1 METHOD FOR FORMING INSULATING FILM TECHNICAL FIELD [0001]The present invention relates
to a method for 5 forming insulating films in electronic devices. Specifically, this invention relates to a
method for forming silicon dioxide films used for providing insulating films in electronic devices, for
example, for providing inter-metal dielectric (IMD) films, pre-metal dielectric 10 (PMD) films or shallow
trench isolation structures, in manufacture of electronic devices such as semiconductor elements.
BACKGROUD ART 15 [0002]In &M Eldt@onicQRiERIMEN Gl Bl SeEbduckdL®ement, semiconductor
parts such as transistors, resistors and the like are generally arranged on a substrate.Those parts must
be electrically insulated 20 tI[BEJI-ﬁQf ,&’Eh?f ire)d hence it is necessary to provide areas among the parts
SO as to separate them. Those areasare ref%rred to as "isolation areas", which have been hitherto
generally provided bl/G8fdihg an indingtirky 6FeREIdEHRINIOR thee Rfiggcetef @ sénftkggor@ictor
substrate. [0003jMeanwhile, fatheifigld ofrelationty devipes, theslensilyend mitegratienidegree have

been increased in recent yeiaséj? ébﬁﬁglg!?g tcmg'ge ?riqu(peqﬁ%q{ thqee%etr&jtyl%nd éntggﬁﬁj‘%dq%rlee, it has

become difficult to form 30 ation structures minute enough to meet the needed Integration degree and
hence it has been required td AeVeRh FEFABRIRK AR il Ry S8 sFPing TR IALRAI MPHIRE MW isolation
structures include a trench istilatisnistredeaot;omlicdisviaresedfloy carangfiee tfenches\ddidsthe surface

of a semiconductor substrate; aact-theatfllling;H1e deprchammith ingHlating-maleeia) s as deglectrically 2
separate a par @r(])sitioned on(%gaeaéidf from anotl?%{l(fart otn the other Fi%'y]e of ezg;g:h gench. The structure
thus separatiné e parts can e H@igo%‘fioﬁ AWas E%H%hréstp e TIMEHEGRal Qructures,
and is 5 accordingly effectivéraRdfaciieté RigIFiResUcateN degrot eBqai B teeBd Wekay: [0004]As a
method for forming the abovetegAeltsolation structure, a process is studied in which a polysilazane
composition is applied and then converted into silicon 10 dioxide (e.g., Patent documents 1 and 2). This
process generally comprises the steps of: ?§§J ing a polysilazane composition onto a substrate surface

having a trench structure, sBACIGIR eHe R es with the composition; hardening the composition by
curing or the likéy so as to 15 convert polysilazane into silicon dioxide; and then removing excess of the

slicon dloxide formegtpe surface: P, aieR GHREnaBGR PSP eeBaREdRIRIERd 0 as
) element, semiconductor parts such as transistors,

resistors and the like are generally arranged on a

substrate. Those parts must be electrically insulated
20 from each other, and hence it is necessary to provide

areas among the parts so as to separate them. Those

areas are referred to as “isolation areas”, which have

been hitherto generally provided by forming an

insulating film selectively on the surface of a semi-
25 conductor substrate.

[0003] Meanwhile, in the field of electronic devices, the
density and integration degree have been increased in
recent years. According to the increase of the density
and integration degree, it has become difficult to form

30 isolation structures minute enough to meet the needed
integration degree and hence it has been required to
develop new isolation structures satisfying the needs.
Those new isolation structures include a trench isolation
structure, which is formed by carving fine trenches on

35 the surface of a semiconductor substrate and then filling
the trenches with insulating material so as to electrically



[0005]However, insulating films formed by conventional 20 methods often cannot fully fulfill their
functions because very high precision is required to produce recent semiconductor elements. For
example, in the case where the substrate surface has trenches of high aspect ratios, polysilazane is often
insufficiently oxidized in the 25 trenches. That is becaus@, although enough amounts of oxygen and
moisture are necessary to oxidize polysilazane, they are often insufficiently supplied to polysilazane in the
trenches, particularly, at the Iseft@ratévaicia grepdisitiinniednothe serkide) fnahe areph80 panches.

Consequently, the resultant fpictHee istapsidiek seinaytficianty tpat it gaanathgsueeesaiydy fabricated
as designed in the wet-etchin treatrplent %ﬂ% the M(Se performgd éaete{atoqgg]llgglrg}]eraisolation structures

other than the trench 35isolafioh StfUct e are &85 reqcu&frnedr% He made more precise.r?—?dwg_\sler, there are
rooms for improvement in 3 fifsMAAREJiIMKiEAd ihelikedomMBadiBP @bnsertidiHIanethdadd. Specifically, for
example, in the sase where apebsiiazfipe-efieiainiag conaeesitivimis apeliagignd ihaedaaeibie form an

inter-metal dielectric film or adfgéjrrgén}%t&bﬂjgt?zgﬁi?ﬁ@yﬁoa épg_surface of a substrate, problems of cracks

in the film and/or of crystal defeCts at the interface are often caused baﬁ large volume shrinkage in the

course of hardening | $88RIOR ARPBACURIERE SBAPENTB SR t[6657 jpalabitdbcument 1]
Japanese Patent No. 31784 1st(patageaph: POO6as004 63 tLERateim debicherst 7] dgsdiaesa Patent

Laid-Open No. 2001-308090 {}iapbSHUREOR INHENTARN 2ABRQBIHRM-1LY Blrt3OLYERBY THE
INVENTION [%&8]The present m@nt&gn alrﬂ? &o Improve the ﬁ)gor arts theﬁ% to provide a method
capable of formiing an insulat a)fill h Qﬂﬁg 8 5%&18&85@8 Sar]IdEH? bulk 4&nE Qﬁﬂﬁsless
suffering defects such as cragk) s WEANSFGRSSHIEVSRED $ RO BLIHENY [0G08 ] PRéYSiEZEMD vention
resides in a method for formiag @p dstilaln® fikd, eovapstiate s(hraciep&raptiag R Gllicon dioxide

fine 30 particles, in which a %#pag%gés §8aé%dt\8'iWI latﬁigcgl%ggzl(édsezg'we{ﬁp} §m‘é%igmgl§ilicon dioxide
fine particles, a polymer, a surfactant ahd a dispersion medium;” % a step of coating with
polysilazane, in which the subSFERNDEARECERIBA MitH afe RYiCH mexRIetisqlékersionas #Rther coated

with a polysilaZzdhe compositomaerct polysilazane into silicon dioxide; and then
removing excess of the silicon dioxide formed on the
surface by chemical mechanical polishing (hereinafter,
referred to as "CMP").

[0005] However, insulating films formed by conventional
20 methods often cannot fully fulfill their functions because
very high precision is required to produce recent semi-
conductor elements. For example, in the case where
the substrate surface has trenches of high aspect ratios,
polysilazane is often insufficiently oxidized in the
25 trenches. That is because, although enough amounts of
oxygen and moisture are necessary to oxidize poly-
silazane, they are often insufficiently supplied to poly-
silazane in the trenches, particularly, at the bottoms
(which are distant from the surface) in the deep
30 trenches. Consequently, the resultant structure is
densified so insufficiently that it cannot be successfully
fabricated as designed in the wet-etching treatment and

the like performed later.
[0006] Further, isolation structures other than the trench
35 isolation structure are also required to be made more
precise. However, there are rooms for improvement in



4 (3) a step of heating, in which the substrate coated with the polysilazane composition is heated, so
as to covert the polysilazane into silicon dioxide and thereby to form an insulating film made of the silicon
5dioxide fine particles and the silicon dioxide derived from the polysilazane. [0010]Further, the present
invention also resides in a silicon dioxide fine particle dispersion used in the above method for forming an
insulating film, containing 10silicon dioxide fine particles,apolymer,a surfactant and a dispersion medium.
EFFECT OF THE INVENTION40(tiithefpreseraniavetiton|8rabfes moddrntpyn cobh iresuttaningl film having

homogeneous and high bulk geigibdavensy derikaligmese! Evapiisand ageordisglnieeralize high
etching durability of the film even if. the trenchest have high a%ri)ect r@tios. In_addition, the present invention

can reduce cracks of the filmfand 2 C%?&Sr&%Pe&lsné??ng e fé?éST 'l%/IOSERJBIQ CARRYING ouUT
THE INVENTION [0012]Embbani#enedoftie igesem hvsHgsnrart deseitlegtsidol i déxail 325[0013]

Formation process of insulatipgefiimetal Hhelarethodivirihe mresentsinvfarionforfarubsaratdnsulating film

necessarily comprises three g%ed@,egﬁgh Wrt}ig%si??qménﬁqrﬁsgﬁ!&o{:g?. J)qog.fgér% IS_.ﬁr;egtf_(_5‘)&(;50ating with

silicon dioxide fine particles rst, a substrate Is prepared on which an insu film is intended to be
formed. There are no particu réBfictBEeTEAGRe AMBtePif P theAHURRErafRY aldr2sy RIRIWA Substrate
such as a silicon substrate cahbekagd. in the casersh et ardéringetal dielectric 35film is intended to
be formed, the substrate may be beforehand provided with various semiconductor parts 5 thereon.On the

other hand, in I-lg case wher é{ I r Eal Eﬂ structure is intended to be formed, the substrate
surface may bé eforehand f%g’}s %gw@rﬁ L?I@ o&%ucture comprising grooves 5 and/or holes. Any
method can be adopted to form the relief structure on the substrate surface. For example, it can be
formed by the process descrilpad pNTFateocdogmnass 1 and 2. Concrete procedures thereof are as

follows. 10[0015]In the fi e, a sili joxide fim.is farme the surface,qf-a gilicon substrate
by, for example, the Trﬁlérérr?; L?(%(?agtﬁ(;tn rﬁgs%ﬁg]gﬁ#e sﬁfcoﬂr%%g{(?' e filﬁ%gegne?ne’r‘ﬁa ly regggé% t%)![;zgve a
thickness of 5 to 30 nm. (paragraph: 0005 to 0016)

