhdr diloaé jep2 Sefatds tel waTEBehtdy, ﬁkﬂ@ﬁ‘-poglreﬁﬁip@ry 200anMEae
desired thickness of the seed | ayer on the subs~at c. " 4. The nethod of
claim3 iu whi®9Vaes$3.is plated on the first portlon of the substrate by
flowing an electrolyte on the first portion of the subs~ate surface and
applying a plaring current to plate the filmon the first portion of the
substrate until Higs. BlAmlBeshmhemdtha ehbediment dffappdrares for ptatipg atondugtitehe

el ectrol yte oV~ rln and [ current f ta r af least the V
50" secont i Brackerdte il e Bt UveRione Thnempodivesy ot Hes AT For 11 on
to the deS| sRflildr it Haferrsss 3@;&-@0@&&ﬂﬂ%a@ﬁ&%dﬁ@ibﬂél%dvﬁbl%'ﬁﬁocfehétﬁrel%ﬁﬂéd' on and
at | east the seco~ad porTion of the substrate and applying plating current

to at |east inHe ¥dicentign poerderin inpneasing plating spsoh I ha prdcesssequened is siaylar fos
obt ai ned. that of the Figs. 30A-30B embodiment.

Figs. 32A-32B show another embodiment of apparatus for plating a conductive

25 film in accordance with the present invention. The embodiment of Figs. 32A-32B is
similar to that of Figs. 30A-30B except that wafer 31 is immersed into the electrolyte. A
movable anode is placed very close to the wafer 31 in order to focus plating current on a
portion of wafer 31. The gap size is in a range of 0.1 mm to 5 mm, and preferably 1 mm.
The process sequence is similar to that of the Fig. 30 embodiment.

30 Figs. 33A-33B show another embodiment of apparatus for plating a conductive
film in accordance with the present invention. The embodiment of Figs. 33A-33B is
similar to that of Figs. 32A-32B except that fresh electrolyte is input from the center of
the bath through pipes 260 instead of anode jets 254 through flexible pipe 258. Wafer 31 ‘

is also immersed into the electrolyte. Similarly, a movable anode is placed very close to
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2~ S. The method of claim4 in which the filmis plated on the fwﬁ@& and
second portions of the substrate by independently provi di ng1 % AG current
to plating electrodes for the first and sccondportions. E~_ The nethod of
claim5 i nWh#%4143¥%he clectcolyte is i ndGendCntly sl owed t ECTHEYIP 30
and secondportions ofthe substrate. ?. The method of claim1 in which the
ftimis platvaferal intpeddrite Sacus pldtingeursent oha pprver cbwafsr 1.1 The gapsize issine by

SEET - T of e fifh ¥k i ST S R 00

substrate atofﬂgmarre ti rre and applying plating current to plating
el ectrodes for t fi,rst, and second I ons_separately.. 8. The nethod of
claim7 additi ongqeg 36&136‘?} gToﬁ’g %@E?‘@BCIB’F ohmgvs ﬁ'@f’das i acGeTance M
current o the lfe%én‘itlnvféﬁﬁcsd @-’ég G Al hBwS W ShER! ErubiBred RSty SeRbdd 24Warfl t er
the fil mreaches the desired thickness on the first portion of the

substrate whvase26dh pﬁa,si: 282 tih enage af msgllamlrm@mals suctlha@ teafbiarbethylene, oV Gf t he

b ddi h
substrst e PR TR ot B FOL b R0k SRR 3 B

substrate tanarcessawd, @E@élé&tﬂoﬂ}@e vm&dethﬂﬂglh ¥ holg at e bltehiofgase 264 .6ME. HC t he
first portion of the substrate. 10. The nethod of claim 7 additionally

conpri si ng tSHeWS @B ngde ﬁtﬁWlH@ copisting (of @anofisr 362¢ gleefroden @74 @pd 27 riasuwater of t he
el ectr ol etsﬁixée?rzﬁ Rd fcbée %fdg‘%cﬁYJr Qﬁpﬁ%ﬁbf@%k N EKRRE 974 1§cc98e<ﬁ DPtof 1 7St

portlon of e substrate "ating current to the second
portion of sug&weaauaput bipov'v”tresupplwﬁid afd eddcerpadr 270 19 cmimectedtt@eathodenwafsr pl at ed

ontheflrst the sec nof t he substrateb flow trolyte
on the 111 st ipdiie iR o recliss Phisdo P ey S04 AGVRBGRT Pl G 75ehe

first porti QHer@foré ke fAHDRAL Plak® onahe voafer irewom@ldelo?%g@bm eTHeOfuh&fonf 6 St and
second portion of the substrate at the sane tine £7| ating the filmon

the second priectiode 28 IStth@ertsQlccm@l figld leaknge ﬁmnrc&mtrode et minimize any

additional ly rQw.di.n S

voltagenlt%o th &Qég)rsct& gglft on ’ESFRE??FI blﬁgfrgla{t@?tg?t 2: ﬂé’gp’{gﬁtﬁéﬂée?ter
thg filin \r/\h&alsélmhabehd&s{tﬁe%&ds}?(fM&olmté ﬂtewfﬂltxrﬁﬁgh portion OI the f
substrate e e I Ng curren 0] € SecC or IOI’]O
substrate. 13: T?Fggnﬁﬁ% s dhe %rgpqﬁtgms H{?NW f dyirigg P]Pisu'r‘ﬁ an(}mp tetblomes he
first and t*}ﬁa@@ﬁ?@%eé@la?&r Ak OPePls 1ﬁhﬁp?&9&§§d &inBYardWafer! dr@983%has not

electrolyte on the first portion of the substrate through noving a novabl e
jet anode clhisseplatedt he first portion of substrate; and by only flow ng

Fet anodd cl ose. (IS RESEREMAV TRt ueh anecRuyh oL bR sk 410V70! ©

conductive film in accordance with the present invention. The embodiment of Fig. 36A

is similar to that of Figs. 30A-30B except that the number of bars is increased to three.
The angle between two adjacent bars is 60°. The embodiment of Fig. 36B is similar to
that of Figs. 30A-30B except that the number of bars is increased to four. The angle
25  Dbetween two adjacent bars is 45°. The embodiment of Fig. 36C is similar to that of Figs.
30A-30B except that the number of bars is reduced to 0.5, i.e. half a bar. Alternatively,
the number of bars can be 5, 6, 7 or more.
The embodiment of Fig. 36D is similar to that of Figs. 30A-30B except that the
shape of bar 250 is a spiral instead of a straight line, Movable anode jet 254 1s movable
30 along the spiral bar so that good plating uniformity can be achieved without rotating the
wafer. This simplifies the wafer chuck mechanism.
Figs. 37A and 37B show additional two embodiments of apparatus for plating a

conductive film in accordance with the present invention. The embodiments of Fig. 37A
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1 2 AUG 2002 WD 991 41434 PCT/ US99/ 00964 14. The nethod of claim 1
additionally conprising the step of imersing the substral@ Alfy f82e into
el ectrol yt e filmis plated in the first and the s i on of
t he substrg\?’gggg“ Je1par ately noving a novabl e jet anode cl O?%g?/ﬁ&g%#i rst
portion of substrate and noving a novable jet anode close to the second

portion of t#é 3iRbate simiar t9 thay of higs. 3RAIB, excep! Hhihe waferysiniaced npside | i n
continues toy st portion of the substrate while the film
is plated on %ﬁ] seconaﬁ% s??%‘ﬁ{blgf the substrate. 16. The nmethod of claim
15 in which the angm38$-$ﬂms®d/ mﬂtchernbc’»dimbntaxﬁdppdmusﬁncpmﬁng@ goodictiger Of
the substratg by flo ctrolyte.on the firs ortlo bstrate
wht 1 o b at | gt MesaBTERch iR e et jBPeiogn Tht “miebSisnk of Bs, 345a%H)

f1owi ng & ectiffihythehdt of Fipe. feiA- 5B @@@btwmmdfm@aﬁddeaﬁre%pm&e b§ldQ>%E E)&E:@ at

the same time while plating the filmon the first and the second portion of
t he subst r at @108 funadred s Faectsl tpaingipowsstsherly di - Rlatingiproeess stephiiging t he
filmis plat c%ohﬂﬁenfthrreﬁgsc?iggﬁa%%l%% portions of the substrate to the
desired thickness to grve a continuous seed |ayer, fiuther conpring the
step o platlng an addltlonal thi ckness on the continuous seed layer to give
a conti nuous m of a secnd uni L€ t han. the desired

t hi ckness of 2 e gH-F ' : RAHSEYSE claim 1
in whichg heSlfeia |1m&1m@ﬂ%abﬂvéggz%ts a{aob4t4ﬁa tﬁ%@fmpestzaozs 9k ahfi®
substrate by flowi ng electrolyte only on'the first portion of the substrate
whil e plati ngalvdw&l Bcp that electrolpde fiily sauchrsthe pmtmfoftthnawsﬁqbshorvas@-plamgw

flow ng el ec second po 400 0 the s trate at
the sae.t | réah 1o IRuE a5 bk oF et (ERBLR AR prsBRer b SifpEteat
substrate. 1@allsTioe aaet bndostnd ]G, 71ddadeliahi amaliby. conprising the step of
provi ding a sufficient pI atin voltage to the first portion of the

substrate toSﬁsP e?veAﬁerd@mfm plgelegtiobite isnstabalized,i umhor pAYBesPPiYel ld Poritize

t hi cknes the plating
can ent fso egglgg% p r%tlte%g&%?{ ?I?E{%{) r%g?’g%&gggoowg%beg??@%}g% 991 41434 ~
PCT/ US99/ 0098tép 30 . Whdrethaeiitiodssodf tied cuintuctiVe fiim wéichds thé pretietbmingi get-asilued on
the first and second portjons of bstr he desired thickness to
give a conti H‘?J‘E{?g“ é@“liﬁ#&’"“f‘wﬂ#ﬂﬁé‘iﬂa‘ ihe step of plating an
addi tional t BiepkineRepeaNstbh € 16 3nfot Emzﬁ?cﬁﬁ‘x J)@Y,MFG 02, €IS 82, §HNE4, AHPUS
filmof 5 a second uniform thickness grater than the desired thicknes$ of

the seed | aypewasupitie 1 babd tura o LMHCs 2113, Hevhlvel8DF claim | in which the
second pagti e, Ql RUNS &G £ rdrINFE 35 (B SPLMIT 54, valvel §1 142 R4CdnaSiRnt r at e-

10
supply 11, and tum off LMFCs 21, 22, 24, valve 83).
Step 6: Repeat step 4 for LMFC 24 (turn on LMFC 24, valves 81, 82, 83, and power
supply 11, and turn off LMFCs 21, 22, 23 and valve 84).

