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ULTRAPURE CCLLA DAL SILICA FOR USE I N CHEM CAL
MECHANI CAL PCLI SHI NG APPLI CATI ONS BACKGROUND COF THE

WO DMERTI3CON 1. FI ELD OF THE | NVENTI ON The pr eseP€T/US2006/037065

invention relates to a nmethod of nmanufacturing of an
ul trapure colloidal silica dispersion and slurry
thereof. More particularly, the present invention
relates to a nmethod of chemical mechanical pollshlng
re

== Q =8 di{) I
i nvent i on. &Eggm:gn mL%Hﬁ%e@:ﬁﬂﬂmgmst
conmon proc silica

in industry is to prepare colloidal silica particles
fromwater glass nmade by fusion of natural silica
BACKGROUND OFRUTHEANVENTIONt tenperature | ess than
1200 OC. After tusiton, the tused sodiumsilicate is
gquenched and conpletely dissolved in water, form ng
water glass that is highly caustic. To process

ol | oi | glass is further passed
ﬁhrou ELD§ k 0 Nt in bed or columm for ion
exchange and converted into silicic acid. The silicic

aci d, THer preket inbentish Rithtés3e d rﬂeﬁH&fbﬂhaﬁﬁfécwhr@ of an

container, the pH adjusted to about 8 using alkall for
siteanure callpidal siiea dispersine andclurey therepkipesiparticularly,

T e A
fCrP)cthetsurfackigia aifbstrate Lisinglsuehadgpureaddliorial silica

mani pul at ed dand controlled to he
prepared according to the present invention.

I’“
c

2. DESCRIPTION OF RELATED ART

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.

Depending upon the processing condition, the particle size
distribution of the final product can be manipulated and controlled to be

from 5 nm to about 100 nm or less. Because of the nature of the raw
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wao povalosssel | oi dal

from5 nmto about 100 nm or | ess. Because of the
nature of the rawmaterial, silica sands, however, the

| ess trace netals, such as Fe, A, and Na, from 100
ppmto 1000 ppmor |ess. Al though ion exchange can
renove certain anount of trace netals, inpurities

Ireaerial, RAidakhdePRbwevaethe fihdifdolbidal tificaddneieis Prddess
this process even using the highest quality of natural

dlagpmpreer lepp trasganpiads, suthasdifefsang Na, frgm i1 68 pprbio
Bzﬁ %OI‘:I% John Wley & Sons, Inc., Ed. (1979), and
QB at ent ﬁﬁo 3,947,376). Anot her approach which

| eads to very high purity colloidal silica is by the
sol -gel . process. In this process, hi gh puri

2 kox RIERUGRIRN sxchange SabiatRye ertaReamoNEyf tace metals
t: i ( [@ec ; . .
IRpLARE RAE A TOYRNE velF TS BonicDS wiinis process
eviearusing theshighast quality of natoraliSie:. deeaforexarnple, “Wee er

(et ooy BY BRtR ot a8n BRIRLS SIS sErebiedd)
tamdeU 8. PatbeNmer 3jod7e3 ). t hat the anmoni a and the

organi ¢ sol vent can be renmoved by evaporation (W
Stober, et al., J. Colloid Interface Sci., 26, 62

e L
yttheisal-gel ploseser In this pragess patiyhpsrityealiesdde, such as,
CBABRE e OICRL ot bhseiofidane TS, bt b3 e
i‘?ﬁgﬁrﬁéfe\‘i%l.r TSR TERDS s FREANEY Yn MethSolBtAthAn €t and
then mixed with deionized (DI) water for hydrolysis, with NH,OH used as
the catalyst.

Atfter the colloidal silica is formed, the solution 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.

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 silica can have high level of ammonia and organic
solvent residual, which can be very undesirable for chemical mechanical
polishing (CMP) applications.

silica fromthis process has POT/ESIN6/037065
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met hanol or ethanol will be generated which is not
environnental friendly. Finally, the colloidal silica

w@av7/38se1l hi gh | evel of ammoni a and organi ¢ SOP@ENB2006/037065

residual, which can be very undesirable for chem ca
mechani cal polishing (CWP) applications. Coll oida
silica conmes in different sizes and shapes. The main

benef iGollefdat ellita icdﬁieseuhldlﬁ@reﬁvgteé wimeIckHipelsC A Hesmilat
can %enerate very small particles, as small as 5
0

b@ngbt efrpolinjdad sitin |oarea&|m@d sﬂl@a ig, that Heeyean geneisie yer
‘sﬂwa[uﬂ&rrﬂéllegaéé/sﬁu@.h%{s@% 1@?@ gis% ah‘at]da? sanE%%PSBé e
parti’c a

es are always a
cisparsed tm’shei’m’rma:ayl smrdrlcahpanglc(e@IWr)lle fumexd siliea phdiokss are

SB35 Hosre0ales. TRk ebn PbEhar IS FIEenoRb RRJNS ACWP).

%éttl%rfsfﬂ%’é R VJWQO\RICHE?@&W@'&JM Y AIrERRVEI ﬂa‘k’é’é’én certajn
loidal silica from Gacé has trace nmetals in double

m@tats ppm ranges. Trace netals can cause killer
defectivity . This nakes it unacceptable for chem cal
nmechani cal polishing (CWP) application. H ghly pure

col | oimMigdt colibidapsiliéae) HavavRe carkrquieliFfgurer Thd@mmercially

However, these types of silica are very expensive

abakle htldox@@uOld@§SIb@ﬁ Bopuaraca bas HRsS anefals isiaubis digit
gﬁ@ﬂ%&{# {:Qf %g%s%egggn%ﬁée ﬁ@éﬁéé{a&ﬁn TE@E HaREs it

yeaecatabledipp chamice ehechhnjcal ponéhnag |(CvEP)aauplicatiomar t s

of inpure ethanol (TECS is conposed of
28961 2-72%t OH) . The fumed silicas are generally

oL T puIDERRRAry Ak P e ol PIEDSS! TR
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).

The fumed silicas are generally quite pure. These are solid
particles ranging from 75 to 300 nm mean patrticle size (MPS) with primary
particles size around 20 to 40nm. But unlike colloidal silica (which are
solution grown) they have to be made into chemical mechanical polishing
(CMP) slurries by high shear grinding process usiﬁg water, wetting and
stabilizing agents. In addition these dispersions need filtration to remove
large particles. Thus, although the fumed silica is low to moderate in cost,
the final dispersion can be relatively expensive. Other issue with the
fumed silica is they cause high CMP defectivity



10

15

20

25

30

particles size around 20 to 40nm But unlike coll oi dal
silica (which are solution grown) they have to be nade

WO ndog/osd3etri cal mechani cal pol i shing (CVWP) sl urPCEES1Y6/037065

hi gh shear grinding process using water, wetting and
stabilizing agents. In addition these di spersions need
filtration to renove | arge particles. Thus, although

t he f UnmadnsmbhlyaassigrieavedpenalinteUss. GPét@nt?ApElicattm Serial
ssue

Be PRS2 Bachiedion Juta 18705 Mida singarmeried heroin in s

g 'L%é”hé“ﬂ?%%“eéﬁ‘%%?9%%?&?%%%@3'55’3“%,

2o06idahkilich digpearsioor dhisamethdrbineludeasrthetstepnoi diesglying a
till, yet anot her ocess Js di.sclosed,t r.oduc .
TS 80 e s SaFentbrima ot gl e el hifagie t
igr6d Uk Bin NIk asicad seiutisn! yudﬂﬁa@ d poREsiin shdatelsdlition;
aqueous sol vent containing an al kali et al hydr oxi de

tremevingie majaiitk af alieli inns \daien sxehangsnto podHcas, silicic

BRI EFLHEh A LEME IROe netBiurt Ot hitaliog B bk thelhile
slidisolation a0 vekigsngiffidienttie nmigat nuiceatismand baeide growtd;
pH of the silicic acid solution to values sufficient

tand GaalingitBe silicicaeid olulion pficiertiogprogtre thegolloidal
GHR:! dlg (%r]%ﬁ)r?" Thé 'cgllcflaélidﬁ iR Py igsHthd Ebﬁﬂaéwanﬁcféoi dal

pro uce he col I oi Ica dispersion e co
slisperaiopdiaviech psimany phatiot®bizeiabaut 2inmda ahoap@d8nay and a

have a rl may about 2 nmto about 100
ﬁnfr‘a%\na Iole Sk (B/ﬂ%)i%#@'éqﬁo PRPS) of 20 to 200 nm
Sem conduct or manuf acturing processes, in general, use

high purity chem cals, such as hydrogen peroxide, HF,
TMVAF, Serdiconduttor enantiiaciuring peechssebeinagarerakusaihigh

p’H% ﬁér%lsca?sa 'S faeschyatroge 'pglrodxm?e, I-tlll-j,erl{ﬂgF, and the like.
This is needed because certain impurities can affect the yield of the IC
devices dramatically.

