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WD 2004/ 061950 PCT/ US2003/ 039192 NMETHOD OF FORM NG
PROTRUDI NG METAL PORTI ONS BY DI FFERENTI AL
PLANARI ZATI ON BACKGROUND OF THE | NVENTI ON 5

croel ectronic structures, such as interconnect or

M

ERLHRL o0 Lavers, may be - manufactur g By
Zﬂ%ﬁ'ﬁ@??ﬁmm@%@?ﬁé’fg@ ETAL RTINS TN Svors
may forma nj?lBFEE‘EWTA‘SE ‘?ﬁ% Oﬁl ;

neven topography.
It may be desirable to planarize nonplanar
t opogr aphi es i rBASKSBAPNR PHFHE VENTIBN equent depositi ons
or operations. Mdst 10 conmonly, planarization
techniques such as chem cal nmechanical planarization
(" Ofirroylectrgnie steuciurgszsuch asgntercorngeter mewilizationdayiers| gy be
pl anar surface across adjacent exposed material s,
margifpctured by dertositingxtonsrgutivetlavetsiof waterials e cwhstatst Depsnding and
interlayer dielectric layers. In sonme manufacturing
upos the daricaon tachniquss ahesnatefalseoncor mbteaif theseopdeaurtive layers
t opographi es having controlled tol erances for
mayr feinas honplaparctnfacs havingamewea tepographya fiiandydie siesitable teeplamipie,
to 15 utilize diffusional creep as a facilitating
nonplaeak @pogdraphies ddepatativiefor subedquéenn depobiaais g ofndtions @dosas
described in a co-filed and co-assigned U. S. Patent
comAfply| slatatigitiod REhnidues Jubly &y vhefidal@idchdnicaichlanalveikibo ¢ CMet)
Structure for Interfacing Electronic Devices", it is

are WiBigéd (@ BloBudeQ@ sTRRMTAK pInEr suffide AErbds aaRcaNDEH B nidtepigls] €S
of netal |ayers extends, or protrudes, away fromthe

suchSadaltGhutdb RStaBidRSihieRbmheBBARKd sl inteRydr QielddRic HyetCt Ur €
depicted in Figure 2B, which is 20 discussed in

f UL 3Rk nfdfil fAdnlrinD 8LeR¥¥ios, Ti0isaBdidabIE Wrdbtah £oAplahd %p@éﬂa?{]&s_ a
technique for Selectively renoving substrate nateri al

havié% %&ﬁﬁiﬁltolerﬁﬁgﬁoﬁeﬁﬁbpﬁgﬁﬁ%ﬁ of QARYb RiStefi R0k Bhmple, to

strate material at a significantly greater rate

ot o kol A0 B R,

. ' i : | . .
e R s
“Meftigh b ﬁm%%%ﬁrslnégﬁc%{g ]ﬂgc‘ir%[nfc ﬂe?ice%s, iR B q Ioom:%[lzgg re

groups provi des e “opportunity f'or sélective etching

teri.al i at el ired. F | e,

s L A o BRnPaeg et bR e 1050

PCT.I US2003/ 039192 . P .
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
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
adj acent copper netal |ayers are etched. Conventi onal
patterni ng techni ques nay also be wutilized to
facilitate selective etching of substrate materials
WUEER et al 1 ayers, using anisotropic BFHYMOEHRR
chem stries and techni ques, for exanple. These nethods
5 generally add conplexity to structure processing,
utiliggstio palsetivaly eteinsilicon diowide sitbstsie at agfaster Faq than thattahwhighy ent
that a required surface is to have nore than one |evel
adjagént coppergneigd iy ers arpstdhed Cogvestiprahpasterpingrtedhpiquesmayjalso be
groups of netallized |layers are to protrude farther
utilipgdgofacilitate seititincstohing a&gﬁateenmérheween meial layees, wiinger
netallized |layers within the sane surface, in effect
anispleapin plasng e vhansstrick ahd wclwiques fdrekampde. dfhesaubshadat e
hei ght relative to the height of 10 netallized | ayers,
genayaltyradd tomplexity $semictaregroteningsatl ma¥ hesomewdatdmpeeaisk. f or a
relatively stream ined process to manufacture
Furthdry incieleveas thavdneqered sirfaee 18 toliave sioerthdnaing kvelof topedrahy,
| ayers relative to internmetal substrate |ayers may be
sucte3 Atstintict abéryin aeliaitsgrewps ofmethlligad layelbarsto potadaaktr from a
process to controllably formsurfaces having nultiple
the ddijaér subbirRCMEtkGd) hah bre bPOGEARRAM layth WBRirktie $MmSCRIFRY, HON
OF THE DRAW NGS The present invention is illustrated

effe@ YeqiRirg SdveRKdiffered ealitfbnb 6f sOBtrate hBichtQ6lative té e heifht@ar es
of the acconpanying drawi ngs, in which |Iike references

metdlISH B4rS, cBirdht bRtes&s @RMBAIGeal. 20 Features shown in the
drawi ngs are not intended to be drawn to scale, nor

