WO 2010/036358PCT/US2009/005325 ABRASIVE COMPOSITIONS FOR CHEMICAL MECHANICAL
POLISHING AND METHODS FOR USING SAME CROSS REFERENCE TO RELATED
APPLICATIWRSTIG¢Fhis application claims the benefit of U.S Provisiondt @BHzg N
61/194,497, filed on September 26, 2008, herein incorporated by reference. FIELD OF INVENTION
[0002]This invention relates to abrasive compositions and methods for use in polishing applications
and, more particularly, to abrasive compositions and methods for use in chemical mechanical
polishing processing of substrates. BACKGROUND OF THE INVENTION [0003]CMP ("Chemical
Mechanical Planarization" or "Chemical Mechanical Polishing") processes are known in the art. CMP
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process is used in connection with a polishing composition (or otherwise known as a sal or slurry) and
polishing pad. The polishing composition typically contains abrasive particles dispersed in an alkaline
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silicon nitride to WQ 2010/036358PCT/US2009/005325 the rate of removal of silicon dlioxide is

defined £0%8lersc MR éiivhpmiraldVechanigal fagasgatign” or “Chemical Mechanica

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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[0006]The polishing compositions that contain dispersed abrasive particles in a liquid medium can also
exhibit varying degrees of stability along a range of pH values, which can be established by measuring
the zeta potBiRid W8 Sispersion. The zeta potential indicates the degree Rf FERA¥IYABEveen same
charged particles adjacent to one another in a dispersion. A colloid dispersion with a high zeta
potential, either positive or negative, will confer stability, i.e. resist aggregation. A lower zeta potential
will generally confer instability to the colloid dispersion where attraction exceeds repulsion, meaning
the dispersion will tend to break and flocculate. Thus, colloids with high zeta potential (negative or
positive) tend to be generally electrically stable while colloids with low zeta potential tend to aggregate

or floccyieafO &Y FENGEPEHBIEYIdOR Gidkide REGIRIP Yis eratdrsersyretRirgtitialigviaddlized polishing
composi%for_ use in CMP processes with high reverse selectivity, and methods thereof. SUMMARY
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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



trimethylammoniopropyl methacrylate chloride, trimethylammonioethylacrylamide, - methacrylamide
chloride, -methacrylamide bromide, trimethylammoniobutylacrylamide, -methylacrylamide methyl
sulphate, trilEtAALARISHiopropylmethacrylamide methyl sulphate (MAPTAP{EES2009/005325
(3-methacrylamidopropyptrimethylammonium chloride (MAPTAC),
(3-acrylamidopropyl)trimethylammonium chloride (APTAC), methacryloyloxyethyltrimethylammonium
chloride, methacryloyloxyethyltrimethylammonium chloride methyl sulphate,
acryloyloxyethyltrimethylammonium salts (ADAMQUAT), 1-ethy1-2-vinylpyridinium, 1-
ethyl-4-vinylpyridinium bromide, 1-ethyl-2-vinylpyridinium, 1-ethyl-4-vinylpyridinium chloride,

1-ethy1-Zrivimy§Rotigd)idny partiay is4iy oo idsingrshan & Wptt et Nohktigreshyldiallylammonium
chloride (DADMAC), dimethylaminopropylmethacrylamide, . .
N(3-ch|o'i‘6@§t?{§/‘éh‘8§yl%ﬁ%¥9iﬁ@cﬂ |4 R SHRAYTIREE QL TORBOXTENE G eI 3 HSALY: wo
2010/03 638 BAT 4aAH8BAPp325 Ri X- 12 N+ X-jR2 N+ R4 | X- CH2n-C-Z

[0011] In one embodiment, the dispersion is capable of polishing a substrate
comprising silicon nitride and silicon oxide with a reverse selectivity ratio of at least
about 27, more typically at least about 30, most typically at least about 50, where the
reverse selectivity ratio is the ratio of the rate of removal of the silicon nitride to the rate
of removal of the silicon oxide.

[0012] In one embodiment, the ethylenically unsaturated monomers can comprise
trimethylammoniopropyl methacrylate chloride, trimethylammonioethylacrylamide, —
methacrylamide chloride, —methacrylamide bromide, trimethylammoniobutylacrylamide,
—methylacrylamide methyl sulphate, trimethylammoniopropylmethacrylamide methyl
sulphate (MAPTA MeS), (3-methacrylamidopropyl)trimethylammonium chloride
(MAPTAC), (3-acrylamidopropyl)trimethylammonium 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
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[0013] where X is an anion,

[0014] or a monomer of formula:
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[0015] wherein R is a hydrogen atom or a methyl or ethyl group; Rz, R3, R4, Rs and
Re, which are identical or different, are linear or branched C;-Cg, typically C1-C,4, alkyl,
hydroxyalkyl or aminoalkyl groups; m is an integer from 1 to 10, for example 1; nis an
integer from 1 to 6, typically 2 to 4; Z represents a —C(O)O- or —C(O)NH- group or an
oxygen atom; A represents a (CHy), group, p being an integer from 1 to 6, typically from
2 to 4; B represents a linear or branched C,-C4;, advantageously C3-Cg, polymethylene
chain optionally interrupted by one or more heteroatoms or heterogroups, in particular O
or NH, and optionally substituted by one or more hydroxyl or amino groups, typically
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,



NI+ 116 R5 R3 R3 - [0015]wherein R1 is a hydrogen atom or a methyl or ethyl group; R2, R3,

R4, R5 and
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vinylphosphonic acid, ethylenically unsaturated phosphate esters or any combination
thereof.

[0018] In yet another embodiment, part A is a chain end unit comprising at least
one anionic group chosen from a carboxylate group, a sulphonate group, a sulphate
group, a phosphonate group, a phosphate group or any combination thereof.

[0019] In another aspect, the invention is 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 as fully described
above, the dispersion generally 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.

[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



R6, which are identical or different, are linear or branched C1-05, typically C1-C4, alkyl, hydroxyalkyl
or aminoalkyl groups; m is an integer from 1 to 10, for example 1; n is an integer from 1 to 6, typically
2 t0 4; Z repM MY BeE0)0- or -C(0)NH- group or an oxygen atom; A reprBSEHE2A0NRS group, p
being an integer from 1 to 6, typically from 2 to 4; B represents a linear or branched C2-C12,
advantageously C3-05, polymethylene chain optionally interrupted by one or more heteroatoms or
heterogroups, in particular O or NH, and optionally substituted by one or more hydroxyl or amino
groups, typically 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
compongiiteamiprigeIdiitiianseinstod isavva) it EiResnhydaXidgedr an axpthetroxide of cerium,
titanium, sigcc%], zircopium, @aréq;snese, ,ahj?rginium or iron; (bls?a mixture, of ?n oxide, a hydroxide or an
oxyhydr8T88Y M RSP RS ERRIISHRS e fere SRRty aluatteiEaR MR () a

mixture ahdmbaitel 20hydroxide or an oxyhydroxide of zirconium and of a trivalent rare earth metal.
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[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.



WO 2010/036358PCT/US2009/005325 silicon nitride layer to the rate of removal of the silicon oxide
layer. In another embodiment, the substrate is polished at a reverse selectivity ratio of between about
30 and aboY@2017986%Rn one embodiment, the amphoteric polymer is a tBfoFHEYHUREA structure
A-B, where A is a chain end unit comprising at least one anionic group. In another embodiment, the
amphoteric polymer is a copolymer chosen from the following: (a) (block A)-(block B) diblock
copolymer, the part A constituting the block A and the macromolecular chain B constituting the block
B; (b) (block B)-(block A)-(block B) triblock copolymer, the part A constituting the block A and the
macromolecular chain B constituting the block B; or (c) (backbone A)-(side chains B) comb copolymer,
the part foggrptitutifigdhe bankditate \ititibe SOIMS CaNE RS gRTBPIRthe preksatitn@intion
macromolecular chains B eac bon(i%j to the backbone A at ong, of their ends.é()éjZBiS et another
spect, 190 GO GEURH T RURG Y SHERIESIHADR. PP SETRVRL 1S 1 B ATV prising:
(a) contaghifgthesoRisieatensonab ratedsamdiotaimédice 190enandia elicept atigel [4@er with a colloidal
dispersi Eﬁ dispersion ahle of rt drolyzing the, silicon nitride layer thereby effectyating the
hydrolyzta(? sjcon ﬁﬁﬁggeéﬁgygﬁlﬂg&%% ?é)‘la’er 0 r%\éq% 'grglecsa??enr'rt]rc')(\j/%l?\r/‘v e ?/ﬁiéygﬁég rr':lﬁr%gpolished
at a revaliftesribetiligsrafipatialddagdaigout 27, the reverse selectivity ratio being the ratio of the rate
of removahahihe silicon niri I il i er;
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substratg,gHgh that (i) the dispersion is between the substrate and the polishing pad or (ii) the

polishing pad is saturated with the dispersion; and (b) moving the polishing pad relative to the
SubstrattOMEleby FiGVERFrlkisiEaien dhatanapiliy oiEaT reIPaYeNaS FOURISARD PSR At 1
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prior art. [0026]Figure 2 illustrates zeta potential curves obtained for another product of the invention
and a prodfdt of the prior art. WO 2010/036358PCT/US2009/005325 [0027]Figure 3 illustrates

addition godg catiq;lwlvml?snétbe megﬁﬂts/invatakﬁ?ﬂbrl]méxz@ieed aﬁfliacﬁila"ﬁ\d @fﬂ@idé/ﬁlg\s 00
suppressed the oxide removal rate to <10 n in_\whjle the oxide removal rate is maintained at 1
b LS T N R o e e

three  [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.



different values of particle loading. [0029]Figure 5 illustrates the variability of the removal rates of
nitride and oxide at pH 4 obtained by varying the abrasive (-60 nm) to polymer weight ratios in the
polishing st 2fd8884f8ure 6 illustrates the variability of the removal rate$6TABILAABBXide at pH
5 obtained by varying the abrasive (-60 nm) to polymer weight ratios in the polishing slurry.
[0031]Figure 7 illustrates the polish rates of blanket silicon dioxide and nitride films with 25 nm ceria
particles 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 particles tested at pH 5 with different
abrasive/polymer ratios. [0033]Figure 9 shows the variation of frictional coefficient of oxide and nitride
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nm cerigogatples azngh+é31meﬁﬁﬁgh@zﬂébomﬁbedemwdmgamtwm)aml afigewhtapfied with
the treate 25 nm.g rlﬂ@?élves Wlth various ceria to polymer ratios at pH 4. [0037]Figure 13

represen R Y5t ﬁ‘ﬁ e and oxide films
[0042] Flgure 18 shows the zeta potential of silica (dmean ~50 nm) as a function of

cationic polymer to abrasive ratio.

[0043] Figure 19 shows the zeta potential of silicon nitride(dmean ~50 nm) as a
function of cationic polymer to abrasive ratio.

[0044] Figure 20 shows absorption spectra of ceria slurries with different
concentrations of additive.

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



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. [00BO1HIYUPE6IFillustrates the removal rates obtained by polishingPhil/R2UNPEGRRe films at
pH 3.5 and 4. WO 2010/036358PCT/US2009/005325 [0040]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. [0041]Figure 17 shows the zeta potential of ceria (dmean -60 nm) as a function of
cationic polymer to abrasive ratio. [0042]Figure 18 shows the zeta potential of silica (dmean -50 nm)
as a function of cationic polymer to abrasive ratio. [0043]Figure 19 shows the zeta potential of silicon
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absorption spectra of ceria slurries with different concentrations of ad(gjitlii\é%'t ilgn Tébr\llsgﬂl%

DESCRAP{ehe absorbed polymer on the particle surface (steric sta
[0047] Accordingly, the present invention comprises a dispersion with improved
stability characteristics. The improved stability of the polishing composition of the
present invention can be seen in the comparison of the zeta potential between the
present invention and the prior art. As described herein, the zeta potential indicates the
degree of repulsion between same charged particles adjacent to one another in a
dispersion. A colloid dispersion that is measured with a high zeta potential, generally
higher than £ 15 mV, is indicative of a tendency towards stability, i.e. the dispersion
tends to resist aggregation. A lower zeta potential is indicative of a tendency towards
instability, i.e., where attraction exceeds the repulsion among the dispersed particles,
meaning the dispersion will tend to break and flocculate.
[0048] Depending on the nature of the metal element employed, the dispersion of
the present invention can be highly advantageous for applications in 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



[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 inveNf ¥WIRF8es an abrasive component and an amphoteric poRA &Y HPAIEBASn 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

a;s a r:‘_urrsau;\tmh : f@tﬂhbBheéﬁfr(ij@emiuamha&Mgégam&tudmgmrﬁ?qmﬁ@e@I_ % ﬁiﬁ@ﬁ?ﬁbﬁﬁ@ﬁ@”ﬁ&él partickz)les
of which they are compos ave to remain.in s nsion in the liguj se withqut sepgration by
settling %}L%)ﬁm%e&g. §E#i@\$’rﬁ%?fb&8‘?ﬁ%%%ﬁpﬁmﬁﬁﬁ%§9.qce\daﬁ%t@ﬁ' \é\{l@b@ﬁ&&é%ﬁ desired
which apelighivlg corpasiimificbthichtesageinventiongkes thpassiibiedvdisipstsiety fosCVE)) in
applicatjgns and under conditions,which ar varied as possible. Wi t heing bound by theory, it is
peliovedl TR St S Bl St 20n TG R T AL Rrh e L e e e
Waals daastH0n among particles. This is WO 2010/036358PCT/US2009/005325 provided by a
charge ped a-liguid interface (electrostatic stabilization) and/or the absorbed polymer
on the nggﬁi sur ﬂ‘@ ﬁFﬂQJ‘Q‘& _g,f.%%¥ both. [0047]Accordingly, the present invention comprises
a dispellﬂﬁﬁﬂ/ith id‘pmar@tmmeagahfmmﬁm‘am imisrty poesendlity toetfasmporeaiagl composition
of the PLgsERhBWAMLY <A0rRP SGENLERHEfieBe HisiurEdNR 2RaUENEFhAGIIRE IS RPent

invention and the prior art. As described herein, the zeta potential indicates the degreé of repllsion

betweeNEAIEHF Faadidm QRBptiFasert RAshdhMbthempra HiBjsaiiioH. Iaass RAMSPNAIRIN that is
measurgad\élen reFeagiadmie atiRlaseae . Malter. (e ntemYbotiirneitaine ffgelidency towards

stability, i.e. the dispersion tends to resist aggregation. A lower zeta potential is indicative of a

tendencP IR ORISR ieast Fre Mt LMRREN KyeBERMROTERERidhS AHRPYR IRYYed
pharticle&?mlﬁaei@géémwwgram%mlItﬁ@;b@%wrﬁediﬂﬁpmd@t@_p[%nﬁ@mﬁiBegaprt@@ naturef of
the metal element employed, the dispersion of.the present jnvention can be hi advantageous for
applica IR IR SAUEY CASHIR OIARVS AP R SLeB Aot SPRR A B n e
preparadiionetiiydforprateideatmytinitile ndtetdedd (T pCiratkambissudl azdiatithvanbhesthapeisions of
the pre _ntr(i)nv%n}igﬂ é’l[jeloﬂsou% vaasnteiﬁe%%s inlthelfielrd ofltehneeel c&r) né?ﬁ i%%%str& as described in
greater alPBe?ow, where t%ey Anhbeliged b the Boq@ﬁlng vanods élompo% ﬁ%, such as
semicomaiontacstdistratyeobethierscpial yolmpokettnge049]In one embodiment, the present invention

ud thod > : <o . . . t
east a L o B R B R e e e ©
depositeadislescanddbayeininplogxesBgaian PasticiTneansiag AIaEemte@fdwrar vapor
depos“%r@ﬂ?‘i‘?'ﬁW%ﬁ@é@ygﬁ%&%ﬁ@tgaﬁﬁﬁ%&qﬁm%éégﬂfﬁ@p&iﬁ?eﬁmﬂ?ﬂi%‘?m’ the

silicon nitride layer is polished until the polishing reaches the silicon oxide layer; polishing of the silicon
nitride 1a5RF9848MNIARBADPYNIMLPARISS, ANRAEONAIABARATEGS i SCRATWIY RAEIEasRARS layer of
silicon Rjeidm@aN pipfileaxide coexist. Here, the silicon oxide layer becomes the polishing stopping
layer injéeaﬁ%&of the conventional method where silicon nitride is the polishing stopping layer. The CMP
procesd¥9A¥e LB OPFHEMITIMANL HI6 AL AN RYMRAREMNRCOMRIISSE RS 2000/005325
manufahia@hsasuaeqpatticlerdiavietsy, (rDigting fioinnab dmitetbtaddumntG0oe ma nasttgrie processing,
shallow trengh isolation (STI).processing and the like. In utilizing the polishing co sjtion of the
oresentINAidH 618 SHTBEOIERE: IS RrgER P Ee e e S BB oL07g B el 20182 20,
more typwstlynatécypi ilyshrttrm ateotit$20etiéy atidet Z05U | Gired Btleradnea bypicatiynfpoimeabout 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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[0051]In one embodiment, the particles are initially present in the form of a sol, also known as a
"slurry”, of such particles dispersed in an aqueous medium. Typically, the aqueous medium comprises
at least 40 WY 20h@/P8adASically at least 50 wt% water and even more typicaf¢ BUSHEPHOSWAS6 water. In
one embodiment, the aqueous medium comprises at least 95 wt% water. In one embodiment, the
agueous medium consists essentially of water. The agueous medium may optionally further comprise
one or more water miscible organic liquids, such as for example, tetrahydrofuran,
N,Ndimethylformamide, acetonitrile, acetone, (C1-C8) alkanols such as methanol, ethanol, 2-propanol
and diols such as ethylene glycol, propylene glycol, ethylene glycol monoacetate, glycol ethers,

polyols qjekgétsesinkDbylhianssartsieresldbRdRMIRISBPY(TENMY PaHisleampr griegingle discrete
particles and the terminology "secondary particle” means an agglomerate of two or more primary
Paticlooo R PR SFARRID SR HB SR QB BASERD” OALE08 RS 2 TEA B ary
particlesmeasaemeaty. particle, or primary particles and secondary particles. [0053]In one

embodi he aQrasive component is comprised of particles having a meag particle diameter
("D50") rg&%}ﬂ] abotﬁﬁst%% r({)%rfefbaf?ﬁgr?o?ne?esrgs(pﬁrr%'fqﬁnoﬁé'%%fgﬁﬁ%hﬁ- 'Fse'%articles have a
D50 of froweabioad1io 1o edro thdlSvithnregand todiepgdispigrsmnsalaccako farrakduby’ Separativh still

