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[0003]  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, and 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.

[0004] In forming the interconnection elements the semiconductor wafer may undergo, for
example, masking, etching, and deposition processes to form the desired electronic circuitry of the
semiconductor devices. In particular, multiple masking and etching steps can be performed to form
a pattern of recessed areas in a dielectric layer on a semiconductor wafer that serve as trenches and
vias for the interconnections. A deposition process may then be performed to deposit a metal layer
over the semiconductor wafer thereby depositing metal both in the trenches and vias and also on the
non-recessed areas of the semiconductor wafer. To isolate the interconnections, such as patterned
trenches and vias, the metal deposited on the non-recessed areas of the semiconductor wafer is

removed.
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[0008] Another method for removing metal films deposited on the non-recessed areas of the
dielectric layer includes electropolishing. However, because of the isotropic nature and poor
planarization efficiency of electropolishing, the surface of the metal film topology is desirably

planar to prevent recesses and the like that may degrade device performance.

[0009] - New processing techniques for depositing and removing metal layers are desired. For
example, a metal layer may be deposited or removed from a wafer using an electroplating or
electropolishing process. In general, in an electroplating or electropolishing process the portion of
the wafer to be plated or polished is immersed within an electrolyte fluid solution and an electric
charge is then applied to the wafer. These conditions result in copper being deposited or removed

from the wafer depending on the relative electrical charges.



the wafer to be plated or polished is imersed within an electrolyte fluid
solution and an electric charge is then applied to the wafer. These
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and hunp size with and \H%QPSC@\TE%PF%%?%RW 5A - 5Cillustrate
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net al f'Riaﬂﬁg&.fnafeiehte@podyﬁﬁgr@spaaivepygrrpl ary metal plating process; [0018]
Figs. 7A - 7Cillustrate cross-sectional views of nmetal filmprofiles
during 018X emddsa X — 20Eldtragelcadss-fegtignaDdessef a metal film profile during an exemplary

metal plating process;

[0014]  Fig. 3 illustrates an exemplary relationship between hump size, leveler concentration, and
plating current;

[0015]  Fig. 4 illustrates the relationship between plating current and hump size with and without

leveler;

[0016]  Figs. 5A — 5C illustrate cross-sectional views of metal film profiles during an exemplary

metal plating process;

[0017]  Figs. 6A — 6C illustrate cross-sectional views of metal film profiles during an exemplary

metal plating process;

[0018]  Figs. 7A — 7C illustrate cross-sectional views of metal film profiles during an exemplary

metal plating process;

[0019] Figs. 8A — 8C illustrate cross-sectional views of metal film profiles during an exemplary

metal plating process;

[0020] Fig. 9 illustrates a cross-sectional view of an interconnect structure with a dummy

structure;



[0019] Figs. 8A - 8C illustrate cross-sectional views of netal film
profiles during an exenplary netal plating process; [0020] Fig. 9

i1l ustratwe 0a/083306s- secti onal view of an interconnect str ®CTarses/w4th a
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Figs. 13A -13H 1l ]lustrate exenplary plating current sequences; [0025] Figs.
14A - 19kemplapy eetrlplading Pessi ews of ~various exenpl ary dummy structures;
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st ruct u[”@g’f] FissotAA 17 gt crosgestiongl yiews gf mpfp n\ﬂrmé‘lff‘n‘g\?ﬁri ous

exenpl aggén@ﬁmetatﬂlﬁtﬁ%l&&@és; [0028] Figs. 17A - 17Cillustrate plan views
of various exenplary dunmy structures; [0029] Figs. 18A and 18B illustrate

Cr 0SS- SARb4I0NHigsVi IS 13H ilBikad exeinb Ry @k lc@iSent tiquéiges; exenpl ary net al
pl ati ng processes; [0030] Figs. 19A-19F illustrate an exenpl ary

el ect r oppbsjs hiFg. PIAOC BAS ilfudtkat@plgiidbwdvasas BRemiry dahmy stuch®B31] Fi gs.
20A-20D il lustrate an exenpl ary el ectropolishing process for a

sem con@egé]or Figt 1340t U@ illubeASain Fewgsof vaildvs 2ddmpldry dehihpttencexanpl ary net al
| ayers of different grain sizes fornmed on sem conductor structures; [0033]

Fi gs. 2R®2A2Crigsl 164 + 26 ilknatitoplsn \aveqiivatiusierageay dimay stagpess; | ayer havi ng
a relatively large grain size; [0034] Figs. 23A-23C illustrate various
exenpl afop28jmadass. DFA a170fihstratd giyeviewanfivagowd exehadry dehyy stervhirds; grai n si ze;
[0035] Fig. 24 illustrates a graph showing a rel ationship between grain

si ze an{hos9ir f &igs. 1820aghi8BIBusthte arosoppirmal agver of afetad filneprefikes dpmki shi ng;

[ 0036] Fi 315 25%?%81 | 1 ust rate a change in a netal layer grain size with
r espect “TTPIARREA PIHFEPOESS: 26 il lustrates a graph showing a general

relati Oﬂﬁ)%]p (i?figst. WA—T&I;‘ ﬁllustlra?ey a‘%rengﬁ;ﬁiu? eﬁi;t‘f'o%olishing process for a dual damascene

structure;

[0031] Figs. 20A-20D illustrate an exemplary electropolishing process for a semiconductor

structure;

[0032] Figs. 21A-21D illustrate exemplary metal layers of different grain sizes formed on

semiconductor structures;

[0033] Figs. 22A-22C illustrate various exemplary images of a copper layer having a relatively

large grain size;

[0034]  Figs. 23A-23C illustrate various exemplary images of a copper layer having a relatively

small grain size;

[0035]  Fig. 24 illustrates a graph showing a relationship between grain size and surface

roughness of a copper layer after electropolishing;
[0036]  Figs. 25A-25D illustrate a change in a metal layer grain size with respect to time;

[0037]  Fig. 26 illustrates a graph showing a general relationship of the metal layer grain size

with respect to time;

[0038]  Fig. 27 illustrates a graph showing the general relationship of the grain growth rate with

respect to the annealing temperature;



with respect to tinme; [0038] Fig. 27 illustrates a graph show ng the
general relationship of the grain growh rate with respect to the
anneal i ngwOenjpes3ad ure; 4 WO 03/ 088316 PCT/ US03/ 11417 [ 002€/US03y11428A
illustrates an exenplary el ectropolishing apparatus; [0040] Fig. 28B
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:ﬁ,é%:?tgg éqgﬁgg?ﬁlééggh%%t&g;E)%g??ﬁ;;y% é‘g%poﬁ;ifﬂln arpgﬁrlf‘?lﬁpol i shing ? portion of a
ol et 1 b /it BB SRa AR BRI S Rt O PORATE HRS S0E 1 11 ust rat es an
P g S R R
excerl alfP42f o SRR EFUF St ackPRaher iy SFSdlahnt st B Se pui se
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sem conductor structures by using conbinations of chem stry, plating
process sequences, and/or adding dummy structures within interconnect
structures. [0049] The sem conductor i ndust rly I%enerally uses copper in a
damascene process to form met ®ETAILED DESCRIPTIO

[0047] 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.
I. Method to Electroplate Planar Metal Films

[0048]  According to one aspect, an exemplary method for plating planar metal films on
semiconductor structures is described. The exemplary plating method includes plating a metal film
with increased planarity over interconnect structures formed on semiconductor wafers, for example,
with reduced hump or over-plating and dishing. Various exemplary plating methods are described
for forming improved planar metal films on patterned semiconductor structures by using
combinations of chemistry, plating process sequences, and/or adding dummy structures within

interconnect structures.

[0049] The semiconductor industry generally uses copper in a damascene process to form metal
interconnections in semiconductor devices. The damascene process patterns dielectric material

with recessed regions and non-recessed regions as canal-like trenches and/or vias corresponding to

5



i nterconnections in sem conductor devices. The danascene process patterns
dielectric material wth recessed regions and non-recessed regi ons as
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structure,i hown .in Fig. |A . Th em., con tor.s ! a
di el ect PELEsSRROPltsBing S alymplatl SeSRRMERRTHE-SE iShlBle ity S HalaHAgs
seni cond\|3ot,062,datitled MEBEEHQRS AND. AFIRATUSIEORFEECTROPOLISHHNG MEEALDe a

par vl er (RKREOMRBCHIONS LREEMRIAIGE Fok BRYICES, iddfondlhy-2, T2, ShEHS! ur e

i ncl ude
incorporated in its entirety by reference herein. To improve electropolishing processes, however, it

is desired to increase the planarity of the deposited metal film.

[0052] An exemplary profile of a copper film 104 plated by a conventional plating process on a
damascene structure is shown in Fig. 1A. The semiconductor structure includes a dielectric layer
108 formed over a wafer 100 or previously formed semiconductor device structure. The structure
may further include a barrier layer 106 and other materials known in the art. The structure includes
a pattern of recessed regions 101r and non-recessed regions 101n corresponding to trenches and/or
vias separated by dielectric layer 108. Metal or copper layer 104 is formed over the structure filling
the recessed regions 101r and formed over the non-recessed regions 101n. The underlying
structure typically results in a non-planar surface topology of copper layer 104 located over
structures in dielectric layer 108. For example, the non-planar topology may include a hump 102

and recess 110 corresponding generally to the underlying densely spaced recessed regions 101r and
6



a pattern of recessed regions 101r and non-recessed regi ons 101ln
corresponding to trenches and/or vias separated by dielectric |ayer 108.
Met al or woppmesssi@ayer 104 is formed over the structure fi [PCTA$03/1ta¢7
recessed regions 101r and forned over the non-recessed regions 101n. The
underlying structure typically results in a non-planar surface topolo of
copper Widy apeningAeqessedregignirganectoedyy JL 102, teppstil 18 %étoﬂfe&n?rﬁ?)%‘}ar% 'ré% For Y
exanpl Enayl f&afQ818 AR@ple AR Ao BAMMisAE Intbd @ledtrdpltitig Bfdessand recess 110
correspondi ng generally to the underlying densely spaced recessed regions

101r  angosz) V\Or{331 B Afades MeTsbSi/of ikl TA aérda cRPEIPOIGiNEGRRDSE Meta Giyens

respectively. Hunp 102, recess 110, and ot her non-pl anar featur may be
caused, 1043t g’é‘ﬁﬁh’iﬂ"é‘?heﬁ hackiethe surach gt tg?l BoR-tepgssed iaf?a%lﬁl"@ﬂ@&‘??tﬁg?yﬁf ?‘?149 process.
[0053] |Fitin the Rededsbdibiond AR r1iRE tiltfeEHet iR vods, Fistlated Aronf ddficerft Fecessed

el ectropolishing process. Metal layer 104 is typicall | i,.shed back to
the surmeaiees Wir: Aeshown it Bigedd bymp @awmmtaﬁk?eg{ E@f‘glly %’8{}3? depsoPatigiy hi n t he

r ecesseged £@idRRme 1BdWn by reBessedirBifiord 1MNGRCE MMV Adtroipslidha@ldat &dhé rom
adj acent recesseé regions 101r. As shgwn in Fig. 102 remain

( ~Y 1B, hu
at | easisotpppictang 9f thalsctropplishing SupRsand Fegessesaay dﬁﬂa‘?edfih% RFTHSPANER STRE by
I ecessegh&tieOResl ¥or exdRYlel ShBipleAbbie dedsespRed@inchdlion Yiaslmay tadsd dhe
i sotropic nature of the el ect ropol i shi ng. HugEs nd reccﬁ%ses fﬁe{ degr ade
the per§lestirghsertsircyithetweenadipgnidigs ddecepsss m r&ﬂ’ﬁ‘i 1p thegeqyiGHon 9 above
densel Yosa8@6ade b tBORARS iferc¥hRStidiBlhes RISRgADlantd iRl ldyea] 04sheyréduce I C Ui t
bet ween adj acent lines and recesses may result in the reduction of the

conduct ks 2pq repesecspy MO e EFCRAEIERASN | ines. Plating a pl anar metal
| ayer 104 _may_reduce  hu

r .hunps and recesses and i nprove devic er f or mance.
[0054] BOFE. Eresoth-Fe iHsTHe o amP ERG RSP GRS e PP ATy PR Dy or ¢ 1 me
for pl atadt208 6vP 8 icldofiy Blyc2D8 haViBs a pluthlit] Edbistly spayeiecedBM rbgstis 2§0and
plurality of densely s(giaced rgaﬁ:es?e.d 5egi.op‘ﬁ 2é0r and ,.non-recessed regi ons
210n. | Ronyarrstedregiops 3 0n. iTp genstalis Rlatng hfk dcipsdBrermel gy e 985 e. 9., an
accel er cOleratod, aSUPRESS SN a 18REr. AT herialay fundtda opthe Eeiratatichientianaf thé he
accelerator is to enhance the plati n%ﬁg%‘?ccessf within.recessed. regions; the

pri mar yPRURGIPSSHS WL Ispsredegipns; be pym HELoTspppresiqr is O SUPREFSE8ss on t he

Ishou: depla@ig fri®sy RORSSHOMdSrofilensessadidgiohs afd therpuintary finctiorof lofklel Beel er is to
evel the surface profile qf | at ed fi],m t to.level hunp 202. The

conbi nateVgihegtr acé@f‘éﬁ%?flélﬂ%ﬁatg‘&]gﬁé grﬁ’ﬁtﬁyetgé%'rel }Fué‘?%?'sjr?{%co bénasl(l)an(()a]Jrq fill or

bot t om fdchlerafs and dupsrbdsat reghits fn the giperZA orlMott@n fipas llngttatedrih ¥ig. TheMpteat i ng rat e

at the bott of the trench or recessed region 210r i,5.significantly

hi gher P%W?%l ’tthﬁQB{‘%ﬁ)ra'ﬁr‘i‘Elthg ﬁ%tfﬂ“bl%fﬁﬁeotfenf{\«%’grf‘é”ésgé?g nrzéglf lcs)%‘lgﬁlf e}n'.fi"lr}]’However ,

when tr piaEdi@ifanQf the topSind ho@ldbi dfltliettedspsed tdptonci@ai Himeser, wherteenthee nctias egi on

will continue tg enhange.the plating rate resulting.in.h . shown

' Fi . Sagleg dn FayoT i Popehiseegue |G P s el b oS il B3 0

shown i Rudpps@02 2&shown in Fig. 2B, which may run together over time to form a larger hump 202 as

shown in Fig. 2C.

