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COMBI NATI ON OF PLANARI ZI NG METHODS AND ELECTROPCLI SHI NG CROSS- REFERENCE TO
RELATED AWBLOBGABBONS Thi s present application clains priorcryuset2an7 earlier
filed provisional application U S. Seérial No. 60/313,086, entitled A
METHOD TO PLANARI ZE COPPER DAMASCENE STRUCTRUE USI NG A COVBI NATI ON OF CWP
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invention relates generally to sem conductor devices, and nore

particularly to a o) } @ﬁqﬁg@ ture using a
conbi nation of pl aﬁ@%‘% Angkmégﬁmﬁga%%%gl I'shi ngsqy@%escri pti og of
the Related Art SeniCORBINATION OXBEANARIAING METHODSANIbr i cated on
sem conductor wafers using a nunber of different processing steps to
create transistor and i nterconbBEGIRHOROLIBHING To el ectrical Iy connect
transistor termnals associated wth the sem conductor wafer, conductive
(e.g., netal) trenches, vias, or the like are formed in dielectric
materials as part of the sem conductor device. The trenches and vias

of ‘The sem conduct or WeosseerEHer AELREEATHEERREPICATIONS o conduct or
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This present application claims priority of an earlier filed provisional
application U.S. Serial No. 60/313,086, entitled A METHOD TO PLANARIZE
COPPER DAMASCENE STRUCTRUE USING A COMBINATION OF CMP
AND ELECTRO-POLISHING, filed on August 17, 2001, the entire content of

which is incorporated herein by reference.

BACKGROUND
1. Field

This invention relates generally to semiconductor devices, and more
particularly to a method to planarize a metal damascene structure using a

combination of planarizing methods and electropolishing.
2. Description of the Related Art

Semiconductor devices are manufactured or fabricated on semiconductor
wafers using a number of different processing steps to create transistor and
interconnection elements. To electrically connect transistor terminals associated
with the semiconductor wafer, conductive (e.g., metal) trenches, vias, or the like
are formed in dielectric materials as part of the semiconductor device. The
trenches and vias couple electrical signals and power between transistors, internal
circuit of the semiconductor devices, and circuits external to the semiconductor

device.



In form ng the interconnection elenments the sem conductor wafer may
undergo, for exanple, masking, etching, and deposition processes to form
the desiwedswi®Baironic circuitry of the sem conductor dePCTAS02/26167
particular, multiple masking and etcRing steps can be perfornmed to forma
pattern of recessed areas in a dielectric |layer on a sem conductor wafer
that serve as trenches and vias for the interconnection lines. A
deposition process may then be perfornmed to deposit a nmetal |ayer over the
sem conductor wafer to deposit metal both in the trenches and vias and

al so on the non-r e@l 8]?[@131%%%%1&%?8({}]&%&6 d:leerlneen%{ Ie sem?c\é duct Wéfgflﬁle e the

pattern of recesse connectl on e nts net al

deposited onyddegso) &i-dkemprsfdsiane atchidg, Eﬁ@dé@@i’cfbﬁ@%&b&ﬁ tovRin@rthé s renmoved.
Conventi onal methods of renoving the nmetal deposited on the non- recessed

areas of the @ﬁsm:@@lteﬂmm: giyauitrp Al the semicandutierdovises. \/\h‘f@ﬁlqurlfél wykiple or
exanpl e, cheng, %&Cd‘& n‘igkte Oéah%%'p%gfﬂﬁ%{i%f TRLA g%c%és%d‘ﬁ‘f det r}’ used
rt1 'S Panarpl ze net al eI

in the sem con 1% pol and p

within the tz[&ﬂ&l'ehﬁ'& layst mamnﬁuohhuctthlewmmﬁaemeswirajcbasaxﬂfmtsrfer ﬂhleel ectric
layer to form interconnecti lines. In a CWVP proce a wafer assenbly is
posi ti oned orinferegupeinn 1 IIE’éagéEPO%HO%PrﬁFﬁiséﬁayotPe%‘bpe&‘H@eﬂé? depositdenpl y

includes a sufsh Ber ARYRGLBNBRCIN Erer tAUPESt ARA B5M TR R RBnesSUCh as

i nt erconnection eléenents ornre ina dielect ayer. orce is then
applied to prm1a§rm1d\/m§oewnmssemn¢opsagaraasbf tlie&hémd?nphad'er TdhsolaRhpad and

t he substrate asse ainst and.relative t her V\/m | e
appl yi ng the E%ﬁegb‘g?rﬁg oF %rﬁaséﬁ’g fﬁ‘&%ﬁﬁ?rfz‘%@e?ﬂ%n%l (S,’etil efaﬁgel%?éﬁg

pol i shing Solbﬁthe@lons}éée@&dra@éa@romé staﬁu@ﬁdﬁé%bmafem@nuvw, is di spensed on
the CWP pad to facilitate the polishing. The polishing slurry typically

contains an abrasive and is chemcally reactive to selectively renove from

the wafer the unwanted matlerl al sgff(r)erén%eﬁa”@ Sfr‘eit% cigr:rﬁ?%{edgpx&ﬁo nore rapidly

than other materi algavonfighalde,
recessed areas of the dielectric layer on the semiconductor wafer include, for

example, chemical mechanical polishing (CMP). CMP methods are widely used
in the semiconductor industry to polish and planarize the metal layer within the
trenches and vias with the non-recessed areas of the dielectric layer to form

interconnection lines.

In a CMP process, a wafer assembly is positioned on a CMP pad located
on a platen or web. The wafer assembly includes a substrate having one or more
layers and/or features, such as interconnection elements formed in a dielectric
layer. A force is then applied to press the wafer assembly against the CMP pad.
The CMP pad and the substrate assembly are moved against and relative to one
another while applying the force to polish and planarize the surface of the wafer.
A polishing solution, often referred to as polishing slurry, is dispensed on the
CMP pad to facilitate the polishing. The polishing slurry typically contains an
abrasive and is chemically reactive to selectively remove from the wafer the
unwanted material, for example, a metal layer, more rapidly than other materials,

for example, a dielectric material.



WO 03/017330 PCT/ US02/ 26167 3 Accordingly, CMP may be used to achieve

gl obal and | ocal planarization of a surface on the wafer. Furthernore, CW
may be uswoO oso113eiove a | ayer of material in order to expoegasamadnter!ying
structure or layer. CWP nethods, however, can have several deleterious
effects on the underlying sem conductor structure because of the

rel atively strong nechani cal forces involved. For exanple, as

i nt erconnection geonetries nove to .13 mcrons and below, there can exist
a large difference between the mechanical properties of the conductive

materials, for exagples. p I i i j
damascene proces slggc.o.?dlﬁgl S” ?%%Jt Iglgrkggé n%ﬁlétg\%)lﬁ%‘éé %\lgﬁ Llliéﬁg 9'06:%1 fggl%(agiv%/gﬁén
di el ectric fidfrasueficden thgredére Fuithemnoke, Cvidtehsy of ussd gnidnude alloyeeiof t han t hat

of copper. Consequently, the relatjvely strong nmechanjcal force applied on
the di el ect riTBatenpliR oxda te e9es an wuderlymgptyeyeeadaydnGMP stehadst hi ngs, can

cause st ress AR dadihR SRl udditionR RIRGIRAME BldcA e SbI @b, 1 N ude
del ami nation, dishing, erosion, fiImlifting, scrat ng, or the |ike.
BRI EF SUMVARYtfaEtufd-heca b Thehdl dtivelyrstroay arephanicah fore¢shadolved. pfavi ded f or

form ng a sem conductor structure. The nethod jncludes form a
i el ectric | ERamDH BhiLERSE P L QRS ANOYrdR - | DU belesh, Jibré o

sem conduct Orexmfa%ge HETALRG bRRR WHEhbMRnlcANGbPQHES of thBBorfiugliget i c | ayer
to cover the recessed areas and non-recessed ‘areas, planarizing the

surface of t heatenalduor exeenplayeppet,and drhilow kvAnsused istypreal dranasognsl ogy of t he
surface of the conductive |ayer,.and el ectropal i shing the conductive
|l ayer to ex ;‘Hfg%esfq‘?e?% H’-#%‘E%S@éego gelglgg‘?bfﬁ 8%)%&@%&1‘?0%%&% g’ﬁy?’g better
under st 0od UPGBatEOMEH U6 bATck LY Bignithge 10k BahaBht @€ S6ept Cofsegdnany, ihe
conjunction wth the acconpanyi n? drawi ngs and cl ai ns. ]

relatively strong mechanical force applied on the dielectric films and copper in a

CMP process, among other things, can cause stress related defects on the

semiconductor structure that include delamination, dishing, erosion, film lifting,

scratching, or the like.
BRIEF SUMMARY OF THE INVENTION

In one example, a method is provided for forming a semiconductor
structure. The method includes forming a dielectric layer with recessed areas and
non-recessed areas on the semiconductor wafer, forming a conductive layer over
the dielectric layer to cover the recessed areas and non-recessed areas, planarizing
the surface of the conductive layer to reduce variations in the topology of the
surface of the conductive layer, and then electropolishing the conductive layer to

expose the non-recessed areas.

The present invention is better understood upon consideration of the
detailed description below in conjunction with the accompanying drawings and

claims.

