FUMED SI LI CA TO COLLO DAL SI LI CA CONVERSI ON PROCESS

BACKGROUND OF THE | NVENTION 1. FI ELD OF THE | NVENTI ON
WO 0@00Y148he present invention relates to a metPOUSL006/001589

manufacturing a high purity colloidal silica

di spersion. Mre particularly, the invention relates

to nethod of manufacturing colloidal silica dispersion

using fumed silica as the starting material. The
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mechani cal polishing the surface of a substrate using

colloidal silica prepared according to the present

|nvent|on 2 DESCRI PTI ON OF RELATED ART [ 0002] The

BA RQUIND OF THE WNVENRION epar ati on of col | oi dal
silicain |ndustry is to prepare colloidal silica
particles fromwater glass nade by fusion of natura
silica sands with sodi um carbonate at tenperature |ess
than IKBODOOF PHEANVENTION the fused sodiumsilicate
i s quenched and conpletely dissol ved in wat er, form ng
water glass that is highly caustic. process
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i ng upon the proce ondition, the particle
gictleiddil silica brepasad eiccotding tothie memdnvemtmrbe
mani pul ated and controlled to befrom5 nmto about 100
nmor | ess. Because of the nature of the raw

2. DESCRIPTION OF RELATED ART

[0002] The most common process for the preparation of colloidal
silica in industry is to prepare colloidal silica particles from water glass
made by fusion of natural silica sands with sodium carbonate at
temperature less than 1200 °C. After fusion, the fused sodium silicate is
quenched and completely dissolved in water, forming water glass that is
highly caustic. To process colloidal silica, the water glass is further
passed through a strong acidic resin bed or column for ion exchange and
converted into silicic acid. The silicic acid, normally around pH 2-3, is then
placed in a container, the pH adjusted to about 8 using alkali for
stabilization, and then heated to an elevated temperature, 80-100 °C for

particle formation.

[0003] Depending upon the processing condition, the particle size

distribution of the final product can be manipulated and controlled to be



material, silica sands, however, the final colloidal
silica fromthis process has nore or less trace
woredoalbsi4ssuch as Fe, Al, and Na, from 100 ppm POI/LS06/001589
ppm or |ess. [0004] Although ion exchange can renpbve
certain amount of trace nmetals, inpurities |ower than
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ethanol first and then mixed with deionized (DI) water for hydrolysis, with
NH4OH used as the catalyst.

[0006] After the colloidal silica is formed, the soiution is heated to a
high temperature so that the ammonia and the organic solvent can be
removed by evaporation (W. Stober, et al., J. Colloid interface Sci., 26, 62
(1968)). The colloidal silica so processed has a very high purity because
of the high purity of the raw materials.

[0007] However, this approach has several drawbacks. One is that
the colloidal silica from this process is much more expensive because of
the highly expensive raw materials. Secondly, large quantity of impure
methanol or ethanol will be generated which is not environmental friendly.
Finally, the colloidal can have high level of ammonia and organic solvent
resi<\jual, which can be very undesirable for chemical mechanical polishing

(CMXP) applications.



Finally, the colloidal can have high | evel of anmonia

and organi c solvent residual, which can be very
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appl i cations.[0008] Colloidal silica cones in

di fferent sizes and shapes. The main benefit of

colloidal silica over funed silica is that they can

generate very small particles, as small as 5 to 10 nm
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However, these types of silica are very expensive
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TMOS. However, these types of silica are very expensive because it
requires pure raw materials and a complex manufacturing process and it
generates significant amount of waste. For example, 3 parts of TEOS
generates approximately 1 part of silica and two parts of impure ethanol
(TEOS is composed of 28%Si02-72%EtOH).

[0011] The fumed silicas are generally quite pure. These are solid
particles ranging from 75 to 300 nm mean particle size (MPS) with primary
particles sized around 25nm. But unlike colloidal silica they have to be
made into chemical mechanical polishing (CMP) slurries by high shear
grinding process using water, wetting and stabilizing agents. In addition
these dispersions need filtration to remove large particles. Thus, although
the fumed silica is low to mbderate in cost, the final dispersion can be

relatively expensive.



grindi ng process using water, wetting and stabilizing
agents. In addition these dispersions need filtration

W 0078 | arge particles. Thus, although theP¢T/DE06/001589
silicais lowto noderate in cost, the final
di spersion can be rel atively expensive.[0012]
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ferate cost silica di spersion having a nmean particle
size that is conparable to that of colloidal silica

but al so havi ng a purity conparable to that of funed
Wher obj ect of the present
invention is to provide a colloidal manufactured
abrasive for chem cal nmechanical polishing (CW) that
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Invention to forma high purity pota I um Si
thet ot fuored $ibC.6] These objects are acconplished by
using fumed silica as a raw material, but instead of
dispersing it in water, dissolving it in an aqueous
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thereafter, converting the resulting alkaline silicate
cgqup(gial manqﬁ@@u@g alkypaiye fai chegical mechanlcal polishing (CMP)

that provides the desired surface planarization, including high material
removal rate, while minimizing the surface defects on substrates or

semiconductor wafer surfaces.

