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CMP slurry is to cause an efficient high-speed operation, an easier process management
and a smaller fluctuation in film thickness due to difference in pattern density.
35
The American patent applications US 2008/0085602 A1 and US 2008/0124913 A1
disclose a ceria-based CMP slurry containing 0.001 to 0.1% by weight of the nonionic
surfactant selected from ethyleneoxide-propyleneoxide-ethyleneoxide triblock copolymers
and polyacrylic acid as dispersing agent. The ceria-based slurry he said to have a high
40 silicon oxide and silicon nitride over polysilicon selectivity.
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Objects of the Invention

Therefore, it is an object of the present invention to provide a novel aqueous polishing
composition, in particular a novel chemical mechanical polishing (CMP) composition,

30 especially a novel ceria-based CMP slurry, which no longer exhibits the disadvantages
and drawbacks of the prior art polishing compositions.

In particular, the novel aqueous polishing composition, in particular the novel chemical

mechanical polishing (CMP) composition, especially the novel ceria-based CMP slurry,
35 should exhibit a significantly improved oxide-to-nitride selectivity and yield polished wafers

having an excellent global and local planarity as exemplified by the within-wafer

nonuniformity (WIWNU) and the wafer-to-wafer nonuniformity (WTWNU). Therefore, they

should be excellently suited for manufacturing IC architectures, in particular ICs with LSl

(large-scale integration) or VLSI (very-large-scale integration), having structures with
40 dimensions below 50 nm.



devices, in particular, optical glasses such as photo-nasks, |enses and
prisns, inorganic electro-conductive filns such as indiumtin oxide (1TO),
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pl anar i t ynatedhidadrazioeg silicto utidd deldctrg, filrasi ppd silcar nitiidt Siped.s as exenplified

by the within-wafer nonuniformty (WWU) and the wafer-to-wafer

nonuni for m t (V\?’?ﬂﬁ% Therefore, they were excellently suited for

manuf act 4 Y¢W8Pures, in particular 1Cs with LS (Iarge-scale

integration) or VLSI (very-large-scale integration), having structures with
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conposition of the invention is an aqueous conposition. This neans that it

contains water, in particular ultrapure water, as the main solvent and
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from 20 Mal vern, Ltd.

(c1) linear and branched alkylene oxide homopolymers and copolymers;



The average particle size of the abrasive particles (A) can vary broadly
and, therefore, can be adjusted nost advantageously to the particular

requi r emewo0f03246gi ven conposition and process of the iPOTARLIONI3BZI6
Preferably, the average particle size as determ ned by 25 dynam c | aser
light scattering is in the range of frgm1 to 2000 nm preferably 1 to 1000
nm nore preferably 1 to 750, and, nost preferably, 1 to 500 nm The
particle size(@Bstiingartiapd Sranched.atiakatice apdr cyepaliphaty rRAMNpENWRAERDdal |
bi modal or nul ti nodemopBiyelees ad gopotyhergantii cl e size distribution is
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and Iarg(? ebl%l’trl]tld s in order to have an easily reproducible property
profile orf" (he"3brasi ve particles (A and easily reproducible conditions
during the process of the invention. The abrasive particles (A) can have
vari ous dhapeser, (Hausvet preyessaior belisiingagb striatedMaes pentdr ahdohaitel, kigoeicaf
shape. ol Wby Iy =4S G
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regar ds thae bebafmewd. WO 2012/ 032469PCT/ 1B2011/ 053896 11 t hensel ves, they can
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and spheres with or wthout protrysions or. indentations. st _preferaply,
the shapdiraghdl, fiethve{iBheRBL PSR Xy By PGP R e flhisel el
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partlcle%g%bné\r,tmé etd?tﬁécémﬁ%srﬂ%naof InPERORTS miALRELR QE&Hcé}PY
type of abrasiv article %@)@(é@n e u%e |gt e,qc?grrpos,tloP of t %

i nvent i oM"EA"6A "é’soﬁt'ﬁ@‘ffea s tha ROy e of et H"}ﬂdé{ rAFCYRRIS P
Thus, t héhebtedfizatorpal aqudoss dishersiays biepatigasihaverbeendogahivohigauséscares or
or ganbg- inaRJigkHal FefblydY iothskRe PfekioftRSavdrtisher abl y, the abrasive particles
(A) are inorganic particles. In principle, any type of inorganic abrasive
particles (A) can be used in the conposition of the invention as |ong as
t hey posdslyantages ofifbe bvaBlity i bed property profile. However, nost
preferably, inorganic abrasive particles (A) containing or consisting of
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improved oxide-to-nitride selectivity and yield polished wafers having an excellent global
30 and local planarity as exemplified by the within-wafer nonuniformity (WIWNU) and the
wafer-to-wafer nonuniformity (WTWNU). Therefore, they were excellently suited for
manufacturing IC architectures, in particular ICs with LSI (large-scale integration) or VLSI

(very-large-scale integration), having structures with dimensions below 50 nm.

35 Additionally, the composition of the invention was stable during prolonged transport and
storage, which stability significantly improved the logistics and the process management.

