;e3eB "6TBX]) 20 March 2002 COPPER METALLI ZATI ON OF Sl LI CON WAFERS USI NG

" | NSOLUBLE ANODES DESCRI PTION Field of the Invention 5 This invention

relates to a nethod and system for copper plating substrgt a i
particular, to the electrolytic copper netallization of ﬁiadﬁﬁdgmj;rs

usi ng i nsol ubl e anodes. Background Art 10 The denmand for manufacturing
seni conductor integrated circuit (IC)-tevices such as conputer chips wth

ol ot B RS P 1 0EH B LRGP BT

(ULSI') and very-large-scale integration (VLSI) structures. The trend to
smal | er chip sizes and increased cipggRipTigRsSity requires the

m ni aturi za&:ep(pof%e |]h5 ﬁtﬂt erconnect features which severely penalizes the

overal | per structure because of incr eaS| ng i nterconnect
resi stancke and rHl§ Ementionyelaish i methadeandasystemypi eeRPebAlabRg pubstrates

I nt er connectsd,anchaedcata r thg ektiraigtic édpper atkeeafiization oh sititeru elafersegsings e

al um num ang, gllquE'd?l Al loys as the netallization on silicon wafers with
silicon dioxide (S being the dielectric 20 material. In general,
openings are fornmed in the Si2 dielectric layer in the shape of vias and
trenches whiBetkgrouadtAnen nmetal i zed forming the interconnects. |ncreased

m ni aturjgation Th% d&%@'f&%éﬂ%c%ﬁ@%&ﬂ&oﬁdﬁcﬁ#m 588 cREAE )(o%viges 0.5
m cron and | o ur.i evi ce,

however, it S‘l‘ ef%p‘ﬁg Q}'Bsp&‘@g‘ %tbc‘trj"s,‘g? g"lﬁﬁéiel?‘g r@?‘&%%b:'f‘s'%iﬁ‘gl l%%m as the
metal to fopawehdssimtinecaguives the desnwiard stalingiof ratvesizesiin uttiadargiriqale Copper

Pas ?hl ower .ﬁt@gat&tnl LSy ahba@ryaérgértdamneégebnbhqvm ﬁ#ﬂﬁﬁﬁ@s ofher&éfPRer |ine

or e sa n a ne.

Copper - basggmgl? cpa rﬁggcgﬁw 'nc%fats‘{]dn to%j‘gn%q Js"(aegr)ltth?ﬂgﬁ?mng%n %)'Iend in the
f abri catli)n"!i‘FfC@‘U@ﬁt é@wf%seyhlci@(ﬁe@fﬂbek’e‘@h#%@ed@’ﬁ@| perpravnequpk theat es by

pl ati ng (suetuchse beite of iRG8asigdntelcesidcoleyitthnde, anapeltdberty Behcefdls asdiia. vapor

deposi ti on ({Ml?)mﬁeﬁofms%t%ébnag%g%dgﬁwn@&aﬂen CVD). It i's generally

recogni zed t eposition s the best ne}hod t4 apply
copper to the deMi E’@S%V'n&c i"uétéﬂFFSpﬁ‘SSv? HRIHIY RNE BTN AP 8% thend | ow

t ool costs. nidalizacon qpl siticangwatetsheils sitiast diedde ($10:)sbeingdlentdieBstric

requi r emgnt ?naﬂifrlaf hgy %’ﬁ@ﬂaP%QMﬁés%e l‘d?u%«?‘irf bhe shoy dn%Pé@tW.'lﬁ‘yer H"@ﬁec‘sﬁmer
deposits rrus orm an

trenches an8 '333 %ci tfer[;ghes whu arﬁaﬁw of bﬂlzeggformmg ﬁm in ercgnnségt?l |

lncreased miniaturization is reducing the openings to submicron sizes (e.g., 0.5
micron and lower).
To achieve further miniaturization of the device, however, it is being

25 proposed to use copper instead of aluminum as the metal to form the connection
lines and interconnects in the chip. Copper has a lower resistivity than aluminum
and the thickness of a copper line for the same resistance can be thinner than that
of an aluminum line. Copper-based interconnects will therefore represent the
future trend in the fabrication of such devices.

30 Copper can be deposited on substrates by plating (such as electroless and
electrolytic), sputtering, plasma vapor deposition (PVD) and chemical vapor
deposition (CVD). It is generally recognized that a plating-based deposition is the
best method to apply copper to the device since it can provide high deposition
rates and low tool costs. However, plating methods must meet the stringent

35 requirements of the semiconductor industry. For example, the copper deposits
must be uniform and capable of filling the extremely small trenches and vias of the
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device. The plating process nust al so be capable of being controlled so

* that plating upsets are mnim zed or avoi ded and nust al so be conpati bl e

wi th clean room operations. The deposition of copper from acid copper baths
ts recognized in the el ectronics industry as the | eadi n&%MﬁﬂF'@l@t@o 0
copper plate integrated 5 circuit devices. Copper electroplating, in
general, involves deposition of a copp2r |ayer onto a surface by neans of
el ectrol ysis using a consumabl e copper el ectrode or an insoluble anode. In
t he consumalislesice| g@ter@'psma Brogesatmiyply afsp oo sapablenel beippapntegliedt soothet i s
gOHfSUm‘ldhdUrdla“l@_gtd‘rbeet@h@trhi!hﬂni@@ﬁblﬁidoﬁdtdaqmd m_talsba)_er@m;amleld wlith glead odihcal |y
uring the [ r 0 }mﬁpp nad. i . t hese
anodes are Eéﬁggg?gﬁ'%daﬁﬂﬁ c{bﬁg [') a(t)fi Ano E%p&@éﬁ:@%ﬁgﬂﬁgﬁaﬁtu?%&é@ﬂ?@d be
repl aced. TH® & IEICSHPHES U@y pt thonleading caedidilte det @pPeioPlife négared ol yti ¢
pl ati ng &8 coppedevices.ng i nsol ubl e anodes. Regardl ess of the nethod used to

deposit copper oeo;s&?e@apowtfe\gﬁn%e&&afﬁwéﬁeé dEitibA BFa e&\bebﬁ%&%?oeposi ted

with the copper. IB I nt egr t&: circult fabricatjon it Is |g¥i rtant that

i npurity partYCPEs Phdted "Sre BAsis NSipRe EpsETARE oRPELEledIRgR ¢ ilri ti es
may result finsolmbéd adedss florthedodsumabie tetestrpllytid iptgingppnoatss,othe copper e

chem cal s aRfbcibge it k@nsufifed QuAhg tRE IRRFEESpetanch tiadT ARED 88T Rplabéear at ed
circuit ](d O rqe(yil GRSy it bes rl r(\:essée}rtyont h@}he‘s]uql"hnl P |I L83 Qe m, i m zed and
mast opetat PN at & Gingdps P %8?. ' a _earf"'l‘locgn’\l % 0pQuble Apades

basi cal | y atheserdnpdeswi diot cpesugiepfiarteptplpingcrresess tagpsdaapet paverf ior bled and
dust parti clreslacead Toleliellowing dedctiptignawili bé @Bedtédtonthe il troltic bRtiagvocer t ai n

| evel s by t of r d ot her such cleaning devices. It is
i nport ant t%gf)b%%'ﬂélugsﬂu‘)ﬁaé?g%éss used for the fabricatjon of jntegrated

n
circuit devices B%saaﬁ%ﬁatoa%veemff&ﬁpdu@@ [hdepasit €qRPer R¥hihgriybitale sWiAEe process
25 itsel 15 mimpaiitis nbadyebel copdepodited privilthe oBppenh i ietegrated difreit flbeitatiog ipr ocess.
Bearing in ni idodBt Hﬁa‘?h 5ty 0 &l héi 68 Gr&8ntOf FH&eelg&F&P&te Hub sultt 1S
therefore an object of t |ye ent mvth on tE provi de an m.g\roved met hod .
and appar at UEPYEREStBIY rep Ffrgineﬁ‘f gshfgme gdué'”§d & Plaling operation, IMAU(E ¢ her

