ce3edd &TWr . . 1r 2 3 MAY 2002 WO 00/1 7283 PCTN399122172 OXI DI ZI NG
POCI SHI NG SLURRI ES FOR LOW DI ELECTRI C CONSTANT MATERI ALS 5 BACQ(@FM]WNWI
Field of the Invention This invention relates to slurri e%chsLJ/ f.g
pol j shi ng ?’3950(0@7?!?3and nore 10 particularly to chem cal nechani’cal “pol i shing
oxidizing slurries for utilization in sem conductor processing with

| ow-di el ectric constant naterials. Description of Related Art Int 'égrat ed
circuits ar { %mﬁ [ silicon 15
waf er or sugggﬁg{zmah%?igg?? re %g? Q ((B)\X’aﬁsll‘ﬁgihf:|T g%(?img‘;ﬁ* The surface -
of a silicon wafer is subdivi ded MAITER&APSuUrality or array of rectangul ar
areas onto which are forned photolithographic inmages, generally identical
to one anot her. Through a series of well-known processing steps, each of
t he recFanguIar areas eventual |y becones an individual die on the wafer. 20
Generally the integrated circuit die, especially in very |arge scale
i ntegrated sem conductor circuits, are manufactured by depositing and
patterning a conductive |ayer or |ayers upon the sen conductor wafer and
then a non%&@ayer formed froman insulator, covering the
conductive - insulator is typically a silicon dioxide (S Q)
di el ect ri cFieldhef thaysestioar e st acked upon one anot her creating a 25 nonpl anar

t opography, typically caused by the nonconductive or dielectric |ayers
bei ng forned ovE&RisinyEntion relates MHUE% ytilizeq inrolishing gystems apdmeTGr es in t he

under| ang %%Hﬁ)t' to ngn%)(ﬁﬁechéﬁcéltﬂghéhﬂ-‘[ge&fcﬁ{n %Slﬁﬁ‘l fb'r'htﬂ?z%l{bﬁ:%s have becore
nor e sophi Bicat el an ence nore conplex, er 0 ayers stacked
upon one asathicexductoc peeaseing it Iag-dichetrd@onstar erateniils| ayer s i ncrease, the
planarity problens generally increase. Planarizing the layers during the
processing of the integrated circuits thus can becone a magjor _1 WO
001 17283 Dederiptibhdf REGEd RETNS991 22172 probl em and a maj or expense in
produci ng € CiTcuits. € planarity requirenents have resulted in a
nunber of appr ohtemsajed circditsviy fabrigatedheniop a substantieBY flatedisrashiapedisilisoh i shi ng
{CWP) t e tor waf ers.
Successls3 Wa.?e\’?l za oril%g'?n.‘ény lj\%%ﬁgéjto as w@rﬂ?ﬁfe@eglﬁ) Pg‘br?aggéfangglg‘% he CWP -' 5
t echni ques wafee id @bdwrdedrpitcexpmmmawreday ofxtcbtmmmﬂa\areau&ity whichlatezed mnet hods.
TheClVPtehnlgg f&é utlllzea ol.i errlx% r dor plurality
of the bl olg&egPhosy a@ﬁseﬁ?‘l?&allyé e t° g Src oa:,g 3r ubbed agai nst
the layer (9iRer %Mﬁédn?ﬁ‘écé%lh@sﬂeﬁeeééﬂgfEHeQébtaQ: uldr &%%&ﬂall?' urry which
aids in obtaining the planarity of the sem conductor wafer for further
processi ngbeme?hamdecd;@kémynmr\mt ers for polishing the Si02 based

i nter al dielgctri comne conduct or

| ndust 24 and « ngotsiaf bE e SR B Pl ip 08 et el BB e of
the Si Q baaﬁ.doxchueioeenwuite,aumyrmfdmeéﬂ Byedeposithy andvpattémﬂguebme@lve One probl em
with the S| Q2 di eI ectrics, however, is that the dielectric constant is

rel ativel y 3P 12xse qungﬁp*moaﬁ{cgqryvagergnd BFn A pgrrepductie gy demicdg on
factors i ngbhimdsifisy, ed4tind e é&ﬂ&h&@qw& Nhe lﬁanﬁmrﬁwéauy h BGcgapaci tance
bet ween the conducti ve layers is also relatively high, and this limts the
speed (fr edipsidey$is) dlwmtch Thedaysrs @gstacltﬁdmpmpmethelsw@megl es being

devel oped to reduce capa e l.u i ncor oat| tals with | ower
resi st ggl t JORPAFIRE PO ‘c(%@bf)aélf%béﬂ‘ge PSR UG B ge&? 339[3“1 solation with
i nsul ati ngve@g %ﬁ:ﬁh%vé}&% raided EONEHCtO lifdsr et feﬁtu?d%rh&ﬂmalﬁh&r]&ﬁi ative to

Si 02Thus, it would be highly desirable to incorporate a | ow gl el ectric
const ant naerduchye layefo semi conductor structures while still being able to
utilize the con i of the

resul ting diel e ;ﬁlgecl néjateerl afﬁ@&?@%ﬁge@glﬁl@%hgﬁ’cg%&?atgéaj{nd%%%roceSS| ng. As
descri bed heretompiéd, the mimberaftlayers staoked wpoh onebmenthen irsteases ahdiabahe or ganl c 25

olymer, materjal s or.ous dielectr.ic terials, whether_organi
ot garic, MaRbeTSt SRSt SHAEY RPHSR Bensr) Mecats pgnaHepEen) o

whet her PON.QMS dFinP e proctibigt HleiniRR8 AEGtRRl AR becdinlasdr C Materi al s
whi ch i ncl éc)i}gl%unl age (?mecm cag]% negh%ﬁl cg arﬁd eSI ect?l cala%%%arr acteristics,

i ncluding dielectric constant
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val ues of less than tfiree (3.0). These |ow diel éctric constant W@hﬂnﬁz i
can include 30 relatively high organic content materials, both | d - hi gh
organi ¢ comoenirseterials with a high |level of porosity, RCENS9922312y | ow
organic content materials -2 ~- 2 3 MAY 2002 WO 00/17283 PCT/ US99/ 22172
based uponpBblenCMn aAAGSRpénkP th pradiingahs cieonéls.i Ti Oamtey RGlifmMeatsS, 6f
materials exhibiting a conbination of these properties. The |ow dielectric
const ant fh3vegesulied B rymyesefiapproaghes.iand mystaecaatly.chgmispl mechamicgues i ncl udi ng

chem cal v : @9@2 ' o %\@? ' i.ng. . rgani c pol ynmer
material s %g%élrn g? y ?éé:mn%%eﬁg%u ca ??ﬁ@ggﬂﬂg%an%gh?ggm }c-ég@c%; exhi bi t
pl asti c dedwaferstSucdesduidititienion of IBIP wauld®adighly desirshld sicehRelCMPN contrast -’

however, to their nechanical sensitivity, .organic pol ﬁgers are often

chemi cal | ytephiiques arpless complen sempaedio therevinustyetilizeq mefhods. oFhe (P pol yrrer )
dielectric -er| A5, difficult.
| ncor por at %eﬁi%ﬁﬂ%?gﬁa%ﬁ@?zg%@g? ?Flggg%ﬁgﬁjﬁg oggltu %aﬁm S |1 nl'? ‘([318\0?? g%qse subm cron
10 f abri catvitha chemibalistimes The blockseare abbtdigairsithe thyerab bp planbrizefl withbust CVP

processes ich., i cants have djscovered .are not cyrrently avail able .

utilizing '\[ﬁgég@’%a?s mt‘fﬁbq%‘é’g"ggé@? meRiRe ths plgnapy 9fdbs ng abr asi ves,

such as Si ggmif;&quﬁgﬂggfe%} hirth&hrbQEsitP and rel ated polishing applications
an

in the optica disk industries are typically 15 produced by chemi cal
preci pl@ at i on nBtenedessasy pargmetersifer pojidhing theiSS0, baseddintenmetal digieatue pi t at i on,

i ndi vi dual , oxysal arti s ar.e typicall r.eci pit d fram.agueous
sol uti ons.l ?’?veeltbgg?ri}eeﬁc/ﬁ %boé‘r% <8 ﬂ}g&%?éﬁofm Cé&tlf“g‘ﬁsg% a'iitge H‘elnfl *}légéj dried, and
subsequent mycladidhiarteélof polishihh @idwdar pf e SiG, Kasdd didlectidstan@bdean Whi ch forns

the final, finely divided oxide powder, Low_calcination tenperatures
produce hi ¥Ascnably 3l dovrioned 4 Ogx prpblenbwiik the Sifadicledries Beweyer it snal |

particles. i Gl ! : ically reduces the
total surf gl(%g?%e?gg: éggﬁ%ﬂgs %%&g%?ﬁ%g%&ﬁﬁﬁﬁﬁéég?&b{ﬁf lggi(’:%’r respondi ng

i ncr eak® i depeadihg oi facwrwiacluding fdsidoe rhoistel cpatest, Ashilresulththieed or si | ane
precursor materials are subjected to a high tenperature,  oxyhydrogen flane.
Upon enter?arPQ‘"faH%e}?q“ﬁ?FE ﬂ?‘arﬁ-,ol“g‘t‘cé‘(‘,’ﬁ}aé'_ﬁﬁs ”ngorréﬁ’é'f’g?ﬁ]gﬁ*@pﬁ@s Vﬂﬁsél&gn and
oxygen) angekd (ﬁéﬁ@&&g}){t NRkhtiRe diRQitlchiNBperf| SRarli@Bemb-deddlbperdbti Cl e si ze,
particle size distribution, and surface area of the resulting oxide powder

can be contedutd capaciignagaralydedncomorgingmesials withpewes registivity yaluesesticence time in
t he reacti r Jelat L. > . j . m cal

br scur sor s pPdeE proAffe bAfE A1 Rlatf WERAREM Pk habil 1S 70

parti c2@es #dileRttriaicenstdntsraiglive 13Bi@d rhuedt would bbaighlyrdesibable particles in a

3-dinmensional network referred to as an. aggregate. These aggregates are
mechani cal F’g?mws'f?{?satm}é{r?éﬁ%%c OFFtant yeatenpl jnte g"d'ug‘?fﬂ}“é?f stryctures\ihilso) 17283 E . . .

. ; i ; h
Z 3. MAY Zeﬁlzbé? ébﬁ\%?t%%lg%_gcénﬁnt:onﬁf%rcgz&gxﬁ%igg?olnor legﬂﬁ{@e Lt the

di mrensi onal scale of the primary part use conditions.
The aggr egtheaesulting diddctreanaterial daringthe sanzingyidudtonwafer processing.

As described herein, "low dielectric constant materials" include "organic

-

25  polymer materials, porous dielectric materials, whether organic or inorganic, and
blended or composite organic and inorganic materials, whether porous or not."
Typically these are polymer dielectric materials which include unique
chemical, mechanical and electrical characteristics, including dielectric constant
values of less than three (3.0). These low dielectric constant materials can include
30 relatively high organic content materials, both low and high organic content

materials with a high level of porosity, relatively low organic content materials
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ot her aggregates form nd aggl onerates. Conventional®polishing sl ul 3iNA e
derived by incorporating the . ' S aggl onerated oxi de powder into an

aqueous su wi th mechanical agitation. Limted sus i ability
is obtai neﬁpﬁgﬂ g(}or porating di spersing agents, or adj ust?‘%ﬁﬁégﬁ}gz’zéspensi on

pH such thah a suffigciently high zetfil otential is realized to inpart
stability t RrSSHIPOLBUFDRYYET RedPalenaitnd InasganicImatenals. RPRieBrlE si ze —
reduction pg £ cOMBhAYH oF HRBERSHAResS TRPIdw i LSAl erformance
by breaki ng g@ﬁnﬁﬁ Oc?ar ge particle %égg{gl]ﬁsorr@r gdtde%;&e%gelcarrg{tag @E? es used as -
abr asi ves chaeadépesiddasiizing @daiiety of tevimiques aghuding shentibee wipaldkposaidhi ve oxi des
and chem cal i nacti.ve oxides. Chem cgally active oxjides . are fhose oxides
whi ch cont a‘¢¥9¥ﬁa‘?§p‘“ﬁ?%ﬁg'c§ﬁe ‘Pféa’}’%%‘ﬁ}"r‘ _’P%H’ﬁ%&f“?}ﬁ]&é‘i‘re ﬁ’t?FlFf‘élca bndi tions

of use. Exagph S tRéy BRI xhibhtipfdstid QrERnRGbL ¥R HeREReyHan @XdiIJ®e are cerium 15
(Ce), iron (Fe), tin (Sn), and zirconium(Zr). Chenically inactive oxides
are those osgretekedwiin eontagnbaaiaveratortheinmeehanicalisensityityrargatiid golyraetsiced under -
normal use condifi r . e.consi.der ed. nonr eacti ve.

