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25 and were used in the examples.

US 2006/0213780 A1 discloses amine-based copolymers of EO/PO copolymers having
at least 70% PO content. The copolymers are mentioned to have block, alternating or
random structure. A preferred amine is ethylenediamine.
30
US 6,444,110 B2 discloses an electroplating solution which may comprise, besides a
huge variety of additives called surfactants, nitrogen containing additives like ethoxy-
lated amines, polyoxyalkylene amines, alkanol amines, amides like those provided by
BASF under the trademark TETRONIC &, all of those being EO/PO block copolymers
35 of ethylene diamine. In the examples only polyglycol type suppressors were used.

EP 440 027 A2 discloses, as suppressors, polyoxyalkylated diamine additives. Alkoxy-
lated diamines are identified to be the most preferred additives.

40 US 4,347,108 A discloses, as suppressors, those provided by BASF under the trade-
mark TETRONIC @, all of those being EO/PO block copolymers of ethylene diamine.



mark TETRONIC (r), all of those being EQ PO bl ock copol yners of ethyl ene
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be seen the Oo%%lr]rlnlt)gandatrw fruﬁher decreases tﬁ aperture srztegepartrcularly at the top of the
apertures. Especially apertures with a seed overhang at the top opening or convex-
shaped apertures are challenging to fill and require an especially effective copper
growth suppression at the side wall of the feature and the opening of the aperture.
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Figs. 3a and 3b show seeded substrates of different dimensions. The seed is shown by
the light grey layer on the dark grey structures. Fig. 3a shows a seeded substrate ex-
hibiting impact of the seed on the opening of the features to be filled. Since there is an
increasing seed overhang issue with further shrinking feature sizes, as depicted in fig.
35 3a, there is a serious risk of pinch-off void formation in the upper half of the trench
close to the opening if the suppressor does not completely avoid sidewall copper
growth (2" in fig. 2a to 2¢). As can be seen the openings are reduced to less than the
half of the width without the seed layer resulting in effective aperture sizes of about 18
nanometer to 16 nanometer, respectively. The seeded feature has a convex shape.
40 Fig. 3b shows a seeded substrate with wider apertures compared to fig. 3a. After seed
deposition the trenches in fig. 3b have a width of about 40 nanometers at the opening
and of about 50 nanometers at half height of the trench. The seed at the sidewalls of



hal f of the width without the seed |ayer resulting in effective aperture
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i nventi on pr%@ﬁ"‘@é cgpregrowth, both leading to a flat growth front and thus providing substan-
tially defect free trench or via fill. The strong sidewall copper growth suppression of the
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30 filled. Moreover the invention provides an overall homogeneous bottom-up fill in
neighboring features of dense feature areas.

Furthermore the suppressing agents according to the present invention provide a sub-
stantially voidless and seamless filling of features having a convex shape.

35
The suppressing agents according to the present invention are particularly useful for
filling of small features, particularly those having aperture sizes of 30 nanometers or
below.

40 The suppressing agent is obtainable by reacting an amine compound containing at
least three active amino functional groups with a mixture of ethylene oxide and at least
one compound selected from C3 and C4 alkylene oxides. In this way random copoly-



stantially voidless and seamless filling of features having a convex shape.
The suppressing agents according to the present invention are particularly
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X for eagh repeating unit independ ently, selected fromC 1 to C6 al kyl en

and 2 (O 2) i oMRRAND ook 3 0iaiéh RS L LRREGGAILY se! ected from
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wherein

- the R radicals are each independently selected from a copolymer of ethylene oxide
30 and at least one further C3 to C4 alkylene oxide, said copolymer being a random
copolymer.

- the R? radicals are each independently selected from R’ or alkyl, preferably C1 to
C6 alkyl, most preferably methyl or ethyl.

35
- Xand Y are spacer groups independently, and X for each repeating unit independ-
ently, selected from C1 to C6 alkylen and Z-(O-Z)m, wherein the Z radicals are each
independently selected from C2 to C6 alkylen,
40 - nis aninteger equal to or greater than 0.

- mis an integer equal to or greater than 1,



- nis an integer equal to or greater than O . - mis an integer equal to
or greater than 1, Preferably spacer groups X and Y are independently, and X
for each wepestiieg7unit independently, selected from C pcrEps#oabisgl ene.
Most preferably X and Y are inde pendently, and X for each repeating unit

i ndependently, selected from nethylene (-CH2-) or ethylene (-C2H4-).
Preferably Z is selected fromC2 to C4 al kyl ene, nost preferably from
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preferably fpamdbit a@erdﬁ&%)@ér@f\eér@m%pérﬁMIﬂ ah@XJor-ealbk RSpBE@RY VAtM 1S an
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enbodi nent tlhe roFetrerd @nbetlirkgitéveanure dempasing &l sstsicted ffomometpylapipeestbyloxi de
(PO . | N3 higmic@ropgpantie, aopebyamine sh-biétylaMdeNrtduyI@ans hakyesniss ai-t i ng from
the active %ﬂbtﬂ aran@Célétﬂ é‘r‘nmgrﬁsg enTh&mﬁ‘qQ |Bﬁe>{t9fawﬁr§éﬁ¥lhéﬂ<ﬁar%bdcﬁeth£‘ the

copol yner of can
Copor Ty et RO St e SR8 (e BRoSPRT or abl y
from about 3059EBYARENIGAR: 1t%d'arﬁt@9he><?loe WBWW%HW'”%&PP“%@H%PW‘%A& erably
bet ween abouwdiox@8e&dnbyl, 1edigrine 147, abtiokyBidebarlmey 1, 0&dightine, Fiethylwoé glyodlar wei ght

Mv of t hgp SUd?QﬁiﬂéSiuéiEyl&%QﬂémH@Y3Q@aPﬁo% Nar@REMbpyRdng/aml to about 30 000
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triamine.

25
The C3 to C4 alkylene oxides may be propylene oxide (PO), butylene oxide (BuO) or
any isomers thereof.

In another preferred embodiment the C3 to C4 alkylene oxide is selected from propyl-
30 ene oxide (PO). In this case EO/PO copolymer side chains are generated starting from
the active amino functional groups

The content of ethylene oxide in the copolymer of ethylene oxide and the further C3 to
C4 alkylene oxide can generally be from about 5 % by weight to about 95 % by weight,

35  preferably from about 30 % by weight to about 70 % by weight, particularly preferably
between about 35 % by weight to about 65 % by weight.

The molecular weight My, of the suppressing agent may be between about 500 g/mol to
about 30 000 g/mol. Preferably the molecular weight My, should be about 6000 g/mol or
40  more, preferably from about 6000 g/mol to about 18000 g/mol, more preferably from
about 7000 g/mol to about 19000 g/mol, and most preferably from about 9000 g/mol to
about 18000 g/mol. Preferred total amounts of alkylene oxide units in the suppressing



nore, preferably from about 6000 g/nol to about 18000 g/ nol, nore
preferably fromabout 7000 g/nol to about 19000 g/ nol, and nost preferably
from abouwwo20001g71mol t o about 18000 g/ nol. Preferred tercalcranmoniss: of

al kyl ene oxide units in the suppressingagent nmay be from about 120 to about
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to about 300. Typical total anpbunts of & kyl ene oxide units in the
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process for #ldeGhBUjepasdut I FIHEORPPERLO BO. a substrate conpri sing
subm croneter sized features having an aperture size of 30 nanoneters or

| ess, the process,c risir contacting.a copper platin ath caonpri sing
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or al kyl. - anga\?a e S\Pacer groups |n8ep e y, an XFor gach
repeating urknsingdeptures having an aperture size of 30 hanometers or less.

A further embodiment of the present invention is A process for electrodepositing copper
25 on a substrate comprising submicrometer sized features having an aperture size of 30
nanometers or less, the process comprising

a) contacting a copper plating bath comprising a copper ion source, one or more ac-
celerators, and one or more suppressing agents selected from compounds of for-
30 mula |
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35
wherein

- the R’ radicals are each independently selected from a copolymer of ethylene
oxide and at least one further C3 to C4 alkylene oxide, said copolymer being a

40 random copolymer.

