14 Novenmber 2003 5 -1- . ELECTROLYTI C COPPER PLATI NG SOLUTI ONS BACKGROUND
OF THE INVENTION 1. Field of the Invention T4 e present invention rel ates
to copper electroplating solutions, nmethods for wusing tiEeNsanbdr@0s3 and
products fornmed by using such nethods and solutions. More 10 particularly,
the invention provides electrolytic copper plating solutions that have

i ncreased brightener levels and use of sane for effective plating of high
aspect ratio apertures, e.g. mcrovias wth aspect ratios of at least 4:1
and di aneters of 200 umor smaller. 15°% Background El ectropl ating
articles with copper coatings is generally well known in the industry.

El ectropl ati ng net hodssyi } r two el ectrodes in
a plating solution mﬁ%%%ygﬁiﬁgfggépggg§#§ﬂ¥ﬁ§ﬁ%§@?@ﬁggﬁg be plated. A
comon plsating solution would be an acid copper plating solution

containing (1) a_dissolved cogﬁer salt 20 (such as copper sulfate), (2) an
aci di ¢ el e S}BQW@H”%E DHEN  ac d) .in an anount sufficient to

i npart conqyctiﬁ%ﬂof@ey_@& @ h and (3) additives (such as surfactants,
bri ghteners, |evelers and suppressants) to enhance the effectiveness and

qual ity of pl affhngresSeénvgetier mlafos thedhpePalberpdating 6181043 metolly £r886;

5,051, 154; 3,876,513, and, 5,068,013 for.a discussion of coppe | ati ng
baths. 25 SHBE th spbitions fshasaquet oA b et iephos e USRS, MTE echit ques -
have beely paRERIAAS, th@&v@ﬁﬁdn%@ﬁdés?bl&%o@'ti@b@ﬁbe%ﬁhﬁ%S’olhﬁorﬁﬁtﬂz(tfhﬁv@f

difficulty and standards for plating i ncreased. wever, even with the

i npr ovenentigeréasedbrightensplesels agd wseof saroeifis effedtive platine afibish aspgcsratiphat can

lead to pl %%ér@ges? %f g.er%c%dvigsowith aspect ratios of at least 4:1 and diameters of 200 nm or

smaller.

15 2. Background
Electroplating articles with copper coatings is generally well known in the
industry. Electroplating methods involve passing a current between two electrodes in a
plating solution where one electrode is the article to be plated. A common plating
solution would be an acid copper plating solution containing (1) a dissolved copper salt
20 (such as copper sulfate), (2) an acidic electrolyte {such as sulfuric acid) in an amount
sufficient to impart conductivity to the bath and (3) additives (such as surfactants,
brighteners, levelers and suppressants) to enhance the effectiveness and quality of
plating. See generally U.S. Patents 5,068,013; 5,174,886; 5,051,154; 3,876,513; and
5,068,013 for a discussion of copper plating baths.
25
Ovwer time, a number of improvements in electroplating techniques have been
made as the articles to be plalt_ed evolved in degree of difficulty and standards for plating
increased. However, even with the improvements in electroplating techniques,
circumstances exist that can lead to plating defects.
30 |
Copper plating technology has been particularly important in the manufacture of

computer circuit boards. More specifically, during circuit board manufacture, copper



Copper plating technol ogy has been particularly inportant in the

manuf acture of conputer circuit boards. Mdre specifically, during circuit
board manufacture, copper 14 Novenber 2003 2 el ectrical4 toneambérn2i3 are
provi ded between various board |ayers by plating board through holes
whereby a thin conductive copper conductive is first applied, typically

usi ng el ectrol ess copper plating techniques, followed by el ectroplating
copper fromacid copper solutions. 5 Chpper plating is also enployed in
circuit board manufacture to plate outer |ayers where final circuitry is
defined. F&rcEGRlFoapsitipesare Bieyidep fpiaiechyaiounbodrs laygusibyaldting bemgdl oyed,  wher e
the full ci j r.f I - : | owed,.b hot odef i ni ng
circuitry \5\5{ rt&lﬁghtahogﬁg{’ %’rr iog iastﬁ ﬁ%ﬁbﬁcﬁgﬁgﬁ{pglﬁéoﬁ%&?}ﬁgg’ tllsrﬁ[ba{pp 3?:4/ i‘v’g“ Yocess. 10
Al t er nat i vebigg alecaaldistcopger platiog sshidquespfdllewil Dyaetirophehg c6RPBbmGicfdcUi t S
are produced b . ati ng between lines defined by a resist relief inmage.

Mor e recenfﬂ%&r§8@ﬁ§F'plating al so has been enployed in sem conductor chip
manuf act gre to provide chip interconnections. Traditionally, sem conductors
have been 15 interconnected through al um num conductors. However, industry
continual |y denfApger piating isoded qoenléed im et Hoard mehiufgture tordateauge- scal e

integratio faster circuit sequently,. chip [ nterconnects are
required a?a Y gllr-ggyehr? ?%Ihaé CRFUSHLS @ﬁﬂ?‘g%rls‘gbilsa”lﬁt%m‘?ueﬁ‘%%ﬂ%& sitgicaliyhe
resistivitymployed, wHerd it GlINERUR bb&a shifacd iPdp¥erfifled PNOWRI By at  room
tenperature dered too high to allow the electronit signal to pass

i'S consi. . JC .
at 20 r eun%‘é&gf‘sﬁ&%@mu@aﬁp&}% phgternsist ang then etchinglin ¢ swliteciive prycess. 1. 678 x

10. e oh | i r ' e terial to neet the next
generatFgg§§%5§gﬁg%Sﬁgﬁg?g$&8%¥%?%@ﬁ?%@&h%éghgggagp85%@%@%“?BFMH% i ni ng
sem conducbpplatihg petivetelinn dafnddhy qaasittiredfantge. 25 al um num i nt er connect s,
have i nvol ved reactive ion etching of netal |ayers, e.g. a process that

i ncl udes netal deposition, photolithographic patterning, line definition

More recently, copper plating also has been employed in semiconductor chip

manufacture to provide chip interconnections. Traditionally, semiconductors have been

15 interconnected through aluminum conductors. However, industry.continually demands
enhanced performance, including ultra‘ iargc-scale integration and faster circuits.
Consequently, chip interconnects are required at dimensions of 200 nm and less. At
such geometries, the resistivity of aluminum (theoretically 2:65 x 10*-chm/meter at
room temperature) is considered foo high to allow the electronic signal to pass at

20 required speeds. Copper, with a theoretical resistivity of 1.678 x 10™ ohm/meter, is
considered-a more suitable material to meet the next generation of semiconductor

microchips.

Typical processes for defining semiconductor chip interconnects, particularly
25 aluminum interconnects, have involved reactive ion etching of metal layers, e.g. a |
process that includes metal deposition, photolithographic patterning, line definition
through reactive fon etching and dielectric deposition. However, in Cu-based systems,
reactive ion etching is not practical as a result of the paucity of copper compounds with

vapor pressures sufficient to enable removal of the copper as may be desired.

30



t hrough reactive ion etching.-and dielectric deposition. However, in

Cu- based systens, reactive ion etching is not practical 1axN®&er@spddozof the
paucity of copper conpounds with vapor pressures sufficient to enable
removal of the copper as may be desired. 30 14 Novenber 2003 3
Consequently, alternative strategi es have devel oped, such as the Damascene
process. That process starts with deposition of dielectric typically by
chem cal vapor_ deposition of silicon materials or organic dielectrics

fol | oned by curinseguentty.spiteinavst bjesied havo reveloped, afushops dhegdpamsascene

di el i . P i b hot,oljth i d i i
ot ahi g dEReaTR EToTRS St T el RE i bhie arEs by ebeGrel aier or
Barti e - depi@tich 8f Gilibbie ol st &gmﬁbfammﬁcsvmewe&i%?%hh'gp& Sin %m{gﬁen

met hods to isolate the copper lines fromthe dielectric. Copper is
deposi t ediland matessls oratrgniial dielectove dPdvternicg dryi pladtolahogrepthiamroadssgsodrids hi ng

processes. Although conventional copper plating systens_ can be suitable for
pl ating VPAEEVEMRD &Phhléﬁgﬁ]g%es egﬁﬁ@pgérgn@%@% rhgnvigets) T%Egé“é?"flﬁ%ltf?%@?f

def ects AEn [ j I it ent ignal
met hods . en %?F%%ptlﬁgﬂﬁggg?gggvetgﬁﬁy%%Q@Eg%ﬁg?gﬁ&gﬁgﬁ%ggﬂ%?%ﬁggﬁbﬁ?gher

aspect r dineo SronSubéd dielé@dt.sCopperogcilien alkpasifedsatld enfess andteiditdemosed sr
plating; i.e, where al|l targeted surfaces are plated at the sanme such that
the si deligmics] grmechanigalnolishisaPrOgEsws-e t oget her forning a seamor a
demarcation of disruption where the copper grains are separated and w ||

not anneal to I: e, L il | C at
the top rim of"{ lg{of%ﬁ é:?%g?%’a(?gﬁ%ﬁe?%gaﬁ{ng s%tgﬁag%éﬁg}gx%}ﬁ%goﬁ p\{\%%l cvg% réjt e and
resul t i ArehdlitsCasCARAEEs GOOWMnh viikak: IChHPsesra0bs, ddfectyisacoad eéfnd, R@idsl @d S
filled sufficiently with netal. Such inadequate netal fill can result in

i ncl usi onngiwdonsotag P ecurdvigh eptviengonahmettisids vthen eftemhidngioaplete featvegh thapatsarry a
coherent si gnal