obj ect of t eherpicalsand thenkkentAson all oreresses deedatn fabvisaievieeR@ddlireuit (16) yt i ¢

met hod and ayepPiRéRttUS néREsaGARRBLCHIndirifigs Be Ridiintd anafBdst bperbtiire areat ed
ciroui t 4@brleahl QR Sl BB fodas o YRLE AHRAE halitailySa ASHNETWABL G Of the
present Thvention to provide ar electrolytic ne %dd and apparatus for
copper pl at idiferept SIasessisepe aierperforanedndidustaricigaraad oeh PRUStteBartidehg an

i nsol ubl e ancdmaidticdd ipdlaw icagaindgrelcoypbe fuse e dliérs aad wkreanudbcleadng 20
March 2002 glvickd 11 gt R0 3hy PRl oRked Nl LA GibricQidh BF1 de an
el ectrol yte,co&ger PI at'| n? ?[’OC SS Vi n%,a svbstantl al }%/ ﬁ{sead state

el ect rol yt e INREREA SIreyikdeyics ?15‘?3&38 Pt HEdn gicleap Loefp 3ad tHat eRLPeEst onst ant .
Anot her 2] étself minimize thewratityomroblems mhpreovindbe glelmgpredesst or s and ot her 5

devi ces el ectropBairipg inimidd e pRMIemsAnkelefiabh @&t tRnshirAnamRisaBaeforf the
e rea arent_fromthe f sScription.

invention wll .in t b di |l ) | I ow, ng_ d

D scl osure & St Pl resn ek e e am i red e Bod dPAAPRA SR | of yt i ¢
met hod for dopee fopelecironjatingsupbiiagi e, preferably a silicon wafer

sem conduct or sulsit rafethec obRel 6i B pREaViidiangoa tpl plovidg &y Fhgavebnpri si ng

a copper 3pl 3§ -cﬂglﬁﬁtpprﬁeﬁr%td%d%%faiﬁif Gl ANk SLREAPWYrPAYING Ay | Nl et and
|

an outl et andé CO hal ni ng a co%@elr Ie ecf{rolyte and a substrate to be plated
as a cat hod&rgHEErCAYQR HEng AR feolveleapedn uhi e anode:
t is another object of the present invention to provide an electrolytic
method and apparatus for copper plating a substrate including silicon wafer
substrates using an insoluble anode which plating may be performed in a clean

35 room.



agi.tating the copper electrolyte in the tank preferably by circulating the
electrolyte to the inlet of the tank and simultaneously renoving the copper
electrolyte fromthe outlet of the tank, while applying 8 curregbggnd

el ectroplating the cathode; 20 neasuring at |east one of tMé“Hb i ng
paranmeters of the plating system renoving a portion of the electrolyte
fromthe system when a predeternined operating paraneter is net; adding to
the systemeither sinultaneously with or after the electrolyte renoval a
copper cont ai ni n§s¥ aditnah RieHPf dhe Blyproncigrr ey ap iesistrgvieato8Pet han t he
25 copper cohtiegipradessomving 4 hébsaetimly etbady eater ebgttodytamtherain she plotingnt

sufficient bayjeRfet BARE dep&KittARRR cofppgentration of the electrolyte in the
systemto a predlg i ne of, electrolyte

term ned valye.and.to.maintain the val
"n the system at otg paecat e veaiay il oV idtese e AHAIR A P ES pect  of
the inverit i @avices elpsirpplgted svithra9ppefed for the el ectrol ytic copper plating of
a substrate, prebOtealbjecs sid bdantaped of tl@%@ﬁﬁ@ucﬂinrinwbsm@a:lteedily y
conpri si ng: el : | tem conprising: a copper plating tan
and an el ec??%?%qtzﬂoﬁgpgifﬂg’%%ﬁ{ 'tgﬁ'copper plating 35 tank preferably
being cylindrical and having an inlet preferably at the |ower end of the
tank and anDostidsete chithetiheentipper end of the tank and 20 March 2002 -4
cont ai ni coppes.ai h . tﬂg} paced
apart i ngtgl uhbl e é‘?@ it é;? k;?ﬁgwggﬁdﬁgﬁgb%&é@gﬁoﬂéh@eﬁﬁ eﬁf g?’gggyas
hori zont al , SYtEaterrelerabfy lifonerales sePicPaM T SHATRIEFIBPISHE hat an
el ectrol yt e stprevding atphatimgtspstenp campniging andppee alating eppanaidecamatisngia s near 5

the cathode; agihat ipRdert9 1RIVRGL &PiniéCad 8h SRl ¥indYcoRialring @t édpPed he copper
el ectrolyte to t

e inlet of t ay at fromt hal di ng .t ank and

si mul taneously r; ﬁ%'\??]yﬁﬁ a?(ﬁg sgggﬁgqp%eﬁeegh?e& % 8 CP{P@%" A aO%{aF%fa%a% t he
appar at u¥® and di nedeblegnadee out| et copper electrolyte to the hol ding tank,
}Nhi | e appl y} ngaﬁaatmgrmentomd eldtrelyRCin Qi adikngrdférablo abyh aiteulatirgasie i ng at

east one of the ving a
portion of el ect?‘gﬁ'%‘@é *cft%ﬁﬁ@h@&f?@%[aé%%&%éﬁﬂ:éﬁh%fa@? g@?nﬁhggq eoép?g ating
parameter is met&leGQHite dram the, Ouldts ok thestanke WhilengPRIYRR GuEHVERki 3 or after
t he el ectrol yt e ¢lenvophating fheaathogger cont ai ni ng sol uti on having a copper

concent rgj i oNn GEBat M at iéaarbnbfaeth%%%ﬁngtcgﬂsrﬁaws%? iHbrdtihgsferf,eNMOVed
el ectrolyte an e to creas

din an arn:)untf uf§|0| ny I n ehthe co&&er.
concent r at i on "6TOY'R& A% 8} @qucﬁoltyﬁercg‘%tg%ms{e@ XhP S RIESIGHIEY val ue and
to mai ntain the enpsraiing pafamefesistmeli yte in the systemat a substantially
constant vol ungdingQo the sp5terh eheramid GihedUislyiWith binMEN theodlecrdit@ftprivat us for
el ectrol ytic COF’;P&{p R/ {?& kdlGing &H{g&t r(a@[ngza & g&e{?ﬂ%ﬁﬁaﬁoﬁ geht%P{P\ X"ﬂ{eer’
conprises; an elec rpop atin tsan cont Xini g t erei.n copper ela,ep rolyte, a
substrat® as a CERPRETONSHUaHOR PAbRELMAYAT elechalyie i dn ahageuntsuiicieatk
preferably havi ng inceake tB& copaensoacedtraign eft theedergplysagint thiei spgerh e acopper

el ectrolyte in thagd@diindl Rl ABhY mRMtfh IHeULRIMOS ddtGosRPRRe &oBml r Ol yt e
t hrough the el ectr%ghsggl.n&%qa\g%wfr mthe inlet to the outlet, while
a

appl yi ng a curr et R Yt he cathode; neasuring means for
measuring at | east one of the operating paraneters of the 30 plating

process; 30 In another aspect of the invention, a method is provided for the electrolytic
copper plating of a substrate, preferably a silicon wafer semiconductor substrate,
comprising:
providing a plating system comprising:
a copper plating tank and an electrolyte holding tank, the copper plating
35 tank preferably being cylindrical and having an inlet preferably at the
lower end of the tank and an outlet at the upper end of the tank and




renoval nmeans for renoving the electrolyte fromthe el ectroplating tank
when a predeterm ned operating paraneter is nmet; and addition nmeans for
addi'ng to the electroplating tank a copper containing solution having a
copper concentration greater than the copper 35 concent2@t¥arcto200Re
removed el ectrolyte in an anount sufficient to increase the copper
concentration of the electrolyte in the systemto a predeterm ned 20
March 2002 -5 value and to maintain the volune of electrolyte in the tank
at a substanti al | gosaingaappersilagirelytd andaa pbeifate acal cathdrtedandenspacethe

apparat us further ;69MHsbRBR AdddeChdtRAhERAMSIO ah@ dnobié Yeidghprefk Bhf rol yte and
cool i ng/ heati ng mpans tta? ?‘gé us|t thg tetr@erra;ur? of i.he cgl ec(tsr?l te. It is
preferred to filteP the el Sct'P'si y¥e ge™ t PEIF N RITL08pS Or lbq atl ng tank.

| n anot her aspect €GEr@ine sireare gpieesrthe pHEng s meputhefanpee and evispigases a

el ectrolyte hol di dg dathalle;f r om whi ch el ectrolyte is punped into the inlet of

t he el ectropl.ati i i ; ; j f t he
outlet of t he&;lt,%)tngl téé'?' %Eﬂgttei%E@Eaalgekwﬁjﬁéeuﬂga‘%ﬁyéﬁdﬁégﬁg@g@éééﬂ{me copper
contai ni ng sol utMe5ef Hetraacabis rogm dee haldingdpq s i RFQUHY M PGNG ank.

