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APPLI| CATI ONS The present application clains priority of an earlf ¢&N 2006ed
provi sional application U S. Serial No. 60/314,617, entitled METHOD FOR
ADDI NG DUMWY STRUCTURES TO REDUCE COPPER RECESS | N ELECTROPCLI SHI NG
PROCESS, filed on August 23, 2001, the entire content of which is

i ncor por at eV h&¥%814! by reference. BACKGROUND 1. Field Thi 8CTHYEAt'Sn rel ates
generally to formng structures on senf conductor wafers, and nore
particularly to dummy structures fornmed on sem conductor wafers. 2.
Description of the Related Art Sem conductor devices are nmanufactured or
fabricated on sem conductor wafers using a nunber of different processing
steps to create trabnsivEVIarSERACTIURES DO RERYCH METAKRECESTIN el ectrical ly

connect transistor termnals i at | m conduct or waf er,
conductive (e.g., netal) treﬁgﬁég‘?{c&cﬁgml%m%&%@ge are formed in
dielectric materials as part of the sem conductor device. The trenches and
vias couple electrical _signals and power between transistors, internal
circuit of the seni con@&@%ﬁ‘rﬁ FOEE TQRELATEDUAFRLIENTEPNEl to the

sem conductor device. In formng the interconnection elenents the

sem conductor wafer may undergo, for exanple, nasking, etching, and

deposi ti on processebhetpestwrapplidaon ¢laigis paorniyloéen eaghérdiled provisiona) of t he

sem conduct or - ey 668y 4 TeRAfkd. Golsth o1 kBB SoPANZABB MG (131( 119641
DUMMY STRUCTURES TO REDUCE COPPER RECESS IN

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 {abricated on semiconductor
wafers using a number of different processing steps to create transistor and
interconnection elements. To electrically connect transistor terrninals 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

desited electronic circuitry of the semiconductor devices. In particular, multiple



2 PCIA 1SO 2/26309 maski ng and etching steps can be perforned to forma
pattern of recessed areas in a dielectric |ayer on a sem conductor wafer
that serve as trenches and vial for the interconnections- A depo$tjisRri006
process may then be performed to deposit a netal |ayer over the )
sem conductor wafer to deposit nmetal both in the trenches and vias and al so
on the non-rgeesspd areas of the sem conductor wafer. To isolate the

i nt erconnections, such as patterned trepches and vias, the’MetdP2deposited
on the non-recessed areas of the seniconductor wafer is renoved. Metal
deposited on the non-recessed areas of the dielectric |layer on the

sem conduct or wafer can be renoved using chem cal nechani cal polishing
("CWP") in which a slurry and a polishing pad are used to physically renove
the netal | ayesking and @ching smg)stchebmmhnddayécrmWattgm(ar/R;cedwmyassmructur es
may be wused to nha;lce t he structural ‘?ttﬁength of tr mé ayer deposi ted
in the recessdd!°lsieayer Qi sFmigsPRIusior WAEL P4, Py © dplirishesand ﬁoé tal layer -
deposited on tiRerchiftiactidn€CRTREEkitRINGASoessiTiuyRN S be PREEMUER0 BERSIEa MkfaliCt Ures are
added for the purpose of  adding structural strength, they are added only taq

the recessed aP¥RavehdrespBicopisiosiMeferlp depesitppsialibothdy dic tepclienand igessed ar eas.

BRI EF SUMVARY Of »ild 6, thExNTéc@écdﬁe&%llﬁ%@rﬂﬁbﬁd&to@%@g' T®RbkateneS€M conduct or
structure includes a dielectric layer with recessed areas and non-recessed

areas, a net alinfmgeectiassech arpatthrmesissnckes audieias thegnetglciepeseted ¢rathefi | |'s t he
recessed ar ea%oﬂ’?&eés%d fﬁje L{l&ﬁg&tor%?emdstxjéﬁo%%” recessed areas to form

d&frtl‘?
i nterconnection |1nes, ura It structures forned in the
non-recessed areas of the di eI ectric I ayer. Accordl ng to anot her enbodi nent,

a method is PT ovi d%? f% osReJ%qntge on- rseg{'p %rneczjilsjg%tgegle ectu% L eont-ghe met hod
includes formng a diel gEEric & recesse - #edessed areas on

a sem conduct cn"cmwaﬁdarctor Mfdﬂbﬂg)dimmyed usiing ulaﬁnucz&melcmnnidaepdmmng ecessed areas,
formng a met a(l‘CIL/@ )ell;l “Fh?chcaos G t a pollsﬁlmegcp;[ag agc u]s'gd t%ApNysgga?l? remove the

metal layer. In removing the metal layer using CMP, 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

-



WO 03101964 1 3 PCT/ US02/ 26309 | ayer and the dummy structures, and

el ectropolishing the conductive |ayer to expose the non-recessed f AR -2006
BRI EF DESCRI PTI ON OF THE FI GURES The present invention can be best
understood by reference to the following detailed description taken in
conjunction wth the acconpanying drawing figures, in which |like parts may
be referred to by like nunerals: Fig. lAand IBillustrate a schematic and
Cross-secti obdl o3iiww respectively of exenplary sem conduck®@fyGbhikas ur €s

i ncluding dummy structures; Figs. 2A andd 2B illustrate a cross-section view
and a top view respectively of an exenplary el ectropolishing apparatus and
sem conduct or wafer; Figs. 3A through 3D illustrate an exenplary

el ectropol i shing process of a sem conductor device; Figs. 4A and 4B

Illustrate an exer%tf"eg( dm AR and d&'flg(mgtlsz%ﬁH&%on WSRReGld: cg' y of a
semi conduct or "device aiter’ an el ec ropo I'ng®process; Fi illustrates

an exenpl ary fekpawe cieawoh-réckdsed tireat i Ng an exenpl ary damascene process; Fig. 6
illustrates a schematic view of exenplary dummy structures | ocated adjacent
to a single die of a sem conductor device; Fig. 7 illustrates a schematic

vi ew of exenplary dumy g preSRIPERCOF ATE FEECOREO mul tiple die of a
sem conduct or device; 15 JAN 2006 WD 03/(119641 PCP/tJ S02/ 26309 Fig. 8

illustrates a schematic view of exenplary dummy structures | ocated adjacent

to lines on | ow dergp Br)éseﬂ{ i‘?@éntf&ﬂ c&n §@6@s&9{891%5@6y Q?é{&%@ to fik BlloWidd | UStrates

a schematic view of exenplary dummy structures [ocate )
detailed description taken in conjunction with the accompanying drawing figures,

in which like parts may be referred to by like numerals:

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;

o S



adjacent to lines on |lowdensity areas of a sem conductor device; F
through IOF illustrate views of exenplary line structures of a

sem conduct or device that exhibit the hunp effect and resulting]ge
the lines; Figs. 11 Athrough | ICillustrate views

the edges of

exenplary line and dummy structures of a sem conductor device;
illustrates Qogshehgtic view of exenplary dummy structures on a

sem conduct or devi ce;

Fi g-

gs.

12

Fig. 13 illustrates a schematic vi eW SfSEEMI ary

QA

_g@smgmear

dummy structures on a sem conductor device; Fig. 14 illustrates a schematic
vi ew of exenplary dumy structures on a sem conductor device; Fig. 15
illustrates a schematic view of exenplary dumry structures on a

sem conductor device; Fig. 16 illustrates a schematic view of exenplary

dummy structures ohngd illsgmites arsdientatr vteaf eesmpdaryd dRngy stddikes lorasedgh 17AA

illustrate Vari'%’ééﬁt 1%‘;5@%&1?%31238? es..t ?E‘}S\f}%ﬁ%ﬁg%ém%ged to form dumy

o
structures on Sem conducto

e8¢ ¥°r131(119641

PCl 7US02/ 26309 DETAI LED DESCRI PTION I n order to provide a nore thorough

under st andi ng of t@g ¥resent i nvention, the follow ng descr
Cief

i pt
HIuEER o5i9) SShomAlE 1oy 0T XA AR Y SHFFRICS {,Oc‘iﬂ%{jr aneters,

forth nunerous spe

ion sets

and the like. alifaccti@Uings flohafeRdt) #84d of DEMERAUCctortldddite;t Ne description is not
intended as a limtation on the scope of the present invention,

instead provided to enable a better description of the exenplary
enbodi ments. Fig. Fi@s.'lb!l\l'fﬁrtoﬁg{ ﬁfFiﬁus?ﬁrb%s'o@eyé%?iinéﬁnﬁ%fﬁ%lfgr y

sen conduct or

semiconductor device that exhibit the hump effect and resulting recess near the

edges of the lines;

Figs. 11 A 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.
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structure according to one enbodi nent. The exenplary sem conductor structure
includes a dielectric layer with recessed areas and non-recessed rgﬂfﬂmﬁ
dumy structures forned in the non-recessed areas, and netal for n the
non-recessed areas. Specifically, the exenplary sem conductor structure
includes a dielectric layer 151 with recessed areas 151r and non-recessed
ar eas 151n.“ﬁgggf§§p areas 151r have been filled with a Hggalu)g er to form
i nterconnection lines 140. Additionally, dummy structures 1%Y & been
added to the non-recessed area 151n adjacent to the recessed areas 151r and
i nterconnection |ines 140. Dummy structures 130 are, for exanple, inactive
structures included in the non-recessed areas 15 In of dielectric |ayer 151
to reduce fluctuations in the polishing rate of a streamof electrolyte
fluid by creating a nore constant current density and polishing rate over

t he recessed areas 151 r and kngﬁ&ﬁﬁﬁpﬁﬁggggp*{ S 140. Reducing the
fluctuations in the polishing rate can reduce, for exanple, netal recess

within the recessed areas 151 r and result in nore uniform interconnection
| i nes 140. Dummy stru 30 _can t he non- recessed area

t?res % halsq b% agdgd tg ,

151n of diel ectri c &5 HBYIE & "okt iR ndssndime o HibF RESHY and

el ect Ir opol i shii;ﬁgntpﬂpglefalowh% dbéé\h‘&i@ﬂ&t%ﬁﬁﬁﬁ&x%ﬁs’be&ﬁ?@&?éi&@%ﬂ/az630? I n tge
exe ary structyre depicted in Fig. | _A structures are configure
adj ggent yt 0 aﬁBecﬁ{Sr“Paé‘iﬂ%&ﬁ’ PY2PHES ﬂ’%é’f“’clﬂ‘ﬁné‘éggga bf feqR&IZd PO Fred i n )

di el ectric | ayek thdadscrifidRTY n&lifitdRdddra€8 lidhRBionRWRY &ope 68K feschocat ed in
nunmerous |ocations wth respect. to the interconnection |ines 140 dependi ng

on the appli dBEMEE, bytarheigrdRoHaeddesnabion ketisbirsatntioB Af the sesPldD, bet ween

i ndi vidual semhcapdsstor dice on a wafer, and the like. Further, the
configuration, such as the density, spacing, shape, etc. of dummy
structures 130 can be altered in nunerous ways depending on the particular
appl i cation and pag itgl £A lilﬂlrstratcs a schematic view of an exemplary semiconductor
structure according to one embodiment. 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 aréas 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.