Exanpl es of 4 NIl g’%c@e)%ﬁ ‘c:iaeng’qgcrr{é acgkﬁhﬁ?ﬁm&]@ &lge C(h/%\rfgtﬁ?s?lfs 3&‘86 gﬁgﬁnﬁron di oxi de -
(Si 2). CMPdiledtricingferiali hikesth dqueousibakkddoBinee CMICSocdsy @ifficaltl y i ncor porate
Si2 20 abrasives in a high pH aqueous slurry. Current thinking holds that

t he wat er hinspolorasing thepelow diglecic eonsiznteaterialsdptoyable submicrasi | | con

di oxi de4gl URhy: I af [ ' I ' LJ.Lcon di oxide
particl ﬁeg i ?\arb%l'ﬁéégéﬁ%cfgl%&g?soé'gg%%ggéﬁ%ﬁiéé %ct]’tre gg@(g&gk P‘iﬁhg%&\h gﬁreo%%srs |ésc. The hi gh

pH envi r onnehichggipliemts have fiscuytied aw:nooaerentip avaitpkile ttilidirgthé 5iQy- t 0 t he

silicon dio idggwasi ve slurry and two, to increase the 25 solubility of

the hydr ol y2&8¢ S RGA*H*oxi de groups in the aqueous sol ution. Applicants -
have di scover ed, CHARNGHal pdlisiihg #radiii@, KEWANSIO, GANALO!, ulifizdatsr EMPM
increases, the efficiency of conventional silicon dioxide based slurries

di mi ni shes peiielstsd pohighing-apahpatiens iy teeonsiqalgrd disk s1dustries ane fypicald on a typi cal
CWVP devicge, ' ' ' ' .a reppval . rate of

about ¢ a1 PSSR P ¥BLERY RERSGRS SRS Sy BRPHLAES RS, TYRINRS [ Tom The
surface of preeipftatibn, thidplidual oxysalf partitleskHeangpieslly prévigiateddrom sguEowzondi ti ons may
only provide a rempval, rate of about two hundred -4, WO 00/17283 ca . 2 3
MAY 2002 PCTNRis2 Phewlaively poRrfey saimartsss o Bliered difda®Burel y organic -
pol ymer fil EﬁbJJﬁﬁm@%ﬁf&é& ®a fhbAHH PREAS B caltet M fith fRthEthk Fnall €OVl 1S
thus much | ower” and unacceptable for use in sem conductor processing. One
CMVP sol ut i ofin¢lpdividedrodidelpewderi Eowsalcinaien tempeniuees praducethigicswied in U.S. 5

Pat ent plicati.qn i o 96722, entitled "Aagyeous.Mtal Oxide Sols
no. Pol | 0¥ nfeRPHAF pRBAdB e By tRe Per? SR P EHNEL Aftres BT MR | O Jone
11, 1998, assigrmde typidaligredaces tirsctaigmeftce drewdfiis pogvderyeer ahit Vdlempr esent

Applicants, which is incorporated herein by reference. 10 SUMVARY In
accor dance Wit comesPPRBHIICISESE IBRATHElS 5iZe) sl urries have been devel oped for

renoval of |ow djneﬂaﬁs‘etﬂg'_ufoxﬁgpaﬂamatm} ﬁ!ﬂn@b&curl&%?ﬁéﬁé%ﬁﬁgi&feﬁﬁg ina

solution -utilizing non-oxidizing abrasive particles wt oxi di zi ng
agent, oxi dahbighgeraprratuieyaxypydrogesiflamea Upne enferingthe fisreeithe prediusomg abr asi ve

parti cl with co tihble oxidizing 15 agents. .Th br.asi ve rticles can
Do for nda 1 Tl STRE kR SO BPT it s e iog 1 e BRSO SR sl 1o

m xtures t hehepiriclobize partioR six@aisaibution, and Alirfaceire£ b1 the restlthg &6dsi | i con

di oxi de or can be cofornmed therewith. A preferred oxidizing slurry is

mul ti- modaPoVeersart bg eomtsoldgdhy vayang the prOPess temmeratiise dhe Tgeidenice g i or
uti | i zationgle S, ?&%gg%@k gegatmeﬁ%gﬁhﬂggk?ﬁe%nﬂbaﬁ Ausbr ry of the

present invention also utilrze r ot her precision polishing
processes. BRidehoDESCRIVR Tdrokl GnsDRAWNGEn4H, fiimdryipattickt that &8 stenglyleal | zed

perspective view of a rotary type. devi.ce 25 i i ch the oxidizing
i oP01 adisrelkiahiner pUBRY PEHUESR G TeRHpRL Gework refmed to 2 an

aggregate. These aggregates are mechanically robust and are considered irreducible,
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FIG 2 illustrates an*idealized cross section of “a sem conduct or %A@MN 00h a-
CWP process. ' FIG 3 is a graph of results utilizing conventiona

abr asi ves W@ ognhew di el ectric constant polyner nmaterial. pcrusoe21d MAY 2002
WO 001 17283 PCT/ US99/ 22172 FIG 4 is a graph of results conparing

non- oxi di zj ' ] 1Lk ; b t gi.zi ng_agents
form ng ox{'ggggﬁg%ﬁt%rﬁﬁ%ﬂbdggﬂr&%metsdng%&{ohg%ﬁaﬁgggh% Bﬁrrrll\%é' t?‘i)cﬂé.s FI GS. 5A, 5B
and SC ar eumdepsemnst 0td conditiofs. Ihemggrdgmésithenbebvbs a8 often paadglead vitS enbodi nent s
of the present invention, FIGS. 6A and 6B are graphs of the renoval rate of -

one abr asi Y'@ciagerseales (MBS RBRIOMErAAS- t he present invention with a varying
percent of soli B | di i\ ] 'H]G ef fect of abrasive
sol i ds concent rg(t%l] ogg%lﬁrécgfr%@g?}upgse%%%}j %ﬂ%‘sﬁeﬂrse ('?rgté agi ve particles. 10

FI G 8 31 | sgdiomdreted bhide pdwdet intohin hdueowscushensimywith urechascabagitavion.t ypes of

pads. FIG_9 illustrates the CVP renpval rate of. the |ow dielectric :
const ant nﬁF‘é‘FﬁdéPSRﬁlf‘ﬂn SaRthityiisabyeig t ASINGUPYALRE AICENg B Ust rat es the CWP
removal rajfuding thsudpenbibh fRIsu@PhAS Aendaty _hléﬁu'zlsﬂa%a%ﬁehﬁ_ﬁl iPfealiftd 52T
reference nunerals in different figures indicates 15 simlar or identical -
el ement s, apagctability ithroughdoulombigioterastions) Bubgueal paEliciDERCRARTIEON OF THE

PREFERRED ENMBQODI VENT VTo Jaci. ll’{ﬁ%%{il de crli g.t I on .of thetf q%i%if.zi‘go%nsl urry and
t he net hodp%’ﬁﬁfs%fdﬁ‘zﬂ%teﬂg PESTONT AT PRYPEH mgPEffWaB‘fe FhECAME i nventi on,
an i dead i zreodMRicly sgisheRsteslevi ce 20 will be described and is designated

generally by the nuneral 10 in FIG 1. The CWP device 10 is a rotary
pol i shi ng devi cEhe mgigkaxides usadeas gRiagives gap be plassified dnto twe ciegosiesit i nventi on

also can b 0 L g f. |.C J OV rel ative

ot on- bet (IS rEEHyerichs BRY ek RD il fides Pndleltl, RESULRER, (1 DTV -
surface, sarehhds oRidbs which contdih Rreeals WhIEh cm\bieaeslily Tédacetionideenotal S descri bed
nerely to aid in the 25 understanding.of a primry use of the present
invention.cefﬂé‘“’@R/Pfﬂsév' @“ﬁes?rts‘“ﬁ?lst“%@%tf%bg eHBFﬁ%’fﬂ"l‘f@??@&“%i ch has a
mechanjgal (GOL?,Si SH(FERSRYSHPAR ZB6niSRNZAO CHlithicaly NARE oRfakd ABiHage t 00! S.

k
During CMP of a layer on’a seniconductor wafer, the sem conductor wafer
(not il usoxidessaich sontainiameth] that is nabtedikiredused wulennerpaduden a rotary and

radially oscitlating,.semconductor . wafer 30 carcier .12..The carrier 12 is
mount ed t o IPALARp R ATTiHDES Con B8 speidepeop EActV  FXRIRIFSS URE OF 8P s on t he
carrier 12aenhinifid\oRidei(ANO)), MM1ROn dibiRegsSicbce of the -6 WD 0011 7283 2
3. MAY 2002

-

CMP slurries tailored for SiO, dielectrics, typically incorporate SiO,

20  abrasives in a high pH aqueous slurry. Current thinking holds that the water
hydrolyzes the silicon dioxide material at the silicon dioxide/slurry interface,
softening it, thus allowing the silicon dioxide particles in the slurry to abrade the
surface of the dielectric. The high pH environment serves two functions: one, to
impart stability to the silicon dioxide abrasive slurry and two, to increase the

25  solubility of the hydrolyzed silicon dioxide groups in the aqueous solution.
Applicants have discovered, however, that as the organic content of the film
increases, the efficiency of conventional silicon dioxide based slurries diminishes
rapidly. For example, such an oxide slurry utilized on a typical CMP device, using
typical process settings, provides a removal rate of about two thousand five hundred

