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SEM CONDUCTOR STRUCTURE USI NG mm ON OF PLANARI ZI NG I\@I{WND
ELECTROPOLI SHI NG CROSS- REFEREN o1 D APPLI CATI ONS Thi s pres
application clains priority of an earlier filed provisional application

U S. SeriaWON3/01%8) 313, 086, entitled A METHOD TO PLANARI ZET f@iﬂ%ﬁé’
DAMASCENE STRUCTRUE USI NG A COVBI NATI &N OF CVP  AND ELECTRO- POLI SHI NG,
filed on: August- 17, 2001,,  the entire content of whjch is incorporated.
herein by reference. BACKGROUND 1. Field This invention relates generally
to sem conductor devices, and nore particularly to a method to planarize a
nmet al damascene structure using a conbination of planarizing nmethods and

el ectropol i shing. 2FORNENG ASEMICONDUCTRRATRUCTURIHSEYGdct or devi ces

are manufactured or f ARpn9 a nunber of
di fferent processi ng%ﬁ%@ggﬁgﬁgwm st%t erconnection

el ements. To electrically connegi BOEROPOLISHING™ nal s associated . with the
i sem:.conductor wafer, .conductive (e.g., netal) trenches, vies, or the like.
are formed in diel ectrl c materials as’'part of the sem conduct or device. The

trenches and vias couple electrical signals and power between transistors,

i nt er nal circuit of the sem conductor devices, and circuits external to
the seniconductor deRQSS-REFERENEE TO RELATED APPLICATIONS

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 BLECTRO-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
parucularly to a method to plananze a metal damascene structure using a

combmahon of plananzmg methods and electropohshmg
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 téemiconductor wafer, conductive (e.g., metal) treriches, vias, or the like
are formed in dielectric materials as parf 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.

A

*ACTION*



WO 03/ 017330 PCT/ US02/ 26167 2 In form ng the interconnection el enents the
sem conduct or wafer may undergo, for exanple, nmasking, etching, and
deposition processes to formthe desired electronic circuitry of the

sem conducworodgemdes. In particular, nmultiple masking aPdI’ES@REG st eps
can be perforned to forma pattern of 2recessed areas in a dielectric |ayer
on a sem conductor wafer that serve as trenches and vias for the

i nterconnection lines. A deposition process nay then be perfornmed to
deposit a netal |ayer over the sem conductor wafer to deposit netal both
in the trenches and vias and al so on the non-recessed areas of the

dielectric layer. Tp fhamhgR ihteRoniidEélemats iheGaareadiRicR afd@ishyl or m
i nterconnection elenents, the nmetal deposited on the non-recessed areas of

t he seni conductnslergoafasexampleanasiing, etching: and fenesitionprasewss Wriomehsyi ng t he
nmet al deposite = : el | on the
sem cond 3ct or %asg‘ g‘? El?ﬁ‘é‘f%géc]%mﬁwgs §ﬁﬁp®g§uégﬁe&ﬁ?§g¥ @S@ﬁ%ﬂa@ﬁ' lflib{gllei shi ng

(CWP). CWVP net masingarel eshited steps semibe panformed ®efoirs e patert of recesedaress ino pol i sh
and planarize the, netal layer within the. trenches and vias. w e
non-recessed af Hﬁ?%q?ﬁé%iaé?%’g?’ﬂuf?wf yafer h{ags%erﬁ“ﬁn%?eéralégxlﬁgc{}itfc‘)@n li nes.
In a CVMP pr ocefsercéhné@ionrines S& dbpagitiof ppseesstrhaynen bepeaforiet padepbsicat ed - on a
pl aten or web. The wafer assenply incFu es g sybstrate ha%iﬁn%galne or nore

| ayers and/ or et layesoverthe sernicondycior water tn-dsposit welahoth i Pigfigaches n o

dielectric | ayef viafud e SHERCARRI A8 of ot fskid e Aokolas Rl ¥
agai nst the p%.l i d%{l]s‘geo&\%e ltpl)a g%géatdﬁgagsouglset rlat e as %nblo %r e noved
agai nst and r epatterv ef recessaicareas and fozm intaicbenestion ¢lements,iie metabdepositedol i sh and
pl anarize the surface of the wafgr. A palishin Qlution, often referred
to as polishin§® etﬂ"f‘i}'?cefssfgafegﬁgﬁéﬁﬁmgﬁ&{%ﬁ‘étorEﬁgr géﬁﬁﬁ%e%f acilitate the
polishing. The polishing slurry typtcally contains an abrasive and i's
chem cally reactive to sel:ectiyvely renove fromth fer ‘the unwanted
material, for exarrpp@,“’e&t‘?@iﬁﬁeybl"ﬁ%// r,emPr\S‘P%ﬂ}ﬁe{B?tﬂl‘ﬁp‘\?A%ﬁ&B}}WéPnﬁat erials,

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 diclectric material.



for exanple, a dielectric material. WO 03/017330 PCT/US02/ 26167 3
Accordingly, CVP nmay be used to achi eve gl obal and |ocal planarization of

a surface on the wafer. Furthernmore, CVP nay be used to renove a I%er of
material i WOPUEY3X¥0o expose an underlying structure or | af&T/USeHg$1%et hods,

however, can have several deleterious 2ffects., on the under | yi ng

sem conduct or structure because of the relatively strong nechani cal forces
i nvol ved. For exanple, as interconnection geonetries nove to .13 mcrons
and below, there can exist a large difference between the nmechani cal
properties of the conductive nmaterials, for exanple copper, and the |ow k
films used in typi célccatdingls EMP mpy beused éeachigvg iglobakanddeqal platarizatining

Modul us of a | el ' [ r of
magni t ude Iowe?ﬁwf1 ﬁgﬁdc? ﬁggﬁ e{)‘?gfg%p%@rh. ’?i?e%ﬁé’ﬁ‘?’ }bgfus%dng%%&egtlig)&éﬁg strong
mechani cal f or amtaxjapin @derdn ekjpose di eddedyingctridtine®r tayer. dCyiPerethods,a CVP

rocess, among,other things, ca quse S ss related.defects,on the
Rt conduct or - LPHATE 28 RStV AL IR PHFATR on frERe e ssaseat S ron: 11 m
lifting, scrakghditebeiusé BEthb kdiRiveBRirbiy RebiMAR fced fvolvBl/ENEI ON I n one

exanple, a nmethod is provided for formng a sem conductor structure. The
met hod i ncl ude$x4raplpiasgnigreqnuactien geometriss aovaite 3 migrensand belosh sheagean
non-recessed argeas, ﬁfgetd?ﬁel%ﬁégtfémmﬁeq{lemﬁi%gr%ﬁﬁ{& 9Pthe cgﬁ%@ﬁ'&t' i ve | ayer
over the dielectric Tayer to cover the recessed areas and non-recessed
areas, pl anari nateials, for esamplaceppst, ané thedow dufdins weed inyypical damascknee

Uhenel ect r opoPlERIRY TAEdica Bt Vol MEEHuTY B B0 b e HE o
areas. The pregesater itiavelOtdrdsts bfmiggitiés lowerlthas thaoof coppsr. Consqdentlsfthen of the
(etailed descrigtion helow | CORRUNCLY B0 38 bl L2 H0IRANYL NG, 12w nos

| E CMP process, among other thiﬁgs, 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

F



BRI EF DESCRI PTI ON OF THE DRAW NGS WD 03/017330 PCTI US02/ 26167 4 Figs. 1A
and B illustrate an exenpl ary el ectropolishing process of a sem conductor

device; Figs. 2A through 2D illustrate an exenplary planari zi n(g and .
el ect r opol WE1394738¢ ocess of a semiconductor device; Fig. BCTPPIZ6¥Ates a
flow chart of an exenplary damascene pfocess; Figs. 4A and 4B illustrate

exenpl ary topologies of a netal |ayer forned on a sem conductor structure

t hat maybe pl anari zed and polished; Fig. 5 illustrates a cross-sectional
vi ew of an exenpl ary chem cal nechanical polishing apparatus; Fig. 6
illustrates a cross-sectional view of an exenplary el ectropolishing

appar at us. DETAI LEFig3E5&Rh& TB (iisimateandremplarymlartropaishingprasessiodrough

under standing of .th resent invention,. the follow ng description sets
forth nunerousse@ifl%&‘fq%&r % | s,” such as specific materials, parameters,
and the like. It should be recognized, however, that the description is
not intended as a limtation on the scope of the_present _invention, but