The CMP process, however, presents a different story. This is
because for the 130 and 90 nm devices the amount of impurities left on
the wafer surface after post-CMP cleaning is considered a critical factor.
Thus a good post-CMP cleaning could remove most particles and
impurities for those nodes. Thus, the impurity needs for slurries are not as
stringent as other electronic chemicals. Very impure colloidal silica (e.g.,
Na, Al, Ca B, etc in high levels) was used for polishing of oxide layers in
these nodes especially the 130 nm node.

For the 65 nm and below nodes, however, the requirements are
changing dramatically. These nodes involve complex structures including

Low K and ULK materials and caps. A variety of defects that were non-

4
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wa3dw7assd2P0 nm devi ces t he amount of

devi ces dramatically. The CWP process, however,
presents a different story. This is because for the

the wafer surface after post-CMP cleaning is
considered a critical factor. Thus a good post-CWP
cl eaning could renove nost particles and inpurities

fopiticall{os tolaets). fol H86 nnt hedésTpecarng drigiedskillerdefests! | es
are not as stringent as other electronic chem cals.

\eariposiomand %Qﬁ@rﬁzﬂ examples. Fangs, ongeam stcing @t the ¢
Relfpl PoRHERT TaMR S8R e hoRdies T 2o vafl (iF1q BUHERIR
revedfior 160 ow madizsFohBSevenode hmreetham rIQﬂArfaagaaee

h ti Th d I
drpacearbl EMERASTeelIR SRECER SPBhe) SeatRsaapYery

RsaYetui séchréfsﬂéfaﬁatLSarg@@tarMé@c%ﬂ@(chp@ént(&r Impurltles
tol erable) for 130 nm nodes becane criti cal

dandwrve.a siseng Nfbiengadndgfgetidlye 2 exanpl es. Fangs or
seam etching at the interface between Ta and Cu at the
trenches, is acceptable up to certain level for 130 nm

node. THerfolowmy ua@dnstrmﬁm?uhm WRRAnbangsr gutentially
unacceptabl e. Very |ow defectivity, especially

Slamaging effegis<n Walais: very careful particle size and
Large Particles Count (LPC) control. Inpurities can
have a strong influence on defectivity. The foll ow ng
is a l(ipt cEIed:hipakéffécﬂs Mbblte kxmswaum asdﬂamidaK;l y
damagi ects on fers El ectrl al ects:
Vo, | 427 on Soriesinnt 45 Ehgsing @bertest st aies: Sesh as.
F2¢gi Be a‘?ﬂelf‘énersuﬁﬁférst,s Hal i des, such as,

(3) Fangs: solvents, alcohols, and amines; and

(4)  Scratches: Al, Fe, abrasive compounds, such as, zirconia,

and alumina.

In addition to these, there are indirect effects of impurities. Cross
contamination is one. For example in a Cu CMP process, if step 1 has
some Cl ion in the slurry, it can contaminate the step 2 slurry and change
the polish performance. It should be noted that many commercial Cu and
barrier slurries are relatively pure having trace metals at less than 1 ppm
level.

It is an object of the present invention to solve the purity related
issues by making slurries which are ultra pure, i.e., less than 200 ppb of
each individual trace metal, alcohol, ammonia, certain cations, and anions,
such as, Cland F.

i mpuri ti eBCT/881000087065
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F A, Br, and I and sulfates; (3) Fangs: solvents,
al cohols, and am nes; and (4) Scratches: Al

wo-edalossssi ve conpounds, such as, zirconia, andPEl/uRinE037065

In addition to these, there are indirect effects of
impurities. Cross contam nation is one. For exanple in
a Cu CWP process, if step 1 has sone C ion in the
slurry, it can contam nate the step 2 slurry and
[ance. It should be noted that
2 G J g rier slurries are relatively
pure haV|ng trace netals at less than 1 ppmlevel. It
is an object of the present invention to solve the
pur i t yhegprasent invsniien provicks agethad of ekemidad meanhanical

PEIRAnRA Siriacsor, MBSttty e el RiRH B8 fon SR
ani ongongattifgassuidtraAadarid S¥MRSitidn Which iNdBAES.ON The

present invention provides a nmethod of chenical

nmechari) cal apRIHraliy ﬁ@c@losdﬁlfsd@@ rertieles igyingdess thane200

BRh sl b8, Sieb by ey SPLH. Fpve
tedd thiadll piinl resialupbaicohbesndamierdn tties eutriumvé&ﬂacmlnetéi
each trace netal glnEurl ty, excluding potassium and

SoBFemyatingy exclbiding petassiuppand sediwmiis ) thenangs fepm about
i F&ggow}?g?mhat ive trace netal concentration,
exc

udi ng potassium and sodium is in the range from
about (if). 5 teomatdium fé&r quspending the particles;

wherein the composition is an ultrapure colloidal silica dispersion;

and wherein the contacting is carried out at a temperature and for a period
of time sufficient to planarize the substrate.

The present invention further provides a ultrapure colloidal silica
dispersion including colloidal silica particles having a mean or aggregate
particle size from about 10 to about 200nm, wherein the colloidal silica
dispersion has less than 200 ppb of each trace metal impurity disposed
therein, excluding potassium and sodium, and have less than 2 ppm
residual alcohol.

The present invention still further provides a method of
manufacturing an ultrapure colloidal silica dispersion, including the steps
of:

dissolving a fumed silica in an aqueous solvent containing an alkali
metal hydroxide to produce an alkaline silicate solution;

removing majority of the alkali metal via ion exchange to produce a
silicic acid solution;



10

15

20

25

30

WOl 2@ppsES2DN;

(ii) a mediumfor suspending the particles; wherein
the conposition is an ultrapure colloidal silica

at a tenperature and for a period of tinme sufficient
to planarize the substrate. The present invention
further provides a ultrapure colloidal silica

di spergj@ingrepdraars donekhhticn hhé pHSf thetdilksic e ng
a mean or aggregate particle size fromabout 10 to
spbtiiondooiiye ieieAt toHpitiaés nuelaation apd pariigle gepwiho and
has | . . i

i spoc2aipe B FHEioRRR Byuast i bIRRRRE RolMRH e .
kispersieas than 2 ppm residual al cohol. The present
invention still further provides a nethod of

manuf acturing an ultrapure colloidal silica

di s perrtiehesththvehtish b8 fto@BEs &f mefHasel dfidigical T umed

silica in an aqueous so t containing an alkali
megchianical pojisbingtaospfanguefea avnbsiratalingladisgithe step of:

on- e coniaBEe sPpiRhE aid of utfatudichfiyp(Ffigh dlsprion
%ﬁ’dl@@ihb%llb@l@@iﬁ@é vaficlsPRAFERY hﬁhb@ﬁ_o@!&@g%ﬂ;ﬂé_da!ﬁtﬁgle size
silicic acid solution to values sufficient to initiate

ﬁﬁ@lcﬂ]\ aberbih0 imabpul 2008, rbwhereintle @guﬁpi:dabeiijcpﬁgdi.sp.ersion
Hes o< irBi 208 BbY ot 8Ach aRb ARG sxJudiRl ttadsfin

reidreudivh, ahe avelleseihaard ppin residuahaleghel; sur face of a
substrate jncluding the step of:
wherein the contacting is carried out at a temperature and for a

period of time sufficient to planarize the substrate.

