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

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 000. 11Thi s application clains the
benefit of U S. Provisional Application No. 60/457,273, titled CH P
CUSTOM ZED POLI SH PADS FOR CHEM CAL NMECHANI CAL PLANARI ZATION (CWP), filed
Mar ch 26USIONEIZERe? @IS He A0S FER CHEMICaL MECHAONPATaP Ed NARIGATION
reference. BACKGROUND | .Field of the Invention [0002] The present

application rel ates |1 shi d ' 3 i cal planarization
(?:IF\)/P) of substrates gﬁgggf%ﬁ@hggwﬁic’fﬁm@%ﬁiﬁ]@g’hgﬁfi@pads cust om zed
for structures on the substrates. 2. Related Art [0003] Chem cal nechani cal
pl anari ﬂ@l]on (Fﬁiyaiph@tiéﬁ%ﬁlﬁl@t@&ﬁ@iﬁ'(@@g'I‘r@ﬁs%aﬁN&ﬂkﬁﬁ&?ﬁo WY B8

rs

i ndi vi dual I%e dielectric or netal layers) during integrated circuit

(10 fdﬂbﬁ&a{‘ﬂ dalBhOMIZEM ROhERIEP SDSWHP R ICHIINIC ABivkEB ANIGAdI r abl e

t opogr substrate met al deposits
sugsgqﬁgﬁ%ﬁg U%/S?%(gfg é‘rvﬂ; hlgg%\gaégf% &05)2%%8““81“0]5% i@%‘fg} ’ﬁéncfofl%?ﬁ‘f[‘écﬁal | ow
t rench lesoh 8¢ kederegéeps. [0004] CVWP utilizes a reactive |liquid nmediumand a
pol i shing pad surface to provide the nechanical and chem cal control
necessary to achieve planarity. Either the liquid or the polishing surface
(pad) can contain nano-size i nor gaHitOB& YRl es to enhance cheni cal
reactivity and/ or nechanical activity of the CWP process. The pad is

typi cal{ly maggqefiR hi&li@dy M cro-porous polyurethane material capable of
achi eving both | ocal and gl obal planarization. )

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



100051Conventi onal open-pore and cl osed-pore polyneric pads with
essentially honogeneous tribological, chemcal and frictional
characteristics were previously suitable for CMP, until the introduction of
250 nm CMOS technol ogy. For sub 250 nu technol ogy with increased design
conpl ex$1109\'%1ﬁdn‘a§%‘msg@fethe ordsphapefaikedrio dédrsisttye mgriEhatohg pespeddnaly,y Wit h

i ncreas N p..Si .t i i el ds., device performance and deyic
reIiabi?ﬁ?%ghé§§h%§?gfggggﬂg u%i@ﬁﬂif 3%Fﬁvgﬂﬁ%%@ﬁiﬂgfﬁ@WﬁPEdBQxVEfious pad
vendor sutiforofgrigrecthienpabii ek ie{ s dacke gednchaubs LiAGKBN @ iskwhage
grooving (perforated, |1C-groove, X-Y groove, and K-groove/X-Y = groove
conbi ndti8HE) of the pads have failed to address the inpact that chip
pattern density, chip size, conplexity of architecture, and
dielectric/metal process flow have ¢ofhijPy! evel uniformty directly
i npacting chip yield, device performance and reliability of integrated
circuits. SUMMARY [0006] I n one exenplary enbodi nent, a polishing pad for
cheni cdP0®Echamhi oz cxphglay emdbidiorengfa @lkhihgpahfoa csibishinasdahisalcust omi zed by
obtainiq one. or qnée changgtgrLstics of Eﬁstructure on a substrate. For
exanpl @ RFREAIIHY Aoy §pebsirate s enigmized fe aDBIRINE W sune R ei@Eee. t he
one Or JRHRNEH ACLRLLE! 165 egnllﬁtaew%f M@FM@%% &fﬁgk&ﬂl%ﬂ%ﬁ'ap size, pattern
[

density, chip architecture, mmaterial, filmtopography, and the |ike.
Based cfmidpaduiier wrlendheomshamaeeehistictsticoh! tHeetrsttnwatnfeslude ohdy siee, f or t he

one or re chem cal or .physical properties of the pad is selected, For
exanpl & gﬁ?lﬁe&gﬁm’ Sﬁlp r%%%hé‘%@ﬁé%ﬁ@&“?%?l 13311@1]5} ©rPEBPYY é'%f&“@%ﬁ%f %@’Fﬁg Bdhe can

i ncl udenpad noa idradterNECIRNEHS strldW@KNOFSe FR YRS AeQr WAOYARGcalRR PRy St €
porosity, Youngs nodul us, co reSS|b|I|ty, asperity, and the Iike.
DESCRI PTORKI0 @F@OWN@Sq&?@ﬂ?ES’I‘[e@@I@?]CTﬁ@ ope es Bte espli¢at at plorsicehprobertibest

under st,2¢gd. gt _ Low,n Scrikption taken in conjunction
with the ac%gnggﬁllgt{l Lﬁ%ﬁggr\?\natér{%ﬂl%@b?%gm(g(ﬁlgs\?\sh?uéﬁle? g’i?émﬁ%f ?os}e%, %’éésllt}éf erred
to by NduegnuwenlaksconfdO8B]IEY gispdritgdepidehs like) exenpl ary pol i shing pad used

in a chem cal nechanical planarization (CWP) process; [0009] Figs. 2A and 23
depict an exemplary depqs) (g BYPOr SR AL VI 19

