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[ 0002] The present application relates to polishing pads for chem cal
mechani cal  pl anar i z@ROSS-REMPRENCESTOREIA FED APPLICRTfopar ticul arly, to
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mechani cal and chem cal control necessary to achieve planarity. Either the
liquid or the polishing surface §RaRGRAMNPONt ai N nano-si ze i norganic
particles to enhance chem cal reactivity and/or nechanical activity of the
CWP process._.The pad is typically made of a rigid, mcro-porous

pol yure]t'haneF‘ﬁ@t‘grﬂ?‘g]Im’E’g’é’le e of achieving both | ocal and gl obal

pl anariza_tion. [0005] Conventional open-pore and cl osed-pore polyneric
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of 250 Manatweipn EMRYIsyYstrates and.uhor Fartivularkyclopolisiyyg padsleustomized doed desi gn
conpl exslt'%# | chip pattern density variations, especially with
i ncreased c |8m2[?§§$s€%t§£chi p yields, device performance and device
reliability have deteriorated significantly. Recent attenpts by various
pad verddors Relatehamge t he t hi ckness (stacked and unstacked) and surface
groovi ng (perforated, K-groove, X-Y groove, and K-groove/ X-Y

[0003] Chemical mechanical planarization (CMP) is used to planarize films on substrates,
such as individual layers (dielectric or metal layérs) during integrated circuit (IC) fabrica.tion
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 ﬁedim and a polishing pad surface to provide the
mechanical and chemical control necessary to achieve planarity. Either 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
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of the pad can include pad material hardness, thickness, surface grooving, pore size, porosity,

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.



DETAI LED DESCRI PTI ON [ 0013] The foll ow ng description sets forth numerous

. specific configurations, paraneters, and the like.. It should be
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exenpl ary polishing pad 102%€T%§P§1{5%é§1ﬂ rcal planarization (CWP)

pr ocessi n%; of a semi conductor wafer 104 is depicted. To planarize a |ayer
f or med [B813af eThe Galloveng desdeipticiibtstforthl aumedos speCific@onfigHatlfis, i grey@f er
104 and ,paf méozl %&i tat ed..@ﬁs descri bed above, in a typical CWP process,
a reactive 1 18uid ceagnized, however, ghat such desastption isurti antersled hea CVP

. Procesdimititighhaithél sddpe bEHRPAZRInvAAYE R is | i beused for CVP
processing of fil m%ﬁ var i gﬂ%s ty?)ves g\@\b?t }St}gﬁ%rdé’g&gﬁ%ﬂ\}aar%&@%toﬁ?ﬁgrs of
subst r &¥e@Plagy,embedimgptsoel ect roni ¢ devi ces, magnetic or optical di sks,
ceram ¢ and nano- conposite substrates, and the like. [0015] In one

exenpl 39014 og);FER i.s custom zed, base one or nore chemn cal
or phyg‘i) ca“I?_ p(oﬁertfeé%rgg?o gl%g%’r ucﬁg(grpgﬁg’np ’SEWSQ?géﬁggo,rc ¢eisalygechagisah on
waf er  plRnarizationd EMI)prbessieg ofinicatichridherbr Wafr 00LisAepitRie T&,g)?inﬁﬁee Gistics of
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the structure,, a val U%J‘f?'{i the one or nore chem cal or physical properties

of thecodﬁaos‘ilfsgl%ﬁt’é‘@?’e@. ke.one or more chenical or physi cal properties of
the pad can include pad material hardness, thickness, surface grooving,
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|'i ke. The .one or nore chem cal or physical propertires © al so
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[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.