15 [Patent document 2] Japanese Patent Laid-Open No.
2001-308090

DISCLOSURE OF INVENTION

20 PROBLEM TO BE SOLVED BY THE INVENTION
[0008] The present invention aims to improve the prior
arts and thereby to provide a method capable of forming
an insulating film having more homogeneous and higher
bulk density and less suffering defects such as cracks.
25
MEANS FOR SOLVING PROBLEM
[0009] The present invention resides in a method for
forming an insulating film, comprising
(1) a step of coating with silicon dioxide fine
30 particles, in which a substrate is coated with a silicon
dioxide dispersion containing silicon dioxide fine particles,
a polymer, a surfactant and a dispersion medium;
(2) a step of coating with polysilazane, in which
the substrate surface coated with the silicon dioxide
35 dispersion is further coated with a polysilazane
composition; and



15[0016]According to necessity, a silicon nitride film is then deposited on the formed silicon dioxide film
by, for example, the low-pressure CVD method. The silicon nitride film will function as a mask in the
following etching procedure or as a stop layer in the polishing 20 procedure described later. If formed, the
silicon nitride film is so deposited as to have a thickness%f generally 100 to 400 nm. [0017]The silicon
dioxide or silicon nitride film thus formed is then coated with a photoresist. After dried or 25 hardened if
necessary, the photoresist coating ié3ubjecttepo efpdseaingeordingmbialtetived patietnadrd then
developed to form the patteroHig @XRPFEnaHB A RIRUEID AR SIEBRET SUFBAR )28k exposure or
scanning exposure. The photore%ist can b% a{%o 30fr?el selected ir% viev.\1.of resglutiog and tge like.
[0018] By use of the formed Sﬁoto?esclgfl fith a<'s nﬁ’a(l)sx, haezgiﬂgor%nm?ridse' f7A hnd R SHicdA Yioxide film
laid thereunder are etched intORigbRste réatmofihid protrdne, fitie desndd wittéheissibignsd on the
silicon 35nitride gilm and the siliger didiide it (0O A et hitiosin comsdiate dthiitiskietiechto 6

dry-etching by use of the patﬁ{geéioﬂjfgqﬁnggiﬂgje and silicon dioxide films as a mask, to form trench
isolation grooves. [0020]The widths Jf the formed trench isolation grooves 5depend on the pattern used in

the exposure of the pROSMsist coalitgtE GelBRu, RFRSHRth&VGRHRA iURRioFF§idEFed i @
semiconductor elements are gitopmnlydseladiedfimecqdmirte s pensid elersedtsnHiveeab tiee present

invention is characterized in grafipg @ filkdASYRE e S52AYSE o i agRerbiRling homogeneously and
densely with Sgrlr on dioxide. Accordlnglél in trl}ii?re@ent avention, the groove width |sH§t>referably 51to 50
nm, more preferably 5 to 40 nm. Th@ Bect 1 Which 18% raki8 6% gr08ve ngf ©'the Width, is
15preferably 3 to 100, more StefEaabin i @ 5. djgp21bianh@ agit Procedure, the silicon substrate thus
prepared is coated with silicon dioxide fine particles, which are applied in the form of a dispersion

containing silicon dioxide ﬁneE'F—’%Eiél?%ﬁ Rﬂf‘}?\év%ﬁ‘f’}féﬂa”t and 20a dispersion medium. [0022]There
es

are various kinds of silicon dioxide Tine particles.Examples of them include colloidal silica, fumed silica,
and silica in other folA8 Hifferent froth @acR'§&RBPIn plBYEBEHR protB8sdsand ProfferiBs. 28 Although

any of them cahSbe used, colinglaliliog ifigenertady iseecrherhio giemeolavadalalithighe sizdlof the fine

particles can be freely select%ﬁgw@(}gﬁoapgﬁém{%rﬂ? &reg]:@g&{e%oglﬁ@ga%péﬁg@qgon, and the
relief structure formed on the substrate t%_b coated. 30 Ho e_Y_er, they normally have a nmiean particle
9 GBI IR SN T iRrRe

size of 4 to 50 pm, preferably' {£39 7. SN0y f¥u fie formed on
a substrate having grooves aitéfocheteshir keprefehre@epast sikdopsdioxidie find giditolestéraaller than

the groove Wi_d_ths 35and/or hete sbaetaieseitint himfilkaatderrily feimeddn fhegraawes and/or
holes.Since S”E@” crystal defects at the interface.

BEST MODE FOR CARRYING OUT THE INVENTION
[0012] Embodiments of the present invention are
described below in detail.
25 [0013] Formation process of insulating film
The method of the present invention for forming

an insulating film necessarily comprises three steps,
each of which is explained as follows.
[0014] (1) Step of coating with silicon dioxide fine particles

30 First, a substrate is prepared on which an
insulating film is intended to be formed. There are no
particular restrictions on the material of the substrate,
and any known substrate such as a silicon substrate can
be used. In the case where an inter-metal dielectric

35 film is intended to be formed, the substrate may be
beforehand provided with various semiconductor parts



7 dioxide fine particles generally have size distribution, there are some small particles included therein.
Accordingly, even if the adopted particles have a mean patrticle size larger than the groove widths and/or
hole 5diameters, the grooves and/or holes can be filled with some of the particles. However, in order that
the present invention can show its effect more remarkab®, it is recommended to use silicon dioxide fine
particles having a mean particle size smaller than the groove 10 widths and/or hole diameters. In the
present invention, the mean phgidesize i©oaltblateatirom therspedific thefacasecavheasurad by BET

method. [0023]There are no pREIFNAT igaHEHONS SR thshcostantfibe glicondlierdde fipe particles in the
dispersion 15 thereof, and it can bedfreeEII){ determined accordipagFto the kind,of th siubst][]atedéo be coated,
orme v enan

the relief structure size, the coating nﬁethoa, a%%ibs%c r6—:]nt.“:“l—|o§/\l/Jerv ethe”%%%ter%eoft &' SficoR Yoxide fine

particles is preferably 2 to 30faVicate@ bref@raplyes t6lif \arishded 60 TABDIdEIATERYEDS the
dispersion. [0028]The polymeinid fueshivnes. to siapilinethe dispersed statspotdilieefopxidadine particles

and also to function as a bin rli%f';egg:fgcgmergipr}: agﬁgggr%é% rgfered th%to“ﬁ;e\:/%%" fL be

homogeneously dissolved 25 in the dispersion medium later and also affinity with

the silicon dioxide fine particlifs 38 Wit (R BiBdira dhead¥ aessexatRsi ReehdR iP358Pted as the
dispersion medium, the polyrdecismpesfesablyp sdlecte dCiommortie groopechnsstittgestatrglie 2Gacid
polymer, methacrylic acid pokgngiygolyvinyl- pyrrolidone, and derivatives thereof. Concrete examples

thereof include; polyyjnyl alcohol, pglyagrylic acid, polymethacrylic acid, polyvinylpyrrolidone,
poly-a-trifluoro%@th%@%ﬁ%i acid, p%l (\EH?/I rﬁ%‘ct?wyl g&ﬁ] V—'&%—n?aleﬁgé(?#@d &%,%y éfmyléﬁe
glycol-co-propyleneglycol),pdig(Rehylors gheoldtiiecso-ahymcethedpodybstiaye by, for
pyrro:igone-CO-viny:]al;:oholl),@Mﬁdp«i@yl-tnl)errcﬂiﬂmﬁaqowru&ﬁa@ﬂ)mm&d/.inyl-The silicon
rrolidone-co-methylacrylate), iyl-_5 idppe-co- icaci N-vinyk
girrolidone-co-methzlme?ha?&%?e%%ﬁy I%/l%%” (pgggr@)ﬂdﬁr?g%g&nfé}céa%ﬁég% éls\s;’l#ﬁds to
pyrrolidone-co-dimethylmaleé’t@)!H?ﬂy(N-vinyI- pyrrolidone-co-maleicanhydride),poly(N-vinyl-
10pyrrolidone-t&-itagOic&did), poly(Neeonding to necessity, a silicon nitride film is then

deposited on the formed silicon dioxide film by, for
example, the low-pressure CVD method. The silicon
nitride film will function as a mask in the following
etching procedure or as a stop layer in the polishing

20 procedure described later. If formed, the silicon nitride
film is so deposited as to have a thickness of generally
100 to 400 nm.

[0017] The silicon dioxide or silicon nitride film thus

formed is then coated with a photoresist. After dried or
25 hardened if necessary, the photoresist coating is

subjected to exposure according to a desired pattern

and then developed to form the pattern. The exposure

can be carried out in any manner such as mask exposure

or scanning exposure. The photoresist can be also
30 freely selected in view of resolution and the like.