[00607] 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 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.



| ayer; [0010] Figs. 3A and 33 depict dishing and erosion in a netal
deposited within a trench in a dielectric layer; [0011]Figs. 4A and 43
depi ct positive and negative deposition bias; and [O0012]Fig. 5 depicts an
exenpl ary planarization | ength. DETAILED DESCRI PTI ON [ 0013] The fol | owi ng
description sets forth nunerous specific configurations, parameters, and
the like. It should be recogni zed, however, that such description is not

intended as a limtation on t ent invention, but is
instead provided as a descrlppﬁéﬁﬁgﬁﬁé§§ﬁ§@§ﬂ$5§ibod|nents [0014]Wth
reference to Fig. 1, an exenplary polishing pad 102 for chenical nechanical

pl anar i patdjon (GVRVOE as%i 1@@0@&@10&@rﬂuﬁfa&ﬂg%&&ﬁaﬂ@&ﬁguﬂa%né PadfRlced ed. To
pl anarize a Layer formed on wafer 104, a hol det 106 holds wafér 104 6n pad

102 whidnd tb\Sa]rﬂéer [ ghpukhbe w&agm@@i hpwevest thatetch deEtsmmmednamwbasa n 3 t
d s also use o]
;%E;ﬁ?glrﬁf %\9%0‘§€§°€ §s E‘ﬁf&f Is‘ﬁ ’lnlvqﬁmn’r e%d%ﬁignlfécgpmﬁg{?@\?%? desGHRRGHe can be

used f amxehRrpeiabedisicng. of filmon various types of structures and various

types of substrates such as optoel ectroni c devices, nagnetic or optical

di sks, d nano- conp05|te substrates, and the |ike. 0015] I n one
exenpl dﬁg{‘g ﬁfelerﬁ‘ﬁdo 1 1i 4 ewspbny pebshinged WA fonehenyic hanical

planaruatlon (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,



chem cal or physical properties of a structure on a substrates, such as a
chip on wafer 104. It should be recogni zed that the one or nore
characteristics of the chips can be obtained fromactual chips fornmed on a
wafer. Alternatively, the one or nore characteristics of the chips can be
obt ai neld0t¥lom &odesingrie fasyuntihg st the dneicfuer BRdhipnd vedldbwaté QULHALR atfhe

present. exenﬁxl ary enbodi nent , tﬂe one or nore characteristics of a

struct UL SR "Erﬁé ps%‘fffs(t%rgat g5 dhaw ﬁ%%ﬁ‘h%ﬁlﬁea’ljé?rmb&ﬁﬁ%ﬂhé[} O:prse sy van Seveuct ure i s

a chi p digermdvaiesFonk@he of Hl%r@é]ﬁ:nﬁéal%?%ﬁys‘fﬁﬁﬁ%@ér@& fikh (?'.lzﬁ‘f e}aﬁ Ghip can
archit i1 nat

include chip size, pattern density, chi cture,. rial, film
t opogr dEFSAler A ¥ $eech irkarea)BA¥wchropertyhel thnpadothainmn ée sHartatbaed shileschyf t he

structuge,:.a val he one or nore chemcal or. physical propertjes of
the paég‘%s‘s?‘e Bl ofie: I P%?debrb&fﬁ&a?f %ﬁfebﬁvgigcé}ﬁ%?‘gp%%t?rééanof the
pad carm(ngHousl@opdl) fraiter thak 6@1&@@@&&-@%@%%&@& for LSYES AR QN kg9, pore
size, porosity, Youngs nodulus, conpressibility, asperity, and the I|ike.

The oneBYeheglHR skpernedET Bepyhyel babagHupemt icesleofed bhwd padhil See ispoteudes

tribol qgj.c : rd L which can include one or nore of the
exanpl %ghb ?é\? ?tgit(j g@{/l?’ssélt?d“fcg? %ﬁ%{i [lggsf‘?}q%ogl B SHpPs e ﬁlnﬁi“ﬁadl?’f 4P SPfie

st ruct Uil imetlar ptuipprtanditiclpad shubsid 8 &lédedbam@f @f chifsipath Jodssigah | er chip
size (e.g., |less IIthan 1 sq CQ% area, notably less than 0.5 sq cnm can
have diPBfEHE SRallenBAosity s tsed (5w daraer ahiy Bzecthanics smatier gbky i aY elpwoiber t i es

t han f oy ooy ' [ . : 1.n.ar X pr rty of
tho. pag ey P A b ek 1O cBie e 6t by I W R EH X

har dnegsperitn witdirlmigewdistributhar id esedood larpéranhipadiz thagfor shallgndgssigs. eat er t han
90D shore, notably greater than 60D shore hardness) is used for |arger chip

size t or | ler chip size.. Anot her proper of the pad that can be

sel ect E%@lsed‘igﬁ’ t@ﬁipﬁt?flggnﬁ“é[ Oﬂé‘rcé“%‘?ai]é‘f%F Bgl‘%iﬂ%ﬁ‘?‘é‘} Pfgﬂ,gu%tﬁ*&filﬂé? por e

