1 METHOD FOR FORMING ISOLATION STRUCTURE TECHNICAL FIELD 5[0001]This invention relates
to a method for forming insulating films in electronic devices. BACKGROUD ART [0002]In an electronic
device such as a semiconductor 10 element, semiconductor parts such as transistors, resistors and the
like are generally arranged on a substrate. Those parts rhust be electrically insulated from each other,
and hence it is necessary to provide an isolation structure among them so as to separate them. 15 [0003]
Meanwhile, in the field of electrdniti Y iCEIR th® Bt (s disOhfepiaib® degled BRke been increased in
recent years. According to the increase of the density and integration degree, it has been required to form
isolation structures minute enough to meet the needed 20 integration degree. New isolation structures
satisfying that requirement include a trench isolation structure, which is formed by carving fine trenches
on the surface of a semicondG&bMN B dtEEAR then filling the trenches with insulating material so as to
electrically 25 separgg@@iiart posititiied piveneisitle fedatanotberapath erhibe otber fidendhgach trench.

The structure thus separatinqr{_b}glg@f Cﬂﬂﬂ‘é%c‘éﬁ{?&%‘?\'ﬁéi‘a%@{@& as compared with the conventional
e

structures, and is accordingly effectiveTn achieving the high integration 30 degree required in these days.
In addition, if the parts are layered three-dimensionally to increase the density, it is also necessary to
provide an insulating layer bBAE€G R dfRTectro-conductive material. As the insulating layer, a

pre-metal dielectric @M@tgr 3sintefrmgial diglacisicit MIRLIHE is Wbl [Q0Q4IRE Sermipgoihe above

isolation struc;&ggs, some g&ocessgs are developed,For example, theFE is apr cess.ig which a

substrate surf having a tr eH'§Pbeturs IS &S mea&?% ositigh torfiZini Ba&ﬁlf ?)rr%’cursor to fill

the trenches in, and then firetegiséafs and the like are generally arranged on a
substrate. Those parts must be electrically insulated

from each other, and hence it is necessary to provide an
isolation structure among them so as to separate them.
15 [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 been required to form
isolation structures minute enough to meet the needed
20 integration degree. New isolation structures satisfying
that requirement include a trench isolation structure,
which is formed by carving fine trenches on the surface
of a semiconductor substrate and then filling the
trenches with insulating material so as to electrically
25 separate a part positioned on one side from another part
on the other side of each trench. The structure thus
separating the parts can reduce the isolation area, as
compared with the conventional structures, and is
accordingly effective in achieving the high integration
30 degree required in these days. In addition, if the parts
are layered three-dimensionally to increase the density,
it is also necessary to provide an insulating layer
between layers of electro-conductive material. As the
insulating layer, a pre-metal dielectric (PMD) or
35 inter-metal dielectric (IMD) film is usable.
[0004] For forming the above isolation structures, some



5 an oxide film (Patent document 1). There is also a process in which the trenches on the substrate
surface are filled with the composition containing oxide precursor and thereafter an insulating film is
further inlaid therein by means of high density plasma CVD 10 (Patent document 2). Further, still also a
process is disclosed that comprises the steps of: coatingZa substrate surface with porous silica precursor
to form a porous silica film, and then forming an oxide film thereon by CVD to form an interlayer insulating
film 15(Patent document 3). PRIOES ST DECUUENTIBSEA005] fPateex domuiment 1§ dapimese Patent

Laid-Open No. 2005450702&@5’@%%“‘1@%%5“ 8l %@%@?é?epﬂﬂ%kéidhgp%'\'@- 2PORHI3645
[Patent document 3] Japaneseé Patent Laid-Op%lé\lo..ﬁf])OS-235479 Patent do%ument 4 J?ﬁ)anese Patent
RIC teft

No. 4408994 25[Patent docuRien f]eaplgnce%g ai%-é%@r{) ﬂo'.t%f-fw 3gﬂqﬁa B &ocument 6]
Japanese Patent Laid-Open Rieoep330788 the trepehas dociahent7eDapandssorieeht Laid-Open
No. 302006-188547 [Patent decusxete SFilapa(rse:Rateiddwide@pen WNo. 20R6-8160a1{Batent

document 9] Japanese Paterg@%gﬁﬁcgﬁﬁ%&?g%r%gﬁg %PI&%LQME 8F 4[}I¥§ggION

PROBLEM TO BE SOLVED _ _ - o _
are filled with the composition containing oxide

precursor and thereafter an insulating film is further

inlaid therein by means of high density plasma CVD
10 (Patent document 2). Further, still also a process is

disclosed that comprises the steps of: coating a

substrate surface with porous silica precursor to form a

porous silica film, and then forming an oxide film

thereon by CVD to form an interlayer insulating film
15 (Patent document 3).
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[0006]However, when the insulating films provided by 5 conventional methods for forming isolation
structures are used in recent devices having very minute structures, fine trench walls therein are often
unable to bear stress applied by the oxide films and, as a result, there are often problems of causing
cracks and deformation of the 10substrate. MEANS FOR SOLVING PROBLEM [0007]The present
invention resides in a method for forming an isolation structure, comprising 15a coating step, in which a
first polysilazane compositioR sbtadsiRE §orof¥e ENdd§1n the surface of a substrate to form a coat;
a first firing step, in which said coat is fired to form a porous siliceous film having a refractive index of

201.3 or less; an impregp(?\g}gl_%ﬁlpgjé %@%@E\'ﬂf%owsrﬂ ' Eﬂﬁwrﬁgmpregnated with a second

polysilazane composition; an econd firing step, in'which sald porous siliceous 25film is fired
to form an isolation ARG E of a silitewey fiin MdVRYy dhefrieavéatiasx Hima rravideEFPECT OF THE

INVENTION [0098]The presefgrivesttionnahlehisdiorfoanfisetaiiog Jesradsie baniaguardaw shrinkage
percentage and a low stress.a]jglqig‘%agllqr}éggﬁpaeeg% rﬁ\ég)?}]rg r\r/%?jhrlﬁﬁg
nd a g film from exfo

Qngligiedom causing
cracks and pattern collapse a SO can prevent an insulatin iation. '
fine trench walls therein are often unable to bear stress

applied by the oxide films and, as a result, there are
often problems of causing cracks and deformation of the
10 substrate.

MEANS FOR SOLVING PROBLEM

[0007] The present invention resides in a method for
forming an isolation structure, comprising
15 a coating step, in which a first polysilazane

composition containing a porogen is cast on the surface
of a substrate to form a coat;
a first firing step, in which said coat is fired to
form a porous siliceous film having a refractive index of
20 1.3 or less;
an impregnating step, in which said porous
siliceous film is impregnated with a second polysilazane
composition; and
a second firing step, in which said porous siliceous
25 film is fired to form an isolation structure of a siliceous
film having a refractive index of 1.4 or more.

EFFECT OF THE INVENTION
[0008] The present invention enables to form an isolation

30 structure having a low shrinkage percentage and a low
stress. This isolation structure can prevent a trench
isolation structure from causing cracks and pattern
collapse and also can prevent an insulating film from
exfoliation.

35



BRIEF DESCRIPTION OF THE DRAWINGS [0009]Figure 1 shows schematic views illustrating the
method for forming an isolation structure according to the present invention. 5 BEST MODE FOR
CARRYING OUT THE INVENTION [0010] The method of the present invention for forming an isolation
structure can be applied to formation of various kinds of fsolation structures. This means that, 10 for
example, the method can be used for inlaying a siliceous film into trenches or the like formed on a
substrate and also for laying BRIllide UsSiiR 18 VB QFlatdbHafRAW/ $MEee or a substrate surface

provided with electrqri parts theregig dp001 1EHvaedakipigeming @s isaiasian atnecter will be
explained below with reference tﬁ“thg Qrawi_n%,1 br}/ way Qf%aén&[;, iﬁ_th% case Whel‘% a siligeous film is
inlaid into trenches of a shallOW treRch 1€o1afoR 'Si8iclle! T ]S( )“Eo%ﬁ%gas?EBr n ir§)t, a substrate
1 is prepared. The substrate th@igiReaTAN¥ESsTBGIBed with ridges and furrows, which constitute a groove
structure for formping a shallow trench isolation structure.There are no particular 25restrictions on the

material of the substrate, ang$¥ Iﬁﬂ@‘ﬂ'ﬁ %ﬁtr h\% @)gllic?ﬁ GEWEWe used. Further, the
b

groove structure can_be formed by any method. The concrete procedures are, for example, as follows.

