ELECTROPLATI NG COMPGSI TI ONS AND METHODS FOR

ELECTROPLATI NG Priority This application clains
w@eoosnidy9 to U. S. Patent Application No. 10/ 68BCHRS2004/033229

filed Cctober 16, 2003, which is incorporated by

reference in its entirety. Field This invention

relates generally to electroplating conpositions and

nmet hods for depositing conductive materials in

features, such as trenches and/or contact holes forned

on sem conduct or wor kpi eces. Background In the

production of sem conductor integrated circuits and

vor ki ecos. *suchERbCTEbbL 41T COTPRSTATNS "on ©
sem conduct or ANRMETHADSFOR ELEGIRQPLATING essary

to provide netal |layers on a workpiece to serve as
i nterconnect netallization tleri@| ectrically connects

5 variouspdey] ﬁ?a%ioﬁ%fa‘iﬁ? ﬁ&]itg% 6@5“:‘%%{1{ EMiifcafith R8€10/688,420, filed
anot her. "HIF&CtT I cal T hterconnect s have heen
C abatesir i1 6,208 ywhioh isddcdrporstediby oefelignteon itdentietys by
first depositing a conducting |ayer on a seni conduct or
wor kpi ece (e.g., a wafer) surf, %e usi ng sputtering or
simlar techniques. Unnecessa®Cportions of the

conductigink&uh rahRs sarPY§do El'@&ﬂ?tﬂﬁlin@ cefPBiiGas afd Ynethods for
etch process with a pattern mask formed of photoresj st

10 ordeppgiting ¢omdugtive gnpteriadsin deayires suchas iepelipmany opgpntact holes
alum . : formthe wring circuits.
To%%geﬁségu%hlﬁg%ﬁ%ﬁrewﬁﬁglr%%éed conpl exity of
sem conduct or devi ces, however, wiring in
sem conduct or devices has had to be nade snmall er and
snaller. This in turn has B-é-g]ég-%@i gher current

densi t i1@$hepddiceidh 6 £sbnitdriitiétoERtegtied @rcuits and other microelectronic
el ectrom gration. addition to this, shrinking |lines

15 r exgtigles frpmppigioglectrans WOHISESS, ARGNA SPAtjoRYBCtor Wafers or
B R s b
workpiece to serve as interconnect metallization that electrically connects various
devices on the integrated circuit to one another.
Electrical interconnects have been conventionally formed in semiconductor
20  devices by first depositing a conducting layer on a semiconductor workpiece (e.g., a
wafer) surface using sputtering or similar techniques. Unnecessary portions of the
conducting layer are removed through a chemical dry etch process with a pattern mask
formed of photoresist or the like.
In earlier devices, aluminum or an aluminum alloy was used to form the wiring
25  circuits. To keep up with the increased complexity of semiconductor devices, however,
wiring in semiconductor devices has had to be made smaller and smaller. This in turn
has lead to higher current densities and reduced lifetimes due to electromigration. In
addition to this, shrinking lines result in higher resistance increasing RC
(resistance/capacitance) delays.

30 To avoid excessive RC delays and device failures due to electromigration,

metals having superior conductivity and high electromigration resistance, such as



met al s havi ng superior conductivity and high

el ectrom gration resistance, such as- 2 - copper, have
whems/ouasd to formthe wiring. It is, however,PCT/US2004/033229

difficult to performdry etching on copper or a copper

all oy that has been deposited over the entire

wor kpi ece surface (as in the process described above).

Thus, a new approach known as danascene processing is

used. For copper wires, first trenches or canals are

formed according to a predeter®ined pattern in the

wor kpi ece surface for the wiring. |In dual -danascene
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El diflengdbnst(eg., pitatl pngorlzyen subed.25 my) ef duyidefeatares,isnthoasdrenches

pl ating sol ytjon has since been used to .fill th
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depgs] KBLES BorRb of cbfir Al i N
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conductEleearatpticglatirzyimasrsappsorkpice atte o plating selutiprehas since
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20 el Rt BetehEap it sonpe ioRs S Hnt fgialsogauctive
eXReEHNY tltallyesipel §Gecopperclllofs ERcitoflatingsutthédsaygicallyarequire a
an el ectroplating solution containing. netal i?ﬂs t hat .
wi thin, ﬁpgt@owﬁcm%yggggmtwe seed Jayer be deposited on the workpiece prior
to the plating process. The seed layer generally is formed of a conductive metal, such
as copper. Electroplating the desired metal is then generally accomplished by applying
25  an electrical bias to the seed layer and exposing the workpiece, such as a wafer
substrate, to an electroplating solution containing metal ions that will plate over the seed
layer in the presence of the electrical bias.
An electroplating composition comprising copper (e.g., copper sulfate) and an

acid or a conductive salt (e.g., sulfuric acid) may be used. The acid, such as sulfuric

30 acid, is added to the electroplating composition to provide the high ionic conductivity to



| ayer in the presence of the electrical bias. An

el ectropl ating conposition conprising copper (e.g.,
wa@oppeto4sul f at e) and an acid or a conductive SBELT/US2004/033229

(e.g., sulfuric acid) may be used. The acid, such as

sul furic acid, is added to the electropl ating

conposition to provide the high ionic conductivity to-

3 - the plating conposition necessary to achi eve high

throwi ng power. "Throwi ng power" refers to the ability

of an electroplating conpositign to deposit neta

uniformy on a workpiece, such as a wafer substrate.
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10 whiradsp@t,atei, dg’fusmnsof aireengtahntodheitrermhemmdm lctnata@ hoies taffects the

wor.kpi ece .C Lmt the t

Bl B B B ek ton B Sl e BB iRt s

s Uéd‘rﬁﬁen oxHiaggHr YeabiR@ deiGdes) ETIRIs bt FRPhtavRiCtgplaBngpions hie@hsvided to
aci d concentration conpositions) that

pr e .svéréacgeé therrprlsnies e ap St the platiag Ty dssreqyiys @f the voltage or
CO eﬁg&néi?;d eg;;h'ea td"ﬂhﬁ?laﬂné %@chvmguy%mdhcmadée&saaeﬁg

evi ce . sub-m croh sized ttenches and
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trenches and/or contact holes. However in typical high acid plating baths the transport

rates are limited by the relatively low metal ion concentration.
Transport of the metal ion to be plated is directly related to the concentration of
25  the plated metal ion in the electroplating composition. A higher metal ion concentration
results in a higher rate of transport of the metal into small features and in a higher metal
ion concentration within the depletion layer, i.e., the boundary layer at the cathode
surface hence, faster and better quality depositions may be achieved.
When using a plating composition superior in throwing power and coating

30 uniformity to fill copper in the trenches and/or contact holes of a substrate having



Transport of the netal ion to be plated is directly
related to the concentration of the plated netal ion
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concentration results in a higher rate of transport of
the netal into small features and in a higher netal
ion concentration within the depletion |ayer, i.e.,

t he boundary | ayer at the cathode surface hence,
faster and better quality depositions may be achi eved.
When using a plating conpositién superior in throw ng
power and coating uniformty to fill copper in the
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Attempts to address the problems introduced using the conventional plating
compositions (i.e., compositions having a low concentration of copper and a high
concentration of acid or visa versa) have not been completely satisfactory. For
example, various additives have been used, such as particular suppressors, accelerators,
and/or levelers in various concentrations. Other additives used include halide ions, such
as chloride. The additives used depend upon whether the plating composition is a low
copper concentration with a high acid concentration or the opposite, as is known to
those persons of ordinary skill in the art. Certain additives may decrease the deposition

rate of metal atoms at a given potential, thereby inhibiting the deposition process,

whereas other additives may increase the deposition rate of metal ions at a given



Attenpts to address the problens introduced using the
conventional plating conpositions (i.e., conpositions
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concentration of acid or visa versa) have not been

conpl etely satisfactory. For exanple, various

addi ti ves have been used, such as particul ar

suppressors, accelerators, and/or levelers in various
concentrations. Qther additives used include halide

ions, such as chloride. The add§tives used depend upon

whet her the plating conposition is a | ow copper

concent.r.a h, aci.d conc atio
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met lons at a given- 5 - potential, thereby

accel erating the deposition rate. Unfortunately, t he
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semiconductor wafers and features but may be used in connection with any
semiconductor workpiece wherein metallization is required. The term "workpiece" is
not limited to semiconductor wafers, but rather refers to substrates having generally
parallel planar first and second surfaces and that are relatively thin, including
semiconductor wafers, ceramic wafers, and other substrates upon which microelectronic
circuits or components, data storage elements or layers, and/or micromechanical
elements are formed.

The electroplating compositions include copper and acid at previously avoided
relative concentrations. The electroplating compositions provide surprisingly superior

fill capabilities, particularly copper deposition bottom-up fill capabilities for high aspect

ratio features having submicron dimensions (e.g., 0.12 pm trenches) such that the



conmponents. The conpositions and nmethods discl osed are
not limted to such sem conductor wafers and features
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wor kpi ece wherein netallization is required. The term
"wor kpi ece" is not limted to sem conductor wafers,

but rather refers to substrates having generally

paral l el planar first and second surfaces and that are
relatively thin, including sem conductor wafers,

ceram c wafers, and other subsgrates upon which

m croel ectronic circuits or conponents, data storage

el enents or .| ayers, and/or nicranechani cal el enent.s
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s udckeletatorg sippressons dralidest andfor feveletent rations in g/ L) is

equal t.g from abou . 3.t0. abqut 0. 8 The | s .
comr i sire el ittons P A st Sty Brposiing
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The di scl osed nethods utilize the el ectroplating
conpositions for de Q ff) Q85O0 BEh e BHaWiss m conduct or

wor kpi eces. The netﬁogs—#urgﬁer—ensure—sd%erior copper
deposi tFign isiatgraphatliswating thieisblubitisypafidobpdri saiate o sudfugib acid at
as ec%%%etio features of subm cron size such that the

prs B of voids is reduced or substantially

el i m nagipd 26d) 20g At \RbaniRE bieérdaaficfdstdpeYREN) phb®graphs of copper

Dr aw ngs
semiconductor interconnects measuring from about 0.12 um to about 0.15 pm in width

at half the height of the interconnect formed by using various embodiments of the
electroplating compositions wherein the copper concentration was varied while the acid
concenfration was about 80 g/L.

