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nitride layer is formed on a silicon substrate, shallow trenches are formed via etching or

photolithography, and a dielectric layer is deposited to fill the trenches. Due to variation in the
depth of trenches, or lines, formed in this manner, it is typically necessary to deposit an excess
of dielectric material on top of the substrate to ensure complete filling of all trenches. The
excess dielectric material (e.g., an oxide) is then typically removed by a chemical-mechanical
planarization process to expose the silicon nitride layer. When the silicon nitride layer is
exposed, the largest area of the substrate exposed to the chemical-mechanical polishing system
compriseé silicon nitride, which must then be polished to achieve a highly planar and uniform
surface.

[0004] Generally, past practice has been to emphasize selectivity for oxide polishing in

preference to silicon nitride polishing. Thus, the silicon nitride layer has served as a stopping
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moving the polishing pad relative to the substrate, and (iii) abrading at least a portion of the

substrate to polish the substrate. The chemical-mechanical polishing system comprises an
abrasive, 1 ppm to 1000 ppm, based on the total weight of the liquid carrier and any components
dissolved or suspended therein, of a polyethylene oxide/polypropylene oxide copolymer
surfactant having an HLB of 15 or less, a liquid carrier, and a polishing pad.

DETAILED DESCRIPTION OF THE INVENTION
[0008] The invention is directed to a method of polishing a silicon-containing layer of a

substrate with good selectivity to polysilicon. The method comprises (i) contacting substrate
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[0010]et hy{lyl%lrgzglly the copolymer is a Pluronic® copolymer sold by BASF. Suitable
Pluronic® copolymers include Pluronic® 17R2, Pluronic® 25R2, Pluronic® 25R4, Pluronic®
31R1, Pluronic® L10, Pluronic® L31, Pluronic® L35, Pluronic® L42, Pluronic® 143,
Pluronic® L44, Pluronic® L61, Pluronic® L62, Pluronic® L62D, Pluronic® L62LF, Pluronic®
L63, Pluronic® L64, Pluronic® L81, Pluronic® 192, Pluronic® 1,101, Pluronic® L121,
Pluronic® P84, Pluronic® P103, Pluronic® P104, Pluronic® P105, and Pluronic® P123
copolymers. Preferably, the copolymer is selected from the group consisting of Pluronic®
17R2, Pluronic® 25R2, Pluronic® 31R1, Pluronic® L31, Pluronic® 142, Pluronic® L61,
Pluronic® L62, Pluronic® L62D, Pluronic® L62LF, Pluronic® L81, Pluronic® L92, and

Pluronic® L101 copolymers. More preferably the copolymer is selected from Pluronic® L31,



oxi de repeating units in the copolynmer typically wll

be | ess than the nunber of propyl ene oxide repeating
waioor®4128% ef er abl y, the nunber of ethyl ene oxi BPET/Ust00&037831

is less than 40 wt.% less than 30 wt.% |ess than 25

Ww.% or even less than 20 wt. % of the copolyner. The

copol ynmer preferably has an LB of 12 or less, 10 or

Iess 8 or less, or 6 or Iess More preferably, the

mer has an HLB of or less or 6 or |ess
PluronppB e g aigameh LOL BT LEA B oFD 26 Flwionie® Lo2LT

copol}(rﬁerg }(Evél ﬁm&%ﬁ%{afegafyth%%P%glgﬁlgg% Pl 1%@ B%IG %0330 et

[0011}: op OllhefpbﬂlS}Qﬁgl systate d&mab@lﬁtto&lqﬁis&s ?miy a;sniaﬁ ramwﬁgdstﬁ t%le copocl)ymer
Desira t he copol as nol ecul ar_ wei ght of 40
becauggyse %farge@g%o%g copo fﬁgﬁ te Ry ed iniblaayeni padeling rate of

substrgn% %ﬁ@(&?&ﬁ%% e%ﬁgfs g@!%mfﬁ&ogggggxg%rﬁﬂﬁ[g%gith comprises 1

ppm tTyPI&ptirh pf th@@op@ipuiey, resedi @ the Ritalrvoesi glat(af thecldpoid yareier and any

comp R o R or st B s PRI nS BRRITE o H55 100 pom to
800 ppth WZ0peA o) 7 , P00 9ﬁﬂn% 6D 51%19 NEbrepRstbiably) tﬂe%lmunt of