El ect rol yt e r entheemdpperosiedtintyts yrotrethei sutlel ©6 ther &fparatisl 3nd- dinexvied the om t he
hol di ng tank. |, rNesAIRF eRePAGHe t8Tthd REIINBUSIKE Wiile AbPRiratHEdtene akPPPEr

cont ai nL(?g sol Utllcﬁn 3)3? gﬂ‘%kagﬁg in a container holding a predeterm ned
amount sol ut P PE"Be "EddB®%'s to the systemand is added by neans
suitabl e for rotasaning ajdeastoperchthiecpelatiog garametejsed theatingssyserhut i on into t he

hol di ng tank rteﬁfam_hFr@ peRBhabNBledtr A i BOLaEMeWh&l ahBledetedmpédled or
avai lable for refilli &%{ai%gegeér. euse. Likewi se, the electrolyte which is

renoved fromth_%peéy[ﬂg _Hseﬁ“%‘f ably renoved into a waste container under
condi tions sAddig|te theosystemesither Hopttanserdit wihor afirl théheleeirdvareneval may t hen
be 20 regroved f§espgeheomaifingRvlansh hllenLoedppat conce@ation ghuites tid@ thdie cl ean
room Brief Deserionl i aeflaibh WBISn R PURoRRASER R by BRERANT

i nvention can be 'bési understood by re erfnc to@i e. acconpanyl ng draw ngs
in which: 25 Fil).ingepse the copeareroneentiafion of e Jertrotyte it Hispwste® 8ci r opl at i ng
appar at us of t hpredeter@ribédovalussandgo anadivahidithregvdien of @ectmofyee ol the efsteihe copper

el ectrolyte. Fig.; fbitsntRllyEHRMARL Jdurhb! ustration of another copper
el ectrog(%ati ng apparatus of the invention. 30 Mddels) for Carrying Qut the

| nvent i In describing the preferred enbodi nent of the present invention,
reference will leanailrs aseectial the irvagdion,1ap apparathe fofr elestralic eopli ch | i ke
nuner al s rqgi;g,’rngbguﬂ,sitrm@, {)r@@tm,e&;péonmﬁeri, ayﬁ;s}ts'bgn. Features of the invention
are not neceSasnagl%étyop?ﬁﬂ%ékocén?ﬁl\iﬁg'tpergilaeco%)gv\@lg&sdlyte, a substrate as a
cathode and a spaced apart insoluble anode, the tank preferably having inlet
25 means and outlet means;
agitating the copper electrolyte in the tank preferably by circulating the copper
electrolyte through the electroplating tank from the inlet to the outlet, while
applying a current and electroplating the cathode;
measuring means for measuring at least one of the operating parameters of the
30 plating process;
removal means for removing the electrolyte from the electroplating tank when a
predetermined operating parameter is met; and
addition means for adding to the electroplating tank a copper containing
solution having a copper concentration greater than the copper
35 concentration of the removed electrolyte in an amount sufficient to increase
the copper concentration of the electrolyte in thé system to a predetermined



35 Referring to Fig. 1, a plating systemof the invention is shown
generally as 10 and is used for electroplating copper onto a substrate 12.
The 'pl ati ng system 10 20 March 2002 -6 and nethod are descrlbféto
+eference to plating a silicon wafer using an i nsol ubl e2&n q \M||
be appreciated by those skilled in the_art that other substrates may be

pl ated. The preferred plating system I8 conprises an electroplating tank 11
which 5 holds co o t o)

matori ol such ac et ETbARH: &luRRS Upbiat b FRGFUCh SBRIRER T

pl ati ng solutlona"Wﬁétﬁ&ﬁRels preferably cylindrical especially for wafer

pl ati ng. A cathode 12 is horizontally di sposed at the upper part of tank 11

and may be any tjype r%t&;@a AR B afpapdild £RReE ngi.sgaﬁmép%%%n {ngs such
P

as trenches an coated with a

seed |ayet & %ﬂ{b%?'eﬁtfo b‘?ﬁ‘@f’ Cﬁ'élf%ﬂ“e%”s WP?’ISéPé b‘ls AR %’P@o‘?f' A copper
seed | ayer etegtrblgteainib peeteriey (¥ilRer tivEdearntlte hwit btk theﬁeie(amliaﬁng&nks al so
preferably ci rCUI'naEthF?ér YRE&T oP kil 'uﬂ@nﬁ“’&fj thé I 5ﬂaﬁﬁnhﬁt]hlery cg!nﬁ at the

| ower part o 1 ormn ace bet ween t nﬁ cat hode 12.
The anode 1§ chg]éﬁ‘? h‘?j{g'agd’ﬁl'%ggﬁo‘ﬁ ichyslecholyte H&“"&?ﬁsﬁ?ﬁ’eﬂ’ W? %F ocess.
Sui t abl e i nslEcubplatingStapk adé snto nehioll @legiralyyfenis puanped (ft can |tlnmnutﬂn§t<ﬁltk56i ncl udi ng

pl a& i ni Zﬂ?hfelefcﬁl&lhtmg’ﬂﬂﬂkmﬁ@d@!dﬁ%ﬁ bR tH MBda e BpF4r évhtaﬁ#ﬂﬁ s6tufon 1 ridium
oxli de, ru eni

t Th
cat hode subgf‘?fgﬁl%@?ﬁi %1Nb"e%{’?‘é}d)go'%s‘%*ar“é’ﬁ]dﬁei%”r‘guséﬁ‘f“?"@%ﬁ%"é@ e«gd'l %@Qb\num ng i4
and 15, respestam (sasp preferablyremeyed fiam thedwdingtapll yv) 16. The cat hode
substrate 12 20 nfncarnonlﬂer@péct@ﬂmeeﬁnIenhars the Siijtevel coppatn@thisgsdldtivh icopper
ons in the alild fih BaihEdRfle 2 réld%?errﬁﬁntegcé% AHBILlHoR tb BerHafgy Pl at ed

e ca &8 a

copper rret al at1ron reactjon takes place

at anode!l3'Q (StPem"%ﬁ RIS é%a‘ﬁﬁdcl?]y megrspable, iomcienr repy QREEAINS t§H& anode i n
t he form of niqechhngelse vdlutidn intcstheiholdiegtank fibm Heeconshendandlthe andiameode 13 are
shown hori Z%ﬂft@'dl%ar@bégpﬁﬁqd&éﬁor '?@fulnr?é a%g r@@ez@k\é@ﬁs{e' ﬁl@%kﬁﬂk@%ﬁ@rfi in the