ar endd 18 Y nbdAliNABHt A BRrANRIProbRs R RmbBEuREL kNl

relationship. Figure | A depicts a cross-sectional view

whel%fn tRe PRI AEBN RY%RIl BV trél,ﬁti D5t nela Py BStrate l%yers may be

el ectroplated’into trenches tornmed 1 n the substrate

cont}é)g%tlﬁ% %dé'l?stcwpl?g%é f tl%@e]j? ; Qeclﬁ %l;{aé;v%%gg% Qo%ﬁ%ﬁa%lg i%h@ wrﬁce]s B

a cross-sectional v of a mcro€lectronic

. . V| tially planar surface forned

havu%:‘?‘%@élgg&ggﬁ%b éigl}sg)ffog%{}p%\?\hi ch is coupled to a series
of netal |layers. Figure 2A depicts a cross-sectional
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
| ayers. Figure 2B depicts a cross-sectional view of
vari ous aspects of one enbodi nent of the present
invention wherein differential planarrzatronr
PHYEY to form a nonpl anar  surface. 10PEFETRIBOINE
and 2D depict orthogonal views of two enbodi ments of
the present invention wherein differentia
pl Fieare 1Belepighs aicrosgrpactionaledent of A BiETorigesTosicaueture bavinges .
Figure 3A depicts a cross-sectional view of a
subsiangipigeianet ecformed gerpssiasulisigte Hyeravhiehs ecaupler & 4 spries of
pl anar surface fornmed across a substrate layer that is
meteldayptsed to a series of nmetal layers. 15 Figure 3B
depicts a cross-sectional view of various aspects of
an bigoe2 Aalepiotdiarceass-sectidnal iy pliagsictotledtronirstrizgivre Wivimgsi n
differential planarization is utilized to forma
substentigllyeplemar susfeneffored adfosy aisebsatel pérothéchds odugled to a series of
illustrating netal |ayer height difference versus
metaltdyersnet al gap spacing in accordance with one
enbodi nent of the present invention. 20 Figure 5
depigaie2Balepitian trosd-dectivhaladawyg vamdua kspleety ef onb embdiment of
difference versus internetal gap spacing in
the REBRTTIGRMID Wheteh differetiabsidhiatieaibn Bhutilided tofoRs @ Abnplanar
i nvention. 3 WD 2004/061950 PCT/ US2003/ 039192
surf4dE.TAl LED DESCRI PTION I n the foll ow ng detail ed
description of enbodiments of the invention, reference

| SFigBFIEC 4rfd 2D RpRESEHIEHANIEE o WAVt Tinents\Wh ike Prekdnk €
references |nd|cate simlar elements. 5 The

1nveht|1clnL‘lﬁIefc§1t diftGeRBPASHABRbS is A8BLH kBN RHpRInkr @Ftfes.

di sclosed in sufficient detail to enable those

T Fﬁr@ 94 1dBp &E‘ & cﬁﬁst segfbnﬂ RAGEdFS ShidiDQedidNR gl?ﬁcﬂfeﬂe hallh a

oW ng etar escrrptron I's ther not "to be

subs{aﬂ%faq\l 1aHar%urlféc en%r}n ?ﬁxbstga?edlt %J{] thatis 9 % {i &?ies of

|nve F%6h s ed e appe al ns.
ring to Figure IA a substrate Iayer (100) is
IIwta}ﬁﬁ‘&%ted having a series of 10 trenches (122) into

V\hﬂ’l lﬂ'e B Fﬁ)t (tqg J:rgéé% ctl{)ﬂ'a% %Pew%?%an%%g aspec?s oq:%gothe LSS
Su C as a
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.




depicted in Figure I A are comonly seen in
sem conduct or processing, and the substrate |ayer and
netal |ayer may conprise a wide variety of materials.
For exanple, in the case of a device interconnect,
the netal layer may conprise a netal such _as copper
WA YHNYAY  tungsten, titanium gold, ni ck@F,T"U?’HE*f 2
palladium tin, and alloys thereof, formed using 15
known t echni ques such as el ectroplating or chenical or
physi cal vapor dedWEIALEBRESCRBTIGYNbStrate | ayer may
conprise a ceramc or polyner dielectric material,
barrier nmaterials, etch stop materials, or alnost any
nofmibe &lllowing dethited dessuiptianief embrdimaents of therinvenidon, wéopineeis
adj acent a netal l|ayer. For exanple, the substrate nmay
made tonpe wempanlying drawdige i which liks irdferennas indicate slanjlarssldnientsn
oxyni tride; carbon doped oxi des; organic polyners such
The difus@fivp elnpodimohessiesquibed Heemiregre pistlysad il sefficeentdetail to enable
organosi l i cates, pol ynapht hal enes, - pol yqui nol i nes,
thosa skdll&iGp tie yrres madtibethe oifvention.aTigd feHowihg ddtdiled désyiyeon &f
materials that nmaybe used to form the substrate |ayer
ther€f3@Gpt tb be taliekein a timitinglsens @andie kcopaofthsipientionis gefird only
("SOG'). In addition, the substrate [ayer (100) may
by tiGifpéndedcldiinelr ogen si | sesqui oxane ("HSQ') or nethyl
si |l sesqui oxane ("MsQ'), which may be coated onto the

