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Background
In the production of semiconductor integrated circuits and other microelectronic

15 articles from microelectronic workpieces, such as semiconductor wafers or
semiconductor wafer substrates, it is often necessary to provide metal layers on a
workpiece to serve as interconnect metallization that electrically connects various
devices on the integrated circuit to one another.

Electrical interconnects have been conventionally formed in semiconductor

20  devices by first depositing a conducting layer on a semiconductor workpiece (e.g., a
wafer) surface using sputtering or similar techniques. Unnecessary portions of the
conducting layer are removed through a chemical dry etch process with a pattern mask
formed of photoresist or the like.

In earlier devices, aluminum or an aluminum alloy was used to form the wiring

25  circuits. To keep up with the increased complexity of semiconductor devices, however,
wiring in semiconductor devices has had to be made smaller and smaller. This in tum
has lead to higher current densities and reduced lifetimes due to electromigration. In
addition to this, shrinking lines result in higher resistance increasing RC
(resistance/capacitance) delays.

30 To avoid excessive RC delays and device failures due to electromigration,

metals having superior conductivity and high electromigration resistance, such as
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15  and/or contact holes, make it difficult to fill the features with an even layer of metal
using conventional sputtering methods for deposition of the metal. Chemical vapor
deposition (CVD) has been used for depositing various materials, but it is difficult to
prepare an appropriate gas material for copper or a copper alloy.

Electrolytic plating by immersing a workpiece into a plating solution has since

20  been used to fill the trenches and/or contact holes with the necessary conductive
material, typically copper or a copper alloy. Electroplating methods typically require a
thin, continuous electrically conductive seed layer be deposited on the workpiece prior
to the plating process. The seed layer generally is formed of a conductive metal, such
as copper. Electroplating the desired metal is then generally accomplished by applying

25  an electrical bias to the seed layer and exposing the workpiece, such as a wafer
substrate, to an electroplating solution containing metal ions that will plate over the seed
layer in the presence of the electrical bias.

An electroplating composition comprising copper (e.g., copper sulfate) and an
acid or a conductive salt (e.g., sulfuric acid) may be used. The acid, such as sulfuric

30 acid, is added to the electroplating composition to provide the high ionic conductivity to
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15  compositions {e.g., high acid concentration compositions) that provide good throwing

&

power do not obtain good coverage and fill within relatively small features on a device,
i.e., sub-micron sized trenches and/or contact holes. This often causes a reduction in the
quality of the deposit and leads to fill defects, typically voids. Voids are often formed
when using such compositions for filling relatively small trenches and/or contact holes.
20  In order to obtain good quality deposition, the deposition process must have high mass-
transfer rates and low depletion of the reactant concentration near or within the small
trenches and/or contact holes. However, in typical high acid plating baths the transport
rates are limited by the relatively low metal ion concentration.
Transport of the metal ion to be plated is directly related to the concentration of
25  the plated metal ion in the electroplating composition. A higher metal ion concentration
results in a higher rate of transport of the metal into small features and in a higher metal
ion concentration within the depletion layer, i.e., the boundary layer at the cathode
surface hence, faster and better quality depositions may be achieved.
When using a plating composition superior in throwing power and coating

30  uniformity to fill copper in the trenches and/or contact holes of a substrate having
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composition has a low concentration of copper and a high concentration of acid, the
15  plating composition will have high conductivity and good polarization, thereby
improving throwing power. In contrast, if the plating composition has a high
concentration of copper and a low concentration of acid, it is known that the
composition will have good transport of the metal ions. In other words, the
concentration of metal ions will be sufficient at bottom of the high aspect ratio trenches
20  and/or contact holes to allow good feature filling.

Attempts to address the problems introduced using the conventional plating
compositions (i.e., compositions having a low concentration of copper and a high
concentration of acid or visa versa) have not been completely satisfactory. For
example, various additives have been used, such as particular suppressors, accelerators,

25 and/or levelers in various concentrations. Other additives used include halide ions, such
as chloride. The additives used depend upon whether the plating composition is a low
copper concentration with a high acid concentration or the opposite, as is known to
those persons of ordinary skill in the art. Certain additives may decrease the deposition
rate of metal atoms at a given potential, thereby inhibiting the deposition process,

30  whereas other additives may increase the deposition rate of metal ions at a given
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metal into device features, such as high aspect ratio semiconductor device trenches
and/or contact holes on a semiconductor workpiece. The disclosed compositions and

15 methods are applicable to a wide range of steps used in the manufacture of a
metallization layer in a workpiece. For ease of explanation, the compositions and
methods are discussed primarily in relation to metallization of features formed in a
semiconductor wafer processed to form integrated circuits or other microelectronic
components. The compositions and methods disclosed are not limited to such

20  semiconductor wafers and features but may be used in connection with any
semiconductor workpiece wherein metallization is required. The term "workpiece" is
not limited to semiconductor wafers, but rather refers to substrates having generally
parallel planar first and second surfaces and that are relatively thin, including
semiconductor wafers, ceramic wafers, and other substrates upon which microelectronic

25  circuits or components, data storage elements or layers, and/or micromechanical
elements are formed.

The electroplating compositions include copper and acid at previously avoided

relative concentrations. The electroplating compositions provide surprisingly superior
fill capabilities, particularly copper deposition bottom-up fill capabilities for high aspect

30 ratio features having submicron dimensions (e.g., 0.12 pm trenches) such that the
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15
Brief Description of the Drawings
Fig. 1 is a graph illustrating the solubility of copper sulfate in sulfuric acid at
about 25°C.
Figs. 2(a)-2(e) are scanning electron microscope (SEM) photographs of copper
20  semiconductor interconnects measuring from about (.12 um to about 0.15 pm in width
at half the height of the interconnect formed by using various embodiments of the
electroplating compositions wherein the copper concentration was varied while the acid
conceﬁ&aﬁon was about 80 g/L.
Fig. 2(f) is a pictured leverage plot showing feature fill results when comparing
25  varied acid/copper electroplating compositions, where the copper concentration was
increased in successive samples.
Figs. 3(a)-3(d) are SEM photographs of copper semiconductor interconnects
measuring about 0.15 pm in width at half the height of the interconnect formed using
various embodiments of the electroplating compositions wherein the acid concentration

30  was varied while the copper concentration was about 20 g/L (in Figs. 3(a)-(b)) and
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Figs. 4(d)-4(1) are SEM photographs of copper semiconductor interconnects
measuring about 0.25 um in width at half the interconnect height formed using an
embodiment of the electroplating compositions of this invention wherein the copper
concentration was about 50 g/L while the acid concentration was about 80g/L.

15 Fig. 5(a) is an SEM photograph of copper semiconductor interconnects
measuring about 0.2 pm in width at half the height of the interconnect formed using a
prior art electroplating composition wherein the copper concentration was about 20 g/L,
while the acid concentration was about 180 g/L

Fig. 5(b) is an SEM photo of copper semiconductor interconnects measuring

20  about 0.2 um in width at half the height of the interconnect formed using an
embodiment of the electroplating compositions of this invention wherein the copper
concentration was about 50 g/L while the acid concentration was about 80g/L.

Fig. 6(a) is an SEM photograph of a copper semiconductor via measuring about
0.16 pm in width at half the height of the via formed using a prior art electroplating

25 composition wherein the copper concentration was about 20 g/L while the acid
concentration was about 180 g/L.

Fig. 6(b) is an SEM photograph of a copper semiconductor via measuring about
0.16 pm in width at half the height of the via formed using an embodiment of the
electroplating compositions of this embodiment of this invention wherein the copper

30  concentration was about 40 g/L. while the acid concentration was about 100 g/L..



enbodi ment of the electroplating conpositions of this invention wherein the
copper concentration was about 50 g/L while the acid concentration was
about 80g/L. 15 Fig. 5(a) is an SEM phot ograph of copper sem conductor

i Nt er conné¥@ 2005/M494%9ur i ng about 0.2 min width at hal f ehwusmiogbazzof the

I nterconnect fornmed using a prior art electroplating conposition wherein

t he copper concentration was about 20 g!'L while the acid concentrati on was
about 180 g/L Fig. 5(b) is an SEM photo of copper sem conduct or

i nterconnects neasuring 20 about 0.2 gmin width at half the height of the
I nterconnect fornmed using an enbodi ment of the el ectroplating conpositions
of this invention wherein the copper ocdwentration was about 50 g/L while
the acid concentration was about 80g/L. Fig. 6(a) is an SEM phot ograph of a
copper sem conducgor,Ny.a, Ne [ bHou .16 i i dth at half the height
of the via for ned%%S?(a ,%‘3 mbo??s'gerc{'g{%g %gﬁé% F"g’fﬁs‘é&‘#ﬂr‘{g%?@%5%8%‘}%%%6%"\,\,4“3rei n

t he copper chadeni pmtessing elrsnbebarrtack fg/use intd precebdirgg tacl with whiclcthat r at i on was
about 180 glL, Fi g Bé}bﬁg I S.an SEMbgho{.ograph of a copper sem conductor via
measuring ab§lFTOfEmsa fomposiionsmaybe yilizeds e hej ght of the via forned using
an enbodi ment of Fige7(bpis a@idsSpactibnal Giew IR Portibh 6fSreplesdniitive hgent of this
i nvention _wherein the copper 30 concentratiaon was about 40 g/L ile the

aci d concént FEATRSAOFERCtRY i whitlhthg electroppsmiot sprmesitnys prey bejdlinsd 033229 -8
Fig. 7(a) is a CrppsspA%(d)Unéepiebditioé prdcdse N6 SRHs At S6h 0P RARF €SS NY
station having _a processing chanber or reactor for use in a processing tool
wi th which t pessibig mannetsof émplementing mstadlizationof asgipicpadugtor Wogkpipce miliging7 (b) is a
cross-sectio ' o?:ﬁio BMvBhiohe Processing 5 chanber
or reactor vm!a%lhelév(\:ﬁ%egéﬁ?gce e%{u?%c gnn%(t:l{gl’ﬁpétgﬁrr%osi tt?d(glhs may be utilized.
Figs. 8(a)-8(d) aFigs-9%)mandah dlustrate progepressntativaprodessingtoplsmathtwhachithg a few of
many possibl ' Lng..oetallization of a sem conduct or

wor kpi ecébut ?10@%2%&§€§%p%@%%§§ghée{%ﬂha. conpositions and nethods of this
invention. Figs. 9(a) and 9(b) illustrate two representative processing

tools with which the Detailed Description

Conventional electroplating compositions of copper and acid, such as sulfuric
acid, comprise either a relatively low acid concentration whenever there is a relatively
15 high copper concentration to reduce the terminal effect and provide reasonable filling
capability, or a relatively high acid concentration whenever there is a relatively low
copper concentration so that the plating composition will have good throwing power.
The electroplating compositions of this invention do not follow such conventional
wisdom. Instead, they include copper concentrations more equivalent to the acid
20  concentrations.

In particular embodiments the electroplating compositions formulated in
accordance with this invention comprise an aqueous mixture of copper and sulfuric acid
wherein the ratio of the copper concentration to the sulfuric acid concentration (all
concentrations listed in g/L are grams per liter of solution) is equal to from about 0.3 to

25 about 0.8 g/L. In other particular embodiments the electroplating compositions
comprise a mixture of copper and sulfuric acid wherein the ratio of the copper
concentration to the sulfuric acid concentration is equal to from about 0.4 to
about 0.7 g/L. In yet other embodiments the electroplating compositions comprise a
mixture of copper and sulfuric acid wherein the ratio of the copper concentration to the

30  sulfuric acid concentration is equal to from about 0.5 to about 0.6 g/L.