[0015] It is stili another object of this invention to form a high purity

potassium silicate solution.

[0016] These objects are accomplished by using fumed silica as a
raw material, but instead of dispersing it in water, dissolving it in an
agueous solvent containing an alkali metal hydroxide and thereafter,
converting the resulting alkaline silicate solution into colloidai silica
particles in a controlled manner to achieve the desired mean particle size
and purity. Thus, for example, the desired mean particle size and purity
was achieved by controlling the nucleation and particle growth rates
which, in turn, was controlled by controliing the temperature, the cooling
rate, the ion strength and the pH of the aqueous solution of the silicic acid

that was obtained from the fumed silica after alkali freatment and ion



particles in a controlled manner to achi eve the

desired mean particle size and purity. Thus, for
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achi eved by controlling the nucleation and particle

gromh rates which, in turn, was controlled by
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[0018] The present invention further provides a method of chemical
mechanical polishing a surface of a substrate. The method includes the
step of contacting the substrate and a composition having a plurality of
colloidal silica particles according to the present invention and a medium
for suspending the particles. The contacting is carried out at a

temperature and for a period of time sufficient to planarize the substrate.

[0019] The present invention still further provides a colloidal silica
dispersion comprising colloidal silica particles having a particle size from
about 2 to about 100nm. This dispersion has less than 10 ppm of trace

metal impurities excluding K, and less than 10 ppm residual methanol or
ethanol.



mechani cal polishing a surface of a substrate. The

nmet hod i ncludes the step of contacting the substrate
w@pe7aoeehposi tion having a plurality of col | oPCEIS2006/001589

silica particles according to the present invention

and a nmedium for suspending the particles. The

contacting is carried out at a tenperature and for a

period of time sufficient to planarize the substrate.
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coll 6idal silica dispersion conprising colloldal

solution haying lese thami pgnaohisacs nietalsinparitiem axclbding K,

t bout 100npm Thi s, di spersi on has | ess than 10 ppm
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10 ppmresidual nethanol or ethanol.[0020] The present
invention al so provides a potassiumsilicate sol ution
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et hanol . BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] FI G
[0021]a schE! 1 ¢s nepheswititatpresenfatibhof ts®sdiglel” process
pl;oc:ﬁ)z&@of,, col l'CSi dal silica (SiO) . [0022] FIG 2 is
Q' ¢l Silicar&Pesent ati on of the preparation of a
chem cal nechanical polishing (CW) slurry from funed
silica (SiO) according to the prior art nethods.
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di stribution (PSD) of a sanpie prepared according to

the nmet hod of the present invention.

[0023] FIG. 3 is a schematic representation of the preparation of
colloidal silica prepared from fumed silica (SiO,) according to the method

of the present invention.

[0024] FIG. 4 shows patrticle size distribution (PSD) of a sample
prepared according to the method of the present invention.

[0025] FIG. 5 is a comparison of the chemical mechanical polishing
(CMP) performance of a commercial high purity colloidal silica (FUSO
Chemicals company, sol-gel processed colloidal SiO,) with a colloidal
silica prepared from fumed (SiO,) according to the method of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention provides a m thod of manufacturing a
colloidal silica dispersion, including the steps of: dissolving a fumed silica



[0025] FIG 5 is a conparison of the chem cal

mechani cal polishing (CVMP) perfornmance of a conmerci al
wohe@homesi ty col |l oidal silica (FUSO Chem cal s PORps2996/001589

sol -gel processed colloidal SiQ2) with a coll oi dal

silica prepared fromfuned (Si Q2) according to the
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tenperature, concentratlion and pH of "the silicic acid

topioduee the coligidelsiline dispersian.t o i nitiate nucl eati on
and particle growth; and cooling the silicic acid
solution to produce the colloidal silica dispersion.
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colloidal silica dispersion either by renoving the
aqueous sol vent or, nDre preferably, by filtering t he
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preferably, by filtering the colloidal silica particles, and thereafter drying.

[0029] The colloidal silica particles prepared by the method of the
present invention have a mean particle size (MPS) about 2 nm to about
100 nm.

[0030] Preferably, the colloidal silica particles have a total metals
concentration of about 300 ppm or less. The metals can be Li, Na, K, Rb,
Cs, Fr, Fe, Al, or any combinations thereof. More preferably, the

concentration of these metals is about 100 ppm or less.