In the above seed layer plating process, instead of plating from the periphery of the
25  wafer to the center of the wafer, the plating also can be performed from the center to the

periphery, or can be performed in a randomly chosen anode sequence.

e ucceeding metal plati ta] seed layer plat
9A.

30 Step 7: Turn on LMFCs 21, 22, 23 and 24 and turn off valves 81, 82, 83, 84. In
principle, the flow rate of electrolyte from each LMFC is set as proportional to the wafer
area covered by the corresponding LMFC.

Step 8: After all flows are stabilized, turn on power supply 11.
Step 9: Turn off power supply 11 when the film thickness reaches the set-value.
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22. The nmethod of claim1l in which the substrate is a sem conductor wafer.
23. The nmethod of claim 22 in which the sem conductor wafergi2sAgg 2021 con

wafer. 15 24. The_nmethod of claim23 in which the silicon [ des a
barrier Iaygps’?fﬁ”ﬁs top. 25. The nethod of claim?24 in MW%QB@& rier

| ayer is titanium titaniumnitride, tantalumor tantalumnitride. 20 26.
The nethod of claim?24 in which the sem conductor wafer further includes a

seed | ayer on top rL . L3 L3 which
the seed | aydr ingﬁdéE%P%%r@?Jrrgt@?gf%&;ngg% gﬁéee?gqja‘gﬁsetghﬁhlgh@ﬁhﬂer on
an i nner ar eétickhedshmifornity anshoehadn Figaf36r At fifhe tiftomlynEMIGE 2f 28| anidr@42arei n

e conduct o sdayes Vi hE SRS ot A4P st Ao ARl F RTINS docs o

i ntercqnngct gualh ehel Waflr SRERSH WiCarsd fH6TE @ﬁtﬁpla%% bR 63PRGIRL pbwek Qhippl 311 Ng a
filin on a substrate, conprising: 69 1 2 AUG 2002 WD 9914] 434

PCT/ US99/ 009 éemainssuined patractildprsevillibeplakessendy om thegrearabovaipibtirlating batiy 64 ont act

cur rent to ARG 2 AR pprh hER iRy OORRS 24P PRl MRR B B

el ectrol yte goiith@tf fongbtditextta Saligtat #Heewafer aentb®le saplating dampoedutoffai d at
| east one anode and said at least two flow controllers to provide
el ectrol yte HRE ohkanf kFap be Aesingd PYIRFASHIIIE WHF %%EE@%%?W@- portions of

the subsypate to PIQVigiesdn SR ngby@ﬁem@#ﬁéﬁigs P latirlg'd dnfifletivi®

substrate by successive plating m on ortions of the
substrate. 1@lBin aftvedappaithtthes pekent limiemiG0 The enthodimentiofl Figs. #eA<i0Boise

d i t | d i | at | | |
ool osi ng. cashbt @ i 2 Fi R RhEReRCRAt Al $50ds o8 soeite? 14 Metthamer, 20 1
whi ch the i ngephi 1 NGikkile éMctrBiFelbnBNBEEes thePbrtiba of Rafe abdvehfiagbde dudiag The

apparatus of claim31 in which the insulating wall of each anode is of a
di ff er ent heihgreed layerspjatinprpsocessp Seplatingeurrentayith aply pass Whpugh theangdssidat i ng

wal | of ch | : Eghear, t han
o o TP AR RIS, PRl DB gl L 2
35. The appanBtwith mfwet sipply Blreplacigpater sipplienElamiti3ng wal | of each anode 25
proximate to a cetﬁter of hgle substrate a&ie | ower than the insulating wall
of each anode 1gs. 41A-41B show another embodiment ot apparatus for plating a conductive
film in accordance with the present invention. The embodiment of Figs. 41A-41B is
similar to that of Figs. 40A-40B except that the cylindrical walls can move up and down
20  to adjust the flow pattem. As shown in Fig. 41B, cylindrical walls 105 and 107 are
moved up, so that the electrolyte flows toward the portion of wafer above walls 105 and

107. The plating process steps for this embodiment are described as follows:

1 ] ive fi rseed la irectly on barr .

25  Step 1: Turn on LMFC 21 only and move cylindrical walls 101, 103 close to the wafer,
so that electrolyte only touches the portion of the wafer above cylindrical walls 101 and
103.

Step 2: After the flow of electrolyte stabilized, turn on power supply 11. Positive metal
ions will be plated onto the portion of wafer 31 above cylindrical walls 101 and 103.

30 Step 3: When the thickness of the conductive film reaches the predetermined set-value
or thickness, turn off power supply 11 and LMFC 21, and move cylindrical walls 101
and 103 to a lower position.

Step 4: Repeat step 1 to 3 for cylindrical walls 105 and 107 (LMFC 22, cylindrical walls \
105 and 107).

47



proxi mate to an edge of said substrate. 36. The apparatus of claim31l in
whi ch the at | east two flow controllers are separate val ves 9 AB@I28t i vel y
suppl yi ng atl ng electrolyte to the portions of the 30 substrate adjacent
each of th ‘gést two anodes, the apparatus additional | YCE8pY%¢hg at

| east one purrp coupled to the separate valves. 37. The apparatus of claim
36 in whi chStené: Repeas sisp 4dpretupuiiRy GG Pand wbolQfrps. 70 1 2 Albs: 2eD2
WO 99/ 41434 PCT/ US99/ 00964 38. The apparatus of claim 36 additionally
conprising a pressure | eak val ve coupl ed to an outlet of the at | east one
punp. S 39. 10k et plafing e ihd1s syl 4 _ e
flow control val ves. 40. The apparat us of cI ai m31 I n V\/m ch the at | east
one control —%Lstem i's conf igured to selectively supply plating current to
sal 0 AL $ caglepleboraodenvrE e SheRaRRRRl LAl tRl AL RIS 908 Y
conprising a plurality o electr owc ann s con ured td supp

t he el ect rollQ? end twbe hed shoe&:@ssafvleﬂpdm pringiglegthe flow ratalos te}eattr@ytejtﬁarm%chThe

apparatus o imd4l in e ach f said pluralit | e yte flow
channel s habMi( s frids pidhafibngil SRR asfSofoa B BelepabrpondinEMITL | 2 o

hol der. 43. sfpe: mamnu&satesedbﬁizeaﬁhloﬂ polvecduppieg 12dj acent el ectrol yte
fl ow channel s conprises at |east one el ectrol yte return path between the

two adj acenBtepl8edYieys a,lteflmd@wl Z@I%Wh@l their lpaver gerétionppl tamueft ol LMF&ism 30 in
whi ch d t 0 g1l t
belt wee?\%%al nglgbgsxﬁ %f’% g‘% sal Sﬁp@% 33%}%& %%%’érﬁg ulségs Q‘Q’F?Fﬂ 30 in

whi ch said ptédetemahed bevakie. lEachspmrI dfadydintiical walls loa kize bk ahowdidrdoedn &in

during plating. 46, The apparatus of claim 30 in which said substrate
hol der is r&HE c@blt’é"eér‘ﬁﬁ}i‘td’oé’ﬁr AYPRLY \Jd 01 dhjordep adivgls thickness JuioRgity. nkorp| at i ng

process. 30e&inid N8 ABRATAIES 4B, CcBrﬁhdHc%PwBH'sr § 6% ind” POTP hre el Rept GITRR At ure

control device tO mal ntai n said e ectrol yte at a const ant terrp rature
during the piguen mxtpnouﬁsbwmz orl The MIESr 260260 QdihddoaBwalkCTONSe®) 190964 48.

The aPPgs aty Will gave extra rTla‘?’mg filth %I:lat %8%{1.' The Ghtra p}a?qu tn%@sd and lOCEltltOgSr can upI ed to

determined by analyzing the thickness uniformity of the plated film on the wafer.

()

3. Multiple Power Supplies and Single LMFC
Figs. 42A-42B is an embodiment of the apparatus with multiple power supplies
20  and a single LMFC for plating a conductive film directly on a substrate with a barrier
layer on top in accordance with the present invention. The embodiment of Figs. 42A-
42B is similar to that of Fig. 16A-16B except that LMFCs 21, 22, 23 and 24 are replaced
by a single LMFC 55.

