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1 POLYSI LAZANE- CONTAI NI NG COVPQCSI TI ON CAPABLE OF
FORM NG A DENSE SI LI CEQUS FI LM TECHNI CAL FIELD 5
[0001] This invention relates to a conposition
containing a polysilazane conpound. In detail, the
present invention relates tola

pol ysi | azane- cont ai ni ng conposition which can form a

den8¢>@L\’SH§QZJRNfE 00 NPAS NT RIS @GM@@BNI@M OMPABLE OF
tenperature 10 than conventi onal COﬁsOS i tions.

BACKGROUD ART FQRYING®A J2ENgEanblL SnddlMan be

generally 15 converted into siliceous substances by

heati ng, and the obtained siliceous substances have

such excel I ent insul atERHN&M FIEED that they are
practically used as materials of insulating filnms in

the electrical and electronic fields. However, if the
pb098ilazane Thismpbipatioar ekt {0 @ &gempgsition containing

08”‘6‘%{!?’5%253 REO cb*ﬂﬁpéh'n'oceouﬁ'n 20ty st BREEpres8RECH ention

very s and needs high tenperature. _Since there
i kelieas nOaag@oky@kaaaﬂenq%t@\v@mcoma@sttt@,n whighesan form

hgvaeﬁgs%.ﬂeébugdﬂ%t Bro+ap SORE ol aR @blosrer thRSature

rove problens It is
pE@@@s@J’NQﬁW@MP ﬁﬁﬂhﬁoﬁﬁl%ﬂ azane conpounds
t hensel ves or 25 to incor porat e particular additives
i nto pol ysil azane-containi osi tions. For
exanpl e, an N het erocyBHQKg rTBn@iRT(descri bed in,
for exanple, Patent docunent 1), an al kanol am ne
(described in, for exanple, Patent docunent 2) or an
ah08624nd/ or Belysilegass i b&@Mpoungls exsﬁm e, beat egenerally

deﬁym Ffe@@nt?@ s'ilfcm%uﬁtta%egwmé’aﬁlh %r?dhthe obtained

azane-contal ni ng COﬁpOSI n so
csrlrpzmus cvhanicesmha st | sudouexeellematinsalagan properties

rtﬂ% &re d}%c@[;edﬂvgl g%;&uboné%t ?éﬁi%l%bSFi |ﬁ§thl“tﬁ1% films in

|ve 'nt SO use
cbh’nﬁc%llectlﬁﬁal aoat eleatignic dleldsne Rowsy@nd if the aolysilazane

p%ﬂ‘?ﬁganagc?rélssnﬁa[f%é&‘g the! TohOMIBEFSIGd the siliceous

avol di hg coa
substances proceeds very sIowa and needs high temperature.

Since there is thus large room for improvement, various studies
have been carried out to overcome the problems.

[0003] In order to improve the above problems, it is
proposed to reform the polysilazane compounds themselves or
to incorporate particular additives into polysilazane-containing
compositions. For example, an N-heterocyclic compound
(described in, for example, Patent document 1), an alkanol
amine (described in, for example, Patent document 2) or an
amine and/or acid (described in, for example, Patent document
3) is added as the additive into a polysilazane-containing
composition so that the composition can form a siliceous film at
a low temperature. The amine compounds described as the
additives in the above documents are also used in a composition
containing a diamine compound for other purposes such as
reducing film-roughness or avoiding coating-ununiformity
(described in, for example, Patent documents 4 and 5), and
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(described in, for exanple, Patent docunments 4 and 5),

and 2 further they are still also used in a

conmposi tion containing a polyan ne conpound for the

pur pose of hardeni ng epoxy resin (described in, for

exanpl e, Patent docunment 6). ?0004] A dense S|I|ceous

filmcan be obtained if the 5 polysilazane-containing
RARHL to %71 ﬁé’rﬂ‘?ﬂaélé& \#ed Nnhat %b%&!ébitﬁoﬁoﬁcﬁﬁt@i%mg a
itive, is describ In Patent ~document 1,

alDOlMﬁé’ﬂ“ﬂ@ commoung orubR mm_qsesmf. PaFdERIBY epoxy resin

@%éﬂlsea mprf%fr #%b(Jel spartbhech@éuﬁa%% @y. nore.

TOVI

pl09Q#l azane- Aonﬂ%ﬂ&ﬂ n§||k§@f%t$5| ﬁ'l"ﬁn G cheirphtgined if the
fﬁg@’sqréliéﬂé’-rdar?ca‘?ﬁﬁf si 'dcﬁﬁ?b%nflbhm ”D\'ﬁcél%r%t}’ng an

envi ronnental Tconditio firi ng a
|Nm}eetem@e¢lm GeEnponBshwagditvey H@hrqlhwé%@%%%bﬁé in Patent

BH?é’n S1 'ltsgiﬂ @Y\@e‘a Eﬁ‘gﬁagg"*of@'\%ék'&%dé? éhvironmental

ent céo
cmdmwnsn prefierablietisrideg@|atc 1o&TSo@dMa yeHoOMgYSr, it is

djasleedo 1Er6\r/‘|o%n aob%géﬁ?fé’hé%ntgﬁmﬁ%acfbr%'bosmon which

dlssolutlon cap
h(yaiﬂoﬁaavtbtabl\’l-l(ﬁ&émera demee $|héeau§nﬂimc mayear 6eRidynunder

' éngﬁ"&ﬁ{rgle'n\faz’eéd’ndl‘ﬂc?ﬁé | & EB(}P' fﬂ*lﬁ@' ¥t hé”l@vb'értﬂérh @rature.

| S stronl urre nowad to reduce
tM@amNbdﬁt, thetmehgtﬂnmwlIC| ﬁoé\‘(blh@i—lﬂdrai‘zﬂtﬂbl@f tohhave low

!Lﬁmﬁegaﬁao éje§blr\Féjntt° pAEEbF’(?ngly,mwhen added into the

ySI e-contal ning co can
sconqmnsudm thenV-dhetgrogyy lampratpoamcbmrgenerally dissolved

| (HRA Al B oliind RRVSALE %h&&fﬁo&‘éaéﬁfggbg]amely,

unt aromat’l car on sol vent
| in cant rmmatmurmwdr@@nmns aH@vvJ@a@Ir,e sincehdhexmromatic

oA OLEFEPE, EEHIAIY, PP BRI ASHERE S to e
Pauenandbogdynit 3s stiomglyr reqnnlzﬂdjemowadfaytsrnt@ dedsse the
Séh&@ﬂysﬂ ﬂ §6Ivbﬁanecﬁ§3€6|¥§|dte‘f‘a9“ nq%ft 'ﬂﬁat it is much

I1on 1NnNto con ct Wt eamat a
t depérest doeprovide Immlysﬁezamhmonﬁnmg tmmposnbuoafwwhlch

téﬁ'ﬁer aqqlrﬁ‘lengl r|'ﬁ§g§ﬁ38|#”‘n§ﬁwr%5élnlerr%&%j OnCPCtlI Oal’,1cS, a lower
t temperatsirel bchomtf thei sprogehivne, which contains a small
amount of aromatic hydrocarbon solvent.

[0005] In contrast, various solvents are usable in the
polysilazane-containing composition incorporating an amine
and/or acid additive, which is described in Patent document 3.
However, in order to form a dense siliceous film, it is necessary
to bring the composition into contact with steam at a high
temperature for a long time. This means that, in view of
forming a dense siliceous film by low temperature firing under
environmental conditions, there is still room for improvement.

[0006] Various solvents are also usable in the poly-
silazane-containing composition incorporating an alkanol amine,
which is described in Patent document 2. Further, this

composition can form a dense siliceous film by low temperature
firing. For forming a dense siliceous film, the alkanol amine
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[ 0006] Various solvents are also usable in the poly-
si | azane-cont ai ni ng conposition incorporating an

al kanol amine, which is described in Patent docunent
2. Further, this 35 conposition can forma dense
siliceous filmby low tenmperaBure firing. For formng
a dense siliceous film the al kanol amne 3 additive

| t ' | ygi! .
tﬁgre get%ehg%ﬁésﬁlq zggggqﬁgﬁpgﬁ%dﬁﬁ.ﬁlgf%d%ﬁﬁgpgugid, and
ukereby sthe t pelvsilaganey comyiosid tigi sefeapedonnto a useful

. t - t .' t n .- . ’ .
PRBSRACH) | HONELEn S HBraRHion gRgc Qs  Min, violent
t hentgriRarafion N d yorsning | Uiy alkanol aspbw dnHgk e diluted
F [P Myt NEL NP A S tﬂfeneféhﬁ'e%lncgréﬂgaﬂgﬂfdr” a |8n8 time.
mass-production, there is roomfor | nprovenent. [0007] )
PAcenrdn@lyneftams thed siewpeintse af gefféeigNCyf opfhd| L£ost in

r ﬁ%%—?ggd?.ﬁzgﬁ)ﬁ el ey fd Y?M%ﬁﬁﬁr&felﬂ@ 10

e
conpou t He documents, it is descri b_g,c}'that
cb@00Ad ununi Patent ydeanmentedtcandy S ndischesat ienggeneral
t i n s int Si ne- ai NENga mi
cggnlgﬁsi ioﬁe.pg% tﬂgﬁ]&ot erp%%rgﬁ,%! owel‘/\@éré, t_sEgBE of am!ne
dooumpausdsre &n| éhe dosumenktsmtitols dgscrikedi §Batiscoating

Py . H O ' g _
YRARISE STk aloey | B AceRBbRAChEY tice amine
prosepOUNdsviETioonspo siidz atnes containiag CRarPasitian. t ki the
PRk Har $hARAAHEWAYER HE YSATRRH Y 8RS dlietft 8peiit! formation
ocurrent s, such as conpositions I ncorporating
hefapetsiljtenesi inabtapredefiyornmddicanpokysil@az@ane-containing

N "1 ot A A
NoPriboRlar BRI ehlpd enepbagiify, 20k GARA: (88 Dresent
fimventor& costlidyl yhast revealad ttaatt hamy i 6fstthe poly-

3787 oRexchPRANRED Corphbeligshs “OfREk gL afer pitumens,
dscaienas?2] cdaymositionBat naorparétden hexamethylenediamineg,
['kl-é)?ﬂ%%&leﬁga?gn{l FEt ed APAHRPIN - BetrlPRERSYRERTI&NEdiamine,
cannot form a fully satisfying siliceous film by low temperature
firing.  Accordingly, it is found that there is still room for
improvement.