BRIEF DESCRIPTION OF THE DRAWINGS



BRI EF DESCRI PTI ON OF THE DRAW NGS WD 03/ 017330 PCT/ US02/ 26167 4 Figs. 1A
and 1B illustrate an exenpl ary el ectropolishing process of a sem conductor
devi ce; RFWQ93/02B34 hrough 2D illustrate an exenpl ary pl anaPCTiusg2/amne7

el ectropolishing process of a sem conductor device; Fig. 3 illustrates a
flow chart of an exenplary damascene process; Figs. 4A and 4B illustrate
exenpl ary topologies of a netal |ayer forned on a sem conductor structure
that may be planarized and polished; Fig. 5 illustrates a cross-sectional

vi ew of an exenpl ary chem cal nechanical polishing apparatus; Fig. 6

illustrates a crog$;Segt.i l-11¥d Ashing
apparatus. DETAIL SDE%&&?E%I%%%# %Ir%i%{r}lp?@gg ng)lydoelﬁgﬁ%?%&?ior ough
under st andi ngemfcohdetqardesen; invention, the follow ng description sets

forth nunerous specific details, such as specific materials, paraneters,
and the like. It should be recognized, however, that the description is

not intended as apddhhdhiolhh 0 ififraBoRRS eRbIADBIRREARRING | vention, but is

i nstead provided to enab tter description of the exenplary

enbodi nent s. elebropalshingecdess afd sepotasinctogd¢@®) is a known net hod for

pl anarizing and polishing a sem conductor surface, however, CMP can cause
stress related defects to the underlying structures such as dishing,

erosion, filmliftENg iusfHALCidvRBharPbs aﬁf@(eh}rplféy dhiladeons prdddss; _
el ectropolishing is a process to polish neta (e.g., copper) that provides

a relatively stress free polishing nethod. However, as WO 03/017330

PCT/US02/ 26167 Figs. 4A and 4B illustrate exemplary topologies of a metal layer formed

on a semiconductor structure that may be planarized and polished;

Fig. 5 illustrates a cross-sectional view of an exemplary chemical

mechanical polishing apparatus;

Fig. 6 illustrates a cross-sectional view of an exemplary electropolishing

apparatus.
DETAILED DESCRIPTION

In order to provide a more thorough understanding of the present
invention, the following description sets forth numerous specific details, such as
specific materials, parameters, and the like. It should be recognized, however,
that the description is not intended as a limitation on the scope of the present
invention, but is instead provided to enable a better description of the exemplary

embodiments.

Chemical mechanical polishing (CMP) is a known method for planarizing
and polishing a semiconductor surface, however, CMP can cause stress related
defects to the underlying structures such as dishing, erosion, film lifting,
scratching, or the like. In contrast, electropolishing is a process to polish metal

(e.g., copper) that provides a relatively stress free polishing method. However, as



5 described bel ow, electropolishing is an isotropic etching process, in
that it etches a netal |ayer at approximately the sane rate despite

di f f erencwe 08011380 ght . Thus, if the profile or general sirapasoi/,2¢ibe

topol ogy of a metal l|ayer is non-planar before being electropolished, then
t he non-planar profile or general shape of the topology of the netal |ayer
typically remains after being electropolished. Figs. A and 1B illustrate
an exenplary process flow of an electropolishing nmethod to polish a

sem conductor structure that has a non-planar topology. Fig. 1A

illustrates dielectric laver . . i wi-h o

non-  ecessed d5eed bl defdiondlie R SR Wbl bRRER B achesa g g
been for med neygnayeheat Hpedetibtelicthk 83186 rald despitd diftdisiceatrehel . Thugaf |y,

nmetal |ayer 106 has been deposited, for exanple, via electroplating, over
bar ri er/ seed theagrefileizeneralrhanpsy e tha donoireyrd @dueialdayiias RONPRBESLNE areas of
the dielectrig. | t hat
i ncl udes a hh%lg%@ﬁgé@%geé’g@@@e hﬁgialnélg £ ggasoo g?&’\%%a@ﬂ?f%%?ﬂﬁl%s in
t he di el ect riof tHeanenl layidreypicalynlemanis afteopahgdyctodpolisiical. | ayer 106 can be
caused, for exanple, by the plating chem stry in an electroplating
process. Wth reference nowto Fig. 1B, netal layer 106 is typically

pol i shed back to Jatolatl uch that netal

| ayer 106 within t gléﬁggggggtﬁg% I éﬂﬁ% hi“%ﬁ%?,‘?ﬁ’ggﬁ is isolated to
form net al i rteetropolishiigimethod twgmlish b segmopdittor stuciuse tathasablos-tlananave t he

top surface of tal_.l ayer.. 106 within the recessed are | anar with the
top surface &PPAPE" er%'?]r‘Aéeg'éE%tas Eln s cglﬁrﬁ??ﬂ?fr}g)?ﬁéae ‘?glltﬁlrg‘i%sreﬁfﬁén fornmed in
the recessed 3h88cesddd 3R Ybth O VELEMERAE Q00! NBarfi@fREERSES1 (5thaBlbaaar are
not intended to require or suggest that the top surface of netal |ayer 106

be absol ut el yorphesrver thietdieledinc faypr 102 andsubsteste 10k Fioaly, actaldsgr P@a;
ot ol ayer 18510 et PE RGN NTD alel e R Ol oo sp RS 3o ©f

and covering the recessed and non-recessed areas of the dielectric layer 102.

Metal layer 106 has a non-planar topology that includes a hump 108 and a recess
112 located over various structures in the dielectric layer. The non-planar
topology of metal layer 106 can be caused, for example, by the plating chemistry

in an electroplating process.

With reference now to Fig. 1B, metal layer 106 is typically polished back
to the surface of the non-recessed areas such that metal layer 106 within the
recessed areas, i.e., the trenches, is isolated to form metal interconnection lines.
In general, it is desirable to have the top surface of metal layer 106 within the
recessed area planar with the top surface of the non-recessed area surrounding

metal layer 106 formed in the recessed area.

It should be recognized that references to planar are not intended to require
or suggest that the top surface of metal layer 106 be absolutely planar with the top
surface of the non-recessed area; rather, it is intended to convey that the level of
the top surface of metal layer 106 is made more even with the level of the top

surface of the recessed area. Thus, it is generally advantageous to reduce the



surface of the recessed area. Thus, it is generally advantageous to reduce
the WO 03/017330 PCT/ US02/ 26167 6 variation between the |evel of the top
surface oWOrmeb#i330 ayer 106 and the | evel of the top surf&ce/usb2/edier
recessed area. In this exanple, assunme that netal |ayer 106 is

el ectropolished. Additionally, as depicted in Fig. I'A, assune that the
profile or general shape of the topology of netal |ayer 106 is non-pl anar
prior to electropolishing. As noted above, electropolishing is an

i sotropic etching process. As such, as depicted in Fig. 1B, the non-planar

profi e o o<aat iy SATRS, 0F LA RB0KRAYEL oLl AVl e 50 gree! 1

after el ectro re par reat ep| cted in

Fig. 1A assuﬂ@topkgaffaédwfthém@@dse@yregf nmetal |ayer 106 |ncI udes hunp 108 and
concave portion 112 prior to electropolishing. As depicted in Fig. 1B,
assunme that hunp 108 and concave portion 112 (Fig. 1A) remain as residue

110 and recess 114l bl SR AROUPRAayePRR S Ukckd hiisicd o9l on of

nmetal |ayer 106 at a I Resi due 110
can cause an Addiidiallgads cBebmtdd inifig UiA, absivesthat thepefitonngntiabshapkbfies f or med
in the trench regi ons hel ow resi dée 110. fecess or, trench

R 1
in metal | ayédhe topsloghef ecialdavey ¢ @@OBTPI?;F@? ﬁﬁgnsta i"r‘;tr%‘@lsmncﬂﬂlﬁ’? 19%d ¢ r ench
Is at a depta@og REB an;ﬁmgqg Mﬁgu%c%%hrg'&&%g rAg by & dehded RECESS 114

results in or c pper 1oss wthin t trench t at can cause a

reducti on of B:lgelB ¢1mnmtunpla1mx@r<aﬁletohgerianalrshabe| aoftthe topnlogy oif otdl layes106Thus, as
not ed above, & to reduce the variation in the hei ght of
the surface c?lanﬁ%{‘%}?a tlgofﬁgiﬁ%ve or bel ow the surface of the
non-recessed areas. Accor d| ngly, in one exenplary enbodiment, a netal |ayer
formed over a patterned dielectric layer is planarized prior to

el ectropol i shi ng tMerermﬂmuldrb'ymthtscﬁxamlﬁ, as éepigie@incianbltasene thabhe One

advantage to tgpoa}cr)]g%% & ltayer tlﬁl(l:luclies pD fd8 and concave portion 112 prior to
electropolishing. As depicted in Fig. 1B, assume that hump 108 and concave
portion 112 (Fig. 1A) remain as residue 110 and recess 114 after electropolishing.
Residue 110 is a region of metal layer 106 at a height H above the dielectric layer
102. Residue 110 can cause an electrical short circuit between interconnection
lines formed in the trench regions below residue 110. Recess 114 is a recess or
trench in metal layer 106 where the surface of metal layer 106 within the trench is
at a depth R below the surface of the dielectric layer 102. Recess 114 results in
metal or copper loss within the trench that can cause a reduction of the
conductance of the formed interconnection lines. Thus, as noted above, it is
advantageous to reduce the variation in the height of the surface of metal layer

106 above or below the surface of the non-recessed areas.

