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BACKGROUND
1. FField of the Invention

10002} The present application relates to polishing pads for chemical mechanical
planarization (CMP) of substrates and, more particularly, to polishing pads customized for

structures on the substrates.
2. Related Axt

[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.

[0604]  CMP utilizes a reactive liquid medium 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
1



mechani cal and chem cal control necessary to achieve planarity. Either the
liquid or the polishing surface (pad) can contain nano-size inorganic
particles to enhance chem cal reactivity and/or mechanical activity of the
CWP process. The pad is typically nmade of a rigid, mcro-porous
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grooving (perforated, |C-groove, X-Y groove, and K-groove/ X-Y groove
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circuits. SUVMARY [0006] I n one exenplary enbodi nent, a polishing pad for
cheni caemmsaHagpcaiicpltinenrd arangro vhahctariftids ot o sausutsstan atdudeschipusizoni zed by
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one or ML, LRt ar. k ARLAPRF ) of r.the pad is sel ected. For
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porosity, Youngs nodul us, conpressibility, asperity, and the I|ike.

DESCRI PTI ON OF DRAW NG E ) e present application can be best
under st ood by reference ﬁ%&ﬁ}?[%g&oékn%‘&@@&mﬁﬁ%taken i n conjunction
with the acconmpanying drawing figures, in which |like parts may be referred

to by ladog) nureR@hSient QARRhE Bean! bedSRd Lﬁk@r&;%d%@@ﬂ%&e%ﬁy 1Bk if&m“ﬂgg pad used
in a chem cal mechani cal
description taken in conjunction with the accompanying drawing figures, in which like parts

may be referred fo by like numerals:

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

planarization (CMP) process;

[00069] Figs. 2A and 2B depict an exemplary deposition layer formed on an underlying

layer;

[0016] 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.



planarization (CWP) process; [0009] Figs. 2A and 23 depict an exenplary
deposition layer formed on an underlying layer; [0010] Figs. 3A and 33
depi ct dishing and erosion in a netal deposited within a trench in a
dielectric layer; [0011] Figs. 4A and 43 depict positive and negative
deposition bias; and [0012]Fig. 5 depicts an exenplary planarization

| ength. DETAI LED DESCRI PTI ON [ 0013] The foll owi ng description sets forth

nunerous specific configuratigns,, pg % Spr the like. It should be
recogni zed, however, that sucﬁﬂ3@§£¢bgﬂ$(ﬁh?§1§ t intended as a limtation
on the scope of the present invention, but is instead provided as a
descri poos of Taxesivany deBRabTRIM Sith numerous specific configurations, parameters,

and the like. It should be recognized, however, that such description is not intended as a

limitation on the scope of the present invention, but is instead provided as a description of

exemplary embodiments.

[0014] With reference to Fig. 1, an exemplary polishing pad 102 for chemical mechanica)
planarization (CMP) processing of a semiconductor wafer 104 is depicted. To planarize a
layer formed on wafer 104, a holder 106 holds wafer 104 on pad 102 while wafer 104 and pad
102 are rotated. As described above, in a typical CMP process, a reactive liquid medium (a
slurry) is also used to enhance the CMP process. It should be recognized, however, pad 102
can be used for CMP processing of film on various types of structures and various types of
substrates, such as optoelectronic devices, magnetic or optical disks, ceramic and nano-

composite substrates, and the like.

[0015] In one exemplary embodiment, 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.

[(8016] 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,



[0014]Wth reference to Fig. 1, an exenplary polishing pad 102 for chem cal
mechani cal pl anarization (CWP) processing of a sem conductor wafer 104 is
depicted. To planarize a Layer forned on wafer 104, a hol der 106 hol ds

waf er 104 on pad 102 while wafer 104 and pad 102 are rotated. As descri bed
above, 0813 typiocetan@MR aprnties that heractuia/@ al chipuind tReehibbraré & Swifr, Wpail S
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wafer. Alternatively, the one or nore characteristiCs of the chips can be

obt ai ned¥IEbpHIA SdesPgatheppropitipel the phé Habeandy solvcad Wafedon chiOdBlis potehe

present,:. ] ' Je. ong or, nore .characteristics of a
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i ncl ude_ chi P Si zel\, pattern de é}i ty, chip architecture,. filmmterial, film
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structure is a chip and the substrate is a wa for smaller chip
si ze (&inglatiqneloy VIR planarizgtiond” fim Peoce 8ISPAd? edify Caebsidgh) MADSEHLSIHIEY) can