[Patent document 1] Japanese Patent Laid-Open No.
H11(1999)-116815 ,
[Patent document 2] Japanese Patent Laid-Open No.
H11(1999)-60736

[Patent document 3] Japanese Patent Laid-Open No.
H9(1997)-31333

[Patent document 4] Japanese Patent Laid-Open No.
H8(1996)-176511

[Patent document 5] Japanese Patent Laid-Open No.
H8(1996)-176512

[Patent document 6] Japanese Patent Laid-Open No.
2004-536196

[Patent document 7] Japanese Patent Publication No.
S$63(1988)-16325
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H9(1997) - 31333 [ Patent docunent 4] Japanese Patent
Lai d- Open No. 30 H8(1996)-176511 [Patent docunent 5]
Japanese Patent Laid-Open No. H8(1996)-176512 [ Patent
docunment 6] Japanese Patent Laid-Qpen No. 2004-536196
35 [Patent docunent 7] Japaned4e Patent Publication No.
S63(1988)-16325 4 [Patent docunent 8] Japanese Patent

SaaFRen ey L98F). SABSRCESR! cplCUTbBen o,
[PaléhD860c8A@R0 10] Japanese Patent Lai d- Qpen No.

R Rethg Tl el gamesn febain o
JGA90e974Pab0tl 1 ai d- Qpen No. 10 H1(1989)- 203429

{FeasRl “SHE e S GoRiran e ) PYRr oA Ppen o
LHil10B&)-1381 081 ( 1992) - 63833 15 [ Patent docunent 15]
IR PRI ST Mogni e LBleaEORId BER o
HAL{298P)113B2A ] Pat ent docunent 17] Japanese Patent
LT dl g SR E5aGGe e aentaROngh, o
ddda&&0 )P 3¥Manese Pat ent Lai d- Qpen No.

[Patent document 13] Japanese Patent Laid-Open No.
H1(1989)-203430

[Patent document 14] Japanese Patent Laid-Open No.
H4(1992)-63833

[Patent document 15] Japanese Patent Laid-Open No.
H3(1991)-320167 4

[Patent document 16] Japanese Patent Laid-Open No.
H2(1990)-175726

[Patent document 17] Japanese Patent Laid-Open No.
H5(1993)-86200

[Patent document 18] Japanese Patent Laid-Open No.
H5(1993)-331293

[Patent document 19] Japanese Patent Laid-Open No.
H3(1991)-31326

[Non-patent document 1] D.Seyferth et.al., Communication of
Am. Cer. Soc., C-13, January 1983

[Non-patent document 2] D.Seyferth et.al.,, Polym. Prepr. Am.
Chem. Soc., Div. Polym. Chem,. 25, 10(1984)

[Non-patent document 3] D.Seyferth et.al., Communication of
Am. Cer. Soc., C-132, July 1984

{

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0008] In consideration of the aforementioned problems,
it is an object of the present invention to provide a
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H3(1991) - 31326 25 [ Non-patent docunent 1] D. Seyferth
et.al., Communication of Am Cer. Soc., C 13, January
1983 [ Non- patent docunent 2] D. Seyferth et.al., Polym
Prepr. Am Chem Soc., Div. Polym Chem . 25,

10(1984) [ Non-patent document53] D.Seyferth et.al.,
Communi cation of 30 Am Cer. Soc., C 132, July 1984

D X : - T D T

RO TS (O0GE 19, ETRORIAGY ATty R rorm & dense
asbicams ifimed oo epidly i ands adnaokpwer semperature than
p ' nt i .aravide a 5

p%geglgbgizélwnagé%n aéérilt@é‘%éorrposi tion which can forma

dense siliceous filmnore rapidly and at a | ower

FGR LI NG PROBYEAN T 0008 SahY N SHOBPRM, ' on 15

f 8006dd by aThel psq:s*l.@rzta'rreﬁemhoaiim fiegqatewagosy ti on .

¢ opr csoft BNy EART R EAMET BoTPas by ERfPERTRR "\

~y LI La polysjlazeheconpound3 RA (wherein each RA

aroup. offch g ecEO R e EHraRER:eq By e RIGeRfgE Rmutc

cfAnecting to the same nitrogen atom are not hydrogen
atons at the sane tine, each of LI and L 2

i ndependently represents -CH2-, -NRAI- (in which RA

i s hydrogen or aRfydrocarbon groRp of O to C4) or 20
-0-, each of pl and p3 4s ingepemdently ar}Ai)nt eger of

0 to 4, P\A,N\H/plL\H;zl_\@;3 N

(wherein |

each R* independently represents hydrogen or a
hydrocarbon group of C; to C; under the condition that two RAs
connecting to the same nitrogen atom are not hydrogen atoms
at the same time,

each of L! and L? independently represents —CH;-, -NRA!-
(in which R is hydrogen or a hydrocarbon group of C; to Cs) or
_O_,

each of p1 and p3 is independently an integer of 0 to 4,
and

p2 is an integer of 1 to 4),

or the following formula (B):

RB RB
N N (B)
RB’ ~RE
ql q2

(wherein

each RP® independently represents hydrogen or a
hydrocarbon group of C; to C4, and

each of g1 and g2 is independently an integer of 1 to 4),

and

a solvent capable of dissolving said polysilazane
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and p2 is an integer of 1 to 4), or the follow ng
formula (B): RB RB RB.N NLRB (B) 25 gl gz (wherein
each RB i ndependently represents hydrogen or a

hydr ocar bon group of C to C4, and each of gl and g2
i s independently an integer 06 1 to 4), 30 and a
sol vent capabl e of dissolving said polysilazane 6

COORAMHE MG Bald Miife QA L 0910) The present

nis also featur rocess for fornmng a

s[00tB8dus filThhewh@ssint trerpdopn sl alsanteatsresi By g process

LB 4 S150E45E, g TERIiFokRe B33y SM8Rane containing
i oo osihions i$ woated beaduswldstipta asdl thenworvened into a

fg“?%g&g%ﬁ¥ﬁe above process. EFFECT OF THE | NVENTI ON
1 e present invention makes it possible to

fp0ild] denseTBel ipresentf iinweation | iswdurtkepefeatured by a

t Y [ c | t.d , l e, at
¢SSR A Rt thedr BT RERIS b e St
present invention can rapidly forma dense siliceous

film Since the siéﬁ}gggﬁlsof:i-hmscmr\/gﬁlﬂ@wed at a 15

| ow tenperature su roomtenperature, the cost of
p[060aat]i on f athei presectuinkentiedudedkeaadtt pessible to form a

BB, Bl " B4 E5h h5PebYrdtRatedn Thyeptiona
used positiensafier nexastpleés abnneomi deahpesatureeousf heated,
SIS ot P e G5 ThkHSIT et By orm
| ohearsie silidepus film. Since the siliceous film can be formed at a
low temperature such as room temperature, the cost of
production facilities can be reduced and the facilities can be
relatively freely designed. The siliceous film thus formed is so
dense that it can be used in the same manner as conventional
siliceous films. Further, the siliceous film formed from the
polysilazane-containing composition of the present invention is
significantly superior in hardness to siliceous films formed from

conventional polysilazane-containing compositions, and
therefore it is possible to further develop the use thereof.
[0013] In addition, since various solvents including

solvents of low volatility are usable, the polysilazane-containing
composition of the present invention is very favorable from the
viewpoint of safety. Accordingly, the siliceous substance
derived from the composition of the present invention is
preferably used as a material of electronic parts such as an
interlayer insulating film, a top-surface protective film and a
primer for protective film. Further, in the field other than
electronics, the siliceous substance derived from the
composition of the present invention is also useful as a
protective film of base materials such as metals, glass and
plastics.
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significantly superior in hardness to siliceous filns
formed from conventional polysilazane-contai ning
conpositions, and therefore it is possible to further
devel op the use thereof. [0013] In addition, since
various solvents including 2B solvents of |ow
volatility are usable, the polysilazane-containing
conposi I n bl e
From tneESs HQBETOH CRHRYNELOUT THE HIVENTION:
siliceous substance derived fromthe conposition of

t S n preferably used as a
rrgﬁgﬁ‘lj'& Ik ¢GH O(Uh parts such as an 30 interlayer

i nsul at Thg polysilazar-contiinie gcorpositkoniagaanding to the

g@hgépﬁiﬁvgé?@jﬁ:gﬁf@é’ké? B lar dnihe d‘drﬁg)g)und The

Si ' ceous” subst
deairtied|dir ommtihe coonpoantdi arsesd irhethe elsmenmvwemcbron is

ey N TS ALRY PR

FOR CARRYI NG OUT THE | NVENTI ON [0014] Anmi ne conpound
The pol ysi | azane—@ont ai ni ng conpggiti on according to
the 5 present invention conprises a particular am ne
conpound. The paytjcyltar g ne gompound yggd in the
present inventR®on i 1re ese %p Wy\the foll ow ng
formula (A): RARA N'LI IZ N~CA) “RA\Jpl nP2 \Jp3
RA 10 (\{dhieigineach RA | ndependent |y represents