“instead provided tdigsah throngh2 iliystrate 88 exemplany plmapiyes @bnpl ary
“enbodi nent s. %%%E@s Bk 2 Rftid ﬁgﬁ&&({c@yg) is a known nethod for
pol1shi 8uct0r sur

pl anarizing an g a sem con
stress related defects to the underlying structures such as dishing,

is

ace, however, CMP can cause

ol ot ropol i shing i S BEEES AP eheRor o EpenBy Bl BEARE0S | ot provi des

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 illu_éttétes a cross-sectional view of an exemplary chemical

mechanical polishing appardtus; '

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 poli:sh_ing 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 fferences | nﬁggp Thus, if the profile or general shape of th

t opol ogy of % %% | ayer i s non-planar. before being eIec?’BBﬂPPé%ed t hen
t he non-planar profile or general shapé of the topology of the netal |ayer
typically remains after being electropolished. Figs. 1A and IBillustrate
an exenplary process flow of an electropolishing nethod to polish -a

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

illustrates a djelectric layer 102 patterned with recessed and
non-recessed aris&ibedbelew. dértopalishinginanisatinpic sching piosesscindept it&EeS 205 has

been formed ovgy tlgﬁf)aétghﬁ}ggfhﬁe{télfteﬂg%@é rat® de HFdﬁ 1Rk ‘Bmtjgﬂg ah‘ﬁk gl ly,

netal |ayer 106 posi , Tor exa via e at’ing, over
barrier/seed Iabepmﬁlwrgmﬁml@hapemfﬂxgwméogyeﬁesn@d layedismon-plaebsferd ar eas of
the dielectric.aye 106 h a _non anar. .t gpol.o that

i nci udes a hur’rpb ﬁ%f? eg%apo&ls]?ege é‘g‘% the Epllaé’@%ﬁrg V@Fnetfﬂrsb f&eqﬁﬁ‘tlt’ﬁ%s

the di el ectri c dfatyanetal Ther fpitally faiins dfiepbéingdlestfopoRdhad. | ayer 106 can be
caused, for exanple, by the plating chemstry in an electroplating
process. Wth reference nowto Fig. 1B, netal layer 106 is typically

pol i shed back to tIﬁgssmfaﬁd:gggfusﬁhgmg%ﬁg?%%gssqﬁa&aﬁuch t hat net al
| ayer 106 within the ~recessed areas, i.e e trenches, is isolated to

form netal int elessaprliching mefhoddapolishp sgmisenductoristrugture deat haseran-planaiave t he
top surface of 4 @%'Y F?%’?A it Y&Emé?ecmﬁaﬁérgﬁfgﬁ&qn@rvﬁﬁ-rﬁL&Q&ragg" th the

top surface of t ecesse area surro ayer formed in
t he recessed ama—redeﬁseéhmas forioed over supsirated 00. hAtbalrmi/ea:eddm;eswbhqslbaﬂar are

not intended t Iy est at t o Iayer 106
be absol utely 3?%6 ov eq’%gteﬁe{%@g o yﬁ# sglfa ﬁ)(g #B}?ﬁ % gb _ .
rather, it is .ihag Bébd@dpdsﬂed;mwnpfﬁaﬁabh&rd);ﬁatﬁﬂg, &fer birher/éeemas:wtosce of

nmet al Iayer 106 i,;s .made nore eyen with the |evel of the top surface of the

recessed area. A Gaverng thedecsased and nop-reqessed agrscf the dielpctre t?é‘ert 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



WO 031017330 PCT/ US02/ 26167 6 variation between the |level of the top
surface of netal |ayer 106 and the |level 0-17 the top surface of the
recessed area. In this exanple, assune that netal layer 106 is

el ect ropol Wwehes®17380 Additionally, as depicted in Fig. |A PEEYSRE6IHIat t he
profile or general shape of the topolfogy 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
profile or general shape of the topology of netal |ayer 106 can remain
after electropolishing. More particularly, in this exanple, as depictediri
Fig. 1A assun@urbiéd bdtheen tho ROLIQEheop Bl of RAI 1a3616 O6nad teaevehomp 108 and
concave portion 112 prior to electropollshlng As depicted in Fig. 1B,
assume that huthptopoerifagepidaneesssed asefti on 112 (Fig. |A) remmin as residue
110 and recess 114 after electropolishing. Residue 110 is a region of
netal |ayer 106 at a height H above the dielectric |ayer, 102. Residue 110

can cause -an el.ect rindks exdnpie, assunthatﬂmal\lmnIQGusebcmpw&adon bines fornmed .

the 't h bel 10, R t h
it oy o MBESHR S Bk LA PR BE Ra gl b RRERR L () o
is at a dept hﬂthd@@ldgwoifhﬁtﬁ Laybrels 1@ﬁoﬁ-b1@ndlpﬁbﬁtbtdlec&obasshfngl&3 nofédcess 114

results in netal copper, loss within t etrenchtg@é Sd:pra se a
reduction of tab@ve,@maemlgh’@glw lﬁmopevo?t?masprﬁe@ﬁcéﬁ ¢ BAPPIFNER. Thus, as
noted above, i @gght of
the surface off: taI %@%ggﬁé ﬁ“ﬁ’%ﬁvﬂ%& {edpgfl? ggg@tgt ﬁ?ﬁg

non-recessed a¢aaaanam(aﬁomemp9hshum one exerrpl ary enbodi nent, a netal | ayer
formed over a patterned dielectric layer is planarized prior to

el ectropolishing the netal |ayer to isolate interconnection |lines. One
advant age to pl anaersrermrtidu&rlyeimthsIcagmple,pmﬁeplctedmBgemraspmiqthttlthg the

et al l ayer batC Iigollogyg meta} lgyer%% mcluc{;s ﬁr Co%'f gJ}dl c%gcavle ?)gﬁlonq 12 pnor 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 arecess 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




be formed in the dielectric layer with | ess danmage to the structure
underlying the netal |ayer than conventional planarizing techniques, and
thus increase the E WD 03/017330 PCT/ US02/ 26167 7 reliability of the

i nt er connecY PYEP¥ent s since nost dapmage to the struct uPETEB¥RME7 when
recessed netal is exposed to the CW péd. Figs. 2A through 2D illustrate an
exenpl ary' process flow of a nethod to planarize and el ectropolish an
exenpl ary sem conductor structure including a netal |layer 106 with a
non- pl anar topology. Fig. 2A illustrates a cross-section view of an

exenpl ary sem conductor structure with recessed areas 102r and non-
recessed ar eas rekability of the dntpraonneetion alemanissincgynast daymge Thiheseetersed ar eas

102r and non-r f f interconnection |lines
in dielectric lo%%?%%%fc@%%eﬁng%{ﬁﬁegﬂ%@tgﬁﬁél gﬁ. be conventionally
deposited and fornmed on substrate |ayer 100 using any'-conventi onal
deposi‘'ti on. nethod, =such t herjmal.. of | asma, chem cal, vapor sition,,
spi n-on, ‘sputteri ng%@rz‘g 0?5@11%%%&?“%}@3@??5?ct,lo?”é&é‘rm‘%%gﬂ{?an be
patterned throyihakPOma chertrbpslizh B eXeRiplad Sentidontiu®r stAlkAi® HRAIIE _
phot ol i t hography, mcrolithography, or the like. The dielectric nmaterial

may be, for exdRfitldayesifq wihaapwriaper torslery) Fig-gh iHustipteagsroseaedtions it is
desired to sel &gty gf fi &eRilary Serli@hBhctOBHRELA wih@eébé@gedaax{:ae%ﬂé dGfoh! | C
constant, often referred to as a |low "k" value material. Low k val ue

mat eri al s (i .e.recessgdaranydon fappeddn ardislesinc 13yed)l 02 r Bhe rdeeshast areas 162wandr i cal

| sol ati on bet | i | cl:ng..capagk C upl i ng
and "cross-t aﬁ%ggéﬁ&%é?%%eﬁﬁﬁkﬁ%go%ﬁg g#eoc\k/b&gh{}%llﬁgwir% ecfli‘lge?s

i ncl ude fl ouri ridReDidedtichye 192 aasbe qpavattiohallydepodited aid formhedlowol yi mi des,

paryl,enes/ 1 aorsREIeyFA 00 ke sor Boes flersmties FRATERLIch A BISBRBGE i | ca.
Nanopor ous Or gajMsta clémiclIByabbikpodidh, Sfih-oh Ssphiferiip, dQRe fike. fRMEBd On '
substrate layer 100. Substrate [ayer 100

