WD 2004/ 077520 PCT/ US2004/ 005563 POLI SHI NG PAD APPARATUS AND METHODS
Background of the Invention The present invention relates to chem cal
.mechani calwpabssétreg (CMP), and in 5 particular to optinj surface
nmor phol ogi es for polishing pads used in CMP appar at us. rhéf&ézq”é@??%ti on
of integrated circuits and other electronic devices, multiple |ayers of
conducting, sem conducting, and dielectric materials are deposited on or
renoved froma surf TN G PRIS APHAR AT " ers of conducti ng,
sem conducti ng, and gi e]]%ect r(|§c rra%eri al s-‘}rj\gj‘&@? epoi':siidtlzgd by a nunber of
deposi tion techni ques. Conunon 10 deposition techni ques in nbdem processing
,include physical vapor deposition (PVD), also known as sputtering, chem cal
vapor deposition (CVD), pl asr%?—%ﬂﬁ&lﬁ@eﬁtbﬁiw(@élonvapor deposi tion (PECVD),
and el ectrocheqi l-at 1 G 8 : 1 i al entially
deposi ted and?%ﬁgéegrg,ﬁé%@gﬁﬁggﬁ%@%@ur ?%%gglfgf ﬂ%"?‘“‘%@ﬁgﬂﬁgﬁeiﬁ‘g@‘ becone
non- pl anarticakd t¢ egtihized plufaey maphogies Fbradishing pgdauddd 8 UNRapardfus.
"polishing" a surface, is a process where material is removed fromthe
surface of tA&adabasation qfdniegrtefersnys md etherelegironitdevdenst mukiple layers
Pl anar i J I: ful dn.re 11N I surf opogr aphy ~and
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| atti ce sgdnmoe a seafiedenesr wafe. i Rfedaf eshdudiigg, Seplicordhetingbsd
Pl anarization is also useful in formng features on a substrate by renoving
excess digierdiie suterplyinee be depasiied by 6 npmper efifleppeition tectmmngs tonpgneli de an
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pl anar i zeowH RS bp@teemoStiEmios weot cpositich TV Risna-bihanceNvigmitanapoCVP, a
wafer carrier or polishing head is nmounted on a carrier assenbly and
posi t i orlepositeeGHGED). wnfislegtrpehanzinal pptingdECR).a CMP apparatus. The carrier

b i Ll.abl e. : b
Soarnat 1 ho LSRRGS b SaRc RS RRSA Ml rellcOER Bl GRSl 51 0 )

rel ati veuifacd dfahs hlistragtreapyecameaiwhgilanal afld tequirg planeeationS Mdrangodis| y
therewith, a chem cal conmposition ("slury") or other fluid mediumis flowed
ont &3t heusiens ehinedishing” aseriaes Wedhioesss Whigksanataral iggemevrd Homitbhsuticpall. The

the pad Sur LEb & DS RPRIB IR tkelf. PR AR A BRI RGBT oTi 2l
f r om t hemdeshet satfecestopd@aphy addisurfage tidfectpautls bs rgighrsarfess, agdhemaatedshi ng pad
is "conditioned" -- i.e., is treated by . .
materials, crystal lattice damage, scratches, and contaminated layers or maternals.
Planarization is also useful in forming features on a substrate by removing excess deposited
20 material used to fill the features and to provide an even surface for subsequent processing.
Chg:mical mechanical planarization, or chemical mechanical poiishing (CMP), is a
common téchnique used to planarize substrates such as semiconductor wafers. In
conventional CMP, a wafer carrier or polishing head is mounted on a carrier assembly and
positioned in contact with a polishing pad in a CMP apparatus. The carrier assembly
25  provides a-controllable pressure that urges the substrate against the polishing pad. The pad
is optionally moved (e.g., rotated) relative to the substrate by an external driving force.
Simultaneously therewith, a chemical composition (“slurry’) or other fluid medium is
flowed onto the polishing pad and between the substrate and the polishing pad. The
substrate surface is thus polished by the chemical and mechanical action of the pad surface
30  and slurry in a manner that selectively removes material from the substrate surface.
During the polishing process, the polishing pad is “conditioned” -- 1.¢., is treated by

a pad conditioner—so that the pad surface characteristics are maintained. Without pad



a pad conditioner-so that the pad surface characteristics are nmaintai ned.
Wt hout pad 1 WD 2004/ 077520 PCT/ US2004/ 005563 conditioning, the polishing
pad surfaceyeiwiaeiay i stics change with time. As the poli ghi rface
is initially conditioned for optimal polishing, alteratiogeg@@?ﬁgﬁgggy
surface during polishing results in a loss of polishing efficiency and is
generally considered undesirable. 5 The polishing efficiency in CVWP is

di ct at ed BYdiB6MiRE 2he POlidLHtY SR8 B B4 ctori t'&%ﬁ!n? with&fasl" Rs RRIpYRGRing he
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r ot at i onglad syrfasd ininitidlly codisioned foraptimgbpadlishinggaleaation ¢fthe padiswfase t he
substrate, .surface, and, t.he. natyre.of. th olishin ad..surface. . Here,
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on a 10 watgmprurface with the | east anount of material renoved.

Quantitatively, planarization efficiency PEis defined as: PE = RR'"' g, -
RRLAWEQ 1 Rrbhegolistiing efficieRRiAiy GMB istdictated hy seweral pobislihg patagrcteas, fr om

latively high el evation feat d.15 RRl is t | _rate of
ot or | a1 SHRBl, PEIEY DEFon B wPatalt PRNPotsBReas, BRceBre P RBRe s fon 1, O
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pol i shing pa avi surface 12 in contact wwth a substrate
( her ei nafsuefage, indthe madur@6f the pohshing pad fuafaee.22. Pad surface 12 has a.

surface shape ("myrphol ogy"”) .that .is typical]y. described as "surface 20
roughness. " & 58{]%%’&%\(232311%%@36{/6@%55 © BH%H’ oA &Pé@g?@@?‘f PR give
the gyrf Wclasurfg&’é‘ﬁﬁﬁﬁm)éast biho@ht SPRARYA r&RBRY. Rkt tati PYly AF183Riz480rANd hi gh
areas 32 arise due to device structures (e.g., Vvias, trenches,

i nt er conrefitciencydticis)definedasd in the wafer during the formation of integrated
circuits (ICs). FIG 2A is a plot_of the idealized planarization efficiency.
At the initial stage | of 25 BL—- igh Z 1 w | ow areas 30 do nOtEdécfnt act the
pad so that the renoval rate ?or_ thqg@H,areas (RRu,) is zero and PE = 1.
Further, during the internediate stage® 1, both |ow and high areas 30 and

32 are contacted but the conpressjon of the pad and the wafer step hei ght
di ctate twhreiRRugh isthergmoval gate af materialfrom pelatively high eleyatipn features, .and 1) |

when 1t5he ﬁk,%b i4h€ noval rate of material from relatively low elevation features. According to
Equation 1, 0 <PE <1.

