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Background Art

Conventionally, abrasives employing high-purity
silicon oxide have been used in a planarization process
of semiconductors. In recent years, high-purity cerium
oxide abrasives have been more often employed in a
planarization process. Use of cerium oxide is
advantageous in that a higher processing rate can be
provided as compared with silicon oxide abrasives and
that a wide range of additives can be used for preparing
a slurry that is stable over a wide pH range.

However, cerium oxide has drawbacks, in that
polished surfaces are readily scratched as compared with
conventionally used silicon oxide abrasives and that

cerium oxide abrasives provide polishing performance less

consistent than silica-based abrasives.
High-purity cerium oxide abrasives are produced by



firing a high-purity raw material such as cerium
carbonate, cerium nonoxycarbonate, or cerium oxal ate.
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One important factor affecting the polishing
performance of cerium oxide abrasives is a crystal growth
feature of cerium oxide. The crystal growth feature is
affected by factors such as maximum firing temperature,
retention time, and temperature elevation rate. When a
high firing temperature is employed, primary particles
have a considerably large particle size, resulting in
scratching of polished surfaces, whereas when a low
firing temperature is employed, the specific surface area
of cerium oxide increases, resulting in adhesion or
aggregation.

When cerium oxide abrasives are produced from cerium
carbonate as a raw material, strict limitations are
imposed on the aforementioned firing conditions. Since

crystal morphology and purity of cerium carbonate vary'in
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condi tions nmust be nodified on a case-by-case basis,
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2003-27044 dlscloses a cerlum—contalnlng abrasive having
a fluorine content of 0.1% or more, and a CeO, content of
30% or more in the entire content of rare earth oxides.
In the production of the abrasive, a rare earth element
such as Sc, Y, or La forming a stable phase composed of
ILn,0, is used in an amount equal to or greater than the

amount required to form LnF, or LnOF, and the total
amount of the aforementioned rare earth element (as
reduced to oxide) is adjusted to 70% or less in the total
amount of the rare earth metal oxides. In Japanese
Patent Application Laid-Open (kokai) No. 2003-27044, the
relationship between fluorine and trivalent rare earth
elements is described from the viewpoint of
stoichiometry, and the effect of fluorine is described as
preventing hydration of light rare earth metal oxide by



stoichionetry, and the effect of fluorine is described
as preventing hydration of [ight rare earth netal
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trivalent rare earth netal fluoride or oxyfluoride.
The effect differs conpletely fromthe effect of
fluorine contained in high-purity cerium oxide having
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Japanese Patent Application Laid-Open (kokai) No.
2001-89748 discloses an abrasive characterized by having
a ratio of cerium oxide content/total rare earth element
content of 95% or more and having a fluorine content of 1

wt.% or less. The example section of Japanese Patent
Application Laid-Open (kokai) No. 2001-89748 describes
firing at 750°C, but describes no relationship between
optimum firing temperature and fluorine content
(microamount of 0.05% (500 ppm) or less).

The allowable metal impurity level of cerium oxide
abrasives employed for polishing semiconductors is
subjected to strict limitations, as compared with
conventionally employed cerium-containing abrasives. 1In
order to satisfy the impurity level, high-purity
(catalyst grade) cerium carbonate is often employed as a
raw material. This means that cerium carbonate from



conventional |y enpl oyed ceri um containi ng abrasi ves.
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a raw material. This means that cerium carbonate from
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contain a trace amount of fluorine, such a raw material
is considered pure cerium carbonate while the presence of
fluorine is ignored, and is fired at a firing temperature
of pure cerium carbonate. As a result, variations arise
in quality of the produced cerium oxide abrasives.

An object of the present invention is to provide a
method for producing a cerium oxide abrasive from cerium
carbonate as a raw material, without variation in
quality, on the basis of studies on variation in quality

generated during firing of cerium carbonate.

Disclosure of The Invention

The present inventor has revealed that fluorine
contained in cerium carbonate affects crystal growth of
cerium oxide, and has found that variation in crystal



generated during firing of cerium carbonate.
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carbonate affects crystal growth of cerium oxide, and

has found that variation in CTyétéI WO 2005/ 007769
PCT/gP2004/010592 - 6 growth feature during firing
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Fireg lﬁﬁnymﬁggﬂﬁgeo&héSHriHnESaBQO@§58d3§orﬁ%bﬂﬁdela cerium
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predeterm ne heir opti nu
carbonate to be fired, F denotes the fluorine content
(ppm by mass) of cerium carbonate to be fired, and A and
B are constants inherent to a firing furnace and a
temperature elevation condition used in said firing, said
constants being obtained from the following formulae:

T1 (700 + A) - B[log (Fl)]

T2 (700 + A) - B[log (F2)]
where T1 and F1, and T2 and F2, are optimum firing
temperatures (°C) and fluorine contents (ppm by mass),
respectively, of two cerium carbonates different in

fluorine content and predetermined of their optimum
firing temperatures.

(3) A method for producing a cerium oxide abrasive
comprising firing a raw material of cerium carbonate, in
which the temperature of said firing is set in accordance
with the method as set forth in (1) or (2) above.

(4) A method for producing a cerium oxide abrasive,
characterized in that the method comprises firing a raw



firing tenperatures. (3) A nethod for producing a
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tenperature of said firing is set in accordance 35
with the nethod as set forth in' (1) or (2) above. (4)
A net hod for producing a cerium oxi de abrasive,
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A cerium oxi de abrasive slurr
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comprises cerium oxide abrasives having a specific
surface area falling within a range of 9.5 to 12.2 n’/g.

(9) A cerium oxide abrasive slurry comprising
cerium oxide, water and a dispersant capable of
dispersing cerium oxide, wherein said cerium oxide is
obtained from the cerium oxide abrasive rods as set forth
in (7) or (8) above.

(10) A method for producing a cerium oxide abrasive
slurry, comprising the method for producing a cerium

oxide abrasive as recited in any one of (3) to (6) above.