Pl uronlc(r) L Pl ur oni ¢ Pl uronlc(r) L4
copolynerrip AP ppp t 400 P AWHE Q)ppmamr 5@¢9) mm c(r) L62

[OOIZ]E: 3: s%itﬁl%le @ﬁ? V% %I}U%e(n)ﬂgg g% ch_rg‘%zc g tl 'xs%x(li%ﬁpo(ilshmg system.
SuitabR aHr@sirvas(alré cdplable oPlpulishine4 sybstrdid kurfﬁﬂelim@[du@ {tdodBR&ifkg deleterious
Pl uroa}f(lr: r) P103, Pluronic(r) P104, Pluronic(r) P105,

Scratcléﬁa*&r PIsF SRPEachiops indhe pvsiryirsEaceprihe @busivy prafergbly is a metal
oidsC RO SYSELSALFE HEO I D EAIRL S 00l i
zircontal, amdomaguesip, ds 3]l dé’lcu-rfom}ed(pr()duk:%ﬂner&ifmnomilres( threbH 2nd chemical
sty SRRt 1Ty B HinaR 5 IoES3 Houh Horr AP E)E ) dpmine,
ceria, SiABRHIBHIS  anWROBbREHES RBle¥ 1t @iﬁc& Qﬁ’ghﬁﬁ br foBn SIBIGE 89k ceria are
fromPIuronlc(r) L31, Pl uronic(r) Pl uroni c(r) [61,

the prefeuedetirasives, wih fupbdisibiod bging noseprefeared. Pl ur oni c(r)

ot} 52 SHRRLTE B Y BRIRI 1 SE BN 15 BRI TRl crir

form %desﬁ@ﬁmd 615$1fspﬁisibnc(§3€'pé f‘ﬁﬁﬁ?f’ﬂ)n ISyitable mglidd o@.ﬂmﬂ@ger@fallyhﬁclude polar
copol because using a am)unt of copoly

solvers, RTaTUAR A Ei AR GHCTHR KO PR ﬂpﬁoqbpfwerig incaidsdén a dispersion,
the dispeRRd %gxlal/@ xﬁr ccbng%rhﬁgloh e thra%lge Bt }’s‘c‘slu 0 @Of I)%Ylgﬁl{l% Generally,

ccordin em conpri ses
0.1 wtP6@Brasiveoo fnoréis con@ai@ami basbdis& ¢hednta11 hmghotﬁﬂhe \quuglMamer and any

of the | id carrjer and any, onents dissol ved. or
compisals el R rEPHRdemir B b B R FOU G PR ap ) hete 5 t 20
wt.% abtastRO IMhinG systems containing 8 to 15 wt.% abrasive, in particular fumed silica

abrasive, are preferred. The abrasive (when present and suspended in the liquid carrier),
copolymer, liquid carrier, and optional components dissolved or suspended in the liquid carrier
form the chemical-mechanical polishing composition of the polishing system.

[0014] The polishing composition can have any pH that provides a suitable polishing rate.
Generally, the pH of the polishing composition is 5 or more (e.g., 6 or more, or 7 or more).
Preferably, the pH of the polishing composition is 5 to 12. More preferably, the pH of the
polishing composition is 6 to 10, or even 7 to 9. Even more preferably, the pH of the polishing

composition is 8.
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more (e.g., 1.5 M or more). Generally, the amine is present in the polishing composition in a
concentration that does not exceed 3 M, preferably in an amount that does not exceed 1.4 M
(e.g., 0.2-1.4 M, or more preferably, 0.7-1.1 M).