25 eps for plating conductive eed la irectl rrier laver.
Step 1: Tum on LMFC 55 and immerse the whole wafer in the electrolyte.
Step 2: After the flow of electrolyte is stabilized, turn on power supply 11 to output
positive potential to electrode 4, and turn on power supplies 12, 13, and 14 to output
negative potential to electrodes 3, 2, and 1, respectively. Therefore, positive metal ions
30  will be plated only onto the portion of wafer 31 above anode 4.
Step 3: When the thickness of the conductive film reaches the predetermined set-value
or thickness, turn off power supply 11.
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said at |least two flow controllers for circulating electrolyte during the

pl ati ng process. 49. The apparatus of claim30 in which sal@ Advt2802 system
conpri ses lg 5 two DC power supplies operable in consyanssoldssnt
node. SO. T (e) g/gggr atus of claim30 in which said control :‘i/stem c09rr6rpr| ses

t |east two,DC | t ant . 10'S
) SRt R PHEL OB 55 SIS bl SORBSANLNS! LR IR St
operable in ;Bm&rhxaatocmaé anénd\mweag@ I®JE!, 3B0ard ROOJudit néghtive potendieo 52

The apparatus of claim3 whi ch sai d control system conprises at |east
two pul se poﬂmﬁe%mﬂh)es 15 53. The apparatus of claim52 in which the at

L?ﬁzt W;\\//\g pu%égofgir@séat ?t%galt&e gé&? Ve?éni;%v@erl Ebﬁ()% B +lﬁéut§)'dl‘1§96 P&Eﬁfa [Ied

ex pul se
node. 20 $4. toHnedeRpad pé“ﬁsﬁﬁplﬁl%mlﬁﬂtnd’gaﬂ%pﬂﬂclﬁlalltd afiddel19ast two pul se
power suppligs is operable in a phase shift nDd? 55. The apParatus of
claim 30 in W&P&Eh Rs,caF% seaﬁtf%wé%t(@m QLPAYYST SBRPIN{ 4 [QuQpUt PREUYHBREI2hoNi t or
to nmeasure tguﬁ&mggs of filmbeing plated. 25 56. The apparatus of claimb55
in which said control systemincludes software to control thickness
uniformty of filn1being pl ated on the substrate based on thickness I nput

fromthe at | east..on m)nltor 57 he a r at Ialm Oin
whi ch said at | ea@tg gangho“ﬁ ePIAE sgppéy?l.gﬂ © Offl-seﬁ?ff 8?? aﬁla Sahga
shape. 58) ThBowrpaREal)S, Dhnd | aHOpdwet Supply culput Rave Dy eatbe @hﬁ&e fiof a

triangle, square, recta}:dgl e or pentagon. 72 1 2 AUG 2102 WD 99141434
PCT/ US99/ 0098 ¥amsty offwavefomas; auqhsas aﬂnqsiﬂ@ﬂdrﬁl@iwm form. crunipolay PAMS RIS YBIr i ses

at | east two a ]P}}h neular, elliptical or
pol ygonal sh%‘ﬁ&bagﬂgggé?ﬁgﬂgppapﬁggmefagg alm ﬁggé |4§1 whi ch t he sub-anodes
are electrically Irsuhb abeve ségddnyee phatingpiveess, iGdteadldfplaipgaiont the pefipldrabfn 30 in

which said c nt stemfijrther includes, a Io abl heck
continuity o erft‘i’ Yher?e%[F‘t%fr‘hes\‘j te theiRlating j2lsp icap, eb?erk ffrpxi’n DEFHREL 10

portionsyof §h|é PespHepy, bAER be Pérforhies vaRRARRoHTy Blosen Aok dQuaddi tional ly

conprising a pI urallty of electrolyte flow channels and in which said at
| east two flow controllers each conprise a valve and an outlet from one of

said plurali . Pro rs%ryshge (in? > Emetal eed | lated in process
11A
Step 7: Turn on LMFC 55.

20 Step 8: After all flows are stabilized, tum on power supplies 11, 12, 13 and 14. In
principle, the current of each power supply is set as proportional to the wafer area
covered by the corresponding anode.

Step 9: Turn off power supplies 11, 12,13 and 14 at the same time when plating current
is used as thickness uniformity tuning variable. Alternatively, the power supplies can be

25  tumed off at different times for adjusting plating film thickness uniformity.

Fig. 45A-45B is another embodiment of an apparatus with multiple power
supplies and a single LMFC for plating a conductive film directly on a substrate with a
barrier layer on top in accordance with the present invention. The embodiment of Figs.
45A-45B is similar to that of Figs. 42A-42B except that the cylindrical walls can move

30  up and down to adjust flow pattern. As shown in Fig. 45B, cylindrical walls 105 and 107
are moved up, so that the electrolyte flows toward the portion of the wafer above walls

105 and 107. The plating process steps with this embodiment are described as follows:

ctive ed laver) dire
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63. The apparatus of claim®62 in which each valve and outlet is radially
positioned relative to a center of the substrate. 64. The aap%arﬁ f
claim62 i V\$LI ch said plurality of flow controllers each 2 @'g f&?

conpri ses q Gﬂﬁf mass flow controller and a punp, and saif¢ TEoRY 3P system
is configured to turn off the valve of one of the flow controllers while

pl ating fil mtenl:t Fampenr EMBIC 63 andimgve eindrical avallp dQb 10Rlaseita be wafers $e 1 ow
channel con I Ay r S T ar at us
of claim 62tﬂ|§ér?1 e\%ﬁ?ﬁgﬁyes%ﬂhg tg{&ﬁfsgéaigtpgglr?é @r@%ﬁg}afeggg&gi dpé%eafggltlsr g@efﬁmg& The
apparatus ofi08l aim 62 in which said at | east one anode conprises at |east
two electrically connected el ectrodes. connected el ectrically, each.of the

el oct rodes BTG FHine TaM AicReto s SAPLIZRG BILOmPOYS PP NCPPoiVR e 11 ow
channel $5 6 fneAMoAPRAT BY it FnicPkhd pbfilén df ok 0 b SHYRRIAG SallE WIPEAS NO: 2
substrate holder for positioning the substrate for contact wwth a plating
el ectrol yt ;1033 1 2 AUG ?D02 WO 99/ 41434 PCT/ US99100964 at | east two

anodes for Vi aki g _cur.r.ent the, substrate; at |east one flow
control | er PO vostkanes ke o HE Sopb Rabh At RS HhoeBiiomiiRloe g ooy
one control ozyEitaiess audl & pbeesaipglyal 1, lagd siove relimitegewalindl (Haind @B tbeast one
flow controller to provide electrolyte and plating current in conbination
t o successi VeWS B98IOons of the substrate to provi de a continuous, uniform
t hi cl rnags fd 0 F ; i | b1 Ad:Qk: hddupn the
porti ong%of Stt e st%é%?gt?g%%é%ﬁﬁgmg%%ggggiﬁs%g c]l%Zi(ghgg@Lf%%H: sal d at
| east two arnddemdaoeesspalyali2dd by an insul ating wall encl osing each of the
at least t an s. 10 6 The r s of claim67 _in which the at |east
one contro&?&fzﬁ?ﬁ@%ﬁ’n f%mbéd’&‘?&”a}%egfoécﬂd\)’éwr%Blﬁlw'pl ating current to
said at | east two anodes. 70. The apparatus of claim67 additionally
conprising a plurality of electrolyte 1 S flow channels configured to
supply the dlia& ESststeps G Trstal pating metafeed layergpidied mprecess/1. The
appar at ug of,,glaim 70 in which each of said plurality of electrolyte flow
channel s ha plurality of nozzles facing said substrate holder. 20 72.
The appar at Wiepé: Tuai 6 BMEOS3Mahd hovgll aylindeies twalld €01, 1108y 03N10704ndaibd s at
| east one mass flow controller. 73. An apparatus for plating a filmon a
substrate, cOfstassinyafeptl.a substrate hol der for positioning the substrate
for contact ' i ' : i ng
olating our rge%tﬂt %ﬁ?{]agf fédl}gss% g?%?%&ﬁ% ofbovhér Sgplief1, 304G 18 3h pRHARLY

the current from each power supply is proportional to the wafer area covered by the

20  corresponding anode or power supply.
Step 8: Turn off power supplies 11, 12,and 13 at the same time when plating current is
used as the thickness uniformity tuning variable. Alternatively, the power supplies can
be tumed off at different times for adjusting plating film thickness uniformity.

25 Figs. 46A-46B is another embodiment of an apparatus with multiple power
supplies and a single LMFC for plating a conductive film directly on a substrate with a
barrier layer on top in accordance with the present invention. The embodiment of Figs.
46A-46B is similar to that of Figs. 42A-42B except that the height of the cylindrical wall
is reduced along the outward radial direction as shown in Fig, 46B. The shape or flow

30 pattern of the electrolyte can be adjusted by moving cylindrical wall 120 up or down.
When the cylindrical wall is moved to the highest position, the whole wafer area will be
touched by the electrolyte, whereas the center portion of the wafer will be touched by the
electrolyte when the cylindrical wall 120 is moved to the lowest position. The plating

process steps with this embodiment are described as follows:
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at least one flow controller for controlling electrolyte contacting the
substrate said at least one flow controller conprising at | eash AUY 9
cylindri cal gﬁl}?“ a first of the 30 cylindrical walls positiohe @ger a
center porth 981 he substrate extendi ng upward cl oser to PHEURINE? at e
than a second one of the cylindrical walls positioned under a second
portion of the substrate peripheral to the center portion; a drive

mechani sm coppl goded. Sal SBHIBRE 0L B (ot Qeflid X8 (RELE HUSE BLE, ol der
up and down orie "Of more portrons of thne supstrate contacting the
el ectrol yte; Stég 1. T QDLMEEC3SS dhd2ndVdCyRitizalReal) 12098 tHeQBdhést positieg $6 thane
control syst mi:ougl ed tcg s‘gi d afe | east gne anode and said at | east one

f1 ow controll Bolytedouchies Be whelesrepod Wakh bl ati ng current in conbi nation
to successiv Ltj f ; o] i Lform
R ol Troas oo e At o P b 2o AL e
portions of pésgiveupdentiat éo afiodg44, atd tappenm gbwsr Supplied 42,i IBgawd 14 Itonoutputy

substrate, conprising...a substrate | der f.or. si t.ioning the substrate for
contact. i« oot EpfitiiLiopRbTY prandd MRbestihy PERias R ber v BEEIeRY hiT

pl ating currgéplafed ohly@®nsddas péripheral pétion i vaaer@anbswl dngde 4.0r control i ng

el ectrolyte contacting the substrate, said at |east one flow controller

conprisi ng abtepdad¥henthe thickpess péfthecandughyq filmgn the perinberabpartioneidheveise

substrat g, an . I E’M‘Q‘ﬁ , I gap between the
substratg)an%aée“a%ch 3@"?@%&?% r"‘f“??i‘ wa %Js.s’%ocoﬁot“?eglls&@} eﬁc')r nmore portions
of the subst 8&pd: Moxeaylindripat Well E20cwotariowsttpesitidibsathal andysthe peréphemhportdn syst em
coupled to sajd at .| east. .one anode. and .said_flow gcontroller to provide
electrolyte § eﬁagf?ﬁbed&% "e‘ﬂftaﬂﬁl Pﬁ'ﬁ??éﬁrf’“ﬁﬂf@ﬁ&_ g&lylée portions of
the substrat giehS: pR@ﬁda@'@te]Ié’s LNt ifHuiéde 3URirh @hPolwt Glpplyessid bdtffnﬂ REtvoe
substrate by successive plating of the filmon the portions of the
substrate. 2potgmial WOQQE@QM oppowkmiuppliedl3 andvidi te utpali nggative petgntial éne
anode copri ﬁrfo% %aJ)cF st two anodes. 76. The apparatus of claim 75 in which
n

said flow co dditionally conprises at |east two valves for
control | i ng Btep\s: owd edindriday vall 1120 b the aex ldwdp positiens thit onby théperiphbsl r at e.