FIG. 1 is a schematic close-up cross-sectional view of a polishing pad 10 having a
surface 12 in contact with a substrate (hereinafter, “wafer””) 20 having a surface 22. Pad
surface 12 has a surface shape (“morphology™) that is typically described as a “surface

20  roughness.” Wafer surface 22 has low areas 30 and high areas 32 that give the surface a
topography. In an example embodiment, low areas 20 and high areas 32 arise due to device
structures (e.g., vias, trenches, interconnects, etc.) formed in the wafer during the formation ( )
of integrated circuits (ICs). |

FIG. 2A is a plot of the idealized planarization efficiency. At the initial stage I of

25  planarizing, low areas 30 do not contact the pad so that the removal rate for these areas
(RRyov) is zero and PE = 1. Further, during the intermediate stage II, both low and high
areas 30 and 32 are contacted but the compression of the pad and the wafer step height
dictate that RRyigh > RRiow, such that 0 <PE <1. In the final stage III when the high areas
have been effectively removed, the high and low rates are equal so that PE =0. In ideal

30  planarization, the process goes from stage I to stage II essentially instantaneously so that the

ideal PE curve is a step function.
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have been effectively renoved, the high and |low rates are equal so that PE =
0. In ideal 30 planarization, the process goes fromstage Ito stage ||

essential |y ously so that the ideal PE curve is ep function.
2 WD 2004/ 0%‘2?3@,@5 S2004/ 005563 I n practice, areas of ’6‘??’5%%"@%?05563
effective density on the wafer get planarized at different rates, so that
stage Il is not infinitely short. In this case, the planarization

ef ficiency (PE) ' illu in FIG
5B She e § B8 5@*?68&&%%&@’%%@%%{%#%% %&P%L%ﬁﬂegd“ the time
it takes tdiffefenioaesssd thaystigedhisidot ifinitelyshbit.omn &imee,lth@%ﬁhag&ﬁbh is called
the "inductjon tine," Ti t is typically preferable to have a relatively
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wafer are fgﬁ?ﬁé‘?ﬁg‘g’?’%@ ﬁ?aﬁtlg %glgwg@% it]%‘?sfgmg m%%%gg%éﬁp%gg%ﬁogl? g%ﬁ%‘?%@? erized
by a | @ng fraiaurpe Do §thgeTl i dalled Yol ‘Dituction BB tT It is typiealyGrefetable Rdvernosi on
on surfaces consisting of nmultiple materials, such as are 10 encountered in

5 he final Teltyely lens ipepqtiomitipe maq@wwmp@gfm wafes Ate Rodished: fd@ﬁave;
oi 110t encyy Fhrerik p ERBHLANER A BT wBllorl B YAre L DEFSRL G Pitlesd™

"Met hods ajudsiBlepProatdsss fhat are bRdractadizeddsiclon € Blducidraiae iwi Bty allisiendt ia

m croreplicated surface," describes polishing pad surface having a 15
regul ar arlpwgr dishing and eipsion ofjsurfaces sppsistaig of multiple materialy, sueh ak &P apexes

becond bl iERTHERA AL Ge R HALE R HLARBSRNS Ben BRBHER Y PRRFIMLG, Soci ve

pol i shi ng d&mthseéenisgtictaggzpval rate, and finishes with a fine polishing and a
| ow(removal rate. This technique requires replacing the pad for each

pol i shi ng oper al¢chpiquanbaviedepmputfprth ibinerepse polishingietficencyy Hor esasplet st can
mai ntai n opt jo e I S f .the f. cost
savi ngs aglg%ec‘ﬁgioég"lv%mtqigg?gﬁ F‘?gﬁtﬁg"(&sur féégdégang%}ﬁ%afr | ci%ejrnct%Fguca & eﬁ%ssll | e,
with as |ipjlinRizhliGsusthg ARli@oicplicaaed nefkse,bdescabes polishingpaldisiithes ammae as
possible, it is desirable to develop a polishing pad having a _ norphol ogy

that oft i negeler praefrsmatresvitpdermn distal apexearkherfistalapsxesorontashtherw@kpisee such
pads to acsrl].llrﬁ\ég dlﬁ‘% Iggﬁisﬂ}nﬁl \Q'hérggy 91% 'agi‘atzeeaﬂd b%?onqg f)ﬁg%ldo g'}(hus,sfh%tp?%ﬁ&at?gn the

I nventi on
process starts out with aggressive polishing and a high removal rate, and finishes with a fine

polishing and a low removal rate. This technique requires replacing the pad for each
polishing operation, and is not amenable to a conditioning process that can maintain an
20  optimized pad surface morphology.

Because of the large cost savings associated with planarizing surfaces as efficiently
as possible, with as little loss of material as possible and with as little damage as possible, it
is desirable to develop a polishing pad having a morphology that optimizes planarization
performance, and methods for conditioning such pads to achieve and maintain the optimized

25 morphology.
Statement of the Invention
One aspect of the invention is a polishing pad for CMP that includes a non-porous
‘ conditioned pad surface characterized by a surface roughness distribution having a surface
roughness Ra < 3 microns.
30 Another aspect of the invention is a polishing pad for CMP that includes a porous
conditioned pad surface having a substantially flat surface characterized by a surface height
probability distribution with a pad surface height ratio R > 60%, or alternatively R > 70%.



One aspect of the invention is a polishing pad for CW that includes a

non- porous 4 conditioned pad surface characterized by a surface roughness
di stri butiwig JasePspea surface roughness Ra < 3 mcrons. ﬁprmwﬁ)rsséwem
of the invention is a polishing pad for CW that includes a porous
conditioned pad surface having a substantially flat surface characterized by
a surface height probability distribution with a pad surface height ratio
R>_ 60% or ajh6ihBRidpeet of RPinv&¥on3s Yo R Pali7foR OMNAETHERDAEE AQPRAR

Anot her aspect of the invention is a polishing pad for CVWP that includes a

por ous cenditianed pad gardacs ehataeterizerblaan asymumeairip jurface Aeighhprababilityir f ace hei ght
probabi | i,ty.. distri.bution havin n ,as ry factor Alo < 0. 50 Anot her
aspect ofhs_ﬁ?élgP#\}%‘ﬁPgéﬂa?%n%c%ﬁaﬁgoaAd?g:&org%itioni ng a surface of a non 5
porous pol i shiRgthepskpediyT theeinkattionis h ustffodCsionditionfhgd fefce enghén-oner
surface to the non- porous polishing pad surface, and noving the pad

condi i i operouspelishing padl dthewesthasl inpladesrontasting a pap odnditioney speiecesarthenen-whi | e
providing a force.that, presses,the. syrfaces t.gether t her eb ormng a
U T ace  PerdunRuGBing P BHes SRua ok bt PEF oy iR Sirpeac e 0B Dod by
a surf acgolbRuPOIRARS (A strfdcd WRIlORRvidhi) LRéd Bht RERRE theQlrfabR thpMRAL I ON is a
met hod of conditioning a surface of a porous polishing pad. e net hod

i ncl udestheraby fomiing asurfack rovghtiess wrthe nentpérous polishingpasioyusiase clshdtetidedg pad

surface, andwrgovi ng. .t he %Qad< onditioner surface relative to the non-porous
pol i shi nfY PR PREPHHIE & PPBYPB ng a force that presses the surfaces

togetder, then@bther Aspebi dTIhSinFeritiRGE a hEHINSIOnHifiohiHR RIRFBOSLMPoreas | shi ng
pad surface characterized by an 15 asymmetric surface height probability

di st ri bupdlishittgpadn dhe methodmeludescantictihg aipad condioneg Gosfacertodhe poraus i vel y R>
70% Anot her t of the | i on, i s .a nethod of i tjoni face
of ' por BRLSHiTRGHA ShrtAte: AARmoHRE the SRbtPoRiobEt e taed e T hghSBoRoRBR i 1 oner
surface podhify pHARUPREOWEle ﬁ%bicﬁ:tﬁ%ﬂﬂ)r@@ﬂiaﬁﬂ@&% the sAPcEER¥EdIBer! MRrdd3d

condi tioner surface relative to e non-porous 20 polishinhg pad suiface
whi | e pr torminghaysuxface reughnpsstin theammeporowscpodishing ped surbepstaheracteriged bygn f or i ng