Accordingly, in one exemplary embodiment, a metal layer formed over a
patterned dielectric layer is planarized prior to electropolishing the metal layer to
isolate interconnection lines. One advantage to planarizing the metal layer prior
to electropolishing the metal layer back is that the metal interconnection lines can
be formed in the dielectric layer with less damage to the structure underlying the

metal layer than conventional planarizing techniques, and thus increase the



to electropolishing the netal |ayer back is that the netal interconnection
lines can be fornmed in the dielectric |layer with | ess danage to the
struct ur eword@r13go ng the netal |ayer than conventional plPararsVz2a1g7
techni ques, and thus increase the WO 03/017330 PCT/ US02/ 26167 7
reliability of the interconnection elenments since nost danmage to the
structure occurs when recessed netal is exposed to the CMP pad. Figs. 2A
through 2D illustrate an exenplary process flow of a method to planarize
and el ectropolish an exenplary sem conductor structure including a netal
| ayer 106 with.a.pon-pl anar t | [, D L S-section
vi ew of an efgh%lgﬁyyc’fglée‘rﬁn eé%odﬁg‘?%oglgésiﬂlg%?%Pééai\?\no%tﬁﬂﬁ%gg{sos eagg?%tg% 102r and
non- recessethrifatheh@edesicdnnesl ik Bxposed &l e OME phdyer 102. The recessed
areas 102r and non-recessed areas 102n forma pattern of interconnection
lines in dielectric layer 102. Dielectric |layer 102 can be conventionally
deposited and for t i veh R
deposi tion mnet hod,nﬁgfj%ll"lA g&%ﬁgﬁﬁg s%?‘gg%leé%qn%@fﬁe}%egg?’io@%or éeposi tion,
Spi n-on, sputgledadriag andeletiiepdlisk en ekenipligrsemighndheort stiucturainetudi@?a can be
patterned through known patterning methods suc hot omaski ng,
phot ol i t hogr ap#l laﬁ’?rclroél"!’llﬂh%ﬁ?%ﬁ jpar @POIEE% igkgA?ﬁlﬁggWélcé%‘FFf%nnnp erial
may be, for examren §ér&ﬁlﬁx§’keﬂﬁf@ﬁ'd9&m( sthicre WiredBREY AER108AkIdbR-11 1S
desired to select a dielectric ayer matertal having a |l ow dielectric
const ant, of trepessededreas EXntfornaesl ia al dielectkit layat UQ2. ikltearceabed dreay 102y andie
materials (i.e., less, than _approxi matel y.3.0 rovide better electrical
i sol ati on bet%@éﬁqc?sﬁ?%?rg%w_@&%%apg&%ﬁﬂgerf%ﬁl%g%e&ﬁ%g@%? cel_%X?fupl ing
and "cross-tajdy’ MielcdRRNay4i102 8AH bé EdiRentionall§ Bep ek anBlow@edBh er i al S
include flourinated silicate glass, polyimdes, fluorinated polyim des,
hybr i d/ conposiubsisate &yeokthesing aryronventipaphdeppsition aiehied] suctragthegpalorc,
paryl enes/ fl ugri nat.ed .paryl engs, .pol yter af | hy!l NANRRPT ous sil ca,
nanopor ous Or@gw%?heg}l&ﬁﬁfép?ri c%g(_)mﬁon, Spll’l—(%l, s;‘:*nﬂ{e%%, ot il fike. 9,

dielectric layer 102 can be patterned through known patterning methods such as

photomasking, photolithography, microlithography, or the like. The dielectric
material may be, for example, silicon dioxide (SiO2). For many applications it is
- desired to select a dielectric layer material having a low dielectric constant, often
referred to as a low “k” value material. Low k value materials (i.e., less than
approximately 3.0) provide better electrical isolation between interconnection
lines by reducing capacitance coupling and “cross-talk” between adjacent lines.
Such low k value materials include flourinated silicate glass, polyimides,
fluorinated polyimides, hybrid/composites, siloxanes, organic polymers, [alpha]-
C'F, Si-O-C, parylenes/fluorinated parylenes, polyterafluoroethylene, nanoporous

silca, nanoporous organic, or the like.

Dielectric layer 102 is formed on substrate layer 100. Substrate layer 100
may be, for example, an underlying semiconductor wafer, previously formed
dielectric layers, or other semiconductor structures. Substrate layer 100 may
include, for example, silicon and/or other various semiconductor materials, such

as gallium arsenide, or the like depending on the particular application.



Dielectric layer 102 is fornmed on substrate |ayer 100. Substrate |ayer 100
may be, for exanple, an underlying sem conductor wafer, previously forned
di el ectriwoloagens) or ot her sem conductor structures. Subgrratse2tayer 100
may include, for exanple, silicon an8l/or other various sem conductor
materials, such as galliumarsenide, or the |Iike depending on the
particul ar application. WO 03/017330 PCT/ US02/ 26167 8 A barrier and/or
seed | ayer 105 may al so be deposited on the dielectric |ayer by various
met hods, such as chenical vapor deposition (CVD), physical vapor

deposi tion (PVD), epaﬂcﬂ&esree&iﬁg%sidﬁ 195'¥ Q&p% de;;ﬁ{sﬁécggn Helfﬁelecftﬂgh that the

barrier |ayer covers e patterned dielectric Including the walls
of di el ect rilaydr 8y &arid@¥Pmeihbdds, sudhhe chemeabegpoadgasitib@ZCVDY, playsidabr | ayer

aver 102 af tePOTIrROSHObGEERE HorENaer aprsionad ipeane B Spe Gt b8~ any
di ffusion of \apnes ekB&x%r%iﬁt%ﬁgﬁgﬁéf&%fe'c&ldIQ?’&rlOi%lﬁ@ﬂ auRNRGFY increase

the dielectric constant o ectric ayer arrl er/ seed | ayer
105 can be f dlietedriotayar k@ﬂwﬁbiméh@mqehscd arges Hre A tedrriert lnygr sexves tosi st ant to-

the diffusion of copper, such . tantal . tun n

titanium nit Mgt ’E"Sﬁféﬂ %rﬁ‘?ﬂpﬁ h&ﬂﬁ’é’&lﬁwaﬂ? «?ﬁégﬁi ngbﬁéfterstﬁﬁ abl e
material. 1ngp exﬁwétm@stérq% deﬁmlohmfg oB).| A ifRRMbNST OFbdrtisd théor
example, if the dielectric material is sufficiently resistant to the

di ffusi on of ditlectrielayer 103wy ad6rsedy mprea@m@ae dildctnigs¢amatapt oftbe diclachjer 106
W _hot adv rseb ahf ecc%/tst%eglel rslggé'an% chormed o? a su1§a%F%' go%gg&%}e atgg ice, the

barrier Iayer yer yplca ep03| for

exanpl e, if nRital rési%}/eﬁf toli difﬁlsuﬁlttti&egp@rﬁulcu aehfaﬁhﬁmphraalaﬂl eangttedlj el ectric
| ayer 102. A seed layer is typically a thin_layer of copper or of her
conduct i ve metteripmnititie: taptalEn-nitegertngsnafidseor ehasiighie matiabniio.

Further, a 5'3% eeayéﬂé’ (?10 9 rthSee E}.‘I lg eer?:fan B@roﬁﬁt‘?&{. %%‘?@x&ﬁfﬁ%{ if %I%Sdlelggt}ﬁcser Ve as

both a barrier
material is sufﬁc1ent1y resistant to the diffusion of the metal layer 106, or if any

diffusion of metal layer 106 will not adversely affect the performance of the

semiconductor device, the barrier layer may be omitted.

A seed layer is typically deposited, for example, if metal layer 106 is
subsequently electroplated over dielectric layer 102. A seed layer is typically a
thin layer of copper or other conductive material that metal layer 106 can be
electroplated onto. Further, a single layer or material of barrier/seed layer 105

may serve as both a barrier layer and a seed layer.

With reference now to Fig. 2B, metal layer 106 is deposited on the surface
of the barrier/seed layer 105, or on the dielectric layer 102 if the barrier/seed layer
105 was omitted. Metal layer 106 fills the trenches or recessed areas 102r and
also covers the non-recessed areas 102n. Metal layer 106 may be deposited by
PVD, CVD, ALD, electroplating, electroless plating, or any other convenient
method. Metal layer 106 is, for example, copper or other suitable conductive
material such as aluminum, nickel, chromium, zinc, cadmium, silver, gold,

rhodium, palladium, platinum, tin, lead, iron, indium, or the like.



Wth reference nowto Fig. 2B, netal |layer 106 is deposited on the surface
of the barrier/seed |l ayer 105, or on the dielectric layer 102 if the
barri er/ swoed3bemar 105 was onmitted. Metal |ayer 106 fill #crhsore@nthes or
recessed areas 102r and also covers Phe non-recessed areas 102n. Met al

| ayer 106 may be deposited by PVD, CVD, ALD, electroplating, electroless
pl ati ng, or any other convenient nethod. Metal |ayer 106 is, for exanple,
copper or other suitable conductive material such as al um num nickel,
chromum zinc, cadmum silver, gold, rhodium palladium platinum tin,
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Fig. 2B, the topology of neta fayer 1 may be nhon-planar wth variations
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in a hunp 108 and/or concay ortion 112 apov rious .fe f
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wi de | ow denslidlscttic yehl0%; e g 168 cdir &ravahove angyrey and higldensdy freeghs can be

especially prevalent in the case f el.ectr,oplatj. t.al . r,. 106 over
dielectric |é§~}%?n’f6§ at?&B%%Y%’Og?"“t 1}%@ CBH?’P%%""%S ﬁ‘ewrﬁﬁg%"rq?‘.dg‘?st“]y%g‘ﬁ d be
recogni zed, hewBy 6 dielcdtc 1byte 19DaWRe affettd amtid 3pedddllyprapalert@B tirndsconcave
portion 112 are illustrative only and that other non-planar_ topol ogy

features of méekrtroplging mew! lyer epflislegtyicdaye 0B bgcayee shibgipidingespect

to Figs. 4A and 4B. Wth e i r IS

pl anari zed tocrﬁg% h\ﬂr)grhoui;dgJ uﬂég&%gzg 513#) e\ie%gglﬂ%ﬁggﬁgggg‘?%gdy{&%%@ 0ef>:1<-la | e,

chem cal mechagiagdkomakt pbitivg 11¢ eMllugtraive 9aly adahyilotied noo-pldmer st ructure to

polish and planarize netal |ayer 106, CMP netal |ayer 106 reduces the
t opol ogy, i . dopolegysatiegs ofmastaldayer 196 a%?rﬂ?S%gﬁ&s degraiped p &’rw‘?tbffﬁp?féy
features of ttggig%pﬁl&%gélgf. metal |ayer 106 to snooth netal

With reference now to Fig. 2C, metal layer 106 is planarized to smooth or
reduce features of the topology. For example, a chemical mechanical polishing
(CMP) process is applied to the structure to polish and planarize metal layer 106.
CMP metal layer 106 reduces the topology, i.e., hump 108, recess 112, and other
non-planar topology features of the surface of metal layer 106 to smooth metal
layer 106 prior to electropolishing metal layer 106. For example, the CMP
process is performed to polish metal layer 106 to a first height “a” above the
underlying substrate 100, where “a” is greater than a height “b,” equal to the
height of dielectric layer 102. Therefore, the CMP process stops short of
removing metal layer 106 from the non-recessed areas 102n of dielectric layer 102
and possibly coming in contact with dielectric layer 102. Rather, the CMP
process polishes metal layer 106 to planarize and reduce variations in the topology

of metal layer 106.

