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WD 2004/ 097932 PCT/ US2003/ 041181 METHOD OF
ELECTROPLATI NG COPPER OVER A PATTERNED DI ELECTRI C
wOAYER9TE®2 ENHANCE PROCESS UNI FORM TY OF A SUBSEQUEN1003/041181
CVWP PROCESS TECHNI CAL FI ELD 5 The present invention
enerall)é relates to the fabrication of integrated
T P bLERaRO R BNG STy avF§ X At B A Fiie rypver To
net al [ENEENCEPRGYESSIUNIBORVAT Y OF ASTBSEQUENIEEIB PROCGESS
over a patterned dielectric layer and excess netal is
subsequently renoved by chem cal mechani cal polishing
(CVP) . BACKGROUND ART IHG@EMNECHLEEEDener ati on of
i nt"ﬂl@ bﬂieﬁﬂm&hﬁoﬁ lgbrfefally fheaveh athd i@lﬁichti’oﬁ of ﬁfe@atfadJé’utcﬁi&[ and, more particularly,

to thg ?Oé!gaglolil of m\l\egﬁlzaq n la erse hél' Qm 2(1: 2 Wﬁ s%ed over h%te&tecq 8 H%c&?& layer and excess

IHCFEs uce
metal equhserqeentboqshp\gd bx@@reldal metharties] @Oﬂlﬁmgr(@%)y met hods and
advanced etch techni qu%dm;mmmmratel y pattern the

circuit elenents, { als aces ever - i
et B EHBEY B BaRh B RGBT e DHE Fhees whoreas e
compiexity nefimhé ecdrtuits estegdilye sicappr oRetuced Ieatune Gizese vanonlye sepire sophisticated

phot%ho%llp@ rlxe(a% z}na gd\faﬁ@i let@l@{eéhﬁﬂuég fto Ip@l%})rlafééw ]ga?tgh 5 cucuﬁ elements, but also

StOl' eemants coverl ng ﬁamnlnumo
placegrap gver-iGiggsie fomagd omdepesiice E?EFE‘HB@ et O LR R £ e gpproach 0.1
pm &' ez&ﬁess tWARh alak tha dbBcakibioa ﬂ'asﬁd&&ﬂﬁ)gftﬂﬁsﬁdﬂ elelﬁ&ﬂ;wbi’eﬁﬁig cbly a minimum of
Chlpr?éeé eé[glg?rl/;re %s::ﬁo cg)?sieg&eﬁ d?| s ﬁezi%%g tfe\l\gre 51ztesh I'L%Ia\r/] glrme @oor gpace for the required
metat jinterepnnects décesawn whily the maebseef negessagy iptersepnections fhetween the individual circuit

clenfehi@BSreR&C L PRk, B @r@ss—@éc’u&ﬁi da o@ﬁ&ﬁ%@ﬁn&t&@&ﬁﬁ@%ﬁ&h@ Rikes it necessary

this makes it necessar e comm
o e ATEYY S=RRURPE e e GRS R AP Y = ¥¥ohood cleticl
resist@tystb totaiatreliable ediymectomlegs tvith Irigh qualitgs ils thisvrespset, tcoppertitag praven to be a
roxﬁlﬁkép@ag&gat ﬁ“ep[o 11@%8%&9&9 esﬁéhsas\%xxf li]esgﬂlvgtp }géhallehetb}ﬁty Ih@:h thgut %onductlwty,

I espect cop roven roms
relativgly Py 595k arﬂleecrys(gallp)taé ﬁftd@aé(sbe edyt0 qb&w relatlvely large grain sizes.
Furthe@8or& t dopidet yhowh la Glnifiednily Bicher tragistalve gbaidse alectomizchtiat andj thyrefore, allows
hlgh{grocu{reen{ (%tnsll Veg W%glgn evyes?: ﬁ\?‘ % 1stq!é}g e %llfoﬁlﬁl%ﬁ'{ lalf{tlja(?/ué:ﬁc;nr FIE)LVHI s@pply voltages.

gr ali)qqp@,tlzeelgany agvigptegse pingopRsT cqg[@grﬁxé];o ad s, éemlconductor manufacturers in the

pastfhb@meef,n' reladint M ﬂﬁogﬂ@ rcoprpa&hts 132 ﬁhﬁﬁuf&ﬁﬁh@ &huence for several reasons. One major

1ssu%ﬁrp}'c¥é%?1%(%r %elr H a sembv?]ridflctor%r ee fs ?l{eegcb%}%‘r sI c(e)l]\el\%lhty of ag [y dtlfﬁ]ls,lnslg in silicon and

silicer} dliguideraggmoderate]tepipegtitest Cepnergifffubegvine sikicop pllaxlle%ddptaalg'é@cant increase in the

leak%%ﬁljreﬁl@of thRisiBIMneAE LREE RERS aRfas & @&Qﬁelmﬂfe%ﬂlc&%and-gap Moreover,
sem conduct or _manufacturers in

i nun}? g 1E0 d1 xide and may lead

coppsn UG sHEP PRI SOTRHS dRfcE swé?Peﬁ“ﬁ% sipog dio y
to higher Udakegt tilrienig b el edjaentfupral ey ex aly peasonshor®hewermneighboring metal
lineg %hhigr ceirfym&{ RGERR {orl\gouq: %Qgﬂrtarﬂuﬁtléh of %ﬂlo%%ﬂH%Q Eopk)ér ragrmg the entire

'S copper’'s capability of readily diffusing in
procgis|s¢PEC- and silicon di oxi de at noderate tenperatures.

Copp elithét xisﬁeua&i&d fiofit the ﬁtt|tﬂa€ﬁiﬁpdﬁ&yiy heael eff@n\alysapgmuﬁn g@net amounts by
deposltlg?r%latﬁc%s s%clh &5 %yswa?vagg&%%osftjl @Qb) Ofd cﬁ I’I}IC F\La?cgr%eposnlon (CVD), which are
wellthnewns inld vestinastibéishdd gﬂalpllquwibm denpeifing Oth,eé m@@rlal%l isfich 8 @yminpp.o Accordingly,

coppcel' lid WCM?’QSPIM%Y GORR rp%&s§ Eulthg él&ﬁbﬂlﬁ&g Rehich provides, compared to
ertires o

clec R Bl P e BEA R PR e B p o syl Srogy iy Atioushata

firstedee datoplagipsetss b wedaivegisighbond wgl-eszblished3Bpdsitinemethod due to the
grea Q}Ilcﬁmtogg en&%ﬁtﬁe F Ehe Bﬁltéd%l%ﬁ szQd ﬂM&de@ﬂg decades the demand of reliably
contam nation-o Icon wafers wth copper durin

filliggrhighragpect patig @wglg%@aubrn@éwnslﬂf P-lpprged lesssas el ay W@%@en%%kﬁvmg a lateral
extehdd i A6 bradrRhicoRBBI8 red¥BY elEUﬁ{)plhﬁig ef dogiset, ay@dilyas 8ip@ InieRM thatnay be used

greater amounts by deposition nethods, such as

physi cal vapor deposition (PVD) and chem cal vapor

deposition (CVvD), which are well-known and

wel | - establ i shed techni ques in depositing other

materials, such as alum num Accordingly, 35 copper is

now cormonl y appl | ed by a vvet process, such as

.
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40 extension in the order of mcroneters, renders

el ectropl ating of copper, as well as other netal s that
worego4log79ased -1 WO 2004/ 097932 PCT/ US2003/ 04 18GW/USI003/041181

metal lization |ayers, a highly conpl ex deposition

in %Ianiggmn laperp @ rlﬂghl? l&nﬁ‘;{lex%pcﬁﬂ ghsﬁgh’o%nfn %Qﬁa‘? §§su§§e$}%§t ' process steps, such as

such hem Ca mechani ca O | S i ng
chericgl &e@@vcabr%lafeesae%any areree&yrpgfw%ﬁé!ﬁacﬂb ﬁepﬁwén&rrawrlwf g electroplating

prbdes. el ectropl ating process. Wth reference to Figures

| a-| th ?eféréﬁ@é &)%ll%?p A El?sa t?;ﬁcqurgc% 5 se ence cprL%rflag Ct%c%fng 9 nRtallization layer

.rreta FI zat 1 on escri beo )
wilewr i deerribes FAgsaiding (to Figug @emsmm@epb devie\10g sompyes a substrate 101

mélﬁlﬁﬂgr 4B ES elBm&D Silch ak Braddors, irQGlokd 'ba@ﬂcitﬁlis r&dlitte BleCWBIOR, Sfor the sake of

SHPIfo'Clg’ =2 t ? plc#eg Flﬁlge égi !és%ggcg%il%%ﬂp ?Dg: 1@37 %{1? ag)oY?otFre substrate 101 and is

sepheqmddh@zfromrbyﬁng%tph etop dayerAl08i Ebreexbmple theadjadectritQ&enq )2 may be comprised of

siffeB %Qd@b@&@asttﬂeet&lui?@t fa?ctr QOﬁglgy Qéqgorﬂpﬁsed F Qﬂ&ﬁtrgtqde In other cases, the
t herefrom b ch stop Ia er 103. For exa

t he
GGl dEeT 2 TATETOLGE St Sic o modts GRPeEs Pl & peald ow dieecic
haglh®x pﬁegﬁlvmﬁatemgrﬁﬂ@mﬂeﬂ@m tbdnalmat bBsylebn dlﬁ)ﬁdel’iiﬂr}/sﬂﬁlﬁn nitride. In the dielectric

la%? ﬂPr iép%ﬁiggsqt)S §r'e lfdn‘r‘lgd’]as Qfliag Eﬁddc%nchb{ ﬁ% Iaﬁr{ens(fo% St 0 Fm %5 as well as the

tric 0SSI
sPaqiyg %yheﬂepoearrpm 3dlis B2 efp L) Sl&’éfrareewll W‘r@er@rnei tﬂrer cercmt design of a
cofteypbrafg atqpeiclrduity IThy ditleaiic lager $029ﬁﬁyfﬂllﬁﬁ1nﬁﬂzlyde|aﬁ\b§§nm§ h@f provided as a

n_di n con ni.tr
relétlvefy w1c¥ertrerc1:c oreover %8 éhe?ec ic %?/ '1(1)2' onéarmea gsr?arrr;té df;} non-}\)/att%{ged region 106.

