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.  NDUSTRY 5 : The present I nvention relates to nem/a ﬂgSlve
conposi tions which can be used in particular during mechani cal !

chem cal polishing of silicon oxide | ayers, silicon nitride |ayers and
| ayers based on polyners with a |low dielectric constant used in the
sem -conductors mcroelectronics industry fand, nore 10 particularly,
during the production of integrated circuits. Basi c
colloidal -silica based abrasive conpositions and surfactants are used
for polishing primary silicon. This primary operation is followed by a
certain nunber of other operations with the aimof producing
integrated circuits. During the production of integrated
circuits, i NEWyn ARRASIME ICOMPOSLIIONS FOR JHE o INTEGRAIER CHRGEULAS

pol i shi ng cIRRFERTRONKES whi BNPYSTRY o hi gh sel ectivity for the polishing
speed between silicon oxide and silicon nitride, the selectivity bei ng
the rati g between the abrasion speeds of each substrate. Silicon oxide can
ei ther be obtained by oxygen diffusion at a high tenperature on silicon
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i sol ation consrs generating steep trenches in
reactive ionic engravDaging the production of integrated circuits, it can be useful to have

15 abrasive mechanical chemical polishing compositions which have a high selectivity
for the polishing speed between silicon oxide and silicon nitride, the selectivity
being the ratio between the abrasion speeds of each substrate. Silicon oxide can
either be obtained by oxygen diffusion at a high temperature on silicon wafer
(thermal oxide or SiO2) or deposited on the silicon wafer (for example |

20 tetraethoxysilane oxide or TEQOS).

When producing integrated circuits, one of the first stages consists of
defining the active zones of different transistors which constitute the circuits. These
active zones should be isolated from each other by means of a silicon oxide zone,
an electrically isolating material. These silicon oxide patterns were up to now most

25 often defined by the local silicon oxidation technique (LOCOS).

The reduction of the dimensions of devices now precludes this
technique, the main disadvantage of which is the production of an undesired area
bordering the oxidation zone, called a bird's mouth. LOCOS oxidation today
therefore is mostly replaced by the ST technique (shallow trench isolation) which

30 consists of generating steep trenches in the silicon by reactive ionic engraving,
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2 then filling themw th a TECS type oxi de deposit.
* This silicon oxide layer should then be levelled by a nechani cal
chem cal polishing stage. An enhanced degree of levelling for this stage is

essential. 5 One way of inmproving the levelling quality is
to deposit a |ayer of silicon nitride on the ridges between the
trenches (in practice, the silicon nitrid2 is usual | y deposited over

t he whol e surface of the silicon wafer, then the whole is
recess-engraved to formthe trenches, and becguse of this, the silicon
nitride is epdilling thegrwitha fﬁégetélp%@?{ﬂ@e‘i’faﬁw-trenches), then to deposit a
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overflows the trenches and covers t silicon nitride.
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In the literature, G.G. Lisle et al, US 5 759 917, described an aqueous
mechanical chemical polishing suspension comprising 0.1 to 4% by weight of ceric
ammonium nitrate and 0.1 to 3% by weight of acetic acid. This polishing
suspension with a pH comprised between 3.8 and 5.5 has a silicon
20 PETEOS/nitrate polishing selectivity less than or equal to 35, i.e. the silicon oxide
is abrased 35 times faster than the silicon nitride. One part of the ceric ammonium
nitrate can be replaced by the pyrogenic silica.
Moreover, S.D. Hosali et al, US 5 738 800, mentioned the polishing of
a composite comprising silica and silicon nitride by a polishing composition
25 comprising 0.2 to 5% by weight of cerium oxide, 0.5 to 3.5% potassium hydrogen
phtalate as chelating agent, and 0.1 to 0.5% of fluorinated surfactant. The
composition was brought to a neutral pH by the addition of a base. Silica can be
added to the polishing compositions. With the best compositions described, a
polishing selectivity of approximately 300 can be achieved.

30 Similarly, during the production of integrated circuits, the electronic



3 devices forned on a silicon wafer should be connected to each other

* by nmeans of nmetal interconnection lines to conpose the desired
electronic circuit. Each netal i nterconnection | evel should be
i solated electrically. To this end, each level is encapsul ated in a
dielectric layer. 5 The netallic interconnection |ines of
integrated circuits are nostly forme@ by the reactive ionic engraving
of nmetal according to the foll ow ng sequence: an al um ni um or
alumniumalloy filmapproximately 10-12mthick is deposited by a beam
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with a low ric cons t satisfy in principle the
In order to reduce the capacities induced by this dielectric, one
15 method consists of using materials with low dielectric constants. The best
candidates were listed by N.H. Hendricks — Mat. Res. Soc. Symp. Proc., vol. 443,
1997 p. 3-14, and by L. Peters — Semi Conductor international — Sept. 1998, p. 64-
74.
The main families retained are:
20 - fluorinated poly(aryl ethers) such as Flare®,
-  poly(aryl ethers) such as PAE-2,
- fluorinated polyamides,
- . hydridosilsesquioxanes and alkylsilsesquioxanes,
- bisbenzocyclobutenes such as Cyclotene®,
25 - poly(p-xylylene) such as Parylene®N and poly(a, a, o, o'-tetrafluoro-p-xylylene)
such as Parylene®F,
- aromatic ether polymers of perfluorocyclobutane,
- aromatic hydrocarbons such as SiLK®.
To be able to be integrated in a microelectronic interconnection
30 process, these polymers with a low dielectric constant must satisfy in principle the