[0055]  Fig. 3 illustrates a relationship between leveler concentration and relative hump height
(often referred to as the “over-plating burden™) at increasing plating currents 394, 392, and 390.
The relationship suggests that hump size may be reduced with sufficient concentrations of leveler

and increased plating currents as shown in the graph as leveler concentration increases.

[0056]  Fig. 4 further shows a relationship between the plating current and hump size with leveler
498 and without leveler 496. As can be seen, the instance with leveler 498 may reduce the hump
size at most plating currents. However, at large plating currents a hump may still occur despite

leveler 498. Further, hump size is relatively greater at all currents without leveler.



[0055] Fig. 3 illustrates a relationship between |eveler concentration and
relative hunp height (often referred to as the "over-plating burden") at

i ncreasi yopBasdamg currents 394, 392, and 390. The rel at ipocmdlsop18UTgest s

that hunp size may be reduced with sufficient concentrations of |eveler

concent M bn Tk raGess o GbsapRs SRR P LR XAl ot ween

t he pl atljrdsbgsscuuﬁ fe&lﬁvel@@ﬂhalﬂplﬁm@uﬁent\ﬂ t']hle legang)l &y prod&8 inehdeswdiretiingteleb@olpte er
nst anc eve er

496. As be se 4 reduce the hu
s ze at it Aardiare T s e e il Rt B R B gt s & hump
may st i |1inrrﬁﬁ;ﬁlixll’anﬂl arepike thay bewsed. eThe%&tmg:cmublhmﬁy rofutd 3R a Spez irl the FaRfedf] &€ Y

greater at curre hout vel er. 03/08 316 UsQ3/11417
00577 10200 v e RPN AR, ARG sk 04 Pt S8 RSO TP HBE dur 1 g
an exenpkanplaglpadcestGonditiigeess at a relatively snmall plating current |,. The
exenpl ary process includes directing electrolyte fluid at a rotating chuck

hol di ng Ghewistgr Eledttolytafinidishdh ab¥idFeao ganfaturedby@ithoieilOMIdS such as

i mrersion and the |ike my be used. The rotating chuck may rotate at a
speed in the ranAgel@itor: @.5go 2.5 nBlite? Gefembly 2aniditgpr ef er ably 125 rpm A pl anar
netal film504 can be plated under the foll ow ng exenplary process

condi tions: CheRugiresyor: HoethViaery prefefdblyi: 8 nsiich as Vi aFor m manuf act ured by
Ent hone-OM  Accelerator: 1.5 to 2.5 m/liter, preferably 2 m/liter
Suppressor: 7 tbe®&lar V.25 tbdr75 nifiefr grefiadayly: BS mi/litert er Leveler: 1.25 to 1.75
m/liter, preferably: 1.5 m/liter Copper: 16 to 20 granmliter,
preferably, 17.Boppeanblto 2&gramSudrf prefemblfci 7l grablitaero 200 gran liter,
preferably 175 granmiliter Rotation speed of wafer: 50 to 200 rpm
preferably 125 PBylfuricQunid:dnd to?@P gramyliter) préferablysl 7migtammiter pref erably 2 mA/ cn®
[ 0058] The exenpl ary process plates copper |ayer 504 over dielectric |ayer
508, filling thBotatiercesetef wayi ris 260L0m, pelbrabbnl25epessed regi ons 510n
relatively quickly as seen at tl1, A a atinet?2, where t2 is greater than
t1, recessed re§iuen dosiy: G te Stmd/lmd peafdabip? HIIA/¢rayer 504 is relatively

pl anar above the recessed and non-recessed regions 510r and 510n of

di el ect rlPeS8] ayElre 3ggplamtprecessiphsestcgpper |ghie 584 pger diglegirie dayer S08HEKng the t he

exenpl ary.eple@ Ciims SR ahd H&?re%é%seﬁ'r@én&xs BRbrelaiPF fuidQfasibertat EONEh BRAE 1, r AL €

above recessed regions 510r and non-recessed regions 510n to create a
pl anar rigieed b is gyeater themt:, rggessed eredng EHriaed flled andwsial layee S&4 ip datively plahg059]

Fi 9. 6Apoveife RBQWISHE AP REsdATibils $30:0nd 316 RieldctricThydHE08I A\t @ tifle], | ar
pl ati ng process, but at a relatively larger plating current than t

process grere {jgrea@p\than Bthe PisEPIINERIPETE @ntiRUsHto plate metal layer 504 at 2 constant

rate above recessed regions 510r and non-recessed regions 510n to create a planar metal layer 504

of a desired height above the structure.

[0059] Figs. 6A — 6C show exemplary profiles of a metal film during a similar plating process,
but at a relatively larger plating current than the process of Figs. SA — 5C. The plating current
-density I, is in the range of 5mA/cm’ to 30 mA/cm?, for example. The exemplary process at the
relatively larger plating current produces humps 602 over recessed regions 610r at t,. The humps

602 may grow together to form a larger hump 602 at t5.

[0060] Figs. 7A — 7C show exemplary profiles of a metal film profile during another exemplary
metal plating process. As shown in Figs. 7A and 7B, the plating process is conducted at a relatively
smaller current I; similar to Figs. SA-5C up to process time t, to produce a hump free profile of
metal layer 704. The plating current may thereafter be increased to I, and plated to time ts, as
illustrated in Fig. 7C, to a desired thickness of metal layer 704. The exemplary two-step plating

process can achieve a planar metal film 704. In this exemplary process, the trenches or vias are fully

8



density 12 is in the range of 5mA/cn2 to 30 mA/ enR, for exanple. The

exenpl ary process at the relatively larger plating current produces hunps
602 over wWO®Ma®ss3ds r egi ons 610r at t2. The hunps 602 nay @CowScdgether to
forma Iarger hurrp 602 at t3. [0060] Figs. 7A - 7C show exenplary profiles

Chown | Rksdde oy R S 5ol i 204 Pelpiriogt i BRe o it RS e P g vl v

smal | er fei. IRRAExables ifmliel t&thEQOI{'_\Ilg;SaIe Mﬁﬁlﬁjpwﬁedtvmep fheeesant is indedsét], k Aupp oduce
a hunp free profile of metal

704. The r t hereafter
e e, 5k apfeoys erisedEp T Y 6 St LRt B SR o 4 D °FG' o
desi r ed nidnil €ikin p@Slefurii@h mktal FExRig prédéss whse tBxslagiganiyent Win@éasgl tp [[zaiefdﬂ@

[T enchediarecpie cekng 145 s o s s D B P Al € B%5 o7 m

pl Ftlnar rmgalblatiﬂglcmr&%l baaftm?eodﬁmmem pldkecoppériitit lrge auﬂr@vs thy\fiﬁﬁll&dh \l;lm nps
Wi exanple, if the trenc or .vi as pl at e en
t he curﬁ‘éﬁ]f‘d?ag{’?‘?R?rgé Y P 2 ’ﬁ’gﬁﬁﬁﬁularﬁ‘éﬂﬁ‘p@fbéﬁhogﬂ&ﬁgﬁéi dtbggl on 7010r as

the cur ikl thad Gle@BEEM fromitO +, fd notBCcrslantsdnti/of Re@ase BRp@ise, bud maypr of i | e
during a netal ghiltl ng}ép,r ocess where the plating current is increased to |2
before MRS WaQthlydpr h°&10r are filled. As shown in Fig. 8B, the

ot ocess 0T Oﬁ%%efnvl?%?%rnate w48 gattorye Rl FieRegPi S inEies R an ¥ ol
|I tnd|S Ki) Sllsfzk: trBRUNRAd/G 2 id Shben.aDheEwH Qe xslaﬁ\gaw large bplamparﬁ(bz regsss&heyion 101rFi g. 8C.

rec nlzdth t fromtl, to t2 need nat be
bonet anthemtiedle TE o ik Sde S bRt Dbt b RoBERI SeRy 11 e
tlto t%pac[e@%és];edl%eéleﬂsrlmmgshagﬁtmthé ftHhg platidk @ofile mayimru@le wishihg 10gh- densi ty
smal | trenc IV|a and a r sug@é élnch n
'S

the rel &5 ? boYs Ja OBep‘g‘r‘?mB %’f“gfme? FPeYi g fé‘??an b ﬁg\iﬂ isile ﬂ?‘ue r | ght
whi ch maycebsad i"dgiﬂ)ﬁ 9&1@ g e fermAdhdior fad dres,@epiaradn th 9.ha& demilel diengsowof densel y

aced rec ons 101r .z e left.. th I
o ode SrER s sBeuay RS Sk P Aphicaid oLl "B 814 ﬁe?ﬁﬁd
dumy stentitdd BIECIROPLISHIDG METAN LAVHRSON WAFERSEHAVEIG ffﬁ@N@HEgm ViaS g., a

trench h i, Fi .al |l ed d|

exenpl arﬁﬂ&ﬁlm?’@@&@ﬁa@é@%‘l &Bﬁchglizﬁo%vgm al'ent™ te | c§ me %§eri al
No. 10/ k&Brehdehereirent i t |1 ed ELECTROPLI SHI NG METAL LAYERS O\I V\AFERS HAVI NG
TRENCHES OR VIAS W TH DUMW STRUCTURES, filed on March 27, 2002, which is
i ncor por[eaéyl i Figs. 18A end 10Behywioyoss-seefiarabriews dfarpditng plofi@6R}ingFagsempd’ and 10B
show cr O?a%mg gl%%és(s) ?taal co\ﬂétgnvc\sumo | t &P 411%5 ! lr;'lqmp{ng{afléeethg F‘l’éﬁir{kﬁ:r%ss%? xjeﬁﬁyel

pl ati ng P 6EBSST AT W Cofs current ove me. 1n I nstance,

pl ati ng sprabl cessit asldeveter reellllamg nelflat prefitelabove therrelativedrdgniedseatteer Vraeé,(lll(ln ng in a

flat profllGmRY M Enll Greh TR ARV, HEARFe ALABBD pfRfed Yshifind B Might dishing
1020 of the final plating profile. The slight dishing 1020 will likely remain in the final profile after

a subsequent electropolishing process as described above. Therefore, it is desirable to have a
process that can plate a planar film on both densely spaced recessed regions 1010r and the large
trench area with dummy structure 1080. The size of dense trench or via region 1010r can be in the
range of 0.035 to 0.5 micron with spacing between the trench or between the via in the range of
0.035 to 0.5 micron. The dummy structure 1080 size may be in the range of 0.05 to 2.0 micron
with space in the range of 0.05 to 2.0 micron, preferably 0.5 micron. Generally, the dummy
structure should be designed with relatively small size and larger space to minimize the copper loss

in the trenches.

