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1 POLYSI LAZANE- CONTAI NI NG COVPCSI TI ON CAPABLE OF
FORM NG A DENSE SI LI CEQUS FI LM TECHNI CAL FI ELD 5
[0001] This invention relates to a conposition
cont ai ni ng a polysilazane conpound. | n detail, the
present invention relates to a

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

den8¢>@L\’SH§QZJRNfE b@mmmm@ @GM@@BNI@M OMPABLE OF
tenperature 10 t han convent Qns.

BACKGROUD ART FORMING A DENSE SILICnI]:')OUS FILM
[OOOZ]PonS|IazaneconpoundscanbegeneraIIy 15 converted
into siliceous substances by heati nE and the obtai ned
si i ceous substances hdveH lefdEEPent i nsul ati on
properties that they are practically used as materials

of insulating films in the electrical and el ectronic '
f1@P8d] HowevERiS inVeREOPorgkteazthed HPHARYORr gONtaining

h g on it Sitheb C
sug?t a}gé‘ﬁgﬁané %O‘ﬁqﬁﬁﬁn%l IrT‘ Getﬁﬁf tHé EPé§e39 invention

ces procee S very sl ow y and heed
t Elgdeattor 8. SV @ zane-canfai Mg mn@@osmﬂ fighich can form

ogg{igggngeémce&ﬁ% ﬁHﬁ ﬁﬁ?‘oog@f;@%ﬁa%?%tcérlb'v@& Qéﬁ‘\ﬁé’rature

order to inprove t
aboae cmmmmnalﬂomppstim%d to reformthe
pol ysi | azane conpounds thensel ves or 25to incorporate
particular additives into polysilazane-containing
conposi tions. For exanpBACKARQWEtARdcyclic conpound
(described in, for exanple, Patent docunment 1), an
al kanol am ne (described in, for exanple, Patent
dpe0madt 2) oPolysilaziamns antﬂQﬁﬁDQUﬂ@S( deseni be®€ n, geperally

eggﬂgk? ef‘?‘ﬁﬁf‘%ﬂ "?%hl%‘%an%)a tE’Ynl ] Cg aHbethe obtained

Itrve into po ySI azane-con hp03|t|on SO
t sHtcacus csuhﬁiguntqe@n heare faueh aexcelieabussulatinat pgoperties

Ié\étl ve rQFé” ac-E[;t% Qﬂ%&%@%&?éﬁ SGF'lﬁgglaac?nghﬂms in

I'n t uments are a SO use
cbh’nﬁc%llectlﬁﬁabandaelﬁ(itgoal@ftﬂ‘rﬂﬁe dboyeyed, ifothetpaysilazane

p%ﬁﬁ’ssanaBCH é‘ssnﬁ%ﬁﬂt}géscr thgmcbﬂk'lg?gﬁosr? |WtPat’t‘Pé dif8eous

coat 1 ng-ununl orn1t
Pstubstadoes npraceetdainteetsy) slawdy andunerds hr@y tgraperature.

sg Mé PrePelicth g I? §8%Qﬁ'htf&nlsr@ P@Ea At 2 varlous studles

mne conpound t he purpo er{ i ng
rél:alvre bdesceanréed iout torovweraophe, thmpecnblemwrrent 6)

l[ogﬁg i dense%rik{;gﬁﬁfﬁgoigﬁrp;ﬂr%% B &P 53b08dgtr‘bbwﬁ15 it is

azane- oSition 1ncorpor
Npitepeseady td i refoonp dined p@dwsﬂaxzanev\mmm@ndssthemselves or

Sa b SATE L AR 1813 B0 leeheBhtaining

acobdpasiiiommr e Huwevee«ampﬂe,: samesNr-heteoopycdm deosnpound

PEHESLL R SR AL SRR BN TOH BlehP §50 a0 akanol

uacthein ee n(\desonitesd a|In cﬁodlexarrqaler Batémtld@cwmenu @jeor an

t enper at ur e r | n

SRR o SR Bl S0 G, PHER Botdmen
Aggoridi reglded wasn t&\@ledddmttmet hat@orapopotysmlazamcontalmng
N-heterocyclic nd | eneral |y dj | yed,.15]

or RS, o BREE RHE P iFREE] GhnoidiR A aigebls Him at
namgbw, 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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in an aromatic hydrocarbon. However, since the
aromatic hydrocarbon is generally very volatile and
highly harnful to the human body, it is strongly
requi red nowadays to reduce the anount in the solvent.
In consideration of that, it #s much 20 desired to
provi de a pol ysil azane- contalnlng conposi tion which

Cﬂﬁtﬁ%?“’cr‘?e\?' éi’éeﬁtﬂﬁtﬁlédﬂd@cﬁ ihag Q':b)‘nﬁﬁglt?én acbAvEhing a

erature and, at esamatlms whi ch contai ns a
palya e e Ao cthe i WRetR PfsBRTAANING cdREXY nresin

g{lééz?r%edvlﬂ“f%l#seﬁé’ x:ﬁEt PAEALFRUR Nt 616 25

Si | azane- cont ai ni nposI tion incor por ati ng
@4amd/ or Acidensfi sﬂm@oum i Latesbe; Héléitalﬁed if the

ver to
f)l ceous #I I mnt%mll E’j nececsosﬁg ﬁ%gﬁr, ngf%wﬁoﬁmﬁ an
chrb@!;etcp@hclqutC@ra@ﬁua@t agdiHVey eghich 1a deseribed In Patent

oﬁagghféon q.f Igral%\»v%gté 's’ESndTFBrsl TRagR +ﬁéér érivirbRental

rimMing a dense siliceous fil
t@cnpdrtawe prrefef@blundsrﬂ@ematoﬂuﬁthaprcmmet .i beyvever, it is

t
d Eéﬁ*e'ostﬁ QH{Z‘ @?uﬁsgglgé?ﬁfé’ﬁgf@dﬁta|{19%)6doﬁﬁ‘fdsc?ﬂén which

vents ar

poapsfaveeatycsarm @ ersppyscerss filtorperat ragidly under
aéh ﬂ%nrﬁ@n‘%ﬁ! é’%&llﬂldr% 5S Gy tf?r‘i’ngnaﬁ’aé el'&ngPodé'FﬁBTerature

oslti canform a

sMearesbile; i the by- mebemwéncatcon@p@undn§ l@pler enhaye low
sgﬁﬂ@ﬁt?' 'tbce'&?“§oif\)e%1 ht hﬁc?{)/SI ?Z%{amvﬂ%n g@bt'lgﬁo the

0 react t ne corrpou
t herrmsutm,p‘dmeysl‘wsat@f@cwhpm posinchi% Ganeialtyo dissolved

u f n S i
SPE L BRSO ReSlina shibF BSOTAR Baciy, namely,
alrkaaal mmetmshY@mmnbnred 5Hawavenl \selncearthet rammatm

aHg@gggéﬁgUﬁ' 4 %ﬂ%rélI&W@%'Mapﬁ?%ﬁ’{od'hn@m’y I'fa{r‘?ﬁhﬁlh?o the

I Ci én n nmass oduct |

t heneans baghym itor|s| E’pmgiiyemequ[lmbm@uaeiratysmt@urr@ﬂwe the
rg?ﬂ?yagdiﬁ@% SAvaRRer afn f of |6j%géﬁ|8re§)3mth?9 4t is much

'y wi de 'scope of am ne n’ t he
ddesimad &0 provecle:l@q:rollgedazaae ccalatalngwgmcmm”fmsﬂuo;n which

AP0 B, o reOR8 I BBk et Bl B B8 tower

otémpdratdrehans,eat the dacmeebinsearwhich eaonbding a small

oargan hEBracpRitls ATRYSeatbBhoRITERE, byl ow

t epOdt ure fimi cgontrast, he/ra,rlmlrm p0lbyeis iareenysable in the

oo RZahE kg, ApBSiPE,dnsesepEatag nameamine

daadyent acid additives owhdsh tisodescribedpar d?tatrayt document 3.

