WD 03/ 019641 PCT/ US02/ 26309 1 DUMW STRUCTURES TO REDUCE METAL RECESS | N
ELECTROPOLI SHI NG PROCESS CROSS- REFERENCE TO RELATED APPLI CATI ONS The
present applidoaieepn clainms priority of an earlier filed proTisozeaho
application U S. Serial No. 60/314,617, entitled METHOD FOR ADDI NG DUMWY
STRUCTURES TO REDUCE COPPER RECESS I N ELECTROPOLI SHI NG PROCESS, filed on
August 23, 2001, the entire content of which is incorporated herein by
reference. BACKGROUND 1. Field This invention relates generally to form ng

structures on senj , r i dunmmy
structures for m%m@mm %35@%15%@ mﬂ%ﬁ:bésg% t he Rel ated
Art Sem conductor devices g dEPRRGPILIMEAN® PRIGERKSat ed on sem conduct or
waf ers using a nunber of different processing steps to create transistor

and interconnection elenents. To electrically connect transistor term nals

associated wth the ' r ' , metal)
trenches, vias, and ?ﬁ@g&%%g@m&%ﬁﬁﬁ@%en als as part of
t he sem conduct or device. The trenches and vias couple electrical signals

and power between transistors, internal circuit of the senm conductor
devi ces, and ci r difietpsesext apphgationeslaime pyertycdna setlist fileflavrpyisiondln forming t he

| nt er connectgn. & A TPAL e RSB EARAL Eh e BRI o AR, for examle,

maski ng, etching, and deposition procésses to form the esired electronic

circuitry ofDUNMYSTRIOOUURES TORBEDISSE COPAER RECHSSIIN nul ti pl e
ELECTROPOLISHING PROCESS, filed on August 23, 2001, the entire content

of which is incorporated herein by reference.

BACKGROUND
1. Field
This invention relates generally to forming structures on semiconductor
wafers, and more particularly to dummy structures formed on semiconductor

wafers.
2. Description of the Related Art

Semiconductor devices are manufactured or fabricated on semiconductor
wafers using a number of different processing steps to create transistor and
interconnection elements. To electrically connect transistor terminals associated
with the semiconductor wafer, conductive (e.g., metal) trenches, vias, 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.

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



WO 03/ 019641 PCT/ US02/ 26309 2 masking and etching steps can be perforned
to forma pattern of recessed areas in a dielectric |ayer on a

sem conduwDas/owfier that serve as trenches and vias for tIRET/US02/26309

i nt erconnections. A deposition procesg may 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 sem conductor
wafer. To isolate the interconnections, such as patterned trenches and
vias, the netal deposited on the non-régegﬁgq areas of the sem.conductor

waf er is romskiag anq?/gtpbmgd&e@ésm REUPBH AL IR ARASELY TEPEEE B (he _
di el ectric ak@%{%&%&%gé&%%%@%%ﬁeﬂ@t%Erv@%é‘tr@ﬁ‘chre?m%ds fsitiRg cheni cal

mechani cal a slurry and a polishing pad are
used to phygbreahdestie@Ioy depdstionyroass hay dren beerfermed togleppst avaetal | ayer

using CWP, dummy structures may he sed. to hance, the structural strength
of the net dvyer ayestheepBendagtor Wa%ﬁéo H’é’&é‘é E%?aﬁ %861(3132},16 {}lﬂ?‘%ﬁs %ﬁeﬁgsst ructurally
weaker than i he, gEt@l ; Ja%eEsAERAR ARk fib HRIUBER waraC qoseslaariras. However,
because these structures are added for the purpose of adding structural

strength, tileyponteetionk eathoas|pattemed renches ek wids, shamstabdenosited ehsi t i ng t he

netal |ayer in the recessed areas., BRI EF. SU THE | NVENTION I n one
exenpl ary AWBBEGeREdreas o g}ﬁs@%‘fﬁ?@c‘ Pr\ggﬁehgyéﬂrﬁ@?d?; udes a dielectric

| ayer with recessed areas and non-recessed areas, a netal |layer formed on
the sem conductor structure that fills the recessed areas and. is
el ect ropol i shed Métabdepositedrmovihe seeeesesscd pieas of He AilertinRIFBHA ct i on 1 nes,

and a pluralit f du st - 7! R8N voagessed areas of
the diel ectSFint‘:%Pg'ffé?r.w ¢t ogeﬁéh}%gg(g%%ﬁée}%%elﬁéﬁcﬁ%mnt, pg rrelf%%od i s provided
for form ng«gMpspm wRiHdehery sidusdlishieg pdt erensed@opliyschliyeandveitid ng a
dielectric layer with recessed anc{ non-.re%ﬁﬁe areas on a segi conduct or
waf er, for mlﬁgl lmﬁn removing the metal layer using , dummy structures may be

used to enhance the structural strength of the metal layer deposited in the recessed
areas, which are structurally weaker than the metal layer deposited on the non-
recessed areas. However, because these structures are added for the purpose of
adding structural strength, they are added only to the recessed areas before

depositing the metal layer in the recessed areas.
BRIEF SUMMARY OF THE INVENTION

In one exemplary embodiment, a semiconductor structure includes a
dielectric layer with recessed areas and non-recessed areas, a metal layer formed
on the semiconductor structure that fills the recessed areas and is electropolished
from the non-recessed areas to form interconnection lines, and a plurality of

dummy structures formed in the non-recessed areas of the dielectric layer.

According to another embodiment, a method is provided for forming a
semiconductor structure. The method includes forming a dielectric layer with
recessed and non-recessed areas on a semiconductor wafer, forming dummy

structures in the non-recessed areas, forming a metal layer to cover the dielectric



structures in the non-recessed areas, formng a netal |ayer to cover the
dielectric WD 03/019641 PCT/ US02/ 26309 3 layer and the dummy structures,
and el ectwopaloishi ng t he conductive |ayer to expose the mearurseressed
areas. BRI EF DESCRI PTION OF THE FI GURES The present invention can be best
understood by reference to the following detailed description taken in
conjunction with the acconpanying drawing figures, in which |ike parts may
be referred to by like nunerals: Fig. 1A and 1B illustrate a schematic and
cross-sectional view respectively _of exepql.ar sen&ac nd&mt of structures

i ncl udi ng tayengndsthe demmyestruciurgss andoleciiposEIng %ﬁﬂ’? 1{"@"3 PFo¥s- section view
and a top view r.espect] f an exenpl ary el ectropolishing apparatus and
sem conduct%l?os\%lfee@?k H:e\égéé/?ﬁ%f hrough 3D illustrate an exenplary

el ectropolishing process of a sem conductor device; Figs. 4A and 4B
illustrate an exenplary_trench an truc spectively of a

sem conduct or device aﬁ&EFM%égi??gW(?E%f gﬁ{;@&‘g P Fig. 5yi | lustrates
an exenplary flow chart illustrating an exenplary damascene process; Fig.
6 illustrates a schematic view of exenplary dummy structures | ocated

adj acent to a siThglpessetiténedntian sembe besti undasstoerbly referemego the follpWis ates a

schematic vje f exenpl ary du st.ructur.es_ | i mul tiple
e of & sfshdTeRErHEsTLE B arb LA e BB RS s

i || ustrat egy, G AEBRaHE maly DY rofr8d &Py Rky/meikral: structures | ocat ed
adjacent to lines on |owdensity areas of a sem conductor device;

Fig. 1A and 1B illustrate a schematic and cross-sectional view respectively

of exemplary semiconductor structures including dummy structures;

Figs. 2A and 2B illustrate a cross-section view and a top view respectively

of an exemplary electropolishing apparatus and semiconductor wafer;

Figs. 3A through 3D illustrate an exemplary electropolishing process of a

semiconductor device;

Figs. 4A and 4B illustrate an exemplary trench and dummy structure

respectively of a semiconductor device after an electropolishing process;

Fig. 5 illustrates an exemplary flow chart illustrating an exemplary

damascene process;

Fig. 6 illustrates a schematic view of exemplary dummy structures located

adjacent to a single die of a semiconductor device;

Fig. 7 illustrates a schematic view of exemplary dummy structures located

adjacent to multiple die of a semiconductor device;

\



Fig. 9 illustrates a schematic view of exenplary dummy structures | ocated
adj acent to lines on lowdensity areas of a sem conductor device; Figs. 10A
t hrough IwOm3iokdeust rate vi ews of exenplary |ine structure®Cafusaz/26309

sem conductor device that exhibit the4hunp effect and resulting recess near
the edges of the lines; Figs. 11 A through 11 Cillustrate views of
exenplary line and dumry structures of a sem conductor device; Fig. 12
illustrates a schematic view of exenplary dummy structures on a

sem conductor device; Fig. 13 illustrates a schematic view o xenpl ary
dummy struct ur e§iHR IHUSt@gﬁﬁiaciﬁh‘ém%ticoYleng’éeé‘?ﬁﬁy IRy FW‘%%“F? tcgtgga
schematic vi.ew PETRZNe (T HcdHi&hdftofdevi&M conduct or devi ce;
Fig. 15 illaggf?ngit%@&eg’r@éﬁg’n%g%ﬁ%ﬁeg%&g of eienpl a?y edum’ry structures on a
sem conductor device; Fig. 16 illustrates a schematic view of exenplary
dummy structures_on a sem conductor. device; and. Figs., 17A thr h 17AA
illustrate vari &g 9é¥8ﬁfﬂteéraj/50§ﬁﬁ§ﬁ%“sv?w eXePlREY dutﬁrérgﬁ stir%ctlflrg% ir}%cgtlé%ry

st ruct Ureéég&gﬁﬁﬁ% RAAUCHRLASRNY GREs o MR HhUAORE dREDS; US02/ 26309 5

DETAI LED I'n order to provide a nore thorough understandi ng of
the present invention, the follow ng description sets forth nunerous

specific details, sugch as Lfic materi Bl 8rs the like. It
shoul d be recogrﬁl%ggAﬁﬁﬁ%%ég&g111“‘?&?%"?1%“&’?5%??%?%{1?%s n%%r%taended as a
limtation Qnithaud6aRSiRfthithanbitehenimp i@ and esnltingtredess hqastiead provi ded

to enabl e a better description of the exenplary
edges of the lines;

Figs. 11A through 11C illustrate views of exemplary line and dummy

structures of a semiconductor device;

Fig. 12 illustrates a schematic view of exemplary dummy structures on a

semiconductor device;

Fig. 13 illustrates a schematic view of exemplary dummy structures on a

semiconductor device;

Fig. 14 illustrates a schematic view of exemplary dummy structures on a

semiconductor device;

Fig. 15 illustrates a schematic view of exemplary dummy structures on a

semiconductor device;

Fig. 16 illustrates a schematic view of exemplary dummy structures on a

semiconductor device; and

Figs. 17A through 17AA illustrate various exemplary shapes that can be

used to form dummy structures on semiconductor devices.



enbodi nents. Fig. IAillustrates a schematic view of an exenplary

sem conduct or structure according to one enbodi nent. The exenplary

sem conduwDaB/osteruct ure includes a dielectric |ayer w thpCcaaseyedoar eas
and non-recessed areas, dumy structéires forned in the non-recessed areas,
and netal fornmed in the non-recessed areas. Specifically, the exenplary
sem conduct or structure includes a dielectric |ayer 151 with recessed
areas 151r and non-recessed areas 151n. Recessed areas 151r have been
filled wwth a metal layer to forminterconnection |ines 140. Additionally,
dummy structures 130 have been added to the non-recessed area 151n

adj acent to the recessed arepyuifirEpPESCREPFHONEcCtion |ines 140. Dummy
structures 130 are, for exanple, inactive structures included in the

non-recessed areas 151n of dielectric layer 151 to reduce fluctuations in

the polishing rate.of a stream of . el .0l | Ui ting a nore
constant current fh ?fggstf’tp\}ovéﬂ%a Bbolr? %’ﬁf‘ﬁ%ﬁ H ggéégtgl\}%{rlg P ﬁgl%&ég%gged areas 151r
and i nt er copRBRtdnOthel foN@®ingitoripRed yers gt Mandrbucipeaific@eeils sutlhas pol i shi ng
rate can reduce, for exanple, netal recess within the recessed areas 151r
and resul t Bpecifismeatenals.maramsterscanddhnbles i bphquldiereagnizag, RAYyeStr uct ures 130

can al so beth%gﬂggfgc?ig?ig? iﬁ?&ixgé&feﬁsﬁ ﬁqlinﬂ'{aﬁﬁl @chﬂb &B}r)gbfaﬂhg‘f);ersérﬁ layer 151 to

i nfluence an el'ectro ing a el ectropo ing process. WO 03/019641
PCT/ US02/ 26 3R8ntidh, biit it hestcad pigmtidedtoshahle b bewerdiepiriptiod of theFixgmplbryh,  dunmy
structures are _configured adjacent to and surroundi ng the interconnection
lines 140 f &MBREMERLS- di el ectric | ayer 151. Dummy structures 130, however,
can be located in nunmerous |locations with respect to the interconnection
| ines 140 depending on the application, including between interconnection
lines 140, bet weEig. i Adilvitciesla schemitivoriciof an exkinelanyrsenricoafiestor and t he |i ke.
Further, t h(satn?c%ﬂg Ia cuorr 1tnlg ?c? bneS gnggocﬁr%ent. The exemplary semiconductor structure

includes a dielectric layer with recessed areas and non-recessed areas, dummy

structures formed in the non-recessed areas, and metal formed in the non-recessed

areas. Specifically, the exemplary semiconductor structure includes a dielectric

layer 151 with recessed areas 151r and non-recessed areas 151n. Recessed areas

151r have been filled with a metal layer to form interconnection lines 140.

