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DESCRI PTI ON  COPPER ANCDE OR PHOSPHOROUS- CONTAI NI NG
COPPER ANCDE, METHOD OF ELECTROPLATI NG COPPER ON

SEM CONDUCTOR WAFER, AND SEM CONDUCTOR WAFER W TH LOW
PARTI CLE ADHESI ON TECHNI CAL FI ELD The present

invention relates to a qa‘ ﬂqectropl ating copper
10 capabl e of effectively prevelj1? g the adhesi on of

particles onto a plating object, particularl y onto a
OB ANODE R Pl A Pebapa mer KTAGN INBeCOPREBHANODE,
MEEPRBRS O E‘EEG’H#@‘PL ING O BPEHTOR SEIFICONIRICT OR WAFER,

oW par e a

nprising a cop ayer esron
f M@WI@@NDMC@@RWA@WWIT&I EOW FPARTIOLE ADHESION
BACKGROUND ART Copper electroplating is generally used
for copper wiring fabrication in a PWB (print wiring

board) or the |ike, {f_-_ cHegeR| Bl p cones to be used
for copper 20 wiring fabrication of a sem conductor.
Copper el ectroplating has a long history, and has

hed f h
re@ﬁpg&éstefq;m\g }oqﬁraﬁﬁggegq?;%n%%?@%%;g eé:letr:]trop’atlng copper
cap&blecéf SR @ivelg pr&leip fhe Wdhe ﬁ)nfépmgéﬁﬁ}lééjﬁ galatlnﬂ object,

sen conduct or, new dr awbacks i ch re not oun
paftwwlmaoetcarasmmIVhedupT@rfa\rafengdunpgercopper electroplating, a

pho§ffainl8Risialihg AT ORSHEE HOR) &4 o Sl REbpe? Sefettroplating,

and lwm%rﬁi@md\ﬁaféﬂ&ﬂﬁbﬁgmfgré’%Bbéﬁ |dyEPwitth 1GRIpaicle adheS|on
iridiumoxide or the l1ke i's used, the additive agent

formed byéhe fereigeina 6pppeoalaciroplating.ed by anode oxi dati on
and deconposes, whereby defective plating occurs.
Meanwhi | e, when el ectrolytic copper or oxygen-free

copper as a sol ubl e BANCIKGROUBNEIARTIT i ng t he
di ssol ution, particles 30 such as sludge contai ni ng

netallic copper and copper oxide arose fromthe

g'eﬁgpg S%béﬁcgﬂ%ﬁ g?qur%Q J"&Igg fo?%‘b‘g)rer%lﬁng fabrication in a

PWBQpltlﬂhWﬂ&tgeraMa)ammimd kke, Ib‘utaepbnﬁy),hobomescmbalwedg‘or copper
is used, ;a bla filmforned fromco

wiring BREIealan o SEMERMBRTRE. oCanRe" IRGTPEIABERS BoNG history,

and hB8 rebched its current state after numerous technical backlogs. However,
with the use of copper electroplating for copper wiring fabrication of a
semiconductor, new drawbacks which were not found with PWBs have arisen.

When performing copper electroplating, phosphorous-containing copper
is generally used as the anode. This is because if an insoluble anode
prepared from platinum, titanium, iridium oxide or the like is used, the additive
agent in the plating solution is affected by anode oxidation and decomposes,
whereby defective plating occurs. Meanwhile, when electrolytic copper or
oxygen-free copper as a soluble anode is used during the dissolution, particles
such as sludge containing metallic copper and copper oxide arose from the
dismutation reaction of monovalent copper are generated, and the plating object
may become contaminated.

Meanwhile, if a phosphorous-containing copper anode is used, a black
film formed from copper phosphide, copper chloride or the like is formed on the
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anode surface by way of electrolysis, and this is used
to prevent the generation of netallic copper or
copper oxide arose fromthe disnutation reaction of
nonoval ent copper, and enables the formation of a

| it dhesi of tjcles. .
anofig BLiTIare) B 4VaS b AIGCH oA SRS dr aus Vs £ RIS dppgeneration
of metalife€abperner énssta %%Ldée_ Bé@eﬁoﬁg%@'di%ﬁﬁﬁﬁﬁ@nglfeaction of

the fall off of the black filmor t generation
monevadeénti coppepeandr enaplesr thei fdemationhef tani coppart layer ofvith low
dht he black film the generation of particles is not
a 86'19}5”%%?@0 evented. In |ight of the above, the anode

| SNegRhklesy, apRra itvat Ph@spﬁﬁérb%-é&ﬁéirﬁng% W8 @Sed as the
an anode bag in order to prevent particles from

anodeagshidaparibedladoiveg bensiusei oh . theiofedl off, ofiba blaick film or the

gengtdlfbrnly B aME ool cinpef.ghid® of fhe. Bh ot d 0 Yg pPack fim,
the BBh&rativn dopadicles Iheot sdrmprIelyairevepiddn on the PWB
and the like will reach the sem conductor wafer, and

t hBY éight of theopbewei the rrnodeudis Usuady paranpadeyviddigefider fabric

okl S5 BocaR P At PEPoer P B 3By IESh ot i Yy prating
solusiohut i HowkOer,SWheR thizekinar eometiodio ippited (toeplatingO particularly

Pat ent Docunents 1 to 4). These nethods éi eld the )
to piating:enod sAMAIeRNAYEIey WatRludingg PaACIgR tBabmwesh rpt found in the
wirir@?ébr‘?&agfon 6AMRY PIVE Oar{djfhéggé‘ %ﬁﬁl'r%%%h tﬂ'eaéérﬂ%o‘?ﬂitﬁtor wafer,
m conduct or wafer using a phosphorous-contal ni ng
anddbppeis anpahletdoire treat, suechpfinb| partiofe st Aghgenky die eemiodbnductor
[ rticles tp sonme degree has still remai ned even

f
and S;ﬁﬂtgﬁgﬁq‘fﬁw@b‘? RPWY-ution.  [Patent Docunent 1]
Jaﬁtﬁée?%soe?ﬁemweh%r@' FRG8 bidsedt S8y t“!é-_r&%@iﬁ@d@ﬁﬁzéglution to

e
[ Patent Docunent 21 Japanese Patent Lal
solveuthe datégaindloprolgemsogadér 26 PrierdnDobomerdat 1310 4). These

metlﬁa §a &ﬁ%l%ﬁ%%&fﬁclt%fj g%ﬁﬁgg@ 3'{;,2{{%@%%@;&%9 @%ag\%}'atllgﬁ 29f6 particles
comPHbéd] CRf itAB NonvéRB3dndBMethg Db PChOSERficéhdUdter wafer using a
NVENTION I n |ight of the above, an object of the

phogpharens-gantaiming copper @ngdevi ddowevant dggobiem of the generation

o 54 S5L1TBA IS R BRI FARTHN Pl BRI e frppig solton

object, particularly onto a sem conduct or wafer

during copper electroplati ng, .a hothor_ous- cont ai ni n
[Pategpperumitiel Irtapansse; Patest ﬁldcéﬁm dbbeatiaspNgx i2090-265262