[0031] In the practice of the method of the present invention, fumed
silica starting material is dissolved in an .g.&agaewolvent, such as, an
aqueous alkali, alcohol, or a combination thereof, to produce an alkali

silicate solution. Then, majority of the alkali is removed by ion exchange



present invention have a nean particle size (MPS)

about 2 nmto about 100 nm [0030] Preferably, the
w@oio7oidsd silica particles have a total mnetal BCT/US2006/001589

concentration of about 300 ppmor |less. The netals can

be Li, Na, K Rb, Cs, Fr, Fe, Allor any conbinations
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solution is converted into a silicic acid solution.

The tenperature, the concentration and the pH of this
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nucl eated particles to formthe colloidal silica
di spersion. [0032] Preferably, the tenperature of the
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silicic acid solution. [0034] Preferably, the pH of
the silicic acid solution is about 1.5 to about 5,
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[0035] Preferably, the cooling rate of the silicic acid solution is about
5 °C/min to about 100 °C/min.

[0036] In another embodiment, the present invention provides a
method of chemical mechanical polishing a substrate. The method
includes the step of contacting the substrate and a composition having a
plurality of colloidal silica particles according to the present invention and a
medium for suspending the particles. The contacting is carried out at a
temperature and for a period of time sufficient to planarize the substrate.

[0037] The particles can be suspended or dispersed in a variety of
mediums to produce a polishing composition. For example, the particles
may proportionately include a greater concentration of larger size or
primary particles, with a lesser concentration of smalier size or secondary

particles. The result of this size variation is an improved removal rate of



[0036] In another enbodi ment, the present invention

provi des a nmet hod of chem cal nechani cal polishing a
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the substrate and a conposition having a plurality of

colloidal silica particles according to the present
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di spersed in a variety of nediuns to produce a
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present in a concentration of about 10 ppmto about
2,500 ppm and preferably, present in a concentration
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primary particles, with a nmean particle size from
about 2 nmto about 100 nm [0040] The resulting
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col | oi dal suspension, a solution, and a slurry"i
iinelsiqme colloidal suspension, a solution, and a slurry in which the
particles are uniformly dispersed and are stable both in a basic or acidic

pH environment and includes a surfactant.

[0041] In a preferred embodiment, a cationic, anionic, non-ionic,
amphoteric surfactants or a mixture, more preferably a non ionic surfactant
is used to significantly reduce surface removal rates at or above 50 ppm.
The preferred non ionic surfactant is an alkoxylated non-ionic surfactant.

The beneficial effects of the surfactants include a reduction in polishing
friction.

[0042] Preferably an upper limit of about 1000 ppm because at this
level, organic residue, defectivity is observed on the wafer surfaces.
Therefore, a non-ionic surfacant is preferred because of its inert reactivity
towards other films, such as those having Cu and Ta.



particles are unifornly dispersed and are stable both

in a basic or acidic pH environnent and includes a
waoofmesnt . [0041] In a preferred enbodi ment, PEI/US2006/001589

cationic, anionic, non-ionic, anmphoteric surfactants

or a mxture, nore preferably a non ionic surfactant
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[0046] The medium of the polishing composition can be an aqueous
organic solvent, such as, an aqueous alcohol, an aqueous ketone, an
aqueous ether, an aqueous ester, or a combination thereof. It can be the
same or different than the aqueous organic solvent in the process of
manufacturing a colloidal silica dispersion according to the present
invention. The preferred medium is an aqueous alcohol, wherein the
alcohol preferably is methanol, ethanol, propanol, butanol, ethylene glycol,
propylene glycol, and mixtures thereof.

[0047] The pH of the polishing composition is maintained in the
range of about 9.0 to about 11 or in acidic region of about 2.0 to about 4.0.
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sol ution, an organic solvent or a m xture thereof,

which can result in an enul sion, collodial suspension,
w@eoogloerssy. [ 0046] The nedi um of the poli shi ngPCT/US2006/001589

conposition can be an aqueous organi c sol vent, such

as an aqueous al cohoi, an aqueous ketone, an aqueous

(50481, ?Rﬁ%f%ﬁ@w“gi@oe%fcfhe@e{w%m@iﬁ%ﬁéé' RSOt AP
gj;é?’ eﬁ%ete L B EORIRAIGIRS %aafcﬂﬁg%m@ RoC hRitHdds is

|s ersion acco pres I nvent1 on.
Q*mmpreferred nedlun1|s an aqueous aIcohoI wher ei n
t he al cohol preferably is nethanol, ethanol, pr opanol ,
but anol , ethyl ene glycol, propylene glycol, and