Additionally, dummy structures 130 have been added to the non-recessed area

151n adjacent to the recessed areas 151r and interconnection lines 140.

Dummy structures 130 are, for example, inactive structures included in the
non-recessed areas 151n of dielectric layer 151 to reduce fluctuations in the
polishing rate of a stream of electrolyte fluid by creating a more constant current
density and polishing rate over the recessed areas 151r and interconnection lines
140. Reducing the fluctuations in the polishing rate can reduce, for example,
metal recess within the recessed areas 151r and result in more uniform
interconnection lines 140. Dummy structures 130 can also be added to the non-
recessed area 151n of dielectric layer 151 to influence an electroplating and

electropolishing process.



the density, spacing, shape, etc. of dummy structures 130 can be altered in
numer ous ways dependi ng on the particular application and particul ar

el ect r opowpoRiong4pr ocesses. Fig. 1B illustrates a cross-s@cmiusnzake3vd ew of
the sem conductor structure corresponding to line B-B of Fig. 1A In this
exenpl ary enbodi nent a patterned dielectric layer 151 is fornmed on the
surface of a sem conductor substrate |ayer 102. The patterned dielectric

| ayer 151 includes recessed areas 151r that define the trenches or lines
of the interconnections. Dielectric |aye so includes non-recessed

al
areas 151n t hat I@Q}e\/@emp}ﬁrbawcwrp&eplg@%éﬁl Elgt & (HPEYSEHENESEh 1ines. A
dummy str uct u 8ein fihea1 4bfbimé&d indi el ectric
| ayer 151.° ﬁ%%égdjk%nteg%@%u%ﬂgﬁﬁ%i %@B@%&%ﬁﬁn@d gver t he strulgture
i ncl udi ng diEgTedtric Edyeumlurlyuma@ samctutes tl RO, Howaves ests bellogatied sn MBIHOWHd

recessed areas 151r, Metal |a 104, v i S ol i shed back to
t he non-r edeestiens withzespsatio Sifd ﬁer(iqqﬁ?CtlﬁB?lgFS ﬁ[i({/%‘?pe %ﬂg %}sl tl\g/)\e,tpt hin the
recessed araﬁgﬁca:h%ﬁrm@lﬂglr% celihtdfcontidn Anas1 405 Bawren Ddiviuadt ruct ure 130

placed in t non-tecess rea 151n of dielectric | ayer 151 reduces
f | uct uat i onsmidontheopdibé eltnarvgifﬂaarel thé liks¢. Rurthsrythe cenfigugatiop, #cBat i ng  a nore

The- dr ol ectpr densityapanig Faye-56- ey SEhGMY Ta0 kI BEREERC 2l o ned

t hrough k”%e?&ﬁstﬁéﬁ'd@ﬁeﬂ&ﬁ%&dﬁw%uﬁi&uﬁs appleeoomatd paticyifrot ol i t hogr aphy,
m crol i thography, and the |i The dielectric |ayer 151 can be fornmed on

substrat e |cdgasmopalishingspragesaedy conventional deposition method, such as

chem cal vapor deposition, spin-on, or the like. It should be recognized
that dielectric layer 151 can also be fornmed on a previously formed | ayer.
The dielectric I® erB nmstrm@s a3fc@§@ﬁmm®wu8ﬂm/ezamﬁmdwmstruﬂ@re exanpl e,

silicon dioxide ( is ofte esj.red t ct..a die ctr c layer
mat eri al hamrngaldlwatna%&qf Fig. é&g[fléli% eX%PPl? Oé’F‘PS‘% 3tP6‘ e‘h | ow k/k"

dielectric layer 151 is formed on the surface of a semiconductor substrate 1ayer

102. The patterned dielectric layer 151 includes recessed areas 151r that define
the trenches or lines of the interconnections. Dielectric layer 151 also includes
non-recessed areas 151n that serve, in part, to isolate the interconnection lines. A
dummy structure 130 is formed in the non-recessed area 151n of dielectric layer
151. A metal layer 104 can then be formed over the structure, including dummy
structure 130 and both non-recessed areas 151n and recessed areas 151r. Metal
layer 104, however, is electropolished back to the non-recessed area 151n such
that metal layer 104 is within the recessed areas 151r and dummy structure 130 as
shown. Dummy structure 130 placed in the non-recessed area 151n of dielectric
layer 151 reduces fluctuations in the polishing rate of electrolyte fluid by creating

a more constant current density and polishing rate over the recessed areas 151r.

The dielectric layer 151 may be conventionally deposited and patterned
through known patterning methods such as photomasking, photolithography,
microlithography, and the like. The dielectric layer 151 can be formed on
substrate layer 102 using any conventional deposition method, such as chemical
vapor deposition, spin-on, or the like. It should be recognized that dielectric layer

151 can also be formed on a previously formed layer. The dielectric layer may



value material. Such low k materials include flourinated silicate gl ass,
pol yi m des, fluorinated polyi mdes, hybrid/conposites, siloxanes, organic
pol ynmers walophaje4C. F, Si-O C, paryl enes/fluorinated paryl @a#d]S02/26309

pol yt er af | uor oet hyl ene, nanoporous siFca, nanoporous organic, and the |ike.
In general, low k-materials (i.e., less than approximtely 3.0) provide
better electrical isolation between interconnection |lines by reducing
capaci tance coupling and "cross-tal k" between adjacent |ines. A barrier

| ayer 154 may be deposited gn the dielectric |ayer, by. apy.known nethod,
such as chdwi foarxamaplersiiropatioxide 1&@/ Is Weéé‘?c{Wa%%Fp%gﬁ%ﬁqci on (PVD),
atomc | ay Y é@% i SHFhrddtasthewlrr rier | ayer
covers theqééﬁeg%?ag&lﬁgpg‘g?%éﬁime ect%%séagﬂggftei ncl udi nsst he wal I s of

trenches andluevhasrialBauch bw k ayaterialGidclade fowrinatedyibeasnglapet al (e. g. ,
copper) fromdiffusing, into .the dielectric I:i\

. 151 af . th b t
met al Iayerpoiﬁmlﬁép%%qqqatﬂq,mbﬁwd% laybrid/compost %S%%xénesao}g[ jct N€ subsequen

I Nt O e dielectric

| ayer 151 t for ihfed gingleped,ri c | ayer 151. Barrier
TRAEs] 0B O20LCy Rt thorhled fus

| ayer 154 a suitable conductive materjal that is
resi stant tmlythafldororthylens, whoperous silog. rAnop@rons ergARiGnand; the {ike- Uiy t ungst en,

titaniumnitrid tantal u itrid t ungss:en:.mi % K . r er suitable
mat eri al . |§PE@HeC AT %8’3{51}5 (r(;]n%’, le%s:tp?rlx %jl’pg ?’Ee@gtreﬁ%%gj g%ﬁ“%eb egEn?t ted. For
exanpl e, i feledifi@l tHo®ltRa betveeenBhtefdodhectibn filiés byciedmdihy capasitatcant to the
diffusion of the netal |layer 104, or if_any diffusion of netal |ayer 104

will not adwapbes sndifaressttalkibetwssn pdiasfihiBSHf t he seni conductor devi ce,
barrier layer 154 nay be omtted. A seed layer is typically deposited, for
exanple, if netal layer 104 is subsequently electroplated over dielectric
| ayer 151. A seeg bhajetlayes 154 miagdkdgpasited bin thel diglestriofayeebppnyolmogivher

conductive material that netal |ayer . 04(?\‘?13 b% .el ectro({JI at.gd onto. WO
03/ 019641 Ragthpgueh gueigmigal vapor depost 1on ( ), physical vapor deposition

(PVD), atomic layer deposition (ALD), and the like, such that the barrier layer
covers the entire patterned dielectric layer including the walls of trenches and
vias. Barrier layer 154 serves to prevent metal (e.g., copper) from diffusing into
the dielectric layer 151 after the subsequent metal layer 104 deposition. Any
diffusion of metal into the dielectric layer 151 may degrade the performance of
the dielectric layer 151. Barrier layer 154 can be formed of a suitable conductive
material that is resistant to the diffusion of metal, such as titanium, tantalum,
tungsten, titanium-nitride, tantalum-nitride, tungsten-nitride, or other suitable
material. In some applications, barrier layer 154 can be omitted. For example, if
the dielectric material is sufficiently resistant to the diffusion of the metal layer
104, or if any diffusion of metal layer 104 will not adversely affect the

performance of the semiconductor device, barrier layer 154 may be omitted.

A seed layer is typically deposited, for example, if metal layer 104 is
subsequently electroplated over dielectric layer 151. A seed layer is typically a
thin layer of metal or other conductive material that metal layer 104 can be

electroplated onto.



Metal |ayer 104 is then deposited on the surface of the barrier |ayer 154,
or on the dielectric layer 151 if the barrier layer is not necessary.
Met al | aywp 030%9641may be deposited by, for exanple, PVD, C¥DI/UA0226309

el ectroplating, electroless plating,8or any other conveni ent nethod. Metal
| ayer 104 is, for exanple, copper or other suitable conductive material
such as copper, alum num nickel, chromum zinc, cadm um silver, gold,
rhodi um palladium platinum tin, lead, iron, indium and the |iKke.

Additionally, nmetal | ayer, 104 cap incl.ude an alloy.q n e
materials. The fM%Tablﬁy}%b{Qﬁleléﬁ? GPSﬂPeFHBﬁE%%Eéﬁﬁar?‘F%ﬁﬁe r)é%ygmlffgr%fl dunmy
structures &bﬁk A& HRe1a58P1 ﬂMFﬁmetHAnﬁ&dz_k#é?isfﬂdﬂ bdeRiarp St 14yee1@pl i shing
rate of an electropolishing process. To aid the description of exenplary

embodi nent smapbe defwsited by, iforexianple 83D, 4Ny Al Delepimiatings electeqlesses that

can, for ex | e, caus fluct.uat i i t ' pol i shi ng
rate. The eREMPIF ?%?tﬁﬁrcﬁoﬁlyggeﬁépéﬂa%tﬁl&ﬁ? gaxgﬁ%d‘ﬁ%’ fBg ex halt%sct% e or
limting of of fiBerShitatad bémRichiviinataal £i0hhoyoppet) alamiatmhmickeles. Fig. 2A
illustrates an exenplary cross-sectional view of an _e|ectropolishing

appar at us t blarpmisam Zis. gadseium, sky@cgtlbpbedium, patadiuny. glatinuim 4ing ey
sem conduct gr "*{%Ei&lh Qa%fme RE %@Hﬂfé‘ﬁ&ﬂ n?(@'%%ye?@@ﬁl Hﬁyinbllﬂewﬂ@n@% trate
1 Acl ude,” T or

| ayer 102. st rat e ayer may | exanpl e, sili'con and/ or

ot her vari oy ofabssc@@netitds.or materials, such as gallium arsenide, depending
on the particular application. A nozzle 110 of the el ectropolishing
apparatus directs a streamof electrolyte fluid 106 to a portion of the

surface of netal . ; i i any conveni ent
Fi&?‘%fﬂ'bg}}%dess i o BEMEE adiittiongl S@Ripldre dusglas, any

el ectroplating f a osphoric acid, ort ho?hqsphori c acid
(H2PO4), anstriduered thiiscanfberempieynd te reduae fnetuatidys dir therpolishing ratepest r ol yt e

fluid 106 is orthaphosphoric.aci.d_having.a caoncent. at i about 60
percent by EPYIRO lgkﬂﬂg E’E?&ﬁﬁs' 5 aﬁg F}bee(i’/‘?tgcrgﬁpo ?Sﬁrr.lplﬁg TS %g%l}%;/%
description includes several exemplary structures that can, for example, cause ;
fluctuations in the current density and polishing rate. The exemplary structures
are not intended to be exhaustive or limiting of the structures that can employ

dummy structures.