SURERSRg &f Figurs EAT aGORNHEE U4r (100)8Y depleted Bhvilk Bseries of
conventional spin coating process. Although spin

trendhOd(1 %%qntmicha nidtal fa?ér%f?.ﬁ? Fhs\WBh formedOS#RAH00dPRANat
PCT/ US2003/ 039192 o formthe substrate |ayer (100)

depibd inT9Re 1R boihSnly {cef indbhRbRIERLFb&Aing! ARIAhe substrate
deposition, plasma enhanced chem cal vapor

i on -~ _ . .
R o T T Tt S
e e R
o R O S o SR LR
zeol.ites ar erials,..such as

.as _dj el ' Ls,.
knof 8ol Bl REOMAE Rl bR Brpisth
ials. Zeol |t terial b t hesi by.
et gufbig 18 P Asei Bl BB R ot
e R e e R R S

.coating or other deposjtjon nethods, salvent nay. 10
devigsadigoqpa B‘étalr'@ﬁ*ﬁf@ﬂe’@@P‘:‘ig‘h%ﬁPQﬂEﬁ‘%ﬁ*WWEW?caﬁg’g}ade'
 famliar. to those skilled in the art. The substrate
silicqnaytgide; sHigen oxypiifideiaben deped exigdesa 0TaIBIE BPIVHFTS SH 288 ever al

subl ayers, as
polyimides, p%rylene, 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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in the case of a conventional interconnect structure
having copper netallization (124) wherein a barrier
| ayer, conprising a nmaterial such as tantal um
tantalumnitride, titanium nitride, and tungsten or
other materials that can inhibit diffusion from
WOHEVEI e materials 15 such as copper i nPETHIEEHP2
dielectric layers, is positioned between the copper
material and the interlayer dielectric material.
to facmabmsubsstagertasrer 0 0Q)fprrsome maW@ﬁéomwmcm@&lq'amréeposltlon
el ectrom gration and diffusion barrier characteristics
plasmangnizanesd chemical @apoadepbsition, & BolGalmoasss, onfbamingfechnigues may
aforementioned dielectric materials are conventionally
be putfértadz Etheasuitable subbteayedayer (i08] reattnials; suchds thesekhovwasr i er
| ayers. 20 Referring to Figure 1 B, a structure
“zectitas?, lhave Maturdlly atcuodnghuteroonmedtodl posesd #iile thedgrmviizeofite!’ hes
exception that the top surface has been pl anarized,
beerpiised imrrefeteycelts many ldgdyroidaled mesipaucabteriahd, sovenl zalitesoang
to forma substantially planar surface (126)
known sdielsdtigmathealpheh as maepbrow silicans ahfmihdydicate bsliteat e
| ayer (100) and exposed pl anarized surfaces of
mat€HafsC 1I7eb1Re higfeadls mhyeentthdsilO@byl fiberog€l@n X&@tidel proedss, spin-
al um na-based slurries are commonly used for such 25

coatdPRtd fak] @ Q8posifed N dHe@ahl®RPér defostioh ko A vbii@htricture
pl anar surface may conprise several 5 WO 2004/ 061950

upoi8epbdiiin) 48 0 323 8Pspink@htink!tk Blici iR pSaion Wicthddss bolvdnt Asy Of

varying material selectivity and abrasive particle

nee(ﬁb B renfoved WWRtigletaBRANPAMRNES thRiliaF® iokd dkiIRd id the Ahe art.
n the depi ct'ed enmbodi nen each of the netal |ayers

gh@suﬁéiﬂt&tlag (1 rﬁ(ag%&‘ﬂ?ﬁf @ |S§J3Pal Hﬁ{eﬁils brakal %b(i’éygrs (2k18)

IS separate her netal |ayers by

in tha %&gtof?%n@ﬁjﬁhzg HHttrbRhe P trubdleSHa bR %glp})&qﬁ’eta(ll%ﬁan lﬂ)key

structure depic ure 2A I's the

nt.er
wherel elf ';'l‘f Y%tgaﬁnp('l%lili? %]mgfeﬁ lééP&leag )t/a\eMryllﬁ'A(:' 1%%1%??1& ARhilnt
mtrl?l_Reef e trgxllg_r% or otgee %1%&3 aelgﬁ’fai c%n r&nbli'tcogfﬁs%n% g] Jo%ugh% ﬁlﬁ@ljialso f

e subs ri.ses si a al
sucha Conp 1(% acefé‘%]?%fbcﬁl@fms& Pegﬁ?)“g? bl i °”°§%%f51%§59‘t
not um or
and PR s 3@1%0& gy ?@%b@m@ Ry *wseﬂeatﬁper
nmet al Ilnes b¥g sjlicon.dioxi e ﬁﬁ 1

electregmg'iam@ lfisiop bprersharacierGios a6 b Fiff RpoTS WL of

8ure 2A is de icted, with the ex&ﬁptlon t hat the
Many g{ibp afgfemenioned eiestat watprialere Faavetionally pilizer &s wmieriayer
~ layers has been
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
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decreased. As shown in Figure 213, each of the netal