Size | anifsasitf Alihindf G a o SlaafatbNdBed A LHIRIMACKHBHRS]igSca St 11 anot her
se

property of the pad that can be sel ected ba on chip size Is porosity. In
part i calngHatiomigr CAMP plonaidation.i” én BroedSKRAD arge CaohiiggsiMa, $dpanl %96) snal | er

chip si 2y her, ,p ert f th ad that be sel ected S on
chi p oi oo 1S HaanBRE 2 BTN e B S RsbrSinoE Bur oS ruia e

di stri bat tremeibsghusgdn 006 ARl lgerreGih 268 AL h}%@glfa?ﬁy. SiFRakRAl & o Po S h AR -
[0018] Also, the pattern density of a Chll[j) can affect the filmrenoval
anmount SFerelelerendentemhpaliprinflensity imcanmenbasedl dund dowescanawifieturey Beayse f Lung,
"A Met Liex . Iyl ati dor. GNP planarization,. in Proc. SISPAD
cont -, ehanth g e LM e h Pkl et SRl NAL R Ghin skl dider 111 ng

f eat ur elser22y asuchtedsvithethahddiiingsisedin tedrpospliad frbtds. 20d:eanl,aigat e hi gh
regi ons. 206 ?z]ed | oW regj ns 208 in the topography. In particular,

t opogr SEYSiesC 44 FEAgee ‘H)g‘?ﬁé’ﬁ dhiastshtheadhelon 1geinas 298. i 4 dopped inEgeddual
danas can /g el @6 2 NEGaYS8iefd £y L10REALLDg AL R gpches

t hat h_ave'ldi_f&!zég[er%el W dt hs alcar c(issﬁgdgtﬁ]ltsg&g%@&tz %ﬁéé%%%%ﬁs@%@aégggé%@gd wth
t he addi Kigvds, aised siep heigbt 212ds essoplagtdi wigh peposiesistilind T04gee palishil. gitier egi ons
206 i ngthe topography, pol.ish,faster than t I ow regions 208 As depicted
in Fi g‘.‘ﬁ%r’t‘%ﬁ@%ﬁ Fl\éﬂ“%&i%*k%oféﬁ Biov et Q&S@fﬁ&iie@dw&eﬂﬁa%@?ﬁe@wm I m
204 befnankiapabp BHENG 10A8d diepl GEERkIEIR F100is a3Bur@of had foshigRNalight %12 i's
associ ated with deposited film 204 after polishing. The differential rate
for hilgkeet 8yt enronge thabetics e pgnoois 2Roghe 6vBambosess.ndi cat ed by t he
difference in initial step height 210 and final step height 212, is a

figure mer i, .f p/ Lzation, The |larger.this.difference,. the better
the pl lgglea?}i ty daq.f(‘)tfg(%mt ng%ﬁpélg%aégys lﬁﬁ@i‘g?ﬁ‘i{g}gf(Hcvf%Pelﬁﬁ}cﬁl?gﬁ‘éPh@felﬁ?%nari ty
i s t hecrpaditien gohgrakantiiseOebas biCelRGPAL O falia[RRting HRSSVIP k&ds.

pol yuret hane t hernosets and el astoneric materials dufing the CVP process.

"Thus, [iSpadad Br lvsaenitpadensity @adere gitfaont peopertiss ifaarfentichirapemi es t han
for hicg:g%y‘pattern density. [0020] For exanple, |ower pattern density exists
for smaller chip size, such as a pattern density of |ess than 30 percent.
Hi gher pattern density exists for larger chip size, such as a 4

[16020) 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 asa

4



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 nmaterial (e.g., hardness greater than 90D shore,
not abl y greater t han 60D shore hardness) is used for chips with higher
patter npd@m@ fengity héprenier handWgrerqeat t@iaprdpsasi dfithe pmbihhesanik ety batdt he
pad tha S based on ern denS|t iS asperity or asperity
di stri b{),l r? aﬁfm d%g?f 3 18 (freghpad rﬁfitglﬁiﬁ%lmé%gw§s B%Pi’rt“?“ hdwegster P@r’@é@“@liﬁém ty
distri bhmum.s feates GGnfoOD o) @btaBB dr eliih tHeNArS %&Qﬁﬁkdﬁ@s@% I QUES foP@ﬁlF
density g0021 ]The filmmaterial can also affect the uniformty Wthin a
chip an‘éflt Qpehsspaiicymtensity than vl loiweu paitern dénstty . ngnatindz‘ moperosi thapabthanccur