Fig. 2A illustrates an exemplary cross-sectional view of an
electropolishing apparatus that can be used to electropolish metal layer 104 from
semiconductor wafer 100. Semiconductor wafer 100 may include substrate layer
102. Substrate layer 102 may include, for example, silicon and/or other various
semiconductor materials, such as gallium arsenide, depending on the particular

application.

A nozzle 110 of the electropolishing apparatus directs a stream of
electrolyte fluid 106 to a portion of the surface of metal layer 104. Electrolyte
fluid 106 includes any convenient electroplating fluid, such as phosphoric acid,
orthophosphoric acid (H;PO4), and the like. For example, in one embodiment, the
electrolyte fluid 106 is orthophosphoric acid having a concentration between
about 60 percent by weight and about 85 percent by weight. Additionally,
electrolyte fluid 106 can include, e.g., glycol at 10 to 40 percent by weight. It



el ectrolyte fluid 106 can include, e.g., glycol at 10 to 40 percent by
weight. It WD 03/019641 PCT/ US02/ 26309 9 should be recogni zed, however,

t hat t he worsemtennat i on and conposition of electrolyte fl @ca/usds2aan vary
depending on the particular applicati®n. A power supply 112 supplies
opposi ng charges to an el ectrode 108 (the cathode) positioned in a nozzle
110 and an el ectrode (the anode) on netal |ayer 104 during the process of
directing a streamof electrolyte fluid 106 onto netal |ayer 104. Power

supply 112 I r ! g const ant
vol t age nnd%%ﬂwg%%&fgéggBéﬁﬂgﬁ%ﬁf@§?%%%¥?8@g£§$?g&ﬁ%gﬁééﬁéﬂ§fcharge t he
el ectrol yt eelkttudighelfid 1 @3 eini vaey depen@inglonlthy partihi0dr, appitationi ons of et al

| ayer 104 are renoved fromthe surface. In this manner, the stream of
electrolyte fluid 106 electropolishes the portion of netal |ayer 104 in

cont act W th t he s a5 81 1 BRI AiPstlththel0B anHCHBEE 10@EnEePI ot ed 1

1
Fig. 2A, wafer 1 Isr ong axis X to position the
entire surf eahods) postiatedinyanzA0410 and freelsétragiarftho fanede ohmudtaitlayerf | ui d 106

and uni form | ect ropolish the surface. For ex e, e electrolyte
fluid 106 c& 4&'&&@‘5“35&%%%“6&??{% %ﬁif‘a{lh%to %??%Pg/én‘gh‘dfﬁ 1}9&0&%’ m&?{ar 104 by
rotating 1000t k&ppty T8 &R fREKhdhiple! a%eghtarai NebrsBheEurid@of N the X

di rection. I'ternatively, wafer 100 can be held stati o_n_arg4 whi | e nozzl e
110 i s novedorstant apitdgp mdte. itlepowerfsupplydil2shyfignrad® nosittvelyi ghetepor ti ons of

metal |ayer ,104. Further, . both.wafer 100 and nozzi. vt o apply
the stream Eh‘e elf%cltré)g\ft? ﬂwitlgg f@%tl%ﬂ%odlé%? Sﬁerggﬁth%tﬁfslgg%%ﬁ%l% ‘iarla arylg)r4 104. An
exenpl ary desGeinBléPRomhe &irR6E.r Bblsimiineg theyirdam dfelsttolye fhi8.10Pat ent No.
09/ 497,894, entitled METHODS AND APPARATUS FOR ELECTROPOLI SHI NG METAL

| NTERCONNECFleckgpatishssithv poipueiortablaypch, infooplagt with thesirgam et 4, 2000,
which is i ngggﬁ)&%tﬁﬂd%&ei n by reference inits entirety.

Further, as depicted in Fig. 2A, wafer 100 is rotated and translated along
axis X to position the entire surface of metal layer 104 in the stream of electrolyte
fluid 106 and uniformly electropolish the surface. For example, the electrolyte
fluid 106 can make a spiral path along the surface of metal layer 104 by rotating
wafer 100 while simultaneously translating wafer 100 in the X direction.
Alternatively, wafer 100 can be held stationary while nozzle 110 is moved to
apply the stream of electrolyte 106 to desired portions of metal layer 104.
Further, both wafer 100 and nozzle 110 can move to apply the stream of
electrolyte 106 to desired portions of metal layer 104. An exemplary description
of electropolishing may be found in U.S. Patent No. 09/497,894, entitled
METHODS AND APPARATUS FOR ELECTROPOLISHING METAL
INTERCONNECTIONS ON SEMICONDUCTOR DEVICES, filed on February

4, 2000, which is incorporated herein by reference in its entirety.

Fig. 2B illustrates a top view of an exemplary configuration of dice 118
formed on semiconductor wafer 100. Each die 118 includes trenches or lines
formed within the underlying dielectric layer 151 (Fig. 1B), depicted here as

vertical lines. Often when the electropolishing process begins, the entire surface



Fig. 2B illustrates a top view of an exenplary configuration of dice 118
formed on sem conductor wafer 100. Each die 118 includes trenches or |ines
formed wwbiog/ot9sel underl yi ng dielectric layer 151 (Fig. 1BCI/usepeaved here
as vertical lines. Oten when the el®ctropolishing process begins, the
entire surface WD 03/019641 PCT/ US02/ 26309 10 of wafer 100, including the
trenched areas of dice 118, is covered by netal layer 104 (Fig. 2A). Path
10 shows an exenplary path for the streamof electrolyte fluid 106 as it

noves around fer 100. Wh the el ectropolishin [ Lns, the
portion of % W\é?"éﬁdeE@“ﬂWg%a%tFWhi%@e%%ﬁﬁfesHcyoﬁﬁqcfglf: Igeg%%;n {e‘ﬁgeib}é ream of
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t hr oughout thé gross-section of the stream Metal layer 104 (Fig. 2A) is

renoved by fhiid164 assiamoves aowed wafeyi@0.f | uid 106 to expose the non-trench
areas and electrically isolate netal layer 104 (Fig. 2A) within the
trenches. As this occurs, the portion of wafer 100 that is contacted by

the stream of elwhts @lyl@ubpalisHingPoderybdrimee thegioytiorgofahosinfase of et al
dependi ng on the positioning of the stream because t&e%?rti on of netal

: g
| ayer 104 watergl002hyt inceningied biethe siprom obeleeizolyioriliiihd exanple, in Fig.
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di e 118 maythame Masidayetiol (FipaA) iseethownddly the stasam pfeledivlge flosim of
electrolyte fluid 106 travel s_al on th.1Q, the a t of .trench areas and
non- t r encH 04rte §Xposg ke RarylEench aregs g%fP%B‘%/tB‘F%H’ %&am”%?ﬂ%%?h %&‘ (Fig. 2A
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effect.”
(Fig. 2A) within the trench areas remains.

For example, in Fig. 2B, the stream of electrolyte fluid 106 is positioned
over a die 118. As the metal layer 104 (Fig. 2A) is electroplated, the non-trench
areas of die 118 may have less metal than the trench areas. As the stream of
electrolyte fluid 106 travels along path 10, the amount of trench areas and non-
trench areas, and thus the area covered by metal layer 104 (Fig. 2A) on the surface

of wafer 100 in the stream of electrolyte 106 varies at any given position.

This variation in the area of metal on wafer 100 within the steam of
electrolyte fluid 106 due to the removal of metal from fields between dice 118 can
cause what is referred to herein as a “global loading effect.”” As will be described
in more detail below, a global loading effect can cause the polishing rate of the

electrolyte fluid to fluctuate near the edges of the trench regions.

Figs. 3A through 3D illustrates the global loading effect as the stream of
electrolyte fluid 106 moves from a position adjacent to die 118, over a non-
trenched region, to a position completely over die 118, a trenched region. As

shown in Fig. 34, if the power supply 112 (Fig. 2A) is running in a constant



in nore detail below, a global |oading effect can cause the polishing rate
of the electrolyte fluid to fluctuate near the edges of the trench

regi ons. Wogs/01%A t hrough 3D illustrates the gl obal | oadi mgTafSized3oas the
streamof electrolyte fluid 106 noved froma position adjacent to die 118,
over a non- trenched region, to a position conpletely over die 118, a
trenched region. As shown in Fig. 3A if the power supply 112 (Fig. 2A) is
running in a constant WD 03/ 019641 PCT/ US02/ 26309 11 current node, the

current density within the ream of. el ectrol f1 el i relativel
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el ect ropol il dietlopblidhed is subenahas wifolrh ie theafondienchddBregitn oferféiron of the
stream of electrolyte fluid 106 is now el ectropolishing the nmetal wthin
trench regil®84Fig 28).e 118. The current density within the portion of the
streamof electrolyte fluid 106 that is on die 118 increases relative to
the current density of the streamin Fig. 3A and reaches a maxi mum val ue.
The current dergigt3B ilhetra@aste stroarh bf elegimolyiedinidl 06 aeths Sireamrdacesuse t he

Thén barr | aic b 81 heginstpelperanglish e lafgrscrerhes dfines SediedBBoA 05 *1 2"
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begi ns to ekilthtepc fegiona of diegd8. Jhe suwént diewsityryighin thepartion ebthedensi ty of
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density of the stream in Fig. 3A and reaches a maximum value. The current

density increases in this portion of the stream because the metal in the trench

regions polishes more readily (i.e., less resistance) than barrier layer 154 (Fig. 1B)

or dielectric layer 151 (Fig. 1B) in the non-trench regions outside of die 118.

Fig. 3C illustrates the stream of electrolyte fluid 106 as the stream
progresses further over die 118 and begins to electropolish a larger area of die
118. The current density of electrolyte fluid 106 over the trench region reduces in
Fig. 3C as the area of metal now covered by the stream of electrolyte fluid 106
has increased. The current density further decreases to a constant value in Fig. 3D
when the stream of electrolyte fluid 106 moves fully over die 118. The current
density will remain at this constant value while the stream remains completely
over die 118. As the stream of electrolyte fluid 106 moves over die 118, and the
area of metal increases, the current density of the stream fluctuates. Changes in
the current density within the portion of the stream of electrolyte fluid 106 that is
over die 118 results in a change of the polishing rate of the metal layer.
Specifically, the changes in the current density and polishing rate occur near or at

the edge of die 118.



has increased. The current density further decreases to a constant value in
Fig. 3D when the streamof electrolyte fluid 106 noves fully over die 118.
The currewDo3dewgity will remain at this constant val ue WRCTASOR26382 r eam
remai ns conpletely over die 118. As t2he streamof electrolyte fluid 106
noves over die 118, and the area of netal increases, the current density
of the streamfluctuates. Changes in the current density within the
portion of the streamof electrolyte fluid 106 that is over die 118
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decreases. Therefore, the

As described above with reference to Fig. 3A through 3D, as the stream of

electrolyte fluid moves over die 118, the current density, and polishing rate, is the
greatest when only the leftmost edge of die 118 is under the stream. As more of
die 118 lies in the path of the stream, the current density decreases. Therefore, the
metal recess in the trenches to the right of trench 420 decreases until a level is
reached with less variation than near the edges, corresponding to the smaller
fluctuations in the current density reached when the stream is fully over die 118.
The metal recess and height differences in the metal fill of trenches 420, 422, 424,
and 426 can lead to conductance fluctuations of the metal line and adversely

affect the performance of the semiconductor device.

Fig. 4B illustrates exemplary dummy structures. As illustrated, dummy
structures 428, 430, and 432 have been included adjacent to the edge of die 118
and outermost trench 420. The dummy structures 428, 430, and 432 placed
adjacent to trench 420 reduce the fluctuations in the polishing rate of the stream of
electrolyte fluid by creating a more constant current density and polishing rate
over the trenches of die 118. The current density will now fluctuate primarily

over the dummy structures and the metal recess will occur within dummy



nmetal recess in the trenches to the right of trench 420 decreases until a
l evel is reached with |l ess variation than near the edges, corresponding to
t he smal | wD 03folaset uati ons in the current density reached Wwearusoiee3streami s
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fill of trenches 420, 422, 424, and 426 can |ead to conductance
fluctuations of the netal |ine and adversely affect the performance of the
sem conductor device. Fig. 4B illustrates exenplary dumry structures. As
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structures 428, 430, and 432 at the same time as it is layered over the trenches

420, 422, 424, and 426 (Fig. 4A). Alternatively, dummy structures 428, 430, and
432 can be formed before or after trenches 420, 422, 424, and 426 are formed. If
dummy structures 428, 430, and 432 are formed of a different material than the
dielectric layer, for example copper or other metal, the material can be deposited
by any convenient process and then patterned to form the desired configurations
of dummy structures 428, 430, and 432. Further, dummy structures 428, 430, and
432 can be trenches of similar geometric sizes to trench 420 of die 118, or
alternatively can be other shapes and sizes depending on the application or

electroplating properties. Numerous additional shapes and configurations will be

described below.