| ayers (102-105) extends, or protrudes, fromthe

substrate | ayer by a protrusion height (106-109). In

t he depicted 15 enbodi nent, each of the protrusion

hei ghts is substantially equal due to the fact that

Wﬁ"%@?“ the internmetal gap di stances (1185TH$20¢3ao192
structure of Figure 2A were substantially equivalent.
Form ng the structure of Figure 2B fromthat of Figure

poliskingpheses with slyrrigs pf vapéng majerigpistsictNily 2adalussineipericle size, as
mechani cal pl anarization (CW) technique which may be

wolébeappazeht ta ane akiliedin thearte it helepiticdreambpdigentogrch of the metal
Differential planarization may be applied to nodify

layeriws 2 ubstewsiatly equivalenneshitlsyeowidddihi ) and is sepharated fremeother
inear or continuous (140) in nature, as in the

metalrlyesde v atbstankally efuivalapt inerfds! gep(it 6 tAskephaspeht aithe
di screte (141), as in the orthogonal view of Figure

struetite depictedbiniFigast 1 A0is sheofitedomtahgagi($19) disena@nethith makis case is
geonetries in a given mcroelectronic structure. The

equdf@reschd dicineod layets EM2-A05)Fi gure 2B, for exanple, is
representative of a cross section of either of the
St Refeiritg @SFigep LA £sruttrefsinglar gha? 6 Figure t B @ssdepict2d. In the
depicted in Figure 2D. 6 WO 2004/ 061950

depicfed erbdodRttas (3088 dte chinprisey siiitioh dloxid aitathd @eérhi 1ayers (S0
process in which materials selection and relative

105 P&RiphiscBhirel, A GMPhAHsHIAy¥r @6 sBEM) @R for(ehinplé, @sitdhir or CVP
};%gig vel gﬁg?ty, CcwP pad&sgl ecti o)n, and ]?ZI\/P time are

tantAIEM nitdetrdy be pYBLIABY BetPeeh el OBt MblaMid@hrRithd MR@n BidRide
metal liné protrusion height after differenti al

subdi@NREMSR im?gpﬁﬁm strhidtre %ﬁﬂ%{%ﬁ%ﬁqgﬂr@m isdepised! Math

edge 5 veloci and pad selection is particularly

the %g{p‘ﬁ&ll kL d Br &' £Jb§&h?eq'h§é9 rél;ﬂik%{ogf’?é ttﬂﬁtalg%gfs 1dé BERASi on.

erring to Figure 4, for exa e relationship

decrR BN R0 iﬂlF(i]éu?é’ﬁi eadhloPhk Hﬂa?ﬁﬂé}?{}@ﬂtwﬁ% chdit &' met al
g | cture s

ap space Is picted for a str mlar to that
N T R
con v S5 R b B A5 B S B P
of g e 1 aifpreF BT 5B ot B3 N Sbutiiabiio
con e i s 90l ERR R s

preferably has a maxi mum particle, size | ess than about
a spesigligad cp%caéa}eg@@ﬁgl planarization (CMP) technique which may be referred

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
brthogonal view of Figure 2C, contacts which are discrete (141), as in the orthogonal view
of Figure 2D, or combinations of both discrete and Jinear 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.



10

15

20

25

internmetal gap di mension to. provide protrusion height
differentiation. For exanple, with 15 internetal gaps
| ess than about 6 microns, a silica-based slurry
havi ng particle sizes between about 40 nanoneters and
about 70 nanonmeters is preferred. One reason for this
WOANUUV si zing relationship is that smal PEFUREPLM s
have better access to very narrow trenchlike
features, and for this reason, silica-based slurries
wh &xiffirentipliplangiidatioreis p grocéss insvhiclyreaterfalsrspleetiop pnd relative
precipitation rather than fumng is preferred, due to
positibring, Evishary selection P pEswie, ChR efgervelosing £MBpad selection,
aggl onerate, thereby form ng the equival ents of |arger
and SMH toee pakdyifadias . We Ravctehparimentaldy deteomingd thatohesldbey i s
pH adj usted to between about 9 and about 1 | for
protrmion height eftdrddferonealgdmarizaticthptipizipshicy sabctivogpesureed gl
| ayers, and preferably has a low viscosity, on the
velooity] enid yafl sebetien is paticliaiyweslatad @itk sutroamtingibetihetal gap
centipoise. Slurries having pH |evels between about 7
dimé3idn aRefrrin@toHigude 4 fer erfithsie thevelatdntiip bapparmetaldylough
25 relative selectivity rates for etching substrate

protABiof héight aMFAh@hSetdIRAPIpad¥ay depRted fdr aistruh@8Bimildr d¥Dat of
2004/ 061950 PCT/ 1JS2003/039192 1Ills erosion of the

Figl?QRBahd DEvHere@sthé fidjesitaFde 3brprisey@hSndi£(180)%@pper metal
decreased. Preferred slurries conprise silica

layeR62L R Phnd a IBicdLNbER&EuB@aRNayeAN00) MY idditraehtdfy biBghrized

i ngredients, such as sodi um hydroxide. Oher suitable

withS! sy cB@p Mshﬁyﬁorﬁlwﬂaﬁﬁlek HEagsH R PasticMiat ﬁbpizth%on fora
exception of a different abrasive, such as al um na,

pmmag&pm e&ofilig 0sion inhibitors to modulate the 5
per corrosion and polishing rates relative to the

