ULTRAPURE COLLO DAL SILICA FOR USE I N CHEM CAL MECHANI CAL POLI SHI NG
APPLI CATIONS 5 BACKGROUND OF THE I NVENTION io 1.FlIELD 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. DESCRIPTICN CF RELATED ART 20The nost conmon
process for the RHIRARURECO) Abi SILICA LSk IN 64

prepare col |l oidal sili ﬁﬁ@ﬁﬁ%g@hﬁ:é¥@pm@tﬁppgj@ﬁ?,dﬁge by fusion of
natural silica sands re less than
1200 C. After fusion, the fused sodiumsilicate is quenched and

conpl eteldy dissolved in water, form ng water glass that is highly
caustic. 25 BAC QEND 6IF BHEINVENTION, the water glass is further
passed through a strong acidic resin bed or colum 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 far st.abilFIERD OF, THE(NVENTIOKated to an el evated tenperature,
80-100 C for particle formation. 30 Dependi ng upon the

processi ng condi t| on, the particle size distribution of the final

product can be maEMERIEsERUNYPRIOATRIANRY 1o Medhaskok MaigCiing ©f #Bout
100 nmor | &gganRecR é%ar’&l[éarl@”s %Hn%rﬂf sl tl*ié%’o TRbRY béﬂlculéw' ca

sands, however, the ?I na l1ca Tromt rocess has nore
or Iess tradéemw% Invengan selates, tOAIme@@d qﬂahemmﬁ{mﬁmgam@ﬁi wcaitsmtmo
ppm or Sy

trace rre al s %&tﬂ%%ﬁ?fg@{b&%ﬁﬁgﬁ% l%g@é &aéery JBP% cu

achi eve wi t lprepiredmozostisg &vthe preseng nnmttbnghest qgual ity of nat ural

Si 02 (see, for exanple, "The Chemistry of Silica," by Ralph K 1Iler,
John Wley & Sons, Inc., Ed. (1979), and U S. Patent No. 3,947, 376).
10 2. DESCRIPTION OF RELATED ART

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 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.

30

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



Anot her approach which [eads to very high purity colloidal silicais

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

with NHAOH used as the catalyst. ~ After the colloidal silicais
formed, the ggidial, MichSanBa! BovéRranBiimai SQRREIN alik GofPtHid Blockse
anmoni a and the organic solvent can be renoved 20by evaporation (W

St ober, et altas more golessitigce maelaisagecises Fe, Algand Ny, fr9eB) §0 pmeto

col | oi dal si m?f?’ﬂ rqcessed has a very high purity because of the
hi gh purity J‘o‘? t'he rog\;v&%ﬁterials. However, this approach has several
drawbacks. One is that the 25 colloidal silica fromthis process is
much nore_expensi

Y/ f.the highly e sjve I terials.
Secondl vy, 3 ar ge (ﬁ’ﬁ}ﬂ%@ﬁﬁgig x?rﬁ%iﬂeec%%ﬁﬁglcﬁ%‘;ﬂ]e%rﬁg%ﬁ%ﬁeerg%@s,
ggrgr at ed mﬁghﬁmriﬁss ﬂer&ham ﬂ?ﬂrmm Blvety diffiaityto aBhiead :thh fhmqarop%é.so: dal
silica can have hi, eve| of a i a.and_organi ¢. sol vent fesidual,
whi ch can be it BheRa Bl dnabs iRt P eSS B T b ng
(CWP) appl i cghémrry of Silica,” BPRbpHAR! e8] JdnganieRBdre, thd. fred qnb7g) zes
and shapes. The nmain benefit of colloidal silica over funed silica is
that they cainddnerateniiey3.80a376particles, as small as 5 to 10 nm
Al'so col kpidal silica can be well dispersed to the primary spherical

particles while funed silica panicles are 5 al ways aggregated. In the
area of chemi cal Anahenariapagiowhith lpgdy Ry hidhi purity gakdidaledicads very
| ow def ecti v ' : 0 0 WELAS -

col | oi dal silhI %g@?—ﬁ%&é@g&?&‘;@hﬁl géslsﬁ%ul'ﬁ@_ﬁ b%@ comm%c:siugﬁ %{S/’

10avai | abl e tetrdmetioodyl siiade(THRIOS))ox iétrasthGasinkd$ EOS) cereneteal as the

doubl e digit m | ange ac als can cause kil ler defectivity. .
This makes |EVITASLE: SIS oI EDke Rl radn Airtbano sEiatasiidh g &)
appl i cat ion. thkh eftkyd pitheletoriked (i) watdrifoaisydralpsibewhin i Oto ddEES or
TMOS. 15 However, these types of silica are very expensive because it
requires pur eFﬁW'Yﬁit erials and a conpl ex manufacturing process and
it generates significant amount of waste. For exanple, 3 parts of

TECS generates approxjimately 1 part of silica and two parts of inpure
et hanol (TECS is fg‘@ﬂfﬁb@éa“ﬁﬁaiﬂm 9 farmeiEthg-gelutian islheatethior Bighi cas
are generall | } i i 75
Fo 300 nm meanotyreps et IE Apie S, Bikhl e SR oo o g
20 to 40mm Busvaperation QY| Stobealetsil.| J.ceolloithindérfanecSeiol26t BB i1 2H&IN)

they have topbe, fRde) kitQ «8"5BLEXed TRENANG Mgl BeBluse 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
methano! 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.



25 (CWP) slurries by high shear grinding process using water, wetting
and stabilizing agents. In addition these dispersions need filtration
to renove |l arge particles. Thus, although the funmed silicais lowto
noderate in cost, the final dispersion can be relatively expensive.

O her issue with the funmed silica is they cause high CW defectivity

30 I'n comonly assigned copending U S. Patent Application,
Serial No. 11/ 152 ibtal Siibg@oRfbslaffclént sHAdnddlidplbs! STHertaghpor at ed
herein inits entlreté still yet another process is disclosed to
produce hi ghanghitetcd ld&bﬁﬂiﬁ% oyen fumedoilqeds shajriheyrra grBeativenicl udes

the steps ofanégrég}lngfeeg?éféﬁ oS1d hka A1gh BRI /A ¢ SAlDEANE!

containing an a roxi de to produce an al kali ne S|f|cate
sol uti on, s@kpersed@ﬂﬁmawmmerlcaialaﬁtmeﬂ whilefumedsiliod pgriicles are

majority of i ]:1 C} id
ol ut 1 on:® adf el AgbRRatth pePe iR PR e R RaP i SR
silicic aci Othtsdkartgfams tovergllowe slesadtivitc avd highaeimivel @tes onckeaini on and
particle gromﬂp 10and cooling the silicic acid solution sufficiently
to produce t'HE@bI | oi dal silica dispersion. The colloidal silica
particles in the colloidal silica dispersion have a primary particle
size about 2 nmtq about 100 nm and a nean Eegrtl cle_size (MPS) of 20

to 200 nm 15SeniMesteolpidal SHcaR Kewaremgroddipityude. Theganargiciallise
hi gh purify &)&‘ﬂﬁb%@.&ﬁ!ox%‘éﬂ&déﬁsﬂB@ﬂr&ﬂ%‘ra@@rh%'t%e rﬁﬁalsTM%Foub%":ﬂ g he
like. This is nee because certain inpurities can fect the y| eld
of the IC demroé@nm@abemetals c2pTseseiiepeicsidty hah@makeqﬁesent S

