ULTRAPURE COLLO DAL SILICA FOR USE I N CHEM CAL MECHANI CAL POLI SHI NG
APPLI CATIONS s BACKGROUND OF THE I NVENTION io 1.FI ELD OF THE

| NVENTI ON The present invention relates to a nethod of

manuf acturing of an ultrapure colloidal silica dispersion and slurry
thereof. More particularly, the present invention relates to a nethod
of chem cal nechanical polishing 15 (CW) the surface of a substrate
using such ultrapure colloidal silica prepared according to the
present invention. 2. DESCRI PTI ON OF RELATED ART 20The npbst conmon
process for the pre%arqtlon of coIIO|daI S|I|ca in.industry is to
prepare col | oi dal ULTRA Ak PR el Rl f usi on of
natural silica sands wmgcpMmmmmgpqu ;@ipu@mﬁsw’e | ess t han
1200 C. After fusion, the fused sodiumsilicate s quenched and
conpletely dissolved in water, form ng water glass that is highly
caustic. 25 To praces Soll i dal ilica, the water glass is further
passed throué%&gﬁgﬁﬁaié—éﬁﬁiﬂiﬂgéiglﬂ@d or columm 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
al kali for stabilization,_and then heated to an el evated tenperature,

80- 100 C KFor partﬁmﬂ—i@— Dependi ng upon the

processing condition, the particle size distribution of the final

product can be m?h@%@s!eﬂf’m@@s%cﬁﬂ@laﬁé&'tb%éiﬂo@%fﬁ{aﬁma%tdr‘l to@aﬁbOUt
100 nmor |ess. Because of the nature of the raw materia lica

sands, howev &frapurce!ioiial siier ﬂ@P@'&IonsarndﬁMrwthsmof hM§f€bP%@§§r¥1as nor e

or less tracey bt invaHtibnaslateR. toélmeta@aioﬁ&eMIéﬂmé&Qneaméluehlﬁ 00
ppm or | ess. MI,%é)hough i on exchange can renove certain anmpunt o

trace metdl s{C d}%w&ceﬂf@eﬁubﬁ R UG syplt@pyEs Sollgidet pikea ¢ to

achieve with }é}jas,;e{pggﬁg@ﬁ ey e Mggé}g ifvastidH, ghest qual ity of natural
5102 (see, for exanpl e, ?‘ Chem stry of Silica," by Ralph K Iler,
John Wley & Sons, Inc., Ed. (1979), and U S. Patent No. 3,947, 376).

10 Anot her appr oagﬁswmpm]dr@msREQAygpmm gh purity coll oi dal silica
is

20 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.

25 To process colloidal silica, the water glass is further passed through a
strong acidic resin bed or column for jon 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.
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Depending upon the processing condition, the pariicle size
distribution of the final product can be manipulated and controlled to be
from 5 nm fo about 100 nm or less. Because of the nhature of the raw



by the sol-gel process. In this process, a high purity al koxi de, such
as, tetramethoxy silane (TMOS) or tetraethoxy silane (TEOCS), are used
as the raw material. TMOS or TEGS is dissolved in nethanol or ethanol
first and 15 then m xed with deionized (D) water for hydrolysis,

wi th NHAOH used as the catal yst. After the colloidal silicais
formed, the solution is heated to a high tenperature so that the
ammoni a and the organi c sol vent can be renoved 20by evaporation (W
St ober, et almatedal, é‘mbzh eémusl hAbwefacthe$onl colldidal éi]R:a(fﬂcﬁﬁB‘);é protBes

oIIO|daI silica so ssed ha hi b use ,of the
oah puci ty dieana et e, Rufeinee. Al b s oR TH0 RS Sover o
drawbacks. Ommdos:pohetletdie 25 col | oi dal SI lica from this process is

much nore expensive because of the highly expensive raw materi al s.
Secondly, large quantity of inpure methanol or ethanol will be

gelner at ed smhi ch Lﬁlth@?gfebrliexfﬁﬁmﬁédn refmoea dbiyain Emhfuftrécben@tﬁljl o: dal
SIII Ca Can ave | ev Q, almonl a anli cC SO e eS| dua
whi ch can be eRgi<hauel Fap oRE Eian Seth e B SR Pt ng
(CWP) appl i caéuenms;ng the hnghesﬁ;ﬂslnty stalkisll $i0a (swenfes ekamgisf fHeent si zes

That "t hoy  car GENERAPES Uy L RalR Rt Bha Tleyd s ine.oB8 (48190 m °

Al so col | oi dadnddi.Si Patet@Nob8,ove)3l78)i spersed to the prinmary spherical
particles while funed silica particles are 5 always aggregated. In
the area 8f chenical mechani cal polishing (CWP), this translates to

very | ow defecti viahgthanepibioghh waiahvehds iatves, tsigh seritt @bloit@itsiilca is Most
col | oi dal SI|I§ nWerC|aIIy 10

1, h 1.
Coni L abre LudbiPS 5o Bhiess Tt irbihser B it PSR e a8
%)ubl e gl gi tttewmemagealan@r(mmmraétmeﬂm:yeﬁm@(ﬂa'oe)elaradl;]ﬁeecag wmety.
IS NaKes | una chanj,ca ol | sni
appl i cati on. 9“%1]‘38)!(@%”3‘5 'Séji'ﬁspt‘!ﬁ "'b@ﬁ{h@ ° ﬁh?%ﬂ%’fﬁp

T™MOS. 15 HOVVEM@'( ml)teﬂemfh_ deiotized (DIp vbiee forawyaroi@isy witk NS Y asdigause it
requires pure ra &a{:erl al s and a conpl ex manufacturing process and
it generates ﬁ#? ant anount of waste. For exanple, 3 parts of
TECS generates approximately 1 part of silica and two parts of inpure

are gener al 1y qui ABpOF oI SHEGHIR B REBA B AP LIS BIWRIHLPrY BRom 75
to 300 nm rrea@npaetdre se tisdtdiee éfvﬂﬁ@mal\mﬁdﬁhardrgm‘l‘ ¥'solvent can be removed
20 by evaporation (W. Stober, et al., J. Colloid intetface 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
25  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
30 polishing (CMP) applications.



particles size around 20 to 40nm But unlike colloidal silica (which
are solution grown) they have to be nade into chem cal nechani cal
polishing 25 (CWMP) slurries by high shear grinding process using

wat er, wetting and stabilizing agents. In addition these dispersions
need filtration to renove | arge particles. Thus, although the funed
silicais lowto noderate in cost, the final dispersion can be

rel atively expensive. Oher issue with the funed silica is they cause
hi gh CWP def ecti vi(loy[oia@l silica comdsin citiferam lszea 9at ghalese oftendiaing U. S.