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.



may be, for exanple, an underlying sem conductor wafer, previously formnmed
dielectric layers,. or other sem conductor structures. Substrate |ayer 100
may include, for exanple, silicon and/ or other various sem conductor

mat eri al s, WOLASIN733 gal lium arsenide, or the |ike dependi RGT/ERAEST
particul ar application. WO 03/017330 BCTI US02/ 26167 8 A barrier and/or
seed |l ayer 105 may al so be deposited on the dielectric |ayer by various
nmet hods, such as chem cal vapor deposition (CVD), physical vapor -
deposition (PVD), atom c |ayer deposition (ALD), or the |like, such that the
barrier layer covers the pattened. dielectric layer 102 including the walls
of dielectric |ayeXbdfigr aidfdiseedtliner 1@ may eldo he derwsit@Pon tha dizdactricer | ayer

serves to pr vent net.al r om di,f f usi o.the dielectric
| ayer 102 aft pyetr é“’a’é?}ﬁé'éﬁ@gﬁts gg‘f %”é%?i?apfﬁgeﬂfé’fﬁ@ggg% Rpigal op) T any
di ffusi on of cppBedepbsiiitn @Vb) ﬂb&h@lﬁ?&rld@pdsﬁmr(AL , 6rale ARG, @lichathat thercr ease
the dielectri c constant o he dielectric |ayer 02. Barrier/seed | ayer

105 can be f orlmulerdﬁyeacwrstthbp@ttewddamqﬁwlamtm ingluding,the walls pEsi stant t o
h ff
the diffusion ﬁgle&ﬁggﬁ 1 10246 EE tréée?é@h‘éf@as { et %r%?éertlyﬂsg%ﬁ

titaniumnitri um ni ungsten-ni ot her suitable
material . I n. meveatmeapl (ecga,tOoppa) frodnalififiesing ieto thegielecinrlayee 102raferde  For
the

exanple, if the_ diel ect s suf.ficiently resistant

di 11 usi on of t?'ﬂ@sﬁﬁlﬂff&m?t%lﬁ@’F%cPB?‘“?‘?@s fhl)dﬁ“}’ﬂg o"FS R Wer 106
wi Il not adver gglepriaidyee102 gy atvelselyiminese tHe dﬁél&tn@amsmmmé dieledigici ce, the
barrier layer may be omtted. A seed I@yer IS typi %hﬂéﬂga‘amlted for
exanpl e, if meleyér 103y Bamegseeddayes [Qneen be dfenmed of & svif e &matial| ectri c

| ayer 102. A sgefs F&i@ﬁaﬁu {otn wfuglah bf’cd%gext Bich akﬁ%ﬂfun?ftarﬁﬂﬁﬂefungé’terpt her

conductive materia t metal |ayer 106 can b lectropl ated onto.
Further, a si ntitesiutayitrideptantahirenitrde, tihgdten-nitride; sle@blerlsay@rle meBriakd} serve ‘as

' both a barrier_|ayer dasedl t B, net al
| ayer 106 is d¥PEPP B&arh(?ﬂs tﬂh ?aé% an\qe %&g‘{)gf‘:o??gﬁy@ggéi £é1&n1% or on
the di el ectri cmhRyiglris s&iBciehtly MStbﬁtrtb terdiffesich éfakemetal layer 106, or 1f 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, chromiuin, zine, cadmium, silver, gold,

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



105 was omtted. Metal layer 106 fills the trenches or recessed areas 102r
and al so covers the non-recessed areas 102n. Metal |ayer 106 may be
deposited b Y D, ALD, electroplating, electroless plating, or any
ot her conve)r?lv%E/BnP@/hod. Metal layer 106 is, for exanple, PEBYPE26HT ot her
sui tabl e conductive material such as alum num nickel, chrom um zinc,
cadm um silver, gold, rhodium palladium platinum tin, |ead, iron,
indium or the like. WO 03/017330 PCT/ US02/ 26167 9 As shown in Fig. 2B,
t he topol ogy of netal |ayer 106 may be non-planar wth variations in its
t opol ogy. For exanplg, .the deposition of netal |ayer 106 can result in a
hunp 108 and/ or conc‘§ %"%@r‘?%&j 15 10peingy PhRetsl Ly sl maydespen-plinal ectri c
layer 102. In paqth bashidhs inl ifs tOE316Yy. IFRY BXambd thedeBbREdd : r the
dielectric layer 102, a hunp 1 8§écyan form a‘goveeg nar rdggvﬁ%lggﬁf%densi ty
trench region,casesulf i e humpd 0 end/onxongave porionfld? abaveoerous fedtutes ofow- densi ty
trench region Ls A o , ts;can.be.especially
prevalent in th&e{tﬂg‘gisjgha%’g# Me#eﬂég %%6‘11%8 ?nnéé%rzr@?}g%Eﬁglﬁ’eerlfec%%at%ﬂ&g}eel ectric:
| ayer 102 becaudielecfic idyer p02athmgp 108 ean fotm ybovieta mabrowl atld hizhrdeasigticnctd,

however, that the. shape and | ocatiqn,of hunp, 108 and cqncave rtion 112

are illustrati VESSH3 zfncc?nfwgﬁ’ogltoﬂgtlzﬁﬁgﬂpéh%vrea‘{”gﬁgﬁ%g‘ips%%’&ﬁes of netal

| ayer 106 are pegivhlk dierstritasyer i OF OTHREffes bt Be 659603 B  previalenindfe cadé and 4B.

Wth reference now to Fi metal |ayer IS planarized to snooth or
(5]

Fi.g. 2C 106 i '
reduce f eat ur eseistecipplatingetghlayerpgp ousraliglecttic layeri@Rbewnsanidhaplating
polishing (CVR mie9C | ' .
pl anari ze met alahleayer ' e11(%%0 hﬁ%@é&@gf&, Flgygfer’%%%%&%e%ﬁtlﬁ%h{)%gfo ogy, i.e.,
hunp 108, recesk8iand corgasie portien 11ham ilbistrative anbypariddbat ofhenthamr-plsnanf t he

surface of net ' | tlayer, 106 pri.or t
el ect ropol i shi #SP&rrgg)gfeafag%é;rf%fgag?a?'%}dggégwflbfglﬁs ﬁiéscegﬁspb %?%g'ét&esi’gct -
performed to pabiFigs. 4ftaad 4Bayer 106 to a first height "a" above the

under | yi ng substrate 100, -where "a" is greater than a height "b," equal to
t he

U

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) pfocess 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.



hei ght of dielectric |ayer 102. Therefore, the CMP process stops short of
renovi ng netal |ayer 106 fromthe non-recessed areas 102n of dielectric

| ayer 102 and possibly comng in contact with dielectric |layer 102.