Fig. 2(f) is a pictured leverage plot showing feature fill results when comparing
varied acid/copper electroplating compositions, where the copper concentration was
increased in successive samples.

Figs. 3(a)-3(d) are SEM photographs of copper semiconductor interconnects
measuring about 0.15 um in width at half the height of the interconnect formed using
various embodiments of the electroplating compositions wherein the acid concentration

was varied while the copper concentration was about 20 g/L (in Figs. 3(a)-(b)) and



Fig. 1 is a graph illustrating the solubility of
copper sulfate in sulfuric acid at about 25C Figs.

WQe@pHRAUs) are scanning el ectron m croscope ( SEA/US2004/033229

10

15

20

25

30

phot ogr aphs of copper sem conductor interconnects
measuring fromabout 0. mto about 0. min width at
hal f the height of the interconnect fornmed by using
vari ous enbodi nents of the el ectroplating conpositions
wherei n the copper concentration was varied while the
acid concentration was about 89_g/L. Fig. 2(f) is a

pi ctured | everage plot showing feature fill results
when conparing vari ed aci d/ copper el ectropl ating
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concentration was about 20 g/L (in Figs. 3(a)-(b))
amgncentratiom et ingrwaggdiin pychessivgsampler) - (d)). Fig. 3(e)

is an SE teqr f ' :

reacur 110 SRS GRS prBR el PhEDARBRG shmlcoRr imeroomgects

t heedsnting shwnn@25 phrirvabithpat half thedntetcennecbldightifermedrisig a prior

3(f) ,is a, pictured.leverage. pl ot show L he fe .
711 tpueplPE GRS . Pped il fadolug RO oL white
el @6 héigRbechRgionorgaboiti10ngl.. wherein the acid

concentration was increased ip successive s rzgt)l es.

Fi gs. Higs- _4@()&[1’) gfeeSEE},\gthWg{a@ §%tg0§gpgfsexggﬁﬁ€q or interconnects

\‘j’m ergtbisgg?éjﬁﬁa(ﬁ; 0pBLE] MQRARCH: BalMBRIAeIOANRPRIEht ForfRed BingAn

the interconnect helfghy forned using a
pr émbodimentef thetelesprbplatimgcanapesitions ¢idhisipnentpmwhergsin the copper

CoRREBERYSA B oo Rl .
SEM photiggs(@pis an SEM phizpegrapshesticopyed serhioonductos iterometts
e 0N % 82 et DRk e v
?L@%@é&%ﬂgﬁﬁé’ms&kﬁ Réhefin thBicSppe ¥@iteh@ftioniais@bsut 20 g/L
while the acid concentration was about 180 g/L
Fig. 5(b) is an SEM photo of copper semiconductor interconnects measuring
about 0.2 pm in width at half the height of the interconnect formed using an
embodiment of the electroplating compositions of this invention wherein the copper
concentration was about 50 g/L while the acid concentration was about 80g/L.
Fig. 6(a) is an SEM photograph of a copper semiconductor via measuring about
0.16 pm in width at half the height of the via formed using a prior art electroplating
composition wherein the copper concentration was about 20 g/L while the acid
concentration was about 180 g/L.
Fig. 6(b) is an SEM photograph of a copper semiconductor via measuring about
0.16 pm in width at half the height of the via formed using an embodiment of the

electroplating compositions of this embodiment of this invention wherein the copper

concentration was about 40 g/L while the acid concentration was about 100 g/L.



concentration was about 50 g/L while the acid
concentration was about 80g/L. Fig. 5(a) is an SEM

w@bwsoguaph of copper seni conductor i nterconneRtHUS2004/033229
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measuring about 0.2 mMmin width at half the height of
the interconnect formed using a prior art

el ectropl ating conposition wherein the copper
concentrati on was about 20 g/L while the acid
concentration was about 0 g/L Fig. 5(b) is an SEM
photo of copper sem conductor_gnterconnects nmeasuring
about 0.2 mMmmin wdth at half the height of the

i nterconnect forned using an enbodi nent. of the

el ect r &g d(a) iy eropmesstienabmiswa arppresenidiss EleeFPPRRfEswhg station
t I

I}I%Vi?lg Qlﬁ)g(gce s?%cﬁfé%ﬁ)%;%rqg c\(f)%ffoxgl%gy'{ E,&_)cgs/slng"i@él vf'ltsﬂ \gﬁch the
SEIMcnbcltengcapdimpcﬁsimnsumyéxem;lhmdconductor via measuring

about .1 wi dt al f. the.hei 0 a

f or me d 9’&% ?/lep%la WF%?eCB?IEatl egchfﬁd)ﬁpé% cﬁgi rg%rﬁ,pen{atlve Brocessmg
WREERbE dr hécfoR RRGIWIGEEHIGS Rlct RbdhemicabSonagilition@ thag bk utilized.
whil e the acid concentrati on was about 180 /

L, Fi
6( b) i FignS@ER rETEBeasItAtiar PECESIIoNT Chagl ngt"’ofgw of many
P e e
elthe:elemdchemmgl opositives andgnashodsof thivmyentiotent of this

5 PSS BRSNSy g o

0/ dlectroplating-t@npoéitioas iy de atilbgd- secti onal view of a

representative el ectroprocessing station having a

processi ng chanber or reactor for use in a processing

tool w th which the el ePetArdaEs&@ptiGiPPOosi ti ons may

be utilized. Fig. {als a cross-sectional view of a

port i oqumWelalmelmi@ﬁr@n ting campasisioas ef ¢appetangigeid, Bich as sulfuric
reactor W.th.

maa§1 comprse; Zte Or a rElattlbaygé\g g&g?g:;k%mr&ﬂ)lrn ggl%eﬂwsen;tﬁae'ré)fg% relatively

priigiesspptl eoncatiations to ledurstthatefmigalceffeetandfprosdyreasonable filling

possi h t ti
: PP SR B B R R P igr Phhesr Bt S Bladapy low
8&' | ohQRfra@disoRitIRGISadg dothpdsitioN @il heve gobll GgowRigbwer.
and S IllTustrate two rep resentatlvgﬂ(grocessm

t o"Ehese eqtronlating edmpasisions etthisdpyeatipn o Beffalaw sidrronHsnyional
1%&6111' ﬁ%gead, they include copper concentrations more equivalent to the acid

concentrations.

In particular embodiments the electroplating compositions formulated in
accordance with this invention comprise an aqueous mixture of copper and sulfuric acid
wherein the ratio of the copper concentration to the sulfuric acid concentration (all
concentrations listed in g/L are grams per liter of solution) is equal to from about 0.3 to
about 0.8 g/L. In other particular embodiments the electroplating compositions
comprise a mixture of copper and sulfuric acid wherein the ratio of the copper
concentration to the sulfuric acid concentration is equal to from about 0.4 to
about 0.7 g/L. In yet other embodiments the electroplating compositions comprise a
mixture of copper and sulfuric acid wherein the ratio of the copper concentration to the

sulfuric acid concentration is equal to from about 0.5 to about 0.6 g/L.



Det ai | ed Description Conventional electroplating

conposi tions of copper and acid, such as sulfuric
wa@edod/p4@enpri se either a relatively | ow acid PCT/US2004/033229

concentration whenever there is a relatively high

copper concentration to reduce the term nal effect and

provi de reasonable filling capability, or a relatively

hi gh aci d concentrati on whenever there is a relatively

| ow copper concentration so that the plating

conmposition will have good thrgw ng power. The

el ectropl ating conpositions of this invention do not

foll ow such conventional wi sdom |Instead, they include

c opper lootice ambadlmnts thnﬁlc,ctr@qlanngp@mostt@nﬁ peMBfésedn aqueous

ncen t ons arti
o BEERS BT PR BT 108 R B PeflRE RlrRerifion i the composition
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OBt S S b B L o BE G PeSbolns
5C oél&‘?fb%g?h? Q&nﬁ@s'nhong Q BaSRde’ Atalg@Ebus migtufrbfl Bpkr lan@ E\ﬂfunc acid

gr ans Iter of solution) i's equal to from abo
o Bhereindhoespper @negnitratipminghé, @rrmmrttomewahm@h%cﬁowé r‘ﬂ ghout

6 55, SRR BRSPS B R0

e ratio
C oghoat IZIDgXI:e i other antidubar tembodiehtsithecoagpoditions comprise an aqueous

SRS S R Al et

10 COfRQADhEdnBafort S Bdth §6oud 65k iboue1 5 g/TO Ppetherditbaglithénts the
acid wherein the ratio of the copper concentrat.i on

t heonapaisitions eOTRIISE 2B GARSOHE P TiGPT CAPREF HA COnEeTTagng %%‘EIP about
0. 25 {o ab%P E -afld Sikuric afidat h Rofleh@4ticRir e BB 73 BSbout

el ec g conpositions conprise an agueous
m x20ug/e. of copper and sul furic acid wherei n the copper

concentration in ositio b

to abouflt il eﬁegtr%pgzl%ﬁ% PPy %Vl%ar&(p C%gé?rf@ﬁ }{ﬁn the
15 aca&v@%@paém e@l'Wlll%rcfvﬁdHBu@&ﬁmtﬁlﬁﬁpﬁbillt’d‘éwpﬁmdlﬂﬁlmsbful

In yet other odi nents the el ectropl ati

CoMOHIPIAIBE SRR SORAT SR ATARIEOHH KB O APOR AT cgppgr and
Subidtt 160 BE A Br 4Gt SPRRRLPERAREMIRED 9. SulfutiBoid.