Moreover, the composition of the invention was not only exceptionally useful in the field of
integrated circuit devices, but was also most efficiently and advantageously useful in the
40 fields of manufacturing other electrical devices such as liquid crystal panels, organic
electroluminescent panels, printed circuit boards, micro machines, DNA chips, micro
plants and magnetic heads; as well as high precision mechanical devices and optical



25 6,110, 396, US 6,238,469 B1 , US 6,645,265 B1 , K S. Choi et al., Mat.
Res. Soc. Synp. Proc. Vol. 671, 2001 Materials Research Society, Mb.8.1 to
Mb. 8. 10, Wo-2bi2/d3ew9et al ., J. Mater. Res., Vol. 17, No. PCO/JIBIR0033B96 pages
2744 to 2749, A Jindal et al., Journal of the Electrochem cal Society, 150
(5) &314-G318 (2003), Z. Lu, Journal ofy Materials Research, Vol. 18, No.
10, October 2003, Materials Research Society, or S. Hedge et al., 30
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esters of the hydroxycarboxylic acids (bl) having at |east one group

sel ected fromthe group consisting of |actone groups, esterified hydroxy
groups, édastparticearyheweyeythe Persess grioe yeatirn wakexaedenttyrreited for pAlising he
)
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dimensions below 50 nm.
30

Detailed Description of the Invention

The composition of the invention is an agueous composition. This means that it contains
water, in particular ultrapure water, as the main solvent and dispersing agent.

35 Nevertheless, the composition of the invention may contain at least one water-miscible
organic solvent, however, only in such minor amounts that they do not change the
aqueous nature of the composition of the invention.

Preferably, the composition of the invention contains water in amounts of from 60 to

40 99.95% by weight, more preferably 70 to 99.9% by weight, even more preferably 80 to
99.9% by weight and, most preferably, 90 to 99.9% by weight, the weight percentages
being based on the complete weight of the composition of the invention.



More preferably, the sugar acids (bl) are selected fromthe group

consi sting of aldonic acids, uronic acids, glycuronic acids, aldaric acids,
ul usoni ¢ woi2dr/03asar ani ni ¢ acids, sialic acids and m xt ecedBrhensess 40
More preferably, the sugar acid esters (b2) are selected fromthe group
consi sting of aldonic acid, uronic acigy glycuronic acid, aldaric acid,

ul usoni ¢ acids, neuramnic acid, sialic acid esters and | actones and

m xt ur es ' Yitgraetuble” wgapg thet dpredypriigorERnent @sagedientof thesomrrsdioprabthe abl y,
t he sugarnnwaticiscdrby dias@vearihdiad aglicous phadecorgihe uoleanmsiletel.ng of gl yceric
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gl ucur oni, ascorblc uconi c aci uropjc acid, .idufonic
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tartaric acid, threonic acid, erythronic acid, xylonic acid, glucuronic
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nmannur onicomposition of thelmamition tOnsisisf ngirk warn1 Z liskeddnogbryienis sthicturat units
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| act ob| oni ¢ acl s an 0 ucono-d actone, pangamc acid
and i xt YA ArERGIeS d rom at %gtﬁwgp&?eé@g%fryc “¥He conponent (B) is selected
fromthe group consisting of quinic acid, 15 glucuronic acid, |actobionic

acid, dl %@Hi@st%@éérﬂral ﬁq@ﬁé@il‘bfht éﬂtﬂmefﬂoh{défsi‘ﬂén bheeaNentidh e fWHEEBhE réfempf the
conmponent ng 3 tg@n of the invention can vary broadly and,

t her ef or €, E‘gﬁe Bf a%%'Ye g%&éﬁf eously adapted to the particul ar
r equi rlérrents of a given conposition and process of the invention.
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cont abps Mdivdreasy. one, preferably two, water-soluble or water-dispersible,
preferably water-soluble, is selected fromthe group consisting of polyner
corrponent s) (©. The conponent (C) is selected fromthe group consisting
of 30 (cl elavaege Pafgleyizeelibel abierly e @adicteri(Becatorasy Blopdlrandathgraieisotdmer s;
(c2) |i nearadusdedmsthectnta]dopbigtid cheapatticyial egjuirphahiscof EogiyéMNcuinpyditan de)

ROMDPOI Y S, BREs £ PR fion? Fgerfévﬁ\akbﬁf%e%?&'a%@' gagweré& H%Fnlé' by s
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pr ef er ablmn, Inggs ptefenab30, t00B0Dand, orst gefePaldf e 0P, nnw.he al kyl ene OXI de
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| i near a hed neaoxj,de_.and xi de horm al
coporyronie P gs T ERER I FEafaSy Bhaklst 18 At e MBRBROUIBhTuAANG
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al t er pat icagilycrepaldyiBibles ppeh Peit poihy radirssivOpardicies 14) pod yadilyrepreoxiobie
bl ocks  anfdngitions during the process of the invention.

Moreover, the particle size distribution of the abrasive particles (A) can be narrow or
broad. Preferably, the particle size distribution is narrow with only small amounts of small

35 particles and large particles in order to have an easily reproducible property profile of the
abrasive particles (A) and easily reproducible conditions during the process of the
invention.

