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WD 2004/ 061950 PCT/ US2003/ 039192 NETHOD OF FORM NG
PROTRUDI NG METAL PORTI ONS BY DI FFERENTI AL

WERLANARIIZATI ON BACKGROUND OF THE | NVENTI ON 5 PCT/US2003/039192
M croel ectroni c structures, such as interconnect or

mMETHORQRRORMING PROTRUYDIMNG METALrRORKONS BY
deposi ting CODHEFERENTIAL PLANARIZATION S on a
substrate. Depending wupon the fabrication techniques
and materi al s, e or nore of these consecutive |ayers
may form a nonpﬁgﬁﬁgngﬁyﬂﬁ%%Tvﬁx Yo' TiAR—ven t opogr aphy.
It may be desirable to planarize nonplanar
t opographies in preparation for subsequent depositions
orMopeelec¢tiamisstrubbses, S@hasimterdognech pumaiallizativn Eiyers, may be
techni ques such as chem cal nechani cal planarization
manyfadtMied by depésitirig donzeitive lagesdif ceatariadedss sutisirael Yepending
pl anar surface across adjacent exposed material s,

uponIHE fibsatfnt tBEHARfUeD SndBh Rk iaisZ 6%k drith6re GPRREE EorlsBHNRIVE 18k
interlayer dielectric layers. In some manufacturing

may fo%%naaﬁdng);an& Eurﬁa%e H%h% am[v%ntt?pogp%p%ln Im%pi)é"{l‘&ﬁrable to planarize
opogr aphi es aving controlTe of erances for
el ative pr.otrusi on of various materi.als. For exanmpl.e,
nonplaga? topoge bk P b R Sn dHE S BT Sepos T on erTioRg ok
factor for conductive layer interfacing purposes as_ .,
comrd@@zzrplmwamrateelaquswc}woph@ﬁu%émegwaﬁp@nam%ﬁﬂem( CMP”)
Application for the invention entitled "Method and
are ufitizadotd preducon sibstatibHy plagariuelate amoss Apeemtasposedtmaterials,
desirable to manufacture structures wherein a series
such @6 afi@h#ting raseNiseEimntetdimectdhydds Mid meteByeratielycttic tapetde
surroundi ng substrate material, as in the structure
deni . . e - . . '
R e gl e B RS R topographics
havir%gggqrﬂlgrlgﬁ%ff toﬁc%%r@ﬁss c!recltfl '\\éegll) { Sglgv ?z}qisoilg ?rga&é%tlsﬁ gIEBI%te%ﬁ”nSfe, to
substrate material _at a significantl. reater _rate
utilizeglaffusions{ crgep aia @ﬁﬂﬁ@tn&l fa?tgy@rr c L@P%%\ aYPr?}ntqr@ﬁ%@a,rposeS as
or it may conprise renoving substrate material wthout
descriadoniareg-fHlad snden-assignpd UahyPatint Aipplieastoalfor thy évention entitled
material. The selectivity of conventional etchants to
“Methed bad Stradtore[fer [berficingellecttanicDas cexfipio sadtsirable tdmmanufacture
groups provides the opportunity for selective etching

struch&d WhdTBih & deRbSofHh&aFIRR O Bk teAdE by pRBul&dawhpfrofXaap! e,

conventional wet etchants may be 1 WO 2004/ 061950
surroﬁrcnza—ljng§gl§)59r%(eor%§t%§a?l, 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
any 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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utilized to selectively etch a silicon dioxide
substrate at a faster rate than that at which
w@ajoaoernso copper nmetal |ayers are etched. Conveeit/Uswa3/039192
patterni ng techni ques nay also be wutilized to
facilitate selective etching of substrate materials
.. b . | . lSi ' f .
witizg b EEREVEY Yo PR AT SN 0% R SarR B TRl g
. 5 general | dd conpl exi to structure processin
adiacEpgEoRas Beb e A St CopLongl i e Ay iso be
__that a required surface is to have nore than one | eve]
utilized tq fpidigHe pelgctivestrdrngef sybsirats matsrialsdeyaendugtaldpyers, using
groups of netallized |layers are to protrude farther
anisofropinipldsne ach cheanistrissiost tecttnequeadt for £xdmpleiafheseenathdsr
netallized |layers within the sane surface, in effect
genefaflg 4l coBpRRIP tRdtn@hiré proeedsingc el mag bobormewBdtimpecise.
hei ght relative to the height of 10 netallized | ayers,

Furthelih ffYt ev@ﬁ%%ﬁﬁ*iﬁ@s&x%é@ {&ahave6feqhiort REAGf tdography,

rélatively strearlined process to nmanufacture

struct.ure wher ei.n the ' '
such i b SFEASE GPherdth) SEAiM el BE BLHEC BolOfR 0%, HornlB Blaner from
ontrol | ably adjusted. Further, there is a need for .
the adipgr SubstaBReNE ATty oWt el mers Wbt sagte fupae, in
tiers or echel ons of topography. 15 BRI EF DESCRI PTlI ON
effecORqUiHRZ BRAMINGSCrEheeobeloneaf subsivate height telative tathehaightiof
by way of exanple and is not |limted in the figures
metallized hgeR¢coarapiicegesaranbmgsal. i n which |i ke references
indicate simlar elements. 20 Features shown in the

dreWirO g el f0d reldtiveN d86arhBnddprdé AWM MamFHRALR, stilbfures
are they intended to be shown in precise positiona

wherélflltgé ér%% ioH 'helﬁ})%’fr rﬁethfgt\z}?eﬁg Eg&t?ve% ?ﬁt?@l}?eéa:\l%ﬁﬁgt&'ﬂéallayé’xjs iy be

ubstrate ayer net a

el.ectroplated into,trenches fornmed in the trate
conspl iy w55y Buhirobtis a0 P 08 BUSFI9 FOOAL i purfaces