have diyf | for the.one or e_chem cal .or physical operties
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the padai baitedigh logiosebeCiirdonassdnonos Hahe RipBebRe InSaldi@RASpEBEST al
hardness. In particular, harder pad material (e.g., hardness greater than
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proper'{ﬁ/.of ?tsOﬁg ﬁqg t hat canl.btg‘s‘el §1ct ed based on chlg size is Ip_or03| ty. In
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chip shZfitia@fcpaRRNET0 RQREIAM vQ{th bBssRadninay 8&&@3}%%1@%{}\?(3%9%%&9@3 d on
chip size is asperity. In particular, a smatter asperity wth ['arger

di st ri WutigoB.issting sidp hoight 2lr2ge mssobiafdsiviteddposinedf fiim 2medfee pokidhinge. silze.

[0018] Aeso,. the pattern density aof a chi n affect the filmrepoval
annuntfﬁg%%f ntuﬁeratcgiﬁf bl 1%’?9“5\/&%@6@1 Igwdﬁng‘%a% rgRPEsingicgigt &y thy @Z&%nqﬁ. Lung,
"A Metnaditfabsteslheipghicaioand il Al BAghior1 2COVR il @O h&AlhPManard Bl OBhe SI SPAD
conf., Canbr.i dge, MA, Sept. 1997.) Wth reference to Fig. 2A, underlying

f eat urlg&zepfigs ddigemmcagherbetior the plewrity plter thepdE! prodest.i | m 204 can create high
regions 206 and | ow regions 208 in the topography. In particular,

t opogr@ghy; i S r |y dent. on.patte ensity in co r_.based dual
damas c@ﬁéy}st ruc ufg(ggl Abégggl{églgg @fl 3%1}%%132@? H?%Q%\%”@I Oéc"%‘lﬁ%ira\ﬁﬂt"ﬂﬁga\’lﬂl thrBrthes
that have-ldieli poBntetndtanaesossd dagbpriahdidAR RRgusicvpassasiated with
the additives used in the electroplating process. In general, high regions
206 i n''{He? P%gﬁfm‘wﬂﬁﬁmi@ﬁww&aw ﬁﬁkg?rmﬁerquvties dyindnshigdg paiendepi ct ed
in Figend®, 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 wth deposited film 204 after polishing. The differential rate

for hilgi2tlegi bnsc2@fhlandvirpatitegionsity 20&s f@mBwHE, chih el 3h@badypdifem

differgnce in injti step height 210 and final_ step height 212, is a

figur éi%BT‘FYn%&F%S *F%Pr PR E’é&h@&ﬁ?ﬁeméewvgémtfm gy fhigsigcsichipa bet t er
the planarity after the CVMP process. [0019] One factor influencing planarity
is the pad bending or viscoel astic behavi or of nost



cross-1linked pol yurethane thernosets and el astoneric materials during the
CWP process. "Thus, a pad for |l ower pattern density can have different
properties than for higher pattern density. [0020] For exanple, |ower
pattern density exists for smaller chip size, such as a pattern density of
| ess t haﬁtesl@dwrt:eeﬁgwam g’marS()pmctca’r rOckgnspdryy @xhspsd ﬂ‘h@fcah%@&éct%bd%e@l ze,
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attern density. [0021] The filmmaterial can al so affect the

unl for%f"?ﬁ)%q{ﬁﬁ? fei§¢hi p  and across a wafer. In particular, dishing and/or
erosion can occur in a CW process involving nultiple filmmterials
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di shi n is depicted as a deviation in hei Rt 306 of netal

2
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| ayer 304 fromits intended erosion
shal | owepictade BV itk exiferehemto(B8T1 3B, dushngstfmmtqjllmg 3oanddgiatd sanbsteios 1rpr ocess

for co rc cts co r |s used, an addltlona
raRE 55 Sl AL B SRR S R B RREF ohd. ATBperSEnel t he

d| eI ectdidlectrimtagei 304 is Begiatg s didtfia ek hfe@hm%%bﬁlcémq?& gpﬁl' ifsf erent

polishing rates, dishing and/or erosion occur tion I shing and/ or

er osi oniEngrddishy gPrhineemdiherositecannRispincbaisy imyg! melsmmv(érﬂpolngsthn ng.