in a I e filmmterial caus t he |fferent
mat er %3%%%1% ag/'ggglﬁ O}Qéﬁ gtﬁ{HJ clleglglpy Rty Park E?pellt%rds %%g ?“Rﬁ’rflﬁ Uplefier ence
to Fig.snder asmﬁtyaiilciydrﬂﬁg@ﬂ%pé@@(zﬁstﬁl&ﬂm\m§ e 16 El@ﬁ&%u&ﬂ RnGhhBchori C

| ayer 304 is deglcted Wth reference to Fig. 3B, dishing of netal I|ne 302

is depl@wgﬂp%{?“ dgsi¥ation in hei ght 306 of net al line 302 from planarity
with dielectric layer 304. Al so, erosion of dielectric layer 304 is

depi ct e@o2fy a Ggyigh 'ﬁ 'n?eReIJl’cﬂ cglf hlgghffésc(?%leq{mi%'hn%gﬁctét{hh}c#:lgﬁ§1r1<|‘1 gq%%s];dre\/g | ts

i ntended hei ght. or €rosion ca

i sol at |I¢Jm&(l$Tla),,di$hmn§g$rttﬁmr qbsign canstedviala AMBSERRLINORGRSukpL fAgPper based
i nt erconnect.s is used, an additional filmmaterial is

used as AR P?Cé‘}lsq %93‘}?%%@%%ﬁ1%1ﬁ%and@ﬁﬁé¥ffea% pelighie wiesc For exampiemity |
Becaus Qefbidi6 (@M. §A] MnaBl Ghi %@dcﬁ%@té&a&fﬂuﬂ 'azifcﬁﬁ?[}} a @81 f?f&'l@%os‘ RS be

di shing and/or erosion occur. Additi onal |
aggr av#@@f%éﬁlth HdereMR torfig.edy dishim afexsetaj\!mle-fip@ g 6djmcngi a{ DOR2LBhUS, when

mul tip e for the aone nore properties of
t he paéq%c%llt nge 1a1 ?%%3 (?j ?IB(?UZE]@“& ‘g'ﬂ? ﬁ'@le%%‘f/lﬂeléﬁésr‘\gﬁ? elogiPng@kanpl e, a
pad f ordigecat agzemmm depiefed di hfievienin ﬂﬁfe%'hk @d)%%@kb@\é%ﬂ& fs@@fr&%tns
properties than for fewer nunbers of different materials. One property of

the paderded hewght pRiskieendéa ebzsmopam@xme shaiive trendh idolafier GY), matgetenal i s

th t d hi d/
nar dor "t ot (RS Brock ] AL Rk il R BRIEC A e har Bt A Py oy cat o

t han G@E)aédhabmi rfmmdnaslsal is gsedsed bfaﬂfel gryelab@fvem%g e{?{an&ihﬂefcﬁa&gﬁm material s
shoul e

t han for feaﬁ\eg unbgzé% (fllfferent materi al s
recogm”%’é‘ﬂ1 £C 1GgEend Flpgpadersthasaadess ﬂ@ﬁ@f’ép@hsmmﬂtﬁﬁ; gshimnatdie waf er
can vagpsion fkdf e &htod.8 '891%1%%91;1&/&6&3\@&9% n be %%lavla{-c'ed evyr\fcpzli Wltméceﬁ%d ar e

enbodi nent, the one or re chem cal ysic

var|eduﬁ@hdﬁbﬁgﬂaﬂbhmgglons on the wafer. For exanple pattern density can
vary fromthe center of the wafer to the edge of the wafer. In particular,
becaus f IS yp ically.circul and chips are designed to be either
squar eﬁ’o@ ng Wéu‘f"t\‘ ﬁ’é’r‘%ﬁ ] @dlﬁélg{“&ﬁ’su%ﬁ & FBUGER dhe %nwm gnarparoperties

ci r cunbethenae cal l%ﬂ‘sc‘lcf&@éd DU Buck %Y!h aﬁg/orétogﬁﬁn rdep U?%ntxﬁie H%O%@eﬂgd can
have a variation in one or nore ch nlca or physica rei t he pad
f rom t Renpappbdifistent hatestdseranthove hidfcangproptrtich éldwafbefewef @@214@115 of one

exenpl alrfﬁ{:lc%m%gérﬁ%nt()nc ploper%jy oif 1?6 pach%atocgg bg rselecie(? bascﬁ on i e mgxrlbegh}/SI cal