[0017] For example, assuming that the structure is a chip and the substrate is a wafer, a pad
for smaller chip size (e.g., less than 1 sq cm in area, notably less than 0.5 sq cm) can have

different values for the one or more chemical or physical properties than for larger chip size
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Qeposi Lo | e B o BB S s sl ebigisims 208 1 n { he

\ i i dent on pattern
topography. In particular, tppograp_hy I's strongly depen
densi ¢ Jﬂﬁllﬁl copple, thapaiteruldedsity afimshiprean affect R filPreRRR ALEE0RE and tﬂﬁ_ nat ur e ﬁf
el ect r gpiediidi | tar%pch s.that have different wi dths across a chip and the
chemistry aslgocilﬂgf]e(f WA s ﬁb‘@?“?i » hskeng iAViethed fordiessshlet i ng {)Locleg\?v.
| n gensimailationi fghCMPeplatizaef” m&@.%ISPﬂﬁwoﬁew?aa%dé%p@%ﬁ éﬁﬁ}?s e
regiong,.208. As depicted in Fig. 2A, aninitial’s g S
associ i{‘é}fegﬁ“?"’r‘feé% tsi {\eﬂlf*erlp'mgimﬂ&,@uplphshmfjtalﬂgmeisﬁf;dfﬁlp?ﬁ]kg%Alfnia;;oﬁe|r g.
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O I S y . . . . . .
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pr operdnl ifftial 8phéight 11090 5s0Bak:H SVifh 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 proceé.s.

[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
pattern density of greater than 50 percent. One property of the pad that can be selected based )
on the pattern density is the pad material hardness. In particular, harder pad material (e.g.,

hardness greater than 90D shore, notably greater than 60D shore hardness) is used for chips
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Thus, m‘?é?iaﬂ“?ééaﬁgeediﬁ‘éllemfﬁt erLBa.Ig are used, a value for the one or nore
properties of the pad can bRakgplscar havedifferentrolishiog rates, dishingandfopsi on.
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property o ?eé'pp? B&rat can be sel ected based on the number of different

material is the pad naterial hardness. In particular, to reduce dishing.
and/ or[0822}si orThus, 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
particular, because a wafer is typically circular and chips are designed to be either square or

rectangular, there are regions on the wafer along the circumference area that have low or no




harder pad material (e.g., hardness greater than 90D shore, notably greater
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Thus, a value for . the one or nore chem cal or Sl ca properties of the
pad caz 8e sel ected to optim ze planarization of the substrate. [0025] For
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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 densify “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
processing steps, the film (either metal or insulating dielectrics) transfer the pattern in different
ways depending on the deposition process used (e.g., electroplated, thermal chemical vapor

depsotion — CVS, physical vapor deposition —- PVD, plasma enhanced (PE), étmospheric (AP)
6




various types of nodels of the CMP process can be used. [0026] One input to

.. the'podel is the pattern density of the chips on the wafer. As noted

-above, t . densi'ty can be obtained from act'ual chips formed on the
waf er or‘gﬁrzg@r%/@ﬁ{% design or architecture. [0027] AnREWEVSA0043095350 t he

nodel ios lowgedese (LB orlu 1! (th.the lLayers of erjal
deposi 1139 Qn t he \k/\a%?r. ‘Bi'ﬁ}]%] egggﬁﬁ%h%'%ék?%af‘@éﬁé‘gnr hp(,ﬁcg%sa %#&O\H)’bet ween
the actlddfVDeRp6YD, ispin contistei temiakyeredopssitian AMD] ahdtenikesli B4R rERAQSI ti on
profil grodSc " r I the pattern density "as deposited” (i.e.,
the pa?g;%f%mg%ﬁl‘gﬁogs F eﬁxa%ffegfétﬁgﬁm? layﬁgtffaf‘%md’ﬁn%lﬁéhff@mtb’- ey enamplaecessari |y
r ef | ectPR@NDplapdsited fitteskdve ¥ negdtiva i bordoarea- ensity as
intend?_d in the design of thggéglhi p) . '?ﬁfpsla!eiastoﬁhg&[rﬁgpégiﬁa,fﬂpg'the fact that
dur i ng tHRCTROTAe WPET offilax @yering depetisilicateqlass FHSGyesmpared td waldpat i Ng

di el eckilicafe)oldss : t & | nedj fferent ys. dependi ng on_t he
deposi tion pgr OC?;S? ﬁgsél?a g&géﬁéf@%{cetﬁ%gIogﬁé‘?j?aﬁf'ﬂg&ﬁﬂw drpicied ipaPBiss-