The present invention additionally provides a potassium silicate
solution having less than 200 ppb of each trace metal impurity disposed
therein, excluding K and Na, and less than 2 ppm residual alcohol.

These and other aspects and benefits of the present methods and
will become more apparent from the detailed description of the preferred

embodiments that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph plotting normalized data for Cu10K-SPF with
contaminants.

Fig. 2 is a graph plotting normalized data for polishing Cu10K-SPF
with contaminants.

and wherein the contacting is carPCEUSING/037065
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contacting the substrate and an ultrapure coll oi da
silica dispersion including colloidal silica particles

whawgg3al mean or aggregate particle size fronmPebus1004/a37065

to about 200nm and wherein the colloidal silica

di spersion has |l ess than 200 ppb of each trace netal
i mpurity, excluding potassium and sodium and have

| ess tHige) Fisppgraptepiditilg BREOTD Slumhedthicontdrinants.
contacting is carried out at a tenperature and for a
period of time sufficient to planarize the substrate.

pot avtiin 5 1 DAL RRIRE et REROAIRE EREER o o

afoneuimantsace netal inpurity di sposed therein,
excluding K and Na, and | ess than 2 ppm resi dual
al cohol . These and ot her aspects and benefits of the

Pr eserfig B Q@phaNetting! lorRReLEE JERS o PRRSHIRG (CU 10MIBPFe
det ai | é%l descCr ptqf'onlwgf otrhe pr ef erregI@enboldlgnent s that

vgth enmiamBrIEs. DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a
graph plotting normalized data for Cul OK-SPF with
contaminants. Fig. 2 is a graph plotting nornalized

data frg. @R & graptopBErghEalictiate forOU IBKISPFs. 3
is a graph plotting ER8071 Slurry with contam nants.
mogtaminagtsa graph plotting data for polishing ER8071
with contam nants. Fig. 5 is graph plotting normalized
data for polishing Cul OK-SPF with contam nants.

Fig. 7 is a graph plotting data for polishing ER8071 with

contaminants.
Figs. 8 is a graph plotting ER8071 Slurry with contaminants.

Fig. 9 is a graph plotting corrosion rates of Cu10K-SPF and
ER8071 samples.

Fig. 10 is a graph plotting cyclic polarization comparison of
contaminated Cu10K-SPF samples.

Fig. 11 is a graph plotting cyclic polarization comparison of ER8071

samples.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Chemical mechanical polishing slurries containing less than about
200 ppb of each individual trace metal impurity, and alcohols, more
particularly about 5 to about 200 ppb of each individual trace metal or

alcohol, excluding sodium, which may be present in an amount of less

8
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Fig. 6 is a graph plotting normalized data for Cul
OK-SPF with contamnants. Fig. 7 is a graph plotting

walaioa/0883e1 pol i shing ER8071 wi th contam nants. PCTES2086/037065

is a graph plotting ER8071 Slurry with contam nants.
Fig. 9 is a graph plotting corrosion rates of
Cul OK- SPF and ER8071 sanples. Fig. 10 is a graph

pthaht1 peime Wibicdvep | thé icuptlIivecampant s0acd metal impurities
contam nated Cul OK- SPF sanples. Fig. 11 is a gragh o
pPIEseNthig gk Ulicapideslurigsi ansording 4 theopresentingention is in
P
SRR REAPE Chaf Q.80 bk, 2 A R eFeiatn) o about 1 to
cabdwtinpmy. 1ch wltrapugebsiutriea0ékhiipibnobeleantovahrites dithl a
trace metal Jnmpurjt and al cohol s, re rticylarl,
aRIEaSe InoeiBatR SUe BiEes med AP tioRalN INGliide ¢ stabuZer fon,
NRiH adpotdshpl . excluding sodi um which may be
present 'In an anount of |essthan 1 ppm Moreover, the

cunul ati ve anmount of trace netal inpurities present in

h ; R i es. [ o
hvent | SRUiTa paifigBSaTs ol ahoub 62 PiE 5 aheuses
PRI% oftHie tqralalEinRbbY el SUMPEsHGn, Inbe Gefarabfy e abdig 2
ultrapure slurries exhibit novel renoval rates with a

e dagborh2dut et Bhe solieidal silica partinlep heyei d Aurfage area
o 2B 6 SRl IO oy about 0. 2 wé %t o
about 45
The composition further includes a surfactant selected from anionic,
cationic, non-ionic and amphoteric surfactants and a mixture thereof. The
surfactant is an alkoxylated non-ionic surfactant.

The composition further includes at least one additive selected from
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 2.5%, more
preferably from about 10 ppm to about 2500 ppm; and corrosion inhibitor,
at a concentration of about 10 ppm to about 1000 ppm.

The composition is in a form selected from an emulsion, colloidal
suspension, solution and slurry. The medium is from about 1 wt% to
about 86 wt% of the total weight of the composition. The medium has a
pH bout 2 to about 11. The medium is selected from water, an organic
solvent and a mixture thereof.

The colloidal silica dispersion is used as the chemical mechanical

polishing composition without isolating the colloidal silica particles from the
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wt % of the total weight of the conposition, nore
preferably fromabout 2 wt%to about 24 wt% The

wa@odorosssal silica particles have a surface arerCT/US2006/037065

about 20 nR/g to about 300 nR/g. The conposition
further includes a surfactant selected from anionic,
cationic, non-ionic and anphoteric surfactants and a

@bﬂéldéBSlﬁdSHEdi%?ferS|a'ﬂﬂeP$éféfaﬂﬂy Ak dlisalinett! ?dbdx@deﬂi
non-ionic surfactant. The conposition further includes

fotassityn hydeoXddeli ti ve sel ected from carboxylic acid,

at a concentration of about 0.01 wt%to about 0.9 w%
oxi di zer, at a concentration of about 10 ppmto about

2. 5% Tiher eolioid srhaialgarﬁcrlesmaebpmpai@d bpmmsmhab@atfuﬁmo
ppm .and corrosion inhi or concent rat.i on of
305007 2 inous SAHEI Medeing o okl e sk SxigR t Brodyce
& ém&m&&hs&b%%mﬂom&nowgItﬁé %ﬂkauCrﬁle awéﬁbn exchange to

suspensit on sol ution and urr he nmediumis from
soovert thawalkaline shicate sutienéma Sﬂh@ agid sblutieng adjusting he

TREBRE s, ool o LM BEvordnB SRt doid solRB 8 yalis

d0fficerTits inltigtet MR&ftion élﬂtﬁpémbleogr@a}th sahd e8olfHcsiper ilicie
s used as the chem cal nechani cal poI I shi ng

asieheitionat airateosiificient tetpraguesa calpidsl adipa gligpegsion; and

%%éﬁrﬁa@-% &5”% é]'% lda%&?é r%h* heacdii ?d%q%ﬁfcgrblgperSlon to

droxi e 'S

Ipyohltme @kﬂlmcfdhsnlml ;iarhde*s havinlgoaamwnt mrc:hggregat@ puirtiplersize
b oIV|n a funned silica.in an aq eous, sol vent
Bhent 0 R i BapwAtD worad RIS Rl ed oL b B, LS. Fr, Fe,
Al kad Bky 8b

pirdtRnS theldof at BRI 86n &rit@ion Bt Ldout

via ion exckgnge
10 ppm or less.