..t thus would be dgsir e to _have new el ectr.opl ati
conpost 1 (BHUS P s, ERGR SHEE T08 9T, THESE (HBIE T M A/E IR OBpEPa
el ectr 0P'c@f)ﬂ>é?9plﬁ9ﬁ§3,0i$é.t\!vﬁ’é}§ éllh?ér%&é’c!‘ sBHAES arBf 186l dehY hfeIsucbanaR of
voi ds, inclusions and seans) high aspect ratio apertures,

sidewalls of a via or trench plate together forming a seam or a demarcation of disruption
where the copper grains are separated and will not anneal to form a continuous copper
wire. Defects also will occur at the top rim of a hole, where electronic charge density can
concentrate and result in rapid copper growth that closes off the via before the via is filled
sufficiently with metal. Such inadequate metal fill can result in inclusion and voids,

disrupting the ability of the plated metal to carry a coherent signal.

It thus would be desirable to have new electroplating compositions. It would be
particularly desirable to have new copper electroplating compositions that can plate
effectively (e.g. absence of voids, inclusions and seams) high aspect ratio apertures,

including high aspect ratio microvias as discussed above.

SUMMARY OF THE INVENTION

According to an aspect of this invention, there is provided a copper electroplating
composition comprising: at least one soluble copper salt; an electrolyte; one or more
brightener compounds that are present in a concentration of at least about 1.5 mg per liter

of the electroplating composition; and a suppressor agent.



i ncl udi ng high aspect ratio mcrovias as discussed above. SUMVARY OF THE

| NVENTI ON According to an aspect of this invention, there is provided a
copper el ectroplating conposition conprising: at |east dfAdVassmbsr 20Qopper
salt; an electrolyte; one or nore brightener conpounds that are present in
a concentration of at |east about 1.5 ng per liter of the electroplating
conposition; and a suppressor agent. 13afNovember 2003 - 3a According to
anot her aspect of this invention is provided a nethod for plating a

m croel ectroni c sem conductor wafer, the method conprising electrolytically
depositing orftesordieg kuprathertaspechpbdhis invawiian it pevidedH aciied fobpéiaEtE on
that conpy. 1 east sol ubl g copper salt.. an.electr t.e nd one
or ror o Bpegresbre SEissRiof Ratth P BBEE BAetining YEHEERAY o

| east abuto theFubBrdd€ boppet GonPhn khetrepletlg eRhgdsiteh HAMBAHpAideoAt 1AGCHAI ng
to yet another aspect of this invention is provided an article of

manuf act gekbkoreppesiastgamelsemiptonahdcensrorahing beightenertomppundsihat arg poesenior

nore m cr.ovi as the microvjas containi an. electrolytic copper deposit
obt ai ned ' FSRREATRIULTHS ISt TRy Lo GhepR et e SlECteplAb RSB PR ast one
sol ubl e copper salt, an electrolyte, and one or nore brightener conpounds
that are preseffcotding t6 ORE otk | Be@f oflthik GASENRROU! ploviiddD aRSrticlki b@r  Of
the el ectroplating conposition. W have found copper el ectroplating
conposi t inmmwifdchae cehpesing e sémpicphductorachip dhbstrata comttipimf orgrdringdre micioncisudi ng
printed cjrcuyit pboards. and other electroni¢ packagin evi ces, i
Conposi titfawl%rﬁalaﬁépﬂfaag%ﬁnte??@ffp 6 oPBFT depsip SP e gemymhsléfswlmg
fi1TInG T8 ¥BURHR that SDfithrists B REGVORSsHM (bERGNGR, b MAEHDYmaUslLH and
antici pated sem conductdr tabrication requifenments (includinig mcrovias
havi ng asm®ebrighteh@scoffpoahdd tBatsdre gickernnl a dbarantraticn off at 18026vM 015 thgpsy by
reliably plating copper deposits that are essentially or conpletely free
of voi ds litgrdtheselesepplptingchpogition.i ng i nper f ecti ons.

We have found copper electroplating compositions that effectively plate a wide
variety of articles, including printed circuit boards and other electronic packaging devices.

Compositions and methods of the invention are particularly useful for filling



5 Electroplating baths of the invention are characterized in significant
part by conprising enhanced bri ghtener concentrations. Wthout being bound
by any theory, it is believed that the higher bright enet4 Nonasthirradl ons
can accelerate the plating rate in recesses and mcrovias as carrier

nol ecul es becone incorporated into the plating 10 denosit. This is
counterintuitive to conventional thought and a conpl etely unexpected
result. In particular, preferred elect?oplating conpositions of the
invention have a brightener concentration of at |east about 1.5 ng per
liter of ph@pVﬁga@bmﬁﬁh@ﬁmnmtgbmgﬁnmuamBMWmmemﬂmah&ma&kyxémbmmghtener
concentra of a east about preferably
at | east Hbqgnrf3 SNty m“éu n%ml‘goga%l?avﬁlgr‘?ﬁn?%i) rafips &%ﬁté‘??étr‘%'béf‘d ‘ih?'?léﬁcrsd%f pl ating
sol uti on. 260md of @é&;kl)l liy&cf\a’:b\ljeplbﬁ@g'lc@@&' cﬁ)ﬂ@éﬂts ‘ﬁia‘t Bre@YQALHNLONLLmPltht ener
concentratlons opper plating baths having a brightener

concent r affe®pf Yﬁld%inq%%ﬁOh%ﬁﬁplglﬂﬁgmp@ff%ﬂwst er, or at |east about 6, .7, 8,
9, 10, %2, 14, 16, 18, 20 or 25 ngy/L, or even hlgher 20 bri ght ener
concentrations such as at |east about 30, 35, 40, 45, 50, 55 or 60 ny of

bri ght ener per Electreplatinfg bathatoff g iswehtién £8 chitidéedea il ¥gnitibs Em gt ener
concentration,is r&g‘ﬂr})t&gl ned at such high concentrations throughout the
entire or CHEPHSLAEE PHARteRar cpRnepiraions f Wathgllltdlemgdngé beanytbe®ych

mai nt enan&%cgévclarthﬂrﬂﬁ gﬁ% er bARGE L&tde %ﬁ aﬁfcéer g'ﬁe O%tg}%ngﬁ{ ion of

bri ght ener uring a I ng-cycle as Bl ates out.
Bri ght enereccascﬁrmdnnwmwamascanet mdmmlb@mmmmw@bﬁ&ddmlth@mu@ ating cycle
can be é 81 gﬁzterm %’ known net hog ﬂ as the CPVS net hod as

di scl 048d “"’r?s‘u Sl‘-’ﬁa“t"é‘ﬁftﬂgn‘%} §30 qyentipngl ¢ Olzgiléa BCOMRILIRYASEXSRied to the
Shi pl ey Camgwany, or by the cyclic voltametric 30 stripping (CVS) nethods.
14 Novenber 2003 5 In addition to such an el evated brightener
concentration, preferably the plating bath also contains a surfactant-type

suppressor agefﬁtpankcﬁ_ltarr],e}asrc e 12! fa'tx%'g c&nﬁlosxtlons 9 the invention have a

brightener concentration of at least about 1.5 mg per liter of plating solution (1.5 mg/L),
15 more preferably a brightener concentration of at least about 1.75 mg.per liter, still more
preferably at lcasf about 2.0, 2.5. 3; 350rd mg of brightener per liter of plating
solution. Good resuits have been achieved with even higher brightener concentrations,
e.g. copper plating baths having a brightener concentration of at least about 5 mg per
liter, or at least about 6, 7, 8, 9, 10, 12, 14, 16, 18, 20 or 25 mg/L, or even higher
20 brightener concentrations such as at least about 30, 35, 40, 45, 50, 55 or 60 mg of

brightener per liter of plating solution.

Preferably, the brightener concentration is maintained at such high
concentrations throughout the entire or at least substantial portion of a plating cycle.