WA



el ectropolishing processes. Fig. IBillustrates a cross-sectional view of
the sem conductor structure corresponding to line B-Bof Fig. A In this
exenpl ary embodi ment a patterned dielectric layer 151 is forned ongt 7006
surface of a sem conductor substrate layer 102. The patterned dieleciric

| ayer 151 includes recessed areas 151r that define the trenches or |ines of
the interconnections. Dielectric |layer 151 al so includes non-recessed areas
151n that seM@eR/iytipart, to isolate the interconnection |ipc@SsozAszedumy
structure 130 is formed in the non-recessed area 151n of dielectric |ayer
151. A netal |layer 104 can then be formed over the structure, including
dummy structure 130 and both non-recessed areas 151n and recessed areas
151r. Metal ||ayer 104, however, is electropolished back to the non-recessed

area 15l n such thg{ggg;§ﬁ3§2¥§%ﬁ%g§qh§awg%3%qAaggn%ﬁgggyﬁk5@eas 151r and

dummy structure 13 structure In the
non-recessed aoe@gutSilaljotntdo ehdatmoimling thywtercbidectien ined 40 faroediat i ons in the-
polishing rate.qf electrolyte fluid. b eatin a re.caonstant current
density and podl“?ﬂes%riwnléyer' a{gL %\l}l@PlytsﬂgCt'i”éScfefjg)s@(aveé’?reﬁ%nl%g ?a.ted'lo‘ﬂém‘a?rgﬁlsect ric

| ayer 151 may 1baticeswilntcspaondoltlye id@posicttsh laiasl 1 {addpeddigdon thbr ough known
patterning nethods such as phot omaski ng, photoljthography,. .

mi crol i t hogr afRPICcalARy Hakuling %Wee?ﬂ’é‘era?‘é‘fa%‘@’f‘ﬁ‘inﬁs ]I4<'9y?:‘?cl!wiﬁ§1m@,‘&'ﬁ“ade formed on

substrate | ayeemididitdrattedn¥ VAR HANR! FORARPThE EAfgimtfDchasich as
chem cal vapor deposition, spin-on, or the like. It should be recognized

that di el ect rithe fayisy. spacayE, SR, £icsof dBpGIHEre A Gcabewiteadiny for ned | ayer.
The di el ectri Gy @g@e@di,}% %1)9gﬁili%@rg%lgat%@an@jpﬂicsz)cn USI 12/ 26309 be,

for exanple, silicon dioxide ( is often desired to select a
dielectric | asestropadisbingatochsed-ng a | ow di el ectric constant, often referred
to as a low "k" value material. Such low k materials include flourinated
silicate glass, polyimdes, fluorinated polyimdes, hybrid/ conposites,

si | oxanes, organi c Fig. 1B illustrates a cross-sectional view of the semiconductor structure

corresponding to line B-B of Fig. 1A. In this exemplary embodiment a patterned
dielectric layer 151 is formed on the surface of a semiconductor substrate layer
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°ah also be formed on a previously formed layer. The dielectric layer may



polyners [al pha)-C F, Si-OC, parylenes/fluorinated paryl enes,

pol yt er af | uor oet hyl ene, nanoporous sil ca, nanoporous organic, and the |ike.
In general, lowk-materials (i.e., less than approximately 3.0) prbgige 2006
better electrical isolation between interconnection |ines by reducing
capaci tance coupling and "cross-tal k" between adjacent lines. A barrier

| ayer 154 may be deposited on the dielectric |ayer by any known nethod,
such as cheMe®¥¥dpor deposition (CVD), physical vapor deposikdiens (PVD)
atom c | ayer deposition (ALD), and the’like, such that the barrier |ayer
covers the entire patterned dielectric layer including the walls of trenches
and vias. Barrier layer 154 serves to prevent netal (e.g., copper) from
diffusing into the dielectric layer 151 after the subsequent netal |ayer
104 deposi ti Ok, fd?‘@(amlqé fsﬁ%h QBXQE (gﬁ@)t"‘?l It lsrbtﬁ@n H&%e@le@c%@t@f d1gleéu%/ er 151 may
degr ade the perfornmance of diiel ectric layer 151. Barrier |ayer 154 can
be fornmed of kyguatclsl bavom*ﬂjlawtdlﬁ:)@tnm1€talnta¢ﬁqnh@f@n(Fdstoraes|1Q9’t it to the

di ffusion of t al c [ titaniumnitride,
tantal umnitride, m%temlf ? %c‘j]‘ﬁ%\fvtqu %Ena m(t’lg?%ﬁgrun%te? H?agéélﬁstgt erial. In sonme
appl i cations, p&ﬁmﬁmﬁlﬂmﬁmﬁbdﬂﬁﬁnﬁaﬁ hyriditbinpesites, Fdoxasesaomphiec 1 f  the
dielectric mat rlal res stant to the diffusion of the neta

ficien
| ayer 104, oPOVWmﬁkwan#f §18% es/flupnpaled PYIENGS | | not adversely affect

the perfor mapaigcatiuélbensieds, am?u@t@gucdeféh@;@roubafgrah@rmidaueemkelw nmaybe
omtted. A seed layer is typically deposited, for exanple, if nmetal |ayer

104 is subse&ﬂ@ﬁ4 v Eirgals %t@&”BVHPPHWQP%@VﬁﬁQPFﬁyﬁpﬂﬁEl A seed | ayer

is typically gectibl %oiaﬁxﬁse&tem&?éom%n&m% %QHH%\D Macitterial that netal
| ayer 104 can be el ectropl ated onto. 2006 (13/019641 PCT/ 11

SO/ 26309 Met adupligg/and “cogs-fad’ t‘}?éﬁ‘ﬁedé?jé@mlé&son the surface of the barrier

| ayer 154, or on the dielectric layer 151 if the barrier layer is not
necessary. Metal |ayer 104 may be deposited by, for exanple, PVD, CVD, ALD,
el ectropl ating, el &bamret Byey 154 may be deposited on the dielectric layer by any known

method, such as chemical vapor deposition (CVD), 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 matenal that metal layer 104 can be

electroplated onto.



pl ating, or any other convenient nmethod. Metal |ayer 104 is, for exanple,
copper or other suitable conductive material such as copper, alum nu

ni ckel , chromum zinc, cadmum silver, gold, rhodium palladiu JbNghﬁnum
tin, lead, iron, indium and the like. Additionally, netal |ayer 104 can
include an alloy of any of these materials. The foll ow ng description

i ncl udes addjt. | exenplary dummy structures that can be enpl oyed to
reduce flucthgwﬁﬁﬁ?“in the polishing rate of an el ectropdlG'SH'HYPr ocess.
To aid the description of exenplary enbodi nents the description includes
several exenplary structures that can, for exanple, cause fluctuations in
the current density and polishing rate. The exenplary structures are not

i ntended to be exhaustive or limting of the structures that can enpl oy
dummy structures. PBylgal [2ygr 104 ig ghenalepasitedorethesyofage 9f the bmsgerdayst iphat  vi ew of

an el ectropol | Si A\ APRILAL 13 1 A%baGANa08 88 HekQa8) QRLEARAL N Metal | ayer

104 from sem con m uctor wa may | ncl ude
substrat e | ayemay 10&posub b fat exahipleePVDOCVBRX LDnabatdelatihgcleexalap! e, -si | i con

and/ or other various sem conductqr terjal sych as gal |l i um arseni de,
dependi ng on tﬁé“%%???%ﬁT5?“”58B?F€5¥%8n&h 1%@?&#@‘%%66%?“Wﬁ§ommr

el ect ropol i shi 8ot RéEBleUSndlicti @ChsteAal Stdhed Bdpkr, akheging, @igke fluid 106 to a
portion of the surface of netal |ayer 104. Electrolyte. fluid 106 incl udes
any conveni ent EPRE: BiF-LRRBI Filyed, sold, Brediye, pHBdiyAL PlatnyR; i, lead,

or t hophosphor i go@Ghddurk, AP like 2ARAd kBl KQal 1FRF 1 @X&A R Rudelal af}ForeMbodi ment
the electrolyte fluid 106 is orthophosphoric acid having a concentrati on

bet ween about aBPikesematenply- wei ght and about 85 percent by weight.
Additionally, electrolyte fluid 106 can include, e.g., glycol at 10 to 40
percent by weight. It 1 6 JAN 2006 WD 03/019641 9 PCT/USO 2 /2 6 3119