Condi £ BACaR Wi B NEBtLe: e e hyifbBer "or 2

nlhtyfdr@earbbnrrgamepn@ﬁ iyt @ennateonthe atonditicsatbat two R*s
ég@nec%Nrmcth ?f\ﬁ sgﬁéﬂw%gﬁ%%ﬁﬁ %lle% rﬁcﬁpé%?%%n atoms
hydrigeasheme gimey of ClL to C4) or -0-,
each of L' and L? independently represents —CH,-, -NRA!- (in
which R*! is hydrogen or a hydrocarbon group of C; to Ca4) or
-0-,
each of p1 and p3 is independently an integer of 0 to 4,

and
p2 is an integer of 1 to 4),
or the following formula (B):
RB RE
I ! (B)
RB’N N\RB
gl q2
(wherein

each RP independently represents hydrogen or a
hydrocarbon group of C; to C4, and

each of g1 and g2 is independently an integer of 1 to 4).
The amine compound contains two N atoms in a molecule, and
they are separated from each other at the interval distance
corresponding to almost five C-C bonds or more. If the amine
compound contains more than two N atoms, any two of them
satisfy the above condition. Further, the N atoms are



each of pl and p3 is independently an integer of 0 to
4, and 20 p2 is an integer of 1 to 4), or the
following formula (B): RB RB (B) RB.N NLRB gi Qz
(wherein each RB i ndependently represents hydrogen or
a 25 hydrocarbon group of ClSto C4, and each of ql
and g2 is independently an integer of 1 to 4). The

L EPrpERE LI ARPLI S, th SRS o BeBr BB s 37 the
dhetaber of dheedpuditdeayian agrasps f isvereferablydasorarge as

(BEESIAIC. Lncif oRfel? (GOPRSL M OMANBRITE NOBR B¥Rds i

any then1 Satrs ove conditi on.
Fpreferably has rsraadiwasapes&blgr efldoatﬂvgergomébtreapeet to the

hgﬁ{ b@a?@ﬁ#‘gggﬁgs&f’ﬁ)@gp@r% er g@f 3H%SF @P“Qé‘m@ Ble 'difect of

ptissi presentn iovaotiomraty) héeobtained @'fvem Hf bidveddeirmninal N

R S b ATy

(BY)016he ef f eAmafig the abeyenammﬂamomm)oamﬂsmpart|cularly

B0 A5 B Ol B9 BBIBFAAG T utos:

10

15

ounds, particularly preferred coppounds are
rep esented by the following fornmulast N (A) (A2)

2\ Ql/*qﬁ&q/N\@éﬁyﬁﬁﬁﬁ?/ (A5) //N\\J//\\O//\\»/’ ~

(A1) (A2)
| | | q |
| |
(A3) (A4)
N~ NN
(A5)
H2NM©\/NH2 /N\/O\/N\
(B1) (B2)
[0016] Those amine compounds can be wused in
combination of two or more, if necessary.
[0017] It is not clear how the particular amine compound
defined in the present invention works to achieve the effect of
the invention, but is presumed as follows. The amine

compound defined in the present invention contains plural N
atoms separated at proper distance, and hence can interact with
plural Si atoms of the polysilazane compound simultaneously in
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HZN NHZ N/ 10 (B1) (B2) [0016] Those am ne
conpounds can be used in conbination of two or nore,
i f necessary. [0017] It is not clear how the
particul ar am ne conmpound 15 defined in the present
i nvention works to achieve th@ effect of the
invention, but is presuned as follows. The am ne

pﬂﬁ?w“é%n%{%ﬂéﬂs‘ega%? H STERhs o (- QO"bBRES in the
hpotysitazanat eoatpounth ang whalught donke orasily cleaved to
PRl 3E SO KR RSt o R R e, Hip N atoms are
?obmmelgaedrt@t hqmmoaadbanegtawm@,hthe cohebdity igflmpe'@w@al and,
ALl e Uice bR ERUSHNISR Y 3PRlty. ® Hifhanted, so
sbha?:rtl(l;uet pNine rmnmpedmmdans?ailtlhemstanact |Wné{’1 Sg@toms of
S

A ¥s0ARANES RRgind 7 1AL RidRPasibll of "hat, the

: hqdwotasbbazgnrm.nm@mumEtmg rtoctinas iNlatatm qmreds‘fara iyt contains
r

broreh e s A8 ot ey, ar 18 rustyrey the

ahly«mrgcarbontgrcwptrhaﬂbehlydlrlo,cenbmgr'gtomem;alb,e hlnder the
b%tl% enourgh to sterically hinder the interaction.

] sil azane conmpound There is no particul ar
r §6011ig]t Polysilazdre gohysoluazane conpound used in the

P b, JNSEEL 5 Mo oBar AR Rt REEN cofndP TR Sy azane

t Elempmanﬁl tmrsedl in nmedhgresleﬁtem\mntmm gand cany poIgISIIazane
oun

P SotRbelh Y ConcBaPstk RN A sReIRRICe I inpl i & effect of

I 'ﬂhbudﬁVeatnﬂT hydItmec‘:w bel @itiner (alesinobgania Palysitazane
docunent 7 contains a 20 s

ht ch
SePupaLed9f g, THALE dhén: ¢ Prelied Sxdmplesyof the
f¢hbag\ang:f@bmv$n¢atame lcompound include: a perhydropoly-

silazane (described in Patent document 7) which contains a
straight chain structure having a repeating unit represented by
the following formula (I):

|

Lsint-
Il 1 /n
H H

which has a molecular weight of 690 to 2000, which
comprises 3 to 10 SiH3 groups in a molecule, and in which the
element ratios based on chemical analysis are Si: 59 to 61, N:
31 to 34 and H: 6.5 to 7.5 in terms of weight percent; and
another perhydropolysilazane having a polystyrene-reduced
average molecular weight of 3000 to 20000.
[0019] The above perhydropolysilazane can be
synthesized according to the methods described in Patent
document 7 and Non-patent document 1. The perhydropoly-
silazane basically comprises a chain moiety and a cyclic moiety,
and can be represented by the formula:




4 HSi-N(I') 11 4n H H which has a nol ecul ar wei ght
of 690 to 2000, which conprises 3 to 10 Si H3 groups

n a nolecule, and in which the 25 elenent ratios

based on chemical analysis are Si: 59 to 61, N 31l to
34 and H 6.5 to 7.5 in ternd0of weight percent; and
anot her perhydropol ysil azane having a

rene-reduced average nol ecul ar wei ght of 3000
il

[0019] The above perhydropol ysil azane can be

m@”t hes e ST o "r,(%@h“%ﬂ?ﬁf’mﬁfsi“ The
e

noi ety and a cyclic noi

t
b
f

r ydropoly- S|Iazane basical |y co rises a chain
can be represented by
he formula: 10 [0020] RS & e e e ) ©
(at+b+c=1) The structure of perhydropoly3|lazane S
or exahpeestrasturaafoperhgdrapelysiigizage &, forexample, as

dgﬁﬁﬁvézl N~~NSIH | HI I HZSi. SiHZ HZSi\ ,N N
|

HzSI1, ~Si, , 2 NN1 1[0022] Other

5 el¥0PLés of the polysilazane conpound

10

15

20

H, Hy H, 2
st st _sf Si-NH
HN N H I\II ?in
HzSI\N/SIHz sti\ ,N\

| H.2 HN—Si

' H

[0022] Other examples of the polysilazane compound
include: a polysilazane which has a number average molecular
weight of approx. 100 to 50000 and which has a skeleton
comprising a structure unit represented by the following formula

(IT):

(in which each of R, R? and R’ is independently hydrogen,
an alkyl group, an alkenyl group, a cycloalkyl group, an aryl
group, an alkylsilyl group, an alkylamino group, an alkoxy group,
or another group such as a fluoroalkyl group which contains a
carbon atom directly connecting to the silicon atom, provided
that at least one of R!, R? and R® is hydrogen atom); and
modified compounds thereof.