S“ﬁfr‘ﬂ{:?&n‘a t'h lﬁéoﬁfo fnatid eg?sgbs?ﬁle%ﬁ{i od fir n?a@é?faf&ethe key

or snm I Nt er net a
S‘“”?S'gif%'?%&&qﬁamg%ﬁ‘ﬁfﬂm oRYesbunl) S0 Bfsfe R ° .hﬁﬂi
inteliZl gaggl &8l RSO AGH AT gn%iffa,fvmpgmg%&%%ﬁp;y el
inerR gl 8 SS@WE%@?W&%& R eoted iy BB S
betwg P A PGl Bk TRt is gttty By ewﬁmi@*@%omﬁ

to those sklllidlnthea]6 ventlonal
relatiyg siging gelajionshipdtthaismalier particles Rpve, ’racF‘P?ét"t‘fe%E‘m’Wanes,
"MrraTM and "Refl exiognTM' by Applied Mterials
trenc@blferfgaﬁlgpq, '@]4’ for{hig reapep siliearhased slurries wherein the silica particles are

formed by precipitation rather than fuming is preferred, 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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under the trade nanme "NPS3301TM', by Ni kon
Corporation. 15 Referring to Figure 5, the effect of
CWP pressure and CWP edge velocity is illustrated
using the sanme slurry and other conditions as in the
enbodi nent for which data is depicted in Figure 4. As
YOI Fi gure 5, increasing pressure an8CHERPEHHy
edge velocity can have significant effects on
differential planarization at a given intermetal gap
erosgfinreé ths copper Resal ag thg myisate lepels drealpy docwpyedd Peattseadishuies
depicted in Figure 4, arelatively 20 high pressure of
comphissusilicsparticiescide-ipnizedspterrand amepH {djwsting ingrediauts,guch as
relatively | ow edge velocity of about 60 feet per
sodiminihydrexide. fQhir)syitablecluirite say hpresintilas ingredients gith thefexcebiont
1,100 angstronms with an internetal gap di stance of
of adifferenthbasive,sudires aluwiial sdaopret edriosied inhiboovs tqomedibatathe of
about 2.5 psi, and a relatively high edge velocity of
copb cuttosidid dhd pelithinparatenielatitvecto thersabsirate matrigs.ot r usi on
hei ght of about 700 angstrons with the sane internetal
gapMPipall sudeeioris amdthed bgyUhctér, anidaticsgefefrrdetbednal| ipternictab
CWMP pressure is between about 2.5 psi and about 6 8
gap YiBiendidhd 196thADibom@lhicioa 48 hElpRdiahe ppdsihavidg congiiliest, hipve,
Cw tine is also a key factor. The data depicted in

fiberFlilgWb@posftioadlelBsuitéEibt @dtactapoi-1g g seriedderafMEMP
time, at which the increase in depth trails off

condifonBPhaptdufeal bifdned arkk AR pdBURGhALhaaORRAINdaNE: §dde nEifkdd,
di oxi de materials. Such asynptotic trailing off nmay

“Polfi&k Supfente®SUinll “Wh0b0™ S Rdde] Edporitial. DiReEsmd@éing unabl e

to adequately 5 cause "abrasion after a certain depth

avaiftag\gp?ds ha$ b%’ FhBHiﬁQ@lror ibd SRy, i t&chﬂﬂﬂ@csﬁéfﬁp{ﬁ%dsg

Ing O near the maxi mum protrusion helg t

skindhi i HRRAN %‘gnvegﬂitglgle@ﬁp {ralindd, 30A%E ﬁ@gé sg[aydﬁpg"?ﬁe tre{d@ e

prescribed conditions progresses fair Inearly with

narnési rﬁh‘ram%n& hl%f?%lg 181> %Béli]qu/éat%}ﬁ§ thg)eoga?l??’e%ﬁl Ithﬁt s’g}dg ur e