more UGN R RAFb AR b Sh Mhona PR eR) DIRMIis e ey of from

about 1 to about nm, even more typically from about nm; and still maore typically
from abdwrt@tmelss the Cake. foemprdeby sepaagting dyreatimgd ifiifg foymedictgiscattering. The

sizes gin%@J%E@uﬁé%l §ﬁH’iﬁg Qyi{gﬁ&ﬁphnique of quazielastic light scattering (QELS) or by the laser
diffraction technique. Alternatively, particle size can WO 2010/036358PCT/US2009/005325 be

determirf8898) trandipsBRIHERTHBA beGeRuisedrefNnorganicidas iverEpmPOREREBN a carbon
membr%@%@ﬁ@&&mgqaw&ﬂgrmmmmeﬁmiﬁaﬁg%mew@m%ﬁméqﬁ%m@e particles

are in stable suspension in a liquid phase. This is understood to mean that, with regard to these
dispersiGiabedimrat:grARY B?@Bﬁ?rﬁ%ﬁﬁ@%tﬂﬁ@mm@@‘bﬁ%@%%fﬁﬁdays, for
examplemiligRse:3diRy hydiekiges AiRd e SakR droxiadyf sRgla Brahinee tHieadiht isdoramed, can be
resuspe dedcml simlﬁle agitation. [0055]The pa ,ticlesﬁi%rﬁ_be comprised of ingrganic oxides in one
embodiriBHEG 8GRI hy AR s ZH SR UHRy YA 0 A RN TBANGARESS HIl SRMeSHiCanother
embodiraadtmixangs thiehioftias Well esf oftmixtateerof miitatenerifsi(@lys pariicregiaohidenoxides,
hydroxid&soanéJIO{. oxxgwdr%iedeg&)l; iggale elements %chudin%b t noblirﬁyiteddto cerium, titanium,
zirconium,'sﬁls on, S am, n?ang']aﬁeser,eti%? il‘glrll,sgl i ’a hFRed Y URF¥ES, YAl as of mixtures
of such elyhedrexi{deyof aaiivum trcirdoniwnidesyeTypically ahoxideiobseaigntomprised of an oxide, a

hydroxi | ! ' LU tyQl ' f cerium. [0056]!
another SOBHimen R e TAE s e Rt R R S T ot of

cerium vhmdrauidagr@rwml@ym&n@s@mwm efreastronemethry @hemenighosenfimied to
lanthanygeE a8 RGHXMEIL Tin ERANE A S 1Hitd 8 S0 R MIh SRS BIABE H MR N HRISIAS Imnean the

elements from the group consisting of yttrium and the elements’of the Periodic Table of the Elements

with an &bothic lRlsENofanRaeh 51ekald is Mpdarsioad o aneandthersirmpnisirons thergemdcan be a

mixture ghAGIHEDf IV HIAS HrBISMENEIoniaE PEABERNTERIBNS HARIRRIER igneanth metal.
The term "trivalent rare earth metal” is understood to mean, unless otherwise indicated, a rare earth

metal wiRIITSARRE AP RIEE B9418RM S hNf6HYin [BrRRRth e RERRFIBR NI e BRJERIE D articles
are baseshobéa MNEAS iGfaNdsxRICH RAArbri@s aserh foxh(dexide &F Zidbhidia &h@ofe203. The

Cloment U P AT QTR SO e B AaTeh RSIAL (S A BREocH RAReSRgular or i
the plurainEssuthbewisel @rdicatdsarlyiegrtiotthl tehibh oaidexistronly 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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WO 2010/036358PCT/US2009/005325 but also to the "hydroxide" and "oxyhydroxide" forms. The
particles can also be based on a mixture of the oxides mentioned above. Furthermore, the particles
can also be WaKAMBBIixture of cerium oxide with at least one other elen¥&i/EPHENGEIN rare earth
metals or tin or also on a mixture of zirconium oxide and of a trivalent rare earth metal, the rare earth
metal elements and tin generally being present in the oxide form. The invention applies not only to the
case described above, where the particles are composed of a mixture of oxides, but also to the case
where the dispersion comprises particles of a first type of oxide as a mixture with particles of another
type of oxide. [0058]The particles may further comprise linked or absorbed ions, such as, for example,

mhetal iO_B?t aigate lﬂ@gilﬁﬁﬁ&&@&”@‘iaﬁidﬁyﬁmf | @f’liffdmm&_Sdiﬂﬁb!'éél‘ﬂd?@ée@aﬂ]éﬁs_@ﬁbﬁ@?éﬂ&oir_ﬁons,
the particles may occur, either completely in the form gof colloids or simultaneously in the form of ions or
of poly TSR Sk OX S5 R PRN B RRANE < RS TREP s B PR RR AT ARy xides
and hydratesti onde mateigeotcaliuknoxidesvith asleaboehiesthugetsmeiiechbyerotysia pdr@etal
alkoxides b WatFrl addition, forced h drog:ﬁsis of. metal salts or.cﬁag reggtfn of n]eﬁl alkoxides with

e C \¢ 2E0N

metal h&f %% %8&%1:%?19 ' rB Fé%&fa%gﬁﬂ%‘é“o% ﬁHfV e e 060]In

onehemhmt'mhethe taeeaearﬁmmhabéiem@itmarnbgncgnpésaw beis_wgi ﬁmfslélﬁ pgﬂh:et?xideim?tplb(\)/\cl;) of
a t t w..mare typically from about .40 to_abou

;ltj)(\iv agﬁi%ﬁﬁ%%@gét%%ggﬁ%rﬁo%%h%u{:ogggo% g]g%&@%g %%a/vgvt\)/é?eer \3%8 r%g%ed) ?o&!a P%gufa 5% pbw, more

typicallychomased sih aumbdyrsvef axities! bub@todiciiy ase adwredhe dispersiompbampfrisee or more

icallhapcse abanidyioof o Xizdlg taes stiwreCho dizpersonoanotione
Siable ST T e oL Sy LA . one

embodii99§8khe silis pradisleday ivtiescornmpisecinkedurn akapshas tienss arehea®itias a pH of

betweegahaiel mafdl RS hitrat8 Gors YcSt IS BRHINESIBHAMAhRIAWAS MILRI ¢ Yifshany
suitable buffer, including but not limited to HNO3 or NI-140H [0062]One Embodiment Related to

InorganiB#aitiSue LA iFREmSIOESN thRRAISES \WEY 20 SERSE pempletelydo/Mesfrm Bb63]In one first

specific imsiadigiesimtirasebailplinaéciemast imé deslplyierPanathathesrdrm encofibrideast one
other e;fgr%%rﬂ\ijM chosen from zirconium, rare earth metals (Ln) other than cerium, titanium and tin and

) ) ( .
this co is iMAIRGSHOF DASRG SRR PRRIEIFTEUAING axidesol iaidRid8Sure solid
solutionatbeyenerpiy ke FivhaiseblHgelntdehdiqoes cdinect hydreipsisrsiunblakaiessde by
cerium(lI/total cerium atomic, ratio, of. between 0.005 and 0.06. These particles exhibit a.size which
o R S RS A R
compouneétial traticdeabddiorenembodiradotnthe partigkes axelen @de, b)) @Renipitatibrilef aegararand the

element )y.are in solid solution. This is understood to mean that one of the elements, generally the

element M, is completely or substantially incorporated in the crystal lattice of the oxide of the other
matrix-fEIRERY elerreang@nekadimientcthmadrieeuadossivanel tnsed cempingsateased e X-ray
difftaction gasaAkP RBiGAN PIHBR | SraehiadulbR HMRIY AR Ubae0 @ AiuPyodasgnruging,
and drying at a temperature of 60C. The X-ray diagrams reveal the presence of a %%;tal Ine structure

correspBIRIR & RIGRRY drome apané 4R40ileHhi P b eantheiHEranlecyRisaly i abeuadthtpunit cell
paramefysun o0 pbiRSEAEE AN HdRS096I 8L PIE IRV RIENGJiE P RiGH PiBEbetespent, which

demonstrates the Incorporation of the other element in the crystal lattice of the oxide of the first. For
examplBPWtARLSHL BoresiRicaliv flomRbau Hin aRawt iR RRumad B8 AhEY Y eayaiRigrams then
reveal awwigstadioyaiechigiady. fluorite type, just like crystalline ceric oxide Ce02, the unit cell

corpolTiB b the ER AT A Rl LS AL SRR OB HENE SR Bment, the
solid soisifiars¢d whegethdhis patislethtenédtairemain 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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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 E2848368%8tion and do not comprise lines corresponding to aRXIFEWPH#EBDe of oxide
of the element other than the matrix-forming element, for example an oxide of the element M. WO
2010/036358PCT/US2009/005325 [0066]The amount of cerium(lIl), expressed by the cerium(lll)/total
cerium atomic ratio, is between 0.005 and 0.06. More typically, this amount can be between 0.005 and
0.05 and most typically between 0.005 and 0.03. It is understood that Cerium(lll) can be present in the
compound as a cation, which can be in the form adsorbed at the surface of the particles of the cerium

compoumbealthe ClY BALUTH IeeRi B ABRRHER!, PhE COBIRIARYARI SRR [AH6i¢lddomnaesence of

cerlum(ll in solutlon can be demonstrated by chemical quantltatlve determinatjon. Use may thus be
made of SRS RETAIEN B FdRAT TR A S SRV LS RRSFH ETBA A Mo G

Cerium(lé@rusm@tamqsawmrfemhuaméammpmaammwhﬂrmia thrddsmpboadissance fdraedam(l1l)
at the surface asfthe artlc es c n be demo ar(}iénjia% s the determijnation of P&d Iectrl oint of the

coIIoidaIadrigB(g 'I‘ﬂl‘év ?n%ﬁfelﬁn% it r?;lt &Rﬁ]'ﬁ/&&"ﬁﬁ?} rlation in
the zetaqmupouﬂdoédshmdnpgrsenmmhmetfmmarmmn(Iﬂillrrisam&ﬁahs elxpaessed ahy varying the
pH of a an.a d| pa pot [ es fro ositive value to
a negatl\g/j i\)ﬁ‘ﬁm? rgr?snl §1n a [ﬁ ('S'Eg%)vgfﬁ qvf/%m po g?’ls'[la| gcgsnéhlﬁ Hg?ﬁeo |soe%§trlc¥6'8||ﬁt The
presence steebﬂmnt(lg?aetaﬁeyéwmbetmemaimmdam@ omhmm@MWlallmtbﬂmNeeBFEMO a
compoug (?c ing 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

dispersitP@Aich willhsecosepabnshiaithis gihadimenicsdmtithg formeoingeniked pxide (rssbOtor the
pfepafaﬂ?ﬁ/ﬁ’iﬁWﬁwQ'E@ﬁ[ﬁWBnWWI@éIEPﬁ@ﬁFM'Qr‘é‘%rﬁjgéﬁﬂ%%lﬁéﬁr IANSFEIRmSRIdAIME RrvaRe

described in more detail. Generally, the various formulae given below are determined by chemical

analysegh¥matthe-elsraastse |9‘i’é1315§| Wéhe eirmeniy.de sonpietely ansebstadialy or after

washmqﬁb@@tﬁa@éalwm@wﬁhmé@mmwd@wth\éldtferﬂmatmnf@hhmglelmmth@t least 10
equivalent volumes of water (1 volume of dls%ﬁrsmn 10 volumes of water). [0069]In one embodiment,

elementNEDRIFSHILT- NiBIS PSATROAPNS ?@rﬂﬁ%ﬂ%ﬁtqﬂ@wnﬁnéﬁ’é{ diffractiAds to the
formula {@oHarjuexdnx@lvideraficisveshimgnn patidalat Ipasitesfiabtiod. 6l amonsytypically at least

equal to 02 I other WO 2010/036358PCT/US20 bOdI ent, the eIem Mis a
combinHAESt ST AL AR P e e RAE LR B Sbona to
the follopreseforenofaa @)y Stallireydritty@ dorrdspbnding to thevbride(ob the xmbigSaninghere y is at

| | d.
rymoans gt {deErahp 8o SxsE i RISTRE SHE LI Ba SRR MIER BT IR B9 6o 1
one emivdtiirespedtitog ras: exjdel @b thisdi aim@mﬁgrpmame}amantem@ma@mm atesrthgpically,
y is at mashestiatith Qdeftﬁ‘Q%WQF%WHE?\W@FHQ%QQPEHQQ SR GREREEMPgAiment, the

element M is a combination of zirconium and at least one rare earth metal Ln, more particularly a
trivalentespEBladinthegasa ot a sigsolbien shthssismpantidin FEﬁﬂHHhQMdQ,a@‘@lMﬁV terbium,

praseody waan@rtneﬁdwwemh Em{allﬁetéﬁl%tm%ﬂﬂﬁﬂféeﬁwg\% faikeed éfmlmé?zéenc
S

Cei_x_yZr,Lny02 in which x + y < 1, x adheres to the condition 0.05 s x s 0. 9 and y is at least equal

to 0.01, ﬂ’ﬂé’ﬁu Qantbor)ihe U’&ﬁ@%%’é f?\fa’f’a'%'aIﬂi%mefﬁmﬁﬁaééiﬁ%wmé&sﬁ’?ﬁk‘aI9 X
adherespigréheafiensiiiie thi§ feflebtifthencapisrdipichtilaeersrdiion (hipeé ¢rpstblatliveically, y
is at Ieacéﬁ%ual t0 0.02 ; nd more typically y is at least equal to 0.04. In one embodiment, y is at most
equal to ??B%%I?’ﬂ Frost equal to 0.05 and more typically at most equal to 0.03. The element M
can alsq(lnsa]comtbmanerenﬂmdaaemwtheaselebsﬂﬂuhetais pareahnbizetofsalittiats farageodymium.
Finally, it ma hat, .in th h t rbiym or fum t|o all

combinat |rc])1n')g ano %eér‘ ?\é}eetgtg hg%\%e 533{ %r§s”§ &l éarﬁ]en Sl%glll% pregentO Bo metﬁﬂ]‘l"’g(rﬁ and Pr(111)
forms amtahmlemlk/marﬂjemew Mnmso[@bsql}mcyetrathﬂmmﬁmbawmeht ttie chemetheMNisay
combinaiiapr ahis AR B tHa BRGkEhaL BRE B AR BIRIUS Aol LRRIIDRAL N, he rare

earth met e a trivalént ra e earth metal an e rare eart met particula rbe

|anthanmrgmmmdqammqmﬁé@dymmﬁ @ﬂ@e@dmlﬁﬁm@ﬁm&mmmmmound can
correspeaGHiAJ AN Fér @ximpté an kil O o e Rifeghert Yt Z < 1, x adheres to the condition 0.05
s x s 0.95, y is'at least equal to O. 81 and z is at least equal to 0.01. Typically, x adheres to the
condition 0.20 s x 0.8 and y is at least equal to 0.10 and more typically x adheres to the condition 0.40
s x s 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 -13-



WO 2010/036358PCT/US2009/005325 typically, y is at most equal to 0.4 and even more typically at
most equal to 0.25; furthermore, z is typically at most equal to 0.05 and more typically at most equal to
0.03. [0072[MHOHE EBESBiment, M comprises a rare earth metal or a combRaliGHBOPAEEArth metals,
typically, where one of the rare earth metals is a trivalent rare earth metal. The rare earth metal can in
particular be lanthanum, gadolinium, terbium, praseodymium or neodymium. The compound can
correspond to the following formula (5) Cei_xLnx02 in which x is at most equal to 0.15 and is at least
equal to 0.01, typically at least equal to 0.02 and more typically at least equal to 0.04. In one
embodiment, x is at most equal to 0.10 and more typically at most equal to 0.05. The rare earth metal

can be |poge8)t, at Ieastdmeparit of desilim(il]) festprasseritb e therichyia) otk cedrivininaidpnierm
adsorbed at the syrface of articles, of the cerium compound. In the case of prase ium, the
latter elém'gnf%gﬁ gﬁ?e%éﬁfg’o%?é fcr)re?%e Mﬂiﬁ)%gﬂﬁ%%’l\%%o?mg Lé’ﬁttuc?rik gﬁ?dhii%%"t%’ more
typicallyCo@breseinddds tgpt ol S deESH 10 Dosthedadrh diisnintde stootp thatdCsrumledoaxide of
formula(6) Cei _xTi3Q2 in which X is at most equal tg 0.6 and is gt least eqyal tp 0,01, typically at least
equal 18 B Sk A f Sl i s fBE R REn doeien it o o.5.
[0074]Esbfatieneftheelattidies witheorgenio Pamiptasdf thdHeresgstal uréhteth ofttbésdomgrorind,

embodigent HRINSIRAY

?)?Pb? Bg{gcles 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 {RR&7dxhibiling aresencealeasiumHbsnisdutiongandetdamonstkaiediby hbemisal value of at

most 3036 45 eepiSiREn DL Hhs RALSIES AL Ish dNERRISIRS BRagiog o this second

embodiment is composed and which ex a mean size of at most 200 nm are referred to, in the

continuRRIBENIOMe HER$AABAG By xRt ignof sesimiihtagivecceridmi \psEia Potrssidparticles
are aggféﬂﬁtf&@déﬂh%d‘iﬁ@éiﬁﬁﬂ@B@%@HE@@@UWH%%E@W%G&G@@ ﬁfpamﬁwﬁme@S"-

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

monodi S RERATEES fall bR BT oRTIR R Ihe e R TAUSr W0 ISRRISTR BRINt of the

2010/036S AR T pSrIBRL) T2 dstentristionviatarnieavtid i wkinwhavaylsy A8as0iNg the
particul%rz_ll)(igt];grg mqﬁt 20%, of the said. mean size.

e zeta potential of the dispersions. When the 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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[0078]The mean value of the size of the primary particles is determined by the X- ray diffraction (XRD)
technique. The value measured by XRD corresponds to the size of the coherent domain calculated
from the widPFROINMSEMost intense diffraction lines using the Scherrer nRSaEUSEAYIEIBRS can also
be determined by the measurement of the BET surface. [0079]The standard deviation mentioned here
has the usual mathematical meaning; it is the square root of the variants and is expressed by the
formula: 1 72 [0080]n being the number of particles taken into account in the measurement, x; being
the size of a particle i, 1' being the mean value of the size of the particles (1/nZi xi). The size of the n
different particles is measured from a photograph obtained by transmission electron microscopy

(TEM). [ehibbidihiertandasibarrniatio iscrasniinaesticol 2l deirhrangt tkh YA rechativelpartitutarly still
2 mean CHIEEUT D8 R RO FE  BRARGRSTEt 1ROLP A B CSETHIALE s s rimary
particlesigahigtitheryere, heheirte005 € Rra, (roBagtiduidiertl9astalfeast 2ot an OB fithdalytat least
o 50 A SRR b TR SRR TR AR SRR Lo
form aggeagatesrwlitioh OB we S srrDntbte tppitalghERARIRRID0CHD K PaKioles Can dhere
Cecond ) BAERC AL IREEH RaURS 1301 CRR D S RELLA P ALFBah S Diepersion
index of koredgpizllyT lyidsiad exos e dyzictdl Y deanidnosteOtpieallyral entystieallyabtor®260.3. The mean
Sz AnG RSP OMARY Sheantaly RSB W28 B ARbIRaNon ar Al AR P
obtained by employing the Taser diffraction’ technique using a’laser particle S|zer?8|sH|r5'u?|on %y
weight). B3 4jTeh eateraarthigpetaidminuexe ipartidelatyaal ttivateahrére estith foegs]akhe-rare
(dgo'dl@é?tﬂﬁ'ﬂetal can be in particular lanthanum, gadolinium, terbium, praseodymium or

neodymium. Typically, the compound corresponds to the formula (3) Ceq.xyZrxLn,O, in

which x + y < 1, x adheres to the condition 0.05 < x £0.95 and y is at least equal to

0.01, the high value of y being chosen so that a solid solution is indeed obtained.

