ABRASI| VE COVPOSI TI ONS FOR CHEM CAL MECHANI CAL POLI SHI NG AND METHODS FOR
USI NG SAME CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
cl ai mrs t wohervafisissof U. S Provi sional Application No. 6PCTA%2¢09/005325 | ed on
Sept enber 26, 2008, herein incorporated by reference. FIELD OF | NVENTI ON
[0002] This invention relates to abrasive conpositions and nethods for use
I n polishing applications and, nore particularly, to abrasive conpositions
and nmet hods for use in chem cal nechanical polishing processing of
substrates. BACKGROUND OF THE | NVENTI ON [ 0003] CWP (" Chem cal Mechani cal

Pl anari zati on" or "Chem cal Mechanical Polishing") processes are known in
t he ar tABREBSWEGaMrEIHONG EORICHEMICAINMECHAaNIChE Ror G AND MertHoDsHOR USING
uneven topography on a substrate surSame, typically a sem conductor-rel ated
substrate, until a planarized (i.e., flat) surface is created. The CW
process is used in connection with a polishing conposition (or otherw se

known ESR@S§NEFE’REN€'EV‘W) RECARED APPRICAFFONShe polishing conposition
typi cal I(ﬁucont ains abrasive particles dispersed in an al kaline solution or
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all owi ng | ayers to be adde m ni mal and/ or accept abl e hei ght

vari at @i cr[emmggl]meahamg@hnqh@h@g ropgessingeksidstraiesii gh silicon dioxi de and

a |l ow [ E@Tﬂwé are desired to mninmze |loss of the
nitri dgﬁdlﬁg dr'mlbr(g‘fl-ro 0 ra?‘e of renoval

[0003] CMP (“Chemical Mechanical Planarization” or “Chemical Mechanical
Polishing”) processes are known in the art. CMP processes generally involve the
removal of material from uneven topography on a substrate surface, typically a
semiconductor-related substrate, until a planarized (i.e., flat) surface is created. The
CMP process is used in connection with a polishing composition (or otherwise known as
a sol or slurry) and polishing pad. The polishing composition typically contains abrasive
particles dispersed in an alkaline solution or other liquid carrier. The polishing
composition is applied to the substrate surface with the polishing pad, which is often
saturated with the polishing composition. A rotating head presses the rotating substrate
against the polishing pad to planarize or polish the substrate surface.

[0004] This CMP process combines a "mechanical" effect of smoothing with a
abrasive patrticles with a “chemical” effect of etching with acidic or basic fluid solution.
This provides greater accuracy in, for example, photolithography, allowing layers to be
added with minimal and/or acceptable height variations.

[0005] In traditional CMP processes, a high silicon dioxide and a low silicon nitride
removal rate are desired to minimize loss of the nitride film. The ratio of rate of removal
of silicon dioxide to the rate of removal of silicon nitride is defined as “selectivity” or
“selectivity ratio”. In contrast, there are now certain applications where the reverse, i.e.,
a high nitride and a low oxide removal rate, is desirable. Such reverse applications,

however, have been difficult to achieve. (The ratio of rate of removal of silicon nitride to
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of silicon dioxide to the rate of renoval of silicon nitride is defined as
"selectivity" or "selectivity ratio". In contrast, there are now certain
appl i cat iwo0mss3m8t he reverse, i.e., a high nitride anaca/usewsonisde
removal rate, is desirable. Such reverse applications, however, have been
difficult to achieve. (The ratio of rate of renoval of silicon nitride
tothe rate of renoval of silicon dioxide is defined as "reverse
selectivity" or "reverse selectivity ratio".) [0006] The polishing
conpositions that contain dispersed abrasive particles in a liquid nedium
can al so exhibit varying degrees of stability along a range of pH val ues,
whi ch thamatecofestmivhl ofsiicdnydiorideus dafinédas revarseosadedtivity” of “reversdi sper si on.
The Zeteil gotentlal i ndi cates the degree of repul sion between sane charged
parti %S iy 90 to one another in a dispersion. A colloid dispersion
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appar epnotlls]tcwlrn(g);ncqzotrr?;gaosflt(ljclnI f%Wurs]g |r(|:I %SI\;I:E’ Ipllr)cgc,leosses with high reverse selectivity, and
methods thereof.
SUMMARY OF THE INVENTION
[0008] It has been found that a high reverse selectivity is difficult to achieve in CMP
processes without extensive preparation of the abrasive particles and the use of costly
additives. Without being bound by theory, it is believed that the removal of the nitride is
a two step process, the first step being the hydrolysis of the nitride to SiO. (hereinafter
silicon dioxide or, more generally, silicon oxide), followed by the removal of the oxide,
with the hydrolysis being generally considered the rate determining step.
[0009] The present invention will become apparent from the following description
and examples, which comprises, in one aspect, a colloidal dispersion for chemical
mechanical polishing comprising (a) an abrasive component; and (b) from about 0.05%
to about 10% by weight of the abrasive component, a water-soluble amphoteric polymer
comprising at least one part B and at least one part A, wherein part B is cationic and
part A is anionic; wherein the dispersion has a pH of between about 1.5 and about 6.
[0010] In one embodiment, part B is a macromolecular chain derived from one or

more ethylenically unsaturated monomers having quaternary ammonium groups or



and exanpl es, which conprises, in one aspect, a colloidal dispersion for
chem cal nechani cal polishing conprising (a) an abrasive conponent; and (b)
from abouwoQo&B6358 about 10% by wei ght of the abrasi vePCOMsSe0005328

wat er - sol ubl e anphoteric polynmer conprising at | east one part B and at

| east one part A, wherein part Bis cationic and part A is anionic; wherein
t he di spersion has a pH of between about 1.5 and about 6 . [0010] In one
enbodi ment, part B is a macronol ecul ar chain derived fromone or nore

et hyl eni cal |y unsaturated nononers havi ng quat ernary anmoni um gr oups
oriniumgroups, and part Ais (i) bonded to a single end of the at |east
one rraunwmgjr@md and plast A is5(ijpbohded fo a singleperid ofthecatdeastionpol yrreri Cc group
conprisin ast. ane, ani roup [0011] In one enbodi nment.

i sper BT QeedatEnang A iR Ak tihelipet AonesuBRr SERRCETPIERN i« i de
and si ldfsponduhidficrbllpa reverse selectivity ratio of at |east about 27,
nor e t%cally at Ieas? about 30, nost typically at |east about 50, where
the rel@dd selrere embpdrraenfoth%dlsn@rsm iscappbleref paliskingra suhatiad® of t he
sili CO@O&PH& ﬁ%lll‘i:?ﬂtnf}ﬁdé 3‘1 sﬂ cohed;?[i’d’eaw R r%b&s%'éél&&ﬂﬂ?fétﬂfof £984&! In one
enbod enlca 'y "unsa Ur At nononers can’ conpri se

trinmet hbbuﬂﬂ?bmmprtymgéllyrﬂtlhasiradoalt éOpﬂmlost iydE:,ally at least about 50, where the

tri met hyl ammoni get hyl acr amd chI rlde acryl am de
br om dEVeTTA SRS BRI bR ISt et ferng e Bt rate

sul phabﬁrerﬁd\;ansfmélﬁmrum opy! met hacryl am de rret hyI sul phate (MAPTA MeS),
(3- et ha | am dopropyl ) tri nmet hyl ammoni um chl ori de ( MAPTAC),

(3-acr W%ﬁ/dop HopRe BEOiofENeRt, MNWQ&HV@PﬁG@TQtRPTmomGTS can comprise

th
ot hac i N HEH e piob TR AR kR & ik emmonosthylacrylamide, -
acryl oyeikgorylamide chﬂatldkyI—emehacrydamaiettxo('nﬁdmmmieﬂ)wammomobutylacrylamlde
1~ et ny Bty B Rt subnafs, metplamiR P R A e methy
1- et hy bulphiteNMABTA UeB)u (B- nﬂetl@é¢ny|lanﬂdupr@ys§/|wmahwaum¢muﬂnydhmdephat e, N
Ndi net hyl di al | yl ammoni um chl ori de

DADMAC
di met h{VMARTAGHr @@qm@m@qgrypalﬁﬁnmethy{pmmomum chloride (APTAC),
methacryloyloxyethyltrimethylammonium chloride,

methacryloyloxyethyltrimethylammonium chloride methyl sulphate,
acryloyloxyethyltrimethylammonium salts (ADAMQUAT), 1-ethyl-2-vinylpyridinium, 1-
ethyl-4-vinylpyridinium bromide, 1-ethyl-2-vinylpyridinium, 1-ethyl-4-vinylpyridinium
chloride, 1-ethyl-2-vinylpyridinium, 1-ethyl-4-vinylpyridinium methyl sulphate, N,N-
dimethyldiallylammonium chloride (DADMAC), dimethylaminopropylmethacrylamide, N-
(3-chloro-2-hydroxypropyl)trimethylammonium chloride (DIQUAT), a monomer of

formula:
0]
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[0013] where X is an anion,

[0014] or a monomer of formula:



(3-chl or o- 2- hydr oxypropyl ) tri nmet hyl anmoni um chl ori de (DI QUAT), a nononer of
formula: [0013] where X is an anion, [0014] or a nononer of formula:[0015]
wher ei n RVOI2810203358r ogen at om or a net hyl or ethyl groupCTRZ200%805328, R5
and R6, which are identical or different, are linear or branched C-C 6,
typically G-C 4, alkyl, hydroxyal kyl or am noal kyl groups; mis an integer
froml to 10, for exanple 1; nis an integer froml to 6, typically 2 to 4;
Z represents a -C(OO or -C(ONH group or an oxygen atom A represents a
(CH2) P group, p being an integer from1l to 6, typically from2 to 4; B
represents a linear or branched C2-C 2, advantageously C3-C6,
polynethylen®1cha|n opg&oﬁally |nﬂef'uptedhby one or nore heteroatons or
heterogroups partic I and optidnally substituted by one or
nor e hyﬂ|ﬂxy _DLZ E%. AlgqNﬂLﬂé mﬂiﬁyl groups; and X, which are
|dent|cal or diffe ent pr sent ounter-|ons,” and their m xtures, and
macronononers deriving th%ée f. 2% b Ind%?other enbodi nent, the abrasive
conmponent conprises parti sel eGteg fr (a) an oxide, a hydroxide or an
oxyhydrOX|de of cerium, titanium silicon, zirconium nmanganese alunlnlum
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mean particle dianeter, 001 I'n an t her enbodi nent, part IS
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met hacryl 1 c acid,” nethacrylic anhydride, maleic acid, Tral eic anhydri de,
fumarior blbh, and ioptierallycs ubstitutedibsrstnecar myoreyydraxyl vs amina groupsy typlisallyne and

hydroxyl groups; and X, which are identical or different, represent counter-ions, and

their mixtures, and macromonomers deriving thereof.

[0016] In another embodiment, the abrasive component comprises particles
selected from (a) an oxide, a hydroxide or an oxyhydroxide of cerium, titanium, silicon,
zirconium, manganese, aluminium or iron; (b) a mixture of an oxide, a hydroxide or an
oxyhydroxide of cerium with at least one other element chosen from rare earth metals or
tin; or (c) a mixture of an oxide, a hydroxide or an oxyhydroxide of zirconium and of a
trivalent rare earth metal. The abrasive component can comprise cerium oxide particles
exhibiting a mean particle diameter of between about 10 nm and about 200 nm, typically
between about 50 nm and about 60 nm and exhibiting a standard deviation value of at
most 20% of the mean particle diameter.

[0017] In another embodiment, part A is a macromolecular chain comprising anionic
groups, the macromolecular chain derived from anionic monomers chosen from acrylic
acid, acrylic anhydride, methacrylic acid, methacrylic anhydride, maleic acid, maleic
anhydride, fumaric acid, itaconic acid, N-methacryloylalanine, N-acryloylglycine and
their water-soluble salts, 2-sulphooxyethyl methacrylate, vinylbenzenesulphonic acid,
allylsulphonic acid, 2-acrylamido-2-methylpropanesulphonic acid, sulphoethyl acrylate
or methacrylate, sulphopropyl acrylate or methacrylate, and their water-soluble salts,



their water-soluble salts, 2-sul phooxyethyl nethacryl ate,

vi nyl benzenesul phoni ¢ acid, allylsul phonic acid,

2- acryl amvoaey/asetsBy| pr opanesul phoni ¢ aci d, sul phoet hyl pagrusk@w®03325

met hacryl ate, sul phopropyl acrylate or methacrylate, and their

wat er - sol ubl e salts, vi nyl phosphoni c acid, ethylenically unsaturated
phosphate esters or any conbi nation thereof. [0018] In yet another

enbodi ment, part Ais a chain end unit conprising at |east one anionic
group chosen froma carboxyl ate group, a sul phonate group, a sul phate
group, a phosphonate group, a phosphate group or any conbi nation thereof.

[ 0019] vihyiphosghueric asideethylenieallyrunsaturated ghaspivetenestefsoor aryecorobinatieshani cal
pollshlnﬁﬂﬁf a substrate conprising: (a) contacting a substrate conpri sing
asilid itride layer and a silicon oxide |layer with a coll oi dal

di speroqg] as fmyétwr@ﬁwérﬁsédlﬁMtepart has g. cH éh@%nﬂ%ﬁfﬁismg g08nst si ng:
(i) an abrasive conponent; and (i fromabout 0.3 %to about 5% by wei ght

of t heOR@PRIONIEIreYRSHASER from a/&ﬁébm@tﬁtaur@:raraﬁmmmewwsuig i si ng
(aa) olué tpgggﬁhcgf]ééé 859@9%’ myr“rfé ﬁF‘oL@J oP?rEfc&ﬁmeﬂbﬁtﬁH?@Bﬁe“C units

and (b noreé ani oni ¢ nononeric
units; [0&19] ei nint m;otdésamez:itcmheha\sermqnhbafmbﬁtodefenclaé]nml eshanigabhbout 6 ;

and (b rfor 0CesSS the substrate. [0020].1n oiie

e nhodr halRRirc’a StbetraR CoBpdiRY (DMbdrdiefint S 5uS e RE S 2 80F2p chain B
wher ei rﬁitrih%rlbyér arisd henided dxiheala%ﬂ@itﬁ aecEtSlIonal Hlyfrbef’éloﬂl Q@ﬁllﬂi&cﬁbédom' ecul ar
chain B, wherein the nacronol ecul ar chain is derived fromone or nore

et hyl esheva, fhe Glﬁgartslmh@%rwrﬁﬁhéﬁ@rpslswsv(Ihgn @Qéaseveha@rppaﬁwnau%(@r BRIPs or
| ni um QL QHRS3 /?{Bjat%lﬁrf)@/a% ht“bi’ tﬁe%b?f%%gﬁﬂnﬁaoﬂént’“aw b}’gﬁfu'bfe group

conprising at | east one an |on c group odi nent, the step

of peramphotegctplmdyrﬁamcqanmsg () atheastdretpart B coongisirgeene pa)nq:tesatlomm ng a
pol i shi
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pol i shmagomdclmltsawuér@iredwe/wsbertsm as pIHs bPietwaRd dodut NHVamy abbet 6,

pol i sh] nc?(b) performing a CMP process on the substrate.
[0020] In one embodiment, the at least one part B is at least one macromolecular
chain B, wherein part A is bonded to a single end of the at least one macromolecular
chain B, wherein the macromolecular chain B is derived from one or more ethylenically
unsaturated monomers having quaternary ammonium groups or inium groups, and
wherein part A is a polymeric or nonpolymeric group comprising at least one anionic
group.
[0021] In one embodiment, the step of performing the CMP process on the
substrate comprises: (a) positioning a polishing pad proximate or adjacent to the
substrate such that (i) the dispersion is between the substrate and the polishing pad or
(i) the polishing pad is saturated with the dispersion; and (b) moving the polishing pad
relative to the substrate, thereby planarizing the substrate. It is understood that the
steps described herein do not have to be performed in any particular order, for example,
the polishing pad can be positioned proximate or adjacent to the substrate prior to
contacting the substrate with the dispersion. The substrate is polished at a reverse
selectivity ratio of at least about 27, more typically at least about 30, most typically at

least about 50, the reverse selectivity ratio being the ratio of the rate of removal of the



relative to the substrate, thereby planarizing the substrate. It is
understood that the steps described herein do not have to be perforned in
any partiwol2aro/3s38r, for exanple, the polishing pad carChaspasionizohed
proxi mate or adjacent to the substrate prior to contacting the substrate
with the dispersion. The substrate is polished at a reverse selectivity
ratio of at |east about 27, nore typically at |east about 30, nost
typically at |east about 50, the reverse selectivity ratio being the ratio
of the rate of renoval of thesilicon nitride |layer to the rate of renova
of the silicon oxide layer. In another enbodi nent, the substrate is

pol i shsiticart ni&rid&alagesto thelratet d)fvriemowaaof tblecs‘ilidwtcymlaylaoutn 8fothed about 120.

0022 th I havi
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group.a,hd\ag@@ttm, enbodi nent, the arrphoterl c polyner is a copol ynmer chosen

fromthe followng: (a) (bl ock A) - (bl ock B) di bl ock COF)Ol%@. the part A
constiEQQ@?hg t HeoRe gmbosimapt, thexampbetafis RAUYMEF ischtalomerebaygeg astiusiirene

conet | Cin 1 mieTEite S SR fampieifg ot et he <RI € B! TRramch i 711"
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of el Re{nie B ARER copRBimaso ecertt 6 B RIBR BT A ST 1 hei 1

ends. {(agrshholeBuldEENSN®E b@mstn@ﬂn@:ﬂw BIB@k Br @Qﬂfock rwqatolcnr»? Sﬁlo@k@t hod for
chem cal nechani cal Pol I shing of a subst conpr contacting a
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a col '96:%?& tﬁil'gst gr c9<”B fe Kjda%ﬁl%ﬁé%z (ﬁﬁ%%'a%soé) rﬁl Coééiﬁ/ﬁ%rt fie pférl acon
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to the[ooaBp of I petrthefadpeet, thé peasendirivdatibRyesa metned fér chieditar mi ng a CWP

process on the substrate. [0024] In one enmhodi nent, the step of performng
t he Q\peﬁp%@ggsoqyﬁhmébfas bstrate comprising: (a) contacting a substrate comprising a

silicon nitride layer and a silicon oxide layer with a colloidal dispersion, the dispersion
capable of hydrolyzing the silicon nitride layer thereby effectuating the hydrolyzed
silicon nitride layer susceptible to mechanical removal, whereby the substrate is
polished at a reverse selectivity ratio of at least about 27, the reverse selectivity ratio
being the ratio of the rate of removal of the silicon nitride layer to the rate of removal of
the silicon oxide layer; and (b) performing a CMP process on the substrate.

[0024] In one embodiment, the step of performing the CMP process on the
substrate comprises (a) positioning a polishing pad proximate or adjacent to the
substrate such that (i) the dispersion is between the substrate and the polishing pad or
(i) the polishing pad is saturated with the dispersion; and (b) moving the polishing pad
relative to the substrate, thereby planarizing the substrate.

BRIEF DESCRIPTION OF FIGURES

[0025] Figure 1 illustrates zeta potential curves obtained for a product of the
present invention and a product of the prior art.

[0026] Figure 2 illustrates zeta potential curves obtained for another product of the

invention and a product of the prior art.



substrate conprises (a) positioning a polishing pad proxi mate or adjacent
to the substrate such that (i) the dispersion is between the substrate and
t he pol i swonregiopsedser (ii) the polishing pad i s saturat edCRUSROOOI0EGS325

di spersion; and (b) noving the polishing pad relative to the substrate,

t hereby planarizing the substrate. BRI EF DESCRI PTI ON OF FI GURES [ 0025]
Figure 1 illustrates zeta potential curves obtained for a product of the
present invention and a product of the prior art. [0026] Figure 2
illustrates zeta potential curves obtained for another product of the

I nvention and a product of the prior art.[0027] Figure 3 illustrates

addi ti 00271 t héigume Bdlhisirabes pdditionfof thecatiarie polymer efitheprasent iwentidbrei ned
ceria slurry effectively s essed the oxide renmoval rat 0 S0 nmmn
whi | o Tnfiesbidhed SR Sty BERHEST Snbt el 1S oX88 Hitovefids st oemifin o

[ 0028] whil@tecoXidé rérmplalatrsistigintAiAsy at 10 haT i eﬂéézp’tia(ﬂgl-ﬁm. oxi de at pH 4
for three different values of particle |oading. [0029] Figure 5 illustrates

the val9028]| | t figse drillistates e remes@ saten of nitide and oxideet it 4Jer thres: ai ned

by var yj ISy ; to polynmer weight ratios in the polishing
sl urrymﬁ[%«gedgg?l%?gﬂ?gﬁgcér@gﬁoat es the variability of the renoval rates of
nitri df00R9l oxFirrabd iustmtedbths vathtility vhthe regnaovad rates &f nited¢ a6d oxide ato

pol yrer ight ratios in.the pol.ishi ) r 0031]. Fi qure il lustrates
Phe” poPHefomtaingd o Piyinfiuhe SePRing il 16 Piwatet ol fathe rayESise
ceria prfiicles tested at pH 4 with different abrasive/polyner ratios.

[ 0032] Fi %ure 8 illustrates the polish rates of bl anket silicon dioxide and

nitri _déoq:’i I ns Rigue @_Ei"ll'ﬁﬂaé@ the w%r_ﬁhiléwétfteermaéfatﬁﬂ% nmi%aaﬁw&eea&
coct t1 BapgRg idldrgihg th Sbiaily BLEEni) T PR oGt AlbeM e ndlstire Ty
(parti slugyl oadi ng-0.25% with or without additives at pH 4.
[0031] Figure 7 illustrates the polish rates of blanket silicon dioxide and nitride films
with 25 nm ceria patrticles tested at pH 4 with different abrasive/polymer ratios. _
[0032] Figure 8 illustrates the polish rates of blanket silicon dioxide and nitride films
with 25 nm ceria patrticles tested at pH 5 with different abrasive/polymer ratios.
[0033] Figure 9 shows the variation of frictional coefficient of oxide and nitride films
during polishing with ceria slurry (particle loading-0.25%) with or without additives at pH
4.
[0034] Figure 10 illustrates the removal rate behavior of 60 nm cationic ceria
particles with different ceria to polymer ratios.
[0035] Figure 11 shows the removal rates of nitride and oxide with different 60 nm
ceria samples at pH 5.
[0036] Figure 12 shows the removal rates of nitride and oxide obtained with the
treated 25 nm ceria abrasives with various ceria to polymer ratios at pH 4.
[0037] Figure 13 represents the removal rate data of nitride and oxide films
polished with 25 nm ceria particles at pH 5.
[0038] Figure 14 shows illustrates the removal rate of nitride and oxide films with
treated ceria particles containing varying wt% ceria particles to wt% polymer.
[0039] Figure 15 illustrates the removal rates obtained by polishing nitride and
oxide films at pH 3.5 and 4.



[0034] Figure 10 illustrates the renoval rate behavior of 60 nm cationic
ceria particles with different ceria to polyner ratios. [0035] Figure 11
shows t hewpenovmb3ssat es of nitride and oxide with differPemuse@onnieeria
sanples at pH 5. [0036] Figure 12 shows the renoval rates of nitride and
oxi de obtained with the treated 25 nmceria abrasives with various ceria to
polymer ratios at pH 4 . [0037] Figure 13 represents the renoval rate data
of nitride and oxide filnms polished with 25 nmceria particles at pH 5.
[0038] Figure 14 shows illustrates the renoval rate of nitride and oxide
filmse with treated ceria particles containing varying w% ceria particles
to wt %Opéollrrer FiQUﬁé)?oe]shEWgUhe rdrbovall rate camparisdrewith tbe 8 14 slterg atdneaambd by

l'i shj d oxide fi 3. 16 sh
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cont ai [0049] t heFreré a7 8holBahE zEREPStehiiNISTidehiB ééﬁne‘éﬁ 4609nm ds4 fuhfidH bf

Figure 17 shows the zeta potential of ceria (dnean - as a function of
cat i orfiopisl Rel¥Ner tp alpyasyevatieat i o. [0042] Figure 18 shovvs the zeta

Rior o 92428, ; oFlahfsD 14 FRERE 109 25 hor@hud drshice Bheiin ) AYiap LR of ©

ni t ri destidmmiEpolyder todbrasiva ratioct i on of cationic pol yner to abraS| ve ratio.
[ 0044] re 20 sh abs tipon spegctr f ceri urrle W|th different
concer{oﬁﬁgfonsg'@f‘”%%%{'W@% %"ﬁé&ﬁqpﬂ’d\f”ﬁ@ Tanl'ﬁ

[ nventmaat.drebﬁ@aﬁ)ntd)paym@} {@a@,@ls“/@l rafger sion of inorganic parti cI es and a
polymer in a |iquid phase, and nethods for using such dlsger5|on I n

pol i shi0Ad4br ocEigsEa 2 HOWﬁ@béﬁBﬁtﬂ’inr@ﬂC"ath@eﬂ? fies witheditferemt conpri ses an

abras'd’cﬁm@ﬁﬂ‘ﬁ@&%’éf@d&%@ anphot eri c pol ynmer di spersed in solvent or water.
The present
DETAILED DESCRIPTION

[0045] The present invention relates to a colloidal dispersion of inorganic particles
and a polymer in a liquid phase, and methods for using such dispersion in polishing
processes. In one embodiment, the present invention comprises an abrasive
component and an amphoteric polymer dispersed in solvent or water. The present
invention is capable of improving reverse selectivity in polishing; reverse selectivity
being the ratio of the rate of removal of silicon nitride to the rate of removal of silicon
oxide. It is understood that the term “polishing” of a substrate herein is interchangeable
with the term “planarization” of the substrate, as those terms are generally known in the
art.