The trace metal is present within the dispersion in the range from
about 5 to about 200 ppb, excluding sodium which may be present in an
amount of less than 1 ppm. Moreover, the cumulative trace metal
concentration of the dispersion, excluding potassium, is in the range from
about 1 to 5 ppm, more preferably about 1 to about 3 ppm.

According to an embodiment of the present invention, the chemical
mechanical polishing slurry contains less than 200 ppb of amines, such
as, ammonia.

The present invention provides a method of manufacturing a
colloidal silica dispersion, including the steps of: dissolving a fumed silica
in an aqueous solvent containing an alkali metal hydroxide o produce an
alkaline silicate solution; removing majority of the alkali metal via ion

exchange to produce a silicic acid solution, adjusting temperature,

10
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convert the alkaline silicate solution to a silicic
acid solution, adjusting tenperature, concentration

w@pa7/obs30f the silicic acid solution to val uesPCT/US2006/037065

sufficient to initiate nucleation and particle grow h,
and cooling the silicic acid solution at a rate
sufficient to produce a colloidal silica dispersion;

aodcesttatidr agd pheolibk! siliditaacidisolutidnpenialsdesufficient tde
col.l oi dal sl lica dispersion to produce col] oi dal

dnifipteyeApatan @d RATIGR O WREAN® Foaliig tigatilicip aetd 2qletion
bg ej&égmig"'eﬁ%gpﬁgg nm and netal s sel ect ed
fromLi,

and any conbi nati ons
t her eof at a total nmetals concentration of about

o SperfiesiPIRieel MR FRSECIRT 5 Bedaliried fomnh &tco@e%i"aiawca

@fs?ﬁel#@ibﬁgo s ¥biveht ﬁ@é/cé‘l%lcﬂél%ﬁ*l%tpérﬂclég ﬂ%\ieroﬂwe
| ess than ppm Moreover, the cunulative trace met al

clisnessionds haically uses ‘@sdpeordnoadding cthe lﬁgrqmmgsmnh as,

sl FOReI ety AR lrdbidiita do PROBuCEER Bofehsficn

tideuifaies émt usenfor ra:henﬂcaltm@clﬁmcml palishing lfBuefates of a
OEI shing slurry contains |ess than 200 ppb of am nes,
SYPRra®. “ammoni a. The present invention provides a

met hod of manuf act ur i ng a colloidal silica dispersion,

including the steps of: dissolving a funmed silica in

an agUdeusoleidal silicachspearsionrgandee abhegrnitrated fom the original

n alkaline silicate soluti

EEOR| Sea isPrisios Bt S nptinadhe pagegus Shvent i mere
tp@ef@félﬂt‘qﬂ/ fltstild HieCeapidal §mb§gia%le@(§n‘<'ﬁﬂ1'e%ﬁer drying.

t enperatur’e, concentration and pH of the silicic ac
solution to values sufficient to

The colloidal silica particles prepared by the method of the present
invention have a mean or aggregate particle size (MPS) about 10 nm to
about 200 nm.

Preferably, the colloidal silica particles have a total metals
concentration of about 300 ppm or less. The metals can be Li, Rb, Cs, Fr,
Fe, Al, or any combinations thereof. More preferably, the concentration of
these metals is about 10 ppm or less.

In the practice of the method of the present invention, fumed silica
starting material is dissolved in an aqueous solvent, 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 so that

the alkaline silicate solution is converted into a silicic acid solution.
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initiate nucleation and particle growh; and cooling
the silicic acid solution to produce the coll oi dal

wa@20070383di spersi on. The col | oi dal silica partiPkCEESa61037065

be isolated fromthe colloidal silica dispersion to
produce solvent free colloidal silica particles.
However, the dispersion is typically used "as is" or

by adq1h%%ﬁ1dé¢étu'ré‘gthé(iioﬁﬁéﬁtraﬁéwan@ﬂae pHg@ﬂthi% solutlon
solvents, additives and surfactants to prod

vdrighisia sijpictanid spkitieni isdbee adiysted o V@Heé ﬁéﬁh é*%ﬁlt the
ﬁ% Leg %Ehgggﬁ%sgutﬁ}f Ik ﬂ'ﬁﬁﬁtg‘?{uci’ea?féhsér{cf‘é@w}/ ?ﬁ?

SI| ersron can pe concentra
Hmeleate@paaiclemﬂol rrﬂahesbllmidal siigpdispersiori t her by
renmovi ng the aqueous solvent or, nore preferably, by
filtering the colloidal silica particles, and

ther egd Letrais\ yihrégtenﬁ%a&?é 'oﬁ{ﬁ@ém&b'dc%ﬂs&ﬂfléh Bbfiste the

prepar ed by he met resent 1 nvention have a
isieerh obtheaypleatiareishaut &1 °€ & alEOL(tM@S)C about 10 nmto
about 200 nm Preferably, the colloidal silica
particles have a total nmetals concentrati on of about

300 prefirabl9sthe ddteciaaibh of Bk SificikiacidIt thessHidis acitie.

Al . or any combi nations t her eof I\/brezpreferabl , the
t

sohiiontheioredhectart iof he nuelaption is sl b ip bt PO Y%
AL IBE K §Gukp; e, oL hod of Lhe present

Silica starting material is dissolved
i n an aqueous sol vent, such as, an aqueous al kal i,
al cohal , or a conbi natl on thereof t.o produce

2l Kal Préferpiiy; hesit of timsiishanid Ralben f5, 260U% 15 tambant 5,
I d"RBRY S bly o F Ba8 4B otiP4 o) at

Preferably, the cooling rate of the silicic acid solution is about 5
°C/min to about 100 °C/min.

The high purity colloidal silica dispersion made as set forth above is
then admixed with semiconductor grade raw materials, e.g., hydrogen
peroxide, BTA, KOH, organic acids, etc., to make a final slurry product
having ultrapure purity.

The below examples show the results of our comparative studies
between the ultrapure colloidal silica dispersion of the present invention
versus convention lesser pure colloidal silica dispersions. These
comparative studies demonstrate that tiny amounts of impurities can have
a significant effect on removal rates, LPC’s and defectivity. Ultra pure
slurries have better overall performance than other slurries. The
compositions used in the below examples are set forth below in Tables 1
and 2.

12



the alkaline silicate solution is converted into a

silicic acid solution. The tenperature, the
w@omcmsssent i on and the pH of this solution, WhPCHUB®0&037065

silicic acid solution, is then adjusted to val ues such

that the sel ected val ues cause the solution to

initiate nucleation and allow the nucl eated particles

to formthe colloidal silica dispersion. Preferably,

the tenperature of the silicic acid solution before

the start of the nucleatildBkE fabout 5 0C to about .40

OC. Preferably, the concentration of the silicic acid

inthe silicic acid solution before the start of the

Objé cthve:oRolishimd tortdifferentes i batrol SPFERB@T1 ahd contaminants

silicic acid solution. Preferably, the pH of the

Sdrubbef api H2EPbiiyi on is about 1.5 to about 5, and
R&Yigepreferably from1.5 to about 4.0. Preferably, the

ng rate of the LS CT aCigh @l Ut oNMghbE aboyr +

m'yln to about 10p 856 't'g& The ,llfﬁpﬁ urj t1y5Sp!::ﬂ?JnIMi cal,:goPFpm
silica dispersion nﬁé}]g set T 0O .abovefj S, ther etlfanol
adm xed with sem con t'or gréHH“P_HW te |xé?“§, ﬁH'

hydr ogen peroxi de|—BTA__KOH| or ids _etc. 1 tg
make a final diaf#f 1366828t | hAIEr§2R ¢ | a3RE=8RCr it §366-82D

The bel ow exanmpl es show the|lresults of| our conparlati ve

studi es Wkifeetype: heUsketrGyul e Useld Guda] WiskddGu Used Cu
di spersion of the|lpresent invention versus converjtion

| a8efigePirRystiehis)l dalqoai7 i ca di $p8z siops. fomse 1024
conparative studies deronstfate that tjny anmountg of

