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WD 2004/ 077520 PCT/ US2004/ 005563 PCLI SHI NG PAD

APPARATUS AND METHODS Background of the Invention The
w@e@gments20 nventi on rel ates to cheni cal nechani Pel/US2004/005563

polishing (CW), and in 5 particular to optim zed

surface norphol ogi es for polishing pads used in CW

apparatus. In the fabrication of integrated circuits

and ot herP@LéS:HINGiP:ADeW%BAWAM?g/IEEI}QES of

conducting, sem conducting, and dielectric materials

are deposited on or renoved froma surface of a

sem conduct or waf BhekglBinhd betiRTavelRti®onduct i ng,
sem conductin and d| electric materjals. my
dePlospreseht byveationrabies tofcharaisakeshsmicebpelinhy }Ee(sd%@@ Andin
echni |
R
S B tHeShbiéhtiof RE iiteahted aﬁcmtsdmn otliet elzatr(1GY I)aylces multiple layers

pl asma- enhanced, chem cal vapor e 05|t|on 1%6 4
of congvgting, @gmp(‘@@ﬁléqﬁnga@n%ﬁlglpptﬁﬁ 0 rﬂglep%sgl 1’18]1‘ remodved from a

surfa(ije tfearsleﬂuctsonﬁ{lceto FARE n?’hf’ﬁl lgyeréj@miﬂﬁﬁglga%lﬁgﬁ@l‘éﬁﬂg, anfe
sur ace of the substrate rmy becone
dlele@ﬁ@nﬂte@i&&rma)ﬂﬁe d&pzpultef(hbypdt Aanabéroddeprsitid? teelaiuesngommps

deposireieriiasss i BIGGBPrPresTine ey oot RESEPL PV D), avo
kl’lOWEl%Ié rs%l?c egﬁge&éhhé’al Qf}{ﬁﬁ' deﬁ&s@tﬁ‘(ﬂf (G, dERmaRindRRdd 2Akm Al vapor

in renovi ndesired Surface topography
depoﬁﬁlﬁh @ECEDYE aﬂéfebctreqhesu@ﬂl phsing GEGH)- sur f aces,

a Iomera terials tal. latt
R ur o mapebort darei Sl Fhfue b L5 SRS ppermos
surfabd %ﬂﬁé bAREhRMASbRbER ndfHliddar huitl feqiiitd pAnieAtion eS’lanElrlzing a

trate by renovi ng excess deposited 20 materi al
surfacm ed"padishingl atshriadcertaureessabeteangpYiiHEcTaTy od i the surface of

the Wﬁgeg %@;a? éeﬁcﬁaﬁ% glg{]t [ Ohfre ' Imlgnarl gi&msclﬁgful u} removing

or chem c mechani ca

undeRRd sﬁfﬁa&@toﬁ%@ﬁhy b @rfa@@ﬂﬂf@d’ts tsechd ueh ss€ates,agglomerated
pl anari ze substrates such as sem condgiq or wafers. In

matendamyﬂtaldaiape @J’PﬁgeaS%Wé‘?S stk qanisigated avesHTpRtRRd | s
Plan ﬁ(f)i?s als %eﬁﬁ“r{ hr%ﬁéﬁﬂi%é%n%%ﬂb stPRSHY +RREng Ekc_le_ss deposited

a poll appar at us
mateGalnisb&to Al senhtyire2and E@pﬂo@‘ﬁ]s an evemsurfdck i@i @bmq@s@tmrecessmg

e osalat mechgpter Bty aciptig Mehe St uRE ROV is o
comrégn {ﬁgﬁgﬁﬂgﬁeﬁ% ?}]a%{n%‘su%é'ﬁ zﬁésrﬁlch ds !séfhﬁ@ncﬁ@fcﬁ&vafels In

eousl eremth, a chem cal conposition
convéfitidndl C¥ID, aO;Vafelt daerierfor pplishimeiaachis moufiledwed comies 2p¥sably and

pol i shing pad_and between.th btr
posi g S HRE A0 ST T G Ret Pt G LPTRER s e Rpe AT Tl
p1ov1t313és %E@ntﬁﬁﬁtm ssﬁf&hﬁfﬁﬁé@ﬁh& ﬁbsﬁ@t%lagﬁnﬁfthé pélighact pad. The pad
surface 30 slurry in a manner that selectively

is optlemilyenomit(erg acbtafqu);mlatwe te thssubsirade BuiAR s¥iEmaptinyiRg force.

Slmtglggﬁtgﬁiy t?} gfi’thpa gﬁe? Sl%al com to? 218%1 Zghg@r”? 3 o‘ﬂhgr fluid medium is

flowe@Btbtth fshfng pablahd bbt@veﬁﬂdle%ubitﬁat@ argchihe @ohsinngpatcb sThe
are mai ntai ne Wt hout pad
substrate surface is thus polished by the chemical and mechanical action of the pad surface
and slurry in a manner that selectively removes material from the substrate surface.
During the polishing process, the polishing pad is “conditioned” -- i.e., is treated by

a pad conditioner—so that the pad surface characteristics are maintained. Without pad
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1 WD 2004/ 077520 PCT/ US2004/ 005563 conditioning, the
pol i shing pad surface characteristics change with
WO 2ove/0774%0 t he pol i shing pad surface is initiaP¢CHUS2004/005563
conditioned for optimal polishing, alteration of the
pad surface during polishing results in a |oss of
polishing efficiency and is generally considered L
conditiodingj thalpbBshife Tavesupfare clidrangerestits ehaage yithiingypAs ghe polishing

dictated. | lishi :
s L S ST R AT o e
duﬂn@%%%iﬁlﬁn@fesﬁl'ﬂﬁn%' 1984 c)’f,polliﬁll(ﬁn%1 efflcadncy end Btgheaiiglcosyideed
0]

) he substrate and polishing pad, the nature of the
undegitibét rate surface, and the nature of the polishing

p surface. M h Gl " [ i ir:

P B PG S S LYyl
nameMRiREsseidbbae@n\whd fubsheie lae@pblishimpmi, i nabtre of ik slurry, the
relati.ifg ?c%é?q%a,bgégg to1|f ’:hgts{ﬂ\)/ s @%l.p%?ig]{ri&é g%\gli, g_—% na?cweﬂ%pﬁe?%st?aﬁe

surfax\g] %5? ltl{é rﬁ@?h iggkﬂeaoﬂi%né g%@%ﬁgkacé.at e of material from

relrative evat atures, and 15 RRLO,,, is

t hderegfatficibnayitqaalittinely esfemlto flreaivility katadved thelstpw height on a

el eyvatigon features. Acgcordi. to uat j. o < PE.<
wafen ST E ) the A BB ) R SER e A Bbb SRy o rsh
efﬁci%c;ﬁPE?é&e?ﬁle@gs:pad 10 having a surface 12 in contact

W t'h a substrate (hereinafter, "wafer"”) 20 having a

surface 22. Pad surfa&g,2RRgs a. surface shape

(" nmor phol ogy") t h&€ S s Typicall y described as a EQ. 1

"surface 20 roughness.™ ‘Wr surface 22 has | ow areas

30 and high areas 32 that give the surface a
whertmpRRyapkthe remoeal raix afplatcrehfonti ralatively hish elpeasionfeptanse and

hi, areas .32 arise d to Vi.C structu fe. .
RR oy B TERaTHLRgS O P Bae BTy F R boording
Eqw%@quodqmj@QLthe formation of integrated circuits

