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ELECTROPLATI NG AQUEQUS SOLUTI ON AND METHOD OF NMAKI NG
AND USI NG SAME TECHNI CAL FI ELD [1] Enbodi ments of the

w0 paoesed7en rel ate to an el ectropl ati ng agueousPGDUSI00EI071424

for electroplating copper, a nethod of naking such an

BECTHoBLARING FaURAS SaLysith ANEMBtHoRoFMAKING

Copper - based mat eri al s ANDRUSINGeBAMEsuppl ant ed

al um num based materials as the material of choice for

i nterconnects in integr afEcHNICACWFIESD("1 Cs"). Copper

offers a lower electrical resistivity and a hi gher

{31]ect Eonbgdimnénts oédhet enveationarelatattooéin a¢lecinoptating aqueous

ch has historic Il been the dom ngnt nmaterial. used
\SQLUUQRleon‘ﬁ'@@f@P? 9 | §0BPEbNacBeHiPn Of craaking such an

SRR RRRCRAlinblS FATNRR T A MhBid, SR Eg copper

bheo Bod Msthsraat h of interconnects in many currently
aval l'able 1Cs can be twenty mles or nore. At such

| engt hs, interconnect resistance-capacitance ("RC")

time del ay can exceed a cBaCkGRaUNDand severely

I npact_device performance. Additionally, the

2k er EoppeitbaEEd innatedi@lshaveseuiraotly steplastechalusninem-based

e
(EQVET T eRLRLVIdRe TR ) Séﬂ‘é@t IC‘?QQ% vity and a higher
ecPelases ch

| nferedniect

blé‘dtﬁcﬂﬁ@‘ahbﬁ RASANeE tHan ttl"iéi oﬂmbﬁﬁnum Qﬂlﬁm}*ﬂﬁ@bshlstoncally

formed from copperbased materials. Copper also has a
tleennthie domdant matgrialhised forahtarconnects. nes
alum num s thermal conductivity and an
g3ECt 1Y S HIE S8 ihesh ff@aé}‘éebébéﬁuhg oMot thedonsinabectors for
one- hundred tines greater than th of alum num [4]
Gepgreninireg sy sterhgyertomeanse laadepaives dis:slpdtlonl IIF(DryexampIe the
ot her applications besides |ICs. For exanple
tetal eng tﬁa@t WheoNmests a@,gnaray]@urrently available ICs can be twenty

miles or more. At such lengths, interconnect resistance-capacitance

("RC”) time delay can exceed a clock cycle and severely impact device
performance. Additionally, the interconnect RC time delay also increases
as the size of interconnects continues to relentlessly decrease with
corresponding decreases in transistor size. Using a lower resistivity
material, such as copper, decreases the interconnect RC time delay, which
increases the speed of ICs that employ interconnects formed from copper-
based materials. Copper also has a thermal conductivity that is about two
times aluminum’s thermal conductivity and an electromigration resistance

that is about ten to about one-hundred times greater than that of aluminum.

[4] Copper-based interconnects have also found utility in other
applications besides ICs. For example, solar cells, flat-panel displays, and
many other types of electronic devices can benefit from using copper-

based interconnects for the same or similar reasons as ICs.
1
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many ot her types of electronic devices can benefit
from usi ng copperbased interconnects for the sane or

W@ R00P020792 easons as | Cs.[5] Due to difficulti eBCT/US2008/071424

uni formy depositing and void-free filling trenches
por 115059 1 BRUEeB oMY LeieiEas Ak dekiakeadling drenches
ot Fiher SR8 et e S0 CLepke b Bhiich St Bgposton

STFB\V'D"' ) bAdf gidratdl vagar depasmba. (“eVD)t ebppeelinterconnects are
ielectric layer, such as a carbon-dopéd oxi de. The

tiypcalty riabricayed usingowzerl@amsiscene Ipaocess. | dpethe Damascene
formed from for exanpl e, tantal um or tltanl umnitride

PEOGRES cRttreihés TorBRdN: fas exgmpleo aminteripvebdielectric layer,

BHPRr 56 & B BABEHCOHET T o % RSl JRRRE s CORERY witn o

lﬁb Hl;rflé’f %%rpqé%leanfr%fm‘:%ﬂo%x blY NtdritSiunh €5€ fitardfin nitride to

strate is ImMmersed in an e ectro at1 ng aqueous

poeuemtoicophatr froml witfasingp reto. tﬁ@%lhmtsmﬁréwqﬂdommading
as a cathode of an electrochemcal cell in which the

dagsistop|parforgnanceoud seedt Iamerfi@nmrrm o the barrier layer to
AR o Bl LA e
%Hvuﬁ déﬁ ﬁ%é’t%b%%ﬁga&d?ué&&s ey tﬁé‘t‘%n%HFb% 6{>§ger The

deposited on reglons

%ub%trb@é Efuﬁéﬁérh@'%@fa ththddeeiof han léctdotesmicalngell in which the
chem cal - mechani cal polishing ("CMP"). [6] Regardl ess

electraplatingi agqueous: selttioomfundieviscas ian electiolydeppad the copper

27 (e DD YNG: GRIEGUSD BolU|Tb 1S pelesorTaieahnythe  trench
f

HESPRMINEIRY A BIRORT BPieR , bBIAER L RS st ad &7 anode.

Thel@op) |E%theﬂcﬁisﬁ‘l‘e‘d“@n %@bjﬁﬁiésoﬁMéJEUBQtraﬁa éh’é@déréﬂtthértrench is

factor i cting overall “fabrication cost
e¢muivednisingashemcallsnechanigpkpolidiing (l‘@Mﬂr)t icularly
important in the fabrication of solar cells, which

Eﬂventu gé?ers%f fo@FCMeV?JaYtlétﬂﬁPeélécWpo *dVide in which copper is

nore cost-effective, energy generation
useldn@so@ econdlutive istructurdgsitr aplimpdrédntc dipgieran  electroplating
el ectropl ati ng aqueous sol utions be capabl e of
DEPERSS fargCaRipRrebe isuficiantly dash ivaenable pragessiigia large number

of substrates and have an acceptable yield. Additionally, the cost of the
electroplating aqueous solution is also another factor impacting overall
fabrication cost of electronic devices using copper. This is particularly
important in the fabrication of solar cells, which have to cost-effectively
compete with other, potentially more cost-effective, energy generation
technologies. Thus, it is desirable that copper electroplating aqueous
solutions be capable of depositing copper in a uniform manner (i.e., high

throwing power) and at a high-deposition rate.

[71 A number of electroplating aqueous solutions are currently available

for electroplating copper. For example, sulfate-based electroplating
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throwi ng power) and at a hi gh-deposition rate. [7] A
nunber of el ectroplating agqueous sol utions are

we@eonweby avai l abl e for el ectropl ati ng copperPCFU82008/071424

exanpl e, sul fate-based el ectropl ati ngaqueous sol utions

are common] y. used for electropla inlgléo er. ,.Sone

2AK&EOUReSRSHRES Bl &ABH YASS%CEJ@ cFPRiatipHsCARRE’- Some
[19h: t j,.N byt t e r api -

BURRIE, IR IR aBl8o0%: sORRRYISC el & tfigH-throwing

polwBarauait t are Atndti dbapskasesi éfi ampidlyesdepditifgPRIppEY without

grow as dendrites as opposed to a nbre uniformy

dopywmionagirfg Ithe ddgositedalilny, qualkkgl i Adl brghrdepoOsitipn rates, the

sodi um and potassium in such al kal i ne copper _
ECBPEF FPAXIATRY a5 RN ites| a8 OPROSentalAf MEse unifgsmly deposited

i cSHHaRAE SRl M Eats P e $B U4 reRsbilm) in such
églgééfﬁéb%bﬁpgﬁeél%irgﬁgéetg{ogs P%lféb!ﬁo‘é%llﬁ%hg IS gpflisdSnto silicon

for - spee on of copper. However,

Substrates atrel elrecdeoplieveingnpgritiessinssiligonotiat cean ebmpromise
nore expensive than, nore traditional, sulfate-based
yangisten perfiosmanas., Fluareberaicagiectioptating agquienys solutions can

PR GRE, 38" JioRrEndS EARlion oBh AaMtar | HgWetRroufioroborate
t%ﬁééﬂ'éﬁéﬁg{)?hqﬁlae%%r %@#G’ﬁéﬁ’@ & p?é' méke WEIGHNE: than, more

ere néed for an €lectroplating agueous
seldifioredl. fseifagd-eaiseapkslutionsc O METedviart flgér’o@@f@(ﬂéléFle%@troplating

hi gh-quai ity filmof copper at a hi gh-speed. SUMVA
peleonscs@utiohsdnage afonehibarandaus angd difficult to dispose of than
el ectropl ati ng aqueous solution is disclosed. The
B3Ry P raeleﬁﬁoaﬁa}mgqgepusia%umm fRreRlegtroplatiig eqeper.
aci ds, copper, at |east one accel erator agent, and at
[8last Theweturpptheareos stileatreedrfar an electsoplating aqueous solution
ccel] erat or._agent praovides an accel eration strength of
r elegdio id coppesdhat ransepesike "t"@b‘%%‘ﬂ?/éﬁ@bpf copper at a

g?gerg%ﬁ §o| | ectively, provide a suppression strength
P&%st about 5. 0. [10] In another enbodi nent of

the invention, a nethod of electroplating is
di scl osed. A substrate is iguRmaRy i N an
el ectropl ati ng aqueous sol uti on.