[0018] The ammonium salt can be any suitable cationic amine-containing compound, such
as, for example, hydrogenated amines (e.g., tetramethylammonium hydroxide (TMAH)) and
quaternary ammonium compounds. Such ammonium salts can adsorb to a silicon nitride layer if
present on the substrate being polished and reduce, substantially reduce, or even inhibit (i.e.,

block) the removal of silicon nitride during polishing. A preferred silicon nitride inhibitor
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concentr at Itﬁn of 1. 1 M or

Polyaqsgates-AAYmethaEyIaHes R0 mnﬂp%sah@nat% bofeingies, @Hb’ﬁ@’reﬂesulfonﬁt@ and
Pl SRS O RSEEALSS RSNt SOERBBBERS, i

benzirfidazple, add 2niktudeshheroof. nore preferably, 0.7-1.1 M.
[0022] Any suitable complexing agent (i.e., chelating agent or selectivity enhancer) can be

used in conjunction with the polishing system. Suitable complexing agents include, for
example, carbonyl compounds (e.g., acetylacetonates and the like), simple carboxylates (e.g.,
acetates, aryl carboxylates, and the like), carboxylates containing one or more hydroxyl groups
(ay.g., glycolates, lactates, gluconates, gallic acid and salts thereof, and the like), di-, tri-, and
poly-carboxylates (e.g., oxalates, phthalates, citrates, succinates, tartrates, malates, edetates (e.g.,
disodium EDTA), mixtures thereof, and the like), and carboxylates containing one or more
sulfonic and/or phosphonic groups. Suitable chelating or complexing agents also can include,

for example, di-, tri-, or poly-alcohols (e.g., ethylene glycol, pyrocatechol, pyrogallol, tannic



[0018] The ammonium salt can be any suitable cationic
am ne- cont ai ni ng conpound, such as, for exanple,
whyarogenat ed am nes (e.g., tetranethyl amoni uPCT/US2006/037831
hydr oxi de (TMAH)) and quaternary anmmoni um conpounds.
Such ammoni um salts can adsorb to a silicon nitride
| ayer if present on the subsjrate being polished and
reduce, substantially reduce, or even inhibit (i.e.,
bl ock) the renoval of silicon nitride during
acid, apd tiedikieh gnd phgspkdtecomdingig doogounds (eiglephosphonium salts and
i nhi bi. 9rconbination is al:1 equal weight ratio
phosphanis 4id8)of di et hyl pr opanol ani ne and
[0023]t et AaRRLIIE18 SuB ARy 8F B¥bidical QA&S] agbiecal tealskd RéoRfunction
_ion can be any suitable alkali nmetal ion. Suitable
with thel Hodishingsys¢m, iplyding oliagdsitysampanding pgentirAndsoagitlagasPeitable
netal s, o roup .l .of .t he.periodi E
sheolo GRS B iR pU b S Eo Bl AL AR e S s ERBR kP oxampte
urethahs sl ymEat (85 udth @t obesdrs Mithenaoleewlapw ekl gregier thad 100,000
potassi umions being nore preferred. Any sujitable
Daltongh geiyéatest CoRMEiSing QRetOA Mare Aty e Subwingis (2 iyl asxdntgs and styrene

acryla%@f QI(ISC} pﬁg{b@{‘sé?@oﬁﬁnéﬁ @g%ggbmgﬁttﬂér?%%cgﬁtg ARrddt: Preferably, the

suitab urces o nmet al i ons.
theoloERED@NtrBY afent Akl lyw rhélecidirvediphtrattmikylaterbass opa bighmholeeular weight

rotraEaReEt TSRSt I GRRCETLe oL on ol ts, W

surfac@hts@hdiomB halyeleBfollyfes PARRHAL surfhctaif ﬂﬁgﬁ&éﬁ@ﬁnfaotants fluorinated
conposition in a concentration of 0.25 M or nore, 0.3

surfactentsy mirdvess tier®d, audghe like.e, 0.4 M or nore, or even 0.45

M or., nmore.,.Gener al | t he al kal.j tal _ion.i.s..present
(0024}, THE BoFstigg eslT oo B Sitetls pelimsttc bl gE ather surface-
active A¥per®geent] -Suithble RfabilRERBhiuds) fA R ERple, PladspHaeSadidtorganic

~exceed 0.75 M (e.g., 0.15-0.75 M or nore preferably,

acids, gin pxides. o52aRc phgmlg%atmlweﬁ gsreoffandihe Bedyi ng agent

th L tale A . : 0. .
oz e SRR, A AN )30 M SOABGHLAR s
there ipab iigtbitrig limet tho dses oftldsabbmpdiddsid theirinotedadmnifications. As those of

