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 ovenentigcréasekbughtensplesiels agf wseolf sanaeifos effective plating of high aspect ratio

apertures, e.g. microvias with 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



circunstances exist that can lead to plating defects. 30 Copper. plating
technol ogy has been particularly inportant in the manufacture of conputer
circuit boards. Mre specifically, during circuit board ihdNokember2003copper
14 Novenber 2003 _2 electrical connections are provi ded between vari ous
board | ayers by plating board through holes whereby a thin conductive
copper conductive is first applied, typically wusing electroless copper

pl ati ng techni ques, followed by electrofl’ati ng copper fromacid copper
solutions. 5 Copper plating is also enployed in circuit board manufacture
to plate oGteeicalcopaictionivas arovided belpeer uartouy beasd bertis hedlatimngbosdc h
applicatio ARG i j k: . er he.full circuit
board surfgf:tgul S c%p\glllee?éﬂgl%g%l fél(sj“"b%‘ﬁ‘g%‘%i%ﬁﬂx‘%q%g‘%ggef%ﬂs nﬁpﬁge‘%i‘w&%ﬁ ry with a
phot or esi susiagdlett@essebpptr phatingteahisgidsy ftibwstehypelatesiiing Gofet BbRakidvel y an
addi tive--process .can be enpl oyed, where copper circuits are produced by
plating befWPEH3QNERS defined by a resist relief imge. More recently,
copper plsati ng al so has been enployed in sem conductor chip manufacture to
provide chip interconnections. Traditionally, sem conductors have been 15

i nt erconnect ed Ehprraghtiag isralseamened it cipnst bokdweanefactirathusiateyueent i nual |y

demands e r formance, . .nc ing,ultra.large-scale jntegration and
faster ci rca’?’{ggﬁ%ﬁgﬁ% i fsﬁehgﬁi' #'dolr ﬁ%@r@ﬁ*ﬁ?@%ssgﬁpgp?g%lsr‘ﬁd“&lﬂ

di mensi ons e@plog€d) whiers @B eIl GfSit bbhrd seEdd IDQRPRIPIAEPfolblREd hSi Stivity of

al um num (theoretically 2.65 x 108 -ohmmeter at roomtenperature) is

consi der edPRSedalingng qirsuitty) veh 2 photepsisiiand Hien cichigs dn a swtpale proc@9 requir ed
ds. - \M -k i . st yi 1,678 10. h ter,
Sheeds Sonyu by A RRSFLAE S LSS AL k8T8 1 A8 gt ot o

sem conducbpplating between lines defined by a resist relief image.

More receﬁtly, 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



m crochi ps. Typical processes for defining sem conductor chip

I nterconnects, particularly 25 alum numinterconnects, hawJemhber Y
reactive ion etching of netal |ayers, e.g. a process that includes netal
deposi tion, photolithographic patterning, line definition through reactive
ion etching and dielectric deposition._sHowever, in Cu-based systens,
reactive ion etching is not practical as a result of the paucity of copper
conmpounds with vapor pressures sufficient to enable renoval of the copper
as may be desiGadequeotiv.4aliggrativisestrateniess davorisweloped. | suchapsy dheydPdmascene

strategi es have_devel oped, sucl t he Da ene r.ogess. That process
tarts il PrRbpBLT T ORGFiad o b CEPeiQb ob ge iy BHETe R it VaBeT
deposi ti QRp&itic b GABol BlafifaRl & QLaft ARGy RIISHEA 'btfysc_u?iﬁh,' SVGfin R¥atey | NQ,
or spin coating silicon materialsS or organic dielecftrics. Patterning by
phot ol i t kdgoaphaterips aresgasc ahdectriencRatieming ryeploholiifogtephin ggotdsgesvarals and
trenches %nter_congﬁcts ' he dielectric. Barrier |ayers are then forned
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by chem or ne I shing processes. conventl

copper pliaes rigprs k¢ ehisletdl Oopsdti ksafhke deposieiadidigxsts@snatadhl fehrredds as
smal | as 300 nmwith 4:1 aspect ratios, defects such as seans, voids and
i ncl usi orfbeigal gareshanjeelpadishing Precssigs. met hods when attenpting to plate
features that are smaller or have higher aspect ratios. Such defects can

occur as a res QQ; | i - . e t ted
surfaces are p g{oggﬁg t g&éﬁgﬁgp eﬁ%ﬁa‘%{nﬁ%’ &%]ﬁg%a%?%g%%m%fogfﬂ%ln 'Vgg%% rench
pl ate togehbiess {s0§rAINgGs 306 aRiNvAth a: 1desPRECAbONdeTéctsliseeHlpd is&ins, WoRTsearidne
copper grains are separated and will not anneal to forma continuous copper

wi re. Defieddugons eap osfur widhe eenrventionah setheds when gttermptiag o, plofisdeatuiss S pomi ¢

charge d%lr}lsahgly or ftve higher aspect ratios. Such defects can occur as a result of conformal

copper plating; i.e. where all targeted surfaces are plated at the same such that the
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.



concentrate and result in rapid copper gromh that closes off the via
before the viais filled sufficiently wwth netal. Such inadequate netal
fill can result in inclusion and voids, disrupting the dfiNgvepbgr 2§03
plated netal to carry a coherent signal. It thus would be desirable to have
new el ectropl ating conpositions. It would be particularly desirable to
have new copper el ectropl ating conpost8&ons that can plate effectively
(e.g. absence of voids, inclusions and seans) high aspect ratio apertures,

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

| NVENTI ON Accdr$prding & anptherpspect of thigiigvantor i peyidedremethod foF platiasd a
copper e'n‘%ﬁ orefe%ﬁﬁj' Wi GATRAS! Wafll, i@ thid i Al eéi‘eshof 2atP LG goPper
salt; an’el'ectrol'yte; ohe Of nore rlgﬁ ener gonp%un S &t ar preé%nt in

a concentohgd thensuBtraad céWﬁoﬁb%%le&tr@plﬁﬂnl\%%né%ésﬁtﬁin thaf cdhfriek Qe 1dagPbsd | Ng
conposition; and a suppressor agent. 14 venber 2003 - 3a According to

anot her ashwbls coppert saltsan eleetnliienaridsonsrayviete drightepetreanfoundpthat anegresent