Pat ent Applicati 11/152, 873, filed on June 15, 2005,
whi ch i &1 nc JEpBRL TR SIS Y& e AfeAds it By Fn SeRemlio o
gr ocess is dl@@dllqmnblé@ aBrsnmug!s wogm NP RIsD c;tﬂlb*dai gilida csinlb'c-scmel:c |

i spersi on. is ne inclu e i ssql yin une
i ea | an dnrsRiLodtr pARERCSTELP PR AredrTeelis? BafiaRsarte 1o
prloduce arb ald{\aéysr@gsegatecat M the lavdd mllgeﬁnwmhamcaﬂcﬁoaeﬁwmmﬂ icate
sol ution; n e .mjorit alj, .ions via ion exchange t
roduce & i IMEE sl G3p0 bk enfhedid mof Rl e of seran
concentrati onm&tag. pH of the SI|ICIC acid solution to val ues
sufficient to initiate nucleation and particle growh; I1)and cooling
the silicic acid solution sufficiently to produce the coll oi dal
silica di spersi onMoEheoliidl silickd, hstwi/éraarle&rLﬁtiamhpsrel rrHehmnméz‘ctailydal

silica dispersi have a rti ze abou n hou
700 nm aid vaiEbie P e laiETSteA e e Bis Fartiagimn toubf A
15Sem conductppm ramgss, atrtaualml@al@rdaﬂeeaeekxilemeg@mmal Thisseakasgh purity
chemi cal s, such _as %%/ A eI‘]OXIg .. HF, .%HIVAF d tlﬂ,e 1I‘l.i ke. This is
needed becaudlBEEFRIERIR fqT 8 &l mecpaticalpplishing 1 Rica¥on he | C
devices dramatically. 20The CMP process, however, presents a
different story. S be for the 130 s the
aifferent story. Tousy bielSASHRG S chBetroediss FEAURIFIbRS
cl eani ng iss mvm\éertﬁeteeiypes bﬂ silita efracéuqrexpemlﬁe Begned ipegtirds\Rire
cleaning could re no ities for thpose nodes.
Thue the | it IR AEE BT EG TRARRPIG Bibonts S EBPrHgER: s
thheéa e:Bectreryrmcﬁheazmonahts:.deetey Hmuam%ateptalpelrtdaﬁ'rsds @ehetdtey. | Na,
etc in hi used for polishi e | ayers
in these nod@FPEEHR F’%(I rkﬂém Wﬁﬁt?"ﬁ ggpqrﬁgq%@ Lﬁ%‘sbel ow
nodes, howevebmpobed a{em%sememfﬁ,[same) 30 changl ng dramatically. These
nodes i nvoI ve conplex structures including Low K and ULK materials

and caps.?°A variety of defects that were non- critical (or
tol erable) for 13¢hemnmde[80éma@ene;rally baigd pliel H'ﬁéséiefeeﬁilia. Cor r osi on

and Fangs are X seam et chi n at i.nterface
bet ween Ta ar'i’éﬁ@f? efgﬁg‘ frpp’baﬂ%fpe%ﬁn ”ﬁ%@?ﬁ"g 6%?(‘9@8@5'%”( evel
for 130 ng} n@dﬁtm!dﬁ@l’ zeﬁé'rol]?di ROde 40mhE Huhaﬂﬂlkél(tlﬁ:ﬁoﬁalr@ﬁ:aﬁﬁvﬂlcﬁ are
unaccept abl e. efectivity, e ches .0 _Nneans
very car ef ul SBQEP%‘/S ]i‘:t'é’ havg P CE'F‘ &‘egﬁc%(;n EP\EET(BO?E@HQ rol .
| mpurities C%Mﬁ%ﬁmﬁ’eﬁy mgs sh@éﬂ gmamg mﬂc&@f&ﬁ‘@watéb’ wett[ng and The
following is a ljst of inp th own éadoft
damagi ng ef f SEhilizihng sgents SIn addl’non these dlspersmns he ltra tlo or move

large patticles. 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
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(1) Electrical effects. Mbile ions, such as, Na and K; (2)
Corrosi on of Cu causing opens or shorts: Halides, such as, F, C, Br,
and |, and sulfates; 15(3)Fangs: solvents, alcohols, and am nes; and
(4) Scratches: A, Fe, abrasive conmpounds, such as, zirconia, and
alumna. In addition to these, there are indirect effects of
inmpurities. Cross 20 contam nation is one. For exanple in a Cu CW
process, if step 1 has sone C ion in the slurry, it can contam nate
the step 2 sl urry laedmetamgessigiedropésding Bis. dram@itpplitationhsetial be

pur o havi ng. tWCE NG e sh 2% RO len BlaE et dh N R s o,

objk ect 0}‘ t heeriiretg estl yenssmstihbmomswwsembm?mﬂm%e highig etk ibss]yes bK
maki ng slurrie jch are ultra.pure, . i.e. ess. than 0 of eac
"hatvidual 1 et ele et hhr TR P Fouges Be SeRE pldles s

ani ons, sugh famd@ilioaﬂrdaﬁagﬂ@?usﬂdh M F’E!?l%niﬁg@n! aﬂk&il \ﬁﬁbtﬁﬂ_\h?&h&i@é fsent

i nvention provides a method .of ¢ ca chani cal , pol j.shin ‘
surface of a KBRS alka es'#@f%%%‘ﬁ%cls‘ﬂfgg ’laiﬂé’(% 8*1“?&863@8@4 ng a
su:olst_rgtle; aln_dmvmgrm@a?ajcbrﬁﬂoﬂ@kmhlohmibmﬂeé:zcgggge tobpr(o][iha@e aklicial i ty of
colloidal silig rticles,. hayi ess than of each trace
nmetal inpuri t%ﬁ'da%‘ﬁﬁ,ﬁ‘%iam‘j‘sw&q é@?&@ﬂ?@ﬁﬁes@&%?ﬁﬂﬁ’ﬁ\ﬁ@%Fg‘ggfctgﬁgwclg ppm
resi dual al coioid sslntibrioeratios dutiiRieptittihitibieviicldaBier af@ batticleOgrowth;

concentration, excl.udjing .potassi .and _sqdi is, in the rapnge from
Sbout 0. 514 o GRDIES AT A0 PN S OP PESUSR e Frfoldhy
particles; silica dispandien.eThe thiRid0 Bpes pafioas irstharcolbitialamieae col | oi dal
silica dispersion;, agd wher.ei n th@ cont %Fg iS C rr'fcg%out at a

t enper at ur e PN ey piPHRaRsBRteR e PEHP 8”{) P 3% R he
substrate.  mean gdrticlprst2eMP3)¥ 0td 200 hiw, t her provides a ultrapure
colloidal silica dispersion including colloidal silica particles

havi ng a nean or aggregate particle size fromabout 10 to about

200nm  whegy ei Nt hgeamitdriugr nginbifagfuring processes, in general, use high
purity chemicals, such as hydrogen peroxide, HF, TMAF, and the iike.

This is needed because certain impurities can affect the yield of the IC
devices dramatically.

20 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

25 stringent as other electronic chemicals, Very impure colloidal sifica (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
30 changing dramatically. These nodes involve complex structures including
Low K and ULK matetials and caps. A variety of defects that were non-
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20 di spersion has |ess than 200 ppb of each trace netal inpurity

di sposed therein, excluding potassium and sodium and have |ess than
2 ppmresidual alcohol. The present invention still further provides
a nmet hod of 25manufacturing an ultrapure colloidal silica dispersion,
i ncluding the steps of: di ssolving a funed silica in an aqueous
sol vent containing an al kali metal hydroxide to produce an al kal i ne
silicate solution; removing nmajority of the alkali neta
via ion exchantjealt(or fpievablepfoa 130sin nales bacarde setic kille; defadisust i ng

t enper at ur e, oncentr&%Fon and H of %hﬁ:SI|ICIC acid, solution to

val ues suffic @Fﬂs'% ?“gast%fe ARG T AN PEMEFEN RIS and
cool i ng t he shierfatebeai@icdnsia atd 00 at hetrepthes id heseptbicoisitd ceigin ca

di sper si on. sept jinventi.on al vi des a net hod of
Chent cal _mecHafe 2o 135 BRiEqPar &4 ¥ftias Bpoe Mb LA 0% et ot g ¢ he
st?ap ofOI 5 unacoentahﬂlej S@ryt ImwMbamnﬁmpa@d[mraibméﬁapwben@mﬁvm’ndal
silica dispersian ingludin ca ic avi a nean
or aggregat e 8 Plll%ﬁ I@F?Sgﬁ"gqﬁr%eﬁﬁﬁ%' df n @‘ggbgﬁpteéog'ﬁ'ﬁf“

wher ei n t he omihlimavdal stsingiicffusthics padefeativilyas | ess t han 200 ppb of each
trace netal inpurity, excluding potassium and sodium and have | ess

than 2 ppmresidual al cohol; wherein the contacting is carried

out at a tenperat Uheffalmduirﬁg)is slighef inpdritkés wittmknewd bi patentialtyo pl anari ze
the substrate esent invention additionally provides a

pot assi umi Iqagéﬁgglgs%cret?It%%'ﬁv‘%g‘?f?ng | ess than 200 ppb of each trace

metal inpurity disposed therein, excluding K and Na, and | ess than 2
PP sl duel L o, ERMIBRE A MR DR A L L5 O e
descri ption of thé)preCernosion efidadaosing spdrzadr sihol't‘sﬂﬂaldes, such as,
E, Ci, Br, and |, and suifates;
15 (83) 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
20 contamination is one. For example in 2 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 he noted that many commercial Cu and
barrier slurries are relatively pure having trace metals at less than 1 ppm

level.
25
It is an object of the present invention o 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 catlons, and anions,
such as, Cland F.
30