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

5



properties of the pad can be sel ected based on one or nore characteristics

of the structure on the substrate by performng a sinulation using a nodel

of the CWP process. The simulation is performed using the one or nore

obt ai ned characteristics of the structure and a range of values for the one

or nor epmhenim;éobczmlse plwpéir ¢ty pionidpeirdul@sndfchiph @rdnadignd® eedst: Qhathe CWP
process_u n the simulations E ovides the effects of varying the val ues

ed
of the BEnGplah P aitarpER] Otbihe SR lore B GpericEscoct het e Lo of he
pl anar i gater®Ber@fty! Wﬂu@d%&&ﬁ{&veﬁr\%ﬁhﬁ&?msdn@& %619&6 cal OF EE)%S jon can be
obt ai ned between the oné or nore chem cal or physical proper i'es of the pad
and t hePibaiigs PLEe ipadh liofn thhecgebgtthaweler Thills cdge ofahaieafear the one or nore
chem cal or phyS| caI properties of the pad can be selected to optim ze
pl anari he substra For . exanpl e, ass the structure
is a ch@g&gﬁd ?h S TR AY £ Sd'ét fae Iutafobﬁtewél?ﬁf H’é’ﬁs‘ﬂW“Qi‘éBeWéHt‘
anal yt i gropaides oCiae phecasiedeicbtet hasedl JA Rt dr Mbre (:l%ﬁ@ctuﬁ tics b (1€ str@hurBlon:
"Rapi d Characterization and nodeling of pattern depen ent variation in
C hem cdhe suhstiais iygoerfoppimg awimpgtien hong aomdskef tho ﬂdﬁtpmceqwalﬁhlé siotulationgs vol .

11, pp ter| zat| on and
Mbdel | nﬂeg 1%ft ljr%%uggg@]e(%%%c%g o gthtg)l %?mng?mglh? thﬁﬁ 'ﬁé“rﬁ’laa aresof §ilugengt h
and Patibeﬂm‘ dDens ntoye Camdentos physhdiEﬁ éﬁf@:ﬁ@ﬁiﬂe%& PRe 1%@3&1%‘?@@:"@1@1@%1‘00635
Manuf acturtn vol nQ 244, 2002.) It should

r ecogni'P&y} \R)é@@?mrtst?é‘m@e&rth%ﬂge%%ﬁﬁé@l Yhe ﬂt@d@h@s of the lvac @I\@Opﬁr@@ml can be
used. 1f n of .t he..chi ps on
uoed,  MAGEOIONBIARNL 0 8 e ok B REHE LRI RSB BRSO
chi ps feortagonsan h@OM@aneal begwetu ﬁnmotmla oprubes eigmicd oapifridabsiobédies of the pad
[OOZ?JArg@ttiheerl in %at lil deI S a daglfeofm tion bias associated with the

| ayers 0 P apq” ‘%B% f“ts@d S\iiafedte forriis oge gbBIotg deminaher phigiceht es
the varasdross dekeeartahine sélﬁétle'@ ﬂﬁf?ﬁ%& blaBRiRYGh bF e s@RpdRPOsi ted” and the
pr edi cted deposition profile For exanpl e, he pattern density
'‘as dep05|ted (i.e., the pattern density that actually results on the chip
may notl0%ed es sher gxpmpls pssominshige paedterers dehipiany (teambedraaonn's dfere a patidie

patter S nded nthed5| nof the c This is due, i
part, ra ‘qﬁﬁ/ de%) {éﬁ %{ﬁﬁ %ﬁu??%g CHHE Y ]SCSHQ%IFW@‘ sdgég)sB StiRe of ak.miegid her
met al Giﬂldld&ﬁdﬂizaﬁicbrﬂguddh@d&ﬁgl’ofﬁeﬁ)etﬁ H@;R‘ﬁﬁ@t{t v%H@tltﬁﬁhtcﬁérﬂlchl oqil'gifl gr’ EFEWayS
dependi ng on the deposition process used (e.g., electro ate er mal

cheni caFARFAGHIS QB PeBGBHuctovignuippys g alolvidppp 12 Feb.orfos; ﬁ‘dD) (pl asnma

e oSl L ERSREH o AE) Bl B STE End Tk B R TR ERS (
at om cPlc@yezatnbeﬂmgﬁu aod PattéWDending Cobephd, KBIRE Bagkhcobnst HesenBsRressi N9
exanpl VT BEE Hotst £, Hivie e Va GYa | 1 s teprapiedch b SAVD
AopOS! Bt B of FHLISF O D5, Y BER Al | m ([ uor e doped sif fcate
effects on the pattern density. As depicted in Figs. 4A and 4B, Si02 or USG
films E¥A6haveOre lppsu tpitheembiled $s th@@;attmhldleﬁsxﬂi%tiﬁd dhims dnae warfdne@atiowd bi as

404. 02 . del t of test f b
pol | sht 0 (g RANCCHYIoRY i PR aAIory S TootHd Bte bRlhor Bootitan ned

pr oper #ids@s ordréRt kg knesses and profiles of the planarized chips on the
test wafers are obtained, such as final step height at specific pattern
features and total indi cated range (TIR --- the maxi mum m nus m ni mum

nmeasur @427 hi ckhe%@lmn%imtmnmdﬁbﬁdMWhombtes tdseciatud edthalse fapputs to the

nodel he.i nput cal cul ates. an aver age or

of 1 ectﬁrl\%%gglgtgeggg ﬁe(gl ?ﬂh}} w)z?fer Phe aépomtmn@m indicates the var?atton ctween the actual
depomtion profile “as dep031ted” 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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across a chip using a fast Fourier transform (FFT). Based on the effective

pattern density, post-CWP filmthickness and profile across patterned chips

can be predicted, such as step height and TTR [00301The nodel can al so

provi de a cal cul ation of a planarization |length associated with a pad.