- the R?radicals are each independently selected from R" or alkyl.



pendently, selected fromC 1 to C6 alkylen and Z-(0O-2Z) mwherein the Z
radi cal s are each i ndependently selected fromC2 to C6 alkylen, - nis an
i nt eger ewoabidsmar greater than 0. - mis an integer e@UaEPL@0O5388T eat er
than 1, particularly m= 1-10. with the substrate, and b) applying a
current density to the substrate for a trrre sufficient to fill the

subm cron size feature with copper. Preferably at least part of the
features have an aperture size of 25 nanoneters or bel ow, nost preferably

20 nanoneters or Reh@W.aré\ksReP§6lisy ih@&behdertiiaind K fof &RBIrefRAlitg @it ihdee
features have an 5&%%8@ E%&té’d f’r’ém‘br% cBRIK gren%m%gbaég' %h@ﬁewqhé’k ARLfs  MOSt

preferably of 8 ﬁ Si Z resen
i nventi on neans t#® e@ﬁ%l”ﬁ%%q”dﬁrtbfr?@teé'iedérf’mﬁ%@Qﬁ@'fyéﬁtbe of a feature bef ore

plating, 3.e. after copper seed deposition. A convex shape is a feature

havi ng an apert ur gissdrzitteh&idy@alad ot graster Ran8h preferably 30 % nost
preferably 50 % smaller than the biggest dianeter or free di stance of the
feature before pl atrnlg Wth r terencF 8 ﬂ@ ! nd V4 corresponds to
the aperture siZe;, ¥2 InReelRAYAL O 8Ty eéé?gt i) Etré(rm of the seeded feature.
A wide variety of Wiihgisubsteets, Agd bat hs may be used with the present
inventiofl Metal electroplating baths typically contain a netal ion source,

an el ectrol yte, b)a[%)pﬁnr@%’ MRRRT denSitB irRSstbSeht@ R Blime siflitieABb &l the@bsour ce
|

may be any conpou c%ﬁ%%lf att?rf i Icgﬁi /.ng et al ions to be de posited in the
el ectroplating bath in sufficren unt i.e. is at least partially

soluble in the electroplating bath. It is preferred that the netal ion
source i s sofrafsrably 3t laaskpan eftthenfgatbessiavesan aresluee $izst efl25inenomelarscedear e net al
sal ts antb i newudest prurraigly 20 Adtondtérs bekIsve, Alstiraferrsdiisftiadt @sleastbalof thgl i des,

metal acet atf@?ture%ta@e ar%épre@rtrg&i ?f'ﬁeér%oré 'dr'é’rér%BQro% BPmofe kbt pﬁéfEﬁébl?lé'f Eonat es,

nmetal aryl sul fonates amat es,” netal gl uconates and the

is preferre A the metal is copper. It is further preferred that t he
source of net aI ions is copper sulfate, copper chloride, copper acetate,
copper citr afte, apedppeizersictarding fo the pseentfinvaeotianboeas ¢éhe Lugiipstrdianpdtéranme

sul fonatgy cRRAMSaRBANY Featith bEBRL BatARY. o BRRLb PR BbtERD ST, ANRheex Copper
sulfate pe“?n@ﬁgfsaakfg?tﬂ%%a&%%ﬁ p%r@@ﬁ%éu%%ﬂ@?&t 959, %re?@r%l}/ R /arnto%t

preferred and may be

used wi t houtPFi§FPHE0 éﬁFﬁaF‘?r&"aét”i B‘?tb'Bg%sttS'ég‘er?éP%tﬁeeeq %@'t‘%le fhgt Fﬁljret%@re
conposi ti onsplating. Weh (eferdnderio & et Vv 'odrelk\ét eheieesindp tmthetaperture size, V2 and

V5 to the biggest diameter of the seeded feature.

25
A wide variety of metal plating baths may be used with the present invention. Metal
electroplating baths typically contain a metal ion source, an electrolyte, and a polymeric
suppressing agent .

30 The metal ion source may be any compound capable of releasing metal ions to be de-
posited in the electroplating bath in sufficient amount, i.e. is at least partially soluble in
the electroplating bath. It is preferred that the metal ion source is soluble in the plating
bath. Suitable metal ion sources are metal salts and include, but are not limited to,
metal sulfates, metal halides, metal acetates, metal nitrates, metal fluoroborates, metal

35 alkylsulfonates, metal arylsulfonates, metal sulfamates, metal gluconates and the like.
It is preferred that the metal is copper. It is further preferred that the source of metal
ions is copper sulfate, copper chloride, copper acetate, copper citrate, copper nitrate,
copper fluoroborate, copper methane sulfonate, copper phenyl sulfonate and copper p-
toluene sulfonate. Copper sulfate pentahydrate and copper methane sulfonate are par-

40 ticularly preferred. Such metal salts are generally commercially available and may be
used without further purification.



metal containing |ayers. The conpositions may particularly used in the
deposition of barrier layers containing Ni, Co, Mo, Wand/ or Re. In this
case, beswdesiomsAab i ons, further el enents of groups || pcamP2040/053881
particularly B and P may be present in the conposition for electrol ess
deposition und thus co-deposited with the netals. The netal ion source may
be used in the present invention in any8am)unt t hat provides sufficient
met al i ons fBesidek ectal efecadplaiing the @ngpobiorsatay. beSiset! &bélectmitsa depasitionet al

sour ces i nclygg; cohté‘imr%{lgyé?@tThb'cHﬂn &ﬁilo‘hQma&'p@rt@@br"lﬁuse@@ﬂﬁ@'ﬂe&ﬁsﬁtﬁoﬁ of and the
like. Wen the,mp Jfoﬁ%a%ﬂ‘%%r(’)o VYQPcH%F qug%éé Eytpéfsﬁ]%F dfHgent in an

anmpunt in the ran |ng soI utlon

It will be dpihesé e&leéif Fosaugs E%ark‘}f  RigyIaryp pad Vt?é pé?SéE‘t'P
accor di ngp t csitiandonaientreless dmmmmﬂthtmusdemlsn@wth the oletaiss copper t| n hav
ing up to about 2 percent by weight tin, may be advantageously pl ated

accor di ng toTﬁehﬁet?lﬁ@r??@ cd rﬂéﬁ?&{}us%'a in t-ﬁe%r @PH e%t@iln%ﬂggmgﬁmttt p Ei@é salts

in such m xtures arti s well

| CU an
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el ectrol yt e, agout 300 o/i261 hitiig QbIUBSK BIwjilNE: BpRscldtd] MikRiresIenc®dl sHIRY RaysUr ces  of

metal ions, é?@étr'gﬁl@?e 'a\écé}ﬁ]h{; E’oethég%ﬁent%%m%t R a%ﬁ&g Oﬁhhﬁ"és ?%geHm"rﬁve' | ke

accel erators bat h are wat er
may be presdR@ YR 1P 3Poll 1ReTFE §¥ WEBHivn T3y 8¢ aﬁ\Yﬂ?‘ acgﬁﬁlés atﬁ&?‘é‘%or%g/ e used,
such as di sthreseatiinverdioonineeanagintstoh pachdi éheghelak satip Insuichgixiehdepshdt he

present {13Vvelpohatic ferycule afuyapse pritdadyana WEINKHRYN tdiBosOsRIRE @Nths altn any or der.
It is preferred that the inorganic conponents such as netal salts, water,

el ectrol yte andolt!) halt ion sour rst added to the bath ves

el fol | buedn By TReLor BRI meahigh RARREe Rl e dr it B Sang Soont

accel erator saccgrgtﬁ‘gﬁ@ @'@%ﬁ%”t 'g %tha@f@eatﬁaet@'wéeqtrpwéﬂnwmpeatw Prethe

pl ating bat heaigy inchide pleetsyit, ii erveinicioonlkalty cleetrolgiedorst oranye s@mpsrat ure from

1? :EO 65%@?%&3ﬁorf% abtidnb@Nelide fohs,iahd Bbﬁr@ﬂj&Hertahlaftlvéshﬁie%@é@l'i@étéﬁsLHnﬁlogf the
atin a r

Bear eod vt JgdZs SeToths oy w390 ERR, R SR e g

limited to, @amﬁwﬁ&%w& OTYadRT May g ged ﬁP%%‘{H%}F P dgtoniged af tEEH sul fom c

aci ds such as net hanesul fonic acid, ethanesul fonic acid, propanesulfonic
acid and tri THemepltahwtr%Ldfﬁmrsseachdennaﬁ yag tbbfpwpbcedagicdmbmu@hh@s phenyl
sul foni coRCi &nHaetOInUR) SRtk IO berdRiadnat #e ihBhific BShchneP¥ ALAFLY RELE aci d,
phos salts, water, electrolyte and optional halide ion source, are first added to the bath ves-

sel followed by the organic components such as leveling agents, accelerators, sup-

pressors, surfactants and the like.