[0063] Figs. 11A and 11B show cross-sectional views of a plating profile during an exemplary
plating process including varying the current over time. The structure includes dummy structure

1180 formed at space w; and w,, where w;= w,. Copper film 1104 is plated at a relatively lower
9



The dummy structure area 1080, however, has nore area to be plated
resulting in a slight dishing 1020 of the final plating profile. The
slight diwbiongsssd20 will |ikely remain in the final profilPeTafSo®r1141a
subsequent el ectropolishing process as descri bed above. Therefore, it is

desirabl e . to have a_  process hat o | at planar f.il.mon both densely
spaced R@hgswaent hagh §Sefﬁff€ﬁ3 T ﬂﬁop dﬁle‘??srs AEh? '%‘a}q]@'r %ﬁceaf?%y

struct ufigo l@&&mei[heths teZa@iv@lir Wit GénchésAiaa Regitins VIR préghsarontlitddio phancdpgeri n t he
range of 0.035 t mcron with s

bet ent e tr ween t he
R N L LR LA o R R LA AR S = Ll
be in tduen hanBEm@hp &fe@tfbffséts the QisRing It@;slateWptaharsmme a$ shotviaén Figngd.of 0. 05 to
2.0 mcron, preferabl 5 mcron. Generﬁuq\é gﬂ structure shoul d
be desi H¥ecoqs paf fory agfw%q {ensagpassed regiony QF@B%‘” SR TEUE & Hize the
copper 1§98 dlrealii'bdeh Fillkd @R b &R firft ORBh ofthe §rocés§-19y e thd BlasikaysmalDsiaingect i onal
views of a plating profjile during n exe E‘r Cﬁj %flsln% ocg@a hncl udi ng
varyi ngcuﬁlﬁéﬂt:umeé}‘{? S@BB‘Ptlligm‘écessﬂﬁ%* téfnr‘h‘E? ngrpEqtile ?}ﬁ*ﬂfl‘ d&tGre 1180
formed @ déﬁél?@pa‘é@d REEseWlogiohb 81 B r WidrthefargeGapfttdndior bad atddbving dphayed at a
relatively lower 9 WO 03/ 088316 PCT/US03/11417 plating current Il until

dense r¥BEREJdSP EgmehGeEPIr are fil I ed as shown in Fig. 11A. Recesses
1120 are fornmed in the relatively eir tre heit[1 d%til ons. The process
cont i nul864lo Ellgét]é%caé‘g Shoé{‘fcrﬁssrsécl“élf“’r VER ShgR fg‘gﬂ F ‘6’6{:‘3‘??181%‘{}' 12, i.e.
V\'??r e |&%nfﬁn}l' s]trucﬁtﬂ& gh&lﬁﬁ@oi‘%t{: Jiepﬁf 190f 4 r@izh dch(hIangto](ﬂlﬁﬁly mcthretsjimé ot he hunp
effect offsets the dishin tea ar_su |nF 11B.
A hunp ey tesh SR OF N Adh Ser s AECATP S SRET STl SR ibE ¢ e
dense t 806N EHcR hndVdrpsd hdidy & cﬁuhfn@adﬁylcthﬁ%pac‘ehd ih e rﬁth: iofig) 3 td20, fandl st port i on
of the process by using the relativel rrent
t wo- st ePrefsraib ]ndX 5?68388%‘ "Y‘ﬁ%‘ﬁ‘fetasterfdﬁn%y?rg?vé ’%ﬂrglﬁ%ﬂp %ﬁ%ﬁ frewa i Hig I ayer
1104 abueh wilhe: ﬂ@@ﬁ)ﬁbblﬁn@m&ﬁﬁdnﬂgems sed vﬁ@egqpmsiuﬂam&rrumd Wlhaesakar ge trench
and/ or pad area_hayin re 1 f or med in. [0064] Figs.
18A andshftlwgﬁ%wa%‘% aé“é]g]%éiﬁ%\t‘avﬁ eé?ﬂgun&fsﬁgf‘%ﬁ%"’m lEro ‘| es over
exenpl ar du res. The r.atio. of de h and/ or
pad to Hﬁ [spggufzﬁj g(gﬂ’ﬁge@r?ff’ Secﬁho‘bﬂltl WeWB tlé‘ﬁ%rc{ lrleu%utrmf”’ S Exem e vari ed
to incrpaeg ﬁrbk%ssﬂhﬁl’valﬁds&hé cafrent ond&ttiade. fThé interéonngestercake 1ntdi'e®ctr10&iylel)12@8 trench
and/ or ei ght 1o du tru es S|nt r o 2.0,
and pr Sg’i“gf) (\%"lt S}‘W"Hg tﬁéﬁ@ﬁtl:’l\h ?Xc‘fp?gve A Qtﬁre 1?99% \f}lg(ﬁ\%f;ﬁmtl hunp
1802 asthshawétrdnth bii jgd 1200B1211whépabe wi dnld speee M@,@dlete@hb’a\h’ﬁ oeexemplagitbiee-ng 1810
for a wi de space du str ere al have a
t endenciR B2 éo‘ie§5§§ H%ﬂ‘g %gﬂlg r(:I)mv\e/liﬁlﬁ N IEfd:l éB%at l% g‘%@??g&l}nh 12A -
12C showiskinggse, s:edénsalpaﬁacad revessed fregions [1 2t 0r ragd wrdetmﬂxcéa rcglwnsrigﬂ%mdézbhpl ary
pl ati ng proce t hat var he current ov e The, :
Struct UF(B agept %yegrp?tilrg Faye e fﬁealg)lary processﬁl ngil es t Qxﬁi ¢, Bt G20 fitcke
previously described in Figs. 11A and 11B with respect to increasing the current to create a planar

topology above narrow recessed regions 1210r and narrow space w;.

[0066] At t,, space w; still has dishing 1220 as shown in Fig. 12A. The current is further
increased to I to plate above wa. In particular, the process increases the plating current from I to I
to fill the recess 1220 and continues to plate the structure through t;. Since the recessed region
1210r and 1209 have been previously filled with metal layer 1204 at t; and t,, the large current I
will not create a hump above these regions. The large plating current I; will create a hump above
trench 1211 because trench 1211 was not fully filled before the plating process increases the current
to I, as illustrated in Fig. 12B. I; may be varied depending on the plating process, size of trench
1211, and the like such that the hump created will sufficiently offset the dishing in trench 1211

formed during t; and t,.
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is simlar to that shown in Figs. 11A and 11B, except that dummy structure
1280 is placed within the large trench or pad 1209, 1211 at space w and
space w2,watvengs3n? > Wl . An exenplary three- step plati ngPprasSeysi4is
described to plate a planar nmetal film 1204, e.g., that is hurrp-free and

di shing-free, on dense spaced recessed r.gggl ons 121 ?5% trench
r egi onsl08509” Eigs 182113 %‘P‘é(é’éﬂ?usﬁiﬁ ary plafj Wéntfﬁwnce?ﬁéerélﬁlg &% process

t hr oughpelyisbE® atlie@®ldndr BétE 18ell TifextBplbfy@Sing Qlreui eysdnyes dehalinghbeth | n Fi gs.

11A and 11B with respect to |ncreaS| current to a Ia
t opol ogfPrgpders! ‘H’airtl"HW makssadingter agfo tf%ﬁtzeasﬁﬁc‘%??do‘gﬁngﬁagge 066] At

t2, spaggs W&vefital thle s2aandbpaddiond dddmd sﬁu&tﬁﬂ%&hefaﬂyﬁh@cur&%equﬁh@ cﬁ/enrtrment is
further increased to 13 to ate ad'bcgs \/d\Qf ri art cul ar : & QCess

i ncr easi §ontdedugh Fhrarbth%ffﬁc@ FIPR ”@ Bng pigiing an‘fehoé offgs 8%°§ 558 and
cont i NUGSatd PplRhRhRtal RPerShifate! TheplhtiHeQUGENt tah beSinbaras §Hﬂ>®1nﬁ1€F§S]§B’d nbegi on
1210r and 12%9 have been previ ous er 1204 at tl and

ly filled
t2, thelineas je- @rivedeasshoy infigs; 1 %Eylc{,’roéé‘?y \gll‘fﬁﬁ‘ﬂ‘r%h %@el"}a%gl ons. The
I arge piegﬁlbrﬂgo&&' tifn8NFurdhdr, Wel durr6t 8@uencas Jﬂbl}%bcﬁb@\(ﬁer ;ieﬁ&d[b&hf tith? hd sHoemans e

trench 11 was not fully f|IIed before the pl t|n cess . increases the
cur r ent Figs.d3¢znd 430, [n gﬁg‘tri‘ lathg glafipg gyrignt %TE‘BS atf§ g’b%‘a@aﬂ"ir% ependi ng on

the pl afatgggasﬁﬁé)@@t%% prévedréprestdse BLduditiba, ke plavig p'b{"s‘ra‘ sluplklji‘ calehui inat t he hunp
created wll s

iciently offset the di h|n in tren 2%0 rimed during
£ Cand. s olaeOBKoa BAHPOT eORrT PPN 0By FORF geet R oo JAFE o
var i oUs 6% @Rty dih@lidr ROpldepoait supggua ﬁ'@ﬁﬁy offalse ta@ointatayrbaysedsectused t o
achieve a planar netal |ayer. The exe gp"r'ré? Iat| ng current cfg*éences

i ncl udi MpipRbrpuisedraddied singyere dECET M W56 SP BEfSS A Ag to the
si ze, ?&ﬂﬁé‘ ']Eemﬁl@@ FRBSatyfolhs dré 8RERE iU, PattidBloag395el5R, asitidédhe si ze and

cont r of METFAHEANRA A B EOREL B pr N G T PR BRI e amce

or of f seiv SaGICONINECTOR DEVIEBS giléd ¢l Jalya, 1999 ahich Byeorperatddds és enfinety py at i ng
current can be | inear as shown in Fig. 13A, non- linear, i.e., curved, as

shown i FefgtpRge here®p 134 or any conbination of Iinear and non-1i near
segnents qver ti F t he current segien decr seyover
peri ods [4968l i %gsg§4%ﬁg%ét ate rl?lanl’—"lleé”§ ° ’i%"@“%t?ﬁ?“@%ﬁ ufnmyng%gruae thepl ating
current stﬁ@ﬁlré’lﬁtaﬁﬁtcﬁdé’ ﬁn&hl pled 1420 phbdd cutsideaint treactd ogﬂhap&l arbaapfg@lrreﬁgect foe
pl ating process pro sses. In ad at o) |y, can be
P g Bt R oBreasess AU e LD RLELI 0, RONRE BuRal . oo b
above dem6dd ifdideane aaga tt@ﬁtﬂhﬂt@&’or Iﬁard@tmaam):t eﬂmetbnrwdﬁtst 158 car bet placpdiinside ]:h@vver
supply. A vari et e such as bipolar pulse,
modi i edfTE FraC épr p?fﬁ?riﬁ)ﬁgy\ﬂsp%f’% in Figt- égﬁr ecij/gﬁe pul se on pul se, and
6. 505, S R PR
6. 305, 1690E mmies R TA B i AR TR e il
| NTERCOMNE@Sd iaSatively large vias or recessed regions. Metal plug dummy structure in Fig. 15A is

similar to that illustrated in Fig. 14A, except the metal plug column 1522 is shifted lower relatively

to metal column 1520. Metal plug dummy structure in Fig. 15B is similar to that shown in Fig.

15A, except metal plugs 1520 and 1522 are rotated 45 degrees, which may reduce the inductance

and capacitance of metal plug 1520 and 1522. Dielectric dots 1550 that are placed inside the large

trench and/or pad area 1504 as shown in Fig. 15C are similar to those illustrated in Fig. 14C,

except that dielectric dots 1550 are rotated 45 degrees and individual columns are shifted lower

relative to adjacent column of dielectric dots 1550. The size and spacing may be adjusted

depending on the particular application and the like.