30 (2500) Angstroms per minute from the surface of the SiO, dielectric film. However,

these same CMP conditions may only provide a removal rate of about two hundred

-4- -



PCTI US99/ 22172 seni conddCtor wafer is pressed agai it a rotating polishj ?% ‘
pad or block 16 or array of pads or blocks by a force F,.. A chem caZi;MA 002
abr asi ve sl urré/ | 8, typically including abrasive particles isﬁ 2 ?ontrol | ed
pH sol uti oWO %428} ded to the polishing pad 16 via a suppFP$ PFH8“3f conduit
20. 5 The slurry 18 is added to a wafer track 22, which is an annular ring
or zone f of4A9)ABgSUORS RELIREUIGRY ors!¥ RTgapic palymenhilan dTheranyession oy and
oscillatin j : nEd.h-sbin [ a shaft 24,
whi ch | nportarrinehiio Bk S R0RE ok & RSB IS 0 od 6. -
The shaft 2seémjig@indadtbryproessiixg.al |y fi xed, but could al so provide a portion

or all of the force ET, if so desjred, 10 The slurry 18 provides both a

i f
chemical and a fae R i?&lmac‘:?‘i18%'%“???6“’3%?@&@&”61‘5 1} Wéd%séiirfr_b‘clﬁdpctor waf er
to provi de paieofdiiRhd Rk FRITRY. db/006727BE Rk IER* Adub I MBI (Q*i@@.?tflk Agtion of the
sem conductor wafer surface, as wll|l be described nore fully with respect
to FIG 2. PohshingsStumisnBerdtowr Digdectic GopptantMaterialss, filed durisyl 1219981 ai ni ng ring or
other retainin hani sm.in the gi nbal rotating. carrier .14, The 15
ol | shi no- FRESGE Fen e Pepfa o Sty APiSES W8 m pol yur ot hane -
i mpr egnat eghchigeftied IRdimbYRbrecdCh as by adhesive tape in a conventional
manner, to a rigid, tenperature controlled base or plate 17. It is believed
that during the CWP process, the sem conductor wafer is supported by
hydr odypam I and by direct support fromthe abrasive particles in
t he slwr;js—@gl—lgﬁng in recesses or deformties 20 in the pad 16 at the
pad- sem conduct braceatigice withehd iaeatior, oxidizmpy/ shirticOinak bedddepelogsdssr | ncl udes an
addi ti onal rocesfi step referred tor@f ﬁ%d conditi oni,ng. The pad
condi t i oni AGPYXPHICAYIRFIGCEICROPT G MAFT#St PSRy SIBmRACHR 8AUPIMevi ce 26, which ”
typicall'y hLigliHglgoh-6kidibiapandsivePiredealigfan dx'itgziﬁ’% agin® bxidlg BrasivPur i Ng the
CMP process ("in-situ" conditioning) or just follow ng the 25 polishing
process (" esrigles aloneersaiectedoxidiging abtasive particles wittecompatileoxidizing 27 i s
pressed.against .the surface .of the_polishin d_16. .Th ressure applied
B T na r SRRDT, ShEaPRETLe PciE can s PRef B lR ot i EPERRE o ol i
portion of ninedrar, b?hsélmmi_massawréoa,qg cetf bé éateBh abienshtiadisukfias Thi s pad
erosion is typically required to maintain the pad surface free of material
bui | d- up a§dicen dipwigde o 4an be peformad thergwite t A preferer oxidizing yyhis mati-asi ves and -
dielectric LAL bk Huligm b RfSed . 7283 2 3 MAY
2002 PC '/U@Qﬁggﬁlﬁfe"%ﬁgug& clon' i{&l?o(l)lgilllng %gfn%gfﬂlézatl 1(riz-?n(n@g?)o-texture of
t he pol i shisengicpatictobprocesking thetoaitiizing dursnefhdipresent uentioo alsd sooke astic fl ow
caused,py t ocess. W it.hout pad conditioning, the renoval rate and
uni f or ﬁ?t yuggzﬁ%ggro‘géﬁrpﬁefls{%@obgwgz%ﬁ%?ﬁ%fbr wafer dielectric material is
typically not uniformbetween S sem conductor wafers, hence preventing
reliable conmercial production of the sem conductor wafer. The size of the
conditioner ring or tool 27 depends upon the size and the type of the CW
devi ce 10, %%Hﬁ&pﬁ@@pﬁm Gener 27 usually has a smaller dianmeter
t han t hat — Aring type conditioner (not 10
il lustrated) geBHE:.dlillystiates hmidgalized perspectine devantd mitarp type IOMB deviceonduct or

waf er. _Ther ef or i n. practice he ring type conditjoper is positioned at a
fi xed ?gdi i e i, oA iy o hel Frepenf hysen 58 ‘Eﬁ“‘t‘ﬁ&é?pol i shing pad 16. The
ring type condi ¥Fi®naNustrafed bt {dR8lizRH Broby RYtidHT a s@hREh®RtoRWafRsfa 4 e wi dth of

t he sem conductor wafer track 22. In the formof a disk type conditioner

27, the di MR yrocesal |y is snmaller than 15 the sem conductor wafer and hence
.is oscillated a S ] : r - ovi de the
necessary abras?gﬁélﬁhEﬁﬁ%gfﬁéﬁgggﬁ%ﬁ%g&?%@%?%ﬁﬁﬁgﬁégvgggg{on and rotation
rate of thdigenit dohangpoBmeniaraals the uniformty of erosion in the

-sem conductor wafer track 22, which influences the renoval rate stability
and the polishing uniformty of the sem conductor wafer surface. 20 The CW
process continues for a predetermned tine to obtain the desired anmount of
sem conductor wafer material renmoval. The predetermned tine calculation is
based upon the rate of renoval of the sem conductor wafer dielectric
material and the required anount of “dielectric material to be renoved. The °
renmoval anount is chosen such that at the end of the CWMP process, the

sem conductor wafer 25 surface has achieved the desired planarity and the
desired dielectric materi al



t hi ckness. Typically,“the CVMP process can utiliZe a pressure of about 48 x
10" Pa (7.0 psi), a velocity of about 0.54 neter per second and A3 MAbeW2s
time of abW@00{li388e ' (3) minutes. Referring to FIG 2, tRETASP2ZY218 is
illustrated on the polishing pad 16 30 and incl udes a plurallty of abrasive
particles 30. TH8Gc4hisd grephafl rﬁwltﬁmmpaﬂnamn-mi@wmglemClcbrWlZl ad vay 2002 WO
001 17283 PCT/.US991 ortion of.a S8 c fer 32
which is rm“Gm é‘ggﬁe g%ﬁgngg?xrn%ﬁéwgfﬁeq? Iroflpllnéé)f“rdazt“&f 1—‘Phen%&eé1 cm uct or wafer
32 i ncl udeshépsekdnt aRentse | ayer 34, upon which are ° for rred a plurality of ~
deposited conductive patterned nmetal features 36. The netal 5 features 36
then are covered:lﬁﬁ cdparsi 1eare gross esstionsof semeidealized ayresivg@rticihe | ayer 38

has a sgrf 1 e\{\/n F i S Serllu(l)_wvAnaogar since it mrrors the netal features
36 underl yi FP raen's fi °Bg SUfface 40 then nust be planarized before

t he next photol IF1G8068ahY 6B bRfLrahs oDthe paidvar fwbf ohb gbragVd sdiiclg pad 16 and
the slung 18 provide _a higher localized pressuret[a)gal nst the regions of

hi gher t op&ErPRgHYens AT the @repent dayeptirewitlna ygying peirentioh sdlids pad pYidieers.and

pl anari ze the syngasqdfiated QSW rm Bl A tiG6h feﬁao@ﬁ%t ed at a
force FT (shown by an arrow 4 a red at a velocity V, SO0 shown by an
arrow 44. Eﬁmrdnﬁfgrmhabrﬁm;prtmass , surface regi ons of high topography on

t he surface 40, ch, s re eas, 46 re sub ect ed i gher
| ocal i 28d cont aclﬁa R& YsEpiegt ﬁF FFéP 'S‘BIO?"Q OLYPE R Ha 5 regions of
| ow or reduced t®BOgNIARMMes t?xH@Mlﬂl%nﬁavéler%%PtHBrlox%i%?ecﬂﬁ condtént CMP process is

designed to selectively renove the regions or areas 46, while mnim zing
t he renovalmasérialivathrentraived abt&siveadsini ng the surface of the region 48 is

| d of ight d f d 11 of
Phe regions a6 t300L7 PbiPesbe REDRCG et G RN AR s Ty s

sel ectivity of tUilizalibh fthe Ste rieﬁ:reﬁceﬂuﬁ@ilsH’fdiﬂ&femtﬁ‘@lrﬁhﬂdlad’wszatl on

ef ficiency of the gcess. During the CVP ocess the dielectric materi al
38 is rénn\ﬁéﬂﬂﬁfrt'%@“%méﬁ %E‘P‘i“ﬁ‘rlilyéf‘d/% fomellind mechani cal processes.
The chem cal energy is supplied by the slurry's liquid nedia and
additionally in sone cases by the abrasive particles 30 thensel ves. CWP
slurries leZDE’hAHrE) D&‘SCME’HGI\I)OF t’l‘éiE)BEEFEﬂREIDGEI\&@DIMENE material s

typically are a enera controll ed,pH The nechani cal
energy is gener C‘ V‘ﬁ‘gﬁi PE‘I°HL°W’8° 4‘WIW%E dB‘é‘lW@’éﬁ“‘Fhe

di el ectric 38unshd the skt bR p%seﬁth@veaa& AR idbafiZed IOMP MMcRPbMRVREUITY 18

entrai ned therebetween, as illustrated in FIG 2. This relative notion
gener ats rvebltherflescribed ard igesigyatadrgeneraliy iahe aumpenehl @ B&EIG0! pFhafeMBl e of
nmechani cal 2
PCT/ US99/ 22 %Iéﬁow %E‘élt’%hg’% ééli—‘fe’gH°W%\eéﬂ‘§%’:’éZ’%§g l%l"%"’f M%;&gsg’gr face 40, u
is the coefihvmmnhlsoi:arsbe utllmgd {mhany type bfa(ﬂlV@e:hvicbthfpewxdnsrrélame 40 and the

pad 16 and nqgtlcgnsbe?wgelnftﬁe Giefe E:tlnglma eria] to be polflsheg ax% a polishing surface, such

as orbital or linear CMP devices. The device 10 is described merely to aid in the
25  understanding of a primary use of the present invention.

The CMP device 10 is of the type of polishing tool which has a mechanical
design based upon the semiconductor wafer polishing tools. During CMP of a layer
on a semiconductor wafer, the semiconductor wafer (not illustrated) is mounted by
well known techniques in a rotary and radially osciilating semiconductor wafer

30  carrier 12. The carrier 12 is mounted to a shaft 14 which imparts the required

motion and forces on the carrier 12 in a conventional manner. The surface of the

-6-



By transferring the diff€ential element of lengthTo a different'z?IM
elenent of ~ 5 tinme, the followi ng equation is obtained. ,~ FTpsv -|$¥71“%s
equation, v is the relative velocity between the pad 16 Lelectric
38.. Integr YPHWH this equation yields the total work ggﬁ(gl;/g{gg%ﬂ?iﬁri ng the
specified tine domain. Thus, increasing any gf the var%agl gs FT, u v or the
pol i shi ng t PemIcandyeior Waleris PERssed 38aiR% @ &P1ALHE ROIRRIDAPAIATPIYTY 1P REZTEYVP ol i shi ng

process. ASof sl blotk3BYR force KV, X’Eﬁéﬁi%lyra%&@i?%% 18hgpitahabdi@shi p between

work and the ‘anount of material removal "and formalized thé rel ationship in
an equat i onabrasive pantinles ins conellpd pHisolntiey isaddedto thdpadishipgpadk Wt ated in
differenti al fB,rmas: 1dS gh = K.pPds dt dt In the Preston equation) ICp is
the Prest onS@BEH#Ieor 8HAMBY 5  he polishing pressure acting normal to the
surface of the vwafelurdHld 868aedQo AN feH srhdkt22l Whiches Anshaat mipeRyene20 rel ative
vel ocity between the pad 16 and the surface 40. As previously nmentioned,
the CVP pr ofremed pythametaéngspolighing pasl boand dhretrowring arg agcillpingecdrrier &l.ectric | ayer