Asyith therappninge §05, th élmqrrswe nlsi thm@mmn qf e trengle M4ragd of tiFHoprpatterned region 106
is WBtdntidy dbtBiined BARd dAQuidR6lgd hei r posrtl on on a die area

of the bt tellare ete th rcu
desi ﬂﬁ #‘ % or torping s semuequdnctop egléf gf)([%gaé{e@ }eg HliCEllgure-I-]ﬁére well established in
thejiresind gy inghude anpl-knod Zenweisiont lithdgivphy dnf etkhidenigwes opemaitingar, the opening 105

mé]y({))é f&ﬁlmﬁh g%ﬂt éf%ctﬁfe g‘t'él {téSJ vﬂﬁﬂn\f}%l cﬁl’eléefng @ayér ne Qvnerelﬁ/ﬁl'e @lgﬁ/ﬁ{)cess stops on or
dielectric contain a substanti al

Ly
fn msﬁtcb SeR BY &P rTéa PRSI 5 o Kt BF {44 8 B FRJEYN 5 b @ separte et
proche deliigied®i selactiaeiy reéhloes 0o satediad 0f thé Iatydsrel 03.r EheedafidkDidh aafiiher etch step, the

upgir Ih&, R %ﬂ&% fis SEHmL ﬁgr@gﬂmlﬂéy bd @ﬁl%amtcﬁrmaénaeyhxmp

ermne circ desi

f or i e I e R HeE% A5 10 aepsiveprignanpfacturing stage with
a Iﬁdtig W&, duéh aﬁb@p&ﬂﬂiyler ®3tfakkd shede ﬂlElectrtch@elaerE vﬂﬁﬁmm&ymer layer and a seed
la Iern Chlcld %)[1:] é%nve eﬁlcneoa\r\g] |d§ lfl) Sldgnlo{) % od8e1rs] %%r g%%twaegrgthe meta laeyer 107 and the
dlfflfmrﬁe@yeli H2a Ther@me%se#debrqr Ves ey he sctnevpserlr of [ ot ere sub -layers containing
mdkiri@k Qeh bd @ntd 1@y, %ntaﬂ:l%ltrlm %ﬁﬁlﬁ] thARmEk LR, RLBHSRAs Birfd?Sand the like. The

r in the ea gfsto er 103. The openi ng 105 may

seqt P

TR OF EYIRER pgrt op |ayer 103 by a
Sepdrhaterigtsedd laypr K8 e@s bd ésngiig'cthénticas edpercdepasioy, arogriolgr deposition or
ph?slﬂﬁl %%@ﬂo@i 1on%ll&XJ3@ b}{q %f%&am’laQBa spyﬂa@ rd&ﬁgntrcﬁ orc]:bsg tfform the seed layer as the

urt her etch ortlon of peni ng
finglcsb-lgyrg Or%basrﬁ%%f%ww& (ol eGP B A0 (aoRMIGh VB 2 previously
notetl @contkxtt Giith eoplpb SehenmiidaCibdeys nfah PWErably e SAPTORO Eldzu&(t Effectively provide
largegm%unt[s 1? metal at %&son%)\f gge%g%lon ere?esl zf'%'r:e lrélgpIR%gelec%r o]ga%n%i is %caﬁy the presently
prefinesd dpnopitent rrnrﬂi,odl dagy tor anlweasqm@weiﬂw wiclrad rarr@rierhtely epmpgxcelectrolyte bath

coﬁp@@@&e]e&r@yﬁ latinghi ch for conveni ence are corrrronl y
i s di spased

den et ween t

107 1 h{hb?(rémtai SRR & ) T o o 1 BPE Baorml a possiv
ovbralya@rntu’i 68 fareenf 21360, cosvpr 3Wenim dlamttwouipiraterbntat i allo ingpyreanisto reliably fill the
opgrﬁ}{ég A5t P4 tﬁﬁﬂn%r ﬁa@é ah éﬁé&nat@%f Lﬁ%ﬁla{éﬂnloll a\mh%tl'i@ voids or defects. Asa

nitride, titanium titaniumnitride, conbinations
coresH%lFlé:&flt is esspqtigl fpodepgsit the copper in @ highly po&sf@qrforﬁ}aw%%er Accordingly, great efforts
conprised of, for exanple, copper. 30 The barrier/seed
| ayer 108 may be formed by cheélical vapor deposition,
atom c | ayer deposition or physical vapor deposition
foll owed by, for exanple, a sputter deposition process
to formthe seed | ayer as the final sub-layer of the
barrrer/seed Iayer 108 Thereafter the netal | ayer

A PN~ " o o a T
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For reliable nmetal interconnects, it is not only
i nportant to deposit the copper as uniformy as
w@omgioioaz over the entire surface of a 200, oOPCEVS2I003/041181
300, nmm di aneter substrate, but it is also inportant
ha%] Obeef Lnla&btl) )éstgthh an yf%tr%p?ﬁg%te%%ue‘l'%gt 1?19\95 %Q?ﬂ;’ H&t (ﬁ)%%nal deposition of a
an aspect rat
me&a,l,,ysuglb by §op§pr defvhigh ©penjmgs, aesmgalb'o'ﬁg é@g}éﬂ{eé v1qstanii drenches 105, are filled
suURBSRINY ifidh BoBorfl @PRSI It hb BednOPqEHizel Mhall slth @MiINin behavior may be obtained by

e N iy e
pattesned vigiog A0 rThis [isecommony edhievrg by éngrhdvicige edditibiestinte the dmolate bath to influence
thé"faQMf Béoﬂ%moﬂécfﬁhﬁ Qépgﬂtl ondtﬁ@féﬁﬂe&ivg’ [bce@i%n@ FolBlagble, a%%éﬂm@%gent of relatively

larﬁ‘? é‘§w &ﬁ%‘s"tgr %‘ﬂ%’ﬂléss ‘Jj)?b 8 p"g’FtByl‘F‘te Igﬁé"& may Ly?E) %‘{ESH" it051 ;eyt“tbft‘b"ﬁ’\d preferentially
ablpdistoo finttsarfacoOmd corher ipasionse Elance,eowgn pfrepbet jamtat these neg@ns is reduced and thus
thé; de‘p&sn‘. oﬁl ragqp@e}ﬁ]ea%éd rﬁ@é’o ﬂtﬂgl%? a&BQ afg)ft is 8&%1%&1{&&0 Eﬂle ‘suppressor.” On

osition kinetics w he openi ngs. 105,
they qthermkang, o3 et g]dmﬁe} rlthl%lﬁlg sngtu‘eé Hnd Jasterdiffysing molecules may be used that
preﬁéiérftt&l[y%d)rlfs ®ghio)| Ehe ])%mgs-r 106 5104 Snd(bﬁ]ﬁﬁ(&ﬁ]thy d@6hﬂ1cﬁ\ta&dbyhyfsettmg the effects of
thd suFlfrgsg ﬁ %céﬂgvie ﬁg eis%o §11pé Q&dft’lvée E%ﬁ%lnags% t arfeﬁ goeasba%t %ccelegat?r ” In addition to
using apasedlqraje anct)esetpnrem somited XUFFpIrérishigmers irg awrl to sHiye re@h a high degree
of ﬁﬁfoﬂ‘hlty\éﬁdl % enﬂaﬁUe 4R ,surfalz@(}ﬂalﬁiy b th}&hm law et L}h&&,versd)éﬁﬁbléiﬁc deposition, i.e.,

ccfiugbb bl piara sy Fgroa s BT may S PFeCh Sy ol Faped deposicion
bejryiot degpits the lemployaentod mdmtomfupp_rgipcp@nd/qr dmgieratﬂdltu\he dustead, the so-called pulse

reveRd aég,es?nan%asrbeetﬁl@ egre?eneti Jp@xuﬁon Iﬁotigmql%gﬁﬁgt aopgar rtﬁtthe ptufe reverse deposition
decr eased Acorres onln %arpatln i s al

o e PR B8 O AGAGE B G APRLE 5t o RO b o5 rdgositcopper on the
subsacite duriag foowdrd@rrerd phddet andeq refease b cotthin gmemedf ceperaimihg reversed current pulses,

thefré%§ fuﬁﬁro%gf étTu ﬁfl @%atglgc? &F Hl% %f%% gki)gocgs? e%yttlﬂzéat complex 81atmg processes, the

rentl a pent n
OP%R%S dithalfé éga-‘/ttﬁere’eféao@ief‘mﬁ toateé Bﬁlmétsf%lgt}lo}”ﬁ‘@r tife the finally-obtained
topkfapstos e fmetal lager $(bmb@8§@1rthe’ifﬂﬂértyln‘g etrucArec Mek@1S [ 1ehpIdgent of the pulse
re\%dsg r&e#h‘é? gJ% %&pth%pcat%li %QC{I[IS%’% eu%cliu%gé gﬁtn%{l(t:scoefl Slel etssoofs, .accelerators and
le\attm, @ glppisd é@getwn °§ wetelds phiadnefl eee petpleedorpglwt sY¢htae the openings 104, 105, as
oppds&d H)Stﬁg n&rppaﬁetrﬁeﬁ\/r@gldnol%eaﬁhb Blifed Ithadﬁgﬁrﬁtﬁnfoxﬁf dlstrlbutlon of the additives,