depsot #énand 4B/8i0p by BS Gefilms amohavéeﬂﬂﬂittvie%ihs-4oﬂ\@ﬁleﬂisiﬁﬁﬁzlmsel%@ Q%@%gﬁ?@ :

at rrospg?‘rsi4%4(AP) 6 WD 2004/ 087375 PCTI UJS2004/009535 or | ow pressure (LP)
or subatnospheric (SA) chem cal vapor deposition - PECVD, APCVD, LPCVD,
SACVD, spin coating, atomc |ayer deposition - AVD, and the like). Each of
t hese [(028}essAnghotivg s toaBOnRHEE | gyi ttern depsity

di ffer nt.I%.. or exarrphﬁg, PECVD dg%%tfso??eesg&?ll%fsr%%hgg%ﬁ)s e‘i@ﬂﬁ%? bi as
conpar &4Vip déﬁt‘\w@i&ﬁ%@r the@ne ior mere olRaineproparties. FilethHigkResse®hnd pricfiles

(fl uorppgy PN S Q. red to. undoped  silicate glass
USG or Si 8%’?‘& ﬁg%/e? dgF#P%télﬁg%{e e ?feenlétag% %lﬁa rr%gs %t@é‘}nﬁp%@r&qlgfy.at specdiepi cted in

Fi gs. Pafierafeatutds angitoal indicktSbrdnigk (BIRC-2 thetaMSmamiRGid hﬁﬁm@hﬂﬁe:ﬁsﬂé d \é\h: | e FSG
e nodel ,

filmns atiye 1.as 404. [0028] As another 1nput tot a
set of este&mv/g&?}g?gcﬁlgﬁ‘%ﬂab@ﬁﬂﬁqmeggﬁ‘ﬁ@“@&d&lemmlvi-ng di fferent val ues for
the one or nore obtained-properties. Filmthicknesses and profiles of the
pl anar 0929 chiBasedosn ths enputss theaddl SaldilSe Ok 2 Inal step height
at specific .pattern. features and total I nd@gg@ggr?g%gggﬁﬁwﬁeqﬂ maxi num
m nus ARSI A Bet Fouget ansfarmGFFR).nBased lon e effuoiivpaateen ddied used as

| nput SpdsEOME iR 88éknet L4 e.ipputs,. the nodel cal cul ates an
avera%or effective patt r%ﬁggﬁgfﬁ}t&gﬁlcgg@sSm{:lFﬁfﬁeQ]%‘ie ugh psePFouri er

t r ansfhsight@mETIR. Based on the effective pattern density,

[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 fi gure of merit for a pad performance. A PL of §
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.

[0031]  After planarization length is obtained from the model, a sensitivity analysis can be
used to correlate the planarization length to the one or more chemical or physical properties of
the pad. This correlation can then be used to select a value for the one or more chemical or

physical properties of the pad to optimized planarization length.
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post-CMP filmthickness and profile across patterned chips can be .

. predi.cted, such as step” height and TIR [0030] The nodel can al so provide
a cal cul & 'ﬂ)@_ e/ % planarization length associated with a pad. Al though’

definiti Omsof "BP Znari zati on | ength (PL) vary, with rePETAN2W400585 g. 5,

one pof003R] e drfei bddl 84h diso Ren .@C%n Irkdsfor h, 36 20 circle
of which radiys ensures uni fort%_yfta)k}ﬁ({) ?{d%%%%?o&tﬁéssayvﬁzf‘ﬁéﬁorf@ cent of
the val BROCESS. dmparticwar, hermodst predists thadocation endhambwnt ofdibhing indoFsrogeans al |

f eat ur ' I M R RLn..S.omof an ocation within a chip are
pl anar ieglgfjm\?? t Sa?i%f]rtr?t g 'klr‘?ggnss“{/vé?'iaé‘?{yﬁlﬁCéﬁ‘k’ﬁP?FdltB cora¢late dishingandfori al |y, a.