[0046] One of the traditional problems related to such colloidal dispersions is their
stability, very particularly their stability as a function of pH. The dispersions having
stability is understood to mean that the colloidal particles of which they are composed
have to remain in suspension in the liquid phase without separation by settling occurring
over a sufficient period of time for optimum use. In addition, dispersions are desired
which are stable over a significant pH range which makes it possible to effectively use
them in applications and under conditions which are as varied as possible. Without
being bound by theory, it is believed that the particles in a dispersion exhibit a repulsive

force profile that counteracts Van der Waals attraction among particles. This is



i nvention is capable of inproving reverse selectivity in polishing; reverse
selectivity being the ratio of the rate of renoval of silicon nitride to
the rate wOh2oem3yz8 of silicon oxide. It is understood PoEALUSREVL/00FB2N
"polishing" of a substrate herein is interchangeable with the term

"planari zation" of the substrate, as those terns are generally known in the
art. [0046] One of the traditional problens related to such coll oi dal

di spersions is their stability, very particularly their stability as a
function of pH The dispersions having stability is understood to nean that
the colloidal particles of which they are conposed have to remain in
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nat ur eth§iPresaNt frMention|capdirt highiy qu@@tangsdp@%qlgcpgﬁn%fn the field of
catalysis, where they are used as a source of nanometric particles in the preparation of

supported catalysts, or in the field of protection from UV radiation. The dispersions of
the present invention are also advantageous in the field of the electronics industry, as
described in greater detail below, where they can be used for the polishing of various
components, such as semiconductor substrates or dielectric compounds.

[0049] In one embodiment, the present invention includes a method of polishing a
semiconductor substrate. The semiconductor substrate comprises at least a silicon
oxide layer and a silicon nitride layer. The silicon oxide or silicon oxide layer can be
deposited on the underlying substrate by known methods including for example
chemical vapor deposition. Other materials layers may also be present on the
substrate. In the embodiment, the silicon nitride layer is polished until the polishing
reaches the silicon oxide layer; polishing of the silicon nitride layer is terminated or
substantially terminated when a level is exposed where both a layer of silicon nitride
and silicon oxide coexist. Here, the silicon oxide layer becomes the polishing stopping
layer instead of the conventional method where silicon nitride is the polishing stopping

layer. The CMP process can be utilized in any suitable processing step in the



t he present invention can be highly advantageous for applications in the
field of catalysis, where they are used as a source of nanonetric particles
i n the prwpanskidesssof supported catal ysts, or in the fi eca/uskognoisesti on
from UV radi ation. The di spersions of the present invention are also
advantageous in the field of the electronics industry, as described in
greater detail below, where they can be used for the polishing of various
conponents, such as sem conductor substrates or dielectric conpounds.

[ 0049] In one enbodi nent, the present invention includes a nethod of
polishing a sem conductor substrate. The sem conductor substrate conprises
at | eawvangfasiuré obsemicodducttay deviaesl incladingdan not timitdd td DaemnasceEne rsétlal con
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the silicon nitride |ayer is polished until the polishing reaches the
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or suhghgg ally term nated when a |level is exposed where both a |ayer of
silicon n|tr|de and silicon oxide coexist. Here, the silicon oxide |ayer

becond9060k pa he;hb@mecgmm mtyer instead of the conventional nethod
wher € Sinki on n|tr|de O|IShIn st o in | ayer. . The CVMP prqcess can
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processing, shallow trench isolation rocessi ng and t he 0I I ke. In
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nore typically at eas nore typi cal east 050] The
abr asi medlurmpmnemeq @oeagt 95rwt%ewa§e|bdm arenembodiengrdy theadqueoaseanédium al | y
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| east cHe otrorewater nyisciblel drganic ligaRis, sbéh ak forvdiadfiplaN@tevedrofiae, Ny cal |y
at | eads me%(gllf\é\ﬁr:{%ml eeracetlorrgltﬁ eeaggt%%gl (rrCe néa) atllbgnols ‘éﬁ‘c’# as methanol, ethanol,

2-propanol and diols such as ethylene glycol, propylene glycol, ethylene glycol

monoacetate, glycol ethers, polyols or ketones.

[0052] As used herein the terminology "primary particle" means a single discrete

particles and the terminology "secondary particle” means an agglomerate of two or

more primary particles. A reference to "particles" that does not specify "primary" or

"secondary" means primary particles, or secondary particle, or primary particles and

secondary particles.

[0053] In one embodiment, the abrasive component is comprised of particles

having a mean particle diameter ("Dsg") of from about 1 to about 1000 nanometers

("nm"). In one embodiment, the particles have a Dsy of from about 10 to about 150 nm,

even more typically from about 20 to about 70 nm, and still more typically from about 25

to about 60 nm. In one embodiment, the particles have a Dsp of from about 1 to about

500 nm, even more typically from about 20 to about 70 nm, and still more typically from

about 25 to about 60 nm. Particle size may be determined using dynamic light

scattering. The sizes given here are measured by the technique of quazielastic light

scattering (QELS) or by the laser diffraction technique. Alternatively, patticle size can
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medi um conprises at |east 95 wt% water. In one enbodi nent, the aqueous
medi um consi sts essentially of water. The aqueous nedi um nay optionally
further cwoppicssesse or nore water m sci bl e organic |iqecuais2enobssas for
exanpl e, tetrahydrofuran, N Ndinethylfornmam de, acetonitrile, acetone,

(G -C 8) alkanols such as nethanol, ethanol, 2-propanol and diols such as
et hyl ene glycol, propylene glycol, ethylene glycol nonoacetate, glycol

et hers, polyols or ketones. [0052] As used herein the term nology "primry
particle" nmeans a single discrete particles and the term nol ogy "secondary
particle" nmeans an agglonmerate of two or nore primary particles. A

r ef er ehe @etesminest by trapsrhissiat eldotren niicrospewyi (RENMpr omarsdmple drieecondar y”
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conpri ﬁ@ésg’femél cles having a nean particle diameter ("D50") of from
about t o_about 1000 nanoneters ("nm'). In one enbodinent, the particles
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I n one arti cles have a om a
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typi ca from out 60 nm Par y be.determ ned
o g Bttty BRiCak Totried BY SopRtlBnilinn itds Ermf RBGLE: ca by 't he
t echni m@sgéndewyghqﬂéhgnéu@ht scattering (QELS) or by the | aser

diffraction technique. Alternatively, particle size canbe determ ned by

t r ansn{Qd$5hn eFE@P@HﬁP'% é?%QG&&WF{"PEWOfJanﬁa@C%iﬁﬁSe'“d’f“iee@fnhé@m,and on a
car bon; @Hf'%ré%ﬂ%g ﬁsﬂo%r%n&sqmén%h%&ggn VS BRT & ami

rreasurerre ts These particles are in spensi on |n a l'iquid
phase. emdlm@t@naeyspmhinatmnmareqfryat anethehembgdindento Suitabde parislessi ons, a
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separ atimitgd fycerfting | titagium, fzincbniugn, fsilfovadalugffuriemanganese, tin, iron, silica,
and mixtures thereof, as well as of mixtures of such elements (e.g., cerium-zirconium
oxides). Typically, the particles are comprised of an oxide, a hydroxide or an
oxyhydroxide of cerium or zirconium, more typically an oxide of cerium.
[0056] In another embodiment, the particles can be a mixture of an oxide, a
hydroxide or an oxyhydroxide of cerium with at least one other element chosen from
rare earth metals (including but not limited to lanthanum, praseodymium, neodymium)
or tin. The term “rare earth metal” is understood to mean the elements from the group
consisting of yttrium and the elements of the Periodic Table of the Elements with an
atomic number of between 57 and 71 inclusive. In another embodiment, the particles
can be a mixture of an oxide, a hydroxide or an oxyhydroxide of zirconium and of a
trivalent rare earth metal. The term “trivalent rare earth metal” is understood to mean,
unless otherwise indicated, a rare earth metal which can exist only in the trivalent form.
[0057] In another embodiment, the inorganic particles are based on an inorganic
oxide which can be chosen from CeOs,, TiO,, ZrO,, Al,O; or Fe;Os;. The particles can
also be based on a hydroxide and/or on an oxyhydroxide of the same above metal
elements. For the continuation of the description in this section A, the term “oxide”, in

the singular or in the plural, should be understood as applying not only to the oxide form
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resuspended by sinple agitation. [0055] The particles can be conprised of

I norgani ¢ oxi des in one enbodi nent, inorganic hydroxides in another

enbodi menwQ 2arv/a3ess8gani ¢ oxyhydr oxi de i n anot her enbodi FEmUSRE0IANIBE2S

conbi nati on thereof yet another enbodi ment. Suitable particles include

oxi des, hydroxi des and/or oxyhydroxi des of single elenments including but
not limted to cerium titanium zirconium silicon, alum num nanganese,
tin, iron, silica, and m xtures thereof, as well as of m xtures of such

el enents (e.g., ceriumzirconiumoxides). Typically, the particles are
conpri sed of an oxide, a hydroxide or an oxyhydroxi de of cerium or

Zi rcorbuiralsmtdaet“hmmldey aad “oxyhd@raXide’efiorms 'I'[tﬁq}'zﬁ'llclés canaidoche babedli nent ,
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I nor gani c_oxi de whi ch can be chosen from Ti 2, Al 203 or Fe2(3.
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this section ngular or 1n shoul d
be undbat umsulcradisap;sliqnsn dhenparticldsymay otbar -thede:oﬁm1etblyt|nahes fortroott he

"hydr oxi and drOXI f or The.particles,c ased on a
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chosen fromrare earth netals or tin or also on a m xture of zirconi um

oxi de HBPeHeralyiknown, syeh agsel-gglteghniques, direct hydrolysis of metal alkoxides by
water addition, forced hydrolysis of metal salts or by reaction of metal alkoxides with

metal halides. In one embodiment, the particles are made by precipitation of a cerium
salt.

[0060] In one embodiment, the aqueous medium of the sol comprises, based on
100 parts by weight ("pbw") of such aqueous medium, from about O to about 100 pbw,
more typically from about 40 to about 100 pbw, and still more typically from about 50 to
about 100 pbw water, and from 0 to about 90 pbw, more typically from 0 to about 60
pbw, and still more typically from about O to about 50 pbw, of one or more water
miscible organic liquids.

[0061] The sol exhibits, at least initially, a pH effective to provide a stable sol, that
is, a sol wherein the particles tend to remain dispersed in the aqueous medium. In one
embodiment, the slurry is a stable slurry that comprises cerium oxide particles and
exhibits a pH of between about 1.5 and about 6. The slurry is prepared in solution and
pH was adjusted using any suitable buffer, including but not limited to HNO; or NH,OH

[0062] One Embodiment Related to Inorganic Particles of the Present Invention
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metal, the rare earth netal elenments and tin generally being present in the
oxide form The invention applies not only to the case descri bed above,
wher e t hewpantoshiss are conposed of a mi xture of oxi despChatS2@vses3ed t he
case where the dispersion conprises particles of a first type of oxide as a
m xture with particles of another type of oxide. [0058] The particles my
further conprise |inked or absorbed ions, such as, for exanple, netal ions,
nitrate ions, acetates, chlorides or ammonium It should be noted that, in
such di spersions, the particles may occur either conpletely in the form of
colloids or simultaneously in the formof ions or of polyions and in the

f or m o[0068] | oi lhsoné ﬂfﬁ%beblﬁbtwuimdimentmlké n@lmda’lt@nﬂlde&aré paritielesi ofd udi ng

oxi des_and h ted OXIa % ener | | kno S SO t echni ques,
di r ect CHRPYTd efceriym an g aljeast ppgs RorTTors e G y o <
of et @irtts Aeltfls QLn)Pothe £ an GatHUP, maﬁ.ah arh&ﬁwaﬁe&hwddﬂnml is iRtHedRpm 4 one

enbodi nent, the particles are nmade reci pitation of ceriumsalt.
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The sobndasd)lnhits at least initially, a pH effective to provide a stabl e
sol, that is, sol wherein the particles tend to remain dispersed in the
aqueouEP 64k umTh‘P ﬁomueﬁﬁadh'ﬁ@ﬁ@boq'm@ngqsun the fasmpofsa arixed axide (GetMiR2
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urry is prepared 1 n solution adj usted usi ng any
sw t ablhat boé béthe élamients, rwriemllyrtbe dlementaM tsmdfmﬂetej)y or\lB-uhiSttlaﬁmﬂl&Z] One
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Zrr Contlelcjzmlque o% colloids after washing, in particular by ultrafiltration or also by
ultracentrifuging, and drying at a temperature of 60°C. The X-ray diagrams reveal the -
presence of a crystalline structure corresponding to the oxide of the matrix-forming
element (generally cerium oxide) and having unit cell parameters more or less offset
with respect to a pure oxide of this first matrix-forming element, which demonstrates the
incorporation of the other element in the crystal lattice of the oxide of the first. For
example, in the case of a solid solution of the element M in cerium oxide, the X-ray
diagrams then reveal a crystalline structure of fluorite type, just like crystalline ceric
oxide CeO,, the unit cell parameters of which are more or less offset with respect to a
pure ceric oxide, thus reflecting the incorporation of the element M in the crystal lattice
of the cerium oxide.
[0065] In one embodiment, the solid solution is pure, that is to say that, for the
colloidal particles, the total amount of one element is in solid solution in the other, for
example all the element M in solid solution in the cerium oxide. In this case, the X-ray
diagrams show only the presence of the solid solution and do not comprise lines
corresponding to an oxide of the type of oxide of the element other than the matrix-

forming element, for example an oxide of the element M.
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earth nmetals (Ln) other than cerium titaniumand tin and this conpound is
in the formof a m xed oxide in which the ceriumand the elenent Mare in
pure sol iwooloussisa, the conpound conprising ceriumin Prhg/usesomoeses un(l11)
in an anount, expressed as cerium(lll)/total ceriumatomc ratio, of

bet ween 0.005 and 0.06. These particles exhibit a size which generally lies
between 1 nmand 100 nm nore particularly between 2 nmand 50 nm [0064]
The conpound in this enbodinment is in the formof a m xed oxide (Ce, M &2
in which the ceriumand the elenent Mare in solid solution. This is
understood to nean that one of the elenments, generally the elemrent M is
conpl €f0866] or Thearmount of cgriumdy, mxpassediby Ithbe:emium(tlﬁltollahceriiw*e abdmiche
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[ 0065] In”one enbodi nent e solid solution s pure to say that,
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of t hevaaizdtiod irs tHeuzeétapoterttiall of thet dispesionse Wherethe variation in this potential is
measured, by varying the pH of a dispersion from an acidic value to a basic value, this
potential changes from a positive value to a negative value, the transition at the zero
value of the potential constituting the isoelectric point. The presence of cerium(lll) at
the surface increases the value of the isoelectric point with respect to a compound
comprising only cerium(IV). It should be noted that the measurement method which has
just been described applies to a dispersion in the absence of the copolymer, for
example to a starting dispersion which will be used to obtain a dispersion according to
the invention in the process for the preparation of the dispersion, which process will be
described later.
[0068] Element M will now be described in more detail. Generally, the various
formulae given below are determined by chemical analyses on colloids recovered either
by uitracentrifuging at 50 000 rev/min for 6 hours or after washing the dispersions, the
washing being carried out by ultra-filtration or by dialysis with at least 10 equivalent
volumes of water (1 volume of dispersion : 10 volumes of water).
[0069] In one embodiment, element M is zirconium. More particularly, in this
embodiment, the compound corresponds to the formula (1) Ceq1.xZrO, where x is less

than 1 and is at least equal to 0.01, more typically at least equal to 0.02. In another
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corresponding to an oxide of the type of oxide of the el enment other than
the matri xform ng el enent, for exanple an oxide of the elenment M[0066] The
anount ofwoepiounsisBl ), expressed by the ceriun(l!11])/tot @CTaseéom0BLHM C
ratio, is between 0.005 and 0.06. Mre typically, this amount can be

bet ween 0.005 and 0.05 and nost typically between 0.005 and 0.03. It is
understood that Cerium(lIl) can be present in the conpound as a cation,

whi ch can be in the form adsorbed at the surface of the particles of the
cerium conmpound, in the crystal unit cell of the conpound, or a conbi nation
of both. [0067] The presence of ceriunm(lll) in solution can be denonstrated
by chenimballimprinthetedemnent bds ar combination ofiziccardymtadngktirb eAltenhativgly ainttbishni que

cori unpropoitt SRR boRbOf i Lab RSB GE Ihe Blbill Binla GERR eRan e The-
pr esengpwlith &&  wM Mherato.05 e ;64 0fgB gnd ivhehe y Rabt lets€8q e to DD 1d e RRghr at ed
by the determ nation of the isoelectric point of the colloidal dispersions.

Thi s duelse of Heeingnchasepzuchdbabasolihselulion aan keyohigingdadpioady thadheresat i on

in th onti ; . ) a0 . hi
pot ent 1KeRAARLERY B<355 DEe 0 RESTERUOBR e FRab BB TG T 1 2B ey
val ue embadibfstitCy Isaatuasttdtjual L0 OBtarl mokafypealll lyasat 2Rt equaio\BRUe to a
negative value, the transition at the zero value of the potenti al

consti Ma'¢ H@iaal¥. ¥ Scireestequabin R andh@ope aueRlY AAmetiqayd{1a 0-25at the
surfac ﬁ)dd7?gr eagPsndthér %ﬁb%inﬁ’éntt P‘\Pe}) é.léﬁéln? fs! &c@@bﬁ%}giéﬂ&b{? ﬁg?&ﬁﬁ@t andaf

conpou nprising only ceriu . shoul d
measur teashonerera edrtviinetal hasmors paticularesicivalent rarpmarttsmetal a Thiespea si on i n

w1 et s sesthe Rt e e S i Rt B i PSRBT e
pr ocesaebdymiutve Typigxilyatheotorpotiie cotirésponisdo thewWoratuld (Ioess. . &r,lLn, Ogin
described later. [0068] Elenent Mw |l now be described in nore detail.

Gener aMhigh % h¥ ﬂ/b}’f ewrﬁéﬁM%eor_@qﬁt}% Ofa s %9@5cﬁﬂd_e3( I$i ﬁé@aﬁfoé«!%?ﬁ cal

2L2) e Bhibh 0 TSRS okl U5 5ndta LI AT KA 8Pk 000
Typically, x adheres to the condition 0.20 < x < 0.08 and more typically the condition
0.40 < x £0.60. Typically, y is at least equal to 0.02 and more typically y is at least
equal to 0.04. In one embodiment, y is at most equal to 0.07, typically at most equal to
0.05 and more typically at most equal to 0.03. The element M can also be a
combination of at least two rare earth metals, at least one of which is praseodymium.
Finally, it may be noted that, in the case where M is terbium or praseodymium,
optionally in combination with another rare earth metal, these elements can be present
both in the Tb(lll) and Pr(lll) forms and the Tb(IV) and Pr(IV) forms.
[0071] In yet a further embodiment, the element M is a combination of zirconium, of
tin and of at least one rare earth metal Ln. [n this embodiment, the rare earth metal can
be a trivalent rare earth metal, and the rare earth metal can in particular be lanthanum,
gadolinium, terbium, praseodymium or neodymium. More particularly, the compound
can correspond to formula (4) Ceq.x.y-2ZrxSnyLn,Oz in which x +y + z < 1, x adheres to
the condition 0.05 < x <0.95, y is at least equal to 0.01 and z is at least equal to 0.01.
Typically, x adheres to the condition 0.20 < x < 0.8 and y is at least equal to 0.10 and
more typically x adheres to the condition 0.40 < x <0.60 and y is at least equal to 0.2.

The high values of y and z are chosen so that a solid solution is obtained. More
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washi ng being carried out by ultra-filtration or by dialysis with at |east
10 equi val ent volunes of water ( 1 volune of dispersion : 10 vol unes of
wat er) . [wOe@fjo/smssene enmbodi nent, el enent Mis zirconi URCTMS2@9/005325
particularly, in this enbodi nent, the conpound corresponds to the formula
(1) Cel-xZr 2 where x is less than 1 and is at |east equal to 0.01, nore
typically at least equal to 0.02. In anotherenbodinent, the elenent Mis a
conbi nation of zirconiumand tin. Alternatively, in this enbodinment the
conmpound can correspond to the following formula (2) Cei -x-yZrxSnyq 2 in
which x + y <1, where 0.05 < x < 0.95 and where y is at |east equal to

0. 01 , typieallhiygh at ahost eqﬁaytotmmwdcéwaenomwmdahﬁat emasbeqdaldol02%,0n can be

bt ai dh oth di.t 0. 20 . 8 d
0 yp?l;gwﬂyevﬁ% o2 i ST G THAS el 5,65 3 e UngaLy Abmostetud e oW o,
equal foe79] 05 méremoauﬁémaM Uorﬁpt'@esaé rareasdrteatedal or @ doribinMdeof rare

y is at npbst equal .4 and nore typically at nost equal to

Byggcaﬁ%‘mﬂetalﬁ tan&ehxerwf@fﬁmerﬁfﬁhe rarﬁeeaétfbwetals i3 @ drivalendfBrenedrtih medal.
| arl
1] var RS Latth Rt LoR T7peESaf B Ehal, bRap AR, MBI 7 Y 8

triva e rare ear can I'n"particul ar
| ant haprasgodyadioim of needyneiubi. uTihe pompeany can mouespemﬂ}oﬁhmfolld’wmgdarmyla t he

conpo orre ond tothefor Ia 3 | < X-VZrX nq <
O e L SRR ahidih i fymo! B b b Tand s A5 RAYaf q Aol Bl " )
0. 01 éth@aét@imavai 0.02@indymbRI fwm@hpaerea%peqmtto@ @43! irflos®bribodimért, kigleed
obtalned Ty |caII61x adheres to the condition 20 < x < 0.08 and nore

t

typi cadtimostipauabiri? {10andongre typically @t ppst ‘PQH?UQIQ 05. Jhegaeq eadametalqual to
0.02 t t,

s ot oo B pRckf Aideset ¥ opfl R tnp EAR) RiiPand Bithlerf g BoRe WA dFRR - Y

t ypi catheyorm adssrtbedaqi dhe sorfa)ce)ef thﬁrperlutlesrehthel\n:erwm gbswobeda I thebcas® i on of

t | . rt t | t .Whi ' '
2 nar 19 PrevSacy i’ it Byl bentFane s adh e Brl D, FCRAGHIHRE
pr aseoshk igat |@9§tle1ﬁ@| ty/0i02, ARG tyiR¢aIbetivebn @08 BRd 0rg8.e earth netal,
t hese eI enents can present both in the Toh(lI11l) and Pr(l11) forns and t he

To(1 V) [9848l pr ('I’\Bnqtﬁ?rn%mbf’@@mt the cpeIPQUNd j8 i BiXes @ydde pefarmula®l el ement M
i's a coapitid,liRWHKh %id SORbeMqdi to 0.6 and is at least equal to 0.01, typically at

least equal to 0.05 and more typically at least equal to 0.2. In one embodiment, x is at

most equal to 0.5.

[0074] Embodiment Related to the Inorganic Particles of the Present Invention

[0075] In one embodiment, the inorganic particles are cerium oxide particles, these
particles (secondary particles) exhibit a mean size of at most 200 nm, these secondary
particles being composed of primary particles having sizes exhibiting a mean value of at
most 100 nm with a standard deviation having a value of at most 30% of the said mean
size.

[0076] The particles of which the dispersion according to this second embodiment
is composed and which exhibit a mean size of at most 200 nm are referred to, in the
continuation of the description relating to this second form, as “secondary patrticles”.
These particles are aggregates of other finer aggregated particles, subsequently
referred to as “primary particles”.

[0077] According to an advantageous characteristic, these primary particles are fine

and monodispersed. Specifically, they exhibit a mean size of at most 100 nm with a

-16 -



tin and of at | east one rare earth netal Ln. In this enbodinent, the rare
earth netal can be a trivalent rare earth netal, and the rare earth netal
can i n pawOiew@s3sBe | ant hanum gadol i nium terbium pr EEA$ON003I305
neodym um More particularly, the conpound can correspond to fornula (4)
Cei -Xx-y-zZrxSnyLnzgq 2 in which x +y + z < 1, x adheres to the condition
0.05 < x <0.95, yis at least equal to 0.01 and z is at least equal to
0.01 . Typically, x adheres to the condition 0.20 < x < 0.8 and y is at

| east equal to 0.10 and nore typically x adheres to the condition 0.40 < x
< 0.60 and y is at least equal to 0.2. The high values of y and z are
chosen standatthdevdatiar havieglawalos of at mosh30édmave patticolarhy dfygt npost2056, afost
equal tt 0..4 and even nore typically at nost equal to 0.25; furthernore, z
i s typlr&ea?q'énéﬁarhﬂé? equal to 0.05 and nmore typically at nost equal to

0.03. [6078]] | ThenfegmharieBithe siMeCsTTRE bFiRfary paRickestisdeferfihéd b9 thé X-
conbination of rare earth netals, typically, where one of the rare earth

met al s Fdiffractipp AKBR) teehnidueyrthe w@yarmeaﬁ%ed By £Rd3 eoresrangds todhejsize of
t I
par U htorboh U AR A AR o M S ARG kg v

whi ch wsing th¢ Schetreeoodkel. tThiOvalug candchl$ss beadeterainedby fie meadutsmenttofpi cal | y
at Ieaﬁae ggrlral PIO 0.02 and nore typically at |east equal to 0.04. In one
enmbodi Eh 8C%t nost equal to 0.10 and nore typically at nost equal to

0.05. Toey9gjar e Tharsténdat deviAidnbfepticiiy iereafas! thé Ssubhmatidmatidal t he Ln(111)
formand either, in the crystal unit cell or in the form adsorbed at the

sur f ac&eANINGd ip e seyare rgpt ¢fibe varianis ashis uwEessed nvedagaulgs

praseodym u el ement can be present both in the Pr(lll) and
Pr(lV) for lageh x |s t, | east equal to 0.04, nore typically between 0.03
and 0.08 [ X( her enbodi nent, the conpound is a m xed oxi de of
formula (6)\Y Cei= ]—lexq 2 in which x is at nost equal to 0.6 and is at | east

caual 180850 b te HuRbat fSAERE e Finty See I TiGmBteuERat &' ' oo
Enbodi weing thelsiieast 4 partible i| masgiag itive R@ahlx@ilmoﬂfnetsh@ B’rmeqmrtutlls'mm[on

0075 ne. enbodi ne t he i norganic icles are ceriu Xi
Lart , ]Cp(é ﬁe sizeof the n cp Pferent partrr::?esgrs mea re from a photograph o ta(r)neéj by

transmission electron microscopy (TEM).

[0081] This standard deviation can more particularly be at most 15% and more
particularly still at most 10% of the value of the mean particle size. The primary
particles can have sizes which exhibit a mean value of at most 95 nm, more typically of
at most 60 nm.