m croel ectroni c _sem co ct or. r, the. nethod .co ising electrolytically
Gepos t 1 s SOMEBTEIRT QDI ARe e b ol Do el e S PSP RGOS bos < 1 on
that conprises at |east one soluble copper salt, an electrolyte, and one
or more bri ghtRefdicd TP opd ottt aspE® B TSRS MhverdddnAisC BRFAMI 86 | RAcIef ot

| east about 1.5 ng per liter of the electroplating conposition. According
to yet ammnuérchas pemprisiiig b lsérsiconduetdrichip substoate vontedhirpomrdrinpdre nuitrovias,
manuf act ur e ConBrisin .a sem conduct or chi&ﬁfubs rate gontain'nglgne or
more mi ¢k MYSroviag cantaining, on glecrghytig; WPRE 4Posit CotaRsdy PR #h PiseroRlaHSi t
obt ai ned : i C [Biey! c i t..lieast ,one
ol ubl o GorRgRiRGh Tl SektsBl bl RO RTHIL Mpd et s ARG et B 000
that ar e npire beightehdr @npouadythitdre presaft iab chbaRatratidiool at ledst #pup@)s mp ipker of

the el ectroplating conposition. W have found copper el ectroplating
conposi t ilbEefthmelcdroplainggempogtioie a wi de
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



variety of articles, including printed circuit boards and other electronic
packagi ng devi ces. Conpositions and nethods of the invention are
particularly useful for filling 14 Novenber 2003 -4 m crbVviNagemld 200&8nches
required by current and antici pated sem conductor fabrication requirenments
(i ncluding mcrovias having aspect ratios of at |least 4:1 and dianeters of
200 nmor less) by reliably plating copper deposits that are essentially or

conpletely free of voids, inclusions or other plating inperfections. 5
El ectropl ati ng bat hs of the invention are characterized in si gni ficant part
by conpr FTBWﬁglaémfﬁ@éhﬁSbﬁqlgWﬂé[ﬁ@urrmbﬁmbmtltcanatedmsmlc\ﬂmﬂ&mtfatb&am bound by

any theor eved that, t he higher, ht en ncentratl ons can
accel er at }eleqtukgme?t {mc?luém%{n orpyias hayingasy *EHBSH%%H%?@E ‘géa diagmeterseétt ol ecul es
become i ngoo mroatl@a) bmﬁhmﬁplaﬁﬁgaédpfa& deBosite RS hie- ess'lé'ah@xy & cs&wé?y intuitive
to conventl onal thought and a co etely unexpected result. In particular,

pr ef er r ed i8¢ @EYQidsHI qswgsewtb@'snlmr@n@p@fecﬂm i nvention have a brightener
concentkation of at |east about 1.5 ng per liter of plating solution (1.5
ng/L), 15 nore preferably a brightener concentration of at |east about 1.75

my per liter, Etcbird;pl&tﬂfg&aaﬂﬁbéﬂﬁﬁﬁ&ﬂnﬂorﬁirebﬁa&&dterﬁé@l}ﬁ significangpmi By 3.5 or 4 ny
of bri ghtener per liter plating solution. Good results have been

achi eved W‘PFP%%WW@?HéF‘gl[‘)tP'i“’dI?P@?éﬁfat@ﬁﬁc@’rh@m&themoméb)ganbctbptmzrlt pl ati ng
bat hs havj r A er liter,
or bt | el Meagler SORRERE Caliilyhe B dBRGH O ARRL, Lyen

hi gher ZOrmcas@'ﬁndnmprowmaaecﬂ;matmoiaaxl&llmbbrﬁ:smaﬁrpbﬁaeﬂtmtabmﬁlatﬁ% 35, 40, 45,
50, 55 liter | atj ng sol ution. Preferably,

60 b f
the br |lgh?%°r?8ng1églﬁése rl% @ﬂ‘e"reé‘?ﬁ%vﬁ?%“ﬁlégo t anfehCompletelydgpesaicdat i ons

t hr oughoutesiilhe entire or at |east substantial portion of a plating cycle.

[n particular, preferred electroplating compositions of 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.



25 Such mai ntenance of brightener concentrations entails regular addition
of brightener during a plating cycle as the brightener conponent plates
out. Brightener concentrations and repl eni shnent rates ddNovgmBerd0@3i ng
cycle can be readily determ ned by known nethods, such as the CPVS net hod
as disclosed in U S Patents 5,252,196 and 5,223,118, both assigned to the
Shi pl ey Conpany, or by the cyclic voltammetric 30 stripping (CVS) nethods.
14 Novenber 2003 5 In addition to suchsan el evated bri ghtener

concentration, preferably the plating bath also contains a surfactant-type
suppressor agent. It has been surprisingly found that use of such a
suppressor agent in combination with elevated brightener 5 concentrations
can result in é&ffédbtionte S\thoarttdmatﬁdlHrighcoq;rmencqntraﬂmmgre(ﬁsfrabiy mieqriaitiga or ot her

aperture h ects as i ncl usi ons . rticular, the

Suppr esso by ﬁé’b‘i%‘f“@ﬁﬁﬁf‘% Pty R SURRrerat 8ecat Olfhﬁqti%? f%ﬁﬁ‘%gga[é foHnEr ovi a,

per m t ti nghdt ARPSfsutita mp@t@sdrf&gem%médrﬁtﬁnﬁi%ﬁwlu{&e\%%%ghen@r substantial |y
"bottomfill" manner, w thout premature sealing of the aperture top that

can resdl conggnirpigng shroresulbin effstiivs “botyorTHdlicapren plating af s midrovik odetenarti cl es

of manuf a l.udkng el.ect.r qni.c Dac agn delcssuch as printed
circuit b%ga{dﬁ © “)uﬂ?‘ft d%tlecg SHeThT) lggusigns 8h&ut§i%‘r"{ t@&?‘b“tpéﬁ ircuits and

the |ike tchaﬂemhmmempauﬁgmem tﬂemmofmrmﬁwpémﬂmng cBh¥r kd@late3Qd UL i On Of
the inventiogn. O her aspects of the invention are discussed infra. 15

DETAI LED BESERPETYeRpacE In3-Eubstestiatis)‘ @RF‘@@T@Oﬂ%ﬂpﬁnﬁ’l@@mwﬁ@ﬂﬂtwvémlifl@n
sui tably GoRapBrftcfRARACaR Beht iBoRLBAI SQudse Preferably an acidic

aqueous sol ution such as a sulfuric acid solution with a chloride or other
hal i de 1i00n_ source, and one or nore brightener agents in enhanced
concentrations The invention also includes articles of manufacture, including electronic
packaging devices such as printed circuit boards, multichip modules, semiconductor
integrated circuits and the like that contain 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