[PatBRPDBcAREM ] dipae s Wb Slent LARI-OH M PALRORRST No. 2001-98366
[Patent Document 3] Japanese Patent Laid-Open Publication No. 2001-123266
[Patent Document 4] Japanese Patent Laid-Open Publication No. 1991-180468

DISCLOSURE OF THE INVENTION

In light of the above, an object of the present invention is to provide a
method of electroplating copper capable of effectively preventing the adhesion
of particles onto a plating object, particularly onto a semiconductor wafer
during copper electroplating, a phosphorous-containing copper anode for use in

such copper electroplating, and a semiconductor wafer comprising a copper
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t layer with I ow particle adhesion forned by the

foregoi ng copper electroplating. Specifically, the

present invention provides: 1) A copper anode or a

phosphor ous-cont ai ni ng copper anode for use in

el ectropl ati ng copper on a sem conductor wafer,
layepmétheion partiale aghesian taspiast by thaxfaregoig eerper electroplating.

P SRBaRkaly B ARyl hETRRR pAlaRs: oxgl U ng

orou b Or gher and silicon as an

1) i n}huwpp'en anddévweppmphosplesisus2gontaimicg uppernatiederfor use in
osphor ous-cont ai ni ng copper anode for use in

h
eleclpBIANG BABPAE SFoBpts M NHLEE Bafall cHBeTel Ry Of the copper
anod’é:‘bqrm' n?h&?pﬁ&ro%%r@&ﬂaﬁﬁ?%:cg%ﬁ%a Wb%ﬁj’dﬁ eg?%o%ghorous is

m or copp
99. Qewtf/dwer hlgirrthandlslfamnaala:m impuritp e Oatppid drolesese i n

ct ro latin r on a sem conductor wafer
2) Solies GoR Bet aNpsle égfp@swms%}or%ﬁag#a&amgzyoa%v%node for use in

eIecWBSfanrgg ﬁ%&/\}ér'@fﬁ’“ﬁ'%é(mlc%ﬂcfu‘&oﬁ %va]fg"‘z&f&‘)refn g?sq)aérsagraph 1)

ron | ppm or [ess, manganese Is | wpp
abovd,ehérein wilisom as ahdsypuridnds 1wigemiar lessppm or | ess;
a 15 4) The cop anode .or the . .
ohbR5 ROPBEE ABGAE AT e P RASANBH OUSGa8!aiBing GePRey anode for use in

elecﬁ‘bﬁlatfn@obé%)bélg oPORPSEMRIB N UTESH RARSHUGESST % paragraph 1) o
according to any one of paragraphs 1) to

paragrephid) arwephuhelsin asnasnmpurity, 5ﬂ|fUIhtS 10wtppm or Iess iron is

pho s-containin ORRB&L, anq IS
1B o IsRe: FhengAsen s (ROBRM B 9een b | §iepm or less, and
lead s awtgpai oRfede) afpdnet hod of el ectroplating copper on a
sem conductor wafer including the steps of using a

4) coBb%poaﬁ@t’jén@ﬁe@rﬁhéﬁmo@wpatmnﬁ@ CRRIRIT aR@RRIEor use in
elecfrﬁglatnlﬁgrou:iﬂ eﬁ'y Rf t@%nﬁ%ﬂ&uctepo\g{gf tc||38dd|n8 to any one of

con al nt ng copper ano

paragraqsl'monpu!so I 8) 99b89%es ‘)/whEarémghﬂTowerué;l contaat aate of the
npurity is | ovvtg\ggm or less to electroplate copper on
pho%@éﬁﬁi%&ﬁﬁ'@f‘m@ Rer anege 151 AP g 1@(90é(VtEBHber pl at ed

||HW9 gahﬁ oafywlgsd 80 o) t he sem conduct or

vvafer % he mst trop at'ing copper on a
5) sﬁmnmeihddoﬂfoelemhbptatmgcmppergon acsqnaicagdaptorsyatesineluding the

wherei.n a ¢ er anode or hor ous Qntaln .
Step GG MenR RO RRET, AASSS T & GRIGRPRC ST id CPREBp.ANode in
that Quritpst ihe espHer aMdde) oﬁﬁe"ﬁﬁé%d?ﬁu@cﬁﬁﬁéiﬂ%gﬂddb%er anode

copper on a sem conductor wafer according
exclydinggphpspmyropis EaSL9awttecpr dtigher amlersdlqmraa@oppennpunty is

anade L . .
10wtppm or less to electroplate copper on a semiconductor wafer, and forming
a copper plated layer with low particle adhesion on the semiconductor wafer;

6) The method of electroplating copper on a semiconductor wafer according
to paragraph 5) above, wherein a copper anode or a phosphorous-containing
copper anode in that silicon as an impurity is 1wtppm or less is used; and

7) The method of electroplating copper on a semiconductor wafer according
to paragraph 5) or paragraph 6) above, wherein a copper anode or a
phosphorous-containing copper anode in that as an impurity, sulfur is 10wtppm
or less, iron is 10wtppm or less, manganese is 1wtppm or less, zinc is 1wtppm
or less, and lead is 1wtppm or less is used.