[91 In one embodiment of the invention, an electroplating aqueous
solution is disclosed. The electroplating aqueous solution includes at least
two acids, copper, at least one accelerator agent, and at least two
suppressor agents. The at least one accelerator agent provides an
acceleration strength of at least about 2.0 and the at least two suppressor

agents, collectively, provide a suppression strength of at least about 5.0.

[10] In another embodiment of the invention, a method of electroplating is
disclosed. A substrate is immersed in an electroplating aqueous solution.
The electroplating aqueous solution includes at least two acids, copper, at
least one accelerator agent, and at least two suppressor agents. The at
least one accelerator agent provides an acceleration strength of at least

about 2.0 and the at least two suppressor agents, collectively, provide a
3
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The el ectropl ati ng agueous sol ution includes at | east
two aci ds, copper, at |east one accel erator agent, and

Wa@robeAsP2 t wo suppressor agents. The at | east RCEUS2008/071424

accel erator agent provi des an accel eration strength of
at | east. ab

SbeRrassieBiatendtoaniat lsast bouk S AlenshBRGERGof te copper
?r‘orﬁe"l‘ﬁ% aqkfé’{gt{ipéla]?ntgA a§G8Gks 2 sBﬂthf rfnlsOf Iefelﬁ?ro%?é’t%%r onto the

m t'h ngaqueous SO
gLBstaap! ated onto the substrate. [11] In yet another
errbodl ment of the invention, a nethod of nmaking an

ct 1SR A Rngt KERain T oE el MR ioE s ThetiBp, of aking an
bﬁé‘&l%ﬁlhﬂh? a8YebEs %&Mtléﬁ% diel&st IrA‘IIENe’a‘lb'cﬂ‘ébplatlng aqueous
agueous so ution i ncludes at | east two acids and

sohjimn pmasetainéch at candiestt rtemmperabeteowrmycdppeprovided. The
solubility limt, at the first tenperature, of the at
etegron! abngcaageourﬁes@ua@ﬂr lﬂﬂ'lé\‘i‘?%gatalﬁﬁﬁiuw@ oA¢iflsoand copper

ted to_a seco raturethat at e
Preseit 0 2 erfardifition R A efordh oy ifitpaty the first
%é’r%b%‘?aﬂlﬁe' Bt Ertﬂﬁ ﬁ%étrt% fi@l%se"?ﬁé 'HOERS P Iﬁlﬁngl"éo’(ﬁ?é@us solution

[ Gt on when ectroplating agueous SO

aé hbatexbctindat eygeoneat Ueenperdtird it esegreatdratthag the first
aqueous sol ution exhibits a copper concentration of at

temperatusat Addijoaakcepper frosr a cgmpgr s:cgggausmund@sed into the

S RHIEhAG 2gudys Sav bR WheR v@h@reﬁ ppfasiadigqus solution is
%T‘ e a's%cbﬁﬁefeﬁge%ﬂﬁ?e el A m%@@‘r&{)l%?mg” agueous solution

erent views Or emnbodinen s s

EXAlbifd éﬁopbér JohcbBtaitionseheehist abbas s0sgamopar liter.

views of an electroplating systemthat may be used for
practicing enbodi ments for el ectroplating copper onto
a substrate acccBmEHg)Escmam(moFm&{mBe:AWmGshe
invention. [14] FIG is graph illustratin

EnplTe @eofdr@WIagwaﬂlwqémtge V@mql@ntef@@%’im?ngﬁav@f otm invention,
| at.e om a

WHEralTE Uikes i, Bufiers Rite SALRES: EleBRER & features in

different views or embodiments shown in the drawings.

[13] FIGS. 1A and 1B are schematic cross-sectional views of an
electroplating system that may be used for practicing embodiments for
electroplating copper onto a substrate according to various methods of the

invention.

[14] FIG. 2 is graph illustrating an example of a forward-pulse current
density waveform that may be used to electroplate copper from any of the

disclosed electroplating aqueous solutions.

[15] FIG. 3 is graph illustrating an example of a reverse-pulse current
density waveform that may be used to electroplate copper from any of the

disclosed electroplating aqueous solutions.
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[15] FIG 3 is graph illustrating an exanple of a
reverse-pul se current density waveformthat may be

W@ 2@d/02w9zel ectropl ate copper from any of the dPCGEUSZERI071424

el ectropl ati ng aqueous sol uti ons. DETAI LED DESCRI PTI ON
[ 16] Enbodi nents of the invention are directed to

el ectropl ati ng agqueoup SN LD PEsdrEpTRNeCt ropl ati ng
copper, nethods of making such el ectropl ati ng aqueous

$t8]ut Evnbodmnentsedhiids invientioecareodiretietta emgutroplating aqueous
substrate using such electroplatin acgueou_s sol uti ons. )
salutianscfasselgc tingpcappes apibeds afgnakinghsughyelgetroplating

S35 U5 B R R B0 PGB o B cubstat
By SFRAVEABOIAI, B Boup SioS, ThOSHeL g oBEropiaing
=)

5
qeieosigl solutiohk smagrise ey forstectpplativrf copper bbid a substrate
Accor di ng to various enbodi nents of the invention, an

a

asez filroghat ishgu bgianbiad y Seeer of slendnides @esl at alhightdapasition rate
r in the formof cupric_ions (

(& 51 25T A0cunch&R BNNGse AL raTsD B wThRg elscinical ifferconnects
[ ' : 0, d
BEEB RIS SO B Phoinefly o arfRdliefisci , "br ovi de
FUALPRGSR B0 bk ePiosbinsdaloBRa TuBion: Bralocropiating
I I . [ el .

RO PG ¥BinpHBeRloqs B8 Jeaqtuith gthis atameyy i e, tm of cupric
fondl (Cyty, athieait Ot iadceltrdiat agbht AsaH préwidesban i fcceleration
acid, fluoroboric acid, and any Other suitable acid.
btreagtivraf apdeasi abewbdiDpeantd @it fest itmoestuppressdreagents that

| east . two acids includes sulfuric acid present in a
cehectivelytpravide wusamsgogr%tﬁ%n% of iatéea§t- QbQ'UI 2.8. The at

PRl afios A0S BB S5 RefieH SBEBRAT Sy h ot east
R0y M AT SR i 895 BRIBRIAS ackdl: sulfri
el t hyaozhidvic agitobgdiddic aoidreyydrobbhieracide fludeoboric acid,

suppl emental acid selected to increase the solubility
andt lmayc opber suitatle acid.ean awwosei gpeeifict egnbodiment of the

FusiticRbntie "de 8oae, e adiacalifrens Akn sk mipsent in a
3b6h8entration from about 5 grams per liter (“g/L”) to about 20 g/L and
hydrochloric acid present in a concentration from about 20 mg/L to about
100 mg/L. In addition to the aforementioned at least two acids, in certain
embodiments of the invention, the electroplating aqueous solution may
further include a supplemental acid selected to increase the solubility of the
copper in the at least two acids of the electroplating aqueous solution. For
example, the supplemental acid may be selected from alkane sulfonic acid,
methane sulfonic acid, ethane sulfonic acid, propane sulfonic acid, buthane
sulfonic acid, penthane sulfonic acid, hexane sulfonic acid, decane sulfonic
acid, dedecane sulfonic acid, fluoroboric acid, mixtures of any of the

preceding supplemental acids, or another suitable acid selected to

5
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met hane sul fonic acid, ethane sulfonic acid, propane
sul fonic acid, buthane sulfonic acid, penthane

waobo2i782 aci d, hexane sul fonic aci d, decane sPOT/O81008/071424

aci d, dedecane sulfonic acid, fluoroboric acid,

rsisenite SRk ol 1he cEpRRpEdN it el o “Seids of the
Rttt Holets SBRE80: "<l ut fon. “[1e1 The copper.