The following description includes additional exemplary dummy
structufes that can be employed to reduce fluctuations in the polishing rate of an
clectropolishing process. To aid the description of exemplary embodiments the
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,POy), 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



shoul d be recogni zed, however, that the concentration and conposition of
electrolyte fluid 106 can vary depending on the particul ar appl i dey ijpn2008
power supply 112 supplies opposing charges to an el ectrode 108 (the

cat hode) 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 104. Power supply 112 can, for exanple, erate at a

const ant cqu%%?'%Tl constant vol tage node. Wth power sdﬁﬂgg"¥¥?mbonfigured
to positively charge the electrolyte fluid 106 relative to netal |ayer 104,
metal ions of netal |ayer 104 are renoved fromthe surface. In this manner,
the streamof electrolyte fluid 106 electropolishes the portion of netal

| ayer 104 in contact with the streamof electrolyte fluid 106 Further, as
depi cted in Fplpuldbe recoapiged, hoypevies thapihgicerreatmion o wosompong  axis X to

pOSi L1 o the Bbiifie N30 S BLBhath NPl P ablitayf cam of e eotrol yte

fluid 106 and unifor ectro ace. For exanple, the
el ectrolyte fluid 106 can nake a spiral path along the surface of netal
| ayer 104 by rotatin

waf mul, t aneous| r i ng waf er 100
in the X directionA[gﬁf?%Pﬁéé%8%W§ﬂmw£P%m*T86g8toa %ﬂgrﬁqgégilonary whi | e
nozzl e 110 i s cabydpdsitionapiplayhotfie 1 Bl andamekbir@leghit agddy} e thel6l lagerdesi r ed
portions of | ayer 104. _ Further, both wafer 10 d nozz|le 110 can
move to apply b‘ﬂgu ‘é“dﬁ?‘i?fs"fé’i"é%‘t‘ﬁgd‘l%fﬁ"é“TE%CCFBW&@ 7 W PYe B°8hs of net al
| ayer 104. An 1@xemal PoWerd@HAY il PI t@Nfor efand)I€ oherap el d hitad ctedntbe found in
U S. Patent No. 09/497,894, entitled NEITHODS AND APPARATUS FOR

ELECTROPOL| SHENStvETgiase magreROGARECET Samyy B SriigursNpRest e lOBAaeES, il ed on

February 4, %%Oe@ectrwhyteq{hd ﬁ)é'r&%@&&@&%ﬁa@@ay@ﬁ(ﬂ' :BetQMoﬁsfo%e%ﬁ@a@ei fhai t'S
entirety. Flg 2B illustrates a top view of an exenplary configuration of

dice 118 f or needemavaldranc b surtace r Invhis aranq(the steeai of electiolBe flpid| 1l98es t r enches
or lines for @E@tréﬁﬂo‘ilmeg'thte'ﬂgrt Uﬂgﬁﬁlls%laﬂ?erqu}]ne&wa tcm §£tre11§x](1f( Fig. 1B),

depicted here as ‘ver en t ectrop i shing process
begi ns, the emkrm@ysdmﬁhﬁé 1 6 JAN 2UU6

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.
Altematively, 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 dic 118 includes trenches or lines
formed within the underlying dielectric layer 151 (Fig. 1B), depicted here as

verti€al lines. Often when the electropolishing process begins, the entire surface



WO 113/0196) 1 10 PCT/t1S02/ 26309 of wafer 100, including the trenched areas
of dice 118, is covered by netal layer 104 (Fig. 2A). Path 10 %j%ﬁ Z?JHV
exenplary path for the streamof electrolyte fluid 106 as it nD ar ound
waf er 100. \When the el ectropolishing process begins, the portion of the .
surface of wafer 100 that is contacted by the streamof electrolyte fluid
106 has app\g,gM/‘]@g{'ﬁl y the sanme anount of netal throughout the cross-section
of the stream al layer 104 (Fig. 2A) is renoved by t RETETYE4MYof

el ectrolyte fluid 106 to expose the non-trench areas and electrically
isolate nmetal layer 104 (Fig. 2A) within the trenches. As this occurs, the
portion of wafer 100 that is contacted by the streamof electrolyte fluid
106 may have varying amnounts of netal depending on the positioning of the
st r eam because!l wvifer J inclydingftheteenelicd apppeef diey4l 18 (1FceyeradRy ngtalhaysr t he trench
areas renains. J =Y s] WS (o . r rolyte fluid 106
is positioned 104;@(13% kg.&glp {latﬁﬂgl.ﬂmﬁfgf h%%%%g h?%)}@%afgl& Oﬂzll%g&ohgé) is

el ect r opl at ed flutdH®6 nonntavenohundaradad 06f die 1 18 nay have | ess netal than
the trench areas. As the streamof electrolyte fluid 106 travels al ong path
10, the anmpunt of trench areas and non- trench areas, and thus the area

covered by netal | ayen thikQfeclrbpdlishiddProeds bdthsstte hatien obthe wafaed of100 i n the
stream of el ectrollé('ﬁ]te[\ 106 varies at any gi ven pogi.ti ogn. This variation in

the area of nSfEr 1BhthREY spntacies Ry thhitisah REeleteobyir HBrid 18P Bt rol yte fluid 106

due to the regpystinflely®t dmd Hmuhf dreheds aheinB@Nn&68-sbdBnGlihe Cause what is
referred to herein as a "global |loading effect.”" As will be described in

nore detail bélream Melgl lBpallOf Fhagi2ag sappeved by dbe tisera of elpdrobét flgdi ng rate of

the el ectrol yp&td dpbsd thOndr-HGEHALR NEBlectibfySUIRS metal &G 104 &ﬁ%h regions.
Figs. 3A through 3D illustrates the global | o0ading effect as the stream of

el ectrol yte f24)dithpeheryensbes rAsiuaogsassi the pertig paeedat 140dhaliscontegted over a non-

trenched r egi Qi Grofin BP Skl AATROGHE) HaRVGH il SrobhsbPmed tr enched regi on.

depending on the positioning of the stream because the portion of metal layer 104

(Fig. 2A) within the trench areas remains.

For example, in Fig. 2B, the stream of electrolyte fluid 106 is positioned
over adie 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 descnibed
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. 3A, if the power supply 112 (Fig. 2A) is running in a constant



shown in Fig. 3A if the power supply 112 (Fig. 2A) is running in a constant
1 6 JAN LUU6 WD 1)3/1) 1964 1 PClUS(12/2631)9 current node, the FB'rJr&I%Uﬁ
density within the streamof electrolyte fluid 106 is relatively Ié
because netal |ayer 104 (Fig. 2A) in non-trench regions is substantially
uniform The current density wthin the streamof electrolyte fluid 106 is
not greater in any one particular part of the stream because the surface

bei ng el ect r‘%‘bﬂ)’l"\‘i‘ﬂbd is substantially uniformin the nonP€renehedsr egi on of
wafer 100 (Fig. 2A). Fig. 3B illustralles the streamof electrolyte fluid
106 as the streamreaches die 118 and begins to el ectropolish the |eftnost
trenches or lines of die 118. A portion of the streamof electrolyte fluid
106 is now el ectropolishing the metal wthin trench regions of die 118. The
current densi twrew ihddenthi errg@o denstn withinttheestresdh o€ alet el yte flewt 106yt e fluid 106

that is on die 118 incyreases relative to e current density of the stream
in Fig. 3A an&lﬁl‘égﬁhé’%{’eéa‘ffﬁﬂ rlﬂy\‘i'é}%é%'g’l'i& IBRPRERECh IBRUIAS By i ncreases i n

this portion gfpsthitRll§uhBam. bRERUSEt UBRitI R thdstich® df eRAEytc IBAI Ons pol i shes
nore readily (i.e., less resistance) than barrier layer 154 (Fig. 1B) or

di el ectric | ay@ris ngereatsrin anypyneparticyar pagef thesieam begiisile vufed de of die 118.
Fig. 3Cillustg: : : t U4 ream

progr esses fuE)(%lﬁéegé%lt\?gglsg%dyeﬁ%ﬁ%%ﬁ%bﬁglg?ﬁg}ﬁttge Ie“%%%ﬁ%%ﬁ??@ﬁ%gﬁ?tg% ger area of
die 118. Thel@uFredd).density of electrolyte fluid 106 over the trench
region reduces in Fig. 3C as the area of netal now covered by the stream of
electrolyte fluid 106 has increased. The current density further decreases
to a constant val uéigiIB HugratSihe sttean of électsiytefinnd AD6 ed the ttraamyeghéd ui d 106

noves fully over die 118. The curr ensity will . remjn. at this constant
Vol e whi 15 ¢ HE U PRLGEPS A BRSBTS 1 st cam o
el ectrol yte f bottion dQ6e BERdRSof@Ltrolgiedluldl®)6 iguiel élB@ropalishihgahe MEthlal i ncreases,
the current dentﬁﬂjﬁlty of the gé({ieamfl uct uat es. current

.Changes in_ the
density wit hi ¥ifRdrepe 1epigns offdig his- She surrnb e“élltiéti’ttgglt%@r‘mﬁ #€106 that is
stream of electrolyte fluid 106 that is on die 118 increases relative to the current
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 dic 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.



over die It 8 results in a change of the polishing rate of the netal |ayer.
Specifically, the changes in the current density and polishing % e C@ﬁ‘hur
near or at the edge of die 118. 1 6 JAN 2UU6 WD 113/(119641 12

S2/ 263119 Fig- 4A illustrates the result of the changing current density
and correspondi ng change in polishing rate of the streamof electrolyte
fluid as it ,gQVves.qQver die 118. Specifically, Fig. 4Aillustrates the

| eft most trenches 420, 422, 424, and 426 of die 118 (Fi g " BAP' YWY have:
been polished by the streamof el ectro yte fluid 106 as illustrated in
Figs. 3A through 3D. As shown, the netal has been polished to a greater
extent within the | eftnost trench 420. The excess polishing in trench 420
is referred to as a netal recess. The netal recess progressively decrease
within the remaini hig §4 dhstiaes horesulyolihe dipsinogest due 24y e fart her away

fromthe edgechfresgblﬁju a‘tg%qagél%mr@%a@gkahéméa& JralEusloCRashgt as the stream
noves over the die 11 Accordingly, trenches to the right of trench 426

can have | ess mmeadver diedts Bersriualdy, Fiee 48 dlystsates He feftintopt ta@mdhqgéllﬁ),s hing rate
will not flughyahe & ?4% dik G 7 @%% it ﬂiaggb(?e%rp%ﬁsmedgb oy lrarQ Y die 118.