10 el ectroplating conpositions nmay be utilized. Detail ed Description
Conventional electroplating conpositions of copper and acid, such as
sulfuric acid, conprise either a relatively |ow acid concentrati on whenever
there is aVPaWaMded y 15 hi gh copper concentration topcedssmsbizezet er m nal

effect and provide reasonable filling capability, or a relatively high acid
concentration whenever there is a relatively |l ow copper concentration so
that the plating conposition will have good throwi ng power. The

el ectropl ati ng conpositions of this invention do not follow such
conventional w sdom |Instead, they include copper concentrations nore
equi valent to the acid 20 concentrationsg.ln particul ar enbodi nents the
el ectropl ating conposit i ons formulated in accordance with this invention

conpri se an aqueo nd sul furj.c acid. wherein the ratio
of the copper conLci%F\‘:g‘}3 Ltlﬁ’ﬁmi‘"t?tsttﬁgg %ﬂ?‘f@%’f’ﬂ“‘&‘ﬁﬁ&’é’ﬁ??eaﬁnla&?F°t‘%||
concentratio rralxhwémp%da afid bulﬁﬁ@ a@ﬂ it dopp@n:oﬁn‘enﬁﬂiouﬁm 8 kothSosftigHal to
fromabout 0.3 to 25 about O, W In other particular enbodinents the

el ectropl at i ri§“ibinageutic0ie ab‘?}’é |°§és%’lqh‘13$¥ﬁ?’évﬂﬁné®p*ﬁg|m % sul furic acid

wherein the r@hidirgfon 19%0&1%&5%%5 t&EHRGEIH0 AL, 'lﬂ@ei&hérféﬁnbﬁaihfe%ﬂﬁ acid
concentration is equal fromabout 0.4 7to about 0.7 g/L. In yet other

enmbodi nents tqlu@treple%ngwmpasmwg comnPWAN BEYs r@umsp pEeopper amiﬁltlhme agfl copper
and sul furic »ﬁ&k&nmﬁ)@&c&d&&&aﬁbﬁRﬁtﬂéa&#}ﬁaﬁ&? g @ﬁt"ﬁd@% HYdut O the 30

sul furic acid concen lon IS equa oma to about 6 g/L. WO
2005/ 040459 POk WEROSILIES Hifrdt Wheg thﬁrﬁlllfmiceamdsm)mrrnMIS fiomeabeutd6 o opI ating

ComROSi 1 o SRR, oK ER i BrhdEn e SRR LA UE BRI,
about 90% of mixtursof aoppdriat g/cdncennmnmhﬁ‘rfrmoatESftuabmtéegﬂ,and@tﬂﬁmctamﬂt ion is
from about, 65 to abou e r .enbodi ments,.th

el ectropl gh naéa(‘f%%ﬁ%tg 1??8&%%3%'1;%2!0%8 gﬁ%urs}gﬁﬂﬁfwn%"%we%o‘:gf)_er and
sul furic aci obompbﬁﬁ@israombﬁsmmﬁerousmmabf@bparataemic&ﬁraﬁoxﬁramnﬁ datis wWithin

about 60°/toabo 0 f|t solubilit nth | furic acid
concentr at(l) 0n4 | g a#qu(t)ﬁ? ) 5501% at a conc tratlon 011 from Sbout 7’5e to agout

120 g/L.
Although any electroplating composition having acid and copper within the

15 above disclosed ranges will provide superior fill capabilities, particularly useful
electroplating compositions comprise an aqueous mixture of about 40 g/L copper and
about 100 g/L sulfuric acid or about 50 g/L. copper and about 80 g/L sulfuric acid.
Other exemplary embodiments comprise aqueous mixtures of about 60 g/L copper and
about 65 g/L sulfuric acid or about 47 g/L copper and about 70 g/L sulfuric acid.

20 The copper source used in the electroplating compositions of this invention may
be, for example, a copper salt such as copper sulfate, copper fluoborate, copper
gluconate, copper sulfamate, copper sulfonate, copper pyrophosphate, copper chloride,
copper cyanide, combinations thereof, and the like. Although copper sulfate is
primarily mentioned herein, it is to be understood that copper from any suitable source

25 may be used in the disclosed compositions.

The electroplating compositions may contain other mineral acids in combination
with or in place of sulfuric acid, such as fluoboric acid and the like, organic acids, such
as methane sulfonic (MSA), amidosulfuric, aminoacetic, and combinations thereof, and

the like, combinations of mineral acids and organic acids. The electroplating



about 120 glL. In other particular enbodi nents the conpositions conprise an
aqueous m xture of copper at a concentration of from about 35 to about 60

g/ L and syd Woks og%i d 10 at a concentration of from ab?lﬁ'{‘m@ﬂoi/&s?zgom 150
g/L. In other enbodi ments the conpositions conprise an aqueous m xture of

copper at a concentration of fromabout 45 to about 55 g/L and sulfuric
acid at a concentration of fromabout 75 to about 120 g/L. Although any

el ectropl ati ng conposition having acid and copper within the 15 above

di scl osed ranges will provide superior fill capabilities, particularly
useful electroplating conpositions congpi_.se an aqueous m xture of about 40
g/ L copper and about 100 g/L sulfuric acid or about 50 g/L copper and about
80 glL sulfuric acid. Oher exenplary enbodi ments conprise agueous m Xxtures
of about 60 grempPedlensmayripcludedfuiier gdlityes suchjas BHIPECSI0ES, dccsleragibapd 47 g/ L

copper and ?qwagﬁaﬁiﬁ_iﬁﬂilikg?&?%ﬁ%&s. 20 The copper source used in the

el ectropl ating conpositions I's Invention may be, for exanple, a copper
salt such as coppdhe slattieplating copprsitiohs mapalscatontaircadiives sugh achatide ops,copper

sul famate, c¢ I A . lL.de, copper
cyani de, conbof?ﬁg{afn%%s&%%’gyé?@%g’ﬁ%h?%égrﬁtﬁﬁagﬁgg@%%g{jéﬁplggg)ﬂﬁeg:]Lg%ffa?%t e i Spp
primarily Jrernmbodiatentsef dierlisclosed ®mipositiens chidgdesis addbdtil admitingijoe withr om any

sui tabl e source .25 may .be ed in th i scl osed co Ltions. The

ol ber von ot rina SuRRrRE Ates (e retyelheBT P SmeRerBteidat @aRendt Mo nat i on
with or in plsapgresaidepdsitionlof Gopper 6l coritagivonagd, biiolifdréase theiodergofintidl forlal ke,
organi ¢ acids, such, as nethane sulfonic (MSA), am dosuyl furic, am noacetic,
and conbi nat i BY apRlisdeyrrent densitys A8 15 kngwn tohoagipersens ordiparyskill indhe arbi ds and
O gani ¢ aci Ishe dierfiisioP Bt e e2ARI0 AALRRNENTY hEGARANR33220 - 10

conpositions may include further additives such as sSuppressors

accel er at Bt s, Pasamepters ehpsanclprthe gartigwprhardwiares iIn portein emhadimenisaf thecdisclopede
For cxanpl e CPEPRaS the e EhoRafor BRGT Boltt0 ekt G001 fln R C°) o,
In certain 5 enispldi sbeutt 39 ppin HEbmaly badddeitid au eleptoaplating nempdsitionicompiisngadded i n
combi nation V\Ab'i)tr& 50 g/L copper and about 80 g/L suifuric acid. In another embodiment, about 20
ppm HCl is added to an electroplating composition comprising about 40 g/L copper and
15  about 100 g/L sulfuric acid. Other suitable additives (as known to those persons of
ordinary skill in the art) used to aid the suppressor in decreasing the deposition rate
and/or to aid the accelerator in increasing the deposition rate may be added.
Suppressors generally increase cathodic polarization and adsorb on the substrate
surface to inhibit or reduce copper deposition in the adsorbed areas. Suppressors added
20  to the plating composition may include, e.g., two-element polyethylene glycol based
suppressors, such as suppressors made of random/block copolymers of ethylene oxide
and propylene oxide mixed in a wide range of ratios. For example, CUBATH ViaForm
Suppressor (DF75), available from Enthone, Inc. of West Haven, CT, or Shipley C-
3100 suppressor, available from Shipley Company of Marlborough, MA, may be used.
25 Embodiments of the electroplating compositions may include any suitable
suppressor type and concentration. For example, CUBATH ViaForm DF75 suppressor
ata concehtration of from about 2 ml/L to about 30 ml/L, or about 2 to about 10 may be
used. As further example, Shipley C-3100 suppressor at a concentration of from about
5 ml/L to about 25 ml/L, or about 10 to about 20 may be used. In one particular
30 embodiment, about 2 ml/L of the CUBATH suppressor is used in an electroplating



certain suppressing additives (e.g., polyethers) in an anount sufficient to
I nteract and suppress deposition of copper at constant voltage, or to

i ncrease the over potential for a given applied current density. As is
known to tWO3@050¢5bns of ordinary skill in the art, teegnGeReashiati ons of
hal i des added are typically determi ned by the operating 10 paraneters chosen
for the particular hardware. In certain enbodi nents of the disclosed
conpositions the hal ogen concentration is fromabout 10 ppmto about 100
ppm For exanple, about 50 ppm HC1 nmay be added to an el ectropl ating
conposition conprising about 50 g/L copper and about 80 g/L sul furic acid.
I n anot her enbodi ment, about 20 ppm HQlyyi.s added to an el ectroplating
conposition conprising about 40 g/L copper and 15 about 100 g/L sulfuric
acid. O her suitable additjves (as known to_ those persons of _ordinary skill

in the art) S@woHBosRTEEahY PR eddioppes apbrhontl( gl sulfuricgeidodn o8 r at e
and/or to ai dylahBle2fof B HhOL of Shiple§ CEABH E\Q)p}el@&r%ﬂ%letﬁ'&ﬁ'%lﬂfe? may be

added. Suppressors generally increase cathodic poI arization and adsorb on
t he subst r at eCorapany gEMarlborpyghi, MA, igmsed @da@bcman:»@g compesition; comprising he

adsorbed are SRHE# Iatlng conposition may

I ncl ude, e. gaﬁmP - gﬁg{&d%ﬂyet gﬁ' ﬁ"g'gr?yco based suppressors, such as
su_pgres_sorSgI made dtccclmawm&lo?ckth?d)@pﬂ]mu@mﬂcembgtb with suppirct#[saersFﬁnnd propyl ene
oxi de m xed i e, of ratios aForm

Suppr essor (Eﬂr—aﬁ?uo ?flaag‘feéer?t%?ﬂpﬁrn%r HWE‘ ﬂ%ﬁ%@%ﬁwgmﬁfﬁ t&pf or
Shipley G 3L@ed Buhqapleﬁtg(rompasdmﬂ iy ﬁclﬁdeoHgShllﬂiwyomﬂiﬁgmymﬁéun%&hchor ough,
MA, nmay be use Enb el.ec IatJ n i ons may

i ncl ude any sﬁq‘fsésﬁﬁ’é‘m @ré]i‘gﬁ”&{‘%?ﬁg% Bee W&t &B‘ﬁﬁ’%ﬁ’c Wanpl e,  CUBATH
Vi aForm DF75 @ﬂ@ﬁﬁ@ﬁ%ﬁdxfm fﬁst@r@mesﬂlsﬁraﬁsm@nF&fexixﬂlﬂe;\(ahmTH%moﬂq to about 30
m /L, or about 2 to about }?Pnﬁy be_ used. further exanpl e, . Shipley

C- 3100 subpr edesgleraigr (QFE‘Bﬁ&@ FramyEnthgneror 5%‘1’5&5&)%100509#%0&(6"%!5‘85t 25 m /L,

or about 10 tfy7aRRleyy halfBY ubif. m@mn{eﬂmef'ﬁ BREfdpHiing & RITAO about
2 mM/L of the CUBA#Hygupgr%essor s used in gn el ectrg i |sng V\DgSOSI 040459

PCTI US2004/ 03i8¢ipde, for exaraplenss seaelcsttorsachmsits %%EHJ(MMEJ%@W@@ and about
80 g/L sul furigy @rﬁﬂogrla%P &’%&95#‘” K ?zfsmh&nnﬁﬁaﬂ%fr%a%oﬁfﬂz’dﬂ/ﬂo Bohey C 3

100 suppressor, aval

ml/L from about 2 to about 8 ml/L For example, about 5 ml/L may be used in an

15  electroplating composition comprising about 50 g/L copper and about 80 g/L sulfuric
acid. For seed layers with superior coverage such as CVD, about 8 mV/L of this
accelerator may be used. For seed layers with poor bottom coverage (e.g., bottom
voids), about 2 ml/L of the DF74 or a like accelerator may be used. In another
embodiment, about 10 ml/L of Shipley B-3100 accelerator (available from Shipley) is

20  used in an electroplating composition comprising about 40 g/L copper and about
100 g/L sulfuric acid.

Suppressors and accelerators heavily populate around the features and since the
suppressors inhibit the copper growth, a small overhang of the seed layer can close the
mouth of the feature leading to a void in the feature. Therefore, an electroplating

25 composition where the suppression is mostly active on the top of the topographical
features and the accelerators dominate the suppressors in activity inside features so as to
achieve bottom up growth may be particularly useful.