RSyt PGPS U TRt ROBCBY i grobet Prote F BAT R Gelen HEPmet ry
factor ARG 60%; &QiferndBiE§R Dgegs.i ption of the Drawings

Another aspect of the invention is a method of conditioning a surface of a porous

polishing pad. The method includes contacting a pad conditioner surface to the non-porous
polishing pad surface, and moving the pad conditioner surface relative to the non-porous

20  polishing pad surface while providing a force that presses the surfaces together, thereby
forming a surface roughness in the non-porous polishing pad characterized by an

asymmetric surface height probability distribution having an asymmetry factor Ao < 0.50

Brief Description of the Drawings
25 FIG. 1A is a partial cross-sectional view of a polishing pad and a wafer illustrating
the planarization of high and low wafer features on the wafer;

FIG. 2A is a plot of polishing efficiency (PE) versus time (or alternatively, the
amount of material removed “AMR”) for a wafer with device topography illustrating an
ideal polishing efficiency (PE);

30 FIG. 2B is a plot of the PE vs. t or AMR for a wafer with device topography
illustrating a typical polishing efficiency;

FIG. 3A is a series of PE vs. AMR curves generated by planarizing wafers using a

non-porous polishing pad with conventional surface morphology;

4



25 FIG 1A is a partial cross-sectional view of a polishing pad and a wafer
dllustrating the planarization of high and | ow wafer features on the wafer,
FIG 2Ais polishing efficiency (PE) versus tine

alter nativm?‘lﬂg{%%&amunt of material renpved "AWR') forPﬁ'l(’\F&éF@f/OWﬁ%

devi ce topography illustrating an ideal polishing efficiency (PE); 30 FIG
2B is a plot of the PE vs t or AMR for a wafer with device topography

illustrating caI hi fICI 3Ais a series.of.PE vs.
AR curves gerdPABde Byt ek ReRehrabay B uiongt & Braferd TR BB R g pa
Wit h convegdnvertadnabidr- p@x@umlwhﬁigqgm such 3GhAAB4d foreae MMGO%%B

FIG 3B is a plot of height probability distribution (i.e., frequency versus

hei ght) for a Iénd¢arisiasags &Empé\@%cmgmen@ecbbﬂpmzmgmfmum et o
create the curves AA s _a series of PE vs. AMR curves
gener at edWopf)'agrpa?]is%nﬁ?a%éfQPQI‘EFSPHﬁV?W%n non- por ous polishing pad of the
presergt | nventFien 4BSs kipfet of Beiight BB Q]ﬁstﬁ'lﬁjtﬁiﬁt(lmﬁ@é}ﬁlédczﬁfﬁrsds ﬁélglht i on

(i.e., frequency versus helghtg or e non- por ous pol i shi ng pad t he
present itheape-perous pokishingp @pree@éatventlm suely asasedto cmat@thmwrversmg A is

a seri esojlpllf En AMR curves gener at ed by pl anari zing wafers using a -
porous poli I4 g- pad arith-a.nanx io surf'acaamxpbDl agy, 10 FIG 513 is a

pl ot of hei ghtrigy. ghaibialskiids GHRH vd. MR @hrveeb génheratbd By pRAGHZIME Walkss Bghght ) for
a conventi onal porous pollshlng pad such as used to create t he curves of

-G -5A;- IFQT@SEF@S B4 S+ ihkaecH 2y
pad face tent d| st ributio | G SB
il ugltlb; ating t rlF é‘é’és%trf}gl‘F'&ﬁng(S’g%}’q@fy dgsﬁlt’)'% #gfl %‘8?’6’8‘3‘ f)g‘flg@tgﬁg pad;
15 FIG chdtﬁreﬁ‘héiﬁl b&duSholhinESpadANER £5Uisk€ fo ﬁ@it@'tl@é&ﬁv&%f&‘l@n@}&' zing wafers
usifig a poro FKpol i shing pad of the present invention; FIG 6B is a plot of

hei ght pr obabi )5CdS @tpﬂqtmiﬁhwﬁape belghtflﬂéqdlémye Xeacsoss thepagrafator  a

non- por ous f _t.h 1 ny sgich sed Qo create the
curves of° nllg’lstﬁn§ %&ﬂ%‘tﬁlﬁé’f% %};@y% t18n 8g§%¢ O%Fn it aﬁ? &rﬁa%e a plot of
the surfagerfheicghlofh céfiventionilanesusporariaspad; he pad surface

15 FIG. 6A is a series of PE vs. AMR curves generated by planarizing wafers using a

porous polishing pad of the present invention;

FIG. 6B is a plot of height probability distribution (i.e., frequency versus height) for
a non-porous polishing pad of the present invention such as used to create the curves of
FIG. 6A, showing an asymmetric spectrum;

20 FIG. 6C is a plot of the surface height h vs. distance X across the pad surface
consistent with the height probability distribution of FIG. 6B, illustrating the flattened
surface morphology of porous polishing pad of the present invention; and

FIG. 7 is a side view of a CMP apparatus having the polishing pad of the present

invention.

Detailed Description of the Invention
The present invention relates to chemical mechanical polishing (CMP) and in
particular to optimized polishing pad morphology for CMP apparatus. The present
invention relates to both solid (i.e., non-porous) polishing pads and porous polish pads. The
30  present invention includes polishing pads having an optimized surface morphology i.e., a
surface character that has a high planarization efficiency as compared to the prior art, as
well as methods for conditioning the pads to achieve the optimized surface morphology.