_depicts a cross-sectional view of a mcroelectronic
having multiplertiernorgohglogs eftopegiarhiyal | y pl anar surface forned

across a substrate layer which is coupled to a series

of metal layers. Figure 2A depicts a cross-sectiona

view of a mcroelectronic structure having a

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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5 substantially planar surface forned across a
substrate layer which is coupled to a series of netal

WO 2000619501 gur e 2B depicts a cross-sectional vPemUs£003/039192
vari ous aspects of one enbodi nent of the present
invention wherein differential planarizationis

g:}f&%ﬁ% (ﬁe%l t % ?%q%s—%%ﬁ@l‘@%w ofd 1?r\§§ecet i %t%tl?’g ho nga

eprc . Ogona Vi eva 0. ! odl nen
substa BT ATSRE PP SOTRG T80 AP BI IS dhRreoUBled s series of

Fi gure 3A depicts a cross-sectional view of a
metahjagetsel ect roni ¢ structure having a substantially
pl anar surface fornmed across a substrate layer that is
cokighe@ A depicts e cras-sedftionaltial of ayaerocledtbori¢ gmuaturg Baving a
depicts a cross-sectional view of various aspects of
substanlyelarRbadticeatmeddcrdsb @ sphsbatilhydriiact isaouplee teh Beries of
differential planarization is utilized to forma
mempﬁpaganar_ surface. Figure 4 depicts a chart
IlTustrating netal |ayer height difference versus

i nt.er .gap spacing _i;n.ac .
et BB et RGN Y6 BRI RAS Sl by BE exbodiment of
depicts a chart illustrating netal. |ayer. hejght

the pgﬁsgqtép‘@ﬁggn W F@u’édliﬂ%feél}lﬁleﬁlg}garlza%(ﬁl is Iblg gcﬁjgtoi tjﬁgn a nonplanar
accordance with one enbodi ment of the present

surfac@ivent i on. 3 WO 2004/ 061950 PCT/ US2003/ 039192
DETAI LED DESCRI PTION I n the follow ng detail ed
deBigtiep2Cand @D dapix drtiregdnal views bEtwmnemabddimentsrod therpreseat
is made to the acconpanying drawi ngs in which |ike

inverdtRhSVIRRGE diffedeltaR bRniZatibR (s RI1REE Y ormhohpRnar surfaces.
illustrative enbodi nents descri bed herein are

di dir i ci LA | : . .
ST aerlE bhdsE s Eton A o} B ot NORGyre having o
foll owing detailed description | t herefore. not to.be
substpSaly B STt (o TS Ul S e SR o sriekor
i nvention is defined only by the appended cl ai ns.
metaHayeisr i ng to Figure 1A, a substrate layer (100) is
depicted having a series of 10 trenches (122) into
whirighre3 Bnatpadts & anoss-s¢clipni] vieas obemiou aspeets.of Shothet emtpxliment
such as that
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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depicted in Figure 1A are comonly seen in
sem conduct or processing, and the substrate |ayer and
woredoalosloayer nmay conprise a Wi de variety of naPer/ist083/039192

For exanple, in the case of a device interconnect,

the netal layer may conprise a netal such as copper

al um num tungste i ' t ni ckel , indium

pal | adium tin, an?%ﬁ%@gutﬁgbeygg& formed using 15

known t echni ques such as el ectroplating or chenical or

physj cal.. vapor deposition. The suybstrate |ayer.m .
C s Eatlon e desaifed el ok PRuPERLisa: re Y Rtk Toference s
barrier materials, etch stop materials, or alnost any
maderfgriheacspmpanying diawirgsdn which likegetsenses indisiats sigilen eements.
adj acent a netal l|ayer. For exanple, the substrate nmay
The itlostpative embbdineats ddsaitieddiereirs adeidisztosad frr sufifciesti detadion enable
oxyni tride; carbon doped oxi des; organic polyners such

thosetkil R iR HeYdriiodsotich dieyih Sdition P Thy #61)0vah @étgiled description is
organosi l i cates, pol ynapht hal enes, pol yqui noli nes,

there?r(g? g?% e Y iRhSn b li‘iﬁ{iglgé ?Jeélgéé %E{g ltlfezsrc?ée %tﬂ@ inviedif&iPisPefined only

ial's that my e substrate

| ayer 00) include aerogel, xerogel, and
byﬂgagw?@%&ﬁ?ggg ("SOG'). In addition, the substrate

| ayer (100) may_ conprise hydrogen. sil sesqui pxane .

