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due to properties such as its low resistivity and low susceptibility to
electromigration, is often the metal of choice for filling such gaps. An ECP,
electro copper plating, process traditionally accomplishes filling of the gaps with
copper. Good gap filling and adhesion properties are also achieved in electroless
copper plating, but there is a problem in that electroless copper plating is a high-
cost and low-throughput process. However, there is also a problem with ECP
since it has been found, in both 0.11 and 0.13 micrometer technologies, that
pinhole-like voids exist in the copper for ECP filled gaps. These pinhole-like
voids are found for aspect ratios greater than about 5:1. Fig.1 shows such a void,
32, in an ECP filled gap, 4, where the gap width is about 0.16 micrometers and

the void diameter is about 0.04 micrometers. Such voids will not only result in



| yield loss, but also give rise to reliability
concerns during elec:trrornigration or stressnngrauon
testing. As is well known, interconnects are forned in
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Forming a blanket insulator capping layer completes the interconnect level.

Copper interconnects with improved electromigration resistance and low

resistivity is disclosed in Woo et al., U.S. Patent 6,525,425. The copper is formed
in two stages. First pure copper is deposited and then the gap is filled with doped
copper. A method for forming copper dual damascene is shown by Lou in U.S.
Patent 6,492,270, which utilizes both electroless copper plating and physical
vapor deposition of copper. U.S. Patent 6,472,023 to Wu et al. discloses a method
for forming a copper seed layer in copper interconnects using displacement and
thus eliminating the need to use CVD or PVD for forming a copper seed layer.
U.S. Patent 6,380,083 to Gross teaches a method for forming copper interconnects

that contains a dual copper layer composed of a PVD copper layer and an ECP

copper layer. U.S. Patent 6,344,129, to Rodbell et al. teach a method for plating



that contains ad ual copper |ayer conposed of a P ' Li
copper |ayer and an ECP copper l|layer, U S. Patent
6,344, | 29, to Rodbell et al, teach a nethod for

pl ati ng copper on electronic. substrates and devices
in an electroplating solution using either a one step
or two step deposition process. SUMVARY OF THE
INVENTION it is a primary objective of the invention
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These objectives are attained in the invention by utilizing features of both
electroless copper plating and ECP to achieve gap filling that is free of pinhole-
like voids even for high aspect ratio gaps and that is at the same time efficient and
economic. In the methods of the invention electroless copper plating is used to
form a copper layer sufficient to reduce the gap aspect ratio to a degree so that
ECP can be used to complete the gap filling without introducing pinhole-like
voids. Thus the low throughput and high cost arising from the electroless copper
plating process is minimized. In preferred embodiments of the invention
electroless copper plating is used only to the extent that is required to reduce the

gap depth sufficiently so that with the reduced depth the aspect ratio has been



el ectrol ess copper plating is used only to the extent
that is required to reduce the gap depth sufficiently
so that with the reduced depth the aspect ratio has
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performed to planarize the surface, giving rise to a structure in which the gaps are

filled with copper and are separated by the dielectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawing forming a material part of this description,
there is shown:
Fig. 1 shows a pinhole-like void in a high aspect ratio gap filled using ECP.

Figs. 2-6 show a process according to preferred embodiments of the invention.



Figs. 2-6 illustrate process flows according to
preferred enbodi nents of the invention. Although the
figures specifically show preferred enbodi nents of

the invention appropriate for dual darnascene, in

whi ch a high aspect ratio occurs at the visas, the
application to general high aspect ratio raps is clear
to those versed in the art and will be made explicit
bel ow. Referring to Fig. 2 there is shown a portion
Cot a wafer containing an .INMD layer, 2, including an
i nsul at or caPPSERIPAYN, OB TAHE PRIFERREDIEMBODIMENES,
4, which are lined with a barrier netal layer, 6. The
barrier metal |aver and insul ator capping |ayer are.
provided to inpede mgration of copper, which, as is
wel I knowiys. 26ullehtaf\eoaVRsws aebldinebhadferred embodiments of
consequences. These layers belong to an nth copper
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be described. As a copper interconnect is made up of
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provides the details of fabricating a copper
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the invention, once it is given howthe first copper
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contal ning a base IMD | ayer disposed between device