"S- Cae o B SESBIT BB AE A5 Botution
B eulidon, o ET5ARAbodP o 4! 0Bt Bibben) i abour

SON§RNEd abovk 170 §Ne IRRPPhor@¥pEEifidtemBadimehewf tRe invention,
g/L"to about 100 g/L. [19] As discussed above, the

the congphiriation efjtieoaspper ntaybe atcleasé abaddi85 gdsio about 100
such as suppressor and accel erator agents that inprove
8drtain el ectroplating characteristics of the

el ectropl ati ng aqueous solution. As used throughout

{19]s Assdiscussedaathoveaithe, elévtrgplatisg dqueous suldbon includes
solution” ("VM5") refers to an el ectropl ati ng aqueous )
agditivasn SMOastSURRFessPhaBd sarcalgeatos aél@tﬂ‘t%gh%'l EARIQye certain

ol BB RGBT fiBenpon
LSES (RS RS o R0B e S SRR P Se dirin mak

"s@ltnmrﬁs@\/msst refed 0 aef elottraplatimg eacf;m§sgmnion without any
agent S O an el ectropl atin agueous soO utiton Is .
sgppresswagents anrd aessleraiorcagenrist denthe gleatreplating aqueous

S S ——
SLRRE 59035020171 ASSRREEK P ASTisb Rty s csciosurs

2fidutlaMs C HUpras Sionasten gl Yofne of sord\Supptdssoratfents of an

current density neasured at about -0.7 volts relative
etectroplatingoaqueal§ as@utibacisr dedermived’ by Bodecraase in current

el ectropl ati ng aqueous sol ution enbodi nents descri bed
density ata sapprde o @rselaatiashamicali el thak ingludea s suppressed

géﬁﬁfogﬁ cd,égtqt]@f]glc\gﬁg nggﬁgl c}er?g wﬁiﬂé)%agﬁpw&s%v %%fe?ﬁg %rompa red
to current density at a cathode of an electrochemical cell that includes a
solution containing generally only the VMS, with each current density
measured at about -0.7 volts relative to a mercurous sulfate electrode
(“MSE”). For the electroplating aqueous solution embodiments described
herein, a suppressed solution includes the at least two acids, the copper,
and the at least two suppressor agents. As merely an example, when a
current density at a cathode of an electrochemical cell utilizing a
suppressed solution is five times lower than a current density of an
electrochemical cell utilizing a VMS, a suppressor agent provides a
suppression strength of 5.0.



10

15

20

25

30

current density at a cathode of an el ectrochem ca
cell utilizing a suppressed solution is five tines

WO owe2a7bman a current density of an el ect r ocheP@T/EBE2008/071424

cell utilizing a VM5, a suppressor agent provides a

TR P SRRt | G8bsBis i CHAUHR: biacgeteration
; | '

SHBoBi "B B BE 6% S5oBRERI, e B BELBRRAKAg aqueous

dBNRIdrY iRneasiablosy Hf irite858Ghr Q&M Géhsi@@'l\é/ilts d Bathode of an

i ncl udes an accel erated sol uti on contai ning and
electoochemicab roellathat | ieclatdes ageatcele@tpd rsalution aontaming VMS
density at a cathode of an el ectrochem cal cell that .

aRel (ke onener AKYeaeeRleratlos AosIipreyBRaradtaqusrentyfiensity at a

BRI S ain, RRLSERPRARAY TRCindl ool i€ oBove-described

SRR s, SO iyemepgl e scsbout 07

goltst melativel easta oMSEccelRoratthe ageotropktinger afjyeaus solution
exanpl e, when a current density at a cathode of an

enedintenisi dascdeed herainziany ageelarate@rsaletiondngtudes the at

is two ti hjgher th t density of

Iast; M RS I GPPPETH PNG) s 2t Jepst RoscaccelFlatogagent. As
id | y t

ety Sof’ TheimpRe c e 2 U BRE GEMiFTaF 8P EoBe of an

elesttashv raldal el usifizihgs ahubtedleratdddsBlltRre §s ttwo times higher
i ncrease the deposition rate of copper onto a

thas ta aturreniddpneignof an electedchemigal atdlihgtiizingoassuppressed
solution in an ampunt sufficjent to provide an

§9L€|Qﬂ’ an aﬁcgl@r Jlogagesit %Pvld@%@C%g@t'@ gtremgth gf 2.0.

| east one accel erator agent may further increase the
[21]ghilines et deashorg acoetgradordgenbpet the | eeatraptatineg aqueous

ual jties, such as decreasing void concentration in
gﬁﬁltmé&@rf@ﬂmi%t@dcEcb¢efsreaaemth¢h§ere\@smeasfatsnef copper onto a

HESUBL Rl PRSEn TApRCREFEEI NS pBREgBsIFAILEBA T A9 amount

gpfﬁftﬁ’@#tt tolgp&/iﬂaf dn NCeratiBa $teNGiH SHat RERAUPHBIE S 0. The at

the 1 nvention, the at |east one accel erator agent
tegstbeneeaeceledatoroagant engyniuctheul incrleasentpeubrdghtueds of the

%Iseck’)tirc?plgtsé)ddicyo%spuérf %l%og)r/]ld) other qualities, such as decreasing void
concentration in the electroplated copper film. The at least one accelerator
agent may be present in the electroplating aqueous solution in
concentration from about 10 mg/L to about 1000 mg/L. According to
various embodiments of the invention, the at least one accelerator agent
may be selected from an organic sulfide compound, such as bis (sodium-
sulfopropyl) disulfide, 3-mercapto-1-propanesulfonic acid sodium salt, N,N-
dimethyl-dithiocarbamyl propylsulfonic acid sodium salt, 3-S-isothiuronium
propyl sulfonate, or mixtures of any of the preceding chemicals. Additional
suitable accelerator agents include, but are not limited to, thiourea,

allylthiourea, acetylthiourea, pyridine, mixtures of any of the preceding



10

15

20

25

30

di sul fide, 3-nmercapto-1 -propanesul fonic acid sodi um
salt, N Ndinethyl- dithiocarbanyl propylsulfonic acid

w@owom78al t, 3-S-isothiuroni um propyl sul f onaR@r/Us2008/071424

m xtures of any of the preceding chem cals. Additional
tabl accel erat or s includ but
ehihiigals: 0" t Aroiesn SOARPIS (aFURSor GRSt ¢ nildls . least one
e
Bkl oAl 3% heBEHst A7 ISR BBRP8] serected 1o

mtﬁ*eé@éethéféé@é&ﬂéh r%'téQ)fctﬁémdpﬁ%rafﬁohﬂﬂ’f@érécﬁroplatlng aqueous
conpound sel ected to increase the deposition rate of

sbhutmm plecreasen yjtrogenmt valptianithgt egndénaease tite porosity in the
decrease cxdrogen evol ution that can |ncrease t he

SRIEGRIAte G eprPRY Jdi, oﬁlrab@?@h cophb@f example, ssd@ble inorganic

g§ﬁﬁ¢tﬂﬁﬁ’%éﬂ?§?¢érﬁ§'ﬂ§ﬁ. SRl oSG 5g I8 Y S¥O* and

SR UrEéllﬁrﬁ@ﬁk%d’té‘?ﬁn@”'d?ﬁén%]?-(téﬁe Tee8),2 Z%ﬁ*d Tg%), or both.

r bot t1ona many di scl os
a\mm@naitw rmyt sofra)thee disbloisaat | atbgldrake ofigehtsal may be
el enents (e.g., sodium and potassium, which can be

substantial la(rfree efhalkedr elermentse (8. ssafisbndard gotassium), which
Gen0Ss waffinfenmb ke toe Begotnates fiserianstalidayices used in
f ugg?ﬁe&ﬂﬁﬁﬁ ??Zae@ﬂdequﬂnaaﬁébgftéé %o ecg}?% t$‘laﬁhé Sdisclosed

sldsttaplating! vqueerisofsollifichs ANt éé’é’dleﬁét@rahgent that is
| east two suppressor agents of the electroplating

sqbstarﬁlaellqﬂ reeof akkalifelemanrdsedilt alsoubstsuhstantiglly-free of alkal
s formati on of dendrites during electroplating
K%B P -rom t he el ectropl ating aqueous sol ution and
nprove other qualities of an el ectropl ated copper
[22]m Téec At aleasurt\fvaceuppmg;soesagerdmof Itheyelectroplating aqueous
br| (_:{ht ness, . and el ectri c condﬁct i Vit The at | eas