conposi ti I's wthin about o about 90 % of its
s oDther bxenyplanyrcmbomtstqqmpsxm fqnepes mixtutescefinbert04/% sppper and

. SShP HECHA0 R 4182 B ol 0 i
20 The copper source used in the electroplatlng compositions of this invention may
be, for example, a copper salt such as copper sulfate, copper fluoborate, copper
gluconate, copper sulfamate, copper sulfonate, copper pyrophosphate, copper chloride,
copper cyanide, combinations thereof, and the like. Although copper sulfate is
primarily mentioned herein, it is to be understood that copper from any suitable source
25  may be used in the disclosed compositions.
The electroplating compositions may contain other mineral acids in combination
with or in place of sulfuric acid, such as fluoboric acid and the like, organic acids, such
as methane sulfonic (MSA), amidosulfuric, aminoacetic, and combinations thereof, and

the like, combinations of mineral acids and organic acids. The electroplating



m xture of copper at a concentration of from about 35
to about 60 g/L and sulfuric acid at a concentration

w@booknesabout 65 to about 150 g/ L. In other PCT/US2004/033229
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enbodi nents the conpositions conprise an aqgueous

m xture of copper at a concentration of from about 45
to about 55 g/L and sulfuric acid at a concentration
of from about 75 to about 120 g/L. Al though any

el ectropl ating conposition having acid and copper

wi thin the above disclosed ranges will provide
superior fill capabilities, particularly useful

el ectropl ati ng. c sitions.conprise an aqueous

i SARROBUGES 2B RETAB NPT RS G SBERIES BoAcsplgrators, and

S Ule{dlérs G0 AGisindMlliRPaHAN RBugsL copper and about 80 g/L

sul furic acid. O her exenplary enbodi nents conprise
aqueousTheiglactipplgting campnsitiogpmgy plse sijein additivessyok aphmlide ions,
g/ ' ' . J L. .

0 br ST o G, Ay GRABL S PN e
el eattadopémg ofithe disctpesl doimpositiords dhhirsleiinadeiad inconiayatios with

for exanple,.a c er salt such.as copper sulfate,.

C OIS PRSI A G S POpTe g a1 SR Fgiont G fpipract and
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chl ori de, copper cyani de, conbinations thereo

. PP f, and .
t hegiven applicdpurHaLeensEL e is KIAVRAR BosePesRansaf pidjnary skill in the art,
T RS L Bk Bl SR oI GEPRRE
c opasosétens ohesen Tardhepatculaglardwanry loeepasicnibodignentsyof the disclosed
contai n..ot her.mneral acids in conbination wth I N
o1 Rl Bh i o Bl ot o Pt 30 bRl 0p bl For
| i ds@mple; gisouit 50 pendEC] maiche aidedrtdnate o plafingeEmidsiibh comprising

am_dosul furic, am noacetic, d canbj nati.ons t hereof,
antPorhd #/1eappes 3AdRbRY 508l %'?‘rﬂﬂf Fotlaln dethes elal%delmem, about 20
Or GRNHE] RS to 1@ BplafifPé st diftion t8mpri AR 40 @M Scopper and

may I nclude further additives such as suppressors,

acahoielQ sk sulfugivcheide ther syitalle additivas (asrkrfown) th fipse pegsans of
f e&?gl%ﬁlss%irﬁqhee érgcl}s&? ﬁ)l agé {@gﬁpﬁé@%{;’%ihgdeé’@%si the QL ogition rate

con ditrv suc r
C hdrdror deaid Iohicoavic el eratdr il ind eeasing theidepdsitiomsrateheayaef addedh d

the 1i . In certain enbodi nents of, the di scl psed
conposi TPBIESOCh BTy Hetoasr RO PolaRANIAR ERLASOFoLGY the substrate
C edukrRbdtoSHIABH 85 fdic: PPéridey@sttidntn the adlSHbY@hrRSY. Buppressdbs added

amount sufficient to interact and
to the plating composition may include, e.g., two-element polyethylene glycol based

suppressors, such as suppressors made of random/block copolymers of ethylene oxide
and propylene oxide mixed in a wide range of ratios. For example, CUBATH ViaForm
Suppressor (DF75), available from Enthone, Inc. of West Haven, CT, or Shipley C-
3100 suppressor, available from Shipley Company of Marlborough, MA, may be used.
Embodiments of the electroplating compositions may include any suitable
suppressor type and concentration. For example, CUBATH ViaForm DF75 suppressor
at a concentration of from about 2 ml/L to about 30 ml/L, or about 2 to about 10 may be
used. As further example, Shipley C-3100 suppressor at a concentration of from about
5 ml/L to about 25 ml/L, or about 10 to about 20 may be used. In one particular
embodiment, about 2 ml/L. of the CUBATH suppressor is used in an electroplating



suppress deposition of copper at constant voltage, or
to increase the over potential for a given applied

wa@eoses4sdensity. As is known to those personsPEf/US2004/033229
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ordinary skill in the art, the concentrations of

hal i des added are typically determ ned by the

operating paraneters chosen for the particul ar

hardware, h certain enbodi nents of the disclosed

conpositions the hal ogen concentration is from about

ppm to about 100 ppm For exanple, about 50 ppm HC

may be added to an el ectroplating conposition

conpr|3|ng about 50 g/ L copper and about 80 _—
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further exanple, Shipley C 3100 Sggﬁfesthm

at acidc Borseed laxers nthuperias speasegsisuch 28 YDy aboyh
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Suppressors and accelerators heavily populate around the features and since the
suppressors inhibit the copper growth, a small overhang of the seed layer can close the
mouth of the feature leading to a void in the feature. Therefore, an electroplating
composition where the suppression is mostly active on the top of the topographical
features and the accelerators dominate the suppressors in activity inside features so as to
achieve bottom up growth may be particularly useful.

The concentrations of such components may vary to be optimized for particular
hardware and/or operating conditions as desired. Suitable concentration ranges for

additives (e.g., halides, accelerators, suppressors, optional levelers) to the electroplating



about 40 g/ L copper and about 100 g/L sulfuric acid.

Accel erators reduce cathodi c polarization and conpete
WORM/0s04ppr essers for adsorption sites to accePEr/asm4/033229

copper growth in the adsorbed areas. The accel erators

used in the plating conposition may include, e.g.,

sul phur cont ai ni ng conpounds, such as bi s(sodi um

sul f opropyl )di sul fide (SPS). Accelerators, with

smal | er nol ecul ar di nensi ons can diffuse faster than

suppressors. For exanple, CUBATBH-Vi aForm Accel er at or

(DF74) avail abl e from Ent hone or Shipl ey B 3 0

accel erator (avail abl e from Shi used.
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20 The plating methods using electroplating compositions of this invention may be
carried out, for example, in a fountain style plating reactor of the type currently
marketed by Semitool, Inc. of Kalispell, MT, Novellus Systems, Inc., of San Jose, CA,
or Applied Materials, Inc. of Santa Clara, CA. These tools typically incorporate plating
reactors having an anode system that functions as a single anode, either by employing a

25  single disc-like anode or a basket of anode particles.

However, the plating methods carried out in a multiple anode reactor of the type
described in U.S. Patent Nos. 6,497,801, 6,569,297, 6,565,729 and in published PCT
Application WO 00/61498 are particularly suited to using the electroplating
compositions described herein. U.S. Patent Nos. 6,497,801, 6,569, 297, 6,565,729, and

30  PCT Application WO 00/61498 are herein incorporated by reference.



conpositions may vary dependi ng upon the specific

operating conditions for a particular chosen process
w@easos04sD0l (e.g., tenperature, spin speed, fPOMUSEDE)33229

current density) as is known to those persons of

ordinary skill in the art. Continued accel eration

after filling the features may result in excess growh

of copper over the features creating surface

protrusions. Thus, the addition of a |eveler, such as

CUBATH Vi aFor m Level er DF79, avgd able from Ent hone,

or Shipley U 3100 | eveler (avail able from Shipley) may
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20Pat Hak drpesed avithgythg outer ehapdgr p3l7, The, 1863 chrargbes 12 carries at least
pu b(lnieséna%go&%ot shown in Figure 7(a)) and directs a flow of processing liquid, such as

an embodiment of the electroplating compositions of this invention, to the workpiece
101. The processing liquid flows over a weir (as indicated by arrow F) and into the
outer chamber 131, which captures the processing liquid for recirculation, recycling or

25  disposal.

In operation, the support member 140 holds the workpiece 101 at a workpiece-

processing site (such as a workpiece plane) of the reactor vessel 130 so that at least a
plating surface of the workpiece 101 engages the processing liquid. An electrical field
is established in the processing liquid by applying an electrical potential between the

30 plating surface of the workpiece 101 and one or more electrodes (described in greater



Application WD 00/ 61498 are particularly suited to

using the electroplating conpositions described
whesosiosmdsd). S. Patent Nos. 6,497,801, 6,569, 29FCT/US2004/033229

6, 565, 729, and PCT Application WO 00/ 61498 are herein

i ncorporated by reference.- 13 - Fignre 7(a)

illustrates a partial schematic, cross-sectional view

of a representative plating station 10. A support

menber 140 includes a spin notor 144 and a rotor 142

coupled to the spin notor 144..4he rotor 142 supports

a contact assenbly 160. The rotor 142 may include a

backi ng plate 145 and a seal 141. The backing plate
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secondary liquid, for example the same or a different embodiment of the electroplating
compositions of this invention, to a plurality of electrodes. The inner chamber 132
includes four concentric electrodes 180. A controller 183 is operatively coupled to the
electrodes 180a-d to individually control the current applied to each electrode, and

25  accordingly control the corresponding conductive paths between the electrodes and the
workpiece feature.