[ODAb}r es tiye. g0k a i@%ﬂdtnﬂé@r@ér@éﬂdrﬁ@f m@'prébéﬂ'éﬁon of a

COfT'pOSItIOI’] is maintained in the ran? bout 9.0 t
cltesnicalimeohaninalsralighngr(€RNsIYIry ftssafu me@ Sth@aa(&ﬁz)

Ferg?%é’o Ay Bithe ﬁ@gpi'g”?th&d%?oigggwgp col | oi dal

silica (Si) according to the prior art nethods is
shown. FIG 2 is a schematic representation of

[0A&0Lr epar%‘d chisct seheshrila IeRIeSRENARAN ebihegiepalating of

I i :
éo%@al §InE£\ f%nf'l hﬂﬂ%ér] légrEQ éé{dz%gt%ﬁé@ér%foo gr?ém%g of fhe _
mebemtahvenﬂmpresent ation of the preparation of
colloidal silica fromfumed silica (SiQ2) according to
the nmethod of the present invention. [0051] FIG 4

@rep the prytq %&Nétk@e%ﬁuélér%]@ais lﬁ.Bﬁfa: gcf-fasgambl%

red according to t e pres
prepared accorfling3ajthe-h@théd pkthe prespat inventiasf. t he
chem cal nechani cal polishing

[0052] FIG. 5 is a comparison of the chemical mechanical polishing
(CMP) performance of a commercial high purity colloidal silica (FUSO
Si0.) with a colloidal silica prepared from fumed (SiO;) according to the

method of the present invention.

-[0053] The colloidal silica dispersion can be used as the polishing
composition including a plurality of colloidal silica particles without isolating
said colloidal silica patrticles from the colloidal silica dispersion.
Experimental
[0054] The colloidal silica manufacturing set up included a fumed

silica dissolution system, a stirred deionization section for silicic acid

production and a reactor for particle nucleation and growth.
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(CWP) performance of a commrercial high purity

colloidal silica (FUSO Si2) with a colloidal silica
w@e@paowss from funmed (Si O2) according to the nmeeTos2006/001589

the present invention. [0053] The colloidal silica

di spersion can be used-as the polishing conposition

di | '
(0BERbL "7 sBoButily batasSiuat Plipdll oL 4SS s SINaeSE ¢ om
dl%lﬁﬁ%} 'f&’m@G'snﬁia' |hQﬁgffrg§|ﬁ’(?rp?jté’§élu PR ESe! &l mﬂﬂ@r%"&f

he colloidal silica acturing set up included a
KQhie &1 sidter andifegeiduiicnvay gaeaﬂerr@dsmtq thedeactor and

d t f I t .
et i O o AP e o Blnef 1 478 Er B o bBR AR
Was His¥oRetasicksplgiion «ab %o&@dttblrgﬁm/\@ﬁnpﬁraﬂu*é e¢hdiitered
di ssolving funmed silica in high purity potassium

ygjiag 8> alled. SAmifilten (S sricieopeters esize BitRr) f uned
silica was transferred into the reactor and heated to
90 C. Agitation was continued at this tenperature
[0056] al | Phe solid varstedi sfthisvdgh pllity sethssiunnsilieste

S0 o SRR SRS B Rt e 3o
QﬁﬁénJh‘?e Rél'%%oéﬁcggtﬂ%thls hi gh purity potassium

I cate so ution 25 W% which has the KOH Si Q2
Iess than 0.5 1in terrrs of vvelght and the final pHis

@ggz ng h %HC'E %Yagé’lf ‘I%\ ysg ?%‘A%ig gr g ﬁ}j wcﬁqwtgn

ﬁﬁ&fé@éﬂ%ugﬁ%mﬁ@x@ﬁan%mmCmﬁnrme@ phelvBsidd with
water. |f " necessary, H of the m xture can be

Plewalsjruf recessanhite p?uqfﬂhe Thdurs gambe resadjustedwéthis o
st.

ST Bl A S 5 L syt

tohglow theddikci@atid solution to equilibrate. The pH of the silicic acid

solution was measured to be around 2.1 and adjusted as necessary.

[0058] Particle nucleation and growth is then initiated from the silicic
acid by pH, temperature and time parameter adjustment. Various
compounds can be used for pH adjustment, including but not limited to K
compounds, alkali, salts, amines or other suitabie pH adjusters. By
controlling the levels of heal, stabilizer and perc (silicic acid) feeding
sequences, a colloidal silica with broad particle size distribution (PSD) and
a big narrow particle size distribution (PSD) particle for oxide chemical

mechanical polishing (CMP) applications were made.