eslﬁ’tgfﬂ;’ {Hé z¥ ?e?eiag%st 191”%&@%13%?0 tthe g?nlﬂ'lﬁrgf Z&AD&ESU geﬁ%ttx ta%gﬂter continuation of the
deposigion klg_ﬁcmptgmgtwltbtn tl‘;gy)pglglgpl Oﬁ; Wg eeen dfiilese cpaitings kie ylready completely filled,

thdr &Y %%Iuﬁﬁg anehHah& Eleposm%}{ 10k the¥ fdlfeéscﬁﬁtlltﬁgalﬁ RGN ed J?eeumformly distributed.
requi.red dep03|t|on Eﬁv%or despite_the e

| o
of alEalrsrurdpenday SpeeeRL e layrrel)d may ﬂ’ﬁ’ggf“t ‘?/\P&ess non-uniformity
dutinpsd bsdqueitlkBensal mahdniel pphlsthmg (CNIB\pEICcSS sﬁi&pﬁﬁds&d adas bitbe metal layer 107
m%%%%ﬂ&lc n%c?i&ﬁ G gog&reges\"i}{edécgtgd IE?%%OVSV% {b|9 gdﬁﬁﬁ)%st ;h)ﬁ&gg grocess The removal
PreSey fé‘?’ftforﬁwf%f@é.bbb?tar’él ftverthf‘a?newggsd@ﬁ’alroﬁ 2d BAY CORBSE 2@ higher removal rate
coﬁlpeeedetb ﬂﬁbbr@;ba}t&r@edb@gﬁdﬁ 196 Gﬁlséqﬁenﬂﬁ me&ing of€@P EiﬁﬂétceQiﬁ the I?@lon 106 is delayed

ang &usbst anet]iale‘ogelg%)llsrlllg tnn? 1s reqburedcio dJllJ)s%anttlaIR/ comgletelé gemove anré mtetalare51dues from the

roghan 196 THi @0y tigrepsv oAk o obinfie oponéra, 51 105 (yhichfs also refered to 2

“dfsllﬂﬁ‘g €)@ ‘;Jafl QR Bldith thelhsOf RS val gydletléaﬁg GrafeTeE tﬁé( lapér abd A Ghe vicinity of the
processes, the openings_ 105, be reliably

°pF‘t“tgF & dp% ﬁlSOClS‘ﬁB‘e i er?stont i *ﬁ’gm&mt" theﬁ% Faipus eftpry thf’ fen-uniformity of the
méiarénhoyal atvly ailsn extfect ppegpap hipteobn trivtodspiuah ad aytbeds bEkéd on optical signals
ObgﬁlQCF Q}drﬁ%@ %ﬂg%% q:]bgldtﬁé }n\étaln]gyé t1 6#&&“%216 I’?E%ﬁ gllrc%g‘ss ttﬁ&d on the motor current

reverse

re%ﬁﬂqtp §t‘4bésé1taé%latt}’ﬁ eﬁt%ltbﬁtyeqnﬁla spesiiey O &pd 3 pRlishigdedh pisbagsr on other friction

suppressors, accelerators and |evelers, an enhanced

deposition of netal is obtained over patterned

regi ons, such as the openings 104, 105, as 25 opposed

to the non-patterned region 106. It is believed that a

non-uni formdi stribution of the, additives,

espeC|aIIy of the accelerators |n the V|C|n|ty of the

o AN A A N - I a Y .
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and a substantial "overpolish” time is required to

substantially conpletely renove any netal residues
\NOﬂmmmthZSS region 106. This may cause an i NCPEHER103/041181

mat eri al reanaI in the openings 104, 105, which is

[
relg[edS or o(hg gn%ra%eg é}lg?mt Cf%n%% C"l?lrgtl 1% th%g:tgré Flﬁ%?rl(a}gcﬁn% glgnaSSQnay exhibit a less
stemﬂone nnct Yy tbqrftfwn P}eayer@fe thepssessgprd Qf they endiaf e pelghing erp%; Since CMP is in
1tsl4fk01’ﬁ@11}3&m§1%)@§xb&ﬁb thk AnaR Ebekilitdf @8 p&l@hlﬁgﬂﬁ&&ssdﬁdl Ii&l@;r theQ}l!lShty of the metal lines
fo%eg 8%5 fOP%IagS 5 ﬂ)e‘i %gtl o(r)lgln Fpe&% 4 gh IEE/J% parattnF]tera but 1srrgo %ronfga Xlﬂuenced by the
propertipsod ghe hmeeldyeo h070 ﬁm thesb regioppnid fssrequshiyairopestd merI@ fat“dummy” pattern in
thd ﬁllp%t'n%&j récgfoﬁ’ Toé E@asnf@ta@llevé SR d’!‘:}Q)thtlgrt"rgdnﬁlgor{s he oﬂa@ Itﬁe%enmgs 104, 105.
ren re

rocess, based on or cu ui
Albayeh s approgely ’é‘f‘yaflﬁf\}%aﬁ&or%’h e @pETERE q‘néf@m &Sy the additionally
gegerutkdamdd rég®ing m@y pdldparasitic loasdatehco o tt hiz¢uitf therelyl oducing dhe\Wperating speed
the%e%P%AdQ%ggﬁ%nlj’gEé&%Q%! sQf&&Jn%Js &l RLifatheOr Ot herwi se
ener at endpol nt signals hat I's, the corresponding
endﬂél"ﬁ"t’v ofj thn ghoee-weionsd mropleis. 2 r}eeﬂs gistslo gqyide |28 5 ctmﬁldtmg process that
mifiyzed theuekOsthexbearehaMe fritessassessment of the end of
the polishing procesg; itself a
hi ghl y conpl ex process, éﬂésa%% naphﬁ%suPy of the _
pol i Gehérplly. he oreesst inggntionhie disested fromefhegh ithatymeyf impieme the fugiformity of a CMP
prockdd @Sthat b Qfe%ﬁhg |s&u$nb@fopf3ﬁﬁlhghg1§at3&ﬂetal jagé i9¥08difRBkY as to provide a significant

S on ers but al ron

soff i FUERES P By PO o Qe T Fotom e o oy i o s wa, te
befimtingt df @ enaresial somreyal duting] QMY mebplmmmﬁympi pp@sed nptalelayed as in conventional
eddfiQlel de a "dummy" pattern in the non-patterned region

106 so as to achieve sim|ar deposition conditions_ as

oV erACHEH P Astratit smbpgigent oA REHH Wi e & gpsigh ehdepositing a metal
layeByverSd @bttt dlﬁhlthhg/ a iele@rxc Ihyjechagingw eatleﬂiehlteglfm @ a non-patterned region formed
th&]e%p 1su}§}5\r1c%5m’fh¥ Ihe?lﬁ)ﬁ S:gm rgsgke x?(gjsgll 511% t}a% to%ﬁ%@&%lﬁg bath so as to non-

regl ons paci t ance
coequm@m (iepostt I‘T@Yab’ﬂ)? bpi@ﬁut@ﬁqpéec@ﬁ@le érp’@? aa(ttplﬁai rg%;@e dfhen, an excess metal layer is
fold@ bﬁﬁfhe p&f&:ﬁheﬂf&ﬁloh landﬂl@ )ion@ﬁﬁeﬁfzd kede Mdrd'c}k/éi eES Qdadd toheﬁlﬁocess parameter is

contmﬁ%dI cf n[heqerma{lo of %e e>icess {nQal\fa ervyo ag;éusg a surfzice rou esls tttfle exce(sjs metal layer.

, need exr & ect
pr oo@sgdltlm&t anotfien ilyptrative fmtedlmetrtdé rthmretehfemmb@wuemod of forming a

me@hﬁatﬂ)ﬁ Q@@Sﬁ a sdalicofduc i UIRGECF pﬂoWeﬁWhghletﬁ-ﬁ%ﬁl ksks}brovﬁdﬂ'@ a substrate having

fo %‘t@ a[ gg}tﬁ:lfg/g W{%t{j}lﬂéﬁ gglg)g Sef)orné(r: ég)g \Yhﬁreinﬁ}ge?i%g region includes vias
anp reactesliorrg fid@quibpastat, ard hereiritrgecandrbgidndsisuhentidlly devprof irgiches and vias

to Dk WaH nRQL Bfhe tstQ)stpaﬁeqy E)%gse@tosingﬂzl:tfdlﬁ@lgﬁh to 1R 113 Wiab &f8renches in the first
roughness of the netal ¥er at | east over

e RTE R KPP BIFS T e 3B o eend eipnt.fhgrely g srface oughness a
ledsthod thb egondrégivg i0fdjusthdto e predtér #Han Bprainatelydb0 minn g mﬁ]M?the Excess metal layer is
re&uﬂz@d e Qatl Fn%gh?xggafl] E&lsﬁlnegg Qﬁ‘e’& (1:1‘2 %1? gﬁfag%{ﬂ%}{rﬁg ep?(ﬁnolteg the beginning of material

conv nt I Ona

Wm¢@M§W%§FWV@H@h%@%WW%hPh%mgWﬁ@“bresent i nvention, a
met hodorgihig dﬁnmsa tuktheg lmsmbakmbohlamrof@nfeegresensWa&toﬁ ad Bhethod comprises

el s Bt e a s BT Tos ey e Bl R o' 2R region and o
sulpstantizllyl eeh-pativeed regitno dA poripr pEtbs meip bydr rig theth eemeved Sty reh¢ngical mechanical

pohﬁmgﬂ) eﬂ)(ﬁ@ﬁlé ﬁﬁlelyétﬁc Pak Patt%ﬂec@a%d b&h- ﬂﬂﬁ%@ne@ %fogsr E‘Eﬁlah L(ndpomt detection signal is
ep03|t nmetal in a tomxto-top t echni ueln

m?ggerfdé}uH%hq. C@@l}’llﬁﬂﬁ meeiahxgtﬁl paljshing, Eléglgf ngtorle(a%i)ou}t getectlon signal is related
to the der@nlined/@rfack haiglads tedenating @@piunasueiade hanghen-fpatdesrddghal/noise ratio
' . , at | east one process paraneter is