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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[0086]in which: d90 is the size or diameter of the particles for which 90% of the particles have a
diameter of less than dg0; d10 is the size or diameter of the particles for which 10% of the particles
have a diam¥R2UPR3Han c110; dOO is the mean size or diameter of the BaREREIIEY83AT he liquid
phase of the dispersions according to this second embodiment can be water. This can also be a
water/water-miscible solvent mixture. Mention may be made, as example solvent of this type, of
alcohols, such as methanol or ethanol, glycols, such as ethylene 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(l:wlipnﬁlngd riia_sshaaiijlrgbstm Yich 5ﬁﬂ1§{‘/_i§ﬁ$1|13)ﬁef%ﬂ§i%ﬂ' 9 3‘6}%@% _EQQ%JI ](@b@g@@lutior;] of a
cerium alt which additionally comprises cerium is prepared; (b) this solutjon is brought into
Contact W EIPor B, ECTRPL S RdPSIA FRBCR AL TR SO RLAE et
obtained007RE prebeding stabedirriitjeatedrip Adesad et undel an ineshibinatiphestratleast
one of staggs (a), (b) or I(% eing carried out in the presgnce of nitrat ion%{i g?j[he m %ium thus
obtaine § 8 kS B Y M PR L AR B LBrle 5 B P L R ot B e
[0091]Thédirsrstage i ap efaltaabin\pafdicaas bedasthznamy gaalotigiamt adibiusslution which is a
solution ium(ll) salt also be made o [ 1) nitrate, chlogi I
carbonﬁ%%%ﬁ)? %@miﬂ&g %%ﬁ‘rr@é sjg}%,cgl%ﬁggsnéit%gbe%c%#ér%§§ﬁr§i§?u§%és.{ %@ﬁgj&)ﬁ}gﬁgﬁution
should ¢RhBetkdena@piopMbichacidiat imostientat toDcthiamdistat IndetequaitelDiiestypidaliyolution.

The staamaéa'a%eauq%t&@a% %meriygfc umEYdt E&@aq%w( h';?&ﬁ@fém@&mf@,%&k% This

5
can, for WO 2010/036358PCT/US2009 053@5 example, be cerium(IV) nitrate. Genera e amount

of ceriu@i{(I09sé eaenl P h@ and Mare &(riFplyormasbed vab ta 8y dhatarcsadtweetal /5000 and
1/50. [0RgR1BED RIEHI M HLIPaRATRANB BIROP (OhFParREAPBRRI AR REIPUPRINg with

an inert %as. The term "inert %ﬁs" or "inert atmosphere" is understood to mean, for the present
descriptibf farmadtrmed ebihg safacmplidieparicles ehiiQIs kB §UNBRGEN. PrHBRCAS ome
instances, sragdsiyinmneniNe IARET SRSYBERt iBaih e A HROSORERS BN iBaRs P(IN)fan@RIvicrdimeresence
of oxygen trapped in the solution, It is possible for the gas to be, for example, nitrogen or argon.
¥9 anér Xplg at Ileast equgl Ito 0. tlt rl%oreI typically between 0.03 ant):i( 0.08. reg g

[0073] In another embodiment, the compound is a mixed oxide of formula (6)

Ce1«TixO2 in which x is at most equal 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
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[0093]The second stage (b) of the process consists in reacting the starting solution with a base. Use
may be made, as base, of ,products of the hydroxide type. The base includes but is not limited to alkali
metals or alRdN3B184PHThetal hydroxides and aqueous ammonia. Use mayP4iddB0n4823et
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 mi&immubﬁmm@ﬁwiﬁesepaﬂd\sa@e%wmé)@ﬁmdrwﬂmﬁbaﬂm%t of
atmosph re eﬁrer in a closed reactor or in a semi-closed reactor with flushing by the inert gas. The
operatio 8fstﬂ’ G55 Tt Eontact is generally carried out in a stirred reactor. Finally, this second stage
is generqopm]rrled Thé aheanbiaiéennh tiesasize 42 tHe- Bhfaey padittesisrdstieentinat bystha0x:.

[0096]The thir. ﬁ] g% f}{ racess is a he ttreatment f th ctlon med| m, galned O
conclusmny 29 prec INg’s ‘g‘""FHs trost H?coﬁglss'fs c§ s}Slng e umsaﬂ Rakt %ucr)ung it at
a tempetheioehenarit d;ogmeraﬂjpatatmﬂsfr@ﬁﬁtlaedvrdﬂr@mmMtaﬂydséimteaseﬁﬂ(tfmmﬁc%mewo
2010/03 T / 9 ration of t few minutes
and a fe@v%ﬁﬁ?trge# %?e%f?tr%%%ié?sal{ﬁ% \Zé-:[r%a %% ‘%d‘ er gﬁﬁ%ﬁﬁ‘t %negggﬁgrﬁ%t ?@We‘ﬁ%]rﬁwo:f\g
describethénBEd subjace of this atmosphere for the second stage likewise applying here.
[009BIAqRi740 to PRe Shiasia R A1 GRIALE S HIRERLATR LS Fdellid(c) has to be
carried out in the presence of nitrate ions. Generally, the nitrate 1ons are introduced by the addition of
nitric acileaBiRIpArecihasaursRdeel af tharvriiantsragdrepressad bythm{rnydRition. The amount
of nitrate ions, NO3-/Ce3+ molar ratio, is generally between 1/3 and 5. [0099]The
final stage of of th , aﬁ »(d), in fact comprises two successive operations which can be carried
out in any ord&t.;T dperat ons comprise an acidification process and a washing operation. These
operations will be déscribed in more detail below. [00100]The acidification generally takes place by
addition prm]acud ra%elmgmiegnthebmedﬂp’arﬂblmne&@ﬂmmwahmontahsmmeasuemmy ke made of
any inorganic acid e Ism rticularl itric.acid.. The amo id added is
such tha%?hegp o? e%e rHﬁ(?ter acd fP a‘tﬁ‘&n"i‘s? é“ﬁ/’\? ff g §2¢ of the pa icle ﬁ&('j

x). The size of the n different particles is measured from a photograph obtained 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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[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 MAFEH/ABWS8phere. Acidification is typically followed by a wasHkd/SpeteHF3%e 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. [00%3p] beeoprashéObyRarRtieniagnHel sere difthdtibAGeehnifuld LSR P IgseR Y AtiNeSizer
conductiildg of the dr'%oersio is obtained, the conductivity measuring the level of impurities present in
this dispEYSHRUNANRYXEIUhove, the order of the operations can be reversed with respect to that
which h§sQ84] beeTHegerpedidparsiomindéx 2811a8rsto88 ¢ M&atDMEahd25 conclusion of stage

(c) the §i operation can 'Eae %e carried out in the way described above and, upon conclusion of
the Wa;/ﬁra eratﬁfm fﬁé:d%@' G& géﬁned can be subsequently acidified. [00104]Upon conclusion

of stageyhggydisnersipAECaiNg iROBIANG aianarr 1A BAHRIBLSIBPMRNGE Bighble solvent

medium, this dispersion can be prepared in a way known per se starting from an aqueous dispersion
as obtaipadiblethieaye eadianveieh dfdssathbealydedqpbedrendiby dridigimeienbtberpactelésh the
solventhOlOSg}‘{Hioopeéagg)n of _bringin%into contact can be carried out at ambient temperature, for
exampldUBRSARA LB RRRISIES Reeh R ARmMEiThaiRRS thanskaon Fe0iRiF ANeARE'eRihding
from GOgianQ&Q,f[g%lBg}ﬁa@g;emative process will now be described, with respect to the stage (a).
This alternative process differs from the aforementioned process solely in stage (a), the remaining
stages H8PRThe sathe lieid Rhgee of thedispergiansaprerding dertbisiserqnd sambadimenttion of a

cerium(iHasals Waieh. arkliieanl M $6 B HSRARAMRALEA MYSERIS B APEMT HMEQHETI RN ntivh Medy 8 &f the
ceriumglg salt is similar to that described above, [00107!The amount of H202 solution is such that the

(H202/CEafS AP EXFRRIG S ROl A S Re o dioR thasspeBana! LneHanet solution
prepareglpydise Qltsinativthpkase spyoih sianerirosiage dphdatites bfahglyijatis;aiastagith a base

under an inert atmosphere, a heat treatment is carried out under an inert atmosphere and the medium
thus obtgtﬁglc? %ﬁ&&%ﬁ@%ﬁ%ﬁiﬂgd%Bglﬁjﬁtical or similar operations as with stages (b), (c) and (d)
as desciioegisiboveProtepsesdiocdhs prepteation of dhdedispensian atapedi(w) id}laagpadicular
[00108] Fe)?r% iment 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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[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: FiQUe2918RA¢3Beta potential curves obtained for a product of the RGEATBAAMRES&2Droduct 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. WO 2010/036358PCT/US2009/005325 [00110]The term "specific surface" is
understood to mean the B.E.T. specific surface determined by nitrogen adsorption in accordance with
Standard ASTM D 3663-78 drawn up from the Brunauer-Emmett-Teller method. The term "monomeric
unit" is understood to mean the largest constitutional unit contributed by a single monomer molecule to

the strudysmpied Braeerielawy pifaRlio@eABFaMEC tHEcalROdALLF ke deri\Aio—icchntikat eieanionic
derstood to mean mgonomeric units of theﬁ??(tylﬁmer which prise an anionic

seifond?
or poterkieay AassHl ) Ml R SRHIRg Tl oN R PLYRRR YoROd ANt Helatve charge
ﬁgtna?;allgf szmm ?Imgmdrrt‘l?\?vﬁm?qff%a:fge@ jgtionic Qor%@%ﬂ?(f%bgﬁ ﬁﬁ?ﬁwi%h?g\?er
bl e ot e T R e R e TR o O
ca;]r_l ?]et rr]maim,l flmr(tlae_pvdrﬁbi’ntadézasrptina,rmgativmsﬂsiwgepplamuib@?&t?}ymt sﬂ_ljmnMIyT in
wnic S Rre. J reqgal; S anioplic I OlPS, TOor
exampIeg%%%ﬁ%%ggéqﬁssﬁﬁ%heb'r'%%%%‘let(?% %%)%ps%‘ ?gg%?c}z%?ggprﬁ@ﬁ&@n%?%ﬁg%e ypically
weak aciingespperécvregasile Watfon gramplie tbetorebance ¢hoxygErhtrappad datdbaisalutienor

.-cationiqgi%o ﬁggﬁﬂi& mi;a‘égg%gg%q%%%@%g mpg%ﬁe&cagggﬁ_which comprise a cationic group

and/or w ave been catégorized as suc ps aré groups which exhibit at least one

positive M3k (gehbrafigeand stepR(Bhalitheopwershaienaifitniy) iagling the siasiRe: sehtipe
bromidem,@ﬁ&ehay%ma? BE HTAGE S HRIRB I RIRICY A REhYaRAdE e MERiBa¥o which

the copolymer is introduced. [00113]The term "neutral units" or "neutral monomeric units" are

understdol4e§s &t i BAb IR i RIkAI et i Rlkalipsiaasth melahdydseden@Bhinit a charge,
whatevesghedid ahifforediugsimafisk §6ecarRi¥BesitoreErl tHAA INJhatorRaaN bR,

application, "diﬁerent_com%(?)gition s) formed of monomers" can dengte a comgaos'tion 1;% vv_hgh the
nature of PSRN MU FORMELSATYPRIAMAN HLFeH B SRisAT iR &S %hre
differentoftasrifaendaationthyyaxikition dtal adiflesting matrometacukiosizain or a different composition

formed its. A composition formed,of monomers, ¢ ising,100% of a mopomer M1 WO
AR o T g e

m
S HBhomer M2,
A compdsitorefdontadrpfoubtemeascttomofiliegsboendstagmnbtherpticass, Hid¢wpkaatiomofer Al is

differemﬂfﬂ@}%@@%@ﬂfﬁl EQWBQ%Q%&%}@ 6?5}()8@?%?8&‘?%%%%&8@%&?@ PRYPARRL Al A

composition d of monomers comprising 0 of @ monomer . of a monomer Al is
differentHi@meesoiipdgnionl tonnbiesHgestive shaningeluhas infoam egirofeRE RTHREEA2.
[00115]Ip4ke present patent application, an “"ethylenically unsaturated” monomer

[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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means a compound comprising a polymerizable carbon-carbon double bond. It can be a
monoethylenically unsaturated monomer, typically an a-monoothylenically unsaturated monomer, or a
polyethyleni®4NytiH8aed&ted monomer. In the present patent application, fBCHEPOAIESES other
than star copolymers and for processes other than processes for the preparation of star copolymers,
an ethylenically unsaturated monomer denotes a monoethylenically 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 whict{wsnonolymermmiﬂmmeti@é&ffrﬁmw% WeitheRarh RiWhiFuResn@ldeast one cationic
and one or more anionic copolymers, each of which is a co er comprising

substituent Lﬂ] é) é/ § O|¥A
anionic 5 rRmetsARRicATHEd o Uk Yader &'l‘e"a%rbﬂ‘e"gﬁﬂgﬁﬁ?en? Y8tated above,
it is undeestoaokidn i mmbjeaftoﬁmamaﬁptet@ for mw&cm@s@ge"ﬂmm @pislyreprertally

embocS R pA TS0 A AR 6 ARG Y 2 1B BRHT o8 PLIPERL B RO A0 Blecular
chain B en{behas mw«:muhxtldat mhﬂue ﬁ'eaanpesefsrmatmwnmn@deemlmm citadeimnonomers)

comprisiyd i BRI B RO RPARATUR: I EIReIG T ey el oty mer can

be refer as ah amphoteric tefomer™ TeIomeric SFURTUIes af gener own 10'a person
skilled nmltheaaatl@@mfet,f@rrcenwn(d@ss@lwmparﬁhemmwmtnbwenmmmmeﬁm¢b1aolymer can

thus be ,qd/\.’;agﬁ]rgg?gﬁ,?ﬁ%:’g % r%gﬂglggr@\’;@é‘t ygrg nglth the structure A-B, where A is a chain

end unit comprising at least one anionic or potentla anionic group. [00118]According to another

embodik¥bart A hﬁaf'Delm@rﬁlﬂnpwéaﬁsmétagﬁa&bmﬁﬂmﬁﬁﬁw|§Hq§Q§§IMaIIy a
linear (iR serdfRFsIVAIGhEUIBE BRHEH ol P ARFS @Y o Qs YpEfatlHatbnsaRd isH1g anionic

monomeric units, each of which bears at least one anionic substituent g rouP The macromolecular

chains RGAHIERHARA BEOBBRRIBAdRAIMBShIRgHRP/alRRaHRsEABEFREBA W Lhe desedredia of bond. It

is also undeésd@mm@[dw an alternative embodiment, part B can be nonpolymeric, where part A is

polymer'ﬁ.%l ch a iment, part B an be a un|t at the chain end of macromolecular chain A,
T

and the eric 069 éﬁngﬂ( Yetﬁgﬁsw ace MATHERHRT B ARNe 2HRE CYE9mer can
thus be méelnenmumnﬂbmaauruntumatmwmrretage (acgzhalseamhymeaﬂmlsmwu&agmmationic
group. [00119 n o bodlment W rtAi menc: the co r.exhibi