(ICs). FIG 2A is a plot of the idealized

pl Bitarliiz astlemasicidase emayossAectiqnal Yiavtaf apodiskigs ppd 4 having a

25 | [ [ 44, | . <. 29 { -
surtff AP R ol FRRerihls R E80 b R R AR 27 Qe
surfz3842 REs osukfacEWhdgearmothhblogy™ )t thet ik fipioalip diesdribed iagEsurface
both I ow and high areas 30 _and 32 are contacted but
roughigss.g onfeé§Eﬁf%ﬂ$gZ<3fhaﬁ v geeas Ahand kgh remre P2 dhad givrdhg prface 2

topo %hg%ﬁgg f'ulg %}S%Il@?é'ln%laiiﬁelﬁﬁliw\/a%%a ZE :dgﬁ hf;%aatreag 35 dile Fudto device

age when reas have been
structfrte@td. wehy tieadey ddierdoneedis, glv. Jaocnédin thatveser sueng theaormation
_so that. PE = 0, In ideal 30 planarization, the process
of infrgrated ¢ipHis {f4ge 1to stage 11 essentially

| NE@MALREPIS of 1BOideliRedpMrarization efficiency. At the initial stage I of

planarizing, low areas 30 do not contact the pad so that the removal rate for these areas

(RRyovw) 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 > RRyow, such that 0 <PE<1. In the final stage ITI when the high areas
have been effectively removed, the high and low rates are equal so that PE = 0. In ideal
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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ideal PE curve is a step function. 2 WO 2004/ 077520
PCT/ US2004/ 005563 In practice, areas of different
we@tdogotisee density on the wafer get pl anari zedP@r/US2004/005563

different rates, so that stage Il is not infinitely
short. In this case, the planarization efficiency
(PE) curve has a slope during stage Il, as illustrated

| rinfpr&ticeRiredblod diffarentieffettinesdensityen P wasergep planarized at
Significantly below 1.(J.e , the tj it kes_the
cite Oiases4 PehAsRah il BTGP Hod LPSgity bEbERal o

efﬁciieﬁcfgiﬂg efr/eBs 2 kY @ﬁﬂiﬁ‘stﬁ%&‘ﬁ; as illhstratdd ih FIGYPB C ahb Yime it takes
preferable to have a relatively long induction time |
for PEdo tiupt sigmifigantlydeloivg h (ise che tinke it takesifie Brocassdiqsp ia8HEemINg

somsfige R Haeat aesh g QEFab Ruke “Forl kil TreiBl obavee

relatifOS bk BduBRORES 8Sthah@ily Bicchighareacs Bthé natkriye polishad) followed
i nduction time will typically result in _|ower_ dishi n%
by a sinep depssingirgsAl ihpbe ovebying atepnep the wafer 3 pelished as hitle as
pos Y, B2 BPE R R ETEAULEERCE BR Lhal et i
loweg eRpRE add ?fosicﬁlajmmm cohsisttgufasultifleahaterdaig sutlagseare
een put forth to increase polishing.efficiency. Far
encopigipgiie thajins! stagesaf polisns glallgy, tppgt 11585%989@??1?1 himer fplg

damas thods,and apparatus for chenical nechani cal
p

anarization using a mcroreplicated surface,"
deSedhinlimss polei tehn pgt et ts irctasepdismhinggfacidticw: dipyleaample, U.S.

T G RO
p1ana!l':l_'ﬁ)a‘ti&tf| 1 88g 2 WEIEDYichtBE YurdRk 2 Rs@Ws PEEME: fldUitRee having a

us, the planarization process starts out with ,
regulag grasef steicpods with sy edstal apexgs. Tendivtal apeaeecondand the workpiece
finishes with a, fine ol j shi and I r Y o
st AR bt RS B3 PR B R Bfe prasaizaion
proc&RGHR Ut $ith AgeeReFAidligRing 2hd a histhemoniBaRbAR] fifisites with a fine
condi ti oning process that can malntain an

20
polishjitg and addwpamoval ritacBhisrtachrigrotpvirgeiealaswe dhe pakior spde
. cost _savi ngs Cj ] . i Z] f . AS:
pr 8RB RSB o BAOR G At
optifigt@phdburase possidddg. and with as little damage as

possible, it is desirable to devq .pol i shi .
haBeergsachibe fHar erfy STvRgS agﬁcg%?dgﬂégfl Ef’aaa ing g@%gg Lehciently
as pc%g"ioieo WiRNS Zi’ttleal%gs 5@5&@1&'5‘1 & %BSS%Q Qfé& {2Ri0 GRUEIRRAS pb&ible, it
ACHi @ve and maintain the optimzed 25 mor phol ogy.
is deStattlereddveldh atpodishing pad honn@necagpéegy thit dpfienizesEamarieation

is a polishin ad for. CVP that jnclydes a_.non-porous .. .
perforBPd B P58 8 rondien R splibads 9 ARG QAdERpRELAS Sptimized
HMQ%;}P ess distribution having a surface roughness Ra
mor§< 3 T crons.
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.

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%.



10

15

25

30

30 Anot her aspect of the invention is a polishing pad

for CWP that includes a porous conditioned pad
waoatsehavi ng a substantially flat surface PCT/US2004/005563

characterized by a surface height probability

distribution wwth a pad surface height ratio R>_ 60%

or alternatively R>_ 70% 3 WO 2004/077520

PCHICIZ2 @O 05B6 3nvennon Iserpdishias padfortGMPithatdnaldss 3jporous

a polishin d for. thaf. i 1
cond R R GHERe pat At b eh arabEE it E & PR by,
distﬁwran%eiﬂgeangdasmﬁ{eg?&wbﬂ Ay <do.$0r i bution having an

asymmetry factor AlO _< 0. 50 Another  aspect qf the

i qr@ppact obthgan e s acprlPrd Phefmstioniag F‘gg’aéea a gon-

non..5 .por OUS—-PoJ | - : - -
poro iR R ST ACI AL HIRAS cor QB GO Rrfuce to the non
porolR@PolEnP phd slitate, pAdnsung theead aouditiondr sgrfsdesclatise to the non-

condi tioner surface relative to the non- gor ous h
poroys@iolighing gash serlase rYaleoTowAfing 2 5pis6 At REpssesiiay FBIacR%fogsther,

b iR ARL{MAL Hlfte@haracterized
there s 4 s R o B e
by a sufat aeeighhess &t €¥imeetonsby a surface roughness Ra < 3

e HOR PR AR BHPG & SPPata ol gtefacd of e porous

polisﬁ’iﬁ% gﬁ@' e RRthod HQuARLBRLANC] peteSondivhacivifige & haPorous
conditioner surface to the porous polishing pad

polisking fpad eyrfamedanionpyigg theepad adndis aagrisitfaes relativ e 4 e non-porous

polishifpad Bigieal il HongPee PR P pkSike ARt [dB68s thercby
formin@9eiub@Ee rduBBARBYN the (%ng)ﬁﬂ)u@ sUsHiREC Bad auifbe elsaadterizeddy an
pa

non- porous polishing pad surface characterized by an
asymbStas surfase hpightprobatg Wtyrbstgbutioprhsmns 4 padysughiess heighirplan
avi ng..a_pad r height ratio R > 60% or
Rz ‘{;ﬁ%@(%ﬁ?ﬁn\%}’%ﬁgia%% Anot her aspect of the invention
| SARotHE! 3pekt of teandkrtion s nmethod W tawditiafing aporfaes{ a porous

polishipaand: e medindnaCRIOREl Poh PRI oo ERp fy i dgn-porous
polisﬁfé{g&?? gtérf?%g ?rgﬂafﬁb{)@lg e, aﬁ%&%ﬁ@ﬂﬁ SuPAES reBifyE RS Bre non-porous