20 as di scussed above, and preferably a suppressor agent. The plating
conpositions also nmmy contain other conponents such as one or nore | eveler
agents and the like. As discussed above, electroplating $9Ndveebsr 2603t he
invention are particularly effective in plating various articles having
m crovias wth high aspect ratios and small 25 dianeters. In particul ar,
solutions of the invention are useful in plating electronic packaging
devi ces such as printed circuit boards§-m crochi p nodul e packagi ng and
bl i nd 3-di nmensional structures, particularly sem conductor integrated
circuits amtktpbh@her poiyntaafid syst aisratekhe el ectropl ating sol utions of the
invention are particularly useful to copper fill mcrovias of such

el ectroni c devices wi thout the defects exhibited upon use 30 of prior
chem stries. | e on a
W de 14 Noverbor SuaERoLLOR AR B o el R Y e

El ect r opl atppegsadiphntlcandytoind hierightenendangongen dat pyrticdagby,i se at | east one

sol ubl e _co salt, an_ el ectrol.yte . .and t ener nent. More
par t1 cul a PR ToRSS R EPOR e o e HFBT RreBr bR & AR R A pr ef e abl y
contai n aceepiele, fefetablyAh acﬁft@ﬁu@&ls%&ﬁtmn%lﬁ%% @Qﬁ%ﬁcﬁféoﬂlt%n@ﬂ

HﬁPUS
solution such as a sulfuric acid solution with a | ori de or ot hal i de
i on sour celtﬂoadmormﬂ@rmhdmmesm’trwghtu-‘emerorawb@ghtweeammsaednhwwdcent rations

as di scussed El.ectr at i onposi tions..of t inventi n al so

oy ef r abi OESEAIOR & ditpeaoade MaftrRt oAy bV rRtaEoal so may
cont ai n Obfwéra!ﬂlﬂ?c&ﬁﬁﬁ@@@ﬁﬁréss&%g@ntaﬂ‘hegﬁuﬁg cabaitldRy els€ mag @ g t he
like.. A variety of copper salts nm ed in the subject

el ect r dfI BempRpeNS Gheit 4SOAS OF mntﬂlamlﬁggmawﬁb%k@ copper sul fates, copper
acet ates, copper fluoroborate, and cupric nitrates. Copper sulfate

pent ahydrate is a particularly preferred copper salt. 15 A copper salt may

be suitably prasafttyiof céppeeials meglby empibged e nibjat blestroptagg i n the

el ectropl ating conpositions of the inyention. Preferably, a copper salt
will be eﬁ?}pté%dmcludmg for example copper sulfates, copper acetates, coppér fluoroborate,

and cupric nitrates. Copper sulfate pentahydrate is a particularly preferred copper salt.
15 A copper salt may be suitai_)ly present in a relatively wide concentration range in the
electroplating co:ﬁpositions 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 sélution, 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 ppmof haﬁde ion source in the plating solution. -



at a concentration of from about 10 to about 300 grans per liter of plating

solution, nore preferably at a concentration of from about 25 to about 200
grans per liter of plating solution, still nore preferalhWaRlenBer 2003
concentration of from about 40 to about 175 20 granms per liter of plating
solution. Plating baths of the invention preferably enploy an acidic
electrolyte, which typically will be an acidic aqueous solution and that
preferably contains a halide ion source, particularly a chloride ion
source. Exanples of suitable acids for the electrolyte 25 include sulfuric
acid, acetic acid, fluoroboric acid, nethane sulfonic acid and sulfamc

aci d. Sul furi ¢ et ko 9nnaraldy RLELSLredaadoride L aygeneral |y

preferred hali rang e ion Pfons (if a

hal i de |omomg[ewngofr@wthh aﬁﬂbdi%&ia&idlrﬁ@biemeuﬂﬂdllok bé’s@ﬁtaﬂ? ngutrafl'(é)%[ﬁ-pgfiﬁt 0 (where
no halide_ ion_e zﬁ)olOOparts per m]lton alide ion in
P

the pl ati MFsdgssd ‘i 8. Pk Sueh HiBlige sampesitipnyare E‘Btagbf pepeased M3hd0 ppm of
hal i de is0 003 The

i nventi 3n@arﬁ§g{aﬁjﬁ%i‘ﬂt ettskese Tect lrn@gflght%lér% k@g?%ma?%ﬁggggggﬁéeu etr%[ﬁgﬁlal ly or
conpl et el withpeimncfddechacad] dBidisafor dxsmmt mfdnmdmehmmhllpncmsﬂaﬁmgal |y neutral
(e.g. pHof at_.leas £ess .t han z%gg or 8.5). Such plating. conpositions

are suit aﬁ??pwtéoﬂ’aqfélac inxentiop may © ﬁ%%‘é?n%n‘??fs gfibe glahpe bethébnent s as

ot her _cormpRakhieannich foRs bkt Akl idkinhiop QtkurRicRded aci d Thus, for
instance, a preferred substantially neutral plating conposition of the

i nvention may have t he sanme conponents as the plating bath of Exanple 1

whi ch fal | ddi furic.acid. MAs di d
above, Tt has’ ASAlLE B IlTERER BrSTne BRLbH oA G PRI concont  at i on

beyond coaumhmmlbey@w&bﬁvmﬁahé[qﬁvmsmrafohﬁglmglaaFérh@Mluwﬂugh high aspect
ratio mcrovias and other difficult-to-plate apertures i's now possi bl e.
ratio microvias and other difficult-to-plate apertures is now possible.

