.- 1, DE SEALI NG FI NE GROOVE W TH SI LI CEQUS NATERIAL
TAND SUBSTRATE HAVI NG SI LI CEQUS COATI NG FORVED THEREON 5 Technical Field -
The present |nv|mmmmlmmmwﬁmes to a method for uniformy sealingggregyss,
in a substrate grooves for use in electronic deV|ces such as
10 sem conductor devisoe's, with a siliceous material, and to a substrate,
havi ng a siliceous coating forned thereon, obtained by sai d net hod.
Background Art The production of el ecbEsorTPUEDNCes such as 15
sem conduct or devices involves such steps as the formation of insulating
coati ngs between tran5|stor elenents and b|t l i nes, betmeen tran5|stor
el ements and c¥ga¢h SEARER RS ] R
and metal W ringgynt é ARk Q Phig! 884 é‘i:bﬁ 89A%9ﬁ&' ?@ﬁmﬁ%t w;@sﬁﬁ@s@t al
wirings ternmed | erectrics . or the Seallng of IS0lation
grooves. 2 In such fornations and sealings, siliceous materials are
general ly usedTe@mgiggihpgél@f formati on thereof include CVD nethods,
sol -gel nethods, siloxane sol ution-_25 coating %hods etc. Due to
hor Sasi gl y i gher TRo 57 AERbLBYSRE LEbr BRLE CHes PeaameEPatvESTon ¢ ho
substrate are betpoimDy n@é@lin@egroameﬁ suﬁhafsoesglraweaaaﬁagsealned usi ng
conventional nethods %he fo omﬁn? g{ ens .arise, OCTh%re is a problem
t hat when flnegﬁ?%%%%s %ﬁv?%ﬁ ¥ % ) EORfStﬁeX%CSS “H°0r Pess and a ratio
(hereinabter seftcordu¢vonsdéuspest wathod)solitkeusomasepdndingndepsoh to
the width of 2 0l,50Leaple AE0LRE W L013c8bLLCROUE nGREBERRL, cHRidonl,end tO

be generated |n the rnsrde o grooves due to ormal nature
i nherent in thebyined by said method

Background Art

The production of electronic devices such as
15 semiconductor devices involves such steps as the
formation of insulating coatings between transistor
elements and bit lines, between transistor elements and
capacitors, between bit lines and capacitors, or
capacitors and metal wirings, the formation of insulating
20 coatings between metal wirings termed Inter-Metal
Dielectrics (IMDs), or the sealing of isolation grooves.
In such formations and sealings, siliceous materials are
generally used, and methods of formation thereof include
CVD methods, sol-gel methods, siloxane polymer solution-
25 coating methods etc.
Due to increasingly higher integration of electronic
devices, grooves on the substrate are becoming more fine.
When such fine grooves are sealed using conventional
methods, the following problems arise.

30 There is a problem that when fine grooves having a

groove width of 0.2 pum or less and a ratio (hereinafter
referred to as "aspect ratio") of the corresponding depth
to the width of 2 or more are sealed with a siliceous
material, voids tend to be generated in the inside of the
35 grooves due to conformal nature inherent in the CVD
method. As a means to inhibit the generation of such

voids, there is a method (the HDP-CVD method) of forming
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method. As a neans to inhibit the generation of such voids, there is a
nmet hod (the HDP- CVD net hod) of form ng 2 coatings by increasing the
etching.rate using a high- density plasm, but there are problenms with the
met hod that the upper shoul der regions of othe grooves in a substrate can
al so- be etched by the nethod, deformng the 5 shape of the grooves, the
coating-form ng speed can be reduced, and others. As nethods of resolving
such probl ens tpheragt b9 ihbee@¥Bnaethedetichdmne armeesalsige) aretiyids or

si | oxane pol yper sol ution-coating t hods i n_whi.ch a _saql.-gel 10 .solution
or a siloxane §§P§ﬁ§¥ EBFEPFOnEPg 5%%FFe8r8nP5%E“%%%§Fﬁﬁk% %nﬂ%é} | ne
grooves, whi chthatt hiee dpped tsbouddel tlegibinse ofr adnveegiradvers higateed t o be
converted into i.Lige rial ver., ri ti | -

sol utions and %ﬁ?%ig%ggpggénggégaF§ Sgnegglﬁy g%%bﬁ%%ﬁ?%ﬁ fgg%§§§éﬁ€§?§%ion
or deal céhol i zahapa eéntibrsarienesso thiacoathiade fosdunyg $ResTs kY 415 e

shrinkage in vpLygeedurbpg okRgreonversion into siliceous materials. Thus,
there arises a problemthat when fine grooves having a groove w dth of

0.2 pmor |ess and AR BEHBEES ofi §e6P LY IR0 Focd BF OB eMSedindeiATth &P

siliceous nmatethal cvbhaedansit ¥hefret Aee Sidli-¢RauUmaticRld dr ig1 idiarensi de of
the fine grooves narkedl& decreasgs nor e %hg& t.he engj%y of, the area
around the surPRL¥MER EREVGIPETGEGF P8ISS ed IR YE L&t Mt on the
wal | surfftace ofoguedwvesorThusiliomanke p23 yselr- gellutsidods apdlhedidrbarnre
polyner sol Ut 0Rpgeall g ggglhg;’q?ne' Grlodulidlf Lllldn LG S87ln IR igpves So

as to obtain a unitormd rom’the codting surface to t bot t om of
the fine groovesalAthg #ankeodroRyespethiens heghast dioks manvertigd devis a 30

materi al Withogmeeeggi hatereandensbiedd e atdiNs hedthelF, isor @t hod in
whi ch a pol ysiloxane solution is applied and driéed to seal fine grooves,
and then is solutions and siloxane polymers are generally accompanied
15 by dehydration or dealcoholization condensation, so that
there occurs a considerable shrinkage in volume during
the conversion into siliceous materials. Thus, there

arises a problem that when fine grooves having a groove
width of 0.2 um or less and an aspect ratio of 2 or more
20 are sealed with a siliceous material, the density of the
siliceous material in the inside of the fine grooves
markedly decreases more than the density of the area
around the surface on the outside of the grooves due to
constraint on the wall surface of grooves. Thus, in the
25  sol-gel methods or the siloxane polymer solution-coating
methods, it is difficult to seal fine grooves so as to
obtain a uniform density from the coating surface to the
bottom of the fine grooves.
As a method that permits conversion into a siliceous
30 material without concomitant condensation reactions,
there is a method in which a polysiloxane solution is
applied and dried to seal fine grooves, and then is
heated. However, since polysilazanes containing organic
groups such as hydrocarbon groups and alkoxy groups
35 undergo decomposition of the organic groups, there occurs
a shrinkage in volume during conversion into a siliceous

material. Thus, there is a problem that when fine



heat.ed. However, since polysilazanes containing organic groups such as
“hydr ocarbon groups and al koxy groups 35 undergo deconposition of the
organi c. groups, there occurs a shrinkage in volune during conversion into
a siliceous material. Thus, there is a prgblemthat when fine 3 grooves
having a groove width of 0.2 mor less and an aspect ratio of 2 or nore
are sealed with a siliceous material by a nethod that uses an organic

group- cont ai Y n ensj h il ce 5 terial in
t he inside<ﬁrq€§bf§%e§%%g% e§ %%?égglg§aégcggagég Ehebgoqgggoﬁggrgﬁnt on
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t he grooves azanes having an averag ecul a ht greater
than a specifieoVadiringvepl ihthazahey HbenéﬁnééﬁVapﬁ 6P§aﬁﬂél§ﬁéﬂﬁs tend

to exhi bkt a gonstderabhecsbrinkage be VQEU@EnQUQkBBv@@nmﬁEib@Q into a
siliceous nateri al and simlar problens wll ar 9 Wéggl S|Iazanes t hat do
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not contain oriEFE LAEFDUPLE aha al%OPﬁEFaHQSeOBnt RUFé@GRartnei ght
greater thanz@rdwm@$f|asvﬁhUEhéeaHove axhibbhededotedesecakabiold,t yore fine

rooves during .appljcation nd_te t i.d th nsi de
gf fine groovg%hgg ?%gt%g %ﬁﬁ? at: E a. gﬁggvﬁgghﬁﬁe¥§én§P?%%C '%n t |LeoLs
material in theufside gof obhe gsonmeSunlPoiMﬁlﬂQZQaeSohaaﬁnpenet@aﬁmﬁgeholes
in the,gubse i&P Qéléﬂ£° Qa@@ketﬁghzﬁtEPECQQEen%élﬁbffb%%htw %%d

variation int aracterl tlc as an _Ins material dccurs. Such
nonuni formity thﬁQSd@e%@Ft9Obééé§ arprBbFeAranBhg éeﬁﬁuﬁQlﬁﬁyléﬂtf@ne

grooves haVInﬂoﬁ@{é@fsﬁiewsﬂ£b§ka§é wglboaﬁmeeaweeagtb%nw@%@Q%n andot ke
out side of fine grooves, becaus rall¥&the finer the_grooves are, the

| ower the dens?iiieeeofelatania toaP r §ePLAPF e PEOPLERSE He L BE1SGrface of
grooves. 30 Consi depohgsibatagesovrati doanstbsbnatenwolrhabhdéeore orpen anidi ner

due to ngh hlggg{ ﬁg$ggggtQQQrQEeGRSEEEBTE% weight greater than a
specific value tend to exhibit reduced sealability to
fine grooves during application, and tend to generate
voids etc. in the inside of fine grooves as in the CVD
method.

20 When the density of a siliceous material in the fine
groove is not uniform, formation of penetrating holes in
the subsequent step of through hole formation becomes
difficult, and variation in the characteristics as an
insulating material occurs. Such nonuniformity in

25 density poses a problem among a plurality of fine grooves
having different widths, as well as between the inside
and the outside of fine grooves, because generally the
finer the grooves are, the lower the density becomes, due
to larger affect from the wall surface of grooves.

30 Considering that grooves in a substrate will become even
finer due to much higher integration of electronic
devices in the future, there is a need for methods that
can attain uniform sealing of such grooves, regardless of
the inside or outside, and width, of the grooves. Thus,

35 it is an object of the present invention to provide a
method that permits uniform sealing of fine grooves with

a siliceous material which was difficult in the



devices in the future, there is a need for nethods that can attain uniform
"sealing of such grooves, regardless of the inside or outside, and w dth,

of the grooves. Thus, 35 it is an object of the present invention to
provide a nethod that permits uniformsealjng of fine grooves with a
siliceous material which was difficult in the 4 - conventional nethods

menti oned above. Disclosure of the Invention In order to attain the above

obj ective, thecphosaRtionklvaBthods Meardoncd pViecde a nethod for sealing a
fine 5 groove Witﬂ a sili geﬁ s nmaterial, characterized as conprising

appl yi ng a sol BEPGACBRTE Bér g‘ﬁr JpSREiiCEzane having a wei ght average

nol ecul ar wei ght i nIhherdamgeocohttd i®0@ hieo a2@dv@0 @b jredtaruss, afhgnestatrtene

to a substrate; Lng..at e _qr avj j . r 10
less at its deéﬁggi{kg%?t ?8%32% _%gvip%g%g\ér%a% \é{eo %%goqi%r%fels%ocﬁo%nn%n epth
to the wddth ofroove wokh, at §itheecly mMatlerigdd sdaradtemizssieasr th t he

per hydropol ysi L 8£8p¢singndpbhga nieat is%Quttﬂ%np%rfhlédrp%QQJdegﬁ?l%}?ili&aarfé
at nosphere contai hing water vapor to thereby convert the 1
per hydr opol ysi P&Y4R8 £oW81gPti S¥6GS Ifaflieslu Ll arFyieidytnoe  theh & 31

invention intepdsobotopk0oynde ansulsisaos RVyig Sidrcadis wadindor med
thereon conprising a substrate containing at |east one groove having a

wi dth of 0.2 nhavihgsgtatlepss daepasovR] hgwrimigr andlthawid theur ati o of

t he correspondi depth, .t i f..2.Qr I iJdjc coating
f or med l?hereo%egg ?PI tgngesggglswsgito%tqrogofg{d %é’?éll %s%a}lésiqef?t%oeus

mat eri al coati AGrrsseabpdiaat dapty toedhef widitds ofi R td¥e Mars deofthigreby

groove, and the;jetchhagskatetdk @%b@v@w%we%ea}péﬂr@&%&?sﬂ%ar% i's
three tines or less the etching rate ?1” the surface of said siliceous
material coat PRY. tBRPeh B pPEn & EoR SN YERE \ﬁilﬁﬁszalf’iegs’:n PR - 1D are
schemati c | ongatmdspakrer 0sataddniact waterofvadoyr ey e henebyy corsiane dhe
whi ch tq% presg@%hydropolysilazane to a siliceous material.
Furthermore, the present invention intends to
provide a substrate having siliceous coating formed

thereon comprising a substrate containing at least one

groove having a width of 0.2 um or less at its deepest
20 portion and having the ratio of the corresponding depth
to the width of 2 or more and a siliceous coating formed
thereon to fill and seal said groove, wherein said
siliceous material coating is substantially free of voids
in the inside of the groove, and the etching rate of said
25 groove at its deepest portion is three times or less the
etching rate on the surface of said siliceous material
coating.
Brief Explanation of the Drawings
Figs. 1A - 1D are schematic longitudinal cross
30 sections of a groove having a shape to which the present
invention can be applied.
Fig. 2 is a schematic longitudinal cross section of
a substrate having a siliceous coating formed thereon for
explaining the method of determining etching rates of the
35 present invention.

