A COMBI NED COPPER PLATI NG METHOD TO | MPROVE GAP FI LL
BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON
The present invention relates generally to

sem conductor integrated circuit processing and nore
particularly to copper interconnect processing. (2)
DESCRI PTI ON OF PRI OR ART As transi stor devices
continue to shrink in nmpdemtechnol o Y so do the
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gaps, such as vias and trenches, which are filled
with metal to forminterconnections, tend to increase
with design rule shrinking. In damascene and dual
damascene processesBadHEROUNDOF dHE DYEENI@ONsuch as
its lowresistivity and | ow susceptibility to
QIPEMWHMVENTD@NGH the metal of choice for
filling such gaps. An ECP, electro copper plating,
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with copper. Good gap filling and adhesi on properties
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found, in both 0.11 and Q.13 ncronmeter technol ogies,
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filled gaps. These pinhole-like voids are found for
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such a void, 32, in an ECP filled gap, 4, where the
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di ameter is about 0.04 microneters. Such voids wll

not woh kdysigresild ¢hrinking. In damascene and dual damascene processes copper,
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 electromgration or stressmgration testing.
As is well known, interconnects are forned in nultiple
| evel s. Each level <containing a dielectric |ayer,
denoted an IMD (internmetal dielectric) |ayer, a netal

| ayer nmade up of netal filled trenches and netal vias
connecting metal |layers.  Generally copper .

i nt Bekdatebyt dlovaiysiisgte rlighibacanges deting Jeotionyergapsor
such as vial and trenches, in a dielectric |ayer and
| i nteagstgeetigapestmigt h a nmetal barrier layer, which
serves to inhibit copper mgration. A copper seed

| ayer is then forned over the netal barrier layer to
pronote proper adhesion. After filling the gap wth
copper aAgk aréiiing@h) iftrddh Ot Grmel i€ Multiplalsad. [Bach level
CWP, is perforned. Form ng a blanket insulator
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two stages. Firs ure copper is deposited and then
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form ng copper dual, damascene js .shown by Lou in U S
pat £H desl Agishesy ) & %ﬁﬁf&‘ﬁw 1 sk e Eepguh bR birter
copper plating and Ehysical _vapor deposition of
copg}e/@r., which seivgs toniphigitagppe prraong eppgl seedilayeipdes a
method for form ng a copper seed |ayer in copper
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the need to use CVD or PVD for formng a copper seed
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nmet hod for form ng copper interconnects that contains
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an ECP copper layer. U S. Patent 6, 344,129, to

Rodbel | cghpdlintelc8AftsavilEhpRsl ol QlecRbRid-An 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




2 copper on electronic substrates and devices in an

el ectroplating solution using either a one step or
two step deposition process. SUWARY OF THE | NVENTI ON
It is a primary objective of the invention to provide
an efficient, economc and reliable nmethod for copper
filling of gaps occurring in the manufacture of

nodern el ectronic devices. It is further a primary
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econom ¢ and reliable nethod for copper filling of
gapstheveone dtqrorgapstepidepodiicghpraspect ratios. It is yet
further a primary objective of the invention to
provide an efficient, economc and reliable nethod for
copper filling of gaps occurring in dual damascene
processes, even foguaaReAIY IOF THENINSPREION at i 0s.
These objectlves are attained in the invention by
utilizing features of both electroless copper plating

and ECP to achieve gap filling that is free of

pi nhol e- Iike voi ds even for high aspect rati o gaps

and that tel
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can be used to conplete the gap. f||||n
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t hroughput and high cost arising fromthe el ectrol ess
coppreride ph afficisyt, seowers andrefiplif riethed fongepperdiling eldzaps even
enbodi ments of the invention electroless copper
pl aforr papsivatluisgldagpettyratics. itheye Xadrtr a phatny @jetigubféd to
reduce the gap depth sufficiently so that with the
r edueadiodepplovideanasmeat, dcahidmicAns rdi@ble method for copper filling

of gaps occurring in dual damascene processes, even for gaps with high aspect

ratios.