BRI EF DESCRI PTI ON OF THE DRAW NGS 25 Fig. 1 is a graph plotting
normal i zed data for Cul OK-SPF with contam nants. Fig. 2is
a graph plotting normalized data for polishing CulOK-SPF 30 with
contam nants. Figs. 3 is a graph plotting ER8071 Slurry with

cont am nant s. Fig. 4 is a graph plotting data for polishing
ER8071 with contam nants. 5 Fig. 5 is graph plotting nornalized
data for polishing Cul OK-SPF with contam nants. Fig. 6 is a

graph plotting nornmalized data for Cul OK-SPF w th 10contam nants.
Fig. 7is a %M% pol i shing ER8071 with

cont am nant s lotting ER8071 Slurry with

cont am nants. Fig. 9 is a graph plotting corrosion rates of Cul
OK- SPF and ER8071 | es, . 20FL 10.is a ti.n cli

pol ari zati on corrpﬁ'?gg o ’“HSRQ%WF%%aaﬂ%a%é%ﬁ %ﬂ% E\X

Fig. 11 i s a mlisighg plsatfhcanof @ yobstaiq oftay mzthiot dmcludusihe ISfE!pI’DfOf ER8071
sanpl es. 25 DETAILE LON OF THE PREE

Cheni cal mechani CQP%%%F%@%WF&COWQPFF\{%*\ %/qq??%an about 200
ppb of each indi viigual a phaality anﬂlbldarmIWal;iayﬁclwlﬁb\Qigll@bﬁthnme 30
particularly a eac? I ndi vi ce netal

ool bt ey e R Se b Hethssin Sl St Bove Mot

| ess less than 2 ppm residual alcohol and wherein the cumulative trace metal

10 concentration, excluding potassium and sodium, is in the range from about
0.5 to about 5 ppm; and
(i) a medium for suspending the patticles;
wherein the composition is an ultrapure colloidal silica dispersion;
and wherein the contacting is carried out af a temperature and for a period
15 of time sufficient to planarize the substrate.

The present invention further provides a ultrapure cclioidal silica
dispersion including colloidal silica particles having a mean or aggregate
particle size from about 10 to about 200nm, wherein the colloidal silica

20 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
25  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
30 silicic acid solution;



than 1 ppm Moreover, the cunul ative anount of trace metal inpurities
present in such ultrapure slurries according to the present invention
is in the range fromabout 0.5 to about 5 ppm nore preferably from
about 1 to about 3 ppm Such ultrapure slurries exhibit novel renoval
rates with a sdecrease in defects. Such slurries may optionally
include a stablizer ion, such as, potassium The col | oi dal
silica particles are fromabout 0.2 % to about 45 wt % of the total

wei ght of the comaﬁhflh@fbmﬁ@é@r@bsﬁ@é@@wn EROPHUP Y silfcid Bcit % t O
about 24 wt% The col | ol dal lica Pal‘tIC es have a surface area from

about 20 nR/ geoétﬁloa%eei@lUS§>eufﬁ@ﬁ§tto initiate nucleztien ahpRISFle s uRTIher

includes a surfackaslingsfik efieRGcld SiMtRM 18 Prdtuce &ld &dllofdal Sfkdyr | oni ¢ and
anphoteric surfactants and a m xture thereof. The 15surfactant is an

al koxyl at ed rH¥RSIYAT-c surfact ant. The conposition further
includes at |east one additive selected fromcarboxylic acid, at a
concentration of about 0.01 wt%to about 0.9 w% oxidizer, at a

concentration of ABBEESENt [YANHRH %{ﬁbﬁ‘iov@eﬁs%m%ia‘éoﬁ@‘%?'é?ler ably from

about 10 ppmphe-rabrul pcﬂéﬂ?xg@éﬂrfa@@%f ﬁ%ﬁb@tﬁdt@&cid@im bQtep & a
concentration of about 10 ppmto about 1000 gorrpom tionis
in a form sel ect e&omﬁﬁﬁ‘ﬁ%ﬁhe@tﬁ‘ﬂﬁtﬁtﬁﬁnd@BIqleﬁpﬂ'éﬁ C@@?@iﬁ' PRHHISPRISIONt i on
and slurry. Tmudmgib&m]da‘} sﬂ.&@ﬁhﬁﬂ@@%a&m %nééh SPagifpbytie Paripiceied the

total weight of the caonposition. The nmedi ym has a i@—#éout 2 to about
11. The ni¥di dram gb@éﬂ@éﬁ@&owf%ﬂﬂmtﬁéﬁ Wf@fﬁ'm@aﬁﬁlletdgbwkmﬁ'%ﬁfaroa

m xture therepg less than 200 gpﬂ_'&ﬁeﬁéﬂ ﬂréﬁedfﬂbtaﬁh%pldﬁﬁ; @kéigﬁh? pBthskdpiised as
t he chem cal nechani cal ol i shing_conposition wt isolating the

col | oi dal si ﬁnée@oawm..a@ﬂé@veﬂ%thm2 pewt tegidbalialeghelica di sper si on.

Preferably, the alkatdin f@@nﬁw%%éﬂﬂed §umfa€t§@r}éf§tm&@n@%ﬂ& The
colloidal silica particles, are prepared di ssolving a 5

silica in an P&ﬂﬁ@:@ﬁ@’“@@”ﬁ'@@t’“f%ﬁﬁﬁﬂzﬁéh%ﬁu%ﬂﬁﬁ i metal hydroxide to
produce asal kaline silicate solution, renoving the alkali metal via

i on exchange to convert the alkaline silicate solution to a silicic
aci d sol ution, adjffteprafgnt Bipaiionagddiionabnrenties airsissivn pliFae t ne

silicic acid @i hamng %s\é&hméo@ Hbb bfdftirdcs méwmr@hﬁtyrmgdo%eal on and
particle growh, and cooling the silicic io acid solution at a rate

suf fici ent t@%ﬁ’@d%‘é“cﬁ”%lﬂﬁf@lM%Ia“glfﬁ%a’éiﬁﬁﬁé"r reeiial dlfendlsol at i ng
the colloidal silica particles fromthe colloidal silica dispersion
to produce colloidal silica particles having a mean or aggregate

particl e ®i ze abolhesganthother agrasts srsobanefiterii hepresenigae @d%anqirom
Li, Rb, GCs, K b@&mﬁmr@aﬁbﬁab{t R @thiRadsRatRAfof 11 prsdrRial

met al s concentration of
embodiments that fcIIOWS

BRIEF DESCRIPTION OF THE DRAWINGS

25
Fig. 1 is & graph plotting normalized data for Cu10K-SPF with
contaminants.

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



15 1 0 ppmor |ess. The trace netal is present within the

di spersion in the range fromabout 5 to about 200 ppb, excluding
sodi um whi ch may be present in an anount of |less than 1 ppm