77. An apparatus for plati filmon a substrate, conprising: a substrate
hol der for pB%rl“PF8%2%8“??5@%@3’&’#%@5‘%%@“%“@ é&%P%ée@eﬁ%e; at | east
one novabl e j n i t VAR o the
30 substrat el,gf%ga?dgq %aggfeg?fgfi gélro 89 gi(ﬁg‘gﬁgégmg‘}pﬂﬂglﬁff%?‘?oﬁﬁg‘g‘é% al | el

to the subst petertia to drcle 2, and tuenert pover sippdyvl € tndutmit negative potetial roodrioidng
el ectrol %e fd ow ng through said novable jet anode; 75

&

Step 8: Move cylindrical wall 120 to the next lower position so that only the peripheral
portion of the wafer plated by the metal thin film in step 7 is out of the electrolyte.
Step 9: Repeat step 2 to 3 for anode 1 (turn on power supply 14 to output positive
potential to anode 1).

25

or succeedi ' a aye i §

13A.
Step 10: Tum on LMFC 55, and move cylindrical wall 120 to the highest position, so
that whole area of wafer 31 is touched by the electrolyte.

30  Step 11: After flow is stabilized, turn on power supplies 11, 12, 13, and 14. In principle,
the current from each power supply is proportional to the wafer area covered by the

corresponding anode or power supply.
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1 2 AUG 2002 WD 99141434 PCTNS99/ 00964 at | east one control %Et%? &ﬁgpl ed
to said novable j et anode and said flow controller to provi AUGC | yte
and platin t in conbination to successive portions qf trate
to provi de%ﬁgg%‘ﬁﬁgnuous, uniformthiclrness filmon the sutf&f?‘%?%(g"%?ﬂs

successive plating of the filmon the portions of the substrate. 5 78. The
appar at us ofSte®| B miwrn off paprcsupRligsdl lsdgsi?’r,@tlé 1AcHt dleg sqmae tipe athe| Matligound an

axi s perpend] . p 0 | i,n which
Sai d Suborr S Y uskfsd ARAGHD GGy ol HBHEDRRERNEN beck pBEL ol ¢
substrat e coapbetualey offrat o diffeecnelie foraljpstingaigfilrothickhess andymdityom t he

el ectrolyte. 80. The apparatus of claim77 in which said noveabl e jet anode
conpri ses one anode and an el ectrolyte flow nozzle enclosing the anode. 15
81. The appar at USggt &1 §0 ahdihdtintddRnt ofBY 3 #ﬁaﬂu?t“d&”f?lqgipié g&d@&r
conprises a second el ectrode outside of and positloned around the nozzle.
82. The appawppliesansfa sihgle BMHC for pidting la condwstivefilabdicectlg tonanubistrataiwither 20

i | at | | | i ti.oned d th ] d
ChITa of oct P [l o in acepBRRs LG RERTL VA R i dpotriet A8 ar s o
claim77 in4pRi47B i Qintllan 0y thd & Hig 46RAEB dxSepithubiie okifloR oS Eylindadl wadt h

parallel to the substrate. 25 84. The apparatus of claim77 in which said
novabl e j etl2@ifcidrediand tslgysl of the clecrplyteds changed Pruadivgtiar thoflew gate ghther at e.

gg: Thelépp%fe@&&%gﬁvh%{, i’}le.rﬁogv“rale”of‘f‘ﬁﬂ G%abfife l‘a{rgee%d%éc?roi el%vélgéﬁi sath. 30

An apparatus ating a frimon a“su ate, conprising: 'substrate
hol der for ples tiel whultyyafeh eres idxstichad by the eecholyie. Bheeltiecflowirate &, smill, thel 2 AUG

2002 WD 99/ 41434 PCT/ US99/ 00964 at |.east one mmvabpl e | et apode for

suppl yi ng p|e§fvﬁ§tegﬁ$ Qﬁ?wasﬁdhaéI“EdFF‘B‘P%HIé”‘E“B“th@agﬁS%Esr%ﬁt 8?8’5 glearefiFabl e

j et anode bgk gehwiPAR) €478 The latifE plodlts E@{)@Htﬂhié EmbdiEmenthsd dQkAbRUss ace; a
flow controller for controlling efectrolyte flow ng through said novabl e

j et 5 anodefoligwst east one control system coupled to said novable jet anode
and saiqstOM/controIIer to provide electrolyte and plating current in
conbi nation to successive portions of the substrate to provide a
cont i nuous, ]4Ai Peess slebLlor pia intiivti Eors W arTie :

QL LRI VD

Step 1: Tum on LMFC 55 and to set a flow rate sufficiently large that the electrolyte
touches the whole area of wafer 31.
Step 2: After the flow of electrolyte is stabilized, turn on power supply 11 to output
20  positive potential to anode 4, and turn on power supplies 12, 13 and 14 to output
negative potential to anodes 3, 2, and 1, respectively. Therefore, positive metal ion will
be plated only onto the peripheral portion of wafer 31 above anode 4.
Step 3: When the thickness of the conductive film on the peripheral portion of the wafer
reaches the set-value or thickness, turn off power supply 11.
25  Step 4: Reduce the flow rate of the electrolyte to such a value that only the peripheral
portion of the wafer plated by the metal thin film in step 3 is out of the electrolyte.
Step 5: Repeat steps 2 to 3 for anode 3 (turn on power supply 12 to output positive
potential to anode 3, and turn on power supplies 13 and 14 to output negative potential to
anodes 2 and 1).
30  Step 6: Reduce the flow rate of the electrolyte so that only the peripheral portion of the
wafer plated by the metal thin film in step 5 is out of the electrolyte.
Step 7: Repeat steps 2 to 3 for anode 2 (tum on power supply 13 to output positive

potential to anode 2, and turn power supply 14 to output negative potential to anode 1).
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by successive plating of the filin on the portions of the SUbrsrtra%‘FG zﬂﬂg 87.
The apparatus of claim86 in which said novable jet anode is \?a e a
straight p lel to the substrate. 88. The apparatus | 6 in
whi ch sai d%\?g@{“ ‘Lj et anode is novable in a 15 curved pat%ngrgg)loﬁgg? to

the substrate. 89. The apparatus of claim88 in which the curved his a
spiral path.Stgp8: ﬂ@éu@ﬁbaﬁaw%eef the pleptrRlYge sp Hhahpply qupgﬂmr’e&? tge

posi tioned hgrs ' : e Movabl e j et anode.
91. The appa?gﬁeﬁ@%?bg%giﬁagg}%ﬁﬁﬁv\m% tﬁg&sﬁgﬁlzﬁlﬁ% pl aced vertically
adj acent to Swp@: nBembl siefseX toah bmteno®5] GRm dmpapasupplys! 4 toroytpuitposiggver fi | m
on a substrat conprising: a substrate hol der for positioning the
substrate abﬁég’“&ﬁmé‘%@?aol yte surface; a first drive mechani smcoupled to
said subsgrate holder to nove said substrate holder toward and away from
the electrolyte surface to control a portion of a surface of the substrate
contacting t 3. IrQCEES SIS SUSGCHIOMEN HAMSIONNINAEE SCEC er PIgied S

anode nounteg,in said bath; a second drive nechani smcoupled to said bath
to rotate sald bath around a vertical axis to forma substantially

par abol i ¢ sh8pp 10f Ihdrease tlecflavotayd ef thelelecumdyte €07 that the AviAlCar20 42 wdfar 39/id 1434
PCT/ US99100964 a %o tr(?l s?/stem coupled to said first and second drive
mechani sns affyched % ropast one anode to provide electrol yte and

plating eyrr b 1 NAGRFRSW A tBRizED t\ﬁH%ﬁ%@@ér\éﬁpﬁl%tlitl,ﬁﬂ?lﬁlfanﬂhﬁ. mtpgmiw,e to
y

provide a continuous, uniformthiclrness filmon the substrate

successi ve pthataurrgntoffom Ieactt pawer supalnds propertionsd tofthe: wafes atpstaosiered by the. The
apparatus of cl ai 9%)?151' ther comprising at | east one flow controller to
supply f_reshc%-eg%‘ﬁdg‘ é&a‘HPP‘Hg’%F%% ng. 94. The apparatus of claim92 in
whi ch sai d abtepaast T Bpeee sasphies 1568, d31hdol 41 aedhe tsymeftinenates plaihg  The
apparatus of claim92 further conprising a third drive mechani smcoupled to

sai d subst r aP&TeRblsdesed (2 theothigkaess andormiy duning yamablel chltegrabivelyl, eachpower
vertical y§0 E%?lysééﬁfb@ﬁﬁn&lfoff” 19 dfbsH {iﬁa}e?or aﬁ@g&%&fﬁé@ﬁ?@%@&%fﬂ%tﬁ lating a

filin on a substrate, conprising: a substra or positioni’ng the
substrate above an electrolyte surface; a first drive mechanismcoupled to

id substrate hold . | d subst hol d d f
The ol oot of yte SEifr ol IBB L Abahir SHRRITFLAT R e Parih srlopic pover O

supplies and a single LMFC for plating a conductive film directly on a substrate with a

barrier layer on top in accordance with the present invention. The embodiment of Figs.
20  48A-48B is similar to that of Figs. 47A-47B except that the level of electrolyte is fixed
and the wafer 31 itself can be moved up and down to adjust the size of the wafer area
contacted by the electrolyte. When wafer 31 is moved to the lowest position, the whole
wafer area is touched by the electrolyte. When the wafer is moved to the highest
position, only the center area of wafer 31 is contacted by the electrolyte as shown in Fig.