Fig. 5 is a flow chart illustrating an exemplary damascene process. A
wafer having recessed and non-recessed areas is provided in block 500. A
patterned dielectric layer provided on the wafer may define the recessed and non-
recessed areas. Further, the wafer may be divided up into individual dice that will
be separated at the conclusion of the processing into individual semiconductor
devices. Dummy structures can then be included on the wafer in block 502. The

Dummy structures can be located outside of an individual die, or as described



420, 422, 424, and 426 (Fig. 4A). Alternatively, dummy structures 428, 430,
and 432 can be forned before or after trenches 420, 422, 424, and 426 are
formed. IWOodomssy1 structures 428, 430, and 432 are fornedPafi/Eozed3dber ent
material than the dielectric |ayer, Tor exanple copper or other netal, the
material can be deposited by any conveni ent process and then patterned to
formthe desired configurations of dunmy structures 428, 430, and 432.
Further, dunmy structures 428, 430, and 432 can be trenches of simlar
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masking and etching the wafer to form the dummy structures and the rgcessed

areas. Further, the damascene process is applicable to single and dual inlaid

applications.

Fig. 6 illustrates a schematic view of exemplary dummy structures
adjacent to a single die 118. As shown, in the areas adjacent to die 118, dummy
structures 630 have been formed. In this embodiment, dummy structures 630 are
located in a region that extend at least a distance “a” from each side of die 118.
Distance a has been chosen to be greater than or equal to distance D (i.e., a> D),
where D is equal to the diameter of the stream of electrolyte fluid 106. The
dummy structures 630 serve to maintain a relatively constant current density of
the stream of electrolyte fluid 106 passing over die 118. The density of dummy
structures 630 can be adjusted by changing the ratio of the dummy structure size
to space between dummy structures. The size and shape of dummy structures 630
can vary depending on the particular application. Dummy structures 630 can also
be configured as continuous lines or trenches around die 118. Further, it should
be recognized that any number of dummy structures 630 can be used depending

on the application.



process depicted in the flow chart. For exanple, a barrier and/or seed

| ayer can be added prior to the deposition of the netal |ayer in block
504. Addiwomnaldeys each block in Fig. 5 can include many PETAiSess@89 not
explicitly described, such as masking and etching the wafer to formthe
dummy structures and the recessed areas. Further, the danmascene process is
applicable to single and dual inlaid applications. Fig. 6 illustrates a
schematic view of exenplary dummy structures adjacent to a single die 118.
As shown, in the ce 630 have been
formed. In this gfﬁﬁgl rrsg%% ds%ﬁerhﬁl%%\ggogj?%egg@ d&@k&%a %d in a region

t hat ext end adfacdred®ilr dicedi1StarbEdingatd ahstben dgidimende Tht cdnieguldtﬁon ofDi stance a
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appl i cation.,\\O 03/019641 [ US02/.26309 5 Fi Ltes a schematic
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anot her enb@dum& 63ab&w%amtneg1ié@11ma@istanEeg.ana/otatl;szltr@1eaertha19DFi_g. 6,
except that the area of the dumry structures 630 adjacent to a single die

118 is not greater than or equal to the dianmeter D of the stream of

electrolyte flui ?t siigﬁld'ﬂ} r%éﬂg?uz%ﬁ@l?aqlvgg&}sm&&ﬁéaqﬁﬁg 081 Ma&e Rtfe shown to

process depicted in Fig. 5 and the exemplary structures depicted in Figs. 6 and 7.

For example, the dummy structures in Figs. 6 and 7 can have shapes other than
squares, such as those described below with respect to Figs. 17A-17AA and can

further be one or more lines adjacent to die 118. ,

An additional effect that may occur during electropolishing similar to the
global loading effect, except that it occurs in localized regions of a die is referred
to herein as a “local loading effect.” The local loading effect can occur when
metal is polished from the fields or non-trench regions adjacent to structures on a
die. As the electropolishing process removes metal from non-trench regions of a
die, the amount of metal area is reduced. If the electropolishing process proceeds
in a constant current mode, the current in the stream of electrolyte fluid is focused
on the remaining trench area of the die, which can lead to a high current density at
the interface of a low-density pattern area and a high density pattern area. The
high current density on the trench regions can cause end point detection difficulty

and over polishing that can lead to metal recess within the trenches.

Further, the local loading effect can occur if the electropolishing process

operates in a constant voltage mode. Referring back to Fig. 2A, the current



equal the horizontal and vertical separation respectively between adjacent
dice 118. As the streamof electrolyte fluid 106 noves fromone die 118 to
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| ocal | oading effect can occurl=V/(Rhe-Re®3I6Rd)i shing process operates in
a constant voltage node. Referring back to Fig. 2A, the current WO

03/ 019641 PCT/ US0Q2/ 26309 .16 through the el ectropolishing apparatus has

f our maj or g"gﬁ’fec\éés FPP]&}“F&‘Q}&@@O @F\B@E’ﬁrf"rPQ{yc hode and anode. The first

source of resistance RL is the resistance

As the electropolishing proceés removes metal from the non-trench areas,
the second resistance R2 is reduced because the amount of metal area within the
stream is reduced. The current in the stream of electrolyte fluid 106, however,
depends on the total resistance R (R1 + R2 + R3 + R4), and the total resistance R
does not decrease proportionally (i.e., as quickly) with R2 as the metal area is
reduced. Therefore, because the current decreases proportionally less than the
decrease in the area of metal, the current density and polishing rate increases on
the remaining trench areas. This effect can cause metal recess in the trench areas
as described above. The effect is especially emphasized for low-density pattern

areas on a die.

Fig. 8 illustrates a schematic view of exempiary dummy structures located
adjacent to lines on low-density areas of a die according to one embodiment.
Lines 840a through 840j are low-density patterns on a die. Dummy structures 630
are positioned adjacent to and surrounding low pattern density areas. Dummy
structures 630 increase the average density of metal structures in otherwise low-
density areas of a die. Increasing the average density of the metal structures

reduces the variation in the current of the stream of electrolyte fluid and reduces



of the streamof electrolyte fluid 106. The second source of resistance R2
is at the interface between the surface of wafer 100 and the stream of

el ect r ol ywe oBlowdedt 106. The third source of resistance R3PC3I/Uushz24¢3e%i st ance
fromthe portion of wafer 100 being Polished to the el ectrode at the edge
of the wafer 100. The fourth source of resistance R4 is the resistance at
the interface between the nozzle electrode 108 (the cathode) and the
stream of electrolyte 106. The current | through the system w th constant

vol tage node js then.as.follows: | = Vi + . + + R4 ere Vis the
pol i shi ng V@F{agbege%f F?uﬁt erpglv\?er?grst%%@fe E}ge?ap%%ﬁ%be &t frﬁé)e)ﬁ'ogld'}{ygls]hi ng process
renoves met grofgh@a0j, Hige $pace écpertihg fineas0a thrloaglts 844 ndd dashst sncwrds? i s
reduced because the anount of netal area within the stream.s reduced. The
current in 6Hbisstor exgmple, Sraenthan ot «upl iithe miEmugbwEcellowvydpdifds on t he

total resis e + + + : I stiapce R does
not decreasé%#lorﬁ)lc%{oﬁéhﬁa 1‘%:%0“8? Bger, S??a&ut?’?%r%}g%lﬁﬁg'ﬁéegzﬁ%ﬁggmt al area is
reduced. Theigfmhespabecfihs dedifrerutefor el stoetreadastipr epbodiments| thg | ess t han

the decrease in the area of netal, the current densi nd _polishing rate
i ncreases ofPace Aand Bean he AP lpTgRLerspding on-thy plipiion; Cedlfse net al
recess int um@ sy i : ins especially
enphasi zed ?%‘r]&frg‘&ﬁ }el Sef‘c{%?/l patt%ﬁ%ﬁﬁgﬁggﬁ@ﬁaﬁ’%?}ggolﬁz%ﬁgmﬁl ustrates a
schemati ¢ vamplicatiorexenpl ary dunmmy structures |located adjacent to |lines on
| ow-density areas of a die according to one enbodi ment. Lines 840a through
840 are lowdensity patterns on a die. Dummy structures 630 are
positioned adj acefy 9tilustafds & YEHcRHRNIvkGy bP¥x Rl irgTdinB@nghiciirey 10eded DumTy
structures 630 increase the average density of netal structures in

ot her wi se | adjacenibtesliney onleudlenditypreasef aidic pesardingtoramethsy epbedimgdhnsi ty of

el cct oyt ot i SR bR S4By el b TR T rhiafast  oam ©F

die and also contain space located between the lines, for example, the space

between line 940a and 940b. Dummy structures 630 are located adjacent lines
940a through 940g and also in the space between adjacent lines such as 940a and
940b, and the space between 940¢e and 940f. Dummy structures 630 are placed in
the space between adjacent lines to reduce the local loading effect in such low-
density areas. In particular, the dummy structures 630 reduce the current focus,
i.e., concentration of current density, on lines 940a through 940b. Line 940a is
typically referred to as an isolated line, or isoline, when the distance between line

940a and 940b becomes large.

In an electroplating process, where a layer of metal is electroplated onto
high density patterned areas of a die, an effect can occur that is referred to herein
as the “hump effect.” The hump effect is an area of over plating or elevated level
of metal that may occur, especially over high-density patterned areas of a die
during an electroplating process. The hump effect includes sloped or non-
horizontal surface regions of the metal layer above the edges of trench regions.
The non-horizontal surface can cause difficulties in planarizing the metal surface.

Specifically, when the sloped region is electropolished a recess can exist at or near



17 nmetal recess. Further, in order to reduce the capacitance between |ines

840a through 840j, the space separating |ines 840a t hrough 840 and dunmy

structur e@0 B88eits, for exanple, greater than or equal toPCRASI?/pd3nUM Space
allowed in the design rule for the di8electric |ayer, such as two or three

times larger than the m ninmum space of the design rule for the structures.
In other enbodinents, the space a and b can be even | arger dependi ng on

t he application. Further, the nunber and shape of dunny structures can

vary depengkgg leth S ec fﬁ?é§%| atégﬂag % %%ﬁ? ¥$E?%%@é&%na schemati c

vi ew of ex&fpPas

| ow densi tYin %r glg eg"igﬁgfghégg to another enmbodinent. In this

enbodi ment, T1 nes rough 940g are located in a lowdensity area of a
die and al so contain space | ocat ed between the |ines, for exanpl e, the

space Dbetween | ne 940a and 4@@. r ocat ed

adj acent |ines H%%@%ﬁ%ﬁ (3:4 Stéaf?jm*los(:%&ﬂl&{’ gg)gep g{ae??/}\iaen adj acent
lines such sﬁ"&ct%@ﬁm@@ﬂnbﬁﬁ%m@‘éff&h&@&&ﬁﬁn@maﬂ%éor%rtddﬁmf Dumy
structures 630 are placed in the space between adé&cent lines to reduce

the | ocal Ied@*mfgh@iﬁe@cflg i 04uilnstraina cERSFEEHOTRYIEN ! 2IpPegseH eI R N ar . t he
d t 63 f
arrent de liﬁw@ﬁQP{%ggﬁﬁﬂ%pﬁyﬁqbgﬁnbg%%%Hékpef1@HHmﬁ%@%ﬁﬁk&%TlOn 0

current de rough ne 940a is typically
referred t@,uﬁ‘@arﬁlﬂatbﬁa)é & ©0sd deseribedraboeoin ragard whEig. | Aeswbhss siticen bet ween | i ne

940a and 940b becones | arge. In an electropg%% roc mpere a layer of
nmetal is eldaxidopidatber lemdcseleﬁ% ronsRLmateTia Iﬂjélgg By ﬁ’ﬁssbffﬁl a die, an
effect can ﬁﬁﬁéﬁ“xmhg?}bdrﬁeﬁ a%l R 6 lﬁﬁrh@V@hﬁy aBd HeliRpodittdpnidi@stic © The hunp

effect is an area over ting or elevated |level of netal that may
occur, espagyeallDgo d)emnding@ln -theapplicytiqratBasriercndéreaed loyerd 0dP @ayaldi ng an

el ectropl atin process ef f.egt . i ncl udes ed,o hori zont al
surface red artnp?éex}?l ayt P%@&FC%@&BW%E %agr(elzé g% (tij‘?‘er?c"ﬂqp%gi ons.
illustrates a top view of three trenches or lines 1061, 1062, and 1063 formed in
dielectric layer 1060.