[0059] The particle size and particle size distributions were
determined using dynamic light scattering NiComp or Malvern instrument.
The amount of oversize was measured using an Accusizer. The pH was

measured with a pH meter with a pH probe.
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sol ution was neasured to be around 2.1 and adj usted as
necessary. [0058] Particle nucleation and growh is

wao b@nodwss i ated fromthe silicic acid by pH, PCT/US2006/001589
tenperature and tinme paraneter adjustnent. Various
conmpounds can be used for pH adjustnent, including but
not limted to K conpounds, alkali, salts, am nes or
ot her suitable pH adjusters. By controlling the |levels

Ptm*b%ﬁéilic%t@gbb:hfﬁén and perc (silicic acid) feeding

sequences, a co dal silica with broad particle size
distribution (PSD) and a big narrow particle size

Mool cal o nIRFRS TesiopY YYBPH<E eGniEa e Hae as the

fPREPLilidhgonrEl IThe v§é§&s§6l@e@% KOH € &i#8und 90 °C silica
di stributions were determ ned using dynam c |ight

disaolvedionipkNl. Conp or Mal vern instrunent. The anount of
oversi ze was neasured using an Accusi zer. The pH was
measured with a pH nmeter with a pH probe. Funed Silica

th ¢l ut i oRilitAH0E optidhaP@ ehdveshsRmgideyVeadiiRia and

emcals was used as the fumed silica source. T-30
Regyeat galdpireingi nl hedinal solidoigipodb20% and iteantaing aboeld

S AL Rb B B R P ss R 11

I Ca an
pauttlicw)/griowtrabwme fafdédamhta powdmt aignsSal3omut T- BB%@;b;ﬂIéd by

ARGt
|$n>ge% With Eie%@mn?djgr@d'e%m A@é?rl?%% po\?%%r ggll&‘aﬁﬁfers@ogh

speed mxing to ol uti1on of
‘éimtﬁwmwas;cla@eeﬁ(m{o Afaeamton drel bmﬁdmp@sﬂﬁ—moﬂgi under

o Sﬁ ﬁ‘ﬁﬁ sgltggg@r\?\i gxg I é:l’g rugﬁy mtc? ta%va or g%%tr?(rsiﬁ‘gaqe
solution at 5-25% SiO2 solid with KOH/SiO2 weight ratio ranging from 0.3-
0.5. The final pH of the solution at room temperature was around 11.0-
13.3. Itis optional that this solution is filtered to remove any non-

dissolvables.
Convertion of silicate into Perc (Silicic Acid)

[0062] Diluted with DI water or as is, the above solution was passed
through a H+ type ion-exchange resin column, e.g., Amberlite ‘IR 120,
Rohm&Haas company. The volume ratio of the resin to the silicate
solution was 0.5-2. After the ion exchange, the majority of the potassium
ions were removed and the potassium silicate was converted into a high
purity high transparency silicic acid which has a pH 1.5-3 and is 5-13wt%
in terms of SiO2 solid. This silicic acid was used in the following particle

growth process as perc.
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m xi ng. The silica powder dissolves gradually into a

water clear K silicate solution at 5-25% S Q2 solid
WO/ oKa@sE SO2 wei ght rati o ranging from 0. 3- OPGI/UT1N6/001589

final pH of the solution at roomtenperature was

around 11.0- 13.3. It is optional that this solution

i | o renove any nondi ssol vabl es. Convertion
o'?a'tstHllégﬁ?\g’ﬂf' nto Perc (Silicic Acid) [0062] Diluted

with DI water or as is, the above sol ut: on was passed
h :

ANBATT & Hoe88Ciomsmunedsors subianipd torepHidumseit stop

QXntﬁ Be&ongdl 5 firRe A téh{rpéa?ﬁﬁ? ?o% tcﬁ@:a}ﬁ@cﬁ%gg?ﬁzﬁhfz@%

he 1 on exchange, the jOI‘I
vga*pwﬂn e‘frmrmalmdordhtasmm had usnlmnfrom 3L ESWES, wmwvmférﬁd

W iR sk B behod @H@t@ 03 i anaipt hoa: igs optionaighat
sAlorder tiEf‘grédelﬁér“én@ M3 oV SEdrEAnk BErtcH %ﬁ”dﬁ%ﬂgg ion

particle owt h process as perc.Particle gro
TRSLYi pigsi Oadlocﬂ naaoW RER, sebfimgttechniqua iptised]j Bst nent

SEERY Hef B8R T o BN MR el fagom o
A0ring s leAdrgedsitd thef r@@&’(&'téggé’ih(% with ttﬁb BE%%SRIW] tslh%ﬁe
size (I\/PS) being 10 nmt o100 nm and

SHYtRpelprethe; nﬁréﬂ%léﬁd@d)Ogﬁddﬁdjgfacmeémogmsepwﬂhlpndres
of different particle size distribution (PSD), e.qg.,
broad or narrow PSD, seeding technique is used. For
Rostitreptneerstnal | portion of pre-nmade colloidal silica
of small size, e.g., 10- 20nm is charged into the
reactor together with the potassiumsilicate solution

hebeare the Tl GibRiAdfied tp%pﬁ%g%% GERAHEY R d RN s
V\Athdperc Post treatne

cooled down to room temperature. Thereafter, it can be subjected to
further processing. The colloidal silica prepared as described herein
above can be further concentrated up to 40 wt% by an ultrafiltration
technique, and/or can further de-ionized into a colloidal silica at low pH
region (2-4) using the H+ type resin. It can also be dried to make high

purity silica powder for applications in other areas.