The present invention further provides:
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phosphor ous-cont ai ni ng copper anode in that as an
inmpurity, sulfur is |Omppm or less, ironis | OMppm
or | ess, manganese is Iwppmor less, zinc is |wtppm
or less, and lead is Iwppmor less is used. The
present invention further provides: 3 8) A
8) sefi s@miRanAlICtlanaler oampiising axcanpgidayeaydth law lgelnevatlon of

oarfREIBHHEB BL o PSHMBLFS, R o SRR srr using tn

coppeo @ ode thh@W&T&Uﬁsm‘té\hm @o??@p%fnoﬂiéo%cordlng to any
according to any one of paragrap to 4) above. il

oneHPaspgets 1 hicefdt BBAVS: el ds superior characteristics

of I (o)

o TFBaSBRL RN Vet E6h6 0 0PRSS Bngil to ety
electiopiate ebEwdr onlatslehﬁcoﬁ@@ct@mmer elitciowd aticrgadkesion upon

an anode of the present invention is effective as a

coppet Hjacteplatiaguci er‘Gt HEORRET e €leGlEORIAAYG nYSingt @n anode of the
pre%eerﬁ Lﬂa\'is@rﬂncfr[ %”%ﬁ?ﬁﬁv& LES, hﬂet&@& f8r°Per‘ﬂcuﬁ’¢]?ﬁé %fé’étl\%t Biling rate

el i nhi ng f ogr €SS reover
resmietd ﬁ*orrpeparaciedemothd lmeppboqnbndmg)ttff @thetaﬂerldngn mapnhinnlng is

M present inventi on | el ds an effect of

prog:{paﬁllngl ca q’r)ﬁorv@&uéﬁﬁgcof’ﬂ%r dH &he pRPPSRNYOUgHRPNtaining
] h [=Ye

copﬁ%%ﬁ?%ﬁa lt@@yﬁr@{s%ntt ﬁv%’r#tfdn Fél g?le{e/fg%?lf%f bF%nlflcantly reducing

the Mxmwsmfl partidles handdmntamnnangrenmnhon théreplatiagi object, but it

o R e BT M PP T acanve
ageﬁlOThVﬁfét %%WFH g §&lueASandBEY MRBEqHERSARETECHF QHBtidghat arises

General 'y, upon el ectroplating copper on a
del@@ﬁ'ﬂ@@ﬁ@Lﬂﬁaﬂ ingaieble anodropranventida methodsi ni ng a
copper sulfate plating solution is used, a copper
anode or a phosphorous-containi ng copper anode is

used asBHEST MODE FORICARRYMGOOUITTHRIE WRVENTAON t he
like is used as the cathode for plating. As described

above, when using a phosphorous- containing copper as

f;gpSErgF%ﬂﬁs ﬁlofjeee%é ‘@J%@"é@g%@pcm orl%e as ?%d]'%tor WAISENS

platipgibath ycomaiping atcd gpdrasuitale platine selutioncis, used] éhespper anode
t he functl on of &gr eventing the generatiopn of particles

or & RIPSPHOIPURGONERIRING rﬁch(ﬁ)errr@f‘ﬁg?l s dssserasaifecappde. and a
sem%n%c?dﬂﬁﬁfér%ﬂﬁé‘ﬁkg is %E@td ﬁbb%q‘o?fptlitmg

nonoval ent copper during t |sso tlon 0 e ~anode.

Al Asdeglribed abavsewhen using a phosphorous-containing copper as the
anode in electroplating, a black film having copper phosphide and copper
chloride as its primary component is formed on the surface, and has the
function of preventing the generation of particles such as sludge containing
metallic copper and copper oxide arose from the dismutation reaction of
monovalent copper during the dissolution of the anode. Although the present
invention is also effective in cases of standard copper plating using a copper
anode, a case of using a phosphorous-containing copper as the anode, which is
particularly effective, is explained below.

The generation speed of the black film is strongly affected by the current
density of the anode, the crystal grain size, the phosphorous content rate and
the like. The tendency is that the generation speed of black films becomes
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invention is also effective in cases of standard
copper plating using a copper 0O anode, a case of using
a phosphorous-contai ning copper as the anode, which is
particularly effective, is explained bel ow The
generation speed of the black filmis strongly
faster apdteanseguendycher bleck filenbeegmes thinkeanooder sbeh conditions

os K8} e b ainf i) STEAREINY RSuRRTEM 572 i gner e
phoSplesroukidomeheeages faster and consequently the bl ack
filLm becones thicker, under such conditions as higher

t heostraribht thiergensratiorappeed t ole bdagks tilmsg bgicamsas, slower and

condib a1, kSR BARUHE PR TLriEl Sy B g tower
the caneaywendity, tiaegdr gek drydtal keapmeizet AndnRwerutiiteiphosphorous

such conditions as |lower the current density, |arger
contepbraleyst al grain size and | ower the phosphorous

CORE el sdrfefet a@%ggeﬁﬁéi l?l%gk?ﬁﬂyeﬁast b5 %ﬁ&ﬁorﬁ | dibA&%nting the

the function o reventin € generation 0O
gengrationcdfasartiolgsac ontagningtrablallic copper, coppppexidexande thedike, but

the like, but, 10 n the black filmis too thick . )
wheb SISk TP s 1Pa Pk & RaHoYS8 o BEK ariSes iRt (heBlack film wil
\ AN | | _
peci§ | i 8 DU Akl Tl € g ey SRy Rt
f i Contraritypovinén rihetbiack film is fooothlienthiaretivaa proklem in that the

effecgtgéfepé}fe’vgggBézﬁgggtérg%aﬁﬁﬁ qqﬁ'ag{qﬁé%gag;[,mmqt alpél Léggc_ie and the like

will d‘é@r‘éfa@b.nchcdrBirgﬂf,eih 6|Qieﬁ’rtS‘fﬁ@@eH‘fhéJQéﬁéﬁtioﬁnoiﬁﬁ?rti_ctles from

particles from1 he anode, it was recogni zed that i

the arodrdtwasrecognizad thatdt ishrecaasaento optisiizg the cerent density,

iJL si a h hosphorous _content rat
the GlySFairelll 8128, ing PhobPfafil° BAReRr Yafit 1 ffm 'bfabie black
film tdii gk n@;ﬁﬁrop@i_@de tmidmﬁsgm{arfoe% i theréby ebfge &offifddedtondition
(crystal grain size) of the anode in that such bl ack
(crystal giaip size)Af thgl anede in taal suchdagk filrpywild i fell edf.
e « . C A .
DAL EAeRER By absEiig b B @R fibh 15 U Bt Papigts such as a
semitoodectarsvaler, g Ufds beemdjscovense thdteanmdd aldne wdbamteufficient,