As descri bed above w er enc € stream of
el ectrol yte flddctolye\viagl Mbers 11mseat&d8;andqéA¢luow@rﬁD Mbw‘zvy, thamdtapol i shi ng

rate, is the at est en onl é 118 is under the
stream As m)rhg “”palsé’vg{l]'f@?? ‘}s/“”?‘ ni‘ﬁﬁ“ eﬂé‘fos ft CFRES current
density decr egmtishinglii@&emhorne, 1sltetberedrfeeisaalmaﬂeeﬁ§s I’ITIlehh:eilfd’ced”QCheS to the right
of trench 420 decreases until .a |l evel reached with |l ess variation than

near the edgedOFEFIMEYJEHEASHY TG tP‘h@“?H‘H}gI@“ChCF flefeaend A 3sthdhe current

density reacheg. phr& avaﬁerHtE@éHgb%fﬁx@'lhslb&H@E i Rlidnlfh rate [REreBE &  recess and
hei ght differences in the netal | I of trenches 420, 422, 424, and 426 can

lead to conduch@afieanmayes ever thseic bi8- tireordsely) tranchrs ta g nghlefiisatly  affect t he
performance of khe, RREISOMAUETOEss HEMLSShe current density and polishing rate will

not fluctuate as drastically while the stream is fully over die 118.

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 thannear 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

overthe dummy structures and the metal recess will occur within dummy



Fig. 4B illustrates exenplary dummy structures. As illustrated, dummy
structures 428, 430, and 432 have been included adjacent to the edge of die
118 and outernost trench 420. The dumry structures 428, 430, and b4 Zﬂﬂﬁaoed
adj acent to trench 420 reduce the fluctuations in the polishing rate of the
streamof electrolyte fluid by creating a nore constant current density and
polishing rate over the trenches of die 118. The current density will now
fluctuate prweusfibest over the dummy structures and the netel/seeRss W | |
occur within dummy 1 6 JAN 2006 WO 03/ 3319641 13 PCT/ US02126309 structures
428, 430, and 432. \When the streamreaches trench 420, nost or all of the
streamw || be over dummy structures 428, 430, and 432 and the current
density of the streamw Il remain relatively constant over the trenches.
Thus, the dulilieugldsh8!ioCmathh! wirhelulih Rhal-e68%% HOU WAl the
trenches of Fig. 4A and produce nore uniformtrenches. Dummy structures
428, 430, andt¥3egamili hedvedémnthestgmimeesilfet30adndalS?2 pinkthe dirednéct ri c | ayer
with the netal, | ayer.deposited thereagn. . or can include any.other nmaterial
Suitable for (RETHEr PFEERR iR ETRERY toriliave Meteleity BuBs, 430, and
432 ar e for medummytshectsraneilintadiee nietal aseds feundiveth@che irenchésyedFig. the dunmy
structures 428 48‘.0, and 432 can be fornmed at the same tine that trenches
420, 422, 42434pig ucgspore pM A&¥ChSS e forned. A netal |ayer can then be
| ayered over dummy structures 428, 430, and 432 at the sane tinme as it is
| ayered over the trenches 420, 422, 424, and 426 (Fig. 4A). Alternatively,
dummy structures 4Pgmnwsguctuir284430, authdPecan gickidg thssrme matsrialasther t r enches
420, 422, 424die‘l’é&9ic4%@rWitﬁtﬁe%é@%y& aepogféﬁ‘rﬂ%re%ﬁlf &Qﬁﬁ'fn%dégx%notﬁe?’oi and 432
are fornmed of a different material” than the dielectric |ayer, for exanple
copper or ot haatarat siitable fs thempagichlar appdipatioa. éfebm)tfélacm@y‘*&%y‘?’%@n@eni ent
process and thefn - i f i f dummy
a8 R R s S e R B R PRl R

structures urther, unmy structures and
428, 430, and 432 can be formed at the same time that trenches 420, 422, 424, and
426 (Fig. 4A) are formed. A metal layer can then be layered over dummy
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

Dunirr{y structures can be located outside of an individual die, or as described



432 can be trenches of simlar geonetric sizes to trench 420 of die 118, or
alternatively can be ot her shapes and sizes depending on the appllgﬂﬁ&qmﬁor
el ectropl ati ng properties. Nunmerous additional shapes and confi gurat’f'ons
will be described below. Fig. 5is a flowchart illustrating an exenpl ary
damascene process. A wafer having recessed and non-recessed areas is

provi ded in.b,ogk,aP0. A patterned dielectric layer prodeedqon the waf er
may define the recessed and non- recesged areas. Further, t HESQREP Y may be
divided up into individual dice that wll be separated at the concl usion of
t he processing into individual sem conductor devices. Dunmy structures can
then be included on the wafer in block 502. The Dumry structures can be

| ocat ed outside of an individual die, or as described 1 6 JAN 2006 WO

03/ 119641 14 PEPYUSHYNIEeIndviduplig adigeetiininen ar pighfgistyptegselndj acent to

lines or highydRRSHE Y RALIISPSn beRepdHQC Kuck @t (1R nil #lyed @K8Ke Can be
deposited, such that the netal layer fills the recessed areas wthin the

di el ectric | ayetessadaiges Witlys thetskelesis-lnee asydbiasdhensireqiseed arpet-alhd ayer is then
el ectropol i Sh%(ijetil rl‘ngJ 24 n%%@tr& 9)11%}%%/ @o&{'ﬁGqFI‘eﬁo Lméqllgclzflrl fr&ﬂe
n the d ayer and

non-recessed portions o Ielectric I'solate’the neta
structures. Thenamatesssedlpsrt@nslofitbt didddriubge ahdisotalghenetpitmrtyredamascene
process may qu%ny ecpnvgntho al @Ft%%ialslan% rocesses. It @hould be
recogni zed t hat “AUNEPGTEY BISHICHT W57 PO HYS BLAPIAY BRAT PP PHE Mbr Be®¥s depi ct ed
in the flow chantentibl maeniphed pracdsas.ri er and/ or seed | ayer can be added
prior to the deposition of the netal |ayer in block 504. Additionally, each
block in Fig. 5 can include many processes not explicitly described, such as

maski ng and et chi ng shb@d bateebgdifd Al Arhdibusdudiificabisuah bE @adeabehd he recessed
areas. Further, the damascene process is applicable to single and dual
inlaid appli Faesesyfiepicted in the flow chart. For example, a barmier and/or seed layer can be

added prior to the deposition of the metal layer in block 504. Additionally, each

block in Fig. 5 can include many processes not explicitly described, such as

masking and etching the wafer to form the dummy structures and the recessed

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.

R L



Fig. 6 illustrates a schematic view of exenplary dumry structures adjacent
to a single die 118. As shown, in the areas adjacent to die 118, dyummy )
structures 630 have been fornmed. In this enbodi nent, dumy structuf&§Aﬂ§dﬁ
are located in a region that extend at |east 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 Dis equal to the dianeter of the stream of
el ectrol yt ewblosii@ei06. The dummy structures 630 serve todmisoi/aim a
relatively constant current density ofis the streamof electrolyte fluid 106
passi ng over die 118. The density of dummy structures 630 can be adjusted
by changing the ratio of the dummy structure size to space between dunmy
structures. The size and shape of dunmmy structures 630 can vary dependi ng

on the particular aRPY |ieekd@h schAHEY iAW Hekih Qs RfinfAlinelR@ D€ configured

as continuous lines or trenches around die 118. "Further, it should be
recogni zed t hatjaeenylonudibel !l Sofccerdmeyo arothgrenpadsn@BOThagrnliguragadfdependi ng  on

the applicatiqr 006 W\ 4 | ls Fig. 7
illustrates aq;né%ﬁisn%fllﬂ{%w?/%@Ng’oe;(gé)gé{frlgﬁhérg% %ﬁﬁ%ﬂ'ﬁ&%ﬁ%gﬁg%%dj acent four
di ce 118 accoradjacmgyt foa shrpdd died 1 &modgramertthan bh equab taof thgdibakieoD ofthe Fig. 7 1S
simlar to Fi

. 6, exce t ha e area of the du structures 630
2 moent Lo a pbe GBI W FaRiment DY b3S S SRSl aret er D
of the streang@d tirlhefidned Yh®vdridil epdQfor Mspebiivvel EER0Einmatent Blcst ance b and ¢
are shown to equal the horizontal and vertical separation respectively
bet ween adj acen- 6F B straapgof electrplyte flyid Emeyes foarane s/t te fhgingxt106 noves

fromone die I3 dnen LARWRARHS cachldie] 8 willGRarS e ekttt 88tk u&Ach die 118 will
share the current of the stream Therefore, a near constant current density

can be nai nt aiewfag 2agwioapstent swyent densiteeanbe snagBgnetxwddingdianyti ce 118 at a
di stance b andjof,&s HWeub%gltlﬁc; ceet {1§qtt ?J?(éistlaltnce%%H)ogcla&t rsg&gaphbed that

various nodifications can process depicte n Fig. 5 and the
exenpl ary structures depicted in Figs. 6 and 7.

It should be recognized that various modifications can be made to the
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

ope‘r”.‘ifés in a constant voltage mode. Referring back to Fig. 2A, the current



For exanple, the dummy structures in Figs. 6 and 7 can have shapes ot her
than squares, such as those described below with respect to Figs, 17A-17AA
and can further be one or nore lines adjacent to die 118. An addl 6 iJamall6
effect that may occur during electropolishing simlar to the global | oading
effect, except that it occurs in localized regions of a die is referred to
herein as a "local |loading effect." The |local |oading effect can occur when
metal is powoshedefiromthe fields or non-trench regi ons adjracenicsiwo
structures on a die. As the electropdti shing process renoves netal from
non-trench regions of a die, the anount of netal area is reduced. If the

el ectropol i shing process proceeds 1in a constant current node, the current
in the streamof electrolyte fluid is focused on the remaining trench area

of the die, Wwhirelhe@ eldc@aghlikRing afpagitusdids foaPadeRsickyodbsistit@ | nterface of a
| ow-density pattern area and a high density pattern area. The high current
density on t hBewrarbncahode apbanods  Eigfyel saprge plgrsttange Rdds theFesitanes cul ty  and

over pol i shi ngrhB&kcafAT eleRslyle NuBIR! ThECRSR WlilchbfrebiBEnderONC AR, Furt her,
the | ocal | oadi n? effect- can” occur i f the el ectropolishing process operates
aE

in a constant nNalacabrwerndes suRafeeinyaier 98 erd tho sty of 2lkctralie foid Hént 1 6 JAN
2006 WO 0310 %ﬁ%ﬁm%’ﬂée ddesilael REFORe re}&taﬁéyf%ﬂgt@e %Qﬁoﬁbfﬁsf@ﬂ@' | shing
ance be e ca

apparatus has four major sources of resis ween hode and
anode. The fi bshg pdishado dfe eteegdd aniceedt of the whfer Y09s iTht &neth somte dthe st ream of
electrolyte fluid 106,. The second source of resistance i t he

i nterface bet \R%gﬂmf"%gd’ gllFefrgségarch awz‘?&}le‘ ':(‘)b%‘éfntﬂhee“ogfl?égﬁﬁr(b‘% @% ectrol yte
fluid 106. Ti@e tdihddd) S1dulieCsBremrh of El8Etsd RO TE. Rde icGrrdnh Bthi@h $easystemf rom t he
portion of wafer 100 bein pgljshed i? the electrode at the edge of the

waf er 100. Th&'PSAPEaRt ¥igrcmods s theoas QlioWge R4 is the resistance at the
interface between the nozzle electrode 108 (the cathode) and the stream of
el ectrolyte 106. The current | t=hvgRygh R2heRSyRUEM W th constant vol tage
node is then as follows: |=V/(RL+R2+R3+R4)

where V is the polishing voltage of the power supply 112.