CEUTREVEY! FLBARE 5 rofp RSO BRSEEEbIE UL frparassary

tld)l brEnag i shei ognepdsitieousintdl wolmtaktbvwitdnpetrestrar @t a  high

A f h |
+ bomterAtEsr ShBhantonbptias: dodlinemedns S ihikedk View of
Pﬁd)ﬂﬂﬁngaadd@ase Mlceldlﬂs( Ii@ﬁﬂ)byll@ﬁlﬁe@ﬁae{mwet firing under

docunent . Pat e Laj d . .

TG00y TP RIS catalfol 58] TPepaeYaiBRr ayement.

L §000@jen No. VH?[d@WsoNé’@t% are I;';\Rai ensatbdeurmntthld poly-
ganese Patﬁé %%1 H_] 17 65 | ne
paféANSa6en H}'”Q] <9 ‘P]%@@ﬂvé?%% CL% anol amine,

EW%J%%)@KS@&%BEDL%@SEQE g’@%gﬁegtdcﬁiurﬂemneze P%Eeruher, this

ai d- Opern. No. at ent cupen

S RoMERSI sk A BRI Cafeorensl Cspae: BB BYciosk temperature

[Pﬁtrﬁ%t destferinify taprese dHteousLalm, Qiee dkkanol amine

S61(1986) - 89230 [Patent docunent 9] Japanese Pat ent

Lai d- Open No. $S49(1974)-69717 5 [Patent docunent 10]

Japanese Patent Laid-Cpen No. H1(1989)-138108 [ Pat ent

docunent 11] Japanese Patent Lai d-Open No.

H1(1989)-138107
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[ Patent docunent 12] Japanese Patent Laid-COpen No. 10
H1(1989) - 203429 [Patent docunent 13] Japanese Patent
Lai d- Open No. H1(1989)-203430 [Patent docunent 14]
Japanese Patent Laid-Open No. H4(1992)-63833 15

[ Pat ent document 15] Japanese3Patent Lai d- Open No.
H3(1991) - 320167 [ Patent docunent 16] Japanese Pat ent

L@FG {iPENsNth dﬂt@?@écé%&%ﬁthe po(}%’% XefiBBund, and

apanese aten Lal d- Op F1993)
ﬂaereehy dﬁt@nmltysﬂ@]zam@pmaow%dﬁ rarerog n”REp “a useful
31
(SURSERICET, LTRSS indSas s lon spraceE ol violent
1he|tsza@m@rammo@tarmi foamﬁm@ntm-atalkan@f) anegpustde diluted

C[riL N/%rﬁt l%ﬁ& [t%ﬁmpé%@'étd dg%’&ﬁﬁhyz]fo@ Sc?yfléhbh time.

ol ym
o&eﬁprdmlyao(rxgﬂa@the vigweRins eat affwmﬂy 3qmd cost in

Cn%%%;%%%ﬂhﬁ%g@i Eﬁéﬁ{%ﬁﬂ%@ﬁiﬁg éﬂ%ggﬁﬁbRggLENF$g BE

SCQOQ@]BY THEPawm\rrdojsue'serptmoé] 1an@ oBsi disch@$®n aofgeneral
H&é‘?ﬂ éo%e”FeIa'théﬁ/ apyigki eckopl tB® amine

present |n ntion
pcompoandse cont ahau d@cum@a§$,t iibnismdescrébads §hat acoating

dﬁ'?ﬁﬁn REPUSaA | bR 'T%rcﬁ.lcf@t#" By |?1r&6r?br§tlhg"‘wgt’£}\% & gmine

nper a ure than conventi ons
soompm.massmm pombqsﬂra@mntaummcpmposltlon On the

Cg)g,pHFel‘fjalj?éf %&ﬁé\yéflﬂ?@%&ﬂ‘ﬁt&i | Bfe GHIEMAS Hblooft formation

Il sing a poI azane conpoun an am ne conp
r ofr as sili eeo by flh’ﬁ fabUammﬁdgfr@mnjlme ],m)QIA()sHamm (cm)'\tammg

il SR D, Bhace e ng present

Canendtamrst hestwayi t hea t havealed RAshabnnaryi ngft othée poly-
S@ﬁgzg'nter RERLaRiAY ?nBBE dYHE 0asLk 852" iAt thae dREnents,
such as compositions incorporating hexamethylenediamine,
p-phenylenediamine, and N,N,N’,N’-tetramethylethylenediamine,
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



each of 12 and L2 independently represents -CH2-,
-NRAL- (in which RAL is hydrogen or a hydrocarbon
group of C1 to C4) or 20 -0-, each of pl and p3 is

i ndependent|y an integer of 0 to 4, and p2 is an
integer of 1 to 4), or the fo#lomnng formula (B): 25
RBRB RBRB gl q2 (B) (wherein each RB

[{lgagc%%@de@léq tesegy s hyPaAgee OVP&érg\\tdrq_ Hb@g)eqnz No.
|S61(11:I@Béﬁd89t213)0 an |nt eger of 1 to 4), 30and a
di gsol d il -
@ié/ound an s@l tarr:% y?rg %%le [ggélﬁ(%ﬂfhgqgérlgse ten No.
|$49(11196’|4)r69e7lls70 featured by a process for formng
P;épﬂe'n‘&eo%édﬁw@nt"‘hgr(g!q”ajé;:ﬁ%ﬁgéés' PREGHE. CONRUBEN  No.

osition 1S coat rate and the
cldMéBB@d [lBthQaB 5siliceous film [0011] The present

fj.on er f tu Sphi usy £i4_

dthy Cl?ﬁ egd\;te pr es%ﬁ?&gﬁ%% Bbt#ﬁ Ill\é)él\lﬁl%ip No.
1Hl[(0)98&)TEh88dr(b%ent i nvention nakes it possible to
f de eo i | 0 e
AR e dnarto L A gesr "Bate AT Lafd!Tpen  No.
t dif@O8U-20342%eat ed, the conposi ti on of the pr esent

[HEen G Y IP AP gEeRE SehrefeusLtid Bpen o,
th{QéB&Q&r—éOﬁﬂe}ﬂas roomtenperature, the cost of

PLERYH SR ST PepafYES pateht MeLoigopen o
SHHi(1O8X)-63883 hus forned is so dense that it can be
RS REaEREIRS ) SagiaveRk: PBet | Effippen No
2B3¢I1p9 1 )x32 L 6PNt ai ni ng conposition of the present
;f?ﬁ@%ﬁ)og #6?%"{% ﬂggﬁb’gﬁ{a%gr PAtBALANESRI‘Cpen  No.
chr(exd@yrdlAm®r Y61 | azane- cont ai ni ngconposi ti ons, and