Ofggg%$§WPg%£dﬁs$%b t he fornatlonpof t he gxcess net al

| ayer to adjust a surface roughness of the excess

netal |ayer. According to another illustrative

enbodi nent of the present invehtion, a nethod of

formng a 25 netallization |ayer of a sem conductor

device is provided. The method conprises providing a

substrate having formed thereon a dielectric |ayer

with a first reglon and a second reglon mhereln the

o a
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renoved by chem cal mechani cal polishing, wherein the
surface roughness pronotes the begi nning of materi al
w0 esmwgio3ziuri ng t he chemi cal nechani cal pol i shPemUS2003/041181
process. According to still a further illustrative
enbo cgfglgé to ett Jﬂgthequﬁucﬁﬁﬁge e ¥o¢iﬂ{lelnp B¢ th% H)[I@éntg QI?’GHUOH a m]ethod comprises
conprises m ni ng surface rouglie ess 0
deﬁe’al}}lé?g ¥ Wfﬁ‘i?d O%WFS ad‘ileéall By doreeq over eilagr “‘amﬁ‘éf’c“tgérﬁ‘i‘éﬂned region and a
sulisﬁ@tiaﬂiﬁ n(ﬁlliiﬁtte';lned 3dios ldﬁtﬁﬁeﬂdmiﬂgw ﬂof}tloiﬂ @ﬁ‘cheptﬁétil Q’d&l&&ﬁ} cﬁ@@daDrﬁechaﬁlcal polishing
Igr>épois]e t‘ﬁe dle{ rn tgﬁ P% %f‘ Xnexnor(l) gattelinﬁ re ons[ e;% tpohs}{m pl%cf hs momtored that is
reqyiedt for m@@ta@i rakﬂv mrplepﬁén tlesripg 616 rreigamgh gnd aepdpatiginedydgienis.nand the monitored
pofifn @Hnla RelfibH0 "iﬂe detSrmit¥8 Rirt & BiEkhAb th ﬁ&eﬁn‘ﬂﬁ aGR@1d ©adhness that results in a
Jére cal (ipol ishing. Finally, the nonitored endpoint
e ‘?@@P‘ﬂ%“ﬁ gnal is related to the determ ned surface
roughness to det BREEFRESGRIBBIONQFTTHE DRAVEINGSUghness
for The %tl%l? glaf?egﬂaérét&glbs%f&&té 8 the%llo%‘% d@é@gﬁﬁh Bken in conjunction with

detecti on signa
themeepmpasy e 4 (REs 1 Ivhw!l\klf?d?fﬁ?fﬁ@nwmiﬁé%en%fﬁ Berpdepments, and in which:
i1 usgukeatia\e sehebadilyeshiw ofosstsbuiofal @S Ntds 4 Buaddhduot; deice during various
od d [ roughness of a
pr10ra§1r1i1an1[1f§c?llrn8£ %t%rg hég &?eﬂ&ﬁgrb gﬁ%eﬁqn lI‘l?zlatg)(r‘i?aH%rr gl ng a
pat tiigurps éa-?‘eijhmﬁ%ﬂﬁ shaw C@Eﬁﬁ‘tﬂaﬁﬂ?ﬂ Vigyy §f arflsricepwitht et dpyer formed over a
didlRic WUYerdidling @ Patkk1Rg afd P Qbrtda@dined redidhCackBRAiRY tol iBYsRAtvEO¥mbodiments of the
chem cal nechani cal polishing to expose the
mﬁ?@P@?ﬁ??c in the patterned and non-patterned regions.
A pdligushi ing stliemmstici ssaphropiesetingdhet ielationshdp & ar @dR exdpeintfdgtection signal for a
me‘ééllﬁ% Ak arfauuuouwmc%;&lg%esglaﬁér ing the patterned and
regi ons, he noni t oy ed l

att erne o ' '
e s 0GR R LS B FALPRSt Pt 6 R sqdgoint deection
S@ﬂhﬂtm a@ag setied @eghnasoufgheeayet hat results in a

rDEi%g ngl in%ﬂjmﬂlgl sﬁ!@eptﬂﬁﬂtg a%§%£ f:r lat qu T:Hgnatlve forms, specific

I nvention may be under st ood reference
embedimpeygs ﬂreEﬂof 16%? Pree thewr by wOBﬁa%lk@ﬁleudfﬁwe@hjﬂﬂﬁahﬁraﬁ deprihgd in detail. It
shofi Hehﬁdem&ﬂipﬁﬂyﬂ that thl @Vdipp8 herkin oﬂ\d’pbdi:ﬁb dribkdiménef iefic® meRded to limit the
in %HBF tgl h% al% grlfgr?ﬁf dlsﬁﬁ ec? |b§%%g bonﬂ \%Hlo%his to #o%{'raﬁ modifications,
il schena oW CF 0SS- Sec ona Vi ews
equieainis ond @lerentive éﬂ)i‘l@éﬁlﬁ}@rth%@mv anq wops of ghej igyentigntas defined by the appended
clamnuf acturi ng stages when receiving a copper
netal lization y show
cross- sect | onalOREREOREAGRUGEAST FARTPHTEN ¥ .5 e
f or Nidetrgive pmtpdimditedfdistipiensioh ary descrivad/batny. dn heainteesstod daran got all features

of @n BQHH Eﬁﬁ&lﬁﬁtﬁﬁ)ﬁ afeecgslsc@igedQQQ}QJ Q)E@ﬂ:aﬁdﬁ it lyiisde rcaﬁr&evl% a pre01ated that in the
enbodi nments of th i%i') present invention; Fi g

cexplog P eYCu gt SR P e REISPEN ot ety froigpns gt be made t
acliivP tre dekppad’ sgbeifie gdaisornctsds govaliarfco witlasysteretadted| aad/@siness-telated constraints,
wh?c'ﬂ %1Nafr§‘ﬁ’éﬁ on@ xﬁﬁ‘ignieﬂt%@onrté) &ﬁg{ﬂpre reo@e@ qt inhl QL re%1a‘3b§ th& such a development

chemat’ ¢ re resentlgg e relations
efftnﬁ anighf bf‘p@orrwfex tah%méwwmg traele peyrthelepsylivea roaﬁkva W#éakmg for those of
ord@Ae sRliEn mm‘m@g m@ug&fﬁa eSBs @écloaurstet al | ayer. 20 Wi | e
;23 ’thlg ;{)ge:s]etna entlo Sn%\?vq)t cP scglfetd(%w ar%ﬁrgrgzg téT%F It%cﬁe% f1 éurfes Although the
vatay eeglorsemd smms bf;/d m;nomﬁﬁct@ﬂaml age depictedhin thiy drowinggs bavidg very precise,
shadp ConBk-Rbi aQ@ﬁrGﬁlbsbﬁlgse sﬂll&iiql ﬁib lart rebdgnizS hHQtuanealﬂ% these re jons and structures
under st ood, however, ]In?ﬂa@acn t| on f{tel n

arestwéﬁpfefnée 33 mslt%tfec}fﬁ Ithe grawglgsh OAtd aln&e ql%ef;ﬁ) hethréous features and doped
rediony @¢plicted rin the dtatvinggaayt He crdggaratddan melucti sCéoppaed ol size nf those features or
re%t‘ircglg g%trlgeﬁgdydev&:ge N&Erﬁ{gfeés Offle a’&acﬁeq c?}%ﬁ‘gfs a@nJ 1nclude tf dcscrlbe and explain

icatlons equl va ternatives ng
illygjratiMg pramples gﬁlilerqrgsenéﬁ)dergl% p"gle(worqs faed plﬁq;@smsq:ddﬁregsshould be understood and
defined by the appended 25 clains. MODE(S) FOR
CARRYI NG QUT THE | NVENTION || Fastrative enbodi ments of
the invention are described below. In the interest of
clarity, not all features
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of an actual inplenmentation are described in this
specification. It will of course be appreciated that

w0 pootiog7932zlevel opment of any such actual enbodi PERUS2003/041181
numer ous i npl enent ati on-specific decisions nust be

mtgg"j%%d ttoohageo a Q?a‘iling X&s&tgﬁ“ wgl? e Lrgﬂg{aéqmé P %%éefwggds gr?ﬂh?a’ses by those skilled in

as co ce wth systemre
theyigleyaniea’ - Nfe:‘pa‘twé defsing ot aa‘ielﬁt & phraggy i Wwon\;%at i diffeespi from the ordinary
an® BiRtomBAp In@ B aahildéﬁtot)d)byﬁﬂtﬁﬁ Ki@iled MR 86 VSihitendbd to\bk hﬁph&ﬁby consistent usage
of %Qeq%%lr %hra%g h% an t SHIS extent et%m)tporrreﬂraie ds mtendreé {ohrﬂél ea sgecbal meaning, i.e., a

-consum n never
meanmg)‘mqr then ihmedetsa)mi prcpkilled al“@smfssewloaf speaial dhifinitipnywidl fop pprefsly set forth in the
spéciiRatfh in NRMhiABaltnb8np ARy &fd th&uSo@iIBEbRE S spedifl Refinition for the term