Fig. 3 is a schematic longitudinal cross section of



invention can be applied. Fig. 2 is a schematic |ongitudinal cross section
"of a substrate having a siliceous coating formed thereon for explaining
the nethod of determining etching rates of the 35 present invention. Fig.
3 is a schematic |ongitudinal cross sectionsof 5 a substrate having a
siliceous coating formed thereon for explaining the nethod of determ ning
etching rates of the present invention. Fig. 4 is a schematic perspective
view of a 5 sulstsmatse:tebd rigaiaisg |4 ceblisc €oad | iga € D gretlothed eoRe £&n for
expl ai ni ng t he Jietho term.ning etching rates of the present

i nvention. Bester%olzbeﬂ-f%{g %ﬁt}er yr?rgn%‘%cgtoé hcgetf H1Eh $HCatReriahee of tHhe he
met hod of the preEsantt rydntdegtti on, there is used a sol ution of

per hydr opol ysi | azane-having; i r..yweight_in the range
of 3,000 to 20, 000 i%nlhf'er‘lnrg!L %fé/\qpo yﬁéﬁﬁ%&%&ﬁ%@ h‘é%ge\?n‘,gp a

per hydr opdl ysi [S4P&te 3t draind & Pol IGRIUS e ot 1o af oree@nehesedoufel t 0 Si
and N are 15 Heguepinihe the M JhedsidmhBsin Sl E Pites of the
per hydr opol ysi | azane .is. a chained structure having the follow ng repeat
units: H Si RO PS94 hccordance with the present invention, there

can be used p&esyrdiopt Vil dzanesitmvouny cheverstiact ure and a ring
structure within th%rﬂgwc%rhd:é)rwﬂ@%éa’m@égﬂl%z? &an [?J?e@m' oned a

per hydr opol ysi | azane havi n chal n portions and ring portions wWithin the
nol ecul €10 whi &RV ti&or T & oS alglhl @, S teparee Exani ned Pat ent

Publ i cation (Kekehydi¥po183iheIand hd e £Ltwddght RvSEy, &%J}l&fu,ﬁér ,
Conmuni cati on of Am Cer. hSoc., C 13f 30 January 1983, aé]d the l1ke, and
. representedwﬁﬁgpﬁeln the range of 3,000 to 20,000 in terms of
polystyrene. As used herein, perhydropolysilazane refers
to a polymer in which all elements bound to Si and N are
15 H except the Si-N bond. The simplest structure of
perhydropolysilazane is a chained structure having the

following repeat units:

H

|
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H H

In accordance with the present invention, there can

p g

be used perhydropolysilazanes having a chain structure

and a ring structure within the molecule. For example,
25 there can be mentioned a perhydropolysilazane having

chain portions and ring portions within the molecule,

which is reported, for example, in Japanese Examined

Patent Publication (Kokoku) No. 63-16325 to Isoda et al.;

D. sSeyferth et al., Communication of Am. Cer. Soc., C-13,
30 January 1983, and the like, and is represented by the

following general formula:
— SiHNH 5>+— _{‘SleNébi —SiH; ). (a+b+c:1)

As a specific embodiment of a perhydropolysilazane
35 represented by the above general formula, there can be

mentioned those having a partial structure as follows:



foll owi ng general formula: ( STH2ZNH -~ SSH2ZN Z ---SiH3 (a+ b + ¢ =I) b As
‘a specific enbodi nent of a perhydropol ysilazane 35 represented by the
above general formula, there can be nentioned those having a parti al
structure as follows: 6 iHSIHSHSH -N NHNNHNSH 5SH SiH
SSH NNHSH2 10 SiH2 SiH2 SiH3 1 1 15 Such a perhydropol ysil azane may be
generally synthesized by reacting a di hal osilane and a base to form an
adduct of dihalosilane, and then by reacting said adduct with amoni a.

Met hods of synt hesi zi ngy,per hydrogelysi | azane$iHgre knownSikndNdre descri bed
in 20 detail in the above apese Exanined-Pat et~ Pubkicati on “tKokoku)

No. 63-136325, Jappnese Unexaqi ned Patenf Publicatiln (Kokai) No. SiH,

1- 138107, Japanese Unexam ned| Patent Publication (Kpbkai) No. 1-138108,
Japanese _Unexam ned Pat ent blication (Kokai) No. B-170533, and |25 ot her
publicati%ns. Per hydr opol ysi | pzanes of the present ipvention have [a weight

aver age nnlecularSizight in thg,range of 3,000 to AGHPOO in terns Nf
pol ystyrene. thhogg\gf de m ni ng a wei ght average | ecul ar weight™>in
terms of 30 polystyr are known, and can generally bendetgmygined by gel

perneati on chromat ography (GPC). In cases where the weight average

nol ecul ar wei ght of perhydropol ysilazane in terns of polystyrene is

| ess.than 3,000, small | nol ecul es that scatter (evaporate) on heating for
35 convet$ion into a st{f,ceous matgpial increggg, which may lead to volune
shrinkage and even to a stgnifi t kGML\de ity wwthin fine grooves, which
are not negligible. S$Q\\N/paﬁ N/)m§

| |

15 Such a perhydropolysilazane may be generally
synthesized by reacting a dihalosilane and a base to form
an adduct of dihalosilane, and then by reacting said
adduct with ammonia. Methods of synthesizing
perhydropolysilazanes are known, and are described in

20 detail in the above Japanese Examined Patent Publication
(Kokoku) No. 63-136325, Japanese Unexamined Patent
Publication (Kokai) No. 1-138107, Japanese Unexamined
Patent Publication (Kokai) No. 1-138108, Japanese
Unexamined Patent Publication (Kokai) No. 3-170533, and

25 other publications.

Perhydropolysilazanes of the present invention have
a weight average molecular weight in the range of 3,000
to 20,000 in terms of polystyrene. Methods of
determining a weight average molecular weight in terms of

30 polystyrene are known, and can generally be determined by
gel permeation chromatography (GPC). 1In cases where the
weight average molecular weight of perhydropolysilazane
in terms of polystyrene is less than 3,000, small
molecules that scatter (evaporate) on heating for

35 conversion into a siliceous material increase, which may
lead to volume shrinkage and even to a significant low

density within fine grooves, which are not negligible.



- 7. Therefore, the lower limt of weight average nol ecul ar weight of

"per hydropol ysilazane in terns of polystyrene of the present invention is
3,000, preferably 4,000, and nore preferably 5, 000. On the contrary, in
cases where 5 the wei ght average nol ecul ar -wei ght of perhydropol ysil azane
in ternms of polystyrene exceeds 20,000, the viscosity of solutions applied
becone higher and, hence, the curing rate during application becones

hi gh, and, themﬁé@éeorbbetper meateir iltlynmf otfh@ze&@jkiﬂ imﬂa{bd mtod fdulargr ooves
becones | ow. Thereg im.t of the “51%1 gverage nnlecula;

wei ght of perK§dP SOP§SP95?§ §°pﬁl§5ﬁ&§zgpep&l &né |§’ Yag ene ©
preferably 15 eﬁé paerdemir é nyeaftaoabliy BQ,000Q. pli@rﬂmtrhigol@/,snd(b,zm of the
present invent cQa onAh r S

sol vents for h8ger§¥eﬁé§a%%¥i%g%§glut én%h%hgéé“%gﬁ'Ue’%éﬁg#%%%gn‘ but
limted tS, arbhat welgbwpewﬁdagmmla@ud@mzmghtt ¢slfuene, xyl ene,

ethyl benzene, diehylbegesne. 1 lietinyldeehacne and i atdid

cycl ohexane; 2 ¢l ohexene;, decah dronaphthalene dlpentene saturated
hydr ocar bons sa@h Qanibénﬁéﬁéosﬂtﬁeﬁ@aﬁ@ Ut ipeeafeP liiechdegame dlihiftne,

|'EeFtanF hn OﬁhaDehehCQQt&hﬁ,c@rl®@ﬂ&ﬁQelUﬁ&Qﬂ@ﬂ%pﬁﬁﬁd&&E&ﬁﬂﬁmomes
et hyl cycl ohexape; . net ohexane; cl ohex xene ment ane;
.25 ethers suchp] ghai pP pyl g‘teﬁg OIfi'b ECHEFS, %’rﬁ' atﬁy oqom%e essot]e‘&smsrhch as
n-butyl ldcet at éntb- fuhgl groevatse bevcmms loacet athe rarfibrie,amHe agedeat e;

ket ones such a t hyl b B lity of

sol vents, the 26 E%l ¥ lt%% Méﬁﬁh%?:e yﬁollaaz%{ér%e%%op%%lﬂggﬁgvaporatl on
rate of soIvenp@rbadrbeoddﬁuﬂ@wﬁ@@ IDhéeaﬁﬁu@¢<ﬂ0L¥S§ﬁﬂﬂﬂﬂ-w%éﬂ)daﬁhbe
sel ected to g?'e'f'etr%q YAk aigl ta)hdbhotﬂéep%l%@érca%l' n gefded used, and

can be selecte as apgroprlate dependi ng on average nDIecuIar

wei ght, distributi oReZRYdFOPEAYFrid sgrRIES tqdfetﬁ’@r Wsc%kﬂ yidiietaRn Jeed,

fcs)lnsi derisig a per geakied by tofe i@ stHatld @y iantsd 1t dri ne iy apeemnd a
Im
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for use in the coating solution, there can be mentioned,
but not limited to, aromatic compounds such as benzene,
toluene, xylene, ethylbenzene, dietylbenzene,
trimethylbenzene and triethylbenzene; cyclohexane;

20 cyclohexene; decahydronaphthalene; dipentene; saturated
hydrocarbons such as n-pentane, i-pentane, n-hexane, i-
hexane, n-heptane, i-heptane, n-octane, i-octane, n-
nonane, i-nonane and n-decane; ethylcyclohexane;
methylcyclohexane; cyclohexane; cyclohexene; p-mentane;

25 ethers such as dipropylether, dibutylether and anisole;
esters such as n-butyl acetate, i-butyl acetate, n-amyl
acetate and i-amyl acetate; ketones such as
methylisobutylketone (MIBK). By using a plurality of
solvents, the solubility of a perhydropolysilazane or the

30 evaporatioh rate of solvents can be controlled.

The amount of a solvent used can be selected to
facilitate workability by the application method used,
and can be selected, as appropriate, depending on the
average molecular weight, distribution and structure of

35 the perhydropolysilazane used, considering a permeability
of the solution into the fine grooves and a film

thickness required in the outside of the grooves. The



t hi ckness required in the outside of the grooves. The - 8
"per hydropol ysi |l azane of the present invention can be used at an anmount ih
the range of 0.1 to 70% by weight, preferably 1 to 30% by weight in the
application solution. 5 In accordance w_tly the present invention, a
per hydr opol ysi | azane sol ution thus prepared is coated on a substrate
havi ng at | east one groove having a wwdth of 0.2 mor less at its deepest
portion and anpagh@diropallysilafzadeobindhe. pﬂeee&haﬂelv@nﬁﬂdiﬁ cgarromee&s'aj not
10 specifically, limted ndth re_can be used rect oves,

g ST drved© g

tapered groove8% PByEFSENY aﬁ‘é‘reC Cyr58\PEs, &° 1-} e like in
t he present inpeerfecaplys 1shtom3 0% byFwgs.ghtA ino thie. dﬁghmmmmmne bot h ends
of fine groovgg My e open or closed. 15 In conventional nethods, even
when atterrptlngt1 Seal a fine groove, having a width of 0.2 mor |ess at
its deepést portionI&n@capralepset Wi &h6f Presenfpr@ventiion a ai | i ceous

material, it “@érh%?%?b@?%ﬂl%z%%@' sbh%tl%rnOQ%%sS%r%atr%éJQLéJ@JéHe@ dwoth
i nsi de and out si de_ of her eof , because consi derabl'e vol ume shrijnka e

during conver 8i SRPPAESTE SiAViiGoGE HERST QNa &FAW M ersitfth 1©
i nside of the ErQOELﬁ bRaneQn Hhe jqut %i'e@% % %1 o "SHR ArNG Cftp‘?eclth"railrl%se”t

i nvention, when a Substrate having suc grooves 1S use the effect
becones 25 manpfegt orhawrehe @@ﬁsﬁh@ﬂenOﬁhélmﬁs@d@owESth@ gradove beconi ng

| over rel@tiveg fg?c&?‘ic‘a‘ﬂ qqmqtt elde a%id 't%%%s c R (Ale LA NG AJII ted.