[0018] By use of the formed photoresist film as a mask,
the silicon nitride film and the silicon dioxide film laid
thereunder are etched in order. As a result of this
procedure, the desired pattern is formed on the silicon

35 nitride film and the silicon dioxide film.
[0019] The silicon substrate is then subjected to



pyrrolidone-co-methylitaconate),poly(N-vinyl- pyrrolidone-co-methylitaconate),poly(N-vinyl-
pyrrolidone-co-itaconicanhydride),andfluorinated polyethers. 15 [0025]Those polymers have various
different molecular weights. In view of the coatability and the improvement of dispersability, the polymer
used in the present invention preferably has a large mol&cular weight. Specifically, the weight average
molecular weight is 20preferably 1000 or more, further preferably 2000 or more.On the other hand,
however, the molecular weighiris ptefarapprotise lafgenso predt e dibpaitéiom caitHidee praper viscosity

and can be easily spread on ghecatbeiiaiafPeniicalls therwsight ayeraes APaIeCILR Aeight is

preferably 100000 or less, furtpe(r) %esferably 30000 or less. [0026]There are no particular restrictions on

the content of the polymer in 98 dispersion of silicon dioxide fine particles, and it can be freely
determined accordingP8252l the kind ¢ thd FAgnedr tre karanstdnereniséirige R ince58Ry eRe relief

structure size, the coating mefbpenandosp @heHpuwenam theseantent ehthegydyverds preferiably 0.05 to 3
wt%, more preferably 0.1 to Wg’{%%ﬁ&j ggéleﬁ..g)tal Wig{j&p{&tgg d#mervyp&h@[ggazalgnghsurfactant is
' ility of the'sili loxid [

incorporated mainly for the pUrposes of Improving-coatabi he'silicon dioxide 9 fine particle

dispersion and thereby of ensHHAJ YR QKES Eh 28AHSG ket BIE GRS AT ENRLP BE ANy of cationic
surfactants, anionic surfactargs|emidniecafdctentspantl @angihoeericcsenfetasts. Alooveveiem, 5

preferred are%\ n?ni?ni_c slugacgﬁ%tsp@ég%WF ﬁq@f@;ﬁﬁ;@ﬁﬁ @Q(@mgﬁgﬁ@ri[egjtﬁ@%?“ﬁﬁﬁﬁﬁ?lﬁﬁ of the
nonionic surfacgtants include: polyoxyethylene alky ers (e.g., palyoxyethylene lauryl ether,
polyoxyethyle 8IeyI ether, pél)Y/SVQy)&h?/Iér{g %ﬁﬁ e?ﬁ&‘)',g%blﬁgg‘%thﬂgx'@ PattlP P q e(ﬂgéé/r,
polyoxyethylene fatty acid mémsese&N pelyonyiihyriiepolydpfispylecoisk repolyinethetylene
g:KCIO:J’I aﬁd d(larivi?tivzs tf;ffeqiK@?n?lhwd@ﬁ@ﬂtﬁetl?]édgﬁb@@mﬂ%ﬁsigfrbfﬁ@fiéﬁ*miv suggatants in%:ude:
alkyl diphenyl ether disulfoni id, ' er=15 sulfgnic acid, e nic acid,
polyoxyethylene alkyl ether sﬁﬁi’niﬁ aégé, ﬁ%ﬁ%@%c 5ac?dc3 a%@l aﬁn@ﬁoniiﬁgs%%b;eﬁ% o%lg?fi’c amine salts

thereof. Examples of the amphBteRcisufac@i®s intItae BEPRNN-E8Ridk e tig-NVigtRoxiRthy
imidazolinium 2G@betaine, laupcef@dadriyde poop@ichyaroxrg! scdftara bital®eo BR8] The surfactant is

preferably selected fl;@'@_z”ﬂ‘j‘ group gangisting &k @lkviselianieacissalsed edudens exids e
surfactants.Specifically, it is preferred&o_ ted with silicon dioxide fine particles
prepared is coate p ,
which are applied in the form of a dispersion containing
silicon dioxide fine particles, a polymer, a surfactant and
20 a dispersion medium.

[0022] There are various kinds of silicon dioxide fine
particles. Examples of them include colloidal silica,
fumed silica, and silica in other forms different from
each other in production processes and properties.

25 Although any of them can be used, colloidal silica is
generally selected in view of availability. The size of the
fine particles can be freely selected according to, for
example, the method of applying the dispersion, and the
relief structure formed on the substrate to be coated.

30 However, they normally have a mean particle size of 4 to
50 pym, preferably 4 to 20 uym. In the case where an
insulating film is intended to be formed on a substrate
having grooves and/or holes, it is preferred to use silicon
dioxide fine particles smaller than the groove widths

35 and/or hole diameters so that the film can be evenly
formed in the grooves and/or holes. Since silicon



25adopt surfactants of alkylsulfonic acid salts. [0029]There are no particular restrictions on the content of
the surfactant in the dispersion of silicon dioxide fine particles, and it can be freely determined according
to the kind of the substrate to be coated, the relief 30 structure size, the coating method, and so on.
However, the content of the surfactant is preferably 0.0140 5 wt%, more preferably 0.01 to 1 wt%, based
on the total weight of the dispersion. [0030]The silicon dioxide fine particle dispersion of the 35present
invention contains a dispersichiaxatiurfinghiphrdistedy eganetispyrskes the strapdistnid deisaribed above.

10 In view of the treatability angkeost,dhe digpgraiongpesiumds Rieferblywaigedt istpaitisiyarly preferred
to adopt pure water, which |S£bta|nge blﬁg’removm%ngwémtl(gs fE%m d'St'Hchewaﬁer or deignized water. 5

d
According to necessity, it is po%gﬂ{l I{'Iog e SYRRNTs otfePhA WgteDr,afor _examrﬁ\e/?oPgamn%as%lvents such
as alcohols and esters. [003AEdEsSaEE, REIRSpERSION thedriaargy Weddhaian@/ ef theler more

substances. Forsexample, withialidtergjmtatingptaiies sehdiidy efche pebtmercafdled ot surfactant,
organic solvents such as alc cancb p ily u i binati [th rags.a main
dispersion medium. [0032]Tr%%ﬂ?§oﬁ§fo$§§firﬂ%§rﬁﬂ%ispj_ri&l{cl)vr%\gl%’]’;c*crzﬁor wﬁla\gtg tréllré%;t)Fregj_ﬁt invention

can contain other additional CYRPBREARY MRS S BOWN b8 T6f e RAERiIBRA 2UFRBHeHts include
acidic or basic compounds fdspHezmrirohand¢lickeningagsiisdor visoasitg coimeol particles

20[0033]Thesi|icondioxidefinﬁ%@rit,i@gdgsqﬁrégqp ¢ aIRgdNR 2BAYSIRIMPRARNTGIS apRi§Fdo coat the
substrate. The coating method. %/Eﬁ e sel Cﬁ“d fronc*f.kno n meth?ds, such as sEin coa&ng, curtain
coating, dip co;:\ ng and the IRE 1 ,%lﬁ'n BInTS 25 Bam&I%FE/S&% MG N8 isideration of
the evenness of the formed dhwing e thRkielss iZRe iSoMmguUiREE, trenthidkeesspsiifie coating
formed on the substrate surfacg-fa dbearERn BaHRI BYOBET arfebRbarovided, is preferably 300 nm or

ess, more preferably 0.4 200 300y, L negessarnydl rBesRIRID Clgnl e sraovs il he

dispersion of silicon ine particles. ep of coating with polysilazane In the next step,
the silicon substrate thus coa®éd Wigh #0186 8e fiRe pRAITICIRSArsidA % [itRe SEdated with a

polysilazane camposition to ftheraofitmarddaivag Deefpeblyildatreroingbsiioarcindéptdpmared 11 by
dissolving any known polysilgzgpae GomRUEHERAYVE the coated, the relief structure
size, the coating method, and so on. However, the
content of the silicon dioxide fine particles is preferably
2 to 30 wt%, more preferably 5 to 20 wt% based on the
20 total weight of the dispersion.

[0024] The polymer is presumed to stabilize the dispersed
state of silicon dioxide fine particles and also to function
as a binder after the dispersion is applied. It is
preferred that the polymer be homogeneously dissolved

25 in the dispersion medium described later and also have
high affinity with the silicon dioxide fine particles and
with the substrate surface. For example, if water is
adopted as the dispersion medium, the polymer is
preferably selected from the group consisting of acrylic

30 acid polymer, methacrylic acid polymer, polyvinyl-
pyrrolidone, and derivatives thereof. Concrete
examples thereof include: polyvinyl alcohol, polyacrylic
acid, polymethacrylic acid, polyvinylpyrrolidone,
poly-a-trifluoromethyl acrylic acid, poly(vinyl methyl

35 ether-co-maleic anhydride), poly(ethylene
glycol-co-propylene glycol), poly(N-vinyl-



[0035]The polysilazane compound used in the present invention is not particularly restricted, and
hence can be 5freely selected unless it impairs the effect of the invention.It may be either an inorganic or
organic compound.Preferred examples of the polysilazane compound include a polysilazane comprising
the following units (1a) to (Ic) in combination: S-N)(11) R28&3 ri 10 (wherein each of m1 to m3 is a number
indicating the polymerization degree). It is particularly preferred for the above poly- silazane to

have a polystyrene-reduced wgigiol is\eragectsimglecular weigietaf&0 to 300Q20 [PUS6YHEXAMples of the

polysilazane compound also pgHgied arralysilazape which hagaskpleton mainksropresgAtad by the
following formula (11): mit, m H Hﬁg)(lbe) 20(Wher|ein each of RI-, R2 and R3 is in
rolidoner-co-acrylic

hydrogen atom, an alkyl grou%Y'én alkenyl gr6up,r<yi Icycloalkyl g?gllj

, dependently a
CrIJ),’an aryl gr&%}'gﬁ _a\lllkr)'/‘f/sli_lyl group, an

alkylamino group, an alkoxy G| stodrfoteer il such asamiiaksalkyl grold? WhtY Bovkains a
carbon 25 atomslirectly connggtirgliddhe-sibconcatoae-prirvided thafia) Jeast o pf RI-vR/end R3 is a

hydrogen atom; and nisan indicating t erizati nd wRich has mber
average molecular weight oflg%lgﬁélflzé%ﬁ% g%oggﬁgn%ﬂmom%?ﬁéﬁn% %E%g’s thepcg%xh]?;\@ 0 or more of

the above polysilazane compgdUH@IEQR BeQs8uaIEombinatio?