25 Such maintenance of brightener concentrations entails regular addition of brightener
during a plating cycle as the brightener component plates out. -Brightener
concentrations and replenishment rates during a plating cycle can be readily determined
by known methods, such as the CPVS method as disclosed in U.S. Patents 5,252,196
and 5,223,118, both assigned to the Shipley Company, or by the cyclic voltammetric

- 30 stripping (CVS) methods.



that use of such a suppressor agent in conbination with elevated brightener
5 concentrations can result in effective "bottomfill" copper plating of a
mcrovia or other aperture wthout defects such as incl 04Nawsmber 2008ds. I n
particul ar, the suppressor enables enhanced plating rate at the bottom of
a mcrovia, permtting copper to plate the entire aperture space in a
substantially "bottomfill" manner, w thout premature sealing of the
aperture top that can result in inclusisons or voids. 10 The invention al so
includes articles of manufacture, including electronic packaging devices
such as printed circuit boards, nultichip nodul es, sem conductor

integrated circuits and the |like that contain a copper deposit produced
from a pl ati ng In sdliugn torsudf ant dlevaiadvbeighicosr.cotdnertias pmfetrsblpihetmﬁidgnvent ion

are discu TAI ED DESCRI PTI ON NVENTI ON Conposi ti ons
of the i n\s?élﬁ'talsoncogﬁf”tséﬁflaE %‘?erfuapréﬁfﬁb%grengalﬁas%ﬁ“ SPREsipgly youwrd pref erabl y
an aci di ¢ (RAUSOSuSIOL SippRIRsST At &8 cotnSiton With A6iatkdHiptichan \Mth a chloride
or other halide ion source, and one or nore brightener agents in enhanced

concent r5atcpm~$§trmnasardlic@dtmseé&cfa\tpo‘ibettomftﬂl”ppezfee phating ofa sdppviessotheagent .
The pl ati i cont a| er..conponents such as one or
Qgcrﬁﬂgw? ?IOJH d2h %%S a] 1%%%118 d)r lu g Stnop ? t?ué FléD(Pf‘?SBCHI ating

nore | evel agent s ana

sol uti ons eaiblésmhiniveé plating radé & thebdtioblidfal thitroved, be&‘ﬁlttmg doﬁpdalt@gllaﬁghé/ arious
articles haying microvias with high aspect ratios and sna di anet ers.

In parti cGn&se 2Pe@Ire ERash %ﬁ“bﬁ‘ﬁéﬁ“}i éﬁﬁ?fﬁﬁllaﬁ@nﬁ%ﬂ’ﬁhmﬁmfw%ﬁﬁrsgal@lgect ronic
packagi NG of @ikl afeiture Wi/ \nAtaRdsllh GflinGlobiGHd - BERT dS, M T ochy p modul e

packagi ng an i renst onal  Struct ures, particularly sem conductor
integratled circuits and other <circuit systens. The el ectropl ating
sol utions of tﬂ.@ﬁl nventl n are,particul arI é{ausef ul opper fill

mcrovias of s 'rgf:%t(':({“r H leclydss actigdes gt C?lFFe"H’é”fdé‘Eﬂé Ri%i t ed upon use
30 of pri @Eacl@é@ﬁig‘(ﬁ{'l%ﬁ%ch hﬂ”‘pxﬁd@zﬁ éll'(ﬂﬂyboﬁrti? rINGRS hRBuRaSeARBhAGRI On to

plating on a w de 14 Novenber
integrated circuits and the like that contam a copper deposit produced from a plating
solution of the invention. Other aspects of the invention are discussed infra.
15 . )
‘DETAILED DESCRIPTION OF THE INVENTION
Compositions of the invention suitably contain a copper salt, an electrolyte

preferably an acidic aqueous solution such as a sulfuric acid solution with a chloride or

~other halide ion source, and one or more brightener agents in enhanced concentrations

20 as discussed above, and preferably a suppressor agent. The plating compositions also

may contain other components such as one or more leveler agents and the like.

As discussed above, electroplating solutions of the invention are particularly
effective in plating various articles having microvias with high aspect ratios and small
25 dlamctcrs In particular, solutions of the mvcntlon are useful in plating electronic
packagmg devices such as printed circuit boards microchip module packaging and
blind 3-dimensional structures, particularly semiconductor integrated circuits and other
circuit systems. The electroplating solutions of the invention are particularly useful to
copper fill microvias of such electronic devices without the defects exhibited upon use

30 of prior chemistries. In addition, the invention has application to plating on a wide



variety of other polyner and netal substrates. Electroplating solutions of
the invention generally conprise at |east one sol uble copper salt, an

el ectrolyte and a brightener conponent. Mre particul arl y4 Nevemdet 20l ati ng
conpositions of the invention preferably contain a copper salt; an

el ectrolyte, preferably an acidic aqueous solution such as a sulfuric acid
solution with a chloride or other halide ion source; and one or nore

bri ghtener agents in enhanced concent§ations as discussed above.

El ectropl ati ng conpositions of the invention also preferably contain a
suppr essorag@enf otherhpeiypleabhdi@eadigpositdsi ons al so may contain other 10
conponents such as one or nore |eveler agents and the like.. A variety of
copper salts may be enployed in the subject electroplating solutions,

i ncl uding for RERAR) S %%BBﬁanséHtﬁ@iW ioﬁ BREAHASL é]%fs?&t lezﬁp%ﬂ)esroluhlc

fl uor obor at e, cupric nitrates r su fatée penta ate 1s a

parti cul acd:gpcpsaétﬁ ar ¢ledrobypmet a Bmgrnteneﬂsﬁmponaﬁpé{ors phrticutenly, be sui tably
present .in a relatively w de_concentrati n the ﬁiectroplatlng

conposi Pi SIFErYHAELOMALILHATS Of thesh eptiompiele rably CONEAR A capher sqlf FR po enpl oyed
at a Conceﬁﬁﬁﬁwe%}cﬁfabw&rﬂcﬂf?@ﬁue&g ssmnaibm&l 23 QQuIHR BRI PRTutloh Wi, £f Pl ating

solution, nore preferably at a concentration of from about 25 to about 200
grans per chlpridg orgfther phlater ipy seindes aidoome o mior¢ brigltenepagshtsrinbhlyaneed a

concentration of. fro ou 0t t.175 iter of plating
ot on. CHRARFgML R ISP el FARHOr B PEmRRLES R Sgich et i ¢

el ectr ol yhgefertbli ebntaih MRS RESsH et THE pREnA6orHpSsitRAY Q1Y fna§ Cbithin®théand t hat
preferably contains a halide ion source, particularly a chloride ion

sour ce.l0Egempnssts sechsasiona br moredprlerpgants and e Bt r ol yt e 25 i ncl ude sul furic
acid, acetic acid, fluoroboric acid, nethane sulfonic acid and sulfamc
aci d. Sul furic aci d is generally preferred. Chloride is a generally

preferred hali Aa/a'hetlsr of céppet shéts hag®e edpiofad indthe i;xﬂjjleocellaﬁjpﬂdtﬁhfgi ons (if a
halide ion is enp ed). may be suitabl utilized, e.g. fromabout O (where
no hal i desrlaraorenlﬁrla§@a)forteéameb cRBRSE §u1@§s GAPPEY %ﬁtafce prﬁaseréhorpézpraére ion in

the platipgy utgrre@es @ggﬁr ﬁstsbgg% Iareqmggraﬁra R@@e@egeggpééalso ppm of

halide ion source in the'plating on
15 A copper salt may be suitably present in a relatively wide concentration range in the

electroplating compositions of the invention. Preferably, a.copper salt will be employed
at a concentration of from about 10 to about 300 grams per liter of plating solution,
more preferably at a concentration of from about 25 to about 200 grams per liter of
plating selution, still more preferably at a concentration of from about 40 to about }75

20 grams per liter of plating solution.

Plating baths of the invention preferably employ an acidic electrolyte, which
typically will be an acidic aqueous solution and that preferably contains a halide ion
source, particularly a chloride ion source. Examples of suitable acids for the electrolyte

25 incluc‘ie sulfuric acid, acetic acid, fluoroboric acid, methane sulfonic acid and sulfamic
acid. Sulfuric acid is generally preferred. Chloride is a generally preferred halide ion.
A wide range of halide ion concentrations (if a halide ion is employed) may be suitably
utilized, e.g. from about 0 (where no halide ion employed) to 100 parts per million
(ppm) of halide ion in the plating solution, more preferably from about 25 to about 75

30 ppm of halide ion source in the plating solution. -

i



7 The invention also includes electroplating baths that are substantially
or conpletely free of an added acid and may be neutral or essentially
neutral (e.g. pH of at least |ess than about 8 or 8.5). $Y®bhvehdk: N3
conpositions are suitably prepared in the 5 sane manner with the sane
conponents as other conpositions disclosed herein but w thout an added
acid. Thus, for instance, a preferred ?ubstanti ally neutral plating
conposition of the invention nmay have the sane conponents as the plating
bath of Exanple 1 which follows, but without the addition of sulfuric
acid. M As discussed above, it has been discovered that by increasing
brightener co |0 i | .4 evel s,. uni f.orm plating of
particularly h?glgﬂ%ﬁﬁedcntﬂsoﬁggl?&;egr?l?egﬁg%}g@%g% t%%ﬁ%:’rsu'zﬁt?[g a@ﬁlof -to-plate
aper t ur es complaly fessf diladded avipaidira Y eaieutrsl ©P pREnRNIG Gkt (@1 pHof at
conpositi i%; are provided that have a 15 brj ghtener. agent concentration of
at | east flessthan ghguisher §.2) Suckplatinggampgsisigrsare switably, Bepaved in)the conpar ed
to typi ga i i r i .05 to0 1.0 ng/L
i pr o o nal e 3l (PR oo e R LA ARt b e

i nvent i onwithbhteantadiderhdoih eThuspfoc exstanext & prefarsed atibstansislly addat platild no/ L, and
still nore prefera east ab%ut 2, 2.5 3 /L. Even

at .| , 3.5 4
hi gher br PYRPERLM %&%“c’é‘ﬁ?’}“&?i"&ﬁ’é‘%ﬁ P SHPRE SRIROYERS pF the g r“&%éﬁt 9feferred,
e.g. at | egahpROoyhicH BllokR; bud Vithdf theXAditRd ofBulffickisght ener per liter of

plating solution. A'brightener concentration of from about 20 to about 200
nmg per liter of plating solution will be suitable for many applications.