30 Typically, the plating baths of the present invention may be used at any temperature
from 10 to 65 degrees C or higher. It is preferred that the temperature of the plating
baths is from 10 to 35 degrees C and more preferably from 15 degrees to 30 degrees
C.

35  Suitable electrolytes include such as, but not limited to, sulfuric acid, acetic acid,
fluoroboric acid, alkylsulfonic acids such as methanesulfonic acid, ethanesulfonic acid,
propanesulfonic acid and trifluoromethane sulfonic acid, arylsulfonic acids such as
phenyl sulfonic acid and toluenesulfonic acid, sulfamic acid, hydrochloric acid, phos-
phoric acid, tetraalkylammonium hydroxide, preferably tetramethylammonium hydrox-

40 ide, sodium hydroxide, potassium hydroxide and the like. Acids are typically present in
an amount in the range of from about 1 to about 300 g/I, alkaline electrolytes are typi-
cally present in an amount of about 0.1 to about 20 g/l or to yield a pH of 8 to 13 re-
spectively, and more typically to yield a pH of 9 to 12.



phoric acid, tetraal kyl ammoni um hydr oxi de, preferably tetranmethyl ammoni um
hydr oxi de, sodi um hydr oxi de, potassi um hydroxide and the |ike. Acids are
t ypi cal | ywpnesens7izn an amount in the range of from abortTEPe@ombizei 300
g/l, alkaline electrolytes are typi cally present in an anount of about 0.1
to about 20 g/l or to yield a pHof 8 tqg 13 re spectively, and nore
typically to yield a pHof 9 to 12.Such9electrolytes may optionally contain
a source of halide ions, such as chloride ions as in copper chloride or
Pﬁdr ochl or It Cs@hictbotrdiyiel Gy piaRINPEoni & Q&erf&‘ r%ﬁdbcieﬁ%,gaéH %Idﬂ@&jdﬁ@l :Jsedt Ihn
e presen u . nically, e
hal i de ion é%ﬂﬁgﬁ%%gﬁﬁﬁﬁﬁiéﬁ?%£@ﬁgk?3%'A“RF”%P%%QE%%%?QQ%ﬂgémgﬁgﬁg 100 ppm

| ange 0
based on t he™Y Bt Y574 bReRresppt 'P‘@”B%%’g A& domRReukthia 2P AP BPPt BYAs sul furi c
aci d or net heatvdhg halide onaonekntrativh ip indheraabé of feonmalaut i @ taofbos 1 M0wpimc aci d or
met hanesul f ofdised a6 tHé phdielg Baoltl sGprRefeiredCthhiahé diectralis is sli@icaridds nagitthngour ces

of hal i de | angoeshlantirdiEnipbanafile drBuNRBLERD: AERASIRGAL bya sgrarer cial Iy

avai | abl e and may used er rification. . Any a rators
e b advantube sy Bt Th T itaphings BHAIe Bt kY sRERE I acont
i nvention. AGQEEIragsPeallysemmercialytayaiablecsdmay heusad wWhout AEthaigRurligat ar e
not |im1Q ediagno, conpounds conprising one or nore sul phur atom and a

sul f oni ¢/ phosphonic acid or their salts. The generally preferred

accel erators V. c3X- R - - Wth: Mis a
hydr ogen or 'Aérﬂﬁaé:??é'{gﬁ)r%? gpg% %\?até]¥a§r8étﬁyeus%g'ngtﬁe_ E%t'&g lgf’%%ssgﬁsg?r%gé&he_n =1to 6
R2 1 is sel B PY%WP@lA‘?éS'GE'lC!(?Pseé‘t"dh%'eBFeSﬁ%tt'%‘feB&CPWdQ‘F'“fb% Bui#re 89t igryl  gr oup
or a het er odtedratcompguruigsompkitieg @l dyorg sdpps atom dndmswdfonipphesphamie e

het er oat N (Nid &.thé)sagld 1- 12 car bons. Carbocyclic aryl groups are typical

aryl groups, such as phenyl, naphtyl. Heteroaromatic groups are al so

o Tused 11 e Sy oGl afditPRfva B Geheck S W iR

being i denti¥H¥ or different fromR2 1 . Mre specifically, useful
accel erators i nclyde hyaasen of at ARalf RéthiqpiefgatipNgdl Re: MXBS- R2 1- SH MBS- R2

1-S-S-R EO 1 -S_O %MS%%-Ar-S-S-Ar-SO 3M

- n=1t06

- R2is selected from C1-C8 alkyl group or heteroalkyl group, an aryl group or a
heteroaromatic group. Heteroalkyl groups will have one or more heteroatom (N,
S, O) and 1-12 carbons. Carbocyclic aryl groups are typical aryl groups, such

25 as phenyl, naphtyl. Heteroaromatic groups are also suitable aryl groups and

contain one or more N,O or S atom and 1-3 separate or fused rings.

- R?2 s selected from H or (-S-R?""X0sM), with R?'" being identical or different

from R2".
30  More specifically, useful accelerators include those of the following formulae:

MO3S-R?'-SH
MO3S-R*'-S-S-R?"-SOsM
MO3S-Ar-S-S-Ar-SO3;M

35 with R?' is as defined above and Aris Aryl.

Particularly preferred accelerating agents are:
- SPS: bis-(3-sulfopropyl)-disulfide disodium salt

- MPS: 3-mercapto-1-propansulfonic acid, sodium salt
40



with R2 1 is as defined above and Ar is Aryl. Particularly preferred

accel erating agents are: - SPS: bis-(3-sul fopropyl)-disulfide disodiumsalt
MPS: 3- newoapioriizipr opansul foni ¢ aci d, sodi um sal t O her pexarpdiess1381

accel erators, used alone or in mxture, include, but are not limted to:
VES (2- Mercapt oet hanesul fonic acid, sodiumsalt); DPS

(NINdi et hyl di t hi ocarbam ¢ acid (3-sul f?ﬁ)ropyl ester), sodiumsalt); UPS

(3-[ (am noi ndthenetalples-of adveatdrs prsep ylose bf inmiigtugc indlide, HSare not limited

(3- (2- benzt hpames imk&bmémaﬁé&ﬁ&r@m fs88UA 8@t BPsIQW-um sal t) ;

et byl (G- Eﬁﬁgﬁg@m&%{%%@m 3 (5 Bl SRRV L3185 Ups (o-(amino-

nmet hyl
met hyl - (ro- s'[ﬂ' 1-propysHifenigacidy 2B (AP ¥Rifiazokthiot-Lccel erat or s are
t ypi cal | Y5 userdpdanesidionigrmoidnsoddfm st mercaptpprapysulédnisacid $&6dfopamyl)dstesed on

the total wehghyl-@fsutphepropytdiaiirideadisodidrasai; metrgi-loysuthobmbliptrieomes)t s of ac
cel erator usgfdhnt &yt he present invention are 1 to 500 ppm and nore

particularly 2 to 100 ppm Any additional suppressor nay be advantageously
used in the present invention. Suppressors useful in the present invention
i ncl ude, butS¥h@cerigraiorsre apicaty, ussgliyareameuntat @out Gf @Pmﬁ%?‘@ql’éé@%l y those
havi ng h#l erppat, baseidrsthe taidl weight afrioe phetirg) haétr. Pladicllany suiteldy geoustabbad-t ut i on.