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




3 reduced enough so that pinhole-like voids do not
occur when the nore efficient and econom c ECP
process is used to conplete the gap filling. A nethod
of filling gaps in dielectric layers is disclosed. A
wafer is provided having a dielectric |ayer
containing gaps to be filled with copper, sone of the
gaps, denoted deeper havi ng aspect ratios so
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could result in pinhole Iike voids. A blanket

c ondmdragaihorme FAIP razass srustdipecomplete thorgapdillargd t he waf er
is then subnerged in a solution to electroless plate a
bl anket conformal copper seed layer. A partia
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effective aspect ratios of the deeper gaps to the
exviaph didiatricereontathitieyaps aobd filledcaitpdaper, tdige 60hoglps,
filling of the gaps w thout form ng pinhole |like
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filling of e gaps. The wafer i's anneal’ed an
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structure In € gaps are
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h| h aspect ratlo gap filled using ECP. Figs.
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the invention. 4 DESCRI PTION OF THE PREFERRED
EMBORDIMENTSPpeFfiing of e gabs wihewtfernprppicbge fikowsids. ECP is
according to preferred enbodi nents of

then used to complete the copper filling of the gaps. The wafer is annealed and CMP
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.




the invention. Although the figures specifically show
preferred enbodi nents of the invention appropriate
for dual damascene, in which a high aspect ratio
occurs at the vias, the application to general high
aspect ratio gaps is clear to those versed in the art
and will be nmade explicit below Referring to Fig. 2
there is showmn a portion of a wafer containing an | MD
| ayer, 2, including an insulator capping |ayer, 8 and
copper filled trenches, 4, which are lined with a
barrier met MESGREATION OFTRHEORREFERRE) EMBGDREMEMNLS

i nsul ator capping |ayer are provided to inpede

m gration of copper, which, as is well known, could
have severe detrinental consequences. These |ayers
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an integer greater or equal to one. Before any
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layer, 8, is not as shown in Fig but extends
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i nterconnect |evel, the (n+l)th | ev W
desirthpag andyyilbe @%ﬁ?pf"épl“?lh?‘é?%}ﬁ?f@é%ﬁ% F’n%a%l @%‘b‘ségo“’n a
copper interconnect |evels, the description actually

pr ondtiies of hwalgeeeitaining an A} fager ?-rincludiep ppasulator capping

i nterconnect according to preferred enbodi nents of

t helayery 8atd orppeofildsal tranches, 4iwleeh freinehwith absitriec owpeétayer, 6.
i nterconnect level is forned over the wafer. However,

it TBe bairied eIty hnd heulaionvaypingolaydr had providedvafimpedes
provi ded has a base | evel, denoted the zero level, 5

CONfdri 0ot opis SxhiM) ok 2yl iR sasld Rgtaeedte d@t\/ﬂrﬁzﬁtal
netal |ines and a base blanket insulator capping
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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. 2-0, 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. Asa
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,




is usually a single damascene structure, while the
follow ng |ayers are usually dual damascene | ayers.
Therefore the first copper interconnect level is
fornmed over the base | ayer exactly as an (n+l)th
copper interconnect level is forned over an nth
copper interconnect level. To fabricate the (n+1)th
copper _i.nterconnect |evel a blanket | M | ayer,
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cappi ng layer of the nth copper interconnect |evel.
Theblanbet inayletor capping laer coeguseMbilaysk isdbe fivst ByiPdayesswhich
oxynitride or of low dielectric constant materials
sucik uasilpalsirighi dbenastEhEEructampw pifoths {dllosmonplagerbore wnally
fluorinated Si 2 whose thickness coul d be between
abatifal andasthca D@, Thelofolt Gk AFRICOPSer intoresheal leval RUfdeasd
conventional processes, which are well known to
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regions 12 and 14, which is the depth of the netal
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1.5 mcroneters. Metal |ine depths are between about
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about 0.2 to 1.5 microneters deep. This patterning and
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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




to formthe regions 12 and 14, and renoving the

phot oresi st layer. In the second stage IMD is renoved
only fromvia gaps, 16, to the top of the nth copper

| ayer, 4. Thus the nth insulator capping |ayer, 8, is
renoved in via gaps so the bottomof via gaps reaches
to the top of the nth copper layer, 4. The depth of

via gaps is just the difference between the |INMD | ayer

t hi oikdhes theapgionshi? ahelpldharsk rempweing tlenpiteseresist fayer. P ths seeand
gap depths are between about 0.2 to about 1.0

m cstegeelMAD $s redbved anly fregi amgaptsh 8, tethaltogalithdathtcoppes layer,
just the thickness of the IMD |layer and since |line
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bet ween about 0.3 to about 1.5 mcroneters, aspect
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encount er ed the first stage, the patterning
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then formed. Metal barrier Y serves
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of materials that act as good diffusion barriers.
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this stage of the process is shown in Fig. 2. Filling
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3-5 show the process steps involved, according to
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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
clectroless 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