L il S e e

cl eaning i s consi der ed a critical factor. Thus a good post-CWw
cleaning could r nost artlc nodes.
Thuar he. i mpur | tJONEENEE PaPodR il c3h P BHe oo of HARR 0
other el get riadiveverheiseayses Mediea arpueey exidreivéaiecaiuke taeqeirgs purba,
Al, Ca B, etc in hi ,1 | e elsgq/as use%ﬁ%}é polishin ?f oxi de | ayers
in these nod@¥ ‘@@Fé S BOMFRY INIRSPCRITATBS BRI G hel ow
nodes, howeviggnifiédHt af/@Slitt Of WaBieS %@x@%ﬂ@@@éﬁ@oﬁ@@@%&@ré&e These
nodes invol ve conpl ex structures including Low K and ULK materials

and caps. A arpdmately 1qEreet giiqanand (e kanfopt impere efhago! (1z0S is

tol erable) fg RpLeaprielals é)?ﬁ%ﬁoggl tical killer defects. Corrosion
and Fangs are exanpl es. angs eam etching at the interface
between a and Cu at the trenches, is acceptable up to certain |evel

for 130 nm node. o) d [ f

unaccept abl e. Verﬁ' fb@e&p@é@%’% @%"%@Q@ﬁ“ﬁ% s?ﬁg K Fe Sglgl SO0 nmeans
very car ef ul pgréties chreging frenamtc]lc_am@errﬁaeam ph&&lelee(MF‘B?@)zthQﬂmm:myl
I mpurities can,have, a strong.in uen on.de ti Vit

fglp | owi ng i sb%i-“af%ls'ZSfarP%% Pite é’b g\?‘n O'%tscl-:!ﬁ:?l (Whicp 578

danagi ng ﬁf fsﬁﬁlﬁtfnrpé}o%&ﬂ{e@ have to bel ﬁq)adéfrﬂsfchemﬁal afdopehral Millshirg
ions, such as
25 (CMP) slurries by high shear grinding process usmg water, wetting and

The

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

30



(2) Corrosion of Cu causing opens or shorts: Halides, such as, F, d,
Br, and I, and sulfates; 15(3)Fangs: solvents, alcohols, and am nes;
and (4)Scratches: A, Fe, abrasive conpounds, such as, zirconia, and
alumina. 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 UrrMn%&%rﬁbﬂp%sbﬂédQ:@béﬁdﬂn@@[??@%ﬂ?ﬂpplﬁéati%?@éﬁatbe
noted that many conmmercial Cu and barrier slurries are relatively

pure havi ng NeatH15284Bsfilg anekwet1harg085 pich és/iarorppsated hereindn it an
obj ect of t M vt MR d ' I | ssues by
maki ng sl ur%@é%?@t]y%re ulér?;go%%rs Z?H?égg%,ggltgggd&t%gnﬁé)‘g%ﬁg'gb of each
i ndi vi dual tedioisareilieh displecsibinl Thismaethpd inawtesdihe stes ofrisscving a

presont 1 hventestetspbieTanictue SR olbinhidan et RisRLyereadd®

pol i shing a snedbies ane@lkaine wiicateeddlutioM suce b oaipotastiudesilitdte ssiugipnof

O a1, g BB SLARIERSS el ety B Siime sioot, o
each trace ngdi@bolufion! adjMstirRixbbYeinperdpeassd demransn sadiphmdf tRaeicleess

than 2 ppmresidual al cohol and wherein the cunmulative trace netal to

concent r at i o#¢id 8RifiBRixyalyes suliciant imaitiagunyeeation and padicle.argett r om
about 0. & t 0xPesdiing (REBNicRM¥Lid solution SiiticAtyRANSALESthLsRRIMI ng. L he
particles;, nerein the conpositionis an ultrapure colloidal
silica di spegitieodispensiprnhBretolloidad stioaradiclasgnitee salldidaigiligat at a

t enperature i Ll ) i: G ?dbaﬁ'z e
substrate. &\Qﬁ'e r{é@hel?ag% %Eﬁ&aﬁgéﬁ{ﬂ%ﬁz § %g(ﬂ%e%rrﬁﬁﬁ%%ﬁags a ulint rg%%gr e
col | oi dal sitean pditifesizedhHI) off @it @06 oim.oi dal silica particles

havi ng a nean or aggregate particle size fromabout 10 to about
200nm wherein the colloidal silica 20 dispersion has |ess than 200

ppb of each traceSemicahducprmanyfadtgimgsndcédseseinryerexsl| usk high
pot assi um and sodhum ?nd have | ess than 2 %rﬁaégual ?}I]cohol. The
present i nvetRNENIGAlS, sYP ﬁ‘ér“ygmﬁ’d%%d 0 , and the like.

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 silica (e.g.,
Na, Al, Ca B, efc 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 materials and caps. A variety of defects that were non-

4



25manuf acturing an ultrapure colloidal silica dispersion, including

the steps of: di ssolving a funed silica in an agueous sol vent
containing an al kali netal hydroxide to produce an alkaline silicate
sol ution; renoving najority of the alkali metal via ion
exchange to produce a 30silicic acid solution; adj usting

tenperature, concentration and pH of the silicic acid solution to

val ues suf figitieaf (of Gleribid)Fbe1 50 fheRide@beRBmMensHtichCkifertcI¥éth; and
cooling the silicic acid solution to produce the collaoidal silica

di spersi on. Corrosion 2Rd Fangsae 2i s1aetlesonaildso OppeRNEENIRg Abtod of
chem cal  MecfiieedineRfee Talharod Hi f30RuRhed i UeeLiabR 1) Ll ! he

step of: contacti ng ubstrate and an ultrapure c ol dal
silica di speegdidor 13 noanede. clodn @ aml nosiel e thani0fAdensagieng a nmean

or aggregat e, bar i I 0 lﬁ\é].ﬂ] V\%ﬁr;ei n
t he coll gf‘ladallI Sl H)t%g%dls\s/% rlé\l'vgjngf%g@&e%geﬁﬁgﬁg%gch%%bggk eac ¥t ce
nmet al iyrgur:¢a;clﬁfuéﬁaliltiut$i sige pns\héssggjﬁaaiﬁtésmmlﬁhf@hdpmtmle Empsrs(;ﬁetshan 2
ppm resi dual _al.cohol ; . erein ontacting is carried out at
a tenperat ur@"a'?ﬂi’ef%?trgn%gﬂugac%fmtdﬁkfé%gﬁ\f'fi cient to planarize the
substrate. 15 The present invention additionally provides a

