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WD 2004/ 061950 PCTI US2003/ 039192 METHOD OF FORM NG

PROTRUDI NG METAL PORTI ONS BY DI FFERENTI AL

PLANARI ZATI ON  BACKGROUND OF THE | NVENTI ON 5

wbeonebesd roni ¢ structures, such as interconpegis®isioeze19

metallization |ayers, may be manufactured by

de METHOROFFORMING PROTRUDING METH. PORTIONS BY

substrate. Deﬂ:ﬁ'F#'E’REN'FmDPLhWARfZ’Aﬂ@tN on techni ques

and materials, one or nore of these consecutive |ayers

may form a nonpl nar surface having uneven topography.

It may be desira g(%)tm a?Fa?'TE?[g ‘%UHBI anar

t opographi es in preparation for subsequent depositions

or operations. Mdst 10 commonly, planarization

tec @f‘d"é%“’%éﬁ“%‘ge% Flesibi 2 Aterserinsetror nsfallipation oy stamayrbe

"CMP") are utilized to produce a substantially

mapfagiered By denositing eonseytivelauers af materidls ewa mihstate aPspending

such as alternating netallized interconnect |ayers and
updnrithefabagaion thchiiguss mhd mhtgyials.sone onmeend treae odreedutive lagers

scenarios, it is desirable to obtain nonpl anar

may Gpogr mpplass sutfiae hagng omdven tdpeghaplol. dt macksddsirable to planarize

relative protrusion of various materials. For exanple,
nonpBnarltdpdgiriphics d}d’b]ﬁdcratﬁ)h IeiEdubSgRaR défositiohsdr dpkiafibhs) Most
factor for conductive |layer interfacing purposes as

conttRSAY, PRRMriZaiof tef i fikes S6LHAR Ch&RivA R BRI plafariZZB&EHTMP”)
Application for the invention entitled Met hod and

are tcl’ﬁﬁééﬁtté‘ BdhRra shﬂ’s&ﬂﬁl@%lﬂﬂm Blesk: %kscadfg%é’dt%ﬁﬁoscd fbtekigits,

desirable to nmanufacture structures Wherein a series

sucRhs ATRHAL n%ﬂ%éﬁaﬁ%scf &%ecit%/eﬁra% (it BSer cﬁ%}@%f?r Qe the

S U rroun as |
NN @'&M it hlarsoiariod Mis fletrBpiE i hig H?‘?PSWBF"PBWP‘%FS
having CUREIIGT 010 B RS Pt B G Sheu TR gF Samiple to

.Substrate material at a significantly reater rate
utﬂl@ﬁéﬁﬂwﬁml CERED fh? taRilitabing |facﬁqxf@r00ﬁ@tcav¢ QVGI” igterfacipgpurgoses as
or it may conprise renoving substrate material without
desqribad i1 ep-Blgd sndn saignsd U§n§at9¢t Anplicaien &1 theipention entitled
material. The selectivity of conventional etchants to
“Matkod @drShgctgwgfgr IgriotingElesironit DevicesSpipssiesirable tomfponfacture
groups provides the opportunity for selective etching
struvthies evhemeines seaibssofametal dqyprsaatandy, et propradascdvayfoom theanpl e,
conventional wet etchants may be 1
surrounding substrate material, as in the structure depicted in Figure 2B, which is

discussed in further detail below. To form such a configuration, a technique for

selectively removing substrate material is useful. Such a method may comprise removing |
- substrate material at a significantly greater rate than that at which metal layer material is
- removed, or it may comprise removing substrate material without removing substantially
| ény of the metal layer material. The selectivity of conventional etchants to certain groups
of materials as opposed to other groups provides the opportunity for selective etching

-where materials are appropriately paired. For example, conventional wet etchants may be
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WO 2004/ 061950 PCT/ US2003/ 039192 wutilized to

sel ectively etch a silicon dioxide substrate at a

faster rate than that at which adjacent copper netal
wogeusesdEr et ched. Conventional patterning teehpsmbaRo1o2
may also be wutilized to facilitate selective etching

of substrate materials between netal |ayers, using

.aAni,sot ' sny. et ] [ nd hni quUes, -
P RSB Gy Bl TGl s RS hE b ROl SRR S it
o structur rocessi ng, .and nay .be sonewhat.
adipcp GopPE Ml Ater 57 Clopel CRVEJRNY! PRYERITG, 15 Rhjaos ayy also be
surface.is to have nore, than one |l evel of to raphy,
utilzed fp EeiligeselocHy e ctoas of %L}E%r@fet s %B%mgendﬁetﬁlﬁ?%rf Sty
layers are to protrude farther from the adjacent
anigaliggiciasma prajstries apd tgplmigiendor grample; These melads s
within the same surface, in effect requiring several
gengially eddenmpletity to sguaire prasessingt andimedydietsometvhatiimpreeise.t he
hei ght of 10 netallized | ayers, current processes are
Furthen il thalevent tieat e réqmired sueface & oo have medrathaw ehy/lesdl oé tpbgmply,

process to nmanufacture structures wherein the

suchaoi sutBico whaelnghttainfgreupt af metalieedlayat adeity protrode farther from
internetal substrate layers may be controllably

 the agihéent @Bstrdtel iiakkeib] thigE BtheSmataMig@lial@s wahRRCRR stiace, in

controllably formsurfaces having multiple tiers or

effe%%%iﬁﬁ%s&%raﬁ BRfR Bh¢tond of bt faFe @%ﬁ%dﬁ% tNnShei dhiber

The present invention is iTlustrated by way

metgﬁizga(@g%?ggg,g#&e&gg ark inBik gﬁ‘g inthe figures of the

i .
acconp aw ngs, in Ich I'ike references

i nc&ih%%tig a%&éﬁ ilogr re?shﬁrgﬁgérgén%%n%g gl":o%?%s\%é g}%n&fl;c Wl s. n%t%r:ég

draw ngs“are not : "o scale,
SR i e e et Bed Aeiepterres o Foeat R R parpe

of supstrate | ayer having a netal |ayer
cong?@%yr%@rs WEtALEA T, Forg RrReFSs 1o copEollablysiorm pufaces
| ayer. 2 WD 2004/ 061950 PCT/ US2003/ 039192 Figure 1B
having pruiinde Hers ppedecloss of tepegraniiyew of a ni croel ectronic
structure having a substantially planar surface forned
across a substrate layer which is coupled to a series

of
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and is not limited in the

figures of the accompanying drawings, in which like references indicate similar elements.

Features shown in the drawings are not intended to be drawn to scale, nor are they

. intended to be shown in precise positional relationship.

