CUSTOM ZED POLI SH PADS FOR CHEM CAL MECHANI CAL PLANARI ZATI ON

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains the
benefit of U S. Provisional Application No. 60/457,273, titled CHP
CUSTOM ZED POLI SH PADS FOR CHEM CAL MECHANI CAL PLANARI ZATION (CwP), filed

Mar ch 25cU8POMIZIIB FRYLISIE PATN FOR OHEWIICAL BIECEANIONT! PHANMEAATION
reference. BACKGROUND 1. Field of the Invention [0002] The present

application rel ates t ol i shing pads for chem cal nechani cal
pl anari zation (CW) JfROEDIEEHRENGREIO RELATF APPLIGAIIYONt 0 pol i shing pads

custom zed for structures on the substrates. 2. Related Art [0003]
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oxi de fﬁQS% g%hgrench i solation steps. [0004] CWP utilizes a reactive
l'iquid nmed a polishing pad surface to provide the nechanical and
chem cal control necessary to achieve planarity. Either the liquid or the
pol i shing surface (pad) can cont aiBAGRGRGAINED i norganic particles to
enhance chem cal reactivity and/or nechanical activity of the CMP process.

The pad ist of arigid, mcro-porous polyurethane materi al
capabl e lof a%ﬂﬂ§9 h%lﬂgFﬁOPocal and gl obal planarization. [0005]

Conventi onal open-pore and cl osed-pore polyneric pads with essentially

horogengeom]t r i bl peie@bppliaash fdte@holiEhias baddor elpisatidchatitas were
previously suitable for CWMP, until the |ntroduct|on of 250 nm CMOS
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change the t Metdteteas (stacked and

[0003] Chemical mechanical planarization (CMP) is used to planarize films on substrates,
such as individual layers (dielectric or metal layers) during integrated circuit (IC) fabrication
on a semiconductor wafer. CMP removes undesirable topographical features of the film on the
substrate, such as metal deposits subsequent to damascene processes, or removal of excess

oxide from shallow trench isolation steps.

[0004] CMP utilizes a reactive liquid medium and a polishing pad surface to provide the
mechanical and chemical control necessary to achieve planarity. FEither the liquid or the
polishing surface (pad) can contain nano-size inorganic particles to enhance chemical
reactivity and/or mechanical activity of the CMP process. The pad is typically made of a rigid,

micro-porous polyurethane material capable of achieving both local and global planarization.

[0005] Conventional open-pore and closed-pore polymeric pads with essentially
homogeneous tribological, chemical and frictional characteristics were previously suitable for
CMP, until the introduction of 250 nm CMOS technology. For sub 250 nm technology with
increased design complexity and associated chip pattern density variations, especially with
increased chip size, the chip yields, device performance and device reliability have deteriorated
significantly. Recent attempts by various pad vendors to change the thickness (stacked and

unstacked) and surface grooving (perforated, K-groove, X-Y groove, and K-groove/X-Y
1




unst acked) and surface grooving (perforated, K-groove, X-Y groove, and
K-groove/ X-Y 1 groove conbi nations) of the pads have failed to address the
i npact that chip pattern density, chip size, conplexity of architecture,
and dielectric/nmetal process flow have on chip-level uniformty directly
i mpact i okl mbifltidns)dE\theFads BT OFAMRA €Cadinehs HR) ihpatd thitehds pdteie @iy d
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pattern density, chip architecture, filmmterial, filmtopography, and the
| i ke. Based on the one or nore charm ics of the structure, a value
for the one or nore chem cal or phy§ Igﬁﬁoperti es of the pad is

sel ected. For exanple, the one or nore chem cal or physical properties of

the pad [gok)i ncidile RR_fpIRY %B@dlin{éﬁf,qr}%ﬁ%iné Bé&f&?%ﬁe’%nicﬁ%@&ﬁﬁicglr oovi ng,
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polishing pad used in a chem cal mechanical planarization (CVP) process;
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Youngs modulus, compressibility, asperity, and the like.
DESCRIPTION OF DRAWING FIGURES

[0007] The present application can be best understood by reference to the following
description taken in conjunction with the accompanying drawing figures, in which like parts

may be referred to by like numerals:

[0008] Fig. 1 depicts an exemplary polishing pad used in a chemical mechanical

planarization (CMP) process;

[0009] Figs. 2A and 2B depict an exemplary deposition layer formed on an underlying

layer;

[0010] Figs. 3A and 3B depict dishing and erosion in a metal deposited within a trench in a

dielectric layer;
[0011] Figs. 4A and 4B depict positive and negative deposition bias; and

[0012] Fig. 5 depicts an exemplary planarization length.