25  48B. The plating process steps with this embodiment are described as follows:

15A. Process steps for plating conductive film (or seed layer) directly on barrier layer.
Step 1: Tum on LMFC 55, and move wafer 31 to such a position that the electrolyte

contacts the whole area of wafer 31.

30  Step 2: After the flow of electrolyte is stabilized, turn on power supply 11 to output
positive potential to anode 4, and turn on power supplies 12, 13 and 14 to output
negative potential to anodes 3, 2, and 1, respectively. Therefore, positive metal ions will

be plated only onto the peripheral portion of wafer 31 above anode 4.
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20 the substrate contacting the electrolyte; a second dri veB?eCdean§m
coupled to said substrate holder to rotate said substrate h er around an

axi s verti%”g?“t he surface of the substrate; a third dri\{,(g,rmgg;)@bﬁhsm

coupl ed to sal Y8bstrate holder to tilt said substrate holder w r espect
to the elecirolyte surface, 25 a bath for_the electrolyte, at_|east one
anode nount @ppn%ndﬂ%&q%ws& °§§’ﬁt°? uckye filgnon the perarhera Paiep of the Saferg o ong
and third dg, gyb@aaieﬁﬁﬁl 896l vafie SRUHIIAESs| @ASSEF &&@ﬁ@@m.o provide

el ectrolyte aﬁﬁsgﬁ ting curerent ﬁlﬁ conbi nsgiion tg sﬁcc ssive portions of

t he subst r aStep o Movewade 34 updntippsigenssuckthiaf anlyrthelpedpherss pertibh bfthewad t he

substrate by, syccessiv | at.ing of .the filmon t portions of the
substrate. él?t.eg%ﬁghedﬂ%glr@[‘ﬂ@mdgs@’ ailsr’r?%ghf%tarc? ngﬁfﬁfﬁ‘i&?lé’{éng at | east one
flow cong rOSieprS:tReé_s?dp&hy 2f 1063 for@in6@d B Ghurtt n Paivien Supplyal 2 !Etgoutg&_ positivé AUG
2002 WO 99/ 41434 PCT/ US99/ 00964 98. The, apparatus of claim96 in which said

at | east onpoteitighto ¥9epAi ardstusn powar SupRligs 48 2a¢h df e outpy negptveofeatalitas of
claim96 i n%g@a&$§_thi rd drive nechanismis configured 5 to tilt the
substrate holder 1n tilting angle fromabout O to 180 degrees. 100. The
appar at us oBtepbaMovesvadetdiltupan alpbsitieroswoh that ordy the perplietah partiou of the sdafani sm

coupled to said.bath to rotate said.bath_ around.a vertical axis to forma
subst anti al Plﬁteggygﬁd'f‘?@%lﬂﬁte? és‘é‘}tSE?‘?“&}%wggl?FFe&E%l}'teio 101. A net hod
for plajpngs@pf | Repedt sefl@Sior B forl o8k DQRSEn O RwHEIRHE1 Do BuptidsdsiiAte:
conprising: providing a plurality of stacked plating nodul es’ and a
substrat e t petergiabta anede Aearbititsen povEer SURIRY A taiputputnggative potential derarpde
substrate holder with the substrate transferring nechani sm | oading the
substrate into a first one of stacked plating nodules with the substrate

transf erri ngtef8c Mdariesvafer1aip to@ pasifiod diick that by sielpsiipiat£ pbiioh bEthe iwagdr t he
one of the stacked platjing nmodules; .20 returning the substrate to said

substrate hﬁﬁaﬁébqufﬁetﬁﬁén’s%iﬁs@f’gi%?‘ﬁﬁgf%}tq’qw&hﬂ@cﬂlﬁmm 102. The net hod
of clai ﬁ%log}egfgf'rk@ at §R toswgf&nta&est(aﬂn%;po@fer ?ﬁpf@%!t@guthgte}t)%g{v@ on the

substrate, I ng the substrate by at |'east one o Spi nni
substrat e opotentrabtrtdanede tx yi ng gas onto the substrate. 103. The nethod of
claim101 in which at |east a second one of the plurality of
I succeedi 1 plati h tal seed r
15A.
20  Step 10: Move wafer 31 down to a position such that the whole area of wafer 31 is
contacted by the electrolyte.
Step 11: After flow is stabilized, turn on power supplies 11, 12, 13, and 14. In principle,
the current from each power supply is proportional to the wafer area covered by the
corresponding anode or power supply.
25  Step 12: Tum off power supplies 11, 12, 13, and 14 at the same time when plating
current is used as thickness uniformity tuning variable. Alternatively, each power supply
can be turned off at a different time for adjusting the film thickness uniformity.

4. Single Power Supply and Single LMFC

30 Figs. 49A-49B is another embodiment of an apparatus with a single power
supply and a single LMFC for plating a conductive film directly on a substrate with a
barrier layer on top in accordance with the present invention. The embodiment of Figs.
49A-49B is similar to that of Fig. 45A-45B except that the number of power supplies is

reduced to one, and all the anodes are connected to single power supply 11. Similarly,
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pl ati ng nodul es is a cleaning nodul e, fiuther conprising the1§§5§ @p
after plating, picking up the substrate with the substrate tr r 419

mechani sm 3 he first one of the stacked pl ating nodules:; ing the
substrate i%%gg?ﬁy“second one of stacked plating nodul es forP‘égfuengr@%%‘;

cleaning the substrate in the second one of {he stacked plati noqul es;
and drying t K¢ Slipdugahalls sanimpeyedpaga dowRdo 64Ju$ the f?’t“é%ﬁ" g«sa‘?(gﬂgm ul es.

79 VIO 99/ 4188407Tngifh 20085 RATNEPRAIRA th0% wDB LB R AT
plating a filmon a substrate, conprising: at least two plating baths

posi tioned i theapertian kddvafed ahiove nwails pl0Saand E¥s tThe mdataghproeeass stepo with rthisa
substrate transferri chanj s 5 a frame supporting said plating baths,
sai d subst rate@%ﬂglmg{]gﬁﬁgscgg?%sﬁ}msr ate transferring nechanism and a
control sgstem coupled to said substrate transferring nechanism substrate
hol der and said plating baths to continuously performuniformfilm
deposi ti on od&a psalsiepsdopplatingcondugiive Jdmdor sead lave 50m b g8 t ool of

claim 104 fi ef. SRR, SilRe: I (P AT j j .t din a
st acked rel atsltt Jobn{s'h’li;p W sgi Séaé?td rﬁ%&scly i‘ﬁ@’o"%ﬁg’ﬁ ﬁg’ at éﬁﬁig‘& %’6%0 e

aut omat ed t oghe elbctrlyte mnlyOcbniaotsvihe portibh ef shibwhfen bleove rexlisdriealr walls Y cdndni sm

i ncl udes a tglgscoping menber novable in x, y and z axes. 107. The

aut omat ed t odP%of claim 104 in which said substrate transferri ng mechani sm

i's mount g or¥ig POLARMBO bW YT Wctrsitedisi stdiRed, 20m1fBpowdiSuppty AMeP&gtiveool  of
claim 104 in which said substrate transferring nechanismis nounted on a

top portion dretadpes WilbbreplatedgnioThe partion @hmater 86 @bovst cydindriael walls $Gl-andher
conpri si ng atlogeast a second set of 25 plating baths positioned in a
stacked rel ationship and at | east two additional cleaning nodul es

posi tioned i rStep 3t Adteadhd thickhess s thezonduckivs alndl reacimo nisk Sredet@minet atthvagnebat hs.
80 .AS.A .AAY, A?.A A .ARAY.A3RA ,Y.A o

e. AU, . A3{ S. AWyhigigress, Aurnoff poweresupply A1, ApEmese cxlindricalwellssiOl ppd A0 teapn| . A9
E. AU3. AY.14" . Aodbr AkitAE! - AQ A(

E. AHYl . ANE. As. A@'. A9. AY. A. AL. As. AE. AL. A&Y. A" hyl . AlE. A" . A(. A{. A(. A& A9. A Al .
A& AY. AL. A(| .Stepd: Repgardtepal to. 36or eptindrigdd wallls A8 indAQYYmage ¢yVinddcahwalls 105

* HI$&t %' +5<F

{upje [ V] cRa]agg]]%f%5%%‘8]%%%3&61?@5%1@5‘]}’83\% Scugflé'a}]léa\/j ca] ca] caV] ca]ca]ca] ca
] ca] ca] ca] ca]sig] $" Regsathiep a\thraathe HjoqalovRaube 109 up to close to wafer 31, and turn on

power supply 11).

¥

Beg®

20
t 0 ceedi ing on tal la ed in s

16A.
Step 6: Turm on LMFC 55, and move all cylindrical walls 101, 103, 105, 107 and tube
109 up to close to wafer 31.

25  Step 7: After all flows are stabilized, turn on power supply 11.
Step 8: Move all cylindrical walls down to lower position at the same time, then turn off
power supply 11 when the film thickness reaches the predetermined set-value. Each pair
of cylindrical walls can also be moved down at different times with power supply 11 on
in order adjust the thickness uniformity. For example, as shown in Fig. 49B, cylindrical

30  walls 105 and 107 are kept at the higher position with power supply 11 on. The wafer
area above cylindrical walls 105 and 107 will have extra plating film on that portion. The
extra plating time length and location can be determined by analyzing the thickness

uniformity of the film on the wafer through later film characterization.
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of cyanide electrolyte is: Potassium gold cyanide, Potassium cyanide, Potassium
carbonate, Dipotassium monohydrogen phosphate, Potassium hydroxide,
10 Monopotassium dihydrogen phosphate, and Potassium nitrate.

Additives can used to enhance film quality in terms of smooth surface, small
grain size, reducing the tendency to tree, small film stress, low resistively, good
adhesion, and better gap filling capability. In the case of acid copper plating, the
following materials may be used as additives: glue, dextrose, phenolsulfonic acid,

15  molasses, and thiourea. Additives for cyanide copper plating, include compounds having
active sulfur groups and/or containing metalloids such as selenium or tellurium; organic
amines or their reaction products with active sulfur containing compounds; inorganic
compounds containing such metals as selenium, tellurium, lead, thallium, antimony,
arsenic; and organic nitrogen and sulfur heterocyclic compounds.