' IS cam aye a grgnmiticant,yef fect—orgremoval
[?Ea]‘#ggé b?.g@’ge and dgf ectlgvity Ulti% purie 67 8

Wafer type:| Used Ta Used Ta Used Ta Used Ta

Removed (angstroms) 668 703 734 736

Wafer type:|Used TEOS | Used TEOS | Used TEOS |Used TEOS

Average A Removed 1809 1821 1786 1773
LPC's 0.56 1379 1237 9964 1252
LPC's 1.01 320 243 457 211

MPS Gaussian 147 .4 146.5 146.4 148.7
C-0.56* 3780 3560 70001 6718
C01.0* 395 546 35645 1942

* C is another Light scattering technique of measuring Large Particle
Counts(LPCs)

13



slurries have better overall

slurries.

per formance than ot her
The conpositions used in the bel ow exanpl es

war@7msg32f orth below in Tables 1 and 2. TABLE 1PCT/US2006/037065

oj ect i ve:

Pol i shing for differences in Control
SPF/ ER8071 and contam nants * C is another

Li ght

scattering technique of neasuring Large Particle
Count s(LPCs ) TABLE 2 Oojpsmige2 Polishing for

di fferences in Control

Scr ubber Reci pe:

manuf actured and sold by Planar Solutions Inc.,
Scrabbdes 10% funed silica,

DI H20 onl yEXAMPLE 1 The present
i nventors m xed sone contam nants into Cul OK- SPF
Objestivea c dolishirigaior ifferemsed iayeontpd ISRIVERBSand/contaminants

Retip&y dr ogem Weowrife as an oxidizer and ER8071 ,

. e.,
ultra pure colloi

an experi nental

dal

barri er
silica particles,

KOH, a

SPFTERB071 and cont am nants

whi ch
KOH, a corrosion inhibitor

| ayer slurry with 6.75%

Qrrosion inhibiterza r-factgRtgrrd—hyd 1
UH¥xi de. That i, @Qt%sentgzwg’nto S EQZEJ}\Ee 1%%71 *
ultrapure colloi ddf !é 3 (di SHPAPEM, [pdRPRM Ahe ppm
af or ement i oned manuf a8 uri ng evl | n Qwide on| Methanol
present inventors i conductor grade raw
Lot#erial s, e.g., |hj36082A per 1366828 BTA36G:828 1366-82D
corrosion inhibifor) to make final slufry products.
For Connmfesg;{(pdqwr ARSRPCUt WO Ys8d CaS YelUsdthda. | - ¥sed Cu
standard CulOK-2|and an experimental barrier slurfy
BRRPAde (artitiomiy) ol sggples, 73 71 171
Defects counted: 3 1 70 4
Average Defects 3 1 70 4
Wafer type:| Used Ta Used Ta Used Ta Used Ta
Removed (angstroms) 678 671 663 661
Wafer type:| Used TEOS | Used TEOS | Used TEOS | Used TEOS
Average A Removed 713 725 708 715
LPC's .56 2358 2884 44878 6883
LPC's 1.01 309 320 20666 1358
MPS Gaussian 66.8 66.6 66.2 66.1
C-0.56 10247 9277 425314 12288
C1.0 1722 1389 219690 5829
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Thereafter, the inventors intentionally added several
inpurities, such as Al, C, amonia, nethanol, and the

wo 2dog/o3ssad neasured LPCs and did polishing tespPEI/US2006/037065

Attached is the raw data for LPCs (Accusizer and
Celerity), MPS, and polishing on a hard pad. Figures 1
and 2 , attached hereto, provide data when Cul OK- SPF
was a control and wher eiBEXAMRIE dnounts of ammoni a
(100 ppm, alumna (5 ppn) and net hanol (150 ppm were
added and then various properties were tested. These

tests HeipRsehfifentddmiRBaRBhi tarbRmsats HRBICY10K-SPF

renoved rates and slightly increased defectivity.
Ai.€0,a caramencial pririeatayer pplishing ¢luief menufdatyred and sold by

HEAR! SGRyets 1h¢ T MBS 0% Aot AR RER o fartosjon
dnHibftor ahd agtieemgisrofideioan BRidielr andERSERBG L, an

slurry was used and wherein fixed amounts of ammonia
(@deripintal kartar [Ryer siisny With 8. 1Rk miF Putersoligigahsilicar e

i: .oner t.i T .
e O B i R 5 RS Bl oifober fERfice.
r'Emaiis | the presentAhverntos usext thasdiulapive ddioikiadsilica dispersion

Pl biha Pl TP nan §5FHEr g REoRRS: B RbAnS

f i ' kot h~f umed
55 BAGRDE SRLBGORl AR Aok e e

Ihyshiegereperodde of BhAdlasra eamesion drhilditgr) tos makiel fined shumey
col | oitgal silica particle was replaced with FCC
p%[PgF% es. Figures 5 and 6 attached hereto, provide
dat a when Cul OK- SPF

For comparison purposes, two slurries were made, i.e., standard
Cu10K-2 and an experimental barrier slurry ER8071, as control samples.
Thereafter, the inventors intentionally added several impurities, such as Al,
Cl, ammonia, methanol, and the like, and measured LPC’s and did
polishing tests. Attached is the raw data for LPC's (Accusizer and
Celerity), MPS, and polishing on a hard pad.

Figures 1 and 2, attached hereto, provide data when Cu10K-SPF
was a control and wherein fixed amounts of ammonia (100 ppm), alumina
(6 ppm) and methanol (150 ppm) were added and then various properties
were tested. These tests demonstrated that ammonia increased copper
removed rates and slightly increased defectivity. Also, alumina increased
LPC'’s and defectivity dramatically. Furthermore, methanol increased the
C LPC’s (large particle counts) significantly.

Figures 3 and 4, attached hereto, provide data when ER8071 slurry
was used and wherein fixed amounts of ammonia (100 ppm), alumina (5
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was a control and wherein fixed anbunts of ammoni a
(100 ppm, alumna (5 ppm, nethanol (150 ppm, NaCH

W@ 200p/088321 et hanol (150 ppm) and a m xture of PCT/US2006/037065

contam nants were added and then various properties
were tested. The first set of data shows nornmalized
data for polishing Cu, Ta, TECS and defects. These

tmﬁ)smﬁsmymémﬂgﬁasb pbhai) warereidededmy tennairdusropesied
W th anmoni_a addition, and defects decreased. Not nuch

¥RIRdestad: NNaseranis daynapsteaieddratansaonigiincieased the
FRUBLF Pl agldle GRS RPONE Ml ARk

trhethahbbincteasadiihe defextivithanddiRT's. wi t h al |

contam nants gave slightly higher copper renoval rate
and defects. For MPS and LPCs, the only sanpl e that
gave huge nunbers was t pExAMPLEam! e, LPCs were very
hi gh for both Accusizer "and CGLPCs. MPS was not
affected much by any sanple. Figures 7 and 8, attached

wher eirIoRES &8RS ST Selalkl i Ser sRBMIRLS, 5
ReMlamitahtBindoth i ed®ilca AOFCCopaititles. &Xloamnehm Ckide

ppm _and am xture of contam nants were added and then
Ve Exanpe devas eplagedwith Alwninung chigridgsas mell as the

IRt PEERIS gk ehRees it ron s o ot o0
anmoni a, and | ower defects with the 'worse case’

Jotn FUiPSS 58 Prpieched siconPioidR da wBen Gk Shi
Wi 2ebHRbI AMTRAEFeiA 9ixBAanYdUnts B Shm&R4! (#90 PN Slumina
scal e denonstrates

(5 ppm), methanol (150 ppm), NaOH (5 ppm), ethanol (150 ppm) and a
mixture of contaminants were added and then various properties were
tested. The first set of data shows normalized data for polishing Cu, Ta,
TEOS and defects. These tests demonstrated that copper removal rate
increased with ammonia addition, and defects decreased. Not much
change with methanol samples was observed. The aluminum chloride
sample showed higher defects than the control. The NaOH gave much
higher defects, as did the ethanol sample. And the sample with all

contaminants gave slightly higher copper removal rate and defects.

