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Sem conductor Device and Method for Produci ng Sem conduct oﬂ“’h@@ﬂ”ﬂ@"%""ﬁg
the Sane Technical Field: The present invention relates to

conposition generally enployed for polishing a sem conductor deiE® and to
a nmethod for producing a sem conductor_glevice using the conposition.
Background Art: Recently, as a nethod for isolating el enent mmwmwlumm
sem conduct or device, a shallow trench isol ation nethod thaﬂmm

production of seniconductor devi ceSEBFRRPGRONackage density hasghgeone of
interest. This nmethod is a technique enployed instead of a conventi onal

| ocal oxidation of silicon (LOCOS). Specifically, trench isolation is a
met hod of*PF46Ye SEOMRP Sk PR af @F | Pebhshing| Semt tonductéor Fedioa andsilicon
subst r at ethahafd P todncing sSémt oetduato pxbeei fél Ds1hg £RENESMEN the

silicon nitride film and the surface is planarized through CM with the
silicon n|tr|de filmused as a stopper. The trench isolation nmethod, being

capabl e ofg. §#§Jy providing a wi de effective el enent area, is
quite a pronlslng te ique for producing LSIs of hlgh package density.
Wien LSI's of hygh ens roduc d throu this nmethod,in
which a S|I|con n|t €n€n1lgﬁ%?§é? ﬁE%Fneaﬁﬂ an®Bxi d&PF#FHYE0 be

pol i shed,c&fpsh POl i i t he sili.con nitride film used
a stopper. a uﬁ% orH?%%%?%%féurﬁgggyggn ﬁé iﬁ %ﬂﬁp%wae§%ﬁ+9°B%FFEﬂan
device and to a method for producing a semiconductor device

using the composition.

Background Art:

Recently, as a method for isolating elements in a
semiconductor device, a shallow trench isolation method that
enables production of semiconductor devices of high package
density has become of interest. This method is a technique
employed instead of a conventional local oxidation of silicon
(LOCOS) . Specifically, trench isolation is a method of
interest in which a silicon nitride film is formed on a
silicon substrate, a shallow trench is formed, an oxide film
is formed on the silicon nitride film, and the surface is
planarized through CMP with the silicon nitride film used as
a stopper. The trench isolation method, being capable of
advantageously providing a wide effective element area, is
quite a promising technique for producing LSIs of high
package density.

When LSIs of high package density are produced through

this method in which a silicon nitride film is provided



off the renoval anmount of the surface to be planarized. Polishing can be
termnated in a well-controlled nmanner at a point at which a predeterm ned
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anount has reached. Regardi ng abrasive conpositions suitable for

met hod, JP-A HElI 9-194823 di scl oses an abrasive conposition

ng abrasive particles such as ep-silicon nitride, silicon carbide,

etc. and JP-A HElI 9-208933 discloses an abrasive conposition
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or a functional group capable rmng a

substitutsonidyn anckrpied) . WrbBn3Re, etc. and JP-A HEI 9-208933

discloses an abrasive composition containing silicon nitride
powder and an acid such as gluconic acid.

Although these abrasive compositions provide a high
polishing rate due to high-hardness abrasives incorporated
therein, many scratches are formed on the polished surface by
the abrasives, thereby causing problems such as deterioration
of the performance of LSIs.

In addition, since the polishing index of oxide film
(silicon dioxide film is typically used) with respect to

silicon nitride film serving as a stopper (typically, the

index is represented by "selectivity" that is the rate of

polishing an oxide film divided by the rate of'polishing a
silicon nitride film) attained through a conventional
technique is unsatisfactory, there is a demand for further
elevating the index.

In view of the foregoing, the present inventors

previously disclosed, in International Patent Publication WO

B
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optional chel ati ng agent added thereto when necessary. The inventors also
proposed a nethod for formng an el enent through shallow trench isolation
by use of the abrasive conposition. Wien such an abrasive conposition as
di sclosed in the above patent publication is used, a high "selectivity"
can be attained and scratches on the wafer surface can be advantageously
reduced. However, washing performance of the polished wafer surface is
unsati sfactory. US Patent No. 5,738,800 discloses a conposition containing
wat er, at¥iiEhart izt es, akrasivact anompasilt aonconpound pbicbhiag foam a—-
conplex with silicon oxide or silicon nitride, and a nethod for formng a
shal | ow t¥&Hctenduatiern i devsiceuccamprbyginge witdihe cerposi torbde Thirsl pat ent
clearly specifies that a high "selectivity" can be attained only when the
sur f act arrafer wjlath ko rden i adddmpowndf hahengsatf hetaht one €saehntbabl
Specifically, the enployed abrasive conposition contains a

f1 uori ne-BSHRI §8 FRC sed f BeemnenPRIan COPHpUMCOSMrapgprurisnetel yeprésontss
However, since nost -4 surfactants exhibit a strong surface activation
effect arfi® P&8M geherdat fHHCELOPARt yIr awP alstamsbie cofpofdrhbng cent akhtng
such a surfactant is not always suited for polishing a sem conductor

devi ce. JRIRUYH $BPSE3TUDIANsODseR & piomh ngsﬁdghéﬂdfoﬁosﬁt agapipsng

t he sem cQnductor device surface including a principal polishing step

maki ng us@of EBBFESANRE |2QuidtWndoF fi nfWrchbPnahi iy @itep capllbdg usé of a
chel ati ng, agent . Fbm?yer, the two-step polishing nmethod attains |ow

effici eng"ﬁ Ao n§als FiroentuPetisWtpeBddct iam i éitem)p-witHE an

ubstrat SECHINAL OPPLFhENG SoRatalt s hoERET RaL NBER FRIASE D! XA

ConjunCtifH%éMéJ}s also proposed a method for forming an element
through shallow trench isolation by use of ‘the abrasive
composition.

When such an abrasive composition as disclosed in the
above patent publication is used, a high “selectivity” can be
attained and scratches on the wafer surface can be
adbantageously reduced. However, washing perfofmance of the
polished wafer surface is unsatisfactory.

Us Patent No. 5,738,800 discloses a composition —
containing water, abrasive particles, a surfactant, and a
compound which can form a complex with silicon oxide or
silicon nitride, and a method for forming a shallow trench
isolation structure by use of the composition. This patent
clearly specifies that a high “selectivity” can be attained
only when the surfactant is added and that addition of the
surfactant is essential. Specifically, the employed abrasive
composition contains a fluorine-containing surfactant in an

amount of approximately 0.1-0.5%. However, since most



al um num However, since the technique disclosed in that publication is

i ntended for application to polishing a glass substrate or-a simlar
substrate, the perfornmance required of the conposition is conpletely
different fromthat required for formng a shallow trench isolation
structure according to the present invention. As described above, in order
to forma shallow trench isolation structure, there is a strong demand for
an abrasive conposition that attains a high "selectivity," provides few '
scrat chesunrfadtmmpod | shbdbstr faacetandgr eadiface emovesatabnasd iegrar khal es

t hrough washi ng. An object of the present invention is to provide an

abr asi ve fommpopinémat iy pobpshipg ansedramidiectoompleyi ceon tbatacabngttain
a selectivity of 10 or nore and is usable -5 advantageously for form ng a
shal | ow tsusgicth a selatfiagritandt r dst unetw alwaygh suninted| Ifak | ipby iahdnexcel | ent
in renovability of abrasive particles froma polished wafer through

washi ng, semrednydwstor rdeviee af or enenti oned drawbacks and probl ens.

Anot her object of the present invention is to provide a nethod for

produci ng a sef@thndiict od 0ddwi3dd0 wiishleans raalpde dhiighy pmedbotd viEby and
prevent a decrease in performance and yield and in which there is used, in
a shal | GWahaHehi 1% ol e orf apsiappdunsad t dedd.dfa | suafagest oppéndingn a
abrasi ve conposition that exhibits a high rate of follshing an oxide film
and a hi JFingiRRbfPRlishEngistep naking wsei ofi Belishingolineidasedod
polishing the oxide filmand provides few scratches on a polished surface
that causid ipdbiPPeksindincetep d%aKEFQanﬂsﬁempébrasiQbebag@ngleégent-

remai ning_on the polished surface after washing. D sclosure of the

| nventio pwﬁﬁ?ﬁﬁEﬁﬁﬁﬂtW?ﬂﬁﬁQQdﬁpb*%Q¥@@sm%Fh@grégt@énéoﬁﬁﬁsﬁﬁféﬁlenCYr

leading to a problematic low production yield.

JP-A HEI 7-70553 discloses a polishing liquid for
polishing an aluminum-containing substrate, which contains a
chelating agent that can form a complex in conjunction with
aluminum. However, since the technique disclosed in that
publication is intended for application to polishing a glass
substrate or a similar substrate, the performance required of
the composition is completely different from that required
for forming a shallow trench isolation structure according to
the present invention.