The concentrations of such components may vary to be optimized for particular
hardware and/or operating conditions as desired. Suitable concentration ranges for

30  additives (e.g., halides, accelerators, suppressors, optional levelers) to the electroplating,



Conpany of Marl borough, MA, is used in an el ectroplating conposition
conprising about 40 g/L copper and about 100 glL sulfuric acid. 5

Accel er at g 006458 cat hodi c pol ari zation and conpete Nﬁﬁﬁs@&ﬂﬁ5ﬁ§sers for
adsorption sites to accel erate copper growh in the adsorbed areas. The
accelerators wused in the plating conposition may include, e.g., sulphur
cont ai ni ng conpounds, such as bis(sodi um sul fopropyl)disulfide (SPS).
Accel erators, with smaller nolecular dinmensions can diffuse faster than
suppressors. For exanpl e, CUBATH Vi aForm 10 Accel erator (DF74) avail able
from Ent hone or Shipley B-3100 acceleratgy. (available from Shipley), may be
used. Enbodi ments of the electroplating conpositions may i nclude, for
exanpl e, ‘an accel erator such _as the CUBATH V,aForm DF74. . Such an

accel erat or ngmpAsitigaTEay YaryAspeading unondhesprricprezting songhitiqns &haghout 2 nl /L
to about 30 Bidilularfchieh RS ard/biodIRRY! tefipBiatute, sFiR SpRA. N Rte, ARRUE S an L

may be used in an 15 el ectroplating conposition conprising about 50 gl
copper and ab@ensitB@s iyknown ¢ irpsecpersars of ordieary slalkin thegér s wit h superi or

coverage such as Q/(an Eelé'at[fgr{ Jﬁepﬁlli%gi.hg feaﬁ@%sﬁn@f Rhfiin gg%éspé%%%q . For

seed layers with poor bottom coverage m Vol out 2 mlL of
the DF74 of acdppkrovactbe Featua¢sareating supfacamotdusidns. Fmst the eddidorbafdileseler,, about 10

m /L of Shipl B- Chta?c il & hip i sed in
an el ectropl a?ll}é Hgas gg#%o& 1%%’1%({:@%?%%{ g’?%% a‘éad%hlt% ﬁrfbjolggtﬁongb‘%%%plgﬁ‘é%g%d’out 100
g/ L sul furic betler (aGilpple &oa0Sispley)dnaybe eddedad the slebteaplating cprapasitiohe ar ound t he
features and gince . the. re rs tnhibit the copper growh, smal |

over hang of tﬁ@agﬁgéﬂfﬁygiﬁgé}‘ﬁ%&&?@lmw l?f’o‘fff‘ﬁtoﬂgﬁﬁsé d%ecé‘frﬁ'gé“ &'8adi ng to a
void in the fpﬁhugi@?s td bmﬁ&aﬂ@,eleaﬁurﬁcecs;fe?iﬁbﬁhibwnﬁﬁs aﬂmpe&f&dp]guﬁing\her e thg
suppr essi is nostly active on the top. o eto ic eatures an

t he accel 2$at B?W@Hg‘ﬁ‘&?l@d‘t%’év eRFResaLgion of °’§€£’?‘*&$tm9 u‘f%’&?{:ﬁ’és so as
to achieve bahihQBbHA.00b AWEUR 3108/ EFdP 3k dmipte! laBdul ¥.5URIAT oif the DRPY ERIGSRL at | ons

of such conponents may vary to be opti m zed for particul ar hardware and/ or

operating conbf ¥sed isanceleceplpting rompayitienompeising abaut 89 &/brsopren ardsaboay 8030
The. el oot r opl BH 55 L5 s E TRl 1B D/ GAE Sy OR3oB MRl evel ers) to
(available from Shipley) may be used in an electroplating composition comprising
15  about 40 g/L copper and about 100 g/L sulfuric acid.
The operating temperatures of electroplating compositions of this invention may
range from about 15°C to about 30°C or from about 22°C to about 27°C. For example,

an operating temperature of an electroplating composition comprising about 50 g/L
copper and about 80 g/L sulfuric acid of about 25°C has been found useful.

20 The plating methods using electroplating compositions of this invention may be
carried out, for example, in a fountain style plating reactor of the type currently
marketed by Semitool, Inc. of Kalispell, MT, Novellus Systems, Inc., of San Jose, CA,
or Applied Materials, Inc. of Santa Clara, CA. These tools typically incorporate plating
reactors having an anode system that functions as a single anode, either by employing a

25  single disc-like anode or a basket of anode particles.

However, the plating methods carried out in a multiple anode reactor of the type
described in U.S. Patent Nos. 6,497,801, 6,569,297, 6,565,729 and in published PCT
Application WO 00/61498 are particularly suited to using the electroplating
compositions described herein. U.S. Patent Nos, 6,497,801, 6,569, 297, 6,565,729, and

30 PCT Application WO 00/61498 are herein incorporated by reference.



-12 conpositions may vary dependi ng upon the specific operating conditions
for a particular chosen process and/or tool (e.g., tenperature, spin speed,
flowrate, current density) as is known to those persons of ordinary skill

i n the arwo fdoswdoeseed accel eration after filling the fpat/usmssosaaeoresult in
excess growh of 5 copper over the features creating surface protrusions.
Thus, the addition of a leveler, such as CUBATH Vi aForm Level er DF79,
avai l abl e from Enthone, or Shipley U-3 100 Ieveler (available from Shipley)
may be added to the el ectroplating conpositions disclosed herein. O her
suitable | evelers may be used to suppress the current at the protrusions to
provide a | evel ed surface. Specific enbedBrents of the electroplating 10
conpositions include a | evel er concentration of fron1about 0.5 m/L to about

3 m/L, or from ag%ﬁ%éa)dgé%aﬁ%g Emg‘l e ?fl é}‘l’fﬁ"éﬂs Lot &qgle%,otf%bout 2.5 m/L of

the DF79 | eveler n elec corrp05| 'on conprising
about 50 g/L cepgentatvechlaingstatiGd)110g/A support temberaddD dhcludes aspin metor &danpl e,

about 2 m /L of ,Shiple 0 | evel er vail abl e from Shiple may be used
in an el ectroﬁ‘Fﬁf‘F‘ﬁg' lééﬁﬁ‘t‘)‘g? WSEM?tP‘Ks]?'ﬁg i?t%fblégf“p g@?ﬁm’g%bper and
about 100 g/ L asdéblyr160. a8t ebtor 142 n2p Grichide B YadkigiRata 145 £ adkalaUECTHOP! at i ng
corrp03|t|ons of this invention may range_ from about 15C to abput 30C or

f r om about 22@3'1?'%“%6‘6t14§‘7’€"33ﬁ§f‘s"€5§5ﬁ3p‘1 workpigee I darpy AibatwessaMitur e of an

el ectropl ati ngo&8 Bdvint A BoBO IR HSF f?l%?%hvﬁﬁkh%éb kAP pRfe IdomRed 80 g/L
sul furic aci dq;gf gﬁl;gut 25C has Seenlgf&gun usef ul 2a(§ TEB eIatlcr’lg met hods
§

usi ng el ectroﬁ’laﬁﬁdﬁgfﬁ’éﬁ'f?é@@ied%ﬂ@fa*?ﬂnéppﬁmhwwlﬁé ingsan Fige® out, for
cxaTDl & 10 2 QYRS PP i DR 8k Beaupe1str ety ket od

by Semtool, of Ka stens, Inc., of San Jose, CA,
or Applied Ivat er i alTbe cantast assémisiy A6Gmay inclade GyarmierH62. pluality of squtacts| 16§

101 PO o) Pkl g SHELPIS, MK oS PURHE 3 SLSBR R SHRELREP 7 2

si ngl e ano y enpl oy ng I ngle e a basket of
anode parti cI d$2 atdbthe vaor, 1412ha‘hq:)bcaxtactsg6mm&mg€twers1padg cutitacisror atheftypdspl e

5. 560, 207, 6, Sesorir R srRTaGH Sraeremerortan o PE IR e BE RIS a o
particul arly 9i! esmhercislyagailable seppoainiedibert140@nd contact assemblies 160 can be
used. Particular suitable support members 140 and contact assemblies 160 are disclosed
15 in U.S. Patent Nos. 6,228,232 and 6,080,691 and in U.S. Application Nos. 09/385,784;
09/386,803; 09/386,610; 09/386,197; 09/501,002; 09/733,608; and 09/804,696, all of
which are herein incorporated by reference.
The plating station 110 may include a reactor vessel 130 having an outer
housing or chamber 131 and an inner chamber 132 (both shown schematically in Figure
20 7(a)) disposed within the outer chamber 131. The inner chamber 132 carries at least
one electrode (not shown in Figure 7(a)) and directs a flow of processing liquid, such as
an embodiment of the electroplating compositions of this invention, to the workpiece
101. The processing liquid flows over a weir (as indicated by arrow F) and into the
outer chamber 131, which captures the processing liquid for recirculation, recyeling or
25  disposal.
In operation, the support member 140 holds the workpiece 101 at a workpiece-
processing site {such as a workpiece plane) of the reactor vessel 130 so that at least a
plating surface of the workpiece 101 engages the processing liquid. An electrical field
is established in the processing liquid by applying an electrical potential between the

30 plating surface of the workpiece 101 and one or more electrodes (described in greater



conpositions described herein. U S. Patent Nos. 6,497,801, 6,569, 297,

6, 565, 729, and 30 PCT Application WD 00/ 61498 are herein incorporated by

ref er ence.ywyo2hpée040459 PCT/ US2004/ 033229 -13 Fi gur?C? @ﬂoi/{ds strates a
partial schematic, cross-sectional view of a representative plrating station
110. A support member 140 i ncl udes a spin notor 144 and a rotor 142 coupl ed
to the spin notor 144. The rotor 142 supports a contact assenbly 160. The
rotor 142 may include a backing plate 145 and a seal 141. The 5 backing

pl at.e 145 noves transverse to a workpiece 101 (arrow T) between a first
position (shown in solid lines in Figureb7(a)) i n which the backing plate
145 contacts a backside of the workpiece 101 and a second position (shown
in broken lines in Figure 7(a)) in which it is spaced apart fromthe

backsi de of tdlmilvuﬂd«ph/ﬁhﬁafélr&icetd'hgmdﬂi)}amsiuaﬁaﬁmﬁle)ﬂnﬁ:@@emwt NEdrude a

carrier 162, a pluralit ontacts 164 arri,ed. by the carrjer 162, and
aplurality o?xag'ﬁ pong %’C%si? apag) apssRky, %Bfﬁaasggwtpérnegailggp%{ﬁam he rotor
142. The cont @Rk fesgddritoGieléterolid(5)dn théthes §HahiBer mmé?n tecofiduc@bdgitedialpes  of
contacts that are configured to engage_a. portion of the seed-|ayer on the

wor kpi ece  10%mto ths wegimises 101, Ineae FS&’B‘F ngltfﬂ’ﬁ‘éﬁefs psRfdheelecrodesd® cont act
assendl | ess 164nieaflg iectideds ol WhBh ndkik\ ARSI ILpdPRRL 8140 and

contact assenblies 160 aré di scl osed Pat ent 6, 228, 232 and

6, 080, 691 andel¢arodesdo contol the anifermityyeth whivhapmeriabuare applied pehewarkpsoy 386, 610;
09/ 386, 197; Of;501, 002; 09/733,608; and 09/ 804,696, all of which are herein
I ncor por at ed y reference. The plating station 110 may include a reactor
vessel 130 havi ng Figuro#bpis a shlenstio §lustratioh afipesmbb@imen of thereactorer chanber 132

(both shown S%ﬁseefr?%dnhea?mgh ntgple el%%?%es mglugéxg)gzthi?%irzgggcﬁgdw he! rnac he out er

chanmber 131. carr one e ode (not shown
I n Fi gur el ( ayesseh b idelndsstachelical tain chénnel I3ddstsvenn theiigper d;arrmar:tﬁmd then

O o o e 15 DL 0 OTRh BBV Bl SEE L1,
arrow F) and ¢mbodirhdnCof the! ﬂeéudptaﬁﬂ@ecrm;ibaﬁons\/&ﬂﬂﬁhm@amou,r @rrflokéngthOma&si ng
liquid for recirculation, ,recycling_or . 25 dispaqgsal
chamber 132 and guides the processing liquid toward a hqmd outlet 135. Liquid enters
the inner chamber 132 through a primary inlet 136a and a secondary inlet 136b. The
15 primary inlet 136a is coupled to a primary flow channel 137 that directs a portion of the
processing liquid within the inner chamber 132 to a primary flow guide 170, The
primary flow guide 170 includes apertures 171 that direct the flow toward a central axis
139 of the inner chamber 132. The flow then proceeds upwardly from the primary flow
guide 170 toward the workpiece feature to be filled.
20 The secondary inlet 136b may be coupled to a distributor 189 that directs a
secondary liquid, for example the same or a different embodiment of the electroplating
compositions of this invention, to a plurality of electrodes. The inner chamber 132
includes four concentric electrodes 180. A controller 183 is operatively coupled to the
electrodes 180a-d to individually control the current applied to each electrode, and
25  accordingly control the corresponding conductive paths between the electrodes and the
workpiece feature.