37]The polPSIXENn¥ihiposition

used in the present inventionpomaia setve i cegidyie of disvalléadgahe poly(N-vinyl-

pyrrolidone-co-maleic anhydride), poly(N-vinyl-
10 pyrrolidone-co-itaconic acid), poly(N-vinyl-
pyrrolidone-co-methyl itaconate), poly(N-vinyl-
pyrrolidone-co-methyl itaconate), poly(N-vinyl-
pyrrolidone-co-itaconic anhydride), and fluorinated
polyethers.
15 [0025] Those polymers have various different molecular

20

25

[0026]

30

35 [0027]

weights. In view of the coatability and the improve-
ment of dispersability, the polymer used in the present
invention preferably has a large molecular weight.
Specifically, the weight average molecular weight is
preferably 1000 or more, further preferably 2000 or
more. On the other hand, however, the molecular
weight is preferably not too large so that the dispersion
can have proper viscosity and can be easily spread on
the substrate. Specifically, the weight average
molecular weight is preferably 100000 or less, further
preferably 30000 or less.

There are no particular restrictions on the content
of the polymer in the dispersion of silicon dioxide fine
particles, and it can be freely determined according to
the kind of the polymer, the kind of the substrate to be
coated, the relief structure size, the coating method, and
SO on. However, the content of the polymer is
preferably 0.05 to 3 wt%, more preferably 0.1 to 1 wt%,
based on the total weight of the dispersion.

The surfactant is incorporated mainly for the
purposes of improving coatability of the silicon dioxide



5 above polysilazane compound. The solvent used here is different from that used in the aforementioned
impregnating solution. There are no particular restrictions on the solvent as long as it can dissolve the
above components. Preferred examples of the solvent 10include: (a) aromatic compounds, such as
benzene, toluene, xylene, ethylbenzene, diethylbenzene?trimethylbenzene and triethylbenzene; (b)
saturated hydrocarbon compounds, such as n-pentane, i-pentane, n-hexane, 15 i-hexane, n-heptane,
i-heptane, n-octane, i-octanefinaqrairiésliendispe;sicdecamé dhdriedscartee @ Rlliogelio hamwcarbon
compounds, such as ethylcygghgyane cBidCYRERSsANeT RCIONEPRABnEY w%ﬁyr@@nthane,
decahydronaphthalene, dipentetne and 20 IiFnopen% (d) ethers, such a dipro?g/ etherhdlbut | ether,
diethyl ether, methyl tertiary El?t)}f)gtﬁer (ﬁ%Fe?ncaﬁenr, refefod (0 as MTBE) and ahisope? a'r?dnt ) ketones,
such as methyl isobutyl ketorsé! (FREERTHTSe r aitfe REURD S VIBKY MTREGTH She A\ ARG prefitted are 25(b)
saturated hydrogarbon comppuafis;reed alieyclisdnidivicarborfserapesndsn(@hrihesfut delketones.

[0038] Those solvents can beangg rlﬂéjﬂaggglygg%gr%gg%%mor é‘c?ﬁ&%ﬁﬁt %:fngl%tmeoﬁ\{gﬂpgation rate, to

reduce the hazardousness to the hu ‘the y of the components.

[0039]The polysilazane compo¥ifRFtaBEs iniHE frestR RV IR A GHRIdBvRs, if
necessary. Examples of the gutignalysdtiyilersaneludgl ceblslinkindyacoedtrgtias ehatqyrbeidtethe

crosslinking reaction of 35pob_(§|l95§9@_tﬁarewét%efweewwrbmwﬁvmW&ﬁ“@@&@%sﬂ@, and

viscosity modifiers for controlljng ,13 viscosit oftH? compgosﬁ ion.Further, w erhused f?rgroo_lucmg a

semiconductori evise, the co ‘g%tsef{i’orpgg ogé}'rﬁgi %?Bﬁo ﬁ rugcégrr{&%}%g Gh ROYOXY

tris(trimethylsilyl)phosphate féflyéaikerol yRxyetieAntceteck! B-[0040pTPheeehtepeesytRB@bove

components depend on the cggided, conditioas ANE thebeating conditions, Hawsvendheorplsilazane

composition contains the polgﬁé'lc%?p)e compo récil éQ a&amgugh%m f%rﬁlty é?]go Wltg/f)u are preferably
otal'w ess, thi '

. S :
2 to 20 wt%, based on the 1 al'weight of the composition. Neverthe S by no means restricts

the concentration of polysilaz2iky indR 8BSk e SsH SR Bdd K YXoHIPESHV BADRG any
polysilazane caicentration cam lfersdopaeidas lehy bs iteraretoem solfostiatirgiidm. pobyosytent of 15

each additive, namely, the araghpiof £agR A" dhR sRUQwS AReBERENRINS LIRS P slazang, varies
according to what additive is used, but is preferably 0.001 to 40 wt%, more pref rablLﬁ%.eOOS 0 30 wt%,

further preferably 0.01 to 20 FBENRELHT on AL SveigRfof HHIBBIsiIlFRHE 058 PoUitE B84 1] The
polysilazane composition carEkse rygked odfthetbgbstampduimting toufigaiedtisg niethodesuch as, spin

coating, curtain coating, dip cpairg N ¢aedikRy Aaengl themy apEkGeaHyd is partezanipieferred in 25
consideration foevenness ofgg?afl%rmedl goaltg:ng.a Eﬂ? tf}_ji(r:#n 2SS ofr%he ?ozﬁin&] 5!)1(at| is,S thlt? otﬁié:kness of the
coating formed on the substrate spn%(ce A the arda Whére'the gr%ov%g are Y1OF prgvideH, IS preferably 20
to 150 nm, more preferably 308100 nm. If the coating 30 is too thick, an even insulating film often

cannot be formed in gIO@&s in the Tage whefadtensulistraiecsarfabeyhasctereied stitmturet{2n the other
hand, it should be noted t_hatgip(‘i)tdﬁtegrlig&gtma Q;}Jyéi[@%grd@fsﬂ%pgggogéﬂgftgn&u&wﬂgHgsufficiently to
fill the 35gapsamongthesilicondioxideparticles and . o
oxide type surfactants. Specifically, it is preferred to
25 adopt surfactants of alkylsulfonic acid salts.
[0029] There are no particular restrictions on the content
of the surfactant in the dispersion of silicon dioxide fine
particles, and it can be freely determined according to
the kind of the substrate to be coated, the relief
30 structure size, the coating method, and so on. However,
the content of the surfactant is preferably 0.01 to 5 wt%,
more preferably 0.01 to 1 wt%, based on the total
weight of the dispersion.
[0030] The silicon dioxide fine particle dispersion of the
35 present invention contains a dispersion medium, which
dissolves or disperses the components described above.



consequently it may be impossible to form an even 14 insulating film. [0042] (3) Step of heating After
the step of coating with polysilazane, the polysilazane coating is heated to convert the whole 5 coating
into a silicon dioxide film. In the course of heating, the polysilazane is converted into silicon dioxide and
unified with the silicon dioxide fine particles spread befotthe polysilazane composition is applied, to form
an insulating film. The curing procedure is preferably 10 carried out in a hardening furnace or on a
hot-plate under an inert gas dnoxyigam athobtipleraeatabinity veatdr \aqsly. [0043]Tspeesarvapor is

important for sufficiently conyaidingasiliconseoripdinacRatReUNderss b pHieanseRNigHing-padymer and, if
present, a polysilazane coonund intct silicon d\i/%@ae. Th%.vv%ter vagor cont&nbis preferahly 1% or more,
further preferably 10% or mor8, rﬁggtp pre?eur'é%ly 5 or o) 1t'7s parE%'tﬂgr y pﬁéferrerengj()tﬁh Fhe water
vapor content be 20% or moi@ PSS, tHECsMazahetdirApowrt &8 srGotklg edvivettedriees silicon

dioxide film andgonsequentiy defgelimguatd as goksang lass iorpeddipinprove e siperiigs of the
silicon dioxide film. In the case %?rﬁ"g}? Wg{teQaTd'? & |8S H}(—é grp%qggﬁ@a%ry agen, argon
) depands i

and 25helium are usable. [004 e temperature for hardening‘de on various conditions such as
the kind of the used polysilaz2150 REISRRAIGTERE the combination of the steps. However, at a high
temperature, the codt@@ pblysilazank corrce88qpgunthie aptdpdisiapidip ednuerted anto laesilecon dioxide

film. On the other hand, at a |[QWAQIFRESAtHR tHE SHISPE SubsiFalscissapt pg}eg&gH{fgre?rqm@f(idization
and the crystal_structure thereof is apt tg.less change, and accordingly the groperties of the device are
less 35deteriorJaS¢ed. In view gpt‘ﬁi?,'fﬁeq%eﬁﬂ%os\fé ‘-%sséﬂHPéilf%’u fﬂ%rﬂé&ﬁ&k %‘Faé%é’l y 1000C or
less, 15 preferably 400 to 900CEirsthé antanid Qceanitgswl Yee ks e3ieeh idvealioph Tise ¢ate BEheating to