30[0013]In the first prB0ddlke, a silidEEUMRHRFoRhic 6N RAESEMadB R REQR P Ut By, for
example, the thermal oxidatienmisthied i drhestiticebu=filoais deneagllyl imddédo feaveatithickoéss of 5 to

30 nm. [0014]According to ngeagsils &Filconpifddest|Bhisdhenrgpaaposieqonibgdermegksiliceous film

by, for exampigfhe low-presgure GV ethag T sieon eI, e or intaying 2

siliceous film into trenches or the like formed on a
substrate and also for laying a siliceous film to cover a
flat substrate surface or a substrate surface provided
with electronic parts thereon.

15 [0011] The method for forming an isolation structure will
be explained below with reference to the drawings, by
way of example, in the case where a siliceous film is
inlaid into trenches of a shallow trench isolation
structure.

20 [0012] (A) coating step

First, a substrate 1 is prepared. The substrate 1
(Figure 1(A)) is provided with ridges and furrows, which
constitute a groove structure for forming a shallow

trench isolation structure. There are no particular

25 restrictions on the material of the substrate, and any
known substrate such as a silicon substrate can be used.
Further, the groove structure can be formed by any
method. The concrete procedures are, for example, as
follows.

30 [0013] In the first procedure, a siliceous film is formed on
the surface of a silicon substrate by, for example, the
thermal oxidation method. The siliceous film is
generally made to have a thickness of 5 to 30 nm.

[0014] According to necessity, a silicon nitride film is then

35 deposited on the formed siliceous film by, for example,

the low-pressure CVD method. The silicon nitride film



5 will function as a mask in the following etching procedure or as a stop layer in the polishing procedure
described later. If formed, the silicon nitride film is so deposited as to have a thickness of generally 100 to
400 5nm. [0015]The siliceous or silicon nitride film thus formed is then coated with a photoresist. If
necessary, after dried or hardened, the photoresist coat & subjected to exposure according to a desired
pattern and then 10 developed to form a pattern. The exposure can be carried out in any manner such as
mask exposure or scanning expbstits cthephatresistroas be #iso tfreelyfodlentsngin wevhiofgesolution

and the like. [0016]By use of é'ﬂ@é@ﬁ'ﬁ?@ Qﬂofﬁe@%t@ﬂ" ?agy@rmﬁ‘fﬁ“t’h@tﬁﬁﬁﬁﬁﬁ W@tﬁaﬂ'ﬂ’ré”d the
siliceous film laid thereunder are etg)heéi 1n order. A%a reSlélt(% this ﬁroc%dulr{e it e HFsirciesd Qattern is
1 7]

escr ater. frﬁrms Sssi'

formed on the silicon nitride film~anc fife S|I|ceousI fil _ il6AsUbsHaR L' Reh su%jected to 20
dry-etching by use of the pat@¢Res sdoashipideaaied ilibédireamme g annaailytd 8Btam HiOsubstrate 1
provided with trench isolatiomgrqoves (Figure 1(A)). [0018]The widths of the formed trench isolation

grooves depend on figpagiem useq-utigiRASLTB OLIE 075 APIECSIRCaALANRReKR. fhe widths of
trench isolation grooves in semiconductor elements are properly selected according to the aimed

elements. However, the presEfeh&aes éﬁg\nsae?m%@l%’éﬁreéﬁmﬁféeéééé\(ﬂh’g@'fh%rfféilwch isolation
grooves have narrow 30 widtrs dratigghesspeth eatiphokocesisiglycdbe gisovewidtbtads preferably 5 to

50 nm, more preferably 5 to @Q(nguTrtée 3RReAJ R bis, v@ic&égi@éatiop%fty@rgrogp{@ deRityb to the
width a, is pref Bably 10 to_lOgO, m%gaé)refga%lé/ _1 to 50. §5%0019]I tkée ré()e(xt strggeedlégeﬁ trll:)eesilicon
substrate 1 thus prepared is Gate ﬂa at8fidl 1 c%%tt Uﬁhgt Q P
carried out in any manner such as mask exposure or
scanning exposure. The photoresist can be also freely
selected in view of resolution and the like.
[0016] By use of the formed photoresist film as a mask,
15 the silicon nitride film and the siliceous film laid
thereunder are etched in order. As a result of this
procedure, the desired pattern is formed on the silicon
nitride film and the siliceous film.
[0017] The silicon substrate is then subjected to
20 dry-etching by use of the patterned silicon nitride and
siliceous films as a mask, to obtain the substrate 1
provided with trench isolation grooves (Figure 1(A)).
[0018] The widths of the formed trench isolation grooves
depend on the pattern used in the exposure of the
25 photoresist coat. In general, the widths of trench
isolation grooves in semiconductor elements are properly
selected according to the aimed elements. However,
the present invention shows excellent features in the
case where the trench isolation grooves have narrow
30 widths and high aspect ratios. Accordingly, the groove
width a is preferably 5 to 50 nm, more preferably 5 to
40 nm. The aspect ratio b/a, which is a ratio of the
groove depth b to the width a, is preferably 10 to 100,
more preferably 10 to 50.
35 [0019] In the next procedure, the silicon substrate 1 thus
prepared is coated with a material for constituting the



6 basic structure of a siliceous film, namely, with a first polysilazane composition serving as a precursor of
the film, to form a coat. The composition can be a solution obtained by dissolving any known polysilazane
5compound and a porogen in a solvent. [0020]The polysilazane compound used in the present invention
is not particularly restricted, and hence can be freely selécted unless it impairs the effect of the
invention.It may be either an inorganic or organic 10 compound. Preferred examples of the polysilazane
compound include a polysilazsascatmprdingethef falosiiiag aoiss ik to r{onialgombitratorfi ke | + 41--- il

miill rn2 Si N m3 H H"I- H-1- jA\x{IBddHe compddihieieireanhef Y ta rP\?aég@rggml&r tpdicating the
15polymerization degree). ... The ab?ve com 8%@(1 is].%réir&%r%?onicigplﬁsi azane comgPuL{nﬂgr{eferred to
y

as "perhydropolysilazane”. Itﬁgnﬂarﬁgulgﬂ?p&ﬁe erred for the per y%?opg scll‘?slga%  RAVES

polystyrene-reduced weight SRiRigeefholeVilar diResiyHRET 700w 30800002 1PRXAPHFEa S the
polysilazane compound alsocompound and a porogen in a solvent.

[0020] The polysilazane compound used in the present
invention is not particularly restricted, and hence can be
freely selected unless it impairs the effect of the
invention. It may be either an inorganic or organic

10 compound. Preferred examples of the polysilazane
compound include a polysilazane comprising the
following units (Ia) to (Ic) in combination:

w w -

{5 Asv s
i T T e
(Ia) (Ib) (Ic)

(wherein each of m1 to m3 is a number indicating the
15 polymerization degree).

The above compound is an inorganic polysilazane
compound referred to as “perhydropolysilazane”. It is
particularly preferred for the perhydropolysilazane to
have a polystyrene-reduced weight average molecular

20 weight of 700 to 30000.
[0021] Examples of the polysilazane compound also
include: a polysilazane which has a skeleton mainly
represented by the following formula (II):

Rl
|
%Si—N% (1)
| | n
R? R3
25 (wherein each of R!, R? and R® is independently a

hydrogen atom, an alkyl group, an alkenyl group, a
cycloalkyl group, a cycloalkenyl group, an aryl group, an
arylalkyl group, an alkylsilyl group, an alkylamino group,
an alkoxy group, or another group, such as a fluoroalkyl



include: a polysilazane which has a skeleton mainly represented by the following formula (I1): 41 Si N(II)
+n R2 R3 25(wherein each of RI-, R2 and R3 is independently a hydrogen atom, an alkyl group, an
alkenyl group, a cycloalkyl group, a cycloalkenyl group, an aryl group, an arylalkyl group, an alkylsilyl
group, an alkylamino group, an alkoxy group, or anotherfroup, such as a fluoroalkyl 7 group, which
contains a carbon atom directly connecting to the silicon atom, provided that at least one of Rl, R2 and R3
is a hydrogen atom; and n is @rounnpbey liiclic aiing atespalyeaebigatie boshe gtiées cihd adrictelbisg number 5

average molecular weight of ghqulel i R088OHANE MHOMiRA goarPoungs dbespal. Praanin?

polysilazanes like this compoun
function as porogens describ28

W. TwWo'or re ne compoun

%?,Tjgn%ion as I[‘eCléthSOt’ﬁ or]f,lt_hgﬁciéi%eogs filllmmagd fLIJI[]rtTaleCratge may also
elo VS Rore ot YRS stV po|ysﬁazg

can be used

in combination. [0022]The fir§hgolPsl|XranE zatiposHea el mNHe PiRiséht hafention e6M&Rs a
porogen. When he coat is drigc eagldirath ldeuparogendiattly fdetauaposes ans SGpomatesmvay to form

voids in the siliceous film. 15@@%%@’8 Q(gg,p,?l-{

as follows. (a) Organic group-substituted po

When the coat is fired, the sUbSBHERNG BFb%ﬁ‘ﬁ{

10

15

20

25

30

35

ilazane compound represente
function as precursors of the siliceous

film, and further they may also function as porogens
described below. Two or more of the above polysilazane
compounds can be used in combination.