Sloraty XSBREIREN 1cBE  GP B B Na B L PR el B8 IR b A Ared 1
macronsiiebulratdhaipiA, of\rtﬁemmdmanaﬂecuadcﬂmmn is betwleelraﬁ lareeh &ning points which are not
situated nd tefic mer can
be a co qg)mglym%ﬁ?bg bon FWA%?@ (?5 @Eamf% par cons m% aa%r(?é (%\/
copo|yn(eecmbnena§mm9e5atﬂamdmcﬂedum aﬁmns@eacatﬁbnmaethétbQMﬁe% at one
of their %ﬂﬂéu@ﬁ%@&'ﬂ@ Ptite GIRRAIBECEAROY IR AR OR SARIBBHGROIMERIAOAR Ane B)-(side

chains A), B constituting the backbone B and the copolymer comprising a plurality of

macromtmea|blrfeﬂamedabaaa;weehmmdk&nermmlﬂhéﬁ EhiMEELS0INRISne

embodigiitietELEAPAYEISERRAAINIUIRYE ABQHY ike AT IRPIRSHEAS—MINS 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 (80195 ck BREMPRING QBTAHADERL R sAMedpub dnikariedsyays ¥ith f withothphoteric

copolymgylieaiy ke @péﬁ%ﬂ.@n agaR @ﬁm’aﬂtﬁmeahlﬂﬁkstv@@@b(med oﬁvasea&bdmlﬁgamemiacular
chains A and B e bo d (6] 0 anoﬂ%ar via a car%%ﬂrg?nd The am hoteric C?R gmer can

in partlcﬂﬂpggsc 'r‘i‘n"?ﬁ 86‘68?;9 BQ[ﬂ owparat ng by sett

2010/03%‘58%?@Szﬂﬁleé(u%ﬂ%s(blmktﬁa|déﬂosleobpekymﬂtlyo&rd»§pm'eehltumag thguelogk A and the
macromglecula haln utin the and i) (block B)-(block A)-(block B) triblock
copolynﬁ%'r %artrc ? qﬁﬁ% L E’ ke mad((:%rqnolecular chain B constituting the block B. In

another[@ﬁimﬂilmeiﬁh&hea@d)}ﬂwmlaﬂlnaarhﬁbhmﬁabeahhﬂmﬂcesmﬂynﬁer cofwipikhuitich A and/or

the bloc / )

mono- age“t%y e@rﬁ;lﬁgﬁﬁy“ a%ﬁg&g%ﬁ%%ﬁ%g&gféw gf&@%‘éﬁ%@‘é“%{%ﬁéﬁ%&%% Slacflyl type,
such asl'lefdlﬁ%Mﬁﬁallylathﬁl@rﬁQﬁf_&‘dﬁlbrl&é indicatesiabevel hgraides of the epewiiens can be
defined oyniBe FePEALRIVAIN <5 FEBIRE SRS which has just been described. Thus, on
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A part may be defined by naming a polymer, or by naming monomers it is derived from. A unit deriving
from a monomer is understood as a unit that may be directly obtained from the said monomer by
polymerizind¥ ®@&H Y0323 be a copolymer, comprising several kind of repeabifi@/UpHY2@8PRAMg from
several monomers. Hence, part A and 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

applicatigmscri3ibRBESaYE (N EaEPNERSH P Y pelatsicedicteén HdZRid @k prtheodiaient, part B of

the copolymer is polycationic and comprjses mopomeric units derived from cationic monomers.
Typical SLTOTHErBROHARO L RS COIT AR TP gHE3D BB SHRAOTN S T RAILFE B RN is
identicacandifeitise qeenstbeatddifiadirogen atom, an alkyl group comprising 1 to 10 carbon atoms, or
a benzy optionally carrying a hydroxyl group. Typically, the gmmonium group is a quaternary
ammonit&éqyr%up a an%o%ctE/%j |'caﬂlf/), gqﬁﬁ%@ylgr%“ﬁﬁﬂ%%%ﬁ%r ibsn?lcé Fﬁ&?ﬁnépstﬁgn also

comprisease vfiandigpengian foremvlateNriRZiblecselveRt mbdilns, ithés disp ersibfieccentbecpresents a

1 f ic.ri h bl
o, ameRHoe I DAL Bk 8 BSOS R B e IR RS Ro8 Be o1
for exanmpteesknebichhasjusideen deszribied grsliby forirgiag jilintoroettigctyvatiptieypaduént the inium
aroup iyBo4E) 20 MBS Y SRR SRSRS KT Eat b AR 0roup. or

methylpyridinium group. of the aforfementioned cationic monomers may comprise an anion

(countertebipertdiapies eXHRRIARRRIPEMRIIY AN Gs R @ik At ieheiden reptte Jor
hydrosug;gm(?k Aliaenargs SacpsrgrivrPstrEstBo ded carbon atoms), phosphates, citrates,
a

formates, and acetates. [00124]Suitable cationic monomers include, for example: aminoalkyl
(meth)aéPP108L arﬁ\'ﬂ@é\tﬂ‘(SH?HY&MWHE@Yh@ﬁcﬁﬁé%‘,%@hﬂlﬂbrﬁﬁﬂﬁﬁiIQIWGﬁﬁ%éﬁglates, and
(meth)aqyie aHERfatles prE¥ess (AffutE Fronihe 256 AR RIBTERPY ol §8 SRS YIHRR B YA NMNE

function, or a heterocyclic group containin lamine or ethylenimine; diallyldialkyl

nitrogen atom, vin

ammoni( RS SREERRENGINE SIS, NS St 2M B i BleTRe i RiseemF AN IR,
[00125] ppewifin g xesohitio wbf ationiumnp st svinich delditioreihy leompoiby ldgueibys diytregen
dimethylami I t late; ditertiobutylamjnoethyl th te; di hylami thyl
ey B R S e o TR BT S A SRR, R At oy e
4-vinylpJ0H0Z] trinfeta damonrutrifi i b wolutieh) scsyiciict vl dhiel ¢HuOaiieyl U motdunatiohipl the

o+ e di . e’
+ benre ot s s AR CeRIBEHBIDG UG 0 T G BlE Hepate B e
(meth)aaliganatiue Rocass w2 resnerhip) stageriak isyiaembsaught MtoxpANE, witiPadaaguat)

chloride, fipriViAERRIBER AEN ENRIBIARUAEARIS L SAYES SutaMEPUIEIRN I URAB ARRIGONIUM,
TMAEAMS, or Padamquat) methyl sulphate; trimethyl ammonium propyl (meth)acrylamido chloride;

vinylber@9# e seglidm thosiortainedide aaidifigdiardniyrshad dhfunidantifaker similar

1'eth}’1'8%téir%)_’|¥ﬂ5{§i§'§‘Wﬁh'%iégéghb},'écéiabf@){dmW@s@%@@ﬁbéb@m Qredetne fptalie
N,Ndimethyldiallylammonium chloride (DADMAC); N-(3-chloro-2- hydroxypropyl)trimethylammonium
chloride 'BAfUATSasANHRL StRIGH PHOIARAVAY formula: WO 2010/036358PCT/US2009/005325

X12 CHppo 08T ECPaighiér
[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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n I R3 rn [00126] wherein R1 is a hydrogen atom or a methyl or ethyl group; R2, R3, R4, R5 and R6,
which are identical or different, are linear or branched C1-C86, typically C1-C4, alkyl, hydroxyalkyl or
aminoalkyl QYQUS083¢358n integer from 1 to 10, for example 1; n is an inte & HBPRMWAB83%pically 2 to
4; Z represents a -C(0)0- or -C(0)NH- group or an oxygen atom; A represents a (CH2)p group, p being
an integer from 1 to 6, typically from 2 to 4; B represents a linear or branched C2-C12, advantageously
C3-C6, polymethylene chain optionally interrupted by one or more heteroatoms or heterogroups, in
particular O or NH, and optionally substituted by one or more hydroxyl or amino groups, typically
hydroxyl groups; and X, which are identical or different, represent counter-ions, and their mixtures, and

macromgugame}s d%@Rérﬁﬁ@écuﬂﬁ:W@ﬁ? gﬁ&trmwa% td A& 3R IMeemeEXT | i%ﬁéb@flﬂ@g}er@éZi]ln
one embodiment thj of the co OFVHmer IS polyanjonic an, Cg}ﬁgnses monomegrééj eriving trrom
A

anionic RIFEMBF RAFPOSR: RBAeRSIREARRe S IR 2iARRad AR I “unsaturated
monomelia&enipr fsore mémﬁm@mmm@namm alfhetethylenmedinensaiitaisd

monoa Ry HE01 ST, 7 GALA I RNIRLLEHiEY 5 Single moncrmer -

alpha- eth;dlamn@lgedhea;hmite:ﬂa:oﬁmmauﬂsmolewﬂemg alrgdpmnmodmuﬂllgroup and salts of

alpha-ciydaqiealyuseluaied GRMIEAMACS SPTRISIOASRNONS AR drap Jdaglinene
ni the po

embodi e anioniC monomeric u ymer are derived from one or more anionic
monomeneelenstedoﬂmnmumts afcttlerpelmammmd:omnssﬂ aorglidomitopsphteofialytanpic acid;

| sul \
it L e I i e e S R
acid; sal® @nmmnah@wmu@@mampreweaﬁwpﬁmﬂmrpfrﬂiéﬂiymﬁaﬁe@rrﬂus@hwts of 2-
SU'phOemm@%ﬁyﬁ%m@&&ﬁ“@WW%?WQ?@'E&%%W@L&%

S0Eh as
acrylamido-2- methépro panesulphonic acid; and styrenesulfonate (SS) and salts of SS. [00130] The
macrom@3BERAIERLIWRatvREB B St ihe B}%W'B‘ EWbigh tie CARMURRT I8 REERAET than that

derived PapariRN BN MBIRBIGErarP §rd sy WAt INdAR RUFSUIRINEHES iBxhib)k SPREEPBRET the
formulation and comprise monomeric units deriving from neutral monomers that remain neutral

whatevei§HatHA %ar&%@%%%%r‘mﬂ&n%mr?&mWSPB&EHM})Y&“'&W&&BBQ'%UEH IS PIRRG e
oxide, aBlqUPPyEL R dRdoss E)ﬁéﬁib]ml&p’uﬁmmdwadmgdmd@%&&%mﬁs With a pKa of

alpha-et@élse %%%”&uenqsl?atwgtfd tmggl%gar eda éos potentlally 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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ethylenically-unsaturated, monocarboxylic acids; [00133]esters of an alpha-ethylenically-unsaturated,
typically mono-alpha- ethylenically-unsaturated, monocarboxylic acid, for example alkyl esters such as
such as meMAaeH)aie38thylacrylate, n-propylacrylate, n-butylacrylate, mefHfyIiSAM8AEIES
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; [0

0142] vinyl

%gm%tJQ§am@@mE¢?_m@bcﬂE®srflraﬁ,o@rmbm@rgtfgraeolf}eliﬁd-M&R@Wﬁ%&&ﬂﬁ&éft}ﬂ&ﬁﬂowoowﬁ
143]Iln one 0 |ment,t e polymer riIses a polyca IC O olymer, such as,40or exampie,
AP 17 Gt bt RGP e A e i

the polywiiéfeiert howkacopolpoi dracion priimicigecks the monomer M' and 90% of the
monomer A'. A composition formed of monomers comprising 50% of a monomer
and 50% of a monomer A’ is different from a composition comprising 50% of the

monomer M' and 50% of the monomer A2.

M1

[00115] In the present patent application, an “ethylenically unsaturated” monomer

means a compound comprising a polymerizable carbon-carbon double bond. It can be a

monoethylenically unsaturated monomer, typically an a-monoethylenically unsaturated

monomer, or a polyethylenically unsaturated monomer. In the present patent

application, for the compounds other than star copolymers and for processes other than

processes for the preparation of star copolymers, an ethylenically unsaturated monomer

denotes a monoethylenically 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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and neutral blocks, such as for example, a poly (styrene sulfonate)-b-polyacrylamide) block
copolymer. In one embodiment, the copolymer of the present invention is a diblock copolymer in which
the block A W&/ crylic acid and the block B derives from a cationi®HSHHEY ¥dXen from
DADMAC, MAPTAC and APTAC, more typically, DADMAC. [00145]The amphoteric copolymer can in
particular exhibit a theoretical or measured average molecular weight of between 500 and 50000
g/mol. The macromolecular chain(s) B, typically the block(s) B can in particular exhibit a theoretical or
measured average molecular weight of between 500 and 49000 g/mol, typically between 2000 and
48000 g/mol. The macromolecular chain A, typically the block A, can in particular exhibit a theoretical

or meastgifhaywrB HaFrGUtaravRiBNWHABINGE B 2RAiAhd AP Dmerising el dgtsmen 500 and

10000 g/mol. [00146]Parts that are ionic in the pH conditions of the formulation are usually considered
as wate SRS RAENHANY AMONG Ff9Wdnsidered as water-soluble. In a preferred embodiment of

the inve(ooM@prt B\tcuidiagtolahtsther Byiseaisnt/\(gier AL bbiyehérieagroaierdttedhede a
water-solubility that said part would have without the. other part(s) that.is the water-solubijlity of a
e DB E o A RS e R B R A AR IR P ST el RRiR. By
water-sabapegahdiohyenesslinisco ehaiihabthprizing poipmerrmoasmetiphasis sepetadé which
macroscopically jn water at a.concentration from 0.01% and 10% hy weight, at m ture from
200 1 Je s Il SRR R AT T Padiomakdf I ahe KARFIIIR |
componbkeatbendattalenesarethgpuialy cashonstinbim dandier vinaleaherdype efitopndxtdtiding from 1

10 L1, MRS AT {5 Part O SR MU B i BherRAER A Rgorions

of the various units can be chosen to this end. one embodiment, t mer is made by

anionic PeRrAdERRIYMeNt JecHaiansmheIipentRabBeendketa snibabthe eheimpraf Schmolka,
J. Am. QWG AIRREIRAR A TAda 2RAY RidPterfc RIIPoiyRferlS fikewtsd 1 eRFeRi R BRINRIY

Wilczek-Veraet et al., Macromolecules 1996, 29, 4036. Another method which can be used consists in

initiatinIMP PRASTiPIamaResf ANsuropSlYMEF s8BRHDPEhA teladnsr withte sHHPWIPRAas described
for exanypie fYERtayEssimed catokemBrRindg b 1BaSsHe SRV drelig3ioact. Materials, 1996, 23,

899. [00149]In one embodiment, the copolymer is made by living or controlled polymerization as
defined 17k arld £BE BRI Ee WREBHRRE 7 358 PYYRISTIR QEMP fhe ;%iﬁf&'éﬂﬁfahethod makes
it possibéibitecp plarbitynepscaliy 4t [is0 3, G5 prisiohasiddalanitiaihe Bengibraacktbe mgedaesition of
the parts are.controlled by the sioichiometry and the degree of conversion..In the coptext of this type
of polyEFITRIT TRREOE RrE A A e AR Bt e HRRSFEAA he obtained by
any so-daikethiiggpoints nthidle cpohyoh sifzatesh ah e ahd i tias Macemaolpleul&echaididal In
polymerjzafi C ' ' icati /[ 4 and
patent U0 JeRAEeRt, e dpRieer e Un (h BEH T CopURer B e AL,
teaching_{&iﬂﬁpbﬁ@%i_@).W@%mrmmufmltbe]B_Rﬂboosoﬁ/méhﬂ)tmnewmpadﬂmbﬁmmtrolIed
free-radigial oy BYeHZRTGM BIRSASE SRAINSHBASR 65 R QMU BRRIG SRl SIBHE B fifefd Of the

polymer chain.”In one embodiment, such a group is removed or deactivated subsequent to

polymergdnAllGiRgteds e irmphatate cepeymaer2ahmhd e SaPplyaIcs (haakbonaBfer
agent, e eHRmeninHaAdichrtitiREMBRRRBETE 12 SREIRDIPoRARENEBR BriKIAG Bl The

preferred transfer agents for implementing the controlled polymerization process are dithigesters,
thioethe PRI HackompRsHiaeshaineARarisbendss tedhe PRckhaes B ab oneREtheiRg radical

polymer&_&]'@_n using xant_hates. [00152] While the terms "polymer” and_copolymer'_‘ as used herein
1000 to AT 00 6057 EBTOR AL ch RN R APHGTIBE0 Dimen S A HAe 1ypically
from abchbik&(ﬂ)wmx:ﬁ(hﬁ@@@idﬁﬂ. Wtﬂénﬁhe&amatmﬂathﬁmiai%iraﬂe of &ath bfanb erysvery. It is
gm)el‘_’eH}é%i?éﬁhaﬁh%aPnhaE’l8?r‘§oﬁ‘ea€’u%F“c948Fn”E”c%vr‘?' BYRBR%G 193 %1agk 8P piga!ly above 1000

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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WO 2010/036358PCT/US2009/005325 [00153] A polymer solution in accordance with the invention
may be prepared by adding the desired amount of polymers in a powder form to deionized water,
typically haWi¥fg @ WRa8R%ivity of MO (Purification ion-exchange filter, Millip&#e}/ G3e0pERMEr and
water are typically mixed for about 24 hours to achieve homogeneity with a concentration typically in
the range of between about 1% or less. Water utilized in some embodiments of the present invention
is typically water containing as little impurities are possible (which may counteract or suppress the
effect of the inventive polishing composition) such as deionized water (DI water). Such impurities can
be removed through various generally known processes such as ion exchange and filtration
p[)ocesswomoa;;é]mdwka:eampﬁimepbrttheo@q" ; uﬁngmngmbwmtmmqnéiaw?émm@m' | paises from
about 0.001 tg.about 5 wt% , more typically fra out Q.01 to,a %.qf.the polymer in an
maueou ST RoRSy LG e Bipehe ek et bk R b FoR et
typically man i ceestiatimgt tisedaiseio Al lan ditioy endesomutelcatarachas m domstitiiting sherplotkh & oscale

inorganif, patieles R ieastd it mors ypleally ahiesstip0os Walst and svan mare gl a
least 60 Widb Water andomay optiona yqur)f er comprise one or more Warer msae organic liquids, of
the samblogkefaandmtitbeshinek 8asiaraaderived foniisthysnicalipwnsatecded tmtnemeuseous medium

of the sl rﬁg@{g%ﬁ%&@-@%@%ﬁéﬁﬁ}fﬁn@&%@bﬂ“ﬁ&%ﬂ%@?%ﬁ%%& g?ﬁ%%iﬂé%eo?o”d form

or in the a solution, for ex agueous, alcoholic and/or aqueous/alcoholic solution (for
examplecppalymerizalerdigiividpaaopuchasiididimeathyldistivéammpiiwntableddgion can, for
example(,d)gjmm_ to 75% by weight, typically from 10 to 50% by weight. [00157]It is mentioned that it
would not be departing from the scope of the invention to employ and to adapt preparation processes

resultind#01#3bck Bapoiyrfdhe repglvimeracar bssdeliredPibeifengalinganitsid anmyiseshecific
stage orAlgeRtha§tBEAETiHESIBCHaMMYAPP SIGAEIN JBY M P HIBKENRTS SOiaadaeiiardsiblock

copolymers. In particular, it is possible to envisage employing_ transfer ag@ents comprising several

transfer Gri0bSefofRg AR MARRARIJS HRdS Sioedas 1N thalgnainRe sHEsE RH B8 005325
resultingrisrietrslzelie arrdymes sy dlyliunein)- fueck Mby ioa sosbipmsibturkprditrpre)-[(block
A)-(block B)1x type (for example (block A)-(block B)-R-(block B)-(block A), such as triblocks, (block