the aimed temperature is gergipliyehie AQQ@AMINYt] and Esramestiempeidkireiidhaigiening is kept for

generally 1 5 minute to 10 h prefer 5 minutes to 3 hours. If necessary, the temperature and
atmosphere for hardening ca%]é?n ge?g %%?[/%é gﬂ%%%ﬁ'[m%ﬁhe method of the present invention for

e
forming  an insuld i indispéR€ably LEiAPrised e dovE e 1018 EF QepsiBRERTY Turther
comprises the id@lowing auxileryastejpsgn ttonthimapoas K104 Ghieg i&iem ocarelicomdgimeatihgr  After the

step of coating with silicon dig@g&ifg}%paégmpgforp W@C%tgé)a%poagggmypegolwilﬂ;@ne, 15 the
substrate can be heated to evapgrate at least a Bart of the s%en%ntainﬁd in the dispersion of silicon
adt s

dioxide fine particles. This st %%Bﬂé‘d%”f‘fb? FOBUIpGLY iy tREHfs 51BN um at least
partly from the dispersion of §ficonm Hioxiga tied 2opattidibickendTyn teenéd of prelvimeasiteating, the
substrate is normally heated g§ aprggsentially constant temperature.

20 [0033] The silicon dioxide fine particle dispersion
containing the above components is applied to coat the
substrate. The coating method can be selected from
known methods, such as, spin coating, curtain coating,
dip coating and the like. Among them, spin coating is

25 particularly preferred in consideration of the evenness of
the formed coating. The thickness of the coating, that
is, the thickness of the coating formed on the substrate
surface in the area where the grooves are not provided,
is preferably 300 nm or less, more preferably 100 to 200

30 nm. If necessary, it is possible to fill only the grooves
with the dispersion of silicon dioxide fine particles.

[0034] (2) Step of coating with polysilazane
In the next step, the silicon substrate thus coated
with the silicon dioxide fine particle dispersion is further

35 coated with a polysilazane composition to form another
coating. The polysilazane composition can be prepared



This step aims to remove excess of the dispersion medium to improve the coatability of the polysilazane
25 composition applied thereafter. Accordingly, the temperature in the step of preliminary heating should
be so selected that the dispersion medium can be evaporated, and hence is properly determined
according to the kind of the dispersion medium. For exahdple, if 30 the dispersion medium is water, the
temperature is generally 90 to 120C, preferably 100 to 110C. The heating time is generally 3 minutes or
less, preferably 0.5 to 1.5 milytesli$8048[N®) Step dinre-he pirgstBxaeethemeps widodting and before
the step of curing, the substratgeeated with the polysilazane 16 composition can be subjected to
pre-heating. This ste, ia ried outhplr theé?ugpfse of removing thﬁ solvecrllt at | :F\]st partl¥ frotm the
coating. [0049]In the@re- ating step,efh@ OG8N ngPrr%ﬂng' eategt'th edSeMiS ye(r:]onstant
temperature. This step shoultNN¥&REHRIRdoMOGNRleFtise hditie A tREE theapslybracmeddaenot
substantially ungergo oxidatipreelpolygletzadons Meserdinglyniba iempgratuesfisdhe gire-teating step is
in the range of normally 50 tq@&g&i 4 pref fapalyﬁo fﬁsz%(?tq:reTh%Hnﬁ éqr%%rﬁr egpnglj%é;ﬁf&erally 0.5to
C e

10 minutes, preferably 1 to 5 minutes. [005 olishing step Afterhardeningthepolysifazanecoating,

unnecessary parts of the forrﬁ@ﬂ“ﬁﬁ’éﬂ?pdioxi(ﬁgé' HRIERd 19X5ETRISBly PEmBYRd APAYRIAZAR 1 forming a
trench isolation structure, thecsiticpn wiakide rithu ermeal orptiig sidd zaface ob thprssbsgratderemoved by

polishing while that formed iregfig, giieRy emitdeftah s RIRSEAUER 5 5 RAtRIING step. The polishing step

may be carried 20 out after the hardening treatment or immediately after pre-baking if the pre-baking step
is performed in combination. [005] Thepolishing stepis generallyperformed according to a CMP
process. The CMP process ca%%ﬁ 2 %wried ?Ht) by use of normal abrasives and abrasive apparatus.
Examples of the abrasives include_si I nalumin, ceria, and aqueous suspension dispersing those and, if
necessary, othf{) abrasives. The Bbr&Sive apparatus is, for example, a commercially available 30normal
CMP apparatus.’[0052] (d) Etching step As a result of the above polishing step, the silicon dioxide film
formed from the polysilazane(®MSH8ERIGPRNARI 08 tehfOVES fiSnPHEUMAPS Y €A tHstBStrate.
35However, for removing theprelsiduetigiéiCimndimdededi)m on the flat surface, etching treatment can be

performed. 17 In the etching treatm@pt,igtcamiéglpét}w |§,g@p@r@y usRd.tHRerg gks 8o [pg]r»t,igular

restrictions on the etching solution as long as it can remove the reﬁidgalésﬁi:gcon_dioxide film. The etching

solution is normally a ShydrofitlgA8 A8id Aqia¥hs SRS IS HAR Hifight average
15 molecular weight of 700 to 30000.

[0036] Examples of the polysilazane compound also
include: a polysilazane which has a skeleton mainly
represented by the following formula (II):

H H ,l—\
A1 e

(Ia) (Ib) (Ic)

20 (wherein each of R!, R? and R?® is independently a
hydrogen atom, an alkyl group, an alkenyl group, a
cycloalkyl group, an aryl group, an alkylsilyl group, an
alkylamino group, an alkoxy group, or another group,
such as a fluoroalkyl group, which contains a carbon

25 atom directly connecting to the silicon atom, provided
that at least one of R!, R> and R® is a hydrogen atom;
and n is a number indicating the polymerization degree)
and which has a number average molecular weight of
about 100 to 50000; and modified compounds thereof.



fluoride. The content of ammonium fluoride in the solution is preferably 5% or more, more preferably 30%
or more. [0053]The present invention is further explained below 10by use of the following examples.
[0054] Example 101 First, a silicon substrate was prepared.The substrate was provided with a trench
structure on the surface, and the width and depth of thetrenches were 1550 nm and 570 nm, respectively
(aspect ratio: about 11). [0055]Subsequently, colloidal silica having a mean patrticle size of 12 nm (PL-1
[trademark], manufactured by WO S® OhERIICALIGOaha\RR) py $itepareel andhenn2d naixed with pure
water as the dispersion medigg, Ry VSRS EAIGR@ A-210 [trademark], manufactured by
TOAGOSEI CO., LT(EQg\gjgi?ht average molfacu ar We%%ht: about 3000) as theilﬁ)q%rger %geg%lloidal o

dodecylbenzenesulf 4cid as the'sUratant., Tha 25 M WEY stired'td disperse

to prepare a dispersion of silidhtEdiRite §rRtpirtcias SPheeahotmis bfeh® toipepivitgwthe as set forth

in Table 1, in wigch the concemisaitop ofyealcly sa@p@rapoyas shomeis devestol weigheperaent based on
the total 30weight of the dispgrsigp,

05 ohtained dispgrsion of.sjlicon dioxide fi icles was
spin-coated on the above silicon Slﬁ)@ra_tilﬁﬁs&?t aﬁ(lﬁ_%e rprg?f%?S s?é]contzis% an%?%ﬂ%%%o&%am for 30
seconds. Successively, prelifiHRTS HeatRG of B Wt lhstrate! MR d VAFE thd'QispBRSEITWAE conducted
at 150C for 3 minutes, to remmsttictisolsenn 1B4086Fi@htrasften gha substeatedissofughdreoated with a
polysilazane composition, WhighwasdeieRss ad s dissaluig Rerhydpoksilagang aveigieaierage mole-
cular weight: Si 0) in dibutyl.ett]er. The content of 5perhydropolysilazane was 10 wt% based on the total
weight of the p ksilazane colrﬂﬁéé%?dn. The composition was spin-coated first at 500 rpm for 5 seconds
and then at 1000 rpm for 30 §@dor/l® MUAHE] T¢RBODSNELS, theY oates WigNERNSolyERAZERE, 10
composition was pre-heated gi (9{& fetBymiaHiasa, the etraseheihair, i Erery Iraied s 350C for 60

s nan amosperecogf EERRBTIGRST 0 510 LA OVRALS A v

subjected to ad minu _
compounds, such as n-pentane, i-pentane, n-hexane,
15 i-hexane, n-heptane, i-heptane, n-octane, i-octane,

n-nonane, i-nonane, n-decane and i-decane; (c¢) alicyclic
hydrocarbon compounds, such as ethylcyclohexane,

methylcyclohexane, cyclohexane, cyclohexene,
p-menthane, decahydronaphthalene, dipentene and
20 limonene; (d) ethers, such as dipropyl ether, dibutyl

ether, diethyl ether, methyl tertiary butyl ether
(hereinafter, referred to as MTBE) and anisole; and (e)
ketones, such as methyl isobutyl ketone (hereinafter,
referred to as MIBK). Among them, more preferred are
25 (b) saturated hydrocarbon compounds, (c) alicyclic
hydrocarbon compounds, (d) ethers and (e) ketones.
[0038] Those solvents can be used in combination of two
or more, so as to control the evaporation rate, to reduce
the hazardousness to the human body and to control the
30 solubility of the components.
[0039] The polysilazane composition used in the present
invention can contain other additives, if necessary.
Examples of the optional additives include crosslinking
accelerators that promote the crosslinking reaction of
35 polysilazane, catalysts of the reaction converting into
silicon dioxide, and viscosity modifiers for controlling