Brief Description of the Drawings

Fig. 1 shows the relationship between specific
surface area and optimum firing temperature with respect
to different fluorine contents of starting cerium

carbonate.
Fig. 2 shows the relationship between fluorine



slurry, conprising the nmethod for producing a cerium
30 oxide abrasive as recited in any one of (3) to (6)
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the relationship between specific surface area and
optimumfiring tenperature with Bespect 35 to
different fluorine contents of starting cerium
carb ows the,relationship between

fl uo ?’ﬂ%e% %go%%%g%%@ S IPo00UPABES 2308 EaBARENt
of stempéngteeei nangatrbonate and firing tenperature
range. Best Modes for Carrying Qut the Invention 5 The
present invention is directed to a nethod for

pr oduci ngB@s e efedns okpreCabruéiyeOunctei hgvéntioy

cerium C@E@O@ﬁé@en@hfn@é%%ﬁ ié‘V&HQ&té&CHéeQ R0:hO8 for

impurity present in mal T anount T n_cerium
car BN ES %%dah%%rl?%uﬂﬂl@%aﬁb%a§hﬁ?Il%%%%ﬁ%Hfolrlng cerium

fIuo¢an®om®ﬂéalH?Melpré@é?ﬂnid@e@@éboﬂ@é@s@afQﬁt§h@ impurity
cr tjon e_of cerium oxi

th?é%é%é%%$|%§ @5#% ?mQ%??ai?o%e¥humc??§?%P?F§at?%ﬂ has

f eatiPenc avhde @r%m&hle@m@wntomirblm¢ngnef¢®mﬂ@1ned in cerium
te n C i fI or content .
15”3%%ﬁ5¢§§#§ %€f§&%%2$ & car ona tl#av#%gt% §|%§r$%£1um
cont@htde Q#%@da@h@om@@sfxmamg5 Ppin bya trasar i st fon ein

t he prpguced; £efim Pé(é‘@l.fré‘acsar?%é Séﬁéé?%ﬁé’e&r%i ?clﬁntrolling

qual i 'y, and specific surface area

f1 udFH NN orRTENRL 3 BIFRIrIR At e dande ppit byt hastlwerine
nor egor2edthe fired cerium oxi de under goes excessive
crystal owt nd has a decreased specific surface

area. The'1%h TP ST 0 HHRPRASS eing a fluorine
sur feoe: earte g retiornelss 1Dy €l ed € N dea s ep;ams B}hanéésmis Neired,

cont eases ryst Ilzatlo eature and the
speéﬁggéhgﬁi(%%g é?é%ﬁ%f r%ﬁﬁiha?ﬁﬁVkﬁ?X&a 1
wi t KR Il thararsly spewgef dry SLse‘JaezH |argaa,as,vrté1eeéé. udiémethe
cont f t r
Ehlor M aif%end N&s ﬂa[fiﬂ.g:uclaagﬂ;%ﬁoﬁﬁﬁn b:}%"q{ add'al more,

the firing tenperature i'nt cerium
Carﬂﬁﬁhﬁg-QQnQﬂﬂﬁﬂmtﬁ%ﬂﬂ%ﬂHﬂQ%Fgoes excess1ve crystal growth

and has a decreased specific surface area. The tendency
of overgrowth and decrease in surface area becomes more
remarkable as the fluorine content increases. A
crystallization feature and the specific surface area of
cerium oxide can be kept within a narrow range by
selecting, as the fluorine content increases, the firing
temperature lower than the firing temperature in the case
of the pure cerium carbonate. Notably, high-purity
cerium carbonate rarely has a fluorine content in excess
of 500 ppm, and locally occurring anomalous particle
growth of high-purity cerium carbonate containing small
amounts of other rare earth elements (e.g., La) tends to
occur by simply lowering the firing temperature. Thus,
the upper limit of the fluorine content of the raw
material of cerium carbonate is preferably 500 ppm by
mass, more preferably 300 ppm by mass.

Thus, by controlling the firing temperature of



cerium carbonate rarely has a fluorine content in
excess 30 of 500 ppm and locally occurring anomal ous
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containing small amounts of other rare earth el ements
(e.g., La) tends to occur by sifpty |owering the

firing tenperature. Thus, the upper limt of the

fluo ontent o r ial _of cerium

(1oL ney SIS ENL, 8 o DE.LaW, S0 MRl SLLal BLCSTI UMD 2ccoraance
pr ef ek vl Yh80Dl pprihy cassenThas, thy nawtmatérmglthehe

firi pgobeape” y{&noéxwe%ééoﬁz&é% Led) 9500040819292 (5 e,

9 cerium carbonate Serving
accof Hanedl W@hl’@.‘heaﬁidu%P@ﬂéfCC)w‘enfa@é @heavav\Wlth less

mat egh e atide tﬂ@éﬁé&feﬁlwihu{'ﬂl&xfé&sf‘)&'&m &¥8ble to. that of
excellent quality . crystal qualify and speC|?

surf%ﬁ%ﬁ%ﬁeﬁﬁldﬁmﬁ Oﬁ%%%deV%?l%E?%nc?ﬁév%o$aﬁPPh@he as a raw
t he magsrigbnparabl e to that of cerium oxide produced

f r mcarbo at e L L.
Shove the $&1 ot iR DB coelalioithip ostufen todribic
and %mmfanﬂndrear@pdenmﬂxmﬂmwfnmim@ tespecatuldd wOth respect

dlff@aeaﬂffféy&g nﬁ\%@f‘fxﬁ@téoﬁéer? farding, cerl L4 cerium

car bonat ecific surface
decregenaie ¢ heIff |E1%g leﬁ?ﬂ’@@ Apeelfsc @mw area

r egadéﬂ%ség afé Uaid n@l]?% etﬂém éfac‘lg.lfé‘a{‘s Sef’é\?%i?é(d

mass, 60 _ppm by nmss, ﬁqzmass In cerium

car bR %é?ﬁuﬂgl%%llhe r%@@m’@r‘ $S \ifan t heppm by mass,

f1 ucs( nepre Bt ands Of arC&UGUnp‘}_ﬁﬁ Waﬁaeséﬁ% NeASuR é&bonate
mat erj al. |ncreases t he SEeCI i c surface area