A (DiocR B S OB S Sa LSRR AN bR M ERO A B core
(splittingpdd Eraregdjifereartpo ooy id eliving<damaiffeszat(hloclo i) dak Bieysplayrepospriteke place
during a_hydrolysis. [00158]The dispgrsions pf the inventigh exhibit sitive ze ential within a
o ramaS AT TR TS e A ot e 2 Skt S B BBt e
exhibit aneca® thanlb8%\vefradargmpanegaatinginidrideriTee framm thecdaenealnengmeniierstood to mean

aalipghandigeri ehaensrersiood o mea
B M e ek R s o S R

within thangdbiovd S anrgicaioas Semirl lupieioht At itedion danuany P a208hrikiaiatdRarting
colloidalg5spefgighe Hifp%%&‘?é‘é%ega?@lw&léﬁ R Sl BrSeiargneyifeiplution of an

amphoteric copolymer also described above in part B of the description. This mixing can be carried out

at a tem Rk of BARREMRRHBEN e PR B otharkPRObYMEbisRal A AMNE @shee AR mately.
The mixingndhydicAliita e Y i MaliME S BiibRtErs. 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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[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 pAPer28tMEdEmetic compositions, in particular in the preparatiorP6TFEHPE BB BYotecting
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-806dyHE&N Mosglodp 1b4ikyIsYAdARaN gtd L) 36 RREth ISR RAS G RUP PIBOIY eceienitrile in a
solution qf deionized water additivated with 0.1 mol/1 of WO 2010/036%?8P_CT/U£%009/0053 5
NaNO3 ARE T SRR LB I B U5 LSRG BRSO AR R BT Fla AR i ©
copolynaions e isiiglescaticn issotbdbrite ahdrcierides By iplesie s xaldsiosulpiiatesiography (SEC)
using a Shode SB-G precolumn..(Na. 1.211067) and three Shodex columns of 30 cm OH pak
5B 06 PG JRBRIEE i TFAE TP o S0 B PR TS SR TR R BRoniie in &
solutionfofrdates|znbvesetateklitivated with 1 mol/lof NHANO3 and 100 ppm of DADMAC (so as to

passiva 6"]‘°2£f'“”§2ﬁ?a6*|‘8@éi%ﬂ WSH’&%@H@H&?&%@@E&@@% %ﬁ@?ﬂlﬂe measurements of

the relative molar masses are made with respect to poly ards. [00163]In the
examplép)etvacaytatascaminnabinizcaathrenEmisesEmamPIers. jooueR)gmearticataple relates to the

eynesiaipaaend a5 (RALORIAREL BT e ighmalhgnensandielyl aninate

(CH3CHCC S)OEt, 101.3g of ethanol, 8.5g of acrylic acid and 23.649 of deionized water are
introdudEdtians SRt esRaAns RFREI FHH Glion. jaE RAASHEGREYSHE ST 6OTIBEUING th itFASBRanical stirrer

and a reéi%cwﬂgaﬁﬁﬁemeemeﬁmﬁ@ afdMAdialoaBRIBASEHIEP 4Ad HeiriRiRRABRSIARIP
as

temperature h een reached, 0.49 g of 4,4'-azobis(cyanovaleric acid) is introduced. Starting with the

introduciSo PR RBEABIOBOBRIBSLHYING £rgnatbersfeatid in 212.89 of water is introduced over one
hour. Afgo126] of Spetifi®exatitgled Pcatidrcdnsrtinday ansvaleriginsith yengabetipduced. The

widral e A S P EURCE P H A RLMBRAEe JUEr L HIRREN) (HPLC) allows it to
be conc(miﬁd)ﬁta’ytdtéhdiamt;ﬂ';_daqﬁddfraeh!ﬁac(mé.tdmbrglﬁqﬁi@@jwmémimiﬁbptebqlexclusion
e e e e
Mr/Mr=1r0e{ogaesheniam Rty X foethgaiTylate chingke: drinsstivy|drerepnibesistbyla P(acrylic
acid-blog e A RE RN MRS PR LT AR SRR R (R R Senzy !
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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WO 2010/036358PCT/US2009/005325 [00170]At the end of the synthesis of the first block, as
described in Example 1, the temperature is reduced down to 65C. Once this temperature has
stabilized, aV$8IZAAHBID6 g of diallyldimethylammonium chloride (DADMAETAIBEMY Wy3Aight in
water, and also 4 g of V50 initiator sold by Wako (2,2'-azobis(2-methylpropionamidine)
dihydrochloride), are introduced. The reaction is subsequently maintained at this temperature for
twelve hours. After reacting for 4 hours and 8 hours, 4 g of V50 initiator are added on each occasion to
the reaction medium. At the end of the reaction, a sample is withdrawn. A 1H NMR analysis gives a
DADMAC conversion of 98.2%. Mn and Mw/M, are measured by SEC in water with a poly(ethylene
oxide) calibratior,curve: Mn:ZQQORM Mn=1p071The supgrimposition of the two chromatograms of
the products frorfh Example 1 and 1[ro Bxamgle aIIowslit to¥de concluded that the copolymer formed
is dibloclchy e_Thisl @ﬁf%@‘ AEC Rthe product from Example 1 is
completely shifted towartls the rgnpe ¢f the highgr molechlar weights at the end of the synthesis of the
product from Example 2. [00171] EXAMPLE %0 172]T%$s example relates to the synthesis of
poly(acrylic acid) (PAA). [00173]6.239 f 0-ethy 4(11-(metﬁoxycarbonyl)ethyl) xanthate

(CHSCHoRRBII2 SikrIvR) R hibedratbaalamybAgid o oRtcipiFedaer are

introduced at ambient temperature into a 250 ml jacketed glass reactor equipped with a magnetic

stirrer afthaMigh,aER itRkal andilersabiamdneatrenrianehed fenGor RIAIY Ko temitgkure of the
solution jigérex9aRGH SHaIRIRBSIkNIHPOAPAHTiSAR MRSaUTBHas thef feReRarh é??ﬁ Rfan

4,4'-azobis(cyanovaleric acid) is infroduced. After refluxing for three hours, 0.1679 o

4,4'-azol5igeGERBUALIR %cﬁ)ﬂ?'@aé{éa%ﬁ‘?rﬂic%[ﬁ%@s?ﬂésréa&%)@'ﬁbl&@%r gRIhEF Aur hours
witr]: ma@iygélrﬁﬁfgﬁ% AQ@E;?éHe‘hfﬁam(ﬂﬁ-l%,@:?fﬁﬂﬁfpifﬁ)éiigbda”ﬁW’illegél(ljefﬁi?ﬁB{lsﬂéh ef fbsiiﬁéﬂwﬂéﬂrrlhy high
performance liguid chromatogra HPLC) allqws it to be concluded thaf all the acrylic acid has
oncted AP0 HERESALR S oA L AT RER e ch RO N e AR SN e
poly(ethglexie optidentiplibtatiaptptbbigd eadher iokre ingtenaatonns ¥YBeterogroups, in particular O
2010/036358PCT(US2009/00532 erage molar mass (Mn) and polydispersity ingex. /Mn)
values: NSO O AU o USSR T BTtk 2ARE SR SRS syrtnesis
of a P(abydioxdigrbloxk-eddaXryidniob @peoidginticab tindiffereohiveprasentied ditiersions pahdner:
P(AA-AR - TIALt is_of irst ' in,Example 3, the
tem pera%ﬁ%%1%§§§§é§% d%\%‘t:’]a ?%&B&%@ﬁﬁ@@p@%%% ﬁgiﬁs%%%ﬁrﬂ%i%g?g&ﬁ%gn of 15.7 g of
(3-acrylamidopropyl)trimethylamrgonium chloride (APTAC) at 75% by weight in water, 0.073 g of V50
initiator (2,2 -azol%é(z- eth?t\ gptQnapidin x:l_i,fherQChldride) and 10 g of deionized water, degassed
beforehard witti a streanYo nitrogeﬁ 5 m)/i@ in rod[\t{:gd into the solution of the first block. The
reaction is subgequently maintained at this temperd®te (65C) 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 medium. At the end of
the reactRM 2 Eaniphere KitiARWANI2MH NMR analysis gives an APTAC conversion of 99%. Mn and
Mw/M, asonEssuresl dne Driboafipiertliperti AcorHERYp YR He Emi&’&ii(ﬂﬂ&%dvﬁb?ﬂﬁﬂgé&/mok

e

Mw/Mn=1.50. The superimposition of the two chromatograms of the products from Example 3 and

from ExZAPRMELHILS 46 HANSGHeMRRIRRIE RANQIPBITmeHRe @NOSY G MORRASIS AN RIS is
becausefohexamplehayshatettiglarmic allg-preditedted nowenidescisnorisimgtely Rbitthtewsards the

f high | | i h d of hesis of duct f E le 4.
A Tt o ot I e o il o ot N

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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[00180]12.6 g of 0-ethyl S-(1-(methoxycarbonyhethyl) xanthate (CH3CHCO2CH3)S(C=8)0Et, 39.8 g
of ethanol, 60.0 g of a 50% acrylamide solution and 46.2 g of deionized water are introduced at
ambient tenYpREAUYENRS a 250 ml jacketed glass reactor equipped with a rR&GASHEWEF2And a reflux
condenser, and subjected to a stream of nitrogen for 5 min. The temperature of the solution is
increased up to 70C. 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 WO 2010/036358PCT/US2009/005325 acid) is again introduced. The
reaction is prolonged for an additional four hours with magnetic stirring. [00181] A sample of polymer

o Bt T Ttz & s excluon_
chromaﬁfdyi ' @@%%ﬁﬁ%ﬁpﬁﬁﬁfﬁlgﬂ 15%'&\%&&9%8%'@%%%%@1 ﬁ%@l éé'the following
2u4r2bfgcﬁwgﬁa§mmdﬁtm6 A giésng)aaTMamidh_ d*S?ﬂ@W:WtﬁﬂWthwm KAMPES)) siitobfMw/Mn=
. . | xample. relates 1o ne s es|S
E oy BB B R ey TR A ALY To R alE e and sl of 5.
P(AM-AfSUARD)] [OO'I[B%];haﬁremntéoﬁltaIectwiMsis mmmua{,@mesmmeddmﬁp&afn% 5, tr]:e
temper | r Stahi 490
(3-acryﬁi1rL§ ﬁj%%prégpyl nr%ﬁ%ﬁér%ﬁ%%?u%ﬁ%ﬁ%éﬁ&%ﬁbﬁg %’i@é‘@ﬁg éfégﬁﬁ rs;? vﬁggﬁa%.&4 g of V50
initiator pa:zitgiaimg(zeutmiyrp.mxbim@ﬂﬁ@mﬁepﬂthgofmahﬂmm and Qorgmﬁ@elmmwatgniﬁegassed
beforehgad withra,SirRa0, 3l RIBRGSILS UG IRAtHSE IR BRLAn Sulparfistdlagy The

reaction is subsequently maintained at this temperature (65C) for 9 h 30 with magnetic stirring. After
reactingM@N2MBis-inelydentar exampler alkd prifesr el @sEibyirnraxidsh astRIRPYAERBe end of
the reacfiggea sample is withdrawn. A 1H NMR analysis gives an APTAC conversion of 99%. Mn and

Mw/Mn are measured by SEC, after calibrating with poly(ethylene oxide), giving: M=3000 g/mol;
Mw/MnE983 1 he aGphamidssits Fadamidehromatograms of the products from Examples 5 and 6

allows i@ Ps2gonciaigeshsitdiphacnaliemeanynes snhdblogeidally endmdsdiphgacause the SEC
chromato}?&j\m .of the product from Example 5 is, completely shifted towards the range of the higher

molecul§ &@'ﬁ@tl\élﬂﬂﬁaé‘r‘{@mh@g% BRXYHGRCEIBduct from Example 6. [00185] EXAMPLE 7
[00186] [0biE33Fam plterdase arnicalpaswtitlybsitcalipalpéatayktedd &) ficaN)roAd&pha2 g of 0-ethyl

0% acHR U SR A O Do TR o S RAEh s A STy S s ave
introducasiraethylaenylatenpthytacey late, n 350 Py dacketed ylastylacylate qugthpinettraaryiatenetic
oo RSO i WSS O AR A A b o
4.4'-azobyslioyyabodlesiers 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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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 an additional four hours with magnetic stirring. [00188] A
sample of pBiALIE3sHi¥drawn. The analysis of the product by high perforPahdSHY 05325
chromatography (HPLC) allows it to be concluded that all the acrylamide has reacted during the
polymerization. A steric exclusion chromatography (SEC) analysis with relative poly(ethylene oxide)
calibration provides the following number-average molar mass (Me) and polydispersity index (Mw/Mn)
values: Me= 710 g/mol, Mw/Mn= 2.25. [00189] EXAMPLE 8 [00190] This example relates to the
synthesis of a P(acrylamide-block(3-acrylamidopropyl)trimethylammonium chloride) diblock

Eopolyrpg;oPﬁﬂM-A%ﬁ@)eM&_ dﬂéhéh?é%@f'g?éé%ﬁibﬁ%@ Hﬁﬁyﬁﬁi&mﬁhhoﬁ‘ﬁo@wlh_l_ '%e,d inI _
xample 7, the temperature is reduc own to ..Once this temperature has stahilized, a solution
of 306 U RSO FHADBIBLFIRANL AN AT LT RV ASYIALS etk SiFRiElght in water
0.011 g hbmopayiaser (2,2'-azobis(2-methylpropionamidine) dihydrochloride) and 20 g of

deminergli ater, degassed heforehand with a stream,of nitrogen (5 min), are introduced.into the
cation TAAl S Th e R R T pobien 15 A B ok R e A A IRE R BBE S & 20
with magmektiossitrahbloaksr seabtagforekaoyie, a pothdstyrebe gufornate)tigpolyacagddedde)the
reaction medi e h i is. Wi . is_gives an
APTAC @éﬁ?e%%@o&gbO):}qIﬁééaggnﬁﬁv%ﬁ%g?jﬁgggé%ﬂyﬁ%déE{ﬁg ﬁé#%ﬁ%g?%%%v%iﬁ %goly(ethylene
oxide), ghiteck\copolgmerrimow ety ihe-tilaek Ardesupe fraposiiylicodcithand thierblnatoBrderivesthe

productgsam, RXREIREH RSt & eH%%A%M%W@%MﬁR%WWWA@rmsﬂei%gaﬁféh ock
nature. This is because the SEC chromatogram WO 2010/036358PCT/US2009/005325 of the’ product

from Ex&MBIMAGs completely shifted towards the range of the higher molecular weights at the end of
the synthege8] thetproansh oY cspolgmdPEanth pAMI RN B EBIRGearor m&lsipedo the

synthesis of a colloidal dispersion of cerium oxide. [00194]A dilute cerium nitrate solution is prepared

pers
by additRYPERISAMGYesuias weiahtof ketwesr PR Rae 2 RR1 e maeromRipeHaBsy HNO3
solution cpbthfke ofypriamzet witek @) BUaHifp srac Jiar BrHpitcy adrefardmniiess upsd - 440).

This solution, with a Ce4+/Celotal molar ratio 1500, js char edht a.semiclosed tank and then
dognasdtHAIHIGBISEL B ARPAhEN PN R AL AR AGh, HUaa PEMEE e Gad
ammoni&&aigtigimis! pTeeareathyhacleitialaod 2 Agtydidailyrize thivekeh acahahdbrkig b ns3dibit
agqueous gmmonia solution. This solution is charged to a 4Q | iclosed jacket tor and then
o ¥ ek R i S TR T b P
added tdypiealijube twpero 66 Quamdoh80Igliorlat ambient temperature over 30 min while stirring and
while quE%q ith r The reacti i 1 ] %q I I ' r to 80C over %
of an ho |_rar?(§1her:ﬂi r%glgn?ﬁ?gegd%{ tﬁ% ?gn%atl%gﬁ}aokr{ , gtiﬁ”v%ﬁhi@%s %Egv&%ﬁjr%&fgo%en. [00197]0n
conclusiepnsidaren ast watamsaiubiee Thasidarhiisrusyalliooansidecediamwateisiolulirete®@and
washed gn.a MNSeh Sirhe ADBIORIEI R EPHIGTPEAIER 18 daKniceR BBl b RIPATIEIRK@HdItion of
68% nitric acid, which results in a dispersion comg_rl.sm?1 17.9% by weight of Ce02 and with a pH of
3.0. 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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[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 Ce02 in water of 1.7. The median size dso is 109 nm. The
dispersion iNg@2UM3eER ulated from the du), d30 and d30 values of 89, 10 AAPIWI/MIPBEspectively,
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 WO 2010/036358PCT/US2009/005325 counted
and measured, whereby a mean size of 62 nm with a standard deviation of 6 nm is obtained, which
standard deviation represents 10% of the size of the mean value. [00200]A portion of the dispersion is

dried in @RenieS6¢ 20917, \Saichmakes|tb prspiklg Wirkiao\vefr 20 daaEss iR Bcanalysi®e! he
stalline CeQ2 (ASTM card 34-394). The

X-ray di for thi d the signat f cry (
mean si28 AUHE RN, HETAA PHAL AR .PEy SERIRRTA 1 1D B RAMEPREPIRS Hld heigh
width ofdlpadifitsigtiter peekistsitfiahedendaOot atbthet iaditapsl yrhiet, autss8Abwd. fohex@mplepegific
face, determined it d ion, i5.13.5 m2/ ich gjves ean.sjze e fyimar
partclo L SR SO E R e YRt T O PR CTIT el oA elates o
the syntB@8is of a colloidal dispersion of cerium oxide according to the invention which is stable and
tioni ' . [0 ' ft [ ion [00204] 80
o of 2 PIOL TSR o e S ARG B Lo e b At R SR EE Ac are
preparebdynasitizationan defireddel\Ruirk gnsl PaA (PONDIRIACIIBAtBRAATHBAUCIIR in
Example,3o{003ARI80 808 1Mol SNl pifaL HROR HRASIROPGNRBIERAFR Mafliging. with
6] The 5%

deionized water, the colloidal Ce02 dispersion described in Exar\rkﬁg .[0020 y weight
colloidariseersH)speesiprvbichlded lengimBretherrparpasiiamaltng Rajts @ie sontre)led Byeleo25%

by weigefd?aﬁoﬁeﬁfm% HgtheSotinnerds .0 miRe AbHiexa ¥t #fish LRy HRSER6n

concentration is 2.5% by weight. The PAA-PDADMAC/Ce02 ratio bg_welg tis 0.5% by weight.’
[00207] RIS BE SPRHE BAEIRHIARY SareauBsadsd e SaRRIMPS Fa¥bich-rAA LG obfained 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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of Horiba LA910 type, taking a value for the optical index of Ce02 in water of 1.7. The median size d50
is 105 nm and the dispersion index aim, calculated from the d10, d50 and d93 values of 89, 105 and
131 nm respERHRIENN3E3F820. [00208]An aliquot of this acidic colloidal dispeRGEUR2HAEE2}vith
vigorous stirring, with a few drops of a 28% aqueous ammonia solution, so as to raise the pH to 10.6.
No WO 2010/036358PCT/US2009/005325 separation by settling is observed. 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 Ce02 in water of 1.7. The median size d50 is 106 nm and the dispersion index a/m,
calculated from the d10, d50 and dso values of 88, 106 and 130 nm respectively, is 0.20. [00209]

Measur aBpf the p@tw@twa.dﬂma@wdamwmm@mwww;mepummgyt 01109 of
KNO3 (M é\%s;éf\ﬁ%d made u 009 with delonzfz’ed water. 10 d|I &NOB solution

and 86 § AReu feB RRSIRBPEW SFJP{HthéF& RIEHt ceo2

stabillzetdawnb Eeénemmw/t{ﬂwm@urﬁmdtmm|ameumldah@@ﬁwésm|mb6@2 mebﬂmmlrwrth
PAA-PDA C com risi gq% 1% uqf(? "risngo moI/Iof KNO3.