It is preferddbatbnaerd Mans pRBERFNEAtionSré1 ROS003PEY, LRORRK siRticubiil badl e sup
pressors i nc 3’§"F0| yet hyl ene gl ycol copolyners, particularly polyethyl ene
y

gl ycol poly pr ene glycol copolyners. The arrangenent of ethylene oxide
and propyl ene oxide of suitable suppressors may be bl ock, alternating,
gradi ent, orAmyaididianal Thepresspyabkhé ehvangogausly usay incberpreserd ifvantidnebural kyl ene
oxi de buig di grgsdotsamkstul BuRdIpr@serd ith/ghtRnenolidie disut aly et Bt t9, pdlyeerid vet@ge
mol ecul ar wei ghi,, @ELisH thadl r%vﬁljmgtreﬁ%%% udstitaf %n PlBl‘étpa%Q:g%rI%é) Ren The

starting nole es o0 alco hol s
o’ e e koo o Bl FobnioRs s A dp VR TR BBy S conor s
such as pheanP%SO%GC'\Eﬁes?ﬂ‘t@thle@e gb(P%&PWyfﬁ‘ﬂéd}@ﬂl%'a%@ﬁyeﬁ@/'%rﬂwp Fé’l'btohol

pol yol st ar t@opylesecycascogblymets, Tt gredpémenttof bigibig dxade grdgpaepytsne oxide

pent aer y2dir i ¢rQLitabfOdupbielbors Ay Be BYEK, %ﬁt&%a%@raé@nﬁéﬁr‘éh@d@%e pBRe-t he 1ike,
am nes and of %eq%rpc@%ﬁyscm (B2 RhE o RAL BEBe ol b%&@géch%lg%np?e%ean' Line,

tri et hanol
erocyclic an‘?’ﬁ'ﬁ? Péelﬁcf lgdh ‘??ﬁeéﬁﬂfd}w'%ﬁ%?r&’QPQBB%?Hit@'%%lpaéess‘ﬂine%“i’iﬁé? pput

pol yal kyl ene2Q§Pwbodl. Bemtartasopelecuies/of iseitfoleneaiyativiehe giycol ayibersiky! gemwups such
as sul fate, sl sushat enetr@iABIDetRbRON prégdoll R@ulahléind the like, aryl alcohols such as
25 phenols and bisphenols, alkaryl alcohols such as benzyl alcohol, polyol starters such
as glycol, glycerin, trimethylol propane, pentaerythritol, sorbitol, carbohydrates such as
saccharose, and the like, amines and oligoamines such as alkyl amines, aryl amines
such as aniline, triethancl amine, ethylene diamine, and the like, amides, lactams, het-
erocyclic amines such as imidazol and carboxylic acids. Optionally, polyalkylene glycol
30 suppressors may be functionalized by ionic groups such as sulfate, sulfonate, ammo-
nium, and the like.

When suppressors are used, they are typically present in an amount in the range of
from about 1 to about 10,000 ppm based on the weight of the bath, and preferably from
35 about 5 to about 10,000 ppm.

Leveling agents can advantageously be used in the metal plating baths according to
the present invention. The terms “leveling agent” and “leveler” are used herein syn-
onymously.

40
Suitable leveling agents include, but are not limited to, one or more of polyethylene
imine and derivatives thereof, quaternized polyethylene imine, polyglycine,



When suppressors are used, they are typically present in an anount in the
range of from about 1 to about 10,000 ppm based on the wei ght of the bath,
and pref ewakbyw/fisam about 5 to about 10,000 ppm Level i rgTapenbss388n

advant ageously be used in the netal plating baths according to the present
invention. The terns "leveling agent” and "leveler"” are used herein syn
onynously. Suitable |eveling agents incflide, but are not linted to, one or
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(CL- C12) al kydthersapstiierbyrarieHy 35 hubgoidonipaiymirqeen- €15 X theo,

( C2 C12) al kedid)slkenyl, (Q@szﬁ_@'),a@:ybﬂ Rjatxyléria (Ché:HZ)lak(enyliblokem-Gm)grylttﬁo ni trogen
\r/]\ﬂy havgy ?%dQﬁe mélr EikéMQé,tthetM@él_{en?\ﬁlpml&onéBpul‘ho%%ubéﬂtlljéh%rohb%h&ﬂast0 h

ydr ogen, - . - (CZ- | Ke. e
R 87F et %ﬁﬁﬁ@séﬁ wgg%égﬁéiy@e@‘%r@% CYPRICAIACY o1 0R Ao WEC
cyclic NR- STHAUNEES Bgiongt Sosmahie ﬁ‘a’é"ct?{§§‘é'ch%ﬂ’)1"?@‘”€? EHERINIpREYHE N ogen or
t he sul f ur oOR-SHondiiond grasps inglyde thaselhavie &ithbrf the niliogén er théeheulfui ergpotytbeem By
"substi t ut echiddeyland i suEa@ithintag riageys@m.nor e of the hydrogens on the al kyl
group isy4 eplaced with another substituent group, such as, but not limted

to, cyano, h%g'rsgg)(s\{ituted alkyl" is meant that one or more of the hydrogens on the alkyl group is
replaced with another substituent group, such as, but not limited to, cyano, hydroxy,
halo, (C1-C6)alkoxy, (C1-C6)alkylthio, thiol, nitro, and the like. By "substituted aryl" is
meant that one or more hydrogens on the aryl ring are replaced with one or more sub-

30  stituent groups, such as, but not limited to, cyano, hydroxy, halo, (C1-C6)alkoxy, (C1-

C6)alkyl, (C2-C6)alkenyl, (C1-C6)alkylthio, thiol, nitro, and the like. "Aryl" includes car-
bocyclic and heterocyclic aromatic systems, such as, but not limited to, phenyl,
naphthyl and the like.

35 Polyalkanolamines, alkoxylated polyalkanolamines, functionalized polyalkanolamines,
and functionalized alkoxylated polyalkanolamines are particularly preferred levelling
agents in copper electroplating baths. Such Polyalkanolamines are described in Euro-
pean patent application No. 08172330.6, which is incorporated herein by reference.

40 Polyalkanolamines can be obtained by condensing at least one trialkanclamine of the
general formula N(R"-OH)s (la) and/or at least one dialkanolamine of the general for-
mula R'>-N(R"-OH): (Ib) to give a polyalkanolamine(ll) (stage A),
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The trialkanolamines (la) and/or dialkanolamines (Ib) used in stage (A) have the gen-

eral formulae N(R"'-OH); (la) and R'2-N(R"'-OH): (Ib).

The R radicals are in each case independently a divalent linear or branched aliphatic

30 hydrocarbon radical having from 2 to 6 carbon atoms, preferably 2 or 3 carbon atoms.
Examples of such radicals comprise ethane-1,2-diyl, propane-1,3-diyl, propane-1,2-
diyl, 2-methylpropane-1,2-diyl, 2,2-dimethylpropane-1,3-diyl, butane-1,4-diyl, butane-
1,3-diyl (= 1-methylpropane-1,3-diyl), butane-1,2-diyl, butane-2,3-diyl, 2-methylbutane-
1,3-diyl, 3-methylbutane-1,3-diyl (= 1,1-dimethylpropane-1,3-diyl), pentane-1,4-diyl,

35 pentane-1,5-diyl, pentane-2,5-diyl, 2-methylpentane-2,5-diyl (= 1,1-dimethylbutane-1,3-
diyl) and hexane-1,6-diyl. The radicals are preferably ethane-1,2-diyl, propane-1,3-diyl
or propane-1,2-diyl.

