;e3eDIDA .N6T3:H 1 - 4 S E P 2002 Aqueous Dispersioas, Process for their
Prodwction, and their Use The present invention relates to the production
of aqueous 5 dispersions that contain pyrogenically produced silicon

di oxi de, a process oduction, and the use of the dispersions for
pol i shing sem condqmw‘mmmm“mt es. 10 15 20 25 30 Cerium oxi de

di spersions, obtain cining a cerium conpound fol |Q (SEE gppzdl ng
of the oxi de, have been used for along1ime for polishing gl )

di spersions have particle sizes of nore than 1000 nm and a hi gh content of
inmpurities. They are suitable for the coarse polishing of surfaces, but not
for polishing sefsteduseDaprexaiongurizecess SeithentduRtasuctibst rades or
integrated circuits (chem cal mechani enéipatseshi ng, CVMP). Smaller cerium

oxi de particles are obtained by the socall ed hydrothermal synthesis. In
this case a ceriun(ll1) salt is converted oxidatively under the influence
of tenperature and pressure into cerium oxide, which crystallises out in
the formof fine particles. The particle sizes of the cerium oxide obtained
according to tRAPe Bieseassinyentdon rdakfs (EP-thegryodEdion RERWAPRLS 5 389
352) or snebl edisbarsi3®snhhatndohbs gempyrhgen it lim pisivsed 724 14800, The

di sadvant age ofgibRi& mat BQ@ICM\@Mertﬂeirt Badawri¥ndi dnd %hee&ééms(fl the

sol utions have 4;q Qgsfg% fg§%1%rhi9 ST BLA R o r Ml @3, OF cerium oxi de
and silicon dioxige pr o uc d rocesses ment | onecf above are descri bed
in US5 891 209,40, th| | S C%§§ érh‘ioﬁse” l{{@agm has tonlbe dea Iorrer ated in
a first step by Teans of a gri ndrng° md The e u?ﬁ‘ ox19d8 G perS|on i's

then mixed i n £XCHRY %Ctléﬁwﬁﬁ‘ttﬁf areﬁ‘%‘tﬂoﬁfdﬁéﬁ(l%dﬂt dpeesherr BEseed on
(si,lica sol nhd fxan abéongedrofot aoalshinsigleson Thesdsspersidns Kave E P 2002

The di sadvant ageajidichhi §1£'ea§%f|%&héh&onﬂﬁdoc%eéi\d)raoﬁ%rc%n@@ﬁttclfe costs
i nvol ved in the u%q% ggsonrhe Bpé suflwgiey f%z%r Hlé:ulo%trtsaedl SR} $LON. The
deaggl oner at i on” U ox7 dé cf; mi 79 conc%eﬂ t he

pot enti al dange?‘“Sf%eSt' h’éu‘i rﬂ?&r f)‘b‘f é’tollbﬁ‘“d’fg |Sﬁﬁﬁ%'i1t"iee§PF¥PatlhéUH?%ﬁ?ér *Si on.
Furthernore, itsesidomowntdhatubsktatzenodi dicdeaded pensudts (ohswicadr silica
sol have a misghgécﬁmt&mtp@iisjhrmwidmes t han those based on pyrogenically
produced silicon dioxide. US5 382 272 describes the activation of silicon
di oxi delOparti clseg1byr &&Qﬁ@td}ﬁﬁe%axﬁzlﬁﬁ% vl Bbt REHGEBY tl{ér gberably2 wt.