[0023] For example, a polysilazane represented by the
formula (II) in which R and R? are hydrogens and R? is methyl
can be synthesized according to the method reported by
Non-patent document 2. This method also provides a
polysilazane of chain or cyclic polymer having a repeating unit
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i nclude: a polysilazane which has a nunber average
nmol ecul ar wei ght of approx. 100 to 50000 and whi ch
has a skeleton 10 conprising a structure unit
represented by the followng formula (I1): RL Si-N
(11) 1 R2R3 (in which each™¥ R, R2 and R3 is
i ndependently hydrogen, an al kyl group, an al kenyl
ar adl; 1 oal oup, : 0 i
SR oup, e 0 ' SFdestidang Otftuctre i any
gpolysilaa reneohepoyndupbaiciecadyatiie maet0dy| group

ont ai arbo i i
(RS24F700n Tt Bl AT O fId)Epanane Fegrésented
Ray ace Rarin by (F) gien which) R amad Rbd@irei budcogposnasd R is

2 §8apky di U ca P b SR Fed Qoirdtig e the method
areportedodens Nt pient  dedwnentad iy Ratemdsidagument 8.
D dnRenba i el PRObORSMZaME bh3 Shiclic structure
?'ﬁa!lhﬁg naorr_er::;e?ﬁing pmmher(ﬁﬁﬁiint)_-r e@kt?t im?p@h‘ymelrization
SOFERIOER 1o 8B, Ja ISsRpzehis, Wilch AES 466 Ichain and
[Opai¢ sEoucteres én polmotegcule bydr whichaisanepresented by the

r ted by the formula (11) in which RL and R2
afcgrﬁggél'ogens and R3 is 5 an organic group can be

synt hesi zed afRUBiHMY) L[ RISEH esNG g« efbdtex<ty).

TORBRIET so. pibvrdedfaflyoF ik PRsit HEthol, qipd brovides 2

spolygilazandavepesentEtkaby nghaniformuRaS(HYHin wihicha R s

15 (R ERBhEE" bR R2AFH Boce ) iR il af el FARR R anc

20

25

30

nRPearéd eorg@nichigrbuips et ésens edybyogdr. fihatulpolysilazane
(rF$13aSyi/ H’H v)g(gzsk'i?:l}cagltiﬁétdr% 4ééﬁ%r‘ising a repeating unit
~(R'R2SiNR?)- with a polymerization degree of 3 to 5.

[0026] Organic polysilazane compounds other than the
compounds represented by the above formula (II) include: a
polyorgano(hydro)silazane (described in Non-patent document
3) having a crosslinking structure represented by the formula:

| .
| 7T RR Y} 7T R R=CH;

a polysilazane R'Si(NH)yx having a crosslinking structure
obtained by ammonolysis of R!SiX; (X: halogen), and a
polysilazane (described in Patent document 9) obtained by
co-ammonolysis of R!SiX; and R%SiX, and represented by the
following formula:

[0027]
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[0025] In addition, the above nethod al so provides a
pol ysi | azane represented by the fornmula (11) in which
Rl is 15 hydrogen and R2 and R3 are organi c groups or
in which RL and R2 are organic groups and R3 is
hydrogen. That pol ysilazane Yy have a cyclic
structure conprising a repeating unit -(RLR2Si NR3) -
with a polynerlzatlon degree of 3 to 5. [0026] Organic
pol ysi | azaRk HonpouRasHother than the 20 conpounds

represente y‘ié boeforrrula(ll) i nclude: a

pol yor gahol'hy bz ng (described in Non-patent
docunent @.| crofsl i r(lmpg\ :stpogitivednteger)
represente bythe mula: HHHH RI I RRI I R
Si-N\ I Si-M / HN'Si-NSi- 1 111 RS\ ~NSi N

NSi, NS I | RRI I"RRCH3 HHHHZ25 a

p60028]azane ExsmNa)sx dfawiolyShazabss |qqmpﬁgln§k3r wihatre than
0 [ y 3

pglbgs?ﬁg}/gné y‘ﬁ%ﬁ Bélyﬁéé’r%( ijggaﬁgéﬁg@@l tal nedavmg

bincreasathwno @@il@rdwergrgi%n@(@rmamq lamiroved hydrolysis

Eﬁ@%ﬁ%ﬁﬁh@d bref&‘f”n?f:lo' 'p%"\l‘lﬁlgﬂa%ﬁhzggl a&ﬂ%@c%i‘?}%ﬂ i’ Patent
pdsiatinentst tdet 1%)028ndERanpesnerizes )ssha|zaf\@r$e(descrlbed
fﬁfﬁ%{%%% 35EGMmdMaN1 61 28 1@3%.&:@%&@%&#@3 R8! yER\Atable

i norgani € "SI lazane h
for format|on of thick films by introducing organic components

into polysilazanes. These polysilazane compounds can be used
in combination of two or more.
[0029] Solvent

The composition according to the present invention
comprises a solvent capable of dissolving the above polysilazane
compound and the above amine compound. There is no
particular restriction on the solvent as long as it can dissolve
the above components. Preferred examples of the solvent
include:

(a) aromatic compounds, such as benzene, toluene,
xylene, ethylbenzene, diethylbenzene, trimethylbenzene and
triethylbenzene; (b) saturated hydrocarbon compounds, such as
n-pentane, i-pentane, n-hexane, i-hexane, n-heptane, i-heptane,
n-octane, i-octane, n-nonane, i-nonane, n-decane and i-decane;
(c) alicyclic hydrocarbon compounds, such as ethylcyclohexane,
methylcyclohexane, cyclohexane, cyclohexene, p-menthane,
decahydronaphthalene, dipentene and limonene; (d) ethers,
such as dipropy! ether, dibutyl ether, diethyl ether, methyl
tertiary butyl ether (hereinafter, referred to as MTBE) and
anisole; and (e) ketones, such as methyl isobutyl ketone
(hereinafter, referred to as MIBK). Among them, more
preferred are (b) saturated hydrocarbon compounds, (c)
alicyclic hydrocarbon compounds, (d) ethers and (e) ketones.
[0030] Those solvents can be used in combination of two
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i ncreased nol ecul ar wei ghts and/ or having i nproved
hydrol ysis 5 resi stance, refornmed polysil azanes
(described in Patent docunents 10 to 15), and

co- pol yneri zed sil azanes (described in Patent
docurments 16 to 19) which arel3mdified to be suitable
for formation of thick filnms by introducing organic

C QPPN tssoié‘%ocoo(?.J rgigchﬁ REBY Rid¥?! patkl azA@duce the
conpound$ can be use I N conbl nation of two or .
nbaeardousoessdiosdhe henabnbodiyt rod hecerntned the spéubility

p t 'Ip‘\bqﬂ.;' conpri ses a solvent capabl e of
dlbgsstﬁ vclj(?}g t eéa ove pol ysilazane conpound and the

ab0081dni ne cnpouatso MRswbie v use peemmeraielly available
{Eéf\féo ' 98 fﬁ‘eté’tﬁv%ﬂtvﬁ'f‘tthésglregénf‘sin'vterf?cféhd' B&n{ples of
€ abo l'es of the

Ve conponents. Preferred exanp i
stheentsabilacicamamergiably ormmdi @ enmsninasts sinelude: Pegasol

b , : :
SPOTRS TALRAOR], HEPROTRcRl . W50 Mool Corporation)
t whichyiisban zadirhatic) akey diatwdlnegarboar buktemnsomiayning an
SEFRRE RS hdr ARy SR G o, SMEBRRE of 5 to 25
i wiShanandn-fiecsole A ([twademeark],c)manugetured by Exxon

SO BRI SoihaR. a0 SPHAEANT AR nyarocarbor
prmidtuhaneon s nilegahpd aonapati fahgdeocairpem: edé ananixture of
RSN i fheers el 23/ SHRIEBY afbftc hioaroon
(erari mahoent ofeBBrwéto tor EessMrBEpdaod thentataleweight of the
RAPBHET S5, VRGP ARl OKa, REYarkBleREss to e, humar
S(D)qmef.erred. are (b) saturated hydrocarbon conpounds,
(Epogdhionc ! TR SEMaE Lo RAIHBL yefh . IE! T bresent
combentioinonhas tredatiselyr highe,saabalsty, o arvat henaehevarious
CYARRE Rl hap ED « HHFRhAGly B TESGURRFREEP o Sarety,
cenposets sof low volatility are preferably used. Particularly
preferred are solvents of low volatility selected from the
above-described examples, such as:
| (b1) n-pentane, i-pentane, n-hexane, i-hexane,
n-heptane, i-heptane, n-octane, i-octane, n-nonane,
i-nonane, n-decane and i-decane;
(c1) ethylcyclohexane, methylcyclohexane, cyclohexane,
cyclohexene, p-menthane and dipentene;
(d1) dipropyl ether, dibutyl ether and MTBE; and
(el) MIBK.
Further, Exxsol D40 ([trademark], manufactured by
Exxon Mobil Corporation), which is described above, is also
preferred.
[0033] As an indicator suggesting what solvent to
select and use, vapor pressure of solvent can be adopted.
Considering the relation between volatility and vapor pressure,
solvent having a vapor pressure of 0.8 kPa or less at 20°C are
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[0031] It is also possible to use comercially
avail able 5 solvents as the solvent in the present
i nvention. Exanples of the usable comercially
avai | abl e sol vents include: Pegasol AN45
([trademar k], manufactured bﬁ xon Mbbi
Corporation), which is an aliphatic/alicyclic