. did not necessarily decrease. As a result of studying
S'”C?E*F%Pﬁﬁ‘éﬂe ,'Omfj"ﬂﬁgt PREPSIATYY HPEFRRFY hat t he

i f . :
PULS l%a%ré%ultt 5‘@3&{2&@ Hgg s fIméfén, it has be%n drlse(foa\(teé%(,j that the

phosphorous-co per anode is nuc
puritgred theopperr tapoafe ohthecpippsrhaonadecantainiveg copper anode is much

ol B SR SRRI oMY £haoes RSHaS Sod S5l hebe-containing
copper anode needs to be 99.99wtppm or higher, and preferably 99.995wippm
or higher. However, this alone was not sufficient either, and the further
observation of the particle adhesion status has lead to discover that what
causes to increase particles is the silicon (Si) contained in the copper anode or
the phosphorous-containing copper anode.

In light of the above, it has been confirmed that, with a copper anode or a
phosphorous-containing copper anode for use in electroplating copper on a
semiconductor wafer, it is extremely effective if the purity of the copper anode
or the phosphorous-containing copper anode excluding phosphorous is

99.99wt% or higher, and silicon as an impurity is 10wtppm or less. Inventors
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or higher. However, this alone was not sufficient
either, and the further observation of the particle
adhesi on status has lead to discover that what causes
to increase particles is the silicon (Si) contained in
the copper anode or the phosphorous-containing copper
of thenpoesentSnventionavef astrrtaibed dhat, teversifieace amﬁunt:mi silicon
wi,t h a copper.. anod a_ phosphor ous- 9 i_n
are ciBlzine i dry BRPELY! D lieBpoRasanly cBHpadgh ¥ copper

ano§€ r tR8 PHIsPhorelislcontdinir @dﬁ;ﬁ@rnﬁhdd@félw‘thé’%egfegétéd silicon
purity of the copper anode or the

fallsmfbgpddhe@a@ejmrmrmthg Sdhﬁm'ehaérb@@@ keaaroes @gcavity, which is the

primBRE RIS Ut dnb e B of eLicb e PR taf8nZsenr

| "W iregah@vie aseebbat ngtoddadr, se\phidsbhotds-eoATAMINGS copper
of silicon are contained as an inpurity, such silicon

anofs ZefsiUSe siegrelgaienIqNg HORRSIpON  Ansdinieandugor wafer, the

conmﬂm‘?w@% ?g&ﬂa@ r‘?%’(ﬁﬁ{/ ugl%g\g{rﬁ ﬁQFtﬁé’ﬁmﬂté/r f the anode is

segregat e s 0 ace
a majlolr ifactor hasd hikere tysnormp@r@zmdbyor phos;thomutskm)ntammg copper

anof 4028 GPaLFEM Mg PRMEYAR dNo aP BOISHATE RBcDEPhasPhorous-
contﬁpﬂﬁg %%? a‘h%'atea'b'%'cﬁgsé%oﬂ%%k fﬁﬁ‘\olggef Qpplééfs bA the surface, the
SPEL iong er on a seni conduct of warfer, the

conwﬂmﬁl |tenhhot0tgg/hhai; diperhamabwere obthe Iprobleameansidehtite anode,
h the, puri ?f the apnode is a major factor, and there
thatjig, thg @Hﬂéé’r thasane phosphor ous- cont ai ni ng copper 10

anﬁlgee\h{i@ﬁt fighn ﬂ’?@'abé@g Blr@é e pldityl bKehd Bbﬁper anode and the
Particu on the phosphorous-' containing copper

redustioneof &b@@mmtm mqokw e[ffmtmglgrreglplpeathg genaratdon of particles,

g A T
cont@fmh?%o@?@@%noﬁ% THuUeR s aaNy URGestdvE, that Bise ptdsent invention

_ gurl he copper anode and the 15 reduction of

is eHectivifon botihe sopper tanaster andithel phesrhpreustrontaining copper

ano%%neratlon of particles, it is not necessary to
fferentiate the copper anode fromthe phosphorous-

C ONloaé Npredecbipethammeity dhulei toppsereanoldy cndhespboslphorous-
that the present invention is effective for both th

cont@mercmeaw 15 &R YiTerduBINEHt &NHi HECHH FSeRN Thpuriy is

s More preferably, the purity of the copper
tpg:ﬂ‘ﬂ
i 332 or the phosphor ous- cont ai ni ng copper anode is

99@.@95%{% asilibomylyives angrestl infloenae @m imppuitiesycdargained in the
%m or le ?‘ : .

copper anode or the phosphorous-containing copper anode, however, other

impurities besides silicon affect the generation of particles to some extent.

Thus firstly, silicon needs to be reduced effectively, then reducing other

impurities of the following at indicated values is effective: sulfur is 10wtppm or

less, iron is 10wippm or less, manganese is 1wtppm or less, zinc is 1wtppm or
less, and lead is Twtppm or less.

The present invention proposes the reduction of the various impurities as
a more preferable condition as described above. However, even if the
impurities exceed the foregoing range, there will not be a significant influence

so as long as the comprehensive purity of the copper anode or the
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Generally, silicon gives a great influence on

inpurities contained in the copper anode or the

phosphor ous- cont ai ni ng copper anode, however, other

25 inpurities besides silicon affect the generation of

particles to some extent. Thus firstly, silicon needs
phosphdreusechrdahirg feappereayode he maidainiedgand Hbe foregoing upper

o T8 e e G Y 400 . W o o
foreg?lHglel%?iudi“BﬁQﬁrtﬁéQ/drﬁ)dsWthith&s Is68 fnoré! 0d?6fér§blé’"&89&‘t|on

ess lead i's 1wppmor |ess. he present
i nVbat retduqmnoopof;emptunEIeISedﬁdheooomert rsodar poibe phosphorous-