[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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therefore it is possible to further develop the use
thereof. [0013]In addition, since various solvents
including 25 solvents of low volatility are usable,

t he pol ysil azane-contai ning conposition of the present
invention is very favorable fbomthe viewpoint of
safety. Accordingly, the siliceous substance derived

oPBI R ARG A BEFE whitIE TLaR) foFm o, gense

asilime®® rfilen| ayere i rapidéy i agdf ptnp dowes- sapipe@ture than
p ' i : i mer for protective
f??h?&bﬁeﬁ]egrl,émkg%apﬁesrd ot her than el ectronics, the

siliceous substancederived fromthe conposi tion of
the present i nveMtEiAchInSilfoﬂl§8LV§RI‘CG‘|PQ§BFEEW otective
filmof base materialsS such as netals, glass and

36Pp089ti cs.  ThBESTEMIDE rRER ARRSY| flIe tOUEd THiE
| NVENTI ' : - .
pol ysi | %h%@n%%]@gr&ggpnﬁg??Pgﬁg%%{:oor} §ONGPEs M %e 5

present ai m&le/ts(iliamarpmnpnha@lsnd, particul ar am ne

conpoun a U ed- it

o esent anmaairEsEOhTY By 2HtEsERERE BE HEFFRliPwis formula
f oAUl a (A): 10(wherein each RA

i ndependently represents hydrogen or a hydrocarbon

group of C1 to C4 under the condition that two RAs
connecting to th&’ame nitrogen R*om are not hydrogen

atoms at the sanel tine,, 15 each of L1 andm%
i ndependent |y @Me@eﬂf %NN -a (1N /ch RAL is

hydr ogen or a hydr ocatbon/mr otpp3of Tl to C4) or -0-,

each of 81 ang.rgs i s independently an integer of 0 to

4, and Z\HEG ! ninteger of 1 to 4), or the follow ng
fornul aegBh: RA (vhdepemdently represessish Rgtdrogen or a

ig%g(e %g%?%tgln%/grrgﬁ!geéﬁgﬂstg 3r 0ROt é czoﬁwcm%rno?ﬁ%‘?%wo 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 Cs) 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 RB
& L e
RB’ \RB
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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each of gl and g2 is independently an integer of 1 to
4). The am ne conpound contains two N atons in a

nol ecul e, and they are separated from each other at
the interval distance corresponding to alnost five GC
bonds or nore. If the amine 38 conpound contains nore
than two N atons, any two of them satisfy the above

j 1] = - 8 f er abl
ERfAd @i B dping BABDRHE ® P and ¢ he
ln[mﬁéf)]of theTm?mrealsaMom\germh@@ issalgpefeataied By a process

; IByk , ) .
ofaLoRRBg oF e ous MC lyHErelR thopalyeRgzaf. tofitaining
wCompesipiedt is coatedsoamansukstiadanandefien gamemed into a

Egﬁi%?%%tiﬂ“( B), the effect of the present invention

ained even if the termnal N atomis
cpd@edfed to The reésentniavention Os1Fuskibay fertureovdy a

SRR BB, By il apovRl BLFCES SO Ty ©
(A3) N (A4) (A5) 10(B2) [0016] Those ani ne

compounds can be ﬁ-_ﬂ%tﬁ} 6P“Bi-|ﬁaltl\il\9@hﬁ'fld or nore,

i f necessary. [00 s not Clear how the particul ar
afi064 2donpounth@spdesénednivantion pnakeatiti possibilerto form a

ot s 8 BN b afia Bl R s tanathrVpgional

pcesepositiors)t fon exatwles pt urcdmNtetoperaapar at &t heated,

BB oM aRguES: & oS e TRl YA B B 2

dense siliceous 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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9 the conposition.As a result, the Si-N bonds in the

pol ysi | azane conpound are thought to be easily cl eaved

to pronote the silica conversion. Further, since the N
atons are connected to hydrocarbon groups, the

solubility is inproved and, 57at the sane tinme, the

el ectron donating ability is enhanced, so that the

amne c iAo r i ' f

t he pol §S| a%@%gg%{gg%ﬁRngogygmﬁaﬁiIéﬁry%S???al\?,

t he hydrocarbon group connecting to the N atom

p rL,ab ﬁ- gn g%ﬂi% gr | ess carbon atons. |f having
atﬁéﬁéﬁ‘A e ; &% 0 hydrocarbon group may be

bul ky efibeghotysitazane-aidntainimde cornporsitien sadg¢aiding to the
[ . . ol

- BEee ol ThYehh IR EOpIRYRer & paltifial prMEXIpfl.  The

ppasticulamvaminen coandoany peediinAde pEsampdonention is

e R AR BB R (B i - o 7

pol ysi | azane conpound or an organic one.Preferred
exanpl es of the ijnorgani c pol ysilazane conpound

i nclude: a perhydropoly- sil azan% (described in Patent
docunent 7) whichycontidi ps |& 20 gt rai ght in
structure. haviRfg a peat] g i3t Repr ese;(?\zd by the
following formula (1) ( 1 Si-l\‘fln(l) HH whi ch
has a ngwhdvatein wei ght of 690 to 2000, which conprises

ol enont SRS of badadeBRRdRIR  FpBle afyeloteE, "or a
t@_y@ﬁfcbiglgghn?pogﬁd@mag:éﬁ%sgwpme?l.rEhda rcdr_edig'mmithat two R"s
heomis g R thB ot Mot AR R Hai BP9 heagn, atoms
ogj(gl ngﬂ%éosgﬂglh dr ppol vsi | azaneca synt hesi

LSRG L o The eI n e b o B EPRS ST e - (in
7 vanit INRM piat ényid rdgemmenrt alhydhecaebbsdgopopysf Gz doeCs) or

basically conprises a chain noiety and a cyclic
noietry, and can be represented by the formula: 10

[0020] e@%ihHRRHe) drclp338)independdhdysanuicttegerodf 0 to 4,
perh£dropolysilazane is, for exanple, as follows:
5[0021]

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

v il
(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



H72H2H2H2Si - NH HNI " Thl "Si H2 | H H2SK, " Si H2H25i ,
HN-Si H7FI 2 |1 [0022] Ot her exanpl es of the

pol ysi | azane conpound i nclude: a polysilazane which
has a nunber average nol ecul ar wei ght of approx. 100
to 50000 and which has a skel 8ton 10 conprising a
structure unit represented by the followi ng fornula

chbafespBly condecteshla Sorttndin, hudrpoarbhfl JRISS and the
ahliynber cofp,then hy deagarbprougroupsyisl aaief@rabiyods, lange as
af)é% i _grow), otRef! K¥bPUS Y! 198 YR mBR 2! &¥! RTHNOponds s
g B, %n al Koxy "group, ~of ‘anot her group such as a

f poefrerabiy | agroupliwaisc possihlai nsHawerarpriwiihorespect to the

ot EE FoRRROTHYFEt Car it 1oy 1ER, FORIET (it (ghfect of

e f peesaerdmpoueadsiarhezasofbe 20b{Ai028] _Rurerexfinghlee teaminal N

o LR s e ),

. syDOh&di zed aknwrmignthe oabbeemanhiod: repopethds, particularly

10

15

n- t Thi S j .
B s RrED RS sy PROTdTRASS et E3Ha8o Tormulas:
repeating unit -(SiH2ZNCH3)-.There is; no crosslinkin
structure in any polysil azane conpounh obt ai ned by t%e
mepbd_ 10024 Fug Lher, & pol yor gangihydr oy S aza ~
represented by the forfrula (I1) in which RL d R2 are
hydrogens and R3 is