Preferahly, th tightener concentration i i ntai ned throughout the
enti _req§5 el ec?‘? (%Effgstsixﬁ%’o&’dggé]aﬁg’,ﬁ‘erb‘ﬁsctoﬁ?%%Bﬁgﬁ‘f ‘%fcql%g?gﬁc@gbst anti al
portion otoddegirflontbeehdtoneSional I&el; uitorth §aSing abPaticifHy BBh adfdet 80 or 90
percent of the duration of the plating process. As discussed above, since

bri ght enefatiogyisrayiagrand gibsr diffcyltda-platreapsrteaes isoemardssiblepr ogr esses, t he
bri ght ener conmponent is preferably regularly replenished during plating to
maintain a steady state brightener concentration. 30

In particular, copper electroplating compositions are provided that have a

15 brightener agent concentration of at least about 1.5 mg per liter of plating solution (1.5
mg/L), compared to typical brightener conccntraﬁons ranging from about 0.05 to 1.0
mg/L in prior composition. More preferably, in electroplating baths of the invention,
the brightener concentration is at least about 1.75 mg/L, and still more preferably, at
least about 2, 2.5, 3, 3.5 or 4 mg/L. Bven higher brightener concentrations will be

20 suitable or even preferred, e.g. at least about 10, 15, 20, 30, 40, 50 mg of brightener per
liter of plating solution. A brightener concentration of from about 20 to about 200 mg

per liter of plating solution will be suitable for many applications,

Preferably, the brightener concentration is maintained throughout the entire
25 elcctr‘oplating process, or throughout at least a substantial portion of the plating process,
e.g. at least about 50, 60, 70, 80 or 90 percent of the duration of the plating process. As
discussed above, since brightener levels are depleted as the electroplating progresses,
the brightener component is preferably regularly replenished during plating fo maintain
a steady state brightener concentration.

30



14 Novenber 2003 -8 A wide variety of brighteners, including known

bri ghtener agents, may be enployed in the copper electroplating
conpositions of the invention. Typical brighteners contai4NeRMmHRE 2008 €

sul fur atons, and typically w thout any nitrogen atons and a nol ecul ar

wei ght of about 1000 or |ess. Brightener conpounds that have sulfide 5

and/ or sulfonic acid groups are generally preferred, particularly conpounds
that conprise a group of the fornmula R-S-R-SBX, where Ris an optionally
substituted alkyl (which jnclude cycloal kyl), optionally substituted

het er oal kyl , op‘f‘l"‘dﬁ%ﬂ’ﬂﬁty %ths%ﬂliqnﬁﬁéacfaﬁilyg kg@%@bngw%b@ﬁqn@nmw pesubst i tut ed

het eroal i Céfrﬁﬂ:lb9?_l a8 thes?&B %&?E%Ela{IQé]@%fﬁ)%g&§§0§tﬂgl ug’rllt%rgtl th%ﬁ ium and R is

hydr ogen or em ca of a larger
conpound) . bﬂ'glmrmm doytadrl dayd orgicnel pafimidolnshanderypie i it ut ﬂmy&h@bléen aldncar bons,

nore typical e to about car bgns, Het eroal roups will have
one oryﬁor@dffye?‘glgﬁ planyerghtgf a % épéﬁ‘?f lps§- %I‘i hichen qempawzﬁyﬁmgh@‘regmﬁdehave from
| to abositandld sGH6HORd g g?d&g@h&ﬁh} prefbrrt® #ﬁﬁfﬁgfarlgc&&p%@d%ﬁ% nonsan g

Car bocyclic aryl groups ar I cal” ary
napht hyl . mmoamqféhegﬁocung RéiSslb-S\ﬂsxl WbeeR'Sis amoptainlaﬂzy arbﬁhtugardoups and

t |1 t b f d
P SR RrdndPa Ryl aotoBfityRupieRifea Ao SEBPRIL S oy T 1o
pyrim dyl , subftitaied ,arﬂ}gfddp' Uﬂ optlbﬂdlﬁ'wﬂ)stltlltéﬁ Ret&roXioyciex §{21@ E%Bmt%’og kel v

triazole, imdazolyl, indol benzof ur anyl bénzot hi azol t he I|
Het er oal i C%Fc“Pfl’é‘“U‘Pfdl%mPV‘pﬁ%R'l iy hiydrpgenanaechemicat hpnd §.e\-SR-80, % oat ons and

fromlt g O.tetra ofuranyl

thi enyl 0 ¢ up ARG oE s Mrecr a0y 51 SRSl S Bl SR B Bt ¢ he

li ke. Subst§ danignis Smofe tgplbﬂtyldnﬂtt@aboat &w 12 m&afsoﬂleiébﬂalkgﬁgﬁbhwﬁﬂl have
oups_include e.g. Cl-8 al kox al kyl , hal ogen,

het eroal i cyclic L
parti cul arfif Oﬁmoé’ﬁ? &Hre B O Qfﬁﬁ@ms "hmerchamaﬁﬂl Rf?fléfablbflbé"e frgmNie @bout

f( ggc's‘i ! %f"l_ 1 S(ilf_tlzar%%%,frﬂbreb@@ﬂﬁ/eln@ aBoult 'E%Ir‘fg%altbt}f?ss Baftbcfdi afy? btk R Formul ae:

typical aryl groups, such as phenyl and naphthyl. Heteroaromatic groups also will be

.15 suitable aryl groups, and typically contain 1 to aboui 3-N, O or S atoms and 1-3 separate
or fused rings and iﬁcludc e.g. coumarinyl, quinolinyl, pyridyl, pyrazinyl, pyrimidyl,
furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, oxidizolyl, triazole, imidazolyl, indolyl,
benzofuranyl, benzothiazol, and the like. Heteroalicyclic groups typically wilt have 1 4o
3 N, O or S atoms and from 1 to 3 separate or fused rings and include e.g.

20 tetrahydrofuranyl, thienyl, tetrahydropyranyl, piperdinyl, morpholino, pyrrolindinyl,
and the like. Substituents of substituted alkyl, heteroalkyl, aryl or heteroalicyclic
groups include e.g. C, 4 alkoxy; C,; alkyl, halogen, particularly F, Ci and Br; cyano,

nitro, and the like.

25 " More specifically, useful brighteners include those of the following formulae:
XO0; S--R--SH
X0,S--R--§--8--R—S80; X and
X0,S--Ar--8--8--Ar--S0O,X
where in the above formulae R is an optionally substituted alkyl group, and

30 preferably is an alkyl group having from I to 6 carbon atoms, more preferably is an



X03 S --Ar--S --S --Ar--S O3 X where in the above formulae Ris an
optionally substituted al kyl group, and 30 preferably is an al kyl group
having froml- to 6 carbon atons, nore preferably is an 14 Né¢ebber003003 -9
al kyl group having from1 to 4 carbon atons; Ar is an optionally
substituted aryl group such as optionally substituted phenyl or naphthyl;
and X is a suitable counter ion such _@s sodiumor potassium 5 Some
specific suitable brighteners include e.g. n,n-dinethyl-dithiocarban c

acid-(3-s - 1 34Mercapt o- propyl sul.-fonic . . _

aci d- ( 3- s&@%ﬁ%@%‘%‘@f’@%l Y Tt Ao lhT %;%‘%OBE?'P@HiSBb%‘H‘%d PN sal t) ;
carboni ¢ amihtks dbtidriatly @uigtinyddgsiefy-of nQStigN; andid R aZulfB1€ aRllerlisPfigRane

sul fonic acid, (potassiumsalt); bissulfopropyl disulfide; 3-

(benzt hi a#bfot{ums of PRtaSAtbpy| sul fonic acid (sodium salt): pyridini um propyl
sul f obet ai ne; 10 1-sodi um 3-nercapt opropane-|-sul fonate; sulfoal kyl sulfide
conpounds disclosed in U S. Pat. No. 3,778,357; the peroxide oxidation
product Sof a dBekypecHivi suitattihbrightenentihotilidet dx. oal-Kiaretgldithivcabagicd; and

conbi nati on f the above. Additional sujtable. brighteners are al so
descri beda?‘a'(%?‘é}oﬂf’éﬁﬁ)cﬁﬁ%.3“’@}3[?*7@?15’@8’?&&{,{‘3‘?&?eilé@'s‘n!l, oprepyblgsier; 34 555, 315,

and 4. 67 3nft@ptodirbpyIAARARAUR @il EAY A¥oliEhah Ao BRAYIEHL Biky Preferred

15 brighteners for 'use in the plating conpositions o e 1 nvention are
n, n- di met Wth-3-detckptod sprbpame sulficac{d(potsdibio sgt)ohissulfopepybdisdfide; 3-