€ non=porous polishing pad surface
polishiglpad pridydedinis wrofidinpe fohatthpressestht herfags fegstr, thereby

toget her, thereby form ng a surface ughness .in the
formigrn BG4 S YEBRTSS i G M9 RRlEupe palchgacisized Y an
depyiecy tyodiSiri BB ARV ahyEinidtUateN A ) < 0.50
as a%l ngtrgdﬁgggm%ﬁfﬁ J<Eslct§)ty§ﬂ%]ﬁA10 %Mé)ﬂ %1 Brief °

Description of the Drawings 25 FIG 1A is a parti al
cross-secti onal Biief\Dedcriptivaldfthe Bgawbgsand a waf er

illustrating .the planarization of..high d | ow wafer. ..
f egﬁ _rleAslsc?rPaF% -é?(ftlogfl]dle\ﬁ ,@\? p QOJAQ‘BHQ%? a.?dngndpaoyviatgﬁ }lﬁlatratmg
the pRinbHEIRAGE hQ%%EQndVl@%SW@feIt feiRrdsQh tR¢ (vafepat i vel y, the
anount of nuterial renoved "AVR') for a wafer with
deFIG e A spayeapipplishihg sfficimicy PRrversus time (or alternatively, the
amount of material removed “AMR”) for a wafer with device topography illustrating an
ideal polishing efficiency (PE);
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
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i deal polishing efficiency (PE); 30 FIG 2B is a plot
of the PE vs. t or AMR for a wafer wth device
wo opegraEphy illustrating a typical polishing PCT/US2004/005563
efficiency; FIG 3Ais a series of PE vs. AMR curves
generated by planarizing wafers using a non-porous
pol i shing pad with conventional surface norphol ogy;
WFIEDGB/@WE)Z of baghtuspbMlityclbaE tion) (Gs-, ﬁaqw@czavgusm h%gh’f) for
robabi | i t.y.distribyti e

a conygrdiel farmio e peieeRestont e londio b MR es giFr: 34
PaEs YA asetidtalf PSR AIMR cufat gerteiwed;bj‘/ pﬁﬁa@imgh@ferﬁﬂmng the
FIG 4A is a series of PE vs. AMR curves generated by

non-prirawrsralishing pAd PE s pissengnyeREionnon- por ous pol i shing pad

h e]flgiﬂ iBE% g%aog Olf 1@?3&5 ?&11{1}3/3@’51%?&)% (i g, ?fr @.lléﬁt’)% Qbrsus height) for

the n¥@pStésis PETighitg pddost the peséin inveatiay) Suqﬂnzisl whi tngcrpatd tloef curves of
t he present invention, such as used to create the
FIG.ddxves of FIG 4A; FIG 5Ais a series of PE vs. AMR

pgﬂ@e 3 A9 Q%E@éseéjf BYY v AR AR geﬂ@é@d{ By B?a!nﬁﬂmﬁ% WRKOHSing a

i shing pa a conventional surface norphol ogy;
porodDpdHsking pBd mdthaa q*:dmbntm‘nah:mr@hd: mprmieddgyt i t y
distribution (i rsus hei

ORIt BARIOSSHEiakt BEPTERY A R Adtibey S height for
a corR/re 1fal f»ﬂg ﬁ(Fle‘ﬁﬁ 1o HadFEh&h adfded | Geatebhd éhr@esFquqGijAt he

ace vs. distance X across the pad surf ace
c OFIE3 SCeint plwttdf thehsmrfaeé gﬂghtm‘csbébtamp@ ¥ agiess thenad sypfaes

cons S et S AR 3 R B

morp%%[dg?%f choﬁ‘fen‘ﬁ&lal%&lﬂoﬁgﬁn pagrated by planari ZI ng
waf ers using a igﬁéous pol i shi ng pad of the present

i NFXhtG0i 2 SBIG ofgtE vs AMBIcytves BeEHghPY PrEBEBINE Pfafers using a

) but i , cy versus height) for a
meH%WﬂEhF§&§8 ﬁﬁgﬁe“m{&ggﬂﬁﬁ'the present invention such
asFIs & @ ﬂdt&ﬂ'&l@lgﬁhprobwln’gﬁdlﬂﬁbuﬂfdrﬁl eﬁ&eqﬁhﬂwmguahelght) for
asymmetric spectrum 20 6C is a plaot of

a nowpefoys poliskingHadipiike praﬁf‘éli awe%tl% HEP 8% Bsetdﬁe Cffé‘EF @a Frzyegot
probability distribut f
FK}&?@?‘%EEE 1%%%HH%F E% Eﬂﬁflattened gurfaceI utron o

NMOF Jth @lCog pdxﬁt ] m]n@mfape heighti 1n*gs Pasthnof Xt dveossitieseant surface
i nventi on;

consgbergléwétp dlac ];Féglpt@olfql?éht% g}qtrgﬂ tlﬁa ogﬁt(?%é)tlﬂgstr&ngg Q}ﬁ flattened
surfdcB Yrﬁ)%ﬂo‘?ggy gfﬁ)orous 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
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

5
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Det ai | ed Description of the Invention The present
invention relates to chem cal nechanical polishing
W@ aPp7AEnd in particular to optimzed poli shiPgr/psabo4/005563
nor phol ogy for CMP apparatus. The present invention
relates to both solid (i.e., non-porous) polishing
pads and porous polish pads. The 30 present invention
pads, follbwedby pdbscsiption ofthd snteatipmes drelgps toniptienizedipdrauepolishing
nor phol ogy i.e., a surface character that has a high
planarization efficiency as conpared to the prior art,
wel | as nethods for conditioning the pads to

Solldaﬁla' %%ﬁ%d?lﬁgﬁgﬁ)hmlﬁgg)aﬁk”f ace norphol ogy. The

veént | rst cribed in connection with _
opWithi rzfecens o ka TG 3d thpewe tsusbpwp Setiestif] e B. wmount of Material

2004/ Q‘7 0. PCT/ US2004/ 005563 follo
AEn Kreresl o s e P Vg Wik o
conv@ﬁ’&dn@l A (PO! AdEpHeLs)Silisking adBavimoh téhvehtienal surface roughness.
non- por ous) polishing pads % Wth reference to FIG