conjunction 'w ata’ s

andeD it S AL £ Pk B3NS i B I RY of rUSi on hel ght s for

i OUs Sséts conartions,; woul d be apparent to
o] 10 skil.l ed. i,n For ex referri.ng to
PSR IPENG i, 1R R P afsf TR ek 5
., angstromns, for an internetal gap of gbqut m cr
s e st R R LT R0 5 M SR OTAL DR e
. . 240 segond ssoci ated wth the data of Figure 4 to a
s doiagsed PRI A ShaWn ANJieie 138 raeiog Prgssire & feclutif gties
may be utilized o achieve predictable protrusion
velogiiyicgrHitaye gignificspf offects on diffgrential planarizefing ot 3 Bien ijgiagtal gap
tol erances may be unpredictable due to. _
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 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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15 systematic variability associated with conventi ona
CwP. Differential planarization is equally effective
for intermetal gap di stances exceeding 6 mcrons. For
exanpl e, structures such as those depicted in Figures
2A- 2D haV|ng internetal gap di stances between about 6
YR XY and about 10 nicrons may be ef f ecBFYEFRIINIINN2
differentially planarized using the aforenEntloned
techniques, with the exception that a slurr Iar
psi.fs mdtqbeveeCMPzt@e inpleoradiey EﬁPf | Saedataflgpictadi gls% pnd h e
pertinent internetal gap distance, be effectlvely
refleqt phquy 249, seqadscaf GMRfires ayhich the ingrsas mgesé traglsoff her
variation of the present invention is illustrated,
asympretiealy fos dherseloeted eoppes angd sifison diosidgmaterials; chich aympiatie h
nmetal |ayers having relatively narrow interneta
trailipgpndt mayhipel the rosullienf the sinel] GME ped fibdrebeingamebieoadeguately
associated with 25 netal |ayers having | arger
causersbmsive afidr agerpagn deplhdown irvsveny nrerowvdigndty dinfibihe asymptotic e
such as 9 WD 2004/ 061950 PCTI US2003/ 039192 t-hat
trailitgzpifiteacthé maxmgapetBion hetghd diffemsneshdifferentizhplanheipition euder n
Figure 3B illustrates the applicability of the
the presesibeil conditian propressen faprtydthieartyakithtinhe amd thersforef G time
wherein certain groups of netal |ayers protrude
mayf RnséiEin conjametiatyvistcdan sush dsstiat ddpictedeit EigumlS to hebieve tessthdmer
netal layers conprising the sane surface, in effect
maxitherd peogoseightstor viiibifsaete of cohdii@lssasaroukibe apanmit ©fond
substrate height relative to the height of the

skilR@ i thO&rfit Foetanlpld, ARkerig to Figuetd) e prowasiaicheight of less than 200
differentially planarizing the substantially planar

ang§tibrds A8 Larihtebriteal g&ﬂdf%d& Enﬁtfrorﬁl Fﬂbs adhevbdby diR@ESRSE: t he
l'evel of the substrate (100) ative to the | evel of

cmi) e Felb@!thd 2B8E@nds Ja%ma{@@mm aﬂ; Qata dfHikurTB)to & EMH fimé fick

structure such as that depicted in Figure 3B

as aﬁﬁ& 50 de \/\)Lﬁ aL. Osufh szﬁn?qu@ﬁnay%éiﬁh%&@&c%xév@ﬁx%ﬂwtﬁﬂl@ Bootrhsion

depi cted ich preferabl’y is 10 simlar to that

SRR e 1 Bl i

systgrgsﬁfg:garlabl}m% 2 té9d' wifh SRRtidmEC Pobﬁ?&enﬁfﬁtp?ﬂnaﬁiané\{ 45 oy,

escri I'n one enbodi nent, for exanpl e,

gty oufwa%* A S s st "
s ST e 7B Bt LA B 5 1

111 h. have 'Prons and
al

bervighh Phanc stk rcaoR ey kst ARl fentfity O

planarized using the aforementioned techniques, with the exception that a s!qrxy 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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A structure such as that depicted in Figure 3A having
t hese di nensions nay be forned using the techniques
described in reference to Figure 2A. To forma
structure simlar to that depicted in Figure 313,
whi ch has two groupings of protrusion heights - one
WRWBPEd with the larger netal |ayers (f8§®§@§TB§ﬁﬁ
| arger 20 internetal gaps (116, 120), and one
associated with the two series (110, 111) of snaller
thatidepiated indfjure 34 iejonetsushras ShandepistediimFigurna B allusiigsshg 112) |
differential planarization may be utilized. Since the
applicabiditynadtlzel preseans snveatiop tf preshistalin form 2 spifage whereip certpdrugroups
mcrons, and a preferred silica-based slurry has
of npptad biyprs patrade fpdret fro edjacsht sybstrgtelngsdasial thandoaithen me@blaysts
the internetal gap, a silica-based slurry having
conprising thi seneeuirfpay in iefféot progucingdictess diffeteaticwdou eclitneel
nanoneters is effective. Utilizing, for exanple, a
subdfatei Heightiblaswepo ewheipiadf the patismt petbinyeds. 14 Othéivords,
2004/ 061950 PCTNS2003/039192 silica-based slurry with
diffgentialig plenasizing tHe asigtahiidin pabarstriate ofithe stroetusr of Fignek 3 pH
of between about 9 and about 11, a viscosity between
decrefe e 1dvebéTdhasabittate 41 00 RIati poio 3l levie]l &VR: peteld syersg 1025105,
about 5 psi, and a CWP edge velocity of about 60 feet
110061 f¥hy Wbt in @ stRichudOdut £ thdt Bepicdéd ih Pigute!3® of Figure 3B
will result, having protrusion heights (130, 132) for
t h@efib iEFighe BAl a fbdidieaddy’r 100) 1 depidha vilfdhi pedfaabig &Y i es
(110, 1%1) gggabout 200 gﬁgg?f%nsfﬁand préféusign

simil¥ b eschidin #89nck RIFiGRE1A 8F DL THERh R 1dyay €103-105, 110,
(102-105) of about 800 angstroms. Thus, a novel