38 are well . known.. To i eye the desir crease in the dielectric

const ant frxﬁ? ?%h’é‘.g@a@gagta&ﬁtmogpteg Ke aéﬁ% 943%1”?’5: i"é’P?nSrtéaﬁcﬂ?%e? a new | ower
di el ectric gRamphathovERiefy dntd the pblishil@\val 0pNERY shaft 24 gsalldisedx@uyri c material s
has 25 focused on ymer based materials, such_as the followng: 1. Poly

pol : .
(aryl ene) Efipeh utxouldsise provagsa portianallof theferce Fr. pioydesifedes 4. Poly
(benzocygl obut engg) f E}fe\ﬁ‘ﬁ : RECB) 5.
Pol yqui %(gl i nes 6. @'ﬁﬁj] g{r;lﬂéil °§*f)£s seiaﬁ%%ﬁ%gﬁ:%c%ﬁ%tﬁgﬁ ~~ 2 3 MAY
2002 WD 00/ &i#88ofthe Semifondii€or waftrito pidvideRodoptreliedatinoreal ofinhigtia fiem( PTFE)
Paral yne-N, Paral yne: F Sil oxanes, O gani.c substituted sil.azanes
Pol yqu mox aPHERTATERI5:6L e GHRIEGTHAELSY Ja SuiFer v T B4 JSCRRSIEBD) 22172 These
di el ectric REhWIBI refFREAD FRG.D, I THelskiflRoRduRIcd Watel GRRtaly ROfeRAS | N the organic
material contént over the Si QO -based dielectric material. ‘As al so
previ ousl y Ttetrining cog seetherrétainingmesharism il thepimbated diotatingisaraerd 4sTheri es are

h | ff i h I } h th j
ruch T e58. cRU VeSS LS00k FHIRANLE0 B A RGF AkbbiEh 1o o

focus has b revi he | ow
dielectric fnpregrand fivei, anachtd; sachras dly adhesive kape én pconvertiodalehamtr ioca mat eri al s,

—

whet her i nor.gani c or organi nd m xed_organi ¢ and i nor.gani terials. 15
One parti cuPgd: {EBRETAME %E‘frf’ﬁ‘?fial@é?l%“[piﬂ?lzraﬁésrn‘?engﬁa/rﬂ’%ﬁuwggstgﬁégﬁ’ﬁ utilized for

testing in geeakARDESmithrdbctb \Gafby 8 S§iported MR drfimamiic For&d a\aﬁ%?mrafﬂ_e) et her

spin-on film cured in a nitrogen atnosphere, yielding a dielectric
const ant of supiponiifrom the wbrasivaparimesan thel sivaxyel 8yeejinglin reppss¢sen deformaities (1 )

Megahertz. The di ric.material s stabl wi t hout any substanti al
out gassitzég {rb'gﬁpﬁ(ftééagé 33?8'5?’8}%85@5%06?" §°5fnl?c§pd5?'oxi mately 20 four hundred
(400) degrees Cefhd convémionallGMP pcelis dlohales acaditionnl pbcessgpakichte with the

requi red back end of the line sem conductor. wafer %cessi ng tenperature
r equi r ement ¥, 35ad cepdittaane: The pad eqndiioningdyricpliy s pestormed Wihapad | pel ow 0. 12

m crons. f or codiffevied 28] WRLHBICEF e REACEAS- b RIRRL 5r aifhe

conventional SO urry uti n the CVMP process wth this pol yner
di el ectric toml 27.i Riringtbe S8 Rywoenss ("al-$itn" corsfitianing) eejust follewwgiheg t he

dielectric terial. plicapts postu ed that these t s of arganic
pol yner 5#ji egglls?nmgcpr%gég(r?xé @, c%&d? r'gl)’gée St ’lpn?rdwgcﬁrécfozgﬁscpr%ﬁe st ant
materials, efdfimethe\saiface\Wf tHe poRsHifFRdad. Tht PrefsuresppiedargiiRdielive mechani sm
Applicants tested this hypothesis by preparing and polishing test blanket

and pat t er nmgtipe fgsnemil:redialy/esgidatinglberodes @ smali porios gf mategal feam ther gani ¢

dielectric il ] K@y . r.oG are the
films is asfs*r(kﬁ S@ngq%f&%qgo‘?&%gg%grg&gn B&W@%ﬁﬁ%}o&g@éﬁ 2172 Process
St epDescr i pthegiad 3urfaee fide bPiutetdal bpikdrap psibcisted with ther OMIP (pegiuendpdbss sec 2000
rpm (spiin)4Bake:| min @%1,50 Celsius . in N bCure: 1 thr @425 Celsius in N The
t est i ng3Was SPRoY Abyaskes apddiglspirie mategighyemoy e frm RRe-SYTias@ nr ocessi ng equi prent
such as an | PEC 472 made by | PEC Pl anar Corporation of Phoeni x,

(w]

-7-



5 Arizona, a fifteen T’:LS) inch platen table topmﬁol i sher by Engis MAY 2002
Corporation of Wieeling, Illinois, and a Teres polisher made by L'éf?h
Research Geppesmkion of ' Frenont, California. Referring por/f$ser2132 the
renmpval rate of the |ow dielectric constant polymer material utilizing sone
conventional ab i HS; hi - S r.as di spersed in
de-ioni zed (Dl )T\ﬁ\}gk)%cf&gﬁlﬁlyhlggﬁ%géﬁgamgég?%%‘dﬂ?to?@{g?%g\g}ég}%tdi]igi zed to
enhance t heihichgpendsao smnath outGMe towmiscqetasfiofione dafsed byt the QMY processt es at a

pol i shing pressure of 23 x 10' Pa (approxi natel . 3 pounds per square inch”
Cpsi )) andationh s cpdfigedeyhe o g Heand he pmied oL e The har dest

abrasi ve Ukdhicéffhcio? wiker arndirRNAatéral SJ\?piHﬁWhﬁPdnn%R%&hs were solely -
responsi ble for the dielectric material 15°renoval, then the one hundred
(100) ob fsgreicomBOlor wafkssrbense pfavetingi raliabircoatmesephpredustioudbtthhave pr oduced
the greatest rat f renoval. This clearly does not happen. The funmed )
anor phous §?Eﬁmﬁgﬁ8¥§@§ﬁTed by a conventional flame hydrolysis technique
produced no di elrgetizé 6f thOLoHARTonBEiRY drddol R¢ bs upbReh& a2 inadhd typact i ve

oxi de abrasive particles, ceriumoxide (CeQ2) and stannic oxide 20 (SnQ)
conpl et el yof davige Hi, butrthe diskefype conditiqner yhwshallsbhasiisgiallemd r epeat ed

tests pr ovadl it i1 KRS hlooliti P Wat PR bl B RERAGS, THi S
uncont rol | SBTEF Ehoval 1 s undesirapt &2 %ut" Cleedr y suggests a
mechana@é chéifisaratedy gemenatly is'tergératharsthe didfieter 6£the Seniib@dusiel #efeed and tested a

series of gspecially prepared oxidizing abrasive slurries. Because of the
cheni cal atlPfrefnse.d2 Practi¢en ths Bing fyngiconditioner ismositignediaha fixed radiag} 1 i es achi eved

significan j RO LentieiShisl | d pagicating -12
S I Ay D istanh b BEL Bl b or i poishing b ﬁﬁhglr%%ﬁ#? iR
pol i shi ng potatesand mevideserosion gorass thetwidthiod thersemiconductdriveafirmmaein®.on, t he

abrasive particle re forned b | | - kno flame dr ol ysi funmed) or
sol nethods. Ex!fféf’g@"b?gat({\%et%ﬁ °H§$‘ﬂ8?i?ga¥’gdﬁl‘g‘ﬂ%@é/éf ﬁ"}?Ylff%a'g Pat ent Nos.
3,282, §57; tife sefffoondfictobwitelind héncecloseilRiz8 abrdbs thé\nfssnaactst Wafef €s derived 5

fromthese nethods can be tailored such that the slurry includes individual
and segr egéeet2bio prayige thsmeqessapsabrasion;. Dusigg thenad senditioning et i cl e si ze can

be grown t j j i j.d | e: fashion. The
pol [shing. feceli BESphE8, fudBIR! Qhoiidnd RARAL B BirolBN SUAER 25T O er e
t he same. Refsemidongudtor wafés tradk 22, Whickerflléndes the resmdvalJatostability med the sl urry in
D water, 10_vm',thouf an oﬁ)dizi.n agent (no oxidizer) resulted in little or

no renoval pBII‘ShE’P?e“TB?é'F‘&P & STRE PTWHHES'SI®Y particles were on the order
of sevepty (70) THECMP FioadtBtAitind&doMEprRddibifidiRtt BlobBROME dised (2) per cent
solids in DI water to formthe slurry. The Ti Oz particles were on the order
of one hun@ﬁ’@éﬂtaﬂf@e@@?é‘ﬂﬂcyofwafﬁé“’(amg/feﬁlm’?ln The predetemmipgdtim@r e di spersed at
about two ' ' : YO icles then
vere condi SakuRien S3eai bl 88 pib ol ok obfeBemcbn LI B aigii] ) B8
enbodi ment snavérial med the espired amotmnbdf dielectiimatecialnb iba esinovet " Thy tiegain  per oxi de
(H202), only a smaJ]l renmpval rate o thg order of about fifty (50)

Angst roms  [FBIOURY IR GResengch dpahp %Eﬂd‘{}\ﬁ% ME PEPGsEs theiseicepict™alRs o c hi orite
(NaOOl s syl o0l o bl pRGHy P WaRE1A%iG2AY mAlggst oS per m nut o
was 20 achieved. A renoval rate of agout ni ne hundr ed l21900 Angstrons per
m nut e was thickiiesssed when the Ti Q2 panicles were conbined with ferric

nitrate (Fe(N03),). .Jh i ani cles.then were nbi ned.wth Fe(N0O3)"
whi ch resulted TYPiEeTRE PRRE GRS Biite MYmuC AL AP AT T 1ty (950)
Angstronms QR0 psil) UNctocithNdPabvRE 0.88 hidfer pér sBedntiafid 8 prdtedd tindd @by shre®©bi ned
w th Fe(NO which resulted in a 25 renoval rate of about one thousand

and fifty ((g)’lrhms@f- RefssingdaElGa theishinryd 8 isHstreteden thapeismgadd a di amet er
f ab . i 1,03 '
o (20, ST DI ARG RS ol L A ief 03 over o

oxi di zi ng agent enabled ineffective abrasive particles to be effectively
utilized as a polishing agent in the oxidizing slurries of the present
invention. 30 The particles utilizedgin the oxidizing slurries of the
present invention can have several different structures. First, the
particles can be fornmed as sols and w ||



-13 2 3 MAY 2002 WO 007T 7283 PCT/ US99/ 22172 have ™ general |y s%mﬁ?@
shape as illustrated in FIGS. SA-SC. The particles also can be féof zl
t.he convenw(%bz]g 8f_,)l ane hydrol ysis techniques and then gengépldoy,3eul d not
be spheri cal, u% woul d be of nore irregul ar shapes. For conveni ence and

ease of illystration,.the particle structures illustrated in F . SA- SC,
are gener al H?/W‘eve% a&ﬁﬁé‘}’ﬁ@éﬁ?m}?&}é\?‘& ‘,”a{éﬁéy ﬁ’glrdi’i‘scrp%“ etdrlﬂﬁle rL‘}GSt he

present invenfihémtedre not so limted. Refernng to FIG SA a first particle
50 is illustrated. The particle 50, whether forned in solution as a sol -
and/ or cal ci ned, Thesermeqrderterf wafersi3nnaludes p ailicgn base taaend4mepoarnitagh arsuch as

TiOz, SiOz or A1203. .Referring.to FI.G SB a seco artjcle 52 is

i |lustrat edff)0 %Eﬁﬁqrﬂlﬂ' 8%;@65 O%{g’g8?%£F}b‘feé’raﬁgf‘ec§’3ﬂ§ﬂ%at ‘i %tt‘?e T%%}ti ng 56. For
10 exanps e, feafurast3dl th&fdle toveldd®By adiepdsited Gielebrrid thatedial lager BOr MBélaféram Si 02,

while the coating 56, can be AlO,. The core naterial 54 can be chosen for
cost, densi h3sa sinigee 4} whichat Bimlane siise itonirerstiby meehisptuese 36 hadeslyinghe density
of the par tlh%!l%ﬁ:r?%. ite suf@Y @tﬂ%ﬂmpﬁgggﬁﬁa{z%b&o el ght of particles

in the oxidizing SlTurries, the Tower density particles will be nunerically -
hi gher i n nphdelithegrdphyestspreah by pafoemed sTierpolishiddpaluspad ¢heistuntyn® sl ung. An
increase in the n er of the particles 52 will_increase the polishing