The structure is then plated with metal layer 1064 as illustrated in the
cross-sectional and top view respectively in Figs. 10C and 10D. As shown n
Figs. 10C and 10D, over pleting above the trenches creates a hump over the high
density patterned area. The height of the hump is shown as h3, which is the
difference between h1, the height of the metal plating above the non patterned
regions of dielectric layer 1060, and h2, the height of the metal plating above the
non patterned regions of dielectric layer 1060. The non-horizontal region of the
metal layer 1064 is shown as 1066. The distances over which the plating
transitions from h1 to h3 near the edges of the lines 1061, 1062, and 1063 (Figs.
10A and 10B) are shown by wl and w2.

Figs. 10E and 10F illustrate the structure after the metal layer 1064 has
been electropolished back to the dielectric layer 1060 to isolate the lines 1061,
1062, and 1063. Electropolishing metal 1064, with non-horizontal regions of
metal layer 1066, can cause metal recess within the lines 1061, 1062, and 1063.
In contrast to chemical mechanical polishing that polishes the highest regions



The non-horizontal surface can cause difficulties in planarizing the netal
surface. Specifically, when the sloped region is electropolished a recess
can exi stweatosprvsmear WO 03/ 019641 PCT/ US02/ 26309 18 the Ilpemgisoueddnal ends
of the lines, and also at or near thel%dges of the outernost I|ines of a
hi gh-density region of lines. Figs. 10A through 10F illustrate a process
fl ow of exenplary trench structures that exhibit the hunp effect and
resul ting recess near the longitudinal edges of the lines. Fig. 10A

iIIustrates r 0Ss- ctlo iewof are ch fornmed in a
di el ectric 1|rsé ?CtrPBB 13 I%‘Tq’éﬁ?srt:ﬁ% ei{%&?g; Lﬁ%ggggfalﬁé%ﬁla?%rlrggg% sinilar
materials %1]\%1%{ ﬂﬁ%%b bad rahauessiol tHealiffednt leeiffitg. Thidcasleadteas si | i con

di oxi de and ot her

ow dielectric constant mater.ials ﬁ ge&g (g %613 t he
specific appdlilayat 1061 haXirtgaa racess aéﬁldlﬁflﬂft@é‘@é of §ipes 100dy Y ]
deposited on.dielectric t1ogN- Bar rier
and/ or seedf dlli‘éF‘t %d‘?ﬁrtﬁﬁfaé ng g?rﬁ)m m glrnqﬁg%cgﬁ g]%se{ glg%t hose descri bed

above in regdangs3. ortd @eesd fan QlarédﬂeBlzed by adicight diffeaerico h4 i thynestalt hr ee
trenches or lines 1061, 1062, and 1063 forne tg di eIl ctrm:4l ayer 1060.
The struct wt theiedge pithe [ine eedithgiberghiasas he mddfe offhgmeta E}yﬂj %ated in the

Cross-sect Qﬁ%a]lrﬁ%%gestcgﬂ cXI}s%%étQ%Q%%H\ﬂ% 2dhdtiohl Fondiftande df theRetahs shown in

Figs. 10C at1ng above the trenches creates a hunp over the
hi gh densilings ébadlﬁcﬁll’smchbaveﬁmh"fh@rdhm thbglobhl anddo¢al igrding effesthn as h3, which
is the difference between hl, the height of the netal plating above the

non patterned regions of dielectric | ayer 1060, and h2, the height of the

metal plating a e 19@%1?&&%%@&&% fardliigésemidrdumniyayer  1060.
The non- hori zontﬁgserﬁe}é?%rr? gﬁl met aI1 | ayer m864 is shown as 1066. The

di st ances owectuvdsiactording tpbne em‘godlmeafn Jiig. |1dr$slsfart9I?nVWIW fgh $r4¢BEE  he edges
of ‘the 11 ne%ch%(?lgé 11n%50161261, &, 19831 6FodRed sibPrar ﬁ)rﬂglﬁm, 2E&t ffapwn by wl and

W2. L
dummy structures 630 are placed adjacent to the longitudinal ends of lines 1161,

1162, and 1163, and adjacent to the outer most lines 1161 and 1163. Dummy
structures 630 serve to extend the sloped, non-horizontal regions of the hump (See
Fig. 10C), to a region outside of the line or array area where lines 1161, 1162, and
1163 are located. The metal recess at or near the longitudinal ends of the lines of
the array and at or near the edges of the outermost lines of the array are reduced or

eliminated by the addition of dummy structures 630.

Figs. 11B and 11C illusirate a cross-sectional view including line 1163 and
dummy structures 630 at the longitudinal ends. As shown in Fig. 11B, the non-
horizontal region 1164 of metal layer 1164 is now above the dummy structures
630 and the dielectric layer 1160. After the metal layer 1164 1s electropolished in

Fig. 11C, the metal recess within line 1163 is reduced or eliminated.

The number and width of dummy structures 630 can be adjusted
depending on the application to reduce any metal recess within the line 1163.
Dummy structures 630 can be configured as one row adjacent lines 1161, 1162,
and 1163 as illustrated in Fig. 11A, or alternatively greater than one row. The

number and configuration of dummy structures 630 can be chosen depending on



Figs. 10E and 10F illustrate the structure after the netal |ayer 1064 has
been el ectropolished back to the dielectric |layer 1060 to isolate the |ines
1061, 104D,03An841063. El ectropolishing netal 1064, w th m®omAisoz/26ent al
regions of netal |ayer 1066, can caude netal recess within the Iines 1061,
1062, and 1063. In contrast to chem cal mechanical polishing that polishes
t he hi ghest regions WO 03/019641 PCT/ US02/ 26309 19 first, electropolishing
pol i shes the exposed surfaces of netal |ayer 1066 at substantially the

t dl of diff t ..hei ght Thi I t al
ayer 1064 WaohHg anygnebe st Sk b i oF MR e ane

1063, and gdsRodonfl re%%é. trhe catpRsatdh dffdamet Srdagés d30n@a alsoet hi s case,
outer lines 1061 and I063. The recess can be characterized by a height

di f f er ence mdnipnlateddyrmdiuating the spaess @dgé bhatdpting thespapedetweengstght near t he

iddl e of th .l 4. . Netal | d
The r educt | BIFsgn b Lol ag® 67 eRERsriPRRRRag, TRE GRYIEadRMY, 025, T
regard to tpHeawl Shaabr @fdl lodBahihiaash scebliecddsin the dssignldike fohtteugh 11C

illustrate views of exeng}ary | i nes and dun%% structures aCﬁonding to one
enbodi nent . diglegtriciaygr I thistcgpe, drambsiruchiess@30 e shawn 359Pas AY RS nes 1161,

1162, and 1 0 I m I , t structures
630 are pl a%eg)gljé?ﬂhgﬁgﬁlfé %kfﬁggrﬁgﬁg?%’l}ﬁlgﬁaﬁnﬁgﬁgg’ b(‘)# tj[i%lhcr)luelgllb?l%1, 1162, and
1163, and afticagendd that duhenypsitietureonsi0 ¢anrtesoffigifred trdarlylhadpe @udepth. st ruct ures

630 serve to extend the sloped, non-hori tal. regions of.t hu See
Fig. 100, F%eam%?%b%%ﬁ%ﬁp‘ﬁwSWF?%@W"B?P © By B eé“f‘irrﬁeg 1161,

1162, and Prlﬂr?éoﬁé %?%thﬁ&ﬁfEe of BBl AhethPRBSS afthe Rgd&ANhd fies! ongi t udi nal

ends of the nes o e array and at or near the edges of the outernopst
lines of the array are reduced or elimnated by the addition of dummy

ncl uding 1 i ne 1D6STAHE AR ey P REE G B FRA B RERERIRNY Snas. as

shown in Fi gpeslobBrral B&oRHBAg to an embodiment. In this embodiment, a continuous
metal line 1231 is located adjacent to and surrounding lines 1261, 1262, and 1263.
The continuous metal line 1231 serves to prevent metal recess in lines 1261, 1262,
and 1263 by moving the sloped, non-horizontal region of the hump outward away
from the lines as described above with dummy structures 630 of Figs. 11A
through 11C. It should be recognized that multiple metal lines 1231 may be used,
or additional dummy structures, such as those in Fig. 11A may be used in
conjunction with metal line 1231. Further, metal line 1231 can include copper,
aluminum, nickel, chromium, zinc, cadmium, silver, gold, thodium, palladium,
platinum, tin, lead, iron, indium, and the like. Additionally, metal line 1231 can

include an alloy of any of these materials.

Fig. 13 illustrates an exemplary dummy structure according to another
embodiment. The exemplary semiconductor device shown in Fig. 13 is similar in
many respects to the exemplary semiconductor device shown in Fig. 11A, except
that dummy structures 1330 are added only near the longitudinal ends of lines
1361, 1362, and 1363. Further, dummy structures 1330 of Fig. 13 have been
added between the longitudinal ends of lines 1361, 1362, and 1363. As discussed

previously, it should be recognized that any number of dummy structures, and



hori zontal region 1164 of nmetal |ayer 1164 is now above the dummy
structures 630 and the dielectric |layer 1160. After the netal |ayer 1164
is electrwpaBiosdsed in Fig. 11 C, the netal recess wthinPCIrMS0Li689 i s
reduced or elimnated. The nunber andiwi dth of dunmy structures 630 can be
adj usted depending on the application to reduce any netal recess within
the line 1163. Dummy structures 630 can be configured as one row adj acent
lines 1161, 1162, and 1163 as illustrated in Fig. 11A, or alternatively

greater than one row, The n er and configuraii.on ] ructures 630
can be cho§@Hwa§ﬁéﬁaﬁﬂgm&ﬁwvﬁﬁgéﬁﬁ%ﬁ%EHWEET%GQBQWﬁ%ﬁggd%%gmﬁﬁ?h

characteri gtd cﬁfcaggﬁc:ﬂféﬁp’ such as the height of the hunp or slope of the
non- hori zont al" regi ons. The configuration of dumry structures 630 can al so

be mani pul ated by adjusting the spaces a and b that define the space

bet ween net al &hg%%dﬁégégﬁ%%ﬁéﬁr%%%%éégﬁu?@%{ WHe SEdotGhMIES 630. The

space i s general e mninmum space allowed in

the desi gn ghuiner EMbodifint. ditRlegeipiaty semyiesndubtor dbvise siwsw, indtigniy ist r uct ur es
630 are shown as squares having depths equal to the d pth.o%ilhges 1161,

1162, and Fir8dar ibueanytrespeets kaiths exemplebrHeNdURRY IGHGRIrO8TRE lés 630 can
be configured t | tl ol dunmy
St UCL U eS eég‘ff’tglé‘% %%M&c&&%dl%tl Rre fo at?% é?{édﬁl@iﬁﬁo& el BUESD&H to

eretore be manip numerous ways to reduce or
el i m nat e nedi@iduaba@atesaf déthes shgesindfig.tile It shoekl befiegpgnizzd; hdwayer,at es an

exenpl ary dummy structure adjacent fo_ high-densit. | i nes ,or array

accor di ng tthatanycapbHaien et lipgs aflail 1@%@%FH&H{QS g%tot?‘?tt}sﬁigfpsengwgt al line
1231 is. |l ocgt jagent to and surrounding lines 1261, 1262, and 1263.
The contind%ﬂ%gﬁgﬁgﬁﬁﬁgne 1231 serves to prevent netal recess in |lines
1261, 1262, and 1263 by noving the sl oped, non-horizontal region of the
hunp outward a fromthe |i

DATP, UYL S RS LR 8 R SR LSTRIR AR st Tt e
lines 1231 rﬁﬁﬂip@ef%%?schescﬁbed herein. For example, as illustrated in Fig. 15, for lines

1540a to 1540j, dummy structures have been added in two different areas of the

die to reduce both the local loading effect and the hump effect. Dummy structures

1530 have been added to areas adjacent to high-density lines or arrays to reduce

the hump effect. Dummy structures 1530 reduce metal recess at or near the edges

of the lines as described above with regard to Fig. 11A. Additionally, dummy

structures 1532 can also be added to open or low-density areas to increase the

average pattern density and avoid the local loading effect. Dummy structures

1532 reduce increased current density on the lines that can cause over-polishing of

the lines at or near the end of the lines during the electropolishing process, as

described above with regard to Fig. 8.