Such an effect i nvénti on becones nore evident in cases
wher e substraté§°°ﬁ8§un§a@@ﬁfdfHﬁ@°§ﬁ§0v6§W%£ﬁQn}%?QHQﬁlﬁﬁﬂOW?Sb IRUGTV €30

| ess, and furtherBoes QnQ8tmeat11kaes lhheh@ee&e%tentpqwémaoran%sa@mﬁct
ratio of 4 or rmre and_ furthernmore 5 or nore, awﬁiused used herein,

the term "seal FRg¥ 108 -uddd T Hrean FUZh DEIBOTE i P SR Qv ™ e fil | ed
up and, at thegsapwes3malyl ive, opeat ioxrgcilesfear.ned on the surface of the

groovesjﬁPy In conventional methods, even when attempting to

seal a fine groove, having a width of 0.2 um or less at
its deepest portion and an aspect ratio of 2 or more,
with a siliceous material, it was impossible to seal the
groove so as to be uniform, both inside and outside of

20 thereof, because considerable volume shrinkage during
conversion into a siliceous material led to lower density
in the inside of the groove than on the outside thereof.
According to the present invention, when a substrate
having such fine grooves is used, the effect becomes

25 manifest that the density in the inside of the groove
becoming lower relative to the outside of the siliceous
material can be inhibited. Such an effect of the present

invention becomes more evident in cases where substrates

having very fine grooves having a width of 0.1 um or

30 less, and furthermore 0.08 pm at its the deepest
portions, and an aspect ratio of 4 or more, and
furthermore 5 or more, are used.

As used herein, the term "sealing" is used to mean
an aspect in which grooves are filled up and, at the same

35 time, coating is formed on the surface of the grooves (by

adjusting, as appropriate, the concentration of the



adj ysting, as appropriate, the concentration of the 9 perhydropol ysilazane
in the coating solution depending on the structure of the groove), as
shown in Figs. 1A to 1D, and also an aspect in which only grooves are
filled up. As a representative exanple of @ substrate with at 5 |east one
groove having a wwdth of 0.2 mor less at its the deepest portions and an
aspect ratio of 2 or nore, there can be nentioned substrates for

el ectronic deVpé@ﬁyd@@Epr@dl\Mzblﬁet Lansihst @baella@emm,uwdn ldepesiding on
capacitors ght he | roduct i n of . s .Qnj € leO o(lJe |ces
!

such steps as ffE FBFHﬁt el 8ff %nglggf’oﬁﬁ rc8at i %gmbét &P Xt disit stor
el enents and bihdl eles, anbetspeert umaw@usmopnéWemgwpye@n@nﬁnﬁuﬁbmﬂSHJ

between bit lines and C?%g?b%%%%atQQec%&%ﬁ¥ﬂ%r%ga%qsm%éﬂré%é'%y%% att he

formati on of |nsula|ng coatings between wrings terned I MD, or

t he seal isg of 1eagkabhen ggoovee$haviimy laewh@lﬂhowd ohy aunsicap l@fssf @rtniijtg;

hol es (through holes%gthat penetrate the seal mat.eri %:3 e fine
es

grooves. The stBf 8f¢ Fﬁlﬁ@rFHP8&gﬁnﬁoP@saﬁ§ﬁ§FIfat€§ WlFFHography
step by coat|ngheekpcaurbeam@nzaodEWeb@mm&mbt@hlﬁmnsakgcﬁﬂqnmcﬂdanlaﬁsthe

resists by dry  etchin t%thagglg%%r %Q%n%%tgla%@%‘%ﬁﬁ%iﬁ;géé%?itors

subsequent steequ%pﬁgsh i'ng et ching bris or resis
i mersion in aanHFtbe éakﬁe sdmuﬁm@nprb@U@heonab6Veﬂmmﬂnakﬂﬂﬂrqnﬂy met hods

or SOl MelRAYseed, SAcH lSREAC RO AUULIRN 0 JBlhpds, the

density of Iceous material in the I nsi fine grooves becones | ower
than on the ouF@ﬁ@énéﬁ DieE WEHoFES NG SHOFuFleents ad fits ddudftd v

problems may 0geWlecdUlirag stike JrolMRinedt s @nd Rl tedes bdthated a dry
etching rate in ,the insjide 30 .0f the grooves .or etchi g%aaie by a washi ng

sol ution becofd8eRuehd SSPECURLT it RE SGRANE TR & Ll ¢ g Sves, and
hence t hrough hhbefowmmtbbndeﬁomnam1auuﬂgﬂddau1ngs[hyrwaﬂnumﬁﬂakwlbetmeen

I TGS, e TR, RADNRR R Pl S () 08 MR RS 3
may be followed by a step of forming holes (through
holes) that penetrate the sealing material in the fine
grooves. The step of forming through holes usually
comprises a lithography step by coating, exposure and

20 development of resists, separation of the resists by dry
etching with a CF gas, and O, plasma etc., and the
subsequent step of washing dry etching debris or resist
debris by immersion in an HF or amine solution. In the
above-mentioned CVD methods or sol-gel methods, or

25 siloxane polymer solution-coating methods, the density of
siliceous material in the inside of fine grooves becomes
lower than on the outside of the grooves or nonuniform,
and subsequently problems may occur, during the fofmation
of through holes, that the dry etching rate in the inside

30 of the grooves or etching rate by a washing solution
becomes much faster than that on the outside of the
grooves, and hence through holes may be deformed,
resulting in poor conduction between wirings. As the
main conventional method for forming PMD, BPSG coating

35 may be mentioned. In this method, transisﬁor elements
and bit lines are processed on a silicon substrate and

then an Si0, coating containing boron (B) and phosphorus



and .bit lines are processed on a silicon substrate and then an SO2 coating
"contai ning boron (B) and phosphorus - 10 (P) is forned by a CVD net hod,
and then heated at 800 to 900C to be nolten and 'render the rough el enents
flat. However, the nethod of the present {jvention is nore advantageous
than the BPSG nethod in that it does not 5 require the use of a |arge-scale
CVD equi pnent, and that a high-purity silica coating can be obtained at a

rel ?ti vely I OW(pe)!rrﬂe,lr Q'Ek)b!h\@dh@? delwd lﬂ;@ethl@ell,owﬁxdl rtbriéae rRRldTatt @ adn

i sol ation groo ounl i t he appl.ication to the .aboye-nentiqned. .PND or
D, there . 10590 "Hoter B OP I ERniRg CASEGH TS S0 UaHt & R gt L A

pol i shing by Cheweesalr, MetieametalodPalfi shiengpreCedt iisveyenemalilsy meareri ed out
to remve only e, asulakl 19, CoRt e <N e ALY A6 {hadoguss. Wen
the density of ‘siTiceous naterial inthe inside of Tine 'grooves I's 15 |ow
or nonuni¥ or m FeRatiree the usgt odn at Hargersicdd coCithequgiiends, andbitats nmay

ari se such as fahlighepi,@ i@bt @il j@a %@&Qﬁ*ﬁ'gi/ RQ! IhedSUeacqtory failure to
obtain good isolation_(elénent separation) characteristics due to cracks
formed bet weenTEh8tdVEIVe 18Md tERRESALESou S S2Gepsttdhes R ng. The

present invention ignsihleablpplfieatiss @d asubsdlatteorhapiotdedt Jrfasde one
groove having a width.of Q.2 mor Ies% at its deep%ft ortiqn, and an
aspect ratio 6P®22BPLAGAELIN tony R0 SRYETER AT d4R 19Fs MRy Z2SHS f or m
seal ing Idf a siki ceossepabdr ifalrmimg b riongihddcdred afitdrhesealtisigle oft t he
AGLUdEy (Blen; XA iNdencoallng (ASiyAl 1gn coati ng
uid Cry I (ll sul a

groove. Such U%gi-ls
such as Na) for Illq stal "glasses, overcoating i'ng ~ snoot hi ng

coating) for |ggnedaddyscairrégidooutt [treremaysgs 080 yharhe dmsul@tifid m | i qui d
crystals; hardce@atinRgohok heS WRRI LS £ MRleAlgr Ha3S) » WiRA! iRSiRini and

anti- oxidation coati'ng, antifouling coating,” water-repellent coat,ng,
hydrophi lic co&fi fg;1106°0G "é6&MRg fdr thcasdes deatf piidist iLOVES dred
coating,1:nd t hew ¢enonuniform relative to that on the outside of the

grooves, problems may arise such as failure to obtain a
smoothly polished surface or failure to obtain good
isolation (element separation) characteristics due to
cracks formed between the groove and the siliceous
20 material coating.
The present invention is suitable for use on

substrates having at least one groove having a width of

0.2 um or less at its deepest portion, and an aspect
ratio of 2 or more, in any application that requires the

25 uniform sealing of a siliceous material in the inside and
on the outside of the groove. Such uses include, for
example, undercoating (passivation coating such as Na)
for liquid crystal glasses, overcoating (insulating
smoothing coating) for liquid crystal color filtérs, gas

30 barriers for film liquid crystals} hard coating for
substrates (metal, glass), heat resistant and anti-
oxidation coating, antifouling coating, water-repellent
coating, hydrophilic coating; UV-cut coating for glasses
and plastics, colored coating, and the like.

35 Methods of coating perhydropolysilazane solutions to
such substrates are not specifically limited, and there

can be mentioned, for example, spin coating, immersion,



35 Met hods of coating perhydropol ysil azane solutions to

"are not specifically limted, and there can be nentioned,

such substrates

for exanple,

spin coating, imersion, - 11 - spraying, transferring and the |ike. After
the application of a perhydropol ysil azane ;;sal ution, for the purpose of

drying or pre-curing a coating, a drying process is carried out

anbi ent 5 atnosphere, an inert gas or an oxygen gas at a

renoved and the fin es ar stanti al.ed w
Reedp Ph

per hydr opol ysi | azan®e:

in the

tenperature of 50
to 400C for 1osﬁggpmﬂ§ t or3fsAenut ag. anBythbeldkylng, t he solvent is

& BRr AEHERoh bk ke R i uERpt Y it prane

perhydropolysi$aZaﬂEonpnfatnedeipurpesensfddramdgonrtpee—autsm@eaof t he

fine grooves | sog0NNET{ £0aLDiRqacpLLEEEONS RLERLabLRY HeRtindntoad

at nospher e contaf hin An~at nosp

eré containing water vapor

refers t® an atmosphere,i anwhnRehtt Baspart ral opyessuLésoftwdt er vapor is

In the range Oéeﬁpéréeuﬁglokpgo peehebabl ¥ol 19 9@cokba tandoMiifutes.
preferably 1.5 to kPa. Heating nay be carried out at a tenperature in

the range of 48P FBQZGrIQDBC t@ﬁeﬁ°ﬁ§8@Fnésl§388VPﬁeén§th§tfénﬁlgh

terrperature sgﬁboagsaaterraebawhelamgedeaQeaw@tlnn an at rm%s]phere )
attect other

a
el ements such BgrgygﬁPP8 VélgégFBSS, if any, 25 that are sinmultaneously
subj ectad to the heahlagcotdeateewﬁthlmhsuphesasesinwbetstica conver si on

process my. beodhyhdedol L01LWeL0r CIREE ALARSy LAMLEh dieatianay TRL be

contai ning water v is arisk that it may badly

carried out iI'vel'y T'ow tenperature such

as a

tenmperature

in the range o@uﬁSGdeoofSQhQOGGMEngaﬁoaﬁﬁDSQhépéveéﬁ?élﬁmﬁ@ Rasdl 1ggpes,
and then at amQtek_l@slt BYPEEALYRE SHCAnARtROLPHRSELALYNS alifh ihde wadge of 500

to 1200C in an atnospheré containing no water vapor.
vapor.