of a cerium oxi @g%%d £330, gxgsgre?% ersi q__lglgh? SDart<|: a| negia)at ure of

this process is t eactlva I'ng” e IS sal sinply by
grindinga silicdftli bkiHEvaFsHe Pé‘?ﬁﬁtweﬁﬂ ‘én%ﬁé?c’r’éﬁll‘l?n‘é‘?/ﬁ | abl el5ceri um
oxi de or zir conlumexadatedlaspemmsenre Théonexeddi opidai ehichat i s thus

obt ai ned i s 2%ai krivethehssd bukeirdRYE eF @l 'buntme gerdicsmer st when

pol i shi ng serm cquilugLoL sl rekea]e%&ﬁ\gn '35{9 %d Leraliy (i t hout

| eavi ngany scratghes on e sur t he
remai ni ng proces PROTHE 5 é&ﬁﬁp In’én g

xecution is sinpi%. 35?he°{)aﬁ“talléa¥ mps%v&h?aﬁe]sa@ﬁrtm@ ﬁﬁt‘l*fbd(uﬁr & as is
|'so described i Wteti@iol . i ThaNQi664vdant382 ¥l thiihenghodutdyererofs ehat
di sper si onhays Ngvér P i1Q¥e Pedriugk L9 261 KGR A&k thepdiddeacus ty
i n25achi evi ng regggﬂ}i%gakgtgpl ghing results.As the prior art shows, the
extraordinarily g tivi tyo cerium oxi de corrpared to silicon dioxide

and ot herdi el ecty,lc, oxi des has, eXCII great. _de in inly in
L& ures % cer ae Iaﬁd %%ﬁg cgid)x.r.ﬁe }o%h‘éé&

the area of chem car-mechani o I'S ni ca obj ect of
the invention isth8 ?J?QﬁﬁséésW%G@%§b°ﬁ%rﬁﬁﬁnd8§?’ﬁfé’eéoh’f &%Pn8Hi sper si on
that can be prodai®éd Ei iy, cédrmtthe orrrdbmsoxidey has strabke @geayyd e ortegf
inmpurities, aod iif Whilhsd Reepasy mGhits BifZ8 @AIhdIRg IMRIANQATIC Rley iafl] ust ed.

- 4 S E P 200Z oxide dispersion is then mixed in a second step with a
silicon dioxide dispersion based on silica sol and can be

used to planarite silicon discs.
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This technical object is achieved by using an aqueous di spersion containing
pyrogeni cal |y produced silicon dioxide doped with cerium oxide, in which
the ceriumoxide is introduced through an aerosol of a ceriumsalt solution
5 or suspension, and the nean particle size in the dispersion is |ess than
100 nm In the production of the silicon dioxide doped with cerium oxi de a
ceriumsalt solution or suspension is used as starting mateyi gcﬁ) V\Qggg
honogeneously m xed as an 10 aerosol with the gaseous mxtuhe P from
the flame oxidation or flane hydrolysis of a volatile silicon conpound such
as for exanple silicon tetrachloride, hydrogen and oxygen. The

aer osol /gaseousTWh At spdvapsags | owslis caseats the gomphigatefherqgesyrei ng
pyrogeni cal | y pmadtibededstssihvalorddioxindepdopedtiby aranssofiddle aerosol is

separated in a kne \&reumm%&s{)épgnohh%rg@%eﬁggf&ﬁera%%ohsofi%ﬁgréélel@ml n detail
|nDE19650500 thspodé:t i de

di o
particles d£ TWEhUREH GmPbxigdd 'W‘u Cé’rn ﬁi%j:l ﬁepﬁté?'fti(‘?ﬁ %ané;cfordl ng to
20 this pro SO%rté‘eaH)\m@%ﬁﬁWféPft Rapnnifdesi in dde disngrgéoparticles. This
i's an inportant Fprigreeqois, tie fisrkridwe tiser efildtspelivixats dieptasiunyg the

ceri um oxi de- dopggk Sichi €014 i Qél%vgagt}ﬁ?h%§ Ferpele] 'o§hln&glr§-{?pé§ cati ons,
hes coul d be surfac e 25 pollshed

since ot herw se_scr

The di spersion ﬁg%“ ial 588db%ste§lbf”f‘|Q%fogﬁﬁl‘fasﬁydgﬁ?‘?‘if:esduisf’g’ocfoé‘ oP*35851°i shi ng
in the CWP sector. iéablﬂt of the doped dispersion neans that the
tinme after whi cHStﬁ W 2 sﬁ‘eﬁ?ra e ﬁé‘edf‘%tp‘evrasﬂlBH Pnlddses GP*tiR

di spersi on 30 gekrstbelesell nedaogpiion atfer fdhmneight lrersgpe, dfreferhlslper si on
contai ning a mxt uees ofofundepaithmSbkide0 B r 0 Dxdohe RNk GRY BUspedside. As a

resul't of "the pytQUBRIG JEQHUEL AP ORRSS: pidbedll 0 @l endnown hi ghly
pure starting mat