As the electropolishing process 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 exemplary 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

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



where V is the polishing voltage of the power supply 112. As the

el ectropol i shing process renoves nmetal fromthe non-trench areas, 1§hgaN 200b
second resistance R2 is reduced because the anount of netal area within the
streamis reduced. The current in the streamof electrolyte fluid 106,
however, depends on the total resistance R(R + R2 + R3 + R4), and the

total resis{gnssoR, does not decrease proportionally (i.qqﬂﬂgﬁyﬁg&ckly) wth
R2 as the netal area is reduced. Thepefore, because the curren ecr eases

proportionally less than the decrease in the area of netal, the current
density and polishing rate increases on the remaining trench areas. This
effect can cause netal recess in the trench areas as described above. The

effect is especiall asized for | ow densi.t attern as on a die.
B o B 11 uer Peebecds RRBRS T Sl Shoonse s Shar o intery PaesilE e o0 | ocat ed
adj acent to |ihRrRghemno;! Bwsghenshinitial B8RS S40a tArodilLS A% & dihgy dec@Rg enbodi nent .

Li nes 840a through 840] are |lowdensity patterns on a die. Dummy structures
630 are posi Pildhder aapalcesieaterdhanf caid tFolinETHGUMGRASatlewehindnsi ty ar eas.

Dummy ST UCt Wi 3% CHBRS, )6, AXRLAGR G198 fikelglBhal gt ruct ures in

ot herw se | ow nsity areas of I ncreasi ng the average density of the

metal st r uct unésmumespirees hedpuenmid fat fho srigturesh dn elher @rtodphentshidest r eam of

el ectrolyte f é%%éi@% %aﬁ%lé &G lgrger‘l?_dl?ﬁxﬁgl 16011?%”% %}}g%aﬁl%ﬂigpﬁgg' zhe

P(' 7711 S(12/ 2 recess. o reduce the capacitance
bet ween | i nesn@diya and shapeigfiuBd() struttores spacey dappaliag omigje bpends 840a t hr ough
840j and dunng ?tnuctures 630 is, for exanple, greater than or equal to the
m ni num space H'FOWEd in the design rule for the dielectric layer, such as
two or three tines |arger than the mninmm space of the design rule for the

structures. In other enbodi ments, the space agd b can be even |arger
dependi ng on the aﬁﬁﬁ%%ﬁﬂFﬁﬁ?sﬁﬁFFH%V?wt &xe pmmy iragiursslogatedy y
structures capdj¥ahitoiapesidbRgicAitytahQs §Redit hécrding to another embodiment.

In this embodiment, lines 940a through 940g are located in a low-density area of a
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 940e 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

o AR



application. Fig. 9 illustrates a schematic view of exenplary dummy
structures |located adjacent to lines on |owdensity areas of a dlﬁ i
according to another enmbodinent. In this enbodinent, |ines 940a HAM&W
940g are located in a lowdensity area of a die and al so contain space

| ocat ed between the |lines, for exanple, the space between |ine 940a and
940b. Dumy gblieleky€s 630 are located adjacent |ines 940a through 940g and
al so in the space between adjacent |ings such as 940a and "“846BY2°dHd t he
space between 940e and 940f. Dummy structures 630 are placed in the space
bet ween adj acent lines to reduce the local |oading effect in such | ow
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 Meypieduding cpésefithedines.gndalsast of 8er Steedessioh e agiennass| i ne, when
the di stance RRIWRGRidhiddRsityIé8an theP40b beconmes large. In an el ectroplating
process, where a | ayer of tal Is electroplated onto high density
patterned areas of a die, an effect can occur that is referred to herein as
the "hunp effect.".Th ffect, | n_area, of .over .plati or el evated

| evel of netal thgggﬁggggggﬁ}?ﬁ§§%g§?§ﬁ¥%eﬁﬁng%ﬁaﬁPﬁgﬂgF?éppatterned ar eas
of a die durkthgtaes teiteghibo dledtuimpgfipctasdssultiddrecdss nger d@feflegitudingdl udes sl oped

or non- horizontal .surface.regions of the metal |ayer above the edges of
Lrench regi ondiEes PhEE ER: i 1 JAMPRIAEL A Farsaccign YK e T8 <A EGRET o5 i n
pl anari zi ng t endNEb@kedsnlih BRERtric 1SREMIGD] Dldric MR N0s@nSE @p@ed 6£0i on i s

el ectropolished a recess can exist at or_near_ 1 6 JAN 2006 WO 0310 19641 18
PCl YUS02/ 26309 REMREHYE pudipisaicsaibadatgre infesard fodde: Idnguhiags glisan or near the

edges of the QuikRIcR§bther 15@%%1&%&09&9%{2&%1&Hypéh@ig%@ﬂtlﬁfspéciﬂ}es- Figs. 10A
t hrough 10F illustrate a process flow of exenplary trench structures that

exhi bit the hanpicatidnect bamer andouseci Kyerr @288y alsape depesiied vy diclsgingal

layer 1060 depending on the application. Barrier and/or seed layer 1070 may also

be of similar materials as those described above in regard to Fig. 1A. Fig. 10B
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 in
Figs. 10C and 10D, over ple;ting 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 hl, the height of the metal plating above the non pattermed
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 w1 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 ctntrast to chemical mechanical polishing that polishes the highest regions



edges of the lines. Fig. | OQAillustrates a cross-section view of a recessed
area or trench forned in a dielectric layer 1060. Dielectric |ayer 1gﬁ€ﬂ@@n
be formed of simlar materials as those descri bed above in regardﬁt Ig.

| A, such as silicon dioxide and other |ow dielectric constant materials
depending on the specific application. A barrier and/or seed |ayer 1070 may
al so be deposited on dielectric |layer 1060 dependi ng on the application.
Barrier andMSt934&¥d | ayer 1070 may al so be of sinilar naterishscas those

descri bed above in regard to Fig. IA !'Fig. 10B illustrates a top view of
three trenches or lines 1061, 1062, and 1063 forned in dielectric |ayer
1060. The structure is then plated with netal |layer 1064 as illustrated in

the cross-sectional and top view respectively in Figs. 10C and | OD. As

shown in Fi ghst, dlectop@idhing pékheOMe exatsulgcabomeal Iagrti0gghes creates a
hunp over the high density patterned area. The,heigﬂt of the hunmp is shown
as h3, whi ch splstanidly the sameratsaesatiesiabthe Aifferanheiges. gHis ¢ leaddo et al pl ati ng

above the non,patdyer RA hatifgh PlSssf ordle&! (REEHd o 1ih&YRY61 L8P, andhekh2, the
hei ght of the netal plating above the non patterned regions of dielectric

| ayer 1060. Tinéalson-onoedr figradges afdld aptermbst dines, inthis ghsel ayerling0B%1i s shown as
1066. The di st anges ich the platin trapnsiti fromhl, to h3 near
t he edges of ?‘ﬁé&i%i r@é?gfﬁs\éﬁ%@ Ef)&lg’r ac%ﬂzédlt@%fe{%?glzlferen?en%&né%dn '%‘%3) are shown
by w and w2.at Hieg8ge df@ke lmadnd Qe hielghushr thé middireofibe metalingerdbéer t he net al

| ayer 1064 h been el ectropol.ished ck to.the dielectri¢ |ayer 1060 to
et ate the IMHESEFOES Con CHbEImet IO oede b dion b O ReRr g et 1064, w ¢ h
non- hori zont alinet 2giiR0Sc@iboveRiitlredatdyte theldléial anddbcal R14Siag BEER. recess within
the lines 1061, 1062, and 1063. 1In contrast to chem cal nechani cal

pol i shing that polishes the highest regions 16 JAN 2006 WD 113/119641

PCT/ L1811 21/ 2 6 B koo 1C olaihe @RRb bompIaRPkicS BRFadalfy exposed
surfaces of netal layer 1066 at ) ) ) )
structures according to one embodiment. Fig. 11A is a top view of the structure

including lines 1161, 1162, and 1163 formed similar to Fig. 10A, except that
dummy structures 630 are placed adjacent to the longitudinal ends of lines 1161,
1162, and 1163, and a_djacent 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 durﬁmy structures 630.