bi s-sodi u [ | -disulfide...ln.addition to.the co salts,

el ectrol y{%ﬁéhwgﬁﬁﬁﬁéﬁgpﬁﬁéﬂcﬁ@ldlgﬁ)[dﬁgn Ba?tl);t%d"}l‘ffgé’mﬂy@ﬁﬁ%’ﬁ?@l?ﬁ?al ly may
cont ai rma1Asaaihﬁf.ymfcapto?ﬁfpmm&m&,&mkm@%&m cehpethds 2RiAgit i ves such
as suppressors gg)gnt S evel ing agents "and the'like.” As di scussed above,

use of a YeppirbdNoed,74835T thapcsexids evadation praduet of s dislied noded-thinx-ght ener
concentratj X Ry L Y 4 vi de rprisingly enhanced
pl ati ng pIédre ?‘g'} Frlgcr)lce, te%)lgf;& ?:caﬁ?ﬁar OC;IJO?A;?“%@? ?%Ocr?}t% %Obﬁg)'l g‘fl ?%88%1‘8“%%% | di ameter
and/ or hi bfight@ferespaid destibal it ak.a%s. W 10)998, 4/3¢4 7090, igamskggy any t heory,
it is beIigg;? 5such enhanced bottomfill, )
4,555,315, and 4,673,469, all incorporated herein by reference, Particularly preferred
-15 brighteners for use.in the plating compositions of the invention are n,n-dimethyl-

dithiocarbamic acid-(3—sulfopropyl)ester and bis-sodium-sulfonopropyl-disulfide.

In addition to the copper salts, elecfrolyte and brightener, plating baths of the
invention optionally may contain a variety of other components, including organic

20 additives such as suppressors agents, leveling agents and the like.

As discussed above, use of a suppressor agent in combination with an enhanced
* brightener concentration is particularly preferred and provides surprisingly enhanced
plating performance, particularly in bottom-fill plating of small diameter and/or high

25 aspect ratio microvias.

Without being bound by any theory, it is believed such enhanced bottom-fill
plating may occur due to the concentration of the suppressor agent being comparatively

decreased af a bottorn of a microvia as a result of diffusion effects through the length of

30 the microvia. That reduced suppressor concentration results in an enhanced copper



plating may occur due to the concentration of the suppressor agent being
conparatively decreased at a bottomof a mcrovia as a result of diffusion
effects through the length of 30 the mcrovia. That redug¢g®ovember 2003
suppressor-concentration results in an enhanced copper 14 Novenber 2003 -10
plating rate at the mcrovia bottomregions. In contrast, at the surface of
the article to be plated (at the top ofpthe mcrovia), the
suppressor-agent concentration remains relatively constant and at an

el evat ed | I I [-ve. he m.crovia bottomregions. Consequently, the
area at ap(r?néﬁgl cgélﬁggéhgédlﬁrgg'tago{t%%ﬁ%?rﬁti vel y suppressed plating rate because

of the enhanced suppressor agent concentration relative to the mcrovia
bottom regi ons. Preferred suppressor agents for use in the conpositions of
the invention &F&oNEsha) haariage afthe pitigledo bp platedi(aithytop dftiv migrdwéd)er o at om

substi tutig I , Ny er al referred suppressor
agents at e%hélgg%gﬁg%@é%%ﬁ@ﬁgﬁ%ﬂélﬁégﬁ? &y 50 Eaé‘% glrédr%t,agda?é'ﬁtegic"f'ﬁose of
the fol |Sowklagveftortimuhirovi: bottof regiGHY Qonée@ently] tibaeLatR taferdVia RpWas 8 &l KY!
group containing fromabout 2 to 22 carbon atonms; 15 each X, 'Y, X and Y
i's i ndepefABRERTVHY Sinperssed plating ratg beqausedithe erbepger supnresspr agent propyl : aryl

such as phspechirattindbl¥ve SYRIM preferably one or nore of X, Y,
X and Y is hydrggen; %ngﬁn ?°Z°‘§§Qﬂ°tl‘%’g°§§bq‘%et ween 5 and 100, 000.

Preferably, Ris ethylene and n is greater than 12,000. 20 Mre
specifically, §yrfac ants usefu] in the present,inv?ntion i.nclude e.qg.

anines such ad EPFONYPREEAT SR ush it s compesjtiens of thsiineestianareal kanol
am nes;10apbNaferic nitedrial, Ffé%raﬁl}y PRavif! heidrd aﬁ‘ﬁ?ﬂfbﬁtnﬁ%&ﬁ?ggﬁuﬁﬂk}é& | ene

gl ycol s, pol yal kél ene glycol s and 7ol yoxyal kyene s; high®nol ecul ar
wei ght pollipkigser Sengsdivmefegrdsupprossodegentnate genstally30h @6Bctlar weight | i on) ;

bl ock copgbg,%glgbggh?Q{%gé%ﬁg%%ggﬁi%ﬁ%%I_poI yot her 25 sul fon. ates;

conpl exi n nt's suc & di ani nes; and conpl exi ng agents
for cupric or BupDeyYSXWaSYwh)kh include entprol, citric acid, edetic acid,
tartaric where R is an aryl or alkyl group containing from about 2 to 20 carbon atoms;
15 each X, Y, X’ and Y’ is independently hydrogen; alkyl preferably methyl, ethyl or
propyl; ary! such as phenyl; aralkyl such as benzyl, and preferably one or rﬁore of X, Y;
X" and Y is hydrogen; and n is an integer between 5 and 100,000. Preferably, R is

ethylene and n is greater than 12,000,

20 More specifically, surfactants useful in the present invention include e.g. amines
such as ethoxylated amines, polyoxyalkylene amines and alkanol amines; amides;
polyglycol-type wetting agents, such as polyethylene glycols, polyalkylene glycols and

~ polyoxyalkyene glycols; high molecular weight polyéthers; polyethylene oxides (mol.
wt. 300,000 to 4 million); block copolymers of polyoxyalkyenes; alkylpolyether

25 sulforiates; complexing surfactants such as alkoxylated diamines; and complexing
agents for cupric or cuprous ions which include entprol, citric acid, edetic acid, tartaric

acid, potassium sodium tartrate, acetonitrile, cupreine and pyridine.

Particularly suitable surfactants for plating compositions of the invention are

30 commercially available polyethylene glycol ¢opolymers, including polyethylene glycol



e

acid, potassiumsodiumtartrate, acetonitrile, cupreine and pyridine.

Particularly suitable surfactants for plating conpositions of the invention

are 30 commercially avail abl e pol yethyl ene gl ycol copol yreNsyembez2063 ng

pol yet hyl ene gl ycol 14 Novenber 2003 -11 copolyners. Such polyners are

avai l able frome.g. BASF (sold by BASF under Tetronic and Pluronic

tradenanmes), and copolynmers from Chemax. A butyl al cohol - et hyl ene

oxi de- propyl ene oxi de copol ymer having an M of about 1800 from Chenax is
referred. 5 Surfactants are t added to copper

articul arl i_cal l
gl eclt r lcJ)pI aff)g?llgm%l CLFORYYFS a@&ﬁ&‘&?ﬁ?%‘i‘]‘&&s%fp\éﬁ fg LY Pomlaméer | to 10, 000
ppm based TfohRand@lEhic RhdechBeBhB copdTRh&s BOES @lealdkY Pﬁ@%{gﬂglcgl?&lo 10, 000

ppm 10 Use of one or nore |eveling agents in plating t he

i nvent i on ethyleyemwaidsinrgpylene okide cemblyriordirping en df, cfabowtiRE0 fremeChangixdgent s ar e
descri bed %ﬁg:u%ﬁ% fqrt hin US. Pat. Nos. 3,770,598, 4,374,709, 4,376,685,
4,555, 315 Pan ) ?gej ﬁ%ﬁi In general, useful |I|eveling agents include those
that corftain a substituted am no group such as conpounds having RN-R ,
where each R and R is independently a substituted or unsubstituted 15

al kyl group Q Surfaetpyds predynienlly addedse benper eleaplitips sgnidons.in Typi cal |y the

al kyl gro ngm t ons re.typical fromlto 4
carbon at gﬁ@?&%ﬁn{% g@ﬁa%ruggéogﬂ?%@p@géb?%ﬁ fhtety}'feéé]‘%(?k&ﬁrl?é stituted
phenyl or mapptelfiarbbly Theut Sub$0,000uspm.s of the substituted al kyl and aryl

groups may be, for exanple, alkyl, halo and allcoxy. 20 Mre specifically,
suitable leveling agents include e.g. 1-(2-hydroxyethyl)-2-

i m dazojg di net RisQREenY £ Voo b O NEA A t-hi azol t ne. yl ene
thiourea; thi ?&?eg?nﬁ?rkwﬁra?og%}ﬁ%oﬁ%% E@lgﬁﬁhﬁg?h{éﬁgﬁgﬁglﬁ?s{? Hergg ounds
di scl osed preferegdS. Ex@miples oNeuitaBle 95610 Baentsaedeseribed andisdt domth indS.ScBat ai ni ng

Dyr ol 1 dont LAl Aa2Brl ATp e R e Dy o e P PR BB 15
1- (2- hydr oeogBh§¥dehtsdntlBBER!thaA chRhiRIa QRS tukdPirgib sFRAPGEEY LAk DREn RS
having R-N-R’, where each R and R’ is independently a substituted _ér unsubstituted
I5 alkyl group or a substituted or unsubstituted aryl group. Typically the alkyl groups have
from 1 to 6 carbon atoms, more typically from | to 4 carbon atoms. Suitable aryl '
groups include substitutedor unsubstituted phenyl or naphthyl. The substituents of the
substituted alkyl and aryl groups may be, for example, alkyl, halo and alkoxy.