Al t houghmd@sfsmgl stapgribe Ofm didweaniczA bl oRulagngliblctiic)) ks thel Jafiern8h QIFRRGE tO
ible ini.tion is as a characteristic length scale 502, a

5, d
R MA S AT RS M AR AT s S et o
td . | poat
Prg;ﬁ gnal elgfs?ﬂggitaa r@g'gugfﬁyfkgcal gﬁ;é) %@ﬁ%sﬁ%&ﬁt h?ﬁﬁsbl%}nd éﬁqaﬁ&d%ﬁ%ggtltfgmp%c ch /ﬂi)

are pl aprdprzsesswict(h }011 Wbtttmtnph@fss(&ﬁamhahm@lmamztdmpnmﬂxﬁn P@BCAID,. APCVD,
i s.desirabl.e f r best Thus, PL is a

Essent i p arit

Froure SrovR, Bt sEnideondiiuthies Fneson -0 P s ey issbpeisestor a
chip simecessiay n’:'ntiﬁﬂ&i@éarlﬁaﬂﬁﬂt tmﬁndéﬁhyﬁ@?d@en@%ﬁn kl?iﬁl&ftlylfrome?&q;ié mm (| arge
chip SIZ?ﬁ): The result will be non-uniformty o he frlmthat gets severe
upon filE EUqcﬁt}Weéﬁ Wﬁuh?‘fb@la%ﬂge éraec@emsd toe‘iﬁﬁ‘db)cticmhmtcdéémht is |oss of

printi i | t n | 0ssS.

[ 0031] g\fg#glr ng?éﬁ%ﬁ g??gﬁ Iﬁl g ne %)%/gfﬁ%gld?sr ?‘PéX o UdORYhsi ti vi ty

anal ysi ssh@&rglkm lis@dr S (h@f/@ Hﬂfe@erh laﬁ“ecﬁl; anafki péﬁéxh@l@nsh@n %ﬂe{bﬁ:{zéﬁ% Fose ?L
ation can then

nore chegm c hy properties of the pad. This corre

o used BE P eOBRN e Bt ee Siesiire hos B0 némk 631G Gmagiiys hoagarie
proper tyigsqaf the pad to optim zed planarization | ength. [0032] The nodel
can also identify dishing and/or erosion that may result froma CW
process. In particular, the nodel predicts the |ocation and anmount of

di shi nd0@4fd/ or A@ﬁwh@nnptktad) theayiod@saidet obrsttreeg Rhpbe ﬁo[&ﬁé@ Ldihy paddg anal ysi s
can behldg %d cotrrf % FI i shing and/or. erosion to.t one or nore_chem cal
or physica bﬁ%ﬁ% VRIUes TG e pymorepbiadnadgiprarags: S tickopwes asl weblgs t o
sel ect o theahlerized clibeoOne 1ok | l of the
pad to mhr?laém ze di sh?ﬁ? and/ opmglggﬁgﬁ%&gb%%qﬁ mgls?@h&%ﬁ% l:}ebl{?l%dentl fy
over - pdRiteRiferjugh anbiotal ndbmt@bﬂangdn("lﬁ@ tﬂhatmavrmyum esuht miniaoman@vRepr ocess.

I n par edigts th Iocatlo and anount of over-polishing
and/orkltlg%{eﬁ:?g%vgwﬁs JE?Pg Hgf M ePé‘é‘iffacb 191 'ﬁ’é g L'A sensitivity anal ysis
can be used to correl ate over-polishing and/or under polishing to t he one
or mor g0 CRAscObn BRYISHER theHRRET dal @%@ antderpady offlbkise BRLS! n can

t hen be used to select a value for the one or nbre chemc or p i cal

pr oper #1885 Hehip Heing 4 dast Sowmigi trﬁnzi?@rm\ibPTp okdsshipmtheartitiove pmidar dgpsity,shi ng.

[ 0034] | W .one ertl es of the
pad caﬁbigwgr% utyél' 5‘“%5# ?%ég%sﬁé‘ %Illilgchr]n 87’ Caf“o’rerﬂﬁ?‘&ftle@ lﬁf‘sﬁﬁb pad

(e. g., haght 2kl B8Rt endi ng agents, curing agents and cross |inkers). For
exarrpl e, polish pads are preferably pol yurethane based pads that may be

ei t her @QE nopl.astic or thernosets. (See, A WIKkinson and A Ryan,

" Pol ynE oce i eh i W6 prapisiee %B\V@l“@ﬂr%npldﬂdwaumﬂb%éa@ﬁé@m@eqbwﬂh|ds hers,