Eiégéoca:bggﬂugéﬁtur'ﬁvégg?gbﬁlﬁgeﬁUrear?WﬁOQ preferably 0.65
noun 0
B Ghalss ot Thes preraating b5 RERUPRClEa%y Bxamples of
Et‘l?ﬂ@ﬁ%tsli\@él?'g:nltg;{:@gab' O?Lbuat\rvkllléﬁhérs(?apor pressure at 20°C:
on m Xture ni
PoRBL KBSy FESARUoANAS G ARG RrESEHre Bl vanes 1828 %Pa),
UE?&SO'I t pRIef /Ay [redisaires adn 2@raalg, qswmetv@):ardmrex 60

in an anount of 30 vvt%or | ess ba ed o

\AéV@ﬂPrd?rQerSah&nge 00 %ikRe @fa?adéef ﬁche150 (vapor

g%@&gﬁ’fe@r&smb@: -1 hep88MRPa) bOQExxE@p%OT@ﬁdaSbRResso 150,
npound defined in the Lfresent i nvent

réSatW@Bl Vi BagasPlinANAY, aadd @%ﬂ(’f@xvi’:\é’@ouére trademarks
Sg#é(ﬁUFéct@Ir%duéngﬁxoﬁCM@ml Y orbﬂoﬁoﬁ‘s"ﬁ%éé'élﬂv@ﬁts are

ety, solvents of |ow vol a elare pr ef er abl
@Rk

utess Vpdatile than, forpexaeirled W'@”@o RYESEHNRE dt 20°c:
vel, 8‘7' kpaY, éﬁﬁeﬁéﬁé flé@?ﬂ ﬁ@ﬁnf@bWQhGeﬁem&%ody

exarrp es Suc n- pent ane, 1 -pentane,

n[ﬂ@%‘r]e,_tiﬁii@@jﬂ,\&sn heptane, i-heptane, n-octane,
i -oct a”g e”cB?ﬂBBE t||0|¥5? @er”lﬁgetontl‘F@ G eHtd invention can

i -decan cyc exan nmet hyl'cycl ohexane,
cgonsaBx ateer @961%%@&6.%ne§Eﬁ§afmanExaﬁaptﬁsp@.ﬁtm optional

I(\/%g)lglﬂggg"pbﬂ |GHBeT g f%‘égﬂ)tyet hedd g ’\’%ﬁ%‘ andcré&diinking

Furt er, Exxso rademar k
nﬁﬁaﬁb@tatﬂé-d byurthetorv e ws&ﬂ For adi SRMIGANCYCE0s devise,

gr h?ﬁﬁj 3ERh dan a&mﬁﬁtalﬂr ﬁf ?rhro%?)hd U ectrﬁgo rr‘\d such as

I'ca gest

vzﬁrits(trplgflrfsé’{;ﬁ%llb‘f)m&ﬂémtecﬁ?r Hhe sakie: ofi Na-gsttering effect.
Oi el pegﬁ ﬁﬁg-@dr&%.#%sm%@él%d ity and vapor

essure of 0.8 kPa
or | ess The Jualysil@zane-containing comp05|t|on of the present

invention comprises the above solvent in which the above
polysilazane compound, the particular amine compound and
other optional additives are dissolved or dispersed. There is no
particular restriction on the order of dissolving or dispersing the
components in the organic solvent. Further, the components
may be beforehand reacted and then the solvent may be
replaced.

[0036] The content of the amine compound is generally
50 wt% or less, preferably 10 wt% or less based on that of the
polysilazane compound. Particularly in the case where the
polysilazane compound is a perhydropolysilazane in which the
silicon atom is not connected to an alkyl group or the like, the
effect of the present invention can be obtained even if the
amine compound is incorporated in a relatively small amount.
This is because that perhydropolysilazane works advantageously
from the electronic and stereochemical viewpoints. In that
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14 preferably used. The vapor pressure is nore
preferably 0.65 kPa or less, further preferably 0.5
kPa or | ess. Exanples of those solvents include:

di butyl ether (vapor pressure at 20C. 0.48 kPa),
Pegasol AN45 (vapor pressure Bt 20C. 0.29 kPa), 5
Exxsol D40 (vapor pressure at 20C 0.18 kPa), Certrex

6 d Soi

“Bastuane! CB?r TR P préfrethy bdnkails tARZaAHCEoMpound
aift aopveee bt T80genasalel 1 tas2P8gadsefaraslyaddtacd G %exmore

o/Vbb
CBrefi iy WY, rRRIBIARU FE88sAbbTne content of
ttiae amnee&@mwn&ysenéeﬁara@év moEesthanad gertain amount
d the .

[6@34%“:> )htel’?é]agzﬁpf% ﬁngg]nrgpggﬁb?on aclcl::}grd ng to orm its
tﬁﬁnpirleﬁénswfmmcabalﬂaﬂg Hmtr@.aﬁtmm@nchdmnr%gg density
§ Exi‘mj't?\% %ftlc'j)b?ehg%' oRglvever "’}E"%'s PY@Perably less

e a Wi scosi Ty no and a crossli
atlaaheaaoblner R@rt aiey armnamtuS@othair tlaes@lmmﬁﬁi ionocan keep

d hosph

coRpaL ol EREPER) Pt £ i’ﬁ”{?‘?;ﬂ Mhhosphat e f or

t f@0Sae of NhhgeBmoOuUNY eff@@@ coimggslent described above
Pgléb ric?sz%rhe"tﬁ%np@bnbf‘gch‘@%‘?’ﬁpbb?@oﬁo W@wever o,ip order to

azane-contal nin tion of the
i ﬁmemrt posiliceous §ign hraauagoseffwleménthlcknﬁlssctthawéontent of

c ¥ cRRB A R RUmBRIRATE: oferBBly ' 61 X0 30 Bioe, more
oprdfemdlyed.5 Toe2 Wwt%p aIMrﬂljrthearpnﬁerabb’( iSofio o0 wt%.

t@f?d%hgm’g ﬁghﬁé'?‘éxggﬁ’\é) sg%%éhg cﬁﬁ@&?nrﬂ in an amount

coffpbnent20 wido, bbhbetorrqmsumcrma:caredoand a Hdm tofe generally

So'réﬁé‘%@%ﬁhﬁ%neﬁ Lfﬁg %E?Il-n%qé /o orc‘i{ﬁ@é’é 0?2666 to 8000
Bef erably 10 w % or Iess based on that of the 30

PO CEA AR Pt agbiln e case vhere

vvh| ch tfim thél pcooe9$ ooflmmopremmteonaenttwmnfoﬂ Korming a
Oiugeoﬂstfhle l'th% aBove polysilazane-containing composition is
coated on a substrate and then converted by heating, if
necessary, into a siliceous film.
[0039] There is no particular restriction on what material
the surface of the substrate is made of. The substrate may be
a bare silicon wafer, or a silicon wafer coated with a thermal
oxide film or with a silicon nitride film. If necessary, the
substrate may be fabricated to form, for example, trench
isolation grooves.
[0040] The composition can be coated on the substrate
according to known methods, such as spin coating, dip coating,
spraying method, and transferring method. Among them, spin
coating is preferred.
[0041] After the composition is coated on the substrate,
excess of the organic solvent is dried (removed), if necessary,
and then the polysilazane compound in the composition is
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effect of the present invention can be obtained even
if the amne conpound is incorporated in a relatively
smal | amount. 35 This is because that

per hydr opol ysi | azane wor ks advant ageously fromthe

el ectronic and stereochenicallbvi ewpoints. In that 15
case, the conposition preferably contains the am ne

C To A e t 0 e
SRR R Hoetledtus rithahe L8RS, an,, oxidizing
mtehesphieyes sucle%s Bire ajonosphese cam@iam hesteamoudygen
| refer raut a certai ;
a‘iﬁ’%e%zzronpﬂﬁﬁapgagchréa}%aﬁhl I yi%erglcﬁagﬁ;‘lgée%3?}9&?@&'365]’6 the
soriversioat aiy zi prefenabheacpedioramed i npy oviingdensnder an

0 i | : t h bbnd

b 5ebeyt) cdlititing dfrerArbas; T 4R ankent 2f erygen gas
tise prafipablyi docar keepe, cowpet ipbefenapiwnd 0%n dromore by
n LTorm 3

ErltBhen: "dL P eESTE halenuRtain  Indic dages puch as
?m'lrtrp@gem and h???“?“”t'eff].d‘hf’ imcpatil;](bhm effect iaffetm hpresent
i ng su I Cl en I CKNEesSs, t t t
p'5'|V$§]rEfé/\'§ g S e content o e

ane conpound is preferably 0.1 to 40 wt %
N0 @42 pr ef er alfl y the5 taprAlension ansl f perfonmedef eridely an