[0082] These mean sizes of primary particles can furthermore be at least 10 nm, in
particular at least 20 nm and more patticularly at least 30 nm. According to specific
alternative forms, these mean sizes can thus be between 10 nm and 100 nm, 20 nm
and 80 nm, and 30 nm and 60 nm.

[0083] As indicated above, these primary particles can form aggregates which
constitute the secondary particles. These secondary particles can more particularly
have a mean size of at most 150 nm, more particularly of at most 100 nm. These
secondary particles can themselves be monodispersed. Specifically, they can exhibit a
dispersion index of at most 0.5. This index can typically be at most 0.4 and more

typically at most 0.3. The mean size and the dispersion index of secondary particles
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particles (secondary particles) exhibit a nmean size of at nost 200 nm

t hese secondary particles being conposed of prinmary particles having sizes
exhi bi ti nyoaomaamssal ue of at nost 100 nmw th a st andardTdseéedssnas havi ng
a value of at nost 30% of the said nmean size. [0076] The particles of which
t he di spersion according to this second enbodi nent is conposed and which
exhibit a nean size of at nost 200 nmare referred to, in the continuation
of the description relating to this second form as "secondary particles".
These particles are aggregates of other finer aggregated particles,
subsequently referred to as "primary particles”. [0077] According to an
advant earebesbtdiaedby @employing theteser diffraction teghbiqubesing & Idsen pattivte sizer
nonodi r.sed. peC|f cally, they exhibit a mean size of at nbst 100 nm
with aé‘f@ﬁﬁ%’@ LWelNthn having a value of at nost 30% more particul arly

of at [ouB4] 20%Theftefrhedispédidreinte®| BundePid8d td hfediaAB rigé:.ue of the size of
the pri mSi/ particles is determned by the Xray diffraction (XRD)
T

t echni I085] The olmITueaedt)Zstsoby XRD cor r esponds to the size of the

coherent domai n cal culated fromthe width of the nost . i nten

di f frald088h | i Hewhied; r@&'ﬁéh%é!‘i‘@rqré’r'a’ﬁﬁ@élm t"!%P%"tWﬁSJQF WQW“a?%@ %éhe

d f rf t and

Govi nt P %ﬁﬁvsf?eﬂg eSS e i i M B criapasr 2 o DEHRER,

squar efgr g rfﬁo%h@f tH@'paRitics RAL L%iifHiBle? f Rilsfifaf e ALHH M &9%&9%‘3%&6' ng
ta nment

t he nu artic en 1nto account 1nt eing the
si ze oalamé@rr(t,ﬂtﬁbq,amdes bei ng the nean value of the size of the partlcl es
(1/nj . The size of the n different particles is nmeasured froma

(ot ogEH8T obi ThAdauis,Phash & ine Siserapas BREA GO BRFPHEbodIOEBY ] Thi s
st a”daé?narﬁ‘(/&ai‘éﬂ hisEah 5@5%{!0 A)(A}a?&‘l\ké‘t@‘-}'n@&b%tsd]ﬁé{t n%%ré‘%eﬂﬁ{;r‘?may be

particu y still at nost e value of the nean particle srze.

pri mar gnagder as ekamptmmlhau@fshlséwm/mfeﬂcoéwla, lsuth asmeethaneal erestbénalt nost 95

nm m)é@/cct)lg pét?c rl\%/ et?'lfylene glycol, alkyl derivatives or acetates of the glycols, such as
ethylene glycol monoacetate, or polyols.
[0088] Processes for the preparation of the dispersion according to this particular
embodiment will now be described.
[0089] The dispersion can be prepared by a first process which comprises the
following stages:
[0090] (a) a solution of a cerium(lll) salt which additionally comprises cerium(lV) is
prepared; (b) this solution is brought into contact under an inert atmosphere with a
base, whereby a precipitate is obtained; (c) the medium obtained in the preceding stage
is subjected to a heat treatment under an inert atmosphere, at least one of stages (a),
(b) or (c) being carried out in the presence of nitrate ions; (d) the medium thus obtained
is successively, but in any order, acidified and washed, whereby the dispersion is
obtained.
[0091] The first stage (a) of the above process consists in preparing a starting
solution which is a solution of a cerium(lll) salt. Use may also be made of cerium(lIl)
nitrate, chloride, sulphate or carbonate, and also mixtures of these salts, such as
nitrate/chloride mixtures. This starting solution should exhibit the appropriate acidity in
order for the cerium to be indeed entirely present in solution. The starting solution

additionally comprises cerium(lV). The cerium(lV) is contributed by a sait. This can, for
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at nost 60 nm [0082] These nean sizes of primary particles can furthernore
be at least 10 nm in particular at | east 20 nmand nore particularly at

| east 30 won20hsessdi ng to specific alternative forns, tlreTaSH@ANIBRZES can
t hus be between 10 nmand 100 nm 20 nm and 80 nm and 30 nm and 60 nm

[ 0083] As indicated above, these primary particles can form aggregates

whi ch constitute the secondary particles. These secondary particles can
nore particularly have a nmean size of at npst 150 nm nore particularly of
at nost 100 nm These secondary particles can thensel ves be nonodi spersed.
Specifically, they can exhibit a dispersion index of at nost 0.5. This

I ndex emmplyepbeabhyml()lel)autratestGéheqraHmdhe”anmmypf cenium (1Y) isnsasth thaBtheThe nean

oot oy TR CSA DR Bl ot e, Rlariig: soifier (5kryean 153 ﬁaﬁ’q?‘gﬁ el
(dist r[dU@Z] on Wﬁe%rﬂh )soltﬁi@ﬂ&ﬁ]apﬂ%@l Ih%[éﬁé' %ﬁﬁrb%' é%@ﬂ f(bl’éhﬁﬁ@@i(St ood
to mean the ratio: s/m= ?ZdSOE) in which: dgrj

is t hebBW@Qd’tﬂthﬁi'&mﬁt"bga%fTh%@"ﬁ'amquQ% qrorne\mﬁtmpso f'S HRdeisieaq 19 es
have a

par 1 cTse o B Bleselif Sedottitiol?an alnbethird dr 2k EdmBletcly B SpELaRliahy e
d-jrj; d&¥dd of exyden. rfﬁm’reslrzsnme lmhtamﬁsecaobettm::ep@mbunﬂsan‘ ox|'yg687ﬂ thehe
liquid has of the is S|ons ordin his second t can be
wntor - aENES ob98s SN DB 105 DHBope ok Sl dbiePred FLIRE Sl on may
be nadp.is péssie T tﬁes%ds\/t@rﬁe 96r éxdnBpleY Rirogeh orlafgdp! s, such as nethanol or
et hanol , chol S, such as et h¥l ene glycol, alkyl derivatives or acetates of

the gl s ibp sgsord Rlaged) of %Pf%ﬁ%%’é&'&tﬁéf‘ reacting thg|séarting setion
;F));?tc ?i gr flggnbol}?s éjﬁ%@ad aﬂgwgighggsﬁq?g&é&é FEBI?WW% tggeﬁ Ig P%nbacsan be
pr epar indludes dHuf isr ot hmltndetosalk\aii mietals opalkadéise £hgh metal hydroxides and
aqueous ammonia. Use may also be made of secondary, tertiary or quaternary amines.
However, amines and aqueous ammonia may utilized in so far as they reduce the risks
of contamination by alkali metal or alkaline earth metal cations.
[0094] The base can also be degassed beforehand by bubbling with an inert gas.
In order to carry out the reaction of the second stage of the process, the operation of
bringing into contact can be carried out in any order of introduction of the reactants.
However, it is typical to introduce the starting solution into a medium comprising the
base.
[0095] This second stage should be carried out under an inert atmosphere, either in
a closed reactor or in a semi-closed reactor with flushing by the inert gas. The
operation of bringing into contact is generally carried out in a stirred reactor. Finally,
this second stage is generally carried out at ambient temperature (20°C-25°C) or at a
temperature of at most 50°C.
[0096] The third stage (c) of the process is a heat treatment of the reaction medium
obtained on conclusion of the preceding stage. This treatment consists of heating the
medium and maintaining it at a temperature which is generally at most 95°C and more
particularly between 60°C and 95°C.
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foll ow ng stages: [0090] (a) a solution of a ceriun(lll) salt which
additionally conprises ceriunm(lV) is prepared; (b) this solution is brought
i nt o contwot2ouvidess8an i nert atnosphere with a base, whePelbyusaoopoessepit at e
is obtained; (c) the nmediumobtained in the preceding stage is subjected to
a heat treatnent under an inert atnosphere, at |east one of stages (a), (b)
or (c) being carried out in the presence of nitrate ions; (d) the nedi um

t hus obtained is successively, but in any order, acidified and washed,
whereby the dispersion is obtained. [0091] The first stage (a) of the above
process consists in preparing a starting solution which is a solution of a
ceri unf008r} safhe dusatiomegf thistcedimentdan be bce@véenr@lbe)mhﬁutesaam adewor i de,

| phat b d t f. t
it a9 SARAESATE S8 Farte ot IidRS ABdnetrmoSRutrE e A wee
appr opdéstiiBedtn the SubjEctUTARE dtPosphereTer tHér%édéna%tagéimeéimeetappﬁﬁnq ﬁén@sent
In solution. The starting solution additionally conprises ceriun{

ceri unf0098] i s Geprrdingicnesharasteristic phihe prapess, @t é@@éﬁrﬁﬂ@ of stagesr(pl r(’e)
nitrat /é’??f gﬂe)éa Ao TR tHY RRE‘I[S}?%&I H{nla\t@ |dr§ Qnertahgttgé Mrate i 9% 000 and

(Ce(l ar ratio 1 I'ng sol |on | et ween
1/ 50. dredazddidesl syt Hnet additicrobinitranagid erpareauantlnulsa’rlages(@)a (@prdusimgdbgassed

e o ARt T B bR R el St e ™

at nosplReLeCcéet molaasatmi@@@i@buysémwﬁi/arandadsly devoi d of oxygen. There, in
sone i nstances, can be trace anopunts of oav) gen in the atnosphere or gas due

to forl08%8hpl e Thadnal ¢tage ok ths Procssebtage fHeth fagt eomEPESRS MQFUCOESSIVE
possi 6§'er5f?6nst ﬁ/ﬁlcﬂ%%ntlfé PgmeHqutWQQ?EF‘derPTﬁéé@S;?er%’hoﬁ%%P\ ris@@A3] The

second sta he process consists in reactin artlng sol ution
W th aamdlﬁeathmyonags bpd @aawiashing opestionofT hasedmeratimfs witidoehdehcoibeddn t ype.

The b but is not limted to alkali netals or alkaline earth
nmet al afﬁ@g%@éﬁaﬂig?o Ahd aqueous ammoni a. Use may al so be made of secondary,

terti aj0w100] quihe taRNficatith Yeperatiyuaisy plasgibyeriditich eareasid, afterdtolingay

utilized in _so far. as they reduce the risks ) )
the medium obtained on conclusion of stage (¢). Use may be made of any inorganic or
organic acid. Use is more particularly made of nitric acid. The amount of acid added is
such that the pH of the medium after acidification is between 2 and 5.
[00101] This operation is typically carried out under regular atmospheric conditions
(i.e., not necessary to operate under an inert atmosphere at this phase of the process),
although the operation can still be carried out an inert atmosphere. Acidification is
typically followed by a washing operation, the purpose of which is to remove soluble
entities such as essentially salts as the like from the dispersion.
[00102] The washing operation can be carried out in various ways, with or without
solid/liquid separation. This operation can thus be carried out by separating the solid
particles from the liquid phase, for example by frontal filtration, separating by settling or
centrifuging. Typically, the solid obtained is subsequently redispersed in an aqueous
phase. Tangential filtration can also be carried out.
[00103] The washing operation can be repeated, if necessary, for example until a
given conductivity of the dispersion is obtained, the conductivity measuring the level of
impurities present in this dispersion. As indicated above, the order of the operations
can be reversed with respect to that which has just been described. Thus, on
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of contam nation by alkali netal or alkaline earth netal cations. [0094]
The base can al so be degassed beforehand by bubbling with an inert gas. In
order to wearnyw/3ui58t he reacti on of the second stage of Phe/Use@omss2s5t he
operation of bringing into contact can be carried out in any order of

I ntroduction of the reactants. However, it is typical to introduce the
starting solution into a nmedi um conprising the base. [0095] This second
stage should be carried out under an inert atnosphere, either in a closed
reactor or in a sem-closed reactor with flushing by the inert gas. The
operation of bringing into contact is generally carried out in a stirred

r eact oconchisiar ofystagdi(c) the ovvashirzg aperation gandnexh bg camied eut indbe atayanbi ent

tenpergture (20°C-25°C) or at a te rature of at nost, 500CG. [ 0096 he

hi T Qestified 3Pove aRrclnithcBhalsibn IR FRE A o orbiatay the Ereiiuah CBBRINEL ot urm
obt ai nggh P& sGRsEuentipackiifiddie precedi ng stage. This treatnent consists of
heating the nedi um and nai nt ai ni ngj)it at a tenperature which is %'eﬁr;eral |y

at nmoskV0d84kc aHeonsprclysion; of stage (d)padispersigpaccandinmis-abtaiped7in

d ti ' : f | hour s.
o | B e RO SO BRI okt (RSB ™ "ol o
was deprepatesidniaway &newhjperisecitaiting Jramd mosgojuepes diapersien ssairtained bydhe

| i kewi se appl yi here., [0098] Accordjng, to .one .characteri.gtic of the

or ocestrocats hicBhadTLsthea detebpaind Bolifoibg R HOX G ELIE Svarlt |,
the prE@AOSE Ofhébperitioni dftfinglryiatatdntact dim e taRied A8 apitfentnt r oduced by
the addition of nitric acid, nore particularly in stage (a), during the

. part . (a),
pr epar teMmrsatyre. fareexamplgARRreXimately 2006, butrisa abaighsT teinperatars, &ers,
expres : IN® =AY/ td ' erally between 1/3 and 5.
[ 0099] é%‘g}%i\’&r{@ﬁ stag§&§$te{ﬁﬁLr%;f{%@edsG§P tks)tsg%ge( d), in fact conprises two
succesfi0186 pefnialtermativhiprbcessnwilonayabe idedcrihad, iwithanegpectderthe Stagee(a).

oD o RSB s A R S BB RETOR T LSSl R e These
remaining stages being the same. This stage (a) in the alternative process consists of
preparing a solution of a cerium(lll) salt which additionally comprises aqueous hydrogen
peroxide solution. The nature of the cerium(lll) salt is similar to that described above.
[00107] The amount of H,O; solution is such that the (H,O,/Ce(lll)) molar ratio in the
cerium salt solution is between 1/10000 and 1/100. The solution prepared by the
alternative process with respect to stage (a), is then brought into contact with a base
under an inert atmosphere, a heat treatment is carried out under an inert atmosphere
and the medium thus obtained is acidified and washed (i.e., identical or similar
operations as with stages (b), (c) and (d) as described above with presence of nitrate
ions in at least one of stages (a) (b) and (c)).
[00108] Polymer
[00109] Other characteristics, details and advantages of the invention will become
even more fully apparent on reading the description which will follow, made with
reference to the appended drawings, in which: Figure 1 gives zeta potential curves
obtained for a product of the invention and a product of the prior art; and Figure 2 gives
zeta potential curves obtained for another product of the invention and a product of the

prior art.
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[ 00100] The acidification generally takes place by addition of an acid,
after cooling the nedi um obtained on conclusion of stage (c). Use may be
made of awW® 20Ma36388i ¢ or organi ¢ acid. Use is nore part iPClilusedop/onssde of
nitric acid. The anount of acid added is such that the pH of the nedium
after acidification is between 2 and 5. [00101] This operation is typically
carried out under reqgular atnospheric conditions (i.e., not necessary to
operate under an inert atnosphere at this phase of the process), although
the operation can still be carried out an inert atnosphere. Acidification
Is typically followed by a washi ng operation, the purpose of which is to

r em)ve[ommpl e Thettem especifichsuatace’ samdenstopdtalmearathet BE. T spedficosuridve

di sper 102] The Shl in eration c ri ous
heys. BpBAnsEahy lsases o arpLPe i Boidhanch FaR SnraLAST U aRoR hos e
carri eérawri uﬁ’ﬁoﬁﬁﬂh@r%haQeﬁ-Emnﬁéﬁ-ﬂ'@IIé}%thHdesT he @ heondraericlumirase, for
exanple by frontal filtration, separating by settling or centrifuging.

Typi cavngersoqe taanean s largest corstduianal uai coptribsted pi askaglpmenPmeiieous
phase. mB‘T’ébQuf‘é‘ltdbela sftﬂuc{l{rég)'fgr}pﬁ%n?dlé&lg‘ar p@émsﬁn@%cmé 00103] The washing

operation can repea necessary, exanmple until a given
conductO(Mﬂﬂ]/ oﬁhehermﬂl‘arpemlsumlrtsl er ‘@biamic subnontesicounitsll are undqrstcmbtmrl ng t he

| evel of urities pres i t hi s, di spersi on. atedﬁﬁ{ the
order BreanTionasneds pRiSSEE nebhel ApEhietsd an Shiart o SHERiAN ATonGL st
been dgesupl afonid arsupsoaeaelips Whicroéxtibiegeleas ohd fedamt Stargeegaidrany can

then be carried out in the way descri bed above and, upon conclusion of the
washi ni) eaebipatiemwith aeRidneig Q?éloaﬁn%&'b%ﬁlc%@fﬁﬂfs%@l EW?F%}S gealpfined.

[ 0010413aMPFeH%t§IQ " %iéﬂ?lé’éo&&ﬁ%r With-or & rﬁBﬁ éétf%u@&&%gbﬁ& 's%cﬂ%tsa' ned.

In the cas a dispersion in'a water-m scl vent nedidm th
di sper amoroniEm) thiewahequ of thewagdikmoiwwipieh tisee copalymiends presentan aqueous

o D By, SRRl G PR E i B Bk R es 5 g
bri ngi pggativehaedd, dipedihglsn B i of tHlinediuna iPivash thergepbRimires pfelent.
exampl & R r2garded ad anond are lypically strong acd Broups, Tor example with & pKa of
less than or equal to 2. Groups regarded as potentially anionic are typically weak acid
groups, for example with a pKa of greater than 2.
[00112] The term “cationic units” or “cationic monomeric units” are understood to
mean monomeric units which comprise a cationic group and/or which have been
categorized as such. Cationic groups are groups which exhibit at least one positive
charge (generally in combination with one or more anions, such as the chloride ion, the
bromide ion, a sulphate group or a methyl sulphate group), whatever the pH of the
medium into which the copolymer is introduced.
[00113] The term “neutral units” or “neutral monomeric units” are understood to
mean monomeric units which comprise substituent groups that do not exhibit a charge,
whatever the pH of the medium in which the copolymer is present.
[00114] In the present patent application, “different composition(s) formed of
monomers” can denote a composition for which the nature of the monomer or
monomers and/or for which their proportions of different monomers are different. It is
the same, by analogy, for a different macromolecular chain or a different composition

formed of units. A composition formed of monomers comprising 100% of a monomer M'
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exanple within a range extending from 600C to 1500C. [00106] An alternative
process will now be described, with respect to the stage (a). This

al ternatiwe 2proosexss differs fromthe af orementi oned proeesass@bmebis2s n st age
(a), the remaining stages being the sane. This stage (a) in the alternative
process consists of preparing a solution of a ceriun(lll) salt which
additionally conpri ses aqueous hydrogen peroxi de sol ution. The nature of
the cerium(lll) salt is simlar to that described above. [00107] The anount
of H2Q2 solution is such that the (H2O2ZCe(I11)) nolar ratio in the cerium
salt solution is between 1/10000 and 1/100. The sol ution prepared by the

al t er nist differept fromsa cainpbsition peotprising 10Q% qfa)mohemteth B congposiion o cont act

with a,bas nder an inert. at he a heat is carrie out
Under _ IRERH PSORRRIBHFEPTIES PG HecimAperi M GBEPH 260 & MR A doand
was heddifferént fron¥l 8 Hohfsitiin Sdrplisihg AP 8f ihenfioRemit M1 Hiea®s dffthe (c) and
(d) as describgd above with presence of nitrate ions in at |east onge of

st ages MOAPMESYA aﬁ&oﬂlﬂgs't'qu@ﬂ@@]j gbangnpmensoruyising fave efimmenocatardy| cs,
detail g, egﬁ‘yagf"@mﬁ%ﬁﬁer‘w |E'b‘?ffé@¥?f?6h°§0%hﬂbf PS?QP’ﬁ\gﬁgﬁﬁa%ﬁl%eofftHél y

apparent on read| n e description whic w th reference
to themmpm&dM anchﬁﬁ)%gsfthemnmmerA “igure 1 gives zeta potential curves

obtain duct of the inven n 0 rior art; and
Fi gur o008l 2 SR Ehed pet athiGboS T e FEAN. et BhbBef e

| nvent isang ko peesmpfising @ wlymér@étue[caﬁionl@érbahejdu@lérb S EEEan Be a
surface" is understood to nean the specific surface determ ned by

ni t r ogBIPNREYNYIgNGRHN qr\ﬁa%étﬂddﬁﬁﬂemﬁf’ttbip'SP%)hG'&Pd"RWD‘eB‘G@:HY?@%M@\Hdup
f n
romt [y § 1eh, aﬁéyﬁﬁfyfenTé‘él nsZRirBR% mbABme?! 1 tH@&%Q@ﬁl{)ut egﬂ t" is

under st oo constltutlona unit contri by a single
nmonomeappligation) for the mrepsmmda:onhnee thein staneepalymeecand farprotéssesmthenthaoul e.

L ysFaed e ROt Ao g AR 56 ROBREAIE4HSbl e 8 nerat o

or pot denotes laymanvethylenically unsaturated monomer, typically an a-monoethylenically
unsaturated monomer.
[00116] In one particular embodiment, the polymer is an amphoteric polymer that
comprises one or more copolymers that comprises an anionic part A and a cationic part
B. In one embodiment, the polymer comprises one or more polycationic copolymers,
each of which is a copolymer comprising cationic monomeric units, each of which bears
at least one cationic substituent group, and one or more polyanionic copolymers, each
of which is a copolymer comprising anionic monomeric units, each of which bears at
least one anionic substituent group. As stated above, it is understood that anionic part
A can correlate to an anionic substituent group or to a potentially anionic substituent
group.
[00117] In one embodiment, part A is a nonpolymeric group. In this embodiment, the
part A can in particular be a unit at the chain end (at the end of the macromolecular
chain B — wherein macromolecular chain B comprises cationic units derived from
cationic monomers) comprising an anionic or potentially anionic group. In this
embodiment, the amphoteric copolymer can be referred to as an amphoteric “telomer”.
Telomeric structures are generally known to a person skilled in the art; some, and

methods of preparation, are described in detail below. The copolymer can thus be a
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group. Anionic groups are groups which exhibit at |east one negative charge
(generally in conbination with one or nore cations, such as cations of

al kal i mewal2e10036Bkal i ne earth netals, for exanpl e sodiPamuUSee098i3D5 one or
nore cationi c conpounds, such as amoni un), whatever the pH of the nedium
in which the copolynmer is present. Potentially anionic groups are groups
whi ch can be neutral or can exhibit at |east one negative charge, depending
on the pH of the nmediumin which the copolyner is present. G oups regarded
as anionic are typically strong acid groups, for exanple with a pKa of |ess
than or equal to 2 . Goups regarded as potentially anionic are typically
weak ateilmingr wilp$he SuctereAr evhereA & @ khainfergl exit emmphng at Ida3dohd] The
term"cationic cationic nononeric units" are understood to nean

rmnone??'(?nl?n(?rt%o ajlﬂa@b‘?fﬂ?gé%’pa cationic group and/or which have been

cat ego[0o298] as A%usmmg% afdther thﬁﬁﬂﬁnéﬁtepﬂﬁ AliBsa phIymriegholp.t iteanltragt one
positive charge (general l@%ll n combi nati on with one or nore anions, such as

t he chF‘@CFQl’BO'ieéH'af chaingh wihicheisitypically & lingarinecetrg toa taan@ieﬁxanwergmt e

group) g, C%@e%‘frgggﬁ énfb% e Mﬁé%ﬂ%ﬂ%%b@gﬂ%%ﬂpm‘?c‘iﬂﬁg'&@{ of Which

I ntrodu & Lef m Vneith hononmeric units
are unUearstaidJehstt@nlemanBuhmnuentLgroUp Tie olaccomplacskar chbsisiA andB gamups

that d hi bi t t th Hfth iumd.n i.ch the
ool v e PonaSd 1 Bnt afofih Yia oAbt ahoheonl it APCURE e Bt B { or ent
CoNMPOSsalsbUmdelstbed R wénrmeﬂrmw& enfisodifeRe trareB CaRTeshénpBlyrhefic Wihére t he
nature of the nopnomer nmonomers and/or for which their proportlons of

di 11 or BTt ATSRORERENGr B SHOPFa embodinmentspard eaimbe agynibadheghainend af
di fferﬁﬁ%ré@&l@?g@\' Eﬁé‘i‘n K, riBing a‘?ﬁpr?otghé E?g@?&%%% ?é\‘efr%r@%sgin units.

A conposition f ‘nononers ‘conp nononer
di f f er amphbtesio telogaarpodine: cmpodmnq:rrcm Mngsmaoa/deitbmer withdhe istrivBturé\BeAnposi t i on
noner ML and 50% of a nopnonmer Al

o i rYEPEE I A SBRpOE PR e e ot dRPrononer M and. 9096 of
t he no[ow1de] Alln 4né emmasiirit) wherapertoX is® pelyBicriccgronp) mertﬁ)p'é%@f a
m)nomacrexhl\i/l@)lits a plurality, typically at least 3, of macromolecular chains B which are bonded to
the single macromolecular chain A, which macromolecular chain A is bonded at
branching points which are not situated at the end of the macromolecular chain A. In
this embodiment, the amphoteric copolymer can be a comb copolymer (backbone A)-
(side chains B), part A constituting the backbone A and the copolymer comprising a
plurality of macromolecular chains B each bonded to the backbone A at one of their
ends. Alternatively, the amphoteric copolymer can be a comb copolymer (backbone B)-
(side chains A), part B constituting the backbone B and the copolymer comprising a
plurality of macromolecular chains A each bonded to the backbone B at one of their
ends.