4 following criteria: - filling trenches of width I ess than 0.35

opm - avitreous transition tenperature higher than 400[err]C, a
| ow humi dity absorption (<1%, 5 - an enhanced thermal stability (<1 % h
at 450[err]Q), - an enhanced adhesion to the netal layers and ot her

dielectric |ayers. Mor eover, the porrythheet Be
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pol i shi ng. Y.L. Wang et al in Thin SoI 7),

308-309, p. 550-554, 10 polished an alkyl siloxane Iayer y neans of an
abr asi ve sofaliowing Gﬂtﬁfial si ng fumed silica particles in base nedi um (pH

= 10.2) or zir d acid nmedium (pH = 3.3-4.6).

G R Yang et g‘ﬁ‘% ﬁgh%éﬁgfé? %'F%%&%"@;?%P"% Vol . 26, no. 8, 1997, p.
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the surface state of ol i shed surface.
acid medium (pH = 3 3—4 ).
G. R. Yang et al in J. of Electronic Materials, Vol. 26, no. 8, 1997, p.
935-940, studied the surface quality of a layer of Parylene®N obtained after
16 polishing with different abrasive solutions comprising aluminium patrticles in acid or
alkaline medium. The polishing speeds obtained are low whatever the abrasive
solution used.
J. M. Neirynck et al in Mater. Res. Soc. Symp. Proc., 1995, vol. 381,
p. 229-235) attempted to polish three types of polymers with a low dielectric
20 constant, Parylene®, benzocyclobutene (BCB) and a fluorinated polyimide, by
means of abrasive solutions comprising aluminium particles in a base or acid
medium.
Currently, the integration of polymer layers with a low dielectric
constant in a microelectronic interconnection process is running into difficulties
25 principally with insufficient performances obtained on this type of material during
the levelling stage by mechanical chemical polishing. This stage is not yet fully
mastered, in particular in relation to the polishing speed and the surface state of
the polished surface.
It was determined in surprising and unexpected manner that the use
30 of an aqueous acid suspension of cationised colloidal silica containing colloidal

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

30

This Sheet Has Been

A Illl lll IHI

silica particles not linked to each other by siloxane bonds, allows a layer of a
polymer-based isolating material with a low dielectric constant, in particular of
SiLK® type, to be polished resulting in a very good compromise on the polishing
speed, polishing uniformity and surface state properties of the polished surface.

A subject of the present Application is therefore a mechanical
chemical polishing composition for a layer made of polymer-based isolating
material with a low dielectric constant, characterized in that said polishing
composition comprises an aqueous acid suspension of cationised colloidal silica
containing individualised colloidal silica particles not linked to each other by
siloxane bonds and water as suspension medium.

By "aqueous acid suspension of cationised colloidal silica" is meant
an aqueous acid suspension of colloidal silica surface-modified by tri- or tetravalent
metal oxides such as aluminium, chromium, gallium, titanium or zirconium and
which are in particular described in the book "The Chemisty of Silica — R. K. ller-
Wiley Interscience (1979) p. 410-411".

Under preferential conditions of using the invention, the aqueous acid
solution of cationised colloidal silica containing colloidal silica particles not linked to
each other by siloxane bonds is obtained using a solution of aluminium
hydroxychloride at approximately 50% by weight in which an alkaline silica sol
stabilised with sodium is introduced under agitation at a pH of approximately 9. A
stable suspension of cationic colloidal silica particles of pH comprised between 3.5
and 4 is thus obtained.

In the present Application, by "polymer-based isolating material with a
low dielectric constant of SiLK® type" is meant a material as described by P.H.
Towsend et al in Mat. Res. Soc. Symp. Proc. 1997, 476, p. 9-17. This material is
constituted by an oligomeric solution of viscosity of 30 mPa.s, the polymerisation of
which does not require a catalyst and does not induce the formation of water. The
polymerised network is an aromatic hydrocarbon which does not contain fluorine.
Its dielectric constant is 2.65, its vitreous transition temperature is higher than
490°C and its refraction index is 1.63.
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In the present Application, by "polyner-based isolating material with a

*low dielectric constant of SiLK type" is neant a material as described by

P.H 25 Towsend et al in Mat. Res. Soc. Synp. Proc. 1997, 476, p. 9-17.
This material is constituted by an oligoneric solution of viscosity of
30 nPa.s, the polynerisation of whi ch does not require a catal yst and
does not induce the formation of water. Tihe pol ynmeri sed network is an
aromati ¢ hydrocarbon whi ch does not contain fluorine. Its dielectric
constant is 2.65, its vitreous transition tenperature i s higher than 30
490[err]C and its ref ftayvauld theratase bedesirgble to have a composition providing a high
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silica can be obtain

the integrated circuits industry, characterized in that it comprises or is preferably
constituted by an aqueous acid suspension of individualised colloidal silica
particles not linked to each other by siloxane bonds and a surfactant.

20 The colloidal silica particles of aqueous acid suspensions of the
present invention advantageously have an average diameter comprised between
12 and 100 nm, preferably between 35 and 50 nm.