20 More specifically, suitable leveling agents include e.g. 1-(2-hydroxyethyl)-2-
imidazolidinethione; 4-mercaptopyridine; 2-mercaptothiazoline; ethylene thiourea;
thiourea; alkylated polyalkyleneimine; phenazonium compounds disclosed in U.S. Pat.

" No. 3,956,084; N-heteroaromatic rings containing polymers; quaternized, acrylic,
polymeric amines; polyvinyl carbamates; pyrrolidone; and imidazole. A particularly

25 preferred leveler is 1-(2-hydroxyethyl)-2-imidazolidinethione. Typical concentrations of
leveling agents range from about 0.05 to 0.5 mg per liter of plating solution.

The copper electroplating compositions are suitably used in similar manner as

prior copper electroplating baths, except an elevated brightener concentration is

30 employed and preferably maintained at an elevated level throughout a plating cycle. -



| evel i ng agents range fromabout 0.05 to 0.5 ng per liter of plating

sol ution. The copper electroplating conpositions are suitably used in
simlar manner as prior copper electroplating baths, extéplovemnbel 20ated
bri ghtener concentration is 30 enployed and preferably nmaintained at an

el evated | evel throughout a plating cycle. 14 Novenber 2003 - 12 For
instance, with reference to a printed. gircuit board substrate, a copper
clad plastic substrate is typically enployed, e.g. a copper clad gl ass
fiber reinforced. ior. to . for i.0 f circuit, apertures,
such as micr ov?glsﬁggﬂe‘ F‘g@gg%wfl%ljtoﬁéj rﬁl%gé:ﬁa&géoa&‘? FLiOt’IS%r%& LHEPHSLH | i zat i on.

M crovi as pasdc sithautcapgpicallyeanpibga, eys appéailandass iy RHTHRENGDKHI.
Processes for EO.rm' ng such apertures in electronic device substrates are

known and Papg: iﬂe’éiOong%Pt@P@.f 4 FeWY, aperipis eieh as mippowasparedomeddntlE, Print ed
Crcuits pgan K ' ; ' ' | | I rcuit
Board Basi cs (PMs lzllé]%sm?gh%%%ﬁgyo? 8% %}%ﬁt?tgﬁ%gm{rgeﬁ% rgrg%\b?g??%Fgot her
apert ur &, bylpbotoimigss Poatsiesdopfiootiag suchsapedures inlebaetrosie detioe fubsmatas fi r st
metallic coating over t.he suybstr urf \d, el ectrolytic copper
deposi ti o™ Ot“ﬂ‘ear?dl?éee S?‘Efegﬁﬁa’ﬁ‘gigtﬁ?éw %&52*52@&(900 > lrgnted Giyeuts

Al ter nat i @lnfbooke (£, BoCrh& FRRP BRI TRiko bﬁrsﬂkabﬁéuzﬂrz&&fatéaéwg@ﬁga sui tably
prepared mcrovia as disclosed 'in any of U S. Pat. Nos. 5,425, B873;

5,207, 888;Indusd- 4, 919, 768. The next step in the 15 process conprises

el ectropl ati ng copper onto the thus prepared conductive mcrovias using an
el ectroplating solution of the invention. Plating baths of the invention

are prefter abl y Adfveplfaaclomsf the niddewe of then apt@IrpSladtdless pletidh prdfedugsand
sonewhat above 65C. The plating conposition is 20 preferably agitated
during usérethenused tpforay 4 fisyastglic coglingloven the aubsigite syrfasas andaiorigbiient  or

ot her sui o fplatl I at,.a current ranging
From 1°to ot AGEERY s Folledio b Riah IR IRIRHEME, ML e
may range efecoolytiboefipebmapbaplaed directly dveiis suitablypreparcdaperdidg didtldsbe

iffi I f i [ 1 h I which foll f
g;(err;:)f;r ;%bgrgf%t{lﬁ.é\é\g%mgéS%ﬁé@%ﬁ%,z%ei%%g;aand%ﬁ1t9,7%8.e)'f‘%ggexetsstep i1!1 'ﬁlc ortowtor

15 process comprises electroplating copper onto the thus prepared conductive microvias

. using an electroplating solution of the invention.

Plating baths of the invention are preferably employed at or above room
temperature, e.g. up to and somewhat above 65°C. The plating composition is
20 preferably agitated during use such as by air sparger, work piece agitation, impingement
or other suitable method. Plating is preferably conducted at a current ranging from 1 to
40 ASF depending upon substrate characteristics. Plating time may range from about 5
minutes to 1 hour or more, depending on the difﬁculty of the work pi;ace. See generally
the examples which follow for exemplary preferred procedures.
25
A wide variety of substrates may be plated with the compositions of the
invention, as discussed above. The compositions of the invention are particularly useful
to plate difficult work pieces, such as circuit board substrates with smal! diameter, high
aspect ratio microvias and other apertures. The plating compositions of the invention

30 also will be particularly useful for plating integrated circuit devices, such as formed



25 A wide variety of substrates may be plated with the conpositions of the
i nvention, as discussed above. The conpositions of the invention are
particularly useful to plate difficult work pieces, suchtldsvenber@093 board
substrates with small dianeter, high aspect ratio mcrovias and ot her
apertures. The plating conpositions of the invention 30 also will be
particularly useful for plating integridt-ed circuit devices, such as forned
1 4 Novenber 2003 -13 seniconductor devices and the |like. See the exanples
whi ch f ol kawcdRfucR¥ abileabyd néumétrs%&ﬁﬁeemram@giwmw&w farginyhiyh the -

i nvention. As discussed above, aspect ratios of at |east 4: 1 havi ng

di anet er ss@fstralooplated Goaccardameoyitisthaliventidtave been ef f ecti vel y copper plated
with no defects (e.g. no voids or inclusions by ion beam exam nation) using
pl ati ng solutions of the invention. Mcrovias with dianeters bel ow 150 nm
or even bel ow Alk@ikusbODataNR, afdi REPLEH at 16841408 hadhg Biahetds df abbutppol0: 1 or
greater, and even up to about 15:1 or greater can be effectively plated
(e.g. né vwicsmeterhaxe b@n@ﬁgctwlywnpg@ngdew@nnméqume g;gtprvgldploau ng

sol utions; rein are fully

i ncor pora ' dls}?}lgb% Io%‘%%%?%*%ﬁ%%ﬁlu?ﬁggp#ggP‘gg\ﬁlcﬁg%%oh(r%qﬁ ?I ng exanpl es are

i 11 ustrat Mieroofas hid didmedsrt below 155n.EX&zr’mﬂeﬁbdlbw/hbmtaﬁ}emﬁﬁdn@@@mrratlos
el ectropl atl ng bath of the inventi'on was prepared by adm xing the foll ow ng

conponent 8f $:h. $idt &b 10F1rPft8ﬁ‘*eat‘?foﬁfﬁ§d’§Pli e abaw L3¢l Qpraredtacands eftectively

gl yool - B SRR b PR e IR RS Pﬂ?%ﬁ%%fy 020

Corrponéﬂt tHeomommtibnat i on CuSO4 5H20 60 gll H2S04 225 g/ | . 50 ppm

All documents mentioned herein are fully incorporated herein by reference. The

fotlowing non-limiting examples are illustrative of the invention.

15 Example i:
A preferred copper electroplating bath of the invention was prcparcd.by
admixing the following components in water. In the composition the brightener was
bis-sodium-sulfonopropyl-disulfide and the suppressor was a polyethyiene glycol

bolymer sold under the tradename PEG 8000 by Union Carbide.