Rat her, t hwo@y8173pr ocess polishes netal layer 106 to pl anecTes2aad?reduce
variations in the topology of netal leayer 106. It should be recognized
that references to planar and planarizing, specifically in reference to
nmetal |ayer 106, are not intended to require or suggest that the surface
of netal |ayer 106 be absolutely planar; rather, it is intended to convey
that the surface of netal |ayer 106 is nmade nore snooth or planar. WO

03/ 017330 PCTIA 010 o Ml FESERICAL il ROSPRIY il WicApichagpe! ot o

| ayer 106 reduces t variattons int ogy of netal layer 106 prior
to el ectropol itepology of Ehetal®hger 10 pricedaeledtraphlishingcenpl ary net hod can be
optim zed for planarization efficiency, with |less enphasis placed on
preserving dielectric layer 102 and the underlying structures because the

pol i shing pad: of t,P@e@m?maers@m&se:(eﬁmb&ryﬁl)ethddesnmptﬁﬁimcmy contact . the
under|lying structure, such as the dielectrig¢ 1Q2. For . l e, the

stiffness or HUMsHgationsElciensy) Wilhiesss Slﬁﬁk?c‘lde"a}‘yg&?eﬁ‘g{‘%ﬂwe t"gi‘%@ rve
under|ying di &g ak&dxﬂx&yriné%cnfeﬁﬁgufgv%@ﬁoﬁﬁﬁﬁg FadbfMPONP ppara@sbedded

therein or the like can be uSed int portion of this exanple of the

net hod. Fur t he(Fig. §) doasyot ditestly consast theivndertyingstisture; sichpsthedieledde can be

used to reduce_scrahc . ecle . e polishin
pad can be a 1?133?%(}351 Egg%{:#Pg?%?%\%%ﬂﬁg&%&%sné}?r%ﬁlggﬁngggd I?]; lH;e Bat ![ er Ineg
di el ectric | aysljusidddo ppesetve hederlping distevirizdayer 402 uAtstiffipad pethtd diathend y f or

i ntegration schenmes w CcO nd low k dielegtric .filns. Typically the
presgure of th#pP Eﬁb?dgﬁ‘gﬁ'ﬁ’eﬂ'g%%%ﬁﬁfe‘?ngfB?ﬁdd’@wm&pftt?ﬁc%%iﬁ%kuar eyi nch
(PSI) to 10 PSifiné MlethBd 2Fkifr, 3N free Ui gbrbiive-koepslishingPedcebsel eanie ~ 106

renmoved during the CMP process depends, at |least. in part, on the topography :
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



of the nmetal l|layer 106 fornmed over dielectric layer 102 and the

pl anari zation efficiency of the CVP process enpl oyed. Typically, the
renoval thi&% gﬁ)s IS greater than or equal to the difference between a
high and | o B)lh."t’”of the metal |ayer, topology. It shoul FYPE0YEhi zed,
however, that the CMP process is descrPbed herein for illustrative
purposes only. Alternative nethods of planarizing netal |ayer 106 nay be
used in place of, or with, the exenplary CWVP process descri bed above. For
exanple, a sacrificial material nay be added over netal |ayer 106 to

pl anari ze the surface above netal |ayer 106. The sacrificial material can

be conducti ve e¥mMe byt yaydhasaenficial material and parkiens of pretal fnyeeKibst | net al
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the sacrifi ci akatersitchrthallan atebling racessiremoves et satnificaal dayed 06l metaliayes 406i f i ci al

material and netal .|layer . shoul.d have t sang.or, siml.ar. etch rate
such that :an eéﬁﬁn%r %ES'CégsglnrgzﬁﬁR)ngmgtg@ﬂ?{f@? grd. ﬁ%gﬁﬁpﬁﬁﬁﬁfaﬁﬁﬂll | ayer
106 at sim | akinfii estes threxhoveghd $aerifidiainiayel amtponidmlof hikyad laydO@6antl t he
sacrificial |ayer_at imlar rates tg renove the sacrificial |ayer and
portions. of me gpltp}i@gﬁn%gmefqﬂw%@ | ¢An exangpls|of theprogess IPrQ?Pé?te‘fl er 106.
An exanpl e of e 4ArRaeSribed @V cted in  Fig. 4A and described bel ow. The
etching process can be a dry etching process or a wet etching process. A
dry etching process includes plasma etching, chem cal vapor etching, and
the like. Plasm e L{dBin B a ¢ c'ﬂgfg 1 ah- i : sour ces
such as a. heli conﬁ“g?gsnaég%b{igsgg I n%j{ij@t(:élive ﬁgﬁ‘%%e%%gfﬁté’%mg%@%u cP),
and the l|ike. Hhidry echivigipmocesminclndgs plasmb etbhing, thetndegpbvapgr etdhingwalitles chl ori ne
based gases. T I of the conditiaqn or. | asma_et chi ng process
aro detarted i MRprEAaRRHERS toykohd g e i qebbin B fiiedl Sich 8 P O°°

‘ ‘, helicon plasma source, inductive coupled plasma source (ICP), and the like. The

etching gas may include a halo gén 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 (Clp)
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 (Cly)



EXEMPLARY PARAMETERS OF H GH TEMPERATURE PLASMA ETCH NG PROCESS Pl asma
power: 500 to 1500 W preferably 800 W Gas pressure: 10 to 50 mlorr,
preferably 20 nmTorr Wafer tenperature: 300 to 500 C, preferably 400 C
Et chi ng gaW@L3/0e¥pdbrine (C12) Table |1 EXEMPLARY PARANETE?@W%@H
TEMPERATURE PLASMA ETCHI NG PROCESS St‘%p 1: Plasma power: 500 to 1500 W
preferably 800 W Gas pressure: 10 to 50 mlorr, preferably 20 mlorr Wafer
tenperature: 20 to 100 C, preferably 50 C Etching gases: Chlorine (d2) WO
03/017330 PCTI US02/ 26167 12 After Step 1 the top portion of copper and
copper compound will be converted to copper chloride (CuCl.). Step 2: Wt
atdch CuCIb,. comﬁound by Afeer S8tgpdithettop pbitlonoftoppenand chpper compewndtwillt | on of
may be in the range of to 6 per.cen i ght, referably 3 percent.
Alternatively, a pl and$oPXErisdiio CORPRRF %&es(i%cﬁrgto thgse used iyn tﬁe flat-
p?nel di spl gy indrstr%te 0. anneal the anorphous Si (a-Si) to poly-Si on
gl ass may e enpl oye o reflow copper after plating netal | ayer 106 b
using a laser to noll i;fWetr@@qlaﬁPOMbY%ﬂé)@%@ s%{‘_l%nar?g‘%i zed Y

.

surface. Anot her alte%dgﬁ%ﬂﬁé‘ﬁo Uﬁl&?ﬁaﬂrﬂ@iﬂq@ﬁn bt oy é?ﬁé&?ﬁlf'&ei@ﬁg short

pul se laser thit can eane oma direction parallel to the substrate
100 surface to renpveptefegitdy 3 paxcentons of the

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
:me‘tlllod includes a high ﬂecfﬁepcy end 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 canbe a
solid state laser such as a ruby laser, Nd-glass laser, Nd:YAG (yttrium aluminum
garnet, Y3Al50;2) 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 I
EXEMPLARY PARAMETERS OF PULSED LASER
PLANARIZATION PROCESS
Average laser power: 100 to 5000 W
Pulse length: Picoseconds to microseconds
Wafer temperature: -100to 20 °C



topol ogy of nmetal |ayer 106 by evaporation. The short pulse of the laser is
used to protect bul k copper and surrounding dielectrics fromthe effects
of high t eng (€S generated by the laser, i.e., reduce th rnDbudget