PAA-P[?EBR?@\ 7(%% A3 MR [ﬂ{c nge equalaf% 0 Ahﬁmgﬁﬁ? r\{‘é'tBI?is 3.3 and the
ionic condncenitatier typitditynin Tihe rartgqoofd:ﬂtaleenmimﬂre%mrl\gsa deVateraitMabebim StwtesSizer

ncitor oSS U B RO 18 RS R e A R o
descnb@@w&%(mblefgﬁﬂﬂzmmm@'am orgupptaesdhe effettzefsheonventivepobistinged. The solid
curve isdianeaf; %ﬁ?gﬂgwgé%m&ﬁﬁ%%ra ORI Kenshisiais et fegaisnaiental is

positive over the entire pH range between pH=1 and pH=11. The curve given in dashes corresponds
to that dhfﬁéqdeaﬂ@PﬁcQﬁfBEaHYd@@NwBEq%%R%M@ eniexchange12nd Hiraties 11 and 12
relate tq,fagaygaidiesis 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

exampldQQ¥ffth relatens eBIRAMINGEShetER AR5 RRINRRISEUHBRIRGISRYSSENMREMREMB cK of

which cegarisrsue0. 0P RCaEUS WA LATRIRPE/sEaMOk dhe alitneI0i0n0/aB3Lb AT thel 00 Ml of
a 20 g/l colloidal Ce02 dléaersmn arw#trepared by diluting, with deionized water, a perfectly

transpaRQ{Y’@Sfdrljﬁﬁ’@@H he size of the secondary particles of which, measured by
quasiel§otd Sishht sThicaipge@ds ifi¢diam 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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WO 2010/036358PCT/US2009/005325 8 nm and the size of the primary particles of which is 3 nm.
The pH is 1.4 and the ionic conductivity is 10 mS/cm. [00216]Solution B: 100 ml of a solution of
polymer at tWO2IMBH#aRion of 20 g/l are prepared in a beaker at ambient RATPEY20HERA  are stirred
until a clear and transparent solution is obtained. [00217]Solution B is added over 15 min to solution A,
which is kept vigorously stirred and at ambient temperature. On conclusion of this addition, the final
Ce02 concentration is 10 g/l. The acidic colloidal Ce02 dispersion, thus stabilized by the polymer,
retains its initial properties, namely a perfect transparency and a perfect stability over time. [00218]An
aliquot of this acidic colloidal dispersion is treated, with vigorous stirring, with a few drops of a 28%

aqueousEsI MR Im $OIERSli SectolPraiscdNRPIBIEER B R(HIBEsRR e saeasifiiiecke es of the
SR SRR e A RN i
with the @mwaermdmsb(eﬂwkﬁqgamwels B)aadré) @it BY-bkiokr &), smdtibes Whiekiatpthable over
time, th ﬁf the p rtlceles o}t E'/hICh rg red O#E{LS,, are cogg)irabh Wltﬁ bé?llz% measured
pefore (18 FAIIR RO RANIOR SPURASRIILDS M) Heo2
dispersicopallymersnfhiieei 2\ (el dok BDaISbhﬁ(hgm:hmhakmblmsideagmdaddmﬁpmnples 6 and 8, result
D gl PR W B O PRl b X BB R Y OB RS o

range of between 1 and 11, more particularly between 3 and 11. In addition, this zeta

potential can exhibit a stable value over a large part of this pH range. The term “stable

value” is understood to mean a variation in the value of the zeta potential of at most

50% when the pH of a colloidal dispersion, with the amphoteric copolymer of the

invention and exhibiting an initial pH of the order of 2 to 3, is varied within the above

range.

[001569] The dispersions of the invention can be prepared by mixing a starting

colloidal dispersion 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
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NaNQs;, the acetonitrile/water ratio by volume being 20/80. The relative molar masses of
the copolymers comprising a cationic block are characterized by steric exclusion
chromatography (SEC) using a Shodex OH pak SB-G precolumn, (No. L211067) and
three Shodex columns of 30 cm OH pak SB-806M HQ (Nos. L 301011; L. 301013;

L 301014) and a mobile phase comprising acetonitrile in a solution of deionized water
additivated with 1 mol/l of NH;NO; and 100 ppm of DADMAC (so as to passivate the
columns), the acetonitrile/water ratio by volume being 20/80. All the measurements of
the relative molar masses are made with respect to poly(ethylene oxide) standards.
[00163] In the examples, the water used is deionized water.

[00164] EXAMPLE 1

[00165] This example relates to the synthesis of poly(acrylic acid) (PAA).

[00166] 31.87 g of O-ethyl S-(1-(methoxycarbonyl)ethyl) xanthate
(CH3CHCO2CH3)S(C=S)OEt, 101.3 g of ethanol, 8.5 g of acrylic acid and 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).
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[00170] At the end of the synthesis of the first block, as described in Example 1, the
temperature is reduced down to 65°C. Once this temperature has stabilized, a solution
of 706 g of diallyldimethylammonium chloride (DADMAC) at 65% by weight in water,
and also 4 g of V50 initiator sold by Wako (2,2’-azobis(2-methylpropionamidine)
dihydrochloride), are introduced. The reaction is subsequently maintained at this
temperature for twelve hours. After reacting for 4 hours and 8 hours, 4 g of V50 initiator
are added on each occasion to the reaction medium. At the end of the reaction, a
sample is withdrawn. A "H NMR analysis gives a DADMAC conversion of 98.2%. M,
and M,/M,, are measured by SEC in water with a poly(ethylene oxide) calibration curve:
M,=2500; M/M,=1.50. The superimposition of the two chromatograms of the products
from Example 1 and from Example 2 allows it to be concluded that the copolymer
formed is diblock in nature. This is because the SEC chromatogram of the product from
Example 1 is completely shifted towards the range of the higher molecular weights at
the end of the synthesis of the product from Example 2.

[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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(Example 8) 20 1 3.3 5.5 6.6 Flocculation Flocculation 121 [00220]Measurement of the zeta potential
[00221]A dilute KNO3 solution is prepared by diluting 1.0110 g of KNO3 (M=101.103 g/mol), made up
to 100 g withV@eidtPéesiBater. 10 g of the dilute KNO3 solution and 86 g of BeldHiZ80P{¥é35are added
to an aliquot of 4 g of the acidic colloidal dispersion of Ce02 stabilized with PAA-PDADMAC (polymer
resulting from Example 2 with the addition of Ce02 according to Example 11), which results in a
colloidal dispersion of Ce02 stabilized with PAA-PDADMAC comprising 0.1% by weight of Ce02 and
10-2 mol/1 of KNO3. The PAA-PDADMAC/Ce02 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(¢psgd hfoRiieass RIR) RIS HEN thepiaife thaso (R RI)Y VfiessingLbemylmielto pH=11 by
addition o 9-12 ol/IKOH solution. [00222]Figure 2 gives the curves of zeta potential thus obtained.

The soli e Is'that corresponding to the product from Example 11 and it shows that the zeta

potential{Dﬂst]tiveE)XAMPQEmire pH range between pH:1_and pH:10.7_. The curve given in dashes

10022%) LY BL pe e RIS Tl 1R 57 B Rhemyel AL R WIS A B oaent mvenion i

is possitderyiaanidistopgl)trimethylammonium chloride) diblock copolymer: P(AA-APTAC).
[00177] At the end of the synthesis of the first block, as described in Example 3, the
temperature is reduced down to 65°C. Once this temperature has stabilized, a solution
of 15.7 g of (3-acrylamidopropyl)trimethylammonium chloride (APTAC) at 75% by
weight in water, 0.073 g of V50 initiator (2,2’-azobis(2-methylpropionamidine)
dihydrochloride) and 10 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 0.073 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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process to achieve a nitride removal rate of greater than about 100 nm/min and an WO
2010/036358PCT/US2009/005325 oxide removal rate of less than about 3 nm/min, typically at about
pH 4 and 5.VEORAEYAR6PE8 the removal rates of both oxide and nitride can b& €{THELMPNETIAg the
abrasive to polymer weight ratio, pH of the slurry and particle size of the ceria, among others.
[00226]The results using ceria-based slurries according to the present invention show nitride removal
rates above 100 nm/min and oxide removal that are below 3 nm/min. Additionally, these rates can be
varied and controlled by varying one of several parameters associated with the slurry. The effect of
particle size (25 nm and 60 nm) and particle loading (0.25 wt% - 1 wt %) of the ceria abrasives on

oxide argtidjnislagamavabtRiesdatg fedetidninsthroRyrgeaderadihsiaaisiir foolyRerirg/Rithevaluated.
The cationic/% lf\{mer_utilized was diblock PAA-PDADMAC with a weight average molecular weight of

about 5(563§ SUBBYt 3000 g/mol. Specifications of different ceria abrasive samples used are
shown oilor81P022/$drable bf pClyatactsrigiihd ini) 76 Hyy availysicefithdippadsictrb$ aigible Number

Produ O e YRR PRIt SGPIBRY (MBLET B0 i RS RS RAT %M L
acrylamide has reacted during the polymerization. A steric exclusion chromatography
(SEC) analysis with relative poly(ethylene oxide) calibration provides the following
number-average molar mass (M,) and polydispersity index (M./M,) values: M,=
530 g/mol, M,/M,= 2.45.

[00182] EXAMPLE 6

[00183] This example relates to the synthesis of a P(acrylamide-block-
(3-acrylamidopropyl)trimethylammonium chloride) diblock copolymer: P(AM-APTAC).
[00184] At the end of the synthesis of the first block, as described in Example 5, the
temperature is reduced down to 65°C. Once this temperature has stabilized, a solution
of 31.4 g of (3-acrylamidopropyl)trimethylammonium chloride (APTAC) 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
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Surface Treatment ( X= polymer to abrasive ratio) pH range where slurry is stable 1 Ce02 HC 25 (0)

25 83 No 3-5 2 Ce02 HC 60 (0) 60 163
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40.1 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 an additional four hours with
magnetic stirring.

[00188] 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
acrylamide has reacted during the polymerization. A steric exclusion chromatography
(SEC) analysis with relative poly(ethylene oxide) calibration provides the following
number-average molar mass (M,) and polydispersity index (M./M,) values: M=

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

-37-



No 3-5 3 Ce02 HC 25 (2+) 25 64-90 Yes (X =0.2 to 1.25) 3-10 4 Ce02 HC 60 (2+) 60 140-170 Yes (X

=0.2 to 1.25) 3-10 WO 2010/036358PCT/US2009/005325
WO 2010/036358 PCT/US2009/005325

of the product from Example 7 is completely shifted towards the range of the higher
molecular weights at the end of the synthesis of the product from Example 8.

[00192] EXAMPLE 9

[00193] This example relates to the synthesis of a colloidal dispersion of cerium
oxide.

[00194] A dilute cerium nitrate solution is prepared by addition of 6.4 kg of a 2.88M
trivalent cerium nitrate solution (d=1.715), of 1.0 kg of a 68% HNO3; solution, of 4.8 kg of
deionized water and of 10.64 g of 1.39M tetravalent cerium nitrate (d=1.440). This
solution, with a Ce**/Cea molar ratio of 1/1500, is charged to a semiclosed tank and
then degassed with vigorous stirring and while bubbling nitrogen through.

[00195] A dilute aqueous ammonia solution is prepared by addition of 22.6 kg of
deionized water and of 4.6 kg of a 28% aqueous ammonia solution. This solution is
charged to a 40 | semiclosed jacketed reactor and then stirred while bubbling nitrogen
through.

[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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[00228]Ceria (Cerium Oxide) abrasives were obtained as highly-crystallite colloidal dispersions.
Characteristics of these suspensions are provided in Table Ib. 6 inch diameter blanket silicon dioxide
and silicon MRA8MIPIBS¥ered silicon wafers were obtained from Montco SRESATEEAMBISes, Inc.,
(The silicon nitride films were deposited over a layer of 100 nm oxide). For adjusting the pH, either
nitric acid or potassium hydroxide, obtained from Fisher Scientific Inc., was used. [00229] One or more
cationic polymers of the present invention were added to the dispersion. Without being bound by
theory, it is believed that since the oxide surface is negatively charged throughout the pH range 2-12,
cationic polymer additive in the slurry will adsorb on the oxide surface, but not on the positively

chargedguitiitsdsathecedditcawiegip ecanRIEE VOB D haxWRHeNyAl ERtEJeilgtiBIRbtaining the
nitride removal rate, leading tq reverse selectivity i.e., high sjlic itride and low silicon dioxide
removal (OB TP BIRRTh MR HABAL S Sr BT B SRNe COMC 60 Gh B eaed from
GnP Tedah@ogy). The polishing conditions were typically 4/5.5 psi operating pressure/retaining ring
pressur rpm carrier/platen speed, and.a slurry. flow rate of - I/min. The polishing pad
(IC-lOOgyév%@ iondi |%?1ré'8?|r??sﬁ% (')Srpoenrg'?rrﬂrﬁte"&gr'ﬁ %"q‘?é’r%%ﬁ&%aﬁ?ad” (bc')%r(‘ji'i?o%ﬁeers(gbtained from
Abrasiveassibledio gplain ja EaD.tpoevderdfor2f&D aadlysisSiDe atdagidfackgraolifdrdtisThe

| cal f ' ' ' i L USi
Fimetnde L s e e S O R ST AN S e e e
distancetleg VghﬂmrﬁdWMQQﬁi@w&%ihYsMQﬂﬁmhoétbﬁiﬁchﬁff eiomagie! fesrethenon igre at the
centre). ﬁé\gﬁ%ﬂ@ﬁﬁf&ﬁ¥%&i&ﬁ?§§<¥§ﬁ%&%%?tﬁé@wﬁ;gggﬁa%%%T fyBQlish results

shown are an average of the removal rates for the two wafers. Friction coefficients were also

measuré® aminthedRETimpesiie stiljave, deterained byloitbpelyadsomdion, hdISamifge-frictional
coefficie\%wﬁ W@%%H%%taﬁﬂé‘ﬁh é’ﬂﬂg@%@@éyﬂgm available with the POLI-500

polisher. [00232] Thermo Gravimetric Analysis ("VGA") was used to quantify the amount of additive

adsorbelPBAllica FAARKMIE @ecardingite thedAxemP®i3N4 (which mimics WO
2010/03(gtizdRf T/4A#0 dle e St HeYiiieddin bpavkentiad Brpdnsidmesr ddiimo

gravimetri¢c analyzer, Pyris 1 TGA, was used to measure the weight of the additive-coated samples as
a functidISe@RGREHRG 0ithg imYSRLANYRIcS PteRla ARt rationic v eliitg sAtirgiBN ARG/ les with
or withoykagdskiiveé S fe a1cationic polymer of the present invention) were obtained in the nitrogen
medium %B%jr to ' e nitride film as well as the polymer additive. For all the
samples[, mpetrattifewasthereasedrot o0 C to 6000 Cat a rate of 15C per minute and the
normaliZe0264h ple80aigbit P APeREA DMAGCTORK I Blesbhutistveoppyisiag 02 8P4sop asightasf the
same as4that used for zeta potential measurement. [00233]Rolishi 1 [ned

corin o AT AR B R R e b A B TR PGS
polymer®bhdkssdutiomdestobead imokxamifited.dioxide and silicon nitride films. The measured
removal §5P" OggpbYeRsvtigle loadingdfside as Ll all -the parfi in fi ' olution)
are sho&%t e figure 1. PAA/g(gl%l% v@gcsgéﬁggg to stét?i%%%@lﬁ%&v%%%%ﬁ@ﬁﬁw@gﬁ H > 5.5.