5 ¢ % L1y, . L.ni :
A PeEPae. ERmaliTha | sthanfontfe ofOateft ,of, steam s
tﬂma?cfmabg;%i Ei.bE’o can fr?omz,a fridna que]rcjen@blarl 11% or more by
referre i,ckness, r. , tihi
DSSbThE ok i Tigssit Wbl ta Rdlsfidrfis Compound
Pisoccaﬂv&téql _tbeetﬁna?_é?s b/ t fieing esavder nvaemt | atmbsphere
or ng.a S|l C | a e
p%?%'%é‘?gnl%ggbﬁfggﬁ‘, r‘—f‘é‘cﬂbé&g%q ggﬁ'is coated on a
sidB4Bat e anditt tsene_cle_esary etd»f pgritorat ithg, cofversion at such a
necessar i nt,0 T '
s TratpLire dtat R RO fatan e tPPatn JAET BE hverted
Emtbaca‘:‘ gflide!’cfl4§uﬁhht?t eThe rtadrep?fatuTbe isulgetnetadlymag0 to
re siplican r, ° o
oEoRDSE Brdtarandy; 48’ f 13000 C, e EratRESRIA R (. 100°C.
fThe cbhveeskasatishe tden Isebstopedyndetdemimaddi aatedding to
tt%éO{:g}\vfe%io%m‘:'gjrlng’eré{ﬂ]ec,h but is normally 5 minutes to 1
week, preferably 15 minutes to 1 day, more preferably 15
minutes to 2 hours. Under a humid atmosphere, the

temperature and time required for the conversion can be
lowered and shortened, respectively. For example, if the

~ conversion is carried out at a humidity of 70% or more, the

temperature and time required for the conversion can be
lowered to 80°C or less and shortened to 1 hour or less,
respectively.
[0044] Siliceous film and substrate coated with siliceous film

A siliceous film and a substrate coated with the siliceous
film can be produced from the aforementioned
polysilazane-containing composition of the present invention.
As long as the composition of the present invention is used,
there is no particular restriction on the production conditions.
For example, they can be obtained in the manner described
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i sol ati on grooves. 30 [0040] The conposition can be
coated on the substrate according to known nethods,
such as spin coating, dip coating, spraying nethod,
and transferring method. Among them spin coating is
preferred. [0041] After the d%hp03|t|on I's coated on
the substrate, 35 excess of the organic solvent is

oP Gl remaypd) 'S|I'|ée61?§e$ﬁﬁ'iy'and’ncih%heglﬂdé%us film-coated

g5|lazane conmpound I n osition 1|s
csu strade canoba [Sl’ﬂfﬁéébb's u§@@lsﬁ§n@t-eqxﬁ@arc #arts such as an

h
contt@m o i Feam gr?lmsu‘é tBE é‘ﬂriaatd@ﬁﬂ%%%tlve film and a

or mxture t hereo

t peimees éort pm/t@m:ttlvcm e EUREE! o tbeprft,fflar &her than
PEI BRI Vil (b8 4RE°Us Fh|5a§t (R $RIAbRidE face of

oXyge nt ent as Is preferably
1%Jbstrrat|e§ sueh @qom@e axﬂmeta ,og afisr anpyplasdiame.

spher [ S h
n8035dn ona. ROET BresthediveREidn NERAhRE e Plained, by use
t he pres@fnthe|f@M@MIh@nexamQ|@642] If the conversion is

cERbas drebevs
pref eraAIc;zot%rtg tnotrl‘ee meth,@qi g cnltnedh@ Bat;g@mdocument 1,
BB oA ALAR e AR gl ot L o
cont a| nAng -hofhu streesnk élﬁb)@cgap_pg}iﬁ.wltbO%palstinl@t tube, a
t@ﬁ%@'ﬁgf‘{ﬁ%oﬁiﬁ{r&fh@‘? ?/Sl azéﬁle%?:’o%rréeoun \ﬁasb used as a
coeuetibed vagsed. a Bhei cessal wasn fitlted wdtipebatuyedesoxidized
SRIFERA %' 39485 1508 PP f0, 8aaSOEc BRFRme wes
plpcma‘eldy thetreini eedl acowledi ngitho icehe ofteer thah, 100 g of
BRI g b BRI ! (T S8, oo Legtelunite soia
mardn:tL&st t (B 1M J@p2CsHyiter aWhited titarosphetion tmmxture was
ErPr LUy 308 [ 8 ftRAYEE €970l e FULEIS! ahfdhia was
bubbmd therein. Subsequently, dry nitrogen gas was bubbled
through the reaction liquid for 30 minutes to remove excess of
the ammonia.
[0047] The formed product was subjected to reduced
pressure filtration with a Buchner funnel under an atmosphere
of dry nitrogen gas, to obtain 1200 ml of filtrate. From the
filtrate, pyridine was distilled off by means of an evaporator to
obtain 40 g of perhydropolysilazane. The number average
molecular weight of the obtained perhydropolysilazane was
measured by GPC (developer: CDCl3), and thereby was found to
be 800 in terms of polystyrene-standard. The IR spectrum
thereof was also measured. As a result, absorption peaks
assigned to N-H at 3350 and 1200 cm’, assigned to Si-H at
2170 cm™ and assigned to Si-N-Si at 1020 to 820 cm™ were
verified.
[0048] Examples 1 to 11 and Comparative Examples 1 to 7
In a 100 ml glass beaker, 16 g of the perhydropoly-
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25 | owered and shortened, respectively. For exanple,

if the conversion is carried out at a humdity of 70%

or nore, the tenperature and tine required for the
conversion can be |owered to 80C or |ess and

shortened to 1 hour or |ess, 18 espectively. 30 [0044]
Siliceous filmand substrate coated with siliceous
[4i}dD4h& dutataEs (h SThHULIS ESXURRNE A Bnfoaked df bibutht ether
sili'ceous ~Tilmcan be produced fromthe ]
alerenmixednked preplyei & xeliysilaganai sohgiedmd¥hilecthefpoly-
t%?ai’éﬁéeg{)ldﬂ?c‘fﬁn(&é’g" stiffed qm;t?asﬂ LG PSS LHO05%) wt%
the ‘present 1nvention 15 used, 35 there 1S no

ppasedul ar rastricti obhen the pastycoee!ysihazanens. of
R he o i ned J n

i IpelaRt iamie Sholdlid frobfe TE"as added to
sobtaicows pidlysidazaed-cantaining e coanpositiprf efatixample 1.

TG Biod it T BBRPR X e TeBRad Siinas the kind

pandermrhountr afethievearninen ceompoend iand hthei splvent were

0 an | ec ics, are al sefyl a :
pﬁgrggég%ﬂ/e ?}tﬁms %dc_?surfgcl:—‘tghvg%(_ s',ﬁbstra Iés sgth gg obtain
npd by sifazenexdcontgiinisy) aramplosstions. of d4Bnpras presehl and

i LOR: pbned by use of the
fQ%ﬁgékﬂguggé%%éﬁgﬁéfgggb?ySynthesis Exanmple 1

(Synt hesi s of perhydropol ysilazane) 10 According to

t he nmet hod described in Patent docunent 1, a

per hydr opol ysi | azane was synt hesi zed as follows. A 1-L
four-neck flask equipped with a gas-inlet tube, a
mechani cal stirrer and a Dewar condenser was used as a
reaction vessel. The vessel was filled with a dry
deoxi di zed 15 nitrogen gas, and then 1500 ml of dry
degassed pyridine was poured therein and cooled with
ice. After that, 100 g of drehlorosilane was added to
the vessel, to formwhite solid adduct

(SiHA 2. 2C5H5N). While the reaction m xture was
stirred and cooled with ice, 70 g of gaseous amoni a
was 20 bubbl ed therein. Subsequently, dry nitrogen gas
was bubbl ed



t hrough the reaction liquid for 30 mnutes to renove
[0047] The fornmed product was
subjected to reduced pressure filtration with a

excess of

Buchner funnel
to obtain 1200 M of filtYate.

gas,

t he ammoni a.

under an

at nosphere

25 of
Fromt

dry nitrogen
he filtrate,

pyridine was distilled off by neans of an evaporator

Pl N

per hgdleapol ysi | azane was

I-r%bﬁlé) { of perhydropol ysil azane. The nunber
nol ecul ar wei ght of the obtained
nmeasured by GPC (devel oper:

GECES)—amtTeTEbY REend PSMPodR S0 be 80 T terns jof
ol ystyrent-:t and ed',ﬂ,Ti ﬁélchqur%‘;‘[HFHouhp [e(ﬂb'\wafs
SO—HEaStet—AS—a—TeStUrt——apSotrtom—PEqKsS asst gﬂled
tio Nedd at 335BU@RPINPA00 [cm kaqpssilgnelot o |Gty Bdther
2170 cm 1 anbexasefignvpetlo Si-N-Si |at 1020 [to 820 cmf1
re verifli ed.pigR N-0048] Exanpleg 1 to 13 and
paKasi Vg &%inb-t0 7 (hmya 100 a1 ollamsuchpaker|
16 g of thg pey; Q&p@ply 18 sil azane obtdined in
HHRress—Exarpte ae64—g—of—dHbutyt—etther—were—
) TIC TTO T E/ANTCATT 1 L7 f. MII:J .\J"r u .y !
xed to prn edaﬁéf a CbEJP_yS| | azane sqlution. |Wiile the
pol yex S| adaRE*BEWIBh mas @i rrdd veph & Cﬁ[{;dtpréﬁherjf
of 8 g (5.0 |w %ethyiesied onl t he per hyldropol yqi | azane) o
5| t et r anet Hyl hesteambe am jne _shown iln Tabl e |1 was added
tp tain Iy -C i ni|ng nMpdsit, i
R O T R N A R
except that tim'mdbiiSnN,N'aan amount df the ani ne conpoupd
ahd €Re5sol|ventimahe- changdd4) nt d t hofe diviloutyl ether
Table 1, tq obtapyreniife po] ysi | azang- cont ai i ng
cpnposi tiors Pe[}r %ﬂp_es 1 to 11 gnd Conpgarative
ekamgkes 1 :TE : ,QOK9] (ATabl ¢ 1]1.Pabl glijutihether
c SGNSIEMr s \nount  Soljvent
) tetramethyl- .
Ex. 7 hexanediamine (A1) 3.0 dibutyl ether
Ex. 8 tetramethyl- (A1) 4.0 | dibutyl ether
hexanediamine
tetramethyl- .
Ex. 9 hexanediamine (A1) 8.0 dibuty! ether
tetramethyl- .
Ex. 10 hexanediamine (A1) 10.0 dibutyl ether
tetramethyl- .
Ex. 11 hexanediamine (A1) 20.0 dibutyl ether
Ex. 12 m-xylenediamine (B1) 5.0 xylene




tetranethyl Ex. 1 hexanediam ne (Al) 5.0 dibutyl ether
bis N,N Ex. 2 dinethylam no- (A2) 5.0 dibutyl ether
ethyl ether 1,1,4,7,10,10- Ex. 3 hexanethyltri- (A3)
5.0 di butyl ether ethylene tetramine Ex. 4

m xyl enedi ami ne (B1) 5.0 di bdQ/l ether inminobis N, N
Ex. 5 dinmethyl- (A4) 5.0 dibutyl ether propyl am ne
tetramethyl Ex. 6 hexanedianmine (A) 1.0 dibutyl

ether tetranethyl Ex. 7 hexanediamne (Al) 3.0
gi'8hE A (cants, BX— 8 tetramethyl— (A ) g o) di-bit-y]
at her  hexdnedi-anine—ERMIBE LANPAURG by AH—8. 0 Solvent
di-but yl—et Rer—heX3REdiapi+ g.k’cg”&re{e Al L AR
10. 0 di but y| éfiﬂgﬁhy Shedi anithdS Bx. L1 tetramet hy| -
(Ao ¢ di but% “RYRYE  hexATHEE) HAY Ex$'812 Wlene
h xylenedi-ampeRlBSIHING) g y ol one B8 Tabie 1 cdnt.
Andone ompoundd SERERPY Name StY QEE N el Ammont | dibutyl ether
tlrimet hyl-enebi-s— e a Com—ExA0M (N bpthy
Hetero-ring in 5.0 xyl ene pi%%’f@‘jﬁ'e) (A
tetramethyl- methylene, .
Com. Ex. 3 ethylenediamine and 5.0 dibutyl ether
pl=p2=p3=
0in (A)
hexamethylene- All R’ are
Com. Ex. 4 di 4 hydrogen 5.0 xylene
iamine .
atoms in (A)
tetrabutyl- All R’ are
Com. Ex. 5 tyr buty! groups 5.0 dibutyl ether
hexanediamine ;
in (A)
Com. Ex. 6 | m-phenylenediamine q1=c2§)=0 n 5.0 xylene/DMF*
trimethylenebis- R*is a
Com. Ex. 7 (N-methyl- hetero-ring in 4.0 xylene
piperidine) (A)
trimethylenebis Ris a
Com. Ex. 8 (N-methyl- hetero-ring in 1.0 dibuty! ether
piperidine) (A)
hexamethylene- All ‘RAS are
Com. Ex. 9 diami hydrogen 1.0 dibutyl ether
iamine :
atoms in (A)
Com. Ex. 10 | m-phenylenediamine q1=%é)=o in | 4.0 | dibutyl ether

*) Because of the solubility of m-phenylenediamine, the solvent of
Comparative Example 6 was a mixture of xylene 62 g/DMF 2g.

**) The amine compounds used in Comparative Examples 8, 9 and 10
had too poor solubility to prepare homogeneous compositions.

[0050] Among the above, homogeneous compositions
were selected. Each homogeneous composition was
spin-coated on a 4-inch silicon wafer of 0.5 mm thickness
(under the conditions of 500 rpm/5 seconds and thereafter 1000
rpm/20 seconds). The compositions were then converted into
siliceous substances under the following conditions.

Conversion condition A: settled for 24 hours under environ-
mental conditions (room temperature, relative humidity: 40 to



10

15

20

25

30

35

Com Ex. 2 dinethyl hexyl- only one N 5.0 dibutyl ether
am ne atom RA=nethyl, L1=L2= Com Ex. 3 tetranethyl-
nmet hyl ene, 5.0 di butyl ether ethyl enedi am ne and

pl =p2=p3= 0 in A hexanethylene- Al RAs are Com EXx.
4 di am ne hydrogen 5.0 xylen&1 atons in (A)
tetrabutyl- Al RAS are Com Ex. 5 hexanedi am ne butyl

215 %Ez 5.0 di butyl ether in A) Com Ex. 6
g Y1 enedi am ne ql =q2B=0 in 5.0 xyl ene/ DM-*
t Comyietrgl amaoingdiftan A3a sediedEkor B dRYSetAGEr environmental

CEbRERION kP briib e RS gD Bl 40 to 55%);
Eébﬂrv@rﬁiorg conditodi dhit ysukjeaied pipehighrti®mpayature and
RS, bR 68, 60Tk Btred 5t H4E A SRanive
réhpne'rdjt\emeffEDE%he ql =q2B=0 in 1h0 di butyl et her
CBERATsHin' ESpBal (' Bl RPISDAGIRS 9 BonghlBiate ot
xB0OFE ;62 g/ DMF 2g. **) The am ne conpounds used in

ORI PR 5, Fefobous AlpbeesRIRta nopglpte at
ABORE t badabhen Isettigenefars 24npusits onsdes vemeironmental
B REns TR A RREURE YEIEYH FUpiR: 49 to 55%);
t Workuesson (wodeitiome Epnsubjectedf taohighnismperabdee and
aﬂ?gltxbﬁaﬂ%%ﬁt [ tllggt%ent for 10 minutes at 40°C and a relative
humidity of 95%; and
Conversion condition F: treated with steam heated at 200°C for
1 hour. .

Since the compositions of Comparative Examples 8 to 10
could not form uniform films, it was impossible to subject them
to the following WER evaluation. Although very small amounts
of amine compounds were added, they were insufficiently
dissolved in the compositions of Comparative Examples 8 to 10.
This means that solvents are restricted if amine compounds out
of the scope of the present invention are used.

[0051] With respect to each composition, an IR spectrum
was measure before and after the conversion so as to evaluate
the degree of conversion into a siliceous substance. The IR
spectrum of siliceous substance obtained by the conversion
generally had absorption peaks assigned to Si-O bond approx.
at 1030 cm™! and 450 cm™, assigned to Si-C bond approx. at
1270 cm™ and 780 cm™ and assigned to C-H bond approx. at
2970 cm™. On the other hand, the IR spectrum before the
conversion generally had absorption peaks assigned to N-H
bond approx. at 3350 cm™ and 1200 cm™ and assigned to Si-H
bond at 2200 cm™. If the composition is converted into a
siliceous substance, the former absorption peaks appear while
the latter peaks disappear. Siliceous films formed from all the



10

15

20

rpm 20 seconds). The conpositions were then converted
into siliceous substances under the follow ng
conditions. 10 Conversion condition A settled for 24
hours under environ- nental conditions (room
tenperature, relative humidi 2 40 to 21 55%;
Conversion condition A3: settled for 3 days under

NGOG or ST, (OO ERIALRHIE gk Kwnich
stitg etades chanagtetizinemeolysdazanesdisappearedi eypd thereby
t. ] : | ati . .
e Vs B, s oo B8fRY o tHeltSent inyention
hwers com@pléielyptangested 300c;siltoaousss wbstanmis.i oHomever,
f 4. ' - @l .
A SePmlh PRSI S D HRbRiahe AL colfpdpinetxamples
coxkibit@nsIR rspeattanipenvahiate thee pagikise alsgigned yto Ax-H dond
55%; | it - L ect :
e SR SEY oSRREOKL BRI ARG BT dhdehe0f cmg !y and
nitmerasdsy at WS fauhd theitathey weane diotycompistelyaconyverted
Co Si L . treated with st heat ed at
CBRELFRBUSEIbR s, (osteq with st heated 2
CpoPBERAt i ve EXaaplessmPositians omeate sotbjected utof dhe WER
fil ! ' [ ' -
i VETBIBINR, Mo B ccs O arkd pHLl e siicon
_ZWadifé][ &Dat@tcf:wﬁtgyeaslhmg@vawed, ot hegcoeverted composition
1 Cl en . Ve e AN .
BiisalBineEad dnph o2, GHiadud Wy FBRATHE' S48, Sbiution for 1
sto \&ﬂh?ﬁ&,rm rﬁk?tlgde'sf; afithe sbmmmﬁilngwaf/)&measured
e resen nventlon ar us
- B¥perEarts ogfh TommlPepiieteh, pRd o flerdly  Fheyalickness
Wﬁé&h@@sih@fgr@tdeamﬂ)eﬁt?ﬂnme cginvetsiros sof als&_/nminute) was
t t.he ree or _cC rsion I n a
talinfen ngerdripBeer B VAl coble SHUESBkPe as set
oRdhngd TapléHQ cond &.si SmalyenGRaMayubadnabsbigst mean that
p?ﬁéssiﬁggb ger‘fllnt’\g gsilv'ir?gbﬁwngsea%rla)é's less undergo etching and
accordingly have high density.