potassium silicate solutjon having |ess thapn 200 ppb of each trace
Mot al i mpur ity diGlscouavingds & st OBlAUEeR 4R KAWL PlFR s s t han 2

ppm resi dual qahsARQ kifedd Bitnafeagtd ot her aspects and benefits of the
present nethods and will becone nore apparent fromthe detail ed

description of the preferred enbodi nents that foll ows. BRI EF

e T Ted ot 16 PRl Raocts: MobiBlichs, Lubi? a8, KA3AA 1 11N

normal i zed data f _ contam nants. _ .2
is a graph plotti(8y ndkoreddieredf Gutcausiog opens sheneyisClridileSRFRICBES t h

contam nants Fi i h plotting ER8071 Slurry with
cont am nant SE’ Ct, éﬁsandaf éﬁd%uﬁéfgg, graph plotting data for polishing
ER8071 wig h cont g8) naftamgs: 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 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 nhoted 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 to solve the purity related
issues by making slurries which are ultra pure, i.e., less than 200 ppb of
each individual frace metal, alcohol, ammonia, certain cations, and anions,
such as, Cland F.
30



5 Fig. 5 is graph plotting normalized data for polishing

CulOK- SPF wi t h contam nants. Fig. 6 is a graph plotting

normal i zed data for Cul OK-SPF with iocontam nants. Fig. 7 1s
a graph plotting data for polishing ER8071 with contam nants. 15Fi gs.
8 is a graph plotting ER8071 Slurry with contam nants. Fig. 9

is a graph plotting corrosion rates of CulOK-SPF and ER8071 sanpl es.

20Fig. 10 is a graph plotting cyclic polarization conparison of

cont am nat ed CuI C]<—SPF sanpl es. Fig. 11 is a graph plotting
P UBIMARY ¢ W 071 sanpl es. 25 DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Chem cal nechani cal

polishing slurries containing |ess than about 200 ppb of each

i ndi vi dual trace Thstpiesentjovention piavides eshethed ofrehema! prcheriodlar | y

about 5 to | cohol,

excl udi ng sggﬂ%ma% Lﬁﬁgﬁeq;f m?@@%nﬂ‘?ﬁ%g%&i@%@ﬁt@wé ?@E dt t han 1

ppm Moreover, t rwntaulmgasubstratmanﬂ aofonmpeeiiomwbiah incipdes:t i es

present in such Itrap u in vention
is in the range Sﬁgg'@ﬂy é{%@g’g@@ﬂﬁ P%'ﬁ?heg#?@pg‘g%i% @\g‘gtﬁ from
about It ohaq;cphi oflbawr‘t‘rac‘émbta]fl tmpswnwsaccﬁld&rlrg petassiuin dnd sarive) Pia@mval
rates wit ease in e uch slurrjes ma ti ona

el ude o stIa (1502 PO rosR el ahdsdiaumin the Cum e8P et
silica partidohesniafor, eRBlLahgotssiurtaidtsddaous iftheWalyefrohhabdiat al

wei ght of the _c nEOSItIOI’l nore preferably fromabout 210 % to
about 24 wt%ﬁ‘h@ e 3 BP@aAndi | i ca particles have a surface area from

about 20 mig to out dithPfor suspending!! (FRABeS sition further
i ncl udes a surfag@ant seEecte rol?n anrllgo{ri:\%c cati'onic, non-ionic and

anphot eri ¢ surf actheiels tha¢ompesitionigan hirapeire Thllpidasilicaatispatsions an
al koxyl at ed éﬁ%hé’%’irﬁh@%ofn%&iﬂatis carried out at a temperature and for a period

15 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

20 dispersion has less than 200 ppb of each irace 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 colioidal 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 ioh exchange to produce a

30 silicic acid solution;



The conposition further includes at |east 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 ppmto about 2.5% nore
20 preferably from about 10 ppmto about 2500 ppm and corrosion
inhibitor, at a concentration of about 10 ppmto about 1000 ppm The
conposition is in a formselected froman enul sion, coll oi dal

suspensi on, sol utd %to 25
about 86 wt % of talhc@FS gqﬁﬁll\ﬁe@étﬁre I?ﬁ?ﬁ'%@gﬁn%gglpﬁ grr?hé'%ﬁ}&:éc%m has a
pH bout 2 tcsoétﬂmmtto]@luéﬁwﬁm@ntdmlmlhatemuelﬂaadnfandmam!©gr0\fdh angani c

i spersi on i o us oo MRESRG acid soiyton o prddEg SRR 31 Moos 1 on

wi t hout i soldispergionhe col | oi dal silica particles from the coll oidal
silica dispersion. Preferably, the alkali nmetal hydroxide is
pot assi um hydroxi de. The colloidal silica particles are prepared by

di ssolving a fumé@ebeﬁﬁnvmm aaswpmsvﬁje%@ mefiod dsrcdnemm an al kali
met al hydroxide tg roduce a al i ne | j cate iagll Uté § 4 renovi ng the

al kal | matamw%am P@J&%’Wﬁﬁi@eﬁ ce@ﬁ@ sy e peliding P Yat e

solution to a si 'dofﬁté‘ct.ﬁ@ltﬁe%gbétﬁa\t@@nd%wMﬁéwﬁ doﬁ@'HQfﬁEéH@ispers:on
concentration and pH the silicic acid solution to val ues

suf ficient t!GGfIJﬁlinglC&Jﬂléldﬁh%ﬂ"éﬁapaf@ﬁbﬁﬁ@fﬁﬁr& Mepe o eagrasatanartickosizng
the siligjc f.iCi . .

col 1o daf? T4 SBEHEER HoU RGBT bt hE CBNinaryRaikizson
particles frieas Ieh@tham 260 dpib obeddhctach mpmd ynpwitype)miw):ﬁmeota@rsium dal

silica partig avin si ze about 10 nm
o about 200 head avd PeV8 e dbaf P RRBR R RRBORL £ 72 W Tang
any conbi nati ons wHeemohe cahtatihgisatariet ahsat:@tmemraatremddbr about
1510 ppmor |ess resent within the

di spersi on Ir}@rpﬁepf,ﬂgpﬁﬁuf%—plgﬁ:f@D@a@arg.etatbe%g a80o ppb, excl udi ng
sodium wy ch may be present in an amount of less than 1 ppm

Mor eover, the cunul ative trace nmetal concentration of the di sper5| on,

excl udi ng pot assi g PresentinyertionadsdiqnadyPEpidas a pelessiuphaificais
preferably abfuionthdyhdRedhsh b or each trﬁ@éﬁfe@éir?lga ﬁfafnsﬁdgé@d' ment

of the present 1nvention, the c mechani cal lurry
cont ai ns | estbetteﬂmrem@@irpgaﬁ aoid Manamtsles%‘@ﬂ I?zgprages@nﬁtﬂic@ho The
present invention provides a nethod of manufacturing a coll oi dal
silica dispersion, including the steps of: dissolving a funed silica
in an aqweous solMesk arahdihenaspectsiand kahefitsrof tie m'gslem:brhelmods apdoduce