ABIth sressmulgian §0nw gantigpy | Mp@ﬁyform%toﬁ gendrites

?ﬂﬂﬁn@aé%&?f%%&%ﬁ%@%%i&ﬁ@m 57402 4BgcaAe Ot Rplution and

fhpl&AS toth¥P qUHNINERS 8P arf@fdtitfoated 'cr filth,t 88ch as surface
roughness, ductility, brightness, and electrical conductivity. The at least
two suppressor agents may be, collectively, present in the electroplating
aqueous solution in concentration from about 10 mg/L to about 1000 mg/L.
Together, the at least two suppressor agents are present in the
electroplating aqueous solution in an amount sufficient to provide a
suppression strength of at least about 5.0. The suppressor agents may be
a surfactant, a leveler agent, a wetting agent, a chelating agent, or an
additive that exhibits a combination of any of the foregoing functionalities.
The at least two suppressor agents may be selected from two or more of
the following suppressor agents: a quaternized polyamine, a
polyacrylamide, a cross-linked polyamide, a phenazine azo-dye (e.g.,

Janus Green B), an alkoxylated amine surfactant, a polyether surfactant, a
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el ectropl ati ng aqueous solution in an anmount
sufficient to provide a suppression strength of at

wo e@s2@hput 5. 0. The suppressor agents nmay beP@EI/US2008/071424

surfactant, a leveler agent, a wetting agent, a

chelating agent, or an. additive that exhi.bits a

BEREIORIE FURTASHaA SETIORIC FYrIARARG FuriPBIGBHiEfRgtant, a block
FRBoRmbP 3EHabIahe PRIASHEE e A naRie SBhfhetboxyic acd
ayareoarbRXyRe lacid ditric ackP! armpryll @dalie. adidC taarit idtig¢dand any
pol yam de, "a phenazi ne azo-dye (e.g., Janus Geen B),

ather swiigtletrppresaer agehtct ant, a pol yet her
surfactant, anon-ionic surfactant, a cationic

$23] aqh@nt eldrdB1ARAGC SliéaEs a¥olutford 0¢Kay ORsY Y MR&nufactured

surfactant, pol yacry?i c acid, a polyam ne,

accomdingbtayai nuathet, diydifferenbosmybiodimeints. ciAcdarding to one
acid, entprol, edetic acid, tartaric acid, and any )
emmkedigigtzoh ﬂg]eslglygngggoa copdatnermay behprovided that contains an

RSV, M OGrRIHERA 158% T MEidE b PRest Hesbivd in the at
ST N A DA P .OMEn & HISE i€ mbffaira¢e 3t 'dJEil'statemP()a/Eaeture that

contal ner may be provided that contalns an ectro

ey b, nfor tédearapld, ealsdut veomctalpperatuceqeey., ditsadl 2@PC). The
in the at least two acids. The electrolyte is _
eappeaimay ke presentin ttbepelestiolyet mag eaycepiration that is at or

SEIPR. .o B 65 L STIRE A W ian Bty 7 Bover in ne
SISV EBF il 6 Bpbf A BBl ok kb n o

ebhebhirhYibA.thEels akaMBefow HTEgAOPReKkt NtRe dlecRbRAENS Neated to a
the electrolyte in a concentration that is at or bel ow

5ecghd. tevaperatune thladcisr grgateri thamedhedfitst tersperatdre. At the

tenperature that is greater than the first . |
ﬁ@ﬁe@fiaﬁ%m@era&wq,h%es eesRar %@r@@ﬁﬁé,scﬁ%'“%ﬂbéhe rRigctrolyte.

e SEorte tperatute g B d " BnibraniPE BESRARN a copper
%h&ﬁ%daa{iﬁgirp?ac%@mar% efSrReq! §1]6F?‘%’s SHEht 56 cebdtinore.
50 0C or e. [ 24] en, additiona

’ copper from a
pe ur ' d tdhe el ectral yt (le.t

EPBEC TR <SaliaBly Eonidr 205" Tt Baliis Jpudiced to the
HECAFAPREWHIRV IS JIBArIGtE RS rRAintRNRdCht the deidrfttdiBperature.
copper”sources: a

The copper source may be one or more of the following copper sources: a
copper salt (e.g., copper sulfate), copper oxide, and copper hydroxide.
The amount of the additional copper may be selected so that the copper
concentration in the electrolyte is at or approaches the copper solubility
limit, at the second temperature, for the electrolyte. For example, the
additional copper may be added to the electrolyte to increase the copper
concentration thereof to about 50 g/L to about 100 g/L. In certain
embodiments of the invention, the additional copper may be added to the
electrolyte so that the copper concentration of the electrolyte, at the

second temperature, is at least about 85 g/L. The at least one accelerator
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copper salt (e.g., copper sulfate), copper oxide, and
copper hydroxi de. The anount of the additional copper

worea09020782| ect ed so that the copper concentr at PORUBI908/071424

the electrolyte is at or approaches the copper
sol I t he second tenper re,
2080t ra1g e Phrleadh e sUBRESSERT, BOehL Thgkobs mSavith the

B 2 SRR A EPPBER e M SRR fmooratr or
after a|d@“ﬁ§lﬂﬁ@la@jd¢tmldﬁijﬁé- of the invention, the

additio copper may be added to the electrolyte SO

i@t wﬁﬁﬁoﬁ%ﬁ%%ﬁ 8§b§pr Ci% {JF gglgﬁﬂcggrl\ }ﬁe thtroplating

aquedastsAl0BoATASY Deatarmagidd WG‘WEK%MI@WHG kefected at least
suppressor agents”may be m xed with the el ectrol yte

bvoacids, beppéengalthat Easttore at:eetenatdmagemto%d the at least two
tenperature or after adding the additional coppe
BUBPre#fan prgents: tzﬁqroﬂxamni@pmmeni ﬂoﬂUCHO@@ﬁ@eaﬁ'd comprlses

t{?E‘.eeePtﬁ'[g/ ﬁﬁéﬁ%%t%g%écgifo So'lg@)ll?)ééga é/q DS regéljn IS suff|C|entIy

PS8 e 4, ORI cOgBE 9okt o bo

Blddedoabail highertepaperatgres tonacefasehtheaicoppestcangentration to a

acids, the solubility of copper therein is

desiredilenel.y high at room tenperature so that

addi ti onal copper does not need to be added at a

2ejhe FIGENPAr B & @chendtid exessideetionabaliew of an electroplating

concentration to a desired level. [26] FIG 1A is a

syhm’mt‘l a0 thatsvaydae usadifor peaclmtlngrembedtmeptsaforrejectroplat|ng
ystem 100 t hat, may be us% for practicing, enbodj

p@PP@fé&ﬂ Poﬁl %‘t‘b% eopeEPT Rfotth Vaiesis: Bl QQ§0%I|“P@ |nvent|on

It Bl Pa0 5% 8ln 100 R MRHe A wmbgs ol finearly spaced

'ah@le%UIét‘te PESHGIRES, | FRJh ViSRSt GRBtRER RoRfig U?éi‘ﬁ(‘frgélaqencontalners

ot her con |gurat| ons, e containers may ra

s db eadiallg odpr et Binohisedatedofroen .ededT othemplFor emmple the
el ectropl ati ng system 100 may i ncl ude a cl eani ng

elﬁatmm&lngosysthemumg rmay| isghideyasedeaningh ceotginar fiddskolding a

ntai ner 103 h a rinsin ti 104
SRAING SoiiBea il A Brergaatin W0 nslding ainisiag solution 104
%%Ct rv?&ﬂe?}, 8¢ electroplating container 7105 holding an electroplating

aqueous solution 7106 that may be any of the previously described

embodiments of electroplating aqueous solutions, a post-plating cleaning
container 107 holding a post-plating cleaning solution 708, and a drying
container 109 for drying a plated substrate after cleaning in the post-plating
cleaning container 107. For example, the cleaning solution 702 may
include one or more suppressor agents. In one embodiment of the
invention, the one or more suppressor agents of the cleaning solution 702
may have the same composition of one of the suppressor agents used in
the electroplating aqueous solution 7106. The drying container 109 may

hold a drying solution 71710 (e.g., isopropyl alcohol (“IPA”) in water or other
10
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aqueous solution 106 that may be any of the previously
descri bed enbodi nents of el ectroplati ng aqueous