A cogygntiphdrsburiys(ngmelim Reéeli Ié@lé@o)pv@wed mﬁihmse%f Igavaersaysed
werep oS TR T DRI el SERBBIEC SR Y fiom sKW
Asso@iwsfs O 9 S)arsﬁ @AS mh@%a&@ﬁmhﬁl\dbdl differano m&’ﬂplaﬂﬂal dens1tles The
surface roughness conventional slurry (na
legerRgiadhe plo Dml%@) 3hdiadigatesthefeaiye-scals densityifis %ﬂéﬁvgﬁ% the
(o % e
sutaf bt ST ] SRl P A B Bl Ak o Tl ana s
resp&h&él& refehto “Braiualifaad S'step Irefderth gl filicewatwts ofidicedenpdy tienges
densities. The legend in the plot in FIG 3A
bd“@ﬁHWE%F@%Kgﬁﬁspégﬁuw f5cal e density as a percentage of
a heigl
i TGy haRG e PR, g IS ﬁ?&%@*é’%f’ﬂeffi‘iy cieht) for
a com&eﬁﬂmnaﬂ noﬂ-gma)dsl gbﬂsha[gjpaﬂsiuelp a8 thaised ta mgaﬂe@hq twrvesefiler. 3A
he den chan en .adj acent ons on
In DY AL P aee G o0 TSRy MGG r s aai Py
distruibh WoHtd BPfadd rolghndss BFARE BGYmIELsiEU TRtk édﬂdltlo’med
conventi onal non-porous polishing pad such as that

pohshmdoad@h@\resaaiuefapﬁ@ughwé@f Bﬁ >F. Emigans. | Acadipelyu FE. 3A is
oA TP S e AT R B Bopsin o

surfdcedghness of Ra = 5 n1crons Conventional conditioned
pol i shing pads have a surface roughness of Ra >

i Sfithvesferaeeaewi tagily, 44 the sape PE vsoaMbeplopaei HG: ég igghown,
t
BB L FLEIEH gompelalatot e sy
dlstrPéluGon 4A¢h a dmefaS@JWgBEss! Ra =AMVRiqbnd asggaphicafly@lu8tédsin FIG. 4B.
oA SRl Ut e PO g s e TPl gred h

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

pads

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
pad is 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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di stribution wwth a surface roughness Ra = 2 m crons
as graphically illustrated in FIG 4B. 25 Such a | ow
WG ofaTs20 oughness is atypi cal of conventi onal PCT/US2004/005563
pol i shing pad surfaces. Cenerally, features of
different densities polish at different rates mﬁth

| ow-density features polishi faster (i
hi Ghieds 2 wmxv%nnmavw)sulaﬁlalepwﬁmgqrﬁ h@ves@mépreflﬁlaﬂ Cﬁnﬁﬂoned

ensi ty I IFs |
S NI L R
efficleRentiabtopliniidiaetiv©to tﬁﬁttobee\iﬁ:{blé it gbn tdneiosaltyf <amd1t10ned

roughness_ of the ollshlng pad . is nuch | ess.
polishingrhgdsurfaess. {han s¥ARN® %g@nb%rh%f%ﬁ% %Wﬁé@%t’fhe conditioned
chy 0 hdOXApEE
potis Rl e hhes A kR Bl O LA AR,
embaditvent drahelinventiort, e cadivientd pxﬂmhmgqmg lsngse Ipad soffacdmwughness
prlor art, planarization is not conpleted until about
r%ﬁbstrons are renoved. 6 WD 2004/ 077520
PCX/ Hd32R0 RO8RBRized f%l%hh% FdGRHAEhbphBidkl YEmE @Bt to
The 1 nventors 'have di scovered that conditioned
perfqyol plsivirizgtigad jmlishiag elsmg adbwerseniel pressupd beteen Hiefpolishing pad

and \giﬁ%{ ra]1§ é%r?qsiﬁ)lra Irqr}gl?rteg ﬂﬁg{sl b%g%L:lf? ebli%fg&?&%terqcye roughness results
in mERWEREd 88RbT the pONitd Slusbind@ dosfabN@itR &tk Wwaref, 36 €sat 1dsH
an exanpl e enbodi ment of the present i nvention, the
dowrpardifeice @@dh@wpﬁr isstepdRgl ashievs dher sans ampInh ok ergepes area. This
hnes L@
benegﬁgga 2 rly dvta]ﬁtage:oﬁlven Iog%ﬁnggéér}sgg% &ﬁ@"gg}#g as ﬁ ms kavnég low
and P84-16% rdﬁc’i@cﬁrl&’l asnstnsu rSuak Ehh O lgHme s to Ba prond tm)eung damaged
benefit of the optim zed pol.i shi pad surface
whemgperigdoigyihe Bigh ﬁgew llnﬁt“iﬁ‘dtvﬁlenﬂ@ﬂ%@?%g&hﬁﬁé*ﬂﬂk%hSﬁnté?t
pﬁméﬁ%ishing using a | ower contact pressure between the
ishing pad 10 and wafer than is normally required.
ThIS i s because the reduced surface roughness results

Nonlpgbrbo®d pad béddGeniagea of the poli Shl ng pad bel ng | n
contact with the wafer, so that |ess downwa

oann@Wéwhﬁ@n&é@&eawh@ﬁ thaodgl Q&%ﬂ%ooa%ﬁﬂ@elohw Newark,
Dela Hﬁgusgé@&ovg% Ye aQSH@Jn'anélscoH@iﬁB?&ﬂL@fa@/ roxﬁhness Ra>3.5

a eous sh I ng sensitive sSuc
mlcrﬁné nIBl th@pme@@lt hrmmntmr; dn onhd dfmfﬂpd)@\eldb@hmemra gorcpmstiapdlishing pad

Such films are known to .be prone to n ama
is cmﬁ%wn%ﬁl%@wev%oqah@dﬁnl@wsg? é%f‘sae%urF a%@gnwgﬁ% 33 mictons,
Advﬁﬁ%ée%ﬁ NG GYE Mofl\lg Rghﬁﬁ‘n tRffce RIcBRGHNEed DMVPALRMSce

|t|on| - porous polishing pads, such as
roughmss R@chef] 1 t@XFfm&ﬁﬁﬁ BjosRadiahtagbmisly, thdesgmditione@on-porous
ventlon?