Fig. 16 illustrates an exemplary semiconductor device according to
another embodiment that reduces the local loading effect and the hump effect for
lines 1640a to 1640g. The exemplary semiconductor device illustrated in Fig. 16
is similar to the exemplary semiconductor device in Fig. 15, except that dummy

structures 1530 are added between lines 1640a and 1640b, and 1560e and 1640 £.



or additional dummy structures, such as those in Fig. 1 1A may be used in
conjunction with netal line 1231. Further, netal |ine 1231 can i ncl ude
copper, wbwaiomsni nickel, chrom um zinc, cadm um silvePCTgsbn263nhodi um
pall adium platinum tin, lead, irom2 indium and the |ike. Additionally,
metal line 1231 can include an alloy of any of these materials. Fig. 13
illustrates an exenplary dummy structure according to another enbodi nent.
The exenpl ary sem conductor device shown in Fig. 13 is simlar in nany

respects to.the I sem conduct aor._ devi i i A, except
that dummy str ucfg%(ﬁggn%%BOtE%e AR H‘étéfd?vﬁ‘gééﬁgé\‘g? ﬂu%igsﬁiiljj ends of
lines 1361n343%%n afBdndid@3dunidy bt@dtures idyavens td the diveasn tA830 of Fig. 13 have
been added between the |ongitudinal ends of lines 1361, 1362, and 1363. As

di scussed gsmasanduetoy wafer tastedugecslohal lesdyraiists asidll any nunber of dummy
structures, and WO 03/019641 PCT/ US02/26309 21 nunerous configurations of
the dummy structures, could be used depending on the specific application.

Fig. 14 illustratigs 1gnothkeaighetampillastyatelvaiousekemplaty shapesctbatdianet o - anot her
enbodi ment. The exenpl ary sem conductor device shown in_Fig. 154r1a is simlar
in many resyeétesforg Wﬁﬁ‘@#ﬁﬁ‘l’rﬁwnE@#F%Qﬂﬁ’&[?éldﬁwcﬁﬁa@iat?%orgﬂﬁgﬁ”f i g, 13,
except that Sod R éIﬁ.d]xgﬂyarﬁ&ﬁH USsichRgg as opposed
to indivi &fgﬁé%%eﬁlé@%wogg?%ﬁiiesﬁ%m |En Fig 13. I’%@hofjlcd be

r ecogni zed, rebiangle soircle, eHitse, arigngio map evaid, ontagbn, hemagonapentagod; &te.dhaal

structures m ght be_ us dependi on the, appli,cation, .Dumy. st.ructures
can al so bebea‘éﬁﬂéd lﬁtsgo‘éﬁ%e Hﬂﬁ@f’&%"d"é’\‘/’% g?t P@"e’f SR norrﬁﬁpﬁq{)%/lg¥ $Tect s
described hejehRoudrof7/6X 3iPbeuscd o Frtfiniay 8fudtirekiwgth thSpref@tt | i nes  1540a
to 1540j, dummy stTuctures have been added in two different areas of the

di e to redunseiimnhicphmlibpoathelpetisinlag aplfcation.afdditieaalll HHMERF ect . Dummy
structures structures can be configured as lines (See Figs. 12 and 14 for examples) with
various shapes, including various cross-sectional shapes. Dummy structures can
be formed from various materials such as silicon dioxide and other suitable
materials with low dielectric constants, such as 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, and the like. As
described above, in some instances, dummy structures can be formed of the same
material as the dielectric layer. Dummy structures may also be formed of metals
such as copper, aluminum, nickel, chromium, zinc, cadmium, silver, gold,

rthodium, palladium, platinum, tin, lead, iron, indium, and the like. Additionally,

dummy structures may be formed of an alloy of any of these materials.

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 modifications and variations within the scope of
the present invention are possible. For example, dummy structures added to the
wafer for use in reducing the global loading effect can be used in conjunction with
dummy structures used to reduce the local loading effect, the hump effect, or both.
Further, the shape and configuration of exemplary dummy structures described



1530 have been added to areas adjacent to high-density lines or arrays to
reduce the hunp effect. Dummy structures 1530 reduce netal recess at or
near the wogam®i196ef the |ines as described above w th regaPdTiusoHRag09 1 1A
Additionally, dummy structures 1532 2%an al so be added to open or
| ow-density areas to increase the average pattern density and avoid the
| ocal | oading effect. Dunmy structures 1532 reduce increased current
density on the lines that can cause over-polishing of the lines at or near
the end of jhe |ine ring the el ectropolishin [Qcess . cri bed
above with E@S’&r‘gﬂe‘flﬁcgﬁg{m .duﬁ'iné?heléo?a'l?’ﬂﬁgatl’r(gt}%lgnpge eé’xgarﬂﬁlgfnf t1g€1 i conduct or
devi ce accopdinjflemente@RPIIMY arSdraktsBeffecté befor ey bbhesrdafitisldegaldingoadi ng
ef fect and théﬂ%ung effect for |ines 1640a to 1640 The exenpl ar

P

. ) 0 L - y
seni conduct on theepplieation| dscerdingly.ithe Peignt iyention isidginegd byt e eppendsdnpl ary
sem conductor. device in Fig. .15 -exce structures 1530 are
Saaed_ bt weenints shiol ot e fied §Y BRRkestrlRondHER 200t N2 03T or00as
PCT/ US02/ 26309 22 Additionally, both exenplary sem conductor devices shown
in Figs. 15 and 16 can al so include dummy structures adjacent to the dice
on the sem conductor wafer to reduce global |oading effects as well. Figs.
17A through 17AA illustrate various exenplary shapes that can be wused to
form dumy structures on sem conductor devices in accordance with any of
t he exenpl ary enbodi nents described herein. In particular, shapes such as a
rectangle, circle, ellipse, triangle, trapezoid, octagon, hexagon,
pentagon, etc. can be used. .It should be understood, however, that other
shapes, not depicted in Figs. 17A through 17AA can be used to form dummy
structures with the present invention depending on the particular
application. Additionally, dummy structures can be configured as lines
(See Figs. 12 and 14 for exanples) with various shapes, including various
cross-sectional shapes. Dumry structures can



be formed fromvarious materials such as silicon dioxide and other suitable
materials wwth [ow dielectric constants, such as flourinated silicate

gl ass, pwbyBoiwes, fluorinated polyi m des, hybrid/ conposiPCa#diSoyRd3oxanes,
organic polyners [alpha]l-C F, Si-O G4 paryl enes/fluorinated paryl enes,

pol yt er af | uor oet hyl ene, nanoporous silca, nanoporous organic, and the |ike.
As described above, in sone instances, dummy structures can be fornmed of
the sane naterial as the dielectric |ayer. Dumry structures nay al so be
formed of netals such as copper, atﬁ im  nickel, chrom um zinc,

cadm um silver, gold, rhodium pa I'dm platinum tin, lead, iron
indium and the like. Additionally, dummy structures maybe formed of an
all oy of any of these materials. The above detail ed description is provided
to illustraiVeckxsnpl ary enbodinents and is not intended to be limiting. It
wi ||l be apparent to those skilled in the art that nunmerous nodifications
and variations within the scope of the present invention are possible. For

exanpl e, duymy sA cdsicoid®gtordaactute) coprisingf er for use i.n reducing the
gl obal | oading effect can be used in conjunction with dumry structures
used to reduce tametrblexss phdi ng ef fect, the hunp effect, or both.

Further, the sh ! j.on of exenplary dunmy structures

descri bed WO 03%@8&%0%;[% 309 23 herein specifically for reducing
the global, |ocal, agattingf redesexi andaonattossadaréascwhereinghe metab et ed to
solve any of these effects or_for any other re ns. dependi n the

appl i cati on. %@Wpﬁ&?@gioﬁbthﬁﬁ’@?éﬁ%esﬁﬁ\fé‘?‘?ﬁ ﬁil%ﬁga]c‘fe??eﬁ%%f Hggasttﬁe appended
clainms and 5hg&{-h-gaﬁ'ﬂ{-ali@f/%ﬂn@r&ﬁﬂle&i/oﬂﬁ}%s,d&ﬁcri ption herein. WO 03/019641
PCT/ US02/ 2630 4" CLAI W claim

a plurality of dummy structures, wherein the dummy structures are

located in the non-recessed areas of the dielectric layer.

2. . The semiconductor structure of claim 1, wherein a diameter of a stream of
electrolyte fluid produced from an electropolishing apparatus defines a

distance, and

a portion of the plurality of dummy structures are located less than or

equal to the distance from the recessed areas.

3. The semiconductor structure of claim 1, wherein a portion of the plurality
of dummy structures are located adjacent to at least one of the plurality of

interconnection lines.

4. The semiconductor structure of claim 1, wherein the plurality of dummy
structures are located adjacent longitudinal ends of the plurality of

interconnection lines.

5. The semiconductor structure of claim 1, wherein a portion of the plurality
of dummy structures are located between at least two of the plurality of

interconnection lines.



1. A sem conductor structure, conprising: a netal layer; and a dielectric
| ayer including: a pattern of recessed and non-recessed areas, wherein the
met al | aywp 03i0s96el ect r opol i shed fromthe non-recessed are®sTarsd2/pd3bd s t he
recessed areas to forma plurality o5 interconnection lines, and a
plurality of dummy structures, wherein the dumry structures are |located in
the non-recessed areas of the dielectric |ayer. 2. The sem conduct or
structure of claiml, wherein a dianmeter of a streamof electrolyte fluid
produced from an el ectropolishing a r.at us .defipes.a ..di st and a
portion of 6t he gdibgsemiceydustors “§§£@EFU¥8@wEW% e&@ﬁ?@%‘ﬁ&ss han or

equal to the dLahancse (Rl Lol GHaLlodlts dionr fbplusany opnduct or
structure of clarm1l, wherein a portion of the plurality of dunmy
structures argidresmat@ndoleacent to at | east one of the plurality of

i nterconnection lines. 4. The sem conductor structure of claim1, wherein
the plurality of dummy structures are |ocated adjacent |ongitudinal ends

of the pluralityrafemiBh&IER 6 IO JIAREE wikreid i Hedligofduatngy structure
of claim1l, wherein a portion of the pluralit of dunmmy structures are

| ocat ed bet wesimcatred ara ficatedadapent aepoptian ef the 9P(l€ﬁllty PHINETERIRAEIX™ on i nes. WD
03/ 019641 PCT{.US 2/ {35130 @%ﬂ% ‘(I;hl%ngen‘i conductor structure of claiml1,
wherei n the ptFaPias BVt YISPPUCt ures are located adjacent a

hi gh-density region of the plurality of interconnection |lines.

8. The semiconductor structure of claim 1, wherein the plurality of dummy

structures are located adjacent both sides of an isolated line.

9. The semiconductor structure of claim 1, wherein a portion of the plurality
of dummy structures are located a distance from the recessed areas greater

than or equal to the minimum distance allowed between two recessed areas by

a design rule.

10.  The semiconductor structure of claim 1, wherein a portion of the plurality
of dummy structures are located a distance from the recessed areas at least two
times greater than the minimum distance allowed between two recessed areas

by a design rule.

11.  The semiconductor structure of claim 1, wherein the plurality of dummy

structures are filled with metal.

12.  The semiconductor structure of claim 1, wherein the plurality of dummy

structures are contiguous lines.

13.  The semiconductor structure of claim 1, wherein the plurality of dummy

structures include a metal line.



7. The sem conductor structure of claim1l, wherein the plurality of dummy
structures are |located adjacent a portion of the plurality of

i nt er connwotmisome4l i nes | ocated in | owdensity regions. 8. PChasszmizednduct or
structure of claiml, wherein the plwoeality of dummy structures are

| ocat ed adj acent both sides of an isolated Iine. 9. The sem conduct or
structure of claiml1l, wherein a portion of the plurality of dummy
structures are located a distance fromthe recessed areas greater than or
equal to the m ni mum di stance al |l owed, between t by a

desi gn rul & 10T'?ﬁ@n§ UCtoR dRetBe 19qﬁﬁkﬁVeH#m@? @%-%%@H@Pgﬁﬁ’a portion
of the pluraly 0y stﬂié'f{{i% 1§tgféé%rlﬂﬂ2§§0r%ﬁal|t9%@ﬂﬂﬁoﬁhébﬁlﬂﬂﬁyf)f omthe
recessed ar eas afmr times greater than the m ninum di stance

al | oned betvwmﬂmﬁonnaﬁmméESEd areas by a design rule. 11. The sem conductor
structure of claim1l1, wherein the plurality of dunmy structures are filled
with netal. 12. The sem conductor structure of claim1, wherein the
plurality (?§ dURTY serdfchRGlctr @fudiR TUMimIU SdRrdih feslensiB: of the seni conduct or
structure of claiml, wherein the plurality of dummy stru%% res include a
netal |ine. VDJW}@QQBWIHP@WC@S@WS%%Q thargorjequahtp ghesdspsity tor structure
of claim1, th. of e plurality of dummy structures is
greater than ai]ﬁ)ﬁ% in e{)copﬂ%(:t\?nn&]f]%?of the plurality of interconnection
lines. 15. The sem conductor structure of claim1l, wherein the density of

the plurality of dummy structures is greater th to the density
of the pl dfal i tkhesemjcrpduciasshaeiurent q Ififfpls wherein the phurality of ¢

structures are evenly distributed in regions adjacent the plurality of

interconnection lines.