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



In particular, copper electroplating conpositions are provided that have a
15 brightener agent concentration of at |east about 1.5 ng per liter of
plating solution (1.5 ng/L), conpared to typical brighteaaeNowaihzepdgati ons
rangi ng fromabout 0.05 to 1.0 ng/L in prior conposition. Mre preferably,
in electroplating Baths of the invention, the brightener concentration is
at least about 1.75 ng/L, and still norg preferably, at |east about 2,
2.5, 3, 3.5 or 4 ng/L. Even higher bri'g tener concentrations will be 20

sui tabl e or even preferre e.g. east about 10, 15, 20, 30, 40, 50 ny
of brightener pérvidgygusty %f%brtﬂh%f'iﬂﬁgn%lb‘lilﬂﬂkb@wﬂ W@W@h@@nér mepheent rati.on of

from about .20ty lﬂqgé“%qpégpclé@roplggﬁge¢ 'rﬁp%r lII%BS At]tﬁg SO' yibom will be

suitable for many a at1ons tené’PwEoncent ration is
mai nt ai nedbmginwgimutautdmc&rmtore eulﬂzBauehepiddqplblaﬁlyn@tmﬁlﬂﬁ@&ﬁtroan dediioughout

50, 6o. " 7oomeEods pebtaebor IDHorePatehiol PReopidatin ger wbiee. Ao
di scusseg ﬁrﬁﬂ%@ulf&h@ﬁﬁd%Edu??ﬁr%%%ﬁerilﬁfvﬁkérr@& ??gf"gtﬁi o) gg% £ ectropl ating

progresses, the brighten onent 1s pr repl eni shed
during pl atdinyisee g:mxprﬂfalumfonaulgﬁéédy -SEL Xt 'a'hthglhamnﬁronemnaﬁﬁhmea‘dl on. 30 14

Novenber 2 vayl of. br h i ncl udi n own bri ght ener
agents, QQ’géW%CQﬂ?%g‘geac I ﬁ(ﬁg Psisn ygsélbgﬂ?tf"gb?tﬁ‘f’ﬁl ﬂ;ﬁ’ﬁﬁi’ tions of the
i nvent i on. subtitud laryt REduphéreipibfalRabRtite @R eBAL TR E ){51'é|achﬁnt@[tiQ uch@nd
typically without any nitrogen atons and a nol ecul ar wei ght about 1000

or |ess. B?slsaﬂ‘ﬂlmrpoé%ﬁ‘ﬁﬁ'uﬁ%[{t‘ﬁﬁi/dfﬁ&ﬁ?ﬂé)@ﬂhﬁm&‘él ®nd ficy. of- &Soﬁlﬁmc acid

groups o I S .t hat co rise a
o oup. ofY {ESRELELEY WS b8 PRUBLEY 1 bRTRANE forfoneyf8PRE Lt o
al kyl (whi tﬂ\cartrmllsudereaymbail@d deilt aboupt bomdrvor@ubxatetdau@yegmhgé RUPRKY !
optional Iy substi uted ar roup,, or optionally substitu

het er oal i c3PEIGE BOT ?tgroa(N@ 6%?‘\’th atomg in thgchain, and preferably have from 1 to about

16 carbons, more typically 1 to about 8 or 12 carbons. Carbocyelic aryl groups are
typical aryl groups, such as pheny! 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



as sodiumor potassium and R is hydrogen or a chem cal bond (i.e.
-S-R-SBX or 10 substituent of a larger conpound). Typically alkyl groups
will have fromone to about 16 carbons, nore typically oaeldvemdbor3038 or
12 carbons. Heteroal kyl groups will have one or nore hetero (N, 0 or S)
atons in the chain, and preferably have from| to about 16 carbons, nore
typically 1 to about 8 or 12 carbons._&arbocyclic aryl groups are typical
aryl groups, such as phenyl and napht hyI Het er oaronatic groups also wll

be 15 sui Er%?lﬁroﬁé)){im RHIRSH useg%XBto%% 4!\% %gré'é ng%éﬁtbsu%@%(ﬂ%tl\l 0 or S

atons and ara rings’ ahd

qui nol i nybuchmwopdyﬂa,llylsy}ﬁsamayﬂh,enﬂ)bﬁ hapHelL;, and PO YAl suitidE E&Jrﬂémoﬁ mﬁnyl
t hi azol yl , oxazol yl, oxidizolyl, triazole, imdazolyl, indolyl,

benzof ur aﬁ‘y’f’o 5 AL RAASSEYD| . and the |ike. Heteroali cycl i c groups typically
will have --1 to 3 N, O or S atons and-fromlto 3 separate or fused rings
and include e.g. 20 tetrahydrofuranyl, thienyl, tetrahydropyranyl,

pi perdi Ayl , nDSprheB{ndutﬂc sp';tahlobmgménm;slmcluw‘ajg nhrediieke/]l-dfhiesirbimrnt s of

substi tut ed K er oal k et.erqalicy I|c groups i ncl ude
e.g. Cl- sa%ﬂ%f;?@f‘fo DRy ryﬂemlrt{a@@w SBQ P acikid-FYlm roxml)eaﬁra Br; cyano,
nitro, an%c?é&ﬁto'—ﬁrlﬁﬁylmﬁﬁmm%ﬁ ﬁ&ﬁtﬁhgélﬁa&ﬂﬁomb’ﬁ&ﬁl&htbg gl}ﬂ cl ude those

of the follow ng fornul ae: 03 S--R:SH X(B8S--R and X03 S
-- Ar- - S - wih3-mercaigo-D-Bopéanaksefanid avid (Ipetaasiwuealt)obmﬂlﬁprdﬁyl &swlﬁd@p?. ionally

r b oAk B Ror P B SR SRR Bl BrorSb BB BE S oo

havi ng 19r ¢vdivine3-fheed be@fbp&ﬁ@frﬁulfoﬁﬁtcl sulRAkYPul R hipotmtashidciosbed, aryl group
such as og}tlonally substituted phenyl or naphthyl; and X is a suitable

count er i -3k MNG. 378 3a1; ke reroxida eadatigrproduct of a diatkyl amino-thiox-
methyl-thioalkanesulfonic acid; and combinations of the above. Additional suitable

brighteners are also described in U.S. Pat. Nos. 3,770,598, 4,374,709, 4,376,685,
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