...generally include surface-active agents. (i.e., ..
skill s QY A PRSP T L F BRI A PPy PRI fittesdivan FHERratcontexts

and/omRRkos nide HanSInk ifGRMoR] tride. Therefore, suitable
filmform ng agents include, for exanple, alkylanines,

[0026]al k dfelsabitragscanthechobislydda(rign @danapheh pliapeatactingths surface of the

suvsf BT BB SR TR 2E Rl i e v
CMP ?)?Féé%t YWeRe SYrbRB@heain A donsHixy paylssngd he idtedtivéplBhing system

mform ng agents include, for exanple,_ .
under pentpadledichomical, prassure.gretocity, and temperature conditions and the pad and the

wafer are moved with respect to each other. Material is then removed from the surface of the
wafer. The substrate comprises polysilicon in combination with silicon oxide and/or silicon
nitride. The polysilicon can be any suitable polysilicon, many of which are know in the art. The
polysilicon can have any suitable phase, and can be amorphous, crystalline, or a combination
thereof. The silicon oxide similarly can be any suitable silicon oxide, many of which are known
in the art. Suitable types of silicon oxide include but are not limited to borophosphosilicate glass
(BPSG), plasma-enhanced tetraethyl ortho silicate (PETEOS), thermal oxide, undoped silicate
glass, and high density plasma (HDP) oxide.



benzi m dazol e, and m xtures thereof. [0022] Any
sui tabl e conpl exi ng agent (i.e., chelating agent or
waeleo#i2od3 ty enhancer) can be used in conjunctPONUSZ0D6037831
the polishing system Suitable conplexing agents
i ncl ude, for exanple, carbonyl conpounds (e.g.,
acetyl acetonates and the |ikg), sinple carboxyl ates
(e.g., acetates, aryl carboxylates, and the |ike),
arbgxyl ates contai ni ng one or nore hydroxyl groups
[0027T e. gﬂ}e Stee aanele Palishechwith thegrolishinasistem gth any sugahle polishing
d (20 % ciRhing shitede§Ou; ingl 884 incfllde; fob Blammi@Nd ]
P GRS IR0 0,5 8L il L g8 Vo nd oo
wover polishinggyads ubloretaves syitdbde polhig, padatat @sprid @h@bEifable polymer of
.(gle g..t gli odi UE?&EDTA , m'xtur_fs th,?reof, and the )
varymg qegiity, Bangss, thiskpess eampesibifity Alire rehousdugon compression, and
compitdib:10Rogulan dé @i BRif 19&&%1%?( It - LNy
P i Y POl G nc lafﬁgi,e’ ?@nggg%%g? ’

or conpl exi ng agents” al so can’i
polyvigiylfluorigle, nylayy, fisotogathougyvdy@rtomaty, polgester] prigaaylyeppolyether,

rly BYAERLSSHRhs BN FARho 0L 5610308 P

thereof aintisnianlesthosph oAl Gis@gbétBabovt, 302 Mraddiy o SHUE hBkiEng system can be
urfactant and/or theol ogical control agent can be

fixed oeniﬁ??dé%ﬂ}j iy Neoleont et 10198 op dhe poishigs ppdt Swgh fixation of the
e [ ' ' . t.s_an agul apts, ..
s 4 A TR LA By D S M e
the aforhmehtomied @b}ym'ﬁm daingthe lfdrﬁuatiSﬂ Gf\tha&‘polliﬁlﬁﬁg pa@@i{ﬁh}eadhering the
.ur et hane rs,(e.qg., urethane_polyners with a
sbrasift ffe pe gﬁ?é?{g;?adgé Esish W%ﬁui®@1§w¥w| olkagwn.
[0028P.CT YR lrESly CREBO ki sHii o AR aClatd T %H@ﬁfo\% 'iﬁcsv,ﬁbytg#@zilgﬁtge same as the
e es), dn

(e.g., vinyl acrylates and styre acryl at
removghila{eradipslysdispo wavikd be uaded thel sagerenditivheeeeft, foathd absdncs of the
.. , | ogj cal ,.cont t o]
pove e e RO RS 587 A S i Bl shons o e
polishing sgstinasan Wiy seRetiyapolidhalp sfailrgs dkide Mo’ BiRon nitride surfaces
.surfactants include, for exanple, cationic
relativg tp pcgﬁlgpﬂlgs,ur@ﬁq:s@ nite sgleetivitst cantbs, conmmplded, 0 some extent, by altering the