The | aser can %’e{w solid state | aser such as a ruby IaserPCTﬂgsoﬂ?ﬁags | aser,
Nd: YAG (yttrium al um num garnet, Y3A11§012) | aser, gas |aser, such as a
He-Ne | aser, CO2 |aser, HF laser, or the like. The | aser beam can be
scanned over the entire surface of substrate 100 to planarize netal |ayer
106. Further, a non-contact type surface topography sensor can be used as

d- poi nt detect h f t hi
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now 1o M1 9. 2Dis kel withfudbodsibd ea;ea;%rhastraeﬁaiggapgf 1485 mectBRlfRs, | aver 106

is el ectropoli | ca metal | ayer Topol i shed from
t he non-r ecesséﬂetaﬂasaslﬂm@nb@fpoﬂsm&&cﬁmsmnd' bsight a3 @2 ougkcessedareant al | ayer
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as the non-recefaedvatabRger 108lchrebeieledtiopblishedBy ah eleaty@bha}ﬁﬁg spparahe pol i shed
to a height bel ow the non-recessed areas. Netal |ayer 106 can be

el ect r opol i she&FiBy0)dhat directs ¢ sEram %frﬁh’ﬁadé(ﬁ?p@%lﬁ(‘ﬁ% Sh‘{VF})é" mgtal layer108i rect s a
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el ectrolyte fluid is exanpl e, any conveni ent el ectro |sh|ng fluid,

such as phosp hmphoépwcécldoﬁﬂhﬂvbmbpmw@ (Be(Cd), @HBPQ)@ or the like. |

' ' Further, ban'i,_ér/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

scem, or Oz =10 sccm)
Gas pressure: 0.1 to 50 mTorr
Removal rate of TaN: 250 nm/min



Further, barribr/seed |ayer 105 is renoved fromthe exposed regi ons of
non-recessed areas 102n of dielectric layer 102. |If layer 105 is, or

i ncludes, a seed |ayer, the el ectropolishing process that polishes netal

| ayer 106 Ne&@yoymamsve it, for exanple. If layer 105 is, orPGTASOUYEET a
barrier layer, plasma dry etching, wetl4 etching, or the like may renove it,
for exanple. Additionally, if the netal |ayer 106 was el ectropolished to a
hei ght | ess than the non-recessed areas, the non- recessed areas can al so
be etched at this tinme to planarize the surface. The follow ng table,
Table IV, provides an exenplary range of paranmeters that can be enployed
in a plasma dry etch proRem6vdlgaté of e t he bag0amfmihayer: Table IV
EXEMPLARY PARAVETERS OF PLASVA DRY gﬂ}}ﬁ P SS, Plasma Power: 500 to 2000
W Vacuum 30 to 100 mror Remewahsate of 02 of WafRP/MBor oxi matel y 20 C Gas and
flowrate: SF6 = 50 sccm (or CF4 = 50 sccm or 02 =10 sccm Gas pressure:
0.1 to 50 nlorr Renoval rate of TaN. 250 nmimn WO 03/ 017330 .

PCT/-US02/ 26167 -~ 14 Rbessatametareresylt in ayemoua rafeofTaN apd dNdWopatsdler si cp: |
20 nn/ m n Thes LAl £Ve ' : 1ol BN, two
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possi bl e di el eqd0P nmatdrial €The sklk2tivitit canibalseledfbdinstbis emaniner to yeduametbing ef ect ed i n

this manner to reduce etching or. . da i n he. under | yi ' ric |ayer
102" dur i gt ho deBABGRFegRIpREn SieleEER TayeR of A myBhr bRl oo
however, that q4Refos ek Sitduldbd Aded, BaRews, tRitloaRe¢ledtivities can be obtained by

varying the parameters.

. Fig. 3 is a flow chart illustrating an exemplary damascene process 300

i!ncluding a planarizir}g process and an electroplating prdcess. A wafer havihg
~ 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 léyers, 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 Jayer 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/sgcc? layer is

4 F



varying the parameters. Fig. 3 is a flowchart illustrating an exenplary
damascene process 300 including a planariziug process and an
electroplatk@?iﬁﬁgégss. A wafer having recessed and non-recessed areas is
provi ded i n'B & 2. Apatterned dielgctric layer provitedUPR264¢ wafer
may define the recessed and non-recessed areas. The patterned dielectric
| ayer nmay be fornmed on underlying sem conductor structures, including

ot her previously formed dielectric layers, a wafer, or the like. Further,
the wafer may be divided up into individual dice that include recessed and
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deposited in bl maly B6ebssesaurdxplibicly dedegibetitiodin, lsadhods ridsking ahd@chigggesed ar eas

within the diel eagf”icf | ayer as X\ell as covers the non-recessed areas of
the diel ectric VAP lomyhe reaesied aregs, or cleansing the metal layer befare andier afer 306. For

exanpl e,. the 1@arik gfs:ar=" | and snoot h
t he topograph;/rqf)f .t‘hgg(r?ﬁeet%glpglé\%y'er eﬁﬁ%@ﬁ;ﬂ%ﬁ%ﬁ%ﬁﬂ%&%k@é&?%@? is then -
el ect r opol i shedpphcabledebothoingloang dvakislaidepplicationsecessed areas of the
dielectric layer and isolate the netal [ayer within the recessed areas to
formnetal interconnection lines. It should be recognized that nunerous

nodi fi cati ons can bd&igrda and 4Blikustreteadditionay exunglag oopddgics PmelaEHyérn t he
flow chart. For | e, a.barrier/seed, |ayer can_be optionally added
prior to the delﬁgiﬁ%%x bSPlatnﬁlézeﬂ‘@P%ﬁ’eP5&%@3@“&3&@“3@ copgeclpil ch case,
af t er non-r eceswactures eWfithaegar® xOBg o4l nididl 182F 1068a6 ﬁﬁ%ldg?)fﬁ‘art rdughly VO

03/017330 PCT/.USOZ/ZG%{S? 1ipetched froamthe dielectric Tayer.
Addi tional |y, SREFSPORGUR theshepeof the wndsrlying figlestric dasisy 107 ek & éapoingy
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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 irregular 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 ling “}’,” b}: CMP polishi__ng_, adding a sacrificial material and etching



applicable to both single and dual inlaid applications. Figs. 4A and 4B
Illustrate additional exenplary topol ogies of netal |layer 106 that may be
pl anari zed and then el ectropolished to forminterconnection structures.
Wth regar ¥Q8¥/@7¥0 4A nmetal |ayer 106 has a topol ogy t hBETUSWRPAIY
corresponds to the shape of the underF@ing dielectric layer 102. Such a
topol ogy could be created, for exanple, by sputtering netal |ayer 106 over
dielectric layer 102. Metal layer 106 is then planarized, for exanple, by
adding a sacrificial material :107 and then etching back the sacrificial
material 107 and a portion of netal layer 106 such that netal |ayer 106 is
pl anari zed t o whoktmetm¢ritardy heating seetal dryecHI6teith lgssr or thedikei Mtaldayehat eri al
107 can be a al Skt ' C r wwth a
sol vent, spi n[Tgotr?l plgggf,eg‘]ﬁ%% o r'egtlsg 11&‘%%1:1?%@'9%@'\5%&111 F%g'c%?ﬁ?dcfﬁgﬁﬁﬁat erial
107 can be anyniikdr@isinadtaltlingt tdpakgizs sambel planasizahindglecaopolimbed Yyethisunder | yi ng
netal |ayer 106, _ apd.fhe etchjin ocess, can he.a _canventional dry or wet
etch with: no s’é‘P@&‘?WU‘f‘?V“B ‘f%%&%ggggéﬁ? '["fd(?ﬁﬁ’Pg eé’mcgfyeigbk‘and metal |ayer -
106. The location of line "P" is for illustrative purposes only, and can be
adj usted up or down depending on the application and nethod of

pl anari zation. Af t WithgeferenesnovoigFig Satnaxemplary GMParpras40968d have been

pl anari zed, sip j i MaT=Yol | i shed as
descri bed abovépoéme%% #?&%@P@t%ﬁ?@g&%ﬁh@%ﬁéﬁ%emﬁ%ﬁ az? Iggc% é?l%?ﬁer

exenpl ary net al06. areexeipiari EMMprocass proceedsibypressing sndaetating the sutface e

i rregul ar surface_.topol of . netal | ayer 6_may he du t unber of
causes rangi ngaWF@ﬁ?é)W?gé’ﬁfé“'r g‘ﬁ%ﬁ“ﬁﬂ‘ﬁ(ﬁ& i‘@e Qrﬂ%ééﬁﬁ(fgptf@}eﬁgtﬁmgw tlljlcg:t ure.
Metal |ayer 10ghenfcalPréssireanditéthpeardtute@oidifons4ACMP fppattuspio@nari zi ng the -
surface to line "P," by CVP polishing, adding a sacrificial material and
etching F WD 0@%@#%@%%&9@@1 udeiercﬂggkl,ep RlptEeR 14 ng net al
layer 106 wi t hy&ishAgphd 212 mbfintbd bfpolivBihg@plateAd. 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