B esent invention wll now be described with reference
% he attached figures. Although the 35 various
r egi T presant] ingdntienciks based orofhe dindieenthaoopgored ®rcotentiog® tathing, a pronounced
e ﬁlq sﬁrﬂcJ Ji} & mgt[aﬂWeﬂgﬁedq’%erQ%}éie@tgc W&, strgcfhﬁgd tS ﬁlclude trenches and vias as

arp configurations and profiles, those skille
Wet”r?é n%[‘rl?ta“‘?"éﬁ‘éd@%’ﬂni o Etcwac{ance.Vchﬁléeaun‘tlydeﬂ&h%Veﬂ%f@%h gelaéﬁlar burden placed
upbi & SJlBstet}lfeﬁSMal’r&enot‘hﬁﬁonpﬁrﬁm stifaca foughneks may ﬁdndteﬂthé §i®t of material removal
i N n t
to 3%0?1}1\%18% éﬁﬂjr Jé:fsogsafﬁa S strate di?res{pgcltlf%o%vfsfe%l g %égtfemgcfi mt g%n epatterned region is
forned blavgise mels) laye- exagger at ed or reduced as conpared to

t he wizRrahctihPig@esBat, tsrascs4 @ﬁnhelrlmgtrans erfadifndR¢ drGRtpRIent invention will

erthel ess at t aw n re .
o) 1 O R T B8 SHOCBHAh T 11 HeUP JERUE o here sppopriae
Mesarpingse foflovtikalphaive mandmetmwm is Tefaredutr aj gheampthl to be deposited by an

el BSESI H}%@ﬂloﬂ ﬁfeﬁbcﬂ sueh QU ir Qﬁ&%p&d ﬁ;ﬁ@lous@ n(\yﬁg is expected to be
2004/ Q97932 PCT/.US2003/ 0411 | nterprete have

A g UM SPRITHIH el °&fﬂ’dfér Sl atelicRgogrens Fisbed hereinater are
pammldlsr aavadta@nnsa@eslednypmi.ngsc@pal«iuim&m fairicatidneof metabiza@tioh layers having vias
anfl Er%nﬁ]ht{\?Noltﬁ Q.t c%ln@!ellr Qse%ﬂ 4e ?2 H?lfa]p? 8\?%3 j! o&he@?@s&% ?ﬂverltxtn? Is; 1napr1n01ple also
ap@wshlﬁwfyr wedhind gnetd camperafsang emtabsﬂovsw é@éhes‘}?ﬂc?‘/lp%ﬂwlﬁ*?d herein enables a

sklllee p@ffoﬁ to InfodifyN E@nﬁ@déssésoanb EpatafiPrbk @fkcli¥d 6OAE is& LER addStABE embodiments

e herein. To the extent that a
defmbedherFm?%g] eé”ffééne?fitended to have a special neaning,

. e.Figuge 5&1 srharrticad]y derintsy a clossrsedtibt vigw dé assewigehdipyor device 200 during the
fab?ﬂéétioh @fja ﬁ&&lhzﬁ%slayels ugh séme?(ﬂ@&io@hev@@ﬁrﬂ} bd QBi1akd the BRice 100 described in

exp ressl set in icatio
PG P ET T SHR e i FRPET by B ﬁ%ﬁfﬁcwmalsyxcept for a leading
“2pingtead D€ 8 “1.hdlesethe ddvicel2fomomprizes thosubdtlae 20 Ehiaving @rmed thereon the etch stop
layg{}lfO@Sfﬁlome Y ES&RMe ldyg}%ﬁ]t *l“l%nnds %n@l‘ﬁeﬁags aIuh@le d@ qgrgg 204 commonly
P

osed tO convent 1 onal pronounce
de%L?g"f‘Tﬁé’é‘é““@F regiom 28Q; r pedigcent &t thy ﬁ’f’rb‘te%EPn éfhe ﬂrbatﬂlélaﬂwwaﬁemed region
206 dhe ke@h‘)ﬁ RO istdaddnate® assiubslﬂﬁﬁd]lly eldn-f)a@teﬂnﬁbﬂo Ueticafe RN GRS K any, trenches are
as .AS,

atte |
foréng% in'th de %on 206 tr Qatlv%lo thed} num er of denches y t%ga ‘rt)wl}ned re%]%nl 210. It may be the

cage éhata%@mﬁ Henckss (ndeshoyg ate éqzim@p@ the reeioy %@qu duystio Wlapvely@@slénumber of such
treﬁ_(ﬁl% a@ﬂ/@rﬁ@é&@ﬁﬁgly%hiﬁlf zﬁéhe)céu@ié@ PR StStrdXBis, e Q&Qﬁl @04 hr8aved, Al respect to the

ccur nore uni Cc
oL P PR e R S HUTBPRL BTG Ip o opical proces
flowdor-nratfeaanring the devipe endepisted mdligue@alrebsomtiadli the saptelocéssey @ry be performed
as M\éhélcrfbﬁé \@ﬁl‘ﬁ‘@@l@ncte% PFéu%Ulr es 2a-2c, 3 and 4, further

lustrative enbodi ents of the present |nvent|on wi | |

15 A WY sal@gletfcplblesaows\ﬁheeqeélpenZOOpb?n gdpamced magufpppuring stage, wherein a copper
layed DO isCfofimed ofvérQii¢ @rsd and &c@id&@gléreﬁﬂ)[ ned with aWht&[eﬂseed layer 208 disposed
ther%%w dﬂ%r IT%% §arr1er/£vgc5 E?e\{ ?g& Ingp)éat @a}cs OJ of leceflﬁ hat e#sﬁ'ﬁve?y 0pr%vent copper from
dlfﬁjélpg)@totaé]gcebyna@ﬁals aldalse previpeiay S@ﬁime@f@é@glpq $fepPPeree e elurounding dielectric

such as el ectroplating, since copper, as previously

noted, is expected to be mairfty used in future

sophisticated integrated circuits, and the enbodi nents

descri bed hereinafter are particularly advantageous

for electroplating copper during the fabrication of

netalllzatlon Iayers haV|ng V|as 20 and trenches Wi th

. o s - ~ A - o
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sem conduct or device may be simlar to the device 100
walemandtel in  Figure la, wherein correspondi NBCT/US2003/041181

conponents are denoted by the sane reference nuner al s

an@ W&enﬂ‘la@ e thce@gsl 109 ma gonnéc %?egeng}t ?felﬁe:!i mate ,P grg ’tan%ﬂm and tantalum

device 200 conprises the substrate P} avin
nﬁflﬂeeqng aﬂnlinﬁagor@ itheppols fvblﬁ: any g{%ﬁuﬂg@g mptgiglsgpay de Bse tiih:gnSldered appropriate. In
thekinbéintt e cribay/@fein? B2 seed lager mbypis aazi’jrél' of E@B& h@)‘bsﬁg@@ AN process.

the IW (ﬁjxg f%ﬁlgﬂgr%n%gd‘}?&l?woﬁog}{?llaye{ 56‘)76 comgrlsei foprgrg)ar{cF]J gu?tglce roughness,

reg i on 4@5 to t
m@@%tb&ﬁﬂ &t i disgivuphecresy te dirst e sswn@,crg@%zwmé regivarge height of the

sur2436 rdughnele & @M%QZ@%@MWX@&@& hptdxihaRRB0 fﬁﬁit |72 873 gmlto@unents the average
trenchs ar formed in the

ate.that
el ik v s D g R g oot 50400 m
anfl iy othlyeembodimentsfeth sbayil 5048, |t may be the case that
SOonep gf:i%zﬁ ‘fan)@és ﬁ(ﬂ?@for ﬁhﬁWe fliee (tfq?{igtﬂg@b lnﬁly Inpgdertﬁe%l%qru% (Bgcesses First,

thy Eltothe relatively small nunb
§ Pasire/prad AR08 ey the f?rgrp%{)y 9 &inilars prggeps aéraérgadﬁ desgied grith yeference to the
bagiggdaed layen A esywntihBgure T (Illnpaﬂﬁlﬁlab&lb aatAG/seedlaydt 20L8HA% tforkéd as a stack of

twb Blemmg %%}eﬁs 19 roQ‘{de tﬁj? ef‘her@%ug %X)g{%ig’r &%Pesl;aﬁ'le%seeci la%/)er 2b%< wherein CVD,

an area wt trenches
PVE 6EB4%omis larrrréiworﬂafrm PERHRE RIQOESPS] 3G amtrembliearionseof Ehese processes may be used.

Thete phic @ibetchtd 201 bt 4f WEsE the alele&thth%km |1s93xﬂ)<¥ecﬁt51 g e?é@flrﬁyte bath (not shown) that may

be ?)[og%gds 85 co Mlﬂ? grbo?vgr %9 mg rﬁacto&rsgc a%glﬁ S rll?tfné é‘faftyr @ﬂ% from Semitool
Ing pyader] éhPl @QIGZIOGIQG‘TM arit d@vldrme@ted&huuﬂl&cprwemtngvesﬁoagmy be applied to any

eleMb%faﬁﬂgr}ed%toP QQ Ql%rllluséra%yggmbg%eﬂt %he e%[:tf@}ge 1 chIda%n Fécglg’rgtor additive and a

and second. %P 0, h a arrre see
S“PZ’E??%?“%‘B%@&“ ‘H‘étroé H@f%@ﬁly lrfh‘@ 7i7af Fhodt S e rerpofyteﬁlxzr)e regard to the
totatapolne ot berpledtslyt bath. ICattaryi talcanvédiiadal aédhemtmg eﬁtys idhenitg Rbout 1 wi% of

1ev€1&l°&%oré "ttf%('}h%%o gf ; fe i r(lgbrjlrﬁﬂtteger %dg Sﬁ%ﬁ’%ﬂ&l}f re uce o ap{)roxue'r%ely less than 0.1

rovr r su
W’f"éu rhr afr?rﬁmbﬁ‘éjmart dheeleteter eay begsupyyngigh rogddg zmltted It should be noted that the

tenﬂCEhélES%ﬂ)iiﬁQMér&ie asd S}&lbl}ymﬁﬂtyf&d?aﬂlsﬁdll ihddatl ant Jlaﬂitlw 8% ad9% smooth the
ese ererr eria

surgrgé/o pﬁ%g% lé}’ ? %{)Ijl twaFn a dX 19 E éonélﬁ dorgra qus olrleé)ver any of the commonly

Q"We%c@&faformpﬂf wsoanyd lovelse Fonwglmﬁamh)ebenmdem iaghoslanveyitlpthe present invention.