: I Lani ur f.act ant hot.er.i
TN T
of the {rtventimf candredistdied palisk a spOBRA withe spiebh ﬁﬁﬁd@tosp&%sﬁmoﬁ%hshing

.contain any suitable polynmeric stabilizer or other
selectlgﬁ}z f)g%é o p%/q;% kledgszbé (0% DM, 5 Sk c:>r rgg,qe) ablse, @p@gﬂt]pqdz@tbe invention
can be'tui@ﬁd ’tg)%ﬁ)éig]‘é ’Qrs%%%ﬁgi)\!gﬁ% g gfsﬂi%ﬁlg Efaﬁtgdecfsé t8 %b%?i&i?élg Sﬁsglrin?gslfe?e%ﬁvity of 5:1
or morgfelgt, A8: 1| drloeore] @025 orfhere) oGptain dantdatione dahextébinewavgher
siliconbcﬁc%ﬂdg Jcoaﬁc’o%/sfﬂiiceo% sfe%%ti\i/iltileslf Séltlcrhaa{si 2\6?1 grurilgroef grs éve%%%:l or more. In a
preferred embodiment, the method of the invention simultaneously provides selective polishing
of silicon dioxide and silicon nitride relative to polysilicon.
[0029] The following examples further illustrate the invention but, of course, should not be
construed as in any way limiting its scope.

EXAMPLE 1

[0030] This example demonstrates the effect of polyethylene oxide/polypropylene oxide
copolymers having an HLB of 15 or less on the polishing removal rate of polysilicon and other

silicon-containing layers.



there is no intent to limt the uses of these

conpounds to their noted classifications. As those of
wa@kiozlo4izo3 t he art will recogni ze, certain conpPCNUS200&§37831

performdifferently in different contexts and/or

perform nore than one function. [0026] The substrate

can be polished (e.g., planagized) by contacting the

surface of the substrate with the polishing system

usi ng any suitable technique. For exanple, in one

[0031} y pi &poléW&ﬁmﬁion&(Qmmsﬁi@ Ipk-dEseampriing k2 wh% fumed silica
ot BB ASRAE 0y IS R 8 METL R SR EARAER, scon
nitridd, endpesraphosphesilichitd glassBRSE)! Wenpasitiand] ANE soafadteda0Ogpm of

no ith respect to each other. terial 1s then, ,
Plurom%ﬁﬂ%ﬁ”@r%mﬁzﬁwm& ]omeeﬁ%‘%)a'i\’/ﬁl@m?@é@&d&VP’a@@)a Pluronic®
. . o . : ; . >
R R e
respecsinglys (The gblishipptepwivial mbas (RRufor thé palisititora BE Skipend siticon nitride

v B BN S PR 30 B8 P
copolyrh&! ek poli§inSidmdvanra@sivii@e aisfdb@fthined 8} thep@PMlicon, BPSG, and

.. suitableée silicon oxide, many of which are known in the
silicorppifridedayarai the elysaee of angiBlimpois®vsapgbymiaic (The petsent cheege in the

i i | PSQ). -
remo Pl L8 ok B BB PIRSHO b BoF U BB pgom sty
and 2 {30egpiml. Txpe sutfgaped silicate glass, and high

density plasma (HDP) oxide.[0027] The substrate can be

polished with the polishing systemw th any suitable

R0 Ry 204 B0 P 0 BB BPSG, and
M s A A b S P v\f\r\ls. hvbgnn\:nv H

FOTWo Ve por+SthgTpat eaver—Sstui+ abte po} ; %hl .
Comppsi€isn clan S@ifetdnse anyHIBI ﬁl%f&ey'm%%ﬁ%yi gg Chénge
f iy ]

densitly,  hardness, [thickne Pressi CPnN}tI‘ide

R 5 reb@ymgnﬂggmigpnprqssion,_ggq)conpreﬁgypnjﬁoduqu96
(invegiigi)abl e pol ymers include| for exanpl e

1ol yvi nyl chl.oride, |polyvinyl fl.ygride, m%@, :
ﬁnwmﬁugroc§%58WF&Hgﬁycar onate,'ﬁg Yester,” 6?yacrylaté?