200 l evel s
inpurities rel e\f"aﬁt"vf’l Jr“%ﬁ%%ﬁfpﬁ%ﬁ?’r%ﬁ? BF & e%f@dlnfsal §nté‘f |9r19\$}’h9
comerci al | y obt&isiédcerdigm éxiderersiver gibhs m@m@écplradﬁzwoaaadéabée
general | y obtsai nest ifumosx atee 8 r hawdagiam xiakadisteiryibh girtheonierd  of

inpurities. The gdegree; of t@@@' .’DQ &Bstgﬁcaﬁhhhcﬁ‘ s‘.j;\' Qxhgeoe% oduced Ry the

above process nma be ovarl ed to. 20 Wt %

When used for the pr SGactT off %ﬁpﬁaﬁle%hymaf‘s%%]rlf?&ﬂg eé“gfan NG 6 the
present inventi oﬁub*’tt’dfé‘ta%g'fléé‘ EOthﬁh ABPPYRG Fatpr dTdr HhFRP Wl $RERI10 ppm and
10 wt. g, f part acylsmhycipreioor ald yurfiatheo bageolbehedencd®drepmhoand 5

w.% ' The BET steéfas@ifing moeegéwmaxm&epéeaedaxaj | tRONeddeoxdlde i s

bet een © and S0RsABLA 36600 Web RnPLET ALpSd L SRR0dimak of the
i nvention. A range t ween é 0l gartlc Iar cpref(g:rred
Wthin this rang&*fh vad’ité‘B%? s?foﬁ é?(ﬁ‘iel’if“f’g Feyodd 51 A°Pi TPCTTRET S i ds
content of the didgpetsiianWeo/AdiTn2ed Mer thenrowddet boped ajdiispeRs Hitoxi de i s
prinmarily governedvhygid sia2bow Haendert yiee tdhger dad the defificalty in

transportati @n CQghiedidy srgggéalgﬁb%tptbltlggl@@egqmgos& bl e solids content
qos aimed for, whereas for certain applications, such as for exanple the

olishing of sil '1&0'&119' éﬁ%r_ Qk@pﬁ{o%onc%ev“e& raordiﬁ&’rﬁ&l hd§h (%Q.J%T:.@.{'Eyfoare

used. A solids contt en t he

) %i g % er rﬁ? gcordl ng

i nvention, the rafgé Eé‘t“{}\e%‘r’r i Cé?i‘&’aﬁﬁ W ¢ é‘?‘ﬁb T dPar T Sreferred. In
this range the ceﬁi’reﬂrﬂ%ﬂ‘a@-"d%éd‘a@l sperisidon ‘é?@ﬁtbidﬁél PigEBEESEbi | ity. The
di spersion may benmaisey as tuechred af ekamiplad -fiech3(cpdl pelliishing TIREPpH of
this dispersion is between 3.5 and 4 depending on the degree of doping. The
pH may howevedo beThartieetini tala otjdet pifi tangavehtiten i3- td guovadeliamg basical ly

or acidically acth@es)SEEPES oxide-containing dispersion that can be
produced simply, that contains only a small proportion of
impurities, and in which the particle size can be
reproducibly adjusted.