( --liggqngésa MBI {4 a sybsials wea&lgml%demyd) Vi $erigH oL

be coated onto the surface of a sem conductor wafer 25
trenches (192 )aintowlrieh & inwetallaysp (1249 bas baey fomunsle Strucaireshaygh s that

spin coating may be a preferred way 4 WO 2004/ 061950
depid¥dlinU$260 3039 ¢GB@mohly seeri in sehcaidnstor pioeedsinggand theGhbstrate

for some materials, for others chem cal vapor

layer388 A5dtd118er ma@lc@ﬁgs@zﬁ‘ Rancetief ethadtialy aP& example, in the case
deposition, a”Sol Gel process, "‘or foam ng techni ques

ofa ﬁgzﬁ)lr?tﬁgcgﬁgéc‘? rtﬁeeg'gt&alaglgé m?ﬁ E&%’ i&% asrﬂgt?if 514%5 Qs lc?]%pgeg,,a’luminum,

terials, 0Se Known as " zeo

have natural |y . occurying interconnec res. N .
tungs{efe ORI U THRED T BRI, Saqend ioa Biegemtefopped using

many hi ghl y-ordered nesoporous materials, several
knowndettiniques auch asietrsivaplatingipresheatieal or playseqal sapor depesitions

mesoporous silica and alum nosilicate zeolite

nefler subktsate Byel mb e comprései adesamig\or ipelysyen tifedsitzethateyiah barrier

aerogel or xerogel process, spin- coated into place,
mateR41s ARBPSop BRAHSISNGr AN B3 no¥RBAI ndeRRBIddan anficfollediranic

voi ded structure upon deposition. In the case of spin

devic;égggi]aicggc agﬁetgf lﬁg&. Pl&peg(ﬁfn ieofhe@ﬁﬁg&%ma? g{):lﬁﬁfﬁe m&’on]cgoxide;

e renpbved using évaporative I ques
mljar,.to tho§ ill n,th

silian e R SR ademsrioel dopdhdfesaramepu SRRl fy
polyifnlilc?elzs,agaer;lsehe,apsolyarylethers, 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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in the case of a conventional interconnect structure
havi ng copper netallization (124) wherein a barrier
wo aye6196@NMpPri sing a material such as tantal unPCT/US2003/039192
tantalumnitride, titanium nitride, and tungsten or
other materials that can inhibit diffusion from
to o B bse PRLEI00) Br somElonas, P BREs b fi S Wbosiion

material, ~and the interlayer dielectric terial ., .
plasri AN gh RSP Vg Brisis ol PRIGR Prosgsss e iy techniques may
el ectrom gration and diffusiqn barrjer characteristics

be predgyred| Qehes éuwéeds@gt%}wrea Oﬁhvlé%egl?ls, mﬁ;ﬁs gfos¢ kgown as
aforementioned dielectric materials are conventionally
“zeolites”), hawthatwalinveruimyginteretinabeted pores Wijilgdhamterh dzeqlise” has
| ayers. 20 Referring to Figure 1B, a structure simlar
been uSed inatfeedncEtgmagy hihlysordepd atescporvad matetials, exeapzeobires are
that the top surface has been planarized, preferably

knowhds el EORRH | ?ériall'ﬁ‘?m%is%%sopd?bez’snﬁﬁ&azﬁidi Miminb@iliE e Bedlite

substantially planar surface (126) conprising the

l.anar i . .
I LR s S
cone A N Bl A RS bdyeP 88 st
treatnment to achieve a highly planar surface nay
upongisnesifiere dberase of pimepatngar 98y Jepasitionusstbeds edyenymay
pol i shing phases with slurries of varying materi al
need $e€be taniosietl psing @vaduratbietechnayues tiniligi wahosaskillad in thelaet.
apparent to one skilled in the art. In the depicted

enprdiubitite 158€ (100§ mhii Compfisd severdy @atrilRr 8everal sublayers, as
substantially equivalent netal |ayer wdth (118) and

in théS gagg SPRLAhRAbAA RO hRlect (RicRire hé‘%ﬁé Sopdé allfza}tai\or& é %/24)

r fhet
tantrally equivalent internetal gap (116)
r

.of th .depi ' ' i. .he.
BB B ) G H6im

~_equal for each of the tal layers (102-105). . .
nitrideaet fpgen oF MGUPRCTIAS hal Gy EDLATE%H fra opdygfiye merials
Figure 1B is depicted. In the depicted enbodi nent,
suchtabheoppeb sitte adjecand diskectrisslaydrs,ii¢ pesitiensdibgevegndhe ¢appematerial

| ayers (102- 105) conprise copper. A thin barrier
and th@yRérldyeptickonivnnatefizl. Kaoweppiyheric baari¢rdhyers bavidgadequate
tantalumnitride may be positioned between the copper

electféﬂgx?ig{ati!oh RR& dAfRidnangdrlch&@bte 4RSI alsRSide@bebarrier layers.

rring to Figure 2B, a structure simlar to that of

v Sk L0 8 PR 1 e

| ayers. has, been
dielectrl)és aéj acent 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
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decreased. As shown in Figure 2B, each of the netal
| ayers (102-105) extends, or protrudes, fromthe
waeamgherase | ayer by a protrusion hei ght (106- 120)/US1003/039192
t he depicted 15 enbodi nent, each of the protrusion
hei ghts is substantially equal due to the fact that
polisGHE dhyels linRECH LR g ARrt) BIRRRRD st Bras philc e, o
Formi ng the structure of Figure 2B from t.hat of Figure
woulg e gpatenids o Hiifird e o opllE BebPs s otiioy Fack bPHE Sreta
mechani cal pl anarization SCI\/P) .techni que which rmfy be
layers haseq subgtantiglysequivalent gy daysr wlgqtgzlalgﬁl) Aad isseparated from other
Differential planarization may be applied to nDdiZy
metat lager2 Oy prsobstargiabiy eneﬁvghntsintmnctahgape(gﬂé). whikehaspeet of the
inear or continuous (140) in nature, as in the
struciré BEgeB@in Figam 2A ishth@int@me] gaw(It16 distanbé, avhiel @ this case is
di screte (141), as in the orthogonal view of Figure