.Del aware, as_ di scussed .abo n
poli BT G T LR PO ELLe el SR ERAVPHEGRED: the pad i
non-hHRuPhES AR ic IETHLT Bibst AdVaRRSe ANt onHoR6lsTRAtS 8
non- por ous polishi ng pad
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
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
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is conditioned using conventional techniques to have a
surface roughness Ra < 3.5 mcrons. Advantageously,
w0 b@4nors2por ous pol i shing pad surface i s condi PCDOSH0L/@5563
have a surface roughness Ra of 1 to 3 microns. Most
advant ageousl y, the conditioned non-porous 25
ol i shing pad has a surface roughness Ra of 1 to 2

obtapied bynisilizing\eandisiges dsbigns eaeackaiged 8y selatiahy Jogt ettgates as

ol ic_materi,al . Ve e
comfied BE st 4 Wi sl ANBRARBBRUE Whinle™V o Thus,
| nIbehdeexaNPtabelihest petspolihiig jadaohdigonsg s echi¢we and
_devel op a pad surface having.a surface roughness . .
mainfpigrihg merrholqsy) i prpeent INSHHFis PROTERGdgIsIg4 conventional in-situ

con(gfg(ﬁﬁg%{cjo? H'g)lunféﬁ%ﬂi a.tﬂis’&k%gapgl\.?ve[glgicgﬂﬁ iofihg a 164 Al Qtrate of about

€ and nmal ntai'n t surface”roughness
25 nvflipheipagy.ourhe lpssds emin sitnveodd, erhereShehrepessenis thederce

oL A OBl S R PR S0 368 A i
platfhviﬁiré t?onsfprepﬁ?ir%d%é 1ol diivERARNLy, the !cQﬁti?itie%ﬁé WBplies B@it-rate

ow surface ‘roughness pad norphol ogy is _
of 120025 A7V EBQ- PG LSROOKINGO5H 681 mode.almibis daybadithentzibag
ondi ti oner designs .character.i zed relatively | ow. .
condififitpe, R Ton SR eat Peinin g by st Ratis G0ty i an
approkin Ay ¢adialREE a6rosed 20-DYsachldierBdter Bx@ADI €
enbodi ment, porous polishing pad conditioning to
ac Mheseecxample erabasimpnis eledn GORATHIOIYS PEPT Ah blggraég@%weness

condi iR Sheh e SR S3haR RO hE b B hout) in an

in-si€OmAde.l oni ng applies a cut-rate of about 25
nm (| bcdf "rpnpl aten hour) or less in an_jin situ node
wh&he erpgle arindanerof 2 {dve 2ggpEsaycapsI coBditioperdesign used to

_ g ri , . 0 . |

schi AL WL Rl B B B R R B e e

diantonds tkaradébisiedadvamtagdamstey of 19%eum ondichtcorindg sapptd dmsity of
a cut-rate ,of 10 to 25 nm (I bcdf-rpnplaten-hour) in

betwegn il andi Lo mde. 1n this embodi ment, the 10
conditioning armnotion is optimzed to result in a

Imr%%ﬁﬁhgﬂkgﬁﬁ%ﬁ flat cut-rate profile in an

roX y radi al sweep across a 20-23 inch
di avieh esferphad 1 FIGThasheexastpiven eodried Pifent AMVR euivas generated by
essi veness

contrast. to the prior _art high- [ i
plangiSRge PAGHF HYDE ARCER %89(5 BYogs eea}?s?%@do#& AT Ent fghsturry
(na%g,;ﬁocfé@lm 4doHGAk niRMRhLALER: hay ri%l tHg:rbla(@)e\F"vof thBnS§hpHrous pads, the

15 One exanpl e enbodi ment o .
wafag gseissére r2ddsne THOSt i Onerifaewith nliffisrent waer patieiredansttice The

desired. cut-rate and pad surface norphol o | oy.s
tegep] i {1 et anites e dreaigrnile AiEet appugyany o Hkadiice area. The
featdte @R er® btep IOt Rrmal 8P4ESxId@ R ePatsy tHeaEIR o OTErL YThe letters
of between and 15/ cnR2. 20 Porous Polishing Pads
“@” 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
is a plot 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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Wth reference to FIG 5A, there is shown a series PE

vs. AMR curves generated by planarizing wafers using
W@ 2Ra@&1520 CLO00 porous polishing pad. A convenP@CDN81004/005563

slurry (nanely, Rodel 1LD1300) was used in all cases.

As in the case of the non-porous pads, the wafers

used were a 200mm TEGCS Si 2 wafers with different
polighipg pagsdiave psudatesopghagss affhetpesn Syrtimigionsdy $x-sigma height
ran%e@%ﬁﬁééé&gsr K B%Igg'ﬁ Cﬁg}? azrqgg?é -k gﬁt%u@e 8@!.?18 gﬁﬁlﬁgﬁtﬁg
effidiemdywsssidted with tlnenpram aﬂ)@o@l@ls|mﬂdehimgp®cﬂ)sﬁrﬁ&e§l i con

vvaf\&r The letters and "S"_refer to "gradual" and

Hh e

yenRe P%Wé‘?@%é4 dhoapge B ¥s. AMRB qypves a1 19w, - except that
the FORLAYEG D8R gﬁ?&fﬁ% a@&%n%hﬁé@@j%l?t ggoba%ﬂ{tg ﬂfs?rﬂhﬁﬂoﬂmlth an

robabi 1ty di I but1on _ e roughness of
asscReated Burface rcmglmeSF[R@ 6& un8 s ilénstratson FIﬁi @ur $aber low surface

rougl e s et S e Dot et it Bgr bRy ponel

pohﬁilhﬁgf)acb&ﬂrfdées (spectrum of FIG 5B. The asymetric
nature of the surface roughness probability

di skheiasyminstryiof fhesturfagelpigii prcmaliuhts Blsanbvél@s off iR can be
h h
et ERE s ol Bue st lbdor pronspun

freqﬂ@ﬂdyﬁ(m DY rflaghee toaNEhealgla thf wee mgg&mﬁs Toke VaREeWRE Fe esents the

m crons and a_si x- SI ma hei range of 50-
halfﬁw@ﬂb%ﬁsmea@éteérta rclr?glﬁﬁ of hM@p Q}& Viaduer pﬂ@@émﬁtth@balém@uh@s
mea@ulu%ﬁ% 4l sgh? th Trh&fa% Cde%hg%%maﬁ ﬂ%&ﬂo?

porou po hi ng pa ces rer erence n

perﬂe@t CE:dL@malﬁiéa,strthﬁoﬁ hﬁEarPEyttﬁnetv%rl\@:tOﬂbf/E SThe Riveiftomrhave dlscovered
except that 5 the polishing surface enployed had an
thaté@fmfw&m PO @Pﬁl s ?@&5 amrplilcggzgsah@m %w%ﬂy JavEpnelyy factor Ajp <
0.5Associ ated surface roughness Ra = 6.5 m as
illustrated in FIG 6B. Such a |ow surface roughness
andGeasyatiyefeatuceshedidgffi¢rergrdehsitied pdlishdt ditfferdmt tdatem) wiith low-density

featlgrtg%// E{)ﬂgs(ah:ilggo%ft%{) ﬁée gltgﬁlzqo gﬁlghﬁ%eﬁlﬂf/gﬂﬁgﬁﬁﬁa Hﬁ{tjrgf.frl%g ggoner ’Hlan high-
dendHiysteatuRu! [ERNve%r lﬁjo% FIEB 662 1? @ear]{gatc’tﬂé‘ﬁ&héchhﬁ‘gjefﬁ&en? obtained is
measuring t f-widths of the distribution at

muchfhigher &fantth@ q’fﬁb@ wrigmartf(F %L@@@y el thmgbl theeduafacy wugbnesh ef the
e W. represents

poli P PR T e Ry o ot eoe ™ e

valmg YRR F S RITACR Hehit BQinfmibtcﬁis}"vﬁﬂlstdlﬁéit(ﬁﬁ@foﬁs) drlgad
ight of hM The ratio of WR'W. defines an asy mgﬁm 6B,