Moreover, the cunmul ative trace netal 20 concentration of the

di spersion, excluding potassium is in the range fromabout 1 to 5
ppm nore preferably about Ito about 3 ppm According to an
enbodi nent of the present invention, the chem cal nechanical
polishing slurry gy siiga drgsispibhiag EHH07 PSR wantatamirsine 25 as,
ammoni a. The present invention provides a nethod of

manuf acturing a colloidal silica dispersion, including the steps of:
di ssol ving a fumegkidgid ik @agraph plotidguReatdr poksheiyi ERSOW awith Ng an al kal |
nmet al hydroxi de to produce an 30 al kaline silicate solution; renoving
mejority of t¥EEBMRAME- netal via ion exchange to produce a silicic
acid solutyon, adjusting tenperature, concentration and pH of the
silicic acid solutjon  to valyes sufficient, fq initjiate n ion and
barticl e orownt I SdbgramploNed Bpmalre detedotirishPe A RS Bhuce ¢ he
col | oi dal si lyjgecdhtahmaaison. 5The colloidal silica particles can be
isolated fromthe colloidal silica dispersion to produce solvent free
colloidal silica particles. However, the dispersion is typically used
"as is" or by addiFig 6at BejrapiplotiigedtEalized (ataRr CON JRIBREF @ith vent s,
additives and surfactants to produce a conposition that is suitable
for use f# WBRAMAR Fechani cal polishing of surfaces of a to
substrate. The colloidal silica dispersion can be concentrated
fromthe original colloidal si]jca dispersjion ej by renoving the
hueous. ol vant o6,k & St BB R poIsPR BTy oy dal D
silica parti dopssminasist hereafter drying. 15 The col | oi dal
silica particles prepared by the nethod of the present invention have
a mean or aggregate particle size (MPS) about 10 nmto about 200 nm
20Preferapy, therppl Bed d%kapm' ;blbﬁiﬁ? E®B0T ¢ BR#nNaitecentimihtset al s
concentration of about 300 ppmor less. The netals can be Li, Rb, Cs,
Fr, Fe, A, or any conbinations thereof. Mire preferably, the
concentration of Fhesas ERfradSplbRingkotbsidd rReLPCU1®MSSPF2RIN t he
practice of the nmethod of the present invention, funed silica
starting rmat e’ 1iS8MRI®B 0l ved in an aqueous sol vent, such as, an
aqueous al kali, alcohol, or a conbination thereof, to produce an

al kali silicate sglution. Then, pmjority of the alkalj is_ renoved by
i on exchatge so t &k 1PHR28f3R0 ?'ﬂ@‘”éPV?“&&’P Nz $BIParSoR Shverted into
a silicic aci@nfmivtbe Tu1dR-SPF samples.

Fig. 11 is a graph plotting cyclic polarization comparison of ER8071
samples.
25
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
30 particularly about 5 fo about 200 ppb of each individual frace metal or
alcohol, excluding sodium, which may be present in an amount of less

8



The tenperature, the concentration and the pH of this solution, which
is asilicic acid solution, is then adjusted to values such that the
sel ected val ues cause the solution to initiate nucleation and all ow
the nucleated particles to formthe colloidal silica dispersion. 5
Preferably, the tenperature of the silicic acid solution before the
start of the nucleation is about 5 Cto about 40 C. Preferably, the
concentration of the silicic acid in the silicic acid To sol ution

bef ore the st than mpmhMmemJee,ahé emh&tieé)embuﬂt a‘ﬁt’t&icéma@l()mbuﬁﬁbsvw % of

theS|I|C|caC|dsqu fera silicic
her - sol ut i onsReeRn ke Drapyre guufibs a6t 1n e Rbar R inve Mo 1.5
to about 4. 0. theFange from dboef eﬁabbyo%ﬂmﬁam%brgmefmm{] frbmtdt@usi ka ci C
acid solution_js _ about 0 qut 100 m n urity
ol Lot dal st 1 PSR SpoMelaly® 068 1ot o vh Brns Al e bk

adm xed wi§h desressmiduetents. gSacheslmsies redyesptiahally ieclgde a ietblingedm,
peroxi de, BTA, KOH anic acids, etc., to make a final slurry

, 0O
product havi nﬂ“&%ﬁ&g{#@' B]url ty. The bel ow exanpl es show the results
of our conparative studies 25 between the ultrapure coI | oi dal silica

di spersion of the ent i Ver sus _cpny, iqn.le ure
coll oidal silica dﬁ%epcéﬁg'idﬁ %!['Ga'ﬁ?é@ﬂ %?B@Lét%g% W@f’ aa‘éﬁoﬁl‘i}gt rate

t hat t: ny arrwt%s:fthfetbmpweight Gﬂhealmbﬁ!ﬂ&om rﬁdrgrmiréfbfmmmﬁfaﬁeuwg
removal rates tivity. U.tra pyre slurries have better
Overatl pab f ol ebafh it o s ehiaiulds niind it oRs ea | n
t he bel ow exaf@heboat 20 @k tb abbik 308ImAUyi n Tables 1 and 2. TABLE 1
bj ective: Polishing for differences in Control SPF/ ER8071 and

contam nants Scrubber DI H20 only Slurry Lot# Control SPF
The composition further includes a surfactant selected from anionic,

cationic, non-ionic and amphoteric surfactants and a mixture thereof. The
15 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 wi% to about 0.8 wi%;
oxidizer, at a concentration of about 10 ppm 1o about 2.5%, more

20 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 wi% to
25  about 86 wi% 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 thereaf.

The colloidal silica dispersion is used as the chemical mechanical
30 polishing composition without isolating the colloidal silica particles from the



142116 SPF + 100ppm Ammoni a SPF + 15ppm Al Oxi de SPF 4. 150ppm
Met hanol  1366- 82A 1366-82B 1366- 82C 1366- 82D Waf er type:
Average (angstronms) Used Cu 1017 Used Cu 1152 Used Cu

10

15

23

30

collioidal silica dispersion. Preferably, the alkali metal hydroxide is

potassium hydroxide.

The colloidal silica particles are prepared by dissolving a fumed
silica in an aqueous solvent including an alkali metal hydroxide to produce
a alkaline silicate solution, remaving the alkali metal via ion exchange to
convert the alkaline silicate solution to a silicie acid solution, adjusting
temperature, concentration and pH of the silicic acid solution to vaiues
sufficient o initiate nucleation and particle growth, and cooling the silicic
acid solution at a rate sufficient to produce a colloidal silica dispersion; and
isolating the colloidal silica particles from the colloidal silica dispersion to
produce colloidal silica particles having a mean or aggregate particle size
about 10 nm to about 200 nm and metals selected from Li, Rb, Cs, Fr, Fe,
Al, and any combinations thereof, at a total metals concentration of about

10 ppm or less.

The trace metal is present within the dispersion in the range from
about 5 to about 200 ppb, excluding sedium 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 agueous 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, adjusting temperature,

10



1031 Used Cu 1024 Defects counted: 8 10 67 8 Waf er type:
Renoved (angstrons) Used Ta 668 Used Ta 703 Used Ta 734 Used Ta 736

Waf er type:

10

15

20

25

30

Average A Renoved Used TECS 1809 Used TEGCS

concentration and pH of the silicic acid solution fo values sufficient to
initiate nucleation and particle growth; and cooling the silicic acid solution
to produce the colloidal silica dispersion.

The colloidal silica particles can be isolated from the colloidal silica
dispersion o produce solvent free colloidal silica particles. However, the
dispersion is typically used “as is” or by adding other ingredients, such as,
organic solvents, additives and surfactants to produce a composition that
is suitable for use for chemical mechanical polishing of surfaces of a

substrate.