1S HEEABS HRBHisk tGRkd, Bt nB9hidb b@Rprise afbiRE AR alldy, hyrough

the invention I'S desciibed herein with reference to

desc?lggog%bpb& 1f Mﬂgﬁiﬁﬁgt, fol:r%?l}ﬁg[&)ﬁ% (@RI @Ry drd G221 65) Wch

y occur to those rdinary skill“in the art.
e o . :
e ERI Y ol A mRASE PN AR s

4 mishE b Be Snls G RusR ond B GRS P10 Mack bl
wiath L) B oo B o i P AR Al et SR "
A strrlrlgttulael su!:haavs Hhat do:lpri]ctetdr}r(le F :Sgsr% i3i§1aving 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
iﬁtcrmetal 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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bei ng separated by intennetal gaps; planarizing the
nmetal |ayers and substrate |ayer to forma
substantially planar surface; 10 differentially
pl anarizing the substantially planar surface to
vﬁﬁcg S5S the level of the substrate layer relative t
AWEP of the metal | ayers. 2. The net ﬁSE’UW"%F%}P%n
. 1 wherein each of the netal |ayers in the series is
eparated 15 from ot her tah | ayers in _the series by
sligrboser| Sl ith Pl 1t 1615028 DA A0 BABBNEISE andd B gfetwogn
The nethod of claim?2 wherein the netal |ayers
aboptGrand phout tlop pf@?osamptwe abqyh § pndabeut 4 CSV&"‘SE’G“W pESuR
nonnetal . 20 4. The nethod of claim3 wherein _
of abuh & a¥ii anf A& Mhedgrreleqity oAIhORO0Lera Pe IR BYte, AsEuqney similagfo
forma substantially planar surface conprises chem ca
thatipf Eigura 3B avill pasuelh Aevingnrptaision fipights dA0.dPahonike ﬁmfslbﬁmetal
slurry. 25 5. The nmethod of claim3 wherein
layegs withist the dépidtedsergsd 1 i0z | Holeba 20 angstedespndaprotrusion helghts
mechani cal planarization with a silica-based slurry.
(10651097 foe thedariry anetst lapéra( 10250 0EaboitB00 hrgsyping.ca- based
slurry conmprises silica particles having a particle
si Thus| eswel soefaceaipdiftcativioselstidnas dieclersd.t Akhough the myertion is
gaps. 30 7. The nethod of claim6 wherein the silica
descpibed hecdirewitlareéergrenispiciizteetodiments, magy mobificafioss thetinedll of
claim5 wherein the silica-based slurry has a pH of
readilg bovereio tiaboof orinarasidll inthe 36 Axcordinglynal sncidvaribitianks andrs
wherein the silica-based slurry has a viscosity of
modifiRatiede bre ivdhRled wikhia e itertieddcopodfaies. invetitionlds @efitt b cheof
claiml wherein differential planarizing conprises
foll Jdig a 40 planarization pressure of between about .
2.5 and about 6 psi.
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10.

It

12.

13,

11. The nmethod of claim3 wherein the substrate
conprises silicon dioxide. 12. The nethod of claim5
wherein differential planarizing conprises chem ca
45 nmechani cal pl anarization wth a pol yurethane
olishing pad. 13. The nethod of claim3 wherein
P63 i al pl anari zi ng decreases the | efETUS03{03H92
substrate layer in the internetal gaps by between
about 50 angstrons and about 1,200 angstrons. . 12 WD
2004/ 061950 PCT/ US2003/6B9M82 14. The method of claim
13 wherein one of the intermetal gaps is around 2

. m ¥ oetbod tg fermahisiceoelsctifinfofsEncaie FEPPIISInghar i zi ng

decreases the level of the substrate layer in this

i ntfermingt asseriggan mistal lbparswwesubsisee layaobe metdl ajessin thepoeries
angst r opeing sepatBed byhietermetahgaps;of cl ai m 13 wherei n one of
the intermetal gaps is around 3 mcrons, and wherein
di fplaearentgitied methldmersiand suhstchedayea peferni sibstentilly planar he
subst r advefadeayer in this internetal gap by between
about 400 and about 700 angstrons. 10 16. The net hod
of diffesdntiallyPlanhiézing the abatarbiiy plenar sirfcatetdadreagaths lavel of
around the substrapsayer relnite withd leveh ofthé et Hlayearal

pl anari zi ng decreases the | evel of the substrate |ayer
i N Thé Mkthod SttcRime twhlerethadactnf tHeahame tiyed Otht sepidisagpdragdout
1, @0R ot mbtalaFers ih the sdied brei eemail pap af 189s Hinabeut 61 n
ONghi@bnst he internetal gaps is around 6 mcrons, 15
and wherein differential planarizing decreases the

| e¥8d method $TR1a8H D SiheRINGh BtANayeR cofapiise chpefiniBherubgrar
by 106tcoREHsaR AmBAO0 and about 1,200 angstrons. 18.
The met hod of claim 1l wherein differential planarizing
COFRY inStRSd GHoRith 8 M hereBstRA@Nirpathe RbtAING ekZind Subsbfe layer to

su i I ; ; of
o\ ph Nl Aot g S A B i,
A me

thod to selectiVely planarize internetal substrate

MR e e e
&l chani cal poﬁlﬁéhl ng ?ﬁ’g surface with a

chemnm ca

oA T AR SR BT,

bePRYing, ¢ particle size fess than athont 5945 1aras' the inflfné
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 shurry has a viscosity of between
about 1 and 4 centipoise.