Thél§ceslerdtbr nﬁa@ﬁﬁﬂ Slghiyhd b@&ﬂb@s@& bt%k%anelsﬁ]fomt: B&d. efﬁ@%bﬁﬁ&?may for example, be
e seed er o

o0 G ENBIP L EBP GPPVBYBR ot DR PG % At Pl be comprisd of
POWO dPyring the CXHQSHECQf e evbsirate/te the 2Bdtrodyteripthi S@8rera of appropriate wave form may

p‘ﬁ&pfé%&qlpﬁslﬂrtﬁéaﬁle off R g&ﬂlﬁé%% 2%4 |u{19|b g\q yfa%l%l:ll' thereby substantially
di.strj buted across first

tBe,] ofzrelés angﬁeagll@ é(fﬂ%i’g gre Hl%ﬁnﬁgﬁ 206,f20fr hgor exAftegr@l-established pulse
revﬂ%@h@G@s nla$ belperbied taselidflR fislnkk GRYInGXDEEM4. As previously explained, the

rehﬁﬁ@f‘ lﬁéf é‘gqetcﬁil}m}]l? Q/hdg Wenchég 28& Fc?gs%egpdé)?)rl g]%‘? ‘2:1 ?O trllrr]rlesug\(rgte egglres a certain

r rred as aver
“overplefings Vich ighvie g fornﬁvn P%aﬂgécersﬂw ks first BOL s4@0d regipns 210, 206. In this
em&idﬁhehtﬂdtﬁ’in@ ek feRRal bNBadxgess ¢oBper ahQUhe Mt QVJUFHS dontrolled for example,

or for m
o B 8 PSR N B B s i s e v
Surﬁ@rrpugb!reﬁ@éém obtaiyedy 208 may be fornmed by a sinmilar
Pr OGE&iker @ﬁbo@ln{e@@qy el@@r%fégs'dpkﬁ)gtum thd bE @efrﬁerd%ﬂp @hérgn EDSnount of the leveler

barﬁler/seed ger 108 shown I n g

is cAUeH§ddy  BpIner 4 SCSHIpPY it eisrsrng tq thy dlse %%mnﬁyceﬁemﬁ*&rehﬁéaeate the average

suria@ reughtess2.0f two or nore sub-layers to provide for
the desired functionality of the barrier/seed | ayer
208, wherein CvD, PVD, ALD (atom c |ayer deposition),
pl ati ng processes, and any conbi nati ons of these
processes may be used. Then, the substrate 201 or at
| east the dielectric layer 202-is exposed to an
el ectrolyte bath (not shown) that nay 15 be provided
in a comonly known plating reactor, such as an
el ectroplating reactor available from Sem tool Inc.
under the nanme LT21OCTM It should be noted that the

o a o
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ternms | eveler and brightener are used synonynously and

shall indicate an additive that acts to snooth the
waeotag®3nf the copper |ayer 207 when applied BST/US200$1@41181

conventional technique. Mreover, any of the commonly

kn OV\Nﬁe@% QL RLASQF the %ﬂ%aﬁ@y@% ﬂ@gbétrgt\é ﬁla? be HRURG % qﬁance the granularity

in accor nce wtht resent, 1nve

ofg%yﬁeﬁ%er E%‘ a9 &9 icrgpse Wal? Sige Q&W érystblgte% éthamby movgg the thermal and
elgptriogamductivityf oni ¢ aci d. The suppressor may, for

ex an’ﬁieﬁaﬁeg%e s&‘bg?}?{ io? ?sldsulggcteﬁ tcpepbl\}ﬁ? elss? tgef‘?n%l X %ccess theral of the layer 207

I ical Teve
ané pyietiaged er 2%qoytétoheéqose tquhqalwglcthryer 2@% fm) pugriding ¢lectrvally insulated copper

linSd DIt CRIPErdcess mﬁb@eﬁ&{né@lny!hﬁapb@bﬁte @\/113 Wol RNfe v@fl—known in the art. During

or G
oiRRAOREL 8 e L Prot B, e JRVhsge oD 4 i bR ER Proveg o puraiy of e
elevaiiohy T in thinBisterng th sdvatdarsidna P10y 206aand] thérefore trhweribloematli ipiitiated also in

thé)sfecdﬁ@ kééﬁ)n avé! @&@éﬁﬁen‘ﬁ&lfy hﬂh@ dfsé?%a&p %f" i'eﬂlg§a1 %085 vetf¥dr thERlst and the second

wel | - est rever se seguences

rem Q‘EOGSOS P (B)F mrk{i c?daoa%ar(fdl tp Fhe F?fgerglﬁlgh iipﬁg)gchz]%rlbed earlier. In one
illh@@ative Asbogimenti thel SMP Iem:pdsas teetbd otitwehile medhitainp an éﬂdb&thIfetectlon signal. An
en@p%ﬁ?&‘e'te@llldn&ghi' ﬁla}\/\f)edg%ne‘i'arteg%g G&éct]l?gq%hﬁﬁ& %%g'ﬂeaeg 19(911 ﬁhe f bs%éltee I301 during the

, mm substTate requires a
P"{ﬁfhpﬁ‘ﬁesf B qertegset, His MORF FHEERtOM 2B othgh Sl@rsebré@ssemﬁy@for tha mplaetorque, that is
reduirédstor raaitlaisiee O Ertémﬁéﬂgblﬁtﬁ's mdiidh, beHden thé Fubkthie$01 and a respective polishing pad
a?gpgégb [Beaﬁstess tlge negs flng 1%? %)rlocoels]s s1n e dhf:éfeg dg ?efrlsl‘s (f‘ypp g‘lgf exhibit different
ﬁlfélleaalrﬁrcss Fowst@ss iwhfgl atswéta@mbmmton ef th¢ @vmﬂ eagiod 206 ingretdyeleared, the motor

curh R/ ddréaed Yoo giteh Qev&htﬁﬁtsﬁe@d X}h«% tmleﬂ/s@edgliﬁg;}z@ mdPhES Tower coefficient
avera 1S

of hjb? ion. t1t1an &oppFr Irr%%eét#ve é’ﬁ%%ﬁ']et T estgtglﬁhnéa tE%WQﬂHJé g§ectlon signal, the end of the
polithing Bﬁoteﬁwymysﬁb@te@:mm exlis oflthis sigwab ririento thh éncamsedntiforadity of the material
rentchﬁ ih B¥GHBEe withSthE A AhveRfdn, é'ﬂ dp e @&é’ctlﬁlss@lxgﬁ&{ylbp 684 to more reliably

. qgref rence to the electroplating process,
eSFﬁE By“ Pe¥P%ESt he average surface roughness 212. -7

VO Z0#/08vd3es ACKehiSR)83pH0h hilhih aAfehdpoint Kighallie pR&Ed veBBs the polishing
t1m9f F%h&n@egﬁﬁ{%rmltﬁeyﬁggra%p& Flélpee3 Sr%%}%&[tﬁlivg sihiodthe {) ur}%rs] %? arll ?p(%ical endpoint

t o enhance the ar anul arit K e copper,
detpcipy WSiErm ate HEpigidahayews. e faovingspmsideratiops may fepdil & apphed to curves created
by tulyedtieb yndpeiiprdetedtiog sylsta@. tAN@Etrealve ANdashe lﬁé)tréﬂr&séits the amplitude of an optical

en Q.Etd&é{éédo% ki %1%1 fog- t@%}ﬁ@a{e %5? ha‘\:llfhlgﬂlg uror?otulrlceé suét2 %ego%%teésl%l gnwhereas a second
curyst B mk_ﬂ fingy reprepyyy the sndawer detaesion sigal eht7ined byl 2 lcenyentioRDBpre@ssed substrate,

sucRSs the s@m&sm tihRig@t b. et t'irhecpdnﬁ%e{he 282n %J}%Ees:pﬁn éta?t'oa@g Sfor a metal layer

LSBT 358 S2BE s AR o Bl Gt oy
relanequ highn diwrto rtln highaeflgrtince Blisoppeg At khe polishipraatss plogsBesab time point t,, the
reﬂEd?eﬁc% 430 Qdy incrbd3€ a QN QLCR ﬂﬁg%sﬁﬁg 16101%&&?% increasingly even, thereby

substrat %gl I's exerted to a plural
re %ﬁl"é\féﬁﬂffsﬁgg £t fime PRt jsyrlpe BRREPRE HgY é@elafh eleared g ths total reflectivity is

red®ld) theRBH decaimthg tltel’eedpeﬁlode&ptloﬂ’aigﬁﬂ [ &hcert&rﬂégﬁﬁ{mgl of substantial material removal

may ll;y &eia?eti %{jthgllloﬁi%atjteﬂle%;eglgn Cf 1 sgﬂ) egcufve B2is relatlYely l?\?’T%l‘gll at time point t3, the