As described above, in order to form a shallow trench
isolation structure, there is a strong demand for an abrasive
composition that attains a high “selectivity,” provides few
scratches on the polished surface and feadily removes
abrasive particles through washing.

An object of the present invention is to provide an
abrasive composition for polishing a semiconductor device,

that can attain a selectivity of 10 or more and is usable



for polishing a sem conductor device, conprising water, mcroparticles of
an abrasive and a chel ating agent, wherein the abrasive is~cerium oxide,
the mcroparticles of cerium oxide have an average particle size of
0.01-1.0 m and, when silicon nitride filmand silicon oxide film
separately formed on a silicon substrate through CVD, are polished

i ndependently under identical conditions, a ratio of a rate of polishing
the silicon nitride filmto a rate of polishing -6 the silicon oxide film
is 10 or 3R¥Etageewel vbr 48kve faxplow t i an, shiad labr ast vendhur t heolathohudes
addi tional, mcroparticles for polishing. The additional mcroparticles are
formed ofSEIUFEESE oMd tdpechigh seoadired fabdritthe gebdp et iténty ofin

al um num oxi de, . zjirconi um oxide, silicon dioxide, titanium dioxide,
manganes e SREBR el LY phgakeasiviei orpasicérsonfuomosd deo liisbedoxiveer tin
oxi de, ziqg oxi de, alum na-magnesia spinel, mullite, zircon, alum num

hydr oxi deERERHE R $5HR Ox i RS T flayneel VikRg hilie oxfdeement L enadndrawdacks
titaniun1q%§rid%35$oron nitride, silicon carbide, titanium carbide and

di anond. 3 tHePxHSi ve conposition, the ceriumoxide has a concentration
of 0.1-10 nass@baqﬁ t he chelatin% agent is added at a mass ratio of
0.01- 10 based 0P HRRT nBR4eGF PhetheePrEmedt davantiane bbreipeovide a
conpositioqﬁlageﬁgeriun1oxide nicroggrticles and addi tional mcroparticles
have a t StEPCTonc¥nt rREFGACTRY 0.4 - 18P HESVFRFECE hedeWerat i nyhagent can
added at an?ss ragi o, of O.Q}}#%_b sed on the mass of all mcroparticles.
In the abras] ecohbggi t P4 at PRY adFfiVent at @ | elrdren®® cowpound

CEDTA) - SRR G Ahey POt agadt ik acil POy BRAFS nifr (4R | ddet fo

acid (NTA¥ya110w trench isolation using the nitride film as a stopper,
\an abrasive composition that exhibits a high rate of
polishing an oxide film and a high ratio of a rate of
polighing a nitride film to the rate of polishing the oxide
film and provides few scratches on a polished surface that
cause poor performance of an LSI and few abrasive particles

remaining on the polished surface after washing.

Disclosure of the Invention:

The present invention provides an abrasive composition
for polishing a semiconductor device, comprising water,
microparticles of an abrasive and a chelating agent, wherein
the abrasive is cerium oxiae, the microparticles of cerium
oxide have an average particle size of 0.01-1.0 pm, and, when
silicon nitride film and silicon oxide film separately formed
on a silicon substrate through CVD, are polished
independently under identical conditions, a ratio of a rate

of polishing the silicon nitride film to a rate of polishing



hydr oxyet hyl et hyl enedi am netri acetic acid (HEDTA), di-

et hyl enetri am nepentaacetic acid (DTPA), triethylene- tetram nehexaacetic
acid (TTHA), L-glutam ne-diacetic acid -7 (G.DA) ,

am notri ( met hyl enephosphoni ¢ acid), 1-hydroxy- ethylidene-1, 1-di phosphonic
acid, ethylenediamne-tetra (nethyleneghosphonic acid),

di et hyl enetri am ne-penta (nethyl enephosphonic acid), 8-al ani nedi acetic
acid (,8-ADA), _a -alaninediacetic acid ( a -ADA) , asparaginedi acetic acid
(ASDA), ety | ehbiicani pesdecfhlo &si 80(&EDDSprei.m nodi acetic acid (1DA)
hydr oxyet hyl i m nodi acetic acid (HEI DA) and 1, 3- propanedi am netetraacetic
acid (1,3-PDTAID othg sabrasisieeofcompus kbiersi vetbenpebrasbmemafulrtheher
conprise a dispersant having a concentration of 0.08 mass%or |ess. The
di sper samtReb#ERF ns aédpénypagr ymicrapiad)t irdiest y for a pebl sifimg hacr yThe
acid) noiety, The abrasive conposition excluding the abrasive
nicropart?@%%%l%%ﬁ%amh§FOE§r§hCﬂﬁ§uﬁrﬁyfqmmadxﬂﬁ ahelekehenhe spkedted
fromthe group consisting of Mg, Al, K Ca, Fe, Ni, Cu, Mi, Th and U at a
concent r a¥§ b B8 20T BpM otheesIraure annststelrnonpesi t edbnpinhe cexidey oxi de
m croparticles have a_gurity of 99.9 mass%or nore and contain, as an

i mpurity,ZHECPRESE PREdRt efibhiceR| déPEddEY ofi tERGUYr BhpxiORsi BRRAGREEEMY,
A, K Ca,.Fe, N, Cu M, Th and, U at a concentration of 30 ppmor |ess.
The presettO¥tdent i(dHanganese pEbipdéden mhuRI Ur oXpagduci FRR aoxide,

sem conduct or device, conprising formng a silicon nitride filmon a

sem condult®r %’h]bé?'r atBe-nC s QXA v e By WERGTTRGNSSIR oFPiRelsi | PedAikRiri de
filmto thereby exPose'part of the sem conductor_ substrate, etching the
exposed partCHt’ t Rt SRR WBN¥EEPX$dBst r GRECHIPN RKEXOB1dR) i cBAIRRELHBe

filmused as_a sk to,thereby .forma trench, _
(Lyéon{gE, silicon n%tr%de, titanium nitride, boron nitride,

silicon carbide, titanium carbide and diamond.

In the abrasive composition, the cerium oxide has a
concentration of 0.1-10 mass% and the chelating agent is
added at a mass ratio of 0.01-10 based on the mass of the
cerium oxide.

In the abrasive composition, the cerium oxide
microparticles and additional microparticles have a total
concentration of 0.1-10 mass% and the chelating agent is
added at a mass ratio of 0.01-10 based on the mass of all
microparticles.

In the abrasive composition, the chelating agent is at
least one compound selected from the group consisting of
ethylenediaminetetraacetic acid (EDTA), cyclohexanediamine-
tetraacetic acid (CyDTA), nitrilo-triacetic acid (NTA),
hydroxyethylethylenediaminetriacetic acid (HEDTA) , di-
ethylenetriaminepentaacetic acid (DTPA) , triethylene-

tetraminehexaacetic acid (TTHA), L-glutamine-diacetic acid



depositing a silicon oxide filmon the silicon nitride film and on the
exposed part of the sem conductor substrate to thereby conpletely bury the
trench with the silicon oxide film and planarization-polishing the
silicon oxide filmwith the silicon nitride filmused as a stopper to
thereby selectively |eave the silicon_ggide remaining in the trench
wherei n planarization-polishing is performed using the abrasive
conposition. The present invention further provides a sem conduct or
subst r at eldHRAhg anasiastnt-(reshytled ephosphong qr odaced) , t hr augldirbey-
met hod. When the abrasive conposition is used, since the rate of polishing
t he oxi dee§hykidener hnl aiphogphenbet i vi agidf t hethiylehddifmtinewkthra
respect to the oxide filmis large, the planarization-polishing step can
be per f or RRIERYIeNeRRASPRYM ¢ ol | abidditd)., Furt héiebhylesetaiehénebpenga
formed on the ol i shed surface can be reduced to a great extent, and the
still renﬁﬁ&ﬁh@f@mﬁmmmm i ated) calf rehahiyebbacetbyedcifir qnf thea),
pol i shed wafer through washing. Therefore, the abrasive conposition is
advant age®uspyansagdascehac faecidpol ioshiARA L he aspiade ofiinlemiitac eftdrom acid
senicondu&%or devi c having a shallow trench isolation structure in a
vel | - contt A ed drenegt i nesigG igti®n asiid hd EDPSWi ngéminpdipeetics a
cross-sec&%ﬁgal éé?mligpmﬁn%ra -9 sem conductor substrate, wherein a
shal | ow t3%rth (AR8) pe &y IGosVRt R Yot BhAFelcic opcifie (SEFDAINRRY of 3~
substrate coated,.,with a silicon oxide filmand a silicon nitride film

Fi gure 2 RORAGHANNLEGTFRACIE LG 3REVi hiy $ABPTALn eBnausesE 5hBsePAt e,
wherein the shgélom/ rench shown in ,Elgure 1lis filled with a sjilicon
oxide film Figtte F9E%3VEr osSOBRRE+bhORhoWiay t RBFSBRF corftRRGiSe 2

dispersant having a concentration of 0.08 mass% or less. The
dispersant contains a poly(acrylic acid) moiety or a
poly(methacrylic acid) moiety.