Figure 1A depicts a cross-sectional view of a substrate layer having a metal layer

~ electroplated into trenches formed in the substrate layer,
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nmetal |ayers. Figure 2A depicts a cross-sectional view
of a mcroelectronic structure having a 5
substantially planar surface forned across a substrate
weye/ossch is coupled to a series of mnetal ptBYSNs039192
Fi gure 2B depicts a cross-sectional view of various
aspects of one enbodi nent of the present invention
wher.ej i fferent]al : | ' ' N 2
A R AR Jeb R se B B A pdclectbi i B 4"
orthogonal views.of two enbodi nents of.1he pr nt .
st DA HREY TP e B A TSI Ay i cobied 0% seros of
gL'Iized to form nonpl anar surfaces. Figure 3A
me kV@Fs a cross-sectional view of a mcroel ectronic
structure having a substantially planar surface forned
acriggure 2Adepistsragresstsggtionalivigyy of AMICHAGHCHANIE strgetws hrng 2
of nmetal layers. 15 Figure 3B depicts a. _
substeatially plaoat siface fpimaed asfosy asitstiate daypewhish if coupled Frea series of
enbodi nent of the present invention wherein
mew] By@s.enti al planarization is utilized to forma
nonpl anar surface. Figure 4 depicts a chart
I | | Higire aBidepictcadsssenyional riwgditvadodsf speimoe one embediment of
internetal gap spacing in accordance with one

the @rebaf inveRionafhdidig dFfeamEAtpliraMilioh & util28d fo fokH @ nbnplanar

depicts a chart illustrating netal |ayer height
surfdbd f erence versus internetal gap spacing in
accordance wi th one enbodi nent of the present

P R A N SO BRI e

L R T
CRREIE O SAE B Yo AT e Bl gt baving

o Ry PR S Rt RuSTAR S v b G o
follow ng detailed description is therefore not to be

metaldg¥ers.in"a |initing sense, and the scope of the

invention is defined qnl¥ . ] .
Figure 3B depicts a cross-sectional view of various aspects of another embodiment

of the present invention wherein differential planarization is utilized to form a nonplanar
surface.

Figure 4 depicts a chart illustrating metal layer height difference versus intermetal
gap spacing in accordance with one embodiment of the present invention.

Figure 5 depicts a chart illustrating metal layer height difference versus intermetal

gap spacing in accordance with one embodiment of the present invention.
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by the appended clains. Referring to Figure IA a
substrate layer (100) is depicted having a series of

10 trenches (122) into which a netal |ayer (124) has
weeam4foprosed. Structures such as that depi ct pdriigeoo3/ 039192
Figure I A are commonly seen in sem conduct or

processing, and the substrate |ayer and netal [ayer

My conprise a wi de])\éﬂ(ltﬁﬁﬁ Qémp%ﬁrl al s. For exanple,
in the case of a device |ntEerconnect the nmetal |ayer

may conprise a nmetal such as copper, aI um num

L) 5hr B RSB A R
maéﬂ?fg’hgfli:ajﬂlég‘%ﬁ%’;?ngdg% Hg.gsﬁgg‘f&‘?&'ﬂﬁ‘él %gﬁgéqsgl{]dgcgregg@garﬁmems

nprise a ceramc or ymer dielectric material,
Thedélpﬁ'rtraéiwe CHBeHMER{$ éesc@he@lﬂle@ewe diselesaddn suffigienterilde cnakle
nonnetal nmaterial used in a mcroelectronic device
thosecikilledrin thg artde placticsyes invghtion.eKiasaollewingldetadedbdaserintion iy
conprise silicon dioxide; silicon nitride; silicon
therofoyandtrtd e takemintadimitiop sdso andiths scope @é thie anveoliomis defired ohly
as 20 polyim des, parylene, polyarylethers,
by theé g@readed dlgiakes, pol ynapht hal enes, pol yqui nol i nes,
and copol yners thereof. Exanples of other types of

rratmsféxﬂh%td Fighre TAY 2 Bistige Iyt:mb@angrueﬁléz@i vt RE&s of
| ayer (100) include aerogel, Xxerogel, and

tren§h§€'s'ﬁl nﬁb ¥hchla mREP Byer t1'24?9£ ibkéPRrmed. NAnRHBSISHA & that
l'ayer (100) may conprise hydrogen silsesqui oxane
dep%ltle'd%gl‘ gu lmltel'&‘#lmoélglr grgﬁel% %@H@ecmri{@ged% \ggrﬁd&\g% %Xtiate

e coate onto t

L e R

CT./ US2003/ 039 100).

of agdsgicg Braoaeeh P et Pyt T forprst Al h 25 et aifnum,
h d ch

mnga@@ﬁ@%ﬁﬁ%ﬂgolgp%%s@vﬁg%g@ §f§mﬁd§1 %@?-H HFQ@ﬁrf?‘Eﬂ?Qé‘smg

be preferred. Qther suitable substrate | ayer
know m}lmﬁu%Sewfa#Sselecgeelhtlwrtch@a@almﬁ olrsicat vapoy depositigr |
have naturally occurring interconnected pores. V%lle
t hdhe eyhsirate dayier may covayiss a geramiaweglimer diglestrisaateriab, barrier
many hi ghl y-ordered nesoporous naterials, severa
materiadd, etck stopmeterialsoounlmest dnehanptetdl matetabused irsg mewoglectronic
mesoporous silica and alum nosilicate zeolite
deviomiadjadeal smetdblayert Borerimple, ahssubBtyatdmag yorhréssisiliedn biy)xﬁlﬁ
aerogel or xerogel process, spin-

silicon nitride; silicon oxynitride; carbon doped oxides; organic polymers such as

polyimides, parylene, polyarylethers, organosilicates, polynaphthalenes, polyquinolines,

and copolymers thereof. Examples of other types of materials that may be used to form