2 DETAI LED DESCRI PTI ON [0013] The follow ng description sets forth nunerous
specific configurations, paraneters, and the like. It should be

recogni zed, however, that such description is not intended as a limtation
on the scope of the present invention, but is instead provided as a
description of exenplary enbodi nents. [0014] Wth reference to Fig. 1, an
exenpl ary polishing pad 102 for chem cal nechanical planarization (CWP)
processi ng of a sem conductor wafer 104 is de%jcted. To planarize a |ayer
formed on wafer 104, a hol der BBEARGERPERGFRIPTION on pad 102 while waf er
104 and pad 102 are rotated. As described above, in a typical CW process,
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or physical "properties of a structure on a substrates, such as a chip on
wafer 104. It should be recognized that the one or nore characteristics of
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structure on the substrate are obtai ned. For exanple, when the structure

i s a chilp2faor ietaiedbnAndesaribed ahove, ingrippioal GMP eredeay, actastive ligeid negfdiuthéa chi p

can i ncl > hi i ttenn Sit i hi t ect.ur film rial
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of the pad is selected. A The one or nore chem cal or physical properties of

t he pad SBbsirafesciushes pelgclsait s deviprsy masralic oroptieal disks, cekamie gedngicoovi ng,

pore si 726, BAOSbltVates PGS (iRdAUl us, conpressibility, asperity, and the
i ke. The gne or nore’chemcal or physical properties of the pad al so

includes tribological or material properties, which can include one or
nor e of [00i5] ex ampdresxpmelarp embydiment, pad 102 is customized based on one or more

chemical or physical properties of a structure on a substrates, such as a chip on wafer 104. It
should be recognized that the one or more characteristics of the chips can be obtained from
actual chips formed on a wafer. Alternatively, the one or more characteristics of the chips can

be obtained from a design for chips to be formed on a wafer.

[0016] In the present exemplary embodiment, the one or more characteristics of a structure
on the substrate are obtained. For example, when the structure is a chip formed on a wafer, the
one or more characteristics of the chip can include chip size, pattern density, chip architecture,
film material, film topography, and the like. Based on the one or more characteristics of the
structure, a value for the one or more chemical or physical properties of the pad is selected.
The one or more chemical or physical properties of the pad can include pad material hardness,
thickness, surface grooving, pore size, porosity, Youngs modulus, compressibility, asperity,
and the like. The one or more chemical or physical properties of the pad also includes
tribological or material properties, which can include one or more of the examples previously

set forth.




set forth. 3 [0017] For exanple, assuming that the structure is a chip and
the substrate is a wafer, a pad for snmaller chip size (e.g., less than 1
sq cmin area, notably less than 0.5 sq cn) can have different values for
the one or nore chem cal or physical properties than for larger chip size
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sel ected based on the'chip size is the pad material hardness.

par t i culfer smalker deip sprade.gatess than 1(ss, gn in fran,dotbly lgsseiamef) 5tst]a§m) 09@ Da@hor e,

notably 0D shore h dne ger chip.si.ze than
for s B lanls 0. BE5e HohEr"Beier b piofict0pufes i PHnegbhEHES oo
bas ed omg@buepﬂﬁhzlesqlc&l PQir€a). ©ne roﬂdﬂtyﬂﬁ'rtﬁé p‘dél' tBéitl dn bs BELtEd bared 8n SheZdhip S
used for larger chip size than snal | er EQﬁD size. Still another

B

pr oper t yi%1is hReap mptringhadagsspén E@lﬂé@l@@dnats@s ateripli (p-gs ihpedness gxe&t@fsth@rlyl. I'n
|
parti culog, %}%{@hé@%ﬁ%?@ﬁ@rtg%neé@/ Y (frg { neés 1sthcgf lgrg rc%? % {faga?%asm er

chip size. a can sed on

chip si amaller ddpsive.t fnother grapériycof the pacath‘it’rﬁid b%rseleaﬁﬂ®é$eﬁ)anUhﬁﬂ151k@fsgﬁfe
distri bUtIOIil I s useq for Iar ger. chip S|ze than for smaller chip, size.
[0018] AZ8o In pécyatly.smgl a%?&rﬁﬁgleé%uss d for; lareen phip srze thangfppsmal lwhl@rwm

t T. Lung,
A Vet ho e BT O P P e R e S T oy B0 & SPAD

conf ., @aﬂh‘ulad,gsa;allmﬂpor%m is ud@bfor Jargadhip sied mamfnrentaﬁeﬂ-'o}gp si2d\, Yetnahetheyi ng
n create high

f eat 202 | f d ted film 204 .
Fegi one PEGE A8 kAt et bo SORTTh bR Op GG gPeTI: AR STl
t opogr apkperity SvithllareBdivtridRANEeRsd op R8st @i sisenah Fof shAlcoRssizpased dual

damascene structures because of the nature of electroplating in trenches
that have different widths across a chip and the chemstry associated with
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206 in 0 f ast er | ow 1 s 208. depi ct ed
“nOF g, o BRI AR S R el 188 o TunG A SRR o6 (et 11 1 m
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differ eg%r?cre { hﬂ%ﬂ gi%ks §6§&$@%§10@%20§P§th@ tghai)hﬁ Ir?faégaharz go%’oﬁ} @Zt ter
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t he pl ai’saatnohglyadepemdehhm pvRripdases $n copper based dual damascene structures because of

the nature of electroplating in trenches that have different widths across a chip and the
chemistry associated with the additives used in the electroplating process. In general, high
regions 206 in the topography polish faster than the low regions 208. As depicted in Fig. 2A,
an initial step height 210 is associated with deposited film 204 before polishing. As depicted
in Fig. 2B, a final step height 212 is associated with deposited film 204 after polishing. The
differential rate for high regions 206 and low regions 208 removal, indicated by the difference
in initial step height 210 and final step height 212, is a figure of merit for planarization. The
larger this difference, the better the planarity after the CMP process.