[ 0022] yhen ter| al s e _use val ue for the one or
mor e p}h%z? t1es 8?&1’% %el% g(‘? C%:%r% PO Wy lﬁ{ef(bonpg‘gﬁcglsﬂr E’ FThePPRAE g5eds

er osi omn a&ahmomaldﬂrplmatexaalpadsefd@rq agfaﬁ'ﬁi efycnbeiResstheicophdrhad eRtadBySE 1 al s can
have differ nunbers of different materials.

E ggg ies than for fewer

One pr §p¢ ﬁ\? i Ibftébrmf Fat neater abecagdrae diéir v peldshong tatvs, dmmnzeandzm

di ffer@ﬂ)ts Jvadeehd al ddiSorl: arti t o reduce
di shi ng and/ or  er osi on. ! &gl ? C%II &{)Sei(lrﬁ?é r\?edg’&mv r‘fﬁ?@gfg @Mﬁ%‘f%f han
90D shmV@iveﬁot/am@ls@mgat er than 60D shore hardness) is used for greater
nunbers of different materials than for fewer nunbers of different

mater| ?[!032] 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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[0023] It should be recognized that the one or nore characteristics of the
chips on the wafer can vary in different regions on the wafer. Thus, in one
exenpl ary enbodi nent, the one or nore chem cal or physical properties of
the pad are varied in different regions on the wafer. For exanple, pattern
densi t ypoéinukabycduisomvialee icepicelly dioiliendahips atexidiigeddR Dhetfdaawater. In
parti cul_a{, Ybﬁlegzﬁs‘e a waf er i@ t“}/aEI cally circular and chi Ps are designed to
be ei t het 28gUah 10F e ARy BF WA HeruicHpe crapiistracocs el ik dowar bng t he
Ci r cunt pA@ReE BerdliPa Thidh pRAYS hAW aOfariBQoP AL I nleDS etrﬁcal-gpﬁl?ysicaeil pad can
have a variation in one or nore chem cal or physical propefties of the pad
fr om t heropeiice pf & padEowathe certter dftiles walge toofhe bhige ahewaref.0024] I n one

exenpl ary enbodi nent, a value for the one or nore chem cal or physical
property f th ad can be,sel ected based on one or re characteristics
of the ’s‘){%}iﬁ’gt urlfégléﬁe*ferﬁ‘&’%%éiﬁg}bf)gwé@%f ﬁi‘fq@l Here 8¢ SIoFR $hspiGh ouRigah model
of the GVPHEOCRES pad b I8 RULAH AR h d}%r&-%cg@gildi‘édté}ﬁtifs@@ftﬁ??trlﬂ:rt 35 €

obt ai ned characteristics of the structure and a range of val ues ¥or'the one
or mor éhg ek byorerishpiieceimplatipe ning s nufdet tlahp WP Fioecsaobe siofuldtioa iCVP

roces o N Sl .ations provides the effects of varying the val ues
o "t ho Tons et RehdBathintt o SORA R AR g0 5o Pt e St e e i pkerblet prus
pl anar i fpatlicomeaf ntohecisutisdl baprysidal propthies SF el Al Phe mBdOVFHR! @LIPQR.&AD be

obt ai ned between the one or npre chenical or physical properties of the pad
and t he*Spi Sh&F iSuaslpinnsdrosigss tepifectaelevarying gie valugabfige oe ot merechemanal mor e

chem cajy B siPAYpb SeRtiesRIT AREL io%Schcf Elgé@f@@?g i s?%str%?el gﬁ%ﬁ% ! %?ng.)a 1'{)131?(2: ? ur e

pl anari zation of ‘the substrate. exanpl e, as

is a cliopelutidn chebsolysinedbewican thewat er moge plattie pr gensat profenensemt pad

anal yti del can.be used in the sinulation. (See, B. Stine, et al.