(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



10

15

20

25

30

5 an organic group can be synthesized according to the
nmet hod reported by Non-patent docunent 2 or Patent
docunment 8. This method al so provides a polysilazane
of a cyclic structure having a repeating unit
-(R2SiHNH) - with a pol yneri zaPi on degree of 3 to 5 and
a pol ysilazane which has both chain and 10 cyclic

S oy g o TSN, T e e
[ pOREilavanieli coompouhd atevehestgiod tal slmeple@\s@iwescl_aaved to
PBHGIAE 08, SR SRRy DEIBRER! Srd hnbobikefhs are
Loomhiecheﬁutoahddmlzcar?onrgmﬂms,gtm;wlubﬂimis émproved and,
SHF R PendS i G Kk SrERBEa T NG o a bl & Gofganced, so
vvtl:lagietlh@olamme z:anéﬁpnud\eiglce@ ?eadilydmergot)%i]tm aritoms of
r n .
B oty S pE RRR IRRAIRES " i ErFOGR" B Sthat, the
gbigﬁdmoganbg)hygilr@pido&nmret;rl(\igdmicthe)éu aitntrmqnfqﬁaraelnky contains
r pr(g'lssel%t%d {)bj'\qcﬂ'g gsﬂg'ﬁﬁﬁ%a: ﬁlﬁl—?ﬂ%ﬁr :J% gﬁgﬁﬂl ,S\tf”Ct“re' the
HhNGiroN8irbohl gre @ Nngly BRI bubtyHEnduR h=tererisly hinder the

polysilazane R1Si (NH)x having a crosslinking structure
ob@%‘?rﬁgg'zf’[({/] ammonol ysi s of R1Si X3 (X: hal ogen), and a
ppDYi8jaRalysiladesa cbedpounBat ent docunent 9) obt ai ned

B oo OO B Bhr (A AREERR BpsaBs paysipzane
HBbnhpbunid Lise@ NSithé present invention, and any polysilazane
compound can be selected to use unless it impairs the effect of
the invention. It may be either an inorganic polysilazane
compound or an organic one. Preferred examples of the
inorganic polysilazane compound 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):

|
%Si—N%— (1)

| F/'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:
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Fit2m 1 ?1Hn (m n: positive integer) [0028] Exanples
of polysilazane conpounds ot her than the above
i ncl ude: high polyners of inorganic silazane havi ng
i ncreased nol ecul ar wei ghts and/ or havi ng i nproved
hydrolysis 5 resistance, refl ned polysilazanes
(described in Patent docunents 10 to 15), and
gg) xnerized silazanes (described in Patent

cunment s 16 to 19) whi ch are nodified to be suitable

for fornat il s t roduci ng organic
_ﬁ$ﬂ T% Fggzan gM"Ehgse pol ysi | azane
conpounds can be used 19 in conblnailon of two or

nore. [0029] Sol vent }ng_conp05|t|on accor di ng

to the present inventio d%ﬁ i Qs a sol vent capabl e

of dissolving the above pol ysilazane conpound and the
above ahhaesttuspeoith®f maehedrepalysilezang i clipaexample, as
rﬁﬁhﬁNgtlon on the solvent as long as it can dissolve

t he above conmponents. Preferred exanpl es of the

sk@2hd i ncl ude: (a) aromati ¢ conpounds, such

as benzene, tol uene, ene et hyl benzene,

dlethyHﬁgnzdﬂg thne nzene and 20

tri et hySlhenz®he: 5at ted hydr ocar bon conpounds,

sudiNas nhbentit pentan iHn- hexane, i -hexane,
n octgne, i-octane, n-nonane,

hydr ocar bon ke npound h as et hyl cycl ohexane,
nethMbsyQIthMane/ cyclo %xane, cycl ohexene,

p- nnent hahk, 2$¢decahydronaphtha|ene di pent ene and

|i monene; |(d) elthers, such as dipropyl ether, dibutyl
ether, diethyl ether, methyl tertiary butyl ether
(h@@EQﬂafter Otkter BQ(@I’HN%S pIf BEEh eanplo sl kan e agempound

(ﬁtcrlgﬁﬁgpﬁspo%i%z J%?I’i‘f’éh !ﬁég‘é) W m@@nﬂerage molecular

SWGpglateof edparex( bl 08attor ﬁ@GOBy@nﬂ:aka‘onh cbura;somwdskeleton

(EpnbEHEL o shRYak R AR BRUNReg SPIEl R9TGNA formuta

cpri:nati on of two 13 or nDre so as to control the
evaporation rate, to reduce the hazardousness to the
hunamlbody and to control the solubility of the

I
n t ane
irﬁgﬁaqe E;rllH%Iecane Lﬁtgecane (c) alicyclic

bnent [0031]1t is also possible to use
Birc iy a¢Hi)l able 5 solvents as the sol vent in
the fﬁi nf i nvention. Exanples of the usable

rcrally avallable sol vents include: Pegasol AN45

&?Lﬁ?i‘mr BhrcBREn St Kn R ¥pfa ds dfBepandently hydrogen,

hmhr mlaybtgmn'pgt ane atkehgl ngmeu@n aaraychdakkyHydrougy ban aryl

exetp, oo ey BRI harshliotia Stpdby ar Rty arour,

Corpanathen)group &ludhs aan aafliugrasilkykigiroyp chich contains a

drocarb ture containin tic
%aflaeﬁr B5RA 'r%CﬁYxFBPQe&F”&)q:\?eﬁbgng i L9 prOV|ded
peeder abl lseacsmnbaﬂensafarklar ®fatard hRAr igcdnydroden aatom); a
anmount._. of wt % or %ess sed on the total weight of

t Faoqigd )gourpgounﬁlsv R&ISAT r educi ng the hazar dousness
EOOQ@]hUW&n F@dyexhﬂﬂﬁﬁiThﬁ|ﬁﬂWBHaQanEDUE®rQSEMmedIby the

t hi gh t
RSB ATk had B e BIAT Wimetny
ceasl d@féatgyg'lfth@fSIﬁﬁ etg)CﬁOZ—"@ll‘F@' tentiheof nﬁ@téhd@' aeplorted by
are refera use articu referre
RSN | éQFUB"%\'?F | i4-y se?bgep F%Wt h%rao provides a

a%\r?sﬂa@&heb@ﬂ chanPbessydicipodgimer having a repeating unit
) h- pent ane, i - pent ane, n hexane, i - hexane,

n heptane i -heptane, n-octane, i-octane, n-nonane,
25i - nonane, n-decane and i-decane; (cl)

et hyl cycl ohexane, nethyl cycl ohexane, cycl ohexane,
cycl ohexene, p-nenthane and di pent ene;
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(dl') dipropyl ether, dibutyl ether and MIBE, and (el)
M BK. 30Further, Exxsol D40 ([trademark], manufactured
by Exxon Mobil Corporation), which is described above,
is also preferred. [0033] As an indicator suggesting
what solvent to sel ect and WUse, vapor pressure of
sol vent can be adopted. 35Considering the relation

be@ deH' FLI T tyhand YaPHo PEPSEHI ANl YRUCtDL N any

sure O ess

ppelfyalaza;najsem pcruedvabbalrm@bs/utme iRBEERP@. preferably

URIER O | d PRI R sBace Epresented
(bppdve foesudae(H) mowhloma kaagl Rfo@gasbvdmgsn@apdrR