Figs. 11B and 11C illustrate a cross-sectional view including line 1163 and
dummy structures 630 at the longitudinal ends. As shown in Fig. 11B, the non-
honzontal region 1164 of metal layer 1164 is now above the dummy structures
630 and the dielectric layer 1160. After the metal layer 1164 is 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 11 63 as illustrated in Fig. 11A, or alternatively greater than one row. The

numl;érhand configuration of dummy structures 630 can be chosen depending on



substantially the sanme rate regardl ess of the different heights. This can
lead to nmetal |ayer 1064 having a recess at or near the end of ]50@@2“@61
1062, and 1063, and also at or near the edges of the outernpost lines, in
this case, outer lines 1061 and 1063. The recess can be characterlzed by a
hei ght difference h4 in the metal at the edge of the line and the height
near the ”‘koﬁaBenhhe netal |ayer 1064. Metal recesses gan/cause nmet al

| oss and the reduction of conductance gj the nmetal Iines 44" G ¥td¥sed above
with regard to the gl obal and |ocal |oading effects. Figs. 11A through I 1C
illustrate views of exenplary lines and dummy structures according to one
enbodinent. Fig. | IAis atop view of the structure including lines 1161,
1162, and 1163 forned simlar to Fig. 10A, except that nqy structures 630
are placed adj %€&haraqicstigsef rfﬁﬁﬁwuﬂmas the hejaht of theihwg omlen the162, and 1163,

and adj acent tg,{ MIZQIHMQEOKHESEFhé &mllga&g;om%rg}ﬂs%ctugg Wcaﬁsaﬁs'bll‘) tures 630

serve to extend the sloped, non-horizontal regions of See Fig.
| OC), to a regimenpeatesbyiadiesting He spicasa rd lat:hmaﬂyﬁrmtbasmheb@wbmma11161 1162,

and .1163 are [?e%a[tlgld1I&hgéinﬁ%?‘gnggllcrgnl§ftﬁ}cture 698% {E)%CCIS gl dl nal ends Of

the |ines of he ‘afray and at-of near ges o Sthost |ines of
the array are preatictesgh (m’equzﬂetd tive nmleﬁintppadehﬂowadﬁmthmsn@,ﬁ ndelforyhest ruct ur es
630. Figs. 11B.apnd 1 ICillustrate a cross s t|o viewin Iudlng l'i ne

1163 and  durm *KEFGEHr S TEIFSIUPRY S i3t ‘Oé’ﬁ&és‘l“&?s fo%n in Fig.

11B, the non- quszaqnmdthw@tmnmk@qhaf1ma;ﬂid1hay©m ildftidse now above the
dunny structures 630 and the dlelectrlc | ayer 1160. After the netal |ayer
1164 is el ect rfﬁﬁﬁm‘%ﬂﬁgﬂt fymmy=ptguctures @30 cpiple ‘f?éf‘&}redr‘é’(?&éhwph‘ileﬁﬂ]l ine 1163 is

reduced or el i mh&akRds attFBBteHHMRAIm PREWEAtN0 ofn tHlERY Rl iEiui&Sn 630 can be
adj usted depending on the application to reduce any netal recess within the

line 1163.  DuRW)Crovy YRYE (Rreducg gpelamatsenciad Fropsg @b the o¢ass offbe sy adj acent | i nes
1161, 1162, and 1163 as illustrated in Fig. | 1A, or alternatively greater
than one row. The nunber and configuration of dumy structures 630 can be
chosen dependi ng onFig. 18 illysaRo@sereyDlay dunimy stuc@regadjacent to high-density

lines or array according 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, rhodium, palladium,
platinum, tin, lead, iron, indium, and the like. Additionally, metal line 1231 can

include an alloy of any of these materals.

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



211 1'07 11 5112 /26 3119 the characteristics of the |unp, such as the

hei ght of the hunp or slope of the non-horizontal regions. The U
configuration of dumry structures 630 can al so be manipul ated by Eacy]w.xé“t
the spaces a and b that define the space between netal I|ines 1161, 1162,
and 1163 and dunny structures 630. The space is generally greater than or
equal to the m nimum space allowed in the design rule for the dielectric
layer. In tRTE" ¢! dummy structures 630 are shown as sqUHEF&§RauHNg
depths equal to the depth of lines 116%, 1162, and 1163, but it should be
recogni zed that dummy structures 630 can be conflgured to any shape or
depth. The various attributes of dummy structures 630 can therefore be
mani pul ated in nunerous ways to reduce or elimnate netal recess at the
edges of the hmm@swuﬁh@gnﬁﬁmhbﬂhsﬁmamgmnaMHexanmiBEWEqumymsgomcture

adj acent to hhgh Slt |ines or array according to an enmbodinent. In this
embodi ment, a™" SWFfHGQB‘m“W%taI line 1231 is |ocated adjacent to and
surrounding lines 1261, 1262, and 1263. The continuous netal line 1231
serves to prevent metal recess in lines 1261, 1262, and 1263 by noving the
sl oped, non-hori zofigal4 IHesyitshansher ﬁéenhmﬁsdwmnmwtlamsﬁorchwm the |i nes as

descri bed aboyg,i bRbsHAEM. Th k&%‘irﬂﬂaﬁ?seﬁﬁ&n%ct@c%megio%n 1{1) goi‘zgg 11 't

shoul d be recognized that nmultiple netal [ines e use
addi tional dusmylasinmeany ugspests tgmlcﬂmaslplamﬁs@lqond@kg de\nqushmy ub%gulsbd | n

cn] UNCt O WA TE} B33 11U Ahcd R Blebb 2040600 el U

copper, alunlnu romum zinc, r hodi um
pal | adi um phﬂiwdwmsquanemor doesaed showoin F1g nau tshowddbe tehc%nlzle&,ewwAﬁhih tionally,
netal |ine 1231 can

of th ria Fig. 13
illustrates a E%rﬁ? 1%%"’%@1]3%0 wl 'E%cé)‘frﬁﬁ rﬁgﬁt ‘%‘? ngenbodl nent .
The exenplaryoﬁemmpﬂnduaior device shown in Fig. 13 is S|n1Iar in  many
respects to the exenplary sem conductor device shown in Fig. 11A, except
that dummy structures 1330 are added only near the |ongitudinal ends of

Ibi nes 1361, 1362, pafthytdfdurefetntalidibe 84eAY serliEdnabdtbiavit 30 r@ducd1 9. 13 have
een
multiple effects described 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 f.



added between the | ongitudinal ends of lines 1361, 1362, and 1363. As ,
di scussed previously, it should be recognized that any nunber of %quymﬂB
structures, and 1 6 JAN 2UU6 WD 113/019641 21 PCT/t 1S02/ 26309 nuné 0
configurations of the dummy structures, could be used depending on the
specific application. Fig. 14 illustrates another exenplary dummy structure
accordi ng tavoanqther enbodi ment. The exenpl ary senicondupéﬂﬁggsxbge shown
in Fig. 14 is simlar in many respects to the exenplary sem conduct or
device shown in Fig. 13, except that dummy structures 1431 are forned of
contiguous lines as opposed to individual squares or dots as shown in Fig.
13. It should be recogni zed, however, that any conbination of |ines and

i ndi vi dual structu .m ght, he used dependin on the appli.cation. Dumy
structures can al ségﬁgoﬁgﬁ’eb&%[%e@g yc%ﬁ‘&ﬂ&%‘i?ﬁ"SEVF%éEOW’gmrﬁégcfuLée nul tiple

ef fects descriaheth h@rngbmclfdedugxaRph@ureasjickhiusticali®@dnitie Fi g. 15, for lines
1540a to 1540j, dunmy structures have been added in two different areas of
the die to rSHUE}WEHPRVRIRRIOITeduST BlPph ipeAige &HFdcts Wil t he hunp effect. Dummy
structures 1530 have been added to areas adjacent to high-density |ines or
arrays to reduce the hu effect. Dummy structures 1530 reduce netal recess
at or near the edgE@&ldﬁqEWé§1YMM%ﬂ@@ﬂ@%§E®P%@@Hmb@W%mmﬁﬂmﬂ?@U@Wd to Fig. |

A Addi ti onal by o T EHGLIL 87 J37a0A0 ALRG: A AJHRE. Ly aRen. O

| ow-density areas to I ncrease t average pattern density and oid the
| ocal | oadi ng oéflices¢mplbyrmpoditueuts tescrizd ERM. rle dartieulamgrapeasech ssur rent density
on the |ines th@t %?nﬁgggﬁe OVer'gql'éQhﬂgan &ngh[ne%'at r near the end

of the lines duiiRg t @%??8%% kS ing prd%@Ss, Fe PEESr i Bed above with

regard to Fi g.be3sedFiligshodlf bt hhdesstdod] lesveadt, i alidpes @ot depiodd &t Bips.devi ce
ta ﬁgOLglngg e]E ]9 e CL?R]E% ?Séh mgz{n%qltsedttg ?(Ermr ugll’rll(lzyesstrutctﬁ?es lw?t%atllle ;Lrgs%gtl ng effect and

invention depending on the particular application. Additionally, dummy

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,

rhodium, 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



| ines 1640a to 1640g. The exenplary sem conductor device illustrated in Fig.
16 is simlar to the exenplary sem conductor device in Fig. 15;\$gmeﬂm5that
dumy structures 1530 are added between |ines 1640a and 1640b, and 1560e
and 1640 f. 1 6 JAN 2006 WD 03/019641 22 1' CT/U 5112/26309 Additionally,
bot h exenpl ary sem conductor devices shown in Figs. 15 and 16 can al so.

i ncl ude du ,OﬁL(lgﬁures adj acent to the dice on the sem conductor wafer to
reduce global [Oading effects as well. Figs. 17A through I7EA¥¥#trate
vari ous exenplary shapes that can be used to form dunmy structures on

sem conduct or devices in accordance with any of the exenplary enbodi nents
descri bed herein. In particular, shapes such as a rectangle, circle,
ellipse, triangle, trapezoid, octagon, hexagon, pentagon, etc. can be used.
It shoul d be Ut seoderllyHomedeting thi globatineal, os hepe ffeqhean diepiadtedd in Fi gs.
17A through 17 GamheRgs H5&Hdly bPHHELAHIIY oSbE HE I Featl RelRnpT eSent

i nvention dependi hg on the partycu ar application. dditiona y, dumry
struct ures carongbe gphfitgur ddcagingiynéds pleSaeinkergon isl@fiaedbyldle fippendedanpl es)

with various shapes, .including various cross-sectional shapes. Dummy
structures caﬁiﬂw aW%?WQQr??%%ﬁ@%?*%ﬁgs%ﬁ?g’?‘ﬁge@uch as silicon dioxide and
other suitable materials with Iow dielectric constants, such as flourinated
silicate glass, polyimdes, fluorinated polyimdes, hybrid/ conposites,

si |l oxanes, organic polynmers [alpha]l-CF, Si-OC, parylenes/fluorinated
paryl enes, pol yterafluoroethyl ene, nanoporous silca, nanoporous organic,
and the |like. As described above, in sone instances, dunmy structures can
be fornmed of the sane material as the dielectric layer. Dumy structures
may al so be formed of metals such as copper, alum num nickel, chrom um
zinc, cadmum silver, gold, rhodium palladium platinum tin, |ead, iron,
indium and the like. Additionally, dummy structures may be forned of an
all oy of any of these materials.