20
5. System Architecture Design (stacked structure)

Figures 52A-52C are schematic views of an embodiment of a plating system for
plating a conductive film on semiconductor wafer in accordance with the present
invention. It is a stand alone, fully computer controlled system with automatic wafer

25  transfer and a cleaning module with wafer dry-in and dry-out capability. It consists of
five stacked plating baths 300, 302, 304, 306, 308, five stacked cleaning/dry chambers
310, 312, 314, 316, 318, robot 322, wafer cassette 321, 322, electrolyte tank 36 and
plumbing box 330. As described above, plating bath 300 consists of anodes, cylindrical
walls or tube, wafer chuck and a driver to rotate or oscillate wafers during the plating

30  process. Electrolyte tank 36 includes a temperature control. Plumbing box 330 consists
of a pump, LMFCs, valves, a filter, and plumbing connections. The plating system
further includes computer control hardware, a power supply and an operating system

control software package. Robot 322 has a large z-travel. A telescopic type (stacked)
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Step F: After finishing plating, robot 322 pick up the plated wafer from the plating bath,
15  and transports it to one of the cleaning/drying chambers (310, or 312, or 314, or 316, or
318).
Step G: Cleaning the plated wafer.

Step H: Drying the plated wafer through spin-dry and/or N purge.
Step I: Robot 322 picks up the dried wafer and transport it to cassette 320 or 321.
20
Fig. 53 shows the process sequence for plating multiple wafers simultaneously.
The process sequence for plating multiple wafers is similar to that for plating a single
wafer except that the computer checks if there is any unprocessed wafer remaining in
cassette 320 or 321 after process step I. If there is no unprocessed wafer remaining in
25  cassette 320 or 321, then the system loops back to step A, i.e. loading new cassettes or
exchange cassettes. If there is still an unprocessed wafer remaining in cassette 320
and/or 321, then system will loop back to step D, i.e. robot 322 picks the unprocessed
wafer from cassette and transports it to one of the plating baths.
Process step E may include two process steps, a first to plate a seed layer directly
30 onthe barrier layer and a second to plate a metal film on the plated seed layer.
Instead of carrying out seed layer plating and the metal plating on the seed layer
in one bath, the two process steps can be performed at different baths. The advantages of
doing two process steps in different baths is to give better process control or a wider

process window, since the electrolyte for seed layer plating may be different from that
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Instead of arranging five plating baths and five cleaning/drying chambers, the
number of plating bath and number of cleaning/drying can be varied from 1 to 10 as

15  shown in the following table.

Type 1 2 3
No. of plating bath 1 2 3

No. of cleaning/drying chamber | 9 8 7

The preferred range is shaded in the above table.
Figs. 54A-54C are schematic views of another embodiment of a plating system
20  for plating a conductive film on a semiconductor wafer in accordance with the present
invention. The Figs. 54A-54C embodiment is similar to the embodiment of Figs. 52A-
52C except that the cassette 320 is moved up and down by a robot 323. The position of
cassette 320 is moved up and down to match the position of the robot, so that robot 322
does not need move in the Z direction when picking up an unprocessed wafer from
25  cassette 320 or putting a plated dry wafer back into cassette 320. This increases the
transporting speed of robot.
Fig. 55 is a schematic view of another embodiment of a plating system for
plating a conductive film on a semiconductor wafer in accordance with the present

invention. Fig. 55 is similar to the embodiment of Figs. 52A-52C except that robot 322
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10( 10' 10 invention. It consists of three columns of platmg baths and cleamng/drying chambers, a

linearly movable robot 322, a display screen 340, two stacked cassettes, a plumbing box
330, and an electrolyte tank 36. Plating process steps are similar to those described for
the embodiment of Figs. 52A-52C.

15 Figs. 58 A-58C are schematic views of a further embodiment of the apparatus for
plating a conductive film directly on substrate with barrier layer or thin seed layer on top
in accordance with the present invention. The plating bath includes anode rod 1 placed
in tube 109, and anode rings 2, and 3 placed between cylindrical walls 107 and 105, 103
and 101, respectively. Anode 1, 2, and 3 are powered by power supplies 13, 12, and 11,

20  respectively. The charge delivered by each of the power supplies in the plating process is
monitored by charge meters 11A, 12A, and 13A, respectively. Electrolyte 34 is pumped
by pump 33 to pass filter 32 and reach inlets of liquid mass flow controller (LMFCs) 21,
22, and 23. Then LMFCs 21, 23 and 23 deliver electrolyte at a set flow rate to sub-
plating baths containing anodes 3, 2 and 1, respectively. After flowing through a gap

25  between wafer 31 and top of cylindrical walls, electrolyte is fed back to tank 36 through
spaces between cylindrical wall 100 and 101, 103 and 105, and 107 and 109,
respectively. A pressure leak valve 38 is placed between outlet of pump and electrolyte
tank 36 to leak electrolyte back to tank 36 when LMFCs 21, 22, 23 are closed. Bath
temperature is controlled by heater 42, temperature sensor 40, and heater controlier 44.

30 A Wafer 31 chucked by wafer chuck 29 is connected to power supplies 11, 12 and 13. A
mechanism 30 is used to rotate wafer 31 around z-axis at speed wz1, and oscillate wafer
31 in the X, y, and z direction. LMFC is an anti-acid or anti corrosion, and contamination

free type mass flow controller. Filter 32 should filter particles larger than 0.05 or 0.1 um
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Step1: Turn on power supply 11,

10 Step 2: Turn on LMFC 21 only, so that electrolyte only touches portion of wafer above
anode 3. Positive metal ion will be plated onto the area portion of wafer 31 above anode
3.
Step 3: When the thickness of conductive film reaches the set-value or thickness, go to
step 4 with power supply 11 and LMFC 21 on.

15  Step 4: Repeat steps 1 to 3 for anode 2 (LMFC 22, and power supply 12), go to step 5
with power supplies 11, 12, and LMFCs 21 22 on.
Step 5: Repeat step 4 for anode 1 (LMFC 23 and power supply 13). When film thickness
on whole wafer reaches set-value, turn off all power supplies and LMFCs at the same
time.

20

During the above plating process, power supplies can be operated at DC mode,

or pulse mode, or DC pulse mixed mode. Fig. 59 shows each power supply on/off
sequence during seed layer plating. After completion of step 3, the output voltage of
power supply 11 can be reduced to a level such that no plating or deplating happens on

25  the portion of wafer above anode 3. Also after completion of step 3, and 4, the output
voltage of power supplies 11, 12 can be reduced to a level such that total charges
delivered to anode 3, 2, and 1 during time T3, T2, and T1 meets the following
requirement:
Q3 / (area above anode 3) =

30 Q2/(area above anode 2) =
Q1 / (area above anodel) = pre-set value
Where Q3 is total charge delivered to anode 3 during whole plating process, Q2 total
charge delivered to anode 2, and Q1 total charge delivered to anode | during the whole

plating process.
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accordance with the present invention. Plating bath 88 is rotated by a mechanism means

(not shown) to form a parabolic surface of electrolyte. Anode 804 is set inside of bath 88
15  and connected to power supply 806. Wafer chuck 29 is driven in x, y, and z movement,

and 1s rotated around the z-axis.

Toces i i irectly on barrj T -thi

laver.
20  Stepl: Deliver electrolyte to bath 800;

Step2: Rotate bath 800 around z-axis at a speed of wz2 to form a parabolic surface on

top of electrolyte;

Step 3: Turn on power supply 806;

Step 4: Move the chuck down at a certain speed until the whole wafer surface is touched
25 Dby electrolyte. The rotation angle or tilting angle is in the range of 0 to 180 degrees. The

speed of the chuck moving down determines initial film thickness distribution. This

initial thickness distribution affects potential across the wafer during the succeeding

plating.

Step 5, when the film reaches the pre-set value, turn off electrolyte pump, power supply,
30  and driving means to drive bath 800.
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conductive film in accordance with the present invention. The embodiments of Figs. 64

and 65 are similar to these of Figs. 62 and 63 except that the height of insulating walls
located from the center to the edge of the bath are the same.

Fig. 66 shows another embodiment of apparatus for plating conductive film in

15  accordance with the present invention. The embodiment of Fig. 66 is similar to that of

Fig. 61 except that chuck 29 can be rotated around the y axis or the x-axis so that only

peripheral part of wafer is contacted by electrolyte. The rotation angle or tilting angle is

in the range of O to 180 degrees.

20 . S st ati ive irectly o ler Javer or ultra-thin se

layer,
Step1: Deliver electrolyte to bath 800,

Step2: Rotate chuck 29 around y-axis at an angle Oy,
Step 3: Rotate chuck 29 around z-axis at a speed of wzl,

25  Step 4: Tum on power supply 806;
Step 5: Move chuck 29 down (z-axis) at a certain speed until the whole wafer surface is
contacted by electrolyte. The speed of chuck moving down determines initial film
thickness distribution. This initial thickness distribution affects potential across the wafer
during the succeeding plating.

30  Step 6: When the film reaches the pre-set value, turn off electrolyte pump, power supply,
and driving means to drive chuck 29.
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10  accordance with the present invention. The embodiment of Fig. 69 is a combination of

those of Fig. 61 and Fig. 66. The advantage of this embodiment is to provide additional

variable to control position of a wafer relative to the surface of the electrolyte.

g r_platin v irectly o jer jayer o -thi

15  layer.

Stepl: Deliver electrolyte to bath 800,

Step2: Rotate chuck 29 around the y-axis at an angle Oy,

Step 3: Rotate chuck 29 around the z-axis at a speed of wzl,

Step 4: Rotate bath 800 around the z-axis at a speed of wz2 to form a parabolic surface
20  on top of the electrolyte;

Step 5: Turn on power supply 806;

Step 6: Move chuck 29 down (z-axis) at a certain speed until the whole wafer surface is

contacted by electrolyte. The speed of the chuck moving down determines initial film

thickness distribution. This initial thickness distribution affects potential across the wafer
25  during the succeeding plating.