The electrodes 180 are housed in a field shaping unit 176 having a
corresponding plurality of electrode compartments 177 (shown as compartments 177a-
177d) separated by partitions 178. The distributor 189 directs the secondary liquid into

30 each compartment 177 via a corresponding plurality of distributor channels 179 (shown



In operation, the support nenber 140 hol ds the workpi ece 101 at a workpi ece-
processing site (such as a workpiece plane) of the reactor vessel 130 so
that at |least a plating surface of the workpi ece 101 engages the processing
i quid. Awoedoeszidndseal field is established in the proseEsssza/iiaui d by
applying an electrical potential between the 30 plating surface of the

wor kpi ece 101 and one or nore el ectrodes (described in greater WO

2005/ 040459 PCT/t1S20041033229 -14 detail below with reference to Figure
7(b)) positioned in the inner vessel 132. For exanple, in one process the
contact assenbly 160 is biased with a negative potential wth respect to
the electrode(s) in the inner chanber 13%t0 plate conductive materials

onto the workpiece 101. In one aspect of this process, one of the el ectrodes

(a 5 "thieving' gl iS02h 50n Dj i o ial with
respect to thgs%it @%Hcgl%g%:e%srlggggﬁta' Jégc'r‘???n o%“’ ’{ﬂ%e&fﬁ\hlﬁ%grﬂr%mtag W Etﬂ\&/{/ﬁ'lL h
mat eri al s ar etheistritmtbr(l89,tphst thesldepidasd 80, 80d upwirdly tevard e waskpsecs ddabmeat i ¢

illustration dj f th e o sgl 0 _havin l.tiple

el corrodes. i bt EkeFd o DrF el whitars PO ot RaB rdniBa N hEd e uks,

i ncl udes a hell§knks ifitla elecarbdenn 80 wiidsokidoned anthe kxdtsiaf agsh comparbment 182aand t he

outer chanper ,131.. The drain . channel .134 receives processing |liquid, such as

an errbodinREnfho(W’ byyértua @8‘5@85?’%&'?%&1@@#&&1 tions of this invention,

I()verfljovvi n? the3i MR pri ﬂ&eguiaamcﬁmdnmiid\eaﬁtyrfeciﬁgmgmwﬁngsg q’ri]ﬁuﬁafkdt oward a
iquid outlet 135. Liquid, enter t he i nner anber 1 rough, a primry
inlet 136a anH‘%@s*?ék’GF%}& wﬁ@%s’ﬁ@dw&w YBR ﬂwwdfm o thepsimans  coupl ed

to a primary fhvetaesneh shidid mhmm% drfpbifurd 1 $0¢ah e Posifiorlel BetwéRES ST NY
liquid within the inner chanber 132 to a primary flow guide 170. The

primary flow gestendes t4§ and thepskpiegsd 1 fhatse topantych he inferagtion bepveeen thsw t owar d a
central ajfps w%ﬁ(%%e?é fehfdfe dngg?erﬂxﬁ&‘ﬂ&i?%ﬁd Jié’t%icalTﬁﬁﬂfudi:B}ﬂ thlfi‘égct&r VERED, upwardly

fromthe primary ow gul 170 toward the workpiece feature to be filled.
20 The secondary ilnithe reag@lyessal/138 showpindiguwo7(h), dachtcompartroent 18bhasione di rect s
a secondary Ljqu I A% Lifer ﬁ{gg ' t of the

el ectropl ati nlg)hgé’:jljgq %rg“l?{si lgﬁzé%fﬁotl%iqu@nver?ﬁilﬁgﬁ%hd"tﬁcl)lhgﬁ%%r a ggﬁﬂ(')ﬁfég

el ectrodes. Thassi Ap@irdiogigrdaebubbBR trapped in each compartment 177 proceed radially

outwardly through the apertures 177 of each compartment until they exit the inner

15 chamber 132. Each compartment 177 may include an interface member 175. The
interface members 175 may include a filter or other element configured to trap air
bubbles and other particulates, while allowing the secondary liquid to pass toward the
workpiece feature. In another embodiment, the interface members 175 include ion
membranes that allow ions to pass toward the workpiece feature, while preventing or

20  substantially preventing the secondary fluid from passing toward the feature. Instead,
the secondary fluid passes through the apertures 174 and out of the inner chamber 132
via the helical drain channel 134. The first fluid can be collected at a separate drain (not
shown). In another embodiment, the ion membrane allows the fluid as well as ions to
pass through.

25 One or more of the foregoing reactor assemblies may be readily integrated in a
processing tool that is capable of executing a plurality of methods on a workpiece, such
as a semiconductor microelectronic workpiece. One such processing tool is an
electroplating apparatus available from Semitool, Inc. of Kalispell, MT. Figs. 9(a) and
9(b) illustrate such integration.



I ncl udes four concentric electrodes 180. A controller 183 is operatively
coupled to the electrodes 180a-d to individually control the current
applied to each el ectrode, and 25 accordingly control the correspondi ng
conduct i vQpaosno458t ween t he el ectrodes and the wor kpr@Euesheasiee. The

el ectrodes 180 are housed in a field shaping unit 176 having a

corresponding plurality of electrode conpartnents 177 (shown as conpartnents
177a- 177d) separated by partitions 178. The distributor 189 directs the
secondary liquid into 30 each conpartnent 177 via a corresponding plurality
of distributor channels 179 (shown WO 2005/ 040459 PCT/ US2004/ 033229 -15 as
di stributor channels 179a-179d). AccordiTl§l-y, the secondary |iquid proceeds
through the distributor 189, past the el ectrodes 180, and upwardly toward
the workpi ece feat %@syste-ﬁhgfﬁ%.fgfﬁtindﬁdeﬁ Dewutanif) &f ppdraningGtduthd 2107 qhae t he
electrical field produced by the electrodes "180 is as if the el ectrodes 180
wer e positi onelfoegssing dations inslude one.qr FosggsNE(dnERE statjions apdonepr 96n by vi rt ual

el ectrode posi oo PR eYCY gl ' i nwar dl y

faci ng vessel éd%“?‘?ﬁ%%% i |hr1?§%gg%he tfmr_llé @gg%selgﬁ ?ﬁ{ﬁgggﬂl ﬁ)c%lzglﬁfrtdem7 t hat

ext ends upwar dusyd wiil) thgielegmeplatingfcoxmpesitioms.p rTheraysjem inclydes thevimek pra@®@gung A shi el d

184 havi ng @an he. L L I s 180 and
t he wor kpi esge %@%ﬂ#,%%ﬁg@%?@g@ﬁngﬁﬁ% i&ltelgalgﬁ Sract %ﬁacﬁ)cgt?h v(%gsr?ﬁ%#edqﬁg

wor kpi ece f eatrapid tlendaltpnace$sing) (RTP).ow and el ectrical field within the reactor

vessel 130. In the,reagtor vessel .13 hown in FEigure 7 a

conpartnment 177 ha?hSWé’ﬁmbﬁge%F E“&Beé’.‘& Bé‘é’genlpfﬂcefsé{'%#?tmﬂ%ég;sdngﬁbeﬁp sl ots)

t hr ougE whi ch dtdtmuadsmiﬁg@ﬁ&rmgb&lbgaiclmﬁ‘&m&hmﬁgtlﬁ mlglyat maﬁspbhsehtﬁbres t rapped
in each conpartnment 177 proceed radi out war t hr gu e apertures
177°6F each coME PRt A cones vadki 125, 02€ primer of et 0 T8y ognch
conpar t mentg 17ihcdiBotate BEdcnees i ak tEBfor xR anldBitu 3. AlIREaEf ace nenbers
175 may include a filter or other el enent con féfgur,ed to trap air. bubbles

and ot her par tRTetsHgstations s welbasithagobrjictiasiearehaniims maxkA dsosrdings ¢ owar d
the workpi ecebfatpibided wittPMpddisir £ 9PoGividssurt RPthblb bR sRudmber s 175

include ion nenbranes that allow ions to pass toward the workpi ece feature,
whi | e prevent i 99gtaginants that may reduce the effectiveness of the microelectronic workpiece

processing.

15 Fig. 9(b) illustrates another representative processing tool in which the
electroplating compositions of this invention may be used. The processing tool shown
in Fig. 9(b) includes an RTP station 235 located in portion 230 that includes at least one
thermal reactor, may be integrated into a tool set. Unlike the processing tool of Fig.
9(a), at least one thermal reactor is serviced by a dedicated robotic mechanism 240,

20  The dedicated robotic mechanism 240 accepts waorkpieces that are transferred to it by
the robotic transfer mechanisms 220. Transfer may take place through an intermediate
staging door/area 245. As such, it becomes possible to hygienically separate the reactor
portion 230 of the processing tool from other portions of the tool. Additionally, using
such a construction, an annealing station may be implemented as a separate module that

25 s attached to upgrade an existing tool set.

The electroplating compositions of this invention may be utilized with any of a
myriad of workpiece metallization processing methods for forming interconnects and
vias in a workpiece. For example, Figs. 8(a)-8(d) illustrate several possible

electrochemical deposition metallization process flows wherein the disclosed



20 substantially preventing the secondary fluid from passing toward the
feature. Instead, the secondary fluid passes through the apertures 174 and
out of the inner chanber 132 via the helical drain channel 134. The first
fluid canwioeoesalsbsset ed at a separate drain (not sShowBCT/USHGENAIRET

enbodi nent, the ion nmenbrane allows the fluid as well as ions to pass

t hrough. 25 One or nore of the foregoing reactor assenblies may be readily
integrated in a processing tool that is capable of executing a plurality of
nmet hods on a workpi ece, such as a sem conductor m croel ectroni c workpiece.
One such processing tool is an electroplating apparatus avail able from
Senmitool, Inc. of Kalispell, M. Figs. 944y and 9(b) illustrate such

i ntegration. WD 2005/ 040459 PCT/ US2004/ 033229 -16 The systemof Fig. 9(a)

i ncl udes a pl léfe@t!r&ﬁléﬁn@“coxﬂﬁ&?tﬁﬁ%ﬂﬁb@ﬁs%& bPR8m ZtélconhBAS Sias BF AEG&SHENG Stations
I nclude one or nore rinsing/drying stations and one or nore electroplating

stations. (O Hesfuresai t abl e i mmersi on- chenical processing tools may be used
with the el ectropl gty fﬂﬂ;@&%' ' b d ?ﬁ[ﬁ |
processing 5 statig‘r@%1 gasluc ashﬁrgﬁﬁoﬁﬁﬁ%ﬁﬁlﬁ{%mﬂg@% ?‘3‘&% OE%ertleher mal
react or that ipwcasathe wdrkpice isfagipcbvided mithla mutaliesssd tayer(ard Rparrigtislhesiork pi eces
are transf rr?d b&twee rocf:essi st.ations 210.and th P .station 215
usi ng one (§r e (A %{ﬂﬂ%s? r%’ﬁ%?ggle%‘&ﬁ? R tﬁ%re[nﬁléets?%{ro e&ii%vb%sed for

| i near novenemftatats)ag farneanThebeed layelds 2528 to édnduc eletwics cafrerit Heriptaat i ons 210
may al so 10 ingorporate structures that .are adapted f.or executing.an in-situ
(inse. AT o Sﬁﬁ%ﬁeﬁtﬁa@@@iﬁcﬁaﬂg%sg3;?53%% i:g%:ams;z s ‘ég?‘g’ﬁsf e
mechant Sms  Mayn t Cdn®e@pplied using i3 fIRSlerd) hiiRiho Oble ¢, thee@Mapdrof at @
positive pressure to therg%y | i mgt ai rborne contami nants that may reduce

the effectivems cyrbelpid daya usiag physicaliaponggpasHion ok chesical ¥apor dgpositien ki g 9( b)

i ['1ustrat g9 aneifds (' RRIRE & Hyal dniBe RUAOEABIUDS00 A Mick. Th¥kked |lh1151h§n also .
el ectropl ati n% conpositions of this invention may be used. The processing
€

tool shown i eefarged of eoprerngald;mickelpprlindipmsangd mesh onalbpthes metalyl The s¢s8r ti on 230
that includes @k {s9&led 874 a surface that is convoluted by the presence of the trenches, or

other device features, which are recessed into the dielectric substrate.
In certain methods, before using the electroplating compositions of this
15 invention, an electrochemical (electroless or electrolytic) seed layer repair or
enhancement step is performed (not shown in Fig. 8(a)). Specifically, a seed layer, such
as an ultra-thin seed layer, may be repaired if needed to render the seed layer suitable
for a subsequent metal deposition, or enhanced by depositing additional metal on the
existing seed layer, in a separate deposition step to provide an "enhanced"” seed layer.
20  The enhanced seed layer typically has a thickness at all points on sidewalls of
substantiaily all recessed features distributed within the workpiece that is equal to or
greater than about 10% of the nominal seed layer thickness over an exteriorly disposed
surface of the workpiece. For example a seed layer enhancement process may be
performed as disclosed in U.S. Patent Nos. 6,290,833 and 6,565, 729, which are
25  incorporated herein by reference. When a seed layer enhancement process is
performed, it may be followed by a rinsing step.
With continued reference to Fig. 8(a), a copper layer is electroplated onto the
seed layer in the form of a blanket layer. The blanket layer is plated to an extent which
forms an overlying layer, to provide a copper layer that fills the trenches (or other

30 device features) used to form the interconnect wiring. The copper layer may optionally



thermal reactor, may be integrated into a tool set. Unlike the processing
tool of Fig. 9(a), at |east one thermal reactor is serviced by a dedicated
robotic mechani sm 240. 20 The dedi cated robotic nmechani sm 240 accepts

wor kpi ecewa doeg/odedse transferred to it by the robotic RCEHOSMWIIREhaNI STB
220. Transfer may take place through an internediate staging door/area 245.
As such, it beconmes possible to hygienically separate the reactor portion
230 of the processing tool fromother portions of the tool. Additionally,
using such a construction, an annealing station nay be inplenented as a
separate nodule that 25 is attached to upgrade an existing tool set. The
el ectropl ating conpositions of this invedBion may be utilized with any of a
nyriad of workpiece netallization processing nethods for form ng

i nterconnect s e pkd, 1y PG (o fbnaf PARIS Thé Hifltng/ Rl iP( )
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el ectroplatin aﬁi hi TRY .0 forminterconnects, vias or other
such featur e%.ega%ﬂ?ypl Ca %msggﬁ%&%fg 3@9 toglld(%\?i'i s illustrated in Fig.