17. The semiconductor structure of claim 1, wherein the plurality of dummy
structures are configured to reduce recess within at least a portion of the

plurality of interconnection lines.

18. The semiconductor structure of claim 1, wherein the plurality of dummy
structures are configured to increase the average density of the structures in at

least a portion of the semiconductor structure.

19.  The semiconductor structure of claim 1, wherein the plurality of dummy
structures are configured to reduce non-horizontal regions of the metal layer

formed over the plurality of interconnection lines.

20. . The semiconductor structure of claim 1, wherein the metal layer is

electropolished to electrically isolate the plurality of trenches.

21.  The semiconductor structure of claim 1, further comprising a barrier layer

disposed between the conductive layer and the dielectric layer.



16. The sem conductor structure of claim1l, wherein the plurality of dumy
structures are evenly distributed in regions adjacent the plurality of

i nt er connwotisomeki nes. 17. The sem conductor structure of PElraiser/ag3omher ei n
the plurality of dunmmy structures ar¥® configured to reduce recess within
at least a portion of the plurality of interconnection |ines. 18. The

sem conduct or structure of claim1, wherein the plurality of dumry
structures are configured to increase the average density of the structures
in at least a portion of the sem conductor ructur.e. 19 T

sem conducdr stGSEIHGEndyCteY SEuRiuLe Oﬁ;ﬁi@%ﬁﬁ#\e& BHRFAMPEY ot 1'3 Gy
structures ar&isg&%ﬁibeme%ﬁtﬁe%ﬁ@.ﬂsﬂ%mféflmliu)fhbmmﬁcra?@i.ons of the netal

| ayer formed over the plurality of interconnection [ines. 20. - The

sem conductor structure of claim1, wherein the netal l|ayer is

el ectropolighed o el ec&r%ca{l isolate.the plurality of trenches. 21. The
sem conductdr st GTPTPRIUGHO! %‘%{Fﬁean’P ¥er conprising a barrier |ayer

di sposed bet ween, diBRcwieMlieEhdvies,| ayer and the dielectric |ayer. WO

03/ 019641 PCT/ US02/ 26309 ~ 27 22. The sem conductor structure of claim1,
further conprisi ngaglwaliy of igashes,@pdposed bet ween the conductive |ayer and
the dielectric |layer senl o LiSihBgand &
dielectric |ayer hg\?iluﬁél,%ygﬁﬁlf' i f\s?rpgtﬂg%s’ %Pg%grﬁ@é?fugﬂgygla glblﬁjrhgélg ?r%dy of dummy
structures, whRrfimlithsf dahniyesticyured art seprcitedbptic diclewriplayemkbidy of durmy
structures are separated by the dielectric |ayer; an netal .l ayer,
wherein the net a3 ekl layes P%emttﬁénﬁtagﬁ%Wég‘ufgﬁ/eftf)‘?“ﬁﬁ‘?‘?g?zﬁ’m :fnﬁ{alarconnecti on

i nes.

i

interconnection lines.

24. The semiconductor structure of claim 23, wherein the metal layer is

electropolished to electrically isolate the plurality of trenches.

25. The semiconductor structure of claim 23, wherein a diameter of a stream
of electrolyte fluid produced from an electropolishing apparatus defines a

distance, and
at least one of the plurality of dummy structures is located less than or

equal to the distance from at least one of the plurality of trenches.

26.  The semiconductor structure of claim 23, wherein a portion of the plurality
of dummy structures are located adjacent to at least one of the plurality of

trenches.

27.  The semiconductor structure of claim 23, wherein the plurality of dummy

structures are located adjacent longitudinal ends of the plurality of trenches.

28.  The semiconductor structure of claim 23, wherein a portion of the plurality
of dummy structures are located between at least two of the plurality of

trenches.



24. The sem conductor structure of claim 23, wherein the netal layer is

el ectropolished to electrically isolate the plurality of trenches. 25. The
sem conduwpDas/osteruct ure of claim 23, wherein a dianeter offCa/tsvr/eane of

el ectrolyte fluid produced froman el28ctropolishing apparatus defines a

di stance, and at |east one of the plurality of dummy structures is |ocated
| ess than or equal to the distance fromat |east one of the plurality of
trenches. 26. The sem conductor structure of claim 23, wherein a portion of
the plurality of du tructures .l ogcat ed adj,acent,.to st one of
the plural 2Py oflhespRHORguctorsy Ctmgiciﬂnc%ﬁdﬁ’ff%?{ etp?‘hréltlt&rogag | ai m 23,
wherein the pllalibd ¥re ¥catidMhcert laHeH-HERSy 2ot OLRE pHirality a€ ent

| ongi t udi nal engs of the plurality of trenches. 28. The sem conduct or
structure of wémhes.23, wherein a portion of the plurality of dummy
structures are |ocated between at |east two of the plurality of trenches.
WO 03/ 019641 PCT/ US02/ 26309 28 29. The sem conductor structure of claim
23, wher ei ot he TlcWeAlidoniudbr HuBTYe ofSdlAHCE3) WeRrein ehd phmaligcbfddjimoent a

hi gh-density region of the plurality of ¢trenches, 30. %?e?ﬁem conduct or
structure of strustureode logatadeidincenta lpwedeapity jeesm of thsmiurality ofct ures are

| ocated adj acgnt .,a |lowdensity region of the plurality of trenches. 31.
The sem conduﬁ?rb Structure of claim23, wherein the plurality of dummy
structures are | ocated adjacent an isolated trench. 32. The sem conduct or

structure of claim 23, wherein a porjion t.he .pl.ur gl it. f dummy
structures 3Hdre |Breacadcondyster iychis ‘f}?‘[‘rhg"t’t"}d}fﬁ‘?}%&e @P’f&ﬁ{ye or

structures are located adjacent an isolated trench.

32.  The semiconductor structure of claim 23, wherein a portion of the plurality
of dummy structures are located a distance from the trenches greater than or

equal to the minimum distance allowed between two trenches by a design rule.

33.  The semiconductor structure of claim 23, wherein a portion of the plurality
of dummy structures are located a distance from the trenches at least two
times greater than the minimum distance allowed between two trenches bya

design rule.

34.  The semiconductor structure of claim 23, wherein the plurality of dummy

structures are filled with a conductive material.

35.  The semiconductor structure of claim 23, wherein the plurality of dummy

structures are filled with copper.

36.  The semiconductor structure of claim 23, wherein the plurality of dummy

structures are contiguous lines.

37.  The semiconductor structure of claim 23, wherein the plurality of dummy

structures include a metal line.



equal to the m nimum di stance all owed between two trenches by a design
rule. 33. The sem conductor structure of claim23, wherein a portion of the
pl ural i t ywomB/othsatry structures are | ocated a distance fromcrhsore@nches at

| east two tines greater than the m m9num di stance al |l owed between two
trenches by a design rule. 34. The sem conductor structure of claim 23,
wherein the plurality of dunmmy structures are filled with a conductive
material. 35. The sem conductor structure of claim 23, wherein the
plurality of dummy structures are filled with copper. 36. The

sem conductor structure of claim 23, wherein the plurality of dummy

structuressgre q@l]@tsélﬂ%i’l&ldté)m%ctuggofci_ﬁﬁi B Wheandemhainsiy snctre of cl ai m
23, wherein the plurality of dummy structures include a ma%tﬁla line. WO
f

03/ 019641 PCTéfiBepledB9bas 29idi thalisezrenten thyheraavaktodhe wedthyp cl ai m 23,

wherein each dumyy structure of the plurality has a width that is greater
t han or equal%ﬂ%@gwrﬁ ¥ of the plurality of trenches. 39. The

sem conductor structure of claim 23, wherein the density of the plurality

of dummy structures is greater than or equal to,tg%ﬂ%ensit of the
plurality 80t r dietsemiconductqmgrusrg Hloiedbrvhereiy BsIpfofthSi m 23, wherein

the plurality ,of .du r L5414 bMthe€gi ons

adj acent the Ii’)llu arthP yuné'?lgltslfi{ei%#{?g?&éﬁiﬁﬁ%ﬂgy% rarllﬂgoﬂr}gg%rt%g?bgructure of
cl ai m 23, whepRidlity betrpddheal ity of dummy structures are configured to
reduce recess within at |least a portion of the plurality of trenches. 42.
The sem conductor structure of claim23, wherein the plurality of dunmy

40. The semiconductor structure of claim 23, wherein the plurality of dummy

structures are evenly distributed in regions adjacent the plurality of trenches.

41.  The semiconductor structure of claim 23, wherein the plurality of dummy
structures are configured to reduce recess within at least a portion of the

plurality of trenches.

42. The semiconductor structure of claim 23, wherein the plurality of dummy
structures are configured to increase the average density of metal structures in

at least a portion of the structure.

43.  The semiconductor structure of claim 23, wherein the plurality of dummy
structures are configured to reduce non-horizontal regions of the metal layer

formed over the plurality of trenches.

44. A semiconductor structure comprising: /
a plurality of semiconductor dice, wherein the plurality of semiconductor
dice include:
a dielectric layer with a plurality of trenches, and
a metal layer that fills the trenches to form interconnection lines; and
a plurality of dummy structures formed adjacent the plurality of

semiconductor dice.



structures are configured to increase the average density of netal
structures in at least a portion of the structure. 43. The sem conduct or
st ruct ur ewofo3pl®itm 23, wherein the plurality of dumry st Partuson63ay e
configured to reduce non-horizontal r¥gions of the netal |ayer forned over
the plurality of trenches. 44. A sem conductor structure conprising: a
plurality of sem conductor dice, wherein the plurality of sem conductor
dice include: a dielectric layer with a plurality of trenches, and a netal

| ayer that fills the trenches to forminterconnection lines; and a
plurality of dummy structures fornmed adjacent the plurality of

sem CO”dUCt4$F ditge sﬁ@o&ﬁlc@&%%&m?g#m?d@%@&m 3iafiRier Be sg&m conduct or

structure of claim erein a dianeter of a stream of electrolyte fluid
produced f r onoflectiobytt flojgirpdimied droappaelectippoligfingeppasatugidefinghege, and a
portion of th&ﬁplural'ty of dummy structures are |located | ess than or

equal to the 1@RCHn froma portion of the trenches. 46. The sem conduct or

structure of cl %iﬂ&ci’tﬂx of"fﬁ@ﬁﬁkﬂit&Bﬁdlﬂhﬂwirhétureﬁhreﬂumwd lesd thagbtir es are
filled with netal”. 47. The sem conductor structure of claim44, wherein the

plurality of egmahtp thetistaoceifrem apastien pf the trghehes.copper. 48. The
sem conductor structure of claim44, wherein the netal layer is forned
over the die and the dunmy structures concurrently. 49. , The sem conduct or

structure ofg. cl aipdsdmhiconliedisd sirictige of dlaial 44, whefeid thempturakityr ofcluomes  ar e
contiguous |ines. .
structures are filled with metal.

47.  The semiconductor structure of claim 44, wherein the plurality of dummy

structures are filled with copper.

48.  The semiconductor structure of claim 44, wherein the metal layer is

formed over the die and the dummy structures concurrently.

49. . The semiconductor structure of claim 44, wherein the plurality of dummy

structures are contiguous lines.

50.  The semiconductor structure of claim 44, wherein the plurality of dummy
structures include a metal line formed adjacent to at least a portion of said

plurality of trenches.

51.  The semiconductor structure of claim 44, wherein the plurality of dummy
structures are located in a region adjacent the semiconductor dice that extends
a distance greater than or equal to the lessor of:
a distance equal to a diameter of a stream of electrolyte fluid produced
from an electropolishing apparatus, or

a distance equal to the distance between two adjacent dice.