Surfii@cﬁoaﬁ1SMlet1Athep§@ffﬂ@Q:helgm psetiahility distriyublon i(eclias)
ven V, [
Not%gé( H}@[ﬁ. i hel‘ré’gﬁa? .'Eno% oilfhe ?&?&3 sﬁr?a g § é)c a 6&1@&1 ﬁelgjh %gﬁ&eﬁgﬂer the
padaa:ur&fss helight’ @ds aﬁmmﬁt ﬂoythé aﬂiv@ﬁtldidbﬂ) (1.€0,. foidr a@@@ﬁ@ialn}éurfaoe of
|ffer nt densities ?ol i sh at different =
FIG, g@e he RP aseheieRkhA Vpresents 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”

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
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features polishing faster (i.e., have a higher renoval
rates) and planarize sooner than high- density
wo e@irme0 However, fromFIG 6A, it is clear PEEUSI00£005563
pol i shing efficiency obtained is 20 nuch hi gher than
that of the prior art (FIG 5A) even though the
surface roughness of the olishing pad is nuch | ess.
surfafhhss & padsurbgn helghhnauD Rixé es/éﬂvantage@lslﬁ@gc%d@tﬂor@fl polishing

t
peo PRG0S ol MR BP0 Bl R e
cond@t'lcﬁi@d?bhs}hﬂ%ﬁaﬁéﬁfa@lhaﬁ}pa@s@ﬁ@w hatphtabtitRGE 7080 90%.
Not able in G 6Cis that nore of the pad surface is

Advantageogslyeihe RETCYR Pahis a(H?éYIéfPf#FalFlﬁ@Flal tMestzévarﬁwogﬁm the gorous

pad 1@ p%%%tg%?eaﬁa%g% ?élgﬂn &tﬁ&n&%ﬁ%@#ﬁ%@n 8'6 1azg é)f s than

100 hﬂll ght hA repr esent S the statistical m)de of t he

di stri bution e height value that occurs. nost
o ¢ GATPATRS B SAiorEIe DG beRibap e SreRtiabarp it b PR
ot (P ks PRI B PR ot apeTRal S o

convzehﬁasraantpenouxpdlmhyn@pqdawrfawface height ratio R> X% - -
rreani ng that X% or nore of the surface is at or bel ow

he pad, surface hei ght hA that occurs with the maxi mum
Porqu,selaﬁlé g Pad GonditigBEYg ve exanpl e enmbodi ments of the

g%%é?q;egg%ﬁ?@%rg SHimkhRe &eﬂyf%éusﬁﬁfgdpae%h&hbﬂﬁg@@Qaﬁe\)é%e

520041 00 surface has a pad _
morpiwlcﬁ syorf thepghdnt nmtenmes:peﬁ‘G%ed&ma agesugénal irt-kig1 conditioning

R W RN AT g VAR

situ 8&@%&&@&% aoé%ﬂcﬁm OMPRdcsHrthaefinhasd ﬁacp@"dfei Héﬁt@&%rea fora
height ratio R of 70 to 90% Advantwgeousl , the

porope polighingaehdi syclaapibie Rodel I€1060 @rabgut 1w gt typical process settings.
advant a

The BE G Bnana e bR ReRPAr bl prtsoncifipinggens n-

pad-FUES 38Rast 6 &f the@Sderbhar3% 40miThr SRRk MChus] Ge aﬁgﬁlddo
FIG 6A shows that the flattened porous poli shi ng

pressue fiabe pad-wek intedaees 2iniiaes fowisr mt&a\ihfd@mdgtr@mgeﬁnet%ods of the
presg t%‘vaegl 101?55 o%pyge)aréd LCO tﬁgﬁceyof Ao n%r?&%?{ ed to a

onven ona pad surface. 10 Porous

Pol ahemm?admﬁﬁdidleht it d@gdiﬂ@nﬁfg&xpﬁkmm retetod diseerain, about 25
&br ous poI [ Shl ng pad. conditioni ng 3 achi eve the |
HPRBbogyIod) RRB FEsBREe. TRRERBA msenbélil@f EEPIIRS 3G

motidn 9§5Bfﬁﬂltzéc9fba1jefdlf‘1nsi %Ust&ﬂfh‘ﬁ&t @@ﬁtnﬁte rQﬁ le iH3H %‘F\)ggxﬁﬁaté‘ly

pivoting arm In an exanple mbodi me t, In a
rad1aﬁ)s%emmrbssla%] mgmch disfnaértplateondi t i oni ng and a

ndard CwvP Blr S the estimated pad-wafer contact
al} er gxample embo iment, pad conditioning results in a pad surrace

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

in situ mode.

10
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por ous polishing pad such as the Mddel 1C 1000 is
about 10% at typical process settings. The aggressive
w@oemdiotisemi ng associ ated with prior art por ousPEEUS2004/005563

conditioning results in a pad-wafer contact area on

the order of 2-5%at simlar conditions. Thus, the

applied pressure at the pad-wafer interface is 2-5

t i fos ekavple epibodimeens of a faly LEBATSHEPRSICHBASOBINS R A POIPUS
pon R b L 00 AR TRBEA b OB R: font
char@@éﬁiea?oyai Iﬁbdrr cﬁlaﬁneteﬁﬁf 1 Essgickdisror gheatdr, 25l a surface density of

ilbcdf ppl ateri hour) in an in-situ node. In this

bdm@@% @ﬁﬁéﬁ@nlthe conditioning arm notion is optimnm zed

to

an Ir{a%r%):fljg,r{ ekgﬁing Gséld%‘dgﬂér*t a(!g()\lgl\glélfgh ag érf rﬁ%g vgg‘% bérﬁhﬁcﬁnng pad
haviflg albresiess (pl@,tchmnoﬁ}'s) tl_rat paetrhterto eﬂathloe’ up b 60 innerons, apédhat also

"conditioning results i e aracter
has ,pac, garoggé Ja¥et fHt FeATe T P2 Do ?&055% svunqa'r? SSperitcs.
Co ﬂgkét'aﬁgﬂhelgeia%ﬁﬂé ESibbdlmeft QﬁghtfféiﬁﬁQG?a ﬁ&%ﬁ@ﬁ&l%iré%d is

asynmetry factor of
perfmtwdnn ageoust that trgdvates emxﬂaqelaqmrmgs rresulﬂlmgmu mom qb dlek pad surface

oo G T8 S £, 20, ASUTEL L et 0l 020, e

ofa b@roﬁ@ BolRhiRy p&'ﬂrﬂec&hGJ‘reQé]ﬂfdQ%ltMﬁB@@@ as BRNGhditiBAd MG eressiveness
Which applies a cut-rate of nore than about 40

is lnnaneﬂb@dﬂuﬂmﬁfpdl@tlﬁﬁ} ﬁGur) inan in situ node. 10 WO
g? q“ﬁél'}%§7 é.g%%?]g:” US €SS 11(69%52%%10\%11%a% %ﬁéﬁgg&;@g%@;ﬁl fgﬁﬂltes on the

eness

wafd@Qlifsdd /g 1eRdikaBaecehifiButcqo Hﬁﬁlﬂgr&&%f‘dsﬂrmmﬁigi ©MP. Further, pad
enpl oys cubi c-oct ahedral di anonds characterlzed by a
surfapsa phaapcieriged Lydruneeisd asperigpstond tqypresanb morg s fage §£ﬁaft%&f§> wafer