decrédesdld Hus 54V iR Lt odiPeR Hete HiHerriee igeRtent of
car boevaituen &mnbcrrgﬁm saen‘\a:\mg*mdﬁra ataasateérisl GBncreases, the

flu ont b ow ng the firing .20 tenperatur

in gsr c%relatclnd;e%vrg%%c% Het 9% Lf%erqﬁeea%%snt e%fhus'ce]rr? (g%rStOOd
havitigtan vWOpn menigpec dilomnd soeraien asimm ey material has
obt ol .f §%§p|f f

cer?du%e%m dgﬁvﬁﬁe%ég%l endi ng B&ﬁ ués%e ﬁ:trrg%?ﬁrocpq he

par tHSEIRS L B f i HEARAICY wWithe HiR aBiuar ind;ofant,

25 exanpint.oxidle PRIVISHY Nh &%ﬂl@ﬁﬁ@%&rﬁl&e&d%&“aﬂ%a can

refera has, a ecific surface area of 9. )
P %é%lned %%. preferred specific surface area of

cerium oxide varies depending on use thereof and the
particle size of abrasives. 1In the abrasive used, for
example, for polishing semiconductors, cerium oxide
preferably has a specific surface area of 9.5 to 12.2
m’/g, most preferably 10.5 to 11.5 m?®/g. Although not
illustrated, when cerium carbonate having a high fluorine
content is fired at too high firing temperature,
excessive growth occurs, scratches may be formed on the
polished surface. When the specific surface area falls
within the aforementioned preferred or optimum range, the
crystal-related properties are preferable or most
preferable.

The optimum firing temperature can be determined,
for example, by first collecting data on the optimum
firing temperatures depending on the fluorine contents of
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tenperature, 30 excessive growh occurs, scratches my
be formed on the polished surfd® .~ Wen the specific
surface area falls wthin the aforenentioned

pr ef 0 ' . 1 he r al-rel ated
o S £ B o BRI 430055, LIS MELELALE) BLE oage. o
opt | FROF I FenGLY enpee hiniratunt et eeverpénidn cévbonates with

exanpifioly flustisd! tSetdngs data ﬁ@n??@t@@tﬁgugﬁtain optimum
firi t enper atures depending on the fluorine contents
of | VI3 BU6, OTITYR PP P20, ©1B8RLELC 161 beg| GaFnace and

car boned ey afhdist 1ghd Nea o} af fege dpt & Paske MBS firing
spec&élca!l% $rellq%£?r% tests on cerlum carbonat es

wi t he ST DU ST Lot Y Pl /D it &htRe Arsed offtict L ¥ carbonates
obt diaviapg i then cdiredworidimper Blusehne f@snespeci fic

firing f e firing conditions nd

t hereaf t Le{v?({ﬁ% heegsglglri’ £ t%%%e#ﬁm%gt?%?%‘&r%aﬁan be
be BehInnd dur it ctobonates néldwdg t he

cor r esponeh g | A S1ea GOTE SR Bn g MY €, €ag) lcﬁ(%fyé.r?ﬁaél having a

optinmum firing tenperature can be obtaine

f ol I'oWMHg- Hetdkenty eriUnre aHbriae ke rmassy, aereferaply 50
mat eyd &0 Nt ya mdddiorider GUH el Dftibd a0l AR isfying
by ss,(grq{eraply 50 to 300 ppmby nass, is fired

at a tenpetAit ¥ satisfying the equation: T = (700 +

A) - B[l ayEF)(7005 wrey ei B[TLageg@epents firing

t enpgy I e cer.l ..carbaonate, F represents ,

f1 uor |er61i1eel£cnon1§ %%pq:f(e pspe%{tbsy r?rﬁargjsrig 0 emQ:éerrartlHﬁ‘%a(r b(gha(?%,cer ium
and GREmhB et esgnessorist it cartemet @pm negd mass) of
by Fdd e t rat el evatio

cond o aaare Al 4 AR O et Rlanse enat
cer iAff SAtFETEdiahiie ther figbimssifiramnaas end Hrampgrature

PUT & 181 tilBIC YA IORC bRk, @ raw material
havi_ng f%ﬁpri e cgptent I'ess than 5 ppm_ by mass is
not EIETEAFERY FRET, diehs auel iy Qg v @R iaPle for

frombdasives, even through pure cerium carbonate serving as
a raw material having a fluorine content less than 5 ppm
by mass is not employed.

The values "A" and "B" are determined from the
results of firing experiments of two cerium carbonates
having different fluorine contents. For example, where
Tl and Fl, and T2 and F2, are optimum firing temperatures
(°C) and fluorine contents (ppm by mass), respectively,
of two cerium carbonates different in fluorine content
and known in their optimum firing temperatures (the
optimum firing temperature can be obtained from a
preliminary test, for example), "A" and "B" can be
determined from the following simultaneous equations:

Tl = (700 + A) ~ B[log (F1)]

T2 = (700 + A) - B[log (F2)]

The fluorine contents of the above two cerium carbonates
are preferably 10 ppm by mass or less for the one and 50-



25 results of firing experinents of two cerium
carbonates having different fluorine contents. For
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firing tenperatures (C) and fluorine contents (ppm by
mass), respectively, of t wo terli Um car bonat es
dlfferent in fluorine content 30 and known in their

OPLLENT LT bRORhEPELE! URESOLhOE oRBL! BVARE! EhBY can provide

arned°from a br I'mnary-test,
formexanptey;séA"AandndB”Béaﬁabéesdetern1ned from t he