met %bnéehﬁ@ées@'?ﬁes@ lg%ss%elong to an nth copper interconnect level, where n is
an integer greater or equal to one. Before any processing of the next layer the
insulator capping layer, 8, is not as shown in Fig.2, but extends entirely over the
top surface of the nth copper interconnect level. With the aid of Figs. 2-6, the
process, according to preferred embodiments of the invention, of fabricating the
next copper interconnect level, the (n+1)th level, will now be described. As a
copper interconnect is made up of copper interconnect levels, the description
actually provides the details of fabricating a copper interconnect according to
preferred embodiments of the invention, once it is given how the first copper

interconnect level is formed over the wafer. However, it is an element of the

invention that the wafer as provided has a base level, denoted the zero level,



bl anket i nsul ator capping |ayer. The base PAD | ayer is
the first. PAD |l ayer, which 1is usually a single
damascene structure, while the followi ng |ayers are
usual ly dual damascene | ayers, Therefore the first
copper interconnect level is fornmed over the base

| ayer exactly as an (n+i )th copper interconnect |evel
is forned over nth co r intercannect level. To
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which are well known to practitioners of the art, to form IMD layers. Besides
trench-first processes, such as those described in detail, there are via first
processes that are commonly used for advanced technology beyond 0.13
micrometers. As in conventional dual damascene processes, gaps are formed in
two stages. First, the IMD is patterned and etched to form trenches, 12, and the
wide portions, 14, of via regions. The depth of regions 12 and 14, which is the
depth of the metal lines that fill these regions, is about 0.2 to about 1.5
micrometers. Metal line depths are between about 0.1 to 0.5 micrometers and via
regions are between about 0.2 to 1.5 micrometers deep. This patterning and

etching can be accomplished conventionally; for example, by forming a

photoresist layer over the IMD layer, patterning the photoresist layer and etching



photoresi st |ayer over the INID | ayer. patterning the
photoresisl. |layer and etching 6 to formthe regions
12 and 14, and renoving the photoresist layer. In the
second stage INIDis renoved only fromvia gaps, 16,
to the top of the ath copper layer, 4. Thus the nth

i nsul at or capping layer, 8, is renoved in via gaps so
the bottom of via gaps reaches to the top of the nth
coppeformgeregions 12 aheé 14apd renodving e pheloresisslayasin the sreond
di fference between the I NAD | ayer thickness and the
deptskrge iMihis r¢mevedvaly, frdi@ via ghhsid 6yioathetp of éptrtls capper layer,
bet ween about 0.2 to about i .0 mcroneters. At via
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neary;f F&ch&ab Rl 18 bPRe ﬁfheco?ﬁér\’l@fé?, Ao Yefh 31 18 gaps is just
about 1.5 mcroneters, aspect ratlos between about 4

to qg@&ﬁ? ereflc b Gwkh E Iﬁﬁggw&lﬁfiﬁgss 4 tBée @eg)tﬂbgf tﬁiﬁ: fr@%célas, 12.

st age, e patterning and etching can ccomplis
convgntionally. . Far exa e, ~f-i.nnin hot or.esi st_.