equaPdr efth SFAPMBAI 198BS (Ph2-p5)h discrete and linear
geonetries in a given mcroelectronic structure. The
cr - [ [ . exa
; PR RRE 21 E¥Roul S S o AP lsfoplched. Inthe
depi(isjt g@%éﬁ%ﬁw‘?%@éﬁbggﬁor@r ur%ggﬂzﬂcgggiggtggg fch% meztgl layers (102-
PCT/ US2003/ 039192 Differential planarization is a
105) gpmprissscappesath grin barrisr layes(ngbshenn) eh famexanyle tanfgum or
positioning, CWP slurry selection, CW pressure, CW
tantakagitidd may by posilibheddstveeen eled copper metatiliisRantliteesibean dioxide
key factors. W have experinentally determ ned that

subst®t.aR etk tolHiplre 28, @ Btri@in@Rimiddr!t6 thatbf FiRuB LA & depicted, with
pl anarization optimzing slurry selection, pressure,

the ego ?1815 g%ﬁg gﬁ\c}\ﬁé\%% of HuPdhSEY & GLIA0e ioStPQ fetdl F4{lefd Ha¥ been

surroundi ng” 1 nternetal gap I mensi on.

Referri ta F.qure 4 or..exa e, t ti onghi
decrggSechelut Sen THEYREE: Heber U B ghCroz D st Eiuel

gap space is depicted for a structure simlar to, that
protrgdes, frpguthesubstratgrlayep by areirusion hepght £106- L. dytheglenicted

conprises continuous (140) copper netal |ayers
embgdi@nt] &h ofithe progriidiow beights paubistantitbytaqaaleducdy gre faqtgbyt each

and is differentially planarized 10 with a slurry

of the aitgfrietd]l R@p distancés AD6)sti testptiire of Pigusd 24 dvetosubstaatially
particul ar application, for a period of about 240

equiéﬁ&@.nﬁMiﬁgfhet HhRROGE IBRY 28 R6h (R IFNALE OADréerably utilizes

substrate and netal |ine materials, the slurry

a speg{%ﬁ%% cf}%lg}{%agﬁ}s%g%l{@ ipi&ﬁﬂ}i?a%h i(éﬁ)?&&ﬁidu@%iémﬁl@y 99 Pifbrred
to as “differential planarization”. Differential planarization may be applied to modify the
protrusion 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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internmetal gap di mension to. provide protrusion height
differentiation. For exanple, with 15 internetal gaps
wo e®g/o6ilesn about 6 m crons, a silica-based sl uPE€EUS2003/039192
havi ng particle sizes between about 40 nanoneters and
about 70 nanoneters is preferred. One reason for this
[ St BBl aliG] Rl BO50L B dlich e RPLa &lioR hd KRR
0 'very narrow
eatu and for. thj easo a- based
posnmg}gefiﬁif% Uy selpitiong GME erieé%*réar@‘i’ Fﬁ%%f@ow T pad election,
recipitation rather than fumn referred, due.to
and GMRB tiemare key fastors.uWechaye exparimental ]é{rdce esminedithat metal fline
aggl onerate, thereby form ng the equivalents of |arger
protresidn beightafter diffesentiaFplandrezation dtimsizingrsjurpy seflentiah) yregsure, edge
pH adj usted to between about 9 and about 11 for

velodi®xhipadatleetdr ¥ pagicalarly dohelapdesieinaercuhdingripermest gip
| ayers, and preferably has a low viscosity, on the

dlmeﬂ§1g§ r RQferrYi%ttnglgtﬂé 4b§>"r\é§ Bhge Feléﬂcﬁ\@ﬁ’i MRWendnetal layer7

cen ol se ries aving pH levels betvveen about

re effectlve Wi

proufon g apd el p Ryt et el ol eSARRE e BLbF g of
materi al__versus netal esult jn so

Figureg d3/and 265 wheety @32@'@99@39‘5 7S ?ﬂﬁ‘“&f‘o‘{%{g\?@o@ﬁe?r metal
nmetal as the substrate levels are al so decreased. ,

layerpf ERekQ53 dnd b silicpredioxisisrspbstesée layeri(¢60)pand is glifferentially planarized
de-ionized water, and any. pH adjusting ingredients,

with @ L‘ijﬁryaﬁ)mp&@ﬁhgumcb)aﬁfwmdﬁmcﬁs eded Son tha particslatiappliestiong for a
have simlar ingredients with the exception of a

pmugkﬁggaﬁquoggh@agve such as alum na, and copper
corr03|on inhibitors to nodul ate the 5 copper

(;I'QEIS Qfd /i %B{He §&h%tr1§{sg§ st r%{e and rxtlé%altlni% rﬁateruf(ls the

straterra Ion I's anot

factor nd nost ef d for small a

sturry PrAEbIsHEs § BUS piB RStz S Ebsooh 4 RS, féjg?eﬂgne
pads havi ng conpl|ant sof t fiber-1ike conpositions .