The abrasive composition excluding the abrasive
microparticles contains, as an impurity, at least one eiement
selected from the group consisting of Mg, Al, K, Ca, Fe, Ni,
Cu, Mn, Th and U at a concentration of 20 ppm or less.

Iﬁ the abrasive composition, the cerium oxide
microparticles have a purity of 99.9 mass$ or more and
contain, as an impurity, at least one element selected from
the group consisting of Mg, Al, K, Ca, Fe, Ni, Cu, Mn, Th and
U at a concentration of 30 ppm or less.

The present invention further provides a method for
producing a semiconductor device, comprising forming a
silicon nitride film on a semiconductor substrate,
selectively removing part of the silicon nitride film to
thereby expose part of the semiconductor substrate, etching

the exposed part of the semiconductor substrate with the



substrate, wherein the silicon oxide filmshow in Figure 2 has been

pl anarized to forma shallow trench isolation structure. Frgure 4 is a
cross section showi ng the sem conductor substrate, wherein the coated
silicon nitride filmand silicon oxide film have been renoved fromthe
shal l ow trench isolation structure shQ@@ in Figure 3. Best Mde for
Carrying Qut the Invention: The abrasive conposition of the present
invention for polishing a sem conductor device will now be described. Wen
an el enrerailsumtrit stdecfile usedoasrea mhskugh thheeshaFbow krenehch,

i sol ation nethod, the surface of a substrate having an el enent-i sol ated
struct ur elgrOHL L ing oady 1l iceheraxidie of fkm acserheoraiictarn dei/t cide misimbe

pl anarized. In order to neet this requirenent, the present invention

provi des &l aPRasihe esppesit imart opfpdilishsryliaonsdanioondudisrrateyi te,

whi ch conposition can effectively be wused for form ng such an

el enent - i WA sorpéetedy Therwubitas verenaposiitiiontbe tdie imeesenkide
invention_ -10 coqgrises water, mcroparticles of ceriumoxide and a

chel at i ngf egentandhel aray igd biorepebeshingt heeabi hicor ovhpestiinnwoth t he
present invention preferably has high purity. For exanple, the purity is
99 nass%Bte highercomo e trider ddiyn 958l mass%eor sitogiver, part thakably
preferably 99.9 nass% or hi gher . .\Wen the rity is low, inpurity elenents
det ri ment3f L& S ¥ ohRvEe oFNeh AL AdEER SHice sremakTT e the ESADIB, Trom
t he surfacge of, a sem conductor device, even  though the polished

seni conddEtre Hevi Eg]apér&/ééﬁéa?"Pﬁéé,Shlpﬁe ntfrbePestogBrdct el odties

i ncreases,, resulting in an, undesired | ow production yield. Wen cerium
oxide is dbrasive composition.

The present invention further provides a semiconductor
substrate having an element-isolated structure produced
through the method.

When the abrasive composition is used, since the rate
of polishing the oxide film is high and the selectivity of
the nitride film with respect to the oxide film is large, the
plénarization—polishing step can be performed with high
controllability. Furthermore, scratches being formed on the

" polished surface can be reduced to a great extent, and the
still remaining abrasive particles can readily be removed
from the polished .wafer through washing. Therefore, the
abrasive composition is advantageously used as that for
polishing the oxide film to form a semiconductor device
having a shallow trench isolation structure in a well-

controlled manner.

Brief Description of the Drawings:

Figure 1 is a cross—-sectional view showing a



of high-purity (e.g., 99.9 nmass% or higher as nentioned above) (see Exanple
1), the cerium oxide mcroparticles contain Mg, Al, K, Ca, "Fe, N, Cu, U,
Th and Mh at a concentration, for each elenent, as |low as 30 ppm or |ess,
preferably 10 ppmor less, nore preferably 3 ppmor |ess. Wen the
concentration of any of these elenents_gs in excess of 30 ppm the nunber
of defective products increases as described above, resulting in an
undesirably | ow production yield. Wen ceriumoxide is used as abrasive

m cr opar t$MEONdEE LF e sabishgative avheaseie eonghvslldwn tirenchol hahi bgea

sem conduct or device, which conposition conprises water, abrasive

mi cropar t$@¥®ed aaB Fheheswifare agéntthet meami ecadbetomprsvbgbdate abrasidve
conposition for polishing a sem conductor device which conposition my
contain, Yhth 13 sbbiceeroxbdentibmrasdve aitioparnitréde ftlmeast one
inmpurity element selected fromthe group consisting of My, Al, K Ca, Fe,
Ni, Cu, M, ThFa#d*® at? a t®ncent rafeosrsectbonat  ¥deppm drowiss, the
'preferablg 10 g mor less, nmore preferably 1 ppmor |ess. The cerium oxide
nicropaH:?W¥£;§#%3E9%bﬁybﬁ5§ét8n whgEedge T 15 el ey Zeremsin) sbown. 62 mto
1.0 pm re referaply. 0.1 pin to 0.5 m Wen cerium oxide
nicropar??%Q%§£h§v+%gP%fﬁ%% Bt tRe3sSEhAROD. BfiGfafellised, the rate of
pol i shing an ogide film(usually silicon dioxide K filnm formed on a

seni conduct or tB9YEE 3ec]r%a§e§, C(i&‘?er%%%“%_eﬁhpﬁ’én@wtfi‘% FAM&EEBLYCEPT . O
0 sadvan au e Bl B e e e T Tt QRO IE” shoW™ ot o honee 20 ©

di sadvantageous. ! . . ]
i do. i APparte ot o BrEterat o Havdopm 72 sBaTL6l ' BeMEh dso ot ! T
structure.
Figure 4 is a cross section showing the semiconductor
substrate, wherein the coated silicon nitride film and

silicon oxide film have been removed from the shallow trench

isolation structure shown in Figure 3.

Best Mode for Carrying Out the Invention:

The abrasive composition of the present invention for
polishing a semiconductor device will now be described.

When an element-isolated structure is formed through
the shallow trench isolation method, the surface of a
substrate having an element-isolated structure (e.g., broadly
referred to as a semiconductor device) must be planarized.
In order to meet this requirement, the present invention
provides an abrasive composition for polishing a
semiconductor device, which composition can effectively be
used for forming such an element-isolated structure.

The abrasive composition of the present invention



primary particle size of 0.005 mto 0.5 gm nore preferably 0.02 mto 0.2
m Wien the prinmary particle size is less than 0.005 m the rate of
polishing the oxide film considerably decreases, failing to attain a high
selectivity, whereas when the prinmary particle size is in excess of 0.5
pm the polished surface readily receijyes mcro-scratches. Both cases are
di sadvant ageous. The primary particle size as used herein is preferably a
val ue cal culated fromthe specific surface area determi ned through the BET
met hod, ££RRANFST hatatehe pRicrepasticdesphef cateriut® Toweider i amdoxade
(mcroparticles) concentration in the abrasive conposition of the present

i nvent i orf R tel9 RGRINEI ng on the polishing conditions, such as process
pressure duringqgolishing. However, the concentration is preferably 0.1-10
nmass% nore preter &5y UE R81ddssmedmin thee ebheshveatdampdssitiiens ofian
0.1 mass%, the rate of , polishing an oxide fil mdecreases, whereas when the

concent r ath%n ArE SR tex deSEndfLony  RRafRr Aty efsct higbmengditate wi Foran
i ncrease in _anmpunt gf the ceriuymaoxide, 1i.e. an increase in rate of
pol i shi nF3HE i dELFi PR Icdhnbt 8e BRSSH nel. DiRheTreadtone DEeéerabbye in
terns Ofsﬁ9§§' The, cerium oxi de concentration as defined herein refers to
the ceriumbxIRSEoRCetrIGon PartHeubdt bxi paedsnpbiivt iBh Hurase® ose.
The chelﬁpi ]ggent E@Fd in_the abrasive conposition of the present
i nventi on W13t next FesctHrBed PHAE Yehel Bit | A§WageidRisi e ackedemts
chel atin nt ith no particular limtatjions placed on the chem cal
struct ur gietatﬁrg'rr%éoqt.a Q/%\/%?I‘?l%?fé%ilﬁ%r e%%?%%eﬁ$sg+%? e?FegdiERbFatFnEe
agents a i.ng th re invention incl.ude .
ethyl ene |a§$h£pé%?ghch?c %@F%afﬁtﬁix & oy E st ABYLCEY r a8¥RRI ¢
acid (CVQBngH"Eﬁél%%ngﬁaicsgﬁigoﬁgﬁé%0r device is washed. Thus,
the number of defective products increases, resulting in an
undesired low production yield.