1wol yether, pol yet hyl ene, polyam de, [pol yur et hane,
(inveg1%msty?]§¥f§1,10@ﬁi7%rop ene, and”cof or ned Q¥ oducts ->%

fgereof, _and mi Xtunes thereof. AS dfSCUSSed abpve, the

. ahr asi v@lobnicREPHol| i shing | syst¥n can betTliked (e. g. -

(Ve eh—Hr—wheteror—+h—part—+r—ei—en—the—pelshing

d. Suphirddic@trion |of 2phe|abrasyve '|on tbe, pol | shi ngyoe,
(Comp?{ﬁﬂvﬂa be acconplilshed, for exanplé hy bl ending

t
B%rasiV@hhg af orenent i or pollymergeduring the
(compématinet i on o%ﬁgﬂgﬁbolié ing pa %r b adheﬁ ng the




abrasive to the pad after the pad is forned using such
adherents as are known. [0028] Desirably, the
w@edorshizng) renoval rate of polysilicon is subspenUsENG/§37831
the sane as the renoval rate of polysilicon would be
under the sanme conditions except for the absence of
t he pol yet hyl ene oxi de/ pol yF@ opyl ene oxi de copol yner.
Accordingly preferred formulations of the polishing
system can provi de sel ective polishing of silicon
Table b xPateent AliAnge iniRanzyal Rate (FQipos i F Qpers) fosPatyisilisop.BPSG, and
S111conri@ﬂt1y®]l,ayemat$ﬁ#aces The sel ectivity can be

contr to sorﬂe % IChande er i %dCHange r ¢l a¥d Uleange
tr SEHBHENST |t hl Borpeg

CompQsiife MPBRAliZoef| L hBPeol | sishlion Nitride
[RySte en aeS| Fabl e, tjne method [of the Tnvention
(inverSAR) be Plurenic®oL 13| | shla subst36dbe with &%ili¢con -5%
1 iuudc to—potystHicon—potishing—segtectivity of 21 or
. or e ( ePlgronie® L3dr| nobe, |or &3% or |nore)4%Al so, the--
(invery | of the invention gan be used-topoH-shia

. 1Subst 1 glg oMk 7RSI | i gon |di oxigde to polysilicon 2%
(invergioin) shing selectivity of |5:1 or norle (e.g., 10:1 or

1bor e, oﬁlgrélﬁg?%é ?r?ﬁ | Cert i3g, for mul aljogns c¢an

(invergtiohi) bi| t on di6Xi de to polysillicon

1pel ectiivities, such as 20: 1 or 30: 1 or

comn v || BUEBRRFaRr pd Srbodi rehTe | e neRAtkl of the

|nvent|on STt taneousy prOV|aes sel"ective p0||sh|ng

n ly
i R e
surfactahts hetinghe HIEvaloy 6n8 bolesdart cffodtiveat inhébitisgpellysiliomt rebmval

construed as_in any way limting its scope., EXANVPLE |

without giggricanthy @h@w@sam oihien PSR FRAEFTESHbFate layers.
Contraﬁf?ll\lﬁ{ﬁtﬁ%% aQ%%q{ax ORMIEs %ﬁl‘&é' £ QPR &/ B St s1%n1ﬁcantly

g an LB 0 ss on the polishing renova
effectivafoe idfibifing yendvat ofipapsllicinher si | i con-cont ai ni ng

| ayers.[0031] Six polis sitions (Conposition
1A-1F) conprising 12 wt WB@@?% lica and water

[0033]NaV ITRG &akipldentni@i8s theQeletidviffisalton natibe tor pYlgsilicon polishing
conprising polysilicon, silicon nitride, and

that cm@ﬁ@phgsqéimmgﬂ@mefh@l of¢ke BRSO Conposi ti ons 1A- 1F
p 0
oS R B AP 4P S s e

silica dddv&tHa0ihg a FH WE @RI ided B8 Aoljshrwaibkirane ):omﬁhﬂn@polg@h}con silicon
F127 (conpar ative), or_Pluronic(r) .F38 ( rat ive
nitrideg agsbbarplrosphesdlirate gl@SéK?PS@re B’@PP%H%%A igigg no

copol}fn%?) (foﬁfpo&ﬁ%n?% ¥3d bEGRRentRinS Gt dordiblid 00 Hphd 418481000 ppm
Pluronic® L31 copolymer (which has an HLB of 5), respectively. The polishing removal rates
(RR) for the polysilicon, silicon nitride, and BPSG were determined for each of the polishing

compositions. The removal rates and selectivities for each composition are shown in Table 3.