W@ 009020005, a post-plating cleani ng contai ner ROIUS2008/071424

hol ding a post platlng cl eaning solution 108, and a
drvin 0 for d ing a plated ubst ate
arviopsgiaharh b ereeh ebmindl Sl pdeRBLEg Jgactid solygion 108 on

i sy loste Y Vg, R BCRIER o3GRL Bl bugh ot shown,

exRafaeREafrst fay ”Mﬁﬂhtaﬁﬁ tﬁé‘eté?ﬁSePétuFé’réf the electroplatlng
suppressor agents of the cleaning solution

agueousesalationcti® dspgossd Mthumm@felectteoplanpge@cﬁuamer 105 at a

agents used in the electroplati aqueous solutio

sekcted elaeyoplgtiognieaperatas aamtwe@nyab@ut 20 °C to about

gﬁl ion 110 (e.g., isopropyl alcohol ("IPA") in water
‘herdryi ng solutlon) to effect renoval any

gost Sjatlng cl eani ng solution 108 on the substrate or

et ﬁ!ﬁcgrq*@lgtnng mtanumogdfurmmmm;@udmtarg ;a@tmator system
ﬁtaﬁﬁwai‘;w fiergbhotauall B supsitets BPGsh st wia & Movable arm
912, 785 GER0t 39560, T 17 qhgtele @%%%@Z%'%bma%se'ecﬂvew

fove ,ncqtfsﬁ*aqg ofidr He2 AUSREFAP! BhnaicwiRkERIFOh vertical

es an actuator system 111 that

directibhy Vounrided/1 and lsotizomtallg inohderoma d'lr@ctaons H; and H,.
novabl e arm 114. The actuator system 111 is operable
tTdﬂecsubstﬁateatblo}d@rnd12e||3ec®mﬁv@wr§edm/é1ald1ea §ulb§tnaz§e e116 having a

hoI 1 upwar dl y and down in, vertical
SUFE0E: T D HAIh Pn GePRsh ﬁﬂpyls Elaeirpplgted) and further

tisiFGh v idh endlegtieat bRREANAT tnet Flpdioally contact

IHd UbsttenT 26 CORPSHoGIY! Hélér%ﬁh%s?i&fttlﬁﬁpbﬁ ﬁui@éﬂe substrate

further includes provisions, such as electri

boiderct 14imay b asedl eAtthooghIcynlycmisartgletsnebst:dietisan@strated in
116. It should be enphasized that any suitable
ElGs titfer lsu‘nﬁbcltyl,1mam{yc<bmmemllwawadable substrate holders are

trat ill t
SoRTERESq JO ek muliipler Sibptates, mAddifionalip e term “substrate

REISTE | 25, SRTBIter GebBORR ot Beird IECRUPRHER, “For example,

‘éﬁft&@l@cguﬁgﬁéfése picll@é Ndbel eske opbat ﬁﬁnlte%Pftc?X%ﬁ?h%onductor
substrates (e.g., single-crystal silicon wafers, single-crystal gallium
arsenide wafer, etc.) with or without active and/or passive devices (e.g.,
transistors, diodes, capacitors, resistors, etc.) formed therein, printed
circuit boards, flexible polymeric substrates, and many other types of
substrates. Additionally, a variety of different fluid supply systems may be
employed to supply the various fluids in the containers 7101, 103, 105, 107,
and 709 and, optionally, to re-circulate the electroplating aqueous solution
106 to provide a generally laminar flow of the electroplating aqueous
solution 106 over the substrate 7176. Such fluid supply systems and

container configurations are well-known and in the interest of brevity are
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suitabl e substrates include, but are not limted to,
sem conduct or substrates (e.g., single-crystal silicon

wordenz795i ngl e-crystal gallium arseni de waf er PCBEUS2008/071424

Wi t h or without active and/or passive devices (e.g.,

PO méleSORBRG: rin pheialloc ity « RRIISY fipekihe 1B, in other
§§b§5ﬁé%@°ﬁéj R @‘J‘S’%ﬁ?@%@@ﬁ Pie e B odriiner) spthat the

Y. :
¢ 317 e SHbsRaR A R plfgiih g dofviRgtdsrection (as
ehdwn:)rw m@dvvardt direetion r and ahe ddtearasisteml 411 ng operable to
aqueous solution 106 to provide a generally |am nar

folate dhe sdstiate habgeraf 1 2 @ragsstsateod t6iina dioectioreR.
the substrate 116. Such fluid supply systens and

2g)t AR el@fdplatig isYBferAl F0ORlth&NRIu@ES d oltdge source 118
I'nt'erest of brevity afenot described in detail herein.

Rediteisr élegtricallyl @nr]a;tedrtootﬂ'ieesu losinaiiegholaterof? (i dne the cathode)
substrate hol der 112 rmz/ 03| tioned so that th
§1@|df geesaquently t the subsiraie 11616 The odllagecgourcey 1 18 is further

SrrRafy oriiened, a%ﬂsria?qoc?% %%@ T ?'Biﬁft dlfgtroplating
BHRBELA" SoUIRbfISiod 1R 1ARHIBLASLIANS, KA, P2 FhbREiAAE 120 may

ropla ing sy her rnclu

BevEHHAEE £ AtanCcelS bl the s@Jr%def o bV tl@é’@ﬂlﬁ%&@etﬁ6 For
the substrate holder 112 (i.e., the cathode) and

esasgojeethe Yistahees8hmaydbe abbit OT hecentinmegrsg6emceto about 10
118 is further electrically connected to an anode 120
Crmangle norie w@cn&:a&y ebeuatl . afheoitags seume 188 isfoperable

k530618 S EERLI15GT BerrRen IS0 TH6 NG the anode 120,

substrate 116 For exanple, the distance S may be
29]ut \tarmlﬁeembmhm@tg @‘mm)etlnodamfdhelmvemtlandforrﬁieetroplatung

speci ficall vol t age. source
SEQP%W 96%8 OQﬁtéﬁ]@eﬂ@tV@ w@églmﬁ@@hé@w in more detail

B BBbl b SiEIG S 1 ANENG 1B oAb i Betuator system 111

@hﬁﬂmﬁé@@ geegﬁét@ﬂbm hﬁf%%?f}nﬁ%%ékwgt}étenp into the

Al SCuUsSed berow i n hore det ar | njunction wt
EldamingAselntiohB7102n fpllewiddc by immersingptthe substeatel hblder 112

may i nmerse the substrate hoI der 112 carrying the

sahyingthke substnate t6einto the rinsing solution 104. Next, the actuator
system 7111 may immerse the substrate holder 112 carrying the substrate
116 into the electroplating aqueous solution 106. While the substrate 176
immersed in the electroplating aqueous solution 706, the voltage source
118 may apply a voltage between the substrate 176 and the anode 7120 to
cause copper from the electroplating aqueous solution 706 to plate onto

surface 117 of the substrate 116 to form the copper film 779.

[30] While the substrate 716 is immersed in the electroplating aqueous
solution 106 and copper is being electroplated onto the surface 117 of the

substrate 716, the actuator system 7771 may move the substrate holder 112
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cl eaning solution 102, followed by inmrersing the
substrate holder 112 carrying the substrate 116 into

W@ b@9/020783 ng sol ution 104. Next, the actuator BYEUS008/071424

111 may i nmerse the substrate holder 112 carrying the
256 harpystiale L184 A 109G IRHGRS BeprTHET, e GIreCtions V, and
Vsor o Riahell. RROBS SR PR MY Rty obBted et a rate of

hbButnd hliginfeteds p@%é&ﬁtﬁ'{’?ﬁnﬁ@’ pt%ralf)éﬁm bbe mm/s and with a

el ectropl ati ng aqueous sol ution 6 to plate onto

strokedengflty obfabolé 60@bstmatia drieﬁehdocﬁd]mentrm‘ theplpeennon when
film119. [30] Wile the substrate 116 is imersed in
the ssibsttatep! 16 ihas aqdjam%temfuab@mt 306 rana, thfpgabstrgte 116 is

by A ARS8 e ome
e

r@TRirBentith BUORSUIThEe YYT torte Reedtrdisiatéy. oscill ated
at a rate of about 10 mllineters per second ("nms")

B° it 2SSt PRSP B i FAORES B3GRt £ e invention,

?N%%Ub%fr%té Holdes 1 464 hBétrﬁF gg‘na?%)e ?‘Blatéﬂ 8n the dlrectlon

strate 116 Is |nea y O0scl requency of

ey al Uhits ke thel surfaoe SOTE @hbl@élwb%tsal@f 6 is maintained
invention, the stroke length may be equal to or

gleél&raliy pheallalitoenkingitudingl axisfafdbe mnode 7126. For example, the

SHBEHBES kilder #uBAnd Substte 1S Srdy biseratalid e direction R
% At e ottt ShReR ot 5?@ 189 r6BbRk NS fet fifinute (RPM")

so/bsbo@ SObLRPH Bt Aldied pg |3H9§ ! beb chm In other

l'ongi tudi nal axis of 'the angde 12 or exanp e,

enfiisddiatentsol aferthiel 6invedtionbstar atembirzatiery loé rllnta-ar eabscnlatory
inthe direction Ras a unit at a rotational speed

mm@sb of 406l subsiratephelderniit2 a(nd?wmtrate ddéuas :a)olnlt in the
out 200 RPM