. - the substrate layer (100} include aerogel, xerogel, and spin-on-glass ("SOG"). In addition,

the substrate layer (100) may comprise hydrogen silsesquioxane ("HSQ") or methyl
silsesquioxane ("MSQ"), which may be coated onto the surface of a semiconductor wafer
using a conventional spin coating process. Although spin coating may be a preferred way
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coated into place, or deposited using chem cal vapor
deposition to forma voided structure upon

deposition. In the case of spin coating or other
woepemikiosn nmet hods, solvent may 10 need t o becresRvaRdoio
usi ng evaporative techniques famliar to those skilled
in the art. The substrate |ayer (100) may conprise

to 0] He? #xbg{ﬁ{eq%)(/e? Kﬁ)ﬂgfor ?&M@ﬁ@ienﬁi‘é bf'o?‘%tﬁé'r? cheffical \n’z}% a'&@posmon

case o I'nt erconhec ure “havin
i zation a_ barrier
plaafaﬁﬁﬁag%ﬁ%{%k abfhebeith o8 ?fgﬁwgﬁﬁnw it (Rl may
titanjum_ nitride nd tu her
be gliBietaPitie Hitpo E ibsHEas et (P reHs Shechntiosh ot Ve
materials 15 such as copper |Q{o adj ac n di el ec rg;
“zeplifgy s Bavejnatuyslly; Py HRGInEEEQRBEAtE IPFEGSC mﬁw ite” Jay
the interlayer dielectric material. Known polyneric
beep aiped iareferepes to meay highly-ardejad mesoperaug matsrplgrssysrakrealifes are
di ffusion barrier characteristics my also be used as
kndyar asidéaledtrinymaterials, Waalnas ofesepneousfsiica prdliminesilicite astiter i ¢
materials are conventionally utilized as interlayer
madiigh.eZtalite matedjlacanbe bathdsized byayesesogePar ¥eefzel procegs, spin-
Figure 1B, a structure simlar to that of Figure IAis
coatbd(iht6 ipRide, omMdepbsitdiusingxbenichlonpbiddpoditin th dRnsdvdidaistinasre
been pl anari zed, preferably using chem cal mechanica

upol| BPNitiohd UTh §18 .cade@f §ih BdAing 6P Sthai ddpadition MEBER] sohbhi MeL
(126) conprising the planarized surface of t he

need ?&pﬁ% tefoSed B evﬁﬂ&ﬁ%c %ﬁﬁ&%ﬁﬁm@ {ARaeiskREl ﬁlutﬁé A¢es

di scr ete rre layers (102-1 . Conventi onal

“ZfH Jﬁ%&quez %@Lhﬁfeat ;?rres‘é%%?ﬂ éﬂéﬁ%rfs&’éra‘f ﬁfﬂ‘aﬁé as

app |ca I ons nt to achi eve

NPT
terlal selectlv ty r.as

L,
wh%%raé bagtier %F%"H@‘%&dﬁ?"%‘ﬁ‘l‘ a&ﬁ@?ilwm R e piom
| d t nbodi t.h t al
nitedsond CiES D 4R el TSR ?&JS@E@&? CaN}FH“‘(V gy

and is separated from ot her, K netal a
suck @ﬂo@maertmfawﬁw% diclesirie fyersnisaopitipnad bgé‘ﬁe{l ilzfeyppp%n!@éﬁ'y‘al
"aspect of the 5 structure depicted in Figure 2Ais the
anditht iptentayexidiedeepicmatejal. dKsewn pelymari¢ basrieriayers havingadequate
equal for each of the netal |ayers (102-105).
elecRefmigrationcpnd diffisgpmrberr2Achasactdristics roxyealsn bei used astbaridrdayerst
Figure 1B is depicted. In the

- Many of the aforementioned dielectric materials are conventionally utilized as interlayer

dielectrics adjacent barrier layers.

Referring to Figure 1B, a structure similar to that of Figure 1A is depicted, with the

exception that the top surface has been planarized, preferably using chemical mechanical

planarization, to form a substantially planar surface (126) comprising the planarized
surface of the substrate layer (100) and exposed planarized surfaces of discrete metal
layers (102-105). Conventional alumina-based slurries are commonly used for such

applications. A CMP treatment to achieve a highly planar surface may comprise several
- 5 . )



10

15

20

25

depi cted enbodi nent, the substrate conprises silicon

di oxi de and the netal |ayers (102- 105) conprise

copper. A thin barrier |ayer (not shown) of, for

e ampb@sstt ant al um or 10 tantal um nitride maypdEUS2003/039192
positi oned between the copper netal lines and the
silicon dioxide substrate. Referring to Figure 2B, a

pol\rjs\nh{nH %Lﬁgwﬁh Shubes of Qﬁngtmg& rdegslé iR d'aﬁmgll@gg%ag size, as

e exception eve the subStrate

wmg@%gr ! e%f’i‘%d ot skﬁ]ea Ii]nethe a n th@%@ﬁ&ei&?xﬁooﬂﬁ&{ﬁﬁ e<~:ach ?f tﬁxe metal
iaved Bl bR el veﬁtef %ﬁ%@?%} 3 g fom afper

t he de icted 15 odl of, .t rotrus
mefghlaygss yaéubéﬁsg%@rﬁq'ua’ﬁ “é{ﬁﬁ%ﬂta @afé(]tlépt‘ﬁ ey %ﬁ@?ct@ﬁg’ﬁ
each of the internmnetal p di stances (116) of the
strusturg dapintes i igorg g és tizwwmétab&mii Ko distanps; whéaun s eage is
Form ng the structure of Figure 2B fromthat of Figure
equalxfopeash of thoimetal dayiersAé@2-18)speci al i zed cheni cal
nmechani cal planarization (CWP) techni que which may be
r efRafereidg to Kigars 24 a Sfrestwn simallar ol thataf Figatei Idhis depicted. In the
Differential planarization may be applied to nodify
depidne eatbopintent, visd ubsthued inipsisafsilivon tioakie andtheateta ayers (102-
| i near or continuous (140) in nature, as in the

1059 E4HR8e R8ppeY.| RuhiabalricH 10y €r (REEshGPRoRTbEebtipl) taAtaBim or
di screte (141), as in the orthogonal view of Figure

tant8fdm MAifride A R PbLARRdetveh the @bSifer Riefl BAY ahdl BRAflicon dioxide

geonEtrles In a glven m croel ectronic structure. The

subSik05 RI&ThE R s Ofuckilrd anﬂmztg’thﬁct QF F%El%m £ .de} §ted, with

representa |ve a CfOSS section

AT dlggéglﬁogg%fg@sﬁegg g@@%@ggy@&% o2 e
decf?%ég St ﬁurﬁﬁ?e EPEtl'ﬂg ula) By R U Ldz2 ) e &
pm@&%'%tf'rp%? W Rutpratepep s sortion b (ol BRphih enied

y factors. We have experijnent al determ ned  t %
emhﬁ»étnaﬂnt lepgheof thy prOPUYPheiEhts lgﬁ!bsw@%' eqralidue Eniop éqct ateach
pl anari zation optim zing slurry sel ection, pressure,
of thedglerretyledap distapcesdh bﬁ)wégles?@wé@ﬁoéﬁlgl@ %W?ieéub%mnylly
correlated with surrounding internmetal gap dinension.
equiRelenty Fonging therityatues of Figuse 2B framphas of Figara 2 prefesshdniiglizes
between netal |ayer protrusion height and internetal
a spgeiglized alcenitd nobeharddad dlahatzatonOMRB)ttecheiqae whichmaydbetréfatred
of

to as “differential planarization”. Differential planarization may be applied to modify the