[00120] In one embodiment, the copolymer can exhibit one or two macomolecular
chains B which are bonded to the macromolecular chain A at one or both of the ends of
the latter. The macromolecular chain B can be likened to a “block B” and the
macromolecular chain A can be likened to a “block A”. The amphoteric copolymer can
be referred to as an amphoteric “block copolymer”. Typically, the macromolecular
chains A and B are bonded to one another via a carbon-carbon bond. The amphoteric

copolymer can in particular be chosen from the following copolymers: (i) (block A)-
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and 50% of a nononer Al is different froma conposition conprising 50% of
the nmononer ML and 50% of the nononmer A2. [001 15] In the present patent
appl i cat iwo,20ewm3688hyl eni cal | y unsat urated” nonomer neaRE€TAISC@IPEIRE
conprising a polynerizabl e carbon-carbon double bond. It can be a

nonoet hyl eni cal | y unsaturated nononer, typically an a-nonoethylenically
unsat urated nononer, or a pol yethylenically unsaturated nmononer. In the
present patent application, for the conpounds other than star copol ynmers
and for processes other than processes for the preparation of star

copol ynmers, an ethylenically unsaturated nononer denotes a

nonoet @@Mbdﬁblopkmpatmmeat pdr‘trA)mrmmutir@ytpedmakyAamdahemmohl,dlenulajal |y

an’ anphOYBE COBag e e ok, BRT0BRE Bhibtaft ATIBREK FRdbrobREpBRKIRT: oo

an ani pait® mfsmtumngrtﬁe BISTKLA @nuQhQMécr&noI@uMQhQWI%mmtung lttge BrRICK BT
conprises one or more polycationic copolymers, each of which is a copolyner

conpr i §1 arptoek emhpdimastioterqapolimerss adierr giblogs entriblogk copolymars ef whish
cati onpcR %béﬁd/{n%'%thQEI?Bﬂs/a?é‘geﬁv@d ffbm™&th eﬂ%ﬁﬁﬁhgﬁh%tgggﬁﬁﬂdﬁé% each of

which I's a copolyner conprising anionic nohoneric units whi ch
bears Hpidadnfroromenari-ethyderscallyt unsaturategh mopomess, samt/@ldmncmenomers of

under st.ood t hat 0 art A ca an ani on| bstituent
aoroup EpagngiafR it s fuch AE RGRLPBI it fa BB Tiomte s one

enbodi (BADMAGY t A |s a nonpolymeric group. In this enbodi rrent the part A
can |2moart|cul ar unit at the chain end glﬁe t he end of the

macr ontA®21] ar P@ﬁaﬁ“ Hf §1e_ copriyreehcar be defined by dhe repgating ‘H’tb'ﬁﬂ? PUBRMISES: i oni ¢
uni ts defdrv@dy fb%%@fﬁéh' nb&fg[ﬁ%é@?@lﬂlﬁ?]e h&nity ABnBMePLitGs BErived fBi.al | Y

anionic group. Int hoteric copol yner can be referred
to as érurwtrqﬁnmr@rﬁr@n"a rlonepIer is medms&qd:ammmdtthamamb@ dgsewélmlbwnmom to

PR B e L

st r uct geverdt-Hend vhespeafing uinits Cderiving frdmugeviersianpnorseryy Eendes asirt Arand
part B are different polymers, deriving from different monomers, but they may comprise
some common repeating units (copolymers). Part A and part B typically do not comprise
more than 50% of a common repeating unit (derived from the same monomer).
[00122] Suitable copolymer are described in US published application 2005/0176863
and in US application Serial Number 11/445,115 filed on January 06, 2006, US Patent 6
933 340, both applications and patent also incorporated by reference herein.
[00123] In one embodiment, part B of the copolymer is polycationic and comprises
monomeric units derived from cationic monomers. Typical cationic monomers comprise
an ammonium group of formula --NR3+, wherein R, which is identical or different,
represents a hydrogen atom, an alkyl group comprising 1 to 10 carbon atoms, or a
benzyl group, optionally carrying a hydroxyl group. Typically, the ammonium group is a
quaternary ammonium group and, more typically, a trimethylammonium group. Cationic
monomers can also comprise an inium group of formula =N*R, wherein R, which is
identical or different, represents a group other than the hydrogen atom, and can form
part of an aromatic ring connected to the double bond, and wherein at least one of the R
groups can be an optionally substituted hydrocarbon group, for example a linear or

branched C4-C,; alkyl group, for example a methyl group. Typically, the inium group is a
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anionic or potentially anionic group. [00118] According to another

enbodi nent, part Ais a polyneric group. It can be a nmacronol ecul ar chain A
whi ch i s wopbmal3b3ssa |inear (in contrast to a branched aou/useomiesszhaped
and/ or crosslinked chain) conprising anionic nononeric units, each of which
bears at | east one anionic substituent group. The macronol ecul ar chains A
and B can be bonded to one another via a carbon-carbon bond or via another
type of bond. It is also understood that in an alternative enbodi nent, part
B can be nonpol yneric, where part Ais polymeric. In such an enbodi nent,
part B can be a unit at the chain end of macronol ecul ar chain A, and the
arrphotpyridctniumpgﬂo;apean iakylpykidinigne grefiproredmiethydsyradinianpgrauer iBoth of theer e, The
copoly | the.structure B- where B ig a ¢hain
ot uprart A ern B0 he Maybais A RO ButtsT . SrEmlESa nen
wher e @fibhs Ard RalfleRUUCHESS Ehlorids Bnd bRSmIGBO IPRAte8 X RydroktlpAatdisyral i ty,
typically at |east 3, of macronplecul ar chains B ich are bonded to the

si ngl ealhﬂévlshateédmraqxamﬁe FomPprigingchta@ catan alomsas Phasphates, cdraiehded at

br anc are not situated at the end of the macronol ecul ar
chai nh"g%? f‘é aeni)a?%% ment, the anphoteric copolyner can be a conb
copol yﬁﬁBrIZQbacBbtiatde,@)atlo(mrden@ha'rsniscﬁ)ie, mgxamm@mihbakyhg t he backbone A

d th | i Si | ur al f h
oond e SPAD e ARTERAATRefBey ahiced, ShalestB PR ATHE ° o
anphot @héth)sxppalesBnd ¢@ettaciainides ceroative coRprikivg ISast dnd strkofliahyls A) ,

part B constituting the backbone B and the copol mer conprising a plurality
of mactestiAty OF guaterdarnyiaming fungtion Shadipterecydlic w&epw@ﬁ@lwnata RIHAgBR t heir

ends. #BH#%EHM&MQE e?ﬁﬁﬁﬂlhﬂﬁ@tdla@)ﬁn ggégpf?ﬂcr)ﬁ‘réfﬁ{ iuh XA BhiPl iﬁ it ﬂ%lr

maconol ecul a ich are macr onol ec ar c
one orsditst Bndmadiemendmerss dehwngziltqnetheré'hemnacrorml ecul ar chain B can be

.l. Lrggiﬁggasﬁhegh%h‘&%é?%@? t(%ﬁﬁ?ﬁé Orﬁgﬂgr‘rﬁ"é mcF ' ndlée?hayrl]arg%olelth ci:ned to a
(meth)acrylate; dimethylaminopropyl (meth)acrylate; ditertiobutylaminoethyl
(meth)acrylate; dimethylaminomethyl (meth)acrylamide; dimethylaminopropyl
(meth)acrylamide; ethylenimine; vinylamine; 2-vinylpyridine; 4-vinylpyridine;
trimethylammonium ethyl (meth)acrylate chloride; trimethylammonium ethyl
(meth)acrylate methyl sulphate; dimethylammonium ethy! (meth)acrylate benzyl
chloride; 4-benzoylbenzyl dimethylammonium ethyl acrylate chloride; trimethyl
ammonium ethyl (meth)acrylamido (also called 2-(acryloxy)ethyltrimethylammonium,
TMAEAMS, or Padamquat) chloride; trimethylammonium ethyl (meth)acrylate (also
called 2-(acryloxy)ethyltrimethylammonium, TMAEAMS, or Padamquat) methyl
sulphate; trimethyl ammonium propyl (meth)acrylamido chloride; vinylbenzyl trimethyl
ammonium chloride; diallyldimethyl ammonium chloride; 1-ethyl-2-vinylpyridinium or 1-
ethyl-4-vinylpyridinium bromide, chloride or methyl sulphate; N,N-
dimethyldiallylammonium chloride (DADMAC); N-(3-chloro-2-
hydroxypropyl)trimethylammonium chloride (DIQUAT); monomers having the following

formula:
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be referred to as an anphoteric "block copolynmer". Typically, the

macr onol ecul ar chains A and B are bonded to one another via a carbon-carbon
bond. ThewearptiaBe¥ssc copol yner can in particul ar be chogem/udSeanmoviszes

foll owi ng copolynmers: (i) (block A)-(block B) diblock copolyner, part A
constituting the block A and the nmacronol ecul ar chain B constituting the
block B, and (ii) (block B)-(block A)-(block B) triblock copolyner, part A
constituting the block A and the macronol ecul ar chain B constituting the

bl ock B. In another enbodi ment, the copolyner is a |inear diblock or
triblock copolyner, of which block A and/or the block B is/are derived from
et hyl eni cal IR4 unsat uratxedemﬁorrerng Fypicdlsly fromnono- a-ethylenically
unsat ur at ed noners, a d/]or fX-om m)womersl of Xcopol yneri zabl e diallyl type,
such agH)=2eEl g,i,ia.[ll.w roaTall jg_oLi,\;}e_(FpsADl\/AC). [00121] Part A of

t he copol yner can pe def 'hg:d by t e 'epeatli ng units it conprises. A part

may be defined by nam ng ppl ymerl, or by iham ng nononers it is derived
from A unit deriving fron?alLmonomérljs unterstood as a unit that may be
directly obtained fromthe said nononer by polynerizing. Part A may be a
copol yH9126L onyyhesaim 1 42 adwdroggmatopt O?éﬁé%(gwﬂj afhylggsourdri. Ranfaf Roand
sever ak . MO BfSide G Dr dﬂ?érénﬁa?é‘ﬁné’é’rrér draféredit! 8" EE?DaWIOQ- I,Scﬂkrﬂ,e” ving
from di fferent nonomers, but t ey nmay conprise sone c n"repeating units
( copol hydrosyalkyiPar amincaikly! groups3 no ypar itegerdoomdt toctihior @ampledl ; rhia@n50% of

ti it (derived, f th 00122] Suit abl
o L e e
appl i cexygen afermi Alrepleseats 4 ICHIR.grads, ¢ being anintbyen oy 96o 6268pfallySrdrat ent
6 933 340, both applications and patent also incorporated by reference

her ei n2 19 808 seprepents fulingas SHibranghed fart-13 agvapiageeusty Genes, AAlypethyleR€; oni ¢

her ei n? (' LI S Dhe” Ro° brpehy
a1 o A B et onion SELeTRIBUREIn PRI

whi ch psNHdamnd pptivnadly sgibstittitechby onemr ererethydeoXyy dr sguwnmo graups, tpicdllxyl gr oup

by ox 1 e vty 8RN 4)18h AEE sl aheifespt rgbigse PR iohs “Bhd v! 1O 2

their mixtures, and macromonomers deriving thereof, or monomers of formula:

[00127] where X is an anion.

[00128] In one embodiment, part A of the copolymer is polyanionic and comprises
monomeric units deriving from anionic monomers. Suitable anionic monomers include,
for example: alpha-ethylenically-unsaturated monomers comprising a phosphate or
phosphonate group; alpha-ethylenically-unsaturated monocarboxylic acids;
monoalkylesters of alpha-ethylenically-unsaturated dicarboxylic acids; monoalkylamides
of alpha-ethylenically-unsaturated dicarboxylic acids; alpha-ethylenically-unsaturated
compounds comprising a sulphonic acid group, and salts of alpha-ethylenically-
unsaturated compounds comprising a sulphonic acid group.

[00129] [n one embodiment, the anionic monomeric units of the polymer are derived
from one or more anionic monomer selected from acrylic acid; methacrylic acid; salts of
acrylic acid; salts of methacrylic acid; vinyl sulphonic acid; salts of vinyl sulphonic acid;

vinylbenzene sulphonic acid; salts of vinylbenzene sulphonic acid; alpha-
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guat ernary anmoni um group and, nore typically, a trinmethylamoni um group.
Cationic nononers can also conprise an iniumgroup of formula =N+R2 wherein
R, whi ch we 20ohaistiseal or different, represents a group eChas2alanshe
hydrogen atom and can formpart of an aromatic ring connected to the

doubl e bond, and wherein at |east one of the R groups can be an optionally
substituted hydrocarbon group, for exanple a linear or branched Cl-C22

al kyl group, for exanple a nethyl group. Typically, the iniumgroup is
apyridi ni um group, an al kyl pyridi nium group, or a nethyl pyridinium group.
Both of the aforenentioned cationic nononers may conprise an ani on
(countmyl'amidom&h&tmbpmen‘ulrmdrﬁmacidrsaltsarbfaiplsa-such as chloride and

b d hyd h t hat | i Si
o FupReTE SURARIEESE: 2 RulRhoRt] Pk ReVlalh AR 2 e " To01 0]
Sui t abd gplcithy ﬁ‘h@thﬁ@@(ﬁt@f§crylé€ﬁ|U@Qrmfeﬂfyl;ﬁl§éﬁﬁé§ljlpﬁéﬂl@@%ickoﬁlMPS) salts of

(meth)acryl ates, am noal kyl ﬁmet h) acryl'am des, nononers, 1ncludin

par t i casramjdg-genathylnropanesyiphanic asigh m%&yw%ﬁﬁtdf@@a@eﬁﬁ)amd@ts %o‘-?ﬁ}r i sing
he . er g@ 1 186F S’?ﬁé’ﬂ%&é{mo?e%malr%h}é.rp)& o GoMRIC AP dHir BNGh @it

I'c group contalning a nitrogen atom Vinylamne or e? hﬁ eni m ne;
di al | yrhdnahbybnulmnMnr thars thiat dermedjfrbmemmom»drmaaenlctgwu;ns sﬁheyscalamj

Cat1 onrartnanchs rebifplif At SOt of S ratsReiaioh aRl cryindeg ripBamenc Ohits
di met hydrdAgRemaitdtral ﬁ’ﬁidb)ﬁé‘ré)th@ttr@mdih heatraohbatelenheqsy hguitapretduual y1 at e;

di met hyl am nonet hyl (neth)acryl am de; di met hyl am nopropyl (neth)acrylam de;
et hyl €RPRPRETS '@FWPa rgxample,j aikyl Wldeév pech as ethylens, pxidenand propylene
trimethyhganoni um ethyl (meth)acrylate chloride; trinmethylanmoni um et hyl
(met h)acryl ate nethyl sul phate; dinethylamoni umethyl (neth)acrylate
benzy|[08h81) i dagrylenidezmethaendginidl; et hyl armoni um et hyl acryl ate chl ori de;

2" (acr G838 oo AyiEsorbn-AMR A P hokialsd. Wcaly Bineashasn or i ae:

tri metdtpylanizamy-unsstubsted ( mehbeadoyyIR scidsyl so cal | ed

2- (acryl oxy) et hyl tri met hyl ammoni um . TMAEAMS, or Padanqguat) net hyl
[\6013¥f esters of an al¥>ha ethylenically-unsaturated, typically mono-alpha-
ethylenically-unsaturated, monocarboxylic acid, for example alkyl esters such as such
as methylacrylate, ethylacrylate, n-propylacrylate, n-butylacrylate, methylmethacrylate,
ethylmethacrylate, n-propylmethacrylate, n-butylmethacrylate, 2-ethyl-hexyl acrylate, or
hydroxyalkyl esters such as 2-hydroxyethylacrylate;
[00134] polyethylene and/or polypropylene oxide (meth)acrylates (i.e.
polyethoxylated and/or polypropoxylated (meth)acrylic acid);
[00135] vinyl alcohol,
[00136] vinyl pyrrolidone;
[00137] vinyl acetate;,
[00138] vinyl versatate,
[00139] vinyl nitriles, typically comprising from 3 to 12 carbon atoms,
[00140] acrylonitrile;
[00141] vinylamine amides;

[00142] vinyl aromatic compounds, such as styrene, and mixtures thereof.
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sul phate; trinmethyl ammoni um propyl (neth)acrylam do chloride; vinylbenzyl
trimethyl anmonium chloride; diallyldinmethyl amoni um chl ori de;

1- et hyl - 2woi2010/g3y3s8di ni um or 1- et hyl - 4-vi nyl pyri di ni umPbrarszee/0033k$ or i de
or net hyl sul phate; N Ndi nethyl di al |yl amoni um chl ori de ( DADVAC) ;

N- (3-chl oro-2- hydroxypropyl)trimethyl anmoni um chl ori de (DI QUAT); nononers
havi ng the followi ng fornul a:[00126] wherein R1L is a hydrogen atomor a
met hyl or ethyl group; R2, R3, R4, R5 and R6, which are identical or
different, are linear or branched CrC 6, typically G-C 4, alkyl,

hydr oxyal kyl or am noal kyl groups; mis an integer from1l to 10, for
exanpl f0a43h i $n ane entbegiimenht, dine polymes,comypiseald polgcatmnic horfopelymesent s a

-C(O O agr -C(ONH group,of.an. o en ato represe a 2) P group, p
ety aeH A debapef, 3 Halirnpy iRyt BlbetSRiS MEbR bRl s o7l {noar
or brapghegolyfiefl2 , advantageously C3-C6, polymethyl ene chain optionally
i nterrupted by one or nore heteroatons or heterogroups, in particular O or

NH, anlP®@d onn phe smbadimgpk dhe polymerds akioe ¢RRANERET haying nipdic Ploghs
Vb _ . . . 't _

2P, S2ahy B S00R s BN ol ISR RePS Al B

t her eoblockicopolyovesr $n ohe feonbmdiment, A4 2@polyimer ef the presantinventior] 8G128] | n

' t, t. A of th I [ I [ d '
monomeRPakAePARRI Eeh P ERR A e as oo Ay TGttt B Ve S BRRE SEser <
I ncl udgronf & EafrAd R dhon@érdhbsehfstng DARIMAC, WIERT ACHMRIAPTAQRiGreappiRalsi Ng a
phosphat e or phosphonate group; al pha-ethyl enically-unsaturated

nonoca ACc aci ds; nonoal kyl esters of al pha-ethylenically-unsaturated

di car bRiAasE  ATHESmETRBAL E¥baIThI Sailin PaRIAIR KIAY FRd-dic oR HdRLACH
di carboxyl1C acids; "al pha-ethylenically-unsaturated conpounds conprising a
sul phoaverageiniolgewapwegid of hbtveeast 500 phd 568000 Igénok diheymasrmmolecwdar conpounds

CODY L B ST R 818 i BORE Sl o BRI B orc

sel ect gderagemaelecwhi weigtt @f beRidwC 500 had #9000 gaabl, sypmtally between 2000 and
48000 g/mol. The macromolecular chain A, typically the block A, can in particular exhibit
a theoretical or measured average molecular weight of between 250 and 20000 g/mol,
typically between 500 and 10000 g/mol.
[00146] Parts that are ionic in the pH conditions of the formulation are usually
considered as water-soluble. Thus, part A is usually considered as water-soluble. In a
preferred embodiment of the invention, part B is water-soluble, or hydrophilic. Water-
solubility of a part refers to the water-solubility that said part would have without the
other part(s) that is the water-solubility of a polymer consisting of the same repeating
units than said part, having the same molecular weight. By water-soluble part, polymer,
it is meant that the part, polymer does not phase separate macroscopically in water at a
concentration from 0.01% and 10% by weight, at a temperature from 20°C to 30°C.
[00147] The amphoteric copolymer is typically water-soluble in any pH in which the
components are not degraded, typically water-soluble over the whole of the pH range
extending from 1 to 11, more typically from 4 to 9, and even more typically from 5 to 8.
The nature and the proportions of the various units can be chosen to this end.
[00148] In one embodiment, the copolymer is made by anionic polymerization with

sequential addition of 2 monomers as described for example by Schmolka, J. Am. Oil
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acrylic acid; salts of nethacrylic acid; vinyl sul phonic acid; salts of

vi nyl sul phoni ¢ acid; vinyl benzene sul phonic acid; salts of vinyl benzene
sul phoni cwaentye3edsphaacr yl am domet hyl pr opanesul phoni ¢ aecu/uss@oiss3of

al phaacryl am donet hyl propanesul phoni ¢ aci d; 2-sul phoet hyl nethacryl ate;
salts of 2- sul phoethyl nethacryl ate; acryl am do-2-net hyl propanesul phoni c
acid (AMPS); salts of acryl am do-2-net hyl propanesul phoni ¢ aci d; and
styrenesul fonate (SS) and salts of SS. [00130] The nmcronol ecul ar chain A
or macronol ecul ar chain B can conprise nononer units other than that
derived fromanionic or cationic groups. They can in particular be neutral
i n pH Cbenii. Soon$90F, &4hé1000mitemiaﬁuel;amtﬂozem,féraet etoal o iaidromotecutesdtd96;i ng
from t nmer mai n, neut ral H. Suitabl.e neutral
rononetd 40, ARBIEF siethad i a2f bE 5 tans uRiaing ¢f peies2Atien SEng
pr opy! £partpelyiner ét%b?.ldf tAE Vi85 dRothee BﬂcdoWrﬁé? 8¢ deb &bt ibor arhfipre By

al pha-et hyl eni cal | y-unsaturated, typica nmono- al phaet hyl eni cal | y-
unsat ufala¥ase ADA KM@ fIrpe: 'E@THSSYTBO@QBf;Obﬁ%r%‘OQﬁ Materials, 1996, 23,

al pha-ggdiyl eni cal | y-unsaturated, typically nmono-al phaethyl enically-
unsat urat'ed, nmonocar boxylic acid, for exanple al kyl esters such as such as
met hy| @949kt eln mmgmdgmamtethmsqpmmpeaisrmaae by lininguindamtnojieadit e,

- but YRR 08 R HURE AN (RSP IERARERVT e 12pabs such as

2- hydriagged Wlsﬁﬁdmb@hﬁme&ﬁ&iﬁéke@ﬂ' PRk e Qﬂﬁrefyé% PolyRry Wity hgfewoxi de
(meth)acryl ates : yet hoxyl ated and/ or pol%propoxyl at eg é)qd nmet h)acrylic
8

aci d) ; d'f%ﬁ%?“@l"ﬂlwh'% f@sﬂ%mgth[ml@e]commlt'%wr PiRg5iEeAe[C90 by e

ggﬁ;?f%l lng%?rﬂ%tﬁz %rY 18 ﬁé({rgrég%f%’bgv%&%lﬁ?}h &/EShtbxtbilthis' t5e of YOy Fridriz4tion,
there are more particularly recommended the copolymers which can be obtained by any
so-called living or controlled polymerization method such as, for example: free-radical
polymerization controlied by xanthates according to the teaching of Application WO
98/58974 and Patent US 6,153,705, or free-radical polymerization controlled by
dithioesters according to the teaching of Application WO 98/01478.
[00150] Block copolymers obtained by a living or controlled free-radical
polymerization process may comprise at least one transfer agent group at an end of the
polymer chain. In one embodiment, such a group is removed or deactivated
subsequent to polymerization. Living or controlled free-radical polymerization processes
involve using a transfer agent, and implementing addition of different monomers to
obtain block copolymers.
[00151] The preferred transfer agents for implementing the controlled polymerization
process are dithioesters, thioethers-thiones, dithiocarbamates, or xanthates. The
preferred polymerization is the living radical polymerization using xanthates.
[00152] While the terms "polymer" and copolymer" as used herein include oligomers,
the weight average molecular weight of the polymer is more typically from about 1000 to
about 500,000 g/mol. It is even more typically less than 100,000 g/mol, and still more
typically from about 15,000 to 50,000 g/mol. Within these ranges, the weight ratio of
each block may vary. It is however typical that each block has a molecular weight

above 500 g/mol, and typically above 1000 g/mol.
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[00140] acrylonitrile; [00141] vinylam ne am des; [00142] vinyl aronmatic
conpounds, such as styrene, and m xtures thereof.[00143] In one enbodi nent,
t he pol yrwo 20omBs3s8ses a pol ycati oni ¢ honopol yner, such asT/usesosesssepl e, a
pol y(trinmethyl ammoni um et hyl acrylate nethyl sulfate) honopol yner. [00144]
In one enbodi nent, the polyner is a block copol yner having anionic bl ocks
and neutral blocks, such as for exanple, a poly (styrene

sul f onat e) - b- pol yacryl am de) bl ock copol yner. |In one enbodi nent, the
copolymer of the present invention is a diblock copolyner in which the

bl ock A derives fromacrylic acid and the block B derives froma cationic
mononef00453)s e nA fpotyméAHaitiQN inKdCEAGIante WIFTINE inventeort maiyde prepalRihiC.

oo ur SE RS g asto o RS s RERTo8H4S Hel wstbteRr P afe Y ©
NBCr Onkdvirig 4 8bndlictivit %Mﬁupumc‘ambhyoﬁiwc#%@m@r Rilkpore! nTﬁarptolmlérar

exhibit a theoretica nmeasur ed average ecul ar wei ght of between 500

and 499Bbwalerare tupigally nixpd fer sRaid 240tRira fR1aalyeve hgmageneitnithsd r onol ecul ar
chai n é% chMPhtidH tlyéDthg rf){h(ecrlé ecff%'e rPQB&utCW ?ré%h gg%ﬁjtﬁl% iekohal or

rreasure aver age ar we tween 25 typrcally
bet weesmbadiments dj(lﬁe(brgmrm|nve{rﬂ@hzislymlaallySNatlaacoma'mimg) aB chttlenmmmtlpH are

condition of t.he for t|o are_usua 0 ered a r-soluble
Soue. RbIlwiic] ot ¢3trteiae ofFinptase ine efied 3l i EvenfveBhtiad oo
enbodi mognfom Rach aYeiidoriired pakdr (B watemt erucﬁwﬂnrnbhﬁes 64an bgdempheli c.
Watersolubility of a part refers to the water-solubility that said part

woul d tﬁéﬁ}@hv\ﬁaf'ﬁeﬁtgef‘ﬁéa"dt'%'@ﬂwb%’top?%*‘)escﬁéﬁh ?%'Of‘rfé‘cﬁﬁﬂé?ﬁé‘élfu‘h?tiqfty of a
polyrrﬁ%rogégg%gstl ng of the same repeating units than said part, having the
samne l'ecul ar wei ght. By water-soluble part, polymer, it is nmeant that the
part, [961§4ler loawe erobogdimeard $e@aqaewmdymeplwahloy dlspamaoercompraes

concenty a8 § 871G B8 8 Uoc Otfohe LAY ron? bbBut CBRGE 3bHLE1 WhTbAReC 10

polymer in an aqueous medium.