The abrasive particles (A) can have various shapes. Thus, they may be of one or
40 essentially one type of shape. However, it also possible that the abrasive particles (A)
have different shapes. In particular, two types of differently shaped abrasive particles (A)
may be present in a given composition of the invention. As regards the shapes



pol ypr opyl eneoxi de bl ocks. In the ethyl eneoxi de-propyl eneoxi de

bl ockcopol yners (bl), 5 the pol yethyl eneoxi de bl ocks preferably have
hydr ophi Iwel20paphicbe- bal ance (HLB) val ues from 10 to 15PCThB2011/053896
pol ypr opyl eneoxi de bl ocks may preferably have a HLB val ues of from28 to
about 32. Preferably, the al kyl enespxi de honopol yners (bl) are

et hyl eneoxi de polyners, such as 10 pol yethyl ene glycol (PEG. Preferably,
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WO 2012/ 032469PCT/ 1B2011/ 053896 16 in Journal of Colloid and Interface

Sci ence, 319 (2008), pages 48 to 52, S. V. Babu et al. in Electrochem cal
and Sol i awetat2a3bebters, 7 (12) G327- G330 (2004), Jae- Den@/lBma1/e338% . in
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Sui tabl e surfactants (D) and their effective amounts are known, for
exanple, fromthe international patent application WO 2005/014753 Al, page
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B2, colum 5, line 4 to colum 6, line 8. 30 Suitable polyvalent netal ions
(D) and their effective amounts are kngyn, for exanple, fromthe European
patent application EP 1 036 836 A, page 8, paragraph [0076] to page 9,
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40 Preferably, the alkylene oxide homopolymer or copolymer (b1) is selected from the group
consisting of linear and branched ethyleneoxide and propyleneoxide homopolymers and
copolymers.
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Customarily, the tenperature of the platen is set at tenperatures between
10 and 70C. For further details reference is nade to the international

pat ent appbi20et3e9WO 35 2004/ 063301 Al, in particul ar pagaBigl/opasagr aph
[ 0036] to page 18, paragraph [0040] in conjunction with the figure 1. By
way of the process of the invention sepiconductor wafers with |Cs

conpri si cr%Jg@fpatterned |l ow-k and ultra-lowk material |ayers, in particular
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Aci d/ Y by, WebdAbh groups, sulfonium groups, phosphonium groups and mixtures thereof. Most
preferably, quaternary ammonium groups are used.

More preferably, the alkyl group of the poly(diallyl-N,N-dialkylammonium halide) (c3) is
selected from the group consisting of methyl, ethyl, propyl and isopropyl and mixtures

15 thereof. Most preferably, methyl groups are used. More preferably, the halide is selected
from the group consisting of fluoride, chloride and bromide. Most preferably, chloride is
used. Most preferably, poly(diallyl-N,N-dimethylammonium chloride) (poly-DADMAC) is
used.

20 The concentration of the cationically modified flocculant (¢3) in the composition of the
invention can vary broadly and, therefore, can be adapted most advantageously to the
particular requirements of a given composition and process of the invention. Preferably,
the flocculant (c3) is used in amounts of from 0.0001 to 1% by weight, preferably 0.0002
to 1% by weight, and most preferably 0.0003 to 1% by weight, the weight percentages

25 being based on the complete weight of the composition of the invention.

The cationically modified flocculants (¢3) are customary and known materials which are
commercially available, for example, from BASF SE under the trademark Sedipur™ C.

30 It was most surprising that, according to one of the uses of the invention, the cationically
modified flocculants (¢3) can be used to stabilize the aqueous dispersions of the abrasive
particles (A).

The composition of the invention can contain at least one functional component (D) which
35 is materially different from the ingredients (A), (B) and (C).

Preferably, the functional component (D) is selected from the group of compounds
customarily used in ceria-based CMP slurries.

40 Examples of such compounds (D) are disclosed in, for example, by Y. N. Prasad et al. in
Electrochemical and Solid-State Letters, 9 (12) G337-G339 (2006), Hyun-Goo Kang et al.
in Journal of Material Research, volume 22, No. 3, 2007, pages 777 to 787, S. Kim et al.
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in Journal of Colloid and Interface Science, 319 (2008), pages 48 to 52, S. V. Babu et al.
in Electrochemical and Solid-State Letters, 7 (12) G327-G330 (2004), Jae-Dong Lee et al.
in Journal of the Electrochemical Society, 149 (8) G477-G481, 2002, the American
patents US 5,738,800, US 6, 042, 741, US 6,132,637, US 6,218,305 B, US 5,759,917,
5 US 6,689,692 B1, US 6,984,588 B2, US 6,299,659 B1, US 6,626,968 B2, US 6,436,835,
B1 US 6,491,843 B1, US 6,544,892 B2, US 6,627,107 B2, US 6,616,514 B1, and US
7,071,105 B2, the American patent applications US 2002/0034875 A1, US 2006/0144824
A1, US 2006/0207188 A1, US 2006/0216935 A1, US 2007/0077865 A1, US
2007/0175104 A1, US 2007/0191244 A1 and US 2007/0218811 A1, and the Japanese
10 patent application JP 2005-336400 A.

Moreover, the functional component (D) is selected from the group consisting of organic,
inorganic and hybrid organic-inorganic abrasive particles being different from the particles
(D), polyhydric alcohols with at least two hydroxy groups, materials having a lower critical

15 solution temperature LCST or an upper critical solution temperature UCST, oxidizing
agents, passivating agents, charge reversal agents, complexing or chelating agents,
frictive agents, stabilizing agents, rheology agents, surfactants, metal cations and organic
solvents.

20 Suitable organic abrasive particles (D) and their effective amounts are known, for
example, from the American patent application US 2008/0254628 A1, page 4, paragraph
[0054] or from the international application WO 2005/014753 A1, wherein solid particles
consisting of melamine and melamine derivatives such as acetoguanamine,
benzoguanamine and dicyandiamide are disclosed.

25
Suitable inorganic abrasive particles (D) and their effective amounts are known, for
example, from the international patent application WO 2005/014753 A1, page 12, lines 1
to 8 or the American patent US 6,068,787, column 6, line 41 to column 7, line 65.

30 Suitable hybrid organic-inorganic abrasive particles (D) and their effective amounts are
known, for example, from the American patent applications US 2008/0254628 A1, page 4,
paragraph [0054] or US 2009/0013609 A1, page 3, paragraph [0047] to page 6,
paragraph [0087].