The R'? radical is hydrogen and/or linear or branched aliphatic, cycloaliphatic and/or
40  aromatic hydrocarbon radicals having from 1 to 30 carbon atoms, preferably from 1 to
20 carbon atoms and more preferably from 1 to 10 carbon atoms. Aromatic radicals
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N- net hyl di ethanol am ne, - bi s(2- hydr oxypropyl ) - N-net hyl am ne,
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N-cycl ohexyl sié et Ram@trzptditoonbnis ey viigaivb anabainbiier dtido §rolipd fdi Bk hanol am ne
or N, N-bi s( Z5Juedh@r¥gioRy! ) aniline. Particul ar preference is given to

di ethanolamne. In addition to the trial kanol am nes (la) and/or

di al kanol am nes (Ib) it is optionally possible to use further conponents
(1¢c) having theP GWE%Vﬁma@8W6?m@ﬁNﬁ688@6W§§m?éWjQ%@”%%K@b%ﬁd@ﬁ@ﬁ@pon. The
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o
heat i th , ] Lon. t
i oc oged. 1 b IEIAS 1 belaSiedhaBlsbbist X ficite b bISBISOTRARRED 7P, | ¢
in each casetuﬁsé’éd'g%%‘i% opeNtdR). Werflgk es of different conponents (1a),

(I'b) or (lc). The condensation is perforned typically at tenperatures of
from 120 t o B&QodegisetorGs ppieined alcyiyf at@smddrtuted oPBén deQ oeB0@egid QoI e

preferabby fr5ombB0%dhP1548 286955 Ee € and more preferably from 180 to 240 degree C.
The water formed is preferably distilled off. The reaction time is typically from 1 to 16 h,
preferably from 2 to 8 h. The degree of condensation can be controlled in a simple
manner through the reaction temperature and time.

30 The polycondensation is preferably carried out in the presence of an acid, preferably
phosphorous acid (HsPOs) and/or hypophosphorous acid (HsPO,). Preferred amounts
are from 0.05 to 2% by weight, preferably from 0.1 to 1% by weight, based on the com-
ponents to be condensed. In addition to the acid, it is also possible to use additional
catalysts, for example, zinc halides or aluminum sulfate, if appropriate in a mixture with

35 acetic acid, as disclosed, for example by US 4,505,839.

The viscosity of the resulting polyalkanolamines (ll) is typically in the range from 1000
to 50 000 mPa.s, preferably from 2000 to 20 000 mPa.s and more preferably from 3000
to 13000 mPa.s (each measured on the undiluted product at 20 degree C).

40
The mean molar mass M, (number average) of the resulting polyalkanolamines (ll) is
typically in the range from 250 to 50 000 g/mole, preferably from 500 to 40 000 g/mole,
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groups arsl amylysmeacacaky (18R optihalidse MieBRilized Bachrthéridacabkstbe (®. Ax | des
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pol yal kanol drinaed!) gre genvertsdiyineaangf sutalle Rgemowlich giesapablapdestioamitho
groups pr esemtraxp grdupspotipairkian graupsi Tesforfisl finaivealicenpaydiedolbninesans  of
sui t abl exagenys which are capable of reaction w th hydroxyl groups and/or
am no groups. Th| s forns functi onal i zed pol yal kanol am nes (I1V). The

al koxyl at ed al kanol am nes (11 can optiona be functiaonalized in a
further reac axylaigd a'km'%eﬁ%(i'aﬁano tl?ﬂ%'{ylb@rfé’?‘f"%%%"?‘%ﬁ’n‘”@afﬁ”@ér ve to

modi fy the pneeqzt@nﬁteesDbﬂntaldéItlmak&wyﬂlcmtakzz@h@btbmemnoh@mfm@s p(dpefties offo t hi s
end, the hydhexykbxyditelfsyatdadblamindsgiIng To this end, the hydroxyl groups and/or amino
25  groups present in the alkoxylated polyalkanolamines (l1) are converted by means of
suitable agents which are capable of reaction with hydroxyl groups and/or amino
groups. This forms functionalized alkoxylated polyalkanolamines (V).

In general, the total amount of leveling agents in the electroplating bath is from 0.5 ppm
30 to 10000 ppm based on the total weight of the plating bath. The leveling agents accord-
ing to the present invention are typically used in a total amount of from about 0.1 ppm
to about 1000 ppm based on the total weight of the plating bath and more typically from
1 to 100 ppm, although greater or lesser amounts may be used.
The electroplating baths according to the present invention may include one or more
35 optional additives. Such optional additives include, but are not limited to, accelerators,
suppressors, surfactants and the like. Such suppressors and accelerators are generally
known in the art. It will be clear to one skilled in the art which suppressors and/or ac-
celerators to use and in what amounts.

40  Alarge variety of additives may typically be used in the bath to provide desired surface
finishes for the Cu plated metal. Usually more than one additive is used with each addi-
tive forming a desired function. Advantageously, the electroplating baths may contain
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figs. 1 and @dewicchwachaniggkpldretizatign (GMP), av deictetintfiget®t 0. Fig. la shows a
dielectric substrate 1 seeded with a copper layer 2a. Wth reference to
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seams. This can be realized by initiating the copper growth at the bottom of the trench
with the copper growing up to the mouth of the trench while suppressing copper growth
at the sidewalls of the trench. This manner of trench filling, the so-called super-filling or

30  bottom-up-filling, depicted in fig. 2a, is sought to achieve by adding certain additives to

the plating bath: the accelerator and the suppressor. It is a sensitive interplay between
these two additives that has to be carefully adjusted to obtain a trench filling free of any
defects.

35 Bottom-up-filling as shown in fig. 2a can be achieved with the accelerator preferably
accumulating and adsorbing on the copper bottom of the trench and thus boosting the
copper growth 2’”, and with the suppressor adsorbing on the sidewalls of the trench
suppressing the copper growth 2. Depending on the chemical structure of the sup-
pressor and thus on its suppressing ability, the trench filling can proceed with variably

40 shaped copper growth fronts 2", depicted in figs. 2a to 2c. A perfectly working sup-
pressor with complete sidewall coverage and full sidewall growth suppression 2" is
shown in fig. 2a. In this case the growth front 2" is flat with solely growing bottom-up
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ode. Sufficient current density is applied and plating performed for a period of time suf-
ficient to deposit a metal layer, such as a copper layer, having a desired thickness on
the substrate. Suitable current densities include, but are not limited to, the range of 1 to
30 250 mA/cm?. Typically, the current density is in the range of 1 to 60 mA/cm? when used
to deposit copper in the manufacture of integrated circuits. The specific current density
depends on the substrate to be plated, the leveling agent selected and the like. Such
current density choice is within the abilities of those skilled in the art. The applied cur-
rent may be a direct current (DC), a pulse current (PC), a pulse reverse current (PRC)
35  or other suitable current.

In general, when the present invention is used to deposit metal on a substrate such as
a wafer used in the manufacture of an integrated circuit, the plating baths are agitated
during use. Any suitable agitation method may be used with the present invention and
40  such methods are well-known in the art. Suitable agitation methods include, but are not
limited to, inert gas or air sparging, work piece agitation, impingement and the like.
Such methods are known to those skilled in the art. When the present invention is used



The advantage of the invention is that suppressing agents are provided that
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ing thereon. A Cu seed layer may be applied by chemical vapor deposition (CVD),

physical vapor deposition (PVD), or the like. An anode is also preferably circular for

30 wafer plating and is horizontally disposed at the lower part of tank forming a space be-
tween the anode and cathode. The anode is typically a soluble anode.

These bath additives are useful in combination with membrane technology being de-
veloped by various tool manufacturers. In this system, the anode may be isolated from

35 the organic bath additives by a membrane. The purpose of the separation of the anocde
and the organic bath additives is to minimize the oxidation of the organic bath addi-
tives.