Such aqueous suspensions of colloidal silica can be obtained either

from alkaline silicates, in particular sodium or potassium, or from ethyl silicate. In

25 these two cases, using means known to the person skilled in the art and described
in more detail in KK. ller in "The Chemistry of silica", chapter 9, pages 331 to 343,
published by Wiley Interscience, 1879, aqueous acid suspensions of colloidal silica
containing individualised patticles not linked to each other by siloxane-type bonds
of diameter comprised between 12 and 100 nm can be obtained.

30 The pH of such aqueous acid suspensions of colloidal silica is



fromal kaline silicates, in particular sodiumor potassium or from ethyl
“silicate. In 25 these two cases, using neans known to the person skilled
in the art and descri bed in more detail in KK Iler in "The Chem stry
of silica", chapter 9, pages 331 to 343, publ i shed by WI ey

I ntersci ence, 1979, aqueous acid suspensions of colloidal silica

contai ning individualised particles not |iZfnked to each ot her by
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Very preferably, Preferably, the polishing composition according to the invention
contains less than 5% of an oxidising agent and more particularly no oxidising
agent at all.

20 It was determined that if polishing compositions having a good long-
term preservation time were to be formed, anionic or non-ionic type surfactants
would preferably have to be used, as opposed to cationic surfactants which tend to
destabilise colloidal silica based aqueous acid polishing solutions and thus to
diminish the preservation time of the abrasive compositions. Very preferably,

25 anionic surfactants for which the Applicant obtained unexpected and very
convincing results will be used.

The compositions according to the invention have remarkable
qualities and in particular:
- an SiOy/SisN, polishing selectivity being able to be adjusted over an extensive

30 range of values (5 to 500) according to the concentration of surfactants,



25 anionic surfactants for which the Applicant obtai ned unexpected and

> overy convincing results will be used. The
conpositions according to the invention have renarkabl e qualities and
in particul ar: - an Sigerr]/Si[err]Nerr] polishing selectivity being
able to be adjusted over an extensive 30 range of values (5 to 500)
according to the concentration of surfactgnts,
8 i ncreasing the concentration usually increases the selectivity,
- an excellent surface state of polished silicon oxide |ayer, - an
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abrasives for the integrated circuits 1ndustry. For this
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Finally, a subject of the Invention i rocess r mechani ca

cheni cal podior shectwanical tchemicalgupliahing inithe untegrated wircuigs industrycbharacidrizedn
oxi de | ayer, .. Silicon nitride |ayer _and a |ayer of polynmers w.th
Cow di efot i that dheomises = Japit herédrited it 2y Bike s, Aash sUsRersion Sy
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subj ects of the invergihay, a subject of the inventidd #* @Proteddifer Whbth&fical
understood better with reference to the exanpl es@gl ven below, the aim

of whi chbi schemisappalishing v thenlegeaied cireuithindustry In whishta silicopgxide layer, a
silicon nitride layer and a layer of polymers with a low dielectric constant is rubbed
with a support impregnated with an abrasive composition, characterized in that the
abrasive composition comprises an aqueous acid suspension of individualised
colloidal silica particles not linked to each other by siloxane bonds and a surfactant.

20 The preferred conditions indicated above for the abrasive
compositions of the invention apply to other subjects of the invention.

The scope of this will be understood better with reference to the
examples given below, the aim of which is to explain the advantages of the
invention.

25
Example 1:

Example of mechanical chemical polishing of wafers with agueous-
suspension based abrasives with an colloidal silica acid pH and an anionic
surfactant of secondary n-alkane sulphonate type.

30 There is a thermal growth of silicon oxide (called hereafter SiO2)



Exampl e 1: Exanpl e of nmechani cal chem cal polishing of

> wafers wth aqueous- suspensi on based abrasives wth an coll oi dal
silica acid pH and an ani onic surfactant of secondary n-al kane
sul phonate type. 30 There is a thermal growmh of silicon
oxide (called hereafter SiQ2)
9 6000 A thick or a deposit of sili®n nitride (called hereafter
Si 3N4) 1600 A thick on each silicon wafer. The wafers
t hus forned oI| 0 PRESI 0 | i sher o. ' t .
fol | owi ng p@&b@l‘ﬁ Hﬁaﬁghau p8ﬁ§ of sijicon ni Hgﬁgfsatf%fotb?@@.ﬁer Si3N4} féboo;hgh"’k on
daN cni err] gach siliconiwsfét. abl e speed 30 r.p.m - head speed:
42 r.p. m - abrasive tenperature: 10[err|]C - abrasive flow
rate 100 cni er r] Thewafers thusffatimed are then polished on a PRES| 2004 qlisher
(Rodel) . . .t.h _an s acid suspension of coll oi dal
silica, theW|th theéﬂ‘&’r"ﬂeg@%%‘?'P@?oﬁa#@ﬁ%‘ch are the foll ow ng: - pH of
t he aquegus. suggg,rﬁg fitce: 05daN/cm 2.5 - average
di anmeter of el enent ary colloidal silica particles: 50 nm15 -
concentration Byntablespeast col | oi dad0 EPM.ca: 30% and wWith a
secondary al ka nate-type s nt having a chain length of
13 to 18 car boﬁggﬁghgggnd aver age n%é?ﬁh?ar wei ght of approxi mately 328,
sold by Chbrasivel temmpdestutdie nantD°Brul sogen EP. The fol |l ow ng
results were obtalned 20 Tabl e no.
1 Test @ rasﬂﬁfﬁml@%gen si 30Gni/atin ng speed Si3N4 Polishing
Sigerr /Sl[er err] ol) ([err]/mn)
speed (]1er r]/ mfdn Pol i shing sel ecti vﬁoo (RO&“ 1 0. 25
1151 9 With an aquebi$ amd suspefsion of colbidél silica, the
1232 3 1.00
1273 characterg;txcs of which are the%gfl%wmg:

- pH of the aqueous suspension: 2.5
- average diameter of elementary colloidal silica particles: 50 nm
15 - concentration by weight of colloidal silica: 30%

and with a secondary alkane sulphonate-type surfactant having a chain length of
13 to 18 carbon atoms and average molecular weight of approximately 328, sold
by Clariant under the name ®Emulsogen EP.

The following results were obtained:

20
Table no. 1
Test EP Emuisogen | SiO, Polishing speed| Si;N, Polishing SiO,/SizN,
%(vol) (Afmin) speed (A/min) | Polishing selectivity
1 0.25 1151 9 128
2 0.50 1232 7 176
3 1.00 1273 9 141
4 0 1145 527 2

Relative to the specimen without surfactant (sample 4), the following was
determined:



4 0 1145 527 2
" Relative to the specinen without surfactant (sanple 4), the foll ow ng was

det er m ned: 10
- a slightly increased polishing speed of the silicon oxide |ayer according
to the quantity of anionic surfactant used, - a very large

decrease in the polishing speed of the si1Qcon nitride |ayer according
to the quantity of anionic surfactant used, even with small quantities of

S or 11511 erd gl TipashpisTin stadt of ine wlicd g taver accordingete the
(w thout an a%@t%éfgﬁﬁﬁk%ﬁmﬂc@ﬂtﬂé’é&es conpri sed between 128 and 176

in the presen to 1% anionic Surfactant, - an excel |l ent
surface st at e avenhargsmtiécrrase #i theqmilsbmgdmeedﬁrthe silicon nitride laypr aveatding

i1 i d h f or i 0 Ex 2 N
Wh aqueous o e cneRENT shEn é%tﬂ#%}f&éfﬂ%%@ N s1fiall AHenities of surfactant
surfactagt si ”éé A rdsitt B%'g‘reﬁf@imbr%véd Sie/siN ﬁélbﬁﬁ!gsﬁlﬁééh\ﬁ’tﬁ/ |ﬁcreasmg

tetraet hoxysil ane | ayer deposite onaS|I|conwae
studi ed rel ati ﬁr@mt%(mﬂw%@nuem@mg sma@p@té@ values sbmpaised hetweeie128 and 176

Under ¢ he: camcdhEPseEBRR o ool Bl SBABIE 1 bt i ihan T

aqueous acid saspreslienbs@faceithtel sfahe polished.silicon oxiteriagérer i stics of which

are the following: 20 - pH of the aqueous suspension:
2.5 - - avan igeroved silicen OESﬂeé]O@ﬁ@ﬁﬂa'ﬂSfOf@@ﬂw oidal silica particles:
35 nm - concentration by weight in colloidal silica: 30%

and with an anionic surfactant of secondary n-al kane sul phonate type,
simlar to Examplgiat of exanple 1, the followng results are obtained: 25

With aqueous acid suspensions of colloidal silica and anionic
surfactant similar to those in example 1, the polishing speed of a tetraethoxysilane
(TEQOS) layer deposited on a silicon wafer was studied relative to the polishing

15 speed of a silicon nitride (SisNy4) layer deposited on a silicon wafer of the same
type.

Under the same operating‘ conditions as in example 1, but with an
aqueous acid suspension of colloidal silica, the characteristics of which are the

following:

20 - pH of the aqueous suspension: 2.5
- average diameter of elementary colloidal silica particles: 35 nm
- concentration by weight in colloidal silica: 30%

and with an anionic surfactant of secondary n-alkane sulphonate type, similar to
that of example 1, the following results are obtained:
25



Tabl e no. 2 Test EP Enul sogen TECS Polishing speed Si[err]Nerr]

~ Polishing TEOS/Si[err]Nerr] % (vol)
([err]/mn) speed ([err]/mn) Polishing selectivity 5
05 2007 98 20 6
0.10 1989 24 83 7
0.50 2193 7 11 313 8
1.00 2075 520 9
0 1905

Rel ative to a speci nen w t hout surfacﬁ%me 'G%a?*rpl e 9, the foll ow ng

was det er ni Wepst 15 EP Emisogeh U ltrmmﬁmmwﬁos
deposit when anidnic surfactgnt . 1s added t gleous. acl
col | oi dal silli ca |pol i &%y sol uti ont('ﬁ & gﬁ@}“g §8‘@F@a§@eqﬂwwt he

polishing speesl gf silg.o®n ni{ride tjuwrmre t he qpanti tppof —ani DNi C
surfactant ysed iis increased, -_as a result a Vprv greatly inproved