50. The sem conductor structure of claim44, wherein the plurality of dumy
structures include a netal line forned adjacent to at |east a portion of
said pluwalosbweaf trenches. 51. The sem conductor struct eca/usb2/ed3ad m 44,
wherein the plurality of dummy strucilures are |located in a region adjacent
t he sem conductor dice that extends a distance greater than or equal to
the I essor of a distance equal to a dianeter of a streamof electrolyte
fluid produced from an el ectropolishing apparatus, or a distance equal to

t he di stance between {wo _adjacent dice.. 03/019641 PCT/ 2/ 26309 31 52.
The seni contfuct &heﬁmé@?é‘ﬂ%&oeftm&wé? ﬂf‘iﬁl@%&aﬁﬂn ﬁﬁewﬁ%?ﬁﬁgf t he

plurality of B sBRctifs 36 BRUEF thhfl8Pefal QUi offte Wi dt h of the
plurality of ?}rﬁggr% gg SS?STh% sesm' %%nducltor structure of claim44, wherein

t he di stance phpditmdf mgnchehe plurality of dunmmy structures is greater than
or equal to the mnimum distance separating the plurality of trenches. 54.
The sem conductor structure of claim44, wherein the plurality of dunmy

structures aye eppNehichindhétbPsthReurk 61 E18Bh oA Syiadtiadiendistahee ebamtihg ty of
di ce. 55. The sem conductor structure of claim44, wherein the plurality of

dunmy st ruct thregdurality efshifringy steubtures iseentes thanceegualite fhsymEMPM®ast a porti on
of the pl uralﬂif&%‘ﬁ%"g}’ta% irﬁgtees'léagﬂgﬂ?en%ﬁép conductor structure of claim44,

wherein the p ctures are configured to increase the
average density of netal structures on at |east a portion of a
sem conductor wafer. 57. The sem corcl)guct or. struct I ghgn 44 wherein

f
the netal |3yer Theseatieandreighsiruatiug of slagp 4+ Whetap : eP]ngarhg}’ Yo urality

of trenches. gctures are evenly distributed in regions adjacent the plurality of dice.

55.  The semiconductor structure of claim 44, wherein the plurality of dummy
structures are configured to reduce recess within at least a portion of the

plurality of trenches.

56.  The semiconductor structure of claim 44, wherein the plurality of dummy
structures are configured to increase the average density of metal structures on

at least a portion of a semiconductor wafer.

57.  The semiconductor structure of claim 44, wherein the metal layer is

electropolished to electrically isolate the plurality of trenches.

58.  The semiconductor structure of claim 44, further comprising a barrier

layer disposed between the metal layer and the dielectric layer.

59.  The semiconductor structure of claim 44, further comprising a seed layer

disposed between the metal layer and the dielectric layer.

60. A method of making a semiconductor structure, comprising:

forming a dielectric layer, wherein the dielectric layer includes a recessed

area and non-recessed area;



58. The sem conductor structure of claim44, further conprising a barrier
| ayer di sposed between the netal |ayer and the dielectric layer. 59. The
sem conduwDas/osteruct ure of claim 44, further conprising aPsFabot/203ey

di sposed between the netal |ayer and 32he dielectric |layer. 60. A nethod of
maki ng a sem conductor structure, conprising: formng a dielectric |ayer,
wherein the dielectric layer includes a recessed area and non-recessed
area; WD 03/019641 PCT/ US02/26309 32 formng a plurality of dunmy

structures in the non-recessed area; . form.ng a 0e .to cover the

di el ectric | ayerO&Hgs AR ufa@%ﬂﬁidau&’t‘%%ﬁ‘é%s;mg%edn Jéelteeg%srsé‘g%ﬁ%lﬁ’s hing the
conducti ve | ayergpla,6%ReSH 1hA8 t5edvdr arassesialaasand the dubhey met hod of clai m
60, wherein formng a netal 1ayer includes depositing the nmetal |ayer. 62.

The met hod of stoichires;80d wherein forming a nmetal |ayer includes

el ectropl ating 1 he et el | Aveon Bl HECTBLROSOf, SIALa0y ather ofn each

dunmy struct ure S5F that 1's greater than or equal
to the width of the recessed areas. 64. The nethod of claim 60, wherein

each dummy structure in the plurality are space\%ﬂ a}part fyom each ot her by
an equal diflt anckhe aghodpiclpis ABIVRACIR fermngd meiH LYeF HClYFES ni ni mum di st ance

bet ween the u . nd the recessed areas is greater than or
GBI el et

equal to a de € recessed areas. 66. The nmethod of claim 60,
wherein the recessed areas is a trench configured to forman

interconnection line when filled with the .netal laver. 67, The method of
I(:I ai m 60, v@?iar ei 'H;E’crﬁ%thﬁ‘li af %JIF‘F‘? 9870‘\7,’%"%‘??1‘?9‘@?% ﬂ(‘?i‘qﬁ?lzéleépéc‘?udes

electroplating the metal layer.

63.  The method of claim 60, wherein each dummy structure in the plurality

has a width that is greater than or equal to the width of the recessed areas.

64.  The method of claim 60, wherein each dummy structure in the plurality

are spaced apart from each other by an equal distance.

65. The method of claim 60, wherein the minimum distance between the
dummy structures and the recessed areas is greater than or equal to a design

rule for the recessed areas.

66.  The method of claim 60, wherein the recessed areas is a trench configured

to form an interconnection line when filled with the metal layer.

67.  The method of claim 60, wherein the plurality of dummy structures are
filled with a metal.

68.  The method of claim 60, wherein the act of electropolishing includes

directing a stream of electrolyte fluid to the surface of the metal layer.

69. A method of making an interconnection structure, comprising:



filled wth a netal. 68. The nethod of claim60, wherein the act of

el ectropolishing includes directing a streamof electrolyte fluid to the
surface oWotoheigeat al | ayer. 69. A nethod of naking an i ntPeTaman2EsHI on
structure, conprising: WO 03/019641 R3T/ US02/ 26309 33 formng a dielectric
| ayer, wherein the dielectric layer is patterned to form interconnection
lines; formng a plurality of dummy structures adjacent the interconnection
lines; formng a netal |ayer to cover the patterned dielectric |ayer and

t he dum‘ry structures adel OO|IS t he | | ol ate the
i nt er connect i on IPTREg a di ?Pm‘ﬁ' &'F%%ilea%gg%ﬁs %ﬁ%ﬁﬁ%\d#oorl?nﬁng a met al
| ayer incl Udeﬁlter%ﬁgéﬁédlﬂ%st he et aI Iayer 71. The nethod of claim 69,

wherein formng a nmetal |ayer includes electroplating the net | ayer. 72.

The net hod of clfammngg,plwmbﬁy@frdumhstwmi}s agljaoget the Elt?fﬁort’llf?étlﬂ E"P"é* ity has
awidth that is greater than or _equal, to it er connecti on
lines. 73. The nEtHo8 ad?etgﬁgy%t%go QS pa,ttEItﬁ@d e(i%; Hlaybind it

rern Y¢tTucture in the
plurality (ﬁﬁﬁn§me§&ﬁﬂt from each ot her by an equal di stance. 74. The
nmet hod of claim 69, wherein the ninimum di stance between the dumy
structures and tdikstionelshingthe sataliayer freisolpts the BUSTENDCRARN WicSequal to a
design rule for the recessed areas. 75. The nethod of claim&69, wherein the
plurality of dummy structures are filled with a netal. 76. The nethod of
cl ai m 69, wWher ei Theihethad bf elhing beoviiergialformiing g nieta layge scludes

depositing the metal layer.

71.  The method of claim 69, wherein forming a metal layer includes

electroplating the metal layer.

72.  The method of claim 69, wherein each dummy structure in the plurality

has a width that is greater than or equal to the width of the interconnection

lines.

73.  The method of claim 69, wherein each dummy structure in the plurality

are spaced apart from each other by an equal distance.

74. The method of claim 69, wherein the minimum distance between the
dummy structures and the interconnection lines is greater than or equal to a

design rule for the recessed areas.

75.  The method of claim 69, wherein the plurality of dummy structures are
filled with a metal.

76.  The method of claim 69, wherein the act of electropolishing includes

directing a stream of electrolyte fluid to the surface of the metal layer.

77. A method of forming a semiconductor structure comprising:



directing a streamof electrolyte fluid to the surface of the netal |ayer.
77. A method of form ng a sem conductor structure conprising: W 03/019641
PCT/ US02/\63001963¢ formng a plurality of dice on a sem ceeadusoee3nmf er,
wherein formng each die includes: f® mng a dielectric layer with a
recessed area and a non-recessed area formng a netal |ayer over the
dielectric layer and filling the non- recessed area; formng at | east one
dumy structure in the non-recessed areas of the dielectric layer; and

el ectropolishing the neta r to expos 78. The
met hod 8f cl a| Wln%gf'"é‘?lﬁyP Wﬂﬂaﬁe §?&ﬁt&gry‘g¥@r % udes g%om ting the

metal |ayer. 42y qthRciggéshod of claim 77, wherein formng a netal |ayer
i ncludes. electroplating the netal 80. The nethod of claim 77,
wherei n each dumTyfognmgcatdmlectm 14%%‘1\{1@’(@%5%@ arpgAdp YNFERCSELE? s gr eat er

than or equal to t e WI drh_of reodépﬂlerdﬁ’éi?&ﬁceﬂg?{zﬁﬁsﬁllmgﬁl@H-Blﬁe met hod of

claim77, wherein ructure Int rality are spaced apart
from each ot hleeeeggyd@eaequal di stance. 82. The nethod of claim 77, wherein
the mi ni num di stance between the du structures and the cessed areas
i's greater than fomingableast one duEEIYRTICHIR @ ROPOR-FECISE é‘?%ﬂftﬁ?eas. 83. The
met hod of cl ai tn’clgl% |n the recessed area defines trenches configured
to forman |nf18 conn 1on line when filled with the netal layer. 84. The
met hod of cl ai mefeétropélshigithé hetgdlayenta axpossfthelnompecsssederadr es i ncl udes a
met al .

78.  The method of claim 77, wherein forming a metal layer includes

depositing the metal layer.

79.  The method of claim 77, wherein forming a metal layer includes

electroplating the metal layer.

80.  The method of claim 77, wherein each dummy structure in the plurality

has a width that is greater than or equal to the width of the non-recessed areas.

81.  The method of claim 77, wherein each dummy structure in the plurality

are spaced apart from each other by an equal distance.

82. The method of claim 77, wherein the minimum distance between the
dummy structures and the recessed areas is greater than or equal to a design

rule for the recessed areas.

83.  The method of claim 77, wherein the recessed area defines trenches

configured to form an interconnection line when filled with the metal layer.

84.  The method of claim 77, wherein the plurality of dummy structures

includes a metal.



WD 03/ 019641 PCT/ US02/ 26309 35 85. The nethod of claim 77, wherein the
plurality of dummy structures includes the sane naterial as the

sem conduwDas/omsfier . 86. The nmethod of claim 77, wherein teaa/ysoeeabdty of
dummy structures includes the sane nmiterial as the dielectric |ayer. 87.
The nethod of claim 77, wherein the act of electropolishing includes
directing a streamof electrolyte fluid to the surface of the netal |ayer.
88. The nethod of claim 77, wherein the durmy structures extend a di stance

fromthe meagre er r. e ta a f th m of

el ectrol yt e¥>flu ?th?cﬁgfaﬁlﬂ%‘%heéﬂﬂi? lgrgﬁ}' ug}r%gtéucﬁ&g?é\ieen adj acent
dice. 89. A S%E?l&d%@ﬁf&%&&% nShiéi b iR eaicBRduas wateen conduct or wafer in
accordance with the nethod of claim®60. 90. An interconnection structure

formed on a sem conductor wafer in accordance with the nethod of clai m69.

91. A sem c dﬁc l??én%é?é:{gga Q?a reiu?nheplﬁramy &‘Hﬁﬂ%ﬁ?é&&@ﬁr@é in

accordance
includes the same material as the dielectric layer.

87.  The method of claim 77, wherein the act of electropolishing includes

directing a stream of electrolyte fluid to the surface of the metal layer.

88.  The method of claim 77, wherein the dummy structures extend a distance
from the die greater than or equal to a diameter of the stream of electrolyte

fluid or the distance equal to the distance between adjacent dice.

89. A semiconductor structure formed on a semiconductor wafer in

accordance with the method of claim 60.

90. An interconnection structure formed on a semiconductor wafer in

accordance with the method of claim 69.

91. A semiconductor structure formed on a semiconductor wafer in

accordance with the method of claim 77.