'prot_rusion heights of contracts which are linear or continuous (140) in nature, as in the

orthogonal view of Figure 2C, contacts which are discrete (141), as in the orthogonal view
of Figure 2D, or combinations of both discrete and linear geometries in a given

microelectronic structure. The cross-sectional view of Figure 2B, for example, is

representative of a cross section of either of the structures depicted in Figures 2C, or those

depicted in Figure 2D. .
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Fi gures 2B and 2C, wherein the subject surface

conprises continuous (140) copper netal |ayers
(102-105) and a silicon dioxide substrate |ayer (100),
wodoisme@sd f erential ly planarized 10 with a spersz003/039192
conprising silica abrasive particles sized for the
particul ar application, for a period of about 240

S eCB[ﬂ?%ntlE@ﬁ%{aRE% ?‘q? ﬁ%gé/ss ?1;»9@5? &%Hhﬁ @éﬂecﬁf&ﬁ afld relative

subs

po% %%%}%r ?ﬁ%?ys&gﬁz%e getion ’Ica%f]g] P%%{uqu Elfgi%éd &S irﬂjgl?f’ padas%f%gttion,
and GBSl T eSperigipially CES R e e

m crons, a_silica-based slurry having particle sizes
profusigibsishs Berditferentiah slptrzetonopiimiFag flummy s¢lemtioRotessye; eise
preferred. One reason for this relative sizing
velpatyatridand s¢lpctios is praticudariy qoeelated Mlihéplégundmgenﬂg@mt@ (4P
access to very narrow trenchlike features, and for
dintehsien. r Refeming tFigieal, Busaatpe, uhe icksionshir btweanhestal ildyer a
particles are forned by precipitation rather than
profrigidpmigcigls apd @feemeebgapdpaetioddpivted fonadgnciurofinilanedha? 0f
silica particles to agglonerate, thereby form ng the
Fig@@ti2B ah® Dt Swittheih &eGabjestishifsr cpmptites k&finuods1 dtheopper Redtal
slurry preferably is pH adjusted to between about 9

lay@9d 02105 andi’h stiRdon d[Biiﬁe@HE@ttﬁfef]% ( I‘O@)" Qhd is!di ﬂfér&ﬂlallﬁ planarized

presence of copper netal |ayers, nd preferably has a
with E.Wurry b%ﬂ?ﬁlﬁ mh&rbb}dgﬁfe?vﬁﬁi@fes szed/‘ﬁt' fife paficuBipMBERion, for a
out a out centipoise. Slurries having pH

Imdog%ﬁh%upﬁkﬂﬁgﬂvﬁbOUt 7 and about 9 al so are effective

copper ‘hough 25 rel ative select|V|ty rates
B e e S A B e%‘%ngfo*# t
sl BRUGORS B ar P angi o Fe 4" DB AT S &P et
el gap Gtieasion L oA PERIP GG LB atiog U SET o €

. Slurries may have simlar ingredients with the

integpeielgapolgss thn apoy § micrens: a sili¢ackasedslusy bayingpagtichesies,
and copper corrosion inhibitors to nodulate the 5

betveasp pbout ¢6 nansgiaters adizbout T0stanergeterstieprefeakdt Oereagontfivethis
substrate materials. CWP pad selection is another key

relafieecdtizning refatidnshiysis timt emealiar pattitles hawdletteri aotess toateay nargap

di nensi ons | ess than about 6 m crons are pol yurethane
trenpldiks fdamires) Gnd i His @Bdon, Shidathased slurries wherein the silica particles are

- formed by precipitation rather than fuming is preferred, due to the tendency of fumed

si_iica particles to agglomerate, thereby forming the equivalents of larger silica particles.
Further, the sharry preferably is pH adjusted to between about 9 and about 11 for
maximum effectiveness in the presence of copper metal layers, and preferably has a low
viscosity, on the order of water, of between about 1 and about 4 centipoise. Slurries

having pH levels between about 7 and about 9 also are effective with copper, although

relative selectivity rates for etching substrate material versus metal may result in some

7



10

15

20

25

fiber-like conpositions well suited for contacting

| ow-| ayi ng surfaces under CMP conditions.

Particularly preferred are the pol yurethane pads sold
wodgiokfesy trade nanes, 10 "Pol itex SuprenmeTMcaishoiddsoioz
1000TM' by Rode] Corporation. O her comrercially

avai |l abl e pads may be nodified to function simlarly,

us! n@tm: ?‘%ﬂ% sﬁgoﬁwst;a?e lteDe(fssﬁ- aﬁ;lé id%clhgaged Np {e? g 5fumes

mﬂ?ﬁ% J nery, sug | 0S€ 'S0
R
congie f@gﬂ RUHERT A onitSt BRATO Y a0 Pﬂ%’l%f’%ﬂeﬂtﬁﬁach .

the t n 3301 TM Ni kon ,Cor porati on. .
sod Né‘f’éﬁfﬂl} @t bt %ﬁ?@ gumleﬁglagg%/vg&m @ﬁpﬁ%‘g’g@ﬁ’é eéﬁed?“on
edge velocity is illustrated using.the sane
of asdlfferneyt a&rﬁéwa fyel ascalyaing, 4R SORPST FHUTASHE 1%%%13 foenedufatg the
which data is depicted in Figure 4. As shown in
coppércparresien andalisking rites pelatbsie desHbstuteondieriilng edge
vel ocity can have significant effects on differenti al
pl eCtePipadisslenionis anotyeniey faatreaisnest prydaored domsonadiinprmetal
For exanple, in the preferred enbodi ment depicted in
gapdiferséond lesathag st & ﬂiiqroﬁ)arhp@hurpﬂlemdeh@ﬁnmmmmﬁt, soft,
pounds per square inch ("psi"), and a relatively |ow
fibeedi@e corfipfiony weld buiftl @iteofi@ctim@abwigfingdupitd vpdéTNP,
provides a protrusion height of about 1,100 angstrons

conwnbﬂs %rﬁdﬁia‘?{}"ﬁ?éféljremth@ ipSlyaRARNOPaR AU NHE thE (64de Mbmes,
le arelafively low pressure of about 2.5 psi, and