The coiloidal silica dispersion can be concentrated from the originai
colloidal silica dispersion either by removing the agueous solvent or, more
preferably, by filtering the colloidal sifica particles, and theregﬁer drying.

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

Preferably, the colloidal silica particles have a tofal 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 [ess.

In the practice of the method of the present invention, fumed silica
starting material is dissolved in an aqueous solvent, such as, an agueous
alkali, alcohol, or a combination thereot, to produce an alkali silicate
solution. Then, majority of the alkall is removed by ioh exchange so that
the alkaline silicate solution is converted into a silicic acid solution.

11



1821 Used TECS 1786 Used TECS 1773 LPC s 0.56 1379 1237 9964 1252
LPC s 1.01 320 243 457 211 NIPS Gaussian 147.4 146.5 146.4 148.7
C- 0. 56*

The temperature, the concentration and the pH of this solution,
which is a silicic acid solution, is then adjusted io values such that the
selected values cause the solution to initiate nucleation and allow the

nucleated particles to form the colloidal silica dispersion.

Preferably, the temperature of the silicic acid solution before the
start of the nucleation is about 5 °C to about 40 °C.

Preferably, the concentration of the silicic acid in the silicic acid
10 solution before the start of the nucleation is about 2 wi% to about 30 wi%
of the silicie acid solufion.

Preferably, the pH of the silicic acid solution is about 1.5 to about 5,
and more preferably from 1.5 to about 4.0,
15
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
20 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 resuits of our comparative studies
25 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
30 compositions used in the below examples are set forth below in Tables 1

and 2.

12



3780 3560 70001 6718 C01, 0* 395 546 35645 1942 5 *C Is anot her
scattering technique of neasuring Large Particle Counts(LPCs )

2 (bjective:Polishing for differences in Control SPF/ ER8071 and
(igggamégants Scrubber Recipe:D H20 only Slurry Lot# Control 8071

Li ght
TABLE

TABLE 1

Objective: Polishing for differences in Control SPF/ER8071 and contaminants

Scrubber DI H20 only
Recipe:
Slurry Control SPF + SPF + SPF +
SPF 100ppm 15ppm Al 150ppm
142116 Ammeonia Oxide Methanol
Lot#| 1366-82A | 1366-82B 1366-82C | 1366-82D
Wafer type:| Used Cu Used Cu Used Cu Used Cu
Average (angstroms) 1017 1152 1031 1024
Defects counted: 8 10 67 8
Wafertype:| Used Ta Used Ta Used Ta Used Ta
Removed (angstroms) 668 703 734 735
Wafer type: |Used TEOS | Used TEOS | Used TEOS |Used TEOS
Average A Removed 1809 1821 1786 1773
LLPC's 0.56 1379 1237 9964 1262
LPC's 1.01 320 243 457 211
MPS Gaussian 147.4 148.5 146.4 148.7
C-0.56* 3780 3560 70001 68718
co01.0* 395 546 35645 1942

* G Is another Light scattering technigue of measuring Large Particle
Counts(LPCs )
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8071 + 100ppm Ammoni a 8071 + 15ppm Al Oxi de 8071 + 150ppm Met hanol
1366- 82A 1366-82B 1366-82C 1366- 82D Waf er type: Average
(angstronms) Used Cu 36 Used Cu 78 Used Cu 71

TABLE 2

Polishing for differences in Control SPF/ER8071 and contaminants

Objective:
Scrubber
Recipe: D1 H20 only
Slurry Control 8071 + 8071 + 8071 +
8071 1366- 100ppm 15ppm Al 150ppm
83 Ammonia Oxide Methanol
Lot# 1366-82A 1366-82B 1366-82C 1366-82D
Wafer type:| Used Cu Used Cu Used Cu Used Cu
Average (angstroms) 36 78 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) 673 671 663 661
Wafer type:| Used TEOS | Used TEOS | Used TEOS | Used TEOS
Average A Removed 713 725 708 715
LPC's .56 2358 2884 443878 6833
LPC's 1.01 309 320 20666 1358
MPS Gaussian 66.8 66.6 £6.2 66.1
C-0.56 10247 8277 425314 12288
c-1.0 1722 1389 219680 5829

14




Used Cu 171 Defects counted: Average Defects 3 311 70 70 4 4
Wafer type: Renoved (angstrons) Used Ta 678 Used Ta 671 Used Ta 663

Used Ta 661

EXAMPLE 1

The present inventors mixed some contaminanis into Cu10K-SPF
{i.e., a commercial barrier layer po[isﬁing slurry manufactured and sold by
5 Planar Solutions Inc., which includes 10% fumed silica, KOH, a corrosion
inhibiter and hydregen peroxide as an oxidizer and ER8071, i.e., an
experimental barrier laver slurry with 8.75% ulira pure colloidal silica
pariicles, KOH, a corrosion inhibitor, a surfactant and hydrogen peroxide,
That is, the present inventors used the ulfrapure colloidal silica dispersion
10 made by the aforementioned manufaciuring process. In addition, the
present inventors, used semiconductor grade raw materials, e.g.,
hydrogen peroxide or BTA (as a corrosion inhibitor) o make final slurry

products.

15 For comparison purposes, two slurries were made, i.e., standard
Cu10K-2 and an experimental barrier slurry ER80711, 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

20 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
(5 ppm) and methanol (150 ppm) were added and then various properties

25 were fested, These tests demonstrated that ammonia increased copper
removed rates and slighily increased defectivity. Also, alumina increased
LPC’s and defectivity dramatically. Furthermore, methanol increased the

C LPC’s (large particle counts) significantly.

30 Figures 3 and 4, attached hereto, provide data when ER8071 slurry
was used and wherein fixed amounts of ammonia (100 ppm), alumina (&

16



Waf er type:

Aver age A Renpved Used TEOS 713 Used TEOS 725 Used TEGS

708 Used TECS 715 LPC s .56 2358 2884 44878 6883 LPG s 1.01 309 320
20666 1358 MPS CGaussi an 66.8

10

15

20

25

30

ppm) and methanol (150 ppm) were added and then various properties
were tested. These tests demonstrated that ammonia increased the
copper removal rates. Alumina increased the LPC’s and defectivity and
methano} increased the defectivity and LPC'’s.

EXAMPLE 2

Figures 5-8 include data generated from a second screening of
contaminants in both fumed silica and FCC particles. Aluminum oxide
from Example 1 was replaced with aluminum chloride, as well as the
colioidal silica particle was replaced with FCC particles,

Figures 5 and 6 attached hereto, provide data when Cu10K-SPF
was a control and wherein fixed amounts of ammonia (100 ppm), alumina
(5 ppm), methanol (150 ppm), NaOH (5 ppm), ethanc! (150 ppm) and a
mixture of contaminanis 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 siurry
was used and wherein fixed amounts of ammonia (100 ppm), alumina (5
ppm), methanol (180 ppm), NaOH (5 ppm), ethanol (150 ppm) and a

16



66.6 66.2 66.1 C0.56 10247 9277 425314 12288 C- 1.0 1722 1389 219690
5829 EXAMPLE 1 The present inventors m xed sonme contam nants
into Cul OK-SPF (i.e., a commercial barrier |ayer polishing slurry
manuf actured and sold by 5 Planar Solutions Inc., which includes 10%
fumed silica, KOH, a corrosion inhibitor and hydrogen peroxi de as an
oxi di zer and ER8071, i.e., an experinental barrier layer slurry with
6. 75% ultra pure colloidal silica particles, KOH, a corrosion

D Lo+ ! i AR At RGN PERE M Bebrdcrick iford” CSer!