-~ 4 S EP 2002 An increase in the pH value may preferably be achi eved by
addi ng al kali hydroxi des or am nes. Ammoni um hydr oxi de and pot assi um
hydroxi de are particularly preferred. By adding acids the pH can be

di spl aced to the acidic range 5 down to pH 3. There are preferably used for
t hi s purpose carboxylic acids of the general fornmula CnH2n+i CO2H wher e
n=0-6 or n=8,10,12,19,16, or dicarboxylic acids of the general fornula
HO2C( CH2~~C02H where n=0-9, or hydroxycaéﬁgxylic aci ds of-{hesgggﬁggmz
formul a RIRZC( OH) COZH where 10 Rl=H, R2= , CH2COZH, CH (OH) or
glycolic acid, pyruvic acid, salicylic acid or m xtures of the

af orenenti oned Thisa€éémicACedfecRChE, adHikkbé WEEiAgthrsakuéald ¢ acid are

particul arly prefer r {.S; U ; r i aLlon al so

provi des a pr oc&s%??g?or{ %gngglélrr%dEg??%r?%?f%ﬁgﬁéﬁg%%# srg:igg%rgnt ai ni ng

ceri um oxi de- docg‘é)d‘lgrel PR HFUEi%,lu%?Wei'sl%HﬁFgét EPS SEEIYH THRAE t he
ceri um oxi de- dopedntpydeashitbadigh prodersdlspfizeerdinxiadd Felutiiopersed in
agueous sol W8 i osir yuspeAsitorgf add g neaRNEArtiiBPeItsidd spetisd dnspeidieds in
whi ch a suffici ?Qtié{sshitﬁgq 2QoeReragy input permts a dispersion of even
extrenely hard and highly aggregated materials are suitable for this

pur pose. Such s in syst tin C I ; '
rotor-stator pp?ﬁ% g,rc’?llgl)érlcqg))r(la)rgrglé{%??rggé urdr;g)if&n?a%ﬁﬁggf&gr I:glgjiqtmator bal |
mlls. Both sysCEHES HoRETEI™ [Fade 2B UEirB| OF iSPEP§ SRR dfiet ! PRput .

Si gni ficantly hisghetirenesggrialpubicr d spbemideneowsth rdxpfl aarerar y

kn]ga?ple_r/ m reo.h_ HReosdf eGlhvene e sebud MiktSys it sedARMEENSERRAElENt on a
sufficiently high; cosi ty t S i er to inpart
{t he hi gh shear %%é?gﬁé% r?ﬂé—e%ie)%n% @%gﬁ%@?fgﬁ%ﬁﬁﬁ |sgllg%& When grindi ng
and di spersing SPBAURkisYENpat thod 8L 8L ECamEeHEHRPTE%t t he dopi ng
substance will Sepacgee angt odygdmg Thheagposntli grpeand mixfpsesiomrllgned | eads
to vari abl e pol ishiregct estllat $1ddie .t h@e di SRk Sh® pyirdgbnidea 1yserbdasea 35

pol i shi ng aggnt éﬂiﬁgg & RE0865% by feans™oP thd 280041 lishaspdrawegeen

found that aqueous spersions contaiping cerium oxl de-doped silicon

di oxi de particl et thaPo4p PATREF | BT ﬁgﬁ %c’f‘osﬁﬁ?%{?rd in which the doping
substances has not separated out can be obtai ned b)g LlzJ]siJ;g tﬁi,%h-pressure 5
honogeni sers. WA YheSacHRALCER 93 ipr &2 difspeP st ~Qdspendt'dh streams under
a pressure of upprred@530nkeyaeRsateadsx pantiddcohr digiida ehxbiohes MePePe. Bot h
di spersion jets sithke&r@oR eidleherhexastily @ndet perfialts cdeesrantengo a

mutual grindppg. +h0s 10 RRAQLNEL. erhogi neRt 1L herRheeitl SREISIPibRi SO
subjected to a h [e u CO"'%Pf-'