" ayerig B s bR B o RO, AR & i

| ayer .and. etching to faramthe regiqns and . i

r engVERY Ph &)t%rgag gFRIB st tﬁlca@*éalm?sg of Heghf o romgsince ine
process that can acconplish it. A blanket confornal

net avidths i pregant pad rqar fufge technelpgigs pedstveenabart Ogdp b 1.5
| ayer, 18, serves to prevent Copper migration and
shouhidranestag rappdct stiopbetwedn shatiet faadbout Haare frhe asogdedd. As
diffusion barriers. Effective barrier layers are

est ablliestivetcbtdpy, thayettsniof abbttelap cabbowuiccbiplished alrorhtionally.
300 Angstrons conprised of materials such as Ti N, Ta.

or TaNexabhle, f5irhid€ bph6toddsist Ri& sage 10D he, piteaRsSthes

shown in Fig. 2. Filling of the gaps with co }per

COMMBRLRSiRlaybiUl dRTL o fhindhe rdsionsSTHOW¥d removing the photoresist
layer is a conventional process that can accomplish it. A blanket conformal metal
barrier layer, 18, is then formed. Metal barrier layer, 18, serves to prevent copper
migration and should be comprised out of materials that act as good diffusion
barriers. Effective barrier layers are established by layers of between about 50 to
about 300 Angstroms comprised of materials such as TiN, Ta or TaN. The
structure at this stage of the process is shown in Fig. 2.

Filling of the gaps with copper commences at this stage. Figs. 3-5 show

the process steps involved, according to preferred embodiments of the invention,
in filling the gaps with copper. First, the wafer is submerged in a solution to

electroless plate a blanket conformal copper seed layer, 20, whose purpose is to

promote adhesion between the bulk copper and the metal barrier layer and to



the process steps involved, according to preferred
enbodi nents of the invention, in fill ing the gaps
with copper. First, t h e wafer is submerged in a.
solution to electroless plate a bl anket confor nal
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a partial filling of the deeper portions of gaps,

Whi ah biow e flass OfutidH akcHarBHGeRNBnATE® sé MRt the solution is as
indicated by regions 22 in Fig.3. Water jet technology parameters, i.e. water jet
spinning speed and dry N, blowing cycle, are tuned to achieve a depth for the top
of the plating solution so that solution fills the via portions, as indicated by
regions 22, and are blown away elsewhere. In a second embodiment, a partial
filling of the deeper portions of gaps, which in the case of dual damascene are the
via gapregions 6, is accomplished by having the plating solution spun-on. By
tuning the speed the plating solution can be arranged to fill only the via gap
regions 16, so that the solution is as indicated by regions 22 in Fig.3.

Performing electroless plating with the solution in the via gap regions,

16, results in a partial copper filling of the via gap regions thus forming

electroless copper regions 24 shown in Fig. 4. The thickness of regions 24 should



via gapregions 6, is acconplished by having the

pl ating , solution spun-on, By tuning the speed the

pl ati ng solution can be arranged to fill only the via
gap regions 16, so that the solution is as indicated
by regions 12 in Pig,3. Perform ng el ectroless plating
with the solution in the via gap regions, 16, results
in a partial copper filling of the via gap regions
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applicability of the invention for any high aspect

While the detailed description of preferred embodiments of the invention is
given for the case of dual damascene, in which the high aspect ratio features are
associated with via regions, the applicability of the invention for any high aspect
ratio gaps is apparent. For lower aspect ratio gaps ECP, being more efficient and
economic, is the copper filling process of choice. Electroless copper plating does
not give rise to pinhole like voids even for high aspect ratio gaps, but it is a low
throughput and high cost process. By utilizing features of both electroless copper
plating and ECP, preferred embodiments of the invention provide processes that
achieve gap filling that is free of pinhole-like voids even for high aspect ratio gaps
and that is at the same time efficient and economic. In the methods of the

invention electroless copper plating is used to form a copper layer sufficient to

reduce the gap aspect ratio to a degree so that ECP can be used to complete the



ratio gaps is apparent. For |ower aspect ratio gaps
ECP, being nore efficient and economic, is the copper
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pi nhol e- |Tikka assifesis peyidrdithapiee grdishréic kakier opptagning gaps to be
efficient and econom c ECP process is used to

conplled with keppgapomiclof theggapThaisng @ped faiosiss 1qugothad@ting these
having a dielectric |layer containing gaps to be

fil gat with toppeppérg, ECRomildtestilnén gialse Hiayvdigs. asplatitet
ratios so large that filling these gaps with copper