The invention is first described in connection with optimized solid (non-porous) polishing
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consistent wwth the height probability distribution of FIG 613,
illustrating the flattened surface norphology of porous polishing pad of
the presemyohemMpmson; and FIG 7 is a side view of a CMBapR3s@lbssshavi ng
the polishing pad of the present invention. 25 Detailed Description of the
I nvention The present invention relates to chem cal nmechanical polishing
(CWP) and in particular to optim zed polishing pad norphol ogy for CWP
appar at Usads,[HaHoWe€ b A ldesdriptien of e ihedntibh s itelark o sptithiked ipofous pBHshifOr OUS)
pol i shing pads and porous polish pads. The 30 present invention includes
pol i shi iegdsads havi ng an optim zed surface norphology i.e., a surface

char acter that has a hi gh planarization efficiency as conpared to the prior
art, %&e‘u{{ as net hod@ ﬁi(? .00nd| t ioning the pads to achieve the optim zed
surface Gt FGY- PO RO Sis first described in connection with
optin§ zed sol Vﬂth(r@&?éﬂ%@'i&lﬁiﬂ mlth&eamow';a MELOH 07 7630uRGENIFI0A4/ 005563
pads,” followed by a description of the invention as it relates to optinized
porous pRemevedy “AMBSE (Amgsitioths) cumyes gmratgblosopb)lalpnng viafengjugingisa 5 Wth
reference to FI%iO there is ' eri al

h PE v
Removed GvenigRal 1ot BHEpoRUR AL yBR RS iating § cpHeERLPTa) L GEIUELS: ng
convent i QNghvdiflohal sirrPnem@RNREREID100) w28 Al ollRY] T S8804eA1 | onal

surface roughness. A ‘conventional slurry (namely, Rodel |LD1300) was used
in all caeres200mne THEStragthytorthesilical) Grafer T, EOBabde anSKIWI7-2rikdrnSKWcat )
waf er s bt ai nable a fro oci at ant ara,. CA. The
waf e{()s g‘éﬁ%ﬁ‘&ﬁ é’ %\e{%i‘b g%rf KVY"%BQA_@?*’F?‘&” a%ﬁ*m? geéﬁﬁleﬁnﬂrp‘he pl ot
in FIG | 8 B RO PasBp 2615 t he
surface l%?eﬂ(ﬂ tﬁﬁ%l% 1|ntnl£1§n %)?P%gflegggrﬁ%t op ?rﬁgdeg[ﬁtl con ﬁgé}%r tfﬁgel etters
"G' and $M8face neesfemddialay omi‘edayelr@tdpghasihad)n wafed ‘Bmdpt)ters FePend 'Sy to the

nature of the ns h en. a eqi n the wafer. 15
FIG 3B {%P%?“ﬁ&é{trefl&}‘ %’onér%ﬂlgﬁ’%ngg‘g \Fl’viel F@‘?“b‘l etﬂ‘l?){}?tl"%rf’ﬂf‘ gens‘lt?'rcgﬁ‘lf@ﬁcy ver sus

hei ght) {Q%ec cg%ﬁm?&g@hﬂwaﬁgr ous polishing pad such as that used to
create the curvés of FIG 3A |In particular, the pad surface enpl oyed had a

Gauski an sur f B2 3Boisgiphetsxd heighbptobhbiliy distribution (i.e., frequency versus height) for

a conventional non-porous polishing pad such as that used to create the curves of FIG. 3A

In particular, the pad surface employed had a Gaussian surface roughness probability
distribution with a surface roughness of Ra =5 microns. Conventional conditioned
polishing pads have a surface roughness of Ra > 3.5 microns. Accordingly, FIG. 3A is

20 representative of the planarization efficiency associated with the prior art polishing pad
surfaces.

With reference now to FIG. 4A, the same PE vs. AMR plot as in FIG. 3A is shown,
except that the polishing surface employed had a Gaussian surface roughness probability
distribution with a surface roughness Ra = 2 microns as graphically illustrated in FIG. 4B.

25  Such alow surface roughness is atypical of conventional polishing pad surfaces.

Generally, features of different densities polish at different rates, with low-density
features polishing faster (i.e., have a higher removal rates) and planarize sooner than high-
density features. However, from FIG. 4B it is clear that the polishing efficiency obtained is
much higher than that of the prior art even though the surface roughness of the polishing

30  padis much less. For example, for the low-roughness pad of the present invention,
planarization is achieved on the 10% and 20% features at about 6000 Angstroms removed.
On the other hand, for the conventional roughness pad of the prior art, planarization is not

completed until about 9000 Angstroms are removed.
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distribution wth a surface roughness of Ra = 5 mcrons. Conventi onal
.conditioned polishing pads have a surface roughness of Ra ? 3.5 m crons.
Accor di ngl wo 16b420778% i s 20 representative of the planari zmtt/06n08fiddssdzency
associated with the prior art polishing pad surfaces. Wth reference now to
FIG 4A, the same PE vs. AMR plot as in FIG 3A is shown, except that the
pol i shing surface enpl oyed had a Gaussi an surface roughness probability

di stribution Vlkihisea connfeamnitivangbuie dhe Raventops ha',\mrdﬁsmvasd@mphmiiﬁblhqd

| | ustrat | Such h | of
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faster (i.e., have a renoval rates) and planarize sSooner than high-
density flménshmgqpad bmimcar In g examiple@mbidinenticd the mrasent heventidrg thwddnditiongd

«<fficiency. obtained iss .nuch her .t han, that of th r art ven t hough
The. oor  USREEGAN Suitios et A s ShatngS annw@nﬁuﬁhgfr%@?exaap Coxarpl e, 1 or
the | ow roudanass Jtase Rivedtln, Me@SAdtiohdd pad mmmhza%m&e@ugﬁl&seved
on the 10% and 20%featur es at about 6000 Angs roms renoved t her

hand, forR48& misromsnti onal roughness pad of the prior art, planarization is
not conpl ete nt| ut 9000 A ar.e reno 4/ 077520
PCTI US2004/ oo tgl‘rﬂafgﬁ PLmize pR @ﬁﬂﬁﬁf%%%ﬁ&%ﬁéﬁ@ ﬁé‘ggx rs have
di scover <
| g&s i 1&%%&9&%1191%% ﬁélh%gld?!ﬁéii COHIabASEss @ér?th\é b8 elggg,aeﬁt e

3.5 mecr ul't 1n a pllanarizat| efficiency that Is opt
to thdx oddavafedthen s ndmatiy veemired kil i becande theaadited pnﬂfacshonghmssjraemltsf aces.

I n an exanpl e enhodi nent_of th resent i.nvention, the ondltlo ed 5
D01 1 o e SaeTe SUGe AR e pARRPIERR DGR Souastth e yteio R tal Ipstinot her
exdnpl e gyhAdinaestce f tﬁmafeﬁ%eede%cmw@mmbfam%ﬁfﬂof&e{de | BgaPpagissur f ace

has a surface roughness Ra < 2 mcrons. A benefit of the optim ze
pol i shi ngbquaﬂtlsmaftmular]ymdpmmagys fts'pbhdnmwdnsmeﬂhn&psachmﬁhmmg st i on or

i shi I t bet ol i shi d. 10 d
Pater 't nond i afaln Eiaa. B S Bhafielo BBl Ane dabitea. ™ "
roughfsesswﬁ@n%ah)je%tédrtorméﬁgﬁ gﬁé@&qn&i&am%nbeﬁoﬁ%%@m%@ﬁq gh8bfiget! N contact

with the wafer, so that | ess dowward force on the wafer 1S needed achieve
t he saneprnssuret of force per area. This benefit is particularly
advant ageous for polishing sensitive filnms, such as filnms having | ow