T G SR UL RS (AN e methoc

artemmedo toj. 7 NicPerpatentt Solowessnt120 qrvd?tatuerqftr @kmuraent 8.

i T T

niaavfragt ar emng/atﬁflxgomm'bbl—l( IdbiHah omth Thopelymerization

e Ty e L

hayalialsttoctureshimen rhodscule0asd \A(hlhbrlsadeirbtemted by the
Tﬂﬁ,{ém;g)o& tion according to the present invention can
ot her additives, if necessary. Exanples of the

optional 15 @E%EBIU-INHS)X[(IH@ISIHélaN\]u&co@t43ﬁxréd|)f| er

<Flg253 05515 BAGREGH. T ol Enath o ghbpees -

p ob,rmbirm@on@ mmbrstmxch bg the formula (II) in which R! is

Y BEBEFT LY Bt ROGHRF Baklle AR Buphu gy R and

CfRﬁpﬁsetmngvanEO'ﬂweuml wsid da ne cpdr@jenng Hm@thysdazane
t t
oA R SR, R R St FB8
pa(RFRGSH]:IRé); mtlgmmowmm?mbhede@me ofia tadsli tives

ti
"E00REdc on- onoREIE! BBVt e orbimsubas LiHEE! fhan the
t benﬂﬁoondsorlept*eseimtémebw thei absvbvé@mmuﬂfwr(ﬂe)r intlogle: a

CBEbum i TRt Py B T Ofn R i pb BRtdE document

agi) nea gienpauacbsstirddner structtbe wiepresehesd .byptheefcahyla:
10 wt % or | ess based on that of the 30 polysilazane
compound. Particularly in the case where the

pol ysi IHhzathe conpdund is a perhydropol ysil azane in

whi cih _t he blﬂ{l Ronlatd)m s not connected to an al kyl

gr oup ;5("1 ellikeiThe Rffect of the present invention
cd-h—’:Ne obt alSledNeven |$I-l-he am ne conpound is

i ncorlporat ed/ i a rela |ver smal |l amount. 35 This is

beca@e thath h dr opol ysi | azane wor ks advant ageously

from t N hd%st er gcg i cal viewpoints.In
Siti erably contains the

t hat i"i s th
am ne und in an anount of generally 1 to 20%

pref er ap|l ¥)o'$ §0a28%e ROSHNHBS e1dahy 4 tﬁo&%nlilwg htFucture
preferabl to 6% The content éggﬁt;eh?m r}@c und d
i §bspEIRM aB?X/ RENB1@RAlY SdS c &t aRn OgRAY) ¢ 1A 2
amoMesterRAENG deaierifed M | papent Oﬁﬁtuhﬁeﬁungt)l Qibtamed by
such” as catal yzing the reacti onZ% nB oVi n? é
oCOCRENAIANAIYSHS (e RaBREs 2GR rekevEnd reprasented by the
ptf@ﬁgmﬁgyfdr?ﬁmé han anot her certain anpunt so that
the conposition can keep conpatibility and can form an
uniformfilm 10 [0037] The anmount of each conponent
Higgrzqued above depends on the use of the conposition.
wever, in order to forma siliceous film having
sufficient thickness, the content of



10

15

20

25

30

the pol ysilazane conpound is preferably 0.1 to 40 wt%
nore preferably 0.5 to 20 wt% and further preferably
5to 20 w% 15 Normally, if containing the

pol ysi |l azane conmpound in an anmount of 5 to 20 % the
conposition can forma filmok2 generally preferred

t hi ckness, for exanple, of a thickness of 2000 to 8000
A. [0038] Slllceous f|In1fornat|on process 20In the
process ofR Hé presB tHi nvention for formng a

S|I|ceo t e ab ve pol ysil azane-cont ai ni ng
conp03|t co t n a substrate and then
converte h éFl f/ Receggar w.: ipdsitizeshtégeous
film [003 ]There | o particular restriction on what

material 25 the surface of the substrate is made of.
The substrate nay be a bare silicon wafer, or a
s{0028] waf er Exaanpleswiath polysdazaneoxomappungsorothiam than

atﬁé' éspogniﬁémg% fh*ngFg rb& %?§S@f¥PoF58n§d“§?Farz%trFé having

cat r exanpl e, “trench
i mmasﬁd gnomgaraae[gmm]awdd%ohpum i e daydrolysis

C?@%fsga%et heg%@ﬁéate@qggﬂ?ké‘ﬂego l(ﬂ%‘é’ﬁr*ﬁ'étdWOdﬁw Patent

suc spin I'ng, spraying metho
adocunaastert® np oandAﬁ@r@okwmﬁrlng ﬁll@@aneﬁg(dgscrlbed

p &I e?lt‘%r {)Qgﬁ%ﬂ‘st £6 E&ﬁ@oﬂ@%hté@nﬁdﬁ@d ?d. 198 suitable

e su excess O organi ¢ solvent 1s
dfoecfo(rrreammedpf thickdtless vy, indneduaieg targanic components

PENYE AGEEP AR hadh HRfy ERARERE! LORSunA can be used
oxmn diarnbin ationsphéwe, os maras ﬁn atPDsPhe[ﬁ containing

n e presen
Si@@:?tg]oﬁﬁg%ggzn%rg )étnulrg |tor21[ E?abl y perfo?rred by
firing Oicker campositicosphecerdiong aitai ndneox pgesenhs.invention
T Zt
TOBRBPE a g PEHF G & BT AR et B By siozane

mmpmpanmdw andr tthgasabogaclamsnai toorgpaued heTI'h@nfe is no

u y fe h
RSB A el ¥ L 51080t P55 BRE D & cap dissolve
urt[der abowat noephporentsit ai Arefgrsedamxamplesnoénthef solvent
ﬁﬁ@]rés preferably 0.1% or nore, nore preferably 1%
by volune. In the present invention, the

poI ysi iaz)neam*rabmndcompmmcﬁt esluph efass abepzeépe, toluene,

oy Bsse st e eehar | BvipER2El) iRy MdiiRne and
c aniethyi lvenaénes oib Jasa eumadedt bydro_batbmme:qmlpmndﬂ,aaech as
;A -BEsERBET e ThibErtE irurhifidnG heptane,
t3_Cﬁl>@cttal’t3ue(;‘ ipoefm@bhyggtﬁgp%,ﬁggcngﬁer Tﬂneclex::aweras*ncbm decane;
o Bl By EcatpER EhMHetnBseau  gs Sty By clongxane,
?@ﬁﬁthpr@é@?gékﬁnggr gmynlbggfbg\elu?na}dlcg)‘rmmm,ef g-abepthane,

i drananRthatane, o 1PRBEERE: 41t LEReBrGren (5 ethers,
bfstﬂih | awefd&ﬁr@;ﬂvll S@tﬂfér‘;ndﬁbumsrm:drteryemethmr ether, methyl

if the carr

hiRTHarY HuBBo et Ptk BereinaTteima e ofy B8 MTBE) and
reﬂﬂlsbeéi fahdt h@e)conémﬁe@n s@ach b@sJ ommlwscaﬁatyolr ketone

and horten hour o S, ectlv
SOFsORNa BT BRI rihndSs B e ARG them, more
sipieFepredfiamd (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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A siliceous filmand a substrate coated with the
siliceous filmcan be produced fromthe aforenentioned
pol ysi | azane-cont ai ni ng conposition of the present
invention. As |long as the coqgfsition of the present
invention is used, 35 there i® no particul ar
restriction on the production conditions. For exanple,

t b 7
LBEY iR, S P8 X Sorithol TASTRYMOrAIRGE B, | & reduce the
shezardousoaasb® thef bLanpy body aﬁdelt@cmraﬁrr% tha selubility