15nitrogen gas atmosphere.In this way, an insulating film of Example 1 was obtained. [0059] Comparative
example 100 The procedures of Example 101 were repeated except that the substrate was coated
not with the 20 dispersion of silicon dioxide fine particles but only with the polysilazane composition, to
form an insulating film. The polysilazane composition usk?l in this example contained
perhydropolysilazane in an amount of 20 wt% based on the total weight of the composition. 25 [0060]
Examples 102 to 108 and Conipenatiye efabislesd0ptsition. Fvithiwe imbetiorustidrifong insulating

films, the procedures of ExarppledlieIntets separisH GXEeRt thalibe cempanaisditivnsibgan dioxide
fine particle 30dispersion were changed as shown in Table 1. E.?%S}%ﬁvﬁluaﬂ%is Each oqt_ained
[

d
insulating film was cut perpeﬁ&@ﬁ%ﬁy%Rhé)ﬁ%\ﬁ}lgﬁudslrec&m ,Oan %rsg_é ina 6?5%"E|E1¥queous
solution for 30 seconds. Aftesthd)rheselasn BnEicopakr el Blasesitmiinacifeatmicroscopy to

evaluate the filnsquglp#othe trenciih&hegeselisswefethkd aboet fedhnipdradie sl dapdrieh dire film quality

was classified into the foIIowiﬂgﬁigt)r/%q}%ﬁ_:m g._con ditiyike fgﬂhha&%ve%e%ﬁii% intpg deench,

B: the film had almost even of pra evel In the trench, m had too uneven quality

in the trench to use practicall/3¥aver the HokysHaRaNgs HeRaNPR:IHER intREtRIAEH. §8662]
Examples 201 to 208 and Conmoppsalizs axangrep @d0doih02068amotimd prbqadifers bf\EXariple 101 were

repeated except that colloidabgliga havipganeapRradislo siza8f 6 amyviih;08 dkademarkisganufactured
by FUSO CHEMICAL CO., LTI?. IWas .usg d ttgﬁgare silicon d|0X|deg15 flngﬁpefrtlcle Ighspe sions shown
in Table 2, and'the formed filhE e P BfL Ab 4 IF tFE TR M her RS YRS BET T EXUSnBE 101. The

results were as set forth in TalslePe2050053] [TEbIEhE TABleenEaidon didxiele! xeiazeng in
the polysilazane composition, and the composition

having any polysilazane concentration can be adopted as

long as it can form an insulating film. The content of
15 each additive, namely, the amount of each of the various

components other than polysilazane, varies according to

what additive is used, but is preferably 0.001 to 40 wt%,

more preferably 0.005 to 30 wt%, further preferably

0.01 to 20 wt%, based on the weight of the polysilazane
20 compound.

[0041] The polysilazane composition can be applied on
the substrate according to any coating method, such as,
spin coating, curtain coating, dip coating and the like.
Among them, spin coating is particularly preferred in

25 consideration of evenness of the formed coating. The
thickness of the coating, that is, the thickness of the
coating formed on the substrate surface in the area
where the grooves are not provided, is preferably 20 to
150 nm, more preferably 30 to 100 nm. If the coating

30 is too thick, an even insulating film often cannot be
formed in grooves in the case where the substrate
surface has a relief structure. On the other hand, it
should be noted that, if it is too thin, the polysilazane
composition is often supplied insufficiently to fill the

35 gaps among the silicon dioxide particles, and
consequently it may be impossible to form an even



Surfactant Polymer Film quality in trench Notes Substance conc. (%) Substance conc. (%) Ex. 101
6.05 DBS 0.01 A-210 0.05 A The coat had a few uneven areas. Ex. 102 6.05 DBS 0.01 A-210 0.12 A

14

insulating film.
[0042] (3) Step of heating
After the step of coating with polysilazane, the
polysilazane coating is heated to convert the whole
5 coating into a silicon dioxide film. In the course of
heating, the polysilazane is converted into silicon dioxide
and unified with the silicon dioxide fine particles spread
before the polysilazane composition is applied, to form
an insulating film. The curing procedure is preferably
10 carried out in a hardening furnace or on a hot-plate
under an inert gas or oxygen atmosphere containing
water vapor.

[0043] The water vapor is important for sufficiently
converting a silicon-containing compound or a

15 silicon-containing polymer and, if present, a polysilazane
compound into silicon dioxide. The water vapor content
is preferably 1% or more, further preferably 10% or
more, most preferably 20% or more. It is particularly
preferred that the water vapor content be 20% or more.

20 If so, the silazane compound is smoothly converted into
a silicon dioxide film and consequently defects such as
voids are less formed to improve the properties of the
silicon dioxide film. In the case where the inert gas is
adopted as the atmospheric gas, nitrogen, argon and

25 helium are usable.

[0044] The temperature for hardening depends on various
conditions such as the kind of the used polysilazane
composition and the combination of the steps. However,
at a high temperature, the coated polysilazane com-

30 pound is apt to be rapidly converted into a silicon
dioxide film. On the other hand, at a low temperature,
the silicon substrate is apt to less suffer from oxidization
and the crystal structure thereof is apt to less change,
and accordingly the properties of the device are less

35 deteriorated. In view of this, the heating step is carried
out at a temperature of normally 1000°C or |less,



Ex. 103 6.05 DBS 0.01 A-210 1.2 A The coat had a few uneven areas. Ex. 104 6.05 DBS 0.01 A-10SL
0.32 B The coat had comet-shaped uneven areas, and there were a few voids in the trenches. Ex. 105

3.05 DBS 0.006 A-210 0.02 A The coat had a few uneven areas. Ex. 106 3.01 DBS 0.006 A-210 0.06
15

preferably 400 to 900°C in the method according to the
present invention. The rate of heating to the aimed
temperature is generally 1 to 100°C/minute, and the
aimed temperature for hardening is kept for generally 1
5 minute to 10 hours, preferably 15 minutes to 3 hours.
If necessary, the temperature and atmosphere for
hardening can be step-by-step changed.
[0045] The method of the present invention for forming
an insulating film indispensably comprises the above (1)
10 to (3) steps, but may further comprises the following
auxiliary steps in combination.
[0046] (a) Step of preliminary heating
After the step of coating with silicon dioxide fine
particles and before the step of coating with polysilazane,
15 the substrate can be heated to evaporate at least a part
of the solvent contained in the dispersion of silicon
dioxide fine particles. This step is carried out for the
purpose of removing the dispersion medium at least
partly from the dispersion of silicon dioxide fine
20 particles.
[0047] In the step of preliminary heating, the substrate is
normally heated at an essentially constant temperature.
This step aims to remove excess of the dispersion
medium to improve the coatability of the polysilazane
25 composition applied thereafter. Accordingly, the
temperature in the step of preliminary heating should be
so selected that the dispersion medium can be
evaporated, and hence is properly determined according
to the kind of the dispersion medium. For example, if
30 the dispersion medium is water, the temperature is
generally 90 to 120°C, preferably 100 to 110°C. The
heating time is generally 3 minutes or less, preferably
0.5 to 1.5 minutes.
[0048] (b) Step of pre-heating
35 After the steps of coating and before the step of
curing, the substrate coated with the polysilazane



A Ex. 107 3.01 DBS 0.006 A-210 0.61 A The coat had a few uneven areas. Ex. 108 3.01 DBS 0.006
A-10SL 0.15 B There were a few voids in the trenches, and the coat had a few uneven areas. Com.EQO

C Com.EO 6.00 DBS 0.06
16

composition can be subjected to pre-heating. This step
is carried out for the purpose of removing the solvent at
least partly from the coating.
[0049] In the pre-heating step, the substrate is normally
5 heated at an essentially constant temperature. This
step should be carried out under the conditions that the
polysilazane does not substantially undergo oxidation or
polymerization. Accordingly, the temperature in the
pre-heating step is in the range of normally 50 to 250°C,
10 preferably 80 to 200°C. The time for pre-heating is
generally 0.5 to 10 minutes, preferably 1 to 5 minutes.
[0050] (c) Polishing step
After hardening the polysilazane coating,
unnecessary parts of the formed silicon dioxide film are
15 preferably removed. Particularly in forming a trench
isolation structure, the silicon dioxide film formed on the
flat surface of the substrate is removed by polishing
while that formed in the grooves is left. This procedure
is a polishing step. The polishing step may be carried
20 out after the hardening treatment or immediately after
pre-baking if the pre-baking step is performed in
combination.

[0051] The polishing step is generally performed
according to a CMP process. The CMP process can be
25 carried out by use of normal abrasives and abrasive

apparatus. Examples of the abrasives include silica,
alumina, ceria, and aqueous suspension dispersing those
and, if necessary, other abrasives. The abrasive
apparatus is, for example, a commercially available
30 normal CMP apparatus.
[0052] (d) Etching step
As a result of the above polishing step, the silicon
dioxide film formed from the polysilazane composition is
almost removed from the flat surface of the substrate.
35 However, for removing the residual silicon dioxide film
on the flat surface, etching treatment can be performed.