[0019] One factor influencing planarity is the pad bending or viscoelastic behavior of most
cross-linked polyurethane thermosets and elastomeric materials during the CMP process.
Thus, a pad for lower pattern density can have different properties than for higher pattern

density.

[0020] For example, lower pattern density exists for smaller chip size, such as a pattern

density of less than 30 percent. Higher pattern density exists for larger chip size, such as a
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[0019] One factor influencing planarity is the pad bending or viscoelastic
behavi or of nobst cross-Ilinked pol yurethane thernosets and el astoneric
materials during the CVP process. Thus, a pad for |lower pattern density
can have different properties than for higher pattern density. [0020] For
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damas c e HE1gHE eelsmetal lineoHeirom plangrinynvidh distastsicrlayer 040 Almemwmﬁer i's )
d, fi t
copper e Bt i LS ARLER Byt HIRTIR 08 pPAEIGLTc Ih 304 AEES T (10
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material. Because different film materials can have different polishing rates, dishing and/or
erosion occur. Additionally, dishing and/or erosion can be aggravated when the CMP process

involves over-polishing.

[0022] Thus, when multiple film materials are used, a value for the one or more properties
of the pad can be selected to reduce dishing and/or erosion. For example, a pad for greater
numbers of different materials can have different properties than for fewer numbers of
different materials. One property of the pad that can be selected based on the number of
different material is the pad material hardness. In particular, to reduce dishing and/or erosion,
harder pad material (e.g., hardness greater than 90D shore, notably greater than 60D shore
hardness) is used for greater numbers of different materials than for fewer numbers of different

materials.

[0023] It should be recognized that the one or more characteristics of the chips on the
wafer can vary in different regions on the wafer. Thus, in one exemplary embodiment, the one
or more chemical or physical properties of the pad are varied in different regions on the wafer.

For example, pattern density can vary from the center of the wafer to the edge of the wafer. In
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of the pad can be selected to reduce dishing and/ or erosion. For exanple, a
pad for greater nunbers of different materials can have different
properties than for fewer nunbers of different materials. One property of
the pad that can be sel ected based on the nunber of different material is
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It shoul d

mat er i aI IS er ent

be recod)nl %g't T}h %alnehr’?‘g?gvgﬁ%ltf'oélc’flé)rnFSfF]&e ‘3}’3“{1% Lﬂg bn the
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CwvP process used in the sinulations provides the effects vary| ng the
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pad and the pl anari zation of the substrate. Thus, a value for the one or

nore chqed25dl  OForBxymipha bssuplifP@e siregufis bld %ﬂ tl@@ﬁbbt@at@ & £RhRH alfttern
optim ze planarization_of the substrate. For exanpl e, assum ng the
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Transactlons on Semiconductor Manufacturing, vol. 11, pp 129-140, Feb. 1998; and D.O.
Ouma, eta al., “Characterization and Modeling of Oxide Chemical Mechanical Polishing Using
Planarization Length and Pattern Density Concepts,” IEEE Transactions on Semiconductor
Manufacturing, vol. 15, no. 2, pp 232-244, May 2002.) It should be recognized, however, that

various types of models of the CMP process can be used.

[0026] One input to the model is the pattern density of the chips on the wafer. As noted
above, the pattern density can be obtained from actual chips formed on the wafer or from chip

design or architecture.

[0027] Another input to the model is a deposition bias associated with the layers of
material deposited on the wafer. The deposition bias indicates the variation between the actual
deposition profile “as deposited” and the predicted deposition profile “as drawn.” For
example, the pattern density “as deposited” (i.e., the pattern density that actually results on the
chip may not necessarily reflect the pattern density “as drawn” (i.e., the pattern density as

intended in the design of the chip). This is due, in part, to the fact that during the IC