The above detail ed description is provided to illustrate exenplarK 200
enbodi nents and is not intended to be limting. It wll be appare @JG% Qﬁose
skilled in the art that nunerous nodifications and variations within the
scope of the present invention are possible. For exanple, dumry structures
added to the wafer for use in reducing the global |oading effect can be
used in conj waGkheesW th dunmy structures used to reduceIQQﬁ‘$ﬂ§§k | oadi ng
effect, the hunp effect, or both. Further, the shape and conflgdration of
exenpl ary dummy structures described 16 JAN 2006 WD (13/0 19641 23 PCIA | SO
2/ 263411) herein specifically for reducing the global, |local, or hunp effect
can alternatively be inplenented to solve any of these effects or for any
ot her reasons depending on the apMidﬁ§4£§1. Accordi ngly, the present
invention is defined by the appended ms and should not be limted by

t he description herein.. 1 6 JAN 2006 WD (13/019641 24 PCl VUSO2/ 26309 W
claim CLAIMS 1. A sem conductor structure, conprising: a netal |ayer; and
a dielectric I'§8@MN'ncluding: a pattern of recessed and non-recessed areas,
wherein the netal layer is electropolished fromthe non-recessed areas and
fills the recessed areas to forma plurality of interconnection |lines, and
a plurality ofl-dumdysetoopdycinr ssuctyfaegosipisiigie dummy structures are

a metal layer; and
a dielectric layer including:

a pattern of recessed and non-recessed areas, wherein the metal layer
is electropolished from the non-recessed areas and fills the recessed areas to
form a plurality of interconnection lines, and

a plurality of dumumy 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.

e



| ocated in the non-recessed areas of the dielectric layer. 2. The

sem conductor structure of claim1l, wherein a dianeter of a stream of

el ectrolyte fluid produced from an el ectropolishing apparatus defl gegayallb

di stance, and a portion of the plurality of dummy structures are | ocated

| ess than or equal to the distance fromthe recessed areas. 3. The

sem conduct or structure of claim1, wherein a portion of the plurality of
dumy struct\P &' 4L | ocated adjacent to at |east one of PEBUMEAbiItY Of

i nterconnection lines. 4. The semi condictor structure of claim1, wherein
the plurality of dummy structures are |ocated adjacent |ongitudinal ends of
the plurality of interconnection lines. 5. The sem conductor structure of
claim1l1, wherein a portion of the plurality of dumry structures are | ocated
between at | e@st twe s@hicdrldectpt datuatuid of cifim 1| Wheéia arpahiwef bimas. 1 6 JAN
2006 WO 113 /0 1 96 1 1 25 PCI97t 1S02/26309 6. The sem conductor structure
of claim1, whepBiresHes ipraldadiacont fugudtanyly resippelthe BYraif%o] ocat ed adj acent
a high-density [grgtfRe@bntihg plurality of interconnection lines. 7. The
sem conductor structure of claim1, wherein the plurality of dunmy
structures are |l ocated adjacent a portion of the plurality of

| nterconnectipn 14AegkaGAtEA B OY ARAS! WelifA S or MiEmgem conduct or
structure of claim1l, wherern the plurality o u structures are | ocated
adj acent bot h, sisttheturesfar@locdtebidgdcen al forten of the Phealge nf weEnwuotcoon st ruct ur e of
claim1l, mherei? a gogtiop 35 the plurality of dummy structures are |ocated
. ings located i lowsdensity regions.
a di stance from Tfe FecessSed ar'eas greéater
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.



than or equal to the m ninmum di stance al |l owed between two recessed areas by
a design rule. 10. The sem conductor structure of claim1l, whereilg qu%tlon
.of the plurality of dummy structures are |ocated a distance fromt

recessed areas at least two tines greater than the nlnlnun1d|stance al | oned
bet ween two recessed areas by a design rule. 11. The sem conduct or
structure of claiml1l, wherein the plurality of dummy structures are filled
with netal. 12. The sem conductor structure of claim1, wherein the
plurality of dummy structures are contiguous lines. 13. The sem conduct or
structure of claim1l, wherein the plurality of dummy structures include a
metal line. 1 6 JAN 2006 14. The sem conductor structure of claiml1, wherein
the width of the plurality of dumry structures is greater than or equal to

the width of the plygal ity sohicolddt&! SAARESE LAM I WRESn u{JCSW.dtmemégma@anduct or
structure of claimi1, wherein the density of thé pluralit

structures is greater of HEAMpprusHEeslis Sf@tqfﬁt?“@é@%ﬂt“ylhefmcﬂh@ft?/ Plurlﬂhtl)ﬂofy of
interconnection |ines.,d8,..Ih8,5i6k conductor structure of claim1, wherein
the plurality of dummy structures are evenly distributed in regions

adj acent the plurality of interconnection lines. 17. The sem conductor

structure of claim ks mﬁ{eeslsrglchﬂl%ctm ét'rru WeloY cififn AW Kin tt%tJeHﬁrg‘é'? FEI§ are

configured to reduce recess wt east a portion of t plurality of
i nt erconnection | i nes.plugity ghdungestrggnduisgratesthanua eayabtoghe dehsifyraf the wher ei n

the plurality of dunnylm§&?8p$gkgIwg&ﬁlﬁgpflgured to increase the average
density of the structures east a portion of the sem conductor

structure. 19. The sem conductor structure of claiml, wherein the plurality
of dummy 16.  The semiconductor structure of claim 1, wherein the plurality of dummy

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 recessing 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.



structures are configured to reduce recessing of the netal |ayer fornmed over
the plurality of interconnection lines. 20. The sem conduct or strh@tmnqg[}gf
claim1l, wherein the netal layer is electropolished to electrically Isolate
the plurality of trenches. 21. The sem conductor structure of claima1,
further conprising a barrier layer disposed between the conductive |ayer
and the dielectric layer. 26 1 6 JAN 2006 22. The sem conductor structure of
claiml1, further conprising a seed |layer disposed between the conductive

| ayer and the dielectric layer. 23. A sem conductor structure conprising: a
dielectric layer having, a plurality of trenches, and a plurality of dummy
structures, wherein the plurality of trenches and the plurality of dummy
structures are separated by the dielectric layer; and a netal |ayer, wherein
the netal |ayer filR3% tHehetseieiohiasiot Grutorers cieitral, furthedcempodiipecdeediydri nes, and
wherein the netal layer is %ectr e|/ool i, shed. 24.d Thg lsem'lconduct or structure
of claim 23, wherein tHEFEPLF GNPV AIBOIFERET2YS el ectrical |y
isolate the plurality of trenches. 25. The sem conductor structure of claim
23, wherein a dianmeter of a stream of electrolyte fluid produced from an

el ectropol i shing apfar at D&YEPINLY YUY SPEHERE” and at | east one of the

plurality of dummy strucidi€lesri¢ Bydr@gahgd | ess than or equal to the distance
fromat | east one of the pl U( ality of trenches. 26. The sem conduct or
structure of claim 23, whefBURIY HEFIHEHaYt the plurality of dummy

structures are |ocated adj agRilityt & daimly8asdur@®hddin thB glupllitr dAlrehidhe Odnd
trenches. 27. The sem conductor structure of claim?23, wherein the plurality

of dummy structures dPePPBRYPEITRY SSHTeS R IEREAditM e dshicdtyer AR pl ural ity

of trenches. a metal layer, wherein the metal layer fills the trenches to form metal

interconnection lines, and wherein the metal layer is electropolished.

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.



28. The sem conductor structure of claim 23, wherein a portion of the
plurality of dummy structures are |ocated between at |east two of th
plurality of trenches. 27 1 6 JAN 2006 CVO f13/fl 19641 28 PC 7 5@)&?@&3119
29. The sem conductor structure of claim 23, wherein the plurality of dummy
structures are | ocated adjacent a high-density region of the plurality of
trenches. 30“,01;}}/% ()seln‘i conductor structure of claim23, wherein the plurality
of dummy structubés are |ocated adj acint a |l owdensity rdlilgsyedthe
plurality of trenches. 31. The sem co ductor structure of claim23, wherein
the plurality of dummy structures are |ocated adjacent an isolated trench.
32. The sem conductor structure of claim 23, wherein a portion of the
plurality of dunmy structures are |ocated a distance fromthe trenches
greater than @5 eduakcnicondhdorsimétmmerfdiagt ahoeeadin bwphirdiet afdemntynvo t renches
by a design rul e 3§. Thel sa?m' ond_ciorl (ftr.tucture ﬁ{ @I ah{n %3, wherein a
portion of the pluUrarty’ °6 iy ORI Y €S a0 Bt édYE di st ance from
the trenches at &r@ahés.two times greater than the m ni num di stance all owed
between two trenches by a design rule. 34. The sem conductor structure of
claim 23, wherein the plurality of dumy structures are filled with a

conductive matRy i alhe 3dmicddiBcSNuEORBICT AR 25 WHEdiM e pREal€y dihas, Wherein
the plurality of dunmy structures are filled with copper. 36. The

sem conduct or st fivetuseserpipca¢dddipcam a loprdensity raghe i themdirglity obf  dunmy
structures are cggii,guous lines.

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

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 by a

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

“$ttuctures include a metal line.



37. The sem conductor structure of claim23, wherein the plurality of dumy
s't'ructures include a netal line. 1 6 JAN 2006 38. The sem conduct or
'structure of claim23, wherein each dumy structure of the plural i 6y/ANf2006
dummy structures has a width that is greater than or equal to the w dth of
the plurality of trenches. 39. The sem conductor structure of claim 23,
wherein the density of the plurality of dumry structures is greater than or
equal to the density of the plurality of trenches. 40. The sem conduct or
structure of claim23, wherein the plurality of dummy structures are evenly
distributed in regions adjacent the plurality of trenches. 41. The

sem conduct or structure of claim 23, wherein the plurality of dummy
structures are configured to reduce recess within at |east a portion of the
plurality of trenches. 42. The sem conductor structure of claim23, wherein
the plurality of dummy structures are configured to increase the average
density of netal st Béct uFlesseinisondyetor grsturel plaim 3pwhesein eapd dgmmystreptwse 43, The

sem conduct or st rUCTUTG @fuhiR) 87 by MLk al DGidh AL Libderbant BBk o0

structures are configure re orizontal regions o

| ayer formed over t hehpwidthedfitheyplusility ofereo¢tes. 44. A seni 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 net 3P. | aVersemiratducor gfuewterad ploim 2 etierain thefdehditg of the t r enches

to form interconnect ;pql’,}al'i{y ?ﬁczlrmrﬁngmlgt?ie%g é}]ég{élr 208 ud! Lthé !ie!ngi}/y lnedurmy

structures forned adjacent plura
plurality of trenches.