[00155] The aqueous medium in which the polymer is dissolved or dispersed
typically comprises, as in the case of the above described aqueous medium of the slurry
of nanoscale inorganic particles, at least 40 wt%, more typically at least 50 wt% water
and even more typically at least 60 wt% water and may optionally further comprise one
or more water miscible organic liquids, of the same type and in the same relative
amounts as discussed above in regard to the aqueous medium of the slurry of
nanoscale inorganic particles.

[00156] The copolymer can be provided in the solid form or in the form of a solution,
for example an aqueous, alcoholic and/or aqueous/alcoholic solution (for example in an
ethanol or isopropanol/water mixture). The concentration of the solution can, for
example, be from 5 to 75% by weight, typically from 10 to 50% by weight.

[00157] Itis mentioned that it would not be departing from the scope of the invention
to employ and to adapt preparation processes resulting in triblock copolymers, if
appropriate subsequently modified (for example during a specific stage or during a
stage of destruction and/or deactivation and/or purification) so as to obtain diblock
copolymers. In particular, it is possible to envisage employing transfer agents

comprising several transfer groups (for example trithiocarbonates Z-S-CS-S-Z),
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[00147] The anphoteric copolyner is typically water-soluble in any pHin
whi ch the conponents are not degraded, typically water-sol uble over the
whol e of wbeopr3szsege extending from1l to 11, nore typi earlus2dmonsddsto 9,
and even nore typically from5 to 8 The nature and the proportions of the
various units can be chosen to this end. [00148] In one enbodi nent, the
copol yner is nmade by anionic polynerization with sequential addition of 2
nononers as described for exanple by Schnolka, J. Am O Chem Soc. 1977,
54, 110; or alternatively WIlczek-Veraet et al., Macronol ecul es 1996, 29,
4036. Anot her nethod which can be used consists in initiating the

pol yneresaudtingan telechelgacdpabohensest R{(béaokiB JofbladkeA ) tigpeo Sucin as trdvloples of

Sy tssior BFockay bgeE Bk HRhS: Plartaie 16 BER AbdGe K bipsk ikl
enbodi 88¢H as tr_hﬂoﬁ@qglo)ék‘ﬁ&)-(g&;dlt@be(cbk)t(blddkgs)oab|c9dkrvk»,oéﬂ\cﬁmdhcuréaﬁih' Zp&i on as
defined by Quirk and Lee (Polyner International 27, 359 (1992)). Indeed,

this paleshalic sopamess ahtieccorespiting.srieavingp) dparder fo Ppiain diblpekh a narr ow
g ! ! . T t
Cont rob RSV ReRs (oA bidc B, Splhooth fRE ofaPashid BhyBlarjele. DA D 21 e

cont ex[00458] hi I heydispersiopslof ther inwabhiiamexhibit aepamitivenzeta potertiat withinl & pH

ded .th | whi ch t aj ngd -cal ] ed_livi
Cont 1 oTTEG Sl R J ANt ripiecnp i anE ot S anih) £ N aRdESR i zte ' "0 '
pol ymepbteatialogarcédibioh lsesbl® Yakieder8arqtc g of fiis Pl rahge! BRé RriD stable

Application WO 98/ 58974 and Patent US 6,153,705 or free-radical

pol ymeYalggt isgindessiopd to meana vakiatiasuiatbe yahiecofithe zgta Botentiak fatimest of
Appl i calé ; i ; ' i ving or
contro éﬁn?éf(@r-%?@gsoﬁé%og%f&%}rérg})ggtl%nm'g?gfgeirgsﬁgt?ﬁgtggggﬁg\e&{aq%%ast one

t r ansf iveati@nand exbipitig amindiadl pbif oftthe opdéryofed tochds varied withén thebattbvweent |
such aa&lr Qup is removed or deactivated subsequent to pol ynerization. Living
or conf¥ &% ed free-radical pol ymeri zati on processes involve using a

t r ansf [00189¢ Nt Thartisgerpibagenticiavestor tambefpréparedrnimiximpnaseirtingo obt ai n
bl ock c(::gl%(ijcligll n&?srpse'rsion of the type described above in part A of the description with a
solution of an amphoteric copolymer also described above in part B of the description.
This mixing can be carried out at a temperature of between ambient temperature and
100°C, for example about 80°C approximately. The mixing is typically carried out with
vigorous stirring.
[00160] The dispersions can also be employed for their properties in combating UV
radiation, for example in the preparation of films of polymers (of the acrylic or
polycarbonate type, for example), of paints, of paper or of cosmetic compositions, in
particular in the preparation of creams for protecting from UV radiation.
[00161] Examples will now be given.
[00162] In these examples, Examples 1 to 8 relate to the preparation of polymers
and Examples 9 to 14 relate to colloidal dispersions. The relative molar masses of the
neutral or anionic hydrophilic polymers (e.g.: poly(acrylic acid) and poly(acrylamide)
homopolymers) are characterized by steric exclusion chromatography (SEC) using a
Shodex OH pak SB-G precolumn, (No. L410061) and three Shodex columns of 30 cm
OH pak SB-806M HQ (Nos. L 411 054; L 411 055; L 411 056) and a mobile phase

comprising acetonitrile in a solution of deionized water additivated with 0.1 mol/l of

-32-



[ 00151] The preferred transfer agents for inplenenting the controlled

pol yneri zati on process are dithioesters, thioethers-thiones,

di t hi ocarwerzatoase3ser xant hates. The preferred pol yneri z&Cirars2609/0033es5 | i vi ng
radi cal polynerization using xanthates. [00152] While the terns "pol yner"
and copol yner" as used herein include oligoners, the weight average

nol ecul ar wei ght of the polyner is nore typically from about 1000 to about
500,000 g/nol. It is even nore typically less than 100,000 g/nol, and stil
nore typically fromabout 15,6000 to 50,000 g/nol. Wthin these ranges, the
wei ght ratio of each block may vary. It is however typical that each bl ock
has a NaN&ueraomd)l@itrﬂe/mgaﬁowygqumhe being 2Q/5Dc'ﬁhe yelatim/molzﬁmﬁasses of

/ mol 0153 ner_ . sol ut on |n ccor Jnve t|on may be
ot epar £ Bpohg R FRsEls felCRrshR TR Sargrened b ARG m ¢ o
dei oni mdmmdgré h$' YSE I\fhhMg@ShBQe)aOPDﬁQUSB—@Iriréc@lhnMN(l(\lBU[Z‘f 10671 ia@el

I on-exchange filter | i pore The ner _and water are t |caIIy m xed
for abbyige gﬁoﬂ%’&%'ufrﬁ‘sé?frﬁ 'drﬁ?@esf'g BpéM/\Hpn (Npse bt ati 3 O ?pl caI ly in
the ra % il frent s
of t hengﬁégier?bﬁ?drl\\%grnﬁ@%ﬁmaé ed?ﬁpﬁﬁ?ﬁiaa%fﬁéf?ﬁlggﬂt aéloﬁllﬁ%gd gf&#mée | rrpurl ties
are poaddlmVaeteog whithchmaodl/ ot biaNE; aand 10 spm mf EADMAE o assto MSSIlMe thevent i ve

pol i shi os iti.on s dei oni zed wat er, Such urities
Pan bebdBmESEART pbeGhlnBirsh InfhElapRe Wb 2ol AbEeqsrliSheniEhf
exchange r@mtvé imdlaginaesed A ABFIGWItH RI2ped] tol ﬁbl;a%mwéﬁwdxuaapgtandhm aqueous
pol ymer salution or dispersion conprises from about 001 to about 5 w %,

nor e t [AG183] | yIrythedamnies.dhe water usrslits deigpizedvateie pol ymer in an aqueous
medi u d1@ 55EXHNFPI?@|"IGOUS medi umin which the polyner is dissolved or
dlsper ed typi ca rises, as in the case of the above described
aqueouB0t68] unfbis Qxampﬁmnela;ewb thaisysthesis ofrpolyfaniylic paid)i(BAA3., at | east 40

e SRS P38t B LR XD I bR B RalRie P oY, Lo

or gani (CI-HJG}!EO@CHQ)B(CI:‘-S)GEWGMDQ afrethariol [ 818 gsefacrylid atit\edd 23.64 g of
deionized water are introduced at ambient temperature into a 2 | jacketed glass reactor
equipped with a mechanical stirrer and a reflux condenser. The temperature of the
solution is increased up to 70°C. As soon as this temperature has been reached, 0.49 g
of 4,4'-azobis(cyanovaleric acid) is introduced. Starting with the introduction of this
initiator, a solution of 76.5 g of acrylic acid in 212.8 g of water is introduced over one
hour. At the end of the introduction, 0.49 g of 4,4’-azobis(cyanovaleric acid) is again
introduced. The reaction is prolonged for three hours after the end of the introduction.
[00167] A sample of polymer is withdrawn. The analysis of the product by high
performance liquid chromatography (HPLC) allows it to be concluded that all the acrylic
acid has reacted during the polymerization. A steric exclusion chromatography (SEC)
analysis with relative calibration with poly(ethylene oxide) provides the following
number-average molar mass (M;) and polydispersity index (M./M,) values:
M,=650 g/mol, M,,//M,=1.60.
[00168] EXAMPLE 2
[00169] This example relates to the synthesis of a P(acrylic acid-block-
diallyldimethylammonium chloride) diblock copolymer: P(AA-DADMAC).

-33.



anounts as di scussed above in regard to the aqueous nediumof the slurry of
nanoscal e inorgani c particles. [00156] The copol yner can be provided in the
solid forwoaniaieisRe form of a solution, for exanpl e anPagsews/00zEohol i c
and/ or aqueous/ al coholic solution (for exanple in an ethanol or

| sopropanol /water m xture). The concentration of the solution can, for
exanple, be from5 to 75% by weight, typically from 10 to 50% by wei ght.
[00157] It is nmentioned that it would not be departing fromthe scope of
the invention to enploy and to adapt preparation processes resulting in

t hbl ock copolymers, if appropriate subsequently nodified (for exanple

dur i ngf0812@eci At thestrabef the sgnthiesis af the digst tzlxﬁcl«;lastdesctibmir’afﬁxﬂmple 1, the

d t t d/ f .z bt 'bI .

par 1 et Fo8fuled tipaR i 63 ORa8 TubrBie e REPIESETR $5BHR oi ng
sever abf mmgﬂéf@iéll;@dlmmﬁyléﬁmﬁorﬂmrm@ndé (MDW@J)@%%@ weight in water,
Z-S-CS-S-Z),resultin echelic pol yners R-[ (bl ock B)- bl ock A lw

type, %nui:ﬁlsaé q pf Bﬁ@éﬂé&at@f S?'échYeWBP‘Ptﬁ?&@ZW'S(%F@&WWPPWWH@'" or exanpl e
bl é#ql ﬂfé&s k
,(A) ?glk%c dr ?'l-"?ﬁé?)gg"“ﬁf chﬁég_?f(f%ef oc%ﬁ%]) ) Slén tﬁd'ml? agt&@isfgl echelic

copol yemperature fog twelve hosips.iAftarmgacting feadi hogirg andr8 hmuer4 gcofdtﬁOamnmbrbl ock
copolyner Iock ttln can, take e durln

onr of 76 adblistiaad adrsiirohe rebuicn BT TAriAe Bofl R i BAKET i ¢ ve
zeta %érﬁﬁléllﬁbvlthdfdwm A" NMR galyels gxeég\@m@mc&ﬂvem%fmr:g%cm arly
bet vveen and 11. In addition, this zeta potential can exhibit a stable

val ue Mw@"d arreg@eﬁwrﬁd&v $E|¢é" matenwia a pluethylene Qxide) ealibstipi cyrye:
unders O-C% Heeowdf at
nmost 5 A) ﬁH5g1?Tg@%g OI EO#IH@? \S.SP‘{GI‘SI OI‘]CHrB t%@érﬁrﬁ%o&fq % gé(?l.gfts
copol yfn@nExampie1|andeﬁnomcExaamMee2<alldws nthgbanondudealththefcophlgnmrder of 2

O oA A LR TOOY e e S ot BT BRBLOAY e
type degampleedisaonvsletely $tiftéd fovadrds e sy dfthe tighiérirholacalal weights at  an
AmPNOt B nd o e Lnthedls D16 produdt from Example 2.0 ¢ B of the description.
[00171] EXAMPLE 3
[00172] This example relates to the synthesis of poly(acrylic acid) (PAA).
[00173] 6.2 g of O-ethyl S-(1-(methoxycarbonyl)ethyl) xanthate
(CH3CHCO,CH3)S(C=S)OEt, 23.7 g of ethanol, 30 g of acrylic acid and 74.9 g of
deionized water are introduced at ambient temperature into a 250 ml jacketed glass
reactor equipped with a magnetic stirrer and a reflux condenser, and subjected to a
stream of nitrogen for 5 min. The temperature of the solution is increased up to 70°C.
As soon as this temperature has been reached, 0.167 g of 4,4’-azobis(cyanovaleric
acid) is introduced. After refluxing for three hours, 0.167 g of 4,4’ -azobis(cyanovaleric
acid) is again introduced. The reaction is prolonged for a further four hours with
magnetic stirring.
[00174] A sample of polymer is withdrawn. The analysis of the product by high
performance liquid chromatography (HPLC) allows it to be concluded that all the acrylic
acid has reacted during the polymerization. A steric exclusion chromatography (SEC)

analysis with relative poly(ethylene oxide) calibration provides the following number-
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This m xing can be carried out at a tenperature of between anbient
tenperature and 100°C, for exanple about 800C approxinmately. The mxing is
typi cal | ywoanrovsaBseut wi th vi gorous stirring. [00160] TireTdiSg@el8i3ons can
al so be enpl oyed for their properties in conbating UV radiation, for
exanple in the preparation of filnms of polyners (of the acrylic or

pol ycarbonate type, for exanple), of paints, of paper or of cosnetic
conpositions, in particular in the preparation of creans for protecting
fromUV radiation. [00161] Exanples will now be given. [00162] In these
exanpl es, Exanples 1 to 8 relate to the preparation of polyners and

Exanpl eserage ondldr mabkat(kl,) and pblydispersityiingex @Vighs,) vatluesr M,a960 g/mal, ar masses

of the t_raJ( or anionic hydrophilic polynmers (e.g.: poly(acrylic acid)
and pow‘w "1y %rri de) honopol yners) are characterized by steric exclusion
chr omaje@78phy E6RRAPLES Ng a Shodex OH pak SB-G precol urm (No L410061)
and three Shodex colums of 30 cm OH pak, K SB- 806M L 4 11 054; L 4
11 055§0Q178] 11 Thisggxample Jelats tocthgriyathesisngra Ei(%rgvla‘cé@érh'@qh % in a

sol uti e

2cet ong TSRy BBl AL AL MbiRgE copiirer, Al TAC® nsses
of t he[@13F@] y mAt thecengbof Hiensyrdhesis obthiecfirbt lblokk aasedeﬁmbadtmﬁxample)@ ttteeri c

excl usion chyonmat ogr aphy, ( SEC ' a .Sh dex ak_SB: colu

s S otpsiAl e i SRBR o et e b %E%S t?%}%ﬁé o’ 50
11; L 6915@glcar(slao?ﬂéﬁﬂdldpr@pyll)mnmhylhmnma@m cmtmue ?xmmca):etm%tw le in a
soI ution of deionized wa additivated with nmol /1 of NHANGB and 100 ppm

of DADN&SNE waa?rt%%é&‘i’fv\é@%"’t'mﬁ%@ %rﬁ?é’})'s(?ﬁ'éetﬁbf’@f%?ipﬂ?m@m%ter rati o by
vol u”edlfrﬁaa&h%é%néhbgg/?et &eARLRe! e@Bsééleé%'ré%atﬁé)gvi/gg' Alrddiz8es are

respect’ to pol ene oxI de) ~st andar
exarrpl eitrogenh 5 wvanhraresﬂcbdwedembrthesdlumane:fthq 0t bijckEXhePeaECtibn[i00165] Thi s

exarm Syl ut bR A S35 hebbalt) MEPE) I S 3B HRRRbuc LERREET °
After reacting for 4 hours, a further 0.073 g of V50 initiator is added to the reaction
medium. At the end of the reaction, a sample is withdrawn. A '"H NMR analysis gives an
APTAC conversion of 99%. M, and M,,/M, are measured by SEC, after calibrating with
poly(ethylene oxide), giving: M,=2740 g/mol; M./M,=1.50. The superimposition of the
two chromatograms of the products from Example 3 and from Example 4 allows it to be
concluded that the copolymer formed is of diblock nature. This is because the SEC
chromatogram of the product from Example 3 is completely shifted towards the range of
the higher molecular weights at the end of the synthesis of the product from Example 4.
[00178] EXAMPLE 5
[00179] This example relates to the synthesis of poly(acrylamide) (PAM).

[00180] 12.6 g of O-ethyl S-(1-(methoxycarbonyl)ethyl) xanthate
(CH3CHCO,>CH3)S(C=S)OEt, 39.8 g of ethanol, 60.0 g of a 50% acrylamide solution and
46.2 g of deionized water are introduced at ambient temperature into a 250 ml jacketed
glass reactor equipped with a magnetic stirrer and a reflux condenser, and subjected to
a stream of nitrogen for 5 min. The temperature of the solution is increased up to 70°C.
As soon as this temperature has been reached, 0.169 g of 4,4’-azobis(cyanovaleric

acid) is introduced. After refluxing for three hours, 0.169 g of 4,4’-azobis(cyanovaleric
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(CH3CHCO2CH3) S(C=S) CEt, 101 .3 g of ethanol, 8.5 g of acrylic acid and
23.64 g of deionized water are introduced at anbient tenperature into a 2
j acket ed wbhasw/m3emst or equi pped with a mechani cal stirr@CTAarsdo/00BL$ ux
condenser. The tenperature of the solution is increased up to 700C. As soon
as this tenperature has been reached, 0.49 g of 4,4'-azobis(cyanovaleric
acid) is introduced. Starting with the introduction of this initiator, a
solution of 76.5 g of acrylic acid in 212.8 g of water is introduced over
one hour. At the end of the introduction, 0.49 g of

4,4' -azobi s(cyanoval eric acid) is again introduced. The reaction is

pr ol onacid) iscagairhintedhoed.sT ref teactiohés prodonged foe anradditbnat foun houGOwRl] A
sanpl e _of polymer is wthdrawn. The anal ysis of the product by high
perforW@ﬂBgm?gwﬂp - chr omat ogr aphy (HPLC) allows it to be conciuded that al

t he ac[no1igs] acadsdmisie of pelyeserdy Withdrakie. Tied dﬁ&l?{‘:siéaifiﬂfié\proﬂ_u&t By highexcl usi on
chromat ogr aphy (SEC) anal %SI s wth relative calibration with |£ﬁ{fy(et hyl ene

oxi de) P@fieanes liani sspmakpeTgPRY MHBHCa plpws & tadiesgonsiiicied thal a

Ex LS ST £p Heteic g (NS P moraTion A T vl EniinatbQlakil!
g((:ki g(f&ﬂk)é@rzﬂngﬂs diitheelajive potyietinylanel @didededalibratlcmgkrovidps Itiyerfollowing

. h £ the synthesis of £ | ock,
Gescr | BARPERaYSAAAEoS! mias (Fehafd pol PR BaRNSL Bl el onee thi s

t enper g3@ gAndlam, AMabplaszed, a solution of 706 g of diallyldinethyl ammoni um
chl oride DADI\/A)C%)Q‘ at 65% by weight in water, and also 4 g of V50 initiator
sol d b[p Rb (E, MR 6i s(2- et hyl propi onam di ne) di hydrochl oride), are

intr Odtﬂiﬁ‘ﬂsL _Tthfseé’i&frﬂﬂé rél%tge%%stﬁg‘éﬁﬂfﬂe‘éi%ﬁfgﬁdgﬁggﬁ&ebgc&- tenperature for

t wel ve hour ter reacting for 4 hours an 4 of V50 initiator
ar e ad@eacrglamidepropyitaigiathylamndriumechiotide) dieldck sopatymeneP Gi-AF? TAGE

Cenct gy BBl o L BP0 5, et RaRN B, e

pol y( etdmyperarire s @delceddonabieBiCe Orice:thishteripéatuMhad stabilized, d86lution

super| gp 3(‘)1S.i‘+tgi c?fn(39afcr§lgr?1iéovr\ﬁogy )rt(r)irnr%ttr? ar\%nrr?on?&mtc%aor%reo(%uPC'lI,fC) at 75% by
weight in water, 0.034 g of V50 initiator (2,2’-azobis(2-methylpropionamidine)
dihydrochloride) and 20 g of deionized water, degassed beforehand with a stream of
nitrogen (5 min), are introduced into the solution of the first block. The reaction is
subsequently maintained at this temperature (65°C) for 9 h 30 with magnetic stirring.
After reacting for 4 hours, a further 0.034 g of V50 initiator is added to the reaction
medium. At the end of the reaction, a sample is withdrawn. A '"H NMR analysis gives an
APTAC conversion of 99%. M, and M,,/M,, are measured by SEC, after calibrating with
poly(ethylene oxide), giving: M,=3000 g/mol; M\,/M,=1.50. The superimposition of the
two chromatograms of the products from Examples 5 and 6 allows it to be concluded
that the copolymer formed is of diblock nature. This is because the SEC chromatogram
of the product from Example 5 is completely shifted towards the range of the higher
molecular weights at the end of the synthesis of the product from Example 6.
[00185] EXAMPLE 7
[00186] This example relates to the synthesis of poly(acrylamide) (PAM).
[00187] 4.22 g of O-ethyl S-(1-(methoxycarbonyl)ethyl) xanthate
(CH3CHCO2CH3)S(C=S)OEt, 25.0 g of ethanol, 60.0 g of a 50% acrylamide solution and

-36-



from Exanple 1 and from Exanple 2 allows it to be concluded that the
copolynmer formed is diblock in nature. This is because the SEC chronmat ogram
of the prwdwreto/d3s3mm Exanple 1 is conpletely shifted towacudastéve/oosage of

t he hi gher nol ecul ar weights at the end of the synthesis of the product
from Exanple 2. [00171] EXAMPLE 3 [00172] This exanple relates to the
synthesis of poly(acrylic acid) (PAA). [00173] 6.2 g of O ethyl

S- (1- (et hoxycar bonyl ) et hyl ) xanthate (CH3CHCO2CH3) S(C=S) Cet, 23.7 g of
ethanol, 30 g of acrylic acid and 74.9 g of deionized water are introduced
at anbient tenperature into a 250 ml jacketed gl ass reactor equipped with a
magnet4@1 gtdfrdeémniaerdiV\@tereafrbtimtr@djmﬁeiraieambiant:ltemp;ﬁratwed’ntoca 266G ml ke tefd

nitrogen for er at ur e of the solution is increased 0
7000, gss GartarElipaei wiif heapeicabiarath § BliiPhoshsed Spigibiecia b
4,4 adeﬁé&ﬁ(‘df@ﬂﬂ)g’érﬁrdr@ rai. Theltémipetdtafictfie semtwn is dredsaup @6 70T ee
hours 167 of 4,4'-azobi s(cyanoval eric acid) is again introduced. The

T oatt | AR50 B Hhis deBRe T h A pegTreahan. GJar S o 4.4 SRhiBiCYENR BTG g, i
00174, t
[ Ac@o§m&c}%§1q5ﬁl§yfﬁu§r@tw&imgﬁﬁwyﬁp%%ﬁg@f %S %ZBEISR%};&'\B(IQQ gt by

hi gh perft’or mance ogr aphy 'ows it conc uded

t hat aadld)tlaagamr iptroduced.dl Heareactian issprothngeddot ae additipmal fouahours with st er i ¢
excl usjian mat ography (SEC) analysis with relative pol y(ethyl ene oxide)
cal i br'3fP% Cp? gUN%es the fol I ow ng nunber average nol ar nmass (M) and

pol ydi [ppe8s) t yAisasee W'Vﬂ)er\lﬁbwmarav&m:ﬁ@aﬁlvmb ,of [t@ﬁr?)’&thBSAM@hE 4
[00176] This exarrpl e relates to the synthesi facryl I C aC| d bl ock- ( 3-

acry| JTERSPAHES linkid chromategrashy (i kﬁié”‘i’"&%)t tﬂleIQ%l@ wsgddhahal
P(AA- A%’T@deé ﬂQ&?{éctéﬁ dhhﬁ%?ﬁtﬂ pelém{éi'iﬁz‘aﬁdr’i‘t,@%f%ré Hel L&Et\%\q Ehr’oﬁ%at@%%&ce hi s

descri rature is reduce
t enper(@cﬁﬁ)eartmls;wablrelazlw poa/(sfdwlﬂnemxldﬁ cmbmtlgncpfrowdes the following