i mpurities as nor erabl e condition as
contgBh dareariinede 3, Bo8h &l 2ot Bra Ml ihstisuent feature of
the %@%@ﬁttﬁﬁ/ehﬂbﬁﬁobﬁ’g it 2886uldt By eundérstdsd fatathe method of
significant influence so as long as the conprehensive

elechgpiatingcopper edEpeemiguiiicter wager and a semiconductor wafer with

low BRERPS BRI PRl Al ok P astaE of M Rty ge At
MeABtddgteibedaaovd, él'é@tﬂoﬁleﬁfhglﬁdppéﬂ ot fheabinbbe of the present
foreg 0|ng reducti on of e various inmpurities is a

invertipe ppablesakt rreyaat tthenparticdes Seript reACNING i hsusemieanductor
wafé)rf f]'(ﬂﬂ ﬁ&ﬁ@r‘?ﬁ %of#‘e %g{ gﬁn h&ﬁPWéf@PSandero‘?ﬁnéfd{ QQ{efectlve

ANode A ove or cons
Mauhgature of the present invention, but it should be

un erstood that the nethod of el ectroplating copper
nl Be s GARRSHd RIEEIORBET aHaing sks c&Hg(L ©br GRRPSF anode or

phoé(’}#ﬁ&ou%%rﬁéfn‘iﬁ 'c%gﬁ@h%ﬁ'oﬂ%s@ dé?‘fc—?étﬁ/% 2B d FSPRGWRIng the

resent tion. cri bed above
defeet|eetp1amxhguramgrensmqﬂnmj froim patticleariodee cbpphe ptartmgeot other fields
in th,ag i.nventjon enabl.es to prevent the particles from

HUAPRY SRrOgG$%iBAduct or  wafer, from adhering to

t hRSS@é%&W%%K/e‘N%ércé‘ﬁﬁerf RPBdeadpitAg Sﬁéﬁﬂﬁér‘éﬁs contalmng
plati ng The copper electroplating using this kind
&

Coppﬁb’p@@@ mdéeopreqam@sph@nMymjds @mefigct op pot qﬂmcségmflcantly

ol BT bV A8 e geriaton o

larg& oppentitRdatdfngapicles hayutf hrlodpreveéntintptihehidesbAtpdsition of the
rogressing. As descri bed above, the copper anode or

addlBM@ @ﬂmtpﬂbrﬂ@@solatmgawiuﬂgn b be eonmedusntiahdefective plating
that% |§§§'Hur| fmeth a'ﬁl |ﬂ§f)ﬁ@) cofrrm"t%g%ndr?f c{}gfrengph%éhmethods

pI As |t|mg ptbdu]lreg:tsotmmmed Obly) T@@’Lg@wrcﬁtcappavfsm&té,ameo 300g/L of
sulfﬁgg%gﬁﬁogiogﬁal{qgfe?ﬂorllo#é loanI “an raep;/r%?)telr r(1.1%ant|ty of an additive
agent (1mL/L of such as CC-1220 by Nikko Metal Plating) may be used.

In addition, the plating bath temperature is set at 15 to 35°C, the cathode
current density is set to 0.5 to 10A/dm?, and the anode current density is set to
0.5 to 10A/dm?. The preferable plating conditions are illustrated above, but the
present invention is not necessarily limited to the foregoing conditions.
[Examples]

Examples of the present invention are now explained. These
Examples merely illustrate a preferred example, and the present invention
shall in no way be limited thereby. In other words, all modifications, other

embodiments and modes covered by the technical spirit of the present
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additive agent in the plating solution and the
consequential defective plating that arises during
the use of an insol uble anode of conventional nethods.
As the plating solution, 10 to 70g/L (Cu) of copper

: ul fat 10t sufurlc acid, 20 to 100m/L
lnvenilpnC%]%l Pﬁé”F@H’S ‘gﬁﬁjﬂ'z’isd% BHO%yantity of an additive
(ExarHP[b ggent (1 nL/L of such as CC-1220 by N kko Metal

ating) may be used. In addition, the plating bath
t énpbﬁ%wmr@ulsscwﬂlmtlg 1®nnﬁr35upde hea\dag ha deurityuet 8Qt995wi%

and gﬁ"?ﬁét ¥f t??)ﬁ'?/t gp% l#?o%loaf@wp@o%rb%g}gﬁ%a@%ﬂgnt rate of the

phosﬂﬁcﬁb@%a@irﬂaﬁh@g icop pee atiodieonss aeetd LbDappined Alrsiconductor
but the present invention is not necessarily limted

wafertwas tsedorein agthastedi ¢ TAIMPOTHENASD S9P Wik RAVEDPHI) -
LRE e eéfaqn@ge?&?ﬂl h og@ﬁ wp%?k)?t)gle%ulfgt?s.@m%ﬁ of sulfuric

anpl’e T ed “exanpl é

acid, BknmgiLasfeafhlohneeiom and ﬁhBJU of anreaidithye bgeht I[m)nlgsmenlng agent,
therepy. In qgther words, égrmdl ficat]

surfaghas VR ABSNHn(PrRBHES A G- 1A% By (MR, MtaC Riaing) were
used Of THEEP &Y @FI;SPEPM%IWQ Aﬁtﬂho g qﬁ%d B6MtidRcwLE JoNdgos.

|nvent|on orous-cont al ni ng
cbhpeplatingdeornditiong wepa lblaltty tefn;@aﬂﬂév\a?/éoaﬁd cxaltrhcodmrcurrent

densifyoP SRR s RBPOeC ERR Lo S’“’eﬁ{sﬁ H R0 RBALENAGE Phtme.