35 Suitable polyhydric alcohols (D) are diols such as ethylene glycol and propylene glycol,
triols such as glycerol, pentaerythritol, alditols, cyclitols and dimers and oligomers of
glycerol, trimethylolpropane, pentaerythritol, alditols and cyclitols.

Suitable oxidizing agents (D) and their effective amounts are known, for example, from the
40 European patent application EP 1 036 836 A1, page 8, paragraphs [0074] and [0075] or
from the American patents US 6,068,787, column 4, line 40 to column 7, line 45 or US



0.05 - 3
nmeasur ed
follow n
(rotary

1000/ Sub
conditio
M/ mn;

C5 0.5 - - - 0.053 15 a)Average primary particle size as
by dynam c laser light diffraction: 60 nm 20 For the CWP, the

owprorgsg4epar anet ers were used: Pol i shing appararaB2018b43%39M rr a

type): platen speed: 90 rpm carrier speed: 70 rpm 25 -1C

a 400 K-groove polishing pad nQ?ufactured by Rohm & Haas; in situ

ning using S60 3M di anond conditioner; slurry flowrate: 200

[ Yo soluptod linas { &ér #hiPreferabbo Rrafningfdneanis pesidacehoiaf er s

f r om SKWpaefdrabBAnovyasic pemahles] dreivded.do pheidulbl, apdebempéekise fig asadbnt co

Silicon;
down for
2012/ 032
measur &d
Tabl e 2.
Nitride
10
15
20
25
30
35
40

exanples 20 to 3022: TEGOS silicon dioxide coated bl anket wafers;

e. 3.5 psi 240 : ol.i shi tine: 1 m nute. WO
ok PRSI 9eBBa Db sneH e AtHsT T AP Gits 328 KACHTS LorMAm Rl
thé Amescare pateot diet, &40,60MhB2 r eadurhn 8, it 9 teedolame 4 dinpi9l erdranm thehe

ARH RN SR Hiplichtid OB 1908xi b 620 at1e thSp ket phViBhe s Sordintd con

Cp%géseg and 5.

Suitable complexing or chelating agents (D), which are sometimes also designated as
frictive agents (cf. the American patent application US 2008/0254628 A1, page 5,
paragraph [0061]) or etching agents or etchants (cf. the American patent application US
2008/0254628 A1, page 4, paragrap [0054]), and their effective amounts are known, for
example, from the American patent US 7,300,601 B2, column 4, lines with 35 to 48. The
amino acids, in particular glycine, and, moreover, dicyandiamide and triazines containing
at least one, preferably two and, more preferably, three primary amino groups such as
melamine and water-soluble guanamines, particularly melamine, formoguanamine,
acetoguanamine and 2,4-diamino-6-ethyl-1,3,5-triazine, are most particularly preferably
used.

Suitable stabilizing agents (D) and their effective amounts are known, for example, from
the American patent US 6,068,787, column 8, lines 4 to 56.

Suitable rheology agents (D) and their effective amounts are known, for example, from the
American patent application US 2008/0254628 A1, page 5, paragraph [0065] to page 6,
paragraph [0069].

Suitable surfactants (D) and their effective amounts are known, for example, from the
international patent application WO 2005/014753 A1, page 8, line 23, to page 10, line 17
or from the American patent US 7,300,601 B2, column 5, line 4 to column 6, line 8.

Suitable polyvalent metal ions (D) and their effective amounts are known, for example,
from the European patent application EP 1 036 836 A1, page 8, paragraph [0076] to page
9, paragraph [0078].

Suitable organic solvents (D) and their effective amounts are known, for example, from
the American patent US 7,361,603 B2, column 7, lines 32 to 48 or the American patent
application US 2008/0254628 A1, page 5, paragraph [0059].

Suitable materials (D) exhibiting a lower critical solution temperature LCST or an upper
critical solution temperature UCST are described, for example, in the article of H. Mori, H.
Iwaya, A. Nagai and T. Endo, Controlled synthesis of thermoresponsive polymers derived
from L-proline via RAFT polymerization, in Chemical Communication, 2005, 4872-4874; or
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in the article of D. Schmaljohann, Thermo- and pH-responsive polymers and drug
delivery, Advanced Drug Delivery Reviews, volume 58 (2006), 1655-1670 or in the
American patent applications US 2002/0198328 A1, US 2004/0209095 A1, US
2004/0217009 A1, US 2006/0141254 A1, US 2007/0029198 A1, US 2007/0289875 A1,
5 US 2008/0249210 A1, US 2008/0050435 A1 or US 2009/0013609 A1, the American
patents US 5,057,560, US 5,788,82 and US6,682,642 B2, the international patent
applications WO 01/60926 A1, W0O2004/029160 A1, WO 2004/0521946 A1, WO
2006/093242 A2 or WO 2007/012763 A1, in the European patent applications EP 0 583
814 A1, EP 1 197 587 B1 and EP 1 942 179 A1, or the German patent application DE 26
10 10 705.

In principle, any known charge reversal agent (D) customarily used in the field of CMP can
be used. Preferably, the charge reversal agent (D) is selected from the group consisting of
monomeric, oligomeric and polymeric compounds containing at least one anionic group

15 selected from the group consisting of carboxylate, sulfonate, sulfate and phosphonate
groups.