8(a). In the Danuas8ebsequeptip@ress cdpper iswemopéddnearansfefringthe woorkpieatadawi t h a

netallic seed | ayer a a barrie dhesion 5 layer.th re. di.sposed over a
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The seed | ayerleldcoplftig compoditivid disclosed hibreins elcessltopisanis selttively removadbsequent

metal el ectrop] ati_ng the .seed |ayer . |s a very thin | ayer of
heral'og

step. Typiccall
metal that car™fe RIFKMPRe aRee ecﬂgg%/ed‘f"ﬂ%%taﬁ‘iw B BT O ARINSFe, the

seed |ayer of siddRF @wol@iechQisingintbttdayfhch! 84 tRBscliifsékin /S Ffentleposi tion or
chem cal vapor deposition 10 methods to produce a | ayer on the order of
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over a surface that 1s convoluted by the presence of the trenches, or other
devi ce f eat ur essurgimudtanepuelyr ecessed into the dielectric substrate. In
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repair or chamber or can be performed in separate chambers. The etched workpiece is
subsequently annealed. The workpiece may be rinsed with, e.g., DI water, prior to
15 annealing. The workpiece may be annealed using any suitable method. For example,
the workpiece may be annealed using conventional furnace methods or may be annealed
at temperatures below 100°C, or even at ambient room temperature, using methods such
as those disclosed in U.S. Patent No. 6,508,920, which patent is incorporated herein by
reference. The workpiece may then be chemically mechanically polished to, for
20 example, remove copper that is deposited in excess of what is desired for the device
features.

As shown in Fig. 8(b), an alternative process utilizing the electroplating
compositions of this invention may include a preclean or pre-wet step prior to copper
plating so as to limit surface defects and remove waste materials therefrom. As shown

25 in Fig. 8(b), the preclean or pre-wet step, copper plating, backside clean and/ or bevel
etch and D1 rinsing steps may all take place in the plating tool. The anneal and CMP
steps may then follow outside the plating tool.

In another possible process suitable for use of the electroplating compositions of
this invention, a seed layer repair or enhancement step may be performed prior to

30 copper plating (Fig. 8¢)). The seed layer repair step may comprise electrochemically



enhancenment step is perfornmed (not shown in Fig. 8(a)). Specifically, a seed
| ayer, such as an ultra-thin seed |layer, nmay be repaired if needed to render
the seed layer suitable for a subsequent netal deposition, or enhanced by
deposi ti nwoamoi/gdnasnal netal on the existing seed | ayePCT/USEOM/(SEPAr at e
deposition step to provide an "enhanced" seed |layer. 20 The enhanced seed

| ayer typically has a thickness at all points on sidewalls of substantially
all recessed features distributed within the workpiece that is equal to or
greater than about 10% of the nom nal seed | ayer thickness over an
exteriorly disposed surface of the workpi ece. For exanple a seed |ayer
enhancenent process may be perforned asl®isclosed in U S. Patent Nos.

6, 290, 833 and 6,565, 729, which are 25 incorporated herein by reference.

Wen a seed 'agﬁﬁwﬁgge&sﬁa&% 1@5&6&&&& a[ﬁq{rfsé)rﬂr%&ecdnh sbgMajpe followed by a

rinsing step ont | nued ference to Fi a copper layer is
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used to form ﬂ]iemsmg stepsonayedi takei placa gn the pletingtpple (The agresal ae\CMPstemmadyl y WO
2005/ 040459 P 004/ 033 8 then be rinsed, typically in DI water and
(optional l 3) gpﬁﬁ $ tﬁ%%ﬂ'&}%]}??}l ng, if perfor med, may occur in the
chanber in which tAgsiphadh Figcs(aynnwioﬂpmtetmvomwssu@mmﬂgme deqm@pRtigg chanber s
dependi ng upon the. pl at] t ool used. Su uen I's renoved

C
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di scl osed herein, excess COpEwg is selectively renoved from for exanple, a
§

backsi de of tH@ﬁ%EF@BWEE%mﬁﬁ togl.neri pheral edge of a process side of a
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6, 413,436, which is incorporated herein ref erence. The bevel etched and
back 10 si deuaqde@ne@nbmpﬁﬁip@mlmtwh@ﬁngeny¢fr4§@§etyvﬁéf0tka@m| de cl ean and
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et ching steps can
used for the metallization process using the electroplating compositions disclosed

herein. The process parameters utilized depend upon the features to be filled, the tool
15  being used and other such variables as know to those persons skilled in the art. One
possible process is set forth below as a representative example only.

During the electrochemical deposition of copper into device features, such as
interconnects and/or vias on a workpiece (according to one of the methods discussed
above or any other suitable method) acidic electroplating compositions can corrode

20  (etch) thin seed layers leading to the formation of voids. Accordingly, a workpiece
loading bias, for example, from about 0.1 V to about 1.0 V may be applied to the
workpiece plating surface while the workpiece is being immersed in an embodiment of
the disclosed electroplating composition. For example, a loading bias of about 0.4 V or
greater for 200 mm workpieces have been found to provide a void free fill of the

25 features. To further enhance plating, for example, for plating a 1.0 um copper
deposition on a 200 mm wafer, the wafer may be rotated upon immersion into the
electroplating composition between about 40 rpm and about 200 rpm. Upon plating, the
wafer is rotated between about 10 rpm and about 150 rpm. Exemplary embodiments of
the plating methods rotate the wafer upon immersion at about 75 rpm and upon plating

30  at about, 75 rpm at 1.0 amp for 5 seconds, 40 rpm at 1.0 amp for 25 seconds, and 40



chanber or can be perfornmed in separate chanbers. The etched workpiece is
subsequent|ly anneal ed. The workpi ece may be rinsed with, e.g., D water,
prior to 15 annealing. The workpi ece may be anneal ed using any suitable

nmet hod. Fovoeooangk®, the wor kpi ece may be anneal ed usPol/uszovesstivonal
furnace nethods or nmay be annealed at tenperatures bel ow 100C, or even at
anbi ent roomtenperature, using nethods such as those disclosed in U S.

Pat ent No. 6,508,920, which patent is incorporated herein by reference. The
wor kpi ece may then be chemi cally nechanically polished to, for 20 exanpl e,
remove copper that is deposited in excess of what is desired for the device
features. As shown in Fig. 8(b), an alterXative process utilizing the

el ectroplating conpositions of this invention nmay include a preclean or
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this i nveng?eon%b[ﬁlg "?ggggﬁﬁ ﬁug ilinré;a%ﬂ&%%ﬁll % l@g% JIec\ﬁ}gzlvede:t ch, DI rinsing
and anneal steps rragdtmmvela,lmdpslagwem delnstypieatgna’t@m fmoﬁmh@t\ll%smwon ben be

performed out Slix%%blterf)?atiﬁé %ﬂaﬂgné gl%lods, a | pm copper deposition may be deposited on

200 mm wafer having a copper seed layer of about 400 A. The wafer may be rotated at
about 150 rpm. The current density may be from about 2 mAmps/cm’ to about

15 70 mAmps/cm’. Alternatively, the current density may be from about 3 mAmps/cm’ to
about 25 mAmps/cm’ for a time period in which the desired thickness is achieved. Of
course, the current density utilized can be varied during the plating process, typically
but not exclusively starting at a low current density and finishing with a higher current
density.

20
Example 1 and Comparative Data

A representative embodiment of the electroplating composition of this invention

is shown in Table 1,



10 As di scussed above, the electroplating conpositions of this invention may
be used in a nunber of electroplating tools using any of a variety of

wor kpi ece netallization processing nethods. In addition, a nunber of
process pa¥QAWSB44Shay be used for the nmetallizati on PEDOAS294/033029g t he

el ectropl ati ng conpositions disclosed herein. The process paraneters
utilized depend upon the features to be filled, the tool 15 being used and
ot her such variables as know to those persons skilled in the art. One
possi bl e process is set forth below as a representative exanple only. During
the el ectrochem cal deposition of copper into device features, such as

i nterconnects and/or vias on a workpi ece-4laccording to one of the nethods

di scussed above or any other suitable nmethod) acidic electroplating
conpositions can corrode 20 (etch) thin seed |ayers leading to the formation
of voids. Accordingly, a workpiece |oading bias, for exanple, from about
0.1 Vto about 1.0 V may be applied to dablelworkpi ece plating surface while
t he workpi ece is beingd d in an enbodi nent of | - S sed

el ectropl ating conposigku Eﬁ ?r exanpl e, a | oading é%%@ﬁ%?b%.kut 0.4 V or
greater for 200 nm wor kffiueces have been found to provide5@ void free fill o
the 25 features. To fur&pgé enhance plating, for exanple8 for plating a 1.0
m copper deposition on & 200 nmwafer, the wafer may be 9otated upon
imrersion into the el edccdph@at(DEy4ronposition between abgdut 40 rpm and
about 200 rpm Upon platjng, th fer is rotated betwe about 10 rpm and
about 150 rpm Exerrplar&'Iu Lﬁﬁﬁ”ﬁﬁﬂ&@ of the plating netﬁ@ds rotate the
waf er upon inmersion at [ebéett(DEP9) pm and upon plating 302at about, 75 rpm at
1.0 anp for 5 seconds, gg:rpn1at 1.0 anp for 25 seconds, _and 40 WO

2005/ 040459 PCT/ US2004/ %3229 - 20 rpmat 4.5 anps for t A remai ning tine
necessary @ deposit theyglesik&dihhiskness. As is known to persons skilled
in the art, the rotation speeds, biases, and tine periods utilized depend
upon the plating tool used and the device to be forned. To further enhance
plating, for examplip bftabielcarid dedtitds BacHGRRLS: CABPABLD] W b Alingt 200 MM
waf er, the wafer was rotateg upon rmmersion into the plating conposttion at
bet ween about was achievedwditinthisiembRditneninfithelgiestro¢tiemidahcpmiposition fag illustsatedoinat ed

bet ween the results shown in Figs. 2(e), 3(d), 4(d)-4(f) and 5(b).

15 For comparison purposes, prior art electroplating compositions were tested

f

under the same conditions with identical additives at the identical concentrations.
Features having voids, as can be seen in Figs. 4(a) — 4(c) were obtained. Specifically,
prior art electroplating compositions comprising the conventional high copper and low
acid combination (i.e., 50 g/L. Cu and 10 g/L sulfuric acid) produced vias having visible
20  voids. A comparison of the results shown in Figs. 4(a)-(c) versus 4(d)-(f) reveal that the
prior art high copper/low acid electroplating compositions (Figs. 4(a)-(c)) result in the
formation of interconnects having significant voids, seen as dark spots in the
micrographs at the lower regions of the interconnects. Although the filling of the
interconnects using one embodiment of the electroplating compositions of this invention
25  as shown in Fig. 4(d) was halted prior to completely filling the interconnect trench, as
can be seen in the micrograph of 4(d), the interconnects were forming without visible
voids - a significant improvement over the conventional electroplating composition
results. Additionally, although the interconnects formed using an embodiment of the
electroplating compositions as shown in Fig. 4(f) show some voiding, the number and

30 size of the voids in the interconnects are significantly fewer and smaller as compared to



about 10 rpm and about 150 rpm Exenplary enbodi nents of the plating nethods
rotate the wafer upon imersion at about 75 rpm and upon plating at about,
75 rpmat 1.0 anp for 5 seconds, 40 rpmat 1.0 anp for 5 seconds, 40 rpm at
2.0 anp f w0 RB5/M049econds, and 60 rpm at 8.22 anp untibct/bsocessned

t hi ckness is achieved. Alternatively, and using current density
designations for further description of possible plating enhancing nethods,
a | mcopper deposition may be deposited on 200 nm wafer having a copper
seed | ayer of about 400 A. The wafer may be rotated at about 150 rpm The
current density may be from about 2 mAnps/cn2 to about 15 70 mAnps/cn®.
Alternatively, the current density nay b&2from about 3 mAnps/cn2 to about
25 ni Arrps/cnﬂ for a tinme period in which the desired thickness is achieved.
O course, | I ating
process, typ| cal %Hﬂﬁ%m&iﬁ?ﬁlel&% gﬁsﬂle\l:/% se(tqgstfht1 %S\Sg‘tsljagﬂf%%dgﬂﬁlzéﬂtg ensity
and fi ni shing elﬂcn'bplatntgoghmpsmm ammbed@nmﬁlynuaﬁp@mlqplmfﬂgaﬂd) Conpar ati ve

Data A representati odinent of the electraqpl t|on of this
invention 1is sho bcloglpflsomng%ggpgﬁgﬁglg%@%} g‘ﬁ@’f/rgg'ﬁ% 8 .21- Table
1 Conponent Cmnmthaatl lcmnc@ptr/hxgﬁxcﬁn:onﬁodiﬁmﬂvast}smﬂﬁdeeﬁﬁtsme (daﬁmép)s 5.0
Suppressor 50F

0 vel .(, DE7 2.5 H
concentrat i on A& ﬁ'?lﬂﬁ?ﬂcaﬁﬂ\ﬁg?ﬁg’&‘émngﬁ)fﬂ'?cﬁé?ﬁm%ﬁ fing in t(?’ﬁl_%ﬁ%ggng 3% set

forth above), véis@s fsiiB@sthiel id Fig. 5(a). Specifically, a prior art electroplating composition
comprising 20 g/L. Cu and 180 g/L sulfuric acid produced seam voids in metallized
trenches. In comparison, an embodiment of the electrochemical plating compositions of
this invention, specifically a composition comprising 80 g/L sulfuric acid and 50 g/L
10  Cu, produced void free features in the identical size trenches (as shown in Fig. 5(b})).