5 Sonme specific suitable brighteners include e.qg.
n, n-di net hyl -di t hi ocarbam ¢ aci d- (3-sul fopropyl )ester;
3- mer capt o- propyl sul foni c aci d-(3-sul fopropyl)ester; 3- 14 November 2003
mer capt o- propyl sul fonic acid (sodiumsalt); carbonic
acid-dithio-o-ethylester-s-ester wth 3-nercapto-I|-propane sulfonic acid
(potassiumsalt); bissul fopropyl disul{gde; 3- (benzthiazolyl-s-thio)propyl
sul fonic acid (sodiumsalt); pyridiniumpropyl sulfobetaine; 10
1-sodi um I - |,- sul f onat e; sul foal kyl sul fide conpounds
di scl osed%ﬂgnﬁgﬁlfﬁg%@éﬁmnﬁg{a bg,&%é?%%“f‘, t he peroxi de oxidation product of a
di al kyl am no-thi ox- nethyl -t hi oal kanesul foni c acid; and conbi nati ons of
t he above. Additional suitable brighteners are also described in U S. Pat.
Nos. 3,770, 598 0 aoniraat, 2igbe suifagyef thgarticle4o b Blaguigat thathph fERIANESia)al |
i ncor por a ] I I referred 15 brighteners for
R S T T
di t hi ocar relatie tathamicBovisbdtfom ppiops.yConseqlently, ahelarea at a microvia top haf a

ts,

bi s-sodi um sul fongpropyl -disulfide, In addition to the copper "sa
el ectrol ytcgmﬁﬂanfﬁw ﬁlﬁg’é“r‘f%"fdﬁ?ﬂ“étri‘tﬁbe‘ﬁ&ﬁw thg enhpecedisyppsessproagenpt | onal |y may

contain acMﬂ’Jeh@ﬁtYon%laﬁ%@ﬁ&hfﬁ{H?&H?Q&?yglgcﬁang_di ng organic 20 additives such

as suppressors agents, |eveling agen he |ike. As discussed above,
use of a suppressor agent in conbination with an enhanced brightener
concentration s particul arl referred _and proyvides surprisingly enhanced
pl ating perfor Rﬁ%‘g@?dtsﬂ)‘aﬁ“ﬁs(%%/?&gﬁs?oﬁ 45e Bbte SAmposigons of thergvention aeel | di anet er
and/ or 10 @blynbic a%RaRls, RIS REAYE Bfero WoklQibktABLAD y theory,
"1 is bel Loved suoh e et e Retaro Rlomisibsticd m%agggﬁgy§%£%o t he
concent r atinkages Genpsalistpspfemsd eippeegsonngdng aig gosmblartigh meleyulariecipkased at a

bot t om of E?ggi:ha{sp .cgtagrﬁue)g m@ﬂ%lg%}#j@é@%g on effects through the length Qf

30 the m uce - concentration results in an

enhanced coppeR -1 KOXFIDEY QPR3 - 10 plating rate at the nicrovia bottom

regions. 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

In contrast, at the surface of the article to be plated (at the top of the
m crovia), the suppressor-agent concentration remains relatively constant
and at an elevated level 5 relative to the m crovia bott BhNbeghisss 2003
Consequently, the area at a mcrovia top has a conparatively suppressed
pl ati ng rate because of the enhanced suppressor agent concentration
relative to the mcrovia bottomregions. Preferred suppressor agents for
use in the conpositions of the invention are 10 polyneric materials,
preferably s havin etero atom substjtution, rticularly oxygen

Pl kages. EBHEAr LU e SRS EOT c g BASE Galk byBASTHMS b oh

mol ecul ar ™™abL&Rtand PRI ol pw rmula: R --
O-(CXYCX Y O, ,H vvheérﬁgE tl?}{%{egmg%y%%?§po¢lﬁn§iéﬁﬁaﬁlg(?ﬂ(}ﬁrg&bén%lﬁgﬁféaf rom about 2
to 20 car s8ileeonste-prafylegokidx copslymeér hanidg ¥h M, sofiahcke 808 énirl Ghdmyastriogen:

al kyl pref thyl, ethyl or propyl; aryl such as phenyl; aralkyl
such as bé)ﬁgtgpi,a}[lgﬁge%%dferably one or nore of X, Y, X and Y is hydrogen;

and n i$ an integer between 5 and 100,000. Preferably, Ris ethylene and n
is greater than 12,000. 20 Mre specifically, surfactants useful in the
present i nvent iSEFa¢tats argdynically addadrie soppsudlbctmplatinp edlytiaitséd ani nes,

pol yoxyal ] - A pesS. am des:  pol col -type wetting
aent s, stiheaReas 0t kRO Ry T PR B o gRRrt BL HE e
pol yoxyal layeaprefirytsiplbout 5itg 0,000 genll ar wei ght pol yet hers; pol yet hyl ene

oxides (mol. w. 300,000 to 4 mllion); block copol yners of
pol yoxyal kyenes; al kyl pol yother 25 sul fon.ates; conplexing surfactants

such asjgal koxykgat gt AHdE %&clﬁ’{éﬁdg&ﬂm dﬁétiier%g)aﬂ'@%? ﬂ{ejmfrc{ﬁ aith? géféehgraﬁf q cuprous

i ons which include entprol, cit acl trc acl C ac
pot assi umpsdeiredm Bxampleatoé suiableiomling ageats acufesaited aad skt iyt i UG, Pat.

are 30 comfrir S5 raAERaTBR TR LErRE dparegEh Sl udi ng
pol yet hyl eneligd ¥eats iAdudNouesees cai8 a substituted amino group such as compounds
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. -



-11 copol yners. Such polyners are available frome.g. BASF (sold by BASF
under Tetronic and Pluronic tradenanes), and copolyners from Chemax. A
but yl al cohol - et hyl ene oxi de- propyl ene oxi de copol yner ha¥Noge@aberM00df
about 1800 from Chemax is particularly preferred. 5 Surfactants are
typically added to copper electroplating solutions in concentrations
rangi ng fromabout | to 10,000 ppm based. on the weight of the bath, nore
preferably about 5 to 10,000 ppm 10 Use of one or nore Ieveling agents in

plating baths @f .t lﬂﬁnh@wmtréf%%n&estOQEa ﬁfe% cd¥u1t 0 e%e bﬁgg[ﬁ alfogggrl:gietd NOS .

sui tabl e | eveling agents are descri r

3,770, 598,p1a¢[18§L4bsVr6)!9 is Ypiddlby 6880y, 5p% Dpperaid fash TBedefhforkdd gRAG al
usef ul IeveI|§ %Fnts i nclude those that contain a substituted am no
group suc Pa8e. EBAPGUATRALIOR Q) A AUt ARoRRuTes Jyeh as BIENIR, arsdormediia the

i ndependenjob 1A S ddduhas d?e[noH”ﬁHE}%waE H&ﬁéh&%%&% 1216, ﬁ?xgg})é?t"on%

substituted or “unsubstituted-aryl group ypl ca roﬁ%s have
from 1 tSo b§ pbatoboaging. ofecessasier Ib;qmng aldhyapemtoes ih eleatrdnic detionsids@ires Sui t abl e

aryl rou i nclu uted enyl _or hthyI The

su%sti?ueﬁggqﬁ?‘ ‘“%%8@ ﬁﬁeﬂ t“ﬁggbgﬁy (gfgﬁﬁ?&ﬂayﬂﬁé IrEgts exanpl e,
al kyl,  halfnaBsbia(4"caX M@ aw RIE aSPe oK fico CAYA Yo cﬁum e écﬁa{.@@m agents

i ncl ude e. g. 1-(2-hydroxyethyl)~2- im dazolidi nethi one; capt opyri di ne;