15 An atmosphere containing water vapor refers to an

atmosphere in which the partial pressure of water vapor

is in the range of 0.5 to 101 kPa, preferably 1 to 90
kPa, and more preferably 1.5 to 80 kPa. Heating may be

carried out at a temperature in the range of 400 to

20 1200°C.

When heating is carried out at a high temperature

such as a temperature exceeding 600°C in an atmosphere

containing water vapor, there is a risk that it may badly

affect other elements such as electronic devices, if any,
25 that are simultaneously subjected to the heating
treatment. In such cases, the silica conversion process

may be divided into two or more steps, in which heating

may be carried out initially at a relatively low

temperature such as a temperature in the range of 400 to

30 600°C in an atmosphere containing water vapor,

and then

at a higher temperature such as a temperature in the

range of 500 to 1200°C in an atmosphere containing no

water vapor.

As components (hereinafter referred to as dilution

35 gases) other than the water vapor in an atmosphere

containing water vapor, any gas may be used and

illustrative examples include air, oxygen, nitrogen,



As components (hereinafter referred to as dilution 35 gases) other than
"the water vapor in an atnosphere containing water vapor, any gas may be
used and il.lustrative exanples include air, oxygen, nitrogen, 12 helium
argon, and the |ike. Considering the qualijty of the siliceous materi al
obt ai ned, oxygen is preferably wused as the dilution gas. However, a
dilution gas is also selected as appropriate considering the effect to 5
ot her eIenentShéucﬁmaSaebeﬁtrandctﬂevlﬁke mhcohsaderlsgbmeetqdaﬂmtyabd

heating treat as an, ntainin r in the
above- nentioggﬁetﬁb §?$8Uﬁeg? ﬁﬁlg? §P§ 1n88h aé&g?lon t8 g%erﬁgegphere
cont ai ni ng anyusédt as abevélautmbnogagaseﬁpwanerloaadnﬁgphenegﬂﬁthSa

reduced pressulesgfsdifckER b nBato g%éa@eVBSHHggrlnSBetﬂélefEé%”Ebes of

preferred heating con I'ons es consi t he above include the
fol l owi ng: (1)owheerayenepbbysirhzafecseFtrPbACadeyigrAgWhéchharels present

invention is CQ@%?chQdatg'¥§BdSHQ§Eiﬁﬁetr€éhﬁ€nt angikhenzheahed in an
atmosphere at a tenperature in the range of 400 to 600C and a water vapor

partial pressuRBMOFRNERE FAR§eiBLing. Botﬁaiéi KPROT dP| &WEd3BPVREating in an

atmosphere at mefeipgéat Uwe-tBephRebdngg 6tra@egl9 120@Ed2@iand tanaaxygen
partial pressure in

ﬁhe ran 0f .0.5 to 1%1 kPa; &2) Al .
per hydr opol ysi F5237R EBFUFPgﬁaéB&BQdPﬂﬁ P5 tRE 3BPESeft1MGveRt F85%°¢ &Bat ed
on a gi vén substmasphedei edth andetiheadhpateduirr afi atAokPhepes dess or

tenperature in_t r e,.af to 600C and a water vapor partial
pressure in e9§%§§2 @?9 bg ué’19901 kPa, followed by heating in an

at mospher e of one oFXaBP&esf of nerefgasedeheatendr FORALRLOPSgERLaRESIRE and

argon at a te”@@ﬁ@i&é?lh@ the mrBBge iAat1868 E9e1%QQ@ow§ﬂ§ :30 (3) A
per hydropol ysi | azane_sol ition according to the Rresent invention is %oated

on a given substrat él)dpi BrhYQHHPPﬁgﬁlﬁéé?ES SR IQPNGSFREAeNG: t ¢

tenper atiy e i nptBSent invention is coated on a given substrate, dried,
and then heated in an atmosphere at a temperature in the
range of 400 to 600°C and a water vapor partial pressure
in the range of 0.5 to 101 kPa, followed by heating in an
atmosphere at a temperature in the range of 500 to 1200°C
20 and an oxygen partial pressure in the range of 0.5 to 101
kPa;

(2) A perhydropolysilazane solution according to the
present invention is coated on a given substrate, dried,
and then heated in an atmosphere at a temperature in the

25 range of 400 to 600°C and a water vapor partial pressure
in the range of 0.5 to 101 kPa, followed by heating in an
atmosphere of one or more of inert gas selected from
nitrogen, helium, and argon at a temperature in the range
of 500 to 1200°C; and

30 (3) A perhydropolysilazane solution according to the
present invention is coated on a given substrate, dried,
and then heated in an atmosphere at a temperature in the
range of 400 to 600°C and a water vapor partial pressure
in the range of 0.5 to 101 kPa, followed by heating in an

35 atmosphere with a reduced pressure of less than 1.0 kPa
or a vacuum atmosphere at a temperature in the range of
500 to 1200°C.



range of 400 to 600C and a water vapor partial pressure in the range of
0.5 to 101 kPa, followed by heating in an 35 atnosphere with a reduced
pressure of .less than 1.0 kPa or a vacuum at nosphere at a tenperature in
the range of 500 to 1200C. 13 Rates of_tgeymerature rise or tenperature
reduction to the desired tenperature in heating are not specifically
limted, and may generally be in the range of 1C to 100C/ m n. The duration
of retention of theREtéenberabmperatheé theedesimedpbemmematueduhasomeen
attained is no%?s cif.icall ¥ imted, either gen%rally be in the
S

ma
fange of 1 mnEReEks IBSNGhHs eTReEHS EB008 REALLAY BRoCBes.
per hydr opol ysi tpeanéicahder omstadhydndl psys geeackildy Wwet hnwather naayger , and

S 10 then cogyeited Lptgoge évha§GOU%hgasﬁ&a%ho%ab@'xe%gakaba'%& hieO

bonds. Since this conversion reaction I's not acconpanie Condensat i on
reactionSsuch wemperdthydr 8§&aat tba ﬂéﬁérpént@mpﬁyaﬁﬁéed@@@n§@§mt|on of

organi c _groupsa+¥QiHER ¢Baneess ESEQE@camdyafltlﬁrltteae leétlh@@ct @@ mayvery
smal | . Thus, when flne grooves havin ess and an

dth .2 m
aspect ratio ofepepflhyr ke éPetgéaFéggﬁnPﬁ a oip 5@0&? ﬁét@P“§ﬁ *accor di ng
to the invention, th6tﬁéfebbvbhabathﬁgdﬁﬂﬁbbﬁsofp@r&WHE@@@ﬂ551dR&®mam
becones further Iomer a.constrain surf f the

grooves, is vel QdEHﬁPFSaﬁdhygfﬁéyéﬁgréeaF%ﬁgngW6§3e¥a§an Vaporﬂe%u%?f%%n1y

seal ed legar dtkes obnvketedsidéoorn emﬂscdeuefmahergadomesndy the wdth

thereof  FUFtNECDLEn; ALNGS bIBEAGES 191680l ARl oL ohn L dIRENO of

the present invenfron u there 1S no eneration of
voi ds or vacannbésactﬁmphélﬁdsbMeaoﬁoﬂﬁénﬁﬁﬁéogré@@§§lopuﬁvﬁ r®Gr & as

vol ume shri nka&@h?HEbBEn%‘t bhareaB¥ebsi er b \M? ml he'c@mb@%,ltq%hh%cf of the
present i nventi on, no cracks appear even en ckness of coati ng is

0.5 mor nore. OBBaWHngr§HB§vr5Pé§mﬁa9pﬁ§9§ﬁlP@é@ﬁ§ é@ét@ﬁ§§rf6pﬁe
t hereon iisn whi gbattnenghigovesyakmalel.at Tv@ky when fine grooves having a

width of 0.2 um or less and an aspect ratio of 2 or more
are sealed with a siliceous material according to the
invention, the effect that the density of a siliceous
material becomes further lower, due to a constraint from
20 the wall surfaces of the grooves, is very small and,
therefore, fine grooves can be more uniformly sealed
regardless of the inside or outside of the grooves or the
width thereof. Furthermore, since there is no conformal
nature in the method of the present invention unlike the
25 CVD method, there is no generation of voids or vacancies
in the inside of the fine grooves. Furthermore, as
volume shrinkage during silica conversion is small in the

method of the present invention, no cracks appear even

when the thickness of coating is 0.5 pm or more.

30 Thus, substrates having siliceous coatings formed
thereon in which fine grooves are relatively
homogeneously sealed are newly provided. 1In accordance
with the present invention, there is provided a substrate
having siliceous coating formed thereon comprising a

35 substrate containing at least one groove having a width

of 0.2 um or less at its most deep portion and having the



honpgeneously seal ed are newy provided. In accordance wth the present
“invention, there is provided a substrate having siliceous coating formned

t hereon.conprising a 35 substrate containing at | east one groove having a
wdth of 0.2 mor less at its nost deep_ppgtion and having the 14 ratio
of the corresponding depth to the width of 2 or nore and a siliceous
coating forned thereon to fill and seal said groove, wherein said
siliceous naterhihoCoeat itfh@a cio&r%@bﬁafn@ﬁfnigable)ptfﬂeﬁ afheveiidH roft e dmsi de of

the 5 groove, and the etchi, rate of Foove, its eepest, portion
is three times™8Fe 8¢ #hé g‘g‘(‘?ﬁoﬁﬁ FEE ln@n tqrfé“e a{fthecréaocglfdc ptesls]i I %céeous
mat eri al coat i BgalAsanentgrooee awbeseias sthe silliicenws matenial owtimg of

the present | VENLI 81 3:0313180day o10 idrpl ol ety disrdy dronalysi | azane.

it contains mainl but al so contal ns sone Si- nds
dependi ngb on tlgéoée'@rre@ﬂ@lf t@@n@éﬂﬁl@ﬂ IEer erfors@ic pEove it iddedus

material contapgg %'sthQﬁ&Ci%n' ngi Q%tr%% tthaded Ry 1L discrlield wetkd rom
pol ysi | azane. SpeC|f|caIIy, the 15 sjl %S%ys mat er.i al %gathg_of t he
present i nvent P8n th€o St eniatr 56 St LFE M R G R oFPaT 8 in terns

of atomi c percentage @eperidineg e@boviee degrde ofilderewersinaterial fact, it
is difficult to rgduce Epiﬁﬁﬁlggo en C?Rkﬁﬂ} to Iqwﬁr t% 005% The
PPFGEEN Odart e PTET =8 & d B i

per cent age of e r’mne omt¢c sor ion. The
si |l i ceous0 mat ehhzdlrodqrastﬁmg:fofparhe'dmOMMSMamﬁem,l ort |®ImﬂJstsanmaJaﬂl}y free

of voids in thg 'Qﬁ?%%dg 18 91y qg%ﬁ%oag%(ﬁ%itypl ) Vmé?aggenerally

nmeans a cavity'in the sil |ceous material an I's 25 intended
to nean a sphedepgnddad O HAE K§IE g SfetCanVsrs ighiout hereipsy . rbrat @

"Void" is not isphgRdedtd Qnarf%%qa@ cERRGifC shapediis e genasaldyad akee an
irregul ar shape. ~As used herein, states in which such voids_ are extended

in succession Pgtesie lddg deravgd fiNody PUKA AN e 3EHGF 1HeE ToikrentiDnal
CVD net hpsl, due ifiQ ddamscanftarmnll ceaiting iotheatentptesdrite iGMR2metdod, it is

essentially contains nitrogen in the range of 0.005 to 5% in terms of
atomic percentage depending on the degree of conversion.
In fact, it is difficult to reduce this nitrogen content
to lower than 0.005%. The percentage of nitrogen can be
20 determined by atomic absorption.
The siliceous material coating of the present
invention is substantially free of voids in the inside of
fine grooves. "Void" as used herein generally means a
cavity in the siliceous material and a typical void is

25 intended to mean a spherical cavity having a diameter of

about 0.01 um or more. "Void" is not intended to mean a
specific shape but may generally take an irregular shape.
As used herein, states in which such voids are extended
in succession to some degree are called "cavitated."