interipetaj gandimeasiowfo Iar@mdﬁ@mtﬁglqndwghéwff?@eré@ﬂ%gggr ¢xapte, with
CWP conditions. Particularly preferred are the

intermefay gapstlésa tlenpbdst 6olicons dsilicafbesadrshitey hevimsparticle sizes
"Politex SupreneTM' and "I C 1000TM' by Rodel

betwb@ £0EH RthonfXdRSinCAHBRETE hatlonketerasgirb@beé. PRE Sedvdry fd2ehis
nodified to function simlarly, using techni ques known

relatikg gﬁpm%érrglg}atléﬁ;s'll}%ﬁ Ghdt Smbli&r Iﬁ?t'iclesqga'w BEkdraRadss g\@ery narrow

as those ‘sol under the trade namss

e SPTSSM i
forme(li\I 55/8 gl?égl:lf)-lrtg/‘tlon ra¥he|r\||thka?1nﬁ1rcr:1?nrgplg rp?letfler?end due to the tendency of fumed
silica particles to agglomerate, thereby forming the equivalents of larger silica particles.
Further, the slurry 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
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15 Referring to Figure 5, the effect of CWP pressure
and CWVP edge velocity is illustrated using the sane
wa@ kariy19and ot her conditions as in the enbodi meert/ufzmn3/039192
which data is depicted in Figure 4. As shown in
Figure 5, increasing pressure and decreasi ng edge

erosi%lf BP ' Eg%é‘e?ﬂnepﬁkﬁ tlﬁ' sggétlta'té:l%%ls Q;efaef c?ecpéas%i f f’?e?&%d' Mirries

nar | ¢ Fven i nterneta rren5| on.
. les] ted |
compERg s FArigle 24349?% Pyl ﬁgﬁy Eﬁoasdg?;?gg Rt e dubias

pounds per square | nch ("psi" and a. rel at i vel )
sodlugu@édrm@ﬁ@cpﬁipr syjtabladrries g)ayénéye ﬁg};lamn,g nts wﬁgdtl)e exception
provi des a protrusion height of about 1,100 angstrons
of a diffetentabrasites swnbtaalaluysipa,dindtcappss cofrosion inhibi®rsocmodidate the
while a relatively low pressure of about 2.5 psi, and
coppé doelogibh el yolhiy racy eelutiveroithy subbtrabanaterdb) feet per
m nute provides a protrusion height of about 700

angRiP RIS b fidh i Qﬁotﬁé’trl?ey' ﬂé‘ét@f @E& ﬁi&f%?r@fe%é i Aatebhetal

about 6 mcrons. Preferably pressure is

gap c@%%%dg%qm§§t & ﬁﬁcr@Hsdar@EBB}u dﬂ n% \c{\@ %44 (Poqn%ﬁ?agt, soft,

al so a key fact e dat a . de I C ed |n i gures d
fiberdike campgsiti O%%ﬂfsuzt&g T sOBREUNG PovElping acﬁgt“\am ‘?ﬁhe
increase in depth trails off asynptotically for the
conditiohecPaticdapy prieferred as¢ theqotyusstharequdssald updgrdhe tadenames,
asynptotic trailing off may be the result of the
“Polisexesulprethd> P add FIIO08 ™ tebynRodeh Sotpmrationa dtheratomyersially

cause abrasion after a certain depth down in a very

availffé pAW thiyEPEModiel itd filnbBo@SHITREOL ising fefliiduddknowh té ke
t he maxinum protrusion height difference, differentia

skllléﬂl iR Aok & }rﬂ(flﬁ? M R BB&%’CﬂICHe&g tHdde gédﬁi hRBer the trade

rogresses |near therefore

S R 0 SETATFIAD S0

maxi mum protrusi on fei ghts for varjious sets of
undeg g drade aame “NESIH % NispRemOPIone 10 skilled in
the art. For exanple, referring to ure
prRefensigan Figirgfitthe tffeat o CMRprespae ar@d%@MPreﬂgs velogity in
internmetal gap of about 2 m crons may be achi eved by

illusteieed exisd the shieslufelyRnd bthier beldittorishae i2the esbodimkst for which data
associated with the data of Figure 4, to a CVWP tine

is de@th‘ﬁ:tl in RHuftPPUAs gi?tgvr?i%qq ‘5, rcdé%sitng Pé%klﬁb‘ Qfid ABdteddthg edge

I'ized to achi eve predictable pro rusi on heights as

ot B S Wﬁfﬁeré@s VIR
dlmeggggr;k q?rtzeggm@ , gt g?)\r/e Qrtrtledo en?bodlment (P plcte 1n 1gure 4, arelatively
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 angstroms 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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equal ly effective for internetal gap distances
exceeding 6 mcrons. For exanple, structures such as
wo b@gecdspi ct ed i n Figures 2A-2D havi ng i nt er n_BCBUSTap039192
di stances between about 6 m crons and about 10
mcrons may be effectively differentially planarized

psi. A8 'nBﬂadta!%vé?f(fMP @%{Hlb REY Kef ELdra U da¥l deBictd¥in Figures 4 and 5

exception t slurry of "l arger 20 particle size,

out f .
oS g RS AR o1
Referring Fi es 3A SB anther variation
asymppRUicai S0 he SRR SOBRES a5 o0 i PSS e Gy o Ssymproti
portions of a substrate are associ ated with netal
trailihg p&fimsashbeiha gesuktesif &ici smal y CMErnag fibiers heingsunablegapdequately
whil e other portions of the substrate are associ at ed
caust\abriasidh aftet aderfamydapsh dawn mp veay gemrow titeechreUati] theapsymptotic
The transformation froma structure such as 9 WO .