“Poﬂtek%lugltehl\éw’yar@"‘@ RETe qioaer é%gaahap%e&%%nﬁaam er

m nut provides a prot u5| on ght of about 700

avalg%%e uéardg e \Me 'hn)d fl% ol nlryirﬁﬁzgﬁ}é ﬁ%\l"\l’%% 1&5 #H&Fn fth&e

crons. re era sure I'S

sl A A
e R R P B S R L,

i ncrease in deg tnails off asymptotically for the
undgrdhe Eadsagisp 3 3Hd s ¥ NN CRBRRUWRM: nat eri al s.  Such

as nptotic tralllng off may be the result of the .

eferingtofigure 5 ifbe effasep waaspure aed GMERdge gelgeity is

cause abrasion after a certain depth down in a very
illustrated awing therseme slurmy iand other ceaditiprsatsiie thetermbiodimegt tor thbalﬂta

t he maxi mum protrusion height difference, differential
is deplicaexhiniEigtre dn Asl sithewn in Figpres, dswedsing prassure and dagseasing edge

progresses fairly linearly with tine, -and therefore
velocPcdn Hi®e significant effects on differential planarization at a given intermetal gap

dimension, For example, in the preferred embodiment depicted in Figure 4, a relatively
high pressure of about 5 pounds per square inch (“psi”), and a relatively low edge velocity
of about 60 feet per minute (“fpm”), provides a protrusion height of about 1,100
angstroms with an intermetal gap distance of around 6 microns, while a relatively low
pressure of about 2.5 psi, and a relatively high edge velocity of about 250 feet per minute
provides a protrusion height of about 700 angsﬁoms with the same intermetal gap distance

of about 6 microns. Preferably, the CMP pressure is between about 2.5 psi and about 6
8 .
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may be used in conjunction with data such as that

depicted in Figure 5 to achieve |less than nmaxi mum

protrusi on heights for various sets of conditions, as

woubidrobesapparent to one 10 skilled in the ap¢rus2003/039192

exanple, referring to Figure 4, a protrusion hei ght of

| ess than 200 angstrons, for an internetal gap of

i20QWhred 2Bb v PR fRYisBRoAGRY BCRA. e ARLAGAIIANA Fidhfes 4MR 5
1351t :Ama Eelaow the 240 1s?_econdsyassoci a% ed wth the éggeta of
reflebiHb 220 sbnfls SEib HER, AlkHich B iRRA i bofh BERONES-

uc I ze e

echniques may be Ut to achie predi ct abl e

P P B R sl
LR D LA

for intermetal gap di stances exceeding 6 m¢rons. For.
causg ghipien aftes p cerdaiy Aepth NIV e AL WHEFCR ¢ e the EYHREE
2A-2D having internetal gap distances _between about 6
traifing pBear-hMaH BUm PO NSt Aree, diffeseiphTyrization under
differentially planarized using the aforenentioned
thetpeastuibegwonditionstpinogreseesdfuieky gineasly wiiatime, asdl theraforgCMR Higer
20 particle size, preferably | ess than about 5% of the
mayp e tisedén torjmtctiomeith datg aychdis shah depactedrimyFigure S of cbive legs than
utilized. Referring to Figures 3A and 3B, anot her
maXigfunBproftsied hdiflas foF esrtua sétnufodhdioions, as woull bie sppatentio one
wherein portions of a substrate are associated with

skill®lighhd B &cs eRAMIIE GeferriBb 8 Figate)d, APFoLRWoH AightBF1aas than 200
gaps, while other portions of the substrate are

angREGAS iRl ﬁ%ﬁé‘hﬁé}a}ﬁ% BEiRhLt 2 AYE6S A MWeHghibAldd8 decreasing the

i nternetal gaps. e transformati on froma Structure

Cl\/gglgﬁ% ?eggwi%}]e O?sgcpo‘}lldg% ézgecf) \g;[lll H%C?uﬁgyf @ ileqé? tod EMP time such

I'gure to one su as t'hat depicted in

as %‘P‘E‘?@E’ﬁég%{?é lr]%‘fs"%ﬁéélgla%érse If}’é%ﬁ-@%li?&c?tg ira%:rllilig‘ye Sﬁgét%iég%ge protrusion
neighly piay oBanEdPaanpeoy e BisaRes iy B frkedifents fusto

metal layers canprisjng the s syrface, .ipn effect.
sysigTaHG LAHAPLLE pPEIRER i sprrspiana) EME. IhEERTA plhoirption is
substrate height relative to the hei ght of_ the
equably effertine forantametal ga distanqss gxqsedingp ppgrons. For example,
differentially planarizing the substantially planar
strusturdssoeh o thessalepicted in Kigeren2 ArRDyavingIpieraetal gap disiaeest he
| evel of the substrate (100) relative to the Ievel of
bettvism abetiad micayrsmsd AP 10 Microns may be effectively differentially

" planarized using the aforementioned techniques, with the exception that a slurry of larger

particle size, preferably less than about 5% of the pertinent intermetal gap distance, may

* be effectively utilized.

Referring to Figures 3A and 3B, another variation of the present invention is

~ illustrated, wherein portions of a substrate are associated with metal layers having

relatively narrow intermetal gaps, while other portions of the substrate are associated with

metal layers having larger intermetal gaps. The transformation from a structure such as
' 9
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110, 111) may result in a structure such as that
depicted in Figure 3B. Referring to Figure 3A a
substrate |ayer (100) is depicted which preferably is
WO 2604/5b1080 to that described in reference topdi/geoesosfor
or 2A. The netal layers (102-105, 110, 111)

preferably conprise copper, but may al so conpri se

other. netal. pr, allo ri.bed above. .In e
el Dl jn Ry 3 B0 B =Pt AP RRL P RO gt
1Q2-10 each .have a width,(118) of aboyt 6 mcrons
PR OB et A i ATy T Shesp tfercy i Hfovrs
m crons, while the smaller netal |ayers conprisin he
of mgtal laysrs gtrpdeyfrther frpm ?élléﬁéﬁ“tﬁ%%fa‘& ropferiel thp p pihgym fayers
about 2 mcrons and an internetal gap dinmension (112)
comgfrisiiigdhg samerfuefaenin effactrodyeing seves) grfpewt terels oneghrloneel
in Figure 3A having these di nensions nmay be forned
subgtsate heighteclniaiio ithpheightiefshe pdsteent metablepers nlneothes wordsur e
2A. To forma structure simlar to that depicted in
diffetegtislly [Bdharivin die shbsaritially plexu pinfigs of the sipuaitne 0§ Figare 3A to
hei ghts - one associated with the larger netal |ayers
dectehS2thd (vl ik Jubsterey (180) relatiey tothedbvey apibie (riklab laydi2Q) 02-105,
and one associated with the two series (110, 111) of