Characterization and nodeli ng of pattern dependent variation in chem cal
polishing," IEEE Transactions on Sem conductor Manufacturing, vol. 11, pp
129- 140, Feb. 1998; and DO Quma, eta al., "Characterization and Mdeling
of Oxi de Chem cal Mechanical Polishing Using Planarization Length and
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dependi dd anl 438102 PodiSG Bimgprandess apesitvé biag 402, stleletiSEpiibnehhvetahegatile
chem cal,.v r depsotion - CVS, physical vapor deposition - PVD, plasma
enhancecﬁ’la(sé@%; at nospheric (AP) or |low pressure (LP) or subatnospheric
(SA) chem cal vapor deposition - PECVYD, APCVD, LPCVD, SACVD, spin coating,

atom c 1[@02®] deposhdth@InputAYBe @681 D&t bf K8 waERGhAn 8E F?l@é@ usiBE Pa@ssi ng

met hods can affect the underlaying pattern density differently. For
exanpl e havipgdiiisrertpielics &f the preotaos dbtaieghprpparties. d5lne Srighmessss red SAGUD

deposi t i . : r e Of  film (f1uarine doped silicate
ol nes, - pEH RBmzed DTS MR ofaRG peRRainly, S ot e PRal R SErstl £ e e
ef f ect s patterhfeatpel bt ot émiitdtad raAge (ERI -Cthe dndximininginus Ainiditeh ABasufdd2 or
USG fil ns can have a pasitive bias 402, while FSG filns have a negative

bi as 408hickussywythine gk whichiaspthensed #reinpyaltq the snoglel of test wafers can be
pol i shed usi ng pads

[0029] Based on the inputs, the model calculates an average or effective pattern density
across a chip using a fast Fourier transform (FFT). Based on the effective pattern density,
post-CMP film thickness and profile across patterned chips can be predicted, such as step
height and TIR.

[0030] The model can also provide a calculation of a planarization length associated with a
pad. Although definitions of planarization length (PL) vary, with reference to Fig. 5, one
possible definition is as a characteristic length scale 502, a circle of which radius ensures
uniformity of film thickness within 10 percent of the value at that certain location. As an
example, a PL of 5 mm means all features (high and low) within 5 mm of any location within a
chip are planarized with film thickness variation within 10 percent. Essentially, a high PL is
desirable for best planarity. Thus, PL is a figure of merit for a pad performance. A PL of 5
mm is well suited for a chip size, say 5 mm x 5 mm, but not for a chip size of 15 mm x 15 mm
(large chip size). The result will be non-uniformity of the film that gets severe upon film
buildup as multi layers are deposited, and the result is loss of printing of device features,

ultimately resulting in yield loss.




having different values for the one or nore obtained properties. Film

t hi cknesses and profiles of the planarized chips on the test wafers are
obt ai ned, such as final step height at specific pattern features and total
i ndicated range (TIR - the maxi mum m nus m ni rum neasured thickness within-

a chi p) joudy|ch Afer bERAREH RS {8 BYek I TRUIRL, o LAGRSy BARRA @R bkhe

i nputs, the nodel cal cul ates an average or effective pattern density
acr oss asehiopouslatathe pia@snzaiimrli:@th tor ﬁma ohe pnmpfhpmi@asephysicat prepetlésa@ﬁ ive
pattern e across cgatte

P be! CAERE. s Rfiionan e B et R AR i the S G88% BRleRlde can

al so pr @Myﬂ@l@@@h%b&&h@hd% o?tlﬂihz%ﬁf}ﬂénéﬁkét% 1€ th associated with a
pad. Alt hough definitions of planarization length (PL) vary, with reference

to Fig. one ﬁ)OSSI ble definition is as a characteristic |length scale
502, a d0¢3,2|]e of hexmiogel cpaglsa ddeniisldisking and/ooeresioy thet nfayirasultiiar 8P wi t hi n

10 per C ?J ; ga?irt}{:% a?ethgﬁﬁ}] hﬂ%r 1?1%{5 tfilé ﬂ)clf}IT? Gl Idoa oun ota &}s}rlgégr{;m!)r eroé L Of 5

mm nean tures any I on WI

chip ar ehap h&gaesudiech the bhlpf iA sentsimivﬁbf RASl§siy asd iaet mseﬂ tcy\bdri’éldite HOhPQrMa k.
Essentially, a high PL is _desirable for best plaparity. Thus, PL is a
figure GFOSHREIPHhG one of Mg CB@rlrcai oretyaicalprepertigs of theypad. sThigeqrrelgtianggns or a

chip si

(largo. con Seed dWaiche ViR it PRE ol AErcAREINAL 5 Rt Apiksoriie Bl o
severe unpmmﬂzetlmhmgiand/dnproa&nrrulti | ayers are deposr ted, and the result is
| oss of printing of device features, ultimately resulting inyield loss. 7

[ 0031] nari tion | e i s obt.ai.ned fromthe del asen5|t|V|ty
bnatysi VU8 b LS S b RhRbiRe skt Pl teCpReob or
nmor e Ch?f&&@bl\@‘ RJ&‘s%' %‘baﬂ@i”c@lﬁ?ﬁlﬁé ﬁ%d&fpreél&gtﬂ%qgcatl-gﬁIaﬁd aRbLAd fAldve can then
be used to sel ec{) a valué for the one or nore chemcal or physical

pr oper t ipeBshifig atiéorpader-polepingrthatevaspreanlaoi thetchin A eergittvity[apei3siks cainke nedel

can al so ident.if or ,ero resul,t fr

ot ocess o P ol kg B s SheeS BTtk B o e BB emitit 2 Buieb

di shi ng pesiéttess of KRSpadn This@hrel@nlcas teh bRMiséd® seRta vAus R Shd éné drindal ysi s
can be used to correl ate dishing and/or erosion to the one or nore

cheni carchepicphgrathysical prepssties afdhepad teenipiize Frgrspadishing lead/opandegpolishing.