It should be recognized that references to planar and planarizing,
specifically in reference to metal layer 106, are not intended to require or suggest
that the surface of metal layer 106 be absolutely planar; rather, it is intended to

convey that the surface of metal layer 106 is made more smooth or planar.



| ayer 106 prior to electropolishing netal |ayer 106. For exanple, the CWP
process is perfornmed to polish netal |layer 106 to a first height "a" above
t he undewbyBhg3substrate 100, where "a" is greater than &Cmaisghte1sh, "
equal to the height of dielectric |aler 102. Therefore, the CMP process
stops short of renoving netal |ayer 106 fromthe non-recessed areas 102n
of dielectric layer 102 and possibly comng in contact with dielectric

| ayer 102. Rather, the CVMP process polishes netal |ayer 106 to planarize
and reduce variations in the topology of netal layer 106. It should be
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reference to ar e not urre or sugges t hat

the surface Q@(ﬂ@%p&ﬁhaypmyé0©6@@oﬁhﬁﬁ&uﬁ@bﬁﬁﬂﬁ@nar rather, it is intended
to convey that e surface of netal |layer 106 is nade nore snooth or

pl anar. WO 03/ 017330 PCT/ USOZ/ 26167 10 Essentially, planarizing the

surface of netal eM%Sj@ocr %e&%ﬁwﬁﬂﬁﬁnbg%ﬁﬁ%ﬁa@&ol ogy of netal

| ayer 106 prior to el opo process I'S exenplary
nmet hod can belaptizaicnesdfitioncy, phmrlesslenqﬂmmmphtédmimesqrying/idnéiedmmymphaa S

pl aced on preserving dielectric |ayer t.he upder | yi struct
because t he &Qpl%ﬁll'?fg‘mfﬁiéﬂy’@g SrRgiu 3 e‘&‘b‘ﬁ%&‘ﬁ gs 1{1@’@‘{1 é;‘ @E@ama%ﬁﬁ lrJ(ragtsl y
contact the ypgde ?i Abddhop Hl'i‘ﬂﬁl}rgz'bﬁtactstﬂ I éﬂ?stﬂicﬁir@ Ghé s thb eRlotrdd2.  For

exanpl e, the 'stiftness or ness o l'1'shing pad may be adjusted to
preserve unddayeyilfyy Hoeéxantplé, chd ﬂﬁﬁlﬁssl@mardme&stwﬂaqudmhhnwpaﬂl mgydeanond tip

enbedded t her the |like c sed .in ort| f thi,s exanple
of the met hod J"Iﬁt?ﬁttﬂgfeseg’leblpfl‘if 31‘“?%&‘ %Fmé‘tt}?%tl@g gr\plé @%Fﬁ MOcesses
can be used tiﬁ%na%ae&t&%i@bme%kb RarTBd adedh@mrcM@q)ortT&iﬁoﬂqm@%ﬁmﬁeof the
polishing pad 'can be a factor in controlling and preventing danmage to the

patterned di elfélesmpethoflaferthearpsiurra fige phebragivefieepelisking processes can be

used to reduce scratches in metal layer 106.

The pressure of the polishing pad can be a factor in controlling and
preventing damage to the patterned dielectric layer 102, and the interconnect
structure, particularly for integration schemes with copper and low k dielectric
films. Typically the pressure of the polishing pad ranges from 0.1 pound-force
per square inch (PSI) to 10 PSI, for example 5 PSI. The thickness of metal layer
106 removed during the CMP process depends, at least in part, on the topography
of the metal layer 106 formed over dielectric layer 102 and the planarization
efficiency of the CMP process employed. Typically, the removal thickness is
greater than or equal to the difference between a high and low point of the metal

layer topology.

It should be recognized, however, that the CMP process is described
herein for illustrative purposes only. Alternative methods of pianarizing metal
layer 106 may be used in place of, or with, the exemplary CMP process described
above. For example, a sacrificial material may be added over metal layer 106 to
planarize the surface above metal layer 106. The sacrificial material can be
conductive or non-conductive such as spin-on-glass, photo-resist, metal alloy,

metal compound, or the like. The metal layer 106 may then be planarized, for



structure, particularly for integration schenes with copper and | ow k
dielectric films. Typically the pressure of the polishing pad ranges from
0.1 poundwbmsoer3dper square inch (PSI) to 10 PSI, for examrplrass2z/R3b71 The

t hi ckness of netal |ayer 106 renopvedilduring the CWVP process depends, at

| east in part, on the topography of the netal |ayer 106 forned over
dielectric layer 102 and the planarization efficiency of the CMP process
enpl oyed. Typically, the renoval thickness is greater than or equal to the
di fference between a high and | ow point of the netal |ayer topology. It
shoul d be re | - SNELR" : i her ei n
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| ayer 106. T‘F?é‘né%gﬁ’?@?%?%m%ﬁ@}’?rﬁoga% ?’r‘@fné?ﬁe (?é@%?rofg% 1§ﬂ@ﬁ(ﬁ8&)}{’ave t he
same or sim It 49t {8 dkaiRdYetdw.t hat an etching process renpves the
sacrificial layer and netal layer 106 at simlar rates. Etching the

pl anarized netal |ayer 106 and the sacrificial layer at simlar rates to

renove the sacrificial ,layer and portions.of netal | i result
in a planarized ngﬁi&ekqh%%tfxoiﬁgf? eae%r?%‘fhén%?mf Y Oﬁrggx%égécgﬁg\g(q&eéﬁlssét ed in
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process or a wet etching process. A dry etching process includes plasm
et chi ng, chenikeaPlagmpstchingseurrgs maydnalpde high+density|plasma soucss SHighe8dr ces may

i nclude hi ghydgns 1;1Xsn94 SR, ﬁl%ﬂgt?\?escoﬁﬂféﬁ pBRnfd source (ICP), and the like. The

etching gas may include a halogen group such as chlorine based gases. Two

examples of the conditions for a plasma etching process are detailed in the

following tables:

Table I
EXEMPLARY PARAMETERS OF HIGH TEMPERATURE
PLASMA ETCHING PROCESS
Plasma power: 500 to 1500 W, preferably 800 W
Gas pressure: 10 to 50 mTorr, preferably 20 mTorr
Wafer temperature: 300 to 500 °C, preferably 400 °C
Etching gases: Chlorine (Cly)
Table II
EXEMPLARY PARAMETERS OF LOW TEMPERATURE
PLASMA ETCHING PROCESS
Step 1:
Plasma power: 500 to 1500 W, preferably 800 W
Gas pressure: 10 to 50 mTorr, preferably 20 mTorr

Wafer temperature: 20 to 100 °C, preferably 50 °C
Etching gases: Chlorine (Cl,)



hel i con pl asma source, inductive coupled plasma source (1CP), and the |ike.
The etching gas may include a hal ogen group such as chlorine based gases.
Two exanwbes/oofB3d he conditions for a plasnma etching process/usnz2det ai | ed
in the following tables: Table | EXBRPLARY PARAVETERS OF H GH TEMPERATURE
PLASMA ETCHI NG PROCESS Pl asma power: 500 to 1500 W preferably 800 W Gas
pressure: 10 to 50 niforr, preferably 20 niforr Wafer tenperature: 300 to
500 C, preferably 400 C Etching gases: Chlorine (Cl2) Table Il EXEMPLARY
PARAMETERS OF LOW TEMPERATURE PLASMA ETCHI NG PROCESS Step 1: Plasna power:

500 1500 f | : : :
200 o 1500, 14, P . it S0 e oo pet ol bghng B o 201

Waf er tenperature: 0 C "Etching gases:
Chl orine (C12) WO 03jpddondaifle RCTopsI2hRGIH6 (Culk).After Step 1 the top portion
of copper and copper_conpound will be converted to copper chloride
(CuCl x). Step 2: WetS®PEh cud x conpound by using dilute HOJ sol ution. The

concentration of HO mayhe GutheofPoERl B ushnd @infle PRY SERtoRYTHET O,

preferably 3 percent.
concentration of HCl may be in the range of 1 to 6 percent by weight,

preferably 3 percent.

Alternatively, a planarization technique similar to those used in the flat-
panel display industry to anneal the amorphous Si (a-Si) to poly-Si on glass may
be employed to reflow copper after plating metal layer 106 by using a laser to
mollify metal layer 106 resulting in a planarized surface. Another alternative
method includes a high frequency and short pulse laser that can be beamed from a
direction parallel to the substrate 100 surface to remove higher portions of the
topology of metal layer 106 by evaporation. The short pulse of the laser is used to
protect bulk copper and surrounding dielectrics from the effects of high
temperatures generated by the laser, i.e., reduce thermobudget. The laser can be a
solid state laser such as a ruby laser, Nd-glass laser, Nd:YAG (yttrium aluminum
garnet, Y3Als0;,) laser, gas laser, such as a He-Ne laser, CO, laser, HF laser, or
the like. The laser beam can be scanned over the entire surface of substrate 100 to
planarize metal layer 106. Further, a non-contact type surface topography sensor
can be used as an end-point detector in such a process. Exemplary conditions for

this planarization process are detailed in the following table:

Table III
EXEMPLARY PARAMETERS OF PULSED LASER
PLANARIZATION PROCESS
Average laser power: 100 to 5000 W
Pulse length: Picoseconds to microseconds

Wafer temperature: - 100 to 20 °C



Alternatively, a planarization technique simlar to those used in the flat-
panel display industry to anneal the anorphous Si (a-Si) to poly-Si on

gl ass maywolwg/oenspl oyed to refl ow copper after plating net 2CTIusyre61806 by
using a laser to nollify nmetal |ayer13106 resulting in a planarized
surface. Another alternative nethod includes a high frequency and short
pul se | aser that can be beanmed froma direction parallel to the substrate
100 surface to renove higher portions of the topology of netal |ayer 106
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Further, barrier/seed layer 105 is removed from the exposed regions of
non-recessed areas 102n of dielectric layer 102. If layer 105 is, or includes, a seed
layer, the electropolishing process that polishes metal layer 106 may remove it,
for example. If layer 105 is, or includes, a barrier layer, plasma dry etching, wet
etching, or the like may remove it, for example. Additionally, if the metal layer
106 was electropolished to a height less than the non-recessed areas, the non-
recessed areas can also be etched at this time to planarize the surface. The
following table, Table IV, provides an exemplary range of parameters that can be

employed in a plasma dry etch process to remove the barrier layer:

Table IV
EXEMPLARY PARAMETERS OF PLASMA DRY ETCH
PROCESS
Plasma Power: 500 to 2000 W
Vacuum: 30 to 100 mTorr
Temperature of Wafer: approximately 20° C
Gas and flow rate: SF6 = 50 sccm (or CF4 =50

sccm, or O; = 10 sccm)
QGas pressure: 0.1 to 50 mTorr
Removal rate of TaN: 250 nm/min



Metal |ayer 106 can be polished to the same height as the non-recessed
areas. Alternatively, netal |ayer 106 can be polished to a hei ght bel ow

t he non- rwoas®emd30 areas. Metal |ayer 106 can be el ectropolPCThisd2/i6an

el ectropolishing apparatus (Fig. 6) Mhat directs a streamof electrolyte
fluid (not shown) to netal |ayer 106. The electrolyte fluid is, for
exanpl e, any convenient electropolishing fluid, such as phosphoric acid,
orthophosphoric acid (H3PO4), or the like. Further, barrier/seed |ayer 105
is removed fromthe exposed regions of non-recessed areas 102n of

dielectric |ayer 102 |fohayftad@BPTe, O 1nobuigmina seed layer, the
el ectropol i shing process that polishes netal |ayer 106 may renove it, for

exanple. If layer 105 iRemovaliaieb{if€®; a bar20imsw/nlimyer, plasma dry et ching,
wet etching, or the like may renove it, for exanple. Additionally, if the
metal |ayer 106 was el ectropolished to a height |ess than the non-recessed

areas, the non- rePl?e%éEQr_aﬁfe%re‘é@l’ﬂirﬁd%&ﬁlﬁié?&few&nd’hiil\&t\i/bﬁ@ssi‘tﬂe pl anari ze
the surface. The followng table, Table 1V, provides an exenplary range of

par anet er s t Haerrierdaydyd 05 ematérinle @réater shanl theiraf SdPy aqoehibledisdesdic lager enpve t he

barri I - Tabl e | V. EXENMPLARY PARANMETERS OF . FOCE
Pl as |n§r Po%(ra:rl%gattegabg@@ ot bg(fe e8tei§b%;13ﬁ§?@%%%§g?§%ﬂﬁ%gg V\aén‘S Sr:
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02 =10 sccn) Gas pressure: 0.1 to 50 miorr Renoval rate of TaN. 250 nmi min
WO 03/ 017330 g 1050 31 sheubtbe mofed, however, that other selectivities can be obtained by

varying the parameters.

Fig. 3 is a flow chart illustrating an exemplary damascene process 300
including a planarizing process and an electroplating process. A wafer having
recessed and non-recessed areas is provided in block 302. A patterned dielectric
layer provided on the wafer may define the recessed and non-recessed areas. The
patterned dielectric layer may be formed on underlying semiconductor structures,
including other previously formed dielectric layers, a wafer, or the like. Further,
the wafer may be divided up into individual dice that include recessed and non-
recessed areas that will be separated at a later state of the processing into
individual semiconductor devices. A metal layer is then deposited in block 304,
such that the metal layer fills the recessed areas within the dielectric layer as well
as covers the non-recessed areas of the dielectric layer. The metal layer is then
planarized in block 306. For example, the metal layer undergoes a CMP process
to planarize and smooth the topography of the metal layer. The planarized metal
layer is then electropolished in block 308 to expose the non-recessed areas of the
dielectric layer and isolate the metal layer within the recessed areas to form metal

interconnection lines.

It should be recognized that numerous modifications can be made to the
exemplary process 300 depicted in the flow chart. For example, a barrier/seed
layer can be optionally added prior to the deposition of the metal layer in block

304, in which case, after non-recessed areas are exposed, the barrier/seed layer is



Renmoval rate of TiN: 300 nu/mn Renoval rate of SiQ2: 20 m/m n These
paraneters result in a renoval rate of TaN and Ti N, two possible barrier

| ayer 105woaB®ri3ad s, greater than that of Si 2, a possi bl ecaresbyedisi c | ayer
102 material. The selectivity can be Belected in this manner to reduce
etching or damaging the underlying dielectric |ayer 102 during the renoval
of the barrier layer 105. It should be noted, however, that other
selectivities can be obtained by varying the paraneters. Fig. 3 is a flow
chart illustrating an exenplary danmascene process 300 including a

pl anari zi ng Qwh@@mnﬂmd_deéle&ﬂi@ﬁtyé@%&ﬁﬂiaﬁug,r&@ﬁ%ck/ﬁlF@gf. 8lcalf¢hiilg recessed
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fills the recessed areas within the dielectric |ayer as well as covers the
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material 107 and then etching back the sacrificial material 107 and a portion of

metal layer 106 such that metal layer 106 is planarized to dotted line “P.” As

described above, sacrificial material 107 can be a metal, metal composites with

solvent, such as copper with a solvent, spin-on glass, photo-resist, or the like.

Sacrificial material 107 can be any material that has a similar etching rate as the

underlying metal layer 106, and the etching process can be a conventional dry or

wet etch with no selectivity between sacrificial material 107 and metal layer 106.

The location of line “P” is for illustrative purposes only, and can be
adjusted up or down depending on the application and method of planarization.
After the topology features of metal layer 106 have been planarized, similar to
Fig. 2C, metal layer 106 is then electropolished as described above with regard to
Fig. 2D.

Fig. 4B illustrates another exemplary metal layer 106 having an irregular
surface topology. The trregular surface topology of metal layer 106 may be due
to any number of causes ranging from the deposition method to the underlying
structure. Metal layer 106 is polished similar to Fig. 4A by first planarizing the
surface to line “P,” by CMP polishing, adding a sacrificial material and etching



304, in which case, after non-recessed areas are exposed, the barrier/seed

| ayer is WD 03/017330 PCT/ US02/ 26167 15 etched fromthe dielectric |ayer
Addi ti onawbyg/oemsah bl ock in Fig. 3 can include nany proc@sTasonail6?
explicitly described herein, such as Wasking and etching the wafer to form
the recessed areas, or cleansing the netal |ayer before and/or after

pl anari zing the surface. Further, the exenplary damascene process 300 is
applicable to both single and dual inlaid applications. Figs. 4A and 4B
illustrate additional exenplary topologies of netal layer 106 that nay be
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pl anarized, simlar to_Fig. metal layer 106 |s.then el ectropolished as
descri bed abM%C%%MTQtW 4% 1601‘1@@aqﬁiaéablﬁBohﬁileﬁtﬁflég %fgg her

exenpl ary maﬁogiisﬂu@/ Fdd A3GmbHE G B&l&lh}l’l{g%gé&:@hl 1. CMP apparatus 400 also

includes a rotatable wafer carrier 413 that positions and applies a force to a wafer
401 in the direction indicated by arrow 414. A chemical slurry is supplied to
CMP apparatus 400 through nozzle 417 and dispensed onto the polishing pad 412.
The chemical slurry is, for example, supplied from a temperature-controlled
reservoir (not shown) through nozzle 417. Further, the chemical slurry contains a
polishing agent, such as alumina, silica, or the like that is used as an abrasive

agent along with other selected chemicals to polish the surface of wafer 401.

The primary parameters that affect the polishing rate are the down
pressure 414 on the wafer 401 against polishing pad 412, the rotational speeds of
the polishing platen 411 and wafer carrier 413, the composition and temperature
of the chemical slurry, and the composition of polishing pad 412. Adjustments of
these parameters permit control of the polishing rate and the planarization

efficiency of CMP apparatus 400.

CMP apparatus 400 and the process described with reference to Fig. 5, are
for illustrative purposes only. It should be recognized that other CMP apparatus
configurations and set-ups may be employed. For example, rotatable polishing

platen 411 and polishing pad 412 can be replaced with a belt that moves polishing



surface topol ogy. The irregular surface topol ogy of netal |ayer 106 may be
due to any nunber of causes ranging fromthe deposition nethod to the
under | yi /yoosor3ei ure. Metal |ayer 106 is polished siml aPCrash/eni6ZA by
first planarizing the surface toling "P," by CWP polishing, adding a
sacrificial material and etching WO 03/017330 PCT/ US02/ 26167 16 back,
nmonmentarily heating netal |ayer 106 with a |laser or the |like. Metal |ayer
106 is then electropolished. It should be recognized fromFigs. 4A and 4B
that nunerous netal |ayer topologies can be planarized and el ectropolished
by this net 4 ?ﬂf"e t u i Lelijegkric | ayer
102. Wth rei3 g‘?é#cgﬂﬁg\%vspfu“ gtqgﬁjgag& , arﬁme)?('e%%loé%@gv?% ﬂgg%%rlﬁdﬂgk400 ané
process are @esemchast wAEMPAHEppal sdspact 40folishinglyeddd 2dan be ptlagvadiize net al

S Tace of  AVHERSP Digitc  DaARSE BECKB PO AR e bosCs 18

control | ed tf Bt B@l'rﬁ"‘ﬁﬁ{/‘%ﬁtﬁécm%ﬁtﬁ AREhbe PReRAL beasapndi tions of
CVP appar at ugﬁt%g%. %xeﬁpﬂar CVP apparat us“3 %00 i ncl udessla rgt at abl e

polishing platen 411 and a polishing pad 412 nounted on polishing platen
411. CWP apparatus, 400 .al s i ncl udes a rotat.abl.e.waf er carrier. 413 that
posi ti ons and app?‘ﬂi‘%s6 1Hu?tf???§@f’te5e%‘p%é¥ ghoss-55oR4] Vfﬁ%oﬁﬂég?tfogﬁﬁfhﬁ% cated by
arrow 414. A,chemcabo flatkivbd $ed tPakéRHoliSh el 1:38P50Goused 89 t hrough
nozzl e 417 and 'di spensed onto the polishing pad 412. The chem cal slurry

is, for examsemicosdymbor veafef FHim Semieonsioetor eéer SOhmay frdher ipdeds: §&3i r  (not

shown) through nozzle 417. Fu F he 1,C {

pol i shi ng aggﬁ?@%u%ﬁ’s‘%e&?yﬁﬁ#gg?hesl?ﬁ%il%l@f?&aazf E%d ﬂrﬁéﬁ%ﬁgg}%@q}z@%s an
abrasive agenthalu@R@D) Firthéd ee 516t etmetablayeaios witl ok bedn t he surface

of wafer 401. The primary paraneters that affect the polishin r&ie are the
down pr essupéangtizedypriariie theslesiropotishing forsxample, BY IQ%IP BRRAT %f‘iszﬁ?oq g

rot ati onal s%ﬁeds of the polishing platen 411 and wafer carrier 413, the
conposition and tenperature