EF:LOMAn %h”gh%@n@89§uﬁQHékbeﬂﬁteTberv&K Oat A) raw material

f|ubthégcénféHP§laﬁ FﬁétﬁﬁgvieFﬁo Eé%u% %&r&én&?@%oyed

aretﬁéeﬁékﬁbb¥lég 2$1@m Fagsual 1yeasglogibhe .onghasd the
50 WD.2005/007769. PCT/ 52804/0%ﬁ592 11 _.300 ppm by
nmas¥2t8P {he 6Fh8PTBMBESYSIREE FREY 8&ﬁt6POV|de nor e

prewi$ep%Ahuandi%Bhgvabmpera%hea detervénedm earBfatre A) -

servin a I
| ess t%a%ﬁg mlgwge“g OEQgéhgﬁeéféhﬁ? ﬁg?%$£§&t
V|rEuabpylme@Iﬁgrbhe tEM@§raﬁhée)vﬁlm€00A* LRegd F) 1+

fromth o] I hinfQ e ue
det & lﬁg@?%@h? g p¥ea%EEkﬁEgb§alae y%?ﬁ?sﬁggtgiﬁertaln

f r ofLtRE 18GUEPRER1ET ( deﬂﬂﬁuﬁpfﬁPPngpmehgepgﬁgwepreferably

(70@0+t6)3005bbﬁ96§)hass@ooEYCbﬁﬁuhﬁbﬁ@b@nate serving as a
predetern1ne value and a certain fluorine

conféit me frﬁfé to 500 ppm by mass, preferably 50 to

300 ppm I@)enré&&&]lyqf ther vamuearhondte 39ertol 99 ,asna@ thawvalue
mat e al,. %ral4 the value "A" is 30 to 90, and

the val d& Ps%R1%'s 10 to 14. Accordingly, the firin
tenperat@meo?dga@éwalwwe ffaldig gnitemperatuamegd dgemieyed 1y

Fﬁ %ﬁﬁl&g f%%%%%hgﬁg %h b&é%ﬁ%g&%ﬁhd%i565f6¥%ula

fI uorl ne 7<3co)nt—er1t4 [AfodiiFgh- puri &y 706r |-umo¢é,p|gcnﬁat]e Fig. 2
varies depending on the nethod for producing

hi gFAoWS 1 Sc &/ @R car bonate. Ores such as

bast naesiTthe, fmweazinee content of high-purity cerium carbonate

varies depending on the method for producing high-purity
cerium carbonate. Ores such as bastnaesite, monazite,
and ion-adsorbed ores are known as raw materials of rare
earth ores. Among them, bastnaesite ore is a type of
fluoride and serves as a fluorine source. (However, if
an appropriate chemical treatment is performed, fluorine
can be removed even when bastnaesite is employed.) By
determining the fluorine content of cerium carbonate
produced through purification of any ore, and by
employing firing conditions suitable for the fluorine
content, cerium oxide with variation-free crystal
properties can be obtained.

The fluorine in high purity cerium carbonate serving
as the raw material tends to be entrained in the obtained
cerium oxide. However, among the fluorine entrained in
the cerium oxide, the fluorine which may affect the
polishing or the like is soluble fluorine. The cerium



and i on-adsorbed ores are known as raw materials of
rare earth ores. Anobng them bastnaesite ore is a
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(However, if an appropriate chemical treatnent is
performed, fluorine can be r emfed even when
bastnaesite is enployed.) By determning the fluorine

t f i b . .
Contetl0loBEL U ELPRORL Lo OIEEH LIL M epy tovencion
condi$Vdhky seppbbies farlepe dnoont nef sohtkhe, fteorine and,

oXi dendd Poval i @hh O fw@dCfa{lﬁt%pl?&wf&ﬁé e§u8ﬁga§’e t

obtai ned. The fluorine in high purity cerium carbonate

ser Vi Tt CARATFECT P et 2R Al Vihet tBroelens r aj Ao saluble

t he Phiai hedl cIoteet | oM €bd deer HoMeyelde aﬂ@nﬂizgnb@ally about
fluqa qgaeféé@lned in the ceriumoxide, the fluorine

whi ch” nay a ed?pTr&y Tﬁﬁ?Shing or the Iike is soluble

fl uori ne. IfThehe e3o Lo MO 2DO5Y DO 768N RETYE JP2 00Hé 0dOH602m oxide
- 125K QX b nedy i d ith th n :
inventci%(;jﬁcge%és)?a y con%lf‘%g@%’ ?%%Eo%‘én%u%{ %?Plékgf%b#leuorlne

f1 uoriqle &Rl obkdEred srer lwarrdbidais e cexappl ¢ cardsning with

suchyaser 5 efa ¢ bl uct il | Shinge i & okl o BROPL MB e THE- 5y

soluble. 5 fluorine content of the certumoxide is

typiTRI§ Msinnedot FoHF PR Byl Hasshe |present invention

sol ublye 4d ugsddies BRIt £y ofo tdeer Gk | Akl @i Sl a Sl from pure
be reduced further, renoval of soluble fluorine from

t he CHr A h&tF i oxi de, for exanpl e, washing with
10 wat er ,Theaysdienlelld efclhenk iy ddritserdt et e ium "ekide may be

ceri ide ' i n..accordance wth the present
vertion B A S A e

obt &l ked iiven A plrtel orc i durauardsoriate . t Hhes g nid teant to anion
I UQH R LAY AP Pf  Gerd ] Y - ter el

by fﬂuspendi ng&{:i%eryioum oxi%ﬁﬁﬁguce%ﬁ%m% aclﬁnéc'eH 18 may
sol &S & bj ecti ng the supernatant to anion

chr omat ogrmpial AN e \Inhunt A:addTBld i AN Y Schrough a
may .. be enpl oyed Crystallinity of ceriumoxide is .
evallﬂﬁlﬁwé"drﬁ) g'w afy Wm W\HSF & transmission
obserheattirom undefostdpeangiMas $c@hning electron microscope.
Determination of an X-ray diffraction peak width is
employed for roughly, and indirectly, evaluating the
entirety of a sample. When cerium oxide is a sample, the
most intense peak (111) is generally employed. However,
diffraction at a higher angle is preferably employed for
enhancing precision, from the viewpoint of quality
control of abrasives. Strictly speaking, in order to
determine a full width at half maximum (FWHM; also
referred to as "a half-width"), a monochrometer is not
used so as to avoid influence of adjustment of the
monochrometer, and the intensity ratio of CuKal to Ka2
must be adjusted to 2 : 1 by use of an Ni filter, with
performing peak separation based on a Cauchy-type curve
or a Gaussian curve. However, routine measurement can be
carried out through comparison with a standard sample.