[0070]  Figs. 16A — 16C are plan views of additional exemplary dummy structures. Metal plug

dummy structure as shown in Fig. 16A is similar to those illustrated in Fig. 14A, except the metal
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ON SEM CONDUCTOR DEVI CES, filed on July 2, 1999, which is incorporated in
its entirety by reference herein. [0068] Figs. 14A - 14C are plan views of
vari ous ewermplosasye dumry structures. Dummy structure nmay PeElusd®1@1met al

pl ug 1420 pl aced outside the trench, or the pad area, often referred to as
the open area or field area, as shown in Fig. 14A. Alternativel

di el ect Piug celip 362243 chifieget preangls & cEhf als P‘d’éayttﬁé“ 1h5F@§e ?@aé’ﬁ’i?ﬁm}ﬁ%y df° pad
area 14@44e.000s dh§ gl%?efrarb'lfab%tz% dtéed. TAdledne MALRHY ab %W@l@n F&emﬂ A6 GRilkr ench
and/ or pad area 1404 as shown in Figs. 14B and 14C. 0069}? gs. 15A - 15C
are pl af thosedlnsistedindiig. il dBexcepk aighadigleettinpipts 4630 ase dipcoange Qtfrowc

I ncl udeggyby, Bﬁe%'eﬁﬂn}fe tlhé‘{:cgﬁué{élﬁg of)éopf)&%ﬁcﬁleﬂdk?&dqam MRleatic @&tb‘%%um
structure in Fig. simlar illustrated in Fi F%éPMA except

t he met placedingidechs laraq trwi»zmd/gr radiaeed 604 asbown ia[Fig- 161 pip singifpr fadhese col umm
1520. Nﬁﬂl@tjrat&f it g lf&@vexéépf ﬂ&%&faé‘ctﬂlauo@ 50 draBothtSd 59 dgtedd. #Qhdulkdbe Shown in

Fig. 15A except netal ugs 1520 and 1522 are rotated 45 degrees whi ch
may r edtrsegnized thah@amt@tweenglaﬁﬂdlelmqiqﬂa}ﬁéﬁ may beristhg rapge Rf 015 Hpdegregs £552.
Di el ect @ﬁeﬂﬂéﬁheﬂ:ﬁégcﬁlb abts 265 ﬂya&%ﬁiaﬁe&‘ 84 QBartdRclaRbIBE cirdidse@imaAand/ or pad

area 1504 as shown in Fig. 15C dare simlar to those illustrated in Fig.
14C, exoe Rt tﬁét17g' ell7@CclTrJ 1515:n Q%§of]a§§igorﬁﬂ ExehPlaRf (ﬁﬁmgysstﬁll@ﬁfe@eﬁleﬁﬂﬂug
i ndi vi dual coI urms are shif lower relative to adjacent colum of

di el ect Appmystrupturesiy20 Weﬂéz z%shawa insFig i T el do ﬁ)&fﬁ}&l%f&ted feignddng on
the pariig t m@tgﬂhﬁé:ﬁtﬁ QIEH md a?el}gta!eﬂ Kout ﬁ@&é%s Riz6tal plﬂ%@&qﬂ aH@ T78 Baypl an

vi ews of additional exen;g structures. Metal dummy structure
as showhe ratpig bgtwepg A apd 9 qlqgreleauami way brgestedjaf vasiopseatses Y‘i‘ﬁF’P@m&lﬂA except

the met Qﬂructlﬂ‘é- ]yge% 88335 B GIAMSQ%& 348 Gre sithith® tRbse MusdGePin ke 368 t ed at

an angle a. The angi e a may be in the range of approximately 5 to 85
degr ees exc&ﬁfdh%ﬂl?fcb? eioslan 30 arligeyieaed at similer logttiongalenghehagafalas shown in

Fig. 16Bia%en. Sbfglelcﬁ‘ﬁ: dolrs Q7§(ﬂ9§c@d ldsidb'ﬁfeﬂﬁ%@@en’cﬁ‘arﬁl’(ﬁ padl4tEh 1704 GefHowh Ratigt he
dielectric slots 16 are sconnected fromeach. other in ord r t o enhance

t he condi€ekrireilasto fé@isp'é}str%tﬁféwéﬁg AAG7 aeens Hut digleciric ‘ﬁﬂtSelﬂé&aﬁSElfta {ogen 650

pl aced s id)RehtdbEANS SEiMbud Ubtor7s@ad area 1604 as shown in Fig. 16B
are simlar to t]hose illustrated in Fig. 14C, except that dielectric dots

1650 ar ?0679} at}ﬁdloﬁgh Q{@ﬂﬁl@@éﬂatiﬁh pﬁ)'a@s!désdlaﬁeoeeﬁ esegnat Zved réspédt o daraih ot at i on
angle of dielectric dots 1 n the ranﬂe of..0.to 90 g@grees and

f urt her el“h%fflm?%%ttexﬂi’@?seﬂdrai’ﬁhc%‘fné “ﬂ?g e pRRArE fodfions aljliesin dhy pdtthat various

r ect anghRgificaidns hﬁﬁoha.?’éﬁlmﬁﬁ% ﬂnhd@ﬁmtho[lﬂﬁzéﬂmg:ﬁ@n thé Tfventioch/ BoBgxamplean Vi ews of
addi ti onal exenpl ary

and 17223ty degiiped fPPﬂmd@;maYLS%‘gsa télgg‘?e ‘?ﬁ“? g/@%‘? t‘g%tlfj?g%ecffﬂrm?@’ér ot ailllﬁ Iy 172(1)4A,
ol ugs. 1722 andi1722 Heged fe R Fiheiedtro G MIBOIANGE00 door eos. and my. be
rotated &)73] arAc%gEdln%et Zme E‘her X\gpgcql ai?l egen%%lg]rg method for reducing the recess in a metal
trench or metal pad after an electropolishing process is described. Using the methods and processes
described herein, multi-layer metal interconnect structures may be fabricated with minimum recess
and/or better planarity. In one example, a copper layer is formed over a dielectric structure
including recessed areas and non-recessed areas. The copper layer is planarized at a height above
the non-recessed regions, for example, through a CMP process and/or an electropolishing process
with dummy structures in the dielectric structure. The planarized copper layer is then
electropolished to a height below the non-recessed area height to form a recess. The non-recessed
regions of the structure are then etched to planarize the copper layer with the non-recessed regions

or reduce the recess of the copper layer.

[0074] Fig. 19A illustrates an exemplary dual damascene structure after copper layer 1902, or
other suitable conductive layer, has been formed over the structure. The dual damascene structure
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structure. Dielectric slots 1730 as shown in Fig. 17B are simlar to those
illustrated in Fig. 16B, except that the dielectric slots 1730 are
di sconnecweoed3ass3sé m | ar | ocati ons al ong the horizontal diPCe#atSodm417
Dielectric dots 1750 placed inside the large trench and/or pad area 1704 as

shown in Fig. 17C are simlar to those illustrated. in, Ff\% 4C, . except
that digpeetipireddyesy pitsle mebod hFarexymnle mrefhods weh py qhemica! ERordeRasition g ymms

of di el @3t &ifef Schhighs, aldd Bile iyt BANR X aRRL®E Yay 131 2.NThethiokiRsSEs have
been described with respect to certai.n en‘ggd{kmsnt 9 excﬁgé%gl 3%(?

appl i caditgiicslayer 1913 qap be thgygngeail prrraximptglyd 08% A tg agplid, ap Y0498 Avar i ous
modi fi CRL LeR ot AFerAD80) 98H T BYcdAithBE6r sHidoh OubidelEney lhyen § depaiizd dbevd fyent i on.
For exanple, Vvarious described nethods mii‘hbe useﬂ al one. or i.n conbination

to el ecdiplegTialarer Ok arhe tgkpessiof pigh stop fayerN@iQ.e5 be Gt thexger et agPrRdmately i n

El ect r o A &Miop6 Al QRT3 erASIS GOFAN G dotheRRAMHEY, ctASAGS layer 191 BB G cafiffedTEL hOd
for reducing the recess in a netal trench or netal pad after an

el ect r ol thesgighigngsite star at thesdegiseddpyehodorm e Agp! faRasHRae EHETe Y S55PRt esses

descri bgglehas ﬁké}qp@lis bpos @ R IsRb 14y8t BY10 8P 086KE CHDIH §3inloR fecliiyiel gor
fabricated with mninumrecess and/or_better g anarit In, ongxzé(@rrpl e, a

copper ¢@pele. The thigknesg obspeanddiclsetsicdeier 1908 b tedanss of FRPFHTyRA: ed ar eas

and nongre £6595K (An@-ﬁl‘éﬁﬁdblymﬁo A0 RO dk8Ayet 8r drkeohdkich e@p aiyerd 90@isght above
t he non-recessed regi ons e, .throu a rocess ?nd/ or. an

f | h CMVP
el ect r ofRPOFiEH LA E}wﬁ?“@&‘ééiéfec%f?iaﬁeeréﬁ Tl?thia{ijc‘?ﬁg Layer; g5 efch gto {aprel?Pe may

St r uct Upgde JFRGitABlANAERHCRBRGSiE,BIRT ank ShelIkeNTRY tGEK &fdokid miest fofned hei ght
bel ow t he non-recessed area height to forma recess. -Ii:tr‘]’ﬁ non- recessed

r egi onsbpfuceasavesiornations of Phpte Maslsind elchrs @S ARV ¥k HoREEBlspR St ayer with

t he NoNgkRERIKGRhYHRIHRRE for @fching eGRNEHBIISRESTS sedondl Pt MRKEs etcRibevia. [ 0074]
Fig. 19% illustrates an exenplary dual damascene structure after copper

| ayer 1Qfd7s] OMAftePEtRBAg Bdhbh Akl Ba, @RMIHRE iay& 1064/i€ depobiessl ly@ID, physidalivapuer t he
structure. The dual dgarrascene str_uct,i;re l}fé ;/\)%)03/ 08833@?;@ USOt /11417
may be feneriter G DIrF aomis laper densttineyg hephicknessaibpizter laygr 1AM BN S cheni cal
¥ apo [ g_@dﬂ?@éf?ofmtol%@K@lefgﬁzgﬁg@rﬂfbnﬁe.ﬁfﬁ’ﬂnﬂ'da&si]:ciamtépﬁﬂixﬁt lted_;.imrimgyef g?gm t he .

I rs lelectric ayer . e I CKNE | el e LAVLl.. can e
in the Pangelugs anyyi %ﬁréﬁlfugwégﬁa% @%@gal\h,ﬂt&wliméjlr‘éﬁéﬁaﬁ’ts‘ 3000 A.  An
Iet ch st gpndsRi ew),lvgﬁlpvgs&u@ﬂ% @S 1ig¢.lf}1w Barfieit 1Flyede9mrd§p¢sitio$ﬁumpmpé@i£dh@e((Sbt}c:) )

ayer 1S ep05|te above. t he lelectriC e ckness of etc
stop | afervnrg fveng cpibs dspesied prbagier yera’;?B?é&?X&)f %ﬁ/) °rz‘g‘65 'Rhfeg ‘Wb A and
pr ef er alplyy 1909 isAlepdsticdS@ABpEX 86 58t fod bxdnpid, bp CVaY BVD]dddropiatngb eleamidss ed

and the etch tipmed to, st at the desired level to formthe dual damascene
structuP@?‘nS&e%}\%Hﬁsdandch%ﬁl%ctri c layer 1908 is deposited on etch stop |ayer

0 o LS R g SR HE s RO i T S o5s
corresponding to the trench and via areas depending on the particular deposition process. Planarity
of copper layer 1902 may be increased by chemical mechanical polishing (CMP) a distance
sufficient to remove the recess by including dummy structures within recesses of the dielectric
structure for hump free plating techniques and the like. Copper layer 1902 is shown in Fig. 19B
after a planarization process. An exemplary planarization method using a combination of CMP and
electropolishing is described in U.S. application Serial No. 60/313,086, entitled METHODS TO
PLANARIZE COPPER DAMASCENE STRUCTURE USING A COMBINATION OF CMP AND
ELECTROPOLISHING, filed on August 17, 2001, the entire content of which is incorporated

herein by reference.

[0077]  Copper layer 1902 is polished from non-recessed regions 1916n by an electropolishing
method to isolate the copper from adjacent trenches and vias (not shown). In one exemplary

process, copper layer 1902 is polished to a height 8h below the height of etch stop layer 1906 or
13



A to 4000 A, and preferably 2000 A. A hard nmask | ayer or a second etch stop
| ayer 1906 is deposited on the second dielectric |ayer 1908. The hard mask
| ayer or woob/ost3op | ayer 1906 may be nmade of suitabl e naerishyiguch as
SSO SiC, SIN, and the like. The trench and via may be fornmed by
successive formations of photo masks and etches as l%‘l(nown in.the art. For

exanpl epen-geckisediegiophidien. o983 ShplloW s O EPOP PlegF oy gecets®ich fol | oved

by a s BRR b MbrecestAQGbRionA 416 M ﬂjdéﬁlrdﬁg) ecr aneh and
Vi a, tﬁlg& g?sﬁfi%r Q?a tha&u%ﬁs&r ep85| treces Q) ; S|acal va 0 e(aepo& tion

(PVD), Sblcarab@mﬂee rmy@fl%@sliop PYGMIXW&@%‘?‘GB‘P%B@WPW&?‘S %%9 1904 can
be in td ,in PET f?éanf’nQNéﬂ@r/@%/ﬁsod%ﬁmdwmnsmmmpmmermaoaepoa tion
t echni q €s. ayer 1904 may include an ui t tﬁ eémhs such as
Tant al LEhE(Cﬂ’éK)OPOiéNﬂNﬁ AENTER WE@TI%%PN E E@i@ T%\;D W5 N, and
the 1ikg.q & fuf/s BT ik ntkréw{terég%laeﬁ%bﬁpb@ﬂd h@@mn@rrefa@ﬁ@ Ay ecess BOL

shown on draw’ng) can deposited on barrier er 1904 by CVD,, P D or
ALD. Thepper @prpeEOZ Wéy@psq@ggplp@r@e\b@@p@ber Wle&% er, aasking YRErOr theJike

exanpl g, VRt EL&C b ORLAble NHe pédk BB} @S TausP dabtR@f & Bbghglyes, and
t he Ilked&%f)lgeygvert seen in Fig. B19A¢pcogperi@}{ aye?uslgoz may include

r ecesseaunogesypwithe lil¥16r corresponding to the trench and via areas dependi ng

on the particular deposition process. Planarity . g@g l.a er, 1902 may
be i ncri@8®dd By radhes Q:I@Ilghﬁeﬁfwaﬁi?%’éﬂedf%}oi“%mlﬁ@bf‘ y‘?il YRS £ £ ¢ ent

tor erm\(ﬁa&c@?a éo@ﬁ(ﬁxso? hay nﬁa@l@ iayéf' 1986 ﬂWet&kd Bhedylbyasiasatelthitg /et egbiag, oof t he
dielectric ucture free E}fatlng techn égti s_and the |ike. Copper
[

| ayer 1tbolkg tQ f@rm/mariahtomsgf%i Qﬁhe sifuchiFe ay INtated i n I PRssample, 4,

exenpl a%%ﬁ cﬁ[ﬁ?er Ha?d%ésﬁ TyBE1906 % dishbdEhcR taPRDLRRL] 10Vel of hdigiPoBuddper layer
el ectropolishing 1s described in U.S. appllcalo%eﬁSerl No 60/ 313, 086,
ent i t | etpOREBTIHERSVIHChe P RIGARS REremaBIERORUR @E USI NG A