The electrodes 180 are housed in a field shaping unit 176 having a

corresponding plurality of electrode compartments 177 (shown as compartments 177a-
177d) separated by partitions 178. The distributor 189 directs the secondary liquid into

30  each compartment 177 via a corresponding plurality of distributor channels 179 (shown
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sanme or a different enbodj nent of the electroplating
20  substantially preventing the secondary fluid from passing toward the feature. Instead,

the secondary fluid passes through the apertures 174 and out of the inner chamber 132
via the helical drain channel 134. The first fluid can be collected at a separate drain (not
shown). In another embodiment, the ion membrane allows the fluid as well as ions to
pass through.

25 One or more of the foregoing reactor assemblies may be readily integrated in a
processing tool that is capable of executing a plurality of methods on a workpiece, such
as a semiconductor microelectronic workpiece. One such processing tool is an
electroplating apparatus available from Semitool, Inc. of Kalispell, MT. Figs. 9(a) and
9(b) illustrate such integration.



conpositions of this invention, to a plurality of

el ectrodes. The inner chanber 132 includes four
w@ovsenusd ¢ el ectrodes 180. A controller 183 iBCT/US2004/033229
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field shaping unit 176 having al€éerrespondi ng
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conpart ts 177 eparated.b artition 7

Therar st T Pboetsh SERE 6 ind S GRS RSB g RioRf £19. These

eac Broees¥pgfstatieng inditde vhoramére rinsia pandhdgatidnd aad bhid/orGhore

distributor channels 179 (shown- 15 - as distributor

c haflsetreplating statipngy ( Othap gustablie Agmgrsiqrmehentieab Rrpsesping;torls may be
pr og&edsid Mk Qlégt?or{gﬁﬁ'ng@ ﬁ%&lgbﬁs‘)r Tﬁegsysf%ﬁf‘l'hcl:i(lﬁ@s thermal processing

el ectrodes 80, a 'y toward t'he workpi ece

$ eastatiens, Stich aeatflelét which irredudeiagledst oha fiengaluedctor 1d isoadapted for
t he elf tr| Cflel R@ggduced by the el ectrodes 180 is

as I BEr U were positioned at the exits

of each mmaﬂcbr&ést ard ernsfasedsﬂemn kpyoc\t'ssﬁrtgmdtioﬁb 200 srltBe RTP
posi tion The &EP{ ro gui de 170
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&ass toward the workpi ece feature. In another

b &B¢ dehigated;raoticpeshanism 2AQ atrepis Workpieqss thagiareitigpsferred to it by

the robotic transfer mechanisms 220. Transfer may take place through an intermediate
staging door/area 245. As such, it becomes possible to hygienically separate the reactor
portion 230 of the processing tool from other portions of the tool. Additionally, using
such a construction, an annealing station may be implemented as a separate module that
25  is attached to upgrade an existing tool set.

The electroplating compositions of this invention may be utilized with any of a
myriad of workpiece metallization processing methods for forming interconnects and
vias in a workpiece. For example, Figs. 8(a)-8(d) illustrate several possible

electrochemical deposition metallization process flows wherein the disclosed



menbranes that allow ions to pass toward the workpiece
feature, while preventing or substantially preventing

wo bmsseaendary fluid from passing toward the fReLt/Usm®4/033229
Instead, the secondary fluid passes through the
apertures 174 and out of the inner chanber 132 via the
helical drain channel 134. The first fluid can be
collected at a separate drain (not shown). In another
enbodi nent, the ion nenbrane allows the fluid as well
as ions to pass through. One ori7wre of the foregoing
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15 ringgntignmailecirpehentieal {eledrolass phadeateytic) pted lavier rappiner
co i f [ f
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o L SPLELL T SPIRCELL 02 L% Bt et an
existing seed layer, in a separate deposition step to provide an "enhanced" seed layer.
20  The enhanced seed layer typically has a thickness at all points on sidewalls of
substantially all recessed features distributed within the workpiece that is equal to or
greater than about 10% of the nominal seed layer thickness over an exteriorly disposed
surface of the workpiece. For example a seed layer enhancement process may be
performed as disclosed in U.S. Patent Nos. 6,290,833 and 6,565, 729, which are
25  incorporated herein by reference. When a seed layer enhancement process is
performed, it may be followed by a rinsing step.
With continued reference to Fig. 8(a), a copper layer is electroplated onto the
seed layer in the form of a blanket layer. The blanket layer is plated to an extent which
forms an overlying layer, to provide a copper layer that fills the trenches (or other

30 device features) used to form the interconnect wiring. The copper layer may optionally
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As shown in Fig. 8(b), an alternative process utilizing the electroplating
compositions of this invention may include a preclean or pre-wet step prior to copper
plating so as to limit surface defects and remove waste materials therefrom. As shown

25 in Fig. 8(b), the preclean or pre-wet step, copper plating, backside clean and/ or bevel
etch and DI rinsing steps may all take place in the plating tool. The anneal and CMP
steps may then follow outside the plating tool.

In another possible process suitable for use of the electroplating compositions of
this invention, a seed layer repair or enhancement step may be performed prior to

30  copper plating (Fig. 8c)). The seed layer repair step may comprise electrochemically



i nvention, an electrochem cal (electroless or

el ectrolytic) seed | ayer repair or enhancenent step is
w@eoososed (not shown in Fig. 8(a)). SpecificaPtUSm04/033229
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workpiece plating surface while the workpiece is being immersed in an embodiment of
the disclosed electroplating composition. For example, a loading bias of about 0.4 V or
greater for 200 mm workpieces have been found to provide a void free fill of the

25  features. To further enhance plating, for example, for plating a 1.0 pm copper
deposition on a 200 mm wafer, the wafer may be rotated upon immersion into the
electroplating composition between about 40 rpm and about 200 rpm. Upon plating, the
wafer is rotated between about 10 rpm and about 150 rpm. Exemplary embodiments of
the plating methods rotate the wafer upon immersion at about 75 rpm and upon plating

30 atabout, 75 rpm at 1.0 amp for 5 seconds, 40 rpm at 1.0 amp for 25 seconds, and 40



Each of the plating, rinsing and etching steps can be

perfornmed in the sane chanber or can be perforned in
w@eepanausd chanbers. The etched workpiece is  PCT/US2004/033229
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Example 1 and Comparative Data

A representative embodiment of the electroplating composition of this invention

is shown in Table 1.



performed outside the plating tool. As discussed
above, the electroplating conpositions of this

WO pwsnti4son may be used in a nunber of el ectropPEL/UszP04/033229
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netal lization process using the electroplating
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the rotation speeds, biases, and.ti erlods i zed
de R A FPURINRg SHRRSIOBS ForTRAE G conve (51 kigh poyngpand low

f or Rd conBinhtint (8! 5@ HMANE  ndPI08d/L BElfuriOdci E)?dml:&i vihHaving visible
&Iatlng a 0.85 m copper deposition on a nmm waf er,

heveids. ef comparisen af the resyhnshovmen Figsn4(ah(c verses Hdx{f) rryeal that the
¢ or‘rm&_l atrtI }H& copper/low acid electroplating compositions (Figs. 4(a)-(c)) result in the

formation of interconnects having significant voids, seen as dark spots in the
micrographs at the lower regions of the interconnects. Although the filling of the
interconnects using one embodiment of the electroplating compositions of this invention
25  as shown in Fig. 4(d) was halted prior to completely filling the interconnect trench, as
can be seen in the micrograph of 4(d), the interconnects were forming without visible
voids — a significant improvement over the conventional electroplating composition
results. Additionally, although the interconnects formed using an embodiment of the
electroplating compositions as shown in Fig. 4(f) show some voiding, the number and

30  size of the voids in the interconnects are significantly fewer and smaller as compared to



at between about 40 rpm and about 200 rpm Upon

plating the wafer is rotated between about 10 rpm and
w@bman450 rpm Exenpl ary enbodi nents of the pPel/Uszp04/033229

nmet hods rotate the wafer upon inmersion at about 75

rpm and upon plating at about, 75 rpmat .0 anmp for 5

seconds, 40 rpmat .0 anp for 5 seconds, 40 rpmat 2.0

anp for 39 seconds, and 60 rpmat 8.22 anp until the

desired thickness is achieved. Alternatively, and

using current density designatigns for further

description of possible plating enhancing nethods, a

1mm copper depgsiti.on nay be deposited on 200
haviPf geS&ﬁ%ms@n%@éwewcawtsépﬂ%@dﬁtnag@pwr 2y p@pr‘?low acid

myel@&rdfb@itlﬁg %gmﬁémﬁ‘@f) bd caqa'i_tﬁ sEdtin tﬂ_@ﬁn&éﬁhﬁ)%apﬂ%@ﬁ ir%ZX(c)

rom about 2 MAmps/cn? to about
Al t er nat quefulgrhertch@p@mon,eqmpth@epmrtayt qi@yropl@tlng mmmbmn (e, a

Whi Ccﬁ{vgrﬁgo éloloapc%gf)ei él W&!f&ﬂ@mom whs tgétg%upﬁf {h%%afng conditions

esire nESS
3 hewithideatital d&(hﬁi/és}(amtleﬂtllczleﬂnMahﬁlsy msuladg ﬁuuremgest}hemg seam
pl ati proeess, iC t exclusive
01 avaifne AT e S Seebeell: aftior st el ing eqpaositon

hi ghpriitle BNd/L ERNEidtigo @@Mﬂhe adid PRSHUEQIRAMAoidEn RRtAllized

A repr esent at1ve enbodi nent of the electroplating
contsnshes: dn cemparifos, anppehedingnt pEthe wkﬁﬁﬁoqmm{@bp]éthg comppsitions of

Ac cﬁge r a%nggﬂ 2%&%?4“%’98‘%%@%%?@ E‘%?PY?JD@;%@ gggmﬁg and 50 g/L

1q DFZ9)pr@dusedighid 3¢ featised ingenidentivakbsize tatrncbes (anshopmin Fig. 5(b)).
Wth suitable current densities (such as those set
forth above), void free filling

Example 2 and Comparative Data

Another embodiment of the electroplating composition of this invention is

shown in Table 2.