Example 2 and Comparative Data
Another embodiment of the electroplating composition of this invention is

shown in Table 2.

15 Table 2
Component Concentration g/[L

Cu 40
H,80, 100
Accelerator (B-3100) 10.0

20 Suppressor (C-3100) 17.5
Leveler (U-3100) 3.0
HCL 20"

* Halogen concentration in ppm.

25 With suitable current densities, such as those set forth above, void free filling of
a via was achieved with this embodiment of the electroplating composition of this
invention as is illustrated in Fig. 6(b).

For comparison purposes, a prior art electroplating composition was tested
under the same conditions with identical additives (at identical concentrations) as was

30 Example 2. A via fill having voids, as can be seen in Fig. 6(a), was obtained with the



was achieved with this enbodi nent of the el ectrochem cal conposition, as
illustrated in the results shown in Figs. 2(e), 3(d), 4(d)-4(f) and 5(b).
15 For conparison purposes, prior art electroplating conpositions were
tested uwdenoidsedssane conditions with identical additreeesS2004/03529i denti cal
concentrations. Features having voids, as can be seen in Figs. 4(a) - 4(c)
were obtained. Specifically, prior art electroplating conpositions
conprising the conventional high copper and | ow acid conbination (i.e., 50
g/L Cu and 10 glL sulfuric acid) produced vias having visible 20 voids. A
conmparison of the results shown in Figs.. 4(a)-(c) versus 4(d)-(f) reveal
that the prior art high copper/|low aci d2&lectropl ati ng conpositions (Figs.
4(a)-(c)) result in the formation of interconnects having significant

voi ds, seen as._. S in ) KL ) " i of the
it er connect o P s finh hepiteay, B BABAR ecRbplbly CiEbiGF R

enbodi ment of hadhtheebwehtionpl kigh agd avlipw soppenasnbadatibh (ie.,i20\gdnCo amnd 8D gAs shown
in Fig. 4(d) hal t.ed gri.or to.conpl.etely.filljng.t it ercopnect trench,
as can be seé af"rﬁlgp UGNz 3 WA KA ?ﬂfléﬁ,vxpﬁésfqﬂ“g}%%e%gggmﬁ{ﬁg form ng
W t hout Vi si blefibodifiiefits of tha eRtigipldting asrhpdsitiohoofahie iiveRtitdlshévial sufpieippllyl onal

el ectropl ating conposition .  results, Additionally, althou t he
i nt er connect s SERFIAEESHE; hypidifree pe Slimeeyss ""H’Fe"f’&é‘s S@W?@%&h ng compositions
as shown in Fig. 4(f) show sonme voiding, the nunber and 30 size of the voids
in the interconnects are significantly fewer and snmaller as conpared to WO
2005/ 040459 pExamabedha/ 033229 -22 the resulting voiding in interconnects

formed using the pgi 4wy i : i conposition,
as can be seen in {Ahgﬁorﬂ@ggﬂﬁg%tg)gﬁgﬁﬁfé(%ﬁ%p&?f%ng@n&%ér‘?@ﬁ@%ﬁﬁig? conpari son,
anot her pri or tegn¢hepmersuringdbout i @@gwﬁgilﬁimm(wi. i@ at haif the beightrof thenal | ow
copper/ hi agj g . itiQns 5 with
dont i cal “aany Rt b ol R oHoURERS of BF BAKR AR ElI AT |

havi ng seam vovheeinthe coppet ¢onsentratiedvasvafiedgwhile(thg acidSpmcentiatad was, abautpri or art

o oL OBl oL Ry GATRS S TR B oG PR Mo 2 .
t he el ect r och&igsc(h) sdaid)igtecconineatirdnciag ved fillddhutitizihp ¥ prién relecapplatidg cal |y a
composi tion C%o {D(iJS?tgoql oglgrigxllgl_ 20S 7 fcglgpieganadcéodg/f ggd.SRs gz{nlbe seen in the
15  micrographs of these figures, the prior art low copper/high acid compositions result in
devices having visible voids. In comparison, however, as shown in Figs. 2(b) and (d),
the electroplating compositions of this invention having copper and acid concentrations
near the copper solubility limit resulted in devices having a relatively low number of
voids formed. Specifically, as shown in Figs. 2(b) and 2(d), interconnect trenches were
20 filled utilizing an electroplating composition comprising 35 g/L copper and 80 g/L acid

providing superior results.

Example 4
As the Fig. 2(f) tabulated results show a number of example electroplating

25  compositions tested wherein the copper concentration was increased step-wise and the
acid concentrations were kept relatively low. This increase in copper concentration
relative to the low acid concentration (contrary to conventional wisdom) again gave
surprisingly superior results.

Specifically, the additive concentrations and halide concentrations were held

30 constant while the acid and copper concentrations were varied from 10g/1 to 150g/1 and



10 Cu, produced void free features in the identical size trenches (as shown
in Fig. 5(b)). Exanple 2 and Conparative Data Anot her enbodi nent of the

el ectropl ati ng conposition of this invention is shown in Table 2. 15 Table
2 ConponewO Gyfe4omsr ation /L Cu 40 H2SO4 100 Accel epel@s2008033200) 10.0 20
Suppressor (C-3100) 17.5 Leveler (U-3100) 3.0 HCL 20" * Hal ogen
concentration in ppm 25 Wth suitable current densities, such as those set
forth above, void free filling of a via was achieved with this enbodi nent
of the electroplating conposition of this invention as is illustrated in
Fig. 6(b). For conparison purposes, a prior art electroplating conposition
was tested under the sane conditions wit#-identical additives (at identica
concentrations) as was 30 Exanple 2. Avia fill having voids, as can be

seen in Fig. 33229
SSoN N P19, ChE a0 S AR Rt ROBRLAYARP EH SRR
conposi tion cmﬂ&xmned@dﬂmm@swnvémdsgﬁar edqhg*mmh@fdﬂmolblmwgcopper

combi nat 0N, (| efiposi@hsdised Al HBRLE dr och SN 52sR0 13, o HEFHIFRY 2 Vi 2

havi ng vi si bl €% shown'in enbodi of the
el ectropl ati ngzveremman&dl dﬂienurhbdrhfﬁaaiumséiﬂibdmnofﬁmak tsllie¢ for sachglzg. & superi or

oo O S B B s B, S0Pl 0
i nt erconnect  dnalg¥ic befsvareRsL.E. ngMh@uaﬁsti@alJaaalyﬁs fifoate flogrbmpiifal gensthted h at
hal T the heig hth plcmrclaqeverage plot shown in Fig. 2(f). As can be seen from Fig. 2(f),
electroplating compositions wherein the copper concentration was relatively high and
the acid concentration was relatively low (i.e., embodiments of the electroplating
10  compositions of this invention wherein copper concentrations were near solubility
limits) provide a statistically significant improvemnent in feature bottom-up fill

capabilities

Example 5 and Comparative Data
15 As shown in Figs. 3(a)-3(d), copper semiconductor interconnect trenches

measuring about 0.15 pm in width at haif the height of the interconnect were filled
using electroplating compositions wherein the sulfuric acid concentration was varied
while the copper concentration was 20 g/L or 50 g/L (20 g/L. Cu and 80 and 150 g/L
acid, respectively in Figs. 3(a)-(b)) and 50 g/L Cu with 10 and 80 g/L acid, respectively
20 in Figs. 3(c)-(d)). As shown in Fig. 3(a), an interconnect trench was filled utilizing an

electroplating composition comprising 20 g/L copper and 80 g/L acid.

For comparison purposes, as shown in Fig. 3(b), an interconnect trench was
filled utilizing an electroplating composition comprising 20 g/L copper and 150 g/L.
sulfuric acid — like the typical conventional high acid/low copper compositions. Again,

25  inferior results are achieved with such a composition.



10 interconnect were filled using various enbodi nents of the el ectroplating
conpositions wherein the copper concentration was varied while the acid
concentration was about 80 g/L and were conpared to various prior art
conposi t i Ws2008peedfi cal |y, as shown in Figs. 2(a) aneCTUEpp4/a38m2er connect
trenches were filled utilizing a prior art electroplating conposition
conprising 20 g/L copper and 80 g/L acid. As can be seen in the 15

m crographs of these figures, the prior art |ow copper/high acid
conpositions result in devices having visible voids. In conparison,
however, as shown in Figs. 2(b) and (d), the electroplating conpositions of
this invention having copper and acid coeéentrations near the copper
solubility limt resulted in devices having a relatively |ow nunber of

voi ds, formed. - Speciiht fihkonisth ol SR i 3R1dn Shtllomb B gonn ot

trenches were 20 fil utirlrzing onposition conprising
35 g/ L copper wasdiligd uglizingani diectrpehemicd] sognposifien ¢amprising $0tgd, cdprermplie 4 As t he

Fig. 2(f) tabul.at ul.t.sp,show a nunber.. o X le gl atd.ng 25
conpositions ?%@?@%ﬂﬁﬁﬁﬁanRﬁﬁﬁs%86%%?’§5W%éﬁ$r@gﬁgﬁuﬁﬁ§sﬁﬁ§f%§§%§’step-mﬁse
and the aci d showdersupaior exssltsaehievddeyith thetladtiopatiyg tommposifibn ef thisdiveatsen i N
copper congent rgt | Q rel ative tlggbhe | ow acid concentration (contrary to

conventiona Vi dasRpedabaYsnFFaEPleddy ori singly superior results.

Specifically, the additive concentrations and halide concentrati ons were
held 30 constant while the acid and copper concentrations were varied from
| Og/l to 150dExAmple6 \\0 2005/ 040459 PCT/ US2004/ 033229 -24 from 20g/| to

509/ 1, respectivel ws tﬂF‘i@.r3(ﬂ|tz§blda&ﬁyr¢sm§ﬁ1&hétd€ﬂoﬂﬁfaﬁ[ﬁcx‘éﬁ‘s‘i&ftﬁé f38- sectioned
and exam ned for the preSence of voids. For each exanple of electroplating

conposi ti ons  teeBeeatation; whilefinareasigs the gopneseongentatipmsaghatiitis sorgrardls (0. 12,
was tal |1 e P T PR S e g T FEroh e B 2 0. Thi's
data was t hen reurberafdxample clecteipiating toropositionswheys tested whergiartee acobl (i .e., a
NP Lt 11 Cn i AR 0t S SRSy 1
relatively high — near its solubility limits for the particular acid concentrations.
Specifically, the additive concentrations and halide concentrations were held
15  constant while the acid and copper concentrations were varied from 10g/1 to 150g/1 and
from 20g/1 to 50g/1, respectively. After plating, the plated wafers were cross-sectioned
and examined for the presence of voids. For each example of electroplating
composition tested, five filled features at each of three sizes (0.12, 0.15, 0.20 ums) were
examined. The number of features filled out of five was tallied for each size. A perfect
20  score would be 5 at each size. This data was then entered into a statistical analysis
software tool (i.e., a JMP statistical analysis software program) that generated the
pictured leverage plot shown in Fig. 3(f). As can be seen from Fig. 3(f), electroplating
compositions wherein the copper concentration was at or near its solubility limit
provide statistically significant improvement in feature bottom-up fill capabilities.
25 Whereas the electroplating compositions and methods of this invention have
been described with reference to multiple embodiments and examples, it will be
understood that the invention is not limited to those embodiments and examples. On
the contrary, the invention is intended to encompass all modifications, alternatives, and
equivalents as may be included within the spirit and scope of the invention as defined

30 by the appended claims.



el ect r opkas tongoguasposi ti ons wherei n the copper concent rett/osooasse®l atively
high and the acid concentration was relatively low (i.e., enbodi nents of
the el ectroplating 10 conpositions of this invention wherein copper
concentrations were near solubility Ilimts) provide a statistically
significant inprovenent in feature bottomup fill capabilities Exanple 5
and Conparative Data 15 As shown in Figs. 3(a)-3(d), copper sem conductor

i nterconnect trenches neasuring about O,45.min width at half the height of
the interconnect were filled wusing electroplating conpositions wherein the
sul furic acid_concentration was varied while the copper concentrati on was
20 g/L or 50 613!:1’1{320 g/L Cu and 80 and 150 g/L acid, respectively in Figs.
3(a)-(b)) and 50 g/L Cu with 10 and 80 g/L acid, respectively 20 in Figs.
3(c)-(d)). As shown in Fig. 3(a), an interconnect trench was filled
utilizing an el ecl.r opl At bq@ossbysed electooplatmgromposigor?omprisimgopper and 80 g/ L
aci d. For corrparisq*r%) Pg#)o es, .as. shown in Fig. 3(b), an interconnect trench
was filled utiliz?9%Y Zh'od 85%@(92‘"&??9‘?& conposi tion conprising 20 gl L copper
and 150 g/4 sul figHont 8&Ficthbout 1908/1 B@fdri¢REfal conventional high acid/low
copper conpositions. Again, 25 intferior results are achieved with such a
conposi tion. WO 200gyoalcnssl fppress82.004/ 033229 -25 For further conparison
pur poses, as shown in Fig. 3(c), an interconnect trench was filled
utilizing an el ectrochem cal conposition conprising 50 g/L copper and 10 g/L
51(111; uri ﬁ aci ﬂ. Resail ts ’Blieecoﬁ’lipwitiohﬁfﬁhimdl %éﬁﬁinﬂﬁgﬁg’lcﬁleﬁﬂs&d iﬁ:ppha@smisi n Fig.