TECS/ Si 3N4 pO|6ShI ng. sge‘i@ct ivity i nct98%si ng 10 %om 4l 4 (wi BBout
ani oni ¢ sur fracgargt)—t — the- cice 1% ottt
T Y).S’ﬁ {zp i an ex%g’l ent

surfactant ¢f sedondary n-al kne su nate type) -

surface statje @f [the pobdshed| TECS @Q7de Iayer 4- anlinprogegl TE
oxide polishing uUniformty 15 _FExanple 3 Under the
same operatilng@cdnditidhs as {n exarf808 1, buf wi t #3&n aquédhs aci fl
sol ution of ‘eeH-ei+dat—stHHt+ea—the—charactertsttes—ot—whien—are—the

fol | ow ng: - pH of the aqueous suspension:

2.5 20 - average diRemties tofa specimetmaithauty sGfadtantd@ansplei $a tlﬁ@rféucs\hiﬁg:
35 nm - concentration by weight of colloidal sillica:

and with a wasdetarawedini ch i s sodi um dodecyl sul phate, the foll OWI ng
results 87€. a slight increase in the polishing speed of the TEOS deposit when anionic

surfactant is added to an aqueous acid colloidal silica polishing solution,

- a very large decrease in the polishing speed of silicon nitride the more the
quantity of anionic surfactant used is increased,

- as a result, a very greatly improved TEOS/SisN4 polishing selectivity increasing

10 from 4.4 (without anionic surfactant) to 520 (in the presence of 1% anionic

surfactant of secondary n-alkane sulphonate type)

- an excellent surface state of the polished TEOS oxide layer

- animproved TEOS oxide polishing uniformity.

15 Example 3
Under the same operating conditions as in example 1, but with an

aqueous acid solution of colloidal silica, the characteristics of which are the

following:

- pH of the aqueous suspension: 25
20 - average diameter of the elementary colloidal silica particles: 35 nm

- concentration by weight of colloidal silica: 30%

and with a surfactant which is sodium dodecyl sulphate, the following results are
obtained:



obt ai ned: 12

~ Table no. 3 Test EP Emul sogen Sl O[err] Polishing speed
Si[err]NJerr] Polishing Sierr]/Si[err]Nerr] Polishing
% vol) ([err]/mn) speed ([err]/ mn) selectivity
10 0.5 1224 18 68
11 0 1308 12 438 3
Rel ative to the speci nmen without surfactant (sanple 11), the following 5
I s determ ned: - a slightly decreased polishing speed of the silicon
oxi de layer with 0.5% sodi um dodecyl sul phat e, - avery
| ar ge reduction of the polishing speedl-a?; hge35| licon nitride layer with
0.5% sodi um dodecyl sul phate 6e as aresult, a greatly

I mproved polbri*ﬁmtn; ER Eewtsogent J| 1S1@;Pebshinggpéedom s.mmumg SiO,/SizN4 Polghffigym
dodecyl sul phate)|to th C 5% of I um ddd hat e.

Exanpl e 4 &ﬁ(v&} lin the é@ﬁ oper ga concirB ons sgscﬁvﬁtyexarrpl e
3, but poli <rh|1rﬁ)g h 15 TEDS oxi|de Iayé224 nstead of th@: t herjmal Si@® | ayer] of

eXarrpl e 3, t IIV TT I’U f FT” I COU'I |9 S \, G'IJI. I ‘I‘Ibv
Tabl e no. 4 11 Tes EP |Enul so zéqa TEGCS (Pol i é‘r:\mng speed 3
Siferr]Nerr] Polrshing TEOS/Si[err|Nerr] g Vol )
([err]/mn) speed ([err]/mn) Polishing selectivity 12
0.5 1687 Relatiye to the specimen without surfactanb¢sample 11), thesfollowing
0 5 is Je%ennﬁe%% 438 4.4
a slightly decreased polishing speed of the silicon oxide layer with 0.5% sodium
dodecy! sulphate,
- avery large reduction of the polishing speed of the silicon nitride layer with 0.5%
sodium dodecyl sulphate,
10 - as a result, a greatly improved polishing selectivity increasing from 3 (without
sodium dodecyl sulphate) to 68 with 0.5% of sodium dodecyl sulphate.
Example 4

In the same operating conditions as in example 3, but polishing a
16 TEOS oxide layer instead of the thermal SiO, layer of example 3, the following
results are obtained:

Table no. 4
Test EP Emulsogen | TEOS Polishing speed | SiaN, Polishing TEOS/SizN,
%(vol) (A/min) speed (A/min) | Polishing selectivity
12 | - 05 1687 (17%) 18 94
13 0 1905 (11%) 438 4.4
20 Relative to the specimen without surfactant (sample 13), the following

is determined:
- a slight reduction in the polishing speed of the TEOS deposit when 0.5% sodium



20 Rel ative to the speci men without surfactant (sanple 13),

" the follow ng I s determ ned: - a slight reduction in the
pol i shing speed of the TECS deposit when 0.5% sodi um
13 dodecyl sul phate is added, - a very large decrease in the
pol i shing speed of silicon nitride, - as aresult, a very greatly
i nproved TEOS/ Si[err]Nerr] polishing seld&ctivity increasing from
4.4 (without surfactant) to 94 (in the presence of 0.5% sodi um dodecyl 5
sul phate) . san nple 1 Under the sane
operating cono‘i’?q%ﬁgﬁgﬁ%"%{ﬁﬁ% but using an aqueous suspension of

col | oi dal si| I&@erwa@é:ér@éraééeernltﬁébsﬁsrﬁﬁg 4hésdoryiRohride? ol | owing:

- pH of the aqueous “suspensi on
aver age di anetas agesulhea ¥epngreatly ymprovedi TEDSEBikNG polishing selestNl’GfOnoneasmg -

Cecondary. n-ar TameR4Ctichs (SRl wibh T the puassrpa, of 50, s0ofin Besepytc

1, 15 thg fol Igylpmeg_esul ts were obtained:
Table no. 5 est EP Enmul sogen Sigerr] Polishing speed
Siferr]N[err] Polishing Sierr]/Si[err]Nerr] Polishing

% vol Lerr ) speed err]/mn selectivity
1(2 ) 1S alis6h eha 90 (17%IO (Lerr] 534) 3.2

15 0 Under !rfé%a(rﬂel erating conditiori®)4s example 1, but using an
It was determned in this exanp ? at the use of a col]loidal sjilica
aqueous suspension of colloidal silica, the characteristics of which are the
10 following:
- pH of the aqueous suspension: _ 7
- average diameter of the elementary colloidal silica particles 50 nm
- concentration by weight in colloidal silica: 30%
an a secondary n-alkane sulphonate-based surfactant similar to that of example 1,

16 the following results were obtained:

Table no. 5
Test EP Emuisogen SiO, Polishing speed SisN,4 Polishing | SiO,/SizN4 Polishing
%(vol) (A/min) speed (A/min) selectivity
14 1.00 1620 (17%) 534 3.2
16 0 1662 (11%) 504 3.3

it was determined in this example that the use of a colloidal silica
20 suspension with neutral pH in association with 1% EP Emulsogen does not modify
the polishing speeds of the sSiO, layer and the SisNs layer relative to the
compositions without anionic surfactant, resulting in a non-improvement of the
Si0,/SisN4 polishing selectivity which remains at the level of 3.2-3.3 which is poor
within the scope of the present invention.
25



20 suspension wth neutral pHin association with 1% EP Enul sogen does not

- nmodi fy the polishing speeds of the SiQerr] layer and the Si 3N4 | ayer
relative to the conpositions wi thout anionic surfactant, resulting in
a non-inprovenent of the Sigerr]/Si[err]NJerr] polishing selectivity
which remains at the level of 3.2-3.3 which is poor wi thin the scope
of the present invention. 25 14
14 Conpari son exanple 2 Under the same conditions
as in exanple no. 1, but with a coll oidal silica suspension, the
char act er i sEpmpagisonexamme @ t he f ol | owi ng: - pH of the aqueous

ZFZﬁteaﬂts ia(rjg: col | oi dal gPP?%H‘epg?chﬁjoi@t%-%ﬁrﬁ‘vg)r(&%&ed%%ﬁ’teﬁ{ﬁr@[thEﬁhggg‘pidal

wei ght in cglicpbdsperssion, e characteristie§of whicheare thedelisiviny: n- al kane

sul phonate type surfactant simlar to that of exanple 1, the foll ow ng
resul ts are- obpliaféhe aqueqys suspension: 1 Tabl e no. 6
Test EPgEmuls ' Al ' i i Pokhshi ng

S L err] P51 | er P1pas Hifipl o} i dhnSRERFcolildafbfied béffles; )50 B

([err]/mn)- conpeatatibeby Weight)in collofddl sititavi ty 180% 0. 50
1588 492 3.2 17, . 1.00

1556 and secongary n-alkane sulphonaje type surfactari gimilar to that of example 1,
1555 i il In this exanple, it
I's determ ntgg fto %?lnghrgswéseagﬁ O%t%::rf:ﬁdl' oidal silica suspension with basic
pH in association with 0.5 to 1% EP Enul sogen does not nodi fy the

pol i shing speeds of the SiJerr] oxide layer and the Si 3N4 | ayer, hence 15
4 bl

there i$¥no inprovement in the Siger Pr@ 1N err] polishing selectivity
whi ch renmai N§ st TTTEP Emulsod&fV |l SiD) PolisHing speed| BHN,PdlishingP PEIO /B NBSlishifg |
scope of thepresent I‘%e\llglpt 'on- (A/min) speed (A/min) selectivity

16 0.50 1588 492 3.2

17 1.00 1556 501 3.1

18 0 1565 495 3.1

In this example, it is determined that the use of a colloidal silica
suspension with basic pH in association with 0.5 to 1% EP Emulsogen does not
modify the polishing speeds of the SiO; oxide layer and the SisN4 layer, hence

16 there is no improvement in the SiO./SisN4 polishing selectivity which remains at the
level of 3.1 — 3.2, which is poor within the scope of the present invention.

Example 6

There is a deposit of a SILK® type polymer with a low dielectric
20 constant 1000 A thick on each silicon wafer, then the layer is polymerised by
tempering at 450°C.