[0064] In the present invention, the agent to dissolve fumed silica is
not limited to KOH and can also be LiOH, NaOH, CsOH and others.
Different anions, such as F, (PO4)* can also be doped.

[0065] The present invention has been described with particular
reference to the preferred embodiments. It should be understood that the
foregoing descriptions and examples are only illustrative of the invention.
Various alternatives and modifications thereof can be devised by those

skilled in the art without departing from the spirit and scope of the present
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[0064] The colloidal silica prepared as descri bed

herein above is cooled down to roomtenperature.
wahereefsser, it can be subjected to further prepCEES10NE001589

The colloidal silica prepared as described herein

above can be further concentrated up to 40 mﬁ@bby an-

ultrafiltration t and/.or . can furth

igeention: Zegrarding! ya %easlnvgm'@w 'QFefld@\ﬂ/ tBﬁr‘i‘%@C&rﬁ“
&%h"a\lhér‘ﬁ%ﬁ\%st %d%amsﬁs APl ShiatldnstRE Bl AL HE Shd 6
mak urit I'tca powder for applications in
tbeh&meadedgkmm9064] In the present invention, the
agent to dissolve funed silica is not linmted to KOH
and can also be LiOH NaCH, CsOH and others. Different
ani ons, such as F, (POX)3 can al so be doped. [0065]
The present invention has been described with
particul ar reference to the preferred enbodi nents. It
shoul d be understood that the foregoing descriptions
and exanples are only illustrative of the invention.
Various alternatives and nodifications thereof can be
devi sed by those skilled in the art w thout departing
fromthe spirit and scope of the presentinvention.
Accordingly, the present invention is intended to
enbrace all such alternatives, nodifications, and
variations that fall within the scope of the appended
clainms. What is clainmed is: 1. A nethod of
manufacturing a colloidal silica dispersion,
conprising the steps of: dissolving a funed silica in
an aqueous sol vent conprising an al kali netal

hydr oxi de to produce an alkaline silicate solution;
renoving said alkali netal via ion exchange to convert
said alkaline silicate solution to a silicic acid

sol ution;
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adj usting tenperature, concentration and pH of said

silicic acid solution to values sufficient to initiate
woemee4sdN and particle growth upon cooling; BEMUS2006/001589

cooling said silicic acid solution at a rate

sufficient to produce said colloidal silica

ersian. cﬁ .. The nmethod of claim1, further
Mr‘?ﬁ 13 qdhS:step of: isolating colloidal silica
particles fromsaid colloidal silica dispersion. 3.
The method of claim2 , wherein said step of isolating

is caffri edA(methbyi of smwifacgtusag @ calloetal silisaldispersion, .
im2 , wherein said step of isolating

?@“BQ?'PSgﬁeéiﬁ ‘filtering said colloidal silica

parti gis8sly fliniédgilicd in dAhagiebheoREntEGiptiding an alkali
wher ei n sai colloidal silica particles have a nean

watalifydeoxdde & amsiice 2nmalkalineagiicate soditiom 6 . The
par ¢+ 80 Sal kgl 4 o 1Y xstinap aBrofe s SRhaline

sifi€atevlution lesssilidic acithsologdmod of claim 6 , wher e| n

said netal s are sel ectedfromthe group consisting
Li, Nadjugtingiemperatyre, cenceniijaligh @ngriH @Bﬁ@ﬁrﬁé‘tq'%ﬁgld

LORHER o vihuek SFTCRERY nifips® e afion A oS Bl o

odolinigaamdl, wherein said tenperature is about 5 0Cto

about 40.C. 10 . The d of cl r aid
concerRaG S0 FUCkiGH Solipact 8 TaBoH T L GRuER sl
SbllidI RS dlspabishi on.

2. The method of claim 1, further comprising the step of:

isolating colloidal silica particles from said colloidal silica dispersion.

3. The method of claim 2, wherein said step of isolating is

carried out by removing said aqueous solvent.

4. The method of claim 2, wherein said step of isolating is

carried out by filtering said colloidal silica particles and drying.

5. The method of claim 2, wherein said colloidal silica particles

have a mean patrticle size about 2 nm to about 100 nm.

6. The method of claim 5, wherein said colloidal silica particles

have a total metals concentration of about 300 ppm or less.