The cathode substrate and anode are electrically connected by wiring and, respec-

40 tively, to a rectifier (power supply). The cathode substrate for direct or pulse current
has a net negative charge so that Cu ions in the solution are reduced at the cathode
substrate forming plated Cu metal on the cathode surface. An oxidation reaction takes



preferred that 98% of the plated apertures are void-free, nostly preferred
is that all plated apertures are void-free. Wile the process of the
present iwopenioasrihas been generally described with ref ecemnmreonos3sst

sem conductor manufacture, it will be appreciated that the present
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direct or pulse current has a net negative charge so that Cu ions in the
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Table 1

Suppressor  Starter EO PO arrangement Fill perform-
number/ number/ ance
starter  starter

1 Diethylenetriamine 120 120 random +

2 Diethylenetriamine 120 120 EO-PO -

(comparative block

example)

30  The amine number was determined according to DIN 53176 by titration of a solution of
the polymer in acetic acid with perchloric acid.
The molecular weight distribution d was determined by size exclusion chromatography
(GPC) with THF as eluent and using PSS SDV columns as solid phase.



w t hout substantially formng voids within the netal deposit. By the term
"W thout sub stantially formng voids", it is nmeant that 95% of the plated
aperturesweneiwasdsfree. It is preferred that the pl at edcaprriwnsssar e
void-free. Wiile the process of the present invention has been generally
described with reference to sem conductor manufacture, it wll be

appreci ated that the present invention ?T%y be useful in any electrolytic
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1. Table 1 SUPHCEESAP 9Giayingen WWW&F\%&%@H‘@VFWF opfained-or m nunber /
nunber/ #hceTtstiaetnerdiad protiect (43. 24 pridegetousaoiassiub2ydrbRide salnitbottancen-

Di et hyl enet riGh5 w2 koH 4 .45@) Rerd S88a dita b2y @ullcRoK at302ap hidr nltfyeam ne
number vas del &P REANACGAK HIAY BBl M DG 0BYC L 3LL RN b ribapO! Ut i o of
the polyner in acetic acid wth perchloric acld. e nol ecul ar I ght

di st ri but i on FNVREPIEEIES WRhBEERSFIdP 20ap% 218 e ehfioreeryiq M PEPE) wi t h
THF as el uemtrogiehepxidagd 1038 veBVddesl inmngioasatsigli’@ ogéraseeries #frff) e 3A mirsy nt hesi s
of suppr essoTo donlPié el readdibh,iteaTimbeuré 389 ahwednéslpyrt&ict ol @ hat the samee pl aced

into a 2L aubRelakfe dhed AnfempAatRs wik hEQERR4 P4 FbiFRE hiyiW ene oxi de
(830 g) was To

(B30 9 "o RS maROS iR 20 e Vit iy et
volatile compounds were removed in vacuo at 80 °C. An intermediate product was ob-
tained as a light brown liquid (867 g) having an amine number of 0.527 mmol/g.

20
The intermediate product (323 g) was placed into a 2L autoclave at 80 °C. After nitro-
gen neutralization the solvent was removed for 20 min at 80-120 °C under vacuo (< 10
mbar). Then the pressure was increased to 2 bar and a mixture of ethylene oxide (158
g) and propylene oxide (207 g) was added in portions at 140 °C over a period of 7 h.

25 To complete the reaction, the mixture was allowed to post-react for 7 h at the same
temperature. Then, the temperature was decreased to 60 °C and the mixture was
stirred over the weekend. Subsequently, the reaction mixture was stripped with nitro-
gen and volatile compounds were removed in vacuo at 80 °C. Suppressor 2 was ob-
tained as a light brown liquid (694 g) having an amine number of 0.243 mmol/g. GPC: d

30 =1.20.

Example 2: Synthesis of suppressor 2

Diethylenetriamine (382 g) and water (19.1 g) were placed into a 2L autoclave at 70 °C.
35  After nitrogen neutralization ethylene oxide (814 g) was added in portions at 90 °C over
a period of 8 h. To complete the reaction, the mixture was allowed to post-react for 3 h.
Then the temperature was decreased to 60 °C and the mixture was stirred overnight.
Then the reaction mixture was stripped with nitrogen and volatile compounds were re-
moved in vacuo at 80°C. A highly viscous light yellow intermediate product (1180 g)
40  was obtained.



for 3 h. Then the tenperature was decreased to 60 C and the m xture was
stirred overnight. Then the reaction m xture was stripped with nitrogen and
vol ati | e wormmousds were renoved in vacuo at 800C. A hi gbirerresossss: | i ght
yel l ow i ntermedi at e product (1240 g) having an am ne nunber of 9.12 nmol/g
was obtai ned. The intermedi ate product (48.5 g) and aqueous potassium

hydr oxi de sol ution (concen tration: 50 W0 KOH, 1.45 g) were placed into a
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sol vent Was areaivedurhiosr o20.564 mnat/g8BRPCG:20= 0@7under vacuo (< 10 nbar). Then
the pressure was increased to 2 bar and a m xture of et hyl ene oxide (158 g)

and propyl e %‘ ?@eﬁt%ﬂieoﬁz}teﬁ%ﬁgﬁg?ﬂd%z'vd}s &'191 %:‘Hﬁa\% a?‘é?“’caAfFé‘?“ od of

7 h. To conp reac tur react for 7
h at the san%“?%ﬁﬁ‘@\“é%'ﬁ?t@” t"\%%’r‘u"e”{‘ﬁés &ea}%%%?fu é &%&Cd\ér&eéa%a 160 C and

t he m xture Wmea). dhem thedrepgere Wasanaieasie itrd2 bBEnd ecppyiené pxide (397 0kwes i on
m Xt ure v@s sdded prestions bh140 10 vefl & Perddiichf YOl A hiheT & commsta tt ragdtionrtegoved i n

vacuo at 80 G mUR 9%% tc?pd@@%a@tbfort@h @Pﬂe@§m@térﬁ&%tur@r%ﬁ !h'e%;gerzg 694 g)

havi ng an am ne nu nt hesi s

of s uaor os o Badd e Can iy @ﬁ&lregwasaﬁﬁfe epio SRy éni B¥ f oS
into a 2L adﬁé@!oawtwewmsér@pewwéw rAgaryaslahie GemaPINFa MeEEEIONGd Bne oxi de
(814 g) was added d0TCpBuppresssr aivadObtdiCeduea light pexvindiduidi(7@ ¢).haviog eonpl et e

the reactd onamih&Bumiberlor b @58y OPEd £ 9 4post -react for 3 h. Then the
tenperature was decreased to 60 OC and the mi xture was stirred overnight.

Then the reactign m xture was stri EPed W th ni trogen and vol atil|l e conpounds

were re novedd% e #ae 4 shaw Bedratura sy Rl e GoRPELIREIFY YAle™ Y&sIe® et er nedi at e
product ( 1 w86 ugld fansledispkitingditine dlfiet@ﬁ nletjhgan@qﬁe@m i the fatloggand
agqueous pot asstichs Ayeticoppell eecDddpbsifich the @B6@@s in fig. 3a had a width of 15.6 to
25 17.9 nanometer at the trench opening, a width of 34.6 to 36.8 nanometer at half height
of the trench, and were 176.4 nanometer deep. After copper seed deposition the
trenches in fig. 3b had a width of about 40 nanometer at the trench opening, a width of
about 50 nanometer at half height of the trench, and were about 95 nanometer deep.

30 Example 3:
A plating bath was prepared by combining DI water, 40 g/l copper as copper sulfate, 10

g/l sulfuric acid, 0.050 g/l chloride ion as HCI, 0.028 g/l of SPS and 2.00 ml/l of a 5.3 wt
% solution in DI water of suppressor 1 as prepared in example 1.

35
A copper layer was electroplated onto a wafer substrate with feature sizes shown in fig.
3a provided with a copper seed layer by contacting the wafer substrate with the above
described plating bath at 25 degrees C applying a direct current of -5 mA/cm? for 3 s.
The thus electroplated copper layer was investigated by SEM inspection.