at 1030 cm1 and 450 cm 1, assigned to Si-C bond
approx. at 30 1270 cm1l and 780 cm -1 and assigned to
C-H bond approx. at 2970 cm1. On the other hand, the
| R spectrum before the conversion generally had
absor ption peaks assigned to 4 H bond approx. at 3350
cm1l and 1200 cm1 and assigned to Si-H bond at 2200
P?@53If the conposition is converted into a 35
| |ceous substance, the former absorption peaks
ile the latter peaks disappear. Siliceous

|Iﬁ§b&pined fromall the 22 conpositions of Exanples
To IL ex |mte§Y¢){< /pec:tra mwhi ch the peaks
har act eri 4ing paly Bde _di sappeared, and thereby
t was ver i|f Ceavarpigt If@n(\!@WMS,lti ons of the present
nventi on jwesrdittempl ptecehditioo®véerted into siliceous
ubsEantes.| HoweRer fivim® fofned fromall the
pnp@si 2i ons of9®ma&L§iﬁé_aﬂrpl es exhibited IR
ecExa3i n {whi ¢R7¢he 8 Lgned to NNH bond were
sefExed agprox99@t 3B50 8ib1 apd 1200 cm 1, and

5it |was 3fdlind [ hat2G82ey Wwere not conpletely
onvExt 8d i nt @5821 i cpous88ribst ances. 10 [ 0052] The
DEPOSiEX dris warktB3subl ect®B6t o fhe WER eval uation in
h&ofmlBxadilng #AABer | Refht&S and after the silicon
fom.ExaBdd wis’B3each ccffidrt eq or unconvert ed
frank B 4 wadd9% metsed?41d 0 $% aqueous hydrof | uoric
- iCams X bilon 54211 o $Inutes, the thickness of
&onl.|Exebdiis 8B was eI ed|15 by neans of an
IQOIFTh(EPﬁPVQr addOther by 4406 t hilckness decr easi ng
hCOMadEX. Bilnut o UNANGASWERRIGE A/ ki nute) was cal cul at ed

= SQrat??ncal | WER val ues in Tabl es

nmean that the siliceous films giving those val ues
| ess undergo etching and 20 accordlngly have hi gh
5 déadi54]. 23 [0053] [Table 2] Table 2

""OO""OU)OUJ_'_'OI—‘_"
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[Table 3]
Table 3
Conversion .
condition WER (A/min.)
Ex. 6 C 533
Ex. 7 B 1256
Ex. 8 D 1028
Ex. 9 E 2337
Ex. 10 F 299
Ex. 11 C 388
Com. Ex. 8 unmeasurable
[0055] As for the silicon wafers coated with the films

10 obtained under the conversion condition A3, the hardness
thereof was measured by means of a nanoindenter hardness
tester. The results were as set forth in Table 4.



VER (A/mn.) Conversion Conversion condition A
condition B Ex. 1 1027 712 Ex. 2 960 832 Ex. 3 4074
980 Ex. 4 996 815 Ex. 5 3471 2662 Ex. 8 2522 807
Com Ex. 1 2403 1236 Com Ex. 2 6078 5765 Com Ex. 3
5723 6066 Com Ex. 4 7797 447 Com Ex. 5 5421 4961
Com Ex. 6 5884 5739 Com Ex. 7 4204 2206 Com Ex. 8
uprRAsuspbl e Com Ex. 9 unneasurable Com Ex. 10
unm?ag,\lur abl e 5 [0054] [Tabl e 3] Tabl e 3 Conversion

PP

7~ €Ottt = Ex. 7 B 1256 Ex.
D 1028 %arcﬂhe&s&fﬁ’% EGE YL%OFE? 99 Ex. 11 C 388

rn. Ex. UGpe RS Jrﬁ?néabsf( (%j’ for the silicon
X. etzusth 49 " ° 42, 50
Ex. 2 4.97 2.76 47.78
Ex. 12 4.69 2.87 51.75
Com. Ex. 1 3.65 1.92 36.46

Com. Ex. 5 3.35 1.54 23.22




10 obt ai ned under the conversion condition A3, the
hardness thereof was neasured by neans of a

nanoi ndent er hardness tester. The results were as set
forth in Table 4. 24 [Tableégi Tabl e 4 Har dness
Martens Young's (Gpa) hardn nmodulus Ga Ga Ex. 1
4.57 2.49 42.50 Ex. 2 4.97 2.76 47.78 Ex. 12 4.69
2.87 51.75 Com Ex. 1 3.65.9486.46 Com Ex. 5 3.35
1.54 23.22 25 CLAIM [1] i | azane- cont ai ni ng
conposi tion conprising a polysilazane conpound, an

(R T° AN RS TR AT G, EGfngbiofh EOg s G
(wher ei & palysilRZzanedepeRieuntdy represents hydrogen or

a hydrQﬁ%sﬁﬂﬂegéé’ﬂfﬁ%dﬁn&nretpqegén‘ﬂgaeéY:tﬂ% F&Woné’%rmula

that t rogen at
nGA) hydrogen atonms at the sanme time, each of L' and
L2 i pdependent |y repgpesent s -CH2-, -NRAI - (in which

s hydrogen or ayhydrocarbon group of Cl to C4) or
_0- Neach @E&Lh NS l{AS i ndgggndently an integer of

4\H/qn

(wherein

each R* independently represents hydrogen or a
hydrocarbon group of C; to C; under the condition that two R%s
connecting to the same nitrogen atom are not hydrogen atoms
at the same time,

each of L' and L? independently represents —CH»-, -NRA!-
(in which R*! is hydrogen or a hydrocarbon group of C; to C4) or
-0-,

each of pl and p3 is independently an integer of 0 to 4,

p2 is an integer of 1 to 4),
or the following formula (B):

RE RB
I{l I{, (B)
B~ SRB
(wherein

each RP independently represents hydrogen or a
hydrocarbon group of C; to C4, and

each of g1 and g2 is independently an integer of 1 to 4),
and

a solvent capable of dissolving said polysilazane
compound and said amine compound.

[2] The polysilazane-containing composition according to
claim 1, wherein said amine compound is selected from the
group consisting of the following compounds (Al) to (A5) and



p2 is an integer of 1 to 4), or the followng fornula

(B): RB RB(B) RB.NNLRB gl 2 (wherein each RB

i ndependent |y represents hydrogen or a hydrocarbon

group of Cl1 to C4, and each qf gl and g2 is

i ndependent|y an integer of fQC)4), and a sol vent

capable of dissolving said polysilazane conpound and
gl q@lngzyonpound [2] The pol ysil azane-cont ai ni ng

c np05|t|on according to claiml1, wherein said amne

compound is selected fromthe group consisting of the

fO|”OMAng conpounds (Al) to (A5) and 26 (Bl1l) to (BF)

(Al) (A2) HNNV N (A3) (A4 (A5 HzNN
BZfLGBZT\ﬁ3k/The/6B$NSrIazane cont Al

according to claimljor 2, wherein said solvent

conpri ses (b) saturated hydrocarbon co (c)

an alicyclic %yd%ocarbon compound, (d) an e?ﬂer or

(e) a ketone. [4] TEe pol ysi | azane- cont ai ni ng

conposition according to any of clbins 1to 3, |

whenen_sald pelysiliazgme.comound us PR N~ _N-_

| |

(A3) (A4)
| | l
N~ NN
(A5)
| |
H,N NH _N N
(B1) (B2)

[3] The polysilazane-containing composition according to
claim 1 or 2, wherein said solvent comprises (b) a saturated
hydrocarbon compound, (c) an alicyclic hydrocarbon compound,
(d) an ether or (e) a ketone.

[4] The polysilazane-containing composition according to any
of claims 1 to 3, wherein said polysilazane compound is per-
hydropolysilazane.

[5] A process for forming a siliceous film, wherein the
polysilazane-containing composition according to any of claims
1 to 4 is coated on a substrate and then converted into a
siliceous film.

[6] The process according to claim 5 for forming a siliceous
film, wherein the conversion into a siliceous film is performed



hydr opol ysi | azane. [5] A process for formng a

siliceous film wherein the polysilazane-containing
conmposition according to any of clains 1 to 4 is

coated on a substrate and then converted into a

siliceous film [6] The proceds according to claimb5

for formng a siliceous film wherein the conversion

! Uhg.e‘?_t‘Hé c®pReiBions Bf'agtéﬁﬁééféﬁﬁ'e%f 1oglec érhgelow and a
conditions of a te erature of 100C or bel ow and
r@'@El%hHlﬁmCHFYPngOJ@ P8%5% [7] A siliceous f| | m
formed by the process according to claim 5or6.

[7] A siliceous film formed by the process according to claim
5oré6.