"Rapi d a%ﬁggea@?%ﬁrf%ﬁ?rf ?)ﬁt%&ﬁ@sﬁﬂtﬁeﬁ}h% ao‘fa?‘t?aﬂof drerpng epBREreesl Papibsival n
cheni cahopeliéssTingpad doBBE sTEARS AFH1RMSe SRnSeMisRe nuf acturing, vol.
11, pp 129- 140, Fe%. 1998; and D. O QJ?Tg, netalafP. ,HI'E aSPJg%t erization and
Model i ng of Oxide Chemi cal Mechanical Polishing Using Planarization Length
and PatlP& Dehei eypmpbmespmeng the BEE:tTedn s abipizon sheonbSend isandifet apattern

Manuf a g I . N0, 2, 232-244, . .2002.) Jt should he .
recogni%%}g%{,yn%g\ﬁf\%_%ienr ?I{Ia?)ﬁgtm(\’/d&ﬁ’%ﬁ@e ‘fi‘féé‘%ﬁﬁf&’%g‘éﬁ’% é?g,%éﬂwt 6%0@@351 can be
used. (0026kMeidmpidtmblihber pRdeh dbfenhhie RALiE 1 Hehsht ngzﬁin%,thEE' ps on
the wafer. As noted above, the pattern density can be obtained from actual
chips fré6#FaEIWR opReMigmarcter Mapdasioring wwbslilgpp 629-a4G Keb.dO08rand D.O.

F L TR T

t he vaPimaniioniondiongdmntiPetantiuakitgdepasiptd, OIEHN DfnkRiodsondenasii®diorand the
predi ct ed Pe,o.siti@n :Prof;Ie "as drawn." For exagfl e, the pattern density
" as de%@i‘”& gy V. 19, Qe iR e r e ¥ 2002 ) Hashoadt braepgenizsd ubaveeven thate chi p
may notaMeGessardrh SBfdrect o . ity "as drawn" (i.e., the
pattern dens;}sgt'i?;g dggy%dﬁﬁgr[]ggdc%dg%tlﬁ%%ggﬂéeg&o? the chip). This is due, in
part, to the fact that during the IC

[06026] 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
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processing steps, the film (either nmetal or insulating dielectrics)

transfer the pattern in different ways depending on the deposition process
used (e.g., electroplated, thermal chem cal vapor depsotion - CVS, physical
vapor deposition - PVD, plasma enhanced (PE), atnospheric (AP) or |ow

pr essur progedingotepsubatiméptier hetd SAnsalagng calecti@PQrandePasigattom in JRRRMP,
APCVD, LPCVCP, SQACVD, 1sp%n coati rg)%% atom c |layer deposition - AVD, and the
like). E&Ch G ¢ Hedd Y5rRetmpronethsehcearticstmalaied; el ¢bemiggl vagopat t er n
densi t ydesbfi® ety phistial 8MRESositRCVRy fepas] ' n e

bi as cor:gjar ed to SS,YA D deposi tggosgtsﬁ%mﬂgﬂplﬁ}%g% %'%}afé%éd{fﬁgbl%fgg hglggﬁll)m

(f 1 uor i srdowdpesussi(l-Pret abghaspherkSSA) chempinlediptiodapndiped PHUVBa RCgbass USG
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t hi ckness and profile across patterned chips can be predicted, such as step
hei ght and TTR [00301The nodel can al so provide a cal culation of a

pl anar i[9@48]on Aengttheraspcd dicadoddlf hseaopret. waAkis haughpslahenidih®paisof
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at that certain location. As an exanple, a PL o mm means a eat ures
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W th figl: i ckpess riation wthin 10 percent. Essentially, a high PL is
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performance. A Pl, of 5 mMmmis well suited for a chip size, say 5 rMmx 5 mm
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correl Atightdngd FRanari zation length to the one or nore chem cal or physical
properties of the pad. This correlation can then be used to select a val ue

for th or..nmore chem cal or, physical properties of the pad to optim zed
ol anar ﬁ)zogpf on llhgﬁacecﬁ? can also prov1depa c%dculatmn%f aglanarization 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 5 mm
(farge 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.