Step 7: When film reached the pre-set value, turn off electrolyte pump, power supply,

and driving means to drive bath 800 and chuck 29.

During process step 6, after wafer is fully touched by electrolyte, the wafer chuck 29 can

30  be rotated around y-axis to make it horizontal. This will enhance the film uniformity.
Figs. 70 and 71 show another two embodiments of apparatus for plating
conductive film in accordance with the present invention. The embodiments of Figs. 70

and 71 are similar to that of Fig. 69 except that the single anode is replaced by multiple
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plating an additional thickness on thc continuous seed layer to give a continuous film of

a second uniform thickness greater than the desired thickness of the seed layer on the substratc.
15 '

4. The method of claim 3 in which the film is plated on the first portion of the substrate
by flowing an electrolyte on the first portion of the substrate surface and applying a plaring
current to plate the film on the first portion of the substrate until the film reaches the desired
thickness; repeating the electrolyte flowing and plating current flowing steps for at least the

20  second pordon of the substrate to plate the film on the second portion to the desired thickness;
end flowing electrolyte to the first portion and at least the second portion of the substrate and
applying plating current to at least the second portion until the second uniform thickness is
obtained.

N
LA

5. The mcthod of claim 4 in which the film is plated on the first and second portions of
the substrate by independently providing plating current to plating electrodes for the first and
sccond portions.

6. The method of claim 5 in which the electrolyte is independently flowed to the first
30  and second portions of the substrate.

7. The method of claim ] in which the film is plated on the first and the second portion
of the substrate by flowing electrolyte on the first and the sccond portion of the
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10. The method of claim 7 additionally comprising the step of moving the first
portion of the substrate out of the electrolyte after the film reaches the desired thickness
15 on the first portion of the substrate while applying the plating current to the second

portion of substrate.

11. The method of claim 1 in which the film is plated on the first and the second

portion of the substrate by flowing electrolyte on the first portion of the substrate while

20  plating the film on the first portion of the substrate, and by flowing electrolyte to the first
and second portion of the substrate at the same time while plating the film on the second

portion of the substrate.

12. The method of claim 11 additionally comprising the step of providing a
25  sufficient plating voltage to the first portion of the substrate to prevent deplating after the
film reaches the desired thickness on the first portion of the substrate while applying the

plating current to the second portion of substrate.

13. The method of claim 1 in which the film is plated on the first and the second

30 portion of the substrate by only flowing electrolyte on the first portion of the substrate
through moving a movable jet anode close to the first portion of substrate; and by only
flowing electrolyte on the second portion of the substrate through moving a movable jet

anode close to the second portion of the substrate.
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of the substrate by separately moving a movable jet anode close to the first portion of

substrate and moving a movable jet anode close to the second portion of the substrate.

15. The method of claim 1 in which the film continues to be plated on the first
portion of the substrate while the film is plated on the second portion of the substrate.

16. The method of claim 15 in which the film is plated on the first and the second

10 portion of the substrate by flowing electrolyte on the first portion of the substrate while
plating the film on the first portion of the substrate, and by flowing electrolyte to the first

and second portions of the substrate at the same time while plating the film on the first

and the second portion of the substrate simultaneously.

15 17. The method of claim 16 in which the film is plated on the first and second
portions of the substrate to the desired thickness to give a continuous seed layer, further
compring the step of:
plating an additional thickness on the continuous seed layer to give a continuous film of
a second uniform thickness greater than the desired thickness of the seed layer on the

20  substrate.

18. The method of claim 1 in which the film is plated on the first and the second
portion of the substrate by flowing electrolyte only on the first portion of the substrate
while plating the film on the first portion of the substrate, and by flowing electrolyte to

25  the first and second portion of the substrate at the same time while plating the film on the

second portion of the substrate.

19. The method of claim 18 additionally comprising the step of providing a
sufficient plating voltage to the first portion of the substrate to prevent deplating after the
30  film reaches the desired thickness on the first portion of the substrate while applying the

plating current to the second portion of substrate.
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comprising the step of:
plating an additional thickness on the continuous seed layer to give a continuous film of
5 a second uniform thickness grater than the desired thickness of the seed layer on the
substrate.
21. The method of claim 1 in which the second portion of substrate is adjacent to
the first portion of substrate.
10
22. The method of claim 1 in which the substrate is a semiconductor wafer.
23. The method of claim 22 in which the semiconductor wafer is a silicon wafer.
15 24, The method of claim 23 in which the silicon wafer includes a barrier layer on
its top.
25. The method of claim 24 in which the barrier layer is titanium, titanium
nitride, tantalum or tantalum nitride.
20

26. The method of claim 24 in which the semiconductor wafer further includes a

seed layer on top of the barrier layer.

27. The method of claim 26 in which the seed layer is thicker proximate to a

25  peripheral area and thinner on an inner area of the semiconductor wafer.

28. The method of claim 22 in which the film fcomprises interconnects in

integrated circuits on the semiconductor wafer.

30 29. The method of claim 28 in which the intercc}nnects are in a damascene

structure.
30. An apparatus for plating a film on a substrate, comprising:
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to said at least one anode and said at least two flow
controllers to provide electrolyte and plating current in combination to successive

portions of the substrate to provide a continuous, uniform thickness film on the substrate
by successive plating of the film on the portions of the substrate.
10
31. The apparatus of claim 30 in which said at least one anode comprises at least

two anodes separated by an insulating wall enclosing each of the at least two anodes.

32. The apparatus of claim 31 in which the insulating wall of each anode is of
15  the same height.

33. The apparatus of claim 31 in which the insulating wall of each anode is of a

different height.

20 34. The apparatus of claim 31 in which the insulating wall of each anode
proximate to a center of the substrate are higher than the insulating wall of each anode

proximate to an edge of said substrate.

35. The apparatus of claim 31 in which the insulating wall of each anode
25  proximate to a center of the substrate are lower than the insulating wall of each anode

proximate to an edge of said substrate.

36. The apparatus of claim 31 in which the at least two flow controllers are
separate valves for selectively supplying plating electrolyte to the portions of the
30  substrate adjacent each of the at least two anodes, the apparatus additionally comprising

at least one pump coupled to the separate valves.

37. The apparatus of claim 36 in which the at least one pump comprises two

pumps.
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39. The apparatus of claim 36 in which the valves are liquid mass flow control

valves.

40. The apparatus of claim 31 in which the at least one control system is

configured to selectively supply plating current to said at least two anodes.

41. The apparatus of claim 31 additionally comprising a plurality of electrolyte
flow channels configured to supply the electrolyte to the successive portions of the
substrate.

42. The apparatus of claim 41 in which each of said plurality of electrolyte flow

channels has an inlet and a plurality of nozzles facing said substrate holder.
43, The apparatus of claim 41 in which two adjacent electrolyte flow channels
comprises at least one electrolyte return path between the two adjacent electrolyte flow

channels.

44. The apparatus of claim 30 in which said substrate holder is movable up and

down for adjusting a gap between said substrate and said anode.

45. The apparatus of claim 30 in which said substrate holder is oscillatable in a

horizontal direction during plating.

46. The apparatus of claim 30 in which said substrate holder is rotatable around

an axis vertical to substrate during the plating process.

47. The apparatus of claim 30 further comprising a temperature control device to

maintain said electrolyte at a constant temperature during the plating process.
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pulse or duplex pulse mode.

20 54. The apparatus of claim 52 in which said at least two pulse power supplies is

operable in a phase shift mode.

55. The apparatus of claim 30 in which said control system comprises at least
one charge monitor to measure thickness of film being plated.
25
56. The apparatus of claim 55 in which said control system includes software to
control thickness uniformity of film being plated on the substrate based on thickness

input from the at least one charge monitor.

30 57. The apparatus of claim 30 in which said at least one anode has a circular,

elliptical or polygonal shape.

58. The apparatus of claim 57 in which the polygonal shape is a triangle,
square, rectangle or pentagon.

72



"10%K" & () - HF 10" & () -JIxxxy]yyz|[:vU4H ! H H10%K" & ()-H H 109" &

HSYA0%K" & ()- HO $10%K" & ()- Hy" 109" & ()- Hf & 10%<" & () - 222 {ANG( EW vU4H !
H HLY4 10 H 110%K" & H H 10%K" & H 10%K" & (

Hos, 3" 10%?‘@Lgf %’)"“ * 100" & ()(%7| TN ob&H | H 10% " \é"(‘)mis@?{”“fﬁk 10K" H
H <10%" & ()- HI9S10%" & ()- H7109%C" & ()- H610%C" & ()-|||y}=Y==| [:bUAH I H
H 310% "\ & ()- HLL10% "\ & ()-H H 10% "\ & ()- H 10% "\ & ()- H 10% "\ & ()-
HYML0% "\ & () - ~d & H
10% "\ & () - 0 %l A&h?(‘%ﬁﬂﬁfzws& %@ﬁ7 1\186v1(1&h szﬁ‘i aﬂ&i%con\'rl‘fiﬂge)ﬁ* a%lléﬁ]&'&&sub ()-
H@ ) S10% "\ SAr(o)iesl-wobi@mdﬂﬂwdrm&&u( QIFCUH@ﬂl(pt/lcal\O&pQIygoﬂdl $apd0n "\ & () -

H @0% "\ & ()-."| [NA4H 1 10\ "\ 10\ "\ 10\ "\ H&<10% "\ & ()-H HF 6- 10% "\ & ()-

HY4Y' 109 "\ & ()- HS- 10% "\ & ()- HS, Y"10% "\ & ()- “||[: NA4H ! 10
HS109%6q9" 5& () - HS’J(ﬁ%Ia a(tﬁsd‘ﬂ otEhOSdbiR "WiicH e sob-hRGdRS a{%@elé&tncah&@é’@éﬂecﬁ& ()-
H' 109%64" 5& ( gl [: NA4H 110 H&F "109%q"5& ()- HS 10%q" 5& ()

1096q" 5& () ormsacjmm 5& ()- HO! 109Bq"5& ()- H, 1096q"5& ()-gS | [: NA4H
110 Hy%d09%q"5& ()- HI$F"109%q"5& ()-H Hf "ml0%q"5& ()- Hf! 1096q"5& () -
H,110%%q"5& ()- H 109%6q"5& ()- f:|[:NAAH 110 H943"109%%q" 5& () -
H21096q" 5& () H HIFThe Wppptdids ¢f) claibl 1@%%&& sén)d contrdlOgEgtnSRirthyr-includes a