Removalitrdsionad avaternihaiealieideidua@1sliseensian-desaibasin @nusle:d/min, respectively,
at pH 4 psbisgy at *T"I%‘?MJHy‘é@léi?ﬁt(%'u@iséﬂ@édp&%%éigibﬁ%@auahﬁ}t%é}%%% and nitride in the

acidic region at pH 4 may be due fo the strong electrostatic attractive forces between the positively

chargedt%mtgﬂé%i‘e}eg Wit trigoreyatiERshAr b QGRS HrkyiweigBliE AL HRAMRMAGRiSK of PAA

at pH > 3R <HlaNEIeBVRe FUTARC RIPRE'ERS 6f IhR eRrdRiBRJtHicCedsiaadémraianges R e
reason for obtaining lower removal rates of both oxide and nitride when the pH is increased. Referring

to Figurd'8'aife HRRIFOAN ST HERMMSHIC B0 FRLP MMM isHakis Y mdeRY I¥eigthe calcined ceria slurry
effectivggoompresee Sigesfdheasosatisrieganticlésnsvweiasuhilg tethgadasenparticiaisizer

maintain t.100Q n in except at pH 10. [00234]Referring pnow jo.Figure 4, the figyr. ows the
romoval o B L AR B3I Eh e GRUFEN AT GsriRI RELRT! o) Fese
experimgrisiaineizad i 10D alynaeidr e digsersionmadetaisien, ablctlai@dNitidaremnyaspate was
about -100 nm/min in c of 0.25% and. 0.5% ceria |padin ecreased to -70 nm/min at 1% ceria
Ioading.awg%dfd)%%%;%%é%mggfoa%% Ny Y—"igﬁbﬁéé& and 6 show the variability of the
removal[00268)f nikdalaabowritkhis 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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at pH 4 and 5, respectively, obtained by varying the abrasive (-60 nm) to polymer weight ratios in the
polishing slurry. At pH 4, nitride removal rate was more or less constant at -120nm/min, but the oxide
removal rat&VeetHA&¥dfrom -25nm/m in to <4 nm/min when the polymer/aBtdéif2ti¢)i33hcreased
from 0.2 to 1.25. At pH 5, the nitride removal rates were increased from 110 nm/min to 140 nm/min
while the oxide removal rates were decreased from -60 nm/min to only -30 nm/min when the
polymer/abrasive ratio is increased from 0.3125 to 0.8. [00236]As it is believed that the size of the
ceria abrasives in the slurry plays a significant role in determining the removal rates, 25 nm ceria
particles were also tested at pH 4 and 5 with different abrasive/polymer ratios. Results are shown in

F_ilgures Z%ﬁhia‘iioﬁttrly‘béttth@ %Iiﬁagewédﬂnmal d&@tfd@éd@@dﬂ@r@&ﬁ@ﬁé%iﬁéﬁﬁﬂféﬂ but the

silicon oxide removal rate was.su sed fro nm/min, to -3 nm/min, when the aprasive t

otymor YSITS AUESRERALEHE sl DLHOTEE A0 BYhRe (RADE A SANGIoL % PR GALIIES 8 be 50

nm/min i0&§@$ ok aRly 6ter/AbTRIA ¢t 978 SARA1DS Pk aN@ thdaRspErBIbAh theexisitremoval rate

was decreased from -17 nm/min to -2 nm/min, when the abrasive tQ polymer ratio was jncreased from
l6ii3isss AL

0.5 t0 0.82 e SiensleaROd Saaal SPAERENALER BALESREFHYRINidE rPnitride
films, re§p0209%ly dvsagurehsémofitiie cetm sdtentiglarticle loading-0.25%) with and without additives
t pH 4. (cti ffici t ide fil f to be - Q. h lished with b '
Slurry wiRGR Gh AR RNRa B0 PR A e d S ST T coettcient was. -
reduced (MA18lf 10D gl rant), imvads fuptbe g ceithtde b oixéabnatenciagiofit ieedilatenka@@brasive ratio
to 1.25. Thi / ' t i f [ |
concemis S 48 e A R RAVTLAREP PGB 2 I G EP LR BFRE G CRGET
coefficiedlisparsionser erQp Hiahiigechwith- B AA-RDAD WA Ee vdricntbablieo@ soltaidal ditive, as shown

in figure ffaaiGaHTA BS) 48 B A ARG RSP e i srface

or if it adsorbs, jt does not alter the friction coefficient. WO 201 03 558PCT/US2
[00238] Alsle! 02 meld@f Khdes Tihe TAARBARBNHR GOz satioifMmaiRe HRhRRIpd a0k Saua!

additivesy Ao ARG P PRI 160818 Arf i 8R:3bRIE AoASURINRGIRM FRHRSIGSIHaRe(Yiif3out

additives), there is no weight loss. A weight loss of - 3% was observed in_case of 2% silica + 0.05%

cationic PBIGHE! Shessred 4singR ARYIGR obMalein £etat ke Nanauiyhtupea et ffl was
;)(bsgr\zfedém;bzatéaﬁgwéwh'fm%@B 'Qﬂﬁﬁl}ﬁi‘rﬁ@ﬁiﬁgcﬁlﬂﬁfhp%@%wh | 611128(9fwa§iﬁ@ﬁ%wad Whehn
is 0.2 and,1.25, r ctively. In case of silicon pitride, the weight loss yas found to be a muc
malier 90U KORT RS Hv theL T3 SHiR MR BN IR e O (/588 SRt
nitride +de2efilneditmExzphplees. respectively. The observed adsorption on the nitride powder and the
film may, to the presence of a native oxide Jayer,on the surface of the_nitride powder and is
consiste‘ﬁ&vvilﬁihe‘lér;= zl;lprr%ri No%s[ﬁréefrcl:c %ﬁscé(ta |(§% P \t/'\'/:"ﬁ‘é'rai1 ir}gscﬁgﬁadgﬁ T(-)Irrhneostﬁ’)lpfﬁgrv(?elﬁerring
back to Higdiicgespoosngdpdberprddichéerisoxaple Catindiit shdmwsdhiatciten zetasimtditiialtly as

1003301 BB ey R e T e R B e e v i
betweerfages crumEsEONASi¢A Hhalaidheuprasitet iessdnamplaSter in the sample expected from the

hygroscmqgjuremmﬂ.t@q%m Table 2a: TGA of abrasives coated with polymer at pH 4

Slurry Comgosnion Normalized weight loss gstarting at - 195 C) X=0 -0.00% X=0.2
[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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-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-1- 0.05% polymer -0.15% 2% silicon nitride+ 0.2%
polymer -0. Y9900 ®39880/036358PCT/US2009/005325 [00241] Table 2b HINSEIEARtATt angle
measured on silicon dioxide and silicon nitride surfaces after polishing with different concentrations of
polymer in the ceria slurry (X =0, 0.2, 0.8 and 1.25). As the additive concentration is increased in the
slurry from X=0 to X=1.25, the contact angle also increased from -44 to -680 in case of oxide films but
it remained constant -33 in case of nitride films. This indicates that there was significant adsorption of
the polymer only on the oxide film and not on the nitride film. [00242]Table 2b: Contact angle of a

water drgmaranglisiees] Alisptheipritagnshrticles of which is 3 nm. The pH is 1.4 and the ionic
conductivity is 10 mS/cm.
[00216] Solution B: 100 ml of a solution of polymer at the concentration of 20 g/l are
prepared in a beaker at ambient temperature and are stirred until a clear and
transparent solution is obtained.
[00217] Solution B is added over 15 min to solution A, which is kept vigorously
stirred and at ambient temperature. On conclusion of this addition, the final CeO;
concentration is 10 g/l. The acidic colloidal CeO; dispersion, thus stabilized by the
polymer, retains its initial properties, namely a perfect transparency and a perfect
stability over time.
[00218] 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 10.5.
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/CeO;
Example Polymer concc(a;/’;;atlon ratio by weight pH QELS

2.3 24

S o7 | 2t

11 20 1 7.8 22

0.5K-3K

8.5 23

(Example 2) 95 29

10.6 22
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silicon nitride at pH 4 [00243] Polished Slurry at pH 4 Contact angle (degrees) Oxide Substrate Nitride
Substrate X=0.0 44+3 33+2 X=0.2 54+4 35+4 X=0.8 60+6 33+9 X=1.25

WO 2010/036358 PCT/US2009/005325
2.0 17
P(AA-APTAC) g? ]57;
12 1K-3K 20 1 '
(Example 4) 8.2 18
9.0 17
10.4 18
3.4 | Flocculation
P(AM-APTAC) 5.4 | Flocculation
13 0.5K-3K 20 1 7.3 | Flocculation
(Example 6) 9.5 | Flocculation
10.6 | Flocculation
P(AM-APTAC) 3.3 | Flocculation
14 1.5K-9K 20 1 5.5 | Flocculation
(Example 8) 6.6 121

[00220] Measurement of the zeta potential

[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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68+3 34+8 [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 believe PR3 & action of the cationic polymer of the present inveffoHUSRHERB2Silica,
silicon nitride abrasives, and silicon dioxide (8i02) and silicon nitride (Si31\14) 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 thsxiRlg eHinDAAIrERECEs RISs BRiHSAD UL AR, YR ABLA IR YRCT AhdX)09/005325 have
been us;ﬁd relate thg adsorption beh??\[/g;r f this add?iave_o_ the abrasives and tgﬁf)oli hing films to
2

the poli PENQRE: 108887 LAlRE P4ER-ANAULAR SA0 RS DR S LYYRMUBEEe particles
of differetiraiies (oipoRated/aeigiver statet) slanerstasyraddipintce/site Bluh e peatstamdsigokhaven
Instrume%s%. Zeta potentials of ceria abrasives (60 nm) were measured at various pH values using a

Zeta-PIUS'X Baratus (Brookhaven Instruments). All the slurry samples were prepared in 0.01 M KNO3

solution§adx226fe siling/ nesiulissisitigstedaibasediklteriell @Scordiniyl{othe p reaent ihvidrdioationic

Gimolto S A UG e e Ao B S R BB N SO St sicon

dioxide aminow pddiioratincthese velesraiapbeivatigdramdDpsaliiodachhidaifiing argopstvreal using a

Westecgféré?ne%méss@ﬁwwéﬁ@gfwaﬁ RSB e der UL e B R AR M and 500
itions used to obtain t u

nm, respectively. The experimental con e polishing results are shown in Table

3, and waiid Rarieledpadine(Bxgfemitentd uridssfthewastaabias VEsopamsisa @pa aitrile 000 with k

groove) yamDanaeanstiinnaciag b iithdshesAcbeh e maishiiyagntke e elitpnged hickness of
blanket oxide and nitride films before and after pohshmtﬂy was measured using a Filmetrics F20

interferohh&&AtIPRIC Ral¥mestiizefwRs i Rty Witihaeight @YSEABSs at 17 test
spots befsranarafisigRebsRibefP5A0H/mSiLd s (R EDUEgMsfospabricitisis P difRFeReasured

using a Horizop noncontact optic%tégrofilometer. The slurry used for evaluating all the slurries
mention&S A ANEPER RADRIETH S 258,00 WEREIMI water unless otherwise mentioned. The pH of

the slurrfe922Ze adjabled tvitiCHaNEQevistits-BIAB/ By2M8{ghalaeridr dixperiivental conditions used for
film polishing using a Westech372 polisher Films Oxide and Nitride on 6" wafers Pressure

Sample | Product Code Primary Secondar | Surface Treatment pH
Number particle y particle ( X = polymer to range
size size abrasive ratio) where
(dmean, NM) | (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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4 psi Back Pressure 0 psi WO 2010/036358PCT/US2009/005325 Platen/Carrier Speed 75/75 rpm
Slurry Flow Rate 200 ml/min Polishing Time 1 min Pad IC 1000 (k-groove) [00249] A general
summary foMPetteasediBeria particles (HC 60 (2+) and HC 25 (2+)) with dfefént398NiE2to ceria
ratios are listed below: [00250]a) Polishing ability of 60 nm and 25 nm coated ceria particles with
varying ceria to polymer ratios (0.2, 0.3125, 0.5, 0.8 and 1.25wt %) was evaluated for high nitride low
oxide effect; b) 60 nm coated ceria particles (07MGEQ75 series) produced higher removal rates (-120
nm/min) of nitride when compared to the 25 nm coated ceria particles (075SMGEOQ076 series) (-75
nm/min) at pH 4; c) At pH 5 the 60 nm coated ceria particles produced higher nitride removal rates
(-130 nm/min) but the oxide removal rates were not suppressed significantly (-50 nm/min). The 25 nm

cunpre 022 RCAICaTUIR R SRR Me GEHOTR 5 U9 B AR FEURR Rorices
polishingispersitnenChaeseteeistiztedfWhitseasusgpeitniogne provided in(TaMe BBO46aTars), e) Zeta
ARSI SR B e s N s oo
oxide s&ib_tair(liqd frem M@VMSHiemﬂ\eghqbatgjes,]Jm:.,a)'l'ﬂﬁ)é)s_ﬂ'[bblﬁvatddWms I_W@rQ+) _60 nm :_:md_
poymod T SRE 2R oL 0 RS, EB et 4 S R A B o
samplepotassiporhydsakide ckirained irapnmisheribcientigHnavervagaisasiecular weight of about 500
g/mol to[@@?ﬁ'éfooe)ﬂéﬁbqlmore cationic polymers of the present invention were added to the

dispersion. Without being bound by theory, it is believed that since the oxide surface is

negatively charged throughout the pH range 2-12, cationic polymer additive in the slurry

will adsorb on the oxide surface, but not on the positively charged nitride surface. This

may lead to the suppression of oxide removal rate while maintaining the nitride removal

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
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[00252] Table 4: 60 nm ceria particles and cationic polymer Sample ID Particle Size (nm) Ceria to
Polymer Ration (wryowto/0) 07MGEOQ75 -01 60 0.2 WO 2010/036358PCT/US2009/005325
07MGEQ75 W2 840¢3$&BMGE076 -03 60 0.8 07TMGEO076 -04 60 1.25 PCT/US2009/005325

the silicon nitride film) powders. A Perkin-Elmer Thermo gravimetric analyzer, Pyris 1
TGA, was used to measure the weight of the additive-coated samples as a function of
temperature in a nitrogen medium. TGA data of the ceria, silica and SizN4 samples with
or without additives (e.g, cationic polymer of the present invention) were obtained in the
nitrogen medium in order to prevent the oxidation of the nitride film as well as the
polymer additive. For all the samples, the temperature was increased from 30°C to
600° C at a rate of 15° C per minute and the normalized sample weight is reported.
Cerium Particle Abrasive:polymer ratio was maintained the same as that of samples
used for zeta potential measurement.

[00233] Polishing with calcined ceria—based slurries: Slurries containing ceria
particles (~60 nm) were used with and with out the polymer of the present invention to
polish silicon dioxide 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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07MGEOQ76 -06 60 0.3125 [00263] Table 5: 25 nm ceria particles and cationic polymer Sample 1D
Particle Size (nm) Ceria to Polymer Ration (wt%:wt%) 07MGEOQ076 -01 25 0.2 07MGEOQ76 -02 25 0.5
07MGE076 W3 2100 HFBMOE076 -04 PCT/US2009/005325

[00235] Figures 5 and 6 show the variability of the removal rates of nitride and oxide
at pH 4 and 5, respectively, obtained by varying the abrasive (~60 nm) to polymer
weight ratios in the polishing slurry. At pH 4, nitride removal rate was more or less
constant at ~120nm/min, but the oxide removal rate decreased from ~25nm/min to <4
nm/min when the polymer/abrasive ratio is increased from 0.2 to 1.25. At pH 5, the
nitride removal rates were increased from 110 nm/min to 140 nm/min while the oxide
removal rates were decreased from ~60 nm/min to only ~30 nm/min when the
polymer/abrasive ratio is increased from 0.3125 to 0.8.

[00236] As itis believed that the size of the ceria abrasives in the slurry plays a
significant role in determining the removal rates, 25 nm ceria particles were also tested
at pH 4 and 5 with different abrasive/polymer ratios. Results are shown in Figures 7 and
8. AtpH 4, the silicon nitride removal rate was in the range of 40-75 nm/min but the
silicon oxide removal rate was suppressed from 10 nm/min to ~3 nm/min, when the
abrasive to polymer ratio 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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25 1.25 07MGEOQ76 -06 25 0.3125 [00264]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 r&RAMAPIBBIFehavior of 60 nm cationic ceria particles with diffe REATESEYWESRMer 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 %). [00266]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[pefigsjhighramislodo %%@xmsﬁ%@vmmaﬁﬁlmasﬂmnatﬂ'éhmsﬁawmmﬁmﬁtMwée

conducted on all {he 60 nm cationic ceria particles with variou ria to ymer ratios. ‘i{ﬁ‘?ﬂbqu 6 shows

the meRAAHENEQBEAHES AL iR fappnic Xmﬁﬁé:QEEﬁ 6 LGt é‘suf‘&?@?&% ue is
explaingsliie letmdﬁwt%EGMVedpﬁﬂQFé ThevieigBelessoteniieighe issy ened%akad nm (HC 2+)

cora palleles 858 Lclon o b IO G0 O T R OO0 532 AR BRI ) P
silica + 0.2% cationic polymer A similar trend was observed in the case of ceria also
(Table 2). A weight loss of ~2.5% and ~6.12% was observed when Xis 0.2 and 1.25,
respectively. But in case of silicon nitride, the weight loss was found to be a much
smaller ~0.15% and ~0.19% in case of 2% silicon nitride + 0.06% cationic polymer and
2% silicon nitride + 0.2% cationic polymer, respectively. The observed adsorption on the
nitride powder and the film may be due to the presence of a native oxide layer on the
surface of the nitride powder and is consistent with the invariance of the friction
coefficient when X is changed from 0 to 1.25. (referring back to Figure 9). Thus, it
appears that the adsorption of cationic polymer increases significantly as the polymer to
abrasive ratio increases on both silica and ceria, but not on the nitride surface.

[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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07 MG EO075-03 (0.8 wt%) 071V1 G E075-04 (1.25 wt%) 07MGEO075-05 (0.3125 wto/o) 3 213 473 509

42.54 503 4 284 404 3413 489 534 5 325 346
WO 2010/036358 PCT/US2009/005325

[00241] Table 2b shows the contact angle measured on silicon dioxide and silicon
nitride surfaces after polishing with different concentrations of polymer in the ceria slurry
(X=0, 0.2, 0.8 and 1.25). As the additive concentration is increased in the slurry from
X=0 to X=1.25, the contact angle also increased from ~44° to ~68° in case of oxide films
but it remained constant ~33° in case of nitride films. This indicates that there was
significant adsorption of the polymer only on the oxide film and not on the nitride film.
[00242] Table 2b: Contact angle of a water drop on polished silicon dioxide and

silicon nitride at pH 4

[00243]
Polished Slurry Contact angle (degrees)
at pH 4 Oxide Substrate| Nitride Substrate
=0.0 44+3 33+2
X=0.2 54+4 35+4
X=0.8 60+6 33+9
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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374 254 206 6 276 186 388 233 403 7 -122 -147 195173 133 10 -114

WO 2010/036358 PCT/US2009/005325

have been used to relate the adsorption behavior of this additive on the abrasives and
the polishing films to the polishing results.

[00245] Experiment 2

[00246] Particle size distribution of ceria abrasive particles of different sizes
(untreated/surface treated) was measured using a Zeta-Plus apparatus (Brookhaven
Instruments). Zeta potentials of ceria abrasives (60 nm) were measured at various pH
values using a Zeta-Plus apparatus (Brookhaven Instruments). All the slurry samples
were prepared in 0.01 M KNO3 solutions and the slurry pH was adjusted using dilute
HNO3 or NH40H, as needed. The cationic polymer utilized was diblock PAA-
PDADMAC with a weight average molecular weight of about 500 g/mol to about 3000
g/mol.