4 S
Cgf}ﬁ%gg@qﬁt&ﬁﬁnﬂpﬁ:@?y‘é&gﬂ?n ‘Qﬁq%drtlﬁfé% 5ﬁ80lhé plhhﬁg appearance

were mmrngdsollucldentalmgthe owb%fofcppptmieswammeamg/ using a
and

particlp CHn& 141 pERen 0T Q2RGh CERFIFRBBIAT 2dbared de S 12-inch o
seml dﬁ?os'ig%trféér(gwﬂu deﬁ%@ngcrlé%%ﬂg olp\)lyﬁra%srh/lqbél foregoing

electnottysn@ecqﬂdamiomtlseﬂaa:fteynremuag 19e%seMicordwdtongvafer, and then
conditions were bath tenperature at 30C, cathode
peffoUUﬂgeH'lat'nQefﬁéﬂtW'QﬁteB QA/ dn2, anode current density of

t}ﬁ dﬂner @é*%é’%béér%ai \{iﬁ‘éég ol O yellowing,

n part| cles an ati ng appear anc
tarnishe rssvallisgr aeclmalmns depbaitioy, adhesinmbéforefigpaubistdrese and the

like ity Ep%?%ghﬁggggllggﬂ'p&s@ dfrgcggrtmﬁ ?ﬂce?ﬂliﬂrtég?;glfe?:ﬁ'oysis conditions,

thereéﬁeif '?'SBIéHn%StHB‘ semisUctyMpfeHPARdPRIEP PIARIY for 1 minute.
el ectrolysis under the foregoing electrolysis

With c@spmht@nmet lamtmfdammye;bhaoua@mheddahnllnomﬂdbeoeremlconductor

wafer\l\ﬁg\%g an aspecp ratio of 5 (via diameter of 0.2um) was subject to cross-

section observation using an electron microscope.

Consequently, in Example 1, the result of 7 particles per wafer was
extremely low and the plating appearance and embeddability were also
favorable.

(Example 2)

Subsequently, a phosphorous-containing copper anode having a purity of
99.997wt% and silicon of 0.03wtppm was used, and sulfur was set to 3.4wtppm,
iron was set to 4.4witppm, manganese was set to 0.1wtppm, zinc was set to

0.05wtppm, and lead was set to 0.17wippm; whereby the total impurity was set
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performng plating for 1 mnute. The plating
appearance was observed visually on the status of
yel l owi ng, 20 tarnish, swelling, anonal ous
deposi tion, adhesion of foreign substance and the

to 8.{3iBplETy IRE tobaior eyt OF LR HPORInd BfherghfAS mpurty
was ﬁ%%ﬁﬂﬁé%mtewibﬁosmwé Gwtppphpting for 1 minute.
respect to the enbe dablllty, the via

eMosgavdi, | theypbespinerosisntenientcate ofviieephaapiergusncontaining

coppdi>Bififlie uihs, Bella el 2 R fmortinetdy Wt oy S sttt as the

cathodleC OBl§@ RSIUtlaMard wonditions fmr@(@m? vete thB&sanes dstExdmple 1.
articles per wafer was extrene | ow and t he

pAE?T e éﬁﬁ@%@aﬂ@e g&ner@mma}ﬂrtlpw akd dhg| Rlgting appearance
were fcﬁo ﬂg e. Iﬁ&%ﬁ@[ﬂﬁﬁ/ %hesgurﬁ%%?e&u QHLYes as meaSl{red using a

rous-con per ano avil ng

parhc?@ c%%ﬁ‘tﬁr"/tfcﬁfnﬁ’amcles?@ﬂ OOQ,UIQ @M@EWW&hmred% a 12-inch ¢
sul fur was set to 3.4wppm iron was set to 4.4w ppm

semiconthaters e wadigr sepono mrlf&mpxpg] eleatrolysis sendeo the foregoing
ctecn By RS FRtER ok, e BEETIlgt el "o ten

perfoﬁﬁ‘mg]bm@ih P nfr @8, | ncl udi ng ot her kinds of inpurity
set to approxi mately 0.003wt % (30w ppn) . Moreover,

tN@rpﬁmgrpﬁbemjgtlagrqmaraac@ WS phserved visually on the status of

vl GRS, SN RGRL s FRARGS, YRR Sndon o forir

substaatBodad the ﬁlaéUthan @@dfdr?ﬁﬂd%terﬁ¢$roﬂys"lsDbﬁﬂeﬂgth\&erfaregomg
the sane as Exanple 1. After t [atin t he

electrglysls Aonshiiass, ghereaftess repacingeths §?M@°WQF avafer, and then
platindSfo? £ PRTRMNET: V\hﬂ?'ré'&?%(gc'r oYthel B UG tg,r eVl 8|rPo%ddabi|ity

asured usin e counter particles
of theobefi@pmiwatol avafer h\alvirtglaaOHBEpemﬂ ratioaoflR (ViacHiapeter of 0.2um)
sem conduct or waf er erform nﬂ qﬁl ectrol %Si s under
t

on
was e‘fUPe‘ff@ﬁﬁgSef@'Oé‘l Q’rﬁﬁ{})%né‘s%a BEHLON MICFRSFARS:
rGB Snﬂ\z n?@k&r??fw? Ofhd'eb8hK 6% y&‘?f‘cles r wafer was

per latin m nut e. Noreover, a I ng
extremphedxmnd:tae \mgtlrmg)mpeMancesmid gmireddabilgy avere also favorable,
' [ 1 anomal ous deposition,

.yell ow, ng, tarnjsh,
and ifgre e T serParisParo EXrEPEde and the 1§ ko upon
(ComBQFéW@Eanﬁd@qt rolysis under the foregoing

Subsequently, a phosphorous-containing copper anode having a purity of
99.99wt% and 10.9wtppm of silicon was used, and as an impurity, sulfur was
set to 14.7wtppm, iron was set to 11wtppm, manganese was set to 16wtppm,
zinc was set to 3.3wippm, and lead was set to 1.8wtppm; whereby the total
impurities was set to 57.7wtppm. The total impurity amount including other
kinds of impurity was set to approximately 0.01wt% (100wtppm). Moreover,
the phosphorous content rate of the phosphorous-containing copper anode was
set to 460wtppm. A semiconductor wafer was used as the cathode.