[0034] A pad with the selected value for the one or more properties of the pad can be
produced by adjusting the chemical formulations of the pad (e.g., use of extending agents,
curing agents and cross linkers). For example, polish pads are preferably polyurethane based
pads that may be either thermoplastic or thermosets. (See, A. Wilkinson and A. Ryan,
“Polymer Processing and Structure Development,” Kluwer Academic publishers, 1999; and R.
B. Seymour and C.E. Carraher, Jr., “Polymer Chemistry: An Introduction.””) To minimize
pressure induced pad deformation, it is desirable to formulate rigid polyurethane foams. A
desirable formulation chemistry involves a polyol-isocyanate chemistry. The pads are desired
to be porous; howver, they can be rigid as well, and can contain pores or can be formed
without pores. Typical isocyantes can be TDI (toluene di-isocyanate), PMDI (polymeric
methylene di phenyl isocyanate). Polyols can be PPG (polypropylene glycol), PEG
(polyethylene glycol), TMP (trimethylol propane glycol), IBOH (hydroxyl terminated
isobutylene). A variety of cross linking agents such as primary, secondary and tertiary
polyamines, TMP, butane 1,4 diol, triethanol amine are useful for providing polymer cross
linking adding to structural hardness. Chain extending agents such as MOCA (methylene ‘bis’

orthochloroaniline, and theylene glycol are well suited for providing long-range or short range

8




then be used to select a value for the one or nore chem cal or physical
properties of the pad to mnimze dishing and/or erosion. [0033] The nobdel
can also identify over-polishing and/or under-polishing that may result
froma CWP process. In particular, the nodel predicts the |ocation and
anmount efffeord@r thepaikcioslovélg Cuingtverageme etichike! did § bibtrioedanRYuisé okt aky ﬁ(ﬂyin@f«‘
chip. A sensitivity analysis can be used to correlate over-polishing

and/ or mﬁmuﬁoﬁa&%}/%w ag hiazgr{e.20%) hitselopsians f@ailitase ragpjeyt and affegt Bper t i es
of the Fﬂ%gﬁeg?kéﬁyﬁ%ﬁ"zﬁkﬁﬁ !Wfagéﬂtsta?ggsela% H‘Eﬁg]ﬁ&eoché ggﬁgé of’linYe%dfﬁeét%rn. the one
or nore em cal or physical properties o e pad To mnimze
over-polishing and/ or under-polishing. [0034] A pad with the sel ected

val ue f d0035je ohetheprasaitexpmplaey tmbsdiafent, helijatidncaichemicap fathubadnbyf a
adjusting,the chemcal fornulatiqns o he pad (e..g., use of extending
agent's, PR GiR e SsiEAie hiphehdr g T isid Jrithpsgens R ChiRs o Y pece e
pref er abjoyqi hengr j ] | r
her mooat & P PIRGR HRREShaE SER kS Bhal ey fibd BFkc P pRRRLE LG 1€

St r uct umearDéaceirogreerid. "Ong siwbrtesdchigeppicalfyulsed stumstsy widi9 theameaskRet ddBigned
Seynour aqg,égg. Cprraher,bJr., "Pol ymer Chem stry: An Introduction.”) To
mi ni i z&Y BHeMEereEleroicdabpad deformation, it is desirable to fornulate
rigid polyurethane foans. A desirable fornulation chem stry involves a
pol yol - i[ge3%] anahBh&l@axsiplary ThBodidtthtsHale 8681 de8tibed OvatRouR M AT satiDRVART |
they can be rigid as well, and can contain pores or can be formed without

pores. Pypasdgiwithovtgenarting feem thespim and{aiseensef dlic pressny tnvantion. FieBifore, the

(pol ynerj | i enyl Jjso nate).. Polypls ¢ e PPG .

(pol yor 55 earTBb o8 Bl s aost SRE RS He e Bt o ine

pr opane dgdwiags and ddS&kbedhipdvaxyl term nated isobutylene). A variety of
cross linking agents such as primary, secondary and tertiary polyam nes,
TMP, butane 1,4 diol, triethanol am ne are useful for providing pol yner
cross linking adding to structural hardness. Chain extendi ng agents such
as MOCA (nethylene "bis' orthochloroaniline, and theyl ene glycol are well
suited for providing | ong-range or short range 8 effects at the mcro

| evel . Curative agents such as diols and triols can be used to vary pol yner
properties. Catalysts such as Diaza (2,2,2) biscyclooctane facilitate
reaction and affect the degree of polynerization. Surfactants are used to
nodul at e t he degree of interconnection.