USi Behibiahl Gl BaiRs l—hlyér ik MirQifoHRRl ehdt ké&Qe ip@&/entaeo per

bl anket confori al nmetal barrier laver is first forned

t hat,isafi%eshd RoPUBEEBpAGRRRE of materials that act as good diffusion
barriers. Effective barrier layers are established by layers of between about 50 to
about 300 Angstroms comprised of materials such as TiN, Ta or TaN.

Filling of the gaps with copper commences with submerging the wafer in a
solution to electroless plate a blanket conformal copper seed layer whose purpose
is to promote adhesion between the bulk copper and the metal barrier layer and to
serve as a nucleation layer for ECP copper. In preferred embodiments of the
invention the copper seed layer is between about 50 to about 100 Angstroms
thick. Next a partial filling of the deeper gaps is accomplished by electroless
plating of copper. Deeper gaps are those that could give rise to pinhole like voids
when conventional ECP is used as the copper filling process. This partial filling

step is a crucial step in the invention. In this step the effective aspect ratios of
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m gration and should be conprised out of materials
that: act as good diffusion barriers. Effective
barrier layers are established by |ayers of between
about 50 to about 300 Angstrons conprised of
materials such as Til'e'', Ta or TaN. Filling of the
gaps with copper commences with subnerging the wafer
in a solution to electroless plate a bl anket
confiesprataps appedusded tHaalZ€P cohldde upert toesmpletesthe oopper filling
pronot e adhesi on between the bul k copper and the netal
bar bf e gapd/ FhisaiiingodtanSEfioed CI5is ahdwicle@abiopiicdl Ay effictnt
ECP copper. In preferred enbodi nents of the invention

t he ce9RPp ﬁ[hn%%?&eksal{ﬁd with dB§lVBAR aﬁ@zﬂﬂftpaﬁﬁil ?cﬁu@@ BihokQfRe
Angstroms thick. Next a partral t he deeper

9apsoids v&% GOMBHh, Sﬂfege o t\9+1 glgﬁ(fng E&Sa%hle{?l{ngta Hﬂlapfilhné o{f tgle

COpper . eper gaps are t cou |ve rvs

ven na used,as

| heﬁs‘%’s BTG piF Whgis s SRS PR S inggpP oFi {7 P aRe,

a cr.uci al t he |nvent|on In t ep. .t he
o 1 SelliobRepais ihalpsg Ror i & dePer EPsp St s Gece
so that ECP could be used to conplete the copper.
fi | of g sobion Headiisped sotht §ft¢rse1¢<=ﬁrst9§% RIptingsthe sanaugpe gaps all
the nore econom cal and efficient copper filling
pr obessaccentablyavhaspeetpetiosgapsothtr apdidy tpancoinalishya partidl éidling
pi nhole like voids will not form There are two
opt iobtie deeer gegiievd spin-an ferdatalg sbivkibn. Ry tohing hiee spdekipedn be
gaps. One way is to utilize water jet technology to

bl owrranyay spkiak iHeGurfs& dftthOl@xsaephdiidtamdthe diemekectroless
portlons of deeper gaps. The depth of the surface of

t he Sl pihdBmhSiRdips be ﬁa\%oacE %bl?f&xeﬁs &dields oﬂ’é?ﬁ)?mmg
pl ati ng the remaini ng gaps al have acceptably ow

aspegt. r{)]glg% qqgthnémﬁl fﬂg ggl{ltlglp{he%]wér%oaf;ﬁsomhé &é@p@r gaps results in

parti a
a partial copper filling of the deeper gaps. The thickness of copper thus formed by

electroless plating should be large enough so that the aspect ratios associated with
the remainders of the deeper gaps are small enough that pinhole like voids do not
form when ECP is used to complete the filling. The ECP process is used to
complete the copper filling. A blanket copper layer is thus formed over the wafer.
A conventional annealing step is then performed to anneal the copper, in which a
temperature of about 150 °C is usually used for duration of about 0.5 hours. A
CMP step follows to planarize the surface, giving rise to the gaps now filled with
copper separated by the dielectric layer.