SB?I%h@S mdd}fﬁﬂsayer insulating film a top-surface

protective mand a prinmer for protective
f [OGBEL]rt her It st aksa |Fé®$lbi¢1efro tunse Goreercighiycavailable

E Esaqgss%w' Si rPrtWeeP'i*F:g@nf:'lln%rﬁf Cﬁ E@(%‘?n@fes of
stra such as na pl ast
[blmas]usta@I@r @@@nmemahw avaikabler tsm%veakw Mcladesy Pegasol

Exanﬁ (t[Er%(cgé}ht Ee P%Sb%gg#‘ﬁﬁf ﬁ%\fgyr@f'l SCorporation),

104dcbrisi ang alualnatacﬁahmo@luaéwarm@m ion mHkEuEe goalaETNg an
rarBrREHy R AR agn edian mBtdeR! 80 affolift S to 25

equl pped W't
awt8ohaandalExetdalr &%nd[tasademarlebnaraagelrfac\waﬂséw aExxon

SGB CApHERIEh) RIS b AT g e ifocorbor

degiadsed pyntainhegwas ﬁoonmtIChbvértham@oolléda winikture of

t%gﬂ\(@iis s h?%tdf, ?ﬁrﬁe%b@ lc?)(ﬁltg d’%lsj'cltnaﬁ?oﬂ?astlé‘i’ﬂ%q’otc%rbon

( 8n Iﬂ&CBZnQG:EI:—IBN) 30V\erc1’/e arhkessehasednonitheutetalaweight of the

CHEDSE 52, S0 B 140U, 1B, e BBRERLE: ATRE rman

widywbbl ed t hrough the reaction liquid for 30 m nut es

SRR, S CTER. ol PR BB T present

wii h e atiBuc hinas fnerhalbk/eundémghn sulobslptyer eardd dfendiey various

P PBEIL G S 2! MR8 Lk AT P Sarery,

e\samxetatsarot olobt aiolatility drepeprr@ferabty yasedzandartiaularly

nunb av f b

p | e pe

RS Er et 966, TRUVEHISS otodBl bR RlOaR, from  the
Clélﬁo'i)e mrtﬂmi édogarwaske_rhsﬁ olsgdhtas :30 be 800 in ter rrvaI of

ol yst r - st andar e rum t S
Ereagurgd aWé’ﬁﬂqianeabsorBf%%gﬁhﬁeaksﬁjié?gg%%gt I'§ec5<ane
N-H at SBSIertwnéZO@-m@pﬂan@,ssngoetlam@ Si-gdtahe2173nonane,
cm 1l and. assigned t N-Si at 10%%eto 820 cm 1 were

verified N8 4§I8%§§Hﬁl 2d1-¢6°95€and Conparat i ve
Exanpl es(d1} etAyldyclah&Xand, m@lﬂ's/lbvaloé'rexahﬁe,gcvtldﬁea(ane,

per hydr opol 18 S|Iazan obt ai_ne esi s
Exanpl e %’(IP 'oP i *&ﬂ”%m&f ?@( ged to
prepare edpplcuprd)pyaeehabldtbml abhidreandeMTBE; and

ponsH\a/:Z £ ;ﬁ’i tion was stirred with a stlrrer 0.8
g (5.0 84 b on the perhydropol ysil azane) of 5

tetrarreiFhwrth@xalndesm n®$®omtra1d§ntar¢<];t waaraddetutad by

ain a si.| azane-.cont ai 05|t

2 Wb L RRBRERRIPE) of M BGHpI% GesebREpEhayg, IS also

érﬁéﬁat the kind and ambunt of the am ne conpound

a sol vent wer chan o those shown Ta
rt?l@h%bt ain 10 pol gﬂg C@&%aﬁHSH&S@&%d&h?F Oﬁgﬁvent to

ofscfxarrarg LiseQ lﬂap’md rgyret iofe spjeenpkesah the 7adopted.
Considering the relation between volatility and vapor pressure,
solvent having a vapor pressure of 0.8 kPa or less at 20°C are



19 [0049] [Table 1] Table 1  Am ne conpound Sol vent
Nanme Structure Anmount Ex. 1 tetranethyl-
hexanedi anmine (Al) 5.0 dibutyl ether Ex. 2 bis N N
gi rlretlhz/rl z;lm'lgo-loet Eyl et her (qzlg 5.0 di butyl ether Ex.
,1,4,7,10, 10- hexanethyltri® ethyl ene-

preferably used. The vapor pressure is more preferably 0.65
kPa or less, further preferably 0.5 kPa or less. Examples of
those solvents include: dibutyl ether (vapor pressure at 20°C:
0.48 kPa), Pegasol AN45 (vapor pressure at 20°C: 0.29 kPa),
Exxsol D40 (vapor pressure at 20°C: 0.18 kPa), Certrex 60
(vapor pressure at 20°C: 0.017 kPa), and Solvesso 150 (vapor
pressure at 20°C: 0.083 kPa). (Exxsol D40 and Solvesso 150,
as well as Pegasol AN45 and Certrex 60, are trademarks
manufactured by Exxon Mobil Corporation.) Those solvents are
less volatile than, for example, xylene (vapor pressure at 20°C:
0.87 kPa), and hence less harmful to the human body.
[0034] Other additives

The composition according to the present invention can
contain other additives, if necessary. Examples of the optional
additives include a viscosity modifier and a crosslinking
accelerator. Further, when used for a semiconductor devise,
the composition can contain a phosphorus compound such as
tris(trimethylsilyl)phosphate for the sake of Na-gettering effect.
[0035] Polysilazane-containing composition

The polysilazane-containing composition 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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tetramne (A3) 5.0 dibutyl ether Ex. 4

m xyl enedi am ne (Bl) 5.0 di butyl ether Ex. 5 im nobis
N, N - dinmethyl- propylamne (A4) 5.0 dibutyl ether
Ex. 6 tetranethyl- hexanediam ne (A) 1.0 dibutyl
ether -Ex. 7 tetramethyl- hexdnhediamne (Al) 3.0

di butyl ether Ex. 8

case, the composition preferably contains the amine compound
in an amount of generally 1 to 20%, preferably 3 to 10%, more
preferably 4 to 8%, further preferably 4 to 6%. The content of
the amine compound is preferably more than a certain amount
so that the amine compound can maximally perform its
functions such as catalyzing the reaction and improving density
of the film. On the other hand, however, it is preferably less
than another certain amount so that the composition can keep
compatibility and can form an uniform film.
[0037] The amount of each component described above
depends on the use of the composition. However, in order to
form a siliceous film having sufficient thickness, the content of
the polysilazane compound is preferably 0.1 to 40 wt%, more
preferably 0.5 to 20 wt%, and further preferably 5 to 20 wt%.
Normally, if containing the polysilazane compound in an amount
of 5 to 20 wt%, the composition can form a film of generally
preferred thickness, for example, of a thickness of 2000 to 8000
A.
[0038] Siliceous film formation process