COMBI NATI ON OF CvP AND = ELECTROPOL| SHI NG, file 17,.2001, the
entire W@?ﬂ]enﬁetﬁmuﬁnf‘éstfleﬁléed'ﬂ??éHpﬁalrlsitoé&oppﬂé?yéf ﬂ”%)fe%?‘é? élhlc‘f%s thT’gge??] Copper
layer 1902 &nfQbi HR&M 1Jy5mmalmth@ﬂlﬁ:&ﬁ@@lomﬁgi I lailygrlfﬂ%byf aams too great,

el ectropolishing nethod to isolate Bg g@ er fro ag%? nches and
vi as ( nte loyhdiglagtric sapstapid ‘gﬂé’?ﬁﬂrﬁﬂ%}’“{? Qdibbe exposgi xiper af@b | & pol i shed
to a hejghly @ﬁ%% Joh@cémdgégmr@fwmr@mﬂfatsmuirayﬂns ﬂn@ﬁﬁad)to dBectiD 1981 088316
PCT/ USOB/ 1141

non-recesseg regl ons h19 6n. ng reces X t+e°1 5 for a
robust £308&eingsisheds for pemple Bna BlEspretch. Gepgrplhy NePISHa %P(rﬁoa%l ty Khat all
copper  phketiflgs ks fHak Bab6fhaiidhdsk Q90 ah8 t6pphiciaycb£202. rAenanhanhy aTSioeiamﬁge aan be
in the range of 100 At refe abl%lPSOO A. ,An exenplary process is

0
descr i bgreasedhef qul%ecﬁﬁa%bg?qsd%‘?‘ BNy er 5506, entitled METHODS

AR o SR A1 I, LTSRN Gl Fcrcn

copper layer 1902 and hard mask layer 1906. Typically, the polymer layer is cleaned before
additional layers are deposited. The polymer may be cleaned, for example, by a suitable plasma dry

ashing process or chemical wet cleaning process.

[0081] A dielectric layer 1926 such as silicon nitride or SiC can be formed on copper layer 1902
and hard mask layer 1906, as shown in Fig. 19E. The thickness of dielectric layer 1926 can be in
the range of 200 A to 1000 A, and preferably 500 A. Additionally, a passivation layer or the like

may be included over the structure.

[0082]  As shown in Fig. 19F, the processes described in Fig. 19A may be repeated above

dielectric layer 1926. Specifically, additional trenches and vias may be formed with a dielectric

layer 1920 and dielectric layer 1924 formed on etch stop layers 1922 and 1926. Additionally,

barier layer 1916 may be formed over the structure as well as a seed layer (not shown) and copper

layer 1914. A similar process to Figs. 19B-19E may be performed to produce a planar structure.
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filed on July 8, 1999, the entire content of which is incorporated herein
by reference. The recess of copper layer 1902 will cause poor planarity
when anotwero3gsssiectri c | ayer, masking |layer, or the |ikePCrasdepasited
over the structure. For exanple, the poor planarity can cause defocus of a
| i t hogr aph rocess, and the |ike. [0078] Tq reduce the height of

non-r ec@&éd %@@'i @ﬁsi%ilB?tfate@&PﬁhFre‘?xe*‘@?@rJel@gAforafﬁ‘g‘cfnﬁ g eSS Madeces a
p?r L | ony&ikh bAhdalpas kitdrad electlPOfshiiprirgsse i hddnstanay the yiryrhas ieluddsahi ng, wet
etchin

g,. or  the like to forma planar t surface of the st ture as
71 | st rSieleeins [ mgerned voheceRehipRan Aonotesred REoRANELR |ayer
1906 i spstrebiBetd sebedhs OB fhdiRr Bulufl@s MulticlyRl hard nfask Ghdr iludagpfoeexampleps 1902
is planar with the surface of t@g renai ni ?gq7p rtion of1 h[ﬁlrd sk, | ayer
1906. [ ouvoiardmpkiayer $006japd pppeghard magi Jayes 2047 dn oo SXaRPIgr e WREEAd B3Sr  1002
resul t jafer@06Nsel RS &s 4 Aadfidid) fayer t8ta bichit flo0Rs sndahe aer hagd mhakigyfer 30064 and t he
t hi ckness of hard mask | ayer '

1906. 1f_6h is oo at the |Low dielectric
const angeryes ¥ angitedy stapelpyeg 2 %&g#eg%@’vv\ﬂprp npggk %X‘Hf)g@ %%?P%%aryrqeé‘}ag‘f %éyer 1902
I's et chgdbiawakrihlk Abh bSO ST, BES6€ theliRYI A BSridiKEEd lagdr 200and infetit tayiére. Thi s

may |ead to dielectric |layer 1908 bein tched, for exanple, by a plasma
etch. CGMere#m 439?S‘tF‘F1%Ve|Y)Fh§§éEF“€F gﬁmﬁgieée‘i?gse&?@‘ol“%wllgr' material is higher than

t hat of hard nask 1906 and c r |ayer 2. . An. etch al s anage or
i ncr eas¥08He RIRifar i %‘g%éﬂ;?&dofgzié‘}“ai %”.2’8 fiPleparized prd ?%BPOIT]%GSO?S
SX D]QS edheé&lﬁ@ﬁgﬂovﬁl{e&l]?ighhﬂ" nfehiﬁé&'bslaai ﬂagi@ﬁmenl gs showy gﬂrigd. a9e an%(znfl Mdmﬂvm;%mrray
e forned aon the surface of , copper. |ayer an sk. laye :
Typi cal fayeris Pféfefi’tlig'ﬁ%‘?&oeﬁ)?fgh? %‘Bgf“&’éh%éla Wbtgioweéaﬁ%a#@ﬁgg a’F‘ﬁV@%é E%\(%‘e
gepos it ﬁdi upE%aﬂQhé/smﬁfyeﬂ’nﬁm7 BRy i% &’M’tﬁ%lly étolicd @wayl lewerhyaskhad ilatya’(ﬁﬂ%,lpl asma
ry ashing process ar. c I.cal wet cleani rocess 00 A.di el ectric
| ayer 195¢° é‘BR?ﬁh%{é magl lﬁiﬁeﬁgg“#ﬁcﬁe?"leﬁés ppergicgl Eagﬁpaﬁgﬁ’fwﬂ %@1 n@%(%%eﬁﬁgdﬁel ayer
590|2 aE@vé@?éﬁhd’fﬁﬁs’ﬁ)ﬂ 1ayeer F%QQﬁnpl@,SheSIhﬂmlddfu?@eg harll Sask (e 2001 ﬂ]ldrh@;md of
ielectric er 1926 can i e range 200 A to 1000 A, an
pr ef er aB#§ ayer 2&@(}‘?’@%&%@‘?3‘5;‘ B’ﬁg%f?]@%lai eg‘ili' ¥ ﬁVé\ke Belmotvﬁseupfp‘lefkhélrad PEY be
I ncl udeghyevxeo7 bdestdpt atlowerTard Q&3 Er 2096 s iewesultimgfsigace bOgtal lager PO02ced ses
described ip Fig. 19A_may be repeated ove dielectrjc |ayer 1926.
Speci f i &xvef ,rds’gﬁh Ieyes 006 s %Wéth‘g?ﬁ%ﬁ%{a@?ssslﬁm&g&’ef‘ W04 with a dielectric
| ayer 1 ng.dielectric |ayer 1924 forned.on etch st | ayers 1922 and
1926. Aﬁ?foﬂ&rﬁg he mﬁg?q%iag‘?grf’%eg?%eﬁ %isﬁ_uL drrrﬁgrfmbrém 2 e ega\li/)%' ? %((ﬁ’ggrSt ructure as
wel | as imers@fett ktancatie §ande fabicate) widtnalintroyp escess land/erbeft@ Iplanaviy s Adthdugh ther ocess
to Figs. 19B-19 be.perforned.to produce | anar .. 14 WO
03/ 0883 i’éenﬁgﬂ B%Bg‘?%fiﬁff cegEESFs B "g‘;’%‘.%r Sttfcofn e AR B felcrindd fan exenpl ary
met hod tepect EaCiimgmbdigments esspias, ad apilightions, liewitifbe epparmt @ithqeaskiliddtier an
electr Oaglalrts[ﬁle{t %’ho%é r%%gl%gzitiolnsn antdrg: 1e§ng|esne§rg gor}l?e?nptlar?eed. %tol: g&}n&ﬂe,evz{rfaﬁg ci’lggc%néa
materials and processing techniques to planarize the copper layer, polish the metal layer and the like

may be used.
1. Improving Surface Roughness

[0086] In an electropolishing process the surface of the metal layer may be rough causing
degradation of the performance of semiconductor devices. For instance, the surface of a copper
layer after electropolishing can have a surface roughness of up to a few hundred nanometers.
Increased surface roughness may result in poor planarization, surface corrosion, yield loss, and the
like. The grain size of a metal layer can be controlled during various stages of exemplary plating
and polishing processes to improve device performance and characteristics. In particular, during a
plating process, additives such as brightener, leveler, and the like, can be used to control the grain

size. Furthermore, the amount of time between the plating process and the electropolishing process
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that the surface roughness of the copper layer can have a pattern that matches the pattern of the

grains in the copper layer. In addition, Fig. 22C shows an atomic force microscope (AFM) image

of the copper layer surface after electropolishing. Based on this AFM image, the mean roughness

(R,) of the copper layer surface is 14 nm, and the max height (Ryax) of the copper layer surface is

113 nm.

[0089] In contrast to Figs. 22A-22C, Figs. 23A-23C show images of a copper layer having a
relatively small grain size, e.g., tens of nanometers. In particular, with reference to Fig. 23A, a
scanning electron microscope (SEM) image of the copper layer surface before electropolishing is
showrn. With reference to Fig. 23B, a SEM image of the copper layer surface after electropolishing
is shown. The images in Figs. 23A and 23B indicate that if a copper layer surface has a small grain

size before electropolishing, the copper layer surface may have a smooth surface after
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before e ﬁﬁ%@%’ ecc)lleéc%t]e({l a%ove it should be noted that the concentrations of additives can vary

depending on the application. Accordingly, the concentrations of additives can fall outside of the
above-described range depending on the particular application and process. The smaller grain size

metal layer may then be electropolished with enhanced surface roughness.
[0093]  2.Shortening the time between plating and electropolishing:

[0094]  Another exemplary process for controlling or reducing metal layer grain size includes
reducing the time between a plating process and an electropolishing process. Typically, after a
plating process, the metal layer grain size increases over time. Figs. 25A-25D illustrate the change
in a metal layer plated on a semiconductor wafer over a period of time. With reference to Fig. 25A,
after being plated onto wafer 2500, metal layer 2502 can have a microstructure with a small grain
size on the order of a few nanometers. Over time, with reference to Fig. 25B, the grains in metal
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[0099]  Fig. 27 is a graph showing the relationship between grain growth rate and annealing
temperature for copper plated onto seed layers of different thickness. Note that Fig. 27 may depict
the general relationship between grain size growth rate and annealing temperatures for other metals
as well. Generally, the grain growth rate increases as the annealing temperature increases and the
thickness of the thin film decreases. A seed layer thickness of less than 1,500A may be used, and
preferably about 100A. Further, as the annealing temperature increases, the time for

recrystallization of the copper microstructure decreases.

[00100] In one exemplary process to enhance surface smoothness, the metal layer is
electropolished before annealing. More particularly, the processes before electropolishing can be

chosen to form small grain sizes in the metal layer in order to reduce surface roughness and increase
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[ 0094] Anot her exenplary process for controlling or reducing netal |ayer
grain size includes reducing the tinme between a plating process and an
el ect r opoWwDIh0sRF1r ocess. Typically, after a plating pro®esdisovhainet al

| ayer grain size i ncreases over tinme. Figs. 25A-25D illustrate the change
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rate a”qarﬁm%%" f9@9 which is incorporated in its entirety by reference.