[ 0032] The nodel can also identify dishing and/or erosion that may result
froma CWP process. In particular, the nodel predicts the |ocation and
anount of dishing and/or erosion that nay result on the chip. A sensitivity
anal ysis can be used to correlate dishing and/or erosion to the one or nore

chem cal003t] phy@iecalanmnmpenﬂ&@ﬂl Bfobtaiesdiash thEhh&det Of defiBbilPMmaGaAR chiigh be
or the one or nore chem cal or physical properties

dt | ect
(l;fs et h_e"t&i% C? %’%ﬁ Hf ﬁr igﬂlﬁrléﬁr%glea%’rhﬁ%ﬁ%@ﬂegr @ﬁw qheoaad Thehsissakpropatiesatfs o
i denti fiye ?ér&rm@ bbisdhingh SNdh! bd"%g 'io Qlck EQ (% Rl L'ireacyr 1{:1(? Wininoma G

process. articular, the nodel |cts ocat’ion an armunt of
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| evel . Curative agents such as diols and triols c be used to vary pol yner
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modi 11 ¢ e%}reiﬂﬁg Forifilation 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
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be made wi thout departing fromthe spirit and/or scope of the present

i nvention. Therefore, the present invention should not be construed as
being limted to the specific forns shown in the drawi ngs and descri bed
above. Cainms: 1. A nethod of making a polishing pad for chemi cal
mechani &#ctypit dpraniczatavel dfurati sudysthisates astdies et itk corterissd Rorarppdlabei Ng

one or » teristics..of ructure on a substrate; sel ecting
a val u ggtlg'%gé%r&yﬁ%rs e aéaa@’%%) %ngioe%{fmep&f)‘;@rt? Fasigindtiseldie o be
used i ndephenifgatynephnen. Calfikatadit aad 0 hoallatdi8e Sbhst bR LRSEG QN t he
obt ai ned one or nore characteristics of the structures on the substrate;
and maki ng the pad having the value for the one or nore chemcal or
physi caf93tlopeftt thepresoniaamcmplar gmbhéimshe wilidationoofbemidab forofulaioes gad. 2.

The nethad..of,.cl.ai.m . rei.n t-he ope or,nore characteristics. of a
structure .ia_ncFEL Zdég%&glll z %otg gtp}%emgl%er fmﬁ(gg G Wafegs “‘f’@écﬁﬁr@gﬁéﬁ SHY EB RN,
wher ei nichbigehieewidimmiepieihas et Sfiukld 8alDincdieh BMEHEHNElHE&S idhPRE t ern
density of the.stru%ure. . , i

manufacturing world. One such test chip typically used industry wide is the mask set designed

by MIT Microelectronics lab.

[0036] Although exemplary embodiments have been described, various modifications can
be made without departing from the spirit and/or scope of the present invention. Therefore, the
present invention should not be construed as being limited to the specific forms shown in the

drawings and described above.
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. met hod of claim1, wherein the one or nore characteristics of a
gtrzgfure includes filmnmaterial and a nunber of different materials. S. The
nmet hod of claim1, wherein one or nore chenical or physical propertlesfpr
the pad includes hardness, thickness, surface grooving, porosity, Young's
nodul us, conpressibility, or asperity of the pad. 6.The nmethod of claim1,
wherein selecting a value for one or nore chem cal or physical properties
for a pad conpri ses: performng a sinmulation of planarization of the
substrate viFlBHn% nodel of a CMP process using the pad with a range of
values for the one or nore chemical or physical properties of the pad; and
selecting a value for the one or nore chem cal or physical properties based

Biorievedin ol
a CMP process: . )
obtaining one or more characteristics of a structure on a substrate;
selecting a value for one or more chemical or physical properties for a pad to be
used in chemical mechanical planarization of the substrate based on the obtained one or
more characteristics of the structures on the substrate; and
making the pad having the value for the one or more chemical or physical

properties by adjusting the chemical formulation of the pad.

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

includes a size of the structure.

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, Young's 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 coinprises:

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
propetrties of the pad; and

selecting a value for the one or more chemical or physical pfopex‘ties based on the

simulation.
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obtaining a planarization length fromthe nodel of a CWP process; and
performng a sensitivity analysis to determne a correlation between

pl anartzation | ength and the one or nore chem cal or physical properties of
the pad. 9. The nethod of claim8, wherein the value for the one or nore
chem cal or physical properties is selected based on the determ ned
correl ati on between planarization I ength and the one or nore chem cal or
physi cal properties of the pad to optim ze planarization Iength. 10. The
met hod of claim®6, further conprising: i dentifying dishing and/or
erosion fromthe nodel of a CWVP process; and performng a sensitivity