In the process of the present invention for forming a
siliceous film, the 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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tetranet hyl - hexanedi am ne (Al') 4.0 di butyl ether Ex.
9 tetranethyl - hexanediam ne (Al) 8.0 dibutyl ether
Ex. 10 tetramethyl - hexanedi am ne (Al) 10.0 di butyl
et her Ex. 11 tetranethyl- hexanedi am ne (Al') 20.0

di butyl ether Ex. 12 m xyl end® ami ne (Bl) 5.0 xylene

converted into a siliceous substance under an oxidizing
atmosphere, such as an atmosphere containing steam, oxygen
gas or mixture thereof. In the present invention, the
conversion is preferably performed by firing wunder an
atmosphere containing oxygen gas. The content of oxygen gas
is preferably 1% or more, more preferably 10% or more by
volume. The atmosphere may contain inert gases such as
nitrogen and helium unless they impair the effect of the present
invention.
[0042] If the conversion is performed under an
atmosphere containing steam, the content of steam is
preferably 0.1% or more, more preferably 1% or more by
volume. In the present invention, the polysilazane compound
is converted preferably by firing under an atmosphere
containing both steam and oxy‘gen gas.
[0043] It is necessary to perform the conversion at such a
temperature that the polysilazane compound can be converted
into a siliceous film. The temperature is generally 20 to
1000°C, preferably 20 to 300°C, more preferably 20 to 100°C.
The conversion time can be properly determined according to
the conversion temperature, 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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20 Table 1(cont. Am ne conmpound Sol vent Nane
Structure Amount Com Ex. 1 trinethyl enebis

(N-nethyl - piperidine) RAis a hetero-ring in (A) 5.0
xyl ene Corn. Ex. 2 dinethyl hexyl- amne only one N
atom 5.0 di butyl ether Corn. Bx. 3 tetranethyl -

et hyl enedi am ne

above. The siliceous film and the siliceous film-coated
substrate can be preferably used as 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, they are also useful as protective films of surface of
substrates such as made of metals, glass and plastics.

[0045] The present invention is further explained by use

of the following examples.

[0046] Synthesis Example 1 (Synthesis of perhydropolysilazane)

According to the method described in Patent document 1,
a perhydropolysilazane was synthesized as follows.

A 1-L four-neck flask equipped with a gas-inlet tube, a
mechanical stirrer and a Dewar condenser was used as a
reaction vessel. The vessel was filled with a dry deoxidized
nitrogen gas, and then 1500 ml of dry degassed pyridine was
poured therein and cooled with ice. After that, 100 g of
dichlorosilane was added to the vessel, to form white solid
adduct (SiH,Cl»:2CsHsN). While the reaction mixture was
stirred and cooled with ice, 70 g of gaseous ammonia was
bubbled 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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RA=net hyl, L1=L2= net hyl ene, and pl =p2=p3= 0 in (A
5.0 di butyl ether Com Ex. 4 hexanethyl ene- di am ne
All RAs are hydrogen atonms in (A) 5.0 xylene Com EKX.
5 tetrabutyl - hexanediam ne All RAs are butyl groups
in (A) 5.0 dibutyl ether Cord8 Ex. 6

m phenyl enedi am ne gl =g2=0 in (B) 5.0

silazane obtained in Synthesis Example 1 and 64 g of dibutyl ether
were mixed to prepare a polysilazane solution. While the poly-
silazane solution was stirred with a stirrer, 0.8 g (5.0 wt%
based on the perhydropolysilazane) of
tetramethylhexanediamine shown in Table 1 was added to
obtain a polysilazane-containing composition of Example 1.
The procedure of Example 1 was repeated except that the kind
and amount of the amine compound and the solvent were
changed into those shown in Table 1, to obtain
polysilazane-containing compositions of Examples 1 to 11 and
Comparative examples 1 to 7.



xyl ene/ DMF* Coin. Ex. 7 trinethylenebis. (N-nethyl-

pi peridine) RAis a hetero-ring in (A 4.0 xylene Com
Ex. 8 trinethylenebis (N-nmethyl- piperidine) RAis a
hetero-ring in (A) 1.0 dibutyl ether Corn. Ex. 9
hexamet hyl ene- di amine Al RAS are hydrogen atons in
(A) 1.0 dibutyl ether Corn. Ex. 10 m phenyl enedi am ne

[0049] [Table 1]

Table 1
Amine compound
Name Structure Amount Solvent
Ex. 1 tetramethyl- (A1) 5.0 |dibutyl ether
hexanediamine
bis N,N-
Ex. 2 dimethylamino- (A2) 5.0 dibutyl ether
ethyl ether
1,1,4,7,10,10-
hexamethyitri- .
Ex. 3 ethylene- (A3) 5.0 dibutyl ether
tetramine
Ex. 4 m-xylenediamine (B1) 5.0 dibutyl ether
iminobis N,N'-
Ex. 5 dimethyl- (A4) 5.0 dibutyl ether
propylamine
Ex. 6 tetramethy!- (A1) 1.0 | dibutyl ether
hexanediamine
- Ex. 7 tetramethyl- (A1) 3.0 | dibutyl ether
hexanediamine
Ex. 8 tetramethyl- (A1) 4.0 | dibutyl ether
hexanediamine
tetramethyl- .
Ex. 9 T (A1) 8.0 dibutyl! ether
hexanediamine
Ex. 10 tetramethy!- (A1) 10.0 | dibutyl ether
hexanediamine
Ex. 11 tetramethy!- (A1) 20.0 | dibutyl ether
hexanediamine
Ex. 12 m-xylenediamine (B1) 5.0 xylene
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gl=g2=0 in (B) 1.0 dibutyl ether *) Because of the
sol ubility of m phenyl enedi am ne, the solvent of

Conpar ative Exanple 6 was a mxture of xylene 62 g/ DVF
2g. **) The am ne conpounds used in Conparative
Exanples 8, 9 and 10 had too 4$bor solubility to
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[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
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2970 cnmr On the other hand, the IR spectrum before the
conversion generally had absorption peaks assigned to
N-H bond approx. at 3350 cm1 and 1200 cm 1 and
assigned to Si-H bond at 2200 cm 1. If the conposition
is converted into a 35 silicé&dus substance, the forner
absor pti on peaks appear while the | atter peaks
dgﬁﬁggear Siliceous filns formed fromall the 22
ftions of Exanples 1 to 11 exhibited IR spectra
i GonvierhiameometikioncAdr Batélad fag 3od|ay§| vaderenvironmental

déﬁ@@ ﬁﬁggsrogﬁqttﬁ'ﬁ‘?%gpgtdrb V}%Sfaﬁ’%' ﬁhﬁﬂd‘iﬁat 4bh€o 55%),

esent I nven
cﬁmwaremm nconglitipoedis subm@t@@lesto mw@veﬁemaeratm and

LR85, A ERESE: S0 R SEP RO o o retative
alaﬂlngrdablym %%bond wer e observed approx at 3350
cRolivgabrdf0aEod: G PesREIeRL7 R I iRtplate at
sB°dhces. 10 [0052]The conposi tions mere subjected
Lo BAURIAR D T £he1 L8 IBNEBEN o Tk ERgce ot
oBO&EcoamdrtthEmomﬁtl'edl diorwe24i reursedunder. 58avironmental
BB DA o Braflaat, PR Lot oo st
nﬁmmm‘fsualm elonditiomet Eer aub]ed:t@cbbt]otheghhtempegature and
CHABAUBCI PRl it L AR5 YRGS E fopiative
ahbﬁmtdltwdﬂQB%Tabides 2 and 3. Small WER values in
R IEAR B £ LBl BBt P38 200°C for
hughpdansity 23 [0053] [Table 2] Table 2 WER
(AL N, 5, CONWEL 0oL B BofRPYFIALEESABIES S 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

960 832 Ex. 3 4074 980 Ex. 4 996 815 Ex. 5 3471 2662
Ex. 8 2522 807 Corn. Ex. 1 2403 1236 Corn. Ex. 2 6078
5765 Corn. Ex. 3 5723 6066 Corn. Ex. 4 7797 4417 Corn.
Ex. 5 5421 4961
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compositions of Examples 1 to 11 exhibited IR spectra in which
the peaks characterizing polysilazane disappeared, and thereby
it was verified that the compositions of the present invention
were completely converted into siliceous substances. However,
films formed from all the compositions of Comparative Examples
exhibited IR spectra in which the peaks assigned to N-H bond
were observed approx. at 3350 cm™ and 1200 cm™, and
thereby it was found that they were not completely converted
into siliceous substances.