Non-porous pad conditioning
I\I.pn—porous polishing pads, such as the model OXP 4000 by Rodel, Inc., Newark,
20 Delaware, as discussed above, have a conventional conditioned surface roughness Ra> 3.5
microns. In the present invention, in one example embodiment a non-porous polishing pad
is conditioned using conventional techniques to have a surface roughness Ra < 3.5 microns.
( Advantageously, the non-porous polishing pad surface is conditioned to have a surface
roughness Ra of 1 to 3 microns. Most advantageously, the conditioned non-porous
25  polishing pad has a surface roughness Ra of 1 to 2 microns. Advantageously, the pad is a
non-porous polymeric material. Most advantageously, the non-porous pad is a
polyurethane-based polymer. Thus, in both example embodiments, conditioning is used to
develop a pad surface having a surface roughness significantly less than that of the prior art.
Conventional conditioning techniques are used to achieve and maintain the low
30  surface roughness morphology of the present invention. Such techniques include contacting
the polishing pad surface with a diamond imbedded pad conditioner such as those available
from the Kinik Company, Taipei, Taiwan. The low surface roughness pad morphology is



and ultra-low dielectric constants. Such filnms are known to be prone to

bei ng damaged 15 when subjected to the high stresses induced when perform ng
CVP wi th Wadsogionsmct pressure. Non-porous pad conditi opdfgsiesodd8§0US

pol i shing pads, such as the nodel OXP 4000 by Rodel, Inc., Newark, 0

Del awar e, as di scussed above, have a conventional conditioned surface
roughness Ra> 3.5 mcrons. In the present invention, in one exanple

enbodi nesttaidedby utiiziag sopdii o deggrzatiaractericedbly télathvetly 1o aig-ratesaent i onal
techni ques to have a surface roughness Ra < 3.5 m crons. Advantageously,

t he non-WRfﬂ%d@cih?EﬂPWWE@ empioyedatitEpicel IpeesH fdingse have a surface
roughness Ra gf ' . 1 Lt oned
non- por ous 2 p0(§.1]e ieé( | ﬁlgé@%ﬁéﬁﬁgesnt, S%lﬁf%‘é%ﬂlﬁﬂ%ﬂ%ﬁ%éﬂé%ﬁu&%ﬂgft &%&E%‘HZ&% crons.
Advant agmainsdiy thettherphaldgy o1 the presentiavaionjoparficrmed ushiger conventidnat in-situ
advant ageous| y, the non-porous, pad is a__ pol yurethane-based pol yner,. Thus,
in both ebdifmingtepbaPHaad en 2 Pitoing ABR; Age renditigng applies paubate ohagbouttr f ace
havi ng a e ughr hgQtf S t rior art.
Convent | S BEfabErgRTRnD iR MR noRE ikl RBtosdls IFORE 2T T e

| ow 30 sappliad e thewghdieisserin ppialsogid rpin,ilhds feasaribnalspesd éfaihe pSishing
t echni ques include contactin t he polishing pad surface with a di anond
i nbeddedplpten it BvQiutions per mingfe. MMostgdeantageapsinhe conditiening apNjesialcubeipany ,

Tai pei , | : oW surfé r: ' WO 2004/ 077520
PCT/ Uszogt?ull @%&%M‘%ﬁf%@%@‘ﬁ“ﬁ@%##&?? ﬁgls%g%gi %g?db gé?%‘f\t‘st?%har acteri zed
by r®) at éotditioninpargitinotion Bopamizedaopesittdn b Gubdisntially Pt auttratstigofikinlaayed at
typi cal process settings. In one exanpl e enbodi nent, porous polishing pad

condi t i offpAgKimgtedy: Fadial swseriacressiadOd hincl diamstgridatelyy of the present o
: fion i ; m . bt tLoning tool |
mounted on a GRSt Aabis dHbREOR T ARAR o Ml Bliotr BEAMRIRITIAT I s
nm (| b~déondittaming) whihLapplies a betsratel of névie tiansbbut 400gte/(Ibphepa, | hedhr)ispnesent s

the force .applied to the conditioner in pounds, and rpnpiaje" is the
rot at i onBsiBIgBREE-of the polishing platen in revolutions per minute. Most

advapd ageousl ht Q0| ' . - I .
i (Ibedr - prianepREnFE bR eor £RA 4ditediyehiss cBhdriofts gitghBsdto | o 1
condi t i ofdhikyeahdddepired ont-iate @dtpadisddstetmonpisloky enplays subistaundhedtal y f | at

cut-rate profile in an _approximately radi al sweep acrgss a 20-23 inch
di amet er digmgpds,charactenzed by a mean diametér of 195 um or greater, and a surface density of

between 1 and 15/cm>.

20  Porous Polishing Pads
With reference to FIG. 5A, there is shown a series PE vs. AMR curves generated by
planarizing wafers using a Rodel IC1000 porous polishing pad. A conventional slurry
(namely, Rodel IL.D1300) was used in all cases. As in the case of the non-porous pads, the
wafers used were a 200mm TEOS SiO, wafers with different wafer pattern densities. The
25 legend in the plot indicates the feature-scale density as a percentage of the surface area. The
features used were step features formed in an oxide layer atop the silicon wafer. The letters
“G” and “S” refer to “gradual” and *step.”
With reference to FIG. 5B, the pad surface employed had a substantially symmetric
surface height probability distribution with a surface roughness of Ra = 8 microns. FIG. 5C
30 isaplot of surface height h (in microns) vs. distance x (microns) of a pad surface consistent
with the height probability distribution (spectrum) of FIG. 5B.
The asymmetric nature of the surface roughness probability distribution illustrated in
FIG. 5B arises in part from the inherent porosity of the pad material. Conventional porous
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These exanpl e enbodi nents are in contrast to the prior art
hi gh- aggr essi veness conditioning, which applies a cut-rate of nore than

about 40 nnj Ibedr-rzr@gnphaf, hour) in an in-situ node. 15 One exan&al e
enbodi nent B3P WU Aggr essi veness condi tioner design usedPGHUSHRHMSAE t he

desired cut-rate and pad surface norphol ogy enpl oys cubi c-oct ahedr al
di anonds characterized by a nean dianeter of 195 umor greater, and a

surface deqns USmROL SN '
reference P glhgﬁgg@i?g%ﬁggf%g@%\%ﬂ%&sﬁgﬁg%avs. CX E{(‘;]-‘H% \%é’gg’%g“r‘i‘\g& éd by
pl anari zi ngangabé56-70 hichna. RedaldingGl RIG. b iotepreeaitaiive ofgh@planardzationvent i onal
slurry (napely, Rode] 1LD1300) was used in_al.l cases, As in the case of the
rHon- por ous SHIGAERCY psecIalRer it ﬂ{?@@@rmmm&smb%&&% aegs-waf ers Wt h

di fferent wafer |4 N, 2 3mle SFERD ANIR Iafétﬁ’]q]' [ e
feature-scal e dgf\)@{e?érg%&g{bggoc@?fgééﬁgf the surface cgﬁgg_ gmfég%ﬁftgéth
used wefe steqpliskiat vudscef enipleykd tadan asyhohetr chyedght patabilite distribution withfay . The
letters "G and "S" refer,  to "gradual” agﬂ*g"step." Wth reference to FIG
513, the passosiated sutfacsronghness RAF &0 #irhas HHstrated yn ElGq AR, rSuch adgwisifacthei ght

probabilit lﬂ;ihﬁ [ .,}%’P.] ' . = lG L . FIG 5C
30 is a pl %(f 0 ésrssl?ir]#tgée %ﬁf?ﬁ%’lﬂif&kﬁ%ﬁ?{@ns ﬂ@gﬁlsﬁt@gﬂ&g@%ﬂfﬁf@é@ns) of a

pad surf ac@olishiisd pddesuirfaced. t h t he hei ght probability distribution (spectrum

of FIG 5B. The asymretric nature of the surface roughnessﬁEGrobabi lity

di stribution il Thepsarmgtry /T thesuyrfacerheaght prabaphity distntistigpof K- Gbheancha

por osi of -1 ah y i :