When cerium oxide is of high-purity (e.g., 99.9 mass$%
or higher as mentioned above) (see Example 1), the cerium
oxide microparticles contain Mg, Al, K, Ca, Fe, Ni, Cu, U, Th
and Mn at a concentration, for each element, as low as 30 ppm
or less, preferably 10 ppm or less, more preferably 3 ppm or
less. When the concentration of any of these elements is in
excess of 30 ppm, the number of defective products increases
as described above, resulting in an undesirably low
production yield.

When cerium oxide is used as abrasive microparticles
for preparing the abrasive composition for polishing a
semiconductor device, which composition comprises water,
abrasive microparticles and a chelating agent, there can be

provided an abrasive composition for polishing a

semiconductor device which composition may contain, in



hydr oxyet hyl et | i yl enedi am netri acetic acid (HEDTA),

di et hyl enetri am nepentaacetic acid (DTPA), triethylene- tetram nehexaacetic
acid (TTHA), L-glutam nediacetic acid (G.DA), am notri (nethyl enephosphonic
acid), 1-hydroxy- ethylidene-1, 1-di phosphonic acid, ethylenedi am netetra
-13 (net hyl enephosphoni ¢ aci d), diethylignetriam nepenta

(et hyl enephosphonic acid), Q -alaninediacetic acid (,QADA), a

-al ani nedi acetic acid ( a -ADA), asparagi nediacetic acid (ASDA)

et hyl enecﬁcgcﬁlﬁfé%fhccmi cthei dabrpsdye | Mirnradiiclesci @I DM§ast one

hydr oxyet hyl i m nodi acetic acid (HEIDA) and 1, 3- propanedi am netetraacetic
acid (1, 31-%?3*1%?3’ Glemerk sxhepred, feemyFhpedranPnepBsiahéagi efalpd Al,
(EDTA), njtrjilotriacetic _acid (NTA), - al ani nedi acetic acid (,Q -ADA),

a- al ani neéti a ae'ti@eacNar(-EPADNP/ é"@paﬁnggilhéﬁ R etorcenerytiaspay, low as

et hyl enedj ninesucc%nic acid %E ?) and hydroxy- ethylim nodiacetic acid
(HEI DA) dr'e PRfRF abP&S GBREL Fgg, Vi e EFEt A5 neSYenPors nrederabikelform

of a frgﬁaag;d pr.a salt. However, addition of the free acid at a high
concent r ation i s $3M ted, due to poor solubility thereof in water. Thus,

the chel ating nt .is.preferably used in_,the formof. a |t. Although no
particul ar Iiﬁﬁ%%ti%%g%gm i 703 %hcfﬂgagﬁFFEEBecPEEfFﬁagﬁg ppégéntag
i nvention ateggfq ammni um salt is preferably used in the case in

whi ch t hA YRR . & of 12§ s (Fpd p&Lsi B-{laf MBctled ladleHBe| ymore

oot assi A TEIHG cOsium €1 1 £° | ERafpl ddfor pr HAFRod ARES (AR Sean

econdar § P TR TATy BAYABY Havirrg B CHEeFa tHarholr Uor Wik dchelisee
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film) formed on a semiconductor device decreases, whereas

when the ds; is in excess of 1.0 um, the polished surface
readily receives micro-scratches. Both cases are
disadvantageous. The average particle size (ds;) as used
herein is preferably measured through a dynamic light
scattering method.

The cerium oxide microparticles preferably have a
primary particle size of 0.005 pum to 0.5 um, more preferably
0.02 um to 0.2 pum. When the primary particle size is less
than 0.005 wum, the rate of polishing the oxide film
considerably decreases, failing to attain a high selectivity,
whereas wheq the primary particle size is in excess of 0.5 um,
the polished surface readily receives micro-scratches. Both
cases are disadvantageous. The primary particle size as used
herein is preferably a value calculated from the specific
surface area determined through the BET method, assuming that

the particles are spherical.



-14 and cyclic am nes such as piperidine and pi perazine. The anount of the
chel ating agent to be added varies depending on the ceriunroxide

m croparticle concentration in the conposition of the present invention,
on the pH of the conposition and on polishing conditions such as process
pressure during polishing. However, typically, the mass ratio of the

chel ating agent to ceriumoxide is preféerably 0.01-10, nore preferably
0.05-5, further preferably 0.1-3. Wen the nmass ratio is |ess than 0.01,
the anount of The cehébat ioxjdegelmiadspabeicdasd tdoacsintiradn om tin dehéi |l m
surface is small relative to the anounts of abrasive particles which act
during pdlzafiite feemPagifipoor ofdsdhst i oprésget andvarttbion ngvarpesr
effect of preventing direct contact between the cerium oxide

m cr opar tdeRAIdHEH Qhe Bhei el hshinde ¢onditibms, tbechat esof ppoteshi ng
the silicon nitride filmcannot be reduced. In contrast, when the nmass
rati o i s AAPSEESsdoring, ppléshery.f ai Howevebe themmengegtteatiitdn ans
increase in amount of the chelating agent, leading to a cost disadvantage.
Fur t her gt L4 br Asi ve0 cBaFsdi-t ir ofPraEeprotBnO - 3rdva@RIon naheobnt ai n
an additiqnal abrasive in conbination wth ceriumoxide. In this case, the
amount oftithe CORFRANGIGHEICtabrissi @ SSs Fhan 56 -Aas s Spref &hgbl Fatel- 26
mass% nore preferably 0.5-10 nass% based on the total amount of the

abr asi vePO P I AbI 1 t RXIAR al THLBr 0B3HIGRAEES coNWBAFLASI oivhe™ cekham

oxi de and the additional ,abrasive is 0.1-10 nass% based on the mass of the
conposi t i SHCHHF ML 15 8nodMt  of*GeERel &5 ngl YgeAESsdded Fhe 0. B1fe0tti nes
the total ___nmss of the mcroparticles. The average particle size of _the
addi ti oné?o%erréss‘f%teot%g%htﬁ nLBEF PERFoR STy ¢t er HbF yCeBL - 2% 692t m

or e pretf?éﬁﬂghoi&chégg QhSngE of polishing the oxide film, cannot

be attained. This case is undesirable in terms of cost. The
cerium oxide concentration as defined herein refers to the
cerium oxide concentration in the abrasive composition during
‘use.

The chelating agent used in the abrasive composition of
the present invention will next be described.

The chelating agent may be a known chelating agent,
with no particular 1limitations placed on the chemical
structure thereof. However, specific examples of preferred
chelating agents according to the present invention include
ethylenediaminetetraacetic acid (EDTA), cyclohexanediamine-
tetraacetic acid (CyDTA), nitrilotriacetic acid (NTA) ,
hydroxyethylethylenediaminetriacetic acid (HEDTA) ,
diethylenetriaminepentaacetic acid (DTPA), triethylene-
tetraminehexaacetic acid (TTHA), L-glutaminediacetic acid
(GLDA) , aminotri (methylenephosphonic acid), l-hydroxy-

ethylidene-1, 1-diphosphonic acid, ethylenediaminetetra



Preferably, the additional abrasive is arbitrarily selected from anong
conpounds, such as al um num oxi de, zirconium oxide, silicon dioxide,
titani um di oxi de, manganese di oxi de, di manganese tri oxi de, chrom um oxi de,
iron oxide, tin oxide, zinc oxide, alum na-nmagnesia spinel, mullite,
zircon, alum num hydroxi de, cal ci um hydrfaxi de, magnesi um hydroxi de,
silicon nitride, titaniumnitride, boron nitride, silicon carbide,
titani um carbide and di anond. O these conpounds, al um num oxi de,

zi r coni unBXi el erephesphendki de anaid) t ani um diekhidenesragmnanengates| y
usable in particular. The aforenenti oned abrasive conposition according to
t he preseffteihyvkerephospioniet Aeidtontralantnegéasahic boidt HiB-AB8¢, an
abrasive conposition for polishing a sem conductor device, in which the
di sper san® ceApBineddacgdjigst edido 0.8 ARRISY/ @sHageyinesdimasftarr edcilnown

di spersants be | oyed. as, the aforenentioned di spersant. O these, a
pon(orgah%%gggkbd§§H§i? it Ried.acikkanfibds ) of dndRodispekiant s

pol y( et aetg ! neoREe: dRfs s R St At a6 e 1 6P Rt g edt
amroni um RATT TR AT B RS anPaifiaat S5 DB her  or ganic am nes. - 16
Ihe 2brast ve SOPRORID oL Lhe BLesenl el o SO SS E i
R gher, HERRTAL o7 BLEBR YO LERa6PtAPGRELS paY Al & T3 PReReRaBPgLLE BFId
"nvent | on! G 258 cal fy 2 84 Bediebrbienarg o & ReDPbr | SRBaT 85rpaLCaRAC
enhances Nephovdsehf| cLengYerbal i1 ABLASEYR: cPRLELC! EBDETRRY' A9a08.Lhe
pol i shed wafr er.

ethyliminodiacetic acid (HEIDA) are preferable.