| ayers were determ ned for each of the polishing
conpositions at 10 ppm and 50 ppm Pl uronic(r)

wa@opaloyrres . The pol i shing renoval rates were aP@DUS2006/037831
determined for the polysilicon, BPSG and silicon
nitride layers in the absence of any Pluronic(r)
copol ynmer. The percent change in the renoval rates for
each of the three materials is shown in Tables 1 (50

0 ppmsurfactant) and 2 (50 ppmyv. 10 m
Table éu Rﬁmovdrﬁaies andifetectivitypet Sidinon Wiride and BPséri@Pa ysiigom

(50 ppmSurfaGampm) PobysilRohy sNitriden, BBBSG, avidridsi: | i [coBPSG:
Compd¥itionl f€ohesnenson abl eRR. Pgrcait ChaRge il rPoRaitizeal | Relysilicon
(50 ppm Vippdd PPN (Aahinfo! | WA nA/BRYEG Seettivity | i Selbctivity

Itrige La ers at H = 3. [[UUzxgl Ih ata shown 1 n
(coiﬁléi les 1 afd 2 il 7% |t hgg, srraﬁ?lgg@m)unt s-of -

H [ AY £ 'y 'y ) £ o
rarormotr ) Surrdactalts 1Travirtiy di LD vVl ute Ol o [UT

are effobectiye aB3i nhilbi 145g |po¥4Lsi ||i cor:lr enmoval 23:1

) 2§ilicon-cqo@@ini g sg@strateliﬁyers7agbntragqingly, 32:1
(inverpjomy ohi c(r) surfactants having an HLB val ue greatler

(mVeli}_}.OfliO it —si gni firr\inf | v: nhibiti nn pnl i-shi nn of other

than 8 are not significantly effective for inhibiting

|, of . pol I 2 [0033] ..Thi I
100357 0rrehb8 0ol B S et A5t Biio: copeif gy e L O Bt o Less)
ofa pcﬂ%tﬁﬁbﬂlé 688e/pAkpobiRMe bhidk c@ 6 1B eMEd B Dif 8Dr Ui are effective
of the I nvention. Thr ee olishin

at mlnbmg@@hﬁhl@gi@f patpriiensi witley zw Q@n@@i@w Ay thiecpqiiishmg rates of

oﬂwr&ﬂﬁ%gﬁﬁ.mkca and water having a pH of 8 were used to
porli Substrate conprising polysilicon, silicon
nitride, and borophosphosilicate glass (BPSG
Conmposition 2A (control) contained no copol yner.
Conpositions 2B and 2C (i nvention) further conprised
100 ppm and 1000 ppm Pluronic(r) L31 copolymer (which
has an HLB of 5), respectively. The polishing renoval
rates (RR) for the polysilicon, silicon nitride, and
BPSG were determ ned for each of the polishing
conpositions. The renoval rates and selectivities for
each conposition are shown in Table 3. Table 3. Renvoval
Rates and Selectivit of Silicon Nitride and BPSG to
Pol silicon. [0035] The data shown in Table 3
illustrate that | ow concentrations (i.e., 1000 ppm or
| ess) of a pol yethyl ene oxi de/ pol ypropyl ene oxi de
copol ymer having an HLB of 8 or less are effective



at inhibiting polishing of polysilicon w thout any
detrinental effect on the polishing rates of other
waamstade | ayers. CLAIMS 1. A net hod of PCT/US2006/037831

chem cal | y-mechani cal ly polishing a substrate, which

nmet hod conprises: (i) contacting a substrate

conprising polysilicon and materi al selected from
silicon oxide and silicon niTride with a

chem cal - mechani cal polishing system conprising: (a)

an abrasive, (b) a liqui dCI:AIM'Ser (c) 1 ppmto 1000

ppm based on t ht t |dcrri r and a
conporfemetiadi s Brpialigmes @Beaﬁ P asbstgte, stich fiebfod