(3 acr MG 80 94 ke e BAVETERE BT BPAIY S5 Shdhy ey o
710 g/mol, M/My= 2.25.
[00189] EXAMPLE 8
[00190] This example relates to the synthesis of a P(acrylamide-block-
(3-acrylamidopropyl)trimethylammonium chloride) diblock copolymer: P(AM-APTAC).
[00191] At the end of the synthesis of the first block, as described in Example 7, the
temperature is reduced down to 65°C. Once this temperature has stabilized, a solution
of 30.9 g of (3-acrylamidopropyl)trimethylammonium chloride (APTAC) at 75% by
weight in water, 0.011 g of V50 initiator (2,2’-azobis(2-methylpropionamidine)
dihydrochloride) and 20 g of demineralized water, degassed beforehand with a stream
of nitrogen (5 min), are introduced into the solution of the first block. The reaction is
subsequently maintained at this temperature (65°C) for 9 h 30 with magnetic stirring.
After reacting for 4 hours, a further 0.011 g of V50 initiator is added to the reaction
medium. At the end of the reaction, a sample is withdrawn. A 'H NMR analysis gives an
APTAC conversion of 99%. M, and M,,/M, are measured by SEC, after calibrating with
poly(ethylene oxide), giving: M,=3180 g/mol; M,,/M,=1.44. The superimposition of the
two chromatograms of the products from Examples 7 and 8 allows it to be concluded

that the copolymer formed is of diblock nature. This is because the SEC chromatogram
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di hydrochl oride) and 10 g of deionized water, degassed beforehand with a
streamof nitrogen (5 mn), are introduced into the solution of the first

bl ock. Theonrewo3sisa i s subsequently maintained at this Perase@0oss25 650C)
for 9 h 30 with magnetic stirring. After reacting for 4 hours, a further
0.073 g of V50 initiator is added to the reaction nedium At the end of the
reaction, a sanple is withdrawmn. A 1H NWR anal ysis gives an APTAC
conversion of 99% WM and MM Mh are neasured by SEC, after calibrating with
pol yet hyl ene oxide), giving: M=2740 g/nol; Mw M= 1.50. The
superinposition of the two chromat ograns of the products from Exanple 3 and
f r om Egbiingl productiframdxample 7tie cotpietatyeshiftéchtowards theprangesof the higieeri s of

di bl oc t t he oduct from
Exanpl g%équiérﬁ%n% staetltl)?/egﬁﬁgiﬁlge %@%hgggo?%e 5&?@%‘@’ %é r mol ecul ar
wei ght 004921 he EXRMBLEthe synthesis of the product from Exarrpl e 4. [00178]
EXAMPLE 5 [ 001 Thi s exa Ie relates to the synthesis of paly(acrylam de)
( PAM) . qu_‘!@g’hm YF%E %%ﬂ%l? r %3 sydthesis ﬂfoayeiql%'rﬂwe%ﬁm of CehiHfMat e

( CH3CHGLEH3) S(C=S) CEt, 39.38 g of et hanol, 60.0 g of a 50% acryl am de
solution and 46.2 g of deionized water are introduced at anbient

t enper [019d] i nAddilute serium ritatecaaletiaf issweparedthy addjtioppt.4kg of @ 2rB8htet i c

i . A Sefidp it GRRRTER 1T PE! Bior e ot AN SPufer R A 8oL
this teebarzautwatehaﬁd be¢D. smeyohedeltheh@Qa@nobeﬁum nlﬁét@t(dS(IGM@DlGMﬂéer I c
acid) is mtro% f 1 uxi ngJHor three hours

2 a5oia it a U eoncmalerirati gRIHBO0R. PRt o seimiclesstbipnksand
prol ongre dé?{as@@d Qﬁ’tﬂ'\hg&ﬂ% sflRHngé}%JWﬁllé"thbF@HﬁrUg%nﬁﬁryugh”9 [00181] A
he anal ysi s rodu

sanpl e of mer is wthdrawn t by high
perfor[ﬂmaéll i let%aﬂms)gmmwa epition isiprepased byta@idB@nczfraﬂ Gidg®ft hat al |

e achubARLA e PRI 28t BEARIAREICH b EREBofuBeL T o
cal i br eharged po a\AOJIeﬁenmbI@sédljécmaterg refaumncaﬂmnesgmemuhmte butstslingibrogersl
pol ydi ﬁ-ﬁgﬂj{ty I ndex (Ms Mh) val ues: WMh=
[00196] The dilute cerium nitrate solution is subsequently added to the dilute
aqueous ammonia solution at ambient temperature over 30 min while stirring and while
flushing with nitrogen. The reaction mixture is subsequently raised in temperature to
80°C over % of an hour and then maintained at this temperature for 4 h, still while
flushing with nitrogen.
[00197] On conclusion of this heat treatment, the reaction mixture is allowed to cool
and then it is filtered and washed on a Nutsche filter. The cake is resuspended in
deionized water and acidified by addition of 68% nitric acid, which results in a dispersion
comprising 17.9% by weight of CeO, and with a pH of 3.0.
[00198] The size of the secondary particles is measured using a laser particle sizer
of Horiba LA910 type, taking a value for the optical index of CeO; in water of 1.7. The
median size dso is 109 nm. The dispersion index o/m, calculated from the d1o, dsg and
dgo values of 89, 109 and 133 nm respectively, is 0.20. .
[00199] The suspension is observed by TEM. It is found that the primary particles
are indeed monodisperse and with a size centred around 60 nm. Each of the particles

on a photograph of several hundred particles representative of the suspension is
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530 g/ mol, Mw/ Wn= 2.45. [00182] EXAMPLE 6 [00183] This exanple relates to
the synthesis of a P(acryl am de- bl ock-

(3-acryl av_Daovmspdss) t ri met hyl ammoni um chl ori de) di bl ock pcofskgoam@ns325

P(AM APTAC). [00184] At the end of the synthesis of the first block, as
described in Exanple 5, the tenperature is reduced down to 650C.- Once this
tenperature has stabilized, a solution of 3 1.4 g of

(3-acryl am dopropyl ) trinmet hyl ammoni um chl ori de (APTAC) at 75% by weight in
water, 0.034 g of V50 initiator (2, 2'-azobis(2-nethyl propi onam di ne)

di hydrochl oride) and 20 g of deionized water, degassed beforehand with a

st r eancafnted and gesasubed; wherehy e mean sirecefb2 ninovitina standdrd adeviationtod fir st

bl ock. .The. reactign | S, subs ently. maintai ned this te ature (65°C)
For o f b gAinRaonbENStRaTH Ry dtatep aRelf 1% orabS sipaliibs MPa ¢ ner
0.034 galgé. V50 initiator is added to the reaction nedium At the end of the
reaction, a sanple is wthdrawn. A 1H NVR anal ysis gives an APTAC

conver K90280Ls  Adpgrtigm ofthe digparsiofy is dreddnaapveh alE0°gf whichcarkes Bting with
p0| y( e . j , hVi . :j;{ﬁtﬁi : Vhs, .
superi hg%ésnlﬁtg?%%ﬁoﬁﬁtér%&tbﬂg&%ﬁ?mt ogr gﬁéwg#& ?’ h%//){;\)/%cydégf%t ?g%m B(r:}trr]r'}%l es 5
and 6 powdewhas thesidgraterenel aystdllinedie®heASDidaayd84-39%) nEble nwearf sidé bf ock

o' conpiectby R abFn- CabulRied o 0D ERTLT B R Sent tePofet Eomith g gnt s at

the enﬁei?ﬁt_ wideh 8iheBfiattioh pelRs Bltesteatat Roamp&sardr §° Gnd [580483lyeEXAVPLE 7
[00186}3 hi s exan_‘pI e relates to the synthesis of poly(acrylam d(;) (PAM .

[ 0018782 aneThg Bt T speeifig sudace -qaterniord darmisegen) adsgrpiiondat!deh /g,
(%%ﬁgg)fg(%ﬁg@a&%iz gf %&p@%\?\g aﬁrﬂglles o@%?%ng. of a 50% acryl am de

solution a eronize ter ‘are 1ntroduced at anbi ent tenperature
i nto a[00R201 EXANRIeE 10! (assordaartodthednopentipa)l Wi th a nagnetic stirrer and a

AP i SR PR 1 Sl b A SRer 3 o sl 1
t enper gkidé cEGairkeethe HREHidn Whidlh s Stable dhd'catiHidbeércnaetiné BH range
between 1 and 11.
[00203] Preparation of the dispersion
[00204] 80 g of a PAA-PDADMAC 0.5K-3K solution comprising 0.025% by weight of
PAA-PDADMAC are prepared by diluting, with deionized water, the PAA-PDADMAC
0.5K-3K solution described in Example 2.

[00205] 80 g of a 5% by weight colloidal CeO, dispersion are prepared by diluting,
with deionized water, the colloidal CeO, dispersion described in Example 9.

[00206] The 5% by weight colloidal CeO; dispersion is added, at ambient
temperature and with vigorous stirring, to the 0.025% by weight PAA-PDADMAC 0.5K-
3K solution over 10 min. At the end of this addition, the CeO, concentration is 2.5% by
weight. The PAA-PDADMAC/CeO; ratio by weight is 0.5% by weight.

[00207] The size of the secondary particles is measured using a laser particle sizer
of Horiba LA910 type, taking a value for the optical index of CeO; in water of 1.7. The
median size dsp is 105 nm and the dispersion index o/m, calculated from the d+q, dsg
and dgp values of 89, 105 and 131 nm respectively, is 0.20.

[00208] An aliquot of this acidic colloidal dispersion is treated, with vigorous stirring,

with a few drops of a 28% aqueous ammonia solution, so as to raise the pH to 10.6. No
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acid) is introduced. After refluxing for three hours, 0.167 g of

4,4' -azobi s(cyanoval eric acid) is again introduced. The reaction is

pr ol ongedwbanicasemddi ti onal four hours with nmagnetic stiPCTiusgoo9jod3288] A
sanpl e of polymer is wthdrawn. The analysis of the product by high
performance |iquid chromatography (HPLC) allows it to be concluded that all
the acryl am de has reacted during the polynerization. A steric exclusion
chromat ography (SEC) analysis with relative poly(ethyl ene oxide)
calibration provides the follow ng nunber-average nolar nass (M) and

pol ydi spersity index (Mwv Wh) values: M= 710 g/ nol, Mv M= 2.25. [00189]
EXAMPL Eeparalor 69 jsettting iscotzsepyes . rTdlesdizss of thet dexzongdatyheatislesfis measured

P I i de- bl k-. (3- I 1 d ' hyl ' lorid i bl k
copol 3 Haa TaRr el A o TSR RL bR g % BUEIPR I GPlisd ikt o *°
bl ock, cap, 48 wated§ith 7 nTeA1Rish dize d istﬂm%aéd&tﬂe;tﬁsgr{)é?g?égqg?&@&ﬁn,to 65°C.

Once this tenperature has stabilized, a solution o
( 3- acr palg fromthe tcha, e 8Rd donvaluesrot88,01GGiand ABI AD) respeztivelpyise2@ht in

wat er , 1 g,0 N .=azobi s(2- met hyl pr opi onam di ne)
di hydrg&%Ji d ez;s Y hioring a' Ized wat er, degassed beforehand with
a stref0o210] ni A dikee KNOsollitioraiseprepareadsicitltingt RO T@ g IKNOpn of the first

bl ock. Th tion is subsequent!y. ntained at this tenperature (65°C)
for 9 &M§80{/ﬁ8 gﬁ'ﬁ@ﬁe'i“? e;“Pitgﬂi%R)@ &’AHBIJ@HOW‘ ‘(V?F?d ﬂalg_thh%GHgt:e KNBar t her
0.011 goRtiorYaRdigs § bPdbnized WHiearetadded oSt alidibt BE4ig'oR thelacidié caislaal the
reaction, a sanple is withdrawn. A 1H NMR anal ysis gives an APTAC

conver disparsign 9b0eOnstapiizemwitihPAAeP RARAIAeawbichSESUitsiint & colleidalbr at i ng wi t h

Comr | ARPER BrGH8: piizstlu AN COAMRE bt o Maioh o 37 s
and 8 ahdd_(lﬁ mol/Itah KINO£ diel RAIRP DABMACIE eratiy nemafrs urechanged fandi dyj vzt k
A U B SRS e 3 e R TR B B e e € T
t he engontibing nsed¥unes Usingfa d&\Bcd bPteRlerh ZeB Si¥eéMhBo-Z S type. The curve of
zeta potential is obtained by gradually increasing the pH up to pH=11 by addition of a
102 mol/l KOH solution. The same curve is drawn up with the colloidal CeO; dispersion
described in Example 9.
[00211] Figure 1 gives the curves of zeta potential thus obtained. The solid curve is
that corresponding to the product from Example 10 and it shows that the zeta potential
is positive over the entire pH range between pH=1 and pH=11. The curve given in
dashes corresponds to that of the product from Example 9.
[00212] EXAMPLES 11 to 14
[00213] Examples 11 and 12 relate to the synthesis of colloidal dispersions of cerium
oxide according to the invention which are stable and cationic over the entire pH range
between 1 and 11. Examples 13 and 14 are comparative examples which relate to
colloidal dispersions of cerium oxide comprising a copolymer, no block of which
comprises an anionic group.

[00214] Preparation of the dispersions

[00215] Solution A: 100 ml of a 20 g/l colloidal CeO- dispersion are prepared by
diluting, with deionized water, a perfectly transparent colloidal CeO, dispersion, the size
of the secondary particles of which, measured by quasielastic light scattering (QELS), is
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[00192] EXAMPLE 9 [00193] This exanple relates to the synthesis of a

col | oi dal di spersion of ceriumoxide. [00194] A dilute ceriumnitrate

sol uti on We 2progp3essed by addition of 6.4 kg of a 2. 88M t PCYAISeeM/0eBRF UM
nitrate solution (d=1 .715), of 1.0 kg of a 68% HNO3 sol ution, of 4.8 kg of
dei oni zed water and of 10.64 g of 1.39Mtetravalent ceriumnitrate (d=
1.440). This solution, with a Ce4+/Cetotai nolar ratio of 1/1500, is
charged to a sem cl osed tank and then degassed with vigorous stirring and
whi | e bubbling nitrogen through. [00195] A dilute aqueous anmoni a sol ution
I's prepared by addition of 22.6 kg of deionized water and of 4.6 kg of a
28% ag8eaouanditheosizer of thieupriroary Jdrtisles @f whiamisiznmhahgedH isot.4 ahd thesemccl osed
j acket ed (@e@cf ar %nd ?hen stirred while bubbling nitrogen through. [00196]
The di FORCREN; IBAOINSISHe solution is subsequently added to the dil ute

aqueoumoew?m SoRMbHB: A00a3h| rPE6Itioh BIPSIyATcH 2 tHeY €bncthtratibn \¥hi20y/Sarer i ng
and while flushing with nitrogen. The reaction m xture i s subsequently

r ai sedPlieRateshipa keakes at gmivient tenwerajurs angharmsfirrethuntiigleanafd ai ned at this
t enper gt \woe rd s oflutid i§UbHin ile flushing with nitrogen. [00197] On

concl usmr? of thrs Reat reatment, the reaction mxture is allowed to cool
and t hi@9217] i sSéiutiorBeid atuddmasnd® roim ta sdhuteonhd, whichés kefdthagaralslyi s

resuspended in deiponized water and acidifie addi. t i f 68%.nitric

o d. PsitedtpridalABenf Emdeiafiec P eshisidrcer i et PadnahCett oo and
Wi th acghdefratfordis {cD?/l.gﬁie abigicsdaliBidal Cells diseRsidnr thugatabifit&bby thereasur ed
using a |l aser particle sizer of Horiba LA910 type, taking a value for the

opt i caPolymaexelginsdtsnitiah prepestiesamely ampsfach iiaasPaepey @bd d Rerfed nm  The
di spergsi i ~s{ m calculated fromthe di 0, d5oand dgo val ues of 89, 109
and 13§bgfmyrd§}§gégﬁ'vely, I's 0.20. [00199] The suspension is observed by
TEM | [00248) ouAd aliqaot afitbispdidiacelipidak dispersion is treated, with vigorous stirring,

with a few drops of a 28% aqueous ammonia solution, so as to raise the pH to 10.5.
The size of the secondary particles of the basic colloidal dispersion of polymer-
stabilized CeO, thus obtained, measured by QELS, is presented in Table 1 below. Itis
observed that the colloidal CeO5 dispersions of Examples 11 and 12, stabilized with the
polymers described in Examples 2 and 4, result in transparent solutions which are
stable over time, the sizes of the particles of which, measured by QELS, are
comparable with those measured before the beginning of the addition of the aqueous
ammonia. In contrast, the colloidal CeO, dispersions of Examples 13 and 14, stabilized
with the polymers described in Examples 6 and 8, result in unstable dispersions which
flocculate.

[00219] Table 1

Polymer Polymer/CeQO;
Example Polymer concc(a;/’;;atlon ratio by weight pH QELS
2.3 24
53 25
D:l'.ng) 6.7 24
11 20 1 7.8 22
0.5K-3K 85 53
(Example 2) 9' 5 29
10.6 22
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are indeed nonodi sperse and with a size centred around 60 nm Each of the
particles on a photograph of several hundred particles representative of

t he suspeweizom/izsiseunt ed and nmeasur ed, whereby a nmean siPz@/usko®doies with a
standard deviation of 6 nmis obtained, which standard devi ati on represents
10% of the size of the nean value. [00200] A portion of the dispersion is
dried in an oven at 2000C, which nmakes it possible to obtain a CeQ2 powder
for XRD analysis. The X-ray diffractogramfor this powder has the signature
of crystalline Ceq 2 (ASTM card 34-394). The nean size of the coherent
domain, calculated by application of the Scherrer nodel fromthe m dhei ght
width off the diffraction pectks situated at 2Q= 28.6°,] 20 %° and756. 4°,
gi ves 82 nm T\I\E Eﬁl ijlc surface, determ ned by [nbi¥ agen adgsor pt|i on,
is 13.5|nR/ F ﬁgg mean Sjze of the primary |partijcl es1gf 62 |nm
[ 00201] ExA¥ d| ng to e inyenti on1) [ 002028 oThi s exgnpl e
relates|to the syﬁW'@ a col | oi dal| di spersi on of| ggyijum oxirde
according to the |nvent|on which is staple and cati on aver tq entire pH
range bgtweenm iand 11— {00203 Preparation of —the La :|Mpcél¥'gﬁg 80 g

b
of a PAA- PDADV k lluti on conprj sing 0.025% Ry
CP?A & wg Pﬁ%‘"ﬁt ! BDADVAC

PAA- PDADMAC .ar € di lutjhg, wth deioni zed
ght

- 1
in Exéhle 2. [00205] 80 d ﬁ%

8eF ﬁﬂp%t ,
olﬂnccqlauomolo E;

el
0. 5K- 3K [sol Gt i on S a
d
(
¢rRlooewation |wit h
8
1

col | oi dal CeQ2 (di
the col lloidal CeCR dispersian described in Exanple 9

i
1
wei ght ¢ol | oi dall PM"N?E @P< ion i s addeld, at anbient t§

de_m

ane prepared py diluting, w

9.@0"@:‘61‘&5"%

vi goroug st¥rrijng, 1teKH 0.025%2%y weilght PAA PDADMACS®. 5KElogeulgtivnit|i on
over 10 [mn. t{exagmled) this addition, the CeO concéfati oi21s 2./5% by
wei ght. The PAA- PDADMAC/ CeO 2 rat o by weight is 0.5% by weight. [00207]

The si 170%235] t hﬁ/lesaesﬁroenrggrrttyofqﬁetzle -l Fegt(_:)n?alrreasured using a |l aser particle
si zer

[00221] A dilute KNO3 solution is prepared by diluting 1.0110 g of KNO;

(M=101.103 g/mol), made up to 100 g with deionized water. 10 g of the dilute KNO;
solution and 86 g of deionized water are added to an aliquot of 4 g of the acidic colloidal
dispersion of CeO; stabilized with PAA-PDADMAC (polymer resulting from Example 2
with the addition of CeO, according to Example 11), which results in a colloidal
dispersion of CeO; stabilized with PAA-PDADMAC comprising 0.1% by weight of CeO,
and 10 mol/l of KNO3. The PAA-PDADMAC/CeO; ratio by weight is equal to 1. The pH
is 3.3 and the ionic conductivity is 1.7 mS/cm. The zeta potential is measured using a
device of Malvern ZetaSizer Nano-ZS type. The curve of zeta potential is obtained by
gradually increasing the pH up to pH=11 by addition of a 102 mol/l KOH solution.
[00222] Figure 2 gives the curves of zeta potential thus obtained. The solid curve is
that corresponding to the product from Example 11 and it shows that the zeta potential
is positive over the entire pH range between pH=1 and pH=10.7. The curve given in
dashes corresponds to that of the colloidal CeO, dispersion of solution A, thus without
addition of polymer.

[00223] CMP Experiments

[00224] Experiment 1
[00225] By using the slurry of the present invention, it is possible in a polishing

process to achieve a nitride removal rate of greater than about 100 nm/min and an
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of Horiba LA910 type, taking a value for the optical index of CeQ2 in water
of 1.7. The nedian size d50 is 105 nm and the di spersion index s/m

cal cul at esof2omm3s3se di O, d50 and d val ues of 89, 105 an@CIAIS2009/005325
respectively, is 0.20. [00208] An aliquot of this acidic colloidal

di spersion is treated, with vigorous stirring, wwth a few drops of a 28%
aqueous ammoni a solution, so as to raise the pHto 10.6. Noseparation by
settling is observed. The size of the secondary particles is nmeasured using
a laser particle sizer of Horiba LA910 type, taking a value for the optical
i ndex of CeQ2 in water of 1.7. The nedian size d50 is 106 nm and the

di sperej(iderémdead rafenof mlsdbaatabdufBOm/trﬁre typioallydsioatalit p8D4 wakdiles of 88, 106

d 13 t | t, of ,th t tenti al
0021 of v B SFkiaiolal (e ont Patnlsbatahe Mioei Rl BhySGa bY Va6 S 1 ket
( M=101abrk8i%ed6 @S@|y}nermﬁé tiatiod pHOSY tHe Widrly &Rl paritieROsi¥@bfthe ddtiad aflorigne

h
dilute KNO3 sol ution ang 86 g of deionized water are added to an aliquot of
4 g of othges. aci di ¢ col | oi dal di spersion of CeQ2 stabilized with PAA- PDADVAC,

whi ch . Eﬁ@ﬁ' tealn L i i - PDADVAC
colm(::)rl mgki) gﬁ%;i/e ﬁ'gilsg t'q@lf %%@ gmfré%arm 'Inﬁot? q%&ﬂ%ﬁ\}énﬁéﬁ

PAA- PDEMAGIGEEOremovl irateseatmives! Qdhuh amigehdaoxide gerabvaldhat &% islowed ght . The
H i 3. t.he i i ct t h t t I
Peasr BT Agelonal feds ks ba ebardnd Saules BRGNS AR Faeydray; °
zet a pparnictérs as%oélbtéd Wﬂﬁl the sllirgyd URHd &fféd1of partiddsizBg28 invand @optil 1 by
addition of a 10~2 nol KOH sol ution. The same curve is drawn up wth the

col | oi 82d padicie '8?§'ﬁ§r(9|3§nwﬁésc1r‘f"béa qfﬁheEﬁ%nﬂ)ﬁér@wepmq&ﬁe Iaﬂgd}"é'df gi ves
the CUFéﬁ?&a@fatéQra?RHqi 8R4 53h tﬁé‘g?es%i?%é' Fi”h Were év%h}%
I e 1 and e zeta

corresponding to roduct fr that t
pot ent Th¢ camorm)powmm txbmeed was dibolock EAM—PDMI\MABMMGMQM\M@@I—H 1 The

th f th d t,. f
£ 021 2Rt 20 558 RIRE o sba 3008 a, ShSEugns Weht ©
synt hesérsa @tﬁrasmbls@mi@és dsears shown dklower i um
[00227] Table 1b : Characteristics of 10% by weight ceria dispersion

Sample | Product Code Primary Secondar | Surface Treatment pH
Number particle y particle ( X = polymer to range
size size abrasive ratio) where
(dmean, "M) | (dmean, NM) slurry is
stable
1 CeO; HC 25 (0) 25 83 No 3-5
2 CeO3 HC 60 (0) 60 163 No 3-5
3 CeO2 HC 25 25 64-90 Yes (X =0.2to 1.25) 3-10
(2+)
4 CeO; HC 60 60 140-170 Yes (X =0.2to 1.25) 3-10
(2+)
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oxi de according to the invention which are stable and cationic over the
entire pH range between 1 and 11. Exanples 13 and 14 are conparative

exanpl es whi2eotv/a3edsate to col | oi dal di spersions of ceri umCOAISA@IDOIIRF | Si Ng a
copol yner, no bl ock of which conprises an anionic group. [00214]
Preparation of the dispersions [00215] Solution A- 100 ml of a 20 g/l
col |l oi dal CeO di spersion are prepared by diluting, wth deionized water, a
perfectly transparent colloidal CeQ2 dispersion, the size of the secondary
particles of which, neasured by quasielastic |light scattering (QELS), is8
nm and the size of the primary particles of which is 3 nm The pHis 1.4
and the ionic conductivity is 10 n5/cm [00216] Solution B: 100 m of a

| uti t t . trat f .20 I d beak
L e R T
sol ut I&Qpér@.oﬂat@ha@tteriéﬁegb?lhe%@suslp@ns.an%r@ FRadey BY Tdle MbD B(Pndrp| ution
A, which is kept orously stirred and at anbi ent tenperature.

concl L@amtetrfblwheé sHigan @i%de aRd thpﬁamltwéa fitm comerssh sikganonatess wr@/ |. The
201 0 corbaloaifigh MR BBRTRERRoiohfuts 1 Sl Sk W T etal s
ct transparency an ct

Its int |aI proper namel a perf
st abi | deposiiee over myqrmzme]nnAnwab duartadjdstingi the st aiitbec oitlioadidlordi sper si on

is treated,. with vi.gorqus. stilrri Wi Wdrosof a 28% aqueous
ammm%Ptéﬁﬁ“H’P.*B’r‘i'm’gg @’%?'Bepaﬂ%% pﬁ—?'?'ﬂ'ﬂfgn% W?ﬁ fse of the secondary
parti cjoeg29f tbﬂebﬁt%@reccaubﬁlcq@dlymbﬁ@@mecmeséntpmeﬁmhsm’@l dddé@ldofth@Z t hus

obt ai ned, neasured presented in Table 1 bel ow I s observed
t hat t¢1§P%®l°|“0|WHh°'@é@2“91 bgwaqi by dheorys it ishgliaved that sinee the %@%uﬁa%@ Wi th

the por'xé{%ﬁfﬁ/ \ Qﬁ%?éécpﬁ'ﬁ'o d':c?f@ﬁ@bﬂsra%gér%1ﬁ caﬂbﬁﬁ:”é&l#n@r éﬂé’iﬂ%’f’}é i sturry .

sol uti over tine e slzes 0O he partic ,
measunrwid ani,sOQEQISIheamede@uﬁacemlﬁ nat o the pesitivelysthasgedaitrideesuifecenddiisini ng

o L nerng e B8 G hBE PG AR oy e AT FdRheairh &t R FBnoRRR 2
rate, leading to reverse selectivity i.e., high silicon nitride and low silicon dioxide
removal.