Under the same operating conditions as in example 1, but with an
aqueous acid suspension of colloidal silica, the characteristics of which are the
25 following:



Exanpl e 5 There is a deposit of a SiLKlerr] type pol yner

" with a low dielectric 20 constant 1000 A thick on each silicon waf er, then

the layer is polynerised by tenpering at 450[err]C
Under the sane operating conditions as in exanple 1, but with an
aqueous aci d suspension of colloidal silica, the characteristics of which

are the 25 foll ow ng: 15

15 - pH of the aqueous suspension: 2.5

- average dianeter of elementary colloidal silica particles: 50 nm

- concent rat i BH afjheaageaus suspensiendal silica: 30925  and with an
ani oni c surfac ; = S Ul pe, ghmlar to 5
that of exarmpl & 0P deigRr aPoknBniiry EOfiSH G pRltRice! P 50 i

Tabl e no. 7- concentration by Weight in caldidaisilisagen  Si LK Pol i 30%ng speed

Pol i shi i f I t % vol
(Felr f] } R?n;J and with ah gnjgnic surfactant of secondary n-alké%\éos%jpgonate type, similaritgos

14.5 ; i 14 Not
signifi antthat of examp@t the follodgpggle%ueltstaoret%béalgleog.ci men without surfactant

(sanple 20), the followng 10 is determ ned: - a very large
I ncrease in the polishing speed of thg_agkﬁLK posit when ani oni c
surfactant is added to an aqueous aci Midal silica pol i shi ng

i
sol uti on, " | TEREU R EAa B OF SRS Sibel FORGRG YRy N oni C
surfactant is added to 15 an aqueotﬁmﬁ:i d colloidal silica

sol ution. %(vol) (%)
19 0.5 1695 14.5
20 0 14 Not significant

Relative to the specimen without surfactant (sample 20), the following
10 is determined:

- a very large increase in the polishing speed of the SiLK deposit when
anionic surfactant is added to an aqueous acid colloidal silica polishing
solution,

- a good SiLK deposit polishing uniformity when anionic surfactant is added to

16 an aqueous acid colloidal silica solution.

Comparison example 3

Under the same conditions as in example 5, but with a colloidal silica

suspension, the characteristics of which are the following:
20

- pH of the aqueous suspension: 12

- average diameter of the elementary colloidal silica particles: 50 nm

- concentration by weight in colloidal silica: 30%

and secondary n-alkane sulphonate type surfactant similar to that of example 5,
25 the following results are obtained:



Conpari son exanple 3 Under the sane conditions as in

- exanple 5, but with a colloidal silica suspension, the characteristics
of which are the follow ng: 20 - pH of the aqueous suspension:
12 - average dianeter of the elenentary colloidal silica particles:
50 nm - concentration by weight in colloidal silica: 30%

and secondary n-al kane sul phonate type sulfactant simlar to that of
exanple 5, 25 the following results are obtai ned:

16 Tabl e no. 8 Tests
EP Enul sogen  Si LK Polishing speed PablesPe-Ry uniformty
% vol ) (fleS&T I 'BP Bmulsogen | SikK/Polishing speed | Polishing éiniformity 0.5

17 Not| si gni fli can , In this example,” |t is
deternined that tlhe use |of a?&8P1oi dpl sil A" susbensi of*\i t h' bhsi c pH

in association wifth2d.5[EP Englbsogen| gives qgry [ow b Net sighifiedntPEeds,
which is poor witlhin the scope of thie present inventlon

17 CLAI Ms
In this example, it is determined that the use of a colloidal silica

suspension with basic pH in association with 0.5 EP Emulsogen gives very low
5 polishing speeds, which is poor within the scope of the present invention.



L An abrasive conposition for the integrated circuit electronics
- industry, characterized in that it conprises an aqueous acid suspension of
5 individualised colloidal silica particles not |linked to each other by

si | oxane bonds and a surfactant. 2. An abr asi ve
conposition according to claim1, characterized in that the pH of said
conposition is conprised between 1 and 5.47 3. An abr asi ve
conposition according to one of clains 1 to 2, 10 characterized in that the
pH of said conposition is conprised between 2 and 3. 4,

An abrasive conposition according to ofelAME| ainms 1 to 3,
characterized in that the average dianeter of the abrasive particles of
sai d conposition is conprised between 12 nmand 100 nm

5. An abrasive conp¢siti g araeive dsmpesitoe fef the) mtégraled eirbuit Erectronics
characterized in that the average di aneter of abrasive partjcles of said
conposi ti onindustrys chgrpstederd 1t thadnit 3compTiserd a5 apmeous acid suspension ef

An abr asgve; AN reli frs i t . '
char act erbi zlengi'l n! : H?%P ﬁ@%ﬁ?i&%ﬁ%@g@%%&} '{P/g‘?gﬁﬁse.%cha rh %gib eS'Fa)l(r nlecﬁ)%%dsof
sai d coapd @i surfactard. conpri sed bet ween 5% and 50% 20 7.

Al b ' I ti ' t f clai 1 to, 6, . .