tank 11. An el ectr contajns co rolyte 27
Whioh 15 T ol tamayed (i e uPRE b AR 8Y HPOUEh 9 AGVBECONTe B and | i ne
17b to the icahdtiorsisuitablé ferl deary mohmvpergfianarakd mhnchrhenteuhercmawltlwnebm as it
enters tHe trandvedinoasthlRyam Bndihe@BRIGhE GedidPoittidaad@eahIosid nNoves as shown
by arrows A upward to 30 the outlets 11 b and 11 b' of electroplating tank
11. The anode is positioned on plate 31. Arrows B show el ectrol yte being
renoved fr o cHpt rawinghr ough outlets 11 b and 11 b' into recycle
transfer |ines 18aicundspk8is of the preseqrimfeatiorechnt ediestourtdestaod by réfeence 11 b'  be

proxi mat e th@ﬂ@%@orﬁ)‘gan§mgfmn§@ﬁv@,ﬁchcat hode 12 and nore preferred that the
outlet b cont L.nupus cﬁenln

el ectropf%tl ng t4d ﬁk & t 5?‘3?%%'“?‘{386{}‘8§3§P5%‘“{F§1C§9 élaﬁ'?ﬁ)?pr@ﬁi‘ﬁ Big he

cat hode sur finxestiprsusimg & beldingdansder reewslexfthriottwpeigleéciolteind the el ectrol yte
overflows the opggi N f5themal®illMetFidn 20 QRothdr_cdpperdéle@Ephfing Qppphtdé Ng t ank
19 for recy%lfﬁTe JEL%“ IJ‘ectrol yte thus flows through the opening 13a in anode
13 and fl ows upwar hrough tank 11 and i npinges on cathode 12 as it exits
the tank 11. A flange or plate 30 holds cathode 12 in position. As shown in
the figus@) Nddeeh foolCatrging Out detisventibly t he upper side of anode 5 13 and only

L gfd: ﬁwe[ af] Ik de lpadekrithimg fh@%‘ef&r?ed thsoc%b,hteéf 16 BebérlitkeBtiors réf@@s@éc g?hg ge
Cobst 1ot o 150k e pain B3 L aos e drtiny B e R SR8 30 Bkp o

conti nuous| yeatwey el &4 inventorh Fersuigs abthednrention arnal resessaspy showiyt ank 11.
This forns acsebsthadtanwahdsy un| formelectrolyte conposition in the system
and contssbut oo Reeliig ¥R 3 b onLRA bYARSAR ﬁanm%wag%asan@ aP! ating.

The copper el ectropl ati var the substrate
to be platedOa% '-'t‘l’féglf‘if g“EBEJﬁ‘éf}g Qﬁﬁfﬁ/”tm Elé‘gi %@81 Al %8%&”%%?‘?”“5‘) preferred
and an exenpl ary copper plating bath because of its denonstrated

ef fectiveness has a copper ion concentration of about 15 to 19 g/l and a
copper sulfate concentration 15 as the pentahydrate of 59 to 75 g/1.
Sulfuric acid is present in an anpunt of about 150 to 225 g/I. Chloride ion
may al so be used in the bath at a level up to 90 ng/l. The bath al so
preferably contains an additive systemfor brightening, ductility and ot her
copper plate properties.




Dur.ing operation of the electroplating system 10, copper netal is plated on
20 surface 12a of cathode substrate 12 when the rectifier 16 is energized.
A pul se current) direct current, reverse periodic current or other suitable
current may be enployed. The el ectroplating process resd®Margh2Q@h) etion
in the copper concentration of the copper electrolyte 27. The tenperature
of the electrolyte may be maintai ned u&i ng a heater/cool er 22 whereby
electrolyte 27 is renoved from 25 holding tank 19 and flows through line
23, heat er / 8bdIegthad aghdescribed mabyefesencectonplpingg HlaorR wafet Wsig8gn | i ne 24.
It is an i nmeblublt adcelathut 6t ofll béapprevieted ibynthbdeadkiltedenphatartngasyweem and

nmet hod of tgﬁslrgg@mgi,ggggpedpontrol | ed by renpbving a portion of the

el ectrolyte om,t he em when a predeterm ned operatin ar anet er
Coondi 1 oy 1 . e PIAGTRLRA08 SRSt FbFoTer s o RS HOm o B TS L ORMRRL: € her

si mul t anéoubpiis coppef electralite 27 and whichiinmadd el agwithlie Injatarlaé suchras plastunt . The
new el ectr ol bfhet Makkial Mleahb ¥haelebtRdytR plawHg @I E@RAL arel Bek & prefehplyrat eri al s

needed to najntai.n the. . S e, iLti.on/ renoval
Cyetom of 1t RUMARCA P&y 6! LA Bling, RethoBPd oo BB iumited a0 CPO0)
havi ng enhaH@edPnsr fett of tadkildcans way Re a8y bpEsubRttiushi g %E@ﬂﬂe\f"@fﬁfes. 35 It
hias been f ouadng sperdngshurcis us tremahan dndretabod hefwdfdresybiteent 2o iy typizaliyt he .
pl ating t : t > ubstantially
oS0 CRAEERAT% SellIER ! RbGHEP oMAfeF R ”%Eﬁ,@g@?ﬂfg%ﬁéf?gf?e%al ie such
as the sul fa?@eeé%?@éﬁwmvmam@'éw@é%r*&%f ine likadAn 39ede, 14 it

cont ai ni ng paodfertblpoirtidarifogwafecmtppgrand Grteeizbmtally dispagecattbe ldweapart b copper
concentrat i g of fbnﬁngla%%ae%elmennﬁw{&%_ 1 Q1 GafRdeNS! erReanddé 1§ rgs?ases the

copper concentration In .electrolyte in the 5 systemtq a t er m ned
valbe, ypi ERINGHTE ande aichcS g cotsied adF o SUBRE WREE o be
mai nt ai nkd. afddes incindey platiaurd zaddilatinem instasciodiringgasthizeyl titemiomi anyl .
el ectrol yt e pffinBd Globidm emacbthtbidesN e EDIBHARS ofi & PutRAim 8xidBr egh | ine 29
to contai ner c;r t ank 2F1{. Aé@gp.?r.cont aining solution is added to the
hol di ng t ank°¥eA PRa SYRSHALISHA BETEYYR cont ai ner or tank 20. 10 In one mode
of operation, ththeglathodesllytrateild andapuded! Jaad etekigicalbppranedehbuiwiing sol uti on
?gded b?sedmrAna hg,hr‘é@;fél’cﬁ‘{élﬂgo aaéc?/nat(sé»g/efsubﬂ?) %Totﬁttcaﬂf_rod_@gﬁmhtepﬂzat ed in

e sys n re itio y C
doter m ridh 1 et Ao GSPRARl QA SORaPLABEA S 1n 1hb ol B, o
any event, f{ffuged; abéhe sathodenpubstrate forsrpg etatadsconpst &eetali @n ithe athede r ed t hat
a certain 1lSurfazpuna. ah ozldatdm @agtion thies paeweshotie d hfdvdveng psigemvdiich an equal

That the. amaimeies fORLER LA BANhAdR FHETE ol O BBleS WhicRTIse it R 18T 2% qual
to the armlTr)(He 6?@?‘@%?8@9 ﬁ@o‘geug%??ea{'qgwﬁﬁl?giz?wg'?yaﬁjﬁwd Pghm%d‘ﬁ%" % he
renoved 2% r eenticallptdisposdd in theafank &1.n t he copper concentration within a range
V‘ﬂi ch can be conid @dcediyi hajum\gqem]g abnedntaiist Eop6r @rpEEIGieny7 avhiéhes pl ating
characteris red.. i : ; ) tiqn copper
in the el ec%ércg%&zfah\eﬁﬂ%'f‘h?%}kﬁ‘gghéugﬁF'ﬁgé%%ﬂ“e%?%? rffﬁrgefg%%foa%\%}nlgtf g/l and

nost pref er bR 0f elegirpplaing &gk Ur The elpstplvied2 ghpef e B fatkafioses for waf er
pl ati ng prodessgsan dieaingoldadn ausdxdl Y andmkeestal ch@ireby robwt & wpedrd toe copper