[00230] Polishing experiments were carried out using a POLI-500 polisher (obtained
from GnP Technology). The polishing conditions were typically 4/5.5 psi operating
pressure/retaining ring pressure, 75/75 rpm carrier/platen speed, and a slurry flow rate
of ~200 mi/min. The polishing pad (IC-1000) was conditioned (in-situ) for one minute
using a diamond-grit pad conditioner (obtained from Abrasive Technology Inc.,). Each
time, two wafers each of SiO, and SizN4 were polished. The removal rates (RR) were
calculated from the difference in the film thickness, measured using a Filmetrics F-20
interferometer, before and after polishing at 17 points (8 points were chosen at a
distance of 75 mm from the center, 8 points at a distance of 38 mm from the center and
one at the centre). The standard deviation of the RR was also determined using these
data. The polish results shown are an average of the removal rates for the two wafers.
[00231] Friction coefficients were also measured during polishing to identify the
effect of the added polymer, if any. The real time-frictional coefficient was measured
using the multi-sensor monitoring system available with the POLI-500 polisher.

[00232] Thermo Gravimetric Analysis (“TGA”) was used to quantify the amount of

additive adsorbed on silica (which mimics the SiO, film), ceria and SizN4 (which mimics

-44 -



with the polymers described in Exanples 6 and 8, result in unstable
di spersions which flocculate. [00219] Table 1[00220] Measurenent of the
zet a pot ewDi2al10/q3683821] A dilute KNOB sol ution is preparedThs2aoloodsehg 1. 01
10 g of KNO3 (M-101 .103 g/nol), nmade up to 100 g with deionized water. 10
g of the dilute KNO3 solution and 86 g of deionized water are added to an
aliquot of 4 g of the acidic colloidal dispersion of CeQ2 stabilized with
PAA- PDADVAC (pol ymer resulting fromExanple 2 with the addition of CeQ2
according to Exanple 11), which results in a colloidal dispersion of CeQ2
stabilized with PAA- PDADMAC conprising 0.1% by wei ght of CeO2 and 10 2
nol /| thé sHinGB nitfite filPAYp RIARISAE Ceiad-Himer dhesmovgraimetrc amplyiert Byds 1The pH
n| c_condugt cm_,The zeta

reasur Bahuurn goad t reasuty veiahn obie i Raied Sarire B8 wilhEdin &

zet a pehfpetatate insa ﬁiﬂfogeﬁededxungrv@midta ofﬂﬁ&ﬂ'ﬁd rsﬂucta%doﬁgupshmm&ﬁnﬂ by
addition of a 10 KOH sol ution. [00222] Fi gure 2 gives the curves of

zeta mstvasmquaad#lmugs &beaFEFiECH"C relymesiof thecpiepent inventien)oveiecdpaingdiy the t he
d |

Dher  HOBERIRA oidbr i lorE A bttt Bl abndos v

dashespatymeeagditids Eor alhtite smples, tt\eltbmpeeatufeamsdncspased tromo30%Gitat i on A,

th t d t 002

Eepor | S 3 £ Gele:st 350" BT MR antie Aorort s ReiooR S RPRORE. 1 ¢ i s

possi hberidm F&rﬂﬂélA‘blﬂaélﬁe PORARSITati® wishaintaiRed thd salferRPYBbl sahplesf
greater than about 100 nm mn and anoxi de renmoval rate of |ess than about 3

nn ni risegyfpr gelp|Rptential rrasuemMenbnd 5. Furthernore, the renoval rates of
el ghiloP2FE" PRNHING R FPichTed LIRS ookl SIED SRR YRaiting okt o™
ot her sparfigeg 280 mimg wears wised with and withiont Heespolysienof thespreseot iivaptieota he
pr esentollsr\' €i|%n Ubxide and silicon nitride films. The measured removal rates for 0.25
wt% particle loading (i.e., concentration of the particles in dispersion/solution) are
shown in the figure 1. PAA (0.01%) was added to stabilize the slurry when polishing at
pH > 5.5. Removal rates of oxide and nitride were found to be high, ~350 nm/min and
~95 nm/min, respectively, at pH 4 and low at higher pH values (pH 6 to 10). These high
removal rates of oxide and nitride in the acidic region at pH 4 may be due to the strong
electrostatic attractive forces between the positively charged ceria abrasives and the
negatively charged oxide film. It is believed that the addition of PAA at pH > 5.5
changes the surface properties of the ceria and the polishing film, which may be the
reason for obtaining lower removal rates of both oxide and nitride when the pH is
increased. Referring to Figure 3, the addition of the cationic polymer of the present
invention to the calcined ceria slurry effectively suppressed the oxide removal rate to <
10 nm/min while the oxide removal rate is maintained at 100 nm/min except at pH 10.
[00234] Referring now to Figure 4, the figure shows the removal rates of nitride and
oxide at pH 4 for three different values of particle loading. For these experiments, the
abrasive to polymer ratio was also maintained at X= 0.8. Nitride removal rate was about
~100 nm/min in case of 0.25% and 0.5% ceria loading but decreased to ~70 nm/min at

1% ceria loading.
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show nitride renoval rates above 100 nm m n and oxi de renoval that are
below 3 nmimn. Additionally, these rates can be varied and controll ed by
varyi ng owe 20fo/se3ser al paranmeters associ ated with the slparmg2009ies3es f ect of
particle size (25 nmand 60 nn) and particle loading (0.25 Mt% - 1 w % of
the ceria abrasives on oxide and nitride renoval rates at pH 4 and 5 in the
presence of the cationic polynmer were evaluated. The cationic pol yner
utilized was di bl ock PAA- PDADVAC with a wei ght average nol ecul ar wei ght of
about 500 g/nol to about 3000 g/nol. Specifications of different ceria
abrasive sanpl es used are shown bel ow. [00227] Table 1b : Characteristics
of 10900235k gﬁigul:es Sar\di&pImw ithmpa@ammy ofdine aerﬁd)ealirates@firﬁld)ieamldasﬁd@s

wer e obht aj,ned e col.l oj,dal, di sper si,ons racteristics
oF "t hodLPHAShdS, BECuEh] PhldTad by xaRng e o RBTLRO AR oV L o ot

si | i copeijheratiée intite polidhsdisitiryr AdpHf4, Imlae\t@mdasﬂalte 028 MBictsrdeder €
obtained from Montco Silicon Technolo i es, (The silicon nitride filns

wer e déB'@Fé’f"ﬂtéi "GQQPmémFrmbé'ﬁ the oxide rﬁ'ﬂi‘n%ﬁ“@é%de?f@lasﬁéljfr@ﬂ r%@nmﬂamptﬂ <4 t her
nitric I c Inc.
nas s B BheB eSS MENIKFIRE Lo i@ MeRtey bR 2 B s. HES| thel | Mom
wer e adiede tepnaviad rates pereg inoneasad fnom1t1t£bnmgjnb0t§mﬂ403ynrt’mbmwwe the oxiddel i eved
t hat since oxi de surfac n atl char t hrou ou the pH range
o5, > Aol ried ey dRidanes Arin REOHmMEn o PR 250 ninkei BREH Yt ot o
sur f acpolyhiet/abrdsiv@ratibes meésedenrdmomanweb oig.ride surface. This may |ead
to the su I’eSSI on of oxide renmoval rate while maintaini nﬁ’th he nitride

|

r emoval0% ﬁédﬂﬁﬁ’&"?@q thab thesigg|of the gqarﬂg,apraélvesHpélneg YoAYhAt ri de and
| ow si Eigﬁi&?_}aﬁiﬂ rg@ iﬂecferté’r'm}ﬁ EQQ 3]3“ fBdd, 95 i c"e’ﬁ@ drfid We‘?@’éi’so%éﬁhecj out

using a P | sher ta| ned from GhP Tech ogy he pol 1 shing
condi t abpld dvands5 Mmpl ditferent ab@slyemolympe ratioisn ljtepuk&s ate shown i higuees 7 apd

D o B G TR b0 Bt B Y B4 Y s R o2

m nut esilisobmgxide Geraovaldaty whs Bapgpresdd fiobma0 nhabiiaiteed Mni/eiin ARhes thee

Technol 89a>§lvlqu po}ymeraraplo was increased from 0.5 to 0.8. At pH 5, the nitride removal
rate was observed to be ~50 nm/min in case of polymer/abrasive ratios of 0.5 and 0.8,
but more importantly, the oxide removal rate was decreased from ~17 nm/min to ~2
nm/min, when the abrasive to polymer ratio was increased from 0.5 to 0.8.
[00237] Figure 9 shows the variation of frictional coefficient observed for oxide and
nitride films, respectively during polishing with ceria slurry (particle loading-0.25%) with
and without additives at pH 4. The friction coefficient for the oxide film was found to be ~
0.2, when polished with bare ceria slurry without any additives. When the polymer to
abrasive ratio is 0.2, the friction coefficient was reduced by half to ~0.1 and it was
further reduced to ~0.00025 on increasing the polymer/abrasive ratio to 1.25. This
suggests that the polymer adsorption on to the ceria surface increases as the polymer
concentration in the slurry increases from X=0.2 to X=1.25. But in the case of nitride
films, the friction coefficient was observed to be the same ~0.27, in the presence and
absence of the additive, as shown in figure 8, indicating either that there is no significant
adsorption of the polymer on the nitride surface or if it adsorbs, it does not alter the

friction coefficient.
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time, two wafers each of SiQ2 and Si N were polished. The renoval rates
(RR) were calculated fromthe difference in the filmthickness, neasured
usi ng a RAVDrERtwa363s8F- 20 i nterferometer, before and aftePCpalSc@biongp2at 17
points (8 points were chosen at a distance of 75 mmfromthe center, 8
points at a distance of 38 mmfromthe center and one at the centre). The
standard deviation of the RR was al so determ ned using these data. The
polish results shown are an average of the renobval rates for the two
wafers. [00231] Friction coefficients were al so nmeasured during polishing
to identify the effect of the added polyner, if any. The real

ti me- f[00288]Jonalalle @af beloamshwws the 3GA esbults iforgsilides cerihtandsslivoor nitrmle t or i ng

t i1 able th th 500 pol i sh 232 g
el y e Qo adbivdst 8 o' BRe R rRECS et et Rl PR on
si | i capurakilieh Wltﬁb@tsadJHWe%D QBefd isTo weRht Rsangh Weieé |ds\gmfch3%l Whgst he

silicon nitri (Se fil wders. A Perkin-El nmer Therno gravinetric analyzer,
Pyri s abspoygd -w&gsaﬁa §'“ﬁ%etsQ|p§°/<t FREIONIG BPYMST anfeGatfdi was ebsReddn S¥npl es

as a fypetd g@fhif.ggeng;l gﬁsnldév\a‘?ﬁ]élm"ﬂal“ir hE A é{jsggw mTﬁ’é_cQ@é 2f Bbri Bfsccer | g

silica and or w thout g, catronic poly
of t hg(Tables)nA weigbhlbss of ~2&% aoldt~G. h2H was obsermed Mdi@(ﬂnx medi2uand h.26¢ der to

prevent th ion of he nit. e film wel | ol yner_additive.
For "l fesprdivel BEL SastonalifsB birPe tiawSloRbloss vias rbfiaBe 4Msne00 ¢ o
a rat esrhlle}30. 15RANIH0YOR iAAskIE 29DEiBOM ARGIS *MOSY%VERitidRic pSlymepant ed.

Cerium Particle Abrasive: polynmer ratio was mai_ntai ned the sane as that of

sanpl ed%pdiean meirldgét%2‘;’9’09@mm%1p0w@5uneéﬁemvelx ode3eh)sepsed adseigtian on the

cal c I f ~60 n
ner o | ndhige Hovtich 88t fith P he LIS e pfiAhBe B AheliGh i aleCofind (SP. 1D
sili cosurtacenfthe rantmue;pd)wdernamd tsr cansisténtrwith thiednwardanoecef the fmeton r at es f or

i <por et Wit TE Endterdidimio & TEST Ve bSoile FigBBb) TS Koea 10

st abi | appeatdab thy ad's ﬁcﬁh @ﬂbatsdm@golgmeplnhc?eésers sifeifexftly aatespsiymexisie and
nitride were found to ht?)‘gh é~350 nmmn and ~95 nm mn, respectlvely at
&

pH 4 ARIasi¥eratio iRcHases on ica 3y eeride bﬂb?Ot %H?en'Hldg?rﬁu ace.
[00239] In all the three cases (CeO; SiO; and SizNs), a small negligible weight loss
was observed in between 40° C to 100° C, which may be due to the presence of water
in the sample expected from the hygroscopic nature of the polymer.
[00240] Table 2a: TGA of abrasives coated with polymer at pH 4

Normalized weight loss
Slurry Composition (starting at ~ 195° C)

X=0 ~0.00%
X=0.2 ~2.52%
X=1.25 ~6.12%
2% silica ~0.00%
2% silica + 0.05% polymer ~3.03%
2% silica + 0.2% polymer ~6.20%
2% silicon nitride ~0.00%
2% silicon nitride+ 0.05% polymer ~0.15%
2% silicon nitride+ 0.2% polymer ~0.19%
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removal rates of oxide and nitride in the acidic region at pH 4 may be due
to the strong electrostatic attractive forces between the positively
charged cwoi2a10a13638i ves and t he negatively charged oxi decfriusaeooiovsses
believed that the addition of PAA at pH > 5.5 changes the surface
properties of the ceria and the polishing film which may be the reason for
obtaining | ower renoval rates of both oxide and nitride when the pHis

i ncreased. Referring to Figure 3, the addition of the cationic polynmer of
the present invention to the calcined ceria slurry effectively suppressed
the oxide renoval rate to < 10 nmimin while the oxide renoval rate is

mai ntai ned at 100 nmmn except at pH 10. [00234] Referring now to Figure 4
, the {d sho he re rates of nitri oxide.at pH 4 for three
ai 11 or RAIE, BB SHATEIE toliBb Endie.sibash i od BiaPrdiiode afishichin ve
to pol yide élﬂfac‘ésmr@bﬁ@lﬁ?%&ilﬂ@:@nﬂboﬁ%er@raﬁonélbf pbRtneretheteliRbRIryas
about ~100 nm 25% and 0.5% ceria | oadi ng but decreased to

~70 nnfhFR @2 Aéhand | 35P ﬁdih@gﬂ‘b@%‘i‘f"%"é@ﬂ@@ '%‘n&FﬂPS@déﬂéW shewfEemabi 1ity
O | LIeXCBRONEN IR ctalt 0421 cRHsdR fm Rilat P06 B dRBRATLA s

obt ai ned by varying t ymer welg rat1os i1 n the
pol i shbuljt edmaingd chtphl 1433 mmtasedxf mtede\ﬁhhs r'léttlelnmaatestrmtcblneneeaas const ant
at ~120nm.ni ut .t he i de remov e decreased from ~25n <4
o i S GRGRPY as bt tn PRMTE oy of the o iEr ERCAT pocih SRR A &' on
5, the[ou24r] deTapRIAICIRAGaNYs Bf h Witeedep dr Solishéd silioRidioXi@e k@ nnt i n
whil e the oxide renoval rates were decreased from~60 nmmn to only ~30
nnt mi nSHPRIhNitTide AR fer / abrasive ratio is increased from0.3125 to O. 8.
[00236t000g3y is believed that the size of the ceria abrasives in the

slurry pl a significant role in determning the renpoval rates, 25 nm
ceria particles Rolished Sturmst ed|at pH 4 @uhtachhnplel(ddoees)

abrasi ve/ pol ymer rahi gﬂ gResul tsfar %iﬂﬁ"ﬁuhgt@tg‘” eNj?L@E(S'g}S%“{ H4,

the Si i con B +r|d_n n‘n\lal r-at-e-\Was—i r anna ut the

silicon oxide rermvaX Pl e was slppresseddtBom 10| nm min 88223 nmfin, when
the abrasijve to polyner ratio was$ increased from0.5 to 0.8. At pH|5, the

nitride renoval X=0.2 54+4 35+4
X=0.8 60+6 3349
X=1.25 68+3 3448

[00244] The ceria slurry with polymer added according to one embodiment of the
present invention leads to high nitride (>100 nm/min) and low oxide (<3 nm/min)
removal rates at pH=4 and 5. It is believed that the interaction of the cationic polymer of
the present invention with ceria, silica, silicon nitride abrasives, and silicon dioxide
(SiOy) and silicon nitride (Si3N4) polishing films was investigated to understand better
the polishing of these films in the presence of this additive. Frictional Coefficient, TGA,
contact angle and zeta potential (not shown) data show that the adsorption of this
cationic polymer on to the ceria abrasive and the polishing oxide film but not on to the
nitride surface. It was also observed that the additives are adsorbed on ceria and silicon

nitride surfaces even at pH where the electrostatic forces are repulsive. The results
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rate was observed to be ~50 nmmn in case of polyner/abrasive ratios of
0.5 and 0.8, but nore inportantly, the oxide renoval rate was decreased
from-17 wolzoiwn363382 nm m n, when the abrasive to pol yneCTnsRe9/00&s3s
increased from0.5 to 0.8. [00237] Figure 9 shows the variation of
frictional coefficient observed for oxide and nitride filns, respectively
during polishing with ceria slurry (particle |oading-0.25% wth and

wi t hout additives at pH 4. The friction coefficient for the oxide filmwas
found to be ~ 0.2, when polished with bare ceria slurry w thout any

addi tives. Wien the polyner to abrasive ratio is 0.2, the friction

coef f i baenbesmssed thucdatelthe faaisbrition-tehaviomaf this waditiveranttbe abeasicesiand

-0. 00025 o ncreasi.ng the.pnol mar/abraswe ratio to 1.25. This suggests

t hat tﬁ"@‘bog'ls g '5‘(%8?'5? P8h£3?rgf%s'“l ffe ceria surface increases as the

pol y "e[00248F €N Eix; biiglent @ the slurry increases fromX=02 to X=1.25. But in
the case of nitride filnms, the friction coefficient was observed to be the

sane - [00246] npﬁﬁ'@%ﬁ@@%@b%@‘ ghbewirabigsiverrarticlgs ©of differert sizaswn in figure
8, i ndpaldy /§urrf5kfé trbdyah) Wfagrrﬁ'eé géfn%’% ﬁgfaaﬁfusaéb%%?gh%hdgkpﬁbgn pol ymer

on the nitride surface or it a oes not 'a riction
coef f i mstroments)2 3A5ta Patdrdialaof dzmlanbrasﬂvemsm hen) W@kemesadured fabvagous pld,

pol ymer e el 7RsP b SpRRiet R Bl BRrEaneietin E Al hEsu Bl s bGe
addi ti wer prépb@édilri S.0N M \MN OB isolutiohs afdwhé @hlnal msmaﬁamua%d\mmgn&&ﬁéved in
case of 2% silica + 0.05%cationic_polynmer an 1% was observed in 2%

si |i calNG3 9%“5’4@"(‘)@%”?%1%%9 gatignie Pawmqféﬁ'ﬂz%ﬁ’aé&*élp%ﬁw the case of
ceria ﬁb%g)l\ﬂg%% 3)\Ne|§h Qée hRsiScular w&gﬁ?@f"‘éﬁut%&%ﬁﬁ’éﬁ% abs nﬂ{?ﬁi‘ﬂ) Whe” X

Is 0.2 an respetlvey But 1 n cas Icon hitride, e weig
| oss wgndlound to be a nuch smaller -0.15% and -0.19%in case of 2% si Ilcon

ol yrel09262L oo e ghtefs, B o A et fishi B adlidr S5y BiEch SN anc
the fi&md_fow plessdrechemicaevas@sduposited (IéP@VDI) siconiniteide fiyas weite bblisiiad f ace
of the nitride powder and is consistent with the invariance of the_friction

coef f i ¥$BAEA \Wealeahsd harlirher thmihicknesses s therdqrasited gxidecand pitigeylims o) |

Thus, jykre 2000 nm and 500 nm, respectively. The experimental conditions used to obtain
the polishing results are shown in Table 3, and were same for all the experiments
unless otherwise stated. The polishing pad (IC 1000 with k groove) was hand
conditioned for 1 min using a 4-inch diameter diamond grit conditioner. Thickness of
blanket oxide and nitride films before and after polishing was measured using a
Filmetrics F20 interferometer. The polish rates were determined from the difference in
the film thickness at 17 test spots before and after polishing for 1 min. Surface
roughness before and after CMP was measured using a Horizon noncontact optical
profilometer. The slurry used for evaluating all the slurries mentioned in this report
contained 0.25 wt% ceria in DI water unless otherwise mentioned. The pH of the
slurries were adjusted with HNO3 and NH40H.

[00248] Table 3: Experimental conditions used for film polishing using a Westech-

372 polisher
Films Oxide and Nitride on 6" wafers
Pressure 4 psi
Back Pressure O psi
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appears that the adsorption of cationic polynmer increases significantly as
the polyner to abrasive ratio increases on both silica and ceria, but not
on the niwoide/sesBace. [00239] In all the three cases @CeE@A2008i0G328nd
Si3N4) , a small negligible weight | oss was observed in between 40° Cto
100° C, which may be due to the presence of water in the sanple expected
fromthe hygroscopic nature of the polyner. [00240] Table 2a: TGA of
abrasives coated with polynmer at pH 4[00241] Table 2b shows the contact
angl e measured on silicon dioxide and silicon nitride surfaces after
polishing with different concentrations of polyner in the ceria slurry (X
=0, 0f{2, 0.8 aﬁtdntén/@é)ner/&)etdde addi tive concentratimB76spmncreased in the

sl urr v X=0 Y= the contact annl ealso increased from-=44° ¢

~68° | n case

gy -

of %wrtﬁgrqwﬁ%ebut it rengined constard00JBEMN h case of
nitrige 1115, TPbishiA maes That thefe was signifi t, adsorption of fhe
polymer only on the ox Il mand not! on the nitride m [00242] Tabl e
2b: Oont act angl e of Padvvater drop on pI i shed sHD‘tﬂﬂOﬂu-gnoode) and silicpn

accordlng to one enbodlnent of the present |nvent|on Ieads to hlgh nitride

(>1 00[ouz48] N) AdgsherAVEUMHnEIRy {oF he frbaicd) carputaties JHESBE2H) Hrd RORS. It s

bel i eved that the interaction of the cationic polyner of the present
i nvent (4m) vith Hifiesentpolymer tgacer@ 1aties @rafisteddrelewr asi ves, and silicon

di d tigated
o inafRazsofe) aEPeiting SBMNTLLG0 A nd Zfin Batpd efid Jt%s‘éﬂ%sr URR VaMMER" | 07
addi t i veria ferpatymendtio€d61Z, i003‘t=2& 0.89,@\8 aadrit 2bwt %hg\tas evalLated dopigbnt i al
th dat h t th tonft' LAani C. I r Qqn to
Lhe: contifdipRiafys Skt Bibo bt rereficRnpitmstaiet ANCRSE YerieBErtaliont | ge
surfac mghbt réﬁ@@/aata@s QLsED Mmﬂmtd)aif ntthae Mntdompar@aao aisks 05 el coatededdria and
silicon nitride surfaces even electrostatic forces are

repul sPagic T TSR ey e Gt DB 3t P 1 Al 2489 PR FOBIERLATEY  of
this a@“‘%’gé?&f"@g‘e GREATINSreRTtSy ol P8 PLA S0 himlr) bR tHePokiBE réfolaf 9

result rates were not suppressed significantly (~50 nm/min). The 25 nm coated ceria particles
at pH 5 both nitride (~ 50 nm/min) and oxide (~ 15 nm/min) removal rates were
suppressed; d) In order to check the repeatability of the performance of 60 nm t:oated
ceria particles, polishing experiments were repeated with varying ceria to polymer ratio
(07MGEQ94 series); e) Zeta potential measurements of all the samples show that they
are positively charged at pH 3-5 (~ +50mv). It was observed that 60 nm ceria with 1.25
wt% to polymer ratio at pH 4 results in optimal nitride to oxide selectivity (i.e., a reverse
selectivity of about 120: 8)
[00251] Evaluation of HC (2+) 60 nm and 25 nm cationic polymer coated ceria
abrasives: Table 4 and 5 list the Sample ID information (cationic polymer) of 60 nm and
25 nm cationic ceria particles respectively. 07MGEO075 and 07MGEQ76 samples
correspond to diblock PAA-PDADMAC with a weight average molecular weight of about
500 g/mol to about 3000 g/mol.

[00252] Table 4: 60 nm ceria particles and cationic polymer

Sample ID Particle Size (nm) Ceria to Polymer Ration
(Wt%:wit%)
07MGE075 -01 60 102
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[ 00246] Particle size distribution of ceria abrasive particles of different
sizes (untreated/surface treated) was neasured using a Zeta-Plus apparatus

( Br ookhawso 2braississent s) .

measured at various pH values using a Zeta-Plus apparatus (Brookhaven

I nstrunents).
and the slurry pH was adjusted using dilute HNG3 or

Al

cationic polyner utilized was di bl ock PAAPDADVMAC with a wei ght average

nol ecul ar wei ght of about 500 g/ nol

t o about 3000

g/ nol .

Zeta potentials of ceria abrascras2¢080033§ were

the slurry sanples were prepared in 0.01 M KNO3 sol utions
NHAOH, as needed. The

[00247] Silicon
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polis
oxi de
exper
Tabl e
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a 4-i

HOEMGEOTISC#@2 vapor dep
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p8pt ed (LPCVD) silicon
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the dnnncJ ted

SRR e e

filnms wer

-69000 nm and 500 nm

cooCco—ot

9§pect| vel y. The

g?M@EOffPW Tions useu6ﬁt)o optainm the polishi{Hgg esults are shown | n

,_and were sane for the experinents unless otherw se stated. | The
107@(#&07&406 1000 with| &0groove) was hand cop@idi2éned for 1 min using
1|C|| dl OlIICt CI dl OlIIUIId g I t L,UIIdI tl UIICF . Ih= quess Gf b! anket Gxi de -\nd

nitride filns before and after polishing was neasured using a Filnetrics

F20 in

the fj

m t hi ckness at

F(ﬂTZfSS!I onghble STQEnﬁ*péérﬁ”'pérﬁb@ MR atidh
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med fromthe difference in
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Surfa
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ceamplejHhess before an
ht act optical profiloni
es nentioned in this
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n@ed'gittndj’oalm%r Ratien

N{@ zatlng all the
o Cer |

in D water

5 0PMIBGEOV6s-O1nENt | Oned.