I nventors use rapure co I'on to made by
t he af or errentteﬂa&dAHﬁanﬂmheLﬁﬂGfﬁRﬁﬁb‘cmples uoaimh;fewasrﬁ lof legs pr esent

i nventors, us m gen
per oxi de or @%dc%gs ﬁ%g%?g&ggpvgﬁé\?&ﬁh@ (Eﬁﬁ? aHint én °fa'g' onﬂ?’%p?
products. 15Rowertaipets wdthrihg twqres ease’ sawplel Theirateswist rotragdm toi . e. |

standard 5 change much.

MPS and Zeta seem to be impacted on this normalized graph, but
the actual numbers do not vary much, Review of the scale demonstrates
that the FCC particle was not affected much by the contaminants,

10 including even the 'worse case’ which is methanol zeta is —28.1 versus the
control of —~29.1.

The fumed silica samples are undesirable as far as LPC’s.
Defectivity and copper rates are the main factors affected by polishing
15 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.
20 EXAMPLE 3

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

25 The samples in the figures included a Cu10K-SPF as the confrol,
the control contaminated with 100 ppm (wt/wt} ammonium hydroxide, 150
ppm {(wt/wt) methanol, 5 ppm (wtwt) aluminum chloride, 5 ppm (wi/wi)
sadium hydroxide respectively, and one control included all the above
contaminants together. The two ER8071 samples were with identical

30 chemistry, only different on the abrasive particles: one with a TMOS based
colloidal silica which is known to have less than 200 ppb individual frace

17



Cul OK-2 and an experinmental barrier slurry ER8071, as control

sanpl es. Thereafter, the inventors intentionally added several
inpurities, such as Al, d, ammonia, nethanol, and the |ike, and
measured LPC s and did polishing tests. Attached is the raw data for
LPC s (Accusizer and 20 Celerity), MPS, and polishing on a hard pad.
Figures 1 and 2, attached hereto, provide data when Cul OK- SPF was a
control and wherein fixed anounts of ammonia (100 ppn), alumna (5

ppm and net *@hlgﬂs bﬁ%@@p@:@ﬁ%in\’@e{swg oﬂgfd %Hﬂﬁ{anmmp%ﬁe@w@%gi es 25

wer e tested. ese nonstr ate moni a I'ncredsed copper
renoved r at eswithredtypé ioff FCIOycalloiiseased defectivity. Al so, alumna
increased LPC s and defectivity dramatically. Furthernore, nethanol
increased the C LPC s (large particle counts) significantly.

30Fi gures 3 and AFigate @chews e etrmsignratesdalcutated wiieg iEFRBBRT Sl urry

4 and : . ‘ - . z
oo and ot 100 ShbtloiiRie R T 42 2 SRR iRe s e PRlThn B M 12 {
vere tested. THdpbis efthe sdempbess t Betb achmdnia arthatomiram nblpe‘dsew_re he .
t . A t

et hanol ei”ﬁX?%%é%%ﬁ%%f&éf@@?%°b?§%iﬁﬂ%li&@§‘§i%&@"&ﬁ@%ﬂa“' v
Fi gures 5-8 itimchiodenelaicnedenataatieant$ tay r osynegetiaicase

Cani s i L ) - : i
contam nants B B UORA 8 R TR R BB o 0

col | oi dal 10si Ifigree péX.ti cl e was replaced with FCC particles.
Figures 5 and 6 attached hereto, provide data when CulOK-SPF was a
control and wherein fixed anounts of anmmonia (100 ppm), alumina 15 (5

ppn), nethanol (1Biguppt js tNe@tlcSoginizptiorecdrararisot Db (hepiwie) ERSRY 1a

m xture of cqntapm.nant. d n - J IS were
festod. The RATBPssdr P ATk 4 RREeeRE bl g RiBop BARGERerCY, 107G,
Ta, TECS and sdééectvsen FleeEdOistseddbnshet vare dsed bt ageepent wihoval
rate increased wih. ' it d defects decreased. Not nuch
20 changelsvvi t%ﬁe ﬁ%ﬁ%&ﬁﬁ%éﬁﬁ?@@%&%? irved. The al um num chl ori de
sanpl e showed hi gher defects than the control. The NaOH gave much

hi gher defects, i . ; QW’ A th all
cont am nant s gavg'?é‘?F%#Bg'“ﬁ%’ﬁﬁ%%%’%3"&%%&%%8%’%8‘559? e an E ef ect s.
25For MPS andnidaftssof imperitied gansizavel sesigiifidanyeifect bngemoualivates, was t he
Al Cl sample, LRC s re very hi t CUSs]) - . MPS
was not aff e(!‘tp ch ﬁf}é\ﬁef%?wéﬁ){ya@\%f Ie‘[%plprg Smrﬁgs’ %%{E(?rghﬁggq'}ecg}ﬁg%

at t ached -her éiventiqn, dreivd dettat avestibperfdR®@irde thbnrcopvedtionalsslursied and
wherein fixed anounts of ammonia (100 ppm, alumna (5 ppn), nethanol

(150 ppm), NaOH (5 ppm, ethanol (150 ppn) and a
in another embodiment, the present invention provides a method of

chemical mechanical polishing a substrate. The method includes the step
of contaciing the substrate and a composition having a plurality of colloidal

25  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
30 mediums to produce a polishing composition. For example, the particles
may proportionately include a greater concentration of larger size or
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m xture of contam nants were added and then various properties were
tested. As far as the FCC/ER8071 sanples go there was a | ot |ess
affected. The defects were very high with the addition of anmonia,
and | ower defects with the 'worse case' sanple. The rates did not
seemto 5 change nuch. MRS and Zeta seemto be inpacted on
this normalized graph, but the actual nunbers do not vary much,

Revi ew of the scale denonstrates that the FCC particle was not

ffected ho iy, i

ahi ch 1 et nER B, W ARLSer dololiEnte b ARG sl cac¢

fumed silica gatigeesThe ccauidddhis aige vadafionds aamm@rermaécatewf ty and
I

copper rates éﬁr?ac%fﬁaﬂﬁﬁﬁé% J@&q‘ﬁ%ﬂ?@@%@?ﬁé déb%{yhrﬁ:fi‘b@s o, Anpl es

wi t h contam nants en contam nan icleis
not i nfl uenceepnyaotionsheealishgdni ng Ni conp and col | oi dal dynamics. FCC
particles with contam nants may cause defectivity to increase, but
rates generally remain constant. 20EXAMPLE 3 Figures 9-11
depi ct the effect sTh@rcomamﬁiomoas finthepinobudesPradsiitiveERER T fiomtehei r

respective co he
figures incl u 6@&%%?[@%%&3%&?%5% Ib%ﬁ'ds?ﬁ&%ﬁ%ﬁt ro 4&%8{5 g)tr?] nat ed
with 100 ppm Qf\ﬂbpui:@ 04 mi¥riowobl AR owlalen oxBizeppregent Ive) met hanol , 5
ppm (wt/w)

respectivel yaédﬁg}émégr?eﬁcmg%g) F?F ude% Q%hlguﬁ%ghﬂve n%é%?hant s

t oget her. IWhaoremtERa@tmcqmpbegf alegud 1Qippi fodboti 1200 m@ncmm st ry,
only differe ; i | : T,

col | oi dal si ﬁoﬁgw{?@?{&?@@}%\%ﬂﬁgﬁ%@gé Fg%@ﬁ&t %’BQ‘SB) A;ﬁ VI dual
trace netal ot with certain levels of al cohol and anmoni a
inpurities, the other with a type of FCC colloids. Figure 9 shows the

corrosion rates calculated using the Stern- 5 Geary equati on based on
dat a acqui red vvitlﬂ"lﬁipr@'arre@@rrdﬁpﬁmrﬁm coepaskiien Tedfledespronaryof  t he

sanpl es. t he
corrosion r at hﬁ@ﬁ&%%rg?%%k%ﬂgﬁln%&a%qq’??ﬁ%ﬁﬂl
af orenenti oned cont am nants together had | ed to synergetic increase

of copper corr osi §flsIafo8fith d5h BB PHRHAN oPLn BAGRIOHEL BBt ecti on
(see ioFigure 10).