i_gh, pressu but 1n, this case the particle
agai nst reinfor cé’%rﬁgﬂesre&‘%%slf ?ﬂe*s’@’%g@?t:cé?eﬁﬁ%‘él & ng?fsqgef%?e a 1ong
ti me, anmong ot hertiFRphAgensocentsidiae thispetiberdde-daped 35 FPAc oxi de, 15
silicon dioxi de atioabideimirtiicbxs der( pKEiANInQ6PE96at ERSAST@41, EP- A- 773
270, WO 00/172 28ArRAlkisd hRrgtintl RguddbelitsBRISLANtIS sdepack @i des using
¢hese devi ceszfshasp&c_&hgg_en descri bed up to now. The invention also provides
or the use of the aqueous, 20 cerium oxi de-doped di spersion for the
chem cal - mechani ¢ |iLshi. f .sem rs ; yers
appli od to tho | aterRshSridd he¥ (Bba e Sl é%*ﬁ*f%%%%iﬁ%aﬁ?b%@
surface that is ffee RLLAMIDAEr BRCIES BeTFBe %‘bﬁdaf’ﬁé‘ai]&ttyf ig% pol i shing
rate. 1 25 The cefi¢ped chispersiopeuealis sbatithe stevraditay YdcbheRs nvention is
particularly suitabteodiak bheanlel BpsptsadhcCialcreas®eantbaldipebrsivnng in the
shal | ow-trenchyi sgbaliOn sREARGRS (STHadlr0LRES)kn tik WALEN Akl 8ls@pRIYANG a
silicon nitride Iageg jnsulating structures are etch%d .0, the, 30 sikicon
H % cf e a exr

| ayer of a wafer, PReSECAVT 1TE5 4P e° FEACPFT PS4 T4 6819 n  df oxi'de, and
excess silicon di @%ide-is renoved by chenical - mechani cal poli shing.

Bs a result of the pyrogenic production process, in which
as is known highly pure starting materials are used, the



~-'4 S E P 2002 7 These dispersions are also suitable for the production of
very finely particulate surface coatings in the papernmaking industry or to
produce special glasses. 5 Exanples Anal ytical process The average
secondary particle size was determ ned with a Zetasizer 3000 Hsa fromthe
Mal vern conpany. The surface of the powders that Were used was determ ned
by 10 the nethod of S. Brunauer, P. H Emmet and |I. Teller, J. Am Chem cal
Society, Vol. 60, p. 309 (1938) and is ganerally terned t+é gEEFPsgﬂggce
The viscosity of the dispersions that were produced was deternined wth a
rotation rheoneter, Mdel MCR 300, from 15 Physica and with a CC 27

measur enent beadkerelsThE inpscbsidsy redévantwde rneldls appdicdtimnshaea rate of 100
1/sec. This sheaquiaiBly Ssdal1 @ range in which the viscosity is practically
i ndependent of the shear stress. Sedinent fornmation was eval uated by vi sual

i nspection in ay20, 1A0R fli :G2PaGL M nblid8s NRGK BL: MOlMBHEYL RNG Ehask after a
standing tine o

f one week. .Any sedi.nent, t hat be present can easily be
recogni sed by ca&refil Ioiflg? Ry ﬁﬁnﬂf"eﬁgl 3§?§lnﬁﬁig§}${%t°ﬁ§§i 261" fe cerium
oxi de- doped gi | Febitidedxi o sprtetteofi smpwiitiied- out according to DE 196 50
500. 25 Production of the dispersions Method A: 53 kg of fully deionised
wat er and 80g offhg0odeeH sbldepiing eff dhgl atkirdnndiosdie] pseduaedeby Wiceel
bat ch cont ai ner ab8vkprefcethangyabti €d@iedaecoliii REdé oL imiaepEasm b.0@ A are
sucked in as a ro@n 0 I i r ' i f a
di sperser and s&%\tl\ggnzfﬁwgé? ﬁh%ﬁn %ss% eﬁoqggﬁg &%QEW:SE% %nglg%q%g%gr .p.m).
After the introducPEENVr 2PRFPAIIE? Thife PAPERRY s*i“éiﬁ“'f‘s“cog?ﬁ &% th a
Type Z 66 rdPor /ot grping Hsopygfdrerdi norasgesnst? Frropdshid HE-3i t h f our