[0052] The compositions were subjected to the WER
evaluation in the following manner. Before and after the silicon
wafer coated with each converted or unconverted composition
was immersed in 0.5% aqueous hydrofluoric acid solution for 1
to 5 minutes, the thickness of the siliceous film was measured
by means of an ellipsometer and thereby the thickness
decreasing rate per minute (in terms of A/minute) was
calculated to determine a WER value. The results were as set
forth in Tables 2 and 3. Small WER values in Tables mean that
the siliceous films giving those values less undergo etching and
accordingly have high density.
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10

Cor n.

Ex. 6 5884 5739 Corn.
8 unneasur abl e Corn.
unneasur abl e
condition WER (A/mn.)

Ex. 9 unmeasurabl e Corn.
5 [0054] [Table 3] Table 3 Conversion

Ex. 7 4204 2206 Corn. EXx.
Ex. 10

D 1028 Ex. 9

[0053]
[Table 2]
Table 2
WER (&/min.)
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 4417
Com, Ex. 5 5421 4961
Com, Ex. 6 5884 5739
Com. Ex. 7 4204 2206
Com. Ex. 8 unmeasurable
Com. Ex. 9 unmeasurable
Com. Ex. 10 unmeasurable
[0054]
[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]

obtained under the conversion condition A3,

Ex. 62%533 Ex. 7 B 1256 Ex. 8

As for the silicon wafers coated with the films

the hardness

thereof was measured by means of a nanoindenter hardness

tester.

The results were as set forth in Table 4.



E 2337 Ex. 10 F 299 Ex. 11 C 388 Corn. Ex. 8
unneasurable [0055]As for the silicon wafers coated
with the filnms 10 obtai ned under the conversion
condition A3, the hardness thereof was neasured by
nmeans of a nanoi ndenter hardméss tester. The resuits
were as set forth in Table 4. 24 [Table 4] Table 4

@s,@](Gpa) Mart ens hardness (GDa) Young's nodul us
( a blé24. 50 Ex. 1 4.57

Martens | Young's

Haerness hardness | modulus
(Gpa) (Gpa) (Gpa)
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 1.92 36.46
Com. Ex. 5 3.35 1.54 23.22
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Cor n.

Ex. 2 4.97 2.76 47.78 Ex. 12 4.69 2.87 51.75
Ex. 1 3.65 1.92 36.46 Corn. Ex. 5 3.35 1.54

23.22 25 CLAIMS [1] A pol ysil azane-cont ai ni ng
conposi tion conprising a polysi2&azane conpound, an
am ne conpound represented by the follow ng fornula

(A):

RARA N., A(A) RA- (wheretaimMs

[1] A polysilazane-containing composition comprising
a polysilazane compound,
an amine compound represented by the following formula

(A):

RA RA

|

_N LEi L2 o N (A)
R W Y R
(wherein

each R* independently represents hydrogen or a
hydrocarbon group of C; to C3 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;-, -NR”!-
(in which R* is hydrogen or a hydrocarbon group of C; to C4) or
-0-,

each of pl and p3 is independentiy an integer of O to 4,

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

v v
(B)
RB'N N\RB
ql q2
(wherein

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

each of q1 and g2 is independently an integer of 1 to 4),
and

a solvent capable of dissolving said polysilazane

compound and said amine compound wherein said

solvent comprises (b) a saturated hydrocarbon

compound 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) an



each RA independently represents hydrogen or a

hydr ocar bon group of ClL to C3 under the condition that

two RAs connecting to the sane nitrogen atom are not
hydrogen atoms at the sanme tine26 each of LI and

L2 i ndependently represents -CH2-, -Nei-(in which RAl

I's hydrogenaﬂexa.@ydr mrarsbﬁup OEoﬁﬂpdlﬂwﬂ) O5uch  as
-0-, each of 8 and IS 1 ndep eB f h; an i nteger of

0 to 4, and® ‘YF¥CEWQXW%%er gretpy heXgng,he ~cyclohexane,

f0|d| ow 39 IIQ yenhexeRk, tp méhhl&aﬂenand dipertenk; REl) an ether
i ndependen resents car,
gr oug of C1° %85(% il é’éc ga%%b%ﬁggﬁg%aahﬁ)& or (e) a

i filependent ketame isutchges MIBKL to 4), and a sol vent

capabl e of dissolving said polysilazane conpound and

sai d am ne conpound wherein said solvent conprises (b)

a sat [#ht ed My dPeb!FEANCoRPBIAIAINGIc OB R PeRt aafcording  to

| - pengringy, 1N- m‘?@@ﬂw daife¥aiife RoRPEAE, is sBRRitadefrom the
n- oct ane, I-OC

i decgﬁ%up(crﬁnsé m%bonf Qhe af%?lowmaocr:]grﬁ]\epoun S f&l? t n(2A5) and
al i cyeBiyhbydB@yar bonconmpoundsuchas et hyl cycl ohexane,

met hyl cycl ohexane, cycl ohexane, cycl ohexene,

p- ment hane and di pentene; (d) an ether such as

di propyl et her, dibutyl ether and MTB or (e) a

ket one NW he polysil az e- cont aiAing N
con‘pos/tl acctording tdNclaim1, erein salld anrthe
conmpound is sel ect ed froln the group consisting of the

fol | owi ng compouf¥ (Al) to (A5) and (Bl) tdAZB2):
(A5)

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

[31] The polysilazane-containing composition according to any
of claims 1 to 2, wherein said polysilazane compound is per-
hydropolysilazane.

[4] A process for forming a siliceous film, wherein the
polysilazane-containing composition according to any of claims
1 to 3 is coated on a substrate and then converted into a



(B1)(B2) [3] The polysilazane-containing conposition
according to any of clainms 1 to 2, wherein said

pol ysi | azane conpound i s perhydropol ysilazane. [4] A
process for formng a siliceous2film wherein the

pol ysi | azane- cont ai ni ng conposition according to any

of cl gjjidBolistfins. 1S coated on a substrate and then

converted into a 27 siliceous film [5] The process
according to claim4 for formng a siliceous film

wher e[ 5] t herk@procesoadcording bl dlarnus forl fornsing a siliceous
perfob.[red uader. the conditions.of a tq@erat m{% of p d
100C BIMpet B8R GRd e (BHEHeH INi%id 5 6F0KS [YMobyPerforme
[ 6] Ausder dbeusomditinnfsoofredtémypenatyneocotd90R€EC or dielgw and a
to cl phithehumidity of 40 to 95%.

[6] A siliceous film formed by the process according to claim
4 or 5.