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
20 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

25  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.

30
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Figure 11 is the cyclic polarization conparison of the two ER8071
sanples. It displayed the decrease of corrosion protection on copper
surface when the T111108 based abrasives were used: in agreenment with
15t he corrosion rate calculation (Figure 9). The present

i nventors have unexpectedly discovered that tiny amounts of
inmpurities can have a significant effect on renoval rates, LPC s and
defectivity, and that ultrapure slurries, according to the present

20i nvention, have pgfdrfly QK epBbi inRE6! SUARASH iR BeCARLERAIO IRk,
slurries. I'n another ehpodinent, the present 1nvention

provi des a nedEBNICHPsidiR Hefastivitkis ivhaevad opdhe walengudacsgbJihetafere, The

met hod i ncl udgg,thgist CORYRGEd i
conposition ha\ﬁ/?ltr‘l%é p']ﬁfﬁcgqtty Ofe?tég{l%g%g% %%@%@f@gﬁﬂgr ta‘i'vgfdgs
accordi ng to @ther Pmeseynh asihese having Ry aadid@di um for suspendi ng t he
particles.; The contacting is carried out at a tenperature and for a

period of tine sufficient to ﬁl anarize the substrate. The particles
can be suspended dhediastressiadhe gormposiiiorealyo bavesa lavelgivelas tiaeepr oduce a

pol I'shi g CorReRld bath ak e, AXATRYL G4, BRd P?rﬁré@}m,@@ac&ro%%mmat ely

include a greater concentrati'on o arger ' size or rimary particles,
with a | esserpastiglehtvent taddl restalsmancentiration of ahols 860 miaT 9 Ipes .t The es.

The result ofmblsSoat BEFYAI B RBNCE S8 dRAKALHORIBIALOT MO

surface inmpurities and contlr [1ed surtace topogra not provi ded by
convent i okl RIeieraiiisshe sonceniratiompithessmmetala is aosa) PRIMtHidessi ncl ude
an additive j i } f
carboxylic a??%jg%p(?%géeﬁrg)ﬁ ‘@%C%Qﬁé%dndt ?fgﬁ\%\égﬂn g’%!sgﬁglatéﬁ%ﬁ. g%]ﬂv?/trézsts o
about 0.9 w %xcapt foxKdwhish capbedisad asstabiizenoeNer ati on of about 10
ppmto about 250,000 ppm and preferably, 10 present in a
concentration of about 10 ppmto about 1000 ppm and a corrosg on

i nhi bitor, presenPrefaratilis sfigagertislesdyitg sugagpaieadraab8beutRI00 Bpm | n
a prefer rad. agheghimn mtAare REROHI Q)6 44R% Aham iRt | ol es
having a nean particle sifze Trom about nmto about On

The conposi t itbs cempoytion and e medinnds aboutdhwtés orlQ wi% of the dal
suspensi on, %oﬁﬁrﬁo‘é AN, and a slurry in which the particles are
uniformy dispersed and are stable both in a basic or acidic pH
environment and zo includes a surfactant. In a preferred enbodi nent,

the conposition cag dRelipitarbveneidium can be water, an alkaline solution,

20  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
adqueous organic solvent, such as, an aqueous alcohol, an aqueous
25  ketone, an aqueous ether, an aqueous ester, or a combination thereof,

The preferred medium is an agueous alcohol, wherein the alcohol
preferably is methanol, ethanol, propancl, butanol, ethylene giycol,
propylene glycol, or a mixture thereof,

30
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ani oni c, non-ionic, anphoteric surfactant or a m xture thereof. Mre
preferably, the conposition includes a non-ionic surfactant, used to
25 significantly reduce surface renoval rates to about 50 ppm The
preferred non-ionic surfactant is an al koxyl ated non-ionic
surfactant. The beneficial effects of the surfactants include a
reduction in polishing friction. 30 Preferably an upper limt
of about 1000 ppm because at this level, organic residue, defectivity
|'s observed on { nenugldfiuaiehBeafe sthELE bPhferdht RBAr hBRHEes fact ant
is preferred because of 1ts inert reactrvity {OVards ot her 1l ms,
such as t hoserganid sgjveht typicallyaeammboyed in theTprecersrafincdraadiuringre

conposi tion : ; Efia Al
[ R, Go, anipet Yol iorihg 1d St fienft RSB T
total metal s siioadéapersion oan bé usdrbas the@bemingl mecharisal polighimet al s can
be Fe, Al ,. Li o . : I; [ i

pr ef er abl y5 , tcﬁ_reﬁ?gs)ﬁgz&“ﬁg Elgﬁa@;&tp Eggfgd [an%%g] é’%ﬁ@ﬁ%ﬁﬁ{m ?LH(%OS%Hgf

| ess. Mbst pesiitedigpeision.ne concentration of these nmetals is about 2
ppm or |ess, except for K, which can be used as stabilizer, or Na.
Preferably, silica particles having surface area from about 20 n2/g
15 to about 300 nihgphtaf the paliishinguromposition isomaibiained ofa anee fiotal

wei ght of th L1 : i ! to 99 wt % of
t he conposi ti%gﬁwe% bbO ﬂsn&dﬁgggﬁg%li%t%%&n? hbtetoérgra]eb(?%%%éan be

wat er, anival kal i ne sol ution, 20 an organic solvent or a m xture

t hereof. The nedi el ﬁﬁ% I i dal
suspensi on, or sl ﬁﬁ%%ﬁ&fﬂgmk%gyo&%l%oﬁé%gpggﬁs H%jl%gnn%%%fr%@on can

i ncl ude an agebydrstedralamies. sol vent, such as, an aqueous al cohol, an
aqueous 25 ketone, an aqueous ether, an aqueous ester, or a

conbi nati on thereof. The preferred nmediumis an aqueous

al cohol , wher ei n The prdseohiviepiosthasdieby descripet vdifigigrtiedgraatsrence

pr opanol , .. bu I le‘?:'ﬂ?c I Lt ure
thereof. 30 tt(#ﬂ%p%%%%# can %X@ﬁ'e”ggpr@mgg?@?eg%@ erh g?\éﬂ%ffgrgﬁwﬁhe
aqueous or gadescripibne and eyanpleslage enpllloysativierof theeingeidioss 3/apibus

manuf acturin |40l ic.]. | i ' ' 4he sor esent
Movent i on.  TALTaNS: yifnofbakRgheba bt AR RL LR

cheni cal necHaért withpel dephiting fEvothespirttiaod seppehoiihe ipsesent indgntione

col loidal siLiLaqpafif b FRsbhtiMdntbn fhteRlidio embrace ali such

20 alternatives, modifications, and variations that fall within the scope of the
appended claims.
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silica dispersion. The pH of the polishing conposition is

mai ntained in a range fromabout 9.0 to about 11 or in acidic region
of about 2.0 to about 4.0. 10 The present invention al so
enconpasses particul ar nade from dehydrated slurries. The present

i nvention has been described with particular reference 15 to the
preferred enbodi nents. It should be understood that the foregoing
descriptions and exanples are only illustrative of the invention.
Various alterr@imsis and nodifications thereof can be devised by

those skilled,in art. wi.thout artl from.t rit and scope
of the pres Jnf'%’i“ﬁ%l ‘?ﬁﬁi’eﬂ}& ﬂﬁl?l&f:ﬁ? igal R(ﬂghﬂ}%%%r?g?en&entl onis
i ntended t®sehfbaiR eOBPFiSREWMeZ0eRPer nat i ves, nodi fications, and

vari ations tdvatadtalg sai Shhsirftth@lﬂt@p@llmbsﬁm, apidlerediappcl ai ms.