.th . I,
contact ar eBro¥Hig 2 tlogalized RresspreAepinstthefegioasof Hghey topggraphyonithe of ¢ he

di el eCt i SRRt halo ool LATROSISrBHELAL Wik [ o] © 58 al 5o can be

formed, as i1llustrated in F article 58 can be coprecipitated

froma m xture oThapadd6ilas s hardueshargiss 2ipliad 20, fored; BihdoWnhbyrn exawpl e. Thi s

results in m xed, phase payticle haying regions 60 of irst material

i nt er ni xed af)tarl?pﬁ%‘bﬁﬁﬁﬁé’%’ falgo-%ggfg\é)j_a ?%‘?ﬁg'! B%&S PO slurries of -
t he present sirfi¢e g of high mg@phf&na@ Eutfac® a0, lshél & régibhsdn ae¥d 45 #¢ N9 agent .
The oxi di zi n'g,éesl urries can include particles, such as those fornmed from

ceri um di oxPéhiecteddohigherjgepdiaed canretand aeere hisheupnlishing preasuren B de 25 (Zr Oz)
' i ' i ' Sbh205
Tangancse aigtiigel pepspacbdioBbiathy el s BBh PRAXBMOCUET L0202 ot on

functions. ploeessxs disigneditosklentivetysrembvd the ragions endreasrdewhileminithizimgcan i ncl ude

chrest v particlcs wphch proyice LELL) eoor oo oul G on ch e conbined
cupric nitrgf@erH{ ddpth) & perfett cm%%g%m& Fedidve L LA 46 fkd | ¢ chl ori de -

(Fed,), potassium péernmanganate ( , potassium fenricyani de
( K3Fe( CN) 6) parallelty theguifece oFtig3ygionsdBadhisselestiviin b theKIMBprocessisa 2 3 MAY

2002 WO,Q01 17283 g’ﬁ%%%?agfzgtgo%]?e%ﬁé%&?m&a%?%e%&gor gani ¢ peroxides, including

hydr ogein peroxi de peracetic- acl 03), and benzoyl peroxide
(C'H, 004). The | DsatingltheMP patss,the diclecteix anqeiiel 38ciarenmved bylther educi bl e net al

ions in the slurry, and.these ions . he capabl.e of oxidizing the | ow
dielectric E?J"HE‘L“St petiog of hegpeal a"#:f@“ﬁ%éfﬂqﬂ% s%(i@‘“’f?‘?f@‘“%‘leﬂ?rgy s also 5 can
include pH seyhika %&e%ﬁﬂy%%ﬁﬂ%éﬂm&d abditi BRIl e SbrhPcak ¥ty ANEabadRiRENS| ON

characteristics. en formng the oxidizing slurries of the present
i nvention, aatiolesBemsrlvesi AP slbwmigs whish grertailaredefos rnayal ofdiediiciriong agent or

01 Gt S bR D ik o B SRS Tl coh OB 1P e echhthg® S0

conbi nagl onS™ai or m’spont aneous
energy is generated by the relative motion and pressure between the dielectric 38 and

the surface of the pad 16 with the abrasive slurry 18 entrained therebetween, as
illustrated in FIG. 2.
This relative motion generates mechanical energy, W, in accordance with the

30 principle of mechanical work;
W= [ Fp,ds
9.



10 el ectrochem cal ceMs. In an oxidation/reducfTon (redox) react i7o31,MA¥ Wl e -
is a transfer of electrons fromthe reductant to the oxidant. In the case
of the CvPwelowmaT283 the polyner filmtransfers el ectrons tRCWHBXITZHant of
the slurry and is therefore - converted to a higher valence state, while

t he oxi danty theeqiisn,BdyHhedorcOndringl MdahEReReSIR LI R eARI@Nbf al for-this
reaction to occur can be described in the formof half 15 reactions; that

i s the conslkding Gistion beswser o datensurface A ankthe pakeHfeandgisas edifigreatialt her . The
pot enti al ‘:el%ﬁleﬁthéﬁen f reaction to occur is quantitatively described using
a reduction potentia, which is a voltage relative to a standard hydrogen

i on/ hydr ogen r eByétahferringhtiectifférentideélemend ob Jenginy € diffepdhtiabelEasmitdg a zer o
volt reduction patential. In order to describe a conplete

oxi dat i &n/ HEWulbe flowingequaien isohiingd| f 20 reactions are conbined to create
a full redox reaction. Taking the sumof the reduction potentials ’
associ ated with each hal f reactiV¥T defeknY Hes whet her the reaction
described will be spontaneous, that is having a total positive potential,

or nonsponimsnguatianeyif the redptiya veloeibrbshvees tinitad 16fndthedidlentdc B having a -

total negat] { A JFor. Lon uct {-on of copper
(I'1) ions %@X@&gﬁ i (:1'S g‘%ur?(t:l ‘gg‘°ﬁ‘§ﬂ§2§‘§¥?§)‘gge’@°§§§ %g&& Gﬁf‘%%%glg%{%g reactions:
Zn -3 Zn'' dadaaid. T6As, Vactaasing anyef the varfatileF 3 112 v\ér Giefiotichiagitimeer al | reacti on
of ' Zn + Cu~' -~ Cu +.7Zn'-' 1.074 V - WO 00117283 Z 3 MAY 2002

> pCT/ US89/ Efiff'ﬁes‘f’h“em?‘&ﬂééfmﬁw}ﬂm’&f{’? gﬁ@ 306‘:%‘)33 DRFes&t PSEYWEhI f reactions
can be fouggyd F@WYPre%H?&BgﬂiedQﬁ@fBaﬁBﬁ%i;{ B RERRR anPHE Bm@intldre CORC
Handbook of Chenmistry acid Physics or Lange's Handbook of emstr~~. In

t he case ofmatdmgl Evevalland fgrmadtizadrthdxesthtionship 0 s equatins,inomokmormataaltte or ot her 5
conpounds havjng | ow reductiqn tentials . used in order to effect

oxi dati on gfe 't%gqbﬁof‘s‘ﬁ lﬁﬁgm%eég ed ‘W‘tfﬁf@é‘?{@m %retal oxides, the oxide
provi des both an abrasive action and acts as an oxidant for the polished
surface, or a separate abrasive and oxi dant can be used. Because the

spont adéity of redox reactiondhis #eRdndent upon . the relative difference
bet ween the two hal f reactiondgitinvoldyed, when a slurry is to be 10 prepared
using a separate abrasive and oxidant) it is necessary to determ ne whet her
or not t heln the PeastmmagnatonaK g isahePrastoh beeffidienat P isshe pwilishihg pressuey Wi | | ]

spont aneously engage i.n a red regcti or, not. If the 0, the oxidative
chpaci 1y opeiiedeandip g SrhFel e re RIS AHALS Hednypirents ~

subst anpi alréléii\fe%lb@ﬂﬂg&{veﬁith@bilﬁﬁ@ﬂlddh@su?ﬁcétﬂﬁﬁ| on wWith the abrasive
conponent: 15 MO +2H++H, O O +Mn2* 0.529 V 2Ce"*+HzOz ~ O, +2H++Ce' *

1. 025 V Wher eas Aa prayimsishymmentiennds the &IMP procgss paranpetgts: forthegarpientinad 02 ~

Zr +2Hz 0+Qz o2 (2. . i tr S . rtain
conbi nat i or%a?() a%g%hgllgn gl:&@{ :YS aﬁ}gg’éﬁﬁﬁm '{%me%%(%'gmg?ﬁée{%,% ° ‘%?%E@ reduci ng
t he over al ltheodielédtade bghsppfah the 309 cdnsrantsdfitier SiO, RbteridlHdgires-anewO, +2H* +2Fe~'
0.847V If conpatible, the oxidizi egction aids |.n the renpval of the
di el ectri c?%n%)r;ﬁl%tf?c GRRStAR matery cﬂ%ﬁ%ﬁ?‘ﬁ?’@?ﬂtPﬁ@‘eiﬁd‘gf’%ﬁ@?‘?"é‘é’é?‘%n occurs
bet weenst hgoR@Ed drfpdlymer based materials, such as the following:

1. Poly (arylene) Ethers

2}

2 Poly (naphthylene) Ethers
3. Polyimides
4 Poly (benzocyclobutenes) and
30 perfluorocyclobutanes (BCB and PFCB)

Polyquinolines

(9]

6. Hydrido or Alkylsilsesquioxanes
-10-



and the oxidant and does"not materially aid in and“vay prevent t hed oriftA% 200
renoval . 25 Referring to FIGS. 6A and 6B, a graph of the renoval rate of

one pani C'?g%ﬁ}@%gi ment of the present invention is ill US%%E&&: Pth a
e a

varyi ng pe olids (particles) in FIG 6A and a varying oXi dant
concentration in FI GB. JThis is a | 1. factorial Design of Experinent
(DOE) illustration, GE\HV'GHO ‘foﬁ‘iﬂﬂ"tyzer’i‘é&%ﬁ‘f exanines the role of abraSive and
oxi dant concentgati op% lyfietNCParalgnedF MAY 2002 WO 00/1 7283 PCT/ US99/ 22172 | n
FIG 6A, a curve 64 i Fustrétes the renoval rate results for an increasing
per cent age of s8li dsSilgandsi cl es) in the oxidizing slurries of the present
invention. Int bs e arrR.I e Sgh? pa]rti cl es are one hundred and seventy-five

( 175) nm funed®si GPEANSSPRSINedSIatangs, "t he particles 50. The increased
nunber eof parti¢ies pop@Afickatis! i Mt the 5 oxidizing effect and in fact

does not result in_an increased renoval rate. In FIG 6B, a curve 66

i1l ustrates thel?.éfasiess capabyamersrderived pro3-1darticl e oxidizing slurries of the
present invention as the percentage (concentration) of an oxidizer
(Fe(N03)3) is increased in the DI water/particle solution. The renoval rate~
peaks at about Tnessidieldcii)poparies aateridBlingiRie(aaiaificafitindredsd )n ther cent by

wei ght) of the 10 one half (0.5) nolar (M oxidizer in the oxidizing
slurries. Regasicrpaigral gontgntover they i@ -pasge giglectngmaterigl 45 3l5q meviewshasi ve sol

Si Oz papti gf ¥ fhvettibhl EMIEccnthioRE A Qlardn i) NO)3) at
varyi ngbv\e%sﬁltlsggdg?{cengv%a. " “shown l;(l)Ra&fai nel%Ba.r The %%?fégecstl(‘}g%gsol particle
on the orddhe argammyinér?&)es.rmmmhﬂienmjon/mMs haebeeh 29 polysrecent of the
emoval T ar e AP UARD: e 1R SR At e P gt B OBy |
di sper si ng pafouk Bﬁ]ek@ﬂ%@éﬁaﬁaﬁhetﬁéﬁﬁdrﬁdrﬁc H oohlic\inl higeacdrpdmi omgof  t he

oxi dant/oxidizing slurry fluid, which decreases the renoval rate.