Shen 1 hety HE LIRS Hadd | PECIRIGROBRRPRAE, 171 & Srodk is BaRARE b DT And
Boll fate SBes hi AGORHH TPy S e ehrirk Pt Soidite ek ShEPedthe bach i o
mai nt ai ned @vtleth 1&p ped il heingpeacedle frandasviaes 18y ansyhBlut Ittinereleread tgt oper ati on
and the sul foatl&s ¢ongeNt 12be Proxieas theaidgaekdrfhce 17 fepdodd €2 yndmasur ed or

controlled. 30 JNEGORRCEURDBE] PoitBusH Hhdn Wolnl\(?ﬁll\esﬁe' Pf'of i _additive
systen1mh|cﬁ IS the sane a dlgl e systemused I'n the electr e. The
anount of? a&&ﬁct’i’%"’iﬁﬁf"gﬁsq aif %ﬁo\d Fisgiraiye ippigsinB NSpRF ?C&m%afaw be

enpi ri cal | y ithatifermiacress thedathdre suehaeeand dlor decvrobtonerflawstbe dperimganl at i ng. |t
has al so been found that using the system and nethod of the invention, when
t he amount of additive added in the copper 35 containing solution is
substantially equal to the amount of additive calculated to be used during
the plating process plus the anount renoved fromthe systemin the 20
March 2002 g renoval stream the additive level is nmaintained at the
desired concentration or range in the electrolyte wi thout the need for
separate nmeasurenent or other process control. Accordingly, it is not
necessary to neasure the anount of additive in the electrolyte or perform
ot her anal ytical neasurenents on the additive when using



5 the nethod and plating systemof the invention. Referring nowto Fig. 2
whi ch shows anot her plating system 10 of the invention, the plating system
10 s simlar to the plating systemof Fig. 1 except thé@gﬂ QQIQbBE tank 19
is not enployed. Thus, an electroplating tank 11 has th Ar fzontal |y
di sposed cathode 12 and anode 13 separated by a space. Electrolyte 10 27 in
the tank is circulated through the tank and renoved through outlet |ines

18a and 18b. The tle tank,is.re I e t he tank
t hr ough s 4 ‘e%%f’ﬂt"i;dﬁ“gz%n]éﬁg%?' BV, e S cTtle s afs i a, The

flow of el eeperdngaa v anedey!3 aad tflame upsvarch Buipughytaak ridvandaimpinees asct r ol yt e
flow to out lcahsdeliz hisandxislthb'tankast. catibogeorl glags3chowl dayhoderiavn B. Anode

13 has a CeBB{ J?\'omé§%ﬁe h \éhe%ﬁlol eltfifaf tﬂgq ﬁé?% %tdf’élﬂ%dﬁar amet er

is reached roug i ne 29

rom
into tank of3 @eﬁpatvrt lower sl 122 g&aﬁweaénﬁgt ﬁvf?g LesirolyiedhracHeledin 20 | s
fed into ouhbldtngltamtetm.sautuhgopsgttndnloieheﬁtﬂatmlg sheahao ptate cabhud»dersuBs’:trates shown
empl oyed i nibvigh 5% : bt Gfl LREPUIRIS £ @rw@ta%b "Gl ek and

&

pl ati num net al st rat uch as
Vi tani um  citiieh o e ARz bnb 1 TG it e s TB s on
conduct i ng soifwty ateetrolutehcmpc&lt@ntlanthﬂmystetmstandatcontr@taermamed@@rathy al so be

used in m’a@ﬁé&]eer(&séfhﬁ‘e §bviedid pRingnd conprise general | y a Goup VIl
metal . Goup VIII netals

Dal b am e 1 i 6 CoRReatoR e B3R Siak vaR DY e HIGRERY e PR i g a
| arge vari etg @)P'a@dp@pérth%ta(t)%somtfhéenﬂs'éétﬁ"éﬁ yon@q.f;iahatts'slm@ermpba@caru bat hs
and al kal i nexdmylag. cdbpvrablaehg bath sepRRr ofeikseaémomtrated ngfebtaxeh@ssafae adescri bed

in the book I i b heim John
Reily & Song&gtfe'r lion %%Fatlgn %&fég?é%gb @.&angq cto ger X fﬁe qlnf? e&copper

f 1 uobor at2, ai:B‘ﬁpS@F‘tabWétﬁt%% {2 g/l dppisic agy 'é%ﬁ‘-i?'&é" 3665}9@?‘ ¢fi¥9phonat e and
ot her coIopenstm 215 gheCllbade mucyadsorhet sedia thellbtatbmta level dp &ngd ngd. preferred
copper el ec t w n 4 ution.
The concent ?%ipéﬂ d%gprgfg;agppan ’Eiﬁ@%ﬁ?%ﬁ@“é%ﬁ'%eﬁﬁt ?t?n&ths ;ﬁ@lor copper
or copper i8 B‘?f’ét“"gjeneral ly vary up to 25 g/) or nore preferably
15 to 20 g/|. hléurang @ba«;asioutqfdw électioplofiegsyistems 1), fcapipar regsilds platedronanount  up

35 to abmt s@@Realh &rcamﬂ@su&{rﬁfeﬁ'?améh t11e$@t‘tf|@r 2@@5 Bhdrgiz&d! W tﬂﬁ: ions may

be used in th a -10 A

| arge vari etC ‘?%r? étﬁf?tct’ %n "‘P’%’E‘?Q%n T ?VFEWEg %F'ﬁr 'ﬁ'éabﬁ fLR/P‘tn |de
desired surfea@t@vpd ni Sheclecsprlateg Easeesr results &y a @@tpnowsoathﬁycqmre t han one
addi ti ve i s coscdradnofeiscioppeidélédirotitd BT.NTHige@petatiré efithe elecirolpte.mayhe

?g?: t'htves apg ngaﬁ.lét@.n@b lu¥m§%el¢ea e?koolgpf?mgreg?teﬂalctr&ly%t?ﬂn@r{%ﬁ?ﬁé@ﬁﬁﬁ .
el ect?rl 2%15 3? WH@C‘@?V%?”" 38%6*! G’Er"f&dﬁ th?;t}éz %é&gﬁf‘@ t ?%?ﬁY@ dg[?dl tives)

are used foholghing tank & thneugbrine 24uppr essi on of dendritic growh and i nproved
covering and t hripwiAgmpen@it feaIVé)btqaé.rﬁ@lﬂhdnltwﬁhm%gsgst@fhaﬁawmcﬂtI ng are

di d ted
above. A padl MeRRon e oBIEN 6 Forvihiig Syl 30 eleefiipet s o ©' 1 °
aromatic or SﬁFq“ﬁ)hﬁt@Fc& Qrseermiaey opafakes papmeles d‘F(f"idd@“):oSrrﬁt%ﬁﬂ% ne]O’OI yi mi nes
and pol yx hetestroldehieraddeltlitd theesysiemceithde simaiahevusly o ufter dte melovali Lim

el | ur i um aghgisbily eERRUASn: ERREhER Rl oy RaBHbADY #Yalle Muel CCLric

current concentratl rent and

Gl eCtr ol yt o CORMEAT Ihe Mkyiabaetded R anry e Heiplaing bab A e

convent i onaITheIaédtt'DMrgmtwl cuatge rof pheativegtione raodiins Boeady-alaigl exnstate bat h
tenper at ur e plaging ¥ted@ hhWingihahcddosIMirigeieas aichra @Hﬁﬂwt%atﬂ@@kﬁ_lpeﬂfés 27C but

may be af, e'n%%tb%?n f&ﬁ{aplg—‘str?gt HE%?SM%S he nt”b*ﬂ?o of4t%: r?JenPJ?rQH}% h gggncu”e”t
density 1's typl | 1y 3"aMps Sq K ltgyplcally
about 15 toba® A@@Fhe5| f P‘%adf!r sipter M@arq@ séorappraﬁédéret éUQ:SEt‘ﬂH%JHe NPAt i 0 of
about 2:1, but this 20 may also vary widely fromabout 1:1 to 4:1. The

met hod of the invention also uses mxing in the electroplating tank which
may be supplied by agitation or preferably by the circulating flow of
recycle electrolyte through the tank. In the preferred apparatus of the

i nvention as shown in the Figures, the flow through the electroplating tank
provi des a residence tine of electrolyte in the tank of |ess than 25 about
1 mnute typically less than 30 seconds, e.g., 10-20 seconds. The copper
containing solution which is added to the systemto replenish the copper

pl ated onto the substrate and renoved fromthe systemin the renoval stream
may be of any suitable concentration. It is preferred that the solution be
a copper sulfate solution near the saturation |evel of copper sulfate
pentahydrate 30 e.g., about 275 to 325 g/I whi ch |s about 70 80 g/I as

o o S . o o



20 March 2002 -11 using, for exanple, a concentrated copper containing
solution. Using this addition/renoval procedure nmaintains the electrolyte
in a suitable condition for electroplating the substrate and provi des a
bath having a long life and enhanced operating and pl at 2@Mer¢R&0H2 5