15 Table 2
Component Concentration g/L

Cu 40
H,S04 100
Accelerator (B-3100) 10.0

20 Suppressor (C-3100) 17.5
Leveler (U-3100) 3.0
HCL 20"

* Halogen concentration in ppm.

25 With suitable current densities, such as those set forth above, void free filling of
a via was achieved with this embodiment of the electroplating composition of this
invention as is illustrated in Fig. 6(b).

For comparison purposes, a prior art electroplating composition was tested
under the same conditions with identical additives (at identical concentrations) as was

30 Example 2. A via fill having voids, as can be seen in Fig. 6(a), was obtained with the



was achieved with this enbodi nent of the
el ectrochem cal conposition, as illustrated in the

wo emaltEsshown in Figs. 2(e), 3(d), 4(d)-4(f) eemuSi{ob)/033229
For conpari son purposes, prior art electroplating
conpositions were tested under the same conditions
with identical additives at the identical
concentrations. Features having voids, as can be seen
in Figs. 4(a) - 4(c) were obtained. Specifically,
prior art electroplating conpospiions conprising the
conventional high copper and | ow acid conbi nation
(i.e., 50 g/L Qu and 10 go/L sulfuric a0|g4 pr oduced
Vi a@nqmvwﬁglpwgwm pegiicady, the RUigH3E clesBAPlaing Goanogisign £empared
shoyy th@cd:rfvgxﬁlonﬁlﬁéh 6&d achPfoWJc% pBérPonblnatib® ¥ ‘;‘ea|20th'I§tu and 180 g/L

the prior art high copper/IOM/aC|d electroplat

C onm@nc a@d)spr@ﬁncgtg a vig hpvipg yﬁlm@wds, a$ showwein fFigg. ﬁéet) ivdile the
dar?(nq%oglglﬁgnqy gtct%x% elegt\r/@rn oln Icgﬁxlggsllf s of ! ar}éant? e :Hgvru{gd sq;rprlsmgly
3 hesupariaresultBectoid-frde tria(ﬁllg:kg Mmeachielvéd, g stafwrl 1heFlg 6(b).

i nt erconnects using one enbodi ment of the

el ectropl ati ng conpositions of this invention as shown

i N Eifmpr@d) was halted prior to conpletely filling
the 1Tnterconnect trench, as can be seen in the

m cr ogr aphshewnan Higs. 2(pkthrovgh Pdrmepperseminopdycinriftgrgonnect
Wit DOhecth s&'u% %%I.lfj(ﬂZt aafb%%x iff %xgl%ﬂ E{E{ Réff‘fﬁ@ ﬂf,-llgﬂt"cﬁfthe

t he conven ectro ionre
10Ad dinterconaédt yereafilidaosgig \Aaheus mtmdhmrrnsao:ﬁthe électr@whtmglcnglposmons
|t|ons .as

odi nent of the e|.ectropla
sho‘O(ﬂgf“H thy @PP%(‘PYCQHB{}\?%%%V%%‘ &hﬂa “r?ﬁ?ﬁ%’é’?“%?(as about
SI 280 QL ah8 vevedoifpatedd th MEriduRtpRIOE S B@ﬁﬁ@mtﬁfn@ Spe01ﬁcally, as shown in
cantly fewer and snaller as conPared to- 22
¥

th lg%gﬁﬁ)tapﬁ (ch.dnigreeangchirenehes werg ddled h@ngrwngrsqmﬁectroplatmg

t he e i: e t
coreohioitioR bomplidifl SPRRIopAERY G/IoRRE ! AP Bt th in the
15Fi gnictlc(grz)phs Bbthefeui gures; tlrecpmipamit foncoppadhige acig compositidns result in
tro QSi tion a_conyel tlona
cor R bR RIRRE 1 SitatarisiboRetR ot DB T Figs 2b) and
sane GEEtﬁd;ﬂatﬁl@S:ompbﬁtw&Qﬂ‘EmQ dlvedtitshi Having Soppith ahdlgod t&kntrations
concentrations) result in tr enches havi ng .seam

voi RF8T the cppper F‘P u@ll%kr@a rqSHltqfﬁ ig de‘S‘E%\?) avzygécrpltar%e&y lqy nymber of
pri \Qﬁdﬁﬁﬁn&i %He&@i@!llﬁx hhoGATR @%ut 3 (BNarkOITRY, hﬁér@&m%@t tténbhes were

Cu and O g/L sulfuri’¢ acid produced seamvoids in
20et fllgd; @él@mgrae glekgeplating comppsitips eemprasingihg/bicapper and 80 g/L acid

ther 13%%3 égﬁg} ﬁsplatlng conmpositions of this
i nvien pec Ically a conposition conprising 80

g/L sul furic acid and 50 g/L
Example 4
As the Fig. 2(f) tabulated results show a number of example electroplating
25  compositions tested wherein the copper concentration was increased step-wise and the
acid concentrations were kept relatively low. This increase in copper concentration
relative to the low acid concentration (contrary to conventional wisdom) again gave
surprisingly superior results.
Specifically, the additive concentrations and halide concentrations were held

30  constant while the acid and copper concentrations were varied from 10g/1 to 150g/1 and



Cu, produced void free features in the identical size

trenches (as shown in Fig. 5(b)). Exanple 2 and
w@eovpasEsd ve Data Anot her enbodi ment of the  PCT/US2004/033229

el ectropl ati ng conposition of this invention is shown

in Table 2. Table 2 Conponent Concentration e/L Cu 40

H SO 100 Accel erator (B-3100) 10.0 Suppressor (C-3100)

17.5 Leveler (U 3100) 3.0 HCL 20* * Hal ogen

concentration in ppm Wth suitable current densities,

such as those set forth above,.agpid free filling of a

via was achieved with this enbodi nent of the

| Fin 2Bl TR R e ReSi ki erLont it Srogeseciond
Pri 914 edhhin@l 86ichOpesdnb8F @&&@%&E&&r&xm?wo@%tesg?mmﬁr

the same conditions with identical additives (

i degemipositionoiestedytfivatiillod &atures atmachrodahnee sizes (042y/9.45,/0.29 pms)
havi ng voi [ [ . .
ont S REHALARY e Sr R5s e ofl o3 fed for cach soe. A
Spegarfettcsableywouldibe Pui each sivzé. Ehiedita ok dehratecdriposi stdtistical

conpayed had the conventional. high acid, and | ow copper

corBR AT s fe (o Tt Sefs sl AEs gP RV SR PR R gonerated

acl Ry, 3| l ]

"o dh Rt oM AokaiL 08, 107 A apidn ok ey,

el edeqtioplating pRMRAsHiPHS Mhpksisthe Fonper eoncprieation yas sxlivsty high and

curer st i | _ T : e

oo BE LSBT QT ERA b 5 KAbOERE o bbb
10s h osempiositibngef. thig (mjentidnr whigrhinZppper conppeatione mevomedustlahility

LIRSS e HEAR0RR, E AR AR frBRule BB,

capabilities

Example 5 and Comparative Data

15 As shown in Figs. 3(a)-3(d), copper semiconductor interconnect trenches
measuring about 0.15 um in width at half the height of the interconnect were filled
using electroplating compositions wherein the sulfuric acid concentration was varied
while the copper concentration was 20 g/L or 50 g/L (20 g/L Cu and 80 and 150 g/L
acid, respectively in Figs. 3(a)-(b)) and 50 g/L Cu with 10 and 80 g/L acid, respectively

20  in Figs. 3(c)-(d)). As shown in Fig. 3(a), an interconnect trench was filled utilizing an
electroplating composition comprising 20 g/L copper and 80 g/L acid.

For comparison purposes, as shown in Fig. 3(b), an interconnect trench was
filled utilizing an electroplating composition comprising 20 g/L copper and 150 g/
sulfuric acid — like the typical conventional high acid/low copper compositions. Again,

25  inferior results are achieved with such a composition.



i nterconnect were filled using various enbodi nents of
the el ectropl ating conpositions wherein the copper

W@ oseausat i on was varied while the aci d conceptT/E81004033229
was about 80 g/L and were conpared to various prior
art conpositions. Specifically, as shown in Figs. 2(a)
and 2(c), interconnect trenches were filled utilizing
a prior art electroplating conposition conprising 20
g/ L copper and 80 g/L acid. As can be seen in the
m crographs of these figures, the_prior art |ow
copper/high acid conpositions result in devices having

vi sible 0|ds h conpari son, howeyer, .as, shown in Figs.
20y and Ty REMBREET PORPSE: O IEBToLis PGhanderpfEet ench

I nvead il kA d@%n%@é&&%éheﬁﬁ&l @&hﬁos@t%%ﬁiph@hg%%/m%er and
the copper so ility limt resulted in devices having

a r &9 gl sulfugic paidy Resvite preshown indiigt Hehedhe gsules showalin ¥ig. 3(d)

vver e ?&"ﬁﬂ F e‘%"aﬁt0 915“'?‘%1?5%3?“5% ﬁ)e’el CE{’@ Q&?FBDSS,&‘? nggﬁ&% invention

£ ompy desenitgd 3bowih Exappleri.)and 80 g/ L aci d provi di ng
superi-or results. Exanple 4 As the Fig. 2(f) tabul ated
resul ts show a nunber of exanple el ectroplating
conpesmple®’s tested wherein the copper concentration
was 1 ncreased step-wi se and the acid concentratlons

wer e kephs theiFag.i3(i tapulagsg respif Surthee derpenstrats, isersping the acid
co n@cﬁﬁ&ﬂt@a‘ﬁbﬁ Whil€ rﬁ‘:}éa}{ﬁﬁﬁfé J\?PE% c&%{\éeﬂﬁh@on‘:&r{ﬁﬁ”{ i§ 3t b Hear its