Utilizati osnsganicapgieRalabr asi ve Si 02 particles on the order of one hundred
seventyzfive (1 i X1 3 kQn results in
an 20 i){?\cr easedz)?% %@erlé?\g?d{c?}nce&%%ﬁ%aéég@ ‘g@%ﬁ h%?rg%?@?%zg& gqso are funed
and hence adsting inaccdrdaree svitintiieqpresentainvendon israggly(a@ylesd)ethatspineort filan t he sol
Pecut T i et RabE s S BET s0eb B0 e -
results of u@inﬁ%r\rBitéTge@icfhﬁlaaPﬁli% ghe@h MeghHitt: OfhielRétid matedal ik §tablk] USt T at ed
with two different pads, [1ke the pads 16. A comercially avail abl e di anond
filmtype atitheuiapg spestantizlputgagsingde adrapgssingyeropeTanneod ppgpmatelync.  of

Mont gogr y\ | | . - . 1 G : s in
casent 201 | youratnarbYaohfitetect CasIBHinkibRfe Spfftid pll S mpal BE LS [T 1er
The sane pakk reqsradtback endaf thertine admicaridactof wafeoprbcdssing tenpesaurel f our hundr ed
(2400) Angstrons per_mpute with .3Q the addition.of th erric nitrate
i vor  FHACERER S TR e meiesrIngS Al @ UIPeIy D4PFROPE pad. such as
sol d by Rodg] sufradio¥@itthinubPdta§bCessiH g irdrhéts " REcontdntional SiO,

slurry utilized in the CMP process with this polymer dielectric material was

25  essentially ineffective at removing the dielectric material.

Applicants postulated that these types of organic polymer dielectric
materials, as well as other low dielectic constant materials, effectively will be
removed with a mechano-chemical mechanism. Applicants tested this hypothesis by
preparing and polishing test blanket and pattern wafers which incorporated a cured

30  spin coated, organic dielectric film. The thermal bake and cure process used to

prepare the films is as follows:



2 3 MAY 2002 WD 00117283 PCTNS99/ 22172 |1 C1400, d0es not i ncl ude 23 MAY 2002
entrai ned or surface abrasive. Therefore, the renoval rate is zero with and
wi t hout thgowpshsbgzer. These results clearly denonstrate therusgarrenent of
bot h an abrasive and an oxidizer or oxidizing agent to achieve a desirable
renoval rate for the low dielectric constant naterial. 5 FIG 9 illustrates
the renoval rate with and wi thout oxidizer for several different abrasive

entrai ned pads pgai nProkésk8tephe pads 16. A firBtscabtiasi ve entrai ned pad,
i ncluding Si02 | _Photonics _lnc.

Hi cksville, NY!, under %the nane |LP-99, W%WCQF'PM@@P“B% W|thout an

oxi di zer resultpt—TmamrEessenttatty—zero— tre—addt-t+on of six
(6) percent by Wei ght offan 10 oxi di zer (E‘e?(ém B 1'eacfg}ased t he |renoval
rate to the order of sewventeen ( [17) Angsteoges200eipmi(spiie. A second CeO-
entrai ned pad, pncluding CeO- padticles, such as nade by Universal :
Photoni cs, Inc.| under the name JLP- SSBal(hlmm@liﬂcﬁ‘ﬁwsm?ﬂ»hout g separate
oxi di zer, resul fet—Aazrerova—rate—of-abo o) 84—ARQgst rons
per minute. Addjtion of 5lsi X (6) percentc'br)? (XE’.@“?%“W Bﬁh di zer| 15
(Fe(N03),) resul'ted 1n a decreased renoval rate of apout Sixty-four (64)
Angstroms per minute. In this case, the oxidizer clearly is

conpet i ng/ i nt er fThe F%@W@%Petﬁqén@dnépﬁ‘@ﬂtl¢I@h%!tl$1@rhea§1fCMW@T@GEF@gpart| cles

al one. A third Zrtosgucgr;gr qﬂade'bt@%ﬁgﬁ’?a%ar@rgggﬁsﬁw%?m such as nade

by Uni ver saf™Phst omi cs, IncC. he namne fater, but

Wi t hout 5a YgPengtadifin oms;ﬁrchpmltmﬁeltdprpoas}feenmﬁgls Caiperatibn about 20 seventy
(70) Angstrons per mnute. The addition of the Fe(NQ ), oxidizer appears to _
be conpat i BVeeelingHllmnpis, and@ Tesss nofisher madeiby bam Research (awparatianefsed r enoval
rate of ab%&.{)g@l%ﬂ{p (81 ) Angstrons per nminute. These renoval rates
are too lowt e commercially viable, but illustrate the oxidizer effect
on conpati bl e aRdfmmg:thﬁGﬂ bheerembralsate ef thekaw d:hkestncfhnstampaslamaed abr asi ve
pads may be when 25 co dvvltha n- e in abrasive slurry of
Phe” br osentialsTrLHi e SontireRr Mg doihtss i SGHEE E FEHVEF YBitd rmde. by aM
Cor por i ORlispbrayd MAeqbEze8ADT) WhkePonlyhfd OTheRR4l Jaaitivet Rerhiiifigdies adhered to
the pad surface I(&WI ke sandpap Mi)f’ results in a renoval rate of over twelve
hundred ( Eptamre s perfomangt C mnswmwdéwtyoﬂ) miRpiss at apglishipgsyl ¢
clearly de h the

abr asi ve a:]};‘)dég %qggggf}élﬁgﬁ)né%%% r# gds?ls@% %%g&?%gﬁg:{%np gl{rf‘t;g\;;]a g‘E)f t he

di el ect ri c velatity b80.48 me@rs per secoid Wkpﬁhﬁ@%edt\ﬁbx@ﬂb&ﬂtﬂ&:&d R@idnpfdo/ 22 t 72

Al t hough the tests r indicate that introducing the abrasive particles
o ha su G e B SR T E ST FHESIRLS B PRiOTe S REERal | on' i t h_an
oxi di zefs | Se@@ai Wﬁénth@&ﬁlﬂiunﬁie&&i)@'@fﬁ% osgoﬁ{m&ﬂet dfepiend be utilized
such as that illustrated in abra5|ve could be in a gel form
and coul d sbrasiyesighguldihaue proguged tig grPPéeSsmef@GGnQ}fal ofhip n@afﬂsp@ean@d within a

suitably t emanufacturing
process. Tm g&‘poten{ﬂﬁﬁ &hlh@gSR?l%HﬂgaHaﬁ%ﬁg#ogv& OXI 4 ng slurry,
since the &iyﬂm@svsaeﬂmajnedradochlﬂoaiﬁlemndmﬂymérenamﬂl eenaokl. dfhet he fi xed
abrasive polishing pad wi.th the oxi d| zer.in the chemcally active

particles. @ﬁ&‘cﬁlé%?ﬁ“"ﬁﬂé‘d%‘?}'?ﬂv%% Fre RS Cel2) aRe S1epRiF axide ¢ he
particlgs '(§f}l@%%oﬂgi erhﬁv 6ﬁhé&e}éﬁt}1?b&r¥ﬁ1@ﬁn%}nlﬂ aﬂﬁ at@& teEt e surface

of the poli A conbl nation o ese approac s e opti mal
for sone amndaveda\lbat cﬂrosnat&mi Maknetnabﬁdasnhxmsqnamdﬂ dhfssmoénttoﬂieblprmaltm nventi on,

t he di anet er ran e for |ISh di.el ectri¢c cqonstant materials is-
on the ordé}"dfﬁ"a rl?-,’f’éc g’? @F a("h\l%e"ﬂba fﬂ‘%ﬁﬁmf'ﬁﬁﬁ’é@nd (1000) nm (or

one micron), pr@tp%ulaé}.ltythansenéa&d%d&rste@t séﬂefswsﬂeclsllﬁfﬁ arBdbiidizing0 hundr ed
and fifty (250) nm The concentration of articles in the slurry )
sol uti on byebysivgisturgirsy Beprusg of the chemigal é‘l‘ﬂ%@f thepreoxidiging slugies, theto thirty
(30) p en re article

sl urryeiof‘? t%‘iemgsr%ggeggabﬁl%r{/e%flgﬁ f%?ecehfl gérs Iélk) gﬂll](l&'?’ erd ﬁgg?ﬁ%fnggﬂgn | ti-nodal
particle size distribution, which inq:i_udes one or nore sets of small 20

di anmeter particles conbined with one or nore sets of |arger dianeter
particles. Patent No. 5,527,370 discloses that a bi-nobdal particle size

di stribution provides a higher grinding rate and better surface finish for
metals and inorganic materials than a nono-di sperse abrasive system
Applicants believe this also to be the case for polishing the | ow
dielectric constant materials described herein. 25 The abrasive particles
of the present invention can be fornmed from carbon or dianond or one or
nore of the carbides, nitrides, oxides or hydrated oxides of the follow ng
metal s: antinony, alum num boron, calcium cerium chrom um copper,




WD 001 17283 PCT/ US9912717 ~ ~ MAY 2002 The partictes are not necep}@mﬂmz
one hundred percent pure and can al so purposely be fornmed from
conbi nation of the netal oxides, hydrated oxides, carbide es élfsr %}rl des.
The. core 52RO al |y can be any material which can be ‘TARY* M h t he

abrasive naterials of the present invention. Snmall amunts of other

materi al s ambgyantiaBy differape CYIR polisling propertigss iln thg preperd embagimene®f s de <core 54
or mxture ;60 %@ﬁ' tf?@aéérﬁ e paFichWeRSFoMARE vAN @%@n%m%th aJﬁQW density

materi al s as eS| red e ‘present i nvention thus speci y enconpasses -
abr asi ve pa(lﬁtmefd)er sl urethiods Ematdplearofdmls@lmzet}nrglsag:einc]osem:nthdwenbe provi ded

avent 10 Seno 2 R el SRS, Al iR e Rt ve

particl %S VM:H tHEWH hbdBb&s déﬁb@&ﬁ@re&%@éh@&t thehy xHE]ﬁ’d’és%xQQ&ahaﬁdhe abrasive
particle and the oxidizing agent, such as Ce and SnO . (3) Reducible

abrasi ve paegiegitespronary paidiesvior fsa desaragh dlvei mmlc)sdzmambngroml tagfent, such as

ZrOz and H t hough t he sent ntion. has been descrjhed with

ref er ence I\ég’ﬁﬁﬁ’?lﬁ?ﬁ’ mé%"cfgtiaﬁﬁ tml[]ﬁzashlé’g'cFFT)E‘E}‘SE%(B’ES%%@B Xar e exanpl es -
of the presmi:a)dﬁwmlh%@mltﬁtwwxq/sﬂ@&re%sfaﬁlk.en as limtations. For
exanpl e, the abrasive particles of resent invention have been

described as beiReerprgtodiGot.\p fmphTia), nwl SiP: avag@leawpe:ns}?lowte@r di sper si on;
however, t m t r s al'so could be
adher edl 0t oh‘glrﬂp %H"*%lr@rgag Qgén?gn%%xlc& gﬁésus}%i 1%2 orfn%? ﬁlgg\f)atéaﬁhf (not

illustrat ed):elemcmmnaiaﬂme&@fpaﬂhlesarefeemtthu@ﬂeraifsazenwm) meinut i | i zed.