d ai ns: 1. Aiti@t beshpeisiigheni cal nechani cal polishing a surface of a
substrate ccm)é 1rQE HEcS\GRaPdilics pAERAES: N@dsai d substrate with a

conposi ti on Hﬂsﬁ@n QIS bA%ic ég ) a plurality of
ot dal s @& 5 %1 g Hed d d
cart el ?Zr@p R s b s O oS, O Sac

particles;
trace netal i fageimgtal @X@Uﬂéﬁ%r‘i‘gc Ha PPiAysAwa 288 8PEHIY ess than 2 ppm

resi'dual al colleds,thand ppime residual aécohobydndtwherein theesvmet-al
concent rati on,3@%€ kgt NdeRPlR9SEMMAEN StudiNg pStasdiuihe range from
about 0.5 to ahq Lgéxdq‘mﬁp'ﬂ 11Y"ﬁ?é i?fesﬁ'bﬁil SOFROS KLto0fbhdug N uhrapure

col loidal silica di Spersion; “V\,her el n said contacting is carried

out at a tenpdPHture, and for a period of tinme, su Lent to planarize
sai d substra‘f'hefeﬂ?fvﬁ@fde?qmﬁaﬁlélloéo‘ﬁl%}i apaire P@Qoﬁiﬁhtscl&qaes have a

surface area fdlspﬁrslbuuaﬂ@wﬂ@/rgmtsalch@muﬂcmlwrgedé)ﬁélat/\/ner ein said

col | oi dal sil |¢§l@n‘q:ﬂﬂi‘ilﬂll@é asd dbea Peapam"duhy sallpiaddsplaonpri sing the
ica in.,an aqueous solvent conprising

an’alkal| g ;fg“‘?“‘“*’%@es' 483 cbhal hkbigad © sol ut fon
removi ng ng%ﬁrl pide Fql ;\gllfghleo#ﬁﬁl Fas %](9 convert said al kal i ne

silicate sol ut F‘BH ‘{bé’“ ml/&l £ abopy- g@

wherein said col]mdal silica partlcles are prepared by a
process comprising the steps of:
dissolving a fumed silica in an aqueous solvent comprising
an a‘ll\ah metal hydroxide to produce a alkaline silicate
solution;
removing said alkali metal via ion exchange to convert said
alkaline silicate solution to a silicic amd solution;
adjusting temperature, concentration and pH of said s11icic
acid solution to values sufficient to initiate nucleation
and particle growth;
cooling said silicic acid solution at a rate sufficient to
produce a colloidal silica dispersion; and
isolating said colloidal silica particles from said colloidal
silica dispersion to produce colloidal silica particles
having a mean or aggregate particle size about 10 nm to
about 200 nm.
2. The method of claim 1, wherein said colloidal silica
particles are from about 0.2 wt % to about 45 wt % of the total
weight of said composition.
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adj usting tenperature, concentration and pH of said silicic acid
solution to values sufficient to initiate nucleation and particle
grow h; cooling said silicic acid solution at a rate sufficient to
produce a colloidal silica dispersion; and isolating said coll oidal
silica particles fromsaid colloidal silica dispersion to produce
colloidal silica particles having a nean or aggregate particle size
about 10 mm to about 200 rum 2. The nmethod of claim1l1l, wherein said
colloidal silica particles are fromabout 0.2 Wt %to about 45 wt %

of the total i f | B CQRPS! & : - 13, 11l hod of claim
1, wherein s %%}c})ﬁ }gﬁgg#l %;i%lt a g%%l%éﬁél?Sagl?iecci}dggalgglilgg 2w %to
about 24 wt $of PR G IPH ié‘n‘f’ § 10RNt 25 b < ¢4 e tofaly  The

met hod of cl &V§RAL ol EPRIPOAItPIEonposi ti on further conprises a
surfactant sel dcTeeinteilord efdaign dupherenssadicompaisition furtleeni oni ¢
surfactant, agonmirisennsusfucfaactéletteddrainihé efhp Solisianizgnt, an

! _ iabicont
anphot eri ¢ Surgiﬁ‘%ﬁ&%ic AMhRailt A RO Skt nty galoﬁpﬁ)lﬂgt hod of
cta

laim4, wh Ilﬁfal
urtactan o, SRl o St e R BiirRos: i on

further conprise®e9afii) carboxylic acid;: at a concentration of about

0.0 wt % to ahoDhe a8 Wl 1) eI : centration of
about 0. 0(;)1 Hﬂ{o?(ﬂa%ecﬁﬁ’égﬁ ofilainiq Q%h%gﬁf\%/ 1d€sf)urrfa(§:gé)1 noidthibitor, at a
i

- a
concentratioh @frpahou Q. 1§' %\}\]}Aﬁ]&)?ug abouf 0.1 wt. % 7. The nethod
of claim 1, raln. sal b whsteinsagecompesitien duabead from t he
group consi Sﬁ}ﬁ%ﬁiﬁs, an.emul sion, colloidal suspension,- solution,
and slurry. @& ORI BRIdoR Hbaaenirationef abautADd widdi U | s
sel ected from t fR2geeip9cEh%e;sting of : water, an organic sol vent and
a nixture thed®ofoxidir, ahe contameativn of absuil0.081ewgion pai d medi umis
fromabout 1 w abotio2.dbouts;8mdm % of the total weight of said
conposi tion. (viébrrddien waiibRe L io | . dium has a
pH of about 2.(02,%% abouto. 1% %?faﬁ%gcﬂétlﬁm%gbg%ég{)gi 1, wherein
sai d conposi t Hof, 0% AR 8Eimef, W 04 c&&iposiliom isina
form selected from the group consisting of:
an emulsion, colloidal suspension, solution, and slury.
8. The method of claim 1, wherein said medium is selected
from thie group consisting of: '
water, an organic solvent and a mixture thereof,
9. The method of claim 1, wherein said medium is from
about 1 wt % to about 86 wt % of the total weight of said
composition.
10. The method of claim 1, wherein said medium has a pH
of about 2.0 to about 11.
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12. The method of claim1l, wherein said conposition has a pH of

bet ween 2 and 4. 13. The method of claim1l1l, wherein each said
trace netal is present in said dispersion in a range from about 5
t o' about 200 ppb, excluding potassi um and sodi um 14. The met hod

of claim 13, wherein the conposition further conprises a stabilizer
selected fromthe group consisting of alkaline conmpounds including K,
anmoni a conpounds, and a conbi nati on thereof. 15. The net hod of
claim1l1, wherein the cunulative trace netal concentration of said

di spersion, exdiufhamghtdsfclaimdneiieocingaid ¢anpositive haaage from
about 0.5 toAPeBbevd® and 136. The nethod' of claim 1, wherein said

cunul ative tra t ' -as S| and sodi u
s'in the rangd oy EpEIBOISTOREAT Wher RS AR BABARLLT :
pi of between 2 and 4. :
13. The method of claim 1, wherein each said trace metal is
present in said dispersion in a range from about 5 to'about 200
ppb, excluding potassium and sodium.
14. The method of claim 13, wherein the composition
further comprises a stabilizer selected from the group con-
sisting of alkaline compounds including K, ammonia com-
pounds, and a combination thereof.
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. The method of claim 1, wherein said cumulaiive trace
metal concentration, excluding potassium and sodium, is in
the range from about 1 ppm to about 3 ppna.

-
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