PCTI usi%o4ﬂ8%‘§§jé’§%g'ﬁg?"{s§#€{ghe§a§§s‘t ﬂ%é’?g@s%‘?%g{eﬁ? %u%@%g&%’g%ﬁmggﬁn 5 and
8 m crons drduénhcyi(frax) Sslativiean i heiglahgewlodre @ /Gocatsc The s alubC¥ prepiresghty the-l G
5A ig representative of the planarizati efficiency asspcjiated with the
pri of art palfoidihnsmeasiyeg t‘bﬁw 1§§Pf Bmégg HWW%WM?@EQ?@“&BW%W@” 6A, the

same PE vs . h : L.shi ur face
ol oyod niafReg i METieRt G RgOYH: BN SF R WIReins b GoyBPhe haBdy AGE 10
associ at ed petfedtdbmssiaidistridatioRbasarfasymmetysfactbt ofsl.r Bhemventossiiave iscovdvah a

| ow surface roughness and asa/n’met ric height probability distributionis
at ypi cab ofthat inentiusn aprous gpd sifac meaphlegy hrseq associated asymmetry factor Aqo <

0.50.

Generally, features of different densities polish at different rates, with low-density

features polishing faster (i.e., have a higher removal rates) and planarize sooner than high-
density features. However, from FIG. 64, it is clear that the polishing efficiency obtained is
20  much higher than that of the prior art (FIG. 5A) even though the surface roughness of the
polishing pad is much less. This is a counterintuitive result.
FIG. 6C a plot of surface height h (in microns) vs. distance x (microns) of a pad
surface consistent with the surface height probability distribution (spectrum) of FIG. 6B.
Notable in FIG. 6C is that more of the pad surface is at a given height ha (hereinafter, the

.

25  “pad surface height”) as compared to the conventional (i.e., prior art) Gaussian surface of
FIG. 5C. The pad surface height ha represents the statistical “mode” of the distribution, i.e.,
the height value that occurs most often. The pad surface of FIG. 6C is thus flatter than prior
art polishing pads.

The flattened polishing pad can also be described as having a “flatness”

30 characterized by a pad surface height ratio R > X% -- meaning that X% or more of the

surface is at or below the pad surface height hy that occurs with the maximum frequency.

In respective example embodiments of the present invention, the conditioned polishing pad



The asymmetry of the surface height probability distribution of FIG 6B can-
be 10 quantified by neasuring the half-widths of the distribution at 10%

($0) of t i frequency (fMAX) relative to the hei f MAX

occurs. Tﬁova (}’?’% represents the half-width as masuﬁ@%%%%@ft of

hM and the value WR represents the half-width as neasured to the right of

hM The ratio of WR'W. defines an asymetry factor Aio. A perfect Gaussian
di stri buts{u%eh%agad@ﬁﬁfm@&deﬁ%ufr@fotﬁé . 1 AdVBabONRR BlcTolRNndd SORMEIL 15
that the optimum porous pa urface nor phol ogy Ras an associ at ed” asy try

fact or Apad sirf4e hase ped aluiface Heimht ratioR of 6tiof §586.e nModeatbianfagsoushy, ileh  at

different rat.es,. wiith |owdensit features polishi te i.e., have a
hi gher ré%‘gg ngdpolis rP&dﬁF‘g?F&rﬁ/aiépé‘gﬁqf&cethﬁﬁlm Fﬁtﬁﬁgogaﬁ@ §(§?}°1‘ eat ures.
However , Advaafddisty® the dorotspadli€@polyfitic nhferPdl Ml B\ ldabiisen e fltbad ned i s
20 much rﬁghergtoﬁgﬁﬁﬁa}% %ﬁ%é pPl0 r a?t (?:I G bHA) Q(gvvaglnagtﬁ%s??gh e%ﬁégbsurface
r oughfies padis 4 puiywptilanebasey podyinérconanting pares hating an avarageosizd eff lesstthat i ve
resul t. FI& 6C a plot of surface height h (in mcrons) vs. distance x

(mecr ons)10 M pad surface consistent with the surface height probability

di stribution ( ﬁﬁ)ta{-i f | ' . e of the
pad surface is%jg)t a ggz/%ﬁ %‘ghgﬁ%@%ﬁ i%ﬁ?ﬁgﬁ g?@nt Sg%si’ﬁggﬁé%?%ce

hei ght) asarfacefaliepresent iinvent om provides gedatef plamarizgpionefficiency dSaormpiared tear f ace
of FIG 5C. The pad surf,a]%e hei h% hA represents the statistical "node" of
the di st CPBYRMtigRal porus polishipg pad §Hfacgal ue that occurs nost often. The pad
surfaoe of FIG 6Cis thus flatter than prior art polishing pads. The

flattene WESY . e described as having a "flatness" 30
char act e(ri)l"gg'fr4 %@s@%pgggg&foﬁg&&nq%ggm ratio R? X% -- neaning that X% or nore
of the surfaggohsedimple ehdboaithénhHopas pdlisHiag pad edr@itioniy fonhicpe s Wi th'

t he maxi mum frequency. In respective exanple enbodi nents of the_ present
i nvent i ommorphlogyekiihepsesent ipventioniinperframed 9smeaxopysnlippaio-sHETPRENoBINL005563

surface ha ur Lgh a : %. van : .
conditi oﬁ%"ﬁ m%o‘ﬁ'%gm n%f)ﬁ'%‘gjdg g‘[j’?f iatnc‘”’ré‘l #ggl pgg) epng'(gj)p(fsl%lre aiheé ?g’ﬁg%ﬁk%#ﬂ@ﬁ% 8F 60 to
95% 1bbstsitadunditiagfgund ¥ stahtierd CMP @idcesté egtimatedipad-viader Qutdcag®aiesa a pad
surface height ratio R of 70 to 90% Advantageously, the porous pad is a

pol yner i @orseplising ped suchas A Reded 1400 is peous dR¥n A tepipal precgsyseitings.
pol yur et Rge: BASEG BHATHing XAkl WRRoF Srt PRYIURPaB RoANEEAAE r&bfiS Pl ! €SS

t han

pad-wafer contact area on the order of 2-5% at similar conditions. Thus, the applied
pressure at the pad-wafer interface is 2-5 times lower with the conditioning methods of the
20  present invention as compared to those of the prior art.

In an example embodiment, the conditioning applies a cut-rate of less than about 25
n/(Ibegr-TpMplaeen-hour) in an in-situ mode. In this embodiment, the conditioning arm
motion is optimized to result in a substantially flat cut-rate profile in an approximately
radial sweep across a 20-23 inch diameter platen.