hi gh PLerosion ¢ietheroaboemoes chogidal ot stiyaichl ’ly“’*s’ﬁﬁfi?f‘%?&% ]?ng %‘gt"*.r'%iec’%f%?gﬁr i5t rrIn o)r(

apadprfﬁrnaeﬁce.slA PL ?f 5 mmis wel )
5 mm  but ! BEHSHIP sgleehs yalusi forthe png gr marechemicakor physicgbproperfiesofhy padive :
resul t midilmize&li AW/ dGdy of the filmthat gets severe upon film

buil dup as nmulti layers are deposited, and the result is loss of printing
of device features, ultimately resulting in yield loss. [0031] After '
pl anar i [9983lon Thagradel eanatroadentifly dvevspolibiengandbr urflef Bélishing\MhdtmAR@5Msi s can

be us I h | anari zati.on |.ength to the one or nore chem cal
or phy??ocﬁz;%(%\?g Zé%%sgsﬁggnﬁyﬁé% odehpredicts thedpeatiog and amounef oer- used t o

| ect mlishingend/or uides-pohshi ' ' ' f th
pad to ontim zed pl &._@5’?;az’%&‘.%ﬁ‘?‘éﬁ’g‘%ﬁ‘?”‘%ﬁ%%4'?8%%%9@8#%%%855356
[ 00321 ‘FTHETRBYAV RN IBneAnligr Hederpolishing tgthandé or merechimial bephysiesl r esul t
froma Pedfitrtiy TS Sad. I ThiPrfelfidh @5!% thg{? %ﬁgggcftlgssgfegtdag%fqép gﬁ:og\(e: %;\}n%rr]e and

anount of di shing ‘and/or erosion
sensi t ichpmicaberaphysical praperties of stecpadao Qﬁhirnﬁk@bﬁerfﬁoﬁﬁﬂiﬂ%a&ﬂ&/tﬁﬂepﬁ&féﬂr@‘ to
the one or nore chem cal or physical properties of the pad. This

nor e

correl aad ca sed to select a value for the one or

cheni (;3?6?.} ph‘§sﬂa§a &ptpgf)eg?c%devsa?‘%?ff%f P& 8" r9re properties ef the pad ean kend/ or

er osi oproqueedByl adjhstinguhlethetriicnl FrEM1dtIASbF 5 PRdoi shinga: r

under - pol.i shi n&[%ga;mrrgy result frct)m abdi\%pgérlg%%gg%eﬁgk%g??ggg ésr’, t he
model PP 242 oFese Ankeas)- dnexamnlertpobish padsrare proferattly pojyaretiiane based

under - padsd thid hgy b : [ Jtivity al ysis can be
used E 0 correigyat e%h\‘?g?’}égféﬁ%ﬁikr?ig)ﬂ‘ae}r?ﬂ%??&dﬁﬁ%?&-égﬂg‘&?ﬁ%d%q{] one or nore
cheni caPolymepRipspssing andSopetute Revetipnidng ” Bower Thcademis publididr1 999 hnkiliEN be

used tg §€§'rﬁ&lr aﬂd@b‘“@ar;a?xér, Brh,e‘Pgi}?ne? rChgt%risetry: 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
effects at the micro level. Curative agents such as diols and triols can be used to vary polymer
properties. Catalysts such as Diaza (2,2,2) biscyclooctane facilitate reaction and affect the

degree of polymerization. Surfactants are used to modulate the degree of interconnection.