[0035] In the present exenplary enbodi nent, validations of chem cal
formul ations of a pad can be generated through testing in the field with
wafers with test chips of varying pattern densities, linew dth and pitches
that sinulate small, nmediumand |arge chip products in the IC
manuf acturing world. One such test clgmpatnygi cally used industry wide is the
mask set designed by MT Mcroelectronics |ab. [0036] Although exenpl ary
enbodi ts, have been described, various nodifications can be made wi t hout
departrﬁ\&eﬂa&ﬁithe spirit and/or scope of the present invention. Therefore,
the present invention should not be construed as being limted to the
speci fi ¢ _for g ,slaod : Qgﬁgﬁaﬂidt; RSl . : Ve
claim (il A Et hod ofﬂccqzlatg?%zrhnézj?ﬁgha po |solgng plgaqgeoc?&%%%l%g%#ec afr?i cal
pl anar i zabstote, dlie methedlosmpsesieg: t he net hod conpri sing: obtaining one or nore
characteristics of a structure on a substrate; and selecting a value for
one or nore chem.cal or physi.cal properties for a pad to be used in
cheni cal machogﬁ&}l%lggOBfgﬁ%p?lezﬁPf%ﬁe%ﬁg&t#ea%ﬂﬁ T 98 8 SPR0a: 8 t he obt ai ned
one or nore characteristics of the structures on the substrate. 2. The
net hod of cl akRcilng aWsluelsr onber aivee Clienitodl&r Rt bespefilek €6 Opadao bk fubkkd fr €
includes_a  size of the structure. 3. The nethod of claim11, wherein the
one or rBFRiIGharshanisal Rlapaizagen gf thespbstiptebased puthebipingsanesr matensi ty of
the Str%ﬁgllél::@rist‘flcso-f% ﬁﬁfcﬁﬁ’%&{thgls S(E})at]e’. W_her en th.e one or more
characteristics of a structure includes” filmmaterial and a nunber of
different materials. 5. The nethod of claim1, wherein one or nore chem cal
or physikal prhepesthodef ¢laim t,hehergadhd o ardesre hardetesgics bhia sknase,induddsac e
groovin pQr.osi.t t hi ckness, Youngs nodul us, conpressibility, or
asperi tgiZSfO?tﬂPfeSt%%H{re'G. The nethod of claim1, wherein selecting a val ue
for one or nore chem cal or physical

3. The method of claim 1, wherein the one or more characteristics of a structure includes a

pattern density of the structure.

4, The method of claim 1, wherein the one or more characteristics of a structure includes

film material and a number of different materials.

5. The method of claim 1, wherein one or more chemical or physical properties for the
pad includes hardness, thickness, surface grooving, porosity, thickness, Youngs modulus,

compressibility, or asperity of the pad.

6. The method of claim 1, wherein selecting a value for one or more chemical or physical

properties for a pad comprises:

performing a simulation of planarization of the substrate with a model of a CMP
process using the pad with a range of values for the one or more chemical or physical

properties of the pad; and

selecting a value for the one or more chemical or physical properties based on the

simulation.

7. The method of claim 6, further comprising:
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properties for a pad conprises: performng a sinulation of planarization of
the substrate with a nodel of a CMP process using the pad with a range of

val ues for the one or nore chenmical or physical properties of the pad; and
selecting a value for the one or nore chem cal or physical properties based

on the sinulpbviding ahattdimeddmBithad Hlcpokitionbihs af Wpulkeo teOmMBE¢IDFaCMP 10
providing a pattern density and a deposition bias as inputs to the nodel of

a CWP pFe&Ess. 8. The nethod of claim6, further conprising: obtaining a
pl anari zation length fromthe nodel of a CVP process; and performng a

sensitigty anglyshed bOc1siat € NG C%n@%fn%l ation between planarization
h | or p

| ength and the one or nore chem ca ysical properties of the pad. 9.
The met hod of claim@8, wherein the value for the one or nore chem cal or
physi cal pr optainings planagedtmotlenpth fdvedthe madakofdeCMPrproeds;codr el at i on

bet ween pl anari zation length and the one or nore chem cal or physical

properties of e pad to. imze.planarization ngth. 10..The pethod of
Bl arm o, o1 ur dstP TR EREY Mo SRR s R revds ot Bhm t he.
nodel  oflergtiChil e 08€86moddchentied] 'o PRy sl propeisl b Metpadanal ysi s to determi ne
a correlation between the one or nore chem cal or physical properties of

t he pad and di shi ng?dand/ or erosion. 11. The nmethod of claim 10, wherein the
val ue fdr t hehgaeethed oflam$anherein the vabes o thel one or mse eheaaicalor physieal ed

based o ri)r(%);%}?tiég% ?Jlégtaﬁgasﬁ@ bh ﬁ{;a&aei}]eg&é%gtc%gﬁtigg ﬁet%@n gfangi?fa(ﬁoﬁ :Pég%hfzﬁld Jﬂé

physi cal operties of the pa hi'ng and/ or erosion to uce di shing
and/ or emnesi owre d2middl er phydiad pafpedtieaiofitie,patl ts dptirnize piguntizitiog:lerdgdent i f yi ng
over - poli shing and/ or under-polishing fromthe nodel of a CVMP process; and

gﬁ;f 8; mr}@?ea ﬂ%rﬁ?&ﬁé&/&ftdahannélfxﬁhesf Ctoglp%gitng:r m ne a correl ati on between the

identifying dishing and/or erosion from the model of a CMP process; and

performing a sensitivity analysis to determine a correlation between the one or more

chemical or physical properties of the pad and dishing and/or erosion.