As the plating solution, similar to the foregoing Examples, 20g/L (Cu) of
copper sulfate, 200g/L of sulfuric acid, 60mg/L of chlorine ion, and 1mL/L of an
additive agent [brightening agent, surface active agent](product name CC-1220,



(&3]

10

15

20

25

30

15 el ectrolysis conditions, thereafter replacing the
sem conductor wafer, and then plating for 1 m nute.
Wth respect to the enbeddability, the via

enbeddability of the sem conductor wafer having an

addﬁ‘i@@%eﬁtﬁbhgp%niﬁgb‘a‘éie%t%@r’??&@ befile %Q%&TE%EG@? FUMEEC-1220,

to cross-se n ervation usi ng
by Nikke ddetgbdlationls eguentded. | Th&parity of Zoppee sudiate tin dhe plating
| 'T’. Rartiglqe tyer wafer was GU extrenely |low, the
SO uﬁpat‘!l"%ﬁ"ap%%ér ance and enbeddability were al so

P | nee . . .
YT LT AP SR 0BT Ao
bathpteispatatuts at $°&l, riatgode ppererdnibetesityant BgDA/dmf, idnode current

densify 7 ¥ QAL A LABRIEoLlne: 6L Fuc ppm i ron was

SeAftbP thé SIIMG, fRNG_ABEA tid| i
o e g, o FRiCiE (ol e ity Afarance

werg h@biseregd. i nplibet inimbeas oét pastiges7wpating Tappeatarice, and

: . el ud ther .. Ki a o
BRSO e R SholgBL L
t heonbeguémipum Cuhpatativat Exampléel; the psl%tirégetaptpoearance and

phos hprous-containlng copper anode was _
emb@é@ﬂgﬁﬁmwe&esféwp@hiau pPYEVRafiae fesylituefed? particles per wafer was

S8 L S oA, o ot
(Exa20lg/3) of sulfuric acid, 60nmg/L of chlorine ion, and 1

m./L of ddi ti nt [ brighteni t, surface
Aot it inde e a3 B S Scon o
high ' ' agenpt r :
0,025 851 BAFDIpRRLEASH 254280 el FlichBAEe, zinc
and pead theing @ oppepms (theaiotali of the iplpatitieg ofsel8Bwtppmyaand other

. 99. 99% | ati ng conditions were the sa as the
impurBiedysf APVERRR 83 iSRRI v A SSnHGPRdLCiRp v At wag bsed as the
, I d ' i
caln 86, Sekdeon k56 ) i UGG A8 cgwopm.
AfAgthe Jagngatsalgtion h@0gAndCa) iadncapperastlifatee 20fudl tdfesulfuric

, ' d. T nb f .
acia A0 ARG i 5L S E 5 e B wlpsing agert
surféddﬂabﬂf/éya??e’rﬂﬂ Upkedu@sniiieh 0d\q 2as) dkkd Metal Plating) were
Consequently, "in Conparative Exanple 1, the plating

usedappthe AmEdy @Eﬁ@opﬁﬁbéuh‘atﬂ in the platipafenldtiemmas $.RVer |
t hﬁwf Ppﬁféjljiﬁg Q:fon%?ti&?sr Wecrgeﬁat%e{erwsg%tuy\éasét 30°C, cathode current

density of 3.0A/dm?, anode current density of 3.0A/dm?, and 1 minute of time.

After the plating, the generation of particles and the plating appearance
were observed. Incidentally, the number of particles was measured using a
particle counter for particles of 0.2um or larger which adhered to a 12-inch ¢
semiconductor wafer upon performing electrolysis under the foregoing
electrolysis conditions, thereafter replacing the semiconductor wafer, and then
performing plating for 1 minute.

Moreover, the plating appearance was observed visually on the status of
yellowing, tarnish, swelling, anomalous deposition, adhesion of foreign

substance and the like upon performing electrolysis under the foregoing
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significantly high adhesion to the sem conduct or
wafer, that is, inferior results. (Exanple 3) A pure
copper anode having a purity of 99.995wt % and silicon
of 15 0. OZthpm sul fur of 2. Omppm iron of

s A EBPERS. FRER Sop RIS G By b R i

of th@%@nﬂbbﬁ&ucﬂo?ﬂk’éﬂe?'h%%lrﬁ a%oé(‘éwﬁra%%f‘@f(dra &iameter of 0.2um)
sem conduct or wafer was used as the cathode. Based on

was sutaeabtwerossmatmrmbwrpatlonwxmaemlemgnmnmqjmn

' I 2 f | f
SbogreabpRbl for redhe®ea.o 1% et of 7. eiFes” Pah Wter was
extreﬁﬂﬂ¥ ]loWLéHh@§|o<'hn aﬁk@'tﬁé Viflafifi§ Ndpd dHra8bk eand & raBeadability were

surface active agent] (product name CC- 1220, by Ni kko
also ﬂ%@aablﬁl ating) were wused. The purity of copper

SSEERI A0 AR Oh PR 8 Rses omer tan

the fueQoily CE&aﬁTﬂlesdefm\Né\Yeer ti3e OBAdER ofarodeomper eaiode or a
density of 3. 0A/dnR, and mnute of tinme. 25 After

phosph@r%SaWw@Inmaé:cgmeéraiqdﬁwIrbihfﬁahh@. RV ofiha sepper anode or
the p’ﬂ n_éhB?b BSR{ lﬁgscéﬁ@s ng}?é&é\éeggiudlﬁg M@Jréfu?tlg%g 99wt%

asur usi n

or hlgmrnamd siltUorpastamlrﬁpumfy ie. Rvmppm loarlgss shoiwet tmlllmeabzle result
to a 12-inch e sem conduct or waf er xé)% erfo
I

in thal dderRyToes einpartilae W%? e HVIP™M Pl e s p&%l‘é’a er, 'Which was
extremﬁglngd ?nc{jhtﬁ%egf ?hq@ét‘d?ﬂ:et %&%B@HQHSH@{ were also

ng plating r-1 mn
favoribleeover, the plati ng appear ance was observed visually
on the status of yellow ng, tarnish, swelling,
anomal ous deposition, adhesion of foreign substance

and the Iike upomesTHEIK NAPPILECABILISI s under the
foregoing 10 plating for 1 mnute. Wth respect to the

enbeddability, the via enbeddability of the

L N T e

elect@pigteVabppsr s B ericehaaticwaierr WRRAPH. particle adhesion upon
Consequently, in Exanple 3, the result of 7 particles

electiutiating ccORBEr. S The r eoRpS! |JaFtEaP@Singn Usita ameanode of the
preseﬂgawgﬁﬁ @r’f Wégg@lﬂﬁ% d, %ﬁ‘&%%ﬁ%'r rbd¥ci rtﬁeo(?éfﬁegv plating rate