pronot e adhesi on between the bul k copper and the netal
barrier layer and to 7 serve as a nucleation |ayer for
ECP Cu plating. In preferred enbodi nents of the

i nvention the copper seed |ayer is between about 50 to
about 100 Angstrons thick. Next a partial filling of

t he deeper portions of gaps, which in the case of

dual damascene are the via gap regions 16, is

ac cesys dsshnaglepijorelapestipOEER &miﬁmﬁn@l preferredppledimans of the
is a crucial step in the invention in which the
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that ECP could be used to conplete the copper filling
of thk. gaps. This is inportant since ECP is the nore
econom cal and efficient copper filling process, and

W th t hevdegpatialP@lihi 0Nge qéepre Forﬁaﬁsof gRpd, tikadhl i the case of
filled, pinhole like void not form In one
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cycle are tuned to achieve a depth for. the top
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portions, as indicated by regions 22, and are bl own
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filling of the deeper portions of gaps, which in the
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acconpl i shed by having the plating solution spun-on.
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arranged to fill only the via gap regions 16, so that

t he(SbWhLiLaR plaBin@Sollifieh SRLRTrBY rdsREL 98 SsodRat ki Bliod 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




Perform ng electroless plating with the solution in
the via gap regions, 16, results in a partial copper
filling of the via gap regions thus form ng

el ectrol ess copper regions 24 shown in Fig. 4. The

t hi ckness of regions 24 should 8 be |arge enough so
that the aspect ratio associated with the trench depth
plus the depth of the unfilled gap regions is smal
enoerylargerapugh seribat dhq aspect v@iogssagstadovith the tiengindaptipeps the
Is used to conplete the filling. Perform ng the ECP
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copper regions 26 as shown in Fig. 5. A conventiona
annéani wign @& is assl toeampkteae fibmgerkrfoomantka ECPhpeocess to
copper, in which a tenperature of about 150 Cis

us Ugdrhpletd St obpér fllifigfolr@R bRAka ReHer bglons NOWE Showh &VR:. 5.

step follows to planarize the surface, giving rise to

the coppglondBdbi SnkBlind {8 dndhodbd ReHAELH AR KRG opper,
| ayer 30 is fornmed to prevent copper magration into
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for any high aspect ratio gaps is apparent. For | ower
aspegaid difftdion gpapsr EERialpaichgs sibean weftfidadrenicoamdride of
economc, is the copper filling process of choice.
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utilizing features of both el ectrol ess copper
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




plating and ECP, preferred enbodi nents of the

i nvention 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 tine
efficient and economc. In the nethods of the

i nvention el ectrol ess copper plating is used to forma
copper_layer sufficient to reduce the gap aspect
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occur when the nore efficient and econom c ECP process

I s &?ﬁg é)tcﬁ.\r %m&g&eteﬁ?ci&ﬁgmﬁ L:Aolniaﬁl& E%Tlh Rced ié"@sfeﬁ rt(% ios

pr ovi aving a dielectric Iayer contalning gaps
be fille _mﬁtz.co per, sone of the gaps having aspect
rat?%§ﬂ§8ﬂrﬁﬁﬁ d@ﬁgt filling these gaps with copper
using ECP could result in pi.nhole |ike voids. A
bl anket CBHY 8PV ImRioLeRBRFRER dIclegiic Inusr peEpine gaRlg be
that serves to prevent copper mgration and shoul d be
conipiledseidh e forarkine e hamig aaRact wEoywolaregithat Gidlingthese
barriers. Effective barrier layers are established by
| aygaps woth doppaneeing &6@UouBOreswt inghdwte 1800 0alsgs thiapkst
conprised of materials such as TiN, Ta or TaN. Filling
of ¢dngorgapsein bdrriedpyeeiis fenfoemnedtandettes supResgicogpet he
wafer in a solution to electroless plate a bl anket
CoNfirifedn HARA&IA BEESNPrANE LuldTaSLerbil BASRL 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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Is to pronote adhesion between the bul k copper and the
nmetal barrier layer and to serve as a nucleation

| ayer for ECP copper. In preferred enbodi nents of the

i nvention the copper seed |ayer is between about 50 to
about 100 Angstrons thick. Next a partial filling of

t he deeper gaps is acconplished by el ectrol ess

plating of copper. per re those that could

gi VEECPRISEPE Frogidied & 5 WK Bk be Ve o eomeithernapedifing
Is used as the copper filli process. This partia

f i | ofithgzapst Epis issomodanicinas E§g’e§3thennqrh econamest jusheftipignt
this step the effective aspect ratios of to deeper
gapspaceliliieg poedsssodiwidt dde@i gnpsibldeade parsieldy filbedcpinipdletike
the copper filling of the gaps. This is inportant