Furt her alt g_a% eC|f .C abra tﬁ |cles hg een descri bed, V|rtuaIIy
any particl F’cﬁ‘? WeTq{lisRgEsed ¢ H“tt (DEFF eFniiolids in T waserde Jvm et er i al

ef fectivel ygAN BR THO! pdrdGes Wird Bn B8 ogder 9dnd héhdied Q'Qles@'PentyAh 174! t hough the
pad 16 has been illustrated as a rigid platen nmounted pol |sh| ng pad, it can
i ncl ude anynng gndiameteyi and swerd dispsysed atcdhoutswd (2)pedcenhsadids pethe DbWatar.r ot at i ng
sphere, rod or trated) As will be
appr eci 2t ed by t Sﬂwfﬁ?ﬁdgﬁn wetr%é‘mgﬁ’?ed W}g}‘{]glﬁgntoqxﬁcg?‘"%ﬁ%B{sé?l ons and

conbi nat i onerAbxidiZdpeheRteboaRitnt dterprésBiadneafied. "Waecombiddd withhe scope of
the present invention as 30 defined by the attached clains. -20 2 3- MAY

2002 What ihyd quﬁ’ilﬁ%,fa’“p%(HzQz)n@ElhéamélﬂTthS’I"?‘s’H‘Fﬁ@ the qrdes; of e fifty (39) const ant
mat eri al WAﬁgsa&nélp&mu@“a@m@e%a'men Eo%m?ﬁed%ngsodmﬂ bdhibhritétl d abrasive
conposition Im the formof a slurry wherein said sly ¢ rises a plurality
of abrasi veﬂ‘b@lql),at@mvalnﬂte@rﬂﬁ@kmm mcrfgmélgél(ﬂoo) Mgs’tmn rsamdluwwail zi ng agent
reacts ow d| |c con ant @bﬁé{‘ to aid. ige t he renoval of
the sur a ‘FV% r“‘of"ﬁ"B a&’{’?u’%“e @ed B8 PEHABS1 % hi ng t he
surface of a@ﬁieded \ONEndh@Tﬁ? rpaﬂuelema&tcambmeaamn fsitbc Hitrdate (FEND,@pr asi ve

conposi tion. The nethod claim1l, wherein said abrasive particles

conpri se cheni caltePiQagicies dhegyearcqmbined ithdeNE: widick resulied W 20xi di zi ng

t ticl
The. et nod "Sog! T Eo i cilakieaahy BB} L5t AbitoRd pfh ARLES MEHEET L G 21 ng
agent conprabsasivepatticlel Ad,Q.allservas cambined wal Fe®IOz), winel eeisultedan al mul ti pl e

val ence, state rtlc s are reducgible.to formsaid oxidizin gent. 4. The
ot hod 21 cPBeR e 6o dre e apa By B ol FpeRuds Benfea Th | pi e

val ence staigo d1&/1R8 2 AREheVdR 8T S0kt edéntly ON0) M7y 8 Ritfned & asopepar at e

oxi di zing agent conpatible with said abrasive particles. 5. The method of

claim1, wHatrenanngsAh@; eMsr arsipe C?fa,raeslﬂéqsﬁétefhﬁﬁlﬁeﬁgcC&ﬂﬂf’,rtwd.dﬁ@ngr oup
consi sting c%f theC g‘mg) %n%lagen?%%%d Ennegfe&%}’e QLS? §é %% éles!, tg%% eftgcﬁwglﬁ'%upzedhydr at ed

oxi des of anti pper,

gadol i ni um asgxqj’dﬁﬁﬁnglzfgenhﬁﬁ}m dxmxzmgdumm oﬂthemsdnamvhﬁrmm | ead, nagnesi um
manganese, neodym um ., nickel, scandium silicaon, terbium tin, titanium
tungst el vanadi thepatsicles piiized in the oxidizme sfurdes af the Presset iRYSBHON €8 of t he

foregoi ng. paye several different structures. Fi irst, the particles can be formed as sols and will

-13-



6. The method of claiff5, wherein said abrasive™particles conprise 29—5[ Y'ZUDZ'
chem cally active netal oxide and a chemcally inactive oxide. The Méd

of claimeWOoMMB7BENn said netal oxide conprises a coating BYEYS¥&2H2i nactive
oxi de. The nethod of claim®6, wherein said inactive oxide is Si02. 9. The
met hod of dlawd apencralyesplksrivalsshapk asxihwdbirated op FIGSN S A-S@nithe pesickes elspar ate agent
fromsaid parficgles,, and wherein sai d agent. is sel ect fromthe group

consi sti ng “Bf E’? gﬁ’?’F@:"%ﬂFr"&?‘éﬁ“"E}%iF@e hY‘%ﬁ_’lﬁf’é:‘eCB‘?‘ﬂ‘Eﬁ _ gﬁptg\"&f"é]_,y ferric

chi oride, 'RAhAGSHSELPRARANBARARS behF it PinbEY P8 (iverlirce lafig 2C1 0,

or gani ¢ peroxi des, inorganic peroxides, hydrogen peroxlde, peracetic acid,
pot assi um ieestatf @llwirdtidye theattichestugiucks illukOated heF1GSt Svd Cotireendratlyl , wher ei n

sai d abr.asi ve rticles have.a nufti- al size distribution. 11. The
ot hod 6 PR BOveite S ade Hriehicsd 08 ot ey BohaR Bob il <i ze
distribution, i Rrekeehd® RGPSAY Afilst partdle S0 hlusGhletRy papdld 56! es and a

second | esser anmobunt of a plurality of Iarq%e_ di anmeter particles. 21 2 3
MAY 2002 12vhetheefomaedgusobitiogjagp ael End/ppealcined, isdprened jofi p sybsteotigdhi ses a

di [ | . f hal f .13 hod of ~
clarm 12, S @l gf 20005 850, ARS” Bdfpind RETGTHE s edl0s T v, 14

The net hod 50fis itigtraied] whichrihdlgdes @ @6RmArAYSPiNVAntiubg catidglsbsFbNg pad havi ng
a polishing surface and applying pressure and relative notion between said

pol i shillg Susmplecasatitizeddin dlGred. dis core 4 gen he formed frem HQh. AThilg theai d conposi ti on

et veen saigg ol deshirfi A5 A58 B AlAS BE el clbsed ¥ BGCgenty, Tlte Mt hod of
claim 14, ur er conprisSi'ng attaching a east sone of  Ssal dy aprasi ve

particles o6 e Elctarer dnclioe ofhEr casiderptidris S Thedernpaglof thépartikles szishod of cl aim

14, further_conprising formng at .|l east. sone of sai.d abrasive particles in ~
sai d pol i sAPRY® (?.ecafgf’ gofﬁélvﬁ_gt“ﬁéﬁ_ﬁ’t 8‘%"“5‘}" s P the axjizing fjurgiss. sheowey zi ng

slurry is wesfopRRI3wiB bk hitbstatly 8RRESh BlmbdrBind EhRrdIBtahOhsRf 1oCl @i m 1,

wherein said oxidizing agent conprises a plurality of ‘reducible netal ions
whi ch dRi disusendinghelslarmec Anircrepse mrtheumbep of thy pagticles &2 wilhiviotedse;thed . ASL. A

AL LA % Ay Q.- A 9 % . % A A0stv9 - R

~l | wr nhc’\Y]ypcg:gﬁ%ér%%coa c?g ¢4 ca}]e%]gﬁ%gfﬁggfiﬁ (0] c;é]ﬂ\éearﬁngéjﬁlgf_tgfgﬁﬁ] ca] c”a] ca] ca]
ca] ca] ca] chisletjcmhiedil] cal caU] ca] cal] ca

bO=b"?BOPQ wr mhc” aJ ca] ¢ca] calca] calcalca]calcalca]lca]ca]calca]calcalcalca”
] caU] ca] cg] ca] c& @Hﬁ@&}’& ‘E]é ‘]‘TE]QT'E:‘]&lfégPE]aFQ‘l 0"“’]3‘1’ 2 ks o2l cal eal
ELLL 2" " #] 4G DIESRh Spartidtl BE bt Dl opdeiphfdd féth GHhisRtEmab sl sahR] cal ca] ca] c
aJ ca] ca] ca]cal ca] calcal calcalUca]cal]c alc

al] ca] @8] ca}ifa]and SiOFfarexample.’ Thip yegults ip a nfix@l phag perticl¢ having'1€giod0+1R11} xsni d

Z : J n
5al ba tra] SOFL A R S T OB A PR E L cGbo0r ot
; <=Y===J>>{vql glith&brildiAadgosnreied eraheprbea] iandntiah erlvdals alreaieplsad cal cal] ca ca
] ca] ca] ca] ca] ca] ca] ca] ca] c&kca] ca] cal]c”a] ca] ca! >?8@’@@/%§@ @AAPAAAALBBB7CC
C5DDDFSFGGER igyzing| ageiih dhxpridyzng)stuties £pe Hickidr parfielss. Gughcas|teasE ca) ca] ca] ca]

.al. : I 11 Judd
Eg{ff][)(l\:ﬂz\i/}vﬁ %ﬁ%&%gﬁkgﬁiﬁg&%g%%%ﬁf%@%g?lcog'?’clél}n\c/éé% cal ga] cal ca
] C?]Tg ﬁﬁﬂ 3%%@3@%5@;@%&%)@? allgdalm)c @tgﬁ)rgdenmkmﬂlmpﬁ)&]rc a] call ca] c
*al *Y._Y. + al apa- a; ajag; C; oy

czupkfa\ W f@ﬁ%‘?ﬁ%éﬁﬁﬁ%ﬁggfgﬁ%’ beg?]té%?f%ﬂ‘@aﬁf’éé‘}ec%‘f‘}?&]”&alﬂ ca] cal] ca] c
a] ca] ca] calsetiend. CAleCAldiRhE AhiRb 6PthE Blesénf e EtRATAG ST AL bibrhdibd |

k™ kkk9l mmo_oooEppp| w mhc”Y] ] ] ca] ca] ca] ca] ca] ca] caLca] cajca] ca] ca]ca]caJcalc
a] ca] cal] c ®paig]es ajhicl] prayidalitlaor ng exijawhowlicaire spmbinedwigh a-separatg Zsss Xt t t Quuu

I vV WWAX VX X X 622Z% V. nhch C calcal.c aJ.cal ca] ca] ca] ca
ca) cal oa] oA} I ik fdekl Shon s el Blnbll PSR PR s FRURDUE B ) <72
0% CT| w0l  aidid @UINO] oM el ek R peksiatlreahmahen Galisa)cal ca] ca) ca] ca
] ca] ca] ca] ca) ca] ca’tj calca]ca ca&caLca]_ca]_ca! TUNLN

t 2HLUpk\ Y{ \PgiagBpg] f‘}"é)ﬁ‘]’@‘lﬂ@a‘f% NiaPiths 8y dENex resdwniedaicd&iPoa] ca] ca] cal ca
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of an abrasive particle and an oxidizing agent or oxidant must be evaluated for
electrochemical compatibility, since some combinations will form spontaneous

10 electrochemical cells. In an oxidation/reduction (redox) reaction, there is a transfer
of electrons from the reductant to the oxidant. In the case of the CMP slurry, the
polymer film transfers electrons to the oxidant of the slurry and is therefore
converted to a higher valence state, while the oxidant becomes reduced in its valence
state. The potential for this reaction to occur can be described in the form of half-

15 reactions; that is the conversion of one reactant from one valence state to another.
The potential for this half reaction to occur is quantitatively described using a
reduction potential, which is a voltage relative to a standard hydrogen ion/hydrogen
reduction, which is defined by convention as having a zero volt reduction potential.