surféjc% %ﬁg El%sngull%gé gﬁfrﬂgr}]all%gssJsﬁff%%reéu%éﬁvr\lﬁ){aﬁglgﬁé ?ﬁﬂml thn,

for me
redu@éﬁ‘tﬁe tikeliticad off ddmagabsingindirtasionks s réacg duridg @bids)

that penetrate to a depth of t.o 50 m crons nd .
t haPUn i gne gepgnple @a@&@fr@% amii@%m% REPTRESkF GolSng pad is
I
b RPN UAARER i 8 ot st emung o
50 npicroas thepadtdns hind ghgrambniasting thefconditidning pad menfiaverto t:ktmton—porous

poliiRE SREREE 16 QERTPrT g Hal e hebpate el PRLE Rirbe™

poro‘ﬂl@‘ oBshitd ﬁd&?ﬁ&@@hﬂ@pfdv@:m@ﬁorﬂ@@mﬁﬁﬂé@sreb the satfabditidgcther. The
a porous polishing pad becones | ess and |ess

proowsusl cmledi opstotthem enhdiatitan @rsulefwregghnﬁém&stbe npw-porous polishing
pad g%r%gpi ?rggte%%eéi tryeagazgs&r%&rgq Tic iuggpg};}oggt pro{)e%ebﬁfﬁtgltdefgrlbunon having
an abBEASSE thefral yrassmn the

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%.

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
11
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waf er surface and less likely to contribute to dishing
and erosion during CWP. Further, pad 15 surfaces
w@h@sattser i zed by truncated asperities tend toPQI/ESHNL/005563
nore surface area to the wafer surface and thus
require proportionally less surface pressure in
polishing. This, in turn, reduces the |ikelihood of
210 bsrmagepbeiungeé 212 ipdnedhich pah20Zigmiciadedd uh ivadercrprier 220

Thus, i.n one anpl e di nent,. condi tioni .
ot St A ok e Fador e PaapP A Bt Vet perior 220
has Do®eN&lirfce Qﬁﬁ‘?aﬁﬁgl t8iphdl upp et YR 0aa W gr 206 Reho@sed to lower

extendi n 0 20 50 mcrons therefrom and then

up el
surfage a%cWa%g Phéag ruifaced?Siliet pargs solishirepadsurfage 204. Wafer
.non-por ou [.i shi:n T, LI konibpg
o S e SR T
agaif®bbdhinpopadatirfats @ce while providing a force that
presses the surfaces together. The rocess is carried
ouBystemn 26 alsaieclpdas iRy Srpl Paer 3LNHRageserPit e (-8

temﬂ%gz{;m@%{)ﬂﬁ‘&léaz lrtlia? RbRAY a s Sl %lglgfi?rl : P@Sf%ﬁ&t%‘ Z®AdndYd&" conduit

mretric surface hei ght pro stribution
246 batiettgd a2bfish emd Y4t thy rdsavdio rnd\a second.e50 248 m Hnidt her
exanpl.e enpodi nent, the_ sa rogcess.is _carried o
comEERBLRY N HiE PROHPELBIHES Gt 15 CBaDI TS 1) TEaF 488 the pad
Sle t§§l§té19 Yob R GuRRG I%H rcf)ﬁﬁﬁoﬁlﬁ% HenteRbb@iFopepitie | n

anot her exanpl e enbodi nent, tThe process is |
commanichéeh with psdiocpparisatfac2040 Pad sondinenigy stestheF L&) ismadapted to

hows a CME Syst 200 that enpl gys an enbodi nent, of ..a
condiien %eﬁga s&layac%gggl By aeR ala %@%Wﬁ?ﬁgﬁf Hngﬁﬁjtggl as described
aboe 3£ bhdEniple B8badin AR PYE cofdidrihd Mempas2 ADiAchidss &Bonventional
upper surface 204. System 200 i ncl udes a_pqllshlng end Tn
ne .

sweqplizg @mdtipOineoaran wish e capditioning togk (&2 A cormlitieing pad)

004/ 077520 PCT/ US2004/ i : . e
oo B RESRS BTLHSRAOALAOERS A0k 0 R comitioning
ringcarrier 220 rotatable about an axis A2 is supported

above polishing pad surface 204. Wafer carrier, 220 .
haSysemaRlrlsoineludes aoppirgier70cpuplgd fuslutiyserply sysigp ¢40 viaa

com‘%gtgmhyﬁ, &S wzf%f cmie%%ﬁgtcgﬁlécm’)\ﬁ b76.SH ?Bﬁ&ﬁn%ﬁl%ten%b%a a

as’a surtace aces pol’ishing pat surface
conreOdon YW, end b el donéitioAR@ mantzxd 250 eth 4 cormechiond®7 % Controller 270

downward force F so that wafer surface 8 is pressed ..
contgpiathess SyB6P €RmARS F4ENE H}efpgjsgb%apel‘%- apgalplegmbodiment,
conthd]fek ?‘?’@ﬁlcﬁld\%é H E%dée%‘ép Ry, SEBUSIREAMn¥hbly 2RI @98EMEY o the

242 (e.g., tenperature controlled) that holds a

procsssor, raynd BghortSliteuityy 234pfor yupppsingithe dperpiheyl eldbe prpcessor, memory

conduit 246 _connected at a first end 247 to the
and P@’&%&%F?tsﬂh@eéogfé@i% end 248 in fluid 10

CORPNE SRR rWhekdhcb REFIAY, iPRREatRMIdone611 QY Ofadtivates slurry
di spensing slurry 244 onto the pad. System 200

suppfly systean 240t disiessiserslpas 246 adiottheritaingnotisking psd upper surface 204.
The %Hl?rryas?){'e%ds 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
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

12
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comuni cation with pad upper surface 204. Pad
condi ti oning nenber 250 is adapted to condition upper
w@aw4suist@mce 204 in accordance with the preseneCT/US2004/005563
i nvention as descri bed above. In one exanple
enbodi ment, pad conditioning nenber 250 includes a
conventional 15 sweeping conditioning ann with a
contmimitie rotamimspeedof th(e@ogshm@p]@@nd‘i’\’hicb iwpergl ip xpicadky behween 0-150