The first polysilazane composition used in the
present invention contains a porogen. When the coat is
dried and fired, the porogen partly decomposes and
evaporates away to form voids in the siliceous film.
There are no particular restrictions on the porogen, and
examples thereof are as follows.

(a) Organic group-substituted polysilazane compound
represented by the above formula (II)

When the coat is fired, the substituting organic
groups are evaporated away to form voids according to
the firing conditions. Accordingly, the compound serves
not only as a material of the siliceous film but also as a
porogen. Particularly preferred are polysilazane
compounds having alkylsilyl groups, alkylamino groups
or alkoxy groups.

(b) Polyacrylic acid and polymethacrylic acid (Patent
documents 4 and 5)

(c) Organic resin which is selected from the group
consisting of homo-polymers and co-polymers of acrylic
esters and methacrylic esters and further which contains
carboxyl groups or hydroxyl groups at, at least, a part of
the pendant groups (Patent document 6)

(d) Siloxy group-containing polymer, such as, siloxy
group-containing polyethyleneoxide  compound or
copolymer comprising that as a monomer unit (Patent
documents 7 and 8)

ormula (1)

g'sﬁll]J]lag resgietigns (g],r p@r&g%%e%gm%gfs thereof are



20 groups are evaporated away to form voids according to the firing conditions. Accordingly, the
compound serves not only as a material of the siliceous film but also as a porogen. Particularly preferred
are polysilazane compounds having alkylsilyl groups, alkylamino groups 25or alkoxy groups. (b)
Polyacrylic acid and polymethacrylic acid (Patent docum@nts 4 and 5) (c) Organic resin which is selected
from the group consisting of homo-polymers and co-polymers of acrylic 30 esters and methacrylic esters
and further which coh@2s tarboxylAmoupg dihieycridaylegpumsgan st |past] aupartyofphefperetint groups

(Patent document 6) (d) Siloxy HOYWLAPAAIRGS RIYAE 1$86aS, 8§10 ucture in which
group-containingpolyethylen oxcllgecompoupdor 358?pol)érﬂ§|zré:om rlsm%that as a monomey, unit (Patent
S, par r

documents 7 and 8) 8 [0023 AYmo%%etHe %S%Sporo_geﬁ ) i a0r|§75|oI S i 5epolelgrrn|Xosilazane
having a structure in which h§diRgéH s B p ey palpsiias and aid peFt P wigstiededswith amino
groups. Further preferred is & polanaisivsitazane whethhashasumder average moiaitagweight of

about 800 or less and also whiglds IRAFERRALTL r BB LOIORHIS TLAR URGRALD Wi is

represented by the following formula (III):

10 (wherein
each of R?® and R® is independently a hydrogen
atom or an amino group having a hydrocarbon
substitutent, provided that R® and R" are not hydrogen
atoms at the same time;
15 R®is a hydrogen atom or a hydrocarbon group;
in the case where R? R® or R® contains one or
more hydrocarbon groups, each hydrocarbon group is
independently an aliphatic or aromatic hydrocarbon
group which is preferably selected from the group
20 consisting of alkyl groups, alkenyl groups, cycloalkyl
groups, cycloalkenyl groups, aryl groups and arylalkyl
groups and further which has generally 20 or less,
preferably 10 or less carbon atoms;
the hydrocarbon group is preferably an alkyl group
25 having 1 to 8, particularly 1 to 4 carbon atoms; and
p is a number indicating the polymerization
degree).
[0024] The first polysilazane composition used in the
present invention contains a solvent capable of
30 dissolving the above polysilazane compound and
porogen. 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.



Rb Rc 10(wherein each of Ra and Ra is independently a hydrogen atom or an amino group having a
hydrocarbon substitutent, provided that Ra and Ra are not hydrogen atoms at the same time; 15IR" is a
hydrogen atom or a hydrocarbon group; in the case where Ra, Rb or IR" contains one or more
hydrocarbon groups, each hydrocarbon group is indeper®iently an aliphatic or aromatic hydrocarbon
group which is preferably selected from the group 20 consisting of alkyl groups, alkenyl groups,
cycloalkyl groups, cycloalkenptgfeursd] arybonolps ahdhxeytaikyegtounssweahel: further which has generally

20 or less, preferably 10 or legs) cahgmatdscompounds, theudrirerarhgeup istpigierebly an alkyl

group 25having 1 to 8, particularly 1 to 4,carbon_atoms; and pis a number indicating the_polymerization
degree). [0024]The first polys)ﬂg]ga{"neé c%mg))%ﬁ%zne&seédqr'} ﬂﬂeg} E)l?ggezn r}ref\’/etrlrtllgqne%hx%iﬁggego vent

capable of 30 dissolving the 2b@ve [H6I9ENABABZYMHountPAnd SaBH@teThe JHIEIRCASEORere is
different from thgt used in theafamentpnedichpregnatipg sedHoN. iTpertane porpddiralags yestrictions

on the solvent as long as it c§1_q_|dg§§ﬂlé(e ti}\e_ ﬁgg\{gr?é’mpﬁﬂ%'ﬂ)tﬁa n% Preﬁggli%ﬁé;?;qﬁ%%y e solvent

include: (a) aromatic compounds, such as benzene, foluene, xylené, eth _ thylbénzene,
trimethylbenzene andtriethyl BERRMB) 2P ARARY AT S RanpdtrRResUS &isYiitane,
i-pentane, n-hexane, i-hexanbyditepgtenen i-heptapeumadsiansy bctae, rtioragpelalmexane, n-decane

and i-decane; (c) alicyclic hygreaaipR) SYREQHRES, such @ic_qg]yg;y%exane,@@mﬁlg@lﬁggxane,
cyclohexa_ne, C fglohexer!e, 1Q£P-]metnthane, dﬁca%dﬁnaﬁﬁﬂh Iﬁnfﬁ’ d%ent(ane an.d limonene; (d) ethers,
such as dlpropg ether, dlbutﬁ e, Bﬁerl]ﬁyl etA&F TN W B(}ya )'7| the tﬂg%ﬂaﬁer,? rred to as
MTBE) and anisole; and (e) KtopieensucH @ rabiig/issobUsh kéoneigideialshasrafirrdy ko as MIBK).
Among them, more preferrededffer, diethyl ether, methyl tertiary butyl ether

(hereinafter, referred to as MTBE) and anisole; and (e)

ketones, such as methyl isobutyl ketone (hereinafter,

15 referred to as MIBK). Among them, more preferred are

(b) saturated hydrocarbon compounds, (c) alicyclic

hydrocarbon compounds, (d) ethers and (e) ketones.

[0025] Those solvents can be used in combination of two
or more, so as to control the evaporation rate, to reduce

20 the hazardousness to the human body and to control the
solubility of the components.

[0026] The first polysilazane composition used in the
present invention can contain other additives, if
necessary. Examples of the optional additives include

25 crosslinking accelerators that promote the crosslinking
reaction of polysilazane, catalysts of the reaction
converting into silicon dioxide, and viscosity modifiers
for controlling viscosity of the composition. Further,
when used for producing a semiconductor devise, the

30 composition can contain a phosphorus compound such
as tris(trimethylsilyl)phosphate for the sake of
Na-gettering effect.

[0027] The contents of the above components depend on
the coating conditions and the firing conditions.
35 However, the polysilazane composition contains the

polysilazane compound in an amount of preferably 1 to



(b) saturated hydrocarbon compounds, (c) alicyclic hydrocarbon compounds, (d) ethers and (e) ketones.
[0025]Those solvents can be used in combination of two or more, so as to control the evaporation rate, to
reduce 20the hazardousness to the human body and to control the solubility of the components.
[0026]The first polysilazane composition used in the preb@nt invention can contain other additives, if
necessary. Examples of the optional additives include 25 crosslinking accelerators that promote the
crosslinking reaction of polysBézamt’/cataipses gfrglkeraadtyiod comvaaingtitite dikcsarddioridd)e@and viscosity

modifiers for controlling viscogibapfithe fempesiien.dovrhssitiden UsRd, it REdysingrasasmiconductor
devise, the 30composition can contain a Qho§Hrégru com ound

ugh . :
astris(trimethylsiIyI)phosphatgf%rtwgsaarkeqf%a-ge ering e e'j‘c%_.e %E%]?He%for%'ﬁ%'b?%ﬁ@_%dé‘ve
components depend on e coRfhgsE@Fainens Eaid BRS Hidg, coRdilonth 85 H®RREs teMolysilazane
composition corgains the polygilaizane a9npedyisidpaneaseitd rifratederakin bto alidbgbaut%s more

preferably 2 to 20 wt%, basegop@ Sti %t%%yﬁi%}@{ tE‘?e“?Eb‘fSﬁHﬂ”sN%"&G*Pg":ﬁ&e yﬂf‘?egy Do means

restricts the concentration of polysilazane in the polysilazane composition, and the composition 5 having

any polysilazane concentratibR€aR BS8A5pIEY 8RMY as it B&n FARTEN iRfafBis sPOERPESpecified by
the present invention. The coraergfabeopdiogebovaviestakonddvfy po vawerkimngl o§edrobenh is used, but is

preferably 40 to 90 wt%, morgieiesahly 28 {8 KXoWiH®,, more preferably 50 to 90 wt%,

10 based on the total weight of the polysilazane
composition. The mixing ratio between the porogen and
the polysilazane compound can be adjusted so as to
control the refractive index of the siliceous film
described later.