Consequent | al |
endpoipt; geigtiop figna |"lds°f*teSa'ihéf SP%@HY@@E 6 eiletﬁbreﬁlé'gs oresrer2dved. ZB@eafter, a further
ovefpalishtiner e4yetekaABddyto raetid GRAre GNP B Wall iulali FARVERGET 188 0rmed in the
opemr%%lggq&ldescrlbed earlier. In one illustrative
nent, the CVP process is carried out while
o n Cergpiyriggreton caveokh oirnstartas b eddtively) logi agsitude A to @RARHI 10w reflectance of
the E{@Etﬁ&tzlop BauSeld B9 e sﬂﬁye @@ghﬁe@snﬁﬁ atl“ﬁéjoplayal g[%gaq td (9he! n'le%tﬂ Iayer 207 may be

is reflected fromthe substrate urln
ha%?f T‘&‘Pﬁ aflir denogidon. yripsg fippolisharecess, frpoughyess 211ciy feﬁ'ecﬂfi Whegein the material
any other signal representative for the notor torque,
that is required for nmaintaifing a specified relative
noti on between the substrate 201 and a respective-
pol i shing pad 15 may be used to assess the progress of
the polishing process, since different materials
typlcally exh|b|t dlfferent frlctlonal forces. For
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estimate the polishing process. Figure 3 illustrates

an exenplary graph in which an endpoint signal is
w@bk@uoe3rver sus the polishing tinme. For convePCBOS®)3/041181

in the diagramof Figure 3, representative snoothed

rex‘é(lj{ztalvﬁs% ggursaaﬁ it %ﬁ ﬁa%tLrﬁ%?%ﬁ 566 dugj ﬁ)t tﬁ‘ec}gl glﬂ¥ 3¢/ I%éaﬁggs %% %creased downforce

E however ow ng consi
200 0 Abrefre.5le AAGEY detection apphrises aaf é‘&?( @achzan%ynuahlgfwm@pe points t; and t.
Tlﬁﬁﬁﬁé@ Icléﬁrardebﬁﬁlﬁ‘dc@ﬁbrﬁcyls bt atAighificmily Exlgér\é&asacoﬁﬂﬂm Ghe conventional case,

resa;itlp%c ts{e%o%[ s?o% clurv]g R%e?l l t{n'i-e%sltnts?fan g O]?Pe],;co &g steep?rh goge on:urve A, the end

e Su
of Hrecnabing rpeasess w bfa@@sswbmgxhﬁ@@@y 2Mpreovgh éhee)ag'pcélsls‘@n@m thus the total polish

tu&%é&eole Bedugeal ir6l shhﬂﬂﬁ‘ @héraRMBRE Mab il HRerANERGIA tnotdﬁg)v%: fnl ttdrepresentative
si gna

N R D L A S —

ﬁ@mnaogmnnﬂ to, the polish process may start and, for a
net alln olnér":ﬂﬁgtratl\fe%{gg&nén? aafeﬁggndlﬁ'lw}% ééfaﬁlﬂheﬁ%y g}ﬂ)&ésgg ‘me correlation of the

processi ng. techni ques (curve B
enginomf deactigh Signakio fhagxeragy syripepopapagss,2 1|%1 aﬁ tht& @@i ¢ elwtah@ ofjubfrates 201, in the
fotiredfl ppalh@ RERrads aGdd@PEt subshGtes, ARy PO bioSdsseld) WAK QbSantially identical CMP process
pa%%?t?l%,mr%ﬂci tﬁe%ve‘i‘égg%rrfg% gcgggh&eg's 2h£ Ql 5y bervgrfleld %I?(#rgl c? tonila e’corresponding endpoint
detegfion pigngt- E@qug@@efhe@soqgh@?sm PR gqtfym@vbhy meplnelp@ tpptical, mechanical/optical

roﬁg&@h@héﬂ@reﬁﬁﬂ%ﬁﬁ&ﬂts by gl@étron ﬁtcrcfséoﬁﬁ bp bhit fotrc% mictosedpRGRd the like.
por t .on S eared

reflectivi
Po St D PPy SR PETYF A ot Ren e JBLE pisoin deteton
siggalgndhe 28Birzge emfaheerob@g%ﬂﬂm gInghe ginoast, airet maghitudm bthé albpe of the endpoint

defe&ﬂﬁ? MQAals thaié opﬁm‘é ?Jpé%%gtn'/erboﬁl@. %vuﬁ]lg B z‘f)@ltobl%'ferﬁ@vglefgﬂ &gl}nple the interval t;,
he sl o curve B'is relativel g | ow unti |

t, t_lSi enBJB?dnztndtp tted( Wésu%gle @ﬁ%ﬁ |Sﬁfac%@tl@e?s§ VA S]r‘r@lﬁ Alpis re'latlon an appropriate
avérap i soiddce souplimass nsay [bs teatndcied,| Whichaik |thefribed| as ractsigel k@i @t Ereating the surface
rngﬁl{Epszﬁq Fgﬂﬁgtﬁ@ef gneflgur94ftH%frxgc%{é% &X}e Eep&klhe%rllstt EMMuebfgr the average

ded to assure the rel’i a ctrica |ns

SR rHETST. FPHRE: Pt e A e b8 SERiPYT Jor ining o et value, T ot
embaithéna tie tohefimd o the@olisimg »ﬁro%.y ttat i fthe tide fRmItR WkinMigd of the polish process

lil% gl% éegg?tgonglgﬁal I&ag dgagll % k 1L1gw gvgfélle remgat %%rﬁglggfcozﬂielaverage surface
rouahréssO (0] ABRIPPIiAfS frsest ‘eah@éna@sﬂhev h@sehetﬁchqm theagreip ofztyv refptignshjp  For instance, if
thAbbtanRd )‘el@anHib'eiﬂﬂbll@fatrﬁiﬁmﬂﬁpthﬁ' rhihi@flm &8I foRg tmem@%dle?aﬁ the appropriate
mﬁ%cxou%g t he roughness 211 is reduced, wherein the

ters i 8 WD 2004/ 097932 PCT/ U82003/ 041181 renoval
al sdn sersgmbodznentsHiee ameyage yarfacenovahoksy 2§ imonbe2@Beddhn eontrollet! hg controlling at

lea@cl oHé @bées%mqﬁletm@ ab let'i}% pgfcesg B RRS &lie WA LG Er erffdfiment, the amount of
her ef 0{ he end {)OI n det ecti on si gnal ri ses and

levFlérale H]e aﬂ%aaw B% %@ 5¢ 33 r%v%tlh?ﬁvgragelsu%a rotlgmess 212 for e%tabhshmg the
relaf!omheaﬁ ti®eribedcdbearveth cderaice ®IRIduaCeanp &r On@IiE radaionship, @l thus a target value
for%lllega%rg e%lﬂ‘ﬂtﬁ{ rXugIh\?eEsgg &f;& 1&9:%9 rgcgsségraﬁla& such ast leveler concentration,

conventl onal cCase, res ste per sl ope
may g qpatrolledia peraidpncs w%hqjquﬂf@uet 2 and t3. Due to the

St eepigr re&keﬁ&eto QigueUtcy ﬁlrtﬂer ilhRgatea Gm&dﬁfentﬁ e deakibsihfor formmg a surface
reo

roxfJ ﬁness a?ﬁaaspa v\ézi no%a%‘?em (]ds %eﬁons glelf,c%rtlc liiyeb Oﬁ‘f[eg/ﬁnn?% tﬁ%d%@%{g}eas depicted in
Flgu@dad@oﬂevweﬂog Ingiiguek 2c unay heforntsd imatinaithr falkiédn,as flascripedreitherkference to Figure

2b a*tfeﬁ&ulg)klleﬁpta p&EQlVﬂB isBorlBoveeRE &ﬁ%ﬁﬁeﬁfec‘l x\égon % Yﬁé dfbleéinéjlayer 202. In
nal /ngise ratjo of Ain

the si
on PPt P AL BHRDEHS (G P E el (e Db Bl dp example, an adicona
littogreyéup e Schotep C (hey gattén 2 H moyke folnhed S & drdeir or @fulitke infalt so as to provide

ele&n@aﬂo@r{a&t%&wg@%ﬂelgﬁo%t %Meﬁé mﬂje ﬁ@%ﬁe 28X &R %vg}? tﬁeuﬁrrent distribution during

correlation o tection s
an elggtroglating d¥Rsess dfr Wc%lgli‘tbd@qﬁlﬁgg andmay omygnegligitdy . they overall electroplating
plurality of substrates 201, in the form of product
substrates and/or test substré&es, may be processed
Wi th substantially identical CVMP process paraneters,
wherei n the average surface roughness 212 may be
varied and related to the correspondi ng endpoi nt
detectlon S|gnal The aver age surface roughness may be
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t2, is determ ned and plotted versus the average

surface roughness 212. Fromthis relation, an
wa@ppropsat e average surface roughness may bePCT/US2003/041181

extracted, which is then used as a target value in

prgcregat{ﬂ S Elﬁ%dﬁféﬁtg %%at%gl 119 ng?g}ﬁ)ﬁ% éﬂft)]vilded ﬁ%e kn%)%tt s@?ﬁgy%f (%f the barrier/seed

gure I nmum nma ned as t

laXFé?Qi‘eW¥16‘? WPli:?ély é?}%‘i‘sa"ggéed lgyigr- 11 ¢dds Gaga Gim AEES! dlmweat the anifipl phase of the
plﬂinkl Boced mztyeéma&nsuaﬁymh@ uﬁﬂiﬁdt@l}/ @fla fubtfier @RinBie/thé BhttbrR @13 may be provided as

E&&%Ll 1R fafem l’ogne(a G Otthf‘] a{ 9 g{a%% 1er/s%e.dtl1a er%z% al time of

X I'ng proc ess t he
begl e ﬁxj patert Hig lbfﬂlm%ihfhp platéng Procesy fstrietformprd wherelp efdard bath recipes and

préRis@&tpeOiayHe@tal D tKe%ﬁﬁ‘ehﬁﬁi& AhSdpset fiép@éi’tlomlsnhdﬁﬁied in accordance with the

y, at e e_sur
o3 2 Ao b S R G-I (BB rhr procesing o
thes aubgipte?d! ony bheonims( gs Hfdeschived vmtb Ireféreroe ghFipare Bor During the CMP process,
mdt&'ﬁt o Gal alsg st?aﬁs tah ﬁlqu%léﬂ %dmr:l@&u%{hg rh%ﬁ' bﬁteﬁ%(ch Idee@h%c "iaayer 202 so that

this mni mumt ot al I ndi cat

suF‘lsﬁl&tlagﬁ ﬁlil Oﬁfnie a’lfl\@nta%ea rafea'tcgleyes LP@ H’Ill élgsprevllchlslg dlﬁqgrlbed embodlments Moreover,
regandi@dienferiation of Aeapanoeriategpariael foﬁ@f)&s Emugfhﬁ}&;ﬁébt 3 b avdaye K@Mt and/or pitch,

\Y t ne . .
allpo?gﬂg g:gtgx‘?{) %)(r&g%e oqlgé?u o}?fegﬁ ce &P Flgt cl%n’algalngrg CI)I% Sg ap%ges o, € é:glbodlments described
abgveith gferenpgfo Higla 2e-i cul ar errbodl ment, the anount of

| evelie fparticuldr REbgindhnis igc1bRE Bboi@yre lﬂﬁlst&di/dl&ﬂ}e ds B0 irdéntibPmay be modified

t surface roughness
anX gliaé(tg ({' %1 ﬁ%}érentq% quldaane Ima rs a arent tcé ého%f esgil?r{ JB élaa agdlsvjég the benefit of the
teaghipgy hegsfne r]@m cxanipls, the prAcess gte}a;n@t ﬂ)rth @rye ntalndve performed in a different order.