[00248] Tabhle-3-

2Z6e pH of the slurrie

Evnnr i-rent al hnnrh t i fa

s50Mere adj usted with H

Q7MGE802372 ol i sh

e??00249] A general su

he necad for filmnaolic
} HSeo—0o0F——1 1+ Ppoii+-S

Y éry for the treated

0AMGED7SS-03HC bU (Z2+)

dHC 25 (2F)) W th

ipig erent pol ymer to c
Lty of 60 nmand 25 n

5 are [1sted below. [0
NOCMGED7®a104i cl es with

D250] a) Polishing abi
2arying

1.25

07MGEO076 -05

25

0.3125

[00254]

With these samples reused, i.e., not fresh, oxide and nitride 6” wafers were

polished using 0.25 wt% of ceria slurry at pH 4 and pH 5. Referring now to Figure 10, it

shows the removal rate behavior of 60 nm cationic ceria particles with different ceria to

polymer ratios. From Figure 10, it is evident that the oxide removal rate was

suppressed to 2 nm/min with highest ceria to polymer ratio sample (1.25wt %).

[00255]

Referring now to Figure 11, it shows the removal rates of nitride and oxide

with different 60 nm ceria samples at pH 5. It was observed that even though nitride

removal rates did not get suppressed, the oxide removal rates went up from 2 nm/min at

pH 4 to ~ 50nm/min at pH 5. Therefore it is beneficial to optimize the ceria to polymer

ration at pH 4 to achieve better high nitride to low oxide selectivity

[00256]

Zeta potential measurements were conducted on all the 60 nm cationic ceria

particles with various ceria to polymer ratios. Table 6 shows the measurements

obtained 7 at various pH values. The zeta potential measurements technique is

explained in greater details below.

[00257]

a function of pH.
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now to Figure 10, 1t shows the renoval rate behavior of 60 nmcationic
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articles with different ceria to polyner ratios. From Figure 10,
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60 nm bighematqahplarsl 4t pH 5. It was observed that even though nitride

[00259] Figure 12 shows the removal rates of nitride and oxide obtained with the
treated 25 nm ceria abrasives with various ceria to polymer ratios at pH 4. it can be
observed that the blanket nitride removal rates are not as high as that obtained with 60
nm ceria abrasives even though the suppression of oxide removal rate (~10 nm/min) is
observed.

[00260] Similar experiments were performed with 25 nm treated ceria particles at pH
5. Figure 13 represents the removal rate data of nitride and oxide films polished with 25
nm ceria particles at pH 5. Blanket wafer removal rate data on nitride and oxide were
not obtained with 25 nm ceria particles with ceria to polymer ration of 1.25wt%. Itis
noted that the blanket nitride removal rates were not as high as observed with 60 nm
treated ceria particles at pH 5. Zeta potential measurements as a function of pH were
carried out on three samples as shown in Table 7 and the abrasives are not strongly
positively charged as observed with 60 nm treaded ceria particles.

[00261] Table 7: Zeta potential measurements on 25 nm treated ceria particles.

it

wto
ent

Zeta Potential (mV)

pH 07MGE076-01 07MGEOQ76-03 07MGEO076-05
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removal
2 nmimnat pH4 to ~ 50nmmn at pH5. Therefore it
opti m ze wbeonansmEst o pol ynmer
to | ow oxide selectivity [00256] Zeta potenti al

rates did not

get suppressed,

t he oxi de renoval

i s beneficial
ration at pH 4 to achi evePoetusesooldIsds ni tri de
neasur enents were conduct ed

rates went up from
to

on all the 60 nmcationic ceria particles with various ceria to polyner

rati os. Table 6 shows the neasurenents obtained 7 at various pH val ues. The
zeta potential nmeasurenments technique is explained in greater details

bel ow. [00257] Table 6 : Zeta potential neasurenments of 60 nm (HC 2+)
ceria particles as a function of pH [00258] Table 6 shows that the ceria
abrasjves wi th higher &32 wa”) o poI ymer (0B wilolar e p03|t|%3y25:\m%ged through
out thgpHrange—and aghttode—of _.! ve—charge—i 1 gher—at—pH-3 and
4 . [06259] Figure 12 §ZD§5 t he renoval tes of nitri d§ ﬁd oxi de obt ai ned
with fhe treated 25 niggepi a abrasi ves| 3v4#4 various celfi3dg+4o pol ymer ratios
at p 4 1t can be observed that the hlanket nitride rénmpval rates are |not
as hipghlas that obtai 18(1,I+Wth 60 nm cerd2tabr asi ves everbtRough the

suppr o1 of "OXTde TEH) rate (=19 gy ) TS observygyg {002601—Srmi | ar
experj nEnts were perfornec W|th 25 nmitreéated ceria partlé?es at pH 5.

Fi gure883 represents {Het#senoval rate |02 of nitride an@+dpxide fil s

pol i shed—wth 25 nmeceria particlesatlpH>5 Bl anketWwafer reppval rate
data ph“nitride and oxf re not obtaﬂﬂéﬁ with 25 nm| cé¥a particles pwith
ceria To polymer ration of 1.25WM% 1T IS noted that the bf anket nitride

renoval rates were not as high as observed with 60 nmtreated ceria
parti cl09263} pFoTheZicthe repreadudikility rof dse remevalgates of Hanket ndridengd laxide e

ot oncfy el R IR o8 RuT SeH el By el vaBes W TRLr 1 ol es.
[ 0026 1¢erieatol polymer n%enbammtteﬂbdahntnm@ﬁtmamfuBn@.nTr%smprerumé gadceria
partic)es.[00262] To chegl_ t he reprodu0| bilit t he removal rates of

f
bl ankonTQMANPAE BRIdse nd 0l fs TR SATRIES WOTRYPARA {g diblack RAARRAIGMAL
par ti GiyfR a WSYHICRIdrags AT &RaréighBbab &t 500 g/mol to about 3000 g/mol.

[00263] Table 8: Sample information for 60 nm cationic ceria particles.

Sample ID Size (nm) Ceria to Polymer wt%
07MGE094-02 60 0.3125
07MGE094-03 60 0.5

07MGE094-04 60 1.25

[00264]
ceria slurry from Table 8. The slurry contained 0.25 wt% of treated ceria in DI water.

New blanket nitride and oxide films were polished with the above mentioned

The removal rate of nitride and oxide films with treated ceria particles containing 0.3125
wt%, 0.5wt% and 1.25 wt% are shown in Figure 14. It is evident that the nitride to oxide
selectivity increased with the increase in the ceria to polymer weight ratio. The surface
roughness values of the films (nitride and oxide) polished with the above mentioned
samples are less than 1 nm as shown in Table 9. The removal rates with 1.25 wt% ceria
to polymer ratio particles are consistent with the earlier results as shown in Figure 10.
[00265] Referring to Figure 14, Sample 07MGE094-04 with1.25wt% ceria to polymer
ratio was used to polish nitride and oxide at pH 3.5 to compare and fine tune the

removal rate. The data obtained by polishing nitride and oxide films at pH 3.5 is shown

-53-



ceria to polyner ratio were tested wth new bl anket filnms. The sanple ID s
and information is provided in Table 8. The sanples correspond to dibl ock
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[ 00263] Table 8: Sanmple information for 60 nm cationic
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[00267]

Referring now to Figure 16, In order to test the ceria of the present invention

in a slurry composition corresponding to US Publ. 2006/0099814 (‘814), 07MGE077-01
sample was supplied with 0.4wt% ceria, 400 ppm of 4-aminobutyric acid and 4 ppm of

polyethyleneimine at pH 4.9. Figure 16 shows the removal rate comparison with the

‘814 slurry alone and ‘814 slurry containing the ceria of the present invention at pH 4.9

and 4. The removal rates were reproducible with the (present invention) ceria and at pH

4, the removal rates of both nitride and oxide were suppressed to ~ 5 nm/min. The

lowest oxide removal rate was observed with the 1.25wt% ceria to polymer ratio 60 nm
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observed that better nitride to oxide selectivity is achieved with higher
ceria to polynmer ratio at pH 4 . The post CWMP surface roughness is

conpar ablwoto1lndiedssof the virgin wafer roughness. The zeCa/ysewenvizas
measurenents reveal that the ceria particles with higher ceria to polyner
ratio are positively charged through out the pH range. 60 nmceria
particles with 0.5, 0.8 and 1.25wm % ceria to polyner ratio were checked for
reproduci bility of renoval rates. The renoval rates of nitride and oxide
films with the above nentioned ceria sanples were consistent and repeatable
and produced a selectivity of about 120:5. [00268] Referring now to Figure
t o Fi goers particlas, leasting fvoa bigh pitrdeoto @ade emevdlirate selectsityi. e afsa ri de in

h h. I . di to,t t | ti
wer e noBsdved e RIREMHfgle heleBRedR i FERRI St it BBR E pe e any
on t heramastysied. PakipdBt CMPESurfdse FAUYNRess iStdparable td that bPrealikfit WaferPoi Nt
(IEP) of ceria (no additive) was found to be ~8 and there was no | EP found

for thEudMessabhazetaotentiasl measurementfreyeal that theccasia partigles wittphighes o

th I 5 At ' ' ~eria
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ol ymeerragusihiilveot EMaal i e temaya rates OfRTFEaRG oXidia IS W Ry gi (' ve)
poly . >€l Fom. .

was f oubévé mdptiondd teiia €ampied were sbrigistertand répratablieeing srbaugssiat hr oughout
the pH range 2-12. Wth the addition of 0.25%and 1% polyner to the silica

sl ur ry Seleeyiy-pfahout 1¥8:8di ng), the I EP shifts to ~8.5 and ~9. 5,

respecgd : i i i e I A ymer.
N so, JURE,  Reetny Ao e iGueTo FIuEh I et B als e, pEa B ot
nor e psiligom niteds by the pyasence anrd sbsence ofithe aolyrmer acoediog ta theapisente t han

. S e et R BB BB NAIERA S (i e, e
measured polish rates. As shown in Figure 17, the iso-electric point (IEP) of ceria (no
additive) was found to be ~8 and there was no |IEP found for the ceria abrasives with X
= 0.2 and 0.8 in the pH range 2-12. Also throughout the pH range 2-12, magnitude of
zeta potential on the ceria abrasives decreased in the presence of polymer when
compared to the zeta potential in the absence of polymer.

[00269] Figure 18 shows zeta potential measured of silica abrasives (10wt %) in the
presence and absence of the polymer according to the present invention. The |EP of
silica (no additive) was found to be ~1.5 i.e,, silica abrasive is negatively charged
throughout the pH range 2-12. With the addition of 0.25% and 1% polymer to the silica
slurry (10% particle loading), the IEP shifts to ~8.5 and ~9.5, respectively, suggesting
modification of the silica surface by the polymer. Also, from the magnitude of the zeta
potential change, it is believed that more polymer adsorbs on to the silica surface in
case of 1% additive than with 0.25%. This is also confirmed later by TGA
measurements.

[00270] Figure 19 shows zeta potential of silicon nitride abrasives (10wt %) in the
presence and absence of the polymer. On addition of 0.25% and 1% polymer to the
silicon nitride slurry (10% particle loading) , there is no significant change in the zeta

potential of silicon nitride in the pH range 2-12, which infers that there is no adsorption

-55-



presence and absence of the polyner. On addition of 0.25% and 1% pol yner to
the silicon nitride slurry (10% particle loading) , there is no significant
change i nwohelzss&mspot ential of silicon nitride in the pdErsegends322, which
infers that there is no adsorptionon to the silicon nitride surface. This
is later confirmed by contact angle, frictional coefficient and TGA data.
[ 00271] Figure 20 shows the absorption spectra of ceria slurries with
di fferent concentrations of additive. As shown in this figure, the nmaxina
of absorption of Ce3+ lies in the region 300 - 320 nm It is believed that
Ce3+ ion, which is nore reactive towards oxide, is the dom nating species
on t heorcterthe silicohatirideaswiifackaT hiSas tatescanfiemeddyncornitact] dngledrietigntadbl e t han
Ced+ |n uea Jngél a tFor t he renoval nechani sm of silicon dioxide by
ceria A&?ﬁnd Ce-(OH)2 + on the ceria abrasives react with the

Si - O gobgs1pn Fi@@ré QDISﬁQWsdh@@bdér[ﬁléhfs%@Qtré f tefidsieRriés With ditsrend _
polishing, the nd between Si Ce-O-Si _and the bulk silicon dioxide is

br okerpqmentraﬂ@mofn&%\fﬁ A8 sfmwn Bthis figure, thedpaxma elaksorptian eheesiliescon
di + 4.
i OXi gﬁ th? réggﬁ“é@é @nHPgPtsL@%ﬂé%Eg?ﬁ@rbéB \QUBEN ¥ it POARRE t%?ﬂégg")

[ 0027 al'so b Il eve he reldtive concentratlon 0
whi ch dxidelds the bemlmlngcslpeslesrcm the, cerm dirfgicer and that@efis 0. 25% when

conpared to,0. 5% 1% in Figure 20, relative
concerbraataipicaamers Sble, e i Adieal mraR Eos g etElalnar et o x <
0.2, whetkarisa df%lmbh\cﬁoﬁ@@@wehatams.@és @ROH andiqE@H)han theaeriaf at X =
1. 25 This woul d ap &ar to confirmthat the adsorption of the cationic

pol ymeRrasives reard Wity the Sitl itepan ihgslicesetioxide sHEfaga e fareCeddeiint rati on
IS i ”%mgoﬂ@hﬁd{;%éb% Yethded é?[;#é& - RSkl MHe bhg el &iakudéf?@PFdwélnty of

ceria t S oxide resu ting in the suppression o e renoval rate at
X=1. 25dueTtoi theirgechmnical tastion witt|$| atsiocbelieved flatdhe siicon T@xide smepavedrag 2 and

Lot o LB PR bR e SRR TP , (pe o et ore, IS

ment i Q0eg72ps Wed hlsabelieted that tihatriRe relaties edbmeentfition of G2, which leads to
better polish rates, is higher in case of 0.25% when compared to 0.5% and 1% particle
loadings. As shown in Figure 20, relative concentration of Ce* is much higher in case
of X = 0 when compared to X = 0.2, where the relative concentration of Ce®* is higher
than that of at X = 1.25. This would appear to confirm that the adsorption of the cationic
polymer on to the ceria abrasives increases as the additive concentration is increased in
the slurry and thereby blocking the chemical reactivity of ceria towards oxide resuiting in
the suppression of oxide removal rate at X=1.25. This is consistent with the zeta
potential, TGA, contact angle and frictional coefficient data.
[00273] The present invention, therefore, is well adapted to carry out the objects and
attain the ends and advantages mentioned, as well as others inherent therein. While the
invention has been depicted and described and is defined by reference to particular
preferred embodiments of the invention, such references do not imply a limitation on the
invention, and no such limitation is to be inferred. The invention is capable of
considerable modification, alteration and equivalents in form and function, as will occur
to those ordinarily skilled in the pertinent arts. The depicted and described preferred
embodiments of the invention are exemplary only and are not exhaustive of the scope

of the invention. Consequently, the invention is intended to be limited only by the spirit
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i nventi on has been depicted and described and is defined by reference to
particul ar preferred enbodi nents of the invention, such references do not
inply a |IWoi2bea3edsson the i nvention, and no such |im t aPCoUSe@90es3de
inferred. The invention is capable of considerable nodification, alteration
and equivalents in formand function, as will occur to those ordinarily
skilled in the pertinent arts. The depicted and descri bed preferred

enbodi ments of the invention are exenplary only and are not exhaustive of
the scope of the invention. Consequently, the invention is intended to be
limted only by the spiritand scope of the appended cl ains, giving ful

cogni zand ecope ebihearipentdedichaials|, givirgpiiditcogbizanh® td\bgtivakents i albtespectsl) A
stabl e col | oi dal dispersion for chem cal nmechanical polishing conprising:
(a) an abrasive conponent; and (b) from about 0.05%to about 10% by wei ght
of the abrasive conponent, a water-soluble polyner conprising: (i) at |east
one part B conprising one or nore cationic nononeric units, and (ii) at

| east one part A conprising one or nobre anionic nonomeric units; wherein

t he di spersion has a pH of between about 1.5 and about 6. 2) The dispersion
of claim1l wherein the at |east one part B conprises at |east one
macr onol ecul ar chain B, wherein the at | east one part Ais bonded to a
single end of the at | east one macronol ecul ar chain B, wherein the
macr onol ecul ar chain B is derived fromone or nore ethylenically

unsat urat ed nononers havi ng quat ernary anmoni um groups or inium groups, and
wherein the part Ais a polyneric or nonpol yneric group conprising at | east
one anionic group. 3) The dispersion of claim1 wherein the dispersion is
capabl e of polishing a substrate conprising silicon nitride and silicon
oxide with a reverse selectivity ratio of at |east about 50. 4) The

di spersion of claiml wherein the dispersion is capable of polishing a
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substrate conprising silicon nitride and silicon oxide with a reverse
selectivity ratio of between about 30 and about 120, the reverse

sel ecti viwg 208ti36358ei ng the ratio of the rate of renovalPCofUuseéve/0833ks con
nitride to the rate of renoval of the silicon oxide.5) The dispersion of
claim2 wherein the one or nore ethylenically unsaturated nonomers conprise
tri met hyl ammoni opr opyl net hacryl ate chl ori de,

tri met hyl anmoni oet hyl acryl am de, -nethacryl am de chl oride, -methacrylam de
brom de, trinmethyl amoni obutyl acryl am de, -nethylacryl am de net hyl

sul phate, trinmethyl ammoni opr opyl net hacryl am de net hyl sul phate ( MAPTA MeS),
(3- ne€bAbM$I am dopr opyl )t hmet hyl ammoni um chl ori de ( MAPTAC), (3-

acryl am dopropyl ) trimet hyl anmoni um chl ori de (APTAQ),

met hacr.yl oyl gxyet hyl t ri met hyl ammoni um chl ori de,

met hac\f%agfﬁ ‘aﬁi‘é‘?‘ﬂéttri met hyl ammoni um chl ori de nethyl sul phate,

acryl 0¥I oxyet hyl tri met hyl ammoni um sal ts ( ADAMQUAT), . o

1- et hyl) 2 stablgl gafipiddl dispaisian fasighemizalmeghanieal dofishing IsOBIANgENG:

1- et hyl - 2- vi_Qy. 1 dEni -eth 4-vi nyl pyridi ni um chl ori de,

1-et hyl - 2vqaﬁy+'g§ﬂa§|wr% %Un@p%negith%d 4-vinyl pyridi ni um met hyl sul phate, N
Ndi net hyl di @i frphaabout 85 %htioab ot 102ADKMNEIght of the abrasive component, a

di et h\x{l %lrrn nmog&@m&t hacryl am de,

N- ( 3- HRG &2 AP CIRANHN et hyl ammoni um chi ori de (DI QUAT), a monomer
of fornula: wher@® af legastdmeqHrPB, coMfipritiyg Bhe lod htorehitieAic. ménonhBEc hRper si on
of claim1 wherein the abrasive conponent conprises particles selected from

the group c¥Mbisting of: (a) an oxide, a hydroxide or an oxyhydroxi de of
cerium titani ung Si feb€0Che pak FOBOMBlisi 'tg%ﬁo FhMBhR HEhSHhetiE BRits;(P) 2
m xture of an o>r<T(i)"?1Ie, ea ﬁyder éxllrtde or Bg?llﬁg%)ﬁy roxl; de ofI cerium Wlétﬂ at | east
one ot her evbemein thehdispersiaromas apdl etbetiveeptaiosit 4r5 anchabawidd.(c) a mi xture
of an oxi de, a hydroxide or an oxyhydroxi de of zirconiumand of a

2) The dispersion of claim 1 wherein the at least one part B comprises at least one

macromolecular chain B, wherein the at least one part A is bonded to a single end of

the at least one macromolecular chain B, wherein the macromolecular chain B is

derived from one or more ethylenically unsaturated monomers having quaternary

ammonium groups or inium groups, and wherein the part A is a polymeric or

nonpolymeric group comprising at least one anionic group.

3) The dispersion of claim 1 wherein the dispersion is capable of polishing a
substrate comprising silicon nitride and silicon oxide with a reverse selectivity ratio of
at least about 50. |

4) The dispersion of claim 1 wherein the dispersion is capable of polishing a
substrate comprising silicon nitride and silicon oxide with a reverse selectivity ratio of
between about 30 and about 120, the reverse selectivity ratio being the ratio of the

rate of removal of the silicon nitride to the rate of removal of the silicon oxide.
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trivalent rare earth netal.7) A nethod for chem cal nechanical polishing of
a substrate conprising: (a) contacting a substrate conprising a silicon
nitride Iwpenicznsedsa silicon oxide layer with a coll oi dalPcaitsp@wsdsse; t he

di spersion conprising: (i) an abrasive conponent; and (ii) fromabout 0.3 %
to about 5% by wei ght of the abrasive conmponent, a water-sol uble anphoteric
pol ymer conprising: (aa) at |east one part B conprising one or nore
cationic nmononeric units, and (bb) at |east one part A conprising one or
nore ani oni c nononeric units; wherein the dispersion has a pH of between
about 1.5 and about 6; and (b) performng a CVWP process on the substrate.

8) TheS)nﬁhhda’:Sp@rsioh @if alaimiheheiein thecose bsmoae ethysherpoallysmm.atmatead reverse

selectivity ratiq g about 27 I"h [ 58 | ectivity ratio being
The'r dnbbeberipate Hipe FnABR P rdnia meiad B Fipe. L ayer 1o the rate
of renﬁw@thwémtﬂm@ethyla@mmnd@e—h@ﬂ%oryla)mdb ambhad InetdteyTamade mechani cal

polishing of a substrate conprising contacting a substrate conprising
a sil i Rremidg. ttF'm&E!"Ml%mE}O"éﬁhth)é!a§mquBGﬁ umeﬂylacayl@ml methylsyiphataal

di sper c nitride | ayer
t hePeb@hﬂM%rﬂgﬂﬁegh@ i@?grgeghﬁ tr |Iﬁékg‘ﬁm glleLSg usceptibl e t)c/)
mec hannethacry&mm@lprowh)émmbmyﬂmmmm chioeideMARTABR{3at a reverse

selectivity.ratio aqf at. |east about verse selectivity ratio being
t he ra"fcl%la dqmgpylg{l@egi?yl?rg%%ymothqqg@ Q\Qﬁ nitride layer to the rate

of renmmlacq;ﬂowdsbe/eshyurméthgvandﬁohuaweéhloﬁdw (b) performng a CMP process on
the substrate. 10) The nethod of claim9 wherein the dispersion conprises:

(a) anmgthagsi %O’EY&%“@\Q yigmmenipny cRigridg mathyd selmhate about 5% by wei ght
of t hey GRbHdky&n§BIFREHHHMMBnium salts (ADAMQUAT), 1-ethyl-2-vinylpyridinium, 1-

ethyl-4-vinylpyridinium bromide, 1-ethyl-2-vinylpyridinium, 1-ethyl-4-vinylpyridinium
chloride, 1-ethyl-2-vinylpyridinium, 1-ethyl-4-vinylpyridinium methyl sulphate, N,N-
dimethyldiallylammonium chloride (DADMAC), dimethylaminopropylmethacrylamide,
N-(3-chloro-2-hydroxypropyl)trimethylammonium chloride (DIQUAT), a monomer of
formula:

|,
i
%{N\/\/ \\/U\N/\/>X\\(\| e
O
where X" is an anion,

or any mixture thereof.

6) The dispersion of claim 1 wherein the abrasive component comprises particles
selected from the group consisting of:

(a) an oxide, a hydroxide or an oxyhydroxide of cerium, titanium, silicon,
zirconium, manganese, aluminium or iron;

(b) a mixture of an oxide, a hydroxide or an oxyhydroxide of cerium with at
least one other element chosen from rare earth metals or tin; and

(c) a mixture of an oxide, a hydroxide or an oxyhydroxide of zirconium and of a

trivalent rare earth metal.
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wat er - sol ubl e anphoteric polynmer conprising:(i) at |east one part B
conprising one or nore cationic nononeric units, and (ii) at |east one part
A conpri sSWOQOmWIB86338 nore ani oni ¢ nmononeri ¢ units; wher eiPaTiUs@00diosI3eF Si on
has a pH of between about 1.5 and about 6.

7) A method for chemical mechanical polishing of a substrate comprising:
(a) contacting a substrate comprising a silicon nitride layer and a silicon oxide
layer with a colloidal dispersion, the dispersion comprising:
(i) an abrasive component; and
(ii) from about 0.3 % to about 5% by weight of the abrasive component,
a water-soluble amphoteric polymer comprising:
(aa) at least one part B comprising one or more cationic
monomeric units, and
(bb) at least one part A comprising one or more anionic
monomeric units;
wherein the dispersion has a pH of between about 1.5 and about 6; and
(b) performing a CMP process on the substrate.

8) The method of claim 7 wherein the substrate is polished at a reverse selectivity
ratio of at least about 27, the reverse selectivity ratio being the ratio of the rate of

removal of the silicon nitride layer to the rate of removal of the silicon oxide layer.

9) A method for chemical mechanical polishing of a substrate comprising:

(a) contacting a substrate comprising a silicon nitride layer and a silicon oxide
layer with a colloidal dispersion, the dispersion capable of hydrolyzing the silicon
nitride layer thereby causing the hydrolyzed silicon nitride layer to be susceptible to
mechanical removal, whereby the substrate is polished at a reverse selectivity ratio of
at least about 27, the reverse selectivity ratio being the ratio of the rate of removal of
the silicon nitride layer to the rate of removal of the silicon oxide layer; and

(b) performing a CMP process on the substrate.

10) The method of claim 9 wherein the dispersion comprises:
(@) an abrasive component; and
(b) from about 0.3 % to about 5% by weight of the abrasive component, a
water-soluble amphoteric polymer comprising:
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(i) at least one part B comprising one or more cationic monomeric units,
and

(ii) at least one part A comprising one or more anionic monomeric units;
wherein the dispersion has a pH of between about 1.5 and about 6.
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