1105 'I@D'n@a}r rediliah stn@NBE Suchid tah&dpictéd B Figtke 3Mt er met al
gaps (112), differential planarization may be

ut iﬂéf&ﬁﬂ% to?t')igﬁrt@ 30Ng stk Tﬁ%ﬁd& Oﬁbqpéep\fc]ft‘&i’wﬁigﬁ’ Predb sty il

mcron t 4" mcrons, "and a preferred-
e T TR
R AL A .
des PP Calie T R 208 e BB PEHFOLG0 LTS el
RS et b S et 55

11, a viscosity between about 1 and about 4
4 micsons; whilesle smaltgymegl dayens cemprginge o serigs (1109Hd) gachppve 2
edge velocity of about 60 feet per mnute, a structure
widéhi {Hl #)eaf about 2trhigrong indringuieancd® gap Himension (112) pfabonigl micron.
protrusion heights (130, 132) for the smaller netal 5
A straopere suchi s thah defhatedimdiiptre 3A daving thegel diGensidismayfbedbimad
200 angstrons, and protrusion heights (106-109) for
usirdghie lectiri@res descabed inyeferende0 Fighfi3)A.of about 800
angstrons. Thus, a novel surface nodification solution

i s T fofth @ S@Gbturbkintiay @hhit¥epiciey @NFigerd 3BS which has two groupings
of protrusion heights - one associated with the larger metal layers (102-105) and larger

intermetal gaps (116, 120), and one associated with the two series (110, 111) of smaller

metal layers and their smaller intermetal gaps (112), differential planarization may be

utilized. Since the intermetal gaps vary from about ! micron to about 4 microns, and a
preferred silica-based slurry has precipitated particles of size less than about 5% of the

intermetal gap, a silica-based slurry having precipitated particles sized less than about 70

nanometers is effective. Utilizing, for example, a Politex™ ™ supreme pad, a precipitated

10 -
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descri bed herein with reference to specific

enbodi nents, many nodifications therein will readily
occur to those of ordinary skill in the art.
wooes@snel v, all such variations and 10 nodi péFatiensSo192
~are included within the intended scope of the

invention as defined by the followng clains. 11 WO

1R OAF% BT R2AATLQT Pou By AT Bt

roel ronic structure conpri sing:
_ | |
abfie§ §ad %?Z’?yﬁilsa-'fh“?ﬂ%@éﬁﬁeaéb"“ LA RoLPY CensBSL g B s
of CE P p N el veliy &t R 1'nyw,5¥ § g€ similar to

surface; 10 dlfferentlall plan rizin
thatqfifdguse #B il yessltemamgénmuale@ h?lg §ES0e f@lﬁ%@ sreajley mgipl
the substrate layer relative to the level of the netal
layera yithin thodepitied sesieh0ld 0.0F1 1 bofabant 20Qapgstions cand prejfusion seights
metal layers in the series is separated 15 from other

(106,309 fot thy darerimetaltayess(l 1240 pf about $0Gangstraths. gap of

| ess than about 6 mcrons. 3. The nethod of claim?2
wh eFhaisma ddvel suefaed mbdifieaton calngiori is disclopgue rAlthough the invention is
substrate |ayer conprises a nonnetal. 20 4. The

destrétiel Geredf with Riferertewb Sfeeific eplbadifichiz] mgnyt hedifiedtiahs theryiareill
and substrate layer to forma substantially planar

readilyl dcB®@o BRRPHT SEMaBNRN dhe 47 CARBIdRIy, Al 30@ Vagiafidn® And
with an al um na-based slurry. 25 5. he met hod of

mo&iﬁ@elrtnﬁhsginr%ﬁ:‘i el vAink fﬁé ﬁﬂén'd@& soetaamr,e FivBSHnQNBEARA Sy the

ca ani ca | anarization with a silica-based

ﬁm§&#%0 im$- The net hod of claim5 wherein the
ca ased slurry conprlses silica particles

1
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having a particle size |ess than about 5% as | arge as
the internetal gaps. 30 7. The nmethod of claim®6
wherein the silica particles are precipitated

wonbisob@ss 8. The nethod of claim5 wherein pEEUs2003/039192

3.

10.

11.

12.

13.

silica-based slurry has a pH of between about 9 and
11. 35 9. The nethod of clains wherein the

silica-based slurry has %vﬁhﬁgosuy of between about
1 and 4 centi poi se. e nmethod of clainm wherein

- SI 2%3}55[2‘%4 ﬁ%'gw‘r’rb?%@éh? PR RouRihe o2 an“gbout

.11. The t hqod of. cl 3,wherein the subs
con STy QIgR Ll T  SiboHeis i e evess o e s
wher ei n Qﬁ‘?&%?@ﬁieﬂgb’“ﬁ?@ﬁ?} ##Png conprises cheni cal
45 mschanl cal planarization with a pol yurethane
pol plemarizingheimetpllayer anchyubsisi layerde Earm aguliftatially planar
differe ¢€;pl anari zi ng decreases the | evel of the
substrate layer in the internmetal gaps by between
abodiffefs0tialhyyd smaoiming secsubsiotinlly plapoGurfagde dearsase the lane) of
2004/ 061185 fubscaie USRORBLI0S®1IBDlevel 41 themestatdayeod of cl ai m
13 wherein one of the internetal gaps is around 2

. M cTiedethed6f oMiar Eivherdinfeher & tic rabtaflhparaini the segies is separated

decfrensefer bR lag¥8lin B sérive bg b fitéraleRll kaydiless thantabis 6
i nt giop@isal gap by between about 200 and about 400
angstronms. 5 15. The nmethod of claim 13 wherein one of

t heTh Y hahHRE Bl1aiBAPIhirsin WMOHAS 13yeM GnfiiRe co@@ﬂaﬁ@ﬂﬁé fibkrate
di ffggr%g;ﬂ fléesQ ARRELEZ! Ng decredses the level of the

subs rate layer tn this internetal gap by between
Oﬁ{l 1%89 }ﬁj}}?}%h%@ﬁ oA AOHE met? 12k Grs 2Rl SubTRLE Ber to

ar 0 H’é l Sfanar g(rn]iel nse% Q]%e?n{e cal 1 ch@'ﬂ‘&? plaRarization
pI KA ?’E?Hﬁu @P%da%'élythe | evel of the substrate |ayer

The method of claim 3 wherein differential planarizing comprises chemical
mechanical planarization with a silica-based slurry.