A nozzle 540 of the electropolishing apparatus 500 directs a stream of
eleotrdlyte fluid 520 to the surface of metal layer 506. In other examples, wafer
501 can be completely or partially immersed in electrolyte fluid 502. Electrolyte
fluid 520 includes any convenient electropolishing fluid, such as phosphoric acid,
orthophosphoric acid (H;POy), or the like. For example, in one example the
electrolyte fluid is orthophosphoric acid having a concentration between about 60
percent by weight and about 85 percent by weight. Additionally, electrolyte fluid
106 can include, for example, glycol at 10 to 40 percent (against weight of the
acid). It should be recognized, however, that the concentration and composition

of the electrolyte fluid can vary depending on the particular application.

As electropolishing apparatus 500 directs a stream of electrolyte fluid 520
to metal layer 506, a power supply 550 supplies opposing charges to an electrode
530 (the cathode) positioned in nozzle 540 and an electrode (the anode) coupled
to metal layer 506. Power supply 550 can, for example, operate at a constant
current or constant voltage mode. With power supply 550 configured to
positively charge the electrolyte fluid 520 relative to metal layer 506, metal ions

of metal layer 506 are removed from the surface. In this manner the stream of



of the chem cal slurry, and the conposition of polishing pad 412.

Adj ustnents of these paraneters permt control of the polishing rate and
t he pl anawopaanisso ef fici ency of CVP apparatus 400. CVP appaeratSos2¢460 and
the process described with reference 8o Fig. 5 are for illustrative
purposes only. It should be recogni zed that other CWVMP apparatus
configurations and set-ups may be enpl oyed. For exanple, rotatable
polishing platen 411 and polishing pad 412 can be replaced with a belt

t hat noves polishing WO 03/017330 PCT/ US02/ 26167 17 pad 412 with respect
to wafer caryi : i3 i Besogmvermatwl waf er
401 with res%)lgg'%Ol?%%lpuéﬁf\l%%ﬁFlﬁf?gljlggefgﬁec%ﬁﬁg%Bg%ﬁ%%/atgd i N nunmerous nanners.
Ther ef ore, ttie sGhEnafpecadlys MO0 Sdepicted in Fig. 5 is not intended to be
limting of the CMP apparatus or nethod that may be used. Fig. 6
illustrates an exenplary cross-sectional view of an el ectropolishing

apparat us 500 thag,4a8 Reidsiesd hFisl 6 War@Bol isfotdted ald frakkked™ng or med on
sem conduct or wafer 501. Sem conductor wafer 501 rmay further include, for

exanpl e, substis ¥ ®© dogifion thoetird ukase of metdl dayer SA®m, the ecapnel slestiodded | ayer

105 (Figs 2At u 2D) . Further .. t opol o 06 will
have been pﬁ&‘rﬁg%%zag’g uﬁ?ogpg't%ewgbléﬁthgﬁ? ?‘8@38 Fi gﬁlf %@@%?ﬁee‘%(lgé{n%lﬁ}g? by CWP
appar at us 40@,{d%1 canBlakeA PRATHEH BibAg He subfecedfaatnblapdr sHbibygomtipgar at us 500
directs a streamof electrolyte fluid 520 to the surface of netal |ayer

506. |n ot hewafxSfpveile sianianeouty transiating et g the Bdimgeias al |y i mrer sed
in electrolyte fluid 50 : 5{!.351 ' AR%d¢onveni ent

el ectropol i sﬁﬁﬁalaﬁwgliyd\fvggeﬁgﬁﬁg:}sr{%i%etls%ﬁg% C a‘é]?ig?nb%?% ﬁ%ﬁﬁosphori c acid
(H3PO4), or tbpgylhkarealnost docaobles20 o desieedpatipheofithetal leyerd0bol yte fluid is
or t hophosphoric_ aci d_ havi %la concentrati on betwee bout 60. percent by

wei ght and afgthergBotharaiemtOlpdierds o0 sameYSIAPPY thesteam 8f yte 1 uid
electrolyte 520 to desired portions of metal layer 506. Exemplary descriptions of

electropolishing methods and apparatus may be found in U.S. Patent Application
No. 09/497,894, entitled METHODS AND APPARATUS FOR
ELECTROPOLISHING METAL INTERCONNECTIONS ON
SEMICONDUCTOR DEVICES, filed on February 4, 2000, and related U.S.
Patent No. 6,395,152, entitled METHODS AND APPARATUS FOR
ELECTROPOLISHING METAL INTERCONNECTIONS ON
SEMICONDUCTOR DEVICES, filed on July, 2, 1999, both of which are

incorporated herein by reference in their entirety.

Additionally, it should be recognized that other electropolishing methods
and apparatus can be employed to electropolish metal layer 106. For example,
wafer 501, including metal layer 506, may be partially or fully immersed within a
bath of electrolyte fluid.

The above detailed description is provided to illustrate exemplary
embodiments and is not intended to be limiting. It will be apparent to those
skilled in the art that numerous modification and variations within the scope of the
pfesent invention are possible. For example, numerous interconnect structures,

such as combinations of dielectric layers, conductive layers, barrier layers, seed



106 can include, for exanple, glycol at 10 to 40 percent (agai nst weight of
the acid). It should be recognized, however, that the concentration and
conposi tiwp 0301738the el ectrolyte fluid can vary dependi ng @aTtuse2/pasti cul ar
application. As electropolishing appaWatus 500 directs a stream of
electrolyte fluid 520 to netal |ayer 506, a power supply 550 supplies
opposi ng charges to an electrode 530 (the cathode) positioned in nozzle
540 and an el ectrode (the anode) coupled to netal |ayer 506. Power supply
550 can, for exanple, operate at a constant current or constant voltage
node. Wth p G AU i eh@r ge t he

el ectrol yte ?ﬁﬁ%ﬂ 9%5%%?2%%ve t%H#S?%FL?§§§F§%%%FQ%§?a| ions of netal

| ayer 506 ar emplementations; can he@asuizederd eleetrapelishedawittethemipshedsr eam of WO

03/ 017330 PCT/ USO2 167 18 el ectrol yt | ui.d 520 ectropol i shes the
portion of nﬂ?&?gggagF%§ﬁémpwﬂﬁﬁﬁ??@h&%éap na?ﬁ88§?§§%ﬁ?%ﬁéﬁﬁi8%§?5 Ste fluid
520. Further ¢,@ginden] fl%ﬁﬂizie AnfeRctrépol R RS sub@de bSthe itaceghedfich t r ansl at ed

along axis X to position the entire surface of nmetal |ayer 506 in the

stream of el ertatwies:t ¥ shéuldialso beeprarentdetifose slilledingbe pid Hedt metal dayerss ur f ace.

For exanple, the electrolyte. fluid.520 can K [ aong the
surface of nﬂ“t‘%noln" @}M%&%&Sr Geaed go e Seg%g'gtfgnvﬁl% éﬁésicﬁg% aegéghsl y
transl ating waf 8¢ adRhtabbodshieplahafize@aid €lbctropdlistexdriatcootdance wathehe 501 can be
hel d stationary while nozzle 540 is noved to t he stream_of

) appl y
el ectrol yt e Brthads andeppasaiupdaseiibads Afcordingly, the pessend dwyentign {3 fisfinedot h waf er
501 and nozzle.540 &Ry : e 520 to
desired port:b r%%e %)Pgﬁ(getdgﬁ é{ﬁqesl;a%rl @@%Xn@ﬂ%&%ﬂﬁ 1zlElry d@égﬁ% :ﬁ%l?lgé%%n'
el ectropol i shing nmethods and apparatus may be found in U S. Patent
Application No. 09/497,894, entitled METHODS AND APPARATUS FOR
ELECTROPOLI SHI NG METAL | NTERCONNECTI ONS ON  SEM CONDUCTOR DEVI CES, filed on
February 4, 2000, and related U. S.




Patent No. 6,395,152, entitled METHODS AND APPARATUS FOR ELECTROPCOLI SHI NG
METAL | NTERCONNECTI ONS ON  SEM CONDUCTOR DEVI CES, filed on July, 2, 1999,
bot h of vWD®B/0&r380 | ncorporated herein by reference in thecT/usnl/24ety.
Additionally, it should be recogni zed0t hat other el ectropolishing nethods
and apparatus can be enployed to el ectropolish netal |ayer 106. For
exanple, wafer 501, including netal |[ayer 506, may be partially or fully
imrersed within a bath of electrolyte fluid. The above detail ed
description is provided to illustrate exenplary enbodinents and is not
intended to be limting. It will be apPpapgRt to those skilled in the art
t hat numerous nodification and variations within the scope of the present
i nvention are posd¥étleim:For exanpl e, nunerous interconnect structures,
such as conbi nations of dielectric layers, conductive |ayers, barrier

| ayers, seed WD 03/017330 PCT/ US02/ 26167 19 |ayers, and nmask | ayers,

formed in single qr ﬁlqﬁéthéﬁﬁbﬁn ?rﬁ%ﬁﬁd&duétﬂpétﬁfé&ﬁé ohfpigingcan be
pl anari zed and el ectropolished with the nethods descri bed. Furt her,

nuner ous net hods of formingra diclegiriaayeepeasewjsondusionigafen whgesin Bsnbi ned to

pl anari ze and ele ol J surface of the int tlon structures.
It should al so be %Y %‘:ﬁ%‘ ertlgaf'ﬂ%%rgcesgfﬁ a[rg%i; %nﬁ ntoﬁgg‘%ia%?e%%ﬁaats netal |ayers
wi th non-pl anar t opofod@ingsa cobdeaivedafed bvérehs aitecaidliayerttbasvdriiase descri bed

herein, can be advantageousl% pl anari zed and el ectropolished in accordance
W th the nethodsrgW&Wé@§ﬁ$aﬁ Bmhé§@$P@éEB&Accordlngly, the present

the descri pti on her e A7 SRPSE® B HolBu s s g e & o0 Y
the topology of the surface of the conductive layer; and
electropolishing the conductive layer to expose the non-recessed areas

after planarizing the surface of the conductive layer.