Fuﬁ@rtﬁ(tré Q0 S#itRiona kel nitehhl’e%l té‘ e @Elglﬁt of %@lsﬂr‘tﬁtlonf &rdest@eneé}ﬁ%é\%e other than as
f ac one proces

ess

ceiitb o 90 Bl ot 1 ot i g Bl s e inenin e o above my be

altgerhor pbdifd ind dcodr daintes wiet dondideed tveithipethe apei@nd Wiliithof the invention.

A&:&fhﬁéﬂa %%ro&e@tlo&:l' &%ﬁt%elgﬁ is ab H:[ fonl?ﬁl tHle ciaiﬁﬁtbglé&l I ve

mbodi nents are described for formng a surface

roughness at | east over non patterned regions of a
dielectric layer. After form ng the device 200 as
depicted in 35 Figure 2a, the device 200 in Figure 2c
may be formed in a simlar fashion as described with
reference to Figure 2b, wherein, however, a pattern
213 is fornmed over the non-patterned regi on 206 of the
dielectric layer 202. In one enbodi nent, the pattern
213 may be forned in the barrier/seed | ayer 208 by,
for exanple, an additional |ithography and etch step.
The pattern 213 nmay be forned in a screen or grid |ike
manner so as to provide electrical contact between
nei ghboring el ements of the pattern 213. In this way,
the current distribution during 40 an el ectropl ating
process is only slightly nodified and may only
negligibly affect the overall electroplating -9 WO
2004/ 097932 PCT/ US2003/ 041181 process. In other
enbodi nents, the pattern 213 nmay only be provi ded at
the utnost sublayer of the barrier/seed |ayer 208,
which typically acts as a seed layer. In this case,
the current distribution at the initial phase of the
plating process may remai n substantially unaffected.
In a further exanple, the pattern 213 may be provi ded
as an additional resist pattern forned on the
otherwi se intact barrier/seed |layer 208. 5 After the
pattern 213 is forned, the plating process is
perforned, wherein standard bath reci pes and process
reci pes may be used. Due to the pattern 213, the
copper deposition is nodified in accordance with the
underlying pattern 213, resultl-ng in the creation of a
surface roughness 214. Thereafter, further processing
of the substrate 201 may be continued as is described
with reference to Figure 2b. During the CMP process,
naterlal renoval al so starts at the reglon 206
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15 and practiced in different but equival ent manners
apparent to those skilled in the art having the

whewep1o3nf the teachings herein. For exanpl ePCT/082003/041181

process steps set forth above may be perfornmed in a

different order. Furthernorg, g limtations are

intended to the details of construction or design

her el-n showsthodeffisposifingmmeial ovey a subptiaee@! ingludinga E¢lepiripdayer 202 having a
paR@hddsgion 10 fd b Eiﬁ)ﬁtﬁftlﬁl[yﬁloﬁydttéﬁ&itreéid%@b6 fbhﬁadﬂﬁfetd blindthod comprising;

eng?%#)(gglg sSd sulbsbic Saqu]el v%ﬁ € anthy g)rngn- Q) ogl?‘lglé/rdga)swqitﬂ 2917 in a bottom-

t he scopetoaqme@mﬂuelnt Saldfpaftehﬂed Iegmefm); on.

ACCOfogﬁu@meexcctsb el BB Gler Qﬁd QR reBBE leadd%alﬁ%uﬁﬁﬁtlally non-patterned

forthlnthecalrrs el ow. 0 WO 2004/ 097932

PCT/ US200%# 08889 CcLAIMS 1. A nethod of depositing a

nmet adontoolling atlestib®tpraatse pRddeter Aaring dierfgmationi of ke CéxtdsC metal layer to adjust a

layer 202 BaXidi8ndss oPaliteel 68l On 210 and a

substanti al | y n%thn Bgtter ne% r%g?}gn 206 forned therein,

the nmethod conprising: exposing said substrate to an

el ect.rol y"r}e nkRabid oSckind $, vikereid G&ld Q)QH;E &Etﬁﬂh}leyl_s &iﬂﬂaﬁh kaid electrolyte bath and

saﬂ%{ Fast one ocess %arglg%%gere};regengsqhenco centr %on ofaauleve e{ alf at]mg tlaa surface quality of a

er ned an excess ne
mwwefmﬁﬁ%mqeécﬁ@ﬁeba@gl on 210 and said substantially
non-patterned region 206; and controlling at least

0 ngeé)g ; O(r:ree'@glxrp %g@%rec at%{)l d ?rr!ﬂlg%lldgv %tgc{ﬁ)ge; lggél 0 n of ?.FS 9 @f electroplating.

sai d excess netal layer. 10 2. The net hod of claiml1,

whergi N SpeGnddng &8 §1a1[£ef efJnthlnaééﬁlFrlsln% rglgé'vq%cgal'd Q:xc%%' ﬂetal layer by chemical
te bath and  sai.d east one process

ect r ol

Jétal"ﬁ?\l@?@ ing SR AR B! f4istiNsidnt r at i on of a | evel er
affecting the surface quallty of a netal |ayer forned

in said ehgehhol ¥ 43 The nethod of claiml,
wher éi n_ sal g]te ?ect ro %Q?F%F%g a bath configured for
el ectPBPE ey, SubAtraterth% lsrf'élisﬁﬁfﬂ‘llbl‘ie%lFaéForﬁﬁlﬂ subpigpict th a3id electrolyte bath so as
conpri si ngnénesdiimaly &posd nﬁ%lﬁﬁSﬁotﬁﬁft@lop tean@Rfue R¥aid patterned region;
ggte?gl?rﬁlén S c%%é{x‘eta? %&rgver.r%@ Ip%lin dS Iaglgl} anra a sulgs%ﬂtlaﬂ¥ nontlﬁléermed region of
conpri si rigid sesgysioslisiie; andsecond substrate that is
S |U bS{a@H lbﬁ t@tcﬂ e)ﬂd;iod@d’&dctﬁﬁ'mgﬁa@ o BinSH Rad: Bﬁt;@ocgs@ pﬁﬁﬁe%tr during the formation
el ectroly 0Si

retal || DR 5T PR Co S pts of said exces

regi on; Iﬁemlhwngfsaldsamieslstrmt al layer over said

patterned region and a substantially non-patterned

regi on of_ said second substrate; and 25 based on said

endpoi nt Tesled grrlam gnuhereiniecpssy ofrigrlong of widsandrgisg detection signal is
usqrfgcassllipasaaineket ond piotespatatieterf Or mati on of sai d excess

nmetal |ayer of said second substrate to adjust a

surface roughness of said excess netal |ayer of said

secdnd suysmpetaede! clgim ITpkergirespid ggtabiomplisgs 49PIBT. wherein a

steepness of a slope of said endpoi nt detection si gnal

:C)z.r ar3n(e)t gfedeﬂg & F}{:Oht rol eéalll%%iogﬁag%ﬁ? se Least %ﬁ()) g\g%' tge method comprising:
met a)kov@grg-prsptg@age W0 ppang, for@ed tl\erncmtahﬁﬁdhcmlb ldyerr 23wt adirst region and a second

met al | i ZE}Egldﬂnsalicﬁfﬁ@tr re%gn ﬁcl&ﬁ‘@ \Ffégr}gd"ﬁ&ngﬁes dewd ﬁl?ed letlHed metal, said second
nmet hod conpri si ng %a substrate

havi ng f FEfBdeRsSpaiialy d?i’P‘é IOE'E"P evang ¥lagp b?@‘%wfthmﬁal

f i r skposiegsatinsubsivate & Mmetodyte bagtgto difl, sai8 alagladdi tfeBdhes i@ Gdidfirst region and to
i ncl udi NGor, 'aﬁ%xc%&%e%a[)ﬁ{é? Q\% Ldoﬁrg %nJ Je+ n§ ge 1tht \Qh A" su%clicb roughness at
sai d secon regl on Sanla% é CFH%

t renches l&raf V}dééco’t‘dd egien if "PdWSté‘Hto\h)F ’t‘lhheh’@ef’a'f‘lpti’r Oleately 50 nm; and

-11-



10

15

20

25

30

exposing said substrate to an electrolyte bath to fil
said vias and trenches in said first region and to

wo eooriogre3excess netal | ayer over said first anPCHESmNZ041181
regi ons, wherein a surface roughness at 40 | east of
S ai ?rgxovcfn sgifi e)%gsé tai l§ye? %) C'Tll?flll 6180% %)b%]g@ where% said surface roughness of
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