While the invention has been particularly shown and described

with reference to the preferred embodiments thereof, it will be understood by
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of the deeper gaps is to spin-on the plating st
ilution. By turning the speed it can be arranged so
that the surface of the solution is adjusted so that
after electroless plating the remaining gaps all have
acceptably | ow aspect ratios. Pertorxning

el ectroie.ss plating with the solution the | owner

pot i.ons he, deeper gaps results.in artia

CoprD sfiied G RR PR BRE5 b SR8 b om an g REkinag be goce
copper, thus aorned hy electroless plating should be

| ar d’%‘t}\‘é’ﬂb‘yﬁé’ﬁ“%r}’f‘ﬁ%f SR ah¥epe Péﬂ‘? Jyeaddpci ated with
the renmai nders of the deeper gaps are snall enough
that pinhole Iike voids do not formwhen ECP is used
to conplete the filling. The ECP process is used to
conplete the copper filling. A blanket copper |ayer is
thus | oaned over the wafer. A conventional annealing
step is then perfornmed to anneal the copper, in which
a tenperature of about 150')C is usually used for
duration of about 0.5 hours. A CMP step follows to
pariarize the surface, giving rise to the gaps now
filled with copper separated by the dielectric |ayer.
Wil e the invention has been particularly shown and
described wth reference to the preferred enbodi nents
thereof it will be understood by 11 those skilled in
the art that various changes in formand detail. may
he made w thout departing fromthe spirit and scope
of the, invention. 1? What is clained is: 1. A nethod
of filling an opening conpri sing:

12



providing a substrate prepared with a dielectric layer
with an opening with wupper and |lower portions, the
openi ng having an aspect ratio; formng a netal
barrier layer, the metal barrier layer lining the
sides and bottom of the opening in the dielectric
| ayer; formng a copper seed |ayer on the netal
Whabardlaisredliayer; formng a non-conformal first copper
layer in only the |lower portion of the opening to
1. Panthahby of fillingtah@pemegicagprisihgr ei n the first copper
| ayer forns or, the seed I|ayer and includes a planar

t 0 ro%ﬁ{lfléﬁ %bs%f% ﬁ%éﬁrémltlfl b I35l e SOPROEr Willy 8 ope@eCeBh

aspect rati t he opening; using ECP to forma

second co yer .t d aspect ratio
Uppeé;fi‘BﬁE‘}Y?‘;r p&ﬂé"r“&i tﬁ f’ﬂenl'?$ {rl%‘{"llga&hgsg%cond@f i || Iopr ocesses
are di erent types of fill roc sse cond
cogenng apisral beica ven thmpab B Fr e g e SREF B
copper | ayer; annealing the substrate; and polishing
bottothef shebspreniagdn the dideetric yehanar surface with the top
of the opening. 2. A nethod of forming integrated
Ci Feriihg a COPfiRE s&ddrigyer pnake tiengbarisulbages at e prepar ed
with a dielectric |layer having an opening with an

as Q@ﬁ'ﬁm% hbR-coh REMAAPERI APpeialtde Snlyphetowan gottionaif the
portlon formng a conductive seed layer to line

Opel?lﬂg? aPrL al?yh;ﬁll ylge:)oﬁenﬂl%dwb@éﬁf th® Bikdt! Ql!tﬂﬁer lz@@{d PRk bamhddeed

I rst con Ive'layer in a

fir cess erein th
e e S8R R B B O
to partially fill the
aspect ratio of the opening;
using ECP to form a second copper layer to fill the reduced aspect ratio
opening, wherein the first and second fill processes are different types of fill
processes, the second copper layer contacts the top surface of the first copper layer;

annealing the substrate; and

polishing the substrate to form a planar surface with the top of the opening.