trailiﬁ%@ﬁf G 88 On R H2O PR SRS différaiced@iffeedngia] plandrizgtioeunder

to one such as that depicted in Fi gure 3B

the préscHﬁs%c{ @c;n%fnotngﬁ (ﬁ?&?&lzsbﬂlﬁﬂg) ﬁdeta}{}é Withit}}e, BELE ¥R fore CMP time

nven form surfade wherein

ertaj.n grou taI a tr -
may éajua B fiBon,Pin e Spon P BHBEB R B R R 3 than
onpri si ng t he sape surface, .in effect
e e PETE RGBT 1o BUAALS S6 EEMAERNS. Brveg 55@?3%{% to one
hei ght relative to the height of the pertinent nmeta
skillechinethe art] Fooexaeplaoefaging tdiFiguse dra prafrnsiop halghtrcvleﬁssghan 200
the substantially planar surface of the structure of
angstro@id! for 3Airltermetie gap 88sbdub 2 nietoab nafy belaehisudastiy dececasing the
(100) relative to the level of the netal |ayers

CMEt ﬁ _b%[% the]2]4@ secohds asrs'B(Ylat%ﬁ %H{htthé Bat@ of Fighed 4rt6 aTMP tie such
t hat eplcte in Figure 3B. Referring to Flgure 3A, a
t
o SPTAPA SEn brdEft SHE Nl FLlhtpin
helgglir;s @f @?"5%—? 50 g@%lppng )c/)g'rsg P w Otg}?ﬁ%l}l%gﬁ way ﬁgmreglgtable due to

another netal or allo as described abov
systemdiscamishility #sspciatedmathesonyensional GMP. r%ffswenrlélg&%fsaﬂzaﬂon is

(102-105) each have a wdth (118) of about 6 m crons,
equallyckficotieg foe iraérngay gdp distmcaecédibtz 6 MBOPnofFatssampleq

mcrons, while the smaller netal |ayers conprising the
struétﬁ(‘t‘%s S&IH B%hdst Hepicted I FRAEK 027D Havikg intetthétal gapistarices

about 2 mcrons and an i1 nternetal gap dinension (112)

betv&l% EQ&H% rilngﬁlrﬁ 208 about lﬁtrﬁl\:‘lg)(n %é%?fe@évetlﬂg @Fffegﬁﬁia% ed

avi ng these |ons may f or med

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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using the techni ques described in reference to Figure
2A. To forma structure simlar to that depicted in
wo-2@u0e193B, whi ch has two groupi ngs of protruBCDNS2003/039192
hei ghts - one associated with the larger netal |ayers
(102-105) and larger 20 internetal gaps (116, 120),
nd. o i,at e | [ 2
at GG AOR FRATRINTIES b liad i A Sl s s
, (112), differential pl rization_may .be . :
appliEA Py K e REERRSG M RE TP SFTSATY SR b SEheFE b Tein perin grovs
mcron to about 4 mcrons, and a preferred
of mesp] lnyexs pepside &arther fromeadiasericupstrate watepial thap da othsr mefal dayers
| ess than about 5% of the internmetal gap, a
commisirigethe bamse suricay inyefleenirodycpreseivgriat diffetknp bavels o eghelons of
sized | ess than about 70 25 nanoneters is effective.
substlite héight@lativeto e aeipheof the PertinérenldvhiSayere i gihet wérds,
precipitated 10 WO 2004/ 061950 PCT/ US2003/ 039192

diffe%h%l%%lgﬂ'ﬁ?ﬂnﬂhg gﬁ%st%ﬂﬂ*ah¥ BRhh Gk BcSbZ@e SESSulATFIAROIA to

meters an of between about 9 and about

11, .a,viscpsit e ]
deergiit 4 6Pt n Rl B0 RRVE 1o R TELPRAE bl ayers (105,
edge velocity of about 60 feet per .mnute, a structure
110, 4§ ) may resylt iy gtrucyire guch asghag gepicied l?n‘lg%‘ff? 3Bhavi ng
protrusion heights (130, 132) for the smaller netal 5
| ageflewring tofiigure R4, dswhstratedayss (109 ig depicted whichgrefgrgblyt is
200 angstrons, and protrusion heights (106-109) for
similth® thardge¢ribedtiakeftrayer to Righ2 1 AGH )2 Aof Tlehoetal BHErs (102-105, 110,
angstrons. Thus, a novel surface nodification solution

111) ig?efgﬂaﬁfill Rbfftise Abpre IR nfah lsoRYRPEEO SndtEer k@sICdTialley, as

erein"with reference to specific enbodi nents, many

desc%?egf; dogat hﬁ leﬁlﬁlﬁt}’dﬁ‘hé}lty\f}ok Exaﬁc@%’?h‘é Yar %E([jtl?lltl%'etr?ﬂ@?- 19%) each

nary ski e art. I ngry, suc

i at j d 10 nodificat i i.ncl uded wit hi

v SR T, REE OB AOSAIR 1P Do gg s
following clainms. 11 WO 2004/ 061950 PCT/ US: 003/5) 919&

4 microps, Mabite thevsetas geptal dayesy gamaprising He Fue risa (L1 & Ii)c@taﬁ bavea

conprising. 5 formng a series of netal Iaéfrs ina
widtls (bist) ofateout Aynictons hed aeingdrmietay gasdimension (564)ioé gboujdmigron.
separated by internetal gaps;
A structure such as that depicted in Figure 3A having these dimensions may be formed
using the techniques described in reference to Figure 2A.