rtoocessi Nng Ccr owisrtacslatlgr pséfidravil gt in ahhel ramge dedween r30DappoRal Speed 5
of 11,500 r.p. myDuyring this 15-mnute dispersi-on at 11,500 r.p.m the pH
is adjusted and nmaintained at a of 9.5 by adding further KOH solution. In

thi s connecti on. fd WEhet, 0.0 Ot salil,0nc WRLE el BRdaanalr st ve

body concentratipn o 5 wt . % was usted.b in .8 kg of 10 water.
Met hod B: about haITeHRE™ di ?ﬁgrgﬁﬁ‘zz%cacﬁ‘:&ir bn‘i/&%ﬁt?\’ge(f%ﬂrieg ground with a
"wet jet m 13, erkodmentrofSybeemvYansarSudh re@nIadIHtYeeRt I anfotd

HIP- 25050, at a pfessdrgaaficdbériyParanermwid.hwatidiranbns regzl €hadi anet er of

0.3 mmand two 13;gEéndicRde BADIES 2 YoBqaBedytiiegl data of the dispersions
are shown in Table 1. Polishing process

The solids content of the dispersion containing cerium
oxide-doped silicon dioxide is primarily governed by its

20 intended use. In order to reduce transportation costs a
dispersion with the maximum possible solids content is
aimed for, whereas for certain applications, such as for
example the polishing of silicon discs, dispersions with

( ) low solids contents are used. A solids content of 0.1 to 70

25 wt.% is preferred according to the invention, the range
between 1 and 30 wt.% being particularly preferred. In this
range the cerium oxide-doped dispersion exhibits a good
stability.

The dispersion may be used as such, for example for

30 polishing. The pH of this dispersion is between 3.5 and 4
depending on the degree of doping. The pH may however be
varied in a wide pH range of ca. 3-11 by adding basically
or acidically acting substances.



Equi prent: Presi Polisher Type 460 M equi pped with a 20 550 mm pol i shi ng
tableé with a Rodel 1C 1400 perforated polishing cloth. Wafer: 4" silicon
di‘'scs coated with 500 nm Si02 (thermally produced), 4" silicon discs coated
with 500 nm Si 3Na ( LPCVD) 25 Pol i shing paraneters: Polishing
duration/polishing pressure: 15 secs./0.2 bar, 60 secs./0.8 bar, 15
secs./0.2 bar, with rinsing Rotational velocity 60 rpm (both) 30 Metering

rate of the dispersion: 100 nl/nin. Tenperature: ca. 25C =} E 206 2002
Prelimnary treatnment: treatnment with a dianond-tipped grindi ng head disc

at a pressure of 1 bar for 10 secs. before each polishing test. Post CWP

cl eani ng i s caPpi EecrRsebin (her Bl gralaechanmnedesilvebhsartiievednl usi ng a
SVG 8620 brushatiipeg cdisanerhydsorgdes sirdemtiaanamuhdiipar hydrddadevatdiat i on of
the abrasion peikeksRREyhfSMRakrd %ta%uBBiamj pRLfd2dqout by neasuring the
| ayer thickness using a Srorretrl x FDT 650 device (KLA-Tencor Corporation)
and by 10 wei ghyyngqhigy ‘M%figé,tq{é B 4 ! Y8 HRc24AR %g@' ﬁéidi%%%@rs (
wer e polished i n each case to_ deter t . Large

scrat ches and 2‘%?“8%? é\&g%g VLA B PATER2RIS P ‘{]Fe%délep%nrg’(%gedevi ce from
Tencor. 15 The Gagdbggglioracige obthsi ganqredf formdecSHandhheviyaieectiviti es
N O 03 0 Tabl o gresinal VAL ROt ton dhaneronons ANt ot AcCor ding Lo
¢ n c)) COMR 250115 o ﬂﬁ%-
Exanples 1 to 8car %Tyleieal\ﬁ%googet?‘g_ geDr?grlarZ]Lgfo \Aél'a~i‘1l%{|§(-:r20§lhjcrozﬂ Cw ere
Ri=H, Ry=CHi, CH,CO,H, CH(OH)CO;H or glycolic acid, pyruvic
acid, salicylic acid or mixtures of the aforementioned
acids. Acetic acid, citric acid and salicylic acid are
particularly preferred for this purpose.