chem cal or physical properties of the pad to mnimze over-polishing
~and/'or under-polishing.  [0034] A pad with the selected value for the one
-or nore Q&gﬂ&&@% of tHe pad can be produced by adjusting the chem cal
formul ations of the pad (e.g., use of extendi ng agent sPCTHE2004/@p983fent s and
cross |[j00BSY s) In fHRpr&d@EERplaPPih 5 .pr efeer abl ol yur et hane based
pads that, may be eirt hor the?éﬁg[agchgggw?kgPﬁ%ggf cm éﬁ@?n ?“WVF%&hson and
A RyarP?d oapse gansrated eeugbitesing inithStfielt with evakey aith RSB SHips oﬂ@amg ?é&@&lem c
publis i e . eymour and C. E. Carraher, Jr., ™Pol yner
her ot ??‘“eA%?ﬁ?’g‘{v‘r‘@gﬂ‘&%‘%‘%‘}‘%%m#fﬁSH? me_&flgs@@rlergp sbipReerugtsdn thie IC
dosi T Zﬁ_}‘*‘%"‘i‘%ﬁ?ﬁiga}"?ﬁ?‘B‘Eﬁﬁft‘isy‘)“‘?‘ﬁ?éﬁ‘%aé‘é’%;“p%f‘%&w. OB AR, e
pads ar® 1grgelectronics lalr ous: howver, they can be rigid as well, and can
contain pores or can be fornmed wi thout pores. Typical isocyantes can be TDI
(t ol uerje03b]- i sawk teRdm PaHDé b i t.hyl.ene di. phen i socyanate).
et s L I e o S lE
reme els S0y of the proséiRliMentibs &
Variet¥m££mﬁ#%%ﬁohkﬂﬁﬁ€§1ﬂ%e”t§FFHCh as primary, secondary and terf?é?y
pol yant nes, HOB T RN By cgpsiyued a5 peipg Limdted tiha epesifec foras showndn heovi di ng
pol ynmedrawiogsand desdtibeg abeked. ng t o structural hardness. Chain extendi ng
agents such as MOCA (nethylene "bis' orthochloroaniline, and theyl ene
gl ycol are well suited for providing |ong-range or short range effects at
the mcro level. Curative agents such as diols and triols can be used to
vary polymer properties. Catalysts such as Diaza (2,2,2) biscyclooctane
facilitate reaction and affect the degree of polynerization. Surfactants
are used to nodul ate the degree of interconnection. 8 WO 2004/ 087375
PCT/ US2004/ 009535 [0035] In the present exenplary enbodi nent, validations
of chem cal forrulations of a pad can be generated through testing in the
field with wafers with test chips of varying pattern densities, |inew dth
and pitches that sinmulate small, nmediumand |arge chip products in the IC
manuf acturing world. One such test chip typically used industry wide is the
mask set designed by MT Mcroel ectronics Iab. [0036] Although exenplary
enbodi nents have been described, various nodifications can be nmade w t hout
departing fromthe spirit and/or scope of the present invention..

Therefore, the present invention should not be construed as being limted
to the specific forns shown in the :



drawi ngs and descri bed above. 9 WD 2004/087375 PCT/ US2004/ 009535 CLAI M5
~We claim 1. A nethod of custom zing a polishing pad for chem cal

mechani | anarization of a substrate, the nethod conprising: obtaining -
pah '

one or W%/t eristics of a structure on a subst r BEFUSHA4H009835ect i ng a
value for one or nore chemical or paysj properties for a pad to be used
in chem cal nechanical planarization of the substrate based on the

obt ai n%O e or nore characteristics of the structures on the substrate.
2. The € of claim1, wherein the one or nore characteristics of a
structure includes a size of the structure. 3. The nethod of claim1,

wherei n_ the istics.of a structure jncludes a _pattern
densi t;/l of t‘ﬁgﬁ gﬁduog? {lﬁ(gﬁ ) ogfsbrleél%g f?ffChEV’é‘ialﬁnf?haW?éL@P’Fﬁ”tzﬂfémbﬂga or nore

char actsubstetd, the roéthad edmprising:e i ncl udes filmmaterial and a nunmber of

r

different materials. 5. The nethod of claim1l, wherein one or nore cheni cal

or physi cal %‘orf)erties for the q‘gad i ncl udes hardness, thickness, surface
groovi ng, pOPEERE Ong of LG aaractaidsiics of astaagturs on agyhstratesshdi | i ty, or

asperity of the pad. 6. The nethod of claim1, wherein selecting a val ue

perfornhn . a] sinul ation of planarization
cvWP  pf 3l meghagicalplangsigatigniaf the subsipse based ahulesolftained dree @mgorer nor e

chem c@harQ¢tedddis bE [ he pad; and selecting a value for the
one or rragr eechem' c%llesg?&gﬁgé%(&:}%lssuggrtf)aeérti es based on the sinulation. 7.