I ¢ “hufrert cal” val tes a en
resultieg drcinnpantises intther copper platigt of @@Imemgelﬂ@nprtm thinning is

however, the case of a copper anode or
progressing.  Moreover, the copper anode or the phosphorous-containing
copper anode of the present invention yields an effect of significantly reducing
the adhesion of particles and contamination onto the plating object, but it
additionally yields an effect of preventing the decomposition of the additive
agent in the plating solution and the consequential defective plating that arises
during the use of an insoluble anode of conventional methods. Consequently,
the present invention is extremely effective for use in electroplating copper on a

semiconductor wafer.
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phosphor ous-cont ai ni ng copper anode in that the purity
of the copper anode or 10 the phosphorous-contai ni ng
copper anode excl udi ng phosphorous is 99.99wt % or

hi gher and silicon as an inpurity is 10M ppm or |ess
showed favorable result in that the nunber of
particles was 10m ppm or | G4AINM& wafer, which was
extrenely low, and the plating appearance and
enbeddability were also favorable. 15 | NDUSTRI AL

1. APRLL&pFELhYdENer R pReBphbroUEREORAINIhE! CspFaiPehb@E for use in
characteristics of enabling to stably electroplate

electiopiRin® FORPEE AN GnaemicAnduster Wafeh wWBarqiarpyrdyeof the copper

anog M= pHBRRno G SR e RRONE soblfigEsppgrous '
99.99wtef bedigher, andasiedrnad dnoimp@rityds N@wtppnref kesi ve
plating rate resulti ng fromparticles 1 n the coppe

2. pl BRI GEe 01 KiaospaTaLS AR ATI Papber anbde for use in
elecgrﬁggégﬁﬁougpeWneQ"?émlcUﬁ%u%fH’rp\ﬁEf gforﬁ[]ned he clam% 1, wherein

contalning copper ano presen

siliconm\asnam impyrig) iss1wtppehfoedéssf si gni f| cantly r educ:| ng
25_t he adhesi on, of rticles and contam nation on .
3. ¢ RENBICOART ANSiecer %@h%p%oaeaﬁtq%ﬁ%unms 99@Parsaaﬂ36 for use in
t i
clocSeigingboBp T SR dRIGPURIb, Ryt B i | oftieim 2
whedeiheasi Wrapplity, i eglfuhas 40wHEEM dorliesg, tilen use16ﬂvt|ap1m or less,

mang3a8sPdscHIAT it 965, O eis 1 BRPD: B 1658 (A1 fRE dsd Wipprm or
lessi N el ectroplating copper on a 30 sem conductor wafer.

1 CLAIMS 1. A copper anode or a
4. phbBpIEOPPES aeMEMihegphespharouaaeataipingisepper anode for use in

elecfioBal i bbb ES % Bt BBpduReE \IBRHEEFF g B any one of claims

1 to [B) ABRERI® PpHroePAbRI Y BEn1ePP PEle @hﬂﬂﬁpﬁd&bh@oﬂu@ containing copper
phosphorous is 99.99w % or hi gher silicon as an

anoqimﬂowon&op@omﬁm or less. 2. The copper anode or

L e e L

stepscobudlrrgg at coppe and:devmeaeplmos;shdnouerccaﬁammg rqmpxpetryanode in
r |less. er anode or

that IR HG B, COPRER TGRS O5pile: PRRGIROIOYS GRIBEINING copper anode

excluding phosphorous is 99.99wt% or higher and silicon as an impurity is
10wtppm or less to electroplate copper on a semiconductor wafer, and forming
a copper plated layer with low particle adhesion on the semiconductor wafer.

6. The method of electroplating copper on a semiconductor wafer according
to claim 5, wherein a copper anode or a phosphorous-containing copper anode
in that silicon impurity is 1wtppm or less is used.

7. The method of electroplating copper on a semiconductor wafer according
to claim 5 or claim 6, wherein a copper anode or a phosphorous-containing
copper anode in that as an impurity, sulfur is 10wtppm or less, iron is 10wtppm
or less, manganese is 1wtppm or less, zinc is 1wtppm or less, and lead is
1wtppm or less is used.

8. A semiconductor wafer comprising a copper layer with low generation of

particles formed by electroplating copper on a semiconductor wafer using the

12



el ectropl ati ng copper on a sem conductor wafer
according to claiml or claim2, wherein as inpurity,
sulfur is |Omppmor less, iron is 10mM ppm or |ess,
manganese is Iwppmor less, zinc is |wppmor |ess,
and lead is Iwppmor less. 15 4. The copper anode or
coppée apledsphbitbesphesphrauagondaiping sopger fasodgsaccarding to any
el.ectro ting copper on a sen conductor wafer
°”eé¥é§?aﬁgb%96ﬂany one of claims 1 to 3, wherein
phosphorous content rate of the phosphorous-containing
copper anode is 100 to 1000wt ppm 5. A nethod of
el ectropl ati ng copper on a sem conductor wafer
including the steps of using a copper anode or a
phosphor ous-cont ai ni ng copper anode in 20 that purity
of the copper anode or the phosphorous-containing
copper anode excludi ng phosphorous is 99. 99w % or
hi gher and silicon as an inpurity is |Ontppmor |ess
to el ectropl ate copper on a seni conductor wafer, and
formng a copper plated |layer with |ow particle
adhesi on on the sem conductor wafer. 24 6. The net hod
of electroplating copper on a sem conduct or wafer
according to claim5, wherein a copper anode or a
phosphor ous-cont ai ni ng copper anode in that silicon
impurity is Iwppmor less is used. 7. The method of
el ectropl ati ng copper on a sem conductor wafer
according to claim5 or claim®6, wherein a copper
anode or a phosphorous-containing 30 copper anode in
that as an inpurity, sulfur is 10mM ppmor less, iron
is 14wt ppm or | ess, nmanganese is |wppmor |less, zinc
is Iwtppmor less, and lead is |Iwppmor less is
used. 8. A sem conductor wafer conprising a copper
| ayer with | ow generation of particles fornmed by
el ectropl ati ng copper on a sen conductor wafer using
the 12 copper anode or the phosphorous-contai ni ng
copper anode according to any one of clains 1 to 4.
13
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