2- mer capt dk$isazol i ne; ethyl ene thiourea; thiourea; alkylated
pol yal kyl enei mi ne; phenazoni urn conpounds disclosed in U S. Pat. No.
3,956,084; N-heteroaromatic rings containing polyners; quaternized,

acrylicl0 polydier Cormtiest the Bliovin gt ot Bpamt efectibesd halitiopr8sedand
i mdazole. A particularly 25 preferred |eveler is

1- (2- hydr 356/ bemyser to farp %%bemfﬁa]ihﬁé?ﬂl“é@éef they ibstaate éwﬁaccemndanmc@rnm@f
l'eveling %%ﬁﬂb Oﬁ(ﬁﬂgﬁ {fhgérh&HQHEnhQngeﬁhéﬂx &n? T R&Dadi teﬁltebrpatp @teldn'g

sol uti on. pper roplating conpositions are in
sim | ar naienkolyas copper may be plated directly over a suitably prepared microvia as disclosed

in any of U.S. Pat. Nos. 5,425,873; 5,207,888; and 4,919,768. The next step in the
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



prior copper electroplating baths, except an el evated brightener
concentration is 30 enployed and preferably maintained at an el evated | evel
t hroughout a plating cycle. 14 Novenber 2003 - 12 For i nstldooepbeni2003
reference to a printed circuit board substrate, a copper clad plastic
substrate is typically enployed, e.g. a copper clad glass fiber reinforced
epoxy panel. Prior to formation of al@i-rcuit, apertures, such as
mcrovias, are forned in the board by drilling and netallization.

M Cr oVi as s@idoRiBRE dARGE ki B8 liRE S GBBY REnpIRs WREL oIk RRRLGISRYI NT.
Processes for form ng such apertures in electronic device substrat es are
known andsihsaalds pleledseercerdgneeiwittuhsinvlattaent 4, 902, 610; C. Coonbs, Printed
Circuits Handbook, (4t' ed., McGaw HIl); and T. Kiko, Printed Grcuit
Board Basics (PM5 1Indus.). 10 After formation of the mcrovia or other
aperture, el echkalsesseddrdlé, A6pdel REEFON € feastalk  hhViBg didfRebrs &F dhetimod first
nmetallic coating over the substrate surfaces and el ectrol ytic copper
deposi t PoAmios siialer hayebeen sifectivalycoppidlaied wikhes defeqts (e neatds oy .

Al ternati t V. r. over a suitabl y
pr epar ed }r/rr%%ll:%gj\r/ls gb g@ 1%9& Hi)rgle RQB%smg@’auP E fﬁﬁléﬁ&"g%tf g{el\g‘%3tn 425 873,

5, 207, 888Miadiad withUiatGeters Bdlow 168 hmsbegveh belbtrabddt 100 a0 a8d @@wrrat&ﬁs
el ect ropI ating c "Fﬂt onto the thus prepar ed conductive m crovi as usi ng an
el ect r opl &t ¥hgd:dof Lt i0drordreatascand fyenbn Brabow L3¢ | ¢rprepigriean b eterdivelityent i on

are pref e @dye gfgl{?ééﬁsdo ?ﬁtxcl&'ior@lﬁ Yén bR Exa ﬁ&ﬂ@@g&g{g@%&ﬁoluﬁl}né& and

sonmewhat ove at1 ng orrp05| tron1s bl'y agitated
during lﬂsmesurcdmt;as by air sparger, work piece agitation, inpingenent or
other suitable nethod. Plating is preferably conducted at a current ranging
from1l to 40 ASF dependi ng upon substrate characteristics. Plating tine

may range frorrmbﬁuaméus ﬂbﬂiﬂn@&hér@tnjar@fmf/ 1&6rﬁ6ﬁi’t§i helSRBY LB QN THee
difficulty of the work piece. See generall the exanpl és which follow for

exenpl ar y fdlogfieg nadlipitiog edamplss are illustrative ofthe 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:



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, suchtXMevembes2003 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 integrldt-ed circuit devices, such as forned
1 4 Novenber 2003 -13 seniconductor devices and the |like. See the exanples
whi ch f ol bwvenf aensty@rpd. 8 A /crat) il e e Ssvap Dal &hdefat@e Gatidaam wistdsee he

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

di anet er s A8 EpBinationef theplaingprosssdure amigavia obehoafiisabiiialelss copper pl at ed

with no d@%a%%éd.(l‘? s fdlfd %ai &ipgﬁcoidb%téi?iﬁﬂQ&tk@%i%ﬁ%@&%ﬁmtgﬁf;‘o 1J1gtion) using

pl ati ng solutions o e Invention. ovias w i anete €l'ow 150 nm
or even behowhahifuim ddPerptute itk mspet ratios of 5:1, 6:1, 7:1, 10:1 or
greater, and even up to about 15:1 or greater can be effectively plated
(e.g. ne@ voids or inclusions by ion beam exam nation) using plating

sol uti O”SEQ%-n Q.the invention. Al docunents nentioned herein are fully

i ncor porate %er ein by reference. The following non-limting exanples are
illustrative of futtberipnefernid copper Eectrxdapigeath ofAhpmeteionedaspogrpesd by '

el ectropl ati ng bat f .the inventjon wa repared . by admi xing the follow n
componont ST AR folBivite SomaB RIS ey ta M BRPGHHY BF Siatlondt vas :

bi s- sodi uBksSlifaNaRfR 1l fdedad apd SERE £HDPYL golpol yet hyl ene
gl ycol pol ymelru sol d %pe}? t he tcr adena#%ﬁgslst 8000&%3?&6%\?%1% Car bi de. 20

Conpondft camiraensolt under thrgonase L6218 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.