30al Kal | ,ng. mejor ity of the alk
metal via i O BREHERIRORPHRIETE B RGeS erarnloR of HERP IRk 1 ng

t enper at ur e,embodiments that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

25
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
30 with contaminants.



concentration and pH of the silicic acid solution to val ues
sufficient to initiate nucleation and particle growth; and cooling
the silicic acid solution to produce the colloidal silica dispersion.
5The colloidal silica particles can be isolated fromthe coll oi dal
silica dispersion to produce solvent free colloidal silica particles.
However, the dispersion is typically used "as is" or by adding other
ingredients, suclkigs.s %reG?Hip@l ;ﬁS‘ﬂtiM& o7aElhi With Rdnthraah@ct ants to
produce a conposition that I's suitable for use for chem cal

mechani cal polishing of surfaces of a o substrate. The
colloidal silicag#js ' : t: f t ori gi nal
colloidal silica Eﬂ?gﬁ%{%bﬁ%ﬁ@?ﬁ@? %@Qfog%@%ggﬁ%@z(%u@?us sol vent
or, nore pretatabinantdby filtering the colloidal silica particles, and
thereafter drying. 15 The colloidal silica particles prepared
by the met hod of t he present invention have a nean or aggregate
particle size (NS &ogiaph@ldstting aombaizbd 206 fumpolifiing Cariakl-§PFt he
colloidal siljca particles have a total nmetals concentration of about
300 ppm or |WELCORMARINANS| s can be Li, Ro, Cs, Fr, Fe, A, or any
conbi nati ons thereof. Mdre preferably, the concentration of these
nmetals is about 10 ppmor less. 25In the practice _of the nethod of

the present inverfti@-dhis @ grarh RIptting Nogmnalizgd fptadeee v EpRSERVER ol ved in

an aqueoys s ¥&ifangich as, an aqueous alkali, alcohol, or a
conbi nation thereof, to produce an alkali silicate solution. Then,
majority of the alkali is renoved by ion exchange so that the

al kaline silicateg:;sofpti ' int Q. idd&eG, aci d sol ution.
30 The.t drel i 8 BeoTREARERELE foriBlichif B Fhy St O™
sol ution, wheatemmaaisilicic acid solution, is then adjusted to

val ues such that the selected val ues cause the solution to initiate
nucl eati on and all ow the nucleated particles to formthe coll oi dal
silica dispersi orFigs 8 is a graphejlettiah BR80TH eSineypethadomtamiplntshe 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 | 0o 94U 08 ghgiopIBttingoflodioh rafestdTCioK-8RFi R | s about
2 W% to about 30 Wt % of the silicic acid solution. Preferably,
the pH of theR8PT1eamplesid solution is about 1.5 to about 5, and nore
preferably from1l.5 to about 4.0. 15

20 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.
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 to about 200 ppb of each individual tfrace metal or
alcohol, excluding sodium, which may be present in an amount of less

8



Preferably, the cooling rate of the silicic acid solution is about 5
Cmn to about 100 C mn. The high purity colloidal silica dispersion
made as set forth above is 20 then adm xed wi th sem conductor grade
raw materials, e.g., hydrogen peroxide, BTA, KOH, organic acids,

etc., to make a final slurry product having ultrapure purity. The

bel ow exanpl es show the results of our conparative studi es 25bet ween

the ul trapur o] b @mda\ho@bk{ep%@b@ﬂaraﬁwanﬁi‘uni BErAELHRM| imPUGRdd on
versus convention | esser pure colloidal silica dispersions. These

conpar ati ve Bfagenktig %@Hﬁﬁ’fé@ﬁlﬁﬁémfﬂﬁ aﬁfFQi‘,T‘mQr?@mﬂ gresent inpantian isdn can
have a signi fHeCr%ﬁ e?rfoh?%%&’crb SWM&t npwgg o2 HeheHouY 1ty -

Utra pure slurri have better overa nce t'han other
slurries. Thebad Tppipostuchorsapiveslurries hn!"nbéhov\eie‘%mab@t%ﬁmtlset

forth bel pw r
differ encgs {:1%0%%@% ?éfgg‘%/ éﬁf&%@%gr&%’n&ﬂ%ﬁ%a \ﬁ%h@F %%%\'Q%I'IJRHZO
only Slurry suwthtaqutasdiurBPF 142116 SPF + 100ppm Amoni a SPF + 15ppm
Al
The colloidal silica particles are from about 0.2 wi% to about 45
wit% of the total weight of the composition, more preferably from about 2

10 wi% to about 24 wt%. The colloidal silica particles have a surface area
from about 20 m%g to about 300 m?/g.

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 sutfactant.

The composition further includes at least one additive selected from
carboxylic acid, at a concentration of about 0.01 wit% to about 0.9 wi%;
oxidizer, at a concentration of about 10 ppm to 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 wit% of the fotal 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 mixiure thereof,

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



Oxi de SPF 150ppm Met hanol 1366-82A 1366-82B 1366-82C 1366- 82D

Waf er type:

Aver age (angstroms) Used Cu 1017 Used Cu 1152 Used Cu

1031 Used Cu 1024 Defects counted: 8 10

10
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25
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colloidal silica dispersion. Preferably, the alkali metal hydroxide is

potassium hydroxide.

The colloidal silica particles are prepared by dissolving a fumed
silica in an agueous solvent including an alkali metal hydroxide to produce
a alkaline silicate solution, removing the alkali metal via ion exchange to
convert the alkaline silicate solution to a silicic acid solution, adjusting
temperature, concentration and pH of the silicic acid solution to values
sufficient to initiate nucleation and particle growth, and cooling the silicic
acid solution at a rate sufficient to preduce 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 fofal metais 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 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, ammaonia.

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 o produce an
alkaline silicate solution; removing majority of the alkali metal via ion

exchange to produce a silicic acid solution, adjusting temperature,

10



67 8

Waf er type: Renpoved (angstrons) Used Ta 668 Used Ta 703

Used Ta 734 Used Ta 736 Waf er type: Average A Renoved Used
TECS 1809 Used TEOS 1821 Used TECS 1786 Used TECS 1773 LPC s 0.56
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concentration and pH of the silicic acid solution to 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 to 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 colloidal silica dispersion can be concenirated from the original
colloidal silica dispersion either by removing the agueous solvent or, more
preferably, by filtering the colioidal silica particles, and thereafter drying.

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 thereaf, 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.

11
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The temperature, the concentration and the pH of this solution,
which is a silicic acid solution, is then adjusted to 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 o about 40 °C.