(contrary to conventio agal n gave
1G ur glutslitydinyit propices ostatisticallyt sgniSpmt ithprowérhent irt feature fill. A

addi tiyve ncent r.at.i o and_ hal.i de nce |on

ot BbeE of ST PRt PR g B mP TS o a Slkd Sherp Rt B
Wer €oréattadin iwad fcleaedt stepoWigé kndithd copistr co&e&%{ohs Wwere kept
SOg/I respectively. After_ plating, the plated wafers

ver & aéws’@/sl;uéwl?aé He HOIHINHtYé%%lﬁ% fn%aleﬂ)afﬂ%lm agid genchpigatiops.
voi ds. f fockt fﬂ,{ Al iR e bnheSidne Bh@hélﬂfé cSﬁU@Hﬁ‘aﬁiotn's Ve held

t est ed, l'ed features at each hree si zes

15 0. agnstagt while the 26 andyopper @nmlﬂ@dweﬂhmmﬁ\cbm A Og(f to 150g/1 and
fea out f fi each ze,
A pférgxpg?gfl goC% rng Tespac C}v%l é%tex\{valatl Ittg:l pgzgeé xi\(ﬁfers Were gross -sectioned
th emmtammd fomthepsaicabf edids Hor @ach ekamplessilelesaosiatingol

a. JMP sta cal anal ftware r
§ h aﬁomgwaf%edt ﬁ é’;‘l‘tdt *lﬁ?tws r%%ﬁeﬁ aé@ma s (h - h%n?) 20 pms) were
Fi Jexakliidd. The naABefT feR&Es filIdUrio8 five (vhy tallied for each size. A perfect

20  score would be 5 at each size. This data was then entered into a statistical analysis

software tool (i.e., a JMP statistical analysis software program) that generated the
pictured leverage plot shown in Fig. 3(f). As can be seen from Fig. 3(f), electroplating
compositions wherein the copper concentration was at or near its solubility limit
provide statistically significant improvement in feature bottom-up fill capabilities.

25 Whereas the electroplating compositions and methods of this invention have
been described with reference to multiple embodiments and examples, it will be
understood that the invention is not limited to those embodiments and examples. On
the contrary, the invention is intended to encompass all modifications, alternatives, and
equivalents as may be included within the spirit and scope of the invention as defined

30 by the appended claims.



el ectropl ati ng conpositions wherein the copper
concentration was relatively high and the acid
wa@onsenusat i on was relatively low (i.e., enbodPeENs®0406033229
the electroplating conpositions of this invention
wher ei n copper concentrations were near solubility
limts) provide a statistically significant
i mprovenent in feature bottomup fill capabilities
Exanpl e 5 and Conparative Data As shown in Figs.
3(a)-3(d), copper sem conductor26 nterconnect trenches
nmeasuring about 0.15 min width at half the hei ght of
t he k@%erconnect were filled using electroplating
conﬁ i ons wherein the sulfuric acid concentration
was varied while the copper concentration was 20 g/L
or 50 g/L (20 g/L Cu and 80 and 150 g/L acid,
respecti el y Ma‘ﬂlieggs'b@(‘«@\?m@m})‘atﬁlﬂéom0@?“211 Q@IS 10
and 80 ¢ &gﬂﬁg in Figs. 3(c)-(d)). As
shown |n&éUﬁ&; abB, I nt fgonnect trench was filled
utilizi n@)oan6."etoeadnbut01;ﬂ0@’l], sgfuriorapdsi ti on conpri sing 20
g/ L copper aci d. For comparison purposes,
as shown? BN @%ﬁsed#%’ressgﬁ i nt erconnect trench was
filled utilizing an electroplating conposition
conprising 20 g/L copper and 150 g/L sul furic aci

li ke thetypi B CORPRYEAR Phiaim hWQﬁfeH’c‘PEig yewrbaé?sip%lppressor is

C_O”Ex‘é&%nﬁ b\ ®ncdfiRtibn of 64 rab&\ft 25 Sbddt So@if.. achi eved
with such a conposition. - - For further conparison

1Qur poses, as shown in Fig. 3(c) an |nterconnect
trench s fi ocr o
conposi tron coierrPRG 8B G L BLEl SR opprepepicon
aci scceleasat! fr&sentr 2 a shigosntrationfof gronB4bout 2 (oTzhEuf Heml/Ls
shown in Fig. 3(d) show the superior results achieved

with the electroplating conposition of this invention
as described BRQGEPoSEX 81 NAith 1 TurfréPERhRisthgFork BSouE @ to about
3(f% tabul ated results further denonstrate, increasing

13 helQtprm bdifledon.r at i on whil e i ncreasi ng the copper
concentration so that it is at or near its solubility
limt provides a statistically significant inprovenent
i n featuf.e fiTHe cofposititieof dfinek Amtheecomhperingdipdnatbdug30 to about
cona?sit&ﬁﬂs where tested wherein the acid

ppm .

20 6. An electroplating composition comprising:
about 35 to about 60 g/L copper;
about 65 to about 150 g/L sulfuric acid; and
about 2 to about 30 ml/L of a copper-deposition suppressor;
wherein the balance of the composition is water.
25
7. The composition of claim 6 further comprising a copper-deposition

accelerator at a concentration of from about 2 to about 30 ml/L.

8. The composition of claim 6 wherein the copper-deposition suppressor is

30  arandom or block copolymer.



concentration was increased step-w se and the copper
concentrations were kept relatively high - near its
waedoabudssey limts for the particular acid PCT/US2004/033229
concentrations. Specifically, the additive
concentrations and halide concentrations were held
constant while the acid and copper concentrations were
varied fromg to 150g/1 and from 20g/l to 50g/l,
respectively. After plating, the plated wafers were
cross-sectioned and exam ned f.or71he presence of
voi ds. For each exanple of electroplating conposition
tested, five filled features at each of three sizes
(0.12, 0.15, 0.20 ns) were exam ned. The nunber of
featuresy fillmf BHpoffiod bfutaiMBEwhétiniteélcd Er-@e’i‘)ﬁfltl&’l épressor is
A perfect score would be 5 at each size. This data was
t hegppeertbatheiaformsuppressen arshiptey C-AHY) spopressosf t war e t ool
(i.e., a JMP statistical analysis software progran
that generated the pictured | everage plot shown in
Fig. 3(f)0. AsTheanmipesii@est daiont Wheyein3lid Jopper-deposition suppressor is
eIe tﬁgglatlng conposi tions wherein the copper
|on was at or near its solubility limt
prOV|de statistically significant inprovenent in
- feature bottomup fill capabilities. \Wereas the
el ect rophlat i Ngecampesition efedaimfufurbenroaprismg pispRper-deposition
i nvgptibaphave been described with reference to
mul tiple enbodi ments and exanples, it will be
Nhnderstood that t he |nvent|on IS not I|n1ted to t hose

enbodi ts exann e contrar

Cnventi o ﬁt°8ﬁ‘88 1?’6°f° %HE liergin e EP?H °8?%‘%?1“sa°°elera‘°r
al tiecowet bzftli maﬁmh &qeleratdr enliplag BAklOecaldiatbtided

wWthin the spirit and scope of the invention as

defined by the appended clainms.- 26 - Clains: . An

agueous-jhase %lcgﬁgﬁﬁﬁé@&ﬂ JMmCIAPRSLih itﬁ%'%oﬁ?ém Sdifih accelerator
about 35 to about 60 g/L copper; about 65 about 15

15/ LisSBBfuric acid; a glycol -based suppressor. 2. The
conmposition of claiml1 wherein the glycol -based
suppressor is present at a concentration of from about
2 to abadt 3heicbimpositionTéfelampfasthén compaiking lfi@inmabbut 10 to about
furt%er CﬁEPriSing a copper-deposition

20 15.  Anaqueous electroplating composition comprising;:
about 35 to about 60 g/L copper;
about 65 to about 150 g/L sulfuric acid;
about 2 to about 30 ml/L copper-deposition accelerator;
about 2 to about 30 ml/L copper-deposition suppressor; and
25 about 40 to about 60 ppm hydrogen chloride.

16.  The composition of claim 15 wherein the copper-deposition suppressor

is glycol-based.



accel erator present at a concentration of from about 2
to about 30 mM/L. 4. The conposition of claim1l

wo aooslerssconpri sing from about to about 0 ppm pet/U8®04/033229

5

10

15

20

25

30

ion. 5. The conposition of claim4 further conprising
from about 30 to about 60 ppmHC . 6. An

el ectropl ating conposition conprising: about 35 to
about 60 g/ L copper; about 65 to about 0 g/L sulfuric
acid; and about 2 to about 30 ml/L of a
copper - deposi ti on suppressor;_-aherein the bal ance of
the conposition is water. 7. The conposition of claim
6 further ca risin%ﬁa c er-degosjt'on accel er gt or

at a cohtent HigtBROYHOR PlfriEbI Wherein sheeapper-aposHipn accelerator

8. is BBl ReNRRRijihOFoRfourliai m 6 wherein the
copper -deposition suppressor is a random or bl ock

copol ymer.- 27 - 9. The conposition of claim®6 wherein

- - 27 -9, pOSi t
Vi ot or P ppg ReB oo o SHRHECE Bl AEE B30 nppn L

The conposition of claim®6 wherein the

copper - eposii electraplyting @6 mpositich @mpeidingbased. . The
conposition of claim6 further conprising a
copper-%’@]ﬂ’o‘gﬁ'@iagﬁutéé EORPFBr. 12. The conposition of

cl ai m WighelItolabsutaQ0RAT sliBeatii on accel erator is
copper bath viaform accel erator or shipley B-3100

accel eragopper-deppsiionsippesssari ad of cl ai m wherein the
copper - J &1 . or is SPS. 14. The
{ERAE B BE EELELRY

conposi arm her conprising from about
to about 100 ppm HO . . An aqueous el ectroplating

conposi2d. on Tergpmpssition of claim 19 wherein the glycol-based suppressor is at a
concentration of from about 2 to about 10 ml/L.

21.  The composition of claim 19 further comprising a copper-deposition

accelerator present at a concentration of from about 2 to about 8 ml/L.