Generally, the chelating agent is used in the form of a
free acid or a salt. However, addition of the free aéid at a
high concentration is limited, due to poor solubility thereof
in water. Thus, the chelating agent is preferably used in
the form of a salt. Although no particular limitation is
imposed on the salt species in the present invention, a
quaternary ammonium salt is preferably used in the case in
which the characteristics of LSIs are possibly affected
adversely.

Specific examples of preferred salts include lithium
salts, sodium salts, potassium salts and cesium salts.
Examples of preferred amines that can form the aforementioned
quaternary ammonium salt include ammonia; primary, secondary
and tertiary amines having a C1-Cl0, linear or branched,

saturated or unsaturated alkyl group; primary, secondary and

tertiary amines having at least one C6-Cl0 aromatic group;



The method for formng a shallow trench isolation structure in a

sem conduct or device by use of the abrasive conposition wtl next be
described. The nmethod is described with reference to the drawings. As
shown in Figure 1, the surface of a sem conductor substrate 1 nmade of a
subst ance, such as silicon, is inghtUﬁ4_pxidized to thereby forma silicon
oxide film2 and subsequently, a silicon nitride film3 having a thickness
of 200 nm for exanple, is deposited thereon through a technique such as
CVD. Nextan@ ¢¥ekks #aimey suehdesh pirspddsne0and) piperaexnaple, is formed
in a predeterm ned position of the silicon nitride film3 where a shall ow
trench is to bERgoameHnt tdf ofidlle chekdhinue ageolt awo phet ddddrbgraphys
maki ng use of a photoresist. Subsequently, the semiconductor substrate 1
is sel ecd$RRNYIRG cPpRdLhfi Cering sidlidomitropatet i¢len Gohaenhgationetrss
therein utilized as a mask, to thereby forma shallow trench 4 having a
depth of B RAPPPSLtéRaMSIfe.the 7PpoASERE dmvierd izur,f aee thet lpd of the

sem conductor substrate 1 coated with the silicon nitride film3, a
silicon FQRRPIIFIRT 5 and d&3bsiPodd stHsL g s oadiddipmsqueiciuchsaspbpags EVD
that is a technique for attaining a good burying property, to thereby
conpl et elRF BRI § hSUH A h PR LESPAOhe si HP¥eviehxi devFidan sy, ($be FAngase 2).
The thus-obtaineg rfaﬁg f_the silicon oxide film5 has a recess_on the
buried trehe 4° Hg'«lf)é‘ve‘? ,eﬁ?t“bg afgdrPEatiONCBBE B hiOHd Sehel SuPFagerabkyng

e of \IF ENES! Yo cothosiLian, {he it ace, Lo, gradually el shed Lo

recess PR hEREr dIRAF 4ARTPT S4nAoHS! 110N DuPtaceieaeRBUnEn@ RuFtace of

the S'l'céHElating agent adsorbed onto the silicon nitride film
surface 1is small relative to the amounts of abrasive
particles which act during polishing, forming a poor
adsorption layer and attaining a poor effect of preventing
direct contact between the cerium oxide microparticles and
the silicon nitride film. Thus, the rate of polishing the
silicon nitride film cannot be reduced. In contrast, when
the mass ratio is in excess of 10, an effect fails to be
commensurate with an increase in amount of the chelating
agent, leading to a cost disadvantage.

Furthermore, the abrasive composition of the present
invention may contain an additional abrasive in combination
with cerium oxide. In this case, the amount of the
additional abrasive is 0.01-50 mass%, preferably 0.1-20 mass?%,
more preferably 0.5-10 mass$%, baséd on the total amount of
the abrasives. Preferably, the total microparticle
concentration of cerium oxide and the additional abrasive is

0.1-10 mass% based on the mass of the composition, and the



nitride film3. the polishing is term nated when the surface of the
silicon nitride film3 is exposed. Thus, a trench 51 for shallow trench
isolation is forned as shown in Figure 3. Although the silicon nitride
film3 may serve as an insulating filmformed on the sem conductor, the
filmis typically renoved as shown in ggure 4. In the aforenentioned

pl anari zation polishing for formng a shallow trench isolation structure, .
a high ratio of the rate of polishing the silicon oxide to that of

pol i shi nF™MAUE s¢fi 2oRbALEELRE, ageat addegh isel@c@ivi® ytingsrthei tetaln
order to effectjvel olish the silicon oxide filmand to accurately

t er ni nat éd% W%%ifﬁigcrlm’éh%l%n she@ auerage pestacildesiwet hft hbel evel
of the silicon nitride film In -18 addition, when the

pl anar i zaat‘i1 t-JpQﬂarJ;h r&fifacectBerscitanhegriv® enbfactiar i prefsrabyy
disadvantaﬁggushé be inpaired. The abrasive conposition of the present

i nvent i orf s g del @ peerferap HerOtb Whove de. Snumbr asi ve conposi ti on

optimal for cagrying .opt the aforenentioned planarjzation polishing. Use
of the abrasiS%r%%%%%gr¥io %BF t RO (RFATIEh chh aekPéysasily

o i ghers TRt S art B8 GOREIRS noBPTRESE] 2coRAR RBUNELBRLPHE abTaSPve
pert) 1 e, A P D0 a0 ARt 0l i RS ALLT, SREOL, 2Ll ahnL Do
and that 15 a PEBEnSERERE eEr PERLIR) o e pOT 1 Shed \irer ORRRS!
oot VAl DR LoVl WAl SFObLRIRRRL e S.L0S SRS IE
polishin&iﬂE%ﬁK“’éiuﬁ&ﬁﬁm”“ﬁﬁﬁr&§£§éﬁiCé£189£$5h£9§ré§¥ﬁl,”E%Q8Hesium
hydroxide, silicon nitride, titanium nitride, boron nitride,
silicon carbide, titanium carbide and diamond. QOf these
compounds, aluminum oxide, zirconium oxide, silicon dioxide
and titanium dioxide are advantageously usable in particular.
The aforementioned abrasive composition according to
thée present invention may further contain a dispersant. In
this case, an abrasive composition for polishing a
semiconductor device, in which the dispersant content is
adjusted to 0.08 mass% or less, 1is preferred. Known
dispersants may be employed as the aforementioned dispersant.
Of these, a poly(organic carboxylic acid) is preferred.
Examples of such dispersants include a dispersing agent0
having a poly(acrylic acid) moiety or a poly(methacrylic
acid) moiety. The abrasive composition of the present
invention may employ the poly(organic carboxylic acid) in the
form of an ammonium salt or a quaternary ammonium salt of

other organic amines.



The present invention will next be described in nore detail giving
exanpl es, which should not be construed as |imting the invention thereto.
Exanple 1: Cerium oxide of high purity was prepared froma comrercially
avail abl e cerium carbonate through heat treatnent. The thus prepared
cerium oxide had an average particle _sige (d.50) of 0.2 ~im a primary
particle size of -19 0.08 pmand a purity of 99.9 mass% or hi gher (chem cal
anal ysis data: concentration of each of elenents My, Al, K Ca, Fe, N,

Cu, M, Th andThp= gbppaive | eszposdilisaquent | ythe 1 prsséhof theeptépar ed
ceriumoxide mcroparticles, 0.3 mnmass% of triammoni um et hyl enedi am ne

t et r aacetREEVideDTAL gh 3pRMBFFLaAd Yt od Bdleanat ofofepel iskirgnaxedlticon

t her eby prefare.an abrasive conposition in slurry form In the

conposi t i G hel EDTROHEBENHYE Wed lishdorgpor agfelli on thatridie fidmio Bhenass
of the EDTA H 3(NH4) to ceriumoxide was controlled to 0.3. The pH of the
conposi t i VADY paRebe pdiwediedofta HeO ab¥ akigkeni cropar prefezabiym t he
slurry coanete, the remai ni ng aqueous sol ution was analyzed, and the
concent\rlvg‘%s o Tof NegBRTof RRELIGPLATLY %adsiablg, 58 ok himhere, NIn Qu,
Vh, Th and(t%mas found to_be 0.5 ppmor |ess. Subsequently, the abrasive
slurry wrSEVE P edSien PEKNEDf aBIASSHiengCRBPPELFRABe ©f e sPrReenRt
dioxide film_.and silicon nitride film in the follow ng manner. [Poli shing
Condi t i ord}V FRLET? al 35 Pty sHRaPUqES  S95atshididxiode fohem PLEshed

t hi ckness; roximately . .1 ~t forned through CVD on a silicon wafer

havi ng a Sdfrgféct%r ad')fé Wr%ndqaa?’r{’?%tck Cl§NEL5 Ofn, thed ebdrasiVecon

pitrtde ML L EIESS on AR BLIBLSLY DaZestm formed through CVD on

The method for forming a shallow trench isolation
structure in a semiconductor device by use of the abrasive
composition will next be described.