Various enbodi nents of the present invention will now be illustrated by
reference to the follow ng specific exganples. This is to be understood,
however, that such exanples are presented for purposes of illustration only

and the presenmuilatingnegoneich 4 steaty sy valge bachdee tedsudietel ¢anicersditiomer eby. 10
Exanpl e 1 ATREPNEGroBhEGE rRREALIsNY MF&I RENtBAINE Sludo Wavihg 9&! doppernas
prepared contai n{[ﬁr{% 67 %/rl rGORRST surfCaF‘eenBet@tnahyﬂ‘reaglgctﬁolr g/IOVCU+~ , 190
g/l H-SO- and"g" &8 ?t_‘ Ve sys??%‘?ﬁ R f)ol S eﬂ Drass ca’ftﬁoarg se&bstrate 2
inch x 3 i nERMWRE SHiieTy apd riGreased (hejaoppeiecopseyation Jathe @ectiplvie imtheed

titani umsanegesm ea@hpr2detacdined Galugclypicaldyy e sitaheogesd valud bed/batie) were

al 5o hung vesddef dhhuk bbel bl OMieRaRvaI iy Blaihie oAty a space

of about 3 rnc tweeog trﬁ Cﬁ\,’[ gode and eg\% ano y The nga was  agitated
using a magERQINEERFTivte 27 whigh it essehisly domosenpys A Mk bdratehapout 21
to 27 C. A I @Pdoteontainenror dantk 4t. 26 ceppes ContAin(nESH)utivasis edgedyethe A copper
Coln]E a![ ning ?Qﬂgvgtﬁ%’gk V%rd@fgﬁﬂlﬂé@dlfrlﬁﬁ\rt;oﬂ{ame%r taRk 90. tC'u+~ (added antZO cgpper
sul fate nt ahydr at e) an e additive syste er

gr ans of'tbgopper. )r/‘va%ne)pmﬁdgdgffg%%tf%e?%eaIEES%&%EF ﬁ,r%%t%ear/ﬂanéft%%h@pﬁér ki ng

el ect r ol yt e CoRiginingnihsipnaamised dosed onfthe peergivierrameiet &f nbtgmoentuel on added.
Tlhits p[ ﬁceQU@@m?&té&hItm\g@temrncéltﬂﬁabﬂlrerhwanmron(;_srb@eduerrtermﬁ@unitreed to )
plate the i r I [ [ copper).
D5 the. coppareiliped 1E8 Al bl el S5 ¥ ibdolly EboeluBiRhienc Ciafly “R0"
every 6 g ofV&bpyBen gl BHRAIREMustne) SPPRSY 14 0tted) itos RipfeEed M ReCi@ifoves an
addi ti ond tmobntpf etyopelytef beaembin fram khensystbatand faoreqaaltantaaint off coppér g copper

renoved frogyhliRingysdlueibh ad@d wBlh@fyseRPPEls fromtal thhnde SHddhi HcRpsls
about.7.5 g .at ed,

per,to the bath.. Likew s for, .every 6 C er pl
Sbout” 22 5 ANGRE e PO SRR SRS R 968 dBdE et PRRE I fhled  n t ne
el ectrol yt esubstrate alusgbe anomnt removed in diie telmovedrram. cBnis wilhinagtaiothet i on
doterm el coinat Bofccfivarep, Wil e ich CHPLEER IS RA AT PSS pl at i n

i T y Ve p ure, .essenti o pl ati ng
ef fici e;ﬁg ﬁ&"’g&"d%ﬁr‘ev‘éa"%ﬁﬁ%e‘g‘a@ﬁ%&é} efes c?j'gh?t ipﬁ&erﬁ?‘gtt*‘%gﬁ@urrent
density andcenceniraiipnt Phregppegsn Tthe alesplrie berpaniingdi withinaaboshidnghi ned
bet ween abowgtefekBbly 72 0¢/) aAdr mdg bheerdbly R0y/IVaF Cless2002he 1dasiied adoppetr nover
pl ati ng cycIcgncex{;ﬁio%qgla\kafﬁ%l& rg&gﬁ%gnt rati on decreased about 5/.

ant coppef €

Consi st ent, cons ri f ectropl ating results were obtained.
Exanpl e 2 5 A col5eoPas" f"ﬁg’p‘?‘ & the elepiRivts Al ”{etfg’QP%’aqof‘fi‘"H%g gq%m in Fig. 1
) is useb t & mrlecblyoppatreutaapk haseea (@indnch whieatit gystesi dndaoethabdfer havi ng
Central opeq ot }Puled it CpBerBTHE an s3I cObiing ANATE Rt teZi N @

[ w y . . IS,
i ati i zen oy, ccenicahon b e it Mot el L ah ot Reerdi e about
21- 27 C and thraegheubibenbitipg epérstian ansiuheswdate danoengtatiom dogsnatpped tathes at
bet ween aboyépaldeely mehidr@t & ddhflolidovi ding a residence time in the
el ectropipting tank. :10-20. I . [ nk hol ds
about 4.5 liters an ?E’%’chﬁgi“é’ﬂgosé?ﬁ%é’ﬁg‘?ﬁ)gg‘zF%“c{’]ﬁéﬁﬁg&i'ﬁ%wﬁ%f“'d‘?ﬁéﬁ Fank) hol ds
about 20 | themegddilive sysiemyisediit jheotleciiohir. b ameguint o addiis\wiChied t he
copper bat husesl during thie mdatingropestionicah Hea¢rapiceallyydeteeminddnandethectalel yte from
the appar at Wacrafids 80kdite during plating. It has also been found that using the system

and method of the invention, when the amount of additive added in the copper

35 containing solution is substantially equal to the amount of additive calculated to be

used during the plating process plus the amount removed from the system in the



15 copper containing solution to the apparatus as in Exanple 1. Wile the
present invention has. been particularly described, in conjunction with a
specific preferred enbodinent, it is evident that many alternatives,
modi fi cations and variations will be apparent to those 280 Masghi2DQ%e art
in light of 20 the foregoing description. ft is therefore contenpl ated that
t he appended clainms will embrace any duch alternatives) nodifications and

vari ations as fa]I | nr% i t hj _.tDe Hr,ue scolge and s i,ridl of the,HEresent
Unvent i on. "PRIRA tisatin deqetivereve! inaainaesk fioe Qe FCEPEIARP s 20
Mar ch 2002 raBgedbAhd/Bedirolyia withewttthehaedifer sepirite dndasurementpa othed atdcesy a sil i con

waf er sen comEUEt REcoPdIRGY ifshorhedessary BlR&kireliié embaklbraaamoaanhe are
non- accumnul e val ue c he steps of: 5