To form a structure similar to that depicted in Figure 3B, 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 1 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



10

planarizing the netal |ayers and substrate |ayer to
forma substantially planar surface; 10

waledoieéont i al | y pl anari zi ng the substantial |l y ptEIS2003/039192
surface to decrease the |level of the substrate |ayer
relative to the level of the netal layers. 2. The

sﬂlca 5808 v&ilh?zmlélle whe [eg’s fhaﬁ %S&ht@’f) ntaH&nEchhailﬂdl bPbdtReen

e seri separat e from ot her ayers in
abouﬁ?aq%ﬁa&u?il T e Bl e
| ayers conprise copper. a S@the bstrate g
of abpimpst.d 2L IME e yFlocipnolad {rEE B Bptect drvgage similar o

wherein planarizing the netal |ayers and substrate
that df&ygure 8B willoesulahavbg peatubign hyighisd h30, 192) forgles smaller metal
conpri ses chem cal nechani cal planarization wth an
layergbvitiiinthe depsiedd serisr(Y 10,29 1 bof abbet 208 angstrarfis, aindipnotBision heights
wherein differential planarizing conprises chem ca

(106%9}1@9&&615@@} ARAI la@eltsl(qnm Y03)lbfab&it|S00anpagmek. sl urry.
he met hod of claim5 wherein the silica-based

S l "H{sza VR %uﬁ’fc% i 1ﬁ§@09 @515{18111 %SﬂlSJ]?Sﬁhngh%O %l%{h'e%\%ntlon is
size'less t e inter
) The net hod n16 wher e
dese SR ELRGREE PR B AP P ng m@ﬁfﬁﬁ%mhi&f%? will
claim5 wherein the silica- based slurry has a
readilyeqogiete thessuf ogdinamyskihin thesary Aqgoedinglylald seh \@Fl&tlﬂ%s and
wherein the silica-based slurry has a viscosity of
modifiedtime are iabloded withindthe intended pavips ©f thiedinverttonrms dhteeddfy the
claim wherein differential planarizing conprises
fbugagghmhﬁ@,a 40 pl anari zation pressure of between about
and about 6 psi. 11. The nethod of claim 3 wherein
the substrate conprises silicon dioxide.

11
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12. The nmethod of claim5 wherein differenti al
pl anari zi ng conpri ses chem cal 45 nmechani cal

w@b@aasioz@t i on with a pol yuret hane polishing pedr/us®n3/039192

10.

11.

12.

13.

The method of claim3 wherein differential planarizing
decreases the level of the substrate layer in the

i nternetal gaps by betvvee@ lg ut 50 angstrons and
about 1,200 angstrons. ]1 2004/ 061950

PCT/ US20 39192. 1 t.hod of claim 13 wherein
on ’B‘?tﬁ‘g ﬁ%m’é’rrmff%ﬁ ec&8B§ SPECtg O™ crons, and
wherein differential planarizi n? decreases the | evel

of farméngsasssics af mefahaviersiip a substiate layes, themagta dwrwl the series
bet weenbeihg sepapaied b thternstal B0 angstronms. 5 15. The
nmet hod of claim 13 wherein one of the internmetal gaps
i splanaridink themeataldagers amhshbsiree kiyer ©ifbfreaanbstaitially planar
pl anari girfgedecr eases the | evel of the substrate |ayer
in this internetal gap by between about 400 and about

7091fﬁf@§1taf19 nart&n ﬁle shb§adtRl) pthnaf sirtRE 1 é&ré’ﬂﬁ@ﬁ%‘ lgvel of
one O Sy wa%ﬁg elaP@@?b the |REPHe Ml HRRS.
t e | eveI

mhereln eren anar|2|ng creases t

%‘é\ge ﬁ-)é)ESt e 186:8 frl}hﬁgbet [ n?st 1% é:’seD ?Y garated

o recrts ﬁm WE@PW 3178 latrm}l %@w

i STHGTeMd 6 microns, 15 and wherein d| ffer ent| al
pl anarizing decreases the |evel of the substrate |ayer
i nThe¢ iethodruf etaimt2awheyeip thy mital lerrers canpuise sqpenai thp supstrate
1, B96r amgaiseoawonhal. The nmet hod of claim 1 wherein
differential planarizing conprises chenical
Me¢hafeGRld dTlcBMArd whétBintpihasiing tiddinel layeRladdsiibstrate layer to
S uf(frﬁﬁ?sdﬂ'sfahtlﬁfy SI98E sUBhQCohpriats ch%Qu&ﬂrY&ﬁihlém Plinafifhtion

an m nute. 19. A nethod
- 1
se@e@??\%ﬁlf y plbg%gsi lggyl nt er et al subst r ate rrat eri al

S be ers .o
sufB e %f?aeep%% SEl JERALrng Sk s eemice
rreH’f‘?ﬁli’ﬁ“é‘%i‘l Iil%%%OHng{ ‘ii’rtPaéE h a silica-based
slurry at a polishing pressure between about 2.5 and
abdbe methedi Of&iﬂllmpi)Wh@hlinﬁbe gligrbasef slurmycopyrrizessilicapstigles
50havinlg 3partickestizepless thamahoat 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 claim1 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.
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20. The nethod of claim 19 wherein the silica-based
slurry conprises silica particles 30 having a