1999; aad )@ihc%gh%@ﬁﬁ'iﬁ%s d&ngatl&:ﬁeﬁgﬂgﬁl ) \?f{ 5{/), v&ttlflelf (OBY, (Shemy i,s{)nry An

| nt roducti on. To mnlm € pressure OI’I’TB.'[IO
desi r apdssibleodalmiting iatea phagaajemicym@h baeSFoankcle Af desibrralibe cisoraul at i on

chem s i AVO cyanat e chenj str The pads_are desired to
be porltélhlgo mﬁ%\ﬁ@nﬁn t?ﬁg@fsggﬁh Por ?faﬁagt?\whuea %ﬁt @aﬁ%md@mtmnn Addles or can
be fordmehpld, alFaUSf POREScanb Ml ©&ur éss(%%}{%ﬂﬁ ﬁﬁv)%ﬂu@g wilof gl{‘?p o[dgtncfh Wit 11 14

di-i socyanate PVDI  (pol yneric nethyl ene henyl 1 socyanat e

can be® @e(péwywcbwh é‘lﬂm thyfickaash yar ik vifon y@phyémnélsmnylﬁl@ R, hlgﬂ\ﬂ, 15
t d t ted i sobut
Var | erir iyt SRRSO pL AR ST RN Gy PRl aet Yo adc Bt 1 ary

pol yamneis well\ditedifik amﬁg)lmfe , 94308 mh kisahap@!nod o RenRS s@zé@ﬁ%%mﬂ?&s pLpvi di ng
pol ymeigi Cross I [ nk| ng addi ng to structural hardness.” Chai n extending agents

such d&u fet hyherrsult wiil be opp-isdhingitsoeithe filve thaa pels stieyd eme Gy col ar e
wel | syiie af f?x'hltpfa%/ LAt ph QR LANGE QeI of pHing of device features,

ultimately resulting in yield loss.

achlp

yol s



effects at the mcro level. Curative agents such as diols and triols can be
used to vary polynmer properties. Catalysts such as D aza (2,2, 2) . .
bi scycl ooctane facilitate reaction and affect the degree of polynerization.
Surfactants are used to nodul ate the degree of interconnection. [0035]In

t he preld8dt] exevipt alayadmbodilengtt is cbalinddatdons oddet hewh&alif aamulsakh as of a
ener at rough testing in the field with wafers with test

E ﬁ? pg ag‘fst‘?@ éf? SATFRE g’t‘etpiff‘ﬁ“d@f@i lEnga 10 e geapympreghgmpial ehpleysichbpr 08¢lmﬂ ote
snal |, wedhy nTI@iE‘ @oﬂréﬁtﬁﬁl (%'ﬂ'tl?erplgé)ﬁjs‘ég b3 sdlddy %leu!t Eil qﬁ@b’rﬁ L HGL MR g - One

such test chip typically used industry set desi ned by MT

M croeIIﬁ’é’@hcefmlelsﬂﬂﬂatpflfﬁd)miﬁtpﬂptlhrm@lplmenmioarlwgemwl rrent s have been
descri bed various nodifications can be nade WI t hout departing fromthe
refore, t he present

iri f th ent,.
hvent 1188 4hout B RSeSiseh dBnBi e bR arHG Py Bu £8v ekl dpebn O 1 or s
shown 'WOd@h@ Fﬂlf}ﬁl’\‘!idﬁgﬁ B0 ehRBBHLHRRINAREM B anlafloTh: oiﬂdxslﬁlgﬁfd%%%&fmmk' ng a

pol i shing pad for chem cal nmechani cal pl anari zati onof a substra
met hod 1%%%%)” I§FARen BB chipnid @I@Wéﬂt&) rnaipsiecatizaed er ¢atdas dohing aad/orct ure on
val.ue. f.or one or

hysi cal
pr oper 1 oictt g the one B T S SR e e n il 1

e Ca:laﬁt‘fﬁl"grbn of the

subst r ahen Hmassed v,maletche volat #&hnee oane: Iﬁélefmérﬁlcﬁmrlﬁﬁﬁl@él' L%}b%esqa‘f dd8ud to
structures on tﬁe Stﬁﬁ?strate and maki ng the pad "having the value for
t he on&YgnigeAishiggani/ensrosionphysi cal properties by adjusting the chenical

formul ati on of the pad.
[0033] The model can also identify aver-polishing and/or under-polishing that may result

from a CMP process. In particular, the model predicts the location and amount of over-
polishing and/or under-polishing that may result on the chip. A sensitivity analysis can be used
to correlate over-polishing and/or under-polishing 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 minimize over-polishing and/or under-polishing.