Si negdEL f@ fode Therkareronpivaafor attdeeid 4 gargaltiillicoppae
filling process, and with deeper gaps al ready

par fdepbd pap.idde8fh ik BEN@IBe hdk® jet Y QIASIoN 1ol bwwtawﬁppmmg

There are two options for achieving a partial l'ing

t P ectiBjonisens rfrgﬁgt@v@fov@?%gws adefertiabl. ThE Y8 BF e Ghrizce

ogy to awnay atlng I on e cept rom
orti e t he
su r?tl tgtésolgtfj)or} I8 38%1% Ff? 0 %‘ﬁ ef%teer gl%atp(;‘:l?sg &?a%gg { Wn&r gaps all
el ectrol ess atin the r [
A TR R efg@ qﬁﬁgp'gqfﬁteracmahsﬁa@amal filling
acconmplish a partlal filling K of the deeper gaps is to
spi pLiBadedper giPats tAgPETMUhe Blﬁtmawwm Ry g ©p airgdit can be
can be arranged so that the surface of the solution
i s adingsd swlthgiothe Rerfaca bt de selutien soldasted spihat afing clagoless
remai ni ng gaps all have acceptably | ow aspect rati os.
Per platimg thg reredisiap mepsedishapt atdepigblwilow asfeet moduPeidorntihg
| ower potions of the deeper gaps results in a partia
copgedtrdidsk piafgg ofithtthesclierRpele BapRs potlohe of ik GK@%S% éﬁfresults in

copper thus formed by electroless plating shou

| ar gg 8 RNgPer SRt G (hd NEpRSRBEITHARRRsASRBEHR IR WA 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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the remai nders of the deeper gaps are snmall enough
that pinhole like voids do not formwhen ECP is used
to conplete the filling. The ECP process is used to
conpl ete the copper filling. A blanket copper layer is
thus forned over the wafer. A conventional annealing
step is then perfornmed to anneal the copper, in which
a tenperature of about 150 "C i s usually used for
durthpseokillse inHeart thatyafeupchanggs incfgpmand geeid may e nagle

pl anari ze the surface, giving rise to the gaps now

f i | wishbupiderartingoiype thesppaaad sebpbypf thedngindpmct ri c | ayer.
While 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 be
made w thout departing fromthe spirit and scope of
the invention. 12 What is clainmed is: |I. A nethod of
filling gaps in dielectric |layers conprising:
providing a wafer having a dielectric |ayer containing
gaps to be filled with copper, sone of the gaps,
denot ed deeper gaps, having aspect ratios so |arge
that filling these gaps with copper using ECP could
result in pinhole like voids; formng a bl anket
conformal netal barrier |ayer; subnerging said wafer
in a solution to electroless plate a bl anket

conformal copper seed | ayer;

12




filling said deeper gaps partially with copper
reducing the effective aspect ratios of said deeper
gaps to the extent that ECP could be used to conplete
the copper filling of the gaps w thout form ng pinhole
i ke voids; using ECP to conplete the copper filling
of said gaps; annealing said wafer; performng CVWP to
pl anari ze the surface, giving rise to the gaps now
filled with copper separated by the dielectric |ayer.
2. Whe ihelelsd 5 daim | wherein said gaps are
trenches or via gaps. 3. The nethod of Caim1l1 wherein
sai d copper seed | ayer is between about 50 to about
100 Msgpod 06 fillingrgagk in digedfric IS eePRBENS O ai m 14
wherein filling gaps having aspect ratios |arger than
about 5 wit hrovehper waki hevisoPdiskrgirg lpxes gpntainpemiaphielbe
i ke voids. 5. The nethod of Caiml wherein said
parftliedlwifti ddppargsafie viibe dgepdmotyd Pscrics gamcloaigy dspéré catioy so
utilizing water jet technol ogy to bl ow away plating
SOl g Ut filHGaRdse fghS it CoppomingloTP tand ratilt degipksle like
gaps so that after electroless plating the remaining
gapgi@l | have acceptably | ow aspect ratios. 6. The
method of Claiml wherein said partial filling of the
deeper gapsg.i.Sine ' i Nnik.Ng:0on plating