40

The result is shown in fig. 4 providing the SEM image of partly filled trenches exhibiting
the bottom-up filling with almost no copper deposition on the sidewall of the trenches.



tration: 40 W KOH;, 2.99 g) were placed into a 2L autoclave at 80 C. After
nitrogen neutralization the solvent was renoved for 2 h at 100 OC under
vacuo (< w0 2otwany717Then the pressure was increased to 2poaerand/osisiyl ene
oxi de (1266 g) was added in portions at 120 OC over a period of 11 h . To
conplete the reaction, the mxture was allowed to post-react for 3 h at the
sane tenperature. Then, the terrperature21/\/a5 de creased to 60 OC and the
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under vacuo (< 10 nbar). Then the pressure was increased to 2 bar and

pr opyl ene Oxd:&iﬁpa(r%%@ E%mw@sl added in portions at 140 OC over a period of 4
h 10 mn. To conplete the reaction, the m xture was all owed to post-react
for 3 h at the sane tenperature. Then, the tenpera ture was decreased to 60
0C and the nt RigtitePaNayaspiepared Py ¢embiniga P! waigh 8 gl earney as eorper eiigts: &t
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vacuo at 80 G % SuRiAESPlvafer YesippREsr ned g)e%aﬁbd“ﬁgfﬁm own liquid (705 g)
havi ng an am ne nunber of 0.258 mmol /g. . d =1.47. Figs. 3a and 3b show

the feature sizes of the copper seeded wafer substrates that were used for
el ectropl at i'ﬁ\@oRHef RYe s g aplalpd OBtPé‘tW?{%{ Patifde Wi Eriupee2eshENR sk | owi ng
sections. Af3agproddgsheith sempetnsd sAAyer pyncantasting tba elates sulrstrhiegrith3le Ataayea wi dt h
of 15.6 1D ldbsErieanpimg Bathat 28 Beyrédsc abplPREA difgtt carremt ot-b nilicriddol3 .0 36. 8
nanonet er atrghfs &@ét@tafatefafcob;tﬁﬁ &ﬁ%@m@ﬂ%ﬂ%@wsémns‘be&%ﬂorfet er deep.

After copper seed deposition e ‘'trenches Ig. 3b had a width of about
40 nanoneter_at the trench opening, a width of about 50 nanoneter at half
hei ght of t hE"et'PeHE, SEM thageiesheMoir 195 Witohebds neigijeringienaipetnat . A

pl ati ng bat hareasequatypeartydfilley witb ntyper.Mhe Dleneat @b notéxhipitla flrbaperellas copper
sul fat e, 2010 @fheProlvit ttdnt psrbibl tdthO BN HottshIbaf & GRwiPFbrRdistiblited Bvéta& 9/ | of
SPS and 2. 00,Md L ke B ife Holned btk b B iy WaplBhRlicOly RUPAIEES Ao L 25
prepared in exarrplfe 9. copper layer se ectropl ated onto a Vet er
substrate wi ¥R teaghesage %'fezaég ClopRAR theoRentygs Sfa”‘%Frﬁ&haéﬂuwotﬁ'ﬂ”ﬁ"?%pper seed
| ayer by condi¢ayeall ggrrehgrondi esulindistvpidifermatiorh t he above descri bed pl ating
bath at 25 degrees C applying a direct current of -5 mAcnR for 3 s.

25 Example 5:

A plating bath was prepared by combining DI water, 40 g/l copper as copper sulfate, 10
g/l sulfuric acid, 0.050 g/l chloride ion as HCI, 0.028 g/l of SPS and 2.00 ml/l of a 5.3 wt
% solution in DI water of suppressor 1 as prepared in example 1.

30
A copper layer was electroplated onto a wafer substrate with feature sizes shown in fig.
3b provided with a copper seed layer by contacting the wafer substrate with the above
described plating bath at 25 degrees C applying a direct current of -6.37 mA/cm’ for 6
s. The thus electroplated copper layer was investigated by SEM inspection.

35
The result is shown in fig. 6 providing the SEM image of completely filled trenches. The
neighboring trenches are equally filled without exhibiting voids or seams. The copper
growth front over the trenches is flat and thus indicates bottom-up filling and strong
suppression of the copper growth at the sidewalls of the trenches, as depicted in fig.

40 2a.

Comparative Example 6



The thus el ectropl ated copper |ayer was investigated by SEM i nspection. The
result is shown in fig. 4 providing the SEM inmage of partly filled trenches
exhi bi ti ngotzbm/hstivom up filling with al nbost no copper depapiioossssn the
sidewal | of the trenches. The neighboring trenches are alnost equally filled
wi t hout exhi biting voids or seans. The strong suppressing effect on the
trench sidewalls can be clearly seen sifice the small feature openi ngs are
still obvious and did not close while filling the trenches. Dur ing the 3 s
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mA cnR for 35-dhe e eleslierlapeeenrspirygrads dgpioataddySEMRsredioRst i gat ed by SEM
i nspectith. The resulting SEMinage is shown in fig. 5 which exhibits

nei ghbori ng tHeaesiey SEMimRess @tmu@hj.w W dxvibfté héigsbonhd RercBBP@E: The

trenches do e L I lJel to the
trench bott6%?%B§%%“§W%%FﬁﬁF@%ﬁ?qﬁfgfﬁﬁﬁﬁéggﬁngé9@%%e%ﬁgﬁia§ﬁ%?ﬁhe of the
trenches i ndi®at BFBYPERS Y GSETERE PO MHoPedViSHaRmas feririehiadigs gbandr g
trenches ar e2allhetieniches aedidedvithobextipimgvgids of saalms but leaz fasiscodparaddgo
significent siadpwd.l copper growth resulting in void formation. Exanple 5 :
A plating bath was prepared by conmbining D water, 40 g/l copper as copper
sulfate, 10 g/l sulfuric acid, 0.050 g/l chloride ion as HCl, 0.028 g/l of
SPS and 2.00 m /|l of a 5.3 wt %solution in D water of suppressor 1 as
prepared in exanple 1. A copper layer was electroplated onto a wafer
substrate with feature sizes shown in fig. 3b provided with a copper seed

| ayer by contacting the wafer substrate with the above described plating
bath at 25 degrees C applying a direct current of -6.37 mMdcm2 for 6 s.
The thus el ectropl ated copper |ayer was investigated by SEM i nspection. The
result is shown in fig. 6 providing the SEMinmage of conpletely filled
trenches. The nei ghboring trenches are equally filled w thout exhibiting
voi ds or seans. The copper growth front over the trenches is flat and thus
i ndi cates bottomup filling and strong



suppression of the copper growh at the sidewalls of the trenches, as
depicted in fig. 2a. Conparative Exanple 6A plating bath was prepared by
conmbi ni ngwbl2owatieriy 40 g/ | copper as copper sulfate, 10pgfiiEpsambfossssc aci d,
0.050 g/l chloride ion as HCl, 0.028 g/l of SPS, and 5.00 M/l of a 5.0 wt
% solution in D water of suppressor 2 as prepared in exanple 2. A copper

| ayer was el ectroplated onto a wafer subdtrate with feature sizes shown in
fig. 3b prowldiess with a copper seed | ayer by contacting the wafer substrate
wi th the above described plating bath at 25 degrees C applying a direct
current of -6.3 fOre ] . o r was
investigatedﬁbyxggﬁ%%%gmggﬁwgﬁ%UWﬁEEW&%%%F?%E%gE%ﬂ%ﬁkggnfgggﬁ%ﬁkg¥ﬁ fig. 7
whi ch exhibits ?\%P%ﬂ?ﬂtﬁ‘#ﬁ@r IPPRTROMEISING RSP USP &7 SARBEUATS 919 74/PSHOUG $UR- copper .
The growtdh fronpressieg agenéseleatertimms corgpayots effopaiidlect [y flat as in exanple 5
but resenbles nore a U- or a V-shape, as depicted in figs. 2b and 2c. The
trenches are filled w thout exhibiting?oids or seans but |ess fast
conpared to exanple 5.C ainms 1R\ A conpp itionjfor filling subm crongter
sized features having an aperturmjgkiev Y3ONpanoneters or |ess cozgrising
a source of copper ions, and &'l east ofe supfR'essing agent selected from
conpound®) of formula | wherein - the Rl radicals are each independently
sel ected from aywgepel ynmer of ethyl ene oxide and at | east one further C3 to