20 Component Concentration
CuSO,5H,0 60 g/l
H,SO, 225 g/}
- Cl 50 ppm
Suppressor 1 gfl
25 Brightener 2.1 mg/l

Through hole walls of a printed circuit board substrate and microvias were
plated as follows with the above plating composition. An air-agitated plating tank
outfitted with multiple cathode rails and one rectifier was charged with the above copper

30 plating solution. During plating, the following deposition conditions were employed:



Suppressor 1 g/1 25 Brightener 2.1 ng/l Through hole walls of a printed
circuit board substrate and mcrovias were plated as follows with the
above plating conposition. An air-agitated plating tank 14bNevémbes@003 t h

mul ti ple cathode rails and one rectifier was charged with the above copper
30 plating solution. During plating, the foll ow ng deposition conditions
were enpl oyed: 14 Novenber 2003 -14 cudrent density of 14.5 mA/ cn®;
wavef orm was DC, tenperature plating bath was 25C. After term nation of
the pl ati bgrdm deesityoe | 4.8 mn/enb watefdfm thae DIOD &nthesdifs hlAing badsSwasexam ned. |t
was found that copper conpletely filled the mcrovia-walls to provide a
smoot h uni*sr rassper offhaplating pracesgrey & g ovig ofths bpprid spbsimiq Wit her preferred
copper el : i i i - : m xi ng the
Fol T owi g Sinach a0 foult habosb ol o8 BB TR BHrosRER 10

bi s- sodi usmsathfuaifor cqppkr lats withirdevodiad t he -suppressor was a propyl ene

gl ycol 10 copol yner sold under the tradenane L62D by BASF. Conponent
ConcentPation CuSO4 5H20 70 g/I H2SO4 175 g/1I CI 50 ppm 15 Suppressor
0.875 g/l EEE:E%I'B@‘?”” 2.4 ng/1 200 run-with 7:1 aspect ratio mcrovias of a
back end or the |ine sem conductor mcrochip wafer were plated using the
above pl ati ng Adnypbeipréfemed copper clvatreplatigsbaftOofahemventivnl was pasgaseiitgd to a

cat hode and the platjng solution was pu d onto.the surface of the wafer
whi Lo r ot Amiehe SllphecommoneRls BRIt cORapsiien e RreRFnaraas my cnp
bis-sodium-sulfonopropyl-disulfide and the suppressor was a propylene glycol

10 copolymer sold under the tradename L62D by BASF.

Component Concentration
CuS0O,5H,0 70 g/l
H,S0, 175 g/l
Cl 50 ppm

15 Suppressor 0.875 g/l
Brightener 2.4 mg/l

200 nm with 7:1 aspect ratio microvias of a back end of the line semiconductor
microchip wafer were plated using the above plating composition. . The wafer was
20 electrically attached fo a cathode and the plating solution was pumped onto the surface
of the wafer while rotating at upwards of 200 RPM. Electrical current of 14.5 mA/em®
was applied with DC wave form at 25°C. After termination of the plating procedure, the

" microvias were filled with no defects as determined by focused ion beam examination.

25 Example 3 (comparative example)

A further preferred copper electroplating bath of the invention was prepared by
admixing the following components in water. In the composition the brightener was
bis-sodium-sulfonopropyl-disulfide and the suppressor was a propylene glycol
copolymer sold under the tradename L62D by BASF.
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was applied with DC wave format 25C. After term nation of the_ plating
procedure, the mcrovias were filled with no defects as determ ned by
focused i on beam exam nati on. 25 Exanple 3 (conparative BXikowmber 002r t her
preferred copper electroplating bath of the invention was prepared by

adm xi ng the foll owi ng conponents in water. In the conposition the

bri ght ener was bi s-sodi um sul f onopr op¥$ -di sul fi de and the suppressor was a
propyl ene glycol copolynmer sold under the tradenanme L62D by BASF. 30 14
Novenber 208i3ponkht Conponéhcdgoagant ration CuSO4 5H20 60 g/ H2SO4 225 g/ |
C 50 ppm 5 Suppressor 1 g/l Brightener 0.35 ng/l 200 run with 4:1 aspect
rati o mi cr%ﬁ%«ssp['g@ a sentPléflductor microchip wafer were plated using the
above conpgreafive platin ggﬁposition under conditions as 10 described in
Exanpl e 2." Aft'er terninafiof of the plating procedure, the mcrovias were
exam ned byl scanni ng el eé0ppm m croscopy (SEM and focused ion beam

exam nat j 0@9 Those exam n@ti ons showed the copper deposits in the

M crovi Ris$¥Hed def edt® of voids, seams and inclusions. 15 The

foregoi ng geagkipti on of gtaRegydpvention is merely illustrative thereof, and
it is wunderstood that variations and nodifications can be effected w thout
departing fromthe scope or spirit of the invention as set forth in the

followi ng clai "o n]r'n4w%) Xﬁmggct rzaglg%niér]dgia%fg A :ls\t/e%iconductor microchip wafer
were plated using the above comparative plating composition under conditions as
10 described in Example 2. After termination of the plating procedure, the microvias were
examined by scanning electron microscopy (SEM) and focused ion beam examination.
Those examinations showed the copper deposits in the microvias contained defects of

voids, seams and inclusions.

15 The foregoing description of the invention is merely illustrative thereof, and it is
understood that variations and modifications can be effected without departing from the

scope or spirit of the invention as set forth in the following claims.



1. A copper electroplating conposition conprising: at |east one soluble
copper salt, an electrolyte, one or nore brightener conpounds that are
present in a concentration of at |least about 1.5 ng per I¥iNaember 2003

el ectropl ati ng conposition, and a suppressor agent. 2. The conposition of
claim1l1, wherein the concentration of the brightener agent is at |east
about 2 ng per liter of the electroplai®ng conposition. 3. The conposition
of claim1l, wherein the concentration of the brightener agent is at | east
about 4 Rer liter of the electroplating conmposition. 4. The conposition
of clainE%;_Eﬂﬁrein the concentration of the brightener agent is at |east
about 10 ng per liter of the electroplating conposition. 5. The conposition

of cl ai mil, V\/rpee@p@r élbm@ﬂmmhﬁfols@lﬂn%mbhﬁngﬂ ghtener agent is at | east
about 25 ng per liter of the electroplating conposition. 6. The conposition

of any one of atleastrme kolubleaogpersaltwherein the one or nore brightener
conpounds contain one or nore of sulfur atons. 7. The conposition of any
one of cl ai ns ah etdetrobgdh 5, wherein the one or nore brightener conpounds
conprise one or nore sulfide or sul phonic acid groups. 8. The canposition
of any one of O8F & meore brightenghcompayids diah arreseid ipa gpgeentiragpn g’lﬁtggi'@ﬁt

conpounds, co ise a the, formula R.-S-RSC3, where Ris optionally
subst i t ughoUg img,Peab?%ﬁﬂF@ecyaB@f% GOTRORRTS ABRI Kyl opti onal |y

substituted ar%l Ig%o 0 aI substituted heteroaromatic, or optionally
substituted hét@?% Ey ? and R is hydrogen or a chem cal bond. 14
Novenber 2003 -17- 9. The corrposi tion of any one of clains 1 through 8,

wherei n bhe suggr T i hy
one of CFaInsqﬁﬁcﬁ§§8&néﬂ?95hg§élﬁhﬁ%ﬁ%@%%§%§?%?%%1gﬁh Hgﬁﬁh&ag&nq§a@

least about 2 mg per liter of the electroplating composition.

3. The composition of claim 1, wherein the concentration of the brightener agent is at

least about 4 mg per liter of the electroplating composition.

4, The composition of claim 1, wherein the concentration of the brightener agent is at

least about 10 mg per liter of the electroplating composition.

5. The composition of claim 1, wherein the concentration of the brightener agent is at

least about 25 mg per liter of the electroplating composition.

6. The composition of any one of claims 1 through 5, wherein the one or more

brightener compounds contain one or more of sulfur atoms.

7. The composition of any one of claims 1 through 5, wherein the one or more

brightener compounds comprise one or more sulfide or sulphonic acid groups.

8. The composition of any one of claims 1 through 5, wherein the one or more
brightener compounds comprise a group of the formula R’-S-RSO;, where R is optionally
substituted alkyl, optionally substituted heteroalkyl, optionally substituted aryl, optionally
substituted heteroaromatic, or optionally substituted heteroalicyclic; and R’ is hydrogen or

a chemical bond.



conprises a |leveler agent. 11. The conposition of any one of .clains 1
through 9, wherein the electroplating conposition is acidic. 12. A nethod
for plating a printed circuit board substrate, conprisind4dVesembsr ¥993cal |y
depositing onto a printed circuit board substrate copper from an

el ectropl ati ng conposition of any one of clainms 1 through 11. 13. A nethod
of plating a microel ectronic senicondud?or wafer, the method conprising:
el ectrolytically depositing onto the substrate copper from an

el ect r opl%at i nglhemepywsition et anhave elbripnissetiratghl 8 adiereim thessoppriotser aggnp &
salt, an electrolyte, and one or nore brightener conpounds that are

pr esent iapAdyedlficent rati on of at |east about 1.5 ng per liter of the

el ectropl ati ng conposition. 14. The nethod of claim 13, wherein the

concentration gf the brightener agent i t |easi about 2 per_liter of
Che. ol ectop! ATERBERHBE Rt FDRCNSE CIotm | NGRS oV IR SamPUHALRH e

concentratlon i ghtener agent is at |east about 4 ng per liter of
t he el ect%ﬁ)ié%ﬂg?%an%o@g%g?ti on. 16. The nethod of claim 13, wherein the

concentration of the brightener agent is at |east about 10 ng per liter of

the el ectinopl afenehnGHIRRR &f MY ofd of UMEmEEL l&ﬁlqu{ 0C balefBirl Bhe %@t‘é@%ﬂﬁ%‘e

concentration of the brightener agent 1s at east” about 25 er of
the el ectgoapbaitivng «aiposi tion. 14 Novenber 2003 -18- 18. The nethod of any
one of clainms 13 through 17, wherein the one or nore brightener conpounds
contain one or nore of sulfur atons. 19. The nethod of any one of clains 13
t hrough 12, whemnsithod foe platemgar privded cirturif bderé sebstratypoupdsng ehgptrolsdcalhe or
more sul fide or sul phonic acid groups. 20. The nethod of any one of clains
13 t hr oudi§pasttingpiee @ipaintedecitsnis borrdspbsiratedpghr Bereranclasiroplating conpositim a

roup of the fornmula R -S- RSO3, where Ris optionall
g P of any one o cl:?imslt ough 11. P Y

13. A method of plating a microelectronic semiconductor wafer, the method
comprising:

clectrolytically depositing onto the substrate copper from an electroplating composition
that comprises at least one soluble copper salt, an electrolyte, and one or more brightener
compounds that are present in a concentration of at least about 1.5 mg per liter of the

electroplating composition.