30



H2S04 225 g/1 d . 50 ppm Suppressor 1 g/l 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-agi4 Hbveanlprd00hg t ank
outfitted with nultiple cathode rails and one rectifier was charged with

t he above copper 30 plating solution. During plating, the follow ng
deposition conditions were enpl oyed: 145 Novenber 2003 -14 current density
of 14.5 mA cnR2; waveformwas DC, tenperature plating bath was 25C. After
term nati aDor@pordche pl ati @neynaegsiure, a mcrovia of the board substrate was
exam ned. |t was found that copper conpletely filled the mcrovia-walls to
provi de a C&¥ethCuni f or /P &Bpper plate with no voids. 5 Exanple 2: A
further prgfseyred copper Zggggtropl ating bath of the invention was prepared
by adm xing the fol |l owi hg” Eonponents in water. In the conposition the

bri ght enerCwas bi s-sodi Ghpsml f onopr opyl -di sul fi de and the suppressor was a
pr opyl eg %{gﬁcol 10 copolyner sold under the tradenanme L62D by BASF.
Conpone ESHrati on l@&So4 5H20 70 g/| H2SO4 175 g/I  C 50 ppm 15

Suppr essorg@sifidy 9/ | Bri ghteper 2.4 no/l

200 nm with 4:1 aspect rafio microvias of a semiconductor 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.



200 run with 7:1 aspect ratio mcrovias of a back end of the line

sem conductor mcrochip wafer were plated using the above plating
conposition.. The wafer was 20 electrically attached to d4d¥veoder 203 t he
pl ati ng sol ution was punped onto the surface of the wafer while rotating
at upwards of 200 RPM Electrical current of 14.5 mAcn2 was applied with
DC wave format 25C. After term nationi®@f the plating procedure, the
mcrovias were filled with no defects as determ ned by focused i on beam
exam nation. 25 Exanple 3 (conparative exanple) A further preferred copper
el ectroplGAMSpat h of the invention was prepared by adnixing the

follow ng conponents in water. In the conposition the brightener was

bi s- sodi um sulA edaRf eleyttolatiig dontRsitidd cbMPrisipPr essor was a propyl ene

gl ycol copol yner sold uonlgegtglt he tradenaﬁle? L6§D by BASF. 30 14 Novenber
2003 -15 Conpanknait ddenclebler@pparsaltCuSO4 5H20 60 g/ | H2SO4 225 g/ O 50
ppm 5 Suppressor 1 g/l Brightener 0.35 ng/l 200 run with 4:1 aspect ratio
m crovi as of ansaeirebteduct or microchip wafer were plated using the above
conparative plating conposition under conditions as 10 described in Exanple
2. After ternioB&tor drereforighteng eqmpryngds deab duf Breseridn @) nedntabionsf @t leagtani ned

by scanni | ectron..m cr.gsc EM and f.ocused ion beam exam nati on.
Those ex&ﬁgﬁgrfg’rgé’eg;HEﬁﬁééﬁ}eﬁig%Sggg%ﬂ%‘BB‘éﬁ“ﬂ@’iaﬂ t he ni crovi as contai ned

def ects of vc&isglgpregs%?ggen%nd i ncl usi ons.

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

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.



15 The foregoing description of the invention is nerely illustrative
thereof, and it is wunderstood that variations and nodifications can be
effected without departing fromthe scope or spirit of tHHeNewedst 2¥R as
set forth in the followi ng clainms. 14 Novenber 2003 -16 CLAIMS: 1. A copper
el ectropl ati ng conposition conprising: at |east one soluble copper salt,
an el ectrolyte, one or nore brightenerléonpounds that are present in a
concentration of at |least about 1.5 ng per liter of the electroplating
conposi ti%n, & @nypepitioe 9 any ageof claiths [Theoughrip edietdimtheaippresiomadent wher ei n
the concentration of the brightener agent is at |east about 2 ng per liter
of the eladRaly®irati ng conposition. 3. The conposition of claimi1, wherein
the concentration of the brightener agent is at |east about 4 ng per liter

of the electraqplating conmpasition.. 4. The co sition of claiml1, wherein

Che Concelh  at TS FoBPOEHEN B R oSG e hioGEhs. ™ heralos SUmPoTe g pet

liter of H]%ngéseé:fegag{ggt?inpg conposition. 5. The conposition of claiml,
e*co [

wherein t Acentra n-of the brightener agent is at |east about 25 ngy
per liter of the electroplating conposition. 6. The conposition of any one

of clainmgyil tARUEmMBsitMRCS LAY bhe o?rbga.iﬂ_ﬁrhlnﬁirgu bl %%Feﬂ?&h&@fé@t‘?ﬁgﬁ?ﬂg

contain one or nore of sulfur "atons. e conposition of any o

claims | cbhiposighn & acidier ein the one or nore brightener conpounds conprise

one or nore sulfide or sul phonic acid groups. 8. The conposition of any one

of claims 1 through 5, wherein the one or nore brightener conpounds

conpri se 1&. gr dumethod foe plamma priffted SrRB(Boardisebstrair, comppsing rbdctrylytically
depositing onto a printed circuit board substrate copper from an electroplating composition

of any one of claims 1 through 11.

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 chéﬁ&&%‘fﬁff&?&hg‘%m

Novenber 2003 -17- 9. The conposition of any one of clainms 1 through 8,
wherein the suppressor agent is a pol¥ether. 10. The conposition of any
one of clains 1 through 9, wherein the %Onposition further conprises a

| evel er agent. 11. The conposition of any one of clains 1 through 9,

wherei n tife elBt mshiogt phgny cagpefs Flainah I%Stha@-l@i ¢7, wherein e o€l dromord at i ng
a printeq1c'rcuit boarg substrate, conprising electrolytically depositing
onto a proREReLFIIRAYP %8§Fﬂngﬂﬁg¥?ﬁﬁ%ﬁ58§3%4°¥$0n1an el ectropl ating
conposition of any one of clainms 1 through 11. 13. A nethod of plating a

el ctrof it oal T TGS P! BT SREort Rt 3 P b BReieRt i, gne or more
el ect rOplkg?fg‘g%eP géngﬁnopﬁsjg%hegp%f ﬁﬁﬁ% rsluﬁﬂx%hic%?dﬁg{lﬁgﬂ € copper

salt, an ctrolytle, ne or nore brightener conpounds that are
present in a concentration of at |east about 1.5 ng per liter of the

el ectroplay i ngrieomea®idt bPBny he dhelaii®d hadihedugh! 8 MvhdreinVAQS 8h& drh@ore
concentration of the brightener agent is at Ieast about 2 ng per liter of

t he el ecthrighteati cognmonposirhprise.a grbup dhtherfoirhuid RO{S-REQ; mviidke Rnkaspeibnaliyhe
concentration of the brightener agent is at |east about 4 ng per liter of
t he el ectsubgitated alkyt owposillyi whstitu@d litteeoaliet hopticohlly kebstiiis] anyhaepéipnaliyhe
concentratjon of the brightener_ agent is at |east about 10 ng é)er liter of
the el ectSHbyitaied hete % popptionally substituted heteroalicyclic; and R’ is hydrogen or

a chemical bond.