2 A method of forming integrated circuits comprising:

providing a substrate prepared with a dielectric layer having an opening with
an aspect ratio, the opening includes upper and lower portions;

forming a conductive seed layer to line sides of the upper and lower portions
and bottom of the opening;

forming a first conductive layer in a first fill process, wherein the first
conductive layer forms only in the lower portion of the opening to partially fill the

opening to reduce the aspect ratio of the opening, wherein the first conductive layer
13



opening to reduce the aspect ratio of the opening,
wherein the first conductive layer 13 forns on sides
and bottom of the seed |layer in the | ower porting of
the opening and includes a planar top surface; and
formng a second conductive |layer in a second til

for{sQe8Eestad bbttdm ol ener s@gdlﬁl?gr inaBPRGer péioA 0P ARYpBAIing and
wherein the second conduc ive | ayer contacts tﬁ% firrst

uu%ﬁﬁgqgﬁéﬁﬁuhgﬁ, ce: 3nd The nethod of claim2 wherein

|rst conductlve layer in the first fill

process co ol ess pl at, Mﬂth a uti.on
ot SRR qarabd e s TialEr Ao di Bpfoot < b
wher ei n paraneters of the electroless plating are
aspeghigto cpening rhereia thq segendeepmduetiveayar gouiacts Hletfﬁét | oner
portion of the opening. 4. The nethod of claim2
conghsties layett he openi ng conprises a dual damascene
openi ng which includes a via below a trench, the
trench being wider than the via; and formng the first
conductive layer in the first fill process conprises

3. el eqhk al@Rd ofRlAh Ngh&einFofmin g%@ﬁh%bﬂﬁtlb% LGy R SArst

usi ng water jet or spl n on technol ogy, wherern

ﬁll%&@egf %o%ﬁms%g Fltect?ol SS éﬁ&tgn% \?‘%l% a 801% ton ﬁ'hﬂ:'heméhlil@e% us}n% Water

con
of the o n|n to at. | east par |aI [l the via.
Jet$h éplﬁ@Pﬁ SIpE hstein PRREISHT Of 4%@65%%%&:?%@%1 to

layer_ fills the | ower gﬁ;tlon of the opening to fil
forpnige firg cosductitie layer inghie stwes Ipartipndfikeeoneningt he fir st
and second conductive | ayers

4, The method of claim 2 wherein:

the opening comprises a dual damascene opening which includes a via below a
trench, the trench being wider than the via; and

forming the first conductive layer in the first fill process comprises electroless
plating with a solution which includes using water jet or spin on technology, wherein
parameters of the electroless plating are tuned to form the first conductive layer in the

lower portion of the opening to at least partially fill the via.

5. The method of claim 4 wherein the first conductive layer fills the lower

portion of the opening to fill the via.

6. The method of claim 2 wherein the first and second conductive layers

comprise copper.
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conprise copper. 14 T The nmethod of claim®6 wherein
form ng the second conductive | ayer conprises

el ectroplating and forns the second conductive | ayer
over tile first conductive layer and filling the
opening. S. The nethod of claim7 further conprises

7. pol TEERhddD TR \ew Rt 68 FE SRS Bitthecsiebmdtbdtive laygyer to
provide a planar surface with the top of the opening.