The method is described with reference to the drawings.
As shown in Figure 1, the surface of a semiconductor
substrate 1 made of a substance, such as silicon, is slightly
oxidized to thereby form a silicon oxide film 2 and
subsequently, a silicon nitride film 3 having a thickness of
200 nm, for example, is deposited thereon through a technique
such as CVD. Next, a recess having a width of 500-5000 nm,
for example, is formed in a predetermined position of the
silicon nitride film 3 where a shallow trench is to be formed,
through a technique such as phbtolithography making use of a
photoresist.

Subsequently, the semiconductor substrate 1 is
selectively etched, with the silicon nitride film 3 having a

recess therein utilized as a mask, to thereby form a shallow

trench 4 having a depth of 500 nm, for example.



having a dianeter of 6 inches and a thickness of 625 pm Pad:
Doubl e-1 ayer-type polishing pad for polishing a sem conductor device

(1 C1000/ Suba400 produced by Rodel-Nitta K K. ). -20 Polishing apparatus:
One-si de polishing machine for polishing a sem conductor device (Mde
SH-24 with a surface plate diameter qfj+610 nm produced by SpeedFam Co.,
Ltd.). Rotation rate of surface plate: 70 rpm Process pressure: 300
gf/cn2. Slurry feed rate: 100 mM/mn. Polishing tine: 1 mre. [Itens and
met hod of eval ¥t £BA] ePdlijrshi siyr Fage: ofkaber ebmbycanductor substrate 1
optical-interference-type filmthickness neasurenment apparatus. Scratch
status:I&ﬂ%@?qéWHt%bE%Fvﬁ%ﬂéﬁoﬂn@éﬁréﬁeoﬁﬁhmﬂ3,rﬁC$btt©@@.OKIﬁeeéibmrcent
of the er syrface was observed at a  magnification of 200, and the
nunber of° def eCERRSLERAL ERESUIRRS teghddduco mumlerdenplys REVRI bhag is
abrasive particles: Dark-field observation under an optical m croscope.
(Three pét Cefthfdidiel SR attalning e vBRCBLREF VETT aprarentigni tPcihroabyf
200, and the nunmber of detected scratches was reduced to nunber/cn2.) The
above- deSTPIRERF ST | BRF Mg thestti@rcheft orifdd, thids it heone seddanaf bim whs
washed by SCF%%biqg ﬁ%}h pure water, then spin-dried and eval uated. The
test revediSR THHTE He) - rate of polishing the silicon dioxide filmwas as
hi gh as 4340 the silicon nitride film

mn, and, the rate of polishin . Si ) !

was as consi der®pl yPgwoRE 238 lﬁqfféé%oP iﬁ%F?,S%%é°°§ePéﬁﬁ%ﬂ?%@Ws5as

hi gh as.%%% 'gl recess on the buried trench 4. However, by
planarization-polishing the surface making use of the
abrasive composition, the surface is gradually polished to
thereby yield a planar surface. As the polishing proceeds,
the surface of the silicon oxide film becomes completely
planar to thereby remove the recess from the trench 4 until
the polished surface reaches the surface of the silicon
nitride film 3. the polishing is terminated when the surface
of the silicon nitride film 3 is exposed. Thus, a trench 5’
for shallow trench isolation is formed as shown in Figure 3.
Although the silicon nitride film 3 may serve as an
insulating film formed on the semiconductor, the film is
typically removed as shown in Figure 4.

In the aforementioned planarization polishing for
forming a shallow trench isolation structure, a high ratio of
the rate of polishing the silicon oxide to that of polishing
the silicon nitride, i.e. a high selectivity, is required in
order to effectively polish the silicon oxide film and to
accurately terminate the polishing when the polished surface

coincides with the level of the silicon nitride film. In



In addition, no scratch was observed on either the silicon dioxide filmor
the silicon nitride film Furthernore, the abrasive particles remaining on
the silicon dioxide filmand silicon nitride filmwere found to nunber O
19/CWv2 and 0. 3 8/ CWM . respectively. The results indicate that the
abrasive particles were satisfactoril ywiwashed off. Exanples 2 to 8: The
procedure of Exanple 1 was repeated, except that the cerium oxide
concentration and EDTA-H 3 &NH4) concentration were changed, to thereby
prepare A5 Al delEacHhg ur Py anesrigiad ipgs raddishackd iswrfasgnneis
simlar to_that q% Exggﬁgecﬁﬁl The results are shown in Table 1. Exanple 9:
A pol y(act$1FeCRetd) nchAreStetiEd IsFdedad thbSadnratageceshposPei on

of Exanple 1 {o hereby prepare a slurry having a poly(acrylic acid)
anmoni um S eTh i tent of 0.004 mass% The thus prepared slurry was

eval uated in nner _simlar_to that of . le 1. The results are shown
in Table 1. E&% PE AT Vin S PR RY ?%nopfgéigngrfsﬁ&§r%ﬂﬁﬁﬂ?&PQohﬁFepare

A e R R A e SR SRR

Dot ATMBMRRC 00 BURL (DGLed 0 LR RSl 1 S L0

e 1 el SR e NSBB8 02 pRedable
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preferably 30 or higher, more preferably 50 or higher that
varies depending on the size and amount of the abrasive
particles and on the kind and amount of the chelating agent,
attaining highly controllable planarization polishing. In
addition, another advantage lies in that scratches on the
polished surface can be removed and that the abrasive
particles remaining on the polished wafer can effectively be
removed by washing.

Polishing by use of the abrasive composition of the
present invention can be performed through a known polishing
method or a chemical mechanical polishing (CMP) method.

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

Example 1:
Cerium oxide of high purity was prepared from a

commercially available cerium carbonate through heat

treatment. The thus prepared cerium oxide had an average

particle size (ds¢) of 0.2 um, a primary particle size of



pl ace of the EDTAH3 (NH4) and that ammoni um water was added thereto to

adj ust pH of the slurry to the nei ghborhood of neutrality.-The thus
prepared slurry was evaluated in a manner simlar to that of Exanple 1.
The results are shown in Table 1. Exanple 12: The procedure of Exanple 1
was repeated to prepare an abrasive cgmposition in slurry form except
that 0.5 mass% of hydroxyethyli m nodi acetic acid (HEI DA) was used as a _
chel ating agent in place of the EDTAH3 (NH4) and that anmoni um water was
added thel ei® thn adndstaphpwfitihe ol uLPy 9 tmaths ner ghlieHeeod (e@hemical
neutrality. The thus prepared slurry was evaluated in a manner simlar to
t hat of E%ﬁﬂﬂ%#%.d¢ﬁé= ceOHGend ratd ovhowh eaciabife ell.ererdarsplég 1321 ThE,
procedure_ of Exanple 1 was repeated to prepare an abrasive conposition in
slurry fdran %&cgg%rt¢ﬁu ¥ns Hasanso?¥ =adphpagpnedeaséti cSabsdqUASDAY, was
used as a chel ating_agent in place of the EDTAH3 (NH4) and that amroni um
vat er wast ZAFS3 t REr il t Bramared prest uiheox] de r ynitar aeer tiei kgshor Rodd  of
neutrality. I?e thus prepared slurry was evaluated in a nmanner simlar to
t hat of é&ﬁﬂ% e 1.9Fhe r€§hﬁ@%°%+%mshomﬁthzéenﬁdiamléel. Er&irpheetateThe
procedure of Exanple 1 was repeated to prepare an abrasive conposition in
slurry fo?@RTPeﬁb%n&Hq) hafnd. $headsskagice exhywa eewedvens nesuedi hoctherdbyEDDS)
was used as .a chelatin agent in place, of the EDTA.H.S%NH4) and t hat
annDniLwn%ﬁﬁ%ﬁreméglaagéasgﬁgre?%mg%shﬁfﬂgtJﬁH SLURY sEQFRy t o Ithethe

nei ghbor hood of.neutra%g%y. The thus prepared slurry was evaluated in a

manner si RIS 1ot Ahvat BAhpHe NHiheWa s ediiaoy paka tssbwaoi EhRdb| she.

ratio by mass of the EDTAH-3(NH,) to cerium oxide was
controlled to 0.3. The pH of the composition was 7.2. After
removal of the abrasive microparticles from the slurry was
complete, the remaining aqueous solution was analyzed, and
the concentration of each of the impurity elements Mg, Al, K,
Ca, Fe, Ni, Cu, Mn, Th and U was found to be 0.5 ppm or less.

Subsequently, the abrasive slurry was evaluated in
terms of polishing performance on the silicon dioxide film
and silicon nitride film, in the'following manner.

[Polishing Conditions]

Material to be polished: (1) Silicon dioxide film (film
thickness: approximately 1 pm) formed through CVD on a
silicon wafer having a diameter of 6 inches and a thickness
of 625 um, and (2) silicon nitride film (film thickness:
approximately 0.5 um) formed through CVD on a silicon wafer
having a diameter of 6 inches and a thickness of 625 pm.