In order to describe a complete oxidation/reduction reaction, two half

20  reactions are combined to create a full redox reaction. Taking the sum of the
reduction potentials associated with each half reaction determines whether the
reaction described will be spontaneous, that is having a total positive potential, or
nonspontaneous, requiring an external supply of electrons by having a total negative
potential. For example, the reaction of reduction of copper (1I) ions by metallic zinc

25  is described by the following half-reactions:

Zn — Zn* 2e 0.762V
Cu¥+2e - Cu 0312V

Giving an overall reaction of:

Zn + Cu** = Cu + Zn* 1.074 V

-15-



10%&' ()-s*z8 dEVK@ 10G @ 109%& ()-Y nbd0%& ()-TO%& ()- 3 10%& (3 MAY 2002
YS109%&' ()-1 z109%&' ()- E!'l!1?""dEVK@ 10G | z10%&' () - @

1098 () - | MvOWBAT2E3 | g109%& () -1 SZYA0%&' ()- 109%& ()-""#[ ##SEORBRM@ITDG

L, -109& ()-19%0%& ()-, &$10%& ()- "109%& ()-|

1098 () -1 YI0%&' (The RUE&EnGotknBaIO for antiGy bORIGEAYBNS damPe¥OurkOn 308 7 -

109%&' ()-510%& ()- @4 109%&' ()-1-:109%&' ()-:'F K X f' é}tj(’%an

10G @ 109 nempyrof charysgry refgencrs, suclf asghRCRG Hagdbrobp] Ghqmisigy ab&' () - 3Y109%& ()

-t * 3+, < JAR “100m& ()-11Sy " 109& ()-! @, 109%& ()-y@,
10(()/&') ()T ;%X%&r%?g]%o’%ﬁ”k ‘,’yj%-jh-e”’isg%’c 1(())@ G S)1/00/«&' () - 9 @ 109%& () - g) N)(/@

10% & () -z@®$ 10048e case VI ORECMIP s BBScribed, varidus frafkitthn m&als_oF other '
10G@ ?° &10%&' ()-Y 109% ()-" 10 10 . _ L.
10s7109& ( FOESHnds heogge %’)V-rﬁsi%%pwmuﬁls arg usefl iryqder-o effegt oxidatiogef( ) - 109& () -

@ 10%.& ) T Y QL7 R ) T N %R )z [ + ~ = 109 () -
9109%&! ()Qx%&% s oc%"?‘}“. c%é’fgg‘%{%x@ei6]372&?%%%%}%%%’:% 0
10G ! 109%&' @gtionfand @848 ag In dxdaRt (or the podidteed (shrfack Qo' separate abrasive and

o0& () - ' ~ = %R () - o0& ()- & 109 ()-y+109%& () -
(?/(lié(?/qg{&( ; 2 y 5)%%%&2%( gg gsgﬁgggéag% gg%g%t/ﬁ%el(ty) of rgﬁlo?( rqe&acgiz)ns i§‘de19en%en(t )11an 0 .

the relative difference between the two half reactions involved, when a slurry is to be
10  prepared using a separate abrasive and oxidant, it is necessary to determine whether
or not the two compounds are compatible; that is, whether they will spontaneously
engage in a redox reaction or not. If they do, the oxidative capacity of the slurry
toward the polished substrate will be substantially reduced or eliminated due to

reaction with the abrasive component:

15 MnO,+2H"'+H,0, > O,+Mn™* 0.529V
2Ce*"+H,0, = O,+2H"+Ce* 1.025V

Whereas a nonspontaneous cell is formed as:
ZrO,+2H*+2H,0, —» Zr+2H,0+0, -2.943V

Also, only one oxidant should be used, as certain combinations of oxidants will react

20  with each other, thereby reducing the overall oxidizing capacity of the slurry:
2Fe*'+H,0, - O,+2H"+2Fe* 0.847V

If compatible, the oxidizing reaction aids in the removal of the dielectric
material, while if incompatible, the oxidizing reaction occurs between the particle
and the oxidant and does not materially aid in and may prevent the material removal.

25 Referring to FIGS. 6A and 6B, a graph of the removal rate of one particle
embodiment of the present invention is illustrated, with a varying percent solids
(particles) in FIG. 6A and a varying oxidant concentration in FIG. 6B. This is a full
factorial Design of Experiment (DOE) illustration, which simultaneously examines

the role of abrasive and oxidant concentrations.
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10  one half (0.5) molar (M) oxidizer in the oxidizing slurries.

Referring to FIG. 7, the removal rate for a first abrasive sol SiO, particle
combined with five (5) percent of an oxidant (Fe(NO,),) at varying weight percent is
shown by a line 68. The same SiO, sol particle on the order of seventy (70) mm,
combined with ten (10) percent of the oxidant results in a line 70. It is speculated

15  that the decrease in the removal rate with an increase in the percent solids, is caused
by dispersing of the load on each particle along with exclusion of the
oxidant/oxidizing slurry fluid, which decreases the removal rate.

Utilization of larger abrasive SiO, particles on the order of one hundred
seventy-five (175) mm at five (5) percent oxidant concentration results in an

20  increased removal rate, line 72. These Si0, particles also are fumed and hence also
may have a more abrasive irregular structure than the sol SiO, particles. Again an
increase in the oxidant percent to ten (10) results in an increased removal rate, line
74.

Referring to FIG. 8, the results of a ferric nitrate oxidizer solution of pH 1.5

25  isillustrated with two different pads, like the pads 16. A commercially available
diamond film type abrasive pad, such as sold by Moyco Technologies, Inc. of
Montgomeryville, PA, under the name type-S (0.1 micron), results in essentially no
removal when utilized in D.I. water without an oxidizer. The same pad results in a
removal rate of about two thousand four hundred (2400) Angstroms per minute with

30 the addition of the ferric nitrate oxidizer. In contrast a commercially available non-

abrasive IC pad, such as sold by Rodel of Newark, Delaware, under the name
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s$109% | & ( Jifflehbbtikie dniraitedpaaid ayilia,apke tiRzaBN(® A first abrasive entrained

pad, including SiO, particles, such as made by Universal Photonics, Inc. Hicksville,
N.Y., under the name LP-99, with DI water but without an oxidizer resulted in an
essentially zero removal rate. The addition of six (6) percent by weight of an

10 oxidizer (Fe(NO,),) increased the removal rate to the order of seventeen (17)
Angstroms per minute. A second CeO, entrained pad, including CeO, particles,
such as made by Universal Photonics, Inc., under the name TLP-88, in DI water but
without a separate oxidizer, resulted in a removal rate of about eighty-four (84)
Angstroms per minute. Addition of six (6) percent by weight of the oxidizer

15 (Fe(NO,),) resulted in a decreased removal rate of about sixty-four (64) Angstroms
per minute. In this case, the oxidizer clearly is competing/interfering with the
oxidizer reaction of the CeO, particles alone. A third ZrO, entrained pad, including
ZrO, particles, such as made by Universal Photonics, Inc., under the name GR-35,
with DI water, but without a separate oxidizer resulted in a removal rate of about

20  seventy (70) Angstroms per minute. The addition of the Fe(NO,), oxidizer appears
to be compatible with the ZrO, oxidizer and results in an increased removal rate of
about eighty-one (81) Angstroms per minute. These removal rates are too low to be
commercially viable, but illustrate the oxidizer effect on compatible and non-
compatible abrasive particles. The entrained abrasive pads may be useful when

25  combined with a non-entrained abrasive slurry of the present invention.

Referring to FIG. 10, an experimental pad made by 3M Corporation, having
one half (0.5) micron CeO, particle abrasives adhered to the pad surface (like
sandpaper) results in a removal rate of over twelve hundred (1200) Angstroms per
minute with only DI water. This result clearly demonstrates the fact that the CeO,

30 abrasive forms both the abrasive and the oxidizing function necessary to obtain

removal of the dielectric material.
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Although the tests so far indicate that introducing the abrasive particles to -
the surface of the dielectric polymer material in combination with an oxidizer is
optimal, other fixed abrasive embodiments could be utilized such as that illustrated
in FIGS. 8-10. The abrasive could be in a gel form and could be bonded directly to
the surface of or incorporated within a suitably thick compliant polishing substrate in
a separate manufacturing process. This potentially could eliminate the liquid
oxidizing slurry, since the abrasive coated compliant substrate could act as the fixed
abrasive polishing pad with the oxidizer in the chemically active particles. The
technique could also be extended to incorporate the particles into a polymeric matrix
within the bulk of or at the surface of the polishing pad 16. A combination of these
approaches may be optimal for some applications.

For the abrasive particles of the present invention, the diameter range for
polishing the low dielectric constant materials is on the order of three (3) nanometers
(nm) up to one thousand (1000) nm (or one micron), preferably on the order of fifty
(50) nm to two hundred and fifty (250) nm. The concentration of the particles in the
slurry solution by weight percent (wt%) is from about one tenth (0.1) to thirty (30)
percent; preferably two (2) to fifteen (15) percent.

The particle slurry of the present invention preferably is formed having a
multi-modal particle size distribution, which includes one or more sets of small
diameter particles combined with one or more sets of larger diameter particles.
Patent No. 5,527,370 discloses that a bi-modal particle size distribution provides a
higher grinding rate and better surface finish for metals and inorganic materials than
a mono-disperse abrasive system. Applicants believe this also to be the case for
polishing the low dielectric constant materials described herein.

The abrasive particles of the present invention can be formed from carbon or
diamond or one or more of the carbides, nitrides, oxides or hydrated oxides of the
following metals:
antimony, aluminum, boron, calcium, cerium, chromium, copper, gadolinium,
germanium, hafnium, indium, iron, lanthanum, lead, magnesium, manganese,
neodymium, nickel, scandium, silicon, terbium, tin, titanium, tungsten, vanadium,

yttrium, zinc, or zirconium.
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yf 10%&& () aﬁQEQPHxa{enﬁlls lot fﬁ%resent invention. Small amounts of other materials also
5  can be utilized, if desired. The inactive oxide core 54 or mixture 60 can be SiO, or
can be other oxides or other low density materials as desired.

The present invention thus specifically encompasses abrasive particle slurries
with an oxidizing agent, which can be provided by:

(1)  Inactive abrasive particle combined with a separate oxidizing agent,

10  such as SiO, and Fe(NO,),,

(2) Active reducible abrasive particles with multiple valence states,
which provide both the abrasive particle and the oxidizing agent, such as CeO, and
SnO.,.

(3)  Reducible abrasive particles combined with a compatible oxidizing

15 agent, such as ZrO, and HNO,.

Although the present invention has been described with reference to
particular embodiments, the described embodiments are examples of the present
invention and should not be taken as limitations. For example, the abrasive particles
of the present invention have been described as being preferably maintained in a

20  suspension or dispersion; however, the particles could be in gel form and the
particles also could be adhered to or be formed as part of the surface of the pad 16
(not illustrated). A combination of these features also could be utilized. Further
although specific abrasive particles have been described, virtually any particle which
is harder than the low dielectric constant material effectively can be utilized with an

25 oxidizing agent. Also, although the pad 16 has been illustrated as a rigid platen
mounted polishing pad, it can include any semi-rigid surface, such as formed on or
part of a rotating sphere, rod or cylinder, belt or pad, etc. (not illustrated) As will be
appreciated by those skilled in the art, various other adaptations and combinations of
the embodiments described herein are within the scope of the present invention as

30 defined by the attached claims.
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particles and wherein said oxidizing agent comprises a separate chemical entity from said
abrasive particles.

3. The method of claim 1, wherein said abrasive particles and said oxidizing agent comprise
multiple valence state particles wherein said multiple valence state particles are reducible to
form said oxidizing agent.

4, The method of claim 1, wherein said abrasive particles comprise multiple valence state
particles and wherein said oxidizing agent is a separate oxidizing agent compatible with said
abrasive particles.

5. The method of claim 1, wherein said abrasive particles are selected from the group consisting
of carbon, diamond and carbides, nitrides, oxides or hydrated oxides of antimony, aluminum,
boron, calcium, cerium, chromium, copper, gadolinium, germanium, hafnium, indium, iron,
lanthanum, lead, magnesium, manganese, neodymium, nickel, scandium, silicon, terbium,
tin, titanium, tungsten, vanadium, yttrium, zinc, and zirconium, and mixtures of the
foregoing.

6. The method of claim 5, wherein said abrasive particles comprise a chemically active metal
oxide and a chemically inactive oxide.

7. The method of claim 6, wherein said metal oxide comprises a coating over said inactive
oxide.

8. The method of claim 6, wherein said inactive oxide is SiO,.

9. The method of claim 1, wherein said oxidizing agent comprises a separate agent from said

particles, and wherein said agent is selected from the group consisting of ferric nitrate, cupric
nitrate, zirconyl nitrate, ferric chloride, potassium permanganate, potassium ferricyanide,
nitric acid, organic peroxides, inorganic peroxides, hydrogen peroxide, peracetic acid,
potassium iodate and benzoyl peroxide.

10. The method of claim 1, wherein said abrasive particles have a multi-modal size distribution.
11. The method of claim 10, wherein said abrasive particles have a bi-modal size distribution,

including a plurality of small diameter particles and a second lesser amount of a plurality of
large diameter particles.
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