corg%rlsgg RlelRbH ?ﬁiné)éndcﬂoﬂhmh% s@éb%ﬁ%bﬂdﬁcﬁbme{ﬂﬂ r S08 tl?eeﬁ@f‘ d
uctive [ayer conprises electroplating and forns
co € cond ﬁqnp |vem£§ er over the first conductive
3 QX%nP1 ﬁ@ Fﬁg p%nlng 10. The met hod of
clalrrl 9 further conprises polishing to renbve excess
second. conductive |ayer to provide a planar surface
wth the top of the opening. 11. A nethod of formng
8. i nt €hemsthwdtod claimanfurthereqgmprises reilisbinitio eamgiei cxiceng second
providing a substrate prepared with an internetal
cordiuefieclayérao payrede hpidhargusfbce witke thertgp vf the oppgieg. and
| ower portions, the |l ower portion includes a via and
the upper portion includes a trench, the opening
having an aspect ratio; formng a seed |ayer to line

9. S d'g ﬁ{éﬁqokaootftc&%‘&fwﬁé}?‘m {rﬂbgﬂ? e e85 Q9d t\)er1§§er

con ve Iayer in process

electr Ies | ating, first fill process fo t he
Coremae Py iy 5 sersgniictys ?%Y%ﬁveaf SRt
openi ng to partially till the opening, wherein the
conqueiye leperounetillies hapeeningr ms on si des and bottom of
the seed layer in the |lower portion and includes a
pl anar top surface, the partial fal

10.  The method of claim 9 further comprises polishing to remove excess second

conductive layer to provide a planar surface with the top of the opening.

11. A method of forming interconnects in an integrated circuit comprising:
providing a substrate prepared with an intermetal dielectric layer having an

opening with upper and lower portions, the lower portion includes a via and the upper

portion includes a trench, the opening having an aspect ratio;
forming a seed layer to line sides and bottom of the opening;
forming a first conductive layer in a first fill process by electroless plating, the

first fill process forms the conductive layer only in the lower portion of the opening to

partially fill the opening, wherein the first conductive layer forms on sides and bottom

of the seed layer in the lower portion and includes a planar top surface, the partial fill

reduces the aspect ratio of the opening; and

15



reduces the aspect ratio of the opening; and 15
form ng a second conductive layer in a second fil
process to fill the reduced aspect ratio opening. 12.
A nethod of forming interconnects in an integrated
circuit conprising: providing a substrate repared

wi fmmingrti scent cdnduttinednydraw i necoad dihlaprommfg reduced
opening with upper and |ower portions, the dua

aspeStaBBS 6/ Openi ng includes a via below a trench,
wherein the trench is wder than the via, the dua

damascene opening having an aspect ratio; formng a
seed | ayer to |ine sidemalls in the upper and | ower

bott pg;
2. PorRia S RraptabRibroth %;%#eg?d"f’én A
process the first fill proce the first
C R & Woslre PropaE Witk RO ST Oy i il e
damascene opening to partlall fill the dua
operdiagrail @pperape oW powirretha dopledamapesne OpFRINE tclHgles f Xifer
forms on sides and on bottom of the seed |layer in the
beloWwan@énchowhérein thé tredud iduader titanths venthesipehdanpseang opening
includes a planar top surface, the first fill process

haﬁﬁ%gyggsdhggo aspect ratio of the dual damascene
ening; and form ng a second. conductlve layer in a

Se% rnﬁn& I LdedRE e}%? e find ﬁdé\’lelLs i e, J?éf‘&lﬁfjloﬁﬁﬁ@rﬁbni #d 0

darascene openi n tive material, the
Cc uctive er contacts the planar top
bO“%‘Bl‘)?g@e‘ﬁﬁpg‘m‘?c?rfer%en nductive |ayer. 16

forming a first conductive layer in a first fill process, the first fill process

C

forms the first conductive layer in only the lower portion of the dual damascene
opening to partially fill the dual damascene opening, wherein the first conductive
layer forms on sides and on bottom of the seed layer in the lower portion of the dual
damascene opening and includes a planar top surface, the first fill process reduces the
aspect ratio of the dual damascene opening; and

forming a second conductive layer in a second fill process to fill the reduced
aspect ratio dual damascene opening with conductive material, the second conductive

layer contacts the planar top surface of the first conductive layer.
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