[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 polyurcthane 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
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2. The nethod of claim1l1l, wherein the one or nore characteristics of a
structure includes a size of the structure. 3. The nmethod of claiml,
wherein the one or nore characteristics of a structure includes a pattern
density of the structure. 4. The nethod of claim1, wherein the one or
nor e cheffesét @ thamicegleytl. a(fts*tlﬁlm:ag@n‘e sua:icelsudﬁs afid triolyvabeeibd andrapduneer  of

di ffere r f rein one or re chem cal
or physic %m:e)érao%%lrﬁy thglfc-[l @gz ﬁn@ QCtPl%Frfgh © reapiitk ectffig f ace

gr oovi ndpgr@fgistnyerizXQeH S : Mkﬁ A8 usQIRIcRa Rt ldégfee Of iR Rfhtdinof the
pad. 6. The met hod of claim1, wherein selecting a value for one or nore

chem cad physi cal propert| es for a pad conprises: performng a
si mul at 08%5]01‘ Bsdx gserit Sxempbtty erdodiniset walidatinig ¢Ff chermbeié Forofulio@MT apr ocess

using the pad : val ues he .one emcal o
ohysi ¢ a[% &F opg lirl({;%t@%Pl?‘Fl%%l @l dlg 111'flae ﬁel&) Gith Wéﬁf%lét“fl 1dcsg0 bxgﬁﬁ%vggpgt%gelane or
nmor e chinsidad, Imewmﬂﬁyaicb;atchﬁﬁ opesihjuete B3GR he@Mink Aed BEFBULAS H@Ructs in the IC
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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The nethod of claim®6, further conprising: providing a pattern
density and a deposition bias as inputs to the nodel of a CWP process. 8.
The nethod of claim®6, further conprising: obtai ning a planarization

|l ength fromthe nodel of a CMP process; and performng a sensitivity
analysis to determne a correlation between pl anarization |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 ¢im%| ect ed based on the deternined correlation between

pl anari zation | ength and the one or nore chem cal or physical properties of
the pad to optimze planarization length. 10. The nethod of claim 6,

further conpri sMngtethod oif deakinigfayolighigld sdai m,gc}@ﬁlqjdapﬁwg{aggap@agag 9md:he am)del of
a Cw procesE gﬁ per. o mng.a sensitivity analysis to determne a
correl ati or BEfde OLHEREISIDr e cheni cal or physi cal properties of the

pad and di shi ng aREHiAF i @FhQP ¢} of claim 10, wherein the
val ue for the one orﬁ)ém)re chemcé%‘%&erlsg-&ﬁyﬁsgﬁ%g pr()(l)megru HELSi s sel ected based

on the det er nmi négleggragiagiei fohormeqr\mmctehmcadep}grmcmﬁep@mrrbaC@bad% behysi cal
on to reduce dishing and/or

properties d/ or, .erosi

er osi on. u%f;d q:%gerﬁe ]hlﬁ‘g&' gm%lpelﬁr%{%aqulﬁ F R apostgigbRsedianghe obtained gngarit i f yi ng
over - pol i shmmgciaaamb‘mrsuwmhe mlcu&dsudaghémmétmnamdel of a CWP process; and
perform ng a sensitivjty ysis to deternine a correl ation between the
one or nore cheﬁﬁ%ﬁﬁ“ﬁ?p W%m&dﬁeﬁ@@b@iﬂwégcwﬂnmh@h@addhmdmamem pol i shi ng

and/ or undekoReldsBRHaBfsting 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
Ay

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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13. The method of claim12, wherein the value for the one or nore chem cal
or physical properties is selected based on the determ ned correl ation
between the one or nore chenical or physical properties of the pad and
over-pol i shing and/or under-polishing to reduce over-polishing and/or
under - polishing. 14. The nethod of claml, wherein the structure is an
optoel ectam ¢ device. 15. The nmethod of claim1, 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 nable by a nethod of any of clainms 1-15. 17. The apparatus of

claim 16, mherefe higob thiiRfhe? sem conduct or wafer having a
structure thereonlﬁl % ¥E%£§§%§?2?52§ fs 1a|n117 wherein the structure on

t he senlconducﬂﬁﬁwdm@@ﬁwﬂ@ﬂdem%WQndaﬂaxmfheb&ppaHQUMSOQﬁrﬁkﬁlﬂhmmWWMEFEIn
the structyype. on the sem conductor wafer is a silicon integrated circuit.

20. The aﬁgaratus of claim 16, wherein the substrate is an optoel ectronic
device. The apparatus of claim 16, wherein the substrate is a nagnetic or
optical disk. TOIFTOMIZEDIRAIO! BirthBALGIrickg CHEM CAL MECHANI CAL  PLANARI ZATI ON
ABSTRACT 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.

9, The method of claim 8, wherein the value for the one or more chemical or
physical properties 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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A polishing pad for chem cal nechanical planarization of a filmon a
substrate is custom zed by obtaining one or nore 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 include chip size, pattern density, chip architecture, filmmateri 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 pad li3s sdlheatagichd (FF@Tdilﬁ){amDIhcecénEl’ﬂ:ﬁJd@lﬁﬂbﬂﬂhLmikf@ Bherhealcalarr physi cal
properties ad. can ncI pa Lggterlal har dness, thickness, surface
I r‘?{jé“

gr oovi ng, 6%?%“@@5 CIUsS pEIeEY imined cpisripaske ety oncgper ity
and the |ikgore chdiflicdl or physical pmpelms of the pad and over-polishing and/or under-

polishing to reduce over-polishing and/or under-polishing.
14. The method of clam |, wherein the structure is an optoelectronic device.

[5. The method of claim |, wherein the substrate is a magnetic disk, an optical disk, a

ceramic substrate, or a nano-composite substrate,

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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