Shspns e and Heeafith Dlatond Bidvsimenbin the difdtian, R may be
68 BB i SRR AR, it o
2R¢eillafhat A0 rERMHEE e sObstratélimecenaplds ifeyedsing the limiting
current density at the substrate 71716 that is limited by diffusion of cupric
ions within the electroplating aqueous solution 706 to the surface 117 of
the substrate 176. Consequently, increasing the current density at the
substrate 116 increases the electroplating deposition rate of the copper
film 71719. For example, utilizing any of the above substrate-movement
techniques in combination with the chemistry of the electroplating aqueous
solution 7106 enables the voltage source 7118 to impose a current density at
the substrate 776 of about 200 milliamps per square centimeter (“mA/cm?)
to about 2000 mA/cm?. At such high current densities, the deposition rate

of copper onto the surface 117 of the substrate 776 may be 10 pm per
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used. Uilizing any of the above-described techniques
for linearly oscillating and/or rotating the substrate

waimeeeakt es i ncreasing the limting current deCEUS2008071424

the substrate 116 that is limted by diffusion of

cupric ions with he el ectroplatin ueous Iut| n
FOBULS mBrar f Eurthermars; HeS Sugees td 118" may be

SHESEEIY. oot tabT Yehiter 50 bRt 0, %Wch a high-

ﬁgbgsﬁforf Fgtecopper film 119. For exanple, utilizing
any of the above substrate-novenent techniques in

EiflooNTNER Y Bobdcy 2ATR) 44 el 9hofabBEREF Refs b antinually

?gjg%%e cf‘tﬁé”élé&ﬁroﬂ%ﬂﬁf téqﬂbohges&ldﬁéﬁrw td aﬂ"ﬁtaﬁp%\ubenerally

I anps per  square ‘centineter
abngtark086noEntration Aof Boppeti g8 the c@p?ed%lﬁhﬁ% ,ist Heposited.
deposition rate of copper onto the surface 117 of the
genrﬂitae anodlemdZboés O comspenablaucepper anagle, copper from the
Furt hermore, the deposited copper film 119

aDedeaAPbamay Benaxi<ed Aael disoivad iaihs eBsvemaling@queous

SHfih o BERRE bl Bon ' Eirferall Al hoBREEGoNSOE dper as
ﬁ%@%bgﬁglrﬁimnm@wae,yasﬁ ution 106 to nmaintain a

gener constant concentration of copper as the

£ :55&“ RS ERUOUREIES s VR, HiE JaGRdS BRuTag, 78 may
d

Bgﬁ)%'adﬂlﬁl% u?ﬁ@nrﬁ Y g%tbé% IrH b8s f%&%drﬂ%@%en&rrent density on

us sol 5 Malnearn & gener y con
156 GRiMistrafte oY @to GRBR/SteaPrinieg GPAPSF g‘raln“rsﬂzb‘%m $he copper film
deposited. [33] In certain enbodi nents of the
ifTf9enFoorexanpley FlGg2 shows: englexamypla bl farward- pulse current
time-varyin voltaaeto i npose a forward-pul se curren

density ywaveforen s 26 tmtenmehaalmmﬁgde orrbrthenguestrate 116 by
ape?y'aaéﬁk&gg'eéive'&ste%f@%gg Mstrate gl 6 55 €8 afpdertZ0 using the
Eﬁp%ged@rﬁf‘?{)y ap‘%ﬁ) %ﬁté@\)’e rr’e'f‘ﬂ?@%%t?éb %Eﬂwe substrate 112

g a vo age ween

%Pé’s‘tlﬁétc%tﬁé@eﬁf& t'n'eefofr‘%%-plﬁ@e YRirFhttdenis) W@%form 200 may

source 118. Represent ative current denS|t| es at the
Hebsboat 200 1A/cm? to about 2000 mA/cm?. In other embodiments of the

invention, the voltage source 7118 may apply a time-varying voltage to

impose a reverse-pulse current density waveform on the substrate 116 or a
combination of a forward-pulse and reverse-pulse current density
waveform. For example, FIG. 3 shows one example of a forward-
pulse/reverse-pulse current density waveform 300 in which the current
density at the substrate 7176 may be periodically reversed. Representative
current densities at the substrate 112 (i.e., the cathode) for the forward
pulse of the forward-pulse/reverse-pulse current density waveform 300
may be increased to about 10 A/cm? with a pulse duration, t, of about 0.1

ms to about 100 ms.
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(i.e., the cathode) for the forward-pul se current
density waveform 200 may be about 200 mA/ cnR to about

wQee@d T2, | n ot her enbodi ments of the i nvePET/U82008/071424

t he vol tage source 118 may appl y a time-varying

K84l e cplechoPEiRg g ot i, 145l e subibteate 116, the
AL eSS Rt AT @Hﬁﬁé{ﬂie S5BRkrhte ppider 172 and

SORUREIRYITESIG HETRALIAN o BISITRY SUADRDA YOI Post-plating

e curre sity a e substrate 1

chsariing pesntathaalf 0y . r Shersetthe Befuatorsyatéme 144r ineiyt move and
densities at the substrate 112 (i.e., the cathode) for

tmmersemm pubsieatser haldef of her angusybsirateer 686 poteethe drying
rent 9& Sity vef orm 300 be i ncreased to about
afghg ﬁmecgmaém% , of about 0.1 ns to
about 100 ns.[34] After el ectropl ating the copper film
[35] oifhe wheclesedt eleotrapl&ting r@qmmmtsnluhgm‘semambe used for
may nove and i merse the substrate holder 112 and

§!ﬂ§‘sthFél@BnQ1% highuality pﬁ%tpqcﬂ fé'fﬂ ) @1hughrarpasilion irgfe to form

i ittt Bl B SRR O RN Aluchliee, " exampe,

e e

to sfros ddtericennecty abr nt{:stqu@ngs as@amasceneaprbeessed Copper
for electroplating a high-quality copper filmat a

elegirepiptrd eiceardingelor meatbpds miaglogedt kerain mapeaisefbe used to

I [ F
EyBer MEPUB SRS aduer éé*rﬁégétgsnevﬁéuﬁﬁdn”‘éeﬁose@ted films,
%F{ghcgblﬂ?éfd by %d fBPCﬁOBréﬂl %%ﬁic?aéf Bbnh&EtidES"Sr other
scene pro ess er-e ropla according to

g tadBatidins etrosasrekelreilCsmandabtterbelatirshit oddéwess. Moreover,
t hrough- substrate i nterconnects, through-nask pl ated

topper aieetopkaﬁedtaﬂccmdiﬂgst@ cmefhocl@ diﬂcﬂm@qb@erein may also be
el ectri connect.i ons, oth al I }lon

s8eddoy frcoé@ ?th@%maﬁfﬁqt@ﬁ?efore? 'e‘f P@ $c JLE{/ Qregoing, non-limiting,

WP Ef o RaARER, fiafiil BROEE 3R, SaMmEsgBl & of copper

eRStASSIatd P hcEOFdihg QS'Hﬁétho-H%edfs@fc%H REreifon-1imting,

[36] From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the

spirit and scope of the invention.
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list of applications nerely provides sone exanpl es of
uses of copper el ectroplated according to nethods

waele@eharser herein. [36] Fromthe foregoing it RET/USI968/071424

appreci ated that, although specific enbodi nents of the
i nventi on have been described herein for purposes of
illustration, various nodifications nmay be nmade

wi t hout deviating fromthe $piAIMS and scope of the

i nvention. CLAIM5S 1. An el ectropl ati ng agqueous

sol ution, donpriAf esctr@iplatedas bguedusadslatios CoMeIDrisiig:

| east one accel erator agent that provides an

accel er at i ahledstdngt ocids; at | east about 2.0; and at

| east two suppressor agents that collectively provide

a suppresscoppstyrength of at |east about 5.0. 2 . The

el ectropl ati ng aqueous solution of claiml1 wherein the
at | east twbleastne appelesatasagent that preyideaan acceleration

follow ng acids: sulfuric acid; hydrochloric acid;
ﬁV@f‘QitQ)@i?@t &:abRrdBoANE aci d;  and f1 uorobori c

e AR LS AR e A0
i i j 5
3hpBreeaoa Rl GRiEaL AR “ana hyar ochi or e
?n.ci Idi presept inT ecgl'é%%g)ﬂ)é’ﬂr#é)%SBEBH‘F%QRHﬁOﬁ%f claim 1 wherein
grans per litefF to ou m 11 gramns per

khd 2 1eé’st-tw@ﬁci%%%rﬁ@ﬂbétdd“é?oﬁ%tﬁ%%f thi! ﬁgilbWi“né’facids:

claim1l wherern the copper 1s present In
concent r at kQufie@wpigbout 50 grams per liter to

hydrochloric acid;

hydroiodic acid;

hydroboric acid; and

fluoroboric acid.