D It was impossible to form a polysilazane coat Com.E02 6.00 SF-485 0.06 D It was impossible to form
a polysilazane coat Com.E03 6.00 - A-210 0.06 D It was impossible to form a polysilazane coat Gom.EXx.
6.00 aqueous ammonia 0.06 D It was impossible to form a polysilazane coat Com.Ex. 105
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In the etching treatment, etching solution is generally
used. There are no particular restrictions on the
etching solution as long as it can remove the residual
silicon dioxide film. The etching solution is normally a
5 hydrofluoric acid aqueous solution containing ammonium
fluoride. The content of ammonium fluoride in the
solution is preferably 5% or more, more preferably 30%

or more.
[0053] The present invention is further explained below
10 by use of the following examples.
[0054] Example 101
First, a silicon substrate was prepared. The

substrate was provided with a trench structure on the
surface, and the width and depth of the trenches were

15 50 nm and 570 nm, respectively (aspect ratio: about
11).

[0055] Subsequently, colloidal silica having a mean
particle size of 12 nm (PL-1 [trademark], manufactured
by FUSO CHEMICAL CO., LTD.) was prepared and then

20 mixed with pure water as the dispersion medium,
polyacrylic acid (Aron® A-210 [trademark], manu-
factured by TOAGOSEI CO., LTD.; weight average
molecular weight: about 3000) as the polymer, and
dodecylbenzenesulfonic acid as the surfactant. The

25 mixture was stirred to disperse the colloidal silica, to
prepare a dispersion of silicon dioxide fine particles.
The amounts of the components were as set forth in
Table 1, in which the concentration of each component
was shown in terms of weight percent based on the total

30 weight of the dispersion.

[0056] The obtained dispersion of silicon dioxide fine
particles was spin-coated on the above silicon substrate
first at 500 rpm for 5 seconds and then at 1000 rpm for
30 seconds. Successively, preliminary heating of the

35 substrate coated with the dispersion was conducted at
150°C for 3 minutes, to remove the solvent.



6.00 - 12 pF 0.06 D It was impossible to form a polysilazane coat Com.Ex. 106 6.00 - A-10SL 0.31 D
The dispersion was clouded, and it was impossible to form a polysilazane coat 21 [0064] [Table 2] Table
2 Silicon dioxide conc. (%) Surfactant Polymer Film quality in trench Notes
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[0057] Thereafter, the substrate was further coated with a
polysilazane composition, which was prepared by
dissolving perhydropolysilazane (weight average mole-
cular weight: 3810) in dibutyl ether. The content of

5 perhydropolysilazane was 10 wt% based on the total
weight of the polysilazane composition. The
composition was spin-coated first at 500 rpm for 5
seconds and then at 1000 rpm for 30 seconds.

[0058] The substrate thus coated with the polysilazane

10 composition was pre-heated at 150°C for 3 minutes in
the atmospheric air, and then heated at 350°C for 60
minutes in an atmosphere containing 80% water vapor
so as to oxidize the polysilazane, and further subjected
to additional heating at 850°C for 60 minutes in a

15 nitrogen gas atmosphere. In this way, an insulating
film of Example 1 was obtained.

[0059] Comparative example 100

The procedures of Example 101 were repeated
except that the substrate was coated not with the
20 dispersion of silicon dioxide fine particles but only with
the polysilazane composition, to form an insulating film.
The polysilazane composition used in this example
contained perhydropolysilazane in an amount of 20 wt%
based on the total weight of the composition.
25 [0060] Examples 102 to 108 and Comparative examples 101 to
106

With the intention of forming insulating films, the
procedures of Example 101 were repeated except that
the components of the silicon dioxide fine particle

30 dispersion were changed as shown in Table 1.
[0061] Evaluation

Each obtained insulating film was cut perpendicu-
larly to the trench direction, and immersed in a 0.5% HF
aqueous solution for 30 seconds. After that, the section

35 was observed by scanning electron microscopy to
evaluate the film quality in the trench. The results were



Substance conc. (%) Substance conc. (%) Ex. 201 6.15 DBS 0.012 A-10SL 0.31 A The coat had
comet-shaped uneven areas, and there were a few voids in the trenches. Ex. 202 6.05 DBS 0.012 A-210

0.05 A Ex. 203 6.05 DBS 0.012 A-2100.12 A
19

as set forth in Table 1, in which the film quality was
classified into the following grades:
A: the film had even quality in the trench,
B: the film had almost even quality of practical
5 level in the trench,
C: the film had too uneven quality in the trench to
use practically, and
D: the film was hardly formed in the trench.
[0062] Examples 201 to 208 and Comparative examples 200 to
10 208

The procedures of Example 101 were repeated
except that colloidal silica having a mean particle size of
6 nm (PL-06 [trademark], manufactured by FUSO
CHEMICAL CO., LTD.) was used to prepare silicon dioxide
15 fine particle dispersions shown in Table 2, and the
formed films were evaluated in the same manner as
described in Example 101. The results were as set forth
in Table 2.



Ex. 204 6.05 DBS 0.012 A-210 0.21 A Ex. 205 6.05 DBS 0.012 A-210 1.24 A Ex. 206 6.10 SF-485 0.012
A-210 0.37 A Ex. 207 3.03 SF-485 0.006 A-210 0.18

[0063] [Table 1]
Table 1
Surfactant Polymer i
Silicon dioxide Y Film
) quality in Notes
cone. th Substance | conc. (%) | Substance | conc. (%) | trench
Ex. 101 6.05 DBS 001 |A-210 0.05 A |The coat had afew uneven
areas.
Ex. 102 6.05 DBS 001 |A-210 012 A
Ex. 103 6.05 DBS 001 |A-210 1.2 A |The coat had a few uneven

areas.

The coat had comet-shaped
Ex. 104 6.05 DBS 0.01 A-10SL 0.32 B uneven areas, and there were a
few voids in the trenches.

The coat had a few uneven

Ex. 105 3.05 DBS 0.006 |A-210 0.02 A
areas.
Ex. 106 3.01 DBS 0006 |A-210 0.06 A
Ex. 107 3.01 DBS 0.006 |A-210 0.61 A |The coat had afew uneven

areas.

There were a few voids in the
Ex. 108 3.01 DBS 0.006 [A-10SL 0.15 B trenches, and the coat had a
few uneven areas.

Com.Ex. 100 - - - - - C
ComEx. 101 6.00 DBS 0.06 - - p  [{twas impossible to form a
polysilazane coat.
ComEx. 102 6.00 SF-485 0.06 - - p [t was impossible to form a
polysilazane coat.
ComEx. 103 6.00 - - |a-210 0.06 p  [itwas impossible to form a
polysilazane coat.
ComEx. 104 6.00 aqueOU§ 006 _ _ D It wa§ impossible to form a
ammonia polysilazane coat.
ComEx. 105 6.00 B B 12 oF 006 D It was impossible to form a

polysilazane coat.

The dispersion was clouded, and

Com.Ex. 106 6.00 - _ A-10SL 0.31 D it was impossible to form a
o ’ ’ polysilazane coat.




A Ex. 208 3.11 SF-485 0.006 A-10SL 0.19 A Com.EO0 C Com.E201 6.25 DBS 0.06 D Itwas
impossible to form a polysilazane coat Com.E202 6.20 SF-485 0.06

[0064] [Table 2]
Table 2
Surfactant Polymer i
Silicon dioxide Y Film
) quality in Notes
conc. L4 Substance | conc. (%) | Substance | conc. (%) | trench
The coat had comet—shaped
Ex. 201 6.15 DBS 0.012 [A-10SL 0.31 A uneven areas, and there were a
few voids in the trenches.
Ex. 202 6.05 DBS 0.012 |A-210 0.05 A
Ex. 203 6.05 DBS 0.012 |A-210 0.12 A
Ex. 204 6.05 DBS 0.012 |A-210 0.21 A
Ex. 205 6.05 DBS 0.012  |A-210 1.24 A
Ex. 206 6.10 SF-485 0012 |A-210 0.37 A
Ex. 207 3.03 SF-485 0.006 |A-210 0.18 A
Ex. 208 3.11 SF-485 0.006 |A-10SL 0.19 A
Com.Ex. 100 - - - - - C
Com.Ex. 201 6.25 DBS 0.06 - p [t was impossible to form a
polysilazane coat.
ComEx. 202 6.20 SF-485 0.06 - p [t was impossible to form a
polysilazane coat.
Com.Ex. 203 6.00 - - |a-210 0.06 p [t was impossible to form a
polysilazane coat.
ComEx. 204 6.00 aqueOU§ 006 _ _ D It wa§ impossible to form a
ammonia polysilazane coat.
ComEx. 205 6.20 - - |12eF 0.31 p |t was impossible to form a
polysilazane coat.
The dispersion was clouded, and
ComEx. 206 6.20 - - |a-tosL 0.31 p |t was impossible to form a
polysilazane coat.
ComEx. 207 3.00 - 12 pF 0.15 p [t was impossible to form a
polysilazane coat.
_ The dispersion was clouded, and
Com.Ex. 208 3.00 - A-10SL 0.15 p [t was impossible to form a
polysilazane coat.