Specific surface area is more readily determined,



el ectron m croscope or a scanning electron m croscope.
Determ nation of an X-ray diffraction peak width is
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entirety of a sanple. Wen ceriumoxide is a sanple,

the 25 nost intense peak (111) il$ general |y enpl oyed.

However, diffraction at a higher angle is preferably

enpl d r nhanci ng precisi.on, fro tge Vi ewpoi nt

o A E e el Sh el ST SLoth PR boat eSkBRgControl.
in oNoleably, Xetayndhffmadulénwanbdhyatshabivesxaniinspecific
(F al e r . - W "), .4 .
ronochronet e T ot Deseie Sors IRt MbELCeH elvrrarpinicy
adj 3% rfédt L of s tplehe Fropieepe e er , Bds t hehépe eparayeters must

ratise dde€e@ind® Koder MUSEnPEL 26 UsELdi{ Pods: 1 by

use of an N fjlter, wth erform ng peak separation

based on HTaILHY-2Y P e RYVRSXBE FNUEREIRR | KRS EeRTeln
Flgvmmtrabmmglefiwrhmr&%mﬁ%o C@él rte€dcOmbensate a

thr conpa st an sanpl e, ecific
UG SO S L R PO e B e, ane
2005¢0® 71692 IRGT ) R A4 a0 589r ived framdt hdnel vadntesr ' s

are e oyed. i . pF Aon; St &%gﬂcoﬁfﬁéd’into high-
X-ray djffractjon analysis val ues d spe IC '
sur fRIEE Y LBFEN jrREhanalrs Wi edh rbindrlg was obtained

crysiratduidh this ase s dcrass ANBInProperid eso1d W8 anionic
t hese E?ar,atmsters nmust 5 be determ ned under normalized

condift - 16y YHHGN JIeTH P R FPREHAGRA reRikrsa factor
in edrjulding drTd gt elfPeied Ui SOLdS 40 EHRENSH Educed

a p rth{e romﬁqqpronnllng ef fect exerted by,

f1 uoriHk, B (RAT D P HERO Tl dASQRIE I Hehe

i nventezers: lihvdmdiom, tHﬁajh-—fziumTﬂmQ:éJSimﬁE&'tid/e abra_isihves can
inc t - Jpurity.cerium carbonate i ch.

fi ng{eﬁg{r\?\%&l o G[]aﬂrégﬂd %ﬁwlr% ngé/%blosnartees ecac}%t}ﬁlf%@i%%ne as
t he aTo|IENBIT M o i hdutp ora i adsi o re lgdeelviee ynot - been

consi der ; Q4 Id Ve vard ati ' .
cerium o?di%ﬁﬁgi{%gﬁlo%lc%aﬁ% %lrrglr%?iﬂg - péu%fiuyre +h

cer IARREARGFarE: Ehaddr dilvpricia rontsndsdit denannlilon,about

hi gh-00Wr idey saRyutim0d de THAS I MES HehrdidH 1 dH & cerium

fromcelumfar nauagfﬁﬁjﬂf fluorine as an

inpﬁﬁﬁ%ﬁ N2 o O §ACA i9Fh W éﬁﬂﬂiq%ﬁlng test should have
been conducted in many cases, a means for determining the
firing temperature in accordance with the fluorine
content is advantageous from the viewpoint of enhancement
of production efficiency and reduction of variation in
quality.

Examples

The present invention will next be described in
detail by way of examples, which should not be construed
as limiting the invention thereto.

Referential Example (Cerium oxide slurry production

1)
Cerium carbonate (fluorine content: <5 ppm) (1 kg)
was placed in an alumina crucible and fired at 780°C for
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accordance with the fluorine content is generally
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cerium oxide rods, for each of which a firing test
shoul d have been conducted imn h%ny cases, a neans for
determ ning the firing tenperature i n accordance with

the fluorine 25 A
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' n Q:e of O RN RUIMRNIAR] Wb VRS anflid # &bluble

the cumul ati've anount of thé pul verjzed 5 roduc

vvhl cﬂi%%ﬁ)@dﬁ%&bugﬁ'h@ PHAKYGE GoFdcibPX er (600
det gfymiynad Jaadeeanrs waitea; I@selromllcj)f r agid en dmgemgmet

Si ze dlstrlbutlon ana zer LAS 8 duct f

Ol LAS mmesfEaL Oﬁﬂ’f‘@/ cﬂ tﬁfgdepcﬁ ortisdristure,

Celr lﬂﬁmm:)wai}? mowefln/«ﬁ83§en¢da:qeed3m5a disgmimeddmixer, to

o) I

ol AR Toh G UL nons Tufi 4 Pdin a 2o
and @ﬂ{@p@rﬁﬂnﬂlc(vmﬁnm Gt:dnqarﬁ;dudt% HB1zp . wain dieieic

to the Ji g Jredlor{ é)fr%’fﬁ kﬁ% 1r5*fdéirfrr@u]3a§1}s’ f?@é'sopftl?e slurry to

hlg eed n1xer urr
sl urtrrye wlmoqdl afed ( o) 2as 1@156%@61 afrﬁp%l*}fb%\e%lli%ry through