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

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,

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



546 35645

for
Reci pe: DI

1942

_ 5 * Cis another
measuring Large Particle Counts(LPCs )
differences in Control

_ H20 only Slurry Lot# Control
Ammoni a 8071 + 15ppm Al Oxi de

Li ght scattering technique of

TABLE 2 Obj ective: Pol i shing

SPF/ ER8071 and contam nants Scr ubber

8071 1366- 83 8071 + 100ppm

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 Ammonia 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
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
LLPC'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
co1.0* 395 546 35645 1042

5 *Cis another Light scattering technique of measuring Large Particle
Counts(LPCs )

13



8071 + 150ppm Met hanol

Waf er type:

1366- 82A 1366- 82B 1366-82C 1366- 82D

Aver age (angstrons) Used Cu 36 Used Cu 78 Used Cu 71 Used
Cu 171 Defects counted: Average Defects 3 3

TABLE 2

Objective:  Polishing for differences in Control SPF/ER8071 and contaminants
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:| UsedTa 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 1368
MPS Gaussian 66.8 66.6 66.2 66.1
C-0.56 10247 9277 425314 12288
C-1.0 1722 1389 219690 5829
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117070414 Waf er type: Renoved (angstrons) Used Ta 678
Used Ta 671 Used Ta 663 Used Ta 661 Waf er type: Average A
Renoved Used TECS 713 Used TECS 725 Used TECS
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EXAMPLE 1

The present inventors mixed some contaminants into Cu10K-SPF
(i.e., a commercial barrier layer polishing slurry manufactured and sold by
Planar Solutions Inc., which includes 10% fumed silica, KOH, a corrosion
inhibitor and hydrogen peroxide as an oxidizer and ER8071, i.e., an
experimental barrier layer slurry with 8.756% ulira pure colloidal silica
particles, KOH, a corrosion inhibitor, a surfactant and hydrogen peroxide.
That is, the present inventors used the ultrapure colloidal silica dispersion
made by the aforementioned manufacturing process. [n addition, the
present inventors, used semiconductor grade raw materials, e.g.,
hydrogen peroxide or BTA (as a corrosion inhibitor) to make final siurry

products.

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
(5 ppm) and methanol (150 ppm) were added and then various properties
were fested. These fests 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

16
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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
methanol 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 patrticles. Aluminum oxide
from Example 1 was replaced with aluminum chloride, as well as the
colicidal silica particle was replaced with FCC pariicles.

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), 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

16



425314 12288 C-1.0 1722 1389 219690 5829 EXAWMPLE 1 The
present inventors m xed sonme contam nants into CulOK-SPF (i.e., a
commercial barrier layer polishing slurry manufactured and sold by
5Pl anar Sol utions Inc., which includes 10% funed silica, KOH a
corrosion inhibitor and hydr ogen peroxi de as an oxi di zer and ER8071,
i.e., an experlnental barrier layer slurry with 6.75%ultra pure

coll oidal silj rt| | es 0, act ant
and hydroger{"B‘ r8>8 &8” 5?nﬁ<§mér?%g%[8)§ g@r’?ﬁe @Eé#oé@bﬁge %ﬁ{

ultr ?pur e cabbteddls far bsthe gé:WERsobh shiophadm fherd tvesaf ot lesent i oned
manu acturln proce ition, .t nvetors use

sem conduct cﬁ e&fﬂ 'F{p%@e}%&? VS %SWQQE’WE%%%%% het WW@'%@“@TA (as
a corrosion :b\maraéfeefs)w&@tﬁ@%rée Bide’ Shitble/ THOEI64 8id ridifseem to
conpari son purposes, two slurries were made, i.e., standard CulOK-2

and an e><5per¢h?@§?éﬁu%rr| er slurry ER8071, as control sanples.
Thereafter, the inventors intentionally added several inpurities,
such as Al, O, amonia, nethanol, and the |ike, and neasured LPC s
and di d pol i shi ng/P8sansl Zeterseenetp heimpastechan e sofraalizedmraph, but

H gures 1 anegotist PUHenY to i pary Hider? bW i sBa0 st fiffiates,
contr ol dagt%vbbﬂhelﬁ(}@ipembia?tecégggztgdmnm%(etﬁ\@?qmmmaa&mm na (ga -
P festbq. Madne'dv2t BB AhnisR Bed Wiee el aif R a b RS g

renoved r at esorfiopl2@hi |y i ncreased defectivity. AI so, alum na
i ncreased LPC s and defectivity dramatically. Furthernore, mnethanol
increased the C LPC s (large particle counts) significantly.

30Fi gures 3 and 4heafimsdSiflcdSaRbRs P& nbEsbid as Mrer IERGQ7L slurry

was used and wherein fixed anounts of ammonia (100 ppm, alumna (5
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 control,
the control contaminated with 100 ppm (wt/wf) ammonium hydroxide, 150
ppm {(wt/wt) methanol, 5 ppm (wt/wt) aluminum chloride, 5 ppm (wit/wt)
sodium hydroxide respectively, and one control included all the above
contaminants together. The two ER8071 samples were with identical

30 chemisiry, 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



ppm and net hanol (150 ppn) were added and then various properties
were tested. These tests denonstrated that ammoni a increased the
copper renoval rates. Alum na increased the LPC s and defectivity and
met hanol increased the defectivity and LPC s. 5 EXAMPLE 2 Figures 5-8
i nclude data generated froma second screening of contam nants in
both funmed silica and FCC particles. Alum numoxide |I() from Exanple

siliea parti el i PRI R bhifonsd B BrirgBTa Bufifhe, e Bther
6 attached hgtres eypepsfduCOeotieiie. when CulOK- SPF was a control and

wherein fixed anounts of ammonia (100 ppm, alumna 15 (5 ppm,
nmet hanol (150 ppm, NaOH (5 ppn), ethanol (150 ppm) and a m xture of

contam nants wer ¢iagdedsiiis fHeedbriidroidtedi0ngatktasingihe $eai-ed. The
first set of data shows nornalized data for g]%’:gshl ng Cu,a;ql'g% TECS
I

and def ect s. CoR¥saupHan bagedrpA sl aeAHEAY I POk he

| ner eased i+ o1t deinbledl BARAnTRERE BRALAGHRRACEhINIE rigieh 20
change wi th nmethanol sanples was observed. The al um num chloride
sanmpl e showdtainidghiled dlbe sotresiphaatetdidhe Guf PISISPTRRIMEa Addiiaieofalich

hi gher defe [ ' |
cont ani nant S5 22 rRbAf ofhaRfanS Bl er (Eleh ¥ SR HlolchsR
25For MPS angf chp2iscortdeiom raty asdeteriaratian ofpassivatien protbelian (sas t he
Al Cl sanpl e, .LPC@JWere very high for both Accusizer and C LPCs. MPS
was not 9t f &d¥¥W§ Tich by any sanple. Figures 7 and 8,
attached hereto, provide data when ER8071 slurry 30 was used and

wherein fixed anpunts of. a nia (100 m, alumna,(5 hanol
(150 ppn | NacH (495541 sabRanale kolaraBBRpomRataon af eub Bre0Ft

cont am nant ssael|es addRchIARSY HhBRIBoYeHseU SoRbSIBRHrbRsHIUR bR chppéed. As
far as the FCCO'ER8071 sanples go there was a |lot |.ess affected., The

def ect's wer esuigey vilegHhgi tMOSased Ry adyesove i i) agirgmesuith
defects Wthfh5'&Sffbﬁﬁfgsfgﬁ,eﬁ@%@ﬁ'aﬁ@?g@{fggge rates did not seemto 5

change niich. eta se e inpacted on this normalized
graph, but the actual nunbers do not vary nuch. Review of the scale

denonstrat es that.the . i e he
cont am nant s, 10%%&"35%9{9@%%% ﬁae%e&géct%é&eq%@%‘e%& ﬁ? ?ﬁ% hanol
zeta i s -28.dmyaits v$ impwitesrdanchavefa sighifitant effect on removal rates,
LPC's and defectivity, and that ultrapure slurries, according to the present
20 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