15 [0028] The first polysilazane composition can be cast 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
consideration of evenness of the formed coat. The

20 thickness of the coat, that is, the thickness of the coat
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 coat is too thick,
the evenness thereof is often impaired. On the other

25 hand, it should be noted that, if it is too thin, the
polysilazane composition is often supplied insufficiently
to fill the grooves in, and consequently the trench
side-walls may collapse or it may be impossible to form
a siliceous film having enough thickness. Thus in this

30 coating step, the trenches are filled with the first
polysilazane composition 2 (Figure 1(B)).

[0029] (B) first firing step
After the coating step, the coat is fired so as to
convert the whole coat into a siliceous film. The firing

35 procedure for converting the coat into a porous siliceous
film is preferably carried out in a hardening furnace or



10 based on the total weight of the polysilazane composition. The mixing ratio between the porogen and
the polysilazane compound can be adjusted so as to control the refractive index of the siliceous film
described later. 15[0028]The first polysilazane composition can be cast on the substrate according to any
coating method, such as spin coating, curtain coating, dlgcoating and the like. Among them, spin coating
is particularly preferred in consideration of evenness of the formed coat. The 20 thickness of the coat,
that is, the thickness of the coat forintddiattheusudsstrate Buefdcgads the ara@hedtrniesgivdnes are not

provided, is preferably 20 to %ggﬁgmm@rq\,gr@fpr@glﬁ&@ o0 et drthpapri s OmbuFeate evenness
thereof is often impaired. Onfthe ot }?and its %uld be nq’lted that, if It.is.too thin, the ﬁalysilazane

r.25
composition is often supplied msdfficiently td fill the grooves if, and consequen e trench side-walls
tion 1 often suppled PaSHUGIRD 0 AR B068 e NoE ALY AP R e vt
may collapse or it may be imp6s8ibid ierfra A iRl Ma/ingkholig P IEERAEs R THIY in this
30coating step, ghe trenches silafllad wishtbeiist palysiprane ¢rpdsitiomZe(igitea M&ph10029] (B)
first firina step After the i tep, IS fir oast ve into a siliceous
film. The firing 35procedure ggﬁégﬁ/grﬁggtﬁfg@%ﬁ%o?éorgﬁs%ﬁggbu@tﬁﬁ%;ppc))égfera 3? E_:%rried outin

a hardening furnace or 11 ort 4 HotYiaf® AFtler R fie® (i€ 5 Ry g2 s M ESeont&inilty water
vapor. The water vapor is impeantticuferbuffciefeiyredntbaing laesilcatecontgiangaoorbgotinoleor a

silicon-containing polymer anslp o isaibra POl 9o SHAZARA LLIAROEBFHIRELSIHCRN Sioxiie, T he water
vapor content is preferably 1% or maqre, further preferably 10% or mpre, most preferably 20% or more. It
is particularly pf ferred that th@WAtE e\fjaﬁak%o?’]tgm‘:@é) %%ﬁ) I(SP n‘—f‘&é}. ?P%etﬂépgﬂg?i'argegé f)ound is
smoothly 10 converted into &gfizcdsisvilidaRdedasediamig ddiedinpien adbeidy areidéeSormed to
improve the properties of thesiligeousfidido ik thigraaselwhere hisweitzas istipsoptad amthesatmospheric

gas, nitrogen, argon and he”%%o?@easaa@et%é [ggﬁggg = é?[%gﬁrﬁurﬂaroléaégeng&% gﬁp f?,.qjg on various

conditions such as the kind of the used polysilazane composi arld the combination of the steps.
However, at a high temperatth@!itHB RAAe 33AESlicon-containing compound, the silicon-containing
polymer and the520pdyisi@zane compeutehpapata ke fapityrdemiededepteradsilmeowsrfhmsOn the other

hand, at a low conditions such as the kind of the used polysilazane
composition and the combination of the steps. However,
at a high temperature, the film of the silicon-containing
compound, the silicon-containing polymer and the
20 polysilazane compound is apt to be rapidly converted
into a siliceous 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
25 device are less deteriorated. In view of this, the firing
step in the method according to the present invention is
carried out at a temperature of normally 200 to 1000°C,
preferably 400 to 900°C. The rate of heating to the
aimed temperature is generally 1 to 100°C/minute, and
30 the aimed temperature for hardening is kept for
generally 1 minute to 10 hours, preferably 15 minutes to
3 hours. If necessary, the temperature and atmosphere
for hardening can be step-by-step changed.
[0031] Further, according to necessity, additional heating
35 can be carried out. The additional heating is for the
purpose of further advancing the reaction caused by the



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 25 device are less deteriorated. In view of this,
the firing step in the method according to the present invention is carried out at a temperature of normally
200 to 1000C, preferably 400 to 900C. The rate of heatihg to the aimed temperature is generally 1 to
100C/minute, and 30 the aimed temperature for hardening is kept for generally 1 minute to 10 hours,
preferably 15 minutes to 3 hdirg)df neSassaryh the eaciieratnes aaldetacygprereddebardettieg can be

step-.by-step Changed- [0031]“||:|*§t?hWirﬂ_¥3,C@H@r@d@iﬂ%‘_ﬁ%‘-lsﬁléa%ﬂ%‘_i@aﬁ' B@aéiaﬁcﬁ%ﬂ%_%ﬁ”eq out. The
additional heating is for the pU{dqg)se (?_]f urther.agvapcmg the reaction %aused g}é{‘h[ﬁ 12 flrlanlg Since the
| |

reaction has already proceeaae QIR first fiWr']g,cfHe a 'E%'?laYﬁgg{iﬁﬂg @hn BELBRStrctdd i Bn
atmosphere without water vapEMeSPERIAME, iMeih EffoSpadraoNHERIRE 8l 89 Ritro§BR or argon.
The 5 additiona$ heating cangderi gesesllyheertnimedat a tempriatiig lyigheirftornibe fiegt fisng, but the
heating temperature is norm !l¥ illf) lowy. IS il th lag) ent of the
porogen evaporates or sublir?]ate %’%ﬁﬁ?ﬁ[ﬁ]@rﬁe&ggzﬁﬁg %Ef'#%guﬁmg.a? g%?eﬂ Eﬁn%e%? |$1 he siliceous

film to form a porous siliceoutSHTAR A BRI @I MR KIRPH GiCEJR fivh is characterized by having a
relatively low refractiv@dd@gdx, and astuahysthersilizesitepfilrhhebtamiadi ey twipsidieing stefloé the present

invention 15has a refractive i%@éé}éﬁ%ﬁ,@ﬁﬁﬁ,@%@@l@jw%%@r mgyﬂp,eorr%fr@ﬁgv%m‘_ax can be
measured by means pf an M-44. spectroscopic. ellipsomet %[ﬁr%ad margg man.ufacturgfmgbA. Woollam
Co., Inc.). [003@ © mprecnﬁ‘itlr?a S oﬂﬁé‘ r?ix?'é?e%r? ecggt%ﬂn ep(ﬁ%'&?ﬂh’ﬁl L
form a porous siliceous film 4 (Figure 1(C)). This kind
of siliceous film is characterized by having a relatively
low refractive index, and actually the siliceous film
obtained by the first firing step of the present invention
15 has a refractive index of 1.35 or less, preferably of 1.3
or less. The refractive index can be measured by
means of an M-44 spectroscopic ellipsometer ([trade-
mark], manufactured by J. A. Woollam Co., Inc.).
[0033] (C) impregnating step
20 In the next step, the obtained porous film is

impregnated with a second polysilazane composition.

The second polysilazane composition used here contains

a polysilazane compound but does not contain a porogen.