Sta xfg DO S £ A URRE!  FHEIWSh RUEd ONodf 1am dhide
UId surtace of the slurry to the depth of 1

vvas oM B (VP f@lb‘rﬁcir%tsjlfiﬂrgl tai‘ﬁ‘ilautgl'f? ‘g‘”e’t q? S0l was

cl asshdiopdd s Aheamsld efdeds e i tia Osmdﬁace area
determination and a sample for X-ray diffraction
analysis. Specific surface area was determined by use of
Multisorb (product of Yuasa Kikai), and X-ray
diffractometry was performed by use of an X-ray
diffractometer (product of Rigaku Denki Kogyo) employing
a high-angle diffraction ray corresponding to Miller
indices of (440) so as to enhance measurement precision
of half-width values. Soluble fluorine content was
determined through ion chromatography, wherein the
samples were prepared by adding pulverized product (1l g)
of cerium oxide to a 0.0l mol/L aqueous sodium hydroxide
solution, subjecting the mixture to ultrasonic dispersion
for 20 minutes, and collecting the supernatant through
filtration. Soluble fluorine content of the slurry was
determined through ion chromatography, wherein the
samples were prepared by diluting the aforementioned
slurry collected through settling classification with



slurry was dried at 150C, and the dried product was
20 enpl oyed as a sanple for specific surface area

waledosnai7eat i on and a sanple for X-ray diffract PONIP2004/010592
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anal ysis. Specific surface area was determ ned by use
of Miltisorb (product of Yuaéal%kai), and X-ray
diffractonetry was perforned by use of an X-ray 25
di ffractoneter r.od f.

t
ewpﬂ&fﬁn&nﬁgrhl&ﬁagnéo %?W#ﬁ %bg%%ayyggg¥§%g§ﬁ't%§n °
to Mdolememﬂnmﬂugimg-wﬂMaﬂugayasqgiLgQﬁmnggthe supernatant,
measur f ljugsy+ 190 ubl e
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chr omat ogr aphy, wherein the 30 sanpl es were prepared

by addi ng. puver '1ZQ@lelQﬁru6x1(dJe ®1uxcrfv GEddistdie ¥ o
a 0.01 nol7C aqueous sodi um

I s.ol_ut ,
subj ect i A Ph@ARBETUSE 0] t‘?v%\&ﬁzﬁefed}tslﬁe]r éél}%aﬁﬂp]fedr cerium
20 marHRstand &)l entvingy tehef lsupeinreatamnttar au@hBOO ppm was

f||t ation. fluarine nt ]ﬂ%;ﬁ! %?ﬁbl
(frét eeid?n e?cgt(ﬁ)go% T iucglr#ec r oqnftjic{sg’graaq{] 4 erein t es
sanpﬁ&ﬁe\maepqmmebared by diluting the af or ement i oned

slurry collected through settling classification with

WD 2005/ 007769 PCT/JP2004/ 010592 - 15 pure water So
as to adjEranp.le ' i Prodipgtion

Centr'fu%d“btﬂﬁhﬁﬁf”éﬁhlIéﬁ|ﬁ3“ﬂé£bﬂéﬁ%fﬂmﬁﬂiﬁﬁ§ﬁé, cerium
and subjecting the supernatant_to fjltration.

Exarffoonaeeri umobxi Ry S1ard f IR i s 550 no% 60 ppm was
mannerred M4 376(1‘112 Raferentdal hduwapland catdlyical samples
carbonate (1 7%bhaving a fluorine content of 300 ppm

was "§5G &F RAETAEOC for three hours, and anal yti cal

sanples were prepared. 10 Exanple 2 (Cerium oxide

slurry pré)q#c fa?t \;e! ﬁ:’?a j@me é‘fﬂhﬁaéxi slurr
Ref erenti g aving a
fluqqammm_lanﬂof 60 ppm was flred at 760C for

three houfs, aEX%‘Qm?é&a' Yih Pl r SEHPRESerdbt 1T CCPERPTE pdeerium

Conpar ati ve Cerium oxi de, slurr ctlon
4)rwzarbonate 1 kg) h§v1ng a fluorine coXteg 368 ppm was

fired at 780°C, and analytical samples were prepared.

Comparative Example 2 (Cerium oxide slurry

production 5)
In a manner similar to Referential Example, cerium

carbonate (1 kg) having a fluorine content of 60 ppm was
fired at 780°C, and analytical samples were prepared.

Table 1
Fluorine o Specific _
copcentrgtion te;;g?ggire surface g?éih
in cerium (oC) alzfea (o)
carbonate (ppm) (m°/g)

Ref. EX. <5 780 10.8 0.45
Ex. 1 300 750 10.6 0.44
Ex. 2 60 760 10.7 0.44

Comp. Ex. 1 300 780 7.8 0.33
Comp. Ex. 2 60 780 8.7 0.37

Cerium oxide samples produced by firing cerium
carbonate containing fluorine at 780°C (Comp. Exs. 1 and



In a manner simlar to Referential Exanple, cerium 20
carbonate (1 kg) having a fluorine content of 300 ppm
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prepared. Conparative Exanple 2 (Cerium oxide slurry
production 5) 25 In a manner Sini%ar to Referentia
Exanpl e, cerium carbonate (1 kg) having a fluorine

cont ent 6 S red d _anal ytical
sanpﬁgswﬁg?egoggggﬁgdha éb? @gki %%%ggﬁpe%uf¥éce area and a
F|r|%@aLblhalgdwé@hhra@$oﬁoﬁnaf%@eWLEhperaenlemmpdtde sample

i N Cerbgtedr flﬁﬁﬁ§°@é£§uﬁp@Q}b&ng¥e(Ugiu%riéngéntent <5
Ex. <5 780 10.8 0.4 Ex 50 10
60 7R LY %P%4S%%%pte@&erat%b% 78819 gegulBs Epfpcate that

Ex. 2hé&0sFBOLSEs 7Toh. eampéﬁaﬁfveum&@mpﬂ@ssan@hasz have a larger

Pl ot Re- o b P, CEETh ORRE i B0beT cpsadseed by

PCT/ 50009/ 010592 carldéna®d owemeaimimg fbubmire aasnal |
SPeC d e S AL & G €7 P 3%csan”panga%{> o u%telgéTi)@Od of the

conpared W th a cerium ox
firiPEEIRNY Uk el blrrat EEXm$ uok i aed cdhtesre <Souppryo ahave a
Lhe s RIPALAIES arlie 455U (5al Adhg ave&gs?éaﬂsf& to

I f Co tive Exa
orySURAT 1 o afsa@'&m%%"%ew% rowted by

firing ceriumcarbonate contapdqyng F1uorine at a
te rature—controlled ar‘r‘nr r~I| nn to t nethaod of the

CTT T ot

resent inventi LG wer e f ound 49 MR in
?O specific sur? S F’e§aﬁatrr ) aINfa% dt h %‘@*ﬁ?ﬁon of
to [those of the § Mgp SPSHER ? al | Exanpl &y
> Fluoride_ion FLd /ﬁbQQ%ipm ox1 e) (um/mL-slurry)
ef. EX. <5 4
Ex. 1 230 40
Ex. 2 40 10
Comp. Ex. 1 220 38
Comp. Ex. 2 40 10

In all the samples (in Examples 1 and 2 and
Comparative Examples 1 and 2), soluble fluorine was
detected. The fluorine contained in the slurry includes
fluorine ions derived from raw materials other than the
cerium carbonate.