Pad: Double-layer-type polishing pad for polishing a
semiconductor device (IC1000/Suba400 produced by Rodel-Nitta
K.K.).



Conparative Exanple 1: The procedure of Exanple 1 was repeated, except that
no EDTA-H 3(NH4) was added, to prepare a slurry. The slurry was eval uated
in a mnner simlar to that of Exanple 1. The results are shown in Table
1. When the slurry contained no chelating agent, the selectivity was | ow
and the abrasive particles were renmoveg,Jnsufficiently fromthe polished
waf er surface through washing. Conparative Exanple 2: The procedure of
Exanpl e 1 was repeated, except that cerium oxide particles having an
average parti dels3ring dsapranituso t@nandideprpobighpagt i mhehshee ¢br0. 13
pmwere used, to prepare a slurry. The slurry was eval uated in a nmanner
sinmilar t(RPYNAIRG ExappLeonducherr deyice aMedshoviH2¢ Tabtle a. swhéacehe
ceriumoxide particles had an average particle -24 size in excess of 1.0
pm a | aryeifurbkanetes e ht ¢hesmhererodeeaddosnSpaedRanefosur Bade) -
Conmparative Exaq?le,S: The procedure of Exanple 1 was repeated, except that
cerium oxi de Pttt R ot aFiabecagelpbet i éPerBize (d50) of 0.008 pm
and a prinaryégarticle size of 0,004 gn1wpre used, to prepare a slurry.
The slurry was SVel TRREETFHEE hedP@rI9T4FHid ar to that of Exanple 1. The

results are shown in Jable 1. \Wep the cerium oxide had an average particle

si ze of |eSSr$iEﬁF¥L%é?%Hﬁa?%é f&?embfmb%rishing the silicon oxide film

was considenﬂ%a&iéﬁ%n§WQfﬁggslrﬁgn§uitable for practical use. p) Zi-4co
[Items and method of evaluation]

Polishing rate: Measured by an optical-interference-type
film—thickness measurement apparatus.

Scratch status: Dark-field observation under an optical
microscope.

(Three percent of the wafer surface was observed at a
magnification of 200, and the number of detected scratches
was reduced to number/cm?®.)

Remaining abrasive particles: Dark-field observation
under an optical microscope.

(Three percent of the wafer surface was observed at a
magnification of 200, and the number of detected scratches
was reduced to number/cm?.)

The above-described polishing test was performed, and
the tested wafer was washed by scrubbing with pure water,
then spin-dried and evaluated. The test revealed that the
rate of polishing the silicon dioxide film was as high as
4340 A/min, and the rate of polishing the silicon nitride
film was as considerably low as 36 A/min. Accordingly, the

selectivity is as high as 121.
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In addition, no scratch was observed on either the
silicon dioxide film or the silicon nitride film.
Furthermore, the abrasive particles remaining on the silicon
dioxide film and silicon nitride film were found to number
0.19/cm® and 0.38/cm?, respectively. The results indicate
that the abrasive particles were satisfactorily washed off.
Examples 2 to 8:

The procedure of Example 1 was repeated, except that
the ceriuﬁ oxide concentration and EDTA-H-3(NH,) concentration
were changed, to thereby prepare slurry samples. Each slurry
sample was evaluated in a manner similar to that of Example 1.
The results are shown in Table 1.

Example 9:

A poly(acrylic acid) ammonium salt was added to the
abrasive composition of Example 1 to thereby prepare a slurry
having a poly(acrylic acid) ammonium salt content of 0.004
mass$. The thus prepared slurry was evaluated in a manner
similar to that of Example 1. ‘The results are shown.in Table
1.

Example 10:

The procedure of Example 1 was repeated to prepare an
abrasive composition in slurry form, except that B8 -
alaninediacetic acid (/8 -ADA) was used as a chelating agent
in place of the EDTA'H-3(NH;) and that ammonium water was
added thereto to adjust pH of the slurry to the neighborhood
of neutrality. The thus prepared slurry was evaluated in a

manner similar to that of Example 1. The results are shown
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in Table 1.
Example 11:

The procedure of Example 1 was repeated to prepare an
‘abrasive composition in slurry form, except that 0.5 mass$% of
nitrilotriacetic acid (NTA) was used as a chelating agent in

place of the EDTAH-3(NH;) and that ammonium water was added

thereto to adjust pH of the slurry to the neighborhood of

neutrality. The thus prepared slurry was evaluated in a
manner similar to that of Example 1. The results ére shown
in Table 1.
Example 12:

The procedure of Example 1 was repeated to prepare an
abrasive composition in slurry form, except that 0.5 mass$ of
hydroxyethyliminodiacetic acid (HEIDA) was used as a
chelating agent in place of the EDTAH-3(NH,) and that
ammonium water was added thereto to adjust pH of the slurry
to the neighborhood of neutrality. The thus prepared slurry
was evaluated in a manner similar to that of Example 1. The
results are shown in Table 1.

Example 13:

The procedure of Example 1 was repeated to prepare an
abrasive composition in slurry form, except that 0.5 mass% of
asparaginediacetic acid (ASDA) was used as a chelating agent
in place of the EDTA'-H-3(NH;) and that ammonium water was
added thereto to adjust pH of the slurry to the neighborhood
of neutrality. The thus prepared slurry was evaluated in a

manner similar to that »f Example 1. The results are shown
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Example 14:

The procedure of Example 1 was repeated to prepare an
abrasive composition in slurry form, except that 0.5 mass% of
ethylenediaminesuccinic acid (EDDS) was used as a chelating
agent in place of the EDTAH-3(NH;) and that ammonium water
was added thereto to adjust pH of the slurry to the
neighborhood of neutrality. The thus prepared slurry was
evaluated in a manner similar to that of Example 1. The
results are shown in Table 1.

Comparative Example 1:

The procedure of Example 1 was repeated, except that no
EDTA-H-3(NH,) was added, to prepare a slurry. The slurry was
evaluated in a manner similar to that of Example 1. The
results are shown in Table 1.

When the slurry contained no chelating agent, the
selectivity was low and the abrasive particles were removed
insufficiently from the polished wafer surface through
washing.

Comparative Example 2:

The proéedure of Example 1 was repeated, except that
cerium oxide particles having an average particle size (dso)
of 1.9 um and a primary particle size of 0.13 um were used,
to prepare a slurry. The slurry was evaluated in a manner
similar to that of Example 1. The results are shown in Table
1.

When the cerium oxide particles had an average particle
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size in excess of 1.0 um, a large number of scratches were

formed on the wafer surface.
Comparative Example 3:

The procedure of Example 1 was repeated, except that
cerium oxide particles having an average particle size (dso)
of 0.008 um and a primary particle size of 0.004 pm were used,
to prepare a slurry. The slurry was evaluated in a manner
similar to that of Example 1. The results are shown in Table
1.

When the cerium oxide had an average particle size of

less than 0.01 pm, the rate of polishing the silicon oxide
film was considerably low, which is not suitable for

practical use.
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Industrial Applicability:

The abrasive composition of the present invention can
enhance the rate of polishing an oxide film that is a silicon
dioxide film and the selectivity of the silicon oxide film to
a silicon nitride film in terms of polishing rate, attaining
highly controllable planarization polishing. In addition/
the abrasive composition forms fewer scratches on the
polished surface, and the abrasive particles remaining on the
polished wafer can readily be removed by washing. Therefore,
the abrasive composition of the present invention can
preferably be used for polishing of a semiconductor device,
i.e. for polishing of an oxide film, which is usually silicon
dioxide, used to form a shallow trench isolation structure

with a silicon nitride film used as a stopper film.

26
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Applicability: The abrasive conposition of the present invention can
enhance the rate of polishing an oxide filmthat is a silicon dioxide film
and the selectivity of the silicon oxi-ggfilmto a silicon nitride filmin
ternms of polishing rate, attaining highly controll able planarization :
polishing. In addition, the abrasive caonposition forns fewer scratches on
the polished surface, and the abras@%@%&%ticles remai ni ng on the

pol i shed wafer_can,readily be renpved by washing. Therefore, the abrasive
conp03|tHUn(ﬁA?h€bﬁﬁé§¥ﬁ ?ﬂ@%ﬂ?%BhOEaﬁoﬁwEPéFéBF?gbéiu§@ﬁlFBFdﬁ§FP§h|ng
of a sem conductor devjce [ olishing of an oxide film which is
usual Iy st§Y5ow ?ﬁTﬁﬁ%ﬁﬁﬂ%é%@t?B'f%+ %P%ﬁ%%?%ﬂﬁt@@néﬁ pRBRELVBnaBEract ure
wth a SI|I q:nltrlde |In1used as g stggper film 26

ing agen wherein the abrasive 1s cerium oxide, the

microparticles of cerium oxide have an average particle size
of 0.01-1.0 pm, and, when silicon nitride film and silicon
oxide film separately formed on a silicon substrate through
CVD, are polished independently under identical conditions, a
ratio of a rate of polishing the silicon nitride film to a

rate of polishing the silicon oxide film is 10 or more.