If present, the functional component (D) can be contained in varying amounts. Preferably,

the total amount of (D) is not more than 10 wt.% (“wt.%” means “percent by weight”), more
20 preferably not more than 2 wt.%, most preferably not more than 0.5 wt.%, particularly not

more than 0.1 wt.%, for example not more than 0.01 wt.%, based on the total weight of

the corresponding CMP composition. Preferably, the total amount of (D) is at least 0.0001

wt.%, more preferably at least 0.001 wt.%, most preferably at least 0.008 wt. %,

particularly at least 0.05 wt.%, for example at least 0.3 wt.%, based on the total weight of
25 the corresponding composition.

The composition of the invention can optionally contain at least one pH-adjusting agent or
buffering agent (E) which is materially different from the ingredients (A), (B) and (C).

30 Suitable pH-adjusting agents or buffering agents (E) and their effective amounts are
known, for example, from the European patent application EP 1 036 836 A1, page 8,
paragraphs [0080], [0085] and [0086], the international patent application WO
2005/014753 A1, page 12, lines 19 to 24, the American patent application US
2008/0254628 A1, page 6, paragraph [0073] or the American patent US 7,300,601 B2,

35 column 5, lines 33 to 63. Examples for pH-adjusting agents or buffering agents (E) are
potassium hydroxide, ammonium hydroxide, tetramethylammonium hydroxide (TMAH),
nitric acid, and sulfuric acid.

If present, the pH-adjusting agent or buffering agent (E) can be contained in varying
40 amounts. Preferably, the total amount of (E) is not more than 20 wt.%, more preferably not
more than 7 wt.%, most preferably not more than 2 wt.%, particularly not more than 0.5
wt.%, for example not more than 0.1 wt.%, based on the total weight of the corresponding
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The preparation of the composition of the invention does not exhibit any particularities but

10 can be carried out by dissolving or dispersing the above-described ingredients (A), (B)
and (C) and optionally (D) and/or (E) in an aqueous medium, in particular, de-ionized
water. For this purpose, the customary and standard mixing processes and mixing
apparatuses such as agitated vessels, in-line dissolvers, high shear impellers, ultrasonic
mixers, homogenizer nozzles or counterflow mixers, can be used. Preferably, the

15 composition of the invention thus obtained can be filtered through filters of the appropriate
mesh aperture, in order to remove coarse-grained particles such as the agglomerates or
aggregates of the solid, finely dispersed abrasive particles (A).

The compositions of the invention are excellently suited for the process of the invention.
20
In the process of the invention, a substrate material for electrical, mechanical and optical
devices, in particular, electrical devices, most preferably, integrated circuit devices, is
contacted at least once with a composition of the invention and polished, in particular,
chemically and mechanically polished, until the desired planarity is achieved.
25
The process on the invention exhibits its particular advantages in the CMP of silicon
semiconductor wafers having isolating layers consisting of low-k or ultra-low-k silicon
oxide materials and silicon nitride layers as stopping or barrier layers.

30 Suitable low-k or ultra-low-k materials and suitable methods of preparing the insulating
dielectric layers are described in, for example, the American patent applications US
2005/0176259 A1, page 2, paragraphs [0025] to [0027], US 2005/0014667 A1, page 1,
paragraph [0003], US 2005/0266683 A1, page 1, paragraph [0003] and page 2, paragraph
[0024] or US 2008/0280452 A1, paragraphs [0024] to [0026] or in the American patent US

35 7,250,391 B2, column 1, lines 49 to 54 or in the European patent application EP 1 306
415 A2, page 4, paragraph [0031].

The process of the invention is particularly suited for the shallow trench isolation (STI)
which requires the selective removal of silicon dioxide over silicon nitride on a patterned
40 wafer substrate. In this process, etched trenches are overfilled with the dielectric material,
e.g., silicon dioxide, which is polished using the silicon nitride barrier film as the stopping
layer. In this preferred embodiment, the process of the invention ends with clearing the
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silicon dioxide from the barrier film while minimizing the removal of exposed silicon nitride
and trench silicon oxide.

Thus, the process of the invention exhibits an oxide-to-nitride selectivity greater than 50,
preferably greater than 75 and most preferably greater than 100.

The process of the invention exhibits no particularities but can be carried out with the
processes and the equipment customarily used for the CMP in the fabrication of
semiconductor wafers with ICs.

As is known in the art, a typical equipment for the CMP consists of a rotating platen which
is covered with a polishing pad. The wafer is mounted on a carrier or chuck with its upper
side down facing the polishing pad. The carrier secures the wafer in the horizontal
position. This particular arrangement of polishing and holding device is also known as the
hard-platen design. The carrier may retain a carrier pad which lies between the retaining
surface of the carrier and the surface of the wafer which is not being polished. This pad
can operate as a cushion for the wafer.

Below the carrier, the larger diameter platen is also generally horizontally positioned and
presents a surface parallel to that of the wafer to be polished. Its polishing pad contacts
the wafer surface during the planarization process. During the CMP process of the
invention, the composition of the invention is applied onto the polishing pad as a
continuous stream or in dropwise fashion.

Both the carrier and the platen are caused to rotate around their respective shafts
extending perpendicular from the carrier and the platen. The rotating carrier shaft may
remain fixed in position relative to the rotating platen or may oscillate horizontally relative
to the platen. The direction of rotation of the carrier typically, though not necessarily, is
the same as that of the platen. The speeds of rotation for the carrier and the platen are
generally, though not necessarily, set at different values.

Customarily, the temperature of the platen is set at temperatures between 10 and 70°C.