[00104] As shown in Fig. 28A, wafer 2802 can be rotated around its center axis and may also be
translated in the x-axis direction such that electrolyte fluid 2806 from nozzle 2810 can reach any
Jocation of the opposing major surface of wafer 2802. Nozzle 2810 can also be mobile and
translate along the x-axis independent of wafer 2802. The trajectory of electrolyte fluid 2806 on
wafer 2802 may be a spiral curve or other suitable trajectory to direct electrolyte fluid 2806 to
desired portions of wafer 2802. Power supply 2812 can operate at a constant current DC, pulse or
RF mode or constant voltage DC, pulse or RF mode to provide a potential difference between metal
film 2804 and a nozzle electrode 2808 to electropolish a metal film or copper film 2804 on wafer
2802.

[00105] As shown in Fig. 28B, when metal film 2804 on the field of a die 2818 including trenches

and/or vias is removed, the copper films on the wafer 2802 will not fully cover wafer 2802. As
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been des&tibhabglea wﬁthé]stfeaﬁmﬁeltacttodm@ﬁmd 2906 enbodi nent s, exarrpl es, and

applications, it will be apparent to those skilled in the art that various
nmodi fi c#00108]s Iﬁgsdsmaﬂgdhlswtea crosstsectiohal tvisoh, oflthé exipplagcbraess. Re dhmyimig

Non- Uni eces r di ry
met hod EF %1& dh%elqlﬁfa Jafes (z lre“Lt¥ 3‘9&‘) 15'%21?]18 &{‘tﬂe n?erﬁgeebe%&?%fectr&g% gﬁlﬁ '3.966‘?(9 tal
pad aft and laam@Ilazet?o(lopcbbaaséwlhagleplamégﬁlsdlfﬂteétcto piish. Whkeelesteotypd fuig 3086t hod

oo SRR peRhadh SERDAE LAGARNAL SIS BUG AE RS AUE RULAR 1, T

reduce tHe rove co recess uniform

reduce tdisehacged Ithrnllghl teach 3030 dﬁfebz increp@1tOSpolichigg razeﬁ tieh¢h 3020, a8 é@Wann

exerrpl ar, k?éﬂ?(:t ropol i shi ng apparatus, which has been previously disclosed
in ent No. 6, 395, 152, entitled METHODS AND APPARATUS FOR

EtlE?T 5‘“’ e L T i R i A

r ef er endle,seend trenchBOA2, thkpyepdtive surfare thorge POSY iysSgo¢ed Gother, causing thegglithingT| NG
APPARAT[I‘J% éfN%n%Ibmo bg 1o|v‘f%fjthgrpthat on trench 3022, and the polishing rate on trench 3022 is

lower than that on trench 3020 and so on. Due to the changes in current density, the polishing rate
will also change accordingly. With reference to Fig. 30E, because of the changes in polishing rate
the copper recess of the first trench 3020 is larger than that of the second trench 3022, and the

copper recess on the second trench 3022 is larger than that of the third trench 3024 and so on. The
copper recess may cause conductance fluctuations of the copper line and degrade the performance

of the final device.

[00110] In one aspect, an exemplary electropolishing method is descrilaed using pulse or
alternating current voltages to minimize the polishing rate differences over trenches and reduce or
prevent copper recess. In one example, the relationship of polishing rate uniformity on trenches,
pulse frequency, and nozzle tangential moving speed are varied to reduce copper recess in an
electropolishing method.
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January 15, 1999, which is incorporated in its entirety by reference.
[00104] As shown in Fig. 28A, wafer 2802 can be rotated around its center
axi s and way3asso be translated in the x-axis direction ®arhusohars17
electrolyte fluid 2806 fromnozzle 2810 can reach any |ocation of the

opposi n or . surface of wafer 280 zzle 2810 n also.b hi.l e and
transl ag’glﬁlllloﬁbg ?Lé“%séﬂ@éﬂ‘?ﬂlﬂ%g’é‘ﬁﬂéﬁ?ﬁgwrw W %?%grm%ﬁ@’ ?lefcﬁf’fg)g}tg]gfl% of

el ectr o{nyﬂhed fTHeivhveBAH régfon ol to B i2H6 Zorwad phBe,and }@hveﬁd)rnnﬂglmfdl tod) hdlie
suitable tr o_di rgct el ctro desi ortl ons

I
of waf ef®V¥: SePgr\héSrtL%{?ﬁ‘ﬁ"F 8%?&“8)&}5&{‘6 re‘éefrseaougs aéﬁtt%s f|:‘e B¥ b,
pul se OpenoRFty;SEBedl@ tﬁHtlrﬁ@miearﬁonv@kdIaQEe%}wam@m vﬁdthli%Ftl aidke fecergrpalse de a
potenti al Jff(se[rﬁg ce between netal ,film 2804 and a nozzle el ectrode 2808
¥

to el ectidgpsit U%SY meeTcﬁ?ti’ﬁe‘%WBper film 2804 on waf er 2802. [00105]

;Af] cIS 33%1{1@ Z h&ﬁe a]ﬁ‘vw@% ge ifate gepy e’feg‘r?é\%ééec%ﬂ%hs 18% ng %fl ?r{c m% thetpﬁge waf er

2802 Wi kvelistin JtWid. B1 cEigeszAl\afoezﬁ ech&ﬂ:]?yte fsid 321)6\/9@31@8&1&1&,8&11& ROTAMISO el 1417

el ectrolyte fluid,2806, i, od| fere |osof 2802, the
copper %eaWWJfI r‘fs"ttll?gmt$ P ?ge eé\lsrﬂjﬂsgﬁt‘édq Hed’?tﬁr afgg eenle\l‘va (glyty [ 00106]

Fi gs. 2ﬁ&deﬂ@M@hhe?éﬁHa&hﬁVMetvhﬁermsrﬁltedsﬁth(mégdtlheclﬁitg’eéam of electrolyte fluid
2906 approaching die 2918 in nore detail. If the power supply is running
at a copwum)t F@ngﬂBrllustrzttEbethe eledtroyret flude32Di6tthat iMslnhovbda Histanderl, K gloc®A si nce
t he el ect.r oI

C 2906 not reac d ortion
the curf ?ﬁen ﬂh@&gna“ﬂrpflﬁﬁ‘fvafeyowﬁ? %@SW baA(r% rﬂlnse(?dg %le ul:s)éjwa\{e%o At %ng or ned
on the toyfirEC,”\Wai tﬁhreg&@aepsmelryguhmd &olmge Nl ﬂvaaerlectrollytzbuntbnface atwoidnélns t he net al
| ayer. C te co 2 aches
di )é 291 ar%"ﬁ@' 8&?‘%{&@88&%95 1[1%2'% E%Vén lﬁl?n% ?’%ﬁ % tgisﬁréang T et iéa ‘of %Qt? rolyte
fluid ZQGH 3Q0@1s atléraatPdk Ghel 1ﬂ9ﬁ®a$a:9/eélﬁharelutlg¢1y tizh venductie enealior @pper tyersi t y
ol | shed %ﬁiﬁeﬁﬁmﬁﬂsrﬁw gg%? AR e BB o 0 TN Ta, or Tan
As the ?&0%gﬁm O];fhg\g%%{lﬁg pOfaSt euéleg:tro 3?6%1 %?no(/?sj l(ﬁst?négi %gié‘%ﬁ as shown

in Figs rren enS| w | reduce
and r eac0eand phisé aerlfcainlryovemtmsiomnfDVéllz pevends 4 ligh I@trrqf@nh!shlns Yfeead over the

full cro e area of I Lyt [ 00108]
Fi gs. %’% ﬁ ﬁér aré move&) aoéars]l %2%#.@%%&%% t?éngl?s?% t% e‘gaéé%o“h ﬁlggegqgr ocess.
As s hovvlpomnto p51ng“E 3R, Virte galishvc@pelhla tigech(332& cAtrthis in@O8@ative chmlgel 328¢%p on the

interf a%}l g%tt\llp\e 1n§:r%£efq#e¥\£e%11{ale#}oﬂ/t§%§ an® 1«9"1‘2[ e} :?zros' ayer 3005 because.

barrier I'cu ectrolyteflwd 3006 is

adj acent @9@@%}3&%@& 398% uk DGR ocagg%gaﬁwoaname Gl 0t he

surface ctr els tfench 3020 thereby
i ncr easielgrdlyte mowdsi ds&mnngL:r, tteaegitive <|=h@m ﬁngmdula@ thé fapa-pf barrier and

electrolyte will be discharged on the copper in trench 3220, which may cause a higher polishing
rate. The over polishing region width w, as shown in Fig. 32G, is proportional to the forward pulse

width and to the nozzle moving speed, i.e.,

w=cV @

Where ¢ is constant, V is the tangential speed or velocity of nozzle relative to wafer surface, and t;

is the forward pulse width (see Fig. 31).

[00116] Generally, a smaller w will reduce the recess depth d. In order to reduce w, a lower
velocity V and a short forward pulse width t; are preferred. In order to have a short forward pulse
width, exemplary methods may include either reducing the duty cycle (t;/to) or increasing pulse

frequency. For example, the duty cycle can be in the range of 20% to 80%, preferably 50%. The
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Fig. 30B. [00109] Wth reference to Figs. 30C and 30D, as electrolyte fluid
3006 continues to nove over the second trench 3022, the negative surface

charge 3080 o3sss3ecluced further, causing the polishing ratreTarsoyrgncth 3024
to be lower than that on trench 3022, and the polishing rate on trench 3022

is lower than that on tre 20 0_on. 0 e .changes .in current
densi t yIeRHEY 581 %‘Hitlffda?gﬁtog?mto é@@}%ﬁﬁ%@bgé%ﬁ &QP?&“W?%‘“F@ erence
to Fi g.ra8@kf 10esause o0t hen/sbanefemblysopaini/shi ng rate the copper recess of
the first trench 3020 is larger than that of the second trench 3022, and

the COPEN7] r E6Sampld, Byabsiagiony =t 500mah/sa0) 21 duty dyalegei0%d, hait, =R E-6f t he
third trenc and so.on he copper recess may cause conductance

f 1 uct ualeFYK: 2'3W@ént88‘b‘889nql?’;ﬁ§nand degrade the performance of the final
device. [00110] In one e an enmplary el ectropolishing method is
descri bed using pUI"séxéséggﬁﬁ'gr“nﬁf‘i ngxng r?%‘ntcﬁg'ﬁfné%%% to mninize the

polishing rate differences over trenches and reduce or prevent copper

recess.g)hn ong.e aggl e, the r.ﬁll ationship of polishing rate uniformty on

t r enche®/here 3y s duthe Dl apigionymasifid® f88%| e t angenti al noving speed are vari ed
to redu pper _recess.in an el.ectropolishi t,hod 03/.088316
pCT/ USOBPLIEET RS Prayintaly fiselossd maprowriatel Sapeaipa -as’%@ﬂ?‘%r o 31 e 2

pul se wefjmise bmilfepfationcueleatiiomepnpplizh cangbe uset ih dok. exdiygarganetifods, suchegh &K of A to
Bis the forward pul.se, and waveformregiaqn of. Cto D.is,th v e

pul se. RAVY §uﬁpheﬁpaﬂglﬁ/§/|a&e %"&*i%%*ﬂ?‘éﬁ ?rﬁﬁ%ogﬁrgm?f N A }éganpcqtﬁrgg{h\%/ol t age.
to i s therftd xewecpeletindyte 1§08iaad biryiertth poditivemngpepstid sideom A to E. The forward
pulse width is t1l and the reverse pulse wdth is t2. The duty cycle in

per cent pYE19]s Alihbigh.thd S@hpajy nketigsl. for32ducingmogruni$dfity bhdrsducatgaecass lexenpl ary

o oct OBl e BF A0 LA MR GO SRBYELRMAL, S pkboyf 0. 524
wavef or tothese altillgbiin rite dttAhat varinals mollifiagyend/dnd changes ingpsberradde ovithodidepantingr f ace

bet ween_el ct.roléte fluid 3206 and the surface of the wafer is filled with
negat | vEORAS §EYF80. [00113] Fig. 32B illustrates the electrolyte fluid
oul se wiDLE? FP L6 Bednedi @Ry by fied QIANA o AL AR ERER RS0 To.
poi nt f " Byt'intended td tedinitng i eillhe lapmrang i these alitledvio theagdhayaumerpes el ect r ol Kt e
interfa : - shown
o F g TRl g oo SRR ARSI oPAS ok IR Sl b BT S8 ameR, et o
at t he ihetvariduapechetsauerbetusel atagk at ingeinyinptiagtio emdecieyivempmrasiurisg agbpper

| ayer | h I A I yer
5205, [ BEPITREC ALESn AP P GelIhBhbok oA EOPIEMA PR B VCC
di st anc ke liRitecryobsdeseription herein.