For MPS and LPC'’s, the only sample that gave huge numbers was
the AICI sample, LPC’s were very high for both Accusizer and C-LPCs.
MPS was not affected much by any sample.

Figures 7 and 8, attached hereto, provide data when ER8071 slurry
was used and wherein fixed amounts of ammonia (100 ppm), alumina (5
ppm), methanol (150 ppm), NaOH (5 ppm), ethanol (150 ppm) and a
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that the FCC particle was not affected nuch by the
contam nants, including even the 'worse case' which is

woredonasssbt zeta is -28.1 versus the control of PCRUY2006/037065

The funed silica sanples are undesirable as far as
LPCs. Defectivity and copper rates are the main
factors affected by polishing sanples with

HARhABIdTBhtamiNhals werd éd@iébﬂﬁhé tt@érﬁv@tﬁ@lﬁﬁ propeftidsGvere
particle is not influenced nuch when runm ng N conp

dﬁ@tedoﬂsdadas the RGRERBFdayaples gocther was a lot less

LR, o7} ety SRE ReOANGE Wit e ot r P AGodd ang

IOWépdé‘lbcté"Wltﬁf’[lﬁ@ atversefcasepsampleesThardtesd it Shtrseml to

ER8071 on their respective copper corrosion

Qh3NgBtBYst i cs. The sanples in the figures included a

Cul OK- SPF as the control, the control contam nated

with 100 ppm (w/wt) amoni um hydroxi de, 150 ppm

(wt / wMPBearithAets séerp porb@vimpaciedadu this aotroblized grephbbut
ectl one

di d d
BB bl finiige et BhEMES, GRRRGE e Koaltyiohaates
That e CEYariciear gst aRictedhiueni HEtMe cotltarmitifitst 1Y,

only different on the abrasive particles: one with a
naiedingsRuendbel ‘wotke case’ mduchisiroathagok aetars +28Hhversus the

N O ppb individual tracenetals but with
Cc@ﬁrg’ E’aln%égl s of al cohol and ammonia inpurities, the
other with a type of FCC colloids. Figure 9 shows t he

corrosion rates_cal cul ated using the Stern- ry
equat i I61¢ Tunredisiifa gamples i@ Yrdesiiaple as faras LPC S.

RrBEHAR A PPkt Bfes are the main factors affected by polishing
samples with contaminants. When contaminants are added, the FCC
particle is not influenced much when running Nicomp and colloidal
dynamics. FCC particles with contaminants may cause defectivity to
increase, but rates generally remain constant.

EXAMPLE 3

Figures 9-11 depict the effects of impurities in Cu10K-SPF and
ER8071 on their respective copper corrosion characteristics.

The samples in the figures included a Cu10K-SPF as the control,
the control contaminated with 100 ppm (wt/wt) ammonium hydroxide, 150
ppm (wt/wt) methanol, 5 ppm (wt/wt) aluminum chloride, 5 ppm (wt/wt)
sodium hydroxide respectively, and one control included all the above
contaminants together. The two ER8071 samples were with identical
chemistry, only different on the abrasive particles: one with a TMOS based

colloidal silica which is known to have less than 200 ppb individual trace
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Tafel plots of the sanples. Both ammoni a and al um num
chloride nore than doubl ed the corrosion rate of the

WEA0DBSBPF sl urry. Addition of all the af or emreP€T/08md6/037065

contam nants together had |led to synergetic increase
of copper corrosion rate and deterioration of
passi vation protection (see Figure 10). Figure 11 is

rhetaRysUtivatde din@dd | Bf RIBABI &A@ AnPhoriBemEti&EaAd bther
sanples. It displayed the decrease of corrosion

it 2 ttoieosf [RCapists. sur f ace when the TMOS based
abrasi ves were used, in agreenent with the corrosion
rate cal culation (Figure 9). The present inventors
have Figurpersiecvy titk sowusiondatebataldulatedarsmmtie Stern-

i mpurities can have significant effect on renoval
(e sapplien Rracdenalatp Abayred Mith ingar olarzalips and the
Stk I@t%of@ﬁcfi l%éﬁigl‘%dt BofH“&mﬁLo‘?ﬁ@ 8hd 2 RMUN? IE!hlo'ﬁﬂééemore

better overa rmance than conventional slurries.
itmaradoulbled theisodiostam rate hither @g tOK-SRFv sluriyo rAglitien aéall

e I I N R
Yesppért Gorfdiior rete aRPdsteABratidv sTpaRsRbtbR prbtéchbn (see
colloidal silica particles according to the present

iMgwatti®n and a nedi um for suspending the particles.
The contacting is carried out at a tenperature and for
a period of time sufficient to planarize the

subst IRigure Mg thardycli¢ pelagiastidrecompaeisoie df the e BRBOZd

in a varjety of nediuns to produce a polishing

@éﬁ%%‘i-t |t gisplaysd %WFG?SQ HEC‘ETéW'PBIPé%teﬁHW on copper

}%H‘EBé WrikpAhe! Mo bHLs QPQSF{I%E%(& . q}'igé%f?‘iﬁ Qgie%'?n&it with
arger size orprimary particles, with a’'lesser

tloe cembsiahirate cdlcalatibh€Figeire 8).or secondary

The present inventors have unexpectedly discovered that tiny
amounts of impurities can have a significant effect on removal rates,
LPC'’s and defectivity, and that ultrapure slurries, according to the present

invention, have better overall performance than conventional slurries.

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.

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
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particles. The result of this size variation is an
i nproved renoval rate of surface inpurities and

wa@oenrissked surface topography not provided byPCT/US2006/037065

conventional polishes. The conposition can further
i nclude an additive selected froma carboxylic acid or
a mxture of carboxylic acids present in a

qsmnﬂawt paticles, withabledseOcdheenti4tibn o@@ﬁiﬂleﬂs&e%r%ecéﬁdary
P

oxi di zer, present in a concentration of about

t@arﬁﬁl@s"t i@deggtb ob ghis give Yariatiends ey, lrrqpr@m]tem@va rhte of
eyt a
cor r osi Fgﬁﬂ b tdor rtor”égesnpgbé??@%ﬁggh%ﬂgp 0

pcpnnveotlaminom;ﬁéﬁ ppm In a preferred enbodi msnt the
conmposition includes primary particles having a nmean
particle size fromabout 2 nmto about 200 nm The

CONMPOSTHd BHMPRBItOA dah ﬁ.lﬁﬁef Plcfl RS aﬁ@%&i‘ﬁ‘&é %'efgbtec‘i'l’from a

col I oi dal suspension, a solution, a slurr
vearbaxyliesaqichor aaniduraraf oarbdwim’a;udm prpsesidd aan@mmbrat:on

o S b8 ARk 6 Pl bR APt - he

ceurieentrhtion of abouitd pem @ élﬁidt%OCDOCﬁﬁblﬂrﬁrm preferably,
non-ioni c, anphoteric surfactant or m xture thereéeof.

NEEER iBfaseansenirating of abeut 10 ipem tm@lede'lsDQQ PRIM: Badiac

B et Bl Bk e RSB KT Bople 4 gge.

sgprhact ant is an al koxyl ated non-ionic surfactant. The
beneficial effects of the surfactants include a
reduction in

In a preferred embodiment the composition includes primary
particles having a mean particle size from about 2 nm to about 200 nm.

The composition can be in the form of an emulsion, a 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.