The components, such as the polysilazane compound,

25 solvent and other additives, in the second polysilazane
composition are preferably the same as those except the

porogen in the first polysilazane composition. If

comprising those materials, the second polysilazane
composition gives a siliceous substance having high

30 affinity with the porous siliceous film and, as a result, is
likely to improve cracks or deformation of the substrate.

[0034] The amounts of the components in the second
polysilazane composition are preferably determined

within the ranges thereof described above for those in

35 the first polysilazane composition. However, since the
composition needs to soak into fine voids, it is generally



impregnated with a second polysilazane composition. The second polysilazane composition used here
contains a polysilazane compound but does not contain a porogen. The components, such as the
polysilazane compound, 25solvent and composition porogen in comprising composition 30affinity with
other additives, in the second polysilazane are preferabl3he same as those except the the first
polysilazane composition. If those materials, the second polysilazane gives a siliceous substance having
high the porous siliceous filmpaefie ered fesuth & clikelgasitioprdve taack ooy désarsition of the substrate.

[0034] The amounts gHths1COMPONERETE e SEERS-BRIYAIAZRIRR GOMRPSIUeN @8 PrRieRaldY
determined within the ranges_ thereof descr{%ad a (a/e for those i 5th? first olggilazagetcomposition.

in
However, since the compositf8rﬁ n'enégetggoa[g%'go %esveéi8§‘,°i ig(;;‘é(ﬁ'elaa%@n 3 prenlaeor?e('j {8 the
composition to have low viscBtg.tG0BST THE 8 hfe PleSpbititulP febigiaaENa N tABtMREh6a Tor
impregnating thg second polysilardéapte@nprsitosdate e, pereuswibceosritvand iheneaany method

can 5 be adopted. For examB@,itﬁ%quc%@ ﬁ1.|i%ﬂ%ué_ﬁiygdﬂa%@%%rﬁgd&g 0 %SRd Bglysilazane

composition, or otherwise the surface of the porous siliceous may be coated with the 'second
polysilazane composition acHAHY IS S TACCEHERLS: B4 RRAARYS FCEABRH Mo B Bolysilazane
compound in the second polyikaizzahe oeitipositiom isgropady cpotiydidazacoerdiogripibe tboating method

and the like. For example, in %&my%rgﬁpg_g@ygg@'ti@p bsrggﬁkggéztyrjmmefﬂgna%guI:f,pin-coating,
the content of the polysilazane %?Hmpou&%ﬁas referably 3 t0,18%, moreé)ref(irab%S. to 16%, based on

the total weight of the compogrti SRR FEIR-ECAN 8 @garlﬂe%guﬁet LRty %'&%ﬁfb% is
preferably 500 to 3000 rpm, §RmRRANERERblYIFOPIPREO rpaMihel REormrpeldingate céhposition

coating method and the like. For example, in the case
where the composition is soaked by immersion or by
spin-coating, the content of the polysilazane compound
15 is preferably 3 to 18%, more preferably 5 to 16%, based
on the total weight of the composition. Further, if
spin-coating is carried out, the coating condition is
preferably 500 to 3000 rpm, more preferably 700 to
2000 rpm. The second polysilazane composition
20 preferably has low viscosity because it must soak into
the porous siliceous film formed beforehand. On the
other hand, however, in order that the soaked
composition can be retained in the voids or openings, it
preferably has high viscosity. Accordingly, the proper
25 concentration of the second polysilazane composition is
within a range narrower than that of the first poly-

silazane composition.
[0036] In the way described above, the substrate surface
is brought into contact with the second polysilazane
30 composition, so that the porous siliceous film can be
impregnated with the composition. Since the voids are
formed by the particular component evaporating away
from the siliceous film, there are continuous paths
between the substrate surface and most of the voids.
35 Accordingly, the composition applied on the substrate
surface trickles into the voids through the paths (Figure



20 preferably has low viscosity because it must soak into the porous siliceous film formed beforehand. On
the other hand, however, in order that the soaked composition can be retained in the voids or openings, it
preferably has high viscosity. Accordingly, the proper 25 concentration of the second polysilazane
composition is within a range narrower than that of the firét polysilazane composition. [0036]In the way
described above, the substrate surface is brought into contact with the second polysilazane 30
composition, so that the porolé¥)liceousHitm caatied insprizgfirated withythd eortgidsitionil Sitioe the voids

are formed by the particular cofHRIpNt wﬁpor@ingcgwﬂyémthqarﬁgjpg Hefba, theie are@ntinuous
paths between the substrate surfacesatnd mof_st of the voids. 35Accor in}; the com o?ltion.applied on

the substrate surface tricklesiR{0 B%e Vordk t'hr(r)‘&&ﬁ?ﬁs rﬁla'lths_ 8:“"6%\{5 1 %dﬁ??ﬁg%o%_ El'stibstrate may
be left until the siliceous film ROEOR|¥tefpimpletr@tdnmedird eymptionem eR céssieryNAbwever, the
impregnation is gormally compietecLirarmgdiatedgsanrgd berneaitdsthet Spbsiegtarly necessary to leave the

substrate. [0037] (D) %oy}yj g E% -!ﬁ%ir isecond polysilazane composition is made to trickle
into the voids, the SJb%Stl‘at [ I5Iur ée%g floI rr#% Siliceous substance 5 in the voids. As a result of 10
this firing step, the voids in the poroBE&fidesuS FRARHRMYE IRFAive SAERBASIEIML BRI Droduce an
aimed siliceous film (insulating fitngld eThret dirrige pradddureneanuiest eatied © ftutider theeshtme conditions

ags those (ijn thte. first f_iring: Steﬁo?ﬁ{OQ:’@]lEFo”ﬁC%%%Wt@é a Iﬁpgﬁ@n@oqag)epfjg(gft gr}%ﬁbﬁotgg l;irtir?gf_stetps
e carried ou %an iner gasg}r.o gen atmosphere containing water vapor, Prefera oth of the firs
el ST : i A

and second firihg steps are ¢ 0Er° ?ﬂné %é’so Sb)'(g}'g eaﬂ%gﬂ e?H'ESHt‘éﬁn énwafgr 20vapor.
[0039]Since the siliceous filnfiblagtewilie dbworidlfrgrys substance to produce an aimed

siliceous film (insulating film) 6. The firing procedure
can be carried out under the same conditions as those in
the first firing step.

15 [0038] It is necessary that at least one of the first and
second firing steps be carried out in an inert gas or
oxygen atmosphere containing water vapor. Preferably,
both of the first and second firing steps are carried out
in an inert gas or oxygen atmosphere containing water

20 vapor.

[0039] Since the siliceous film 6 after the second firing
step contains the voids filled with the siliceous substance
5, it has a higher refractive index than the porous
siliceous film after the first firing step. In fact, the

25 resultant siliceous film has a refractive index of 1.4 or
more, preferably 1.42 or more.

[0040] The difference of the refractive index between the
porous siliceous film after the first firing step and the
siliceous film after the second firing step is preferably

30 0.05 or more, further preferably 0.12 or more.

[0041] The shallow trench isolation structure obtained
thus according to the present invention has a low
shrinkage percentage and a reduced tensile stress at the
part near the grooves, and is hence characterized by

35 having high physical strength. The reason why those
characteristics are achieved is presumed to be that: the



step contains the voids filled with the siliceous substance 5, it has a higher refractive index than the
porous siliceous film after the first firing step.In fact, the 25resultant siliceous film has a refractive index of
1.4 or more, preferably 1.42 or more. [0040]The difference of the refractive index between the porous
siliceous film after the first firing step and the siliceous filra after the second firing step is preferably 300.05
or more, further preferably 0.12 or more. [0041] The shallow trench isolation structure obtained thus
according to the present invetrgmchas alev Shsinkdledéresnage alepihredildedtesisitestress at the

part near the grooves, and isfheRcg Shrgcierized iy S9haying Sighrxsical sieiriilig dhg sgason why
those characteristics are achi:%ved |§ Iprﬁsumed Itot hatt: the 15t rencth are fir;tI fiIIeIQ to. some depth
KR SR &

be t
with a siliceous film having a refatively low keasgy percgntaa%% A0 ReTFHET cc')erIePe\fyl/nvgith another

siliceous film having a relatively Fidptiteivkagiperebritaladso that eedtagRiches candle il with a
reduced amountof the silicequsriitmdiaviag abegifislednkags parcestaged (0] dite otettiod of the

present invention for formingsqg é§ogilagqi1| IsﬁrH%tWrﬁﬁngliw&ns&p}yg?%ggﬂﬁ%géggﬁgye (A) to (D) steps,

but may further comprises the lowing auxiliary steps’in com solvent-removing step