3. The electroplating aqueous solution of claim 1 wherein
the at least two acids comprise:

sulfuric acid present in a concentration from about 5 grams per
liter to about 20 grams per liter; and

hydrochloric acid present in a concentration from about 20
milligrams per liter to about 100 milligrams per liter.

4. The electroplating aqueous solution of claim 1 wherein
the copper is present in a concentration from about 50 grams per liter to
about 100 grams per liter.

5. The electroplating aqueous solution of claim 1 wherein
the concentration is at least about 85 grams per liter.

6. The electroplating aqueous solution of claim 1 wherein

the at least one accelerator agent comprises at least one of:
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about 100 grans per liter. 5 . The electroplating
aqueous solution of claim1 wherein the concentration

WO 200a02476éast about 85 grans per liter. 6 . ThePCT/US2008/071424

el ectropl ati ng aqueous solution of claim21 wherein the
at | east one accelerator agent conprises at |east one

of :a sul fi desiapaR@GMpo@nge! eni um contai ni ng ani on;
and a telluriumcont al ning anion. 7 . The

el ectropl atalg@ean”ﬁcgmtgmmlglam’o@fa@d aim1l wherein the

at least two suppressor agents conprise one or nore of

t he fol | owantgllarippr-esatainageani®n.a surfactant; a

chel ating agent; a |leveler agent; and a wetting agent.

8 . The el éctroﬂ'lrmelegtr@@lmtmaqueousmoluiﬂorcIoéuciamn 1 wherein

wherein the at | east two suppressor agents conprise

he a@ﬂeaﬁirtwcmuwmea'o‘@lr B@RINtY COnpiee 9 eignre ofshe following
uat em zed am ne; a polyacrylam de; a cross-linked
gHP?é%”Sﬂfa énazi ne azo-dye; an al koxyl ated ani ne

surfact ant; her surfactant; a non-ionic

surfact ant 2 SOWE %Q ic surfactant; an anionic

sur f act ant gl ymer surfactant; polyacrylic
acid; a poﬁ/@?@hgﬁé A Rocar boxylic acid;

hydr ocar boxy c ic acid; entprol; edetic
aci d; and ak—:t%/%lreﬁ'ccéd;ent hh . The eI ectropl ati ng
aqueous soluibfhdh éhﬁl m 1 wherein: the at |east one
accel erator agent g present in a concentration

8. The electroplating aqueous solution of claim 1 wherein

the at least two suppressor agents comprise one or more of the following
suppressor agents:
a quaternized polyamine; a polyacrylamide; a cross-linked
polyamide;
a phenazine azo-dye; an alkoxylated amine surfactant; a
polyether surfactant; a non-ionic surfactant; a cationic
surfactant; an anionic surfactant; a block copolymer
surfactant; polyacrylic acid; a polyamines; aminocarboxylic
acid;
hydrocarboxylic acid; citric acid; entprol; edetic acid; and
tartaric acid.
9. The electroplating aqueous solution of claim 1 wherein:
the at least one accelerator agent is present in a concentration
from about 10 milligrams per liter to about 1000 milligrams per liter; and
the at least two suppressor agents are collectively presentin a
concentration from about 10 milligrams per liter to about 1000 milligrams

per liter.
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fromabout 10 mlligrans per liter to about 1000
mlligrans per liter; and the at | east two suppressor

w@@an792 e col |l ectively present in a concent rBE€T/082008/071424

fromabout 10 mlligranms per liter to about 1000
mlligrans per liter.10 . The el ectropl ati ng aqueous

sol ution ofocl ampelefietiopldting BBudbuketltidMSf @FdiAF 1 wherein:
are, collectively, present in a concentration from

about 5 gr #ne aptsadtitiver atidsareycoRecivelysprsgeritiiber ;

and the copper is present in a concentration from
agbngentratigndnempavollt $ grams pdwoliter 10 @bgua 2 greams ipesditer; and
11. A nmethod of electroplating, conprising: imrersing

a subst r at ¢he goppeelispresantdniangoagerivaton dramiabquttdgrams
el ectropl ati ng aqueous sol ution conprising: at | east

g6 lite) i9sabetpHRY grams pesstitesne accel erat or agent t hat

provi des ar ,acceleratiqgn strength of at |east about
2.0; and aH1I- eadt Mafgo l%ﬂ%%@gplh I§9n COMMPERING:

col l ectivel rovide a.s ression strength of at ,

Ceast aboulmEIerSiiehd SRER A Aisciondiss dgufors splution,
c f e. el ectr | .aqueous sol ution

e 5o1EoR R, AUBIRS s Sh Rk RBRbR R " o m 11

further conpri si ' -y@scillating the substrate

in the el ectrop?g??ér]égtr{gg)fjée%lgg’ sol ution during the act

of electroplatipgppgg - The nmethod of claim 12 wherein

linearly oscill atPRg the substrate in the

el ectropl ating éﬂl@&%rﬁ@bééél@ﬁaﬁﬁ"ﬁq‘ rit@Rat provdaesyan

oscillating the substrate in the bath at a rate of

aboslerafionidtienythesfatieastsalbond2 10y amebut 1000

mllinmeters per second. 14. The nethod of claim 11,

further conpri sabteasittar syppresssolagents ¢hatncollectively provide

el ectropl ati ng aqueous solution during the act of
a suppression strength of at least about 5.0; and

electroplating at least a portion of the copper from the
electroplating aqueous solution onto the substrate.

12.  The method of claim 11, further comprising linearly
oscillating the substrate in the electroplating aqueous solution during the
act of electroplating.

13. The method of claim 12 wherein linearly oscillating the
substrate in the electroplating aqueous solution comprises:

linearly oscillating the substrate in the bath at a rate of about
10 millimeters per second to about 1000 millimeters per second.

14. The method of claim 11, further comprising rotating the
substrate in the electroplating aqueous solution during the act of
electroplating.

15.  The method of claim 14 wherein rotating the substrate in

the electroplating aqueous solution comprises:
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el ectroplating. 15 . The nethod of claim 14 wherein
rotating the substrate in the el ectroplating aqueous

W@ 009020002 conpri ses:rotating the substrate i n PEEUS2008/071424

el ectropl ati ng aqueous solution at a rate of about 150
revol utions per mnute to about 300 revol utions per

m nute. 16rotafitg Rt \gsstedteGhah® didctrbBRitRiglagli8ous solution at
substrate conprises a surface to be electroplated with

aheite afpdout AT fevdlhitons pep Misiuty te abeut 300 gvelutions per
surface in an upwardly facing direction or downwardly

haiouteg direction. 17 . The nmethod of claim 14: wherein

the substrate conprises a surface to be el ectropl ated

wi th the cdpper Thieumetieod ofghainsildg novi ng the

substrate in a manner that maintains the surface

subst ant i awhergit the subsisate comprises a surtagestodpe giectroplated
an%d%ﬁijm’rerse_d in the electroplating aqueous sol ution.

ydth theeopReR@NGf clai m 11 wherein el ectropl ating at

| east a portion of the.copper fr the_electroplatin :
aqueous SofditSHCRMPIISIHE Clentinedhe sifns tLan Upwardly facing

iRERbh T oY fERBRTactl L8R ot o deposi tion rate

of at Ieast1710 qéq%rm&ﬁga%f%%im?[ute. 19 . The net hod
“furt

of claim1l, 'f er conprising addi ng additional

copper to Wlf%r%'de?ﬂﬁé ngé‘frhfbgc@gﬁﬁﬁﬁ%tﬁ%h%‘l{dc%ﬁo%?éilé’(ﬁpoplated

froma consumab anode | nmers e el ectroplating
aatrediescoPpeti on. 20. The nethod of claim 11, further
conprising replenishing the el ectroplati ng aqueous

sol uti on wf@rtheddotpeisihg aepying thetsubsictd inrt marirer that

el ectropl ati ng aqueous sol ution.
maintains the surface substantially parallel to a longitudinal axis of an
anode immersed in the electroplating aqueous solution.

18. The method of claim 11 wherein electroplating at least a
portion of the copper from the electroplating aqueous solution onto the
substrate comprises:

depositing the copper on the substrate as a substantially
dendrite-free film at a deposition rate of at least 10 micrometers per
minute.

19. The method of claim 11, further comprising adding
additional copper to the electroplating aqueous solution provided from a
consumable anode immersed in the electroplating aqueous solution.

20. The method of claim 11, further comprising replenishing
the electroplating aqueous solution with additional copper introduced into

the electroplating aqueous solution.