For further details reference is made to the international patent application WO
2004/063301 A1, in particular page 16, paragraph [0036] to page 18, paragraph [0040] in
conjunction with the figure 1.

By way of the process of the invention semiconductor wafers with ICs comprising
patterned low-k and ultra-low-k material layers, in particular silicon dioxide layers, having
an excellent planarity can be obtained. Therefore, copper damascene patterns can be
obtained which also have an excellent planarity and, in the finished, IC an excellent
electrical functionality.



4 0.15 0.025 - 0.01 3 a) Average particle size as neasured by | aser I|ight
diffraction: 60 nm b) polyethylene glycol PEG oK having an average

nol ecul arwaengs24p 10, 000 Dal ton; c¢) pol yvi nyl pyrrol i dece/1BxRLFIésdavi ng an
average nol ecul ar wei ght of 17,000 Dalton 5 For the CVMP, the foll ow ng
process paraneters were used: Poli shi gg apparatus in the the exanples 1
and 2 and the conparative experinent O AMAT Mrra (rotary type); 10
-polishing apparatus in the exanples 3 and 4 and the conparative experinent
07: Str ashanglksGhn® Curdapeative fpetieanispeed: 90 rpm  carrier speed: 70 rpm
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oxide-silicon nitride-field oxide patterned 25 vvafers STl 3-2 from SKW wer e
pol i shed Thei crgmaosmmnrmfcﬁhal ¢qm;mra1ivleab<hlmoGNFbo$bluhg yeofr{gabitibn$S®25 1o L5l are

di | ut iygn) 4knock out" the topography. The applied down force
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The bl anket—wafers were polished under the above-nmentioned conditions. The
mat er i al | Comppaition aCesiaNikRBy bt @uined Wweéslecansed| Bbicuenisy| lactohionic { i i t g
renove the aéloi ve 0xi dight Acid/% by delta- Acid/% by | Acid/% by
weight Lactone/% weight weight
by weight

C1 0.5 - - - - 3

C2 0.5 0.05 - - - 3

C3 0.5 - 0.05 - - 3

C4 0.5 - - 0.05 - 3

C5 0.5 - - - 0.05 3

15
a) Average primary particle size as measured by dynamic laser light diffraction: 60
nm

20 For the CMP, the following process parameters were used:

- Polishing apparatus: AMAT Mirra (rotary type):

- platen speed: 90 rpm:;

- carrier speed: 70 rpm;
25 - IC 1000/Suba 400 K-groove polishing pad manufactured by Rohm & Haas;

- in situ conditioning using S60 3M diamond conditioner;

- slurry flow rate: 200 ml/min;

- substrates: 2000 nm thermal silicon dioxide coated blanket wafers from SKW and

500 nm silicon nitride coated blanket wafers from Montco Silicon; examples 20 to

30 22: TEOS silicon dioxide coated blanket wafers;

- down force: 3.5 psi (240 mbar);

- polishing time: 1 minute.



35 left atop the silicon nitride stopping |ayer after the P1 process. This
tinme was referred to as "endpoint (EP)" and any additional polishing tine
after thewendpai3pteowas referred to as "overpolishing (OPCT/IBXhe0z382@I ned
results are conpiled in the Table 4. WD 2012/ 032469PCT/1B2011/ 053896 24
Tabl e 4: Over pol i shi ng Behavi or of the é\%tjeous Pol i shi ng Conpositions of the
Exanples 1 to 4 and of the Conparative periments C6 and C7 Exanple or
Conpar at i€ BRissR| reAevaNdates) Mrket weliel megauer oxiti@ fadralpmpiem diveoesdiés
Consunpt icbtded(drd @okpiléDinpine Fasle @r e) Di shingb) (100 x 100 pm Feat ure)
100% OP EP 100% OP C6 2839 456 1920 280 1500

EP

Table 2: CMP of Silicon Dioxide Coated Blanket Wafers and Silicon Nitride Coated
5 Blanket Wafers and Oxide-To-Nitride Selectivity
Comparative Experiment | Silicon Dioxide | Silicon Nitride | Oxide-To-Nitride Selectivity

No. MRR®a MRR?
C1 386 88 4
C2 2984 67 45
C3 2682 24 112
C4 3234 14 234
C5 3453 10 354

a) Angstrom/minute

10 The results compiled in the Table 2 make apparent that high oxide-to-nitride selectivities
could be achieved with the hydroxycarboxylic acids and the hydroxy groups containing
lactone alone. However, the comparative aqueous polishing compositions containing only
these additives needed considerable improvement with regard to dishing and
overpolishing of trench oxide in the STI process and dispersion stability (potlife).

15
Examples 1 to 4 and Comparative Experiments C6 and C7

CMP of silicon oxide and silicon nitride blanket wafers and patterned wafers

20 The compositions of the aqueous polishing compositions of the examples 1 to 4 and of the
comparative aqueous polishing compositions C6 and C7 are compiled in the Table 3.