2. The method of claim 1, wherein the act of planarizing the surface of
the conductive layer includes chemical mechanical polishing (CMP)

the conductive layer.

3. The method of claim 2, wherein the CMP planarizes the surface of the
conductive layer without exposing the non-recessed areas of the

conductive layer.

4. The method of claim 2, wherein the CMP includes a polishing pad, and
the polishing pad does not contact the non-recessed areas of the

conductive layer.

5. The method of claim 2, wherein the CMP includes a slurry free

polishing process.

6. The method of claim 1, wherein the act of planarizing the surface of

the conductive layer includes:



W claim 1. A nethod of formng a sem conductor structure, conprising:
formng a dielectric |layer on a sem conductor wafer, wherein the

di el ect riwoloagenso ncl udes recessed areas and non-recessedParass?/2d16T m ng a
conductive |l ayer over the dielectric 3ayer to cover the recessed areas and
non-recessed areas; planarizing the surface of the conductive |ayer to
reduce variations in the topology of the surface of the conductive |ayer;
and el ectropolishing the conductive | ayer to expose the non-recessed areas
after planarizing the surface of the conductive layer. 2. The nethod of

claim1, wherein the act ﬁhnﬂﬂgmbmﬁmmgnﬁtaﬁapdﬂtha@ﬁf&fe of thecontnivet i ve
| ayer i ncI udes chem cal nechanical polishing (CWP) the conductive |ayer.

3. The method of cl ai migyer,wrheren faie ecriior] prajeril isdanaed.qdf ace of the
conductive |layer without ﬁﬁpﬁgBEQM%Q&HQqﬂyﬁ%ﬁ%%ég%oﬁk%gﬁdgCgéﬁknﬁpnduct|ve

| ayer. 4. The nethod of c er el rnc a polrshing pad,
and the polishing padigdegs not contact the non-recessed areas of the
conductive layer. 5. The nethod of claim2, wherein the CVWP includes a
slurry free polishing process. 6. The nethod of claim1, wherein the act

of planarizing th C t 03/017330
PCT/ US02/ 26167 21 ?glﬁgn%?‘%ﬁogfog‘élf?{r}ﬁ i‘gﬁ%&%¥g?t|°g¥ﬁhﬂ r}%ﬁgg? %@? Yof the

conductive |ayer, v%mweemhsaamf&aﬂmatermﬂaﬂldﬁmtcendm:ltwekaypf.anar| zed, and

8. The method of claim 6, wherein the sacrificial material is spin-on-

glass.

9. The method of claim 1, wherein forming a conductive layer includes

depositing the conductive layer.

10. The method of claim 1, wherein forming a conductive layer includes

electroplating the conductive layer.

11. The method of claim 1, further comprising forming a seed layer

disposed between the conductive layer and the dielectric layer.

12. The method of claim 11, wherein the act of electropolishing removes

portions of the seed layer from the non-recessed areas.

13. The method of claim 1, wherein the act of electropolishing includes
directing a stream of electrolyte fluid to the surface of the conductive

layer.

14. The method of claim 1, wherein the act of electropolishing includes

immersing at least a portion of the conductive layer in electrolyte fluid.



etching the sacrificial material and a portion of the conductive |layer. 7.
The nmethod of claim®6, wherein the act of etching has no selectivity

bet ween tWe osacmsdicial material and the conductive | ayer PC8/USIhzs16Et hod Of
claim6, wherein the sacrificial mate22ial is spin-on- glass. 9. The nethod
of claim1, wherein form ng a conductive |ayer includes depositing the
conductive layer. 10. The nethod of claim 1, wherein formng a conductive

| ayer includes electroplating the conductive layer. 11. The method of
claiml1, further conprising formng a seed | ayer disposed between the
conductive |ayer arsl Thbenethd E@ldiinCl, f@ytes codrising forftidotlapibr kivai m 11,
wherein the act of el ectropolishing renoves portions of the seed |ayer

fromthe non-recessedisapeeddetwesn thpeonduethdayt apd thadiglectiifdpver-n t he act of

el ectropolishing includes directing a streamof electrolyte fluid to the
surface of the conductive layer. 14. The method of claim1l, wherein the
act of el ectropol i 5hiThg nietitddustetaim Ifyehsieigthebatradtyenispembianirah thae
conductive layer in electrolyte fluid. W Q3/017330 PCT/USQ2/.26167 22 15.
The nethod of cl ai m Ronfegesssdareas pheddiclgetne layerly Blagi? At er  di sposed
bet ween the conductive |ayer and the dielectric layer. 16. The nethod of
claim15, wherein the barrier layer is renoved fromthe non-recessed areas
of the dielectric 17Ayie npthel abaEmdry wherdn thg batritr 1aperisremhved émdheai m 15,
wherein the barrier layer is rennv?glnfqn1th? non-rec ssed areas of the
diel ectric layer by we —r%qeésr?pr?&a_aso e dielectric layer by wet etclung.

18. The method of claim 1, wherein the conductive layer is copper.

19. The method of claim 1, wherein the conductive layer is planarized to a
first height and electropolished to a second height, wherein the second

height is less than the first height.

20. The method of claim 19, wherein the second height is planar with a

height of the non-recessed areas.

21. The method of claim 19, wherein the second height is less than a

height of the non-recessed areas.

22. A method of making a semiconductor device, comprising:

forming a dielectric layer on a semiconductor structure, wherein the
dielectric layer includes recessed areas and non-recessed areas;

forming a conductive layer to cover the dielectric layer and fill the
non-recessed areas;

planarizing the conductive layer to a first height above the
semiconductor structure, wherein the first height is greater than a height of

the non-recessed areas; and



18. The nmethod of claim 1, wherein the conductive |layer is copper. 19. The
nmet hod of claim 1, wherein the conductive layer is planarized to a first
hei ght amstosBect3sopol i shed to a second hei ght, wherei n t hecsamsonegbichei ght
is less than the first height. 20. Th® nmethod of claim 19, wherein the
second height is planar with a height of the non-recessed areas. 21. The
met hod of claim 19, wherein the second height is less than a height of the
non-recessed areas. 22. A nethod of making a sem conduct or devi ce,
conprising: formng a dielectric |layer on a sem conductor structure,
wherein the diel ect klegtrbpoiBhingnkd culdactieclagsed aacmad haiptit simvetiecessed
areas; formng a conductive |ayer to cover the ﬁhelec ric layer and fil
the non-recessed wrugandupionsEGuEngheEE thosrgaed heght iy ?ﬂ98%§3é¥Fst hei ght
above the semco {or structure, wherein the first height is greater
than a hei ght of non-recessed areas; and WO 03/017330 PCT/ US02/ 26167
23 el ectropolishing the conductive |ayer to a second hei ght above the

sem conduct or structure, erein .the second _height..is.less than,the first
hei ght. 23. The ne%%éréleé?e\ﬁg‘?‘g?ﬁﬁl%ﬁ{zw ”éﬁnhthteﬁggcg‘élé’(?}ﬁljltﬁé?ﬁ@‘ﬁf WIHE anar

with the height of, %@%ﬁ@ﬂhéﬁ%—?ﬁ%eéra%@ 24. The method of claim 22,
wherein the second height 1s [ess than the height of the non-recessed

areas. 25. The nmethod of claim 22, wherein the act of planarizing the

conductive layer 3D itecncd SR 27/ SHER 6R'scB R RILHT S & hdn hl®

height of the non-recessed areas.

25. The method of claim 22, wherein the act of planarizing the conductive
layer includes chemical mechanical polishing (CMP) the conductive

layer.

26. The method of claim 25, wherein the CMP does not expose the

structure underlying the conductive layer.

27. The method of claim 25, wherein the CMP includes a polishing pad,
and the polishing pad does not contact the structure underlying the

conductive layer.

28. The method of claim 25, wherein the CMP includes a slurry free

polishing process.

29. The method of claim 22, wherein the act of planarizing the conductive
layer includes:
forming a sacrificial material on the surface of the conductive
layer, wherein said sacrificial material is planarized, and
etching the sacrificial material and the conductive layer with no
selectivity between the sacrificial material and the conductive

layer.



| ayer. 26. The nethod of claim 25, wherein the CMP does not expose the
structure underlying the conductive layer. 27. The nethod of claim 25,
wher ei n twe 0@W3sicl udes a polishing pad, and the polishipeg/ysad2ddees not
contact the structure underlying the 24conductive |ayer. 28. The method of
claim 25, wherein the CWP includes a slurry free polishing process. 29.
The nmethod of claim22, wherein the act of planarizing the conductive

| ayer includes: formng a sacrificial material on the surface of the
conductive layer, wherein said sacrificial material is planarized, and
etching the sacrificial material and the conductive |layer with no
selectivity between the sacrificial material and the conductive |ayer. WO
03/ 017330 PCT/ USOZ028hemetipd cfglaimRg, wheisthe facsifis 11 8"t he
sacrificial material 1a§s spin-on- glass. 31. The nethod of claim 22, wherein
form ng a conducti ve®? ayer includes depositing the conductive |ayer. 32.
The nmethod of claim?22, wherein form ng a conductive |ayer includes

el ectropl ati ng the conductive | ayer. 3;. The met hod qf cl gi m 22 ({urt her
conpri si ng forni nglaTheawthogdyafclaing 22, yaegi, ¢ u@wﬁ%}é@fﬂ%‘l ®3yer and

the dielectric layer 4,344, IR HIidICSOhy&! @ m 33, wherein the act of
el ectropol i shing renbves a~ portion of Yhe seed | ayer fromthe non-recessed

areas.
32. The method of claim 22, wherein forming a conductive layer includes

electroplating the conductive layer.