provi di ng aeq'%ﬁl"g’&“%gpBér‘i%ﬁ{]ﬁtﬁg%}%ﬁggﬂé‘%%t%%ﬁﬁ% B tﬁg})ahlaﬁigggﬁ{gﬁt‘ﬁ@gconpri si ng
a tank ahd tbemethiad ang pdatingpyam ef the inverjane conpri si ng copper and an
gddi lt;;/gdsyst emeeiéFrir%‘lhéWCtbﬂgg.CPWﬁéh RhéWd iﬁlﬁbtﬁéroﬂﬁﬁﬁé Sstednd OantSMbiSL r az ﬁet 0
e 02 29, 2 B AR AR POGSHEPTE bl i R Bl 0
el ect r opl atd Agdingdarial hisnot employed-i ABus AR e%&i’%?“'lﬁta%ﬂﬂ)é\as Hiesiea; renovi ng
a portion diortzoetady dsposet \cathofle d2nabd enadestlesepadated hyhae speee.glatectndlyteopper
D LD, P BESRE R ARl S S OB AAL 5 7L
subst ant ?/al g @nih‘frﬁ“t% ?gﬁlﬂéenfa%#éﬁ‘fyc?éﬁ%?e 'é‘ﬁlg Oéﬁlfyt?ﬁ&@r Q'ﬂggtei@ﬁy
cont ai ni ng ¥4, fitér@6 andding d7btntorankdviahiplel 1dappee flownt eletralyte @d igoeat er t han
the copper Gangfns sAEWRBy oW ARMBI¥ArbIARE ABh Bl diRisanth a1 fdfighive
concentratlco regelgt erhthaﬁ trpe aE?dértx' Ve 3 cheQAt{?itlon |{|1 t he renoved
el ect r ol yt ecei14 a3 shamh By e rQyssH-i 2 36eR4AL PREURE {3 copper
concent N4t i on avdherddinredaterminededneraiing quaranieterhie reached, electrolyte 27 is
removed from the apparatus through line 29 into tank or container 21 and a copper
containing solution in tank 20 is fed into outlet line 18a through line 28. A heater
or cooler 22 is shown employed in line 18a.
Preferred insoluble anodes include platinum and platinum metal surfaces
20 and oxides of iridium on a substrate such as titanium. Generally, these anodes are
made by coating these compounds on a conducting substrate such as a titanium
substrate, Other anodes may also be used in practice of the invention and
comprise generally a Group Vill metal. Group VIII metals include cobalt, nickel,
ruthenium, rhodium, palladium, iridium and platinum,
25 The invention may be practiced using a large variety of copper baths. The
electrolytic baths include acid baths and alkaline baths. A variety of copper
electroplating baths are described in the book entitled Modern Electroplating,
edited by F. A. Lowenheim, John Reily & Sons, Inc, 1974, pages 183-203.
Exemplary baths include copper fluoborate, copper pyrophosphate, copper
30 cyanide, copper phosphonate and other copper metal chelates such as methane
sulfonic acid and the preferred copper electroplating bath comprises copper sulfate
in an acid solution. The concentration of copper and acid may vary over wide
limits. For copper or copper ions, compositions generally vary up to 25 g/l or more
preferably 15 to 20 g/l. The acid solution is typically sulfuric acid in an amount up
35 to about 300 g/l or more, preferably 150 to 200 g/l. Chloride ions may be used in
the bath at levels up to about 90 mg/l.



el ectrolyte in the systemto a predeterm ned val ue by repl acing the copper
and additive used in the plating process and renoved in the renoval

portion; and maintaining the volune of electrolyte in the stemat a
substantially constant 25 vol ume during the el ectropl ati4fyMarchi2{0Zet hod
of claim1l wherein the plating system conprises: a copper pI ating tank and
an el ectrolyte holding tank, the coppgg. pl ating tank being cylindrical and
having an inlet at the |lower end of the tank and an 14 20 March 2002
outlet at the uppekgendeqioftabiditiveaanke gpidalbomediimiiegatopperovidk @edirel yte and a

substrate ag.AceAhRASHRIM awsBasedqanant Lasn) Yl ADPHR. ba { sa_central

openi ng thereln bo e an ano *nlet and

(%1 zont a
outl et posi Fiegnh §%th ?fgjﬂ“"ﬁrforé'?‘%? “E?tioé‘anf%ﬁ‘@r'%"e@ﬁée §?”§f Mg tank
near 5 the agedder improféd wetad m!amdghpnelaenoemrghtnesspedumgtyt cwaatutetand cat hode

and exitg nSWsmEhEro‘b@rtnl@Pg@ch %”Qeégtél %ha'&t.w,e qiaﬁrcuaplanaﬁw@svm@uan@ul ating
the copper ele ratu ﬂ‘?rgﬁ he hol di ng tank

bna ol aSTEBTS T b ofe o B e BRI POAFTRECEATE of t he
appar at us adl dimpeaveil ngovehieg oand dhrowdgoarowe0 ellTepicalolagddidiveso uséde inol di ng

tank. 3. TheletrdphticlgObreC lditibsel MREE Ehiimbdie oP PeferdnicBy .ﬁamﬁgt%démasured i's

t he wei ght ?fectgo%QaQﬁvr alats ve. AHJH&I%{&‘&%&?@ a8di %@gﬁemgs‘a i an t he

electrolyte con I on ar

copper Jdnt & ?FPH‘@“%GF@H'PM'%M%”%% e POl fids” SOmBQHIR PRYIMAS UL 70- 80
g/ 1. S. Theamkpdigahef. Otteer nalditivel érchide maaodneud dsceleaimpddluriamiandi s about
1:1 to 4: 1. fur & (m%@od of claim5 wherein the residence tine of
electrolyte int tank js less than 1 mpute. 20 7. The

atin
met hod of claim C\Wﬁ&?g @“Eéﬁﬁbrasc@ﬁgéﬁn?‘f’i@"&o‘ioﬁf‘?%ﬁt'?’% arpled using a
singl e use wngale!m:trlq/mr@ht dansitya and eleieol ge tam penasunetmayf besesbentialnthas t he

anount rgmoyRck Adthbitein @APEbNRA AdctrBRNtic copper plating methods. For example,
the bath temperature is typically about room temperature such as about 20-27°C
but may be at elevated temperatures up to about 40°C or higher. The current
density is typically up to about 100 amps per square foot (ASF) typically about 15
to 40 ASF. It is preferred to use an anode to cathode ratio of about 2:1, but this
20 may also vary widely from about 1:1 to 4:1. The method of the invention also uses
mixing in the electroplating tank which may be supplied by agitation or preferably
by the circulating flow of recycle electrolyte through the tank. In the preferred
apparatus of the invention as shown in the Figures, the flow through the
electroplating tank provides a residence time of electrolyte in the tank of less than

25 about 1 minute typically less than 30 seconds, e.g., 10-20 seconds.

The copper containing solution which is added to the system to replenish
the copper plated onto the substrate and removed from the system in the removal
stream may be of any suitable concentration, It is preferred that the solution be a
copper sulfate solution near the saturation level of copper sulfate pentahydrate,

30 e.g., about 275 to 325 g/l, which is about 70-80 g/l as copper. As discussed
hereinabove, the copper containing solution also contains in the amount to be used
the amount of additive used during plating plus the amount removed in the
removal stream. Regardless of the concentration of the copper in the copper
containing solution, it is an important preferred aspect of the invention that a

35 substantially equal amount of circulating electrolyte be removed from the system as
is added to the system and more preferred that the amount added be minimized by