2. The abrasive composition according to claim 1, wherein
the abrasive further includes additional microparticles for

polishing.

3." The abrasive composition according to claim 1, wherein
the additional microparticles are formed of at least one
species selected from the group consisting of aluminum oxide,
zirconium oxide, silicon dioxide, titanium dioxide, manganese
dioxide, dimanganeée trioxide, chromium oxide, iron oxide,
tin oxide, zinc oxide, alumina-magnesia spinel, mullite,
zircon, aluminum hydroxide, calcium hydroxide, magnesium
hydroxide, silicon nitride, titanium nitride, borqn nitride,

silicon carbide, titanium carbide and diamond.

4, The abrasive composition according to claim 1, wherein

the cerium oxide has a concentration of 0.1-10 mass% and the

27
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-27 Clains 1 An abrasive conposition for polishing a sem conduct or

devi ce, conprising water, mcroparticles of an abrasive and a chelating
agent, wherein the abrasive is ceriumoxide, the mcroparticles of cerium
oxi de have an average particle size of 0.01-1.0 pm and, when silicon
nitride filmand silicon oxide filmsepgarately forned on a silicon
substrate through CVD, are polished i ndependently under identical
conditions, a ratio of a rate of polishing the silicon nitride filmto a
rate of potSiahinye t#2eRF| i2oAdgRAdetr @ MASS 1P o0 mdF e¥ - 91 -FhePaprdsprie
conpositiqp according to clajm1, wherein the abrasive further includes
addi t i ondiP§iaTHart i eI ¥ 1<Ri ng. 3.' The abrasive conposition
according to claiml1l, wherein the additional mcroparticles are fornmed of
at | east one species selected fromthe group consisting of alum num oxi de,

zirconiquoxidﬁ% Si Econ dioxide,.tLtaniun1di$xidet man ane;; dioiide,
d:nanganesé trl §i8.,aEﬁVSmQﬁﬁgﬁﬁﬁﬁioqr%ﬁF%? g PLﬁ; .'d’ %?n? Bxide,
2L na TRAnERLR N Nehe LSS othECon cBLUL DU Iycr i e el ohul
Conpos: 1 M AASELEEER (fayd, 300U CRERLEERREL0h IR0, 121208488  BRLYE
concent ' slERly & 45 02 RIS ETdAE 22 R 2RaghoLotl RO 08T Londisd @

abrasivecﬁpmgg%ii%gg gfcgighﬂg 1S g*giglgsor claim 3, wherein the cerium
oxi de mcroparticles. and a TET ona m croparticles have a total
concentration of 0.1-10 mass% and the chelating agent is added at a nass

ratio of 0.01-10 based
6. The abrasive composition according to any one of claims

1 to 5, wherein the chelating agent is at least one compound
selected from the group <consisting of ethylenediamine-
tetraacetic acid (EDTA), cyclohexanediaminetetraacetic acid
(CyDTA), nitrilotriacetic acid (NTA), hydroxyethylethylene-
diaminetriacetic acid (HEDTA), diethylenetriaminepentaacetic
acid (DTPA), triethylenetetraminehexaacetic acid (TTHA), L-
glutaminediacetic acid (GLDA), aminotri (methylenephosphonic
acid), 1l-hydroxy-ethylidene-1,1l-diphosphonic acid, ethylene-
diaminetetra (methylenephosphonic acid), diethylenetriamine-
penta (methylenephosphonic acid), /0 -alaninediacetic acid
(B-ADA), a-alaninediacetic acid (& -ADA), asparaginediacetic
acid (ASDA), ethylenediaminesuccinic acid (EDDS), imino-
diacetic acid (IDA), hydroxyethyliminodiacetic acid (HEIDA)
and 1, 3-propanediaminetetraacetic acid (1,3-PDTA), or a salt

thereof.
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on the mass of all mcroparticles. 6. The abrasive conposition according to
any one of clains 1 to 5 wherein the chelating agent is at |east one
conpound selected fromthe group consisting of ethyl enedi am ne-
tetraacetic acid (EDTA), cycl ohexanedi am netetraacetic acid (CyDTA),
nitrilotriacetic acid (NTA), hydroxyethy ethyl ene- diam netriacetic acid
(HEDTA), diethylenetriam nepentaacetic acid (DTPA),

triethyl enetetram nehexaacetic acid (TTHA), L- gl utam nediacetic acid
(GLDA), ahi not F1¢ nePR¢SéNepKespteoTi td omca@yordingy dooxglaiat hyl fustberl,
1- di phosphoni c, acid, ethyl ene- diamnetetra (nethyl eneghosphoni c acid),

di et hyl erfeRE S  FenfaSPREERYLenEphbs ftidhi @ aePmgentrabloni mddi c8Bic
acid (Q ADA), a-al aninediacetic acid (a-ADA), asparagi nediacetic acid

( ASDA) , é‘ﬂa}ﬁ/ﬁ’r%r%ﬂi]a%%esucci nic acid (EDDS), imino- diacetic acid (IDA),
hydr oxyet hyl i m nodi acetic acid (HEI DA) and 1, 3- propanedi am netetraacetic
acid (1,3-PDTA), or a salt thereof. 28 -29 7. The abrasive conposition
according, to claim further conprising a dispersant that has a

concentration DFe 02882ShY8s RBPqHstOn. AR Abrgsitoe UiTbsi t | BRE&EEBr di ng
to claimy? erein _the dispersant contains a poly(acrylic acid) noiety or
a pol y(rgﬁ\zg%rlflplefsd@i )Cﬁﬁgéﬁ}.s P B YR NE ¢ ﬁfx@gi tToheB¥cAMi Rg to
claiml qr claim., 7 erein, it excluding the cerium oxide mcroparticles
cont ai ns,poalgy g%eif%?ﬁﬁ] © %Cfl?%ar&?l%ﬁ%' el ement selected from the group
consisting of Mg, Al, K, Ca, Fe, N, Cu, M, Th and U at a concentration

of 20 ppmor less. 10. The abrasive conposition according to claim1,

wherein tspe ce,hilgm >§i d(Je_vm' cropart..cl es have %.Igur' ty (1f .99.19 mass%) or
more and contar fo &S an i mpdidRy S Wt T e AT CONR R efiBncLatm 1 or claim

7, wherein it excluding the cerium oxide microparticles
contains, as an impurity, at least one element selected from
the group consisting of Mg, Al, K, Ca, Fe, Ni, Cu, Mn, Th and

U at a concentration of 20 ppm or less.

10. The abrasive composition according to claim 1, wherein
the cerium oxide microparticles have a purity of 99.9 mass$%
or more and contain, as an impurity, at least one element
selected from the group consisting of Mg, Al, K, Ca, Fe, Ni,

Cu, Mn, Th and U at a concentration of 30 ppm or less.

11. A method for producing a semiconductor device,
comprising forming a silicon nitride film on a semiconductor
substrate, selectively removing part of the silicon nitride
film to thereby expose part of the semiconductor substrate,
etching the exposed part of the semiconductor substrate with
the silicon nitride film used as a mask to thereby form a

trench, depositing a silicon oxide film on the silicon
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selected fromthe group consisting of Mgy, Al, K, Ca, Fe, N, Cu, M, Th
and U at a concentration of 30 ppmor less. 11. A nethod for producing a
sem conductor device, conprising formng a silicon nitride filmon a

sem conductor substrate, selectively renoving part of the silicon nitride
filmto thereby expose part of the seakganductor substrate, etching the
exposed part of the sem conductor substrate with the silicon nitride film
used as a mask to thereby forma trench, depositing a silicon oxide film
on the sititdorieofidn Andige filtan axBosAdt RarXkpotedhrar sewicohductor

sem conductor, substrate to thereby conpletely bury the trench with the
silicon GHRFEEEem tandtherply i LanRiriRtY s by tﬁéesi’wwh oiitde them
with the silicon nitride filmused as a stopper to_ thereby selectively

| eave t héGiiGPonCBkf8e Iidfai AHMY PhapREizatépanpowiehdng the silicon
planarizatgdf-p lishing is performed using_ the abrasive conposition. 12. A
sem cond it éﬁ%@%ﬂ&t Heh iyt Bt evblhE 1de of himgused yas u eS BPBRIBE efo

t hrough the net hod accordi to claim11. 30
9 g%egg%y selectivefg leave the silicon oxide remaining in the

trench, wherein planarization-polishing is performed using

the abrasive composition.

12. A semiconductor substrate having an element-isolated

structure produced through the method according to claim 11.
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