H&f , 3" 1096q" 5& ()-$qg| obU4H | . Hl 1098" & 5105
H8<109%6q" 5& logic %Pl@%@ k§&“‘(‘)““y|91{8 ti"o%%] é CGSFA&%P/[SE‘E%‘%gf 3? film gpithe huaH |
L0V (BRI, H HIOW & () 0y & () F 10060 E ()

Hz1098" & ()-1B|[:bUAH T H HL09%B" & ()- HL@"1098" & ()-H HVLOYB" & () -
H 1098" & ()- H 1098"& ()- H9! 1098" & ()-40 [:bU4H | H HUAO0Y%& () -

109" & () - b | - DEAAPF SpFepit o g o] st 3 i ofmas

HL@ G' 10%8" &1¢w char¥@10 %@ &' which $didlal Y&hstéwlo) flowy ednitibtiers each comprise a valve and
H'109% & ()- 108" 108" 108" H H&<1098" & )- H5 109& ()- Hb

1098" & () - +78cgytiehirprpyone of SPIQIP!L‘G%%°%91¢°t¥9131956"&06‘¥mﬂ5 H109% & () -
HY-1006 & ()- H 1096 & ()- H 1096 & ()-?3|[: bUAH | H HyY-10%6& ()- H

109% & ()-H H3 "10% & ()- HL0% & () - Hs 3"10% & ()- H 10% & ()-+ |[:bU4H !
H H*109% & ()- H ' 6310PheRaypprahis HIELEloth® 62) in WRRB" &BB6AlVeE) andHOUD4i& thdially

H 10% & ()-9B| [.: bUAH, !. H H5109% 44"10% & ()-H H2' 10% & () -

H010% & () - g %E“}“’?‘°|%°F§“€f1&}g'g&“%’5t§ YUAH | 1@! 109" E& () -

#] L1 1099" 7& () - H#10% "\ & ()-10"10"10" H s<10% & ()- H510% & ()-7$! zYSvU4H
1" HA"10% "\ & ()- 4"10% & ()- H@"10%" \&ch) Z 4"10%& ()-Z

~4"10% & () Z- 1 HL64. Tronagparatug 9f ¢laivy p2inbich said purabiygoi(fjow controllers each

100 e AT LA b AR G

H "1098" & () edrffiginted @ turi 6ff the vdi09fhohe &f (e fisy fonttoliets whitle Ilatih® Filih &n the H

0, 0,
Elf@ié%ﬁ &&( § ) g? 1%/ S /élgxbé%'a € abovel_%e %St éa’? oi& thg )ﬂow 11ianne1 con{'r)olled by the one of the

flow controllers.

25 65. The apparatus of claim 62 in which said at least one anode is a single

electrode.

66. The apparatus of claim 62 in which said at least one anode comprises at least
two electrically connected electrodes connected electrically, each of the electrodes being

30  inadifferent one of the plurality of electrolyte flow channels.

67. An apparatus for plating a film on a substrate, comprising:
a substrate holder for positioning the substrate for contact with a plating

electrolyte;
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one mass flow controller.

73. An apparatus for plating a film on a substrate, comprising:
25 a substrate holder for positioning the substrate for contact with a plating
electrolyte;
at least one anode for supplying plating current to the substrate;
at least one flow controller for controliing electrolyte contacting the substrate
said at least one flow controller comprising at least three cylindrical walls, a first of the
30 cylindrical walls positioned under a center portion of the substrate extending upward
closer to the substrate than a second one of the cylindrical walls positioned under a
second portion of the substrate peripheral to the center portion;
a drive mechanism coupled to said substrate holder to drive said substrate holder

up and down to control one or more portions of the substrate contacting the electrolyte;
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20 75. The apparatus of claim 74 in which said at least one anode comprises at least

two anodes.

76. The apparatus of claim 75 in which said flow controller additionally
comprises at least two valves for controlling flow of electrolyte to different portions of
25  the substrate.

77. An apparatus for plating a film on a substrate, comprising:
a substrate holder for positioning the substrate above an electrolyte surface;
at least one movable jet anode for supplying plating current and electrolyte to the
30  substrate, said movable jet anode being movable in a direction parallel to the substrate
surface;
at least one flow controller for controlling electrolyte flowing through said

movable jet anode;

75



|[; VUAH | H X. AL096q" 5& ()- H&L09Bq"5& ()-H HSf1096q" 5& () - Hy SEAOGEHR () -
HS@09695& ()- HS1096q"5& ()-  {_?vU4H ! H
X AL0%q g\%g)ﬁg,%g@p%q 5& ()-#3° @. AL0%q" 5& () - X. AL0%" 5§ vidscsolkq®a" 5&

X. A109Bq" 5& () - X. AL0%6q" 5& () - X. AL0Y%Bq" 5& () - #3 @X. A10%6q" 5& () - X. A109%q" 5&
'()- 1S\ or=vU4H Wt jgastranepogagiolagystem cepmledoip said ovable jet anode and said flow

SR SR S SRIE oA it YA

7109 & ()- \oitles &f the sutgidte 1OPLLEIdE h contidbiOLs hiform thitBHesO fingof the sybstts &' () -

tvU4H | S 109%" & ()- Y" 109" & () - | ml0%"& ()- "109%" & ()-10"10"10"

& <10% & () - y-SP‘He.g%‘tﬁzﬂratlng@“Té%“’&"‘&%l’-‘m@ni@%‘&“ S%?tesgi (12)%" & ()- S

1098" & (k- @0%"& ()- @s109"& ()-/Lo|[:vU4H | S1098" & ()-

F3" 109" & ()- S1098"& ()- @"1098"& ()- -10%8"& ()- SF 109" & ()-03|[: vU4H
| 6109%" & ()- 9Y43Thoappamtys)of claim G which said gistragoplder (s)rotat ()-

9$3" 1098" & ().-.? L1098, & () - 08 & ()-10$"10$" 10$" <1096" & ()-
“910%8" & ()%ﬁ%ﬁgﬁ@‘%ﬁf&mﬁ*@ fs%% & ()- 10988 ()- Sngz’/é & ()-
10% & ()- f10% & ()- "10% & ()-vR |[:vU4H | y109%& ()- 9 !10% & ()-
104 & ()- y10% & ()- f109% & ():9.& "10% & ()- 215011 &" 1" | [:vU4H |

Y4100 & 8 . )(/10%73 1{‘%‘6 appgrags f gat"?? Fisyiuen &al‘é %‘!bsgﬁib%def {5)‘40[%*’“ into the

109% & (- } " ! NANE-Y T A
11005 ) SRS o RS B 6 g s
S10% 8"' & ( )frefm the@lecBOIy®. () - ( Z10% 8"' & ()-( f#Y10% 8"' & ()-' 10! 10! 10!
“<10% & ()- "4 BRA&RR| [ vUAH |, L109% 8" & ()- , 10%8"' & ()-
*110% 8" & ()- , 10%8"' & ()- ,10% 8" & ()- ,F10% 8" & ()-& ' (X((|[: vUaH
! 1ot§lg% 2 & () - 80StRYapbaratus(of cla&h 97018 whith(shid roviedbieGet’ dbode con@kedere ' & () -
) ’ ( )a-ngdc and an electrolyte flow nozzle enclosing the anode.

15
81. The apparatus of claim 80 in which said movable jet anode further comprises

a second electrode outside of and positioned around the nozzle.

82. The apparatus of claim 81 in which said movable jet anode further
20 comprises an insulating wall positioned around the second electrode, and a third

electrode positioned around the insulating wall.

83. The apparatus of claim 77 in which said movable jet anode is movable in a

straight path parallel to the substrate.

25
84. The apparatus of claim 77 in which said movable jet anode is movable in a
curved path parallel to the substrate.
85. The apparatus of claim 84 in which the curved path is a spiral path.
30

86. An apparatus for plating a film on a substrate, comprising:

a substrate holder for positioning the substrate in a body of electrolyte;
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90. The apparatus of claim 86 in which the substrate is positioned horizontally,

20  adjacent to and under said movable jet anode.

91. The apparatus of claim 86 in which the substrate is placed vertically adjacent

to said movable jet anode.

25 92. An apparatus for plating a film on a substrate, comprising;

a substrate holder for positioning the substrate above an electrolyte surface;

a first drive mechanism coupled to said substrate holder to move said substrate
holder toward and away from the electrolyte surface to control a portion of a surface of
the substrate contacting the electrolyte;

30 a bath for the electrolyte;
at least one anode mounted in said bath;
a second drive mechanism coupled to said bath to rotate said bath around a

vertical axis to form a substantially parabolic shape of the electrolyte surface;
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holder toward and away from the electrolyte surface to control a portion of a surface of

20 the substrate contacting the electrolyte;
a second drive mechanism coupled to said substrate holder to rotate said
substrate holder around an axis vertical to the surface of the substrate;
a third drive mechanism coupled to said substrate holder to tilt said substrate
holder with respect to the electrolyte surface;
25 a bath for the electrolyte;
at least one anode mounted in said bath;
a control system coupled to said first, second and third drive mechanisms and to
said at least one anode to provide electrolyte and plating current in combination to
successive portions of the substrate to provide a continuous, uniform thickness film on

30 the substrate by successive plating of the fiilm on the portions of the substrate.

97. The apparatus of claim 96 further comprising at least one flow controller to
supply fresh electrolyte during plating.
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drying the substrate in the second one of the stacked plating modules.
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mechanism includes a telescoping member movable in X, y and z axes.

107. The automated tool of claim 104 in which said substrate transferring
mechanism is mounted on a bottom portion of said frame.
20
108. The automated tool of claim 104 in which said substrate transferring

mechanism is mounted on a top portion of said frame.
109. The automated tool of claim 104 further comprising at least a second set of

25  plating baths positioned in a stacked relationship and at least two additional cleaning

modules positioned in a stacked relationship with said second set of plating baths.
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