10

(.

The present invention also provides a process for the
15 production of the dispersion containing cerium oxide-doped
silicon dioxide, which is characterised in that the cerium
oxide~-doped, pyrogenically produced silicon dioxide is
dispersed in aqueous solution by means of a high energy
input. Dispersion methods in which a sufficiently high
energy input permits a dispersion of even extremely hard
and highly aggregated materials are suitable for this

20

purpose. Such methods include systems operating according

to the rotor-stator principle, for example Ultra-Turrax

machines, or agitator ball mills. Both systems however have
a relatively low energy input. Significantly higher energy
inputs are possible with a planetary kneader/mixer. The
effectiveness of this system is however dependent on a
sufficiently high viscosity of the processed mixture, in

order to impart the high shear energles needed to separate
30 the particles. ‘

~ 25
(]

When grinding and dispersing doped oxide particles there is
the danger that the doping substance will separate out
during the grinding and dispersion. This leads to variable
polishing results if the dispersion is to be used as a

35 polishing agent in the CMP process.



[ mZ/ g] Mean Particle Dianeter (Nunber) [nn] Mean Particle Diameter. (Vol une)
[ nm Vi scosity

[ nPa- s] Deposi t 1Anone*901972717yes2Bnone*901501633n03A0. 11831852513yes4B0. 11
8384962n05A0. 34791902573yes6B0. 347978922n07A0. 71 811812613yes8

I BIO. 711 81191J9912Ino | * Aerosil 90, Degussa AG ,. cVOONa. i,..
Tabl e 2: Mean renoval rates (RR) and Si 02/ Si 3N4 selectivities of the

di spersi ons produced according to Exanples 1 to 8 1 Exam=gj @Elﬁbmz
Si 02Si 3Nd RRSel ectivity Si 02/ RR Si 3NdScr at ches/ Def ect swei ghi ng
[rna/ m n] Frometrix [ nm m n)wei ghi ng{‘[nrﬂm' n) Prometri x

It has now been found that agueous dispersions containing

cerium oxide-doped silicon dioxide particles that are

U

smaller than 100 nm and in which the doping substances has

not separated out can be obtailned by using high-pressure
5 homogenisers.

With these devices two pre-dispersed suspension streams
under a pressure of up to 3500 kg/cm? are expanded through
a diamond nozzle. Both dispersion jets strike one another
exactly and the particles undergo a mutual grinding. In

10 another embodiment the pre-dispersion is also subjected to

a high pressure, but in this case the particles collide
( . against reinforced wall regions.

These devices have been used for a long time, among other
things to disperse undoped oxides such as zinc oxide,
15 silicon dioxide or aluminium oxide (UK-A-2 063 695, EP-A-
876 841, EP-A-773 270, WO 00/172 282 Al). The grinding and

dispersion of doped oxides using these devices has not been
described up to now.

The invention also provides for the use of the aqueous,
cerium oxide-~doped dispersion for the chemical-mechanical
polishing (CMP) of semiconductor substrates or layers
applied to the latter. By using the cerium oxide-doped

dispersion, a surface that is free of microscratches can be
R obtained at a high polishing rate.
(1

20

25 The cerium oxide-doped dispersion according to the

invention is particularly suitable for the final chemical-’
mechanical polishing in the shallow-trench isolation
process (STI process), in which after applying a silicon

nitride layer insulating structures are etched in the
silicon layer of a wafer,

with silicon dioxide,

30 these cavities are then filled

and excess silicon dioxide is removed
by chemical-mechanical polishing.