fg& lﬁﬁlﬁ?ﬁg%{ éo‘?‘x@&%g@égﬁ%ﬁﬁéﬂg}é&,

sol ution an e spee at t surface of

the solution_is adjusted such at ., af.ter, el ral

bl'ati gt naoritamasE *gudt St IRy R dEoush BRI TR
aspect rafios. . % The nethod of Claiml wherein said
ann@Rfqrmg! sePHEFE ed at a t enper at ure of

filling said deeper gaps partially with copper reducing the effective
aspect ratios of said deeper gaps to the extent that ECP could be used to complete

the copper filling of the gaps without forming pinhole like voids;
using ECP to complete the copper filling of said gaps;
annealing said wafer;

performing CMP to planarize the surface, giving rise to the gaps now

filled with copper separated by the dielectric layer.
2. The methed of Claim 1 wherein said gaps are trenches or via gaps.

3. The method of Claim | wherein said copper seed layer is between about 50 to

about 100 Angstroms thick.
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about 150 C for duration of about 0.5 hours. 8. A

nmet hod of filling gaps in dielectric |ayers
conprising: providing a wafer having a dielectric

| ayer containing gaps to be filled with copper, sone
of the gaps, denoted deeper gaps, having aspect ratios
so large that filling these gaps with copper using
ECP could result in pinhole like voids; formng

- afkemedbonpbiinem | ﬁeffh@renb BHing eapy by Bye; aseerb FSiOd iaﬁ@el‘ dung
wafer in a solution to electrol ess plate a bl anket
confilgruflvithoppear usioe E0Pagpaid regut ifipidhioted ikeaiotisdeeper
gaps partially with copper, said partial filling of
the deeper gaps being acconplished by utilizing water
jet technology to blow away plating solution except
fromthe | ower portions of deeper gaps so that after
el ectrol ess plating the remaining gaps all have

ac c e aldtyod d\Claape eherat datipartidh tiflingrod ducdsepertdaps is
effective aspect ratios of said deeper gaps to the

ext edtomphsed BCRtiligiAY hehtdd fet U @A1bEy ©VIPY atvey pREng aitmem
filling of the gaps without form ng pinhole Iike

VOI gsenUsdi ﬁleﬁg@ext eIt S ek Esz)s GO Hﬁl@ Bfidrid éctrﬂﬂssoﬁiatmg the

sai d gaps anneal’ing sai d wafer; performng CWP

pI aFe%{aduﬁﬁ% kﬁb% aﬁ%ﬁ@@&c%e %’/1&96{ e?terattn(g;r t he gaps nOW

per sep el ectric | ayer.
9. The net hod of Cla|n114 wherei n said gaps are

t({. erllﬁg FReh98 of b hidAPTherein said partial filling of the deeper gaps is

accomplished by spinning-on plating solution and tuning the speed so that the
surface of the solution is adjusted such that after electroless plating the remaining

gaps all have acceptably low aspect ratios. . |

7. The method of Claim | wherein said annealing is performed at a temperature of

about 150 °C for duration of about 0.5 hours.

8. A method of filling gaps in dielectric layers comprising:
providing a wafer having a dielectric layer containing gaps to be
filled with copper, some of the gaps, denoted deeper gaps, having aspect ratios so
large that filling these gaps with copper using ECP could result in pinhole like
voids;
forming a blanket conformal metal barrier layer;
submerging said wafer in a solution to electroless plate a blanket

conformal copper seed layer;
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10. The nmethod of Claim 14 wherein filling gaps having
aspect ratios larger than about 5 with copper using
ECP could result in pinhole Iike voids. 11. The nethod
of Claim 14 wherein said copper seed |layer is between
about 50 to about 100 Angstrons thick. 12. The net hod
of Claim1l4 wherein said annealing is perforned at a
tenperature of about 150 C for duration of abo 0.5
hours. 13. TAlipgsaithdeepsr gaps PR GRS C?Weauseﬂé’etttat Ellmg of the
| ayers conprising: 15 providing a wafer having a