The method of claim! 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 infermetal gaps by between about 50 angstroms and about
- 1,200 angstroms. . -
12
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about 50 and 300 feet per mnute. 20. The nethod of
claim19 wherein the silica-based slurry conprises
silica particles 30 having a particle size |less than
about 5% as large as the internetal gaps. 21. The

2;0@4%%901‘ claim 20 wherein the silica particles are
“E’F %t ed particles. 22. The method of PEIHYAPPE 192

14.

15.

16.

17.

18.

19.

20.

21

22.
23.

24.

25.

26.

wherein the silica-based slurry has a pH of between
about 35 9 and 11. 23. The nethod of claim 19 wherein
the silica-based slurry has a viscosity of between
abdtie methedhef cleim d hmherein oac of Al iptarmetah gansas seind Gmierpas m
19 anghwelpessim diffagenidal planariging decsnasss thedevekofi thesyhstifedayietie.

25 thistinerrpgsal geribydretwden phont 200 apbabepifi0fiangstpeht i al

pl anari zi ng conprises chem cal nechani cal )

pl dhamethed ofslninul3 whereip oheef thetipiammetad gapis dsdrongd 3 anicroms

26 andTieraiedifforgntisl pletagizing d@reases theilevehiofithegubimaieddyer in

pl dhisiniermata) gefety tetvenes attoned00 enddboutf 700 hegstramb st r at e

| ayer in the internetal gaps by between about 100
an@be¢ methed afethim bd whereifs o0 terigietmetalgaps 1s3iradd 5 microns,

20 edi e kb dffereiial P200i3ih Y 8@ aRs thR Tevelldfehamubduat lokr ol ai m
19 thishinteretal gdpebysmiveeepitentei0l andwpottr 0 megstromgnoves
material fromw der internetal gaps at a faster rate

t h@he hethod ofelagm hawhavin bird of ihedtteimehgaps is a?@ind Amicrons,

M eddoeteteid differemtiabplanseiking decteadep the Sevalguf tie sabsirate ddyeaih e

| ayhirinteinen] g4p byitietivean sbetit 608 amaf abbwt1cd00 hagseoms. Whi ch f orm
a surface of alternating netal |ayers and internetal
Sulpld @k et | debindiffetdntal pRhazidgay@pases ehehivati ng
beyadbehitdl Blahis8lg tef subdimtialyphinfmiidhce SHibSh feadeSre BaBSof

ar pedRknlabo@ 50 and ABHRBOVEEGEr M@t | ess than about

1,200 anstronms which is a function of the 10 adjacent

| NAGHefRH 8d sy FirriRaRe e PABLRSmatbri fBMQhtEHRIaDN
hepbberheinRBpdePlaf&slof Aubstthit hf @ppdrdhrtdek 8GASrsABL | ON.
29. "The m croel ectronic structure of claim 28 wherein
a ORhihl h@hSlicPFIMEREHE NrBEHHA silidl ISRl aPRptisih
R A S 3 8 e R 24

about 50 and 300 feet per minute.

The method of claim 19 wherein the silica-based shurry 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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15 angstroms. 30. The m croel ectronic structure of
claim28 wherein a netal |ayer between internetal
substrate gaps of about 5 mcrons has a protrusion
hei ght of about 1,000 angstrons. 20 31. The
V{H @‘\?O%lg tronic structure of claim 28 wherein
aé' B2t ween internetal substrate gaps BFTIH%W‘B%I”
rricrons has a protrusion height of about 650
gmqroms 32. The microelectronic structure of claim
27.28 Rhaarcthiod ofclaimti§whergipdhe sgme plaasiizingirsptmeptspmovss material
s utfeony wider igtaestabgaps BOLSIS 13§ Bpnfiem mese narmew dRternsiabgnps-
hei ght of about 400 angstrons. 33. The
28.ni o wisrasleriraid struglimegempiisingof clai m 28 conprising a
first series of nmetal |layers having wi dths of about 6
m ersobstrata tagreoiimed with 7 ssriesod enetay/layens whigk foah agunise of
ab @lternatinginetablagers sudanteimetal $wbstpatecgapy sichof theimgiat lbyess e
abeutend@Qbegomgishy loves of (BOinBAnetallvebsivite pape brovad ibby &
st poetusipehadght Eksthan BButf1,200 kestromowhich siarfgnctionefgend
s e riljpsentihitermatd] abbstraty gapslimpensions, the prptifusiomhaighe begagformed
sulbgdiffetepfial phearizettomnd seri es having wi dths of about 2
m crons and being surrounded by internetal gaps of
29. ab @t micreelectranic struedngerof claint 28ewhran & mngiablaydn bétgybdngntenmestal
abeulistr€ Bapa b Haboutcimicfoas has b erovredanibigheof absut 135035. The
m engabmst roni c structure of claim 34 wherein
differential planarization conprises chem cal
30. e qheRiclccRbid @t walof B1ain/i8 Wheteisi hb@Hafa bededlitamictab
hawiiiBaté gapl 8f dbokd SBmidtoachak @ pfotrufie hedghO ot absit 1(BOONEL er s.

troms.

31.  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.

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

33.  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.

34,  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.

35.  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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