Example 3 (Washing cerium oxide slurry with water)

A 5% slurry was prepared from cerium carbonate
employed in Example 1. The slurry (30 kg) was washed
with water by use of a microfilter. The soluble fluoride
ion concentration of each filtrate was determined before
and after washing with water. 1In this analysis, the
slurry was centrifuged and the supernatant was filtered
by means of a membrane filter. Fluoride ion
concentration of each filtrate was determined through ion
chromatography. Soluble fluorine concentration was found
to have been lowered through washing.
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concentration of NaOH concentrati on of
(l eachant) 10% slurry
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dericumdexiidm slanagntration
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In this analysis, the slurry was centrifuged and the
super nat ant fi I d b nmeans of a nenbrane
filter. PR : of each filtrate
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PCT/Erraoie 0110@9&2 2 aﬂd Herhel S ¥ was | akdjuoved 1'6 A
congsht £t { r ¥a§g! &

Slurry afté?yﬁ% '?H%%%P$ 223 T er q%%¥6é€1u%r$£ |onurry
concEHIRER i on based on 10@6slurry Exanpl e 4

(PoWgﬂuighiﬁgnaoﬁafgg@@@}rat|on of each of the slurry
rn%? r epared |n Referentlal Exanpl e, Exanples 1
and %ﬁgﬁﬁg? %91 and 2, and Exanple 3 was

adjusted‘ﬁﬂé1Y&con dlox1de film (thickness: approximately 1

um) formed on a silicon wafer (6 inch ¢, thickness: 625

um) through CVD,.
Pad:

Two-layer polishing Pad for semiconductor devices
(IC 1000/SUBA 400, product of Rodel Nitta).
Polishing machine:

One-side polishing machine for semiconductor devices
(Model SH-24,
Speedfam,

table plate size: 610 mm; manufactured by
Inc,)
Table rotation: 70 rpm

300 gf/cm?
100 mL/min

1 min

Working pressure:
Slurry feeder:
Polishing time:
[Evaluation items and methods]
Polishing rate: Film thickness measuring apparatus
(optical interference method)

Defects: Dark-field microscopic observation

(magnification of x200, observation of about 3% of the
surface area of the wafer, reducing the number of
detected defects to count/cm?).

Remaining abrasive grains: Dark-field microscopic



polishing test was carried out by use of each slurry
sanple. 10 [Polishing conditions] Wbrkpiece to be

w@eissbiee A silicon dioxide film (thickness: PCT/JP2004/010592

10

15

20

approximately 1 m forned on a silicon wafer (6 inch
4, thickness: 625 um throught &D.~ 15 Pad: Two-| ayer
pol i shing Pad for sem conductor devices (IC 1000/ SUBA

400, duct .of Rodel .N.tta). Polishing chi ne; ,

(e SPGECNE 18 R tRinellar StnteoRducpsrrHghiensof about
20 (dodet Sht24urtabbeapbat 8£StEE: w8E8rMteducing khe number
manuf céu ed b¥ Sgeedfanl Inc.%éTaple rotation: "7

rpn1°€b ?%ﬁﬁtﬁ cd8APEES 3D GPRR CMYurry feeder: 100

mL/ min 25E&oh | @hj:hgiédzﬁE(wé.’lfm: nhw{afvéhbgléteédl tenehand

met h L shj rate.. Fi t hj ckness. nmeasuring
appa$g§%%£g%%%$#gglp?%f%pf%?2%%%£ne?ﬂ58?_fﬁ?E§P§:Wlth pure
Dar kvdtet d @@@r@§t@pﬁnybbgeraadibheSﬂhﬁsagﬂé?téatwaﬂer was
of rvati on of about 3% of the surface area

of ?%ggaégg%?'reducing the nunber of detected defects

to count/cnR). Renaining abraB#ykegtains: Dark-field

m crogcopi ¢ WO 2005 007769 PCT/ IP2RAILIGREZ2 T 18—
obseryation (magnifli cBPL-6AN&RIx200,” Obger vati on Bgmaining
about | 3% of the surfacd®i®a of|t he, MaliBig r educigwgins
the ninber of det et ed®dBiBet s o SuHe /GifB) | EBERRt/cm®)
wor kpil eceefvwaker.) S sybpegted fo thep 3.20

af or ement ikxnedl pol 1|shi ng,Best, Scrub-waShi ng W Th pURs
wat er | andEspid- dryi ng, 4aBdot he fhus-treated yaf er 3Wag

eval uat@shp .Taix e 4 | Scrafches 8 2.58
Comp. Ex. 2 4,790 5 2.88
Ex. 4 4,410 0 3.30

Although the slurry samples of Comparative Examples
1 and 2 provided high polishing rate, a number of
scratches were formed during polishing, thereby
deteriorating the quality of the polished surface. The
presence of soluble fluorine had no adverse effect on the
guality of the polished surface. However, deterioration
of the quality of polished surfaces due to excessive
crystal growth was predominant.

Industrial Applicability

The abrasives produced by the method for producing
abrasives of the present invention provide a consistent
process rate and consistent quality of polished surfaces.
Thus, the abrasives are preferably employed in a
polishing composition for semiconductors.