In a preferred embodiment, the composition can include a cationic,
anionic, non-ionic, amphoteric surfactant or a mixture thereof. More
preferably, the composition includes a non-ionic surfactant, used to
significantly reduce surface removal rates to about 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.
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polishing friction.Preferably an upper limt of about
1000 ppm because at this |evel, organic residue,

waeledogoss3eity i s observed on the wafer surfacesPCT/US2006/037065

Therefore, a non-ionic surfactant is preferred because
of its inert reactivity towards other filns, such as
those having Cu and Ta. The particles in the

corrposFPrte'f@'rabw ano ubpeellmltloﬁwbbat/ﬂid)owbptﬂ b@&m%t@tlthss Ievel
and F. Preferably, th

c‘?fQPBHCdQP'dé‘ieI’ ﬂef?cﬁw#x |sccrlé%erv%pbena & Wial" SHitages. Therefore,
%Héﬁﬁér‘iléts'u%cfgnt ?sbﬁn‘é‘feﬁ&ﬁ) b@@QﬂzéH o\‘ |?§ ertﬁ%%cﬁ'ﬁfﬂoﬁla‘?@é‘

nat i
totbeefﬂmS I\‘mcb qsrtbbe& alalnyl,g @lhandd'ra:entratl on of t hese
metal s is about 10 ppmor |ess. Mst preferably, the
concentration of these netals is about 2 ppmor |ess,

exceptTHe paHicledihthe GamPgwititeslsahaté %hbw 373 oﬁfad&a

Pr eferabl?:/i silica particles having surface area from

dpstals, zyicheasy Feo AbdduRb30e, amd f. dtrefarably theoeelloidaitsilica

r&&e%ﬁlnelfas obt'% &ag i&ﬁé@@a’u%ﬁ%ﬁgﬁﬁ?@@ E)QH 8P1eRR9 The

cmetaiscam be.FAIdEs Kb, 03] Falerany ¢drabimationstiestaoheMore
an _al kal i ne sol ution, an organic solvent or a

rﬁrﬁ%tﬁ"%'yt s SRCeM OO {iARe AR A 1§ FOQULd O PR STiess,

S CHERIEES) W SRS o e oo R Bk
angept fDrsK;Iwhmln caslbehuses] asstabiizequs Md.cohol , an
aqueous ketone, an aqueous ether, an aqueous ester, or

a combination thereof. The preferred nmediumis an
aqueoprefdraBiokilich/paiidies hafinglsePRek area from about 20 m%g

to about 300 m?/g are from about 1 wi% to 20 wi% of the total weight of
the composition and the medium is about 81 wt% to 99 wt% of the
composition.

As described above, the medium can be water, an alkaline solution,
an organic solvent or a mixture thereof. The medium can be in the form of

an emulsion, colloidal suspension, or slurry.

The medium of the polishing composition can include an
aqueous organic solvent, such as, an aqueous alcohol, an aqueous
ketone, an aqueous ether, an aqueous ester, or a combination thereof.

The preferred medium is an aqueous alcohol, wherein the alcohol

preferably is methanol, ethanol, propanol, butanol, ethylene glycol,
propylene glycol, or a mixture thereof.
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preferably is nethanol, ethanol, propanol, butanol,
et hyl ene gl ycol, propylene glycol, or a mxture

w0 e esef32iThe medi um can be the sane as or di f f REBOB2006/037065

fromthe aqueous organi c solvent typically enployed in
t he process of manufacturing a colloidal silica
di spersion according to the present invention. The

col | oimthel metiunt 8ad ibeAe Sapie a86r BFfeisRtrad the@queous
chem cal nechani cal polishing conposition w thout

psaAnie pAtyenhiypically raplpyed in e pracese PERanEAtuRg a
£81I8i8af¥ilios tlspERsich BBESAIRI Yo thBHrBEL R intdIRide! TrROLAfbidal
composition | mal nt al ne n a rang u . to

nge from abo
shicatdisgersioni careloe dsed e dhe chemice mdchanical potistting

4.0. T [ t. inventi | sses particul ar
RatporHiom BN st BHAG I Fo R 6B ARG aRs oy i 60
Bfea R nCr i bed with particular reference to the

preferred enbodi nents. It shoul d be understood that
the foregoing descriptions and exanples are only

illus tive.af the.i.nvention, Various alternatives
and mo et of s bOfsinY EompEitio ¥ At ahagt it tangs from
absblt 80 toraldig 1ardr iwidcimcbltegi@@@f bbogt i.Ode_b'b@t go.rit
and scope of the present invention. Accordingly, the

present invention is intended to enbrace all such
alter [ ndLf 4 ' = I
o o TSP EA SRR otpt bR, L o
dehydmeded sturdes.A net hod of chenical nechani cal
polishing a surface of a substrate conprising the step

of : contacting said substrate and a conposition
COMpr HHeresent 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 invention.
Accordingly, the present invention is intended to embrace all such
alternatives, modifications, and variations that fall within the scope of the
appended claims.
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(i) a plurality of colloidal silica particles having
| ess than 200 ppb of each trace netal inpurity,

wez@osiayg pot assi um and sodi um have | ess t haPCRURING/037065

resi dual al cohol and wherein the cunul ative trace
metal concentration, excluding potassium and sodi um
is in the range fromabout 0.5 to about 5 ppm and

(Whht & oBGined jsor suspending said particles; wherein
said conmposition is an ultrapure colloidal silica

di spersion; and wherein said contacting is carried out

at a tenper . -Qd. Of L ff 1.6
to pl aﬁari z@hgggﬁaas%ﬁgé?ﬁ]é éﬁﬂfhggh’%' ﬁé{'ﬁ'&é%fgdc acr% %fla
vdubstrate saringrisioglthedédp of:1 i ca particles are from about
0.2 wt%to about 45 wt % of the total. wei ght of said
conmpoHY %ﬁlngssa‘d?HQg\fﬁﬁelﬂfﬂf%Pompé’ﬁmoﬂ COMpE3'BYn sai d
col | oigdal 4 hiGali b Edi

about 3 whPLTAUPEF EORA el pardled Hfindlot 1
200mrb abeachitrate chetahinpurity eneluding pdtassiuniaddl sodium,

ilica rtigcles hav urf ace,area fr.om about,.20
TG 195" g2 PBBb St aAlconefaig Sietaindhe gt e trace
WhEtae tOnaHthtiATBREIL N P dtHEdite ardPSBAILAE s th the range from
surfactant selected fromthe group consisting of: an

abogh Pd tuakbeidtmppm; andat i oni ¢ surfactant, a non-ionic
sur f agtant : [ .and a mxture
therod’. " aHediBl R Sspeitiho 3RkABRRET \°oai ¢

sur f astieerein saidrconrhpasitdraiseh uitrapuenesioiddl fsiibaadispersion;
and wherein said contacting is carried out at a temperature and for a

period of time sufficient to planarize said substrate.

2. The method of claim 1, wherein said colloidal silica particles
are from about 0.2 wt% to about 45 wit% of the total weight of said

composition.

3. The method of claim 2, wherein said colloidal silica particles
are from about 2 wt% to about 24 wt% of the total weight of said

composition.