25  silica particles according to the present invention and a medium for
suspending the patrticles. 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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The funed silica sanples are undesirable as far as LPC s. Defectivity
and copper rates are the main factors affected by polishing 15
sanples with contam nants. When contam nants are added, the FCC
particle is not influenced nuch when running N conp and col |l oi dal
dynami cs. FCC particles with contam nants may cause defectivity to

i ncrease, but rates generally remain constant. 20EXAMPLE 3

Figures 9-11 I : t I | L i - SPE R8071
on their resB'ceil@E Wé"’"@@%ﬁa"ﬁ@%r'?%%ré’}ﬁﬁgﬁgtag@ﬁ Zorf %&%%ég%ﬁ ﬁ%g@—gj es
in the figurparticies| ddedeauiColic SBE vasatidnds @arimpodved feenwmahtate bf

tam nated _w.th . J / i hyd id 150 wt / wt
methanol - 5 PR GATTES ol SRres ARl 51 abyReliim
hydr oxi de r espeehtivehinolishes.one control included all the above

contam nants together. The two ER8071 sanples were with identical 30
chemistry? only different on the abrasive particles: one with a TMOS

based col | oi dal sthé 68mpBEIGON can KiNeVE? idQudtay® ab8siSe tBRRte?0PorRRP
i ndi vidual trace netals but with certain | evels of al cohol and

armoni a i npuf@PpRyic aoik obe maiktuip Phoarbeiis asidspuesed in & epncerirgiane 9
shows the copf45iR0.0ANESR tE%bBﬂi @b‘?rﬂ%{%n’&i&#i@r &ERtn 2 Ceary
equation based on data acquired wt i near pofarization and the
Taf el plots esnashiatiompf aboutBd ppraderehow 268000 ppmand whkfesablye nor e

t han doub) ed ol§ i - PTA RV djtion of
all the 2¢ or%'tr?gﬁﬁ'gr?{ag c%mr%ﬁ%”ﬁgﬁ%g&ﬁggghiﬂ% %g(g"tlsle Ot%m%y éJr%eti C

i ncrease of coppdon hbibiis, preserdtie techndetaf mbouiatd ppmab gbass1980 i on
protection (see toFigure 10). Figure 11 is the cyclic polarization
conpari son ofPfhe two ER8071 sanples. It displayed the decrease of
corrosion protection on copper surface when the TMOS based abrasives
were used, in agreenent v&h@&)& he corrosion rate cal cul ation (Figure
9). The pr d8éhRrereenhpaPedimen timexpeesiden eaideerEnay t hat

tiny amoynt spsicledMaink £metMbaNE sBedtaMbbbeaNhmab &fdut 200 hefroval
rates, LPC s and defectlivity, and that ultrapure slurries, according

to the present 20i nvention, have better overall performance than
conventional sl urfd£Somposition 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
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 surfactanis include a reduction in

polishing friction.
30

19



I n anot her enbodi nent, the present invention provides a method of
chem cal nechani cal polishing a substrate. The nethod includes the
step of contacting the substrate and a conposition having a plurality
of colloidal 25 silica particles according to the present invention
and a nmedium for suspending the particles. The contacting is carried
out at a tenperature and for a period of tine sufficient to planarize

the substrate. T .re?%byéﬁa%gggm?oﬁ ‘?ﬁﬁéiggﬁﬂ{?ééi%%ﬁa‘? %rﬁb\@,

variety of 30 mediuns to pro a polishing nposi ti

exanpl e, t heoganici repislsiendgfeptivilyos vbeemediop theslaletes wfageeailéerefore,
concentratio . I.7.€: I L e WML I er
concentrati o% ngb'féﬁ%%ﬁgraéfgﬁggo‘%r?feg%ggé’cfé'rjggByﬁ{n%ﬁéﬂg%%gq?‘ggﬁgt of

t hi s si ze vaothat filors, isschmasithpseolhadng ol Ta.at e of surface inpurities
and control |l ed surface topography not provided by conventi onal

pol i shes.’ 5 The conposition can further include an additive

sel ected froma CEdpapicles iathelcoOnpasitionalsb&a0t sdantievldferaasi ds
present in a concent Batl gn gL ag_{,)ut 0.0é W% to about 0.9 wt%. an

oxi di zer, pri®&Eht U P% SRcehts 4tk &b GPddnduieTargbipiia elieiislelliozo, 0oo
ppm and pr ef g4abi¥ hall Ploff PMtalsbohcEMRARM Jralbban30d ppRCsedd PPN tO
about 1000 ppm and a corrosion inhibitor, present in the range of

about 10 ppninetalapatbefwdlgdnRb Gsappeary ceabivations heaneof Adore
conpositipn j S i I i r@gﬂﬂﬂ f{d.Cl e size
from abo:ﬁ) ZI!Z’IJr%?r%rlt‘El gﬁébk%{]%d@%étr%ﬁ]orpafﬁwbgé ?%éé\ggén%%%@t1i c%ﬁ ! ég’ “in the
form of an eMobkprefgrablyctile erimgehtralivpefiibesmmedals dd alvd Wi, ppmaordess, urry

in which the L Cl i.f i se nd are stable both in
a basic or d%g%%ihﬁﬁﬁiﬁ@§f8%ﬁ§ﬁtSghéﬁ%%ﬁﬂ@%ﬂd%§$% surfactant. In a
preferred enbodi nent, the conposition can include a cationic,

ani oni ¢, non-ioni a oteric surfactant of a m xture thereof, Mre
et erably. i he dSRIEPN: SHoR RentiRs A THcRTTa6R 4ea HPMRePaha0 2ed 1 o
25 signi {3 captdbout 600 @e%/§ trd R6M ALY AN & ZPwWiN dllestotROv@IgAt ofThe
preferred non-ionic surfactant is an alkoxglated non-i oni c

surfactant . the comppsiioneaist ihgiraedidryis @bsubst wh t9 Werwich #hthe i ncl ude a
reduction i n.pghdstdng friction.

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

an emuision, colloidal suspension, or slurry.

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

The preferred medium is an aqueous alcohol, wherein the alcohol
preferably is methanol, ethanol, propanol, butanol, ethylene glycol,
propylene glycal, or a mixture thereof.