33. The method of claim 22, further comprising forming a seed layer

disposed between the conductive layer and the dielectric layer.

34. The method of claim 33, wherein the act of electropolishing removes a

portion of the seed layer from the non-recessed areas.

35. The method of claim 22, wherein the act of electropolishing includes
directing a stream of electrolyte fluid to the surface of the conductive

layer.

36. The method of claim 22, wherein the act of electropolishing includes

immersing at least a portion of the conductive layer in electrolyte fluid.

37. The method of claim 22, further comprising forming a barrier layer

disposed between the conductive layer and the dielectric layer.

.38. The method of claim 37, wherein the barrier layer is removed from the

non-recessed areas of the dielectric layer by plasma dry etching.

39. The method of claim 37, wherein the barrier layer is removed from the

non-recessed areas of the dielectric layer by wet etching.



35. The nethod of claim 22, wherein the act of electropolishing includes
directing a streamof electrolyte fluid to the surface of the conductive

| ayer. 36wOTh®1738d¢ hod of claim 22, wherein the act of el eeCmasot2@abi ng
includes imersing at |least a porti 3% of the conductive layer in
electrolyte fluid. 37. The nmethod of claim 22, further conprising formng
a barrier layer disposed between the conductive |ayer and the dielectric

| ayer. 38. The nethod of claim 37, wherein the barrier |ayer is renoved
fromthe non-recessed areas of the dielectric layer by plasma dry etching.
39. The nethod of claim 37, wherein the barrier layer is renoved fromthe
non-recessed areas of the dlelectrlc | ayer by wet etcﬁing WO 03/017330
PCT/ US02/ 26167 2501 dhe meghqdefjedpamai2, Eflhaﬁeiﬁtmw%’é%? YEIHS CERRfBuct i ve | ayer
is copper. 41. A nethod for nmaking an interconnection structure,
conprising: formng a sem conductor structure, wherein the sem conductor
structure is pattethedmeibol fepasiingsn intertameriint #ruconeeotiposingi nes;

form ng a conductive | ayer over tge sem conduct or tructur&%%nd within the

openi ngs; pl anari zi ndOHRS 8 seigerdustorsHUCHES, FherR Do Sensen duce

non-pl anar vari at RidRme B @8Wlﬁ’l hinBd fbgfohﬁ@ntgﬂcéﬂt%chéﬁﬁn&‘?nducu ve
| ayer t0|solatet con ctlve r wthin the openings. 42. The net hod

of claim41l, wherei nfdntmngenvmhmtlmtaorcr asvter thetsamecondedtodgnicturganfl el ectri c
| ayer with openings. {PP‘ ﬁred t her e| n. 43. The nmethod of claim42, wherein the
sem conduct or st r ubHERdng i ncl udes:

planarizing the surface of the conductive layer to reduce non-planar
variations; and
electropolishing the planarized conductive layer to isolate the

conductive layer within the openings.

42. The method of claim 41, wherein the semiconductor structure includes:

a dielectric layer with openings formed therein.

43. The method of claim 42, wherein the semiconductor structure further
includes:
a barrier layer formed between the dielectric layer and the conductive

layer..

44. The method of claim 43, wherein the barrier layer is removed from

portions of the dielectric layer by plasma dry etching.

45. The method of claim 43, wherein the barrier layer is removed from

portions of the dielectric layer by wet etching.

46. The method of claim 42, further comprising forming a seed layer

disposed between the conductive layer and the dielectric layer.



a barrier layer forned between the dielectric layer and the conductive

| ayer. 44. The nethod of claim43, wherein the barrier layer is renoved
from porwD®a®1B80the dielectric |layer by plasma dry etchipeg/usds2eidhe

met hod of claim43, wherein the barri®r |ayer is renmoved from portions of
the dielectric |layer by wet etching. 46. The nethod of claim42, further
conprising formng a seed | ayer disposed between the conductive |ayer and
the dielectric layer. WO 03/017330 PCT/US02/ 26167 26 47. The met hod of
claim46, wherein the act of electropolishing renoves a portion of the

seed | ayer. 48. The TR! hedo@bs lamh A6 Akher¥iheheidt of BRctastolishing kén@res 2i ng t he
surface of the conductive |ayer i ncl udes chemnical mechani cal pol i shi ng

(CWP) the conduct i veortieyef thegeed IIyRs. net hod of cl ai m 48, wherein the CWP
does not expose the structure underlying the conductive |ayer. 50. The
met hod of claim48, wherein the CWP includes a polishing pad, and the

pol i shing pad doesignphe gethod®f clalie 43f whitinrie ad€playhriding e sucfacechfct i ve
| ayer. 51. The met hod of cl aim 48, wherein the CVP i.ncl udgg a&\lé_grry free
pol i shing process. 5the cppduckiue Hoer Beludesghemical HW%B@IE? pphhing (CF)
pl anari zing the surf nductive |ayer includes: formng a
sacrificial materi al %%%ogiecugg glge of the conductive Ilayer, wherein said
sacrificial material is pl anarl zed, and etching the sacrificial material

f th
and a portion o t49eTﬁg Pn%%%&l of clalm 48, wherein the CMP does not expose the

structure underlying the conductive layer.

50. The method of claim 48, wherein the CMP includes a polishing pad,
and the polishing pad does not contact the structure underlying the

conductive layer.

51. The method of claim 48, wherein the CMP includes a slurry free

polishing process.

52. The method of claim 41, wherein the act of planarizing the surface of
the conductive layer includes:
forming a sacrificial material on the surface of the conductive
layer, wherein said sacrificial material is planarized, and
etching the sacrificial material and a portion of the conductive
layer with no selectivity between the sacrificial material and the

conductive layer.

53. The method of claim 52, wherein the sacrificial material is spin-on-

glass.

54. The method of claim 41, wherein forming a conductive layer includes

depositing the conductive layer.



| ayer with no selectivity between the sacrificial material and the
conductive |layer. 53. The nethod of claimb52, wherein the sacrificial

mat eri al W 03p17330n- gl ass. 54. The met hod of claim 41, wreraisn2/tasmi ng a
conductive layer includes depositin@7he conductive |ayer. WO 03/017330
PCT/ US02/ 26167 27 55. The nmethod of claim41l, wherein formng a conductive
| ayer includes electroplating the conductive |ayer. 56. The net hod of
claim4l, wherein the act of electropolishing includes directing a stream
of electrolyte fluid to the surface of the conductive |ayer. 57. The

met hod of cl ai m 4%5. Thenrettddiofielana 41 pvhakichrmaipgla whingivelgtentdetides mrer si ng
at least a portion of the conductive |ayer in electrolyte fluid. 58. The
met hod of claim 41, weeFleingibe euyedrs ¥een ayer is copper. 59. A

sem conductor structure, conprising: a conductive |layer; and a dielectric
| ayer having recessed areas and non-recessed areas, wherein the conductive
| ayer fills the ngs: Tacertgnd oickan 4 pwhaem the atterfebactrepslisbhimglineladgs and t he

non-recessed areas are exposed by p|anarizjng and then ectroopol i shi ng
the surface of the céﬁ%ﬁﬁ%ia\ﬁgw&%@iec éyteﬁil}@gé‘? ﬂl‘?éﬁl%?%? %fﬁL%F%dHF%‘?, wher ei n
the conductive |ayerjs. planarized by cheni cal mechanical polishing (CW).

61. The structure of ai m 60, wherein the CVWP does not expose the non-
recessed areas of the dielectric |ayer.

57. The method of claim 41, wherein the act of electropolishing includes

immersing at least a portion of the conductive layer in electrolyte fluid.
58. The method of claim 41, wherein the conductive layer is copper.

59. A semiconductor structure, comprising:
a conductive layer; and
a dielectric layer having recessed areas and non-recessed areas,
wherein the conductive layer fills the non-recessed areas to form
interconnection lines, and
the non-recessed areas are exposed by planarizing and then

electropolishing the surface of the conductive layer.

60. The structure of claim 59, wherein the conductive layer is planarized

by chemical mechanical polishing (CMP).

61. The structure of claim 60, wherein the CMP does not expose the non-

recessed areas of the dielectric layer.

62. The structure of claim 60, wherein the conductive layer is planarized
by:
forming a planar sacrificial material on the surface of the

conductive layer, and



62. The structure of claim60, wherein the conductive layer is planarized
by: formng a planar sacrificial material on the surface of the conductive
| ayer, amdoWw®00B5@017330 PCT/ US02/ 26167 28 etching the sa@cirfusoz/adierat eri al
and a portion of the conductive |aye. 63. The structure of claim62,
wherein the act of etching has no selectivity between the sacrificial
mat eri al and the conductive |ayer. 64. The nethod of claim62, wherein the
sacrificial material includes spin- on-glass. 65. The nethod of claim 62,
wherein the sacrificial material includes photo-resist. 66. The method of
claim 62, wherein the ssbimngftheimtifivial mnicalal amicd putten ofraegbnd@ilve A
sem conductor structure fornmed in accordance with the nethod of claiml.
68. A seni conduct or @¥¥ice formed in accordance with the method of claim
22. 69. An interconnect structure formed on a sem conductor wafer in
accordance wth the nmethod of claim41.

63. The structure of claim 62, wherein the act of etching has no selectivity

between the sacrificial material and the conductive layer.

64. The method of claim 62, wherein the sacrificial material includes spin-

on-glass.

65. The method of claim 62, wherein the sacrificial material includes

photo-resist.

66. The method of claim 62, wherein the sacrificial material includes

metal.

67. A semiconductor structure formed in accordance with the method of

claim 1.

68. A semiconductor device formed in accordance with the method of

claim 22.

69. An interconnect structure formed on a semiconductor wafer in

accordance with the method of claim 41.