22.  The composition of claim 19 further comprising from about 10 to about

100 ppm halide ion.

23.  The composition of claim 19 further comprising from about 30 to about
60 ppm HCI.

24.  The composition of claim 21 wherein the copper-deposition accelerator

is a sulphur containing compound.

25.  The composition of claim 19 further comprising a leveler.

26.  An electroplating composition comprising:
an aqueous mixture of copper and sulfuric acid wherein the ratio in g/L of

solution of copper to acid is equal to about 0.4 to about 0.8;



about 35 to about 60 g/L copper; about 65 to about O

g/L sulfuric acid; about 2 to about 30 m /L
w@oppes48eposi ti on accel erator; about 2 to abopdT/B82004/033229

m /L copper-deposition suppressor; and about 40 to

about 60 ppm hydrogen chloride. 16. The conposition of

cl ai m wherein the copper-deposition suppressor is

gl ycol -based. - 28 - . The conposition of claimwherein
t he copper-deposition accelerator is a sul phur
cont ai ni ng conmpound. . The conpgsition of claim1l

further conprising about 50 ppm HO . 19. An
el ectropl ati ng conposition conprising: about 45 to
about 55 @PPeTedsppRion pBIFESOTANMly about 120 g/ L

sul furi ¢ @pbéhdeposiORPRIceIdRRRSI tion suppressor; and a
copper-deposition accel erator. 20. The conposition of

cl ai m wherein the glycol -based suppressor is at a

concent rat 0 %%%Péﬁ%ﬂ%%fﬁcﬁalé 260\)\/1%?8}1' the é){)ber-c%i]imit]-&esuppressor

conposition o er conpri Sing
5copperramdepostibidckiropalgmber at or present at a
concentration of fromabout 2 to about 8 m/L. 22. The
conposition of claimfurther conprising fromabout 10

t o aboutzgppmm@kice@pbsiton Slaih % wIRNEA Mt dopperfepsdiddrBuppressor
further conprising fromabout 30 to about 60 ppm HC .

24.1s TpRpee bath giafaronppfesser a1 Fhipley whd 08 syppressor.
copper -deposition accel erator is a sul phur containing
conmpound. 25. The conposition of claim19 further

10conpri si29g a Thegempositi@tof chnmel6erharap thetdopper-deposition suppressor

COI"[IE)O ylc(t)ll_lg)arge&orrpr I SI ng.
30.  The composition of claim 26 further comprising a copper-deposition
accelerator present in a concentration of from about 2 to about 30 ml/L.
15
31.  The composition of claim 26 wherein the copper-deposition accelerator

is copper bath viaform accelerator or shipley B-3100 accelerator.

32.  The composition of claim 26 wherein the copper-deposition accelerator
20 is SPS.

33.  The composition of claim 26 further comprising from about 10 to about
100 ppm HCL.

25 34.  Anelectroplating composition comprising:
an aqueous-based mixture of copper and sulfuric acid wherein the ratio in g/L
solution of copper to acid is equal to about 0.3 to about 0.8;
a copper-deposition suppressor;

a copper-deposition accelerator;



an aqueous m xture of copper and sulfuric acid wherein
the ratio in g/L of solution of copper to acid is
we@oal44e9 about 0.4 to about 0.8;- 29 - a PCT/US2004/033229
copper - deposi ti on suppressor; and a copper-deposition
accel erator. 27. The conposition of claim26 wherein
t he copper-deposition suppressor is a random or bl ock
copol yrmer. 28. The conposition of claim26 wherein the
copper - deposi ti on suppressor i s copper bath viaform
suppressor or shipley C 3100 suggpressor. 29. The
conposition of claim 26 wherein the copper-deposition

suppr esso based. 30.. The conposition of

clai m 26‘”*?66?1{1 ﬁg{ryei"i?FFBPlF‘%%‘@na’oé@ﬁB%W%%% 3 gyHure of copper and
accglMfehqd m@&ﬁﬁt‘ﬁk rdtfd i gﬂp@@&ﬁﬁn&% hel 1soéquﬁlft6 RbSROY todbout 0.8
to about 30 m/ . The conmposition of claim 26
V\/neﬂfePWdtthéeRO@ﬁB@PPede@@swotWeacceI erator is copper

bat h vi af orm accel erator or shipley B-3 0 accel erator.

2. The ' ereln the

5‘:::;opper posFA?rf éokﬁccera %ftlf]gr%k%osznon%ggg S38  The

conposi tanaquafus eligiure d@opper ahd sulfivicacidsyegeih thercopiput

10 to about | QO ppm HCl . .34, An el ectroplati i -
corfSBsTagon E‘&h%?‘?‘%?%ﬁlonéﬁwé{ﬂ‘é}é%%t S hbRio Al of igsolubiity
coppgft whed tirwhfftkid f&cidEdrdenthBbE i rdh 8bsi b %o ABdubi 40 g/L

sol ution of copper to acid is equal to about 0.3t

about 0.a®oppercdsppetiorymipprebsondsuppr essor; a

EPPPE! - AEABSLIROAGE AR - S0 - wherein only

el ectropl attng conpositions conprising a mxture of
copper and sul furic acid wherein the ratio in g/L of
copper t3. aciTheicempogition dfalAmM@Stwibrén the cmbpm‘tdeﬁoﬁti@r ppressor

used to de osit co n a,work
o} S PROILAL S FRPcEBHDOR P TR 2ot Papmg. 0 L.

15 37.  The composition of claim 35 further comprising a copper-deposition

accelerator present at a concentration of from about 2 to about 30 mi/L.

38.  The composition of claim 36 further comprising from about 10 to about
100 ppm halide ion.
20
39.  The composition of claim 36 further comprising from about 30 to about
60 ppm HCI.

40.  The composition of claim 36 wherein the copper-deposition suppressor

25 1is at a concentration of from about 2 to about 10 ml/L.

41.  The composition of claim 36 further comprising a copper-deposition

accelerator present at a concentration of from about 2 to about 8 ml/L.

30 42.  The composition of claim 36 wherein the copper-deposition accelerator

is a sulphur containing compound.



an aqueous m xture of copper and sulfuric acid wherein

t he copper concentration in the conposition is within
W@bman4@8% t 0 about 90% of its solubility |imPCTHISI004/033229

the sulfuric acid concentration is fromabout 65 to

about 150 g/L; a copper-deposition suppressor; and a

copper -deposition accel erator. 36. The conposition of

cl ai m 35 wherein the copper-deposition suppressor is

present at a concentration of fromabout 2 to about 30

m /L. 37. The conposition of cl®aim 35 further

conprising a copper-deposition accel erator present at

a concentration of fromabout 2 to about 30 m /L. 38.

The conposition of claim36 further conprising from

about t 043abouthe k8RhpSRAdMS difif I60Fherdf thelddPp&UEPOSiHid Qipressor

of claim36 further conprising from about %O to about

60 ipghiceicpasedso. The conposition of claim 36 wherein

t he copper-deposition suppressor is at a concentration

50]c fr om&bout elg&oﬁ‘%‘ﬁﬂé c%ﬁ&sﬁtio‘h c’oml)piging:o nposi tion of

claim 36 further comprising®a copper-deposition

accel er about 4irggEeoppest a concentrati on of from about 2

to about .8 The. conposition of claim 36

L.. 4
wher ei n albﬂ'étniié)/g&ﬂewﬁﬁ’é‘ﬁ&g’idéi on accel erator is a sul phur

cont ai ni N@pperaRPoditor suppressof;nd The conposition of
cl ai m 36 erein the copper-deposition suppressor is

gl ycol - Feeopper-depositien accelgiidpl at i ng conposi ti on
1econpri sing: about 40 g/L copper; about 100 g/L
sul furic acid; a copper-deposition suppressor; and a
copper - déposiThesnmpesiadreofzinm 4448herdih éhecoppaysiepositmonofuppressor

cl 3 Pedehe MELRicbnttalEn SPRBS BIGRS abbd o SHAL essor

46.  The composition of claim 44 further comprising a copper-deposition

15  accelerator present at a concentration of from about 2 to about 30 ml/L.

47.  The composition of claim 44 further comprising from about 10 to about

100 ppm halide ion.

20 48.  The composition of claim 44 further comprising from about 30 to about
60 ppm HCI.

49.  The composition of claim 44 wherein the copper-deposition suppressor
1s at a concentration of from about 2 to about 10 ml/L.
25
50.  The composition of claim 44 further comprising a copper-deposition

accelerator present at a concentration of from about 2 to about 8 ml/L.

51.  The composition of claim 44 wherein the copper-deposition accelerator

30 is a sulphur containing compound.



IS present at a concentration of from about 2 to about
30 mM/L. 46. The conposition of claim44 further

W@ 0UpiEsNg a copper-deposition accel erator prBESENR2084/033229
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a concentration of fromabout 2 to about 30 m /L. 47.
The conposition of claim44 further conprising from
about 10 to about ppnhalide ion. 48. The conposition
of claim44 further conprising fromabout 30 to about
60 ppm HC . 49. The conposition of claim44 wherein

t he copper-deposition suppressg@p-is at a concentration
of fromabout 2 to about 10 mi/L. 50. The conposition
of claim44 further conprising a copper-deposition
accel erator present at a concentration of from about 2
to abous28 nirhdeompotit®n©PBRAS 44 WhBref the k@}‘hﬁ} ﬂépd@lﬁl@ﬁ@h}ﬁ)ressor
t he copper deposi tion accelerator is a sulphu
comglyenl-dgsedonpound. - 32 - 52. The conpositi on of

cl ai m 44 wherein the copper-deposition suppressor is
gl ycol - based. 53. An aqueous el ectropl ating

conposi 63.0n Aonpudoss elgetrapbaying coMpgditiorcaymyeisingabout 80
g/ L sulfur|§ Eﬁbd about 2 to about m/L

copper - 8PP BLo¥PRppr essor; and about 2 to about 8
m/L COﬂ&ﬁ&Sd Ifutioaciaccel erator. 54. The
conp03|t|on 0 | ai m 53 further conprising from about

10 to apkawt? |<t@°§bh%mvﬁd:@pp%ﬁiepwwnﬁuﬁmew@6 angy
pl ati ngal?ou‘f‘@%‘5’60@1@@g}ﬁfi&%\‘i}??e&?osﬁ&%’dcgbﬁ%ra wor kpi ece

having a plurality eatures 1 ncluding a seed
| ayer wherein the plurality of device features is to

be neta% |zeg depositing .co thin the ol ur
of devi J-é f oLbe COélEpOSltUOfll glclﬁlélp g% [“Lgfﬁgr %orr@&sui% om a outtléf to about
conpopprhihaldecionpr i si ng about 35 to about 60 g/ L
copper, about 65 to
55. A method for plating a workpiece comprising:
providing a workpiece having a plurality of device features including a seed
layer wherein the plurality of device features is to be metallized,;
depositing copper within the plurality of device features utilizing an
electroplating composition comprising about 35 to about 60 g/L copper, about 65 to

about 150 g/L sulfuric acid, and a glycol-based suppressor.