The method of claim 5 wherein the silica-based slurry comprises silica particles
having a particle size less than about 5% as large as the intermetal gaps.

The method of claim 6 wherein the silica particles are precipitated particles.

The method of claim 5 wherein the silica-based slurry has a'pH of between about 9
and 11.

' The method of claim5 wherein the silica-based slurry has a viscosity of between
about 1 and 4 centipoise.

The method of claiml wherein differential planarizing comprises applying a
planarization pressure of between about 2.5 and about 6 psi.

The method of claim 3 wherein the substrate comprises silicon dioxide.

The method of claim 5 wherein differential planarizing comprises chemical
mechanical planarization with a polyurethane polishing pad.

The method of claim 3 wherein differential planarizing decreases the level of the
substrate layer in the intermetal gaps by between about 50 angstroms and about
- 1,200 angstroms. - .
' 12
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this intermetal gap by between about 500 and about
1,000 angstrons. 17. The nethod of claim 13 wherein
one of the internetal gaps is around 6 mcrons, 15

wodowhews n di fferential planarizing decreasgspitiosnzo19?

I5.

| evel of the substrate layer in this internetal gap
by between about 600 and about 1,200 angstrons. 18.
The nmet hod of claim 1l wherein di fferenti al pI anari zi ng

s i ?‘%ﬂge e T

20 lanagfzing, ye g
ESHWQS& $2p bX physes, oy I‘aln éb‘?% t5ﬁ’m§:ubst rate
maerlal frominternetal gaps between copper | ayers

of 'Bhegnesbed efichaimnd wspsie Pnf's itheREermefal gap &15@@011@@ microns,
c headodieraip diffgraAngial plparizias dergeastsdhe lovel of theygubstrate layer in
si | thisantbamsatal sep by botwaen sbopotQ0sng Abput FoRangsrembet ween

about 2.5 and about 6 psi and polishing edge velocity

16.bet Tieanethaaficlaimdl 3awmitkrg0 Ond afdhe ipermethlrgapeis aB@ind Fhpicrons,

met anddvhefeir Hiffieranfisi pMveriging dednmsasithe level o dedulsdtrateryyer in
confpisiiieneddl lghs By petweércdbest S08@ndh abaun ¢,080 pegstrommb.e Si ze
| ess than about 5% as |large as the internetal gaps.

17.21. ThERReth® drethidf 1 3Gk IRkdih &k oftliey ietePmétilazaps Isia€Aind 6 microns,

P aratnld W ifliBleRNAS fMrbAkiRE dRAdabdsGhERvel &€ the EistrARIARE
of (6is htBrrmktal 5 b&wtieavaly eo@@n@aﬁﬁdlab@laﬁgﬁu&asa a pH
of between about” 35 9 and 11. 23. The method of

Cl ahd 9o tl‘M}le aﬂmtlhghe?élh 'dﬁ%ré?lfﬁl kb ¥Yoti@Sse@ chemical
Slﬁé%ﬁ%rh i @s H 11 sé-fa‘a%with le3é veftitg 4e
Thebech ouq 58% é% i%‘% m%’t Lﬁl‘ e su

strate tonprises
sil1con | oXi

claim 19 wherein

o L LR AR SR S e

20.

21.

22.
23.

24,

25.

26.

pacB?PYFLIEen Wﬂﬁerﬁ@feﬁso?f 3 §pbsirptg; Sirtape comprising?

differential planarizin reaSStheleve of
@@m%@nﬁ%w |Pﬁil‘f‘fhlég ﬁ%ﬁﬁ e, D dﬁL’(R)&ééﬁPCﬂlshmg

abdmsswebetaﬁ ghaykg-Sand abayb b psi amdz H’ﬁé’éﬁ? gty pgtwegn
Thebauttsend 360 ebpenmitutther ei n t he same pl anari zi ng

treatnment renoves materi al o .
The method of claim 19 wherein the silica-based slurry comprises silica particles

having a particle size less than about 5% as large as the intermetal gaps.
The method of claim 20 wherein the silica particles are precipitated particles.

The method of claim 19 wherein the silica-based slurry has a pH of between about
9and 11,

The method of claim19 wherein the silica-based slurry has a viscosity of between
about 1 and 4 cenfipoise.

The method of claim 19 wherein the substrate comprises silicon dioxide.

The method of claim 19 wherein differential planarizing comprises chemical
mechanical planarization with a polyurethane polishing pad.

The method of claim 19 wherein differential planarizing decreases the level of the
substrate layer in the intermetal gaps by between about 100 angstroms and about
1,200 angstroms. -

13



27.

28.

29.

30,

fromw der internmetal gaps at a faster rate than from

nore narrow i nternmetal gaps. 28. A mcroelectronic
structure conprising: a substrate |ayer coupled with a
series of netal layers which forma surface of

alternating netal |ayers and internetal substrate

gaps, each of the netal |ayers extending beyond the

| evel of the internetal substrate gaps around it by a ‘
pridE rmelheth cheflyit 1Y edlersindfic 2BBGt PIanapppe drratogrgemcs naterial
| Sromh kdBGhieMRtD barks Bes aadirae 8RL RbRAELSORIAL iSRSt ggdpg

gap di nensions, the protrusion height being forne by
differential planarization; wherein the series of

Mot lrdeR¥ @i inGhidBSpdifd r st metal |ayer and a second
netal |ayer separated by a first width, there being

no netal |ayer between portions of the first and
sacomeriBtidler | RUEES wibAta sxeeNd REMONL ctN@hlBYRIMOS surface of
the internmetal substrate gaps around them wherein

t fReraking ewieBt lawrs) angl aipbrgetl, crlrlals gamshicpeh Akt e metal layers

I _@yteﬁdﬁagwobe?m{dowﬁé hiep@t 3k ey elterme@PafiBliBe D¥pd S66RONG: by a
width smal [ er than the first width, there belng no

mBHMsipL sight h eieBi FEPE d80 ofnRES t WCH End fibgtieh of the

Medjddent aM@mRidl Natbsexd eng BEXANshst hie | SY@LsiAl heibR€ being formed
ernmetal substrate gaps around them wherein the

i nt

f Py diferghip! slopdivatioPet al | ayers extend beyond a first
internetal substrate gap between the first and second

metal |ayers by a first protrusion height; and wherein

t WECTER; the) serfrd o Poral Haee igrludesyre fisst &@tﬂég@%@gﬂoﬁ gecgnd metal layer

secondsdpit:R0 BB h &kst SIS kel IRirgHB md2BIMNBaR WL sl dr B8R First and
fourth netal layers by a second protrusi onhel ght