14, The method of claim 13, wherein the concentration of the brightener agent is at

least about 2 mg per liter of the electroplating composition.

15.  The method of claim 13, wherein the concentration of the brightener agent is at

least about 4 mg per liter of the electroplating composition.

16.  The method of claim 13, wherein the concentration of the brightener agent is at

least about 10 mg per liter of the electroplating composition.

17.  The method of claim 13, wherein the concentration of the brightener agent is at

least about 25 mg per liter of the electroplating composition.



substituted al kyl, optionally substituted heteroal kyl, optionally

substituted aryl, optionally substituted heteroaromatic, Qr optio |y
substituted heteroalicyclic; and R is hydrogen or a chelﬁ‘ﬁ\&%‘le"%?(%%s‘zl.

The met hod of any one of clains 13 through 20, wherein the el ectroplating
conposition further conprises a suppressor agent. 22. The nethod of claim
21, wherein the suppressor agent is a“ﬂ)%ryet her. 23. The nethod of any one
of clains 13 through 22, wherein the conposition further conprises a

| evel er afent . TiEametiipd b enoPnsf ofapltinand 3othreughi A% wherehy diggnedr moe ei n
t he corrqusi ion is acidic. 25. The nethod of any one of clains 13 through
24, wher FIET CEPRUBAUERNBR ORePemoreLe sBHBr #PmBor e i crovias. 26. The

met hod of claim 25, wherein the one or nore mcrovias have an aspect ratio
of | east;jabou, 4; d [ t f legs,tha out 200 nm 27. The

met hod oflggnyu%hr?em(])e%h%gl %frar‘gy %gl%t(ﬁf;g@%s gé,t%u e?ﬂ 3’%8&98} thes OB FEsTPR t o
fill the,, ﬁnﬁ@gﬂgﬁﬁ-‘iﬁ% L9 RloRVd : | the absence of
voi ds or ir%gfeﬁlg‘f%n . 28. artlnclre 8? érrlgﬁ%‘fa%%?l rghg:(%ﬁg?gP&g

devi ce substrate containing one or nore apertures each having walls, the

aper ture agal | sTHeamen@dt BEbeponanofetiafhd ABYihirdughd 1 Novaslal 12088e -okSmofopper
deposit obtained froman electroplating conposition of any one of clains 1

t hr ough biiZhteder cohiywuads cahgrisefa grbap of 818, fomhen & r8-REO; swhat Raiseoptisnally
printed circuit board substrate. 30. The article of claim28, wherein the
subst r at eubsiitatedrialioyb optipnatlydwbstitated hicteaoadkyl, Gitionahye sebstitwedanyl, apkianatly28,
wherein the substrate is a sem conductor chip substrate. 32. An article of
manuf act SPBStEWES Aetsroarpmaticepd ertinnally sirbsttes kateyaelicyekic; aod Beiinhpdrogemer or
nore m croyi as hhe m crovias containing an electrolytic copper deposit

obt ai ned 2 B’r‘ﬁ% ond-ect ropl ati ng conposition that conprises at |east one
sol ubl e copper salt, an electrolyte, and one or nore brightener conpounds

that are qresepf, jn@th%dcgpgr%ptoﬁgtdfo&aﬂs e through 20, wherein the electroplating

composition further comprises a suppressor agent.
22.  The method of claim 21, wherein the suppressor agent is a polyether.

23.  The method of any one of claims 13 through 22, wherein the composition further

comprises a leveler agent.
24.  The method of any one of claims 13 through 23, wherein the composition is acidic.

25.  The method of any one of claims 13 through 24, wherein the semiconductor wafer

has one or more microvias.

26.  The method of claim 25, wherein the one or more microvias have an aspect ratio of

least about 4:1 and a diameter of less than about 200 nm.

27.  The method of any one of claims 13 through 26, wherein copper is deposited to fill

the one or more microvias to provide a copper plate in the absence of voids or inclusions.

28.  An article of manufacture comprising an electronic device substrate containing one

or more apertures each having walls, the aperture walls having thereon an electrolytic

an el ectronic



| east about 1.5-ng per liter of the electroplating conposition. 33. The
article of claim32, wherein the concentration of the brightener agent is
at least about 2 ng per liter of the electroplating conpdYavember 203 The
article of claim32, wherein the concentration of the brightener agent is
at least about 4 ng per liter of the electroplating conposition. 35. The
article of claim32, wherein the concehfration of the brightener agent is
at least about 10 ng per liter of the electroplating conposition. 36. The
articl e sbppiradeposdnbiaihet Eom anlebectroplating cathpasitianf oftang obe b blaieme! thagegit i s
at | east about 25 ng per liter of the electroplating conposition. 37. The
article d2 any one of claims 32 through 36, wherein the one or nore

bri ghtener conpounds contain one or nore of sulfur atonms. 38. The article

compoundaDcomieatU B HFm ok e (ALt IR Sl B pLIG

Novenber 2003 -20- 39. The article of any one of clains 32 through 36,

For mil 8 RO s Aoca e #E AR EATOHIER CRIPLR nPelleille 127, |

substituted heteroal kyl, optionally substituted aryl, optionally

substitutigd he{eereaE O@hint 28,07hed@h Hig bkiyat8 Whsdenlittd g cloetiah eabdnawc! i ¢; and
R is hydrogen or a chemical bond. 40. The article of any one of clains 32

t hrough 39, wherein the electroplating conposition further conprises a
suppr essadr. agen art#le oflfmanafatiued eomfprihg b vedcondbeoe chiipt dubstsaip pomasarg agent
is a polyether. 42. The article of any one of clainms 32 through 41, wherein
t he conp@sktor amork umichoyias, Benprdredss eortaviagen egarmlytiaGppthdepositiabianeat any
one of clainms 32 through 42, wherein the conposition is acidic. 44. The
article dom@p dedropfatiap gomposiiop Hhyfugmprses \ihdeast Aneriseluble eaprea vt o4

aspect raiio f at .l east abaut 4:1 and a digneters of ]ess than 200 _.nm
clectroiyte, and one or more brightener compounds that are present in a concentration of at

least about 1.5 mg per liter of the electroplating composition.

33.  The article of claim 32, wherein the concentration of the brightener agent is at least

about 2 mg per liter of the electroplating composition.

34.  The article of claim 32, wherein the concentration of the brightener agent is at least

about 4 mg per liter of the electroplating composition.

35.  The article of claim 32, wherein the concentration of the brightener agent is at least

about 10 mg per liter of the electroplating composition.

36.  The article of claim 32, wherein the concentration of the brightener agent is at least

about 25 mg per liter of the electroplating composition.

37.  The article of any one of claims 32 through 36, wherein the one or more brightener

compounds contain one or more of sulfur atoms.

38. The article of any one of claims 32 through 36, wherein the one or more brightener

compounds comprise one or more sulfide or sulphonic acid groups.



ELECTROLYTI C COPPER PLATI NG SOLUTI ONS ABSTRACT The present invention
provides inter alia copper electroplating conpositions, methods for use of
t he conpositions and products formed by the conpositions.l4 Naveeben#i0t i ng
conpositions of the invention contain an increased brightener
concentration that can provide effective copper plate on difficult-to-plate
aperture walls, including high aspect2@atio, small diameter nocrovias.
39.  The article of any one of claims 32 through 36, wherein the one or more brightener
compounds comprise a group of the formula R’-S-RSO3, where R is optionally substituted
alkyl, optionally substituted heteroalkyl, optionally substituted aryl, optionally substituted
heteroaromatic, or optionally substituted heteroalicyclic; and R’ is hydrogen or a chemical

bond.

40.  The article of any one of claims 32 through 39, wherein the electroplating

composition further comprises a suppressor agent.
41.  The article of claim 40, wherein the suppressor agent is a polyether.

42.  The article of any one of claims 32 through 41, wherein the composition further

comprises a leveler agent.
43.  The article of any one of claims 32 through 42, wherein the composition is acidic.

44,  The article of any one of claims 32 through 43, wherein microvias have an aspect

ratio of at least about 4:1 and a diameters of less than 200 nm.