Pol i shing b Remaining by grains rate (A nn)
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15,100 8 2.58 Conp. Ex. 2 4,790 5 2.88 Ex. 4 4,410

0 3.30 10 Although the slurry'§éhﬁ1es of Conparative
Exanples 1 and 2 provided high polishing rate, a

nunber of scratches were for MiIring polishing,
thereby deteriorating the ¢ of the polished
surface. 1The Apmesbndefot settbhe Bl féring keApggature of

adv?%??uﬁfEggkoﬂgtgh%hléhqﬁé|%Byb@ffHB%dprl§E©duce a cerium

ace eterioration o | it
pol pshde §@Kﬁ§é§§rdW€e¥61€x58§sF€élu@r?@ggp %w%ﬁswgs

pregdebrank cbRdeskr lf@lllébﬁgl weahiihi by r&@.g'éhefabroamvéeé)o ppm
produced by the nethqd . for produci abrasives of t

pre§§n@aﬁﬁvéﬁ@|GRepF6¥F8§ §e@Qﬁ§|§Pgﬁt 18PE%edd A rgfgr%ance
andwﬁ@ﬁskﬁbemuu@uahetwoaﬁepal|shed surfaces. Thus,

L abr 25| ves 1AL pRLALST 3Ly SUNASd, 11,8 palibiiure of
PCTbéEZO@Ab@I@@@%te—ar@or@QAQNEO tlaimdt hodergin said
set tf'lrlLQn%t tt'eg'né)%%att% erl%t Wl omC @l 'Poqq_rol%ﬁﬁh@t Formula:

r
whi ¢h pr oduce cerium oxid
abr asi veT \ﬁhéﬁé’lon*tlﬁé cerBi[d-mgca{rEHdnate has a 5

f1 ugfiene %Orafe%ra;tefsalﬂwengflwltd@ it epeaiaa e ref (1°@ t @5e@rium
ppm by mass and the f%ﬁ; np ratq{e IS .S
acc G teyith Rend if85or Fné 56%F§ht fiﬂw ﬁﬁﬁt?%?tent
for @%&ﬁ 939 r@slfs)r fo5ie) de&lmﬁfm atatimrafte (terlhﬂnfuaietmnarei A and
accor ng to aim 1, er S r
t enpe s&% flfl&%]i e fo Iaao%\nl%r{do f‘ﬂ%ace pod a
(70&emp®ratdﬂé(ﬂiQWaﬂlon condition used in said firing, said
constants being obtained from the following formulae:
Tl (700 + A) - B[log (F1)]
T2 (700 + A) - B[log (F2)]
where T1 and Fl, and T2 and F2, are optimum firing
temperatures (°C) and fluorine contents (ppm by mass),
respectively, of two cerium carbonates different in

i

fluorine content and predetermined of their optimum
firing temperatures.

3. A method for producing a cerium oxide abrasive
comprising firing a raw material of cerium carbonate, .in
which the temperature of said firing is set in accordance
with the method as set forth in claim 1 or 2.

4, A method for producing a cerium oxide abrasive,
characterized in that the method comprises firing a raw
material of cerium carbonate having a fluorine content F
(ppm by mass) falling within a range of 10 to 500 ppm by
mass, at a firing temperature T (°C) selected within a
temperature range defined by the following formula:

730 - 14[log(F)] = T = 790 - 10[log(F)].
5. The method for producing a cerium oxide

abrasive according to claim 3 or 4, wherein the cerium



where T denotes the firing tenperature (C) of cerium
carbonate to be fired, F denotes the fluorine content

w@ ppsoayenass) of cerium carbonate to be firedPCHMRROWMN/010592
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onprising fifing a raw material of cerium

car bohhE®, 2PRasiftch the tenperature of said firing is
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claim for produc .cerium oxid .
b 58 85 S SOTED | SBSFH PR SEnalifRod o 3 “fherein
conptheeseflumngxadeambraaieelabdsfcoetamn1sa&bbhatéluorine
hav'f% gp:éﬁ8éhg$f§gf%§8 %gthiﬁpg‘Pxngézékagég£§”gooo ppm by

tenpmaasubeSGd(QD theéecneed Qﬁthhﬁ ger@@mp@xadare range
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ceri GhRoRi de W grasn hgcesrgnmgorsdel abEpgige gods comprise

wher@éﬂlﬁmeoﬁeaéuabyﬁgzeeélHQ&Zﬁg RCE éEZ@Qé/Q&QSQEe area
onat e | uori ne anEeQOT 2 g VVI thin a

rangEaigfngowf %@Oa ppA'B§ fhs o for

produci ng9a ceA|uarmumdex1dbrabraelaecsndrng tomgny51ng
one of ¢l to u e | vVi.Rg

sol ubre t u8?%§% fV%ﬁ?% éhge%|8§$ggggéh§ Eggéﬁgg bg .
Ceri aippgirdéngbeasive esidepr vhacednt RpddghRerhem oxide is

”Eth89t§§né8tfgeﬁt@héncéPiuﬁ”@xQﬁeCEEkH§l3et9055 as set forth
wherein the cerium oxide abrasive rods contain

sol ubRecipi®rVner 8.
10. A method for producing a cerium oxide abrasive

slurry, comprising the method for producing a cerium

oxide abrasive as set forth in any one of claims 3 to 6.



10 in an amount falling wwthin a range of 20 to 1000
ppm by mass based on the mass of the cerium oxide. 8.
wab@soer’saum oxi de abrasive rods according to PCHIRR004/010592

wherein the cerium oxi de abrasive rods conpri se
cerium oxi de abrasives having a specific surface area
15 falling within a range of 9.5 to 12.2 n2/g. 9. A
cerium oxi de abrasive slurr. onprising cerium oxide,
wat er and a di spersant capégfé of dispersing cerium
oxi de, wherein said ceriumoxide is obtained fromthe
cerium oxi de abrasive rods as set forth 20 in claim7
or 8. 10. A nethod for producing a cerium oxide
abrasive slurry, conprising the nethod for producing

a cerium oxide abrasive£§ ?rth in any one of
claims 3 to 6. WO 2005/0 7d9 CT. JP2004/010592 1/
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