30 In the conventional CVD method, due to the conformal

nature inherent to the CVD method, it is essentially

difficult to seal a fine groove having a width of 0.2 um
or less and an aspect ratio of 2 or more with a siliceous
material without generating such voids, and the siliceous
35 material obtained by the CVD method becomes discontinuous

in the inside of the fine grooves. The siliceous



difficult to seal a fine groove having a width of 0.2 m or less and an
"aspect ratio of 2 or nore with a siliceous material w thout generating
such voids, .and the siliceous 35 material obtained by the CVD net hod

becomes di scontinuous in the inside of the fine grooves. The siliceous
15 material coating of the present invention may be obtained by apply
a highly fluid perhydropol ysilazane solution to a substrate, and there
no voids due t@aﬁ@ﬁlspn&@éﬂahg 88t yhe pf@séﬁﬂeﬁabedt1aﬁdmhbebélbb&e&u&d

material wthi
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35

groove is three times or less that on the surface of the
siliceous material coating indicates that, in the
siliceous material coating of the present invention,
there is no difference exceeding three times between the
density of the deepest part of the groove and the surface
of the siliceous material coating. In the siliceous
material coating of the present invention, the etching
rate at the deepest portion of a groove is preferably
twice or less, more preferably 1.6 times or less the
etching raté on the surface of the siliceous material
coating.

In the conventional sol-gel method or the siloxane
polymer solution-application method, or methods using an
organic group-containing polysilazane, considerable
volume shrinkage occurs during conversion into a

siliceous material and, thus, when these methods are used

to seal a siliceous material having a width of 0.2 um or
less and an aspect ratio of 2 or more, the density of the
siliceous material in the inside of the fine groove
becomes nonuniform. The siliceous material coating of
the present invention has very little shrinkage in volume

during conversion into a siliceous material, and the
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to seal a siliceous material having a wwdth of 0.2 mor |ess and an aspect
‘ratio of 2 or nore, the density of the siliceous nmaterial in the inside of
the fine groove 35 becones nonuniform The siliceous material coating of
the present invention has very little shrippkage in volune during
conversion into a siliceous material, and the 16 siliceous materi al
becones nore uniform between the inside and the outside of the groove.

Anong a plural iiyi@ofisnRageeo¥esHBavngy fbkbenentorgr eeeeedndidhe, when
vol ume shrinkage occurs durlng 5 cgnversign into a siliceous material, the
finer the grotWelfe aPAetiPeQPEFifReCLon8Fr FRPYEY the wall surface of

the groove becones, amofigt hepllepaliyyobft fiénei broeves hamtierg alififrerteme

i nside of the groove he s e nt i : il mat eri al
coating of thegﬁ?gggnYlégﬁghvgﬁéﬁoﬁozgggvgbgwﬁkﬁgézO%%ﬁf%ké%%q?ﬁfvolune
during &onversoomeraionaistbi eesddimavesi akteddndit yhigeddmes the f orm even
anong a plural| . Lhe o] Vi i I jdtyh

t hi ckness of cgg¥?gé ggfn%géoﬁ¥§§geguFpgcggg%%%fgg%hg&gg¥§?gﬁggi%agﬁgsgg is
not specifical p§ thai gedovankecgmrerabhy thengpnsd tinyht fihek MedsiGaPUshe

range that doeg,+B0% ¢augetfBY ia53akS olfNthiee geeakieNbelidedy EXBHATIH 101y
into a siliceous material._ As nentioned above, accordlgg to.the present
i nventi on, no ePHEKs apPeiPeevdhiGROHS: AEtSH e CRALLD Pf(iﬁﬁrﬁf%§§qf!5rn

or nore,jand thH§eatiefahbBgvelkyallikeast shrinkaige tihi cloless canr g f or ned

on the surface of the outside_of .the arqove. The.pr £ i wll be
expl ai ned in nﬁngeﬁéﬁSPIlﬁt?e?nﬁéﬁ&ﬁﬁgfg WEFﬁE&%&V e?%?ﬁ#ﬂ#ﬁ%ﬁ%&c ing
rates The et chiungfpameeyenshuengf aapdrngetéryarfi fgngegrestvespdravidiy and t he

etching rate OgikﬁgréHEf@98068“%&6@%59f a groove) of the coating were
determ ned as tollows: A polyner (40 to be eval uated was wei ghed out and
30 dissol ved in 120T§eothigkBRES Rhi ERak&S I ifOFEES] O ey surface of

15 the outside of grooves is not specifically limited, and
generally it may be any thickness in the range that does
not cause any cracks in the coating during conversion
into a siliceous material. As mentioned above, according

to the present invention, no cracks appear even when the
20 thickness of coating is 0.5 pm or more, and thus a

coating of at least 0.5 um in thickness can be formed on
the surface of the outside of the groove.
The present invention will be explained in more
detail hereinbelow.
25 Method of determining etching rates
The etching rate (inside of a groove) at its deepest
‘portion and the etching rate on the surface (outside of a
groove) of the coating were determined as follows:
A polymer (40 g) to be evaluated was weighed out and
30 dissolved in 120 g of xylene, which was filtered with a
PTFE filter with filter precision of 0.1 um. Two ml of
the polymer obtained was added dropwise on a silicon
wafer (substrate) with a diameter of 101.6 mm (4 inches)
which has grooves with a rectangular shape in a

35 longitudinal section, of which surface is covered with a

Si,N, thin film with a thickness of 0.05 um, which have a



PTFE filter with filter precision of 0.1 m Two m of the polyner obtained
"was added dropwi se on a silicon wafer (substrate) with a dianmeter of 101.6
nm (4 i nches) which has grooves with a rectangul ar shape in a 35

| ongi tudi nal section, of which surface is cpvered with a Si3N4 thin film
with a thickness of 0.05 m which have a - 17 fixed depth of 0.4 m and
which have a width of 0.08 m 0.1 m 0.2 tim and 0.4 m(the aspect ratio

becomes 5.0, flbg%dZd%PtgngfloO.; [RSPERb Mﬁhxh hald thenaeki Bceabed al, a
condition of 2 and a retention tinme of 20 5 seconds. Then, #ter

drying on a 159C heh, pbateuhprandhoee pmnytre, akpecsubatiat Bewamebest 6d in
each of the nethods described belowto form a S|I|ce§gs mat.eri al atlng

co
The substrate haling- 81 feEobs” coé??ﬁ@cFéVﬁéﬁ 102 RetBER SRIT GRELETed twa
cut in a direcii@pnaithegosal 2,900t heml angi tudiehah tdioneatiimen odf 2Ache gr oove,

and the groove art of t e cro section was ex ned mnth

el ectron 3 n1cro§%g8§ g SEMf ﬁBdeFige éﬁ@lBﬁ oﬁi?agﬁb ?t %fﬁﬁaganp:ggtlon
of 150, 000 frOﬂhﬁeéSmdnﬁeeblonhpespbedrambawaﬁohbh&edra$5f5£mm|qﬁ1uhe
determne the LEAdh L2l bebane Hs&gﬁgz; 08 38,ANQ 10 Bicdis Fracialn {he

substrate haV|%% i ceous coa ereon that was cut at a
direction orthog@hahgto t he Iongltudinal direction of the groove was

| mrersed in an 20 agHgousssokutLORaGQRLNNAE Bullichn aRigitordled
hydrof l uori c acid and 40% by wei ght. of "ammoni,um fl yori de ~ at 2QC for

m nut e, 1&nd théheﬁﬁgﬁeﬂhﬁélPbﬁP%HeSUWéS Faterd tafd ddrieEd 1 OPh&F qagqﬁﬁoove

part of the Cr@ésthéeﬂibhgmtW@Snaﬂﬁuhaéb}‘.lehaman(ﬁeWgtrh)dvhﬁ abeyveh8EM at a
25 magni fication of 150 gOO fr gm a dlrectlgn per endlcul to th

cross-section EHCQ¥EePAF OFhE PefigPRS(BFCEALlr Vost Sithg g

I'ng as s oﬁh in Fig.
3. Then the greoaanmagtemécthen miosessepe qISENgs mexdad fed MG athe above

SEM at a magnii %C%& op,gf 300,009 }u?mc%ral%raglo% qfs o8 loRAtd . of 40 30

degrees to the driscei on perp endlc he cro
15 direction perpendicular to the cross section to determine

the length (a) before etching as shown in Fig. 2.

Then, the substrate having siliceous coating formed
thereon that was cut at a direction orthogonal to the
longitudinal direction of the groove was immersed in an

20 agqueous solution containing 0.5% by weight of
hydrofluoric acid and 40% by weight of ammonium fluoride
at 20°C for 1 minute, and then washed well with pure
water and dried. Then, the groove part of the cross
section was similarly examined with the above SEM at a

25 magnification of 150,000 from a direction perpendicular
to the cross-section to determine the length (b) after
etching as shown in Fig. 3. Then the groove part of the
cross section was examined with the above SEM at a
magnification of 300,000 from an angle of elevation of 40

30 degrees to the direction perpendicular to the cross-
section, and photographs were taken, and from the length
on the photograph, the length (c) after etching as shown
in Fig. 4 was calculated by the triangular method.

Since the length (c) after etching of the deepest

35 part of the groove varies with the width of the groove

(aspect ratio), determination was made on each groove of



sect.ion, and phot ographs were taken, and fromthe length on the

"phot ograph, the length (c) after etching as showmm in Fig. 4 was cal cul at ed
by the triangular nethod. Since the length (c) after etching of the deepest
35 part of the groove varies with the widthgof the groove (aspect ratio),
determ nati on was made on each groove of 18 - four widths. Using a - ¢ thus
obt ai ned, the etching rate (A) in the inside of the groove and the etching
rate (B) on theousutwibddasof the groove were determined as follows: 5 A =c

B=a- b The state_qgf the inter e _(t i ag | 1 haded rea, jn Fig.
4) of the inside of U?ﬁggggoc—)vg é%t%%r o(%)tt%ﬁ“ln%gﬁ \%/g% v‘%/tscaqall %/ re"’lxtgem' ¥d ¥or the
above SEM phot bheaphsidedof0 thes geloaysi faned tihet @ tdiel rgroottte (B ded, thor

cavitated. ‘A ohbe;5baLe Ahel heRLENGAINLRIIAGE WAL i85 i hie depth  of

t he groove (aspect ratio) erm nation was nmade on each groove of four

wi dt hs. Gonparati veAEXafple 1 15 Using the above nethod, a nethyl sil oxane

pol ymer having a wegi ghty average nol ecul ar weight of 5,000 in terns of

pol ystyrene was coated on the aboye substrate, and dried. The coating was

heated in an oxygenTP§t fb&bRerd ESRy e eFdaGal( e ER¥TFe kpahagded 20
t enper at ure of aBgaCiantig.wateofvaper iparitdealoPpress Wroowad £fddia dtarhilng

't wis | mpossi APE. VRSPAGSY ERETAS IS R I TR o bal e AL R AR for
all aspédt ratwes. c2Bs€ifpadatinee Elremsimochysiveg.delvh alovaavrgtdtort . a As
hydrogenated = £hkSeeaucoxanenloLyifed13vuaG st G GIAGP (IR QR
wei ght of 5,000 in ternms of polystyrene was coated on the above substrate,
and dried. TheC&oahEngrRRyehdasPECitn tat 1030 AtahesFHaTaE Yk i Teeda i
pressure 96 kPahcat ggoove of four widths.
Comparative Example 1
15 Using the above method, a methylsiloxane polymer
having a weight average molecular weight of 5,000 in
terms of polystyrene was coated on the above substrate,
and dried. The coating was heated in an oxygen
atmosphere (oxygen partial pressure 96 kPa) at a
20 temperature of 800°C and a water vapor partial pressure
of 5 kPa for 1 hour. Determination of etching rate was
attempted in the above method, but it was impossible
because the inside of all the grooves was cavitated for
all aspect ratios.
25 Comparative Example 2
Using the above method, a hydrogenated
silsesquioxane polymer having a weight average molecular
weight of 5,000 in terms of polystyrene was coated on the
above substrate, and dried. The coating was heated in an
30 atmosphere (oxygen partial pressure 96 kPa) at a
temperature of 800°C and a water vapor partial pressure
of 5 kPa for 1 hour. Determination of etching rate was
attempted in the above method, but it was impossible
because nonuniform voids were formed in the inside of the
35 grooves with an aspect ratio of 2 or more. For the
grooves with an aspect ratio of 1, the etching rate (A)

in the inside of the grooves was 8.5 times greater than



tenperature of 800C and a water vapor partial pressure of 5 kPa for 1
"hour. Determ nation of etching rate was attenpted in the above nethod, but
it was inpossible because nonuniformvoids were formed in the inside of
the 35 grooves with an aspect ratio of 2 ofgnpre. For the grooves with an
aspect ratio of 1, the etching rate (A) in the inside of the grooves was
8.5 tinmes greater than 19 that (B) in the outside of the grooves. The