i
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3220 and pul se waveform noves to point "D, " V2 prevents a high rate of
polishing. Wien electrolyte fluid 3206 has noved partially over first
copper trwoob/o8B320 t he waveform noves to point to point PET/USasd4y7 1 to
polish copper in trench 3220. At this time, negative charge 3280 is

buil ding up on the interface bet weenAﬁllﬁlsctrol yte 3206 and barrier |ayer
3205. [00115] Fig. 32F shows that &L pul se wavef orm noves to point "F,"
and thq shLeahdPhr cl@trepihii athictal TB¥ESH dHeficdR@R0: Struchiehavingatdessed hmnge 3280
bui l dup on the interface of barrier and electrolyte will be discharged on
t he coppe®ndinentrecesfehresing COPPISE: may cause a hi gher polishing rate. The
over poli Shieﬁ&tr&;ﬁﬁtin%’%viﬁﬁxﬁé frsi¥urré dshi@yFankdbdforg thedR<l ldysr ipplaporbévenal to the
forward pulse wdth and to the nozzle noving speed, i.e., w=c¢c Vtl (1)
Wiere c i tcessetegipes ofy first densiey: edthgent i al speed or vel ocity of nozzle

relative to q&af &l iaeta seddid chrlent UshstiRngdfwnihd niztil Bigerd pladar fieethl g.
31). [00116] GCenerally, a smaller ww Il reduce th%?[gegess d%F)th d. In

order to resehsedregionsWhesginthe sgeond pyrpapt fonggy ersaterBen the SELEPFE et e widih t1
are preferred. In order to have a short forward pul se wdth, exenplary

met hods may include either reducing the duty cycl Eﬁé’t llotﬁ}épr 2l nee easi ng
pul se 2% r dhemathgd offedrimdy whespia theififgt Cpigny dAS Y @D PHECYY: Taile’ of 20%to
80% pref erably 108 sebhifil eV ERR) RR831E BetRed BB’ 14d 70 mAreduency can be
in the range of 100 kHz to 100 MHz, preferably 3 MHz. Velocity can be in
the range of 100 mmisec to 2000 mi sec, preferably 500 nmm sec. [00117] For
exanmpl &5 Bye 5iBSE bf WhilnNg wiercin 2RO rdPHLHAE Kithiankk filsdprrentdblity BMS6 is amded 1= 0. 2
E-6 second (2.5 MHz) into equation (1), then w = cx500x0. 2E-6= ¢x0.1 X
10" 6 nmec R0t at 2 aenstaBrCUrgHEBIy s in the 0. 1-mi cron nagnitude range. [00118]
As previously disclosed in provisional application U S. Serial No.

60/ 092, 316, a variety of pulse or alterpnatjve current/power supplies can
be usedti Ahe methes ehgdriay ly Wherek §ipstronlaiing Wi me’('flﬁgrs“ e e Y e lstcglggangl e wave
pover supRlat aRincfRMnOdunRht deys@. of power supply which can charge the
interface between electrolyte 1008 and barrier to positive and negative
side. [00119] Although the exenplary nmethod for reducing non-uniformty and
reduci ng regastholdBclaikert WheemGhd fasitumbrt dedsits fretdhses tinaxelyt ai n enbodi nent s,
exanpl es, and applications, it will be apparent to those skilled in the
art that various nodifications and changes may be made w t hout departing
fromthg iThseRito@RS clhid M ABkreihiie: fabvaetdemity @dredes aon-ltdadyy i s provided to
illustrate exenplary enbodi nents and is

7. The method of claim 1, wherein electroplating within the first current density range includes

decreasing the current density.

8. The method of claim 1, wherein electroplating within the second current density range is

carried out at a constant current density.

9. The method of claim 1, wherein electroplating within the second current density range is

carried out at an increasing current density.
10. The method of claim 9, wherein the second current density increases non-linearly.

11. The method of claim 1, wherein electroplating within the second current density range is

carried out at a decreasing current density.
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not intended to be limting. It wll be apparent to those skilled in the
art that nunerous nodifications and variations wthin the scope of the
present iWOeaW8s3m are possi ble. For exanple, the variousPpraseysas’ may be
used alone or in conmbination to inprove device manufacturing and

performance. Accordingly, the present inventi i s.defjned by the appended
cl ai s 13ndhespghodriiskn 1b%he|r‘?lmh€’é%fe?§§’/§ Eeﬁ@n%‘g{lfél%?‘&’i’sb% “’t%@rg%feﬁ‘?s Vi ‘@Vi

03/ 088316;RGISAd/033 4ol05 midkaNs Wi Spacife mehdradsd «f10.005 edl.§ mjpkasiang a met al

| ayer on a sem conductor structure having.recesse eqi pns. and

non- r ecessed IMEGTEFHE Wik SHBRMYSHECIE F’%Vdrfgr "giﬁea efe"ﬁeﬁn %05 ﬁ'%fnfgmﬁr?nss £%ur r ent
density r%gﬁgmﬁgfag & h1e5 s micamer is pl anar above recessed regions of a
first density; and eFectropI ating within a second current density range

after the netal layer is planar above the recessed regions, wherein the

second BURHLEREhSPHESainS 20K IRAM €he bhida laydigs ledusblatzt abw@atheiregigs of @e filhe met hod

of claiml, wherein the first cur*;ent densi t rg.n 3 igybe{lween 0.5 mNcnR
and 5 mAdensity uigh ghermgial dayeroin plapas 2oy dhed esigns ) the Hg “SEY58¢ ween 5 mA/ cn? and

30 MV cn. ZjechbflatifRidieth @fiof bitdettnd demtis ikl theah@gltiayepis alahargbaviettlie n t he
first current density range is cgtrricglg out al}t a &?nstan% current. density.
4. The metsgind o5firss fersity and thgegien of sepad APRSEY-atHerR Be 1818 of R8O FLYY &ir r ent
density r%;&q@r{h%ﬁlagggi&@fﬁguaenaﬁy_an i ncreasing current density. 5. The

met hod of claim4, wherein the first current density increases linearly. 6.

The nethod of claim4, wherein the first current density increases

Pon' | npary metglod dh@aieBeRkgh aflfér@lierﬁl&al la\l}/ﬁﬂi’s@iaﬁarelbﬁs&tﬂﬁd]pgiaﬂi ofisgcontit hi n t he
irst current density, range includes ecreasj.ng t current nsity. 8.
The net hodewsity é‘ll‘h‘ihﬁfe_g}on\faﬁg’fsb‘ilet‘i“@l’ ¢t 3P ?tﬁghwg“t“ﬁ.eﬁ dpgy ree%%rngancﬁﬁ% r ent
density rng8d birenf@ntityed out at a constant current density. 9. The nethod
of claim1, wherein electroplating within the second current density range
is carried out at an increasing current density. 10. The nethod of claim

9, wher §f rrpk hRSe 6PAsintY Whelein tleRGhIy e Releeastaedith dneletrolyte flull . The

met hod of claim1, wherein el ect ro(#)llﬁatli ng within the second current density
range is iedyding agerleraen PPRESPE AT ¥ Current density. 23 WD 03/ 088316

PCT/ US03/ 11417

16. The method of claim 15, wherein the accelerator concentration is between 1.5 and 2.5 ml/liter,
the suppressor concentration is between 7 and 9 ml/liter, and the leveler concentration is

between 1.25 and 1.75 ml/liter.

17. The method of claim 1, further including controlling the grain size of the metal layer with
additives in the electrolyte fluid.

18. The method of claim 17, wherein the additives include at least one of a brightener, accelerator,

suppressor, and leveler

19. The method of claim 1, further including rotating the semiconductor structure with a chuck at a

rotation speed of 50-200 rpm.

20. The method of claim 1, further including rotating the semiconductor structure with a chuck at a

rotation speed of 125 rpm.

21. A method for electropolishing a metal layer on a semiconductor structure, comprising:
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12. The method of claim1l, wherein the recessed regions of a first density
i nclude recesses with a size between 0.035 to 0.5 mcrons and spacing in

t he rangewofo308€38%% to 0.5 microns, and a | arge recess wi t rCa/usosrmgs17
structure having a size between 0.05 and 2.0 microns and spacing in the
range 0.05 and 2.0 mcrons. 13, The nethod of .claim 12 rei.n the netal

|l ayer is el élckenslighege Befahiayef f?ém?‘g‘@‘iebf?gesﬁefd r?g’i%nsﬂj?}é(fn'fec \é\ér%gi B Unti | the
net al | ay@herbi 1 ARANay3P0 ¥Rctidpelishe@ionitRight lesshimnftha Ivightiefitss nop;reasmd

el ectropl ating over a region qf sg@gﬁd d nsigy until the netal layer is

pl anar abEsgenspad the agi-gsRESeRd regipnsn §‘ih[“§‘ A D He W egi on of second density,
wher ei n t he [£86ViRNt0asteqRANE ofl 88 Shidymask laygTsect that thehright dfeherragaldayenf fir st
density. 14. The nethod of claim 13, ﬁgerein after the netal layer is

pl anar ~ abafhe pen-reessped feeitns S SBRENIY Ry and the region of first density,
el ectroplating at a third current density greater than the second current
density. 15. The nethod_ of cl ai rp ayer i s

) . 1, whergin the tal.l
el ect r opt Zherefipd of dmal Svherelt g %aP?rﬂP’HOﬁI‘%l&qr{]ﬁ'F%gayﬁﬁlsé% 23fr at or
suppressor, and leveler. 16. The nmethod of claim 15, wherein the
accel erator concentration is bet n 1.5 and. 2.5 m/|iter. . the suppressor
concentPBatlhorethed pltlgimeh, "Yheé‘ﬂ‘&iﬁ’@\ﬁ%ﬁ/“llﬁ%lf EW?“ fr?gn‘%hoé’eﬁ ae‘é}%lf%tfrlc ®hcentration is
between 1.25 and 1.75 m/liter. 17. The method of claim1, further
including controlling the grai ize of the al |layer.,with jtives in
the el e¥t lbe jpetod piglgm ?igwhem%&ﬁgf"ﬁaw@%ayg | ‘%ﬁqﬁei%“{}\%%%?yﬁr %“ﬁégg%i tives
i ncl ude a%toh@%@f‘. one of a brightener, accelerator, suppressor, and |leveler
19. The nmethod of claim1, further including rotating the sem conduct or

structure with a chuck at a rotation speed of 50-200 rpm 20. The net hod

of cl ai 98 Ihe fidfHbl8F clhiRCHUEhdIEn fRtnaddl Myert i lectmpblshaitu e heightstbstrmtiallye wi th a
chuck at a rotation speed of }‘éf‘S rp{;n 211(.1 A nethod for el ectropolishing a
metal | ay@lengnvith ©e Ak sorigrar dieluded b ypEk 1B8hpri sing: 24 WD 03/ 088316

PCT/ US03/ 11417 el ectropolishing a netal |ayer formed over recessed regions

d - d ions, in the nmetal | i. I I.shed t
el gt Feddemd PR HERGNTOR e B e dveliicopiif fES bRpy e fo @

non- r eces Seidctvag k@i daitFicialiRyé tikartt aessopl 1agee inpludeidn thednd gk Byerl east a
portion of the hard mask | ayer such that the height of the netal |ayer and
t he non-recessed regions are substantially planar.

27. The method of claim 21, further including planarizing the metal layer formed over the

semiconductor structure prior to electropolishing.

28. The method of claim 27, wherein the metal layer is planarized by a chemical mechanical

polishing process.

29. The method of claim 21, wherein the semiconductor structure includes dummy structures

formed in the recessed regions to increase the planarity of the formed metal layer.
30. The method of claim 21, wherein the non-recessed regions are etched.

31. The method of claim 21, wherein the height of the metal layer is electropolished to a height
between 200 A and 1000 A less than the height of the non-recessed regions of the structure.