30
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30 Preferably an upper limt of about 1000 ppm because at
this level, organic residue, defectivity is observed on the wafer
surfaces. Therefore, a non-ionic surfactant is preferred because of
its inert reactivity towards other filns, such as those having Cu and
Ta. 5 The particles in the conposition also have a | ow | evel of
trace netals, such as, Fe, A, Li, Rb, Cs, and F. Preferably, the
colloidal silica rii I i f about
300 ppm or | ess. eﬁ%@{uﬁfg@@é% tl@eeé%g:@ ag\{B?%ﬁe?eWﬁé Ebyé)%hrsoany
conbi nat i onsryarEc eofveniypicall) empddyedabilys prdeess ohoentfaatiroy @f t hese

netals is aboyt. 10 .oppm.or | ess, t fera s . CO n i_on of
t hese netal chﬂgrdgg%lﬁé)a Q’SBSLﬁ'%'} a?cg)g%pg g@@@p‘ﬁfe?%f}ﬁ ‘R‘?&&ﬁﬁc %%a%gl@@aﬁsed
as st ?bi i Z?Iicaej;soﬂh@r?ioﬂrlc?‘new@bted a§t§igi Gt@nﬂe&!tm@dmidm‘bgﬁsjﬁmllrfaoc/e
area from about . . to ou . .are from_aboyt W% to
30wt o6 ofb ¢ oMot s he Stoda SR SO BR e e AP ou
81 W% to 9%jwk%isiertion. conposi tion. As descri bed above, the

medi um can be water, an al kaline solution, 20 an organic solvent or a
m xture thereof. The medium can be in the formof an emnul sion,

col | oi dal suspensiH O 1 Héilskin T&lﬁnﬁ@ﬂidﬁ%%aiﬁt‘&%%h@@gxgg f%ctarr]n

conposition can incl'ude an aqueous organic solvent, such ,

aqueous al catbout 94nioapmibdd arin Reidisegionwf agaebd teabert 48n aqueous
ester, oy, a conbination thereof. The preferred mediumis an
aqueous al cohol, wherein the al cohol preferably is methanol, ethanol,
propanol , but anolThegtregériievetiionaiso enapypaases geytenlar nadafromxt ur e

t hereof. 30 -,:lhggagchjl ﬁlﬁ_n.can be the sane as or different fromthe
aqueous or géjrﬁ HOEPG 8 rtef%/pi cally enpl oyed in the process of

manuf acturing a colloidal silica dispersion according to the present

invention. The cqolloidal silica dispersion can,K be used as the
Cher ool rechant Je RIBERINE GRS REETCRCTPh B FRCGHL P renRe
col | oi daj; sith EW@P%%@ effbddiREntsh e Felldhs ahdskidogiangt HBab&gehg

The pH of the polishing conposition is maintained in a range from
about 9.0 t slegpptionsianst exameles @re orkidlusirabivye abbgtingsidions \Gasiowe 4. 0.

10 alternatives and modifications thereof can be devised by those skilied in
the art without departing from the spirit and scope of the present invention.
Accordingly, the present invention is intended to embrace all such
20  alternatives, modifications, and variations that fall within the scope of the

appended claims.
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The present invention al so enconpasses particular nade from
dehydrated slurries. The present invention has been described with
particular reference 15 to the preferred enbodi nents. It should be
understood that the foregoi ng descriptions and exanples are only
illustrative of the invention. Various alternatives and nodifications
t hereof can be devised by those skilled in the art w thout departing
fromthe spi (WHata®dIHaPeEis®f the present invention. Accordingly, the
present invention is intended to enbrace all such 20alternatives,

nodi fications, and variations that fall within the scope of the

appended cl ai ns. WatAln%tﬁb&b?Eﬁem%al &e@héﬁéﬁ@)@ﬁ@ﬁm | i 'ﬁg atep of :

nmechani cal polishing a surtace substrate conpri
5cont acti ng séhsdradeibempasivgghd stepcdhposi ti on conpri si ng: (i) a

plurality,of coll 200 ppb of
each tracse nmet al %nrg%’t’r@%éléggpéﬁaét%g%hgo éa]tjg}s{é’ét}‘%ﬁ'a ?J&Eé'ggﬁ% have | ess
than 2 ppmresi dugl aIa:pmmzhhtpnﬂcwﬂwdasmcaIpartmwmhaaﬂmg/bserthm nmet al
concentratio excl ot as m an n the ra from
o about 0. o200 54K otEad? yBR: ARyt MoANG, SRSk olarlim e €0lfenas ng
sai d parti cl e 148 HRAM2 PPhilresAITRP SicbhrdSwiddtelt theaRiifa@ fraddal
silica dispers and wherein said contacting is carried out at a

t enper at ure '@ﬁﬁﬁ?PBF‘f’%{‘tb”’é}q"‘oﬁx‘anmg potasgium EP‘éﬁPdWB‘ % Eniheiraeoe o
substrat gy 19ax BetdBboads gﬁmcg gym 1, wherein said colloidal silica

particles are from about W %to about 45 wt%of the total wei ght
of said conpositi(éh. 2@3nercﬂiémr@r Rugpestingl sgidparticl@ser ei n sai d

The total wel ght ‘Droreif A8 sBnbdsltlieaR thrabutd eI dipaltithy
claim 1, whearel whewsinsaiol dantatzdingds camiad pait it & kesperature and for a
period of time sufficient to pfanarize said substrate.
15
2. The method of claim 1, wherein said colloidal silica particles
are from about 0.2 wi% to about 45 wt% of the total weight of said

composition.

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

4, The method of ¢laim 1, wherein said colloidal silica particles
25 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 seiected from the group consisting of:
an anionic surfactant, a cationic surfactant, a non-ionic surfactant,

30  an amphoteric surfactant, and a mixture thereof,
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25 have a surface area fromabout 20 mig to about 300 m g.

5. The method of claim1l, wherein said conposition further conprises
a surfactant selected fromthe group consisting of: an anionic
surfactant, a cationic surfactant, a non-ionic surfactant, 30 an

anphoteric surfactant, and a m xture thereof. 6. The net hod
of claimb5, wher ei n sai d surfactant is an al koxyl ated non-ionic
surfactant. ﬁf@m@%&o& &4 ésawﬁ@rém WA EBIACtaAt d HONPOSI tion
further 5 conpri ses at |east one a t|ve sel ected fromthe group

consi sting oalkomtbderlcn@cﬂuﬂfacmta concentration of about 0.01 wt%
to about 0.9 wt% oxi di zer, at a concentration of about 10 ppm
to about 2.5% and corrosion inhi bitor, at a concentration of about
10 ppmto about tZ 100Chepmweihod ofclam'B'I Wihmfenm&tdid)dompositiahrimﬂhervmerei n

an el ofon, CuBRSsR e SBeRdEe hicied B GRaTat BejRRT ™0 '

The nethod of cl %aﬂbdxylmlcﬁlaﬁa&wnderﬁf%iloumﬂa%oaebe)dt\ﬂ% ta amatmeggrour)
consisting of: water, an organic solvent and a m xture thereof. 2010.