[00247] Silicon wafers (6-inch dia) covered with thermally deposited silicon dioxide
and_low pressure chemical vapor deposited (LPCVD) silicon nitride films were polished
using a Westech-372 polisher. The thicknesses of the deposited oxide and nitride films
were 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

=49 -



248 -147 51 [00258] Table 6 shows that the ceria abrasives with higher ceria to polymer ratio are
positively charged through out the pH range and the magnitude of positive charge is higher at pH 3
and 4. [00239938UY83¢358hows the removal rates of nitride and oxide obtaiféd NP HEWéZted 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
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s at pH 5. Zet§|HH3éﬁf%‘f"n'ﬁ@3§urements as a

functlon of pH web@ @é'/ﬂ@ﬂ out on threesan

wWt%.
d ceria
ples

as sho
treadec

vn in Table 7 apd|igisirpraatees are not strorjgly positively charggcap observed with 60 n

particle

s. Zeta Potential (m'?ﬁ%H 07MGE076-01 01MGE076-03 7NRIPIKSHONGD

m

2010/0
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[00249] A general summary for the treated ceria particles (HC 60 (2+) and HC 25

(2+)) with different polymer to ceria ratios are listed below:

[00250] a) Polishing ability of 60 nm and 25 nm coated ceria particles with varying
ceria to polymer ratios (0.2, 0.3125, 0.5, 0.8 and 1.25wt %) was evaluated for high
nitride low oxide effect; b) 60 nm coated ceria particles (07MGEOQ75 series) produced
higher removal rates (~120 nm/min) of nitride when compared to the 25 nm coated ceria
particles (075MGEOQ76 series) (~75 nm/min) at pH 4; ¢) At pH 5 the 60 nm coated ceria
particles produced higher nitride removal rates (~130 nm/min) but the oxide removal
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 poated
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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(0.2 Wt%) (0.8 wt%) (0.3125 wt%) 3 373 353 515 4 312 374 364 5.1 211 322 262 6.5 -232 314

WO 2010/036358 PCT/US2009/005325
07MGEO075 -02 60 0.5
07MGE075 -03 60 0.8
07MGE075 -04 60 1.25
07MGE075 -05 60 0.3125

[00253] Table 5. 25 nm ceria particles and cationic polymer

Sample ID Particle Size (nm) Ceria to Polymer Ration
(Wt%:wit%)

07MGE076 -01 25 0.2

07MGEO076 -02 25 0.5

07MGEO076 -03 25 0.8

07MGE076 -04 25 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] Table 6: : Zeta potential measurements of 60 nm (HC 2+) ceria particles as
a function of pH.
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166 8.9 -215 172 177 10 -262 -115 -232 [00262]To check the reproducibility of the removal rates of
blanket nitride and oxide films obtained with the treated 60 nm ceria particles, new ceria samples with
similar ceria¥® gol)ee3&tio were tested with new blanket films. The sampRUBSSAHY/ WA hation is
provided in Table 8. The samples correspond to diblock PAA-PDADMAC with a weight average
molecular weight of about 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

Zeta Potential (mV)
pH 07MGEO075-01 | 07MGE075-02 | 07MGE075-03 | 07MGE075-04 | 07MGE075-05
(0.2 wt%) (0.5 wt%) (0.8 wt%) (1.25 wt%) (0.3125 wt%)
3 2113 4713 50+9 42.5+4 50+3
4 2814 4014 34+13 4819 5314
5 325 3416 37+4 2514 2016
6 2746 1816 3818 2343 4013
7 -12+2 -14+7 1915 1743 1313
10 -1114 2418 -14+7 511

[00258] Table 6 shows that the ceria abrasives with higher ceria to polymer ratio are
positively charged through out the pH range and the magnitude of positive charge is
higher at pH 3 and 4.

[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.
Zeta Potential (mV)

pH 07MGE076-01 07MGEOQ76-03 07MGEO076-05
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0.3125 07MGE094-03 60 0.5 07MGEQ094-04 60 1.25 [00264] New blanket nitride and oxide films were
polished with the above mentioned ceria slurry from Table 8. The slurry contained 0.25 wt% of treated
ceria in DI WA B hoval rate of nitride and oxide films with treated cePalpEPAeI&9ESATaining
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 polymef (a2om#s used to polls(omtm)and OXIde at|pi. sqﬁsmmpare andl fine
tune th o nlﬂtalllcu lJ_y PUIIOhI IUC Dlllu U/\IUC flll I T \J u IO QI IvaII WO
2010/03 358PCT/U82009/O ?ﬁé in Figure 15. The ?érs no significant ch aﬁgeql the oxide remqgval

rate at{p# 3.5, but the nitride|r@t¥®val rate has come 3itwdn from 120 nm/miBék4pH 4 to 105 nm/min at
pH 3.5 : - %“f'ff‘ts of-poest-CMP U,Qggzand Aitride-fitms—Slurry
Oxide Nttride Sq (nm) Peak/Valley - -

6.5 -23+2 314 16+6
8.9 -21+5 1742 177
10 -26+2 -1115 -23%2

[00262] To check the reproducibility of the removal rates of blanket nitride and oxide
films obtained with the treated 60 nm ceria particles, new ceria samples with similar
ceria to polymer ratio were tested with new blanket films. The sample ID’s and
information is provided in Table 8. The samples correspond to diblock PAA-PDADMAC
with a weight average molecular weight of about 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] New blanket nitride and oxide films were polished with the above mentioned
ceria slurry from Table 8. The slurry contained 0.25 wt% of treated ceria in DI water.
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
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(nm) Sqg (nm) Peak/Valley (nm) Before CMP (Virgin Films) 0.7 6.3 0.8 6.9 0.25wWO Ceria (60 nm ,

07MOE094-02) in DI water at pH 4 0.7 11.2 0.9 7.6 0.25wt% Ceria (60 nm , 07MGEQ094-03) in DI water
at pH 4 0.8 W9 2080/036358 PCT/US2009/005325

in Figure 15. There is no significant change in the oxide removal rate at pH 3.5, but the
nitride removal rate has come down from 120 nm/min at pH 4 to 105 nm/min at pH 3.5.
[00266] Table 9: Surface roughness measurements of post CMP oxide and nitride
films.

Slurry Oxide Nitride
Sq (hm) Peak/Valley Sq (nm) Peak/Valley
(nm) (nm)

Before CMP 0.7 6.3 0.8 6.9
(Virgin Films)

0.25wt% Ceria 0.7 11.2 0.9 76
(60 nm,
07MGE094-02)
in Dl water at
pH 4

0.25wt% Ceria 0.8 7.4 0.8 6.6
(60 nm,
07MGE094-03)
in DI water at
pH 4

0.25wt% Ceria 0.8 7.6 0.8 8.9
(60 nm,
07MGE094-04)
in Dl water at
pH 4

[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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6.6 0.25wt% Ceria (60 nm , 07MGE094-04) in DI water at pH 4 0.8 7.6 0.8 8.9 [00267]Referring now
to Figure 16, In order to test the ceria of the present invention in a slurry composition corresponding to
US Publ. 2000130908828 814), 07MGE077-01 sample was supplied with 0 R&GRIGSSUL 0283 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 WO 2010/036358PCT/US2009/005325

cerig paﬁ@*%spﬁfﬂldieg I@a&ihihm&riggﬁqﬁn;ihﬁ?t&m@&élréi‘ﬁﬁl)@ﬁl@ﬁfé/ié)éIeWﬁiq}S.Q/r?bS@E‘éed that beftter
nitride to oxide selectivity js achieved with higher ceria to polymer ratjo H 4. The, post CMP surface
roughne? ??%’(?rﬁ ?ggédt%rt'ﬁ'gﬁﬁ fﬂeoefffb?rgﬁ}gf’eﬁvmu&%&é"?ﬂyg&ﬁéﬁ@n‘f%ﬂ'ﬂw@a@ﬁ%ﬂ%nts
reveal thattidatqeid 4 patepssiviiMfghafaiotghabssds npaeapkstoveixtafatgeditgougiferut the

pH range, 60, nm cera partjcles with 0.5, 0.8 and 1.25wt% ceria to polymer ratio, were. checked for
reproducr%ﬁﬁg%?srse'rﬁg\% Tt s?t?ﬂg"‘ﬁ?e%%%%??% e§n§ bt %'ez}lp]%t%S%ﬁl%g%w{ﬁlﬁ?evgg‘oogﬁ?éntioned
ceria sacgtisstovp odyooersisten b e fositvaiyldbaxgd g tbobhugit auts theqpvittaageb60trirACBria

[00268] %%fﬁ{éleg &%Wé%ﬁﬂ%r%&é? 7 .'?H{}ﬁ%lZéﬁ% t%é&%@ﬁfSPFé’t’% QR Ghaleay3pp stlicon nitride in
the presence and absence of the polymer according to'the present invention weré measured to

determirfepfeditd iite Rfveoyexat atesadtehsemaygl oatescofmitideangsikte dikss mdtBHbern in Figure

17, the isrsleahicrigied!BonLEShTO R BAIKNRINERIAHAT LB I aBIahiNGFEdNREd'g |EP 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,

magnitu§€leethety pbahai t#Pihe ceria abrasives decreased in the presence of polymer when
comparq@d26Bs ZeRaIFERGhBWIRE RRARBAS Fidiay s ¢7- 10 ZE BRSNS AS BilRaignRkal

measured of silica abrasives (10wt %) in the presence and absence of the polymer according to the

present SIEPRAHTERLN e B eRRAH 824 FhveheraeithsBalymer aerprdingto, the REGSE ™ negatively
chargediHvenghoWdReEREUNEE (& HotdMing ehaddiféoot @fistlo¥taid it aalyme itafyeontea slurry

ey IR A R A e S e il
polymer adititivies wa$dcbhec$ild£hesbt8mlmiltrmewslﬁb EHitWWWM@_@EE%p_@@Q&sm oonfirmed
e by LS SR e IS SRR ol At s (o
nitride sizetq pdehtialrtol¢hie ading pptasieds decsigastichint thieopigps émdecof @ralypommirhkeaf silicon nitride
in the p'i&ﬂ%‘r@d%tﬂ@?&%%@ﬁ%‘ FH%% iéﬁ&ﬂé&%&%mer.

[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
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WO 2010/036358PCT/US2009/005325 on 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 slurrie¥@itA18{M38t concentrations of additive. As shown in this figuRCTHESAMEIRHBHY
absorption of Ce3+ lies in the region 300 - 320 rim. It is believed that Ce3+ ion, which is more reactive
towards oxide, is the dominating species on the ceria surface, and that Ce is thermodynamically more
stable than Ceti+ in aqueous media. For the removal mechanism of silicon dioxide by ceria abrasives,
Ce-OH and Ce-(OH)2 on the ceria abrasives react with the Si-O- sites on the silicon dioxide surface to
form Ce-O-Si. During polishing, the bond between Si in Ce-O-Si and the bulk silicon dioxide is broken

due to tba foepbaiRYraalindelsigfalss. Tl vethteattiFigticanyiesidads aagieyaitisralump rather
than a mongmer or ol; rs of Si(OH)4. [00272]lt is also believed that that the relative concentration
AHGeRtaRd A

of Ce3+° lish rates, is higher in case of 0.25% when compared to 0.5% and
1% partjole2PtingBigiscsROwWhows ihier azéhnstiativepeetracoftcdiisn st Cies with ™ifidrarigher in case of

X =0 when con:rjg{ared tq’éd?ji%'zé vxtherﬁthe relative.concentration .of Ce\3+ iS héﬂlher tl?%f'emahte()f at X =

i
1.25. Thcics)r\‘/(\fgﬂf algf)‘ga? {BCONYiri &L \gnaWsorISt%UB?’t %ec@ﬁgﬁ%ap% frrqg(r)r N0 Re teria abrasives

increasés the tregmdB0R: -« 820ammati isib aienamb thhineE s ryvhith isereirg béacitivg theardsmical

tivit ' i TN ' ' | rate at X=1.25. This |
et B SR S B R B B R e, (00273
presentthsnodynaneiestyanierevetabieathen Rethineouetusoprdia dn thearenmevehds and
advanigpesimeignadiRo ARy SdRasBRIdNRIEBliG e Eu sl it esAgPicted and

described and is defined by reference to particular preferred embodiments of the invention, such

roferen@RIARMES IRAI A AR B s ites PR STican R RUARR N TR B8-Rrsied. The
vention igRale i nE daiab snadiicalinncalieraamandeiv YR RSt bldRelion. as

will occur to those ordinarily skilled in the pertinent arts. The depicted and described preferred

embodifite Srermeshanical arlidnet it-Apahglisved tBaldhesilicrndiaidrds e W RSiAvention.
Consedqu@ngYather fivan Eom shshasiosdogbmineitedSitHY, the spirit WO

T 2 e o TR e e B

mecharbetep@islishg aiesishighdpir0caseodd 0.25bwhetigitmparediitnidscantp oeptirtioi
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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(b) a water-soluble polymer comprising: () 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 theWMf3geHR3¢338s a pH of between 1.5 and 6; wherein the waR&rTEBRIMI/YRAher is an
amphoteric copolymer selected from the group consisting of (a) a (block A)-(block B) diblock
copolymer, wherein the at least one part A is the block A and the at least one part B is the block B;
(b) a (block B)-(block A)-(block B) triblock copolymer, wherein the at least one part A is the block A
and the at least one part B is the block B; and (c) a (backbone A)-(side chains B) comb
copolymer, wherein the at least one part A is the backbone A and the comb copolymer is a plurality of
the side sh@issoBecarthbapiirthdethaBinekbgivmé il U Atrieabdsy Ay diBatdirparsiespictaim 1,
wherein the macromolecular chain B is derived from one or more ethylenically unsaturated monomers
having quaternary ammonium groups or inium groups. 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 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 30 and 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. 5) The dispersion of claim 2 wherein the one or more
ethylenically unsaturated monomers comprise trimethylammoniopropyl methacrylate chloride,
trimethylammonioethylacrylamide, -methacrylamide chloride, -methacrylamide bromide,
trimethylammoniobutylacrylamide, -methylacrylamide methyl sulphate,
trimethylammoniopropylmethacrylamide methyl sulphate (MAPTA MeS), (3-
methacrylamidopropyl)thmethylammonium chloride (MAPTAC), (3-
acrylamidopropyl)trimethylammonium chloride (APTAC), methacryloyloxyethyltrimethylammonium
chloride, methacryloyloxyethyltrimethylammonium chloride methyl sulphate,
acryloyloxyethyltrimethylammonium salts (ADAMQUAT), 1-ethy1-2-vinylpyridinium, 1-
ethy1-4-vinylpyridinium bromide, 1-ethyl-2-vinylpyridinium, 1-ethy1-4-vinylpyridinium chloride,
1-ethyl1-2-vinylpyridinium, 1-ethy1-4-vinylpyridinium methyl sulphate, NiNdimethyldiallylammonium
chloride (DADMAC), dimethylaminopropylmethacrylamide,
N(3-chloro-2-hydroxypropyl)trimethylammonium chloride (DIQUAT), a monomer of formula: where X.
is an anion, or any mixture thereof. 6) The dispersion of claim 1 wherein the abrasive component
comprises patrticles selected from the group consisting of: (a) an oxide, a hydroxide or an
oxyhydroxide of cerium, titanium, silicon, zirconium, manganese, aluminum 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. 7) A method for chemical mechanical polishing of a
substrate comprising:
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(a) contacting a substrate comprising a silicon nitride layer and a silicon oxide layer with a colloidal
dispersion, the dispersion comprising: (i) 0.3 % to 5% by weight of an abrasive component; and (ii) 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; cLwingsein the water-soluble polymer is an amphoteric copolymer selected from the group
consisting of (@) a (block A)-(block B) diblock copolymer, wherein the at least one part A is the
block A and the at least one part B is the block B; (b) a (block B)-(block A)-(block B) triblock
copolymer, WHedkis claémgdésist one part A is the block A and the at least one part B is the block B; and
(c) a (backbone A)-(side chains B) comb copolymer, wherein the at least one part A is the backbone A

and the comp copolymer is a plurality of the side chains B each bonded to the backbone A at one of their
onds.  whbrARTHE GRSl RS SIER T R ISELR B 6P URE 1) SEMRSIHG & CMP process on
the substrate. 8) Ttw radbiadmialainy Weiblerefrathabsadistrabenisopehsiediat a reverse selectivity ratio of

at least 27, the rev?[)?%ﬁpeq[%%{@t%%@g ggﬁlgﬂgﬂt%f the rate of removal of the silicon nitride layer to
I 9)

the rate of removal of the silicon oxide layer. method for chemical mechanical polishing of a
substrate comprising: (1 &} EGStRIM B34 SIERNBHS B8 ARSI SING A & FRENGiITARARGEE MdS silicon oxide

layer with a colloidalrdispersion according to any of claims 1 to 6, the dispersion capable of hydrolyzing

the silicon nitride layer thergh ing. the hydrolyzed silicon nitri .10 be ptible to mechanical
removal, whereby the subgﬁrgt{e%%gg§ ﬁ%kg%ta% %Omﬁggas@%c%vﬁéqrga%@@étnl%gsi@ I,%th@ !r%verse
selectivity ratio beinygieindhe aisgssiaichasreRidvhbsiweesiliGorndiftide layer to the rate of removal of the

silicon oxide layer; @Rgrein thedVRRHEIING BdlyMEr B eeLsH SHbIBEC AR selected from

the group consisting of

(a) a (block A)-(block B) diblock copolymer, wherein the at least one part A is
the block A and the at least one part B is the block B;

(b) a (block B)-(block A)-(block B) triblock copolymer, wherein the at least one
part A is the block A and the at least one part B is the block B; and

(c) a (backbone A)-(side chains B) comb copolymer, wherein the at least one
part A is the backbone A and the comb copolymer is a plurality of the side chains B

each bonded to the backbone A at one of their ends.

2) The dispersion of claim 1, wherein the macromolecular chain B is derived from one or
more ethylenically unsaturated monomers having quaternary ammonium groups or inium

groups.

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 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 30
and 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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5) The dispersion of claim 2 wherein the one or more ethylenically unsaturated
monomers comprise trimethylammoniopropyl methacrylate chloride,
trimethylammonioethylacrylamide, -methacrylamide chloride, -methacrylamide bromide,
trimethylammoniobutylacrylamide, -methylacrylamide methyl sulphate,
trimethylammoniopropylmethacrylamide methyl sulphate (MAPTA MeS), (3-
methacrylamidopropyl)thmethylammonium chloride (MAPTAC), (3-
acrylamidopropyl)trimethylammonium 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:

l.
/4./
%{N\/\/ \\/U\N/\/>x \/\(\ | e
0]

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, aluminum 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.

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:
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() 0.3 % to 5% by weight of an abrasive component; and
(ii) 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 water-soluble polymer is an amphoteric copolymer
selected from the group consisting of
(a) a (block A)-(block B) diblock copolymer, wherein the at least one
part A is the block A and the at least one part B is the block B;
(b) a (block B)-(block A)-(block B) triblock copolymer, wherein the at
least one part A is the block A and the at least one part B is the block B; and
(c) a (backbone A)-(side chains B) comb copolymer, wherein the at
least one part A is the backbone A and the comb copolymer is a plurality of the side
chains B each bonded to the backbone A at one of their ends.
wherein the dispersion has a pH of between 1.5 and 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 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 according to any of claims 1 to 6, 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 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.
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