W@2004i061960 Ssi ze | ess than about 5% as | arge as P¢EUS2003/039192

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

intermetal gaps. 21. The nethod of claim 20 wherein
the silica particles are precipitated particles. 22.
The met hod of claim 19 wherein the sili ca based slurry

g qf&'fa'a oq6tt @ﬁg?wi? RN bog o n@%ﬁ* ga?s B Rk,

Sitisiepial planairige e sufStraffayer in
Th@lSﬁngﬁa@tabgapcbyalqug@ 3&‘?&? %qc%r? H’Q(’Btu 4“&?%""8%@“ ses
silicon dioxide. 25. The nethod of claim 19 wherein
di Themethod af clginand dwhereig orwefthe tvermetad gapsis around 3 microns,
meaiamherein differastial planaozingidedreasepibieJened vhithesupsiateslayergn
pathis idferraétal gapebyntitwesh about4 (i and B owthiAlOeingstroms.
differential planarizing decreases the |level of the

S U’b@é 1'h@t‘h€d |o%’1§fm 1B wieih DACHIRE BlteroRig chys RALNWRETS microns,
zf?lﬁlqmﬂ% Qidreasds £ Qe»%‘i‘ Bﬂh%%ﬁﬁstraiéglay@ in
il %9 ol E0BPADARoAL cfaim

anar| 2| ng treat r?ent renoves
erial fr t.erme afaster te
er@ﬁf‘ﬁgf@rﬁ? ‘?‘?19%‘? b g3 gund 6 thicrons
@wo%lpeéem Frentdl plaoptieas desreases er% & B0l laver in
| awln@anpqab&pWX Wtwewhoe@@raqé@tbavt ] %%?%Smméh form
a surface of alternating netal |ayers and internetal
sublst methed géiplaim é atierein differential planarigieg sompniges ahi¢migal
bewe¢tdnicabplagatdingthe stisstantib By plahal susfabes tvithtae edggoeclocity of
ar patween 4boRy S@anddakdut 860 6t feinghite) ess t han about
1,200 anstronms which is a function of the 10 adjacent

'nk RS Po sskREldl n%ﬁ 1H{eﬁﬁ&§l QbStrath %té}ra@%ﬁﬂn&@metal
oAU S BBt i

t t al. st at

il m%ﬁmﬁw i e ST EH0ER bl HERS fbpfélahmg

15pr5§§§1§q besyygen about 2.5 and about 6 psi an pol ing edge velocity between
about 50 and 300 feet per mmute

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 centipoise.

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.
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30. The mcroelectronic structure of claim28 wherein
a netal |ayer between internmetal substrate gaps of

W@beue®somi crons has a protrusion hei ght of abpor/u$2008039192

27.

28.

29.

30.

3L

32.

33.

34.

35.

angstronms. 20 31. The microelectronic structure of
claim 28 wherein a netal |ayer between internetal

substrate )S,; Of . LGl : j .
hegg%{negpd% g%%r;q Eg%ﬂ%ﬁém fl‘teggﬁ%lf:%%?@ﬁgreg{n%& Ves.rh@\rés m?tenal
m P Bt det PlsmetaCEans af o 7ast<g g g roms ke parow intgmetp! ears
| ayer between internmetal 25 substrate gaps of about 2

ni BrIBISEoCiREHORICSHEEMIFSHIPTIEIEght of about 400

angstrons. 33. The mcroelectronic structure of claim
28a suhspraiediayey caurfled with asetiessof phetatdayers whighrferm payifang of

Wi gltdrsatinfz radiallinyes andcmtammemhshbserata gapu eaduofdbel nistal layers

| néaenti@beydag sheolbvel alf thet intermetal substratevgepseirouridhie by a

Pr plofrusion Reipi B thahlsoud D Q0D aBQfbnanglich W fundfloBéf thd he

M £4;9Qh e fkdrRRIS sstrbetgdp AirRénsfdng] te ?ﬁ)tlfddfohhﬁ[ght being formed

CO[}%{M &ia 1§§é}%ggo§_er| es of nmetal layers protruding
fromthe sa substrate, the second series having

Wi ? hs '(%f e boué 2 C . CE) ni in??gw@lggeﬂga %EJI? éim}%n intermetal
¢ pisTog! syfuctisg oPCt3 eliPa B e
;Pw%smp?;é? aits m%m?p%a%@w&ﬁ%ﬁf@ﬁ% 159

sed®$HOo%er i es. 35 35. The microel ectronic structure of
claim 34 wherein differential planarization conprises

c h&he oudroctecthanii strictyst afielnine 38 wberei @ metpl dayer bebwsers igermetal
absustrate gapyvofiapoat 5 peerbnchas agirgteudiasheightad abows i, 0000
namofsebeks. 40 14

The microelectronic structure of claim 28 wherein a metal layer between intermetal
substrate gaps of about 3 microns has a protrusion height of about 650 angstroms.

The microelectronic structure of claim 28 wherein a metal layer between intermetal
substrate gaps of about 2 microns has a protrusion height of about 400 angstroms.

The microelectronic structure of claim 28 comprising a first series of metal layers
having widths of about 6 microns and being surrounded by intermetal gaps of
about 4 microns, wherein the protrusion heights are about 800 angstroms.

The microelectronic structure of claim 33 further comprising a second series of
metal layers protruding from the same substrate, the second series having widths of
about 2 microns and being surrounded by intermetal gaps of about 1 micron,
wherein the protrusion heights are about 200 angstroms for the second series.

The microelectronic structure of claim 34 wherein differential planarization

comprises chemical mechanical planarization with a silica-based abrasive having a
particle size less than about 70 nanometers.
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