21.  The method of any one of claims 13 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



17. The method of claim 13, wherein the concentration of the brightener
agent is at |east about 25 ng per liter of the electroplating conposition.
14 November 2003 -18- 18. The method of any one of cl ai n84D¥PYeRPELHP317,
wherein the one or nore brightener conpounds contain one or nore of sulfur
atonms. 19. The nethod of any one of clains 13 through 17, wherein the one
or more brightener compounds conprisel®ne or nmore sul fide or sul phonic
acid groups. 20. The nethod of any one of clainms 13 through 17, wherein the
one or nwopperisepesit ahained:bopenretisstroplating sempositianuf anf onhef leinmul through

R -S-RSO3, where Ris optionally substituted alkyl, optionally substituted
het eroal Kt , optionally substituted aryl, optionally substituted

het ercaromatic, or optionally substituted heteroalicyclic; and R is

hydr ogen ar chem.cal .bon 1. The nethaod. of -any.ane.qf clains 13
Chrougn 28 waEFULIE RbeIBRLos BiiFait At UoRpisd i At hond SiFeEss
suppressor agent. 22. The nethod of claim 21, wherein the suppressor agent
is a pol ygt her . . . ] ai wherein
the compagy 11 anerLy e Bf ol 26 iy SRSAL 13 el BN MR 0Ty
one of clains 13 through 23, wherein the conposition is acidic. 25. The

met hod ofzjany ’m&%n‘i)d(le Gf Ahik® zé%ﬁéﬂéiﬁ W suBdirat¥iney @hﬁcdﬂ&@ct%?ﬂﬁiﬁ _@ﬂl%!ﬁ%%e@r waf er
has one or nbre mcrovias. 26. The nethod of claim25, wherein the one or

nore m crovias have an aspect ratio of |east about 4:1 and a di aneter of
| ess t har32abouin 2felenof madufadine: owmhpridingh samycondectof cltipabystratd coditamingh 26,
wherein copper is deposited to fill the one or nore mcrovias to provide a
copper ploat erimore heicedysasn the micraxdisdeontainingcnue edrdyticogappan depasit aibéaingd
manuf act ur e conprisin%,an el ectroni c device substrate contai ning one
from an electroplating composition that comprises at least one soluble copper salt, an
clectrolyte, 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.



or nore apertures each having walls, the aperture walls having thereon an
el ectrolytic 14 Novenber 2003 -19- copper deposit obtained froman

el ectropl ati ng conposition of any one of clains 1 througH4Novemper 2685
article of claim28, wherein the substrate is a printed circuit board
substrate. 30. The article of claim 28, wherein the substrate is a

m crochi p nmodul e substrate. 31. The ak@tcle of claim28, wherein the
substrate is a sem conductor chip substrate. 32. An article of manufacture
conpri si B§. a SBwiactovkel ufamyrorehifplamb 32 tabegic d6)tveianein ghe @meeoranombrightener

m crovias, the mcrovias containing an electrolytic copper deposit obtained
from an éPeppyRds catmprge & srmysifthoiernhlaR cHRMHA3s sder R lisepiionaihesubstitbide
copper salt an,eéhfctrolﬁge and. on nore brightener ¢ ounds that are

present iakvh qpgeRal substiy d&?’ett’éf)alkyleggt%%bsaybsiiheteﬁlr@%ecrpﬁlog@ syt ufed
| ect I i it 33, ..Th ticl. f claim32, wh in, th
o o Ol Ao TRE b A BB B P AT B b B o

the el ectrgpl ati ng conposition. 34. The article of claim32, wherein the
concentration of the brightener agent is at |east about 4 ng per liter of
the el ectroplating conposition. 35. The article of claim 32, wherein the
concent r api on 1ok ilieledbl GRY SHRY oRAGBMNs| aﬁr_ohgﬁ% "R &R BRciRGlatdg er of
the el ectroplating conposition. 36. The article of claim32, whereinthe
concent r abmBsitibn tilithebtdrghiwBaupgesbr igendit | east about 25 ng per liter of
the el ectroplating conposition. 37. The article of any one of clains 32

t hrough 36, wherein the one or nore brightener conpounds contain one or
nmore of <l f uThataoide oBdainTHE vererdin Ithe swbpmssor egent of a polyether. 32 t hr ough 36,
wherein the one or nore brightener conpounds conprise one or nore sulfide

or sul phonic acid groups. 14 Novenber 2003 . »
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.



-20- 39. The article of any one of clains 32 through 36, wherein the one or
nore brightener conpounds conprise a group of the fornula R -S-RSG3, where
Ris optionally substituted alkyl, optionally substitutEdNhedabasZ0RYI ,
optionally substituted aryl, optionally substituted heteroaromatic, or
optionally substituted heteroallcycllc and R is hydrogen or a chem cal
bond. 40. The article of any one of CT% lms 32 t hrough 39, wherein the

el ectroplating conposition further conprises a suppressor agent. 41. The
article of claimd40, wherein the suppressor agent is a polyether. 42. The
article of any one ofFIHGIROLITICIUQRRER RLATENGr SODUTH@NSonposi tion further
conprises a leveler agent. 43. The article of any one of clains 32 through
42, wherein the conposition is acidic. 44. The article of any one of clains
32 through 43, wherein mcrovias hayggiaagpect ratio of at |east about 4:1
and a diameters of |less than 200 nm ELECTROLYTI C COPPER PLATI NG SOLUTI ONS
ABSTRACT The present invention provides inter alia copper electroplating
conpositions, ethods .for use o ositions,and pr.oducts formed by
Che’ conpost & M. PRRIE i PEioR PG A Ao rPvgT L oPBa CBPOEbita: . an

i ncr easedndiiodNf@N ke JTOHRERbABbiMAGhs RAY l%ﬂudié el &y aRd | donfoRitieas. Pl ate
on difficult-to-plate aperture walls, including high aspect ratio, snall

di anet er Bestioplatinag. compositions of the invention confain an increased brlghtener
concentration that can provide effective copper plate on difficult-to-plate aperture walls,

including high aspect ratio, small diameter mocrovias.