0 %Blglpﬂéég%ln\g hgiedagﬁglgﬁg Pg\{s{gfer 2 t‘rolﬁer%g% Bgtngls %Q& ng
cond%)’o?ﬁﬁé“n&%@eﬁiﬁﬂo'c@ﬁﬁlﬁgﬁ ol&’sh@ﬁg’ﬁafd%hﬂﬁée 2000 Md&drﬁa@e

slurry supply system 240 via_a_ connection 274, to
condijédnang iserfp Jenedzmoh@/mmeprd@mﬁ@é@ inodeta? shovieo Wi thesparFigplar

aten 210 .v, C ct|
con BT AP RSB REL et A8 B mopocus o
pm@ﬁ@ﬂthller 270 controls these system el enents during

t he pollshlng operation, In an exanpl.e enbodi nen
coResayse polSPIE Radeufaess204 hse g8 @gg@i*zeéé%face %0@91;0%8@6
r
Pl Ry B R B N B B oy SRR bcans
mcr@mi:plaﬁmz,aume efficienc a reulnd mdlessehaengal thsingnremoged from the wafer,
controller, 25 Wth co nui n ference to FIG .7, .in
morggdiciept P B ERIEMOERL ey Fiya P LB PrTieRy inveqligp {ps chattce of
spense slurry 244 onto the rotating
dmn%%ﬁégﬁhﬁggﬁggkg%per 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-mnute or "rpm") so that wafer
surface 228 30 noves 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 agai nst polishing pad surface 204.
Controller 270 further 12 WO 2004/ 077520
PCT/ US2004/ 005563 controls the rotation speed of the
pol i shing platen, which speed is typically between
0-150 rpm In conjunction with the polishing of wafer
226, controller 270 controls pad conditioni ng nenber
250 to condition polishing pad surface 204. The pad
surface conditioning is perfornmed in the manner
described in detail above, with the particular 5
condi ti oni ng net hod dependi ng on whet her polishing pad
surfaced 204 is non-porous or porous. Because
pol i shing pad surface 204 has an optim zed surface
nmor phol ogy, the planarization efficiency is greater
t han what has been achi evabl e by conventi onal neans.
Increased pl anarization efficiency results in |ess
mat eri al being renoved fromthe wafer
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10 nore efficient step height renoval, and in the case
of the present invention, |less chance of damaging the
wowdogn7ser f ace. 13 WO 2004/ 077520 PCT/ US2004/ 0PSB 632004/005563
What is clained is: 1. A nmethod of conditioning a
surface of a non-porous polishing pad, conprising:
contacting a pad conditioner surface to the non-porous
Whap@l dlsiiedgs: pad surface; and 5 noving the pad
condi tioner surface relative to the non-porous
pol i shing pad surface while providing a force that
1. Prasggsiod BEcsdid AGESa §L9%%E BEL not-BEFaBYofidhme pall, Bomprising:
surface roughness 1n the non-porous polishing pad
s ucémasinghapatteditondr fiyfage suthf ace-poowg pobsiyngaad surfiice; and

mcrons.. 10 2. The nmethod of claim 1 wh it

CofMEHEP ] oL %S By 3 T o B Bool ged sufece
whilé préVidifl Restte (RFPleAic8 Mhd\Ridfabesab gétﬁé‘r,sthe?eb%r&oﬂﬁhg adufrhice

conditioning a surface of a gfrous pol i shi ng pad,

roughoesy i Hiemgn-pordistratishing pad puthce shapeiprrdbystff fice rqughness Ra
<3lféorous pol i shing pad surface; 15 noving the pad
=2 106Ut i oner surface relative to the non- por ous

pol i shing pad surface while providing a force that

2. Pr R8s aiidae redihac ehet@9alehl condigsRYs EEBidtked by a cut-rate of
surface roughness in the non-porous polishing pad

abows 36 fna b atprmasit-crduzleel 1pss. an asymetric surface hei ght
probability distribution having a pad surface hei ght

rati o > 00%...20 4. The t hod of |.ai 3, wherein R
3. L poiiigd of pendiisiimed srice ot mpaougnefuindbit, oARgHShE:

CORghthd | i hésd defirfagdyout

5 QRSHIbURApAITLAITOAG AIESG Rotols SulishBRISTaaROut

of mowirg the oad eqpdatiangr surbase oflativegotlurompprroshpeliphprenad surface

..CONMPr.i.Si ng. ont act i a_pad condi tjoner rface
i RENigRe dapse SDBRELIR, e G e ARy BHbRaG el e
rougPaehsGR i HonPrebusPHliEAGE phe haFicy @hdractbifedOnarPalBusetric surface
ol i shing pad surface mhlle:prodelng a force that
al

heigpt probahslityrestabitionduy ingspeadfarface kdghdby forming a

ratio gj§§ 30 roughness in the non-porous polishing pad
characterized by an asymmetric surface hei ght
probability distribution having an asymetry factor
Al0 < 0.50. 7. The nethod of(plain16, wherein the pad

4. coddpmeinsrofickipm, Merdn Reed®By a cut-rate of

5. The method of claim 3, wherein the pad conditioner is characterized by a cut-rate of

about 25 nnm/(1bggr-rpMpiaen-hour) or less.

6. A method of conditioning a surface of a porous polishing pad, comprising:
contacting a pad conditioner surface to the non-porous polishing pad surface; and
moving the pad conditioner surface relative to the non-porous 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 A;p < 0.50.

7. The method of claim 6, wherein the pad conditioner is characterized by a cut-rate of

about 25 nm/(IbegrrpMplaien-hour) or less.
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about 25 mm/ (| bcdf-rpnpl aten-hour) or less. 14 WO
2004/ 077520 PCT/ US2004/ 005563 8. A net hod of
w@b@narisze ng a surface of a wafer, conprising:PCT/US2004/005563

provi di ng and mai ntai ni ng a non-porous polishing pad
having a surface with a surface roughness Ra < 3
m crons; 5 novably contacting the polishing pad
surface with the wafer surface; pressing the wafer

8. suAfracthodgfplasdriziteea patice bf agafaocomprisage; and novi ng
t he pal.j shi ad surface relative to e waf er .
sUPESEEmEANE FatiBlE AP Pgoraus Rqliihing Bal GEGHE A Shupogitn

surfRE rQlANaGIRE 09 nfcoHEf ace of a wafer, conprising:
providi ng and nai ntai ni ng a porous polishing pad

hanmn@ﬂacemnﬁagﬂhepu@mmeﬂmdmHQWQWﬂ thezeefensurgacgur f ace

nepgatng R G suiretogiuns MnehunRPA B 7

PoliosHonBe ﬁ@li’sh %’ P GariWéd R1atiRe tovht efafglsuffaesin thd presence of a
pressing t er surface agai nst the polishing pad

slurrgur f ace; and noving the polishing pad surface relative
to the wafer surface in the presence of a slurry. 10.

A t1§ £]glanar|2|n i “, %e(p a. waf er
cogﬁp? pigrp 3@19%%?8F%§ QhE R IAMREY & por ous
polyrsiitmg aﬁ@ﬁlaﬁlﬁéﬁhﬁ@ Bpctbiid ARhIG W AEGAg a surface roughness
characteri zed %g an asymetric surface height

{1

charptertzetiblyiatsyrfee ng®bﬁbllﬁﬁdlsﬁ§)1ﬁ1ﬁn dsyingamag surfaeetheight ratio R
> 6 0 < 0.50; novably contacting the polishing pad
- drface with the wafer surface; pressi ng the wafer

supfoaalyagatattsis thh poRMihShidgrhecwilb tiaesfer amthca)
novi ng the polishing pad surface relative to the waf er

supfeasing the waier priasepganshfhepolighing pyd suygrcgpand

moving the polishing pad surface relative to the wafer surface in the presence of a

slurry.

10. A method of planarizing a surface of a wafer, comprising:

providing and maintaining a porous polishing pad having a surface roughness
characterized by an asymmetric surface height probability distribution having an asymmetry
factor Ao <0.50;

movably contacting the polishing pad surface with the wafer surface;

pressing the wafer surface against the polishing pad surface; and

moving the polishing pad surface relative to the wafer surface in the presence of a

slurry.
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