21.  The method of claim 11, further comprising:
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2 1. The method of claim 11, further conprising:prior
to imersing the substrate in the el ectroplating

waoweoes9xsol uti on, cleaning the substrate in aPCl/E820081071424

solution that includes at |east one suppressor agent
havi ng the sanme conposition as one of the at |east two

suppr essor @?'ﬂé%n?rﬁer‘sf@ tHheshbsirbd | iﬁ‘ﬂw@@l&ﬁ@latmg aqueous
sol uti on. 2 The meth of claim 11, further

solutiors id@aninignthel suliktrdtedaned eriarmng aolutibrathistdrsludes at least
solution at a tenperature between out 20 Celsius to

abeusuditreSsbs agent havm'@mereatrmjcomprdsmcm as:ondhef thenat least
the substrate conprises a surface to be el ectropl ated
worsuppressppagentmaf the ele@tram:aﬁirng squgosisasnlutionhe
surface a di stance of about 1 centineter to about 10
cent i met er Qr om The medaed |Qf1%3|§bd1b furtther comprising maintaining
r ueous sol ution. 24. The
ﬁﬁ |3rﬂ qRUS 8O |u@9g1tatt%er5]9ie5§tu5g%¥ween about 20

' |
g{;%fsh{é %ﬁtb&mqr@q‘%ﬁ?'%ﬁi Soulturic acrd: hydroch of L6
id; hyd di d; d
?Imuor Ob)O/I‘Ir lsgc: jh%z@%*qﬁé%&g‘?ﬁwéf% ai ﬁwnll wher ei n
the at | eagldridfh ffd Qﬁpé’fraf@ &ﬁ%te'sozﬁ"sﬁwa'&% BWE ctroplated

sol ution conpri se: resent

QAR £ P Jfpm about 5 grans per liter to about 20
gr ans pe?é‘Pi@ter and hydrochloric acid present in a

concent r at figihér eohiRiRiig 8BaBird tHe siiFabe'a dist&ricd 6f about 0.1
about 100 mlligrans per liter.26. The nethod of claim

téntihmster to bbeut dPpeentirhetdrefremest bowldat inmicasre inishe
solution is present in a concentration from about 50
electroplating aqueous solution.

24.  The method of claim 11 wherein the at least two acids of
the electroplating aqueous solution comprise one or more of the following
acids:

sulfuric acid,;

hydrochloric acid;

hydroiodic acid;

hydroboric acid; and

fluoroboric acid.

25. The method of claim 11 wherein the at least two acids of
the electroplating aqueous solution comprise:

sulfuric acid present in a concentration from about 5 grams per
liter to about 20 grams per liter; and

hydrochloric acid present in a concentration from about 20

milligrams per liter to about 100 milligrams per liter.
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grans per liter to about 100 grans per liter. 27. The
met hod of claim 11 wherein the at | east one

wa@ewehzn7at or agent of the el ectropl ati ng aqueoRGI/US2008/071424

sol ution conprises at |east one of: a sulfide
conpound; a sel enium contai ni ng anion; and a

tel luri um ognt amicnheiROA@'df cklm ThavABfdiRdhefcoprirbfthe
wherein the at | east two suppressor agents of the

elestrasiatiag iatuetsiessistionl igtgregsenpimaicomcentrationom about 50
of the follow ng suppressor agents: a surfactant; a

ghainst peliteg éoaboat 1Oeymmagentliteand a wetting agent.

29. The nmethod of claim 11l wherein the at |east two

suppr essor 2dgenilheometied af etairmpll avhergiandbe @ideast one

sol ution conprise one or nore of the foll ow ng )
acpplasstayragetrefitheelggtioptatingiagyeguaisetutien comprises at least
pol yacryl am de; a cross-linked pol yam de; a phenazi ne
9?@-‘3@& an al koxyl ated anmine surfactant; a pol yet her
surfactant; a Pan-i oni ¢ sa_rfact ant; a cationic

sur f act ant @ SHNGRGOMROUDTs act ant ; a bl ock copol yner

Z“m-r5322?82%»?@%*‘@%%@%@3@%@% Taotdl citric
1 Rk ndiix acid; citric
et hod of " @ 2 MRS -gRoPafho AR P LT GR T 70 T

et 1. oPFF YT AOmaseN Al S1LANERILIA AL soho
BBpptesSir; agérits of the electroplating aqueous solution comprise one or
more of the following suppressor agents:

a surfactant;

a chelating agent;

a leveler agent; and

a wetting agent.

29. The method of claim 11 wherein the at least two
suppressor agents of the electroplating aqueous solution comprise one or
more of the following suppressor agents:

a quaternized polyamine; a polyacrylamide; a cross-linked

polyamide;

a phenazine azo-dye; an alkoxylated amine surfactant; a

polyether surfactant; a non-ionic surfactant; a cationic

surfactant; an anionic surfactant; a block copolymer
surfactant; polyacrylic acid; a polyamines; aminocarboxylic
acid;

hydrocarboxylic acid; citric acid; entprol; edetic acid; and

tartaric acid.
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the at | east two suppressor agents are collectively
present in a concentration fromabout 10 mlligrans

wW@erol2a7er t o about 1000 mlligranms per |iter.PGI/LS20081€71424

met hod of claim 11 wherein: the at |east two aci ds of
the el ectropl ating aqueous sol ution are, collectively,

present ing3g. COWH@F}@@WH&H\ 3hayhefeifr ams per
liter to about 20 grams per liter; and the copper of

the el ectr ¢me at IlthQUSel@@bwrlagentsS [present in & cdncentration
concentration from about 50 granms per liter to about

10N @baut 1emilligtams (&2 litér teeabodt d000wkilligraans per liter; and

el ectropl ati ng aqueous sol ution, conpri sing:

mai nt ai ni nthaat iasittwepsuppregsat dgems soe mllentiuelyapresent ina
first tenperature, the electroplating aqueous sol utio
cApcentragondromeatzout: 1@ nailligemscRplier 9 bt 1|QOQamllllg rams
concentration bel ow a copper solubility limt, at the

PEF Frtenperature of the at l|east two acids; heating

I L
o LR By s

SRR OB 7 R PRRLHRERoD! Sl per e o
%%bWt n?etrfhté}' GPRper concent ration of at | east
gra

a out per liter. 33. The nmethod of claim 32

wher ei n ' ntfﬁé’@@@p@ﬂ ordel el edtdplaiRBdqudsuB 8okMBPES present in
source conprises:introduci ng addltlonal copper in a

eccerecgrtedtion frohatabiosit 5@sgranseiper lit@mptoeabewl 100 Igrashs per liter.
limt of the at |east two acids at the el ectroplating

t enper at ur 82. 34 A methadtdfedakingchmiehe @Poplaéingiagueous solution,
i ntroduci ng addi ti onal copper conprises:
comprising:
maintaining an electroplating aqueous solution at a first
temperature, the electroplating aqueous solution including:
at least two acids;
copper present in a concentration below a copper
solubility limit, at the first temperature, of the at least two acids;
heating the electroplating aqueous solution to a second
temperature that is greater than the first temperature; and
introducing additional copper from a copper source to the
electroplating aqueous solution when the electroplating aqueous solution is
at the second temperature so that the electroplating aqueous solution
exhibits a copper concentration of at least about 50 grams per liter.
33. The method of claim 32 wherein introducing additional

copper from a copper source comprises:
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i ntroduci ng the additional copper into the
el ectropl ati ng aqueous solution in an anmount so that

W@ b@opper concentration i s about 50 grans pePCT/USM08/071424

to about 100 granms per liter at the second
tenperature. 35. The nethod of claim 32 wherein

I ntroduci nintaskaéihg el difORBEECP H&InPa COPREAtraBBhARAAL is less
conprises: introduCing the additional copper into the

ehae or edeén s@lubliite tinsit 60the Abledst tao Riivs Rt the dldetroplating
t he copper concentration is about 85 grans per liter

temperatume. t he second tenperature. 36. The net hod of

claim 32 wherein the copper source conprises at | east

one of: a SdpperlheamethedpfelaioxBdevharaindoispducing additional
hydr oxi de. 37. The nethod of claim3 1 wherein the

EPPPEF 6PIMRNISRP-aqueous sol ution conprises at | east one

ST engt h onEs0vagRaANioNg GRPa M@ des Segroplating
BB SR T Ao o Bt e hgRpaE concefiration is about
50 grams per liter to about 100 grams per liter at the second temperature.

35. The method of claim 32 wherein introducing additional
copper from a copper source comprises:

introducing the additional copper into the electroplating
aqueous solution in an amount so that the copper concentration is about
85 grams per liter or more at the second temperature.

36. The method of claim 32 wherein the copper source
comprises at least one of:

a copper salt;

copper oxide; and

copper hydroxide.

37. The method of claim 31 wherein the electroplating
aqueous solution comprises at least one accelerator agent that provides an
acceleration strength of at least about 2.0 and at least two suppressor
agents that collectively provides a suppression strength of at least about
5.0.
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