3 show the superior results_achieved with the electroplating conposition
of this invenPlieﬁﬁ‘ta@%lcﬁg‘"s"@??ﬁ%&m&%%zitﬂa%ﬁﬁl@ﬁi.) Exanmpl e 6 As the Fig.
3(f) tabujgted results finther denonstrate, increasing the acid
concentration while increasing the copper concentration so that it is at or
near its 10 sol ub3. it yThe qumpopition pficsinal Sirther samprisitga aipger-deposition

POV 1Bl A Bedohl ot condRHIRon o from 4b0at 2 tFabRG SPRYE! ' N9 conposi tions

4, The composition of claim 1 further comprising from about 10 to about

15 100 ppm halide ion.

5. The composition of claim 4 further comprising from about 30 to about
60 ppm HCL.
20 6. An electroplating composition comprising:

about 35 to about 60 g/L copper;
about 65 to about 150 g/L sulfuric acid; and
about 2 to about 30 mV/L of a copper-deposition suppressor;
wherein the balance of the composition is water.
25
7. The composition of claim 6 further comprising a copper-deposition

accelerator at a concentration of from about 2 to about 30 mi/L.

8. The composition of claim 6 wherein the copper-deposition suppressor is

30 arandom or block copolymer.



concent r gig m0s/egs59 Ncreased step-w se and the copper COPCED$I0M/H0OMD Wer e
kept relatively high - near its solubility limts for the particular acid
concentrations. Specifically, the additive concentrations and halide
concentrations were held 15 constant while the acid and copper
concentrations were varied froml Og/l to 150g/1 and from 20g/l to 50q/Il,
respectively. After plating, the plated wafers were cross-sectioned and
exam ned for the presence of voids. For each exanple of electroplating
conposition tested, five filled features at each of three sizes (0.12, 0.15,
0.20 ns) were exam ned. The nunber of features filled out of five was
tallied for each size. A perfect 20 score would be 5 at each size. This data
was then entered igito 1.S]:d: | Y Sh S - (] - J MP
statistical anal ysS?s sg?%&a%@%?%éfgﬁﬁt%ﬁéa%zg%ﬁ%ﬁﬁ’ggk‘&g %:%p Feess Ilg;ver age
pl ot shown i reoppey bafh(VigformsupmesstireorskipleyfG-8100Fugpresiot.) , el ectropl ati ng
conpositions wherein the copper concentration was at or near its solubility
limt provide statistically significant inprovenent in feature bottom up
fill capaljlities.jg25 Vﬁﬁ%@ﬁ‘@osﬁﬁ'@n &Y Bfifn PPheérbin Tk @F&O&pbkiﬁﬂﬁs%%sﬁﬁé”mds of
this invention have been described with reference to nultiple enbodi nents
and exanpl es,glyaol-bisel. be understood that the invention is not limited to

t hose enbodi nents and exanples. On the contrary, the invention is intended
to enconpass all nodifications, alternatives, and equivalents as may be
included within thd. spiThetcompdsii@pgfelaiim 6 fagthérvonipiising aasppteidepesition30 by t he
appended cl ai ns., WO 2005/ 040459 PCT/ US2004/ 033229 -26- Clainms: 1. An
aqueous-basecPcé‘Pl%*E@F-opl ating conposition conprising: about 35 to about 60
gl L coppejy 5 about 65 to about 150 g/L sulfuric acid; a glycol-based
suppressor. 2. The conposition of claiml wherein the glycol -based
suppressor is prdfent The camposiiemoefrciindr]l wderdin the coppertdepositiomdsoelera®® i / L.

10 is copper bath viaform accelerator or shipley B-3100 accelerator.

13.  The composition of claim 11 wherein the copper-deposition accelerator
15 is SPS.

14.  The composition of claim 6 further comprising from about 10 to about
100 ppm HCL

20 15.  An aqueous electroplating composition comprising:
about 35 to about 60 g/L copper;
about 65 to about 150 g/L sulfuric acid,;
about 2 to about 30 ml/L copper-deposition accelerator;
about 2 to about 30 mV/L copper-deposition suppressor; and
25 about 40 to about 60 ppm hydrogen chloride.

16.  The composition of claim 15 wherein the copper-deposition suppressor
is glycol-based.



3. The ceopmesbioasy of claim 1l further conprising a copperrUsSPossizEON

accel erator present at a concentration of fromabout 2 to about 30 m /L. 4.
The conposition of claiml further conprising fromabout 10 to about 15 100
ppm halide ion. 5. The conposition of claim4 further conprising from about
30 to about 60 ppmHCI. 20 6. An el ectroplating conmposition conprising:
about 35 to about 60 g/L copper; about 65 to about 150 g/L sulfuric acid;
and about 2 to about 30 ml/L of a copperpgdeposition suppressor; wherein the
bal ance of the conposition is water. 25 7. The conposition of claim®6
further conprisi n% a copper-deposition accelerator at_a concentration of
from about 2 to dbeut The campesitien of gsmcdSrivhessin therroppercdenpsition agseleratos t he
copper - deposi. t.i j 0 a random or bl ock copol yner. WO

2005/ 040459%&1‘@@%@%@’3‘%@3@-“5@ 9, The conposition of claim®6 wherein the
copper -deposi tion suppressor is copper bath viaform suppressor or shipley
C-3 100 suppressor. 5,.10. The .co i.ti.0o f claim6 ereint

copper - deposi ti orlssupﬂ&‘é§§’6‘i’°§1§°nn'gtlo“§”dﬁ‘l 1—@58@&"“???“‘??? °‘3(§&?8§1 ﬁ&)n of claim
6 furthers conprising a copper-deposition accelerator. 10 12. The
conposition of clyg m Yhars I Liion accelerator is copper
bath viaform accé?éra’g}%lr or 0?%@6#2@“%@ 10%’9@?%% erator. 13. The conposition
of claim 11l wher eboutt4idoabpped gdepapet;i on accel erator 15 is SPS.

about 75 to about 120 g/L sulfuric acid,;
a copper-deposition suppressor; and

10 a copper-deposition accelerator.

20.  The composition of claim 19 wherein the glycol-based suppressor is at a
concentration of from about 2 to about 10 mV/L.

15 21.  The composition of claim 19 further comprising a copper-deposition

accelerator present at a concentration of from about 2 to about 8 ml/L.

22.  The composition of claim 19 further comprising from about 10 to about
100 ppm halide ion.
20 :
23.  The composition of claim 19 further comprising from about 30 to about
60 ppm HCL

24.  The composition of claim 21 wherein the copper-deposition accelerator

25 is a sulphur containing compound.

25.  The composition of claim 19 further comprising a leveler.

26.  An electroplating composition comprising:
30 an aqueous mixture of copper and sulfuric acid wherein the ratio in g/L of

solution of copper to acid is equal to about 0.4 to about 0.8;



14. The e@meshdoyen of claim 6 further conprising fromgbou§dHozmeabout
100 ppm HCL 20 15. An aqueous el ectroplating conposition conprising: about
35 to about 60 g/L copper; about 65 to about 150 g/L sulfuric acid; about 2
to about 30 ml1lL copper-deposition accelerator; about 2 to about 30 m L
copper -deposi tion suppressor; and 25 about 40 to about 60 ppm hydrogen
chloride. 16. The conposition of claim15 wherein the copper-deposition
suppressor is glycol-based. WO 2005/ 040459 PCT/US2004/033229 -28 17. The
conposition of claim 15 wherein the copper-deposition accelerator is a

sul phur contai ni ng conpound. 18. The conposition of claim1l further

conpri si ng about BGoppandebsitionssuppressan aptlect r opl ati ng conposition
conprising: about 45 to, about 55 .9/l copper; about 75 to about 120 g/L
sul furic acid; a 3& B%eé?qeﬂ%ﬁbté%icf’?}%abﬂ‘ppr essor; and 10 a copper-deposition
accelerator. 20. The conposition of claim19 wherein the glycol -based
suppressor is at a_ concentration of from about 2 to about 10 m /L. 15 21.

The conposition off7c| ailhe compesitionsef claimtiwherrin the copprardenesitien supprgssor
accel er at gQr Hgg%pbm%_b?ocgggﬁ%ﬁati on of fromabout 2 to about 8 m /L. 22.

The conposition of claim er conprising fromabout 10 to about 100
ppm halide ion. 20 23. The conposition of claim19 further conprising from
about 30 to about 28.  The composition of claim 26 wherein the copper-deposition suppressor

is copper bath viaform suppressor or shipley C-3100 suppressor.

10 29.  The composition of claim 26 wherein the copper-deposition suppressor

is glycol-based.

30.  The composition of claim 26 further comprising a copper-deposition

accelerator present in a concentration of from about 2 to about 30 ml/L.

15
31.  The composition of claim 26 wherein the copper-deposition accelerator
is copper bath viaform accelerator or shipley B-3100 accelerator.
32.  The composition of claim 26 wherein the copper-deposition accelerator
20 is SPS.
33.  The composition of claim 26 further comprising from about 10 to about
100 ppm HCL.
25 34.  An electroplating composition comprising:

an aqueous-based mixture of copper and sulfuric acid wherein the ratio in g/L
solution of copper to acid is equal to about 0.3 to about 0.8;
a copper-deposition suppressor;

a copper-deposition accelerator;



60 ppm HCI. 24. The conposition of claim 21 wherein the copper-deposition
accel erator 25 is a sul phur containing c,grrpound 25. The conposition of
claim19 further conprising a | eveler. “An el ectroplating conposition
conprising: 30 an aqueous m xture of copper and sulfuric acid wherein the
ratio in g/L of solution of copper to acid is equal to about 0.4 to about
0.8; WO 2005&@&&4&@ et dgBERINGAbHP3RAGNS ecdprainpapmétuaiesppdrand sulfipicessor ;
and a er - deposj t.ion agcel erator,, 27. .The COH}%OSI i 0 E?f clajm 26
wher i 414 Waetei BFatRdp &4l PF eppretiBciskis gaual o ploup a8 Bred ©opol yner .

28. Th@e ﬂ&@:?bfbr?gu%fk t@i m 26 wherein the copper-deposition suppressor is
copper af orm suppressor or shipley C3 100 suppressor. 10 29. The

conposi t| on of claim26 wherein the copper-deposition suppressor 1is

gl ycol - base3b. Seledingplaiipnsiposivion@bmptising 26 further conprising a
copper -deposition accel er ator present in a concentration of fromabout 2 to
about 30 mimaqumisanixturpef eRnpsband sublirie peid) & dn Sewiwreindhe cenper

copper oﬂ@é’r{?ﬁ%'th ?rﬁh@%é@&:%ﬁ;ﬁ&?fs wfﬂfin% R0 /bfi’)ta:ﬂow ﬁtff \Fl\'}%é‘gcﬁ%ﬂ%{ﬂxﬁ{wﬁl shipl ey

B—3100 accelera nposi |on 0

copperthde@lﬁ&idacnhcme:ﬁmroah9from%ohﬁ653l8$bo&31.501§7ﬂe, conposition of claim 26
further conprising fromabout 10 to about 100 ppm HC . 25 34. An
el ectropl atq?@P@’b&%@@!’ék\l’@éﬁﬂﬁi@ﬂng: an aqueous-based m xture of copper

and sul f““accdtap‘ﬁlald é/&gﬁﬁg c%él‘%a@?.ti oing/L solution of copper to acid is
ou . 8,

equal to ab

36.  The composition of claim 35 wherein the copper-deposition suppressor is present

at a concentration of from about 2 to about 30 ml/L.

37.  The composition of claim 35 further comprising a copper-deposition accelerator

present at a concentration of from about 2 to about 30 ml/L.

38.  The composition of claim 36 further comprising from about 10 to about 100 ppm

halide ion.

39.  The composition of claim 36 further comprising from about 30 to about 60 ppm
HCI.

40.  The composition of claim 36 wherein the copper-deposition suppressor is at a

concentration of from about 2 to about 10 ml/L.

41.  The composition of claim 36 further comprising a copper-deposition accelerator

present at a concentration of from about 2 to about 8 ml/L.