After the coating or iffi#&dnating std BefBRRRAg othd REbRIESE RbafRYAtHPthe BB ST M
composition can be subjected oiprdaiaive sbatntemt Thdi Stem sabbgardetprigdertthe plrpose of

removing the solvent at (A) to (D) steps, but may further comprises the
10 following auxiliary steps in combination.
[0043] (a) solvent-removing step
After the coating or impregnating step before firing,
the substrate coated with the polysilazane composition
can be subjected to pre-bake treatment. This step is
15 carried out for the purpose of removing the solvent at
least partly from the coat.
[0044] In the solvent-removing step, the substrate is
normally heated at an essentially constant temperature.
The solvent-removing step should be carried out under
20 the conditions that the polysilazane does not
substantially undergo oxidation or polymerization.
Accordingly, the temperature in the solvent-removing
step is in the range of normally 50 to 250°C, preferably
80 to 200°C. The time for the solvent-removing step is
25 generally 0.5 to 10 minutes, preferably 1 to 5 minutes.
[0045] (b) polishing step
After firing, unnecessary parts of the formed
siliceous film are preferably removed. For the purpose
of that, the siliceous film formed on the flat surface of
30 the substrate is removed by polishing while that formed
in the grooves are left. This procedure is a polishing
step. The polishing step may be carried out after the
hardening treatment or immediately after pre-baking if
the pre-baking step is performed in combination.
35 [0046] The polishing step is performed according to a CMP
process. The CMP process can be carried out by use of



least partly from the coat. [0044]In the solvent-removing step, the substrate is normally heated at an
essentially constant temperature. The solvent-removing step should be carried out under 20 the
conditions that the polysilazane does not substantially undergo oxidation or polymerization. Accordingly,
the temperature in the solvent-removing step is in the rakge of normally 50 to 250C, preferably 80 to
200C. The time for the solvent-removing step is 25generally 0.5 to 10 minutes, preferably 1 to 5 minutes.
[0045] (b) polishing step  Afentaing buasbezssany pabiast the dpmaed tsikceobiz dimpdes meferably

removed. For the purpose of fhat fhessiliresya dkr ornechonibefiabswtacs 0h 38 Hpusdpirate is
removed by polishing while that formed in t esgrooves are left. This pro?edure is a Polish'rﬁ%step. The
ar

polishing step may be carried oaP gﬂgﬁﬂe 8rr1Fr%BQr_eatr%se%t grni(rjﬁm'edigt%‘fye %taerypregba |Flg if the
pre-baking step is performedaR @sifsatiod 35 FOZEMeEe poRHIAEUSRe|Sis fRITfEXaetRICsoRliNg to a
CMP process. The CMP process 6asrbia 1graed ivabky nserab L& MPrrapbabeasives and abrasive

apparatus. Example @6&?@ t&r gie/ | %ypeepsilica, alumina, ceria, and aqueous suspension dispersing
those and, if necesszry, ot (3 £ra§ﬁe®c he abrasive apparatus is, for example, a 5commercially

available normal CMP apparatus. [0 7F(c) 8&#hgtefne APQYesumUIThNgho%EeRolisiifg step, the
siliceous film formed from thespalgsilez dilencdompositiofr ssalttost pehysvied fnoen doarflad siitate of the

substrate. 10 However, for remngiingsihed g siisepusdilmyersthedlat sitace Llsbingdeeatment is
preferably performed. In the efching treatment, etchin lution is, generally used, There are no particular
restrictions on {C:rb(renetching o) uﬂ%a%g o 8%5%933?4'“&371%?\1/8 {hee%gﬂuél'ﬁ%é&i@egl@ﬁﬁﬂ. %?h% etching
solution is normally a hydroflfiéric SiitPaguestehsaitise 2bnaiiing amafenahyfliaifermies content of
ammonium fluoride in the solpfiiofhis predaiakly r¥aenreate, aterd mieiesalhod0%s of srea P [0048]The

case explained above is an e&%\ggfle w rgr@e g}%thw% oféggﬁpgsfaep %‘é%?f&?ofﬁé fogﬁlingh n isolation

structure is applied to formation of a shallow trench isolation structure. However, this method can be also
applied to formation of a PMBENING $RIHERTY fen iAng as it can remove the residual
15 siliceous film. The etching solution is normally a

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.

20 [0048] The case explained above is an example where the
method of the present invention for forming an isolation
structure is applied to formation of a shallow trench
isolation structure. However, this method can be also
applied to formation of a PMD or IMD insulating film in

25 the same manner. In that case, a flat semiconductor
substrate or a substrate provided with electric parts on
its surface can be used as the substrate. However, in
view of heat resistance of the electric parts, it may be
necessary to control the thermal conditions.

30 [0049] The present invention is further explained below
by use of the following examples.

[0050] Preparation example 1: preparation of porogen
Xylene as a reaction solvent was placed in a

small-sized pressure vessel, which was then airtightly
35 sealed. After 200.0 g (1.18 mol) of tetrachlorosilane
was incorporated in the solvent, 291.6 g (9.38 mol) of



25 the same manner. In that case, a flat semiconductor substrate or a substrate provided with electric
parts on its surface can be used as the substrate. However, in view of heat resistance of the electric
parts, it may be necessary to control the thermal conditions. 30[0049]The present invention is further
explained below by use of the following examples. [005@]/Preparation example 1: preparation of porocien
Xylene as a reaction solvent was placed in a small-sized pressure vessel, which was then airtightly
35sealed. After 200.0 g (1. 18”mtl)yolfamraehWaﬁsiwjtéadawitimm’r:iorhngdﬁnrtrié)ﬁolvénuml.t@g (9.38 mol)

of 17 methylamine was addedpyy@istengsion A88imsunes §optal NiNCHAZYM Ahagorogen. The
obtained polymer had a weight iiveralg%éndoleculear W? ht of 555. 1 Pre ara%% e?,%éole 2:
preparation of perhydropolv- BRiK0} zane cvéor |ng vehggn FH Ge& scrrbe% fpa jcument 9,

perhydropolysilazanéQfesldyRieparatia A ; e pakicwas
mounted with a §0gas-blowing i@ mechanrcal strrrer and a Dewar condenser After air in the flask

was substituted with dry nitrogen, 1R %%?Hrﬂf dr)é(py dtglrge %R@&eddlgfmégé (E_%l%é oled with

ice. Subsequently, 100 g of dichlorosilane wa to form a white soli 2.2C3H3N).
While the reaction mixture wAQEHIMEM iR ic@ T Y EPRANDIBLARE A ﬁi@?éhﬁeﬁhﬂ‘? tirfihg.

Successively, dry nitrogen wabkéltiiomtodghe Bguidrphase for 30 minutes, to remove excess of the

ammonia. 20 [0053]T e Hpqduct wag fillgred ghipyodi-pr & Chnnfunpgundry faebged pigssyre in a dry

nitrogen atmos, re, to obtain 1200 mL of the filtr te From the filtrate ridine was distilled awa
meggs of an e\f§peorator to A gas-b owLn(g)J ube, a mechanica ’tPr¥er andaa che\efvar y by

condenser. After air in the flask was substituted with
dry nitrogen, 1500 mL of dry pyridine was placed in the
flask and then cooled with ice. Subsequently, 100 g of
dichlorosilane was added to form a white solid adduct

15 (SiH2Cl,e2CsHsN). While the reaction mixture was
cooled with ice, 70 g of ammonia was blown therein with
stirring. Successively, dry nitrogen was blown into the
liquid phase for 30 minutes, to remove excess of the
ammonia.