smal | efecohmeihByers et exigndoberord tis Ipwsi ghthe ipigimety) gubstrate gaps

m croeh@eidtdh.c structure of claim 28 wherein a neta
| ayer between internmetal substrate gaps of about 6
m crons has a protrusion height of about 1,150

aBHEEInARS serdd -of Thkal MhyersORLIBg: r:0Mhir@ Bdi4lUed8d Qf folrkt2bd®al layer
28 wherein a netal |ayer between internetal substrate

gaps of*PBi§HPY 8 spiond Hikh sraalen thep Stertie!i Wthn kg hewg po metal layer
about HetPEA poRRES LI 18 ird and fourth metal layers that extend beyond the level of

the intermetai substrate gaps around them;

wherein the first and second metal layers extend beyond a first intermetal substraie gap

between the first and second metal layers by a first protrusion height; and

wherein the third and fourth metal layers extend beyond a second intermetal substrate gap
~ between the third and fourth metal layers by a second protrusion height smaller than the first

" protrusion height.

The microelectronic structure of claim 28 wherein a metal layer between intermetal
substrate gaps of about 6 microns has a protrusion height of about 1,150

angstroms.

The microelectronic structure of claim 28 wherein a metal layer between intermetal
substrate gaps of about 5 microns has a protrusion height of ~about 1,000

angstroms.
14



31.

32,

33,

34.

35,

14 31. The mcroel ectronic structure of claim 28
wherein a netal |ayer between interracial substrate
gaps of about 3 microns has a protrusion height of
about 650 angstrons. 32. The m croel ectronic structure
of claim 28 wherein a netal |ayer between internetal
substrate gaps of about 2 microns has a protrusion

hei ght of about 400 angstrons. 33. The m croel ectronic
structure of claim28 conprising a first series of

metthal Hﬂcﬁjé&:f:ﬁomd'] AthdGe Wifdiihis: 08 vaRedmt 26 midac n@@s befen intermetal
bei hg surroynded, by |n§ernetal gaps of _ab

miSEBAE ZaRjPE IR ’tnFFé‘mﬁ A RIS Reyiof %b‘)&tr@oé‘B@HPm%oo

angstrons 34. The mcroel ectronic structure of clalm
furfher conprisin second series of netal |aye

pr B8 R G EHEITS e i 2t r feEein 12h @edl (Y by datermetal

hawvisi@e Bhpdtonshorl 2 makouhasd plotRERN Scigil &f RRLND0SHEHeMnded

by intennetal gaps of about 1 micron, wherein the

protrusi on heights are about 200 angstrons for the

S gBeNdiciRlct®Sic IBuctkhfNEISHOER eGhlpHBRhE S tfiidd CleHEL 0Ofmetal layers

cl ai,m 34 e di fferential planarlzatlon conpri ses
cHefirg arid ﬁ’g ﬁfgﬁg%l O pirigrotsi 2t iDsiRewrtrPuaded; Py cipiopadEq gaps of
alp@s i McraViwR@eia thePaidubich Bei gt ZRe ARES00AARLaRoOUt 70
nanoneters. 14a 36. The nethod of claim 1, wherein the
substrate layer has a first top surface before

dithé exhﬁﬂiele@ﬂmm@'s@ﬁ@ﬁfezai I Imang ArE8CoREp @R SUEIBEE series of
aft%@ di fferent.i al nari zation, the first and second

t 8151 Jpesc gty H=S|f§’f’} Fimes STt e Je5Pof hTies, faving widths of

mabRk | Al micdohs e me&tgh@ldudaﬁdeql By Moldmetdh @aHY MHft Bi®dur 1 micron,
materjal of the surface of the substrate prior to

c RORFEARe RREITLRIEZS B5PPah Pifuedrogy lg%rtﬂéerﬁe?%‘fj FSFict-he

same as the material of the surface of the substrate

ﬁiﬁer chem cal . nechani cal_ pol.ishing and. the_chem cal
hafPCRHCHRNE s PR et CHUBS. the TEVE  Gfiewpel  Planarizaton

S&ﬁﬁ}irfsad ehéhitAr hRthahiedlabladRizh@nt Rethl eVealicatfasddhebeoppPtving a
oel ectronic structure of claim 28,

er.s
%F%?ﬁﬁﬂfﬁém?€PWﬁ§6 BYOMEECEI | ayers includes a first
metal | ayer and a second netal |ayer separated by a
first wdth, there being no netal |ayer between
portions of the first and second netal |ayers that
ext end beyond the |l evel of the intermetal substrate
gaps around : '

14a



36.

37.

38.

39,

them the series of netal |ayers includes a third
nmetal |ayer and a fourth netal |ayer separated by a
second width snmaller than the first width, there being
no netal |ayer between portions of the third and
fourth nmetal |ayers that extend beyond the |evel of
the internmetal substrate gaps around then the first

drtet raethod df ¢ieinal , Wieerein sheesubebdde be¥Omd adfirkt top burface before differential
| aeE PR @ agubebémat t8p SaPacR AL Giffetdifial flhaPilafid tREGONA second
[T Bérrd Y Bdifishie Bf Libs il UhOhaRfaght . and tne

third and fourth netal rs exten eyond a second
|nterrretal substrate gap betvveen the third and fourth

?‘flgx{r}/ lg xg!}eec pr Ot ! th hetla n tlsle substrate prior to
P

g)@fl}ag,lﬁa}:p s@pﬁ@l )éqhﬁ]sgge W{]@P araterial gf the surface of the
SY %FE%W/ s ehepnical mechepisalpolisking gad theehemirapmeehanisabpolishing
ilerightes tha level of the sabettate watehiel rebitiae tosthe et tiSthe boprres layers.
first and second w dths. 15

The microelectronic structure of claim 28, wherein:

the series of metal layers includes a first metal layer and a second metal layer separated by
a first width, there being no metal layer between portions of the first and second
metal layers that extend beyond the level of the intermetal substrate gaps around

them;

the series of metal layers includes a third metal layer and a fourth metal layer separated by
a second width smaller than the first width, there being no metal layer between
portions of the third and fourth metal layers that extend beyond the level of the

intermetal substrate gaps around them;

the first and second metal layers extend beyond a first intermetal substrate gap between the

first and second metal layers by a first protrusion height; and

the third and fourth metal layers extend beyond a second intermetal substrate gap between
the third and fourth metal layers by a second protrusion height smaller than the first
protrusion height.

The microelectronic structure of claim 38 wherein the relative heights of the first and

second protrusion heights are correlated to the relative widths of the first and second
widths.
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