comprﬁ gl.yet hyl ene oxi de/ pol ypropyl ene oxi de copol ymer
aving an HLB of 15 or less, and (d) a polishing pad,
(n)| ) nowiacting heubsthieshinpgisisgaolysllaph wed & matdrial selected from silicon

oxide FHgHLF m?%"wéé st o b3 BRI AT
of cl anvubegse\yen t he anmount of copolynmer is 100 ppm
ajn 1

to 800 pm . The nethod of claim1, wherein the
copol rmléqlﬁdﬁ@'ﬂé%ul ar wei ght of 4000 g/ nol or

ngsanéhL;thﬂgttorébdéé@?’l@g Igw] met El%élafiﬂgq qgl &%{&%d any
Wheipdinents he;cﬂoabblysmepenﬂsd therdin, dtagd]ywiltytenz dxyddymtydropylene
group. 6, T net hod_of claim1, erein the abrasive
|<§<1§f‘e‘F‘§’@b@6er Blﬁ*gtaﬁéﬂdﬁ’e bs%lblﬁ%ﬁ’ %vg]ng of al um na,
ceria,g8ili ia, and comnbi nations thereof. 7.
The (tdﬁ é: hsfd g%% wherein the abrasive is funed
s(iil)l camoﬁngmaepqhsthgqbad)felaibm’cmtI& suhkteatt%landt he abrasive
e neth d of. .cla

B! Eidiee €ISERaaa PP PTEE 1 R (b irate.

2. The method of claim 1, wherein the amount of copolymer is 100 ppm to 800
ppm.

3. The method of claim 1, wherein the copolymer has a molecular weight of 4000

g/mol or less.
4. The method of claim 1, wherein the copolymer has an HLB of 8 or less.

5. The method of claim 1, wherein the copolymer is terminated with a hydroxyl
group.

6. The method of claim 1, wherein the abrasive is selected from the group

consisting of alumina, ceria, silica, zirconia, and combinations thereof.
7. The method of claim 6, wherein the abrasive is fumed silica.

8. The method of claim 6, wherein the abrasive is ceria.



10. The nmethod of claim9, wherein the anmount of
abrasive is 5 wt.%to 20 w.% based on the wei ght of
wo b@7loiqos d carrier and any conponents di ssol vEAI/082006/037831
suspended therein. 11. The nmethod of claim 10, wherein
t he anmbunt of abrasive is 8 wt.%to 15 w.% 12. The
met hod of claim9, wherein {he liquid carrier
conprises water. 13. The nethod of claim 12, wherein
the pHis 5 to 12. 14. The nmethod of claim 13, wherein
the pHhesnghedolclainb]l, Wikeeeintherabdasie is buspanded infeer liquid carrier.
the polishing systemfurther conprises a conpl exing
agent dissolved or suspended in the liquid carrier.

140, TheemBithedlondlaig] Riviekein Wedredunt bhgbrRgld BI85 wg% to 20 wt.%,

system further conprises an am ne di ssol ved or

based en thp setahd of thetigid cagrrcnd any cemponents disfelvied oF sespepded therein.
claim1, wherein the substrate conprises both silicon
oxide and silicon nitride. 18. The nethod of claim]1,
wher eiThetrheh@dbf dhinn 0, rvérepaia theram@inobf dtasiyvois Bsid. %oco iS5 wt.%.
is substantially the sane as the renoval rate under
the sane conditions except for the absence of the

C@PO! YiRimethod of claim 9, wherein the liquid carrier comprises water.
13.  The method of claim 12, wherein the pH is 5 to 12.
14.  The method of claim 13, wherein the pH is 7 to 9.

15.  The method of claim 1, wherein the polishing system further comprises a

complexing agent dissolved or suspended in the liquid carrier.

16.  The method of claim 1, wherein the polishing system further comprises an amine

dissolved or suspended in the liquid carrier.

17.  The method of claim 1, wherein the substrate comprises both silicon oxide and

silicon nitride.

18.  The method of claim 1, wherein the polishing removal rate of the polysilicon is
substantially the same as the removal rate under the same conditions except for the absence of

the copolymer.