20 [0053] The product was filtered through a Blichner funnel
under reduced pressure in a dry nitrogen atmosphere, to
obtain 1200 mL of the filtrate. From the filtrate,
pyridine was distilled away by means of an evaporator to
obtain 40 g of perhydropolysilazane. The number

25 average molecular weight of the obtained perhydropoly-
silazane was measured by GPC (eluent: CDCI3) and
found to be 800 in terms of polystyrene standard.
Further, the IR spectrum thereof was also measured, and
consequently it was verified that there were absorption

30 peaks attributed to N-H at 3350 cm™ and 1200 cm™}, to
Si-H at 2170 cm™ and to Si-N-Si in 1020 to 820 cm™

[0054] Example 1
The porogen obtained in Preparation example 1
and a dibutyl ether solution containing 20 wt% of the

35 perhydropolysilazane were mixed so that the ratio of
their solid contents might be 85:15, to prepare a first



obtain 40 g of perhydropolysilazane.The number 25average molecular weight of the obtained
perhydropoly- silazane was measured by GPC (eluent: CDCI3) and found to be 800 in terms of
polystyrene standard. Further, the IR spectrum thereof was also measured, and consequently it was
verified that there were absorption 30peaks attributed tol®-H at 3350 cm-1 and 1200 cm-1, to Si-H at
2170 cm-1 and to Si-N-Si in 1020 to 820 cm-1. [0054] Example 1 The porogen obtained in
Preparation example 1 and apdibtgilbethee sobutipo sisimaining 20 aevs pbd gt @ peasydagiolysilazane were
mixed so that the ratio of theig seli@ sqaieNtH Night hecBatiRglorrgParee ikt 1Bspelysikzane
composition. The composition wastcast on gsubstraie kR% sp n-coatingtan gggg f%\t 150C for 3 minutes.
Successively, the coated subSHBtE s subjeuc?gg%%ee frst ir?ng %?ep% 4 or 30-miffi€s 5 under
an atmosphere in which a mige@igsgsed doyen aatnWatnras5eP(BRAIAHS0I=80 momeieewed at 8
L/minute. Furtheg, the substraigdeéas sobiegieskiphrdeitiphalheating ahdodd ti Sbmioxiggemnder a

nitrogen atmosphere, to obtali a ROQYS 5{} ﬁ#{iﬁ%ﬁ% /CtBszsz’@J’gé%éi'i&%‘?% ﬁlﬂ]bW%%lf%lﬂng to have a

refractive index of 1.27. [0055]Subsequent of the porous siliceous film was spin-coated with

a second polysilazane comp&<fiiR i SvhichPHI Wk oftfhe perREFGHBIy W ES siaisEGitailed in
Preparation example 2 was disktitiod & ditrayiregheat TBS @datefbpo@is wilicabes film des then

subjected to the second firing, §epqeReltihe spMe-eondtienz #% thossoeb the HrrtHHRg Sigm o obtain a

siliceous film (i iulatmg f|Im)TErée I:)scl)llrcoeuosuss | I% grguvgaﬁlmuov% go oa&lvne dat%efh%c\t/lc\e/eamrde raocft:ll‘\'/Aés' [0056]

Comparative Example 1
index of 1.27.

[0055] Subsequently, the surface of the porous siliceous
film was spin-coated with a second polysilazane
composition in which 10 wt% of the perhydropoly-

15 silazane obtained in Preparation example 2 was

dissolved in dibutyl ether. The coated porous siliceous
film was then subjected to the second firing step under
the same conditions as those of the first firing step, to
obtain a siliceous film (insulating film). The siliceous
20 film was found to have a refractive index of 1.43.
[0056] Comparative Example 1
A substrate was spin-coated with a dibutyl ether
solution containing 10 wt% of perhydropolysilazane
(Spinfil 450 [trademark], manufactured by AZ Electronic
25 Materials Ltd.), and dried. The coated substrate was
then fired under the same conditions as those of the first

firing step in Example 1, to obtain a siliceous film for
comparison.
[0057] Observation of sections

30 With respect to the siliceous film obtained in
Example 1 and the porous siliceous film before the
impregnating step in Example 1, their sections were
observed by scanning electron microscopy. As a result,
many voids were found in the section of the film before

35 the impregnating step and hence the film was verified to

be porous. On the other hand, voids were scarcely



A substrate was spin-coated with a dibutyl ether solution containing 10 wt% of perhydropolysilazane
(Spinfil 450 [trademark], manufactured by AZ Electronic 25 Materials Ltd.), and dried. The coated
substrate was then fired under the same conditions as those of the first firing step in Example 1, to obtain
a siliceous film for comparison. [0057] Observation of sdflions 30With respect to the siliceous film
obtained in Example 1 and the porous siliceous film before the impregnating step in Example 1, their
sections were observed by stannidgieletiensaidiostopl. tea sd8Tdo usarfyl roidsotaireiduin in the

section of the film before 35tipg} nating gtereaed hengsdha ddm wasivaritiebl® hedegiges. On the

other hand, voids were scarc];_el|¥nl foun(ﬂ_'in the seation of the ﬁ,_iln:?egus ﬂl{ﬁqot%kaénegiichxample 1, and
[ [

hence it was also verified to be 3 défise'Y r'ncpn whithiXoill$ Were fifct with the SiffteslisSiliance.
5[0058] Evaluation on characERSie®&RAd electric properties With respect to the siliceous films
obtained in Examplef0h58] &waldl Hteoposnishlicects-fdticbeiere tedortgsiasingisiep in Example 1,

the shrinkage percentages and the Wm{le r%?i@&s yf/ﬁ;e%ﬁ%eagwgg?%rgf .?ggv%g@gﬂpe\gaqﬁarried outin

the following manner. (a) shrinkage percenta ness of the film was measured before and
after firing by means of an ME¥PERRIER stopitde Aipshitictie(RabRHA& FeatFalittRe8 BiP5EA. Woollam
Co., 15Inc.), to calculate the shenkagyerpegrtatitage si@pensileEsteaaple Datdlom asiwaimplkiagesilicon wafer

having sizes of 10.16 cm diamefepapgdes mmdhigkoess yeie isprited intg.a fl tred lasgr inner stress
measurement system 20 ([trﬁgeegark ,Im nufactured%]éﬁ&ﬁ ncoi CoCﬁB%ration . Thereatfter, the
siliceous film formed on HfESilfcS SInYAe SAHAGHANe! l%% QA BeMHYYREN the tensile
stress thereof was measured(@) Z3TipKagaRs oienéad@ve system. The thickness necessary 25 for the
measurement of tensile stress was g€ AR By tTFafsOfiam Mr44 spestareapieelirsamater

(Itrademark], manufactured bé(ft]e(?"ﬂ\MR%”%"{) %’e’a'ﬂg')of an M-44 spectroscopic ellipso-
meter ([trademark], manufactured by J. A. Woollam Co.,
15 Inc.), to calculate the shrinkage percentage.
(b) tensile stress
Data on a warp in a silicon wafer having sizes of

10.16 cm diameter and 0.5 mm thickness were inputted
into a FLX-2320 laser inner stress measurement system

20 ([trademark], manufactured by KLA-Tencor Corporation).
Thereafter, the siliceous film was formed on the silicon
wafer in the same manner as each example, and then
the tensile stress thereof was measured at 23°C by
means of the above system. The thickness necessary

25 for the measurement of tensile stress was determined by
means of an M-44 spectroscopic ellipsometer ([trade-
mark], manufactured by J. A. Woollam Co., Inc.).

[0059] The results were shown in Table 1.



[0059]The results were shown in Table 1. 20 [0060] [Table 1] Table 1 Characteristics of siliceous films
Tensile stress Shrinkage percentage MPa iyo Comparative Example 39.1 17.0 Example 1(before the

impregnating step) -23.1 10.7 Example 1
20

[0060] [Table 1]

Table 1 Characteristics of siliceous films

Tensile Shrinkage
stress percentage
MPa %
Comparative Example 39.1 17.0
Example 1 (before
the impregnating -23.1 10.7
step)
Example 1 -7.7 14.9
5 [0061] The siliceous film of Example 1, which was

produced according to the method of the present
invention, was found to have a lower shrinkage
percentage and a lower tensile stress than those of
Comparative Example 1. In general, cracks in siliceous
10 films and deformation of substrates are presumed to be
caused by shrinkage and tensile stress in the production
process, particularly in the firing procedure.
Accordingly, the low shrinkage percentage and low
tensile stress enable to improve the cracks and the
15 deformation of substrates. Further, in the same manner
as each of Example 1 and Comparative Example 1, the
siliceous film was formed on a substrate provided with
narrow trenches. As a result, although cracks were
formed in the siliceous film according to Comparative
20 Example 1, the film according to Example 1 succeeded in
avoiding formation of cracks.
[0062] Comparative Example 2
The porogen obtained in Preparation example 1

and a dibutyl ether solution containing 20 wt% of the
25 perhydropolysilazane were mixed so that the ratio of
their solid contents might be 30:70, to prepare a first
polysilazane composition. From the prepared
composition, a porous siliceous film was formed under



-7.7 14.9 5[0061]The siliceous film of Example 1, which was produced according to the method of the
present invention, was found to have a lower shrinkage percentage and a lower tensile stress than those
of Comparative Example 1. In general, cracks in siliceous 10 films and deformation of substrates are
presumed to be caused by shrinkage and tensile stress4rd the production process, particularly in the firing
procedure. Accordingly, the low shrinkage percentage and low tensile stress enable to improve the cracks
and the 15 deformation of sulbstrasesnEurtiearditidnessaase hirarseer o daxhropExample ITaed

Comparative Example 1, the giliegeys fifiiwag frmegd i aSURsratespreviaset with rresw grenches. As a
result, although cracks were formed in the siliceous film according to C tive 20Example 1, the film
Pmedinghe sliceaks 948 Crham e

YQvEiding ormgﬁorPS{E%]cH(ng Riparaty

according to Example 1 succeededin _ _ Ve EX %ple 2
The porogen obtained in Prepig&&in &@mpleat aid &epagTakie Joxaor ntainidy Pd@E% of the 25
perhydropolysilagzane were nixgdkso thatthegladergiciheinsatitecositerds naighiihe 30:TAato psepare a first

polysilazane composition. Fr %E]ﬁ pLepared,co 83@98’ £hRoroy [é ggilm W s-frqr under 21
the same conditions as those%in xamgfe ?%e gllgceous film Waé %Oi(ﬁg}iuaveuzf reafrécti%dex of 1.42
and a shrinkage percentage 8242 WIREMWAE higher than that in Comparative Example 1. Further, 5
cracks were observeddiDgBé Sibeepasdiime TEwd v piestimed to be because the porogen was used in too

small an amount. [0063] Comparatiwqa,gxqgrpg@e% ukee p@ce@wgﬁgigxqmm@e}é/ve@&%@@@d

10 except for changing the atmosphere of the first firing
step into a dry oxygen atmosphere, to form a siliceous
film. The formed siliceous film was found to have
cracks. That is presumed to be because both of the
first and second firing steps were carried out in

15 atmospheres without water vapor.