Table 3: The Compositions of the Aqueous Polishing Compositions 1 to 4 and of the
Comparative Aqueous Polishing Compositions C6 and C7
25
Example Ceria®d/% by | Glucuronic | PEG"/% PVP9/% pH
or weight Acid/% by | by weight | by weight
Comparative weight
Composition
No.
C6 1 0.1 - - 3
1 1 0.1 0.02 - 3
2 1 0.1 0.04 - 3
C7 0.15 0.025 - - 3




1 2929 381 1527 150 1260 2 2889 282 1468 150 1200 C7 2850 224 713 377 865 3
2787 104 538 104 538 4 2461 150 530 150

WO 2012/032469 PCT/IB2011/053896
23
3 0,15 0.025 0.01 - 3
4 0.15 0.025 - 0.01 3
a) Average particle size as measured by laser light diffraction: 60 nm;
b) polyethylene glycol PEG+ok having an average molecular weight of 10,000 Dalton;
c) polyvinylpyrrolidone PVP17« having an average molecular weight of 17,000 Dalton

For the CMP, the following process parameters were used:

- Polishing apparatus in the the examples 1 and 2 and the comparative experiment
C6: AMAT Mirra (rotary type);
10 - polishing apparatus in the examples 3 and 4 and the comparative experiment C7:
Strasbaugh 6EG nHance;
- platen speed: 90 rpm:;
- carrier speed: 70 rpm;
- IC 1000/Suba 400 K-groove polishing pad manufactured by Rohm & Haas;
15 - in situ conditioning using A160 diamond conditioner from Rohm & Haas or 3M;
- slurry flow rate: 200 ml/min;
- substrates: 2000 nm thermal silicon dioxide coated blanket wafers from SKW and
500 nm silicon nitride coated blanket wafers from Montco Silicon;
- down force: 3 psi (205 mbar).
20
The material removal rates (MRRs) were measured by Therma Wave Optiprobe 2600 and
before and after CMP.

The initial topography or step height in silicon oxide-silicon nitride-field oxide patterned

25 wafers STI 3-2 from SKW were polished using a commercially available CMP Slurry
(Cabot SS25, 1:1 dilution), in order to "knock out" the topography. The applied down force
was 5 psi (341.66 mbar). The aim of this P1 process was to achieve near planarization
with a few amounts of oxide thickness left atop the silicon nitride stopping layer. The
patterned wafer measurements were done on two sites, namely (i) at the active oxide site

30 to measure the remaining oxide left and (ii) at the field oxide site to measure the trench
oxide.

The blanket wafers were polished under the above-mentioned conditions. The material
removal rates MRRs obtained were used to calculate the time to remove the active oxide

35 left atop the silicon nitride stopping layer after the P1 process. This time was referred to as
"endpoint (EP)" and any additional polishing time after the endpoint was referred to as
"overpolishing (OP)".

The obtained results are compiled in the Table 4.
40
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The Table 4 makes apparent that the addition of the anti-dishing agents PEGiok and
PVPi7« caused no significant difference in the blanket way for or active oxide MRR but

10 considerably reduced the trench oxide consumption and dishing as compared with the
comparative experiments C6 and C7.

Example 5

15 Stabilization of Ceria-Based Agueous Polishing Compositions with Cationically Modified
Flocculants

A cationically modified flocculant (Sedipur™ CL 520 from BASF SE) was added in various
amounts to an aqueous polishing composition having a pH of 3 and containing 0.5% by
weight ceria and 0.025% by weight of glucuronic acid. The average particle sizes were
measured with a Horiba Instrument particle size analyzer. The obtained results are
compiled in the Table 5.

20

Table 5: The Stabilization of a Ceria-Based Aqueous Polishing Composition with
Sedipur™ CL 520
25
Concentration of Initial Particle Particle Size/nm
Sedipur™ CL Size/nm After 96 Hours
520/ppm

0 106 1673

5 106 563

10 106 102
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The Table 5 makes apparent that even the addition of such low amounts as 10 ppm was
already enough to control the aggregation of the ceria particles thereby enhancing the
stability of the agueous polishing composition and its potlife.

Example 6 and Comparative Experiment C8

CMP with an Agueous Polishing Composition with (Example 6) and without (Comparative
Experiment C8) a Cationically Modified Flocculant and Oxide-To-Nitride Selectivities

An aqueous polishing composition having a pH of 3 and containing 0.5% by weight ceria
and 0.025% by weight of glucuronic acid was used for the comparative experiment C8.

An aqueous polishing composition having a pH of 3 and containing 0.5% by weight ceria,
0.025% by weight of glucuronic acid and 70 ppm Sedipur™ CL 520 was used for the

example 6.

Silicon dioxide coated blanket wafers and silicon nitride coated blanket wafers were
polished as described hereinbefore in the comparative experiments C1 to C5.

The obtained results are compiled in Table 6.

25

30

Table 6: CMP of Silicon Dioxide Coated Blanket Wafers and Silicon Nitride Coated
Blanket Wafers and Oxide-To-Nitride Selectivity
Example or Silicon Dioxide | Silicon Nitride | Oxide-To-Nitride Selectivity
Comparative Experiment MRRa MRR?
No.
C8 2570 14 183
6 2413 15 160

a) Angstrom/minute

Table 6 makes apparent that the addition of Sedipur™ CL 520 did not affect the polishing
results. However, the agueous polishing composition of the example 6 exhibited a much
longer potlife than be aqueous polishing composition of the comparative experiment C8.
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(B) at least one water-soluble and water-dispersible hydroxy group containing
10 component selected from the group consisting of

(b1) aliphatic and cycloaliphatic hydroxycarboxylic acids having at least
two carbon atoms, at least one hydroxy group and at least one
carboxylic acid group to the molecule, wherein the molar ratio of

15 hydroxy groups to carboxylic acid groups is at least 1;

(b2) esters of the hydroxycarboxylic acids (b1) having at least one group
selected from the group consisting of lactone groups, esterified
hydroxy groups, esterified carboxylic acid groups and mixtures
thereof, with the proviso that at least one hydroxy group is present

20 in (b2); and
(b3)  mixtures thereof; and

) at least one water-soluble and water-dispersible polymer component
selected from the group consisting of
25
(c1) linear and branched alkylene oxide homopolymers and copolymers;
(c2) linear and branched, aliphatic and cycloaliphatic poly(N-vinylamide)
homopolymers and copolymers; and
(c3) cationic polymeric flocculants having a weight average molecular
30 weight of less than 100,000 Dalton.