42.  The composition of claim 36 wherein the copper-deposition accelerator is a

sulphur containing compound.



a copperwenosefosdN suppressor; a copper-deposition acaaiesmaoanzze30-
wherein only el ectropl ating conpositions conprising a m xture of copper and
sul furic acid wherein the ratio in g/L of copper to acid is equal to about
0.3 to about 0.8 are used to deposit copper on a workpiece. 35. An

el ectropl ati ng conposition conprising: an aqueous m xture of copper and

sul furic acid, at 25C, wherein the copper concentration in the conposition
is within about 60%to about 90% of its_gqlubility limt when the sulfuric
acid concentration is fromabout 65 to about 150 g/L; a copper-deposition
suppressor; and a copper-deposition accelerator. 36. The conposition of
claim 35 wherein the copper-deposition suppressor is present at a

concentration of LROM afguly, sﬁtg)gg&ggtaﬁm%e v&ﬂe‘énil&é%oggé?ﬁgﬁmgéﬂé}opf claim

35 further conprising a copper Ition accelerat esent

concentr at i ons gifcdlsbamedabout 2 to about 30 m /L. 38. The conposition of claim
36 further conprising fromabout 10 to about 100 ppm halide ion. 39. The
conpositiagn of claim36 further conprising from.about 30 to about 60 ppm

HCl . 40. ?Phe corrpgﬁi ti & ?th(‘?l’{ﬂ% RASHIOBiCAMPREN o pper - deposi ti on
suppressor is at qbo@q@cg?phgp%g};on of fromabout 2 to about 10 m /L. 41. The
conposition of claim36Turther conprising a copper-deposition accel erator
present at a conceheytd00 gl slfuficeeidabout 2 to about 8 m /L. 42. The
conposition of claim36 erein the copper-deposition accelerator is a

sul phur cont ai ni n6°88%§3°ﬂ%5.“%“96‘6%sf’8£8§59 PCT/ US2004/ 033229 -31 43. The

conposi tion of cl aiceppfh-depssitiinnctélerappper - deposi ti on suppressor
10
45.  The composition of claim 44 wherein the copper-deposition suppressor

is present at a concentration of from about 2 to about 30 ml/L.

46.  The composition of claim 44 further comprising a copper-deposition

15  accelerator present at a concentration of from about 2 to about 30 mi/L.

47.  The composition of claim 44 further comprising from about 10 to about
100 ppm halide ion.

20 48.  The composition of claim 44 further comprising from about 30 to about
60 ppm HCL

49.  The composition of claim 44 wherein the copper-deposition suppressor
is at a concentration of from about 2 to about 10 ml/L.
25
50.  The composition of claim 44 further comprising a copper-deposition

accelerator present at a concentration of from about 2 to about 8 mi/L.

51.  The composition of claim 44 wherein the copper-deposition accelerator

30 s a sulphur containing compound.



is glycol-based. 5 44. An el ectropl ating conposition conprising: about 40
g/ L copper; about 100 g/L sulfuric acid; a copper-deposition suppressor; and
a copper-deposition accelerator. 10 45. The conposition of claim 44 wherein
the copper-deposition suppressor is presgnt at a concentration of from
about 2 to about 30 ml /L. 46. The conposition of claim44 further conprising
a copper-deposition 15 accelerator present at a concentration of from about
2 to about 30 m/L. 47. The conposition of claim44 further conprising from
about 10 t 05Zabouthe dodipqsisipnirdiciagm ddovhergo thirgiopPeredeposition isuppaessof is gl 44
further conprising fromabout 30 to about 60 ppm HC!. 49. The conposition
of clazﬁ$§4 wherei n the copper-deposition suppressor is at a concentration
of fromabout 2 to about 10 m/L. 25 50. The conposition of claim44 further
conprising a copper-deposition accelerator present at a concentration of
from about B.to Abeqtecods leciroplating coimposthiepeoMPrisNgof cl ai m 44 wherein the
copper - deposi t ] ccelerator 30 is a sul phur containing conpound. -32- 52.
The conposi%%%kag cY°’BPEY 44 wherein the copper - deposi ti on suppressor is

gl ycol - basgbut 8Bg/1Aulmevaeds el ectropl ating conposition conprising: about
50 g/L copper; about 80 g/L sulfuric acid; about 2 to about 10 m /L
copper - depodhiout dtp shoupl @ 5ddr coppaddeposition suppressor; and

about 2 to about 8§ ml/L copper-deposition accelerator.

54.  The composition of claim 53 further comprising from about 10 to about 100 ppm

halide ion.

55. A method for plating a workpiece comprising:

providing a workpiece having a plurality of device features including a seed layer
wherein the plurality of device features is to be metallized;

electrolytically depositing copper within the plurality of device features utilizing an
electroplating composition comprising about 35 to about 60 g/1. copper, about 65 to about 150
g/L sulfuric acid, and a glycol-based suppressor.

56.  The method of claim 55 further comprising a seed enhancement procedure.
57.  The method of claim 55 further comprising rinsing and drying the workpiece
during processing, wherein the rinsing and/or the drying occurs in a chamber in which the

deposition of copper is performed.

58.  The method of claim 55 further comprising selective etching of copper deposited

on the workpiece.



about 2 to about 8 m /L copper-deposition accelerator. 54. The conposition
of claim53 further conprising fromabout 10 to about 100 ppm halide ion.
55. A nethod for plating a workpiece ce®dr sing: providing a workpi ece
having a plurality of device features including a seed |layer wherein the
plurality of device features is to be netallized; electrolytically

deposi ting $mppeThstnkihod of bRiMISE fadthdr tombrisiay ckening alid b2Rsidé of thzi ng an

el ectropl ati ng_conposition conpr|5|ng about 35 to about 60 g/L copper, about
65 t o WhEkpiecs sfier oppersigdeppsited ap the warkprege-gl ycol - based suppressor. 56. The
met hod of claimb55 further conprising a seed enhancenent procedure. 57. The
met hod of claim55 further conprising rinsing and drying the workpiece
during pr oce(ssi n”ghe mia&lbdiolﬁctahﬁ S6ifashergomprsiag ahiealidg yengortipieue st i N a chamber
in which the g@ f copper is performed. 58. The nethod of claim55
furtheWnﬁﬁﬁﬁﬁF%b J% etching of copper deposited on the workpiece.
_33- 59. The nethod of claim55 further conprising cleaning the backsi de of
t he workpi ece after copper is deposited on the workpiece. 60. The nethod of
cl ai m 55 f uél.her Thonpthodiofiglaan 36 dluithey comeriving prickeasingtthe erkpéscatprive® bel ow
about 100C.. 61. The nethg} of cla|n155 further co r|5|ng precle nlng Ehe
wor kpi SROSIHRE 6PPRES Whakshe Berrerieanigyd thewarkeisee deer éhesgmeplating too

wor kpi ane plating tool in mhlch t he deposition is
perforﬁgﬁh&%ggﬁ#%gﬁﬁﬁpﬁgﬁﬂ£gﬁ(faln155 wherein the el ectroplating conposition
conprises from about 35 to about 60 g/L copper, from about 65 to about 150

g/ L SU|fUI’I aC| fr 2 .tq about m /L of .a copper-deposition
suppr essor . 'ﬂh ﬂ’é’e 0?8 1IBI t"t’}H’éeI% WOB%@H&S%PP%F%COKE&&?F E’g
“Drkp'Q&%t??&iﬁﬂmfé?gH%QJ £ £ S0t 68 td ARLH] P LQﬁhﬂﬁéﬁlzggﬁ%ﬁﬂnh@Mﬁb

wherein the plura evice features is to e net al
to about 30 ml/L of a copper-deposition suppressor.

63. A method for plating a workpiece comprising:

providing a workpiece having a plurality of device features including a seed layer
wherein the plurality of device features is to be metallized;

electrolytically depositing copper within the plurality of device features utilizing an
electroplating composition comprising from about 35 to about 60 g/L. copper, from about 65 to
about 150 g/L sulfuric acid, from about 2 to about 30 ml/L copper-deposition accelerator, from
about 2 to about 30 ml/L copper-deposition suppressor; and from about 40 to about 60 ppm
hydrogen chloride.

64.  The method of claim 63 wherein the electroplating composition comprises a
mixture of copper and sulfuric acid wherein the ratio in g/L of copper to acid is equal to about

0.4 to about 0.8.

65.  The method of claim 63 wherein the electroplating composition comprises a

mixture of copper and sulfuric acid wherein the ratio in g/L. of copper to



electrolytically depositing copper wwthin the plurality of device features
utilizing an electroplating conposition conprising fromabout 35 to about
60 g/ L copper, fromabout 65 to about 150 g/L sulfuric acid, from about 2
to about 30 m /L copper-deposition acédterator, from about 2 to about 30
m /L copper-deposition suppressor; and from about 40 to about 60 ppm

hydr ogen chl oride. 64. The nethod of claim 63 wherein the electroplating
conposition conprises a mixture of copper and sulfuric acid wherein the
ratio in g/L of copper to acid is equal to about 0.4 to about 0.8. 65. The
met hod of cl aim 63 wherein the el ectroplating conposition conprises a

m xture of c¥sishiseaus do akaut 3ite abaut 8.8y eonpridenesitipn SYRPressorgand 280PBYpper t o

acid is equa&egBﬁti@rPQ&éEle&nﬁ' &h8 wARRUH %ﬁmm%ﬁﬁﬁ%ﬁgmgﬁﬁﬁédstéoﬁigpﬁﬂ gressor, and

a copper- deposition accelerator an ereln o ectroplatin

conposi t i onsmbxurp of sopper and sulfuticiacid wherempheratiannl gd udficopper taadid isidqeslaéo n t he

ratio in g/L.of r acid is ual] to about Q.3 to about 0.8 are used
to deposit c‘ﬁ’ﬁﬂ%‘fg 8&%%@8M?W@Pe‘? SIEWPPH %‘gﬁa@g‘l’f"&r’- appl yi ng a

nmetal lizagion interconnect structure, conprising: providing a workpiece on
which a nmetal seed |ayer has been formed using a first deposition process;
10 enhanci ng t he Geed A mpsessiyr appbing poplelization iptesopaent siraiurgddi ti onal net al

on the seedcd within a principal fluid chanber of a reactor to provide

an enhanced sgg%ﬁ{qgayer usi ng a deposition process conprising supplying

el ectropl ati ng poweviding aavorkpieceadn Whicloh metih sexdtlsyer hastmee fordied poiagd findt
different positiqns within the principal fluid flow chanber relative to the
wor kpi ece: a‘iﬁﬂ’oilgo’ép'@&?sr"‘bl ytically depositing a metal on the enhanced seed

| ayer utjdizing aéahmﬁ'di:g:&.é SEdahyep 9{61@5&&?1&1{11'0911'3( 8&4oBHing additighP HietaBon tHe about
60 g/L copper, about 65 to about 150 g/L sulfuric acrd, and a gl ycol -based
suppressor. @2d laphewithioaesiacipa! lidchander abereattar toipsoddean enbpheediserg
COMPOST L1 0N 1§ ST B ARAP O hpring ApRDRY i Roflblng ARATT o T oM abOU

plurality of concentric anodes disposed at different positions within the principat fluid

flow chamber relative to the workpiece; and

15 electrolytically depositing a metal on the enhanced seed layer utilizing an
electroplating composition comprising about 35 to about 60 g/L copper, about 65 to

about 150 g/L sulfuric acid, and a glycol-based suppressor.

67.  The process of claim 66 wherein the electroplating composition
20  comprises from about 35 to about 60 g/L copper, from about 65 to about 150 g/L
sulfuric acid, and from about 2 to about 30 ml/L, of a copper-deposition suppressor.

68. A process for applying a metallization interconnect structure,
comnprising:
25 providing a workpiece on which a metal seed layer has been formed;
enhancing the seed layer by electrochemically depositing additional metal on the
seed layer within a principal fluid chamber of a reactor to provide an enhanced seed
layer using a deposition process comprising supplying electroplating power to a

plurality of electrodes within the principal fluid flow chamber,



sul furic acid, and fromabout 2 to about 30 m /L of a copper-deposition
suppressor. 68. A process for applying a netallization interconnect
structure, conprising: 25 providing a workpi ece on which a netal seed | ayer
has been fornmed; enhancing the seed | ayer sy el ectrochenmically depositing
additional netal on the seed layer within a principal fluid chanmber of a
react or t0jRfepMiddRtIABoRIIRNERE sSHR of LIBMEEI YW tcPthd BPRE t B RIRHOFRSS
conprising supplying electroplating power to a plurality of electrodes

wi t hi duting pr i enhiapeihg bf thededd layercmahber, - 35- i ndependently controlling the

ly of tri. . to th | east | ectrqd ur i hanci
of "The sectioruyiufieatly dibeting fotet ol e Fhaest SrciTag ubfizcnafiohn BuiBnced
seed ky®hoseetat€ ONGE kiceftslytid d¥histldn pro@séRRABItARNy eRdaferPharf thE

el ectrolytic deposition proCess is substantially greater than the
deposidepasitianaate obtthe precess useskte enbawe the metabseed utiheingen gleckepldting i | i zi ng an

el ectropl at.j.n conpositi.on c risin m xture,of.c r .and splfuric acid
wher e RPREIPER TP fihre el SRper apd sl qcid Whersin hE Refioin el 8t eoppy
coppetg 888 SdqubioB (54108 S5 QppediépositicR BiSresde asd b tOperAep&Mittsat or . 69. The
met hod of claim 68 wherein tﬁe ratio in g/L of copper to acid is equal to

about agcelkerator.about 0. 8.

69.  The method of claim 68 wherein the ratio in g/L. of copper to acid is equal to
about 0.3 to about 0.8.