state of the ’Qlﬁ@hedB$Uiﬁa€ﬁeOBu1tth9r QQVQ&eWg&bo&@saSp%fe ddt@ &ff khenas
snoot h. Conparatiyv our - necked with an _intern volune

of 2 L was equf B%ﬂ ﬁP?ﬁaﬁegﬁg FggdﬁﬁﬁoﬁfﬁeWl§hn§@h£ﬁQﬁﬂt 553 & Land a

Dewar condensewasAfteothhe content of the reactor was replaced with dry

nitrogen, 1,50 i.di.ng was placed in the four-necked fl ask,
whi ch was 10 |§%ﬂ%a?%59?% E%X@F?bbgth at 40C. Then, 100 g of

met hyl hydr odi chl or o3i fang- magkgﬁoﬁﬂysﬁdWedhtH@remmermwmIW@LumﬂiQQ)AMHFIice
and stirring thesreagt HRAaMXEHS &, gazofgeﬁfln%mﬁ'i'ﬂ)'ea ?%e%'h%‘ﬁﬁéa@ own

therein. Then dry nitrogen was bl own into tHhe |'ayer for 30 m nutes
15 to renove e&%b%%eﬁnnﬁﬁﬁaatH@WéFrSﬁpd?ﬁéeﬁrod@éﬁeébﬁ@@n&@Qﬁﬁﬁﬁ|QQGQW%

téndﬁr re:czlucedI r@é@ﬁégrﬁasl Bepma@b@&@hﬁr larqf nd Ry odjietr, og@@oa)ndllusamgix?
uchner funnel, to.obtain iltrate. r.at . pyridine
usi ng an evapo?%fb?lﬁﬁvga55psaSFg1i 6&Fyﬁ@PﬁyPﬁfgﬁgp%ﬁfkaafgﬁéﬁy

wei ght awer ageinoobetalainwengbt lobathe atpaloytet hyheyndr dpel wsidfazane t hus

obtai ned was Q$é§é§1 gFoQOFQEQrSQEKEE%EM%% %%5%ﬁ§ﬁ%€ﬁgﬁﬁ%§%0p§1d was found

to be 5,000 in ystyrene hi S y'si |l azane
was coated on Whéleabgoélsgbwrcat échy ankde s&hiove ngetthed raed tdaredii Xthere,

coating vas hegpeq LR AfingrydCHadl TRSHG! S1CHEY GHRr NI dlndh BSur e 96
kPa) at a tenperafure of C and .a water vapor, partial pressure’of 5 kPa
for 1 hour. Th@ltrogen was blown into the liquid layer for 30 minutes

15 to remove excess ammonia therefrom.

The product obtained was filtered under reduced
pressure, in an atmosphere of dry nitrogen and using a
Buchner funnel, to obtain 1,200 ml of filtrate.
Evaporation of pyridine using an evaporator gave 45 g of

20 polymethylhydropolysilazane.

The weight average molecular weight of the
polymethylhydropolysilazane thus obtained was determined
by GPC (developing solution: CHCl,), and was found to be
5,000 in terms of polystyrene.

25 This polymethylhydropolysilazane was coated on the
above substrate by the above method and dried. The
coating was heated in an oxygen atmosphere (oxygen
partial pressure 96 kPa) at a temperature of 800°C and a
water vapor partial pressure of 5 kPa for 1 hour. The

30 determination of etching rate was attempted in the above
condition, but it was impossible because nonuniform voids
were generated in the inside of the grooves for all
aspect ratios.

Comparative Example 4

35 ' A four-necked flask with an internal volume of 2 L

was equipped with a gas feeding pipe, a mechanical

stirrer, and a Dewar condenser. After the content of the



30 determ nation of etching rate was attenpted in the above condition, but
it was inpossible because nonuniformvoids were generated in the inside of
the grooves .for all aspect ratios. Conparative Exanple 4 35 A four-necked
flask with an internal volune of 2 L was gguipped with a gas feeding pipe,
a nmechanical stirrer, and a Dewar condenser. After the content of the 20
reactor was replaced with dry nitrogen, 1,500 m of dry pyridine was
placed in the f@uétaecwad fzbg&&cewhmhhwai&y @Q&Irexdje\mith iscrm mihest, &G0 g of

di chl orosi | ane masda ded % Whlt% %p@ q;

(Si H2C12. 2C5HBRY = 950GK RS E’ESFF%!g SUENE eS| nlgast Wk VGF
mxture, 70 gcobladnmeiich was.sl Gwey, bu@antbér@unhIﬁnasuﬂqperwaS(gyﬁedNas
plown intothe hLadkd 186 enar S3OnTaUes s of QdURHRYS AAERSS 2 e, in

therefrom The product obtained was ltere
an at nosphere Uhl&eycﬁpﬂﬁ@gewléﬁdlﬁ§lﬁ@daStBG@HWQrtm@nﬁ@ﬁcﬁﬁ9nﬂﬂkﬁQV?Fr200

m of filtrateyg Eve@%ﬁ\}nba&aotqa@yrsll@mey l}!ﬁ'o%h %e@r\é@ﬁpratﬂferg% 40 g of
per hydr opol ysi | azane. The wei_ght avera% éTecu ar. wei ght of t he 15

perhydropolyS|PéﬁéﬁéeﬁhﬁésoHQQWﬁe&nﬁéb LEIFEd 1Y S&PE o A SHW RS
sol ution: CHCl8p, ramde&xE@@@damolnaal,tmeﬂmnt ernms of polystyrene. This

per hydr opol ysi | azang,_was ca d on t.he bove bst t.he, above net hod
and dried. The coat&ﬁ& Ré? g ﬁgéﬁé&e gi; gﬁe ﬁB%%ﬁ%H%‘%biVﬁen

partial1@ressup3e9§ukea)1ataa B&mpemﬁmumeodfd&@O@uﬂn¢g£nMﬂmd u&ﬂng a
partial pr essuggc%ﬁgdggﬁn qr l1hayiqLithe %togohltnﬂe orfatﬁdle"i‘a%edet erm ned

usi ng the abovée ne étchlng rates 0 I ' nsi t’he grooves
havi ng an aspeBvapatrigion 25 PYyT ik nepis ier @nalavaparaday reayeord higed
t han t hose of ggggggbébq?sqﬁagg%egrooves The state of the etched

interface was snoo for all aspect rati arative Exanple 5
R ecu?%gpwé%ght of gH)

The welght average mo
15 perhydropolysilazane thus obtained was determined by GPC
(developing solution: CHCl,), and was found to be 1,500
in terms of polystyrene.
This perhydropolysilazane was coated on the above
substrate by the above method and dried. The coating was
20 heated in an oxygen atmosphere (oxygen partial pressure
96 kPa) at a temperature of 800°C and a water vapor
partial pressure of 5 kPa for 1 hour. The etching rate
was determined using the above method, and etching rates
of the inside of the grooves having an aspect ratio of
25 2.0 or more were all three times or higher than those of
the outside of the grooves. The state of the etched
interface was smooth for all aspect ratios.
Comparative Example 5
A four-necked flask with an internal volume of 2 L
30 was equipped with a gas feeding pipe, a mechanical
stirrer, and a Dewar condenser. After the content of the
reactor was replaced with dry nitrogen, 1,500 ml of dry
pyridine was placed in the four-necked flask, which was
incubated in an oil bath at 60°C. Then, 100 g of
35 dichlorosilane was added therein to yield a white solid
adduct (SiH,Cl,*2C,H,N). While cooling with ice and
stirring the reaction mixture, 70 g of ammonia was slowly



A four-necked flask wwth an internal volune of 2 L 30 was equi pped with a
"gas feeding pipe, a nechanical stirrer, and a Dewar condenser. After the
content.of the reactor was replaced with dry nitrogen, 1,500 m of dry
pyridi ne was placed in the four-necked fl ,_which was incubated in an
oil bath at 60C. Then, 100 g of 35 dichlorosilane was added therein to
yield a white solid adduct (SiH2Cl2. 2C5H5N) . Wiile cooling with ice and

stirring the rgaghhophatgiyre, T¥Bngdel amalg@nwaeasslbqw 2htblpen
therein. Then dry nitrogen was Spomn |nto t he §UId | ayer for 30 mnutes

to remove excessddhfohPBeTt heFe oWﬁn?ﬁéspFBdEEPO 6t &FET WSO Per ed

under reduced 6h@f@55ume |n an at nosphere of dry nitrogen and using a

Buchner funnel, tain 0 of filtra poration f R ridine
usi ng an evaporator gvgrﬁ Q ?gk épﬁgdwgpokﬁgFF5z§ %f Rﬁ§ gﬁ? aver age
nmol ecul ab wei ghtes$utrdae 10 per hympepbbysl bdz dmy mhmsoglemalameid usaslg a

det er i ned by GEGinteexehaph N030bktLR 10Gk3hy ad s4as gund to be 30, 000

in ternms of polystyrene § per ropol’ysi l'azane "was coated on the above
substrate by t%%aﬁ%é@élﬁétﬁédpﬁﬁddéﬁﬁe§Slﬁﬁea@o&N@@@rﬂé§r Peviedtted iOF an

oxygen at mosphgeen{@xypgenyBaibizahelr essure 96 kPa), at a tenperature of
800C and a water vapor partial pressure_of 5 kPa, for 1 hour. In an SEM

exani nati on before SREhVRIIBY BHETAE6VECHECHIAT ¥erddltart Fdicds with a

ﬁi anet enoof 0. @érh9d90@5]}§m\.ﬂ&E2aﬁbS ehved obft a2 @ edh & aisn sied@ rafi nidie byt c@ees
avi ng an aspe ratio.of 2. or__nor rkin a A four-n

flask with an fﬁ?%?%gPlgglﬁﬂguB%OQ'LCﬁﬁévpéq%?%h%%Su??ﬂné Egsb?eé%fﬁggplpe
a nechani cal 2bnstermer pfapdlasbgwenecondenser. After the content of the

rleggtegrl ‘r’]"afh;ef'oﬁfeﬁec tg ?nggbb Wg?%':{’lajz’a%gow@s hadlet oY Hnd RBNRS
P substrate by the above method and dried. The coating was

15 heated in an oxygen atmosphere (oxygen partial pressure
96 kPa), at a temperature of 800°C and a water vapor
partial pressure of 5 kPa, for 1 hour. 1In an SEM

examination before etching by the above method, circular

voids with a diameter of 0.01 to 0.05 pm were observed in
20 the inside of the grooves having an aspect ratio of 2.0
or more.
Working Example 1.
A four-necked flask with an internal volume of 2 L
was equipped with a gas feeding pipe, a mechanical
25 stirrer, and a Dewar condenser. After the content of the
reactor was replaced with dry nitrogen, 1,500 ml of dry
pyridine was placed in the four-necked flask, which was
incubated in an oil bath at 20°C. Then, 100 g of
dichlorosilane was added therein to yield a white solid
30 adduct (SiH,Cl,°2C.H.N). While cooling with ice and
stirring the reaction mixture, 70 g of ammonia was slowly
blown therein. Then dry nitrogen was blown into the
liquid layer for 30 minutes to remove excess ammonia
therefrom.
35 The product obtained was filtered under reduced
pressure, in an atmosphere of dry nitrogen and using a
Buchner funnel, to obtain 1,200 ml of filtrate.



incubated in an oil bath at 20C. Then, 100 g of dichlorosil ane was added
“therein to yield a white solid 30 adduct (Si H2C12.2C5H5N) . Wil e cooling
with ice and stirring the reaction mxture, 70 g of ammonia was slowy
blown therein. Then dry nitrogen was bl ow,into the liquid |ayer for 30
m nutes to renove excess ammonia therefrom 35 The product obtained was
filtered under reduced pressure, in an atnosphere of dry nitrogen and

using a Buchngiapdraehont @fObgzailrdllueZQ&lmﬂg @ln fevdpctsor @de BRARPIG i On
of pyridine usi Eg g evapor a gl'eve 45 g of perhydropol ysil azane. The

wei ght aver agePfpP¥ EPBP weit ﬁ‘tz ‘the perhydropol ysil azane thus obtai ned
was determ ned by GPEBe S’e(lcje\telammm@&emiotltelcmuiarCH@h:g)ht afd s found to be

4,000 in ter t r I a & t he
above substra eggyggﬁéglgg’gggﬁe}h hg]%d%rl eg’%dﬁl'%}easco f\enéggﬁ\?\n/ascoa%gg;tﬂeac] in
an oxygerb at nosgrerdopoxggem lpdritnal GiCdssur end0wes kPund &b ket dnpélat ure

of 800C and a %@t% ¥aprgk oRakii-dl-Ressure of 5 kPa, for 1 hour. The
etching rate ggternlngg 35|§g tﬁ% above nmethod, and for all aspect

rati os, etchi ng r at 3516f PERBYOFSRGL Y61 L@ Ngr HefeS$oRERe AThrtdee tabasee or

| ess those of tsh%s%b%bd%yofthteh%b@fv@omho% ale stidle, ofTﬁéﬂe:c%t&hﬁ;d was
interface was snooth for all aspect ratios. Wrkin npl e 2
Vol RARE

four - necked fl 38RE&AL ﬁnaﬁnl REFEFE ArgogRbese 2°E‘ We&%scsdlre? gas
f eedi ng 10 pe, asnkehani ezl a2@esigerariureard mome’\mrambraderaferr wWider the

content of the actor. _wa pl d.w_th dry .ni.traogen, 500 .M of _dr
pyri di ne was plpgggdgllnptrﬁe% (%r -oﬁfgg’keg fdr . ho (}g T eQCCthtne% radtey
oil bath at 40@asTHetermddeg afsidigcHiher @dem@amk@dadm tﬂmrr el taosgaoeﬂ d a

white solid 25a%Q@§CteQ%%H%glgat%QS%ENkhe WMSf%éxgﬁ'ﬂﬂk‘ﬁﬂdbdégaﬁgyé

stlrrlngthe reactlon m xt ur e, % amoni a was sl ow
three times or less hose of the outside of the grooves.