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 is electropolished and fills the trenches to form

interconnection lines; and



sem conductor dice. 45. The sem conductor structure of claim44, wherein a
di aneter of a stream of electrolyte fluid produced from an electqﬁp Iiﬁmfng
"apparatus defines a distance, and a portion of the plurality of d nﬁw
structures are located | ess than or equal to the distance froma portion of
the trenches. 46. The sem conductor structure of claim44, wherein the
plurality of dummy structures are filled with netal. 47. The sem conduct or
structure of claimd44, wherein the plurality of dumry structures are filled
wi th copper. 48. The sem conductor structure of claim44, wherein the netal

| ayer is fornmed over the die and the dumry structures concurrently. 49. The
sem conduct or structure of claim44, wherein the plurality of dummy
structures are contiguous lines. 50. The sem conductor structure of claim
44, wherein the pluralityplafalignafdymmy trugura farmed pdidceéheaplyrditapf | i ne f or med
adj acent to at least a.paphdQnR,@f.said plurality of trenches. 51. The

sem conduct or structure of claim44, wherein the plurality of dummy
structures are located in a region adjacent the sem conductor dice that

extends a distance 4grea*[ﬁersfe]:ngl%ndug(oranjldgl'eﬁtfglla %1, WESERY dneeRoft thaARCE equal

to a dianeter of a streamo ectrol yt produce rom an

el ectropol i shi ng appardtelestrolpr flaidgrsiucaddomengiktrepolithing adpasdtescbndsat ween t wo
adj acent dice. 30 1 6 ﬁéymgggg 52. The sem conductor structure of claim 44,
wherein the width of the plurality of dummy structures is greater than or
equal to the width of theporpbuoefahd glyrality of dusmnhemctugare Theaedlessittanauct or

structure of clain144,am@qggkqﬁEg%fq%§gggﬁgu§ng&ﬁ§kgg

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

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.



the plurality of dummy structures is greater than or equal to the m ni num

di stance separating the plurality of trenches. 54. The sem conduct
"structure of claim44, wherein the plurality of dunmy structures ééA%Q@ﬁly
distributed in regions adjacent the plurality of dice. 55. The sem conduct or
structure of claim44, wherein the plurality of dummy structures are
configured to reduce recessing within at |east a portion of the plurality
of trenches. 56. The sem conductor structure of claim44, wherein the
plurality of dummy structures are configured to increase the average
density of metal structures on at l|least a portion of a sem conductor wafer.
57. The sem conductor structure of claim44, wherein the netal |ayer is

el ectropolished to electrically isolate the plurality of trenches. 58. The
sem conductor structure of clain144 further conprising a barrier |ayer

di sposed bet ween thfz rrEtT% se a1‘é/ondu Z?[Cém%ctur% c?allr%%rwh%rema&,e width o%dh The
sem conductor structiure o er COI’T’pI’I SIng a see e| ayer

di sposed between the pm&abckamemyamduﬁhﬁsgmﬂmemmmr&wmayem\wﬁaofwmnethod of
maki ng a semconductorl it(ﬁtur% conprising: 31 1 6 JAN 2006 formng a
dielectric layer, whePBPNYREH & ectric Iayer includes a recessed area and
non-recessed area; formng a pIuraIity of dummy structures in the
non-recessed area, | ayer and

;orqhng a(gﬁ Q.cover the dielectric

the dummy structur®s: and @M Wﬁ%&FF WFHQ:?We dgﬁEUbWFgﬁmW5§@P“F8gexpose
t he non-recessed ar eashe philalitylbfiufiatysadctats i€ lprhn thih oreflal @itk hamiinng a et al
| ayer includes depositi The net hod of cl aim60

al |ayer. 62. '
wherein fornming a netQFMW%V%W“¥WEpﬁdﬁgﬁx%wgﬁ?éﬁblating the metal |ayer

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

structures 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 recessing 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:



63. The nethod of claim60, wherein each dummy structure in the plgéali%y
has a wwdth that is greater than or equal to the width of the rece dé 06
‘areas. 64. The method of claim®60, wherein each dummy structure in the
plurality of dummy structures are spaced apart from each other by an equa
di stance. 65. The nethod of claim 60, wherein the mninmmdistance between
the dummy structures and the recessed areas is greater than or equal to a
design rule for the recessed areas. 66. The nethod of claim 60, wherein the
recessed areas is a trench configured to forman interconnection |ine when
filled wth the nmetal |ayer. 67. The nmethod of claim 60, wherein the
plurality of dummy structures are filled with a netal. 68. The nethod of

cl aim 60, wherein the act of electropolishing includes directing a stream
of electrolyte fluid to fPRENGHdielgetEc Byert wiersibtha ficlegijie fayeraneludeg ppaesesione 69.
A net hod of maki ng an yfALed cRRQeH R St ructure, conprising: formng a
dielectric layer, wherein the dielectric layer is patterned to form

i nterconnection |ines; fiomnagParahivaf drmmy stefctugmsimipe 8orgessdégaadj acent t he
i nterconnection lines; {QKin Dehe@t BRE & cob @RS didIQ uFANRF ardd e Rint,er ned
dielectric layer and the du structures; and el ectropolishing the netal

| ayer to isolate the iSHY@&¢eHArfecti on |ines. 70. The nmethod of claim69,
wherein forning a metal daygkolistifd m@g&du&ﬁpa?er%aqmzehﬁe L@lesk@¥€ds: 71. The
met hod of claim69, wherein formng a nmetal layer 'includes electroplating
the metal layer. 72. The method of claim 69, wherein each dummy structure in

the plurality has @ W dpfd didida dr Sla ERWREreih RAHRiYa R }yediReihdre Wi dth of the

i nterconnection |ines.
depositing the metal layer.

62.  The method of claim 60, wherein forming a metal layer includes

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 of

dummy structures 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.

(O]
[§S]



73. The nethod of claim69, wherein each dumry structure in thengburalbky
are spaced apart fromeach other by an equal distance. 74. The !
“claim69, wherein the m ni num di stance between the dummy structures and the
interconnection lines is greater than or equal to a design rule for the
recessed areas. 75. The nmethod of claim®69, wherein the plurality of dummy
structures are filled with a netal. 76. The nethod of claim 69, wherein the
act of electropolishing includes directing a streamof electrolyte fluid to
the surface of the netal layer. 33 1 6 JAN 2006 77. A nethod of formng a
sem conductor structure conprising: formng a plurality of dice on a

sem conduct or wafer, wherein formng each die includes: formng a
dielectric |ayer mﬁth a recessed area and a non-recessed area formng a
nmetal |ayer over th zﬁggtrl €¥er and filling the non- recessed area;

form ng at | east on Rqdrol Brlre 21 RCERBCAEN-SF UL UESAEPYY ¥as of t he

dielectric layer; and ek@ﬁtﬁgamwldc&hllmr tWhereiBRealicldc@)tliyet R pEaePRg o fohf
non-recessed area. 78, The nethod of claim77, wherein formng a netal |ayer
i ncl udes depositing PHECRECYSN NS5ier . 79. The method of claim 77, wherein

formng a netal |ayer lm&lnu@eq)lurﬂhgasftcruam{yetrhageiAaﬁacémtrelmt&amecuownes?he
met hod of claim 77, wherein each dummy structure In the Elurallty has a

width that is greater tEIRIng2 neigldavet 8 ceiethgpryemedticlesic Ryt-2pdtessed areas.
81. The nethod of cd@in® shbewithi@n®i N each dummy structure in the plurality
are spaced apart from each other by an equal  djstance. 82. The nethod of
claim77, wherein the nFHPHWHWﬁF@ﬁ%HE%“6@?W€éﬁmFH@““mmomw““m'mcs

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

depositing the metal layer.

1. 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 ctaim 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.



dummy structures and the recessed areas is greater than or equal HE a Qﬁmfgn
rule for the recessed areas. 83. The nethod of claim 77, wherein tHelAN
‘recessed area defines trenches configured to forman interconnection |ine
when filled with the metal layer. 34 1 6 JAN 2006 84. The nethod of claim

77, wherein the plurality of dummy structures includes a netal. 85. The

met hod of claim 77, wherein the plurality of dummy structures includes the
same nmaterial as the sem conductor wafer. 86. The nethod of claim 77,
wherein the plurality of dumry structures includes the sane nmaterial as the
dielectric layer. 87. The nethod of claim 77, wherein the act of

el ectropolishing includes directing a streamof electrolyte fluid to the
surface of the netal |ayer. 88. The nethod of claim 77, wherein the dumy
structures extend a distance fromthe die greater than or equal to a

di ameter of the stréam df mehetelfeimymnen sehmicaiddcor siupteregpwpesnge equal to the

di stance between adj acenfedl ey ofieSH COAMERb: SIELUGHHLE gzed on a

sem conductor wafer in accordance of clalm
i nt erconnecti on structahdiefizlydesl on a senm conductor wafer in accordance with

the nmethod of claim®69. 91, A sem ”ﬁHQ%QJ st L f or ned
. \ th3 dcd&b M & dnla NEL R0
sem conductor wafer in acc8m3§celew l ?’ re ll’TEtr{fOS(Qi O{r aCﬂnc'ilal'l’l]’l nff é% area
forming a metal layer over the dielectric layer and filling the non-
recessed area;
forming at least one dummy structure in the non-recessed areas of the

dielectric layer; and

electropolishing the metal layer to expose the non-recessed area.

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.

34
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84. The method of claim 77, wherein the plurality of dummy structures

includes a metal.

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

includes the same material as the semiconductor wafer.

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

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.