The et hod o‘=l’ft el aim 1 wherein said nediumis fromabout 1 wt%to
about 86 wt % of tcﬁé‘diﬁéﬁ at a‘ﬁ%hggﬁtrétfonﬁﬁ'a@ogf){@9E|Mtb%out2 5%: addl- The

met hod of claim1, V\/nerel n sai d nedium has a about 2 to about

11. 25 corrosion inhibitor, at a concentration of about 10 ppm to about
10 1000 ppm.
8. The method of claim 1, wherein said composition is in a

form selected from the group consisting of:
an emuision, colloidal suspension, solution, and slurry.

15
9. The method of claim 1, wherein said medium is selected

from the group consisting of: water, an organic solvent and a mixture

thereof.

20 10. The method of claim 1, wherein said medium is from about
1 wt% to about 86 wi% 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.

25
12. The method of claim 1, wherein said colloidal silica patticles
are prepared by a process comptising the steps of:
dissolving a fumed silica in an aqueous solvent comprising an alkali
metal hydroxide to produce a alkaline silicate solution;
30 removing said alkali metal via ion exchange to convert said alkaline

silicate solution to a silicic acid solution;
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12. The method of claim1l, wherein said colloidal silica particles
are prepared by a process conprising the steps of: di ssolving a
funmed silica in an aqueous sol vent conprising an al kali netal

hydr oxi de to produce a al kaline silicate solution; 30renoving said

al kali metal via ion exchange to convert said alkaline silicate
solution to a silicic acid solution; adjusting tenperature,
concentration andagfdstig femhserature CeoshoanirgticiPAnd pRIbflsaid slicleaicid
sufficient to initiate nucleation and particle growh;

sai d silici csapfian $pyaites suldicient fuindialg pecisation a*ﬂfgpﬁfﬁlemewéh:
col I oi dal silica ghsipRlsHi®MicRHEPEARtidH W strerint @ Haduskld ca
particles fromsaid colloidal silica dispersion to produce coll oidal
silica parti epididalgilicaglisparsign; ard aggr egate particle size about 10 nm
to about 200 nm a ; §.5 b of : Li,
b, Co. Fi, For ArDIERG e SAICRE Shen BRIl A R SRR S e
concent r at i odispérsidrotat pradace palladall sfiics. patiicldsShavieg menbanl cofigglegata 1,

wherein each_said trace netal i.s pre in_said. di rsi in. a
fange. from aBagEessieS ST be® ot 200 it RE it SER Lo do8 um
1514. The net jadipi corsistihmoEALiZRB] €6Fr, Fe, ADERAInkicomidinatidierthe@mpat ses
a stabilizer sel Fct eci from al kal i ne conpounds i ncluding K or amoni a
conpounds. 2 total metalg goneg{iration i @bt L4LPRA Lr I6#Fer ei n t he

cunul atiyg trace metal 20 concentration of said dispersion, excluding
pot assi um and sodium is in the range fromabout 0.5 to about 3 ppm
16. An ul trapure &3l | of BRamedhed ehelains hewBeign eantpaiditingedadibisdal

silica parti Vi 7 BR3¢H efﬁﬁﬁ i i m about
10 to 25 ab {Je%\%gg%n%{waﬁgr ern fs?g?ﬁ @ol ol ggpag Fcfégo iz'zscg)eéétﬁon has

| ess t han 206ex¢pdingfotassium eadsodisthal i npurity di sposed therein,

excl udi ng potassium and sodi um and have | ess than 2 ppm resi dual

al cohol . 17. The ultrapure colloidal silica dispersion of

cl ai m 1615 wher ei 180 tTiee netthad thedlaini §3 aheckis fley sdbrapositiopfieimred by a
met hod conprising the s of. di.ssol vin fumed sjlica in
an aqueous sﬁ?mgﬁ?e%%ﬁ%‘hﬁ&eﬁﬁeiﬁﬁteglfmiaIWP%\POW&aB% H@"{‘ﬁn%k&fuce an
al kal i ne si | i@atichis abmbbands.

cool i ng

16.  The method of claim 1, wherein the cumulative trace metal
20 concentration of said dispersion, excluding potassium and sodium, is in

the range from about 0.5 fo about 3 ppm

16.  An ultrapure colloidal silica dispersion comprising colloidal

silica particles having a mean or aggregate particle size from about 10 to
25 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 ulfrapure colloidal silica dispersion of claim 16, wherein
30 the colloidal silica dispersion is prepared by a method comprising the
steps of:
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removing the alkali netal via ion exchange to generate a silicic acid
solution; and 5adjusting tenperature, concentration and pH of said
silicic acid solution to values sufficient to initiate nucleation and
particle growth; and cooling said silicic acid solution at a rate
sufficient to produce said colloidal silica dispersion. 1018. The
ultrapure colloidal silica dispersion of claim16, wherein said

col | oi dal silica disspkirg afurnsd pilieaér ad abyecusaeshrat coonpisirg agafkal

step of: suspending said . collpidal silica.particles in an aqueous
sol vent . 1518?%%“’8*?’9%%& g}oggjf?&noaj‘(a@ﬁS!”@é‘%f@ﬁ@?@i on of claim 16,
wherei n each sai drérmegng e alkali snedalasg Wn &thanbél islheneas 2Bl Rid
range from abolglg 5 to, about 200 ppb, excluding potassi um and sodi um

20. The col | 8P4HPNs#Md ca di spersion according to claim 16, wherein
the cunul ative trgg & t ' ' ' :
j@s{r@ quﬁﬁ]ﬁﬁ@’ 6Q?Hdeﬁﬂaf?c§n §:3% H?@f%@iﬁ:[)éh&@ Sclg ‘o

excl udi ng potassi Un and sodium is in the ran rom about
about 5 ppm solution to yaluep skificiesd toinitiele ridaationeanhpadigle govithsrandg a

ut 5 ppm solul eirstiaiict _ pobiisn
Substrate and an CTOrEsooNRr I hrEp oL e e sERPRM TS bldBos el

col | oi dal si toladgasilicacligzerbiani ng a nean or aggregate particle size
from about 10 to about 200nm wherein said colloidal silica
di spersion has | ess than 200 ppb of each trace netal inpurity,

excl udi nge pot assi t8n anths atfiagive esitbide sitichefsberdian o cRIM 16 eherah
al cohol ; 30wher,ei H‘P‘%%‘ d.coailﬁact Lng is carried out at a erature

t
and for a peffig#o Hlica ¢isPEISIUHE ArePgrd fya pethog %O'EWE%! g i,
step of:

suspending said colloidal silica particles in an aqueous solvent,

15 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
20 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:

25 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 [ess than 2 ppm residual alcohol;

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

period of time sufficient to planarize said substrate.

25