11. The method of claim 10, wherein the value for the one or more chemical or physical
properties is selected based on the determined correlation between the one or more chemical or

physical properties of the pad and dishing and/or erosion to reduce dishing and/or erosion.
12.  The method of claim 6, further comprising:

identifying over-polishing and/or under-polishing from the model of a CMP process;

and

performing a sensitivity analysis to determine a correlation between the one or more

chemical or physical properties of the pad and over-polishing and/or under-polishing.

13. The method of claim 12, wherein the value for the one or more chemical or physical
properties is selected based on the determined correlation between the one or more chemical or
physical properties of the pad and over-polishing and/or under-polishing to reduce over-

polishing and/or under-polishing.

14. The method of claim 1, wherein the structure is an optoelectronic device.
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chem cal or physical properties of the pad and over-polishing and/or
under - polishing. 13. The nethod of claim 12, wherein the value for the one
or nore chem cal or physical properties is selected based on the

determ ned correl ati on between the one or nore chem cal or physical

propertigs ofTHehfetRedloPSin®Y N hdeihitBNiubSrAB & LhapeRIdiROhA Shtidapdikie a educe
over- polishing and/or under-polishing. 14. The nethod of claim1l, wherein

t he str $etalre sibstraly, ot baloskampnsite sehsirtiee. 11 15. The nmethod of claim 1,
wherein the substrate is a magnetic disk, an optical disk, a ceramc

substrate, or S I : : : .0 Zi a
pol; shi g’ pad: PelRRRT RO b L BRI ol en T Uil A o
waf er, tshicondle wafepthsmpthod ebinptisingg one or nore characteristics of a

chip; performng a simnulation of a chem cal mechanical planarization of the

wafer with a _nodel of a CMP process usi ncgjét.he obt ai ned one or nore
char act eri st PRPIYPS PRGOLHPE ARERCESUed @ PiPival ues for the one or nore

chem cal or physical properties of the pad; and selecting a value for one

or nore chempeabriing RNYALGAbN Bf £ BRIt ASndPhniBalpihabdffR (Phd Wefer Hhthl at i on.
17. The nethod of cFal m 16, wherein the one or nore characteristics of the

chi p i nehesgbef aCMIhprogess ugimgshe gbtaihed hee etrinpre chgractphstiosetf teochiy andd afanegd 7,

wherei n _gne, or re chem cal . or. si,cal .properti for. th pad i ncl udes
nar dnes st ERELIRRCor T8 eng BN RS AeusaREl FihcRie e \bings modul us,
conpressibility, or asperity of the pad. 19. The nethod of claim 16,
further conprelseting a edti@foriong oampkactiiizA ok phydicih gidpeftics fortadrbastel onothe a
CWP process; .and performng a sensitivity analysis to determ ne a

corr el atS®HaRA™ ween pl anarization length and the one or nore chenical or
physi cal properties of the pad. 20. The nmethod of claim 19, wherein the

val ue fqr thep@ngemRéd SRISNETE WHelin Ble RS nfRe chREQRR%ES 68tht ShiPGhAGIRS
based on the determ ned correl ati on between planarization |ength and the

pattern density of the chip.

18.  The method of claim 17, wherein one or more chemical or physical properties for the
pad includes hardness, thickness, surface grooving, porosity, thickness, Youngs modulus,

compressibility, or asperity of the pad.
19.  The method of claim 16, further comprising:
obtaining a planarization length from the model of a CMP process; and

performing a sensitivity analysis to determine a correlation between planarization

length and the one or more chemical or physical properties of the pad.

20.  The method of claim 19, wherein the value for the one or more chemical or physical
properties is selected based on the determined correlation between planarization length and the

one or more chemical or physical properties of the pad to optimize planarization length.
21.  The method of claim 16, further comprising:
identifying dishing and/or erosion from the model of a CMP process; and

performing a sensitivity analysis to determine a correlation between the one or more

chemical or physical properties of the pad and dishing and/or erosion.
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one or nore chem cal or physical properties of the pad to optim ze

pl anari zation length. 21. The method of claim 16, further conprising:

i dentifying dishing and/or erosion fromthe nodel of a CWP process; and
performng a sensitivity analysis to deternmine a correlation between the
one or nope  CHRMMARU oPElaift s WhékinRhedRfiethafe &M of MBreRAchidAdr piy3fthing and/ or
erosion. 12 22. The net hod of claim 21, wherein the value for 'the one or
nor e cherfr@Rsrtiey s spipgred based ondhedetsrmined corzelasion betweqn theene@r marecchemigdltoer ni ned
correl at g_ﬁh?si_&@bl‘bﬁ&ﬂestdﬂ EhePRE arl didFH PG BELEM to ReducMiCmb/ P8RS t i es of the
pad and di shing and/ or erosion to reduce dishing and/or erosion. 23. The
nmet hod of claim 16, further conprising: identifying over-polishing and/or
under - polazshi Nphe fufe@idd o QlaifPe fur@br Ampingr oCcess; and performng a
sensitivity analysis to determne a correl ati on between the one or nore
cheni cal or pHY&ti&ane qyenprlishipg andir updrs-pplishing femghemodsd pf s GME prosaws

under - pol i shi N@rforflng I NBsitFAt ARy QS todeRiing 3 cortdHBibRbAwtdaGhe/GHle YEmbRI the one
or nore chem cal or_ physical gropertles is selected based on the

det er ni nedeBisRlos physicalPropsttice efthe prd a9d evestrolighing aadenyndatpaishinghy si cal
properties of the pad and over-polishing and/or under-polishing to reduce
over- polishing and/or under- oLishin?. 25. A method of custom zing of

tri bol ogi%al oﬁw dgthed Pévlalm%?pyﬁerplééheowa ug fordkr ans etmpis cherpigd or pRytsicalnechani cal
pol i shi NgyrédelvR) isREIBGEDSRsddQnRhSdRrnFRd BorfTRdiBh b@ivedlithd &ieof nbreldhldich@dyi Ng
varying topggraphtc or material characteristics on a substrate, the nethod
conpri si ryysicabpropertisspf thepad end aver-pelisking andfgs padeg-pelishing to iducs gyes; padishing
properti eadef udddCpdhising. P conpensate for pattern density effects for
different chip or substrate architecture; and optim zing the pad for a
derived planarization |l ength, response characteristics for dishing and/or
erosion, r figaknsd @ﬂfb,uklsmﬁhg R ribdRBfchll dr aRBhi f26 drile§ B 45 %sdd0n 3 chdMithl | Ocal
and gl obal planarjization. 26. The method of claim25, wherein the

opt i m zatmeshanics! palishing (GNP)prgcessdo plapatize p mgtal erdicd¢ctric filgyhavigg Maryingegr at ed
Circuit. ténboraphié ofBhttd cgjrr]ac@ri@ﬁ@og@su%ﬂﬁEﬁh@m&H@d QfptiGhgation is perforned

during planarization of ] ] )
selecting a value for one or more chemical or physical properties of the pad tp compensate

for pattern density effects for different chip or substrate architecture; and
optimizing the pad for a derived planarization length, response characteristics for dishing
and/or erosion, or final step height at specific pattern features to attain local and global

planarization.

26. The method of claim 25, wherein the optimization is performed during planarization of a

silicon integrated circuit.

217. The method of claim 25, wherein the optimization is performed during planarization of an

optoelectronic device.

28. The method of claim 25, wherein the optimization is performed during planarization of a

magnetic or optical disk.

29. The method of claim 25, wherein the optimization is performed during planarization of

film on a ceramic or nano-composite substrate,
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opt oel ectroni c device. 28. The nethod of claim?25, wherein the optim zation
is performed during planarization of a nagnetic or optical disk. 29. The
nmet hod of claim 25, wherein the optimzation is performed during

pl anarization of filmon a ceram c or nano-conposite substrate. 13 30. A
pol i shi n¥.padAfpotislohg pad fir chemnlvahineeanjph bplandrizatioroof Dfendcaeintioonatke} the

waf er, th%\mead_havi ng: one or nore chem cal or physical properties,

wher ei n B 8 for the one or nore chenical or physical properties is

sel ected based on one or nore characteristics of the chip. 31. The pad of
clai m 30, whesRidt rhéte ch@hiegl §:Phybidsl R0FerEs, WRERIFNOMLE Blr 1Y oRIBIShéR!
properties i s selected by: obtaining a pattern density of the chip;

per f or mi $hgmecad ppohysidabpropertigs stretectsd| basasomaeniecalmqrk gharaéterstico nf thie chipe waf er
with a nodel of a CWP process using the obtained pattern density of the
chip andya r & a%fofv?elillﬂe%), th? eir% ﬁ&% VAl f81|r thABhE of rfrllg{g c%%}nic%ﬁ Q nﬁ%ic%ﬁl
properties of paé;, and’selecting a val ué PoP™ ORe Orhor 8" Biveritcal or
physi calprppaties isiselsctbdded on the sinulation. 14

obtaining a pattern density of the chip;

performing a simulation of a chemical mechanical planarization of the wafer with a
model of a CMP process using the obtained pattern density of the chip and a range of values

for the one or more chemical or physical properties of the pad; and

selecting a value for one or more chemical or physical properties based on the

simulation.
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