2. The aqueous polishing composition according to claim 1, characterized in that the
abrasive particles (A) are inorganic particles.

35 3. The aqueous polishing composition according to claim 1 or 2, characterized in that
the inorganic abrasive particles (A) contain or consist of ceria.

4. The aqueous polishing composition according to anyone of the claims 1 to 3,
characterized in that the hydroxycarboxylic acids (b1) are selected from the group

40 consisting of glycolic acid, lactic acid, quinic acid, sugar acids and mixtures
thereof; and that the esters (b2) are selected from the group consisting of glycolic
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20 acid, glycuronic acid, glucaric acid, ulusonic acid, neuramic acid, sialic acid,
muramic acid and lactobionic acid esters and lactones, glucono-delta-lactone,
pangamic acid and mixtures thereof.

7. The aqueous polishing composition according to anyone of the claims 1 to 6,

25 characterized in that the water-soluble or water-dispersible, linear or branched
alkylene oxide homopolymer or copolymers (c1) are selected from the group

consisting of ethyleneoxide and propyleneoxide homopolymers and copolymers

and mixtures thereof; the linear or branched, aliphatic or cycloaliphatic poly(N-
vinylamide) homopolymers or copolymers (c2) are selected from the group

30 consisting of homopolymers and copolymers of aliphatic and cycloaliphatic N-
vinylamide monomers selected from the group consisting of N-vinylacetamide, N-
vinylpyrrolidone, N-vinylvalerolactam, N-vinylcaprolactam, N-vinylsuccinimide and

mixtures thereof; and the cationic polymeric flocculants (¢3) are selected from the

group consisting of cationically modified polyacrylamides, polyamines,

35 polyethyleneimines, poly(diallyl-N,N-dialylammonium halide) and mixtures thereof.

8. The aqueous polishing composition according to anyone of the claims 1 to 7,
characterized in that it contains at least one functional component (D) different
from the components (A), (B) and (C).
40
9. The aqueous polishing composition according to claim 8, characterized in that the
functional component (D) is selected from the group consisting of organic,
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char act eri zed MR HAPS L BREAFHS hﬁ?&’r;égg fihen ¥38]"G§% @F@ﬁw&ew@cwon
buf f eri ng agemiechihicd| dé\ecasnind tiogroplival devipesneret gpt(ca) glags)s sumth gsOphotahe
aqueous pol i shhR@sCRAPESARd PifsrAS GR5rdhAg datRbERBCHRe IS stt@bBBndiuminl 0,

charagterized jn,t it has.a pHin the.ran of frgm2.5 to 4. A.process
on o Bb i g st 1700, blie iPidbted &tulss BRfa! s ebeinafty oBsBALS)
devi ces by contayegHidgst prlicalipranogtystaaseeh g the enddaeeonlcertival fibenis agueous
8O| i Shidng| conpemitiflators, adlid pRler stunogryistgs, sapphir@sabstrites farlbludtaskr LBiB_s, o
esired pl anar, [ ous pol i shing
conposition aélgﬁ‘ycé’?‘ﬁ‘é&%hgﬁ%h%“f”g’?g@ eﬁs%l%lﬁ%téétgs tcﬁﬁ%f%lggc ﬁg*e‘sg The process
according to claim 12, characterized in that the substrate materi al
conpr #A8edbat [Thasprocess hegoedingdachiimi Hy chrrasterizesitin tigatadhe dnterded cionet
dielectric sildegieBs exhtdm inRGRItEALir@md vith IhRRSIcaRkNBtehAUBh FFURHAIaeshaR
consi sting of Y |rl ﬁonhmi”'t e 'erheitrﬁ[jocer]s§nag)cprd$({)rgrpt o claim13,
charact eri zed "TRIPAAT N7 FRYLET Bt erglons &P IS y is greater than 50.
The process paccording to anyone of the clainms 12 to 14, characterized in
that the electrical devices are integrated circuit devices, liquid crystal
panel s, organic el ectrolum nescent panels, printed circuit boards, mcro
machi nes, DNA chips, mcro plants and magneti c heads; the mechani cal
devi ces are high precision nechanical devices; and the optical devices are
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WO 2012/ 032469PCT/ 1B2011/ 053896 29 17. The use of the aqueous poli shing
conposition according to anyone of the clains 1 to 11 for manufacturing

el ectri cawvp 20e0i3a4sbcal and optical devices. 5 18. The usecCofiBwat/hisadcal |y
nodi fied flocculants (c3) having a wei ght average nol ecul ar wei ght of | ess

t han 100, 000 Dalton for the stabili zat% n of dispersions containing at
| east one type of abrasive particles ( ? whi ch are positively charged when
di spersed in an aqueous mnedi um having a pHin the range of from3 to 9 as
evi denced7by tThe ket theoqueves palishimlidonippsitidf) according to anyone of the claims 1

to 11 for manufacturing electrical, mechanical and optical devices.

5 18. The use of cationically modified flocculants (c3) having a weight average
molecular weight of less than 100,000 Dalton for the stabilization of dispersions
containing at least one type of abrasive particles (A) which are positively charged
when dispersed in an aqueous medium having a pH in the range of from 3 to 9 as
evidenced by the electrophoretic mobility.
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