[0064] Example 2

The porogen obtained in Preparation example 1
and a dibutyl ether solution containing 20 wt% of the

perhydropolysilazane were mixed so that the ratio of
20 their solid contents might be 50:50, to prepare a first
polysilazane composition. By use of this composition,
the first firing step was carried out under the same
conditions as those in Example 1, to obtain a porous
siliceous film having a refractive index of 1.30. The
25 porous siliceous film was coated with the second
polysilazane composition and then fired in the same
manner as in Example 1, to obtain a siliceous film
(insulating film). The obtained siliceous film had a
refractive index of 1.44, a tensile stress of 7.3 MPa and
30 a shrinkage percentage of 22%. Further, it was verified
that cracks were not formed in the siliceous film.
[0065] Example 3
The porogen obtained in Preparation example 1
and a dibutyl ether solution containing 20 wt% of the
35 perhydropolysilazane were mixed so that the ratio of
their solid contents might be 90:10, to prepare a first



10 except for changing the atmosphere of the first firing step into a dry oxygen atmosphere, to form a
siliceous film. The formed siliceous film was found to have cracks. That is presumed to be because both
of the first and second firing steps were carried out in 15atmospheres without water vapor. [0064]
Example 2 The porogen obtained in Preparation exdple 1 and a dibutyl ether solution containing 20
wit% of the perhydropolysilazane were mixed so that the ratio of 20 their solid contents might be 50:50, to
prepare a first polysilazane cpoipssiiaanBy ame pbeitsaompBsitiosethef fikti firingrstepsitisrtarried out

under the same conditions agposerit Epipimglestelo AbiaIN Gpays silicegnadimehaving @ eefractive

index of 1.30. The 25 porouscgirlliafatous film Wfiﬁ coated V\L:ig(hatr%e rsee(:?ndt ola/g‘ilazane composition and

then fired in the same manner as |'n'E>r<]§m%?e %6 BbtRin A &IftRSus film (insu g{f?]gafilr?lﬁ).r HE obtained

siliceous film had a refractiveSihg@e B 1 fAlim a herdn@ siesesRTBVAPEERY 30h dhARkagd Percentage of
22%. Further, itgvas verified hatauiacksiviese nst feitmedwathe sdivenis filioh [0868] Esecapld 3 The
porogen obtained in Preparati 1 ' e salutjion injing 9 the
35perhydropolysilazane Weri5 %T@(?gog lcﬁ%t %?e&rgt?o (§1TE¥heitrQ§§|Ii(1clE E(?rfﬁterﬁtggrzrﬁgrﬁ bté%g)\% ﬁ% prepare a

first 22 polysilazane composTIBRNSY uds ofthiS¥BMPRitidn, fite MRERKhg1 & 1788 ¢arfddbut under
the same conditions as thosg indtxabipte Tjlm pbtaii laepoodis isikck osisi fikn tnaviigra fe&rdctave index of

1.22. The 5 porous siliceous fifpwas SORIae Withrthe $8condipplysilazaprecompasiiion angihen fired in

the same mannﬁr as in Example 1, to obtagn a siliceous |Iméins Iziltjrn%ij)lm) he obtained siliceous film
a snfi

had a refractiV(]J ndex of 1.44; %qeﬁsﬁg 158961 PE I ?Tka. &Eﬁ?@&nﬂ gg%? 14.1%.
Further, it was verified that créeK$i @@renastorsies WwetrR Bicéo i fichin[dbessitise prscBbitires of

Example 1 were repgatslagxcept forgbangiag&eri peshydropplysiagrne conigstdn thepseted

polysilazane composition intq g O, 1 5}'5 % ' jlic % Ing. fil tajned
siliceous film had a refractiveel%\ éléttgﬁ& ,g?% tﬁﬁeqﬁgeéggﬁ J . 8@%@%@;{ glr:lon a%'g%@rcentage of
15.6%. Further, it was verifielBaf&RRE VRO SHERRRRAGATHRCSIfieRud Ml 15 wt%, to
15 obtain a siliceous film (insulating film). The obtained
siliceous film had a refractive index of 1.43, a tensile
stress of -12.9 MPa and a shrinkage percentage of
15.6%. Further, it was verified that cracks were not

formed in the siliceous film.

20
DESCRIPTION OF THE NUMERALS
[0067] 1: substrate
first polysilazane composition
voids
25 porous siliceous film

siliceous substance

A Uk~ WN

siliceous film (insulating film)



20 DESCRIPTION OF THE NUMERALS [0067]1: substrate 2: first polysilazane composition 3: voids 254:
porous siliceous film 5: siliceous substance 6: siliceous film (insulating film) 23 CLAIMS [1] A method for
forming an isolation structure, comprising a coating step, in which a first polysilazane composition
containing a porogen is cast on the surface of a substra#sto form a coat; a first firing step, in which
said coat is fired to form a porous siliceous film having a refractive index of 1.35 or less; an
impregnating step, in which said porous siliceous filnCisAhiffegnated with a second polysilazane
composition; and a second firing step, in which said porous siliceous film is fired to form an isolation
structure of a sHmeo;psjllm r}gw frfactl}/e index of 1.4 oreswheliel at least one of the first

and second firing st is carrle n an mer'fndg (?rnm'(Sy%ean 3{'mosp ere %Or?t%mi%g Waker vapor. [2]

The method according to cIeﬁrrCQ?WﬁéreﬁFﬁsﬁhld Mir¥¢ Risdh s coRek ppRJYif BARNE FRTHIRSHE @B ntain
perhydropolysilazaneof8aiitia dnethpdracperding ta staisn 1the2 swierein said palidgeraise to
polyaminosilazane. form a coat;
a first firing step, in which said coat is fired to form a
porous siliceous film having a refractive index of 1.35 or less;
an impregnating step, in which said porous siliceous film
is impregnated with a second polysilazane composition; and
a second firing step, in which said porous siliceous film is
fired to form an isolation structure of a siliceous film having a
refractive index of 1.4 or more;
wherein
at least one of the first and second firing steps is carried
out in an inert gas or oxygen atmosphere containing water
vapor.

[2] The method according to claim 1, wherein said first and
second polysilazane compositions contain perhydropolysilazane.

[3] The method according to claim 1 or 2, wherein said
porogen is polyaminosilazane.

[4] The method according to any of claims 1 to 3, wherein
both or either of the first and second firing steps are carried out
in an inert gas or oxygen atmosphere containing water vapor.

[5] The method according to any of claims 1 to 4, wherein at
least one of the first and second firing steps is carried out at a
temperature of 200 to 1000°C.

[6] The method according to any of claims 1 to 5, wherein
said substrate has a surface provided with grooves in which the
isolation structure of the siliceous film is formed to form a
shallow trench isolation structure.



[4] The method according to any of claims 1 to 3, wherein both or either of the first and second firing steps
are carried out in an inert gas or oxygen atmosphere containing water vapor. [5] The method according
to any of claims 1 to 4, wherein at least one of the first and second firing steps is carried out at a
temperature of 200 to 1000C. [6] The method according4o any of claims 1 to 5, wherein said substrate
has a surface provided with grooves in which the isolation structure of the siliceous film is formed to form
a shallow trench isolation structure. 24 [7] An insulating film formed by the method according to any of

claims 1 to 5. [8] A qyljstrata proddestie AisRRHRBEBYCtWE Facerd by the Fasteotagparding to any

of claims 1 to 5. of claims 1 to 5.

[8] A substrate provided with an isolation structure formed
by the method according to any of claims 1 to 5.