20 March 2002 15 8. An apparatus for electrolytic copper plating a silicon
waf er sem conductor substrate wherein electrolyte bath conponents are
non-accumul ati ng and reach a steady-state value, conprising: an

el ectropl ating tank contai ning therein copper eIectron?Q ﬂﬂ??@*ﬁb copper
5 and an additive systemfor enhanci ng copper plating properties, a
substrate as a cathode and a spaced apart insol uble anode) the tank having

inl et means and outl et ans; agitating the copper electrolyte jn the tank
by circul at ¥$i%8t 96 LOPPEr ®ICBRTENBRGY COPRPOGHMINHE EPIHERT opHEIRE HE'St ank from
the inlet taddithen/reomtohat provduiuteemaimding thg eectrolyouiir ersuitatiel cehditar épl ati ng t he

cat hode; ne@getFdpMdinBRRE SublsiPdte AR@PEVIARY af Bieh WRNiSRh 18hg RRPAAenRhidegd; renoval

means for r | i of the electrolyte fromthe el ectroplating
t ank when t%;e@%//\t/'e'}%g“ﬂ?pga?m%gp%& is met; and addition nmeans for adding to the

el ectropPati ng t\@RRUEEMARdiMEntnaf thihasentynvantian 15!l growape dilusirpted dvect r ol yt e

removal so refeméncehe thofollowingfspedific bxanipidse This Bubdeantdestdod, komslegnt a

repl eni shimefyty %H%@Sm&@?aé&#é%hﬁé@ f&ﬁﬂlrﬁés@é BEiIBQttbh At tﬁQipH.tshar having a
eater than the.co t

copper concentration gr . C| r concentration o e renoved
el ect r ol yt e'MFRYIORS WA vax/e beslsed ?Sajtm'éﬁﬂg?rég’f'er than the additive
concentration in the renoved el ectrolyte in an 20 anount sufficient to

I ncreasqgt h@x%er concentration and additive concentration of the

el ectrolyte in

oyt T T et S S B IEEISE BT B PSSRl coPPer,
and to nai neertainingé7vall cappensulfaleaeniabidrate (17 gllHaianR0 g/l H:SOs and 8

ml/l additive system. A polished brass cathode substrate 2 inch x 3 inch was hung

vertically in the bath. A pair of platinized titanium anodes each 2 inch x 6 inch (as

15 submerged in the bath) were also hung vertically in the bath on each side of the
cathode with a space of about 3 inch between the cathode and each anode. The
bath was agitated using a magnetic stirrer. The bath temperature was maintained at
about 21 to 27 °C. A DC electric current at 25 amps/ft* (ASF) was employed.

A copper containing solution was prepared containing 75 g/l Cu*? (added as

20 copper sulfate pentahydrate) and 235 ml/l of the same additive system.

After 6 grams of copper was plated from the gallon bath, 100 m! of the
working electrolyte was removed and 100 ml of the copper containing solution
added. This procedure was followed for 1 metal turnover (the time required to
plate the initial copper in the electrolyte which is about 64 g of copper).

25 The copper bath was maintained in a material balance as follows. For every
6 g of copper plating, removal of 100 ml of electrolyte removes an additional 1.5 g
copper from the working bath for a total of 7.5 g copper removed from the system.
100 ml of copper containing solution adds about.7.5 g copper to the bath.
Likewise, for every 6 g copper plated, about 22.5 m! of additive is consumed and

30 about 0.8 ml is removed in the electrolyte removal portion. 100 m! of the copper
containing solution contains about 23.5 ml of the additive. The additive
consumption was determined empirically.

Using the above procedure, essentially 100% plating efficiency was
achieved (based on copper weight gain, plating current density and plating time).

35 The copper concentration was maintained between about 15-17 g/l during the 1



at .a substantially constant volune during the electroplating. 25 9. The
apparatus of claim@8 further conprising an electrolyte holding tank from
which electrolyte is punped into the inlet of the electroplatin é nk and
into which electrolyte is punped fromthe outlet of th@@l"é@'ﬁ%gp ?I ng

t ank. 20 March 2002 16 10. The apparatus of claim9 wherein the anode is
near the inlet and has an opening thér3e| n through which the circulating

el ectrol yte ses The appar at cIa m 10 e he tl et means
s or oxi R ROk DR e B¢ i Sefie Spieidton Befied ptuhher ei -t he
outlet is onsstenthcausnoeht capper Senrdptatie meulispheze pblainedhe el ectropl ati ng
tank. 13. The apparatus of claim 12 wherein the operating paraneter is the
wei ght of ar pl ated. 14. A sem conductor product nmade by the method of
claim1l. 13—%@9——&. sem conduct or product made by the nethod of claimb5. 16.
A sem cohduct or ASPBRRI i ediaplating apmetyredpden!lpfas chewminvFigl 1) issed ppar at us of
cl ai m 8 wheleeiroplhteecopperdsn hasineh dianietenlsiliopemafey Habieg adenctses ahlatasel ectrol yte
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20 the foregoing description. It is therefore contemplated that the appended claims
will embrace any such alternatives, modifications and variations as falling within
the true scope and spirit of the present invention.
Thus, having described the invention, what is claimed is:
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agitating the copper electrolyte in the tank, while applying a current and
10 electroplating the cathode;
measuring the weight of copper plated;
removing a portion of the electrolyte from the system when the weight of
copper plated is met;
adding to the system either simultaneously with or after the electrolyte removal
15 so that the volume of electrolyte in the system is substantially constant a
replenishment copper and additive system containing solution the solution
having a copper concentration greater than the copper concentration in the
removed electrolyte and an additive concentration greater' than the additive
concentration in the removed electrolyte and in an amount sufficient to
20 increase the copper concentration and additive concentration of the
electrolyte in the system to a predetermined value by replacing the copper
and additive used in the plating process and removed in the removal
portion; and
maintaining the volume of electrolyte in the system at a substantially constant

25 volume during the electroplating.

2. The method of claim 1 wherein the plating system comprises:
a copper plating tank and an electrolyte holding tank, the copper plating tank

being cylindrical and having an inlet at the lower end of the tank and an
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agitating the electrolyte by cnrcu atmg the copper electrolyte to the inlet of the
apparatus from the holding tank and simultaneously removing the copper
electrolyte from the outlet of the apparatus and directing the outlet copper
10 electrolyte to the holding tank.

3. The method of claim 2 wherein the operating parameter measured is the
weight of copper plated.

4, The method of claim 3 wherein the electrolyte and copper containing
solution are copper sulfate and the copper containing solution contains copper in
15 an amount of about 70-80 g/l.

5. The method of claim 4 wherein the anode to cathode ratio is about 1:1 to
4:1
6. The method of claim 5 wherein the residence time of electrolyte in the

copper plating tank is less than 1 minute.

20 7. The method of claim 1 wherein the copper containing solution is added
using a single use container which contains the same amount of solution as the

amount removed in the removal portion.
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5 and an additive system for enhancing copper plating properties, a substrate
as a cathode and a spaced apart insoluble anode, the tank having inlet
means and outlet means;

agitating the copper electrolyte in the tank by circulating the copper electrolyte
through the electroplating tank from the inlet to the outlet, while applying a
10 current and electroplating the cathode;
measuring means for measuring the weight of copper plated;
removal means for removing a portion of the electrolyte from the electroplating
tank when the weight of copper is met; and
addition means for adding to the electroplating tank either simultaneously with
15 or after the electrolyte removal so that the volume of electrolyte is
substantially constant a replenishment copper and additive containing
solution the solution having a copper concentration greater than the copper
concentration of the removed electrolyte and an additive concentration
greater than the additive_concentration in the removed electrolyte in an
20 amount sufficient to increase the copper concentration and additive
concentration of the electrolyte in the system to a predetermined value by
replacing the copper and additive used in the plating process and removed
in the removal portion and to maintain the volume of electrolyte in the tank

at a substantially constant volume during the electroplating.

25 9. The apparatus of claim 8 further comprising an electrolyte holding tank from
which electrolyte is pumped into the inlet of the electroplating tank and into which

electrolyte is pumped from the outlet of the electroplating tank.
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cathode edge.

5 12. The apparatus of claim 11 wherein the outlet is a continuous opening

around the periphery of the electroplating tank.

13.  The apparatus of claim 12 wherein the operating parameter is the weight of

copper plated.
14. A semiconductor product made by the method of claim 1.
10 15. A semiconductor product made by the method of claim 5.
16. A semiconductor product made by the method of claim 7.
17.  The apparatus of claim 8 wherein the anode has a central opening therein so
that electrolyte entering the apparatus flows through the opening toward the

cathode.,

15 18. The apparatus of claim 8 wherein the addition means comprises a single use

container containing the copper and additive solution.