32. The method of claim 21, wherein the height of the metal layer is electropolished to a height of
. 500 A less than the height of the non-recessed regions of the structure.
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22. The nethod of claim 21, wherein only a portion of the hard mask | ayer
is renoved. 23. The nethod of claim2l, wherein the hard mask | ayer is
formed owwso 0a/08k3ed ectric | ayer. 24. The method of clai m 2PCTises/ei4m7 t he
hard mask | ayer includes a sacrificial |layer and an etch stop |ayer. 25.
The nethod of claim 24, wherein the netal layer is electropolished to a

hei ght substantially planar with the etch stop layer included in the mask
| ayer. 28. ThehretigitdTorimD 1, elhaeln tRbnonwhesed Redidie ofthe sttuctued @moVedyistludes r enoved
with an etch.h?vi n%da h{' g%erl selectivity for the sacrificial l|ayer than
the etch staoper(ay PACILHBY' YA t he hard mask layer. 27. The method of
claim 21, further including planarizing the netal |ayer forned over the

sem condyctor structure prior.to,electropolishin 28. The . nmethod. of claim
37 wherts H b i 2 athStet g HER )RR B iBarecien Miiene oy B

pol i shi ng groressnot2Bhedhigenrehiagd of claim 21, wherein the sem conductor
structure includes dumy structures forned in the recessed regions to
increase the planarity of the formed nmetal |ayer. 30. The nethod of claim
21, whenei Thedhehdiostcla@t 2K $@ther @eluding dapositied € pdginerdyer dMeetharictabtyafand| ai m
21, whereip the hei%gt .Of t@g netal layer is electropolished to a height
bet ween 208 ROLIFEESIHTEEASIPEEE STYFRRSt he hei ght of the non-recessed regi ons
of the structure. 32. The nethod of claim 21, wherein the height of the
metal |gyer,is electro i.shed. to.a height of. 500 | ess 1 han t.he hej ght of
the non FelutsZufpdlslahal sitena SuPediortte £ SaRirs BurbiaAnr R has §1a17
33. The nethbach-ktessddatgioR bf thalicaire t he non-recessed regions of the
structure renoved include a barrier layer and an etch stop |ayer. 34. The
met hod of claim 21, wherein a dielectric layer included in the non-recessed
r egi ons 30f Thdgeth&l ofeliind 6€ furthenintluding hedingasacoat ednictgdud&: stridtere iretuding of
claim 21, further .includi ng depositin I mer | ayer over the netal |ayer
and the nBh®% 58%%’5&“&8‘67%?%53@#@%5og?rglffgcﬁﬂ%‘(cg,w " The nethod of claim 21,
further including depositing a dielectric |layer over the netal |ayer and

t he non-&eges eﬂ reigi ans oft 1tslhe st gugt.gor g.c 37Sr ;I'tlfllrg et r}solgl .of claim 36,
furt her SPneHCA O BIHPHY R A 2 ST LS RATSHEFEr PHRYYPE i nel udi ng
recessed regietasodatihgaaeial hgasaadenhegidunsr gweturd with aliedceayeiflmid; ayer. 38. A

method for formng a petal |ayer on.a.seniconductor. stryctuyre. conprising:
el ectropl at i A5 aac[gﬁivﬁsytgrc o%trr?ri 3 el §ESh ﬁé’fega??ag?rrnﬁc o reé“"a?(tﬁ rqu%haq}a
el ectrol yt e felegirgijolishing the metal layer before such time that the grain size increases to one micron.

39. The method of claim 38, wherein the metal layer is plated with a grain size of less than 200 A.
40. The method of claim 38, wherein the additive includes a brightener.

41. The method of claim 38, wherein the additive includes an gccelerator.

42. The method of claim 41, wherein the accelerator is between 1.5 ml/liter and 2.5 mV/liter.

43. The method of claim 38, wherein the additive includes a suppressor.

44. The method of claim 43, wherein the suppressor is between 7 ml/liter and 9 ml/liter.

45. The method of claim 38, wherein the additive includes a leveler.
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introducing additives to control a grain size of the netal layer in the
electrolyte fluid; and electropolishing the netal |ayer before such tine

t hat the yoaBmossiee | ncreases to one mcron. 39. The net hedTafSoxiaiim 38,
wherein the netal Iayer is pI ated with a grain size of less than 200 A

40. The hod  of aln th dd| cl i ghtener. 41.
The met ﬁ%‘é‘&%fn ETPQ V\P{Q‘?f‘élf‘ e %Vgle&?g’ Ebg Alpfe%nlaglﬁ%a@élg% Terator. 42.
The net hod of cl ai m41 wherein the accel erator is between 1.5 m/liter and
2.5 m/ljter The f in th Iudesa
suppr esy ﬁ‘ ﬂfthogﬁg"l'ﬁﬁ’tﬁe Hﬂ%r?m%f aﬁﬁﬂﬁ%}ﬁmslfs\/\ges\r,\gﬁﬁs(% Beotd E’rlgé}glgeg’g¥&}e§£ &t ween 7
m/liter aﬁpbr&sm drdiatlereler. 45. The met hod of claim 38, wherein the additi ve
i ncludes a leveler. 26 WD 03/088316 PCT/US03/11417 46. The nethod of claim
45, wherein the leveler is between 1.25 m/liter and 1.75 m/liter. 47. The
met hod of. The@ictAod Bf cluiedsefunthérincladhel etlécmepcilishihgldlemem layerawhereine tiok a

brightener, acceleratar, s r 0 and 4 of

cl ai m 38, qemef‘?@lfmfoﬁ%” nlqﬁveg?@’c?? ?‘Shé%fl? ?ﬁﬁaﬂlay?ﬁ c{e%rrf"n Fo furtaw“\/I\}&lefr)tge In a
time Dbetvegnsied efh¢ aghidijeng and el ectropolishing the rret aI | ayer is
determned to further control the grain size of the netal |ayer. 49. The
nmet hod of claim 38, further including electropolishing the netal |ayer

Wi thin 29 Teulehodlof claines, fnihbeindlitng Sétroféishing the attad fayed ithin ZBhoufsinft her

i ncl udi ngaeﬁl ectro oI ishing the netal layer within 5 hours of

el ectropl A nmethod for formng a netal |layer on a sem conductor
structure, corrprl SI ng: electroplati ng a metal layer on a sem conductor
structur eIe ooljs t he ta r.on.the co ructure
after elsgcjf iﬂ rei.‘fld}q@ ec“gﬁalsgmﬁglglr?eﬁ%? rWIBl I%Jg{’q‘{ a(?}[ter after
it has beeeneo&blﬂeﬁrrgopol i shed, wher ei n the annealing incr eases a grain size
of the netal |ayer. 52. The nethod of claimb51, further including chem cal
mechani cal polishing the nmetal |ayer after electroplating and before

el ect r opol A siethog fdrtfermime) axhethldyer on HEmictnduaetshaturefcompading: 52, wherein the
chem cal mechan anariz the netal layer. 54. The nethod
of claim 51, @ﬁ Zﬁtlﬂg?ﬁlga%ileglogfi mlcor}dﬁ%s:tf’rs 9" Sopper. 55. The met hod of
claimb1, MereardpohMgmlaétalllweOn ihe squiiednddctorstractwre bfitr ebetoplitmgde | ess t han
1500 Ain tthl cknesg

layer; an
annealing the metal layer after it has been electropolished, wherein the annealing increases

a grain size of the metal layer.

52. The method of claim 51, further including chemical mechanical polishing the metal layer after

electroplating and before electropolishing the metal layer.
53. The method of claim 52, wherein the chemical mechanical polishing planarizes the metal layer.
54. The method of claim 51, wherein the metal layer includes copper.

55. The method of claim 51, wherein the metal layer is plated on a metal seed layer less than 1500

A in thickness.

56. The method of claim 51, wherein the metal layer is plated on a 100 A thick metal seed layer.
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56. The nethod of claim51, wherein the netal layer is plated on a 100 A
thick nmetal seed |ayer. 27 WO 03/088316 PCT/US03/11417 57. The nethod of
cl ai m 51, watvatessms t he anneal i ng i ncl udes heating the netalpCirases/imit h an
infrared source. 58. The nethod of claimb51, wherein the annealing includes

heating the netal |ayer with an oven. 59. The nethod of. cl ai 1, wherein
t he an%éaTh%@etthﬂfﬁH@%Shé@ﬂeHﬂh? ﬁ@ea’é‘ﬁéﬂd‘}dg F‘t“ﬁetp gﬁhﬂféwn algnd 300 C.
60. The npEhQEQficec! @i m 51, wherein the annealing includes heating the
netal |ayer at approximately 150 C. 61. The nethod of claim51, wherein a
time between electroplating and el ectropolishing is determned to control

the grainTed A&L&S oflchhfn FE vlerdiBifi€ inneflihg iddiRlesBdatinrkhofeial Jayenwéh an wiwar ei n t he
time is less than 20 hours. 63. The nmethod of claim61l, wherein the tine

is less than 5 hours. 64. The nethod of claim®6l, wherein the tine is

det er mggegnd QeAVSE Bl 5 Riwhesdiz@e Snehiapindiirahckfiithe wemhlapdréetveopfldi shi ng.
65 he nethod of claim6l, wherein the tine is determned to have a grain

size of | ¥8d345C500A when el ectropol i shing. 66. The method of claim 61,
wherein the tine is determned to have a grain size of |ess than 1000A

when el ectropolishing. 67. A nethod for. el ecirapolishj a petal |ayer on a
seni corf@udhemethed eficlaim § hygrhessinghe amt??‘flh%d{“ief‘ﬁfgs eagggtbgmeg?gg?rggfr olyte fluid
to a netal,JaygheQns@ecem conductor wafer; noving the stream of

electrolyte fluid and the wafer relative to each other; and applying an
alternating forward and reverse vol tage between the nozzle and the netal

layer, ¢WREL RBkfBodof didis (51 WiRGHh k tide bitsedibdietrbgibtigand tlardpolishimgds and rever se
vol tage when the streamof  electrolyte fluid is adjacent an interface

bet ween tﬁ@te%@e&ltoFW@‘rthﬁgraH‘Sﬁer"ghec%ﬁ’gli‘é”f“rvi ty and a material of second
conductivity, and 28 WD 03/ 088316 PCT/US03/11417 the first conductivity is
different than the second conductj vi.t he met hod of claim®67, further

: ty. 68.
i ncl udi #%g The gethed af dlgimfd; vhesin tt%@éﬁ%fsﬁga“fzg d and reverse voltage when
the streamof electrolyte fluid is over the netal [|ayer.

63. The method of claim 61, wherein the time is less than 5 hours.

64. The method of claim 61, wherein the time is determined to have a grain size of less than 100A

when electropolishing.

65. The method of claim 61, wherein the time is determined to have a grain size of less than 500A

when electropolishing.

66. The method of claim 61, wherein the time is determined to have a grain size of less than 1000A

when electropolishing.

67. A method for electropolishing a metal layer on a semiconductor wafer, comprising:
directing a stream of electrolyte fluid to a metal layer on a semiconductor wafer;
moving the stream of electrolyte fluid and the wafer relative to each other; and
applying an alternating forward and reverse voltage between the nozzle and the metal layer,
wherein
a first transition is made between the forward and reverse voltage when the stream of
electrolyte fluid is adjacent an interface between the metal layer of a first conductivity and a

material of second conductivity, and
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69. The nethod of claim68, wherein the first transition and second
transition reduce overpolishing of the netal |ayer. 70. The nethod of

cl ai m 67, watvatessms t he material of second conductivity is &Cvarsed/ers1t ayer .
71. The nethod of claim&67, wherein the netal |ayer includes copper and the

material of secpn conductivity is.a parrier | r.. 72. The method of

cl ai m 67, wheré %gr%cé’n‘?‘fcﬁ%'%y 1581'%&?? EW%Seicgndg’gcrogg%gﬂrﬂb% han the second
cogductivity. I73. The nethod of claim67, wherein the alternating forward
and rev vol t IS sed .at fre NCY,. | he range of 100 kHz and
100w o the o E B S e & SRR T e RIS 1S anc
reverse vololtagenvties trutrétofdlecaolyferfriflicoey tlefmeppayerxi mately 3 MHz. 75. The
nmet hod of claim 67, wherein the forward voltage pul se duration is between a
range of 20 and 80 percent of the reverse voltage pul se. 76. The met hod of
cl ai m 6¢9. THeenetiod of biginf 68, watdinuid firgigeangitibrsad decoad iramnitios redpe@rayripnishagy 50
percent of the rgxerse vol tage pulse. 77. The nethod of claim 67, wherein

the rel atiSEVRIYEEY of the wafer and the stream of electrolyte fluid is
bet ween 100 m sec and 2,000 nm sec. 78. The nethod of claim67, wherein

e et 3 e S int, WGt Ehadid of RErd LRI i) BEHE LS Ui T

appr oxi

71. The method of claim 67, wherein the metal layer includes copper and the material of second

conductivity is a barrier layer.
72. The method of claim 67, wherein the first conductivity is greater than the second conductivity.

73. The method of claim 67, wherein the alternating forward and reverse voltage is pulsed at a

frequency in the range of 100 kHz and 100 MHz.

74. The method of claim 67, wherein the alternating forward and reverse voltage is pulsed at a

frequency of approximately 3 MHz.

75. The method of claim 67, wherein the forward voltage pulse duration is between a range of 20

and 80 percent of the reverse voltage pulse.

76. The method of claim 67, wherein the forward voltage pulse duration is approximately 50

percent of the reverse voltage pulse.

77. The method of claim 67, wherein the relative velocity of the wafer and the stream of electrolyte

fluid is between 100 mm/sec and 2,000 mm/sec.

78. The method of claim 67, wherein the relative velocity of the wafer and the stream of electrolyte

fluid is approximately 500 mm/sec.
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