25 In another example embodiment, pad conditioning results in a pad surface
characterized by an asymmetry factor <0.50. Advantageously, the conditioning results in
a pad surface characterized by an asymmetry factor of 0.10 to 0.50. Most advantageously,
the conditioning results in a pad surface characterized by an asymmetry factor of 0.25 to
0.50.

30 These example embodiments are in contrast to the prior art high-aggressiveness
conditioning, which applies a cut-rate of more than about 40 nm/(Ib.¢r-rpmypjeen-hour) in an

in situ mode.
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polishing pad surface of the present invention provides greater

" planari zat fflciency as conpared to a conventional porous polishing pad
sur f ace. 1‘88%8$46‘{72§290I i shing Pad Conditioning In one exaﬁﬁir@sé‘f?ﬂ%ﬁﬁ%nt,

porous polishing pad conditioning to achieve the norphology of the present
I nvention is perfornmed using a conventional in-situ conditioning tool

nmounted on a VoL . gsqpeg fng‘ stem
utilizing in %Xes%{aﬂgé%%@?%ﬁ%ﬁgnﬂ ggrs?t an gésgp%%o%fr}lggoes ,Or?s%'e esti mat ed
pad- waf erpolistiib@pid asceedifi@to the ppRetifveptibn sipiogs patsic-ouahedral dibfoiixdel |1 C1000
I s about 10% at, typical process settings. The aggressive conditioning

"associ at c@ACERZE Pyop merk dpgtebuof A 3o iSRS Q1 Bpaterg anda sirfageidsnaty gfad- waf er
cont act e r of 2-5% at simlar conditions. Thus, the applied
pressure%;eﬁg?eﬁg %g&% er interface is 2-5 tines lower with the conditioning

“met hods of t hdn2Botheraniplé avbodinent, ssnditiviie i€ Petformhdinwith @kokdigoning pad ar t .
In an exanpl e enbodi nent, the conditioning achp ies a cut-rate of | ess than
A4P

about 25 hayme@EPESHeEs (i diegionduithatipangizts 19.aepth afpipeto SOmicrans, andidbatiakont |
the condiyak@3hi-aia 1&8%8%&%%9“19@%3%;{5}3s[ﬁééé' tb foltn BBl AR Y T &t

cut-rate profi an” approxi nat el sweep across a nch

di amet er pl at €gA.yePandltiter @rahplerenthodinmng condidohing of a pprudis polichiid gatdieg resul ts
in a pad surface, characterized by an asymetry factor < 0.50.

Advant agersuiormed insmanneithat ghneajes wEfaee asperyiesgleplting in mareoithepatsustace ed by

resaris 1orelrrnBe Bty fs s ShAS R1, WO L RRAH FRERC Yoo sebRgRRABGL D1 1O

0.50. 30 Jfhgseo®rdliphif @A BELoNRRA Ucss afidlebtraRated as the coniitdnpr dgptesdivtness
hi gh- aggr essi veness _condi ti oni nﬁ%n which applies a cut-rate of nore than
about .40 ia#Fcrsase ep pisketed B EIG- an in situ node. 10 WD 2004/ 077520

T 2004 005Ky AR TR, PPl iR ARSI S e,
enpl oys ocwifecsupfatahtdilesd ikl roeudsribute to dishing and erosion during CMP. Further, pad
: 15  surfaces characterized by truncated asperities tend to present more surface area to the wafer
surface and thus require proportionally less surface pressure in polishing. This, in tumn,
reduces the likelihood of damage being inflicted to the surface during CMP.
Thus, in one example embodiment, conditioning a non-porous polishing pad is
carried out by providing a conditioning pad with a surface having abrasives extending up to
20 50 microns therefrom, and then contacting the conditioning pad surface to the non-porous
polishing pad surface. The conditioning pad surface is then moved relative to the non-
porous polishing pad surface while providing a force that presses the surfaces together. The
process is carried out to form and maintain a surface roughness in the non-porous polishing
pad surface characterized by an asymmetric surface height probability distribution having
25  anasymmetry factor Ajp £0.50.
In another example embodiment, the same process is carried out such that the
surface height probability surface distribution has a pad surface height ratio R> 60%. In yet

another example embodiment, the process is carried out such that R> 70%.

30 CMP System
FIG. 7 shows a CMP system 200 that employs an embodiment of a polishing pad
202 of the present invention as described in detail above. Polishing pad 202 has an upper
surface 204. System 200 includes a polishing platen 210 rotatable about an axis Al. Platen
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characterized by a nean dianeter of 195 mcrons or greater, and a surface
density of between | and 15/cn2. 5 In another exanple enbodi nent,

condi t i oniya@ 2603/0PB2H or med with a conditioning pad havin L6 e.g.
di anonds) that penetrate to a depth of up to 50 m crons, Pe Bﬁ?ﬁ% E%?ﬁ has
a background | ayer that snears or "clips" the pad surface to formtruncated
asperities. In yet another exanple enbodi ment, conditioning of a porous

pol i shi ng1 PR dnSup Qles‘lfrf%é@ﬂz bfforPHRABES 2R SHEE 3 S BUAAGSRS P L es,
resulting in nDre o the pad surface” 10 occurring bel ow the pad surface
hei ght hrgtatableiabout snrazise 1smu5p@tedabovapfd18hsqgmadtsyrfa¢erm uWefasfcamiep32®us

polishin beco ) tru ndi tiaon

aggr essi 3@%@ er a[cEgkzggrélﬁnﬂgg 5|“PPF§F C@ niﬁl%rz 15 I*FP'HHEifOelawef
asperiti gafRee2d e%féﬂﬁ%'ﬁés b QuFfREER tHR RIS @bhilﬁﬂg%i@ﬁﬁﬁa%@%ﬁewa{éﬁs on the
wafer surface and | ess likely to contribute to dishing and erosion during

CVP. Fur téreier 22ﬂald adaedstorriracids a downwetdsiorcedtischthat wafec surate 228as pressed t end to
present nor.e su acegagl:sﬁg%to éége waf er surface and thus require
proportlﬁglaéﬁ g #Messure in polishing. This, in turn, reduces
the likeli hoog%aém%melmﬁaa ol ey &g, My@tehmcﬁwﬁﬁaqese%ﬂm @F; Thus, in
one exanpl e enbodi nent, conditionin non- porous polishing pad 1's carried
out by ptempetitig cantrolied) tha holdg a[shnirwﬂ%hshns/wnppkyesyﬂam A iabludes v¥emduit

condi t1 oafhEosaeeEarf BEbeRboE T HorSBSPBHRS BOFEREA] 2454 LK ace. The
condii ogh \bﬁﬁ%&ymtﬁ% padl de@f‘su'i’ﬁE@%éfﬁh‘ﬁlsb&ﬁsﬁ%’slﬁﬂ? 2493ntPAEPYE Pol i shing

pad surface roviding a force that presses the Surfaces together. The
process i s caSysted 2@0tfurtth¢rﬁmﬂlmdearad>adraomdlmMgnwrbfeaeéO moeggnatdss in t he

non- porous pol i shin surface cter an rface
el aht - PBBRIGRYGR Hick BAY BORS S REAAOR o Son Db T Pab fopdaRieg e 0. 50,
I n anot hegy, a‘%ﬁ@dﬁﬁiﬁ a@@m irf £BorRIBHE WHlIPARDRedeRt MOEAHRhsQidkorieah that the
surface hel ght Ity surface distribution has a pad surface hei ght
rati o R?ab®& hhnneye:tam;ﬂmambedmmappdl eorglitirmangumamber 2% jpchides s coveptiomaled out
such_ that R?,70% m F stem t hat ons
- e hboFWEGRIE RO BT L & Goronitg PP LF v & ST REDAH ohe S ot | bec
in detai bnGh@\ekampR! ér@dwnﬁelﬁ;sliad?&%dmaﬁl ndtRRE 250 34 EGRRnEG kR c&(ﬁ%x&ﬁh%oo
includes a polishing platen 0 rotat ab e about an axis Al. Platen

ring.