106 is then el ectropolished. It should be recognized fromFigs. 4A and 4B
that nunerous netal |ayer topol ogies can be planarized and el ectropolished
by this .t hout undue danage to the underlying dielectric |ayer

102. Wth%b&?lgwgsédqnow to Fig. 5 an g,xerrpl ary CVP appar UL A 15hd
process are described. CMP apparatus 400 may be used to planarize netal

| ayer 106. An exenplary CMP process proceeds by pressing and rotating the
surface of a wafer against a wetted polishing surface. The process is
controlled through the chem cal, pressure, and tenperature conditions of

CWVP apparatus 40 Exenmpl ary, CVE, appar s,400 ingcludes a rotatable

pol i shing pl at & ﬁlﬂ?lw@'hngs%e BpW#?kﬁoaﬁber gi@ 2lp9, Wﬁh’@&e‘%ﬁmﬁ"(ﬁiﬂ hi ng pl at en
411. CVP appar glovéméf@f Mafed 401 With wébBect & poHshiha BhE4 VBB be alisvelin 413 t hat
positions and applies a force to a wafer 401 in the direction indicated by

arrow 414. A ch&Reress mamers. yThereforgthe CAP anparatysdOB denieted insFigdoispak ough
e T e ool Cagh
_nozzle 417 andighABesEAiniing of e ek bt didtbatbhidna: mlibeGRaf cal sl urry

I's, for example, 'supplie ma tenp ure-contr reservair (not
shown) through nozzle 417. Further, the chemical slurry contains a

pol i shing agent, sugh alumna, silica. or the l.ike.that is ed as an
abrasive agent alo l&' éﬁ{uﬁ{r%%a&éxggpggggsséﬁgtét}ﬁnélawgwtogaxbcglﬁtgqgofg' &urface
~of wafer 401. Iﬂiﬂ.rawsiSmrthatwbﬂﬁe&nﬁelédtﬁboﬁéhfmfthlI%MSGK)fogmbd6!9 rﬁte are the
down pressure 414 on the ywaft 401 agai nst polj shin ad 412, .the

rot ati onal speé‘?ﬁ%‘cwucﬁoﬁgaﬁgpﬁ@%cﬁﬂ%‘d‘ft%wﬁfgﬂsoéﬁﬂa ¢t 1pdlpde; fyr 413, the
conposi ti on angkdneiIR)Slisdtdtedayed 06, Heelc iR T 103 | M8 b¥rieRdd 1d36r QBIPRSI tion of
polishing pad 412, Adjustnents of these paraneters 6permt control "of the

pol i shing rat e2&ikrongi2ld). diusther; thetopplogyrafmestal daygr 6 Willhasppeenat us 400. CWP
apparatus 400 gpgda4 kdpe ] ' ..are for
' ilolo-ust r;t ive pgr posﬂggpggﬁﬁﬁ,ﬁlggﬁgg*s e&%@ﬂ%’?@%ﬁ@éﬁﬁmwz R

"apparatus conf).gurations and set-ups nay be enployed. For exanple,: _
rotatable polishing’ platen 411 and polishing pad 412 can be replaced with
a belt that noves polishing WO 03/017330 PCT/ US02/ 26167

A nozzle 540 of the electropolishing apparatus 500 directs a stream of
electrolyte 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 (H3POs), 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



17 pad 412 with respect to wafer carrier 413. Also, as wll be recognized,
the novenent of wafer 401 with respect to polishing pad 412 can be
achieved in nunmerous manners. Therefore, the CWVP apparatus 400 depicted in
Fig. 5 is woto3/imitended to be limting of the CMP- appar &RATEUSHR/2686T hgd t hat
may be used. Fig. 6 illustrates an ex®npl ary cross-sectional view of an

el ectropol i shing apparatus 500 that can be used to el ectropolish netal

| ayer 506 forned on sem conductor wafer 501. Sem conductor wafer 501 may
further include, for exanple, substrate |ayer 100, dielectric |ayer 102,
and barrier/seed |layer 105 (Figs 2A through 2D). Further, the topol ogy of
netal |ayer 5@Bctvdlyte flifvs20htfopdlishesald partiorpss metaltlayer 1566 i eatactwith i shi ng,
for exanple, by apparatus 400 (Fig. A nozzle 540 of the

el ectropol i shﬁ?@“ﬁ?ﬁ%&gﬂf"ﬁ@lﬁeﬁ“@isrz tts a streamof electrolyte fluid 520
to the surface of netal |ayer 506. In other exanples, wafer 501 can be
completely or partially inrersed in electrolyte fluid 502. Electrolyte

fluid 520.i ncl udesFarther,ce dopioted i Fig) & siafes 381 isspiated and tapslated dlong, s
phosphoric acid, .,,0rthoph i i ' I xampl e,
I n one exanpl é’“? Pu(et° pgflﬁ@l} ﬁ%l%g@% sﬁf%l%(??fn(gwgil’%?’ ﬁ%jgﬁgégtegﬁf%hg&%&ﬁgﬁeng a
COUCﬁ[}t riéijp?ﬂbmtfiaieaadamml i lﬁlelect:@?ﬁﬂfﬂm hl;ltfmi qum?legﬁeafcmmer c?ant by
wei ght . itionally, electralyte, f]ui can i u for. exanmpl e,
ol ycol at 10 {eidp0sanmske a E&i?ﬂ&f‘d% prtage el Jayer; 506 kYol |
recogni zed, hQueseh1 whhidbiniulendonsly aabdaingemniasd] ¢otposditdcton. of the

electrolyte fluid can vary depending on the particu application. As
el ect r opol i shiAdtgmatipelyaw gr%boaﬂb?é%waﬁoww ’Eﬁzzkgé&*%f’ °fluid 520

to netal | _ _ t
2 o3 AroBUECOHANL 820 B SHAObG ASnsQRBRRI et ges (o an

el ectrode tironed 1 n'nozzle 540 and an el ectrode (the
anode) coupl edfurther, bash slafdr 50 € andadizleSd0eam moysiowppisthedisamiodr exanpl e,

380 Sont | qur e AEBODTGR0TH DE pRbioSRNIREN 199kl oG Exelifiy aLBIARYE’ SUEP Y
metal |ayer 5QfctroFlidhing @ftthods indappatatus aegibe Fomddn &.3.Patenedpplication he '
surface. In theS (007 804, ntited 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 immer_sed 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
pi'cscnt invention are possible. For example, numerous interconnect structures,

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



WD 03/ 017330 PCTI US02/ 26167 18 electrolyte fluid 520 el ectropolishes the
portion of netal l|layer 506 in contact with the streamof electrolyte fluid
520. Further, as depicted in Fig. 6, wafer 501 is rotated and transl ated
along axi YR¥B73Bsi tion the entire surface of nmetal | aydCTHEE616% he
stream of electrolyte fluid 520 and uﬁiforn1y el ectropolish the surface.
For exanple, the electrolyte fluid 520 can nake a spiral path along the
surface of metal layer 506 by rotating wafer 501 while sinultaneously
translating wafer 501 in the X direction. Alternatively, wafer 501 can be

hel d stationar% while nozzle 540 is npved to _appuy t he stream of

el ectrol yte 5218Yer® andmask lyprss formetsinsmelpear dpaljinlid damagcene 1 t her, both waf er
501 and nozz| CirplnertAfnl e bE aﬁ‘&?ﬁ%&aﬁd‘&e&ﬁo{;@l@éﬁb@@vith%e%&tﬁ&dsyt e 520 to
desired portions of netal” layer 506. Exefnplary descriptions of

el ect ropol i shi degcnttetlh Fughermhinsgopusmactheds ofiplaparizing and elestropcbishipg cambe