di edespeirgaps beigeaccowptisticdbmgitijaipg watst s techpglpgsdtoileh away
copper, sone of the gaps, denoted deeper gaps, having
aspdating salutoa cseept framghe tdwat pbitiohd efgletire gepgapbatwiith
copper using ECP could result in pinhole |ike voids;

f ordibdileds blaBRk ek r&RShREBRbs dTElAL abRpfabBrlowaygdct ratios, thus
subnerging said wafer in a solution to el ectrol ess

pl at&,BinB iRk tivEeAPEQ ?ﬂ'ﬁ:’s of QR ﬁéepéteé?a%s kP8 ekteht thht E’(QP
sai d deeper gaps partially with copper, said parti al

fi l uﬁ](gbé)lflseal&i ?&Q e cg)?ﬁa fﬁﬁl#a(gft t@tﬁgﬁﬁw g}%ﬂteﬂnﬁ pmhole

splnnlng on solution a spee
the surface of the solution is adjusted such that
t Setrol ess plating the remaining gaps all have
acceptably | ow aspect ratios, thus reducing the

ffecti t id d to th
xt ont 1 hat BERCPEaEM PSS BEGPD DRI SLCEPHe. copper

filling of the gaps w thout formng plnhole like

voi ds; . .
annealing said wafer;

performing CMP to planarize the surface, giving rise to the gaps now

filled with copper separated by the dielectric layer.
9. The method of Claim 14 wherein said gaps are trenches or via gaps.

10. The method of Claim 14 wherein filling gaps having aspect ratios larger than

about 5 with copper using ECP could result in pinhole like voids.

11. The method of Claim 14 wherein said copper seed layer is between about 50 to

about 100 Angstroms thick.

12. The method of Claim 14 wherein said annealing is performed at a temperature of

about 150 °C for duration of about 0.5 hours.

13. A method of filling gaps in dielectric layers comprising:
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using ECP to conplete the copper filling of said gaps;
annealing said wafer; performng CVMP to planarize the
surface, giving rise to the gaps now filled with
copper separated by the dielectric layer. 14. The

met hod of Claim 25 wherein said gaps are trenches or
via gaps. 15. The nethod of Caim25 wherein filling
gaps having aspect ratios Iarger than about 5 with
copper usi n§TECHE bR hadng ¢ dickechicdasT sontaiing ggpyl, be
16 16. The nethod of C aim 25 wherein said copper seed
| ayf@iediwittbetippere somadofithe 5apst denoteld slaepet O@psAryste asprect ratios so
thick. 17. The nethod of C aim 25 wherein said
anniegkiting fillsngnhesk gupeditiatoppet eipeF@P usdd efsult abpiubold HiGe
C for duration of about 0.5 hours. 18. A nethod of

f orygicng dual damascene copper interconnect,

conprising: providing a partially processed wafer

having a baﬁ)‘?mln%‘é%lan]@%&?&%a‘ hetalb by R,

containing a I'MD 'ayer di sposed betweenh device

metal i neSsu@lﬂ&gﬂ}g%%%w?%fgﬂh%tsolulnﬂﬁ &Ec‘ﬁoie%@?l@ kaet

| ayer; formng copper erconnec

over ant copper lnterconnect | evel, for n greater
t ha¥P B MBLEAPY 5°D!a5Hel | ess than or equal to M1,
where Mis the nunber of copper interconnect Ievels

of the cop |nt rrconnect formng a .(n+1) .

bl anket | MYIRg & deﬁ&?&@?ﬁ?ﬁ&‘&hwt@f@ﬁ%ga@a?iaé Eﬁulfﬁtorﬁthe
| MD Iayer to forn1 trenches and via gaps, Wth vi
gapieeprraaprbringacrarlithed by spinpmern Pé?gwg sphatipie ﬁ‘é%mmt“é the

metal |ines of said nth copper interconnect |evel,
whespeed $rethatishestrfacapf ie solution is adjusted such that after electroless

plating the remaining gaps all have acceptably low aspect ratios, thus

reducing the effective aspect ratios of said deeper gaps to the extent that ECP
could be used to complete the copper filling of the gaps without forming pinhole
like voids;

using ECP to complete the copper filling of said gaps;
annealing said wafer;

performing CMP to planarize the surface, giving rise to the gaps now

filled with copper separated by the dielectric layer.
14, The method of Claim 25 wherein said gaps are trenches or via gaps.