System 200 also includes a controller 270 coupled to slurry supply system 240 via a
connection 274, to wafer carrier 220 via a connection 276, to polishing platen 210 via a
20  connection 278, and to pad conditioning member 250 via a connection 279. Controller 270
controls these system elements during the polishing operation. In an example embodiment,
controller 270 includes a processor (e.g., a CPU) 280, a memory 282 connected to the il ’\)
processor, and support circuitry 284 for supporting the operation of the processor, memory
and other elements in the controller.
25 With continuing reference to FIG. 7, in operation controller 270 activates slurry
supply system 240 to dispense slurry 244 onto the rotating polishing pad upper surface 204.
The slurry spreads out over the polishing pad upper surface, including the portion of the
surface beneath wafer 226. Controller 270 also activates wafer carrier 220 to rotate at a
select speed (e.g., 0 to 150 revolutions-per-minute or “rpm.”) so that wafer surface 228
30  moves relative to polishing pad surface 204.
Wafer carrier 220 also provides a select downward force F (e.g., 0 —15 psi) so that
wafer surface 228 is pressed against polishing pad surface 204. Controller 270 further
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WD- 20041077520 PCT/ US2004/ 005563 210 has an upper surface 212 upon which
-pad 202 is nounted. A wafer carrier 220 rotatable about an axis A2 is
supported wwonoesposzeshi ng pad surface 204. Wafer carrier g@flusivedomsdoner
surface 222 parallel to. pad upper surface 204. Wafer 226 is nounted to

| ower surface 222. Wafer 226 has a surface 228 that faces polishing pad
surface 204. Wafer 5 carrier 220 is adapted to provide a dowward force F so
t hat waf egontrolsftAe ot spsedoihs @dhshi@pla&n, \philch spe‘:adgs papicatlyrHeteeen20¥50 Syst em
200 al so includes a slurry supply system q a reservoir 242 (e.g.,

t enper at UPEL- é@ﬁ@mmqt’@a)mﬂh@?pﬁ jstgag aprfﬁﬂ%ﬁo faatro Igr 370 gouige) md syst em 240

4 ncl udes gﬁy t voir and a
second en‘g)ngﬁ@ﬁﬁﬁt?? %%r{gg%ﬁ?@g?l on ¢ zfd ﬁlp er sur ace 204 for
di spensi ngnditioning ig férfomiea ihiee matier d&(mbealmﬂd)ﬁaﬁ al:sdvfepmthmhﬁ pagcula pad
conditionin nenber 250 .in qperabl e nlcat on with pad upper surface
204. Pad ngrpaloddrRradingLy W%e% ) Ba BEfgrd ?Q%WTB%PTS urface
204 in acgar nce with the present invention as described above. In one
exanpl e odi'nment, pad conditioning nenber 250 includes a conventional 15

sweepi ng condi Bé@nkemlmhmg\@aﬂhuﬁ‘a@cmui Hak an bpigmized lsuffacegmorphologpcthe i oni ng
pad) at one end. In _ another exanple enbodi ment, pad conditioni ng menber 250
i s a convRlangrization efficieney Ergragjer th?’h&’ha@}%tbé?ﬁ %‘é’@?"&b@d’y GoaVeRtonabmedst r ol | er

270 coupl [ fer
carri o 2o i BUP R PR AR et i BERRTERL OB S0kl Gl
conneny i om@ﬁ&mmbté;ohq@@d reovalf argninnige coserbLthe Do ent iaventivanizecttiaace ¢X74.
Controller 270 controls these systemelenents during the polishing

oper at i ondamagingthe wafen surfaehodi ment, control l er 270 i ncludes a processor
(e. é , a CPU) 280, a nenory 282 connected to the } processor, and support
circuitry 284 for supporting the operation of the processor, nenory and
other elements in the controller. 25 Wth continuing reference to FIG 7, in
operation controller 270 activates slurry supply system 240 to di spense
slurry 244 onto the rotating polishing pad upper surface 204. The slurry
spreads out over the polishing pad upper surface, including the portion of
the surface beneath wafer 226. Controller 270 also activates wafer carrier
220 to rotate at a select speed (e.g., 0 to 150 revol utions-per-mnute or

"rpm') so that wafer surface 228 30 noves relative to polishing pad surface
204.
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Wafer carrier 220 al so provides a select downward force F (e.g., 0 -15 psi)
so that wafer surface 228 is pressed agai nst polishing pad surface 204.
Controller 270 further 12 WO 2004/ 077520 PCTI US2004/ 005563 controls the
rotation spedioklaified Ro! i shing pl aten, which speed is typically between
0-150 rpm In conjunction with the polishing of wafer 226, controller 270
controls pad conditioning nenber 250 to condition polishing pad surface 204.

The pad surface i-£1Qnj i ar. int nner,. descri bed in detail
abover i thithe 2PRFbE B Lhebit BERRICE hec Pt alRRRE s TS e

pol i shing pagbreus paicUdidded surfied hpwihg dSulsstantially Gdssurf3ee ahgtctpitdddyiang pad
surface 204 has an optim zed surface norphol og the planarization

ef fi ci ency Susfagg beighiprobabilitydistribptionyugha prdwuelpae haighiratio RadhYs onal neans.
I ncreased planarization efficiency results in |less material being renoved
fromthe wafer, 10 nore efficient step height renoval, and in the case of
t he present2.i nvehtd molishingyad ofialane 1pivherdimigl 2P%.ne waf er surface. 13 What
is clained is: 1. A polishing pad suitable for chem cal nechani cal

pl anari zation, conprising: a porous pad conditioned surface having a

substantialiy fl : : ' S i g : bility
di stributi o%i Wi tlﬁfpgﬁgg%ggﬁarg;ggﬁggf%megﬁ%é@egﬁﬁ%%ﬁ .Z#ﬁ%}’ E%Tﬁg ing pad of
claim 1, whepaous pad conditibhed siifacA chabhetetizaddypachsgminteatd surfase heightprobdbility
mechani cal @I agar,i Zﬁlt i,on, conpri sitfqg: % p<8r us pad conditioned surface

char act er i Z8H§MBYUCHaYIREFRASY Ny IRSOR A g?ﬁt probability distribution
havi ng an asymetry factor Alo _-50.50. 4. The polishing pad of claim3

wherein the surface height probability distribution has a pad surface
hei ght rati4 R?608¢ pdishifigeagof ckim dgviradn die shrfabehapht fRobability Gstributibn has a

pad surface height ratio R260%.

5. The polishing pad of 4 wherein R is 270%.
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