[ nm m n) wei ghi ng

Promet ri x7. 107810053253033. 33. 4s0me2102395632131 33. 33. 3none31153
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according to any of clains 1 to 5, characterised in that the pH value is
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according to anyrafe is in a range in which the viscosity is practically
independent of the shedr stress.

Sediment formation was evaluated by visual inspection in a
20 1000 ml capacity wide-necked polyethylene flask after a
. standing time of one week. Any sediment that may be present
(.} can easily be recognised by carefully tilting the flask.

The synthesis of the cerium oxide-doped silicon dioxide
particles is carried out according to DE 196 50 500.

25 Production of the dispersions

Method A: 53 kg of fully deionised water and 80g of 30% KOH

solution are placed in a 60 1 stainless steel batch

container. 8 kg of the particles according to Examples 1 to

8 are sucked in as a powder and coarsely pre-dispersed with
30 the aid of a disperser and suction mixer from Ystral (at
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coatings in the paper industry. 20 |2.Use of the aqueous di spersion
according to any of clainms 1 to 7 for producing special glasses.
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The analytical data of the dispersions are shown in Table

1.

Polishing process

Equipment: Presi Polisher Type 460 M, equipped with a
20 550 mm polishing table with a Rodel IC 1400 perforated
polishing cloth.

Wafer: 4“ silicon discs coated with 500 nm Si0O; (thermally
(‘3 produced), 4“ silicon discs coated with 500 nm SijzNg
' (LPCVD) .

25 Polishing parameters:

Polishing duration/polishing pressure: 15 secs./0.2 bar, 60
secs./0.8 bar,
15 secs./0.2 bar, with rinsing
Rotational velocity 60 rpm (both)
30 Metering rate of the dispersion: 100 ml/min.
Temperature:; ca. 25°C
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Post CMP cleaning 1s carried out by ultrasonic cleaning

5 (Techsonic) and using a SVG 8620 brush-type cleaner (single

side cleaner/dryer).

The evaluation of the abrasion performance (removal rate,
RR) is carried out by measuring the layer thickness using a
Prometrix FDT 650 device (KLA-Tencor Corporation) and by

10 weighing the wafer on a Sartorius BP 210D scales. 10 wafers
were polished and evaluated in each case to determined the
mean RR.

Large scratches and defects were evaluated with a Surfscan
Model 5000 device from Tencor.
15

The values for the abrasion performances and the

selectivities of the dispersions according to Examples 1 to
8 are summarised in Table 2
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characterised in that the pH value of the dispersion is
between 3 and 11.

20 6. Aqueous dispersion according to any of claims 1 to 5,
characterised in that the pH value is adjusted using
( ; amines or alkali hydroxides.

7. Aqueous dispersion according to any of claims 1 to §,

characterised in that the pH value is adjusted using

25 carboxylic acids of the general formula CpH2n+1CO2H,
where n=0-6 or n=8,10,12,14,16, or dicarboxylic acids
of the general formula HO,C{(CH;),CO2H, where n=0-4, or
hydroxycarboxylic acids of the general formula
RiR2C(OH)COzH, where Ry=H, Ry=CHj, CH,COH, CH(OH)COyH or

30 glycolic acid, pyruvic acid, salicylic acid or mixtures
thereof.
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that the cerium oxid&-doped, pyrogenically produced
silicon dioxide is dispersed in aqueous solution by

means of a high energy input.

Process for the production of an aqueous dispersion
according to claim 8, characterised in that for the
grinding and dispersion of a cerium oxide-~doped silicon
dioxide in an aqueous solvent, a device is used in

10 which the particles to be dispersed are under a
pressure of up to 3500 kg/cm?, are expanded through a
nozzle, and collide with one another or against wall

regions of the device.

10.Use of the aqueous dispersion according to any of

15 claims 1 to 7 for the chemical-mechanical polishing of

seniconductor substrates or of layers applied thereto.

11.Use of the aqueous dispersion according to any of

claims 1 to 7 for producing finely particulate surface
coatings in the paper industry.

20 12.Use of the aqueous dispersion according to any of

claims 1 to 7 for producing special glasses.