15. The method of Claim 25 wherein filling gaps having aspect ratios larger than

about 5 with copper using ECP could result in pinhole like voids.
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associ ated wth deeper gaps, deeper gaps being trench
plus via gap, is so large that pinhole |like voids can
occur if entirely filled, as is conventional, using
ECP, but the aspect ratio associated with trench
depth is not so large; formng a (n+l)th bl anket
conformal netal barrier |ayer, subnerging said wafer
in a solution to electroless plate (n+%)th blankgék)

dr s Rstod 6 Glabm 28 abereiry aHd canped Serh s 1 BGtgen g

partially with copper reducing the effective aspect
r at #tost Hi0 Augstiodedpey. gaps to the extent that ECP
could be used to conplete the copper filling of al

gaps W thout form ng pinhole like voids; using ECP to
danfhetwthodef Edopels Widr¢in ngd ehnealing & derfgumsst at arnereparatheg of
said wafer; performng CWP to planarize the surface,

gi vibogt 150 ‘efot dutatien glapsutbivhdurk] ed wi t h copper
separated by the (n+l)th IMD |ayer, formng a (n+l)th

bl anket insul ator capping layer. 19. The net hod of

GlzahmafoddTeoehing 984] dainaeBsh@ppanidtcvicangapsmprigingor med
by first patterning and etching said IMD | ayers to
formsaid trenches and then patterning and etching

sai grol Mg Ayt 81 yaneeSaild dvafagidl iak arbasalepdl Nnb@yl efeth evel,
formvia gaps. 20. The nethod of C aim 36 wherein

L&k}bﬁinﬁxgg SRRIMTRML B FDBROTet d @l RFick BB (indsHRAA a (ADOMAKE

copper using ECP could result in pinhole like

VQj ) . thod of Claim 36 wherein said copper
§§%%§?é%ég§gglgggetmeen about 50 to about 100

OB B D T8 AR v

sccprpl shed, B L )10, L8 Lot LSS oy gyl

t hagun?lzgr %E“ cc()eplpif itntte?‘clzo%?}gctrl)évae}si or%%het crl)?)pgreinn:gicginr?e%t, %?%?rm%l‘né a
(n+1)th blanket IMD layer; patterning and etching said (n+1)th IMD layer to form
trenches and via gaps, with via gaps protruding from the bottom of some trenches
to metal lines of said nth copper interconnect level, where the aspect ratio
associated with deeper gaps, deeper gaps being trench plus via gap, is so large
that pinhole like voids can occur if entirely filled, as is conventional, using ECP,
but the aspect ratio associated with trench depth is not so large; forming a (n+1)th
blanket conformal metal barrier layer, submerging said wafer in a solution to
electroless plate a {(n+1)th blanket conformal copper seed layer; filling said via
gaps partially with copper reducing the effective aspect ratios of said deeper gaps

to the extent that ECP could be used to complete the copper filling of all gaps

without forming pinhole like voids; using ECP to complete the copper filling of
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have acceptably | ow aspect ratios. 23. The nethod of
Claim36 wherein said partial filling of the deeper
gaps is acconplished by spinning-on plating solution
and tuning the speed so that the surface of the
solution is near the top of the via gaps such that
after electroless pl ating the remai ni ng gaps all have

36 GHePg: Trnsit SFEHeT e et P g i e ree Uil

tenperature of about 150 C for duration of abo 0.5
houise to §hg gaps now filled with copper separated by the (n+1)th IMD layer

forming a (n+1)th blanket insulator capping layer.

19. The method of Claim 36 wherein said trenches and via gaps are formed by first
patterning and etching said IMD layers to form said trenches and then patterning

and etching said IMD layers and said insulator capping layers to form via gaps.

20. The method of Claim 36 wherein filling gaps having aspect ratios Jarger than

about 5 with copper using ECP could result in pinhole like voids.

21. The method of Claim 36 wherein said copper seed layers are between about 50 to

about 100 Angstroms thick.

22. The method of Claim 36 wherein said partial filling of the deeper gaps is
accomplished by utilizing water jet technology to blow away plating solution
except from the via gaps so that after electroless plating the remaining gaps all

have acceptably low aspect ratios.

23. The method of Claim 36 wherein said partial filling of the deeper gaps is
accomplished by spinning-on plating solution and tuning the speed so that the
surface of the solution is near the top of the via gaps such that after electroless

plating the remaining gaps all have acceptably low aspect ratios. .

24. The method of Claim 36 wherein said annealing is performed at a temperature of

about 150 °C for duration of about 0.5 houts.
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