15 The state of the etched interface was smooth for all

aspect ratios.
Working Example 2

A four-necked flask with an internal volume of 2 L
was equipped with a gas feeding pipe, a mechanical

20 stirrer, and a Dewar condenser. After the content of the
reactor was replaced with dry nitrogen, 1,500 ml of dry
pyridine was placed in the four-necked flask, which was
incubated in an oil bath at 40°C. Then, 100 g of
dichlorosilane was added therein to yield a white solid

25 adduct (SiH,Cl,*2C.H,N). While cooling with ice and
stirring the reaction mixture, 70 g of ammonia was slowly
blown therein. Then dry nitrogen was blown into the
liquid layer for 30 minutes to remove excess ammonia
therefrom.

30 The product obtained was filtered under reduced
pressure, in an atmosphere of dry nitrogen and using a
Buchner funnel, to obtain 1,200 ml of filtrate.
Evaporation of pyridine using an evaporator gave 45 g of
perhydropolysilazane.

35 The weight average molecular weight of the
perhydropolysilazane thus obtained was determined by GPC
(developing solution: CHCLl,), and was found to be 10,000



bl owmn therein. Then dry nitrogen was blown into the Iliquid |layer for 30
"mnutes to renbve excess amonia therefrom 30 The product obtai ned was
filtered under reduced pressure, in an atnosphere of dry nitrogen and
using a Buchner funnel, to obtain 1,200_mM30f filtrate. Evaporation of
pyri di ne using an evaporator gave 45 g of perhydropol ysilazane. 35 The
wei ght average nol ecul ar wei ght of the perhydropol ysilazane thus obtai ned
was det er m nedihyt&Pfas 6depengpk@geaelution CHClS) and was found to be

10,000 23 - in ter of ren Thi er oat ed
on the above subs?ﬁafg E Hg 88833 ﬁEFﬁS§ dFlg& dTﬁEIC§ &t NG %as
heated in an oxygenratanbphehe @bmygemepapdlahdpdess@re Th@6 cloRg)ingt was

temperature of 50064301 8;"8L5beKARANCSRALLLAY RLGRIULE BT KRALOLE!

hour. The etching rate  was ermne sin
aspect ﬁatlos96ekEthgtraté@mﬁﬁrﬁﬁérﬁn§ﬁd§0@fctﬁ@dg@o®@@§nmﬁaPOIthree

times or |ess %QP‘ﬁ?an tas ggb%@esoﬁ(prah@ogr Q0¥%g%r .10 tHae esac@«ltl%gofratt@e
etched interfate was snhoot ﬁ aspect ratios. Wrki Exa
Per hydr opol ysi Vas afi8t8bRanRed usa g itkiengPeYanprs hod, w@§dbé§Fé@1&na§E§C§bove

substrate by tb@t@bgveee‘ehma@ 2adesldfdihed inshgeCodt ithe DN @@rien an

t h I kP t t t f
300 and & wal EPE68pbt NBAr PralloarcleaRe B SHEPRFSASE Hole ARESERN ng

rate maﬂinetermheedtasengftheeabmwhednamhedfaandwherstounqﬂan arldt i os,
etching rates gg L g 29 Eg%ide of the grooves were three tinmes or |ess
those of the outside F € grooves. The state of the etched interface
was snoot h forWarkiagpEsampaei ds. Wor ki ng Exanpl e 4 Per hydropol ysi | azane

obtai ned in Wrki ngpEXaR-epé1y43 1423 ne0abe@ i9R4 He #RAYE ryulsdamie by the
above nmet hod and
was coated on the above substrate by the above method and

15 dried. The coating was heated in an oxygen atmosphere
(oxygen partial pressure 96 kPa) at a temperature of
4006C and a water vapor partial pressure of 5 kPa for 1
hour. The etching rate was determined using the above
method, and for all aspect ratios, etching rates of the

20 inside of the grooves were three times or less those of
the outside of the grooves. The state of the etched
interface was smooth for all aspect ratios.
Working Example 4

Perhydropolysilazane obtained in Working Example 2

25 was coated on the above substrate by the above method and
dried. The coating was heated in an oxygen atmosphere
(oxygen partial pressure 96 kPa) at a temperature of
600°C and a water vapor partial pressure of 5 kPa for 1
hour. The etching rate was determined using the above

30 method, and for all aspect ratios, etching rates of the
inside of the grooves were three times or less those of
the outside of the grooves. The state of the etched
interface was smooth for all aspect ratios.
Working Example 5

35 Perhydropolysilazane obtained in Working Example 2
was coated on the above substrate by the above method and

dried. The coating was heated in an oxygen atmosphere



dried. The coating was heated in an oxygen atnosphere (oxygen parti al
"pressure 96 kPa) at a tenperature of 600C and a water vapor parti al
pressure of .5 kPa for 1 hour. The etching rate was determ ned using the
above 30 nethod, and for all aspect ratiosy;getching rates of the inside of
the grooves were three times or |l ess those of the outside of the grooves.
The state of the etched interface was snooth for all aspect ratios.

Wor ki ng Exanpl Qo§y§5nP@bh~ytdraqp@r3eesislu&2aams odHaai red 4 rtéﬂpé(daﬁg;ﬂ'ﬂ(arﬁ)l e 2

was coated on § %lgg:v ubstr te b t he ahqv.e .,net hod and cl,

coating was heated Cat n@?&?erp@r s Broxygen poart e’i pr eossure
96 kPa) at a t apper.at The @ftchhn@)&@t@ndzaa \Amt@rrmnamﬁ yEimg alhepradssig e of 5
kPa for 1 houp. JRE CLGH N9, ahq Wasdet SLAlNed UNde dNe AR & s MEtdhod,

and for all aspéect ratios, "etching tes of '5 i nsi grooves
were three timssédel efs tthh?osaéo@fvest h@r@utté“!r@@ ofimefe Cgfrdcﬁ% thgee safate of

the etched intgefageswle %rfoqth@ \?groo%ls asped srtaéﬂé)%f WKidyxHenpl e 6
Perhydropoly5|lazane obt ai ned King Exanple 2 10 was coated on the

above subst rat éDEPIERE CalGFe SO tofd 2 1dr idePecthd &0k ng was heated in

an oxygen at nogpheieg (E;@gytgﬂ@ artial pressure 96 kPa) at a tenperature of
1, 150C and a water

, parti.al .pressur f 5 k e chi ng
rate was deternmi ned\él%l Or?é)lé'ﬁ(}aéazfé’enﬁk% Nehd %Orahlln%%‘ecqpq at(:azlt 0s,
etching r@ates ehst h:@atleldSlmhe tife tabeo vy conbest nagree Hyhrtéea tabese orretlresls atrhrbse
of the outsid f4qt.he §roQy T fq t
snooth for all %agpect rat] %s%w4:%ﬁs§ Elxeat ]31 238; Fggér:yl?ﬁ/d{r optehfy azane
obt ai ned i n Wor(kxygebx dayita &l paes ssost &b dfrPat he taboveerpiisatyie 4y t he

above net hod and ; s@ricedndlhe aqd ﬁ’éﬁsd”ae@éi%dl ISk b 98 Atymsphege
(oxygen partial pressure 96 kPa) at tenperature of 700C and a water

vapor partial pr&9%dre 5?65@WGQ%W§NI%Fe was determined using the above
15 method, and for all aspect ratios, etching rates of the

inside of the grooves were three times or less those of
the outside of the grooves. The state of the etched
interface was smooth for all aspect ratios.
Working Example 7

20 Perhydropolysilazane obtained in Working Example 2
was coated on the above substrate by the above method and
dried. The coating was heated in an oxygen atmosphere
(oxygen partial pressure 96 kPa) at a temperature of
700°C and a water vapor partial pressure of 50 kPa for 1

25 hour. The etching rate was determined using the above
method, and for all aspect ratios, etching rates of the
inside of the grooves were three times or less those of
the outside of the grooves. The state of the etched
interface was smooth for all aspect ratios.

30 Working Example 8

Perhydropolysilazane obtained in Working Example 2

was coated on the above substrate by the above method and
dried. The coating was heated in an atmosphere (oxygen
partial pressure 96 kPa) at a temperature of 500°C and a

35 water vapor partial pressure of 5 kPa for 1 hour, and
then heated in an oxygen atmosphere (oxygen partial

pressure 101 kPa) at a temperature of 600°C for 1 hour.



25 hour. The etching rate was determ ned using the above nethod, and for
“all aspect ratios, etching rates of the inside of the grooves were three
times or less those of the outside of the grooves. The state of the etched
interface was smooth for all aspect ratios,s30 Wrking Exanple 8

Per hydr opol ysi | azane obtained in Wrking Exanple 2 was coated on the above
substrate by the above nethod and dried. The coating was heated in an

at nosphere (oxygenetpathigalaReewstr 8e96 riiRPakdatisd nige Py albdhe afetIHRHC and a
35 wat er vapor Bgr i al gﬁlessure of 5 .kPa fgr 1 hour, and _ then .heated in an
3he Foryalh B 1553 2e d

oxygen at mosph Bky§ SPECh TahiessupEcigiiapates of tditpdiaidee
600C for 1 houthe2frodhesetveltienghtrate twaesdetre liszed hosien® ft it ealoanes ide

met hod, and fo | aspect ratigs, [ rates.of the insi of _the
grooves were th egk?i %gogssl'estsr%%hggtgggf IEgtqhé:%(()aut‘sa'st_'l%cllllém gptfgﬁjé%greo%\?ess. The
state of % he eswhethi Aber hdde awpecs savavls.-for all aspect ratios. Working
Exanpl e 9 Perhwggggg%yﬁkgﬁéqgegobtained in working Exanple 2 was coated. on
t he above substrate by the above nmethod and dried. The coating was heated
in an atnosphere at PErRydrerpérgidrédsr SH6E1aRd & witca g Srammris A

pressure of 5SykPachbated Baukhealbol/BeBubgatede Bya thiel lHp@RR mitHITPReIE
(nitrogen partlaLﬁgresere 101.kPa% at a tgnperature of 700C faqr 1 hour.
The etching rafEiGls del'&r FPREGTGsVAG PRETEFoVE A&t REFCSERE o tald aspect

15 rati ag) etchemgerateseobft bO0I°Asiade af whitergrnapoes peertd alt Ipres stumes or

| ess those of e.o i of. gr QQve T t at e of t ched
i nterface was é%ngtﬁkgoggglﬂ %ggﬁécggPa?P§§.m%§%%dn§ aa#gﬁé%ﬁgﬂbo
Per hydr opol ysi bamasphebeai( ned riogevid plirtg aix amelse uZe ids &dat)edtora t he above

substrate by tBenauoue, B! Bed 7apdc duied plhe coatingwas featad inan
at nosphere (oxyge partial pressure 96 kPa) at a tenperature of 500C and a
determined using the above method, and for all aspect
15 ratios, etching rates of the inside of the grooves were
three times or less those of the outside of the grooves.
The state of the etched interface was smooth for all
aspect ratios.
Working Example 10
20 Perhydropolysilazane obtained in Working Example 2
was coated on the above substrate by the above method and
dried. The coating was heated in an atmosphere (oxygen
partial pressure 96 kPa) at a temperature of 500°C and a
water vapor partial pressure of 5 kPa for 1 hour, and
25 then heated in a nitrogen atmosphere (nitrogen partial
pressure 101 kPa) at a temperature of 1,150°C for 1 hour.
The etching rate was determined using the above method,
and for all aspect ratios, etching rates of the inside of
the grooves were three times or less those of the outside
30 of the grooves. The state of the etched interface was
smooth for all aspect ratios.
Working Example 11
Perhydropolysilazane obtained in Working Example 2
was coated on the above substrate by the above method and
35 dried. To convert the coating to a siliceous material
coating, it was heated in an atmosphere (oxygen partial

pressure 96 kPa) at a temperature of 500°C and a water



wat er vapor partial pressure of 5 kPa for 1 hour, and 25 then heated in a
‘nitrogen atnosphere (nitrogen partial pressure 101 kPa) at a tenperature
of 1,150C for 1 hour. The etching rate was determ ned using the above
met hod, and for all aspect rati os, etchlqg%rates of the inside of the
grooves were three tinmes or |ess those of e outside 30 of the grooves.
The state of the etched interface was snooth for all aspect ratios.