Application No, ,09/497,894, entit]ed METHODS AND ARPARATUS.FOR
ELECTRGPOLI SHI T@@%Fiﬁﬂ%ﬁ?@&%ﬁkéﬁ%ﬁ%m %&%@E}ﬁw CES. fi'led on

February 4, 208fhctuaésd It shoaldedboe Spparéin tethbsd\killed,is fie,aftSRat ntendlildyesd METHCODS

AND APPARATUS FOR ELECTROPQLI,SHI NG METAL | NT NECTI . .
SEM CONDUCTOR @P@E@ﬁ“ﬁ tPRUCHE 955?@3’55 ,reaf@?ﬁ‘%gﬂ%&se%%e%eém

i ncor por at ed hgmajendPantdgRbeeplesarized hrtedléctiopslished ¥ acAididck dadlthe, 1t shoul d
be recogni zed that other el ectropoljshing, nethods and apparatus can be

enpl oyed to el Bethpdsradiapparas describgde Aceordingty, theresept iaventign fsejefinest |

i ncl udi ng net & ] i Moz fﬁﬁﬁ W thin a
bat h of el ect r%xgx?éﬁéﬁnﬁgcggla@%nggg@? det'?glhl?‘%tgagggcér(?égﬂtl onﬁ ?gglg'r ovided to
illustrate exenplary enbodinents and is not intended to be limting. It
w || be apparent to those skilled in the art that nunerous nodification
gnd variations within the scope of the ‘ :




present invention are possible. For exanple, nunerous interconnect
structures, such as conbinations of dielectric |ayers, conductive |ayers,
barrier layers, seed WO 03/017330 19 PCT/ US02/ 26167 | ayers, and nask

| ayers, fowmed/oi13dei ngl e or dual inlaid danascene i npl enearasodass? can be
pl anari zed and el ectropolished with tR& nmethods described. Further,

numer ous net hods of planarizing and el ectropolishing can be conbined to
pl anari ze and el ectropolish the surface of the .interconnection
structures. It should al so be apparent to those skilled in the art that
nmetal layers wth non-planar topologies, created for reasons other than

t hose described herein, can be advanCigdM$sly pl anari zed and

el ectropolished in_accordance with the methods and apparatus descri bed.
Accordingly, the pr¥&@diminvention is defined by the appended clains and
should not be limted by the description herein. I W 03/017330 PCT/ US02
/26167 20 CLAIMS W claim 1. A nethod of form ng a sem conduct or
structur.e, - conpri silngA:methiast ofifoging dserhisenductor rsta:}céuremn‘@ng@m conduct or

waf er, wherein the diglect

non-recessed areas; [°OFH acﬁg}e«%ﬁﬁ%&x{bﬁ%&ﬁ%@@?&%ﬁgftﬁe @l gﬁ@ctri c |layer
to cover the rece&ﬁdebtﬁcmg&mﬂddesmenessedmeahmnoaascesgﬂdamasj zing the
surface of the conductive er, to educe tion t he topology of
the surface of the co 52\/%’ niucHyp aygh%veéﬁ@éfgﬁ @‘quﬂam(eﬁ& conducti ve
llayer to expose thgesQstn a8 aaEorreB@bed areas;

planarizing the surface of the conductive layer to reduce variations in

the topology of the surface of the conductive layer; and
electropohsmng 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:

| . o .oz F




after planarizing the surface of the 'conductive layer. 2. The net hod of
claim1, wherein the act of planarizing the surface of the conductive

| ayer includes chem cal nechani cal polishing (CWP) t he conductive | ayer.
3. The met WRI0B78BPai m 2, wherein the CVP planarizes the BGFPERESKI t he
conductive |ayer without exposing the?hon-recessed areas of the conductive
| ayer. 4. The nmethod of claim2, wherein the CMP includes a polishing pad,
and the polishing pad does not contact the non-recessed areas of the
conductive layer. 5. The nethod of claim2, wherein the CVMP includes a

slurry free polishing process. 6. The nethod of claim wheyein the act
of planarizing the surfacefogningagacrifisidmateripon tB?@F?qcﬁB%@Gé%@J“VU%N 017330

PCTI US02/ 26167 21 for ming. 31388 ddd GbaficifBhatiAls Mhatibes, aad f ace of the
conductive layer, wherei'n’'said sacriticial material is planarized, and

etching the sacrificial nattelingthe savaifigiabmeterigland p pertionodtprondugtive | ayer. 7.
The -net hod of claim 6, gei n the act of etching has no selectivity v
bet ween the sacrificial -‘mat'eri af and the conductive layer. 8. The nethod of
claim6, wherein the sacrificial material is spin-on- glass. 9. The nethod

~of claim1, wherein formng a-gqnductive. lLayer .includes depositing the
conductive |ayer. 10. %[W]E‘-eﬂ’@&ﬂg‘amﬂ’f » hreR ?X%r?éfggWg%?ﬂ?Wgézﬁwt%nducti ve
llayer includes. el echéqiebithe ba@rifibial mRedilGhd tR coadirtive layer. _

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

glass.

9. The method of claim 1, wherein forming~a'cc'>1’1d'uctive layér 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.



11. The method of claim1l, further conprising formng a seed | ayer

di sposed between the conductive |layer and the dielectric layer. 12. The

met hod of claim 11, wherein the act of electropolishing renoves portions
of the seewoloayemsd rom the non-recessed areas. 13. The nerdwusookséiet ai m 1,
wherein the act of electropolishing i3cludes directing a stream of
electrolyte fluid to the surface of the conductive I|ayer. 14. The net hod
of claim1l, wherein the act of electropolishing includes imersing at

| east a portion of the conductive layer in electrolyte fluid. .F WO
03/017330 PCT/ US02/ 26167 22 15. The nethod of claim11, further conprising
formng a barrier |18yFhe meihedofdainbk tfuwtteen cornprisimgfdoningadatriey dayeand t he

dielectric layer. 16. .The thod of claim15 wherei.n.the barrier |ayer is
removed fromthe non@%@é@gﬁﬂc%ﬁi?@cwﬁéaﬁr@i@ftdfeéec S%BY¥Thy plasnma dry
etching. .17. The nethod of claim 15, wherein the barrier layer is renoved

fromthe . non-recessed areas of the dielectric |ayer by wet etching. 18.
The net hod -of ¢l ai M61Thevmethed af elpim b3 negrein the bpmigelayerds regpayed fromptse  The !

net hod of claim1, whereéj ! diMiEath ISl et © @ first
hei ght and el ectropol ?é‘ﬁ}e%egs%%ﬂgﬁs%gcugend %*gﬁ??rmér ern the sécond hei ght
is less than the first height. 20. The nethod of claim 19, wherein the

second hei ght is pl with.a. .height .of .t he.non- e 21, The
met hod of claim 19,@1\%?&‘3 °9ﬁ£°1§18bg$avhﬁ§i“bﬁfblﬁgﬁf%§§rlgﬁegrgovg&ﬁﬁ%% t of the
non-recessed areas. 2gon-fecoRbd@easaff thedielsgria layerbycwetdtbing: devi ce,

conprising: formng a dielectric layer on a sem conductor structure,
wherein the ‘

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

.19, The method of claim 1, wherein the ¢onductive lay"er is planafizqd toa
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 2

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



dielectric layer includes recessed areas and non-recessed areas; formng a
conductive |layer to cover the dielectric layer and fill the non-recessed
areas; planarizin the conductive layer to a first height above the
seniconducﬁﬂ?OQQWﬁgture, wherein the first height is greaPEl/USH41¢] hei ght
of the non-recessed areas; and i WD?03/017330 PCT/US02/ 26167 23

el ectropol i shing the conductive |layer to a second hei ght above the

sem conductor structure, wherein the second height is less than the first
hei ght. 23. The nethod of claim 22, wherein the second height is planar

with the height of the non- rsﬁ%lg?ﬁj? 15 aglayzxﬁtpa%?c%nﬁ%%éﬁgab%e ﬂeai m 22,

wherein the second heiBHtroPY 0 non- r ecessed

areas. 25. The net hgegnRbnduct Binifure, Wik thelsbdnd heightfis pdsaithan iteifirg t he
conductive | ayer includes chem cal mechanickl polishing (CW) the
conductive layer. 288brhe nethod of claim 25, wherein the CVP does not
expose the structure underlying the C(')nduct:i ve layer. 27. The nmethod of .
cl ai:m 25, wherein the CWP includes a polishing pad; - and the polishing pad
does not contact th@3sThernethodofphaiey 22y Whepeinitee seeendchsight islamaywiththes.  The

met hod of claim 25, wherai MR s a slurry free polishing

process. 29. The netwﬁlg#egﬁlgﬁ%%és%éﬂré%?n the act of planarizing the

conducti ve . : :
24. The method of claim 22, wherein the second height is less than the

height of the non-recessed areas.