7. The method of claim 6, wherein said metals are selected
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11. The nmethod of claim1l, wherein said pH of said

alkaline silicate solution is from about 11 to about
wdadooaai48ai d silicic acid solution is from aboRPET/USH06/@01589

about 5. 12. The nethod of claim1l, wherein said

cooling rate of said silicic acid solution is about 5

C/mn to about 100Cf‘J & 3 % todof laim1,
figRetha ar% %Pnaﬁ'%zl@glo nielt BE fﬁy 1Sel& i S ta@i?mh
Cg}ﬁyﬁ%ﬁ ofA method for chenical mschanl cal
I'shing a surface of a substrate conprising the step
contacti ng sai d substrate and a conposition

corrpr|S|n al i of CO||0I dal.siljca parti
B med iR Mol el et S et cBRiBeRR i
a53Ue160/dpph dilessi | i ca part| cles are prepared by
di ssolving a fumed silica in an aqueous sol vent

conprising an alkali nmetal hydroxide to produce a

vi o ihn eI RES A ET: RS SRR PSRl gtk

°sobbdan 4o°@ silicic acid solution, adjusting
tenperature, concentration and pH of said silicic acid
sol ution tovalues sufficient to initiate nucleation

and PRy {1 o Heficlor Aith §98h&REn Saidktidehfrifio Shout 2
sol ution at araesu Icient to pro uceaco
vetPA ito abaius Bénstte of theruﬂloicsadzldtsahglcsal d coll oi daI silica

particles fromsaid colloidal silica dispersion to
produce colloidal silica particles having a nean

partigf e ﬁeerr@%& ofZCIGiR § OwRBRYK s&faopw@faa@ é’ﬂ%él?ﬁes

sel ect ed from the group consisting :
sitich@s soltion e from abauid 1dnyaboviti Bnmd sm@ Sthh@rm salutlan

concentration of about 300 ppm or |ess;
'?\ﬁ@%?ﬁe‘éé% tg(ﬂ}?f)é{g{sl ng is carried out at a

tenperature and for a

12.  The method of claim 1, wherein said cooling rate of said
silicic acid solution is about 5 °C/min to about 100 °C/min.

13.  The method of claim 1, wherein said alkali metal hydroxide is

potassium hydroxide.

14. A method for chemical mechanical polishing a surface of a
substrate comprising the step of:

contacting said substrate and a composition comprising a plurality
of colloidal silica particles and a medium for suspending said particles;
wherein said colloidal silica particles are prepared by dissolving a fumed
silica in an aqueous solvent comprising an alkali metal hydroxide to
produce a alkaline silicate solution, removing said alkali metal via ion
exchange to convert said alkaline silicate solution to a silicic acid solution,

adjusting temperature, concentration and pH of said silicic acid solution to
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period of time sufficient to planarize said substrate.
15 . The nethod of claim 14, wherein said coll oidal

w@pdoroa4parti cl es conprise from about 19 w % t BCHIDS2006/001589

24 mt % of the total weight of said conposition. 16.
The nmet hod of claim 14, wherein said colloidal silica

DS Sl o e R B R AT RSy R o Belfo sai

ssiliclc eeftpesiutiowat & vatehaiffidomyto lmedu@e & eolloidabsilica
s | ected fromthe group consis ani oni c,

EPBISIN: aRshisPigHng Sﬁﬁﬁcodlﬁﬂ%? Fa %W?%@Pﬁh?%‘d&ﬁﬂo‘ga'
”élﬁé R&5& prJo%rceU&ﬁ HEF %\W@a Béﬂ&\% ﬁ%\i’rr?g 2855 brticle

sal lp%act ant'1s an al ated non-
S$JZé abbahﬁ nmeo abbiet i |hmdarmf metals selb@:tedﬂnenrehha ggaupl

G o bl TR ConEe it ARS Py BapDRyprereor at
aé?‘t&al fHetdls CONESM AR GMabdut @Dglﬁprﬁ oPfeset % to about

9 W% oxidizer, at a concentration of about 10 ppm
to abowhemsnajsheqntactingds cagiashoutrat diaraperatiyreand for a

TREGLo BheRriie e BB SuBrtE rosi Eron (s i n
a formselected fromthe group consisting of: an
emul si on col | oi dal suspension, solution and slu

1 Thelfret hbhe GretBpdokeiaim i ainereinsaidicalaRiaisiics naréﬁlﬁé
a@cﬂanse from about 19 wt% to about 24 wt% of the total weight of said

composition.

16.  The method of claim 14, wherein said colloidal silica particles

have a surface area from about 20 m%/g to about 300 m?/g.

17.  The method of claim 14, wherein said composition further
comprises a surfactant selected from the group consisting of:

anionic, cationic, non-ionic and amphoteric surfactants and a
mixture thereof.