C4 al kyl ene oxi de, said copol yner being a random copolyner. - the R2
radi cal s are each inqegﬁndently selected fromRl or alkyl. - X and Y are
spacer groups i ndbfdhdetiealsare gaeh Rdergndently seleelpe AP AFoaryres A gdpiEnaent | y,

sel ected from C 1oxide @8l alldept ene famitbr Z3(1OCZ pikylghe p¥ile seideopolyraelibeiios ar e
each i ndependent | yangehespsgndrr om C2 to C6 al kylen, - n is an integer equal
to or greater than 0. - mis an integer equal to or greater than 1. 2. The

conposi tion accorgi t laim1,. wherein X and are in endently, and X
for each rapoat | niedrodeatapandbat sty 5Bt FoBlf o IRED i al kyi en. 3
The conposition according to anyone of the preceding clains, wherein the
am ne conpound i sXsel &¥credpdceogroumet ingdpaniendy, aatl Byfoaeach eepeptimpyritdndeaae,

| sopropyp@m ne, nNpéidekinaBeiBged fr&h TR LB lafleA@nd REBYARWhERIN tHE ARAdREI2M ne,
di et hyl am ne, are each independently selected from C2 to C6 alkylen,

- nis an integer equal to or greater than 0.
25 - mis an integer equal to or greater than 1.

2.  The composition according to claim 1, wherein X and Y are independently, and X
for each repeating unit independently, selected from C1 to C4 alkylen.

30 3. The composition according to anyone of the preceding claims, wherein the amine
compound is selected from methylamine, ethylamine, propylamine, isopro-
pylaming, n-butylamine, tert-butylamine, hexylamine, dimethylamine, diethyl-
amine, cyclopentylamine, cyclohexylamine, ethanolamine, diethanolamine,
triethanolamine, ethylene diamine, 1,3-diaminopropane, 1,4-diamincbutane, 1,5-

35 diaminopentane, 1,6-diaminohexane, neopentanediamine, isophoronediamineg,
4,9-dioxadecane-1,12-diamine, 4,7,10-trioxyatridecane-1,13-diamine, triethylene
glycol diamine, diethylene triamine, (3-(2-aminoethyl)aminopropylamine, 3,3"-
iminodi(propylamine), N,N-bis(3-aminopropyl)methylamine, bis(3-
dimethylaminopropyl)amine, triethylenetetraamine and N,N"-bis(3-

40 aminopropyl)ethylenediamine.



cycl opentyl am ne, cycl ohexyl am ne, ethanol am ne, di ethanol am ne,
tri et hanol am ne, ethyl ene diam ne, 1, 3-di am nopropane, 1, 4-di am nobut ane,
1, 5- di anwoepantisne, 1, 6-di am nohexane, neopent anedi am RET/EP2010/053881
i sophor onedi am ne, 4, 9-di oxadecane-1, 12-diamne, 4,7,1 O-trioxyatridecane-1
, 13-di am ne, triethylene glycol dlanlne di et hyl ene triam ne,
(3-(2-aninoethy|)aninopropylanine, 3,3 24 _ i m nodi (propyl am ne),

N, N- bi s( 3- ard.noph@pyhposiivgt@ndimetp abyeEeDf trei prededipl atzEino pheyd tha®iBne,
tr|ethylenetetr@@gmp@n@gﬂmmsMebcm@ngﬁgmx@@hggﬁa@pyl)ethylenedlanlne 4. The
conposi tion according to anyone of the preceding clalns wherein the C3 to

C4 al kyl ene oxide is selected from propyl ene oxi de. The conposition
accordi ng t 0®-any3heCHOSHIRR AFROBUEHIC FGYUICAT S, pr%?él”@@l?'rﬂ%é"hé@m@ £O15f

et hyl ene Dxi de tent eflethyisop okidenir the torstivmydr ehethysmedexideranditheefufthertdicto G283 t o C4
al kyl ene oxi de blgyléneoskid®Qs trom 80 t870 &. The conposition accordi ng to anyone
of the preceding clainms, wherein the nmo |ecular weight Mv of the
suppressi ng age is osition cordlng to
S sl 10 el 0 I Bl Ay i TS GROSL L O AR 10 Lo
7000 to 19000 gyeﬁ\ﬂiﬁrW%ghtﬂm@f&*&ﬁy@erneﬁ"aﬂwa%@b'éﬁawg’ OldNYPm 6 , wherein the
nol ecul af0 wei ght Mv of the suppressing agent is from 9000 to 18000 g/nol.

9. The conpogi t rRdcassRIh ag:omngatemnﬁ em‘vhéraﬁ e REIeslidtdverdreMy®s thaher ei n

ani ne conpound g&gpgssﬁbgge&%ﬂ&#?@dgtgq &;.nl pnal groups conprises at |east

3 active amno gr 0Si |on according to anyone of the
precedi ng cl ai s, further conprising one or nore accelerating agent. 11.
The conposi t8-onT@&:@Q§mﬁ8iﬂgn aecordiybinelaih 6t Weergin deeddlagplarivwsight Mw otitheher
conpri si Ty one Qupphassiag lagaralid fgn egInt 18060 g/dee of a copper plating bath
conprising a conposition according to anyone of the preceding clains for

depositing t on subst ates conpr. eat ures hav.ing an aperture
e of 30 riknofiet By toogfof BErd S SaTER ke HikerRg i w&sﬁ&?rﬁrﬁg copper
on a substrate %W@FW@PWrﬁCBYW@@FU@F%HQrP%WﬁSW|'Q@§ hectidper t ur e
si ze of 30 nanoaminergsoups. | ess, the process conprising a) contacting a
copper pp@ting bath conprising a copper ion source, one or nore

10. The composition according to anyone of the preceding claims, further comprising
one or more accelerating agent.

11. The composition according to anyone of the preceding claims, further comprising
25 one or more leveling agent.

12. Use of a copper plating bath comprising a composition according to anyone of the
preceding claims for depositing the copper on substrates comprising features hav-
ing an aperture size of 30 nanometers or less.

30

13. A process for electrodepositing copper on a substrate comprising submicrometer
sized features having an aperture size of 30 nanometers or less, the process
comprising

35 a) contacting a copper plating bath comprising a copper ion source, one or more

accelerators, and one or more suppressing agents selected from compounds
of formula |

1 TZ R1
R\ s
40 NA-X—NJ—Y—N Y
17 n Npl
R R



accel erators, and one or nore suppressing agents selected from conpounds of
formula Iwherein - the Rl radicals are each independently selected froma
copol ynerwof2omvhspubene oxi de and at | east one further C®crepre¥ioabisgl ene

oxi de, said copolymer being a random copolyner. - the R2 radicals are each
i ndependently selected fromRLl or alkyl, - X and Y are spacer groups

i ndependently, and X for each repeati ngZQmi t independently, selected fromC
1 to C6 al kyl en anghefei(O-Z) m wherein the Z radicals are each independently
selected fromC2 to C6 alkylen, - nis an integer equal to or greater than

0. - mis an integer val ;. f n ' I =..1- 10.
with the substrate, ta‘%g E?dlctg%@?%?%gqﬁée%?&regm Seclieecrﬁé;ﬁg/rhg g#ﬁlrye%{esrl%gtp rate for
a tinme sufficient to'§NeI9XdeiRad eLigATIOPSHIEPLeS iodat Ieent et iberrolyid. The

process drcordi ng t onegllginmalrandamheemivmerhe f eatures have an aspect ratio of
4 or nore.

- the R? radicals are each independently selected from R* or alkyl.

- Xand Y are spacer groups independently, and X for each repeating unit
10 independently, selected from C1 to C6 alkylen and Z-(O-Z)m wherein the Z
radicals are each independently selected from C2 to C6 alkylen,

- nis an integer equal to or greater than 0.

15 - mis an integer equal to or greater than 1, particularly m = 1-10.
with the substrate, and

b) applying a current density to the substrate for a time sufficient to fill the sub-
micron size feature with copper.
20
14. The process according to claim 13, wherein the features have an aspect ratio of 4
or more.