Char act or | zed i p that 2t ho A ARSAES EPBIPSHORAGRIOING (& 6lals: L shpsmateired it

said  Cofpamd brbf shid EaMpoSHEn R LURBASEE bRRfeIPand 5 8,
or C

An abrasive conpoSition according to on al s to 7,
characterized in that3the Aol arasiveocaraposition eaccofding do sand af tckaimsofl twald

25 iti [ ri.s be n.0.001% and .5% . ) An
2br asi v 40 ofiTEETerBRIIR LA oH 6 il comRop PR Sompriged between2 A0 e

! n that _the vol um ¢ cgncenpphagprasivel cér’ﬂﬁoﬁﬂéﬁ Eﬁ‘cbéfﬁianto%éjof claif@"POR 8! on
I's conprised between 0.01% and 1% 0. An abrasive

conposi t i oncharectatized i thak the avesage diameter, oBdhehabeasiver ipasicles ofhsaid he

surfactant y $mpBLtiofi BEMpHisEA bbudin 72 hMhfia 0o ' o' ©

5. An abrasive composition according to one of claims 1 to 4,

15 characterized in that the average diameter of abrasive particles of said composition
is comprised between 35 nm and 50 nm.

6. An abrasive composition according to one of claims 1 to 5,
characterized in that the concentration by weight in abrasive particles of said
composition is comprised between 5% and 50%.

20 7. An abrasive composition according to one of claims 1 to 6,
characterized in that the concentration by weight in abrasive particles of said
composition is comprised between 25 and 35%.

8. An abrasive composition according to one of claims 1 to 7,
characterized in that the volumic concentration of the surfactant of said

25 composition is comprised between 0.001% and 5%.

9. An abrasive composition according to one of claims 1 to 8,
characterized in that the volumic concentration of the surfactant of said
composition is comprised between 0.01% and 1%.

10.  An abrasive composition according to one of claims 1 to 9,

30 characterized in that the surfactant of said composition is of anionic or non-ionic

AN O A0 |



11. An abrasive conposition according to one of clains 1 to 10,

" characterized in that the surfactant of said conposition is of anionic

type. 12. An abrasive for mechanical chem cal polishing
inthe 5 integrated circuits industry, characterized in that it conprises
a fabric inpregnated w th an aqueous acid suspension of coll oi dal
silica of pH conprised between 1 and 185 cont ai ni ng i ndi vi dual i zed
particles not |inked to each other by sil oxane bonds of di anet er
conprised between 12 and 100 nm and a surfactant. 13. A

process fortyp@chani cal chenical polishing in the integrated 10 circuits
industry in which al yer ili.co ide. IS Sj uppoy t

i npregnated with an aﬂr asi ai’t%\g%gf)ﬁ@r?ﬁ@ﬂa?écﬁ@ﬁs t§ab'p% O?I‘qu ito 10,
abrasive char&éteriged inl that HSurfatantsT sailésmposition issosatoRicapSf

I ndi vi dual i zed col | oi dal silica particles not |inked to each other by

si | oxane bonds and a Qurf ot afbrasive for mechanical chemical molishing fipr the
mechani ' . 4 ' d '

Wi oh a7 ay SECERE, iR Bls Ry, Bnbidicrsaah That BamefiskE o fabrioIigRLoNarkl,
with an abngith sr acoepas iacldsuspehsioacdferolizied! silica bfpHtdomprivetbbstiveen 1 and
conposi tion conprises an aqueous acid suspension of individyalized

colloidal © comé‘ﬂ“i‘g:éf‘qi‘é‘m’?@eéisp?f@?leﬁl natdinked ta aachgther bMP“é’?‘@'@ﬁ(&’ﬁ’@dﬁcﬂfds
and a S“”Qﬁéfﬁ%&er otme%r}saetdet()jet\ggen 12 ari'tpwoﬁnpéﬁ(?ﬁ%ﬁrfa‘&f fiechani cal chem cal

polishing in circul ts 1 ndus ch a selective
nmechani cal chem cal M@.i stArpgocn‘ssafos meaobanical chemcaﬂqaollsmag mritieorhtegraieder
silicon nitrid I S ca qharacterl ed in

Sbr a1 18 st Sy n e Pkt 81i35h S8 s e psingaa, AlRRPTt e

col | oi dal  Siviprégndtas twith esn rﬁBraQVék@é’mb@srﬁ@ﬁhcﬁéﬂ%fer@éds il Qﬁﬁn%é’cﬁﬁésﬁéd a
surfactant. A process for mechani cal chem cal

pol i shi ng iaempasition é@ﬂmrts@szan QQUQQMSt gcidnguspengsiom aftindividualiagd calfoidal

ot ognat eIy ATt A ke SR OBR! blipsane bokEGENG B SUrBiHE T

abrasi ve conposi tion 1#onprA pesceds fafl wrsthanital dhamidat palistingfin the mtegrated
i ndi vidual i zed _colloidal silica particles not |inked to each other
si | oxant® b&gyits industry in whichaat layer of silicon nitride is rubbed using a support

impregnated with an abrasive composition, characterized in that the abrasive
composition comprises an aqueous acid suspension of individualized colioidal
silica particles not linked to each other by siloxane bonds and a surfactant.
15. A process for mechanical chemical polishing in the integrated
20 circuits industry in which a selective mechanical chemical polishing of a silicon
oxide layer and of another silicon nitride layer is carried out, characterized in that
the abrasive composition comprises an agueous acid suspension of individualized
colloidal silica particles not linked to each other by siloxane bonds and a surfactant.
16. A process for mechanical chemical polishing in the integrated
25 circuits industry in which a layer of polymers with a low dielectric constant is
rubbed using a support impregnated by an abrasive composition, characterized in
that the abrasive composition comprises an aqueous acid suspension of
individualized colloidal silica particles not linked to each other by siloxane bonds
and a surfactant.
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