anal ysi s to detBfeth&fofolCMife, Al ARingen the one or nore chem cal or
physi cal properties of the pad and dis |n§'and/or erosion. 11. The met hod
of claim10, wispdiimgnapeitenldersityend & depositien biasmpinpus he tieaaldeDsF AxyIPI ca
properties,j& sel ected based on the determ ned correl ati on between the one
or nore chem cal or physical properties of the pad and di shing and/ or
erosion to reduce dishing and/or erosion. 12. The method of claim6,
further cdnpri sihegnethod of claiidénfiirthyd gnpeMai: pol i shi ng and/ or under - pol i shi ng
fromthe nodel gi.a CNH-ELQQESS' aﬁq_ . perforniqg a sensitivity

anal ysi s to det’@fWi e RlagtPReLiengh Tioat he apdehnf adrMP grocass: ancheni cal  or
physi cal pr opergifesnia a kéitRag aanghiPK kRl SRR ANMHR oISl Shi nY.
13. The nethod of claim 12, erein the value for the one or nore chem cal
or physi caf"et iskihe prsor mors shaeicalr bhusical prepeities eféhepai. ned correl ati on

bet ween the one or nore chem cal or physical properties of the pad and

over - pol i $hi ng TAB HeBod WrERn BOWAGELG T BAKE S Q¥ SN RO L SN NG and/ or

under - pol i shiing. 14. The o P han obwgighfﬁ?pﬁﬁgpgﬁﬁggﬁéh?PFﬁ@gure is an

opt oel ect Bhydcal ggapesics is selected based on the determined correlation between planarization
tength and the one or more chemical or physical properties of the pad to optimize

planarization length,

10.  The method of claim 6, 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.

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.
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15. The nmethod of claim 1, wherein the substrate is a magnetic disk, an
optical disk, a ceramc substrate, or a nano-conposite substrate. 16. An
apparatus conprising a substrate to be planarized and a pad obtai nabl e by a
met hod of any of clains 1-15. 17. The apparatus of claim 16, wherein the
substrate conprises a sem conductor wafer having a structure thereon.

8. The apparatus of claim 17, wherein the structure on the sem conductor
wafer is a chip. 19. The apparatus of claim 17 wherein the structure on

t he sem conduct dihewadilerd dfslaam 2] wiein it agreabetlic ohd GUhére ch@dBicalllre appar at us
of claim 16, wherein the substrate is ap optoel ectronic device. The
appar at us ofYEFHPRIPERICS Finsfesier bpts 0§HB§&F§&éw sougelggygristveendhe ¢stdrcal  di sk
CUSTOM ZED RGk b Sith iRARS p @R aChEMGAL IVECHAN SRk ¢ BhMIARL ZATH N ABSTRACT

A polishing Pad for chem cal mechani cal planarization of a filmon a
substrat e iP§lighiag Brirgusd og-retislng kroromdeiopolivbing characteristics of a
structure on a substrate. For exanple, when the structure is a chip forned
on a sem conductor wafer, the one or nore characteristics of the structure
can i ncl udd4chi ghsinegiodpdier n whersi thy strediigp iaxchpidedetunie defict.m mat eri al
filmtopography, and the |ike. Based on the one or nore characteristics of
the structure, a value for the one or nore chem cal or physical properties
of the padits saheaicathd JFerkieX aRRlein TNRLARR: R MIRAHEICHATLE BhiiQI dRRYSI cal
properties of the pad can include pad material hardness, thickness, surface
groovi ng, PHREIGTPEIABET SRR CONVRNTHYSUIDRBYEI us, conpressibility, asperity,
and the |iKke.

16. An apparatus comprising a substrate to be planarized and a pad obtainable by a

method of any of claims 1-15.

7. The apparatus of claim 16, wherein the substrate comprises a semiconductor

walfer having a structure thereon.

18.  The apparatus of claim 17, wherein the structure on the semiconductor wafer is a
chip.
19. The apparatus of claim 17, wherein the structure on the semiconductor wafer is a

siticon integrated circuit.

20, The apparatus of claim 16, wherein the substrate is an optoelectronic device.

21, The apparatus of claim 16, wherein the substrate is a magnetic or optical disk.
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Fig 1

CUSTOMIZED POLISII PADS FOR CHEMICAL MECHANICAL PLANARIZATION
ABSTRACT

A polishing pad for chemical mechanical planarization of a film on a substrate is
customized by oblaining one or more characteristics of a structure on a substrate. For example,
when the structure is a chip formed on a semiconductor wafer, the one or more characteristics
of the structure 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 propertics of the pad is selected. For example, 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.

Fig 1
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