The nmethod of claim6, further conprising: 10 WO 2004/087375
PCT/ US2004/ §bes®thod of claim 1, wherein the one or more characteristics of a structure includes a

size of the structure.

for one or seleaimghevaledfor Blic BHiére ChEmichl &g?{y%%g%é{’f%?f : g?f;‘geéjft%%g[ﬁsg% 31 of a

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 2 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:

10
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providing a pattern density and a deposition bias as inputs to the nodel of
~a.CWMP- process. 8. The nmethod of claim6, further -conprising: obtaining a
-pl anari ZW' an éﬁe?n th fromthe nodel of a CMP process; and performng a
sensitiv t({/2 IH f/ is to determ ne a correl ati on bet weeRCPHUSH84/P¥S&IS on

|l engt h and thsvig ety Hﬁéﬁ » Lcal pr rties o he pad. 9.
The net hod OI? cl glﬁnﬁqga, V\hde%Il’lgeil n dﬁdzdegg{lﬂg‘p¥%§ ast‘ﬁggtﬁﬁgt?‘&‘mﬁﬁ"‘gr%% cal or
physi cditOcgs.operties is sel ected based on the determ ned correl ation

bet ween pl anari zation length and the one or nore chem cal or physical
propertgd es t o optim ze planarization |ength. 10. The met hod of
claim 68|,' fuﬁﬁ?e'{%&%@%cﬁaé%@&“ﬁ‘r?&éﬁ?&m?% di shing and/or erosion fromthe
nodel of a CWP process; and performng a sensitivity analysis to determ ne
a correl ati ebtdiihgweplanadieation éength it the MOGTI0EAICMI pRQYSI SR Properties of
the pad and di shing and/or erosion. 11. The nethod of claim 10, wherein the
» value for the one or nore.chem cal or physical properties is selected

based on t h&HRTUPERSEFIEY ABplysis §hdgiemipen comratondetyeemplanagaivncal  or
physi c ¥ngth aeht b8SoQholeRs ,gg,glm i.5hi er,osion to reduce dishing
and/ or erosion. 12. The rre?hod of gﬁg?m@%r@t}g{tfﬁ{eerpagbnpri sing: identifying
over - paqlishing and/ or under-ﬂBol i shing fromthe nodel of a CWP process; and
per f or fi ng dPE @dhad oficlajm $nwhersinsthe valde farthe oe @ nowre chémichlas phedivaien t he

one or fac € Al i,cal .properties of the pad and over-polishing
and/ or ¥ Eﬂiﬁg}e_s g)o ?gs? i r?él? Jdl@%%’ﬁgetg%fl ‘ggﬂfbeﬁatanahemefg Plaparzation length amd the f or

the oneneor moreaheinénl crphysicalpiyissried of thy %6bbﬁ&iﬂe$la§'ﬁ+i§£foﬁqe ed on the
determ ned correl ati on between the one or nore chem cal or physi cal

properthes th a nd oyver - pol i shing and/ or under-polishing to reduce
over - ?)%’I i sﬁp%glegwgpgfgﬂﬂgem&?%q?&g 14. The nethod of claim1, wherein
the structure is an optoel ectronic device. 11 WO 2004/087375
PCT/ US2004/ A6fng dishingl iR/ 6ok biish B6m thednBud ,of‘é’@%ﬁ'gfbcééaemﬂ*b“ rate is a

, or

magneti c di sk, an optical disk, a ceramc substrat ’a hano-conposite
substrate.

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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16. A nethod of custom zing a polishing pad for chem cal nechani cal
~planarization of a seniconductor wafer, the nethod-conprising: obtaining

one or e teristics of a chip; performng a sinulation of a
cheni cal 9&9&‘2‘?{‘?@& pl anari zation of the wafer with a PAHYEI0HPOISISCVP

process]| usi Nphd HthePbAURAM, Werdh 1Y, Led bise 9f B-h ipand a

range of values for the one oF nor e g%em gg]%%ne%#@g?,caglop F@Sﬁés?t%es of the
pad; arf@taRicsubsirgls, er amangecofpositmsubstrateror e cheni cal or physical properties
for a pad based on the sinulation. 17. The nethod of claim 16, wherein the