56.  The method of claim 55 further comprising a seed enhancement

procedure.

57.  The method of claim 55 further comprising rinsing and drying the
workpiece during processing, wherein the rinsing and/or the drying occurs in a chamber

in which the deposition of copper is performed.

58.  The method of claim 55 further comprising selective etching of copper

deposited on the workpiece.



about 150 g/L sulfuric acid, and a gl ycol - based
suppressor. 56. The nethod of claim55 further

waompnieisng a seed enhancenent procedure. 57. BOEUS2004/033229

5

met hod of claim55 further conprising rinsing and
dryi ng the workpiece during processing, wherein the
rinsing and/or the drying occurs in a chanber in which
t he deposition of copper is performed. 58. The nethod
of claim55 further conprising selective etching of
copper deposited on the workpizxe.- 33 - 59. The

nmet hod of claimb55 further conprising cleaning the

backsi de. of {he workpi ece after copper. i s, deposited o

t he workpi ecﬁ?e re%o#%ﬁm%ﬂﬁv ce PﬂP%SIeP‘E}gg ﬁvs?ba&sd@ of the
C ORBIkbRL S8t RBB3Yr i WbpbdiRd bRtV &i%kBicad. t enper at ures

bel ow about 10§ﬁ%. .pThe nethod&%P claim55 further

conpri sing precleaning the workpiece prior to

deposi tgmng [ ' . .

wor kpi &5 SRARELRIS B 4GRSk BN i e sorkpicce a
whiemipetatueeschepoys abiouo h00°€. per f or ned. 62. The net hod of

cl ai m 55 wherein the el ectroplating conposition

conprises fromabout 35 to about 60 g/L copper, from

about &41.t 0 BRGREthddPs Wit 5SUlFthericemPritifg pRORahih® Me workpiece
about 2 to about 30 ml /L of a copper-deposition )

s Uit é& denositigg coprepwhersin the prepleaing gf the Worliyscs deperformed in the
CO 13430+ GOV 6 kD ing a plurality

orihle \fiﬁétﬁl% todl iR Whith 1 Sg@ﬁ&?ls%%ﬁogﬁﬁ\ﬂ.

ce features inc Ing a see ayer wherein the

10 plurality of device features is to be netallized;
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deposi tjing per. w thin the plurali of, device ..
foponr %, THRBR o o Ul eth M by Buialify ifposition

C Ogtmipris e florh abot 3B @6l hbodb 60 9/T 2dvpPér, HOmMGbbutdsap about 15O BIL
about 65 to about 15 /L sulfuric acid, from about 2

0
t SSukHER cidangifiom akayh ook Q bl of @ caprst-derasition syppressor.
about 2 to about 30 m /L copper-deposition suppressor;
and from about 40 to about 60 ppm hydrogen chl ori de.
64. Thed3met Hothethod dbrilating3: werkpietecantpwisgigect r opl at i ng
conposi

ptr!)xg)laing a workpiece having a plurality of device features including a seed
layer wherein the plurality of device features is to be metallized;

depositing copper within the plurality of device features utilizing an
electroplating composition comprising from about 35 to about 60 g/L copper, from
about 65 to about 150 g/L sulfuric acid, from about 2 to about 30 ml/L copper-
deposition accelerator, from about 2 to about 30 ml/L copper-deposition suppressor; and

from about 40 to about 60 ppm hydrogen chloride.

64.  The method of claim 63 wherein the electroplating composition
comprises a mixture of copper and sulfuric acid wherein the ratio in g/L of copper to
acid is equal to about 0.4 to about 0.8, a copper-deposition suppressor, and a copper-

deposition accelerator.

65.  The method of claim 63 wherein the electroplating composition

comprises a mixture of copper and sulfuric acid wherein the ratio in g/L of copper to



conprises a mxture of copper and sulfuric acid
wherein the ratio in g/L of copper to acid is equal to
w@bman4@syt t o about 0.8, a copper-deposition PCT/US2004/033229
suppressor, and a copperdeposition accel erator. 65.
The met hod of claim63 wherein the electroplating
conposition conprises a m xture of copper and sulfuric
acid wherein the ratio in g/L of copper to- 34 - acid
is equal to about 0.3 to about 0.8, a
copper - deposi ti on suppressor, agyd a copperdeposition
accel erator and wherein only el ectropl ating
conpositions conprising a m xture of copper and
sul geish s equpd it%ahfaﬁEQ-é ith 246 0,853 FPPEHAGPOBILIgR SyRpEGsERT: gl a copper-
acl &pbﬁti&gé&leleﬁa@br%t;l@ Whef&irdorl{ el@aﬁg}latgl %oﬁ%@siﬂ&ﬁ‘%o rising a
deposit copper on the workpiece. 66. K process for
ap phixiturg obcapperdndiseuiioarid wheneimdhemtiv is gfluaftcapeer to acid is equal to
conpri sing: brovidin rkpj e on i a et al
seaohEl L ARLCEE A el o BP0 P PS5 o
Sorocess; repairing the seed | ayer by electrochemcally
depositiaé%g addi ti onal netal on t@.e seed layer within a
pri nci pd°-f | 4t B AYAPP TN MEfaliEaion 1gtepoBUeg srugtire,
enhaffpedingeed | ayer using a deposition process
conprising supplying electroplating power to a )
pl ur al i tAfoaeing @raskpiedecongteles mgtal preddayenhasdiepn &rmgd using a first
posi.t i of i.Lhi.n the principal fluid flow chanber
reldae%){)é\?@&%%po%%ge’ wor kpi ece; and electrolytically
10deposi t irpppirngtht a¢eddayet hp electnachematall p deposaipe ladditional metal on the

tilizj .el ectr.opl.ati i ti [
abotsed Baehogthin g BngBRlJRid ARpREr of ShstteT ST Bl aged seed
9/ Uagdihibidp a @epdsitibn paéésScotihptiiig-s %ﬂ?ﬁﬁ%@ﬁé}ﬂ&tﬁ@po“@ﬁo a
The process of claim66 wherein the electroplating )
c oripwralityj of sorcspisici apedes dispased sb differpnt pesitigns (itheothg principal fluid

co hanfRPeRRRY to B Woti@RUin 9/ L sul furic acid,
and Trom about 2 10 abé’gltcﬁso’rﬁ/L of a

15copper - cégetslyticaly deppgitingssmetal G8the Anlmoedsesd fayer utilizing an
netal |lization.i.nt ct

o P aoE RasifoR 5o RBraiP BHeGE e St eught (05T Hhiey about 65 0

s eefdohtahsOrg/h asifikbieelbid, aid@glycol-based suppressor.

67.  The process of claim 66 wherein the electroplating composition
20  comprises from about 35 to about 60 g/L copper, from about 65 to about 150 g/L
sulfuric acid, and from about 2 to about 30 ml/L of a copper-deposition suppressor.

68. A process for applying a metallization interconnect structure,
comprising:
25 providing a workpiece on which a metal seed layer has been formed;
repairing the seed layer by electrochemically depositing additional metal on the
seed layer within a principal fluid chamber of a reactor to provide an enhanced seed
layer using a deposition process comprising supplying electroplating power to a

plurality of electrodes within the principal fluid flow chamber,



repairing the seed | ayer by electrochemcally

depositing additional netal on the seed |ayer within a
w@edosoi@sd flui d chanber of a reactor to provi PEr/asz004/033229

enhanced seed | ayer using a deposition process

conprising supplying electroplating power to a

plurality of electrodes within the principal fluid

fl ow chanber,- 35 - independently controlling the

supply of electrical power to the at |east two

el ectrodes during repair of theyseed |ayer; and

el ectrolytically depositing copper on the enhanced

seed |l ayer under. conditions in_which the deposition
rate of ipfrpendsatly contaliing e puwly elslecHicat owertg the at least two

subataRlikAhlrihe e dtithd 8 BeafipPOSi tion rate of the
process used to repair the netal seed utilizing an o
el ect r opdlestrohgicalbngspssitingeoppengr ths ertygmeedhiesd layer wider conditions in
PR PR AR A A DS G Bbhst sty s
s opthe the @ppssitionaite Dl e pRS@ey ysed Rdrepai€ thepwstaldeawtilizingran
acgglerafor. 69. The method of .claim 68 mhereigg%he. )
el eTEGTOPIHRR FYIRAHISTSOIPERNE 8K vERY cqPRAneRt syigic acid wherein
COPRE FatRNA gAUb dapp& t6:6¢id i RRRIRL Bb&©.4 BlabButi 08, @/cbp¥r-deposition
copper to acid is equal to about 0.3 to about O0.8.

suppressor, and a copper-deposition accelerator.

10 69.  The method of claim 68 wherein the electroplating composition
comprises a mixture of copper and sulfuric acid wherein the ratio in g/L of copper to

acid is equal to about 0.3 to about 0.8.