4, The method of claim 1, wherein said colloidal silica particles

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

5. The method of claim 1, wherein said composition further
comprises a surfactant selected from the group consisting of:
an anionic surfactant, a cationic surfactant, a non-ionic surfactant,

an amphoteric surfactant, and a mixture thereof.
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7. The method of claim1l1l, wherein said conposition
further conprises at |east one additive selected from

wo b@798s3ap consi sting of: carboxylic acid, at BCT/US2006/037065

concentration of about 0.01 wit%to about 0.9 W%
oxi di zer, at a concentration of about 10 ppmto about
2.5% and corrosion inhibitor, at a concentrati on of

about 610 pATRe MetHBRLGf élQHQSPWHére?n salesuridianst igfanc! ai m

1, wherein said conposition is in a formselected from
W@W%@@neﬁﬂ@n@tﬁ ctgnt. an emul sion, coll oi dal
suspension, solution, and slurry. 9. The nethod of
claim1l1l, wherein said nediumis selected fromthe

gr oup 7con?]iT$ts' r}lcngthzfg oﬁ%am 1 ﬁhemh?ea:dccmbwggn funthex
m xture t reo e nethod of claim1l erein
semprisedialrgast Oﬂﬁcﬁﬁde\f@@ﬁelﬁcwgﬁqlﬁ the SIRUMBRONRFISHNG OF he

total c%@d%uc AkicS 3k 9 Hﬁéﬁ%r?af al;éu oo¢ vﬁ% ftPQbéht 0.9

claim erel n sail | um about
adayt 11. 12. The met hod of claim 1 wher ei n sal d

col | oi da SI| artlcl es are r ess
corpr (&t k4 2oBentrtcrp s i da be L Piics
an aq lé:%ﬂ‘é%m?ﬁhmb"tbr Cél@édrﬁﬂe‘ﬁﬂaﬁan @'f kBblit mbfwn to about
hydroxi de to produce a al kaline silicate solution;

rIORBVIRTG said al kali metal via ion exchange to convert
sai d al kal i ne

8. The method of claim 1, wherein said composition is in a
form selected from the group consisting of:

an emulsion, colloidal suspension, solution, and slurry.

9. The method of claim 1, wherein said medium is selected
from the group consisting of: water, an organic solvent and a mixture
thereof.

10.  The method of claim 1, wherein said medium is from about
1 wt% to about 86 wt% of the total weight of said composition.

11.  The method of claim 1, wherein said medium has a pH
about 2.0 to about 11.

12. The method of claim 1, wherein said colloidal silica particles
are prepared by a process comprising the steps of:

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;
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silicate solution to a silicic acid solution;adjusting
tenperature, concentration and pH of said silicic acid

w@odoansssal t o val ues sufficient to initiate nucP@€RUBZING/037065

and particle growth; cooling said silicic acid
solution at a rate sufficient to produce a coll oi dal
silica dispersion; and isolating said colloidal silica
part i chdjastingtensperdture| tonatmitratiohiatel s obsaid silicit acid
prqduce, col |l oidal. silica partic|es havi an or
WML VaUPS SHTsient s MRl nustsalian @acRRIicie g6 Wi
and et Himgseli®stier ddi b uck!
b, Co oS SHE S Spien U sl HORLRNY Kipfiduck'a,
tenllgidatsilishdisparsiont andi on of about 300 ppm or |ess.

13. Th hod. of ¢l.ai,m.,1l, wh ' h. sai,d.

ot al FQRBd 3aieP ol By RS EC B o s Gtoile B,
adigpérsiort © Froaute 26MoiaabsiiexpatidiRthAMPaThedn ahbggregate
sodium 14. The method in claim 13 wherein the

RAffeS Sz abewr tham teorRaut 200 nin angbnetale pelestastiren the

580G PRI, ERSI K R horeot a
caltathlaietads toncentrationl ofcabyote 800 3pneor Esssai d

di spersion, excluding potassiumand sodium is in the
range from about 0.5 to about 3 ppm 16. An ultrapure

col | oi gl Shh‘% %tﬁb&w&%ﬁm GHSREhSE M &l wc@f}lpeta is
silica particles having a méan or aggregate particle
sireeennt iomaitbdispelsion in abvange frotMatowttetoealmold200 ppb,

col loj.dal silica dispersion has |ess than 200 ppb of
e%{icll{" '?%88%}?@{%“ qnﬁp{oﬂo{"fri)' di sposed therein, excluding

pot assi um

14.  The method in claim 13 wherein the composition further
comprises a stabilizer selected from alkaline compounds including K or

ammonia compounds.

15.  The method of claim 1, wherein the cumulative trace metal
concentration of said dispersion, excluding potassium and sodium, is in
the range from about 0.5 to about 3 ppm

16.  An ultrapure colloidal silica dispersion comprising colloidal
silica particles having a mean or aggregate particle size from about 10 to
about 200nm, wherein said colloidal silica dispersion has less than 200
ppb of each trace metal impurity disposed therein, excluding potassium
and sodium, and have less than 2 ppm residual alcohol.

17.  The ultrapure colloidal silica dispersion of claim 16, wherein
the colloidal silica dispersion is prepared by a method comprising the
steps of:

24



and sodium and have | ess than 2 ppmresidual al cohol.
17. The ultrapure colloidal silica dispersion of claim

waego7mssseei n t he col | oidal silica dispersion iBCT/US2006/037065
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prepared by a nethod conprising the steps

of :dissolving a funed silica in an aqueous sol vent
conprising an al kali netal hydroxide to produce an

al kal i dissslvinigcafienedsilicedm anragyuzous Solvent @bkwrisinteamblkali

ia. i.on exchapge t enerate a silicic acid solution;
metal VoEnde b Braddicd an alkalingsliratesaéiPtand pH of

sai d Sidrh&i i I i t; L, Cl L :
Thi 1 arcTh6Vif B HIkaR efaPlialioh ERChETE GeErER o dfiio acid
seeldtien;langd ¢ acid solution at a rate sufficient to

roducg ;:saj: .dal silica dispersign, 18 .The .

0 ¢ apenedy fiedetBe PhatdiftaloR BP0 <Al sifdls aci
véututiormtevaldes sLifficighlto Hitidte udisaivhsdrnpadicky §oatedand
by a method conprising the step of: suspending said
col | oi eRAIiNgigai¢ gilipigracid selytiph ai g ratrisuiisienbta praducesaid
T, H A el T, idal silica dispersion of claim 16,
Vﬁlpﬁﬂs@ggﬁﬁgfo& ace nmetal is present in said

di spersion in a range from about 5 to about 200 ppb,

excl udjl g um 20. The col | oi dal

t assi d sodiym 20. Tt ( .
silica i s%éﬁ@#&%%ﬁ'aaf YlecafligPRisian ohriaiaile, wherein

o B S s PI~Aon S BAePh) 3 nBihodderising fhe
rei@p®ff rom about 0.5 to about 5 ppm 2 1. A nethod of

chem Cﬂlsp@ﬁam%néﬁg lcoﬁ&'c:l'a?smicr:]agpgrt% ersfiﬁca% géuéious solvent.

19.  The ultrapure colloidal silica dispersion of claim 16, wherein
each said trace metal is present in said dispersion in a range from about 5
to about 200 ppb, excluding potassium and sodium.

20.  The colloidal silica dispersion according to claim 16, wherein
the cumulative trace metal concentration of said dispersion, excluding

potassium and sodium, is in the range from about 0.5 to about 5 ppm.

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

contacting said substrate and an ultrapure colloidal silica dispersion
comprising colloidal silica particles having a mean or aggregate particle
size from about 10 to about 200nm, wherein said colloidal silica dispersion
has less than 200 ppb of each trace metal impurity, excluding potassium
and sodium, and have less than 2 ppm residual alcohol;

wherein said contacting is carried out at a temperature and for a

period of time sufficient to planarize said substrate.
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substrate conprising the step of: contacting said

substrate and an ultrapure colloidal silica dispersion
wa@orrpssseng col | oidal silica particles havi ng BCTESI00€037065

aggregate particle size fromabout 10 to about 200nm

wherein said colloidal silica dispersion has |ess than

200 ppb of each trace netal inpurity, excluding

pot assi um and sodi um and have | ess than 2 ppm

out at 2% | chplrasane Sifits spludopdive® 1spe than 500 bob or
sgdhdH BheOMdta) iplpunRy | Bél@cﬁs@ flormURs r@&oﬁcgﬁﬂstﬁ?é’% Q.hSRH s,

silicate solution having | ess than

tFade et exqludingpotessivneand wﬂwmhengquothan 2 ppm
Cﬁgﬁhﬁﬂ f: Li, Ro, Cs, Fr, Fe and Al, excluding
otaSS|un1and sodi um and Iess than 2 ppnmre3|dua
alcohm
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