18. The method of claim 17, wherein said surfactant is an

alkoxylated non—ionic surfactant.

19.  The method of claim 14, wherein said composition further
comprises at least one additive selected from the group consisting of:

carboxylic acid, at a concentration of about 0.01 wt% to about 0.9
wt%;

oxidizer, at a concentration of about 10 ppm to about 2500 ppm;

and
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1 wt%to about 86 wt% of the total weight of said
conposition. 22. The nethod of claim 14, wherein said
wore@rom4Bas a pH about 6.7 to about 7.6. 23. TPeT/De10heah1589
of claim 14, wherein said nmediumis selected fromthe
group consisting of: water, an organic solvent and a

o PR hErer ot Bt b bRl d o L
dideoippmh. mechani cal pol i shing conposition w thout

isolating the colloidal silica particles fromthe
colloidal silica dispersion. 25. The nethod of claim

14, rei ' Iy I i.de. | SSi.
nyr oo, 155 M Tl 4 it e BT R
dempsélsctegl fearinl the dmbugs consistimpot i cl es having a

particle silze frohn,gbout 2 to about 100nm wherein

sai d @BISMBYIgaN. splivigal sHispgasionoPolHE.N PEESIYMRAN 10 ppm
of trace nmetal inpurities excluding K, and have | ess
than 10 ppm resi dual methanol or ethanol.27. The

col | o2dal sThe oethiod pbelainni4asberain sgid medium iis 6m about

' he, | | pi iljca. dispersion is. prepared by
S REEHOabOG T v tor Botel €8P BP SR Smas R e
silica in an agueous sol vent conprising an al kal
nmet al _hydroxi de to produce an al kaline silicate

sol ut én; Aépvvegdiaisiaimkt, iwharel said anedinmelxashaphe
r.at idicic acid solution; and adjusting
%Q%@'ZttgragO%&ZhéCent ration and pH of said silicic acid
23.  The method of claim 14, wherein said medium is selected
from the group consisting of: water, an organic solvent and a mixture

thereof.

23.  The method of claim 14, wherein said colloidal silica
dispersion is used as the chemical mechanical polishing composition
without isolating the colloidal silica particles from the colloidal silica
dispersion. '

25.  The method of claim 14, wherein said alkali metal hydroxide
is potassium hydroxide.

26. A colloidal silica dispersion comprising colloidal silica
particles having a particle size from about 2 to about 100nm, wherein said
colloidal silica dispersion has less than 10 ppm of trace metal impurities

excluding K, and have less than 10 ppm residual methanol or ethanol.
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solution to values sufficient to initiate nucleation

and particle growh; and cooling said silicic acid
wa@eloniaess at a rate sufficient to produce sai dPCT/US2006/001589

col l oidal silica dispersion. 28. The colloidal silica

di spersion according to claim 26, wherein said

gglnlpﬂ glﬁlngs*rhé%@ 16‘153P$ @ésglgBérr%é) g%oa{alalg%ﬁ?%ph%& wherein

stHel exdlojatal silich eﬁspems@n i pHRRASd B9 |aV|ﬂ€¥hod2c90m€rl§iﬁb os!
ch%g‘n cal mechani cal polishing a surface of a
P Okt

sﬁtﬁg e conprising the step of: contacting said

subst r@l%@olgfh% V\%ﬂfrﬂéé glhgﬁ Sh! qﬁ@f)%%gﬁ/&ﬁtg&p%@%%rg%nn kali

to cl n sal con

anle&hhydmm@tcapnbmme am @Eallmsmxﬁatélsﬁﬂﬂi@hf ficient to
pl anari ze sai A potassiumsilicate

supst.r at :
sol ut i GAMR4AYY P@?& niﬂﬁhv'idprb%hﬁ‘g@r a&eneEatgla silicic acid
| sumod:ie excluding K, and I ess than 10 ppm resi dual
nmet hanol or et hanol .
adjusting temperature, concentration and pH of said silicic acid

solution to values sufficient to initiate nucleation and particle growth; and
cooling said silicic acid solution at a rate sufficient to produce said
colloidal silica dispersion.

28.  The colloidal silica dispersion according to claim 26, wherein
said colloidal silica dispersion is prepared by a method comprising the
step of:

suspending said colloidal silica particles in an aqueous solvent.

29. A method of chemical mechanical polishing a surface of a
substrate comprising the step of:

contacting said substrate and a colloidal silica dispersion according
to claim 26, wherein said contacting is carried out at a temperature and for
a period of time sufficient to planarize said substrate.

30. A potassium silicate solution having less than 10 ppm of

trace metal impurities excluding K, and less than 10 ppm residual
methanol or ethanol.
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