Wor ki ng Exaﬂpl@aéclrP@ébwwppwgshaéaae gbkangdri N Woli,n@ntxamene 2 was
coated on the agggggsggaégaﬁagg ? BEg ﬁ qeﬁ? %ﬁaqﬂ 8?55%&| dﬁtTo convert
t he coating t of i C g, e a atnDsphere
(oxygen parti atempeessure 66 RQaYCana flehperat uTeeoktcblBGoamcit® waser - 26
vapor parti al Ssur f r u t r..vacuum
of "about 1. 33 BaCroroTefori g caS pbens hesAatst o Fortt HaRETThe
etching rsate mastldebeenphedgusangSthé abevéngedeodf ahe ﬂ@PQMqS ¥eFect 5

ratios, etch|ng fé&eﬁlﬂg ? i@%bd%hBEetQ% YhRO%ER W€ o ftQ%%eg&b%%%sor
| ess those of e out si grooves. The state of the et ched
interface was Eh@oﬁhaﬁéroélFhea§ﬁ68?dr&PF6§fa?ﬁeW@és§WP§t@f fegmpdriat i ve
Examples (1 toagﬁe@edraggowbrklng Examples (1 to 11) are sunmarized in
Table 1. - 27 - ~~u J 4] 4. 4.) 41 0 O 0
0000000O:: TP ngSHiWOSgoSBB@Sé)étero R‘S‘mﬁ esg (@ é‘%ﬁé B EE "
'~ E > 10 vl NgérrhnY) Ewambles (1 e¢o UWl1)rareosuomardzigdUid Takle 1.
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obtained by the method of the present invention, the
ratio of the etching rate in the inside of the groove /

5 the etching rate in the outside of the groove is 3 or
less over the range of aspect ratios of 1 to 5, and that
the difference in density of grooves of the sealed
material between the inside and the outside is smaller
than in Comparative Example 4 in which this ratio was

10 maximum at 5.5 and than in other Comparative Examples in
which there were voids and cavities.

Also, among a plurality of fine grooves with

different groove widths (grooves with an aspect ratio 1
and 5), the difference in density is a factor of about

15 1.6 at the maximum (Working Example 4, 11) in the
siliceous material coating of the present invention,
whereas a difference of three times or more was noted in
Comparative Example 4.

Furthermore, it can be seen from the present

20 invention that the difference in density between the
inside and the outside of grooves is not associated with
the degree of density of siliceous material coating. For
example, in comparison of Working Example 3 with Working
Example 6, the ratio of etching rate of the inside and

25 the outside of the grooves is almost the same, but from
the etching rate value at the outside of the grooves, it
is apparent that the siliceous material coating of
Working Example 6 is about 26 times more dense than that
of Working Example 3. Thus, according to the present

30 invention, the formation of low density siliceous
material coating or the formation of high density
siliceous material coating does not affect the difference
between the inside and the outside of fine grooves.
Industrial Applicability

35 According to the present invention, fine grooves

having a width of 0.2 um or less at the deepest portions

and the ratio of the corresponding depths to widths of 2



uuuuld4duvuvuul4uuvuu00000O W33333333303vvuUuUD28
"From the above results, it can be seen that, in the siliceous material
coating. (Wrking Exanples 1 to 11) obtained by the method of the present
invention, the ratio of the etching rate jy the inside of the groove / 5

t he etchlng rate in the outside of the groove is 3 or |ess over the range
of aspect ratios of 1 to 5 and that the difference in density of grooves
of the seal ed ofnazh@féaJ:abebwemartahenhlﬂskﬁleyaedaube Qutchi @d liis el | erOI tEan
in Cbnparatlve Exa 41n m at. 5..5 and. than
in other aT%Y?gg ExéHpF8§an°meF8§l HeFSgﬁégée53|8§ ﬁﬁ 6&@'%Fe§r

Al so, annng a phearattsydef brneidtbovésthet hrodveker ent groove w dt hs
(grooves with an aspect ratio 1 and 5), the difference in density is a
factor of about 15 1.6 at the maxi mum (Wrking Exanple 4, 11) in the
siliceous material coating of the present invention, whereas a difference
of three tines or nore was noted in Conparative Exanple 4. Furthernore, it
can be seen fromthe present 20 invention that the difference in density
between the inside and the outside of grooves is not associated with the
degree of density of siliceous material coating. For exanple, in

conpari son of Wrking Exanple 3 with Working Exanple 6, the ratio of
etching rate of the inside and 25 the outside of the grooves is al nost the
same, but from the etching rate value at the outside of the grooves, it

is apparent that the siliceous material coating of Wrking Exanple 6 is
about 26 tines nore dense than that of Wrking Exanple 3. Thus, according
to the present 30 invention, the formation of |ow density siliceous

mat erial coating or the formation of high density siliceous materi al
coating does not affect the difference between the inside and the outside
of fine grooves. Industrial Applicability



35 According to the present invention, fine grooves having a width of 0.2
"mor less at the deepest portions and the ratio of the corresponding
depths to widths of 2 29 or nore can be nore uniformy sealed with
siliceous material in ternms of density_regardless of the inside or the
outside, or wwdth of the grooves. - 30 - at is clained is: 1. A nethod
for sealing a fine groove with a siliceous material, characterized as
conpri sing applyi ngihat sbd udl £imed Bs per hydropol ysil azane having a weight 5
aver age nol ecul ar ight_in the range of. 3,000 fo 20,000 in,terns of

pol ystyrene to a S\Sﬁstrazf‘é“%tal?/‘?%gta ?%%Js{ﬁgo%e%b?%og’éoﬂgeiY{QIC fi dth of
0.2 mor ljess sitl idesou glampest 1 0y tdloar aate hbvédigaa campoisinghapplying
corresponding _ depth to the width of 2 e ereby_fill d seal 10
Che or bove i th THe eyt charyaraedely SRl wed PRELER DS hash?

per hydr opol ysidvezzse inmobecalamwsphieglet Tontaé nf aggeacer 3vapor too20hepeby

convert the F}]PT{ Qy&rmogy%éw{r}%@etw $1Lhi5E0HS TBL LG AL - 22 1850F hOd

according to claim1l wherein-a partial 15 pressure of watéer vapor in said
at nosphere i s dmre tdovarngerixig (g SvidtH04f kPPa2 Bn &r nké¢dedatctosdi ng to

claim1l1l whereipn sai heattin is,carried out Qt a %ne erature_in the range
of 400 to 1260EPST EOR AL MU LHIH rh 1367 a7in 1 RherBrROBAPH  eat | ng
is carried outddptlantattosphisdeh atf 2 tenpeere Ureo thetdbyr 8nge ehd466afo
PO angod WRliSle WARR, PALLR! nDISSA Erdlo1 181 [ 80060 01 R Beh@n 1Ol KPa,

followed by heatifig 1n an at nosphere ‘at_a tenperature in the range of 25
500 to 1, 200C hawtidrg oxygyepephydiepobyesbazane niihan abRgerbere. 5 to 101

kPa. 5. A met hod, @eeorgl Nea{Or bR L yher &t dopatgnvosat LRg IS carried out
in an atnosphere at_a tenperature in the range of 400 to 600C and a water
vapor partia|perhydropoly51lazane to the siliceous material.

2. A method according to claim 1 wherein a partial

15 pressure of water vapor in said atmosphere is in the
range of 0.5 to 101 kPa.

3. A method according to claim 1 wherein said
heating is carried out at a temperature in the range of
400 to 1200°C.

20 4. A method according to claim 1 wherein said
heating is carried out in an atmosphere at a temperature
in the range of 400 to 600°C and a water vapor partial
pressure in the range of 0.5 to 101 kPa, followed by
heating in an atmosphere at a temperature in the range of

25 500 to 1,200°C and an oxygen partial pressure in the
range of 0.5 to 101 kPa.
5. A method according to claim 1 wherein said

heating is carried out in an atmosphere at a temperature
in the range of 400 to 600°C and a water vapor partial
30 pressure in the range of 0.5 to 101 kPa, followed by
heating in an atmosphere of one or more of an inert gas
selected from nitrogen, helium, and argon at a
temperature in the range of 500 to 1,200°C.
6. A method according to claim 1 wherein said
35 heating is carried out in an atmosphere at a temperature
in the range of 400 to 600°C and a water vapor partial

pressure in the range of 0.5 to 101 kPa, followed by



30 pressure in the range of 0.5 to 101 kPa, followed by heating in an
“atnosphere of one or nore of an inert gas selected fromnitrogen, helium
and argon at a tenperature in the range of 500 to 1,200C. 6. A nethod
according to claiml1 wherein said 35 hea;iyy is carried out in an

at nosphere at a tenperature in the range of 400 to 600C and a water vapor
partial pressure in the range of 0.5 to 101 kPa, followed by 31 heating

in an atnosphepgawihf anrgdueeloppResEr #ieh hesgedibad br@skhiaeorofa Ieasuum
at a tenperature in_the range of 500 to, 1 2%00. 7. A SUbStrg%f havin%

si liceous coatFREPT br reliPasCEndr ¥8RUEBNAFI & A§TRESASAFFard &O% iy

| east one grovye bavipgoa’width of 0.2 ~Lmor less at its deepest portion

and having the ratig of hSuﬁgchgﬁBOHQb’i‘g ngt Pce glst RS Wi h e Pr MOT €
and a siliceous coating Tofmec ereon to |ﬁ and seal sai'd groove,
wherein $ai d 1Bherepoeocaspraténpgap BvRELHGLEs COBBSLAdNdalllty foasd ¢M&/oi ds
in the inside of the groove, and e etching rate.in_said.. grogov t its
deepest portioﬂr?gvgtgﬁﬁépgtﬁrgéd%ang @hg a@tgﬁi%ﬁgﬁagg 6ﬁ%t%%e§ﬁ%$éce of
said siliceousppatebhakndchaving. the BatAoswvlisthat edraeispynsiilng eyt h
coating formed, thereon cording_to claim,7 _wherei i r.QQve

width at its nﬁgtbﬁgeﬁlﬁgﬁtPgnbo rom?rﬁ18Pdlgs§}l§ﬁ °§§s%§%§%.%>%$ﬁ¥%%
depth to its wtHeheofi #oofilbr end9seAlssbstr groovavi mpegidinceaisl coat i ng
formed 30 ther gons AEERLANDYELG,! BbEY InBNeLelLha LGN AL &2 vdi
deepest "portion~in "sard groove is at nost twice the etching rate on the
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siliceous matérial coating contains nitrogen in the nan%F of 0.005. to 5%
in terns of atﬁﬁFElﬁérEéﬁ?aﬁé.the surface of said siliceous material

coating.

15 8. A substrate having siliceous coating formed
thereon according to claim 7 wherein said groove has a
width at its most deep portion of 0.1 um or less, and has
a ratio of the depth to its width of 4 or more.

9. A substrate having siliceous coating formed

20 thereon according to claim 7 wherein the etching rate at
the deepest portion in said groove is at most twice the
etching rate on the surface of said siliceous material
coating.

10. A substrate having siliceous coating formed

25 thereon according to claim 7 wherein said siliceous

material coating contains nitrogen in the range of 0.005

to 5% in terms of atomic percentage.