25. The method of claim 22, wherein the act of planarizing the cqnductive
layer i_nciudes chemical mechanichl 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 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 |ayer with no

sel ecti vi tYOW3O¥N the sacrificial material and the condRECEVU¥N3/2616ayer

PCTI US02/ 26167 WO 031017330 24 30. THe nethod of claim 29, wherein the
sacrificial material is spin-on- glass. | 31. The nethod of claim 22,
wherein form ng a conductive layer includes depositing the conductive

| ayer. 32. The nethod of claim 22, wherein form ng a conductive | ayer
includes electroplating the conductive |ayer. 33,. The nethod of claim 22,
further conprising form ng, seed |layer disposed between the conductive

of ol ect ropol i shi ngor DHoRENESe ol 29, WEeEE| e SucBinghl Aufiaio glig?! 1 1 ct

non-recessed areas. 3dassThe nmethod of claim 22, wherein the act of
el ectropolishing includes directing a streamof electrolyte fluid to the
~surface of thetconductive layer. 36. The nethod of claim 22, wherein the-
act of el ectropoli ghige mebdéRSain 20 WheieiOfoahing@ashdective tayeincladest he
conductive layer in electrolyte fluid. 37. The nethod of claim 22, further
conprising formng a MPFIFES%'F@MW“H?@%SM bet ween the conductive | ayer
and the dielectric layer. .38. The nethod of claim37, wherein the barrier
| ayer is renmoved fromthe

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 Jayer 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.

1 . .- - F



non-recessed areas of the dielectric |ayer by plasma dry etching. 39. The
nmet hod of claim 37, wherein the barrier layer is renoved fromthe
non-recessed areas of the dielectric |ayer by wet etching. WD 03/017330
PCT/ US02/ 2B#6%101%80 40.  The nethod of ¢laim 22, wherein t TEG2EET ve | ayer
is copper. 41. A nethod for making an Y nt er connection structure,

conprising: formng a sem conductor structure, wherein the sem conduct or
structure is patterned with openings to forminterconnection |ines;

form ng a conductive | ayer over the sem conductor structure and wthin the
openi ngs; planarizing the surface of the conductive |ayer to reduce

non-pl anar variations; and el ectropolishing the planarized conductive

| ayer to isolate the, Teea@dtRHioY laivh 23,avherdit the Rodduetivgieydr igoppet2. The met hod
of claim4l, wherein the sem conductor structure includes: a dielectric
| ayer with openings fornmed therein. 43. The nethod of claim42, wherein the

semi conduct or st r UC{UiemEbd R makidyEnisteomeche situbtrd, 8otprising: med bet ween

the dielectric layer and the conductive Ftayer: 44. The nethod of claim 43,
wherei n the barrier | 4grering aseneipanduetor stagturs; whereiyibe ssmieenduelpel ectric | ayer

by plasma dry etchif 'cﬁéisglﬂ&n@ﬂ?ﬁ%e%ggltc?fo%ﬁﬁerfzm%&ﬁ%l;linre?e barrier

| ayer is renoved fr0 portions 'ectric layer wet etching. 46.
The met hod of cl ai m 4Zornfitg 4 benductivepayes bvay tHesemicogdurtes etractirzayed  di sposed
bet ween t he conducti Ve, |€é/er and the dielectric layer. WO 03/017330
PCT/ US02/ 26167 within the openings,

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.



26 47. The method of claim46, wherein the act of electropolishing renoves
a portion of the seed |layer. 48. The nethod of claim4l, wherein the
act.of planarizing the surface of the conductive |ayer includes chem cal
mechani cal webi/@hing (CVMP) the conductive |ayer. 49. ThePgEUSomRevd? cl ai m
48, wherein the CWP does not expose tH#€ structure underlying the
conductive |l ayer. 50. The nethod of claim48, wherein the CW includes a
pol i shing pad, and the polishing pad does not contact the structure
underlying the conductive |ayer. 51. The nethod of claim48, wherein the
CWP includes a slurry free polishing process. 52. The nethod of claimA41,
wherein the act of 41 Thanietiod®f tlaim 46rviresin e acttdfelectopblishing emaypes

i ncludes: formng a sacrjficial terial on the surface of the conductive
| ayer, wherein said sQE?PPPgﬂgﬁe ¥fial is planarized, and etching the
sacrificial material and a portion of the conductive |ayer with no
selectivity between the sacrificial material and the .Qongéctive l.ayer. 53.

The method of cl ai n#&Thewstiodiod clape 4L wderein theart ofplaspsizing e sepes.ofn. gl ass,
54. The met hod of cl ai £i | B RalGRESGE A Yol NP udes
depositing the conduc'tﬂlmv%}lfi%éﬁrg.i%n%@ﬁ%lfgggoaPC%USOZ)SZéIG 27 '55. The
met hod of claim 41, whier@indudtiveldyery a conductive | ayer includes

el ectropl ati ng the conductive | ayer.

49, The method of claim 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.



56. The nethod of claim4l, wherein the act of electropolishing includes
directing a streamof electrolyte fluid to the surface of the conductive

| ayer. 57. The nethod of claim41l, wherein the act of electro ollshlng

i ncl udes YRPYPHg at | east a portion of the conductlveﬂ%{/‘é{3

electrolyte fluid. 58. The nethod of Yl ai m 41, wherein the conductlve | ayer
is copper. 59. A sem conductor structure, conprising: a conductive |ayer;
and a dielectric layer having recessed areas and non-recessed areas,
wherein the conductive layer fills the non-recessed areas to form

i nterconnection |i an on- nece sse ar.e [ X

pl anari zi ng and thgﬁ‘snl?lné%??d °Sf h| n ?rﬁlg prggggn@cﬁ%ﬁgig% %el ve | ayer.
60. The structure of gictoplafid theledduictivdlagerconductive |ayer is planarized
by chem cal nechanical polishing (CW). 61. The structure of claim 60,
wherein the CVM? does not expose the non- recessed areas of the dielectric

layer. 62. The St“sstﬂeem&ﬁ?&éfedlmnﬁﬁ whbefahdadt Bpelemuﬁgmﬂgq blayar is

pl anari zed by: formng a:planar sacrificial materi al he surface of the:
conductive |ayer, andlitAcinsi $1eagcy elz@wlw@dhuclz&tbqsurfazso%meﬁmgwtme
sacrificial material gn‘%ha portion of the conductive |ayer. 63. The
structure of claim 62l erein the act of etching has no selectivity

bet ween the sacrificial material and the conductive |layer. 64. The nethod

of claim 62, wher eisg. Heemgtggc[ (I)fr éla%}nail,%gr%{d tﬁe ac t%gelegre po?ﬁung 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 semiconducu’)r 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 layér is planarized
by:
forming a planar sacrificial material on the surface of the

conductive layer, and



on-glass. 65. The nethod of claim62, wherein the sacrificial materi al
includes photo-resist. | 66. The method of claim62, wherein the

sacr i ficial material includes netal. 67. A sem conductor structure fornmed
i n accor damaeoditdzet he nethod of claim 1. 68. A sen condeCToSASWTICe
formed in accordance with the nmethod @8 claim22. 69. An interconnect

s]tructure fornmed on a sem conductor wafer in accordance with the nmethod of
claim4l.

etching the sacrificial material and a portion of the conductive

layer.

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.