[0065] Remarks in the tables:
5 DBS : dodecylbenzenesulfonic acid,

SF-485 : ethylene oxide adduct of acetylene glycol
(Surfynol 485 [trademark], manufactured by Nissin
Chemical Industry Co., Ltd.),
A-210 : polyacrylic acid (Aron® A-210 [trademark],

10 manufactured by TOAGOSEI CO., LTD.; weight average
molecular weight: about 3000),
A-10SL : polyacrylic acid (Aron® A-10SL [trade-
mark], manufactured by TOAGOSEI CO., LTD.; weight
average molecular weight: about 6000), and

15 12pF : polyvinylpyrrolidone (Kollidon 12pF [trade-
mark], manufactured by BASF; weight average



D It was impossible to form a polysilazane coat Com.E203 6.00 - A-210 0.06 D It was impossible to form
a polysilazane coat Gom.Ex. 204 6.00 agueous ammonia 0.06 D It was impossible to form a
polysilazane coat Com.E205 6.20 - 12 pF 0.31 D It was impossible to form a polysilazane coat Com.EXx.
206 22

molecular weight: about 2000).
[0066] Evaluation of durability against wet-etching
The samples of Comparative example 100 and
Example 203 were evaluated on etching durability.

5 Immediately after the polysilazane coating was formed,
each sample was immersed in a 0.25% HF aqueous
solution at 23°C and then it was measured how much
the silicon dioxide film was thinned down per immersing
time so as to estimate the wet-etching rate.

10 [0067] As a result, it was found that the samples of
Comparative example 100 and Example 203 had
wet-etching rates of 95 A/minute and 65 A/minute,
respectively. This indicates that the silicon dioxide film
formed according to the present invention was superior

15 to the conventionally formed silicon dioxide film in
wet-etching durability, namely, in bulk density.




6.20 - A-10SL 0.31 D The dispersion was clouded, and it was impossible to form a polysilazane coat
Com.Ex. 207 3.00 12 pF 0.15 D It was impossible to form a polysilazane coat Com.Ex. 208 3.00
A-10SL 0.15 D The dispersion was clouded, and it was impossible to form a polysilazane coat [0065]
Remarks in the tables: 5DBS: dodecylbenzenesulfonic dcld, SF-485: ethylene oxide adduct of acetylene
glycol (Surfynol 485 [trademark], manufactured by Nissin Chemical Industry Co., Ltd.), A-210: polyacrylic
acid (Aron@ A-210 [trademark], 10manufactured by CONBISSEI CO., LTD.; weight average

[1] A method for forming an insulating film, comprising

(1) a step of coating with silicon dioxide fine particles, in
which a substrate is coated with a silicon dioxide dispersion
containing silicon dioxide fine particles, a polymer, a surfactant
and a dispersion medium;

(2) a step of coating with polysilazane, in which the
substrate surface coated with the silicon dioxide dispersion is
further coated with a polysilazane composition; and

(3) a step of heating, in which the substrate coated with
the polysilazane composition is heated, so as to covert the poly-
silazane into silicon dioxide and thereby to form an insulating
film made of the silicon dioxide fine particles and the silicon
dioxide derived from the polysilazane.

[2] The method according to claim 1 for forming an
insulating film, wherein the step of heating is carried out at a
temperature of 200 to 1500°C.

[3] The method according to claim 1 or 2 for forming an
insulating film, wherein the step of heating is carried out in an
atmosphere containing water vapor.

[4] The method according to any of claims 1 to 3 for forming
an insulating film, wherein the weight ratio between the silicon
contained in the coated silicon dioxide dispersion and that in the
coated polysilazane composition is in the range of 1:15 to 6:1
per unit area of the substrate.

[5] The method according to any of claims 1 to 4 for forming
an insulating film, further comprising

a step of additional heating, in which the substrate is
further heated in an inert gas atmosphere after the step of
heating.



molecular weight: about 3000), A-10SL: polyacrylic acid (Aron@ A-10SL [trade- mark], manufactured by
TOAGOSEI CO., LTD.; weight average molecular weight: about 6000), and 1512pF: polyvinylpyrrolidone
(Kollidon 12pF [trade- mark], manufactured by BASF; weight average 22 molecular weight: about 2000).
[0066] Evaluation of durability against wet-etching Pt samples of Comparative example 100 and
Example 203 were evaluated on etching durability. 5 Immediately after the polysilazane coating was
formed, each sampld @as infinersedtinced 0a25% &R aduesny sufiutiannas 2B Coahdfthrefoitmasgmeasured

how much the silicorydigxisiq 5i{mtgvaﬁﬁhirm@gmwgbpgrd'mgpgmgéime so as to estimate the wet-etching
rate. 10 [0067]As a result, it was foun that the.samples 0 Comparative d Example 203

xample 10Q a
had wet-etching rates of 95 i\/r%lﬁfl’teoan%rggq 'R/r?]?nrlﬁe%?é—:]sgr')%%ﬁv'erly.wm%ﬁn@?ét%g]?ﬁ%ﬁ%% dficon dioxide
film formed according@etae fieseve rveiforr ivasariparitrartt® thenefisResaian fore’id Bilicon dioxide
film in wet-etching dambitityh aastely, 6t ktdla tleagsityit 23 Ticd M 8iBhiAl eihed perrtotraimgan insulating

film, comprising b o?étﬂ?eogfé?tg}gc‘ﬂg@iﬁi 'c&rﬂtﬂi%ifsﬁ%%éﬁétjcles, in which a substrate is coated

with a silicon dioxide dispersion containing silicon dioxide fine particles, a polymer, a surfactant and a
dispersion medium; (2) a step of coating with polysilazane, in which the substrate surface coated
with the silicon dioxid& Hispérkiemie ttntide a coatelingithoa ooy sifazkriensoinpos@idnr dedming (3) a step of

heating, in which thes{bsHa[g§1¢RgI¢HWIthWRE el Sz AR SOFARESHIY & healed: sa-astgreovert the
polysilazane into silicon dioxide and therepy to. form an insulating film made of the s llconéi'omde fine

partcles and the siidSh diBHE WAV SIRFSFR TG S ShaZhi. PO At UG 0 him 1 for
forming an insulatingFAMStivHEesIIR theesiel Habipiy s§retatie out at a temperature of 200 to 1500C.
[3]The method according to claim 1 or 2 for forming an insulating film, wherein the step of heating is

carried out in an atm hererﬁﬂﬁ{@ﬂ%éf‘%t@éo"r%‘??gge @J@R{;‘&ﬁ?giﬂ‘?&ofdé'Bgéof.S‘W&:frﬁ'ﬁ{' s 1 to 3for

forming an insulating fitm, wherein the weight ratio petween the silicon contamed in the coated silicon
dioxide dispersion afdM tHASH BTN A pokySitiBiRe EdengosHiLIEth fdnas§EVSESL: 85 t&6:1 per unit
area of the substrate nfitdif4ra ebethibie eatordifignho@any eirelametdl tdié fecthdofimgn .

[9] A silicon dioxide fine particle dispersion used in the
method according to any of claims 1 to 8 for forming an
insulating film, containing

silicon dioxide fine particles, a polymer, a surfactant and
a dispersion medium.

[10] The silicon dioxide fine particle dispersion according to
claim 8, wherein the content of the silicon dioxide fine particles
is in the range of 2 to 30 wt% based on the total weight of the
dispersion.

[11] The silicon dioxide fine particle dispersion according to
claim 9 or 10, wherein the polymer is selected from the group
consisting of acrylic acid polymer, methacrylic acid polymer,
polyvinylpyrrolidone, and derivatives thereof.

[12] The silicon dioxide fine particle dispersion according to
any of claim 9 to 11, wherein the content of the polymer is in
the range of 1 to 10 wt% based on the total weight of the
dispersion.



an insulating film, further comprising a step of additional heating, in which the substrate is further
heated in an inert gas atmosphere after the step of heating. 24 [6] The method according to any of
claims 1 to 5 for forming an insulating film, furthermore comprising a step of preliminary heating, in
which the substrate is heated to evaporate at least a pagf the dispersion medium after the step of
coating with silicon dioxide fine particles and before the step of coating with polysilazane. [7] The method
according to any of claims 1 to 6 for forming an insulating film, wherein the substrate has a trench
structure for insulating ghectranic pAltD AN 18R R NTRsHNpulAtPG: filsprisiEHe s ecrariSetation
structure. [8] The method F\c?ording Eo of %Iaims ltho 6 for for ing an inFuI%tirag fil% ve/ﬁerein the
insulating film serves' 3¢ 3 iR hétaPdigie eI br aep S hatafdielsctie fim. [ng%\ Lili®Sh dioxide
fine particle dispersi@i¢BdGANRESHReh&d akylamdapiany dflslaang et 8lestgomsiAg 8y Rsulating film,
containing silicogutifadteritiae particles, a polymer, a surfactant and a dispersion medium. [10] The
silicon dioxide fine particle dispersion according to claim 8, wherein the content of the silicon dioxide fine
particles is in the range of 2 to 30 wt% based on the total weight of the dispersion. [11] The silicon
dioxide fine particle disPérsidRaceBienty B s offre P ARG IRPEERIRTRr RESAIEHRE £8m the group
consisting of acrylic acid pdlyhaem rletioat 3/icvdaiateiolyrner cpolyairty fy btod deunef aabardersvatives thereof.
[12] The silicon dioxigdefing aElicie @ispersionaceergingaieany A oM Stia Wevyrredp tsecontent of
the polymer is in the range of 1 to 10 wt% based on the total weight of the dispersion. 25 [13] The silicon
dioxide fine particle éﬁ?g%f’dﬂr&ccording to any of claim 9 to 12, wherein the surfactant is selected from
the group consisting of alkylsulfonic acids and ethylene oxide type surfactants. [14] The silicon dioxide
fine particle dispersion according to any of claim 9 to 13, wherein the content of the surfactant is in the
range of 0.01 to 5 wt% based on the total weight of the dispersion.