one or re t erjsti of the. chip.ncludes a attern density of the
chi p. 1%0 Th%%@ﬁoo C{éﬁz)ﬁéfzgl}gré Rojis Wﬁé’lﬂgif < ﬁ’é“cﬂfm ICEHRIARE LAY ObAy si cal
pr oper tsegcdnductorhweafen ik methbdicatpissginess, thickness, surface grooving,
porosity, thickness, Youngs nodul us, conpressibility, or asperity of the °*
pad. 19. The,net.hod of claim 16, further conprising: obtaining a

pl anari zat i oort?tafuéﬂ%f”llne ?&’Bﬂﬁ%ﬁ%ﬁ%ﬂ@l%@fﬁﬁhw process; and performing a
sensitivity analysis to determne a correl ati on between planarization

| ength and tpefomiag @ sinfMAtfonCdTaEh &mfe : hg pad. 20.
The met hodd cl)ifa cl ai%n 19, wherein t?ﬁ(kaca\f/)glleue S?Biltaﬁgzgﬁ%{%frtﬁ?mw%ﬂ%ﬂ cal or
physi c&° eb?%@Mﬂ Rrecqss usjag therobthitrdsme oo mard ehateteistitneftthe cliip ahdh i riiige

bet wee I gat i and t .one or .more chem cal or physical

or opor 01 eargetor fRldnr (SRELURR of B i ProBeriBiiof R gRh g1, ho met hod of
claim 16, further conprising: identifying dishing and/or erosion fromthe
model of a SHEtipgaceds;fononk ormesrt cherhival @ phesicalpropettiesIAd Yl BasdPofl B! N ne
a corrgiln%' on bet ween the one or nore chem cal or physical properties of

t he pa na @ar shi ng and/or erosion. 12 22. The method of claim 21, wherein
the value for the one or nore chem cal or physical properties is selected
based oR t hhesietodiof it 96 whetbinQhe HIRI Wafidte Lha @Bl oﬁ&%%h&ﬂﬁgh‘aé‘é a’l
physi cal 4prﬁgq%rtlgtsh of . the pad and di shing and/or erosion to reducé dishing
and/ or PSR fepsity 98thephip- et hod of claim 16, further conprising: identifying
over - polishing and/ or under-polishing fromthe nodel of a CWP process; and

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:
obtainingv 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 mdre 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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performng a sensitivity analysis to determine a correlation between the
one or nore chem cal or physical properties of the pad and over-polishing
and/ or under-polishing. 24. The nmet hod of claim 23, wherein the value for

t he one or. nore chem cal or XSI cal E)ro perties is selected based on the
det er ni ned- corm’él‘%ﬁh"éﬁfﬂ%‘f‘\/@ew RS thrnwlus fonhs ene oRmpATechemisy! or phsisple al

properti giofeftics RRelBAEH BRE&H QMBS dR@MinH ekl A b&vedRESTRP o thBfichiQr F €duce
over- polishing and/qr under-polishing. 25. A nethod of custaom zing of

tribol oglﬂ?éﬁ‘ca(l)Pmﬁ%{P@rqf the ppd ’t“i‘f&aﬂé/r’f gfosieno seduee dishing aad/oreresion. nechani cal
polishing (CVMP) process to planarize a netal or dielectric film having
varyi ng topog_ﬁ[bgphl c or material characteristics on a substrate, the nethod
conpri si arethed obelgim |fe furher ORBTIEHAE Or e cheni cal or physi cal

properties of jih@ vePpdHEMRE RfPdr@nddrYblishle R thelRB&1 b¥a @prqf&c%ssfafd
different chip or substrate architecture; and optim zin for a

derived pl anarReHamipga Jeatifyily anplygipinfeierpings afa'feéaﬂpg pgtweens g%Ef‘r OIHPSHIP’E‘FQ and/ or

erosi on, dEmichlvaphysicl i't&E'Bftﬁ& &2 obdrpoRdidethliiof @REUSSESHiRE attain |ocal
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25. A method of customizing of tribological or material properties of a pad used in a chemical
mechanical polishing (CMP) process to planarize a metal or dielectric film having varying
topographic or material characteristics on a substrate, the method comprising:

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.

27. 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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